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LETTER OF TR A NSM ITTAL.

I)EPARTMEN OF THE INTERIOR,
U. S. (EOLOGIWAL SURVEY,

DIVISION OF (4EOLOGIc CORRELATION,
lWasingtou., D. C., Jafmtry 30, 1,92.

SIR: I have the honor to transinit herewith a meiloirb y Prot. ('. 1".

Van Ihise on the Archeia and Algonkitii of North America, prepared
for publication as a bulletin.

The Division of Geologic Correlation was created fiir the purpose of
snmniarizing existing knowledge with reference to the geologic forma-
tions of North America, and especially of the U j n ited States; of dis-
cussing the correlation of tirmations found in different parts of the
country with one another and with formations in other countries; and

of discussing the principles of geologic correlation in the light of Aimer-
ican phenomieua. The formations of each geologic period were assigned

to some student already well acquainted with tlen, and it was ar-
ranged that lie should expand his knowledge by study of the literature
and b y tield examination of classic localities, and emilbody his results in
an essay. The general pla of the work has been set forth ou page 1(;

of the Ninth Annual Ieport of the Survey, and on pages 108 to 113 of
the Tenth Annual Report, as well as in a letter of trantsmittal of Bul-

letil( No. 80.

The present essay is the seventh of the series, having been preceded
by essays on the Carboniferous and Devonian, the (amibrian, the Crc-
taceois, the Eocene, the Neocene, aind the Newark systems; prepared
severally by Messrs. Williams, Walcott, White, Clark, i)all and Harris,
and linssell, amid constituting Bulletins 80, 81, 82, 83, 84, and 85.

The vohnuuinous literature of the prv-( lambrian rocks of North Amer-

ica is abstracted in a thorough manner, being classified for this purpose

primarily by geographic districts and secondarily by dates. The di-
vision of the rocks into two great classes, the Archean and Algonkian,
taxonomically coordinate with the periods (wnder which the fossil-
iferous plastic rocks are classified, is then advocated and set forth at
length. As these rocks do not contain faunas available for purposes of
correlation, their classiIieatimi. both mmaj and minor, is necessarily

11



12 LETTER OF TRANSMITTAL.

based on physical characters and relations, and much attention is
therefore given to the discussion of the possibilities and limitations of
correlation by means of physical data. It is concluded that with pres-
ent informa-tion the correlation of pre-Cambrian series and formations
of different geologic provinces is impracticable.

Very respectfully, your obedient servant,
G. K. GILBERT,

Ueoloyist in charge.
loll. J. W. POWELL,

Director U. S. Geological Su rvey.



OUTLINE OF THIS PAPER.
This hook is a review of the present state of knowledge of the general structure of

the pre-Cambrian rocks of the United States and Canada. The material contained
in the historical chapters is of two kinds: Summaries of all articles pertaining to the
subject considered, and siummaries of the conclusions which appear to be established.
The first represents the substance of the literature; the second brings together the
important ascertained strict ural facts, and oftentimes becomes a more or less extended
discussion. The final cha pter covers the same grounds as the historical chapters for
the various pre-Cam]bri in general succissions proposed by different authors, and also
contains a discussion of results and the principles upon which they are based. Within
the chapters, individual districts or regions are given separate sections, and the sum-
mary of literature for each is arranged in chronological order. As used in this vol-
ume, the term Cambrian is defined as delimited below by the base of the Olenelluis
fauna; Algonkian includes the pre-Olenellus plastics and their equivalent crysi al-
lines; while the Archean includes the completely crystalline rocks below the Al-
gonkian.

The several chapters have the following scopes: Chapter I: The Original Lauren-
tian and Huronian areas-treats of eastern Ontario and western Quebec, and the area

from the north channel of lake Huron to lake Teniscamang. Chapter II: Lake
Superior Region-summarizes the work of the official geologists of the Canadian
Survey and associates, of the early United States geologists and associates, of the
Michigan geologists and associates, of the Wisconsin geologists and associates, of
the Minnesota geologists and associates, of the later United States geologists and

associates, and gives a summary and discussion of results. Chapter III: The Great
Northern Area-treats of the region about Hudson bay. northern Canada, and the
lower St. Lawrence river region. Chapter IV: Eastern Canadaand Newfoundland--

treats of the Eastern townships, Gasps peninsula, central New Brunswick, southern
New Brunswick, Nova Scotia and cape Breton, and Newfoundland. Chapter V:
Isolated Areas of Dakota, Missouri and Texas-treats of the Black hills, the pre-
Cambrian of Missouri, and the central Mineral region of Texas. Chapter VI: The
cordilleras-treats of the many mountain ranges in the far west. Chapter VII:

Eastern United States-treats of the New England, Middle Atlantic, and Southern
Atlantic states. Chapter VIII: General Successions and Discussions of'Principles-
sminarizes the various general successions proposed, suggests one, and discusses the
princ iles of pre-Cambrian stratigraphy.

The more important conclusions of this chapter are as follows: The Archean is the

basal complex of America. It has everywhere, if large areas are considered, an
essential likeness. It consists mainly of granitic, gneissic and schistic rocks, among
which are never found beds of quartzite, limestone, or any other indubitable plastics.
One kind of rock may occupy considerable areas, but when different kinds are asso-
ciate their structural relations are most intricate. These relations, as well as the
completely crystalline schistose character of the-rocks, the frequent broken and dis-
torted forms of the mineral constituents, and their involuted foldings, are evidence
that these most ancient rocks have passed through repeated powerful dynamic move-
ments.

As to the origin of the Archean rocks, three different views are proposed : (1) They
may be considered as metamorphosed detrital rocks. (2) They may be considered as
igneous and later in origin than certain of the pre-Cambrian plastics. (3) They may
be considered as igneous and representing either a part of the earth's original crust
or else originally crystallized material which has now reached the surface as a conse-
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14 OUTLINE OF THIS PAPER.

quence of inward crystallization and subsequent deep denudation. The Archean
rocks have no limit below, but are limited above by the Algonkian. While structural
methods have been applied to the Archean rocks, they have not thus far been suc-
cessful, and the only subdivisions which are at present applicable are those of a
I ithological character.

In various parts of North America are one or more series of elastic rocks between

the Archean and Cambrian. These occur in the Original Laurentian area, the Orig-
inal Huronian area, in the lake Superior region, in the region about Hudson bay, in
the Eastern townships, in southern New Brunswick, in Nova Scotia and cape Breton.
in Newfoundland, in the Black hills, in Missouri, in Texas, in many ranges of the
Cordilleras, in the Grand canyon of the Colorado, in British Columbia, in the Adi-
rondacks, and in other areas. Within these rocks, in many localities, are evidences
of abundant life, and in a few places are definitely recognized fossils. The U. S.
Geological Survey, recognizing that it is too early to classify the great thicknesses
of rocks bet ween the Archean and the Cambrian in North America into svstemis co-
ordinate in value with those of the subdivisions of the Paleozoic, has proposed the
term Algonkian fir the whole. The Algonkian system is then delimited below by
the Archean and above by the Cambrian.

In many regions it is easy to differentiate the Algonkian from other rocks. This
is especially true where they are separated from them by unconformities. In other
regions it is diticnlt to separate them from the Archean and Cambrian rocks, as
there sometimes appear to be gradations between them. In this respect the Algon-
kian system is in no way different from others.

Algonkian stratigraphy is more difficult than post-Algonkian stratigraphy; be-
cause the further back we go in the history of the world for any given region the
more numerous and frequent have been the changes through which any given rock
stratum has passed; and because as yet fossils have not been found in sufficient
quantity to be of any assistance in stratigraphy. However, in many regions it has
been possible to subdivide the Algonkian rocks into series and these series into for-
mations. In different regions these formations and series differ widely in the degree
of crystallization, in their lithological character, and in their order of succession.
In this respect Algonkian rocks are not different from those of post-Algonkian age.
Considering the continent as a whole, age is no guide to the chemical ormineral com-
position, texture, color, degree of crystallization, or any other property of a forma-
tion, or vice versa, although in a given district or region any one of them may be-
come important guides in stratigraphy.

In certain regions it has been found possible to correlate series with a great de-
gree of probability and in some cases formations which occur in different districts.
In regions separated from each other by great distances, and which therefore may
have had different physical conditions at the same period, it is not yet possible to
make safe correlations of subdivisions of the Algonkian of America. If this con-
clusion be correct, it is evident that the application of such American terms as
Keweenawan, Huronian, etc., to European rocks is not warranted. In working out
the geology of a region, local names should be applied to formations and series.
Later, with fuller knowledge, these may perhaps be correlated with series to which
classical names have been applied.

Physical methods of correlation being the only ones at present ava ila ble, it becomes
necessary to closely scrutinize these methods, estimate their relative value, and point
ot the services that each may be expected to perform. Of' these methods uncou-
formity must be given the foremost place for major divisions within a region.
Unconformity may be established by any one of the following phenomena., or by a
combination of two or more ofthem: (1) Ordinary discordance of bedding; (2) differ-
ence in the nmuber of dynamic movements to which the series have been subjected;
(3) discordance of bedding of upper series and foliation of lower; (4) relations with
eruptives; (5) difference in degree of crystallization; (6) basal conglomerates; (7)
general field relations.



P R E F A C E.

In the preparation of this book great difficulty has been encountered
because of the unequal value of statements of fact by different men.
Oftentimesin regions withwhich thewriter is not faniliarit is impossible
to discriminate surely between good and poor work. In certain cases
in which reports have read plausibly, an examination of the purported
facts in the field with the accounts in hand has shown the descriptive

parts to be so inaccurate as to render the conclusions, while apparently
well founded, wholly valueless. But in general, when an author of this
class has written much, discrepancies between the statements of ficts
appear.

Those who change their opinions are of different classes. A man who

progresses must change his views, but the descriptive parts, given
while an old view was held, ought to be still more useful for support of
the new position. The old view may have conutai ted a large element of
truth, and is perhaps included in the newer, larger position. In reports
the part that purports to be facts should be wholly separable from
the general theories held, just as detailed maps, if rightly constructed,
indicate the observations made and the generalizations drawn. More

frequently than not, facts and theories are so inextricably mingled
that no independent judgment can be reached as to the correctness
of the conclusions, and often the facts of a report can not be used even
by one personally familiar with the districts of which the report treats.
The conclusions of another class of geologists are a series of guesses,
which generally serve no purpose except that when any one of the
numerous guesses has been established by the patient work of an inves-
tigator, the conclusion is at once claimed as a prior discovery of the
guesser. Sometimes the discoveries announced by a writer almost or
quite simultaneously, are wholly inconsistent with one another and
with the facts which are described; for as with other men, so with

geologists, many opinions are held at the same time which logically
are exclusive of one another. Still another group of writers early
reach a general theory as to the definite order of the evolution of the
world. A person of this group year after year repeats the old state-
ments and conclusions without any reference to the establishment of
their falsity. More often than not, he is one who has done little or
no systematic detailed field work in any region. All facts and conclu-
sions which bear in his direction are hailed as discoveries; " all is grist
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which comes to his mill; " while every adverse fact or conclusion is ex-
plained out of existence or dismissed as unworthy of consideration.

By following continuously the summaries of the writings of a geolo-
gist who has been long at work in a region it will generally not be diffi-
cult to get a fairly accurate idea of the value of the work done.

During the preparation of this review, I have visited many districts
of North America, but I have not been able to see important districts
which I hoped to study before the submission of this volume. With
the United States side of the lake Superior country I am tolerably
familiar, having for a innber of years given nearly the full field seasons
to work in various parts of this region. Besides doing general work,
I have mapped in detail certain districts. From time to time various
parts of the Canadian lake Superior region have been visited. While
no systematic mapping work has been done in regions other than that
of lake Superior, reconnaissances and occasional detailed sections have
been made in many. In the far West these include the Black hills of
Dakota, southwestern Montana, the Laramie and Medicine Bow moun-
tains of Wyoming; the Uinta aud'Wasatch mountains of Utah; and the
Quartzite mountains and Front range of Colorado. In the Mississippi
valley the crystalline region of Missouri has been seen. In company
with Raphael Pumpelly, Bailey Willis, J. A. Holmes, C. D. Walcott, G. H.
Willianis, R. W. Ells, or alone, more or less extended trips have been
made in Georgia, east Tennessee, North Carolina, eastern Maryland, east-
ern Pennsylvania, northern New Jersey, southern New York, the Berk-
shire hills, Green mountains, Adirondacks, Hastings district of Ontario,
and the area of the Grenville series constituting the Original Laurentian.
For the most part this work has not been of such a detailed nature as
to add greatly to previous knowledge of these regions. The aim has
been rather to get such a familiarity with them as would enable the
writer to judge accurately of the results already reached. This state-
ment does not apply to a part of the Adirondacks, where a somewhat
closer study was made; also, in North Carolina a nearly complete sec.
tion was made from the eastern side of the Piedmont plain through the
Blue ridge to the uncrystalline rocks of east Tennessee. The Original
Huronian area has been seen at three different times. The first time,
in company with the late Dr. R. D. Irving, the North channel was
coasted in a small boat and the interior visited, so that all of Logan's
members of this series were seen, as well as the underlying Laurentian.
In a second trip, also in company with Prof. Irving, the Canadian Pa-
citic railroad was traversed twice on a hand car from Algoma Mills to
Sudbury, a distance of 100 miles. The third trip, with Prof. Raphael
Pumpelly, was again along the North channel of lake Huron, the object
of special study being the possible existence of two series within the
Huronian, and the structural relations between the lowest Huronian
and the Laurentian.

16 PREFACE.



The labor involved in abstracting the pre-Cambrian literature of
North America has been great. This is shown by the large number of
books and articles actually summarized. These, however, give an im-

perfect idea of the volume of literature covered; for very numerous
articles have been examined which repeat what had already been stim-
marized from other papers. Also a vast amount of material from which
nothing is taken has been looked through, in order to ascertain whether
it contained anything which ought to be considered. In all cases
summaries are made from the original articles, with the exception of
a iart of the section upon northern Canada. Nearly the entire litera-
ture of the geology of this region has recently been clearly compiled by
Dr. George AT. Dawson, and from this compilation the major part of the
suimimary for this region is taken.

To a card catalogue of the Appalachians by N. H. Darton, to Azoic
Rocks and other works by Hunt, to the Minnesota reports, to the Azoic
System by Whitney and Wadsworth, to Irving's Copper-bearing Rocks,
and also to many other works the writer is much indebted as firiiishing
guides to the pre-Cambrian literature. In this way Darton's catalogue
and the Azoic System have been by far the most valuable. After in-
dependently preparing abstracts of papers and reports I have compared
them with the abstracts contained in the Azoic System in order to dis-
cover omissions, and this book has thus enabled me to make the sur-
vey of literature more nearly complete than it otherwise would have
been. To a certain extent other books have been used in the same
fashion.

Mr. W. N. Merriam has drawn all the maps fbr the illustration of the
volume. To Mr. George E. ILther the writer is indebted for most effi-
cient clerical assistance from the outset. without which it would have
been impossible to complete this volume within the time allotted.

To Sir Archibald Geikie, Dr. IHins P1eusch, Dr. K. A. Losses, Michel-
Levy, and Dr. Johannes Lehmann I am indebted for summary statements
of the condition of knowledge with reference to the pre-Cambrian of
Groat Britain, France, Germany and Scandinavia.

With Messrs. C. D. Walcott, G. H. Williams, Bailey Willis, and U. W.
Ills I have been in the field and in consultation, and from them have
received much useful information.

Mr. G. K. Gilbert has kindly read the manuiscript, and has made many
suggestions which have been of value.

To the late Prof. Roland D. Irving, and to Prof. Iaphael Pumpelly I
ai indebted in a peculiar namner. With the former I was associated
iii work from my earliest studies in geology until his death. Witli
the latter I have been much in the field for the last two seasons and
have received many pregnant ideas. What part of the thoughts con-
tained come from these two friends 1 ant unable to specify in detail, but
1 am conscious that the debt is a heavy one,

Bull. 86 2
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No one else will feel so keenly the imperfections of this volume as the
writer. Papers will be found to be overlooked of which summaries ought
to have been made. Mistakes of interpretation will be found. Undue

proportion in the summaries will be discovered. I can only say that
I have attempted to reduce these defects to a minimum. It will be
esteemed a great favor, with reference to a possible future edition, if
all who discover such omissions and mistakes will communicate them
to the writer.

C. 1. V.
MADISON, Wis., July, 31, 1891.



A REVIEW OF THE PRESENT STATE OF KNOWLEDGE
OF THE PEE-CAMBRIAN ROCKS OF NORTH AMERICA.

BY C. R. VAN RISE.

INTRODUCTION.

The purpose of this book is to give an account of the present state of
knowledge of the general structure of the pre-Ca-mblria i of the United
States and Canada. It is not a bibliographiy of pre-Cambrian litera-
ture, nor a petrography of the pre-Camiibriau rocks, nor a treatment of
metamorphism, nor an account of economic facts. Mere occurrences of
pre-Cambrian or crystalline rocks are not referred to unless the districts
are new. Petrography, metamorphismll, and ecolonlnic geology are con-
sidered only so far as they have a direct bearing upon structural re-
suilts, and then the substance of the established conclusions is given
rather than the facts upon which they are based and the manner of
reaching them.

The material contained in the historical chapters of this vohtue is of
two kinds: First, a summary of all articles or parts of articles which
have contributed knowledge upon the subject considered; and second,
summaries of the conclusions which appear to be established in the
various regions, while the final chapter covers the same ground for
general successiolis proposed and also a discussion of these results and
the principles upon which they are based. No summlaries are made of
writings based wholly upon the field work and reports of others. This
report is not a review of reviews; neither is purely controversial liter-
ature noticed. When a paper is made up in part of an original investi-
gation and of a discussion of the works of others, only the first part is
summarized. When the same writer repeats the same facts and con-
clusions several times, summary is made of the most comprehensive
article and references are made to the others in the footnotes. Often-
times a final report includes all found in several annual reports. In
this case the final report only is summarized. In making summaries
the conclusions reached by the various authors are always given, and
as full an account of the facts upon which they are based as is possible
without extending this book beyond bounds.

1 At the end of each chapter.
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The abstracts given have the defects of all sunmaries-a certain
anuomit of inaccuracy, because all modifying and qualifying facts can
not be given, and an undue amount of emphasis in the conclusions. In
regions in which much work has been done these defects are not so
serious as in little studied regions, for in the former the observations
of independent observers confirm or neutralize each other.

So far as possible, in the summaries, the original language of the
author is used, although a single sentence of the summary may be taken
from several sentences of the original. Where the ideas canl be con-
veyed in a briefer manner than in the original language other words
are used. No quotations are made; for the ideas contained, whether
in the original language or not, are wholly the ideas of the author-the
whole is in fact really quoted. It might be thought that better results
would have been reached by indicating through quotations what words
are taken from the original, but this method would have necessitated
an unpleasant and constant alternation from quoted to nonquoted
phrases. It would have made it much more difficult to convey briefly
the thoughts of the original; for the words which are adapted to coim-

plete expositions are often not the best adapted to a resun6. At first
tIhe plan of quoting was followed, but this was abandoned, because it
was seen that carrying it out would add greatly to the size of this
volume without enhancing, if indeed it did not dimiislh, the accuracy
and comprehensiveness of the review.

lIne proportion should be maintained between the abstracts of the
various writings. Frequently a short article contains much more of
structural importance than one of far greater length, although the
longer article may contain much of interest which does not come within
the scope of the paper. Into the summaries the editor centers only in
so t-ir tht he must of necessity take what appears to him important
and omit what appears unimportant. Undoubtedly in this respect many
mistakes are made; future investigations will show that omiitted facts
and conclusions have greater importance than now appears; but a per-
fectly proportioned summary could be made only by perfect knowledge.

The necessarily brief summaries will perhaps serve the purposes of
those who are interested in the general stratigraphy of the pre-Camu-
brian. They will not answer for those who wish to understand in
detail the structure of any given region. For this local details are nec-
essary. As the summaries are not made with reference to upholding
any theory, they of necessity will fail to give all the facts which bear
upon any particular hypothesis. But even for these special purposes
it is hoped this volume may be found sufficiently full to be useful, and
it cmertaiily will assist in directing to the important literature.

In the discussion the aim has been, not to call attention to all that
seems to be erroneous, but first to point out where there is harmony
between the different authors, often veiled because terms are used
with different significations; and, second, to note the important conclu-



sMons which haI've beeni clearly determined. Statements and coUclu-
sions with which the writer does not agree are in general not criti-
cised nor is any refutation attempted, unless the poilit at issue is one of
sneh a fundamental character that it can not be overlooked.

The maps are in all cases compiled from the original sources, and, like
the sunnaries, have whatever excellence or defects the original work
has. In many cases the editor feels assured that the maps will need to
be materially iioditied, but lie has not the detailed knowledge necessary
to make the modifications. The generalized character of the bounda-
ries is often indicated by the fact that they are straight lines. It need
not be said that true geological boundaries are not of this nature in
much disturbed regions. In the Appalachians the -mapm merely
outline the crystalline rocks. Much of the area included is known to
belong to the Paleozoic, but it is impossible either accurately to separate
these areas or to subdivide the pre-Cambrian. All that can be done
in many areas is to indicate that the rocks are pre-Cambrian, although
it is oftentimes certain that Algonkian and Arehean rocks both occur,
which have not been separated in mapping. In a few regions, not only
can the Archean and Algonkian be discriminated, but the latter has been
subdivided into series and these into ormations. There are then on
the maps all grades of knowledge, from the eastern United States,
where the pre-Cambrian is not ontlined, to areas iin which pre-Cam-
brian series are divided into formations. The maps, as the summaries,
are a resum6 of the present imperfect knowledge.

The order in which the districts are taken up is not consistently
geographical or geological, bat rather the order of the development
of exact knowledge of the pre-('ambrian rocks. The great Canadian
pre-Cambrian area in all its parts is a geological unit, yet the de-
tailed study of it has been confined somewhat closely to particular
regions; and of necessity the regions which have been units of work
have to be followed rather than a strictly logical order. Chapter I is
devoted to the original Laurentian and originalHuronian areas. Chap-
ter II is given to the lake Superior region. These regions are taken
first because the exact knowledge of the pre-Cambrian rocks is here
greater than in other areas. The Appalachian region, although the
earliest to be studied, is reviewed last, for it is the area in which the
conditions for obtaining exact knowledge are the least favorable, and
about which comparatively little structural knowledge of the pre-Cam-
brian has been acquired.

In the summaries of the individual districts the order is that of ap-
pearance of the papers. By giving the entire summary of the literature
of one district before taking up another, epitomes of parts of a single
paper are necessarily dissociated. By this method something of corre-
lation is lost; but purely general work is summarized iin the general
chapter and the subject of correlation is here treated.

21INTrRoDUCTTON.VAN HISE.1
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lit regard to regions like the Appalachians and California, in which
post-Cambrian rocks have become completely crystalline and have been
tir many years and are yet confused with pre-Cambrian rocks, slim-
maries unavoidably extend beyond the proper scope of this paper. Of
series which were in the past supposed to be pre-Cambrian, but which
have been demonstrated to be Cambrian or post-Cambrian, the fact
is mentioned, but the literature which concerns them is not sum-
marized, since it does not tall within the scope of this paper. The par-
ticular position which such formations shall take in Canbrian or post-
Cambrian time is a subject for others to consider.

Of necessity the eruptives which have not been differentiated from
the pre-Cambrian have to be considered. Oftentimes it is quite proba-
ble that eruptives noted belong to post-Cambrian time. No paper is
summarized bearing upon the unmistakable Cambrian or post-Caln-
brian eruptives unless it has a direct bearing upon the character or re-
lations of the associated rocks of pre-Cambrian age.

All references to literature are given at the ends of the respective
chapters, the reference notes having continuous numbers. In the dis-.
cussions closing sections or chapters and in the general chapter cita-
tions are not repeated. The original source of any statement attrib-
uted to an author may always be fiund by the aid of the index, where
the name of each author is followed by references to the pages where
his work is summarized.

The terms group, system, series, are used with the stratigraphical
significance given them by the International Geological Congress. The
corresponding chronological terms era and period are used. Forma-
tion is used as one of the members of a series, as quartzite formation
or limestone Iormiiation of the Huronian series. The term " crystalline
schist" is rigidly confined to rocks which have a " completely crystal-
line interlocked texture, which is possessed of a schistose parting due
to a parallel or foliated arrangement of the mineral ingredients, or of
aggregations of these ingredients." The finely banded gneisses are
typical examples. All rock masses which within themselves show in-
dubitable evidence of elastic origin are excluded from the crystal-
line schists and are regarded as semi or partially crystalline. A elastic
or semi-crystalline formation may grade into a crystalline schist.

In the summaries of results and in the general discussion (Chap-
ter V11), unless other wise stated, the tern Caimbrian is delimited below
by the Olenellus faana. The term Algonkian is a system term, covering
all recognizable pre-Cambrian elastic rocks. The term Archean is a co-
ordinate-systenm term, covering all pre-Algo1nkian rocks. It therefore
includes only completely crystalline rocks, but does not include all rocks
of this kind, as holocrystalline rocks of eruptive and sedimentary ori-
gin may occur in Algoniaii or post-Algonkian time. The propriety of
these usages will appear ill what follows.

22 [BULL. 86.



CHAPTER I.

THE ORIGINAL LAURENTIAN AND HURONIAN AREAS.

SECTION I. EASTERN ONTARIO AND WESTERN QUEBEC.

1ATE1 RATU RE.

LOGAN,' in 1847, describes between the Ottawa and Mattawa rivers, a
metamorphic series of rocks, which, in its highly crystalline character,
belongs to the order named by Lyell Primary. They are called meta-
morphic, because their aspect is such as to lead to the theoretical be-
lief that they may be ancient sedimeitary formations. A red syenitic
gneiss, in which hornblende and mica are arranged in a parallel direc-
tion, is the predominant rock. The thickness of the gneiss is not ascer-
taied. South of the Mattawa and Ottawa are important beds of
coarse crystalline limestone interstratified with the gneiss in a conform-
able manner, although this conformity would not be seen in a small
area, because of the minor complicated contortions. One section at
High falls, on the Madawaska, has a thickness of 1,351. feet, and con-
sists of gneiss, crystalline limestone, with a small amount of micaceous

quartz rock, the gneiss greatly predominating. The areas which bear
limestone are so distinct that they are placed as a separate group of
metamorphic strata, supposed from their geographical position and gen-
eral attitude to overlie the syenitic group conformably. Both of the
metamorphic groups are frequently traversed by dikes and veins, in-
cluding those of a granitic and pyroxenic character. From the vicin-
ity of Quebec the limestone group ranged along the St. Lawrence, a dis-
tance varying from 10 to 20 miles, reaches the seigniory of Argenteuil,
where it makes a turn toward the valley of the Ottawa, is seen above
Grenville, and is last seen about half way between Fort William and
Joachim falls, and at Portage de Talon, on the Mattawa. in the Vicin-
ity of Grenville the limestone is plumbaceous.

LOGAN 2 in 1.852, finds a metamorphic and gneissic series of a wide-
spread occurrence upon the river du Nord and the country to the west-
ward. The Potsdam formation rests unconformably upon the meta-
morphic series.

MURRAY, 3 in 1852, describes a metamorphic series upon and north of
the Upper St. Lawrence. On the Thousaud isles are micaceous and

hornblende gneisses. Crystalline limestones, quartzites, and conglom-
merates are all found upon the mainlamd, and the latter is cited as
decisive evidence of the metamorphic character of the series as awhole.

'For notes see end of chapter, p. 48.
23



24 PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

LOGAN," in 1854, applies to the series before called 1' metamorphic "
underlying the fossiliterous formations of Canada the name Laurentian
series, because metamorphic is applicable to any series of altered rocks.
The proposed name is founded on that given by Mr. Garneau to the
chain of hills which they compose. Above the Laurentian series is the
Potsdam sandstone.

MURRAY,g in 1854, remarks that south of the Laurentian series are
the more recent fossiliferous rocks. The Laurentian series consists of
masses of micaceous and hornblende-gneiss and masses of interstrati-
lied crystalline limestone. Intrusive granite is found in the gneiss.
The magnesian crystalline limestone layers, one 700 feet thick, are per-
sistent. A section of gneiss, mica-schist and quartzite, all sometimes
garnetiferous, and two belts of limestone, together 140 feet thick, make
up a succession 1,369 feet thick at Birch lake. In the series is a con-
glomerate, the matrix of which in one case is a limestone and the peb-
bles of quartz and feldspar. In another conglomerate are distinct peb-
bles in a talcose slaty matrix. These pebbles are sometimes distinctly
rounded and flattened, the flat sides always lying parallel with the bed-
ding. The pebbles vary from 5 or 6 inches in diameter to those so small
as not to exceed the size of snipe shot.

LOGAN, 6 in 1857, describes the Laurentian formation for some dis-
tance north of the Ottawa river between rivers Rouge and du Nord.
The rocks are found to be limestone, gneiss, and quartzite. The lime-
stone formations are used chiefly in working out the structure, but even
with this guide, on account of the repetition of layers by folding and
lack of fossils, the work is very difficult. All of the above rocks are
taken to be metamorphosed sediments. They are cut by eruptives, such
as syenite, porphyry, and greenstone, which are older than the fossil-
iferous formations.

MURRAY, in 1857, finds Laurentian rocks largely exposed between
Georgian bay and the Ottawa river. The rocks are red and gray
gneisses, micaceous and hornblendic schists, quartzite, and crystalline
limestone. On lake Nipissing and its islands is found the Laurentian
formation, consisting of gneiss, mica-schist, hornblende schist, crystal-
line limestone, and associated with this beds of specular ore. Lime-
stones are also found along Muskoka river. The strata are everywhere
more or less corrugated, in many places exhibiting sharp and compli-
eated folding. They are intersected by quartzo-feldspathic and quartz
veins. The Laurentian rocks of Georgian bay are separated from the
JIuronian north of lake Huron by a line running from the northwest
side of Shibahahnahning to the junction of the Maskanongi and Stur-
geon rivers, its course being in a northeasterly direction.

HUNT,8 in 1857, states that stratified feldspathic rocks are closely as-
sociated with the crystalline limestones, which alternate with gneissoid
and quartzose rocks of the Laurentide mountains. These rocks,besides
containing pyroxene,which passes over into hypersthene and a triclinic
feldspar, contain as areidental minerals, mica, garnet, and ilmeuite.

[Bur,.8e.
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L(GAN, in 1858, in describing the Laireutih of Ottawa thinks it prob-
able that it can be divided into two great groups: that characterized
by the presence of limestone and that without, and the latter of these
groups also will be capable of subdivision. Often interstratified with
the limestones are bands of quartzite which are heaviest near the junc-
tion of the limestone and the gneiss. The greatest mass of quartzite
is beneath the limestone and is 400 feet thick. The limestones of
the Laurettian are influenced in their strikes and dips by subseqllent
masses of igneous rocks. However, to these rocks as a whole, as well
as to their equivalent throughout Canada, is applied the term Lauren-
tian series, from the Laurentide range of mountains from lake Huron to
Labrador, which are composed of this rock.

LOGAN,' 0 in 1859, gives an elaborate description of the distribution of
the limestones along the Rouge river. There are found to be two belts
which are regarded as interstratified with the gneisses. This latter
rock is sometimes garnetiferous and occasionally is spoken of as the
quartzite. The total thickness of rocks exposed on the Rouge is over
22,000 feet, of which over 5,000 is limestone.

LOGAN," in 1860, finds three belts of limestone, which are associated
with massive orthoclase gneiss, mica-slate, hornblende rock, and quartz
rock together 15,000 feet thick. The calcareous bands are largely asso-
ciated with labradorite, and beds of hornblende rocks and quartz rocks
often thickly studded with pink garnets. One of the beds of pure white
quartz rock is a thousand feet thick. Certain fossil-like forms have
been found which resemble Stromatocerium. The strata are very much
folded.

LOGAN," in 1863, gives a general account of the pre-Potsdam rocks,
which are called Azoic and are divided into the Huronian series and
the Laurentian system. In the Laurentian system are included anor-
thosite, orthoclase-gneiss, granitoid gneiss, quartzite, hornblende-schist,
mica-schist, pyroxene and garnet rocks, limestones and dolomites. The
anorthosites are composed of lime-soda feldspar, varying in compo-
sition from andesine to anorthite, and associated with pyroxene or
hypersthene. The orthoclase-gneiss has a never failing constancy in
the parallelism of its mineral constituents, which, however, is some-
times obscure. This rock is usually very feldspathic and often coarse
grained. With the feldspar and quartz are often mica and hornblende.
The gneisses appear to attain several thousand feet in thickness, but
are divided at unequal intervals by hornblende and mica-schist in
which the stratification is more distinct. The quartzites are in consid-
erable volume, two layers of which, nearly pure, have one a, thickness
of 400 and the other a thickness of 600 feet. The masses of limestone
are generally very crystalline and coarse grained, but sometimes are
saccharoidal. The bands of limestone are sometimes of great thick-
ness. They are usually not pure, but contain many other minerals,
among which are very frequently mica and graphite. Among the
rarer minerals is chondrodite. The iron ore, which is mostly mag-
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netite, is interstratitied with or not fiar removed from the limestone
bands. Associated with the limestones are dolomites, which, however,
compose distinct beds.

There is not any special order in the masses, but beds of hornblende
rock and hornblende schists are more abundant near the interstratified
bands of limestone than elsewhere, and in the same neighborhood there
usually occurs a more frequent repetition of beds of quartzite than in
other parts. Garnet is sometimes disseminated in the micaceous and
hornblendic gneiss and quartzite and are commonly confined to the
immediate proximity of the limestones. The limestones and gneiss
beds as a whole are generally conformable to them. It often happens
that a subordinate layer of gneiss will display contortions of the most
complicated description. Notwithstanding the highly crystalline con-
dition of the Laurentian rocks, beds of unmistakable conglomeritic
character are occasionally met with. These generally occur in the

quartzite or micaceous beds. The intrusives of the Laurentian consist
chiefly of syenite and greenstones. The greenstone dikes are always
interrupted by the syenite when they have been found to come in con-
tact with it, and the latter is therefore of posterior date. A mass of
intrusive syenite occupies an area of about 36 square miles in the
townships of Grenville, Chatham, and Wentworth. It is cut and pen-
etrated by masses of a porphyritic character which are therefore of a
still later date.

The Laurentian series stretches on the north side of the St. Lawrence
from Labrador to Lake Huron, and occupies by far the larger portion
of Canada. Its strata probably possesses a very great thickness. To
determine the superposition of the various members of such an anucieut
series is a task which has never yet been accomplished, and the diffi-
culties attending it arise from the absence of fossils to characterize its
different members. Bands of crystalline limestones are easily distin-
guished from the bands of gneiss, but it is scarcely possible to know
from local inspection whether any mass of limestone ii one part is
equivalent to a certain mass in another part. They all resemble one
another lithologically. The dips avail but little in tracing out the struc-
ture, for in numerous folds in the series the dips are overturned, and the
only reliable mode of working out the physical structure is to continu-
ously follow the outcrop of each important mass in all its windings as
far as it can be traced, until it becomes covered by superior strata, is
cut off by dislocation, or disappears by thiniiig out.

Several sections are described in detail. The general section is as
follows, in ascending order: Orthoclase-gneiss, 5,000 feet; Trembling
lake limestone, 1,500 feet; orthoclase-gneiss, 4,000 feet; Great Beaver
lake and Green lake crystalline limestone, including interstratified beds
of garnetiferous and hormiblendic gneiss, 2,500 feet; orthoclase-gneiss,
the lower part having several bands of quartzite, 3,500 feet; Grenville

crystalline limestone, 750 feet; ort boclase gueiss, 1,550 feet; Proctor's
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lake limestone, 20 feet; orthoclase-gneiss, including quartzite, 3,100
feet; anorthosite, thickness (wholly conjectural), 10,000 feet; total,
32,750 feet. In the limestones are tossil-like forms which resemble
Strom atopora rugosa. Accompanying the account of the Laurentian is
a detailed map of it in parts of the counties of Terrebonie, Argentenil,
and Two Mountains.

The anorthosite probably overlies the Grenville series uncomformably.
It is remarked that if the two inferior limestone bands of the Gren-
ville series disappear on reaching the margin of the anorthosite, it is
conclusive evidence of the existence in the Laurentian system of two
immense sedimentary formations, the one superimposed unconformably
upon the other, with probably a great difference of time between them.

LOGAN,12 in 1863, first describes a part of what was later called the
Hastings series. In ascending order are found contorted gneiss and
micaceous schists cut by red syenite veins. Above this cones crys-
talline limestone, and north of the village of Madoc, still in ascending
order, occurs a somewhat micaceous schist, which contains numerous
fragmients of rock in character different from the matrix, some of them
resembling syeuite or greetnstone. The pebbles are in places distinctly
rouided.

BIGSBY, 13 in 1864, states that crystalline limestones occur in bands
from 50 to 1,500 feet thick at Gananoque, on the lake of the Thousand
isles, and on the Mattawa. The bands of marble are tortuous, and
between them are sometimes fouid corrugated seams of gneiss. C;on-
glomerates and grits occur at Bastard, on the Ottawa, and at Madoc. near
lake Ontario. At the former place, between the beds of marble, is
quartzose sandstone, with pebbles of calcareous sandstone and vit tified
quartz. At Madoc village are interstrati tied marble and cotiglotmerate,
one being bluish micaceous schist, holding fragments of greenstone and
syenite, the other being a dolomite with large pebbles of quartz, feld-
spar, and calcite. As proofs of life are the occurrence of limestone,
carbon, phosphorus, sulphur, and iron ore. The Laurentian system as
a whole consists of, (1) orthoclase-gneiss, sometimes grauitoid, with
quartzite, hornblendic and Jmicaceous schists, pyroxene, and garnet
rock; (2) white crystalline limestone and dolonites, in numerous t hick
beds, containing serpentine, p)yroxene, hornblende, mica, graphite, iron
ores, apatite, tinor, etc., and interstratitied with bands of gneiss; (3)
lime-feldspar rock, or anorthosite, containing hypersthene, ilmenite,
ptyroxene, horneblende, graphite, etc. These three groups are traversed
by granitic and metalliferous veins.

MACFARLANE," in 1866, describes the Laurentian rocks of several
towns in the county of Hastings. The rocks here lound include granite,
granite-gneiss, gneiss, petrosilex, conglomerates, and limestones. At
Ma(doc are conglomerates consisting of pebbles, generally of quartzite,
in a schistose matrix, lithologically not unlike some of the Huronian
rocks.
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IAGAN," il 1866, turther describes the distriblition and structure of
the Ottawa Laurentian limestone. There are here three great confrma-
ble bands, which are termed the Grenville, Green lake, and Trembling
lake bands. Ini these limestones Eozoon is toumnd.

LOGAN,10 in 1867, states that the Hastings series is arranged in the
form of a trough, and that to the eastward, and probably beneath them,
are rocks which resemble those of the Grenville, and it is supposed
that the Hastings series is somewhat higher than the Grenville. The
Madoc limestone is overlain unconformuably at several places by the
horizontal Lower Silurian linestone. In Tudor the limestone is sud-
denly interrupted for a considerable part of its breadth by a mass of
anorthosite rock, rising 150 feet above the general plain, which is sup-
posed to belong to the unconformable Upper Laurentian.

VENNOR, 17 in 1867, gives the ascending section of Laurentian rocks
in Hastings county as follows: Red feldspathic gneiss, 5,000 feet thick;
dark green chloritic slates, 200 feet; crystalline limestone, 2,200 feet ;
siliceous and micaceous slates, 400 feet; bluish and grayish mica-slates,
500 feet; pinkish dolomite, 100 feet; micaceous limestone or calh-schist,
containing lozooi, 2,000 feet; green diorite slates, 7,500 feet; reddish
granitic gneiss, 2,100 feet; total, 20,000 feet.

DAWSON " (Sir William), in 1869, states that the graphite of the Lau-
rentian is scattered through great thickness of limestones, and is fotlid
also in veins. In oue bed of limestone 600 feet thick the amount of
disseminated graphite must amount to as much as a solid bed 20 or 3()
feet thick. The graphite is believed to be of organic origin because,
first, it contains obscure traces of organic structure; second, its arrange-
ment and microscopical structure corresponds with that of micaceous
and bituminous matter in marine formations of modern date; third, it
of metamorphic origiin, it has only undergone the metamorphosis which

is known to affect organic material of later age; fourth, it is associated
with beds of limestone, iron ore, and metallic sulphides, presumably of
organic origin.

VENNOR,'I in 1870, in a report on Hastings county, describes the pre-
Siliiriani rocks. The rocks are divided into three divisions, A, B, and
C. A, the lower division, consists of syenite rock, granitic gneiss, 2,000
teet; tine-grained gileiss, sometimes hornlblendic and passing into mica-
schist, 10,400 feet; crystalline limestone, 400 feet. B, the middle divi-
sion, is of hornblendic and pyroxenic rocks, including diorite and dia-
base, both massive and schistose, 4,200 t bet. C, the upper division,
consists of crystalline and granular limestone, 330 feet; mica-slates in-
terstratiiied with dolomite, sometimes conglomeratic, with pebbles of
gneiss or quartzite 1 to 12 inches in diameter, 400 feet; slate interstrat-
ified with gneiss, 500 feet; gneissoid micaceous quartzites, interstrati-
tied with siliceous limestone, 1,900 feet; gray micaceous limestone, 1,000
feet. Total, 21,130 feet. The syenite in certain localities has no ap-
parent marks of stratilication. Associated with the above rocks are
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deposits of iron ore. Bozoon canadense occurs in the topinost member
of the upper division (C). Division B rests immediately itpon A, but
whether conformably or not is not determined, as the basal members of
B are massive diorites and greenstones.

VENNOR, 20 in 1872, applies to the lowest division of the Hastings
series (A), the term Laurentian, and the middle division (B) is placed
as probable Huronian. The rocks of the upper group are found to lie
unconformably upon the gneisses and crystalline limestones of the low-
est, and it is probable that the middle group is unconformably below
the upper and unconformably above the lower group.

VENNOR,"2 in 1872. reports on Leeds, Frontenac, and Lanark counties,
Ontario. The granite of the gold-bearing rocks is believed to repre-
sent eruptions which.took place probably toward the close of the Lau-
rentian period, or at some time prior to the deposition of the rocks of
divisions B and C, for, whenever these higher rocks are wanting, the
Laurentian gneisses, quartzites, and limestone are cut by a network of
veins.

VENNOR 2 2 in 1873, gives ain additional report upon the counties of
Fromitenac, Leeds, and Lanark. The area is divided into western, mid-
dle, and eastern sections. In the western section (ie main mass of
rocks is of granite, syenite, and coarse and fine grained gneisses. The
red granites sometimes appear to be of later (late than the white mica-
granites and even of the diorites of division B. Limestone was not ob-
served. In a trough between two granite and gneiss areas are found
diorite-slates, micaceous and chloritic schists, pyroxenic rocks, con-
glomerates, dolomites, and sandy crystalline limestones. In one con-
glonerate the pebbles of quartz in a matrix of sand and mica are flat-
tened out along the plane of bedding, so that those which in cross
measurement are not more than one-fifth of an inch broad have a length
of from 5 to 10 inches. In places in the conglomerate, instead of peb-
bles, are layers of vitreous quartz or quartzite and mica-sehmist. The
middle section is undoubtedly Lower Laurentian. The rocks met with
include great thicknesses of gneiss, for the most part clearly stratified,
with well defined strike and dip; masses of hornblende rock and diorite,
graduating into slate or schist; large and important bands of crystal-
line limestones, and groups of calcareous strata associated with mica-
slates, and workable masses of magnetic iron ore. These rocks are
clearly interstratified. Apparently five distinct bands of crystalline
limestone are met with, separated by reddish granitic and dark horn-
blendic gneisses. The rocks of the eastern section consist chietly of
gneiss, but associated with this are coarsely granular limestones. The
horizontal limestones of the Lower Sihirian by a fault are brought into
abrupt vertical contact with the Laurentian gneiss.

VENNOR,23 in 1874, further describes Frontenac, Leeds, and Lanark
counties. The five belts of crystalline limestones mentioned in the pre-
vious report are described in detail. Eozoon occurs abundantly in
places.
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VENNOR, 24 in 1876, gives a further report on the rear portions of Fron-
tenac and Lanark counties. Two sections are given, representing the
limestones as interstratiied with the quartzites and gneisses. The rocks
are classified into tive groups: I, Mica-schist group; 11, Dolomite and
slate group; III, Diorite and hornblende-schist group; IV, Crysfalline
limestone and hornblende-rock group; V, Gneiss and crystalline lime-
stone group. A sixth group, described in a previous report, occupies
the front portion of Lanark county. Each of the five groups have
many subordinate phases of rocks; they occupy distinct and separate
positions, but it is not known whether they represent one or more for-
mations.

VENNOR, 25 in 1877, states that there is in eastern Ontario and the
adjoining portions of Quebec an Azoic formation, consisting of syenite
and gneiss(?), without crystalline limestone, in which there is but little
indication of stratification. On it has been unconformably deposited a
great system of gneisses, schists, slates, crystalline linestones, and
dolomites, in the higher member of which Eozoon is found. The lime-

stone occurs in four principal belts. Both Logan's Huronian and Upper
Laurentian are considered to belong to the second division, which is for
the present called the Upper Laurentian. Interstratified with several
of the bands of limestone are Jabradorite rocks. No evidence is found
for making these a distinct system. The Huronian and Hastings series
are simply an altered condition in their westward extension of the
lower portion of the upper system.

VENNOR,2 6 in 1878, reports on the counties of Renfrew, Pontiac, and
Ottawa. Referring to the work of previous years, it is said that the
rocks of divisions B and C of the Hastings series are really the western
extensions of the diorites, hornblende-schists, and mica-slates of Lanark
and Renfrew counties, in other words, of groups 1, II, and 11; and
these last have also been shown to be a low portion of the gneiss and
limestone series, that is, groups IV, V, and VI; and these have always
been looked upon as typical Laurentian. The conclusion is consequently
reached that the Hastings series is not, as it has been considered to be,
the most recent, but rather the oldest portion of this great system of
rocks investigated. It is also clear that this great crystalline gneiss
and limestone series rests upon a still older gneiss series, in which no
crystalline limestones have yet been discovered. This series is the one
referred to as division A. where limestones have been mentioned, but
incorrectly. This occupies many hundreds of square miles between the
St. Lawrence and Ottawa rivers, and is the rock which forms the back-
bone of eastern Ontario and the nucleus around which have been de-
posited all succeeding formations. This, then, is undoubtedly Archean
and Lower Laurentian, and consequently the crystalline limestones
and gneisses constitute a series which would come in beneath Logan's
Upper Laurentian or Labradorite series. Whether this latter exists
as a distinct formation is doubtful. In each instance in which the

[BULL, 9
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crystalline limestones have been found in the interior of the gneiss
country, these have been proved to occur in the superficial condition of
shallow troughs, and not as bands interstratified in the gneiss itself.

The lower noncalcareous Laurentian is a great series of crystalline
rocks, not only highly metamorphosed, but most intricately contorted.
In the entire area studied the gneiss and syenite are by far the most
abundant rocks, while gneisses with. interstratitied crystalline lime-
stones occupy but a comparatively limited area, and this only toward
the margins of the former. The relative volumes of the two distinct
sets of rocks,' that is, the gneisses with the crystalline limestones, bear
about the same relations to the volume of gneiss and syenite that the
comparatively narrow belt of the Silurian does in this section of country
to both of these together.

There is thus in these old crystalline rocks a great uucaleareous di-
vision and a smaller calcareous one. The first of these may be further
sudivided into a stratified and unstratified portion, of which the latter
is undoubtedly the lowest and oldest. As shown by the map, north
and northwestward of the line, at the base of the gneiss and limestone
series, there are numerous and repeated troughs of the lower member
of this division which separate out over the great fundamental gneiss

system ill a most irregular manner, and it is these that have given rise
to the supposition that the older gneiss and syenite is interstratified

with the crystalline limestone. The three great subdivisions in east-
ern Ontario are, then, first, a great gneissic amd syenitic series without
limestone; second, a thinner gneissic series with labradorites and lime-
stones; and, third. Lower Silurian (Potsdam to Trenton). The thick-
ness of the upper series, exclusive of the fundamental gneiss, is placed
tentatively as from 50,000 to 60,000 feet. No attempt is made to esti-
mate the thickness of the underlying gneiss and syenite series.

BELL,' in 1878, reports on geological researches north of lake I ltiot,
and east of lake Superior, including lake Nipissimig. Ile finds the rocks
along the whole northeast coast of Georgian bay, a distance of 125 miles,
to belong to the Laurentian series. They consist principally of varie-
ties of gneiss, occasionally interstratified with bands of hornblendie and
micaceous schists. The crystalline limestones are also found, 'is well
as stratified diorites, trap rocks, and granite veins. The rocks have
no uniform strike and are contorted into many anticlinals and syncli-
nals. The crystalline limestones of (ieorgian bay and lake Nipissing are
regarded as belonging in three and possibly more crystalline bands.
Associated with the limestone are sometimes found chert, conglomerate,
quartzite, and magnetic iron ore. A junction of the granite with the
Huronian quartzite and hornblende-schist is mentioned.

WILKINS," in 1878, describes near the Grand Trunk station of Shai-
nonville, about three-quarters of a mile north of the village, a gray and
green slate comiglomerate which much resembles the slate conglomerate
of lake Huron belonging to the Huronian system. The base of this
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rock is a schistose gray orthoclase with green hornblende and epidote,
while the pebbles are of Lanrentian gneiss, white and red micaceous
and syenitic granite, syenite, felsite, dolerite, diorite, epidote, chlorite,
and quartz, these masses being generally rounded, particularly the
gneissic pebbles, and very rarely angular, while in size some exceed a
foot in diameter, and others are not over 2 or 3 inches. At Gibson's
mountain, 6 miles southwest of Belleville, occurs Laurentian porphyritic
coarse grained granitoid syenitic gneiss.

SELWYN, 2 9 in 1879, states that it has been conclusively demonstrated
that the Grenville and Hastings groups, consisting of limestones and
calcareous schists holding Eozoon, with associated dieritic, felsitic, mi-
caceons, slaty, and conglomeratic rocks, form one great conformable
series, which rests quite unconformably upon a massive granitoid, syen-
itic, or red gneiss series, and are unconformably below the Potsdamn or
Lower Silurian rocks. The same may be said of the Huronian series
of' Georgian bay, which at lake Nipissing include some labradorite
gneiss, al it is very probable that a connection will eventually be
traced out between these supposed greatly different formations like that
now proved to exist between the Hastings and Grenville series. The
Norian series is thought to be a part and parcel of the great crystalline
limestone series. These anorthosites are thought to represent the vol-
canic and intrusive rocks of the Laurentian period, and if so, their
massive and irregular, and sometimes bedded appearance, and the fact
that they initerrupt and cut off' some of the limestones, is readily under-
stood. Chemical and microscopical investigations both seem to point
to this as the true explanation of their origin. That they are really
eruptive rocks is held by nearly all geologists who have carefully
studied their stratigraphical relations.

SEiVwYN,31 in 1884, finds from Pembroke to Wahnalipitae river on
the Canadian Pacific railway, nothing but Laurentian, which consists
of red, gray, and white orthoclase gneiss, black hornblende-schists and
mica-schists, often garnetiferous, pyroxenic gneiss banded like Eozoon,
and large bands of crystalline limestone. These rocks are all very dis-
tinctly stratified, and dip generally in an easterly direction at angles

varying from almost horizontal to vertical.

SVIMARY OF RESULTS.

It is apparent that the great area, roughly bounded by Georgian bay,
the Ottawa and St. Lawrence rivers. to which the term Laurentian is
applied, is, as a whole, a very crystalline one. This is so ii' true that no
attempt has been made over the greater part of the area to stratigraph-
ically subdivide the rocks. The exceptions to this are a small area in
Argenteuil and adjacent counties, and a strip of country running from
Ottawa to Madoc. Even in the districts in which the detailed maps
are given there is no estimate of the thickness of the layers of the more
massive parts of the series.
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In discussing the stratigraphical succession, large areas of the rocks,
including syenite, granite, porphyry, etc., can be excluded, for it is cer-
tain, as was early recognized by Logan and Murray, that many of these
rocks are eruptives of later age than the gneissic and schistose rocks
with which they are associated.

Logan, Murray, and Vennor in his final comprehensive review, reached
the same stratigraphical conclusions. Occupying the inferior position
in this region is an immense thickness of syenitic, granitic, and gneissic
rocks. For the most part this lower division is intricately folded, and if
it has a stratigraphy, it is of so complicated a character that no esti-
mate is made of the thickness. Where a structure is present there is
no evidence that it is due to sedimentation. It contains no bedded
limestones, no carbonaceous schists, no plastics, either volcanic or water-
deposited. It is, then, a complex, devoid of any structure which has
been shown to be bedding, devoid of any materials which may not be
of other than surface origin. As described by Vennor, this lower non-
calcarcous Laurentian covers the larger part of the region. That lime-
stones were at one time supposed to be contained in this series is ex-
plained by him to be due to the fact that overlying bands of the upper
division are included as inftlded troughs.

Upon these rocks rests a series of a very different lithological charac-
ter. It iiicludes great thicknesses of limestones, quartzites, conglom-
crates, hornblende-schists, mica-schists, and bedded gneisses. If the
limestones, quartzites and the regularly bedded character of the gneisses
are not sufficient evidence of a elastic origin, the presence of unmis-
takable conglomerates at numerous points is conclusive. This elastic
series, as shown by the descriptions of it in tile vicinity of Madoe, is in
part clearly volcanic. The very great estimated thickness of this bed-
ded series may be questioned, for evidently the study was not close
enough and the structure well enough determined to decide this difficult
question. The equivalence of the elastic rocks of the different districts
has been assumed, but those more distant from the type area differ con-
siderably from it in lithological character as well as from each other.
That they are really equal has not been shown, although this is proba-
ble for certain of the districts.

As to the anorthosite series it may be excluded from the bedded
succession. It is now believed by most geologists that this rock is an
eruptive. The unconformity at its base is an eruptive one, in all prob-
ability caused by the outflowing of this rock at a later period than the
formation of the underlying series.

The Laurentian elastic series of the type area resembles, to a re-
markable degree, the bedded gneisses, limestones, graphitic schists,
and quartzites of the Adirondacks, except that the latter have become
more completely crystalline. The core of the Adirondacks is " anor-
thosite rock," really gabbro, and away from this the bedded series
dips in a quaquaversal manner, so that the anorthosites apparently

Bull. 8G -3
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underlie the plastics. This is explicable by regarding the anorthosite
as an intrusive which has pushed up the bedded plastics, causing the
latter to dip away from it in every direction. In the Ontario area it
appears that the " anorthosite " has actually burst through and over-
towed the plastics.

Comparing the bedded elastic division of the Laurentian with the
Original Huronian, the description of the latter by Bell at Nipissing
approaches closely in lithological character that of the Huronian, to
which division the series was referred by Selwyn. The elastic series
in the vicinity of Madoc, before Vennor realized that it is probably
a continuation of that to which the term Laurentian was applied at
Ottawa by Logan, was considered as Huronian, and by Logan himself
was supposed to be higher than the Grenville series.

These two districts are intermediate in position as in character between
the type areas of upper Laurentian and the Juronian.

The plastics of the Laurentian nowhere come in contact with those of
the Original Huronian area, so that we have no evidence whatever as
to their relative age. The former are underlain by a banded and con-
torted gneissic and granitic series. The same is true of the Huronian
of lake Huron. In this latter area the elastic series rests uncon-
formably upon a lower gneissic one, but in eastern Ontario we have no
positive evidence that similar relations obtain; but it is not improb-
able, as maintained by Vennor, that there is at the base of the elastic
series a true unconformity. On the other hand, it is possible that the
relations between the elastic series and the underlying completely crys-
talline series are those of sedimentary rocks and later intrusives.

Bearing in favor of an unconformity between the lower granite-gneiss
aid at least a part of the elastic series- are several lines of evidence:
(1) In Leeds, Frontenac, and Laoark counties the granites which cut the
Laurentian gneisses in a network of veins never penetrate the series of

quartzites, conglomerates, limestones, etc., although sometimes found
in Vennor's middle or dioritic division. This indicates that the gran-
ite-gneiss not only existed but had been intruded by granitic eruptions
before the plastics were deposited. (2) The abundant large pebbles
and bowilders of granite and syenite found at many localities in the
Laurentian region, and particularly about lake Nipissing and near
Shannonville, show that earlier than the plastics existed gneisses
and granites identical in character with those now designated as Lau-
reitian. The probability is that these pebbles are, as supposed by
Logan and Wilkins, derived directly from the Laurentian. If this is
the case, between the two must have existed a great time gap, for these
fragments when deposited show that the rocks from which they are
derived were then at the surface in their present completely crystal-
line condition. (3) The rocks of plainly elastic origin are associated and
occur in trough-like areas, although having interstratified with them
comparatively thin belts of gneiss, which, however, may be meta-

[BLL. 86.
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morphosed sedimentaries. That this series is newer than the granite-
gneisses, is indicated by the fact that the intricate structure of the
lower Laurentian is not simulated by the elastic rocks. Apparently the
latter has undergone earlier and more intense orographic movements
than the former.

SECTION II. FROM NORTH CHANNEL OF LAKE HURON TO LAKE

TEMISCAMANG.

LITERATURE.

BIGSBY,31 in 1821, gives the earliest geological account of the north
shore-of lake Huron. He found north of the North channel two series
of rocks, one of granite, gneiss, and trap, which was placed by him
with the Primitive; the other, without mentioning distinct characters,
he called the Transition formation.

MURRAY,32 in 1845, finds Primary and Metamorphic rocks to com-
prise the whole country to the north of lake Simeoe and the northeast-
ern shores of lake Huron. The rocks are similar in appearance to the
masses which compose the Thousand isles, and include granite, syenite,
and gneiss, as well as a coarse micaceous sandstone, which at one place
presents evidence of stratification.

LOGAN 31 in 1847, finds, after passing .over 63 miles of lower meta-
morphic or syenitic gneiss on the Ottawa, after leaving the Mattawa
(nearing lake Temiscamang), a succession consisting of (1) chloritic
slates and conglomerates, (2) greenish sandstones, and (3) fossilifer-
ous limestones. The conglomerates often hold pebbles and bowlders,
sometimes a foot in diameter, of the subjacent gneiss, from which they
are chiefly derived. So indurated is the rock that the fracture breaks
across the pebbles. The sandstone is of a sea-green color, and appears
to be composed of quartz and feldspar, with occasional flakes of mica.
The volume of (1) is probably not less and may be very mach more
than 1,000 feet, while that of the sandstone is between 400 and 500 feet.
Form action (3), fossiliferous limestone, is often conglomeratic at its base,
containing pebbles, fragments, and bowlders of the sandstone beneath
in a calcareous cement. Some of the harder beds abound in chert and
many of them are fossiliferous, the organic remains leading to the opin-
ion that this rock is equivalent to the Niagara of New York. That
these limestones are unconformable with the slates appears almost cer-
tain, but whether the intermediate sandstones are conformable with
one or both of these can not be asserted, nor can it be asserted that
the slates are conformable with the gneiss.

LOCKE,34 in 1847, having visited Echo lake and the Bruce mine, finds
the rocks of the North channel to consist of sandstone, talcose slate,
limestone, all metamorphosed by trap rock. The slate contains some
pebbles of primitive rock, and thus approaches a conglomerate. The

limestone at Echo lake shows original stratification, and is traversed
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by seams of hard metamorphic slate, being nearly in the condition of
a jasper. They 'are undulated, contorted, and pleated in a beautiful
manner.

CHANNING,35 in 1847, reports on an examination of Sugar island,
Sailors Encampment island, St. Joseph island, and the main shore to
Sault Ste. Marie on the American side. Metamorphic sandstone
quartz, chlorite-slate quartz, feldspar rock quartz, chlorite, granite,
syenite are all found, and are constantly intersected by the trap dikes.
At Echo lake is a metamorphic sandstone quartz, containing a stratum
of pebbles converted into jasper. On Sugar island is found metamor-
phic sandstone, containing fragments of metamorphic sandstone and
gray gneiss.

MURRAY,36 in 1849, describes the continuation of his work on the
north coast of lake Huron west of French river, and upon the adjacent
Manitoulin islands. The pre-Potsdam group of rocks consist, firstly,
of a metamorphic series, composed of granitic and syenitic rocks in
the forms of gneiss, mica-slate, and hornblende-slate; and, secondly, in
ascending order, of a stratified series, composed of quartz rock or sand-
stones, conglomerates, shales, and limestones, with interposed beds of
greenstone. The first of these series is in so highly a disturbed con-
dition, and is so much contorted that it is impossible to ascertain its
thickness. The second series occupies the whole north coast of lake
Huron, with many of its neighboring islands between little lake
George and Shebawenahning. The breadth of country this series
occupies, and the thickness it attains, there was no opportunity of
determining. The quartzites sometimes pass into a sandstone, and
into a beautiful conglomerate, whose pebbles are chiefly of blood-red
jasper. Besides the jasper conglomerates there are other conglomer-
ates, the pebbles and bowlders of which are of syenite. varying from
those of small size to those 2 feet in diameter; and these are some-
times in a greenish quartz rock as a matrix, and sometimes in a
greenish slate, more frequently the latter. Numerous greenstone dikes
traverse the stratified series, and greenstone masses are interposed
among the sedimentary beds. On some small islands granite veins
and trap dikes were found breaking through the quartz rock, on one of
which the latter beds dipped in opposite directions on opposite sides of

the granite, and on another the quartz rock was found reclining on the
granite, the contact being seen. The fossiliferous series is supported
unconformably upon the older rocks.

LOGAN,7 in 1849, next gives a general account of the geology of the
north shore of lake Huron. An area of rocks, 120 miles long, and from
10 to 20 miles wide, is placed in a single formation. This formation

rests unconformably below the Silurian, as shown by the fact that the
latter horizontal strata rest upon the uptilted edges of the quartz rock,
fill the valleys between, and overtop the mountains. Upon account of

the eruptive material which the formation contains it is placed as the
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probable equivalent of the copper-bearing group of lake Superior.
The series is divided into rocks of sedimentary and rocks of eruptive
origin. The sedi mentaries consist of sandstones, conglomerates, slates,
and limestones. The greenstones are of igneous origin, and are of two
classes, intrusives and overflows. The intrusives are in part as sheets
and in part as dikes. The various kinds of sedimentary beds grade
into each other, while the greenstone. do not thus grade into the sedi-
ments, and therefore present a strong contrast to the real sedimentary
beds. The dikes and overflow sheets are lithologically alike, and the
dikes reveal a history which has two or three episodes. The chief dif-
ference in the copper-bearing rock of lakes Huron and Superior seems
to lie in the great amount of amygdaloidal trap in the latter, and of
white quartz or sandstone in the former, but there are strong points of
resemblance, so it is highly probable, if not almost certain, that they
are equivalent and beneath the lowest fossiliferous deposits. On the
east and west the series seems to repose on granite.

MURRAY," in 1850, gives the result of a survey of the Spanish river.
Upon this stream he finds exposed a granitic or metamorphic group and
a quartz-rock group. The latter contains quartzites, slates, and con-
glomerates, holding sometimes pebbles of jasper, but more often of sye-
nite or granite, as well as limestones and dikes and beds of intrusive
greenstones, and can scarcely be less than 10,000 fret thick. The gra-
nitic group appears to rise from beneath the metamorphic group at two
places.

LOGAN," in 1852, states that on lake Huron the Lower Silurian group
rests unconformably upon a siliceous series, containing one band of
limestone about 150 feet in thickness, having leaves of chert, but with-
out discovered fossils. The series is the copper-bearing rocks of that
district, is interstratified with igneous masses, and has a thickness of
at least 10,000 feet; it is supposed to be the Cambrian epoch. The
gneissoid group is probably still older, and its condition is such as to
make it reasonable to suppose that it consists of altered aqueous depos-
its.

MURRAY, 7 in 1857, describes' several of the more important streams
between Georgian bay and lake Nipissing. They embrace two of the
oldest recognized geological formations, the Laurentian and Huronian;
the rocks of the latter are more recent and have been observed to pass
unconformably below the lowest of the fossiliferous strata of the Silu-
rian system. The contorted gneiss of the Laurentian series, with its
associated micaceous and hornblendic schists, spreads over the country
to the south and east, while the slates, conglomerates, limestones,
quartzites, and greenstones of the Huronian occupy the northern and
western parts. The difference in lithological character between the
two formations is always sufficiently apparent, but though both were
found a short distance apart, the immediate point of contact was always
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obscure, and a mass of greenstone of rather coarse grain was usr.lly
the first intimation of the proximity of the higher rocks. Whether this
greenstone is a contemporaneous flow or subsequent intrusion has not
been ascertained. The lower slates stand nearly vertical on Sturgeon
river near the gneiss. The following is the general succession within
the Huronian, in ascending order: fine grin Ied siliceous slates; slate-
conglomerate, contain ing profuse syen ite and occasional jasper pebbles;
limestone; slate-conglomerate, like the first; green siliceous chloritic
slate; and close grained quartzite of various colors running into a
conglomerate, the pebbles of which include white quartz and red and
green jasper. The thickness of the. Huronian is calculated at 10,000
feet and corresponds with the determination of the thickness of the
quartz-rock series on the Spanish river.

LOGAN,40 in 1858, applies the term Ihuronian to the copper-bearing
rocks of lake Huron. A limestone near the middle of the series is used
to trace out the structure.

MURRAY,41 in 1858, gives a continuation of his study of the rocks
north of lake Huron. He places the rocks of French river, described
in the report of 1857, as Laurentian. A belt of limestone 200 feet thick
is used in working out the structure of the iHuroniani. The Huronian
is also called the copper-bearing rocks.

LOGA742 in 1858, gives a general description of the pre-Silurian
Azoic rocks of Canada, which occupy nearly a quarter of a million
square miles. These are a series of very ancient sedimentary deposits
in an altered position. They are of great thickness and are capable of
division into stratigraphical groups. In the formation about lake Te-
miscamang are sandstones, qnartzose conglomerates, and slate conglom-
erates, the slate conglomerates holding pebbles and bowlers derived
from the subjacent gneiss. The boulders display red feldspar, trans-
lucent quartz, green hornblende, and black mica, arranged in parallel
layers, which present directions accordant with the attitude in which
the bowlders were accidentally inclosed. From this it is evident that
the slate conglomerate was not deposited until the subjacent forma-
tion had been converted into gneiss, and very probably greatly dis-
turbed; for while the dip of the gneiss, up to the inmnediate vicinity of
the slate conglomerates, was usually at high angles, that of the latter
did not exceed 9 degrees. A similar set of elastic rocks is found on
the north shore of lake Huron, except that the series is here intersected
and interstratiied with greenstone trap, and pebbles of syenite and jas-

per are found. Eastward of lake Temiscamnang, in aY area of 200,000
square miles imperfectly examined, no similar series of rocks has been
met with. Because this elastic series of rocks occurs in typical devel-
opment on lake Huron it has been decided to designate it by the term
Huromnian.

MURRAY,43 in 1859, in continuing his study of the Huronian, gives
most of his time to the region adjacent to the Thes salon and Mississagni

[BUL. 6.



LAKE HURON TO LAKE TEMISCAMANG.

rivers. The HIuronian is found to be in two main troughs and the thick-
ness of the series of formations amounts to 16,700 feet. This thickness,
greater than that given in the report of 1857, is due to the accidental
existence here of intercalated greenstones.

BiGsBY 4 in 1862, concludes that the Ifuronian is greatly older than
the Cambrian because: (1) Its marked similarity, lithologically, to the
fundamental gneiss formation. (2) The conformity of these two sets of
beds. (3) The great interval of time which must have elapsed between
the periods of laying down the fundamental fummnation and the Silur-
ian, if we are to judge from the occasionally vast thickness of the Cam-
brian. Beyond all comparison, the Huronian is more widespread and
extensive, as well as more uniform in its mineral constitution, than the
Cambrian group. It is, perhaps, also more important economically.

LOGAN, 12 in 1863, gives a general summary of the information as to
the Huronian series north of lake Huron. This area is mapped ill
detail. It extends along the entire North channel of lake Huron, with
the exception of a short distance where the Laurentian occupies the
shore. The full section on the north shore of lake Iluron is as fol-
lows, from the bottom upward: (1) gray quartzite, 500 feet; (2) green
chlorite slate, 20.0 feet; (3) white quartzite, 1,000 feet; (4) lower slate
conglomerate, 1,280 feet; (5) limestone, 300 feet; (6) upper slate con-
glomerate, 3,000 feet; (7) red quartzite, 2,300 feet ; (8) red jasper
conglomerate, 2,150 feet; (9) white quartzite, 2,970 feet; (10) yellow
chert and limestone, 400 feet; (11) white quartzite, 1,500 feet; (12)
yellowish chiert and impure limestone, 200 feet; (13) white quartzite,
400 feet; total thickness, 18,000 feet. Interstratilied with certain of
these layers, and particularly Nos. 4, 6, 7, 8, and 9 are considerable
masses of greenstone. That these are conteimporanmeous overflows in
places is indicated by the fact that they are amygdaloidal and are
arranged in layers. There are, however, also present intrusive masses
of greenstone and granite, which in the form of (likes cut the stratified
rocks in many directions. The different sets of dikes are of at least
three different ages, the granite being intermediate in age between two
greenstone eruptions. Many of the pebbles of the red jasper con-
glomerate are banded, showing their derivation from a more ancient
stratified rock. South of lake Pakowagaming is a considerable area of
granite which breaks through and disturbs the Laurentian gneiss, and
from which emanates a complexity of dikes, the whole being supposed
to be of Huronian age. The immediate contact of the gneiss with
the overlying rocks has not been observed. The gneiss between Mis-
sissagui and St. Marys rivers has been much disturbed by intrusive
granite and greenstone, and it is difficult to make out how the stratified
portions are related to each other. Near Les Grandes Sables, a gray
quartzite, supposed to be the lowest Iuronian, abuts against one mass
of gneiss, and runs under another and appears to be much broken by
and entangled among the intrusive rock. On lake Temiscamang the
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Laurentian gneiss is followed by a slate conglomerate which contains

pebbles and bowlders sometimes a foot in diameter of the sulbjacent
gneiss. The iuironian of lake Huron is correlated with the lower cop-
per-bearing rocks of lake Superior. Several detailed sections are
described. The general sections represent the Huronian series as
resting unconformably upon the Laurentian.

LOGAN," in 1865, states that the horizontal strata, which form the
base of the Lower Silurian in western Canada, rest upon the upturned
edges of the luronian series, which in its turn unconformably overlies
the Lower Laurentian. The Huronian is believed to be more recent
than the Upper Laurentian series, although the two formations have
never yet been seen in contact.

SELWYN,0 in 1884, west of Wahnahpitae river, on the Canadian Pacific
railway, for 80 miles, finds Laurentian rocks, which consist of felsites
or felsitic quartzites, thin bedded quartzites which hold angular frag-
ments of granite and gneiss, diorite and diabase, with a series of coarse
and fine fragmental beds varying in character from a fine ash to coarse
agglomerate.

IRVING," in 1887, summarizes the information of the Canadian Survey
with reference to the Huronian of lake Huron, and describes a contact
near Thessalon river between the underlying gneissic series and the
overlying Huronian. Here a basal conglomerate, containing partly
rounded and angular fragments up to 2 feet in diameter, largely derived
from the immediately underlying gneiss, rests directly upon the up-
turned edges of the gneissic series. Such a contact indicates a great
structural break, whether the underlying gneissic series is of ernptive
or of sedimentary origin. If sedimentary, it must have been metanior-
phosed to its present crystalline condition and upturned before the frag-
mentals were deposited upon it; if eruptive, its coarsely crystalline
character shows that it belongs to the deep-seated rocks which must
have crystallized at depth, and therefore has been subjected to great
erosion in order that this- class of rocks may be found at the surface.
Such a contact is also found at two or three other points on the Algoma
branch of the Canadian Pacific railway, and particularly at the vicinity
of the mouth of Serpent river. Logan's2 green, chloritic slate is com-
posed of diabase sheets and a little interleaved fragmental material,
perhaps partly volcanic ash.

WINCIIELL (N. H in 1888, describes many localities within the
Original Huronian. Logan's chloritic slates, as well as the greenstones,
are regarded as accidental features, the firmer being a part of the basic
eruptive rocks of the region. Vast outflows of greenstone cover many
square miles in the Thessalon valley and constitute hill ranges as con-
spicuous as those of any hill rock in the region. This series is classified
and parallelized with the Minnesota rocks, as follows:
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Original iuronian. Minnesota equivalents.

S Pewabic quartzite (f).
Otter Tail quartzite ........................... New Ulm, Pokegaia and Waus-
Thessalon quartzite----------------------------.. wangoing quartzites.

Black slate ......------------------------------ Animikie black slate.
''Lithographic stone " and tine gray qIuirtzite .. Not known.
Red felsite......-- --------------------------- Felsites at Duluth and probably the

Great palisades.
Mississagni quartzite ------------------ ----.... Not known.

Slate conglomerate ------------------------.... Ogishki conglomerate.

Chert and quartzite pebbles in the Thessalon quartzite lead to the
inference that this is unconformably upon the black slate. The exist-
ence of granite bowiders in the slate conglomerate indicates another
unconformity between it and the granites of the region. In this latter
case the evidence is conclusive, and in the former it is inconsiderable.

AINCHELL (ALEX.)," in 1888, also gives many observations upon
the original Huronian. In the Huronian system is a large volume of
eruptive rock with a great thickness of rocks of undoubted sedimen-
tary origin, with an equal volume of an obscure slaty character. The
latter appear to constitute the green chlorite schist of Logan, which is
either an ancient or much altered eruptive or highly altered sedimen-
tary material. The quartzites contain angular fragments of such a
character that they seem to be derived from this diabase schist; and
this circumstance countenances the theory that the latter are older and

probably sedimentary in origin. The Huronian of Canada, in descend-
ing order, is as follows: Otter Tail white quartzite, 4,000 feet; Tlessa-
lon red and gray quartzite, 5,000 feet; Otter Tail cherty limestone, 100
feet; Upper Plummer conglomeratic and siliceous argillite, 500 feet;
red felsite, granulite, and quartzite, 100 feet; lower conglomeratic and
siliceous argillite, 7,400 feet; Bruce limestone, 100 feet; Mississagni
vitreous quartzite, 3,750 feet. rTfhis succession inclnules neither the
lower nor the upper limit of the Huronian. At St. Joseph's island the
Huronian is immediately overlain by a fossiliferous limestone, appar-
ently the Chazy. It thus appears that the Huronian is a system fol-
lowing downward immediately below the Lower Silurian, and if no
intervening terranes are wanting it occupies the position of the Taconic
of Emmons and the Lower Cambrian of Sedgwick. The lower limit of
the Huronian must be succeeded by a formation of vitreous quartz, red

jasper, and graywacke, besides green stones, red granulite, red gneiss,
mica-bearing granite, since fragments of all these are found in the
Haronian. It may be that the quartzite pebbles are derived from the
Mississagni quartzite, but the red jasper and greywacke must have
been derived from a terrace older than the luronian and newer than
the crystalline masses of the Laurentian.

BONNEY,19 in 1888, discusses the development of the crystalline
schists in the neighborhood of Sudbury. The semicrystallines can be
easily separated from the thoroughly crystalline rocks of the Lauren-
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tian. Tn the Huronian rocks two groups may be distinguished, one of
which is slightly altered and the other very inuchl more extensively
modified. The se iirystallines are compared with those of like char-
acter in Great, Britain.

BARLOW,)" in 1890, describes the relations between the Huronian
and Laurentian north of lake Hnron. A.t many localities the contact
is found to be al irruptive one, the granite and gneiss intruding the
Huronian plastics. Very often the Huronian strata dip into or under
the gneiss, although often the luronian beds are superimposed pon
the gneiss in perfect conformity, and occasionally gneiss is seen dipping
away from the vertical Ilnronian strata. Huronian rocks are also seen
resting unconformably upon the upturned edges of Laurentian gneiss.
The Huronian strata are often metamorphosed where in contact with
the gneiss. These different phenomena are all explained by the later
irruptive character of the gneiss. It is concluded that the Ifuroniai
system is the oldest series of sedimentary strata known in this region.

BELL51 , in 1890, states that stretching from lake Huron to lake Temis-
calang is the greatest area of .uonian rocks in Canada. The most
prevalent rock in this region is graywacke, often conglomeratic. An-
other rock of great abudance is a quartz-diorite. These two are the
parent rocks of the Huronian. The quartzites and clay-slates are but
phases of the graywacke. The rocks of this region show three ways by
which gneiss may be formed, namely, by the direct conversion of the
thin bedded or slaty varieties of graywacke, by the alteration of the
mixed quartz and teldspar roek derived from other varieties of it, and
by the alteration of the modified quartz-diorites. The dolomites are of
a concretionary or segregated nature, derived from the hornblende and
augite of the rocks with which they are associated. During the process
of conversion from graywacke into syenite, strings and veins of mag-
netite have formed.

WINCHELL (ALEX.)52, in 1890, gives further observations on the orig-
inal Huronian region. Northwest of Echo lake is found a series of
argillites, slates, quartzites, and schists, which are frequently conglomn.
eratic and in one place contain outcrops of hematite. These strata are
close to a vertical attitude, strike nearly east and west, and resemble the
Knife lake series and Ogishiki conglomerates of Minnesota. These
rocks can not belong to the same system as the quartzites, upper
slate conglomerates, and limestone of the Huronian, which dip at an
angle of 200. There is here a genuine discordance of stratification, and
two series, not one, as mapped by Logan. The lower system 'is the
formation which occurs at Gros cap, Goulais bay, and Dore river, which
was identified by Logan with the Huronian of lake Huron. The author
is convinced also of their identity with the vertical strata in Minnesota
and Canada known as the Keewatin system. It is also clear that these
gnarled, green pebble slates are the prolongation of the lower slate con-
glomerate of the Thessalon valley.
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WINCHELL (A LEX.) 3 , in 1891, maintains that the Original Hurouian
is divisible into two mnconiornmable seriess , the break occurring between
the upper and lower slate-conglomerates, and the limestone belonging
with the upper series. The descriptions of this region by Murray indi-
eate that near lake Wahnapitae there is a stratigraplije unconformity
between the upper and lower divisions of the Original Iuronian, as
here the slate-conglomerates are in a nearly vertical attitude, while the
newer members seldom have an inclination greater than 450. In every
instance in which the lower slate-conglomerate has been traced by Logan
or Murray to the proximity of the gneiss these formations seem to be
con formable in position, though the actual juxtaposition was concealed.
At Murray hill the slate-conglomerate has a dip to the southward of
780, while 2 miles south of this the slate-conglomeratd has a dip of 400
toward S. 300 W. The first is regarded as the lower slate-eonglomerate
alnd the second as the upper slate-conglomerate. At the junction of the
Sudhury branch of the Canadian Pacific railway with Vermilion river
an arenaceous slaty rock, having a dip of 450, rests on a, different schist
having a diterent dip. At this locality, according to Lawson, the
unconformity is similar to that at Penokee gap, W'iseonsin. The lower
rock is a fine micaceous gneiss or mica-schist, and the upper rock is
interbedded quartzite and gray argillite. At Echo lake is a series, in
descending order, of slate-conglomerate and quartzite, with a dip of
about 200; after this is an interval of a third of a mile, and then ap-
pears a quartzose slate-conglomerate comparable with the Ogishki con-
glomerate; this is followed by quartzite, and this by alternations of
quartzite, quartz-schist, and various slates, schists, and argillites, the
series having a dip of 750 to 800 southwesterly, and being as a whole
more crystalline than the upper system. It is eoncluded that thename
Iluronian must be restricted to the upper or lower system; and if re-
stricted to the upper system it remains attached to the best known and
most characteristic portion of the old complex Hlironian. For the older
system, not distinctly named intil 1886 as Kee watin by Lawson, the term
Kewatian is proposed.

BELL,4 in 1891, describes the geology of the district of Sudbury. The
main outlines of the great Huronian area of this region are given.
Within this region are many inliers of gneiss and red quartz-syenite,
which correspond with Laurentian types of rock, and it is uncertain
whether they are protrusions of the older rocks from beneath or whether
some of them may niot be portions of the Huronian itself which have
undergone further metamorphism. In the Sudbury district many of
the areas consist of separate masses, like large and small bowlders, the
interspaces being filled by a breccia with a dioritic paste, and sugest-
ing that these rocks may be underlain at no great depth by diorite
which was in a soft condition after the gneiss and syenite had been con-
solidated. At some places within the syenite area, as, for example,
about two miles west of Cartier, a massive fine grained rock like some

VAN HISE.]



PRE-CAMP R IAN ROCKS OF NORTH A MERICA. .

varieties of graywacke may be seen passing into thoroughly crystalline
quartz-syenite. The rocks in greatest quantity, and those which con-
stitute the lowest member of the Huronian series between lakes Huron
and Wahnapitae, are quartzose graywackes and quartzites, with occa-
sionally a little felsite. In this member of the series crystalline diorites
occur as intruded masses, varying from a half a mile to ten miles in
length. Also are associated obscurely stratified varieties of quartz-
diorite and of dioritic and hornblendic schists, and also compact brown-
weathering dolomite. The next member of the series in ascending order
is a black volcanic glass breccia consisting of angular fragments crowded
together. The highest rocks of the series, or those which occupy the
center of the trough, are evenly bedded argillaceous sandstones or gray-
wackes, interstratified with slaty belts and overlain at the summit by
black slates. The stratified Iuronian rocks. as well as the gneiss and
quartz-syenite, are traversed by dikes of coarsely crystalline diabase,
which are often large and can be traced for considerable distances.

WINCHELL (N. H.),5 in 1891, gives further observations upon the Tiu-
ronian. Northwest of Sudbury and eastward from Algoma there are
two formations. In both, the slate and slate conglomerate constitute
the upper formation. In the Sudbury region the underlying rocks are
largely felsitic, but are also occasionally micaceous and hornblendic.
In the section eastward from Algoma the underlying formation seems
to be the Mississagui quartzite, with interbedded green fissile schist,
with mica-schist varying into hornblende-schist. Logan's Mississagui
quartzite is supposed not to be Logan's lowest gray quartzite, but
is probably a constituent part of the Keewatin. It is concluded that
the observations confirm, or at least do not contravene, the conclusion
that the Huronian system of the Canadian reports embraces two or
three formations, one of these the true Huronian, first described and
mapped by Murray; another, the Keewatin of Lawson; and another,
the series of crystalline schists styled the Vermilion series.

PUMPELLY and VAN HIsE,56 in 1892, describe the relations of the H1u-
ronian and Laurentian and also give evidence for the divisibility of
the Huronian into two series as advocated by Winchell.

In reference to the latter point, at a limestone quarry about 2 miles
northeast of Garden river, the upper slate conglomerate was found in
actual contact with the limestone member. This conglomerate has a
rough appearance of stratification and bears numerous fragments of
limestone, many of them more than a foot in length and all in precisely
the condition in which is now the original limestone. In this conglom-
erate are also numerous fragments of schist and granite. The line of
contact could be traced only a short distance, and it appears to follow
somewhat closely the lamination of the limestone. These relations
clearly indicate that after the limestone was deposited, before the be-
ginning of the time of the upper slate conglomerate, there was a con-
siderable interval of erosion. The observations thus tend to confirm
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Winchell's conclusion that the Laurentian is divisible into two dis-
cordant series, the break occurring above the lower limestone. If this
break shall prove to be general at this horizon, it places in the Lower
Huronian, using Logan's thicknesses for the formations, about 5,000
feet, and in the Upper luronian about 13,000 feet.

Almost immediately below the limestone was found the lower slate
conglomerate, which in lithological character is precisely like the slate
conglomerate in contact with the granite below described.

As bearing upon the relations of the Huronian and Laurentian, one
new locality was found, and the contact described by Irving east of
Thessalon was again examined. About two miles northwest of Garden
river the lower slate conglomerate of Logan was traced downward into
a finely laminated semicrystalliue quartzose schist, and this downward
into a basal conglomerate and recomposed granite which rests almost
directly upon the solid granite. The major part of the debris of the
basal bowlder conglomerate is derived from the immediately subjacent
granite. The evidence of erosive uncouformability is thus of the clear-
est character. The likeness of the slate conglomerate at this locality
to that below the limestone, the metamorphosed character of the
quartzose schist and the steepness of the inclination of the rocks all
bear toward the correctness of Logan's mapping, that this slate con-
glomerate is the lower one, and, if so, the unconformable contact is
between the lower series of the Huronian and the granite.

At the contact between the lower quartzite of Logan and the Lauren-
tian east of Thessalon, described by Irving, it was found that the
relations could be much more clearly seen than at the time the locality
was visited by Irving, because the water was very low, and two islands
upon which the contact occurs were then submerged. The Laurentian
area does not consist of simply granite or gneiss, as might be inferred
from Logan's mapping, but is an intricate complex of grinite, gneiss, and
schist. The granite has intruded the schist and fine grained gneisses in
the most intricate manner. In many places large roundish fragments
of schist or gneiss are contained in granite, and these have a decidedly
water-worn appearance. However, in any given area the fragments
are always of material identical with that of the immediate adjacent
gneiss or schist. In short, the rocks furnish one of the most beautiful
illustrations of the relations described by Lawson between schists and
gneisses and a later intrusive granite. Resting upon this complex
was found a great bowlder conglomerate which differs radically in
its character from the pseudo-conglomerates of the Laurentian. The
pebbles and ,bowlders instead of being widely separated are packed
closely together. Within a very small area, a square yard or square
rod, may be found all varieties of the material to be found within the
basement complex: that is, many phases of crystalline schist, gneiss,
granite, and granite-gneiss. On one of the islands in which the contact
was seen, the line of separation is perfectly sharp and irregular, bend-
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ing at one place at an angle of 500. Also the foliation of the granite-
gteisses abuts almost at right angles against the line of contact at one
place. The contact here, then, has all the characteristics of one of erosive
unconiformability. Upon the second is ind, instead of a clear line of
contact between the conglomerate and the basement complex there is
an apparent gradation, the change occurring within 5 or 6 feet. Here
the solid granite-gneiss is first broken; then in passing upward the an-
gular fragments have moved somewhat; in passing still farther upward
they become roundish and are mingled with extraneous material, until
a bowlder conglomerate is reached which is in every respect like that
before described. This relation is not uncommon when an encroaching
shore-line overrides a rock formation.

It is concluded that between the lowest members of the Original
Huronian series and the granite-gneiss-schist basement complex which
Logan has called Laurentian, there is the clearest evidence of a very
great unconformity. Also, that the Laurentian series, instead of being
a simple one, consists of rocks of many different kinds and has a most
complex history.

SUMMARY OF RESULTS.

Bigsby's Transition tomrmatioin is that to which the term Huronian was
later applied by Logan and Murray, and his description of this series
is hence the earliest. From the first it is plain that Murray does not
consider the series as metaimorphic, since it is exchlded from the rocks
to which that term is applied. It is also plain that the true nature of
the interbedded greenstones was appreciated. Logan was distinctly a
stratigraphical geologist, who believed in extreme nmetamorphisin of
sedimentary beds, yet he also clearly saw that tile greenstones associ-
ated with the fragmental rocks could not be regarded as other than
of igneous origin.

As to the relations of the Huronian and Lanrentian north of lake
Huron, iM rray made the distinction in 1857 to rest upon age and upon
lithological characteristics, the Laurentian being older and more com-
pletely crystalline than the Hnronian. While the Huronian and Lau-
rentian by Logan and Murray are not described at any definite locality
as having niconfornmable relations, the former states that the Huro-
nian is a stratified series and reposes discordantly upon the Lauren-

tian system, and in 1858 he again clearly indicates the same thing by
the statement that in the slate conglomerates are bowlders and peb-
bles derived from the subjacent gneiss and that the lower formation
was consequently converted into gneiss and probably greatly disturbed
before the upper series was laid down. In 1865, Logan further says
that the luronian unconformably overlies the lower Laurentian, amid
is believed, although not found in contact with it, to be more recent
than the upper Laurentian. These statements are emphasized by his
sections published in 1863, which represent the Hironian as resting
iunconlormnahly upon the Laurentian. The first to describe an actual
contact between the underlying gpneisie series and the overlying Huro-

46 [BULL. 86.



LAKE HURON TO LAKE TEMISCAMANG. 47

nian was Irving, who in 1887 clearly showed that such an unconformity
occurs. The observations of PInumelly and myself reenforce this con-
clusion and show that between the lowest member of the Huroniiain and
Laurentian complex is a very great discordance.

The fiaets given by Barlow, taken ii connection with the foregoing,
show that he has neglected to differentiate the elastic rocks of the
1inronian, fron the more ancient underlying crystalline gneisses. Also,
he has failed to separate an earlier granite-gneiss from a later intrusive.
That a part of the granite is eruptive, of later age than the Huronian,
was as well known to Logan and Murray as to Barlow. These early
geologists recognized both a later granite and a granite-gneiss basement
complex upon which the Huronian was deposited, while the latter
liiiled to make this fundanental discrimination. He saw the former
and assoned that this covered the entire ground.

As to the position taken by Alexander Winchell, that the Original
Huronian is divisible into two unconformable series, it may be
remarked that the locality in which the strongest evidence for this is
given, Echo lake, is on the outskirts of the area nmapped in detail by
Logan and Murray. Before accepting the conclusion that these geolo-
gists, in their careful work extending over several years in the area of
the Original Hui-onian, have overlooked a great unconformity and have
misunderstood what part of the area is covered by lower slate con-
glomerate aind what by upper slate conglomerate, we ought to have the
most decisive evidence. However, the observations of Pumpelly and
myself tend toward the correct11ess of WinehelPs first conclusion. At
least between the limestone and the upper slate conglomerate, in places,
there has been a considerable erosion interval. That with the Huronian
in the more general work of later years Logan and Murray placed two
discorda11t series is certain. The same was done by the geologists on
the south shore of lake Superior, and in view of this very common ref-
erence it is stated in another place that for these two series the terms
Upper Huronian and Lower Huronian are used. If it is really the case
that in the Original fluronian of the north channel of lake Huron, in
the area covered by the detailed map of 1863, two discordant series do
exist, this suggestion is eminently appropriate.

Great indisputable results were reached by the early Canadian
geologists, Logan and Murray. This district north of lake Huron was
the first in which it was shown that an unmistakable detrital and
little metamorphosed series of rocks rests unconformably under the
upper Cambrian. Also it was shown that this series is of such a char-
acter that the ordinary stratigraphical methods apply, and Logan and
Murray were able to subdivide it into formations upon a lithological
basis in the same fashion as is done in fossiliferous series. This is so
evident that it would not be emphasized if it had not been denied.
Far more to the credit of Logan and Murray is the recognition of the
character of the amygdaloids and the interbedded greenstones. No
extreme metainorphic theory was applied to them, and they were die-

VAN s Ill~



48 PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

tinctly regarded as an exception to the ordinary stratigraphical laws
and separated both in descriptions and mapping. This is the more
creditable because for many years afterwards similar rocks were sup-
posed by many other writers to be parts of the stratified successions in
a completely metamorphosed condition had caused them to become
crystalline. Finally it was recognized that this Huronian series rests
unconformably upon an older gneissic and granitic crystalline series,
which has yielded abundant fragments to the overlying rocks.

To the person who hypothecates that all pre-Cambrian rocks are
wholly crystalline and that all truly detrital rocks are Cambrian or
post-Cambrian, these conclusions prove only that inferior to the Pots-
dam sandstone, and separated from it by a great unconformity, is a
series of rocks of great thickness, having a number of persistent mem-
bers of varying lithological character, which are lower Cambrian. But
this position does not lessen the value of the work done; for it would
still be true that the Huronian series was the first so low in the geolog-
ical column in which the above facts were shown.

The only rocks in the Original Huronian area which Logan correlated
with those of the Original Laurentian area are the unconformably under-
lying granitic and gneissic series. These w-ere called lower Laurentian,
the idea being evidently to correlate them with the lower noncalcareous
division of the Original Laurentian. This correlation was plainly made
on the ground of lithological likeness. That the Huronian is more
recent than the upper Laurentian was stated only as a belief. This
belief appears to have been based upon the "nonnietamorphic" char-
acter of the Huronian as compared with the upper Laurentian. It is
also possible that the fact that there is a structural break on the north
shore of lake Huron, between the Huronian and the gneissie series,
whereas no such break was found between the upper and lower divis-
ions of the Original Laurentian, had an influence in leading to this
conclusion.

NOTES.

The following are the titles of papers and works cited in the forego-
ing chapter, reference marks to which appear in the text:

'On the Geology of the Ottawa and some of its Tributaries, W. E. Logan. Rept. of
Prog. Geol. Survey of Canada for 1845-'46, pp. 40-51.

2 On the Geology of the Counties of Beauharnois and the Lake of Two Mountains,
W. E. Logan. Rept. of Prog. (eol. Survey of Canada for 1851-'52.

On the Geology of the Region between the Ottaw-, the St. Lawrence, and the
Rideau, Alexander Murray. Ibid., pp. 59-65.

4 W. E. Logan: Rept. of Prog. Geol. Survey of Canada for 1852-'53, pp. 8, 74.
5On the Geology of the Region between Kingston and Lake Simoe, Alexander

Murray. Ibid., pp. 75-133.
6 On the Laurentian rocks of Grenville, Chatham, St. Jerome, etc., and the Eco-

nomic Materials found in them, W. E. Logan. Rept. of Prog. Geol. Siuvey of Canada
for 1853-'54-'55-'56, pp. 5
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. Accompanied by a sketch map.
7 On the Topographical and Geological Features of the Region between the Ot-
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LAKE SUPERIOR REGION.

SECTION I. WORK OF THE OFFICIAL GEOLOGISTS OF THE CANADIAN
SURVEY AND ASSOCIATES.

BIGSBY,1 in 1825, describes in detail the rocks at many points along
the north shore of lake Superior, between the falls of St. Mary and
Grand Portage, an interval of 445 miles. The varieties of rocks are
few in number when compared with a similar extent. of country in
Europe. Of mica-slate, clay-slate, etc., not a vestige was found, not even
in debris, nor of any secondary deposits above the Mountain limestone.
Sandstone, under various modifications, occupies the greatest space;
in intimate connection with the next prevailing rocks, the amygdaloids,
porphyries, and greenstone trap. The alternating granites and green-
stones of the northeastern and eastern coasts are nearly equal in quan-
tity to these. The granites and syenites are not stratified. The por-

phyry, amygdaloid, and sandstone are considered contemporaneous and
newer than the granites, although not much, as indicated by the transi-
tions and alternations occurring about Gargantua. The age and con-
nections of the greenstone trap the author is not prepared to state.
The sandstone is most probably Old Red, a conclusion reached from the
materials composing it, and its direct superposition oin imiclined rocks in
this and other great lakes of the St. Lawrence and because it supports
a fossiliferous limestone full of product, turbinolia', caryophlyllia",
trilobites, conularhe, encrinites, and orthoceratites, etc. The granite
and syenite seem to be of the same age and belong to the transition or
to the youngest of the primitive.

On the old route from lake Superior to the lake of the Woods (for
430 miles) is an alternation of chloritic greenstone and amphibolitic
granite, but at and toward the lake of the Woods the greenstone
passes imto gneiss, and mica-slate, traversed in many ways and in great
quantities by graphic granite.

BAYFIELD,2 in 1829, gives an outline of the geology of lake Superior.
The rocks of the lake are divided into four divisions: First, the inferior
order, comprising granites, which almost always contain more or less
hornblende. In this division neither gneiss nor mica-slate was met
with, although the granite by the abundance of its mica or lamellar
structure may for a short distance assume the appearance of either.
Second, the submedial order, which includes greenstones, common
jaspery variety of greenstone slates, flinty chlorite, talcose slate, and in
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one place alone transition limestone, with perhaps traces of graywacke.
Third, trap or overlying rock, tho most of which is amygdaloid; various
kinds of porphyry are next in quantity; then trap, greenstone, sy eites,
and pitchstone. Fourth, the medial order, the only rock of which is
the Old Red sandstone. Then follows an account of the distribution
of each of these orders. The amygdaloid with little doubt rests upon
the syenite and granite, although the junction was never seen. The
amygdaloid passes into greenstone on the one hand simply by being
divested of its nodules, and into porphyry on the other. The Old Red
sandstone may be traced from one extremity of the lake to the other.
Its existence is noticed on both shores, and it is traced across the lake
by many of the islands, so as to leave no doubt of its being a general
formation throughout the whole of the basin of lake Superior. It is
generally horizontally stratified or nearly so. There -are many instances
of the conjunction of the sandstone and granite, which serve to prove
that the sandstone was deposited after the granite occupied its present
position. The sandstone, when conglomeratic, as is very frequently
the case, contains fragments of the trap as well as of the inferior order,
which are rounded by attrition, and it is therefore plain that the sand-
stone is later than the trap rocks. Organic remains were sought in
this rock, but never discovered. It is placed as the Old Red because
of its position immediately on the granite, its structure, and component
parts.

BAYFIELD,' in 1845, places with the Primary rocks most of the elas-
tics on the north shore of lake Superior. These are cut by various
greenstones. A red sandstone forms nearly the entire southern bound-
ary of the lake. In places it is shattered by the upheaval of granite
and by trap rocks which enter into the composition of its conglomer-
ates. At Nipigon bay it is overlaid by ain immense bed of greenstone.
It is probable, although not certain, that this sandstone underlies the

fossiliferous red sandstone of St. Marys.
LoGAN, 4 in 1847, in a report on the geology and economic minerals of

lake Superior, gives an account of a rather detailed examination of the

north shore of lake Superior from Pigeon river to Sault Ste. Marie.
Michipicoten island was also examined. Lake Superior appears to be

set in a geological depression, which presents formations of a similar

character on both the north and south sides, dipping to the center.
The series on the north, in ascending order, consists of the following:
(1) Granite and syenite; (2) gneiss; (3) chloritic and partially talcose
and conglomerate slates; (4) bluish slates or shales, interstratified with
trap; (5) sandstones, limestones, indurated mars, and conglomerates,
interstratified with trap. The gneiss is succeeded by dark green slates,
which at the base appear to be occasionally interstratified with beds of

the subjacent granite and gneiss. These slaty beds at times have the
quality of a greenstone, at times a mica-slate, and a few are quartz
rocks. Higher in the series are conglomerates, the pebbles of which
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are all apparently from hypogene rocks. Formations 4 and 5 rest un-
confrrmably upon 1, 2, and 3, having sometimes basal conglomerates,
the pebbles being of quartz, red jasper, and slate. The upper part of
3 strongly resembles the upper slates at lake Temiscamang. The suc-
cession of conglomerate and pebbly slates at Gros cap has a total
thickness of 1,700 feet. In group 5 are the succession of rocks at
Michipicoten island, a portion of those at Thunder bay, and at other
localities. At Michipicoten the thickness of the interbedded volcanics
and water-deposited plastics is not less than 10,000 or 12,000 feet.
Group 5 exhibits an unconformity to the granite. The conclusion that
the copper-bearing series is older than the Potsdam sandstone arrived
at by Houghton in 1841, is thought to be probably true.

MURRAY1 in 1847, in an account of the Kaministiquia and Michipi-
coten rivers, divides the geological formation into three groups: (1)
Granite, syenite, gneiss, micaceous and chloritic schist; (2) blackish
argillaceous slates, with associated trap; (3) drift clays and sands. At
the portage of the Kaministiqaia a massive syenite passes into a gneiss-
oid syenite, upon which rest conformably dark colored altered slates,
one rock passing imperceptibly into the other. The junction of 1 and 2
was not observed.

LOGAN,1 in 1852, finds the rocks of the north shore of lake Superior
to have the following succession: Granite, syenite, and gneiss, or nil-
caceous and hornblende-gneiss, which are succeeded by chloritic and
talcose slates, interstratified with obscure conglomerates with a slaty
base. Upon these rest unconformably bluish slates, with belts of chert
and limestone toward the bottom, and thick flows of greenstone trap at
the top. Above these are alternations of sandstones, conglomerates,
amygdaloids and traps, the whole thickness of the upper series above
the unconformity being not less than 12,000 feet. The conclusion is
reached that this upper series is the equivalent of the Potsdam sand-
stone, which rests unconformably upon the tilted beds of the lake
Huron series, and that both are contemporaneous with the Cambrian
series of the British isles.

BIGSBY,7 in 1852, finds the crystalline strata of the lake of the Woods
to conform in strike with those several hundred miles southward on
the river Mississippi. Granite occupies the axis in the northeast part
of the lake of the Woods, and is always the lowest rock, the gneiss,
mica-schist and greenstone dipping away from it on both sides. Green-
stone is perhaps the most abundant rock in this part of the lake, and
greenstone conglomerates are found which contain black masses of
greenstone lying with their greater length parallel to the strike. The
granites and mica-slates are intimately associated, and the granite in-
cludes greenstone in a thousand tortuous masses, tongues, and slender
veins. Also the granite is cut by greenstone.

BIGSBY,8 in 1852, divides the rocks about lake Superior into (1) Meta-
morphic, including greenstone, slates, schists, gneisses, quartzites,
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jaspers, and crystalline limestoines; (2) aqueous, including the calcifer-
ous and Cambrian sandstones and comglomierates; (3) igneous, includ-
ing granite, syenite, and trap. The lake is a trough or basin of Cam-
brian or Silurian-sandstone, surrounded by two irregular and imperfect
zones, the inner consisting of traps with conglomerates, the outer, of
metamorphic, flanked by igneous rocks. The metamorphic rocks, with
the exception of quartzite and jasper, the oldest in the lake, support
unconformably the sandstone. These rocks have been upheaved and
altered by the intrusion of igneous rocks. The sandstone is generally
horizontal, except near the intrusive rocks, where it rises at high
angles and passes into jasper, porphyry, gneiss, or quartzite. The con-
glomerate is of the same age as much of the sandstone, and is between
it and the trap; and there is reason to believe that the sandstone is
interleaved with trap. The ig-neous rock, granite, everywhere forms
the nucleus of the anticlinal axes. The trap rocks are divided into
crystalline mountain masses-sometimes anticlinal and syenitic; into
bedded traps; and into dikes intersecting igneous and metamorphic
rocks; but all are portions of one long series of volcanic operations.

BIGSBY,' in 1854, finds the geology of Rainy lake to be as follows:
Chloritie and greenstone slates, gneiss and mica-slate, in proportional
quantities in the order here set dowmn, seem once to have occupied the
lake basin, with an ENE. strike, and a NNW. dip, at a high angle
usually. But subsequently a very extensive outburst of granite, with
some syenite, has taken place, to the great disturbanceof the stratified

rocks, and penetrating them both in intercalations and crosswise.
These intrusive rocks occupy a very large portion of the lake, most of
the western shore, nearly all the eastern trough or arm, and much of
the east end of the lake about Stokes and Hale bays. Intercalations
of syenite and hornblende-greenstone are frequent, and so is the occur-
rence of veins of porphyritic granite traversing the gneiss in all direc-
tions. The chlorite-slate greenstone, gneiss, and mica-slate are con-
formable with each other.

DAWSON (SIR WiLLIAM),' 0 in 1857, finds between Sault Ste. Marie
and Mamainse three of the oldest formations in America or the world.
beginning at the top are: (1) Potsdam sandstone; (2) at enormously
thick formation of conglomerates, sandstones, slate, and trap, consti-
tuting the Huronian series of Logan; (3) a still older Laurentian series,
represented here principally by syenitic rocks which have afforded the
material of the Huronian conglomerates. The sandstones and con-
glomerates of the second series probably unconformably underlie tile
Potsdam sandstone, as is indicated by their high inclination and dis-
turbed condition.

LOGAN, " in 1863, finds on the north shore of lake Superior crystal-
line stratified rocks which occur in extensive tracts about Rainy lake
and lac la Croix, as well as adjacent to lake Superior, which are probably
of Laurentian age. There are three areas of Huronian along the
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northeast coast of lake Superior, and a narrow strip of Iluroniian rocks
are seen along Thunder bay.

The Laurentian gneiss is succeeded by green or gray slates, which at
the base appear to be interstratified with feldspathic beds of the red-
dish color belonging to the subjacent gneiss. Rising ii the series the
(lark green slates become interstratified with layers holding a sufficient
number of pebbles of different kinds to constitute conglomerates. It
often happens, unless the pebbles are of white quartz, that they are
very obscurely distingiiishaible on fracturing the rock, both the pebbles
and the matrix having a gray color, and slowing very little apparent
difference in mineral character.

The Dor6 section, conpose'l of strata inclined only 100 or 150 from
the vertical, 1,700 feet thick, consists mainly of green slate rock and a
green slate conglomerate, the pebbles being of granite, gneiss, syenite,
etc., and some of the boulders of which are a foot in diameter. At the
Dore the lower part of the section assumes more the character of a
gneiss and becomes interstratified with feldspathic layers. The Lau-
rentian appears to be conforma ble with and to grade into the Iluronian
on the Kaministiquia river.

The IIuronian formation of lake Superior is unconfornably overlain
by a second series of copper-bearing rocks, which may conveniently be
divided into two groups, the lower consisting of bllish slates or sales,
interstratified with chert beds, sandstones and trap, and the upper con-
sisting of a succession of saildstones, limestones, marls, and conglom-
erates, also interstratified with trap which is often amygdaloidal. At
the top of the lower group is a crowning overflow of trap 200 or 300
feet thick and the whole of it has a thickness of 1,500 or 2,000 feet.
The upper group contains a great quantity of trap layers and has an
enormous trappean overflow, the total volume having a thickness of
between 6,000 and 10,000 fret. Dike rocks, consisting of greenstone,
porphyry, and syenite, are found to be of two ages. The lower group
composes the whole country, bothislands and mainland, between Pigeon
river and fort William. The upper group occupies the coast and islands
from the south side of Thunder cape to the east end of Battle islands
east.of Nipigon bay. It also covers a large part of isle Royale and
Michipicoten, at which latter island the total Noliuine of the formation
is at the most moderate estimation 12,000 fret. Upon the east coast of
lake Superior this group is found at cape Choyye, cape Gargantna,
point aux Mines, Mamainse, where the breadth across the measures is
sufficient to give a thickness not far from 10,000, ana( at three other
places on the coast between the last point and Sault Ste. Marie.

As to the age of this series, the fact that the generally moderate dips of

the red sandstone at Sault Ste. Marie contrasts with the higher inclina-
tions of the copper-bearing rocks, while none of the many dikes are
known to intersect the Sault Ste. Marie sandstone, leads to the suspicion
that the latter may overlie unconformably the rocks which, associated
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with the trap, constitute the copper-bearing series. The affinities of
the Sault Ste. Marie red sandstone appear to bring it into the position
of the Chazy rather than the Potsdam formation, and, if this were es-
tablished, the copper-bearing portion of the lake Superior rocks might
reasonably be considered to belong to the Calciferous and the Potsdam
formations.

MACFARLANE, 12 in 1860, gives observations on the Laurentian, Hu-
ronian, and Upper Copper-bearing rocks of lake Superior. The Lauren-
tian series on lake Superior seems to differ somewhat from other parts
of Canada. The rocks are all highly crystalline, seldom thoroughly
gneissoid, and all are unaccompanied by crystalline limestone, which is
siwh a marked feature in some Laurentian districts. The gneiss strata
are much contorted and are intersected with granite in almost equal

quantity with the gneiss itself; and although this latter occurs in irreg-
ular veins, at the point of junction it is as firmly cemented with the
gneiss as any two pieces of one and the same rock could well be. On
the Goulais bay fragments of horublende rock or schist up to 3 feet in
diameter are inclosed in a coarse grained syenitic granite. In this series
the oldest rock is the most basic in constitution, and this is the case
without regard to mineralogical composition or structure of the rocks
associated together. The indistinctness of parallelism in the rocks ren-
ders it a matter of extreme difficulty to form any clear ideas as to their
succession, even if such should exist. Besides the above rocks there
are considerable areas of granite, syenite, dolerite, diorite, and mela-
phyre found in the Laurentian.

The rocks of the Huronian system consist in large part of diabase,
amygdaloid, diabase-schist, greenstone, breccias, and slaty greenstones.
Interstratified with these are slate, slate conglomerate and quartzite.
The bowlders and pebbles of the conglomerate of Dore river are for the
most part granite; they are elongated and flattened, the pebbles some-
times being scarcely distinguishable from the slate. Granitic veins or
masses, like the Laurentian, are found in the schistose greenstones,
which are regarded as belonging to the Huronian. As to the succes-
sion of the strata, the author is as much at a loss among the irregular
schistose Huronian greenstones as among the gneissoid granites of the
Laurentian.

The Mamainse section of Upper Copper-bearing rocks consists of
interbedded basic lava flows, often amygdaloidal, sandstones, and con-
glomerates, the total thickness being more than 16,000 feet. The total
thickness of the series at Mamainse and Michipicoten is believed to be
at least 20,000 feet. As to the relations of the horizontal Sault sand-
stone to the upper copper bearing series, a place was found on the south
of point aux Mines where the Mamainse series adjoins the Laurentian
rocks. The lowest member of the former is unconformably overlain by
thin bedded bluish and yellowish gray sandstone, striking N. 500 E.,
and dipping 180 NW. The lowest layer is a conglomerate with granitic
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and trappean bowlders, and is followed by thin bedded sandstones, and
these by thin shaly layers.

MACFARLANE,,1 in 1868, describes the rocks of the north and east
shore of lake Superior. He here finds four formations-the Laurentian,
Huronian, Upper Copper-bearing rocks, and St. Mary sandstone. The
most prevalent rocks of the Laurentian series are of a massive crystal-
line character, more of a granitic than of a gneissic nature. Almost
equally frequent with the granitic and. gneissic rocks are aggregates of
rocks which can be described as brecciated and intrusive, gneissic,
granitic, and syenitic rocks. In these the order of age is always from
basic to acidic. In one case fragments of hornblende-schists are found
inclosed in syenitic granite, which is cut by granite dikes of different
ages. It is believed that these rocks are wholly of igneous origin, rep-
resenting a single period of time-the basic rock first solidified; they
were then rent off, broken up, and the crevices filled with more siliceous
material, which gradually solidified, after which occurred another gen-
eral movement with further intrusion of the most siliceous materials.

In the Huronian series is placed diabase, augite-porphyry, calcareous
diabase, diabase schist, greenstone and greenstone slate, chlorite-schist,
quartzite, hematite, greenstone breccia, and slate-conglomerate. The
slate conglomerates frequently contains granite pebbles which are in
roundish, lenticular, bent, lone;-drawn out masses, with a diabase-schist
or greenstone-slate matrix. These rocks locally have a sedimentary
appearance, but are believed to be due to the subsequent intrusion of the
Huronian rocks, which have caught granite fragments in them, and, by
movement and heat, have softened and much distorted the contained
fragments. It follows that far the greater number of the Huronian
rocks are regarded as purely igneous.

In the Upper Copper-bearing series are distinguished melaphyre of
various kinds-melaphyre breccia, porphyrite, porphiyritic conglomerate,
felsite-tuff, polygenous conglomerate, and sandstone. The polygenous
conglomerate contain s, at Mamainse, fragments chiefly of granite, gneiss,
quartzite, greenstone and slate, while some of the newer contain abun-
dant boulders of melaphyre and amygdaloid. The igneous rocks and
sandstones are regularly interstratified with eachother. In many places
the trap lies unconformably upon the upturned and contorted edges of
the sandstone.

Along the coast and upon many islands is found an almost horizontal
red sandstone, which is supposed to be a continuation of the Sault Ste.
Marie sandstone. Its relations to the copper-bearing rocks are not
clearly made out, but the lowest members of the Mamainse series, are
unconformably overlain by sandstones which may be the equivalent of
the horizontal red sandstones, but their lithological character is differ-
ent. It is suggested, on lithological grounds, that this red sandstone
may be of Permian age.

VAN HIISE.]
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MACFARLANE,' 4 in 1869, describes at Thunder cape a series of inter-
stratified argilhiceous and white and red dolomitic sandstones, which
had been disturbed and eroded before the flow appeared which forms
the summit rock of the cape.

BELL,1 5 in 1870, gives an account of the geology of the northwest
coast of lake Superior and the Nipigon district. The copper-bearing
rocks are divided into a lower group and an upper group, and each of
these groups separated into several divisions. In the upper group only
is found interbedded trap. Dif erenit portions of this series are found
overlying unconformably in certain places the Laurentian and in
others the Huronian; and the great trap overflow which crowns Thun-
der cape rests in various places unconformably upon different mem-
bers of both the upper and lower groups of the Upper Copper-bearing
series. On account of the great thickness of this series, the absence
of fossils, the prevalence of narls and sandstones charged with red
oxide of iron, and of basalts, amuygdaloids, and trap rocks, and various
zeolites and native copper, Ihis series is considered as probably of
Permian or Triassic age. Between the margin of the Upper Copper.
bearing rocks on Thunder bay and the Laurentian range, all the country
not occupied by the syenitic areas appear to be composed of rocks of
the Huronian series, consisting of diorites, dioritic conglomerates, horn-
blendic and fine grained micaceous slates, with some quartzites.

BELL,16 in 1872, finds in the country north of lake Superior, between
Nipigon and Michipicoten rivers, both Laurentian and iunonian rocks.

The former includes gneisses and granites, and the latter includes
slates, conglomerates, massive and schistose diorites, fine grained

gneisses, mica-schists, micaceous, hornblendic, chloritic, feldspathic
and epidotic schists, slates, granites, an d iron ore. The Huronian rocks

dip in various directions. At White river hornblendic schist and light

gray gneiss are interstratified with massive granitic gneiss, and similar

schists appear to rest conformably upon massive gneisses for a long
way north of the river.

BELL," in 1872, finds in the country between lake Superior and the

Albany river areas of Laurentian and Huronian rocks. Between

Mousewake lake and Martins falls bands of gneiss are interstratified
with the schists, and just at Martins falls the latter have become en-

tirely replaced by red and gray gneisses, appal ently showing a con-

formable passage from the iHnronian into the Laurentian rocks. A

similar blending of these formations was noticed last year in the neigh-

borhood of White lake.
SELWYN,18 in 1873, finds, between Mille Lacs and Separation lake and

the lake of the Woods, a series of parallel bands of schistose and slaty

layers where hitherto was supposed to be almost exclusively the

Laurentian gneiss. The facts observed lead to the conclusion, as

stated by Bell, that the two series are in conformable sequence; yet it

is far from improbable that this apparent conformity is only local and
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that a more extenidml amd detailed investigation of the structure would
show that there is in reality a very considerable break between the
Laurentian gneiss and the overlying schistose and slaty strata referred
to the Huronian rocks. The evidence as to the age of these latter is
not satisfactory. They resemble as closely the altered rocks of the
Quebec group as they do the Huronian of lake Huron and Superior.

BELL," in 1873, finds in the country between lake Superior and lake
Winnipeg rocks belonging to the Laurentian, Huronian, and Upper
Copper-bearing series. The southern shores of lake of Mille Lacs are
composed of Huronian strata. The Laurentian gneiss and Huronian
schists at many places alternate with each other. The junction of the
Laurentian rocks on the north with the Hiuronian schists oni the south
occurs at Rat portage on the lake of the Woods. The two rocks are
seen almost in contact with each other and have the same strike and
dip. The rocks classified as Iluronian consist principally of a great
variety of crystalline schists in which a greenish color prevails. In
addition to these are grayish quartzites and schists, sometimes with
iron ore, diorites, imperfect gneisses. The areas of granite and syenite
in the region, which vary from patches to areas many miles in length,
are always more or less intimately connected with the Huronian bands.
The distinction between the Laurentian and Huronian rocks is chiefly
of a lithological character, the Huronian appearing to succeed the
Laurentian conformably. The Upper Copper-bearing series, composed
of slates, marls, sandstones, and traps, lie nearly horizontally on the
edges of the Laurentian and Huronian rocks.

HUNT,2 0 in 1873, applies the name Animikie group to the lower divis-
ion of Logan's Upper Copper-bearing series of lake Superior as it occurs
at Thunder bay, where it includes dark colored argillites and sandstones
overlain with a slight discordance by red and white sandstones appar-
ently the same as those of the Keweenaw district. The dark colored
sediments of the Animikie group rest directly upon the edges of the
crystalline Huronian schists and are cut by great dikes of diorite. The
great Keweenaw group, with its cupriferous amygdaloids, is here absent,
although met with a few miles to the eastward. This group, as shown
by Brooks and Pumpelly, occupies a place between the Huronian schists
and the nearly horizontal red and white sandstone of the region, which
is itself below the Trenton limestone.

BELL," in 1874, in the country between the Red river and the South
Saskatchewan, finds extensively mica-schists and gneisses; bit a broad
band of schist, having the character of the Iluronian formation, crosses
the central part of Rainy lake. On the islands of the lake of the Woods
the granites, gneisses, and Huronian schists are intricately mingled with
each other.

DAWSON (G. M.)", in 1875, gives an account of the geology of the lake
of the Woods, where the rocks are wholly Laurentian and Huronian,
The Laurentian formation is represented by a great thickness of granit-
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oid and thick-bedded gneisses, which pass upward into thin-bedded
gneisses and highly crystalline micaceous and hornblendic schists.

The Huronian rocks are more variable in character. The lowest beds
are, for the most part, hard green rocks, with little traces of stratifica-
tion, but hold some well stratified micaceous and chloritic schists and
also imperfect gneiss. On these rest a great thickness of massive beds
characterized by the predominance of conglomerate, but including
quartzites and dioritic rocks. Above these is an extensive series of
schistose and slaty beds generally more or less nacreous and chloritic
or talcose, but often hornblendic and micaceous. They inclose also con-
glomerates, quartzites, and diorite beds. It is believed two movements
have conspired to form the present features of the region, both being
post-Huronian. The first of these is connected with the post-Huronian
granite eruptions; the second and more important is believed to have
taken place later, and to it is supposed to be due the parallelism in the
folding of the Laurentian and Huronian rocks. At Rat portage the

junction of the Laurentian and Huronian is so sharply defined that the
hand can be laid upon it. This sharp contact is believed to be due to
faulting. Adjacent to the granite the Iluronian slate series is meta-
morphosed, and the occasional gneissic aspect of the Huronian is attrib-
uted to the granitic intrusions. The large Y-shaped granite mass in the
northwest angle, in contact with the altered sedimentary rocks, assumes
a more basic character and a darker aspect, becoming blackish gneissic
diorite and gray syenitic diorite. The conglomerate beds are of immense
thickness and could perhaps be best described as slate conglomerates.
The pebbles generally resemble the matrix, and best appear upon a
weathered surface; for on a freshly brokeii surface no clear distinction
appears between the fragments and the inclosing materials, and the
rock differs from the more compact altered schists and slates only in its
rougher surface of fracture and a somewhat spotted character. The
greenstone conglomerates of Bigsby resemble roughly fractured pieces
of diorite in a dioritic paste. The quartzites show a tendency to run
into conglomerates, and certain of the conglomerates have an aspect of
a volcanic breccia. There is an entire absence of any granitic or gneissic
beds in the conglomerates and breccias, and in this respect these Huron-
ian rocks differ from the typical area. It is suggested that this fact
may mean that the formation of the whole Huronian series took place
subsequent to that of the typical Huronian, and therefore are perhaps
more nearly equivalent to those of the Quebec group. The granitoid
gneisses and intrusive granites are universally cut by veins of red
orthoclase feldspar associated with quartz; and basic diorite dikes cut
both the grtanitic and altered Laurentian rocks.

BELL,2 3 in 1875, describes on the north shore of lake Superior the
Laurentian, Huronian, and Upper Copper-bearing rocks. The Huron-
ian occupies a large extent of country, alternating with bands of Lau-
rentian, on both the north and south shores of the lake. North of lake
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Superior the Laurentian rocks consist for the most part of gray and red-
dish gneiss, with micaceous belts and mica-schists. In the same region
the Huronian rocks are mostly of a schistose character, the most com-
mon of which are grcenislh schists and imperfect gneisses, which in clude
micaceous, hornbleiidlic, dioritic, porphyritic, siliceous, cherty, chlioritie,
felsitic, and argillaceous schists; more rarely dolomitic schists, and
occasionally bands of magnetic iron ore and hematite. Connected with
the Huronian rocks are various patches of granite and syenite which
show no stratification. In the Nipigom basin the Upper Copper-bear-
ing rocks have their maximum development in Canadian territory. The
basin consists of marls, sandstones, often covered with trappean out-
flows. For this Upper Copper-bearing series the term Nipigon group
is proposed.

BELL, 24 in 1876, finds on lake Winnipeg extensive areas of Lauren-
tian gneiss and Huronian schist. The run of the stratification is pretty
uniform, averaging from 500 to 600 south of east, being almost at right
angles to the general strike of the Laurentian and Huronian rocks in
the great region north and northwest of lake Superior.

BELL,15 in 1877, describes the rocks from the head of Moose river to
Michipicoten and lake Superior; also along the Goulais river. Before
reaching lake Superior there are several broad alternating belts of Lau-
rentian gneiss and Huronian schist. The Huronian hornblende and
mica-schists are cut by granite veins of various sizes, one of them 100
feet thick. On the Goulais river there are again alternations of Lau-
rentian and lluroinian rocks.

BELL,26 in 1878, gives observations on the geology of the east shore
of lake Superior from Batchawana bay to Michipicoten river. The
Upper Copper-bearing series of Mamainse is calculated to have a thick-
ness of 22,400 feet. It consists of a great variety of amygdaloids, vol-
canic tufas, felsites, cherts, crystalline diorites, sandstones and coarse
conglomerates, the latter forming one of the most striking features in
the series as it passes into a bowlder conglomerate. The bowlders are
sometimes crowded in a sandy matrix, the largest running as high as
3 feet 8 inches in diameter, but the majority are under 1 foot. Far the
greater number consist of granite and crystalline schists like those of
the Huronian series, but there are also found white quartz, amygdaloid
and gneiss. Granites, gneisses and schists, as well as basaltic dikes,
are found at many points. Cape Choyye is composed of Huroi ian rocks,
which consist of mica-schists and hornblende-schists, slaty quartzite,
and massive diorite. The rocks of Gros cap are mostly slaty diorite,
interstratified with siliceous rock, in which occur exposures of purplish
red hematite. A dioritic slate west of Gros cap holds layers and len-
ticular patches of felsite and also rounded pebbles of granite, the
largest of which are 9 inches in diameter.

MACFARLANE,2 in 1879, in discussing Selwyn's paper on the Quebec
group, maintains that there is frequently found between the water and
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the Laurentian or Huronian hills narrow strips or patches of rocks of
the Upper Copper-bearing group. Such localities are Gros cap, south
shore of Batchawana bay, and cape Gargantua. The conglomerates
are full of Huronian debris, and in Batchawana bay bowlders may be
observed of red jasper conglomerate, the characteristic rock of the
typicallHuronian. On -1ichipicoteu island the igneous and sedimentary
strata of. the Upper Copper-bearing rocks have a dip of 250 to the
southeast, while the nearest Huronian rocks dip 340 to 550 northward.

BELL," in 1883, gives a further account of the distribution of the
rocks of the lake of the Woods and adjacent country. They are not
different from those mentioned in his previous report for 1872-73. The
line between the Laurentian and Huronian system crosses the Winni-
peg river at Rat portage, keeps near the railway to a point between
lake Lulu and Keewatin mills, where it crosses it diagonally and con-
tinues in a westerly direction on the south side of the track.

SELWYN,29 in 1883, as a result of an examination of the north shore
of lake Superior from Thunder bay to Sault Ste. Marie, and thence
eastward to Echo lake, fails to find evidence of the supposed uncon-
formability of the Huronian and Laurentian. The author can give no
better reason for supposing that certain sets of beds belong to the so-
called Laurentian and others to the Huronian systems than a consider-
able difference in the lithological characters. The Laurentian are es-
sentially granitoid, gneissic and feldspathic, while the Huronian are
quartzose, hornblendic, schistose and slaty. As a whole the latter
have a somewhat altered aspect and contain pebbles of rocks-granite,
gneiss, quartzite, etc.-similar to those which form the Laurentian
strata beneath them, while others, however, are not recognizable as
from any known Laurentian sources. Bands of limestone and dolomite,
more or less crystalline, are found in both Laurentian and Huronian
areas, and, if we except the disputed form Eozoon, no fossil what-
ever. The Huronian follows and does not rest unconformably upon
the Laurentian. The Nipigon or Keweenian is later in age than the
Animikie. No definite opinion can be expressed as to the position of
the crowning overflow of Thunder cape.

SELWYN,3 in 1883, describes the trap and sandstone of lake Supe-
rior as unconformably upon and entirely distinct from the Huronian.
The series is divisible on the Canadian shore into two, and perhaps
three divisions, between which there may be slight unconformities,
which are, however, no greater than might be occasioned by the inter-
mingling of sedimentary strata with volcanic material. The groups in
ascending order are (1) the shales, cherts, dolomites and sandstones
interbedded with massive diabase or dolerite of Pie island, McKays
mountain and Thunder cape. (2) Conglomerates, shales, sandstones
and dolomites, interstratified with massive beds of volcanic material,
an ygdaloids, melaphyres, tuffs, etc., many thousands of feet thick,
occupying the east shore of Black bay, Nipigon strait, St. Ignace,
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Michipicoten island, Gargantua, Mamainse, etc. (3) The Sault Ste.
Marie sandstone, which may be only the upper part of 2 without any
intermingling of volcanic material. The whole together is Lower Cam-
brian, there being no evidence whatever of their holding any other
place in the geological series. The first of these groups is the Anini-
kie series while the second is the Keweenian.

SELWYN," in 1885, places the crowning overflow of McKays moun-
tain, Thunder cape and Pie island, etc., as a part of the Aninikie.
There was found no evidence of unconfornity from the base of the
Animikie to the top of the Keweenian as developed on Thunder cape
and the surrounding region.

LAWSON, in 1886, gives a report on the geology of the lake of the
Woods region, with special reference to the Keewatin (Huronian?) belt
of the Archeanl rocks.

Comprising a large part of the lake of the Woods is a series of crys-
talline and seii-crystalline schists to which the term Keewatin is
applied. The term Huronian is not used, because it is very doubtFiul
if the series belongs to this period. The rocks are found to differ fun-
damentally in lithological character from Logan's Original Huronian.

In the Keewatin, quartzites are unimportant; there are no true basal
conglomerates; and the fragmentals of the lake of the Woods are of
volcanic origin. No bedded limestones were observed. Structurally,
also, the two series are fundamentally different. The lake of the Woods
schists are folded with the associated granite gneisses, which are re-
ferred to the Laurentian, while the Huronian series has not partaken
of the folding to which the adjacent gneisses have been subject. Fur-
ther, the large areas of granite are found to be intrusive in both the
Laurentian gneiss and Keewatin schists, while in the Huronian of
Logan such intrusions, if present at all, are mentioned at only one lo-
cality. The slate conglomerate of Dor6 river appears to resemble the
lake of the Woods agglomerates, but this area is distant from the typical
Huronian region and appears to differ from it lithologically, as well as
being in a nearly vertical attitude. These differences between the
Dord and Huron areas, with their geographical separation, may warrant
the belief that possibly Logan embraced under one designation two
distinct series. As to Prof. Irving's position that the Animikie series
is probably the equivalent of the Huronian, it is considered exceedingly

probable that the flat-lying unfolded Animikie is much later than the
lake of the Woods schists.

The rocks of the region, including both the Laurentian and Keewatin,
comprise gneiss, granite, felsite, schistose hornblende rocks, diabase,
diorite, serpentine, coarse elastic rocks and agglomerates, mica-schists,
slates, quartzites, clay-slates, felsitic schists, hydromica and chlorite-
schists, carbonaceous schists and limestones. The massive granites
sometimes grade into foliated gneisses. Dikes of granite have some-
times foliated structures parallel to their sides. The agglomerates are
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not ordinary plastics, but are of volcanic origin. Both paste and in-
cluded fragments have evidently had a common origin and been laid
down together, perhaps not even always under water. The fragments
are' usually more or less elongated or lens-shaped, due to pressure.
The greatest planes in the fragments are parallel with the planes of
schistosity, which are usually observably identical with those of bed-
ding; at times the agglomerates merge into mica-schists on the one
hand and into hornblende-schists on the other. The mica-schists,
micaceous slates, clay-slates, and quartzites constitute a natural group
of rocks intimately associated, both as regards their origin and their
present relations in the field. They are all probably ordinary meta-
morphic plastics. The felsitic, sericitic and hydromicaceous schists
are probably sediments, the material of which was probably volcanic.
The mica-schists quite frequently pass into finely laminated mica-
gneisses. The limestones are found only in small masses and seem to
be vein stones rather than bedded strata.

The Keewatin schists and Laurentian granitoid gneisses are found
oftentimes to be apparently interbedded. At other times the junction
is of the most irregular sort, tongues of schists running into the granite,
or masses of it being contained in the granite and gneiss. The gneiss
acts in many places as though it had been in a fluid state intruding
the schists, and the conclusion is reached that the junction, instead of
being that of interlaminated sediments, is that of a set of schistose
rocks which have been intruded by fluid ones, the fluid material often
placing itself along the parting of the schist, at other times cutting
across it or inelnding fragments of it. If this conclusion is true the
supposed conformable junction of the two series at certain localities is
no proof of true conformity, because the foliation of the. granitoid
gneisses, if these rocks were once viscid or plastic, is quite independent
of any arrangement due to sedimentation that they may have possessed.
This conclusion does not imply that the gneisses and schists may not
have been originally sedimentary and conformable. However, the
author inclines to the belief that the granitoid gneisses of the Lauren-
tian were never aqueous sediments.

The granitic intrusions of the lake of the Woods are grouped into
ten main centers. The granite cuts both the granitoid gneiss (Lauren-
tian) and the various rocks of the Keewatin series, and is therefore of
later age than either. A granite, the intrusive character of which is
undoubted, sometimes merges in the same rock mass into a granitoid
gneiss. There is a marked association of felsites or microgranites with
the main granite mass, there being an apparent tendency on the part
of the former to an arrangement concentric with the periphery of the
granite. Upon various sections a certain periodic arrangement of the
Keewatin is made out, upon which as a basis it is found that the maxi-
mum thickness of the series is in the neighborhood of 20,000 feet. As
to the general stratigraphical relations of the Keewatin, the conclusion
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is reached that they have been laid down and folded within a trough
in the Laurentian formiatimn.

I1ERRICK, TIGHT, and JONE, 3 : in 1886, find on the north shore of
lake Superior three distinct groups of rocks with their respective in-
trusives, grantitie, schistose, and congloneratic. The granites are found
underlying the schists in such a way as to suggest that they have been
intruded beneath them, although similar granites constitute the peb-
bles of the basement conglomerates in the sclhists. The schists are met.
amorphosed at contacts with the granites; the schists and schist-con-
glomerates especially, in several places, have been altered to porphyry
And felsite-porphyry by contact with the eruptives. The third group
consists of basement conglomerates, consisting of fiagments of all the
varieties of rock included in the other two series. Periodic overflows of
igneous matter have left vast sheets of diabase, and there is a strong
interaction between the sedimentary and eruptive rocks.

McKELLAR ,3 in 1888, describes the Animikie on the north shore of
lake Superior as always resting unconformahly upon the crystalline
and schistose rocks to which the term lnrotian is applied, the con-
tacts being found at many points. I lithological characteristics these
two series are fundamentally different. The original hinronian and
the schists underlying the Animnikie are compared, and it is concluded
that they are the equivalent of these rocks rather than of the Ani-
mikie series; therefore the latter is later than the Iluronian. The con-
tacts of the Animikie and Keweenawan formations show that there is
an unconformity by erosion between the two.

LAWSON, in 1888, reports on the geology of the Rainy lake region.
The pre-Cambrian rocks are divided into an upper and lower Archean,
as at the -lke of the Woo is. The upper is a bedded schistose and
mettmorphic series, while the lower is granitic, gneissic or syenitic in

character. In the upper division two groups are recognized, one the
Keewatin of the lake of the Woods, and the other, inferior ill position,
is given the name Contehichling. In the lower division distinctions of
stratigraphical sequence and relationship, if any such ever existed,
have been obliterated, and for this the term Laurentian is retained.
T hese rocks can be classified only on a petrographical basis. The con-
tacts of the Keewatin with the Coutchiching and Laureiitiai are very
frequent. The relations between the Keewatin and. Laureintian are
exactly like those described as maintaining upon the lake of the
Woods. The schists are intruded by the granite, fragments of the
former being included in the latter, and they are sometimes fused at
the contact. Very frequently near the point of junction the Keewatin
rocks beconmie more crystalline and are glistening hornblende-schists.

At two localities basal conglomerates are found between the Keewa-
tin and Coutchiching. At the first of these, Rat-root bay, Keewatin
conglomerate rests upon Coutchiching schists, the conglomerates con-
taining water-worn fragments of quartz and bowlders of granite. The
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second is at Grassy lake, where there is a pebbly conglomerate at the
base of the Keewatin. The contacts of the Keewatin and Coutchi-
ching are usually in ap parent coiiformity, and the mapping of the series
is made to rest upon lithological characters rather than upon structural
discordance, although it is recognized that the conglomerates at the
two localities mentioned are ildicative of erosion, at least in some
places, between the two series. The apparent accordance affords little

evidence as to the question of original conformity or unconformity,
because the two formations have been squeezed together; but the
marked contrast in lithological characters indicates an abrupt change
in the conditions of forinatioji.

The thickness of the Keewatin rocks is calculated to be about five
miles. The rocks are found in the main to be of elastic origin, but

probably in the nature of volcanic debris rather than water-deposited
sediments, although a small quantity of the materials is of the latter
character. The volcanic debris of the Keewatin has a basic and an
acid division, the latter being higher in the series than the former.
Microscopical study leads to the conclusion that the series has been
subjected to great pressure, as is evidenced by the fracture of the
grains as well as by the schistose structure. The granite bowlders
found in the conglomerates may either be ordinary detritus or may
have been brought up from beneath by volcanic forces, although the
former is the more probable. All of the granites of the region appear
to be in some degree later than the Keewatin rocks, but this does not
imply that there was not a granite shore for the basin in which the
Keewatii rocks were deposited. The author has no doubt that the
original floor upon which the Keewatin and Coutchichinmg rocks were
deposited was fused at the time of disturbance and appears now to us
as the foliated granite of the Laurentian. The granite bowlders of the
Keewatin agglomerates may have been derived from a granite basement
now obliterated by subsequent plutonic fusion.

The Coutchiching series consists of mica-schists, or mica-schists in
which feldspar is present. llornblende has been observed only in one
instance. No limestones or conglomerates have been discovered. The
schistose structure is believed to represent original sedimentation. Cal-
culating the thickness upon this basis, it is found that the formation
has an average thickness of 4 or 5 miles. The relations of the Coutchi-
ching series to the Laurentian are found to be precisely the same as
between the Keewatin and Laurentian. In the Coutchiching series
there are no intercalations of recognizable volcanic rocks such as are
found in the Keewatin, the rocks being acid crystalline schists which
are regarded as ordinary metamorphosed quartzose sediments, with
perhaps also volcanic material, although in no place has it been possi-
ble conclusively to prove this.

The Laurentian gneiss is intermixed with granite in such a way as to
make it impossible at times to separate them. Its structure, if it has
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any, is so complex that no attempt was made to work it out, and, while
parts of the granite seem to belong to the Laurentian proper, it is cer-
tain that granitic eruptions have o'ecurred in this series after the main
mass of the rock had solidified. The belts of Keewatin rocks which
encircle the Laurentian areas are anastomosing or confluent, forming a
continuous retiformn area, the meshes being occupied by the Laurentian
gneiss. At their nodes or points of confluence, these belts have their
greatest width. The Coutchiching schists dip away from the Lau-
rentian bosses in all directions, so that the general anticlinal strue-
ture of the belt is made up of three anticlinal domes. These relations
are taken to mean that the surrounding schistose rocks represent sedi-
mentary beds which have been thrust aside by Ihe entering granite.
Along the contacts of the Laurentian and Coutchicliing are found such
minerals as andalusite, staurolite, and garnet. besides the granite
masses, which cut all three of the previous series and thus are later than
all, are also numerous diabase and trap dikes, which cut the series
mentioned and the granite besides.

INGALL, 3 in 1888, in describing the mines and mining of lake Superior,
finds the rocks to consist of Laurentian gneisses and granite, within
which are found considerable areas of plutonic and volcanic rocks and
metamorphic slates, considered to be Huronian, while overlying these,
chiefly about Thunder bay and lake Nipigon, are the sedimentary and
volcanic rocks of the Animikie, Nipigon, and Keweenian groups, which
are in approximately a horizontal position and contrast markedly with
the steeply inclined or almost vertical older rocks. The Animikie for-
mation is divisible into an upper and lower portion. The chief charac-
ter of the lower division is the preponderance of siliceous rock, such as
chert andjasper, which are often accompanied by ferruginous dolomite
with magnetite; while the tipper division is formed for the most part of
black, soft argillaceous argillites, which are occasion ally dolomitic and f(r-
ruginous, and sometimes contain silica in such proportion as to approach
the character of the lower division. The thickness of the Animikie is
placed at 12,000 feet. The traps of the Animikie are conclLIded to be
intrusive, frequently breaking as they do across the beds. In one case a
sheet is seen to divide into three tongues. The dark color of the upper
division of the Animikie is due to the presence of carbon. Patches of
basal conglomerates are occasionally found at the base of the Animikie,
lying in hollows in the old Archean sea bottom, the fragments consisting
in general of granitic material.

SELWYN,3 ' in 1890, announces the discovery by Ingall of traces of a
fossil in the Aniimikie rocks. A part of the impressions are pronounced

by Matthew to be simiilar to Eophyton, while for others the names
Taomichnites and Ctenichnites are proposed. A part of them are of
similar origin with characteristic tracks of the Cambrian rocks of the
St. John group of New Brunswick.
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LAWSON,38 in 1890, discusses the internal relations and taxonomy of
the Archean of central Canada. The Keewatin and Coutchiching are
again described and the characteristic contacts which they have with

the Laurentian. To the upper division, the Keewatin and Coutchiching,
since they are sedimentary rocks, the principles of stratigraphical geol-

ogy apply, and. to cover these two series is proposed the term Ontarian,
of systemic value. The principles applicable to the lower division, the
Laurentian, are those of eruptive geology, since these rocks are of
igneous origin. In the Laurentian there are at least two generations of
rocks which are distinguishable in the Hunter island district, but both

are the result of the crystallization of a suberustal magma.
BELL," in 1890, gives the following as the chief luronian areas

about lake Superior, in Ontario. An important area lies around Michi-
picoten at the northeast angle of lake Superior, running for 60 miles

west and 20 miles south of that point, and extending inland to Dog
lake, a distance of 45 miles. Another large area stretches from the
Pic river eastw ard or inland to Nottamasagami lake, and westward
mingled with granites and greenstones, to Nipigon bay. Two exten-
sive belts run eastward from lake Nipigon, one of which crosses Long
lake. West of Thunder bay, and stretching to the international

boundary line, there is a large area which gives off arms to tlhe north-

east and southwest; and several belts ad compact and straggling

areas occur between this and the lake of the Woods basin, one of which
follows the course of the Seine river. The lake of the Woods area,
which has been already alluded to, occupies the whole breadth of the
northern division of that lake. An important belt starts between

iRainy lake and lake of the Woods, and running northeastward has a
breadth of 45 miles where it crosses the line of the Canadian Pacific
railway. Minnietakie and Sturgeon lakes lie within this belt.

The Iluronian is divided into a lower and upper division, although
no horizon has been agreed upon at which to draw the line between the

two even locally. There is no evidence whatever that the two divisions
are unconforinable of that the lower part of the upper division are basal
conglomerates. Conglomerates are found indifferently thmr+,ughomit both
lower and upper divisions.

The lower division includes the Keewatin of Lawson and its ecliva-
lents. It consists largely of a variety of crystalline schists, in which
the prevailing color is dark green or gray. Among these may be enu-
merated micaceous, dioritic, chloritic, argillaceous, hornblendic, talc id,
felsitic, epidotic, siliceous, dolomitic, and plumbagenous. There are also
crystalline diorites or diabases of various shades of gray and greenish
gray (mostly dark), argillaceous and dioritic slate-conglomerates, gran-
ites and syenites, impure, banded, and schistose iron ores, dolomites and
imperfect gneisses. Among the commoer of the rocks of this division
are fine grained mica-schists and dark green dioritic or hormiblendic
schists. Two kinds of conglomerates are also abundant, one having an
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argillaceous matrix with rounded pebbles of syeiite amd granite of vari-

o(hs kinds, and some of the other Huroniian rocks, but very seldom of
gneiss; the other with a dioritic matrix, and often with rounded pebbles
also. But, in perhaps the majority of cases, what were formerly considered
as pebbles are really concretions of a lenticular torme, and differing but
slightly from the matrix in color and composition. They are best seen
on wetted surfaces of cross sections of the rock, where they appear as
parallel elongated patches tapering to apoint at each end. Both hema-
tite oll magnetic iron ores are common in these rocks. Gneiss is not
comnoOn in the Huronian, and it differs from the ordinary Laurentian
gneiss in being imperfect and slightly calcareous.

lit the upper division of the II uronian probably the most abundant
rock in Ontario is what may be called a graywacke, but which in the
older reports was often styled a "slate conglomerate;" but it also in-
cludes clay-slates, argillites, felsites, quartzites, ordinary conglomer-
ates, jasper conglomerates, breccias, dolomites, serpentine, etc. In
some localities the nearly vertical bands of qnartzite, having withstood
denudation better than the other rocks, remain as conspicnous hills or
ridges, and this circumstance has caused their relative volume in the
series to be overrated by superficial observers. The materials forming
the graywackes am the stratified quartzose diorites have been derived
from volcanic sources. The igneous character of the Huronian is further
show by the large masses and areas of greenstone (diorites or dia-
bases), granites, syeit(s, and other eruptive rocks which are so largely
mingled with both the lower amd upper portions of the Iliuontian sys-
tem in all parts of their distribution, forming indeed one of its charac-
teristic features. The crystalline greenstones occur either as compact
areas, wide elongated masses, dikes, or thick interstratifying beds in

nearly all the ironian areas. In many cases the dioritic sehists may

have been originally.massive, but assumed the cleaved structure by

pressure when incorporated among stratified masses. The commoiest
position of the granite and syeuite areas is within but toward the bor-
ders of the Huroiian tracts; but they sometimes occur in the Lanren-
tian country, in their immediate vicinity, or at a distance from them in

the direction of the longer axis of the Huronian areas.
1 n(oiiformably above the lronmian is the Caimbrian system, which

comprises, ini the ascending order, the Animikie. Nipigon, and Potsdam
foiiiimatioins.

The Animiikie formation, in ascending order, consists of arenaceous

conglomerate, with pebbles of quartz, jasper, and slate, seen on the
north shore of Tlnmiler bay; of thinly bedded cheits, mostly of dark
colors, with argillaceous and dolomitic beds; of black and dark argil-
lites, and flaggy lack shales, with sandstomes and fcrr'gimons dolo-
mitie bands and areiaceous beds, often rich in magnetic iront, together
with layers and intrusive masses of trap (diabase). The Animikie for-
mation occupies a great triangular area north and west of lake Supe.
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rior, the base of which is 60 miles in length and the arms 40 and 81) miles,
respectively.

The Nipigon formation, resting with apparent unconformity upon the
Animikie formation, is characterized by reddish marls, sandstones, and
conglomerates, with a large proportion of variously colored trappean
beds and masses, a considerable part of which is amygdaloidal. The
Nipigon formation occupies a great area about Nipigon lake and con-
siderable areas at the east end of lake Superior and on Michipicoten
island.

On the east side of Hudson bay and on the islands off the coast vol-
canic and sedimentary rocks are largely developed, comprising con-
glomerates, sandstones, limestones, chert breccias, sales, quartzites,
argillites, porphyries, crystalline traps, amygdaloids, tufas, etc. The
upper part of these may correspond to the Nipigon and the lower to
the Animikie.

The sandstones of Sault Ste. Marie, of the peininsnla between Goulais
and ilatchawana bays, isle Parisienne, etc., seem to be of Potsdam
age. These sandstones are mostly red, but, unlike the Nipigon forina-
tion, they appear to be free from local disturbance and lie almost flat.
Although they resemble some of the sandstones of the Nipigon series
at Mamainse in red color, they are believed to be newer and probably
unconformable to them.

LAwsON, 40 in 1891, states that the granite of Saganaga lake is found
with abundant and clearly observed evidences of eruption, breaking
through the Keewatin rocks, includir g the upper Vermiiion ragmental
rocks of Ogishki lake with their associated slates and grits. It is con-
chided that the break between the upper and lower Vermilion, de-
scribed by Van Hise, is within the Keewatin group, dividing it into an
upper and lower series, atnd that this break is therefore below the
Animikie. It is further said that the conglomerates of the upper
Kaministiquia series come out close to the shores of Thunder bay and
form thebasemeit upon which the undisturbed Animikie rocks rest with
strongly marked unconformity. The following succession for the region
northwest of lake Superior is presented: Keweenawan or Nipigon
group; unconiformity; Aiimikie group (possibly Mtronian); uncon-
formity; upper Keewatin series, unconformity; lower Keewatin
series; unconformity(?); Coutchiching group; eruptive unconformity;
Laurentian system, the granites and gneisses of which cut both Kee-
watin and Coutchiching groups.

SMYTH (1. L.),4
1 in 1891, describes the structural geology of Steep

Rock lake, Ontario. The lake is roughly in the shape of a letter M, the
top is to the north, and its arias conform to the strike of the rock series.
The rocks are divisible into three principal groups. The lower consists
of graiiites and gneisses, and is designate~d as the basement complex.
testing upon the basement complex is a series of rocks about 5,000 feet
in thickness, composed of nine persistent formations, which together
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constitute the Steep Rock series. Lying across t he edges of the Steep
Rock series, at the southeastern part of the lake, is a later series of
granites, porphyries, and hornblende rocks which pass upward into
the schists of the Aticokan river and are designated the Aticokan
series. The granites and gneisses of the basal complex are eit by vari-
ous dikes, which are of three kinds, those which supplied pebbles to
the conglomerate at the base of the Steep P ock series; those which
traverse both the basement complex and the Steep Rock series but
have been subjected to the folding; and, third, a single massive dike
which is subsequent to the latest period of folding.

The formations of the Steep Rock series, in ascending order, are con-
glomerate, lower limestone, ferruginous horizon, interbedded crystal-
line traps, calcareous green schists, upper conglomerate, greenstones
and greenstone-schists, agglomerate, and dark gray clay-slate. It is
then a series of sediments and interbedded eruptives.

Along the whole course of the lake this series dips at very steep an-
gles, ranging from 600 to 800 away from the basement rocks, upon
which they hang as a time-worn fringe having no extension inland. The
basal part of the Steep Rock series is a bed having a maximum thick-
ness of nearly a hundred teet, presenting the various phases of a con-
glomerate, coarse and fine, and quartzite and quartz-schists with feld-
spar. The lowest member contains rounded and waterworn pebbles of
quartz and greenstone, the largest being a foot in diameter. Near the
junction of the Steep Rock series and basal complex both are some-
times very similar in composition, so that it is impossible to draw the
lines between them by this criterion. There is an apparent transition
from one rock into the other. The transition zone has a highly schist-
ose structure in the regional direction, which crosses the course of con-
tact and the bedding nearly at right angles and is traced from the tran-
sition zone into the undoubted granite into which it gradually dies out.
This transition is explained as due to probable disintegration of the
basement complex before the Steep S-ock series was deposited, combined
with subsequent powerful dynamic movements which have affected both
series.

T The Steep Rock series is folded into an eastern synelinal, a middle
anticlinal, and a western synclinal, the latter being faulted. The axes
of these folds have a high pitch to the south ward, varying from 60 0 to
nearly 900. Throughout the whole area is a regional cleavage which
has a nearly uniform direction transverse to all the members of the
Steep Rock series and also the contact between this series and the
basement complex. This has largely obliterated the original lamina-
tion of the sediments and is now the dominant structure. It is there-
fore the last force which has left its marks upon the rocks of the lake.
Before this last force acted upon the rocks, the Steep Rock series had
been tolded into a southwestward dipping monoclinal which, under the
action of the cleavage-producing force in a northeast and southwest
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direction, caused the present fluted outcrop of the formations of the
Steep Rock series. That the basement complex itself yielded to this
latter force is shown by the irregular outcrops of the dikes cutting it.

As a result of the study the following general conclusions are reached:
The contact of the lowest horizon of the Steep Rock series with the
basement complex is one of erosion. The complex at the time of the

deposition of the Steep hock series was made up of consolidated crys-
talline rocks, and there is no evidence whatever that it has since idler-
gone fusion or referred to the condition of a magma. The rocks of the
Steep Rock series have been subjected at two periods, more or less dis-
tant from one another, to great orotechnic forces, which acted-the first
in a northeast and southwest direction, and the second in a northwest
and southeast direction. The latter force has imposed upon all the
rocks of the region a northeast structure which has largely, but not
entirely, obliterated preexisting lamination in the sediments and
schists of the Steep Rock series. The two orotechnic actions have

produced great developments of autoclastic schists, both in the gran-
ites and in the rocks of the Steep Rock series, the present structure
of which was induced and determined in direction by the later force.

SECTION II. WORK OF THE EARLY UNITED STATES GEOLOGISTS AND

ASSOCIATES.

ScITOOLCRAFT, 2 in 1821, in his Narrative Journal of Travels in the
Northwest, makes various observations on the crystalline rocks. At
Granite point is found a bluff of granite which is traversed by irregu-
lar veins of greenstone trap. The sandstone laps upon the granite and
fits into its irregular indentations in a manner that shows it to have
assumed that position subsequently to the upheaving of the granite.
Its horizontality is preserved even to the immediate point of contact.
All the rock along the south shore of Lake Superior is either red or
gray variegated sandstone, which appears to be referable to one forma-
tion. On passing by the Porcupine mountains, the red sandstone is
visible along the shore in a position nearly vertical, dipping under the
lake toward the north. Red sandstone in a vertical position is found
at the month of the Montreal river and for a few miles beyond it
toward Cheqnanegon bay. On the St. Louis river, after passing red
sandrock in a horizontal position, is found on the banks of the river a
slate (argillite) in a vertical position traversed by green stone and milky
quartz. At the grand portage of the St. Louis the country is rough.
consisting of slate in a vertical position. This continues for a long
way and is succeeded by hornblende, which continues to the head of
Grand rapids.

CATLIN 4 in 1840, finds the red pipestone quarries of the cotealt des
Prairies to consist of a perfectly stratified rock in layers of light gray
and rose or flesh colored quartz, the deposit being evidently sedimen-
tary and of secondary age.
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LOCKE," in 1844, describes the rocks of Copper harbor as well as the
whole of Keweenaw peninsula as decidedly netamorphic, showing
every degree of change produced by igneous action, from unchanged
sandstone to compact greenstone. The original stratification is gener-
ally more or less evident; some layers bear evidence of semifusion with.
a corresponding degree of induration, while others seem scarcely to
have been altered.

CUNNINGHAM," iin 1845, SANDERS, 4
1 in 1845, CAMPBELL,47 SANDER S,4"

GRAY,"4 in 1845, GRAY," in 1846, give various detailed observations as

to the mineral regions of lake Superior, but give little or nothing of
structural interest.

ROGERS, 51 in 1846, describes the red sandstones and conglomerates of
lake Superior as resting unconformably upon highly inclined slate rocks
undoubtedly Prinal, and, the Potsdam sandstone of the New York sur-
vey at Chocolate and Carp rivers, and therefore of post-Paleozoic age.

OWEN,'1 in 1847, finds the horizontal sandstone to overlap the crys-
talline and metamorphic formations at the southern portion of the
Chippewa laud district near the falls of the streams flowing into the
Mississippi. The region to the north is based upon crystalline, gra-
nitic, and other intrusive rocks. North of the sunuit levels of the
Chippewa land district the peculiar formations of the lake Superior
country commence. These are red sandstones, mnarls, and conglomer-
ates, occasionally penetrated by intrusive ranges of hornblende, green-
stone, trap, and amygdaloid similar in their general aspect to the con-
temporaneous ranges of igneous rocks which occur in the mining dis-
trict of Michigan. Besides this Trap formation, there is an entirely
distinct trap system in immediate javtaposition with which strata have
been discovered which are as old as if not older than the Lingula beds of
the Potsdam sandstone of New York.

LOCKE,5 3 in 1847, speaks of the relation of the trap rock and sand-
stone at Presque isle, and submits a drawing of it.

WhITNEY, 54 ill 1847, describes the wide band of trappean rocks com-
mnencing at the extremity of Keweenaw point as continuing its course
uninterruptedly as far as the Montreal river. Its distance from the
lake between Portage and Ontonagon is generally from 8 to 10 miles.
The highest and most imposing cliffs are found north and east of Ago-
gebic lake. Beyond Agogebic lake the trap range widens and forms
several ridges, between which it is not impossible that there may be
sandstone. The Poreupine mountains embrace a system of trappose
rocks in three tolerably distinct ranges. All the country north of the
northern edge of the trap range from the Ontonagon to the Montreal,
with the exception of the trappose rocks of the Porcupine mountains, is
covered by the red sandstone of lake Superior.

OWEN,5 in 1817, gives many details of the formations of the interior
of the Chippewa land district, and of the formation of lake Superior.
In the first district are seen many varieties of granite, syenite, green-
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stones, hornblende-rock, gneiss, and mica-slate. Magnesian a1d mag.
netic slates are capped unconforinably by pebbly sandstones for nearly
a mile along Black river. The red sandstone of lake Superior on Ray-
monds creek is estimated by Riandall to be 10,000 feet in thickness.

NORwooD,56 in 1847, describes various rocks on the St. Louis river
in the district between Fond du Lac and the hills of St. Anthony, and
from the mouth of the :Montreal river to the headwaters of the Wis-
consin river by way of lake Flambeau. On the St. Louis river a con-
glomerate is found to rest unconformably upon the lower slates, the
jnmction of tihe slates and conglomerates being exposed.

ROGERS in 1848, remarks that the south shore of lake Superior is
outlined by a series of east and west dikes.

WHITNEY,5 in 1848, finds in the townships near the Anse fossiliferous
limestone, which seems to be surrounded by and has been deposited on
the lake Superior sandstone.

FOSTER," in 1848, in passing from Copper harbor to L'Anse, finds
that the trap, instead of being forced through the layer of sandstone,
as on the northern slope of Keweenaw point, protrudes through a fissure
in it, causing an anticlinal axis. A few miles .farther south the sand-
stone is nearly horizontal, being in a series of gentle undulations. At
L'Anse the sandstones overlie the talcose, argillaceous, and liornblendic
slates unconformably, while 15 miles southeast of L'Anse the granmites
protrude through these schists.

Upon the AMichiganmne river were found in order beds of quartz and
feldspar, hornblende, and specular oxide of iron, associated with talcose
and argillaceous scihists. On the left bank of the Michigamme (Sec. 1,
T. 46 N., R. 30 W.) is a hill 170 feet high, which exposes a very large
mass of nearly pure specular oxide of iron. About 40 feet from the
escarpment is a metamorphic rock composed of rounded particles of
quartz and feldspar with masses of ore intermingled like the pebbles of
a conglomerate.

Iron ore and marble were observed along the Menominee, as well as
various other kinds of rocks, including granite, hornblende-slate, tal-
cose slate, etc. At Sandy portage, on the Menominee, is a class of pi-
tonic rocks older than the traps of Keweenaw point, which were pro-
truded among the slates and then denuded before the deposition of the
sandstone; for the slates are intercalated among the igneous rocks
with a vertical inclination, while the sandstone rests horizontally or
nearly so upon them. This sandstone is regarded as the oldest of the
Paleozoic rocks and is the equivalent of the sandstone on the northern
slope of the upper peninsula. Resting upon this sandstone is a lime-
stone which is sparingly fossiliferous.

JACKSONG6 in 1849, describes the sandstone of Keweenaw point re-
mote from the trap as horizontal or but slightly waving, while near the
trap rock it is as high as 300. The conglomerate is limited to the bor-
ders of the trap and is of the same age as the finer grained sandstone
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with which it alternates. At the line of junction of the trap rocks and
sandstone the two are intertused, producing the mietanorphic rock
amygdaloid, which resembles the vesicular lavas of volcanoes, but has
its cavities tilled with a great variety of curious and interesting min-
erals. On isle Royale about one quarter of the area is sandstone and
conglomerate and the remainder trap, which formed ridges extending
the whole length of the island.

WHITNEY," in 1849, describes the iron ore of the upper peninsula of

Michigan as existing in the form of solid ridges and knobs interstratilied
with banded jasper, the whole evidently of igneous origin.

AUASSIZC 2 in 1850, describes the outlines of the shore of lake Supe-
rior as largely due to six different sets of dikes of different mineral-
ogical character, and each system running parallel to one of the main
shores lies, although it would be a mistake to ascribe the form to any
single geological event. Its position in the main is doubtless deter-
mined by a dislocation between the primitive range north and the sedi-
mentary deposit south. The rocks of the north shore of lake Superior
are extensively metamorphic. The new red sandstone passes into por-
phyries, into quartzite, granite and gneiss, the metamorphism being
more or less perfect, so that the stratification is still sometimes pre-
served or passes gradually into absolutely massive rocks.

JACKSON,63 DICKENSON, MCINTYRE, BARNES, LoCrE, FOSTER and

WITIrNEY, GIBBS, HILL, BURT, and TIUIBARD, in 1850, report upon
the mineral lands south of lake Superior in the state of Michigan.

JACKsON, 4 describes the red sandstones and congb)merates of Ke-
weenaw point as existing there anterior to the elevation of the trap
rocks, being derived from the deposition of fine sand and pebbles from
preexisting Primary rocks, such as granite, gneiss, or mica-slate. Por-
phyry furnishes a large portion of the debris, but it is doubtful if this is
not a semi-fused sandstone. There is no reason to believe that igneous
agencies had anything to do with the origin of the pebbles of the con-
glomerate, for they are rounded by the action of water. From the
circumstance that the conglomerate borders the trappean rocks it is
sup posed an ancient shore may have existed along that line. It is cer-
tain that the finer sandstone is more remote from the trap than the con-
glomerate is, and that it is less uplifted and inclined as it recedes from
the trap band. Near the junction of the two rocks the strata dip 250
or 300, while remote from it the sandstone is nearly horizontal. The
mineral composition, association, and contents of the sandstone are iden -
tical with those of Nova Scotia, Connecticut, Massachusetts, and New
Jersey, belonging to the new red sandstone series; and that the lake
Superior belongs to this age has been confirmed by the discovery by
C. F. Merion of a tract of limestone in the midst of the sandstone of
Keweenaw point near the Anse. The lin stone contains Pen taiiieres
oblongus, and according to Whitney has a dip of 300, while the overly-
ing sandstone is horizontal and has been deposited around it. The
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sedimentary strata have undergone great change by the action of the
trap rocks. Along the line of the junction a chemical combination of
the materials of the sandstones and trap rocks took place, forming the
vesicular trap called amygdaloid, while there has further resulted from
this action a brecciated or trap tuff, consisting of broken pieces of
amygdaloid and sandstone. At other times the sandstone is indurated
into a flinty red rock resembling jasper. At the Copper falls mine is
a case of what appears to be an Orthocera in the breccia of amnygdaloids
and altered limestones. May it not have been torn from a subjacent
bed of Silurian limestone by the agency of the intruded trap rocks?
At the coast off lac la Belle the sandstone in contact with trap has a
dip to the south of 300, while at point Isabelle the sandstone cliffs are
nearly horizontal.

LoCKE 5 finds near L'Anse that the trappean rocks contain frag-
ments of slate distributed through it and converted into a hornstone
when in small pieces, like the eruptive granite of Pigwaeket mountain,
New flampshire. At point No. 2, west of Presque isle, is a junction of
red sandstone and syenite. The mass of syenite intersected by dikes
of trap is under the sandstone and seems to have but slightly affected
it.

FOSTER and WHITNEY es accompany their synopsis of their explora-
tions by geological maps of the region between Portage lake and the
Montreal river, Keween aw point, isle Royale, and the region between
Keweenaw bay and Chocolate river.

WHITNEY ' finds the rocks in the district between Portage lake and
the Ontonagon river to comprise the following: First, the red sand-
stone of lake Superior, the age of which can not be determined, as it is
destitute of fossils. It lies directly upon the granitic rocks. Second, a
bed of fossiliferous limestone of the Lower Silurian system, which
occurs in an isolated position and has but a limited extent, and the
relations of which to the sandstone have not been determined with cer-
tainty. rThird, the trappean rocks. Fourth, granitic and syenitic
rocks, with hornblende and greenstone. The farther the red sand-

stone is reinoved from the trappean rocks, so much nearer do its strata
approach to the horizontal and also become lighter color and more
fragile. The conglomerate of Keweenaw point occurs iixed and inter-
calated in such a manner with the sandstone as to leave no doubt of
their common origin and identity of age. In general the beds of con-
glomerate increase in frequency in nearing the trap. The sandstone
does not repose directly on the trap, but almost invarially a bed of
coarse pebble rock is found interposed between. A trap breccia found
at Cushman's seems to be a product of the interfusion of trap and

sandstone. Compact quartz rock or jasper occurs abundantly ini moun-
tain masses in the Porcupine mountains.

Whitney describes a deposit of limestone which rises to a height of
about 300 feet above the general level of the country near L'Anse.
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Tlie limestone is indistinctly stratified and dips front zero to 300 at
various points. At certain places it contains iumneroils fossils, but
the greater part of the rock seems to be destitute of them. Among
the fossils are encrnites, orthoceratites, and others. The country
around is low and swampy, but the indications are for nothing but
sandstone horizontally stratified. As the limestone is apparently
inclined at an angle of 300, it seems evident that this is the oldest rock,
though it can not be denied that the stratification of the limestone is
very obscure and in some places it appears to lie nearly horizontal.
On the data collected the author feels unwilling to pronounce which is
the older formation.

FOSTER "8 finds at Copper lhnrbor the junction of the trap and coil-
glomerate. At the point of contact the trap is vesicular, but a few fret
distant amygdaloidal. The conglomerate is made lp of rounded peb-
bles of greenstone, porphyry, and rarely granite, cemented by a dark
iron sand, with carbonate of lime amomig the interstices. Near tie
Quincy mine the conglomerate, or rather sandstone, containing quartz
pebbles, forms the gorge of the stream below the falls, and differs es-
sentially front that on the northern slope of Keweenaw point. Be-
tween the sandstone and compact trap is a bed of red slaty trap asso-
ciated with innygdaloid. At L'Ause sandstone and conglomerate are
found resting unmeor formably upon chlorite-slate, novaculite or siliceous

slate. In the Chippewa land district is found granite, gneiss, horn-
blende, chlorite, argillaceous slates, and magnetic iron ore. In Sec. 1,
T. 46 N., R. 30 W., is a bed of quartz composed of rounded grains, with
small specks of iron disseminated, and large rounded masses of the
same material inclosed, constituting a conglomerate. This bed is 15
feet in thickness and is seceded again by a specular iron exposed iin

places to the width of 100 feet.
The author is disposed to place the sandstone of lake Superior at the

base of the fossilitfrons series. The unbedded traps of Keweenaw

point and isle Royale have broken through this sandstone, forming con-
tinuous lines of elevation. In receding from the trap of Keweenmaw
point the inclination of the sandstone dimminishes rapidly, and 5 or 6
miles away is nearly horizontal. In a fork of Torch river, on the Doug-
lass Houghton mining company's land, the sandstone dips southerly,
or away from the.trap. On the north side of the stream it is seen rest-
ing on the trap in large blocks. On the south side of Keweenaw point,
at B(te Grise bay, the sandstone is white and granular, destitute of
pebbles, and dips southerly or away from the traii. In the bottom of
the bay, when the water is calm, the bands of sandstone can be seen
describing innense curves parallel to the direction of the Bohemian
range of mountains, and affording conclusive evidence that their bear-
ing and upheaval are due to the protrusion of the igneous rocks. On
the east side of Sec. 14, T. 59 N., R. 29 W., the sandstone is nearly horn
zontal, although removed but a few miles from the trap.
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BURT ' finds on Keweenaw point and aloe- the south shore of lake
Superior to the mouth of Carp river and in the Porcupine mountains
five principal groups of rocks: Primary, Slates, Trap, Conglomerate,
and Sandstone. With the Primary rocks are placed syenite and gran-
ite. Planking the Primary rocks is argillaceous slate; flanking the
slates and resting upon them are red' and variegated sandstones, and
these also flank the Primary rocks. The Trap rocks have a much higher
angle on the southeast than on the northwest side of the range, which
runs from the northeast end of Keweenaw point and extends in a course
generally to the southwest. The Conglomierate flanks the trap range
on the northwest, and is made up of sand, pebbles, and small bowlders
principally derived from the rocks of the trap family. Resting coli-
formnably upon the conglomerate rock are a series of alternating strata
of sandstone and conglomerate.

HUBBARD 70 finds, in the district south of lake Superior, Prinmary and
Metamorphic regions, consisting of granite rocks, between which are
metamorphic rocks which graduate into clay-slate.

BURT71 finds in the area bounded on the north by the Fifth Correc-
tion line and south by the Fourth Correction line and the Brud river,
between ranges 23 and 37, granite and syenite, talcose and argillaceous
slates, greenstone and hornblende-slate, nica-slates, coarse sandstone,
calciferous sand rock, encrinal limestone, red sandstone and red clay,
and magnetic iron ore beds.

FOSTER and WHITNEY, in 1850, give a systematic report on the

geology and topography of the copperlands. On Keweenaw point these
consist of trappean rocks associated with conglomerates and sandstones.

On this point are two trap ranges, the southern known as the L-ohe-
mian range. The conglomerates are volcanic friction rocks rather than
the result of erosion. The pebbles may have received their rounded
shape by being projected from fissures through water. The oily in-
stance in the district in which trap occurs remote from the lines of fissure
is in the northeast corner of T. 49 N. R, 36 W., where Si l ver mountain rises
as an isolated and dome-shaped mass to the height of 1,000 feet. The
summit of the rock consists of labrador and hornblende, while the sur-
rounding plain is covered with clay, resting on sandstone in a nearly
horizontal position. The sandstones and interbedded traps of Kewee-
naw point and isle Royale dip in opposite directions and form a synclinal
trough. Near L'Aise is a limited patch of limestone which has a dip
to the eastward from 250 to 300, the limestone being distinctly stratified.
The sandstone about a quarter of a mile to the north is horizontal, and
it seems evident that the limestone overlies the sandstone, although the
position of the inclined beds of the more southerly portion of the lime-
stone is difficult to explain, since the surrounding country is low and
level and underlain by sandstone and horizontal beds. It seems evident
that at this point the country has been disturbed and upheaved by
igneous action beneath, which has raised the strata without any ap-
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pearance of trappeait rocks at the surface. This is indicated by the
fact that at 11o great distance to the south an elevation occurs at which
the strata of sandstone lip on all sides, although there is no igneous
rock visible. From the fossils entombed in this limestone Hall con-
cludes that the rocks may be regarded as the equivalent of any of the
following: The Potsdam and Calciferous sandstones, the Chazy, Binrds-
eye, and Black river limestones, perhaps of the Trenton or even Hudson
river groups. It T. 47 N., R. 35 W., Michigan, is a conglomerate, the
pebbles of which comprise granite, hornblende, slate, greenstone, and
iron ore.

FOSTER and WHITNEY", in 1851, report on the iron region of lake
Superior land district, and give and an account of its general geology.
The older rocks. are classified as follows:

Plutonic "Granite.
rc s. yemlte.

rocks. Feldspar and quartz rock.

Of va Trappean Greenstone, or dolerite, porphyry, basalt,
or amygdaloid, hornblende andi serpentine

. volcanic rocks, masses of specular and magnetic
rocks. oxide of iron.

I FGneiss, mica and hornblende slate.
Azoic system... Chlorite, talcose and argillaceous slate.

Beds of quartz and saccharoidal marble.

Silurian system.

The igneous rocks are found in all these sedimentary systems. The
oldest, igneous rocks, consisting of hornblende, feldspar, and serpen-
tine rocks are contemporary with the Azoic system. The granites and
syenites are intermediate in age between the Azoic and Silurian systems.
These are traversed by two systems of greenstone dikes which are
anterior to the purely sedimentary deposits. Contemporaneous with
the lower portion of the Silurian system are the bedded traps and
amygdaloids of Keweenaw point, isle Royale and the Ontonagon region,
which are composed of nearly the same constituents as many of the
older igneous rocks, although there is no difficulty from the diversity
in external characters in drawing the line of demarcation between
them.

Below all the fossiliferous groups of the region is a, class of rocks con-
sisting of crystalline schists, beds of quartz, and saccharoidal marble,
which is denominated the Azoic system, a term first applied by Mur-
chison and de Verneuil to designate the crystalline masses which pre-
ceded the Paleozoic strata. This term as here used is limited to rocks
which are detrital in their origin and which have been formed before
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the dawn of organized existence. The general section shows the rocks
of Keweenaw point to be tho counterpart of those of isle Royale, except
that the dip of the sedimentary rocks is reversed, thus rendering it
highly probable that between these two points is a great curvature
in the strata caused by the elevation along the line of two volcanic
fissures. The sandstone on the southern slope of the axis, equivalent
to the Potsdam, is seen dipping away from the crystalline trap at a
high angle, but at a short distance from the line of igneous outburst
it verges toward horizontality; and along the coast at the head of
Keweenaw bay it is seen reposing unconformably on the slates of the
Azoic system. From L'Anse to Chippewa island int the Menomince
river, a direct distance of more than 80 miles, the country is occupied
by rocks of the Azoic system, which include iiimense.deposits of specu-
lar and magnetic oxide of iron, and are invaded at many points by
igneous rocks, both granitic and trappean. At ChippewVa island the
Potsdam sandstone reposes upon the upturned edges of the slates.

The Azoic rocks have been so transformed by direct and transmitted
heat as to exhibit few traces of their original character. Sandstone has
been converted into massive quartz, limestone into saceharoidal marble,
and shales into hard crystalline schists. These rocks are destitute of
life, are a system of obscurely stratified rocks interposed between the
Potsdam and the granite, and are unconformable to the former in dip.
The Azoic series of the southern shore have not been capable of divi-
sion into two groups as done by Logan on the north shore. The
rocks are highly inclined and much contorted, and nowhere exhibit the
characters of a purely sedimentary rock; but the evidences of meta-
morphism are more striking in approaching the lines of igneous out-
burst. Gneiss generally flanks the granite, succeeded by dark masses
of hornblende, with numerous joints, but obscure lines of bedding,
which often graduate into hornblende-slate or chlorite-slate in receding
from the igneous products. The greenstones often form broad sheets,
bearing the same relation to the slates that the trappean bands of Ke-
weenaw point do to the conglomerates. Many of the slates appear to
be composed of pulverulent greenstone, as though they might origin-
ally have been ejected as an ash and subsequently deposited as a sedi-
ment. They pass by imperceptible gradations from a highly fissile to a
highly compact slate.

In Sec. 19, T. 49 N., R. 27 W., is found a talcose and chlorite slate.
and quartzose rocks enveloping pebbles and displaying obscure lines of
stratification. In Sec. 32, T. 48 N., R. 26 W., and near Jackson Com-
pany's forge are found quartzose conglomerates. On the line between
Sees. 29 and 32, T. 47 N., R. 27 W., is a conglomerate forming an isolated
rounded elevation, which is made up of coarse blocks of various sorts
belonging to the neighboring trappean and slaty beds. Among them
are found fragments of the rock associated with iron, and masses of the
iron itself, and of the banded and jaspery varieties. Most of the frag-
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ments of the breccia are but slightly rounded andN worn oil their edges,
having in this respect the appearance of a friction conglomerate. The
blocks are cemellted together by a hard ferruinous paste.

The granites belong to two different epochs: That of the northwest-
ern coast and the vicinity of Pigeoin river was elevated before the Azoic

period, since lthe upper portion of the slates repose horizontally around
it; while that of the northeastern coast, and that which frnis the axis
of the river systems of the two lakes, was elevated after the terniniatiou
of the Azoic period and before the dai of the Silurian, since the gran-
ite has disturbed the upper beds of slate, while the lower beds of the
Potsdlai rest undisturbed rond it.

The masses of iron ore and jasper have none of the characteristics of
vein deposits. They are intercalated among the metamorphosed sedi-
mentaries and have an intimate association with the trappeain. porphy-
ritic, and serpentine rocks. If the trappean rocks were an invariable
accompaniment, the ores would with little hesitancy all be assigned to
a purely eruptive origin; but when they are found in the form of beds,
in clearly metamnorlhic strata, having a conumon bearing and inclina-
tion, they are regarded as having been derived from the destruction of
previously formed igneous masses, and their present association as having
resulted from aqueous deposition. The Azoic period having been one

of long continued and violent mechanical action, there is no reason to
doubt that many of the strata of which it -is composed may have been
derived from the ruins of previously formed rocks of the same age, both
sedimentary and igneous, as is shown by the case of the knob of con-
glomerate already mentioned. The minute banding of the ore and
jasper can hardly be explained by any other than the action of segre-
gating forces in an igneous rock. The authors are them disposed to
regard the specular anl( magnetic oxide of iron as a purely igneous

product, in sonic instances poured out, in others sublimed, from the
interior of the earth. Where the ores are in a state of purity, in the
iurmm of irregular masses in preexisting depressions, or where the iu-

cumbent strata are metanmorphosed or traversed by the dikes of ferru-
ginous matter, they are without doubt eruptive. Where impregnating
metamorphic products, such as jasper, hornstone, or chiert, quartz,
chlorite, and talc slate, not only between the lamie but intimately
incorporated with the iass, giving it a banded structure, they are
regarded as the results of sublimation. The supposition that the ore
may be a secondarmy product resulting from the lecomposition of a

pyrite, or the netaimorphism of bog iron, is inadequate to account for
the accumulation of such mountain masses and to explain the relations
to the associated rocks.

The bed of lake Superior, embracing an area of about 32,000 square
miles, is occupied almost exclusively by the Potsdam sandstone. .The
sandstone in the vicinity of the trappean rocks attains the enormous
thickness of 5,000 feet, and often consists of conglomerates composed
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of trappean pebbles, and away from these lines of disturbance, where
it abuts against the Azoic rocks, it is a purely siliceous sand. At
Granite point masses of granite are overlain by horizontal sandstones.
The granites are cut by dikes of greenstone, which in no case penetrate
the overlying rock. The same phenomena are seen at Presque isle, at
Middle island below Presque isle, and at Carp river. On the Menominee
river, near the foot of Chippewa island, layers of sandstone ai:e found
on the upturned edges of the Azoic slates.

Whitney does not find the Pentamerus oblongns referred to by Jack-
son, nor any other form characteristic of the Niagara formation.; but, on
the other hand, they are pronounced as belonging to Lower Silurian
types.

FosTER and WHITNEY,74 in 1851, repeat the general conclusions
contained in their report on the iron region, and remark that the Azoic

system is characterized by such immense deposits of specular and
magnetic oxide of iron that it might with propriety be denominated
the Iron Age of geology, while the Silurian epoch with equal propriety
might be designated the Copper Age.

FOSTER and WII1TNEY,h in 1851, farther speak of the age of the
lake Superior sandstone. The sandstone of the St. Marys river is
traced to the south shore of Keweenaw point and is found to increase
in thickness gradually, until in the vicinity of the trappean rocks it
becomes of great thickness, accompanied by wide belts of conglomer-
ate. The conglomerates of Keweenaw point are the result of igneous
rather than aqueous forces, being caused by friction and mechanical
volcanic action along the line of fissure. The mural faces of the trap-
pean ranges are almost without exception turned toward the south,
and the sandstone on that side is elevated at a high angle, sometimes
dipping almost vertical at the junction of the two fOrmitionis, but in
proceeding southward becoming almost immediately horizontal. The
appearance is as if the strata had been broken and elevated just as the
southern edge of the igneous mass. Where the sandstones and traps
are interlaminated it is difficult to determine the junction when the
sandstone lies upon the trap, but when below it the line of separation
is sharp. As further showing that the sandstone is Lower Silurian, a
small deposit of Lower Silurian limestone resting upon the sandstone
effectually completes the chain of evidence.

( WEN,76 in 1851, mentions various metamorphic slates, quartzites, and
other crystalline and trappean rocks as occurring on the south shore of
lake Superior. On the north shore, in Minnesota, between Fond du
Lac and the British possessions there is a repetition in inverse order of
the same formationts, forming a synclinal trough with the red sandstone
nearest the lake, while the slates, conglomerates, and associated traps
are crossed in succession in proceeding into the interior, and these are
followed by the metamorphic slates and granitic rocks.
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OWEN in 1852, discusses the age of the red sandstones of hike
superior. .i e test (t ithologicl character, if ;iliie applied, is in flavor

of the view that they are of tlie same age as the red s:(nt(lstones o( New
Jersey a1n1 NoVa Scotia. (1) the St. Cr(ix river, in Wiscinsilt, the
white and buff iiumrtzose sitnistwwes belonging to the lowest P1r1otozoit

formation are succeeded by red satdstones similar to those of lake Sn-

perior, alid, like them, associated with coarse ved ci)lgngl(itnu(rates a 1141
trap. The sane phienomena are seen at other points south of lake
Superior. It is, however, conceivable, as a result of the upthrust of

igneous rocks, which sometimes break throligh the fOssiliterous
strata, entangling and partially indurating the fragments without alter-
ing or tilting the adjacenit beds. that tilted red sadlstones dipping
to the south really may never rest cofritmably under the white and
buff sandstones, but merely abut against them and not in fact overlie

them at all; but the natural a m reasonable inference is that the white

and buff sandstones do actually rest conformably upon the red sand-
stones ill <piestion.

NowoonTh in 1852, gives a great number of details as to the geology

of middle and western Minnesota and the country adjacent to the
southwest shore of lake Superior, illustrating the rela tiotis of the sales,
trap rocks, granites, etc., and showiiig the manner of intrusion of the
eruptives aind the complicated Ildig to which the strata have been
subjected. At the St. Louis and Black rivers the sandstone rests
u11)onf(ilrnably upon the lullerlying argillaceous and siliceous slates.

W11 [TTLEsEY , in 1852, gives geological descriptions of part of Wis-
cousin south of lake Superior. Passing from the lake southerly four
great classes of rocks are seen in each section: (1) Sedimentary, includ-

ing red sandstone, black slate, conglomerate. (2) Trappose rocks, or
those of volcanic origin, including amygdaloid, greenstone, augitic,
hornblendic, mid feldspathic rocks, embraciltg syeliites and granlites of
the same age. (3) Metamorphosed rocks, inchuling hornblellde slates,
iron slates, black slates, talcose slates, slaty q niartz. (4) Granitic, includ-
ing syenite and granite. The granites and syenites of the interior are
the most ancient rocks of the district. After the protrusion of these
granitic masses many changes have occurred. The sandstone deposits
of lake Superior must have been subsequent to the granites of the
Wisconsin, Chippewa, and Montreal rivers; since that period has
been one of long and intense igneous action in which the trap. horn-
blendic, and greenstone masses have been ejected, and also vith them

protrusions of recent gratnites and syenite. The metamorplhic slates
have been elevated during these convulsions, and the s5elimentary
rocks thrust away to the northIward and tilted np at high angles. The
old granites and syeiiites have 1been rent with fluid imiatter, sneh as

quartsz an d horbl lend. The northern part of tile I Yin ikee iaiige
shows evidence of four formations of trappose rocks, which fill a geolog-
ical epoch of no great duration between the area of the med sandstone
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deposits and the metamorplie uplifts.- There are cases where the trap,
instead of being forced across the stratification, has spread out between
the beds, forming alternate strata of trap and sandstone without any
visible conglomerate.

SlIIIAR])," in 1852, mentions the qulartzite ranges of Sauk county,
near Baraboo. The quartzites are surmounted by sandstone, and all
are included in the great sandstone formation of southern Wisconsin.

JACKSON, 1 in 1853, maintains that the red and gray sandstones of
lake Superior are above the rocks of Devoiian age. They rest horizon-
tally around Silurian limestone, which has an inclination on Sturgcoit
river near Keweenaw point of 300. In point of fact the sandstones of
lake Superior are the exact e(lnivalents of those of Nova Scotia, where
trap rocks of the same age as those of lake Superior pass through fhem.
The anygdaloidal trap of Keweenaw point and isle Royale is a vesicu-
lar rock formed by the interfusion of sandstone and trap rock.

MARCOtU,12 in 1853, after having made a complete tour of lake Supe-
rior. places the red sandstone and traps bearing copper as the new red
sandstone, and correlates it with the new red sandstones of Nova
Scotia, New Blrun sick, Connecticut, New Jersey, Maryland, and Vir-
ginia.

WHiTNEY,'; in 1854. states that the basin of lake Superior is a --reat

synclinal trough caused by a depression of the sandstone, which a appears
to form its bed. The northern and eastern shores for much of their (is-
tances are faced by perpendicular cliffs, while the southern shore is
comparatively low. The reason for this difference is that on the east
and north the sandstone which originally existed there has been worn
away and the more enduring granitic and trappean rocks only are left.
The age and relations of the sandstones of lake Superior to the trap-

pean rocks and Azoic slates are again described as before.
SCHOOLCRAFT," in 1855, states that the granitic strata of the Thou-

sand isles reappear on the north shore of lakes ilurou and Superior,
underlie the bed of the latter, and are found oil the rough coast between

Chocolate river and Keweenaw, and cross the Mississippi near the falls

of St. Anthony. The straits of St. Mary's appears to be the ancient
line of junction between the great calcareous and granitic series of

rocks on the continent. The island of St. Joseph is chiefly primitive
rocks and at its south end is largely loaded wit I granitic, porlphyritic and
quartzitic bowlers. The north shore of the river, opposite the island,
is entirely of the granitic series, which continues to Gros cap on lake
Superior. The red sandrock of lake Superior is regarded as the Old
Red sandstone. The formation of red jasper in white quartz exists on
the southern foot of Sugar island. In the granitic coniglomnerates are
seen red feldspatlhic granite, black shining hornblentde rock, white fat ty
quartz, and striped jasper, all held together firmly. Voleamic action
appears to have thrown up the trap rocks of the Pie, of the Porcupine
chain, of isle Royale, and the long peninsula of Keweenaw. The sand-
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stone of the southern coast exhibits undulations of 8 or 100 at several

places. Two inrstmices of this are the point des Grands Sables, begin-
ling with the horizontal strata of the Pictured rocks, and the second is
at Grand island.

Wni'T'NE V, in l85, describes the northeastern side of lake Superior,
from Gros cap to Nipigon ay, as consisting of rocks of the Azoie system.
Otn the south shore of the lake, and along the northwest shore as flr as
the northeastern extremity of Nipigon bay, are found the shmles, sand-
stones, conglomerates, and trappean rocks of the Potsdamm system, ex-
cept at Thunder bay and Carp river, where the Azoic appears. The south
side of the Azoic on the north side of the lake runs from kakmikka
falls on the Kanministiujia inl an almost straight line southwest, keeping a
few miles from the lake. Thunder cape consists of thinly bedded slates

for 800 feet of its thickness, above which is a sheet of trappeall rock
200 or 300 feet thick.

NWHITNEY , in 1856, maintains that the iron ores of lake Superior,
Scandinavia, :1l issouri, andl northern New York, foramm a class by them-
selves belonging to the Azoic age, and they have been poured out like
other igneous rocks froin the interior in a moltenm or plastic state.
besides the purest ores are others interhuninated with bands of quartz
which are distinctly bedded alnd probably iare of sedimentary origin.
The iron ore in these may have been introduced either by sublimation

during the (1eposition of the siliceous particles, or by precipitation tromn

a ferriferous solution at the time of formation of the stratified rocks.
WHITNEY,8 in 1857, again maintains the Potsdam age of the sand-

stones of the Cupriferous series. Underlying this series unconform-
ably on the south shore is the Izoic series, which is identical in char-
acter with the rocks of Thunder and Black bays. The rocks on the
north shore of lake turon and in the north and east of Canada are
identical in position and lithological character with the Azoic system.

JACKSONn in 1800, again asserts that the red sandstones of Kewee-
naw point are certainly coeval with the sandstone of Nova Scotia,
Connecti.cut river, and New Jersey, as proved by identiy of eomposi-
tion, Imode of disruption, character of associated minerals, and above
all, by tihe fact that they rest upon 1)evonian limestones. Orthoecratite
at Copper Falls mine and lentamries in the underlying limestone of
sturgeon river show that the sandstones are not Potsdam. This is also

sImhwn by the occurrence of pitehstone porphmyry upon isle Royale sueh(
as are imund in the isle of Arran of Triassic or I)evonian age. The
author is not disposed to place the sandstones of theI Pictured rocks in
the same formation with Reweenaw point and isle ROypale.

ROGERS," in 1860, maintains that the argillacus ,hales and con-

glommerates of a part of the southern shore of lake Superior are the

equivalent of the Primal series. The Cupriferous series is iln direct
association with the Potsdam, and therefore the argument for Triassic
age on account of texture and color is entirely valueless.
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WILLIAMS and BLANDY, 0 in 1862, describe the trap ranges of Port-
age lake as being about 3 miles wide and consisting of amygdaloidal
trap, occasionally intercalated with sandstones and conglomerates.
The dips vary from 600 to 750, becoming nearer horizontal toward the

northwest, until finally the sandstone which succeeds it becomes ab-
solutely so.

K IMBALL, n in 1865, divides the rocks of the Marquette region into
two formations, Laurentian and Huronian; the former including the
granite ridges, while the latter nearly agrees with Foster -nId Whitney's
limits for the Azoic. The crystalline rocks south of Keweenaw point
are pre-Paleozoic, while the greenstones of that point are intercalated
confitrmably with the Paleozoic. The specular iron ore and beds of
specular conglomerate are heavy bedded strata and schists in which
none of' the phenomena of aqueous deposits are wanting. They exhibit
not only stratification, but anticlinal and synclinal folds. From a
stratigraphical point of view the Huronian greenstones, schists, and
iron ores of Ma.rquette exhibit characters which render quite untenable
the theory of the exotic chlaracter of any portion of them.

AGAssz,9? in 1867, finds at two ravines near Torch lake-one the
Douglass Houghton-that the sandstone rests unconform ably upo
the trap. The trap dips N. 420, while the sandstone, 100 feet distant,
lies nearly horizontal, with no trace of an anticlinal axis between.

The sandstone contains water-worn fragments of the trap. The sand-
sto e north of the rnlgeis conformable with the trap, but the sandstolle
south is plainily of a different age.

WHITTLESEY," in 1876, finds nowhere on the American side of the
boundary, except at Vermilion lake, rotks which are like the Laurentian
of Canada. The great masses of granite and syenite around which the
Huron ian is formed do not resemble the Laurentian of the Canadian
geologists. Between the Canadian and American Huronian there is a
very close resemblance. The conclusion of Foster a hd Vitneythatthe
traps of lake Superior are of Potsdam age is adopted. The Bohemian
rage resembles more nearly the ini ronian than it does the trap series.
In this range are banids of friction conglomerates with the evidences of
metanorpuhic sauldistone passing into jasper, vesicular trap, and bree-

ia. A flui'tion con glomerate also occlrs at A min iion, Douglas county,
Wisconsin.

WASWoRTI, iln 1880, gives notes on the geology of the iron and
copper districts of lake Superior. The contacts of the jasper and ore,
which are iuiterlamiited and have a. conumon origin with the asso-
ciated schists, are described, Md at munerous points the contacts are
found to be those of eruptive and sedimentary. The schistose struct-
ure is regular, while the jasper and ore is exceediigly contorted, breaks
across the schistose and other rocks, and contains fragments of the
schists. Not the slightest sign of plasticity or intrusion of the schists
relative to the ore and jasper was seen. The present lamination of the

SO nm. s4;
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schists existed prior to the intrusion of the ore. At the School-house,
New York, and Jackson mines the overlying rook contains debris of
the underlying ore and jasper. The diorites, felsiles, and diabases are
intrusive rocks. The soft heimatites differ only from the hard ore and
jasper in that they have been leached by thermal waters and changed
to their soft condition. The granite is found at numerous points to cut
the schists and gneisses. At several places, also, it cuts a quartzite,
one of which resembles the ordinary Huronian quartzite. The crystal-
line rocks of Presque isle are peridotite and serpentine which has re-
sulted from the alteration of the peridotite.

The only evidence that the Huronian unconformably overlies the
Laurentian is the fact that the foliation of the latter does not conform
in its dip to that of the former. However, no point was found in which
it was possible to trace the rock continuously from well marked and
napped Laurentian into the Huronian . The general structure of the
iron region seems to be as follows: The schists and sandstones were
laid down in the usual way; were then disturbed by the eruption of the
jasper and ore. Much of the original rock still remained horizontal,
and new sedimentary deposits continued to be formed out of the jasper
and other rocks. Next came the eruption of the diorite, which com-

pleted most of the local folding and tilting of the strata. Finally the
granite eruption took place on both sides of the Huronian, uplifting and
contorting the strata near it, and perhaps laterally compressing the
inclosed iron-bearing rocks.

The conclusion reached by Foster, Whitney, and Marvine that the
traps and lava flows and were successively laid down one upon the
other, are covered by sandstones and conglomerates, is agreed vith.
The sandstones and conglomerates when overlain by traps are usually

baked and indurated. At the Douglass Houghton ravine and Hun-
garian river the eastern sandstone, which has been maintained to rest
against the trap and sandstone series unconformably, is found inter-
laminated with the melaphyres, and therefore settles the long-disputed
question of the relative age of the traps and Eastern sandstone of lake
Superior. The last melaphyre sheet which underlies the sandstone has
a dip to the northwest of 200. As the Douglass Houghton ravine is
followed downward the dip gradually declines in steepness, although
still to the northwest, the last dip measured being 50. The junction
between the Eastern sandstone and the trap, described by Agassiz and

Pumpelly, is not the junction at all, it being some distance below in-
stead of at the falls. In the Torch lake sandstone quarry the sandstone
layers, instead of being horizontal as they have been regarded, have a
dip of 150, the former supposed bedding being due to joints. As the
Eastern sandstone conformably underlies the traps, the Eastern and
Western sandstones and the traps lying between them are of the same
geological age.
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WADSWORTH, 1 in 1884, as a result of an examination of a supposed
fossil from the copper-bearing rocks of lake Superior, descri b)ed by Hall
as being very like the iluronia or sipluncles of Orthoceratites, finds it
to be of inorganic origin, having probably been formed by the flowing
of a pasty lava in such a manner as to raise a series of ridges, giving an
appearance closely like that of some cephalapods. The interior of the
specimen is in all respects that of an ordinary volcanic rock.

SECTION 111. WORK OF THE MICHIGAN GEOLOGiSTS AND ASSOCIATES.

HOUGHTON, in 1840, divides the rocks in the south and southeastern

part of the Ipper Peninsula into primary and sedineiitary. The

primary region stretches continuously in a northwestward direction for
many hundreds of miles, skirting portions of the shores of lake Supe-
rior, and constituting the highlands between that lake and the lake of
the Woods. From these highlands it stretches a little east of lake
Winnipeg, far to the northwest, finally constituting the immense bar-
ren grounds" of the British Possessions. The rocks of St. iM[arys river
and adjacent region comprise greenstone, argillite, and gramdar quartz
rock, which passes into an almost conglomeratic quartz rock. In this
occur small quantities of hematitic iron ore. The sedimentary rocks
include the lake Superior sandstone and lime rock and shales. The
lake Superior sandstoine is nearly continuous on the southerii shore of
lake Superior, and in its easterly prolongation rests agaiiist and upon
the primary range of St. Marys river, where it passes conformably
below the limestoe above. The lake Superior sandstone, in its east-
erly prolongation, does not attain a very great thickness, but in pro-
ceeding westerly this thickness is vastly increased, attaining on the
south shore of lake Superior to several hundred feet. A careful search
for fossils in this sandstone has failed to reveal a single one.

HOUGHTON,- in 1841, divides the older rocks of the upper peninsula
of Michigan into (1) Primary, (2) Trap, (3) Metamorphie, (4) Con -
glomerate, (5) Mixed conglomerate and sandstone, (6) Lower or red
sandstones aid sales, (7) Upper or gray sandstone. The Primary

rocks are in a broad sense granite. The granitic rocks are largely
traversed by greenstone dikes. The trap rocks of the district in a
chronological order would follow the metamorphic slates and qnartz
rocks, but the granitic rocks pass by almost insensible gradation into
the greenstones of the trap formation.

The sedimentary rocks on the south and southeast of the main trap
range are scarcely disturbed, while those on the north and northwest-
erly sides are invariably tilted to a high angle near the range of hills.
The sedimentary rocks on the north are traversed by frequent dikes,
varying in thickness from 50 to 400 or 500 feet. The rocks oi this
northwestern escarpment were in an intense state of ignition while ill
contact with the sedimentary rocks, as shown by the great changes
which these rocks have undergone. The author is disposed to regard
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the amygdaloid as due to the fusion of the lower portions of the sedi-
mentary rocks.

At Presque isle is a little isolated knob of trap which has been up-
lifted, as is shown by the way in which the stratification of the adjacent
sedimentary rocks has been disturbed. They invariably dip at a high
angle in all directions front the trap. At the itnniediate line of junction
the character of both rocks is lost, and the sedimentary rocks for a
distance of several hundred feet have been shattered while retaining
their original position, and were again cemented by an injection of cal-
careous matter.

The area of country occupied by the metamorphic group is less than
by the Primary or Trap. The group is made up of an alternating series
of talcose and mica-slates, graduating into clay-slates, with quartz and
serpentine rocks, the quartz rocks being by far the most abundant.
The metamorphic rocks are occasionally traversed by trap dikes.

The conglomerate rock, the lowest of the sedimentary rocks, is inva-
riably connected with or rests upon the trap rock. It is very variable
in thickness and is without doubt a trap tuff which has accumulated or
deposited around the conical knobs of trap during their gradual eleva-
tion. The pebbles of the rock consist of rounded masses of greenstone
and amygdaloid. They are usually firmly cemented by calcareous and
argillaceous material. Resting conforimably upon the comglonerate is
a mixed conglomerate and sandrock. This mixed rock occurs upon
isle Royale and was seen to be very widespread upon the south shore.
The conglomeratic part of the mixed rock has the same character as the
conglomerate rock. Dikes of greenstone are found in this mixed rock,
but less frequently than in the rock below. The red sandstone is the
chief rock that appears upon the immediate coast of the south shore of
lake Superior. The primary, metamorphic, and trap rocks are almost
invariably surrounded or flanked at their bases by this sandrock. The
material of this sandrock differs widely from the conglomerate ricks,
for these are made up of materials clearly of trappean origin and very
rarely of quartz; while the red sandstone is composed of materials de-
rived from the granitic and metamorphic rocks, in which quartz occurs
abundantly. The red sandrock is less frequently traversed by dikes
than the rocks before described, although they are sometimes noticed
traversing the whole of the several rock formations, including the red
sandstone. The upper or gray sandrock conforms to the limestone
above it, and rests conformably upon the uptilted edges of the red sand-
roik below.

WINCHELL (ALEXANDER), 8 in 1861, gives a general sketch of the
geology of Michigan. Anong the stratified rocks are placed the Azoic,
while the unstratified rocks are divided into Volcanic,including lava, trap,
etc., and Plutonic, including granite, syenite, etc. The Azoic rocks are
of immense thickness and are interposed between the crystalline, plutonic,
and volcanic rocks and the lake Superior sandstone. The rocks in
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this system in Michigan consist of taloose, chloritic, and siliceous slates,
quartz, and beds of marble. In it are found the specular and magnetic
ores of lake Superior. The Lake Superior sandstone is placed in the
lower Silurian system. The solid quartzose character of the rock of
St. Joseph's and Sulphur islands suggests the idea of its being Azole;
but the gradual transition from the unaltered sandstone of the Saiilt
to the altered sandstone of Neebish rapids and jasper conglomerates of
the western shore of Campement d'(nrs, favors the idea of the equiva-
lency of the sandstone and quartzite, as it is also the fact that the fos-
siliferous Chazy limestone is found directly upon the quartzite at Sul-

phur island.
CREDNER9 in 1869, describes in the upper peninsula of llichigan the

Laurentian and Huronian systems. The Laurentian system is the
gneiss-granite formation, which includes many varieties of massive

rocks, as well as hornblende, chlorite, and other schists, and also thin
layers of dolomitic limestones.

The Huronian system is the iron-bearing formation. The general
succession, begimning at the base, is quart zite, in its upper parts often
iron stained, 2,500 feet; rys.talli e dolomitic limestone, containing

a.rgillite, chlorite-schist, and layers of quartz, seldom conglomeratic,
2,500 to 3,500 feet; more or less siliceous hematite, 600 to 1,000 feet;
ferruginous chlorite-sexist, 1,200 feet; dark -clay-slate, with beds of hard
quartzite, 8,500 feet; chlorites-chist, with beds of diorite, 1,300 feet;
tale-sclist, with various impurities, 100 feet; apihanitie to grmnnlar di-
orite, 2,300 feet; talc-schist, with various impurities, 1,500 feet.

In the iron group is a granite dike on the Sturgeon river 12 feet wide,
which breaks through the iron ore and jasper at a right angle to the
schist. Over the iron formation, at tht Michiganune mine, is found a
conglomerate of jasper and fragments of quartz in an iron and quartz
base. There is a discordance between the Laurentian and Huronian.
The Potsdam sandstone rests upon the Huronian and Laurentian un-
conformably.

BROOKS and PUMPELLY, 100 in 1872, maintain that the copper-bearing
rocks of lake Superior are unconformably below the Lower Silurian
sandstone. This is shown by the fact that the horizontal strata abut
against the steep faces of the cupriferous series on Keweenaw point,
the latter dipping away from the sandstone at an angle of from 600 to
400. Also for a long distance between the Montreal river and lake
Gogebic the cupriferous series conform in sf riike and dip to the I uro-
nian schists, dipping steeply to the north at an angle of from 500 to 70,
while the Silurian sandstone to the north, in a tat-lying condition, cov-
ers an extensive country. In Sec. 13, T. 46 N., R. 41 W., the Silurian
sandstone is found in a nearly horizontal position, while 4 miles distant
the cupriferous series dip to the north at an angle of 500.

It is concluded that the cupriferoms series-was formed before the tilt-
ing of the Huronian beds upon which it rests conformably, and conse-

(BULL. 86
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quently before the elevation of the great Azoic area. After the eleva-
tion of these rocks, and after they had assumed their essential litholog-
ical characters, cane the deposition of the lake Superior sandstone ami
its accompanying shales as a product of the erosion of the older rocks,
and containing fossils which show them to belong to the Lower Silurian.
At several places have been detected a lack of conformity between the
Laurentian and Huronian in the upper peninsula of Michigan, but when
the Huroniau and Cupriferous are seen in contact there seems to be a
well marked coneordance between them.

BROOKS,101 in 1873, divides the rocks of the upper peninsula ill de-
scending order into Lower Silurian, Copper-bearin g rocks, Iron-bea riig
rocks, and Granitic rocks, and gives a systematic account of the last
two, and especially of the economic geology of the iron-bearing series.
The copper-bearing rocks correspond with the ipper Copper-bearing
rocks of the Canadian geologists and occupy a narrow belt on the north-
western edge of the upper penistla. This series includes sandstones,
which are nearly or quite identical with the Siltrian in appearance, but
their great mass is made up of different varieties of trap. often amyg-
daloidal, interstratified with beds of peculiar conglomerates. The lay-
ers of these rocks are inclined, dipping northwest and north toward
lake Superior, from vertical to as low as 230 on Keweceiaw point. The
iron-bearing rocks are assumed to correspond with the Hiuronian system
of Canada. They may have a thickness of 5),000 feet aind consist of: a
series of extensively lilded beds of diorite, quartzite, chlorite-schists,
clay-slate, mica-slate, and graphitic sales, among which are itnterca-
lated extensive beds of several varieties of iron ore. The most abun-
dant rock is greenstone or diorite, in which the bedding is usually ob-
scure, but the intercalated schists and slates usually bear strong marks
of stratification. The dips are usually at a high angle and are more
apt to be north or south than any other direction. The granitic rocks
are believed to be the epuivaleitis of the Laitrentian of Canada. 11
these the bedding indications are still more obscure and often entirely

wanting. Also, if possible, there is more irregularity ill strike and dip
than in the Huronian.

A full lithological descriptionl of the di l'eretit phases of rocks i 6utd
in the Huronian system, and the various sections at the many mines in
the upper peninsula are given ill detail.

The formations of the iluroitian system in the Marquette region cOM-
prise nineteen Itembers, numbered from tihe base upward. 1, Ii, I I, and
IV are composed of beds of siliceous ferrugi to us schist, alternatitig with
chloritic scltists and diorites, the relations of which have not been fully

made out; V is a quartzite, sometimes containing marble mnd beds of
argillite and novaculite; VI, ViII, and X are siliceous ferruginons
schists; VII, IX, and XI are dioritic rocks, varying much in character;
XIII is the bed which contains all the rich specular and magnetic ore,
associated with mixed ore and magnesian schist; XIV is a quartzite,

vevx ris.1
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often conglomeratic; XV is argillite or clay slate; XVI is uncertain,
it contains some soft hematite; XA"II is anthiophyllitic schist, contain-
ing iron and manganese; XVIII is doubtful; XIX is mica-schist, con-
taining stanrolite, andalusite, and garnets. The total thickness of the
whole Marquette series may have an aggregate of 5,000 feet.

The beds appear to be metamorphosed sedimentary strata, having
miany tbIds or corrugations, thereby forming in the Alargnette region
an irregular trough or basin, which, commencing on the shore of lake
Superior, extends west more than 40 smiles. The uptutrtled edges of
these rocks are quite irregular in their trend and present mtnerous out-
crops. While some of the beds present htlological characters so con-
stant that they can be identified wherever seeII, others undergo great
changes. Marble passes into quartzite, which in turn graduates into
novaculite.

Near the junction of the Huronian and Laurentian systems, in the
Alarquette region. are several varieties of gneissic rocks, composed in
the main of crystalline feldspar, with glassy quartz and imiich chlorite.

Intersecting these are beds of hornblemdic schist, argillite, and some-
times chloritic scidst. These rocks are entirely beneath all of the iron
beds, seem to contain no useful minieral or ores, amid are of uncertain
age. No attempt is here made to describe or classify them.

The diorites, dioritic schists and related rocks range in structure from
very line graiied or compact (.almost ap hanite) to coarsely grauular
and crystalline, being sometimes porphyritic in character. The rock

passes on the one hand into a hormblende rock, and on the other into a

rock resembling a diorite. It is eminently schistose in character, split-
tin;g easily, and appearing more like chloritic schist than any other
rock. At several points dioritic schists, semi-anygdaloidal in char-
acter, were observed, and in one instance the rock had a strong resem-
blance to a conglomerate. The bedding of the rocks is generally obscure
and sometimes entirely wanting. It is only by a full study of the rock
in mass and its relations to the ad'jaceut beds that one becomes con-
vinced, whatever its origin, that, it presents ini mass precisely the same

plenomeon as regards stratificationi as do the accompamying schists
and quartzites. Chloritic magnesian schists are associated with the
pure and miixed ores. Oftentimes these magnesiani schists several fret
in width cut across the strat itication and are called slate dikes. It is dif-
ficult or impossible to draw the line between these magnesian schists
anud the diorit ic schists. It is suggested that on the New England-Sag-

inaw range and at the lake Superior mine, tepid alkaline waters have

penetrated the formation and have dissolved out the greater portion of
the siliceous matter, leaving the iron oxide in a hydrated earthy condition,

At the S. C. Smith mine and along Plumbago brook is found carbon-
aceous matter. These carbonaceous sales burn white before the blow-

pipe and mark paper like a piece of charcoal.
Above the Cascade ore is a bed of coarse comiglonmerate. The upper

[BUL. 86.
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quartzite of Republic, mountain, near its base, is a conglomerate con-

taining large and small fragments of flaggy ore. At the New England

mine between the ore and the quartzite is a mass of specular conglom-
erate similar to that at Repul lic monutain.

The iron-bearing series is unconformably alove the older Laurentian
rocks. The coutac is observed in P1lhbago brook, where a talcy reel
rock, unmistakably belonging to the Ifuronian, dipping at a low angle
to the northwest, is in contact with the Lanuentian clloritic gneiss,
which dips at an angle of about 350 SSW. The same phenomena can
be seen near Republic mountain n, where the Huroin in schists strike

nearly at right angles to the Lauurentiani gneiss only 50 feet distant;
both series dipping at high angles, the Laureutian east of north, and

the Huronialn about 45 degrees west of north. .. The noii-conformability
is further shown by the fact that the Laurentian generally abounds in
dikes of granite and diorite, which are ahost entirely absent from the
Huroniian.

Many details are given as to the Menominee and Felch Mountain
districts. The rocks of these ran ges are parallel with those in the
Marquette district. At many places the Silurian rocks ncontormably
cap the iron-bearing rocks.

The lake Gogebic and Montreal river iron range is regarded as an
eastern prolongation of the Penokee range of Wisconsin. The northern
geological boundary is the south copper range, consisting ef massive
and amygdaloidal copper-bearing traps, the bedding of which is exceed-
ingly obscure, with occasional beds of sandstone and imperfect con-
g(-erates. The strike of these rocks is east and west, with a dip to
the north at a high angle, thus conforming with the i uironian rocks
underneath. On the south of the iron-bearing rocks is a series of
granites, gneisses, and obscure schists, which are mumistakably Lau-
rentian in their lithological character, and they are unconthfrmably
overlain by the Hnronian rocks. The horizontal Lower Sihtrian sand-
stones occupy a broad belt of country north of the copper range. Their
actual contact with the highly tilted copper rockis was not seen, but
they show not the slightest evidence of disturbance within a few miles
of these steeply inclined rocks, and are regarded as unconformably above
them.

P1IMPELLY,0 in 1873, gives a systematic account of the copper-
bearing rocks. These on Keweenaw point consist of an immense devel-
opment of alternating trappean rocks and conglomerates dipping to the
northwest at anl angle running from 600 to 230. The red sandstone and
shales of lake Superior are everywhere nearly horizontal on the south
shore of lake Superior between the Sault Ste. Marie and Bete Grise bay.
At the western edge of this belt its nearly horizontal strata abut against
the steep face of a wall formed by the upturned edges of beds of the
cupriferous series of melaphyre and conglomerate, which dip away from
the sandstone at angles of from 400 to 600. This sharp line has been

VAN 111E.1
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explained as due to a fault, the horizontal sandstone being regarded as
of the same age as the conformable overlyiig sandstone of the cuprif-
erous series. One objection to this explanation is the enorimoits amount
of dislocation required, amountiiig to several miles. A gainnear lough -
ton there are two inches of landstonelying oi f tle uptiirned melaphyre
beds. In the horizontal samnst one near the so-called t ult arc abunmdauit
pebbles of mlelaplhlyre and conglomerate of the cupiiferous series. Blt
the most decided facts found by lilaj. Brooks and the author are ii the
couitrv between the Bad river in Wisconsin and the middle branch of
the Ontonagon, east of lake Gogebic. Here the quartzites and schists
of the 1iuronian formation are bordered oil the sonth by the Laurentian
gneisses, and are overlain conformably by the bedded melalphlyres al
interstratified sandstones of the cupriferous series. Between these
ridges forming the south mineral range and the main range of Kewee-
naw point is the horizontally stratified Silnrian sandstone, forming
a generally level country. The conformable cupriferous and Huron-
ian schists dip to the northward at angles from 500 to 700, but in ap-

proaching Gogebic lake from the west the pre-Silurian erosion has niade
a deep indentation across the cuprilerous series and the HuronianI, as
well as into the Laurentian, so that a short distance west of the lake
these rocks end in steep and high declivities, at the base of which

lies the level country of the Silurian sandstone. On the Ontonagon
river the Silurian sandstone is nearly horizontal, while abOit 150 steps
from the ha e of the cliff are outcrops of Laurelitian schists ltaviIg a
dip of 453 to 600 southeast. The nearest outerop of the cnpriferous
series is about 4 miles distant, and it strikes nearly east ald west anL
dips 500 to the north. The lithology of the copper-bearing rocks of the
Portage lake district is fully given. The rocks are melaphyres and

ainygdaloids, interstratified with conglomerates. The paragenesis of
the minerals associated with the copper is worked out. Several

detailed cross sections are given at Portage lake, and one cross section
at thue Central mine describing the thickness and character of the

alternating rocks in treat detail.
MARVINEl in 1873, gives in the greatest detail the structure and

lithology of the alternating trappean and detrital beds of the copper-
bearing rocks on the Eagleriver section. The correlation of the Hough-
ton and Keweenaw rocks is fully discussed. The Albany, Boston, and
Allouez conglomerates are regarded as the sa ibed. Stra tigraphically
eleven out of fifteen conglomerates have equivalents in both the Hough-
ton and Keweenaw regions. The conglomerate beds of Keweenaw
point are not mere local deposits, but are unusually persistent, aid
while a bed may thin out and lose its character as a conglomerate, it
may still exist as a mere seam. In one instance a band exteis for
at least 50 miles, varying in thickness from a few to over 75 feet. It
is therefore concluded that the changes which formed the melaphyres

Jr [BULL. 86.
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ceased to act over extended areas during the time of the formation of
the sandstones and conglomerates. The abundance- of acid rocks among
the conglomerates was noted, and opposite Calumet the former pres-
ence of predominant qua rtz-porphyry was inferred.

ROMINGER, 104 in 1873, places the lake Superior sandstone as Potsdam,
finding it directly overlapped by the calciferous formation. At Presque
isle and Granite point the horizontal sandstones are found resting
upon the crystalline rocks, there being at the former place a conglom-
erate which rests unconformably upon the dolomite of Presque isle.
The sandstones on the eastern shore of Keweenaw point retain their
horizontal position and lithological character to such a degree that the
different strata can be parallelized without difficulty with those of the
more eastern localities. Near the center the horizontal sandstones are
found abutting against the uplifted edges of a different rock series, the
copper-bearing rocks. The abrupt edges of the strata look to the south-
east, and their dip is in the opposite direction under angles varying
from 700 to 490. The unconformable abutment of the sandstones against
the trappean series is plainly observed at several places near Houghton,
on the property of the Isle Royale company, near the stamp works of
the Calumet and Hecla mines, on the railroad coming down from the
mines to the stamp works, and on the Sheldon and Columbia property.

ROMINGER,"n in 1876, describes the red lake Superior sandstone as
unconformably abutting against or overlapping the trap rock with hori-
zontally disposed layers. On the western slope of the ridge the trap
rocks are conformably overlain by sandstones, conglomerates, and slates,
the age of which is intermediate between the trap and the horizontal
sandstone, but between all three there are such great lithological affinities
that it is natural to regard thepn as consecutive products of one and
the sate epochs. The absence of trappean rocks distinguishes the
upper division front the lower.

The I huron mountains are a crystalline granitic and dioritic Lauren-
tian rock series. These granitic rocks are surrounded by a narrow belt
of the horizontal red sandstone of lake Superior,-which abuts uncon-
formably against them. The Huronian rock series, with uplifted beds
alternating with slate rocks, quartzites, diorites, and jasper strata,
with seams of iron ore, lean unconformably against the granitic series.

BROOKs, 106 in 1876, places granite as the youngest Huronian rock
south of lake Superior. This granite occurs as the uppermost member of
the Menominee and Penokee series, but in the latter it thins out and dis-
appears before reaching the Gogebic region. The lithological character
of this granite belt bears a general resemblance to the Laurentian
rocks. This granite, from the fact that it does not give off dikes cut-
ting the copper-bearing series, is believed to be-earlier than ihe latter.
Although there is approximate conformability in strike and dip, there
is probably an unconformity between the copper-bearing rocks and the
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Penokee-Gogebic Huronian, as shown by the fact that the former series

is in contact in different places with various members of the H-uronian.
There is also an nconformity between the -luroniai and Laurentian.

As supporting the view that the pre-Silurian systems are distinct
periods, attention is called to the lithological differences between the
three series, as well as to the intensity of folding to which they have
been subjected. The detrital members of the copper series consist (If
friable sandstole showing no greater metamorphism than the Silurian,
and it is folded only in regular magnificent sweeps, the same strike and
dip continuing in some cases for about 150 miles. The Huronian series
consists of greenstones, various schists, clay-slates, quartzites, marbles,
with gneisses and granites containing no copper, and having (onformia-
ble beds of the various oxides of iron, and is everywhere sharply folded
into narrow troughs and irregular basins trending in every direction.
The Laurentian is still more plicated and metamorphosed, the stratii-
cation often being entirely obliterated. Whether the Laurentian rocks
can be separated into two or more nonconformable systems, as in
Canada, no opinion is ventured. Since Keweenaw peninsula is a strik-
ing geographical feature in lake Superior, and is the locality where the
copper series is best exposed, the name Keweenawian is suggested for
this period.

BROOKS'"', in 1876, gives a list of the rocks of the Huronian series
in order of their abundance and as they occur in stratigraphical suc-
cession in the Marquette, Menominee, Penokee, and Gogebic series.
Lithologically the rocks are divided into (1) Fragmental rocks, exclu-
sive of limestone; (2) Metamorphic rocks, not calcareous; (3) Calcareous
rocks; (4) Igneous rocks.

The Fragmental rocks include quartz-conglomerates, which occur in
the middle horizon, both in the -Marquette and Menominee and in. the
latter at the base of the series where it holds pebbles of granite, gneiss,
and quartz. In the Metamorplhic rocks not caleareous are included
many varieties; the mica-bearing series includes granite, syenite,
gneiss, mica-schists, hornblende-schists, mica-slates, clay-slates, diorites,
diabases, quartzites, siliceous schists, chert and jasper rocks, iron ores,
as well as many others. Among the eruptive rocks is a feldspathic

series, including granite dikes; hornblendic and pyroxenic series, in-
eluding diabase and similar rocks, and hydrols magniesian schistose

rocks which are found in dike-like forms crossing the quartzites, iron

ores, and greenstones.
The sucCession in the Marquette region froit the base upward is (a)

syenite, diorite, diabase, hornblende-schists, slates, conglomeratic

quartzites, and various quartzose iron ores; (b) quartzite graduating

into protogine, and containing interstratified beds of dolomitic marble;
(c) ferruginous quartzose schist; (d) hornblewdic rocks with green-

stones; (e) ferruginous quartzose flags, clay-slates, and quartzites; (/)
hornblendic rock, related to diorite and diabase; (y) siliceous hematitic
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and limoi1tic schistose ores; (h) diorite, lhornbllende-schist, and cilor-
ite-schist; (i) airenaceous quartz-schist, banded with micaceous iron
al quartzose limonitie ore; (j) pure specular hematite and magnetite,
with banded jaspery schists and interstratified beds of chloritic and
hydronica-schist; (k) an arenaceous quartzite, often semischistose and
conglomeratic; (l) argillaceous slate; (m) quartz-schists; (n) aitho-
phyllitic schist; (o) mica-schist. Similar successions are given in the
other regions mentioned aid correlated with that in the Marquette
region, and all of these successions are compared and correlated with

Logan's succession in Canada.
The Hiuronian in the Marquette, Menominee, and Gogebic regions is

noncontformtable with the Laurentian.
IumPvjTt,"" in 1878, describes lake Superior as divided into two

distinct basins by Keweenaw point, the western basin being a geosyn-
clinal trough. The southeastern lip of this trough consists of an im-
me ise development of volcanic rocks in the foirm of great beds and
flows associated with conglomerates and sandstoiies, both of whicil con-
sist essentially of porphyry detritus. This Keweenaw series is more
nearly conformable with the underlying highly tilted I luronian schists
than with the Potsdam sandstone. The prominent eruptive rocks of
the Keweenaw series fall under the two heads, diabase and melaphyre.
The changes which have taken jlace in the interior of the rock masses
since eruption, that is, the metasomatic development of these rocks, is
traced out in great detail.

VunIlrT,"'1 in 1879, describes the Laurentian series as consisting of
coarsely crystalline massive granites, passing into gneissoid rocks, and
these gr.dnating into mica-schist s, and the latter even as imperceptibly
into slates. The Lamentian granite is regarded as a metamorphic
sedimentary rock, because the quartz grains contain cavities tilled
with liquid, while igneous granites never contain such cavities, but
rather those filled with glass or stone. Thle lower huirouian strata have
beeni chiefly derived trom the ruins of the Laurentian rocks. The ion-
coulormity between the Laurentian and Huronian may be seen at Pen-
okee gap. Here the dip of the gneissoid granite isabout 700 to the
so141, while the plainly bedded lluronian strata in direct contact have
a dip of 650 to the north. At the Macomber mine, near Negannee, is
found a bed of manganiferous hematitic shale bearing the impression
of some fossil which Profs. Brush, Verrill, Dana, and Smith pronounce
to belong to the lower firms of life. The Lower Silurian sandstone
about the city of Marquette is nearly horizontally bedded, and rests
unconformably on and against the IIuronian.

hOMINGER ,110 in 1881, gives a general account of the Marquette and
Menouminee iron region, with very voluminous details as to particular
localities.

The Marquette region.--In general remarks on the geology of the Mar-
quette district the succession is (1) Granitic group; (2) Dioritic group;
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(3) Quartzite group; (4) Iron group; (5) Arenaceous Slate group; (6)
Mica-schist group; and (7) Serpentine group; but later it is seen that
the Quartzite group reposes upon the Iron group, so that the order
of 3 and 4 is reversed. The Silurian sandstones rest horizontally on
the other rock formations and frequently contain fragments of the
underlying formations. The crystalline granitic masses are directly
confined to the northern and southern limits of the Marquette district.
The dip of the strata on the south part of the trough is usually to the
north, and on the north side to the south, so that we may consider this
area as a synclinal caused by the upheaval of its northern and southern
margins. The granitic and sedimentary rock masses are traversed by
rock belts of a crystalline character, which represent lava streams
intruded at different periods subsequently to the rocks cut.

In the Granitic group the granites are found interstratified with the
Huroinian schists of the Dioritic group. The granites are usually mid-
dling coarse grained and in the main are massive, although distinct
geissoid rocks have a limited occurrence. LBesides the dioritic dikes
there are in the granites crystalline non-stratified masses resembling
eruptive dikes. In several instances granite dikes show a laminar
arrangement of the mica scales. Also syenites are associated with the
ordiniary granites. The hornblende rocks associated with the granites
are distinguished from those occupying a higher position in the series
by the brighter luster of the hornblende crystals. Dioritic rocks occur
interstratified with the granites, which are probably of the same origin
as the volcanic eruptives. In the Laurentian rocks no limestones, lay-
ers of quartzite, nor beds of iron ore are found. The granitic rocks in
their present position are actually the younger rocks, as shown by the
intrusion of large masses of granite between the stratified sediments of
the Dioritic group.

The dioritic group is regarded as remelted, completely metamor-
phosed Huronian sediments, their more crystalline character being due
to their closer proximity to the volcanic forces. The rocks of the Dio-
ritic group include a large succession of schistose beds of uniform
character, interstratified with massive diorite. In the dioritic rock
chlorite frequently replaces the hornblende and often seems to be a
product of its decomposition. The massive diorites are usually con-
formably bedded with the schists and often insensible gradations from
the schistose conditions to the massive diorite can be seen. The expos-
ures of massive diorite generally form a nucleus around which the
inclosing rock masses are arranged concentrically with a more perfect
schistose structure. In the Dioritic group are conglomerates. One
variety is well exposed at Deer lake furnace, where the pebbles are of
a feldspathic substance which on fresh fracture contrasts little with
the surrounding schistose mass. Also extensive conglomeratic masses
are found full of granite pebbles of large size in Sec. 2, T. 48 N., R. 26
W., and in Sec. 29, T. 48 N., I. 25 W. In opposition to Brooks it is
maintained that there is but one iron-group formation.
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The Quartzite group is in places interstratified with ferruginous and
siliceous scams, as well as novaculitic strata and siliceous limestones.
Frequently in the quartzite is a conglomerate containing abundant
quartz fragments, and also not infrequently containing granite and
slate fragments. Oftentimes these conglomerates containing the gran-
ite fragments are very close to the massive granite, while it not infre-
quently underlies them. At one pace in which the quartzite is in con-
tact with the granite the one rock is seen to graduate by imperceptible
stages into the other, in which case the sedimentary strata are changed
into the granite-like rock by being exposed to the contact with the
eruptive granite. In another place a granite breccia containing large
fragments of granite is found in connection with such large masses of
granite as to be too great to be fragments of a breccia, and this sug-
gests that the nucleus of the hills are solid granites, whose shattered

portions are recenmented on the spot by sedimentary debris washed
into the interstices. In the next hill to the south the inclosed water-
worn pebbles are in part granite and in part slate. Above the ore-
bearing rock beds is generally a very coarse quartzite conglomerate
which often has the characters of a coarse grained ferruginous quartz-
ite and grades down into a brecciated ore. The fragments are chiefly
ore, jasper and quartz, and the cement is arenaceous or ferruginous.
This occurrence is so general as to suggest that great disturbances not
of a local extent must have occurred at the end of the era of iron sedi-
ments. The number of localities and mines at which this conglomerate
or breccia occurs is very great. Among the latter are the Home, Gib-
bon, Jackson, Cleveland, Cascade, Gribben, Salisbury, Lake Superior,
Champion, Saginaw and Goodrich, Keystone, Republic, and Michi-
gamme.

The Iron group occupies a position inferior to the Qnartzite group,
and there are not two horizons here, as supposed by Brooks. It is com-
posed of banded jasper, contormable chlorite-schist, and ore. The ore-
deposits are not regular sedimentary layers, but the product of the
decomposition of the impure ledges by percolating waters, leaching out
the siliceous matter and replacing it with iron oxide, and are therefore
very irregular in form. The strata are in a much disturbed condition,
folded and distorted in every possible way, usually without fault.
These disturbed beds lie in every instance directly, but often uncon-
formably, on chloritic or hydromicaceous schists, or on ci:ystalline dio-
ritic masses, which are constant associates of the chlorite schists, or on
dioritic schists. At the Jackson mine are knobs of diorite associated
with schists surrounded by the banded jasper rocks, which are evi-
dently corrugated by the intrusion of this mass. In places the ore-
bearing formation is not found incumbent on the Dioritic group. At
Teal lake the quartzite is found under the ore and the diorite over the
ore, which leads to the conclusion that these strata are in an over-
turned position.
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The Arenaceous Slate group of great thickness is so designated
because a large portion of the rocks here included consist of sandy sili-
ceous layers, alternating with slaty argillitic rock beds and occasion-
ally with compact quartzite. The strata in different localities quite
often differ considerably. The rocks of this group are incumbent on
the quartzite formation, but also sometimes rest upon the ore-bearing
rocks, and quite oftei are found in direct contact with the dioritic
series. The rocks are sometimes conglomeratic or brecciated, the frag-
ments consisting of different kinds of rocks. In the black roofing
slates of Huron bay the cleavage is discordant with the bedding.
Occupying a position above the black slates are the ore deposits of the
Taylor mine, near L'Anse, and of the Northampton and D'Alaby, north
of Champion; also the S. C. Smith and other mines. These ores are
contemporaneous and equivalent to that of the Commonwealth in the
Menominee district.

The Mica-schist group is found exposed for the most part about
Michigamme village. The Serpentine group includes the rocks of
Presque isle and those of similar class. The Silurian sandrock reposes
unconfori ii ably upon the Serpentine formation at Presque isle. Besides
the serpentine and other inagiiesiai silicates, limestone comprises an
important share of this group.

The seven previous groups, considered to be a succession of sedi-
mentary strata, are intersected by various dikes, among which are a
dioritic rock and dolerite dikes, the latter of wh icli are later in age than
the former. No proof has been ftoInd of any discordance between the
granites of Marquette and the adjoiiiing ltironiamn beds. On the con-
trary, outcrops of the two kinds of rocks exhibit a remarkable parallel-
ism in strike and dip, and iii many localities the IIuroiiian schists and
belts of granite are interlamnuinated in perfect conformity. The granite
is, however, regarded as intrusive masses. The granites are therefore,
with reference to the stratified sedimentary rocks, actually the younger
rock.

The Menominee rcgion.-Many localities and sections in the Menoni-
nee iron region are described in detail. The Siliuriant sandstone is found
to rest unconformably upon the nearly vertical I luronian strata. Near
Sturgeon river falls, in the river, the quartzite formation reposes mi-
conformably on the granite. Thick layers of limestone are found in
the series, and this is sometimes coiiglomeratic. The fissile phyllite
schists are found in discordance with the dioritic schists at lake Han-
bury. The granitic an(d gneissic rocks south and north of the Felch
mountain ore formation are found to be absolutely identical. The dio-
ritic rocks are found generally and play the part of an intrusive with
regard to the strictly sedimentary rock beds of the Huronian series.
The dioritic group is held to be older than the iron-bearing group be-
cause it exhibits a greater degree of metamorphism and on the ground
that it is lithologically like the equivalent dioritic group of the Mar-
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quette district. It has evidently been transtilrmled under the coopera-
tionof heat and partially brought into a plastic condition.

In the eastern part of the Menominee region the rocks found coin-
prise, in descending order, the lake Hanbury slate group, perhaps 2,000
feet in thickness; the Quinnesec ore formation, which comprises mica-
ceous and argillitic strata, containing ore bodies, not less than 1,000 feet
thick ; and the Norway limestone' belt, at least 1,000 feet thick. The
Conimonwealth mine, in the western part of the Menonuinee district, rep-
resents a higher horizon than the Quinnesee ore formation.

WICHELL (N. Hl.),1' in 1888, describes in the Marquette district the
conglomerate overlying the ore and jasper formation at several mines,
and places the overlying quartzite in the Potsdaum. North of Bessemer
is a basal conglomerate of the Cupriferous series which is inferred to lie
unconformably upon the Gogebic iron-bearing rock. This conglomerate
appears to be the equivalent of the overlying Potsdam conglomerate of
the Marquette region, which makes the Gogebic series pre- I'otsdam.
The granite underlying the Huronian slates at the Aurora mine was
originally a conglomerate, but it has acted the role of an eruptive rock
and has flowed over the adjoining sedimentary strata. This granitic
conglomerate is parallelized with the Ogishki conglomerate of Minn-
esota, and the overlying sedimentary rocks are the equivalent of the
Animikie.

WINCHELL (ALEX.), 112 in 1888, finds the Marquette iron-bearing rocks
to have the same geological position with respect to the crystalline
schists and gneisses and to consist of sediments of the same character
as those of the Vermilion range. At Deer lake furnace is a peculiar
conglomerat ic rock which appears sedimentary, but is much altered and
has a quasi-eruptive aspect. This conglomerate is like that of Stuntz
island in Vermilion lake. Near Negannee is an argillite which has a
lower dip than a greenish chloritic quartzose rock across a railroad from
it, and the two are therefore unconformiable.

The rocks of Marquette are older than the lironian because they
differ from them lithologically; because the Canadian Huronian is inune-
diately succeeded by the Paleozoic system, while the Marquette strata
is not; because some evidences are found that in the Marquette dis-
trict there is an overlying unconformable sub-Paleozoic system; aind
because the Marquette series, being the equivalent of the Vermilion, is
older than the Animikie slates, which are the equivalent of the Iluro-
nian.

The rocks of the Gogebic range are regarded as the equivalent of
those of the Marquette region because they resemble them lithologic-
ally, and because they are in an analogous position to the crystalline
rocks. Between the Penokee series and the underlying schists there is
a marked unconformity, the Penokee rocks dipping to the north. while
the hornblende-schists dip to the south. The Penokee series strata are
lithologically unlike the ore-bearing strata of Gogebic, Marquette, and
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Vermilion regions, but resemble those of the Animikie series and are
therefore perhaps Huronian, while the Gogebic iron-bearing strata are
not.

WADSWORTH,""3 in 1890, gives a general account of the geology of
the Marquette and Keweenaw districts based upon his own and other
works. The Azoic system includes fragmental and eruptive rocks.
Among the former are various argillites and schists of the Marquette
district. Among the eruptive rocks are placed the jaspilites and their
associated ores, with the exception of certain soft iron ores of chemical
origin. The Keweenawan is again placed as a part of the Potsdam,
since the first lava flow found on Keweenaw point flowed over the
Eastern sandstone. Subsequently there has been a fault line or fissure
running near the contact of the sandstones and lavas. This fault is
regarded as normal and it accounts for the fact that sometimes the
lavas and sometimes the associated conglomerates are brought in con-
tact with the Eastern sandstone along the fault line.

WADSWORTH, 114 in 1891, modifies somewhat the foregoing account of
the Azoic system. A portion of the jaspilites and associated iron ores
are still held to be eruptive, but it is suggested that even for these
supposed nonfragmental jaspilites of Ishpeming and Negaunee, their
present relations may be due to sedimentary and chemical action and
the squeezing together of the jaspilite and schist. The jaspilite and
ore, with the associated quartzites, occurring at Cascade, Republic,
Humboldt, and a part of those at Ishipeminig and Negaunee, as well as
those of the overlying quartzites and schists, are sedimentary. In the
Marquette district there are three distinct geological formations or ages
in ascending order as follows: First, the hornil ende-schist and granIite
of Cascade or Palmer and the noufragmuental jaslpilite and ore of Isi.-
pening and Negaunee-the Cascade formation. Second, the frag-
mental jaspilite and ore, with their associated quartzites and schists of
Cascade, Republic, Humboldt, Ishpeming, Negannee, and elsewhere-
the Republic formation. Third, the overlying conglomerates, quartz-
ites, and schists of Cascade, Republic, Holyoke, and elsewhere-the
Holyoke formation.

Above the detrital Republic formation at the Cascade range is another
detrital formation which contains water-worn debris derived front the
underlying deposits of jaspilite and ore, and is therefore uncoinforia-
bly above it. At present it is not possible to determine positively
whether there are really three formations as given, or from four to six
different ones, or whether the three may be redued to two.

WADSWORTH,115 in 1891, finds that the Lower Silurian, containing
Trenton fossils near L'Anse, overlies the sandstone conformably, both
having a synclinal structure; which tends to confirm the commonly
received view of the Potsdam age of the Eastern sandstone.

WADSWORTH, 116 in 1891, gives observations upon the South Trap
range and adjacent sandstones. Various places are mentioned, includ-
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ing Silver mountain, which are composed of lava flows. These traps
sometimes have a dip not higher than 90 to 200. In Secs. 11, 13 and
14, T. 46 N., R. 31 W., sandstone is founid overlying the lava flows. The
Eastern sandstone on Traverse island, in Keweenaw bay, is said to
have an inclination of from 50 to 140, while in the vicinity of Torch lake
it has a dip of from 50 to 230. It is concluded that the above observa-
tions go to show that the lava flows of the South Trap range east of
lake Gogebic do not dip at a high angle, as has been generally asserted,
and further that the Eastern sandstone is not horizontal, as has been
generally stated, but that the two dip at a low angle, generally 50 to
200. These observations also indicate that the Eastern sandstone and
the lava flows of the South Trap range are one formation, and are as
conformable as eruptions of lava can be with a contemporaneous
sedimentary deposit.

RoMINGER,117 in unpublished manuscript of the Michigan Survey for
1881 to 1884, further reports upon the complex described in the former
volume as the Huronian system. The lower granite and gneissoid por-
tion of the rock groups in the Marquette region exhibits the characters
of an eruptive and not of an altered sedimentary rock. Generally a
solid crust of granite probably served as a substratum on which the
Huronian sediments were laid down, but an opportunity is not often
afforded to see the rocks in contiguity well enough exposed to allow a
discrimination as to whether such contact is an original primary one or
resulted from dislocation. The existence of granite as a surface rock at
the time the Huronian sediments formed is proved by the occurrence of
belts of granite, conglomerate and breccia in different horizons of the
series.

A large belt of conglomerate formed of rounded weather-worn granite
pebbles and schistose rock fragments, ceneited by a matrix of similar

schistose material, is seen in contact with a granite belt in the south
half of Sec. 2, T. 48 N., I. 26 W.; in the SE. I Sec. 22, T. 47 N., R.26 W.;
and in the north half of Sec. 29, T. 48 N., P.25 W. In the first of these
localities the fragments are different front the underlying granite. Time
second locality furnishes a better proof of the deposition of Huron ian
sediments on a base of granite. Here several knobs centrally com-

posed of massive granite are surrounded by a mantle of coarse granite
breccia, with a well laminated quartzose material as a cement. This
breccia is conformably succeeded by hydromica-slates, interlanminated
with heavy belts of compact quartzite. At the third locality granite
conglomerate is interlaminated with dioritic schists, but is remote from
granite outcrops. The gradation of the quartzite formation into tme
granite, described in the previous report as occurring in the north part
of T. 47 N., R. 25 W., is now considered as a recemented mixture of
granite fragments mingled with arenaceous material, although it is sin-
gular that the orthoclase crystals copiously found in the mass have all
sharp outlines and are quite fresh.
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The upheaval of the granite and its intrusion into the overlying strata
occurred in all probability near the termination of the Il aronian period,
as we find the granite in contact with all the I hironian strata up to the
youngest, and these always in a dislocated position. Intrusive belts of
granite are usually never found to intersect beds higher than the iron-
bearing group, except in the country north of the Penokee range in
Wisconsin, and in the vicinity of Duluth, Minnesota, where granite or
granite-like rocks cut across eruptive belts of gabbro which are them-
selves more recent than any of the sedimentary strata of the Huroniian.
These granites differ from the ordinary granites at the base of the
Huronian, and are most likely younger. The dislocation of the Iluroian
beds is not exclusively due to the upheaval and intrusion of the granite,
but has been caused in part by diorite and diabase intrusives which
intersect the granite as well as the incumbent beds. The diorites inter-
secting the granite are identical with similar rocks interstratified with
the schists of the Huronian group conformably or transversely inter-
secting them, and they therefore represent one and the same volcanic
injection. From the massive forms of diorite a gradation exists into a
schistose condition. This led to the conclusion in the former report
that the massive diorites had suffered secondary fusion; but as the
author is now convinced that schistose structure is not necessarily the
result of aqueous sedimentation, it is concluded that the dioritic group
does not belong in the sedimentary succession. Dolerite or diabase
rocks intersect in dike-like-form all the Huronian rocks, as well as I le
granites. As they are like those of the copper-bearing series, thIese
rocks, as well as the contemporaneous tows, are regarded as belonging
to the same geological period. In the Felch monmitain region one dike
(15 or 16 feet in thickness) of holocrystalline granite cuts across the iron-
bearing series. In Sec. 33, T. 42 N., H. 28 W., another granite dike cuts
through the iron-bearing rocks.

Above the iron-ore group of the Marquette and Menominee districts
before described is found at many localities important deposits of iron
in both these regions which belong in the Arenaceous Slate group.
There are, therefore, two iron horizons instead of one, as before sup-
posed. The mica-schist formation, supposed to belong above the Are-
n aceous Slate group, is found to dip conformably below it in some places,
and therefore is really a, part of the Arenaceous Slate group, amd is
believed to represent its middle horizon. The slate group about L'Ause
and Huron bay is black and often graphitic. The slate beds at Plum-

ago creek are succeeded by schistose beds richer in red feldspar and
containing little quartz, which might by superficial examination be mis-
taken for granite, but which is evidently a fragnental rock formed by
the detritus of the granite which near by forms large mountain masses,
and the granite of which is very rich in red feldspar and contains com-
paratively little quartz.
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The Gogebic region is described and the rocks are divided into gran-
itic, dioritic, iron ore, and upper slate groups, which are analogous to
the similar groups in the Marquette country. Graiiite seams were folud
here cutting across the dioritic schists, but were not found to cut the
truly sedimentary strata. Locally, in contiguity with the granite, are
heavy quartzite strata which are often conglomeratic, and are filled with
rounded granite pebbles. The dioritic rocks above the granite often
have a brecciated or conglomeratic structure, the fragments being vari-
ous kinds of diorite cemented by the same material. The diorite is of
eruptive character, as is shown by the occurrence of belts of it cutting
transversely through the ore-bearing series. Limestones are also found,
which occupy the same position as the limestones below the ore-bearing
strata in the Menominee district.

The succession in the Felch mountain, from the base upward, is (1)
granitic or dioritic rocks; (2) quartzite beds; (3) fissile quartz schists;
(4) micaceous argillite; (5) crystalline limestone with siliceous seams;
(6) ferruginous quartzites, containing the ore beds.

SECTION IV. WORK OF THE WISCONSIN GEOLOGISTS AND ASSOCIATES.

PERCIVAL,'" in 1856, describes the quartzite ridges of Baraboo and
Portland. The rock is a hard granular quartz, which has more or less
distinct lines of stratification, and resembles much a Primary granular

quartz. In the Baraboo rock are layers more or lessfilled with rounded
pebbles of quartz, resembling layers of the same kind in the lower
sandstone, and oblique cross lines between the regular lines of stratiti-
cation, which occurrences appear to connect it with the lower sand-
stone. The dip of these ranges is at a moderate angle to the north,
and if the rock is formed from the sandstone by igneous action from
beneath, the metamorphic change has not been accompanied by much
disturbance of the strata. The localities in which Primary rocks are
found are all within the limits of the lower sandstone, and most of them
occur at the falls of the northern rivers. These rocks are mainly horn-
blendic and syenitic, although trap rocks resembling the intrusive traps
of Connecticut are seen, but these arebelieved to be rather Primiiary green-
stones. Descriptions are given of the rocks of Marquette and Wau-
shara counties, of those of Black, Wisconsin, St. Croix and other rivers.
On Black river the rocks are syenite, greenstoue and chlorite slate, the
latter accompanied by iron ores.

DANIEL,"9 in 1858, describes the iron ores of Black river fills as as-
sociated with the chloritic and micaceous slates of the Azoic system.
Syenite is also found adjacent. The fossiliferous horizontal sandstone
rests upon the upturned edges of the Azoic slates, and at the base of
it is a brecciated conglomerate consisting of sand, ore and slate. In
the lower part of the Baraboo valley are lofty ranges of hard quartzite
which are the soft crumbling Potsdam sandstone violently disturbed
and changed.
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J.APITAM,12 1 in 1860, describes the Penokee iron range. Here is found
a motintain mass of iron ore in an ancient chloritic slate, which rests
upon a light colored quartz rock. Above and north of the ore the slate
is hardened, probably by some volcanic agency. The whole series dip
to the north.

HALL (JAMES),121 in 1861, describes the quartzite ranges of northern
Wisconsin, and particularly those of Spirit lake, as having been original
stratified sandstones which have undergone subsequent metamorphism.
These rocks are folded with their axes lying in an east and west direc-
tion and had become uplifted and metamorphosed before the commence-
ment of the Potsdamn era. In the quartzites in two or three localities
are found beds of conglomerates. These metamorphic masses are in all
probability the extension of the Huronian formation of Canada.

HALL (JAMES), 22 in 1862, describes the central and northern areas of
Wisconsin as consisting of the Azoic rocks. These are hard and crystal-
line, are often destitute of lines of bedding, though they are in reality
as regularly stratified as the more modern formations. Notwithstand-
ing their crystalline character, their alternation of beds of different
texture indicates their original different mechanical conditions as clearly
as in any of the unaltered strata. They were deposited precisely as
clay, sand, and limestone strata of more recent geological periods, and
owe their present character to metamorphism. These rocks are gran-
itie, syenitic, gneissoidl, or hornblendic. In the southern part of the
area of the crystalline rocks are iumnerous elevations of them appear-
ing within the limits of the succeeding stratified rocks, so that we know
that these latter are of later date. North of the Azoic rocks is the
range of trap, conglomerate and sandstone bordering Lake Superior
and known as the copper region. The quartzite ranges of Baraboo and
Necedah hold the same position relative to the Potsdam sandstone as
the lIuronian system of the Canadian survey.

WIIITTLESEY,123 in 1863, describes the copper-bearing strata of Ke-
weenaw point as extending southward across the boundary of the
state of 1\ichigan into Wisconsin, a distance of 160 miles. The order
of rocks along the line is everywhere the same. Beyond the copper
range, which is nearer to lake Superior, is a second range known as
the iron range, and to this the name Pewabik was applied, although by
a misprint it was transformed to Penokee.

Passing from lake Superior to south of the iron range, the structure in
descending order is as follows: Formation No. 1, Potsdam sandstone,
consisting of sandstones, conglomerates, black slates, and alternations
of trap and sandstone; No. 2, Trappose, in two members; No. 3, Horn-
blendic; No. 4, Quartz, with slaty layers, separated into two members
by a bed of magnetic iron and iron slate; No. 5, Granites and syenites
of central Wisconsin. This system is everywhere stratified and con-
formable throughout. On the Bad and Montreal rivers are found no
masses of crystalline limestone.

106 [BUL. 86.
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lRPVING,'E2 in 1872, maintains that the quartzites of Sank county are
1n1)lmnformiably below the Potsdam, because they are uptilted at a

high angle, while the Potsdam is horizontal, and the horizontal sand-
stone abuts against the quartzite and holds fragments derived from
it. These quartzites are either Laurentian or Huronian.

MURRIsii,1 25 in 1873, describes the quartzite ranges of Baraboo as a
metamorphic sandstone of the Potsdam age. On the Black and Yel-
low rivers are found granitic and hornblendic Azoic and plutonic rocks.
At Black river falls are knobs of magnetic ore in a series of elongated
knobs or mounds, associated with quartz and micaceous slate. At
Grand rapids, on the Wisconsin river, Azoic rocks similar to those on
Black river are found. A quartzite mound at Necedah occupies a
geological position similar to the iron ores at Black river falls.

EATON, 126 in 1873, maps the quartzites of the Baraboo river. At
Ableman's the highly tilted quartzites are flanked on both sides by
horizontal sandstone and conglomerate, the latter having angular frag-
ments of the quartzite of varying magnitudes. The overlying sand-
stone is exactly like that described by Irving at Devil's lake as con-
taining Potsdam fossils. The sandstone is above horizontal limestone
containing Pleurotomaria. The quartzite is then an old Azoic reef of
tilted rocks which has suffered enormous erosion before washed by the
waves of the Potsdam sea.

IRVING,12 1 in 1873, maintains the pre-Potsdam age of the Portland

quartzite on the same ground as the pre-Potsdam age of the Baraboo
ranges. There is a close similarity between the Baraboo and Portland
quartzites and the rocks in northern Wisconsin and 1Michigaan which
are now regarded as Euronian.

IRJViNG,12
1 in 1874, describes as occurring in northern Wisconsin four

distinct groups of rocks, the Laurentian, Huronian, Copper-bearing,
and Lower Silurian. The Laurentian consists of granites, gneisses,
and syenites for the most part, although there may be various schist
beds present. The I uronian rocks consist of siliceous sehists, quartz
rock, and black slates, magnetic and specular schists and slates,
metamorphic diorite lnd diorite-schists. Its lowest portioi is of
simple siliceous schist with some granular white quartz, gray quartz-
ite, and black slate. The central portion consists of magnetic and
specular slates and schists in which all the ores are found, and the
highest and northernmost portion consists of diorites, diorite-slates,
diorite-schists, and quartz-slates. The Copper-bearing series is next
north of and immediately overlies the Huronian, and is of enormous
thickness, never less than 4 miles. The lower portions of the group
are probably in part of igneous origin, but the upper portions are be-
yond all doubt exclusively the results of sedimentation. The group
consists of shales, sandstones, conglomerates, amygdaloids, and traps.
The sedimentary series do not altogether overlie the trappean beds,
but are near their junction directly and unmistakably interstratified
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with them. The Silurian rocks in A sliland comty are in a horizontal
position in a trough between two lines of ligihdly tilted beds of the
Copper-bearing series. At one place the horizontal salstone is fo nid
within a few hundred feet of the copper-bearing trap and within 2 miles
of vertical sandstones of the same group.

In Douglas county the horizontal sandstone is traceable to within a
short distance of the trap, and sometimes to actual contact, the trap
dipping, whenever it is observable, always to the southward, and
having no tilted sanidstones and conglomerates associated with themt.
As the Huronian and Copper-bearing series are in apparent con1-
lormity it is concluded that they were once spread out horizontally
one over the other, and owe their present highly tilted position to one
and the same disturbance; and subsequently, after a long period of
erosion, the horizontal Silurian sandstones were laid down over and
against the upturned edges of the Copper-bearing series; and that
hence the Copper-bearing series is more nearly allied to the Arclhean
than to the Silurian rocks. One fact is, however, difficult of explana-
tion on this hypothesis. In Douglas county at several places the hor-
izontal sandstones, when traced to their junction with the southward

dipping trap, present a remarkable change; the horizontal layers are
suddenly seen to change from their ordinary position to a confused

mass of broken layers, dipping in every conceivable direction and in-

creasing in confusion as the trap is approached, until Iinally the whole
changes to a confused breccia of mingled trap and sandstone fragiments.
It is suggested that this appearance is daue to the movement of the solid
trap northward against the sandstone since the deposition of the latter
rock. The great lake Superior synclinal of Copper-bearing rocks is
found to extend west into northern \isconisin.

SWEET,1 29 in I' 76, describes the junction of the Laurentian and Hu-
ronian rocks on Bad river. Here at the base of the Huronian series is
a siliceous marble dipping to the northward at an angle of 660, while
100 feet to the south is a ledge of gneissoid granite showing a well
defined dip of 770 to the south. There can be no doubt of the uncon-
formability of these formations. The Peinokee series is found to be
about' 3,000 feet thick, to be everywhere confornable, and to dip about
660 to the north.

On the Chippewa is found. a quartzite which has a layer the lowest
stratum of which is a reddish metamorphic conglomerate having a
thickness of 300 feet. The pebbles of this conglomerate are either
jasper or amorphous quartz. The conglomerate and quartzite are dis-
tinctly and heavily bedded. South of this quartzite are syenitic gran-
ites which are assumed to be of Laurentian age, and the quartzites
and conglomerates are assumed to overlie them unconformably. A
short distance north of the mouth of Snake river cupriferous melaphyres
and amygdaloids are overlain by horizontal beds of light colored Pots-
dam sandstone, while a few miles to the north conglomerates and shales
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conformably overlie the cupriferous strata. The conglomerate is heav-
ily bedded, but does not cover the melaliphyres and amygdaloids at all
points, appearing to fill pockets and depressions in them rather than
being interstratified. At St. Croix fills on the St. Croix river Pots-
dam sandstone conta ining fossils are fond iu a horizontal position with in
a few feet of the cupriferous rocks. Depressions and pockets in the sur-
face of the cupriferous rocks are filled with horizontal layers of the
sandstone, and detritus from the crystalline rocks are found in its lay-
ers. The lake Superior synclinal is traced westward across the state
of Wisconsin and enters the state of Minnesota. It is then over 300
miles in length and from 30 to 50 miles in width.

IRVING, 130 in 1877, summarizes the facts proved as to the older rock
series of Wisconsin. There are here four series: The oldest (1) are
gneisses and granites with other rocks; these are overlain uncoti-
formably by (2) a series of quartzites, schists, diorites, etc., with some
gneiss and granite; these in turn are overlain-probably also nmcon-

formably, but this is not certainly proved-by (3) the Copper series,
which includes greeinstones and melaphyres ad also great thicknesses
of interstratified sandstome, melaphyres, amygdaloids, and sales, the

whole having a thickness of several miles; these finally are unconform-
ably covered by (4) a series of unaltered horizontal sandstone including
numerous fossils, many of which are closely allied to those of the Pots-
dam sandstone of New York, and all of which have a marked Primor-
dial aspect. To the Laurentian and Hllroniali systems of Canada are
referred (1) and (2) because they bear the same relations to one a another
and to the Copper series that these systems do.

The exact ,junction between the Potsdam sandstone and the HI1ro-
nian quartzite is seen at numerous places. The Potsdam, containing
fossils and numerous fragmnenits from the older rocks, lies upon and
wedged in between the tilted ledges of the llnrouian. Exactly similar
unconiformability is to be seen at the Dalles of the St. Croix between
the Potsdam and Copper series.

WIGHT,131 in 1877, describes the horizontal Potsdam sandstone as
resting on the uneven and tilted surface of the underlying igneous or
crystalline rocks at St. Croix falls. Almost in contact with the trap
the sandstone contaitis numerous well preserved fossils. At IPile
island in Kettle river the Superior red sandstone contains abundant
fragments of the adjacent trap, forming a brecciated conglomerate li-
dred to the conglomerate which extends from Keweemaw point along
the northern base of the Porcupine and Penokee mountains. Every-
where this conglomerate is composed of fragments of the more elevated
Huronian or trap ridges. The Superior red sandstone, wherever it
borders the trap ridges, shows that it has been tilted, brokeni up, or
crushed. It appears that the trap, whether erupted or upheaved con-
vulsively or slowly, encountered this formation in its ascent. On the
contrary, the Potsdam sandstone everywhere rests in a horizontal
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undisturbed position on the bedding of the trap. Either the Superior
red sandstone is older than the Potsdam or the trap rocks in conjunc-
tion with the Superior red sandstone are younger than those in con-
junction with the Potsdam.

CIIAMBERLIN,- 2 in 1877, describes the Archean rocks which in the
eastern part of Wisconsin protrude but are not intrusive in the Pale-
ozoic formations. These are the Mulwa granite, the Berlin porphyry,
the Pine bluff quartz-porphry, the Marquette quartz-porphyry and the
quartzites of Portland and Waterloo. The porphyries are found to
have obscure but distinct bedding. The metamorphosed quartzites
show ripple marks and contain conglomeratic layers. The Potsdam
sandstone and Lower Magnesian limestone rest in a horizontal position
against and contain fragments from the crystalline rocks. The quartz-
ites are regarded as originally sandstones and conglomerates which
were metamorphosed before the deposit of the neighboring horizontal
rocks, and which have been tilted and eroded before the stratified rocks
were deposited. These quartzites are regarded as a portion of the Bar-
aboo quartzite series.

IRVING,l 3 in 1877, describes the Archean rocks which cover all of
Marathon, most of Wood, and much of Clark, Jackson and Portage
counties, in Wisconsin. The Laurentian is a great mass of crystalline
rocks, granite, gneiss, chlhritic, micaceous and hornblendic schists which
are folded and eroded so as to offer the greatest obstacles to their de-
tailed study. On the south side of the Laurentian core, on Black river,
and in isolated masses, are ferruginous schists, quartzites, and quartz-
porphyries, which are probably Huronian. The presence of these rocks
on the south, the quartzites of Chippewa and Barron counties on the
west, and the Huronian rocks of the Penokee range on the north leads
to the suggestion that the Huronian rocks entirely surround the Lauren-
tian core of northern Wisconsin. The line of junction between the
Archean area and the Potsdam formation to the south is exceedingly
irregular. The latter always rests in a horizontal position upon the
crystalline formations with the most marked unconformability, the ex-
act contacts being found at several places. The most abundant of the
crystalline rocks is gneiss, and the original bedded condition of the
whole series is evident, not only by a prevailing gneissoid and schistose
character, but also by the existence of distinct bedding planes which
can generally, even in the granitoid kinds of rocks, be readily made out.
The processes of metamorphism and disturbance have been carried to
the last extreme, as shown by the highly crystalline character of the
rocks and the fact that the gneiss grades into granite, as well as by
the greatly contorted condition of the gneiss lamino and the close fold-
ing of the whole series. While the series as a whole is bedded, dis-
tinctly intrusive granite occurs, as shown by the way in which it joins
and penetrates the bedded rocks. The main area of the crystalline
rocks certainly belongs to the Laurentian, and a small area only on the
south of the district is doubtfully Huronian.
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Very numerous details are given as to particular localities, showing
the manner of occurrence and relations of the different varieties of
rocks and the unconformities which exist between them and the Silu-
rian. On Mosinee and Rib hills are found large exposures of quartzite.

At Black river falls the regularly bedded succession of highly tilted
strata of many members consists in large part of regularly laminated
schistose rocks, such as ferruginous quartz-schist and magnesian schist
or slate, having together an approximate thickness of at least 5,000
feet. Gneiss and granite are also here found.

Isolated from the main Archean area are quite numerous exposures
of crystalline rocks which protrude in mound-like forms from beneath
the horizontal strata. The largest of these are the quartzite ranges of
Baraboo. About many of these areas are found horizontal sandstone
lying immediately against the tilted crystalline rocks and carrying peb-
bles and bowlders derived from them, proving that they are all of
greater antiquity than the surrounding sandstone layers. These rela.
tions are particularly well shown in the Baraboo quartzite ranges. Aside
from these ranges, the more important areas are the Marcellon, Observ.
atory hill, Moundville, Seneca (Pine bluff), Marquette and Berlin
quartz-porphyries, the Montello and Marion granites, and the Necedah
quartzite.

IRVING,1 34 in 1878, describes at Potato river the siliceous slate, one
of the lower members of the Huronian, as in contact with the chloritic
gneiss of the Laurentian. The slate inclines at a high angle to the
north, while the gneiss layers dip to the south and strike in a direction
oblique to that of the slate layers.

CHAMBERLIN,mI in 1878, describes on the Gogogashugun, in the
Penokee district, the exact junction between the Laurentian and Hu-
ronian series. The Laurentian member consists of a peculiar gneissoid
rock like that which occupies a similar relation at Penokee gap. The
Huronian lies in absolute contact with this. Its siliceous material at
the time of its deposition so insinuated itself into the irregularities of
the surfaces of the gneiss that the two formations are interlocked, and
a hand specimen was obtained, one portion of which is Laurentian
gneiss and the other Huronian schist, the two being unconformable.
The Huronian siliceous schists are overlain by beds of white and red
quartzite, and these graduate into alternating layers of quartzite and
iron ore. The iron ore horizon is here hematitic and soft, but is the
equivalent of the hard magnetic horizon to the west. In this part of
the belt is presented the greatest probabilities of the existence of work-
able ore.

IRVING,1 36 in 1880, gives a comprehensive account of the general
structure of northern Wisconsin. Here are found four great systems,
the Laurentian, Huronian, Keweenawan, and Lower Silurian, all of
which are unconformable with each other. The rocks of the crystal-
line nucleus are correlated with the Laurentian of Canada because they
sustain the same structural relations to the Huronian, Keweenawan,

VAN HIM]J
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and Lower Silirian as does the typical Laurentian of Canada, and be-
cause they have the same general litlhological peculiarities. There cant
be no reasonable doubt that they are directly continuous with the
Canada Laurentian. The prevailing rocks are granite and gneiss.
These rocks are greatly folded and have certainly an enormous thick-
ness. It is evident that these rocks are of true sedimentary origin.

The granites are generally without distinct bedding, but no eruptive
granite recognizable as such has been observed.

Lying immediately against the Laurentian, and sharply defined from
it, extending from Montreal river to lake Numakagon, is a belt of schis-
tose rocks which are beyond question the westward extension of the
iron-bearing series of the upper peninsula of Michigan. This belt has
an aggregate thickness of strata of 13,000 feet. The subdivisions, be-
ginning below, are (1) crystalline limestone; (2) quartz-schist and argil-
litic mica-schist; (3) tremolitic magnetite-schists, magnetic and specular
quartzites, lean magnetic and specular ores; (4) alternations of black
mica-slate with diorite and schistose quartzites; (5) mica-schists with
coarse intrusive granite. These major divisions are again subdivided
at Penokee gap and vicinity. The system always dips north, usually
at a high angle, the strikes are oblique to the underlying Laurentian
gneiss, proving the unconformability of the two systems, the actual
contact of which can be seen in several places. These rocks are re-
garded as the equivalent of the Iuronian of Can ada, because they are
the direct continnatiomof the iron-bearing system of Marquette, because
the grand divisions of the Bad river mnd Marquette system are sini-
lar, because they show the same relations to the Laurentiani and e-
weciiawan systems as found in the Iuronian of Canada, i. e., newer
thao the former and older than the latter, and because the Margette
and Menominee sediments are in unconformable contact with the Lower
Silurian sandstone.

The Keweenawan system is a distinctly stratified one, in large meas-
ure made up of eruptive rocks in the form of flows. These constitute
the lower 10,000 feet of the system, and above these are found the de-
trital rocks, increasing in frequency, until they wholly exclude the igne-
ous rocks in the upper 15,000 feet. The eruptives of the system are
chiefly diabase, melaphyre, and gabbro. The succession on the Mon-
treal river is (1) chiefly diabase and diabase amygdaloid, with little
satisfactory appearance of bedding and having a width of about 33,000
feet; (2) alternations of (1) with red sandstone and shale, 1,200 feet; (3)
bowlder conglomerate, 1,200 feet; (4) alternations of shale and quartz-
less sandstone, 350 feet; (5) red sandstone and shale, 12,000 feet. If
the series is regarded as a continuous one it is at least 50,000 feet thick.
There are two prominent belts of the Keweenaw rocks in northern Wis-
consin lying parallel to each other and having between them a synclinal
depression which is occupied by Chequamegon bay. The Keweenawan
system is evidently newer than the Penokee system, That the two sys-
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tems are actually nonconformable in these regions is not evident, for
in sections the dip in passing from one to the other is generally nearly
the same. That there is a real unconformity is indicated by the facts
(1) that in passing westward from Penokee gap the uppermost beds of
the Huronian are gradually cut off by the gabbro that forms the base
of the Keweenaw series; (2) that there is not an absolute conformity in
dip between the liuronian and Keweenawan rocks; (3) west of lake
Numakagon the diabases and other eruptive rocks of the Keweena.w
series appear completely to cover the Huronian.

The lake Superior sandstone is always in a horizontal position and is
more highly siliceous than the sandstones of the Keweenawan system.
At the St. Louis river it overlies unconformably the Huronian schists.
In Douglas county are several junctions of the sandstone with the Ke-
weenawan rocks. Here the horizontal sandstones in atpproaching the
eruptive rocks of the Keweenawan system are found to be brecciated
and tilted, the original liues of deposition being sometimes entirely
obliterated. These peculiar appearances are regarded as due in part to
the naturally confused mode of deposition on the clilfy shore in which
the sandstone was originally deposited; but a slight movement of the
deep-seated crystalline rocks against the more superficial sandstones
would also account for much of the phenomena. That the sandstone
formation rests unconformably, upon th Keweenawan system is further
shown by the fact that in the Dalles of the St. Croix the horizontal
sandstone and sales, with characteristic Primordial fossils, lie upon
the irregular and eroded surface of a Keweenawan melaphyre.

The Penokee series is compared with the Marquette Huronian and
there is found to be a general likeness in the rock succession in the two
regions. Very numerous detailed sections and outcrops at particular
localities are fully described and mapped.

WRIGHT, 137 in 1880, describes the Huronian series west of Penokee
gap. The succession here found is limestone, chloro-silicious schists,
quartzites, magnetic schists, Keweenawan; the magnetic schists being
occasionally interstratilied with greenstone. At Penokee gap is found
adolomitic limestone overlain with quartzite and clhloro-siliceous schists,
which rest unconformably upon the Laurentian rocks. The Huronian.
rocks here have a dip of 660 to the north, while the Laurentian rocks
have a southern inclination from 650 to 800. West of Numakagon lake
the magnetic attractions are found to cease and the Copper-bearing
series and granite belonging to the Laurentian are found in direct con-
tact. This appearance is regarded as being due to the covering up of
the Lower Huronian by the Copper-bearing rocks.

SWEET,"' in 1880, describes the geology of the western lake Superior
district. The geological formations here found comprise the Laurentian,
Huronian, and keweenawan systems. The Keweenawaii rocks are found
in a great synclinal. In northern Wisconsin, below the Keweenawan,
no southward dipping rocks are found referred to the Huronian, but in
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Minnesota, along the St. Louis river are strata which occupy a position
inferior to the Keweenawan series, are lithologically like the slates of
Ashland county, and are cut by numerous dikes in lithological char-
acter precisely like the rock at the base of the Copper-bearing series.
They are hence regarded as Huronian. The Copper-bearing strata con-
sist of a detrital upper portion of sandstones, conglomerates, and lnreccias,
having a maximum thickness of 9,000 feet, and of eruptive strata, con-
sisting of melaphyre, diabase, porphyry, gabbro, etc., having an appar-
ent maximumu thickness of over 36,00) feet. The quartzites, siliceous
schists and chloritic slates along the St. Louis river, referred to the
Huronian, are many thousand feet thick. Upon the St. Louis slates at
one place the lake Superior red sandstone and conglomerate repose
unconformably. TheKeweenawaneruptiverocksarebedded. Theyhave
a very persistent and quite uniform dip and strike in any given locality.
The layers are seldom less than a foot or two in thickness and aremore
often many feet thick, so as to give an exposure an unstratified appear-
ance. On one side of each layer is a precipitous and somewhat jagged
ridge, owing to the exposure of the edge of the layers, while on the other
side the soil descends with the inclination of the bedding.

As to the age of the Copper-bearinig series, it can be only said that
they are older than the lake Superior red sandstone; for when the latter
is conglomeratic the pebbles are almost invariably derived from the
Keweenaw series. Also the perfectly horizontal sandstones approach
in that condition within 15 or 20 feet of the dipping crystalline rocks;
and from this it is assumed that they unconformiably overlie them. At
Black river falls on the lower Black river, at the gorge of Copper creek,
and along the west bank of Middle river, the horizontal sandstones are
found, in approaching the eruptives or the Copper-bearing series, to be-
come uptilted, brecciated, and in sonic cases conglomeratic, and some-
times wholly lose their structure. The eruptives in all these cases dip
away from the uptilted sedimentary rocks.

CHAMBERLIN and STRONG,' in 1880, describe the geology of the
upper St. Croix district. The Keweonaw series is coinposed of two
classes of rocks, massive crystalline beds which owe their origin to the
succession of outflows of molten rocks, and conglomerates, sandstones
and shales derived from the wear of these igmeous rocks and from the
older formations. They are in part interstratified with the igneous
rocks and in part overlie their. The eruptives are mainly diabase and
diabase amygdaloid, although melapyre is found. The Keweenawan
beds were deposited in essentially a horizontal condition, were bent into
their present trough-like form, and ercded, amd upon their upturned
edges was deposited the Potsdanm sandstone. This is shown by the fact
that at St. Croix falls the horizontally stratified sandstone is found with-
in a few feet of an exposure of highly inclined Keweenawan melaphyre
containing numerous fragments derived from it. This sandstone has
characteristic Potsdam fossils. At one place near the falls the Potsd am is
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found directly superimposed in a small gorge upon the melaphyre. The
melaphyre is cut by vertical planes of division which are quite smooth
and uniform; but there is another persistent set which is much less
smooth, but persistent and constant in direction. These planes are
usually in detail slightly uneven and undulatory, and separated bysev-
eral feet. They are believed to represent the dip of the igneous beds.
It is upon the persistence of these inclined beds, taken in connection
with their parallel lithological habit, that the determinations of dip are
made. Outside of the district the northward dipping diabase is found
on one side of the Numakagon river, while upon the other is seen the
Laurentian granite.

BROOKS, '4 in 1880, gives the geology of the Menominee iron region.
The Lower Silurian sandstone is found capping the older rocks near
lake Eliza. The Laurentian granite, gneiss, and crystalline schist series
is not subdivided. No limestones, dolomitic marbles, conglomerates,
calcareous or arenaceous chloritic sclists are considered as belonging
to the Laurentian system. It is not certain whether this series occurs
in Wisconsin within the area surveyed.

The Huronian series is divided into lower, middle, and upper divi-
sions. The lower division comprises the lower quartzite of great thick-
ness, the great marble formation, and the great iron ore horizon con-
taining magnetic, hematitic, and jaspery schists as well as deposits of
iron. The middle Huronian comprises quartzites, clay-slates, and ob-
scure soft schists. The upper Huronian includes mica-schists, gneisses,
and granite, the last of which may possibly be eruptive, but is the
topmost member of the Huronian succession. Interstratified with the
Huronian are diorites, diabases, gabbros and greenstones, and green-
stone schists, which are believed to be confirmable beds of metamor-
phosed sediments. They are never found in the form of dikes. The
thickness of the Huronian in the Menominee is not far from 10,000 te
15,000 feet. There is great diiculty in ascertaining exactly the thick-
ness on account of the sharp folds, where thick beds double back upon
themselves. This especially affects the quartzites, clay-slates, and
greenstones. The relative proportions of the different kinds of rocks of
the Huronian and a correlation of the successions in various districts 01
the Menominee are given, and the twenty members (including the uppei
granite) are correlated in detail with successions north of lake Huron,
and in the Marquette, Gogebic, Penokee, and central Wisconsin regions.
The resemblance between the Marquette, Menominee, Sunday Lake
and Penokee series are so numerous as to point unmistakably to their
having been formed in one basin under essentially like conditions,
Detailed sections and maps of the rock exposures are given at numerous,
points. The youngest Huronian member, the granite, has a wide extent
While this is true, granite (ikes are rare in the Menominee Huronian
and have never been observed in the Marquette series. No rock,
affording the slightest suggestion of conglomeratic structure have beer
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found in the Laurentian, its rocks always being much metamorphosed
and often so much as to destroy all traces of bedding. Underlying the
quartzite at Sturgeon river fulls is a schist-conglomerate which has
numerous pebbles of what appear to be granite and gneiss from the
adjacent Laurentian. In the Pine and Poplar river regions is found
conglomeratic quartz-schist containing micaceous iron and magnetite.
In the Commonwealth section are included quartz-schists which are
conglomeratic, coitahining pebbles of white quartz and jasper. There
are also found in the upper beds of the Huronian, conglomeratic mica-
ceous quartz-schists. At various places granites and gneisses overlie
conformably the younger l-uronian schists, into which they send dikes.
As the evidence of bedding is rare, it is possible that toward the end
of the Huronian period there was a great eruptive overflow of these
rocks. Cutting the Laurentian rocks in all directions are dike-like
masses of granite and greenstone. The abndant greenstone dikes of
the Laurentian are much more common than in the Huronian, and
resemble the Huronian bedded diorites. It is suggested that these
(likes have afforded the material for the greenstones and related schists
of the Huronian. May not also considerable of the magnetite come
from the same source?

WRIGHT 141 in 1880, in describing the western and southern extension
of the Menominee range, states there can be no doubt that the granite
is younger than the lower linronian. This latter (lips under the former,
and veins of the former penetrate the latter, but whether it belongs to
the lower Huronian is an open question.

STRONG, SWEET, BROTHERTON and CHAMBERLIN, 142 in 1882, further
describe the quartzites of Barron and Chippewa counties. They are
found in several localities to contain beds of conglomerate, to have not
infrequently distinct bedding, and to contain locally beds of pipestone.

KING, 143 in 1882, describes the rocks of the upper Flanbeau valley.
They are found to be mainly granite, gneiss, hornblende-schist and
mica-schist, and are all referred to the Laurentian.

IRVING and VAN HIsE,144 in 1882, describe the crystalline rocks of
the Wisconsin valley. The crystalline rocks here found are a great
series of schistose gneisses. Alternating with these are finer grained
and more highly lamellar schists. Intersecting the gneiss are dikes
of various basic rocks, while structureless masses of granite, presum-
ably intrusive, are also found. In the vicinity of Wausau are argilla-
ceous quartz schists and quartzites, which on lithological ground may
be referred to the Iuronian, although of the structural relations of these
rocks with the Lamrentian gneisses nothing is known.

CHAMBERLIN, 145 in. 1883, gives a systematic account of the geology
of Wisconsin. The rocks of Laurentian age are mainly of the granitic
type, consisting largely of granites, gneisses, syneites, hornblendic,
micaceous, and chloritic schists, with allied rocks. These are associated
with igneous diabase, diorites, and similar rocks. This series is re-
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garded as a sedimentary accumulation, on the grounds (1) of foliation
and stratification; (2) of the alternating bands of varyingchemical consti-
tution; (3) of the verging of one kind of rock into another laterally; and
(4) of the presence of kinds of rocks not known to be produced by
igneous agencies. The thickness of these sediments is enormous. An
estimate of 30,000 feet is probably not too great.

The calcareous and carbonaceous beds of the Laurentian of Canada,
as well as the Archean limestones and iron ore beds of New York, are
considered to be Huronian rather than Laurentian, and if this is so,
there is present in the Laurentian no positive evidence of life, although
investigations in the future may reveal evidences of organic beings. The
development of life in the Primordial is so abundant as to lead to the
conclusion that for its evolution to this degree of perfection a vast
prior period of time was required which probably would carry the life
well down into the Laurentian series. It is further suggested that the
abundance of alkaline rocks in the Laurentian may be due to the effects
of life in the Laurentian ocean.

Between the Laurentian and Huronian periods the Laurentian beds
were closely folded; the sediments were changed by metamorphism to a
thoroughly crystalline condition, and the series was profoundly eroded.
About the thus formed Laurentian isles was deposited the Huronian.
This comprises the Penokee series, the Menominee series, the Baraboo
quartzites, the quartz-porphyries of central Wisconsin, the quartzites
and catlinite of Barron and Chippewa counties, and the iron-bearing
series of Black river falls. These series consist for the most part of
limestones, slates, sometimes heavily carbonaceous, quartzites, hema-
titic and magnetitic schists, mica-schists and diorites. The presence of
limestones, carbonaceous shales, and iron ore are taken as the evidence
of life. After the deposition of the Huronian it was upheaved, meta-
morphosed and eroded before the beginning of Keewenawan time,
although the unconformity between the two series in Wisconsin is
but slight and the above changes were only partially accomplished
when the Keweenawan eruptions began. The netaimorphism was less
in degree than that which has affected the Laurentian strata, but is
more intense than that which the Keweenawan series has suffered. It
was not in general sufficient to obliterate the original grains and peb-
bles, nor to destroy ripple and rill marks. In the Huronian strata are
igneous beds and dikes of gabbros, diabases, and diorites, the age of
which is not certain. They may be, so far as yet known, in part con-
temporaneous and in part subsequent, or wholly the one or the other.

The rocks of the Keweenawan period consist of interstratified igne-
ous and sedimentary beds; the former mainly diabases, with some
gabbros, melaphyres, and porphyries; the latter conglomerates, sand-
stones, and shales, derived mainly from the igneous rocks. The maxi-
mum thickness is about 45,000 feet, of which the upper 15,000 feet is
sedimentary. The bottom of the lake Superior basin was gradually
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subsiding during the time of the formation of these beds. While tilted,
they are not contorted or metamorphosed. There is in this period no
direct evidence of the existence of life. Over the great conglomerate
of the Penokee and Porcupine mountain regions is a black shale that
simulates those of later ages formed in association with life. After
the close of the Keweenawan period, before the Potsdam sedimentation
began, there was a period of erosion. How great this interval was has
not yet been determined; quite possibly the lower Cambrian forma-
tions of Great Britain and Bohemia bridge the entire interval.

IRVING,14 6 in 1883, gives a systematic account of the lithology of
Wisconsin. Among the eruptive rocks are placed diabase, melaphyre,
gabbro, norite, diorite, peridotite, syenite, porphyry, and granite.
Among the schistose rocks are gneiss, mica-schist, hydromica-schist,
actinolite-schist, tremolite-schist, hornblende-schist, augite-schist, chlor-
ite-schist, tale-schist, magnetite-schist, hematite-schist, quartz-seliist,
quartzite in part, chert-schist, and jasper-schist. Among the half frag-
mental rocks are quartzite, clay-slate, and novaculite. The explana-
tion of the origin of gneiss or lamellar granite by metamorphism, the
structure being regarded as residual sedimentation, is regarded as un-
satisfactory. Many rocks which have been called metamorphic are
placed as eruptive, and it seems not improbable that the same origin
is to be attributed to some rocks with a strongly developed schistose
structure. The hornblende-schists are regarded as altered forms of
augite-schists.

WOOSTER, 147 in 1884, describes, upon the St. Croix river near Osceola
mills, the Potsdam sandstone carrying fossils, which grades down into
a conglomerate containing pebbles from the Keweenawan, Laurentian,
and Huronian series. The sandstone and conglomerate rest unconform-
ably upon the underlying Keweenawan rocks.

FULTON,14
1 in 1888, describes the Huronian rocks of the eastern Me-

nominee region as consisting of three formations. The basal formation
is a crystalline siliceous limestone at least 1,200 feet thick, which out-
crops at many localities along the range, especially north of the Norway,
Quinnesec, and Chapin mines. The next group, estimated at a thou-
sand feet in thickness, is the Quinnesec ore formation. It consists of
siliceous or jasper slates, largely impregnated with iron oxides. These
are succeeded by argillaceous hydromica slates and tiesh-colored slates.
This formation embraces the deposits of iron ore. The third formation
is a series of dark gray, slaty, or schistose rocks, with occasional
quartzose bands, having a thickness of 2,000 feet, and is called the lake
Hanbury slate group. Detailed sections at the East Vulcan, Curry,
Norway, Cyclops, and Quinnesec mines are described. In some cases
the ore is associated with the Potsdam sandstone, which rests unconfor-
mably in a horizontal position upon the flexed and denuded Iuronian
rocks. The iron ore beds in the Huronian are generally associated
with aluminous slates or soapstones.
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SECTION V. WORK OF THE MINNESOTA GEOLOGISTS AND ASSOCIATES.

EAMES,149 in 1866, mentions different crystalline rockS as occurring
at many points in northeastern Minnesota.

EAMES,1 50 in 1866, describes in Minnesota various granitic, igneous,
and metamorphic rocks. The most prevalent rocks found in the north-
ern part of the state are granite, porphyry, lioriblende slates, siliceous
slates, trap, greenstone, talcose slate, primitive schistose rock, gneiss,
and Potsdam sandstone. Th rocks of the Upper Mississippi river are
described. At Pokegana falls the rock is a quartzite belonging to the
Potsdam. There is also found along the river jasperoid rock with iron
ore and argillaceous slate. In Stearns county are numerous exposures
ofgranite. The varieties of rocks in the Vermilion lake district are
found to be very numerous.

HALL (JAMES),' in 1869, finds in the vicinity of New Ulm, on the Big
Cottonwood river and on the Little Cottonwood, extensive exposures
of quartzite. At New Uhn the rock is shown to be a metamorphosed
quartz rock or conglomerate. This rock is succeeded below by com-
pact quartz rock, with beds of syenite, which graduate still lower into
purple or reddish quartz rock in distinct layers, alternating with shaly
seams. The quartzite of this region has a thickness of not less than
1,500 feet. At Redwood fills are found gneiss and granitic rocks of
Laurentian age. The quartzites are regarded as of the age of the
Huronian of Canada and equivalent to the quartzites of Wisconsin.

WHITE7112 in 1870, describes the quartzites of Iowa, Minnesota, and
Dakota. They are completely metamorphosed, intensely hard rocks,
although the lines of stratification are distinct and there are frequently
seen distinct ripple marks upon the bedded surfaces. Not infre-
quently the quartzite is conglomeratic. In them no fossils have been
found. They are, however, regarded as belonging to the Azoic age be-
cause of their complete metamorphic character, because of their dis-
turbed condition, and because the Lower iMagnesian limestone at New
Uhn rests upon the quartzites unconformably, and in this part of North
America no disturbances are known to have occurred between the com-
mencement and close of Paleozoic time.

WINCIJELL (N. H)," in 1873, states that the granitic and meta-
morphic rocks occupy a great portion of the state of Minnesota
These are regarded as Laurentian and Huronian. Their lithological
and mineralogical characters are complex and variable. The original
nucleus was granite and syenite, and around these are arranged the
metamorphosed slates and gneisses in upturned or even vertical beds,
while intercalated with them are numerous injected beds or dikes of
trap. The Sioux quartzite and those of New Ulm are placed as a part
of the Potsdam sandstone. The Potsdam was laid down before the
close of the volcanic disturbance, for the St. Croix beds of later age
rest unconformably upon the Laurentian as well as upon the upturned
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beds of the Potsdam. In lithological character the Potsdam beds dif-
fer from those of the St. Croix, being hard and vitreous and usually of a
red color. The Potsdam has a thickness of at least 400 feet.

WINCHELL (N. H.),"' in 1874, gives details as to the geology of the
Minnesota valley. The quartzites in the vicinity of New Ulm and Red
stone, referred to the Potsdam, are conglomeratic in places. In the
valley there are quite numerous outcrops of granite which are some-
times cut by trap dikes. At Granite falls there are sudden changes
from real granite to hornblende-schist.

STRENG and KLOOS,"5 in 1877, describe in the Upper Mississippi a
set of granitic, syeuitic, dioritic, and gabbro-like rocks which are re-
ferred to the Laurentian, while north of these is a zone of metamorphic
schist-mica-slate, talc-slate, and clay-slate-with gneiss-like rocks,
which may be Huronian. South of Vermilion lake is a region of gran-
ite, gneiss, and crystalline slate which belong to the Laurentian forma-
tion, while occupying a wide extent of country about the St. Louis
river are roofing slates and quartzites which are probably the repre-
sentative of the Huronian. The igneous rocks at the west end of lake
Superior are without doubt of Potsdam age. On the St. Croix river is
a melaphyre which lies unconformably below a sandstone and conglom-
erate bearing fossils of Lower Silurian age, which relation points to
the Huronian age of the melaphyre.

WINCHELL (N. H.),156 in 1878, describes the crystalline rocks along
the Northern Pacific railroad. Syenites and granites occur at Little
falls on the Mississippi, and at Thompson on the St. Louis river are
slates, the former varying into a mica-schist. In Pipestone and Rock
counties are large exposures of quartzite which are lithologically like
those of New Ulm, and like them are placed in the Potsdam.

WINCHELL (N. H.),157 in 1879, gives the geological results of an
examination of the northeastern part of the state of Minnesota. The
formations that compose the coast line of lake Superior include, in de-
scending order, (1) metamorphic shales, sandstones, and quartzites cut
by dikes and interbedded with igneous rocks, perhaps Sir William
Logan's Quebec group. (2) Sandstones, metamorphosed into basalti-
form red rock,interstratified with igneous rock along the Palisades and
at Black point. (3) A quartzose conglomerate at the Great Palisades
and at Portage bay island. (4) The quartzites and slates of Grand
Portage bay. (5) The jasper, flint, and iron-bearing belt of Guntlint
lake, Vermilion lake and Mesabi. (6) The slates and schists which the
Canadian geologists designate Huronian. (7) Syenites, granites and
other rocks which have been classed as Laurentian. (8) The igneous
rocks known as the Cupriferous series. The Cupriferous series seems
to overlie several formations unconformably, and is interstratified with
some of the later, and especially with Nos. 1 and 2.

WINCHELL (N. H)," in 1880, describes the Cupriferous series of
Duluth. At Duluth the most important rock is the gabbro. This is
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intimately associated with a syenitic granite which is a metamorphic
rock, all stages being seen, from the perfectly crystalline granite to the
unchanged sedimentary layers. The Cupriferous series is regarded as
Potsdam.

UPHAM,1 59 in 1880, describes granites and gneisses at numerous locali-
ties in the Minnesota valley. In the conglomerate opposite New Ulm
and in the quartzite at Red stone are found numerous pebbles of quartz
and jasper, but no granite pebbles are seen, although it outcrops close
to the west.

HALL (C. W.),16 in 1880, describes the rocks between the mouths of
Poplar and Devil's track rivers on lake Superior to be dark colored
basic rocks of igneous origin belonging to the Cupriferous series, with
the exception of a few beds of sandstone and conglomerate interbedded
with the igneous rocks. The Sawteeth mountains are formed as a re-
sult of combined igneous action and the folding of sedimentary strata
and erosion.

WINCHELL (N. H.),161 in 1881, gives many details as to the rocks of
northeastern Minnesota. At Pigeon point is a massive bedded or jointed
formation like that at Duluth, with which it may be parallelized. The
latter belongs to the Cupriferous series and the former to the Animikie,
so that the Animikie appears to be a downward extension of the Cu-
priferous. At Mountain lake the hills are short monoclinals of gray
quartzite, with beds of argillaceous and black slate, dipping to the
southward usually at an angle of 80 or 100, and covered with a greater
or less thickness of trap rocks. In beds generally less than 50 feet,
but sometimes 150 feet thick, the trap and slate dip together, so that
the hills have gradual slopes toward the south, and steep or perpen-
dicular slopes toward the north. The quartzite must be an immense
formation, as it is seen at Grand portage and all over Pigeon point,
and on the islands of the point. The quartzite formation of Gunflint
lake seems to graduate downward into the irony and carbonaceous
Gunflint beds. A greenish, schistose, porphyritic rock cut by veins of
milky quartz is found in nearly a vertical attitude on Guntlint lake.
This is supposed to be the Canadian Huronian, and underlies the
quartzite and Gunflint beds apparently unconformably; at least, it is a
distinct formation from the Grand portage slates. The quartzite is locally
a quartzite conglomerate. The Knife lake serpentinous quartzite is
regarded as Huronian. On the south side of Vermilion lake are beds of
jasper and iron which are regarded as the equivalent of the Gunflint
beds. These are conformable with the magnesian schists and slates,
which are in a vertical attitude. They pass down into the schists, and
in places the schists and schistose structure penetrate the jasper and
iron. It is suggested that the apparent conformity between the ferru-
ginous beds and underlying slates and schists is only a superinduced
one, the original bedding, which may have been nearly horizontal, hav-
ing been obliterated by the change.

VAN HISS.
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WINCIIELL (N. II.),12 in 1881, describes the Cupriferous series of
Minnesota as having a wide extent. In passing from the shore of lake
Superior it gradually becomes more changed and crystalline. The
tilted red shales, conglomerates, and sandstones at Fond du Lac are
the same as those associated with the igneous rocks all along the shore.
At Fond du Lac they lie on a white quartz pebbly conglomerate a few
feet in thickness, which rests unconforimably on the roofing slates of the
Hurontian, the same formation that succeeds to the red rock formation
at Ogishki Manissi and Knife lakes, northwest of Grand Marais. The
Cupriferous series differs from the Upper Laurentian or Norian only in
the absence of beds of limestones, but, as the lake Superior Cupriferous
is Cambrian or Lower Silnrian, it is inferred that the so-called Upper
Laurentian, containing Bozoon eanadense, is really Cambrian or Lower
Silurian.

WINCHELL (N. H.),16' in 1882, continues his description of localities.
At Fond di Lac the detailed succession of sandstones and sales is
given. The flint and jasper formations of Guntlint lake appear to be
in apparent unconformity with the underlying slates and syenites. On

Ogishki Maiiissi lake is founnd a great conglomerate. This conglomerate
carries large rounded pieces of the Saganaga granite, which proves
the greater age of that granite and the unconformability to it of the
conglomerate. The conglomerate also contains red jasper.

The descending succession in northeastern Minnesota is (1) the horizon-
tal quartzites and slates running from Grand portage to Guntlint lake;
(2) the conglomerate; (3) jaspery and calcareous Gunflint beds; (4)
gray marble; (5) the tilted slaty Ogishki Manissi conglomerate; (6)
amphibolitic and chloritic slates; (7) mica-schists alternating with syen-
ite; (8) syenites and granites of Saganaga and Gull lakes. As to
whether the Gunflint beds belong with the schistose and tilted slates
and conglomerates of Ogishki Manissi lake is an open question, although
there are several things which indicate that they belong to the same
series. The gabbro is found to have a widespread extent. It is sug-
gested that if this gabbro and the associated red gneisses belong to the
Cupriferous, the Minnesota and Wisconsin quartzites, as well as the
red gucisses of the Upper Mississippi valley, may also belong to this
series. The red syenite of Beaver bay is a metamorphosed conglome-
rate which was brecciated and mingled with the trap. This red rock
was tinidized so as to intrude itself in the form of belts and veins. A
conglomerate at Taylors falls, ont the St. Croix, contains water-worn
bowlders and traps of the region, but the superposition of the conglom-
erate on the trap can not actually be seen. This sandstone is fossil-
iferous. It is concluded that the Potsdam is represented by the copper-
bearing series, while the underlying Animikie is equivalent to the
Taconic of Emmons.

UPHAM711 4 in 1884, describes the crystalline rock outcrops in central
Minnesota.

[BUL. 86.
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CHESTER,165 in 1884, describes the rocks of the Mesabi andVermilion
iron ranges. The slates and schists on the south side of the _llesabi
rage are nearly horizontal. The rocks here found are precisely like
those of the Penokee region of Wisconsin, and the two series bear the
same relation to the Huronian series. The iron ore at Vermilion lake
is found in connection with jasper and quartzite and is intimately
bedded with the country rock, chiefly sericite-schist, standing in nearly
a perpendicular position. These rocks are the representative of the
Michigan and Wisconsin iron deposits, and there is no doubt that they
belong to the Huronian. The Vermilion deposits bear the same rela-
tions to the granite as do those of Mesabi, and they are regarded as the
same formation.

WINCHELL (N. H.),161 in 1884, gives the general succession of rocks
'in northeastern Minnesota, in descending order, as follows: (1) Pots-
dam, including the Keweenawan sandstones, shares, and conglomerates,
changed by igneous gabbros and dolerites locally to red quartzites, fel-
sites, quartz-porphyries, and red granites. (2) Taconic group, includ-
ing the Animikie series, the Gunlint beds, the Mesabi iron rocks, the
Ogishki iMlanissi conglomerate (?), the Tlhompson slates and quartzites,
and the Vermilion iron rocks. (3) Huronian group (?), including mag-
nesian soft schists, becoming syenitic and porphyritic, found on the
north side of G unhint lake, along the national boundary, and at Ver-
milion lake. (4) Montalban (0?), including mica-schists and micaceous
granites about Vermilion lake and on the Mississippiriver. (5) Lauren-
tian, including massive hornblende-gneiss and probably the Watab and
St. Cloud granites. This succession is parallelized with those of other
writers given for the northwestern States.

WINCuELL (N. H.) and UPHAM, 67 in 1884 and 1888, give detailed
geological maps and descriptions of many of the counties of Minnesota,
which include the Laurentian gueisses and granites of the Mississippi
and Minnesota rivers, the slates of the Upper Mississippi, the quartz.
ites and conglomerates of Cottonwood, Pipestone, Rock, Brown, and
Nicollet counties, which are regarded as Potsdam sandstone. The cop-
per-bearing traps and conglomerates of Chisago and Pine counties are
placed as Lower Cambrian. These reports contain nothing as to struc-
tural relations not found in the annual reports.

WINCHELL (N. H),111 in 1885, finds between Two harbors and Ver-
milion lake two rock ranges, the first being Mesabi proper and the
second the Giant's range. Resting unconformably upon the syenites of
Giant's range are the Huronian conglomerates and greenstones of Ver-
milion lake, while south of this range are the slates and quartzites of
the Ainimikie, overlain by the gabbro and red granite of the Mesabi
range, which is in turn overlain by the trap rocks of the Cupriferous
series. The Huronian is represented as resting conformably below the
Animikie, although not appearing at the surface. There are three iron-
ore horizons, the titanic iron of the gabbro belt, the iron ore of the



124 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 86.

Mesabi range belonging in the Animikie, and the hematite of the Ver-
milion mines, which seems to be the equivalent of the Marquette and
Menominee iron ores.

WINCHELL (N. H.)," in 1885, finds in the red quartzite at Pipestone
two fossils, LingUla e Calimet and Paradoxides barberi, which are taken
as indicative that this formation, as well as the Sioux quartzite of Iowa
and Dakota, the Baraboo quartzites of Wisconsin, the quartzites of
southwestern Minnesota, as well as the associated red gneisses, felsites,
and felsite-porphyries, are all Primordial.

UPHAM,71 0 in 1885, gives descriptions of the quartzites of Minnehaha
county, Dakota. These are not infrequently ripple-marked and con-
glomeratic; they are like the quartzites of Pipestone county in Minne-
sota, and, like them, are placed in the Potsdam.

WINCHELL (N. 11),171 in 1885, divides the crystalline rocks of the
northwest into six groups, in descending order: (1) A granitic and
gabbro group, which is a part of Irving's Capriferous, and is by Hunt

parallelized with the Montalban. It includes rocks which have passed
for typical Laurentian; while the gabbros are eruptive and are like the
Upper Laurentian or Norian of Canada. The granites and gneisses
show evidence of metamorphic origin. Below the granite and gabbro
is (2) a mica-schist group. This is penetrated by biotite-granite. (3)
Is the black mica-slate group, which often contains graphitic schists,
in which are such ore deposits as the Commonwealth mine of Wiscon-
sin. (4) Is a series of obscure hydromicaceous aand greenish magnesian
schists, along with quartzites and clay slates, with which are the more
important bodies of hematitic iron ores, including those at Marquette
and the magnetic belt at Penokee. (5) Is the great quartzite and marble
group. It includes the marble of Menominee and marble and lower
quartzite of Marquette, the great conglomerate of Ogishki Manissi lake
and the lower slate-conglomerates of Canada. In (6) are the granites
and syenites with hornblende-schists. This is the lowest recognized
horizon of the Laurentian. Nos. 3, 4, and 5 together are the equivalent
of the Taconic system, 3 being the equivalent of the Animikie, while 5
is the equivalent of the Huronian of Canada. This succession is com-
pared with the successions of Brooks and Irving in Michigan and Wis-
consiu.

WINCIIELL (ALEX.),171 in 1887, gives detailed observations made on
an extensive trip in northeastern Minnesota. The region presents a
series of schists flanked on the north and south by massive crystalline
rocks. In the western part of the district these rocks are gneissic on
both sides, but to the east the gneissic rocks on the south are replaced
by gabbro and greenstone. The schists and bedded crystallines stand
iu a nearly vertical attitude, having a persistent and uniform strike
and dip, the latter oscillating from 80O to the north to 800 to the south.
The rocks are sericitic, chloritic, micaceous, and hornblendic schists, and
argillites and graywackes. The schists grade into the gneissic rocks,
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there being nowhere an abrupt passage from one class to the other. In
the passage from the schists to the gneisses there is first an increase in
frequency of ramifying veins, then lumps of gneiss or granite in the
schists, and next interstratification of the schists and gneisses. The
conglomerate at Ogishki Manissi lake, which attains an enormous de-
velopment and contains varieties of granitic and quartzose bowiders, as
well as flint, jasper, and other substances, is regarded as a local phase
of the schists, as the bowlders are interbedded with the flinty argillites
and sericite-schists. The entire system of gneisses and sehists is re-
garded as belonging to one structural systemt, as they all possess a
conmnon dip and pass by gradations into each other. The iron-bearing
rocks are interlaminated with the country schists, and while they ex-
hibit much persistence, they do not persist without interruption. In
structure the region is a simple synclinal fold, the strata of which have
a thickness of 106,204 feet. The succession from the bottom upward is
granite, gneiss, micaceous a nd hornblendic schists, graywacke, argillite-

schlist bearing conglomerates, and sericitic and chloritic schists bearing
iron ores. As the plainly fragmental rocks grade by imperceptible
stages into the gneiss and granite, the whole is regarded as a sedimen-
tary series. While granite pebbles are found in the conglomerates,
this is not the underlying granite, as many of the fragnents differ in
character from the inferior granite.

WINCHELL (N. H.),1 in 1887, gives very numerous details as to the
geology of northeastern M iunnesota. At several places there are transi-
tions between the granite gneiss and a fine grained mica-schist. In
the syenite are sometimes found angular fragments of micaschist. The
Vermilion group is defined as including the lower portion of the eoi-
plex series of schists designated as Keewatin by Lawson. It emblraces
the mica-schists and hornblende-schists of Vermilion lake and their
equivalents, and lies between the graywackes on the one side and the
basal syenites and gramites oil the other.

The iron ores of Minnesota are at three horizons. At the top are the
titaniferous ores, which are associated with the gabbro and constitute
what is locally known as Mayhew Iron range, and is found from this
range at many points all the way to .Duluth. Tie nontitaniferous mag-
netic ores occur at several localities associated with hematite ores and
included in a quartz-schist. These ores are comparable to those of the
Penokee-Gogebic Iron range on the south side of lake Superior, and
those of Black river falls in Wisconsin. Adjacent to Vermilion lake are
hematite ores associated with jasper, which are inclosed in a schist, the
bedding of whicli stands vertical. This schistose rock is probably of
igneous origin, and in its relations to the jasperoid rocks it fills all their
cavities, overlying them uncoiformably, and holding fragments of the
jasper; all indicating its later origin. This igneous rock passes into
a chlorite-schist, and this into the sericite-schists and graywackes, which
show unmistakable evidence of an aqueous arrangement. The jasper-
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oid hematite is a sedimentary rock and not an eruptive as has been sup-
posed by Wadsworth. The rock was not, however, deposited in its

present condition. The beds have been upturned, folded, crushed, and
affected by intense chemical action. The ore is regarded as a result of
chemical or metasomatic change. The general succession from above
downward is as follows: (1) gabbro; (2) diabase dolerite. These rest
unconftormably upon the lower members. (3) Reddish gneiss and
syenite, which includes the Misquah hills, White Iron lake, and the
Giant's range (Mesabi heights). This is a case of a fusion of sedimen-
tary beds in situ, although it is not generally complete. (4) Graywacke,
sericite-schist, argillite, quartzite, and jaspilite, which occur about Ver-
milion lake. (5) Mica-schist, hornblende-schist, and diorite. The Ver-
milion group. (6) iMica-schist and granite veined with syenite and
granulite. (7) Lower syenites and gneisses, generally regarded as Lan-
rentian. Nos. 3 to 7 are conformable, and Nos. 4 to 7 graduate into
each other.

There is reason for believing that the Animikie rocks overlie the
greenstone No. 2 and underlie the gabbro, No. 1, of the above succes-
sion.

WINCIIELL (N. HI.),171 in 1888, finds the Upper Huronian quartzites
to be so similar to those of Pipestone, Cottonwood, and other counties
in Minnesota that the former are regarded, with the latter, as Huronian.
The Animnikie on Guntlint lake, while not found in exact superposition
on the Keewatin, bears such relations as to render it probable that the

two formations are discordant. A short distance north of the Animikie
the Keewatin rocks are found with a dip of 800, and these a little far-
ther to the Borth grade conformably into the crystalline schists of the
Vermilion group, and these still farther to the north by transition pass
into the gneisses and syenites of the Laurentian. The Animikie rocks
are found resting unconformably on the gneiss west of Guntlint lake.
The gabbro is observed overlying the Animikie at many places, the
Pewabic quartzite, the Keewatin rocks north of Gumflint lake, and the
syenite-gneiss north of Flying Cloud lake.

In passing from Gun flint lake the Animikie is found to have a dip as
high as 300. Near Gobbemicligomog lake there is a gradation from the
flat-lying Animikie to rocks in a broken and tilted condition, and from
these into the Ogishki Manissi conglomerate, with which they are inter-
stratified. There is also extending from Stuntz island in Vermilion lake
past Ely to near Ogishki Manissi lake an older schistose eruptive-looping
conglomerate associated with the Keewatin schists, and therefore older
than the Ogishki conglomerate. The beds on the north side of Gun-
flint lake resemble those on the south side of the Giant's range and be-
long in the same stratigraphical position near the beds of the Animikie.
The gneiss is regarded as a metamorphosed sediment, because of the
gradation of the Keewatin beds into it, and because it cuts through
and is interstratified with the Keewatin. The Keewatin schists
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are interstratified eruptives and sedimentaries, as is the Cuprifer-
ous series. On Kekekabik lake there is an extension of the Ogishki
Manissi conglomerate westward. The green schist conglomerates here
found are apparently of about the same date as the Ogishki conglom-
erate or else its immediate conformable successor. The Animikie
slates associated with this green schist conglomerate are also in con-
formable succession to the green schists, but it is likely that this con-
formity would not be found in the vicinity of the old volcanic vents.

WINCHELL (ALEX.)," 5 in 1888, finds upon Wonder island in Saganaga
lake a conglomerate which contains abundant rounded pebbles in a
groundmass of syenite. The lower limit of the conglomerate is quite
abrupt, and whether it overlies the syenite or grades into it is uncer-
tain, but it is figured as overlying the syenite. The syenite is regarded
as erupted after the conglomerate existed and the conglomerate was
not laid down on the solidified syenite. The Animikie slates are found
resting unconformably upon vertical schists, gneisses, and syenites at
several points on Gunflint lake, 2 miles west of Gunflint lake, and on
the north side of Epsilon lake. On the west side of Sea Gull lake the
conglomerate and syenite are interbedded. This conglomerate is
thought to be comparable with that of Wonder island. On the north
side of the same lake the syenite contains sharply limited rounded peb-
bles and irregular masses of hornblendic and diabasic material. On
Epsilon lake the argillite has sebistic planes standing vertical, while
the bedded structure has a dip of only 230.

Summing up the succession: At the base are the granitoid and
geissoid rocks in three areas, th'e Basswood, White Iron, and Saganaga
lakes. These granitic masses everywhere have a bedded structure
more or less distinct. They are traversed by quartzose and granu-
litic veins, as well as dikes of diabase. The gneisses and granites
are tlanked by vertical crystalline schists of the Vermilion group. The
transition from the goeissesto the crystalline schists is never abrupt,but
is a structural gradation, near the line of junction the beds of gneisses
and schists occurring in many alternations. Above the Vermilion group
are the Keewatin semicrystalline schists, the two series being every-
wh re conformable; but there is a somewhat abrupt change from one
group to the other, and there is a possibility that the original uncon-
forn ity has been destroyed by lateral pressure, although such an un-
con 3rmity is thought improbable. There has been ino actual connection
trac ,d between the Keewatin schists north of Gunflint lake and those
of E nife lake. The Keewatin schists are almost everywhere vertically
bedth ed. When the bedding is obscure this is sometimes due to the
acti ,n of erupted masses, but more often the cause of the metamor-

phos ed condition of the strata is not ascribable to any visible cause.
The Keewatin schists include graywacke, argillite, sericite-schist, chlo-
rite ;chist, porphyrellyte schist and hematite.

Ti e Ogishki conglomerate is placed as a part of the Keewatin system
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as it is traced by actual gradations into the adjoining argillites. These
argillites and associated schists are in continuity with the argillites and
schists of Vermilion lake, while in the conglomerate itself are local de-
velopmentsof sericite-schist. The bedding of the conglomerateis nearly
vertical; its pebbles are metamorphosed; they include numerous vari-
eties, among which are syenite resembling the Saganaga syenite, green-
stone, porphyry, red jasper, Clint, quartz, petrosilex, ordinary syenite,
diorite, potrphyroid, siliceous schist, and carbonaceous siliceous argillite.
On structural as well as lithological grounds the Ogislhki conglomerate
seems to be a part of the Keewatin, although there are some reasons
for suspecting it to grade into the Animikie. That the Keewatin schists
are eruptive is regarded as improbable.

The A tniikie series, resting unconformably upon the Keewatin,
stretches from Thunder bay as far as Duluth and still beyond to the
Mississippi river, and perhaps includes the slates as far west and north
as Knife lake. The Animikie formation is generally in a nearly hori-
zontal position, the dip not being more than from 50 to 150. The forma-
tion is essentially an argillite, which embraces jaspery, magnetitic,
hematitic, and sideritic beds. At Gobbemichigomog lake the Animikie,
represented by the "muscovado," is in its characteristic horizontal
position, while the vertically bedded terrane underlies it.

For the system of semicrystalline schists subjacent to the Animikie,
to which the term Keewatin has been applied, Marquettian is proposed.
The succession of terranes in northeastern Minnesota is, in descending

order, then as follows (1) Huronian system, over 4,082 feet thick, in-
cluding the magnetic group, siliceous group, and argillite group; (2)
Marquettian system, 27,500 feet thick, including the Ogishki group,
10,000 feet thick, the Tower group (earthy schists), 15,000 feet thick,
and the graywacke group, 2,500 feet thick; (3) Laurentian system,
89,500 feet thick, including the Vermilion group, over 1,500 feet thick,
and the gneissic group, over 88,000 feet thick. Total, more than
121,082 feet. -

WINCHELL (H. V.),176 in 1888, gives detailed observations about
many localities in northeastern Minnesota. The mica-schist and inter-
bedded gneiss are cut by granite veins at numerous places.

WINCHELL (N. H.),", in 1888, maintains that there is a great Pri-
mordial quartzite extending from New England through Canada, Wis-
consin, and Minnesota to the Black hills of Dakota. It includes the
Taconic quartzite of Emmons, that of Sank and Barron counties in
Wisconsin, the Sioux quartzite of Dakota, the quartzites of Minnesota,
and those of the Black hills of Dakota. At the exhibition in New
Orleans in 1884 was seen a block of the Potsdam sandstone of the state
of New York exactly similar to the Pipestone quartzite of Minnesota,
and as the latter bears Primordial fossils there is no lack of evidence to
parallelize these outcrops. An examination of the quartzites of the
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Original IliUronian convinced the author of the parallelism of the great
quartzite there displayed with those of Wisconsin and Minnesota. But
things that are equal to the same thing are equal to each other, hence
the Iluroiianm quartzite is no other than the Potsdam sandstone of New
York, the Red sandrock of Vermont, and the granular quartz of the
Taconic.

WINCHELL (N. H.),178 in 1889, gives a summary of the results of work
on the crystalline rocks of northeastern Minnesota. In many points the
conclusions and facts are the same as in the previous reports. The
Laurentian age is made to include the gnei , granite, and syenite, but
excludes the crystalline schists. It is the fundamental gneiss of Min-
nesota. Associated with this fundamental gneiss are areas of massive
eruptive syenite which are regarded as due to the hydrothermnai fusion
of the gneissic belts. The gneisses grade into the Vermilion schists,
which are the equivalent of Lawson's Coutchiching. Along their con-
tact the Laurentian plays the part of intrusive rocks, which is indica-
tive that the opening of Vermilion age was one of violent volcanic
action. The beds have subsequently been affected by hydrothermal
fusion, which has tended to unify the Laurentian and Vermilion sys-
tems.

The Vermilion group passes by conformable transition into the
Keewatin. The character of the Keewatin rocks indicates that there
was active volcanic action during the whole period and that the ejecti-
menta were received and distributed by the waters of the surrounding
sea. This is indicated by the alternation of breccias and volcanic ma-
terial with truly sedimentary strata. The Keewatin is the iron-bearing
formation. The iron ore is associated with the jaspilite, which is of a
sedimentary origin. Parallel with the 1(eewatin of Minnesota is the
serpentine and dioritic group of IRominger in the Marquette region.
Above this group in both regions is a profound unconformity.

The Animikie series of Minnesota, bearing iron at one horizon, is the
equivalent of the Marquette series bearing the iron group of Rominger,
of the Penokee-Gogebic series of Michigan and Wisconsin, of the Mesabi
range in limmnesota, of the Black river iron-bearing schists in Wiscon-
sin, and of the quartzites of the lBlack hills. All are of Taconic age, for
the Lower Cambrian is equal to the Taconic, the Huronian is equal to
the Taconic; therefore the Lower Cambrian is equal to the Iluronian.

In the Potsdam sandstone, which is unmconformably on the Taconic,
is included the upper quartzites of the Original Iluronian, certain of the
quartzites of Marquette, the Sioux quartzites of Dakota, and the
quartzites of Minnesota and Wisconsin. This is also the age of the
Copper-bearing rocks, which are an alternation of basic and acid erup-
tions with interbedded sandstones and conglomerates. The great gab-
bro eruption is later than the beginning of the Potsdam age. Uncon-
formnably above the Potsdam is the St. Croix sandstone.
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The general succession in descending order is then as follows:

Calciferous ...... Maignesian liiestones and sandstones . ikloceilus horizonSt. Croix.........Sanlstones and sales ................. h

Overlap unconformity.

Potsdam.........Quartzite, gabbro, red granite, and4 1ewee-

nawan . . ..----------------------------aradoxides horizon.

Overlap uncOformity.

Taconic .......... -l--- k and gray slates and quartzites, iron

ore (Huroiiau, Animikie) ............ .. Olenellus horizon.

Overlap unconformity.

Keewatin........(I n ndiug the Kauwishiwin or greens tone
helt, with its jaslilit e), Sericitic schists

a11d graywackes ................ .....
Vermilion ....... (Coltlhiching) crystalline scihists -....- Archean.

!rupliic uncon Iormily.

Laurentian ..-.. (.I-iss ..............................--.

WINCHELL (H. Y.), 119 in 1889, gives further observations on the iron
regions of l\innesota. On the Giant's range the Animikie is tonud to
rest upou the syenite. Here is a semicrystalline rock between the
two, which grades into the syenite. The character of the transition is
ntot metamorphic, but rather fragmental, there appearing to be a cer-
tain amount of loose crystalline material which has resulted from the
decay and erosion of the syenite lying on top of this rock in the bed
of the sea upou and arounl which the Animikie sediments were de-
posited. The coarse detritus grades up into the fine detritus of the
Animikie. The Animikie beds are tounl also to rest unconformnably
upon the upturned edges of the Keewatin schists. The same relations
are found to prevail in the Birch lake region. The gabbro containing

ores inl the vicinity of Kawishiwi river are found to contain fragments
of the Anintiikie slates and quartzites, and is, therefore, of later origin.
At Gmutlint lake the Animikie rests uncomformably upon the Keewatin,
and is found upon greenstoine. The Keewatin schists are largely of

eruptive origin. The contacts of the jaspilite with the basic schists

are abrupt and angular, and numerous fragments are found contained il)
the schists. The jaspilite is regarded as a sedimneitary formation which

was broken up and involved in the eruptions of Keewatin age. The
Huronian qiuartzite associated with the magnetite, lyiug unconformably
upon the syenite, is believed to lie conformably upon the Animikie slates.

G(RANT,18 0 in 1889, gives geological observations made in northeast-
ern Minnesota. North of Guntiint lake the vertical Keewatin and crys-
talline schists, with an east and west strike, strike directly across a
range of immediately adjacent gneisses, the schists showing no evi-
dence of being twisted or bent within 201) feet of the gneiss. In the
syenites of Guntlint lake are found fragments of schist, which indicate
that the syenite is eruptive later than the schists. At Winchell lake
the syenite upon the top grades down by an apparent transition into
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gabbro. The gabbro is sometimes cut by veins or dikes of syenite,
which indicates that the latter is of later age, although the syenite is
generally below the gabbro.

WINCHELL (ALEX.),'" in 1S89, aaintains that the Saganaga and
West Sea Gull granite conglomerate before described is produced
from a fragmental rock by selective imetamnorplhism, the completely
crystalline gineissoid rocks retaining rounded fragments which are
residual elastic material. The conglomerate of Wonder island is not
one consisting originally of a mass of pebbles over which a fluid
magma has been poured, for the pebbles are not in contact; they could
not have lain where they are before the g eissic magma existed. The
gneissic magma was present, and it was this which supported the peb-
bles and prevented their contact. It is, then, contemporaneous with the

pebbles. The magma must have been plastic, but it was low tempera-
ture igneo-aqueous plasticity.

WINCHELL (N. I.),12 in 1889, in a general discussion of the origin of
the eruptive rocks, maintains that there are four epochs of basic ernp-
tion in Minnesota: first, the Vermilion group; second, those succeeding
the graywackes; third, those succecding the Animikie; and fourth,
those of the Cupriferous formation.

MEADS,'83 in 1889, describes the Stillwater, Minnesota, deep well.
The well, after passing through about 700 feet of St. Croix and Potsdam
sandstone, passes into rocks which are ill every respect identical with
those of Keweenaw point; hence the Keweenaw rocks are below the
light colored sandstones of the ntortliwest. For the first 1,500 feet these
are brown shares and brown feldspathic sandstones, and these gradu-
ally assume the characters of a volcanic detrital tuiT-amygdaloid-
and finally at a depth of 3,300 feet unmistakable beds of trap were en-
countered alternating with -sandstone beds. At this depth grains of
native copper were seen in the drillings.

WINCHELL (N. II. anl H. \.)," in 1889, maintain that the iron ores
of the Keewatin of Minnesota are not derived from a carbonate, but are
probably a direct chemical precipitate; for there is no evidence of the
existence of carbonate of iron at any time, and the nature of the coun-

try rock is such as to imlply that no carbonates in amonltts required
could have been deposited at the time the rocks were formed.

WINCHELL (ALEX.),"" in 1890, repeats his general conclusions as to
the stratigraphy in northeastern Minnesota and gives in descending
order a succession, as follows:

V. The Uncrystalline schists (Animikie, Iuroniam).
IV. The Semi-crystalline sihists (Keewatin).
III. The Crystalline schists (Vermilion).

II. The Gneissoid rocks.
. The Granitoid rocks (Laurentian).

WINCHELL (N. If. and I1. V.) 1 1" in 1890, state that the iron ores of
Minnesota are at five different geological horizons, in descending order,
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as follows: (1) The hematites and limonites of the Mesabi range, thie
equivalents of the hematites of the Penokee-Gogebic range in Wiscon-
sin; (2) the gabbro titaniferous magnetites near the bottom of the rocks
of the Mesabi range; (3) Olivinitic magnetites, just below the gabbro
in the basal portion of the Mesabi rocks; (4) the hematites and mag-
netites of the Vermilion range in the Keewatin formation; (5) the mag-
netites of the crystalline schists of the Vermilion formation. It is main-
tained that the upper iron deposits of the Mesabi and those of the
Penokee-Gogebic are the equivalents of the Taconic ores of western New
England.

WINCHELL (N. II.)187, in 1891, gives numerous additional field obser-
vations. The relations of the jaspilite, argillite, and green schist are
considered, and the argillite at least is regarded as a sedimentary
rock. The position of the Pewabic quartzite is left uncertain. It is
considered, however, to overlie the Animikie black slate, unless there
are two great quartzites. This quartzite has heretofore been made the

parallel of the great quartzite that overlies the Animikie unconform-
ably, but it is possible that it runs below it conformably. In the Stnitz
conglomerate is found a large bowlder which contains pebbles of chal-
cedonic quartz and quartzose felsite and the porphyrel at Kekekabik
lake. A study of the ore formation leads to the conclusion that al
three of the known agencies for rock-forming were intermittently at
work and concerned in the formation of the iron ore, viz: Eruption, to
afford the basic eruptive material; sedimentation, to arrange it (in tihe
main), and chemical precipitation in the same water, to give the pure
hematite and the chalcedonic silicti. The great gabbro of the Cnprifer-
ous formation is regarded as lying below the Animikie, among other
reasons, because it lies next to and immediately south of the gneiss of
the Giant Range without the appearance of any black slate between
them; and because bowlders of characteristic gabbro, red syenite, and
quartz-porphyry occur abundantly in the later traps of the CupriFerous.

WINCHELL (N. H and H. V),'" in 1891, give an extended treatment
of the iron ores of northeastern Minnesota and the rocks inl which they
are contained. Excluding the Cretaceous, the rocks here found are
divided in descending order, as follows: Keweenawan-trap rocks, tiffs,
red sandstones, and conglomerates (Potsdam ?); Aiimikie-black slates,
gray, feldspathic sandstones and limestones; Norian-gabbro of the
Mesabi hills, red granite, quartz-porphyry, red felsite; Pewabic quartz-
ite (Granular quartz, Potsdam?); Keewatin-sericitic schists, gray-
wackes, greenstones, agglomerates, jaspilite; Vermilion-nica-schists
and hornblende-schists (Coutchiching ?), Laurentian-sedimentary,
gneissic and eruptive, massive or porphyritic. The Keweenawan to the
Pewabic inclusive are placed in the Taconic, and the Keewatin to the
Laurentian inclusive in the Archean or Azoic.

The jaspilite and schist of the Keewatin are found( to occur some-

times minutely interlamuiinated; at other times the jasper is in irregular
layers, which never have any great extent and always finally pinch
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out; at other times it is in oval forms, the greater lengths being par-
allel with the schistose structure. Again, the jaspilite is in great frag-
ments within the green or massive diabasic schists, the masses having
sometimes such relations with each other as to show that they are a
broken continuous layer. The branches from the large bodies of jas-
pilite are supposed to be caused by the crumpling, breaking, and squeez-
ing of the entire rock structure by which the thinner sheets have been
buckled out and thrust laterally among the inclosing schists. The ore
always occurs associated with the jaspilite, the forms of the deposits
being exceedingly irregular. The ore and jasper are regarded as a di-
rect chemical deep-sea precipitate, accompanied and interrupted by re-

peaed ejections of basic volcanic rocks from which the iron for the ore
is extracted.

The rocks of the Animikie equivalent to the Huronian and included
in the Taconic consist chiefly of carbonaceous amd argillaceous slates
with siliceous slates, fine-grained quartzites, and gray limestones. At
the bottom of the series is a fragmental quartz sandstone 300 feet in
thickness, which is named the Pewabic quartzite. The slates, congloin-
crates, and quartzites are profoundly affected and intermingled with
eiuptive material which is similar to that found so abundantly in the
Keewatin. These beds have the appearance of consolidated beds of
basic lava or of porous tuff, but where this prevails there is a sensible
gradation from the dark trap-looking beds to thin beds of slate. At
Ogishki lake there is a slate conglomerate similar to that on the north
shore of lake Huron. This conglomerate is not the same as the ag-
glomerates of the Keewatin such as that on Stuntz island, at Vermilion
lake and Ely. The Keewatin is always nearly vertical while the dip
of the Taconic rarely exceeds 150. The iron-ore beds of thie Taconic
are the quartzose, hornblendic, magnetitic group of the Pewabic quartz-
ite; an impure jaspilite, hematite, and limonite group; a carbonated
iron group; and a gabbro titanic iron group. The jaspilitic hematite
group has the same lithological peculiarities as the jaspilite beds of
the Vermilion range. The gabbro in which the titanic iron occurs con-
stitutes the Mesabi range. This has been before regarded as the base
of the Keweenawan, into which it Mides upwardly, but it has been
found that this great gabbro flow was outpoured at an earlier date,
and it is placed at or near the bottom of the Animikie.

WINCHELL (H. V.)189, in 1S91, states that the syenite of Saganaga
lake is conglomeratic in places and contains pebbles which are similar
to each other, being mostly composed of lamellar augite, with or with-
out grains of feldspar, but there are no pebbles of syenite or jasper such
as occur in the Keewatin conglomerates. In the Saganaga granite, at
the end of the portage on Granite river, is a band of silica 1 inches in
diameter and 3 feet in length. North of Saganaga lake the syenite
grades into chiloritic syenite-gneiss, and this into thick bedded to inas-
sive Keewatin rocks. From these facts it is concluded that the syenite
is simply a result of locally intense metamorphism.
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SECTION VI. WORK O TIIE LATER UNITED STATES GEOLOGISTS
ANI) ASSOCIATES.

IIAYDFN, 19 in 18i77 in his sketch of the geology of northeastern
Dakota, describes qaartzites along the James river, Vermilion river,
and at Suiox falls. These quartzites are sometimes conglomeratic. On
theg ames river the lines of stratification are nearly obliterated, but the
rock appears to be nmetamnoiphic. The pipestone bed on Pipestone creek
is associated with the quartzites already mentioned and this rock is
undoubtedly of the same age. At Sioux falls, while no well defined
fossils were discovered, upon the outer surfaces of the rocks are rounded
outlines of what appear to be organic remains, but the peculiar charac-

ter of the quartzite points toward the Azoic series. The formation is
tentatively referred to the Super- Carboniferous, Triassic, or down ward
extension of the Cretaceous; but Hall's opinion that this rock is Hu-
ronian is entitled to great weight.

IlViN+,' 9' in 1883, gives a systematic account of the Copper-bearing
rocks of hLke Superior. From this group is excluded the so-called lower
group of Logan, the Animmikie -roup of Hunt, and also the horizontal
sandstones known as the Eastern and Western sandstones; although it
includes the dolotnitic sandstones, with accompanying crystalline rocks
between Black and Thunder bays, and ocinpies the valley of the Black
Sturgeon and Nipigon rivers, as well as lake Nipigon. The Keweenaw
or Copper-bearing series then includes the succession of interbedded
traps, amygdaloids, felsitic porphyries, porphyry-conglomerates, and
sandstones, and the conforinable overlying sandstone typically devel-
oped in the region of Ke veenaw point and Portage lake. These rocks
have their most widespread extent about the west half of lake Superior,
but also occur in the eastern part of the lake. The entire geographical
extent in the immediate basin of lake Superior is about 41,000 square
miles.

The eruptive rocks include basic, intermediate, and acid kinds, but
there is no such chronological relations between these three kinds as is
found to be the rule in Tertiary and post-Tertiary times. In the Pali-
sades of the Minnesota coast quartz-porphyries are fond both over-
lin and underlain by basic rocks with abundant evidence that the
porphyry is a surface flow. The same phenomena are seen at other

places. Acid flows are superimposed upon basic flows, flows of inter-
mediate acidity immediately overlie acid flows, flows of intermediate
acidity overlie porlhyritic conglomerates, flows of intermediate acidity
are superimposed upon basic flows, basic rocks are intersected by
acid rocks, lasic fl(ws overlie acid ricks, basic flows overlie those
of intermediate acidity, acid rocks are intersected by basic rocks.
There is a complete absence from the series of anything like volcanic
ash. Time detrital rocks of the series are composed of fragments broken
for the most part from the acid rocks of the series--that is, such mate.
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rial as porphyry, both non-quartziferous and quartziferous, felsite,
augite-syenite, granitell and granite, but there are also often oned
pebbles of the basic rocks, and in sonte cases particles of gneiss and
granite front the underlying series. This is thought to be due to the
fact that such viscous material would solidify into more or less bulky
erect masses of relatively small area, and thus be most favorably situ-
ated for degradation. Between the several kinds of original rocks there
are no sharp lines, but a continuous series of kinds from the most basic
to the most acid.

The lithology of the different members of the series is given in detail,
The basic original rocks include granular, porphyritic, and glassy kinds,
the most abundant of which are gabbro, diabase, melaphyre, and por-

phyrite. The acid original rocks include quartzless porphyry, quartz-
iferous porphyry, and felsite, augite-syenite, granite-porphyry, and
granite. Here is included the so-called "jaspers," which have been re-
garded by many as metamorphosed sedimentary rocks. The basic crys-
talline rocks make up the greater part of the thickness of the series,
the beds varying from a few feet to several hundred feet in thickness.
Each of these beds often has a twofold division, an upper amygdaloidal
portion, and a lower compact portion, which, however, grade into each
other. The amygdaloids not infrequently resemble beds of sedimentary
origin, but they never show any trace of fragmental character, and
the stratiform condition is seen to be due to a succession of thin flows
and two fluidal structures. Laterally the beds are not of indefinite ex.
tent, and are far less extensive than sedimentary beds of the same
thickness. It is generally, however, difficult to prove the continuity
or noncontinuity of a single flow over a great distance, but on the Min-
nesota shore individual layers were traced with certainty for.10 or 15
miles, while other beds almost certainly have an extent of nearly 30
miles, while groups of layers of allied characters are recognizable over
much longer stretches. The more massive, thicker beds generally occur
in the lower part of the series. Numerous dikes cut the basic rocks.
These are generally small, commonly not more than 10 feet in width,
but in the immediately underlying series on the north shore, the Lower
Copper-bearing or Animikie group, are dikes of great magnitude. Of
the original acid rocks true granite has been observed only in the Bad
river region of Wisconsin intersecting the coarse gabbro at the base of
the series. Quartz-porphyry and allied acid rocks have a widespread
occurrence, two of the largest masses being the palisades of Minnesota
and the core of the Porcupine mountains of Michigan. The detrital
members have often a great extent. The outer conglomerate of kewee-
naw point, for instance, is traced from the eastern extremity of the
point to the Had river in Wisconsin, a distance of at least 170 miles,
although its thickness in this distance varies from less than 100 to as
much as 4,000 feet. Thinner conglomerates have been traced for as
great a distance as 50 miles.
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The Keweenaw series is stratigraplically separated into two grand
divisions, an upper member, made wholly of detrital material, for the
most part red sandstones and shale; and a lower division, made chiefly
of a succession of fiows of basic rocks, but including layers of conglom-
erate and sandstone nearly to the base, and also original acid rocks.
The line of separation between the two divisions is somewhat arbitrary,
for the sandstone gradually increases in quantity upward, but above
the highest known eruptive member is a maximum thickness of 15,000
feet of detrital material. The chief characteristics of the lower division
are, first, that coarse grained basic rocks in very heavy beds are much
more common at lower horizons; second, amygdaloidal texture is more
frequent and highly developed at high horizons, this being more charac-
teristic of the thinner beds; third, the gabbros are more often found at
lower horizons while the ordinary diabases and melaphlyres affect higher
horizons; fourth, the acid rocks are found especially in low horizons,
rarely reaching above the middle of the lower division; and, fifth, the
detrital beds, although seen all the way to the base, are rare in the
lower third of the series and increase in thickness and frequency toward
the top. The thickness of the lower division is placed in round num-
bers at 25,000 to 30,000 feet, while at the Montreal river its apparent
thickness is 33,000 to 35,000 feet, but a part of this may be due to the
westward continuation of the Keweenaw fault.

Detailed descriptions are given of the rocks of Keweenaw point, of
the region between Portage lake and the Ontonagon river, of the South
range, of the region between the Ontonagon river and Numakagon lake
including the Porcupine mountains, of northwestern Wisconsin and the
adjoining part of Minnesota, of the Minnesota coast, of isle Royale and
Nipigon bay, of Michipicoten island and the east coast of lake Superior.
Silver mountain, belonging to the South range, is composed of diabase,
dipping at an angle of 300, and appears to be surrounded by horizontal
sandstone. On the west branch of the Ontonagon are found cliffs of
horizontal sandstone almost in proximity with ferruginous slate supposed
to belong to the hturonian, and but a short distance from diabases re-
garded as Keweenawan. The isolated position of the South range is
regarded as due to a fault, as there is no evidence whatever of a lold,
and to regard this part of the series as a continuous conformable
succession with the Ieweenawan rocks to the north would give the
series an incredible thickness. The Porcupine mountains are found
to be due to a subordinate fold in the series, the core being a quartz-
porphyry.

All the known facts with reference to the relations of the horizontal
sandstone to the Copper-bearing rocks of northwestern Wisconsin and
the adjoining part of Minnesota are recapitulated. The unconformity
between the fossiliferous Cambrian of the St. Croix valley and the
bedded melaphyre and amygdaloids described by Sweet, Strong, and
Chamberlin is indisputable, and the latter rocks are identical in nature
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and in structure with the similar rocks of Keweenaw point and have
been shown to be in actual continuity with them. At Snake and Ket-
tle rivers the diabase and diabase-amygdaloids with interbedded por-
phyry conglomerates are in all respects like those of Keweenaw point,
and here, as shown by Chamberlin and McKinlay, the horizontal Cam-
brian sandstone overlies these beds unconformably. Sweet's examina-
tion of the Kettle and St. Croix rivers shows that here are cupriferous
rocks which are identical with those of Keweenaw point, upon which
the red sandstone of lake Superior west of the Montreal reposes uncon-
formably, at Black river, Copper creek, Aminicon river, and Middle
river. The disturbances of the overlying sandstone described by Sweet
are due in part to the irregularities of an unconforinale contact and to
the pressure of the deep-seated Keweenaw rocks against the more
shallow sandstone, but also in large measure to a faulting that has
taken place along the contact line. The phenomena if not explained as
above may be regarded as due to the intrusion of disturbing masses or
dikes, as suggested by Whittlesey and Norwood, or the sandstone may
be supposed to belong to the upper division of the Keweenaw series let
down by a great fault. The first of these suppositions is forbidden by
the bedded structure of the rocks, and the second is shown by the gen-
eral structural features of lake Superior to be a physical impossibility.

The amygdaloidal and porphyritic rocks, and the granite, granitic

porphyry, and felsite of the Duluth gabbros and the Minnesota coast
are found in every case to be original eruptive rocks having all the
evidences in their structure of this origin and none whatever of being
metamorphosed sales and sandstones resulting from the red sand-
stones of Fond du Lac, as supposed by Prof. N. H. Winchell.

It is concluded that the Eastern sandstone along the south face of
Keweenaw range is both a fault cliff and a shore cliff against which the
newer sandstone was laid down, but not until after a large erosion, and
that faulting again took place during or after the deposition of the
sandstone; that this original faulting is demanded along this line by
the relations of the Keweenaw and South ranges, without which the
Keweenaw rocks would have an enormous thickness.

The relations of the Eastern sandstone and Keweenawan traps are
described at Bte Grise bay, along the Hungarian river and Douglass
Houghton ravine, and sections given showing the sandstone to rest
-uncomiformably upon the eruptives. At the Torch lake quarry the
Eastern sandstone is found horizontally disposed in heavy layers, con-
taining no fragments of porphyry such as are distinctive of the Kewee-
nawan sandstones. No evidence of a northwesterly dip described by
Wadsworth was here found. The sandstone adjacent to the trap is of
the ordinary quartzose character. It is remarked that Wadsworth's
statement that the feldspathic constituents have been leached from it,
thus accounting for its differences from the Keweenawan sandstone, is
a pure supposition. Farther west on and near the Ontonagon river, as
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at Bcte t(rise hay, the sandstone dips away from the north-di ping
Keweenawan diahases at quite a high. angle near the contact, which
rapidly flattens as it is receded from. Finally along the north face of
the South range eastward from lake Agogebic the sandstone is not
infrequently met in af Hat-lying position, and at one place lies directly
across the course of the Keweena waui belt.

As to the age of the Eastern sandstone, it is regarded as demon-
strated that it is older than the Trenton; hence its Triassic age is not
discussed. The Western sandstone is regarded as the equivalent of the
Easterni sandstone, although they are not found connected, nor is the
Western sandstone at any point connected with the Mississippi valley
Cambrian sandstone. It has, however, already been shown that the
Keweenawan rocks rest unconformably under the Cambrian sandstone
of the Mississippi valley in western Wisconsin.

The Animikie series in the Thunder bay district is of great thickness,

probably upward of 10,000 feet, comprising quartzites, quartz-slates,
clay-slates, magnetitie quartzites, sandstones, thin limestone beds, and
beds of cherty and jaspery material. With these are associated in
great volume both in interbedded and intersecting masses coarse gab-
bro and fine grained diabase, like those well known in the Keweenaw
-eries. A broad examination of the region shows that there is little
ground for thebelief in one crowning overflow. The Animnikie series is
lithologically like the Penokee range in Wisconsii; both series bear the
same relations to the newer Keweenawan rocks and the older gneisses,
and the two groups are regarded as the same.

The Animikie rocks are also the equivalent of if not actually continu-
ons with the Mesabi iron range running to Pokegama Falls and the
slates of the St. Louis river, although these latter are affected by slaty
cleavage.

The Original Huronian of Logan is compared with the Animikie
slates of Thunder bay and the two are regarded as equivalent. The
Marquette and the Menominee Huronian, with minor exceptions due
perhaps to metasomatic changes, are lithologically like the Animikie
and Penokee series, and are also regarded as belonging to the same
horizon. The Original Huronian, the Animikie slates, the Penokee
iron rocks, and iron-bearing rocks of Marquette and Menominee appear
then to belong together and may hence properly be called Huronian.
The Huronian schists in each of these areas are limited by granite and
gieiss. There are, however, considerable areas of crystalline schists
the relations of which are doubtful, and it is suspected that in several
of the iron regions there are two distinct kinds of schists, those belong-
ing to the Huronian and a schistose greenish phase belonging with alt
older series. It is also possible that a portion of the granites are erup-
tive and relatively new, while others, and especially those connected
with the g neisses, may be of some sort of metamorphic origin not un-
derstood. The iron-bearing schists of Vermilion lake are, however, so
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like the Huronian that they are regarded as a folded continuation of the
Animikie beds.

That the Animikie liironian is beneath the Keweenawan rocks is
shown by the fact that the Keweeiiawaii beds along the Minnesota
coast are passed in descellding order an til the Ai iimikie slates are reached
at Grand portage bay, but there is not a direct downward continuation
of the Keweenawan into the Animikie, for between the two there bas
been an intervening period of erosion. Thlis is shown by the fact that
at Grand portage bay where the two formations come together the un-
derlying slates suddenly rise entirely across the horizon of 600 or 700
feet of the Keweeiawan sandstone. Also in northeastern Miiinnesota
and in the Penokee district the overlying Keweeniawan now is in con-
tact with one member of the underlying series and now with another.
Further, in the Keweenawan sandstones of TIuinder bay are found chert
and jasper pebbles from the Aiiimikie, while in the Wisconsin Kewee-
nawan are quartzite pebbles apparently from the underlying Huronian.
More abundant than these, iii the Keweenawan conglomerates are peb-
bles of older gneiss and granite. Lithologically the Keweenawan rocks
are also unlike the Huronian. The bedded and sedimentary series of
the two groups are in str mig contrast. The shales and sandstones of
the Keweenawan have nothing in common with the quartz-slates and

quartz-schists of the Huroniian. Also in the Iluronian there is nothing
like the acid eruptives of the Keweenawan. They have the comnimon
feature only of basic eruptive rocks, and of these in the Huronian there
are no amygdaloidal or vesicular layers. A further difference between
the HIIurouiani and Keweenawan is in the degree of metanorphlism.
The Keweenawan sediments are unaltered, while the Huronian sedi-
ments are metamorphic. Whether this metamorphism took place before
or during the period of Keweenawan eruptions and deposition is uncer-
tain.

That the closely plicated Huronian rocks were folded before Kewee-
nawan time is indicated bythe fact that the troughs of Iuronian selhists
adjacent to lake Nipigon lie directly athwart the flat-lying Keweenawan
beds. It' these schists are truly Huronian and equivalent to the un-
lidded rocks, as supposed by Bell, there can be no doubt of the exist-
enee of a genuine unconformity between the two systems. The Ke-
weenawan synelinal forming the bed of lake Superior is found to comn-

prise the whole basin, as well as a considerable area in northern Wis-
consin and M1innesota. Not only the form of the lake as a whole, but
its chief bays are due to subordinate folding or faulting of the Kewee-
nawan series. In the great synclinal movement the underlying Iluro-
nian has partaken.

CHAMBERLIN, 9 2 in 1883, gives a summary of the arguments for re-
garding the copper-bearing series of lake Superior as pre-Potsdam:
(1) The weakest argument of all, the general stratigraphical relations,
indicate this. The Potsdam sandstone throughout the entire basin of
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lake Superior is always horizontal, or nearly so, while the Keweenawan
series at many points immediately adjacent have suffered extensive dis-
turbance. (2) The difference in thickness is enormous; the Potsdam
rarely reaches 1,000 feet thick, while the Keweenawan series has, in
addition to a vast thickness of interstratified eruptives and detrital
rocks, an-upper portion free from igneous matter 15,000 feet i1 thick-
ness. (3) The sandstones of the Keweenawan series are largely coin-

posed of silicates, while the Potsdam sandstone is mainly qiartzose.
(4) At numerous points the Potsdam is found to rest against or upon_
the upturned edges of the Keweenawan series unconforinably. Strong
has found fifty-five places on the St. Croix where the unconformable
contact occurs. In Douglas county are four sections in which the Pots-
dam sandstones become conglomeratic, bearing material from the Cop-

per-bearing series, but here the contacts are complicated by subsequent
disturbances. There are several other districts, such as the upper St.
Croix river, the Snake and Kettle rivers in Minnesota, and the vicinity
of lake Agogebic in Michigan, where the quartzose Potsdam sandstone
is in a horizontal position and lying near the upturned igneous and
detrital rocks of the Keweenaw series. (5) The foregoing facts are all
consistent with each other. (6) The view is dynamically simple, whereas
any other explanation implies an extraordinary amount of local faulting
and disturbance. (7) In the Grand canyon of the Colorado is a series
of rocks remarkably similar to the Keweenawan, which lie directly and
unconformably below the Cambrian.

IRVING and VAN iISE,19:' in 1S84, describe quartzites of many local-
ities belonging to the rock series referred to the lluronian in the North-
west, and find that their supposed metammorphism is due to the deposi-
tion of interstitial silica, which has for the most part coordinated itself
with the original grains, the fornis of the latter being as perfect as at
the time of deposition. The list of rocks given include those from the
Original Huroniaim, from the various iroii-bearing regions of Michigan
and Wisconsi, from the Baraboo and Chippewa quartzites, from the
Minnesota, Iowa, and Dakota quartzites, and from other localities.

IRVING and CIIAMTIERLIN,]) in 1885, give a systematic account of
the junction between the Easteri sandstone and Keweeuaw series on
Keweenaw point. Detailed descriptions are given of the relations of
the two series at Bcte Grise bay, at the Wall ravine, at the St. Louis
ravine, at the Douglass Ioughton ravine, at Torch lake quarry, at 1 [ll-
garian ravine, and at other points. The conclusions, and the grouds
upon which they are based, of Jackson , Foster and Whitney, Agassiz
Romninger, Credner, and those who have followed them, are discussed
in detail.

At B&te Grise bay the horizontal sandstone is found upon approach-
ing the melaphyre to become tilted upward, and along the junmetion is
find the evidence of faulting, both in the fluccan of the sandstone and
in the broken character of the melaphyre at the contact. At the
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Wall ravine the sandstone and conglomerate bearing fragments of the

porphyry-conglomerate, with which rock the contact here occurs, are
found to dip at a considerable angle away front the eruptive rock and
to rest directly upon it. At the St. Louis ravine the sandstone is found
upon approaching the Keweenmaw series to become rapidly tilted up-
ward, and before reaching the Keweenawan rocks to become vertical,
while the interstratified eruptives and detrital rocks of the Keweenaw
series dip away from the sandstone. At the Douglass Houghton ra-

vine the horizontal sandstone is found upon approaching the Keweenaw
series to become bent into a series of folds and to dip downward inder
the traps and porphyries, which dip at a steeper angle in the san di-
rection. Along the contact the trap is shattered. At Torch lake
quarry the sandstone is found to be in a horizontal position, there being
no evidence whatever found that this structure is jointing or that the
real dip has an inclination, as described by Wadsworth. The crystal
outlined grains of sand here contained are found to be produced by
secondary growth rather than crystals derived from quartz-porphyry.
At the Hungarian ravine the relations are much the same as those at
the Douglass Hougliton ravine, except that the keweenawan diabase is
interstratitied with conglomerate instead of quartz-porphyry. Along
the contact the sandstone is broken.

In getting at ant explanationl of the facts there mast be taken into
account the bedded nature of the Keweenaw series; the uniformity and
steadiness of dip; the enormous thickness of the Keneenaw series; the
general horizontality of the Eastern sandstone; the quartzose character
of the Potsdamn sands in distinction to the silicate nature of the Kewee-
nawan sands; tie mintual relations and distribution of the two series;
the relations to topography; the relations of the two series to drain-
age; the comparative straightness but gentle undulations of the junc-
tion line throughout its course of nearly 100 miles; the coincidence
of the line of escarpment with the line of junction of the two series;
the disturbance along the line of contact; the special character of the
distortions; the character of the junction; the junction debris; the irreg-
ular and broken contact faces of the two series; the fact that the con-
tact occurs between the Eastern sandstone and different members of
the Keweenaw series; the discordanee of strike; the derivation of the

pebbles of the Eastern sandstone from the Keweenaw series; the dis-
tribution of the pebbles, those of the Keweenaw series being found
only near the immediate junction; the imperfect assortment of the
pebbles and matrix near the junction; the angularity of the pebbles at
this place; the absence of large fallen masses of trap in the Eastern
sandstone; and the proximity and relations of the Trenton limestone,
resting as it does upon the Easteril sandstone within a short distance.
These specifications are taken to point with distinctness to the conclu-
sion that the Keweenaw series is much older than the Eastern Potsdam
sandstone, that it was upturned, faulted along the escarpment and
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much eroded before the deposition of the Eastern sandstone, that the
latter was laid down unconformably against and upon the former, and
that subsequent minor faulting along the old line ensued, disturbing
the contact edge of the sandstone.

IRVING, 195 in 1885, discusses the divisibility of the Archean in the
Northwest. The relations of the Penokee-Gogebic series to the over-
lying Keweenawan and to the underlying complex are first discussed.
The area south of the Penokee-Gogebic series is found to consist of crys-
talline hornblendic, chloritic and micaceous schists which locally show
unmistakable evidence of fragmental origin, but which as a whole are
intensely metamorphosed. The granites, however, are considered as of
eruptive origin as they intersect intricately the associated schists at
their contacts with them, but the granite is never found to cut the
overlying slates. Above this granite-gneiss-schist area is, first, a belt
of slate 500 feet thick, over this a belt of iron-bearing rocks of various
kinds, and above this quartzites and slates, all having a dip to the
north and extending for many miles east and west. None of these rocks
are metamorphic.

North of this succession of layers, the Penokee series, is the Kewec-
nawan series, which appears at first to be coinornmable, but a closer in-
spection shows that it is now in contact with one member of the under-
lying series and now with another, even lying against the lowest
member of the Penokee series. These relations are taken to imply that
between the Keweenawan and Penokee series there was a long period of
erosion. Thereis also an unconformity between the granite-gneiss-schist
complex and the Penokee-Gogebic series. This is shown in the man-
ner in which the regularly succeeding belts of the iron series traverse
the courses of the lower; in the strong contrast between the two series
in degree of crystallization, the lower series being nearly completely
crystalline while the higher is little altered; in the highly folded and
contorted condition of the lower series as contrasted with the unfolded
condition of the higher; in the contrast between the contacts of the
granite with the lower schists and with the higher slates, the former
being invaded by it in an intricate manner, the latter never; in the
discordant lamination of the two sets of rocks when in contact or close
proximity; in the occurrence in the upper series, not only at horizons
above the base, but also at points on the contact line, of abundant
detrital material from the lower series.

In the Marquette district is found a slaty iron-bearing series which
by common consent is regarded as the equivalent of the Penokee-
Gogebic series; but the two have one point of contrast, the Marquette
is highly folded. Here intervenes between the iron-bearing slates and
the granites and gneisses a set of greenish hornblendic rocks, called
by Rominger a dioritic group, which at their contact with the bounding
granite are penetrated by them in the most intricate manner, so that one
can not resist the conclusion that the granite is the more recently formed
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rock. These green schists are regarded as the equivalent of those cut
by granite in the Penokee-Gogebic district. On this view the slate
series of the Marquette district, consisting in the main of little altered
rocks, was built up on a basement composed of granite and gneiss
and greenish schist, and subsequently pushed into trough-like forms.
In support of this view is cited the failure of the granite to penetrate
the slates and quartzites associated with the iron, and the occurrence
in the higher series of fragments from the lower, recomposed rocks
occurring at points where the quartzites come in contact with the
basement rocks.

The Archean in these regions is then divisible tuless the upper series
are called Cambrian, for which there is no ground until in them fossils
have been discovered. These upper series are compared with the Hu-
ronian of lake Huron, and are found to be lithologically like them, and
to bear the same relations to the underlying rocks, and to them the
term Huronian is applied, while the underlying complex is regarded as
Laurentian.

IRVING 196, i 1885, gives a preliminary account of an investigation of
the Archean formations of the Northwestern States. The problems to
be solved are discussed. Au examination of the Original lluronian area
of Murray and Logan shows that it is a series of rocks which is bent
into gentle folds and which is composed for the most part, excluding
eruptive material, of quartzites and graywackes, with a subordinate

proportion of limestone and chert. The rocks as a whole are very little
altered and resemble more the fossiliferous formations than the crystal-
line schists.

The Marquette and Menominiuee iron-bearing series are highly folded
and the netasomatic changes which the crystalline members of the
series have undergone are often extreme. Excluding the greenish
schists of the lower part of the series, which may belong to an older
formation, the rocks are mainly fragmental slates and quartzites, in-
chiding a large proportion of basic eruptives, and also iron ores, lime
stones, etc., the whole having a distinctly Huronian aspect. The vari-
ous greenstone layers of Brooks' scheme are regarded as eruptive, either
contemporaneous or subsequent, as are also many of the greenish schists
which by gradation pass into the massive greenstones. The iron ore
and jasper are regarded as of sedimentary origin, being remarkably
like similar material in the Penokee-Gogebic and Vermilion formations
where there can be no doubt of their water-deposited character. In the
Marquette district, as well as in the Vermilion lake district ini Minne-
sota, are conglomerates overlying the iron belt which sometimes con-
tain fragments of the underlying formation several feet in length.
These fragments prove the existence of the the jaspery and chalcedonic
material in its present condition before the formation of the overlying

quartzite.
The Penokee-Gogebic iron belt is regarded as continuous with the
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Iuronian of the Marquette district. The slate belt of the St. Louis and
Mississippi rivers is undoubtedly the equivalent of the Animikie series
and of the iuronian. Equivalent with those are also the quartzites of
Chippewa and Barron counties, the ferruginous schists of the Black
River, the Baraboo quartzites, and the quartzite series of southern
Minnesota and southeastern Dakota.

At New Uhn and Redstone in Minnesota the quartzites and conglom-
erates plainly unconformably overlie the gneiss. The thickness of this
formation here exposed is probably about 5,000 or 6,000 feet, a contin-
uous section being found by Merriam at Sioux Falls, South Dakota,
having a thickness of not less than 3,000 to 4,000 feet. The tilted posi-

tion of these quartzites, their great thickness, their lithological contrast
with the Potsdam sandstone, make it evident that between these series
and the overlying Potsdam sandstone is a great unconformity.

In the Animikie series is a strongly marked continuous horizon of
cherty and jaspery magnetitic schists and quartzites. The series as a
whole is quite flat-lying, although having subordinate irregularities.
The series having ferruginous schists north and west of lake Superior
are regarded in part as having been once continuous with the Animikie
series and are now separated merely because of erosion on the crowns
of the folds, the close folding of the Vermilion schists being produced
concomitantly with the broad simple trough of lake Superior. In sup-
port of this position is the fact that the great conglomerate of Ogisliki
Manissi, with the alternating quartzites and slates of Knife lake, is
strikingly like the Huronian rocks. It is also the case that in the
vicinity of Agamok lake the Animikie quartzites appear gradually to
take on a folded condition.

In these various Huronian areas quartzites, graywackes, and clay
slates,with intermediate phases, make up the most of the elastic series.
As has been seen, these are rocks which have been indurated by meta-
somatic changes, and it follows that the bulk of the rocks which form
the Huronian do not properly fall under the head of metamorphic rocks.
The various augitic acid horiiblendic greenstones, peridotites, and fels-
itic porphyries are regarded as eruptives, while many of the schists are
modified rocks of the same character. The cherty and jaspery rocks
are supposed to be some sort of original chemical sediment, certainly
not the result of metamorphism of sedimentary material. The lime-

stones are in no essential respect different from many met with in the
formations of later date.

IRVING, 7
1 in 1886, discusses the origin of the ferruginous schists and

iron ores of the lake Superior region. An examination of the Anii-
kie, Penokee, Marquette, Menominee, and Vermilion districts reveals the
fact that in all of them is found abundant carbonate of iron, which often-
times grades into the other forms of the iron-bearing formation. The
silica of the jasper, actinolite, magnetite schists, and other forms of
the iron belt never shows any evidence of fragmental texture, so easily
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discovered in the case of the ordinary quartzites and graywackes, and
is therefore of chemical origin. Associated with the iron-bearing beds
is often a considerable quantity of carbonaceous or graphitic schists.
It is concluded, (1) That the original form of the iron-bearing beds of
the lake Superior region was that of a series of thinly bedded carbon-
ates, interstratified with carbonaceous sialy layers in places, which
were more or less highly ferriferous. (2) That by a process of siliciti-
cation these carbonate-bearing layers were transtormed into the various
kinds of ferruginous rocks now met with. (3) The iron thus removed
from the rock at the time of silicification, passed into solution in the
percolating waters, was redeposited in various places, and thus formed
the ore bodies and bands of pure oxide of iron. (4) That in other
places, instead of leaching out, the iron has united with the silicifying
waters to form the silicates now found, such as actinolite. (5) That
some of the silicifying process went on before the folding, but some
afterwards, and to the latter period belong probably the larger bodies
of crystalline ore.

WILLIS,98 in 1886, describes the rock occurrences at several iron dis-
tricts in northeastern Minnesota. At Pokegama falls on the Mississippi
are found outcrops of red quartzite, coarse grained sandstone, some-
times metamorphosed to a quartzite and irregularly interstratified with
hard specnlar ore. On Prairie river is tound granite, southeast of
which are quartzites, sandstone, and ore.

At Vermilion lake the iron-bearing series has a dipi of between 850
and 900, the structure being regarded as an anticline, upon the north
side of which is the Vermilion range and on the south side that of Two
rivers. The succession from the base upward is as follows: (1) Light
green, thily laminated, chloritic schist. (2) Jasper of white, gray,
brown, and bright red colors, interstratitied with layers of hard blue

specular ore., which also occurs in ore-bodies of considerable extent run-

ning across the bedding; thickness 200 to 600 feet or more. (3) Chlor-
itic schist, similar to 1 ; original thickness probably aboit 150 feet. (4)
Quartzite, dark gray, white, or black, of saccharoidal texture, contain-
ing grains of magnetite which make it a readily recognized magnetic
formation; probable thickness 200 feet. (5) Conglomerate, consisting
of sandstone pebbles and traces of blaelk slate inclosed in siliceous

chloritic schist. (6) Compj aet homo geieous rock, composed of quartz

grains, chlorite, hornblende, dlagioelase feldspar, amd calcite. This
rock may be an eruptive quartz-diorite, but is considered a metamor-

phosed sedimentary transition bed between 5 and 7. (7) Black clay
slate, fissile and sonorous. It occupies a broad area north of Vermilion
range. In section 28 huge masses of jasper form the crown of the arch
and are imbedded in green schist, with which they agree in strike and
dip. The jasper blocks are recta ngilai and several hundred feet loig;
the ends of the hands come ont squarely So the contact with the schist
as to a ftult.

IBull. 86-10
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IUVING,' in 1887, discusses the separability of a Jluronian group
1'ro mi al itunlerlying series. The character of the Original Huoniii a
;uea is agaii fully discussed. When two series of rocks are in contact,
one of which is crystalline in character and the other iunquestionably
of sedimentary origin, there is presumptive evidence of a discordance
between them, as, whatever the origin of the crystalline schists, their

present condition indicates tile action of long-contiute1 and deep-seated

processes o alteration and prwofn1d erosion before the deposition upon
them of the overlying detritals. Iit the Original Iuronian area there
is not only this 41istinctionl in its most marked tornm, but also the actual
contact, etwee n t his series and. the A rchean comlex is Coal)]d iear the

m1o1th of Thessalon ri ei, tihe ipper series 1 11 i at ' its base a basal

(onglomer14te, the fragmi i etits of wN-hich are plainly deriv-ei from the

iliiat~ed crystalline n1lerlying series. Allied pllenomeuia tire also

seeu on the Canadiall Pacific railway between Algoma mills and Sud-
bury. It is concluded that the luronian has a group value because it

is essentially noncrystalline, because it is truly elastic and sediment-

ary, and because it has an immense volume. There is reason to believe
that the area which stretches from the north shore of lake Huron to
the Mississippi river, including the basin of lake Superior, is one geo-
logical basin.

In the Marquette district the contradictory conclusions reached by
older writers are regarded as due to the fact that the stratiform rocks
themselves are made up of two entirely distinct sets; an older series
of intensely altered and crumpled crystalline schists, in the main of
greenish color, which are intricately invaded by the granite, and a newer,
little altered, mainly fragmental series whose contacts with the granites
and the schists of the older basement are such as to render an interven-
ing structural break evident. The peculiar graintoid quartzites which
Rominger regards as having been produced by the metamorphosed
action of granite are plainly detrital derivatives from the granite, and
often run into coarse bowlder conglomerates, particular occurrences of
which are described. Here, as north of lake Huron, as proof of distinct-
ness of the newer series, is a general lithological contrast between the
two; visible discordances; the penetration of the lower strata of the
lower series by granite veins which fail to penetrate the higher detrital
rocks, but yield fragments to them; the development of true basal con-
glomerates at the contacts of the two series; and the fact that the
higher detrital rocks are in contact with different members of the lower
series. The most abundant of the upper series detrital rocks are
quartzites, but there are also present clay-slates, shales, mica-schists,
and various calcareous and dolomitic rocks, with jasper and ferruginous
schists and iron ores which are regarded as chemical sedinwnts.

In passing southNward from Marquette great areas underlain by the

granites, gneisses and schists of the older formation are passed, but

before the Menominee river is reached at least four distinct belts are
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crossed occupied by the newer iron-bearing series. These belts of
newer rocks are more closely folded than the Marquette district, bnt
the relations between the newer and older series are identical with that
district.

Passing now to the Penokee district of northern Wisconsin and
Michigan, the iron-bearing series is highly tilted but unfolded, and the
relations are therefore particularly plain. Here the lower of the two
unconforinities is established (1) by the fact that the iron-bearing series
traverses lithologically distinct areas of the older or basement forma-
tion; (2) the intersection of the older schistose rocks by granite which
never cut the higher series; (.)) the occurrence iii the higher series of
basal conglomerates, fragments of which are from the underlying gneiss,
granite, and schist; (4) the lithological contrast of the two sets of
rocks, the lower being completely crystalline, folded and foliated, while
the upper is but little altered and regularly bedded. The upper uncon-
formity is shown by the manner in which the flows of the Keweenaw
series are found in contact with all members of the iron series at dif-

ferent places along the contact line.
The Animikie series is gently tilted, and rests in palpable unconform-

ity upon a folded series of schists, granites, and gieisses. Above it is
the Keweenaw series, which bears the sauue relations to the underlying
rocks as they do to the Penokee series.

-North of the Animikie beds are schistose iron-bearing rocks, which
extend front Vermilion lake to the vicinity of Knife and Saganaga
lakes. These are flanked by gneisses and granites, and on account of
their lithological similarity to the Animikie rocks are taken to be their
folded equivalent. While there is not here the same palpable iucon-

timities as in the other regions discussed, it is believed that there are
two groups of rocks, the apparent conformity being (ue to the intense
tolding.

There is then a graded series in the structural relations of the older
and newer rocks from the Animikie, which lie upon the older forma-
tions with a slight inclination through the Penokee, which is unfolded,
although deeply inclined; the typical Huronian, which is gently folded
without schistose structure; the Aarquette, which is crumpled between
walls of older schists; the Menominee district, where the folding is so
close that the discordances are no longer distinct; to the Vermilion
lake district, where extreme pressure has produced a general commu-
nity of inclination between the two groups of rocks. There is then
in all these regions a great basement complex of crystalline schists,
gileisses, and granites, above which, separated by a great structural
hiatus, is the 1-huronian group, mainly of detrital rocks, which is fol-
lowed in turn, after a severe structural break, by the Keweenaw group,
upon the eroded edges of which rest the Potsdam or Upper Cambrian
sandstone. For the combination of elastic series above the basement
complex and below the Potsdam sandstone the system name Agnoto-
zoic is proposed.
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InviVL, 200 in 1888, discusses the classification of the early Cambrian
and pre-Cambrian formations, and particularly those of the north-
western states. The relations of the Baraboo quartzites to the Pots-
dam sandstone, the relations of the Potsdam to the K(eweenaw series,
the relations of the Animikie, Penokee, Marquette, Menominee, and
Vermilion lake iron-bearing series to the underlying and overlying
series are again fully discussed. The Keweenawan is held to overlie
the Iluronian everywhere by a very considerable unconformity. Evi-
dence before given is repeated, and important additional evidence of
the break is found in northeastern Minnesota. At the base of the Ke-
weenawan is a great mass of gabbro, which extends from Duluth north-
east to the national boundary, more than 100 miles, and at its maxi-
miun is more than 20 miles wide. This basal gabbro is now in contact
with one member of the Animikie, and now with another, while in
other places it is in contact with the lower crystalline schists or gran-
ite. In the Huronian are placed the Original Huroniali, the iron-bear-
ing series of Michigan and Wisconsin, the Black river falls iron-bearing
series, theAnimikie series, the St. Louis and Mississippi slate series, the
Vermilion lake iron-bearing series, the Baraboo quartzite series, and
the Sioux quartzite series. Under the Huronian is the Laurentian,
separated from it by a great unconformity. This is a series of granites,
gneisses, hornblende-schists, mica-schists, and other green schists.

These correlations are held to be warranted both by the lithological
ikenesses of the rocks in the different districts referred to the same
grand division, and the lithological contrasts between the divisions, as
well as by the fact that such unconformities a4 exist between the series
must necessarily have a very wide extent. That one or two- organic
forms have been found in the rocks referred to the Huronian is not suf-
ficient evidence for extending the term Cambrian down to cover this
and the Keweenawan groups. In the Huronian are shales and slates
which have abundant organic matter and important beds of ferruginous
strata which were probably accumulated because of the existence of
organic matter. The fossils discovered are of types which have a great
vertical range above the Cambrian and may have as great a vertical
range below it. That a pre-Cambrian fauna existed is evident, while it is
probable that this fauna had affinities with the Cambrian itself. Such
weak paleontological evidence is not sufficient reason to disregard the
enormous thickness of the formations to be included in the Cambrian in
case the Keweenawan and Huronian are here placed, as well as the two
great unconformities below the Potsdam which must also be covered by
this term. Archean is restricted to the pre-Huronian rocks. The vol-
ume of the elastic series between the Cambrian and the Archean is such
as to demand a term of value equivalent with Paleozoic, and Agnoto-
zoic or1' Eparch,ain is proposed as this term.

VAN 1IISE,201 in 1889, finds the iron ores of the Penokee-Gogebic
series to be of sedimentary origin and to have been derived from an
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original cherty carbonate of iron which is yet abundantly present in
the upper horizons of the ore-bearing formation.

HALL202 (C. W.), in 1889, describes the distribution of the granites of
the Northwestern states, aid particularly those of Minnesota. They
are found to be either intrusive or granitic veinstones, the latter being
insignificant in quantity. The granites of Minnesota as to age are

probably later than the Laurentian floor of the continent but earlier
than the close of the Agotozoic era. There are three or four grand

periods of eruptive activity.
WILLIAMS,203 in 1890, as a result of an extended examination of the

field relations and microscopical characters of the widespread green-
stones, greenstone schists, and agglomerates of the Marquette and Me-
nominee districts, concludes that they are all of eruptive origin. This
conclusion is reached from a consideration of the field evidence, the
schistose phases being frequently traced by continuous gradations into
massive forms; and from the microscopical evidence, these unaltered
forms having all the characteristics of eruptive rocks. The original
rock types were rather numerous, including gabbro, diabase, diabase-

porphyry, melaphyre, diorite, diorite-porphyry, and tuff's. These rocks
have been compressed, faulted, and crushed, as a result of which, coi-
bined with metasonmatic changes, their present condition is produced.

IRVING, 204 in 1890, discusses the field relations of the greenstones and
greenstone schists of the Marquette and Menominee districts. A field
study of these rocks, heretofore generally considered sedimentary, led
to the conclusion that they are largely of ernptive origin, and the de-
tailed study of Williams has shown this conclusively. In the Marquette
district the line of demarcation between the schists and granites is not
a sharp one, the granites intricately intruding the schists, often in such
a manner as to renider it certain that the granite is the later rock. Also
the basic dikes which cut the greenstone schists are of wholly subse-
quent date to the schists themselves, and are equivalent in age to those
which have intruded the overlying detrital iron bearing series. On the
other hand, it is concluded that the greenstone schists themselves do not
belong within the same geological period as that which holds the remain-
der of the stratiform rocks of the region; that is, the greenstone schists
are placed along with the granites and gneisses to form the basement
upon which the overlying detrital iron-bearing series was horizontally

and unconformably spread. This is shown by the fact that at a number
of points the detrital beds which form the basement member of the iron-
bearing series proper bear numerous waterworn fragments of the gran-
ite when in contact with that rock, and, when in contact with the green-
stone schists, fragments of those rocks. In some cases the basal quartz-
ite appears to grade into the granite, but a study of this quartzite in
the thin section shows its completely fragmental character. These con-
tacts or basal conglomerates are described in Sees. 1, 2, 3, 4, 5, T. 47 N.,
R. 25 W., Mich.; in Secs. 21 and 22, T. 47 N., R. 26 W., Mich.: in Sec.
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29, T. 48 N., R. 25 W., Mich.; in Sec. 20, T. 48 N., R. 27 W., Mich.; in
Sec. 17, T. 48 N., R. 26 W., Mich.; in Sec. 21, T. 48 N., R. 27 W., Mich.;
and at various points in T. 49 N., R. 28 W., Mich.

From these occurrences it does not appear possible to escape the
conclusion that the greenstone schists, together with the granite, are
greatly older than the detrital rocks, and before the latter were formed
had already suffered disturbance and deep denudation. This is cer-
tainly true if the underlying rocks are fragmental, and the conclusion can
not be escaped if they are eruptive, for both the greenstone schists and
the gneissoid granite must have received their schistosity before yielding
the fragments; aid, moreover, their character is such that it is gener-
ally believed that they must have crystallized in depth, and must
therefore have had removed from them great masses of material before
yielding the discovered fragments to wave action. There are evi-
dently granitic rocks of two different ages in the Marquette district,
because dikes of a fine grained reddish granite frequently cut the
other granite. This later granite, of relatively small extent compared
with the main masses, may have perhaps been later in time of forma-
tion thani the detrital rocks themselves, as indicated by the presence of
rare quartz-porphyry dikes and rare granitic dikes in the Felch moun-
tain district intersecting a ferruginous schist of the iron-bearing series.

The above conclusions are further confirmed by the fact that the
later greenstones interstratified with sedimentary layers, as shown by
Prof. Williams, are precisely like the corresponding dikes in the green-
stone-schist area, which were evidently intruded subsequent to the
production of a schistosity. Also the schistosity of the greenstone
schists corresponds at times with the bedded structure of the iron series,
while at other times there is no such correspondence. A similar ex-
anmimation of the facts in the Menominee district leads to identical
conclusions; that is, that the granite both south and north of the iron-
bearing series and the associated green schists and gneisses consti-
tute a complex upon which the newer series was deposited.

IRVING and VAN ISE 205 in 1890 and 1892, give a detailed descrip-
tion of the Penokee series of Michigan and Wisconsin, of the complex
of rocks south of this series, and discuss the relations which the Pen-
okee rocks bear to the underlying and overlying series, as well as to
the Eastern sandstone.

South of the Penokee series is the Southern Complex, an area of fine
grained green hornblende-schists and nica-schists, gneisses, and gran-
ites. There is often no proper contact between the granite, gneiss, and
schist, but an apparent gradation through a considerable distance
from one to the other, while the granite often also cuts the schist,
playing the part of a later intrusive. Distant from the lines of contact
the schists occupy considerable areas. In none of these rocks is dis-
covered any evidence of clastic origin. If the massive granites and
syenites are regarded as eruptive, it must be concluded that many of
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the schists also have a like origin, because of the uradationis between
them.

The Penokee series proper is made up of three members, Quartz-Slate,

Iron-Bearing, and Upper Slate, and these rest unconformably upon a
Cherty Limestone member.

The Cierty Limestone below the base of the IPenokee series proper
varies in thickness from nothing to 300 feet and is not continuous.
This member shows no evidence as a whole of mechanical origin,
although occasionally a small auuount of detrital material is found in it.
It is regarded either as a chemical or organic sediment, and is called
the Lower Penokee formation.

The Quartz-Slate member, resting upon the Cherty Limestone or upon
the Southern Complex, is a continuous persistent layer of very constant
thickness for many miles. It is for the most part in the neighborhood
of 450 feet thick, although at one locality it reached 800 feet in thick-
ness. The rocks of which it is composed comprise feldspathic quartz-
slates, biotitic and chloritic quartz-slates, and vitreous quartzite, the
latter being a persistent phase at the uppermost horizon. All these
rocks are plainly fragmental and for the most part little altered, although
occasionally by metasomatic changes they have become semicrystalline.
The lowest horizon of the Quartz-Slate in the Penokee series proper
was found at times to be a vitreous quartzite and other times to bea con-
glomerate. The debris of this couglonmerate is usually derived chiefly
from the Southern Complex, bat at several localities contains a large
quantity of chert from the Cherty Limestone member, and also includes
a considerable amount of red jasper pebbles, and occasionally contains
pebbles of white vitreous quartzite.

The next overlying formation is the Iron-Bearing member, which is
longitudinally coextensive with the underlying Quartz-Slate. The
thickness of this formation is surprisingly uniform, varying for the
most part between 800 and 1,000 feet, although at its eastern extremity
it apparently becomes thicker. The main phases of rocks here in-
cluded are slaty and cherty iron carbonates, ferruginous slates and
cherts, and actinolitic and magnetitic slates, none of which show any
evidence of being of mechanical origin. The original form of the entire
formation is taken to be an impure cherty iron carbonate, also bearing
magnesium and calcium carbonate. From this condition the many
phases and varieties of rocks now found are traced by minute stages.
These transformations are mainly produced by secondary chemical
changes. A comparison with the iron-bearing formation of the Animni-
kie shows that it consists of the same kind of rocks, which have beeni
derived from an iron carbonate in the same manner as those of the iron
formation of the Penokee series. The iron ores are tounmid to rest for
the most part upon the underlying quartzite and upon a series of dikes
which have cut the stratified layers. The ores in this position are sec-
ondary concentrations regarded as produced at the same time as the
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modificationls of the Iro-bearing imembei- and due to downward perco-
lating water, which has reinoved silica and has substituted iron oxide.

The Upper Slate member follows above the Iron-Bearing member. It
is of great and variable thickness, the maxinium being over 12,000 feet,
and it varies from this to entire disappearance, the overlying series
coming in coiitact with the Iron-Bearing or lower members. The rocks
here comprised are mica-schists and mica-slates. graywackes and gray-
wacke-slates, clay-slates or phyllites, and quartzites and conglomnerates,
all of which are of original mechanical detrital origin. The mica-
schists and mica-slates are traced by imperceptible stages back to their
original little altered or unaltered condition.

These three members constitute the Penokee series proper. The
Eastern area of the series is found to differ ini many respects from the
main area already described. This was the center of great contempo-
raneous volcanic activity, and consequently the succession includes
large thicknesses of lava flows and volcanic tuffs, which are not paral-
leled by the rocks found in the western area, and as a result of this
disturbing force the detrital succession is not so simple and regular.

With the Penokee series are found eruptives of two classes, dikes
cutting the formation and interbedded sheets, which are probably in-
trusions of the same age as the dikes. These eruptives are usually
diabases, which are like the dikes found in the complex below the
Penokee series, and which chemically are like the overlying Keweenuiw
series.

The Penokee series has approximately an east and west strike, is
unfolded, and dips to the north at an angle varying usually from 600
to 800. There are sharp flexures at a few points and small faults at
only two localities.

While the strikes and dips of the Penokee series are persistent, those of
the underlying schists are variable and often are at marked discordance
with the Penokee succession. The granites which cut the fine grained
schists of the underlying complex are never seen to intersect the lime-
stone or quartz-slate. At quite a number of places the limestone or
quartz-slate is found immediately adjacent to or in actual contact with
the underlying complex, when it is always found to bear numerous
water-worn fragments from the Southern Complex, the condition of which
is that of the rock from which it is derived. When the contact is with
the green schists the schistose structure of the underlying rocks abuts
against the strike of the quartz-slate, while the fragments, with their
greater length parallel to the schistose structure, are found with their
longer diameters in the direction of the bedding of the slate, showing
that their schistosity was produced before they were broken from their
original position. It is then concluded that the Southern Complex is
separated from the Penokee series by a great unconformity, and that as
the quartz-slate is persistent for a distance of many miles, that the
underlying complex had nearly reached a base level before the overly-
ing series was deposited.

lum.m



VANHISE.I LAKE SUPERIOR REGION. 153

Above the Penokee series are the Keweenawan rocks, which are found

at Tyler's fork above a thickness of at least 1:,000 feet of sediments
belonging to the Penokee series. In passing east or west from this
point the Keweenawam rocks come in contact with lower and lower
horizons of the Penokee series. At one place the entire succession

appears to be cut off by it. This is taken to imply that between the
deposition of the Penokee series and the outtlows of Keweenawan time
there lapsed a sufficient time for erosion to remove at least this thick-
ness of sediments, and consequently that between the Keweenawan
and Penokee series is a very considerable unconformity.

This unconformity is not, however, evident in single cross-sec-
tions. The bedded Keweenawan traps have a high inclination which
is not markedly diterent from that of the Penokee succession. The
inclination of this bedding is ascertained by the contacts of the differ-
ent flows, by the inclination of their amygdaloidal horizons, and, north
of Bessemer, by the contact between the traps and an interleaved sand-
stone.

At lake Gogebic the Eastern sandstone is found in a horizontal posi-
tion to rest against the upturned edges of the Southern Complex and
Penokee series alike, and to containi numerous characteristic fragments
which can have been derived only from these series. Also very numer-
ous fragments are found egnally characteristic of the Keweenaw series,
and it is therefore concluded that after the d eposition of the Penokee
and Keweenawan series, before the Eastern sandstone was laid down,
that the two former were upturned and suffered great denudation.

A comparison of the Penokee series proper and the Animikie series
shows that they are made up of like succession of rocks, occupying the
same relative positions with reference to overlying and underlying rocks,
one dipping northward under the basin of lake Superior and the other
dipping southward under the same body of water. They are therefore
regarded as equivalent. As probably equivalent with the Penokee
series are also placed the various areas of rocks in the lake Superior
basin referred to the Upper l- uroniim.

A comparison of the Penokee with the Marquette succession shows
that there is a very close correspondence. Unconformnably below the
Marquette and Penokee plastics is a crystalline basement complex.
Within the pre-Keweenawan elastics in each district is a second phys-
ical break. Below this break, in the Penokee district, the formations
of the lower Marquette are now represented only by the Cherty Lime-
stone. That other members once existed is indicated by the presence of
fragments of jasper and quartzite in the lowest horizon of the Quartz-
Slate. Formations composed of these rocks and a cherty limestone
are the characteristic members of the lower Marquette.

The correspondence of the members of the Penokee series proper
with those of the upper Marquette is complete. The upper Marquette

and Penokee series, looked at broadly, are great slate formations, both
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of which contain, near the base, an iron-bearing horizoni. In the Penokee
series that portion of the slate overlying the ore formation has been
called the Upper Slate member, and that below it the quartz-slate
member. The lower part of the quartz-slate is a quartzite and con-
glomerate, which corresponds to the quartzite and conglomerate form-
ing the base of the upper Marquette series. The uppermost horizon of
the Penokee quartz-slate is a narrow layer of persistent quartzite,
which does not appear to be represented iin the Marquette district.
The character of the ore-beariiig member is identical in both districts,
being unqnestionably derived from a lean, eherty carbonate of iron.
The characteristic rocks of both are now the iron carbonates, ores, and
cherts containing bands and shots of ore. The chief difference between
the two is that in the Penokee district the actirolite-magnetite-schists
are more prevalent, and that the iron-bearing formation is more persist-
ent. Connected with this fact is perhaps the presence of the upper hori-
zon of quartzite, which shows that a clearing up of the waters occurred
before the beginning of deposition of the iron-bearing sediments. A
still further analogy between the Penokee and Upper Marquette series
is the presence in both of abundant surface volcanics. We have then
in the two districts the following parallel descending pre-Keweenawan
succession.

PENOKEE. MARQUETTE.

Upper slate, locally mica-schist. Upper slate, rather extensively mica-
schist.

Iron-bearing formation. Iron-bearing formation.

Quartz-slate; upper horizon persistent Lower slate; lower part quartzite or

quartzite; central mass a slate; lower quartzite-conglomerate, bearing fr ag-
part often conglomeratic, bearing frag- ments of lower series, either lower Mar-
Inents of lower series, and locally a quette or Arehean.

quartzite.

Unconformity. lnconfiormity.

Eroded away. Iron-bearing formation.

Limestone. Limestone and lower quartzite.

Un conforinity. Unlcnformity.

Basement complex. Basement complex.

VAN i1isE,206 in 1891, describes the physical break between a Lower
and an Upper Iluronian series. In the Marquette district the Lower
series includes the lower quartzite and novaculite of Brooks, the lime-
stone formation as well as the chief iron-bearing formation containing
the hard ores, which is composed chiefly of jasper and actinolitic and
magnetitic slates. The UTpper series has at its base a vitreous quart-
zite, but is chiefly composed of black slates sometimes carbonaceous,
graywackes, and mica-schists, together of great thickness, and locally
coitains belts of ferruginous cherts and slates, including ore-bodies,
which are, however, of a different character from the ores of the Lower
series. The area occupied by the Upper series is equal to or greater
than that of the Lower series. That the two series are separated by
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a great uiconfrmity is slowtn by ineroas contacts. At these con-
tacts the lower Iiartzite of the Upper series con1tainis abundant
fragments of the Lower series which had reached their present con-
dition before being deposited in the Former. That the Lower series
has beenl greatly failed and deeply truncated before the 1'pper series
was deposited, is further shown by the iuc ha Nded and contorted
jasper abutting at all angles against the beds of the uptilted but sim-

ply folded Upper series, and also by its more crystalline character.
Since great belts of conglomerates con tailing .tbundait fragments of

ore and jasper are tonid in the Upper \ermilioni, at Ogislhki lake, and

in the Upper Kaminiistiquia series, it is argued that the source of this
material is the great belts of iron ore andjasper cotitained in the Lower
Vermilion, hunters island, aid Lower Kaministiquia series. That the
Vermilion lake conglomerate is unconfotrmably above the sch1ists in

vertical attitude, bearing ore and jasper, is further indicated by the
fact discovered by Merriam that on the islands of Vermilion lake
the conglomerate is fond to be in a series of gentle folds although
having a vertical cleavage developed. Merriam regards the conglom-
erate as a comparatively thin formatio overlying and overlapping
the Lower series. The presence of red jasper conglomerate in the
Original Iluronian suggests that in this district will be found in the
future a Lower series similar to the Lower Vermilion bearing jasper
and ore.

It is concluded that the confusion in correlation of the formations
about lake Superior is due to the failure to recognize this general uncon-
formity. Once recognized, the structural conclusions to which the vari-
ous writers have most steadfastly held are found to be in general
harmony. Above the physical break, and constituting the Upper
Huroniani (equivalent to the Original Huronian) are the Aninikie and
Upper Kaininistiquia, Upper Vermilion, Upper Marquette, Western
Mi enominee. Penokee- (ogebic proper, the Dakota, Iowa, Minnesota, and
Wisconsin quartzites surrounded by the fossiliferous series. In the

Lower I Iuronian is the Keewatin (in part at least), the Lower Kaminis-

tiquia, Lo wer Vermilion, Lower iMarquttte, Felch mountain iron-bearing

series, Menominee proper, and the Cherty limestone at the base of the

Penokee series, and the Ilack river falls iron-bearing schists.
BAYLEY, :0- in 1892, concludes, after a microscopical examination of

the specimens obtained in the neighborhood of Akeley lake, from the
formation designated Pewabic quartzite by the Mi nitesota geologists,
that they are granulitic and quartzose phases of the gabbro, and that
none of them are sedimentary rocks. These granulitic and quartzose
gabbros are traced into ordinary gabbros; consequently the Pewabie
quartzite is a part of the gabbro. The ore beds of the Akeley lake
series, interstratified with these granmilitic gabbros, also belong with the
overlying gabbro and not with the Anirmikie. This conclusion agrees
with that of Chauvenet reached in 1883 and 1884. This iron-bearing
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silicitied gabbro has been traced by this geologist southwest through

secs. 25, 35, 34, T. 65 N., R. 5 W., to Mitchiganmne lake. The same
silicified gabbro belt has been found by Merriam at lake Gobbemichig-

omog.
ME R IAM, $ in 1858 anl 1,SMA in a detailed systematic study of parts

of the Marquette district, ascertained that about many of the masses

of basic eruptives the elastic rocks bow in a (jua(juaversal lailnler, in-
dicatinig that many of the diabases, gabbros and diorites are intrusive
subsequent to the formation of the Marquette series, and that the local
strikes and dips are often due to this cause.

VAN 1-ISE209 in 1890. examined the rock succession at Iron moun-
tain, Michigan. Overlying the ore formation of the Ludington and
Chapin mines is a conglomerate which bears fragments of ore and jasper.
It therefore appears that after this material reached its present condi-
tion in the ore-bearing series it was eroded and furnished debris for a
newer series.

PUMPELLY and VAN MHsE,210 in 1S91 and 1892, find that in places
the ore formation of the Menominee and Felch mo nntain districts passes
down into the limestone. This gradation may be well seen ill the Me-
nominee district at a quarry east of the Chapint mine. Also in the
deeper workings of the Clapin, the ores resting almost directly upon
the limestone are f1ud to hear a considerable percentage of carbonates,
including iron, calcium, and magnesium. The Mhetropolitan ore deposits
in the Felch moiintain district are found associated with o within the

limestone. At one pit the ore and jasper may be seen interlaminated
with and grading down into a limestone. It is therefore probable that

the ore formation of these districts, in part at least, is but an upward
continuation of the limestone formation, perhaps differing from it origi-
nally only in that the upper part contained a greater quantity of origi-
nal carbonate of iron.

Above the ore formation at (Quinnesec, test pits show the presence
of a typical chert and *jasper conglomerate, in every respect like the
basement conglomerates of the ITpper iMarquette.

SECT ION VIi. SITMMA It Y ( F RESUL Ts.

The lake Superior region is the onle in America abont which most
has been written and which has furniished the most definite knowledge
of the structural relations of the pre-Cambrian rocks. Contained in the
foregoing summary of literature is potentially much that Hllows, but
it seems desirable to ult together the conclusions which may be con-
sidered as determined and see how far the various positions taken
by the different writers are really in harmnonuy. I nless otherwise stated,
the cited positions of the various authors are their later expressions;
oftentimes earlier and different views have been held. For the sources
from which the conelsions are drawn it will be necessary to turii to
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the literature, from which, by means of the footnotes, the material may
be traced to the originals.

The four series to be arranged are those known as the lake Superior
sandstone, the Keweenawani, the lluronian, and the Laurentian. The
last two have by certain later writers been again subdivided.

LAKE SUPEtl( R SANIT'f4 NIV.

The horizontal red sandstone of lake Superior was recognized as the

most extensive formation of the lake by the earliest geological voy-
ageurs, and in what follows this formation will be called the lake
Superior sandstone. The early travelers, Schoolcraft, Bigsby, and
Bayfield, regarded it as the Old Red sandstone, although Bayfield later
considered it to probably underlie the fossiliferous red sandstone of St.
Marys river. It was placed by Jackson, Marcou, and for a long time
by Bell, as the New Red sandstone. Very early others, including Daw-
son (Sir William), Foster, Houghton, Logan, Owen, Whitney, and
Rogers, regarded the sandstone as Lower Silurian or Potsdam. In

1873 Roininger finally demonstrated what Houghton had long before
stated, that the horizontal sandstone is directly overlapped by the Cal-
ciferous formation. The sandstone was therefore placed as Potsdam,
which position it has held since that time without dispute by anyone
acluainted with the region.

It was very early seen that the horizontal sandstone is newer than
the granites and slates of lake Superior, which occupy a lower position
than the Keweenawan. Schooleraft saw, as early as 1821, the uncoi>-
formity between the granite and sandstone at Granite point, and that
between the latter and the slates on the St. Louis river at the head of
lake Superior. Bayfield recognized this unconformity in 1829, saying
that the many instances of the conjunction of the sandstone and granite
proved that the sandstone was deposited after the granite occupied its

present position. Rogers saw the sane relations between the sandstone
and the slates of Chocolate aid Carp rivers, although at first he regarded
the latter as Primuial. Owen, in 1847, described in northern Wisconsin
like muicomformable relations between the horizontal sandstone referred
to the Potsdam and the crystalline rocks. Norwood, in 1847, again saw
the uniontormity between the lake Superior sandstone and St. Louis
slates at Fond du Lac, described by Schoolcraft many years before.
Foster, in 1848, saw the same uiconformable relations between the
saidstones and slates at L'Ainse. Since these early discoveries of the
relations between the sandstone and the crystalline rocks were an-
nounced they have beeiI comiutrmed at these original localities and at
numerous other localities by many observers.

As to the relations of the lake Superior sandstone with the sand-
stones interstratified with the trappean rocks, i.e., the Keweenawan,
there has been the greatest diversity of opinion, and the question is one
in which there is not yet entire unanimity. although the weight of the
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evidence is so strongly in favor of the interior position of the Kewee-

naw series that this conctlusionl is doubted by but few geologists.

Baytield, [>igsby. Burt, Rogers, Sehoolcraft, and Whittlesey made
no distinction between tie lake Superior and Keweenflawan sandstones,

apparently not recognizing that there was any question of their not

being equivalent. Jackson, followed by Bell, tir litany years appar-
ently regarded the Keweenawan sandstones as later than the lake Su-
perior sandstone. Jackson places the former as New Red, and states
that the sandstone of the Pictured rocks may not be of the same age.
Bell at first thought the Keweenawvan Permian or Triassic, while cog-
iizant of the tact that the lake Superior sandstone is older than the

Triassic, 1biit recently this writer places the sanistone as probably mn-
contormably above the keweenawan. Foster, Waidsworth, Whitney,
and Wiinehell (N. I1.), after comparisons and studies of the problem, have
maintained that the lake Superior and Keweenawan sandstones belong
to the same series. Agassiz, Brooks, Chamberlin, )awson, Houghtoitn,
Irving, Logan, Macfarlane, Bell, Owen, lPnmpelly, Rominger, Selwyn,
Strong, Sweet, and Wooster have held as their latest view that the
Keweenaw series is older than the lake Superior sandstone. Agassiz
at first regarded all the sandstones of the same age, but came to the
conclusion afterwards that the sandstone was deposited against the up-
turned Keweenaw series. Agassiz, Brooks, Chamberlin, Dawson, Ir-
ving, Owen, Pumpelly, Rominger, Strong, Sweet, and Wooster imiaiut ain
a great uncontornmity between the two. Mactiarlane held that there was
a doubtful uncontormity between the Keweenaw series and the lake
Superior sandstone, the former occupying an inferior position. Hough-
ton's, Logan's, and Selwyn's position is that the Keweenaw series is a
downward extension of the lake Superior red saidstone. The latter is
regarded by Logan as probably Chazy, and the Keweenawan therefore
Calciferous or Potsdam. Selwyn and Bell now place the Keweemawan
as Cambrian.

The relations of the horizontal sandstone in northern Wisconsin to
the melaphyres and traps regarded as Keweenawan have been de-
scribed by all observers to be those of unconformity, the horizontal

sandstone resting upon the upturned edges of the Keweenaw series.
The only point of difference has been whether this sandstone is Potsdam
or not. It is so regarded by the Wisconsin geologists and by Owen,
but is by N. TI. Winchell called St. Croix and is placed above the Pots-
dam. The true position of this sandstone another will discuss, but no

one doubts that it belongs near the base of the Northwestern Paleozoics.
The extensive area of horizontal sandstolne about Agogebic lake be-
tween the two highly tilted trap ranges was long ago cited by Brooks
and Punmpelly as evidence that the lake Superior saudstole is far later
in age, it being found not distant troum t he highly tilted Keweenawain

eruptives.
The controversy has been most extended as to thl relatiomis ot the

1158 [ 1 UL. 86.
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two series on Keweueaw pl)int. A part of whatl has heI regarded as
the lake Superior sandstone. adjacent to the trapi range. has been showNi
by Wadsworth to beb ng with the. Keweenliaw series. nd it is even yet

a debatable qtuestioi a s to just where at certain places the lake Superior
sandstone begins and the Keweenaw series ends; because by all it is
now agreed that near this contact is an ancient fault of great uagni-
tude, along which post-Potsdam slipping has take place.

In considering the question whether the lake Superior sandstone is a
part of the Keweeia wan, the general field relations are more significant
thi all else. wlerever the Keweenaw series appea rs in its character-
istic developmJnenut :lbout lake Superior, f m Michipicote on the east
to Duluth on the W est. froi Thuiler hay on the north to Keweenaw

point on the south, it is a t itled series, th e inclinatious rarely being less
tlhaui ;() l never less on tle south shore, while more commonly they are

much higher, running often to 800. The lake Superior sandstone, on
the other hand, wherever found, is horizontal, except along lines of con-
tact with Keweenawan or other rocks, and here the tilting has been
explained to be due to faulting. The only locality remote from a con-
tact at which the sandstone is said not to be horizontal is Traverse
island, and at this place the facts upon which the statement is based
have not been published. The lake Superior sandstone runs as a long
tongue for a distance of more than 50 miles, always in horizontal atti-
tude, gradually narrowing to the west; between the north and south
highly inclined Keweenawan trap ranges to near the Montreal river.
Nowhere is it interlaminated with or cut by a single eruptive rock of
any kind. The finding of detrital rocks between the lava flows of the
South range of the Keweeiuawan has no bearing against this assertion
any more than does the existence of such rocks in the main trap range.
Before it can be concluded that such tilted interlaminated detritals are
a part of the horizontal Eastern sandstone the two must be traced
together in continuous exposure.

These broad field relations and the absence of trap point with irre-
sistible force to the conclusion that the lake Superior sandstone is a far
later formation, laid down since the Keweenawan was deposited. uptilted,
and eroded. If this is not the case, that it ili broad areas should have
wh olly escaped the dynamic novememnts which upturned the Keweenaw
series everywhere about lake Superior is absolutely inexplicable.
Equally strange is the fact that it has everywhere escaped intrusive
material. It is not a common thing for eruptive activity which extends
over distances of 300 miles east and west and 100 miles north and south
to continue in fill fhrce up to and stop along a ruled line 100 miles
long. That this occurred must be believed if the lake Superior sand-
stone is regarded as belonging to that part of the Keweenaw series,
interbedded with the traps, as advocated by Wadswvorth. The absence
of eriuptive material ini the horizontal sandstoie on the theory that it is
a part of the Keweeiawai can le explained only by regarding it as the
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equivalent of the upper members of the lieweenawan., and even this
hypothesis would leave wholly unexplained the strange field relations.
The amount of positive evidence, based upon contact relations, neces-
sary to establish the conclusion that the lake Superior sandstone is
interstratified with the Keweenaw series, considering these general
relations (mentioned by Logan as early as 1863), would need to be very
great indeed.

However, the great mass of the evidence of contacts bears toward
the later age of the sandstone. At the very numerous localities in
Wisconsin in which the contacts are not obscured by faulting, all who
have examined the district are agreed that the sandstone there found
does rest unconformably upon melaphyres 'and traps in every respect
identical with those of the Keweenawan. Also the order of superposi-
tion of the Potsdam sandstone and the Keweenawan are shown by the
deep well at Stillwater, Minnesota, described by Meads. This well

passed through 700 feet of St. Croix and Potsdam sandstone and then
went into the characteristic interbedded sandstones and eruptives of
the Keweenaw series. This occurrence alone would seem to demon-
strate the inferior position of the Keweenawan, although from the
nature of the case it can not determine whether there is an unconform-
ity between the two. The only district in which anyone has main-
tained that the lake Superior sandstone does pass in continuous ex-
posure between the traps is along the southern border of the Kewee-
nawan of Keweenaw point, and, as already said, it is now not denied
that there has been faulting here both before and since the depo-
sition of the Eastern sandstone. Moreover, the fault is probably an
overthrust. It is, then, a district in which the contacts and relations
are particularly liable to be confusing and misleading. Even here,
however, examinations by Agassiz, Chamberlin, Irving, Rominger and
Pumpelly, have led them all to the conclusion that the Eastern sand.
stone is new-er than and overlies the trap, while only Foster and Whitney
and Wadsworth maintain the contrary.

Nearly all of the positive evidence as to the relations of w-hat is
known to be the lake Superior sandstone to the Keweenaw series is
that the former is far later than and was deposited upon and. against the
upturned edges of the Keweenawam; that between them is a great un-
conformity; and, as has been seen,.this conclusion is the one reached
by the greater number who have studied the question critically. As
the lake Superior Sandstone is Potsdam, it follows that the Kewee-
nawiau is pre-Potsdam: and since the unconformity separating the two
is so great, the latter is probably pre-Cambrian.

THIE <(11ARACTER OF THE KEwNEENAW SERIES .

Of the forms of the word proposed for this series, Keweemawian,
Keweeiian, and Keweenawan, the last is apparently preferable as being
most directly derived from the geographical term Keweenaw.

160 1 86,
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Bayfield, in 1829, recognized thle detrital character and source of the
41d4ris of the Keweeiawan conglomerates, and Concluded that they
mulst, be later than the traps.

The existence 01f a succession of interbedded elastics adi volcni iies
12, 000 feet thick abi lake Superior wNas recognized by Logan as early

as 1847, wl ile ini 1852 the same authoI accuratelycharacterized the series

as an alternation of sandstones and conglomerates. aliygdaloids aon
tra ps. The WE Ork Of Foster and Wh itney on the south shore established

aiut the same time the existe(1ce of a similar great succession on

Reweeniaw point, although the cOnglomlerates were by these aitd hours

regarded as friction col eglmerates caused mainly by volcanic action

upon tile earlier sandstone. Jackson recognized that the conglom-

erates are of trite detrital origin. The first clear appreciation of the

ctil telmporaneLtois interstratified relations between the volcanis and

detrital rocks on the south shore wmas reached by I umpellyand Marvine.

Their w)Ork was uich fuller 14n this series of rocks than any that 1I1i

g("ine before, and as a consequence of this the rocks were recognized as

a distinct systemi to whiicii the terli Reweenaw group Was applied.

Loglatl, ml the north shore, inllnded il his Upper Copper-bearing rocks

what is here called Keweenawan and the uncoiformably underlying

Animiikie. He however recognized that the two Kavie a very different

lithological character. The felsites, quartz-porphyries, and other acid
rcks-in the earlier reports frequently called jaspers-and alygdaloids
were by many of the earlier authors supposed to be metamnorphosed

sandstones. Tllis position is, I believe, for the acid rocks, held by no

writer at the present time, with perhaps one exception, and for the

auygdaloids by none. The work of WadsWorth, I mpelly and Irving

has demonstrated beyond all doubt that these rocks are original erup-
tives. The keweenawan is now generally recognized as a series many

th1o11sands of feet thick, consisting of interbedded lava flows and water-
deposited detrital material, derived chietly from the coitemporaneoms
igneous rocks. The volcanics are predominant in the lower part of the

series, the interstratifications of the two are most frequent in the middle

portion, and the upper part of the series is free from volcanies.

RELATIONS OF KEWEENAW AND UNDERLYING SERIES.

Coming now to the relations of the Keweenaw and next underlying
series, opinion is Nearly unanimous. As these two series were folded

together to form the basin of lake Superior, the earlier writers regarded

them as conformable. That they are really discordant was first recog-

n ized by Erooks and Pu mpelly, who found that the base of the Kewee-
1414wan is now in coltact with one toriation of the underlying series
and now with another, and from this general relation they argued an

erosion interval. IBrooks also brought forward as evidence of this colt-
'lusio the wIhlly1na1ered cbarlter 1Of the Kewmeenaiwan dtritals and

the simplicity of its fldiig as compared Wit the lluronian. The Wis-

Bull. 6U 11
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cousin geologists corroborated Brooks's aid lunpelly's results. Wliett

fie relations of the series on the north siore w le N iSely Vxiied

actual evidence of the erosion interval Nwas hiiim( by Irving at Thiitler

bay. The same was seen by McKellar, and upon mapping the two
series in nortlieastern 1innesota, Irving and IIerria tound that the
same discordaice whic wlb was found on the sotih shore appeared, that is

to say, the base of the Keweenawan is now ill contact with one member
of the underlying series and now w ith another. Selwyn finds at Thun-
der bay 1io evidence of this erosion iterval, but this testinotiy is neg-
ative and stands alone. The great mass of evidence fron ilny local li-
ties agrees that there is a physical break at the base of the Kewee-
nawan.

The last point to consider ill this connection is the reality of the ex-
istence and the position of the so-called crowning overtlow of the north-
west shore. This was described by Logan, Bell, Selwyn ind others.
and some were inclined to place it with the Animikie aml others with
the Keweenawan. Irving, in his general treatise ot the copper-hea ring

rocks, does not recognize this overflow as a general formation, but places

the more itmportalt flows to wh ich tl is term has been applied at the base
of the Keweenawan. Later work ilt northeastern Minnesota shows that

at the base of the keweenia wan is a great area of ga hl ro, the thickness
and magnitude of which is itiotiparablygreaitertihat the so-called crowti-
ing overflow of Thitiulder bay. ThIbis great niass of gabbro extends from

Dh11titlh northeast to the National botindary, a distance of 100 miles or
more, and is at its maxitmnn outcrop inure than 20 Miles in width.
There is no question, Uniless it be considered a stl seqIueltt intr sion.

that' this great gabbro is the 1ase of the Keweenawan, for it now copies
in contact with one member of the A iikic and now witl another.

At other times it is in contact with the crvstalline sclists of the Lower
Huronian, and again with the granite aml gneiss of the Larential, so

that it is evident, it' it is a part of the regular succession, that all of
these rocks have been deeply eroded before its appearance. This gab-
bro has been, however, too little studied to venture an opinlion as to
whether it is a great surface flow or succession of flows, or, as su g-
gested by Bayley, an iintietse reservoir in the nature of an early lac-
colite or batholite which furtrnished lateria l tor the subsequent diabase
dikes and sheets of the A timikie and for basic surfiice flows of the
Keweenawan. Recently N. H. Wintchell, contrary to all previous work,
places this gabbro as older than the Atitnikie. Little evidence is given
to support this change of view. No section is gi ven illustrating the stlp-
posed structure. To the writer there appears to be great it not insuper-

able difficulties in the way of the correctness of this conclusion.

EN iEwAL. st'C EslON AcCORDING To IIrFE'ENT \\ ITERS.

lit taking thenext step downward. we conie to the complex a out whieh
there has been great diversity of opinion mail about which it is difficult
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even yet to see clearly all the results which legitimately ollow fromii the
work done. The crude notion that the sandstones, traps,.jaspers. gneisses,
granites, aid all other rocks of lake Superior represent one great tfrm-
atiorn, the crystalline phases being more ietaniorpliosed materials, as
maintained by some of the earlier geologists, would now hardly be held
by amiy one. Also it is doubtful if any would deny that the rocks below
the Keweenaw series are divisible on a structural basis, if the Animikie
series is here included. The successions deduced by the geologists who
have made the most extended study of the hike Superior region are as
follows:

Logan makes the Keweenawaii a downward exteiision of the lake
Superior sandstone. IBelow the Keweeiaw series, as 1elore defined,
is a set of slates (the Animikie) of very considerable thickness, which
are, however, a part of the (7pper Copper-bearing group. and therefore
superior to the Original lironian or Lower Copper-hearing group. The
Animikie rests uiconforinally upon the I-uroniai. As to the relations

of the Huroiian and Laurentian bolt lake Superior little is said, ex-
cept that at one Ilace they appear to be confiOrmable and grade into
each other. We thus have Logan's succession, lake Superior sanl-
stone; Keweenawai; A inimikie; iticonformity; H uronian; Laurentian.
The Animikie, as well as the Keweenawan, is regarded as a part of the
Cambrian series.

Selwyn's succession differs from Logan's only in that he maintains
that all of the rocks underlyimig the Animikie in Canada constitute one
general contorimable succession, bit divisible into two systems 1po
lithological grounds and the superior position of the second. These
are the Laurentian and 11uronian. This order is also that of Pell.
With these autlors the Laurentian is granitoid and gneissie, while
the Huroniai is quartzose, hornblendie, schistose and slaty.

Foster and Whitney's succession is Keweenawan, which includes the
lake Superior sandstone; uicontormity: Azoie-the latter said to be
indivisible except on the north shore, and the granites are ilitrusive
rocks later tham the Azoic slates. On the north shore the Aniimikie
reposes upon the granite. Until recently Wadsworth has held to the
same succession as Foster and Whitney. In his last paler, however,
lie states it is probable that in the Marquette Azoic there are three dis-
tinct geological tirnations or ages to which he alplies, beginning at
the base, the terms Cascade, Republic, and Holyoke toriationis. The
last two are unconformable with each other.

Macfarlane recognizes a Huronian and a Lairentian, but regards
both series as wholly of igneous origin and the distinction between the
two a lithological one, the basic green schists referred to the Huronian
being newer than the granite and gneiss, and the pseudo-coniglomierates
fIund in the Hiiroiiam a coinsequene of the intrusion of the latter, in
which process fragints of gra ite anl geiss were (aught. The
Kewveeiawau is lull of dbris from the 1 uroinian.

I(NVA HU F
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Brooks, P11umpelly, Irving. ('haberlin, Sweet, and Wright recognize

ab1hoi the same general siccessioi: lake Superior smidstoue; uncon-

fority: eweeiawait; lmiidoitrity then a great system of rocks

includedin the Iuroniain; another nconotiriity; aid then a complex
of granites, gneisses anl schists. Irving in his later work separates
tromli the Hitroian and puts in the Lairentian the formation of (lioritic
schists, obscure green coitglol)erates, chloritic schists, etc., ct by
granite veins in the Marqnette district, which Brooks placed is the
lowest part of the I Inroiniai, but the relations of which are said not to
have been t'lly titale out. There is the further resultant difference

between Brooks aitd Irving that Brooks regards very considerable
masses of granite in the Meoinominee district as the highest member of
the Huroiian. As this granite is said to overlie conformably thte Itn-
ronian schists and to send dikes into them, it is suggested that toward
the end of the Huroiat period there was a great eruptive outtiow of

granite. As has been seen, these facts are explained by Irving by
excluding from the iurotiait the granite and the schists cut, although
it is recognized that lesser granitic intrusions have occurred since lu-
ronian time.

Roininger, in his earlier work on the south shore, seeing that his dio-
ritic group of Huroniain rocks is cut by granite, and considering the
tormer as a sedimentary rock, and finding also, as lie believed, actual
transitions between the frtagmeitital quartzites and granites, placed the

whole complex as luroniatn and regarded the granite as the youngest

member. These positioits are, however, very largely abandoned in his
later unpublished work. The existence of granite ,niid gneiss prior to

the deposition of, and which have yielded debris to, the lowest members
of the Huronian, is recognized, although contacts are said to be not

often sufficiently fregnent to enable a discrimination to be made be-

tweeii the original priniaiy granites and gneisses and those of later

eruptive origin. The decomposed cliaracter of the detrital rocks which

repose upon and have derived d(ebris from the granites aid gneisses,
instead of grading into them, is now seen. It is, however, still main-
tained that the great iass of the granite and gneiss is ai eruptive of
later age than the detrital rocks. The dioritic group. which is so fre-

quently cut by granite veins, before considered as the bottom of the

II ironian, is recognized is ai igneous rock whi ch must be excluded

from the sedimentary series. iominger's succession is, then, lake Su-

perior sandst nie; uncoitormiity; Keweenawan; unconformity; Hu-
roian sedimentary series, which has, however, been disturbed by great
intrusions of granite and gneiss, with also basic rocks; unconformity;
granite-gneiss-schist complex.

It is therefore to be noted that 1Brooks. Irving, and Rominger, who

have done the most work itt the detailed mapping of the rocks of the

south shore, reach an idetit ical conclusion as to the succession, the only
difference being one of eimiphasis. Roninger insists on the great impor-
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tance of the later gr'anite- gIlisses, 1t oes not enphasize the presence

of the granite-gieiss-schist coulllex; Irvilg, on the other hand, reverses

the eiiphasis; while 1Irooks occupies an i iteriiediate position. It is

most sigli icant that these three inca, starting with different views,

have finally reached like conclusions. For a long time Rominiger denied

the existence of the basement granite-gneiss-sehist complex. Irving;
was slow to recognize the presence of later intrusive granite. In
Brooks's earlier work in the MIarquette district lie did not find the

evidence of intrusive granite-gneiss which lie fomnd later in the Menoii-
n'ee district.

Lawson recognizes a physical break at the base of the Keweenawan
and a great break at the base of the Ainiikie, and divides the uider-
lying complex about the lake of the Woods and Rainy lake, Ontario,
into Keewatin, Contchiching, and Laurentian, this being the order of
occurrence downward, but in age the granitic and gneissic rocks are
later than and intrusive in the schistose rocks. In this matter Lawson
agrees with the earlier work of Bigsby upon Rainy lake and that of
Dawson upon,the lake of the Woods, except that Dawson did not re-
gard all of the granite-gneiss of the lake of the Woods as later igne-
ous material. rThese relations are the same as those described by
Foster and Whitney, and by Wadsworth between the granite-gneisses
and the Azoic slates on the south shore. With Dawson, Lawson agrees
that the Laurentian gneiss and granite and the overlying schists are
conformable. By both of these writers the schistose rocks of the lake
of the Woods are regarded as sedimentary and largely of volcanic ori-
gin. There is the further agreement between Lawson and Dawson on
the north shore and Foster and Whitney, Wadsworth, Irving, and
Williams oil the south shore that they regard the greenstoie slates
as largely in the nature of volcanic ash. Lawson gives the sehistose
rocks about lRainy lake a twofold division, both series being regarded
as sedimentary and in apparent coafornity, but there are great differ-
ences in the materials of which the series are collposed as well as iin
degree of crystallization, and basal conglomerates are found at the
bottom of the upper series. Between the two there is believed to be
a considerable geological break. The upper is the equivalent of the
schistose series of the lake of the Woods. To cover the two series is
proposed the system name Ontariai. Lawson's succession is therefore
Keweenawan, unconfornity, Ainiikie, uncon1or1ity, Keewatin, uncon-
formity, Contchiching, irrupltive unconformity, Laurentian cutting Both
Keewatin and Contchiching.

It is of interest to note that lomninger's early conclusions as to the
general relations of the rock series on the south shore were almost iden-
tical with those reached by Lawson as to the relations of the diffeireut
series on the north shore; that is, the dioritic group, the lowest Hnron-
ian, is regarded as reinelted metamorphosed Huronian. sediments, the
more crystalline character of the rocks being due to their closer prox-
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imit y to the Xiolcamic forces, a iil while the great masses of granite-giiiss
are below the dioritic group, these rocks are also interstratified with
and cut the dioritic rocks, the whole granitic group being regarded as
of igneous origin, a( Liter in age than) the sedinentaries. The likeness

of the dioritic group and Lawson's Keewatin at once suggests itself.
As has been seen, ltominger's later studies led him materially to modify
his opinions and to bring them more nearly in harmony with the coni-
clusions of Brooks ami Irving.

N. H1. Winchell's succession is: Keweenawan, Animikie, Norian,
Pewabic quartzite (all of which are included in the Tacoiic), Keewatiin,
Vermilion, Laurentian (which are included in the Archlean or Azoic).
The Keweenawan is doubtfully called Potsdam, and is, with the Ani-
mikie, placed as the Georgia formation; and the Pewabic quartzite is

provisionally placed with the Potsdam granular quartz. Included in the
Taconic are the quartzites of Mlinnesota, Iowa, Dakota and Wisconsin.
The part of the succession placed in the Taconic differs from Irving's sue-

cessioni for this part of the column in that the formations which Winchell
includes in the Norian and Pewabic are regarded as the great basal gab-
bro mass of the Keweenawan, between the upper Keweenawan and the
Animikie instead of below the Animikie. It is not necessary to say
that Irving regarded all of these members as pre-Cambrian. The suc-
cession within the Archean is the samie as that of Lawson, the difference
being only that Vermilion is substituted Ir Coutchiching. Also the
Keewatin plastics, Vermilion schists, aid Laurentian gneiss are regarded
as in complete coiformiity, all detrital. and the lower members but more
metamorphosed than the upper.

Alexander Winchell's succession below the Keweenawau is Huronian,
Keewatin, Vermilion and Laurentian. At the base of the Huronian is
a great structural break. The three lower series are in conforimity and

grade into each other. This is much the sauime as this part of the suc-
cession given by N. H. Winchell, except that one great series, the
Ogishki conglomerate, is placed by the latter as a part of the An imikie
(Huronian) while by Alexander Winchell it is placed with the Keewatin.

Doubtless to the minds of many the great thickness of the combined
Keewatin and Coutchiching of Profs. Witchells and Lawson will be

presinpti e evidence against the structure which they have worked
out. This thickness as given by Alexander Witchell is more than
30,000 feet, while Lawson gives the Keewatin a thickness of 5 miles and
the Coutchieling a thickness of 4 or 5 miles, or in the neighborhood of
50,000 feet. The manner in which the structure of the Keewatin and
Coutchiching schists always strike parallel to and encircle the adjacent
granite masses suggests that these intrusives have developed slaty
cleavage or schistose structure which has been mistaken Io bedding.
Lawson supposes the intruding granite has upthrust the beds until
they now stand on end. That both schistose structure and bedding,
with marked discordance to each other, exist east of Iainy lake is posi-
tively maintained by I1iumpelly and Smiytb.
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If the objection of great thickness lor the Keewatin and Coutchi-

ching has weight, the enormi lls thickness of over 120,000 feet given
For the conformable systein iin northeastern Minnesota, on the theory
that the Keewatin and C2outchiching are cont rnable and grade into

the gneissic series, and that all are of sedimentary origin, now foled
into a simple synclinal structure. will be still iiore weighty evidence
against the correctness of the colchlsion reached. It is notable that
Willis's expllattion of the structure at the center of this supposed
syncline, Vermilion lake, reverses this atul makes it an anticline.
Lawson does not have to meet this dificlilty because lie regards the

grailite and gneiss as irruptive and conseiuently a series to which the

principles of ordinary stratigraphical geology do not apply.
From the toregoicg statements it might he concluded that lake

Superior stratigraphy bel w the Keweenawan is in a greater state of

confusion than is really the case, for a closer examination of the vari-
ous successions shows t hat litay apparent discrepancies are not real,

if conclusions are not extended beyond the field studied ill each case.

C mnfusion has resulted because the conclusions built illp frou a study
of a smutall part of the region have been assumed to apply ti the whole,

al because different names are used tfr the same thing. The lake
Superior region is so large that Ito one has had or tan have a detailed

persnal knowledge of mole than a sm1a11,11 part of it.

llIT1lt i l'A. t'Al.\ ti'TIRS OF .) AO .(', I.A l'fI:NTI.\ . I1 'I4)NIA N, FiT.

Before going either it will te well to silimarize the litho)gical
characters o the pre-Keweem wan rocks inclidtd by the various writers
1n4er the terms applied t tthe difereitt series in different districts,
alth tough to a, certaill extent this will repeat the preceding pIragraphs.
It is here much less easy to make definite statements thall in the ease of

the ltke Superior sai4stont a14 Keweeiawall.
A zoic, as used by Foster and Whitney a4 those who allowedd these

authors, was tmale to include everything ttl4W the Keweenawait, with

the exception of the rocks which are plainly igi Os. It c((velid con-

glomerates, qualtzites. slates mi marlte, as well as the gneisses,
mica-schists. hornblende-schists, etc.; that is, rocks which vary in

their character frmn those which are plainly plastic, as conglomerates,
to those which are completely crystalline. The granites, syenites,

greelnstones, greeistone slates. iron ore, jasper. etc., were regarded as
igneous rocks, in part contemporaneous with and in part newer than

the rocks of the A zoi system, all of wxhiich were sul ppIsed to be of
detrital origin, but in age earlier than the Kewexenwan.

Laurentian, as used by Most of the earlier Canadii geologists, covers

the most of the light colored granites and coarse grained gneisses. It
was recognized t hat these rocks htre cut by basic eruptives. This usage

was ttollowed by lmuy of the Atmerican geologists ilt to the time of
Blsooks, who excluded a large part of the granite and gneiss from the
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Laurentian, believe ing this part to be of later age and intrusive. Iaw-
son about the lake of the Woods made the same discrimination.
Irving, in his lafer work, differed from those who preceded hinm in that
he included in the Laurentian all the thoroughly crystalline schists,
with some of the obscure green schist-conglomerates; that is, he placed
as a part of the Laurentian a large group of finely schistose rocks cut
by granite veins which had heretofore been taken to be greatly meta-
morphosed detrital material and had been placed in the Huronian. He
also regarded as belonging here many of the tine grained crystalline
scihists of a similar character on the north shore, placed by the earlier
Canadian geologists with the Hluronian. For this Laurentian increased
in magnitude he used the tern Archean. Lawson and the Profs.
W inchell use the term Laurentian to cover practically the same class
of rocks as the earlier Canadian geologists, although Lawson differs
froi them in regard to their origin and age. It was early remarked
by Macftarlane and later by Whittlesey, Brooks and Rominger that the
Laurentian of lake Superior differs front that system in eastern Canada
in containing no limestones, quartzites, iron ores, or other rocks of the

plainly detrital class. Brooks and Chamberlin remark that it is
doubtful whether the lake Superior Laurentian is the equivalent of the
eastern Laurentian of Canada.

The lake Superior Huronian of the larger number of the ('amadian
geologists includes the quartzites, slates, fine grained green schists,
all of which are sometimes conglomeratic, and the pebbles often dis-

torted and metamorphosed. It also includes the inica-sehists, horn-
blende-sehists and tine grained gneisses bearing calcite, with certain
ferruginous schists and basic and acid volcanic products. The attitude
of the Huronian sehists is either vertical or steeply inclined. The Ani-
mikie is not included in the Huronian. On the south shore Brooks aund

iumpelly in their earlier work included in the Huronian all the rocks
in character like those placed in this system on the north shore, with

also large areas of rocks the elastic character of which is evident. such
as limestones, ferruginous beds, slates, graywackes, etc., which while

always tilted or gently folded have not the schistose structure of the

Ilnronian of the north shore, but rather resemble the Aniimikie. Later,

-Brooks placed as the upper member of the Huronian large areas of
gneiss and granite which had earlier been regarded as Laurentian.
Rominger went a step farther and recognized in his published report
on the south shore the Huronian only, seeing as he did that a part of
the granite-geiss certainly cuts a portion of the schistose rocks which

had been regarded as Iluronian. He thus included in the Huronian
the granite-gneisses which are equivalent to Lawson's Laurentian, and
reverted to the position of Foster and Whlitney, making his Huronian
the equivalent of their Azoie, one indivisible system. In Rominger's
later unpublished manuscript he, however, distinctly recognizes besides

a later intrusive granite an earlier graniite-gneiss upon which the lowest
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detrital beds were deposited, :ilthoiigli he nowhiere si ates whether this
is considered Laurentian or not. Irving excludes 1roim the l lro ian

on the south shore large areas of green crystalline hornblende scliists,
chllorite-schists and green schist-conglomerates cut by granite veins
heretofore called Huronian; that is, he inclled in the Iunronian only
those detrital rocks the elastic character of which is apparent or which
can be traced into the elastic rocks, such as the quartzites, limestones,
ferrnugiinous beds, argillaceous slates, the metamorphic mica-schists,
etc. iii his 1 nroinian he included the Animikie on the north shore,
placed above the luronian by the Canadian geolgists.

Lawson :bandons the term Hurounian and divides the schistose rocks
iniclded under this term by the earlier Canadian geologists into two se-
ries the Contciiclhing and Keewatin. The Coutchiching includes the
lowest rocks in contact with the Laurentian gneisses and granites and
comuprises mica-schists and fine grained, evenly laminated gneisses that
is, thoroughly crystalline finelylaminated rocks. The Keewatin includes
tine grained green schists, both basic and acidic, with volcanic tufts, ag-
glomerates, peculiar altered conglomerates with intersecting eruptives,
and jaspery iron ore beds. It does not include the unaltered slates,
graywackes and ferruginous beds of the Animikie. The position of the
Prots. Winchell is practically the same as that of Lawson, except that
instead of using Coutchiching, Vermilion is used, and both the kee-
watin and Coutchiching are held to be inferior to all of the Huronian.

The Animikie includes the unaltered, or little altered, gently inclined
or folded slates, graywackes, and ferruginous beds on the north shore
and in northeastern iMinnesota.

Belonging to the series designated by the foregoing terms are recog-
nized by all writers interbedded and cutting basic and acid eruptives
of various sorts, only iii the Animikie and in the Huronian of lrving the
acid eruptives are insignificant in amount. Many of the fine grained
green schists, with some exceptions, in early days regarded as nmucli
metamorphosed sedimentary Huronian rocks, are now considered by all to
be much altered eruptives, either of surface or deep-seated origin, their

present structure being due to secondary causes. That acid eruptive
material should be found plentifully cutting the elastics series is not at
all surprising. Acid eruptions were abundant and widespread in the
lake Superior region as late as Keweenawan time, as is attested by the
original acid rocks of the copper-bearing series, and still more emnphat-
ically by the vast amountof debrisfrom felsites, quartz-porphyries, etc.,
fund in the interlaminated detrital beds. That so few acid dikes are
fonnd in the upper Huronian of the south shore can be explained oily
by the fact that the acid eruptives of the Keweenawan are mostly re-
note from the Marquette, Menominee, and Penokee series. A closer
study in the future will probably show in these districts a greater
abumnlance of acid eruptives than has been supposed. The deep-seated
pipes and bosses formed by the eruptions of the keweenawan felsites
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atd porlhyries perhaps crystallized ili the fio ml of granite. Itt may
well be that large passes of intrusive graniite may be of Keneewanall
or Aiiimikie age. Evel if this were the case aid there are two epochs
of granitie eruptives later thall the upper llutroliati plastics, this would

be no evidence of the absence of an ancient flo r Composed mainly of
graiiite-gneiss up)n whichi the oblest luronian has been deposited.

ORIGIlN (F THE I i )N OlES.

Before taking up the correlation of the Jpre-Keweenawan lake Supe-
rior series, one further point remiiaiiis to be considered, whether the iron
ores anid associated rowks are eruptive or are sedimentary, fot up Ion

this point depends the correctness of many structul determinations.

If. as believed by Wadsworth and Foster and 'Whitey, the iron ore is

partly igneous. and by the first named that 21 part of the jasper has the
salve genesis. they imay occur nt ally horizol up to that of their eruption

an d can not be used as guides in working out the structure. Those who
believe the iron-bearing formations a re sedimentary hLave regarded themt

as persistent members, aid the stri king and peculiar lithological charac-
ters of these belts have furnished key horizons to which to refer the
associated elastics.

Foster and W liitney saw tit their masses ()f iron ore and jasper have

none of the characteristics of vein deposits, and believed that the still-

position that they resulted from the decomposition of pyrites or the

inetamorphismii of bog ore is wholly inadequate to account for the

acinllnliation of such vast itasses as occur, or to explain the relations

to the associated rocks. It not of this origin, they could only conceive
that they are igneons. The frequent association of the ore with erup-
tives and the line banding led to the conclusion that these facts can
hardly be explained except by igneous action. These writers, saw,
however, that when the ore is found it beds in clearly metamorphic

strata having a common bearing and inclination they must be sedimen-

tary, and such deposits are regarded as living been derived from the
destruction of previously formed igneous masses and their present

association to have resulted from mtieoi s deposition, so that even in
this (utse the iron has an igneous source. At the present time few

would assert that the iron ores are vein deposits, or the result of
decompsitin t of pyrites, or the metamorphism of bog ores; but there

are other expliuations overlooked by Foster and Whitney which may

alply before being driven to the igneouls hypothesis.
TIel reasons given by Foster and Whitney for an igneous origill of

the ore-bearing i nations are of a negative character, 'nd the oly
case iti which positive evidei ce is giveil tle locks are recognized as

detrital. But Walsworth brings forward positive evidence as to the
origin of the ores. Many instances are cited showing the way in which

the jasper and ore huve cruptive contacts with the tss )citted schIists.

The facts, however, indicate the eruptive character of the ore and jas-
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per only it the schists are of sedimentary origin. Trhe investigations
of Irving. Williams, and the Profs. Winchell, as well as our own late
work. have shown that the lower Vermilion and lower lar (uette iroli-

be.iring members contain many schistose dikes, and also that in many
cases the massive greenstone knobs timnd in these districts vary by

imperceptible stages into the tinely laniminated schists associated with
the iron ore and jasper. The schists are, then, in part at least, of erup-

tive origin. Brooks noted the dike-like character of certain magnesiain
schists associated with the ore tfirmation, between whicli and the dio-

ritic schists, believed to be of sedimentary origin, it was said to be
impossible to draw the line. That these well laminated schists should
not at first be regarded as ermiptive is natural, but the variation of

massive igneous rocks into those which are well lamiiated as a result

of dyiamie action anl met asomatie chaliges is now so well known that

new Cases of it excite no smprise. 1 would by no ieans assert that
all of the schistose rocks associated with the iroit ores and jaspers il

the Marnquette and Vermilion districts are of eruptive origin, hut this

is certainly the case at many localities. This view reverses Wlds-

w ortht's aiol makes his sedimentary rocks eruptive and his eruptives
sedimieltary. It will, however, be seen that this position harmonizes

I Giving's conclusion as to the sedimentary origin of the ores and jaspers
and the point upoi which \\ adsworth places most emphasis, that there

are eruptive cimtacts between these rocks and the associated schists.
It is to be noted that the eruptive theory has been applied oly to the

Marquette anil Vermilion jasper mill ore. No oie has asserted such an

origin for the iron-bearing horizon of the Penokee and Animikie series.

This is an independent question. as will be seen by what 'ollows; for
these formations probably occupy a higher position thali the lower \lar-
quette a1d lower Vermilion ires. We have, then. to answer two qIules-

tions: Vhiat is the origin of the iron-ore torimations of the Penokee,
An imikie, and elquivaent iron-bearing formations ! " and. second 1', " V hat

is the origin of the great masses of ore am jasper of somewhiit irregu-

lar shape, apparently not continuous 1lormltions, although probe aldy at
rather persistent horizons, in the Lower Vermilion, Lower Mar iiette,
Kamiinistiquia, and similar areas '"

I ipon the first of these Iquestions there is practi(ally no dispute. The

iOn--ore foiirimtioi in the Penokee district has been ii(1nd to extend tin
may miles as a simple ielt of very fnlitlorm thickiess het weeli two read-

ily recognized detrital f(iritions, all with a conlnoli strike ahd dip

varying within very ii am-mow imits. A precisely similar co1litionl of

affairs is found ili the Animikie district. These formations hive been

slhowin by later work to have been originally altogether what they still

aye largely, thinly hl inated impure (herty carbonates of iroli, in every

way analogous to similmi earthy carbonates of Later geological periods

The other forms of materi il nOW associated with the, such as j sper,
actinolitic and imiagnetitie schists, ore bodies, etc., are the cuseflhuence
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of subset u 'et clamges. The ore bodies, hibr instance, are secondary
concenitrations, generally ill troi ghs, die to the action of percolating

water. The same acts are apparent as to the l'pper IMariuette and
Upper Mienominee ores and jaspers.

In the case of the iron torimations of the Lower Iarquette, Lower

Vermilion, and similar districts the question can not be so decisively
answered. The Lower Mlar(llette iron-bearing lorlation is generally,
if not always, the uppermost member found in the lower series, when ero-
sion has not carried it away, and therefore apparently occupies a definite
horizon, although as the structure of this district has not been worked
oit in detail this can not be positively asserted. Ii the Vermilion a hke
district the great masses of ore and jasper of iumense thickness seem

to extend only for a short distance along the strike of the rocks, then
disappear anI(d reappear at inte rvals to the northeastward at Long lake,
at llunter's island, and other points, probably also north of Port Arthur
in the Kanmiistiquia district. This lack of persistence may be due to

the tact that the fold or tihli sare not horizontal, but have a varying pitch.

Theore torimation atthe swellsofthe pitching toldsmayhavebeen removed
by erosion. While it is not proved, it is probable that the ore forma-

tion is at a definite horizon, siice the different outcrops appear to be in

the some part (f the series and along the same general line of strike
for considerable distances. These ore and jasper forimations contain
abundant iron carbonate, are interlaminated with graphitic schists con-
taining iron carbonate, the graphite of which is so abundant and widely
disseminated in minute particles that it call hardly be believed to be
other than of organic origin, and from these forms there are gradations

to the other forms of rock found in the iron-bearing formation. In the
deeper workings of some of the larger mines of the Marquette amid Me-
nominee districts, the ore bears much residual carbonate of iron and
also carbonates of calcinm and magnesium. At Iron Mountain and

M etropolitan the iron toirmation grades downward by ilisensible de-

grees into the limestoe. All of these points, and the remarkable lith-
ological likenesses between the phases of rocks tound at these horizons

and those occurring in the iron tormnations of the Penokee and Animikie,
demonstrably of detrital origin, are cited as evidence that these ores
are derived from an originally impure cherty carbonate of iron. A
study o1 the Vermilion iron fornmatioln by N H. 1H. all . V. Winchell
has led them to the conclusion that it is of direct chemical detrital
origin rather than derived from an impure eherty carbonate. Which

of these views is the correct one does not conceal the present question,
for if the ore-bearing formation is detrital it may be used for the pur-
poses of stratigraphy. We tins have iin i'avor of an origin for these
lower ore formations similar to those of t lie Penokee and Animikie a
large amount of positive evidence, while the only adverse positive facts
are those cited by Wadsworth, and these, as has already been said, may
be brought into accordance with the sedimentary theory by consider-
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ing the schisiose rocks having eruptive coot act s with the ores aml jas

pers as the intrusives. vhich in manly cases Ihey demonstrably are. Il

his most recent paper \Vadsworth himself suggests that the supposed
erupftive jasper and ore mlay be "' truly fragmental, their present rela-
tions being due to sedimentary al chemical action and the squeezing
together of the jaspilite ad( schist."

It was suggested by Brooks that the ore deposits of the New Eng-
lad-Saginaw range and of the hike Sl)erior mimie il the Marquette
district are secoldary conceiitratiois due to t he removal of silica andl
the deposition of iron oxide. The samve position was taken 1y lominger
for the entire Marquette district. Later I have shown that it is a general
truth for the lake Superior region t hat the iron ore deposits are second-
ary coucentratious, produced by downward percolating waters along
the paths of great water channels, and particularly at places where the
waters are converged by tilted impervious basement toriiiations.

THE BAsIC ERUPTIVES AND STRATIlRAlP IY.

At one other point the problem of lake Superior stratigrapIlly has
been made more difficult by certain of the geologists than was neces-
sary. The diabases, diorites, and gabbros were by several writers ill
early days regarded as metamorphi sedimentary roeks. Logan, Min,-
ray, and Foster and Whitney are notable exceptions. Partly as a con-
sequence of this fact cauie the minte subdivision of the Marquette,
Menominee, Penokee, aml other series. All vow regarding these rocks
as intrusives, the facts that they areoften ill boss-like masses, and wheni
interleaved do Inot necessarily continue for any considerable distance,
present no difficulty; while a great formation like the Upper Slate of
the Penokee and Marquette districts is left as a whole rather than di-
vided into a number of members separated by layers of greeiistone.
Also it is now known that the " dioritic schists " aurc ancient eruptives,
in part coitemporaneotis and interbedded with the sedimentary rocks.
The volcanic character of these rocks was suggested by Foster and
Whitney, and their igneous origin was a ppreciated by Rominger. Later
investigations by \adsworth and Williams, with the microscope, lead
to the same collusion.

The intrusions of the diabases, gabbros, aud diorites, as suggested by
Rtominger, Wadsworth, and ilerriam, have oftentimes had an important
influence upon the structure of the sedimentary beds, although Rom-
inger holds that the folding is primarily due to the intrusive granite.
Strong and Roiinger also suggested, in the St. Louis river district,
that the eruptives were the pipes which fturuished the onttlows of Ke-
weenawan time. This idea is not only plausible fir this district, butt
is probably true for the entire lake Superior region. A closer study will
probably demonstrate that the fresher eri!tives in both the upper and
lower Huroiian, including the great intrusive beds of the k imi ikie, are
really Keweenawan in age. Also t he tutmerous dikes of like character
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Cutting ie tidaIental complex doubtless represent in other series
the same mianmestation of igneous activity.

-NCONH iOllTY Al' iL E Mi CI.ASTIC SERIES.

In attemplting to determine how far the different views held as to lake

Superior stratigraphty are really in harmony, it is desirable to have, if

possible, as starting planes upper and lower horizons. From the pre-
ceding pages it is evident that for the first of these we have the base

of the Keweenawan. Nearly all are agreed that below this series is a
break more or less considerable, and all are agreed that it is a recog-

nizable plane. It appears to the writer that the evidence shows the
existence of another general plane fbr the lake Superior region at
the horizon elsewhere defined as separating the Archean from the
Alginkian-that is, the plane between the basement granite-gneiss-
schist complex and the overlying elastic series with their equivalent
crystallines. The Failure generally to recognize this plane is due to the
fact that the banded ad contorted gneiss, which is the most prominent
rock of the basal complex, does not differ greatly in lithological char-
acter from areas of later granite-gneiss which have intruded the clas-
tics. This later granite-gneiss is, however, usually somewhat nearer
the normal form of an eruptive rock, not having suffered so many vicis-
situdes in its briefer history. Those whose attention has been mainly
directed to the contact Ilhenlomella of the intrusive granite-gneisses
have generally refused to believe in an earlier granite-gneiss, although
recognizing, at least in some cases, that the lowest detrital rocks bear
numerous tragmeits of a granite-gneiss. Onl the other hand, those
whose attention has been directed to the inionformities, as indicated

by basal contacts and other phenomena between the basal complex and
the elastic series, have sometimes been disinclined to believe in the
existence of important areas of granite-gneiss which are intrusives later
than the elastic series. Generally, in the districts which have been
studied by individual writers the phenomena of the one class are con-
spicuous while those of the other class are unimportant or perhaps

lacking altogether. Naturally this has engendered an inclination in
each observer to conclude that the relations which have strongly im-

pressed him are true of the entire lake Superior region.
Bell and Selwyn find no evidence of discordance between their Lau-

rentian and Huronian. 13e11, ii 1873, says the distinction between the

Laurentian and Huronian is chiefly of a lithological character, while
Selwyn, in 1883, states that he can give no better reason tor supposing

that certain sets of beds belong to the Laurentian and others to the

lluronian than a considerable difference in lithological character, the

former being essentially granitoid, gneissic. and feldspathic, while the
latter is quartzose, hornblendie, schistose, and slaty.

Thele is, however, 1me11 evidence that the plane between the Algn

kian and Archean is definitely fixed over much of the lake Superior
region by a great uiconfoirmity.
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That 1elow the Cherty Limestone of the Peimokee series t here is a
great physical bre k wNO4ld, in the fance of the evidence at present

knowNv , be hardly doubted by ,unyonle. The clierty limestone, forming

1 single line of onterops, although not continuous, now rests upon
granite, now ulmn gneiss, now upon the green crystalline schists.

The granite is definitely known to be later th 11n.the schists becInuse it

intricately intrudes them, but it never intersects the chesty limestone.
T his basement is clearly a complex upon which the limestone has
been deposited.

Tiirniing now to the Marquette district: Uncontorniiable contacts
have been found at many localities, but here the elastic series are

lOlded, ind certain of the contacts bltweenu t he elastics and crystalline
complex.,y overhipopiuing, 're below upper members of the elastic series
rather than truly basal contacts. Of the t wo localities cited by Brooks

for the uncoutoirmity bet ween the 1uro1ia mull Laurenitiain, that at

Republic mountain is clearly between the lower part of tile Ma rquette
series and the gr:Inite- gneiss-schist complex, while that at 1 hu1bago

creek, ill the LAnse district. is certainly beloNw a high horizon. Of the
mny localities cited by Rominger ad Irving ill which there are con-

tacts between the gnilite-gneiss-schist complex and the overlying (las-
tics, i' Brooks's succession be accepted. several belong well down

in, it nt actually at, the base of the iMlarquette series. At these

contacts the elastic are generally conlomerates, built up chiefly
of the (leblis of the 1144de4rlying rcks, and oftentimes so thorouglIly

cemented as cI4sely t resem] ble them m41d to lead to the conclusion, it

not crefllly examined. that there is a real transition between the

elastic and crystalline rocks. As already indicated, this was at first
Rominger's opinion, and the apparent tra4siti41 was taken to indicate

a gradu metamorphism from the conglomerates to the granite or
schists is the case alight be. But liominger's later studies led him to

see. as did also ]r ving, that these basal conlglomerates are recomliosed

rocks resting upon a earlier forced ystAlline and often granitic base.

In the ileiominee district Brooks, Rominger, mid [rving Al hold that

contacts are Itomd between very low, or the lowest members of the

plastic series 1nd tle grnite-gneiss c441mplex, the relItions being those

of profound miconfoirmity. The actual contact lestribed by Smyth
(too late to suinnarize in the literature) between the lowest formation
of the lower M11ar ette and the granite-gneiss at Republic mountain

is the clearest case on the south shore. Here is a basal conglomerate
containing m numerous water-worn bowIders and pebbles of granite, rest-
ing directly upon the granite from which the fragments are derived.

As shown by Irving, the magnitude of the break in the Penokee,
Marquette, and -Menominee districts is not lessened whether the under-
lying sclist, gneiss, and grniite are ignleous or sedimentary, for they

had reached their resent crystalline condition before the overlying
rocks were deposited upon them, a condition which ia part or all
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could not 1hve bad as surface rocks; andN which shows, whether lgne-

o11s O a11lueos, 1prlimodfllil indeed structures and deep erosion, sutd

therefore a syste i of rocks which had an intricate history before the
elastic were deposited. In this connection the physical break at the

base of the Aiiiiiiikie aid its ecnivalents is not cited, because this
series occupies a higher position than the series overlying the break

Just considered.
As further evidemv ('r a great physical break between the base-

ment complex and the lowest ovelVing ehistics are cited bly Brooks and
Irvin!g (1) the strong contrast in the lithological characters of the two,
the I'l u1abne'tal complex being thoroughly crystalline, while the over-
lyiing rocks are mainly plaily detrital, or such as may have been
derived from detritals; (2) the fact that the complex is cut by very

numerous granite dikes, which are but rarely timid in the elasties;
aid (3) their general field relatirnLs, the complex having most ob-
seure structures and very great variability iln strike and tip), while
the clastics are less intricately olded, showing that the older series
has been subjected to orographic movements prior to the newer.

As before stated, brooks, lRloii ger, and Irving-the three who have
done the mo(st detailed al continuous work oil the south shore-ad

at the outset different opinions as to the relations of the plastics to a
basement graiite-gieiss, but they all came to the same final concli-
sion, that between the two is a great structural break. Pumpelly and
Chamberlin, who have also done Iimch general work in this region,
agree with this conclusion. W hile this is true, all of these writers do
not agree in every district as to the position at which this plane is
found.

Whether the physical break which exists below the elastic series
on the south shore is paralleled by a widespread uncoiornity on the

north shore is less certain, although such an unconformity is found
locally. Lawson, who has do'ne the most work iin this region, maintains
that between the Keewatin and Coutchiching a profound physical
change took place in the coalitions of deposition, consequent upo

which are great d(fiferences in lithological characters and a prevalent
more crystalline condition in the inferior series. He also describes
conglomerates in two places at the base of the Keewatin which bear
both granitic fragmniits and tragments from the Coutchiching. From
these facts Lawson believes that there is a real inconformity be-
tween the two series, although at the present time they have been so

squeezed together and secondary structures formed as to be usually
in apparent contormity, and the separation in mapping is based for

the most part upon lithological grounds. Lawson, however, believes
that the Coutehiching is a bedded sedimeutary series, rather than a
part of the basal complex, as here defined. If this le true,tlhis 1 nueon-
tfirmity does nt bear on the f leistion mder discussion.
Plnpelly mid 811ythl, wNho hvive recently jumde a rather extended trip

IN6 sIu-rie



\ \\ TISVIAK I: s1'I ; 'Iia c. 17 7

in western Ontario. a"Ic' eiesee ill Lii wsmi's coiusion in so f'ar as the
um-onfo)jlity is concern , bet differ froiii IAwsoL iii that they find a
great structtiral discorililee between the 1isal elastic series east of
liaitiy lake MAi a fttndhImentatl complex consisting of gra;nite, gneiss,
and schist, while finding the superinleed filiation of both series
parallel.

In Mlinnesota the Prod's. Winichell, ; lth~outgh recognizing tihe pho] (
between the plastics al crystallines as a boundary 1et ween two groups
of rocks, mainttaint cmoformity and gnuhitins, although Alexander

Wiiiifell suggests that it is a possibility that the appareiit confiirmity
is superinduced by subsequent dynamic action.

The probability of an unconitrmit y here ibliows from the same line
of reasoning as that applied t the lake of tle Wioods aid Ra iny lake

districts, und is ftorther indicated by the descriptions of coigloierates
at Saganaga and Ep silon lakes iii irtheiastern iIinnesota by Alex.
Winchlell. In the published inote-books these conglomerates are
described and figured as sharply separated from the underlying syenite
and containing ronmled pebbles of it, although it is said the conglom-

erates were not laid dovn on the solidified syenite. Later these occur-
rences are interpreted to mean that tie syenite ail gneiss Iae of sedi-

mentary origin, being completely metaiiorphoseil. However, I am not
sure that I understand the descriptions well enough to be certain that
these so called conglomerates are not really ihie to the intrusion of the
later irniptive syenite, as was suggested by Wincell himself. In the
earlier work on the north shore of lake Superior done by Bell, lio dis-
tiictioi was made between the fine grained plastics amd the crystalline
schistose rocks, although it is not improbable that closer work will make
it possible to extend thestruct iral subdivisions of Ill'onpelly alll Smyth.
l1acFarlane noted that the squeezed 111ronian slat c--ongloiierates fre-
Itiently contain granite ftragiiients, although ie did not consider them
to be of' sedimentary origin. Ierrick tund in his schistose group on

Al ichipicotein bay basenient ciIgioerates, the pebbles of wliich are like
the granite below, although the relations bet ween the granite and
schists arc such as to suggest to hiim that the granite had been intruded

beniatlh the schist, I)awsoni (Sir Williamn), Logai, and Bell all mention

granite awl gneiss fragimenits in the Original tironian east of lake
Superior, 1a( Logan clearly believed the two to be iicmionormable.
Irving tfinud additionial evidence in favor of this unconfirmity. L'ecent

work of Punipelly and iimyself Inas shown that the lowest member of

the Origiial II ronian, as mapped by Logan, rests with a great uncon-

iormit y upon the basement com plex, the Laureitii of Logan. Selwyn,
although thinking the Ii ronian and Laurentian contirmable, states

that Laurentian pebbles occur in the hI nionian.
As shnovn in another place, the gradation described by the Profs.

Winchell ins northeastern ainnesota, aInl which apapelrs to occur in

other places, is wholly consistent with a real structural break between

Bull. 86 L
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the basal colplex and the elastic. When a elastic series grades doNvit
into a crystalline one, this may be ca Ised by progressive metamoriphism,
by Contact action of a subseql eat intrusive, or by later ftoling, which

destroys the original bedding of both series and produces a common
secoudary structure, at the same time causing the nIewer series to assume
a crystalline character. Such induced conilormity and tran sition are the
more likely to occur when the materials of the newer series are chiefly
derived from the older, and, as shown by Pumpelly, will be particularly
likely to be perfect ~'hell the earlier series has suffered atmospheric dis-
integration before the deposition of the later. Future study may show
still other causes of gradations between nnconfmalble series.

Evidently north anl east of Lake Superior we are not without posi-
tive evidence that a great physical break occurs at certain points
between an ancient granite-gneiss-schist complex and the plastic series,
which, however, are often (lit by recent intrusive grand ite-gneisses. Also

at imaiy localities in which an uncontirmity has not been positively
show the evidence at hand points in this direction. When the condi-
tions are considered which are necessary to produce an nconformity
it is difficult to see how one can really be of a local nature. Thus while
it can not be asserted that a universal structural break niwth md east

of lake Superior exists between the Algonkian and Archean, there is

a probability that such is the case.
The foregoing evidence combined gives a strong case of probability

for a general structural break in the lake Superior region between the

lowest elastic series and a basement crystalline complex. However, it
can not be denied that certain of the contacts, cited as showing this un-
confiformity, although unquestionably beneath the lowest elastic series
for particular districts, may be at higher stratigraphical positions that
the base of the lowest elastic series of -tle whole lake Superior region.

Before the question of a break at this position can be considered as set-
tIed beyond all question for the entire lake Superior region much
wore detailed napping must be doie. However, the existence of this
hreak tir many districts is so strongly supported, that it gives forlhe
present the best available glidance as to one fixed horizon for comnpar-

isons of the rock series of the different district s. The recognition of this

break does not imply that the lowest elastic series at certain localities

are not penetrated by, and now rest upon, intrusive gianite-gneiss, but

in such cases the evidence of this break, if it once existed, has been de-

stroyed.

We have, then, for structural work two starting planes, the base of the
Keweenawan and the base of the chlsties, included between which are
the larger part of the series of rocks placed in the Huroliaul by the

earlier Ca nadian geologists, theA nimikie, Lawson's Keewatin the Prof.s.
Winichell's Keewati and Aniimikie, Irving's Huronian, and perhaps in
part the tProhs. W\inchells' Vermilion and Lawson's Coutchiiclig.
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UNCONF OlM1ITY WlTHIN PLASTIC SERIES.

It is believed that many of the further difficulties as to correlation inl
the districts about, lake Superior have arisen from the failure to recog-
nize a third physical break which has a very wide, if not universal,
extent in this region. The early Canadian geologists found a break at
the base of the Animikie, and while this series was first placed with
the Huronian, the fact that unconformably below it was another series
which also resembled the Huronian led the later Canadian geologists
to exclude the entire Animikie from the Huronian, and they have thus
restricted the term in this district to the pre-Animikie Huroiuian rocks.
The lichigan and Wisconsin geologists include in the Huroiiali the
equivalents of both the Animikie and pre-Aninikie Huronian, and while
facts were clearly contained in their reports pointing to a discordance
within the rocks referred to the 1liuronian no attempt was made to
carry these facts to their conclusion and to subdivide the series. But as
early as 1883 Irving saw that there is a series of green schists and
schist conglomuerates which must rest discordantly below other rocks
recognized as Hiironian, as shown by their attitude and degree of crys-
tallization, as well as by the fact that they had yielded fragments to

the newer tornations. As a coliseoquence of this he was led to exchlde

from the Huronian these lower schists, which had before been every-
where accepted as ituroniian. Lawson, in 1886, saw that his Keewatin
series is fundamentally dillerellt from parts of the original Huronia a,
and especially from the Aniimikie series, and was led to refer it to the
Huroniian series only doubtfully; at the same time he saw that the
Keewatin is like the or river series at the east end of lake Superior,
and suggested that possibly Logan and 1urray had placed in the
Huronian two discordant series. Alexander Winichell, in his last

paper, which alpeared al most sinmul]taneously with his death, announced
definitely that two series had been conliunded in the II uronian.
a We will n1ow consider the evidence for a physical break within the

rocks which have generally been referred to the Hurornian.
h'idence of this break in the Marquette district was first noticed by

Foster and by Foster and Whitney, who tound over the ore horizon at
what has since become the Republic mine, aid one or two other locali-
ties, a conglomerate bearing fragments of the ore, jasper, and other rocks
associated with the iron ore. It was next noted by Kimball, who
mentions beds of specular conglomerate. Credner describes, over the
iron formation at Michigamme mice, a con gloerate, the fragments

of jasper and quartz being in an iron and quartz base. Brooks
describes the tipper quartzite of Republic nomnltain and that at the
New Elngland mine as a conglomerate containing fragmemits of ore.

By Romuinger the break was noticed at so many places that lie re-
marked that above the iron-bearing rock is generically a very coarse
quartzite-conglomnerate which often has the character of a. coarse-
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graiied ferruginous quartzite, the fragments of which are chiefly ore,
jasp er a1d quartz. This occurrence is so general as to suggest to this
author that great disturbances not of a local extet imist have occurred
at the end of the era of iron sediments. Wadsworth says that these
(onglomerates mark old water-worn beaches after the jasper and ore
were in situ in nearly their present coidition. Relieving ili the erilj10ive
origin of these rocks. WaIsworth did not regard the congloimerates as
evidence of the existeince of more tim a single series. Niecently this

author lias changed his opinion in this iarticnlar. Irving recognized
the break, a ml the fragments included in the conglomerate overlyiig
the ir1 belt are said to prove the existence of the jaspery and chalce-
do ic material in its present coiditin hetore the tormation of the upper

quartzite. Lately the break was noticed by the lProfs. Winchell, and
N. II. Winehell regarded it as so great that the rocks above the bp'eak

were provisionally referred to the Potsdam. The writer has described
the break as of universal extent aid as representative of a great uicoi-
foriiity, for the banded aind( contorted jasper and ore are fo1nd to abut

perpendicularly igaiiist a uairtzite bearing aibiant fragmeiits of the

1unlerlying formation, wliich are in ex.lctly the condition there 11und.
The lower series is a semicrystalliiie, much folded one, while the upper
series has usually not become crystalline no closely 6lded. before the

upper series was deposited the lower series was tilded and truncated.
It is, their plain that in the Iarliet te dist rict, wit lii the rocks which

have heretotfire been referred to the Illirroniai, are two series. 1>elow
the brelik which separates them are the lower quartzite of BrIooks, the
associated nova'uilite and limestone, 11l the lower ore-bemliiig tPrma-
tion, including the hematitic, magnetitic, aclinolitic schists andjas-
pers, which cotain the larger member of gre;it mines. Above the phys-
ical break are Brooks's upper quartzite, the base of wh ich is generally

the conglomerate already described. Over the upper quart zite liill4w
the black slates, sometimes carbomaceous, graywackes, a id Iiica-schtists,
together of great I tliickliess, and ocenpyiig aln area as large as or larger

thai the Lower iIliriette series. In these upper slates, a apparently at
rather persistent horizons, are locally belts of chert aid iron carbonate
associated with ore bodies of considerable size. These ores arie, lhow-
ever, of a very different character from those which occur in the lower ore

formation.
In the .Menominee district as evidence in favor of a plhysical break

within the clast ic series are the conglomierates described 1by IBro-oks at

the Pime and Poplar rivers district, and ill the (onunonw-ealth section.
At the Iirst is tund conglomera tic quart z-scl ists, contain inig mic a ceous

iron 4n1 imagnetite; in the second are included conglomeratic quirtz-

schtists, containing pebbles of white quartz (chiert) mid jasper. Simii-
lar jasper conglomerites have been found by Pumpelly and the writer

over the ore at certain of the mines. The relations here are, then, ex-
aetly like those in the Marquet te district. Also, the structural break

80O f1I -11 .;;,
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indicated by these conglomerates is snlppried by -Brooks's mjor di-
visions of the Menominee rocks. His inferior 1-Juronian comprises the
lower (uartzite of great thickness, a great marble toirmation, aid the

great iroli-ore horizon, consisting of magnetitic, hematitic, and jasp ery
schists, with deposits of iron ore. In this formation are the Norway,
Qllinllesec, Ldlington, Chapin miles, etc. Brooks's middle uinronian,
presumably above the nuconformity, includes quartzites, clay-slates,
and obscure soft schists. Within these soft slates is the upper iron-
bearing horizon, including such mines as the Conimmioiiwealth, those at

Crystal falls, etc.
In the Penokee district this unconformity is represented by the basal

conglomerates of the Quartz Slate member, <ontainiig numerous frag-

inents of chert and a few of jasper, which were in their present condition

when derived from the Cherty Limestone and Iron-bearing members.

Thie lower series is now represented by the Cherty Limestone member

alone, while the tipper series includes the Quartz Slate, Iron-bearing,
and I pper Slate members.

That there is a similar iiicon hrmity within the elastic series between
the Lower Vermilion, Hiuters island, and Lower Kaministiquia series

and the conglomlerates at these places bearing abundant material
derived both rrom the ore-bearing formation and from the green schists,
is inferred because the water-worn fragments of schist, jasper, and ore
are in precisely the same condition in the conglomerates that they are
in their original position. In none of these places have actual contacts

been described. The unconformity is further indicated in the Vermilion

lake district by a strongly developed schistose structure in a nearly

vertical positioll in the Lower Vermilion series, while the overlying con-
glomerates at places ou the isla ms of Vermilion lake are found to be
gently fbled.

The work of the Profs. Winchell also gives evidence of this uncon-
formity. N. I1. Winchell, in tracing the flat-lying Auilmikie series to
the westward from Guntlint lake, finds that it becomes more steeply in-
clined and takes on, at times, a slaty cleavage. It is traced as far as
Agamok lake, near the great Ogishki conglomerate, and the latter is
consequently placed with the Animikie. To these statements Alexander
Winchell agrees so far as to Againok lake, but places the Ogishki con-
glomerate as a part of the Lower Vermilion series, for he traces this comi-
glomerate all the way to Vermilion lake and he recognizes no break k be-
tween the Vermilion lake conglomerate and the Lower Vermilion. Tak-
ing the positive evidence given by Profs. Winchell and disregarding
their partial conclusions, it would seem to indicate that there is a gra-
dation and actual continuity between the flat-lying Animikie and the
conglomerates with a vertical superinduced structure at Ogishki and
Vermilion lakes. That between the Animikie and the Lower Vermilion
there is a great physical break is now denied by no one, and if the fore-
going reasoning is true, it shows that this break is a continuation of
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the one between the Lower Vermilion and the Upper Vermilion which
bears fragments of the lower series. The only published detailed suc-
cession of the Vermilion series is that by Willis. His chloritic schists
and jasper (i, ii, and iii) belong in the lower series, while his con-
glomerate and black clay-slate (v and vii) belong in the upper series.
The position of the magnetitic quartzite (iv) is uncertain, while the
quartz-diorite (vi) is probably an eruptive rock.

It has been long well known that near Port Arthur, Ontario, the
Animikie and underlying Kaministiquia series are unconform able.
McKellar, who for many years has been familiar with this district, has

proved this conclusively. The rock series here unconformably underlying
the Animikie are identical with the Vermilion lake iron-bearing series.
Considering the foregoing evidence and the complete likeness ofthis
lower series with that bearing iron at Vermilion lake, it can no longer
be doubted that there is a great physical break between the Animikie
and Lower Vermilion series in northeastern Minnesota, although the

equivalence of the Animikie and Upper Vermilion may yet be maintained.
In the last few years the difference of opinion has been sharp as to

the equivalence or nonequivalence of the Animikie with the Vermilion
lake and equivalent iron-bearing series. Irving has- maintained that

the Animikie series in its lithological character is like the Penokee and
Marquette, these like the Vermilion, and therefore the Auimikie in all

probability the equivalent of Penokee, larquette, and Vermilion.
Alex. Winchell, having visited the Lower Marquette series and seeing
but little of the ground in which the Upper Marquette is found, and
coinsequently not appreciating that in area and in volume this series

probably surpasses the Lower Marquette, has maintained that theMar-
quette rocks are the equivalent of the Vermilion lake iron-bearing se-
ries, but that the Animikie series is separated from that at Vermilion
lake by a great uniconformity. He, however, appreciated that in the
Marquette district are certain slates which in lithological character are
like, and might be equivalent to, the Animikie. Roth Irving's and
Winchell's positions probably have an element of truth and an element
of error. The Upper Marquette, Upper Vermilion, Upper Hunter's
island (Ogishiki), in their lithological characters and gentle folding, are
closely analogous to the Animikie, and, as maintained by Irving, are
its probable equivalent; while the Lower Marquette and Lower Ver-
milion lake, as maintained by Alex. Winchell, unconformably underlie
the Animikie. The physical break within the elastic series in the
Marquette, Vermilion, Hunters island, and Kaministiquia districts is,
then, provisionally identified with the great physical break recognized
by everyone at the base of the Animikie.

It is only fahir to say that Lawson considers the unconformity at the

base of the Animikie at a higher horizon than the physical break de-
scribed in these various districts. lie regards the Animikie series as
separated by another great unconforlmity from the Upper Marquette,
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Upper. Vermilion, Upper KamIninistiq nia, ('tc. T) 1Ihe writer there seem
grave diffieilties, based on general relations, in the way of accepting
this co1 'sion. On the other han d, the I p ((p'er K'N inistignia congloi-
erates, not far distant from the ordinary pidses of the Animikie rocks,
have a decidedly ditierent appearance. This imay, however, be due to
the fact that certain of these conglomerates are of volcanic oirigin. the

chert and jasper of whi('1h appear to havoe Ibeen broke frioi their beds

by volcanic action and mingled with lava and volcano ashi. This s1iden

change in the character of the beds of the same age is parallelized iin the
Penokee district, where ihe strata, within a distance ofa few miles, rapidly

change in character, become imnensely thick, and are largely in the
nature of agglomerates, greenstone coiglomerates, etc. But it must be

said that such detailed mapping has not been done adjacent to the
National boundarv of northeastern Miiesota and Ontario 0ad in the
Thunder bay district as will warrant ally positive statement as to
whether within the elastic series, between the base of the Keweenawan
and the Basement Complex, there is another higher physical break,
making two uncon foities whieh separate the rocks ilito three series.

The ore, chert and jasper (olglomerates used as evidence of physical

breaks within the clastic series are not to be oimlunded with the
purely volcanic conglomerates which may occur at -,my horizon. Also
the occurrence of these conglomerates will have no such meaning as here
assigned by those who believe that the ore, chert and jasper in their

present condition are igneous rocks. To s11h they will be no more evi-
dence of two series thoa that the Keweenawan conglomerates, the frag'-
ments of which are derived fromn contemporaneous traps, are evidence
of many series. But to those who think the evidence is sufficient for
the .belief that the ore, chert and jasper are not only sedimetary rocks,

but sedimentary rocks which have gone through a long alo complex
history, the evidence of' a physical bleak fitrnished by these conglomer-
ates will 1e satisfactory.

CORRELATION; (1EN:RAL (' NSIDERA'IioNS.

We pass now to the general correlation of the lake Superior forma-
tion lying between the two planes already defined, the base of the
Keweenawan and the top of the Archean schist-gneiss-granite complex.

Before it can be decided whether series so far distant from each
other as the Dakota quartzites and the Original 1 Inronian (separated
by 800 miles) can be parallelized, it ought to be more definitely settled
to what extent correlation can be made by uiconformities and lithologi-
cal likenesses. Irving inclined to the belief that such structural breaks
as that described in the :Marquette district are of great extent, and this
accords with the general trend of modern structural work. Frim what
has gone before it 11p)e.lrs exceedingly probable that the structural
break between the Upper and Lower Alarqnette is identical with that
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which separates, even in a more pronoInneed manner, the Aninilkie and
Kaministiquia series and the upper and lower Vermilion lake series
on the other side of the lake Superior basin. The break, being thus so
strongly marked at points so far separated, would argue that it extends
over a very considerable area of the lake Superior region, not improb-
ably from the most distant rock series before mentioned, the Dakota
quartzites and the Original Iluronian of the north shore of lake
11 uroli. It would not be expected that a like succession is now recog-
nizable in each of the areas parallelized, even if they all belong to the
same geological series. In the first place, the rocks in some districts
are not sifliciently tilted to make it certain that all of the layers are
exposed. Further, nine-tenths or more of the surface of the country
over large areas is heavily covered by the drift, so that it is all but
certain that some of the formations which exist at the rock surface have
not been discovered. Still further, no satisfactory explanation has yet
been made of the subordinate succession of formations in the Mar-
quette, Feich mountain, Menominee and Vermilion lake districts; so
it is not yet known how far the order found in one of the districts is
equivalent with that of another. From recent work it is probable that
future investigations will show that this likeness is greater in the
series below correlated than has been suspected. Rut even supposing
the disagreements are as great as the present known facts might lead
one to suppose, it would not be any very strong evidence against the
correlations; for it is not to be expected that the same conditions of
sedimentation have prevailed at all times in a geological basin 800
miles in diameter. While in one part of the basin fragmental sedi-
ments were accumulating, it would not be very strange if chemical
sediments or organic sediments were accumulating elsewhere. Below,
it is seen that the Penokee and Animikie series are the equivalents of
each other in the broadest sense of the term. It is not necessarily true
that sedimentation began or ended simultaneously in both districts, but
only that in the main they stand as time equivalents. How far a corre-
spondence can be made out among the subordinate members of the vari-
ous districts can be determined only by a detailed investigation of each
of the areas.

EQILVALENTS OF THE ORIGINAL HITRONIAN SERIES.

Passing now to the Original Huronian, shall this series be corre-
lated with the Upper or Lower Marquette, or is it the equivalent of
both ?

Alex. Winchell lately announced that the Lower Slate conglomer-
ate and the underlying formations of the Original Huronian are sepa-
rated from the Upper Slate conglomerate and the overlying formations
by an unconformity. No contacts are described, the conclusion being
based upon general relations. No characteristic debris of the Lower
Huronian is said to occur in the Upper l uronian. The locality at which
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the strongest evidence is brought forward is on the outskirts of the

Original Iuroniai, and a part of the formation whiiclI Logan and MurI-
ray have snapped as Lower Slate cnglomerate is placed by Winchell as
Upper Slate conglomerate. The observations of PIiiupelly aind myself
at a contact between the limestone tornatiou and the Upper Slate con-

glomerate tend to confirm Winchell's conclusion, but since limestone
fragments are plentiful in the Upper Slate conglomerate, we place the
physical break just above this lower limestone, i. e., 300 feet higher
thani indicated by Winchell.

The term Original ] ironiai as here used is strictly confined to the

areas first described by Logan and Murray on the north shore of lake
iHulronl, and in 1863 snapped in detail. The Original I1uronian only is

here compared with the series about lake Superior because it is the
area to which the term was first applied, and also because it has been
more thoroughly described and maj ped than ;my other area ii Canada
designated by the term II nronia i. A careful field and laboratory study

of the rocks of the Original I Inronian has shown its upper series to con-
sist in great part (1) of fragmental quartzites, the induiration of which
has been caused by deposit ion of interstitial silica; (2) of graywackes
and graywacke slates (often conglomeratic-Logan's Upper Slate con-
glomerate), the induration of which is due to the deposition of intersti-
tial silica aud metasomatic clhanges iii the feldspar; (3) of eherty lime-
stones, ad (4) of eruptives. The Lower Huronian series is more meta-

morphosed thIani the Upper.

In its readily recognized fragmental character and ins its gentle fold-
ing the upper Original Iluroniau series, i. e., the upper 13,000 feet, is
closely analogous to the Penokee, Upper Marquette, and Auiimikie, while
the Lower Huronian may be compared with the Lower Marquette and
Lower Vermilion iron-bearing series. In the order of succession of

fhirmations it can not be said that either series corresponds very
closely with the series about lake Superior, to which they are com-
pared. -

It seems to us that ill correlation the munetauorphosed character of
the Upper Huroniam is a guide of some importance. As pointed out by
McKellar, the intense folding to which the Vermilion lake and Kamii-
nistiquia series have been subjected must have preceded the much
more gentle synelinal movement which formed the basin of lake Supe-
rior. That no violent dynamic movement has occurred since the begin-

ping of Animikie time is known to be true of the lake Superior basin,
and it seems exceedingly probable that the gently folded upper memn-

bers of lake Huron belong with those of like character about lake
Superior. If this is not the case, the intense dynamic movements

which produced the closely folded rocks of northeastern Mlinnesota and
Ontario lost their force before reaching the area about lake H uron, and
this region must have escaped any serious folding for a longer time than
any other closely studied part of the earth's crust.

LA K ll silPl:Im m Ilimh >N.
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Besides the reasoil already imentioned hi pl;Icilng the tipper (riginaIl
Huronian as the equivalent of the A iimikie aid Upper Ahl ltette rather
than below these series, :is :ldvoeited by certain geologists, we have one
characteristics feature alremly cited which is of some weigit. One of the
most peeuliar rocks of the Upper Original Huroni.n is a conglomerate
which carries iuierous fragments of blood-red jasper. ' At present the
source of these fragments is uhlknown unless they come from the iron-
bearing formation of the Lower Iiuronian. From what has gone before
it is apparent that a jasper congloinerate is tie basal member of the

Upper Marquette series, and also that similar conglomerates occur in a

like position iin Ontario and northeastern Minnesota. Considering the

widespread character of this jaspery, cherty, and iron-ore coniglomer-

ate, its occurrence in the l pper I Inronian of lake Huron suggests that

this jasper nay there be found in the future in the Lower Huroniiian in

large quantity. This series would therefore, in position and in litholog-
ical character, be like the Lower Vermilion and Lower Alariquette iron-
bearing series. The existence of such a jasper-bearing series was
inferred by Logan himself. Taking the Original I riionian north of
lake Huron as a wh1ole, if NWinchell's general conclusion that it coin-
sists of two uncontoriable series be correct, the analogy between this

district and the lake Superior region is complete. Above the funda-
mental complex and below the iKeweeiawati, as about lake Superior,
are two discordanit series.

EQUIVALENI>S (F TILIE SIOX QIA PT/.ITES, ST. LOUIS SLATES, ETC.

Much of what has been said to show that the Upper Huronian series
is the equivalent of the Animilkie, IUppet Vermilion, and Upper Mor-
quette applies with equal force to such rock series as the Chippewa
(1 trtzites, the Baraboo qnartzites, the Sioux quartzites and the St.
Louis slates. None of these series are closely folded, although often

dynamic movements have developed slaty cleavages. Also their orig-
iial fragtmental character is always seen under the microscope at a
glance. Between these series and the Potsdam is a great unconform-
ity. They present thick beds of ftagnental rocks, the induration of
which has been caused by the same process which vitrified the (luartz-
ites of the upper Original Huronian. The supposed absence of ferrugi-

onis rocks in these districts has been used in the past as an argument

against the correlation of them with the Penokee and Animikie series
below considered, but this absence has no particular weight because
such beds, as compared with the mechaimical sediments, are insigniicant
iil at1ount ; and further, it is quite possible that these formations may

in the future be tonid in several or all of these districts. This proba-

ability is rendered greater by recently developed terruginolts beds
between the two quartzite ranges of Baraboo and in the northwaril
extension of the St. Louis slates. The rocks here found ire- the exact

piarIllel of the icon' heariig heds of he Penokee and( other iron bearing
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districts. The percentage of ironI is so great in certain localities that
the inaterial is being mined for ai ore. For placing these rock series
with the Keweenawan, as has sometimes been done, there is neither
lithological nor structural grounds. In the character of the material of
which they are composed, in the preseice of iron formations in certain
localities and in their induration, they differ profoidly from any of
the rocks known to belong with the Keweenawain.

No one has placed these series lower in the geological colnmili than
Upper Huronian, so perltaps it is not necessary to give evidence that
they are not Lower Huronian. The occurrence of chert and jasper
fragments in the Clhippewa quartzites, nitioned by Sweet, and the
presence of abundant identical material in the quartzites of southern
Minnesota and southeastern Dakota, at least show that before the tr-
mation of these series there was a prior series bearing chert and jasper.
Such a series is the Lower Huronian. These series their in degree of
induration, amount of folding and iii lithological character are like the
Upper Huronian.

SUCCESSION AND EQUIVALENT: oF THE PENOKEEAXO ANIMIKIE 1I'IETs s.i:ii.

In the Penokee district of Michigan and Wisconsin is the following
succession: At the base isa grainite-gieiss-schist complex. The schists
are always completely crystalline, althonglh often linely laminated or
foliated. The granites, with granite-gneisses, and the line grained greeu
horinblende-schists, mica-schists, and chlorite-schists occupy large sep-
arate areas, with a debatable ground along their borders. The coit acts
of the granites and granite-gneisses with the crystalline schists are
eruptive ones, the former being clearly the intrnsives. Above this conm-

plex, and separated from it by a great mueonformity, is a Cherty lue-
stone member which in places is 300 feet thick. While it extends east
and west many miles, it is not longitudinally colitinuolis. Above this
Cherty Limestone, separated by an unconformity, is the Penokee series
proper, which consists of a Quartz-Slate member, the upper horizon of
which is a vitreous quartzite, an Iron-bearing member, and an Upper
Slate member. Above the Penokee series, separated by another very
considerable unconformity, is the Keweenawamn. The parallelism be-
tween this district and the Marquette already described is at once man-
ifest. The Penokee series proper is the equivalent of the Upper Origi-
nal lIuronian, Upper Marquette and their equivalents; the Cherty
Limestone member stands as the only knowit equivalent of tile Lower
Marquette; for in the Penokee district the upper members of the equiv-
alent of the Lower Marquette have not been found or have been removed
byerosion. That the latter is not improbable is indicated by the very con-
siderable thickness in some places of the cherty limestone and its ab-
sence in others, while numerous fragments of it are found in the basal
member of the Penokee series proper. These fragments are so abun-
dant in places as to constitute a true basal conglomerate. They are well

VAN HISE.)
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rolled and are mliost ly of cheit, 1)1 t are sometimes jasper. Th is chlert and
jasper, whatever their origin, were in their present condition before
the deposition of the Penokee series proper.

Further, the igelative geographical positions of the Penokee, the
Upper Marquette, and the Chippewa quartzite districts are such as to
strongly suggest that they were once connected. The Penokee series
at the east is cut off by tle inconformably overlying lake Superior

sandstone; but east of the south end of (ogebic lake there are here
and there outcrops of slate which are like the Upper Slate member of
the Penokee district, and a short distance to the east the narrow belt
spreads out into the broad area of upper fragmental rocks, of which
the Marquette and lenominee districts are arias. At the west the
Penokee series has been entirely swept awvay by erosion, the copper-
bearing rocks coming in contact with the miiderly iing gneisses and
granites; but to the southwestwarl appear the fragmental qnartzites
of the Chippewa valley, which are believed to be its continuation.

The equivalency of the Penokee series with the Animikie is as plain
as the cquivalenc'y of :i iy t wo areas of detaclied rlcks in a single geo-
logical basin can p ossib ly be in which is lacking (lear llaleontological

evidence. It has been seen that abovethe clierty limestone of the Pen-

okee series is an erosion interval. In the Ainimikie series proper we
know of no equivalent to this miemnber, and in what follows it is excluded
from the discussion. The Penokee and the A inimikie rocks have a p al-
allelisn in lithological characters which is most remnarkable. Not only
is there a general likeness between the specimens from the two regions,
but almost every phase of rock from the Animikie series cal be matched
by specimens front the Penokee series. In the Aninikie district the
formations underlying the iron-bearing belt are not extensively exposed,
and consequently little is known of the Animikie equivalent of the
Quartz-Slate of the Penokee series. But along the Lower Current
river, near port Arthur, Ontario, quartz-slates underlying the iron-
bearing member are found which resemble certain phases of the Peno-
kee quartz-slate. Beginning with the iron formations, the parallelism
between the two series is almost exact. The irony beds upon Gunflint
lake, where are found the best known exposures of the formation, are
in their lower parts ,jasper, nagnetite-actinolite-schist, and cherty ferru-
ginous rocks containing more or less iron carbonate. Higher up are
thick layers of thinly bedded cherty iron carbonate. All these varie-
ties of rock are found in the iron formation of the Penokee series, and
at many places the order of succession is the same. Above the iron-
bearing belt in both districts is a great thickness of fragmental clay-
slates and graywacke-slates which are again practically identical in
character in both districts. It is true that in the western part of the
Penokee district mica-schlists have developed from these slates, but the
original condition of these rocks was essentially like that of the unal-
tered phases.
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Underlyin g both the Animiikie amil Ieiolkee series is a complex of

granites and schists, the niionfi) rmtit y bet weei which and these series
is of the most piniontneed character. Tim the Animikie series is thus

separated from the underlying rucks ha<s been seen by all who have
studied it. AbmVe both st-ies olw hms the Keweeniawan. In both dis-
tricts. in passing at any place from I he inideilyi hg rocks to the kewee-
naw series in section, the two are in apparent confi rmity; but, when
the lines of coiitacts between the iron-bearing and the heweenaw
series are followed for some distalice, both with the Animnikie and
IPenokee series, this apparent conformit y is Found to be illusory. That
is, the Keweenaw series is totind to come in contact with one member of
the underlying series at one place and with anotlier member at an-other

place, until ili both districts at one or more places the entire iron-bearing
series is cut off, the basal keweenaw rocks coming directly in contact
with the fImdamental complex. These relations mean that between
the deposition of the Penokee and Animikie series and the outtlows of
iKeweenaw time there intervened a period of erosion which was suaWi-
cient in places to remove the whole of the inferior series and to cut
in some places quite deeply into the l iamnental complex. There is
then an immense time galp between these series and the Keweenawan,
although this nncoiiformin ty does not approach in the length of time in-
volved to that separating theA nimikic and Peiiokee series fomti the
iderlying schists and granites.

The Aninikie series in its most typical development extends from
Gunlint lake oi the national boundary,between Minnesot a and Ontario,
to Thunder bay, lake Superior. The Penokee series lies upon the oppo-
site side of lake Superior. The latter is a simple uinfoldcd succession
dipping to the niortlward imiler the hike: the Animikie is another such
succession lipping to the southward miler the same body of water.
There is then little doubt, considering all the facts, that the two series
represent a si iigle period in the history of the synclinal trou ugh which
frms the basin of lake Superior. The relations and likeness of the
Penokee and the A imi kie series pave beeni repeated at length as show-
ing the breadth of the geological basin iin which the depositio. of like
rocks was taking place siiuiltaneously. Thle eiuivalency here shown
is a long step in understanding the eqtivalency of other rocks in the
lake Superior basin.

SUCCESSIiN AND EQUIVALENTS o0 T'nE MAR QUETTE DISTIC('T SERIEs.

In the Margnette district, as the succession has already been dis-
cussed, it need here be only briefly reheated. It is as follows: At the
base is the Arcleaii gneiss-granite-schist complex. In ascending order
follow the Lower and Upper iharguette, having the lithological charac-
ters and relations above described.

Much work remains to be done in this district which has been stud-
ied so closely. From present knowledge it is not even definitely knowu

m no
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whether certain of the iron ranges, as for instance that of Teal lake, aro
Upper or Lower ar quette. although it is very probable that the one
mentioned belongs to the Upper. Also it is a serious question what
part of the green sclhists and schist-eonglomerates, some of which are cut
by granite, belong inl the Lower 1arqjuette series. Recent work ap-

pears to indicate that much it' not all of this surface volcanic material
belongs here, although it call not be asserted that surface volcanic ma-
terial does not occur with the green schists of the Archean.

SUCCESSIONS AND E lQUIVALENTS OF THE ME\O11NEI: AND FELCL MOUNTAIN DIS-
TRICTS SERIES.

Passing now to the lIenomlinee and Felch mountain districts, infor-

mation is less exact. It is, however, clear that ill both of these areas
the fundamental complex is found; that is, the granites and gneisses

associated kith crystalline schists haVing the usual eruptive contacts.

Above this complex. IPunpelly, with whom this whole subject has been
discussed and w hlo has great familiarity with the entire lake Superior

region, suggests as exceedingly probable tiat in the Felch mountain

iron-earing series (11ly the equivalent of the Lower Miarquette occurs,
the ''p per series, if it once existed, having been removed by erosion;
while in the lenominee district both representa tives of the Lower a14d

l'iper lan juet te are present. Tile Menominee proper-that is, that

poart of the area which includes the lhapin, Ludington, and -Norwvay
mines, those iii W which a (herty limestone is found-are Lower Mar-
iiette, while the western district, including such mines as the Com-

mouwealth. Florence, a Itnimny others occurring in the upper black
slate, are I upper llaqluette. That between these two is a probable

uncoilnorilllty has already been silIwn.

EQ I \A l EN 4 OF THE III A(Ai 111'F I IA .L.S SERIES.

The I3lack river ialls iron-bearing schists of Wisconsin have not such
obserVahl)e structural relations as to enable one certainly to determine

their position. They are, however, thoroughly crystalline schists, and
are in vertical attitlle. Oil these grounds they are provisionally

placed as the equivalent of the Lower Marquette.

bs1CcI:Sso>N A NI) EI IIvAIINTs OF WESTERN ((NTARIO A ND NORTIIEASTERN MINNESOTA
SERIES.

Combining the wNork of Dawson and Lawson about Rainy lake and the

lake of the Woods, Snimythi about Steep Rock lake, the Winchells and
Irving in northeastern linnesota, the succession appears to be granite-

gneiss-schist (Coutchichillg ') complex, uncoonuormity, keewatin, uncon-
formity, Anillikie. unconformity, Keweenawan. There are also it
this district great masses of granite-gneiss at least as late as the

Keewatin. included in the granite gneiss-Schist basal complex are
onlb such grainite-gneisses as are more ancient than the oldest sedi-
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mentaries. This vast area has been too little studied to say defnitely
what part of the areas referred to Irvinig's mica-s(hist group, Wichell's

Vermilion series, and La wson's Coit(hichling belongs with the 11asement
Complex. It is equally difficult to say wheth er the Keewatin of Law-

son and Winehell does not molprise more thml1 one series. It is

Lawson's opinion that it dries mid that the physical break described

as occurring in the elastic series on the south shore exists bet ween
the Upper and Lower Keewatiin. Our knowledge of this part of the
]ake Superior region is not. suficiently advanced to outline with
any accuracy the areas which are to be referred to these main
divisions. It is, however, tolerably clear that in this part of the region
there are the same great subdivisions of the pre-Cambrian rocks as
elsewhere; that a part of what has ordinarily been called Laurentia
will le included in the Basement Complex: that a (art of Irving's mica-
schist group, Lawson's Coutebn'hilng, amId the Prots. Wichell]s Vermil-
ioll also falls within this complex. It is further probable that a part
of the Keewatin is the equivalent of the Liwer Marquette, Lower Ale-
nominee, and equivalent series. I t is possible that other parts of the
series which have been designated Keewatin belong rat her with tihe

Aniikie. If, however, the break at the base of the Aiiimikie is higher
illall that above the Vermilion, HIniter's island, and \K llinistiquia iron-

learing series, and the latter break belongs within the Keewatin, as
now known. this group will nleed to be siibdivided into two series, and
the succession will thus ie expanded at this point into Lower Keewatini,
unconformuity, and Upper Keewatill.

Ni(IEN CIATI'r :.

There still remains the question of nominenilature. In Ciapter vm.

the major taxonomly of the lIre-Camn 'briars is discussed and reasons
are given for including under the term Algoii kian all the pre-
Cambrian elastics, for colnining the term Archeait to the interior crys-

talliine complex, for resticting the term Laurentian to the cmirser

grained light colored granite-gneiss part of this complex, stud For pro-

posing for the dark colored fine grained schistose part of this collIex

the term Mareniscan. These reasons will not le reputed here, but the

terms with these detinitiolis will be applied to the rock succession1s of
different districts of the lake Superior region. This will serve to illis-

triate the usage of these terms and at the same time will be a test of
the propriety of the usages proposed. since the lake Superior region is

the one in America about whici most has been written and which fiu'-
nishes the fullest pre-Cambrian column.

Belonging to the Archeai on the south shore are tile Southern Complex
of the Penokee districts. the fundamental complex of the Marquette and
Menomineedistricts, 11ndl a great expanse if rocks in northern Wisconsin.

This complex is more largely of the L ui're'tian gieiss than ot' the

Mareliscan &hists. Between the tywi are often the peculiar gradations
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described wliclh are taken to indicate the intrusive character of the
granite-gneiss. Between the Archean and the AIgonkian, as indicated
by evidence fully given in another place, there is a great unconformity.

Oii the north shore Snytl finds decisive evidence of a thoroughly
crystalline I'ni h neiital complex below the lowest elastics -it Steep Rock

lake. As has been seen, evidence pointiiig it this same direction is to

be found in the reports of Logan, Dawson (Sir William), Selwyn, Bell,
llacthrlalie, Ilerrick. and Lawson. although several of these authors do
not reach this conclusion. The difficult and uncertain point in this

conliectioll is in reference to the Coutchich ing of Lawson or the Ver-

uilioli of IProfs. Winchell. If, as believed by Lawson, there is a great

time break between the keewatin and Coutchicling and if the

Coutclhiching is found to le older than aiiy of the elastics, it belongs
to the fundamental complex and the term Coutchiching has priority
over Mareniscanl, prolosed for the dark colored, fine grained schistose

part of the Archeall. This is the outcome which seems to the writer,
accord ng to present Imblished evidence, to be most likely; but it iiiust

be st ated thiat this impression does not accord with Lawsol's opinlio1,
who regarls the Colltiliiching as a sedimentary series more nearly con-

nected with the Keewatili tHul with the Archean. nor with the Plros.
Winchell. who regard the enijuivalent Vermilion as but a more Imeta-
Iorliised downward extellsioinI of the Keewatin.

In restricting the word Laureitiau to the graiite -gneiss of the

Archean, much of what has heretofore been delminated Laurentian
will be excluded. This usage will throw out all of the granite-gneisses
of an age later than the plastics, and therefore nuch of the granite-
gneiss which Lawson has called Lanreitian. It mist le recognized

that about the lake Superior region there are granite-gneisses of vari-
ons ages. This is niore evidut in the main granite-gneiss areas than
elsewhere. for not in requently intruding them are other large bosses

of granite or oleiSs, wliich, with the earlier granite-gIliss, may have

again been cut by still it er material of the same kind. It is believed.

liy soime tlat there are in the lake Superior region granite-gneisses of at

at least tour different ages. It will not do to conilide that any certain

granite-gneiss is Archeia Unless its structural relations to the Algon-

kian plastics are (determined. However, the granite-gneisses which
beloiig to the Archean oii the south shore are pegniatized through and
through ad banded and contorted in the most intricate manner,

Their constituent minerals show that they have unldergilie repeated
diyiainic movements. They are emit by erulitives of maiiy kinds and of
diftereint ages, Many of the basic ernuitives are so ancient that they

themselves have become schistose and have passed over into horn-

blende-gueisses and similar rocks, which now are seen as dark colored
intersecting or parallel layers in the pink granite- neiss. This intri-

cate complex of granite, gneiss, and sehist, which has been subjected

to repeated dynamic movements in various directions, is very diffcrenit
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from the somewhat regular, little altered granite-gneiss which acts as
a subsequent intrusive.

The early Canadian geologists used the term Huronian to cover all the
fine grained schistose and elastic rocks between the Keweenawan or Up-
per Copper-bearing rocks and the Laurentian. The same is true of many
of the American geologists. It is clear that the fine grained crystalline
schists which constitute a part of the Archean can not here be included.
Huronian can include only that part of the Algonkian between the Ke-
weenawan and Archean, and, as has been seen, this Huronian is sep-
arable into two uncomformable series. On the part of the Canadian
geologists of late there has been a tendency to restrict this term to the
lower series, as shown by the exclusion of the Animikie from the Hi-
ronian, but if this is done the greater part of the Original Huronian
must itself be excluded from the Huronian. Upon the other hand, Irv-
ing and the Profs. Winchell have advocated restricting Huronian to the
upper series alone. The recognition of a general stratigraphical break
in the rocks heretofore included by most authorities in the Huronian
leads to the natural suggestion that for the superior division Upper
Huronian shall be used, and for the inferior Lower Huronian. The fact
that it has been recently maintained that in the Original Huronian area
itself both of these series exist but renders this suggestion more ap-
propriate. Further in favor of this position is its conservative char-
acter, although it is recognized that the rules of good nomenclature
point rather to the restriction of Huronian to the upper or lower
series. If restricted to one it should clearly be the upper, for it is cer-
tain that the greater part of sediments of the Original Huronian mapped
in detail here belongs. Hence, as advocated by Alex. Winchell, is
placed as an alternative to Lower Huronian in the following tabulation
Lawson's term Keewatin. This term was first defined to cover a series
of plastics with some crystalline schists about the lake of the Woods. It
was later more clearly defined and restricted to the unmistakable elas-
tics and altered volcanics about Rainy lake. By the Profs. Winchell it
was applied to the Vermilion lake iron-bearing series, which was be-
lieved by them to be the equivalent of the Rainy lake Keewatin. In
many respects the greater part of these series is like the Lower Mar-
quette, Felch mountain, Lower Menominee, Hunters island, and Lower
Kaministiquia series. If this supposed equivalence were demonstrated
it would be preferable to adopt this term to cover all the series included
under the Lower Huronian. It is, however, by no means clear that the
Keewatin will not prove to be a complex series, just as have the Mar-
quette and Vermilion lake rocks, consequently it is only tentatively
placed in the general column. One other term has been proposed for
this place, Marquettian; but this term is objectionable because as used
it included both Upper and Lower Marquette.

Lawson has proposed the term Ontarian to cover the Keewatin and
Coutchiching. It appears to us that the purposes of geology are bet-

Bull. 86 13
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ter subserved by using the term Algonkian to cover all the elastic
series between the Fundamental Complex and Cambrian, and to retain
Archean as a term of coordinate value with this to cover the basal com-
plex. If it shall turn out that the writer is correct as to the position
of the Coutchiching, the base of the Lower Huronian, not the base of
the Coutchiching, is the important horizon to mark. More evidence is
desirable for the application of stratigraphical methods to the promi-
nent structure of the Coutchiching, since, in many respects this struc-
ture has the characters of an induced one. Lawson recognizes a true
physical break at the base of the Keewatin, not at the base of the
Coutchiching. The break between the Coutchiching and the granite-
gneiss is one which is also found between the granite-gneiss and Kee-
watin. It is not a structural horizon, but an eruptive contact. Upon
the other hand, a great mass of evidence goes to show that there is at
the base of the Keewatin a persistent structural plane which is recog-
nizable throughout the lake Superior region.

Selwyn and N. H. Winchell maintain that the Keweenawan and
Animikie are properly Cambrian. Whether the term Cambrian shall
be so extended downward as to cover two great unconformities and
two additional rock series of very great thickness is purely a matter of
policy and of nomenclature, which is more fully discussed in another
place. While it is of primary importance that an agreement shall be
reached as to the actual rock successions in the lake Superior region,
it is but a secondary matter as to the names which shall be applied to
them. That fossils are found in the Huronian is not sufficient reason
for extending the Cambrian downward indefinitely. That the evi-
dences of abundant life are here found has been long known. Many
of the thick beds of slates heretofore called Huronian, on the south
shore of lake Superior, not only contain graphitic material, but a con-
siderablepercentage of hydrocarbons, not infrequently becoming graph-
itic or carbonaceous schists. In the Animikie, on the north shore of
lake Superior, Ingall finds abundant carbon, and it is said that in
certain mines and openings rock gas forms in considerable amount.
Also small quantities of rock may even be obtained which will burn.
These substances must result from the ordinary processes which pro-
duced rock gas and coal in the rocks of far later age. Also the great
beds of iron carbonate are, to many, evidence of abundant life. In the
Sioux quartzites one generally accepted fossil has been discovered by
N. H. Winchell. A discovery of a fossil has been announced by Selwyn
as occurring in the Animikie. It is a hope that in the future numerous
other fossils will be found it this series, so that we may have the assist-
ance of paleontology in lake Superior stratigraphy. Until, however,
a fauna is known in these regions which is distinctly Cambrian, the
discovery of life or of certain fossils in the keweenawan and Itironian
rocks is wholly insufficient evidence for placing them with the Cambrian.

We then have in the lake Superior region the following successions
and correlations for the pre-Cambrian rocks:
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LAKE SUPERIOR BAIN.

The synclinal structure of the formations about lake Superior was
noted as early as 1847 by Logan in his remarkably accurate general
account of the lake Superior region. His five general formations were
found to recur in reverse order on both sides of the lake, dipping to the
center. Rogers and Agassiz, in 1848 and 1850, maintained that the
shores of the lake are due to dikes. Owen, in 1851, in his studies north
and south of the west part of the lake, saw that the formations occur
in reverse order, and reached independently the same conclusion as did
Logan. Bigsby and Whitney followed Logan and Owen in describing
the lake Superior basin as synclinal. The next exact contributions to
the stricture of the lake Superior synclinal were by Sweet and Irving,
who found it to continue to the southwestward in Wisconsin and Min-
nesota, the rocks adjacent to the shore on the south side of the west
end of the lake being on the north side of the synclinal basin. Sweet,
in 1876, spoke of the lake Superior synclinal as over 300 miles in length
and 30 to 50 miles in width. That the lake Superior formations are
not only a synclinal in an east and west direction, the rocks dipping
respectively from the north shore south and the south shore north, but
that it is a basin in the exact sense of the term, the rocks on the east
shore dipping to the west, while the western termination of the synclinal
in Minnesota plunges to the east or northeast, was shown by Irving.
This author went further and also showed that the major bays of the
lake are due either to faults or subordinate flexures within the Kewee-
nawan. The basin is clearly a product of Keweenawan time. Chamber-
lin suggests that it began early in the Keweenawan. The Upper
Huronian series partakes in several districts in large measure of the
basin structure. This is apparent from the fact that the Huronian of
the Penokee and Animikie series was so long regarded as conformable
with the Keweenawan. It has been seen that there is between these
series a great unconformity, although not one so vast as the other
physical breaks about the lake. As a consequence of this the Upper
Huronian series corresponds only locally with the synclinal structure,
and chiefly about the west half of the lake. The structures of the Lower

Huronian and Archean have no reference to that of the lake Superior

basin.
CONCLUSION.

It appears that in the lake Superior region is a general succession
which may be recognized, and that there is really a much greater
degree of harmony than has been thought in the conclusions which the
various writers have held most steadfastly as to the lake Superior
stratigraphy. From the base upward it is as follows: Archean, includ-
ing Laurentian granite and gneiss, the origin of which is largely un-
known, but which were certainly in their present condition earlier than
the formation of the Lower Huronian; unconformity; Lower Huronian

[BULL. 86.
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(a closely folded semicrystalline series); unconformity; Upper Huro-
nian (a gently folded and plainly elastic series, although indurated
by cementation and metasonmatic changes); unconformity; completely
unaltered Keweenawan; unconformity; lake Superior sandstone. In
addition to the above are great masses of eruptive rocks in all the series,
both basic and acidic, including granite-gneiss, gabbro, porphyry, dia-
base, etc.

I can not close without comparing this succession of lake Superior
formations with that given by Logan in his remarkable paper published
in 1847. It is as follows: "(1) Granite and syenite; (2) gneiss; (3)
chloritic and partially talcose and conglomeratic slates; (4) bluish
slates or shales interstratified with trap; (5) sandstones, limestones,
indurated marls, and conglomerates, interstratified with trap." Be-
tween 1, 2, 3, and 4, 5 there was said to be an unconformity. The
granite, syenite, and gneiss are Archean; the chloritic and partly tal-
cose and conglomeratic slates, Lower Huronian; the bluish slates or
shales interstratified with trap, Upper Huronian; and the sandstones,
limestones, indurated marls, and conglomerates interstratified with
trap, Keweenawan. Of course, Logan at that time did not appreciate
all the structural relations which obtain between these various series,
although the greatest of the unconformities was discovered, nor did he
suppose that they are all pre-Cambrian, and in his mapping in 1863, 1
and 2 are placed together as Lower Laurentian, and 4 and 5 together as
a part of the Quebec group above the Potsdam; yet that he appreciated
that in this region there are five fundamentally different kinds of rock,
that he gave an accurate characterization of the Keweenaw series, com-
prehending that it is one of great thickness, not less than 10,000 or
12,000 feet, and that this series rests unconformably upon the granite
and gneiss, can not be too highly spoken of. Not only was this paper
the first announcement of all of the above great conclusions, but it gave
the first mention, as has been seen, of the synclinal structure of lake
Superior.

Looking toward the future as to the possible modifications of this
arrangement by further work, the point of greatest doubt lies as to
whether the unconformities here recognized as universal in the lake
Superior region are really so. Is it not possible that the unconformity
at the base of the Animikie is at a different position from that between
the Penokee proper and the Cherty Limestone, and may not these be

different horizons from that between the Upper and Lower Marquette
May not the break above the Lower Marquette be at a different posi-

tion from that above the Lower Vermilion. These questions can not
be positively answered in the negative, although all the evidence at
hand bears strongly in this direction. It may be found in the lake
Superior basin, so extensive in area, that while the folding and erosion
producing an unconformity in one part was occurring, at some

other distant part deposition was going on. In all probability this is
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to sonme extent true. That the rocks in the different districts referred
to these periods have the same absolute duration would hardly be ex-
pected. Sedimentation in the series correlated probably continued
longer in certain parts of the region than in others. A break even if
as widespread as believed probably did not begin nor end everywhere
at the same time; and certainly it would be true, after a certain move-
ment and erosion had ended, as the sea began to encroach, that sedi-
mentation would begin in one district before it reached another. So
that if these correlations are correct and the breaks really general, as
is believed, it does not follow that the periods opened or closed simul-
taneously, but that they stand in a general way as equivalent. The
equivalency advocated may be much more strongly asserted of the dis-
tricts immediately adjacent to lake Superior than of the more remote
districts.

The further question arises, whether as work continues new breaks of
considerable magnitude, not now recognized, will be found. This is not
improbable. In fact, there is already some indication of such a break,
although not now capable of being proved at any point. Does the series
of great conglomerates which are placed at the base of the Upper Hu-
ronian, the debris being derived mostly from the Lower Huronian, grade
conformably upward into the Animikie, or is there here a considerable
additional break ? It is by no means certain that the truth is not with
the latter alternative, for the conglomerates certainly seem to have suf-
fered more intense dynamic action than the adjacent Animikie. Their
thickness is great, and it may well be that in the Thunder bay district
will be found a considerable break which in a part at least of the lake
Superior region. will subdivide the Upper Huronian.

Also as a problem for the future is the real nature of the Archean
schists. Are they elastic or igneous in origin? Are they, as has been
supposed, a real fundamental complex, or will this be subdivided upon
a structural basis? A few years ago all below the pre-Cambrian was a
fundamental complex. Will not the future find our present funda.
mental complex further divisible and the real fundamental complex at
a still lower horizon?

Accepting the general stratigraphy as given above, how far will it be
possible to correlate the individual formations of the series? How far
are the Quartz-Slate member, the Iron-bearing member, and the Up-
per Slate member of the Penokee series equivalent to those of the Ani-
mikie ? When, as in this case, three like formations of great thickness
are found in the same order, and the two series as wholes bear identical
relations to underlying and overlying series, the correlation may per-
haps be made with a considerable degree of probability, and later closer
work rather leads to the conclusion that much will be accomplished in
the direction of correlating formations; that is, several of the series may
be divided into two or three or more members, which may with a con-
siderable degree of probability be correlated with equivalent members
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in other districts, but that it will be possible to subdivide these various
series into fifteen or twenty or more members, as was done by the early

authors, and to correlate these small divisions with each other through-

out the lake Superior region, there is not the least probability.
While perhaps more has been done in pre-Cambrian stratigraphy in

the lake Superior region than in any other region in America, this very

fact opens before us numerous and difficult problems.
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Gibbs, Whitney, Jr., Hill and Foster, Foster, Burt, Hubbard.

64 Ibid., pp. 371-503.
61 United States Geological Survey of Public Lands in Michigan. Field Notes, John

Locke. Ibid., pp. 572-587.
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6 Synopsis of the Explorations of the Geological Corps in the Lake Superior Land
District in the Northern Peninsula of Michigan, J. W. Foster and J. 1). Whitney.
Ibid.. pp. 605, 626, with 4 maps.

hNotes on the Topography, Soil, Geology, etc., of the District between Portage
Lake and the Ontonagon, J. 1). Whitney. Ibid., pp. (49-666. Report of J. D. Whit-
ney. Ibid., pp. 705-711.

6 Report of J. W. Foster. Ibid., pp. 766-772. Notes on the Geology and Topog-
raphy of the Country Adjacent to Lakes Superior and Michigan, in the Chippewa
Land District, J. W. Foster. Ibid., pp. 773-786.

6 9 Topography and Geology of the Survey with reference to Mines and Minerals, of
a district of township lines south of Lake Superior, William A. Burt. Ibid., pp.
811-832. With a geological map opposite p. 880.

70 General Observations upon the Geology and Topography of the District south
of Lake Superior, subdivided in 1845 under direction of Douglass Houghton, Deputy
Surveyor, Bela Hubbard. Ibid.. pp. 833-842.

71 Geological Report of the Survey "with reference to Mines and Minerals," of a
district of township lines in the State of Michigan, in the year 1846, and tabular
statement of specimens collected. Ibid., pp. 842-882, with a geological map.

72 Report on the Geology and Topography of the Lake Superior Land District,
part 1, Copper Lands, J. W. Foster and J. D. Whitney. Executive Docs., 1st sess.
31st Cong., 1849-'50, vol. ix, No. 69, p. 244, with map.

73 Report on the Geology and Topography of the Lake Superior Land District,
part 2, the Iron Region, J. W. Foster and J. D. Whitney. Senate Does., special
sess. 32d Cong., 1851, vol. i, No. 4, 406 pp., with maps. See also Apereu de
l'ensemble des Terrains Siluriens du Lac Superieur, by J. W. Foster and J. D. Whit-
ney. Bull. Soc. Gdol. France, 1850 (2), pp. 89-100.

7 On the Azoic System, as developed in the Lake Superior Land District, J. W.
Foster and J. D. Whitney. Proc. Am. Assoc. Adv. Sci., 1851, 5th meeting, pp. 4-7.

7 On the Age of the Sandstone of Lake Superior, with a Description of the Phe-

nomena of the Association of Igneous Rocks, J. W. Foster and J. D. Whitney.
Ibid., pp. 22-38.

76 Abstract of an Introduction to the Final Report of the Geological Surveys made

in Wisconsin, Iowa, and Minnesota, in the years 1847, 1848, 1849 and 1850, contain-
ing a Synopsis of the Geological Features of the Country, David D. Owen. Ibid., pp.
119-132.

77 On the Age, Character, and True Geological Position of the Lake Superior Red
Sandstone Formation, David D. Owen. Report of a Geological Survey of Wiscou-
sin, Iowa, and Minnesota, pp. 187-193.

78 Description of the Geology of Middle and Western Minnesota; including the
country adjacent to the Northwest and part of the Southwest Shore of Lake Supe-
rior; illustrated by numerous general and local sections, woodcuts, and a map,
J. G. Norwood. Ibid., pp. 209-418.

7 Description of part of Wisconsin South of Lake Superior, Charles W'hittlesey.

Ibid., pp. 419-470.
8 Local Details of Geological Sections on the St. Peters, Wisconsin, Mississippi,

Baraboo, Snake, and Kettle rivers, B. F. Slmnuard. Ibid., pp. 475-522.
81 Geology, Mineralogy, and Topography of the Lands around Lake Superior,

Charles T. Jackson. Senate Does., 1st sess. 32d Cong., 1851-'52, vol. xi, pp. 232-244.
82 A Geological Map of the United States and the British Provinces of North Amer-

ica, with an Explanatory Text, Geological Sections, etc., Jules Marcou. Boston,
1853, p. 92. See also "Rdponse i la Lettre de MM. Foster et Whitney sur le Lac
Superieur," Jules Marcou. Bull. Soc. G6ol., France, 2d series, vol. viii, pp. 101-105.

8 The Metallic Wealth of the United States, J. D. Whitney. Philadelphia, 1854,
Henry R. Schoolcraft. 510 pp.

0 Observations on the Geology and Mineralogy of the Region embracing the
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sourcess of the Mississippi River, and the Great Lake Basins, during the Expedition
of 1820, Henry R. Schooleroft, Summary Narrative of an Exploratory Expedition
to the Sources of the Mississippi River, in 1820; Resumed and Completed by the Dis-
covery 'of its Origin in Itasca Lake, in 1832, Henry R. Schooleraft. Pages 303-362.

a Remarks on Some Points Connected with the Geology of the North Shore of Lake
Superior, J. D. Whitney. Proc. Am. Assoc. Adv. Sci., 1855, 9th Meeting, pp. 204-209.

8' On the Occurrence of the Ores of Iron in the Azoic System, J. D. Whitney. Ibid.,
pp. 209-216.

17 Remarks on the Huronian and Laurentian Systems of the Canada Geological
Survey, J. D. Whitney. Am. Jour. Sci., 2d ser., vol. xx11i, pp. 305-314.

88 Age of the Lake Superior Sandstone, Charles T. Jackson. Proc. Bost. Soc. Nat.
Hist., 1860, vol. vii, pp. 396-398.

89 Age of the Sandstone, William B. Rogers. Ibid., pp. 394, 395.
90 Some Contributions to a knowledge of the constitution of the Copper Range

of Lake Superior, C. P. Williams and J. F. Blandy. Am. Jour. Sci., 2d ser., vol. xxxiv,
pp. 112-120.

9 On the Iron Ores of Marquette, Michigan, J. P. Kimball. Ibid., vol. XL, pp. 290-
303.

92 On the Position of the Sandstone of the Southern Slope of a portion of Keweenaw
Point, Lake Superior, Alexander Agassiz. Proc. Bost. Soc. Nat. Hist., vol. xi, 1867,
pp. 244-246.9 Physical Geology of Lake Superior, Charles Whittlesey. Proc. Am. Assoc. Adv.
Sci., 24th Meeting, 1875, part 2, pp. 60-72, with map.

"{ Notes on the Iron and Copper Districts of LakeSu perior, M. E. Wadsworth. Bull.
Mns. Comp. Zool. Harvard College, whole series, vol. vii; Geological series, vol. i,
No. 1, pp. 157. See also by the same author, on the Origin of the Iron Ores of the
Marquette District, Lake Superior. Proc. Bost. Soc. Nat. Hist., vol. xx, 1878-'80,
pp. 470-479. On the Age of the Copper-bearing Rocks of Lake Superior (abstract);
Proc. Am. Assoc. Adv. Sci., 29th Meeting, pp. 429-430. On the Relations of the
'"Keweenawan Series" to the Eastern Sandstone in the vicinity of Torch Lake,
Michigan; Proc. Bost. Soc. Nat. His., vol. xxiii, 1884-'88, pp. 172-180; Science, vol.
1, pp. 248, 249, 307.

- On a Supposed Fossil from the Copper-Bearing Rocks of Lake Superior, M. E.
Wadsworth. Proc. Bost. Soc. Nat. Hist., vol. xxi1i, 1884-'88, pp. 208-212.

- Third Annual Report of the Geological Survey of Michigan, Douglass Houghton.
State of Michigan, House of Representatives, No. 8, pp. 1-33.

9
7
Fourth Annual Report of the State Geologist, Douglass Houghton. Ibid., No. 27,

pp. 184. See also Metalliferous Veins of the Northern Peninsula of Michigan,
Douglass Houghton. Am. Jour. Sci., 1st ser., vol. xLI, 1841, pp. 183-186.

98 First Biennial Report of the Progress of the Geological Survey of Michigan,
Alexander Winchell. Lansing, 1861, pp. 339.

9 Die vorsilurischen Gebilde der "Obern HalbinselvonMichigan "inNord-Amerika,
I lermaun Credner. Zeits. der Deutsch. Geol. Gesell., vol. xxi, 1869, 'pp. 516-554.
See also Die Gliederung der eozoischen (vorsilurisehen) Formationsgruppe Nord-
Ainerikas, Hermann Credner. Zeits. fur die Gesammten Naturwissenschaften, Giebel,
186,, vol. xxx1, pp. 353-405.

""On the Age of the Copper-Bearing Rocks of Lake Superior, T. B. Brooks and
R. Pumpelly. Am. Jour. Sci., 3rd ser., vol. II, 1872, pp. 428-432.

1' Iron-Bearing Rocks, T. B. Brooks. Geol. Survey of Michigan, vol. i, part 1,
1869-'73, pp. 319, with maps.

M Copper-Bearing Rocks, R. Pumpelly. Ibid., part 2, pp. 1-46, 62-94, with maps.
i"t8Copper-Bearing Rocks, A. R. Marvine. Ibid., part 2. pp. 47-61, 95-140.
'04Paleozoic Rocks, Charles Rominger. Ibid., part 3, pp. 105.
105Observations on the Ontonagon Silver Mining District and the Slate Quarries of

Huron Bay, Charles Rominger. Geol. Survey of Michigan, vol. 11i, part 1, 1876, pp
151-166.
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m6On the Youngest Huronian Rocks South of Lake Superior, and the Age of the
Copper-bearing Series, T. B. Brooks. Am. Jour. Sci., 3d ser., vol. xi, 1876. pp.
206-211.

107Classified list of Rocks observed in the Huironian Series south of Lake Superior.
T. B. Brooks. Ibid., vol. xir, pp. 194-204.

101 Metasomatic Development of the Copper Bearing Rocks of Lake Superior,
Raphael Pumpelly. Proc. Am. Acad. Arts and Sci., 1878, vol xl1i, pp. 253-309.

109First Annual Report of the Commissioner of Mineral Statistics of the State of
Michigan for 1877-'78, Charles E. Wright. Marquette, 1879, 229 pp.

110 Upper Peninsula, C. Rominger. Geological Survey of Michigan, vol. iv, pp.
1-248, with a geological map.

11 Report of N. H. Winchell. 16th Ann. Rept. Geol. and Nat. Hist. Survey of
Minnesota for 1887, pp. 13-129.

112 Report of Alexander Winchell. Ibid., pp. 133-391.
11 A Sketch of the Geology of the Marquette and Keweenawan District, M. E.

Wadsworth. Along the South Shore of Lake Superior, by Julian Ralph. 1st edi-
tion, 1890, pp. 63-82.

n Ibid., 2d edition, 1891, pp. 75-99.
116 On the Relations of the Eastern Sandstone of Keweenaw Point to the Lower

Silurian Limestone, M. E. Wadsworth. Am. Jour. Sci., 3d ser., vol. XL1I. 1891, pp.
170-171 (communicated).

15 The South Trap Range of the Keweenawan Series, M. E. Wadsworth. Ibid., pp.
417-419.

117 Geological Report on the Upper Peninsula of Michigan, exhibiting the progress
of work from 1881 to 1884, C. Rominger.

This report was finished and transmitted to-the governing board of the Michigan
Geological Survey several years ago, but as yet remains unpublished. A manuscript
copy was kindly furnished us for our use, and from this the abstract is taken.

"On Southern Wisconsin, including the iron, lead, and zinc districts, with an ac-

count of the Metamorphic and Primitive Rocks, James G. Percival. Ann. Rept. Geol.
Survey of Wisconsin, 1856, pp. 111.

"9The Iron Ores of Wisconsin, Edward Daniels. Ann. Rcpt. Geol. Survey of Wis-
consin for the year ending 1857, pp. 62.

"t The Penokee Iron Range, Increase A. Lapham. Trans. Wis. State Agr. Soc., vol.
V, 1858-'59, pp. 391-400, with map.

122 Geological Report of the State of Wisconsin, James Hall. Report of the Superin-
tendent of the Geological Survey (1861), exhibiting the progress of the work, pp.52.

12Physical Geography and General Geology, James Hall. Report on the Geologi-
cal Survey of the State of Wisconsin, vol. i, pp. 1-72.

123 The Penokie Mineral Range, Wisconsin, Charles Whittlesey. Proc. Bost. Soc.
Nat. Hist., vol. Ix, 1863, pp. 235-244.

1 2+0n the Age of the Quartzites, Schists, and Conglomerates of Sauk County, Wis-
consin, R. D. Irving. Am. Jour. Sci., 3d ser., vol. n1, 1872, pp. 93-99.

126 Report on the Geological Survey of the Mineral Regions, John Murrish. Trans.
Wis. Agr. Soc., 1872-'73, pp. 469-494.

126 On the relations of the Sandstone, Conglomerates, and Limestone of Sauk County,
Wisconsin, to each other and to the Azoic, James H. Eaton. Am. Jour. Sci., 3d ser.,
vol. v, pp. 444447.

127Note on the Age of the Metamorphic Rocks of Portland, Dodge County, Wiscon-
sin, R. D. Irving. Ibid., pp. 282-286.

1'2 0n some Points in the Geology of Northern Wisconsin, R. D. Irving. Traus.Wis.
Acad. of Sci., vol. 1, 1873-'74, pp. 107-119. See also on the Age of the Copper-bearing
Rocks of Lake Superior, and on the Westward Continuation of the Lake Superior
Synclinal. Am. Jour. Sci., 3d ser., vol. viii, 1874, pp. 46-56. Ann. Rept. of Progress
and Results of the Wisconsin Geological Survey for 1876, pp. 17-25; Report of Prog-
ress and Results for the year 1874; Geol. of Wisconsin, vol. II, pp. 46-49.
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2"Notes on the Geology of Northern Wisconsin, E. T. Sweet. Trans. Wis. Acad. of

Sci., 1875-'76, vol. In, pp. 40-55.
3o Note on the Age of the Crystalline Rocks of Wisconsin, R. D. Irving. Am. Jour.

Sci., 3rd ser., vol. x11, 1877, pp. 307-309.
"' Report of Progress and Results, for the year 1875, O. W. Wight. Geol. of Wis-

consin, vol. II, 1873-'77, pp. 67-89.
"Geology of Eastern Wisconsin, T. C. Chamberlin. Ibid., pp. 93-405, with 3

atlas maps.
13" Geology of Central Wisconsin, R. D. Irving. Ibid., pp. 409-636, with 2 atlas

maps.

""On the Geology of Northern Wisconsin, R. D. Irving. Ann. Rept. Wisconsin

Geol. Survey for the year 1877, pp. 17-25.
13 Report on the Eastern part of the Penokee Range, T. C. Chamberlin. Ibid., pp.

25-29.
1General Geology of the Lake Superior Region, R. D. Irving. Geol. of Wiscon-

sin, vol. II, pp. 1-24. Geology of the Eastern Lake Superior District. Ibid., pp.
51-238, with 6 atlas maps. Mineral Resources of Wisconsin. Trans. Am. Inst. Min.
Eng., vol. vIII, 1880, pp. 478-508, with map. Note on the Stratigraphy of the Huronian
Series of Northern Wisconsin, and on the Equivalency of the Huronian of the Mar-
quette and Penokee Districts. Am. Jouir. Sci., 3d ser., vol. xvii, 1879, pp. 393-398.

137 Huronian Series west of Penokee Gap, C. E. Wright. Geol. of Wisconsin, vol.
III, pp. 241-301, with an atlas map.

38 Geology of the Western Lake Superior District, E. T. Sweet. Ibid., pp. 303-
362, with an atlas map.

139 Geology of the Upper St. Croix District, T. C. Chamberlin and Moses Strong.
Ibid., pp. 363-428, with 2 atlas maps.

140 Geology of the Menominee Region, T. B. Brooks. Ibid., pp. 430-599, with 3
atlas maps.

141 Geology of the Menominee Iron Region (Economic Resources, Lithology and
Westerly and Southerly Extension), Charles E. Wright. Ibid., pp. 666-734.

1
42

The Quartzites of Barron and Chippewa counties, Moses Strong, E. T. Sweet, F.
H. Brotherton, and T. C. Chamberlin, Geol. of Wisconsin, vol. iv, 1873-'79, pp. 573-581.

14 Geology of the Upper Flambeau valley, F. H. King. Ibid., pp.583-615.
144Crystalline Rocks of the Wisconsin Valley, R. D. Irving and C. R. Van Hise. Ibid.,

pp. 623-714.
1General Geology (of Wisconsin), T. C. Chamberlin, Geol. of Wisconsin, vol. I, pp.

3-300, with an atlas map.
146 Lithology of Wisconsin, R. D. Irving. Ibid., pp. 340-361.
147 Transition from the Copper-bearing series to the Potsdam, L. C. Wooster, Am.

Jour. Sci., 3d ser., vol. xxvii, pp. 463-465.
"I"Mode of Deposition of the Iron Ores of the Menominee Range, Michigan, John

Fulton. Trans. Am. Inst. Min. Eng., vol. xvi, pp. 525-536.
1
4
" Report of the State Geologist on the Metalliferous Region bordering on Lake

Superior, Henry H. Eames. St. Paul, 1866, pp. 21.
150 Geological Reconnaissance of the Northern, Middle and other Counties of Min-

nesota, Henry H. Eames. St. Paul, 1866, pp. 58.
151 Notes upon the Geology of some portions of Minnesota, from St. Paul to the

western part of the State, James Hall: Trans. Am. Phil. Soc., vol. xiII, new series,
pp. 329-340.

152 Report on the Geological Survey of the State of Iowa, containing Results of
Examinations and Observations made within the years 1866, 1867, 1868, and 1869,
Charles A. White. Des Moines, 1870, pp. 391.

163 First Annual Report Geological and Natural History Survey of Minnesota, N.
H. Winchell, pp. 129.

1 The Geology of the Minnesota Valley, N. H. Winchell. Second Report on the
Geol. and Nat. Hist. Survey of Minn., pp. 127-212.
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115 Ueber die Krystallinischen Gesteine von Minnesota in Nord-Amerika, A. Streng

and J. H. Kloos. Leonhard's Jahrbuch, 1877, pp. 31,113, 225. Translated by N. H.
Winchell in 11th Ann. Rept. Geol. and Nat. Hist. Survey of Minn., pp. 30-85.

'56 Sixth Ann. Rept. Geol. and Nat. Hist. Survey of Minn. for 1877, N. H. Winchell,
pp. 226.

157 Sketch of the Work of the Season of 1878, N. H. Winchell. Seventh Ann. Rept.
Geol. and Nat. Hist. Survey of Minn. for 1878, pp. 9-25.

158The Cupriferous Series at Duluth, N. H. Winchell. Eighth Ann. Rept. Geol.
and Nat. Hist. Survey of Minn. for 1879, pp. 22-26.

159 Preliminary Report on the Geology of Central and Western Minnesota, Warren
Upham. Ibid., pp. 70-125.

160 Report of Prof. C. W. Hall. Ibid., pp. 126-138.
let Preliminary List of Rocks, N. H. Winchell. Ninth Ann. Rept. Geol. and Nat.

Hist. Survey of Minn. for 1880, pp. 10-114.
162 The Cupriferous Series in Minnesota, N. H. Winchell. Proc. Am. Assoc. Adv.

Sci., 29th Meeting, pp. 422-425. See also, Ninth. Ann. Rept. Geol. and Nat. Hist. Sur-
vey of Minn. for 1880, pp, 385-387.

163 Preliminary List of Rocks, N. H. Winchell. Tenth Ann. Rept. Geol. and Nat.
Hist. Survey of Minnesota for 1881, pp. 9-122.

164Notes on Rock-outcrops in Central Minnesota, Warren Upham. Eleventh Ann.
Rept. Geol. and Nat. Hist. Survey of Minn. for 1882, pp. 86-136.

1M5 The Iron Region of Northern Minnesota, Albert H. Chester. Ibid., pp. 154-167.
166Note on the Age of the Rocks of the Mesabi and Vermilion Iron District, N. 11.

Winchell. Ibid., 168-170. See also Proc. Am. Assoc. Adv. Sci. 1884, 33rd Meeting, pp.
363-379.

167 The Geology of Minnesota, N. H. Winchell and Warren Upham. Vols. i and it of
the Final Report, pp. 697, 695.

168 Notes of a trip across the Mesabi Range to Vermilion Lake, N. H. Winchell.
13th Ann. Rept. Geol. and Nat. Hist. Survey of Minn. for 1884, pp. 2 0 - 2 4 . The Crys-
talline Rocks of Minnesota, N. H. Winchell. Ibid., pp. 36-38.

169 Fossils from the Red Quartzite at Pipestone, N. H. Winchell. Ibid., pp. 65-72.
)70Notes on the Geology of Minnehaha County, Dakota, Warren Upham. Ibid., pp.

88-97.
"' The Crystalline Rocks of the Northwest, N. H. Winchell. Ibid., pp. 124-140.
172 Report of Geological Observations made in Northeastern Minnesota during the

Season of 1886, Alexander Winchell. 15th Ann. Rept. Geol. and Nat. Hist. Survey of
Minn. for 1886, pp. 5-207.

17 Geological Report of N. H. Winchell. Ibid., pp. 209-399, with a map.
174 Report of N. H. Winchell. 16th Ann. Rept. Geol. and Nat. Hist. Survey of Min-

nesota for 1887, pp. 13-129.
175 Report of Alexander Winchell. Ibid., pp. 133-391. See also The Unconformities

of the Animikie in Minnesota. Am. Geol., vol. t, pp. 14-24; Two Systems Confounded
in the Huronian. Ibid., vol. 1i1, pp. 212-214, 339-340. Systematic Results of a Field
Study of the Archean Rocks of the Northwest. Proc. Am. Assoc. Adv. Sci., 37th
Meeting, p. 205; The Geological Position of the Ogishki Conglomerate. Ibid., 1889,
38th Meeting, pp. 234-235.

76 Report of H. V. Winchell. Sixteenth Ann. Rept. Geol. and Nat. Hist. Survey

of Minn. for 1887, pp. 395-462, with map.
77 A Great Primordial Quartzite, N. H. Winchell. Am. Geol., vol. i, pp. 173-178.

See, also, Seventeenth Ann. Rept. Geol. and Nat. Hist. Survey of Minn. for 1888, pp.
25-56.

178 Report of N. H. Winchell. Seventeenth Ann. Rept. Geol. and Nat. Hist. Survey
of Minn. for 1888, pp. 5-74; see also The Animikie Black Slates and Quartzites, and
the Ogishki Conglomerate of Minnesota, the equivalent of the " Original Huronian."
Am. Geol., vol. I, pp. 11-14; Methods of Stratigraphy in Studying the Horonian.
Ibid., vol. iv, pp. 342-357.
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1 Report of Field Observations made during the season of 1888 in the Iron Regions
of Minnesota, H. V. Winchell. Seventeenth Ann. Rept. Geol. and Nat. Hist. Survey
of Minn. for 1888, pp. 77-145; see also The Diabasic Schists Containing the Jaspilyte
Beds of Northeastern Minnesota. Am. Geol., vol. in, pp. 18-22.

11 Report of Geological Observations made in Northeastern Minnesota during the
summer of 1888, Uly S. Grant. Seventeenth Ann. Rept. Geol. and Nat. Hist. Survey
of Minrn. for 1888, pp. 149-215.

181 Conglomerates Enclosed in Gneissic Terranes, Alexander Winchell. Am. Geol.,
vol. ill, pp. 153-165, 256-262.

1 Some Thoughts on Eruptive Rocks with Special Reference to those of Minnesota,
N. If. Winchell. Proc. Am. Assoc. Adv. Sci., 1888, 37th Meeting, pp. 212-221.

18 The Stillwater, Minn., Deep Well, A. D. -leads. Am. Geol., vol. iii, p. 342.

18 On a Possible Chemical Origin of the Iron Ores of the Keewatin in Minnesota,
N. H. and H. V. Winchell. Ibid., vol. iv, pp. 291-300, 382-386. Also Proc. Am.
Assoc. Adv. Sci., 1890, 38th Meeting, pp. 235-242.

'8 Some Results of Archean Studies, Alexander Winchell. Bull. Geol. Soc. of
America. vol. 1, pp. 357-394.

18fiThe Taconic Iron Ores of Minnesota and of Western New England, N. H. and
H. V. Winchell. Am. Geol., vol. vi, pp. 263-274.

187 Record of Field Observations in 1888 and 1889, N. H. Winchell. 18th Ann. Rept.
Geol. and Nat. Hist. Survey of Minn. for 1889, pp. 7-47.

'8The Iron Ores of Minnesota, N. H. and H. V. Winchell. Bull. No. 6. Geol. and
Nat. Hist. Survey of Minn., pp. 430; with a geological map.

189 Geological Aue of the Saganaga Syenite, Horace V. Winchell. Am. Jour. Sci.,
3d ser., vol. xLI, 1891, pp. 386-390.

'O Sketch of the Geology of Northeastern Dakota, with a notice of a short visit to
the celebrated Pipestone Quarry, F. V. Hayden. Am. Jour. Sci., 2d series, vol. xLIII,
pp. 15-22.

1 The Copper-Bearing Kocks of Lake Superior, R. D. Irving. U. S. Geol. Survey
Monograph v, pp. 464, 15 1., 29 pl. and maps. See also the Copper-Bearing Rocks of
Lake Superior, R. D. Irving. Third Ann. Rept. U. S. Geol. Survey 1881-'82, pp.
89-188; 15 pl. and maps. The Copper-Bearing Rocks of Lake Superior, R. D. Irv-
ing. Science, vol. I, pp. 140, 359 and 422. The Copper-Bearing Rocks of the Lake
Superior Region. Amn. Jour. Sci., 3d ser., vol. xxviii, p. 462, vol. xxix, pp. 67-68,
258-259, 339-340.

19 2The Copper-Bearing series of Lake Superior, T. C. Chamberlin. Science, vol.
I, pp. 453-455.

83 On Secondary Enlargements of Mineral Fraguments in Certain Rocks, R. D. Irv-
ing and C. R. Van Hise. Bull. U. S. Geol. Survey, No.8, 56 pp., 6 pl.

9 Observations on the Junction between the Eastern Sandstone and the Keweenaw
Series on Keweenaw Point, Lake Superior, R. D. Irving and T. C. Chamberlin
Bull. U. S. Geol. Survey, No. 23, 124 pp., 17 pl.

19 Divisibility of the Archaean in the Northwest, R. D. Irving. Am. Jour. Sci., 3d
series, 1885, vol. xxix, pp. 237-249.

91iPreliiniuary Paper on an Investigation of the Archman Formations of the North-
western States, R. D. Irving. Fifth Ann. Rept. U. S. Geol. Survey, 1883-'84, pp.
175-242, 10 pls.

117 Origin of the Ferrugiuous Schists and Iron Ores of the Lake Superior Region.
R. D. Irving. Am. Jour. Sci., 3d ser., vol. xxxiI, pp. 255-272.

18 Report of a Trip on the Upper Mississippi and to Vermilion Lake, Bailey Willis.
10th Census Report, vol. xv, pp. 457-467.

1'0Is there a Huronian Group? R. 1). Irving. Am. ,Jour. Sci., 3d ser., vol. xxxIv,
1887, pp. 204-216, 249-263, 365-374.

-On the Classification of the Early Cambrian and Pre-Cambrian Formations, R.
D. Irving. Seventh Ann. Rept. U. S. Geol. Survey, 1885-'86, pp. 365-454, with 22 pls.
and maps.
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201 The Iron Ores of the Penokee-Gogebic Series of Michigan and Wisconsin, C. R.
Van Hise. Am. Jour. Sci., 3d ser., vol. xxxvii, pp. 32-48, with plate.

20 The Distribution of the Granites of the Northwestern States, and their general
lithologic characters, C. W. Hall. Proc. Am. Assoc. Adv. Sci., 37th Meeting, 1889, p.
189.

-0 The Greenstone Schist Areas of the Menominee and Marquette Regions of Mich-
igan, George Huntington Williams. Bull. U. S. Geol. Survey No. 62, pp. 31-238, with
16 pls. and maps. See also, Some examples of Dynamic Metamorphism of the Ancient
Eruptive Rocks on the South Shore of Lake Superior. Proc. Am. Assoc. Adv. Sci.,
36th Meeting, pp. 225-226.

104Explanatory and Historical Note, R. D. Irving. Bull. U. S. Geol. Survey, No.
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CHAPTER III.

THE GREAT NORTHERN AREA.

SECTION I. THE REGION ABOUT HUDSON BAY.

LITERATURE.

BELL,1 in 1877, reports on explorations between James bay and lakes
Superior and Huron. The rocks are described as Huronian on the
course followed until the north side of Shatagami lake is reached, with
the reservation that the gneiss just below Paul's lake may be Lauren-
tian. In this distance the rocks are limestones, quartzite, diorite, chert-
slate-conglomerate, hornblende-schist, pegmatite, syenite, clay-slates,
and, at Paul's lake, gneiss. The diorites have a widespread occurrence,
and an area of massive syenite continues for several miles in one local,
ity. It is often mixed with crystalline diorite. Beyond Shatagami
lake are several alternations of rocks which are referred to the Huro-
nian and Laurentian before the fossiliferous series is reached. The colI-
spicuous feature of the last Laurentian belts are large diorite dikes.
The junction of the Laurentian and Huronian occurs at Davis's rapid,
51 miles north of the outlet of lake Kenohamissee.

On the return trip the course followed is by the west branch of
Moose river, along toward its headwaters, thence to Michipicoten and
lake Superior. The rocks are chiefly granite and syenite, gneiss, horn-
blende-schists and mica-schists and greenish schists. These are in part
referred to the Huronian and in part to the Laurentian, several belts
of the Huronian being found. At one place the Huronian is spoken of
as passing into the Laurentian. As a result of the work it is shown
that an immense area of Huronian rocks runs northward from lake
Huron through the greater part of the distance lying between it and
the area of unaltered rocks of the southwest side of James bay.

BELL, 2 in 1879, reports on explorations of the east coast of Hudson
bay. In this region are large areas of gneisses which are referred to
the Laurentian, and belts of schists referred to the Huronian. With
the Huronian are schist-conglomerates and quartzites. At the contact
of the Laurentian and Huronian, the former consists of a coarse quartz
and mica rock, while the first rock which is considered Huronian is a
dark green, highly crystalline hornblende-schist. The two formations
appear as usual to be conformable. Along Manitounuck sound is an
unaltered stratified series in which no fossils were found and which

resemble the Nipigon rocks. These are called the Manitounack group.
209
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They consist mostly of siliceous and argillaceous limestones, sandstones,
quartzites, shales, ironstones, amygdaloids, and basalts. At Little
Whale river is a quartz-conglomerate of great thickness below these
rocks. The limestones are found at many localities at the base of the
series. They have a cherty concretionary and concentric structure.
The quartzites and sandstones come in ascending order. Associated
with the quartzites, and overlying them, is a series of cherts and shales.
These are surmounted by a great thickness of amygdaloids of various
kinds and of diorites of a basaltic character. At Richmond gulf the
base of the section consists of sandstone and conglomerate, above which
is limestone in a slightly unconformable position and all is capped by
trap. In one place the trap rests with a slight unconformity upon fer-
ruginous beds. Spathic iron ore, sometimes of considerable thickness,
is sometimes interstratified with the sandstone.

BELL,3 in 1879, reports on the country between lake Winnipeg and
Hudson bay. The rocks along the route, with the exception of one Hu-
ronian trough, are described as Laurentian gneiss. The Huronian rocks
belong in one basin or trough, conforming with the general trend of
the Laurentian gneiss and mica-schist. Its breadth is about 14 miles
and its length 143 miles, giving an area of about 2,000 square miles. A
mica-schist at Pipestone lake contains different kinds of pebbles. At
Seven-mile point the rock is a micaceous slate-conglomerate, the pebbles
of which are chiefly of gray syenite. At the junction of the Laurentiain
and Huronian the two formations appear as usual to be conformable
with each other. The last of the Laurentian series consists of gray
coarse, rough-surfaced quartz and mica rock. The first rock on what is
considered to be the Huronian side of the boundary consists of highly
crystalline dark green hornblende-schist, ribboned with fine lines of
white quartz grains. This schist is interstratified with bands of finely
ribboned, slightly cacareous gray gneiss.

BELL, 4 in 188 , reports on explorations of the Churchill and Nelson
river and around God's and Island lakes. The Laurentian gneiss is the
prevailing rock throughout the whole district between Knee and Island
lakes. The stratification, while moderately distinct, is often banded and
contorted. Its average texture is of a medium variety, or rather tending
to fine grain, but coarse forms are occasionally seen. There is no pre-
vailing or general .direction in the strike of the gneiss. The Huronian
rocks occupy a series of troughs in several localities. The rocks are
schist-conglomerate, sometimes garnetiferous, steatite-schists, green
schists and felsite schists, most of them being more or less calcareous.
The Laurentian gneiss occupies the area between the Huronian troughs.
The strike of the Laurentian gneiss in the neighborhood of the Huro-
nian rocks appears in most cases to correspond with that of the latter.

BELL,5 in 1881, reports on Hudson bay and some of the lakes and
rivers lying to the west of it. Various gneisses and schists are found
at different points which are referred respectively to the Laurentian and
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Huronian. Hudson bay as a whole lies in the great Laurentian area
of the Dominion. The long chain of islands which fringe the east coast
are composed of bedded volcanic and almost unaltered sedimentary
rocks, resembling the Nipigon series of lake Superior, which may be of
Lower Cambrian age. On the western side of the bay, from the Churchill
river northward, quartzites and other rocks are found which may also
belong to the Cambrian system. Cambro-Silurian rocks rest almost
horizontally upon the Laurentian along the southwestern side of the bay.

BELL, 6 in 1883, reports upon the geology of the basin of Moose river
and adjacent country. The boundaries of the Laurentian and Huro-
nian formations appear to be conformable to each other. Massive
granites occur abundantly with the Laurentian gneisses and Huronian
schists. The granites generally lie close to the junction of the Huro-
nian and Laurentian, this being the usual position of these granite
areas in the great region northward of lakes Huron and Superior.

BELL,7 in 1885, describes granite and gneiss at North head, Button
islands, Ungava bay, Nunaungok, Ashe's inlet, Nottingham and Digges
islands, Stuparts bay, Eskimo inlet, port DeBoucherville, and port
Lapeiriere. A portion of the west coast of Hudson bay is occupied
with diorites, hornblende-schists and mica-schists, which may be re-
ferred to the Huronian series. Deadman's island consists of white
and light-gray quartzites, and glossy mica-schists, striking north 750
west. The whole of the western part of Marble island consists of white
and light colored quartzite bearing a strong resemblance to white and
vein marble. The beds of quartzite are very massive, although their
surfaces are often ripple-marked, being sometimes as fine and regular
as the fluting on a washboard.

B ELL,8 in 1885, gives a general characterization of the geology of
Hudson bay. The distribution of the Huronian series is intimately con-
nected with that of the Laurentian, being found mostly within the
limits of the latter. The rocks of the Huronian system appear to rest
conformably upon the Laurentian in all cases observed. About the
mouth of Churchill river, on the west side of the bay, and for some
miles along the coast, are found massive and thinly bedded quartzites
with conglomerate beds, the pebbles being mostly of white quartz, in-
terstratified with occasional thin shaly layers. These strata may form
a part of the Huronian series, but they also resemble the gold-bearing
rocks of Nova Scotia. On the Little Whale river and in Richmond
gulf on the east side of the bay another set of rocks is found following
the Huronian and underlying unconformably the Nipigon series. This
intermediate formation consists of beds of hard red siliceous conglom-
erate and red and gray sandstones, with some red shales, and appears
to have a considerable volume. The Nipigon formation is largely de-
veloped along the east main coast of Hudson bay, between cape Jones
and cape Dufferin, and consists of compact, nonfossiliferous, bluish
gray limestones, coarse cherty limestone breccias, quartzites, shales,
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diorites, amygdaloids, and maiiganiferous clay ironstones. The lime-
stones of lake Misstassini, in the interior of the Labrador peninsula,
bear a strong resemblance to those of the east main coast.

BELL, 9 in 1886, gives additional observations on the geology of Hud-
son bay. From Eskimo point to the entrance of Chesterfield inlet, a
distance of 180 miles, the rock specimens embrace hornblende-schists,
greenstones, sandstone altered to quartzite and holding fragments of
indurated shale, white quartz rock, quartzite like that of Marble island
felsite, crystalline hornblende rock, diorite, chert, mica-schist, porphyry.
granulite, red jasper, chloritic schists, etc. The majority of the litho-
logical specimens correspond with the rocks of the Huronian series,
Laurentian types are absent, and the probabilities are that Huronian
rocks prevail all along the northwest coast of Hudson bay, from Eskimo
point to Chesterfield inlet, and again at Repulse bay. The widely ex-
tended areas of massive granitoid character about Hudson bay are
regarded as primitive gneiss, and there is little doubt are more ancient
than the regularly stratified gneisses which prevail on the Ottawa val-
ley. The Huronian rocks of the region are unlike those on the north
shore of lake Huron, consisting of massive diorites, argillaceous and
dioritic slate conglomerates, granite-syenites, schistose and jaspery
iron ores, limestones, dolomites, and imperfect gneisses, with a great
variety of schists. The Manitounuck series is largely made up of rocks
of volcanic origin.

BELL,10 in 1887, reports on explorations of portions of the Attawa-

pishkat and Albany rivers. Various granites, gneisses, and schists
are found upon Pelican lake, lake St. Joseph, and the upper sections
of Albany and Boulder rivers, and lake Lansdowne. Upon lake St.
Joseph a conglomerate is found. The granites and gneisses are placed
with the Laurentian and the schists and conglomerates with the Hu-
ronian.

SUMMARY OF RESULTS.

In all of the above works by Bell the rocks are classified as Lauren-
tian or Huronian almost wholly upon lithological grounds, the coarse
granites and granitoid gneisses being regarded as Laurentian and
the clearly sedimentary rocks and fine grained calcareous gneisses
and various green schists with associated rocks being placed as Hu-
ronian. Whenever the relations of the two series are spoken of they
are said to be in conformity. The Huronian is, however, frequently
spoken of as occurring in troughs, which probably implies that this
series is taken to be the newer of the two; but in general this is an
inference from its lithological character rather than a determination
from an ascending succession. The dips are usually high and no
structure is worked out, so thtt from the facts given it would be im-
possible to determine which is higher and which lower, except by the
implication in the words Huronian and Laurentian. While certain of

[BULL. 86.
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the rocks placed with the Huronian are lithologically like those of the
Original Huronian, Bell distinctly states that in the main they are quite
different. The likeness apparently goes no further than the fact that
occasionally there are found unmistakable elastic rocks, and some of
these plastics resemble more closely the fragmentals of the Ottawa
series than they do those of the Original iuronian.

The Manitounuck group on Hudson bay, which is described as re-
sembling very closely the Nipigon series, is, from the illustrations, a
comparatively flat-lying one and is probably newer than either of the
series referred to the Laurentian or iuronian. At least two uncon-
formities are mentioned in it, one between two sedimentary rocks and
another between a sedimentary rock and a trap. These unconformities
are spoken of as slight, but the cuts illustrative of them represent the
first of these unconformities as very considerable.

SECTION II. NORTHERN CANADA.*

LITERATURE.

STEINHAUER,"1 in 1814, gives localities for labradorite on the coast of
Labrador.

MCCULLOCII,12 in 1819, describes as coming from Baffin bay, 700 37',
granite, gneiss, and graywacke-schist.

RICHARDSON," in 1823, describes clay-slate as occurring in the north-
ern arm of Great Slave lake. North of Great Slave lake the granite
formation continues for a considerable distance toward Fort Enterprise,
but contains more foreign beds in advancing to the northward. In this
region in places mica-slate prevails and in other places the granite con-
tains beds of mica-slate. Gneiss appears to exist throughout the great
district to the eastward of Coppermine river. About Fort Enterprise
are numerous ills capped by red granite, around which, on the acclivi-
ties, gneiss is wrapped in a mantle form. The rocks of this district in-
chide granite, micaceous and hornblendic gneiss, greenstone, mica-slate,
and clay-slate. At Point lake are found graywacke-slate, clay-slate,
and transition greenstone slate, as well as transition conglomerate, the
fragments of which appear to consist of the same material with the
bases. In the first part of the region of Coppermine river, between
Point lake and the sea, are found granite, syenite, gneiss, clay-slates,
and hills of trap. North of latitude 660 45' 1.1' are found red and gray
sandstones, compact feldspar rock, granular foliated limestone, trap
rock, and greenstone which constitutes the Copper mountains. Ill
these mountains are amygdaloids which contain amygdules of pistacite
and calc-spar, scales of copper being generally disseminated through the

* This section is largely compiled from Geo. M. Dawson's account of this region accompanying his
geological map of it. with a number of exceptions the original reports have not been seen. This
unusual plan is here adopted because Dawson's summary of the geological material, widely scattered
through the many volumes of Arctic travel, is so complete as to render unnecessary the labor of
going through them a second time.
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rock. In this region were also found masses of native copper and preh-
nite. The shores of Bathurst inlet are partly of granite and gneiss and
partly of later rocks. On the road from Bathurst inlet to Point lake
and Fort Enterprise, beyond Hood's river, the rocks are entirely gneissic
or granitic.

PARRY,' 4 in 1824, found granitic and gneissic rocks to occupy the
whole southern part of the east shore of Melville peninsula and to
continue northward behind a tract of limestone country, forming a
range of mountains in the center of the peninsula to Hecla-and-Fury
strait. They also form the south shore of this strait, most of the islands
adjacent to it, and apparently the whole eastern shore of the adjacent
south part of Cockburn "island."

KONING,71 in 1824, describes the most characteristic rock collected by
Capt. Parry on the west coast of Baffin bay as gneiss and micaceous
quartz rock, with some ambiguous granitic compound in which horn-
blende seems to enter as a subordinate ingredient.

LYON,71 in 1825; describes cape Fullerton on the main shore west of
Southampton island to be composed of rugged red and gray granitic
rocks with the strata running in a northwest direction.

JAMESON,1u in 1820, states that the material collected by Capt. Parry
shows that the west coast of Davis strait and Baffin bay, south of
Lancaster sound, consists of primitive rocks, among which are gneiss,
mica-slate, hornblende-slate, granite limestone, hornblende-rock, and
greenstone. All these rocks are more or less distinctly stratified and
numberless transitions from one into the other were observed.

RICHARDSON,'" in 1828, describes the rocks of the Coppermine river
series as extending westward to the Height of Land and consisting
chiefly of sandstone and conglomerates with granite and porphyry.
The southeast extremity of McTavish bay consists of red granites and
gneisses. At the mouth of Dease river and the northeast extremity of
the lake the prevailing formation is granitic and gneissic. On mount
Fitton, along the Arctic coast west of the Mackenzie river, the moun-
tain range consists of grayw acke slates which are considered transition
rocks.

LESLIE, JAMESON, and MURRAY (HUGH),"9 in 1830, mention in the

region of Southampton island, Melville peninsula, and Hecla-and-Fury
strait, as prominent varieties of rock, granite, gneiss, mica-slate, clay-
slate, chlorite-slate, primitive trap, serpentine, limestone, and porphyry.
The Primitive range bordering the east coast of Baffin land is a contin-
nation of the Labrador coast; and on the west coast of Davis strait and
Baffin bay, south of Lancaster strait, primitive rocks preponderate,
including gneiss, mica-slate, and granite.

ROsS,20 in 1835, finds granitoid and gneissic rocks to occupy eTci-
sively the coast line and adjacent islands of the Boothian and Melville
peninsula south of 700 35'.

FITTON,21 in 1836, describes the north side of Great Slave Iake from

(BULL. 80.
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the entrance of the north arm westward as consisting mainly of gneiss,
porphyry, and granite. The large islands and promontory of the east-
ern part of the lake are of the trap formation. These are compared to
the Coppernine series. Pebbles of Jasper conglomerate were collected
near the west end of the lake, but the rock was not seen in place. Thle
rocks on the route from Great Slave lake nortleastward by Clintmi-
Golden and Aylmer lakes and the G neat Fish iver to the Arctic coasts
are different varieties of granite and gneiss.

BACK,22 in 1838, describes granite as occurring in two places along
the southeastern coast of Southampton island.

SIMPSON,23 in 1843, applies the name Trap Point to the Kent penin-
sula. After an interval of low ground to the eastward granite forms
the coast line.

RAE, 2 1 in 1850, finds north of latitude 610 on the west coast of Hud-
son bay, beyond Nevill's bay, the shore steep and rugged, being
lined with bare primitive rocks. On the southern shores of the gulf of
Boot'hia granite occurs in several places, and among the specimens
found are gneiss, mica-slate, quartz-rock, horn blende-slate. Precipitous
cliffs of trap were found on Simpson bay, in latitude 680 27'.

RICHARDSON 25 in 1851, states that the eastern side of the north arm
of Great Slave lake is occupied by primitive rocks, which run across
the outlet of Athabasca lake to the deep, northern arm of Great Slave
lake, and onward by Marten lake, across the two eastern arms of
Great Bear lake, to the Copper mtiountains. On Rae river, which flows
into Coronation gulf near the mouth of the Coppermine, are limestone,
quartz-rock, and high cliffs of basalt. From the similarity of the
various rocks associated in this quarter to those occurring at Pigeon
river and other parts of the north shore of lake Superior the author is
iclined to consider that the two deposits belong to the same geolog-
ical era, both being more ancient than the Silurian. At Rae river and
Richardson river, to the northwest of the mouth of the Coppermine and
on the west .side of the Coppermine river, are series of basaltic cliffs.

SUTHERLAND,2 6 in 1853, describes the rocks at cape York and cape
Atlholl, latitude 760, as consisting of sandstones, interstratified with
volcanic material. On the east coast of Baffin land, from Lancaster
sound to Cumberland sound, are crystalline rocks which occupy the
whole coast southward to Cumberland strait.

MURCHISON 27 in 1857, states that cape Granite in the Arctic Archi-
pelago is composed of quartz, feldspar, and ch1lorite, and is accompa-
nied with gneiss of the same composition.

KANE,28 in 1857, states that the rocks of the coast between Reiisse-
laer harbor and the great Humboldt glacier (in Peabody bay), are strat-
ified limestones, sandstones, feldspathic and porphyritic granite pass-
ing into gneiss, and in some places trap.

HAUGHTON, 2
1 in 1857, describes granitic rocks as co'mposinga consid-

erable part of Forth Greenland, on the north side of Baftin bay, and

VAN HISE.1



PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

constituting the rock of the country at the east side of the island of
North Devon. Bettveen capes Osborne and Warrender the rocks are
graphic granite, which passes into a laminated gneiss, and with the
gneiss are interstratified beds of garnetiferous mica-slate. The whole
series is overlain by red sandstones of banded structure. The grani-
toid rocks are again found on the north side of the island of North Som-
erset, where they form the eastern boundary of Peel sound. Cape
Granite is the northern boundary of the granite. On Peel sound and
Prince of Wales island is a dark syenite composed of feldspar and
hornblende. This rock is massive and eruptive at cape M'Clure, and
occasionally gneissic. The Silurian of the Arctic archipelago rests
everywhere directly on the granite, with a sandstone, passing into a
coarse grit, at its base.

HAUGHTON," in 1859, states that granitoid rocks everywhere. under-
lie the Arctic archipelago. At Montreal island is a gneiss which exhib-
its the phenomena of foliation in a marked degree. At Bellot's straits,
in latitude 720 north, are found gneissoid granite, graphic granite, and
syenite. At Pond's bay, at the northern extremity of Baffin land,
quartziferous mica-schist underlies the Silurian limestone and is inter-
stratified with gneiss and garnetiferous quartz rock inclining 380
WSW. Cape York, on the Greenland coast, is composed of fine
grained granite. At Wolstenholme sound the granitoid rocks are con-
verted into mica-slate and actinolite-slate, the two rocks passing into
each other by almost insensible gradations. Carey's islands, west of
Wolstenholme sound, are composed of a gneissose mica-schist, formed of
successive layers of quartz granules, and layers of jet-black mica. The
mica-schist passes into white gneiss. Yellow and white sandstones are
also found in small quantity upon the islands, reposing upon the gran-
itoid rocks.

LIEBER, 30 in 1860, describes on the coast of Labrador, gneisses, gran-
ites, labradorites, etc., at various localities.

DERANCE and FIELDEN,31 in 1878, state that the Laurentian system
is the fundamental one for the region visited by Sir George Nares. At
cape Rawson is an important overlying series which occupies the
coast of Grinnell land from Scoresby bay to cape Cresswell, in latitude
820 40' north. The rocks are in a series of sharp folds with a general
west-southwest strike, the beds being often vertical and frequently
cleaved. They consist of jet-black slates, of impure limestones, trav-
ersed by veins of quartz and cherts, and of a vast series of quartzites
and grits. They are compared to the gold-bearing series of Nova Scotia
and doubtfully referred to the Huronian system.

HIND,32 in 1878, describes at Mullens cove, in the Laurentian series
of Labrador, a succession of interbedded gneisses, micaceous schists,
crystalline limestones, and a bed of calcareous conglomerate. The
thickest layer of white crystalline limestone is 35 feet.

EMERSON," in 1879, describes the rocks of Frobisher bay, collected
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by C. F. Hall, as consisting of granite, gneiss, magnetite-gneiss, horn-
blendic gneiss, mica-schist, etc.

BELL,9 in 1885, describes on the Labrador coast gneiss and gran-
ite at Ford's harbor and Mission station, Nain, at Nachvak inlet, at
Skynners cove, and other points. The granite sometimes becomes
syenitic and the gneiss is sometimes well laminated.

BOAS, 34 in 1885, describes the nuclens of Paffin land as everywhere
of gneiss and granite.

GREELY'- in 1886, finds toward the head of Chandler fiord high
cliffs of schists and slate, and in Ruggles river, at the outlet of lake
Hazen, large slabs of slate.

PACKARD,36 in 1888, describes syenitic and gneissic rocks of the
Laurentian formation at various points, among which are Sleupe har-
bor in Gore island near Shallop, the bay east of Anse-au-Loup, Caribou
island, cape St. Francis, and Square island.

MCCONNELL,3, in 1890, mentions granite-gneisses east of the Rocky
mountains at the rapids of Slave river and fort Rae. These evidently
belong to the Laurentian or the oldest division of the Archean. West of
the Rocky mountains, crystalline schists are largely developed along the
valley of the Pelly-Yukon, occurring in numerous exposures from the
International boundary to fort Selkirk, and they continue up the Lewis
about 30 miles. This belt of crystalline rocks has a width of somewhat
over a hundred miles. The eastern edge of the area consists largely of
quartzose schists, chlorite-sclists, mica-schists, diabases, and serpen-
tines, which are occasionally interbedded with bands of slate, limestone,
and are broken in many places by igneous intrusions. The green
schists, in ascending the river, are underlain by foliated mica-gneisses,
alternating with hornblende-gneisses, which are distinctly Archean in
appearance and lithological character.

SIMARY OF RESULTS FROM DAWSON.

DAWSON7n in 1887, as a result of' am exhaustivereview of the literature
of northern Canada, states that Archean or Eozoic rocks are dominant
in the northern part of the continent. They also form the greater part
of Ureenland, and doubtless underlie at no great depth the entire Arctic
arebipelago. While the information available is sufficient to indicate
the existence of the different subdivisions of the Archean which are
met with in the southern portion of Canada, including the lowest Lauren-
tian or granitoid gneiss series, the Middle Laurentian, possibly the
peculiar rocks classed as the " Upper Laurentian " and certain of the
more schistose and generally darker colored and more basic rocks classed
as Huronian, it is far too imperfect to admit of the separation of these
subdivisions on the map. It is evident th at the Huronian is represented
in parts of the west coast of Greenland, and it is probably also recog-
nizable on the Labrador coast, and on the west coast of Hudson bay.
The occurrence of well stratified gneisses with mica-schists and crystal-
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line limestones, with associated graphite and magnetite, appears to in-
dicate the presence of Middle Laurentian. These rocks occur on the
southern part of Baffin land, Frobisher bay, Cumberland sound, and
Melville peninsula. The term Cambrian is made to include all rocks
above the lluronian to the base of the Cambro-Silurian. Extensive
areas placed in the Cambrian on the Arctic coast and in the vicinity of
Coppermine river are analogous in character to those of the Keweenaw
or Animikie of the lake Superior region, and probably represent both
groups of that great copper-bearing series. Throughout the northern

part of the continent the characteristic (unbrian formation, composed
largely of volcanic rocks, apparently occupies an unconformable position
with regard to the underlying Laurentian and Huronian systems. The
present remnants show that these rocks have undergone comparatively
little subsequent disturbance. The cape Rawson beds of Grinnell land
are provisionally referred to the Cambrian, on account of their litholog-
ical resemblance to the rocks of the Animikie, and also on account of
their similarity to the Nova Scotia gold-bearing series.

In the above summary, as the terms are used in this volume, the Mid-
dle Laurentian, much of the Iluronian, and the Coppermine and equiva-
lent series, which are placed in the Cambrian, are to be included in the
Algonkian ; while the Lower Laurentian is largely or wholly Archean.

SECTION III. THE LOWER ST. LAWRENCE RIVER AND WESTWARD TO

LAKES ST. JOHN AND MISSTASSINI.

LITERATURE.

BAYFIELD, in 1840, describes granite rocks as occupying the follow-
ing districts: Along the St. Lawrence from the Saguenay to pointe de
Monts, a distance of 130 miles; from. pointe de Monts to the Seven
islands, a disance of 60 miles; the mainland to the eastward of Mingan
islands and opposite Ste. Genevieve island, where the country for many
miles inland is composed of low granite mounds; the coast from Ste.
Genevieve east to cape Whittle, longitude 600 W., latitude 500 10' N.
The granites are in part hornblendic and in part nonhornblendic. At
Ste. Genevieve was observed liypersthene and Labrador feldspar. The
granitic rocks are regarded as unstratified. They are traversed by
trap veins, insignificant in size as compared with the immense size of
the lake Superior granite masses. Reposing horizontally on the granites
on the east side of Pillage bay and mount Ste. Genevieve are limestones.
The islands of the south shore of the St. Lawrence and the south coast
from Saguenay to cape Rozier are composed of alternating strata of
graywacke and slate dipping to the southward at angles varying from
300 to 900.

LOGAN,40 in 1850, describes a metamorphic group of rocks in the
vicinity of bay St. Paul, Murray bay, and White cape on the St. Law-
rence river. The predominant rocks are mica-gneisses and hornblende-
gneisses. No crystalline limestones were noted.

[BULL. 86.
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LOGAN ,1 in 1854, describes the district north of the St. Lawrence
river, between Montreal and cape Tourment, below Quebec. To the
metamorphic sediments the word Laurentian is applied. It is used to
cover all of the prefossiliferous rocks. The name is founded on that
given by Mr. Garneau to the chain of hills which the Laurentian
series compose. At St. Maurice the Potsdam sandstone rests upon the
gneiss.

l)AWSON,42 in 1861, describes the Laurentian rocks eXposed on the
coast cliffs of Murray bay. At one place the succession includes
gneiss, white quartz rock, impure limestone, and hornblende slate, but
the beds are so inverted that little reliance can be placed on apparent
superposition. The crystalline limestone, dolomite, and serpentine are
together 14 feet thick. The Silurian rocks rest unconformably upon
the Laurentian beds.

RICHARDSON,43 in 1870, describes the Laurentian and Labradorite
rocks on the north shore of the lower St. Lawrence. The Laurentian
gneiss has sometimes little appearance of stratification. The dips are
high, approaching the vertical. The Labradorite, with moderate dips,
rests unconformably upon the Laurentian. At one place there occurs
in the gneiss a bed 12 feet thick of coarsely crystalline limestone. The
Labradorite rocks have a wide extent. Both the Laurentian gneiss and
labradorites are cut by granitic veins.

RICHARDSON 4 in 1872, reports on the prefossiliferous rocks in the
country north of lake St. John. They are classified under two heads:
First, Laurentian gneiss, including a little crystalline limestone; sec-
ond, crystalline scliists, consisting of chloritic and epidotic rocks, with
dolomites, serpentines, and conglomerates. The Laurentian occupies
much the largest area of country and includes gneissic rocks cut by
granite veins, limestones, quartzites, and hornblende rocks. The lime-
stones and quartzites are comparatively uninportant, but the former is
said to be in thickness not less than 500 or 600 feet. The rocks of the
second class immediately succeed the Laurentian near the north end of
lake Abatagomaw. Large expanses of the conglomerate of this series
are composed entirely of rounded fragments of Laurentian gneiss of
gray and red colors. In some places, without close examination, the
conglomerate might be mistaken for the Laurentian gneiss. Sandstones
and shales are met with which show lines of deposition. It is remarked
that whatever the geological horizon of this series of rocks, it will be

prudent for the present to withhold an opinion until further investiga-
tions are made. The only indication as to the geological age of this
series is given by an obscure fossil occurring in a limestone which
Billings thinks is a coral.

LAFLAMME,45 in 1885, gives geological observations on the Saguenay
region. The pre-Cambrian rocks are divided into two series, a gneissic
and a labradorite series, which are together included in the Laurentian,
although nothing is said as to their structural relations.
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Low," in 1886, reports on the Mistassini expedition. The Laurentian
gneisses and associated rocks occupy the whole country from the gulf
of St. Lawrence to James bay, along the route traversed, with the excep-
tion of some areas of Huronian and Cambrian in the vicinity of lake
Mlistassini. The Laurentian rocks include gneiss, horiblende-schists,
mica-schists, crystalline limestones, and areas of triclini feldspar rocks.
The rocks described by Richardson, north of lake Abatagomaw, are sim-
ilar to the epidotic and chloritic slates of the Sliickshock mountains and
the eastern townships and are referred to the luronian.

SUMMARY OF RESULTS.

In the very brief and general studies of the area north of the lower
St. Lawrence no attempt is made to map the region in detail nor to
work out the structure of the rocks. The.Labradorite rocks are sepa-
rated by Richardson from the gneissoid rocks, to which he applies the
term Laurentian. The reason for doing this is not given, so that we
have no indication as to whether this is an eruptive or a sedimentary
series, and if sedimentary, whether it underlies or overlies the gneisses.
As in the Ottawa region, the great mass of gneiss is free from lime-
stones. The limestones are local and are associated with other rocks
which are presumably of elastic origin, such as quartzites.

The remarks which are made with reference to two series in the
Ottawa area would apply equally well to this region. We have no in-
dication as to the relations of the elastic series, described by Richard-
son, to the Laurentian gneiss which is referred by Low to the Huronian.
Richardson, who did the work upon this series, was not able to give an
opinion as to its position, and its reference to the Huronian by Low is
made wholly upon lithological grounds. It is, however, probable that
the great conglomerates in the neighborhood of Lake Abatagomaw, com-

posed almost entirely of rounded fragments of Laurentian gneiss and
which in some places closely resemble the gneiss, mprk the structural
boundary between the two series of rocks. The description of this con-
glomerate is that of a recomposed rock, the material being derived from
the immediately underlying formation.
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CHAPTER IV.

EASTERN CANADA AND NEWFOUNDLAND.

SECTION I. THE EASTERN TOWNSHIPS.

LITERATURE.

MURRAY, 1 in 1847, describes the metamorphic rocks of the Notre
Dame mountains. The more important varieties are slate and trap.
It is not certain that these rocks do not belong to the fossiliferous for-
mation.

LOGAN, 2 in 1863, describes the Quebec group at length. Metamor-
phic rocks of various kinds are mentioned, but these are all regarded
as belonging to the fossiliferous series. In the fossiliferous formations
east of the Notre Dame mountains are veins and masses of intrusive
granite.

SELWYN, in 1879, gives observations on the stratigraphy of the
Quebec group. This group is divided into three distinct groups of
strata. First, the lower Silurian group; second, the volcanic group,
probably lower Cambrian; and third, the Crystalline schist group
(Huronian?). The rocks composing group three are chiefly slaty and
schistose, embracing various schists, imperfect gneisses, micaceous
dolomites, and magnesian limestones. The upper part of this series
emerges from beneath the upper Silurian.

SELWYN, 4 in 1883, finds in the Stoke mountains an igneous belt un-
conformably overlapped and covered by the fossiliferous beds of the
Levis formation and by the Siluro-Devonian rocks; but between these
volcanics and the more schistose rocks of the central axis, by which
they are underlain, no unconformity has been detected. These volcan-
ics are provisionally classed with the lower series, that is, pre-Cam-
brian and probably Upper Huronian. In the Quebec series are found
important masses of granite which are intrusive in the fossiliferous
series. The stratified rocks in contact with them are disturbed and
altered, the limestones converted into graphitic schists or crystalline
marble, and the argillites into mica-slates, chiastolite and staurolite
schists, which are traversed by streaks and veins (dikes?) of granite.
These granites are regarded as of Silurian or Devonian age. The alter-
ation of the fossiliferous beds has gone so far as to suggest a resem-
blance to the crystalline rocks which have been referred to the Lauren-
tianl or Huronian.
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SELWYN,5 in 1883, in further speaking of the Quebec group, asserts
of the upper metamorphic or volcanic group that neither a schistose nor
a bedded structure can be accepted as a proof of nonigneous origin, and
that a massive lava flow is as likely, through pressure and metamor-
phism, to assume a schistose structure as are ordinary sedimentary
strata. Much of the material of the upper part of the lower groups is
of contemporaneous irruptive and eruptive origin, though for the most
part, through cleavage and alteration, so changed in external and
physical character as to cause these rocks to be classed as metamor-
phic, notwithstanding that they still closely correspond in chemical
composition with recognized igneous and volcanic rocks, and differ es-
sentially from any known ordinary unmixed sedimentary deposits. It is
suggested that the upper volcanic group may represent the Keeweenian.

ELLS,' in 1887, reports on the geology of a portion of the Eastern
Townships. Placed in the Cambrian are a set of slates of various colors,
sandstones passing into quartzites, quartziferous schists and conglom-
erates in which are found no calcareous beds or fossils. The conglom-
erates are of two kinds; one is composed of pebbles of the ordinary kind,
granitoid rocks, quartzites, slates, etc.; the other is composed largely
of dioritic pebbles in a diorite paste with intercalated beds of sandstones
and grits, and may be regarded as an agglomerate. This series in
places is certainly unconformable to the Cambro-Silurian system on the
one hand, and in a like manner is unconformable to the underlying
ridges of crystalline rocks from the debris of which they are largely
formed. These strata for the most part flank the ridges of crystalline
schists and gneisses, but at other times are in intricately folded basins
in them. These rocks resemble the gold-bearing series of Nova Scotia.
When near to or cut by masses of granite the strata have developed in
them crystals of chiastolite and staurolite.

The areas of crystalline schists, gneisses, and limestones, with serpen-
tines and associated strata are referred to the pre-Cambrian. The age
of these rocks is inferred from their lithological character, from their
position of apparent unconformity below the overlying series referred
to the Cambrian, and from the fact that their debris is found in the
latter series. The areas of pre-Cambrian rocks are four in number. In
position, and in the fact that they contain copper, they closely resemble
the copper-bearing rocks of New Brunswick and the Huronian of Bruce
mines. There is a similarity to the series in England and Scotland
described by Hicks under the names of Dimetian, Arvonian, and Pebid-
ian. Summing up it is said: Whatever may be the exact age of these
altered rocks, their present aspect entitles them to be classed as very
ancient sediments, although, in view of the great alterations which
may result from intense regional metamorphism, there is no reason why
many of the ordinary sedimentary rocks of Cambrian, Cambro-Silurian,
or even Silurian age, should not assume much of the character of these
just described. It is now tolerably clear that the series now considered
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constitutes the lowest of all the geological formations eiicolitered in
this portion of the province.

Both plutonic and volcanic rocks occur in the Eastern Townships, in-
luding granites and diorites, some of which are at least as late in age

as the Lower Silurian, although others are earlier, as is shown by the
fact that fragments of them are included in the strata referred to the
Cambrian. The sedimentary strata are altered at the contacts with
these intrusives. These granites are. however. held by Selwyn to be

metamorphic.
SELWYN, in 18M4, states thiit it the Hras streani, about : miles from

the Chaudiere river, is wcll exposed m contact of the crystalline series
with the black slates, showing the same uncoiformable relations
between the Cambrian and pre-Cambrian as oil the Quebeo Central
railway. The granites considered by Ells as iiitriusive are re-arded as
more probably formed in situ by the saine metamorphic i.gei es that

have altered the adjacent strata, and the so-called dikes are probably
due to segregation; in flet, the latter are rather veins than (likes.
rile granite are then regarded as an effect of the imetamorphosing

agencies rather than the cause of the muetamilorphism.

ELLS, in 1889. giVes a second report on the geology of the Quebec
group. Throughout the area of the rocks referred to the Lower Cam-
brian no fossils have yet been tonnld, but they resemble the lower por-

tion of the Cambriai of New Birunswick. The most that can be said of
them stratigrphically is that they are intermediate between the chlo-
ritic and micaceous schists of the central anticlinal and the overlying
rocks of the Sillery. These Cambrian rocks have certain beds which
closely resemble those of the l'otsan age of the Sillery; on the other
hand, it is not easy to separate theii froi the underlying pre-Caibrian
schists, although at certain points there is a manifest nunconfonmity

bet ween the two series, as is well showni between Brongliton station
and Ilarvey hill on the Quebee Central railway: the regular strike of
the underlying chloritic rocks being nearly east and west, while the
overlying bidack slate, with which are associated beds of grayish lime-
stone, at times strike nearly north and south. The ditference in the
character of the Cam ibrian and pre-(ambrian strata, together with fhie
fact of the oclurrence of a line of fault between the crystalline schists
of the Sutton mouitaiii anticlinal and the slates and serlpentilies to the
east, are tie chief reasons for the sepa ration of these two series into pre-
Cambrian and Caumbriaii. - The pre-(aimibrian areas toutnd are coil-

posed mostly of alternations of chloritic and Miraceous schists. Il
certain localities, as at Les Saints A_ ges, are found Micaceous black

and gray slates, and quartzites with crystalline limestone, wiiehic inly

be CaImbriau or pre-Camibrian. The areas of gr it te, diorite, all ser-

peitin are described.
An x Ps," ill 1889. thnds that the Massive nd stratified varieties of

the aniorthosite underlying the northwest part of the Eastern Townships
Bull, 8G 15
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are really only different portions of one and the same mass. It is con-
cluded that most, if not all, of the areas are of eruptive origin, since
they are frequently found cutting the gneisses. Bands of crystalline
limestone are f11nd in the region.

ELLs,10 in 1890, states that the lowest beds of the Lower Cambrian
frequently contaiin a very considerable thickness of conglomerates, the
pebbles of which are without doubt derived from the underlying crys-
talline ridges which have been called pre-Cambrian. They are distinct
in character from the pre-Cambrian of the anticlinals, the latter being
in all cases highly crystalline, while there is a sharply defined line,
either of unconforniable overlap or of fault, between the crystalline
series and the slates and quartzites of what has been styled Lower
Cambrian. This line of fault is to be seen at certain points, and is
heavy; at others the slates occupy basin-like areas infolded in the
schists, where the rocks pass at once from the black, gray, and purple
slates to the highly altered schists. There are certain areas of mica-
schists and black slates which are apparently in the center of the
ainticlimal of Sutton or the Chaadiere. These probably represent a
portion of the pre-Cambrian, but they are quite distinct from the or-
dinary black, purple, and gray slates and quartzites of the Chaudiere
gold series.

SUMMARY OF RESULTS.

A large number of articles have beei written ill reference to the

Quebec group which are not touched in the above, as their point of
view is paleontological, and if the crystallies are referred to at all they
are simply placed as the metamorphosed equivalents of the fossiliferous
rocks.

While Ells places the middle series found ill this region as Cambrian,
lie is very cautions to say that lie has no paleontological evidence for
this; so that it is yet to be considered an open ullestion whether it is
Algonkiani or not. By Selwyn it is compared with the Keweenawan,
and by Ells with the Nova Scotia gold-bearing slates. It is certain that
the series is uncomformably below the Potsdam, and equally certain that
it overlies crystalline schists. While the so-called Cambrian and pre-
Cambrian are said tobe unconformable, and several localities are cited in
which these relations obtain, one wishes that they bad been described in
more detail. The only one mentioned in which the facts are given upon

which the statement of ncomformity is based is the one on the Quebec
railway, where it is said that the strike of the Cambrian slates is almost
at right angles to that of the pre-Cambrian schists. Wlhen it is remem-
bered that there probably are in this region great masses of intrusive
granites which have metamorphosed the adjacent strata, and that as a
result of such action a schistose structure oftentimes develops inde-

pendent of the original bedding, the evidence cited at this particular
locality is by no means sufficient to establish the conclusion. However,
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the basal conglomerates of the series referred to the Cambrian, the crys-
talline character of the pre-Cambrian as contrasted with the elastic
character of the Cambrian, and the sharply defined line, either of un-
comformable overlap or of fault, between the crystalline series and the
slates and quartzites which are styled Lower Ca mbrian, indicates the

probability that a structural break of great magnitude does occur be-
tween the two series. The supposed lower series of crystalline chloritic
and micaceous schists and gneisses, with their associated quartzites
and limestones, seems clearly to be of elastic origin. It is compared
with the Haronian by Ells. From present imperfect knowledge it can
only be safely placed as Algonkian. ' If it shall turn out that the non-
fossiliferous rocks referred to the Cambrian by Ells are also Algonkian,
this system is represented in the Eastern townships by two series which
are probably uncomformable.

Selwyn's later position as to the nature of the granite is the opposite
of that earlier held. In his reports published in 1879 and 1883 the
granites are not only believed to be intrusive, but many of the crystal-
line schists are believed to be metamorphosed irruptives. In the foot-
notes accompanying Ells's reports these same granites are said to be
metamorphic.

SECTION II. GASPZ PENINSULA.

LITERATURE.

ELLS," in 1885, describes the pre-Cambrian rocks of the Gaspe
peninsula. These are confined to the Shickshock mountains. They
are garnetiferous gneiss, hornblendic, chloritic and micaceous schists,
epidosite, etc. These rocks are so like the pre-Cambrian as seen in
New Brunswick and other parts of Canada that they are removed from
the Quebec group and assigned to an older horizon. Serpentines, dio-
rites, and granites are intrusives, a part of them later in age tha
Devonian.

Low, 12 in 1885, also describes the pre-Cambrian rocks of the Gasp6
peninsula. They are represented by the metamorphic schists and
slates of the Shickshock mountains, among which are serpentine, and
several beds of limestone, one of them being 90 feet thick. Great
masses of granite and dikes of trap are found in these series. The
granites are evidently of later date than the Silurian and Devonian
rocks, as fragments of these are inclosed in them, and the adjacent
stratified rocks show alteration.

SECTION III. CENTRAL NEW BRUNSWICK.

LITERATURE.

ROBB, 13 in 1870, gives a report on the geology of central New Bruns-
wick. The crystalline rocks include (1) a band of metamorphic rocks
immediately underlying the Carboniferous series and extending to the
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southeastern boundary of the great granite area, (2) the central
granite area, (3) a band of noncalcareous metamorphic slate and
quartzite lying iuiuiediately northwest of the granite area. The south-
ern slate band extends from Magaguadavic lake to the southwest Mira-
niiehi, its breadth varying from 9.1 miles on the St. John river to 17
miles on the Miramiclhi. The rocks consist of argillaceous and mica-
ceous clay-slates, with interposed bands of crystalline, quartzose, mica-
ceous and feldspathic rocks resembling sandstone. They are doubtless
altered sediments. In one place apparently in this series are fossils,
probably of Lpper Silurian or Devonian age. The central granite occu-

pies a considerable area to the northwest of the slates. The line
between the slates and granite is somewhat arbitrary, for the slate and

(luatzite band includes three very considerable, with some smaller,
bands of granite. The various feldspathic rocks of the region seem to
mIierge into each other. This is true, not only of the granite and gneiss,
but even of the foliated senicrystalline slates and quartzites. Occa-
sionally fragments of gneiss of all shapes and sizes are found imbedded
or incorporated in the granite, and vice versa; but no appearance of
granite veins cutting the laminated rocks are noted. The slates, mica-
schists, and quartzites of the northern slate belt locally assume a crys-
talline aspect. Bands of crystalline rocks resembling granite, syeiite,
and diorite are intercalated in the manner of conformable or interbed-
ded masses. At one place is found a slate-conglomerate whichis believed
to occupy a depression in the older rocks.

lRoimn," in 1872, gives some additional facts in continuation of his
studies. The central granite area is divided into two granitic bands.
Much of the granite area is of a gneissoid character. Where-the change
from granite to slate occurs, the granite near the line of contact is
often of a red variety and rather fine grained, gradually passing into
the ordinary color and texture in receding from the line. All attempts

to elucidate the structural relations of the granite have proved futile.
In the slate band northwest of the granite are confomable dikes of

diorite, syenite, and other feldspathic rocks. Immediately at the junc-
tionl of the granite with this series is a band of pure crystalline lime-
stone.

ELLS,1' in 1881, reports on the geology of northern New lriinswick.
The pre-Cambrian rocks are believed to underlie unconformably the
Cambro-Silurian. The typical rock is a grayish feldspathic gneiss,
frequently containing hornblende. The rocks referred to the pre-Canm-
brian include granites, felsites, gueisses, and sclists. Granites, diorites,
(lolerites, and felsites are found. A portion of these are mingled with
t he pre-Cambrian, but others, and especially the basic eruptives, are
found in the slates and other rocks belonging to the fossiliferous series.

At the contact of the granites with the slates in places the latter
become crystalline and contai n crystals of staurolite.

ELLS,16 in 1883, finds crystalline inica-schists, quartzites, etc., which
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are provisionally referred to the pre-Cambrian system. They are tound
at two places conformably to underlie the Camnbro-Silurian series.

BAILEY," in 1885, in a report on York and Carleton counties in cen-
tral New Brunswick, finds no rocks which are regarded as pre-Cam-
brian; but graniites, syeiiites, basalts, and diabases occur which are
regarded as intrusive. Iinterstratified with the Lower Carboniferous
are beds of volcanic or semi-volcanic origin. The granite is filled with
imbedded fragments of other rocks, so that in places it has the appear-
ance of a conglomerate. Beyond question they come from the sclistose
and micaceous rocks which border the granite, as is shown by their
identity in character with these rocks. Also the lies of contact show
the intrusive character of the granite.

BAILEY," in 1886, in continuing his work ill central New Brunswick,
finds highly crystalline strata, including gneisses, syenites, and fel-
sites, which are referred to the pre-Cambriait. They are thought to be
a continuation of those described by Ells,. n this pre-Calnbriali are
included without doubt very considerable masses of igneous rocks.

BAILEY and MCINNES," in 1877, in eontinuig work on central New
Brunswick find felsites, quartzites, anI nica-schists, which are referred
to the pre-Cambrian. Only the boundaries of the rocks are mapped, no
attempt being made to work out the structure. These rocks are cut by
granites which are found in two areas. These granites are the salme
character as those which have been previously described as of probable
Devon ia n age.

SUMMARY OF RESULTS.

As a result of the above work in central New Brunswick it is clear
that below the Canbro-Silurian rocks is a set of semicrvstalline and
crystalline schists containing among the former such rocks as slate,
quartzite, and limestone. The character of these is such as to show
that they are in part of elastic origin. Large masses of intrusive rocks,
both basic and acid, cut both these rocks and the fossiliferous sed i-
mentaries. The masses are sometimes so large as to cause important
contact metamorphism.

There is little difficulty in separating the intrusives from the fossilif-
erous rocks, but upon account of the more crystalline character of the
older series and its likeness in mineralogical composition to certain of
the subsequent intrusives, and further, upon account of the intimate
mingling which occurs between these two classes of rocks, it is difficult
to make the separations with the same degree of sharpness. This difli-
culty is not improbably further increased by the presence of intrusives
earlier than those which cut the Cambro-Silurian rocks.

The maps presented of the pre-Cambrian are purely areal, io attempt
whatever beiig made to subdivide them or to work out their structure.
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SECTION IV. SOUTHERN NEW BRUNSWICK.

LITERATURE.

GESNER,2 0 in 1839, gives many details as to particular localities in
southern New Brunswick. The succession of rocks below the Old Red
sandstone is argillaceous slate and granite. The volcanic rocks of the
bay of Fundy are of different ages.

GESNER," in 1840, giVes a continuation of his study of the previous

year.
GESNER,22 in 1841, describes the geology of the county of St. John

more fully than in previous reports. The syenites occupy a large area,
and against these lean the slates, graywackes, and limestones parallel
to the coast of the bay of Fundy, but there is a group of more schistose
rocks containing no organic remains which dip toward this ridge.
These latter are evidently primary, while the graywackes and gray-
wacke-slates are Cambrian or Silurian. It is certain that a part of the
granitic and syenitic rocks which have been regarded as primary really
belong to a later age.

GESNE R,2 in 1842, finds that the graywackes and slates provisionally
correlated with the Cambrian were deposited prior to the elevation of
the granitic, syenitic, and trappean masses upon which they rest, as
they are fractured in all directions by (likes and extensive elevations
of those rocks.

GESNER,2 1843, places the granite, syenite, trap, and serpentine in
the unstratified rocks. To the Cambrian system are referred a series
of graywackes and clay-slates which are sometimes conglomerati(.
These rocks extend from the A merican boundary to near Ratliirst,
and in them organic remains occur.

JOHNSTON,25 in 1850, in a report on the province of New Brunswick,
gives a map by Robb in which the crystalline rocks are outlined as
granite, gneiss and mica-slate, and trap rocks.

BAILEY, MATTHEW and HAR TT,2 in 1865, in observations on the geo-
logy of southern New Brunswick, give a resume of the work previously
done. Of 'the 15 different groups of rocks, the lowest consists princi-
pally of granite, gneiss, mica-schist, and thick beds of crystalline lime-
stone. This is the Laurentian or Portland group. Resting upon the
Portland group is the Coldbrook group, belonging to the Huronian
division of the Azoic system, aid thick deposits of altered slate of a
volcanic character, surmounted by conglomerates. The Coldbro ok
group is succeeded by the St. John group, which contains no coarse
material and is regarded as equivalent to the Potsdam or Primordial
of New York. Above the St. John group is thV Bloomsbury group of
volcanic character, such as basalt, amygdaloid, and trap rock, which
are associated with conglomerates and slates destitute of fossils. Geo-
graphically separated from the above groups are the rocks of Kingston,
which are regarded as Upper Silurian, and the mica-schists of Queens
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county, which may be Cambrian. Scattered through all the above are
igneous rocks such as granite, syenite, porphyry and trap, which may
occur associated with rocks of any age. The Portland group is in al-
most entire conformity with the Coldbrook group. The lithological re-
semblance of the Coldbrook group (7,000 feet thick) with the Huronian
is very close. The presence of graphite in the Portland and St. John
groups is regarded as evidence of life.

The extreme metamorphism of the Portland group is evidence of its
great antiquity. This age would never have been doubted were it not
for the intimate association and conformability with the beds of the
overlying groups, which are unquestionably Upper Devonian, and the
Portland was supposed to represent either a portion of the Lower Devo-
nian or possibly the upper part of the Silurian. During the deposition
of the Azoic and Silurian ages a long period of repose prevailed, broken
only by the volcanic activity of the Coldbrook group. The Bloomsbury
rocks associated with rocks unquestionably of Upper Devonian age
are referred to the same horizon. At one place the Coldbrook group
overlies the St. John, its position being due to a reverse folding caused
by a ridge of eruptive syenite. The Kingston group on its general
lithological character and stratigraphical relations is provisionally re-
ferred to the Upper Silurian, although Lower Silurian and Lower
Devonian beds may occur.

MATTHEW,2 7 in 1865, correlates the Portland series, which includes
limestone, syenite, gneiss, conglomerate, slate, and graphitic shale, with
the Laurentian, first, because of its lithological characteristics, and
second, because it is unconformably overlain by great thicknesses of
deposits similar to the Huronian series of Canada. The Coldbrook
Huronian group is conformable with the Lower Silurian St. John beds,
although there is a marked contrast between the formations, the former
containing conglomerates and volcanic products, but the latter none.

HIND,28 in 1865, in a geological sketch of the province of New Bruns-
wick, finds no rocks older than the Lower Silurian. The belts of gran-
ite are regarded as of Devonian age, being apparently thrust up through
the Lower Silurian and Devonian strata before the beginning of the
Carboniferous epoch. The Quebec group includes gneiss, anorthosite,
mica-schist, hornblende rocks, diorite, various schists, and other crys-
talline rocks.

MATTHEW and BAILEY, 29 in 1870, divide the metamorphic rocks of
New Brunswick and Maine into, first, a Laurentian series, which con-
sists of gneiss, often granitoid in aspect, including (1) crystalline lime-
stone and interstratified beds of quartzite and diorite, (2) a Labrado-
rian or Upper Laurentian series, which consists of feldspar rock
associated with hypersthene and magnetite; and, second, a Cambrian or

uironian series. The granites of St. Johns river are of Devonian age.
hAILEY and MATTHEW,'(0 in 1872, tied the Laurentiau system to have

a rather widespread distribution. The rocks are placed in the Lan-
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rentia i bcciuse older tlhlni the Silurian rocks, vhIih contain a Prinoc-
dial zone, as well as ou account of their general lithological resemblance
to the ancient rocks of the Laurentian system. The .Laurentian is
separted from the Primordial beds by an accumulation of trappean

amnd tufaceous strata which is supposed to be of Huroniau age. The
lower division of the Laurentian consists of diorites, syenite, grani-
toid gneiss, etc., while its upper division consists of crystalline lime-
stone with diorite at intervals, greeiishi gray gneiss, quartzite, argillite,
and slate con(lomlerate. The contact of the granite with the schistose
rocks is peculiar. Contained ii the granite are long irregular blocks
of the schistose rock. Their occurrence suggests either a softening of
the older series through metamrphism suibseqient to the deposition of
the upper series. or else the intrusive character of the granites. One
section of gneiss and granite in the Lower Laurentian has a thick-
ness of 12,600 feet. The mw xinnium th ickness of limestone and quartzite

4r the Upper Lairentia 1 is not more than a thousand feet.
1n the 1Huronian series a-e placed the Cdold brook, Coastal, and Kings-

ton groups, which together occulpJy , wide area. T le Coldbrook group

at several points was observed to rest 114)n the gneissic and granitie
rocks referred to the Laurentian system, and in turn to be conforinably
overlain by the slates oof the St. .Joh group containing Prinordial
fossils. The Cohdbrook group consists of diorite, chlorite-schists, black
slates, micaceous shales, argillites, gnissoid rocks, and other varieties.
The rocks of the Coastal group coiisist of felsites and conglomerates,
gray limestones, and gray clay slates, gray chloritic grits and schists,
miem-eous slate and gray dolomite, gre 1(n red clay slate, and diorite.
The Kingston gron p consists of shales, felsites, diorites, and argillites.
In Grand Mana are various crystalline rocks which are not definitely
referred to any period, bit are co mpjlared to the Ilnronian. The Devon-
ian ami 1-uronian rocks are fP lded together, but i( evidence is seen of

unconformity between the two series. The Masearene series in general

aspect resem bles the .hIioronian series of St. John and King counties.

Intrusive granites are I6mid at many points. lit general the contacts
of these granites with the surrounding rocks are not mound. anl their

age is thus unknown.
The diorites and schists of Bloomsbury mountain, formerly supposed

(41t stratigraphical grounds to be more recent than the Huronian, resting

upoIn the St. John group and overlain conformably by the Devonian

sandstones, are now regarded as Iluronian on lithological grounds,
being probably brought up by a fault. At Musquash harbor and at
IRatclif1e's mill stream green subcrystalline schists rest conformably
upon the Primordial strata, but these are believed to be overturns and

the former hluronian.
'he rocks (If the Coastal group at several points overlie Upper

Silutrim or Devonian strata. They were formerly described as Devo-
rlial- but as Hunt iids them similar to the Hluronian in lithological
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character, t ley are Ihere referee. andl the apparent inferior position of

the I)evoiiiai is supposed to be due to a dislocation. Accidental inter-
vlations of Upper Silurian an1 Kingston strata are fouid.

IBAILEX-,1' inl 1872, describes the roeks of the greater part of 'Grand
2lanan as consisting of Triassic trap. (pon its east side are, however,
fiund metaullorphic rocks. which may belong to different series; but
none are believed to be more recent than the earliest Primordial
Silurian, while some of them may be ulironian.

MATTHEw and HAnLE,:2 in 1S74, place the Mascarene and Kingston
series, the latter of which was previously considered Upper lluroniaii,
in the Upper Silurian upon account of fossils discovered in them.

BAILEY aid MATTiIEW," assisted by Ells, in 1877, in observations
on southern New Brunswick, provisionally refer the Coldbrook group,
formerly considered as Laurentian, to the H nronian. The granites are
separated from the stratified formations of the Coldbrook group.

1MATTHE W,1 in 1878, refers as doubtfully belonging to the Laurentian
the slate formation of Charlotte county, formerly described as Coastal
rocks and placed in the Huronian. In the Kingston series, more recent
than the Coastal, are rather crystalline rocks which are believed in part
to belong to the Upper Silurian, but, like the Coastal rocks, are of un-
certain age. The crystalline mica-schists, hornblende-schists, gneisses,
diorites, etc., of Grand Manan combine in characters the two belts of
Kingston rocks and those of certain Upper Silurian strata.

BAILEY and ELLS,: in 1878, find in the Caledonia mountains of Albert
and Westmoreland conuties chloritic and talcose slates associated with
beds of grit and conglomerate, which are regarded as probably of IlI-
ronian age.

ELLS,'U in 1879, finds in Albert, eastern Kings, and St. Johns counties

pre-Silurian rocks, which are placed iin the Huronian and Laurentian.
The older series is sail dto consist of syen ite, felsites, feldspathic qlart zites,
and limestones. Ini many places are transitions from the slates through

schists, felsites, and gneisses, to syenites. The newer series consists

of felsitic, siliceous, brecciated, and ash rocks at the base, with talcose,
chloritic, and older schists, ash rocks and Irple grits, and conhgl (m-

erates. The second groip lies unconformably upo the rocks of the first.
BAILEY, ill 1879, divides the pre-Silurian rocks of southern New

Brunswick into four divisions on lithological grounds. The first are
syeitic, feldspathic, and gneissic rocks; the second, limestones and
dolomites, with others. These two divisions are regarded as belonging
to the Laurentian. The third is a felsite-petrosilex gro tp which com-
prises sandstones and c(mglomeraits, as well as amygdalhidal ash rocks
and ash conglomerates. This is the Coldbrook group of the earlier re-
ports and is regarded as a lower member of the 1lutronia it system. The
fIirth division is a schistose, chloritic, and micaceous grl 0114. comlpising
am11o)g other rocks conglomerates, elay slates, quartzites. ash r1ck s,
amiygdaloids, etsc, and is regarded as the upper m1emb1 er 44f the 1iii o-
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nian system. The passage from division 2 to division 3, that is, from the
Laurentian to the Huronian, is a gradual one, as the two groups are
intimately associated.

Placing the Upper Coldbrook group as pre-Silirian, the uneonform-
ability of this group with the Silurian is marked in general. The Pri-
mordial beds sometimes rest upon division 3 and sometimes upon division
4, they contain in places coarse basal conglomerates, and appear to have
been originally deposited among the hollows of the Huronian series.
South of Bloomsbury mountain, and on the main stream of Black river
and the adjacent region, the Huronian rocks are associated with the
Devonian, and the two formations accord almost exactly both in strike
and dip, the Devonian being included among the Huron ian rocks. But
in addition to the fact that the conglomerates of the former are largely
made up of the debris of the latter, there are points in which this ac-
cordance is clearly wanting. The discordance is pretty well seen at the-
east branch of Black river.

MATTHEW,'1 in 1879, finds the Kingston series to exhibit a strong
resemblance to the iHuronian formation of St. John county, but it is re-
garded as Silurian on paleontological grounds.

BAILEY, MATTHEW, and ELLS," in 1880, give a general review of
their work done upon southern New Brunswick, which covers an area
of about (,000 square miles. The rocks comprised under the pre-Cam-
brian include the Laurentian of 1871 and the three former divisions of
the Huronian-Coastal, Coldbrook, and Kingston. Of the relations of
the upper members of the Laurentian mica-schist, limestone, and fine
gneiss, to the main body of coarse syenite and syenitic gneiss constitut-
ing the Lower Laurentian, nothing further is known than contained in
the report of 1870-'71. The greatly broken and disturbed character of
the supposed upper series, the obscure stratification of much of the
underlying group, and the frequent occurrence of intrusive masses,
combine to make the determination difficult. There can, however, be
no question that the bulk of the calcareous and siliceous strata are more
recent than the coarse granitoid rocks with which they are associated.
With one possible exception, no instances of direct superposition of the
Coldbrook rocks on the Laurentian have been observed; but the
Coastal rocks are found upon the Coldbrook rocks as well as upon the
Upper Laurentian, so there is no reasonable doubt as to the true suc-
cession. Contacts of the Coastal group with the Coldbrook group are
found in the county of St. John, and especially along the line of the St.
Martins and Upham railway, between Upham and Quaco, and on the
lower Quaco road on either side of Bloomsbury mountain. In passing
from one to the other there is often an abrupt change of dip, the beds
of the higher series dipping at a lower angle than those upon which
they rest, while along the same line of contact it is not uncommon to
find masses of coarse breecia conglomerate, in which the fragments are
largely the petrosilex derived from the inferior group. It is, however,
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questioned whether the uncontfrmability is sufficient to prove the tact
of any considerable lapse of time. The age and equivalency of the
Kingston group, as well as that of the Mascarene peninsula, is some-
what uncertain, owing to the difficulty of obtaining stratigraphical evi-
dence and from the close resemblance which many of them bear on the
one hand to the rocks of the Huronian, and on the other to those of the
Silurian.

BAILEY, 40 in 1881, in summarizing the work of the survey in New
Brunswick, concludes that there is a Laurentian and irbrouian, as in
other parts of Canada. " These are below the Primordial by a marked
unconformity. These rocks east of St. John occupy irregular troughs
in the pre-Silurian rocks, resting sometimes upon one and sometimes
upon another of the subdivisions of the latter, crossing their strike
obliquely and having coarse basal conglomerates. Thereis almost per-
feet lithological likeness between the great mass of rocks referred to
the Laurentian, including coarse and fine grained gneisses, quartzites,
graphitic, and serpentinous greenstones and dolomites, with the Lauren-
tian of other parts of Canada, and particularly the Hastings series of
Vennor. This series is capped by the great volcanic series of the Hu-
ronian. These pre-Silurian rocks are confined wholly to the region of
the southern metamorphic hills, nothing of equivalent age having yet
been identified in the central and northern portions of the province.
In the rocks referred to the Huronian are two well marked divisions,
the lower or Coldbrook group and the upper or Coastal group, between
which there is not infrequently evidence of at least a partial uncon-
formity. The pre-Silurian rocks are of vast thickness; their divisions
were deposited under markedly different conditions; there are uncoli-
formities between these divisions. These facts show that these rocks
are at least as old as the Huronian and portions of the Laurentian sys-
tem. Above the Upper Silurian rocks are found felsite-porphyries and
peculiar orthophyres at Passamaquoddy bay, and at Eastport and
Pembroke, Maine. On the St. John river, associated with the fossilif-
erous rocks are amygdaloidal and ash rocks which are indistinguish-
able lithologically from the Huronian formation, and to which all of
these rocks have previously been referred.

BAILEY,41 in 1885, finds the granites of southern and central New
Brunswick to be of intrusive character and to cut rocks as late in age
as the Carboniferous. As evidence of this are cited the abrupt transi-
tions from the massive granite to the associated schists; the widely
different characters of the invaded beds; the fact that foliation and
crystallization are most marked iii the vicinity of the granite and de-
crease in receding from it; the outlines of the granite are irregular and
sometimes parallel, at other times are oblique to, and at other times
at right angles to the rocks cut; detached masses or bosses of granite
border main grainitic areas; granite veins like those of the main mass
of granite penetrate the schists in all directions adjacent to the granite
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masses; large letaclied blocks of schist s amd gneiss, usually angular,
are frequently contained in the granite, sometimes being so abundant
as to produce the appearance of a coarse breccia. As to the age of
these granites, no veins are found penetrating later strata than the
Upper Silurian, but all conglomerates older than the Lower Carbonifer-
ous are destitute of granite pebbles, while the later formations abound
in them, which appears to indicate that the granites are Devonian.

ELLS,4 2 in 1886, tinds in Albert county pre-Cambrian rocks which in-
elude quarite, felsite, gneiss, syenite, and granite. The crystalline
limestone rests generally upon the flanks of the schistose series. These
rocks are an eastern extension of the pre-Cambrian of western New
Brunswick.

BAILEY,.: in 1890, says the evidences of unconformity between the
Primordial and Archean are clear, varied, and widely distributed. It
is equally evident that the Archean consists of two groups of sediments,
which in many features resemble the Laurentian and Huronian sys-
tems of Canada; butthere are equally striking differences between the

supposed Larentiman rocks of St. John and those of Canada. This is
especially marked by the greater proportional amount in the former of
distinctly stratified rocks, such as slates and quartzites, and the absence
of coarsely crystalline deposits. As regards the fluronian rocks, the
greater part were referred to as telstones, clay-stones, porphyries, and
petrosilex before the introdnution of the present methods ofpetrograph-
ical research and their names in some instances are probably misapplied.
The relations of the Laurentian and Buronian systems are not well
uilerstood. While the author does not doubt that the elastic and
schistose rocks referredto the Huronian are more recent than the grani-
toid gneissic and crystalline limestones regarded as Laurentian, a con-
trary view has been taken by others.

1IATTIEW," in 1890, states that in the upper Laurentian of New
Brunswick fossils occur at three horizons. The oldest of these is in a

qiuartzite in the lower half of the system. This contains Hexactinellid

sponges, allied to the genus Cyathosponia. The second horizon is in the

upper limestone. It contains calcareous coral-like structures which
bear a resemblance to Sltromatopora rugosa. The third horizon is that
of the graphite beds, in which occurs great numbers of sponge spicules,
arranged in parallel sets, one set crossing the other at aui acute angle.
The type of sponge is apparently Monactiiiellid. Eozoon also occurs in
the Laurentian. Between the upper Laurentian system and the basal
Cambrian occurs a third system of rocks, the Coldbrook and Coastal,
which has given conglomerates to the Cambrian and has a great thick-

ness.
SUMMARY OF RESULTS.

While the napping of the province of New Brunswick has been com-

hleted by the official survey, the statements of the later papers of those
who have taken the most active pail ill this mapping make it certain
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that many of the supposed conclusions reached in the early reports are
open to doubt. The most noticeable feature is the failure to subdivide
the Huronian into two or three series on these maps when the divisions
Coldbrook, Coastal, and Kingston have been found in the reports for
may years. The reason assigned on the maps for this is that the three
series are so intimately intermixed that their separation with any ap-

proach to accuracy is impossible.
The difficulty of the geology of this region is shown by the manner

in which these groups have been shifted from one place to another. In
the days of the earlier work none of them were regarded as pre-Cam-
brian, and a portion was given as high a place as the Devonian. The
Kingston group in 1865 was called upper Silurian and was regarded as
overlying the St. John; in 1872 was called upper Huronian; in 1876
was again placed as Silurian; and was not until 1879 finally placed
with the upper Huronian. The Coastal group, first placed in the fos-
siliferous series, in 1872 was placed in the middle Huronian; in 1878
was doubtfully referred to the Laurentian, and in 1879 was again re-
turned to its place as middle Ilurouian. The Coldbrook group has
been reckoned as Huronian since 1865.

At the outset, in discussing the results attained as to the succession
of crystalline rocks, the intrusive character of a very large part of the
granite at a period later than pre-Cambrian time may be considered as
demonstrated. To this conlusion all the olicia1 geologists have agreed
with the exception of 11i1d. whose work was done at a time ill which
the inetamorphic theory had extreme power. Vnnmtokced by Gesner in
1841, the evidence cited by him for the intrusive character of the grain-
ite is in a measure the same as that so convincingly given by Bailey
over forty years later, in 1 8S4.

The plainly rulptive character of a part of the granite suggests the
question as to whether the great mass of syemnite, granite, and gneiss
making up the lower Laurentian is not also of an ig eous character.
Even if this be so, it does not follow that it is not the most ancient rock
ini southern New Brunswick; but the possibility is suggested that it
may be an intrusive of a much earlier age than those which cut the
Silurian strata, and yet not be earlier than a portionof the crystalline
rocks of elastic origin and pre-Cambrian age.

It is evident that among the rocks referred to the Laurentian of
southerni New ]runswick is a great series of completely crystalline
rocks, and an apparently unimportant series composed of slates, quartz-
ites, and limestones. This is shown by the estimated thicknesses given
in the report published in 1872. The lower Laurentian is given a
thickness of over 13,000 feet, while the upper Laurentian plasticss) have
a tiickness not to exceed 1,000 feet.

The suggested intrusive character of the lower Laurentian is made
more probable by the fact that there is said to be transitions between
these plainly elastic rocks and the thoroughly crystalline ones. Upon
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the other hand, it is also a possibility that there is a physical break
between the plastics and crystallines of the Laurentian, but no frag-
ments. of the underlying series are found in the plastics nor is any struc-
tural unconformity mentioned. One is at once struck with the parallel-
ism between the two parts of the Laurentian of southern New Brunswick
and those of the Hastings series. In this latter case Vennor, in his later
work, came to the conclusion that the elastic series is a newer uncon-
formable one resting upon an older.crystalline series.

The Laurentian and Huronian are in general said to be in conformity.
While this is true, Matthew in 1865 states that the Portland series is
unconformiably overlain by the Huronian, and Ells repeats this state-
ment in 1879. In 1880, however, this position is apparently abandoned;
at least it is not alluded to in th e general summary of conclusions. As
the Huronian and Laurentian are regarded as conformable, the basis
for separating the elastic series at the base of the Coldbrooks must be
considered wholly lithological. It is somewhat difficult to determine
the lithological criteria used in the distinction, but it seems that the
appearance of abundant volcanic material is the most important of
these. Also connected with this fact is a prevailingly darker color.
When it is remembered that volcanic outbreaks are often of a local
character, and that it is wholly possible that quartzites and slates are
being deposited at the same time volcanic accumulations are occurring,
it must be concluded that the criterion of volcanic activity is an uncer-
tain one. It would seem that it would be more reasonable, without
reference to other localities, to make the major break above the crys.
tallines of the Lower Laurentian.

The only physical break finally maintained in the whole pre-Cam-
brian series is between the two divisions of the Huronian, the Cold-
brook and Coastal. From the descriptions it seems that this break
is a very considerable one; for detritus of the lower series is contained
in the upper, and more important than this, the lower series has a
steeper inclination. Such a break as this certainly implies not only ail
erosion interval, but an orographic movement, and this must mean a
rather important time break.

Throwing aside all correlations with -other regions and considering
the pre-Cambrian succession in southern New Brunswick alone, it is as
follows: (1) Wholly crystalline granites, gneisses, etc. (2) Quartzites,
slates, slate conglomerates, gneisses, and crystalline limestones. (3)
Volcanics and plastics of the Coldbrook. Unconformity. (4) Coastal
and Kingston groups. While in the reports it is positively stated that
the Coldbrook is lower than the Coastal and Kingston, even this con-
clusion apparently can not be taken without question, since the dis-
tinction is abandoned in the mapping. The dropping of the term
Huronian for the post-Laurentian groups indicates that this correlation
with Huronian, taken for granted for many years, is also considered an
open question.
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SECTION V. NOVA SCOTIA AND CAPE BRETON.

LITERATURE.

JACKSON and ALGER,45 in 1832, in remarks on the mineralogy and
geology of Nova Scotia, find the granites to protrude through the clay-
slates. They are, however, regarded as older than the slates, the latter
having been deposited on them in a horizontal position. This granite
is the only Primitive rock of Nova Scotia. The line of junction between
the slate and granite was not observed. The slates are cut by numer-
ous dikes believed to be of igneous origin in age posterior to the slate.

BROWN4 6 in 1843, places the whole northern part of cape Breton in
the Primary rocks. Cape North is composed of mica-slate, gneiss, and
granitic rocks apparently interstratified, with an east and west strike,
and upturned nearly on edge. Igneous rocks occupy a large part of
the island. These protrude through the limestones and graywackes,
which are associated with the coal measures.

DAWSON (SIR WILLIAM),47 in 1850, divides the metamorphic rocks of
eastern Nova Scotia into two groups; one along the Atlantic coast and
vicinity, and another belt to the west, parallel to the first. The coast
group consists of quartzites, mica-slates, and clay-slates, which are cutby
granites, and it is therefore called the granitic group of metamorphics.
The second group, the slates and quartzites, include micaceous and
talcose schists, while the intrusive rocks are syenites and the group is
therefore called the syenitic group. The syenitic group rests uncon-
formably below the carboniferous rocks, the latter containing fragments
from the former. These are seen at numerous points. Both of these
groups of rocks are regarded as belonging to the fossiliferous series,
the syenitic group being Silurian. The granitic group is probably
older than the syenitic, and therefore also Silurian or pre-Silurian,
but the actual superposition of the beds of the two groups were not
observed.

DAWSON (SIR WILLIAM),' in 1855 and 1868, places in the Upper Silu-
rian large areas in the northern and eastern parts of cape Breton as well
as other smaller areas; large areas in northern Nova Scotia, and iin
southern Nova Scotia northwest of the gold-bearing series. The rocks
have been subjected to great disturbances and are much complicated
in structure. They include many varieties, syenite, porphyry, green-
stone-slates, quartzites, conglomerates, and sandstones. Large areas of
granitic rocks are also found associated with the metamorphic series
referred to the Upper Silurian.

The Lower Silurian covers a very large area along the Atlantic coast
of Nova Scotia known as the gold-bearing series. This area has afforded
no fossils but appears to be a continuation of the older slate series of
Jukes of Newfoundland whih contain Paradoxides. Among the met-
amorphic rocks of this region are gneiss, mica-slate, (uartz-rock or
quartzite, and clay-slate. The gneiss is unquestionably the product of
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netamorplhisln dle to the bakingof sedimentary rocks by heat and water,
while quartzite consists of grains of flinty sad fused together. The

preponderant rocks are thick bands of slate and quartzite having a
general northeast and southwest strike a(d highly inclined. Whether
the mica schists and gneiss of cape Canso, and Queen's and Shel-
burne counties, and the chloritic beds of Yarmouth are to be regarded
as more metamorphosed members of the Lower Silurian slates or are
still older deposits remains uncertain. Granite is found in several

places ill the region in large masses projecting through the slates and
quartzites, and adjacent to the granite these rocks are replaced by
gneiss and mica-slate or other more highly metamorphosed rocks. The
metamorphism of the rocks must have occurred prior to the Carbonifer-
ous period, and there is no doubt that the granite rocks have been the
agent in effecting it, if they are not themselves portions of the strati-
tied beds completely molten and forced up by pressure against and into
the fissures of the neighboring unnielted rocks. Whatever view is
taken as to the age of the granitic rocks, it is certain that they are
strictly Hypogene, that is, they belong to deep-seated foci of subter-
ranean heat and are not superficial products of volcanic action. but
were probably at one time deeply buried.

CAMPBELL, 4 in 1863, divides the gold- bearing slates into a lower or
quartzite group and an upper or clay slate group.

hIND, 0 in 1869, tuids in the Wiavely bedls of the gold-bearing rocks
obscure fossils, wli ich are regarded as evidence that these rocks prob-

ably lie near the base of the Lower Siuirian, perhaps being the equiva-
leut of the Potsdam or lower part of the Calciferous.

HIND ,5 in 1870, describes the series of gneissic and granlitic romks
which are said to extend as an interrmpted axis from the Gut of Ca11so

to the Tusket islands. These have heretotbre been regarded as erup-
tives, because dikes of granite are frequently Found ill the quartzites
which are supposed to be Silurian. and also fragments of quartzites and
slates are imbedded in the granites hear the contacts. It is, however,

concluded that the granuite is a sedimentary deposit resting unconform-
ably below the slates and quartzites. The chief proof of the aqueous

origin of the granitic rocks is the abundance of water-worn pebbles and

bowlders, and this not only Ileac the junction of the quartzites but
remote from these rocks. These pebbles are synimetrically arranged,
showing the dip of the gneiss. They are often smooth and rounded,

but masses of schists are also contained which do not present rounded
edges. The granites or gneisses are seen to break through the gold-
bearing series in many places, but they are regarded as brought up by

faulting; but in certain places ont the lie of the I alifax and Windsor

railroad the gneisses were in i plastic state when the uplift took place,
for veins are found squeezed into the cracks and interspaces of the

thinly bedded gold-bearing( rocks.
The sequence of formations is Upper Silurian, Lower Silurian, Camn-
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brian or Huronian, and Laurentian. The Upper Silurian is a series of
argillites estimated at 9,000 feet thick. The Lower Silurian consists of
micaceous, schistose and corrugated black slates, and are estimated to
have a thickness of from 12,000 to 15,000 feet. The gold-bearing Silurian
rocks are seen to rest uneonformably on a gneissoid series between Still-
water and Uniacke station on the Halifax and Windsor railway, and
near the village of Sherbrooke, in Guysboro county. This series of
Huronian rocks is composed of beds of gneiss, interstratified with mi-
caceous schists, schist-conglomnerate, beds of true quartzite, and grits.
The gneiss is sometimes porphyritic, and the upper beds are almost
always conglomeratic, holding pebbles and masses of schists, grits, and
conglomerates, which are found iin this series. This older series rests
unconforinably upon the Laurentian. The contacts are visible on the
Windsor and Halifax railway, near New Stillwater and Mount Uniacke
stations. The gold-bearing Silurian strata are also found to repose un-
conformably upon the Laurentia. This contact is also observed near
Mount Uniacke station.

SILLIMAN,52 (year unknow II), finds that the gold-bearing rocks of Nova
Scotia extend along the Atlantic coast for 250 miles, from cape Sable
to cape Canso. Tese rocks are lar(, slaty ones, which are sometimes
micaceous schists, aid occasionally graniitic. When stratified they are

always found standing at a high anole. sometimes almost vertical, and
in the main with an east and west course. The zone of metamorphic
rocks varies in width from 6 to S miles at its eastern extremity to 40
or 50 at its widest part, the area covered being about 6,000 square
miles. While no fossil evidence has beei fund in any of these slates,
opinion seems to tavor the belief that they belong to the Silurian age,
but as yet no place has been found were the rocks next higher in the

geological column may be seen resting unjon them. The most notice-

able roek of the gold region is a dark gray massive rock, resembling

a trap, but which is really a granular quartzite. It has three well

defined planes of cleavage by whicli it breaks into very irregularly
shaped masses. This rock is of enormous thickness, and is undoubt-
edly the fundamental or basement rock of the region.

LOGAN and HAuRTLY1, 5 inl 1870, describe felsites, quartzites, con-
glomerates, and slates, adjacent to the Pictou coal fields, which are

pre-Carboniferous, and are placed as probably of Devonian age.
SELWYN,54 in 1872, in studying the gold-bearing slates, agrees with

I awson that they belong to the Primordial-Silurian epoch. As evi-
dence of this is given the discovery in the slates of Oven's bluffs of
immcrous specimens of the genuskEophyto .

The granite impresses this author as of strictly indigenous character,
and neither a granitoid gneissic series of Laurentian age nor an intru-
sive mass. The line of contact with the Silurian and Devonian leaves
no doubt of its posterior origin, but whether intrusive or metamor-
phic ili situ is perhaps uncertain.

Bull. 86 16
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ROBB, 55 in 1876, finds that a massive syenite and associated crystal-
line rocks have a quite widespread distribution in cape Breton. At
some points the Carboniferous rocks are brought in contact with the
syenite, but generally there are interposed metamorphic calcites, argil-
lites, and quartzites associated with dolomites, and other magnesian
rocks, which are in a vertical or highly inclined position, and evidently
belong to a pre-Carboniferous altered sedimentary series. The junction
of the pre-Carboniferous limestones with the syenite is approximately
parallel to the mountain range, but is locally irregular, and in some in-
stances the limestones seem to fill depressions in the syenite. The
Lower Carboniferous rocks in places rest directly upon the syenite, fill-
ing the hollows in it, and have basal conglomerates, the debris of which
is derived from the overlying syenite, limestone, and quartzite.

FLETCHER,56 in 1877, finds in cape Breton, below the Silurian rocks,
first, a set of syenitic, gneissoid, and felsitic rocks; and second, the
George river limestone series, consisting of crystalline limestones and
dolomites, interstratified with felsite, syenite, diorite, mica-schist, quartz-
ite, and quartzose conglomerate, both of which are referred to the
Laurentian, although the latter may be Huronian. The Lower Silu-
rian shales lie nearly horizontally upon the syenites and felsites without
any appearance of alteration and without being intruded by the felsites
or syenites. The crystalline limestone series is in close affinity with
the feldspathic group of rocks, but is distinct, as is shown by the oc-
currence of pebbles of syenite and felsite in the quartzose conglomerate
of Murphy brook.

FLETCHER,-" in 1878, continues his study of the pre-Cambrian of
cape Breton and northern Nova Scotia. The George river limestone is
bounded upon both sides by coarse syenitic and granitic rocks and is
in apparent conformity with them.

DAwsON" (Sir William), in 1878, places the rocks of the Bloisdale
hills in cape Breton as older than the Lower Silurian, and it is not im-
possible that rocks of the same age may occur in the vicinity of the
Cambrian beds at Mi r. Also the chloritic rocks of Yarmouth may con-
jecturally be placed with the Huronian. With the exception of the
rocks of St. Anus mountain, of the island of St. Paul, and some parts
of northern cape Breton, no rocks are found which are regarded as
lithologically equivalent to the Laurentian of Canada.

FLETCHER," in 1879, describes the pre-Primordial rocks as occupying
two large areas, one constituting the Mira lills, while the other is a belt
of variable width along the sIiore~of the Atlantic. There are two
basins of metamorphic rocks running parallel to the felsite series, one
of which abounds in Primordial fossils and the second probably of
Devonian age. The latter contains masses of granitoid and trappean
rocks.

FLETCHER,U in 1881, in continuing his studies in northern Nova
Scotia, again divides the pre-Cambrian rocks into two groups. In the
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first, or felsitic group quartzites are also found intimately intermingled.
The George river limestone series is considered as an unconformable
overlying group of pre-Cambrian age. The limestones in every case
cap the felsites, with which, however, they often seem to blend near
the contacts as if by a common metamorphism. As evidence of this
unconformity are cited the occurrences of limestone in a higher position
than the syenites and felsites; the irregular line of contact by which the
syenite passesunder the limestone; and the absence of veins and dikes of

syenite in the limestone. The rocks are sometimes intricately mingled,
as at Dallas brook, where layered felsite, limestone, and slate are met
with, while on the top of the hill limestone occurs, and farther back
syenite,.displaying a coarse admixture of finely foliated gneiss. In some
localities the syenite begins abruptly as if cutting vein-like across the
strike of the gneiss; in others the change from syenite to gneiss is
gradual. The gneiss is associated with large masses of white quartzite.
Metamorphic rocks are described which are referred to the Devonian,
but the evidence is so slight that it is concluded that all of these strata
may belong to an older period. Between them and the pre-Cambrian
series there is a marked unconformity, and also one of less importance
between them and the Carboniferous.

FLETCHER,61 in 1885, finds that in northern cape Breton the syenitic,
gneissoid, and other feldspathic rocks of the Lower pre-Cambrian group
are intimately mingled on the Margaree river with foliated rocks. At
Coinneach brook, where the syenite comes in contact with the contorted
mica-schist, the latter is seen to underlie the syenite. Higher up the
syenite again appears and contains a layer 5 feet thick of mica-schist
which is, as it were, intruded among the syenites. Red granite over-
lies unconformably the strata of the George river limestone group at
Fionnar brook.

GILPIN,62 in 1886, describes the pre-Cambrian rocks of cape Breton
as including a felsite series and a crystalline limestone series, both of
which are referred to the Laurentian, and the latter unconformably
overlying the former. With the felsites and interstratified porphyries
are also syenitic and gneissic rocks; while the crystalline George river
limestone also contains interstratified with the limestones, syenites,
diorites, mica-schists, quartzites, and quartzose conglomerates. The
limestone area is limited in extent as compared with the felsite group.

FLETCHER,1 in 1887, further describes the pre Cambrian rocks of a
part of northern Nova Scotia. The crystalline rocks here found resem-
ble none known as Cambrian in other parts of Nova Scotia, and are
strikingly like those beneath the Upper Cambrian in cape Breton.
Although they are certainly known to rest unconformably below the
Cambro-Silurian strata, a part of all of these rocks may be Cambrian
or even Cambro-Silurian. Similar gneisses and schists in southern New
Brunswick have been included by Bailey in his Cambro-Silurian series.
Volcanic rocks, both basic and acid and varying in age from pre-Cam-
brian to Devonian, or even Carboniferous, are abundantly found.
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FARIBAULT, 64 in 1887, reports on the gold-bearing area of southern
Nova Scotia. These rocks occupy 6,000 or 7,000 square miles. They
are divided into a granitic division and a lower Cambrian division.
The lower Cambrian rocks include quartzites, clay-slates, and con-
glomerates, and are estimated to have a thickness of 15,000 feet.
These rocks, always greatly altered, are much more so when cut by
masses of granite, and over considerable districts have been rendered
thoroughly crystalline, the quartzites passing into fine gneissic rocks,
and the mica-slates into mica-schists. Following Campbell, they are
divided into a lower or quartzite group, 11,000 feet thick, and an upper
or graphitic and ferruginous slate group, about 4,000 feet thick. The
first of these, while in the main quartzite, is interstratified with
numerous bands of slates and one or two of conglomerate. The Cam-
brian rocks are greatly disturbed from their original horizontality,
being folded into a series of sharp parallel undulations. In the
more altered portions the planes of bedding are not easily distin-
gnished from those of slaty cleavage, the latter often being more dis-
tinct. The rocks are referred to the Cambrian upon the evidence of a
single fossil, Eophyton. The group is analogous in some respects to
Lawson's lake of the Woods series. The granites are found to cut the
Cambrian rocks at many places, and at times are associated with
gneisses. At the edge of large masses the granite frequently passes
into a foliated schistose rock, losing itg crystalline texture, and itself
passing insensibly into the altered sedimentary rocks.

DAwsON (Sin WILLAM)65, in 1888, places the isolated rocks of St.
Anns mountain in the lower Laurentian, and regards it as probable
that rocks of this kind exist in the northern extremity of the island.
In Nova Scotia proper no true Laurentian is recognized, the rocks here
referred by other observers being intrusive granite masses of much
later date associated with altered rocks.

SUMMARY OF RESULTS.

In Nova Scotia and Cape Breton, as in southern New Brunswick, is
a great variety of eruptive and intrusive rocks, both basic and acid, and
of varying age. It is also plain that there is to be here included con-
siderable masses of rocks which were in early days referred to the Lau-
rentian. The intrusive character of the granites was appreciated by
Jackson as early as 1832. Since that time the only observer who has
not agreed with this conclusion is Hind, who strongly maintains that
they are metamorphosed sediments. His facts, however, clearly dis-
tinguishable from his theory, point to an eruptive origin of the granite.
The chief fiet cited in favor of their being water-deposited rocks is the
presence of roundish fragments of slates, quartzites, and schists remote
from the contacts with these rocks. All the other facts given by him-
i. e., the irregular fashion in which the granite veins intrude the schists,
the abundance of large angular fragments of these schists and slates

244 f1ULL. 86.



EASTERN CANADA AND NEWFOUN1)LAND.

adjacent to the sedimentary rocks-are better explained by regarding
the granite as intrusive. The natural explanation of the rounded bowl-
ders remote from the contacts is that they represent partially absorbed

pieces of these rocks. The evidence given by Dawson as to the strue-
tural relations of the granite and the manner in which the granite fades
off into the slates, mentioned by Faribault, is wholly conclusive as to
the intrusive origin of a portion of the granites. The relations thus
described by Faribault are precisely like those which obtain between
the granites and intruded metamorphosed schists in the Black hills
and about Rainy lake and lake of the Woods.

While it is thus certain that large areas of granite and felsite are in-
trusives of later age than the rocks which are certainly-of elastic ori-
gin, it does not follow that a portion of the felsites, porphyritic gneisses
and granites are not of earlier age than any of the plainly elastic rocks.

It is of interest to note that while Dawson insists that all of the
granites of Nova Scotia proper are of truly ilypogene origin of later
age than the sedimentaries, that he suggests that it is not improbable
that they have themselves been produced by the actual fusing of these
sedimentaries. This hypothesis is the same as that proposed by Law-
son many years later to explain analogous phenomena between the
granites and gneisses and the associated schists and plastics of Rainy
lake and the lake of the Woods.

In considering the positions and successions of the plainly elastic
rocks of cape Breton and Nova Scotia, we have two geological prov-
inces: the first including northern Nova Scotia and cape Breton, which
is analogous to southern New Brunswick; and, second, the main part
of Nova Scotia, south of the lie running from Minas basin to Cheda-
bucto bay.

In the second of these regions, aside from the granites, the only area
that is of interest in connection with our study is the gol-bearing At-
lantic coast series. Dawson in 1850 places this as Lower Silurian
or pre-Silurian. Later, in his Acadian Geology, it is classified as
Lower Silurian, although it is stated that no fossils are found in them.
Later it was placed by Faribault as Lower Cambrian. The only
evidence cited by him for placing it in the fossiliferous series at all
is the presence of the obscure fossil Eophyton, discovered by Selwyn.
Dawson found no fossil evidence for his reference of this series to the
Silurian; and it is remarked by Sillimat that immediately overlying
rocks containing fossils have never been found. Although Hind in
1870 says that the fossiliferous Upper Silurian confornmably overlies the
gold-bearing series, this statement has been found nowhere else and
subsequent observers have not repeated it, so that it may be considered
very doubtful.

It is then clear that the position of the gold-bearing slates in the
Lower Silurian or Lower Cambrian is purely provisional. They can
only be considered as certainly belonging here under the premise that
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we are to place in the Cambrian all rocks which contain well recognized
fossils or show the evidence of life. Similar reasoning would place in the
Cambrian a large part of the rocks which have heretofore been referred
to the Animikie and the Huronian in the lake Superior region. This

question is more fully discussed in another place. We know positively
only that the gold-bearing series is pre-Carboniferous, as the Carbonifer-
ous rocks are the oldest found in contact with the former. Between
these two is a great unconformity. How much time this break repre-
sents we have at present no means of judging.

Dawson is uncertain whether the more crystalline mica-schists and
gneisses, which have a somewhat widespread occurrence in southern
Nova Scotia, are to be regarded as older than the gold-bearing slates.
Hind, in 1870, maintained that a set of older schists and gneisses lie
unconformably below the slates on the Windsor and Halifax railway.
Not only this, but that this set of schists and gneisses is unconforuiably
above another series which he referred to the Laurentian. As no sub-
sequent observer has mentioned the first of these unconformities, and
as it occurs at so readily accessible a place, it may well be considered
doubtf d whether the facts were rightly interpreted. As suggested by
Faribault, it does not appear at all improbable that the gneisses asso-
ciated with the gold-bearing slates are due to dynamic and contact
metainorphism of the intruding granite. The coarsely crystalline rocks
which Hind referred to the Laurentian are certainly the series which
Dawson and other observers regard as later granitic eruptions, and the
unconformity mentioned is perhaps an eruptive unconformity.

In northern Nova Scotia and in cape .Breton, among the rocks referred
to the pre-Cambrian there is a great variety of rocks both eruptive and
sedimentary. The sedimentaries are frequently much more metanor-

phosed than are the gold-bearing series of Nova Scotia. With com-
mendable caution Robb, in 1876, only says of this older series that it
is pre-Carboniferous. Later, Fletcher, on lithological grounds, corre-
lated it with the Laurentian of Canada, and, like the original area of
the Laurentian, the Ottawa rocks, lie divided it into an Upper and
Lower Laurentian, the lower consisting of various massive and lamina-
ted rocks all presumably of igneous origin whatever their age, and the
upper series, including all limestones, sandstones, slates, colglomer-
ates-that is, all which are certainly elastic in character. Associated
with this upper series are eruptives of the same character as those found
in the Lower Laurentian.

These two parts of the Laurentian were first described as in appar-
ent conformity, but in 1881 Fletcher describes them as probably uncon-
formable. The detailed evidence for this conclusion it has not been
possible fully to give in the foregoing summary, but a close scrutiny of
the evidence seems to point more strongly toward the later intrusive
character of the so-called Lower Laurentian. The lines of contact be-
tween the Lower and Upper Lanrentian are very irregular, and in gen-
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erd are tund at a lower level than the Upper Laurentian, but both of
these would be true if the Lower Laurentian were intrusive. The man-
ner in which the syenite passed into the foliated gneiss, and the foliated
gneiss into the ordinary schist associated with the elastics at Dallas
brook, appear to indicate the intrusive character of the supposed Lower
Laurentian at this place. It is very strange that basal conglomerates
have not been found in the upper series which bear fragments of the
underlying one, if the former is really newer and unconformable. The
interstratifled syenites, diorites, etc., placed with the limestone series are,
without question, igneous rocks. So that there can be no doubt that
many rocks of the same character as the so-called Lower Laurentian
are igneous and later than the plastic series, which makes it probable
that much of this so-called lower series is of the same age. While all
of this is true, as before remarked, it is not certain that a portion of
the so-called Lower Laurentian may not be of greater age than the
elastic Upper Laurentian rocks.

The gold-bearing series referred to the Cambrian in southern Nova
Scotia are nowhere found in contact with the pre-Cambrian of northern
Nova Scotia and cape Breton. As has been said, we only know that
the gold-bearing slates areunconformably below the Carboniferous. The

supposed pre-Cambrian rocks of northern Nova Scotia and cape Breton
are known only to be unconformably below the Cambro-Silurian. In
this district not only are the igneous rocks apparently more abundant
than in southern Nova Scotia, but the folding is of a more intricate
character. So far as one can see, there is no evidence that the elastic
series to the north is not of the same age as the Atlantic coast gold-
bearing series, being, perhaps, more metamorphosed because of the fold-
ing and presence of eruptive rocks.

Summing up, it can only be said that all of the elastic rocks of Nova
Scotia and cape Breton, so far as we have any positive evidence, may
belong as high as Cambrian, as stated by Fletcher in his later work, or
may be of pre-Cambrian age and the equivalent of certain one or more
of the pre-Cambrian series.

SECTION VI. NEWFOUNDLAND.

LITE tATUIE.

JUKEs," in 184: divides the lower formations of Newfoundland in
descending order into an upper slate formation, a lower slate forma-
tion, and a gneiss and mica-slate formation. The igneous rocks con-
sist of various kinds of trap, greenstone, serpentine, hypersthene, por-
phyry, syenite, and granite. The upper slate formation is believed to
be lower than the coal formation, although nowhere found in contact
with it. The thickness of the upper slate must be many hundreds of
feet. In one instance beds of upper slate rest unconformably upon
those of the lower slate formation. The mica slate and gneiss or quartz
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rock. chlorite slate, and primary linestone occur together. Nearly the
whole of the province of A valon is composed of the lower slate forma-

tion. On Conception bay at several places beds of variegated slate
overlap and cover the ev ges of the lower slate in a perfectly uncon-
formable position.

On Newell's island the juetion of the gneiss and mica-slate with the
granite is found. The miica-slate in approachbig the granite becomes
more crystalline and neiss-like in certain layers. On continuing to
approach the granite there appear thin beds of granite, which are not
veins from the granite but an integral part of the beds. The granite
becomes more abundant in getting toward the main mass of this rock,
the alternations increasing in frequency, until after passing over the
edges of many beds, the red and flesh-colored, perfectly crystalline
granite, with no appearance of any lamination or bedding whatever, is

imperceptibly reached. In the granite itself, for some distance from
the junction, nodular masses of black rock, consisting of minute scales
of mica were observed. lit other places the mica-slate and gneisses
alternate with each other and are cut by distinCt granite veius.

The cleavage of the slate rocks is treg jnently parallel to the planes of
stratification, but often cuts them at all angles. The strike of the
cleavage is in a great majority of instances parallel to the strike of the
beds, but not invariably so. The cleavage is much more constant as
regards its strike and dip than is the strike and the dip of the beds.
The dip of the cleavage is never at a less aigle than 450, while in the ma-

.jority of instances it is nearly perpendicular. Its strike was not in any

instance found to vary more than 100 or 150 from a NNE. and SSW.
hearing. Certain of the granites are newer than the mica-slate and
gneiss. Also some of the porphyritic graite is more modern than some
of the shales. In other cases the red igneous rock, generally the syen-
ite, is in all probability one of the oldest rocks in the country, as no
veins were observed to proceed from it into the adjoining formations,
and a rounded pebble of a precisely similar rock is found in a bed be-
longing to the older slate formation in (treat Placentia.

MURRAY, in 1865, describes the geology of the northeastern part of
Newfoandland. Here is found a Laurentian group, which consists
mostly of gneisses, but contains in places layers of mica-slate and whitish
quartzite. These rocks are placed in the Laurentian because they have
a lithological resemblance to the Laurentian of Canada, and because
they are covered uncomformably by the Lower Silurian strata. No crys-
talline limestones such as are associated with the Laurentian of Canada
are found interstratified with the gneisses. The rucks of the overlyng
Potsdam and Quebec group are fossiliferous.

MURRAY, in 1868, gives an account of a part of the coast of Notre
Dame bay. A section of rocks in this locality consisting of slates,
quartzites, dolomites, with various eruptives, is referred in part to the
Quebec group. Among the intrusives are syenite and diorite. At
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Lascie lihrbor the rocks are mainly gneiss, resting uncomnforiably upon
which is a great mass of unstratified quartzite.

MURRAY ,6 in 1868, treats of the peninsula of Avalon. Here is found
a gneiss which is referred to the Laurentian. Intermediate between
this gneiss and the Lower Silurian strata is a great thickness of slates
and quartzites, which are referred to the Huronian. Resting uncon-
formiably upon these rocks are others containing Potsdam fossils.

In the Laurentian are placed the gneisses of Conception bay, the
masses of granite, syenite, and porphyries of St. Johns peninsula de-
scribed by Jukes, and the granites of Placentia bay and Sound island.
These rocks are like those referred to the Laurentian in the great north-
ern peninsula. The intermediate system consists of diorites, quartzites,
slate conglomerates, slate and sandstone, the whole series in Concep-
tion bay being over 11,000 feet thick. This series resembles lithologi-
cally the Huronian system of Canada in a high degree, although it may
he admitted that lithological relations are of secondary importance in
correlating rocks which are remote from each other. In one member of
the group is a fossil, designated as A spidella, of a low order of existence,
which leads to the conclusion that the system is probably Cambrian. This
series of rocks occupies by far the greater part of the peninsula of Ava-
lon. The lower rocks in all cases pitch at a very high angle to the hori.
zoo, the prevailing inclination being to the eastward, while the upper
formation, except where disturbed by eruptives, is either in a perfectly
horizontal attitude or only slightly inclined. The lower series is also
imiarked for its general absence of lime, while the upper formation is
nearly all more or less calcareous. Further, the Potsdam rocks were
found to overlie uncomformably the lower slates at Manuels brook and
at Brigus South head. The Nova Scotia gold-bearing rocks are litho-
logically like the system referred to the Huronian in Newfoundland,
although they have been referred to the Lower Silurian.

MURRAY, 0 in 1870, finds the rocks of Bonavista bay to consist largely
of slates, slate-conglomerates, quartzites, and diorites, intersected by
intrusive granite or syenite, trap, and quartz veins. This series has
such a close lithological resemblance to the intermediate system of
Avalon that there is no doubt of their identity. These rocks also occur
between the gneiss and the Paleozoic formations of Trinity bay.

HowLEY,7" in 1870, describes sundry parts of the coast. The rocks
of cape Ray and the extreme head of Conception bay are of a gneissoid
character. Granite, syenite and trap are interbanded with quartzite.
Upon Great Miquelon island is found gneiss, supposed to be of Lauren-
tian age. Greenstones and granite break at various places through the
stratified rocks.

MURRAY,72 in 1873, gives a further account of the Avalon peninsula.
The line of contact between the Huronian and more recent rocks in
Trinity bay is obscure and difficult to detect, and here A.pidella is very
useful in deciding to which series the rocks belong. The rocks on the

249



PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

west coast of Trinity bay are correlated with the Huronian on litholog-
ical evidence. The rocks here are in some respects different from those
on St. Johns peninsula, but this difference seems to be due to the in-
tense volcanic activity wldch has affected the western part of Avalon.
Dikes of various kind intersect the formation, and the strata are in

placesvolcanie conglomerates, volcanic ashes, etc. The rocks of Brigue,
described in the report for 1868, are found to contain several beds which
are crowded with Aspidella.

MURRAYI7 in 1873, finds gneissic rocks at several localities in St.
eorges bay. Associated with these are labradorite and other anortho-

site rocks which belong to the upper Laurentian system. Also, on the
Great Codroy river is foutd white crystalline limestone with graphite,
which is regarded as a further indication of the presence of this divi-
sion of the Laurentian.

MURRAY, 4 in 1875, finds on Gander lake micaceous slate, fine grained
granite, and gneiss, which are correlated with the Laurentian gneiss of
Bonavista bay.

HOWLEY , in 1877, further examines Gander lake and river and finds
chlorite-slates, diorites, and mica -slates which contain no organic remain s,
and which on account of their lithological character and the serpentine
they contain are provisionally placed-with the Quebec group. Upon
the upper Gambo pond and Riverhead brook are found sandstones and

quartzites which at some places pass almost imperceptibly into gneiss,
which rocks, with the associated micaceous slates, are provisionally

placed with the Huronian.
HOWLEYTh in 1882, further describes the intermediate system of Hu-

ronian rocks. These metamorphic rocks occupy the greater part of the
peninsula of Avalon. They rest upon a nucleus of Laurentian gneiss
and are succeeded by fossiliferous beds of the Primordial age which
skirt the shores of the.bays and are found to rest unconformably on
the basset edges of the upturned and altered Huronian, and occasion-
ally in contact with the still older Laurentian. The intermediate rocks
are found to be gently folded so that the same strata are repeated sev-
eral times. Associated with these Huronian rocks are trappean beds
and volcanic ash. Contained in them are found two fossils, AsIidella
terranovica and Arenicolites spirates. This latter fossil is said tooccur
in the Primordial rocks of Sweden. rTrhese fossils give important
assistance in the ready recognition of the Huronian. The gneissic
rocks which have been described as being members of the Laurentian
system protrude through the Huronian strata by which they are sur-
rounded. Cutting the Huronian rocks is found a series of granitoid
and other plutonic rocks which obliquely intersect the eastern part of
the peninsula, including the Laurentian gneiss. A second great igne-
ous intrusion cuts all of the rocks of the western part of the peninsula,
including the Potsdam sandstone. The intrusions of the eastern pe-
ninsula are taken to be of older date than the trap of the western penin-
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sula, although probably later than Huronian, as the former is never
found to cut the Potsdam sandstone.

WALCOTT,, in 1889, corroborates the uncon1dormity between the
series referred by Murray to the Huronian and the overlying series
called Potsdam. This latter is found to contain the Olenellus fauna
below the Paradoxides and is placed as lower Cambrian.

SUMMARY OF RESULTS.

The reports of Jukes and Murray are far more complete as to the
geology of the peninsula of Avalon and the district immediately to the
west than they are of the great northern peninsula. The map of this
latter area is greatly generalized.

The unconformity described between the Upper and Lower slate of
Jukes is evidently the same as that toiinid by M rray between his Pots-
dam and ffuronian. The Potsdam was later determnuined by Walcott to
be basal Cambrian.

It is perfectly clear that in Newfoundland, and particularly in Avalon
and southeastern Newfoundland proper, is a great series of fragmen-
tal rocks unconformably below a series bearing the Olenellus fauna.
This series is of great thickness, probably more than 10,000 feet. In
certain layers it carries obscure fossils which, according to Walcott, are
of an earlier form than those of the Cambrian. It then follows that ill
this region we have a pre-Cambrian series of rocks bearing a small fauna
of a rudimentary type. This result is very important as giving a start
toward a fauna which, whatever the series in which it is found shall be
called, is greatly older than that now recognized as basal Cambrian.
Whether the series shall be called Huronian, as is done by Murray, de-
pends upon the definition of that term. If all pre-Cambrian clastic
series are to be placed in the II uronian, this series can be said to belong
to that age, but if only those rocks are to be here placed which are the
equivalent of those referred to that term on the north shore of lake
Huron, we have as yet no means of determining whether the Newfound.
land series is Huronian or not.

The relations of the series referred to the Hlronian with the granites,
gneisses and schists which are placed with the Laurentian are far less sat-
isfactorily known. Nowhereisanything saidas to any structural breaks
between these two series, and evidently the lines between the so-called
Laurentian and Huronian are based upon a very general study. Jukes,
Murray and Howley agree that in Avalon and in other parts of Newfound-
land arelarge areas of eruptive rocks, including both basic an d acid kinds,
which cut the various sedimentaries. furray does not find that the Cam-
brian of Avalon is cut by granites and porphyries, but, according to
Jukes, in other parts of Newfoundland this is the case. However, both
basic and acid eruptives, including granites, syenites and porphyries.
are found to cut in the most intricate manner the pre-Cambrian sedimen-
taries, and as a result of this, this series is found to be more than usually
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iIetaiorphiosed in the area between Trinity and Bonavista bays. The.
peculiar manner ini which the granitic rocks vary into the slates by
gradual interlaminations, combined with the occurrence of fragments
of the schists within the granite, so well described by Jukes and cor-
roborated by Howley, indicate that a large part of the rocks referred to
the Laurentian are certainly intrusive, and that the more crystalline
character of the elastic formations adjacent to them are due to meta-
miorphism. It is then by no means clear that within Avalon are any
rocks of sedimentary origin older than the series referred to the Huro-
nian, although the fact mentioned by Jukes of a single bowlder of syen-
ite in the older slate series indicates the probability of a pre-H~uronian
syenitic or gneissic series. At present we have, however, no means of
judging what part of the rocks referred to the Laurentian are later in-
trusives and what part, if any, are older than the pre-Cambrian elastic
series.

As to the rocks referred to the Upper Laurentian because of the pres-
ence of anorthosite rocks and limestones, the question arises as to
whether the crystalline limestones associated with the gneisses are not
of later age than supposed, being perhaps more metamorphosed. The
associated anorthosite-that is, a probably eruptive rock--may be an
explanation of this metamorphism. If the presence in Newfoundland
of a Lower Laurentian is doubtful, it is much more doubtful whether
here an upper series of fragmental rocks has been shown. to exist which
are older than the pre-Cambrian series referred to the Huronian.

The observations made by Jukes as to the relations of slaty cleavage
and bedding are of the greatest interest and importance. The strike
of the cleavage is in a great majority of instances parallel to the strike
of the beds, but not invariably so. The cleavage is much more con-
stant as regards its strike and dip than is the strike and the dip of the
beds. The dip of cleavage is never at a less angle than 450, while in
the majority of instances it is nearly perpendicular.
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CHAPTER V.

ISOLATED AREAS OF THE MISSISSIPPI VALLEY.

SECTION I. THE BLACK HILLS.

LITERATURE.

HAYDEN, 1 in 1862, states that the nucleus of the Black hills consists
of red feldspathic granites, with stratified metamorphic Azoic slates and
schists, upon which rests unconformably, forining a zone around the
ellipsoidal nucleus, a series of reddish ferruginous sandstones, w(ich
by their organic remains are shown to belong to the Potsdam. In the
Potsdam are found as pebbles the different varieties of the changed
rocks beneath.

HAYDEN,2 in 1863, describes the Black hills as an outlier of the Rocky
rmonitains. They are formed of a granite nucleus surrounded by a
series of Azoic highly metamorphosed strata standing vertical, and
comprise slates, gneiss, syenite, quartzose and calcareous rocks.

HAYDEN, 3 in 1872, describes the Black hills as being the most com-
plete illustration of an anticline not complicated by any other influences

that he has found in the west. The nucleus is a massive feldspathic
granite with a series of gneissic beds outside of it, which incline in

every direction from this nucleus in a sort of narrow oval quaqoaversal,
and include all the unchanged beds known in this portion of the West
from the V otsdam sandstones to the top of the Tertiary lignites.

N\INCIIELL,' in1875, describes in the Black hills, below the Primor-

dial sandstones and quartzites, a series of mica-slates and mica-schists

which contain intercalated beds of quartz. These rocks often stand

nearly vertical. In the neighborhood of the granite areas they are
interstratified with beds of true granite, and with this granite is tfoid
tournimine. The granite area is near the southern part of the hills and
of this Harney peak may be taken as a center.

NEWTON," in 1880, gives a systematic account of the Bl1wk hills of
Dakota. The Black hills is a geological area which is admirably cir-
cumscribed. They consist of a nucleal area of metamorphic slates and
schists containing masses of granite, about which is an inward facing
unconformable escarpmnent of Potsdam sandstone and Carboniferous
limestone which dip away on all sides from the axis of the hills. The
Archean rocks as a whole occupy an area of abont 850 square miles,
being about 60 miles long and 25 miles wide at its imaximnium. At nn-
merous points within the hills are centers of volcanic eruption of an age

Bull. 86 17
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probably coincident with the elevation of the mountains. It is impossi-
ble to estimate with any degree of accuracythe thickness of the Archean
schists, as they are highly inclined and distorted, and in their present
metamorphosed and denuded condition itcan not be determined whether
they are the remnants of several great folds or whether they are the
broken strata of one vast fold, though the latter seems to be the more
probable structure; in which case the total thickness of the Archean
strata must be more than 100,000 feet, about 25 miles. The examina-
tion showed no evidence of the duplieation of any parts of tme Archean
strata, and it is presumed, if a repeated folding has take place, that it
did not occur within the area exposed in the hills.

The Archean sedimentaries are divided into two groups, schists and
slates. The schists include quartzose, garnetiferous, ferruginous and
micaceous varieties, together with some gneiss, chloritie, talcose, and
hornblendic schists, and quartzite. The schists are occasionally stau-
rolitic. The whole series is coarse in texture, highly crystalline, and
contains seams or veins of quartz coutormable with the stratification
and having a lenticular form. The slates are distinguished from the
schists mainly by their fine and compact texture, although, as shown
by Caswell, their ultimate mineral composition is similar. They are
mainly micaceous clay-slate, siliceous slate and quartzite, which are
sometimes associated with specular oxide of iron. On Box Elder (reek
is a ridge 400 feet in height, which is a vast deposit of siliceous hema-
tite and resembles the siliceous hematites of the lake Superior region.
The quartzites of the two classes are similar. The mica-schist passes
into chlorite-schist, siliceous schist and quartzite. The schists of the
southern part of the hills are associated with an area of highly feld-
spathic granite which culminates in the region of Ilariey peak. Ou
the outskirts of this district are many smaller masses of granite. So
far as the structure was made omt, each of the bodies has a leticular
shape and is intercalated among the strata of the schists. No granite
is found associated with the slate. The general strike of the rocks is
northwest and southeast. The topography shows that there is a series
of ridges in this direction which mark the position of the particularly
hard layers such as quartzites. The schists are found in the western
and southwestern parts of the area and the slates in the east and north-
east.
. Between these two groups Jeney noted a distinct discordance of dip

on Castle creek, but in the absence of corroborative observations the
unconformity of the two series can not be insisted upon. The division
of the system into two series is then based on lithological differences

purely and is warranted on this ground. The lithological difference is,
however, more a mineralogical one than chemical, being probably due
to a difference in metamorphism. The apparent discordance discovered
by Jenney, and this lithological difference, gives strong support to the
view that the slate and schist periods were separated by an interval of
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time between which there was erosion and metamorphism of the lower
series. The granite is coarsely crystalline. It is concluded that, be-
cause of the great amount of feldspar in the granite, because pieces of
schist are inclosed in it without any transition, because the granite
masses in the schist have a long lenticular shape, because of the coarse-
ness and evenly granular character of the granite, and because there is
never any transition between the schist and granite, the latter is
an eruptive rock in the schists. Tha t the Archean rocks were upturned
and metamorphosed before Potsdan time is shown by the fact that the
basement conglomerate of the Cambrian contains fragments of slate,
schist, and granite precisely like the underlying rocks.

Since the lithological character of the Black hills Archean is the only
means of judging their affinities it should have some weight. The east-
ern slate division bearing the lean ores are very similar to the Huronian
rocks of the south shore of lake Superior and Canada. The western
schist series containing granite masses differs from the Huronian and
from the Laurentian in that gneiss, the most characteristic rock of the
latter, is nearly lacking, so that no correlations are made further than
to call the slate series newer Archean and the schist series older
Archean.

BLAKE,' in 1885, on account of the presence of staurolite in the
Black hills schists, places these formations as the probable equivalent
of the Coos group of Hitchcock in New H ampshire, and it is said that
there is sufficient breadth of formation to include all the rocks front the
lluronian to the Coos.

CRosl3Y, 7 in 1.888, finds that the two groups of Archean as mapped
by Newton are quite sharply defined from each other. It is said that
in the eastern series of slates are pebbles which have been quite cer-
tainly derived from the harder rocks of the western series. The strike
of the schists is found to curve around the granitic and gleissi area
and the normal dip of the strata is a way from this mncleal granitic
mass. A conglomerate is associated with the quartzite of the eastern
slate area, the pebbles of which have suffered extensive deformation by
compression. The granitic rocks of the schist area do not penetrate
the slates of the newer series, although this is not devoid of eruptive
rocks. The newer series of slates is correlated with the Taconian of
western New England. The conclusion is reached that the granite,
instead of being of eruptive origin, is p}egmnatitic.

CARPENTER," in 1888, states that the nconformity supposed to exist
by Newton between the eastern slate and western schist series is slip-
ported by an observation upon Spring creek east of -ll city. A huge
dike of igneous rock a thousand feet broad in places is described as

passing through the entire length of the eastern series.
VAN lI111E,, in 1890, finds that the promuinent struc lures of the Black

hills, which have heretofore been taken as bedding, are seconIary
structures. As evidence of this is the fact that alternating bands of
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sediments of different characters are seen to cut across the promiinent
lamination. Sometimes these belts are coiiglomeratic and the p)ebbles
are deformed by pressure. The longer axes of the pebbles are parallel
to the slaty or schistose structure, but the belts as a whole cut across
this structure. The fact cited by Newton that there aIre persistent belts
of quartzite parallel with each other also indicates duplication by f0l-
ing. The thickness of the Archean is then unknown, instead of being
more than 100,000, as supposed by Newton. The crystalline schists
are in a broad zone about the granite area, striking parallel to it and
dipping away from it, and in the northern hills there are great quan-
tities of later eruptives. Granite is found in the slate area as mapped
by Newton.

A study of the boundary between the slate and schist series leads to
the conclusion that there is a gradation from the slates to the schists
rather than an abrupt change. The foliation of the schists about the
giniite is secondary and is caused by the contact and dynamic meta-
momphism due to the intrusion of the granitic rock. The effect has
extended for several miles from the main granite area. The normal
foliation of the slates and schists is north and south, and this was pro-
dneed by folding earlier than the intrusion of the granite. About the
granite area both sedimentation and this earlier foliation were de-
stroyed and a more prominent newer foliation produced. Also, in. the
northern part of the slates is a considerable area about 1)eadwood
which is now as crystalline as the schist area of the south. This is
taken to be due to the abundant later intrusives here found. AWe
thus have in this region evidence of an original bedding which is nearly
obliterated by a prominent slaty cleavage, and both of these have been
wholly destroyed for considerable areas by a newer nid more promni-
nnent schistose structure. The slates and schists can not then be di-
viied iltio two series with the surface distribution and upon the litho-
logic'l differences given by Newton.

The mimca slates, mica-sclists, and umica-gmeisses are found to be
clastic rocks, the processes of change from their original elastic con-
dition to their present crystalline one being traced out. Associated
with the elastic rocks are other green crystalline schists which are
metamorphosed basic eruptives which. were probably intrnded before
the earlier folding of the slates. Corroborating Newton's conclusion,
it is said that the Black hills rocks exhibit a remarkable lithological
analogy to certain of the iroI-bearin g series of the lake Superior re'ion,
which in the past have been included under the term l Inronian. While
this correlation is not beyond doubt, there is no question that these
series in connmou belong to the Algonkian.

s5'lA'iI RY (1 RICSULTS.

The sunnary of Newton's work is altogether umisatistactory because
of the very large amount of material contained in this report. The
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descriptions in the original are condneised, and to i le .11 wll whiih

heavs upon structural relations would greatly extend the digest givei.
In the light of tle present facts it would senm that we hav e in the
Black hills a set of slates and schists as vet of uniknownt tihickness and

ndlivided into series, although perhaps capable of subdivision by closer
work. These slates and scihists have a prominentt cleavage which is
independent of tile structure. The different parts of the area vary is
degree of crystallization, a1( this crystalline character is due to the
intrusion of igneous rocks; but, unlike ordinary contact metamnorphism ,
has extended from the granitie areas for a distance of several miles.
For the present we are obliged to consider the whole as a single series.

In the alternating slaty and qnartzose characters of the rocks, in the

presence of siliceous hematite and a 1mch folded condition, the present

structures being in a vertical attitude, they more nearly resemble the

Lower IHnronian of the lake Superior region than any other rock series,
but this is not suflicient warrant for the positive conclusion that the

two are time equivalents. The correlation of the Black hills rocks with

the Taconic oil slight lithological evidence as is done by Crosby, or a

part of theim with the Coos group onl account of the presence of stau-

rolite, can be considered as no more than guesses.

SECTION II. MISSOURI.

LITERATE lE.

KING, (IT.),u in 1851, states that the Primitive formation is met with

near a point about 70 miles south of St. Louis aml 30 miles west of the
Al isissippi. It consists cit ietly of grand ite, syentite and porphyry, a11 rises

ill cone-like elevations or detached ridges to the lteightt often of 1,000 or

1,200 feet above the level of the \Mississippi river. Its sides and valleys
are Freunently covered with sandstone and limtestone in smuh quiet re-

lation s hip as to slhow that their deposition has taken place since the
Priititive rocks assutmed the Form they 11ow have. It is not at all n1-
isiail to find portions or fragmtentts of the older rocks imbedded ill those

that are stratified. This occurs bloth in the lowest mn1gnesian limestone
and in the overlying sandstone. The Primitive rock is brokei through

by grtenstole dikes which reach the surface of this rouk, yet never

penetrate the overlying sandstone. At Iron. mountainl is a layer of

specular oxide of iron, below which at one place is a stratitied rock

which may have been a modified granite. The-iron-ore deposit is often
in the form of pebbles of various sizes up to a foot in diameter. In the

interstices of these pebbles is a reddish brown clay. The bed of iron

in the thickest point opened is 20 feet. At the summit of Pilot knob

is an immuense mass of solid ore which is associated with porphyry and
appears to pass by insensible gradations into that rock.

WHITNEY," in i 834, describes Iron mountain aUt Pilot knob as
localities in whicit are f 11mI erlptive ores of Azoic age. 1ro1 moun -
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fain is a flattened (lome-shaped elevation, composed of feldspathic
porphyry. The surface of the mound is covered with loose pieces of
ore,which is ill some places in a layer at least 15 feet thick. Pilot knob
is mainly composed of dark siliceous rock, distinctly bedded, dipping to
the south at an angle of 250 or 300. For about two-thirds of its height
of 650 feet quartz rocks predominate. Above that, iron is found in
heavy beds alternating with siliceous iwatter.

SWALLOW,1? in 1855, describes the granite, greenstone, and porphyry
of Missouri as igneous rocks. Red feldspathic granite, sparingly
micaceous, occurs in Sec. 15, T. 34 N., 1R. 3 E. Nearly all of the hills
and ridges in the neighborhood of Iron mountain and Pilot knob are
wholly or in part formed of compact reddish-purple feldspathic porphyry.
The porphyry is one of the oldest rocks of the state, but no opportun ity
occurred for determining whether it is older than the granite, although
there is no doubt that it is older than the greenstone, as the latter
rock is said to occur in dikes in the porphyry. The porphyry is older
than the stratified rocks of the region because they are found resting
upon knobs and ridges of porphyry in a position so nearly horizontal
as to preclude the idea that they were deposited before the upheaval
of the principal masses which form the hills. Whether the slates inter-
stratified with the iron near the top of Pilot knob are older is not
easily determined.

SWALLOW, 13 in 1859, states that in one locality in Laclede and in one
or two in Crawford county are granite dikes or ridges which rise
above the stratified rocks.

IIARISON, 14 in 1868, describes two localities in Washington comnity,
where between the horizontal limestone and the solid porphyry are
conglomerates consisting of water-worn pebbles and bowlders all of

porphyry, cemented together by a calcareous matrix. Interstrat;ified
with the limestone are also thin layers containing water-worn porphyry

pebbles. It is therefore concluded that the porphyry hills existed as
such before the Silurian hills were deposited.

P UMPELLY, " in 1873, states that the Archlean (Azoic) rocks of south-
eastern Missouri form an archipelago of islands in the Lower Silurian
strata which surrounds them as a whole and separates them from each
other. They appear as knobs 1,400 to 1,800 feet above the sea, and
rising 300 to 700 feet or more above the valleys. The rocks consist
chiefly of granites and felsitic porphyries. They reach their most ex-
tensive surface development in the region forming the northern part of
Madison, Iron, and Reynolds, and the southern part of St. Francis and
Washington counties. This series is the near equivalent in point of
age to the iron-bearing rocks of lake Superior, New Jersey, and Sweden.
The rocks overlying them belong to the oldest known members of the
Silurian, but they may be the deep-seated equivalents of the Potsdam
sandstone or even older. Before the deposition of the Silurian the por-
phyries and granite had undergone anl enormous amount of erosion, an
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amount at least several times as great as they have suffered since that
remote time.

The surface of Iron mountain has disintegrated and decomposed in
mass, the entire porphyry-hill being changed to'a clay. Disintegration
has often taken place to a depth of certainly more than 50 feet in the
granites of M adisom county. The iron ore of Ion mountain is a resid-
nary deposit, having its origin in the gradial removal of the existing
crystalline rocks and leaving behind the iron ore.

Pilot knob is composed of more or less massively bedded porphyries,
porphyry-conglomerates, and beds of hard specular ore. These strata
strike N. 500 W., and dip on an average 130 southwest by south. The
top of the knob consists of stratified porphyry conglomerate with a
thickness of 140 feet. This rock is made up of small and large, more
or less angular, pebbles of porphyry cemented together by iron ore and
containing frequent layers and bodies of ore. At the base of this series
is a great bed of ore divided into two parts by a thin slate seam. Im-
mediately below the ore is porphyry, which continues to the base of
the hill.

The rocks forming the southwestern flank of Cedar hill are the exten-
sion of the conglomerates and ore beds of Pilot knob. Manganese ores
are found associated- with the porphyritic rocks, and in Sec. 16, T. 33
N., R. 2 E., in Reynolds county, the manganese ore is one of the mem-
bers of a series of bedded porphyries. At this locality metamorphic
limestone is one member of the porphyry series, but it is now by physical
and chemical agents greatly changed from its original condition, and is
very manganiferous. Another member of this same succession is a por-
phyry-conglomerate or breccia, consisting of pebbles of red and com-
pact porphyry containing grains of quartz and crystals of feldspar, and
cemented by porphyry of a similar character. This rock resembles the
Calumet-Hekla conglomerate of lake Superior.

SCHMIDT,'6 in 1873, also describes the iron-ore deposits of Iron moun-
tain, Pilot knob, Shepherd mountain, Cedar hill, Buford hill, Big Bogg
mountain, Lewis mountain, Cuthbertson bank, and Hogan mountain.
The succession at Cedar hill includes slates of red-banded porphyry,
stratified qiartz-porphyry, slates of red porphyry, green porphyry,
banded jasper, and jasper with specular ore.

SHUMARD, 7 in 1873, states that granite is found in Laclede, Craw-
ford, and Ste. Genevieve counties.

BROADHEAD and NonwooD," in 1874, describe granite and porphyry
at numerous points in Madison county. On the west side of St. Fran-
gois river in the NW. I of NE. J Sec. 33, T. 34 N., R. 5 E., there is an
exposure of sandstone and conglomerate resting directly on the granite.

HAwol TH,11 in 1888, states that the Archean area of Missouri covers
an irregularly outlined portion of no less than ten different counties and
extends to the west as far as Texas county, to the north and northeast
as far as Washington, St. Frangois and Ste. Genevieve; to the east
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it passes through Madison county, anl to the south nearly through
Wayne county, but only a small portion of this territory is covered by

Archean rocks. The rocks are the different kinds of porphyry, which
predominate, granite, 'and dikes of diabase and diabase-porphyry.
Numerous instances were observed where the stratified rocks overlie
the massive ones and are nonconformable with them. Nowhere at the
contact zone was metamorphosed limestone or sandstone observed.
The granites, so far as observed, occur on low gronud, while the hills
are almost invariably composed of porphyry. At numerous places
dikes of various sizes occur, sometimes in the granite and sometimes
in the porphyry, and, as stated by Broadhead, sometimes in the sand-
stone. Detailed descriptions are given of the granites, porphyries, and
dike rocks.

HAwoRTII, 2 0 in 1891, describes the crystalline rocks in the vicinity
of Pilot knob, Missouri. These are chiefly porphyries, felsites, and
breccias. These rocks are regarded as Archean in age, because there
is no contact metamorphism between them and the surrounding Pale-
ozoic rocks, and because in the Paleozoic sandstones and limestones are
numerous fragments of the crystalline rocks. The crystalline rocks are
regarded as of eruptive origin, as shown in the tield by the absence of
bedding, by flow structure, by banded structure, by lithophyse, by
breccia, by scoria, by amoygdaloids, by tuffs, and by absence of grada-
tions into noncrystalline rocks, and as shown by the microscope, by
the texture of the groundinass in the porphyries and breccias, by tow
structure in their, by miagimatic corrosion of porphyritic crystals and
fragments of the breccias, and by other phenomena. The laminated
ferruginous rocks of Pilot knob and of other localities are regarded as
volcanic breccias. As evidence of this it is said that this material

passes into the porphyry, that the fragments are all of porphyry or
felsite, and that the groundmasses of the breccias or conglomerates are
always felsitic or porphyritic, the apparent detrital fragmoents being
merely set in a lava of a similar character.

PUMPELLY and VAN HSE,21 in 1890, find that at Iron mountain
the ore (specular hematite), in its original position, occurs in the form
of veins in the porphyry. These veins are sometimes of very consid-
erable thickness, running as high as 30 feet. They vary from this size
to those much smaller, ramifying through and cutting the porphyry in

various directions. In some places on the mound bet ween the stratified
sandstone and the porphyry is a pre-Silurian mantle of detrital mate-
rial, which is largely composed of fragments of the vein ore. The chief
mining at the present time is from a mass of bowlders of the iron ore
in a pre-Silurian ravine. In the process of disintegration the more resist-
ant and heavier masses of iron ore have been concentrated in the upper
slopes of the ravine, forming a deposit analogous to a placer. The vast
amount of this iron ore in these ravines, as well as that which occurs as a
residuary deposit upon the mound, indicates that in pre-Silurian time

[BULL. 86.
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there was here an enormous erosion in orde that this qluantity should

ac 4lulate froii the relatively sparse anl siall veins of irOn ore in the

mountain. The Pilot knob iron-ore bed was fould to grade Ilpward into

a conglomerate, the imatrix of which is largely comiposed of ore and

the most of the pebbles of which are porphyry. The whole appearance
of the deposit is that of a detrital one, and the question arises whether
this bed has been produced froin the erosion of earlier vein deposits
in the porplhyries, such as are found in Iroi mountain. Pilot knob itself
ears the same relations to the Silurian as does Iron mountaini, and if

this suggestion as to the origin of the Pilot knob ore is correct, it im-
plies that the pre-Silurian history has not only been very long, but colr-

plex.
SUMMARY OF RESULTS.

As the crystalline rocks of central Missouri are islands surrounded
by Cambrian sediments, we have no definite means ot determining their
age except that they were in their present condition aid-deeply eroded
before the overlying rocks were deposited. -With a considerable degree
of probability they may therefore be referred to the pre-Calinbrian. The

series is mainly an ernlptive, porphyritie one, but the lavas are often-
times bedded. The elastics are sometimes porphdlyry- conglomerates,
the materials of which have evidently been derived from the underly-
ing porphiyry flows. At Pilot knob the iron ores are associated with

the conglomeral es.
There is, the1i, in central Missouri a pre-Cambriai plastic series, and

therefore a member of the Algonkian system. Whleth1e41 ai1y of the
crystalline rocks are older than the Algonkian there is no certain means
of judging. There are also no certain data upo1 which to parallelize
this Algonkian series with the Al-okian series of the nearest 1re-
Camib ria i region, t'liat of Ihike Superior.' Upon the wlmoe, the litho-
logical character of the series more nearly resembles tIat of the Ke-
weenawan than any other, although it hias a very considerable likeness
to the Upper I Iironian. This is indicated by the porphyries and por-
p hIyry-coiiglomnerates, while the analogy with the I pper IL1 oniall is
indicated by the beds of iron ore. This compariso is rather strengthi-
ened by the Fact that, the Upper IIuronian quartzite outcrops of south-
ern Wisconsin are associated with and cut by porphyries. But a relier-
ence of the Mlissouri rocks either to the Keweenawan or Upper Il1o-
nin! has a very uncertain value, and it is not impossible that it rat her
represents the period of erosion which separates the Keweenawan and
ipper llaronian, since inl lithological characters it combines to a cou-
siderable extent those of these two series.



PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

SECTION l. TEXAS.

LITEIRATURIE.

ROEMER,2 2 in 1848, mentions granitic rocks at several points, 15 miles
north of Fredericksblurg, on the banks of the Llano, in the co natry
between the Llano amin San Saba, and bitweei t he Piedernales Iad San
Saba, rivers. These graniti( rocks are surrontnded by Paleozoic si rata.

SHITMARD,r3 ill 11;0, describes in Burnet county rocks upon which
rest directly the fossiliferous Potsdam.

SHUMARD,24 in 1861, describes the Primordial rocks of Texas as
resting upon reddish feldspathic granite very similar in character and
composition to the granites of Iron mountain, Missouri.

BUCKLEY,25 in 166, states that the known Azoic rocks of the state
are mostly in Llano and adjoining counties. There are here grainites
with steatite or soapstone, immense beds of iron ore, and metamorphic
rocks, consisting chietly of slates, mica-schist and gneiss with quartz
veins. The granites of Burnet county probably belong to a laterperiod
of elevation than the Azoic. Here the metamorphic rocks are on the
outskirts of the granite, in nearly vertical, more or less broken or con-
torted strata. In Mason county are highly inclined micaceous shales.
At Packsaddle mo nitain are dark shales which, Near I loney creek, ex-
tend unconlormably beneath the nearly horizontal layers of Potsdam
sandstones and limestones. lin Mason county is a very large deposit ot
iron ore, which is believed to be a true vein. Another bed of iron ore
lies between two granite ridges and is traversed by veins of quartz.
House mountain, consisting of granite, is capped by massive beds of
nearly horizontal sandstone. The Azoic rocks trend in a northeast and
southwest direction, being on the same line of upheaval as the Ozark
mountains of Arkansas and the Iron mountains of Missouri.

BICKI.LEY,26 in 1874, describes as resting uiconformably beneath the
Potsdam, in Llano county, shales and argillites which lithologically

resemble the old slates of Vermo nt and New hlalapshire. They are
barren of fossils. Locally a slaty cleavage is developed. Sometimes
the slate is changed into a gneissoid rock, all gradations of the change

being seen. Friable mica-slates containing garnet sometimes underlie
the granite. These rocks are referred to the Laurentian. Most, and

probably all, of the granites of this region are of a later period than the
metamorphie rocks associated with them. Associated with the granite
in Burnet and Llano counties are imnense beds of magnetic iron ore.

BUCKLEY,2 7 in 1876, describes Azoic granitic rocks in many of the
mountain ranges west of the Pecos river. At a number of places basal-
tic rocks occur. All the igneous rocks north of the Pecos are either of
upper Cretaceous or Tertiary age, as is showni by the uptilted strata of
these rocks.

WALCOTT, in 1884, finds that the Potsdam sandston e rests uncon-
formably on a great tormation to whih t he term Llano group is applied.

266 (BULL. Ss.
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These rocks are alternating beds of sandy sales, sandstones, lime-
stones, and sch1ists that have a dip from 150 to 400. They are little
metamorphosed. The overlying sandstone in its fossils is like the
Tonto group of the Grand canyon, and the Llano group is correlated
with the Grand canyon anl Char series of the Grand canyon on the

basis of position and lithological character. The best exposures are
at Packsaddle imounitai i, in Llano county, where the horizontal Pots-

(ain rests on the upt ilted anl eroded Llano beds. Across the valley
of Honey creek, 4 miles west of Packsaddle mountain, the strata of
the Llano group have been more metamorphosed, plicated, and broken
by intrusive dikes of granite. The intrusive rocks are of pre-Potsdamn
age, but largely the result of extrusion of granite at or near the close
of the erosion of the Llano. They are the chief cause of the metamor-
phism of the Llano rocks. No rocks of undoubted Archean age were
observed.

SHUMARD ,2 in 1886, describes as eruptive rocks the granites, por-
phyries and basic rocks which compose the whole of Wichita, Limpea,
Hueco, and Mimbres mountains. In the Organ moiuntaiiis are partly
sedimentary and partly eruptive rocks; while the Guadalupe, Sacra-
nento, and Horse mountains are wholly sedimentary. None of these

crystalline rocks are regarded as pre-Canbrian.
GLENN31 0 in 1890, describes the Azoic rocks as consisting principally

of red granite, occasionally guteissoid, intersected by numerous nearly
vertical dikes of quartz rock. West of the granite in Llano county is
an extensive field of schist, sandstone, and limestone of uncertain age.
At Spring creek, in lurnet county, is also a small schist fIrmation sue-
ceeding the granite. Were it not for the interposition of saunidstorne
between the granite and the schists they would be assigned to the
Azoic.

CoMsTucK", in 1890, divides the Arehean rocks of central Texas into
a Burnetan (Laturentian ?) system and Fernanda i (()utariai ?) system.

The fundamental gneisses of the Birietan occupy a lens-sipped area
striking N. 750 \V., and they are well exposed in IBurnet cotuty. \Vi t hin
the group there are nto unconformities. The rocks of the system are
largely gneisses, but they graduate upon the one hand into quartzose
mica-schists, and upon the other into friable sandy gneisses and tine-

grained binary granites and graphic granite. Stratigraphically the
group is divided into three series from above dow ward, (I) B >deville,
consisting of inica-schist and chlorite-schlists (chiefly acidic); (2) Long
muouttain, consisting of hornblendic and pyroxenic rocks (basic); (3)
Lone grove, consisting of gneiss, granite, etc. These rocks are compared
with Lawson's lake of the Woods Archean. The igneous eruptions of
the Burnetan are of diflereiit ages, some of them earlier and some later
than the Potsdam.

'Tlhe Fuertamian or ()utarian system is vell exposed along the valley
of San Fernando creek. Its exposures are iuore extensive than those
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of any other pre-Cambrian systeln. While in the lmail there is little

iificuilty in (list ingllishing hetweenl tile Fern1a n(hi'1( mid 1hn etan st rat a,
mietanmorphisim has caused a (lose resemblance ill maln'y expoinsures.
The general succession from above downward is calcareous rock, chlo-
riti( slates and sales, carbomaceous schlists, ferruginous rocks, (juartz-
ites, acidic schlists, and basic schists. In this systein are various criip-

tives, inchiding granites, quartz dikes, and basic rocks. Whenever the
Feriandanu beds are visible ill connection with the Burnwtani strata,
through their own excessive erosion or by reason of the persistence of

prior elevations of the earlier system, there is always abundant evidence
of unconformity; and if aiiy fractures occur the joints of the niortwest

(Fernandan) trend invariably cross and cut the strike of the -ur netati
rocks. Additional support for the miconornity of the two systems is
gained from the fact that contortions occur iii the lower system only
where this or later trends affect its continuity. Moreover, the compo
sition and texture of the Fernatdan beds are to a large extent that of
derivatives of the Iurnetan lithologic series.

Above the Fernandan system is an EIparchean group of rocks, the
stratigraphicail atinities of which are nearer the A rchemi than the
Cambrian. There is no doubt that they rest niton formitably below the

Paleozoic. To this group, including Walcott's 1lat1o group, is given

the term Texan (Algonkian ?) system. The rocks of the Texmi system
are chiefly siliceous, but shAiles a1lh limestones are not wanting. The
succession includes from the base upward a set of miciceous san(-
stones, with thinly lamiiated sales and chloriti detrital material;

hard, white lamiiniated quartz rm ck or quartzite, associated with fer-
ruginous and sclhists hiyers; ferrugiiious shale bedls, in part somewhat
graphitic, and limestones or marbles. It is often difficult iln the field
to distinguish the graphitic shale and marble, as a helt, from the simi-
lar lithologic set of the earlier Fernandan system. In laitd specimiets,
however, the distinction is obvious. The Texin beds are much less
altered, ,s a rule. The graphitie strata are plainly derivatives of the

preexisting graphite schists, and the lmarbles are white or brown, in-
stead of blue. The Pocklsaddle luarbles and shly beds are compared
with the Chuar; the Llano quartzites n1d saidstomes, with erupt ives,
to the Grand canyon, and the Mason sandy sales and schists to the
Vishnu series.

There must have been a vast amount of erosion after the folding of
the Texan strata and prior to the deposition of the Camblian sedi-
1peints upon the upturned edges. The outcrops of the Texan strata are
almost invariably accompanied by some of the Feriandan beds, or by
members very closely resembling these, often ill such relations as to
make it difficult to deterlmine the boundary between the two groups
upon structural grounds alone; but the rocks here inclunhed as of the

Texan system are never involved in an earlier uplift than the north-
south trend.
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C(OIsTOCK, 2 in 18, further describes the relations of the pre-Cnm-
brian rock series of eentral Texas. The Fer ninlian system is held to
rest imionformahly ) upon the Burnetian, because no other terrn(e

within the Burnetian has structural planes or breaks tollowing a course
N. 750 W., while every other axis of uplift is traceable through the
roks of the Burnetim system, al because the basal members of the
Fernalldiaii system are made ill) in part of material apparently derived

from the Buruetian rocks. That the Texian (Algonkia t'.) system rests
uncoiformably upon the Fernandian is conceded from facts of the
same (laracter as those which show the discordaliec between the Ihrine-
tian and Fernandian. The nearly due north-south strikes of these
ro(ks are commonly peculiar to them, the earlier fractures and lines of
uplift being invariably absent, but the later ones can be more or less
distilnetly traced through the members of this system. There are locali-
ties exhibiting the juxtaposition of the Texian with the underlying
Fernandian, in which the nonconformability between the two is seen.
These relations are seen south and southeast of Packsaddle mountain,
southwest of Sharp mountain, ill portions of the country north of Lock-
hart mountain, north and northeast of Mason, in the Beaver creek val-
ley, and elsewhere in Mason couty. Further, the derivative character
of the Texian beds is a marked feature. In the Fernandian is a great
development of magnetites. While these deposits appear to be in dis-
co-titnuous lenses or bosses across the region, there is almost always an
indication of continuity in the shape of a line of ferruginous soil or
other landmark. The iron deposits have above them carbonaceous and
calcareous beds and below them quartzose beds.

SUMMARY OF RESULTS.

It appears that it central Texas there are two thick series, of elastic
origili which are of pre-Cambriam age. The upper is Walcott's Llaio or
Comstock's Texian, anh the lower Comstock's Fernmidiaii. The first
of these is but little altered, the second is considerably metamorphosed
and has associated with it a greater (<pmiatity of eruptive rocks. Be-
tuceen these series it is asserted by Comstock that there is a great un-
conformity, as shown by Immerous contacts, by Fernandian debris in
the Texian, and by the fact that the Texiatt rocks are never itivolved
in the earlier uplifts which have affected the F'ernandian.

The Archean is represented by the Burnetian. Betweeni the Burne-
tian and the Fernandian an unconformity is mailitaiined by Comstock
upon essentially the same grounds as between the Texiam and Fernan-
dian; that is, there are unconformable contacts between the series; the
Fernandian bears debris from the lhu'netian, and the Burnetian has
been afltected by orographie movements which are earlier than the Fer-
n a] idian.

2 GI9
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C 1 A P T E R VI.

THE CORDILLERAS.

SECTION I. LARAMIE, MEDICINE BOW, AND PARK RANGES IN SOUTH-
ERN WYOMING.

LITE;AT('RE.

STANSBURY,' in 1853, states that iii the Blmek hills (Laramie) is an
extensive foirimation of massive red feldspatliic granite with occasional

outcrops of ferriginous quartz.

IIAYDEN,2 in 18(: describes the Laramie hills as consisting of nu-
merons centers of uplifted granite upon the sides of which the Carbon-

ifcrons limestones are scattered or inconlormably overlie. There is
every gradation from unchanged fossiliferous limestone to completely
metamorphosed rock, melted material sometimes being found thrust into
the seams of the unchanged mass. The core of Laramnie peak is of
granite, while, as if thrown off by this nucleus, is a series of Azoic strati-

fied rocks consisting of gneiss, hornblemdic, mineaceous, and ta-lc)se

slates, syenite, and quartz, which are cut here and there by dikes of
trap or basalt.

IHAYDEN,3 in 1868, mentions granites and syenites as occurring in the
Lairainie and Medicine bow ranges. On the east side of Laramie range,
especially near fort Laramie, are seen the distinctly discordant rela-

tions between the crystalline rocks of the mountain range and the
uninetamnorihosed strata.

IIA YDEN," in 1872, describes on one of the branches of the Clung-
water, ill the Laranie montains, as occurring interstratified with red

feldspathic granite, beds of imaginetic ore which resemble the lake Su-
perior iron ores. Tile rocks between the headwaters of the Clugwater

and Laramie consist of beds of quartz, black gneiss, seams of feldspar,
with now and then beds of massive granite. On approaching the
mountains the red feldspathic granite is found in great ridges, the

gneissic strata diminishing and the massive granite increasing in ap-

proacjhing the mountain range.
ENGELMANN, il i1876, finds that the Laramie peak system consists

of the igneous rocks, granite and granitic syenite. Among the igneous

rocks are also greenstones, which are of later date than the granite in

which they irequently are dikes.
HAGUE, in t877, gives detailed descriptions of the Laramie, Medi-

cine bow, and Park ranges. The Archean rocks of the Laramie hills
272
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are classed under granites, gneiss, mica schist, and hornblende schist,
the first covering much the largest area. The central body consists of
coarse grained granite. Above this, and forming the outer edges, dip-
ping east and west away from the main mass, occur heavily bedded gran-
itoid ocks. At the north and south ends of the range the granites grad-
ually pass into well defined gneisses and schists, there being the most
gradual tratisitions from the massive granites to the thinly laminated
schists. Among the crystalline rocks is a variety of gabbro in the re-
gion of Iron mountain, Chugwater, and Horse creeks, where it forms
knobs and knolls protruding through the granitoid rocks. At Iron
Iumnutain, north. of Chugwater creek, are masses of titaniferons iron
ores incased in the granite. No large bodies of eruptive granites were
seeun nor eruptive rocks younger than the Archean. In structure the
Laraimie hills are regarded as a broad anticline, accomi aniied by maiiy
se:-ondary folds. There is no case of decided nonconiormity in the
entire series of beds, and their uniform character indicates that they
all belong to one division of the Archean, which without dobt is the
Laurentian. The sedimentary rocks of the eastern foothills every-
where rest mnconformahly upon the Archean crystallines. East of
Trible mountain is the only outlying mass of Arehean granite occurring
eastward of the sedimentary foothills.

The second great range of the Rocky mountains-the lediciie bow-
hike the Laramie range, is made up almost exclusively of Archean crvs-
tallhie rocks. In their general habit they resemble the form-at ion of
the eastern range, but additional varieties are found. The rocks

include granite, gneiss, hornblende-schist, mnica-schist, dioritie schist,
slate, argillite, quartzite, elhert, hornstone, conglomerate, and lim oesbe.
The larger bodies of trie granite are confined to the southern eml of
thi ranlge, where it is closely connected with the Front range of Colo-
rado. Even this granite shows more or less tendency to bedding, the
conistituent minerals being arranged iu parallel layers. From EBush
creek northward 15 or 20 miles are light colored mica-guleisses and dark
hiornblende-sehists, with occasional beds of vitreous quartzite. M edi-
cine peak is a mass of pure white quartzite rising 2,000 feet above the
si1rroinding country. The maint ridge has a trend approximately north
20' east, which appears to be the strike of the rocks. The dipl is to the
eastward at a high angle. While no accurate measurements could be
made, the thickness of the formation is certainly not under 2,000 fret.
T he quartzite is white, compact, ad brittle, with i uiform texture, and
is traversed by thin iron seamiis. Near the ibase of the formation the

quartzite is interstratified with beds of co glomeate, the pebbles being
of qiiartz and many of them having been pressed1 and elongated in the

direction of the strata. The jorl .tion is cut by dikes of dark intrn-

sivv rocks which are probl Ily diorites. At the head of the northern
branches of Frenich creek, comina-maly miuder a qiuartzite, is a series of.
thinly laminated dark argillaceois slates aind schists, which dip east-

Bull. 86 18
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ward into the mountain. Below these are quartzose argillites, which
are again underlain by crystalline schists. Mill peak, north of east
from Medicine peak, has at its base a white quartzite, which is overlain
by a body of red cougloierate resembling the red jasper conglomerate
of the Huronian series of lake Huron. Above this is amorphous
quartzite, and the peak is capped by white and graysilieeons limestone.
The prevailing dips at Mill peak are to the west, while those at Medi-
cine peak are to the east, indicating that there is a broad synelinal fold
between the two. A striking characteristic of the entire series is the
banded and laminated appearance of the constituent minerals. The
Archeau series of the Medicine bow range present many marked fea-
tures analogous to the Huronian formation on t he shores of lake Ili rou
and Canada, as well as to various localities t hronghuout the Appalachiaui
chaii; and they are-with considerable hesitation, however-reognized

as of Huronian age, because they are so widely separated from any
beds distinctly recognized as such, and tle reference is based entirely
upon lithological evidence. The rocks also present many features inl

contrast with Laurentian rocks of the Colorado Frotit range.
The Park range, the third of the great Archeam uplifts of tile Rocky

mountains, is a system of highly crystalline rocks of Arcihean age. The
later cks form a very subordinate part of the uplift, rising not more
than a few hundred feet above the plain, where they rest uicontorn -

ably on the older series. The rocks of the Park range resenlble muore
closely those of the Colorado Front range than they do the \lediciue
bow, and are referred to the Laurentian. The range contain s much strue-
tureless granite overlain by gueisses and schists similar to the series of
the Colorado range, but carrying more hornbleude-bearing beds in tIhe
upper members. On the other band, there are not wanting rocks whiuh
are characteristic of the Medicine bow series and which were referred
to the Huronian formation. The range has a monoclinal structure with

the prevailing dips to the west, while an outlying spur to the east
indicates the existence of the eastern side of the fold.

EMiONs, in 1877. describes Rawlings peak as an outlying area of

Archean granite-gneiss which shows distinct lines of bedding, having
an inclination of 450 to the west, while the overlying qnartzites and

sandstones dip 100 to the east.
KING, 7 in 1878, describes the rocks which unconfornably overlie the

Archean of the Colorado range as varying from the lowest Paleozoic up
to the post-Pliocene. The Archlean core of the range is a broad central

anticline, the arch having a flat summit and the dip increasing rapidly

as the axis becomes distant. In this range complex faulting, meta-

morphism and crystallization, combined with widespread erosion, tok

place before the beginning of Cambrian time. The rocks comprise
granites and granite-gncisses, above which, with ]m apparent uncon-
fourmity, are red granites showing distinct bedding, a1d above these a

great thickness of mica-gneisses, the estimated thickness of wthichi is

[BULL..86.
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12,000 to 18,000 feet. From the lowest exposure to the highest there
is a gradual passing froum the structureless granite to the dark mica-
gneisses. Among eruptive rocks are granites, gabbros, and filsite-

porpiyries. The Clark's peak ridge is thought to be another and later
series of rocks than those of the Colorado range.

In the Medicine bow range, above the horitblendic and diorit ie,
gneisses and schists are quartzitic schists, argillites, and limestones.
The gueisses and hornblende-schist are older and underlie, in apparent
conformity, the quartzites.

In the Park range the crystalline rocks all dip to the West, being but.

half of aI allfitcIe, th e other half having siftl red t deep dowiithrow
which has only left, traces of the easterly dips. The rocks are graiuite,
gneiss, hornblende-schists, and dioritoid rocks, with a limited quantity

of quartzites, there being no eruptive rocks, unless some obscure dio-
ritic bodies are intrusive. At Jacks creek is a bed of pure white
quartzite 50 feet thick. The upper members of the \Iedicine bow and
Park ranges, somewhat less than 12,000 or 14,000 feet t hick, are referred
to the Huronian and the remaining formations to the Laurentian.

ENDLICIL in 1879, describes Rawlings peak as consisting of a meta
morphie granite nucleus about which the sedimentary strata are qua
quaversally arranged.

VAN 1isiE,9 in 1889, made observations upon the Laramie and Medi-
cine bow ranges.

The Laramie hills at Sherman, where most structureless, are found
to have alternate bands of coarse and fine material. The latter are
more resistant to weathering and stand out as ridges. This stratifica-
tion or flowage or foliation structureis at a flat aigle-15 0 or 2 0 . Tihe
country granite is cut by very miunerous (likes of granite, which pro-
ject above ie ground in intersecting ridges.

The course of travel in the Medicine bow range was up one of the
braiiehes of the Laramie river to Mediciie peak, and over this range ill
a course north of west across the strike of the rocks down Brush
creek. Mill peak was visited.

The pre-Cambrian rocks first found are banded and contorted gneisses,
varying from fine grained to graiiitoid varieties, which are cut by
horuiblendic and granitic veins or dikes, with here and there consider-
able areas of massive granite. In passing toward the interior of the
range the granite becomes less plentiful and the gneiss more laminated,
passing into regularly banded gneiss, which appears to grade by imper-
ceptible stages, into fine grained green schist, and finally into black
slate. In continuing to pass from east to west quartzites are flund,
hein a broad belt of yellowish white, finely granular chert, with layers

of cherty limestone sometimes ferruginous. A bout a mile before INledi-
cine peak is reached the quartzites appear. These continue (often con-
glomeratic) to beyond Medicine peak. West of Medicine peak are

again found slates, slate-cojiglmerates carrying. abundant pebbles
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of white quartz and granites aid interstratified with quartzite. Schis-
tose and massive basic rocks, much altered, in (like-like forms, are
found in the clastic Series precisely as in the gneissic series. They

oftentimes strike approximately parallel to the inclosing rocks. East

of Medicine peak the rocks, inehling the gneissoid and plastic series,
have a dip of about 600 to 800 to the southeast. Therefore the Iedi-
cine peak series appears to underlie the gneissoid series. The dip of
the Medicine peak series in going north of west beyond the mountain
becomes flatter, until 2 or 3 miles beyond the crest the dips are not
higher than 300, which observations agree with H-ague's statement t hat
west of Aldicine peak is the cr vn of al anticline. As the strike of
the MIedicine peak series is nearly toward hIill peak, and as oi the
top of that peak there are clerts (Ilague's amorphous (} uartzite) and
cherty limestones very like those found east of Medicine peak, it seems
probable that the M ill peak series represents these eherty limestones.
Though the original sedimentary character of the Medicine and Mlill
peak series is evident, the pressure to which the rocks have beep sub-
jected is so great in places that the slate-conglomerates learinig granite

pebbles take on an appearance closely resembling gneisses. Tle grains
of quartz in the fragmental quartzites in thin section also show pro-
fonnd evidence of dynamic action. However, as the layers of pebbles
in the quartzites and the fine laminations in the cherts and cherty
limestones correspond with the schistose structure, there can be no
douht that the strikes and dips are those of bedding.

The foregoing facts seem to imply that in passing up from the gneis-
sic series to west of Medicine peak we have passed a syncline over-
turiied to the west, and 2 or 3 miles west of Medicine peak have nearly

reached the crown of the next anticline. This structure makes the
slat es amd slate-conglomerates bearing granite pebbles the base of the
elastic series, above which are the quartzites, and occupying the high-
est position in the center of the syncline are the cherts and cherty line-
stones of Mill peak and those east of Medicine peak. The plastics thus
rest upon the granite-gneiss series. No contacts or evidence of discord-
ance iln strike or dip were found between them, but the conglomerates
bearing granitic detritus show the presence of a granite earlier thai
the formation of these beds, and presumably the present apparent ac-
cordance and transition are icue to dynamic action, combined, perhaps,
with the disintegration of the earlier series before the plastics were de-
posited.

SUMMARY OF RESULTS.

It is plain that in the Medicine bow range are two classes of rocks:

those which are thorongbly crystalline and are mostly of the acid
type, amd those which are mmmistakable plastics, such as qnartzi is,
conglomerates, mar-bles, cherts, etc., while in the Laramie an1 Park

rangies is oly t he first class. it the w,-hite (qnartzite. which , seems to be
il the nature oI a vein ii the latter, is excluded. The gramites and
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gnoisses NNer(, regarded I)y IIlayden as er11ptiv-e, aind they- were he(lieved

to have intrudted a1nd mnet,1mno1phosed the' 4verlying Paleozoie 11ime-
stones. king "111d IIage, oil the other 11,111d, regard all of the iiate-
rial of the three ranlges as m1etilmOrp1hic, with the exception of the basic
dikes aInd p1ssjbfly some small areas amd dikes of a later granite. That

the horizontal sedimentary rocks were deposited uiicoiuthormably upon
and against these rallges is now admiitted by all; so that the truth of
the observations of Ilayden must be considered doubtful, miless he
loulnl some place where there is actually present later impoutait miia sses
of intrusive granite.

At the present time many would doubt the conclusions of KiNg '1f1d
li a ue, that because the structureless granite of the center of the
ridges vary gradually ii pass hg outward into well laminated gli isses
and schists, therefore the whole is of sedimientary origin, the inte-
rior parts being more completely metamorphosed than the exteriors.
'Thies(, relations might equally well be produced by the increasing g ef
fects of dynamic action upon the otiter borders of once massive ranges.
The variation of massive or nearly massive core rocks into laininated
gnisses and crystalline schists on the outer borders, which occur in
Many other miounltain regions, are thus explained by iunerus later
observers, the whole being regarded as igneous. The lnaintiot is
explained equally as well by one theory as by the other; for ili either case
the central axes are the parts which are most deeply buried, and wIlici,
eveli if composed of material orig'inlly sediimentiry, have become re-
crystallized. Oin either hypothesis it is probable that in the region
under discussion are two fuidainentally different series, t he very an-
cielt crystallines anld the pre-Cambrian chisties. The presence of
abundant granite debris in the lower members of the Medicine peak
series certainly shows the existence of a granite earlier than this time.
That the plastics are later than the clystallines is perhaps Further il-
dicated by the numerous dikes of granite which are funilid ill the mlaiu
granite area, but have not been noted as getting the plastics. It call
iot be said whether inaiiy of the mica-schists and other intermledi'ute
kinds of rocks such as occur in the Medicine how amil Park ranges
belong with the Archean or the Algonkian. It is wholly among the
possibilities that schist series exist which are older thal the granite;
these together forming a basement complex upon which the readily
recognizable plastics were deposited.

SECTION II. CENTRAL AND WESTERN WYOMING.

LITERATURE OF TilE IG, HORN MOUNTAINS.

IIAYDEN, 0 in 1861, states that red leldsl atthic giaI" nites, with meta-

miorphic Slates d11 schists, constitute the Nucleus of the l8 ig Ilorn
mountains. As these ac surrounded b)- strata as recent as the Cre-
taceous, this uIilift is subseIqueint to this timie.



278 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [nUL. 86.

HAYDEN,"1 in 1868, states that the 1inconformity between tlie crys-
talline and 1iii(1 inmekiinJolihosed strata. at the Big Horn iionintais is
very alipar ent.

CARPENTEI? ,12 in 1878, describes the Big Horn range as composed at
the base of thick masses of Primordial sandstone resembling the Pots-
dam sandstone of the Black hills, although the heat coeval with til(

upheaval of the mountains has probably obliterated the fossils wiici
are so abundant in that region. The sandstone rests ulconforimtably

against the Archean, is inclined front the flanks, is folded, and in imaiiy

places is upturned as in the Black hills and Colorado mountains. Above
the sandstone is a limestone containing numerous casts of pirifer cam-
cratus. The crystalline rocks appear at an elevation of about 9,000
feet and compose the higher parts of the range. Near the sunnuit
fine grained, grayish granite predominates, occasionally varied by
various lpatchies of mica-schist. The Owl creek imountaills are coin-
posed of porphyritie graniteiich in Ieldspal, which give place at higher
elevations to a gneissoid granite. They connect the southern end of
the Big Horn mountains with the nortliern part of the Wiud river
range.

LITERATURE OF TIIE RATTLESNAKE MOUNTAINS.

ENGELMANN 5 in 1876,:states that granites and granitic syenites which
are regarded as igneous rocks form a large part of the lRattlcsuake
mountains.

LITElAIATURE OF TilE SWEETWATER AND ADJACENT MOUNTAINS.

BALL,13 in 1835, notes granitic rocks along the Sweetwater.
HAYDEN," in 1868 , Ientions granites and syenites as occurring in

the Sweetwater mountains.

ENGELMANN, in 1876, places the crystalline schists between the three
crossings of the Sweetwater and South pass, and those on the eastern
slope of South pass as metamorphlics. They include gneiss. mIic;-schist,
argillaceons ad siliceous schist, and hloriiblendic rocks.

ENnI. ~iH in 1879, describes in the Sweetwater valley and in ad-
jacent regions Prozoic and metamorphic rocks. In the Sweetwater
hills are Prozoic rocks, coarse grained, structureless granite, like those
west of the Wind river mountains which are cut by basaltic dikes, but

which never penetrate the overlying younger rocks. The netan1or11hdic
granite of the Sweetwater and Seminole hills is regarded as a coil-

tinuation of the youngest granite of the eastern slope of the -Wiud

river range. East of Elkhorn gap is found a series of folded sediimiei-
tary beds, upon both sides of which is granite apparently of the same
character. The northern and northwestern portions of the granite
ills, instead of being composed of Prozoic granite, are formed of strati-
fied granites with hornblende-schists. Toward the eastern ternination
the stratification is so apparent that from a short distance the rocks
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were supposed to be tnuchan-e(l sedirnentatry nes. and the sttspiciorr

presented itself that at portion of these are melan orplhosed Silurian
beds. The Potsdam q iiartzite wvith an easterly dip is found to rest

upon the schists, and at the western end of the Sweetwater hills sub-
Carboniferous dolomites rest directly upon the Prozoic granites. In
the Sweetwater region the younger metamorphics occupy a more coil-
spicuous position than the older metalliferous schists. That the older
scihists and Prozoic granites do not appear is due to the thickness of

the youngest metamorphic series, erosion not having succeeded in cut-
ting through them. The metamorphics are all referred to the Huro-
lan system.

LITERATURE OF THE WIND RIVER MOUNTAINS.

HAYDEN,") in ISO6, states that the Wind river mountains have a
nucleus of red and gray feldspathic granite.

I1AYDJN," in 1868, states that the stratified rocks rest unconforit-
ably upon the granites and syenites of the Wind river mountains along
the eastern slope.

HAYDEN, 4 in 1872, describes the Wind river range as forming a com-

plete anticline. It has a nucleus of granitic or gneissic rocks rising on
either side step by step toward the central axis, and on each side of

the nucleus are the various unchanged rocks inclining at a variety of
angles. From fort Stambaugh northwest toward the granites of Wind

river is tiontid for a distance of 10 miles metamorphic slates.
0oMSToCK,1 4 in 175, describes the Wind river mouiitatins as having

a nucleal area of gray and reddish granites, gneissoid "ranites, gncisses,

metamorplhie slates and schists, and pre-Potsdam inetamorphics, this
being the 1rder of succession from the center to either think. It is

doubtful whether any igneous rocks here occur, and there appears to
be a gradation from the structureless granites to the pre-Potsdam meta-
morphics.

ENDLErcii in 1879, describes the geology of the Wind river nOuln-
tains and country east ward. The crystalline rocks are divided into
Prozoic anidi Metamorphic. Placed as belonging to the Prozoic is the
course grained, structureless red granite terming the subsidiary range
along the western base of the mountains. Going eastward the granites
disappear and in the Wind river range schists take their place. These
granites and those of the Sweetwater and Granite hills are believed to
have a subterranean connection and are regarded as the oldest rocks of
the Wind river mountains because of the absence of all structure, their
posit ion relative to the range and their relations to the undoubted meta-
Imorphics to the east. Against them were deposited the old metallifer-

ous schists. Granite composing the main chain followed, and this was
succeeded by a narrow band of schist, and the fourth or lowest group
is represented by the younger granites. The metamorphic rocks of the
Wind river mountains are mainly granites but are associated with
schists; but the layers of different mineralogical constitution do not
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appear to remain constant in certain zones. Passing to the eastward
the granites disappear and are replaced by schistose granites or typical
schists. The granites are flexed and contorted in every possible diree-

tion and contain simplee bands of micaceous al chloritie schists, which
denote the original planes of stratification. It is believed that by a
careful examination evidence will be fi ud bearing upon the former

condition of this metamorphic area. The Wind river range is regarded

as a steep antielinal fold. The rocks coiistituting it are regarded as
representing siliceous sales (schists) and are more or less argillaceous

sandstones (granites). On the eastern side of the Wind river range is
found hard red quartzitic sandstones directly overlying the youngest

metamorphic granites. It extends up the gently sloping ridges in a

scalloped line. In direct contact with the granites it is difficult to
determine where the granite ends and the quartzite begins, so that it

may be said that the quartzites and granites blend into each other. It

appears that the lowest Silurian strata were deposited before the thor-
ough mletanmorphosis of the entire mass took place, unless the change
in the sandstone is caused by a generation of heat during the period of
mountain elevation. The Archeaii rocks of the Wind river, Sweetwater,
and adjacent rauges are classified into the Iuronianl, Laurentian, and
Prozoic systems. The first includes micaceous, horn-blendie, and chlor-
itie granite, 30.000 feet thick. The Laurentian includes metalliferous
schists coimosed of quartz, feldspar, hornblende, and mica, 18,000 feet
thick. The Prozoic includes massive strmctineless muscovite granite
of indefinite thickness.

PEALE, in 1879, states that the western foothills of the Wind river
nomtaiiis and a tew isolated buttes are composed of muscovite granite,
the most prominent of the latter being Fremo nt's butte.

ST. Jo1N," in 1883, describes the Arehean rocks of the Wind river

range and gives a number of sections showing the uncontnirmable rela-

tions of these rocks to the overlying Potsdam and higher sedimienta-
ries. The Archean area is composed of granitie, gneissic, and various
schistose rocks, including hornblendic, micaceous, talcose, and garnet-
iterous varieties.

LITERATURE OF TIIE GROSS VENTURE AND WYOMING RANGES.

ST. JOIN' in 1879, states that the Gros Ventre range has an
Archean micleus, consisting chiefly of distorted gneissic aid schistose
layers, and ti lrnis a sort of transverse bar or truss connecting the

Wind river and Tetou rauanges. The Primordial quartzite was seen
lying in immediate contact uconornably above the Archean schists,

from which it is separated by a rose-colored finely laminated gneissoid
layer, which may be the ietanor phiosed basal member of the quartzite.

ST. JOHN," in 1883, further describes the Gros Ventre range and
gives various sections through it. The Primordial quartzite rests di-

rectly upon the Archean rocks. Il the Wyoming, as in the Gros Ventre
range, the Archean is unconthrimahly below the stratified rocks.
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LITERATURE OF THE TETON RlANGE.

BR ADLEY, 1 ii TS73, describes the central nucleiis of the Teton
mountains as coiisisting of granites, gneisses, and schists which vary
greatly in character. No rock succession was ascertaiined. The gnite
is in thick solid beds and the other rocks are much broken ami tilted
in various ways, and are crossed in every direction by inmmienable
large and small veins, mostly of quartz, but a few of granite. There
is a general strike ini an east and west direction. Trap-like rocks are

interlaminated with the gneiss and granite, which suggest that they
may be dikes, but they are evidently conformable with the layers and
were either contemporaneous sheets or else subsequent t intruisives.

ST. JOHN, 17 in 1879, describes Archean rocks as constituting the nn-
cleal ridge of the Teton mountains. The major portion of their are
inetamiorphics of a gneissic or schistose variety. The Archean strata
of the Tetoi, Wyoiming and Gros Ventre ranges are divided into
luronian aind Laurentiai. With the former are placed the qgartzites,
micaceous and chloritic slates forming heavy deposits several thisand
feet in thickness and developed only in the southwest, while with the
Laurentian are the gneisses, various schistose rocks, ad granite. In
the southwest part of the Teton district is a narrow tongue of quartz-
ites which are placed with the Piimordial, but may be Huronian.

SUMMA RY OF RESULTS.

The rocks referred to the Archean by the various authors can, with
considerable certainty, be considered pre-Cambrian, as the region is one
in which 1m folding has taken place since the beginning of Paleozoie
time, and the various members of the Paleozoic are found in tnicon-

formable contact with the underlying crystallines at many points. It
is not necessary to assume, as was done by Endlich, that a port ion of
the metamorphism of the Achi11an took place snbsequelt to Paleozoic
time, for the indutrated quartzites so often touned in direct coiitact with
the crystalline strata have probably been thus hardened by the now
well known process of cementation. The quartzites which so closely
resemble the unaltered granite are doubtless recomposed rocks which
have been cemented in the same manner.

Whether among the pre-Cambrian rocks in these various ranges of
moinlltailis there are any which are now of a distinctly elastic character is
uncertain. Those between fort Stambaniglh and the central Wind iiver
mass spoken of as metamorphic slates, and the rocks described by St.
John in the southwestern part of the Teton district as consisting of
quartzites, micaceous and chloritic slates, may very likely be of this
character, but it is not certain that the latter do not belong to the Cami-
brian, for nothing is said of their relit ions to the recogn izAble Paleozoics.

The separation of the rocks into Laireitian a d I liroiniali, or into
Prozoic, Laurentian and I luroinian, as is done by Eanllich,is lourelylitho-

logical. They are all thoroughly crystalline, and have been assumed by

VAN IIISE.]
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the vanriois authors to be mietaitorplic beiaise having a 1a1tininat in or
foliation,aml the more massive rocks are regarded as being oller because
more metamnorphic, and also because they are usually core rocks. As

has been seen in the case of the Laranie hills and other regions, these
facts may be egnally well explained by regarding the rocks as all an-
cient igneous rocks, parts of which have been given a laminated struc-
ture by dynamic action.

Nowhere is anything said as to any iteonfiruable relations between

any parts of the various series refterred respectively to the Huronian,
Laurentian, or Prozoie, as the case may be. Conseq(iently the only sure

structural conclusion reached is that there is in these tnoilltailt ranges
a great complex of granites, gneisses, and schists, thoroughly crystal-

line, and as yet undivided, whieh are of pre-Caml.brian age.

SECTION III. CENTRAL AND SOUTH-WESTEEN MONTANA, WITH ADJA-
CENT PARTS OF WYOMING AND IDAhO.

LI'TERATURtiE.

HAYDEN,1 0 in 1861, describes along the Madison, one of the forks of
the Missouri, beds of teldspathic rocks, and mica-slates and clay-slates
above the eruptive granites of the region.

HAYDEN,'0 ill 1872, describes Archeati rocks at many points in south-
western Montana. Among the localities mentioned, the following are
wiorthuy of inote: Upoin 1,Iack-laied Dver creek in soiuthiwesterii Moti-
tana is anl immense thickness of altetirat ing beds of quartzites, trie
gneiss and mica-schist, the first predotmittatiig, aml in'lining to the

west from 300 to 450. Old granite ridges are also 1in 1d. Oit the north
side of this creek are gneissic beds. wh ich 11 ince to the northwest at
angles varying from 300 to 600. On the Stinking water are inunense
tiJicknesses of mincaceous gneiss underlying massive layers of quartz-

ite. Along the Madison caniyon is found granite. Tile rocks adjacent
to Virginia City are clearly stratitied, wholly ntetamorphiic, and are

regarded as below the Paleozoic. Upot the Upper Gallatiti are gra-

nitic nuclei, with the unchanged sedimnentary beds nimn the sides and

summits inclining at various angles. it the lirst cattyon of the Yel-

lowstone is true gneissoid granite and micaceous gneiss of different

shades of color, giving its sides a peculiar ly stratified appearance. At

Cinnabar Imounta it is a plainly itmetamllorpilic i Iet isit teldspathlic quartz-

ite, upon1 which rests ncontforumably tite Car'boniferous limestone.
Hell-Roaring monittain consists of stratitied gneiss antd massive red or
gray leldsipath c granite. At Horse plain valley are quartzites and
licaceous scliists, which rise beneath the limestones and quartzites of

Carboniferous age.
PEALE,20 in 1872, gives many details with reference to the lithological

and mineralogical character of the rocks, the locations of which are
given by Hayden.
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1lAYDEN,2 in 1873, Div(5 In :nly additimill tIinIl wvith rei'ferince to the
occurrence of Archeait rocks iii soul lwesterni Moiutalm, al adjacent
regions. 'The moiutain ragec east of the Yellowstone, supposed to be
mostly of igneous origin, has the characteristic granitic nucleus com-

mon to the mountain ranges of the region. In ascending the lower
canyon of the Yellowstone the first ridge is composed mostly of meta-
morphic qnartzite,the second of mica-sch ists and granitoid gneiss. The
ribboning anid banding of the gneiss is (jaite remarkable for its perfec-

tion and regularity. Granitic rocks constitute the nucleus of the Yel-

lowstone range and make iil) a rllgged granite range east of Clarks

fork. At Henrys lake and Tahigee pass the quartzites and gneissic
rocks appear beneath the limestones. The lower portion of the un-
changed rocks are eblbly arenaceous salistones and limestones eon-
taining pebbles wicl are much worn andi are either 4liartz or micaceous
gneiss, showing tlhat the sedimetits were derived directly from the

metamorphi rocks. The lowest strata of unchanged rocks are here
regarded as Silurian, and probably Potsdam, altuon glh no orgallic
remains were found. The Carboiiferous limestones higherup are filled
with characteristic fossils. In the Middle canyon of the Madison the
stratified rocks are also believed to belong to the Potsdam epoch,
although no fossils were found lower than the Carboniferous, and here
the unconformable relations of the limestones to the metamorpliic rocks
are clearly shown. OUi both sides of the Madison there is, in restricted
localities, an enormous develoinent of very hard gray qmuartzitic sand-
stone, apparently partially metamorplosed, which evidently t)rms the
underlying rocks of the setimtuientary strata resting oil the strictly mneta-

imorphic gneiss. No organi lite has been louid, yet it undoubtedly
belongs to the oldest Silurian. Along the valley of the Madison, be-
low the mouti of Cherry creek, for several miles there are successions
of gleissic beds thousandS of feet in thickness, which show great vari-

ety of complosition and tiexures in the bedding. In this gneiss are
layers of black horuiblende gneiss 4 to 6 feet thick, which appear as
thogh they were intrusions of trap. Near Helena the sedimentary
beds overlying the granite are tilted from 200 to 450 past a vertical.
The work of reducing the metamorphic strata which underlie the entire
country to a system and connecting them over extended areas has not
been attempted, and it seems to the author an almost hopeless as well
as a fruitless task.

PEALE,22 in 1873, describes at many localities crystalline rocks in

southwestern Montana and adjacent regions. Gneissic and granitic
rocks are mentioned in the Cinnabar mountains, in the rocks of the
Third canyon of the Yellowstone, at Elk creek, at the junction of the
two forks of the Yellowstore, at West Gallatin canyon, Bozeman
creek, and other localities. Upon one of the head waters of the Madison
are found quartz-schists and chlorite-schists, below which in apparent
conformity are layers of limestone. Still below these are Carboniferous

283VAN 1SE.1
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limestones. The whole is believed to be an vertilri. Between 1Red
Rwok lake anid ifenry lake is an exposur-e of (11iirtz-seiiist lippiiiint to
the southwest at an angle of 200, estimated to be 2,000 feet in th ick-
ness, which is believed to rest directly upon the granite. On Cherry
creek the gneissic rocks are succeeded by beds of massive <ijartzite,
shale, limestones, etc., resting unconformably upoii them, the latter
being probably Lower Silurian.

IIAYDEN, 3 in 1876, describes some geological sections about the
headwaters of the Missouri and Yellowstone rivers. There is an anti-
clinal axis between the Madisou and Jefferson which has a graiitie

nucleus, and ot the east side of the Gallatin the Silurian rocks rest
ltpoiI granitic hills.
IIOLME, in 1883, describes the Silurian strata as resting upon the

metamorp hic rocks at Cinnabar mountains. The butte at Pear gulch
is composed of vertical sales, and these are underlain by mettn 01phic
quartzites. Between the butte and Jnnetioni valley are hard imeta-
moruphic quartzites and quartzitie schists wiicih not improbably

consist chiefly of altered and distorted Paleozoic or MIesozoic strata,
but there is but slight resemblance to these tormnations. The ridge
near the canyon of Bear creek is composed of schists that have a
decided quartzitie character. The East Gallatin range is largely of
granite. At different places the Archean gran ites are i1c1o( iiombly
overlai by the Silurian.

JAvIs, 2 5 in 1886, describes Archean rocks as occurring in the neigh-
borhood of Neihart, about the headwaters of Belt creek in the Little
Belt mountains. They are dalk reddish amd gray gueisses with the
folia generally at steel) angles, cut by graniitic eruptiouis that were not
tfuid to extend into the overlying bedded rocks. The Paleozoic serieS

begins with a vast series of Lower Cambria n barren slates, at least 10,000
or 15,000 feet thick at niaiy places. The slates are cap ped by hard san id-
st1one or quartzite, 100 or 150 feet thick, persistent throughout the area
examined, which is overlain by an equally persistent trilobitic lime-
stone 100 to 300 feet thick clearly of Potsdami date. With the upper
nemibers of these slates are found diabasic eruptions. These lower

Cambrian slates are found in the main range at Cadottes pass, ini the
Big Belt mountains, and in the Little Belt- range. Il the sections the

Archean rocks at Little belt are represented as resting uincoitormably
lelow the Lower Cambrian slates, while on the Bridger range they are

placed in conformity with the slates.
PrA,] since 1884, has been working on the " Three Forks Sheet"

of Montana (the square degree included between 1110 and 1120 of lon-
gitude and 450 and 460 of latitude). In the northern part, in the
Bridger range, of this area is thuind Archan gneisses.

Other Archeni areas are the one extending north of Virginia city
somi 25 miles, in which a body of eruptive granite occurs, and the olie

bordering the canyon of the Madison. The gneiss of the Madison can-
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yon extends across to the Gallatin canyon, a distance of 24 miles. This
latter belt is about 12 miles ill Width. There are also two smaller
4g1teissic areas borlderig the southern edge of the Gallatin valley. The
beds of I wmer Cambrian 1ae at a nunterof localities il the rat e inchtie
al zg111,- fragneiits aid masses of gray and red gneiss, evidently derived
f'romi these Ar(hean beds.

In the vicinity of the Three lurks and in the northern portion of the
Bridge range, lying between he basal qnartzite of Lower Cmnbria

ae and the Arhei gneisses referred to above, is another series of bt(s

that a1re considered pre-Cambrian. This group, referred to thi Alg on-
kian. has a thickness of 5,000 or 6,000 feet in the Bridger rain"e ain( is
Correlated With the Lower Camlbriali barren slates of mnieli "neater
thickness toun by )avis 1irther to the north. The beds are made ill)
of Ilternatioins of coarse mieaceous sandstones and tine conglomerates
with beds of hard argillaceous slates and bands of very hamrd thin-
bedded dark blue limestones. These are the beds seeln by II ayden in
1861 which were mistaken for eruptives, and which were described 1by
Peach in 1873. Where the lowest exposures weru notei, pbibles and
a :tgiiht - masses of the Archean gneisses are numerous ill these s:111(-

stones, inicating that Archean land masses existed not tii to the south-
ward. In fa(t the ancient shore line crossed the area from 12 to 15
miles south of the liorthern limit of the Three forks sheet. As to a e,
this series is probably pre-Cambrian as it lies below beds contai i
Lover Caibrian f issils, being 11)n1o ssililerons themselves so lly is

examined. So ftr as observed no evidentt notmfiortmitv exists 1het weet

the series ato the overlying Cambrian beds, but there is certainly an
ulonitinroniity by subsidence, t afIter the series was deii (sited t here

was ati oroiglphic mtoveuent by which the Archean area of neatly tihle
entire district of the sheet soath of the Three tirks was subimerel just
prior to the bo'giining of the Camblriin, as is shown by the great south-
ward extent of the mwer or basal 1 o1a1rtzite over this area which was

not betore submnerged and which theretore shows no rocks of this A I4tt-
kian series. Whether the imtveiment occurred itmmed iaitely after the lay-
iwg down of the Algonkian beds just desCiiled or :tlter att interval tim
nut bec decided with the me1cager data now at haud.

South of the ol shore line the A1goinkiani gri nip is absent, the imwer

quartzite of the it uloihted Ca iri ot 'an everywhere lying ini niitiittlahly
Upon the Archea i gneisses, with the exception of tWo localities, wAhere

it rests upon a series of beds considered to be a lower divisionn of the
Algtoikian. The main area is on the west side of the MJadison river,
a bont 20 miles sout of Meadow creek, and is about 8 miles il leng th
by albotf 4 ili wi i th. A limited area of these beds occur ot the east
side of the iallison valley at the west edge of the M1adison rtnge b'-

w'eet l8itr amd I ndim t reeks. The series consists of crNystalline lime-
stones, mita-schii's, qttzitcs, 1ttd gttiisses, very liighvly inclined and
COinfotmable so Gar as seen with the stratilicition or beidlin of the

285VAI 11 1,;.
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gleisses. Wi tlimit 1mlore detailed exami1nation and search for obscure
tP1ls it is illim5ssible to estimiite the total thickness, but it is certainly
very great.

SUMMARY OF RE$S1LTS.

It IS evide t, from the literature, as well as front layIen'S owin state-

ment, that no system atie work has been done amloi g the pre-Caubriai
rocks, with the exception of that by Peale oi the Tlh-ee forks sheet.
The infirmatio1i at hand makes it clear that this region vill yield re-
sults of extrele interest whenl ('ll slIder'al le ar'eas a i capped. In thile
region ai'e great areas of intricately min led gninitic aillt g ei ssic rot'ks
which certainly belong to the A rehean. Associated with this class of
rocks are immense thicknesses of regularly bedded gneisses, miica-
schists, chlorite-sehists, quartz-schiists, quartzites, and limestones.
Whether the regular lamination of the gneiss is due to sedimentatioi
or to other forces is uncertain, but the great belts of interstratified
crystalline limestone, quartz-schists, and quartzites are evidence that
here is a series of elastic' origil, although at the present time it has
become thoroughly crystalline. The relations of this series to the
gran1ites and gneisses doubt fully referred to the Archean have not beent
Worked out.
There is also ill this region, as shown by the work of Davis and

Peale, a great series of unaltered strata which are 1 robal ly Algonkian.
This series is a downiwa1rd succession of barren slates below the lbssil-

iferouts Cambrian, and if Algoikian, is the uppermiost division and
equivalent to tih' upper Algonkian of the Wasatch. Peale', results
indicate that while there is no actual nconlli -m ity, there is a change

of' physical coiditions, a subsidence, and perhaps a real time break be-

twein the Canbriai aiid Algoiikiaii. Nowhere yet have the inaltered
bar'rn'm slates aniid the I miore ('iystall lie seriesof (lastic olrgin11 beell tOh 11(d
in comitact. Between the slates and the Archean gleisses is a great un-
contiirmiiity, alid there is little doubt, when the uinaltered series is car-
ried over to the vertical limestones, qnartzites. a id luartz-schists, that

it will be found t(o rest ipllon them uincon irn1ablI y. There is, then, in

this region probal y two series of Algmkiai rocks, one almost com-

pletely unaltered, the other thoroughly crystalline, aid both of great
thickness.

SECTION IV. UTAII AND SOUTHEASTERN NEVADA.

LITERATURE OF THE UINTA MOUNTAINS.

MARSH,l il 1871, states that in the Uinta mountains is au extensive
series consist ing of reddish sandstones and (ua rtzites, sometiles meta-

morh( sed and ipp arently without toissils. The series is referred pro-
visioldly to the Siluriai on the gronjid tlhiat rest iig coinithirmiably upon
them are limestones being Carbo ifertus lhissils.
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HAYDEN,
4 

in 1872, states tlhat ill the 13iintas, from the red beds of the
Triassic to the oldest qualrtzites no 1ulcon' r1nity was detected. The

whole series has a th ickness of 10,000 flet or more; of this the li 1wer

8,000 consists of sandstones and quartzites. Although n1 fossils were

tot imd, the upper part of these 8,000 feet is believed to be Sillrian aid
to pass down without a break to the rocks of the ituronian age. The
piartzites are like the Sioux tills, Dakota. quartzites which are associ-

ated with the pipestotie referred by I all to the II 1ou ian. In the

Uinta series is an excellent illustrationl of a grioad l transition from
unchanged to mei t orphie rocks.

Passing upward to the crest of the mountains, but downward in a
geological sense, we find a series of pu1rlish sandstones :(nil slates,

Conformable with the limestones and app 0rently unchal gd, which

gradually pass into thick bedls of gray and purple quartzite, which are

exceedingly brittle and plainly metamorphosed by ieat. The later
formations once passed over the older ones in the Uintas, and therefore
there has been in this region treleldous erosive forces. On Red creek,

the only place where such a rock is fo1un1, is the largest disphly of white

quartz that the author has seen in the West. This is associated with

outbursts of old trap a(nd some beds of true gileiss and(l mica-schist.

The igneous matter has p14 trled itself in every opening or fissure in

every possible direction, sometimes 1bletwen the strta 1111 somiletime:

across them, in thin laye or in huge branching n1sses. It is believed

that this igneous material wais protrl-ie(1 among the quartz bed(s prior

to their upheaval. It is difficult tO( a(conut for this development of quartz

with gneiss, which rises abruptly above the quartzite, occupying a helt

5 to 9 miles in width and ending as abruptly as it commnences. The

upper (1a11t zites and white quartz beds seem to conform. It is remalked

that the gelogy of the eastern portion of the Uinta range is very cmn-

plicated -,m interesting, but to have solved the problent to entire s:l -

isfaction would have required a week or two.

POWELL,
28 

in 1874, describes in the inta mountains crystalline

schists upon which rest unconflorm ble Carl1bonifero11s rocks.

PFOWELL," in1876, describes the i'int;i s1ds5tnes, slues, and (qulnrz-

ites 12,500 feet thick, as resting uIneonoh1mably below the Lodor(e

group. Agaili, uncontbrmably below the Iiinta sandstone is the RYd
creek quartzite assoilted Witi 14ornb1le(li and 1i(e1eois schists,
10,000 feet thick. It is evident that the letamorplhisill of tilie R4 41
creek quartzite is interior to the deposition of tlie Ui 1ta group(, fin. t1

beds of the latter, especially near the junction, are chiefly iade i of,

fragments of the t1(111er; hence the unontri uty is very great, and the

quartzite was a lofty headland in the old Inta sea-perhiaps 20,000 feet

high--when the I1west member of the 1 inta sadstone was forced.

Tle period of erosion separating the U'i ta sandstones rtm11 the ('ar-

boniteros beds was suflitient to carry 11awav at least '3.000 li-et of t he

former, and how much more caii not be said. This 1ncon ilrmity is
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seen at Whirllu 1 canyon and the Canyon of Loilore, the diflerence
of clip between the two groups beilig from 40 to 0,Id the mlemnbers

of the Lodore grollp steadily overlapping the upper members ft the
Uinta and c cutting olnore than 2,000 feet of the Iatter. At the canyon
of LilOire the Uinta sandstone also protrudes into the Lodore sales.
Oil the Northeast side ot 0-wi-yu-kuts platean the Uinta sanistones
are seen to Iisap pear, having been cut oft by erosion beti re the de o-
sitiou Of the limestoine, and there is from 1,000 to 2,000 fret more of the
Uinta sainistone at one end of the ridge than at the other. The liii-
coitbirmity can also be seen iu the canyon of Junction moun tain, and
has been observed on the south side of the Uinta mountains in a can-
yon cut by the tributaries of the Uinta river. It is suggested timt the

Uinta sandiistones may be considered as Devoniali, anl opinion which
wouili be yielded upon the slightest paleonltological evidence to the
contraiv.

The Red creek quartzite is believed to be Eozoic. This EIOzoi is
in hirge part a pure white quartz, but is intimately associated with
iir gallar aggregat n ais Of hionIihbled ic ao1in ieaceoiis sclists. These
schists were, perimps, aigillaceous strata between the thiickei strata of
pale siliceous saudi mtme. The whole group has been greatly netaniml.-

pliosed so as almost to obliterate the original graitular or sedinmentaiy
structure so far as is apparent to the naked eve. Besides the leerys-

tallization, they 1mve been protoindly plicated or implieafed, so that it
is ml lv in a geneal way that any original stratification can be observed.

The great mass (if the Uinta range is of the Uinta sainistone. ln-

tercalated with these are shales, argillaceiUs material, aini selicys-
talline quartzite; the whole group is exceedingly ferr1igi lms and cou -
tains seams of clay ironstone. Whili weeks '11id months were spent
ini the search, no tssils were hinid in the li1nta group. The Vial a
monitains as a wlOe have been produced by the degradatioi Ori a
grcat uphleaved block, having its axis ill a general east and west direc-
tion. The nidpeaval is partly a flexed. partly a f1iulted one-the Major

pint of the flauilting 1a the steeper inclinations being o 1 the north
side.

E-inONS (S. F.),6 in 1877, describes the Uinta mountains as a rema-k-
ably simple and regular uplift of an intense thickness of conifonalble
strata, the regularity being disturbed oily abont a small area of Arch-

ean i cks at the eastern end. These old rocks, occurring al hnig ld
creek a il1 coveri ig a comparatively small area, are (jilait zites, white

mnica -sch ists, a n d horn lende-sch ists, with a local devel pnent of parag
oiite beds, and they corlespoiid most nearly to those (lassed as
111nioiiiani in the lUocyhiv mn iita ils. The beds are steeply inclined and

have slltiered intense eoiiipiressioun and distortion. The general section
is that of a doiiblie ;iticliiie.

(_)n these Older rocks are seen the coii orniahly genutly dipping Weber
q iartzites, anld the succeediniig heils were then deposited arotin d t-Ie

288 t nr'LL. 86.
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shores of an Archean islaiil. Above the Archean is a thickness of
10,000 or 12,000 teet of lncontformliable b eds, part of which consists very

largely of quartzite and is reg;arded as before the Carboniferous, while

the upper part is placed in the Upper Coal Measures and Permo-Car-
boniferoiis. The Upper Coal Measures are limestones and sandstones
and bear fossils; but in the great thickness of lower beds referred to
the WNeber no fossils are fonal.

KING,7 in 1878, describes the Archean rocks of the Uinta range as a
group of pure white qiartzites, horibleiide schists, hydromica- (parag-
onite) selist, richly charged with garnet, staurolite, and minte crys-
tals of eyanite. They are referred to the Hnronian.

The Paleozoic rocks of the Uintas rest uneonformalhly upon the
Arcelica. They comiiprise au immense body of qiartzites and inda-

rated saindstones in-terialated with shares, 12,000 feet in thickness, re-
ferred- ot, however, without some questioning-to the Weber quartz-
ite or Mliddle Coal-measures. Directly overlying these is a series of
saudstoues and limestones having a thickness of 2,000 or 2,500 feet in
which Coal-measure fossils are obtained.

PEALE,1' in 1879, describes in the Green river district, at Station 77,
a Cambrian seel ion consisting largely of quartzite and amounting to
7,000 feet. At Station 130 is atotheir red quartzite which has a lime-
stone below it, and below them a series of green chloritic rocks unlike
those of any other section in the district. The author inclines to place
these below the Cambrian quartzites and considers thiemi of probably
HIuronialn age. None of these sections expose the underlying crystal-
line sehists.

VAN HISE,1 in 1889, examined the Archiean core of the Uintas. The

so-called white quartzite is lound to be largely composed of white feld-
spar. It is thoroughlycrystallineand its lithological affinities are rather
with the granites than the quartzites. The black bands contained in
it, supposed by some to represent original layers of a different consti-
tution, and by others to represent dikes, were tound to be much altered
eruptives. The inconlormable contact between the Uinta series and
the Archean was seen at may points.

LITERATE RE OF THE WASATCH MOUNTAINS.

HAYDEN," in 1872, describes ill the Wasatch mountains and on the
canyon of the Weber a nucleus of granite. In Box Elder canyon are
gneisses, quartzites, and slates. It the Port Neuf canyon there are
exposed at least 10,000 feet of quartzite, the age of which is obscure,
the only thing indicating its position being that Carboniferous fossils
are found in the upper horizon.

SILLIMAN 3 0 in 1872, regards the granite of Big and Little Cotton-
wood canyons as probably metamorphic from conglomerates, because
of the conspicuous patches of dark colored material which they have
in a light gray misatrix, and because with a glass there can be detected
a sort olf pebhle-like rouIiduess in the quartz of the granite.

Bull. 86 19
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HAYDEN, 21 in 1873, describes syenite in the Little Cottonwood canyon
of the Wasatch at the base of the series, upon which rest feldspathic
gneissic strata, and unconfornably upon these the lower quartzites.
The Wasatch is probably a complete anticlinal fold.

PEALE,22 in 1873, states that the base of the mountains near Ogden
is for the most part a red syenite which passes into granite and gneiss,
and contains in places veins of hornblende, quartz, and specular iron.
The granites of Cottonwood creek are conspicuously bedded, the dip
being about 500 or 701 to the east, and they contain rounded pebble-like
masses of a dark color inclosed within the gray matrix. These gran-
ites are cut by veins of feldspar. The pebble-like masses suggest that
the formation is metamorphic.

BRADLEY,18 in 1873, regards the core of the Wasatch as metamorphic.
The occurrence of angular and rounded patches of dark material in the
granite of the Little Cottonwood canyon is taken as evidence that
these were pebbles of a conglomerate before its metamorphism. The
rocks are chiefly hornblendic gneiss and syenite, with quartz veins.

HOWELL 3, in 1875, states that in Rock canyon, near Provo, pebbly
chlorite-schist is unconformably below hard quartzite.

EMMONS, (S. F.)6, in 1877, describes the Wasatch range as a sharp
north and south anticlinal told over preexisting ridges of granite and
unconformable Archean beds, the axis being bent and contorted by
longitudinal compression so that at times it assumes a direction approx-
itnately east and west. In connection with the folding is a widely-
spread system of faulting and dislocation, in a direction generally par-
allel to the main lie of elevation, which has cut off and thrown down
the western members of the longitudinal folds and the western ends of
the transverse folds, and they are now buried beneath the valley plains.
In the northern region is a second broad anticlinal fiild to the east of
the main line of elevation. This mountain range occupies the line of
former Archean uplift, around which were deposited a thickness of
30,000 or 40,000 feet of practically conformable beds extending upward
from the Cambrian to the Jurassic. At the base of the Paleozoic is the
Cambrian formation, which has a small thickness of calcareous slates
bearing Primordial fossils and a great thickmness of white quartzite, in-
cluding a few micaceous beds and argillites, the whole being 12,000
feet. The granite mass constituting the center of the Wasatch was
not protruded through the sedimentary rocks, but' the latter were de-

posited around them, and their present conditions are due to subsequent
elevation, flexure, dislocation, and erosion.

In the Cottonwood canyons is a large mass of granite which shows
a conoidal structure, and, while massive, has distinct planes of cleavage
which dip 500 to the westward. It is a white, rather coarse grained
granite, dotted here and there with round black spots where there has
been a concentration of the dark green hornblende, which is a promi-
nent constituent of the mass. On the western flanks of the Cotton,-
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wood granites are some remnants of Archean quartzites and schists,
which have a general strike northeast, and dip from 450 to 600 to the
westward. At the mouth of the Little Cottonwood canyon they con-
sist of a body of quartzites about 1,000 feet in thickness. These quartz-
ites are different from the Cambrian quartzites of the Big Cottonwood
canyon; they contain mica in varying quantity, and where this is
abundant approach a true mica-schist. Toward the mouth of the can-
yon the mica is replaced by hornblende. Between the Cottonwood
canyons is about 2,000 feet of Archean slates, quartzites, hornblende-
schists, and mica-schists. The Cambrian slates above the granites of
the Cottonwood stand at an angle of 450 dipping to the northeast. It
is difficult to tell whether the granite should be considered as a part of
the main granite body, which it does not resemble very closely, or with
the later outbursts of granite-porphyries and diorites which intersect
the sedimentary beds of this region. These dikes are very frequent,
especially around the Clayton peak mass, and in the region where the
mineralization of the beds has been most developed. One of these in
the Wasatch limestones is a dike 20 feet wide of syenitic granite-
porphyry. The Paleozoic beds of the Cottonwood canyons, which fold
around and partly cover the granite bodies, have been subjected to in-
tense compression and local metamorphism, and cut by intrusive dikes
and mineral veins.

The Farmington Archean body is composed of a conformable series
of gneisses, mica-gneisses, and quartzites, 12,000 or 15,000 feet thick,
which dip westerly at about 150 or 200. The lowest part of the series
is coarse and structureless, but it grades up into an evenly bedded
rock.

HAGUE,6 in 1877, describes the northern Wasatch region and the
region north of Salt lake. The geological structure of the Front range
remains of the same type as to the southward, but the Archean rocks
are less abundant. In the lower canyon of the Weber river are rocks
like the Farmington Archean body, which have, however, a westerly
dip of 400. The Cambrian quartzite of Ogden peak lies unconforni ably
on the edge of the Archean beds. In the Ogden canyon the quartzite
is occasionally conglomeratic, containing pebbles of quartzite and jas-
per. These pebbles are sometimes flattened and elongated in almond-
shaped bodies, and are frequently distorted and banded into curious
forms. Sometimes two or more pebbles are pressed together so as to
form apparently one mass. The flattened pebbles appear with their
longer axes in parallel planes.

KING,' in 1878, states that on the west side of the Wasatch is a fault
which has thrown the layers downward from 3,000 to 40,000 feet. The
Archean rocks occupy the core of the range. Above these is uncon-
formably exposed in the Cottonwood canyons a conformable series of
Paleozoic strata 30,000 feet thick. The nucleus of the Archean rocks
in the Cottonwood area is a mass of granite and granite-gneiss. This



292 PRE-CAMBRIAN ROCKS OF NORTH ANIER[C A. [BULL. 8.

rock at Clayton's peak possesses the physical habit of a truly eruptive
granite and has been the center of local metamorphism, but the evi-
dence points to the belief that it is of Archean age. Iii the Cotton-
wood canyon there is no sharp division between the structureless gran-
ite and the bedded gneissoid form. In the neighborhood of Clayton's
peak are bodies of granite-porphyry which are probably a dependent
of the granite. West of the granite body of Little Cottonwood canyon
is a belt of Archean schists and quartzites having a thickness of 2,000
or 3,000 feet and dipping at a high angle to the northeast. In the Lit-
tle Cottonwood canyon the qluartzites are in junction with the granite,
while at the mouth of Big Cottonwood canyon, in direct contact with
the granite is mica-schist. Between the Arclhean granite and the crys-
talline schists there are no transitions synch as to lead to the belief that
the granite is a more highly metamorphic form of the schist. The con-
tact is clearly defined, the rocks mineralogically dissimilar, and the
granite is either an intrusive mass, or else an original boss over which
the Archean sedimentary materials were deposited. The absence of
granite dikes in the schists strengthens the belief that the granite is
older. The Cambrian rocks are in such a position as to indicate that
the granites and schists alike antedate then, although in some in-
stances intrusive dikes do cut the muarbleized limestone, but they are
middle-age porphyries, not to be con btinded with the Archean crystal-
line rocks.

In the next Archean mass to the north-the Farmington area-in
Sawmill canyon, there seems to be two distinct series. The later series
consists of conformable beds of gneiss, quartzite, and hornblende-
schist, which dip west at angles from 150 to 400 , and rest unconform-
ably upon an intensely metamorphosed material composed of quartz,
orthoclase, and muscovite. In reference to the Farmington gneisses it
is said: A mica-schist passing into a hornblende-schist, or a horn-

blende-schist into a granite, or a gneiss rock into an argillite, along
the line of their longitudinal extensions, are phenomena which fail to
appear on the fortieth parallel. The small granitoid body in Sawmill
canyon is referred to the Laurentian, while the second series of meta-

morphic rocks, comprising the gneisses and schists, 12,000 or 14,000

feet thick, are reterred to the Huronian, as are also the argillites of

Salt lake islands.
The i aleozoic series of the Wasatch, although 30,000 feet in thick-

ness, show in their lowest portions only a very slight tendency to become

crystalline schists. The pre-Cambrian topography of the northern part

of the Wasatch was that of dome-like peaks with gently inclined
sides. The Cottonwood canyons, however, presented an almost pre-
cipitous face of 30,000 feet to the westward. The height of the range
was then, therefore, from 17,000+ feet to 30,000+ feet.

Passing upward from the Archean, at the base of the Paleozoic
slates are Lower Cambrian slates and dark argillites and intercalated



VAN HSE.] T HE CORDILLERAS. 293

siliceous schists 800 feet thick; above this Cambrian quartzite, an im-
mense series of siliceous and arkose rocks 12,000 feet; and above this
Cambrian calcareous shares of variable thickness, and containing Pri-
mordial fossils, 75 to 600 feet. This great thiekinss is found in the
Cottonwood area, on the lower half of Big Cottoinwood canyon, and
front big Cottonwood canyon in a northeasterly direction across the

spur which divides the waters of Cottonwood creek from Mill creek.
In other localities the Camnbrian is tar thinner or wholly absent. The
section iin the Big Cottonwood canyon, in passing upward, comprises

black slates and thinly laminated argillites 800 or 900 feet in thickness;
above these, 8,000 or 9,000 feet of mixed siliceous schists and argilla-
ceous schists; above these, 3,000 feet of true quartzite capped by 200
feet of schistose rock, quite micaceous toward the botton, and at Twin

peak approaching a true niica-schist. At the second section the series
consists of four members: the bottom slates, 800 feet thick; varying
siliceous and argillaceous schists, containing some mica-bearing zones,
8,000 or 9,000 feet thick; salmon colored and white quartzites, inter-
calated with dark schists, 2,500 to 3,000 feet; and the capping schists
of 200 feet, which are partly argillaceous and calcareous rocks and

partly mica-bearing argillites. Passing up the Little Cottonwood, the
successively higher members of the Cambrian rest against the granite
until the latter rises into contact with the Silurian limestone, which
confor mably overlies the Cambrian. Although a careful search was
made ini these schists no fossils were fbund.

G(ETKIE,32 in 1880, discusses the nIatlnre of the pre-Cambrian mountains
of the Wasatch and the eruptive or mnetanorphic origin of the Cotton-
wood granite. That this granite is eruptive is maintained on the
grounds of the enormous height of the cliff which would be required in
case it was ant Archean island; that if it were an old shore line, some-
where granite pebbles would be found to-day; that the granite is said
by King to be a soutire of local mnetamnorphism; that there are porphy-
ries cutting the limestones, probably dependent on the granite; and
that it is exceedingly improbable that there was a cliff 12 miles high
which has been turned over on its back as required by the descriptions
and sections by King. All these difficulties are overcome byregardinng
the granite as a subsequent intrusive of post-Carboniferous age.

WALCOTT," in 1886, describes the Big Cottonwood canyon section of
Cambrian rocks, which is fiund to be 12,000 feet thick. It consists of
shales, quartzites, sandstones, and slates. The upper 250 feet of shale
bears the Olenellus fauna, while other layers, although in a most excel-
lent condition for finding fossils, did not reveal any. The Olenellus
horizon is placed at the base of the Middle Cambrian and the great re-
maining part as Lower Camnbrian.
EMMONS, (S. F.),34 in 1886, discusses the possibility of the post-Cam-

brian eruptive character of the Cottonwood granite. This body occu-
pies an area of about 7 by 15 miles, and a thickness of some 5 miles of
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sedimentary rocks abuts against its northern side, the principal mem-
bers sweeping around and in part covering its eastern portion and con-
tinuing southward in an almost horizontal position. There is no especial
disturbance of these beds in contact with the granite so far as observed.
Neither are any masses or fragments of sedimentary rock included in
the granite. Regional metamorphism exists in changing the sandstone
to quartzite and limestone to marble, and porphyry dikes cross the
sedimentary strata, but these have no necessary connection with the
granite. If the granite is an intrusive mass cutting the Carboniferous
strata, it is necessary to believe that it has assimilated or eaten up over
500 cubic miles of sedimentary rocks. If it has done this it has left no
trace of fusion in the adjoining rock, and without showing in its own
structure and position any marked variation from that of a normal
rock. It is further difficult to understand where the great supply of
heat is to be obtained to do this work.

WALCOTT,3 in 1889, places the Olenellus horizon at the base of the
Cambrian and the great series of conformable siliceous rocks, 11,000
feet thick, below this zone as pre-Cambrian or Algonkian rocks.

VAN HISE,9 in 1889, made an examination of several canyons of the
Wasatch. While the Cottonwood granite mass has a regular struc-
ture which is seen in the great cliffs, it is apparently completely mass-.
ive, even in huge blocks. The apparent lamination is due to the
parallel arrangement of the minerals, which have crystallized with
their longer axis in the same direction. The lamination of the granite
is not more marked than is the case with some of the unmistakable
gabbros of the Keweenaw series. An examination of the granite in
thin section shows that the feldspars have universally a well marked
and beautiful zonal structure, such as is known only in eruptive rocks.
Sections of some of the black bowlder-like areas so common in the grani-
ite differ from the mass of granite only in that hornblende is more plen-
tiful. The main Cottonwood mass and Clayton peak granite are
identical in character. In places the sedincmntary rocks, and especially
the limestones, are exceedingly metamorphosed. In one place, near
the head of Little Cottonwood canyon, at a contact with the granite it
was exceedingly difficult in the field to tell where the whitt granite
ended and the crystalline marble began. In thin section there is no
difficulty in separating the marble and granite, so that there is no
transition here. However, the granite became a true porphyry in
places, a fact difficult of explanation unless it is regarded as a later
intrusive.

In the Cambrian of the Little Cottonwood was found a conglomerate
which carries unmistakable granite pebbles and black fragments which
were thought in the field to resemble the black hornblendic areas so
often mentioned in the granite. These, however, when examined in
thin section were found to be entirely unlike those contained in the
granite. The granite fragmients are small and sparse and do not ap-
pear to be lithologically like the massive granite of the Cottonwood.
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An examination of the Weber canyon of the Farmington area showed
that the rocks, instead of always having a western dip as described,
are most intricately and minutely fiolded and dil both east and west,
although having a general sameness of dip for considerable areas. In
this canyon and in Sawmill canyon a search failed to find evidence of
unconformity between two series of Archean rocks. The schists

and gneisses are cut by pegmatitic granite veins in the most irregular

and intricate lashion. The main mass of the lower part of the Sawmill
canyon Archean is a series of schists. In going up the canyon, gran-

ite begins to appear cutting the schists, and becomes more and more

prominent until it is the most abundanlt material. It is here exceed-
ingly coarse, and the whole appearance is that of an intrusive which
has cut the schists and gneisses by numerous apophyses. It is prob-

able that the small area referred to by King as being the older uncon-
formable Archean was not found.

LITERATURE OF THE PROMONTORY RIDGE, FREMONT ISLAND AND ANTELOPE ISLAND
RANGES.

STANS-BURY,' in 1853, states that granite, gneiss, mica-schist, slate,
and hornblende-rock occur at Antelope and Fremont islands. Oin the

west side of Fremont island is a bold escarpment 100 feet high of tal-
cose slate, overlain by granite and gneiss. Oi Promontory point mica-
slate and limestone were seen.

HAGUE,' in 1877, finds the promontory of Great Salt lake to consist
of quartzites and mica-bearing schists in a conformable series, dipping
to the west about 380, and estina.ted to be 3,800 feet thick. In the
middle of the series is a zone of calcareous sandstone, within which are
several beds of limestone. In the vicinity of Promontory station the
Archean schists are overlain by limestonies. On Fremomnt and Ante-
lope islands are outcrops of Archean rocks. That of Fremont island
consists of hornblendic and Iiiaceous gneisses, clipping to the west,
while that of Antelope island is mostly gneisses with some quartzites
and mica-slates, one of these beds becoming calcareous and approach-
ing a limestone.

LITERATURE OF THE OQIIRRH MOUNTAINS.

HAYDEN,2 1 in 1873, describes regularly stratified quartzites as resting
upon a series of granitoid strata in the O(quirrh mountains at the south
end of Salt lake. The quartzites pass up into micaceous (lays or shales,
then into limestone. The lower beds of quartzite and limuestone are
probably of Silurian age, and it is known that the second limestone is
of Carboniferous age.

EMMONS, (S. F.)," in 1877, finds giranite-porphyry in the foot-hills of the
Oquirrh mountains, and in the same range, at the head of Binghan
canyon, are diorite dikes which resemble those of the main Wasatch
range.
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LITERATURE OF THE AQUI MOUNTAINS.

EMMONs, (S. F.),6 in 1877, descriles at Bon neville peak a body of white
quartzite not less than 6,000 feet in thickness dipping to the westward.
In this quartzite arebeds ofcouglomerate strata, the pebbles of which are
flattened and of argillaceous rock, containing mica and becoming imper-
feet mica-schists like those east of 1tarming'iton. This series is regarded
as equivalent to the Cambrian of the Wasatch on lithological grounds,
because it rests below a great limiestoine information and because it is
thicker than any of the higher quartzite series of the Wasatch. On
Grantville peak a similar series is found.

KING,7 in 1878, describes in the ridge east of Egan canyon as occur-
ring directly over the granite several thousand feet of quartzitic schists,
capped by about 50 feet of highly laminated fissile argillites, which are
quite similar to the quartzitic schists of the Wasatch

LITERATURE OF TlE RAFT RIVER RANGE.

HAGUE,6 in 1877, describes in the Raft river range a considerable
body of structureless medium grained granite, forming the central mass.

LITERATURE OF SOUTHERN UTAh AND SOUTHEASTERN NEVADA.

GILBERT,3 6 in 1875,states that the ridges of the Basin range system
are in part composed of granitic and cognate rocks. Tile granite occu-
pies various positions. Often it is the nucleus of the range against
which inclined strata rest. Elsewhere it appears in dikes, traversing
either the sedimentary rocks or other granites. In a few instances it

was observed to overlie the sedimentary rocks, while in a number of
localities the evidence of its eruptive character is unequivocal; in
others it is plainly metamorphic, and in by far the majority of cases it
appears to have assumed its relation to the undoubted sedimentary
rocks before the upheaval of the combination. Ini the Granite nininig
district the section shows a white crystalline marble overlain by gran-
ite, which appears to extend froI the suunnit of the range to the oppo-
site base. The axis of the Snake river range consists of quartzite and
limestone, with a limited allo unt of crystalline sclists and granite.
Metamorphic sedimnentary rocks of undetermined age were seen at a
number of points and have been regarded provisionally in mapping as
Archen n, with which have been grouped the granitoid rocks.

MARVINE,3 in 1875, states that crystalline rocks are found on the
Salt lake road in the Virgin mnonntainns.

HOWELL,3 in 1875, states that Granite rock is an island of granite
in the desert, which shows traces of bedding, with a high dip to the
west. The nucleus of Snake range is granite, exposed at many places,
and overlain by quartzite, shale, and limestone.

296 [BULL. 86.



VAN RISE.] THE CORDILLERAS. 297

SUMMARY OF RESULTS.

In the Uinta mountains the much folded, banded, and contorted
granitic rock (so-called quartzite) of Red creek canyon, in its crystal-
line character, in the intricate way in which it is folded and is cut by
ancient metamorphosed basic eruptives, is more nearly analogous to the
fundamental complex of other areas in the West than to the Huronian,
as has been before suggested.

The lithological analogy between the overlying Uinta series and the
Huronian Sioux quartzites, mentioned by Hayden, is very close indeed,
but can be considered as a guide of no great importance. This great
series of sandstones, quartzites, and sales, niconiforinably below the
Carboniferous and separated by a great uiconformiity from the funda-
mental complex, may, so far as present certain knowledge goes, belong
anywhere from the Devonian to the Algonkian.

That it is the equivalent of the Weber coinglomerate of the Wasatch
and belongs to the Carboniferous, as tentatively placed by the Fortieth
Parallel survey, is not likely. Its great thickness, its separation by a
very considerable unconformity from the fossiliferous Carboniferous,
and its lithological character, coiibiiied with the fact that a careful
search by different observers has revealed no fossils, make it probable
that it belongs as low in the geological column as the great basal quartz-
ite series of the Wasatch, in which case it is Upper Algonkian. It
is not certain that the series does not occupy a still lower position, per-
haps being equivalent to the Huroniian, as already suggested.

The general structure of the Wasatch, as explained by the Fortieth
Parallel surveyors, stands untouched by later work; that is to say,
there is here a great series of pre-Cambrian rocks, against which was
deposited unconformably an immense thickness of plastic deposits, and
the abrupt western face of the Wasatch is due to a great fault.

Passing to details, it is plain that Geikie's objections to the pre-Cam-
brian character of the Cottonwood granite mass have great weight.
However, it is to be said that while the difficulties involved in the
explanation of the Fortieth Parallel surveyors is considerable enough,
they do not appear to the writer to be so great as indicated by Geikie.
The pre-Cambrian mountain represented iii the sections, instead of
being 12 miles high, is but half of that height, since its height is not
ascertained by measuring its horizontal base, but by the perpendicular
distance between the extension of the Cambrian basal beds and the
topmost granite. Also, if the stratified beds are supposed to be de-
posited about the mountain with a slope away from it, as is common
along a steep shore line, the altitude of the mountain would be even
less than this. This estimate does not provide for the increased alti-
tude which the mountains must have had before being buried. If the
section is turned back so as to represent the stratified rocks as hori-
zontal, the average steepness of the granite to its culminating point is
fouid to be iii the neighborhood of 450, the lower reaches being less
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thaii this, but the steepness increasing to more than this amount in
the upper slopes of the mountains. If the strata are considered. as
originally deposited with a dip of 100 away from the mountains, this
would reduce the average slope of the mountain to 350. Even with
these allowances it is to be said that a buried slope of this degree of
steepness, which is covered by the debris of an advancing shore line
with the additional altitude of the mountains required in order to ftur-
nish the surrounding debris, seeins highly improbable.

So far as facts were observed by the writer bearing upon the ques-
tion of the 'character of the Cottonwood granite, they tend in the same
direction as Geikie's conclusion. If this granite is supposed to be a
later intrusive, the metamorphism of the sedimentary beds noted by
the Fortieth Parallel surveyors, the presence in them of the granite-
porphyry dikes, the sharp contacts and manner in which this eruptive
mass cuts across th Archean crystalline schists at the foot of Little
Cottonwood canyon, are all explained. In this connection it is to be
said that so far as known the zonal character of the feldspars so well
displayed by this rock is nowhere found in such perfection in such,
ancient rocks as the pre-C ambriat, although this point may not be one
of much weight. If the granite is an eruptive, the contained round
black areas described by nearly all observers, and early taken as evi-
dence that the granite is metamorphic, must either be partially absorbed
fraginents caught by the eruptive mass, or else segregations of horn-
blende which formed at the time of the crystallization of the rocks. If
the post-Cambrian eruptive origin of the granite be accepted, there is
no necessity for considering the Wasatch fault of such great magni-
tude and the pre-Cambrian mountains of almost incredible steepness
and height.

Upon the other side, it must be said that if the estimate given by
Emmons of the amount of sedimentary material of necessity absorbed
by the eruptive theory-500 cubic miles-be correct, it is almost an
equal strain upon belief. In this connection the question arises whether
a closer study of the region will not show that the Cambrian strata
have a quaquaversal arrangement about the Cottonwood granite as do
thme Silurian, Devonian, and Carboniferous strata, the edges of the
Ca mbrian being uptilted, and, like them, the structure as a whole being
batlolitic. While it may be found that the entering granite has ab-
sorbed a portion of the Cambrian quartzite, the amount thus assimi-
lated would be comparatively small. On this hypothesis the present
distribution of the rocks would be explained by intrusion and erosion.

The relations of the plastics to the much larger Farmington and
northern Archean areas, unquestionably older than the sedimentaries,
are such as to require comparatively low and relatively gentle slopes
and pre-Cambrian mountains not higher than from 12,000 to 18,000
feet; that is, mountains not higher than those at present existing adja-
cent to the ocean.
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In the Wasatch, among the rocks which the Fortieth Parallel survey
plLced as pre-Cambrian, the writer was able to find no rocks which are
not completely crystalline. An examination of the specimens collected
by that survey showed no elastic rocks. In the Farmington area the
crystalline schists and gneisses are cut by coarse, intrusive granites;
hence, so far as at present known, aside from the usual fundamental
crystalline complex, there is no evidence of any rocks below the con-
formable succession placed in the Paleozoic, excepting the small area of
quartzites and quartzose mica-schists at the foot of the Cottonwood
canyons. The reference of the basement complex of the Wasatch to
the Huronian on lithological grounds by the Fortieth Parallel survey
could have been made only by a mistaken conception of the real char-
acter of that series. This complex is lithologically much more nearly
like the crystalline complex of rocks usually referred to the Laurentian.

The calcareous argillites, limestone, and the quartzites occurring on
Antelope island and Promontory ridge are of a different lithological
character from the main area of Wasatch Archean and may represent
a later series of rocks. To this series the Lower Cottonwood schists
may also belong. There is no decisive structural evidence in the nature
of known contacts showing that these rocks are older than the lower
part of the succession which was referred to the Paleozoic, but the
latter series is nowhere so crystalline, and the fact that these rocks
were placed in the Archean rather than the Paleozoic by the Fortieth
Parallel survey shows that the affinities of these rocks were thought to
be with the former. Since part of the rocks here included are certainly
of elastic origin, it appears that there is in this region representatives
of the Algonkian system.

Below the Olenellus fauna in the great succession of rocks referred
to the Paleozoic by the Fortieth Parallel survey is a conformable infe-
rior series of quartzites and schists about 12,000 feet in thickness.
There is no evidence that these are not pre-Olenellus, and they are there-
fore doubtfully mapped as pre-Cambrian or Algonkian. The descrip-
tions of this series show that it is a considerably altered one. The sand-
stones have been indurated to quartzites, and the mica-schist of Twin
peak is quite crystalline. If this reference of the Wasatch lower quartz-
ite to the Algonkian proves correct, it stands as the uppermost series
of this system, in a position equivalent to the great series of barren
slates of Montana, described by Davis and Peale as conformably below
the Cambrian.

SECTION V. NEVADA, NORTH OF PARALLEL 390 30'.

LITERATURE.

SCHrEL," in 1855, states that in the Humboldt and other island moun-
tains of the desert west of Salt lake are granites, syenites, quartzose
rocks, and clay-slates.
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EMxoNs, (S. F.), and HAGUE,; in 1877, describe the mountain ranges
of the Nevada plateau and the Nevada basin.

Granites constitute the entire cores, or a large part of the cores, inl
the following ranges: Ibenpahl, Wachoe, Antelope, Schell creek, Egain,
Franklin buttes, 0mnbe, Gosi-ute, Peoquob, East ilmboldt, White Pine
or Pogonip, Wah-weak, Cortez, seetoya, Shoshone, Toyabe, Angnsta,
Fish creek, Havallah, Pah-ute, West Hunboldt, Montezuinmi, Piah-tson,
Granite, Pah-supp, Sah-wave, Truckee, and Lake.

In the hills between Antelope and Schell creek mountains, in the
Goose creek hills, and in Franklin buttes, granite-porphyryis also found.
In the Franklin buttes there is a gradation from syenitic granite,
through granite-porphyry, into genuine felsite-porphyry. The hills
between the Antelope and Schell creek ranges contain cores of granite,
east of which are interstratitied beds of dolomite, marble, and dikes of
granitic porphyry. These are considered to represent the development
of an Archean body.

The granite of the Wachoe range is different in its lithological char-
acter from the lRaf't, imbe, Gosi ute, and Peoquob ranges, and is there-
fore regarded as eruptive. No decisive evidence shows its age, but it
is regarded, because of the nature of its occurrence, structure, and min-
eralogical habit, as probably Jurassic. The granite of the Fish creek
mountains is structureless and would seem to be an intrusive body.
The entire mass of the Pah-supp range consists of granites which resem-
ble the later granite of the Pah-tson range.

The Cluro hills of the Cortez range are composed of syeiite-granite,
which is the only true syenite found in the region.

The Peoquob, East Hmbioldt, Shoshone, West Humboldt, Monte-
zuma, Pah-tson, Tiuckee, Lake, and Pea Vine mountains contain,
besides the granitic rocks, various crystalline slates and schists which
are regarded as Archean. On Spruce 1m1 contain of the Peoquob range

are mica-schists and mica-slates which probably belong to the older
series, but the relations are obscure. They are distinctly bedded, finely
laminated, and similar to the crystalline schist series of the Humboldt
range. The East Ilumboldt range, the main range of central Nevada,
is a mass of Archeai rocks, which acts as the axis of ani alitielinal thid
and upon which rest unconflnrmably the Devonian and Carboniferous
strata. The southern part of the range is composed of granite in two
large areas, which possesses, at Wihite Cloud peak, the characteristics
of an eruptive granite, there being no distinct lines of bedding, although
divisional planes are noticeable. The northern granite mass is uncon-
formably overlain by a series of quartzites, hornblende-schists, and
gneisses which contains beds of dolomitic limestone from 1 to 6 feet
in thickness, separated by micaceous quartzites and mica-schists. This
series, estimated in the northern part of the range to be from 5,500 to
6,000 feet in thickness, is best seen on Clover canyon and Boulder
creek. There is every gradation between the coarse gneissoid phases
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and the fine grained mica-schists. The granite of the Humboldt is
similar to the Laurentian of the Appalachian, while the unconformably
overlying series closely resembles the eastern Huronian. In the South-
ern Shoshone range an original Archean island is wrapped around by
fine grained micaceous slate. The Archeann granite of Raveliswood
peak has remarkably regular bedding planes apparently conformable
to those of the overlying slates, which give it the appearance of being
a stratified granite, although it at the same time traverses the slates
in (likes. The Ravenswood peak granite to the east is essentially dif-
ferent from the Archean granite and is evidently of later origin. In
the West Humboldt range the granite shows structural planes. Along
its northern and western edge it is overlain by a series of metamorphic
schists and gueisses, which are in turn overlain by fine, white, knotted
schists. The strike of these beds is N. 380 E., and they stand nearly
vertical. The contact of the granite and sciist shows in a horizontal
plane irregular angular intrusions of the former into the latter, masses
of schists lying in the granite and extending as promontories from the
main mass for 400 or 500 feet. The line of demarcation between the
two bodies is easily observed, and there seems to be no tendency for
the schists to pass by gradation into the granite. Dikes penetratw
both the granite and schists. The range is regarded as an anticlinal
fold. In the Montezuma range are slates and schists which rest uncon-
formably upon the granite. The Pah-tson mountains consist almost
entirely of granite and crystalline schists, which are cut by numerous
dikes, the whole being regarded as Archean, because the dikes do not
cut later eruptive granites, which are found in considerable quantity,
and differ markedly from those which are regarded as Archean. In
the Truckee range are found quartzitiec schists and hornblendic rocks
with both older and later types of granite. The metamorphic schists
cut by intrusive granites referred to the Aichean occupy but a small
area, the later granites making up the greater part of the range. In
the Lake range are granite and Archean gnieissic rocks, which are
quite unlike any other observed rocks in western Nevada. The Pea
Vine mountains consist of quartzites and flne grained feldspathic rocks,
which are referred to the Archean, but their relation to the other
crystalline rock mnasses has not been made out.

In Schell creek, Egan, Pogonip or White Pine, and Pifon ranges the
granite is overlain by Cambrian strata. In the Schell creek mountains
are limestones bearing Primordial fossils overlying heavy bodies of
Cambrian quartzite. In the Egan range, overlying the granite, is a
series several thousand feet thick of quartzites and quartzitic schists
with a 50-foot bed of roofing slate. The main mass of quartzite is
thoroughly vitrified, showing little trace of granular structure. A por-

tion of the quartzites show evidence of having been submitted to great
pressure, and the slate at times gets to be micaceous, and even becomes

a normal mica-schist. This series doubtless represents the Cambrian,
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but the direct contact of the overlying limestones was not observed.
Overlying the granite of the Pogonip mountains, apparently unconforma-
ble with the granite, are outcrops of mica-slate and black arenacc.ous and
argillaceous slates and shales, in turn overlain by an undetermined
thickness of compact vitreous quartzite. Above this quartzite (regarded
as Cambrian because resembling the Cambrian qiartzites of the other
Nevada localities) occurs the Pogonip fossil iferons liinestone the higher
beds of which are referred to the Quebec group. In the Pjilon range,
below the heavy Silurian limestone there occurs a heavy bed of red and
brown quartzite underlai 1by mica-sch ists and qu a rtzi tic schists 5,000 feet
in thickness, which from their position inferior to the Silurian and their
similarity to the Wasatch Cambrian are referred to the Cambrian age.

it the East Humboldt range overlying the granite is quartzite, which
is referred to the Ogden, but without any overlying rock. In the
Wah-weah range, surrounding the granite, occurs a heavy bed of
quartzite, which is referred to the Ogden Devonian, although but little
examined.

In the Ombe, Gosi-Ute, Peoquob, Little Cedar, Toyano, Fountain
IIead, Cortez, River, Northern Cortez, and Battle ranges the rock over-
lying the granite is a nonfossiliferous quartzite referred to the Weber.
These quartzites are generally of a bluish gray color, contain flint and
chert fragments, often angular, and jasper pebbles, sometime* have thin
seams of carbonaceous material, are often ferruginous, and not infre-
quently con glomeratic. At these ranges the Weber is overlaid by heavy
bodies of limestone referred to the Upper Coal-measures, generally
carrying fossils to the contact with the quartzite. At most of these
ranges the quartzite is several thousand feet thick, sometimes as much
as 6,000 or 7,000. At Pilot peak of the Oibe range, interstratified
with the quartzites, are mica-schists, and the series resembles the Cam-
brian of Bonneville peak, Aqui mountains. In the Seetoya and Sho-
shone ranges the quartzites referred to the Weber are between heavy
beds of limestones, and in Two Cubits it coiiformably overlies an

enormous development of Wasatch limestone.
The stratified rocks overlying the Havallah, Pah-Ute, West Hum-

boldt, and Truckee granites are referred to the Triassic; that overlying
the granites of the Pah-supp range is referred to the Jurassic; while
the gray slates resting unconformably above the Sah-wave are referred
to the Miocenme. These references are mostly made on lithological
grounds, because no Paleozoic strata have been recognized west of the
Battle mountains, although in certain cases paleontological evidence is
found.

It is remarked that throughout Nevada are large bodies of quartzites
without any clue to their stratigraphical relations with an underlying

or overlying limestone, the adjacent rocks being either granites or Ter-
tiary volcanic outflows. It is then exceeding difficult, if not impossi-
ble, definitely to determine their true geological horizons. In many
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cases lithological and structural resemblances furnish a strong aid,
which, when followed up, not infrequently throw the evidence in favor
of one or the other of the great zones of quartzites; but in many cases.
such resemblances are meager, and the references are made upon theo-
retical grounds, being upon slight evidence, or even personal impres-
sions received in the field.

KING,7 in 1878, describes many of the Nevada ranges.
In the Gosi-Ute range the Archean rocks are granite, granite-por-

phyries, and crystalline dolomites, all of which are interlaminated and
are chemically allied to those of the Humboldt range. That the gran-
ite-porphyries are i nterstratified with the marbles confirms the proba-
bility of their being metamorphic.

The Archean of the Humboldt range, with the exception of a small
body of granite, is composed of aconformable series of gneisses, gneiss-
oid schists which are sometimes hornblendic, dolomitic limestones, and
quartzites, all of which dip to the west. It is evident by the entire ab-
sence of easterly dipping Archean and Paleozoic rocks that a fault
similar to that at the Wasatch has cut down the core of the range
from north to south, and that the eastern half is depressed below the
level of the Quaternary plain. The White Cloud peak granite bears a
singular resemblance to some of the Huronian granitoid rocks, also
conceived to be metamorphic. The granite appears to underlie con-
formably the series of schists. The gneisses of Clover peak can not be
distinguished in hand-specimen from a granite, except that there is an
indistinct parallelism of its dark constituents. Between this stage and
the truly schistose gneisses there is every possible transition. The
limestone series is not over 50 or 60 feet thick, in beds from half an inch
to 6 feet. Intercalated with the limestones are guciss and porphyries
very like those in the Gosi-Ute range. The upper beds pass through a
transition into the pure quartzites. The Humboldt Archean schists
have a family likeness with those of the Farmington region of the
Wasatch and those of the Medicine Bow.

In the Cortez range a central body of granite is invaded by syenites,
is overlain on the west by a quartzite, which is, for the sake of conven-
ience, referred to the Weber.

In the Shoshone range the stratified series dip away from the central
mass, which has rather the appearance of an intrusive core. From
their likeness to other known Archean rocks, and for want of reasons
to the contrary, these schists, together with the granite, are referred to
the Archean. Regular parallel divisional planes are seen in the gran-
ite, so as to give it an appearance of stratification, but as it penetrates
the schists in the form of a dike, there is no doubt of its eruptive
origin.

In the Havallah range, associated with the older granites, are intru-
sive granite bodies, but such occurrences are exceptional along the
area of the fortieth parallel.

VAN HISE.]
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In the West Humboldt range a variety of crystalline schists are
found unconformably upon the granite, there being no tendency for a

passage to occur between the two rocks and dikes of granitic material
invading the schists. In the schists are roundish areas of quartz,
which might be explained on the supposition that they are the pebbles
of conglomerates, but they are more probably an aggregation formed
during metamorphism.

In the Montezuma range the granite of Trinity peak is undoubtedly
of eruptive origin, as may be determined from its general habitus and
from its penetrating the Archean schists in well defined dikes.

In the Pah-tson range the Archean nucleus consists of crystalline
schists, a limited amount of granite, and a subsequent granite which
has cut through the older granites and schists. These are all cut by
dikes of later age, but supposed to be Archean.

The Truckee range is composed of schists and granite representing
two periods of formation.

The Pea Vine mountains consist of a series of conformable, highly
altered beds, striking from north 500 to 650 east, made up for the most

part of fine grained quartzite strata, riven in every direction with mi-
nute fissures, which are filled with terruginous material.

It is remarked that in the absence of any granitic dikes penetrating
the stratified series, or of peculiar local metamorphism, or general evi-
dence of intrusion, the bodies are usually referred to the Archean.
Only in cases where the granite is actually seen to penetrate the open-
ings in the strata is it safe to refer it to a later age than the sedimen-
tary series.

In the analytical map the rocks are divided into two classes, the inten-
tion being to discriminate those formations which are sedimentary from
the class of eruptive rocks; but this line can not be drawn with pre-
cision, because the series of gneisses pass into the massive layers and
because limited bodies of granite which are massive might if more
largely exposed pass into crystalline schists or other Archean sedi-
mentary rocks.

It is not easy to analyze those subtle appearances which lead the
observer to incline to one or the other of the two possible modes of ori-
gin of a granite outcrop. Parallelism of bedding, and even parallelism
of the arrangement of minerals, are consistent with the theory of an
eruptive origin. Certain masses of gneissoid granite appearing in
the great eruptive granite body of the Sierra Nevada show quite as
much parallelism of bedding and internal arrangement of minerals as
the Rocky mountain granites to which we have assigned a metamor-
phic origin; yet the Sierra field, as a whole, is clearly eruptive. But
at the same time, in the intimate arrangement of the mineral particles
and in the mode of contact between the various mineral ingredients,
there is a certain broad uniformity in all the eruptive granites which
produces a characteristic impression upon the eye. On the contrary,
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the granites which we conceive to have been of metamorphic origin, no
matter how simple the mineralogical composition, have always a pecu-
liar variability of arranigetent- and even it the absence of any pro-
nounced parallelism, they show the effect of interior compression and
irregular mechanical inlInences. O the one hand, in the eruptive
granites there seems to have been a steady expansive force, doubtless
due to the hen and elastic fluids, which gave to all the particles a cer-
tain independctit polarity, while in the metamorphic granites they seem
to have been crowded into contstaintly contlicting positions. As the
result of this, the crystiallinie particles of the metamorphiC granites are
much less apt to have completed their crystallization, or, if it was comn-
pleted, they have been crushed and torn asunder and their particles
scattered, while in the case of the eruptive granites crystallization
seems to have been more perfected. The result of this is to give to the
eruptive granites something of the uniformity of texture of a volcanic
rock, while all the metamorphic granitoid rocks, when once the gneis-
soid parallelism of minerals is broken up, have a crushed, irregular,
amil coiftused mode of arra igement.

The metamorphic rocks of the Humboldt mountains, Franklin buttes

and the Kinsley district are provisionally correlated with the Huronian
of Canada.

The thregoing ranges are referred to the Archean simply on petrologi-
cal evidence. This mode of correlation is dangerous, but a general
study of the whole region has strengthened the belief that in the Pa-
leozoic series as a whole there are none of those results of extreme
metamiorphisn which it the Appalachian system are described by some

geologists as closely approximating to Archean forms.
Besides mentioning localities given by Hague in which Cambrian is

foul, it is said that au excellent exposure of Cambrian schists and
quartzites is found underlying the Pogonip limestone, in the range of
hills including the Eureka Mining district and connecting the Diamond
and Piion ranges.

HAGUE, ' in 1883, describes the Eureka district as a mountain block
standing between the Piion and I)ianond ranges. At the base of the
series is the Prospect mountain quartzite, 1,500 teet thick, over which
is a shale 100 feet in thickness bearing the Olenellus fiuna. One small
area of granite is found. The Prospect mountain quartzite lies in con-
tact with and dips away from it in irregular broken masses.

WALCOTT," in 1886, describes the Eureka series of Nevada as mid-
dle Cambrian and finds at the to) of the Prospect mountain (juartzite

the Olenellus fauna. In the adjacent Highland range a more abundant
fauna is found in the lower 1,500 feat of quartzite.

WALCOTT, 35 in 1889, places the lower quartzite of the Eureka and
Highland sections as basal Cambrian.

Bull. 86 20
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SUMMARY OF RESULTS.

It is evident that west of the Wasatch no such detailed and careful
work was done by the Fortieth Parallel Survey as in that range and in
the ranges to the east. In the Nevada ranges, which contain granite
only, the reference of the rocks to the Archean or to a later period is
based upon too little evidence, and it can only certainly be said that in
each case the granites are older than the oldest sedimentary rocks with
which they are in contact and do not cut. Some of the granite areas
are said to be as late as the Jurassi.c, as for instance that of the Washoe

range, which is in eastern Nevada. That this is an intrusive could be
determined, because it cuts the pre-Jurassic rocks; but in the numerous
cases in western Nevada the iidisturbed sedimentary rocks adjacent
to the granite ranges are Triassic or Jurassic; so that granites earlier
than these periods, but far later than the Archean, would show no
structural evidence of their late age.

It is now well settled that granitic-textured rocks vary into porphy-
ritic forms, but to the Fortieth Parallel Survey belongs the credit of an
early recognition of this. In the Gosi-Ute and Franklin butte ranges,
in which the rocks are referred to the Archean, the granites are said to
grade into granite-porphyries, and at Franklin butte into a genuine
felsite-porphyry.

In the Gosi-Ute the granite-porphyry is so associated with crystalline
limestone, referred to the Archean, as to lead to the concl.sioii that
both the granite and granite-porphyry are metamiorphosed sedimentary
rocks. It seents tar more probable that they are eruptives laterthan the
crystalline limestone and have been the cause of its metamorphism.
This explanation was applied by the Fortieth Parallel surveyors to the
case of tite interstratitication of marbles and granitic porphyry in the
hills between the Antelope and Schell creek ranges. In the western half
of Nevada, especially, are abumldantly found late rhyolites, trachytes,
porphyries, etc., so that it may be said that this has been a region of
great volcanic activity until late time, the chemical composition of
many of the rocks being the same as granite. While probably mistakes
have been made as to the age of the granites in individual cases, the
general point which King makes that the ancient granites have a
crushed, irregular, and confused mode of arrangement of the minerals is
one of considerable weight, although it would have no bearing upon
their origin; for this condition of the minerals would by many geolo-
gists be taken as merely evidence of powerful dynamic action which
has produced the present coitnfsed condition in an eruptive granite,
rather than the result of metamorphic processes upon a sedimentary
rock. The exhibition of these characters by one mass of granite and
their lack in an adjacent one, indicates that the former is of greater
age because the other has escaped the effects of dynamic action.

In the cases of the Schell creek, Egan, Pogonip, and Piiion ranges,
where below the Olenellus Cambrian there is a great thickness of in
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ferior conformable nonfossiliferous quartzite and then an unconformity
before the rocks are reached referred to the Archean, the conclusion can
not be questioned. Also it is probable that where there is a complex
of granite, gneiss, and schists (as in many of the mountain ranges),
precisely like that found elsewhere in the West, and known to be pre-
Cambrian, the lithological evidence for reference to the Archean is suf-
ficient. Among such ranges are the Cortez, Shoshone, Havallah, East
and West Humlnboldt, Montezuma, Pah-tson, Truckee, Pea Vine, and
others.

The question as to the separability of the rocks referred to the Ar-
chean into two series is hardly touched. In the East Humboldt it is
evidently thought that the White Cloud peak granite is older than the
schistose series, the former being regarded as Huronian and the latter
apparently as post-Huronian. Onie wishes that more evidence were
given that the granite mass in this case does not cut the schists and
gmieisses as in most of the other ranges. This is especially true because
Hague says the White Cloud mass has the characteristics of an erup-
tive rock. More often the granites cut the overlying schists, as in the
Shoshone, H a vallah, West I lumboldt, Montezuma and Pah-tson ranges,
so that all of the rocks referred to the Archean are in these ranges
basement complexes.

Whether there is in any of the northern Nevada ranges genuine
plastics which are placed among the Archean is not positively deter-
mined. The quartz-schists, limestones, and mica-schists of the Hum-
boldt range seem to he such a series, although they have now become
very crystalline by dynamic action. [n the West Humboldt range in
the schists are mentioned fragment-like areas of quartz, which are
explained to be aggregations formed by metamorphism. In the Pea
Vine range there are quartzites. While from the descriptions there
is no definite indication that truly elastic series exist elsewhere,
suclh may hopefully be searched for in the Peoquob, Shoshone, West
Humboldt, Montez mmna, Pah-tson, Truckee, with perhaps a greater
probability of success iin the Shoshone, Peoquob, and Truckee.

If the lower 10,000 or 12,000 feet of quartzite in the Wasatch below
the lowest fossiliferous horizon belong with the pre-Cambrian rocks, as
suggested in the previous section, it is probable that parts of the

quartzites below the Primordial fauna in Schell creek, Egan, Pogonip,
and Piiion ranges belong in the same series-that is, the Upper Al-
gonkiaan.

It is possible that several of thme quartzites referred to the Ogden
and Weber belong much lower in the geological column than supposed,
for it is stated that in some cases these are referred to the Weber or
Ogden for the sake of convenience, upon the slightest lithological evi-
dence, or the mere personal impression of the observer. Some of these
may be as low as Upper Algonkian. The series referred to the Weber,
which in its lithological character is most similar to the Algonkian, is
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that in the Omihe range, where interstratified with the quartzite are
seams of mica-schists.

Upon general principles it appeals improbable that an equivalent to
the Weber quartzite of the Wasatch should so widely be a basal for-
mation. That a quartzite should be the lowest formation adjacent to
an earlier mountain range is what one would expect, but that in so
large a proportion of the ranges should now be tound exposed as the
basal series the same division of a single period is contrary to proba-
bility.

SECTION VI. COLORADO AND NORTHERN NEW MEXICO.

LITERATURE OF THE FRONT RANGE, NORTH AND EAST OF THE ARKANSAS.

LONG,40 in 1823, describes granite as succeeding pudding-stone or con-
glomerate on Defile creek. The granite is coarse grained and rapidly
disintegrates. A high peak was ascended and was found to consist of
an indestructible aggregate of quartz and feldspar, with a little horn-
blende in small particles.

HAYDEN, in 1869, states that all the mountains east of the South
park have a gneissic and granitic nucleus. Each of the great ranges
of the park are anticlinal axes with massive granite cores and gneissic
granites inclining from each side in the form of ridges. The trend of
the ranges is in most cases northwest and southeast or nearly so. The
Azoic rocks have two lines of cleavage, one of them with a strike
northeast and southwest, and the other at right angles. Besides these
cleavage planes there are in most cases distinct lines of bedding. At
Golden city the sandstones lie close to the metamorphic rocks, inclin-
ing 300 to 540.

MARVINE,4 in 1874, describes fully the metamorphic crystalline rocks
of the Front range. The rocks of this great area are mostly composed
of schists, gneisses and granites. Disregarding unimportant occur-
rences of undoubted ancient eruptives, as well as some minor granite
areas of uncertain nature, the series as a whole must be regarded as a
system of ancient sedimentary rocks which have undergone the most
profondmetamorphism, the result of which over large areas has reached
the last term, structureless granite. Considering the extent and an-
tiquity, the formation as a whole is remarkably simple and uniform,
running from quartzite through siliceous and mica-schists to very sim-

ple varieties of gneisses and granites in which the mica is wholly subor-
dinate. The least metamorphosed rocks observed were excessively hard
and compact quartzites found it the lower canIyons of Coal and Ralston
creeks. They here pass into a series of highly siliceous schists, in places
ferruginous, in which may possibly be found workable deposits of iron
ore. These are associated with fine siliceous mica schists, above which
are very irregular schists, intercalated together. Gneissic and gran-
itic strata are fregnent. while below is a great granite mass with but
few remnants of bedding left, but which is apparently conformable with
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the series above. A similar succession was observed near the Little
Thompson, quartzites being found at the top and granites at the base.
On South Saint Vrain's, and at the mouth of South Boulder canyon
are found quartzite resting upon zoned but structureless granite. The
Triassic shales rest unconforimably upon the mica-schists on Little
Thompson. The dominant rocks are granitic and gneissic, although
schists are found over large areas, and of these the tendency is toward
a binary granite to which the name Aplite might apply.

That the characters noted above are evidence of a structure that
once existed throughout the whole mass; that the inclosed schistose
patches and areas are neither remnants of foreign schists inclosed in
an eruptive granite mass, nor accidental lamination developed by crys-
tallization or motion in a plastic rock, is abundantly proved by the fact
that whenever over a continuous area a great many of the strikes and
dips of such remnants are carefully noted and platted on the map, they
are invariably consistent among themselves in indicating a definite
structure of the whole, and accord with the structure that may be in-
dicated by neighboring schists and other masses of undoubted bedded
rocks.

As in the derived sedimentaries is found the debris from the crystal-
line rocks, it is concluded that the folding which affected the meta-
morphism is older than that which has upturned the sedimentary
strata. It is not supposed that sufficient heat was necessary to cause
dry fusion, but aqueo-igneous fusion.

While metamorphism alone has often left sharp lines of demarkation
between differently affected rocks, there are also points where move-
ments of the plastic rock seem to have occurred; while, in tracing a
line of schist into a granite area, points may occur where the normal

granitoid strata regularly belonging to the series may gradually in-
crease in number and thickness, monopolizing the series and produc-
ing a normal metamorphism; or tongues of granite mlay invade the
schists, as if an active metamorphism had proceeded outward from the
granites, eating, as it were, into the schists, and absorbing first those
beds by nature most readily succumbing to the change, and leaving
the intercalated masses less changed. Yet the remnants of structure
left in the granites still show that no important movement has taken
place in the mass, but that the rocks remain in situ, and are an indigenous
granite. But, besides these confusing appearances, lines of the granite
sometime appear- as if actually injected or intruded among the schists,
sometimes on their bedding, and perhaps across them as eruptive veins.
Indeed, there seemed cases where, in approaching the same mass of
granite from different points, at once all the appearances of a truly
exotic and eruptive origin might be found-abrupt lines of demarka-
tion and veins, while at another point nearly all the steps of a gradual
metamorphism and transition from the schists beyond might be traced,
while the remnants of structure through the mass itself would, in
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greater part, conform to the surrounding system of folds, showing it as
a whole to be an indigenous mass. Two observers thus approaching
such a mass would justly render diterent verdicts as to its nature, one
ascribing to it a wholly eruptive origin, the other a clearly metamor-
phic character. A few minor masses of granite did not show well
marked- transitions from schists, though in part the ends of the latter
gradually, yet abruptly, merged into the granite, as if absorbed
by it, the mass as a whole presenting an intrusive character. There
is, however, no evidence whatever to show that such masses have
traveled far or that they might not have come from a short distance
only and have been derived from rocks similar to those in which
they are inclosed or others of the same series, for their likeness may
be found at other points as true metamorphics. Penetrating various
portions of the series are granitic, usually mostly feldspathic, veins,
many of which probably extend long distances and appear to be of
true eruptive character, while other granitic veins, usually of very
coarse bluish quartz and white cleavable feldspar, with sheets and
large crystals of white mica, seem to be more naturally referred to
infiltration or to be endogenous in character, like many metalliferous
veins, some of each kind showing layers of deposition or structure.

While it is exceedingly difficult to obtain structural results, a map of
the eastern slope of the Front range is presented. The portion in which
the structure is most clearly made out is that south of South Clear creek
and having mount Evans as its culminating point. The granite of
mount Evans occupies as low a geological position as any rocks in the
range. No special facts bearing on the equivalency of the metamnor-
phic series to any of the divisions of the Archean of the east were ob-
served.

PEALE,42 in 1874, describes several sections in the Front range at
Pleasant park, glen Eyrie, Bergen park, and Trout creek, in all of which
the granite underlies the fossiliferous series. On the South Platte, at
the change from the sandstone to the granite the former contains frag-
ments of unchanged granite. In other places the sandstone appears to

pass by gradations into the granite. Pikes peak is composed of fine
grained, reddish granite, the origin of which, whether eruptive or met-
amorphic, is a question. On the road from Colorado springs to South

park is a granitic ridge which seems to be thrown mp through the coarse
beds which lie about it. In the range of the South )ark several sec-
tions of the fossiliterous series are described which rest upon granite
or gneiss. At Georgia pass eruptive granite forms the peak, while
black micaceous gneiss is at the base of the series, there being between
the two slates and quartzites. At several of the sections given the
basal layer of the series is a quartzite.

ENDLICH,43 in 1874, describes graliite as formiuingthe heaviestmass of
rock north and east of the Arkansas and south of the line running east
and west 6 miles south of Pikes peak. Upon Cottonwood creek the
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rock resembles a gneiss. Resting innediately upon the granite is the
Silurian, characterized by but a few fossils, and the well known quartz-
itic formations. The granite of this area is the oldest found in the

region.
STEVENSON, 44 in 1875, states that metamorphic rocks occur in the

Front range. On the North fork of the South Platte the schlists are
much contorted. The schists near Baileys ranch contain rudely oval
nodules of quartz and feldspathic granite which in several localities are
observed in layers. In many instances the large masses of gneissoid
granite string out like veins on all sides from the center, and these vein-
like projections break up into these nodules and thus finally disappear.
It is sufficiently evident, then, that these are not metamorphosed peb-
bles, but concretions, the result of segregation, which marks the forma-
tion of the separate layers of quartz, feldspar, and mica in gneiss, and
of the great masses of coarse granite, which occur so freqnetitly in the
gneisses and schists. Gibeissoid granite is exceedingly connon. It often
occurs in the gneiss as great included masses of irregular shape or in
elongate-vein form, spreading from a center and throwing out seams
which become exceedingly thin before they disappear. In each instance
the deposit seems to bear no relation to the bedding of the including
rock. For the most part, however, it is 0ond entirely displacing the
gneiss and forming the prevailing rock foir miles. In every such insta nce,
however, it occasionally changes into gneiss for short distanceS. Not
unfrequently seams of granite are found along the planes of cleavage.
This-granite, which may be termed segregated granite to distinguish

it from the granite which many regard as eruptive, is coarsely crystal-
line, with the feldspar in great quantity, while the proportion of mica
is very small. The feldspar varies in color from white to red, and the
rock as a whole yields readily under the influence of the weather. The
gneissoid granite of Taylor river exhibits granite of both the eruptive
and metaimnorphic varieties, one passing into the other with no line of
separation. There is then no room to doubt that they are of common
origin and that the whole is metamorphic.

The gneiss of Ten-Mile creek is compact and might be mistaken for
a quartzite. Below the junction is an immense segregation of granite,
thoroughly veinlike, interlacing and running across the -bedding in
every conceivable way, but not persistent, as each of the veins tapers
off until it disappears. In the canyon of the Arkansas, above the junc-
tion with Tennessee creek, is a gneiss which has very close alihnities
to the granites usually called ernptives. It passes gradually into a
micaceous schist. On Trout ereek is syenite and granite, whicl gr ad-
ually assumes a gneissoid structure and contains fragments of gneiss
from 6 to 20 inches in diameter which are fragmental ill shape. Their

presence is difficult to account tor. If the granite is eruptive these
might be included fragments, but there is no reason to assign any such
origin to it, for its gradual passage into the gneiss is easily traced. On
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Currant creek, at the west side of South park, near m lint Lincoln, at
Idaho springs, on the east side of South park, massive granite or syen-
ite is seen grading into gneiss and mica-sehist. At Chicago creek
coarsely crystalline granite is sharply separated from the adjacent
gneiss, the junction being as sharp as between a trap dike and adjoin-
ing rock. Some of the porphyritic rocks, granites and syenites are

placed among the eruptives. This is done in deference to commonly
received opinion; but as there is no locality in which these rocks do
not pass imperceptibly into gneiss, the conclusion is reached that the
preponderance of evidence is in favor of their metamorphic origin.

In speaking of Colorado metamorphic rocks in general it is said
the prevailing rock is a micaceous schist passing into gneiss, and con-
taining much granite, which in sonic localities entirely replaces the
others. Not unfrequently the mica-schist is displaced gradually by horn-
blende~schist, which becomes a hornblende-gneiss, containing masses
or strings of syenite, as the other form contains ordinary granite.
Slates are almost wanting, and thick strata of quartzite belonging to
this series were observed at only two or three localities. Serpentine
and limestone seem to be absent altogether. It is impossible in the
present state of our knowledge to come to any definite conclusion re-
specting the relations of these rocks. Hayden, in one of his reports,
has referred them with doubt to the Laurentian. To determine this
matter careful investigation at the north is still needed.

KING,7 in 1878, states that in the Colorado range are two series which
are probably unconformable. The upper group is -distinctly bedded,
has a variable amount of mica, and is correlated with the upper lori-
zons of the Medicine bow and the higher members of the Park range,
Red creek in the Uinta, the Wasatch and Salt lake islands, and the
exposures in the Humboldt mountains, Franklin buttes, and Kinsley
district. In the Clear creek region the series is not less than 25,000
feet thick.

EMMONS, (S. F.),45 in 1890, states that Cross has discovered in the hills
east of the Arkansas river, at Salida, a thickness of about 10,000 feet of
slates and schists entirely distinct from the Archean and probably
unconformable with it. These are referred to the Algonkian.

LAKEs,46 in 1890, made observations upon the district of South Boul-
der, Coal and Ralston creeks. In the South Boulder and Coal creek
area were found between the Trias and the heavily bedded gneisses a
series of quartzites, schists and conglomerates the elastic character of
which is unmistakable. The series has been subjected to intense dy-
namic action, so that the pebbles of the conglomerate are elongated, and
if it were not for the bands of this material it would be difficult to show
that the series was an original elastic one, as the finer grained rocks are
completely crystalline quartz-schists and mica-schists. The dip of the
series is at a high angle away from the main mass of the mountains. Its
higher members are quartzite, and pass down into mica-schists and
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quartz-schists, which are interstratified with beds of conglomerate.
In passing downward the mica-schists become interlaminated with
gneiss, which becomes more and more abundant, and upon Coal creek
cutting the schists are also pegmatitic granite veins. Nowhere between
the plastic and gneissoid series was any discordance discovered, there
appearing to be between them a gradation, although a somewhat rapid
one. The elastic series at South Boulder creek is at least 1,000 feet
thick. The lower gneissoid series at times is in part quite regularly
laminated, at other times becomes a heavily bedded granite-gneiss, but
for several miles toward the core of the mountains, as far as investi-
gated, does not become structureless granite.

On Coal creek, at one place within the elastic series, is a wedge of
granite of considerable thickness, and this does not grade into the
elastic rocks as does the main granitoid gneiss area. The relations of
the Trias both to the granite-gneiss and to the elastic series are such
as to show that it is clearly a later formation separated from them by
a very great unconformity.

At Ralston creek the heavily bedded gneisses were found to vary
into hornblende-gneiss interlaminated with granite veins, and these
into rather fine grained schistose rock, but there was discovered here no
clear evidence of a elastic series, although the more schistose phases
immediately under the Trias may represent the more altered elastic
schists of Coal and South Boulder creeks.

LITERATURE OF THE WET AND SANGRE DE CRISTO MOUNTAINS.

SCHIEL,38 in 1885, describes the predominating rock of the Sangre de
Cristo valley as a feldspathic granite, passing gradually into a gneiss
on the right bank of the creek, the gneiss supporting a hard, shaly
sandstone and a bluish brittle limestone.

ENDLICH 4 in 1874, describes the region south of the Arkansas as
consisting chiefly of granite. That forming the Sangre de Cristo
mountains is of different character and appearance from that of the
Front range. The Wet mountains are regarded as eruptive. Gneiss
occurs in this range at Hunts peak and from there 6 or 7 miles to the
northwest, and is regarded as metamorphic, although it weathers more
like granite than a stratified rock. From the granite axis of the
Sangre de Cristo the sedimentary rocks dip away both to the east and
west. The eruptive granite of the Sangre de Cristo is the youngest of
the region. Although the Sangre de Cristo range is spoken of as erup-
tive, this is not considered to be so in the same sense that basalt is erup-
tive, but to imply that the granite by some vertically acting force hA
been thrown upward and may now be in contact with strata which were
once above it.

,COPE ,4in 1875, states that in the Sangre de Cristo mountains is strati-
fied granite, which is either heavily bedded feldspathic porphyry or
finely bedded hornblende-gneiss.

VAN1 HISS.]
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ENDLICH, 8 in 1877, states that metamorphics compose the main bulk
of the interior portion of the lower Saigre de Cristo range, though at
many places sedimentary beds and volcanic flows have obscured the
relations. The highest peaks of the range are as a rnle metamorphics
among which granites and gneisses are predominant. These are asso-
ciated with granites and gneissoid-schists, associated with which are
hornblendic, chloritic, and micaceous schists. Near Trinchera the sedi-
mentary strata stand nearly on end and lie tipped up against the
granite. At other places the granite protrudes through the Carbonifer-
ons. It is concluded that the metamorphics of the lower Sangre de Cristo
are altered Silurian rocks. North of the Arkansas river the Silurian
formation occurs. From here it crosses the river toward the south and
is last seen as such near the northern end of the Sangre de Cristo range.
In its stratigraphical relations it is conformable with the overlying
younger formations wherever it has been there seen.

ENDLICH,49 in 1878, states that while in the Sangre de Cristo the
eruptive granite is the cause of the upthrow of the Carboniferous strata,
nowhere in the sedimentary beds is found alny case of intrusion. These

granites are regarded as post-Carbonitferous.
E1MMONS," (S. F.), in 1890, states that quartzites have been noticed con-

nected with the Archean of the southern end of the Sangre de Cristo
range which maybe assumed to be the remnants of some Algonkian beds.

LITERATURE OF THE FRONT RANGE OF SOUTHERN COLORADO &ND NORTHERN

NEW MEXICO.

WIsLIZENUs,30 in 1848, states that granitic rocks prevail in the
mountains about Santa Fe, and for some distance to the south. These
are associated with porphyry and trap.

BLAKE," in 1856, describes ridges of metamorphic slate in the Santa
Fe mountains, upon the edges of which rest horizontal Carboniferous
strata.

LOEW, 2 in 1875, states that the mountains between Santa Fe and Las
Vegas contain Azoic rocks which are chiefly granite and syenite. At
Santa Fe creek gneiss is accompanied by primitive clay-slate and
syeinite. Veins of fine grained gneisses occur in a coarse aplite or
granulite also intersected by syeiiite seams.

Sr. JOHN,54 in 1876, describes the Black mountains as a lofty granite

barrier. The ppelr canyon of the Ciiiarron is composed of granitic
rocks, with which ar& associated imicaceous schists and hard quartzose
rocks. In the Raton hills are granitic igneous rocks, the relations of
which to the Tertiary are not easy to make out. The Vermejo mount-
ains have a nucleus of massive metamiorplie rocks.

NEWRERRY, 5 ' iii 1876, states that in the Santa Fe mountains is found
coarse red granite, characteristic of the central portion of the Rocky
mnountaiui system. It differs t'roim the granite of the Appalachian as
well as those of the Sierra and Cascade. The Carboniferous strata
rest directly upon the granites. The central axis of the Nacimiento
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mountain is composed of a similar massive red granite, upon the slues
of which rests the CarboniferOUs in-moItion, for th le m1(st l limestone,
in many places nearly vertical yet but slightly metamtlorhosed.

STEVENSON,5 in 1879, describes a continuous Archean area on the
western side of the district running from Spanish peaks south. It forms
the axis of the Culebra range, continues through the Taos and the Mora
ranges, and passes into the Cimarron range. The Santa Fe and United
States anticlines show Archean rocks which are separated from the
main area. The rocks show great uniformity in character, including
gneissoid granite, gneiss, and mica-schist as the predominant types.

STEVENSON,56 in 1881, gives a systematic account of the Archean
rocks of southern Colorado and northern New Mexico. Four areas are
seen within the district. The most western marks the course of the
Santa Fe axis; the second, that of the Culebra-Mora axis, and the
third and fourth that of the Cimarron axis. The rocks in the Santa Fe
axis are gneiss, mica-schist, which resembles sandstones, and granite.
South of the Santa Fe road are frequent exposures of an exceedingly
coarse granite, which resembles a metamorphosed conglomerate, the
pebbles being thoroughly distinct. With this are many beds of almost
black gneiss, holding beds of snow-white quartz. The Culebra-Mora
axis varies in width from 5 to 25 miles. It includes granite, gneissoid
granite, micaceous and hornblendic schists, and quartzites. Compact
gneiss, quartzite-like in character, is found in the main canyon of Cos-
tilla creek. Bands of quartzites are found on Comanche creek, the
north fork of Moreno creek, in Costilla creek range on Coyote creek,
and in the vicinity of Santo Nio on the Cebolla creek. These are
sometimesfound in gneissoid-granite an d sometimes in mica-schist. The
granite below the junction of the forks of Moreno creek is very coarse
and resembles conglomerate. The rocks of the Cimarroi axis include
mica-schist, coarse granite, and gneiss sometimes resembling quartzite.
The dips of the Archean rocks are much confused and the distortion at
most localities is so great that neither the succession of the strata nor
the general structure could be niade out daring the brief examinations.
Positive proof of noncon formability to the overlying Carboniferous is not
easily obtained, the main obstacle in the way of making the determina-
tion being the character of the rock. Usually the disturbance near
the junction of the two series is very violent and the rate of dip chailges
greatly within a short distance, sometimes becoming even reversed.
But distinct ionconformability may be asserted as existing in the vicin-
ity of Costilla peak, where the enormously thick Carboniferous series
terminates abruptly against the Archeau core of the Cimarron axis.
No absolute evidence exists to settle the age of these rocks. Litholog-
ically, they bear a close resemblance to the Laurentian series of the east,
and at more northern exposures within the Rocky mounttain region they
have been referred by all observers to that age. The coarse gneissoid
and often conglomerate granite immediately unmd(rlyiug the Carbonifer-
ous at many localities may possibly be of somewhat later origin.
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LITERATURE OF THE PARK RANGE.

MARVINE, 41 in 1874, describes the northern part of the Park range
as composed of a very distinctively and evenly bedded series of schists,
gneisses and granites, which have a strike nearly with the ridge, and
a dip of 400 or 500 to the southward.

LITERATURE OF THE SAWATCH MOUNTAINS.

HAYDEN,57 in 1874, describes the Sawatch range as a solid mass of

granite, 80 miles in length by 40 in width, which has acted as a sin-
glewedge thrust upward, and thus causing the sedimentaries to incline
from either side.

PEALE,42 in 1874, states that on Massive mountain the rocks are
mainly gneissic, with alternations of porphyritic granite or granite-
porphyry, with seams of quartzite and hornblendic volcanic rock. On
Eagle river, at the base of the section is gneiss, and above this is white
quartzite.

ENDLICH,4 1 in 1874, states that the granite of the Sawatch on the
west side of the Arkansas is probably post-Silrian. This range has
two kinds of granite that are peculiar to it and an older predominating
one. Both of these are newer than the red, middle, and coarse grained
rock found in the Vet mountains. The first of these varieties composes
the main part of the range and constitutes its most prominent peak,
mount Princeton. Besides this, there is protogine and eruptive granite.
Mount Ouray is composed in large part of horublende rock. On one
side the hornblende and granite are interstratified, the granite being
regarded as intruded between the strata. The change from the granite
to the hornblende rock is always abrupt.

ENDLICH,48 in 1877, states that at the southern end of the Sawatch
range trachyte is the principal rock.

EMiMONs, (S. F.),51 in 1882, states that in the Mosquito range are found
granites, gneisses and amphibolites. The granites are in most cases
stratified and are of undoubted sedimentary origin. In other cases
the evidence is less clear and they have the characteristics of eruptive
granites. Within the masses of the normal granite occur large irreg-
ular vein-like masses of secondary origin, corresponding to pegmatite.
The gueiss is mostly mica-gneiss. The amplibolite is less abundant
than the gneiss and granite and occurs interstratified with them. Un-
conformably above these are quartzites which bear Primordial fossils
belonging to the Potsdam.

LAKES, 9 in 1886, describes the Sawatch range as consisting of gneiss
and granite penetrated by volcanic dikes, with patches of Silurian,
Carboniferous and more recent strata resting on or uptilted against
each flank. In the Aspen region are two granites, one the meta-
morphic granite of the Sawatch and the other a diorite and eruptive
lava of the Elk mountain system. On the granites are unconformably
located the Cambrian strata, the base of which is quartzite.
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[rITRArt lE OF THE ELK MOUNTAINSN.

HAYDEN, 57 in 1874, describes the Elk miontitailis as composed of an

upthrust of igo'eous granite. which carries portions of the sedimentary
beds on its sunittits or tilting aw ay from the sides at various angles.
The lowest group of sedimentary rocks is Lower Silurian. In some
cases there is complete overturn of immense groups of beds, so that
for several miles there is a, double series from the Silurian up to the
Cretaceous, inclusive, as at the head of East river and near Snow
Mass peak. Northeast of Snow Mass the sedimentary beds may be
seen resting on the granite, on these a great thickness of red beds,
and on the top of the latter masses of irregular thickness of erup-
tive granite from 100 to 400 feet thick, and at both ends the red beds
again resting upon the eruptive mass, so that the granite now appears
like an interstratified rock. Gothic mountain and Crested butte are
regarded as innnense dikes, the melted matter being pushed up through
the superincumnbent matter so as not to disturb to any great extent the
thickness of yielding Cretaceous sales and clays. On Eagle river are
beds of sandstones and quartzites, the fragments of which indicate
that they have been derived from gneissic and granitic rocks.

PEALE,42 in 1874, describes the entire mass of granite of the Elk
mountains as having been either in a plastic or melted condition. The
elevation of the range was post-Cretaceous. The mountains are cut
by nuumnerous (likes, which are in part trachytic, but which are, how-
ever, believed to be connected with the eruptive granite. On the south-
east side of Elk mountains are chloritic schists, quartzites, and sand-
stones, all very much mIetaminorphosed.

HOLMES 60 in 1876, gives the geology of the northwestern portion of
the Elk range and describes in detail the character of the Idlding, fault-
ing and relations of the crystallizes to the sedimentary rocks. On the
east side the sedimentary strata lie up against the graniteof the Saw'aItch
range, and on the west they have been carried high up on the arch of
the Elk mountains, leaving the synclinal depression between the ranges.

The axes of the two ranges are not parallel, but approach each other
toward the south and separate toward the north, giving an inelided
angle of some 300. In the vicinity of Italian peak the granites of time
two ranges are in contact, or nearly so, being totally distinct in appear-

ance and in reality. The sedimentary beds of Sopris and Rock creeks
show a considerable amount of metamorphismn and lateral crushing,
the Dakota sandstones of the latter being changed to hard, flinty
quartzites. A great fault, combined with a fild, runs from the north
part of the Elk group, i. e., Snow Mass mountains, to its south part,
White Rock mountains. In the sections the granitic rocks are repre-
sented in places as being above the sedimentary and in other places as
intruding themselves among the layers.

LAKES,61 in 1885, describes the stratified rocks adjacent to the Elk
mountains as riddled with dikes and baked and metamorphosed in
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places almost past recognition. The huge volcanic masses are some
of them dikes, while others may be laccolites.

LAKES,1 in 1886, describes the Elk mountain eruptions as having
occurred under an enormous pressure of superincumbent strata not less
than 10,000 feet thick. The Elk mountains are diorite instead of being
eruptive granite as called in Hayden's reports.

LITERATURE OF THE GRAND) AND GUNNISON RIVERS.

SCITIEL,3 8 in 1855, states that along Coochetopa creek and Grand
river valleys are granite, gneiss, shale and mica-slate.

PEALE," in 1874, states that adjacent to the Gunnison a section has
at its base rust-colored granite, above which is mica-shist, and over
this quartzite and sandstone.

STEVENSON," in 1875, states that at several localities along the
Grand anrd (' mmison is a peculiar, regularly laminated gneiss which
resembles a Imiaceons sandstone. It always occurs directly under the
sedimentary rocks and no similar formation occurs lower down. It is
clearly unconformable to the great mass of schist and gneiss, though

precisely like them in its changes. In consideration of all the circum-
stances, one can not resist the temptation of regarding it as belonging
to a later series.

PEALE,62 in 1876, describes Archean rocks as occurring along and
near the gorges of Eagle and Gunimison rivers. The rocks of the Eagle
river are known to be pre-Potsdam, because at the head of the stream
such rocks rest upon them. On tie Gnnison river the Arclean rocks
are gneisses and schists. The presence of Dakota beds here resting
upon the Archean is supposed to prove that in pre-Cretaceous times
this area was above sea level.

PEALE,3 in 1877, describes the Archean rocks of the Grand river.
These occur in limited areas throughout the district between parallels
370 52' and 390 15' and meridians 1070 and 109' 30'. They are gener-
ally confined to the courses of streams flowing in canyons. Iii many

places the schistose character is very distinct and the bedding clearly
seen, but in most cases no traces of bedding were seen, the rocks being
granitoid. From the member of exposures noticed it is evident that
the rocks underlie the entire district, although from the limited and
isolated exposures it was not possible to trace connections from one
place to another. The oldest sedimentary beds resting upon these
rocks are Carboniferous or pre-Carboniterous, showing that they are
at least pre-Carboniferous, but it is believed that they are pre-
Silurian. Along the Gunnison outcrops of quartzitic layers occur
with softer red and gray gneissic layers. On the Little Dolores are
mica-schists and quartzites dipping northeast at angles of 600 to 700.
As to the origin of these rocks it is said: They were once deposited as
sediments. Whence were their materials derived? We have no data
from which we are able even to guess what was the extent of the Ar-
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chean continent, or what its character was. From tho fact that in the
Grand Canyon of the Colorado similar rocks are found below the Pots-
dam, and from the profun dity of their metamorphism it is believed that
these crystalline rocks are Archean.

LITERATURE OF THE QUARTZITE MOUNTAINS.

ENDLICH,64 in 1876, describes the Quartzite mountains. Near the
northern border and toward the middle, quartzites and schists pre-
dominate, while granite appears toward the east and south. The
quartzites are mostly of a white or gray color, gradually becoming filled
with mica or chlorite, thus turning into schists. The relations of the
quartzites are extremely varied and complicated. Granites change
into quartzites between stations 21 and 22. The schists have a less
horizontal extent but are just as distinct as the quartzites. They also
show great variations in strike and dip. As a rule they seem to be
older than the granite, but it was not possible to establish this point
beyond doubt. The schists were nowhere found except in the quartz-
ite group. All the granite shows a renmaikable regular stratification,
not an apparent one only, produced by the mnain cleavage plane of the
feldspar or mica lying in one direction. The (lip of the strata is con-
formable with those of the quartzites a1( schists and away from the
anticlinal axis toward the south. Generally the dip is not very marked
but still reaching from 70 to 100. All along the Animas the junction
of the sedimentaries with the granite was not observed. The latter
was exposed in the valley, while the former appeared in steep bluffs on
both sides. From the dips observed it became evident that the two
were confirnm able.

As to the origin of the metaminorphic group of rocks it is said that
the Devonian stral a were deposited on the granitic strata conformably.

Also that from the quartzite into granite the transition is perfect,
although often small specimens can be tfund showing on the one side
granite and on the other granular red quartzite. Near the top of a
bluff the latter is white or yellowish, becoming red and brown lower
down. Finally some mica is observed in it, and the feldspar appears
as such, until the coarse grained granite is reached. The metamor-
phosis is very thorough, and can be admirably studied at this point.

So far as could be decided, the granite was formed out of a partly argil-
laceous sandstone, containing some iron in an oxidized state, while the
purer sandstones were turned into quartzites. Probably the process of
metamorphosis was a very slow one, and lasted a long time. Through-
out the stratification is well preserved in all the rocks of that group,
but particularly so in the granite of the locality just described. Even
the thicknesses of the various strata which have been altered into
granite correspond approximately to those at present exhibited by the
superincumbent beds. At a short distance north of station 48, the
granite overlies the dark schists, which in turn seem to be younger
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tihai the true qtartzites forming the main bulk of the mountains still
farther north. Taking into consideration, therefore, the observed con-
formity of the underlying metamorphics with the overlying sediment-
aries; taking into consideration, furthermore, the analogous character
of stratigraphical relations, the conclusion must be reached that those
sedimentary beds, which existed below the Devonian, furnished the
material for the metamorphic masses.

COMSTOCK , in 1883, states that in San Juan county there are no
rocks which are of Archean age. The granitic and quartzitic series of
the Animas river are regarded as metamorphic and said to be of Upper
Silurian or Devonian age.

COMSTOCKI66 in 1887, describes the metamorphic series in southwest-
ern Colorado as probably Silurian or Devonian. This series is sus-
ceptible of division iit-to aii upper or granitic division and an underlying
qiartzitic formation. The quartzitic group is exposed in the Animas
canyon below Silverton, forming a line of jagged peaks to the eastward,
the Needle mountains. Whenever the quartzite is well uncovered the
more recent granites are usually traceable along the flanks of the belt.
The geological map brings out no apparent system in the metamorphic
rocks.

LAKES,6' in 1889, describes on the Mears road, south of Ouray, as
succeeding the Carboniferous limestone, a thickness of 13,000 feet of dis-
tinctly stratified and hard vitreous quartzites, slates and schists. Part
of these may belong to the Silurian and Cambrian, but as these com-
bined rarely attain in Colorado a th ickness of 1,000 feet, so great a
body is extraordinary and suggests that the lower part of it may, as in
Canada, belong to the Huronian or Laurentian, upper divisions of the
Archean not elsewhere represented in Colorado. The dip of the quartz-
ite is about 750 to the north. The uplifted crests have been deeply
eroded and in the hollows so formed rest the massive volcanic breccias.

E MMONS, (S. F.),4 5 in 1s90, states that on the north slope of the SanJuan
mountains, near Ouray, is over 10,000 feet of closely folded quartzites,
conglomerates, and slates of the pre-Cambrian age, and it is believed
that the quartzite peaks in the southern portion of this region are
probably composed of the same series of rocks. These are referred to
the Algonkian.

VAN 1IISE , in 1889, made observations along the Animas, the rail-
road being followed from below Needleton to Silverton, a distance
of about 17 or 18 miles. As maI)Iped by Eiidlich on Sheet xv of the
atlas of Colorado, this course is situated, with the exception of 5 or 6
miles, in the quartzite area. Quartzites occur for a little more than 2
miles in the vicinity of Elk park in the middle of the area mapped as
quartzite. The granitic area was found to be a most intricate complex
of massive granite, coarse and tine, white and black banded gneiss, and
black hornblende-schist or gneiss in dike-like forms. The strikes and
dips vary greatly, although for the most part they are high, running
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from 750 to 850. At one place the (lip of the schistose structure was
observed to be as flat as 100 or 150.

The quartzitic area is in places conglomeratic. The rock is for the
most part a rather pure white or gray vitreous quartzite, although oc-
casionally it shows more or less of a slaty appearance. Nowhere in
the quartzite was found any hornblende-schist in dike-like forms such
as occur in the granite. or any layers which could possibly be mistaken
for the black or white gneissoid phases of rock which occur so
abundantly in the granite area and have such intricate relations with
the granite. The dips of the quartzites are also for the most part high,
being from 600 to 700. In the quartzites, as in the granites, there are
great local variations in the strike and dip of the rock. Upon both
sides of the quartzite area where the change to granite occurs no evi-
dence whatever was seen of a transition between the two classes of
rocks. In neither were the quartzites and granites in contact; they
were found however, a few paces apart. At the southern boundary,
while the two rocks were not actually found in contact, there is a
marked discordance in the strike and dip of the schistose structure of
the granite and of a series of sharply folded anticlines and synclines
of quartzites which are adjacent to the granite.

What is said by Endlich as to the sharp contrast between the sedi-
mentaries and granite may mean the contrast between the black horn-
blende-schists and gneisses with the coarse granitoid gneisses and
granites. If this is the case, the statement is true, for these materials
are seen in sharp contact at very numerous places along the Animas.
If these hornblende-schists and gneisses are altered eruntives, as they
appear to be, the sharp contacts would have no bearing upon the meta-
morphic origin of the granite.

Some of the quartzites have a color similar to the coarse reddish or
grayish gneisses, and also show to some extent a banded appearance.
It may be that this fact has led to the statement that there is a transi-
tion between them and the granitic rocks.

A study of numerous thin sections of the material collected shows
that the rocks composing the area here called granitic are always
completely crystalline, giving in the thin section no evidence whatever
of elastic characters; on the other hand, all the rocks belonging in the
quartzite area, while locally considerably altered by dynamic action,
show very clearly their elastic character. However, the evidence of the
microscope is not necessary to show the elastic origin of these quartz-
ites, as the conglomeratic phases seen in the field are sufficient to
demonstrate this.

As to the conformability described by Endlich between the flat-lying
Devonian and these crystalline rocks, no observations were made. It
is, however, to be remarked that Endlich states that the crystallines
are flat-lying, having a dip of not more than 100 to 150. This was
observed to be the case in one locality, but as before said, the great
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number of observations along the Animas show the dips to be for the
most part very high, i. e., from 600 to verticality, and in various direc-
tions. All of the evidence as to the strike and dip show that the area
of quartzites and granites is one in which the folding is very compli-
cated.

Bearing upon the question of the position of the quartzitic series
with reference to the fossiliferous rocks is the occurrence south of
Ouray, along Red mountain creek and one of the branches of the Ut1-
compalhgre, of a great series of slates, quartzites and conglomerates,
with high dips and repeated by folding, which are in lithological char-
acter identical with the quartzites south of Silverton. Just south of
Ouray the red beds of the Jura-Trias are found in almost horizontal
position upon the upturned edges of the slates and quartzites. This
unconformity, in the distance at which it may be observed and in
the masses of rocks exposed, is remarkably handsome. Conformable
below the red beds of the Jura-Trias, at Ouray, the Carboniferous
rocks appear, but they were not seen in contact with the slates
and quartzites. That the quartzite series was an old shore against
which the Carboniferous and Jura-Trias were deposited can not be
doubted. In the distance of about 5 miles in which this quartzite
series is exposed a slate band is found five times. In going north the
(lips are first south and then change to the north, in which position
they continue until the Carboniferous appears. All this suggests that
we have here to deal with a folded series and not one necessarily of
very great thickness, although probably several thousand feet thick.
As Ouray is only a few miles from Silverton, the argument of analogy
makes it probable that the similar plainly fragmental slates and quartz-
ites south of Ouray are the equivalent of the quartzites of Elk park.
The facts bear against the probability of a transition from the Devonian
into the quartzitic series of the latter place. The one occurrence in
which this transition is definitely asserted is perhaps a case of a recom-
posed rock resting upon a crystalline one. Similar occurrences have
often been described.

As to the relations of the granitic area to the quartzites along the
Animas, there is no clear evidence. The fact that the granitic area
is an intricate complex of regularly banded gneisses, of granitoid
gneiss, and of granites cut by hornblende-schists in dike-like frms,
combined with the fact that no such dike-like areas are found near
the quartzites, seems to indicate that the quartzite is of later age than
this complex. This probability is still further strengthened by the
completely crystalline character of one series and the plainly frag-
mental character of the other. This point would have little weight if
the granitic area was a simple massive rock which might be the result
of a single eruption. But the varieties of rock of which it is composed
and the intricate way in which these lithological phases are mingled
indicate that the history of the granite area is a most complex and
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long-continued one, and was far advanced before the deposition of
the fragmental rocks. If it should be held that this granitic area is
eruptive as a whole and later than the quartzite, the question arises,
Why is it that nowhere do any of the rocks which belong in it cut the
quartzites? If, on the other hand, it is maintained that it is metamor-
phic in origin, the question arises, Why is it that all parts of it have be-
come so completely crystalline while the quartzite is still so near its
original condition ?

LITERATURE OF THE LA PLATA MOUNTAINS.

HOLMES," in 1877, places the La Plata mountains in the metamorphic
belt because the central portion, as exposed in the deep-cut valley of the
La Plata river, is composed of uplifted and altered sedimentary rocks;
but there are associated with these a very considerable area of eruptive
rocks with a resulting great complication of structure. This metamor-
phic group seems to be a prolongation to that to the northeastward
about the Animas. Against attributing any great amount of change
in the sedimentary rocks to the presence of the trachyte is the fact that
in the neighboring groups of mountains of trachytic origin there is lit-
tle or no metamorphism apparent. In the central part of the altered
area the metamorphic mass proper extends up to and includes the red
beds. As one of the best examples- of the metamorphism may be men-
tioned that on the west face of the first mountain south of Hesperus.
Here a mass of metamorphic shales abuts or is welded to the trachyte
face of the mountain. The exact point of contact can not be determined,
as the metamorphism has been so complete that the shales seem to
change gradually into trachyte. Away from the trachyte they grad-
ually assume the appearance of a massive grayish yellow quartzite, and
in a mile or more from the place of contact assume a shaly character
and dark color.

ENDLICH,4 1 in 1878, gives a general discussion of the formations of
Colorado. In preference to the word Azoic the word Prozoic is used.
Belonging to this group, in southern Colorado, is an extensive series
comprising gneisses, granites, various schists and diorites. Of these
the first named appear to be the oldest, as may be inferred from the
relations to the granites more particularly. The schists are in subor-
dinate quantity. It often is a matter of difficulty to discriminate be-
tween the Prozoic and the next group of metamorphic rocks. This
latter is the most vaied and enormous in its development. Large
areas are covered by rocks of this group, which occur in almost end-
less variety. In several instances localities may be observed where the
transition from undoubted sedimentary into metamorphic beds is evi-
dent. This, however, must be considered as an exception rather than
the rule. The gneiss is the oldest of the metamorphic rocks in the dis-
trict examined. Micaceous, hornblendic and chloritic schists occur as
such associated with other metamorphic rocks. Frequently they are
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due to the substitution of minerals within the gneiss, but they are also
found totally independent thereof. If a suggestion may be offered
which, however, can not at present be proved, the author would say
that argillaceous sandstones form granite. With the decrease or in-
crease of argillaceous matter in the sandstone the quantity of feldspar
in the granite stands in direct proportion. Siliceous sandstones form
quartzites. Shales, arenaceous in part, are changed into gneisses, and
if the quartz in them is predominant they turn into schists. Quartzites
can not be generally classed with the metamorphic rocks, but in the
Quartzite mountains a complete alteration of the original sandstone
has taken place, although stratification has been retained in a measure.
Granite is the most representative species of the metamorphic group.
It is younger generally than the schistose rocks occurring with or near
it. In the Quartzite mountains there is a direct transition from sedi-
mentary beds into typical granite. A large part of the granites in
southern Colorado is regarded as metamorphosed Silurian, Devonian,
and in rare instances even Carboniferous strata.

SUMMARY OF RESULTS.

The greater parts of the Front, Wet, Sawatch, Park, and Quartzite
ranges and the crystalline rocks of the Gunnison and Grand are a
completely crystalline complex of rocks which are certainly pre-Cam-
brian; for, resting upon these ranges unconformably and bearing de-
bris from the older series are the fossiliferous Cambrian. These con-
tacts are found both on the east side of the Front range and in the
parks along the Sawatch, as well as at Eagle river in the Gunnison and
Grand region. The granite-gneiss-schist complex of the Quartzite
mountains also without much question belongs in the same position.

The relations, so excellently described by Marvine and Stevenson,
between the nearly structureless granites constituting the core of the
ranges and the well laminated schists and gneisses are those between
the granites and associated crystallines described in Massachusetts by
the elder Hitchcock in 1860, by King along the fortieth parallel, by
Lawson about the Rainy lake and the lake of the Woods, and by Win-
chell in northeastern Minnesota. That is, in passing from a schistose
to a granitic area the finely laminated schists become coarser and
coarser; then appear thin belts of gneiss, which become' more and more
prominent until the rock has changed to a gneiss, and this by imper-
ceptible stages passes into a granitoid gneiss, then into a granite. A
whole or a part only of the laminated rocks may be cut by granite veins,
while oftentimes there are considerable masses of granite in the schists
of the same character as the main granite mass, the contacts being ex-
ceedingly sharp. In a few cases in the massive granites are found
fragment-like areas of the schists. These imperfectly summarized re-
lations are regarded by Stevenson, Marvine, and the other writers to
be evidences of the metamorphic character of the whole series, while
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the intrusives are regarded simply as parts of the main mass which
have become perfectly fluid and therefore locally take on eruptive
forms. Lawson declines to carry the term metamorphic over to the

plastic material and speaks of it as a subcrustal magma. As the real
character of such granite-gneiss-schist complexes is a question which
concerns not only the Colorado ranges, but almost every other pre-
Cambrian region of North America, the discussion of this question is
deferred for the general chapter. It is, however, plain that in the moun-
tain ranges of Colorado is a thoroughly crystalline, intricate, funda-
mental complex like that found in most of the pre-Cambrian areas
already considered.

Besides these crystallines there are at least two areas in which unmis-
takable pre-Cambrian plastics are present. These are the districts of
Big and Little Thompson, South Boulder, Coal and Ralston creeks in
the Front range, and the district of the Quartzite mountains in the San
Juan region. It is also probable that the quartzites and mica-schists
of northern New Mexico, described by Stevenson, is a third series,
although the relations of these beds to the other rocks are not indicated.
The great beds of white quartzite and the granite-conglomerate in the
neighborhood of Santa Fe strongly suggests that here is a elastic series,
the granite-conglomerate probably being a recomposed rock. A fourth
great series which possibly falls among the pre-Cambrian plastics is
that seen by Cross in the neighborhood of Salida.

In the Front range the descriptions of Marvine and Lakes agree that
there is an apparent gradation from the elastic quartzite and mica-schist
series to the gneisses and gneissoid granites, although Lakes states
that the transition is somewhat abrupt. Two explanations may be ap-
plied here: First, there may be a real physical break which has not
been detected between the plastics and the crystallines. In favor of this
hypothesis is the fact that quartzites are found nowhere else in the vast
area of the Front range, and that nowhere else are there any rocks which
are even described as having any evidence of fragmental character, un-
less foliation be taken as such evidence. If this elastic series and the
great complex of granite, gneiss and schist are of the same origin and
age, it is certainly strange that nowhere except in this very restricted
area do beds of quartzite or quartz-schist occur. Also the presence of
genuine granitic pebbles in the conglomerates at least shows that there
existed an earlier granite from which debris was derived. Second, those
who believe that the fine-grained gneisses, completely crystalline schists
and granites are all really of eruptive origin, the foliation being but
evidence of powerful dynamic action, will probably maintain that this
elastic series is the more ancient one and haablei cut and metamorphosed
by the intrusion of the igneous rocks.

In the Quartzite mountains the evidence that the fragmental slate
and quartzite series is more recent than the granite-gneiss-schist com-
plex is far more weighty. Here an intricate complex of irregularly
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banded gneisses, granitoid gneisses and granites are cut by foliated
dikes of hornblende-schist, which never penetrate the fragmental
series. At one of the places along the Animas at which the quartz-
ite is separated by a very short interval from the granite complex there
is a sharp discordance in its foliation and a series of sharply folded
anticlines and synclines of quartzite, which with considerable certainty
indicate the bedding of the latter group. Also, while the quartzite
series inclines at a steep angle and is in places sharply folded, it upon
the whole has not suffered any such profound and repeated dynamic
movements as are exhibited by the granite-gneiss complex. If the lat-
ter series be taken as sedimentary its complete metamorphism argues
its greater age; and if it be taken as wholly eruptive its present im-
plicated character, with strongly developed schistose structures, de-
noting profound metamorphism, indicates a history much longer than
the one revealed by the quartzites. This great quartzite and slate
series can then with a considerable degree of certainty be regarded as
much later in age than the granite-gneiss-schist complex. Also it is
far more ancient than the Carboniferous, because near Ouray the Trias
conformably above the Carboniferous rests in a nearly horizontal posi-
tion upon the upturned, nearly vertical, truncated edges of the quartz-
ite. On general structural and lithological grounds it may with great
probability be referred to the Algonkian. Of the two other areas of
elastic rocks too little is known to offer any suggestions as to their age
or relations.

A part of the so-called granite (diorite?) of the Elk mountains and a
part of that of the Sangre de Cristo range is plainly an eruptive of later
age than the Cambrian, and therefore it does not properly fall within
the province of this review.

Whether there are any pre-Cambrian rocks in the La Plata mountains
is uncertain. The small area of metamorphosed rock bears such relations
to the eruptives as to suggest that their present condition may be due

to contact metamorphism.

SECTION VII. ARIZONA AND WESTERN NEW MEXICO.

LITERATURE.

POWELL,2 1 in 1874, states that below the Carboniferous is a succes-
sion of nonconformable shales, sandstones and limestones, the greatest

thickness of the beds being a little more than 10,000 feet. The beds
are traversed by dikes of trap or greenstone and irregular layers of

the same eruptive material are found in places between these noncon-

formable rocks and the overlying beds of Carboniferous age. Pro-

visionally these sedimentary rocks are called Devonian and Silurian.

Still underlying these is an extensive series of metamorphic crystalline
schists, in some places yet showing faint traces of the original stratifi-

cation, but usually these are so degraded that the total thickness of the
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beds was not determined. In places they constitute about a thousand
feet of the altitude of the walls. These beds are traversed by dikes of
granite, and beds of granite are found which are believed to be intru-
sive, hence of igneous origin. In some places the evidence is complete.
An extensive period of erosion separates these schists and granite from
the overlying Silurian and Devonian rocks.

In the Grand canyon are the records of an extensive period of depo-
sition in the schists, followed by plication, erosion, fissuring and erup-
tion. Again we have an invasion of the sea, which remains until
10,000 feet of shales, sandstones and limestones are deposited; and
this is followed by a dry-land period, marked in some places by at least
10,000 feet of erosion and accompanied by plication, fissuring and
eruption.

POWELL,69 in 1875, further describes the Grand canyon group. Un-
conformably below the Carboniferous of the Kaibab plateau is a middle
series of slates, sandstones and limestones 500 feet thick, so inclined that
the total thickness of its beds is 10,000 feet. Below these are uncon-
formably a thousand feet of crystalline schists with dikes of greenstone
and beds of granite. This lower series is composed chiefly of meta-
morphosed sandstones and shales, which have been folded so many
times, squeezed and heated, that their original structure as sandstones
and shales is greatly obscured or entirely destroyed, so that they are
metamorphic crystalline schists. After these beds were deposited,
folded and deeply eroded they were fractured, and through the fis-
sures came floods of molten granite, which now stands in dikes or lies
in beds, and the metamorphosed sandstones and shales, with the beds
of granite, present evidence of erosion subsequent to the periods just
mentioned, yet antedating the deposition of the nonconformable sand-
stones. Here, then, we have evidences of another and more ancient
period of erosion or dry land. Three times has this great region been
left high and dry by the ever-shifting sea; three times have the rocks
been fractured and faulted; three times have floods of lava been poured
up through the crevices, and three times have the clouds gathered over
the rocks and carved out valleys with their storms. The first time was

after the deposition of the schists; the second was after the deposition
of the red sandstones; the third time is the present time.

GILBERT,36 in 1875, describes the axis of the Black and Colorado
mountains in northwestern Arizona as consisting of granitoid rocks
and highly crystalline schists. In Bowlder canyon of this range upon
a nucleus of syenite are plicated crystalline schists. In Virgin canyon
the nucleus is gneissic, with a general anticlinal structure. In Black
canyon the nucleus is a, homogeneous rock resembling pegmatite, but
is probably metamorphic.

In the Grand canyon of the Colorado the Tonto sandstone rests directly
on plicated and eroded schists and associated granites, and demonstrates
them to be pre-Silurian. Following down the river the same relation is
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seen inthe Virgin range, and in the next ridge to the west, through which
the river has cut Bowlder canyon, are gaeisses so similar to those of the
Virgin range that they may safely be classed with them. In Music moun-
tain, in the Black hills near Prescott, and on Canyon creek, or, more gener-
ally, all along the soutwestern border of the Plateau region in Arizona,
the Archean schists and granites are seen beneath nonconforming mem-
bers of the fossiliferous rocks, usually the Tonto sandstone. To the
south and west of this line stretches a great ocean of metamorphic ridges
in which no one has found fossils. Whether a portion of the rocks are
altered Paleozoic or whether the Paleozoic has been completely re-
moved in the progress of erosion, or whether the Archean rocks have
been covered by no later ocean sediments has not been decided. The

purity and great thickness of the Carboniferous limestones up to the
very margin of the region would appear to negative the idea of a perma-
nent continent from Archean time, if, indeed, it is not negatived by the
survival of acute mountain ridges.

GILBERT," in 1875, describes the range region of western New
Mexico and eastern Arizona. Northwest of the Burro mountains for
50 miles are islands of Archean and Paleozoic rocks. The most con-

spicuous of the former is a deep-red granite. In the Santa, Rita moun-
tains the axial rocks are Archean schists. On the eastern border of
the Plateau region is a chain of ranges which coalesces with the Rocky
mountains of Colorado and consists mainly of Archean and Carbonif-
erous rocks. The whole front of the Sandia mountains except the crest
is Archean. The Zuii range of the Plateau region has a crystalline
nucleus which Howell suspects to be due to the metamorphism of
lower Paleozoic strata, as they are conformable with unaltered upper
Paleozoic beds. The specinieus show a gradation from compact sand-
stones to gneissic quartzite and quartzose granite. Between the
Archean and the Silurian there is, tirst, a, wide unconformity, demon-
strating the tilting and erosion of the Archean beds anterior to the

deposition of the Silurian; and, second, there is always at the contact
a contrast of conditions as regards metamorphism, the Silurian rocks
being usually merely indurated and the Archean invariably highly
metamorphic. The two characters of the break serve to show that it
represents a vast chasm of time, a chasm the duration of which may
have been greater than that of the ages which have since elapsed. A

third character of the break, one that is supported by less evidence
but is negative by none, is that the lowest of the superposed rocks
are conglomerates and coarse sandstones. The conclusion to be drawn
from the coarse, fragmental nature of the lower deposits is that the
water which spread them was an encroaching ocean, rising to posses,
land that had long been dry. The recognized interpretation of a wide
spread sandstone is continental submergence, or, what is the same
thing, an advancing coast line.

MARVINE, 3 in 1875, states that granite is found below the Tonto
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sandstone at the mouth of Grand canyon, at Music mountain, and in
the canyon of New river. At Truxton and on the road to the south-
westward granite occurs in the hills, often lava-capped; is found at Cross
mountain, near fort Rock; at Aztec pass; at Juniper mountains; be-
tween Prescott and Agua Fria valley, and in the Black tills. In the
Juniper mountains there are also found highly metamorphic rocks, as
schists, slates, etc., often covering considerable areas and with which
many of the silver and gold bearing lodes of the country are associated.
At camp Verde on tie river Verde sedimentary rocks rest upon syen-
ites. TheTonto sandstone rests upon the granite in the Sierra Ancha,
in the San Carlos valley, and in the Apache mountains. The main
mass of the Pinal mountains is granite, but upon their northeast flanks
is a long area of highly metamorphic rocks, consisting mostly of crys-
talline schists, micaceous, chloritic and talcose, their erosion forming
an intricate maze of small valleys, separated by sharp ridges, which
present a strong contrast with the more massive features of the moun-
tains. The granites and schists of Pinal mountains extend along Pinal
creek to camp Pinal.

POWELL,2 9 in 1876, further describes as unconformably below the
Tonto sandstone the Grand canyon sandstones, shales and limestones,
10,000 feet in thickness; and below this the Grand canyon schists, of un-
determined thickness, composed of hornbleudic and micaceous schists
and slates, associated with beds and dikes of granite. The Grand
canyon group rests unconformably upon the crystalline schists. The
evidence of this is complete, for the lower sandstones and conglomer-
ates first filled the valleys and then buried the hills of schistic rocks,
and these conglomerates at the base of the group are composed of
materials derived from the metamorphic hills about; and hence neta-
morphismu was antecedent to the deposition of the conglomerates. The
plane of demarkation separating this group from the Tonto group is
very great. At least 10,000 feet of beds were flexed and eroded in such
a manner as to leave but fragments in the synclinals. Then followed
a period of erosion, during which beds of extravasated material were
poured over the fragments, and these igneous beds also were eroded
into valleys prior to the deposition of the Tonto group. Fossils have
been found at the base of the Grand canyon series, but they are not
well preserved and little can be made of them. Still, on geological
evidence, these beds are considered Silurian.

WALCOTT,71 in 1883, describes below the Tonto a great series of
unconformable sediments which are divided into two groups, the Chuar
and Grand canyon, between which there is an unconformity by erosion.
The lower or Grand canyon group is made up of an immense mass of
sandstones and interbedded greenstones, and the Chuar group is a
series of sandy and clay shales. The Archean at the base of the Grand
canyon group consists of thin-bedded quartzites broken by intrusive
veins of a flesh-colored granite, the layers of quartzite standing nearly
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vertical. The Grand canyon and Chuar groups unconformably depos-
ited over the underlying Archeau are referred to the Lower Cambrian
and placed as the stratigraphical equivalent of the Keweenawan group
of lake Superior. In the Grand canyon series are found a few obscure
fossils. Thy Chuar and Grand canyon series are both wholly unmeta-
morphosed and but slightly disturbed.

WALCOTT," in 1886, states that the Tonto sandstone of the Grand
canyon district is Upper Cambrian or Potsdam. Then below a great
unconformity occurs by the erosion of an entire cross section of 13,000
feet of strata of the Chuar and Grand canyon series; below the un-
conformable series rest unconformably on underlying highly inclined
strata, which where the section terminates belong to a, system of strata
between the Grand canyon series and the Archean. On account of
this great unconformity below the Tonto it is thought better to classify
all the pre-Tonto strata as pre-Cambrian, the middle and lower Cam-
brian times being in the Grand canyon district a period of erosion. The
Chuar formation or upper 6,000 feet of limestones and argillaceous
shales lithologically resemble the Trenton limestone and Utica shales
of the New York section. There is no evidence of the great age of
these strata in their physical aspect. The lower 6,000 feet of Grand
canyon formation are sandstones with interbedded lava flows toward
the upper portions. Ripple marks and mud cracks abound in many of
the layers, but not a trace of a fossil was seen. Midway in the lower
portion of the overlying Chuar strata the presence of a fauna is shown
by a minute Discinoid or Patelloid shell, a small Lingula-like shell, a
species of Hyolithes, and a fragment of what appears to have been the
pleural lobe of the segment of a trilobite belonging to a genus allied to
the genera Olenellus, Olenoides, or Paradoxides. There is also an ob-
scure Stromatopora-like form that may or may not be organic. The
fauna as given above is very unsatisfactory, but it shows the presence
of a fauna that is Cambrian in character, as far as we know, although
it may be a trace of a fauna preceding that of the Lower Cambrian of
the Atlantic border; and as the stratigraphic evidence favors this view
it is thought that it cannot be considered of Cambrian age.

WALCOTT,35 in 1889, refers the section laid bare in the Grand canyon
of the Colorado to the Keweenaw group. This section presents one of
the best opportunities known to the author for the discovery of a pre-
Olenellus fauna.

WALCoTT, 2 in 1890, gives the Algonkian section of the Grand can-
yon as follows: Chuar (shales and limestones), 5,120 feet; Grand can-

yon (sandstones with lava flows in upper part), 6,830 feet; Vishnu
(bedded quartzites and schists), 1,000+feet.

SUMMARY OF RESULTS.

It is evident from the literature that in western New Mexico and in
the major part of Arizona is a fundamental, thoroughly crystalline
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complex, consisting of most intricately mingled and folded granites,
gneisses, micaceous and hornblendic schists, etc., precisely as in the
previous sections concerned with the Rocky mountain system. This
complex occurs at many points, constitutes the axes of many ranges,
and its structure is of so intricate a character that no attempt has been
made to estimate its thickness or to work out its structure, although in
general the laminated rocks have been referred to as metamorphic.
The granite in this complex plays the same part with reference to the
crystalline schists as in the other areas referred to. Besides this an-
cient granite, which existed before the next newer series of rocks was
formed, there is apparently in certain areas granites of later age, and
these are more plentiful as the western part of Arizona is reached.

In eastern New Mexico and western Arizona, so far as the descrip-
tions guide us, there is no certainty that any elastic rocks exist older
than the fossiliferous series. In the central part of Arizona, however,
in the Colorado canyon district, is the most complete section of rocks
older than the Cambrian and newer than the fundamental complex in
any known part of the world, with the exception of the lake Superior
region.

The Tonto sandstone of the Grand canyon region, called by Powell
and Gilbert Silurian in accordance with the nomenclature of the time,
by present classification is to be placed as Upper Cambrian. The great
unconformity which separates this sandstone from the earlier series
makes it very probable that the latter are pre-Cambrian. These inferior
series in descending order are the Chuar, Grand canyon, Vishnu series
(together the equivalents of Powell's Grand canyon group), and the
basal complex. The upper series consists of shales and limestones.
Below this, with an erosion interval, is the second, consisting of sand-
stones, with interbedded and cutting basic eruptives. Inferior to this
series, and separated by a great unconformity, is a set of thinly bedded
and nearly vertical quartzites of undetermined thickness, broken by
intrusive masses of granite. These three are clearly elastic series. The
basal complex as described by Powell and Gilbert consists of thor-
oughly crystalline hornblendic and micaceous schists, gneisses, and
granites, like the fundamental complex of the remainder of New Mexico
and Arizona. Between this basal complex and the Vishnu series, as
shown by Powell, is a vast unconformity. We have then in this region
passing from the base upward, a fundamental complex; great uncon-
formity; quartzite series of unknown thickness (Vishnu); great uncon-
formity; Grand canyon series; minor unconformity; Chuar series; great
unconformity; Cambrian.

The fundamental complex of Arizona has all the characteristics of
the fundamental complex of lake Superior. The next overlying series
is a quartzitic one, and quartzite is one of the most abundant and char-
acteristic formations of the Upper Huronian of the Northwest. The
next great succession is the Grand canyon and Chuar series, which in
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their unmetamorphosed condition, and in the character of the sedi-
ments are almost identical with the great thickness of sediments of the
Keweena wan. Also the eruptives, which are interbedded with the Grand
canyon series and cut it, are practically identical with the basic eruptives
of the Keweenawan. These interbedded and cutting greenstones
are characteristic of the lower, but are not found in the higher series,
a still further analogy with the Keweenawan, for the lower Kewee-
nawan contains eruptives and the upper Keweenawan is wholly detrital.
The Grand canyon succession is then remarkably like that in the lake
Superior region, and the respective series are lithologically alike.

It is exceedingly unsafe to correlate a single series with another se-
ries in a different geological basin upon lithological grounds; but when
two great series ofrocks are found, each of which has respectively similar
lithological characteristics in two regions, and they are both separated
by a physical break, and both sets of series are in exactly similar posi-
tions with reference to the overlying Cambrian and to the basement
complex, the likeness suggests that they stand respectively as the time
equivalents of each other. Between the two regions is the difference
that in the Grand canyon area, a possible equivalent of the Lower Hu-
ronian of the lake Superior is not known. The correlation suggested
can be considered no more than a conjecture since the parallelism in
the two regions may be no more than a remarkable coincidence. It is
remarked by Walcott that in the pre-Tonto series are a few obscure
fossils, and that this locality is perhaps one of the best in the world in
which to search for a pre-Cambrian fauna. Since in the lake Superior
region the beginning of a pre-Cambrian fauna is also known, it may
not be too much to hope that within a few years we shall have the
assistance of fauna of sufficient fullness in these distant regions upon
which the correlation above suggested may be tested.

SECTION VIII. CALIFORNIA, WASHINGTON AND BRITISH COLUMBIA.

LITERATURE OF CALIFORNIA, WITH ADJACENT PARTS OF NEVADA AND ARIZONA.

DANA, 73 in 1849, describes various crystalline rocks in the Umpqua
and Shasty ranges. These include granite, syenite, porphyry, talcose
rocks, serpentine. The hornblendic and talcose rocks are rarely schist-
ose. Associated with the former rocks are conglomerates and sand-
stones.

TYSON,74 in 1850, describes sections in the Sierra Nevada and the
Coast range. The rocks are, first, metamorphic, consisting of those of
sedimentary origin, such as slate, but subsequently altered by the
effects of heat, and second, of hypogene rocks, which include granite,
trap rocks, and others. At the summit of the Sierra, granite is
the prevailing rock, and upon its flanks slates. The cleavage of
the slates have a uniform course, about north of west. These lines of
cleavage are usually taken for those of stratification, but it is fre-
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quently difficult to determine the stratification even where extensive
excavations have been made. However much the slates have been
disturbed during their period of upheaval, they assume the slaty
structure in continuous or parallel lines extending over considerable
distances-in the present instance for more than 70 miles-the inclina-
tion being nearly vertical.

BLAKE,51 in 1856, states that the contorted gneisses of the Aquarius
mountains are metamorphic. In the Aztec mountains the horizontal
Carboniferous strata show that it was an ancient granitic uplift. The
specimens of granite are of a red or rose color, few or none being white
or light gray, in this respect contrasting strongly with the collection
made from the Sierra Nevada and the Bernardino Sierra, as well as
from those of the Great basin and along the Mojave river. The meta-
morphic rocks are in all probability not older than the Silurian or Car-
boniferous. This is certainly the case in the Aquarius mountains. In
the rapid reconnaissance of these disturbed and metamorphic rocks it
was not possible to bestow the attention upon them which their ob-
scured condition demands, and it is therefore not possible to assign a
dividing line between the truly erupted granitic rocks and those which
simulate them but in reality are of sedimentary origin.

NEWBERRY,'5 in 1856, states that in the coast mountains are found
occasional protrusions of granite and serpentine. The great mass of
the Sierra Nevada is composed of plutonic or volcanic rock, granite,
gneiss, mica-schists and porphyries, traps, trachyte, etc., with aurifer-
ous talcose slates and veins of quartz. The western slope of the Cas-
cade mountains in one place where crossed is composed of trappean
and metamorphic rocks.

ANTISELL, 6 in 1856, states that in the Coast range the igneous rocks
that form the axis are of two kinds, granitic and trachytic. While alto-
gether distinct in their extreme types, when they approach each other
in position and age they merge these separate differences. The gran-
ites of the Sierra Nevada are anterior to the Eocene and posterior to
the later Paleozoic. All of the observed sedimentary rocks were post-
Cretaceous. Granitic and primary metamorphic rocks are mentioned
as occurring at several places in the Coast range, and in the Cordil-
leras in many localities. At one locality hornblende-gneiss is found.

BLAKE, 7 in 1857, states that granite is found at points along the
coast from Monterey to near the Golden Gate. At the Tejon, in the
Sierra Nevada, the rocks now generally classed as metamorphic, such
as gneiss, mica-schists, hornblende-slate and chlorite-slate, are pre-
dominant. While these rocks are probably a metamorphosed sedi-
ment, the linear arrangemient of the minerals is not regarded as satis-
factory evidence of it. This structure also appears when the rocks
are so far fused as to obliterate the original planes of stratifi-
cation, and therefore the words strata or stratification in relation to
these rocks are avoided, but to designate the lines or layers of minerals
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are used planes of structure or lamination. At one section was found
granite, upon both sides of which is white limestone; next to the latter,
on one side is quartz rock, which is followed by chlorite-slates. If the
structural relations were regarded as conclusive evidence, the whole
series would necessarily be considered metamorphic; but there is little
reason to doubt that the granite is eruptive. The metamorphism in
the limestone is complete and resembles the coarsely crystalline white
limestones of Sussex county, New Jersey. There is no indication as
to the age of the limestone or quartz rock, but there is some reason to
regard them as Carboniferous, for these are the nearest known forma-
tions of limestone which are recognizable by fossils. On the section
of the Caniada de las Uvas the rocks are similar to those of the western
slopes of the Tejon. Along the Mojave river the rocks consist of meta-
morphic slates, very compact and so much changed as to resemble
granite. In the Colorado desert the most of the metamorphic rocks
are highly laminated and contain lenticular beds of limestone. In the
gold region talcose and clay-slates are the prevailing rocks, and in gen-
eral present a low degree of metamorphism. Next to the slate in
importance is white crystalline limestone.

ExORY,78 in 1857, states that in southern California there is a great
preponderance of crystalline metamorphic granite pertaining to the
older Paleozoic series of rocks and an entire absence of any member
of the lower Paleozoic or secondary rocks in their regular stratified
character. The central axes are represented by somewhat variable
granite, assuming in some places a close syenitic texture and at other
times there is a preponderance of mica. Belonging with the granitic
series, particularly on the eastern side of the range, are mica and tal-
cose slates.

NEWBERRY,71 in 1861, describes the great mass. of the Peninsular
mountains east of San Diego as composed of granitic and gneissoid
rocks, which are similar to most of the granites of the other systems
of the Colorado; that is, a predominance of the feldspathic over the
hornblendic ingredients. Where the Colorado cuts through the Choco-
late mountains they are composed of gneisses traversed by veins of gran-
ite and quartz. The gneissoid rocks are frequently foliated and much
convoluted. Their aspect is such as to lead an observer more readily to
refer them to a metamorphic origin than any other rocks seen on the
route. The great mass of Monument mountains is a coarse, massive
feldspathic granite. On both sides of the granitic axis are highly meta-
morphosed conglomerate and sandstone. The principal mass of the
Mojave mountains is composed of white granite, traversed by numerous
veins of quartz. The Black mountains as a whole are characterized by
the prominence of eruptive rocks, such as massive granite, trap, por-
phyry and trachyte, and the rarity of gneiss, mica-slate, clay-slate,
etc., which are probably metamorphic. In the lower Colorado canyon,
unconformably below the Potsdam sandstone, is granite, which is cut
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by veins of quartz and red syenite. This sandstone is somewhat meta-
morphosed, but its consolidation is not due to volcanic heat, but rather
to molecular changes induced by long-continued pressure of the im-
mense mass of superincumbent rocks. The Cerbat mountains have a
core of granite.

WHITNEY, 80 in 1865, describes the Coast range, the region between
the Caiada de las Uvas and Soledad pass, and the Sierra Nevada, in
all of which regions are found granitic and metamorphic rocks.

Granite occurs at many points in the Coast range and is described
and figured as breaking through the Cretaceous and Tertiary strata
and metamorphosing them.

In the Canada de las Uvas region, at San Emidio canyon, occur gran-
ite, mica-slate, syenite, hornblende-slate and limestone, turned on end
and unconformably overlain by unaltered Cretaceous and Tertiary
strata. In the Tejon pass are found mica-slate, granite, gneiss, and
syenite. Near the fort occurs crystalline limestone associated with
mica-slate and gneiss, together with magnetic iron ore.

At many localities in the Sierra Nevada are described areas of gran-
ite, many of them of great magnitude. With them are associated met-
amorphic slates, a portion of these being mica-slates. In places granite
dikes and veins are seen to intrude the slates. At Dome mountains,
near the head of Kern and Kings rivers, a granite has a peculiar con-
centric dome structure which is not regarded as due to sedimentation,
but results from the cooling of igneous material. The few fossils de-
scribed in the slates of the Sierra are such as to cause them to be
referred to the Jurassic.

GILBERT,3 6 in 1875, states that in the Inyo range are found syenite,
granite and gneissoid rocks. On its east face quartzites, siliceous
schists, green schists and limestones make the section over 1,100 feet
thick. In the Amargosa range the Whites peak series is 11,500 feet
thick, and is composed of quartzites, green garnetiferous schists and
siliceous and argillaceous schists. Atthebaseof the section in the Amar-
gosa range is 900 feet of quartzite resting conformably upon 600 feet
of mica-schist and chlorite-schist. A section at Boundary canyon
2,500 feet thick is made up of limestones, micaceous and other schists
and quartzites. None of these rocks are regarded as pre-Silurian.
Although no fossils are found, the Whites peak section is presump-
tively Silurian.

MARCOU,81 in 1876, states that granitic rocks occur in the Sierra
Madre in southern California at a number of points. This mountain
chain is described as the most ancient of the modern chains of southern
California; that is to say the granite, pegmatite, gneiss and metamor-
phic rocks which form its principal mass date from times anterior to
the Paleozoic.

LOEW,82 in 1876, states that nearly all the mountain ranges of south-
ern California belong to the Primitive formation. In the San Bernar-
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dino mountains the main mass is granite, accompanying gneiss, mica-
schist, talcose schist and primitive clay-slate. The River-Side and
Half-Way mountains consist of granite and gneiss. At the Mojave
range is a series of Azoic rocks consisting of fine grained granite,
syenite, hornblende-schist and quartzite. At the Panamint range are

primitive limestone and clay-slate as accompaniments of the granite.
Eruptive gneiss is found in the Coahuila valley which has metamor-
phosed the limestone on either side. The gneiss shows by the position
of its mica plates a stratification parallel to the limestone layers, indi-
cating the effect of pressure during the consolidation of the injected
rock mass. Eruptive syenite occurs in the Buena Vista and Inyo ranges
and eruptive granite at Dead mountains and in the Opal ranges. Occa-
sionally in the San Bernardino mountains the granite gives rise to the
formation of beds of arkose, a rock in which granitic debris has been
recemented, forming a sort of granitic sandstone resembling to some
extent granite, but the uniform grain, friability, and rusty surface of
the fragments elucidate its true nature.

NEWBERRY,5 in 1876, states that in the Aquarius range the Carbon-
iferous strata rest directly upon the granite. In the Cerbat mountains
gray granitic rocks are found upon which rest unchanged Carboniferous
strata. In the mountains of the lower Colorado metamorphic rocks are
abundant, consisting of gneiss, mica-slate and clay-slate, talcose slate
and limestone, the latter highly metamorphosed and crystalline, form-
ing marble, so far as observed, wholly destitute of fossils. This meta-
morphic limestone of the Sierra is suspected to be Carboniferous.

CONKLING, 83 in 1877, states that the ridge-like line of the eastern
summit of the Sierra consists entirely of granite, flanked in several

places by igneous rocks. In the Western Summit range are also found
granitic rocks.

CONKLING 84 in 1878, describes portions of western Nevada and east-
ern California, including a part of the Sierra range, and finds little
aside from metamorphic and igneous rocks. Granite is found at many
localities.

BECKER,85 in 1888, states that granite underlies the Coast ranges and
the Sierra Nevada. The evidence in California is in favor of the hy-

pothesis that the main mass of the underlying granite is primeval.
While it is not absolutely certain that Archean rocks occur in Califor-
nia, the unquestionable occurrence of the Archean in Arizona, together
with the similarity of the rocks of southeastern California to those of

the adjacent territory, make it probable that San Bernardino county is
largely Archean. In the Gavilan range the lowest sedimentary forma-
tion is a crystalline limestone, associated with which are rocks of the
Archean gneiss type. It is possible that it is a member of the Knox-
ville series more metamorphosed than usual, but it appears more proba-
ble that it is a remnant of some older formation which has perhaps
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undergone repeated metamorphism. Aside from these the earliest
metamorphic rocks of the coast are probably Cretaceous.

BECKER," in 1891, describes the sierra between the Stanislaus and
Truckee rivers as being chiefly granite and diorite overlain in part by
andesite and basalt. The granite and other granular rocks are inter-
sected by fissures at short intervals which are believed to be early Cre-
taceous.

LITERATURE OF WASHINGTON.

Ginns, 7 in 1855, states that in central Washington, in the valley of
the Methow, is found granite, syenite and gneiss, well characterized
and blended with each other. The syenite is often divided by joints so
as almost to appear stratified and to give its perpendicular walls the
semblance of artificial constriction. The gneiss is found both hori-
zontal and displaced by the intrusion of trap. Along the Columbia
river was found syenite, granite, gneiss, quartzose rocks, talcose slate
and greenstone.

LITERATURE OF BRITISH COLUMBIA.

RICHARDSON, 88 in 1872, mentions crystalline rocks on the east coast
of Vancouver which are pre-Carboniferous and may be of Laurentian
age.

RiCHARDSON, 9 in 1873, finds below the coal-bearing series of Van-
couver and Queen Charlotte islands crystalline limestones, diorites, red
and green slates, the age of which is uncertain, but are probably Silur-
ian or later.

RICHARDSON, 90 in 1876, finds crystalline rocks throughout a wide-
spread area in British Columbia, extending through 7 degrees of lati-
tude, from New Westminster on the Fraser river to Wrangel on the
Stickeen river, and through 6 degrees of longitude, from Vancouver to
Cariboo and Tote Jane cache. While not able to speak authorita-
tively on the age of this great series of crystalline rocks or to say
whether different portions of them will be proved to belong to distinct
epochs, they present such a wonderful uniformity in character as to
favor the idea that they constitute one great and widespread series.
They are doubtless the gold-bearing rocks of British Columbia.

SELWYN, 91 in 1877, in a report on exploration in British Columbia,
divides the rocks into five divisions from above downward. Division
four consists of senicrystalline rocks, among which are limestones,
shales, mica-schists and quartzites, which appear to have obscure fos-
sils. The age of these rocks is not clearly determined. Division five
consists of granitic rocks.

MACOUN,92 in 1877, finds granite-gneiss and gneiss a few miles up the
Quatre Fourches river, which are referred to the Laurentian.

DAWSON, (G. M.)9 in 1877, states that a crystalline series occurs in
the Cascade mountains about Eagle and Tatla lakes. These are chiefly
highly crystalline gneisses, granites and diorites.
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DAWSON (G. M.) 94 in 1878, states that the crystalline series of Van-
couver, described by Richardson in 1872, are found to contain fossils.
They have, however, become metamorphosed, and in lithological char-
acter resemble the Huronian and altered Quebec' groups of eastern
Canada.

DAwsON (G. 1M.), 93 in 1879, describes in some detail the Cascade
crystalline series, which are referred to the Carboniferous period. The
only rocks tentatively referred to the Laurentian are crystalline rocks
of Shuswap lake and the gold range, which comprises gneisses, green-
stones, schists, limestones and granites.

BAUERXAN, 96 in 1885, describes, near the forty-ninth parallel, west of
the Rocky mountains, large areas of crystalline rocks, among which
are granites, gneisses, basalt, etc. The gneiss of Spokane resembles
the typical Laurentian gneiss of Canada. The metamorphic slates and
greenstones perhaps belong to the Huronian.

DAWSON (G. M.), 91 in 1886, in that portion of the Rocky mountains
between latitudes 490 and 500 30', places the lowest rocks found in the
Cambrian. These comprise quartzite, quartzitic shales, argillites,
limestones, and conglomerates. One section, between South Kootanie
pass and Flathead river, has a maximum thickness or more than 11,000
feet. These rocks are apparently destitute of fossils and are compared
in their lithological character with the Cambrian of the Wasatch, but
they have a still closer resemblance to the Chuar and Grand canyon
groups of the Colorado river.

DAWSON (G. M.),98 in 1887, describes Vancouver island and the ad-
jacent coasts. All the stratified rocks are Cretaceous or Triassic,
although they are often metamorphic and crystalline. To all the vol-
canic material underlying the Cretaceous, including the limestones,
argillites and quartzites, the term Vancouver series is applied. These
rocks, the oldest in the district, were not deposited upon a granitic
floor, as the granites are evidently later in date, and nothing is known
of the character of the surface upon which the Vancouver beds were
deposited. Granitic rocks are very widespread. The granites near
the line of junction with the Vancouver series are charged with in-

numerable darker fragments from that series. In the immediate vicin-
ity of the parent rock they are anigular and clearly marked, but at a
greater distance are rounded and blurred in outline. The width of the
belt in which these fragments occur may exceed half a mile; in other
cases it is only a few hundred feet. It was in several instances found
impossible to draw a distinct line between the granites and the Van-
couver rocks. The Vancouver series for some distance from the contact
is very generally shattered and penetrated by granitic spurs or by fel-
site dikes. If the granite were in limited intrusive masses these would
be regarded as ordinary intrusive rocks, but it appears everywhere to
be the material upon which the Vancouver series rests, and is never-
theless evidently of later date than these rocks. The only explana
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tion which appears satisfactorily to account for the appearances met
with is that in consequence of upheaval and denudation we now
have at the surface a plane which was at one time so deeply buried
in the earth's crust that the rocks beneath it had become subject to
granitic fusion. It is clear that the granitic rocks beneath were
in a plastic condition, not alone from the fact that they are found to
penetrate the older series, but also from the evidence everywhere met
with of the scattering out of fragments of the stratified rocks into the
granites. Both the granites and the rocks of the Vancouver series have
been subjected to great pressure in a horizontal direction, causing the
fragments in the agglomerates to assume lenticular forms and impress-
ing a more or less distinctly schistose character upon them, while the
dark included fragments in the granites have been squeezed out into
sheets, giving the portions of these rocks which are characterized by
an abundance of such fragments an almost gneissic lainination. At
the time at which this effect was produced the granites must still have
been in a plastic state. On the inner side of Vancouver island it may
further be remarked that for a long stretch the flaggy argillites and
quartzites are frequently directly in contact with the granitic rocks,
rendering it probable that the refractory character of their materials
has proved a sufficient barrier to the progress of the granitic change,
which may, locally, have nearly reached its possible limit. Particular
occurrences of granite at many localities are described in detail.

MCCONNELL," in 1887, describes the Bow river series in the eastern
part of the Rocky mountains. It consists of dark-colored argillites,
associated with sandstones, quartzites and conglomerates. The base
is not seen, but the part exposed has an estimated thickness of 11,000
feet. The argillites are occasionally cleaved and have scales of mica
often developed alog the divisional planes. The only fossils obtained
from this formation are a couple of trilobitic impressions, one of which
was identified by Walcott as Olencllus gilberti.

BOWMAN,'0 in 1889, states that certain schists are found in the Cari-
boo gold belt of British Columbia, which are referred to the lower
Paleozoic. These consist in the main of slates and sandstones, the
total thickness being placed in the neighborhood of from 5,000 to 8,000
feet. No fossils are found, and their position as lower Paleozoic is
tentative. In the Alpine region of Cariboo are found gneisses, gran-
ites and quartzites, which resemble the characteristic rocks of the
Archean. Associated with these are lower granitic rocks. The entire
crystalline series of the gold region of Cariboo is lithologically identi-
cal, as near as can be described in general terms, with the rocks of the
pre-Cambrian and Canbrian gold regions of eastern Canada. The
gneissic and schistose type of rocks of the mount Stevenson group
especially (supposed to represent the lowest horizon, on account of their
association with granite in a central and massive mountain group)
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finds lithological representatives in the pre-Cambrian rocks of the east-
ern provinces of the Dominion and in the Appalachian axis.

DAWSON, (G. M.) 101, in1891, describes a section in the Selkirk range
and compares it with a section of the interior plateau region at Kootanie
and Adams lakes and on the west side of the Rocky mountains. The
sections are given and correlated as follows:

Provisional comparative table of formations met with (1) in the eastern border of the in-
terior plateau of British Columbia, (2) in the Selkirk range, and (3) on the western side
of the adjacent portion of the Rocky mountain ranges.

1. Section on Kootanie and 2. Section in the Selkirk range 3. Section in the.Rocky moun-
Adams lakes. on line of Canadian Pacific tains (west side of range,

Railway. McConnell).

Feet.
6. Greenish a n d

gray schists,
w i t h lime-
stone........ 2,000

5. Limestone o r
marble with
black, glossy
argillites and
so m o gray
schists ...... 2, 500

4. Chiefly green-
*g ish,with some
m gray schists. 4, 050
a 3. Chiefly g r a y,

w i t h some
g r e e n i s h
schists ...... 8,550

2. Black, shaly or
. schistose ar-

gillite, w it h
S o in e lime-
stone........ 1,000

or more.
0

z

a 1. M i c a-schists,
m m gneisses, and
p m marbles ..... 5,000

or more.

Quartzites, with gray
schists and s o m e
limestone

Black shaly argillites,
limestone, and gray
schists.

-C-I

Ca

m.m
W

Feet.

Gray schists and
gray quartzites,
with some quartz-
ose conglomerate
and interbedded
blackish a r g ii-
1i te s, the last
chiefly toward the
base ............. 25, 000

Blackish argillite-
.3 schists and phyl-
m l i t e s, generally
q calcareous, with

somebeds of lime-
'a stone and quartz-

ite ............... 15,000

2 Gray gneis sic
d a rocks and coarse
Z W mica-schists ... 5,000
A m or more.

Feet.
Halysites beds, dolo-

mites, and quartzites 1, 300
or more.

Graptolite- b e a r i n g
shales. Black fissile
argillites, with some
limestone........... 1,500

Greenish and gray
%a cale-schists and
p greenish a n d
g 0 reddish shalesg and slates, with
. some dolomitic

limestone...... 10,000
a (probably).

0

D a r k argillites,
.3 with some quarta-
a ites and conglom-
* erates, the latter

part icuilarly
.5 toward the sum-

mit. Base not
c seen ............. 10,000

Pq or more.

CS

0

-

Ca

a
.a.0

ae

Associated with the Archean schists are certain granitoid rocks which
may represent either portions of the schists in which the bedding has
been obliterated or very ancient intrusives. Besides these there is at
least one later series of intrusive granites which are probably later than
most of the Paleozoic rocks. The Shuswap series of the Adams lake
section appears to be traceable on their line of strike into diabases and
diabase rocks, which are often agglomerates and pass into volcanic ash
rocks. In the Shuswap series of the Selkirk nearly half of the entire
mass of the rocks exposed consist of intrusive or vein granite with
pegmatitic tendencies. In the Nisconlith series the lamination is often
true bedding, but in some cases a slaty cleavage is developed. In the
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Castle mountain group and the upper 3,000 feet of the Bow river series
of the Rocky mountain section the Olenellus fauna is found. Nowhere
iii any of the sections were unconformnities seen. In sections 1 and 2
no fossils have been discovered. The correlations are made upon rela-
tive positions and lithological grounds. Between the Shuswap and
overlying series there is believed to be a great time break, for this
lower series is of a markedly more crystalline character, and the numer-
ous granite veins which everywhere cut it at no point enter the over-
lying Cambrian strata. The rocks placed in the Cambrian are then
40,000 feet thick. The use of the term Algonkian to designate the
rocks conformably below the Olenellus fauna is objected to, it being
more philosophical to include, for the present at least, the whole of this
great conformable mass of rocks to its base under the name Cambrian.

SUMMARY OF RESULTS.

The literature of the vast region covered by the western coast ranges
and British Columbia is too meager to make possible any systematic
comparisons between the rocks of different districts. No attempt has
been made accurately to map any considerable areas in the region.
The crystalline series have been referred to the pre-Cambrian, Cam-
brian, Huronian, or Laurentian, as the particular author thought ad-
visable.

In California, Whitney evidently regarded all of the granites and
metamorphic rocks as of very late age, but Becker, on the contrary,
regards the main mass of them as the equivalent of the most ancient
complex of Arizona and other western Territories. The earlier ob-
servers, such as Antisell, speak of the granites and metamorphic rocks
which occur in the different ranges as Primary, but this reference was
clearly made upon lithological grounds. While nothing definite can be
said, the descriptions of some of the areas in southern and southeast-
ern California and in the district along the Canada de las Uvas cer-
tainly suggest that in these districts are thoroughly crystalline com-

plexes which are lithologically like the fundamental complex of the
Rocky mountain region, but it can not be positively asserted that any-
where in this region, except in British Columbia, such an ancient rock
system has been found. Here the recent work of Dawson has shown
the existence of a fundanntal complex in all respects like that found
in the Rocky mountains of the United States.

Nothing definite can be said as to the existence in California of pre-
Cambrian elastic series later than such a possible fundamental com-
plex. It is not at all impossible that such great series of crystalline
schists as that described by Gilbert at Whites peak, in the Amargosa
range, is the equivalent of the plastics of the Grand canyon group.
This series was by this author referred to the Silurian; but the Grand
canyon series at that time, when the lowest fossiliferous rocks were so
called, was also called Silurian.
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In British Coliiu l ia the lower 7,000 Ieet of the Bow river series of rocks
may be pre-Olenellus, and not improbably belong to the Algonkian un-
der our usage of the term, although placed by Dawson under his usage
as a part of the Cambrian. If a part of this Bow river series is Algon-
kian, it would carry with it also, in all probability, the Nisconlith series,
with possibly a portion of the Selkirk series, and doubtless also a por-
tion at least of the section at Kootanie and Adams lakes; hence it is
not improbable that in British Columbia is a great area in which Al-
gonkian rocks occur.

NOTES.

'Exploration and Survey of the Valley of the Great Salt Lake of Utah, including
a Reconnaissance of a New Route through the Rocky Mountains, Capt. Howard Stans-
bury. Washington, 1853, 495 pp., atlas of 2 maps. Abstract taken from edition of
1855, published in Philadelphia.

2 On the Geology and Natural History of the Upper Missouri, F. V. Hayden. Trans.
Am. Phil. Soc., vol. x11, new series, 1863, pp. 1-218, with a geological map.

3Geological Report, F. V. Hayden. Third Annual Report of the U. S. Geological
Survey of the Territories, embracing Colorado and New Mexico, pp. 109-199.

'Report of F. V. Hayden. Preliminary Report of the U. S. Geological Survey of
Wyoming and portions of contiguous territories (being Fourth Ann. Rept. of Prog.),
pp. 1-188.

6Report on the Geology of the Country between Fort Leavenworth, Kansas, and
the Sierra Nevada, near Carson Valley, Henry Engelmann. Report of Explorations
across the Great Basin of the Territory of Utah for a direct Wagon Route from
Camp Floyd to Genoa, in Carson Valley, in 1859, by Captain J. H. Simpson, pp.
247-336.

6Descriptive Geology, Arnold Hague and S. F. Emmons. U. S. Geological Explora-
tion of the Fortieth Parallel, Clarence King, Geologist in Charge, vol.11, 890 pp., 26
plates. See also vol. I.

7 Systematic Geology, Clarence King. U. S. Geological Exploration of the Fortieth
Parallel, vol. 1, 803 pp., with an atlas.

8 Report on the Geology of the Sweetwater District, F. M. Endlich. 11th Ann.
Rept. U. S. Geol. and Geog. Survey of the Territories, embracing Idaho and Wyoming,
being a Report of Progress of the Exploration for the year 1877, pp. 1-158.

9Based on unpublished field-notes made by C. R. Van Hise, in the summer of 1889.
10Sketch of the Geology of the Country about the Head Waters of the Missouri

and Yellowstone rivers, Dr. F. V. Hayden. Am. Jour. Sci., 2d ser., vol. xxx1, 1861,
pp. 229-245.

1Second Annual Report of the U. S. Geological Survey of the Territories, embrac-
ing Wyoming, F. V. Hayden, pp. 65-102.

12Report on the Geology and Natural History of the Big Horn Mountains, W. L.
Carpenter. Reports of Inspection made in the summer of 1877, by Genls. P. H. Sher-
idan and W. T. Sherman, of country north of the Union Pacific Railroad, pp. 11-19.

'3Remarks upon the Geology and Physical Features of the Country West of the
Rocky Mountains, with miscellaneous facts. John Ball, Am. Jour. Sci., 1st ser., vol.
xxvIII, pp. 1-16.

14Geological Report, Theodore B. Comstock. Report upon the reconnaissance of
Northwestern Wyoming, including Yellowstone National Park, made in the summer
of 1873 by William A. Jones, pp. 102-116, with a geological map of western Wyoming.

16Report on the Geology of the Green River District, A. C. Peale. 11th Ann. Rept.
U. S. Geol. and Geog. Survey of the Territories, pp. 509-646.

16Report on the Geology of the Wind River District, Orestes St. John. 12th Ann.



VAN 1I.9.-] THE CORbILLERAS. 343

Rept. U. S. Geol. and Geog. Survey of the Territories, F. V. Hayden, part 1, pp.
173-269.

"Report of the Geological Field-work of the Teton Division, Orestes St. John.
11th Ann. Rept. U. S. Geol. and Geog. Survey of the Territories, F. V. Hayden, pp.
321-508.

18 Report of Frank H. Bradley, Geologist of the Snake River Division. 6th Ann.

Rept. U. S. Geol. Survey of the Territories, F. V. Hayden, pp. 189-271.
1
9 Report of F. V. Hayden. Preliminary Report of the U. S. Geol. Survey of Mon-

tana and portions of adjacent Territories; being a 5th Ann. Rept. of Progress, pp.
13-165, with maps.

20 Report on the Minerals, Rocks, and Thermal Springs of the region traversed by
Hayden, A. C. Peale. Ibid., pp. 165-204.

21 Report of F. V. Hayden. 6th Ann. Rept. U. S. Geol. Survey of the Territories,
pp. 11-85.

22 Report of A. C. Peale. Ibid., pp. 97-187.
23 Notes Descriptive of some Geological Sections of the Country about the Head

Waters of the Missouri and Yellowstone Rivers, F. V. Hayden. Bulletin of the U. S.
Geol. and Geog. Survey of the Territories, vol. iI, pp. 197-209.

24Report on the Geology of the Yellowstone National Park, W. H. Holmes. 12th
Ann. Rept. U. S. Geol. and Geog. Survey of the Territories, part 2, pp. 1-62.
2 Relation of the Coal of Montana to the Older Rocks, W. M. Davis. Tenth Census

of the United States, vol. 15, pp. 697-712.
2 6From unpublished manuscript on The Paleozoic Section in the Vicinity of Three

Forks, Montana, A. C. Peale.
7 On the Geology of the Eastern Uintah Mountains, O. C. Marsh: Am. Jour. Sci.,

3d ser., vol.1, pp. 191-198.
2s Report of Explorations in 1873 of the Colorado of the West and its Tributaries,

J. W. Powell, pp. 36.
"Report on the Geology of the Eastern Portion of the Uinta Mountains and a

region of country adjacent thereto, J. W. Powell. U. S. Geol. and Geog. Survey of the
Territories, 218 pp., with atlas,

30 Geological and Mineralogical Notes on some of the Mining Districts of Utah Ter-
ritory, and especially those of the Wasatch and Oquirrh Ranges of Mountains, B.
Silliman. Am. Jour. Sci., 3d ser., vol. 1i, pp. 195-201.

31 Report on the Geology of portions of Utah, Nevada, Arizona, and New Mexico,
examined in the years 1872 and 1873, E. E. Howell. Report upon Geographical and
Geological Explorations and Surveys west of the One Hundredth Meridian, vol. iii,
Geology, pp. 227-301, with atlas sheets.

32 On the Archean Rocks of the Wasatch Mountains, Archibald Geikie. Am. Jour.
Sci., 3rd ser., vol. xxx, pp. 363-367.

33Second Contribution to the Studies on the Cambrian Faunas of North Ameriea,
C. D. Walcott. Bull. U. S. Geol. Survey No. 30, 369 pp., 33 pls. See also 'The Cambrian
system in the United States and Canada, C. D. W alcott. Bull. Phil. Soc. Washington,
vol. vi, pp. 98-102.

3 Geology and Mining Industry of Leadville, Colorado, S. F. Emmons. Monograph
12 U. S. Geol. Survey, xxix, 770 pp., 45 pls., and atlas of 35 sheets folio, pp. 308-311.

31 Stratigraphic Position of the Olenellus Fauna in North America and Europe,
Charles D. Walcott. Am. Jour. Sci., 3rd ser., 1889, vol. xxxvIl, pp. 374-392; vol.
xxxviii, pp. 29-42.

3 8Report on the Geology of portions of Nevada, Utah, California, and Arizona,
examined in the years 1871 and 1872, G. K. Gilbert. Report upon Geographical and
Geological Explorations and Surveys west of the One-Hundredth Meridian, vol. 1n,
Geology, pp. 16-187, with atlas.

37 Report on the Geology of Route from St. George, Utah, to Gila River, Arizona, A.
R. Marvine. Ibid., pp. 189-225, with atlas sheets.



344 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BLLr. 86.

: Geological Report of the Country Explored under the Twenty-eighth and Forty-
first parallels of North Latitude, in 1853-'54, James Schiel. Reports of Explorations
and Surveys for a railroad from the Mississippi River to the Pacific Ocean, in1853-'54,
vol.11, pp. 96-107.

:; Abstract of Report on Geology of the Eureka District, Nevada, Arnold Hague.
Third Ann. Rept. U. S. Geol. Survey, for 1881-'82, pp. 237-290, 8 pl.

4Account of an expedition from Pittsburg to the Rocky Mountains, performed in
the years 1819 and 1820, by order of the Hon. J. C. Calhoun, Secretary of War, Major
Stephen H. Long. Philadelphia, 2 vols., with an atlas; pp.503, 442, xcviii.

41 Report on the Geology of the region traversed by the Northern or Middle Park
Division during the working season of 1873, Arch. R. Marvine. Seventh Ann. Rept.
U. S. Geol. and Geog. Survey of the Territories, pp. 83-192, with atlas sheets.

42Report on the South Park District during the season of 1873, A. C. Peale. Ibid.,
pp. 193-273. With atlas sheets.

" Report of F. M. Endlich. Ibid., pp. 275-361. With atlas sheets.
"Report on the Geology of a portion of Colorado examined in 1873, John J. Ste-

venson. Report upon Geog. and Geol. Explorations and Surveys west of the One
Hundredth Meridian, vol. ill, Geology, pp. 303-501. With atlas sheets.

4Orographic Movenments in the Rocky Mountains, S. F. Emmons. Bull. Geol. Soc.
America, vol. 1, pp. 245-286.

"Based on unpublished field notes made by Prof. Arthur Lakes in the sunuer of
1890.

4 Report on the geology of that part of northwestern New Mexico examined dur-
ing the field season of 1874, E. D. Cope. Report of the Chief of Engineers for 1875,
Appendix LL, Part 2, pp. 921-1108.

"Geological Report on the Southeastern District, F. M. Endlich. 9th Ann. Rept.
I. S. Geol. and Geog. Survey of the Territories, pp. 103-235. With atlas sheets.

"Report on the Geology of the White River District, F. M. Endlich. 10th Ann.
Rept. U. S. Geol. and Geog. Survey of the Territories, pp. 61-131.

50 Memoir of a Tour to Northern Mexico, connected with Col. Doniphan's Expedi-
tion in 1846 and 1847, A. Wislizenus. Senate Miscellaneous Does., No. 26, 1st sess.
30th Cong., 1848, 141 pp. With map.

51 General Report upon the Geological Collections, William P. Blake. Report of
explorations and surveys to ascertain the most practicable and economical route
for a railroad from the Mississippi River to the Pacific Ocean, in 1853-'54, vol. 11, pp.
119. With a geological map.

62 Geological and Mineralogical Report on portions of Colorado and New Mexico,
Dr. O. Loev. Report of the Chief of Engineers for 1875, Part 11, Appendix LL, pp.
1017-1036.

53Notes on the Geology of Northeastern New Mexico, Orestes St. John. Bull. U.
S. Geol. and Geog. Survey of the Territories, vol. ii, pp. 279-308.

64 Geological Report, J. S. Newberry. Report of the Exploring Expedition from
Santa Fe, New Mexico, to the Junction of the Grand and Green Rivers of the Great
Colorado of the West, in 1859, under the command of Capt. J. N. Macomb; 152 pages.

65 Preliminary Report of a Special Geological Party operating in Colorado and
New Mexico, from Spanish Peaks to the South, field season of 1878, John J. Steven-
son. Report of the Chief of Engineers for the year 1879, Part inl, pp. 2249-2259.

6 Report upon Geological Examinations in Southern Colorado and Northern New
Mexico during the years 1878 and 1879, John J. Stevenson. Report upon U. S. Geo-
graphical Surveys West of the One Hundredth Meridian, vol. il, Supplement, Geol-
ogy, pp. 3-406. With atlas sheets.

67 Geology, Mineralogy, and Mining Industry, F. V. Hayden. 7th Ann. Rept. U.
S. Geol. and Geog. Survey of the Territories, pp. 15-82. With atlas sheets. See, also,
8th Ann. Rept. U. S. Geol. and Geog. Survey of the Territories, pp. 19-58. With atlas

sheets~



VAN LUSK.] THE CORDILLERAS. 345

s Abstract of Report on Geology and Mining Industry of Leadville, Lake County,
Colorado, S. F. Emmons. 2d Ann. Rept. U. S. Geol. Survey for 1880-'81, pp. 201-290,
2 plates. See, also, Monograph 12, U. S. Geol. Survey, pp. 45-52, 58-60.

*
9Geology of the Aspen Mining Region, Pitkin County, Colorado, Arthur Lakes.

Biennial Report of the State School of Mines, Golden, Colorado, 1886, pp. 43-84.
Report on the Geology of the Northwestern Portion of the Elk Range, W. H.

Holmes. 8th Ann. Rept. U. S. Geol. and Geog. Survey of the Territories, pp. 59-71.
61 The Coal Field of Crested Butte, Gunnison County, Colorado, Arthur Lakes.

Annual Report of the State School of Mines, Golden, Colorado, 1885, pp. 111-136.
62 Report upon the Eagle, Grand, and Gunnison rivers, A. C. Peale. 8th Ann. Rept.

U. S. Geol. and Geog. Survey of the Territories, pp. 73-180. With atlas sheets.
63 Geological Report on the Grand River District, A. C. Peale. 9th Ann. Rept. U.

S. Geol. and Geog. Survey of the Territories, pp. 29-101. With atlas sheets.
64Report upon the San Juan Region, F. M. Endlich. 8th Ann. Rept. U. S. Geol.

and Geog. Survey of the Territories, pp. 181-240. With atlas sheets.
6' Notes on the Geology and Mineralogy of San Juan County, Colorado, Theodore

B. Comstock. Trans. Am. Inst. Min. Eng., vol xI, pp. 165-191.
66 The Geology and Vein-Structure of Southwestern Colorado, Theodore B. Com-

stock. Ibid., vol. xv, pp. 218-265.
67 Geology of Colorado Coal Deposits, Arthur Lakes. Annual Report of the State

School of Mines, Golden, Colorado, 1889, pp. 264.
6MGeological Report on the San Juan District, W. HT. Holmes. 9th Ann. Rept. U.

S. Geol. and Geog. Survey of the Territories, pp. 237-276. With atlas sheets.
69 Exploration of the Colorado River of the West and its Tributaries, explored in

1869, 1870, 1871, and 1872, J. W. Powell, pp. 291.
70Report on the Geology of portions of New Mexico and Arizona, examined in 1873,

G. K. Gilbert. Report upon Geographical and Geological Explorations and Surveys
west of the One Hundredth Meridian, vol. III, Geology, pp. 503-566. With atlas
sheets.

V Pre-Carboniferous Strata in the Grand Canyon of the Colorado, Arizona, Charles
D. Walcott. Am. Jour. Sci., 3d ser., vol. xxvI, pp. 437-442, 484.

72Study of a Line of Displacement in the Grand Canyon of the Colorado, in
Northern Arizona, C. D. Walcott. Bull. Geol. Soc. America, vol. I, pp. 49-64.

73United States Exploring Expedition during the years 1838, 1839, 1840, 1841, 1842,
under the command of Charles Wilkes, vol. x, Geology, James D. Dana. Philadel-
phia, 1849, pp. xii, 9-756, 5 maps, and folio atlas of 21 plates.

7Report upon the Geology of California, P. T. Tyson. Senate Ex. Does., 1st
sess. 31st Cong., vol. x, No. 47, pp. 3-74. With a map.

7Report upon the Geology of the Route, J. S. Newberry. Reports of explora-
tions and surveys to ascertain the most practicable and economical route for a
railroad from the Mississippi River to the Pacific Ocean, in 1853-'54, vol. vi, Part xI,
pp. 9-68.

76 Geological Report on Routes in California to connect with the Routes near the
Thirty-fifth and Thirty-second Parallels, and Route near the Thirty-second Paral-
lel, between the Rio Grande and Pimas Villages, explored by Lieut. John G. Parke
in 1854 and 1855, Thomas Antisell. Ibid., vol. vII, Part II, pp. 1-204. With maps
and sections.

7Geological Report on Routes in California to connect with the Routes near the
Thirty-fifth and Thirty-second Parallels, William P. Blake. Ibid., vol. v, pp. 370,
part 2. With geological sections.

76 Report on the United States and Mexican Boundary Survey, made under the
direction of the Secretary of the Interior, William H. Emory, vol. I, pp. 1-99, Part
II. See, also, Geology and Paleontology of the Boundary, James Hall. Ibid., pp.
114, 115, 120, 121.

79Geological Report, Dr. J. S. Newberry. Report upon the Colorado River of the



346 PRE-CAAM1BRIAN ROCKS O'' NORTI-I AMERlICA. [ft uLT . 86.

West, explored in 1857 and 1858, by Lient. Joseph C.. Lives. Washington, 1861, Part
3, pp. 154.

80 Report of Progress and Synopsis of the Field Work, from 1860 to 1864, J. I).

Whitney. Geological Survey of California, vol. i, Geology, pp. 498.
81 Report on the Geology of a Portion of Southern California, Jules Marcou. Re-

port of Chief of Enginee rs for the year 1876, Part iii, pp. 378-392.
82 Report on the Geological and M ineralogical Character of Southeastern Cali-

fornia and adjacent regions, Oscar Loew. Ibid., pp. 393-408.
83Geological Report on the portions of Western Nevada and Eastern California

between the parallels of 390 30' and 380 30', explored in the field-season of 1876, A.

R. Conkling. Report of the Chief of Engineers for the year 1877, part 2, Appendix
H, pp. 1285-1295.

84Geological Report on portions of Western Nevada and Eastern California, in-
cluding part of the Sierra Nevada Range, A. R. Conkling. Report of the Chief of
Engineers for the year 1878, part 3, pp. 1589-1607.

8'Geology of the Quicksilver Deposits of the Pacific Slope, George F. Becker.
Monograph 13 U. S. Geol. Survey, pp. xix, 486; 7 pl. and atlas of 14 sheets folio.

8 The Structure of a portion of the Sierra Nevada of California, Geo. F. Becker. Bull.
Geol. Soc. of America, vol. ii, pp. 49-74.

8 7Report upon the Geology of the Central Portion of Washington Territory, George
Gibbs. Reports of Explorations and Surveys from the Mississippi River to the Pacific
Ocean, in 1853-'54, vol.1, pp. 473-486.

88Report on the Coal Fields of the East Coast of Vancouver Island, James Richard-
son. Rept. of Prog. Geol. Survey of Canada for 1871-'72, pp. 73-100. Accompanied
by a map.

89 On the Coal Fields of Vancouver and Queen Charlotte Islands, James Richard-
son. Rept. of Prog. Geol. Survey of Canada for 1872-'73, pp. 32-65. Accompanied by
a map.

-.On Explorations in British Columbia, James Richardson. Rept. of Prog. Geol.
Survey of Canada for 1874-'75, pp. 71-83.
"' On Exploration in British Columbia, A. R. C. Selwyn. Rept. of Prog. Geol. Survey

of Canada for 1875-'76, pp. 28-86; with a sketch map.
9, Geological and Topographical Notes on the Lower Peace anw Athabasca Rivers,

John Macoun. Ibid., pp. 87-95.
93 Report on Explorations in British Columbia, George M. Dawson. Ibid., pp.

233-265.
94 Report on Exploration in British Columbia, George M. Dawson. Rept. of Prog.

Geol. Survey of Canada for 1876-'77, pp. 17-94. With a geological map.
95 Preliminary Report on the Physical and Geological Features of the Southern

Portion of the Interior of British Columbia, G. M. Dawson. Rept. of Prog. Geol.
Survey of Canada for 1877-'78, pp. 1-173 B. With a map.

96 Report on the Geology of the Country near the Forty-ninth Parallel of North
Latitude west of the Rocky Mountains, from Observations made in 1859-'60, 1-.
Bauerman. Rept. of Prog. Geol. and Nat. Hist. Survey and Museum of Canada for
1882-'83-'84, pp. 3-42 B.

97 Preliminary Report on the Physical and Geological Features of that portion of
the Rocky Mountains between Latitudes 490 and 500 30', G. M. tawson. Ann. Rept.
Geol. and Nat. Hist. Survey of Canada for 1885, vol. i (new series), pp. 5-169 B.
With a map.

9x Report on a Geological Examination of the northern part of Vancouver Island
and adjacent coasts, George M. Dawson. Ann. Rept. Geol. and Nat. Hist. Survey of
Canada (new series), vol. II, 1886, pp. 129 B. With a map.

99 Report on the Geological Structure of a portion of the Rocky Mountains, R. G.
McConnell. Ibid., pp. 1-41 D.



VAN HISE.1 THE CORDILLERAS. 347
100 Report on the Geology of the Mining District of Cariboo, British Columbia,

Amos Bowman. Ann. Rept. Geol. and Nat. Hist. Survey of Canada for 1887-'88, vol.
iii (new series), pp. 5-49 C. With maps.

101 Note on the Geological Structure of the Selkirk Range, George M. Dawson.
Bull. Geol. Soc. America, vol. i, pp. 165-176. See also Report on a portion of the
West Kootanie District, British Columbia, 1889, George M. Dawson. Geol. and Nat.
Hist. Survey of Canada, Ann. Rept. (new series), vol. iv, pp. 28-40 B. With a map.



CHAPTER VII.

EASTERN UNITED STATES.

SECTION I. THE NEW ENGLAND STATES.

LITERATURE OF MAINE.

JACKSON, in 1837, observed granite, gneiss, and mica-schist at many

localities. At one place schistose fragments occur in syenite, which
indicates that the syenite has been thrown up in a melted state since
the deposition and induration of the argillaceous and talcose slates
included. Dikes very frequently cut the fossiliferous horizon.

HITCHCOCK2 (EDWARD) in 1837, describes a rock succession at Port-
land as consisting from the base upward of (1) granite; (2) gneiss; (3)
talcose and mica-slates, with quartz-rock; (4) hornblende-slate; (5)
limestone; (6) plumbaceous mica-slate; (7) pyritiferous mica-slate.
The latter has the aspect of a graywacke-conglomerate, being filled
with distinct rounded masses of quartz rock. It is really a mica-slate
conglomerate. The series are in a vertical position and the whole are
cut by greenstone dikes.

JACKSON,' in 1839, includes in the Primary rocks of Maine the gran-
ites, gneiss, talcose slate, and argillaceous slate. The transition rocks
are a great formation, which includes slates, limestones, fine gray-
wackes, and coarse conglomerates. It is also fossiliferous. At one place
mica-slate is thrown aside by intrusive granite.

HITCHCOCK 4 (CHAS. H.), in 1861, divides the unfossiliferous rocks
into Stratified or Azoic and La-urentian. With the latter are placed
granitic, trappean, and Archean rocks. The Azoic rocks, which may
be in age Laurentian to Carboniferous, include gneiss, mica-schist,
quartz-rock and conglomerate,jasper, siliceous slate, and hornstone. The
quartz-rocks and conglomerates are associated. At one place a con-
glomerate has elongated pebbles which indent each other, which is
evidence that they must have been in a plastic condition. Metamor-
phism may even produce granite and gneiss by aqueo-igneous fusion.
The syenites containing fragments of schist and trap, described by
Jackson, are believed to be metamorphosed conglomerates, the inclgided
pebbles of which have preserved their original shapes. The foliation
of the metamorphic rocks generally correspond with the planes of strat-
ification, but may cross the strata like cleavage planes. The trap dikes
are believed to be eruptive.
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EASTERN UNITED STATES.

HITCHCOCK (CHAS. H1.),5 in 1862, describes the rocks of the southern
part of the state as granite and syenite, gneiss and mica-schist, saceha-
roidal Azoic limestone, quartz-rock, (Taconic), Eolian limestone, etc.
Presumably the granite and syenite, the gneiss end mica-schist, and
4zoic limestone are Primitive. In the Kennebec valley are found in-
terstratified limestones and slates, the cleavage of which is almost
transverse to the bedding, so that it is only possible to get at the true
direction of lamination by following the limestone belts. At one place
is an abrupt change from mica-schist to granite. A red conglomerate
rests uncomformably upon a slate at Woodstock.

ITITCHCOCK (CHAS. H.),6 in 1874, describes at Portland three groups
of rocks, the oldest of which is the Huronian. In this system are green
talcose schists, hornblendic schist, micaceous and plumbaceous schist,
and other varieties. They are referred to the Huronian on the ground
that such rocks are typical of this period, and continuity of mineral
character indicates similarity of age till otherwise proved.

HUNTINGTON, 7 in 1878, describes the region about the headwaters of
the Androscoggin river. The rocks are classified as Laurentian, Hu-
ronian, and Paleozoic. In the Laurentian is gneiss, containing lime-
stone. In the Huronian are White mountain gneisses and schists,
mica-schists, with staurolite, chloritic and whitish argillitic mica-schists,
sandstone-schists, diabase, diorite with serpentine, argillitic mica-
schists with staurolite, and Raingely conglomerates. In the Rangely
conglomerate, when freshly broken, every portion of it except the peb-
bles resembles in all respects the staurolitic schist. Going across the
stratification are places where the pebbles are wanting, or have been
so changed that they are not apparent, although locally the fragments
of the conglomerate are a foot in diameter. Granite, diorite, and fels-
ite are placed among the eruptive rocks.

SHALER," in 1889, describes the rocks of mount Desert. The island
consists of a central mass of hornblende-granite and a succession of
sedimentaries on the north and south sides. About the massive core
are the following series: The Sutton island series of highly metamor-
phosed clay-slates, quartzites, bedded felsites, and associated traps;
the Cranberry island series, essentially the same as the Sutton island
series, with many beds of volcanic ash; the Schooner head series of
contorted argillaceous schists, shales, and the associated injected
rocks; the Bar harbor series of thick-bedded flaggy slates and asso-
ciated bedded felsites and quartzites, with numerous injections of

igeous rocks; and the Bartletts island series of contorted schists,
with frequent beds of quartzites, which often assume a gneissic aspect
with the associated injections of igneous rocks. The great central
mass of granite is said to be essentially a dike. In approaching the
central granite the amount of granitic dike injections in the sedimen-
tary series greatly increases, and in the sedimentary rocks are found
numerous dikes of granite. No two of the various sedimentary series
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are found superimposed upon each other, although there are at least a
half dozen series which are regarded as representing different parts of
the geological section. The aggregate thickness of the various sections
is not less than 6,000 feet and may be one half more than this. The
great part of mount Desert rocks are referred to the lower part of the
Cambrian section, although the volcanic rocks of Cranberry island
resemble deposits of similar nature at Eastport, Maine, which seem to
be of Silurian age.

LITERATURE OF NEW HAMPSHIRE.

JACKSON,' in 1841, in a general consideration of the geology of the
state, states that granite is an igneous rock and is the foundation on
which all the more recent formations rest. When it is found cutting
other rocks, the intense heat has often metamorphosed the adjacent
rocks for considerable distances. Reposing directly on the granite is
found gneiss, the origin of which is undetermined. By some geologists
gneiss is considered a metamorphic rock; others suppose that its strat-
ified structure is due to the crystallization in lamine and that it is
merely the upper crust of granite. Above the gneiss are found mica-
slate, chlorite-slate, and argillaceous slate, which are regarded as
metamorphic rocks. Slates and granite alternate with each other, and

this is due to the subsequent intrusion of granite. There have been
several periods of eruptions of trap dikes, as is shown by the manner
in which they cut each other.

JACKSON,' 0 in 1844, gives many facts as to the distribution of the
rocks, with numerous sectional profiles. Granite, syenite, porphyry, trap,
basalt, and lava are regarded as eruptive rocks. As a result of out-
bursts and elevations the strata have been broken up, altered in po-
sition, and included between masses of molten; gneiss and granite. In

this way is explained the intercalation of masses of argillaceous slates
in the primary series and the metamorphosis of the sedimentary depos-

its by igneous action.
ROGERS, (HENRY D. and WM. B.)," in 1846, states that the assump-

tion that the White mountains belong to the Primary series involves
two errors: first, in assigning all the rocks to the gneissoid class; and,
second, in supposing that none of the strata contain organic remains.
The gorge of the Saco was closely examined. The rocks were found to
have a stratified structure throughout, although in many cases ap-
proaching very close to granite. They are regarded as very highly
metamorphic sandstones and slates. Associated with the crystalline
rocks are seinicrystalline sandstones which contain distinct fragmieiits.
In a shale are found fossils, which lead to the coiiclasion that the
series represents the Levant or Matinal. The metamorphic beds are cut
by beds and veins of syenitic granite, and the extremely crystalline
character of the slates and sandstones is regarded as due to the igneous
material.
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JACKSON,12 in 1848, maintains that in the White mountains are numer-
ous localities where fragments of slate are included in the granite
which are not altered by heat beyond mere induration. In New Hamp-
shire numerous masses of older Silurian strata occur intercalated with
the Primary rocks.

HITCHCOCK (C. H.) and HUNTINGTON, 13 in 1877, give a full account of
the geology of New Hampshire. Hitchcock divides the pre-Paleozoic
rocks of the northeastern United States into two divisions: first,-the more
ancient gneisses and granites; second, the area of hydromicaceous and
micaceous schists, which are termed Huronian. In the Paleozoic are

placed great expanses of clay-slates. The first division is divided into
four parts: first and oldest, the Laurentian; second, the porphyritic
gneiss and the various undetermined granites; third, the Atlantic; and
fourth, the Labradorian. Among the Huronian is placed the Quebec
group of Logan.

Huntington gives the geology of the Coos and Essex district. The
Coos rocks, consisting of argillaceous schists, clay-slates, and micaceous
sandstones, are supposed to belong to the fossiliferous series. The Hu-
ronian rocks are found east of the line limiting the Coos group. They
consist of green chloritic rocks, in which the lines of stratification are
obscure. Contained are greenish feldspathic sandstones, with inter-
calated bands of siliceous limestones. There are also here contained
stratified diorites, diabases, and hornblen d-rocks. The porphyrywhich
occurs connected with the Coos and Huronian penetrates the rocks
with which it comes in contact, and the intrusive character can not be
doubted. Outcrops of granites and granitoid gneisses have a wide ex-
tent, a part of them being regarded as genuine eruptive granites since
they intersect the schists in numerous veins and beds. The basic dikes
are the latest of all, cutting the granites and intersecting the schists
at many places.

Hitchcock gives the formations of the White mountain district in
ascending order, as follows: (1) Porphyritic gneiss; (2) Bethlehem
gneiss; (3) Berlin or Lake gneiss; (4) Montalban group; (5) Franconia
breccia; (6) Labrador system or Pemigewasset series of granites, ossi-
pytes, compact feldspars, etc.; (7) syenite; (8) andalusite slates; (9)
Pequawket or mount Mote granite. The three first are regarded as
metamorphic, although the stratification is destroyed. The Montalban
group includes granitic gneiss, mica-schist, and quartzite. The gran-
itic gneiss sometimes shows no visible mark of stratification, as in
the Concord granite, although the whole is regarded as metamor-
phic. An unconformity is inferred between the Montalban schists
and the porphyritic gneiss on account of the divergence in the strike
of the two groups. Eruptive granite is found in the Montalban schists.
The Franconia breccia is placed later in the chronological scale than
the Montalban group, because it is the impression of the author that
he has seen Montalban fragments in this rock. The Labrador system
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is considered as the probable equivalent of the Labrador system of
Logan and Hunt. It includes the Conway granite, Albany granite,
Chocorua granite, Ossipyte or Labradorite rocks, and various compact
and crystalline feldspars or porphyries. The relations of the Albany
granite and the Andalusite slate do not show that the underlying gran-
ites are certainly not sediments, although they have been so thoroughly
metamorphosed as to have lost their lines of original bedding; but the
evidence in favor of their eruption since the deposition of the andalusite
slates is increasing. The slates are twisted and broken in many places,
the fragments being cemented together by a granitic paste; also, frag-
ments of slate occur imbedded in the underlying granite. The Labra-
dor group is found in seven areas. The Labrador rocks lie uncon-
formably upon the upturned edges of the Montalban gneisses, the
discordance varying from 450 to 700. Porphyry occurs in this system,
which is regarded as intrusive. Syenite has quite a widespread occur-
rence. The andalusite slates are regarded as the equivalent of the Coos
series, but they are similar to the Huronian system. The Pequawket
series is regarded as late eruptives. The stratigraphic order in the
White mountains is finally concluded upon as follows: (1) the Lau-
rentian, represented by the Porphyritic gneiss and the Bethlehem
group; (2) the Atlantic, consisting of the Lake or Berlin and Mont-
alban gneisses, and the Franconia breccia; (3) the Labradorite; (4) the
Huronian; (5), the Merrimac schists; (6) the Andalusite schist group;
(7) eruptions of porphyry; (8) eruptions of the Conway, Albany and
Chocorua granites and syenites; (9) the formation of the mount Pequaw-
ket or mount Mote porphyritic breccia. This order is somewhat dif-
ferent from that stated at the beginning of the chapter. The Huronian
barely touches the White mountain area. With it are placed certain
quartzites which are lithologically like those of Canada. The Green and
White mountain gneisses are regarded as Eozoic because they are a
contitnuation of the Eozoic rocks of New Jersey and New York, because
they are bordered by quartzites which are of Cambrian age, which dip
away from them both to the east and west, because the Labrador series
is present, and because fossiliferous Helderberg strata are found on
both the east and west sides of the White mountains side by side with
the metamorphic.schists, the former containing fossils.

Ii the Amumonoosuc gold field of the Connecticut valley the follow-
ing succession is found: (1) Laurentian, consisting of the Porphyritic
and Bethlehem gneisses; (2) Atlantic gneiss, represented by the
Lake division; (3) Huronian, embracing the Lisbon and Lyman groups
and the auriferous conglomerate; (4) Cambrian clay-slate; (5) Coos
group; (6) Swift water series; (7) Helderberg quartzites, slates and
limestones. The Huronian formations embrace schists, conglomerates,
the pebbles being sometimes flattened, quartzites, dolomites and jas-
pers.

In the area between Haverhill and Claremont the subdivisions are

[BULL. 86.
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as ihllu ws: (I) 1I ethlehem gneiss; (2) Huronian, with three or fhur
subdivisiois; (3) ('ambrian clay slate: (4) Coos quartzites; (5) Coos
slates a nd schists; (6) calciferois mica-schist; (7) eruptive granites,
including the mount Asentney area, which is partly composed of rocks
older than Hurnmian.

Il the (IonIlecticuit, valley district, between Claremont and IIinsdale,
the suecession is as follows, egining with the lowest: (1) Bethlehem
gneiss; (2) gneisses of the o Montalhan series; (3) 11u1r11niai; (4) Coos

quartzites; (5) Coos slates and schists; (6) calciferois mica-schist; (7)
eruptive graliite. The Coos quartzites and calciferous mica-schists are
only semicrystalline rocks, all the thoroughly crystalline schists being

placed with the pre-Cambrian. The thickness of the Hironian rocks
inl New I lampslhire is plhied in the neighbI1orhood of 10,000 feet.

11 ntingtou gives the order of superposition of the rocks iln the west

part of the Merrimac district, as follows: (1) Porpliyritic gneiss; (2)
Jethlehuem or Protogene gneiss; (3) common or Lake gneiss; (4) ferru-
gin s concretionary schist; (5) fibrolite schist, sometimes gneissic and
passing into common mica-schist; (6) (qi;rtzites and quartz couglon-
erates; (7) intrusive rocks and veinstones. 1I itelichck gives the order
in the east part of the district thus: (1) Porplhyiitic gneiss; (2) Lake
gneiss; (3) Monitalban series, including the Concord granite; (4) ferru-
ginious schist; (5) Andalusite mica-schists, with coarse granite veins;
(I) Rockinghaim mica-schist: (7) Kearsarge anidalusite group; (8) Mel-
riiae group, including a little clay slate. There are no eruptive rocks

in this area of sufficient importance to find a place upon the miap.
Hitcheock gives the succession in the Lake district, embracing the

Wiinnipiseogee lake and the flat country to the north, as fillows: (1)
Porphyritic gneiss: (2) Lake gneiss; (3) .lontalhan. The erluptive
rucks are more plentiful and varied, consistinig of i ( liway; (2)

Albany (3) Chocorna granites; (4) porphyry; (5) Pequpawket 1brec-
cia; (6) Labradorite diorite; (7) syenite; (8) granite, not allied to ally
of the toregoing.

The succession in the Coast district, including the southeast corner
of the State, is as follows: (1) Porphyritic gneiss; (2) Lake gneiss
(including the Laurentian of Massachusetts); (3) Montallhan ; (4) Rock-
ingham group; (5) Merrimac group; (6) Kearsargc group; (7) uronian

and Cambrian of Massachusetts. The unstratified rocks are the sve-
nites of Exeter and Pa-wruckaway, inferior granites, and the well de-
veloped granites and porphyries of York county, besides a great many
trap dikes along the coast.

Ill considering the principles of classification, as guiding principles
it is premised that in this field are inverted tiexures and dislocations of
the strata. Also that formations of the same mineral composition ill
one part of the field may be identified with those of like composition in

another part of the field, as, for instance, the porphyritic gneiss in

thirty areas has feldspar crystals very conspicuous for their size. All
Bull. 86 23



iiese areas are assumed to be identic al in age. and ill plcilg the rela-
tive posit ions of the interveniig groups this is relied iijoii tior a start-
ling poilit. Thie general orler of succession ter New Hamlpishire, Iromi

1 he base upward, is, Porpiyuitic gueiss; Bethlehem gneiss; Lake aml

lontalban series; argillaceous, ta Icose, lhydiromicaceons and caleareons
series; Labrador series (present in New llampslhire, limited in amount);
valiomis types of nica-schists. A ndalisite slate ill this mica-sclist tir-

iation lies unconformably upon the Mointalhan at mounts Alonad-
nock and Kearsarge. The principal eruptive masses are the Conway,
Albany, Chovorta granites, sveliites, other graniites, and lab1 radorite,
diorites al dolerites. The granite cut rocks as high as the Coos

group. The Porphiyritie gneiss and the Bethlehem group are referred
to the Laurentian. The Lake gneiss can not easily be assigned. The
Montallhn certainly is not characteristic of the Laurentian, but all of
the preceding are regarded as underlying the Iluronian. It is thus

iclihled to place the Porphyritic, Bethlehem, and Lake gneisses with
the Laurentian, leaving the position of the HLuronian and Montalban to
be settled by other considerations.

The Huroniani is divided into two divisions, the upper chloritic, and
the lower (plartzose and teldspathie. The greenstones seem to be
closely allied to the upper H lu-onian and the porphyries to the lower
division, and to this may beloug the supposed eruptive porplyries of
the White mountains. The Merrimack, Rockingham, and Kearsarge
inica-schists are somewhat related to the Huronian, as well as to the
Cambrian. They are all referred doubtfully to the Paleozoic system.
The doubtful. Paleozoic is placed at 11,600 feet thick; the Upper H.uro-

ian, 12,129 feet; Lower I uronian, not estimated; AMontalban, 13,700;
I a1rentian, 34.900. The Latrador system if present in New Iamp-
shire is in very limited amonut. Certain of the labradorites are surely
injected dikes, arid hence it is doubtful whether the Waterville area
really represents the Labrador system of Canada.

lIAWES,14 in 1878, regards the dialhses, diorites, gabbros, vIlsites,

granites, and syenites of New H ampshire as eruptive rocks. Some of
t hem may have been produced by the tusion of sediments. Nit however
Ihis may be. they have all been in a molten condition and beell tree to
crystallize. There are beds of granite which are unconitrnmable with
the associated stratified rocks; there are granites tilling well defined
(likes; there are granites which so tar as can be seen are entirely de-
void of structural relations; there are granites which are mixed with
other rocks, or whieh hold huge fragmiets of other rocks inclosed in
their masses. All these features are often repeated. Among the crys-
talline schists are placed gneiss, mica-schist, argillitic mica-schist, and
(quartz-schist. The gneisses, like the granites, are believed to be of
eruptive origin, or at least to have acted like ai eruptive rock, the
Iiiiination being an induced structure whihelt may or may not cor-
respond with original bedding in case they are completely metamor-
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posed material. The gneisses in their minerals, inclusions, and mi-
croscopic characters are like granites, and pressure may have been as
effective in producing lateral movements and forming foliation in a

plastic mass as sedimentation. If the stratification of the gneiss is

then regarded as an induced structure it would not follow that the

stratification should correspond with the original bedding, and even if
the lamination does correspond with the plane of the strata, the lami-
nation can not be referred to stratification of sediments, for the clea.tvage

of the adjacent rocks may also be (lue to pressure and be different from
the plane of bedding. The greenstones, includin g ietanorphic diorite,
quartz-diorite, and amphibolite, are regarded as metamorphosed sedi-
meutary rocks. These have marked lithological istinctiois from the
fresh basic rocks recognized as eruptives. The clay-slates and quartz-
schists are semicrystalline rocks. The slaty cleavage and bedding
are sometimes discordant.

[LAwES, 1 in 1881, describes the Albany granite as peiietratilg and
inetamorphosing the schists, and as having a porphyritic structure near
its contact with them, and it is theretbre concluded to be intrusive.

HITCHCOCK, (CHAS. 11.)16 in 1890, regards the oval granitoid areas
occurrig in the White mountains, about which occur foliated rocks
with an anticlinal quaquaversal arrangement, as the oldest known or
fundamental rocks of the region which are remains of an ancient
archipelago.

WVLLIAins, 1 in 1890, with the same facts before hii gives an exactly

opposite interpretation to -l itcheock, that is, that the central granites

are younger intrusive masses.

LITERATURE OF VFEUNIONT.

ADAMS,' in 1845, divides the older rocks of Vermont into Primiary
strata and Paleozoic rocks. The Primary system is highly crystal-
line and destitute of fossils. It is divided into argillaceous slate,
calcareo-mica-slate, mica-slate, talcose slate, Green mounitaii gneiss,
gneiss proper, which however (hoes not represent the order of super-

positio i as the strata are involved in great confitusion. The marbles of
the state are dividedl into three systems, Prinimary, Tacoiiic and New
York. There are few Primary marbles in the state. The Taconic
marbles occur throughout the range of limestone from Massachusetts to
the north part of Madison county. The Taconic system includes roof.
ing slate, Taconic slate, Sparry limnestone, magnesian slates, Stockbridge
limestone, and granular quartz-rock.

A DAMS," inl 1846, includes the Taconic and Primary systems of his

previous reports under the general term Azoic stratified rocks, as
simply expressing the fact of the absence of organic remains, for it is
not to be assumed that the Azoic Taconic rocks are more ancient than
the Paleozoic, and the same remarks may be said of the so-called Pri-
mary rocks, not a small portion of which may be as metamorphic and

VAN HIS-.
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recent as the Champlain rocks. li the Green mountains are quartz-

rock, gneiss, talciferoiis limestone, quartz-gneiss ald limestone which

are su1ippsed to be Tacol ie. )ikes of greenstone cut through all the
divisions of the stratified rocks aill are theretire more recent than any

of them.
ADAis, 1 in 1847, gives additiomtl details as to the rock occurrences

in particular localities.
THO( )PSoN," ii 18,56, states that t le Green n)u1Intains ihrm the center

of an anticlinal axis, the dil1s increasing both east and vest front the

princilal sIinlluits. Slates, schists and qua-tzites are f otil which
contain a few obscure li ssils, and are refterreIl to the Taconic system.

HITCHcoC1 (EwARO, 2 ' in 1861, divides the rocks in general into
Stratified or Ailteois alnI Instrntified or I-neois. With the latter
are played granitic, trallpeaIi ail volcanlie ro.ks. The former are sub-
divided int Fnssiliiterous aIi UnfIssilift rmus. or Azoic. In this latter

division are illaced clay-slate, qiIartz-rock, mica-schist, talcose schist,
and chlorite- schist, steatite Il soapstone, serlen(t ine, lon blende-sch ist,
gneiss, and crystalline limestone. T he important Iractieal question
with respect to the metamorlIhi cocks is, what was the original roclk

froit which the mietamlorpliosed delOsit was (leriveI I In not a few

instances so complete has been the mietamlorphisil that it ('all not he
told whether the roclk belong, to the oIlest of tile crystalline rocks or

is earlier than the Silurian or C ambria i. While the degree of meta-

morphis gives no vine as to the age of ti11 rocks, from other evidence it

is probable that most of the highly metmallrl1h1Ised rocks of Vermont

are altered Devonian ial SiInria n. In the westeri p Iirt of the state,

and especially that 1part of New York that lies sitim westerly, are found

these fossiliferous rO(.ks but little altered, ainl these torm a starting
point for the (been mouita in rocks aill those farther east.

Metamorphism is male to apply to ally trlnstoirmationt of any kill

of rock into another. At Newl)(wt, Rhode Island, .E'gst Wallingfi ld

and Plymouth, Vermont, are fouid schist-conglomerates in which the

jpebbles are elongated very much in the direction of their strike. They
are flattened, but not so strikingly as elngate(I: they are iident ed deeply
into each other; they are somletines a 0 good deal bett; they are cut
across by parallel joints and fissures. At times the process has gone

so far as to merge the pebbles together, and as to scarcely present the
appearance of ordinary pebbles. If the talcose conglomerate schist is
looked at on the edge corresponditg to the dip, nothing is seen but
alternate folia of quartz and tal' and mica, mal the rock would be pro-
noitced a good example of a talcose-schist. Put a fracture at right

angles reveals the flattened pehbles, and show,S that their edges are
what have been regarded as flia. If the process of flattening was
carried a little farther no evidence would remain Ihat they were ever
pebbles. How extensively the lwocess has been carried through, thus

producing scl ists and gneisses frot conglomlerates in the Green mon-

[BULL. 86.
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tains. is unknown. No examples have been tottol of decided pebbles
it) a gineiss.

At Whately, Massachusetts, on Aseutniey, and at Barnet and Granby,
Verimloit, are conglomiierates which have as a matrix granite and por-

phyry. The granite sometimes passes into syeiite. At Ascutney the
syenite abotinids in black rounded masses which are for the most part
crystalline hornblende and feldspar, and are probably transmuted peb-
bles. At (iranbythe pe]bleS, miai iestly ro)uded, are either mica-schist
or white almost hyaline quartz, just such as tori the pebbles in the
congloimerates at Wallingford and Plymouth, ail the base is a fine-
grained syenite, passing sometimes almost into mica-schist. A peb-

ble of hornblende-schist is also sometimes seen. III bowlers of this con-

gloierate hund at Northanptoin, Massachusetts, and probably derived

front Whately, the most abundant pebbles are those of the brown sand-
stone, considerably metamorphosed and flattened. rTfhose of horn-
blende-schist are cmninon. Sometimes they are merely crystalline horn-
blende, not foliated generally, however, but mixed with some feldspar,
and they may becotme syentite, and are frequently porlphlyritic by dis-

tinct crystals of feldspar. The cement is syenite, often nore holil-
blendic than usual. When the pebbles are highly crystallized they
become so incorporated with the matrix that it is ditlicnit to separate
them with a smooth surface, and it we are not mistaken they pass iti-

sensib)lyi into those rounled no Ibdes, chiefiy hor 1blendic, s51 common in
syetite, especially that ol Ascnt ney. These ocemeuiinees are regarded
as proof that the completely crystalihue grant mh atrix is a meta mor-

phie rock.
The pre-Potsdam rock of Vermont a-e called La-eit ia n or lly pzoic,

although it does not follow that they are not equivalent with the fossil-
iferous series elsewhere. It is only believed that if tossils once existed
in them they have been obliterated. Of the llypozoic rocks, Vermont

contains, so far as k nowa, only a small belt, wlhit is the eastern edge
of an innense development of the saiie in New Vor. These are re-

terred here because there seems to be a discordant ce in the stratification
bet ween these rocks and the Lower Silurian, to which thIeiy are adjacent.

Tle oldest of the Paleozoic series lies directly nlon the Hypozoie at least

at one point. As we appllroach the Greei lmont ai ns, metamorphism
has so nettrly destroyed the tIssils that the ident iicatioll of the strata
becomes extremely problematical, tint il at len t h the eie is lost ei nirely

and the age of the trmations cali only be co njecttred ; hence they are
distinguished mainly by lithological groiiids anl are grouped into a
third class, Azoic rocks. Proba lyv most of the A Zie rocks of Vermni t
vill be foilnl to be more recent tian tle La ieitia a of Logai. The

fossiliferos rocks are somietiiies amul oniler those that are more crys-
talline and nontissilierons, a nd these cases are thought to be the result
of inversions. Certain great thicknesses of schists of iinitorii character

are regarded as folded several times so as to 1e vertical, because other-

'.\ T ll t
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wise the thickness of the series would be enormous. The talcose con-
glonerates, taleoid schists, Georgia group, etc., are referred to the
1Jts'dam and 1 later Ii rmations. The Georgia- group aind sand-rock may
be possibly Primordial. The taleose coniglomnerate is placed as a con-
tiini ation of the Q(iebec groip and Sillery saidstones If Canada. The
Taconic system is regarded as having an extension into Vermont, and

to it are referred the black Taconian roofing slates, Sparry limestone,
magnesian slate, Stockbridge limestone and granular quartz riock, with

associated talcose beds, the th-ickness of the whole being 25,200 teet.
It is supposed that the ehief action of metanorpihism was in the

Laurentian system and the cases of subsequent thorough alteration ex-
ceptional. The theory of the Laaen tiai age of the Azoic rocks of New
Einglaid : nm that of the Cainbriai age of the Taconic system stand or
fall together. The Taconic system i is regarded as older than the lower
Silurian and newer than the Latireutian, because it underlies the Silun-
rian, because it is immensely thicker, and because the fossils whicb it
contains are different from those of the Silurian.

HITCHCOCK, (CHAS. H.),22 in i8H1, gives a lithological treatment of
the AzoiC rocks of Vermon t. They aric divided into the tollowiig groups
which are described in detail: Gneiss, hornblende-schist, mica-schist,
clay-slate, quartz-rock, talIose schi ist, serpentine and steatite, and sac-
charoid limestone. Cleavage hU a widespread occurrence. although it
is believed that the strike and dip of lamination and stratifcation gen-
erally correspond. The granite-gneiss approaches so near to gra aite
that in hal specimens the two ro('ks canl ]tot be distinguished fron
each other. The granite of the two Asclntneys seems to have cut across
the strata of the calciferous mica-sch ist quite a distance into the gneiss,
although the granite is regarded as of metamorplhic origin. Clay-slate
often passes by insensible gradarioiis into mica-schist, which is re-
garded as a modified fragmental rock. Associated with the talcose
schiists and constituting an integral part of the formation are clay-slate,
gneiss, quartz-rock, sandstones, alt cOnglomerates. Igneous rocks,
both trap and granite, are also associated with this foriation.

HiTCHCOCK, (EnwARD) 2 3 in 1861, considers in detail the relations of
the granitic to the othiler rocks and considers the origin of the granite.
This rock is tind interstratified with slate, limestones anot mica-schists

in maliy localities. At the "Narrows," in the northern part of Coven-
try, the miunber of alterniations is very large, the thickness of the differ-
ent layers of granite varying from 1 to 7 feet.

The conglomeratic syenites of Wihately, Massachusetts, and Ascutney,
Granby and atrnet, Vermont, which contain fiagiments, are described
in detail. These may be described as conglomerates whose cement is
syenite, or a syenite through which is scattered pebbles lnechalnically
rounded. Generally the pebbles are more or less mnetauiorphosed anid

sometimes almost converted into syenite subsequent to their introduc-
tion. In their present state wh ite quartz, mica-schist, hornblende-schist,

[M ts_ .L.8



N.1' Hlil I EASTERN UNITED STATES. 359

anid 1hornb1lede h ave beeit noticed. At Asenti ev all traces of stratifi-
cation in the (omglmIlerate are lost and it passes first into an imperfect
lPorllhyry anl thei into a granite withOUt hornblende in the simi cmi-

t'itoits mass. Where the coiigloierate is least altered it is imlade up
abimst entirely of quartz pebbles anmd a 1arger amount of laminated
grits and sales, the fragments rounded somewhat, and the ceimeiit in

small (itantity. Thet fragments are somneties metamorphosed to mica-
schist. The conviction can not be resisted that the granitic rocks of
this mountain are nothing more than conglomerate melted down and
crystallized. At Graitby the bowlers are of all sizes, from a iew hun-
dred piuds to 50 to 60 tons. They cover many acres, 11ri associated

with those of contorted mica-slate, quartzose granite, a md many other
varieties common in the region.

At several localities in Vermont, Craftsbury, Northfield, New Fane,
Proctorsville, and Stanstead, just beyond the Canada ine, is a remark-
al le variety of wh ite, tine grained, higlily feld A pathic granite whicht con-

tai us scattered through its face numerous spherical or elongated a id
somewhat flattened nodules of black mica from half an inch to 2 incites
in diameter. They are usually more or less flattened and have a shri v-
eled appearance like dried fruit. In some cases the concretions occupy
more than half the mass. These concretions have sometimes been called

petritied butternuts. The rock is regarded as produced by the meta-
morphism of a strati tied rock.

Veiits of granite are found to cut syenite, schist, gneiss, and limestone,
in a most intricate manner at many localities. Sometimes there are

several generations of granite veins. The foregoing facts lead to the
conviction that the granite acts essentially like a liquid lass, but it is
regarded as the product of aqueo-igineous fusion rather than dry fusion.
Also it is believed that for the most part the granites have formed ill
situ, their material being furnished by the sedimentary rocks, hence
they are called metamorphic. As evidence that they are metamorphic
is the fact that it is often difficult to tell where a gneiss ceases and a
granite begins. It is sometimes found, where granite masses come in
contact with stratified rocks, that the latter have been more or less
disturbed and broken, but only to a limited extent and often not at
all. In many cases also the adjoining strata have suffered mechanical
displacement, snel as the forcible injection of melted matter would pro-
duce. For a colisideralble distance around the granitic masses also,

t he strata are frequently indurated and metamorphosed as if by heat, a
tdict that seems to decide the questiomi of the emanation of much heat
from graiiitic fii. The granites are more abundant in the crystalline

thall in the fossiliferons series, in fact it is uncertain whether any occur
in rocks which bear fossils, although they are found in those which are
regarded as the equivalent of the 1 )evonian. The granite is most (o1-
m1on iln gneiss and mica-schist, less so, especially in the form of veins, ili
clay-slates, and least of all in talcose schist. In the stratified rocks
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cleavage ad foliation occunr, while joints :nre 6611114 both in the stnraified

and unstratified rocks.
THOMIesoN,'2 in 1861, describes the greenstone or trap dikes of parts

of Vermont. Tllese are l6111d to cut all the other rocks at maniv locali-
ties. Besides these there occur calcareous dikes, veins and dikes ot
quartz, and metallic veins.

HITCHCOCK, (CHARLES .),25 in 1861, gives detailed descriptions of
sections ill Vermont. The relations of the Ascutney syenite to the
stratified rocks is again described. Upon examining the ledges im-
mediately Con1tigutous to the granite, most powerful marks of altera-
tion by heat are tund. Everywhere in approaching the syenite it is
surrouided from a quarter to half a mile with indurated schists that

ring like pot metal when touched with a hanimer, and the lime-rock
that is usually arranged ill separate strata, seems to have become a
constituent part of each stratum, the whole rock resembling the com-
pact Vitritied qlla rtz west of the Green mountains. Often crystals of
stanrotide, and pelihalps scapolite, are fotitmed ill the schist by the heat.
It the west part of the larger mountain there are enomons Veins
erawling round in all conceivable directions ill former crevices among

the schiists. This syeuite is full of nodules of hornblendie masses.

which look in some cases much like pebbles. They are probably con-

cretionary, and are all allied to the concietions of black mica in granite
at Ciaftsbury and elsewhere.

H ALL (S. li.),I6 in 1861, gives many details as to the geologyof nithern
Vertn mit. The granites are here particularly abundant. The occur-
rences are such as to lead to the conclusion that they are eruptive aint
that in their erntptiolns the fragtuents whieht are there contained have

been caught from the strata cut. As evidence that the granite has
been thrown up since the mica-schists were formed are cited the facts

that the slates on the borders of the granite furnish unmistakable signs

of contortion, and ill some instances of change both il the direction of
the strata and dip. In utore than one instance, granite is found ovei-
lyi tg the calcareouis mica-slates, and ill one instance, at Derby, el-
crinite limestone occurs below granite. lit many places jointed granite
is totid between the strata of slates, conformable to them, and ilu other
instances, in dike form, crossing the strata at a large angle. Frag-

metts of the older slates are, ill many places, tnumd imbedded in masses

of granite, and retain the characteristics of the slates, without alty-

essential change. Nodular granite, containing masses imbedded like

plus ins a pudding, run from Memphremagog lake through Derby,
Birowningtoin, Irashurg, Craftsbury, and Calais.

HITCHCOCK (CHARLES H1.),2, in 1868, gives the following succession
fot the rocks of Vermont: Uistratified rocks, including granites, sye-
Itite, protogiite, with the trails and porphlyries; Eozoic system, iichuid-
ing Laurentian gneiss of West Haven and the Green mountain gneiss;

Paleozoic system, in which are placed the Georgia slates, the talcose
coiiglmnerate and schists, the mica-schists and other formations.

i ,: . . .
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IIUTy 2
" iin IS(;, states t hat there is uo evidence of the existence iln

Vermont of aly strata, except a shall splur of Laureutian, lower than

the Potsdam formation. The so-called middle and lower Taconic is in

part Potsdamn aind ill part Utica, Hudson river, and Quebec.
McCoRMICKC 9 ill 1887, describes the inclusions in the granite of

Craftsbury. Tile inclusions are spheroidal or elongated nodules of bio-

tite 13 to 2 inches in diameter, and sometimes 4 inches long, cemented

with quartz, which by Hitchcock were compared to butternuts. Tile
line of contact between the inclusion and the rock is usually rather dis-
tinct, it being possible to extract the forier, leaving a lining of biotite.
It is concluded that these nodules indicate the igneous origin of the

granite because not capable of being formed from aqueous solution or
by metalorphic action.

LITERATURE OF MASSACHUSETTS.

HITCHCoCK (ED \VARU), 30 in 1818, divides the Primitive rocks of a sec-
tion of Massachusetts on the Connecticut river into syenite, granite,
argillite, alternating with mica-slate, siliceous slate, and chlorite-slate.

DEWEY,3 ' ill 1818. states that the country of the Taconic range and
Saddle mountain is principally Primitive. Granite is fimid ol both
sides of Hoosac and Pownal mountaiins. Gneiss and mica-slate are

found on the Hoosac anl Saddle iiointains. The Taconic range is coin

posed principally of a taleose or soapstone slate, but ilar'tz, gram lar
limestone, and a rlgilliacems slate are found. Quartz occurs on Stotie

hill, above which is a rgilla(eous slate. Granular limestone occurs on
both sides of the Ho isac. Argillaceous slate occurs ili the valleys cii-
nected with the limestone.

DlEwEY,:32 in 1820, tinds the section from the Taconic range at Wil-

liainstowi to the city of vTroy to consist of chlorite-slate, graywacke,

and argillaceains slate, this beiig the order of succession. The strata
all incline to the east from 100 to 400, the general inclination being 200

or 250.
HITCLCocI (EJ)wAni)), 3 3 iin 1823, describes granite as occurring at

Inply localities in the region contiguous to the Connecticut river. It
somletiimes shows a tendency to stratification, which at Southampton is

ill beds in the mica -slates, at Bellows ills grades into mica-slate, and
frequently veins of it cut the strata. These veins divide and subdivide

like the top of a tree. lii th is region are also found gneisses, hornblende-

slate, mica-slate, talcose slate, chlorite-slate, syenite, primitive green-

stone, argillite, and liiestole, all of which are reteirred to the Primitive.

The gneiss is the most abndait rock, and often alternates with ica-

slate and passes into it. The dips of the layers are from 200 to 900 to

the east. At Hatfield, by loihowing up the syenitic ridge, a rock is
found which contains imnerous imbedded masses of other primitive
rocks, ald these imbedded fragments are almost unitormly rounded and

are often so miiiierous as to make the rock appear like a real secondary

\\ III,,
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conglomerate. Tlhus we have a reaI1y conglomieri'tic syenite. The prini-
tive greenstones are distinguished froni the secondary because the lat-
ter are more coarse and crystalline.

DEWEY1,3 in 1824, in a sketch of the geology of western Massa(lu-
setts, divides the principal rocks into granite, gneiss, mica-slate, grain -
l.r limestone, argillaceous slate, quartz-rock, transition limestone, and

graywacke, mica-slate being the more abundant rock. The granite is
not stratified, aunt must be considered as beds or veins rather thani a
continuous rock like the mica-slate. In the town of Wiindsor is a con-
gh ieratic mica-slate.

NAsH,15 in 1827, finds the rocks of Hampshire county to include gia n-
ite, mica-slate, micaceous limestone, hornblende-rock, talcose slate, OhI
Red sandstone. etc. The limestone often alternates with mica-slate, atld
frequently passes into it by insensible gra nations. It is oftentimes gilr-
netiferous. The granite veins are of all sizes up to 3 or 4 feet, cut the
rocks in every possible direction. and intrude granite as well as the

mica-slate.

HITCHCOCK (EDWARD),3 " in 1833, divides the rocks of Massaclusetts
into stratified and unstratiiedl. Below the New Red saidstone in the
former are graywacke, argillaceous slate, limestone, scapolite-rock.
quartz-rock, mica-slate, talcose slate, serpentine, hornblende-slate, mail
gneiss. The unstratified are greenstone, porphyry, syenite, and tra p.,
each of which is discussed. Aimoiig the agents which hav e cionsolidla ted
the rocks heat is the predominant one, although chemical action has

played an important part. The mica-slates have been mechanically
deposited in water, and subsequently subjected to such a degree of
heat as to enable their materials to Cuter into a crystalline arrangement
without destroying their structure. The granite is supposed to have
resulted from the melting down of other rocks. NV here it is completely
melted, granite results; where partially fused, granite-gneiss is tounl;
while another portion might be converted into porphyritic gneiss and
another into schistose rock. This theory explains the graduation of
gneiss into granite and the crystalline and pori hyritic structure of the

gneiss. The unstratified rocks are all igneous. They occur in irregu-

lar protruding masses in the forms of veins of vaiios sizes and as
overlying masses. In cases in which they exist interstratified with
other rocks, an examination shows that such interlamninated Inasses

are always connected with an unstratitied imiass, and are merely vei is

whicli for a time coincide in direction w ithl the strata. The syellite
quarries of Sandy bay, cape Ann, have a lpIrallel lamination, but as
these grade into an unstra titied syenite they are considered as exapilles

of concretionary structure on a large scale rather tha as a result of
real stratification.

HITCHCOCK (EDWARD),: ill 1841, in a systemiat ic accont of the

Geology of Massachusetts, divides the rocks below the New Red sand-
stone into the following classes: G-raywacke, metanorp hic slates, argil-
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laceous slate, limestone, quartz-rock, mica-slate, talcose slate, serpen-
tine, horn bende-slate, gneiss, greenstone, porphyry, syenite, and granite.

From the grayvacke to the gneiss, this is the order of occurrence.
The greenstome, porphyry, syenite, aind granite are regarded as ermp-
tive. At Bellingham is a remarkable metamorhilic rock, which is a
distinct mica-slate and a no less distinct conglomerate. In this fir-
mation is also placed aggregates of porphyry, which is a coarse
breccia or conglomerate, chiefly made up of fragments of porphyry
reunited by a cement of the same material, and sometimes almost
recoiverted into a coinpact porphyry. Flinty slate, ehert, and jasper
are simply the ordinary slate which have been changed to their unusual
condition by the proximity of granite, porphyry, or trap. The clay-
slate is entirely destitute of organic remains, as is also the graywacke.
The limestones are water-deposited stratified rocks metamorphosed

by heat. The mica-slate is generally associated with gneiss, but also
occurs associated with all other rocks at least as high as the argillaceous
slate. Horiiblemde-schist and greenstone-slate, a single fiormation, are
tentatively regarded as metamorphosed from ordinary argillaceous rock
by the action of heat. Gneiss is often much folded and curved, is cut
by veins of other rocks, but is regarded as generally regularly stratified.

At Whately occurs a peculiar conglomeratic syenite. The syenite is
generally tund between the granite and metamorphiC rocks and may
be due to the conversion of the granite into syenite or else to the erup-
tion of the syenite at a different epoch. The pseudo-stratification of
granite is regarded as due to concretionary action ol a, gigantic scale.
The granite cuts and is interstratified with all the stratified rocks a-md

certain of the other eruptives in the most intricate fashion.
In Massachusetts are six systems which are unconformable and sue-

ceed each other in age. These are as follows: The Oldest Meridional
system, the Northeast and Southwest system, the East and West sys-
tem, Hoosac mountain system, the Red Sandstone system, the North-
west and Southeast system. In western Massachusetts, from Hoosac
mountain to the Taconic range, a powerful force has tolled the strata
so that in many cases they have actually been reversed.

LYELL,s in 1844, describes the plumbago and anthracite ill the
mica-schist near Worcester. This is in theimmediate neighborhood of
masses of granite and syenite, the character of the pluflbago and
anthracite being due to this local metamorphosing effect and to more
general chemical or plutonic action. The difference in dip of these rocks
from the nearest Carboniferous of Rhode Island and Massachusetts
is no evidence that they are not e(llivalent and the graphite meta-
morphosed organic material.'

ROGERS, in 1857, describes Trilobites belonging to the Paradoxides
as occuring in the metamorphic beds of eastern Massachusetts at Brain-
tree, which shows that these ancient and highly altered sediments are
the base of the Paleozoic column.

VAN HI;E.
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IIIT'rtcoc,, (C. 1I.),"11 in is.-O, describes t he rocks f'roin Green field to
Claremont. !Massacluisetts, as having the tillowilig order: Miaceou.
slates and schists interstratified with silieions limlestole, mica-slate,
hornblende-slite, mica-slate interstiatified with limestone, and, lastly,
calareo-mica-slate. The (lips as far as the West Slelburne falls gneiss
are to the east: at this latter point it is to the west. The whole is re-

garded as an aniticline.
GREuRY, 41 in 1862, describes Marblehead as consisting mainly of

the Primitive formation. The nortlhern part of the peniinsula is green-
stone, intersected by dikes of the same rock. li the southern section
syenite contends with the greenstone for supremacy, for here the two
rocksare thoroii' gily intermingled. The dlepositsof greeistone, svenit e,
and porphyry are for the most part distinct, although occasionally the

greenstonie grades into the syenite.
JACKSON,4 in 1866, gives the following section at the base of South

mountain, at Chester, Ma ssaelhusetts, from the base upward: Horn-

blende rock, magnetic iron ore, emery bed, granular quartzite, cllorite-

slate and talc-slate, crystallized tale, talcose slate rock, soapstone or
taleose roek, mica-slate. At North II mountain, separated from South
mountain by a branch of the Vestville river, the section is as follows:
hornblende rock, magnetic iron ore, emiery feet, hornblende rock,
cllorite-slate, magnetic iro ore 6 feet, talcose slate, maglietic liron i Ire

6 feet, mica-slate.
SHALER,43 in 1871, in a consideration of the rocks in the vicinity of

Boston, states that there can be no doubt that the syenites of eastern

Massachusetts are the oldest rocks found in the region. The quarries

at Qiincy show planes of separation in the syenite which caii be only

referred to stratifi'ationi, despite the opinion generally entertained that
the rocks are of igneous origin. This is evidenced by the fact that ili t ie
deeper portions of the syenlite the bedding is imperfect and gradually

passes toward the exterior of the rock into a more laminated phase.

The first rocks ofunquestionably sedimentary origin lie north ot'Quincy

and consist of bedded sandstones apljrllaching quartzite. This series
is fossiliferons. The alteration of the bedded quartzite at Hayward

landing is so great that the rock has assumed sometliig of the appear-
ance of a gneiss. In addition to these rocks, in the vicinity of Boston

are the Roxbury coigloimerate anld the ('amihbridlge slates. In the lit

ter are fniid evidences of organic life ill the presence of inHnlerons in-

distinct impressions of finoids. It is believco that tile Camlnbidge
slates and the Roxbury conglomerate belong to the same great series
of beds. As there is a coiiiilence in tle diree ion of liI it is thought

they all may eventually be ftuund to be a part of the same series of heads
as the Braintree. The slates have a pertect cleaveage in the plane of
stratification in some places. Over both the slates and conglomerates
are outflows of amygdaloid.

JACKSON,44 in 1871, states that there is an iiisensille passage from

'4 [nm A
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tliesyein te into the greenstone porphyry. The olscinely stratified rocks
on the border of the great syenite mass at Qiiincy prove the igneous

influence of the eruptive syenite 1ipjon the itptirned strata which it had

elevated by its protrision.

DANA,' 5 in 1872, maintains from the descriptions of full sections that
at Great Barrington is a confiorale succession of quartzites, lime-
stones, mica-schists and gneisses. The layers of <lpartzite are foetid
along the strike to change to mica-schist a nl gneiss. This series, many

of them later in age than the Stockbridge limestone, is similar to the
Green nmoiuntain series, which has been regarded on lithological evidence
to be pre-Silurian. The Stockbridge limestone, on fossiliferous evidence,
is I1mnd to be either Silurian or younger. It appears that lithological
evidence is a very uncertain test as to geological age, as crystalline
rocks are thind later t han the Stockbridge limestone; as quartzite
changes into mica-slate, schist or gneiss, these into hydronica-slates,
ad these into chiloritic mica-slate.

HUNT," in 1872. states that the rocks seei in the vicinity of Boston
consist of three classes, crystalline stratified rocks, eruptive granite,
and iiimaltered slates, sandstones, and conglomerates. The crystalline
stratified rocks include the felsite-porphyries, nonporphyritic and jas-
per like varieties, and porphyritic syei ite; while the second division in-

ciides dioritie and chloritic rocks, soviet imes schistose, and frequently
amvgdaloidal. These rocks are penetrated by intrusive granites, gen-
erally more or less hmiirblendie, the syenites of Hitchcock, and others.
A t several placeS the phenomena of disruption and inclosure of broken

fragmnents of rock in the granite are well seen, the lies of contact be-
ing always sharp and well defined. The third class, consisting of the
iialtered argillites of Braintree, containing the Primordial fauna, were
toi d to rest directly ipoii the hard porphyritic felsite of the ancient
series, the line of demuiarcatioi Beimg very distinct. At other places
reddish grailites directly underlie the black argillites, and in several

places (quartzites with cong-1iiimerates are observed in contact with the
old dioritic and epidotic rocks. The tioxbury conglomerate contains

phbles of the filsite-porplyries, duiorites, and intrusive granites of the
ohler series, besides fragmilen ts of argillaceous slate.

BURBANK 1 in 1<72, states that the bands of crystalline limestone
tjiat oenr in the granitic gneiss which extends in a southwesterly di-
reetion from near the month of the Muerrimac river, supposed to contain

Eozoon, are not true stratified rocks, hnt are stlbsequent deposits of a
vein-like character. As evidence of this are cited the facts that the
p11incipal deposits occur along the ]ine of an a nticline, tilling cavities
produced by the folding and falling down of portions of the included
strata of the gneiss. The deposits are all of very limited extent, the
largest alj hearing at the surface not more than 2'M feet in length, the
widest pat 1bning aiult 60 feet. The aggregate length of all the lime-
stone deposits oicIIrring in a line some 25 miles in length is probably
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less than 1,000 feet. The principal masses are coarsely crystalline
uagnesian limestones, homogeneous in texture, and showing no traces

of stratification. The various silicates occur attached to or near the
inclosing walls of the cavities.

DODGE,48 in 1875, divides the rocks of eastern Massachusetts into
two groups, the crystallizes and the more clearly stratified rocks
among them. In the crystallines are placed the syenite and greenstone.
These 'rocks have a dip to the west or northwest, and they uncon-
firinably underlie strata holding Paradoxides. For the most part
metamorphisin has been so complete that the rocks have entirely lost
their original character. While eruptive rocks have often an appear-
ance of schistose structure, in metamorphic syenites and diorites, on

the other hand the original stratification is often completely lost.
Thronghont the crystalline area there are iinense masses of horn-
blende rock, diabase, and diorite, usually crypto-crystalline, in w hiclh
no indication of sedimentary origin can be traced. The syenites com-
sist of quartz, feldspar, with little or no hornblende. The porphyry
probably belongs with the crystalline group, and pebbles of it are
abundant in the Brighton conglomerates. Perhaps some of the slates
are so altered in this region as to resemble real porphyry.

Among the second division are siliceous slates and breccias. Tie
siliceous slates are often much contorted. At Arlington they pass
through fine grits and coarse syenites by various stages. The crystal-
lines occupy distinct bands, separated by more recent rocks collected
in the area between then. These more recent rocks are shown to be
such by their position in relation to the underlying crystalHines, as well

as by the fact that they are composed of detritus of the latter. In
places they are fossiliferous, and at Braintree contain the Paradoxides
fauna. These stratified rocks are in part slates and in part conglou-
erates, the former appearing to occupy the inferior position. The con-
glomerates are well developed in the vicinity of Newport and Newberry.
Cutting the slates and conglomerates are rocks which have been called
eruptives, lnt so close is the resemblance in chemical and mineral coin-

position and in appearance to the more fusible portions of the crys-
tallines that it seems almost unreasonable to doubt that the former
were derived from many deep lying masses of the latter.

CROSBY, 49 in 1876, describes and maps the Eozoic rocks of Massachuw
setts. They are divided into Norian, Huronian, and Montalban on
lithological and chronological gromuds. The lithological characters of
the divisions are as unlike as the fauna of any two successive geolog-

ical formations. The Norian is found in two areas in Massachusetts;

that including the city of Salem and adjacent region, and that which
includes the seaward end of large Nahant. The Norian rocks, com-

posed chiefly of feldspar, hornblende, and pyroxene, are sometimes
stratified and in other places massive. The Huronian rocks occur
over a wide area, having an extreme length of 65 miles and an extreme
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health oft aboit 441 miles. The itm-onian comprises areas marked on
the geological imp of IlIitchcock aS syenite, orphyry, and hornblende-

slate. The rocks here inlided are treated miler hornblendic granite,
telsit e, diorite, state itied rocks, anl limestones, all of which areregarded
as metamorphosed sedimentary beds. The Moittalban includes granite,
wi ilict comprises exot i, iitligeitous atnd e(dogenOts firms, gneiss, mica-
slate, argillite, aidi limestone. Most of the slates ini the vicinity of
Boston are regarded as of Prittotrdial age, althoiugi fossils have' only
been found at Btraintree. The argillite of Kents island and the meta-
morphic slate of Newport are also regarded as Paleozoic.

BURBANK. in 1876, lithologicilly divides the formations of the
Nta.shiua valley into (1) argillite; (2) mica-slate and quartzite; (3)
granite atd4 granitoid gneiss. With tte argillite and mica-slate are
small beds of conglomerate, and inclosed in the gneiss are nodular
m passes of crystalline magnesian limestone. In the slates at Harvard
and Bolton occiurs cotglotmertte in which the pebbles in many cases
at flattened, bent, and even drawli out into layers, givittg an agate-

like structure to the rock. Tue principal conglomerate beds lie between
hills of granite ott the west and north and mica-slate and gneiss on the
sotith, yet not a pebble of granite or gneiss has been discovered. As
to the age of the Nashua rocks no positive opinion is offered, but the
author is inclined to regard their as belonging to a distinct system
older than the Wachusel t gneiss. The mica-slate appears to be inter-
stratified with and overlie the gneiss, and the argillite beds appear to
be for the most part confornable with the tnica-slate.

i)ANA, 51 in 1877, maintains that the garnetiferoits mica-slate. stauro-
litic slate, mica-schist, gneiss, and quartzite of Bernardston are Helher-
blet'g, on the ground that in these rocks are found fossils indicating this.
WADSwoRTH,1 in 1879, describes the felsites of Marblehead neck as

altered riytolites. which show characteristic fiuidal structure. These
felsites are not stratified. and are younger than the granite on the neck,
as dikes of felsite are seen cutting it. There is no passage of the con-
(lt)Ite into the lelsite in this locality.

CROSBY,- in 1880. divides the Azoit tormations of eastern Massa-
chuisetts into Naugus heiad, HUronian, and MIontahban, these terms
being used on accotutt of a lithological and stratigraphical resemblance
wlich they bear to the Azoic divisions of other regions. The Naugus
head is provisionally regarded as equivalent to Hunt's Norian (although

it contains no labradorite), as older than the Huronian, and the Huro-
nian older than the Mtontalbat. The entire Nangis head formation
seems to have been plastic, aind the extravasation has been so exten-
si ve that the character of the rocks changes at nearly every rod to varie-
ties regarded as composed of metamorphosed stratified rocks. The
Naugus head series has been extensivelyextrava sated through the super-
ja cent 1luroniain formation, but is penetrated by nothing tfhreign to itself,
the Huronian gratif-e being never found to cut the Naugits head series,

F;ASTF;RN UNITED STATEs.
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from which the conchiisioni is formed that the Naugus head is oler than
the Huronian. In tact, the Huronian grallite pierces every rock in the
region save the Nangus head series anl the newer nicrystallines, so
that it can not be doubted that it overlies this ancient terrace. The

latter must be regarded as the lowest, a14d hence the oldest member of
the succession.

The Huronian is prhinipally con osed of granite, petrosilex, diolite,
hornblendic geiss, and limestone, this being the order of age From the
base upward. The petrosilex is the most characteristic rock. In the
Huronian distinctly bedded rocks are the exception. Although imay
apparently structureless rocks are probably really stratified, it is ini-

doubtedly true that a large part, perhaps the greater part, of the forma-
tion has been more or less fltid, and extravasation may be set down as
a characteristic structural fea ture. Besides cutting various rocks, in

the granite at many points at the contact with the mica-slates are
found angular fragments of the latter. The induration of the slate and
conglomerate at points where they adjoin the granite, with the frequent
development of amygdaloid characters, are facts which tell strongly in
favor of the igneous character of the granite. The petrosilex is fre-
quiently cut by the granite, but the reverse is never the case. There is
an apparent transition between the granite and the petrosilex or por-
phyry. The two are regarded as cOnforni mble, both having been ineta-
nmorphosed from the same set of sediments, the more crystalline charac-

ter of the granite being (lue to its greater depth. With the diorite is
included all the basic rocks which have been fluid. These blend with
and grade into the stratified hornbleide-gneisses.

The MIontalban series ini the area covered is the iiost iNiminotalut of
the three systems. It comprises the ascending contrmable succession,
granite, gneiss, mica-slate, argillite, and limestone, although sluhordi-
natte breaks of 11o great importance oceur. The granite acts as an
exotic to a large degree, although it is believed to belong with and
come from the endogenous metamorphic granite at the base of the
series. The exotic granite has sometimes cut rocks as new as the Car-
boniferous. Granite grades into gneiss, the gneiss into mica-slate, and
the mica-slate into argillite, in which are found tie coigloierate
bands. In these conglomerates in many cases the pebbles have been
flattened, bent, and even drawn out into lenticular layers, developing
a schistose structure. One of the best localities is that at Bellingham.

The Shawnut group is a fragmental series resting umconformably
upon the Huronian terranes. The chief constituents of the Shawnmit
group are breccia and amygdaloids, the relations of which are some-
what uncertain. The petrosilex breccia of the Shawmnt group are

oftentimes very like the petrosilex of the Hurolnian. This group is per-
haps equivalent to the eopper-bearing rocks of lake Superior which
they resemble lithologically. The Paleozoic formations torm different
troughs which rest uneonformably upon the older series.
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1)iL LER, in t881, describes the felsiteS and their associated rocks
north of Poston. The graiiite is tiii114 to contaiii fragIellts of dis-
tinctly stratified rocks, and is regarded as an eruptive rock. The fel-

sites are t1und to have all the microscopical (haracteristics of eruptive
rocks; to cut both the stratified rocks and the granites; to show no
transitions into the plastic rocks, alld are regardeh as erupltives. The

diorites contain distinact fragments of the ganuites and felsites, ('(t

across the bedding of the stratified quartzites and schists, and are er-11i-
tives of later age thai the granite ad telsite. The rramgeital rocks
are ill part older aid in part younger thaii the lelsites, as a portion of
them is cut by the felsites while certain (onlglonerates colitaill frag-

meuts derived from the felsites.

WADSWORTH," in 1882, states that the Quincy granite is erilltive,
as is shown by the fact that its jnnction with the slate is irregular.
Along the contact the latter rock is greatly indurated and clanged ii

color, and the granite has lost its distinctive characters , being trans-
formed into a spheraliti( quartz-porphyry.

WADSWORTH," in 1882, describes as a trachyte at Marblehead neck
ald having all the chlaracteristi('s of this eruptive rock, a rock which

Crosby has described as a sandstone or areuaceous slate.
W\ADsWOwRI- in 1884, describes the relations of the argillite Uad

('o4iglimerate 4f the Bosto1l basiii. At the junction of the two the

argillite is foluld to be irregulaily eroded and the conglomerate laid
down liI('linforiahly over it; in places the argillite is (lit oft a i l tile

Conglomerate abuts u((nti4r1 ahly against it, and pebbles of the ar-il-
lite are tomnd in the coglbmierate at the jiuictioi. There are at least
two distinct argillites. One, ulderllyi'll; the conglomerate at l -'aeol
street, resembles that of the Parad (xides argillite at Braintree; till'
4 there , of a coarser mgill, ofteltmes a true sall4stllle as far as its rela-

tions have been ascertained, is a comp11ient part of the Roxbiiry col-
gluerate. So tfar as aay evidein'e is at haild. the oldest surface r('k ]ll

in the basic are the argillites aid sellists. Of these the age of mly a

small area at Braintree carrying Paradoxides is koown. Thrloh the
schists and argillites have beell 1 roltrlded i annease quantities of erap-
tive rocks il the thiru(s of lava ll ws, ashes, dikes, and bosses.

P'liu":h xQ il 1885, states that the mica-schist at WImrcester contains
coal seam, and bears tossils of Carboniferious age. The mica-sclist is
cut by granite.

.1'LIEN in 1887, describes the accessionn of rocks in the Great IBa'
rillgtonl, fro1t the base upward, as coisisting of Stockbridge limestone,
schist or gneiss, quartzite, aid dolomite. The prmf that the (1414lite
occupies a distinct bed at a higher horizon from the main sheet is clear.

E-IERSON,6 in 1887, describes the sucession of crystalline rocks in
Hampshlire county, in order of their age fr1m the base 1ll), as gneiss,
feldspathie mica-schist, h141riblemid-sllhist, hyroimica -schist, aid calif-

Blull. 8(i 2-1
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erous mica-schist. Granite and syeite are placed as eruptive roclks of
the older series.

CROSBY, in 1888, maintains t hat there are no Carboniferous beds ill
the Boston basin; that it contains essentially one formation of conglom-
crate and one formation of slate; that these sediments include the
Paradoxides bed at Bhraiitree, are contbrmable, and therefore are Pri-
mordial or at least of Cambrian age; that the conglomerate underlies
the slate. The pebbles of the conglomerates are made up of crystalline
rocks of the regions adjacent. The contacts of the conglomerate anid
telsite are always well defined, and fragmeiits of the latter are always
contained abundantly in the former. The same relations hold bet weeii
the granites and conglonerates. The conglomerates aml slates have
often a well developed cleavage, which frequently cuts across the bed-
ding, although in places where the folding has been intelise the two

correspond. The discordance is shown by bands of the conglomerate
cutting across the cleavage.

SALER," ill 1889, describes call(4 Ani as consisting mainly of gii-
ite, wlh ich is cut by very iinulerols dikes of diabase ami qnite alnlli-
d alit olles of (1i<partz-jlorpllyry. Squiam river is 11n area of dl(llit '. Tie
r'i'lative age ot the graiiite am]d dioite has llot 11bhel deterlli'd.

EMERSON," in 1890, describes the Bernardstoi series of rocks. The

succession is peicf' tni l11 to c(msist of l( )i'teen members. Fr'l' m ab1 hve
downuwaid the upper seveiu colsist of alternations of mica-schist alld

hor'ihlende-schist, atItei which follow nartzite, blornlI llle-schist aini
iiiagnetite, limestone, hornbleine-schist. qlartzite- conlomrle'te, argil-

lite, and calciferlls mica-schist. The whole series is very crystalline,
smle pmits so thorolglly so as to have been compared by H itclcock

w ith th e hethleh(mnl gneiss, his baseiiient Eanirentian. In the lilmestones
fossils are fi ud of such a character' as to prove that the whole series

is Upper Devonlian.

E-iMEuRsoN,6 1 in 1890. dlscibitles the rocks of central Massachusetts,
between the Berkshire limestone an11 the Boston basill, as consisting of
a series of Mica-schists, lpuartz-Schlists, andi horllblendle-schists, pre-

sumably Paleozoic, and cight 1ands of granite aml granitoid gneiss,
in sll part Archva , ill larger part Calbir1ian. and in largest part

intrusive. In the w(esterll part is a small rlw of Archean ovals. aout
which are the Cambrian conglolerates anIll gal lnerate-gneisses, the

la tter rocks having a <1n11 aversal ar'auigemieint. Here are included

th e Prine(ton an( Athol grallites. ofteli well foliated, which have a great

extent north and smith. To the great intrusive masses of grallite is

lipplied Sness's aule hatholites. These 1ve lelted their way tlirogh

a great thickness of' failed strata and absorbed much of the latter in

their IWli mass. At times the central molasses of grallite are cut by

dikes of coarse muscovite-granite which seen to be later intrusions.

About the batholites Ilre broad areas in which contact iimetamoridhism

has altered the rocks, changing the argillites to ndca-schists,, etc. Th
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contact metamorphism has a zonal character. The Barre and Orange
bands of biotite-granite so combine the peculiarities of the Cambrian
conglomerate-gneisses and the batholitic gneisses that no opinion is
expressed as to their origin.

PUMPELLY ,65 in 1891, describes Cammbrian quartzite as resting un-
conformably upon granitoid gneiss at Clarksburg montain. In the
granitoid gneiss is found a dike which has been decayed and washed
out before the quartzite was deposited, leaving a fissure which caused
the beds of quartzite to thicken and sag, and which contain at the bot-
tom material derived from the dike. On Hoosac mountain there is
a core of granitoid gneiss, upon which rests unconformably at the axis
coarse basal conglomerate with a sharp contact. In other places there
is an apparent gradation between the metamorphosed conglomerate
and the granitoid gneiss. This Cambrian quartzite-conglomerate is
found to vary laterally in the legs of the fold into completely crystal-
line white gneiss. The Cambrian formation, containing Olenellus
fauna, mantles around the pre-Cambrian granitoid gneiss, and the
whole mountain is an overturned fold.

PUMPELLY,6 6 in 1889, gives a systematic general account of the (green
mountains in Massachusetts. These include three principal elements.
Hoosac mountain, the Taconic range, and the great valley between
these. The mountain rocks are composed of crystalline schists, which
are found to be of Cambrian and Lower Silurian age, resting on pre-
Cambrian rocks. The valley has a floor of crystalline limestone oi sac-
charoidal marble, on which are ridges of schists, both being of Lower
Silurian age. The Taconic range is a synclinal in the lower Silurian
schists, the limestone foundation appearing only at its base. A t
Hoosae mountain the succession is (1) granitoid gneiss; (2) quartzite-
comglomerate and white gneiss; (3) Hoosac phyllite, and (4) Row e sch ist.
On Greylock the succession is (I) Stockbridge limestone; (2) Berkshirc
phyllite; (3) Bellowspipe limestone, amnd (4) Greylock phyllite. At
Hoosac mountain the quartzite-conglomerate and white gneiss appear
to grade down into the granitoid gneiss in perfect conformity. At
Stamford a basic dike was discovered which cuts the granitoid gneiss,
but stops abruptly at the quartzite. Indeed, the qmartzite sags dowNi
at this place, its layers thickening and filling the hollow. These rela-
tions are considered definite proof of an uncontbrmity between the
granitoid gneiss and the quartzite. The general transition between the
two is explained by considering the granitoid gneiss as disintegra ted
at the time of the transgression which formed the clnartzite. 1le
quartzite-conglomerate and white gneiss are traced into each other Lit-
erally, and are therefore but different formsof a sedinmeimt of the same age,
and unequally metamorphosed. Across the valley the Hoosac phyllite
was traced by gradual transitions into the limestone; and the Stock-

bridge limestone, Berkshire phyllite, Bellowspipe limestone amnd Grey-
lock phyllite are all correlated with the Iloosac phyllite. In the (lart z-
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ite is folu1d the Olenellus ftiuna, henee the omly pre-Camluia rock is

the granitoid gneiss. In structure Greylock is a complex synelinal,

while Hoosac mountain is ai antielinal overturned toward the west.

At the ends of theI Hoosac ridge the aoitielinal bellds nearly to an east

and west direction. This is explained by regarding the granite-gneiss

as a rigid mass which resisted the lateral thrust, aid the almorimial
overoldings as the result of compensatory mnovemnents.

WOLFF,
6 ' il 1889, gives a systematic accou n of the geology of lioosI -

mountain. The rocks of the region are thoroughly crystalline, but

little trace re10ills of their origii l elements, whether of detrit al or
of eruptive origin; but the 1)4'dding corresponding to their original

planes of deposit is well marked, and under proper coiditionis the order

of succession cI be deterin iled. The basement, rock is a coarse

granitoid banldl1 gneiss, -which ti(111s the hese of the Hoosac mol 11t 1101

proper. Crashing aid developolnt oft new minerals m1la kes it p4erhals

impossible to say certainly wha0t is the origin of this rock. It could

pertectly well 1e all eruptive granite moditied 11y met1norphismn,

while on the other hand its field relations show its close association
with and frequent transition into coarse gneisses which seem to trill
a part of the detrital series.

Overlying the granlitoid gneiss is a series of rocks called the Veir-

mont formation. At one phie, where per0ps tolded, it is 600 or 70w

feet t lick. Tl iS forma tion con tai 151lunrons grad 0t io s 1et ween a rse

gueisses siil Hi 01 to the basement gneiss; fimr granted 11 anded gti issues;

gneisses with but a small anolnt of mica; metamlorphic gneiss-con-

glomerate; ordinary quartzite-conglomerate and 111airtzites. These
phases pass into ea-h other along the strike. Ill the 1mehntorpihic col-

glonerate it is ditliait or impossible to separ-ate the old 4111a1tz and

telispar 1om that tOrm(ed in site. The rock is considered me morhiC

because of the sha e an (listributiol of the pebbles in 0 teralitions (If

coarse and fine materials, heCalsel of the diverse nat n1e of tile l'bb-lls,
including ble tluartz, white qmnartz, granulite rock.,a tl gratnite,and be-

cause ot t'regnent trasitiolls into q1artzite and quartite-conglomerltie.

The next member of the series is the lloosav schist, which contl-m-

ably overlies the Vermont folrmnation. Ill this schist n recognizable

elastic elememl is found. The Ili nera is appear to have formed co-

temporanedousy. This schist is often coarsely crystalline, yet it is very

similar to the albite phyllites of Germany.

Tile next rock tnund is the stratitied limestone, which occ(ur's in

the Hoosa' valley, where it is ill contact with the Vermont i nia

tion1 and the Hoosa1 and Berkshire schists. The rock is generally an

impure, coarsely crystalline white marble. Layers of quartzite ere
frequent in the limestone a4 the change front one to the other is

gradual. Also, there is ill soum1 seilse 0t transition between the Stock-
bridge limestone i l Vermont gneiss, and also ia transition bet wei the

limestone and H114s15 schist. There also occur certain do ik colored
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1,ICks intierstna1ilicd wNiIth and in ome case cutting the others , milphibo-

lites. Detailed descriptions are given of the otc nirenees at the various
districts.

At the lloosac tumel the main facts brought out are that there is a
large ent nil mass of coarse gra nitoid gneiss (Stamford gneiss) foriming
the core ol Hloosae nouitain; that this is flanked on both sides by the

white gneiss-conglomierate (Vermont conglomerate), the eastern band
having a steady dip east amil overlaili by the albite-schist series; the
western band broader, with varying dips, passing by gradual traisi-

tions into the coarse gneiss, and bouInled on the west by a narrow band
of the al bite schist (Hoosae schist), the emiitaet being conti able ald
transitional. This schist is sueeedel on the west by another band of
tine grained white gneiss (Vermiiont), and this in turn by the limestone
(Stockbrid ge), no contacts being observed. The structure is auticlinal.

This succession and these relations are round to correspoI with the

distribution in the central district of i oosac imoitain. It is also found
that the antielinal of Iloosae, eomsisting of the Stamitbird gneiss, Ver-

mont forimiation and iloosac schist, has a pitch to the northward of from

100 to 150, while the western side has been overturned, whieh makes

the beds ill inverted order oi the west side. The whole northern third
of the region and a broad strip along the east is oeupied with allite-
pihyllite. In the district south of Cheshire and that of 1loosac valley
the Stockbridge limestone and Vermont quartzite are found to be coil-

lihrmable, and the latter lower in horizon, as shown by contacts, litho-
logical passages ald the corrugations of the two together; the quartzite-
conglomerate of the Verioit formation is identical with the fine grained
white gneisses of the I )altoi-W iiisor irea an d to those of Iloosac moin-
tain; and the schist area of lloosac uioiuntaini is conforimablhe with the
quiartzite and white gneiss series of 1oosac valley. The Hoosac valley
schist and limestone appear to be eolitirmable, although contacts are

wanting.
At Clarksburg mountain the grainitoid gneiss (Staitord gneiss) is

overlain by Clarksburg quartzite (Vermont foimation), in which Wal-
cott has toriid remains of trilobites, showing it to be Lower Camabrianl.

The two ill a general Way appeal to be conforlmble, but in one place an

Iuldoubted dike runs in a straight line through the gramitoid gneiss,
but abuts aga inst the quartzite without passing into it; and the (jlurtz-

ite has a ciriotls thickening of its lavers where the dike joins it, as

though there hail been a hollow owillg to erosion of the dike before the

deposition of the Iqua rtzite. It seems, theretore, to show the most per-
feet unconim lity let ween the gra nitoid gneiss and the overlyiug (lnartz-
ite, although the structure of both rocks is parallel. Excepting the
gra iitoid gneiss and tihe amiiphibolite, if the rocks are simply the Can-
hrian anl Silurian limestones, sandstones and sales, altered by meta-
aiorphism, as they appear to be, the transition ought to be traced to
the unaltered forms toward the H-udson. An examination of the rocks
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of (?reylock su ggests liat-the 1Ietainorphisin is iin general ii accord-

ance with this idea eastward, and also perhaps downward.
As a result of the work it is concluded that the gneisses of the Green

mountains are j tst as ea able of stratigraphical investigation as the
unaltered sedilments of the Appalachians, only the problem is much

muOre diffi'illt, OWing to the secondaryV strutiles pr-oduced by ietamor-

plisiii.
DALE,'" in 1889, gives a systematic treatment of the structural aI

areal geology of ( reylock. The rocks are all metamorphic and of few
kinds, crystalline limestone and various schists. The key to the strue-
Iiire is iin the distinction between cleavage foliation and stratification
filiation. The phlenomenla of cleavage and stratification as studied on
Greylock lead to the adoption of the following structural principles:
1. Lamination ili schist or limestone may be dither stratification tiulir-
tion or cleavage foliation, or both, or sometimes, in limestmie at least,

Sfalse bedding." To establish conformability the contormlalbility of the

stra-tification foliations must be shown. .1. Stratification foliation is
indicated by: (a) The course of minute but visible plications; (b) the
c Ourse of the Imiicroscopie lications; (c) the general course of the quartz
lanliiime whenever they can be clearly distinguished froim those which
lie in ie cleavage planes. I1. Cleavage foliation may consist of: (a)
Planes prodiued by or coincident wi ti the falted limbs of the minute

plicatills; (b) planes of fracture, reseimbhling joints on a very minute
scale, Witl or without faulting of the plieations; (c) a cleavage ap-
proaching slaty cleavage, in which the axes of all the particles have
assumed either the direction of the cleavage or one forming a very acute
angle to it, and where stratification foliation is nio longer visible. IV.
A secondary cleavage, resembling a minute jointing, occurs in scattered
localities. V. As ascertained by P1 lm'pelly, the degree and direction
of the pitch of a told are indicated by those of the axes of the minor

plications. VI. The strike of the stratification foliation and cleavage
toliation often differ in the same rock, and, as suggested by Pumpelly,
are then regarded as indicating a pitching old. When the fild is
horizontal the two are parallel. VII. Such a corresp~ondelnce exists
between the stratification foliations and cleavage foliations of the great
lhdds and those of the minute plications that a very small specimen

proiierly oriented gives, in many cases, the key to the structure over a
large portion of the side of a field.
There are large areas, sometimes half a mile square, where the only

inliai ion presented by the outcrops is of secondary character and where
no trace of stratification can be detected. As the cleavage foliation in

some places coincides with the stratification foliation both in strike and

dip, in others agrees in strike while differing in angle of dip, and in still
others differs both in strike and dip, and, furthermore, as the marks
of stratification are not infrequently subject to purely local changes,
the whole matter is attended with much difficulty. As a rule the
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most reliable strict lial data 4411 Greylock haVe been obtained from

outcrops where two different beds were ill visible conItat, or from a

series of related outcrops in all of which both cleavage iliation and

stratification foliation were equally manifest and discordant, or else
from large surfaces of rock at right angles to the strike where the
general trend of the minor folds could lbe distinctly seen. As a re-
stilt of a large nuiimer of observations the difference in angle of dip

between the cleavage foliation and stratificatioi foliation was f1und to

be from 100 to 1200. Whea the difference is over 900 the direction of
the two dips is opposite. The absolute dip of cleavage in a large
number of cases is almost universally to the east. Also, there is lack
of conformity in the strikes of the cleavage foliation and stratification
tiliation.

Early in the work attention was directed by Pumpelly to methods of
detecting the pitch in the axes of folds. It is usually determined by
observing the pitch of the axis of any part of the told. The correct-
ness of the method seems to be verified by the general parallelism
which exists between the minute and general structure of the rock
masses, and also by the opposite direction of the pitch as determined
at the extreme ends of the mountains. An application of these prin-
ciples to Greylock shows that the range consists of a series of move
or less opets or compressed synclines and anticlines which. beginning
near North Adams, increase southerly in number and altitude with the
increasing width and altitude of the schist area, and thet, from a point
about a mile andI a half south of the summit, begin to wideu out, and

to diminish in number and height until they finally pass into a few

broad and low undulations west of Cheshire. Between that point and
the villages of Berkshire and Lanesboro the folds become sharper and
more compressed and the schist area rapidly narrows, terminiating
witluin a short distance of Pittsfield.

Mount Greylock, with its subordinate ridges, is then a synclinorium,
consisting at the surtace of eleven synclines alternating with as mansy
anticlines, but in carrying the sections downward they are resolved
into two great synclines with several lateral and minor oies. There

are five more or less distinct lithological horizons in the Greylock mass.
Beginning above, the succession and correlations, with the classitica-

tions of E. Emmons, Jamnes Hall, lana and Walcott, are as follows:
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Horizons. nat-iil.

Z --. -- -------- . \M *seo iie(sericite).chloriei ltit i uart-s hist.wtithor with-
(U pplr schists.) out hiotite. atbite. nmalnetite. tabular trYstalsorh b-nirilar

Idlttes of interlteaved miaguetite and chlorite: ottrelite.
microscopic rntilc amt tourmnaline.

'Tlhese sclists are rarely calareous or graphitic.

I\' . -........-....... Linestonle. More or less crystalline. generally micavi-mi or
(Upperlimestone.) pyiritifti oui . passim into a calareo s mica-schist or a

feldspathic Itiartzite or a tine- Cralinld gineiss wit h zircon

aunt microelin- or a schist like V antl 11l.
'T'he more common minerals are: -'raphite. p rife, alhite

Ind microscopic rtIlIe and tour'maline. Move rare: ra-
lena and zine-blende.

II1 ................ iscoite (sericite) chlorite and quartz-schist, tith or
(Lower SChists.) without biotite, alhite, graphite. magnetite: I'requenutly

with tabular crystals or lentietthir plates of intirleaived
magnm tite andl chloritV: gar;Hnet : (011 IV r140 ). miCroscopic
rntilc aml tourmnalime.

These" schists are in plhices calcarvons, especially toward
the underlying limest one.

II ---------------- imesto , crstalline. corse or fine: ii places a dolomite.
(Lower limestone.) sti timts (ptartzose or miceos, more rarely fell-

spathlic. yery rarely' foSSilifctrons. G;:d(na and rineblende
rare.

Irrelgular masses of iron ore (limonite). associated some-
times with man anesc ore (pyrolusite). 'Sme qunart zite.

I ................. Qujartzite. tine grained. Altermatin_ n ith a iti in-bedded,
(Quartzite.) mitatcols and feldspathic it artzite. (The lat ter with

calcite. pyrite. toniie.)
Associated ith these tn rt zites. ami prohAly at t he base

of this horizon. is :I ioarse grained taitateous qtartzite
(toirinaliti) passitg. ill places, into a conglotet-ate, and
containing blue ltirt z. lteldspar (plagtiocas-. tmicrolie
and zircon, all of plastic origin.

Total thickness:M linit im ...............................................
Maximum .............................................

Thickness.

Feet.
1.500-2.200

A ge.

Entnons. 1855. Hall, 1839-1844. Dana, 1882-1887. Walcott, 1888.

Pre - Pot sdla Im .
Lower T -onic

N. . -- t alcose

slate.

600. -o Pre- Pot s d a ..

fLiwer Taconii
No. .c. inellnded
ill -- talt-se or
m a ni es i a 1

Slalie.

1. 00-2.1)111 Pre-PotsdIam.
L~owerl Taeonie

:No. 3, " talcone
Or magnesian
slate.

Trentou (Hudson
river).

Trenton (Hudson Lower Silurian
riverr.

Trenton (Hudson
river).

1, 200-1. 4011 P r e - P o t s d a m. Lower Silurian.
Lower -Ttaconic (Trentou and
No. 2. '- St-ock- lower.)

bridge 1 i m e -
Stone.

800-900 1 r e - P o t s d a m. ..... .............. .
Lower Taemlic
NI, .L .aa- I
Lar quartz.

",00o
. 7. .'on

Lower Silurian. Trenton (Hudson
river).

Trenton (Hudson
river).

Trenton (Hudson
river).

Trenton (Trenton.
'armdiln.('hazy.

calcifcronis)

Lower Silurian

Lower Silurian .

Cambri a(Pots- In part Lon er

(lam). (ambrial (le -
I elmus)

Lithlbical character.
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.d ACKSON,I9 in 1840, describes the older rocks of Rhode Island as
Priiary and Metanorplie. 'The Primary rocks are generally said t'

e roks prodneed in the state of igneous fusion. Among these are

placed granite, gniess and mica-slate, although it is doubtful as to the
mainnier iln which these two latter rocks were formed. At Woonsocket

a conglomerate passes into a mica-slate. In general the contact be-
tween the gneiss, mica-slate and graywacke are porfeetly sharp.

COZZENS, 0 ill 1843, finds that the section on the island of Rhode
Island, from the base ill), includes granite, serpentine, black slate, gray-
wacke, black slate, Rhode Island coal and dil vimi.

JACKSON, 1 in 1859, maintains that the pebbles of the Newport con-
glomerates in their present condition were meclhanically formed by being
rolled upon beaches, often the distortions and indentations being ac-

counted for in this way.

IIITCIICOCK (CHAS. J.),2 in 1861, describes the lower rocks of the
island of Aqiuidneck, in ascending order, as (1) talcoid schists, and
conglomerates with red jasper pebbles; (2) the Purgatory conglomer-
ate, the pebbles of which are distorted; (3) mica-schists, iica-slates,
conglomerates. satndstones. and grits west of Purgatory; (4) second
Conglomerate, al (5) coal measiires.

IALE,_ in 1881. 'ives deta iled sections of many localities and de-
seriptions of various places. The conglomerates are found ill some
oases to be highly mnet anor-phlit'. the pelbles being unmistakably elon-

gated and cut with scales of mica. The cleavage of the pebbles is

regarded itas partly di tie their adhesion to the cement. The fractures

with which they are cut is possibly due to wave motion or to the con-
traction of the conogltlmcrate in cling trim a heated state. The
chroeolo, ical order and thick iiess of the series is in ascending order as
toillows:

Feet.

1. I Iornbleide-schist alternating with mica-shist........................ 950
2. ('hloritic schists and associated argillaveons and micaceous schists.... 00-750
3. Green ish, slaty conglomerate, with argillaceous and siliceons serpentine.

(Conglomerate 1.) ................... 500
4. Q iartz and lay, aggregat............................................ 750
5. Argillaceous schists and associated slates, ete . .... ..--- -.. . ..... (;(

G. Qimartzite conglomerate, with grits and some argillaueotis schist. (Con
glomerate ii.) ...................... .............................. 750

7. Carbonaceous schists and shares with argillaceos schists............. 500
S. Pine argillaceous conglomerate :1u14l grit............................... 500

Total........................................................... .505t)-530)

LITERATURE OF CONNETICUT.

SILLIMAN,, in 1820, states that Primitive rocks occur in many places
in the counties of New Haven and Litchfield. These rocks succeed
each other with almost precisely the arraingeenett and succession laid
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d()vn by Werner-clay-slate, inclltin~g beds ut trap; Mica -slate;
gneiss. Granite crowns the whole, although it occnpies but a s1m 1
extent compared with the gneiss and slaty rocks. As a whole the
slates occupy the lowest an1 the gralites and gneiss the highest sit ua-

1im is.

l\1ATIER,'' in 1832, describes the succession from Killingly to Hadlain
as consisting of gneiss, gniiiite, syeuite, mica -slate, hornblende-slate,
grnu lar quartz rock, the latter underlying t hick strata of gneiss.
Powerful veins of granite traverse the gneiss. while in other places the
granite is found both in veins and beds.

MIATHER,76 in 1534, divides the rocks of Connecticut into gneiss,
hornlblende-slate, mica-slate, granular Ieldspar, granular quartz, syen-

ite, granite, limestone. The strata generally show themselves in long
Zbelts extending unbroken to a i considerable distance. The thickness

Of the gneiss at one locality is not less than 10,0110 feet. At Lebanon
the gneiss surrounding a great part of the syen ite dips so as apparently
to pass under the latter rock. The syenite is not stratified, but the
granite is partly so. The limestone oecm-is in beds from 1 to 20 feet
thick, embraced in the contorted gneiss in the ort hiwest part of Ston-
ington.

PERCIVAL,, in 1842, divides the consolidated rocks of Coiniecticnt

into Primary, Secondary, and Trap rocks. The Primary rocks occupy
the greater portion of the surface of the state and are divided into the
western an(l eastern sections. These primary rocks are formed en-
tirely of original materials, exhibiting no appearance of any fragment

or remains of any anterior formation. The trap rocks are chiefly con-
nected with the secondary rocks, although they also cut the Primary.
These are regarded as intrusive and igneous. lin describing the Pri-
mary rocks the term parallel is preferred to stratified, as simply
expressing the fact as to the arrangement of the minerals without im-
plying any opinion as to the node of formation. The western primary
system, which extends on the west and southvest into the state of New
York and on the north into Massachusetts, is divided into a large
number of local formations, incluing t(le classes, mica-slate, argillite,
granite, calciferous schist, limestone. The formations as a whole pre-

sent a series of parallel ridges which have a general curvature with a
convexity toward the east. The central portion exhibits a series of
granitic and micaceous alternations, which appear partly as elongated
bands and partly as isolated nuclei, generally granitic, around which
the more micaceous formations are concentrically arranged. The east-
ern primary system is divided into several imain groups, the rocks here
including gneiss, micaceous and chloritic rocks. fn one of the granitic
formations the arrangement consists of a central nucleus of granite-
gneiss surrounded by narrow concentric ranges of various characters.
The zone immediately adjoining the granitic nucleus is characterized
by the almost constant presence of authophyllite. From the coarsest
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granites to the finest and most iunioirm schist the structure is charac-
terized by a parallel arrangement of the mineral constituents. Con-
tinual alternations were observed of series of granitic, micaceous, horn-
bleindic and various other formations. The trap rocks occurring ifl the
primary ainId secondary trmatiois are so near alike that they can inot
be separated, but in the primary rocks there is no cOiformity between
the traps and the adjacent formations, such as prevails in the secondary.

DANA,," in 1872, states that the quartzite of Canaan outcrops in six
exposures, is unconformably below the limestone, and its ,jointing,
uplifting and coiisolidation took place before the lt ter was deposited.

GENERAL LITERATURE.

DANA, i 1877, maintains that t he conformable succession in Berk-
shire county, Massachusetts, and iii Vermont are the same, being(1) lime-
stones anid schists; (2) quartzites amd schists; (3) quartzites and lime-
stones; all confornmable. The Taconic range of Berkshire is probably
Upper Trenton or Hudson river or Cincinmati. There are frequent
abrupt transitions between the quartzite and gneiss which are believed
to represent transitions from sand deposits to mud deposits in the old
seaIs.

ITCHCOCK, (C. H.), 8 in 1879, describes the Atlantic system as in-
cluding the highlands of the Atlantic ocean between Newton dl nid and
the C aroliuas, comprising the Terranovan, confined to Newfondiland
amd Nova Scotia; the Montalban, with Green mountain branch, in
which is the White mountains; and the Carolina or Southern, which
culminates in the Black mountains. The rocks of the system were
deposited in a Laurentian basin with the Adirondacks on the west and
the ancient gneisses of eastern Massachusetts on the east.

DANA,"n in 1880, finds that the western and eastern halves of the Green
mountain area are one orological system, the rocks being similar, and
all are of Lower Silurian age. With these belong part of the central
mountain section. In view of these various considerations the evi-
dence, although not yet beyond question, is manifestly strong for
embracing the whole region between the Connecticut and the Hudson
(and to an unascertained distance beyond) within the limits of the Green
mountain synclinorium.

DANA,' 2 in 1884, finds that the schistose rocks constituting the Ta-
conic range grade from north to south from feebly crystalline argillite
and hydromica-schist to coarse grained mica-schist, garnetiferous and
staurolitic. The eastern and western limestone belts blend with one
another through the low regions., cross the Taconic line, and prove the
two to be one formation. The limestone passes underneath the schist
of the Taconic range and outcrops on its east and west sides on opposite
sides of the synclinal. The limestones which constitute the lower part of
the Taconic system contain tbssils, which designate it as Lower Silurian;
henee the schists of the Taconic are later than Silurian age and prob-
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ably belong to tle uiison river. The stature of t1he llige is a c4om-

pound synclinal. Moiuit Waslhington is : synclinal of the same kind,
which dies out to the south with a miltiplicatioin of small subor(linate
flexures.

HITrcCocK (C. H.),3 in 181, describes a number of geological
sections across New Hampshire and Vermont, and cmrelates the rocks.
The order and thickness of the crystalline tormnations from above down-
ward are as follows:

Feet.

Calciferous mica-schist and Cons group.................................... 12, 000
Kearsargegroup. . . . . . ..--------------------------------------------------- 1.300
Roekiugian mica-schist............................................... .... 000
Merrimac group .......................................................... 4. 300
HIuronian. .................................................................. 12000

Hornblende-schist ........ ...... ........ .... .... .... ...... ...... .... .... .... 1,5
Montalban---------------------------------------------------------------- 11,(00
Lake Winnipiseogee (Green mountain) gneiss......-......-......-............ I, 000
Bethlehem gneiss ......................................................... 0, 300
Porphylritic gneiss . ......................................................... 000

Total thickness .......................-.......................... 7, 000

The various groups are classified a(eo ig to stratigraphical anid not
litholOgical reasons. Unlike rocks are never assumed to Ie identical.

It a hornblende-schist anl clay-slate dip toward ((1h other t hey are
assimed to be of different age and separated by a fault. If a grnitic
rock shows foliation it is classed among the gneisses. The igneous
rocks are devoid of marks (4f stratification. The Montalbmi is used to
cover pre--turonian and Imst or upper Laurentian rocks. Hurmian is

used for convenience to designate the various shists of chlioritic mid

argilliti( aspect overlying the gneisses and interior t 4 the Camnbria in 5

far as known. The Aseitney granite seems to have een erupted frm
below through one or more vents and spread over the rock adjacent,
as is shown by the fact that in the valleys where erosion has cut into

the base of the granite it is discovered that schists r1u1 inder the igne-

ous rock certainly for 300 feet. The mica-schists show the presence of
heat for a distance of 500 feet or more from the granite. The slates

have been indurated so that they ring like iron when struck with a
hammer. The limestones are sometimes calcined and even glazed.
Veins enter )411 of the rocks fromii several yards distant. The gneiss
is not altered by the contact line. It W0o old seem, theret61-e, as if we

had here examples of contact phenomena, a1d olly the later strata are
affected, becallse the gneiss had been a reedy made crystline bet re
the eruption of the grailite.

HITCHCOC , (C. H.)," in 1SS, di vides tile older rocks of Vermiioiit into

(1) granite (I )wouian); (2) Eozoie gneiss; (3) Pots(:ui and later for-
mations. In (3) are included the Georgia slates, the calciterotls mica-

schist, etc. The Eozoic gneiss occurs in five areas and is believed to

underlie the L'otsdam or Quebl eC group. At Wallintgtlird the quartzite is
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suplerifnil osed upon a glieiss, as shown by peciliar erosion. At Sunder-
hi ml, East Wallingtord, Ripton, Bristol anl Clarksbuirg, Massaclmsetts,
the f1ssili'vro 1s rocks contain pebbles of a peculiar l1ue quartz which

is derived froii the gneiss. Thie gneiss is a northwlard coutinuat ion ol

the Eozoic rocks of New .1 rsey, the Iliglnlids of New York and of

soiithelIri Nev EIngland. In Maine the Camnbriian, Huronian and Ta-
conic rocks are phi-ed together a1nd also the \lontalban Ian( Laurentian.

The granite ad trapl and altered slates m re not placed iln the strati.
graphdicl colnl1. The gneisses ire regarded as older thani either

the Cambrian or Huronian. 'he pre Sihi-iain rocks of -New Hanp-

shire are classitied as follows:

iLaurentian.................

A tlantic ...................

Eozoic .

aIibrador or Pemit-v'wasset..

Iuronian ...............

Paleozoic .... Cambrian ...............-- -

. i'orphyritic gneiss.
( Bethleheu group.

Jake Winnipiseoge gneiss.
M4ontalhan or White mountain series.
Fraimoonia breccia.
Conway granite.
Albany granite.

hocorna granite.
Ossipyte.
Compact felspar.
Exeter syeiiites.

Lisbon gron p.
L}ymangroup.
Auriferous c glomerate.

(Rockingham schists.
Calciferous mica-schist.
Cois group.
Clay Slates.I Moint Mote conglomerate.

The Atlantic system i., proposed to cover all the rocks along the At-
laut i' cot froi MaJine to Alabama, being regarded posterior in time

to the LaiiientianI hilt anterior to the Cambrian and later fornationi.
W\VA oCT'", in 1881, places tle (eorgia oiirmation, wilicl is titl 1 to

conta ini tle Olentellus, in the middle Camiibriai, and the Braintree series
ofN Ma siihu ii ctt bearing tihe Paraoxi tiesuia is placed in the Lower
Camiibrian.

WLCOTT,"4 in 1S8, ill a consideration of the Taconic, places the

western core of the Green mountains as pre-Cailbrialn, the bounding
line being at a considerable, Ihit a varying distance east of Ruitlanil,
Middlebuirv, BIlurlinton ,nil St. Albans. All of the rocks of western
Mi1ssa '1h uisetts are regirdel a: Cambriw r po st-Cambrian, including

1he Storkbridg4, list an', thi grinulr quartz rock, the miagnesian

slate, Sparry limestone, and Ta '1nic slate. In north western Connect i-
cut is an area of pre-Cambrian rocks winch is su1rrouiled by uartzite
referred to the Georgia fiirmation.

WALCOTT, ill 1889, after Ua, consideration of th1 Cmblrihnli taunai

reverses the positioU of the G(eorgia am I Br aiintre' horizons, pdaciing the

latter as Middle and the tirmer as Lower Cmthrian.
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SUMMARY OF RESULTS.

In this discussion no attempt will be made to consider in detail the
structures worked oft by the various authors in individual districts,
but rather to indicate the general character of the results which have
been reached.

It is plain that the knowledge of the pre-Camiibrian structure of the
New England states is in a very unsatisfactory condition. Even in
such a district as that of eastern Massachusetts, including the Boston
basin, there is the greatest diversity of opinion, a district which one
would naturally expect would have been systematically studied and
certain results reached. In western Massachusetts, where the most
elaborate of the older surveys has been made, the rock successions
given from time to time and the correlations with other series have varied
greatly. These areas are particularly mentioned because most studied.
What is here true is still more emphatically the case with the remainder
of the region.

While, theni, systematic work in the New England states is but fairly
begum, one great structural fact; is clearly apparent, that large areas of
rocks which have commonly been regarded as pre-( 'ambrian are prov-
ing to be Cambrian or post-Cambrian. This is most marked in west-
ern Massachusetts, where the recent work of Dana, Pmn pelly, Dale,
Wolff, Emerson andm Walcott has esta1llished the- (onlusionI that the

pre-Calitbriall rocks are confined to small areas. The results reached
in this district show that it will not do to call the crystalline rocks

pre-Camthrian anl the uticrystalline ones post-Cambrian, a principle
clearly recoIniize4d by Adams anl the elder Hitchcock many years ago.
Over large areas mica-slates, iiiica-scliists anmd lemenly granular gneisses
have been demonstrated beyond all question to belong to the Cambrian
or post-Cambrian. If in the remainder of New Englan1 the pre-Cali-
1ial rocks shrink in proportion as they have done in the districts
closely studied, they will not o((l py 14ore than a fraction of the area

usually assigned to them.
If it be true that a very large proportion of the New hiigland rocks

which have been supposed to be pre-Cambrian are really Camibniaii or

post-Camnbriai, it is evident that the reference of them to the Montal-
ban, Noriani, liuronian, Laurentian, etc., is wholly uiiiwarrantted. In
the districts already referred to where definite knowledge is available
many of the rocks before referred to these various series are being
divided into two classes, sedimentary and igneous, and are being dis-
triblted from the Cambriani to the Carbol iferons.

As yet it can not be positively said of any district that the pre-

Cambrian rocks can be subdivided upon a structural basis, although
recent unpublished results byPumpelly and his assistants in the Green
mountains indicate that it may be possible to do this in the future.

This New England region is one of great interest as being the first
in which it was clearly shown by structural work that fragmnental rocks
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1a1ss over into crystalline schists. The descriptions by the elder
Ilitchcoek of the way in which the schist-conglomerates at various
points pass over into mica-schist in which no trace of the pebbles re-
mnainl are remarkably like those given many years later by Rensch, the
chief dif ereice being that ill the latter case partly destroyed fossils
were foiiud in the semicrystalline rocks. Hitchcock's sumiiary of the
evidence for the production of completely crystalline schists from frag-
mental rocks over extensive areas, published ill 1860 ill the Vermont
reports, is demoustrative in its nature. The case could hardly be put
miore forcibly at the present time, except by the additional evidence
derived fronm microscopical structures.

One of the most interesting differences of opinion has been as to the
origin of the granite and its relation to other rocks. The elder Hitch-
eock believed that the granites and syenites are produced by the
aqueo-igneous fusion of the sedimentary beds, that they have usually

not moved fitr, and thus represent older stratified rocks. Locally it was
recognized that they have become fluid and have intruded the adja-
cent rocks, showing all the characteristics of an ordinary eruptive.
The termn metamorphic was made to cover this once fluid material. Along
the contacts of the gin ite with the slates and schists, at various
localities were fl(und many rounded fragments which were taken as evi-
dence of the metamorphie origin of the whole, the matrix being re-
garded as completely used and the fragments as residuary bowlders

whuieh had resisted the process of meta monr dism. Stevenson and Mar-
vine interpreted like facts in the Rocky mtountains in the same man-
ner. These relations are precisely the same as those described by
Lawson betweel his Laurentian granite-gneiss and the elastic series

northwest of lake Superior. The latter writer, however. declines to
carry the term metamorphism over to the final product and regards the
granite-gneisses along the contact zone containing fragimets of the

adjacent rocks as irruptive ones, the fragments being caught iin the
tlid material rather than being a residual infused substance. rie
emphasis is then thrown uipol the intrusive character of the granite-
gneiss, a position less cisoialt with the theory of sulcrustal filsioii
thali that of Hitchcock, Stevenson, Marvine, and Winchell. An objec-
tiomi to the acceptance of this theory of the origin of granite and gran-
ite-gneiss is that it is mte that is not easily verifiable. As soon as a

rock becomes liquid it does not longer reveal the smirce of tihe Iia terial,
and the conclusions that it huts not moved fill and has been produced
by the fusion of the adjacent rocks is an improved and perhaps un-

pl-m-;tle assumption.

By Crosby the granites which cut other rocks are placed as the
older; this conclusion follows from the hypothesis that the granites are

metamorphic. It they intrude overlying rocks they must have been
produced from a more deeply buried series and are hence older. Most

geologists interpret these relations to mean that the granite is a later
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intrusive rock. By Shaler the himination of the iiiierals ill the sye-
nites and granites, and particularly the more distinct lamuinationi of tle

exterior parts of the exposures, is regarded as lit I(jlestioii able evideiice
of sedimentary origin. Jackson. amnontg the oler geologists, has stead -
ily maintained the essentially igneous origin 4f the granites and sye-
iiites. Hawes was the first, however, to clearly study from the modern

point of view the granites and granite-gneisses and to show that t he
laminationt of the latter is not necessarily an evidence of original be(I-
ding, and that such a structure may appear in an igneous rock as well

as in a sedimentary one. It is only since the recent work of Plimi elly
and Emerson that it has been generally appreciated that there are two
classes of granites in New Eiglail. These geologists have shown that
in western Massachusetts is a granitoid gneiss, which beyond all ques-
tion antedates the ('amlbrian rocks aid has yielded debris to them.
While this is the case, the greater mass of the granites are far later
in age, some of them ranking in time as late as the Carboniferous.
Frequently the masses are so large as to metamorphose the sedimen-
tary beds about them by contact or dyiamiic action, or more probably
by both, producing the concentric schistose structure so early men-
tioned by Percival and so fully described by Emerson.

By the early advocates of metamiiorphiic granite a massive torm was
regarded as evidence of the con; leted process and of the great age of
the granite. In any given granite the age of which is not known, from
the modern point of view, its perfectly fresh gran ilar form, or aIl eveiN
lamination of mineral constitnents which results from crystallization
under o(rdiinarv cireuistanices iI great beds or Illasses, bears rather
toward its late tormation; w hiIle the contorted and tbliated granitoil
gneisses. because of their structures, show that they have uidergone
repeated powerftui dynamic actions, and coiseqiiently are more likely
to be a(ient roks.

The" diorite-schists," amphilhl it es," -- metamliorhic diorites," a nd

similar schistose rocks described even lby IHawes as metamorphic,

probably helon g t r the most part with the other greenstones, wlicli
have almost universally ill late years been placed with the erupt yes.
'These schistose phases are more ancient than the massive firmi s or

have beem subjected to more itetise mtetamorplhisim.

While it was early recognized by most geologists that slaty cleavage
and foliatio may cut across the bedding, it was generally assm1Ine11
that cleavage and stratification foliation correspond. As early as 1-12
Percival so clearly saw the danger of this course that he states that he

prefers to use the term parallel instead of stratified il describing the
structures of the crystalline rocks as expressing the fact of the arrange-
ment of the niiierals without implying any opinion as to the mode of
formation. Hawes, in 1878, states that the granite-gneisses in their
affinities are like the eruptive granites, the hbinination being an induced
structure whih nay or may not c4rlirespond with bedding in case they
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are completely metaimorphosed material. He, however, includes among
the metamorphic rocks diorite, quartz-diorite, and amphibolite, since
they have marked distinctions from the fresh basic rocks recognized as
eruptives. From the assumption that cleavage foliation and stratifica-
tion generally correspond have probably resulted more mistakes than
from any other cause.

The cautious work of Adams, the elder Hitchcock and Percival in
correlation is noticeable. Adams preferred to call the rocks of Ver-
mont Azoic, referring to their present state, and specifically saying that
many of them might prove quite late in the fossiliferous series. The
same course is followed by the elder Hitchcock, who says that probably
most of the Vermont rocks will prove to be later than the Laurentian
of Logan. Percival, in Connecticut, carefully described the rocks as
they occurred without attempting to give any succession or to correlate
them with other rocks. The building up of successions upon insufficient
data and crude correlations is mainly the work of later men.

The work of Dana, Pumpelly, Emerson, Dale, Wolff, and Walcott in
the past decade marks a new epoch in the study of the crystalline rocks
of New England. The complexity of the problem has been for the first
time appreciated. It has been seen that the old method of making a
few sections wide apart across a district, and bringing the discrepan-
cies into harmony by assumptions, wherever necessary, of inversions
and faults, and making correlations of formations with those of distant
regions because of lithological likenesses, can lead only to conclusions
worse than valueless.

In applying the new method of work, as exemplified in western
Massachusetts, it has not been assumed that a rock stratum is the
equivalent of another stratum in a different locality. In order to es-
tablish equivalence it is necessary that the two be actually traced to-
gether, or else that unquestionable fossil evidence be found. Instead
of assuming that stratification and cleavage foliation correspond, the
assumption has been rather that they usually do not correspond and
that nothing can be taken as bedding which can not be demonstrated
to be this, as, for instance, the contact planes of two formations, such
as quartzite and limestone or one of these with schist. Instead of build-
ing up a structure from a few sections wide apart, all sources of informa-
tion have been sought; every outcrop was visited; the information
furnished by artificial excavations was utilized; full suites of specimens
were collected, and all the light which can be furnished by the modern
petrographical methods has been brought to bear upon the problems.
Finally, a more careful search for fossils has revealed their presence in
rocks so crystalline that former search has resulted in failure. In this
study Pumpelly, besides using these and other well known principles,
has formulated new ones. These are:

(1) The degree and direction of the pitch of a fold are indicated by those of the
axes of the minor plications on its sides. (2) When the strike of the stratification
foliation and cleavage foliation differ in the same rock, this is regarded as iudi-
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eating a pitching fold. (3) Such a correspondence exists between the stratifica-
tion foliations and cleavage foliations of the great folds and those of the minute
plications that a very small specimen properly oriented gives, in many cases, the
key to the structure over a large portion of the side of a fold.

This author has further ascertained that apparent conformity, which
sometimes exists between strata really unconformable, may be due to
the disintegration of the earlier series.

Notwithstanding that advantage has thus been taken of all sources
of information, the problems of the structure of western Massachusettts
have been found so difficult that it has taken years of labor of a num-
ber of men to build up correctly the stratigraphical succession. The
labor involved in this work and the relatively small size of the area
covered show that before any accurate map of the whole of New
England can be presented many years must elapse, although it may be
reasonably hoped that, as experience accumulates, the application of
the new method will proceed more rapidly than in the decade of its
inauguration.

That the structural mapping of the crystalline rocks in New Eng-
land is less extensive than in some other parts of America has not been
due to a lack of ability or industry upon the part of the workers in
this region as compared with those of others, but rather to the greater
difficulty of the problem. This region is one in which repeated dynamic
movements, accompanied by great outbursts of igneous material, have
occurred until late in Paleozoic time. '

SECTION II. THE MIDDLE ATLANTIC STATES.

LITERATURE OF NEW YORK.

PIERCE, 8 in 1818, describes the nucleus of Staten island as consist-
ing of steatite, which stamps the formation as Primitive.

AKERLY," in 1820, describes a section running from Long Branch, in
New Jersey, northward to New Marlboro, Ulster county, New York.
The rocks included are divided into principal rocks, metalliferous rocks,
basaltic rocks, and alluvial formations, which correspond to the Ger-
man terms Primitive, Transition, Floetz, and Alluvial. Staten island
has a rocky base composed of the magnesian order of rocks, consisting
of serpentine, steatites or soapstones. Hoboken is of the same nature
as Staten island. The Highlands of New York consist of granitic
rocks belonging to the primitive class. Gneiss and micaceous schist
are the most prominent; but granite, properly speaking, also enters into
I he composition. The commencement or termination of any of these
rocks has not been found, and as they graduate into one another they
are considered the same formation. At Hell Gate the rocks are gneiss

and micaceous schist. The northern part of New York island is of the
primitive formation and includes granite, gneiss and limestone. Crys-
talline limestone is also found at other points. All these rocks are

placed in the primitive formation and they contain no organic remains,
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JESSUP," in 1821, describes in Essex county, in the vicinity of lakes
George and Champlain, rocks of the primitive class, including trap,
syenite and carbonate of lime.

EATON,91 in 1822, describes as occurring in the Highlands of the
Hudson, without reference to order of time, gneiss, hornblende rocks
and argillite. The gneiss appears to be the center or oldest formation.

EATON, in 1824, describes the rocks adjoining the Erie canal.
Among the primitive rocks are placed granite, gneiss, hornblende rock,
mica-slate, talcose rock, granular quartz, granular limerock, sparry
lime rock and primitive argillite, which are described as occurring at
numerous localities. There are two primitive districts, that in south-
eastern New York and that west of lake Champlain, called Macomb
mountains.

EMMoNs (E.),93 in 1837, describes granite and gneiss as having a wide-
spread occurrence in the northeastern part of the state. The granitic
nucleus of Essex county is traversed by dikes of greenstone of igneous
origin, and the granite is considered to have the same genesis. Gneiss,
hornblende and granular limestone are classed together as primitive
rocks and regarded as absolutely of the same age. Above the primi-
tive rocks is a transition sandstone, superimposed upon which is a
transition limestone.

CONRAD,94 in 1837, describes at the base of the Mohawk valley ridges
of gneiss which are regarded as a prolongation of the northern primary
chain. Upon the gneiss is found calcareous sandstone.

MATHER 9 5 in 1838, mentions gneiss on Long island; granite and ser-
pentine on Staten island; and granite, gneiss and granular quartz in
the southeast part of Dutchess county. In the serpentine was observed
a trap rock.

EMMONs (E.),9 in 1838, states that in St. Lawrence and Essex counties
are found Primitive rocks. The stratification of the gneiss is often ob-
scure and its texture confusedly crystalline. Subordinate to it and
mingled with it is granite, which occurs in beds and protruded masses
in the forms of veins and in overlying masses analogous to lava cur-
rents and greenstones. In St. Lawrence county is a widespread gran-
ite composed of labradorite, feldspar and hypersthene, which is trav-
ersed by dikes of greenstone, amphibolite, syenite, and porphyry. As-
sociated with the gneiss and limestone are numerous beds of magnetite
and hematite. The transition rocks of Essex county, such as lime-
stones and shales, are cut by dikes and veins. The primitive lime-
stone is always coarse, crystalline and friable. It occurs in most
intricate and cnious relations to the granite and hypersthene rock,
many of its areas being in vein-like form. This fact, combined with
the presence of foliated plumbago and the induration of sandstone
when in contact with the limestone, leads to the conclusion that it is
of igneous origin.

VANUXEM, 97 in 1838, finds Primitive rocks in Montgomery, Herki-
mer and Oneida counties.

VAN HISE.]



388 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BITL. 86.

MATHER,3 in 1839, describes the rocks of New York, Westchester
and Putnam counties as comprising granite, gneiss, mica-slate, quartz
rock, talcose slate, limestone, syenite, serpentine, steatite, augite rock,
greenstone, the latter traversing the other rocks like veins or being
interstratified with them. The gneiss and granitoid rocks are distinctly
stratified, as is also the limestone.

HORTON, in 1839, describes the Primitive rocks of Orange county
as less regular in stratification and dip along the banks of the Hud-
son and at their western margin than in their center. The strike of
the primitive gneiss is about northeast and southwest, with a dip to
the southeast from 450 to nearly vertical. Interstratified among the
primitive rocks are hornblende rock and white limestone. Argillite is
placed with the transition formations.

GALE, 00 in 1839, finds that the -rocks of New York county are chiefly a
gneiss, associated with which as subordinate rocks are serpentine, horn-
blende, primary limestone and anthophyllite rock. On the western side
of the island the gneiss so abounds, with the veins of granite parallel with
the strata, that in many places they constitute the chief material. At
Kings bridge the limestone at its junction with the gneiss retains the
structure of that rock with the mineral matter of limestone, but the
pure limestone is in beds without stratification.

EMMONS (E.),101 in 1839, describes Primitive rocks in Hamilton, Clin-
ton and Warren counties. The primitive rocks are gneiss, hornblende,
limestone and serpentine. The limestone and erpentine occur in irreg-
ular veins or beds, which are sometimes analogous to greenstone dikes
so prevalent in the hypersthene rocks.

EMMONS (E.),102 in 1840, states that the magnetic iron ore occurs asso-
ciated with granite, gneiss and hypersthene rock in veins which are
regarded as of igneous origin. The specular oxide occurs in two hori-
zons, the first associated with the primary limestone, the second with
gneiss or some other primary rock beneath it.

VANUXEM, 0 3 in 1840, states that the primary rocks which are defined
as earlier than any which bear organic bodies in Lewis county consist
mostly of granite and gneiss, but are associated with amphibolite or
hornblende, forming syenite and hornblende rock. The Potsdam sand-
stone rests unconformably upon the primary rocks. There is a great
contrast between the two classes, the latter presenting a disturbed
appearance, exhibiting high grades of inclination, while those of the
transition are like the deposits of tranquil waters.

MATHER, " in 1841, states that the primitive rocks occupy two-fifths
of Saratoga and one-fifth of Washington county, being mostly gneiss
and granite, although coarsely crystalline white limestone containing

plumbago, angite and hornblende is a common rock.
EMMONS (E),101 in 1841, mentions primary limestone at lake Janet,

gneiss at Long lake, and on Racket river hypersthene rock.
Em-MONs (E.), 106 in 1842, gives a report on the entire Adirondack
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region. The older rocks are classified under primary and transition.
There are few transitions from the primary into the sedimentary rocks.
There are, however, many transitions among the primary masses them-
selves, and often intermediate series are found which are with difficulty

placed under appropriate names. The primary rocks are divided into
unstratified, stratified and subordinate. Among the unstratified rocks
are included granite, hypersthene rock, primitive limestone, serpentine
and rensselaerite. The stratified rocks include gneiss, hornblende,
syenite, talc or steatite; the subordinate rocks include porphyry, trap,
magnetic and specular oxides of iron.

The granites occupy a comparatively small extent in the region,
being in limited patches of irregular appearance. One of the largest
beds of granite Is about 6 miles long. In one place granite and lime-
stone are somewhat intermingled. The hypersthene rock occupies a
triangular area to which it is almost wholly confined, but it constitutes
almost the entire county of Essex, with the exception of a belt a few
miles in width along the shore of the lake. Under primitive limestone
is included a coarse, crystalline mass, readily recognized as a minera-
logical species, but as a rock not holding a definite place in the pri-
mary series. This rock is believed to be unstratified and of igneous
origin, as is shown by its occurrence in dike-like forms and its asso-
ciation with eruptive rocks, the imbedded minerals being of such a
character as would be produced by metamorphism. Also limestone
produces a metamorphosing effect upon the minerals imbedded in it,
is always without stratification, often underlies granite, and is so inti-
mately associated with it as to make it probable that the two have a
common origin. Serpentine intimately associated with the limestone
has 'an origin common with it.

The stratified rocks have a mach wider occurrence than the massive
ones. Of these gneiss is by far the most important. Syenite is ap-
plied to a stratified rock composed of feldspar and hornblende. It
often occurs injected in the form of dikes and associated with beds of
iron ore and is in part an igneous rock. Trap includes dark-colored
igneous rocks, which cut the various other primitive formations. These
are compared with mineral veins, and because the former is eruptive
the latter is concluded to have a probably similar origin. Porphyry is
also found in igneous forms. Magnetic and specular oxides of iron oc-
cur as masses and as veins. They are sometimes apparently inter-
stratified with rocks with which they are associated, but often also
break across the strata. In their mode of occurrence they resemble
trap, greenstone, and porphyry, and are therefore regarded as of
igneous origin. Between the primary and transition systems is the
Taconic system.

VANUXEM,1'0 in 1842, describes the primary system as occurring in
the northern parts of Montgomery and Herkimer counties, the north-
east corner of Oneida, and the whole of Lewis county east of Black
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river. This system consists wholly of granite anud gneiss, with which
is associated a small quatity of limestone and iron ore. Primary

rocks occur isolated in the New York system; the first at the Noses on
the Mohawk; the second at the little fills of the Mohawk; the third
at M~iddleville. With the Taconic system are placed a lamellar white
crystalline limestone, with specular iron ore and compact red iron ore
and plumbaceous rocks in Lewis couty.

MATHER,1 " in 1843, gives a systematic account of the geology of the
first district, comprising the southern part of the state. The Potsdam
sandstone is at the base of the unmodified series. Ili places it is meta-
morphic and has more or less the aspect of gneiss; at other times it is
in an intermediate state, showing rounded gravel and sand. The dips

are usually eastward at from 50 to 200, but in the Hudson valley

it is upturned with other rocks at a high angle toward the east.
The Taconic system consists of slates, limestones, and gra imhir quartz
rocks, which form a belt of mountainous country from Veruontt to

Peekskill on the Hudson and a marrow belt across the Iighlands to
the mouth of Peekskill creek. They are again fiund on the right bank
of the Hudson, between Stony point and Caldwells leading, andranige
south-southwest until they disappear beteatht the red sandstone torma-

tion. The strike and (lip of the rocks of this system are the same as
those of the Champlain division and apparently underlie them. The
dip is in a general easterly course, varying from 150 to 900. As to the
superposition of the formations the gratnlar quartz either rests upon
or pitches under the gneiss or granitie rocks. The limestones lie next

in order from the gneiss or granite, either in super or sub position, and

the slates next follow. This may be fonuid difficult of verification, as
the rocks are almost universally much deranged from their original
position. Many local details are described, mand it is conclnded that
the Taconic system represents the Chamtplaint division metamorphosed.
In favor of this position are the facts that the succession is the saute;

that both of these systems are superimtposed upon the primary without
any intervening strata; the unodifled beds are traced into those that
are metamorphic; and the places where the rocks are most netamor-
phic are those where there are intrusives and have been upheavals.

. Under the head metamorphic rocks are described such rocks as are

not included in the foregoing, and which. while there is no demonstra-

tive evidence of it, are regarded as originally sedimentary rocks, which

have since been altered in their character so as to change them into

such rocks as have usually been called primary. The metamorphic
rocks are divided into two divisions, those east of the Highlands of

the Hudson, and those of the Highlands of Saratoga and Washington
counties. In the first district the limestones are granular, dolomitized
and stratified. The slates are talco-argillaceous, talcose, chloritic or

micaceous, the last predominating; anud the sandstones are changed
into granular quartz rock, eurite, and gneiss. In the second district
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the limestones are changed to white or red, coarse grained, crystalline
limestone, containing various crystallized minerals, with scales of
plumbago, and rarely show any traces of stratification. The slate is
changed to mica-slate, micaceous gneiss or hornblende-slate, and the
quartz-rock is changed so as to be scarcely recognized as such. In the
first class, also, the intrusive rocks bear but a small proportion to the
altered rocks and are mostly quartz and granite, but in the second
class the undoubted plutonic rocks abound and consist of granite,
syenite, greenstone, augite, serpentine, diallage, and intrusive m etal-
liferous veins.

The metamorphic rocks east of the Hudson and Highlands are in a
continuous range from Bennington in Vermont to the west part of
Massachusetts and Connecticut and the eastern part of New York.
Between the Taconic rocks and the metamorphic rocks to the east no
well marked line of distinction can be drawn, as they blend into each
other by insensible shades of difference. In considering the metamor-

phic rocks as a whole the descriptions necessarily include certain of the
Taconic rocks. The strata of metamorphic rocks are very much broken,
so that no stratum has been traced continuously more than a few miles.
The only beds which can be traced with any degree of success are the
limestones, which are described in detail. The limestones of Wesf ches-
ter county have the same dip and line of bearing as the comtignons
gneiss, and like that, are distinctly stratified. They form several nearly
parallel ranges at intervals of 2, 3, or 4 miles. They all dip east-south-
east, with local exceptions, at a high angle, varying from 450 to 900.
The metamorphic slates of Dutchess, Putnam, Westchester, and New
York counties have been traced in different localities through different
modifications and texture from the gray and semicrystalline limestones
associated with talcose slate and the sandstone of the Taconic system,
to the perfect dolomites and white and gray crystalline marbles asso-
ciated with mica-slate and granular quartz-rock, north of the High-
lands; and to still more crystalline limestones associated with mica-
slate, micaceous gneiss, hornblende-slate, hornblendic gneiss, horn-
blende-rock, syenite and granite, south of the Highlands. In these
latter limestones are frequently found some mineral substances, such
as serpentine, brown tourmaline, copper and iron pyrites, magnetic
sulphuret of iron, mica and magnesian minerals, particularly where
near to undoubted plutonic rocks. It is believed that all the crystal-
line limestones of Vermont, Massachusetts and Connecticut and the
eastern part of New York, are metamorphic rocks; that they were origi-
,nally the Mohawk limestone and Calciferous limestone, and that the
associated rocks were originally the Potsdam sandstone and the slate
rocks of the Hudson valley; that they were, in fact, the rocks of the
Champlain division, but much more altered and modified by metamor-

phic agency than the Taconic rocks.
In the study of the metamorphic rocks of the Highlands and Sara-
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toga county, as in the other district, most attention is given to the
limestones. At Warwick the white limestone is rarely stratified or
shows any distinct traces of stratification, but id some places it exhib-
its a regular gradation into the gray and blue limestone, which is fos-
siliferous in some places and oolitic in others, and stratified in nearly
horizontal strata. The limestones of the Highlands of Orange, Rock-
land, and Putnaiu counties are in long narrow belts associated with the
granite, syenite, hornblende and augite rocks and some anomalous ag-
gregates. The limestones of Washington county are coarse, white and
crystalline. They contain various imbedded crystalline and amorphous
minerals, the most common of which are plumbago, augite, and horn-
blende. Hornblende, coccolite, and plumbago are the most constant
associates. Scapolite is not uncommon. In some places the limestone
is so much intermixed with other materials found in the gneissoid and
granitic rocks, that without close examination it would not be sus-
pected as a limestone. Quartz is frequently found in it, transparent or
translucent, with irregular, rounded forms, as if it had been partially
melted. Many localities that I have visited show that it has been soft-
ened, if not melted. The similarity of the crystalline limestones of the
northern counties to the crystalline phases of those at Warwick which
grade unmistakably into fossiliferous forms leads to the conclusion that
they are all really the same rock. The limonitic and hematitic ores are
confined to the valleys of the Taconic and metamorphic rocks and are
usually associated with talcy slate on one side and limestone on the
other.

Under Primary rocks are included those usually called by that name
and those not yet described as Taconic or metamorphic, though some
of them are probably of the same age as the metamorphic rocks. This
is particularly the case with the plutonic rocks, as granites, syenites,
hornblende rocks, some of the trappean rocks, and the metalliferous
beds and veins which have intruded themselves among and altered
the adjacent rocks. The hornblendic gneiss, micaceous gneiss, and
mica-slate may perhaps be referred to the same period. The primary
rocks in the different districts are very similar. They include granite,
syenite, gneiss, mica-slate, augite-rock, greenstone, hornblende rocks,
quartz rock, talcose slate, limestone, serpentine, and steatite, although
the last five have been already included among the metamorphic rocks.
In Rockland and Orange counties the strata dip to the southeast at
angles from 500 to 900, but there are localities where the strike and dip
are transverse to the general directions. Granite veins are very nu-
merous in the granitic gneiss; the greenstones include basaltic green;
stone or trap, granular greenstone, and primitive greenstone. Asso-
ciated with the primary rocks is magnetic oxide of iron, confined to the
southern counties of the Highlands and forming masses in gneiss and
hornblendic gneiss rocks which might be called beds, but which are
thought to be veins. Their course is parallel to the layers of rock, but

[BULL. 86.



EASTERN uNITED STATES. 393

in several instances after continuing with this parallelism for a certain
distance the ore crosses a stratum of rocks and then resumes its paral-
lelism, and then obliquely crosses another, and so on. Also in other
places where there are great beds of ore, a few small strips of ore pene-
trate the surrounding rocks as if they have been cracked asunder and'
these seams forced up from the main mass below.

The rocks that are most metamorphosed are usually near granite,
syenite, trap, quartzose and metalliferous protrusions, dikes and veins.
It is believed that trappean injections took place as late as the time of
the red sandstone of New Jersey. The granitic, syenitic and augitic
rocks appear to belong to the epoch immediately preceding the slates
and grits of the Champlain division, since they have altered the pre-
existing rocks where they come in contact up to that time, but no traces
of such changes are found in the more recent rocks. Another intrusion
of granite is believed to have preceded the red sandstone of Rockland
and New Jersey, being probably more recent than the rocks of file
Catskill division.

COZZENS, Jr.,'0 in 1843, divides the rocks of Long island into gran-
ite, syenite, serpentine, mica-gneiss, hornblende slate, quartz rock,
primitive limestone and diluvium. The distribution of all is given.
At the Palisades, on the west side of the Hudson river, the section
from the base up is granite, serpentine (different from that at Long
island), sandstone, greenstone-slate and trap. Tlie section of Staten
island from the base upward is granite, serpentine, sandstone, trap or
green stone, beds of iron ore and diluvimn. At Donderberg the section
is granite, gneiss, talcose slate, limestone (called transition limestone)
and brick clay.

EMMONS (E.),1 10 in 1846, gives a systematic treatment of the char-
acter and relations of the Taconic system. The Taconic system is
held to be below the New York system, because the base of the latter
is perfectly schistose, like that of the former, and because the mate-
rial of the New York system is derived from the Taconic. Again,
contacts between the Taconic system and the calciferous sandstone
and Hudson river sales show that the former are unconformnably
below the rocks of the New York system. As evidence that the
Taconic system is newer than the primary rocks is the occurrence of
porphyritic quartz of the Taconic upon gneiss. It is, then, not to be
doubted that there is a system of rocks lying between the Hoosac
mountain range and the Hudson river of an age posterior to the gneiss
and mica-slate and anterior to the New York system. It consists
throughout of beds of sedimentary matter in a state of fine division
conformable to each other and arranged in uninterrupted succession,
although their lithological characters are very diverse. The. Taconic
system comprises the Taconic slate-bearing fossils, the Sparry lime-
stone, the Stockbridge limestone and the brown sandstone or granu-
lar quartz. The primary limestone carries graphite, and on this account

V4\ 111E.]
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can always be distinguished from Stockbridge limestone; also other
minerals, such as spinel, sapphire, idocrase, hornblende, pyroxene,
choudrodite, and mica, are found plentifully in the primary, but do not
occur in the Stockbridge. The rocks of the Taconic system are in-
verted, greatly disturbed, and their relations with the underlying and
overlying rocks are obscure, so that the true structure can only be
ascertained by most careful examination.

CREDNER, 1 ' in 1865, states that the island of New York and the east

part of Long island consist of gneiss, which, toward the north, con-
tains hornblende-gneiss, hornblende-schist, syeuite, and hypersthenite,
and in the last two are magnetite. The northern hilly part of Staten
island consists of dioritic rocks, of serpentine, with layers of soap-
stone.

MACFARLANE, 12 in 1865, describes the rocks in the neighborhood of
Rossie as belonging almost exclusively- to the Laurentian formation,
which is here and there unconformably overlain by patches of Pots-
dam sandst4)Ine. The rocks here found comprise micaceous and horn-
blendic gneiss, mica-schist, gneiss-granite, gra ite, tourmaline rock,
coarsely granular saccharoidal crystalline limestone, and diorite. The
strata are in an almost vertical position.

STEVENS,11 3 in 1867, describes New York island as consisting in the
main of gneiss, in which lie veins and beds of granite, anthophyllite,
and hornblende. The granite occurs in veins generally coincident with
the gneiss, but also in massive beds which lie across the strata. At
times it is distinctly separated and in others insensibly blends into the
gneiss. The hornblende and antliophyllite occur like the granite.
Limestone occurs at several points and is interlaminated and folded
with the gneiss. This New York group of rocks is like and regarded
as equivalent to Enunoins's Tacontic. For it is proposed the name Man-
hattan group.

DANA,' in 1872, describes the mica-schist of Poughquag as underly-
ing conformably the Stockbridge limestone. The mnica-schist is under-
lain conformably by the gneiss of the faconic series. Besides the
limestones and Taconic schists and gneiss, there is near Poughquag,
in still more intimate connection with the quartzite rocks of Azoic age,
a continuation of the highlands of New Jersey, which are probably
Laurentian. But as this point is not definitely settled, and since the
term Azoic has been ruled out by facts proving that the era was not
throughout destitute of life, it is proposed to use for the Azoic era and its
rocks the general term Archa'an (or .Archean). These Archean rocks,
coarsely crystalline gneisses, are exposed in a deep cut on the Hartford
and Fishkill railroad. The quartzite formation of this region shows no
conformability to the Archean gneiss, and none to the gneiss, mica-
schist, or limestone of the Taconic series. The nearly horizontal beds
of quartzite lie on the nearly vertical Archean, and both occur within
a few hundred yards of the steeply inclined Taconic beds.

tstElL-.86.
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LEEDS,114 in 1878, describes the rocks of the Adirondacks. They are
found to be stratified rocks which belong in the Norian system, are
composed of hypersthene and diallage, and labradorite with menac-
canite.

DANA,11 in 1880 and 1881, considers the geological relations of the
limestone belts of Westchester county. The rocks here found are
divided into metamorphic rocks, not calcareous; caleareous rocks or
limestones; serpentines and other hydrous miunerals; angitic and
hornblendic rocks not above included. Of metamorphic rocks the

prevalent kinds are micaceous gneiss, mica-schist, ordinary gneiss, and
granitoid gneiss. The calcareous rocks are white and coarsely crystal-
line, although locally they are feebly crystalline. The hornblendic and.
augitic rocks constituting the Cortlandt series incln(Ie soda granite,
norite, augite-norite, diorite, hornblendite, pyroxenite, and chrysolitic
kinds. These rocks are held to be conformable with a part of the ad-
joining schists and limestone, which are ofietanorphic origin, although
they may have been in a former state of fusion or plasticity. The lime-
stones and adjoining schists are found to be one in series and system
of disturbance, are considered a part of the Green mountain system,
younger than the Highland Archeau, and probably Lower Silurian.
At Annsville there is evidence of unconformity between the Archean
and this series. The limestone here lies unconformably against the
hornblendic contorted Archean gneiss. A similar unconformity exists
half a mile northeast, although the upturning of the limestone and its
associated schist has usually placed them in near conformity to the
strike of the Arehean rocks.

DANA 1 16 in 1882, ascertained that a large part of the rocks referred
to the Taconic'range are shown by their fossiliferous contents to be
Silurian and the equivalent of the Hudson river group, although it is
not asserted that all of the hydromica-schists do belong here. A part
are Primordial.

NEWBERRY,1 in 1882, states that the mottled serpentine of New
York island is like the ?MNoriah marble of the Adirondack region, which
affords strong indication of a Laurentian age of the New York and
Staten Island rocks.

HUNT,118 in 1883, describes near port Henry coarsely crystalline lime-
stones in the highly inclined Laurentian gneisses, in which are inclosed
irregular masses and layers of the adjacent gneiss. Although re-
garded by Emmons and Mather as eruptive and by another eminent
geologist as evidence that the crystalline limestone unconformably
overlies the gneiss, it is believed to be a great calcareous vein stone.
The Norian, massive, bedded, labradoritic rocks are well displayed be-
tween Westport and port Kent.

DANA, 119 in 1884, finds that the hornblendic and angitic rocks of the
Cortlandt series have such relations to the schists as to show that they
are of igneous origin, the eruptions taking place subsequent to the era
of the limestone, mica-schist, and soda-granite.

VAN HiSF-.1
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HALL (CHAs. E.),12 0 in 1885, states that between the limestones and
the magnetic ore series or lower members of the Laitrentian there
is an undoubted unconformity; but the relations of the Labrador series
to the limestone are not clear. In ascending order'are the Lower Lau-
rentian or Magnetic Iron Ore series; the Laurentian Sulphur Ore se-
ries; the limestones and the Labrador series, or Upper Laurentian with
its Titanic Iron Ores. The relations of the sulphur ores and limestone
series are still undetermined. Between fort Ann and South bay, along
the east side of the valley, the Silurian limestones lie against and ap-
parently dip under the crystalline rocks of the Laurentian. The Pots-
dam sandstone, resting on the crystalline rocks of the valley, dips to
the eastward under the Silurian limestones.

BRITTON, 121 in 1886, states that a schistose series of crystalline rocks
occurs in the Adirondacks. It consists of schistose gneiss, mica-schist,
and hornblende-schist, and occurs north of Harrietstown and near the
northern end of the Lower Saranac lake. Norite occurs at Miller's
hotel, about a mile distant.

JULIEN7 121 in 1886, states that the borders of the Adirondack region
consist very largely of thinly bedded gneisses, especially to the east-
ward.

SmocK,"' in 1886, describes the crystalline rocks of Dutchess, Put-
nam, and Westchester counties. This district is divided into four belts,
Stissing mountain, East or Dover mountain, Highlands of the Hudson,
and Westchester county. The prevailing rocks of Stissing mountain are
gneisses, granites, granulite, and syenite, which resemble closely those
of the Highlands of the Hudson. The rocks of the East mountain com-

prise gneiss, granite, granulite, quartz-syenite, syenite-gneiss, and mica-
schist chiefly. Between the quartzite and the gneiss, when they are
seen close to one another, is a want of conformability. The more common
of the rocks of the Highlands of the Hudson are gneiss, syenite-gneiss,
granite, quartz-syenite, granulite, and hornblende-schist. The Pough-
quag-Fishkill quartzite is found to rest unconformably upon the High-
land gneisses, the discordance being best seen on the New York and
New England Railroad, 1 mile west of West Pawling railroad station.
Here the quartzite has a dip of 150 or 200, while the gneiss, but 300 feet
distant, has an almost vertical inclination. Belonging with the Ar-
chean gneisses are limestones, among which is that at Sprout brook.
On the eastern side of the Highlands the Archean border has the mi-
caceous, schistose rocks and the quartzites resting upon it. These
relations are particularly well shown at Towner's station. Near here
the limestones and schists in a syncline rest unconformably upon the
granulitic gneiss. Provisionally the rocks of the Highlands are re-
ferred to the Archean. They may be all Laurentian also, but the Huron-
ian has not been identified. In Westchester county is a great variety
of crystalline rocks. To these is applied the name Manhattan gneiss,
proposed by Hall. These rocks are less massive than those of the

[BUL. SG.
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Highlands, include micaceous gneiss and schist, as well as crystalline
limestones, and to the ordinary observer are more like the common
fragmental rocks than the massive gray granitoid gneisses.

HALL (JAMES),1 24 in 1886, in describing the building stones, includes
in the Laurentian rocks the granitic, syenitic, and gucissoid rocks, as
well as the crystalline marbles which are everywhere interstratified wit It
the gneiss rocks, but usually form a small proportion of the entire mass.

WILLIAMS," 5 in 188, 1887, and 1888, describes the peridotites, norites,
gabbros, and diorites of the Cortlandt series and their relations to the
mica-schists and limestones. They are regarded as eruptive rocks be-
cause they have the structure and mineralogical composition of eruptive
types; because their schistose phases have nothing which suggests an
original sedimentary structure; because they occur in well defined dikes
in other massive rocks, in mica-schists, and limestones; because frag-
ments of crystalline schist and limestone are found inclosed within the
massive rocks; and because contact phenomena are found in the crys-
talline schists and limestones adjoining them.

BRITTON," 6 in 1887, describes the serpentie of Staten island as a
stratified rock probably derived by the extensive alterations of lime-
stones. This serpentine appears to overlie the crystalline limestones.
These metamorphic rocks with the gneisses are regarded as Archean.

KEMP, 2 in 1887, describes Manhattan island as consisting of a long
ridge of gneiss, with Triassic trap and sandstone on the west and con-
nected with the gneiss of the mainland on the north. and south.

MERRILL,128 in 1890, agrees with Britton that the basal member of
the pre-Cambrian of southeastern New York and New Jersey is a grani-
toid hornblende-gneiss, which is followed by a second member, the iromi-
bearing group, and this in turn by the schistose group. The thick-
ness of the pre-Cambrian rocks in the Hudson river valley is between
2,300 and 2,800 feet. They are unconformably below the Cambrian
quartzite and nothing more definite can be predicted as to their age.
These rocks display a number of anticlines, two of which are those at
Fishkill and the Storm King. In the synclinal trough between are the
rocks of the iron-bearing group. The metamorphic strata of New York
and Westchester counties, called the Manhattan group, are divided into
several divisions from the base upward, as follows: (1) Yonkers gneiss,
which is an arkose-gneiss; (2) Fordham gneiss, a quartzite-gneiss; (3)
Inwood limestone; and (4) Manhattan mica-schists. The age of the
Manhattan group has not been determined, but it is thought to be pre-
Cambrian. This group and the Lower Cambrian sandstone are both
found to lie on the second or iron-bearing member of the pre-Cambrian
formation, and no unconformity has been found between the Manhat-
tan group and the underlying pre-Cambrian beds. Of equal signifi-
cance is the lack of unconformability between the Lower Silurian strata
of Peekskill hollow, Tompkins cove, and Verplanks point with the par-
tially metamorphic beds of the Manhattan group.
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PUMPELLY, WALCOTT, and VAN HISE,129 in 1890, under the guid-
ance of Walcott, who had seen most of the localities before, examined
various districts on the eastern side of the Adirondacks from fort Ann,
south of Wihitehall, to Westport. The peripheral area of this part of
the Adirondacks was found to be a great series of laminated rocks,
consisting for the most part of white and red, regularly laminated
gneisses, very frequently garnetiferous, and in lesser quantity of gar-
netiferous quartz-schist, crystalline limestone, graphitic gneiss, and
beds of magnetic iron ore, dipping as a whole at rather a flat angle
toward the east and southeast. The garnetiferous quartz-schists were
found in rather persistent beds. A graphite mine in the neighborhood of
Hague is a layer of very graphitic gneiss, comparable, as said by Wal-
cott, to a coal seam in an ordinary bedded succession. Scales of
graphite are uniformly disseminated through the coarsely crystalline
limestone, the amount often being very considerable. Below the
crystalline limestone is a coarse black hornblendic gneiss, the contacts
between it and the limestone being of a most extraordinary character.
The plane between them is one of great irregularity. In the limestone
are contained numerous fragments, and even great bowlders of the
gneiss, and also for a distance of some feet away from the contact are
numerous crystals of feldspar. The appearance is such as to suggest
very strongly that here is an unconformable contact, the limestone
being deposited along an encroaching shore line. The phenomena are,
however, probably due to the breaking up oflayers of gneiss and veins of
pigiatite by powerful dynamic movements. It passing from West-
port within a short distance appeared coarse gabbro, which continued
as far as the region was penetrated, near to mount Marcy. This rock
in the interior is generally massive, but on its outer border grades into
a regularly laminated rock, resembling in exposure very closely the
laminated gneisses. The whole is, however, clearly an eruptive rock.
Granite was seen locally associated with the gneisses.

WILLIAMS and VAN HiSE ,1 in 1890, examined the western side of
the Adirondacks. Just as on its eastern side, there was found a pe-
ripheral succession of regularly laminated gneisses and crystalline lime-
stones of great thickness. The latter is particularly well seen in the
neighborhood of Gouverneur. The contacts between the limestones
and lower gneiss were found to be almost identical with those on the
eastern side of the mountains, but the appearance here strongly sng-

gests that the relations have been produced by interior movements of
the rocks, the irregular contact surface being a contorted one as a re-

sult of folding, and the contained fragments broken off and included in
the limestone by means of dynamic action. The interior of the Adiron-
dacks was here found to consist of gabbro, in every respect like that
on the east side of the mountains.

In passing inward from the gneissic series this is first found in small
quantity, then appears more and more abundant, until finally it be.
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comes predominant. At Bonaparte lake a contact of the gahbro with
the limestone was found which showed all the characteristics of an in-
trusive rock, the limestone giving evidence of contact action. There
were found, both in the limestone and in the gabbro areas, smaller areas
of coarse red granite.

As a result of the reconnaissance it was concluded as probable that
'the Adirondacks core is an eruptive basic rock, which has upthrust and
intruded itself within the gneissic series. Because of the character of
the gneissic series, containing quartz-schist, graphitic schist, and
crystalline limestone, including graphite, it is regarded as having been
originally elastic. Its present crystalline character and quaquaversal

arrangement is doubtless due to the intrusion of the gabbro. It thus
appears that there is in this region a great bedded succession which
belongs to the Algonkian system. The lowest coarse grained gneiss
inferior to the limestone perhaps belongs to a still earlier series, but
this is a point upon which closer studies are needed.

LITERATURE OF NEW JERSEY.

VANUXEM and KEATING,l3 in 1821, state that the country around
Franklin is composed of syenite which is found in beds or layers of varia-
blethickness, running in a direction parallel to that of the ridge. A white
limestone forms a bed with eminently crystalline structure, the incliia-
tion, direction, al dip of which are the same as those of the syenite.
This limestone has been traced for a distance of 8 miles, and, although
the limestone is subordinate to the syenite, masses of thelatter are found
in it. At Frankliin, next to the syenite, are found masses of graywacke,
which, on the road from Franklins to Dr. Fowler's, is seen to be super-
imposed upon the syenite and is evidently a later formation. About
a quarter of a mile below the furnace it is covered with a violet lime-
stone which rests upon it in parallel superposition. This limestone amd

that associated with the syenite are not of comtemporaneous origin,
but the blue limestone is a real mantle-formed superposition.

PIERCE, 13 2 in 1822, describes the Iligmlaud ranges as primitive, with
the exception of an isolated transition regionl. The rocks here included
are granite, gneiss, and syenite, while ill the transition are founid gray-
wacke, graywacke-slate, chlorite-slate, and limestone.

ROG ERS (IT. 1).),n3 in 1840, gives a systematic account of the Primary

rocks of New Jersey. These are almost exclusively of the stratified
class, Consisting of gneiss under all its forms, the granitoid variety

predominating. Inhlumerable small veins of fehdspathic granite, sye-
nite, greenstone, etc., penetrate the gneiss. The gneiss is comparatively
seldom of the schistose kind. Mica is deficient, the usual mixture be-
ing either feldspar or quartz with a little mica, or these minerals with
an excess of hornblende, and hornblende and magnetic oxide of iron,
the latter being so abundant as to be a characteristic constituent. It
occurs not only as an occasional ingredient of the gneiss, but in great
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dikes or veins penetrating the strata. The massive granitoid gneisses
of the Highlands are in striking contrast with the gneiss belt of New
York and Staten island, which reappears at Trenton and ranges through
Pennsylvania and Maryland, which is distinguished by the prevalence
of mica and other thinly laminated minerals, imparting to the rock a
schistose structure or the thinly bedded character of ordinary gneiss.
The massive strata are, upon the whole, decidedly less than in the
Philadelphia belt. They are usually highly inclined, the average dip
exceeding 450. In many of the principal ridges an anticlinal arrange-
ment is plainly visible.

There are three main axes of elevation in the granitic area rising above
the secondary sandstones and limestones. The metalliferous veins
generally coincide with the direction of the strata in strike and dip,
but they exhibit many minor irregularities, such as frequent change in
thickness and deviation from the direction of the strata, and are
regarded as unchanged matter. The gneiss formation of Trenton has
a steep inclination, about 700 to the southeast, and rests unconform-
ably under the more recent formations, and is regarded as the equiva-
lent of the gneiss of Manhattan island.

The blue limestone belonging to the older secondary strata has often
a secondary cleavage corresponding with the slate to which it is adja-
cent. Associated with these limestones are various igneous rocks
which have locally caused it to become crystalline and have developed
within it plumbago and various silicates. Often these crystalline forms
of limestones are associated with the metalliferous veins, which are
regarded as the cause of its crystalline character.

JACKSON, 1 4 in 1854, maintains that the New Jersey crystalline lime-
stones are of igneous origin.

KITCHELL,13 5 in 1856, places the formations of the Highlands in the
Azoic system. These include gneiss, hornblendic, micaceous, feldspathic,
and quartzose schists, and white crystalline limestone interstratified
with seams or layers of magnetic iron ore. These rocks are traversed
by numerous intrusive dikes of granite and syenite; the strata are
highly metamorphic; exhibit violent dislocations; their general strike
is northeast and southwest, the same as the intrusive dikes, and their
dips southeast. In addition to their distinct stratification they exhibit
planes of cleavage frequently at right angles to the former and gen-
erally inclining toward the northeast at an angle varying from the
horizontal to 450. At one place limestone rests unconformably upon
the gneiss.

CooK,136 in 1868, places under the Azoic rocks the gneisses, crystal-
line limestone, and beds of magnetic iron ore. The crystalline lime-
stone in every case is conformable to the gneiss and interstratified
with it. It is not, as supposed by Rogers, the metamorphosed blue lime-
stone. The iron ores, instead of being igneous, are believed to be true
beds which were deposited as sediments in the same way as the material
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of the gneiss rocks. The gneiss is divided into four principal belts. The
Azoic formations, with trifling exceptions, are stratified. Usually they
are inclined a good deal, but the dip varies from zero to 900. The
axes of the tolds are generally in a northeast and southwest direction.
Some of the rocks are so thin bedded as to be schistose, while other por-
tions are so thick bedded that for long distances it is almost impossible
to tell which way the rock dips. The gneiss is cut by veins and dikes
of trap and granite. The Azoic rocks of Trenton are much more like
a true gneiss than those of the Highlands. The Potsdam sandstone,
the base of the Paleozoic, is found resting unconformably upon the
Azoic gneiss at Franklin furnace and at Green pond mountain. The
relations of the two rocks are such as to make it certain that the sand-
stone is later than and unconformably upon the gneiss. The Franklin
furnace sandstone is capped by the blue magnesian limestone, which
is equivalent to the calciferous sandstone of the New York reports.

CooK,1: in 1873, gives the four Azoic belts of New Jersey the names
Itamapo, Passaic, Musconetcong, and Pequest. In the first and last are
found numerous bands of interlaminated limestones, but in the others
these are not known to occur. Lithologically the greater portion of the
Azoic rock is syenite-gneiss. There is no way of identifying it with the
Laurentian or Huronian of Canada. As to origin all are agreed that
these Azoic syenitic gneisses are sedimentary. The crystalline lime-
stone of the Ramapo belt is associated with the serpentine, sometimes
in large quantity.

CooK,"' in 1883, states that the rocks of the Highland include gran-
ite, syenite, several varieties of gneiss, crystalline limestone, and mag-
netite, with rare species of various schists and some serpentine. The
strata dip to the southeast at an angle of from 450 to 800, although it
is often difficult to determine the directions of strike and dip positively
because of the massive character of the rock. The ranges are regarded
as anticlinal folds in general, although this is not probably true in
every case, and the valleys are synclinal. The massive syenites, gran-
ites, and traps are very limited in quantity, and they are perhaps a part
of the stratified beds in which stratification has been obliterated,
although granite and syenite dikes are found traversing the bedded
gneisses.

T)ARTON, in 1883, states that at Sparta granite cuts across the
limestone beds and may be in true veins.

COOK,"' in 1884, finds that besides the southeastern dips northwest
(lips occur. There is difficulty in separating the stratified from the un-
stratified rocks, as nearly all the glaciated ledges look like massive
rocks. The relations of the syenite rocks and gneisses are not made
out and it can not be asserted which are the older, but these granitoid
and syenitic rocks are surrounded by stratified gneisses and other crys-
talline rocks. To the Highlands the term Archean is applied because
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it does not necessitate any correlation or theory, as would the use of
Laurentian or Azoic.

BRITTON,1 41 in 1,S5, states that few, if any, of the ridges are simple
anticlinal folds, the southeast dips being generally as prevalent on one
side of the mouitain as on the other, though often differinug percepti-
bly in degree. The crystalline limestones do not represent the blue
magnesia i limestone metamorphosed by granite and syenite. The sup-

posed dikes of granite are strata conformable to the white limestone,
as are the iron and zinc ore beds contained in it, all geologically older
than the blue limestone with the quartzites and slates composing the
Lower Silurian system. The conclusion is now reached that the un-
stratified rock masses underlie the bedded crystalline rocks, although
the line of separation is but poorly defined, as the stratified rocks of
the same mineral composition commonly occur on the sides of the mas-
sive area with an apparent gradual passage between the two, and at

no point was any actual unconfbrmability found, although at some
places abrupt chamuges inl the lamination have been observed within
short distances. This leads to the concision that the massive beds
are only so because stratilication has been wholly destroyed through
greater metamorphism. The schistose series commonly have a steeper
dip along their southern margins than along their opposite sides; thus
the axial planes of the filds are often inclined toward the southeast.

While the Potsdan and Paleozoic rocks are unrcomformable upon the
Archean, the newer rocks are tilted in such a way as to show that fold-
inug has occurred since they were deposited. At only a few places are
actual junctions found, the two more important being in Owens island,
in Sussex county, and at Franklin furnace. At several localities the
relations are perplexing, for the quartzites and conglomerates are so
heavily feldspa thic that near the junctionthey appear to grade gradually
into the older rocks, fragments and masses of which are included in them.
Along the southeastern margin of the Highlands the Silurian is crys-
talline, including crystalline limestones and hydromica-slates, and here
the unconformity is much less pronounced, no satisfactory contacts
being g known in New Jersey. At Pompton the slate ledges have nearly
the snie dip and strike as the nearest Archean outcrops. At Peeks-
kill hollow and Aisville cove, in New York, the slates and quartzites
a nd crystalline rocks appear to be directly conformable, the strata hav-
ing been subjected to an overturn and causing the quartzite to dip
under the older rocks, and it is difficult to say where the line of sepa-
ration is.

BRITTON, 142 in 1887, divides the Archean rocks into a massive group
a n iron-bearing group, and a gneissic and schistose group, which is also
believed to be the order of superposition, although there is a gradual
change from one sedimentary rock into the other. While the massive
rocks are but faintly laminated, there is no evidence adducible in favor
of an igneous origin for them, but all indications point to their deposi.
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tion as sediments of one kind or another, and to the more or less com-

plete obliteration of the bedding planes by excessive metamorphism.
The beds of magnetic ore occur in different horizons of the middle
group, but never occur in the highest or lowest. In this same group
the beds of crystalline limestone appear generally to be at a slightly
higher horizon than the magnetite beds. The highest gneissic and
schistose group corresponds very well in character with the Montalban
system of Hunt. These rocks are like those of Trenton and West
chester counties in New York. Among the eruptive rocks are placed
those which occur in dikes, such as diorite, diabase, kersantite, and
porphyry.

BRIT'TON, 143 in 1888, describes as occurring in the Archean of New
Jersey an organic form, apparently algae, to which he applies the name
Archwophyton newberryanun.

NASON,1 44 in 1890, describes the Archean of New Jersey. Here are
found four types of rock: The mount Hope type, a foliated magnetitie
gneiss, the magnetite sometimes largely replaced by hornblende, with
little mica; the Oxford type, foliated hornblende-gneiss, nagnetite and
biotite in places almost wholly replacing the hornblende; the Franklin
type, a less foliated biotite-gneiss; the Montville type, white or crys-
taline limestone. The Franklin type differs from the mount Hope and
Oxford types in that the quartz and feldspar are usually in sharply
angular grains, which contrast with the roundish grains of these min-
erals in the first two types. The crystalline limestone is placed under
the Archean only provisionally. As there are apparently many reasons
why it should be considered of more recent origin, there is greater
reason for supposing that if a part of it proves to be Archean all will
not. This rock is found at Montville, Wanaque, Pequest furnace,
Jenny Jump mountain, Oxford church, and Mendham. No actual con-
tacts between the different groups have been found. The distribution
of the various types is described in detail. Whether the gneisses are
sedimentary or eruptive has not been ascertained, but there are many
localities in which true eruptive granitic rocks inclose within their
masses fragments of the adjacent schistose and gneissic rocks. Also
in the Archean is frequently found gabbro which is almost certainly
of igneous origin. Graphite is found to be widely separated in the
Archean rocks. At one place, commencing at the old graphite mine
near South bridge, it is found continuously for 35 miles. A similar
rock has been found at Iona island in the Hudson river, 35 miles north-
east. Another line is found on Bald hill, and a third graphite gneiss
is found on a hill east of Pompton station and in part of the range of
Ramapo mountains. Alsu, graphite occurs at other places.

NASON, 4 in 1891, describes the relations of the white and blue lime-
stones of Sussex county, New Jersey. They are found to grade into
each other at many points. The white limestone is always associated
with later granitic eruptions. In passing away from a boss or dike
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the limestone is white, but changes steadily with rapid gradations into
the blue limestone. Sandstones and quartzites of identical character
underlie both the white and blue limestone and bind them together.
The one distinguishing fact which separates the white from the blue lime-
stone is the presence of eruptive rocks. It is therefore concluded that
the two are identical. As the blue limestone belongs to the Cambrian,
it is concluded that in this region there are no Archean limestones, as
has been supposed.

LITERATURE OF PENNSYLVANIA.

FINCH ,14 in 1824, finds, near Easton, syenite, serpentine, and transi-
tion limestone, transition granite, transition clay-slate, and transition
sandstone.

FINCH,147 in 1828, finds a section from Chads fork to Westchester to
include gneiss, mica-slate, hornblende-slate, primitive sandstone, and
transition quartz rock.

ROGERS (H. D.), 4 1 in 1858, gives a systematic account of the meta-
morphic rocks of Pennsylvania. These are divided into three main
divisions: the gneissic series proper, or Hypozoic; Azoic, or those des-
titute of relics of life, and Paleozoic. The Hypozoic rocks only are
placed with the primary. The Azoic schists are regarded as newer
than the Hypozoic, because of differences in the position of the two sets
of strata, in condition of metamorphism, and in manner of plication.
The former dip almost invariably to the southeast, while the gneiss in
many localities has no symmetrical folding. These dissimilarities imply
essential differences in the directions and dates of the crust movements.
The Azoic rocks, however, when they show the maximum amount of meta-
morphism, simulate in mineral aspect and structure those of the gneissic
series. The old strata are then separated into three systems by two
main horizons, the lower, a physical break between the Hypozoic and
Azoic; the upper, a life limit denoting the first advent, so far as discov-
ered, of organic beings.

The gneissic rocks are separated structurally into three districts:
First, the area running southwestward from Trenton, through Phila-
delphia; second, the area between the Schuylkill and the Susquehanna,
north of the first area; and, third, the South mountain region, a contin-
uation of the Highlands of New Jersey. The Philadelphia belt is inter-
sected very extensively by eruptive rocks, such as granite, greenstone,
syenite, and trap. The second or middle belt is sometimes called the
mica-schist belt, because of the amount of this mineral which it con-
tains. The upper or northern belt of gneiss is regarded as a part of
the lower Primal rocks and as resting unconformably upon the upper
gneissic group, the belief being based upon the manner of the flexure
of the two formations rather than upon actual unconformable contacts.

In the Philadelphia belt there is a general prevalence of the north-
ward dip of the strata, varying generally from 300 to 500. At Fair-
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mount the true dip of the rocks is very steep, although there is a decep-
tive appearance of a nearly horizontal stratification in thick and almost
parallel beds; but this is not to be confounded with the genuine strati-
fication or grain of the rock as marked by the general distribution of
its mica and other minerals. In this belt there are really two groups
of rocks, which, viewed broadly, constitute one synclinal wave. The
lower is a harder feldspathic and hornblendic gneiss at the south side,
dipping northward, and reappearing in steep and multitudinous con-
tortions on the other side of the trough; and the upper is a more mica-
ceous group filling the synclinal center of the trough and compressed
into lesser folds.

In the middle division the rocks are mostly of the granite-like varie-
ties of feldspathic gneiss, with hard hornblendic gneiss, such as consti-
tute the central ridges of the South mountain. These are believed to
be in a series of anticlinal and synclinal waves, and in addition to the
folds there is a series of folds along which the iron-ore deposits are
found in V-shaped masses.

The northern or South mountain zone is composed of massive or thick-
bedded gneisses, with which is no talcose slate, or else the Primal
white sandstone, the lowest member of the Paleozoic. The limestone
associated with the gneisses is generally found in the synclinal valley.
The gneisses are regarded as stratified, dip to the southeast, and, as the
breadth of the chain is so great, the structure is believed to be due to
overturn flexures.

On the Delaware section is found the best evidence of unconformity
discovered between the semicrystalline rocks called Primal and the
gneiss. In one case here the Primal siliceous slates and quartzites are
a porphyritic and crystalline quartzose conglomerate. Below this is
an arch or wave of granitoid gneiss containing injections of syenite;
and the dip of the gneiss seems also to be steeper than that of the
Primal conglomerate. The relations are, however, best seen at Durham
creek. Here at one place the sandstone, slates, and conglomerates rest
with their beds almost perpendicular to the lamination of the gneiss.

The lower part of the Paleozoic rocks are Primal crystalline schists,
or the Azoic group; Primal conglomerate; Primal older slate; Primal
white sandstone, Potsdam of New York. The Primal series contains
but few eruptive rocks, even trap dikes being uncommon, which is
regarded as proving that the metamorphism is due to heated gases
through fissures rather than to the contact of igneous material.

The Primal southern belt is first considered. At Attleboro there is
no marked discordance between this and the gneissic series which
is supposed to be older. East of the Schuylkill and in Montgomery
county, the observer is very liable to confound the lowest Primal beds
with the uppermost hornblendic feldspathic layers of the adjacent genu-
ine gneiss. West of the Schuylkill the Primal slates are of so crystal-
line a character that it is sometimes difficult to distinguish the strata
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from certain forms of the more micaceous beds of the true gneissic or
Hypozoic. It is impossible to subdivide the members of the Lower
Primal group in southern Pennsylvania, because of a prevailing trans-
verse cleavage, which extensively effaces all clear traces of the original
bedding, and because of the presence of innumerable plications, often
so closely compressed as to appear as only one uniform dip, the anti-
cliiial and synclinal foldings in many cases escaping detection through
the obscuring influence of cleavage, and because of mutations in the
composition of the beds. The rocks between the Primal white sand-
stone and the genuine gneiss then include talcoid siliceous slate,
talco-micaceous slate, and schistose and quartzose micaceous rock. On
the Brandywine the massive gneisses and finely laminated material are
interlaminated in such a way as to lead to the conclusion that the lat-
ter are closely infolded in the older metamorphic series. In the Primal
of Susquehanna and York counties, the true bedding is very obscure,
being almost obliterated.

In passing southward on the Susquehanna the rocks become steadily
more crystalline, until they are so altered as to have been hitherto
mistaken for the true llypozoic. The precise line of contact of the lime-
stones with the slates is not clearly visible at times; indeed, there
seems to be no line of sudden transition. The cleavage planes are in
general parallel with those of the original bedding. The dips on this
river are steadily in a southeast direction for a distance of 7 or 7 miles,
and it is believed that the rocks consist of many compressed folds which
repeat the same strata many times over. Southwest of the Susquehanna,
in the South mountains, in Adams, Cumberland, and Franklin counties,
is an extensive area which is placed with the Primal series. It is a
continuation of the Blue ridge of Maryland and Virginia. There are a
few intrusive rocks, mostly of greenstone and trap. Some of the rocks
are very crystalline, but none are regarded as belonging to the gneissic
series. In this series are found limestones associated with iron ore.

LEEDS,"' in 1870, states that on the Germantown railroad, 3 miles
from Philadelphia, in the micaceous schists are imbedded huge bowl-
ders of hard, compact horiiblende rock. They are supposed to be a
primitive surface formation which was broken up before the deposition
of the metamorphic rocks of undetermined age.

FRAZER,150 in 1876, describes several sections in York and Adams
counties. Here are included hydromica-slates and hydromica-schists,
chloritic rocks, quartzite, quartz-slate, gneissoid mica-schist, limestone,
and clert. Several sections show an unconformable contact between
the York limestone and the crystalline schists. The latter usually
dip at a high angle.

FRAZER,51 in 1877, describes cross-sections in the counties of York,
Adams, Cumberland, and Franklin. In South mountain the structure
is found to be essentially the same as that given by Rogers, except
that it also contains limestone. In one section is a thickness of over
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17,000 fcet of quartzite and sandy shale and about 2,000 feet of (hloritic
slates. In another section the rocks observed are quartz-conglomer-
ate-schist, jaspery quartzites, crystalline schists, and orthofelsites.
The relations seem to show an urcon formiability between the older
(Huronian!) orthofelsites and schists and the wore recent (Cambrian?)

sandstone, but it would seem additionally to ilmply that the alignmient
of the one system was the result of causes entirely different from and
anterior to those that formed the other. In another section the rocks
increase in felsitic character to the southeast and in conglomneratic
schistose character to the northwest. It is concluded that the South
mountain chain is composed of two groups of rocks, the lower consist-
ing of quartz-conglomerates in which quartzite occurs; the upper fel-
sitic in character, containing hydro-mica schists and chlorite-schists.
The felsite itself ranges from a sandy slate to a coarsely porphyritic
rock.

HUNT,152 in 1877, states that near Conshohocken is a belt of Lauren-
tian gneiss identical with that of the South and Welsh mountains, that
selparates the Philadelphia, gneisses and mica-schists, which are Mont-
alban, from the Auroral limestone. The Laurentian geiss is succeeded
on the northeast by serpentines, chloritic schists, micaceons schists,
and argillites, which are typical Huronian rocks. The intermediate

position of the Huronian seems to show that it is below the Mointalban.
The Primal and Auroral are the Lower Taconic of Emmons. South of
the Susquehanna, South mountain rocks again appear and stretch
southward to the Potomac. They here consist of Montalban and Huron-
ian rocks. In the southern part of Pennsylvania are bedded petrosilex
rocks, often jasper-like, which are associated with characteristic rocks
of the Huronian series, to which they are all referred.

PRIME,153 in 1878, describes gneiss and mica-schist in Lehigh county
as Laurentian. A little west of Seller's quarry the Potsdam sandstone
and Laurentian rocks are seen in contact. The dips of the two seei
to be conformable, but this may be wrong, as the exposure is small and
the gneiss apparently has a slight roll. The gneissic rock is here dis-
tinctly bedded.

FRAZER,11 4 in 1.880, includes in the post-Eozoic series of Lancaster
county calcareous argillites, nacreous slates, hydro-mica-schists, chikis
quartzite, and chloritic series. In the Eozoic series is placed the
mica-schist and gneiss belt. Between this series and the previous one
there is no certain evidence of nonconformability, the transition from
one rock to the other being gradual and the line between them difficult
to define.

FRAZER,15- in 1880, states that the chloritic series pass into the Peach
bottom slates within a breadth of a few hundred yards, and equally
abruptly into chlorites again, and finallyinto greenish chloritic quartz-
ite, in all respects like those of the South mountain. If the Peach
bottom slates are Hudson river age as supposed, a difficulty is here

presented.
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HALL (CHAS. E.), 56 in 1881, describes Philadelphia county and the
southern parts of Montgomery and Bucks. The schistose rocks are

placed in the three belts as divided by Rogers, but there is an inter-
miediate belt between the first and second belts of Rogers. The first
belt is made up of gray schistose gneiss, composed of quartz, feldspar,
and brown or black mica, with occasional garnets, interlaminated with
occasional beds of black hornblendic slate and fine grained sandy
gneiss. The second belt is characterized by serpentine, soapstone,
silvery micaceous garnetiferous schists, light colored thin bedded sandy
gneisses, with disseminated light colored mica in minute flakes. The
third belt is composed chiefly of quartz, feldspar, and hornblende.
The beds are often massive, but usually have thin bands of mica or
hornblende through them. They are syenitic and gneissic granites
or granitic gneisses in which is found a peculiar variety of blue

quartz. The prevailing northward dips of the schists and gneisses
of the first and second belts do not hold for the third. The Primal
sandstone (Potsdam), wherever it occurs, invariably rests upon the
rocks of the third belt, and its sandstones and conglomerates are in-
variably composed of debris from this belt, and in it is found not a
single flake of mica, quartz, or other material which can belong to the
first or second belts. For considerable distances the Primal rocks are
found between the third belt and the schists of the second belt. At
the Schuylkill the rocks of the first and second belt rest upon and
against the rocks forming the third belt. The third belt is regarded
as Laurentian and the first and second belt are assigned a position
above the Primal Potsdam sandstone and the Auroral limestone. In
the midst of the roofing-slates of the Susquehanna river occur Hudson
river fossils, and the first and second belts are referred to or above the
Hudson river group, while the third belt is referred to the Laurentian.

LESLEY,157 in 1883, describes in the southern part of Northampton
county the continuation of the Highlands of New Jersey. There are
in this 'region four ranges. In the valleys are limestones, the strat-
ification of which is visible everywhere but is much broken and
crumpled. The stratification of the gneiss or syenite beds of themoun-

tains is, on the contrary, rarely to be seen and can only be judged from
topographical features. Dips are hard to find, owing to the general

decomposition of the rock surfaces of the country, to the amount of
debris on the surface, to the vegetation, and to the massive and ho-

mogeneous character of the beds where the true bedding plane has

sometimes been made out byobserving the parallel arrangement of the
minerals. The South mountain gneisses evidently belong to a different
system from the Philadelphia belt and they are comparable with the
Laurentian system. Why they are not covered by Huronian or Cam-

brian rocks is not known. If the views of Hall are accepted that the
Philadelphia belt underlies the Potsdam and overlies the Philadelphia
syenites, it is hard to see why they do not appear between the Potsdam
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and gneisses at South mountain. The ridges, instead of being simple
anticlines, are a series of anticlines and synclines. At Morgan hill
there is discordance between the dips of the Potsdam and the gneiss,
showing apparent nonconformity. The syenite rocks underlie the lime-
stones, which may represent residual material which has not been re-
moved by erosion. The crystalline character of these outlying ridges
of limestone may be explained by the fact that the material has been
buried 30,000 or 40,000 feet below the surface. At Chestnut hill gap on
the Delaware, the Potsdam sandstone is sometimes vitreous and over it
are limestones changed into crystalline dolomites holding serpentines.
In contact with a dike of coarse granite near the south side of the
gap the slates are changed into chlorite, mica-slate, and hornblende-
slates, but in the coarser grits the original pebbles are seen.

HALL, (CHARLES E.) '" in 1883, describes many localities of slates,
gneisses, and granites in the South mountain area.

D'INVILLIER, 1 " in 1883, states that the existence of anticlinal and
synclinal folds in the South mountain belt of Berks county is suggested
by the alternate anticlinal and synclinal belts of limestone and slate,
but it is not conclusively proved, for these formations belong to differ-
ent systems of rocks, and no doubt lie uncoinforinably upon the older
mountain rocks. The South mountain rocks are gneisses and granites,
which are of two kinds, a distinctly stratified, thick bedded, massive
gneiss, and a stratified syenite where hornblende is predominant. The
eroded edges of the Potsdam sandstone run along the northern slope
of the belt overlying the gneissoid rocks.

HALL (C. E.),160 in 1885, places the syenites of Delaware county with
the Laurentian. Overlying these are the micaceous and garnetiferous
schists, these relations being well exposed at Chester creek. The cleav-
age dip varies from 750 to 900, but the true dips are nearly horizontal
and undulating, which fact tends to reduce the hypothetical thickness of
the crystalline rocks of southeastern Pennsylvania to a minimum. The
serpentines occupy shallow synclinal basins and are the most recent of
the metamorphosed rocks. East of the Schuylkill river, outside of Del-
aware county, the schists rest upon the upturned edges of the Potsdam
and limestones, proving the relative age conclusively. The serpentines,
mica-schists, and gneisses are regarded as more recent than the Hudson
river group. In this schistose series one kind of rock gradually fades
into the next succeeding kind, which renders a delineation almost im-
possible.

FRAZER,1 61 in 1885, states that at Hendersons station, in the Phila-
delphia region, there is an unconformable contact of the limestone with
the sandstone; and that in the section here there is a series of gentle
folds rather than a monoclinal structure, as made out by Hall.

FRAZER, 16' in 1886, describes the Archean rocks of York county. The
lowest members of the Archean series here found are the Huronian
schists, which have a thickness of 14,400 feet. A somewhat arbitrary
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division is made between the Huronian and the next following age,
the rocks of which are denominated Azoic schists or phyllites, as they
can not be certainly assigned either to the Archean or to the Paleozoic.
A belt of them is found on either side of the broad Huronian area of
the crystalline schists.

iAND 163 in 1889, describes a section of the crystalline rocks from the
Triassic of Chester county, Pennsylvania, to the Cretaceous of New
Jersey, passing throng Philadelphia. The rocks are doubtfully re-
ferred to various horizons, running from the Laurentian to the Hudson
river.

LITERATURE OF MARYLAND.

DUCATEL and ALEXANDER,1 4 in 1834, describe the Primary rocks as
one of the chief divisions. These include the following formations:
Granite, gneiss, limestone, and serpentine.

AIKIN,11 in 1834, states that granite and primitive schists are inter-

lninlgled in every possible manner in the region west of Baltimore,
the dips being with a good deal of regularity toward the southeast.
Succeeding the primitive rocks are transition slates, sandstones,
limestones, and greywackes interstratified with transition limestones.

DUCATEL,166 in 1839, states that the limestones of Harford and Balti-
mnore counties occur in the valleys. In the northwest part of these
counties the rocks are argillites, which pass into talcose slates, and
these are succeeded by granitic aggregates in which hornblende is the
prevailing rock.

rT'YSON,167 in 1860, essifles the rocks of Maryland into those of
igneous and aqueous origin. In the former are granite, syenite, mas-
sive quartzite, porphyry, amygdaloid, trap (including hornblende rock
or amphibolite), and serpentine. The rocks of aqueous origin include
chemical deposits, among which are limestone and dolomite; mechanical
deposits, among which are sandstone, conglomerate, breccia, clay-slate,
shale, and clay; and metamorphic rocks, among which are gneiss, mica-
slate, hornblende-slate, talc-slte, quartzite, granular limestone, and
dolomite. The rocks of igneous origin are defined as those which give
no evidence of stratification. These are found in the area about Balti-

more, mingled with the sedimentary rocks. In the limestones in many
cases the stratification has been obliterated. Gneiss is the most largely
developed of the rocks in the central part of the state. While there is
usually ample evidence of stratification in gneiss, in some localities it
has been so much altered by the joint action of heat and intrusive
forces as to have nearly obliterated its stratification planes and cause it
to resemble granite. The four lowest formations of Maryland are
eruptive; the fifth forination is composed of gneiss, mica-slate, and
hornblende-slate, which includes the intrusive rocks of the first four
formations and a portion of the limestone. These rocks occur as a
belt in Cecil, Harford, Baltimore, Howard, and Montgomery counties,
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and are bounded on the northwest-or, more correctly speaking, pass
by insensible shades of difference into the talcose slates. Near the
southwestern limit the prevailing rock is gneiss, which is interlanm-
nated with hornblende-siate. In proceeding northwest mica-slate in-
creases in quantity, and in passing still fTrther this mica-slate passes
into talc-slate. The metamorphic limestones are found in two ranges;
the first, the gneisses and mica-slates; and second, the talcose slates.

WILLIAMS,163 in 1886, describes the gabbros and associated horn-
blendic rocks of Maryland. These are all found to be of igneous origin
and the schistose hornblendic rocks the result of metamorphism.

WILLIAMS,1 9 in 1891, describes the structure of the Piedmont plateau
in Maryland. The western part is a semicrystalline area consisting
of phyllites, sandstones, marbles, and but few eruptive rocks. The
eastern area is completely crystalline. The sedimentary rocks in-
clude biotite-gneiss, biotite-muscovite-gneiss, muscovite-gneiss, mica-
schist, quartz-schist, conglomeratic quartz-schist and dolomitic marble.
Within this area are very numerous eruptive rocks, including granites,
gneisses, gabbros, diorites, and basic rocks, such as pyroxenite, lherzo-
lite, etc. Two sections are described in detail. In the semicrystalline
rocks a cleavage is developed which much obscures the bedding, and
the succession may be repeated many times by folds and faults. Be-
tween the seinicrystalline and completely crystalline rocks there is a
somewhat abrupt passage. The structure of the western area can be
accounted for by a single period of folding, while the eastern area, as
shown by its implicated structure, must have been wrenched, folded,
and faulted at different times. It is concluded that the eastern area is
composed of rocks far more ancient than the western, which extend
under the latter, forming the floor upon which they were deposited.
This hypothesis accounts for the difference in crystalline character be-
tween the rocks of the two areas, for the abruptness of their contact,
and, since both series have been subjected to a folding together, for
their apparent conformity along their contact. As to the age of the
rocks, it is probable that the Paleozoic should include all the semicrys-
talline schists, while the holocrystalline rocks east of them would be
assigned to the Algonkian or Archean.

KEYES,'6  in 1891, gives as a supplmenlent to the preceding a section
across the Piedmont plateau of Maryland. In the Frederick limestone
of the western semicrystalline rocks are fossils of several types charac-
teristic of the Trenton, and the entire series of limestones and shales
probably represent the Chazy, Trenton, and Hudson river formations.
East of the western semicrystailline rocks are contorted gneisses, with
general westerly dips, which are cut by basic and acid rocks and
which are believed to have been originally granitic, but through the
agency of enormous orographic pressure have been squeezed into their

present gneissic condition, as shown by the mechanical deformations
through which the grains have gone.
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LITERATURE OF DELAWARE.

BOOTH,'- 0 in 1841, includes among the primary rocks gneiss, feld-
spathic rocks, limestones, serpentine, and granite, the first comprising
about three-quarters of the area. This region is, without question,
stratified. The average bearing of the rocks is north 470 east, and the
di p 700 northwest, but occasional bearings are found which differ widely
from this, and the dip is vertical. The trap rocks have a dip and
strike conformable with the gneiss and grade into them. The lime-
stone is a coarse to fine grained crystalline marble, interstratified with
the gneiss. The serpentine and surrounding rocks are cut by numer-
ous veins of granite. The greater part of the trappean formation pos-
sesses a clearly stratified structure and grades by transition into the
gneiss, but the hornblendic and coarse feldspathic veins do not. The
variation in the strike and dip of the gneiss is regarded as due to the
granitic veins or to the serpentine.

CHESTER,171 in 1885, places in the Laurentian the hornblendic rocks
along the line of the Pennsylvania railroad and the area to the east of
West Chester. The rock is a dark hornblendic gneiss or amphibolitic
schist, with which is associated a dioritic or syenitic granite of the
Pennsylvania survey. The two rocks grade into each other, and prob-
ably form varieties of the same eruptive series. North of the Lauren-
tian gneisses, and resting upon them, is a series of mica-schists and
granitic gneisses, with which are associated bedded granites, serpen-
tines, and hornblende rocks which have been referred to the Montal-
ban, or, with the Laurentian, have been called Azoic. These do not
form two successive formations, for, while the former is either Lauren-
tian or Huronian, the latter must be placed above the Trenton, and
possibly above the Hudson river slates. The granite of the State is in
intrusive beds and in beds which are no more than highly metamor-

phosed granitic gneiss or mica-schist, the two latter grading into each
other. Crystalline limestones are found at Pleasant hill, Hockessin,
and near Centreville. Serpentine is found northeast of Wilmington as a
dike, running with the micaceous schist. Vitreous quartz and quartzite
occur as thin or massive seams interstratified with the micaceous rocks.
The quartzite of the northeast corner of the State, underlying limestone,
is probably of Potsdam age. The strikes and dips of the crystalline
rocks are very variable, and this variation is often due to the disturb-
ing action of granitic intrusions. The Laurentian is an extension of
the third belt of Rogers. The limestones are younger than the Pots-
dam quartzites, and are regarded as calciferous; the mica-schists and
gneisses certainly overlie the limestones, and the latter therefore begin
somewhere in the Silurian, and possibly mount as high as the Devo-
nian.

CHESTER,172 in 1890, describes the gabbros, gabbro-diorites, and horn-
blende-schists of Delaware and their relations to the surrounding rocks.

[BULL. 86.



EASTERN UNITED STATES. 413

The gabbro, gabbro-diorites, and hornblende-schists are found to grade
into each other by imperceptible stages, and the two latter are regarded
as a metamorphosed product of the former and all of igneous origin.
These rocks are found at various points in contact with the mica-schists
and gneisses. Where the eruptive rocks have a schistose structme
this is in apparent conformity with the foliation of the mica-schists.
Sometimes the mica-schists appear to dip beneath the eruptive rocks,
and at other times to overlie them. No evidence was found of any
bedding not coincident with the cleavage. The unconformity discov-
ered by Hall between the trappean rocks and mica-schists in Dela-
ware county, Pennsylvania, was not found on the Delaware side of
the line. If the horizontal bedding described exists, it is so obscured
as to be unrecognizable; if the mica-schists are considered to lie hori-
zontally the eruptive character of the gabbros, gabro-diorites, and
hornblende rocks is but the more evident.

GENERAL LITERATURE.

MARTINI13 in 1886, states that the Tide-water gneiss has mineralogi-
cal characters which distinguishes it strongly from the gneisses of the
northern Laurentian and from the Highlands. In particular the
abundance of subsilicates and of hydrous silicates is to be noted.

SUMMARY OF RESULTS.

The literature summarized clearly shows that in the central Appala-
chian area, as in the northern, only general certain results have been
reached. While there are numerous areas of crystalline rocks, it is not
clear that many are of pre-Cambrian age. The exceptions are the Adi-
rondacks; the Highlands of New Jersey, with its northern extension
the Highlands of New York, and its southern extension South moun-
tain of Pennsylvania; and the eastern area of Maryland. A part of
the northern extension of the Blue ridge is probably also to be here
included.

The most widespread rock in the Adirondacks is a gabbro, which has
all of the characteristics of this eruptive rock. The outer border of the
mass has a well laminated structure, due either to original crystalliza-
tion or to subsequent metamorphism. This rock is in all respects like
the Labradorian or Norian of the Canadian survey, to which indeed it
has been referred by the advocates of the Norian system. The bedded
succession of gneisses, limestones, and quartzites is in nearly all re-
spects like the original Laurentian described by Logan. While now it
nowhere has indubitable elastic characters, its beds are such as to show
that it was originally a sedimentary series. Since the series is not
closely folded, probably the principal cause of its metamorphism'is the
great batholitic mass of gabbro occupying the core of the mountains,
which seems to have thrust itself up among the plastics. Whether the

VAN IUSE.J
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coarse gneisses which underlie the limestones belong with the latter
series or represent an earlier one, we have no knowledge. There is,
then, in this district a possible pre-clastic series, which in its character,
so far as seen and described, is like the fundamental complex, the true
Archean; and a clastic series of great but unknown thickness which
belongs with the Algonkian. That the Adirondack rocks as a whole
are nuconf'ormably below the Potsdam has been unquestioned from the
first.

The relations of the Highland area of New Jersey with the Potsdanm
sandstone are such as to make it certain that between them there is a
great structural break. The rocks comprising this area consist largely
of granite-gneiss, in general very nearly massive, but having a some-
what laminated arrangement of the mineral constituents. The strike
of the lamination conforms closely with the trend of the area as a whole,
being east of north and south of west. The gneisses over large areas
are graphitic. Interlaminated with them are beds of iron ore, and
apparently of crystalline limestone. They are cut by various basic and
acidic eruptives.

The weight of opinion in former years has bcin in favor of the sedi-
mentary origin of this gneissic series. Mather, who gave by far the
best early descriptions of the district, and Nason, who has recently
been closely studying the limestones of New Jersey, find that the vhite
crystalline limestones which have been regarded as Archean grade
into the blue limestones which are fossiliferous. These writers regard
all of the white limestone as parts of a newer series which have been
metamorphosed either as a result of extreme folding or by intrusive
masses of granite of later date, with which they are frequently asso-
ciated. If all of these limestones are excluded from the pre-Cambrian
and this is a very doubtful assumption, the evidence in favor of the
detrital origin of the Highland area is restricted to the widely dissem-
inated graphite and to the magnetite beds of iron ore. Magnetite is
widely associated with certain belts of the granite-gneisses of New
Jersey, but this and its concentration in lenticular masses within the
gneisses in the form of magnetite can hardly be considered as decisive
evidence of their sedimentary character. The magnetites associated
with the basal gabbros of the lake Superior Keweenawan are in purely
igneous rocks. The graphite of the graphitic gneiss is a point of more
weight. The absence of graphite as an important constituent over
large areas in any definitely determined igneous granite-gneiss, bears
in favor of the sedimentary origin of the gneissic series. If this theory
proves true, the Highland gneissic series more nearly approaches the
characters of a massive eruptive than any other metamorphic sedimen-
tary rock known to the writer. Upon the whole, in the regularity of its
lamination, in its lack of extreme contortion and foliation, and in the

presence of graphite, the Highland gneiss is not like the fundamental
complex, the genuine Archean of Canada and the West. However,
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there are no certain criteria upon which it can be referred either to
the Algonkian or Archean. It must be simply classified, so far as pres-
ent knowledge goes, as pre-Cambrian.

If it can not yet be decided whether the highland gneisses are sedi-
mentary the supposed structural divisions of Britton and Nason can
be regarded as only lithological. Britton's arrangement of a massive
group in the cores and schistose groups on the outer parts of the ranges
can be as well explained, as has been repeatedly seen, by the eruptive
theory of the origin of the series as by the sedimentary. From Nason's
work it appears that certain varieties of rock have a continuous wide-
spread distribution; but the descriptions show that his various types
grade into each otihter instead of being sh arply differentiated as supposed.
Magnetite is the distinguishing characteristic of one type, and yet, in
order to make out the continuity of this belt, rocks have to be classed
with this type, in which hornblende and biotite are the chief basic con-
stituents. The same thing is true of the second type, in which the horn-
blende, the distinguishing characteristic, is locally almost wholly re-
placed by magnetite or biotite.

Of the eastern Crystalline area of Maryland nothing can be said as
to age, except that it is pre-Cambrian.

The work of Mather and Dana in eastern New York and on Man.
hattan island, the work of Emerson, Dale, Wolff, and Puipelly in the
adjacent district in Massachusetts, combined with the paleontological
work of Walcott, show beyond all reasonable doubt that a considera-
ble part of the crystalline area of southeastern New York, including in
all probability Manhattan island itself and the so-called Taconics, be-
long with the Cambrian and post-Cambrian formations. The detailed
evidence for this is rather for another to consider.

Various other crystalline areas in southeastern Pennsylvania, in
Maryland and in Delaware, are in large measure metamorphosed Cam-
brian and post-Cambrian rocks, as shown by the work of Rogers, Hall,
Williams, and Chester. There are also probably in these areas pre-
Cambrian rocks, although often the gradations described between the
gneissic series, supposed to be pre-Cambrian and the crystalline
schists supposed to be Cambrian or post-Cambrian, are so complete as
to leave the reader quite in doubt as to the reality of the break sup-

posed to exist between them.
Among all the earlier writers on the crystalline rocks of the Middle

Atlantic states, Mather is distinguished for the fidelity of his descrip-
tions and for the keenness of his insight. While in his great New
York report of 1843 there are some crude notions, the comprehensive
general results announced accord to a remarkable degree with the
views held by the best informed of the geologists who are working in
this field to-day.

415VAN HIISE.]



PRE-CAMI3RIAN ROCKS OF NORTH AMERICA.

SECTION 11I. THE SOUTHERN ATLANTIC STATES.

LITERATURE OF THE VIRGINIAS.

CORNELIUS,1 4 ill 1818, finds west of the Secondary formations ranges
of granites, schists, and other primitive rocks. The Blue ridge is the
dividing line between the granite and the limestone country to the west-
ward.

ROGERS (W. B.),1h in 1840, describes the southern district east of the
Blue ridge as occupied mostly by rocks of very ancient date, most of

them believed to be primary. A part of them are in irregular masses,
and others have regular stratification, but all are alike considered of
metamorphic origin. Aside from these there occur igneous rocks. The
more important metamorphic rocks are granite, syenite, gneiss, mica-
slate, talc-slate, argillaceous slate, pseudo gneiss or gneissic sandstone,
soapstone rocks, micaceous and talcose limestones, and marbles. By
pseudo-gneiss or gneissoid sandstone is meant rocks which resemble the
truly crystalline rocks, but which plainly betray their sedimentary ori-
gin by the rounded character of the quartz and other constituents which
compose them. The igneous rocks cut the shales and sandstones of the
Middle Secondary.

ROGERS (W. B.),'- in 1841, gives the geological occurrences of the
primary and metamorphic rocks. In these, beds of limestone are
included at various points. Quartz-slate and quartzite are found in the
Bull Run mountains and other localities.

FONTAINE,mr in 1875, describes several sections of crystalline rocks
which are regarded as pre-Silurian. Among them are argillite, green-
stone, and syenite. At a tunnel the contact of the Silurian with the
argillite is beautifully exposed and the great contrast of the two sys-
tems is well shown.

FONTAINE,1'8 in 1875, describes the central part of the Blue ridge as
consisting of coarse granites and gneisses of Laurentian age. Along

the eastern slope of the syenite is a formation of argillites which is cov-
ered by a series of mica-slates, schists, and gneisses. The axis is occu-
pied by talcose limestones, quartzites, mica-slates, and hydromica-slates
which closely resemble those in Berkshire county, Massachusetts. In
this belt are probably two systems, one older than the Primordial, and
the other metamorphosed Silurian. The unconformity which exists
between the syenite and argillite apparently shows the latter to be
Huronian, although its age is not positively determined.

CAMPBELL (J. L.),179 in 1879, states that the Archean rocks of the
Blue ridge are granite and syenite. They underlie the stratified rocks
of the region, but are probably more recent than they, being thrown
upward through them. The bedded rocks resting upon the syenite are
much metamorphosed and gneissoid in character. These are followed
by a bed of conglomeratic quartzite and slates, upon which lie uncon-
formably the Primordial rocks.

416 [BLL. 86.
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CAMPBELL (J. L.),10 in 1880, describes the metamorphic A elheaii
rocks along the James river and Kanawha canal as including lime-
stones, schists, and quartzites.

CAMPBELL (J. L.),11 in 1880, describes the Archean rocks at James
river gap as consisting of granulite and syenite, upon which rest much
metamorphosed beds of comglomeratie quartzite, and over these slates.
These Arehean rocks are uncontormably below the Primordial rocks,
which contain ra gments of slate, crystals of feldspar, epidote, etc.,
more or less waterworn and cemented together. The slates were met-
amorphosed before they were deposited in the Primordial strata. The
syenite and graulite are eruptive rocks which have been thrown up
since the deposition of the Primordial, as is indicated by the fact that
the stratified rocks dip at a high angle away from the igneous masses,
and also from the influence of heat exerted upon the overlying slates
aiml sandstones. Higher iin the series traces are ftuid of metamorphic

ram ges. Time syenite aml granuulite are supposed to be the result of
ajueo-igneous ftusion and to represent material which is really older
than the stratified rocks.

FoNTAwNEI"" in 1883, describes the Blue ridge between Turks gap
aid Balcony falls as consisting of Lamireintian, Huronia, and Primor-
dial rocks. The first is mostly gneiss; the second mostly hornblendic,
micaceous, ad argillaceous schists; and in the Primordial is found
Scolithus.

.FOGERS (W. B.),183 in 1884, states that the Blue ridge is a continuation
of the Greenm mountains of Vermont, the Highlands of New York and
New Jersey, and the South mountain of Pennsylvania, and, contimed
southward, becomes the Smoky or Unakamountains of Tennessee. The
rocks consist for the most part of the older metamorphic strata, includ-
ing gneiss, and micaceons, cliloritic, talcose, and argillaceous schists,
together with masses referable to the earliest Appalachian formations,
sometimes in a highly altered condition. Inunmerable dikes amd veins
of all dimettsious, ail consisting of a vast variety of igneous materials,

penetrate this belt, disturbing and altering its strata in a remarkable
degree. Southern dips are prevalent throughout the whole of the
region. This is particularly the case inl the southeastern or most dis-
turbed side of the belt, but on the northwest side the reverse dips are
more common. Ii many cases the ordinary anticlinal and synclinal
structures are regarded as overturned ill a northwest direction, which
makes the two sides of the old approximately parallel, and when this
is not the case gives the northwest sides a deeper dip than the south-
eastern. In many of the sections the unconformity bet wee the ('am-
brian and the crystalline metamorphic rocks is unmistakable, the lower
members of the former being seen to rest on the slope of the ridge, with
northwest unduimating (lips on the edges of the southieastward-dipping
older rocks. In other cases the primal beds, thrown into southeast
dips ill the hills which flank the Blue ridge, are made to underlie, with.
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more or less approximation to conformity, the older rocks forming the
central part of the mountain. But even in those instances it is not dif-
ticult to discern the true relations of the strata. As examples of the

Phenoineina are the sections exposed at Vestals, Gregorys, Snickers,
and Manassas gaps, and Jereimies run, in the northern part of the Blue
ridge; and at Dry run, Turks, Tye river, Whites, James river, point
Lookout, Fox creek, and White-top mountain gaps, in the middle and
southwestern prolongation of the clain.

CAMPBELL (J. L. and H. D.),11 in 1884, conclude from an examnia-
tion of the Snowdon quarries that the core of the Blue ridge is an igneous
mass belonging to the Archeai, and that upon its northwestern slope
are unconformable beds of slates, sandstones, and conglomerates which
are Potsdam or Cambrian. They are in a highly metamorphosed coidi-
tion, and were regarded by Rogers as Huronian, and by the authors as

pre-Cambrian, but the discovery of fossils in them has definitely deter-
mined their age. The slaty cleavage of the quarries sometimes corre-

sponds with the planes of original bedding or stratification, but irmore
frequently is more or less oblique to the strata.

GEIGER and KEITH, 85 in 1891, in discussing the structure of the dis-
trict about Harpers ferry, state that between the Cambro-Silnrian
shale and the granite-schist there is an uncontinrmity of the ordinary
type of deposition.

IrITERATI' im,: )I NIRTH CAROLINA.

OLMSTED, 86 in 1824, describes as parallel with the freestone and
coal formations a great slate formation which extends across the state
from northeast to southwest, being about 20 miles wide, running
through Person, Orange, c(hatham, Randolph, Mom tgomery, Cabarris,
Anson, and Mecklenibrg counties. Within this district are fiuoiid

numerous beds of porphyry, soapstone, serpentine, greenstone, aid
whetstone. From Halitax ti Person courthouse hardly any kind of

rock but granite is miet.

OLMSTED,"8 7 in 1825, more fully describes the great slate tormation,
which includes argillite, green stone, porphyry, novaculite, petrosilex,
hornstmne, black steatite, syenite, etc. Between the great slate forma-
tion and the Blue ridge is a granitic district, various limestone beds,
and a transition formation. The granitic district occupies the whole
country, with subordinate exceptions, from the slate formation to the
Blue ridge. The term granitic as here used embraces gneiss and mica-
slate as well as granite. Among the subordinate beds non eare so

numerous as greenstone. In Stokes and Surrey, in connection with

the iron ores, are numerous isolated beds of limestone which lie in mica-
slate rocks.

MITcuELL,"f in 1829, st ates that of the priiiitive rocks of Nort (',ar-
olina, the more a cient lie farther west amd the more recent t in the mid-

land counties. Those of the eastern di vision are highly crystalline in
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their structure, consisting of gneiss, slate, and schist, with some granite,
while those of the western division are almost exclusively granite.
The transition argillite is widespread, and in it occurs most of the gold
mines.

MITCHELL, 8 9 in 1842, describes as primitive formations the granite,
gneiss, mica-slate, chlorite-slate, hornblende-slate, and talcose-slate,
quartz-rock, serpentine, and limestone. A vast body of granite trav-
erses the state in a northeast and southwest direction, comprising a
large part of Person, Caswell, Orange, Guilford, Randolph, Davidson,
Rowan, Cabarrus, and Mecklenburg counties; also some of Lincoln,
[redell, Davie, Stokes, and Rockin gham counties. Within this belt is no
well defined gneiss, micaceous primitive slate, serpentine, or limestone.
West of this formation are the most ancient primitive rocks, on the
upper waters of the Dan, Yadkin, Catawba, and French Broad. Here
are a great variety of granites. Gneiss and slate also occur. All of
these are interstratified. Limestones are found at three points in
Stokes county. In Anson and Richmond counties is a beautiful por-

phyritic granite. East of the red sandstone in the counties of Cumber-
land, Wake, Granville, Warren, Franklin, Nash, Johnston, Halifax,
and Northampton, is another body of ancient primitive rock in which
granite prevails.

EMMONS (E.),10 in 1856, gives a systematic account of the crystal-
line rocks of North Carolina. Rocks of igneous origin are often massive,
but also frequently are laminated, and laminated rocks are frequently
called stratified, but this latter term should be restricted to the sedi-
mentary rocks. The metamorphic rocks are excluded from the sedi-
mentary classification because all rocks may become metamorphic, and
a stratum metamorphic in one locality may not be metamorphic in
another. The highest proof of the age of rocks is the order of super-
position. When this method can be applied it is paramount, but pale-
ontology may be used subject to proper principles. At the base of the
Paleozoic, under the Silurian, is placed the Taconic.

The granitic formations are regarded as eruptive or pyrocrystalline.
They form two continuous belts, which cross the state in a northeast
and southwest direction. The eastern one is the Raleigh belt, and the
western one the Salisbury and Grecmsboro belt. Granite is generally
the underlying rock, but there are cases on record in which it is shown
that it is an overlying one. At Warrenton, in Warren county, of the
Raleigh belt, it is found to overlie gneiss, mica-slate, and hornblende,
where it is considered to have been projected through fissures in these
rocks. This eastern belt contains no metallic veins, nor is it cut by trap
or other instrusive rocks. Its breadth is from 20 to 25 miles.

The Salisbury granite is frequently syenitic, that is, hornblende takes
the place of mica. This belt is cut by numerous peculiar dike rocks in
whlicl, when they decompose, the hornblende trap appears in dark-
green stripes, and many, when carefully examined, have assumed the
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structure of a sediment or a laminated rock, and which often appears

like the dark-greeu slates of the Taconic system. This singular stim-
ture of an eruptive rock is interesting and important, as it proves that

it may be produced in rocks which have been regarded as sediments,
but which, in these cases, are the farthest removed from rocks of this
description, and with which water has had nothing to do. The hmlina
are sometimes as thin as paper, and from their appearance can not be
distinguished from the slates referred to. These dikes are bounded by

walls of granite, and are frequently only firom 6 to 10 inches wide. The

mineral veins are generally tound oil the borders of the granite areas,
usually within 1 or 2 miles of the slate. T his western belt is 10 to 14
miles wide.

Among haininated pyrorystilline rocks are placed gneiss, mica-

schist, talcose slates, hornblende. and certain limnestoles. It is diticult
to determine the line 4f demark ation between guciss and granite, as
frequently there are passage beds cminecting one with the other. As
to the pyrocrystalli ne limestones, they certainly occur among the gneiss
and mica-slate and hlonlblende-rocks with laminm, parallel with then,
but still they have many characters wilich belong only to the eruptive
rocks.

Resting upon the laIlinated pyr14 icystI1Iines, with the granite aS a

substratui, are rocks (4 sedimentary origin which are supposed to be

Azoi4. Above these are other rocks which have been in the past re-
garded as Azoic blit are nrw Wmuo 4 to be tissiIiferots. The older deep

seated sediments are smiletimles distingnished with difficulty fro1 tile
true primary series, their lithllogical characters very often belonging to

the same order. It might le d(lulbted' whether they were sediments at

all were it not that they are associated with contrmable pebbly bels,
which is the only proof that these rocks are really sedimentary.

The Taconic rock s are divided into lower and upper parts. The lower
series (onitainls tallcose slates with wlite and brown sandstones and

quartz, with granular limestones and associated slates, and with these

occur hornblende, wilich makes it ditticult to determine where the pri-

mary rocks end and the Taconic begins, especially when the pebbly
beds are absent. Vitrified q u artz can not be regarded as always an ig-

neous product, but rather as a deposit of silica from chemical solution.

The materials comnposing the belts of detritus are apparently derived
from the granites, as shown by the tact that the quartz and feldspar of
these rocks are distinguishable in the brecciated conglomerates.

K R ', "' in 1867. tinds that the slates of western North Carolina
have an average strike of N. 50 0 E., the dips being high to the south-
east, tbr the most part about 650. The greatest variations in strike
and dip are in the central area, where the strata are contorted and
folded to all mullsual degree. This region extends from the Black

mountains to the somtheastern coy nlr of Clav countyT. This central

area is the axis of the state and is composd Fol the most part of granitic
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and gneisses rocks which are extrc mely metamonrpiosed. These rocks,
as well as the slates anl schists, belong to the most ancient of the

Azoic series, and the Black mo untains are the oldest part of this
Azoic.

KERR, 192 in 1875, gives a systematic account of the geology ofNorth
Carolijna. The Azoic rocks are divided into 1tIuioniani, Laurentian, and
Igneous. With the Hilronian are l aced the siliceous ail argillaceous

slates and conglomerates, micaceous and hoii blend ic slates and schists,
chlorites, quartzites and diorites, with (herty, jaspery aind epidotic beds.
and much specular iron ore. The Laurentian includes gneiss, granite,

hornblende slates, etc., while the Igneous includes granite, syeuite,
porphyry, etc.

The Laurentian occurs in four areas. The Raleigh area is a belt 20
or 25 miles wide, running northeast from this place to the state line.
and consisting of light colored and gray gneisses which occasionally

pass into granite. These are cut by coarse syeiite aid diorite dikes.
The second, the Salisbury granite area, is from 10 to 30 miles wide, and
has an area of about 3,000 sua ire miles. The prvleint rocks are
syenite, dolerite. greeiistione, amhilolite. granite, porphyry, and tra-
chyte. In it there is no well defined gneiss, mica-slate, serpentine.
or limestone. The large area of Mecklenburg syenite is regarded as
the oldest rock of North Caroli na, the bottom of the Laurentian. West
of the Salisbury area is the largest coi weted ara of Laurentian il the
state, covering not less than 16,000 squav miles. It closely resembles
the Raleigh area, especially in the soutlieastern part, where it consists
of a snecessloil of selthists. 'neisses, a1d slates, for the most part thlti

bedded, and only occasiomilly showing gra nite-like masses and syeniites
which are generally ill the torimis of dikes. Belonging with this series
are probably the interstratiied crystalline limestones of Forsyth. Yad-
kin, and Stokes. The outcrops are generally limited to two or three

rods in thickness. a tfw hundred yards in length. and seem to graduate
into the neighboring gneisses. The fourth considerable area of Lauren-
tian rocks, occupying an area of :,000 or 4,000 square miles, is west of
the Blue ridge, between this range and Ilie Smoky mouitains. This is
probably a continuation of the preceding belt, being separated fr-om it
by a tiariow belt of Huronian slates, and like it containing crystalline
limestones.

The Iiuronian follows the Laurentian without a break of geological

coitinluity. These rocks are found in five principal lines of outcrops.

These are that east of the ialeigh Laurentian, that between the Ra-
leigh and Salisbury granite, that west of the Salisbury granite or
Kitig's mountain belt, that of the Blue ridge monitains. and that of
the great Smoky mountains, called the Cherokee slates. These belts
are placed with the Huroniai1 because they succeed the Laiurenitia i,
and because they differ frnim them in degree of n eta morpiism and
ithologieal character, so that the change from one to the other is ob-



422 PRE-CAMBRIAN ROCKS (1 NORTH AMERICA. [wu. 88.

Vions along the whole line of contact. The shes inclmled are ofteu
highly plumbaceous, sometimes containing as high as 50 per cent
of graphite, and also contain beds of coarse granular limestone, iln
which is tremolite as well as magnetic iron in bedded veins some-
times 20 feet in thickness. Conglomerate belts are common. The
second Huronian area is the largest, is from 20 to 40 miles wide, fre-
quently contains quartzite, which often passes into conglomerate, and
in it are most of the mineral veins. The western dips prevail, but in
the western part of the tract the dip is east for several miles. This
belt is bounded on both sides by the Laurentian, on which it lies un-
conformably and from it its materials were derived. This is the prin-
cipal area of Ennmons's Taconic. The western Huronian area by Safford
and Bradley has been concluded to be Potsdam and sub-Potsdam. If
this turns out to be Silurian it is probable that the Cherokee, Blue
ridge, and King mountain belts are of the same age and therefore post-
Huronian.

FURMAN,1 93 in 1889, describes a section through King's mountain,
running from 5 miles northwest, and another from the old gold mine
to the granite. The rocks have a high inclination and consist of inter-
stratified quartzite, limestone, mica-slate, etc., cut by dikes of trap
and greisen veins.

LITERATURE OF TENNESSEE.

TROOST,1 9' in 1840, describes the Primordial rocks of Tennessee as
occurring in detached areas along the eastern side of the state. These
are granitic and are a ssociated with greywackes, which are fossilifer-
ous. The state line is approximately the dividing line between the
crystallines and the fossiliferous rocks.

OWEN, 9 5 in 1842, states that the metamorphic rocks in the Unaka
mountains dip at a high angle toward the granitic rocks. These rela-
tions are supposed to be due to dislocations.

CURREY,1 96 in 1857, states that the Great Smoky mountains are of
granite, gneiss, mica-slate, talcose slate and quartz rock. The sand-
stones, shales, and slates on the western descent of the mountains are
regarded as primitive or metamorphic. They are in an inclined posi-
tion, dipping inwardly toward the center of the mountain, the Primor-

dial rocks appearing to overlie them. No anticlinal or synclinal axes
are found, and the tilting is explained by fanlts.

SAFFOR1D,1 97 in 1869, places the lowest formations of Tennessee as
Potsdam and metamorphic. The Ocoee group is at the base of the
Potsdam and is, so far as known, Eozoic. The metamorphic formations
are altered rocks, Azoic or Eozoic ill part, mountain-making, and many

thousand feet thick. They include the talcose slate, in part, of Beech
mountain and Slate face, in Johnson county; gneissoid rocks of Stone
mountain; the syenitic gneiss of Roan mountain; the gneiss and mica-
schist of the Great Bald; the talcose slates and hornblendic beds of
Ducktown.
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The Oe)Ce Or basal division (Ii the Potsamb is scmiiim eth;ii,4rphi ,
Eozoic, moniitain-making, and has a thickness of 10,000 feet. Equiv-
alent with this are the slates and conglomerates of l1onroe county, the
Little Tennessee river, the west fork of Little Pigeon, of Sevier county, of
the French Broad in Cocke county, of Big Butt, and of Laurel gal) of
Iron mountain. The metamorphic rocks occur in stratified beds, are
mostly of the variety called gneiss or stratified granite, and all are met-
amorphic. The line of separation between the metamorphic rocks and
those to the west is sometimes well defined, but often poorly, the rocks
gradually losing their crystalline characters and running insensibly
into the adjacent conglomerates and slates. The general line of sepa-
ration conforms to the Appalachian ridges. The metamorphic beds and
the other groups all appear to follow the same law of dip and strike.
The dip is in the main at a high angle to the southeast. The author
has not been able to satisfy himself as to want of conformableness in
the beds, although in Johnson county the metamorphic gneiss comes ab-
ruptly against the limestone; and other similar cases occur, but these
unconformable junctions are naturally referable to local fractures and
displacements, and this urnconformableness is local and not the rule.
There is no reason fbr believing that the metamorphosed beds include
formations of any more recent date than the Ocoee conglomerates and
slates, and a portion of them are certainly referable to this group. The
remainder, although conformable, may be and most likely are older.
The transitions from the slates and conglomerates to the gneiss and
mica-schists are well seen at Ducktown and at the Ocoee. There is no
sufficient reason for referring any of these rocks to the Huronian or
La arentian.

BRADLEY," 8 in 1875, describes sections in east Tennessee from Athens
to Murphy, and from Knoxville to Murphy. The rocks include semi-
metamorphosed slates, like those of Ocoee, quartzites, crystalline lime-
stones, and gneisses, all being regarded as probably of Silurian age,
with the possible exception of the massive granite at Marietta, Cobb
county, Georgia. The Silurian rocks thus include the Taconic and
pyroclastic rocks of Emmuons.

ELLIOTT, 99 in 1883, states that the mica-schist and gneiss at Jasper
dips beneath the marble and is therefore metamorphosed Knox sand-
stone. The porphyritic gneiss of the West Atlantic railway is identi-
cal with that at Talking rock, and is a metamorphosed form of the
Ocoee sandstone.

LITERATURE OF SOUTH CAROLINA.

RUFFIN, 0 in 1843, describes as primitive the limestones which enter
South Carolina at York, west of Kings mountain, and run to Spartan-
burg. Embracing nearly all the country above the lower falls of the
river is a granitic region.

TUOMEY,201 in 1848, gives a report on the geology of South Carolina.

VAN RISF.)
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Thie inistratified or igneOlis rOcks I nderlie the stratified rocks, or arc

pushed up through them, and include granitic and basaltic rocks, being
generally found in the form of dikes. )iscordances between slaty
cleavage and bedding are found. The crystalline structure of the Pri-
mary stratified rocks is supposed to be due to heat which comes from
the contact of the underlying intensely heated granite. These forma-
tions have no invariable order of superposition, although they generally
overlie each other in the following manner: Clay slate, talcose slate,
mica-slate, hornblende-slate, gneiss; and associated with these are
also beds of limestone, quartz, chlorite, slate, and soapstone.

A very massive gneiss, known as "table rock," on the west side of
Saluda, rests unconformably upon the slates, and is regarded as evi-
dence of the prior deposition of the slates, and also as evidence of a
time break between the two. The mica-slates pass by insensible gra-
dations into the talcose slates. The lime rock is interlaminated both
with gneiss and with mica-slates, the latter occurring at Kings moun-
tain. The quartz rocks are regarded as residual material left by the
disappearance of the micaceous and talcose portion of the rock. It
sometimes passes into a conglomerate-like phase, but this is a step
on the way toward complete crystallization. The quartz rock at times

passes into itacolumite. The magnetic and hematitic ores are asso-
ciated mostly with the slates and limestones, and appear as beds
interlaminated with and grading into them.

LIEBER, 202 in 1858, describes the rocks of Chester and York districts.
They are divided into clay-slate, which includes limestone, itacolninite,
and speculiar schist; and hornblende-slate, which includes talcose slate
and mica-slate. The first class, which may possibly be Paleozoic, ap-
pears wherever the Tertiary deposits have been removed by erosion.
It has a dip unconfiormable to the talcose slate. Itacohunite is de-
scribed, and below it at times are toi id specular schist and above it
limestone. The igneous rocks are divided into trachytic, trappean,
and granitic rocks. The traclytie rocks inelide eurite, quartz-por-

phlyry, coarse trachyte, domite, and phomnolith; the trappean rocks in-
clnde diorite, diorite-slate, soapstone (?), talcose trap (?), melaphyre.
and aphanitic porphyry; the granites include coarse grained granite,
syenite, and other granite and gneiss.

LIEBER 203 in 1858, divides the rocks of Union and Spartanburg into
a Super-itacolumite, itacolumite, and Snb-itacolumite groups. The first
includes limestone. The second includes itacolumite with talcose slate,
limestone, specular schists, and itacolumite conglomerate. The third
includes clay-slate, talcose-slate, mica-slate, and gneiss. There is no
definite proof that the gneiss occupying the lowest position is of sedi-
mentary origin. Indeed there is greater probability that it is, strictly
speaking, a granite having a parallel distribution of the scales of mica.
It passes into the ordinary granite, with no distinct boundary between
the two. The mica-slate overlying the gneiss is of insignificant thick-
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ness. as showni by the thet that mining shafts and streams 'regenit ly
cut throuigi it to the gneiss. The dip of the slate is almost always con
staut to the southeast. It is the predominant position ill the country
Ibr the inetalliferous veins. The itacohunite is described in detail.
The conglomerate-like itacolunites, mentioned by Tuom1ey, are regarded
as real conglomerates, with a micaceous and arenaceous cement. The
pebbles are obscured and elongated, the longest diameters being par-
allel to the bedding, and they also partake of the schistose structure of
the matrix in which they are contained. Every stage in the passage
from the fine grained rock to the conglomerate with pebbles is seen,
and there is no question that the itacolumiiite is a sandstone. The
eruptive rocks include granites, eurite, a'di trappieall rooks, amoiig
which are schistose aphanite, aphanitic porphyry, minette, diorite,
diorite-slate, and sapoinite. That the schistose rocks here included are
really eruptive is shown by the manner in which they intrude the
granitic rocks.

LIEBER,24 in 1859, gives a general account of the rocks of South
Carolina. The peculiar structure of the schistose aphanites is regarded
as due to weathering. In the Greenville aiid Pickens districts the suc-
cession includes gneisses, linestoies, and mica-schists, the ruling dip)s
being southeasterly. Toiumey's representation of these rocks as GO to
70 miles thick is believed on theoretical grounds to be incorrect. The
ruling southeasterly dip of the slates are probably due to fiults which
have repeated the stratified rocks many times. It is concluded that the
isolated bodies of stratified rocks overlying the gneiss are actually
islands occupying, with much regularity, the apical lies of certain par-
allel ridges. It can not be asserted that any of the mica-slate beds ex-
ceel 100 feet in thickness and the horizontal slates 25. The talcose
slate below the itacohunite is frequently highly graphitic. Above the
talcose slate is limestone, and above this the itacolumnite. the outlines
of the latter being extremely tortuous. The dike rocks are apha nite,
porphyritic hornblende rock, eurite, and garnet. A detailed account
of itacoliuiite is given.

IEliEr,20 in 1X59, definitely states that itacolunite is regarded as
occupying a constant position, atd is taken as .1 starting point upon
which to determine the chronology of the A zoic rocks of the southern
A lleghanies.

PECK, 20s in 1833, div-ides the inouutain-region rocks into Primitive
and Transition, the first being on the west, and the boundary between
the two being the Smoky imiounitains.

(oTTING, 207 in 1836, divides the primary foriiation into granilc,
syenite, porphyritic granite, gneiss, mn ica-slate, talcose slate, glanular
li mestone or maarble, serlpenti ne. greenstone, e ildottc gneiss, (uartz

rock, hornblende, and clay-slates. The granite passes by imperceptible
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gradations into the gneiss, beds of the t wo sometimes alternating, and
the latter also passing into the stratified mica-slates. Gneiss also passes
in to the stratified mica-slate, and the mica-slate into talcose slate. The
graywacke is the beginning of the transition.

LITTLE, 208 in 1875, mentions crystalline rock, presumably primary,
at various points.

CAMPBELL (J. L.) and RUFFNER, 209 in 1883, divide the Archean upon
chemical, lithological, and structural grounds into Laurentian and
Huronian. In the metamorphosed rocks the prevailing dips are toward
the southeast. It is believed that while they were somewhat plastic
they were folded and overturned, although sometimes left in a vertical
position, and not infrequently found in a nearly horizontal position, or
sometimes resting in arches and depressions. In the Choccolocco valley
the railroad passes abruptly to the Lower Silurian rocks. This rela-
tion between the Silurian and Archean is attributed to a fault, with a
downthrow of the former.

LITERATURE OF ALABAMA.

TUOMEY,210 in 1850, places the granites, gneisses, and associated
crystalline rocks as primary and metamorphic. The slates sometimes
carry plumbago, and true granite is found only at Talladega.

TUOMEY, 2 1 in 1858, finds in various sections granite, syenitic gneiss,
ordinary gneiss, hornblende-slate, mica-slate, talcose slate, and soap-
stone. In certain localities are found limestones, and also occasionally
interstratified quartz-rocks occur. Granite is found about Rockford
in large masses.

SMITH, 2 1 2 in 1875, states that the counties of Chilton, Talladega, Cal-
houn, Cleburne, Lee, Tallapoosa, and Elmore lie partly, and Coosa,
Clay, Randolph, and Chambers wholly, within the Archean region of
the state. On account of the absence of fossils, it is difficult to deter-
mine the relative ages of the subdivisions of the crystalline rocks.
Lithologically they are classified into Laurentian, Huronian, and White
mountain series, following Hunt's characterization of these terms. The
roeks here included are granite, gneiss, mica-schist, mica-slate, bydro-
mica-slate, clay-slate or argillite, syenite, syenitic gneiss, hornblende-
schist, dioriteuorite,talcose slate, soapstone or steatite, chlorite-schist,
quartzite, siliceous slate, itacolumite, itabarite, jasper, crystalline lime-
stone, dolomite, and igneous rocks. Crystalline limestone occurs in
Chilton county. It is succeeded in apparent conformity by semicrys-
tallines 15,000 to 20,000 feet in thickness.

SCHMITzm 21 in 1884, describes a metamorphic region in Alabama as
covering the whole or parts of counties Chilton, Coosa, Talladega, Cal-
houn, Cleburne, Lee, Tallapoosa, Elmore, Clay, Randolph, and Cham-
bers, with about 5,000 square miles of area. The rocks of this region
are partly metamorphosed Lower Silurian rocks (Calciferous, Potsdanm,
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and Acadian), partly Upper Azoic rocks (Mironian), and perhaps

partly Lower Azoic rocks (Laurentian).
Going at a right angle with the strike, from northwest to southeast,

is found the following zones, which, however, cannot be sharply sepa-
rated. (1) Silurian.-Crystalline limestones, conglomerates, heavy
quartzites, and slates (often gold-bearing), semi-metamorphosed. (2)
Huronian.-Mica-slates and schists (with garnets), limestones, coarse
grained granites, diorites, quartzites, and clay-slates (sometimes gold-
bearing); the mica-schists often alternating with gneisses; associated
with graphite and graphitic slates, itacolumite, specnlar ore, brown
hematite,etc. (3) Heuronian or Upper Lauren tian.-Gneisses(mica eeois
and 1ornblendic), granite, diorite, mica-schists, quartzites, slates (some-
times gold-bearing), associated with chloritic schists and steatites, mica
with tourmaline crystals, etc. Some of the granites have the charac-
teristics of eruptive rocks.

GENERAL LITERATURE.

BRITTON,2 4 i]) 184I, describes at Natural bridge the contact between
sandstones which appear to be under the Potsdam and over the Archean.
The two are widely mnconformable; the sandstone dips 450 to the
northwest and strikes N. 400 E., while tlie Archean dips 650 E. and
strikes N. 50 E. The Archlean rocks consist of quartz-bearing syenite
and granulite, fragments of which are foiunid in the overlying series.

On the Doe river, in eastern Tennessee, the Archean and basal Si-
1 tian quartzite are in contact. The Archean is a pegmatite, With no
bedding or lamination. Five hunldred feet east of the contact it is a

much contorted hornblendic gneiss and syenite. These rocks are in-
tersected by a trap dike. The quartzite is thickly bedded and co1-
tainis many pebbles of quartz and much feldspar, so as to make the
rock in places an arkose.

On the French Broad.river are found quartzites like those of tle Do-
river, which are succeeded by basal crystalline rocks, and near Mare
shall station begins a stratified micaceous schistose series. The char-
acter of the transition between this and the 1sisal Archean rocks was
not apparent. About Asheville are well ebedded gneisses and mica-
s(hists which bear the same relation to the heavily bedded basal Arclean
as do the Westchester county, New York, and Philadelphia gneisses
to the basal rocks to the westward. These rocks extend to the top of
mount Mitchell.

SUMMARY OF RESULTS.

The state of knowledge of the crystalline rocks of the southern Ap-

palachians is in a still less advanced condition than that of the middle
and northern A ppalachians.

It is reasonably certain that from northern Virginia to Alabama
there are large areas which are pre-Cambrian, including much of the

VAS msM F.
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granite alld gritnitoid gneiss region. Not only this, It, if lithuologica l
characters are sufficient evidence, parts are Archean; that is, belong

with the fundamental rocks of Canada and the West; for areas are

fOiund which consist of ill intricate complex of foliated and contorted

granite and gneiss cut by or containing masses of basic eruptives of

various kinds. fit their intensely implicated structure amt hick of

thoroughly massive characters they give evidence of vast antiquity.

How far the rocks which have been denominated Huronian belong

with the pre-Cambriani there is no means even of guessing. It is very

certain that large parts of the rocks called Taconic and Huroian are

Camnbriain, Silurian, or later. When the Cambrian and Silurian have
been definitely outlined, whether any of the umnistakable plastics will
rennin tol be correlated with the Huronian, or, more accurately, to be

placed in the Algonkian, is certain.
The (listullbaIces in the southern Appialichians are of a different type,

and, l11on the whole. have been less intense thou in the central and

northern regions, as a consequence of which it will be easier to reach

definite results here than it has Ibeeu t.arther north.

The ornly really systematic work which has been done is that ill Vir-
ginia by Rogers; that of Enlnons in North Carolina; that of Saftfod

in Tennessee, whose work barely reaches the pre-Canbrian rocks; and
that of Lieber. The last in his earlier reports carefully refrained from

generalizations based upon insufficient evidence, hat patiently mapped

the rocks lithologically in several counties, and thus gives serviceable
infijrmtation unlIingled with theories of no value.

In the south, ,s in New England, occur formations which by con-

tained helts of conglomnerates are definitely proved to be of elastic
origin, and these gradually pass into milistaklde crystalline schists.

These transitions were clearly described and their meaning definitely

pointed out by Eiimoits and Lieber respectively ill 1856 and 1858.

Alore reimarkable than this is the discovery of Emlmnls and Lieber

that hornblende-sehists and other schlists are metamorphosed erup-
tives. These rocks are said sometimes to be as thinly laminated as

paler, aInd are compared with slate,; but their occurrence in (likes
within the granites, and their gradations into the ordinary massive

forms, demonstrate them to be later igneous rocks. These onlusion s
were not based upon petrographiial work, but upon careful field study.
The microscope in recent years has shown. accurately the method of

change; but that the ehaige does occur from a massive erultive rock
to a thoroughly schistose one was proved beyond doubt by these melt

behre 1860.
Eiiio s a1d Lieber further appreciated that tile granite-gneisses it

their lithological afihnities ws Well as by actual transitions belong with

igneous gralitic rocks rather than with the sedimentaries. Ennuons

also reached the same conclmsion for the South which Emerson demon-

strated umanv years later for the New England states, that there are
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two granite,, one of which is more ancient than the plastics am(l the

other intrusives within these. According to lniions the ancient form

is predoiminant, 1at occasionally grallite has been projected tlihro gh1
fissu-es like other intrusive rocks.

The great discovery that regularly laminated rocks are prdnced by

the metamorphism of eruptive rocks as well as from sedimentary rocks

naturally carried the discoverer too tar ini the apll(ication of the princi-
ile. EIiniuoiis iniculedl in the metamorphic igneous rocks many mic:i-

s(hists, talcose slates, and limestones tor which he gave no evidence
whatever. Lieber's discrimiiatioi between the mietann irphic-igueotos
and mtetamnorpliie-sedimentary rocks was much more satisfactory. But

lEmmons's general statements as to the small value of lamination alone

in rocks as an evidence of origin :oiil the method of ,tratigraphieil
work in the crystalline rocks van hardly be improved upon at the pres-
ent day. Says this writer: Rocks of igneous origin are often massive,

but also are frequently laminated, and laminated rocks are frequently
called stratified, but this latter term should be restricted to the sedi-
mentary rocks. The metamlorphi rocks are excluded from the sedi-
mentary classificatimli liecaise all rocks may become metamorphic, and
a stratum metamorphic in one locality may not be metamorphic in

aiiother. The highest proof of the age of rocks is the order of super-

position. When this method can be applied it is paramount, but pale-
ontology may be used subject to proper principles.

The IPrimitive rocks from Elmumons's point of view are all igneous;
with aqueous rocks begins the Azoic, the oldest sediuentaries, and
abllove the Azoic are rocks which in the past ha ve been regarded as Azoic,
b1it are tinund to be tossilifeious; tha t is, they constitute the Tacoiuic sys-

tem. We have here a definite the. 'v as to the order of development of
the earth, the primiitive rocks being wholly pyrioirystalline, the Azoic
st ratified rocks being earlier than the dawn of lite, and the Taconic
rocks being the fossiliterouis rocks earlier than the Potsdamii.
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Ch A1PT E R V 1 .
GENERAL SUCCESSIONS AND DISCUSSIONS OF PRINCIPLES.

SECTION I. LITE1IATURE.

MACLURE,' in 1809, places iin the primitive rocks grniiite, gneiss,
mica-slate, clay-slate, primitive limestone, primitive trap, serpentine,
porphyry, syeliite, topaz rock, quartz rock, primitive flinty slate, primi-
itive gypsum. white stone; and inl the Transition, transition limestone,
transition trap, graywacke, transition tlinty-slate, transition gypsum.

The rocks of the Primitive prevail to the east of the Iludson river.

Throughout the greater part of the eastern and northern states the
sea washes the primitive rock, but to the sonthwestward the Primitive
runs in a broad belt as tar as Alabama, and between it and the ocean
is a wide belt 4f alluvial rocks. The Transitioi rocks occur in one main

belt, ringmig in a northeast and southwest direction from New York

to Alabama, aml in several minor elts.
EATON,2 in 1832, places as Primitive rocks granite, mica-slate, I morn-

blende rock, talcose rock, gra nular (pmartz, gra ualar li me rock. These
primitive rocks are all contemporaneoals, excepting the granular quartz

and lime rocks, since they alternate continually. These rocks are des-
titute of organized remains. Numerous 1 calities are given for each

class.
EMMONs, (E.)," iii 1855. divides rocks into Pyroerystalliie, Pyroplas-

tic, and Hydroplastic.
The Pyrocrystalline comprises nmiassive rocks. include ing graaite, syeu-

ite, hypersthene, pyrocrystalline limestone, serplentine, rensselaerite,
octahedral iron ore, and laminated rocks, including gneiss, mica-slate,
hornblende, talcose-slate, etc., laminated limestone, laminated serpen-
tine. The Pyroplastic rocks comprise Subaerial, including lavas, tufa,
or volcanic products, and Submarine, including greenstone, porphyry,
basalt, trap. The Hydroplastic rocks comprise Paleozoic, Mesozoic,
and Cenozoie. The Paleozoic is divided from the base upward into
Taconic, Silurian, Devonian, Carboniferous, and Permiau. Metamor-
phie or Azoic rocks are not recognized as classes, as they may occur in
all series from the earliest to the latest sediments. That gneiss, mica-
slate, hlorniblende, and talcose slate, etc., are metamorphic altered sedi-
ments there is no evidence. Azoic is objectionable because it presup-

poses that our observations have made certain that which must ever
remain doubtful.

The Pvroervstalline rocks are (We to the consolidation of the earth's
440
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crust. 'Tihese rocks increase in thickness by addition, beliw. On the
coiitractions of these rocks fissures are fihrmled, through' which flow
fluid material which are lhydroplastic amd Liter. The age of rocks may
be deduced from the perfection of their crystalline state. The pre-
eimiently crystalline granite are the product arising from the first

cooling of the first crust. Granite may or mnay not be connected with
the oldest masses of the globe. The granintes of the United States are
of two classes; one more ancient than the Taconic rocks, and others,
which are later eruptions, certainly as new as the Carboniferons. In
New England the ancient granites are widespread, but there are also
linmd granitic areas which have been erupted from fissures and which

have overflowed wide areas and whose structure i, more or less sheeted.

It is impossible to draw lines of distinction between the two kinds of
granite, except when the earlier granite is traversed by the later. The
lamination of the laminated Pyrocrystalline rocks is probably due to
crystallization. Gneiss, mica-slate, hornblende, and talcose slate are
so blended that it is difficult or impossible to define their boitudaries,
and they are all regarded as contemporaneous formations.

The oldest Itydroplastic rocks constitute the Taconic system, which
has a clear and well defined base, rarely obscured by passages into the

primary schists or the Pyroplastic syenites or granites. This system is
limited above by the Silurian system, at the base of which is the Pots-
dam sandstone. The thickness of this system is from 25,000 to 30,000

feet. Sediments of all systems must necessarily consist of the same
materials. Sandstones, limestones, slates, conglomerates, and breceias
must make up the matter which composes them; but a comparison of
the lower members of the Taconic and the Silurian show a decided
difference in mineral constitution. The first partakes of the primary
character of the granite, greiss. mnica, and talcose slates of the Pyro-
crystalline rocks, from the last two of which it is often difficult to dis-
tinguish then. while the materiaIs of the Silurian are derived from the

Taconic rocks. The Taconic system, from the base upward, comprises
(1) conglomerates and breccias; (2) limestones; (3) slate of enormous

thickness; (4) dark-coloredI Taconic slates; (5) sparry limestones. The

absence of fossils in the Tacornic rocks is thought to he due to the prob-
ablenabsence of animals and plants at the time the llerkshire limestone
and earlier Taconic rocks were deposited. In the Upper Taconic rocks
are found remains of both plants and animals. The rocks of the
Taconic system form a belt on both sides of the lBlue ridge. On the west
it is continuous from Canada East to Georgia. On the east it is wider
in certain places-than on the west side, but its continuity is broken. The
Taconic system rests then on the following points: The formations of
the series are physically unlike the Lower Silurian; it supports the
Lower Silurian unconformnably at numerous places; it is a system in
which life existed, and the remains of organisms are left which are
unlike those of the Lower Silurian; it carries back many stages farther
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the timuie when life appeared, and represents a period vastly longer than
the Silurian, although it may occupy a less superficial area.

LOGAN and HUNT,' in 1855, gave a geological sketch of Canada. The
ancient rocks are divided into the Laurentian system and the Cam-
brian and Hinronian system.

The rocks of the Laurentian system are almost without exception
old sedimentary beds that have become highly crystalline; they have
been greatly disturbed, and form mornitain ranges running about north-
east and southwest, and sometimes rising to heights of 800 or 1,000
meters, and evell beyond. The rocks of this formatioil are the oldest
known on the American continent, and probably correspond to the
oldest gneisses of Finland and Scandinavia, ad to similar rocks in
the north of Scotland. The rocks of the Laurentain formationi are in
large part crystalline schists, mostly gneissoid or hornblendic. Asso-
ciated with these schists are seen heavy stratified masses of a crystal-
line rock, which is almost entirely composed of feldspar with a base of
lime and soda. With these schists and these feldspars are found strata
of quartzite, associated with crystalline limestones which have a rather
important place in this formation. The limestones form beds from 1
meter to more than 100 meters thick, and often present a succession of
thin beds, intercalated in beds of gneiss or quartzite. The quartzites
sometimes present themselves under the form of conglomerates, and in
certain cases have a paste of dolomite. Beds of dolomite or of more
or less magnesian limestone are ofteii intercalated with pure limestones.
These schists, feldspars, quartzites, and limestones, such as we have
described them, constitute the stratified part of the Laurentian system;
but there are, furthermore, intrusive granites, syenites, and diorites
which form quite important masses; the granites are sometimes albitic
and often contain tourmaline, mica in large flakes, sphene, and sulphate
of molybdenum. Associated with the limestones are important beds of
hematite and limonite. Graplite is very frequently disseminated in
little flakes in the crystalline limestones, and forms also veins having
sometimes a considerable thickness. Two of these are fiould near Grei-
ville, on the Ottawa. The graphite exists in three detached bands,
each having a thickness of about 12 centimeters.

In the Cambrian and Huronian system are found the rocks on the
north shores of lakes Huron and Superior where are present a series of
schists, sandstones, limestones., and conglomerates, interspersed with
heavy layers of diorite, and resting unconformably on the Laurentian
system. As these rocks are lower than the Silurian terralne, and as
they have thus far not yielded a single fossil, they may well be referred
to the Cambrian system (the Lower Cambrian of Sedgwick). The
schists of this system, on lake Superior, are bluish, and inclose layers
of horn flint, having calcareous bands, and whose cracks are often filled
with anthracite. These rocks are covered with a considerable thickness
of trap, on which are superposed heavy beds of white and red sand-
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stone, which sometimes pass into a state of comgloierate, inclosing
globes of quartz and jasper. Beds of a reddish argillaceous limestone
are found interspersed with these sandstones, which are cut through
and covered by a second fIormiiation of diorite of great thickness, ofteriig
a columnar structure. This formation, which has a total thickness of
nearly 4,000 meters, is traversed by a great number of trap dikes. In
the corresponding formation of the north shore of lake Huron are ftund
sandstones having a more vitreous aspect, and conglomerates more
abundant than on lake Superior, associated, however, with schists and
scbistose conglomerates, reseml_)ling those which we have just described,
the whole presenting great masses intercalated with diorite. A layer
of limestone having a thickness of 16 meters forms part of this series.
After the eruption of the interstratified diorites have appeared two
systems of dikes of diorite, and a third of granite, of an epoeh inter-
mediate between the two latter. The formation of 'the metalliterouIs
veins belongs to an epoch still more recent.

This Huronian formation is observed over a distance of nearly 150
leagues on lakes Huron and Superior.

DANA, in 1863, gives an account of the Azoic age. This age is de-
filed as the age in the earth's history preceding the appearance of
animal life. Among the Azoic rocks are included all the rocks that
are older than the Potsdam sandstone of New York, between which
and the Azoic general uncoinfornable relations obtain. The Azoic
rocks constitute the only universal formation. They cover the whole
globe, and were the floor of the oceans and the rocks of all emerged
land when aninal life was first created. But subsequent operations
over the sphere have buried the larger part of the ancient surface, and
to a great extent worn away and worked up anew its material, so that
the area of the old flowr now exposed to view is small. The Azoic
regions include Canada north of the St. Lawrence, reaclin-g northeast
from lakes Huron and Superior to Labrador, and continuing northwest
to the Arctic ocean, the Adirondacks of northern New York, a similar
area south of lake Superior, west of the Mississippi a small area ill

Missouri, the Black hills in Dakota, the Laramie range in Nebraska,
part of the Ozark imloulntains in A rkansas; and in northern New Jersey
Azoic gneiss, limestone, and other crystalline rocks containing beds of
iron ore. The rocks of the Azoic are mostly of the metamorphic series,
related to granite, gneiss, syenite, and the like, but they embrace only
the most ancient of these rocks. The Azoic rocks are nearly all crys-
talline, a few sandstones, slates, and conglomerates being the only
exceptions. They are remarkable for the small amount of silica they
contain, as shown in the diorites and labradorite rocks. Prevalence of
iron ore is another characteristic, and none of the minerals are simple
silicates of aluminum. While the Azoic rocks are crystalline they
follow one another in variations and alternations like sedimentary beds
of later date. Granite or gneiss may lie between layers of slate or
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schist, and quartz-rock miay1 have amy li ace in the series. The Azoic

rocks are the results of alteration of sedimentary strata, as is shown

by the tact that schists graduate into triie slates, and quartzites iito

sa ldstolnes, alid couglhmieiats a p gneiss into gneissoid granite, alid
thence to true granite and syeilite. As evidence of life in the Azoic

arige are cited the formations of limestone strata, the occurrence of
graphite in the limestone, the occurrence of anthracite in small pieces
in the iron-bearing rocks of Arendal, Norway. Crystalline rocks have
been formed in various ages, those in New England, Ihr instance, ]ong

after the Azoic: hence it is possible that some of the Azoic rocks have
undergone a second or third alteration subsequent to the original one
in the Azoic age.

LOGAN,6 in 1864, gives a general :ecount of the ancient rocks of Can-
ada. He states that the roiks colimiposing the Lalrentide inoujntaits ill

Caniada and the Adiroidacks in the State of New York are the oldest
ill -North America. They have been shown to be a great series of strata

which. though proftoundly altered, consist chiefly of quartzose, alunin-
ous and argillaceons rocks, like the sedimentary deposits of less ancient

times. This great mass of crystalline rocks is divided into two groups

aind it appears that the Upper (Labra(orian) rests uncoldbi-ablyupon
the Lower (Laurientian) series. The united thickness of these two
groups in Canada can not be less than 30,000 feet, and( probably much
exceeds it. A third Canadia i grown p. the 11uroaiaii, hasbeen shown by
Murray to be about 18,000 feet thick, and to consist chiefly of quartz-
ites, slate conglomerates, diorites, aml limestones. The horizontal
strata, which form the base of the Lower Silnrian in western Canada,
rest upon the upturned edges of the Huiroinian series, which, in its turn,
uncontormably overlies the Lower Laurentian. The Huronian is be-
lieved to be more recent than the U1pper Laaurentian series, although
the two formations have nevev vet been seen in cotact.

The united thickness of 1 hese three great series may possibly fiar
surpass that of all the succeeding rocks, rom the base of the Paleozoic
series to the present time. We are thus carried back to a period so
remote that thealhhpearanceo theso-called Primordial fauna may be con-
sidered a comparatively modern event. We, however, find that, even
during the Laurentian period. the same chemical and nechanical proc-
esses which have ever since been at work disintegrating and recon-
structiug' the earth's (rust were in operation as now. In the eon-
glomerates of the luriinian series there are inclosed 1owhlers derived
from the Laurentian, which sen to show that the parent rock was
altered to its present crystalline condition before the deposition of the
newer formation, while interstratified with the Laurentian linestones
there are beds of conglomerate. the pebbles of which are themselves
rolled fragments of still older laminated sand-rock, and the formation

of these beds leads us still further into the past.

In both the Upper and Lower La iientianl series there are several

444 i riis ,6



VAN HISE. T11sISSI S 1OF I1'R -N IP s. 1

zones of limestone, each of sufficient volume to constitite an inde-
pendent formation. Of these caleareous masses it has bew ascer-
tained that three, at least, belong to the Lower Laitrentian. Ihit as
we doIotasyetknowwith certaintyeither the base or the simiiit of this
series, these three may be conforImiably tillowed byi anymore. Although
the Lower and Upper Laurentian rocks spread over more than 200,OO1

square miles in Canada, only about 1,500 square miles have yet been
fully and connectedly examined in amy one district, and it is still
impossible to say whether the nmaiierous exposures of Laurentian
limestone muet with in other parts of the province are equivalent to
any of the three zones, or whether they overlie or underlie theiti all.
As evidence of life in the Lanrentiant limestone, are graphite, great
beds of iron ore, and the presence of recognizable organic firms resem-
hbling Stromatapora.

BUNT ,' in 1867, agaia eharacterizes the Laureinatiital aIId Huroiiiai
rocks.

Under the name of Laurentiant terrain, the Geologic Commission of
Canada at first comprehended two distinct series of rocks, one resting
uniconformably on the other, which it afterward distinguished as Lower
Laurentian and Upper Laurentian or Labradorian. The first of these
two series corresponds to the pri mitive gneiss (Urgueiss) of Scandinavia
and of the west coast of Scotland. After carefully studying this ancient
gneissic system of North America, the Geologic Commission of Canada
gave it the name of Laurentian system, takeii from the Laurentide
mountains. As early as 1855 the conviction was expressed that it is
identical with the primitive gneiss of European countries, an iden-
tity which afterwards was established by Murchison for Scotland.
More recently, Gumbel and von Hochistetter, after an exhaustive
study of the old gneiss of Bavaria and Bohemia, enunciated its iden-
tity with the Laurentian terrain of Canada, a conclusion which the
former of these scientists, moreover, supported by a comparison of the
organic remains of the two regions.

The Lower Laurentia i is composed of crystalline schists, a large part
of which are gneiss, at times granitoid, with quartzites often conglomn-
erates, anphibolic and micaceous scht ists, pyroxenic rocks, ophiolites
and limestones sometimes magnesiall. These limestones, ordinarily
very crystalline, are found united in three great distinct formations,
each having a mean volume of 1,000 to 1,501) feet, and separated by still
more considerable masses of gneiss and quartzite. The measured thick-

ness of this series on the Ottawa exceeds 20,000 feet. which is prol)-
ably far from representing the total volume of the system, which, in
Bavaria, is supposed to attain not less than 90,1100 feet.. In Hastings
county, to the north of lake Onta rio, there is found resting conformably
on Laurentian gneiss a series of at least 20,000 feet of crystalline
schists, comprising a great th icklness of impure limliestoiies aml calcare-
ous schists, and termi iatiig in a heavy mass of tlioritic rocks. It
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seems established that this series, which differs sensibly by the suc-
cession of the beds and by its lithological characters from that described
above, belongs also to the Lower Laurentian, of which it would form a
higher member; and thus the known thickness of this system in Canada
would rise to at least 40,000 feet.

The Upper Laurentian or Labradorian terrain is found resting,
in the form of patches, unconformably on the Lower Laurentian,
both on the Hastings series and on the Ottawa series, where it often
occupies a width of several miles. It is found at intervals from lake
Huron to the coasts of Labrador, and is everywhere recognized by its
lithological characters. This Labradorian terrain inclosed gneiss with
orthose, with quartzites and crystalline limestones, but its predomi-
nating element is an anorthosite, or rock composed essentially of a
feldspar of the sixth system, with a mixture of pyroxene, often assumn-
ing the form of hyperstliene. This anorthosite is sometimes gneissoid,
and even fine grained; but it assumes rather often a granitoid structure,
with great cleavable forms in the feldspar. The latter is ordinarily ande-
site or labradorite, of which it sometimes presents fine opalescent
varieties resembling those brought from Labrador. The thickness
attained by the Upper Laurentian terrain is not certain, but it prob-
ably exceeds 10,000 feet. The Lower Laurentian presents nothing that
resembles the anorthosites of the Upper Laurentian, which form the
highest summits of the Adirondacks, and seems to be iden tical with the
hypersthenites of the Hebrides of Scotland, described by MacCulloch.
The limestones of the Lower Laurentian of Canada inclose organic
remains, principally belonging to an organism studied and described
by Dawsgn, who has given it the name of Eozoon can adense.

The Lower Laurentian terrain is affected by many undulations that
have upraised the beds, rendering them at times almost vertical. The
mean direction of these foldings is about north and south, but sec-
ondary undulations from east to west appear in the region north of the
Ottawa, the only one where thus far it has been possible to study the
intimate structure of this terrain. The beds of the Upper IAurentian
also are upraised at high angles, but the structure of this terrain, which
has evidently undergone part of the movements that affected the lower,
has not yet been studied. The lower terrain is traversed in several
localities by igneous rocks, and there have been ascertained at least
four epochs of effusion, three of which are anterior to the Silurian

period. These eruptive rocks are syenites, quartziferous porphyries,
and dolerites.

Under the namne of Huronian terrain is designated a series of rocks,
more or less altered, resting unconformably on the Lower Lauren-
tian terrain, and probably also on the Labradorian terrain. This
series is composed of quartzites, of more or less chloritic or epidotic
schists, sometimes with impure serpentines, and with diorites, which
constitute very important masses in the series. The quartzites, as well

446 [BULL. 86.



VAN HISE.] DISCUSSIONS OF PRINCIPLES. 447

as the chloritic schists, often inclose rolled pebbles, many of which are
derived from the Laurentian gneiss. This Huronian terrain comprises,
moreover, a band of about 300 feet of granular limestone, which is in-
pure and often very siliceous. The Huronian terrain on lake Huron
has a thickness of about 18,000 feet. It is also found on the Ottawa,
and from there it extends to the west of the Mississippi, though cov-
ered in large part by Paleozoic terrains. It does not seem to exist in
the eastern region of Canada, but recent observations made on the
island of Newfoundland and in Nova Scotia have demonstrated there
the existence of rocks that have been referred to this old terrain, which
for the rest seems to correspond to the primitive schists (Ursehiefer) of
Scandinavia. No fossils have yet been found in this terrain. Consid-
erable masses of schistose hematitic iron ore are inclosed in this Huro-
nian terrain on the northeast shore of lake Superior, and in still
greater abundance at the south, where the famous iron. mines of Mar-
quette are tound. This terrain is more or less affected by undulations
anterior to the Silurian epoch.

DANA,$ in 1872, states that lithological evidence for the chrono-
logical arrangement of the crystalline rocks of New England means
nothing until tested by thorough stratigraphical investigation. This
evidence means something, or probably so, with respect to Laurentian
rocks, but it did not until the age of the rocks, in their relations to
others, was first stratigraphically ascertained. It may turn out to be
worth something as regards later rocks when the facts have been care-
fully tested by stratigraphy. A fossil is proved, by careful observa-
tion, to be restricted to the rocks of a certain period before it is used-
and then cautiously-for identifying equivalent beds. Has any one
proved by careful observation that crystals of staurolite, kyanite, or
andalusite, are restricted to rocks of a certain geological period

DANA 9 in 1876, gives an account of Archean time. The Archean
tiune includes an Azoic and an Eozoic era, though not yet distinguished
in the rock. The Azoic age is the era in which the physical conditions
were incompatible with the existence of life. But this era, so far as
now known, is without recognizable records; for no rocks have yet
been shown to be earlier in date than those which are now supposed to
have been formed since the first life began to exist. The Archean
rocks of North America are mostly crystalline or metamorphic rocks,
and their beds stand at all angles, owing to the uplifting and flexing
which they have undergone. Where the Silurian strata overlie them,
the two are unconformable, the latter being often spread out in hori-
zontal beds over the upturned edges of the Archean rocks.

The areas of the Archean include those which have always remained
uncovered; those which have been covered by later strata, but from
which the superimposed beds have been removed by erosion, and those
like the last, which in the course of mountain-making have been pushed
upward among the displaced strata. The principal areas are the great



PRE\-(AMRBIRAN ROCKS OF NORTl AMERIC.\.

northern, to which belong the lake Superior region and properly the
Adirondack area; the area along the Appalachian line, including the

highlands of New York and New Jersey, and the Blue ridge of Penn-
sylvania and Virgiii a; the Atlantic cmist range, inllLding areas in

Newfoundland, Nova Scotia, and eastern New England; isolated areas
of the Mississippi basin, in Missouri, Arkausas, Texas, and the Black
hills; the Rocky mountains series, embracing Wind river, Laramie, and
other summit ranges, and the Pacific coast range of Mexico.

The Archean era is divided into two periods, the Laurentian and the
Hluronian. The estimated thickness of the former is 30,000 feet, and of
the latter from 10,000 to 20,000 feet. The Laurentian rocks are meta-
morphic or crystalline, with few exceptions, and include granite, gneiss,
mica-schist, horihblende, and pyroxenic rocks, beds of crystalline limie-
stoine, quartzite, conglomerate, and labradorite. The Laurentian beds
are altered sedimentary rocks of the ordinary character, as the schists
grade into true slates, the quartzites into sandstone, and conglomer-
ates and gueisses into geissoid granites. No distinct remains of plants
have been. observed. Graphite is very abundant. Only the lowest
division of animal life, such as the Rhizopods and Protozoans, occur.
This is shown by the occurrence of the fossil Eozoon canadense. The
[luronian includes the series on the north shore of lake Huron con-

posed of slates, conglomerates, qNartzites, layers of jasper and chert,
with quartz and jasper conglomerates, limestone, beds of diorite which

graduate into syenite or epidote, and also other areas which have been

placed as the equivalent of this series on lithological grounds.

KING,' 0 in 1878, states that in the Archean outcrops of the fortieth

parallel one can not fail to notice the widespread simplicity of petro-
logical forms, the prevalence of granites, gralnitoid gneisses, and dio-
ritic metamorphic rocks, the pancity of argillites, quartzites, limestones,
and zirconiiferous and stau-olitic schists, the in frequence of large bodies
of magnetic, speeular, or spathie iron , and the complete absence of
corundum, chrysolite, serpentine, steatite, pyroxene rocks, the true
nacreous schists, and other minor forms observed in the Appalachian
system.

Without doubt, the most interesting laws which come out of the
comparison of these exjOstres are, that, when considered in depth, from
the uppermost limits of our so-called Huronian to the lowest ILA ren-
tian exposure, there is, first, a regular, steady increase of the Inten-
sity of metamorphism,- and, secondly, a pretty regular increase m the

thickimess of individual members of the series. The lowest Laurentian
aplitic granitoid bodies of the Laramie hills are the heaviest beds and
the most changed from their original sedimentary condition. The
higher Hnronian group of gneisses, quartziies, conglomerates, dolo-
mites, and ,irgillites are at once the most thinly bedled and least maeta-
mIlorphosed. IndividIIA beds remain as specialized as the day they

were deposited. At the lower exposures of the whole Archean forma-
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tion well defined crystals are of great rarity; even microscopic apatite,
the best presented species, is generally crushed and dislocated; micas
are distorted, and all feldspars are more or less fragmentary. A
marked contrast is observable at the upper extreme. Here many
micas, hornblendes, garnets, and even feldspars are nearly, if not quite,
completed crystals. The exceptions to ti- are those places already
described, where local compression has broken up the original arrange-
ment of the crystalline ingredients.

Nearly every considerable mountain body between the Wasatch and
the California line shows in the lowest horizons exposures of one or
more bodies of granite. These are classified into four groups upon
petrological grounds. The first type consists of quartz, orthoclase, an
unimportant amount of plagioclase, and muscovite, with a small quan-
tity of microscopical apatite. These are all west of Reese river, longi-
tude 1170. These are all associated with the Nevada type of Archean
crystalline schists composed of quartz, biotite, muscovite, and mag-
netite, or quartz, hornblende, and magnetite. As to the age of the gran-
ites of this type there are practically no data available. At one place it
is intimately involved with the crystalline schists and is overlain uncon-
formably by the Carboniferous. There is little doubt that it is Archean
but its reference to that period is on general lithological grounds. The
second type is of the same composition as the first, except that biotite
is substituted for muscovite. It has a range from the Ombe mountains
west of Salt lake desert to the California line. The third type is like
the second except that biotite and hornblende are found together. This
distribution is coextensive with that of the second type. The fourth
type is the most complex in its petrological features of any of the fam-
ilies of granite, and consists of quartz, orthoclase, plagioclase, often
equal in quantity to the orthoclase and sometimes exceeding it, usually
a high percentage of biotite and hornblende, titanite, and a high propor-
tion of microscopic apatite. Between this class and'the diorites that
are unusually rich in orthoclase there is but little difference, although
there is little danger of ever confounding the granitoid diorite with the
dioritic members of the fourth type. These granites are the most prom-
inent as regards geographical distribution of the truly eruptive varie-
ties observed in the Cordilleras. When the different types of granite
are seen in apposition so as to give a clew as to their relative ages it is
found that they occur in the order given. In denominating these groups
of granite as eruptive it is only intended to indicate that in their rela-
tions to the contiguous Archean schists they have the appearance of
intrusive bodies, and that in their interior structure and general mode
of occurrence there are none of those evidences of alliances to the crys-
talline schists which are observed in the granitoid gneisses of so many
localities, especially in the Rocky mountain region. In so-called erup-
tive granites there is neither parallelism of general bedding nor of inte-
rior arrangement of the minerals, and. the most ordinary phenomenon
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of structure is the development of conoidal shapes formed of concentric
layers varying in thickness from a few inches to 100 feet. This structure,
so far as observed, is strictly confined to the hornblende-bearing gran-
ites, and never makes its appearance in those of the first and second
types. Although instant ces of each type of granitic rock are found uncou -
formably underlying the low members of the Paleozoic series, this is
not the case with each outcrop; many grand itic masses are found uncon -
forlmably underlying Mesozoic or even Tertiary volcanic rocks. But
there is absobitely no evidence whatever in favor of the belief of
granitic extrusions later than the Archean age. Although Whitney
has found intrusions of granite in sedimentary strata other than the
Archean crystalline schists, any attempt to correlate age by petrolog-
ical features alone is dangerous, as may be shown by the fact that the
Jurassic granite of California and the granite of the Cottonwood region
on the Wasatch, which is unmistakably Archean, are positively iden-
tical down to the minutest microscopical peculiarity.

In the crystalline schists and gneisses are found identically the same
minerals which characterize the granites. In the schists the charac-
teristic feature is the parallel bedded arrangement. Granite possesses
the same minerals; the sole difference seems to be that granite is often
demonstrably a plastic intrusion and possesses no parallel arrangement
of minerals. The geognostic position of the schists is exactly like the
other strata which were deposited horizontally and afterwards dis-
turbed. On the other hand, granite in an immense majority of cases
is found exposed in the hearts of the mountain ranges. It is only
when we can observe granite in direct connection with the strata into
which it has intruded or out of which it has been made that the true
relations can be seen; and it is safe to say that wherever these inti-
mate relations are observable, the granite occupies a region which has
been subjected to horizontal or circumferential pressure. The frequent
phenomena of the under-dip of the strata flanking a granite mass, as in
the great granite body of the Sierra Nevada, are prominent instances
of the intimate relation spoken of. If in such cases an unconformable
overlying and unaltered series were to cover all but the summits of
the granite hills, the granite would appear simply as an unconformn-
able underlying body whose genetic relations are absolutely unknown.
Into this category a vast number of granite exposures of the Cordilleras
have to be placed.

It is an invariable law, then, that where the genetic relations are
clearly perceived, eruptive granite is always found in connection with
very great horizontal pressure and consequent disturbance. Suppose,
now, a deep-lying series of varied sedimentary beds, covered by a suffi-

cient superimposed mass to exert a pressure powerful enough to sink
them to the necessary thermal horizon for the induction of crystalliza-
tion in the material of the beds. As long as the attitude of these beds

was undisturbed by horizontal compression, the result would be a
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series of crystalline schists and gneisses. *But the moment horizontal
or tangential pressure either overcame or disturbed the action of the
downward pressure, the horizontal arrangement of these crystallizing
materials would be broken up, and their resulting arrangement would
depend upon the interaction of the two forces.

SELWYN,11 in 1879, proposes the following general stratigraphy for
the older rocks: L Laureutian: To be confined to all those clearly lower
unconfornmble granitoid or syenitic gneisses in which we never find
interstratified bands of calcareous, argillaceous, arenaceous, and con-

glomeratic rocks. II. Huronian : To include (1) the typical or original
Huronian of lake Superior and the conformably-or unconformably, as
the case may be-overlying upper copper-bearing rocks; (2) the Hast-

ings, Templeton, Buckingham, Grenville, and Rawdon crystalline lime-
stone series; (3) the supposed Upper Laurentian or Norian; (4) the
altered Quebec group and certain areas not yet defined between lake
Matapedia and cape Maquereau, in Gaspe; (5) the cape Breton, Nova-

Scotia, and New Brunswick pre-Primordial suberystalline and gneis-
soid groups. III. Cambrian: In many of the areas, especially the

western ones, the base of this is well defined by unconformity, but in

the Eastern Townships and in some parts of Nova Scotia it has yet to be
determined. The limit between it and Lower Silurian is debatable
ground. One point is particularly insisted on, that great local uncon-
formities and lithological differences may exist without indicating any

important difference in age, especially in regions of mixed volcanic and
sedimentary strata, and that the fact of crystalline rocks (greenstones,
diorites, dolerites, felsites, norites, etc.) appearing as stratified masses
and passing into schistose rocks is no proof of their not being of erup-
tive or volcanic origin; theirpresenut metamorphic or altered character is,
as the name implies, a secondary phase of their existence, and is un-
connected with their origin or original formation at the surface, but is
due partly to original differences of composition and partly to the va-
rying physical accidents to which they have since their formations
respectively been subjected.

SELWYN,' 2 in 1881, states that the anorthosite rocks are in general
conformity with the crystalline limestones, but are occasionally inter-

fered with and disturbed by intrusions (?) of the more massive and
granitoid variety of labradorite. This is proof that the labradorite or
Norian rocks of Hunt do not constitute an unconformable Upper Lau-

rentian formation, but occur in part as unstratified intrusive masses,
and in part as interstratifications with the orthoclase-gneisses, quartz-
ites, and limestones of the Laurentian system, as developed in the
Grenville region, and mapped by Logan.

As to the granites which have been regarded as intrusive by Logan,
both in the crystalline and fossiliferous rock, there is no doubt they
,u1e of later origili than thme Silurian rocks whicbm surround them, and

which are everywhere, on a pproachilug the granite, considerably al-
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tered; chiiastolite, andalusite, garnet, mica, and other minerals a p-
pearing in the slates, which are also occasionally changed to quartz-
ose or feldspathic mica-schists, and the associated fossiliferous lime-
stone to crystalline and micaceous dolomites with the fossils still per-
fectly distinct. It has been customary and orthodox to regard these
ganites as "intrusive," and they are so designated by Logan. The
author holds that there is absolutely no proof of their being so, either iii
the Eastern Townships, in Nova Scotia or in Australia, and that all the
phenomena connected with them may be more readily explained and
understood if we regard them as completely metamorphosed portions
of the strata which now surround them; while the mere displacement
of strata involved in the intrusive theory appears, in view of the enor-
mous area now occupied by the granite, wholly inexplicable, as does
also the manner in which the surrounding strata often dip down against
and on to the granite and show no signs of having been deflected or
otherwise affected as regards strike and dip by the supposed intrusions.

There is, however, often seen along the contact lines of the granite
and the slates a considerable breaking up and crushing of the latter,
and this has been held to indicate and be the result of the intrusion
of the granite. It appears to be mainly due to the unequal resistance
that the two rock masses have offered to the disturbing forces of up-
heaval, depression, and consequent pressure which have repeatedly
affected them long after the formation of the granite. The effect thus
produced is analogous to that which occurs where the forces producing
slaty cleavage encounter interstratified hard layers of sandstone, when
the elsewhere perfectly regular and parallel cleavage planes are imme-
diately crushed, crumpled, and deflected.

In regions where the granite or other hard crystalline rock is older
than the adjacent or alternating softer strata, perfectly similar contact
lines may be seen, but unaccompanied by any change in the mineralog
ical character of the adjacent strata, such as occurs when the crystal-
line rock is the.youngest; and therefore this phenomenon can not be
taken as conclusive evidence of the intrusive origin of granite or other
crystalline rock.

SELWYN,' 3 in 1883, remarks that the Devonian granite-forming epoch
has had immense influence in the pre-Carboniferous rocks of the region to
the southeast of the great St. Lawrence, Champlain, and Hudson river
break. This is certainly deserving of more careful consideration and
study than it has yet received, and more especially so in connection with
the alteration and metamorphism it has produced in large areas of
Paleozoic, and perhaps pre-Paleozoic rocks. When these altered Paleo-
zoic strata come in contact, as they often do in eastern Canada and in
New England, with the more ancient hIuronian and Laurentian gneiss,
granite, mica-schist and other crystalline rocks, it is only possible to
distinguish them or to define their respective limits by the most careful
and minute stratigraphical work, such as the nature of the regions in
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New England and in the adjacent provinces of Canada, where these
rocks are chiefly developed, renders almost impossible, or at any rate
has never yet been attempted. Hence the maps hitherto published,
representing the geological structure of these regions, have necessarily
been based almost entirely, so far as the crystalline groups are con-
cerned, on lithological and mineralogical comparisons and considerations,
producing petrological rather than geological maps, and as a conse-
quence, though important and valuable aids to future investigation,
they afford a very incorrect and imperfect idea of the true geological
structure and the sequence and distribution of the several formations.
Unfortunately, while careful, patient, and minute observation in the
field has been unavoidably limited and local, study in the laboratory
and theoretical deductions therefrom have been unlimited and wide-
spread, but, as might have been expected, have not only afforded no
satisfactory solution of the intricacies of Appalachian geological struc-
ture, but, have on the contrary involved it in deeper mystery and com-
plication. It is now evident that an entirely different system of
procedure must be adopted before there will be any hope of definitely
and satisfactorily solving the problems which have been presenting
themselves to successive observers in this difficult field.

SELWYN,14 in 1884, states that recent investigation has greatly en-
larged the area over which the Archean rocks are known to extend,
though it has not yet afforded any more satisfactory evidence of the re-
lations of the Huronian rocks to the Laurentian. In all cases the sup-
posed junction of the strata of the two systems either shows them ver-
tically side by side or the Huronian strata apparently dipping under
the Laurentian, while both present a very constant northeasterly strike.
Notwithstanding these facts, their exceedingly different mineralogical
characters and general appearance, broadly viewed, render it almost
impossible to suppose that the superposition, as indicated by these dips,
is the true one, or that the Huronian is not newer than the Laurentian.
If so, then we must admit that both systems are presented in a constant
succession of enormously thick overturned folds, with perhaps many
dislocations and slips on the lines of the anticlinal axes.

As regards the so-called Norian or Upper Laurentian formation, the
writer has no hesitation in asserting that it has, as such, no existence
in Canada, its theoretical birthplace. Wherever these Norian rocks
have been observed they are either intimately and conformably associ-
ated with the ordinary orthoclase or pyroxenic gneisses, or they occur
as intrusive masses when they present no gneissic or bedded structure.
They clearly cut the surrounding gneiss, and are probably due to vol-

canic or other igneous agency in the Laurentian age. Such masses
may not unreasonably be supposed to mark the sites of the Laurentian
volcanoes, while the bedded labradoritic gneisses and other associated

strata may with equal probability represent the eruptive rocks-lava-
flows, etc.-which emanated from them, and were locally interbedded
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with the ordinary sedimelits of the perio(l, as rocks of similar origin
and composition certainly were in the linronian and in all later geologi-

cal ages, a fact which has been singularly overlooked or ignored by
most writers on American geology.

At present we have in Canada no evidence which would warrant is
in making more than two great divisions in the Archean crystalline
rocks. In many parts, especially in the eastern provinces, it has been
found impossible to define even these clearly. Rocks of typical Lauren-
tian character are there so intimately associated with others of equally
typical Huronian characters, and in such constant alternations, that in
mapping them they could not be separated, and are therefore all classed
as Archean or pre-Cambrian.

WHITNEY and WADsworTx,'" in 1884, after a very wide but dis-
proportionate review of the literature of the pre-Potsdam rocks, conclude
that it is impossible for any unpirejndiced worker in this department of
science to peruse with care the pages given and not be obliged to ad-
mit that the geology of a large portion of this country, and especially
that of Canada and New England, is in an almost hopeless state of con-
fusion. The belief is justified that our chances of having at some future
time a clear understanding of the geological structure of northeastern
North America would be decidedly improved if all that were written
about it were at once struck out of existence. While not desiring to
conceal the fact that some of the problems presented in the course of
the study of the older rocks are extremely difficult, it is clearly proved
that want of knowledge, want of experience, and a desire to produce
sensational theories, have brought about this condition of confusion.

In reference to Azoic rocks, there are several classes to which this
term may be applied. First, it may be applied to strata once fossilif-
erous in which the evidences of life have disappeared. Second, rocks
may be Azoic even if laid down when life was existing on the globe,
provided the local conditions were not favorable to its development at
the particular locality under consideration. Third, rocks must neces-
sarily be Azoic when formed or originating under such a condition as
were incompatible with the existence of life. Such was the original
crust of the earth and the volcanic eruptive rocks. Fourth, we may
have rocks formed under such conditions as were not inimical to life,
but yet Azoic, because life had not begun to exist on the globe at the
time of their deposition. These, according to our view, would be the
rocks properly designated by the term "Azoic," and the body of rocks
having this character might properly be called the "Azoic System."
And we think that, in view of what has here been set forth, no one
will deny that it is important that, if there are such rocks, they should
have a special designation, and that the term "Azoic" would be a
proper one to apply to them.

This, however, is exactly what was done by Foster and Whitney in
1850, when they gave the name of the "Azoic System"1 to a body of
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strata, origiially-in part, at least-of sedimentary origin, which did
not show by their character that life could not have existed at the
time of their deposition, but which proved, on examinaion, to be en-
tirely destitute of fossils, awl which, moreover, were found everywhere
to underlie uncontornably other stratified formations which were re-
cognized as containing the lowest known forms of organic life. It is
denied that Eozoon, beds of limestone, the presence of graphite in
crystalline limestone, or any other discovered material in the pre-Pots-
dam rocks, are sufficient evidence for the presence of life.

It is considered that we are fully justified in saying that the results
of geological investigation during the last thirty-five years have given
no encouragement to the idea that below the well known Primordial
zone-the Potsdam sandstone of American geologists-there is another
series of fossiliferous rocks.

If the Azoic rocks are really azoic, as is believed, then it follows, as
a matter of course, that the series thus designated can only be sep-
arated into subsystems on purely lithological grounds; if they are fos-
siliferous, as held by the Canada survey, then it is equally clear that
any subdivisions proposed for them should have a paleontological b'nis.
It is denied that Aspidella and Arenicolites spiralis are of organic
origin.

If we examine the often repeated statement that the Huronian un-
conformably reposes on the worn edges of the Laurentian, and contains
the debris of the latter, it will be found that in the seven cases in which
the rocks referred to these two formations were found in contact in the
Canadian district, the Huronian, with but two exceptions, is said to
be conformable with and to generally pass imperceptibly into the Lau-
rentian. In one of the these two exceptions the rocks show mutually
intrusive relations, and in the other the Huronian abuts against and
runs under the Laureutian.

In all cases in which pebbles and fragments of the Laurentian have
been found in the Huroniai, they were seen occurring high up in the
latter series, and not forming basement conglomerates. All the other
so-called proof of unconformity has been made out of the faict that the
strike of the foliation in the two formations, when not in contact, has
been found to be discordant-worthless evidence unless the rocks ob-
served in both formations be proved to be sedimentary and the folia-
tion be shown to be coincident with the stratification. Now, if the
Laurentian was an old metamorphosed sedimentary frmation which
bad been upheaved and contorted, and on whose worn edges the lH1i-
ronian has been laid down, the evidence of the fact ought to be over-
whelming in amount after the country has been studied for so many
years.

It is well known that any eruptive rock so soon as it comes in contact
with erosive agencies will yield fragmental material even before it is
cold, and that much eruptive matter is ejected in a fragmental state,

455VAN Hi ZE.1



456 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL 86.

so that in a mixed series of eruptive and detrital rocks nothing is more
common than to have the debris of one inclosed in another, without
that inclosure proving that the rocks differ in geological age. This is
well known to be the case with the copper-bearing rocks of Keweenaw
point, and it has been shown that the iron ores of the Marquette dis-
trict, which form a constituent part of the so-called Huronian, are over-
lain by a conglomerate containing the debris of the former; yet both
are by every geologist placed in the same series.

The basis of fact which forms the main support of the twofold divi-
sion of the Archean-including under that designation all rocks lying

below the lowest fossiliferous series-is this: the axial or eruptive
portions of disturbed and mountain regions are largely granitic and
gneissoid in character. These granitic, granitoid, and gneissic masses
are brought to light in the cores of great mountain chains, where long-
continued uplift of the original crust of the earth has through a suc-
cession of geological ages been furnishing the material from which the

sedimentary formations were built up. That the gneissic or gneissoid
rocks are closely allied to the distinctly granitic and not necessarily

metamorphosed stratified deposits is clear, as the result of long con-

tinued investigations in regions where rocks of this kind occur. Not
that all gneisses are of this character; but those are ordinarily so

which with granite make up the axial masses of disturbed regions.

That the parallel structure of the materials forming gneiss is not neces-
sarily the result of sedimentation seems clearly to result from that
which has been done both in experimental and field geology within

the last few years. It can not be denied that a foliated arrangement
or a parallel disposition of the mineral elements of various sedimentary
rocks can be, and often has been, induced in them after their deposition,
and that this parallel arrangement is not by any means necessarily
coincident with the planes of stratification. This fact alone is absolutely

conclusive in favor of the idea that parallel arrangement of the min eral
constituents of a rock-in other words, a gneissic structure, in rocks
of the granite family-is not proof of sedimentation.

Overlying the granitic and gneissic axial rocks we are likely to find,
and in many cases do find, the stratified masses which were formed

from the preexisting crust themselves usually highly metamorphosed,
because formed at a period of great chemical and mechanical activity.
With these stratified and highly altered masses are associated erup-
tive materials-both interbedded and injected in dike form-these also
often greatly metamorphosed, and to such an extent that their original
character is only with difficulty, and with the aid of the microscope, to
be recognized. This protrusion or forcing out of eruptive materials
seems to have followed the preceding uplift of the original crust, if not
as a necessity at least as something extremely likely to occur, as is
shown by the fact that in so many great mountain chains we find vol-
canic activity more and more predominating with the progress of
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geological time. Since these eruptive materials come from a gradually
increasing depth below the surface of the original (rust they are more
basic than this, and, since as a rule they contain more iron than that
crust, are darker colored than the masses by which they are directly
underlain. Hence the detrital beds formed from the debris of these
more basic materials are themselves of a dark color, and as a result of
their metamorphism we have the various slates, argillaceous, talcose,
and chloritic, which so commonly rest upon the granitic and gneissoid
rocks which form the core or axis of the disturbed region. With these
slaty rocks are also associated limestone masses, which, so far as our
observations go, are not ordinarily interstratified with the slates, but
are of the nature of segregated deposits, having been formed posterior
to the formation of the sedimentary beds with which they are associ-
ated, while the metamorphosing agencies were at work making over
the beds into the crystalline form in which we now see them.

In the division of the rocks into Laurentian, Huronian, Norian,
Montalban, Taconian, Arvonian, only lithological principles are now
used, and every fact pertaining to the origin and relations of these
rocks is ignored; and since, while it is assumed that all these rocks
are sedimentary, they are found to occur in dikes and other eruptive
forms, it becomes necessary to hold that all eruptive (including vol-
canic) rocks were the products of a metamorphic (aqueo-igneous)
action. Hence it is claimed that all these rocks had been deeply
buried and then denuded, and most extravagant views have become
current regarding denudation.

It thus came about that the coarser grained granitoid and gneissic
rocks were set apart as Laurentian; the gabbros and some of the more
coarsely crystalline diabases and diorites were erected into the Norian;
the felsites and quartz-porphyries were placed as the Arvonian; the
finer grained diorites, diabases, melaphyres, and chlorite-schists were
formed into the Huronian; the more friable granitic and gneissic rocks
with the mica-schists were classed as Montalban, and the quartzites,
limestones, and argillites were united into the Taconian. Of course, in
each case the metamorphic fragmental forms of each rock were placed
with the rocks they resembled, while the other forms of crystalline
rocks were distributed through the groups.

ADAMS, 6 in 1887, gives a general consideration of the Upper Lauren-
tian or Norian, which has been separated from the Lower Laurentian
by the predominance of plagioclase feldspar. These rocks occur in
detached areas in the Laurentian districts and are similar to the gab-
bro and gabbro-diorites of Scandinavia. At least nine areas are known
to exist in Canada, and one in the state of New York. Besides pyroxene
and plagioclase, many other minerals are found.

The rocks show much variation in structure. They are rarely quite
massive, frequently well foliated, but usually consist of a rather
coarsely crystalline groundmass through which are scattered irregular
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strings and masses composed of iron ore, bisilicates, and mica, as well
as larger porphyritic crystals of plagioclase. Even when tolerably con-
stant in compositionI there is generally a great variation in size of grain,
coarse and fine layers alternating in rude bands or rounded masses.
In the case of some of the areas there can be but little doubt that the'
anorthoste is eruptive; in others, however, it seems to be interstrati-
fied with the Laurentian gneiss, and in one of them to merge imper-
ceptibly into it. The original relations of the rocks are, of course,
much obscured by the effects of subsequent heat and pressure. The
evidence at present, however, sees to indicate that the anorthosites
are the result of some kind of extravasation which in early times corre-
sponded to what in modern times we call volcanic eruption.

DAwsON, (SIR WILLIAM),'' in 1888, describes the Eozoic rocks of the
Atlantic coast and compares them with those of western Europe and
the interior of America.

The Laurentian system consists in all parts of the world largely o1
orthoclase-gneiss associated with crystalline schists, and locally quartz-
ites and limestone.

No one who has studied the typical districts of the Ottawa river can
doubt for a moment that they are regularly bedded deposits, and that
in the Middle Laurentian those conditions which in later periods have
produced beds of limestone, sandstone, iron ore, and even of coal, were
already in operation on a gigantic scale. At the same time it may be
admitted that some areas of the lower gneiss may be cooled portions
of an original igneous mass, and that many of the schistose rocks may
be really bedded igneous materials.

Laurentian rocks compose the nucleus of the island of Newfound-
land, occur in cape Breton, and in southern New Brunswick.

In the typical area of lake Huron, as originally described by Logan
and Murray, the Huronian rests uniconformably on the Lower and
Middle Laurentian, and presents a great contrast in point of mineral
character to these formations. It is comparatively little disturbed,
and is elastic rather than crystalline in character. This point has been
well insisted upon by Bonney and by Irving in recent papers. Firthler,
its conglomerates contain pebbles of Laurentian rock in the same
crystalline state in which these rocks are found at present. It consists
chiefly of quartzites, conglomerates of different kinds, limestone, and
slates, sometimes chloritic, with interbedded diorite.

In Newfoundland the older slate series of Jukes is lithologically very
like the Huronian, and this likeness is increased by the fact that red
sandstones and conglomerates like the Keweenian of the West over-
lie these lower slates.

On the coast of southern New Brunswick are the Coldbrook and
Coastal series, essentially like those of Newfoundland. The Coastal
group may perhaps be of later age than the Huronian proper, although
pre-Cambrian.

[BUL.86.
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As in Newfonndlatmd, the typical Hronian of New Brunswick is
overlaini by conglomerates, sandstones, and shales. The Hnronian rocks
of Huron, Newfomndl and New Brun swick are also compared with

the Pebidian of Wales. The Hnronian marks a period of igneous dis-
turbance and coarse mechanical deposition succeeding to the Lauren-
tian foldings.

IRVING, 8 in 1888, after a detailed consideration of the principles ap-
plicable to the classification of the early Cambrian and pre-Cambrian
formations, reaches the following general conclusions as to the use of
lithological characters and structural breaks in correlation.

Lithological characters are properly used in classification:
(1) To place adjacent formations in different groups, on account of

their lithological dissimilarities, when sncl dissimilarities are plainly
the result of great alteration in the lower one of the two formations
and are not contradicted by structural evidence, or if used as confirm-
atory evidence only, when such dissimilarities are the result of original
depositional conditions.

(2) To collect in a single group adjacent formations because of litho-
logical similarities when such similarities are used as confirmatory evi-
dence only.

(3) To correlate groups and formations of different parts of a single
geological basin when such correlations are checked by stratigraphy,
and particularly by observations made at numerous points between the
successions correlated.

They are improperly used:
(1) To place adjacent formations in different groups, on account of

lithological dissimilarities, whten such dissimilarities are merely the re-
sult of differences in original depositional conditions, and when such
evidence of distinction is not confirmned by or is contradicted by struc-
toral and paleontological evidence.

(2) To collect in a single glroip adjacent formations because of litho-
logical similarities when such similarities are not contiriied by or are
contradicted by other evidence.

(3) To establish general correlations between the elastic groups of
different geological basins, except possibly wheni the gneissic and true
crystalline schist basement formation of one region is compared with
the similar basement ti rmatmon of another.

(4) To establish and determine any worll-wide subdivisions of the
noneruptive basement crystallines, I. e., those wich underlie the elas-
tic groups here called Huroniami-at least until very much more definite
evidence of the existence of such subdivisions be gathered than has
hitherto been done.

The structural breaks called unconformities are properly used in
classification-

(1) To mark the boundaries of the rock groups of a given region.
(2) To aid in establishing correlations between the formations of dif-

ferent parts of a single geological basin.

VAN easE.]
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(3) To aid in the establishment of correlations between the groups
of regions distantly removed from one another; but caution is needed

in attempting such correlations in proportion as the distances between
the regions compared grow greater.

They are improperly ignored-
(1) When the evidence they offer as to separateness is allowed to be

overborne by anything but the most complete and weighty of paleon-
tological evidence.

As here used the terms system, group, and formation are the three

orders of magnitude in stratigraphical subdivisions. Cenozoic, Meso-
zoic, and Paleozoic are systems; Carbopiferous, Devonian, etc., groups;
and the subordinate members of these groups are formations.

Applying these principles, it is concluded that such series as the
Keweenawan and Huronian are entitled to the rank of groups (1) be-
cause, notwithstanding they include a considerable content of volcanic
crystallines, they are nevertheless in the main made up of genuine sed-
imentary strata, whose formation by the same processes which have
been at work in the accumulation of later sedimentaries is easily
demonstrable; (2) because they have accumulated during the existence
of life on the globe, as hereafter maintained; (3) because of their great
volumes, which are not only comparable with, but very considerably
exceed those of the ordinary rock groups; (4) because they are divisible
into subordinate members which are in turn fully entitled to the rank
of formations; (5) because of their entire structural separateness from
the oldest of the groups above them, from each other and from the
crystalline basement rocks below them; and, finally, (6) because of
their presumptively wide extent.

Conditions similar to those of the lake Superior region recur in the
Grand Canyon of the Colorado and probably also in central Texas. In
Newfoundland, again, we have unconformably placed beneath the Cam-

brian, here developed with an enormous thickness, two mutually dis-

cordant series, the upper one of which is entitled on the principles

advocated in this paper to full recognition as a elastic group, while the
lower one is crystalline and gneissic. In numerous other regions sim-

ilar conditions have been more or less distinctly made out; but the

geological column, as it is now ordinarily presented, provides be-
neath the Cambrian for one great division only-the Archean. By

some authors this Archean is recognized as divisible into Huronian
and Laurentian; but very few writers, even when they have recognized
the independent existence of pre-Cambrian and post-Laurentian groups
seem to have accorded to such groups the taxonomical rank to which
they are entitled. Certainly there has been no general recognition of

,these groups, such as would lead to the provision for them of a proper
place in the general geological column.

If it is agreed that all elastic formations which unconformably under-
lie the Cambrian are to be thrown out of the Cambrian group, it is nec-
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essary to inquire whether the new groups are to be regarded as Paleo-
zoic. All may be regarded as Archean; Paleozoic may be carried
down to the break between the Keweenawan series and the Huronian;
Archean may be restricted to the gneissic basic series; and, finally,
some entirely new term of equal rank with Paleozoic and Archean may
be introduced to cover the formations between the gneissic series and
the Cambriani. The apparent relative extent of the time intervals be-
tween these several groups and the indications presented by them of
the existence of life during their deposition lead to the conclusion that
there should be introduced a system term equivalent to Paleozoic and
Archean. In favor of restricting Archean to the gneissic basement
terrane are the facts that this is essentially a crystalline schist series,
having rarely any traces of fragmental constitution, because it shows
an amount of disturbance prior to the deposition of the Huronian, which
entirely outweighs that received by the Huronian, while the amount
of denudation of the pre-Huronian land surface, as compared with that
which followed the Huronian, was immensely greater; and because
many believe that the exact conditions which gave rise to the pre-
Huronian basement formation has never been repeated in later geo-
logical times.

There is no satisfactory evidence of the existence of life previous to
the deposition of the Huronian. That it existed plentifully in the
Huronian is indicated by the high development of life at the beginning
of the Cambrian and its consequent necessary existence for great periods
prior to that time; by the occasional discovery of obscure fossil remains;
by the abundant occurrence of shales and slates filled with organic
matter; by extended ferruginous strata whose original accumulation
in the form of carbonate was certainly dependent upon the existence of
organic matter. That the carbon of the shales is matter of genuine
organic origin is shown by residual traces of hydrocarbons and by the
fact that the carbonaceous substance in character and occurrence is
entirely similar to that contained in the carbonaceous shales of later
formations. If the term Paleozoic is to be used to cover all formations
accumulated after the beginning of the existence of life, it should ex-
tend downward over the groups in question; but such is not its ordi-
nary use, and to extend it downward over the Keweenawan and Hu-
ronian strata and the intervals indicated by the unconformities between
the groups already discovered, and over such groups as shall be dis-
covered in the vast area of the earth's surface not yet geologically
known, does not seem warranted. It is therefore desirable that a new
term shall be introduced of equal classificatory value, indicating that
the great pre-Cambrian and post-Archean series are zoic in character
and are equal to or greater in volume than the Paleozoic. For this place
is suggested the term Agnotozoic, but some of the writer's colleagues
prefer the more noncommittal term of Eparchean, signifying simply
the position of these formations upon the Archean.
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The following table shows alternative arrangement suggested by the
above:

Systems. Groups. Systems.

(Carboniferous . -............--------- l
. D ev o nii i . ... .... .... .... .... ...... .....Pal.ozoic ----.------.------.. ... . . .. ...

Ke e ~ n------------ ----- I--

Agnotozoic or Eiharchea n.. H uronian ..........-. ... ... - -- - -
1(Other groups?) ----------------------.. J

Archean---------------- Laurentian (inclmuling Upper Laurentiau). Archean.

HUNT,'9 in 1888, sunmmarizes the results of his work on the arrange-
ment, subdivision, and nomenclature of the pre-Cambrian terranes, as
follows:

(1) Laurentian. Under this name, proposed and adopted by the
author in 1854, is comprised the old gneissic terrace found especially in
the Laurentide and Adirondack mountains, as well as in the great
Atlantic chain and in the Rocky mountains of the center of North
America. To this same series the author has also annexed the similar
gneisses of Great Britain and Scandinavia, as well as the old or central
gneiss of the Alps. From the time of our first studies in Canada, in
1847, we had pointed out the existence, in this gneissic terrane, of two
subdivisions, one lower, of granitoid gneiss which blends with the fun-
damental granite, to which succeeds with unconformable stratification
a series of gneisses also granitoid, frequently amphibolic, interspersed
with quartzites and crystalline limestones, with serpentine. These two
subdivisions, which we may provisionally name Lower and Upper Lau-
rentian, have been called respectively the Ottawa gneiss and the Gren-
ville series. In order to avoid all error it is necessary to note that the
title of Upper Laurentian was for some time given by Logan to the ter-
rane designated afterward as Labradorian and Norian. It is therefore
through misunderstanding that some have wished to retain as a desig-
nation of the upper division of the Laurentian terrane the term Middle
Laurentian.

(2) Norian. The terrane thus designated by the author in 1870 is in
large part composed of those stratified rocks with an anorthic feldspar
base, to which the name norite has been given. This terrane, however,
includes intercalated beds of gneiss, quartzite, and crystalline lime-
stone, all being rather similar to those of the Upper Laurentian terrane.
These norites, which have sometimes been designated by the name
gabbro, must not be confounded with the very distinct gabbros of the
Huronian terrane, nor with certain plutonic rocks, to which they bear
mineralogic resemblances. The facies of the norites serves to distiii-
guish them.

(3) Arvonian. This terrane is composed in large part of petrosiliceous
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rocks which pass into the state of quartziferous porplyry, with which,
however, certain amphibolic rocks are intercalated, as well as sericitic
schists, quartzites, oxides of iron, and more rarely crystalline lime-
stone. This terrace, inlicated for the first time by Ilicks, iii 1878, in
Wales, is regarded by Charles Hitchcock as forming in North America
the lower part of the 11 iroiai terrace.

(4) Huronian. This mane was given by the author in 1855 to a ter-
rane already recognized in iNorth Anerica, where it rests incontorm-
ably either on Laurentian gneisses or on Arvoian horistones. It com-

prises, besides quartzose, epidotic, chloritic, and calcareous schists,
also masses of serpentine and lherzolite, as well as enphotides, which
represent in this terrane the inorites of the Norian terrace, with which
they are sometimes collounded uder -the common name of gabbro.

This terrane predominates in the Alps, where it forms the series of
red stones (pietre verdi).

(5) Montalban. The studies of von Maner, published in 1868, on the
eastern Alps, and those of Gerlach on the western Alps, published the
year following, agree in recognizing in these regions two glieissic ter-
ranes, that is to say, an old or central gneiss and a young or recent
gneiss; the latter, which is very distinct from the old gneiss from a

petrographic point of view, being accompanied by micaceous and am-
phibolic schists. The studies of Gastaldi, published in 1871, and those
of Neri, published iii 1874, while confirining Hauer and Gerlach's re-
snlts, have furnished more details on these terraces ail their litho-
logic characters. It is proper to remark here that all these observers
seem to be agreed in placing the horizon of the greenstones (Huronian)
between the old gneiss (Laurentiai) and the young gneiss.

Before le had knowledge of the first observations of these scientists,
the author, iii accordance with his own studies in North America, was
led to identical conclusions, and in 1870 lie announced the existence of
a series of young gneisses, quite distinct from the old gneisses, and
accompanied by crystalline limestones and by micaceous and amphi-
bolic schists. To this terrace, in view of its great development in the
White mountains of New Ilampshire, he gave in 1871 the name of
Moitalban. This series, for the rest, appears identical with the young
gneiss of the Alps, with gneisses and mica-schists called Hercynian in
Bavaria, with the granulites with dichroite rocks, mica-schists, and
lherzolite of the Erzgebirge in Saxony, and similar rocks in the moun-
tains of Scotland. This Montalban terrane in North America includes
not only crystalline limestones, but beds of lherzolite and serpentine,
quite like the Huronian and the Laurentian. It is also in this series
that are found most of the " filoiian " or endogenous masses of pegma-
tite, often inclosing emerahld, tourmaline, and tin, uranium, tantalum,
and niobium ores.

Gastaldi, in a memoir published iii 1874, declares that the greenstoes,
properly so called, lie between the old porplhyroid and fundamuental
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gneiss and the recent more finely grained gneiss, more quartzose than
the other, which he also designates as gneissic mica-schist or as very
micaceous gneiss passing into mica-schist and often amphibolitic; the
two gneissic series being according to him easy to distinguish. To
these two divisions above the old gneiss Gastaldi added a third divi-
sion still more recent. This division contains considerable thicknesses
of beds designated by him under the titles of argillaceous schists, or,
rather, lustrous, talcose, micaceous, and sericitic (silk-like) schists. As-
sociated with these schists are also found quartzites, statuary and
Cipolino marbles, with dolomite, karstenite, and sometimes amphibolic
rocks and serpentines, the presence of which in this division, and even
in the recent gneisses, as well as in the greenstones, properly so called,
seemed to him to justify the name of " zone of greenstones," often given
by Gastaldi to the whole of this triple group of crystalline schists which
he recognized as being less old than the central gneiss.

(6) Taconian. This third division, to which Gastaldi gave no dis-
tinctive name, has, as is known, a very interesting history in Italian
geology. A terrane having at the same time the same horizon and the
same mineralogical characters is found greatly developed in North
America, where it comprises quartzites (often schistose and sometimes
flexible and elastic) and crystalline limestones, yielding statuary and
Cipolino marbles. There are also found there deposits of magnetitic
and of hematitic iron, as well as important beds of limonite, the latter
being epigenic either from pyrites or from carbonate of iron, two species
which by themselves form considerable masses. This terrane further-
more contains roofing slates, as well as lustrous and unctuous schists,
ordinarily with damourite, sericite or pyrophyllite, but inclosing some-
times chlorite, steatite, and amphibolic rocks with serpentine and ophi-
calcite. There are also found among these schists, which are found at
diverse horizons in this terrane, beds visibly feldspathic, with others of
ill defined nature, which are transformed into kaolin by aerial decompo-
sition. These same schists also yield remarkable crystals of rutile, as
well as tourmaline, disthene, staurolite, garnet, and pyroxene. This
terrane, which for the rest appears diamond-bearing, was described
in 1859 by Lieber under the name of itacolumitic group. Eaton, as
far back as 1832, had placed the quartzites and limestones forming
the lower members of the group in the primitive terrane; while the
argillites, found toward the summit of the same group, were regarded
as constituting the lower division of the transition terrane, covered,
according to him, unconformably by the fossiliferous graywacke (first
graywacke) which formed the upper division of the same transition ter-
rane. Emmons, on his part, in 1842, comprised in what he called the
Taconic system all this crystalline series, as well as the graywacke;
but in 1844 lie separated the latter, in which he had recognized the ex-
istence of a trilobitic fauna, giving it the name of Upper Taconic. Long
studies have convinced the author that this upper division is entirely in-
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dependent of the Lower Taconic, with which this fossiliferous graywacke
is in contact only in relatively restricted regions, while in other locali-
ties it rests directly on older crystalline terranes. Seeing, moreover,
that the Lower Taconic is found alone in a great number of localities
from the gulf of St. Lawrence to Alabama on the south a id to lake
Superior oi the west, and recognizing also the fact that the Upper Ta-
conic really forms part of the Cambrian terrace (as for that matter was
recognized by Einaons in 1860), the author proposed as thr back as
1878 to restrict the employment of the term Taconic to this crystalline
and infra-Cambrian series which forms the lower Taconic of Emmons
and the itaeohnnitic groip of Lieber, anl to give it the name of Tacon-
ian terrace.

The mineralogical resemblaices existing among g the various crystal-
line terraces mentioned above are easy to recognize. The type of rocks
with orthose base that appears in the lunitamental granite and the
Laurentian gneisses is also tound in the quartziferons porphyries of the
Arvoniau and the gneiss of the Montalban, and less distinctly in the
feldspathic rocks of the Tacoinian. The nonmagnesian micas, rare in
the fundamental granite and the Laurentian gneisses, are found abund-
antly represented in the gneisses and mica-schists of the Moutalban,
as well as in the lustrous schists founl in the Huronian and Taconian
terraces, ain even predominate in the latter. It is still to be remarked
that the simple silicates of alniina, such as andalusite, disthene, fibrolite,
and pyrophyllite, which seem foreign to the oldest terraces, abound in
the Montalban anl also appear in the Taconian. At the same time the

crystalline limestomes, the oxides of iron, and the calcareous and mag-
nesian silicates are toml represented in each terrace beginning
from the ftimnaliamental granite.. The chemical and miineralogical differ-
ences between these various terranes are greater than the resemblances,
which has not prevented certain observers from conmouiding the recent
gneiss with the old gneiss. In fact, the resemblances between the
fluronia and Taconian terrans have led the late Prof. Kerr, iii North
Carolina, to refer the latter terrace to the Huronian terrace. In the
vicinity of lakes Superior and Huron, too, where the Laurentian, Norian,
Arvonian, Montalba , and Taconian terraces are found all at once, the
outcrops of the latter have been confounded with those of the Huronian
terrace by Murray and other observers. In 1873, however, the author,
distinguishing between the two, gave to the Taconian terrace in this
region the provisional name of Animikie series. Only later did he
recognize the fact that this series, which in certain localities rests un-
conformably on the Huronian terrane, is only the Taconian. Emmons,
on the contrary, who knew the existence in this region of what he called
the Lower Taconic, thought that the terrane to which in 1855 the author
had given the name 11uronian was identical with this same Lower
Taconic or Taeonian. The difteremices between the two terranes in the
basin of lake Superior, indicated first by Logan and afterward by the

Bull. 86 30
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author, appear very clearly from the recent studies of Rolinuger. On the
various crystalline terranes, including the Taconian, there rests in this
region unconformably an enormous series of sandstones and coinglom-

erates, with contemporary plutonic rocks, the whole being remarkable
for its cointent of metallic copper. This series, which had been alter-
nately coniunided with the Huronian and Tacoinian terraces on the one
hand and with the trilobitic sandstones of the Cambrian on the other,
was for the first time separated by the author iln 1873 under the name
of Keweeinaw grop, a term which lie in 1876 converted into that of
Keweenian terrace. It still remains to be determined whether this

series, on which these same trilobitic sandstones rest inconfornmbly,
sho uld frm part of the Camibrian terrine or wiei her it should form a
distinct terrace bet ween the Taconiai alld the Cambrian.

]ELL,20 in 18S!), characterizes the Hurouian as the great metallifer-
ous series of Canada. While rocks of igneous origin constitute a
marked feature in the Huronian system, a large proportion of it is made

up of those of an undoubted sedimentary character. On the other
hand, it is questionable if the great bulk of the Laurentian rocks can
be proved to have been deposited from water. It is supposed by many
that the foliation of much of the gneiss imay have been produced by

pressure and some kind of flowing movement in an igneous mass.
Whatever view we may take of the origin of the common Laurentian
gneiss, which forms the surface of the country over such a vast extent
of the Canadian half of North America, the comuencemeiit of the Hu-
ronian period marks a great change wh icli then came over the earth-
a change characterized by widespread volcanic outIursts and by evi-
delice of the existence of water (perhaps tli first) on the surface of the

globe, and of certain progress iii the building ill) of the aqueous de-
posits which has been going on ever since.

BELL,21 il 1890, gives a general account of the Archiean. The Azoic

or Archeai period is divided into the Laurentian and Huronian sys-
tems, into wlhieh the primitive rocks of all countries may be classified,
and which everywhere are essentially the same and retain the same
relative positions. In some instances newer rocks have been so altered

lIcally or over considerable tracts as to resemble the Azoic, but there
is generally fouid some means of distinguishing between them. In
Canada and the United States the Laurentian and Huronian are usually
intimately associated, but their lithological features and internal char-
acters are sufficiently distinct to separate them. The Huronian rocks
are less contorted or corrugated on the small scale than the Lauren-
tian, but on the large scale they partake of the same foldings which
have affected the latter. The _luroiian rocks seem to be interwoven
with the Laurentian as basins or troughs more or less elongated, and
as tracts of angular and other forms filling spaces between great nuclei

or romided areas of Laurentian rocks.

The Laurentian system is divided into two formations, the lower of
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which is sometimes called the primitive gneiss series. It consists essen-

tially of obscurely foliated or stratiform granitic or syenitic gneiss.
The prevailing colors of the Lower Laurentian gneiss are grayish and
reddish. In some districts the Laurentian rocks are cut by dikes of
greenstone or trap. In the Ulpper Lanreiitian are placedboth the anor-
thosite rocks and the limestone-bearing series of eastern Ontario. The
anorthOsites, which are considered by some as eruptives aid others as
bedded rocks interlaminated with the limiestonies, may be in part of both
origins. Aiorthosites, after spreiig iuit upon the surface of the earth
or the bottom of the sea, may ha ve bec me incorporated iii a conformialble

inner with the (onteliporaleous deposits, while others may iave
flowed iver preexistillg rocks whlicli were not distil-bed. Between the

uip perand Lower Laurentian there may be a general want of coi n1miity.
The Upper Laurentian contains metallic ores and very niunerous muin-
erals, which are notfound ill the Lower Laurentian. Te gne issues of
the Upper and Lower Laurentian often have a close resemblance. As
the evidence is so strongly in favor of the aqueous origin of a part of
the Upper Laurentian at least, this lends support to the view that even

the primitive gneisses may have been formed by the action of water
during some early condition of the earth, of which we can form but
little conception judging by the later stages of its history. Eozoon is

regarded as a myth, and the limestones, iron ores, graphite, and apa-
tite are not considered as evidence of the existence of animals or plants
in Lanrentian times. The limestones may be chemical sediments; the
graphite and apatite occur princiially as veil latter; the iron ores
oceln in greater masses than ill deposits of organic origin, and their

mode of occurrence is opposed to any theory of this kind. The Uvper
Laireitian, rocks seem to be mueh Iire limited ill geographical extent
than the Lower Laurentian.

The Huroniian system in Canada has a great thickness and variety
of strata, for the uost part crystalline, but iii a less degree than the

Laurentian, together with many utistrafitied igneous masses. Like the
Laurentian it is Azoic, or de-Void of ally trace of organic lifr, so that the
distinction between the twO systems is based entirely oil lithological
grounds. The difference in this respect is great. and is easily recognized
by those who have paid ally attention to geology. The prevailing dark
green and gray colors of the Huronian offer a marked contrast to the lighter

grays and reddish grays of the Laurentian. The latter are massive and

coarsely crystallinle, wlile the i friner are usually tiie grained and schis-
tose or fissile, this cleavage structure constituting a striking difference
tiomi the solid Laureutiali. There are some exceptions to this rule, such
as the light-colored quartzites and the granite and syelites of the
Hurollian, to be noticed further on. The change in passing from one to

the other is often sudden and complete, but sometimes beds of passage

are met with. The iiuriiiaii is the great metalliferous system of Can-
ada. Although the Huronian strata have generally been thrown into
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sharp folds, or stand at high angles, they are, as a rule, less bent about
or contorted than the Laurentian. The total volume of the system is
very great, probably not far from 40,000 or 50,000 feet, or perhaps even
more.

In Canada, as far as our investigations have gone, the two systems
appear to be everywhere conformable to each other, but in rocks of
such ancient date and which have undergone such profound structural
changes, owing to pressure, etc., affecting alike the stratified and
unstratified portions, this appearance may not everywhere indicate a
truly conformable sequence. Both sets of rocks having been thrown
by lateral pressure into sharp folds, standing at high angles to the
horizon, the Huronian often appears to (lip under the older Laurentian,
but this is merely the effect of overturning, and does not show that a
part of the Laurentian is newer than the locally underlying Huronian.
Notwithstanding the geographical relations of the two sets of rocks,
their general difference in character and composition would indicate
that some great change in terrestrial conditions had occurred when the
formation of the one system ended and that of the other began. In the
Laurentian an " acid" or siliceous composition prevails, whereas the
Huronian rocks as a whole are more basic, chemiically speaking. The
latter can be shown to be very largely of volcanic origin, although this
may not always be obvious at first sight.

The term Huronian is made to include all the rocks lying between
the Laurentian below it and the Cambrian or earliest fossiliferous rocks
above. Among the areas placed with the Itroniai are the Keewatin
and similar rocks. In the Huronian are numerous areas of northern
Canada, and perhaps certain of the rocks of Hastings and Lanark
counties, some of the crystalline rocks of the Eastern Townships and
the provinces of New Briniswick, Nova Scotia, cape Breton, and New-
foundland. In the Cambrian system are placed in ascending order
the Animikie, Nipigon, and Potsdam toirmnations. Between the Huro-
nian and Cambrian is a great uncontoriiity. Between the Animikie
and Nipigon and the Nipigon and Potsdam are probable unconformi-
ties.

WALCOTT,2 ill 1890, gives a Call account of the Lower Cambrian or
Olenellus zone.

The base of the Olenellus zone is considered to be where the genus
Olenellus, or the fauna usually accompanying it, first appears; beneath
that horizon the strata are referred to some of the pre-Cambrian groups
of rocks. In some cases the underlying rocks are in layers, conformably
beneath the Cambrian, and no physical separation of the two groups is
possible. In other instances the subjacent rocks are the remains of the
old Archean continent, near the shores of which much of the-life of this
portion of the Cambrian period existed.

The line of demarcation between the Cambrian and pre-Cambrian may
be considered (1), at the base of the Olenellus zone, in continuous see-
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tions; (2) at the line of an nnconformable contact between any member

of the Cambrian group and the subsjaeent Algonkian or Archean; (3)

at the line of niconforiale contact, which is the base of the Olenells

zone.
Placed iin the Algonkiain under this definition are 11,000 feet of

quartzites, conibrnlably below the Oleiellus, in the Wasatch; 1,000

teet of ingillites, sandstones. quartzites, and coiglomerates, colifo rlm-

bly beneath the (lenelliis, ili Iritish Columbia; 12,000 feet of samn-
stones, shales, amii limiestones lnlioiti)rimaibly beneath the lowest kiownt
Cambriani, ili the (raid ('ilyon of Colorado; a simiihir series of rocks
uineoi1Piiably beneath the (aiunbrii in LlHn (olility, Texas; a series
nicoi oriably below the 1I per Cambi-ii iin the Adirondiaks; and

the ro k s of St. Marys aid PhIaenti a bay, Newintdlhaiid, whie are
incoiibrimably below Lower Cambria strata. li the (band canyon,
in a bed of dark ar-gillacemis shale, 35.50 feet from the smnuiaiit of the

section, was Iblu(d a small Patelloid or iscinoid shell, a fragment of
what iippears to be the pleural lobe of a segiieiit of a trilobite, and an

obscure, small ilyolithes, iii a layer of bitumimms limestoie. In layers
of limestone, still lower ili the section, aii obscure Stromatoporoiol form

occurs ili abundance. These fossils indicate a fania, but do not tell

wlit it is.

'The Oleiellus fainia ineilndes Spongi', Hydrozoa, Actinozoa, Echi-

nodermata, Aiielida, lIrac(iopoda, Lamellibraiichiatai, Gsteropoda,
Pteropoda, Crustacea, and Trilobit. he abundaice of the oleiiellnus
fauna shows that the life ill the pre-Oleatellus seas was large aind varied.
The few traces kiowi of it prove little of its clharicter, but they prove
that life existed in a period ir precediig Lower Cambriai time, anid

they foster the hope that it is only a questions of search and favorable
conditions to discover it.

DANA,2 : in 1592, gives the following as the philosophical divisions of

pre-Cambrian times, although the early physical and biological condi-
tions of the globe are not within the range of observation:

I. The Astral ieon, as it has been called, or that of liquidity.
11. The Azoic won, or that without life.

1. The Lithic era, coimmencingA with completed consolida-
tion; the time whei lateral pressure for crust disturbance
and mountain-making was initiated, and when metamorphic

work began.
2. The Oceanic era, commencing with the ocean iin its place;

oceanic waves and currents and embryo rivers beginiung

their work about emerged and emerging lands, and the
tides, the retardiig of the earth's rotation.

III. The Archwozic amon, or that of the first life.
1. The era of the first Plants; the Alga and later the aqua-

tic Fangi (Bacteria); commencing possibly with the mean
surface temperature of the ocean about 1800 F.
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2. The era of 1he first Animal lii>; the Protozoans, and
forms related to the embryos of higher invertebrate species,
commencing possibly with the mean surface temperature of
the waters about 1200 F., and ending with 900 F. or below.

While these divisions mark off great steps in the progress of the de-
veloping earth, the rocks bear no marks of them that can be distin-
guished.

The 1luronian period covered probably much of Archaeozoic time,
and this is all in the way of correlation that can be said. It is well to
note here that if the Eozoon is really animaal in origin, the "Laurentian"
rocks of Canada in which it occurs must be I luronian or the later of
Archa'an terra les.

SECTION II. GENERAL DISCUSSION.

NAMES APPLIED To PRE-CAMBRIAN ROCKS.

In the early days of American geology the name Primary or Primi-
tive wias more widely alpplied to the ancient rocks than any other.
Among the older geologists this name, inchlditg under it il a general
way the pre-tossiliferous or metamorphic rocks, was used by Akerly,
Alexander, Booth, Dewey, Dueatel, Eaton, Eiiions, Hitchcock (Ed-
ward), Jackson, Mather, \litelell, Percival, Rogers (H. D.), Rogers (W.
B.), Sillinmai, Tmomey, Vanuxem, a d others. It was nearly universal
ii 1,S20 aml was applied as late as iin the forties.

The term Primitive in the llnitedl States was gradually superseded

by Azoic. Used by Adams as ea4ly as in 1846, ii the literature of the

fifties and sixties it very widely occurs, and has not yet disappeared.
Among more prominient geologists in whose writings it may be found

are Adamus, Cook, Crosby, Emmons (E.), Frazer, Hitchcock (C. H.),
Hitchcock (E.), Kerr, Rogers, (H. D.), Safford, Whitney, Wadsworth,
and others. In its earlier use Azoic was often made to cover all rocks
which were apparently destitute of life, without reference to whether
they are older than the tossiliferons rocks or not. It was thus ap-

plied by Adams, Emmons (E.) and the elder Hitchcock. With Rogers
the Azoic included notofossiliterous rocks which are younger than the

Hypozoic or gneissie series proper. Ordinarily, however, the term was
used to cover all pre-Silurian sedimentary rocks, the Silurian being
then regarded as the base of the fossiliferous systems. It was thus
definitely defined by Foster and Whitney in their application of it to
the lake Superior rocks and the Azoie was held by them to be strue-
urally ilndivisible. While the rocks of the Primitive and Azoic were
early subdivided into lithological divisions there was little or no at-
tempt to apply stratigraphical methods to them. Later the Azoic was
subdivided by certain geologists into Laurentian, Huronian, etc.

The work of Logan and Murray marks in America the beginning of
a truly structural study of the ancient rocks. They found in different
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places in Canada pre-Cambraill rocks which they mapped in detail.
The two areas in which this work was begun were the iiorth shore of
lake Huron and the Laurentide mountains. With scientific spirit they
applied to the rocks of these areas no terms which involved any theory
of origin or equivalence, but gave the rocks the names of the localities,
in this following one of the fundamental principles of good structural
work. Having no fossils for guides, they built up a succession oin the
north shore of lake Huron by following formations in continuous ex-
posure, by lithological likenesses of exposures separated by short in-
tervals, by a like order of formations in different localities, and by the
use of an uiconformity, which was held to occur between the Huronia.i
sediments and the underlying crystalline rocks.

In Logan's work upon the Laurentian, the same methods were used
as far as practicable, but on accouit of the complicated structure of the
region his success was here much less conspicuous. The difticulty of the
district drove Logan to take the one cliaracteristic formation, the lime-
stones as horizons to follow and to serve as planes of reference in work-
ing out the structure. But even this guide was not a certain one, as
Logan never became quite sure as to the inimber of limestones present.
As the study of the Laurentides continued the rocks were divided into
two divisions, a Lower Laurentiaii free from limestone aind an Upper
Laurentian containing the limestoies. The two were held by Veln or,
and by Selwyn for a time, to be umconformable. As the area studied in
the Laurentide monitaius widened, a new formation was tound, a lami-
nated gabbro. It was recognized as being largely composed oflabrado-
rite or anorthite and so was first called Aiiorthosite or Labradorian, and
afterwards Norian. The contacts of this torimntion with the other
formations of the Lautrentia i were recognized as not those of con-
formity. In these early days it was naturally supposed that all lami-
nated rocks, whatever their character, were sedimentary, and as in cer-
tain places the Labradorianl appeared to cut across or overlap the old
Laurentian it was designated as Upper Laurentian, and what had be-
fore been called Upper Laurentian was designated Middle Laurentian.
When the eruptive character of the Labradorian was shown, the Cana-
dian Survey returned to the first uses of the terms Upper Laurentian
and Lower Laurentian.

In comparing the Huronian and Laurentian, it appears that the prin-
ciple used in reaching the conclusion that the original Upper Lauren-
tian, separated by a great distance from the original Huronian and no-
where in contact with it, is the older, was the metamorphic character
of the former as compared with the latter which ill the early work of
Logan and Murray was called a nonmetamorphie series. The lithologi-
cal likeness of the gneisses and granites of the original Lower Laureni-
tian to the granites and gneisses called Lower Laurentian unconforma-
bly underlying the Huronian doubtless was the reason for placing
these as equivalents.
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In the later work of Logan and Murray the names Huronian and
Laurentian were applied to regions far distait from the original areasthe
guiding principles for so doing being wholly lithological likeness and de-
gree of metamorphism. Working under these principles, as granites and
granite-geisses are so abundant in the original Laurentian, and are
nearly absent in the original Huronian, it became customary with these
authors to refer to granitoid areas as Laurentian, wli le sedimentary
series containing (uartzites, limestones, r dark, fine grained schists
were referred to the Ifuronian, and this reference was frequently made

when the series as a whole was very much more crystalline than the

original Huronian. The only exception to a reference of all pre-Camn-

brian rocks to the Hurotian anl Laurentian were the series now known
as Keweenawan and Amilmikie. These were recognized as resting
unconformably upon the so-called Huronian of lake Superior, while the
Keweenawan was seen to be of a wholly different lithological charac-
ter from the lake Haron rocks. These series were called the Upper
Copper-Bearing series, the original Huronian often being called the
Lower Copper-Bearinog series.

We find these two geologists, Logan and Murray, starting with
scientific principles, laboriously studying year after year the detailed
occurrences of the rocks in the midst of a forest-coverod wilderness,
until their inductions built up the original Hurouian and Laurentian
series. In their later work of a very much less detailed character over

vast areas the terms were applied somewhat indiscriminately, and in
such a way as to imply that below the Upper Copper-Bearing rocks
there are only two systems, one of which is equivalent to the original
Huronian, and the other of which is equivalent to the original Lauren-
tian.

These terms, Huronian and Laurentian, were gradually adopted by
geologists working on the United States side of the boundary, so that
in recent years, with the exception of Archeai, they have been the
most widely used of any names for designating the ancient rocks.

If Logan and Murray departed in their later work from strict scien-
tific methods in their use, this departure was as nothing compared with
the extremes to which later geologists of America h ave gone. By many
geologists, coarse grained grand ites and granite-gneisses were designated
as Laurentian without reference to evidence as to whether they were
intrusive rocks of far later age. In applying the term Iluronian the
methods followed were even worse. Sometimes authors took a green
color to be a characteristic feature of the Huronian and here referred
all the green schists; others took a laminated structure to be charac-
teristic of the series and here referred all the laminated rock, including
even coarse grained laminated gneisses; others took the volcanics
associated with the Huronian to be its characteristic feature and so
called various pre-Cambrian volcanic series Iluronian; others regarded
metalliferous rocks as the important feature of the luronian.
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Lying at the root of all this work is the assumption that rocks of a
certain kind are characteristic of a definite period of the world's his-
tory, and that if rocks are found which are really like the Huronian
and Laurentian in lithological character they should be referred respect-
ively to these series.

As to the relations between the Laurentian and 1 uronian, it was
plainly believed by Logan, Murray, ail the other early geologists that
where the two come in contact they are unconformable, although
oftentimes the structural relations which obtain are admittedly ob-
scure. That was the position of the present director of the Canadian
survey as late as 1879, who fused the term I I Inronian not only to include
rocks that had been theretofore placed, but to cover all of the Upper
Laurentian and the Upper Copper-Bearing series, thus greatly expand-
ing the system. It recent years he has held that the Huronian and
Lauretitiati are always conformable, and that often the former grades
downward into the latter, aid this is the position which has been
taken by many geologists of the United States, both in the East and in
the West.

The lake Superior region furnishes a rather marked exception, as do
certain others, to the indiscriminate ad unwarranted use of the term
Huronian. This region is so near to and is connected in such a way
with the original Hnronian of hike Huron that it was possible to make
a strong case of probability in favor of the equivalence of the elastic
rocks of the two regions. The lake Superior Huroiniau was divided
into formations upon the same principles used in mapping the original
Iuronian. While the term Laurentian was aplplied to the pre-Huro-
nian rocks on the north shore of lake IHuron and about lake Superior,
it was recognized by a number of geologists that this was a variation
from its application in the original Laurentian area.

As geological knowledge increased ail as the theories involved in
the terms P'riinitive and Azoie were more and more attacked, in order
to avoid a theory of origin, the term Archean was proposed for the an-
cient rocks by Dana in 1872. This term rapidly grew in favor. By its
use not only the advantage of a theory of origin was avoided, but in
comluon with Primitive and Azoic it was not necessary to subdivide the
ancient rocks into Laurentia and Huronian, and thus imply a corre-

lation with the rocks of other regions. In the early rapid work of the
Far West, detailed observations usually stopped at the base of the fos-
siliferous series, and it was convenient to regard all the remaining
rocks as a unit, ai to cover this unit the termll Archean was adopted.
After a more detailed study of certain regions the terms Laurentian and
Huronian were applied to subdivisions of the Archean. This term
Archean also found early favor with the Canadian survey to include
these two divisions of pre-Cambrian rocks.

Eozoic was another term suggested to replace Azoic, when it was
thought by many that the rocks once supposed to be destitute of life
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are not really so. This was used to a considerable extent in the sixties
anl seventies, and retains a place it literature to the present time.
This term implies a theory ,just the opposite of Azoic.

As already said, the theory involved in referring all pre-Cambrian
rocks to the Laurentian and Huronian is that there was in pre-Cam-
brian time an invariable succession. This theory was carried to the
extreme by Hunt and his school, who held that before Cambriaii time
there are six rock systems, which are universal and are separated by
unconformities. These are, from the base upward: Laurentian, Norian,
Arvonian, Huron ian, Montalban, Taconian. Of these terms Norian was
devised to include the laminated gabbros, the so-(alled Upper Lauren-
tian of Logan. Arvonian was imported from Wales, where it was ap-
plied by Hicks to a series of acid volcanic. Montalban came from the
White mountain region in New Hampshire, where a series of gneisses
was thought to be of different lithological character front the Lauren-
tian and Huronian and to overlie them. Taconian was introduced by
Ebenezer Emmons to cover a series of fossiliferous rocks which was
supposed to be earlier than the base of the Silurian.

Besides the terms given, others have been used to some extent, but
they are of little importance. Among these may be mentioned Hypo-
zoic, Prozoic, and Pyrocrystalline.

As the metamorphic theory gained force it became the habit of many
geologists to refer to old crystalline or semicrystallinie rocks as mnetamor-
pliic, assuming that they are all produced by the alteration of sediments
of some kind. This went so far as to include perfectly massive rocks,
such as diabases, gabbros, granites, etc., among the metamorphies.
Recently the term has also been applied to rocks recognized as lami-
nated eruptives, but this is not the use referred to. This term meta-
morphic had the adovantagc of saying nothing as to age or correlation,
but in escaping this difficulty aiothier theory was accepted which, so
far as its assumption is concerned, was quite as bad.

In many cases local names have been applied to formations or series
in order to avoid any theory of age or correlation. The most conspicu-
ous example of this kind is that of the heweena w series of lake Superior.
More recently Lawson has proposed the terms Keewatin and Coutchi-
ching for certain series northwest of lake Superior, and to include these
two lie proposes the Ontarian system. In the Grand canyon the local
names Chuar, Grand canyon, and Vishnu have lbeei applied to pre-
Cambrian series which there occur. Comstock has proposed the terms
Burnetian, Fernandian, and Texian for series which are found in Texas.

This tendency to return to the use of local names in recent years is

plainly a reversion to scientific methods wiich were never departed
from by certain geologists. This class has declined to use any teriu fur
the ancient rocks which involves a theory of origin or succession, but
have divided the rocks which they found in their respective districts
into lithological divisions or into local formations. Conspicuous among
early geologists of this class are Jukes, Percival, and Lieber.
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Recently Irving has proposed that t here be placed below the Paleo-

zoic group another group of coordinate value, tor which the term Ag-
notozoic or Eparchean is suggested. This term cuts out of the Archean

a large class of rocks which have before been here included. Finally,
the name Algonkian has been brought forward by the United States
Geological Survey for a systematic place opposite Agnotozoic or Fpar
chean.

In the following discussion, as stated in the introduction, Cambrian
is defined as extending downward to the base of the Olenellus fauna.

The pre-Olenellus elastics and their equivalent crystallines are called
Algonkiain, and the completely crystalline rocks below the Algoinkian
are denominated Archean. The reasons for these usages will appear

in the following pages. The stratigraplical terms, group, system, and
series correspond with the usage proposed by the International Geo-
logical Congress. The same is true of the chronological divisions, era
and period. Formation is a lithiological subdivision of a series.

TIIF ('HAlACTIR F THE AIIIEAN.

From the review of the literature it is plain that there is an essential
unity in the character of the complex of ro('ks which is the oldest known
in America. This statement covers all the areas in which the rocks

are demonstrated to be exceedingly ancient. It includes the basal
complex of Arizona, between which and the Tonto sandstone is a elastic
system 15,000 feet thick, separated into three series by unconfornities,
and these again separated from the Tonto above and the basal coiilex
below by great unlofItormities; it includes the basal complex of the

Wasatch and certain of the ranges of Nevada, between which and the

Olenellus Cambrian is a great uncioformity and a thick series of quartz-

ites; it includes the basal complex of southwestern Montana, between
which and the Olenellus Cambrian is 12,000 feet of unaltered slates and
a thick series of crystalline rocks of elastic origin, the two being prob-

ably separated by a great unconotrmity; it includes the basal complex
of Texas, between which and the Cambrian is an unconfo rmity, at least
one and perhaps two thick series of elastic rocks; it includes the basal

complex of the lake Superior region, between which and the Cambrian is
ali enormous system of plastics many thousands of feet thick, separated
by unconformities into three series, and the whole bounded above and
below by uncontornities; it includes the basal complex of the north
shore of lake Huron, between which and the Cambrian is a elastic series
15,000 feet thick, bounded above and below by unconformities; it in-
cludes the basal complex of the original Laurentiau area, between which
and the Cambrian is a elastic series estimated to be many thousands of
feet thick; it includes the basal complex of Hudson bay, between which
and the Cambrian are almost certainly two, and perhaps three series
of plastics separated by uncontbrnities; it probably includes the basal

complex of Newfoundland, between which and the Olenellus Cambrian
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is a series of plastics 12,000 feet thick, and above this a great uncon-
formity; it includes much of the great area of northern Canada known
as Laurentian, between which and the Cambrian in various districts are
elastic series.

In all of these regions in which the basal complex is vastly older
than the Cambrian, it consists of a most intricate miiixture of nearly
massive rocks, amongwhiel granite and granite-gneiss are predoiniant;
of gneissic and schistose rocks, all of which are coimlpletely crystalline,
and so folded and contorted that nowhere has any certain structure

ever been made out over considerable areas. The granites and basic
eruptives may occupy considerable areas; the gneisses may be regu-

larly laminated and grade into the granites; the crystalline sclhists may
occupy the outer zones of an area; they may all be confusedly inter-
mingled, schists, gneisses, and granite alternately predominiting;
sometimes the schistose rocks appear in dike-like forms in the granites;
at other times the massives are in (like-like forms in the sclists; at
still other times the alternations of granite, gneiss, and schists are
quite uniform and persistent for considerable areas. The granites
usually show a rough lamination, which may not appear in hand speci-
mens, but which is evident in large masses.

The minerals in the rocks generally show evidence of dynamic action;
they do not have the clear eut, definite relations characteristic of the
later plutonic rocks. In the chief mineral constituents of the rocks
there is essential uniformity in all of the areas, although certain less
common minerals may be found in one area which have not been
discovered in another. Orthoclase and acid plagioclase feldspar,
quartz, hornblende, muscovite, and biotite are the standard minerals.
To describe accurately the appearance of the rocks of the basal com-

plex is exceedingly diticult, but any one who examines a series of
specimens from thme various areas will perceive the truth of the state-
ment made as to the essential likeness of the rocks from different
regions. A suite from any one of the regions which has been person-
ally examined by in(, if unlabeled, could by no possibility be asserted
not to come from any other.

The unparalleled intricacy of the structure of this complex, the gen-
eral laminated arrangement of its parts, and the broken and distorted
forms of the constituent minerals are evidence of repeated dynamic
movements of the most powerful character. Further, the basal com-

plex is not only recognized by its positive but by its negative charac-
ters. Nowhere in it is a persistent thick formation of quartz-schist
(although vein-quartz is abundant), of limestone or marble, of a graph-
itic schist, or of a conglomerate. If sandstones and limestones or other
sedimentary materials have been a part of this system the profound
and varied mutations through vast lapses of time have wholly obliter-
ated all evidence of their presence.

Besides the areas mentioned in which these most ancient rocks occur,
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there are many other areas in which there are between the Cambrian
and the basal complex great series of elastic rocks, although the evi-
dence at hand in favor of vast age for the basement complex is less than
in cases before cited. Here are included the Front range of Colorado,
which has between the basal complex and the fossiliferous rocks on its
eastern slope the elastic series of Boulder, Coal, and Thompson creeks;
and the Quartzite mountains of Colorado, where between the basal com-

plex and the Carboniferous is a great series of quartzites. There is
definite structural evidence for placing these and other areas with the
group first considered. In a third class of areas no definite evidence in
the nature of intervening series shows that between the Cambrian and
the basal complex has intervened an era or even a period.

Because of the unique lithological character of this fundamental com-

plex in all these regions, and because of the essential likeness in struc-
ture prevailing, we have ground ti r grouping these rocks together,
whether exactly of the same age or not. Lithological arguments for
correlation may be well distrusted; but the exceedingly strange, varied,
and complex lithological and structural characters of this system, the
like of which we have no evidence has been duplicated anywhere in later
times, is au argunmeit of great weight. In the complexity of its parts
anl the implications of its structure it gives evidence of vast antiquity.

In Algonkian, Cambrian, Silurian, Devonian, and even later times,
completely crystalline schists have been produced over large areas;

but, while often in these systems no evidence now remains of elastic
characters, they rarely if ever closely resemble this fundamental com-

plex. A elastic series was in the beginning of its history of necessity
a shale, a sandstone, a limestone, a chert, or some other form of sedi-
ment and often containing carbonaceous material. Cementation, meta-
sonatism, dynamic action my have profoundly changed any of these

deposits. A limestone may have been transformed into a crystalline
miarlhe, or if impure into a hornblende schist containing scarcely a rem-
nant oforigi nal (arbonate. A eherty carbonate of iron mayhavebecome
an actiTolite-magnetite-schist. Carbonaceous shaly material may have

become a grapdhitc-schist, but if such a rock is represented in the fmuida-
nen tal complex what has become of the carbon? A sandstone may
have become a granular quartzite or a foliated micaceous quartz-schist.
Bat that a great quartzite formation like those of the hliirouian of lake
Superior or the pre-Olenellus of the Wasatch call have b ccome wholly

obliterated by any process short of fusion is almost inconceivable. As
has been said, none of these rocks are found in this fuindamental
complex throughout its whole vast area. In its positive as well as
its negative qualities it is a unit. While it can not be considered
demonstrated that all of its area are of the same age, it may then be
accepted that ini North America is a system of granites, glieisses, and
crystalline schists which are the oldest rocks of North America, and
which have representatives in many areas throughout the United States,
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although most widespread and abundant in Canada. That such a basal
system exists is no new idea; but it has not generally been recognized
that between it and the Cambrian there elapsed an era in which were
alternating cycles of the deposition of systems ol rocks and of vast ero-
sion intervals.

As here used the term Archean is restricted to this fundamental com-

plex. It is no longer possible to regard as a unit or treat together all
the pre-Cambrian rocks. The rocks included in the fiudamlental com-

plex are everywlhere called Azoic or Archean. The crystallises and
semierystallines above this complex, often called Airchean, tmust be dis-
tributed from the Devonian or later to the pre-Cambrian. It is clear
that it Arechean is to remain a serviceable term it mnust be restricted to
some unit. Such a unit is the fundamental comliplex, and to it this term
is most appropriate.

ORIGIN OF THE ARCIIEAN.

As has been shown, whatever the origin of the Archiean, it is of vast
age. It will be remembered that south of the lake Superior region,
where is known the greatest volume of pre-Camibriant plastics, there is
abundant evidence showing that the lowest of the elastic series has
derived its debris from and rests upon the foliated edges of the Archean.
In the Arizona region, in which the time of the pre-Cambrian plastics
is only inferior to that of the lake Superior region, the evidence of a
great hiatus below these plastics is of the most decisive character.
The same may be said of several of the other areas of Arlcheatn. Couse-
qiteittly in many regions the Arcelan complex, in essentially its present
(ondition, may be asserted upon definite structural evidence, to be vastly
older than the Cambrian.

As to the origin of the Archean rocks, three different views are

prominent: (1) The Archean has been considered as metamorphosed

detrital rocks; (2) it has been considered as igneous, but later in origin
than certain of the pre-Camtbrian plastics with which it is in contact;
(:) it has been considered as igneous and representing a part of the
original crust of tile earth, a ad therefore earlier than any sedimentaries.
A modification of this theory is suggested under the topic Delimitation
of the Archean.

(1) Those who believe in the detrital origin of the Arehean, as above
defined, will not question the conclusion reached as to the age of the
fundamental complex; for to produce results so different from any
known mtetamorphic elastic series must not only imply great age, but

probably sedimnents which were originally deposited under different con-
ditions from those of later times. This school, while believing in the
detrital origin of the Archean as a whole, is conscious that it has
beent cut again and again by erllptives of all kinds; th e supposed
elastics have thereby beeu profoundly metamorphosed by contact and
dynamic action, and often have been so changed that the place can not
be piviuted Out where the intrusives end and the plastics begin,
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If this sedimentary view of the origin of the Archeatn be correct, as no
universal break in geological continuity can be accepted, it should be
founid that.between the Archeai and the plastics there are somewhere
gradations. It has been seen in the siuuliary of the literature that
Hitchcock, Marviine, Steventsonl, King, Winclhell, and others, accepting
such a sedimentary origin, believe gradations have been found in the
Rocky mountain system, in the lake Superior region, and in the Appa-
lachians, between the basal complex a1(1 the recognizalble elastics.
These authors have regarded the tact tit as a whole these rocks show
haulinatio1 as evidence that they were originally sediimentary. A few

years ago it was a imialter of course t lIit (listillct latitnitioll ill a rock,
however fainth, is evidence of sedinienttion. Liitiuination being ftind

in the granife-goieisses, c( mbined wiI the r 1ct t1Imt these rocks graded
into the clastics, was taken as conclusive evidence of the original sedi-
mentary origin of the whole.

It is now everywhere recognized, as early shown by E. lmmnons and
Lieber, that schistose structure is often produced in eruptive rocks;

also like structures are produced in sedimentary rocks which have no
relation to the original lamiitatiot, as early noted by Tyson, E. Em-
mons, Blake, Adams, E. Hitchcock, Jackson, Jukes, Rogers, and
Lieber. E. Hitchcock, E. Enuons, and Lieber traced the actual grala
tions between schist-conglomerates atd crystalline schists, wile Mather
traced the blue fossiliferous limestones into completely crystalline gran-
tlar marbles. Laminated or schistose structm-e in crystalline schists

then bears neither for not against a cltstic origin.
The manner in which the finely latitinated schlists and gneisses vary

into the coarsely granitoid pluses has been admirably described by

Jukes in the rocks of Newfoullidd, by Lieber ald E. Emmns in the
rocks of the southern Apalachiais, by .Hitchcock in the rocks of
Massachusetts and Vermont, by Marvine antd Stevenson in the rocks
of Colorado, by King, Hague, and S. F. Enuons in the rocks of the
fortieth parallel, and by Lawson in the rocks about lake Superior.
Most of these writers and manty others, including Selwyn, approach-
ing the problem from the side of the clastic rocks, have regarded the
coarsely crystallized rocks as produced by metamorphism, although
itn the more granular rocks the process has gone so fa-r as to produce
aqueo-igneous fusion. Those who have maintained this origin ior
these rocks have recognized the fact that they have locally acted as
eruptives, although in general the material is thought not to have moved
far. Marvine so clearly saw that the facts could be explained in two
ways that he says that, while he regards the whole as metamorphosed
sedimentary rocks, another observer approaching the field from a dif
ferent direction, where the evidences of intrusive nature are most mani-

fest, would reach the conclusion that the whole is eruptive. Ilitcheock
and Stevenson and most of the (.tlters are in practically the same posi-
tion.
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The school of geologists that regards massive rocks as metamorphic

without any intervening time of fluidity, the granitic and gneissic lay-
ers interlaminated with the schistose being selectively m etamorphosed,
and the fragments of schist and gneiss within the massive rocks as
residual unmetamorphosed material, while nearly gone, still has repre-

sentatives. That the matrix of a fragmental rock could become slowly
heated to such a temperature or be subject to such other conditions as
are necessary iii order that it should crystallize as a coarsely grainular
granitoid gneiss or granite, and not at the same time destroy the
bowlders and pebbles which it contains, seems incredible. The explana-
tion of these rocks and of the interlamiiations of granite with slate
and schist )y metamorphism implies not only that the fragments and
the bands of slate and schist have been able to resist the forces of
change during the slow processes which have been sufficient to produce
coarsely crystalline material adjacent, but that in situ they have con-
tinued to resist these forces during all the time required by the matrices
to pass once more into ordinary conditions. The processes embodied
in such " selective metamorphism " certainly need explanation.

The need of an exact definition of metamorphism is evident. It
appears to the writer that it should not be applied to a rock which has
actually suffered igneous fusion. Shall it apply to sedimentary mate-
rial which has been free to recrystallize under aqueo-igneous fusion ?
May not rocks under pressure beyoml the crushtinig strength of rocks
and saturated with hot water recrystallize at a much lower temperature
than is required for ordinary fusion ? If so, where is the boundary
between aqueo-igneous and ordinary fusion ? Is there not a transition
between the two and does not aqcueo-igneous ftision pass by impercepti-

ble steps into ordinary netamorphlisln? Is there not here a transition

between the extremes just as there is between different rock species, be-
tween basic and acidic rocks, between organi c and inorgamic sediments,
between fragmental and crystalline rocks, between aqueous and stir-
face igneous rocks.

(2) All or a part of the Archeai is considered as of igmeons origin,
but later in age than the pre-Camtbrianm elastics. The lacts of those who
have described downward gradations from ummiistakable plastics into

a crystalline coniplex by this school have not been interpreted as
above. It has declined to apply the term mimetamorphisi to a product
which has become tineit, and has insisted upon its essentially igneous

character. Lawson is conspicuous as having recently strongly put this

side of the case; but it is noteworthy that Winchell, belonging to the

first school, and Lawson, to the second, have had essentially the same
facts before them, both having (lone their work in the sa me region. The

difference is one of definition and enmphasis rather than ideas. Both
schools regard the granite-gneiss as material which has resulted from

a change in the condition of original sediments and has not moved far.
This theory that the Archean or a part of it is the liquefied floor of
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the clastic rocks has the objection that it is an unverified hypothesis.
When once a sedimentary rock has become fluent and is wholly fiee to
crystallize anew how shall the material be identified? To state that
such material has not moved far is pure assumption. If the fusion
theory is true the average composition of the mnifsed part of the clas-
tic series and the subjacent material should agree. To obtain average
analyses of rocks which vary widely in mineral character within short
distances is not easy, but is a thing which must apparently be attempted
if this theory is to be maintained, for the writer sees no other way in
which an attempt can be made to verify the hypothesis.

Another class of geologists, noting these contact relations between
the granitic rocks and the plastics, hold that the former, called by others
Lower Laurentian or Archean, are eruptives of later age than the
plastics with which they are in contact, without attempting to give any
theory as to the source of the material. Here are included Hawes,
Hall, Mather, Foster, Whitney, Wadsworth, Rominger, Herrick, and
others. Rominger distinctly recognized the granites and granite-
gneisses of this kind on the south shore of lake Superior as the subjacent
rocks upon which the sciists rest. Herrick saw the same relations with
reference to his granitic and schistose groups on the north shore. In the
last two cases the facts before the writers are precisely the same as those
of the geologists of the second school; but, by giving no explanation of
the source of the material tir the granite-gneisses, they have escaped
the difficulty of the nuverified asstiunptioi that these eruptives repre-
sent ftused sediments. They fail to explain what has become of the
floor upon which the plastics are deposited. Some floor they nmst have
had. Where these erptive colitacts are found the floor has disap-
peared, and if so the eriptives, if extraneous, must be considered to
have eaten up or absorbed it.

The three positions. that the granite-gneiss is selectively metamior-

pliosed material, is de to suberustal fusion, or is an extraneous intru-
sive, may be considered to grade into each other. Those who insist on
the first have selective metamorphism and contact phenomena to ex-
plain. Those who insist on suberustal fusion may be called upon to
identify their material. They can only show the former fused condi-
tion by contact phenomena, and contact phenomena are not evidence
of progressive fusion, but intrusion. Those who regard the granite-
gneiss as intrusives may be asked what has become of the floor upon
which the clastics were deposited.

(3) That the Archean is an igneous system earlier than any of the sedi-
mnentaries is apparently the conclusion of Emnmons, Lieber, and others.
These careful observers not only maintained the igneous origin of the
granite-gneiss of the southern A.ppalaehians, but traced the gradations
between basic schistose rocks and massive eruptives, including horn-
blende-schist and unmistakable dikes, and drew the correct conclusion,
lately regarded as a new discovery, that such rocks are sometimes

Bull. 86 -31

VAN HISE-. 481



4't2 PE-C0AMBRIAN RocKs OF NORTH AMERICA. (trLL..86.

mtetaimorphosed eruptives. While the major portion of granite-gneiss
anid associated rocks were considered older than the oldest plastics, later
intrnsives of a similar character were recognized. This theory that
the fundamental complex is igneous is that of Geikie as to the major

part of the Archean of Great Britain and that of many German geolo-
gists as to the basal complex of Germany, among whom Lehmann and
Roth are conspicuous. Indeed, thesela st two maintain the igneousorigin
of all the pre-Cambrian rocks, and Geikie says of the true Archean of
Great Britain that with certain possible exceptions it not only contains
no material which gives any evidence of ever having been sedimentary
)aterial of any kind, but it further contains no material which can be
considered a surface volcanic, while in it there are many rocks which
are certainly platonic eruptives.

The geologists of this third school, with the second school, recognize
the igneous character of the granite-gneisses having irruptive contacts
with the elastic series, but they decline to recognize these rocks as
Archean. Such rocks are eruptives. Their age is to be designated

precisely as are eruptive rocks which cut Cambrian, Silurian, or De-
vonian strata.

As bearing in tavor of the really igneous character of the Archean is
the fact that no case has been demonstrated, except possibly that of
the marbles, of the production of a perfectly massive crystalline rock
front a elastic without intervening fluidity. Metamorphisin, whether
the original rock is a massive eruptive or a stratified sedimentary, pro-

duces a laminated or schistose rock. If a granitic structure call be
taken as evidence of eruptive origin, and we know many eruptive rocks
do have seh a texture, a very strong case cat be made for the erup-
tive origin of the larger part of the fundamental complex. The line
of argmnettt is precisely analogous to that by which the whole has been
held to be sedimentary. There are complete gradations from the most
coittpletely schistose and lamitated phases to the most massive phase.
Also bearing in favor of a truly igneous character for the basal com-
plex is the lAct that the rocks referred in the first part of this section
to the Archean are more nearly simulated by igneous rocks which have
irrupltive contacts with ancient elastics than by any recognizable meta-
morphosed sedimenttaries. In this connection may be mentioned the
occurrences in the Appala clians and in British Columbia of relations
between granitic rocks and strata as late as the Carboniferous or Trias-
sic, a ualogous to those which often prevail between the granite and
gratite-gneiss and the pre-Camtbrian crystalline schists. Here the one
class of rock is known to be sedimentary, the other intrusive. It may
be said that the actual gradations between the Algonkian and Archeat
in certain places are evidence that the latter are not igneous rocks earlier
than the former; that gradations can be explained between subsequent
intrnsives and plastics, but not between igneous rocks and sedimentaries
of later age. It has, however, beei shlovn that as a consequence of
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powerful dynamic action two uncoiifornmable series, the one of which is
composed of material from the other and therefore resembles it in com-

position, may have developed conformable se)onlayy structures and
gradations, the latter consequent upon the induced crystalline charac-
ter of the elastic series, the original structures being simultaneously
obliterated. Also recently Pumpelly has ascertained that subaerial dis-
integration of the earlier series is an important assistance in the

production of such gradations. In certain areas it has been demon-
strated that perfect conformity and complete gradation exist between
series separated originally by wide unconformities, the earlier of which
was probably of igneous origin while the later was certainly sedi-
mentary.

Whatever the origin of the fundamental complex, it is plain that the
parts of any given area of it are not all of the same age. The dikes
which everywhere cut it are the pipes through which have passed the
later eruptives. At the time of the intrusion of these eruptives, large
lakes of liquid material may have formed which crystallized as bosses,
causing the Archean to contain considerable masses of rocks of really
later age. Where these rocks are predominant the material must be
classified as a later eruptive; where they are subordinate to the Archean
material they are often difficult to separate from it although really later
in age. Between the areas which rank as eruptives of later age and
the genuine Archean, there are doubtless gradations. Along the zone
of contact, if the mass of later eruptive be great, there might be an
area which could equally well be placed with the fundamental complex
or with the later eruptive. Between the Archean and later eruptives,
as between the Archean and undoubted sedimentaries, there are gra-
dations.

The problem of the relations of the Archean as a whole to the over-
lying plastics is the same as that within the Archean itself. The finely
laminated crystalline schists and gneisses, and the granite-gneisses and
granites with which they are associated, have contacts in every respect
analogous to those occasionally found between the Areltean complex
and the elastic series. For example, it has been seen that the rocks
heretofore called Archean on the north shore of lake Huron comprise
two parts. One part is older than and lies unconformably below. yield-
ing fragments to the original Iuronian. The other part has relations
with the plastics of the character just considered with transition phe-
nomena. If this material is an extraneous itrusive it is a post-Archean
eruptive. If in situ it represents a portion of the pre-Huronian floor
completely metamorphosed by selective metamorph i sin, or by aqueo-
igneous fusion, it can fairly, according to the first and second school, be
called a part of the Archean.

It is plain from the great diversity of opinion as to the origin of the
Archean rocks, and from the fact that many of the opinions are beliefs
rather than verified conclusions, that we have no definite knowledge
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upon parts of the subject. That there are comparatively few or no
wholly massive rocks in this complex is precisely what would be ex-

pected under any theory. Its history is too long. Whether originally
igneous or aqueous, it could not be hoped that there would be found
the characteristic lithological forms of igneous or aqueous agencies.
Many or all of these rocks, not only subject to the movements
which have taken place since Paleozoic time, but to the movements
which have occurred it the far greater length of previous time-if not
too deeply buried to be beyond the influence of the outer folding, in
which case they were buried beyond the crushing strength of rocks-
were patently plastic, and were probably at a high temperature. If
originally massive and igneous in the ordinary sense, dynamic action
has obliterated the regularity of the arrangement of the constituet t
particles and has given them a more or less laminated or schistose struc-
ture. If sedimentary, all trace of tha t original sedimentary structure
has been obliterated by the repeated holdings, contortions, and perhaps
high degree of heat to which they have at various times been subjectted.
Ofa necessity, through this complex have passed all subsequent erip-
tives. Doubtless at various places and times in its history, parts of it
have become practically fluid and frout this condition it has again
crystallized iii the forms characteristic of eruptives.

DELIMIrATrIoNs OF Anl(IIEAN.

It is generally accepted that the Archean has no limit dowitward. It
is the oldest system, and surely includes, if such rocks exist, all of the
original crust of the earth. lut as denmudation progresses, material far
withitn the earth approaches its surface, inot by intrusion but by gradu-
ally rising as a whole. Before reach ing the surface the material has
become crystallized. This original crystallization may have Iaken place
in or even later than Algomikian time: hence, if these rocks are to be
considered as belonging to the age in which they crystallizei, the
Archeau grades below into the Algonakiaa, even as it is believed in

places to grade above into the Algoitkiau. The truth of this position
is not lessened by the fact, if fact it be, that the earth as a whole, sub-
ject to sudden strain, acts as a rigid body. Even if true, it is equally
certain that the crust of the earth, under continued strain, adapts
itself to it, thus showing real plasticity. But in any case it can not be
assumed that the rock material deep within the earth, under pressure
far beyond the crushing strength of any known material, and at a high
tem perature, exists as crystallized minerals. We only know that it has
these rnts whon the material rising by erosion nears the surface.

The tipper limit of the Archean is not easy to define, and the task is
rendered more difficult because geologists are not agreed upon the
origin of the Archean. If either the sedimentary or the suberustal
fusion theory of its origin be accepted, there will be found gradations
from rocks constituting the ancient complex described to rocks having
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like relations wvithI clastics of AblgOnkiai asd 1 )ost A Igoikhii tine.
Up1)On either of these theories, if sedimteiitary rocks are only buried deep
enough, they will pass into crystallizes by progressive metauorphisi

or by suberustal fisioi, just as do rocks of Camiibrian aniid post-Cambrian

age. This the elder I itehcock so clearly saw that he distinctly said
that the so-called Lauirentian granites and gaeisses of Vermontare prob-
ably, in part at least, not older than the fossiliferois series. If the

Archean be made to include all the tliorougily crystalline rocks below

pr1e-Camabrian elastics, it iiicloles rocks the age (It which varies li'om
Algonkian to pre- Algikiai. Tl his anomaly is perhaps best met by
making a more or less arbitrary division between Arehean and post-
Arehean crystallises. The natural theoretical plane to choose is the
beginning of lifer that is, to include in the Arehean all truly azoic
rocks. While this suggestion has a plausible sound, we must believe
that the daw of life was very gradual aml that its traces in its early

stages are exceedingly sparse, so tlit there would be great, if not iii-
supoeralle difficulties in its pratieal application.

If the third theory, that the Arichean includes only pre-sedimentary
rocks, be correct, its upward limit is easy to define; the Algolnkiain
begins for each region at the time of the deposition of the first sedi-
mentaries. But there are those who deny the existence at the present
time of any such ancient rocks, although they concede their existence at
one time, and they believe that the Arehean as thus defiuied represents a
vast lapse of time in the history of the earth. This denial of the present
existence of any rocks of greater age than the oldest sedimeutaries is of
course a pure 11verified assumption defended on the ground of probabil-
ity. If the original (rtst of the earth be defined as including more than
the first Outer skin, it is a question whether the converse proposition is
not equally probable. Even ift Ilie position be true, the school that be-
lieves in t he igneous origin of the Archean would still have a large mass
of rocks for the Archean by shifting their ground so as to include in it
all the material which in the slow process of inward crystallization has
now reached the surface of the earth, not by intrusion in the rocks
above, but by erosion. This position would, however, be controverted
by those who regard such rocks as plutonic and belonging to the age
of their equivalent sedimentaries. But in the nature of the case it is
not possible to designate the particular age to which these rocks belong.
That there exists upon the surface of the earth a part of the original
crnst of the earth, or its downward contiiuation by later cooling, (ati

hardly be doubted; and since these can never be assigned to any defi-
nite period of sedimentaton they might well be considered as Archean.
At any rate they are a class by themselves which, if nothere placed,
can not be referred to any of the geological periods. Further, this class
of rocks when in contact with detritals of whatever age, by the very
hypothesis of their origin nust rest unconformably 1below them. The

coincides ce that so i-rcgnently. if not alNways, there is really a great

VA H F-T



PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

hiatus between the ancient sedimutarics and the basal complex might
be urged as evidence of the truthfulness of this hypothesis. It is in-
teresting here to remember that Emmons defined pyrocrystalline rocks
as those due to the consolidation of the earth's crust, which rocks were
said to increase in thickness by, additions below.

Sedimentation must have begun in the earliest seas, while upon
parts of possible continental areas volcanic materials alone were still
accumulating. These latter, in accordance with the definition, would
belong to the Archean. There would be in this case no positive equat-
ing one with the other. When later, upon these Archean rocks con-
temporaneous with the earlier Algonkian rocks, sedimentaries began to
form, this would be for this region the opening of the Algonkian.
However, it is not impossible that all such supposed contemporaneous
Archean materials may have been carried away by erosion. Certainly
this would have been the case with a large portion of them, and it fol-
lows that this difficulty may be rather theoretical than practical.

The banded and contorted granite-gneiss which serves as a back-
ground for the Archean may not improbably be the part which has the
origin above suggested, while the other parts of the complex may be
due to subsequent intrusives; the whole being kneaded into their pres-
ent extraordinary complex relations by repeated dynamic movements
and other metamorphic influences. This igneous theory of the origin
of the Archean, modified so as to include the pre-sedimentary original
crust, if any remains, and the deeper crust which has reached the sur-
face by denudation, perhaps more nearly covers the facts than auy
other as to the relations of the Archean to subsequent rocks, its com-
plex lithological character, the relations of the rock phases to each
other, and the long history written in the strained, altered, and broken
mineral constituents. It accords with the idea held by Irving, Bon-
ney, and others, that this earliest crystalline complex was produced
under conditions differing from those of the rocks of any subsequent
period.

But the difficulties in the theoretical delimitation of the top of the
Archean are so great that I prefer to confine myself to a statement of
some possible solutions rather than to commit myself to any theory,
although now inclining toward the third theory modified as suggested.
Although the obstacles are not nearly so great in delimiting later peri-
ods, the difficulties of making an exact definition for the Silurian, De-
vonian, or Carboniferous are so considerable that almost any of those

given have been found to controvert the facts of some locality. If
this is the case with reference to these later periods in which so much
more is known, it should not be surprising that the obstacles to an
accurate delimitation of the Archean are at present apparently insu-
perable.

But while it is impossible to make a wholly satisfactory theoretical
definition of the Archean, it is frequently easy in the field to say with
a great degree of pro ability what roekls are Archean and what post-
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Archeau. For instance, in the Arizona region, as has been seen, above
the typical Archean complex there is the most profound uncontmi n ity,
upon the upper side of which the rocks are readily recognized plastics.
From the writer's point of view the samte thing is true for a large part
of the lake Superior region. In the Uinta and Wasatch mountains,
again, below the quartzites of probable Algonkian age, is a great un-
conformity, and then appears the iiplic(ated Arehean. In certain other
regions the separation of the Algonkian aid the A rciean is a matter
of exceeding difficulty. As representative of this class of cases may

be taken the Front range of Colorado, along the en st side of which are
11111istakable plastics, with an apparent gritdatin between them and

the crystalline complex. In the Appialachians, again, where for the

most part the oldest plastic rocks recognizable are Cambrian, it can
not le said whether the crystalline cotplex below is Algonkian or Ar-
cheai. Here the separation of the Caibriai ftrom the pre-Caimbrialu
has been accompllishied oily by a minute and labhoriius study. The two
apeleared to be in cOtutormlity a nd to grade int each other. It is only
recently that this gradation has been shown by Pimiiely to be consist-
ent with a great unconlOrmiity between the t wiio. The causes hroduc-
ing this gradation between the Cambria mia pre-( 'antiriant in Massa-
ehiusetts (post-Cambrian ilynlamic action aml prie-(aiibriaii tisintegra-
tion) smay also be thund to explain the contilities atl gralations e-

tween the Algonkiant amd Archean.
While it is thent not easy to define the Archeat, it is plain that the

discrimination in the field between Archean anl Algonkian is a real
one and should continue to be applied eVei it its exact theoretical
mueaniig can not be said to be certainly known. It has been the ens-

tLom in the past to refer tI the Archean practically all crystalline rocks,
with many senticrystalline rocks which seem to be (kI, or the age of
which was not determinel. i under this practice vast areas in the Ap-

palachians have been reterred to the Archeai, which are now being
placed in the Cambrian, I)evoniain, alnd Carboniferous. Doubtless in
the same way many other areas which have been placed in the Archiea

upon closer study will be removed from it and the rocks distributed
from the Algonkian lward. At this n int a reiirti in geology is
needed. If, tor instance, the oldest rocks of clearly recognizable age
are Triassic, and these Triassic rocks rest ntin a complex, flhe strue-

tural relations of which are not studied in detail. this complex sliult
be deinmina ted pre-Triassic rather than Arcllan. A large part Of the

diftieulty in getting to understand from the literature the actual facts
as to the occurrences and relations of the crystalline rocks has arisen
from this practice of using the Archean as the dumping ground tr
everything of nt known age.

STRATIGRAPHY OF ARCHEAN.

In characterizing the Archea a the methods a ptplic'Ible to its subdi-
vision are clearly pointed Out. If n pitrt of it is demoinstrablily sedi-
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nientary, structural methods can not apply. Its subdivisions must be
made upon purely lithological grounds. If a part of it is demonstrably
eruptive the relative ages of these parts may often be ascertained and
all are necessarily newer than the part not recognized as eruptive, else
these could not be shown to have this origin. Many attempts to apply
stratigraphical methods to parts of the Archean have been made, but
they have not thus far been successful. Such attempts have been
based upon the belief that foliation represents sedimentation, but even
working upon this erroneous basis it has been stated that the strnc-
tures are so complicated that little progress has been made. So far as
attempts to apply stratigraphical methods to this fundamental com-
plex are concerned the conclusions of Whitney and Wadsworth are
very largely true. If their review of the "Azoic rocks" had been confined
to this basement system, which is perhaps truly Azoic, the conclusion
as to its indivisibility on a structural basis would have plausibility.

The only division generally applicable to the Archean warranted by
present knowledge is its separation into (1) fine grained mica-schists,
feldspathic mica-schists (technically gneisses), hornblende-schists, horn
blende-gneisses, etc; and (2) the granites and granitoid gneisses with
their associates. The first class is generally dark colored, the second
light colored. The lithological affinities of the second are with the ig-
neous rocks. As already indicated, the change from a granite-gneiss
area to a schistose area is not infrequently a transition. In passing
from the schists to the granites often veins or dikes of granite are first
found, or interlaminations of granite-gneiss with the schist. After a
time the schistose rocks and granite-gneiss are about equally impor-
tant. Proceeding onward the granite-gneisses become predominant.
These relations are precisely those already described and interpreted
by one school to mean that the granite-gneisses are extraneous intru-
sives, by another that they are the aqueo-igneous fused sedimentary
beds in situ, and by a third that they are selectively metamorphosed
beds. To designate the gneissoid granite part of the Archean the term
Laurentian has always been employed and is now generally restricted,
the finely laminated crystalline schists being commonly referred to the
Huronian. Laurentian under this usage is made to include the impli-
cated granite-gneiss of the basal complex, somewhat regularly lami-
nated granite-gneiss, and also many areas of nearly massive granite, a

part of which latter may be and probably is of later age than the former.
The first is clearly Lanrentian. It is equally clear that the granite-
gneisses known to be of later age than Algonkian plastics, like those
described by Lawson northwest of lake Superior, should be excluded
from the Laurentian. To place these rocks here is to introduce a new
principle in geology; i. e., it is giving rocks of recognized eruptive ori-
gin a separate term when they should be given the name of their con-
temporaneous plastics. The eruptives which are contemporaneous with
the Tertiary rocks are so named. Rocks which cut Tertiary rocks and
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I)1S('ssl()NS " PRtINCIPL1'5 48

cal not Ie iiioie 'c ilratvly IocIla&v are called post -Teit inry. In like
manner the granite-gneisses which are re('ognized as eruptives of later
age than sedimentaries should be assignled if possible to the age to which
they belong, and if not, their limiitations expressed. This, restrictioni
of the term Laurentian will undoubtedly eliminate from it large areas
of rocks which have heretofore been recognized as Laurelitiali, but to
inlcude both the origi ial omnite-gneiss aid later granite-gneisses under
a single tiue terii is but to delilerately coiitiiiue a conftised classifica-
tion after facts have been discovered which render it ininecessary. All
were first referred to the Laurentian only because a discrimination as
to age had 11ot been made between them.

it appears to me that the best use which can now be made of the
old term Laurentiah is to restrict it to the Arheai granite-gineisses,
including in it no rocks which traverse Algonkiani sedimentaries. This
use of the term Laurentian is differelit from the original proposal of
Logan. The original Laurentian is largely and(, with the exceptiot of
the great lower 'orthoclase" gneiss, perhaps wholly a series of detrital
origin, 1eing composed of limnestomnes, q(Iartzites, and regularly laiii-
iiated gneisses which almost certainly are altered elastic rocks.
DIawson (Sir William) in a late paper insists that the bedded sedimen-
tary character of this and adjacent series can not be doubted. It
was natural in the days in which lamination of any kind was by
most geologists regarded as proof of sedimentation, that the term Lau-
rentian should be carried over to the underlying thoroughly crystalline
granitoid gneisses. The known area of this latter class has now become
so great that the elastics of the type series and other plastics here
placed are insigtificaut in comparison. The Hastings series, after-
wards connected by \ennor with the original Laurentian, was first
referred by him to the Hluroian, and there is little doubt that this
series woul(h, if newly funid in the great expanse of northern Canada,.
be thus placed. This is still more emphatically true of the so-called
Laurentian plastics of lake Nipissing, which were referred to the Huro-
nian by Selwyn. That two groups of rocks were included in the Lau-
rentian of Logan, that author early recognized by his subdivisions:
Lower Laurentiami, including the basal granitoid formation; and Upper
Laurentian, including all the limestones, etc. The later work of the
Canadian survey has emphasized the reality of this division. In recent
years the practice of the Canadian Survey has been to include all or
nearly all of the more regularly laminated rocks which may be posi-
tively asserted to be of elastic origin, as well as many of which this
assertion can not be made to the Huroniau. The difference between
the Laurentian of lake Superior and that of Logan's original area was
early noted by Macfarlane, Brooks, and Rominger. The last two
went so far as to suggest that about the lake Superior region it is prob-
able that the Laurentian of eastern Canada is not represented. That
possibly the fragluelutal rocks of the Laureutiau of the East may be
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eqluivalelll to the more crystallinc of the frigdental rocks about, hike
Superior, here called Lower Huronian, was early suggested by Cham-
berlin. Excluding from the Laurentian the small areas of plastics here
referred, and applying the term to the vast areas of rock referred to
this system during the last forty years would seem now to be the pref-
erable course. This nsage accords with the principles of good nomen-
clature in that it makes the Laurentian a. definite unit and avoids the
anomaly of including under one term two radically different groups of
rocks.

The fine grained, darl colored schists belonging to the basal complex
and antedating the Algonkian should have a name assigned to them
e(ordinate with Laurentimi as the other mtain lithological division of
the Archeia. If Lawson's Coutehiching series belongs here this terni
has priority ti n1 this 1lace. Lawson, however, regards this series as

problhbly sediientry, althouglh poa this p4int alditioatl evidencels

needed. It it tuuns mit that the ('olthiching is sedimentary nider
t he classiietiion prop4l44e4 iln t his mper t lie series belongs with the

Algonkian. As a prmVisioial mle ti 1n thiS secol division of the
Archeant is 111 posed the term Mare isean. This tern, like Laurentian,
is a geograplhicalon1e derived from1 Ma 'eniisco towNiIshi , M ichigau, smith
of the Gogebie range, where these rocks ha ve a typical 1evelomeit.

The Are-hean as a whole naturally occupies a gronup place in the elas-

sifieation, and its Laur-entia m a l areniseiin would be systematic in
their valne it' Ihey wel structural terns. Batt until the Archeait can

be separated on1 a structural basis, if it ever (,ait be, it will be necessary
for the purposes of atlas sheet dipping to treat the group as a imit,
except that lithological divisions Iiay be miade. With reference to

AIrcheatn, ve are in the same titifiityult as with Agnatozoic or Protero-
zoic, considered lbelow. This group cin at present have but a single
systemii division, the Algonkian, 1ecanse we are not yet able to subdi-
vide the group into systems which eam be shown to be general f4r the

whole of America.
The antielinal structure described as generally characteristic of the

Arehean ranges of the west has been based n1pit the relief that folia-
tion represeits bed lding, aid also o1 the o1bsevatimns that the overlying
sedim entary rocks oten dip a way from the a xes. The anticlinal struc(t-
nres of the sedimentary rocks and that of the Arehean are independent

questions. If the Archea ias a w4le be regarded as of igneous origill,
it woull be expected that ,t gra-1dation from massive rocks ill the cores
to sehistose nolks upon the flanks would be flond, ti r these outer zones

are the places where the most powerful effects of dynamic action are
felt, and also the parts where greater interior aceomnodations of the
constitllent particles are necessary. in dy in to-metamorphic eruptives
of post-Archean age precisely these relations prevail. The determina-
tion of the structure of the Archean cores '(ist wait until the origin of
the Archean has been determiined; in short, until it is known whether
structural methods are ;ilplicatble at all.
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NECESSITY Fi'Ol A (ROUP BETWEEN CAMBRIAN AND AiCMEAN.

The Olenellus fauna is taken as the base of the Cambrian. The rea-

sots for thus delimiting the Cambrian below are fully considered by
Walcott in one of this series of correlation papers and will be sum-
marized on a subsequent page. His results are accepted. The Cam-
brian fauna in development is fhi, some biologists say nine-tenths of
the way, up the life column. This statement, if accepted, implies a
prior life of vast duration.

Just as another period of life has sneceeded the Cambrian, another
has preceded it. The progress of paleontologie knowledge has of late
been downward. Before there was a recognIized Cambrian there was

a well known Silurian, and it is probable that when all parts of the
world become geologically known other tfinnas will be discovered below

the Cambrian as distinctive iin chiaiacter as the ( 1amlbrianu is from the
Silriai. If this be done, definite intirmation will he available to cor-
relate rock series of different p a rts of the worhl in the timle pa ce be-
tween the Caimbrian and Archean.

If the condition of the globe was such that lice existed in pre-Canm-

briaii time, it also was sicl that stratified rocks could be deposited

not unlike those of later times, so that the only question which arises
is whether any of these stratified rocks ]low remain in such a condition

as to be recognizable. The tfregoing pages and the literature smn-
marized give a mass of evidence upon this point which is overwhelming.
Such intervening elastic series do exist below the Olenellhis fatna in

maiiy regions in North America, and in somne cases the volumes of rock
and great intervening erosions represent a lapse of tile which may
be not inaptly compared with all subsequent time. If geological his-
tory were to be divided into three approximately equal divisions,
these divisions would not improbably be the time of the Archean, the
time of the elastic series between the Areleain and the Cambrian, and
the time of the Cambrian and post-Cambrian. Inl this connection it
is well to recall that many years ago Logan sliggeste that the thick-
ness of the Laurentian and Huroniant may surpass that of all sue-
ceeding formations, and the appearance of the so-called Primordial
fauna may be consideredI a comparatively modern event.

It is imperative that some term shall be available to cover tle great
mass of rocks between the Canbrian and Archeamn. Irving was the
first to realize and urge the necessity fir such a term and prop osed
fir it Agnotozoic. This term implies the existence ot life in this sys-
tem, and the evidence upon this point is conclusive. Life is indicated
by the presence of thick beds of graphitic limestones, beds of iron car-
bonate, and by great thicknesses of carbonaceous sales, which are rep-
resented by graphitic schists in the more metamorphosed phases of
the rock,. It has been urged by Whitney, Wadsworth, and others that
the limestone and graphitic schists may have an origin other than
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organic. Whitniey and Wadswovt I have goiie so fat as to say that
there is no valid evidence of Iihe in any pre-Potsdam rocks. This was,
however, before it was generally recognized that the Potsdam is Upper

Cambrian and that au albnlda nt Cambrian life extends far below. If
it were true that these limestones and ore beds are no evidence of life
(and it may be admitted that another origin is possible without imply-
ing that it is probable), it will hardly be maintained that the hydro-
carbons which occur so abundantly ini the little metamorphosed shales
of the Huronian about lake Superior are other than of organic origin,
and, if so, the graphitic schists which stand in the same great system
in the geological column are in all probability only these hydrocarbo-
naceous shalesin a, more altered condition. However, we are not obliged
to depend upon the presence of these varieties of rocks as the only
evidence of life. Whether the .Eozoon cavadentse found iit the original
Laurentian of Canada is of organic origin will not be discussed here.
Its literature is voluminous and it is a question which concerns the
paleontologists. It is doubtless true that many of the specimens which
have been called Eozoon are results of the forces of crystallization;
but, admitting this, it does not follow that all of the material called
Eozoon is of this character. Passing bythis question, the pre-Cambrian
fossils described by Walcott in the Grand canyon of the Colorado
include: " A minute Discinoid or Patelloid shell, a small Lingula-like
shell, a species of Hyolithes, and a fragmeint of what appears to have
been the pleural lobe of the segment of a trilobite belonging to a genus
allied to the genera Olenellus, Olenoides, or Paradoxides. There is
also an obscure Stromatopora-like form that may or iay not be or-
gani.

A Lingula-like shell has been fonud by Winchell in the pipestones of
Miinesota. Selwyn has described tracks of organic origin in the Ani-
mikie (Upper Huronian) series of lake Superior. Al array, Ilowley, and
Walcott found several low types of fossils in the pre-OlenellIs plastics
of Newfoundland.

That these fossils are of organic origin can not be doubted. But while
many will admit the elastic character of the great groups of rocks con-
sidered and the organic origin of the forms mieutioned as well as the
carbon of the carbonaceous shales and schists, they will say that these
are merely evidences that the rocks in which they lie are Cambrian.
The reply to this is that it is a question of nomenclature. If it be pre-
mised that all elastic and fossiliferous rocks more ancient than the
Olenellus horizon are Camibrian it is useless to try to prove that there
are pre-Cambrian elastic rocks which bear life. It is, however, neces-
sary to recognize that the carrying downward of the term Cambrian
to cover not only the great thicknesses of rocks which are now in-
cluded within it, but all pre-Olenellus plastics, will probably make the
Cambrian as great as or greater thaui all the subsequent periods put
together. That this is inadvisable is plain, and the elastic rock masses
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below the ()leinellus tiuna are so enormous that the proposal to intro-
duce a general term like Agnotozoic as the equivalent of Paleozoic,
Mesozoic, Cenozoic, to cover this great group is a conservative one.
Irving foresaw that the term would be objected to because sooner or
later the life will become to a greater or less degree known, and he sug-
gested as an alternative for Agnotozoic, Eparcheatt in contradistinc-
tion- to Archean, which was reserved by hit to cover the fundamental
complex. As the character of the lite of this group is already be-
ginning to be known, it seems to me that the tern Proterozoic, con-
sidered for the place by Irving, but rejected, is preferable to either
Agnotoz oic or Eparchean.

In a conference of the iembhers If the U. S. Geologica l Survey, called
by the Director at Washington. these terms were discussed with refer-
ence to atlas-sheet -tapping, although t here was no questions on the
part of any one as to the necessity for some such tern. Recognizing
the ilijpracticability of the (ertain correlation with one another of the
one or more pre-('.miobrian elastic series which occur in the various
regions, and recognizing the fact that for use in mapping a unifiirnt
plan unumst he adopt ed, it was suggested that a tert of the same class
as Cambrian, Si htriaui and Devoniann should be selected for rocks
here inchled, and to occnly this place the ternm Agonkian was

proposed and accepted. The pIroposed general scheme of classification
for the lower part of the geological cohutn is then as follows:

((Carboniiferous.
Paleozoic............................ Il an.

l'; mhrian.
AgnoozoiC, or Proterozoic ----------------.. lg onkian.
Archean ..--- ------ .----- ---- ---------- --. Arche n.

The int-roduction of the term Algonkian has been objected to on the
giouid that it will supersede the older terit lIlnrtoIian. it answer to
this it may be said that Huronian has not been generally used as
Algonkian is defined, and it therefore does not supersede this term.
Huronian will be retained for certain of the elastic series of Lake Supe-
rior and Caaiuda, as well as for rocks in an equivalent position in other
parts of North Amnerica and Europe, if such equivalence can be deter-
mined, just as before Algonkian was introduced. The Huronia n will
stand as one of the great series of rocks which together make up the
Algonkian.

DELIMITATIONS OF THE ALGONKIAN.

The further back we go in the history of the world for any given
region the more frequent have been the changes through which a rock
stratum has passed, and therefore there is increasing difficulty in deter-
mining bounding plates with sharpness, although in different regions
rocks of the same degree of mnetanmorphism may differ vastly in age.
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The truth of this is well illustrated by comparing the eastern and west-
ern regions of the United States. In the former powerful dynamic
movements have occurred until late in Paleozoic time, as a result of
which the Cambrian, Silurian, and Devonian rocks over large areas
have not been separated from the pre-Cambrian. In certain areas this
separation has been accomplished, but only by the most accurate and
painstaking application of modern methods. In parts of Massachu-
setts and Vermont the areas covered and the results reached have in-
volved an enormous amount of labor, although of late paleontology
has been an important help in unraveling the problem. Under these
circumstances how much more difficult would one expect it to be to
separate the pre-Cambrian elastic series from the Archean !

Ini parts of the West, where no close folding has occurred since Cam-
brian time, it is easy to separate the Cambrian from the pre-Cambrian,
a nd in regions in which metamorphosing influences have not been at
work for a still longer time it is easy to separate the pre-Cambrian
cLastics from the Archean. But in other regions this separation is
made with the greatest difficulty, and doubtless over large areas this
will niever be satisfactorily done. Just as in the Appalachians, in parts
of which it may be impracticable to separate the Cambrian rocks from
the pre-Cambrian elastic series, if such exists, so it will be for a long
time impossible to decide in some regions upon sharp boundary lines
between the pre-Cambrian plastics and the Archean. Giving fill force
to this position, it is no reason why the discrimination should not be
made where it can be.

Recent work in petrography has demonstrated that dynamic move-
ments and environment, not time, are the important elements in the
obliteration of elastic characteristics. Dynamic movements also destroy
ihe evidences of discordances between series where there have been real
unconformities. This destruction of the evidence of structural breaks
comes about largely as the result of an approaching parallelism of bed-
ding, caused by the close folding, but far more important than this is
the production of a common cleavage and foliation with the simulta-
neous development of crystalline schists from the newer series. As a
consequence basal conglomerates are often almost the only means of
discriminating between the newer and the older series, and if the meta-
morphosing influences are powerful enough to destroy the pebbled char-
acterofsuchbeds, changing theminto schists or gneisses, as has occurred
in many places in the Cambrian of the Appalachians, this means of
detecting a break between series is also lost. The problem is rendered
still more difficult because of the fact that often when there is a real
iiuicoitormity there has been originally no basal conglomerate. At
mia ny localities in the far West the basement fossiliferous series are built
up of the constituent minerals of the underlying rocks rather than of
large fragments of them, and even when not folded have sometimes so
closely simulated the original rocks that geologists have been at a loss
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to determine at what plane the plastics end and the crystal ines begin.
IH it has proved difficult to separate the unfolded plastics front under-
lying crystallines how much mor difficult must it of necessity be to
separate series that have together been subjected to intense and per-
haps repeated dynamic actions.

The Algonkian has been defined as including all recognizable pre-Cam-
brian plastics and their equivalent crystallines. In the consideration of
the character, origin, and delimitation of the Archean the lower limit of
the Algonkian has been given. Its basal plane is the lowest of the
recognizable elastic rocks. It has been seen that there are great dif-
ferences ill the ease of recognition of the basal Algonkiant plane in dif-
ferent regions. In the Uinta mountains, in the Grand canyon region
of Arizona, in portions of the lake Superior region, in the original
Huronian region, and elsewhere, between the Algonkian and the
Archean, there are great unconforimities, above which are the readily
recognizable clattic rocks. and below which are the thoroughly crystal-
line basal complexes. Even in many regions in which there have been
repeated holdings since Archean. time, and in regions obscured by erup-
tive activity, it is perfectly clear that a large part of the rocks are
elastic and belong with the Algonkian, while other parts have all the
characteristics of the fundanental complex. Occupying an. interme-
diate position are occasionally found areas of rocks which can not cer-
tainly be placed with the Algonkian or Archean, but this difficulty is
not peculiar to this separation any more than to other general recog-
nized planes, such as that separating the Cambrian and Siluirian in
folded districts. Many of the members of the Canadian Geological
Survey have described the Htronian and the Laurentian as conform-
able, with gradations between the two. This apparent accordance and
gradation is in many cases due to the fact that placed with the Huro-
niau are many rocks which would under the use of the terms here
proposed be regarded as Archean. In other cases there are apparent
coforinities and gradations between undoubted elastics and the under-
lying rocks having all the characteristics of the fundamental complex.
The significance of these gradations is di,*cussed in another place,
where it was seen that they are not inconsistent with genuine struc-
tural breaks.

It has been stated that the reasons for placing the base of the Cam-
brian at the Ofenellus fauna are considered by Walcott in this series of
correlation papers, and that his results are here accepted. It is, how-
ever, to the point to consider whether this horizon answers equally well
for the upper limit of the Algonkian. Evidently all the arguments
brought forward by Walcott for placing this fauna as the base of the
Cambrian apply as well for considering the horizon below this as tipper-
most Algonkian; for the widespread character, both European and
American, of the Olenellus fauna makes it a particularly easy one to
identify and therefore valuable for the purposes of discrimination. In
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the lake Superior region and in many other localities above the upper
Algonkian are unconformities, the first of the Cambrian being middle
or upper. In other regions, as in Newfoundland, the upper Algonkian
is marked by an unconformity, and the formation immediately above
bears the Olenellus fauna. This is the most favorable and clear case.
In the Wasatch and several other ranges of Utah and Nevada, in
British Columbia, and probably in the southern Appalachians, below
the Olenellus fossiliferous Cambrian are conformable series of quartz-
ites and slates of great thicknesses. Are these lowest Cambrian or
uppermost Algonkian? May not the Olenellus fauna in the future be
found to extend downward through a greater or less thickness of these
apparently barrens rocks? If in any region the fauna le found to ex-
tend downward for a long way, it is probable that species and genera
characteristic of the Olenellus horizon as now known will drop out and
others appear which are different. rhe Olenellus would thus grade
into a pre-Olenellus fauna. Such a gradation will, doubtless some-
where be found, while in other regions the change from an Olenellus
fauna to one of a pre-Olenellus type may occur abruptly. In either
case there will finally appear a fauna which is not the present known
Olenellus Thuna, but which is as different from it as is the Cambrian
from the Silurian (Ordovician). As the term is here used, such a fauna
is pre-Cambrian, and the rocks containing it are Algonkian. In the
following paragraphs great barren inferior series conformably below
the known Cambrian are placed with the Algonkian on the ground of
probability. The presence of an abundant lower Cambrian life at a
certain horizon within the conformable succession, with apparent com-
plete absence of life in immense thicknesses of rocks conformably below,
which, so far as lithological character is concerned, are equally likely to
bear fossils, throws the weight of evidence in favor of the Algoikia,
age of these rocks. It is, however, more than probable that some part
of the conformable downward extensions of the Cambrian which are
here provisionally referred to the Algonkian will in the future be found
to belong with the post-Algonkian.

The newest Proterozoig or Algonkian rocks of different regions may
stand in different positions, just as the superior rocks of the Paleozoic
may in any given region be Cambrian, Silurian, Devonian, or Carbon-
iferous.

DIFFICULTIES IN ALGONKIAN STRATIGRA PHY.

Since among the pre-Cambrian plastics, paleontology is not yet avail-
able in correlation, it is exceedingly difficult to make widespread sub-
divisions of the Algonkian, such as are made in later time. The diffi-
culty is further increased by the unequal metamorphism in different
regions of series of the same age. The Algonkian is in just such a
position as regards wide correlation of its constituent series as would
be the Paleozoic and Mesozoic if their known fossil contents were so
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small as to be useless for the purposes of correlation. The structure of
individual districts and regions could be worked out and the formations
correlated, but the attempt to equate the Cambrian, Silurian, Devonian,
or Carboniferou of one region with rocks of the same age in a far dis-
tant one would be an almost hopeless undertaking. Ii the Carbonif-
erous the beds of coal would serve as am important guide, but if im-
plicitly followed and no fossils were available the Triassic of Virginia,
the Carboniferous of the central United States, and the Cretaceous of
the west would be placed together. If the iron carbonate formations
of the Algonkian in the lake Superior region, which appear to be the
most characteristic of any one kind of rock, were followed as a guide,
the results would probably be as tifr from the truth.

We may. perhaps, go so tar in soine cases is to correlate series which
OCCUr in different districts of the same region when a set of character-
istic tornations trinig the series occur in like order and the series as
a whole is in the same relative position to overlying and subjacent

series, one or both of which are known to be identical in both districts.
It is probable, when several pre-Cambrian series occur of the same
general character, with like relations to each other and to the Archean
and Cambrian, and not so far apart as to be outside of the same geo-
logical basin, that a provisional correlation is warralltedl. While, then,
it is not practicable to subdivide the Algonkian into general systems
which shall cover the whole of North America, it is often possible so to
do in a single geological basin, or in adjacent basins in which the rela-
tions of the separate formations and series call be worked out.

Before considering the principles a pplicable tothe subdivision and cor-
relation ofthe Algonkian series, it will perhaps be well to review briefly
the regions in which pre-Camiibrian rocks occur, and indicate their char-
acter and relations, as well as their relations to the Archean. The order
followed is that of the review of literature. No attempt is made to give

detailed evidence for the conclusions stated. For this it will be neces-
sary to refer to the fuller accounts of the several regions in the previous

chapters.

THE olIGINAI. LAI'RE:NTIAN AND ASSOCIATED AREAS.

In thin; region are Al onkiain rocks at the tollowing localities: Hast-
ings district, lake Nipissing, Ottawa river, and Upper St. Lawrence
river. The Grenville area of the Ottawa is the original Laurentian

type district and the one mapped in Most detail. While the maps do
not connect these areas, the similarity of their elastic rocks is such as to
indicate a present or former continuity, with the exception, perhaps, of
those of lake Nipissing. The plastics consist of interstratified lime-
stones, q uartzites, conglomerates, green slates and sch ists, mica-
schists, hornblende-schist s, and regularly bedded gneisses, together
estimated to be thomisands of feet thick. Associated with these are
diabasic and chloritic rocks, both massive and schistose.
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In the Hastings series there are found considerable areas of peculiar
volcanic plastics. Below these rocks is a great complex in every respect
like the Laurentian Archean as above defined. This latter system,
called usually Lower Laurentian, occupies the main area of the region,
and the plastics are in a series of troughs with in it. What the relations
are between the plastics and the fundamental complex has not been
definitely made out, although Vennor believes that between the two is
an unconformity, and that the plastics are infolded patches. The evi-
dence given for this is, however, rather meager, and doubtless ahnost
as good a case could be made out with present facts for the theory of
an irruptive contact between the crystallines and the plastics. The
Labradoritic rocks (gabbros) found in this region need not be consid-
ered in the stratigraphical succession, as they are eruptives of later age
than the elastic series. Besides this eruptive, other acid and basic
eruptives cut the bedded succession.

To the plastics, Logan, Murray, Vennor, and all who have worked in
this region recognized that ordinary stratigraphical methods could be
applied. The persistence of the bands of limestones is such as to ena-
ble them to be traced for long distances. Although the problem
was a difficult one, a detailed mapping, with sections, has been submit-
ted for a small part of the area. The structural relations and correla-
tions which Vennor first gave differ greatly from his filal ones, and it
may be that even in the areas in which detailed mapping was attempted
that serious mistakes had been made; but if this be true, the region is
in no respect different from any other in which the structure is difficult.

All of the pre-Canbrian rocks here found were supposed by the
Canadian geologists to be lower in the geological column than the
Huronian of lake Huron. Upon the last point no positive evidence is
at hand. The two rock series do not come together. In the most west-
ern Hastings district of the Laurentian, the plastics, in lithological
character, degree of crystallization, and amount of folding are inter-
mediate between the Laurentian and Huronian of the type areas. At
first the Hastings plastics were correlated by Vennor with the Huron-
ian, and with this correlation certain of the official Canadian geologists
now agree, but afterwards they were traced with breaks of not very
great distances to the original Laurentian area and have always been
thus mapped.

'THE ORIGINAL HURONIAN.

The Original Huroian of the north chaminel of lake Huron consists
of comparatively little-altered nartzites, slates, slate-conglonerates,
graywackes, cherts, and limnestones having a total thickness of 18,000
feet, counting considerable masses of interstratified greenstone which
are recognized as eruptives. Recent observations render it probable
that these rocks are to be divided into two unconformable series, the
lower of which is 5,000 feet and the upper 13,000 feet thick. The first
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would thus he properly designated as Lower Huronian an( the second
as Upper Jfuroniuiai. Although cut locally by later granites, the lowest
member of the inferior series is separated from the basement comldex
by a great uiconformuity. The upper members rest linconrmably
below the Potsdam sandstone. The upper series is so gently folded
that the careful work of Logan and AMurray enabled them to map these
rocks in detail and to work out their structure. This has been done
for a considerable district with as much certainty and accuracy as in
many areas among the fossiliferous rocks. The rocks were divided into
a number of formations, which were found to be persistent throughout
the district. They were traced as a broad belt for several hundred
miles in a general direction northeast. Along the Canadian Pacific
railway as far as Sudbury and in the vicinity of Sdlbuiry more than a
general study of this great area, has been made. The elastic rocks of
this part of the region have the same general character as the type
district, but in the Sudbury district there are peculiar eontenporaneous
volcanic plastics. In the little studied remainder of the region, as
mapped, numerous granitic and gneissic areas are included, some of
which may be subsequent intrusives, but maiiy of which probably rep-
resent the underlying Archean.

LAKE SUPERIOR REGION.

In the lake Superior region, between the Archean and the Pots-
dam sandstone, the great Algonkian system is subdivided into three
series, which are separated by very considerable uncoitihrmities. The
lowest series is closely folded, semicrystalli ne, and consists of lime-
stones, quartzites, mica-slates, mica-schists, schist-conglomerates, and

ferruginous and jaspery beds, intersected by basic dikes, and in certain
areas also by acid erulptives. It includes volcanic plastics, often agglom-
eratic, and a green chloritic, finely laminated schist. The thickness of
this series has not been worked out with accuracy, but at its maxi-

mum it is probably more than ;,000 feet. As the term 1ihronian has
been for many years applied not only to the Upper Iluronian series, but
to this inferior series about lake Superior, it is called Lower Huronian.

Above this series is a more gently folded one of conglomerates, quartz-
ites, shales, slates, mica-schists, terruginous beds, interbedded and cut
by greentstones, the whole having a maximum thickness of at least
12,000 feet. In the Animikie district a fossil track has been found, and
i n the Minnesota quartzites lingula-like forms as well as an obscure trilo-
bitic-looking impression. Carbonaceous shales are abundant. In its vol-
ume, degree of t+dlding, and little altered character the Ipper Huronian
is in all respects like the upper series of the original Huronian, and
caln be correlated with,it with a considerable degree of certainty. Above
the Upper Huronian is the great Keweenawan series, estimated at its
maximum to be 50,000 feet thick, although its average thickness is
much less. Its lower division consists largely of basic and acid vol-
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canic flows, but contains thick beds of interstratified sandstones and
conglomerates, especially in its upper part. The upper division, 15,000
feet thick, is wholly of detrital material which is largely derived from
the volcanics of the same series.

Thy-. unconformity which separates the Lower Huronian from the
Upper Huronian and that which separates the latter from the Kewee-
nawan each represents an interval of time sufficiently long to raise the
land above the sea, to fold the rocks, to carry away thousands of feet
of sediments, and to depress the land again below the sea. That is,
each represents an amount of time which perhaps is as long as any of
the periods of d eposition themselves. In parts of the region the lowest
elastic series rest unconformably upon the fuidamental complex, but
in certain areas the relations have not been ascertained. The upper of
the three elastic series, the Keweenawan, rests unconformably below
the Cambrian.

Iii the lake Superior region it has been possible with a considerable
degree of certainty to refer the detached areas of pre-Cambrian elastic
rocks to one or another of the three series mentioned, although there
have been sharp differences of opinion with reference to certain of the
areas. It has been possible further to subdivide the series into forma-
tions, some of which have a widespread extent within the region. The
best results in correlating the subdivisions within the series have been
reached in the Penokee and Animikie districts.

Correlations of series in this region have been based upon uncon-
formity, upon lithological similarity. Ipon the belief that the greater
dynamic movements which have affected the region have been wide-
spread, and upon degree of crystallization of the rocks.' The correla-
tioni of the formations within a given series has been based upon litho-
logical characters and upon a similar succession of like beds.

THlE El"ION ABOUT HUDSON BAY.

Within the main Canadian area of pre-Cambrian in the region about
Hudson bay exist several troughs in which there certainly occur frag-
mental rocks such as slate-conglomerate, limestone, and dolomite.
These are associated with "imperfect" gneisses, a great variety of
schists, and schistose and jaspery iron ores. The Marble island series,
with that of the adjacent shore, is closely analogous in lithological
character to the Upper Huronian, while the more crystalline phases
resemble the Lower Huroniau. The chief indication available as to
the relations of these rocks to the basal complex is the presence in the
slate-conglomerates of syenite pebbles, like the rocks of the under-
lying crystallines. Resting unconformably upon the foregoing elas-
ties and upon the basal complex is the Manitounuck series, which
consists of siliceous and argillaceous limestones, sandstones, quartz-
ites, sales, ironstones, with interbedded amygdaloids and basalts,
all the members of the series being in a practically uimetamorphosed
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condition. This series, in its structural and lithological characteris-
tics is remarkably like the Keweenawan of lake Superior, and its dis-
tance from the nearest area of this series, the Nipigon, is not very
great, so that its correlation with the Keweenawan can be made with
a fair degree of probability. There are then about Thidson bay, between
the Cambrian and the Archean, at least two, and perhaps three, series
of rocks, the uppermost of which rests upon the lower series uncon-
formably.

OTHER REGIONS OF NORTHERN CANADA.

Too little is known of the vast expanse of pre-Cambrian rocks which
constitute the northern parts of Canada to make ally definite state-
ments. It is, however, evident that rocks lithologically like the
Archean of the previous regions discussed constitute the great area.
It is equally plain that within this area, at various districts, are rocks
which show undoubted evidences of elastic characters as shown by the
presence of limestones, schistose conglomerates, volcanic elastics, etc.,
which have a lithological likeness to the Keweenawan, Upper or Lower
Huronian of lake Superior, but which can not yet be closely located.
The Huronian area of the north channel of lake Huron extends to an
unknown distance in a north and northeast direction. Also, it is by
no means certain that many of the rocks referred by Dawson to the
Cambrian are not really pre-Cambrian, as used in this essay. The
Coppermine series, for instance, in its lithological character and posi-
tion, is such as to lead to a comparison of it with the Keweenawan or
Animikie of the lake Superior, or both. But the structural work in
this vast area can be considered but as barely begun.

TH EASTERN TOWNSHIPS.

In the Eastern Townships there is unconformably below the fossilifer-
ous Cambro-Silurian a series of little altered slates which rests uncon-
formably upon crystalline or semicrystalline schists. These have been
regarded by the Canadian geologists as Lower Cambrian, although in
them no fossils have been found. In position and lithological charac-
ter they are compared with the gold-bearing slates of Nova Scotia. As
the Canadian Geological Survey uses the term Cambrian, including the
Animikie and Keweenawan, this series is probably Cambrian, but, mak-
ing the basal Cambrian as is done in this essay the series bearing the
Olenellus fauna, it is probable, although not certain, that this series of
slates is pre-Cambrian and Upper Algonkian. Of the series of schists
unconformably below this series there are no very full descriptions. It,
however, includes mica-slates, staurolitic schists, crystalline limestones,
argillites, and graphitic schists, and with these volcanic plastics. This
is certainly a elastic series in part at least. The whole is associated with
granites which are regarded by Ells as iotrusives inl the schists, and
one of the causes of their metamorphisin, bit by Selwyn are supposed
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to be the clstic series in a more mIetamopliosed condition. In this
region it is probable that the futnidamental complex does not appear,
the lowest series fonnd being a elastic one which is to be placed inl
the Algoiikiain. The lithological character of the Lower Algonkian
crystalline series more nearly resembles the Upper Laurentian of the
original Laurentian area than any other. The unimetamorphosed slate
and quartzite series unconformably above it can not now safely be cor-
related with any of the elastic series to the west. It may be that it is
Upper [ironian or later.

SOUTHERN NEW BRUNSWICK.

In southern New Brunswick, while the geology is exceedingly com-

plicated, and the later conclusions of the official geologists differ funda-
mentally from those earlier held, it is plain that there exists here a pre-
Cambrian elastic series of great thickness. The wholly crystalline gran-
ites, gneisses, etc., at the base, in their general lithological description,
resemble the Archean of the West, but from present evidence it is im-
possible to decide whether these are subsequent intrusives, the prod-
uct of complete metamorphism of the elastic series, or are a basement
complex. The geologists who have described the region clearly main-
tain that this series is more ancient than the oldest associated elastic,
although the relations strongly suggest the possibility of an eruptive
contact between the latter and the granites and gneisses. The older
series of plastics, called the Upper Laurentian, does not have a great
thickness, consists of quartzites, slates, and crystalline limestone in-
terstratified with argillites, slate-conglomerates, and gneisses. This
series in its lithological character is like the original -Upper Lauren-
tian. Above it, conforming with this series and the granites and
gneisses, is the Coldbrook series, which is very largely composed of sur-
face volcanic flows and plastics. Above this are the Coastal and King-
ston series, which are wholly unmetamorphosed elastic rocks, associated
with contemporaneous eruptives. Between the two is something of an
unconformity, but it is not thought by the New Brunswick geologists
to have marked a considerable epoch of time. The two upper series can
not certainly be correlated with series in other parts of Canada and
about lake Superior, but not improbably they belong above the horizon
of the Lower Huronian, being perhaps equivalent to the Upper Huro-
nian or Keweenawan, or with the erosion intervals which separate these
series.

NOVA SCOTIA AND CAPE BRETON.

In Cape Breton the relations between the basal complex and the
George river limestone series are identical with those between the basal
complex and the so-called Upper LJaurentian of southern New Brunswick;
.. e., there is here a elastic series aml a ganitoid gneiss series in which
it is impossible to say definitely whether t le relations are those caused
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by an eruptive contact or whether the crystalline complex is older than
the elastic series, the latter being deposited upon it.

Inl Nova Scotia the great godl-bearing series of the Atlantic coast, of
unknown thickness, mapped by the Canadian Survey as Cambrian,
may be pre-Cambrian as terms are here used. It contains the evidence
of life in Eophyton, but this does not forbid regarding it as Algonkian
in our sense of the term. The series may be as high as the Cambrian,
or it may be the equivalent of one or more of the pre-Cambrian series.
In this region the relations of the granites and gneisses to the gold-
bearing slates are such as to demonstrate with a reasonable degree of
probability that the granites are intrusive, although they have been
regarded by certain writers as metamorphie. This fact suggests that
a part of the granite of the fundamental complex of solithiern New
Brunswick and Cape Breton may also be a later eruptive, but even if
this were the case it would not demonstrate the absence of an earlier
granite-gneiss series.

NEWFOUNDLAND.

In Newfoundlamnl is a clear case of a great series of rocks of perhaps
10,000 feet thick, referred to the Huronian by Murray, which is a part
of the Algonkian. Here is found the Oleinellus fauna in the basal Cam-
brian rocks, and these are separated by an uncniformity from the inder-
lying plastic series, in which, however, has been discovered two or three
fossils of a low type. What the relations of this lower slate series are
to the crystalline granite-gneiss which has been referred to the Lan-
rentian is uncertain. No evidence is available showing that lower
than this slate series are any plastics. Certain of the granites of the
island of Newfoundla nd are intrusives of later age than the slates, some
of them being as recent as Carboniferous; so that it is not impossible
that many of the granites, syenites, and porphyries referred to the Lau-
rentian may be of far later age.

THE BLACK HILLS.

In the Black hills is a great series of slates, quartzites, quartzose
conglomerates, mica-schists, and mica-gneisses of unknown, although
probably of greatthickness. These are cut both by intrusive granites
and basic rocks of Algonkian age and by eruptives of later time. All
of the elastic rocks are more or less metamorphosed by the contact and
dynamic action to which they have been subjected, and adjacent to the
great batholites of granite they have become thoroughly crystalline.
In degree of folding, crystalline character, and mineral composition
they resemble the Lower Hurouian of the lake Superior region nearer

than any other series. They are separated from the Potsdam sa id-
stone by a very great uncoitirmiiity, that fiormation resting Ripon them
in a wholly unfolded codition, while the prominent secondary struc-

tures of the underlying series are nearly vertical and the bedding is iii

a series of sharp IidIs. No pre-Alginkiin noks are here known.
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MISSORIT.

The Algonkian plastics of Missouri are a group of isles surrounded
by Paleozoics. They consist of limestones, slates, iron ores, anid cou-
glomerates, the most of the debris of which is from porphyries and are
interbedded with surface quartz-porphyry flows, which make up the
greater part of the volume of the series. There are here also granites,
which are probably of the same age. If this is the case no rocks older
than the Algonkian are here knowii. The series shows conclusive evi-
dence of vast delludation before the horizontal Cambrian was deposited
upon it. The litlhological character of the series is intermediate be-
tween the Upper Huronian and Keweenawan of the lake Superior
region, and it may stand as the equivalent of one or the other of these,
or in an intermediate position.

TEXAS.

In Texas the Algonkian is represented by the Llano series of Wal-
cott or the Texian series of Comstock and by the Fernandian of Com-
stock. The first series consists of gently folded shales, sandstones,
limestones, and schists with fterrnginous beds, and is cut by both basic
and acid eruptives. It is for the most part very little metamorphosed,
and is said to repose unconformably upon the Fernandian. The Fer-
nandian series consists of qgnartzites, ferru ginous rocks, carbonaceous
schists, chloritic slates and shales, caleareotis rocks, and other acidic
and basic schists. It is now a rather crystalline series, but it is clearly,
in part at least, of elastic origin. The series is cut by numerous ernp-
tives, both basic anld acidic, of which granite is the most prominent. As
to the relations of the elastic series to the Bnrnetian (Archean), they
are believed by Comstock to be unconformably above it. They are
separated by a great unconformity from the Cambrian sandstone.
Comstock correlates the Texian with the entire Grand canyon elastic
section, which, if true, and the above supposed relations correct, make
the Fernandian rather low Algonkian.

MEDICINE BOW RANGE.

In the Medicine Bow mountains, the elastic series of Medicine and Mill
peaks, consisting of slates, cherts, siliceous limestones, quartzites, and
conglomerates, all of considerable thickness, appear to be conformable
with the more crystalline granite-gneiss complex. The only evidence
that there is a break between the two is the presence of granite and
gneiss fragments in the lower parts of the elastic series. In degree of
crystallization and lithological character this Algonkian series is like
the Lower Hmronian of the lake Superior country.

SOUTHWESTERN MONTANA.

In sonthiwestern Montana the Algonkian is probably represented by
two series. The upper series consists of 12,000 or 15,000 feet of unal-

rB1IL.86.



mA H1mE. DISCUSSIONS OF PRINCIPLES. 505

tered strat, mI1osily sales. The I power consists 4) completely crystal-
line reg alarly 1)edited gneisses, quartz-schists, quartzites, chlorite sch ists
and mica-schists. The upper series, the topmost of the Algonkian, is

separated from the Archean by a great unconformity. The relations
of the lower series of the Algonkian to the basal complex are unknown,
but it is known to lie unconformnably below the Cambrian. Also the two
Algonkian series are not found in contact, but that there are two series
is indicated by the facts that one of them is conformably below the
Cambrian while the other is not, and the first is nearly unaltered while
the seconll is crystalline. There is no sufficient information upon which
to correlate either of the Algonkian series with the region about lake
Superior. The affinities of the Upper Algonkian are rather with prob-
able Algonkian series to the west yet to be considered.

THE UINTA MOUNTAINS.

An ancient elastic series in the Uinta mountains covers an area of
several thousand square miles. This series, 12,500 feet in thickness, is
one of red quartzites and sandstones, interstratified with layers of slate
and ferruginous shale. It rests upon the upturned, truncated edges
of a thoroughly crystalline complex which is probably the equiva-
lent of the Archean of other regions. It is unconformably below the
Carboniferous. There is, then, no definite evidence upon which this
series can be referred to the Algonkian. It, however, in lithological
character, absence of fossils, and position, is more nearly analogons
with the quartzite series of the Upper Hronian than any other to the
east, but the dista nce which separates it from the Upper Huronian is
so great as to render correlation on this ground very nnsafe. The series
may, with more probability, be regarded as the equivalent of the slates
of southwestern Montana adm the probable Upper Algonkian of the
Wasatch to be considered. Also it is possible that it may not be Algon-
kian at all, but Cambrian or Silurian.

THE WAS ATCH MOUNTAINS.

In the Wasatch mountains the Algonkian is probably represented
by one series, and perhaps by two. The supposed Upper Algonkian is
a series of quartzites, sandstones, and micaceous shales and mica-schists
12,000 feet in thickness. It is possible that below this series, separated
by an nnconformity, is another more ancient and crystalline series which
belongs with the Algonkian, represented by the small area of fAlartz-
ites and quartz-schists at the foot of the Cottonwood canyons. The
Upper Algonkian is separated by a great unconformity from the Are1healm.
Its relations to the supposed older series of plastics in the lower Cotton-
wood are not made out, but it rests conformably under the Olenellus
Cambrian, and therefore if not Cambrian is uppermost Algonkian. This
series ocenpies the same position as the series of slates in south western
Montana, and the two, as has been said, are perhaps the equivalent of
the Uinta series.
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PROMONTORY RIDGE, AN'TEIAWOE AND iR I;)INT ISIA N.

Tn this range are a series of mica-schists, quartzites, argillites, which
ase occasionally caleareons, rocks which are probably elastic and there-
fore represent the Algonkian. The relations of this series to the Ar-
chean complex are not known. At Promontory point it rests uncon-
formably under the Weber. The rocks on Antelope and Fremont isl-
andls are regarded as of the same age because of their likeness to the
Promontory poinIt rocks and they arc believed to be pre-Cambrian
becausee no Cambhrian or post-Cambrian rocks in this region are more
thane indurated.

THE AQUI MOUNTAINS.

In the Aqui mountains the probable Algonkian consists of a series
Of quartzites 6,000 feet thick containing beds of conglomerate with
argillaceous schists and imperfect mitica-sclists. This series rests upon
the granlite, which is presumably a part of the basal complex. It is
conformbly below the basal ('imbirian, staids as Upper Algonkian,
amlilay be correlated with the Wasatch Algonkia i.

SCIIELL CREEK, Eu1AN, POGONIP OR WhITE PINE, AND PI~oN RANGES.

In the Schell creek range the probble Alg ikian is represented by

heavy bodies of qnartzite. In the Egan range the probable Algonkian
is represented by a series of thoroughly y vitrified quartzites several
thousand fret thiek, containing quartzitie and Inicaceolls schists. InI
the Pogonip range it is represented by micacons, arenaceous, and
argillaceous slates and shales and by vitreons quartzite, the series be-
ing of undetermined thickness. In the Pinai range it is represented
by quartzites underlain by mica-seliists and quartzitie schists having
a total thickness of 0,000 feet. In all of these ranges these series rest
uncontormably upon the Archeai ancd are eoutormah)ly under basal
Cambrian. They theretore are probably Upper Algonkian and stand
as the equivalent of the Wasatch Algonkiaii.

FRONT RANGE OF COLORADO.

In the district of Ralston, Coal, Boulder, and Thompson creeks of
the Front range of Colorado the Algonkian is represented by quartz-
ites, quartz-schists, mica-schists, and schist-conglomerates, the thick-
ness of the series being unknown, but certainly more than 1,000 feet.
The series has become very nearly crystalline. Its structural relations
to the basal complex arc not surely known. It appears to grade down-
waid into these rocks, lbut this neay be merely a superinduced coiform-
ity. The series of schiistose rocks in the Front range, referred by
Ding to the Ihinmian and estimated at 25,000 feet thick, probably
belong iii large part to the inndauiental complex.

506 [HULL. 86.



VAN JITSE] 1)ISCTSSIONS OF PRINCIPLES. 507

THE QTAIrTZ [TE MOUNTAINS.

fit the Quartzite mountains the Algonkian is represented by a series
Of* quartzites, interstratified with slates several thousand feet thick.
The series had suffered powerful dynamic action, being turned on end
and deeply trullated before Carboniferous time.. The relations of this
series to the Archeain are not certainly known, but all the evidence
points toward the conclusion that the Algoikian is of later age and
that between it and the Archean is a great unconformity.

GRAND CANYON OF THE COLORADO.

The Algonkian in the Grand canyon region is represented by three
series, the Chinar, the Grand canyon, and the Vishnu. The Chuar
series consists of shales and limestones, over 5,000 fret thick. It con-
tains a fauna of a pre-Cambrian type, including at least five distinct
forms. The Grand canyon series is of sandstones, with basic lava flows
in its upper part, and is nearly 7,000 feet thick. The Vishnu series con-
sists of beddedl qaartzites and scihists, cut by intrusive granite, and is
known to be at least 1,000 feet thick, but how much thicker hias not
been determined, as it has not been measured to its base. The Chuar
rests upon the Grand canyon and between the two is a minor uncon-
formity. The Grand canyon rests upon the Vishnu and between the
two is another inconformity. The Chuar and ('rand canyon sediments
are wholly unmetamorphosed, while the Vishnu sediments are in durated
quartzites and semicrystalline schists. Between these series as a whole
and the underlying Archean complex is a very great unconformity.
Between the Chuar and the Tonto sandstone (Upper Cambrian) there
is another unconformity sufficient to have caused the cutting across of
at least 10,000 feet of the flexed beds of the Grand canyon and Chuar
series. In this region is the fullest known succession of Algonkian
rocks in the United States, with the exception of the lake Superior re-
gion. The statement would not be warranted that the series here t0n11d

stand as the equivalent of like series in the latter region, but there is
a remarkable lithological likeness both in the detrital and eruptive ma-
terial of the Chunar and Grand canyon to the Keweenawan. Also these
series occupy a position of unconformity below the Upper Cambrian, as
does the Keweenawan, and is separated by an unconformity from a
series of quartzites and quartz-schists which are analogous to the
Huronian. This latter, Vishnu series, is not well known, so that it is
unsafe to assert whether it is nearer like the Lower or the Upper
Huronian of the lake Superior region.

BRITISH COLUMBIA.

The recent work of D awson appears to show that in British (7ohnl-
Ma there is a widespread series of Algonkiia of great thickness. It
consists of argillites, argillite-schists, (uirtzitle conglomerate' and
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iniestones. l3etween this series anid the ArciI:uI there is evidence of
a great physical break, although the two are iii apparent conformity.
The series in one section rests conformably below the Olenellns Cam-
brian and the whole is regarded by Dawson as Cambrian, but as terms
are used in this paper it is probably in part or in whole Upper Algoii-
kian. By Dawson the series is compared with the Wasatel Algonkian
and the Chuar and Grand canyon series.

THE ADIRONDACKS.

In the Adirondacks is a core of gabbro about which in a peripheral
manner is a great series of regularly bedded gneisses, quartz-schists,
and crystalline limestones which are often ferrunoiious or graphitie. At
times in the gneissic series are beds of graphitic schist of sufficient
richness to serve as graphite mines. While the interior structure of
the rocks of this series now shows no positive elastic characteristics,
the limestones, graphitic schists, and regularity of what appears to be
bedding in the gneisses leave but little doubt that the series was orig-
inally elastic and belongs with the Algonkian. The studies of Walcott
render it probable that there is here also a basal complex, and along the
contact lines of the series Walcott has discovered evidence of an nucon-
formity. This Algonkian is so remarkably like the not far distant
original Upper Lanrentian in the neighborhood of Ottawa that one
can not doubt that the two are or once were continuous.

OTHER ALGONKIAN AREAS.

Besides the foregoing list of areas in which it is certain, or nearly
certain, that there are Algonkian rocks, the indefinite knowledge
available of many other districts indicates the presence of series which
probably fall within this period. In much of the work in the West the

pre-Cambrian rocks are treated as a unit, being spoken of as the
metamorphic group, absolutely no attempt being made to treat them
upon a structural basis. This was natural in pioneer work, but the
fact that so many extensive areas of pre-Cambrian plastics have been
discovered in districts where closer work has been done, suggests that

in the future there will be discovered many new series of pre-Cambrian
plastics. The most extensive areas which will be found to swell this
system will doubtless be found in the vast stretches of pre-Cambriani
rocks of Canada, but similar series may be found in central New Bruns-

wick, in Gasp6 peninsula, in the Wind river and Teton ranges of Wyo-
ming, in a number of the desert ranges of Utah and Nevada, in South-
ern California, and in the Appalachians. In this last and most diffietilt
region, the recent work of Pref. Pumpelly's corps appears to indicate
that a subdivision of the pre-Caibrian will be accomplished in Ver-
mont, and it is rather probable that in the southeril A ppalacliians are
areas of pre-Cambriain plastics.



DISCUSSIONS OF PRINCIPLES.

SUBDIVISIONS OF ALGONKIAN.

The foregoing review of the occurrences of pre-Cambrian elastic
rocks makes apparent the propriety of introducing the term Agnoto-
zoic or Proterozoic to cover the series between the Paleozoic and
Archean. The desirability of dividing the group into several systems
is also apparent, but it is equally apparent that our limitations of
knowledge at the present time make it impossible to do this for the
whole of North America, hence, as with Archean, it is unavoidable
that a single system term shall be used for the Proterozoic group, and
as already explained, Algonkian is given this place. However, the
major subdivisions of this Algonkian system, in volume of rocks and
time duration, are equivalent to the systems of the Paleozoic. For in-
stance, the Keweenawan, Upper Huronian, and Lower Huronian series
of lake Superior are each of them parallel in volume to the Carbonifer-
ous, Devonian, Silurian, or Cambrian. The same may be said of the
Grand Canyon and Chuar series. If in the future it shall be possible to
subdivide the Agnotozoic or Proterozoic group on a systematic univer-
sal basis, as the Paleozoic is subdivided, the term Algonkian must be
replaced by Wasatchia n, Keweenawan, Upper Huronian, Lower Hu-
ronian, etc.

COMPARISON WITh oTiu CLASSIFICATIONS.

The major classification proposed in this paper difters in some
respects from any previously given, although it accords closely with

that advocated by Irving, and does not differ radically from that
prolposed by Selwyn in 1879, but afterwards abandoned. Irving did
not recognize that within the formations called Huronian there is a
structural break, which properly divides them into two series, Upper
and Lower Huronian, although lihe realized that unconform ably below
rocks which he denominated Huronian are plastics, which were sup-

posed to be inseparable from the Laurentian. As a consequence of
this and of the failure to appreciate that in this lower series, as well as
in the Upper Huronian, there are abundant evidences of life, he ex-
cluded from the Agnotozoic a part of this Lower Huronian, placing
it with the plastics of the original Laurentian. In the lake Superior
Lower Huronian there are carbonaceous and graphitic schists and
beds of iron carbonate. In the original (Middle) Laurentian of the
East there are great beds of limestone, regularly bedded gneisses,
quartzites, quartz-conglomerates, graphitic schists, and also very
graphitic limestones. While the evidence of life is not quite so con-
clusive as with the Upper Huronian, it is so strong that one who
believes in its existence in the latter series can hardly doubt its exist-
ence in the Lower Huronian of lake Superior and the Laurentian of
the East, although no fossils universally recognized as such, nor any
hydrocarbons have been discovered. The reasons for the introduction
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of the term Agnotozoic to cover the Keweenaw, an Upper Huroniant
and equivalent series as clearly demand that it shall also cover other

pre-Cambrian elastic series. Once started on the downward way to-
ward the fundamental complex there is no plane at which to stop until
this is reached.

This place the boundary between the Proterozoic and Archean at
the plane placed by Selwyn between the Laurentian and Huronian. in
the regions in which Selwyn and most other Canadian geologists have
studied, they in general find no unconformity between the Huronian

and Laurentian. It has been seen that similar apparently conformable
relations and gradations obtain in various areas in the United States.
However, in many cases, as has been seen, there are easily discover-
able structural breaks between the Proterozoic and Archean.

As to the positions of Whitney and Wadsworth and Hunt, my con-
clusions are so radically different that little need be said. The reasons
for the conclusions reached have appeared in the summary of the litera-
ture and in this discussion. To attempt to disprove the positions of
these authors would be merely to repeat the arguments already pre-
sented. It may, however, be remarked that both of these positions can
not be correct, and recently Wadsworth has found evidence which has
led him to change entirely his views from those expressed in the "Azoic
System." One maintained the absolute indivisibility and complete
lack of life in all pre-Potsdam rocks, while the other maintained an
invariable aqueous succession of pre-Cambrian rocks, consisting of
seven different series, separated by unconformities. The position here
taken is in some degree interim diate, that is to say, there is abundant
evidence of various pre-Pots(lam elastic series which bear the evidence
of life, but no reason in the facts of occurrence nor in the principles of
geology which indicates for all regions an invariable succession. It is
not worth while to discuss wlther in 1884, the time when Whitney

and Wadsworth's account of the Azoic rocks appeared, evidence was
available which would prove the divisibility of the pre-Potsdam rocks.
If any one desires to answer this question for himself he will consider
only that part of the literature which was extant prior to this time.
This comparison will show that within the last decade has appeared a

vohimne of evidence upon the existence of pre-Potsdam life and upon the
divisibility of the pre-Cambrian rocks which far surpasses that obtained
before. At the present time the evidence in favor of these positions is
simply overwhelming. With the discouraging view taken by Whitney
and Wadsworth as to the state of pre-Cambrian geology, I lave had
no sympathy. They said that the chances of "having at some future
time a clear understanding of lie geological structure of northeastern
North America would be decidedly improved if all that has been writ-
ten. about it were at once struck out of existence." Crude methods
have frequent ly led to crude jesilts, but often even in unsatisfactory
reports are contained facts which serve as clews to later workers. Fur-
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other, much that was written before the present decade is as good work
in proportion to the light at hand-the only proper method of compar-
ison-as any since. The only way to get well on a road or to a goal is
to start. Also it must be insisted, in opposition to Whitney and Wads-
worth, that stratigraphy and classification are possible without paleon-
tology. Both of these preceded this branch of geological science, aind
paleontology is useful only as it is guided lby stratigraphy. Forgetting
this, fossil evidence has frequently been misused. In dealing with the

pre-Cambrian rocks we are exactly in the position that geologists are
among the post-Cambrian rocks where fossil evidence is lacking. Each
district must be studied stratigraphically by its formations and discord-
ances. The lack of fossils is most keenly felt in correlation. However,
the protests of Whitney and Wadsworth against many of the subdi-
visions of the pre-Cambrian and the principles upon which they were
made are well founded.

As to the supposed invariable aqueous succession of Hunt, the writer
can only say that so fair as he is familiar with North America he knows
of no region in which this succession does occur in its fullness; while
every complex region with which he is familiar contradicts it at one or
more fundamental points. As one illnstration among many which might
be mentioned, the Labradoriau, supposed to be a part of the invariable
succession, is demonstrated beyond all question to be an eruptive rock.
Large areas of this rock are associated with or underlie the earliest
pre-Cambrian and it also occurs in the form of great flows in series as
late as the Keweenawan. The whole scheme is one which is highly
theoretical and seems to have been evoked by laboratory study rather
than from a consideration of the actual rock successions within the

pre-Cambrian in the field. The chance that a scheme evolved in this
manner should accord with the facts of the world is indefinitely small.

PRINCIPLES APPLICABLE TO ALGONKIAN STRATIGRAPHY.

The clearest discussion of the principles which, from the writer's
point of view, are most applicable to the classification, correlation, and
mapping of the pre-Cambrian rocks are the structural and lithological

principles enunciated by Irving, Pumpelly, and Dale. Accepting these
in the main, a few supplementary remarks may be made.

In the stratigraphical work of the past, methods have oftentimes
been defective. Instead of giving close lithological descriptions of a
series of rocks, noting carefully the relations of the different strata, in
case they are found to have strata, to each other, and giving a detailed
account of the relations which actually obtain between the series con-
sidered and surrounding series, writers have too often called the rocks
of regions far distant from the original localities to which the terms
have been applied Laurentian, Huronian, etc. Sometimes this is done
on the ground that a series as a whole has a certain color, which has
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been thought to be characteristic of the period. At other times the
abundance of volcanic material has been the reason for the reference.
Again, quartzites from the Appalachians to the Black hills have been
correlated on no other ground than lithological likeness, as though
thick sandstone formations which subsequently have been cemented to

quartzites have been produced but once in the history of the world.
To some geologists the degree of crystallization has been the control-
ling fact. In other cases the occurrence of sonie mineral or associa-
tion of minerals has been the ground upon which the reference of the
containing formation is made to some specific period. This has gone
so far at times as to lead to the conclusion that a single rare mineral,
such as chondrodite, is proof of the pre-Cambrian age of the contain-
ing formation.

As a natural result of work of this kin ud, rocks of a certain lithological
character or degree of crystallization, or containing certain constituents,
have been called Arvonian, Huronian, Norian, Laurentian, as the case
may be, which have afterwards proved to be high in the Paleozoic.
Other series, which are now known to be pre-Cambrian, have been
called Triassic, because of a prevailing red hue.

Any of the above characteristics may be a valuable guide in a given
district, or with qualifying and guiding facts of a different character
in a, region; but it is their use in an indiscriminate manner on the
assumption that rocks of a given time are everywhere alike that is pro-
tested against. When it is everywhere recognized that, considering
the continent as a whole, age is no guide to the chemical or mineral
composition, texture, color, degree of crystallization, or any other prop-
erty of a formation, or vice versa, we shall be on the way to use the
properties of rocks in districts and regions as guides to age. For the
most part this principle has been recognized, if not practically, at least
theoretically; but at one point this is less true than with the others.
Degree of crystallization, because otten so useful inl a district, has been
used by many as a general guide in correlation, although the elder
Hitchcock, Rogers, Adams, and others gave early warning against
such practices. It can not be too strongly insisted upon that contact
action of great masses of eruptive rocks and dynamic action accom-
panying this, or dynamic action without accompanying volcanic activ-
ity, are prime and perhaps the chief causes in the majority of cases of
the production of crystallization, ntot age and depth of burying, although
these may be contributory causes and at times the predominant ones.
A stratum which is strongly conglomeratic at the axis of a fold, within
a short distance upon the legs may have become so completely crystal-
line as to obliterate every trace of original fragmental character,
because of the movement of the particles over each other, as for instance,
in the Cambrian at Hoosac moumtaiin. In strong contrast to this may
be mentioned the occurrence of quartzites in the lower part of the
Tpper Bluronian of lake Superior, which show no evidence whatever
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of dynamic action, the particles of quartz not even being arranged with
their longer axes iii the same direction, and the induration being wholly
due to the process of renewed growth and cementation. Yet this and
the adjacent rocks have been buried under the entire thickness of the
Upper Huronian and the Keweenawan series many thousands of feet
and subjected to a pressure beyond the crushing strength of any rock,
a condition in which they must have been latently plastic. Rocks as
late as Devonian in the Appalachians have become so completely crys-
talline that not one vestige of the original fragmental material remains.
Contrasting with this occurrence are the Chuar, Grand Canyon, and
Keweenaw series, all wholly unaltered, yet pre-Cambrian.

No one would think of maintaining that in post-Cambrian time a rock
of a certain composition is of a definite age; neither would any one
think of referring a rock to the Devonian, Silurian, or Cambrian upon
the degree of its crystallization. To suppose that the plane of the basal
Cambrian is a magic one, below which new conditions of sedimentation

prevailed and an entirely different set of principles apply in stratig-
raphy, is to assume a revolution in the conditions of the world at this
time for which there is not one particle of warrant. Those who believe
in evolution must believe that for eras of time before the Cambrian
there were cycles of deposition of the various classes of sedimentary
rocks and the slow evolution of life to the high degree of perfection
and the great variety of types including all important branches except
the vertebrates found in the Olenellus fauna.

It may be said that the foregoing applies equally well to the separa-
tion of the Algonkian and Archean. Revolutionary methods can not
be applied here more than elsewhere. To this it can only be said that
this plane is the most remote and difficult to define of any. It may be
that it is wrongly defined. Without question it will in the future be
much more accurately defined. Rocks now placed in the Archean will
be found to be Algonkian, just as series are being found to be Cam-
brian, Silurian, or Devonian in the Appalachians which have commonly
been regarded as Huronian or Laurentian. While the distinctions
made may not be complete, they are based upon the knowledge availa-
ble, are not dogmatic, and do not, it appears to the writer, contradict
the laws of geology. The law of uniformity, if rightly understood, does
not imply that the causes now at work have always had the same rela-
tive value. When the laws of geologic forces are fully comprehended,
it will be found that each is not absolutely uniform in power, but that
each involves variables. These variables may be so small that the
cumulative change in the effect in any case may not be discoverable in
an epoch or even in a period; but that the amount of this effect per-
ceptibly changed in eras, can not be doubted. A standard clock if
observed for a day may seem to run with an invariable and correct
rate, but if observed long enough it is found to lose or gain, and this
not regularly. The law of its variation may finally be partly ascer-
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tained, but usually it is too complex to be fully covered by a formula.
Just so each geological force when more accurately known will be found
to involve an irregular rate of change. The increment in an individual
case for a certain length of time may be added or substracted, but it is
not probable in any case that the addition or substraction will fully
cover the real law, although this may be a second approximation to the
truth as the so-called law of uniformity was a first approximation. If

we go far enough back a geological force may have been multiplied or
divided by two or three or a larger number. Igneous rocks are now a

far less abundant geological product than are sedimentary rocks.
That these relations are true for all past time can no more be assumed
than it can that organic and mechanical sediments have the same
relative volume for the pre-Cambrian that they have for the Creta-
ceous or Tertiary. If the generally accepted hypothesis as to the origin
of the globe represents the facts, in all probability rocks of igneous
origin mst become relatively more important in very ancient times.
If we but go back far enough they may become predominant; and in
still earlier time for continental areas they may be the only rocks.

The problem then of the stratigraphy of the pre-Cambrian plastics is
a problem to be treated precisely as that of the Paleozoic. It is, upon
the whole, a more difficult problem; for, while in any particular locality
it can not be premised from the degree of crystallization that the rocks
are pre-Cambrian or post-Cambrian; taking the world as a whole, the
rocks become more crystalline in passing to lower series; so that it
is to be expected and is the fact that a greater proportion of pre-Cam-
brian rocks than of the Paleozoic are highly crystalline. This, how-
ever, is not the most serious difficulty with which pre-Cambrian strati-
graphy has to contend; it is the sparseness of the remains of life in
definitely recognizable forms. It has been seen that a beginning of a
pre-Cambrian fauna has already been found, and when it is remembered
how rapidly definite paleontological knowledge has extended down-
ward in the past decade it may be reasonably hoped that before long
assistance will be derived from paleontology in the classification of the
pre-Camnbrian rocks, but it can not be expected that fossils will ever be
so important and controlling a guide as in the post-Cambrian; for
probably the farther we go back from the Cambrian the sparser and

sparser will the recognizable life-remains become.
As a result of the average greater crystalline character of the pre-

Cambrian rocks, and the frequency in them of secondary structures,
the principles of working out stratigraphy in regions in which cleav-
age foliation occurs with partial or total obliteration of stratification
are of the utmost importance. The failure to clearly recognize and
apply these principles has left the crystalline Cambrian and post-
Cambrian series of the Appalachians in a state of confusion for many
years. Within the last decade, by a recognition and a close applica-
tion of them a new start has been made in the study of this difficult
region.
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That it will not do to regard slaty cleavage or foliation as bedding
has long been recognized, although it has often occurred that in re-
gions in which this has been distinctly stated it has also been said that
bedding and cleavage do correspond without any evidence of such cor-
respondence being given. If tangential thrust be assumed as the cause
of foliation, unless the resultant folding be close, bedding g and cleavage
will usually not correspond for any considerable area; for cleavage and
foliation have a tendency to develop transverse to the lines of pressure,
while bedding is initially in the lines of pressure. In the closely folded
series in which it may be said that resultant foliation and sedimentation
correspond throughout, the use of the term bedding ought to be dropped,
as there is no longer a basis upon which to estimate thickness, because
in this case there must have been such an amount of movement of the
particles within the beds over each other as to render it doubtful if
bedding does still exist.

By the foregoing it is not meant to imply that the foliation of thor-
oughly crystalline rocks may not widely correspond with bedding, but
only that this is not usually the case when tangential thrust is the cause
of the foliation. However, Smyth (H. L.) has discovered when there is
an alternation of beds of different degrees of massiveness that these
often control the movements of accommodation during the folding of
the series, and that the slipping of the particles over each other par-
allel to the bedding develops schistose structure along the same
planes. It is not impossible that deeply buried beds may become
thoroughly crystalline, with foliation and bedding parallel when super-
incumbent pressure and metasomatic changes are the predominant
forces. A sufficient degree of heat for recrystallizatioi may be engen-
dered by very deep burying or by laccolit ic inutrusions. In such cases
the structure of the recrystallized rock will naturally conform to the
bedding, and it is probable that differences in the original characters
of the layers will be preserved in the netamorphosed rock. A mica-
schist or gneiss thus derived from a shale or an a-rkose, now showing
in its interior structure no evidence of elastic character, might be
underlain by a quartzite which was produced by the cementation
of a quartzose sandstone. The quartzite at the present time would
reveal its detrital origin, while the mica-schist or gueiss might not.
Some such explanation seems to fit the thick beds of mica-schist
(the structures of which unmistakably correspond with bedding)
which overlie the quartzites of the Penokee series of Michigan and
Wisconsin, A crystalline series of the origin suggested, which subse-
quently reached the surface by denudation, might be folded, but not
sufficiently to produce a new secondary structure, when the different
bands of different characters would truly represent sedimentary beds.
Some such explanation seems to fit the gently folded thoroughly crys-
tallhie mica-schists and gneisses of the Blue ridge west of Old fort,
North Carolina. In the Adirondacks, where the schistose structure
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and bedding of the Algoukian rocks appear to correspond, the great
laccolites or batholites of gabbro are probably the chief cause of the
metamorphism.

In crystalline series, when but one structure can be found, it is safe
only to assume that it is foliation. Not only will it not do to use cleavage
for working out structure, but an actual regular alternation of mineral

constituents in schistose and gneissoid rocks can not be regarded as any

evidence of sedimentation. The great series of regularly banded gneisses
in which alternate zones of nearly pure quartz and feldspar and

other zones in which the bisilicates are concentrated, if taken as due
to sedimentation would result in the conclusion that the thickness of
the beds in which these structures occur is incredibly great. In thor-
oughly schistose rocks it is manifest that the best and most reliable
means upon which to base a conclusion as to strikes and dips is to find
contacts between thick beds of rocks of a fundamentally different char-
acter, as a layer of quartzite, quartz-schist, or mica-schist, with lime-
stone, or either of these with gneiss.

The clearest, briefest, and most comprehensive enunciation of the
principles applicable to a formation in which are cleavage foliation and
stratification foliation known to the writer is that of Dale and Pum-
pelly (see pp. 768-770), which is here quoted in substance, slight modifi-
cations being made to fit the change of setting:

I. Lamination in schist or limestone may be either stratification foliation or cleav-
age foliation, or both, or sometimes " false bedding." To establish conformability

the conformability of the stratification foliations must be shown.
II. Stratification foliation is indicated by: (a) The course of minute but visible

plications; (b) the course of the microscopic plications; (c) the general course of
the quartz laininm whenever they can be clearly distinguished from those which lie
in the cleavage planes.

This statement was made with reference to a particular district. It
is of course wholly possible that some other substance should play the
same role as quartz. In the application of these criteria it must be
premised that the parting is not a second or third cleavage. If an
earlier cleavage existed the criteria might give the direction of this
first one rather than the bedding, which might have become obliterated
at the time of the development of the first cleavage.

III. Cleavage foliation may consist of: (a) Planes produced by or coincident with
the faulted limbs of the minute plications; (b) planes of fracture, resembling
joints on a very minute scale, with or without faulting of theplications; (c) a cleav-
age approaching slaty cleavage in which the axes of all the particles have assumed
either the direction of the cleavage or one forming a very acute angle to it, and
where stratification foliation is no longer visible; (d) a secondary cleavage, resem-
bling a minute jointing may occur.

IV. The degree and direction of the pitch of a fold are indicated by those of the
axes of the minor plications on its sides.

V. The strike of the stratification foliation and cleavage foliation often differs in
the same rock, and are then regarded as indicating a pitching fold.

VI. Such a correspondence exists between the stratification and cleavage foliations
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of the great folds and those of the minute plications that a very small specimen
properly oriented gives, in many cases, the key to the structure over a large portion
of the side of a fold.

It is to be noted that the statement of these principles has been in-
inspired by a study of formations which have proved to be wholly Cam-
brian or post-Cambrian.

The principles of lithological correlation enunciated by Irving are as
follows, except that series is here substituted for group and Algonkian
for Huronian so as to make the terminology correspond with that here
used:

Lithological characters are properly used in classification:
(1) To place adjacent formations in different series, on account of their lithologi-

cal dissimilarities when such dissimilarities are plainly the result of great alteration
in the lower one of the two formations, and are not contradicted by structural evi-
dence, or, if used as confirmatory evidence only, when such dissimilarities are the
result of original depositional conditions.

(2) To collect together in a single series adjacent formations because of lithologi-
cal similarities when such similarities are used as confirmatory evidence only.

(3) To correlate series and formations of different parts of a single geological basin
when such correlations are checked by stratigraphy, and particularly by observa-
tions made at numerous points between the successions correlated.

They are improperly used:
(1) To place adjacent formations in different series on account of lithological dis-

similarities when sueh dissimilarities are merely the result of differences in original
depositional conditions, and when such evidence of distinction is not confirmed by
or is contradicted by structural and paleontological evidence.

(2) To collect in a single series adjacent formations because of lithological simi-
larities when such similarities are not confirmed by or are contradicted by other evi-
dence.

(3) To establish general correlations between the elastic series of different geologi-
cal basins, except possibly when the gneissic and true crystalline-schist basement
formation of one region is compared with the similar basement formation of another.

(4) To establish and determine any world-wide subdivisions of the noneruptive
basement crystallines, i. e., those which underlie the elastic series here called Algon-
kian, at least until very much more definite evidence of the existence of such sub-
divisions be gathered than has hitherto been done.

In applying these principles it must not be forgotten that a bed of
one character may thin out and disappear; may gradually change from
a limestone to a shale, from a shale to a sandstone or conglomerate;
and that sometimes the change may be abrupt, as perhaps upon the
opposite sides of an axial ridge, one side of which faces toward the
ocean and the other toward an interior sea. All formations, however
widespread, terminate somewhere. A single formation of a certain
lithological character can only be assumed to be the same bed in a dis-
trict when it has been demonstrated to be persistent over a wide area.
When several characteristic formations occur in a definite order in dif-
ferent parts of the same district the probability that they are of iden-
tical age is greater than with single beds found to be lithologically alike
at separate points.
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ThI1 e principles applicable to correlation by unconformities are gi ven
by Irving as follows:

The structural breaks called unconformities are properly used in classification:
(1) To mark the boundaries of the rock series of a given region.
(2) To aid in establishing correlations between the formations of different parts of

a single geological basin.
(3) To aid in the establishment of correlations between the series of regions dis-

tantly removed from one another; but caution is needed in at tempt ing such correla-
tions in proportion as the distances between the regions compared grow greater.

They are improperly ignored:

(1) When the evidence they offer as to separateness is allowed to be overborne by
anything but the most, complete and weighty of paleontological evidence.

Irving's discussion leading to these principles shows that oftentimes
unconformities are the most widespread and important of any of the
means available to obtain starting planes for comparisons and that they
have the place of first importance in making the major subdivisions for
the origin of the pre-Cambrian elastic rocks. An erosion interval can
only occur as a result of the raising of a district above the sea, a time
of degradation, and then a depression below the sea; and if there is a
true unconformity there must also have been an orographic movement
and erosion long enough continued to truncate the folds. The erosion
interval, if extend ded over a large area, implies a considerabTe time break;
while the uncorntormity, if it is marked, can hardly be less thanc regional
in extent. When the newer series is undisturbed, am uniconfornity is
one of the easiest of phenomena to detect, but more frequently than not
among the pre-Cambrian rocks the older and newer series have again
been folded, and this folding has oftentimes gone so far as to produce
a cleavage or foliation, which cuts across both older and newer series
and makes their most prominent structure in absolute conformity.
Even if this degree of folding has not occurred and the process has not
gone far enough to produce prominent secondary structures, the discord-
ance in angle of inclination is more likely to be overlooked than when
the series are iii an undisturbed condition.

Since unconformities are so valuable in structural work, it is impor-
tant that the principles be clearly recognized upon which they may be
established in disturbed regions. This subject has been discussed at
length by Irving, and from his paper the substance of much which fol-
lows is taken. Au unconformity between series implies a difference in
number of orographic movements with. intervening erosion. This dif-
ference in number may be one or more than one. Even when the dif-
ference of orographic movements to which the series have been subjected
is but one the time gap between the two must have been very consider-
able, and it may have been of vast duration. Consequently discordant
series may differ in degree of consolidation, in the development of
cleavage and foliation, and in their relations to eruptives. At the be-
ginning of the deposition of the newer series basal conglomerates are
often formed.
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Hence, as guiding phenomena in the discovery of unconformities, we
have (1) ordinary discordance of bedding; (2) difference in the number
of dynamic movements to which the series have been subjected; (3) dis-
cordance of bedding of upper series and foliation of lower; (4) relations
with eruptives; (5) difference in degreeof crystallization; (6) basal con-
glomerates; (7) general field relations.

(1) In cases of ordinary discordance of bedding nothing need be said,
except to state that unconformities should not be inferred from asingle
small contact where the apparent discordance may be due to false bed-
ding or to local currents or very local minor disturbances. Also, the
discordances caused by faulting may be mistaken for an unconformity
if care is not taken. The amount of evidence for the unconitbrmnity
should be sufficient to show a real discrepancy of bedding for a consid-
erable area. Within a short distance the amount of discordance of
bedding between two series may vary greatly. Frequently a dynamic
movement mainly relieves itself along a comparatively narrow zone.
This zone is one of uplift and consequently of great denudation. The
adjacent plain may be little folded and not deeply eroded. When a
new series is deposited upon this older series the former lies approxi-
mately parallel to the bedding of the older upon the plain, but along
the zone of disturbance the first may lie directly athwart the bedding
of the second.

(2) Dilference in the number of dynamic movements to which the
series have been subjected is often an important means of determining
unconformities. In order that an unconformnity shall occur the older
series must have been subjected to at least one more orographic move-
ment than the newer. In the most favorable case the older series has
undergone two or more orographic movements while the newer series

has undergone but a single one. When the lines of these movements
are in the same direction and result in folding the only difference be-
tween the two series consists in steepness of inclinations; but in case
the earlier movements were in a different direction from the last the
older series will show a compound series of folds due to the resultant
effect of the two or more movements, while the newer series will be
simply folded. As a matter of course, in this discrimination, bedding
must be used rather than foliation. Oftentimes it will happen that the
latest movement has produced a prominent cleavage or foliation which
is common to both older and newer series; and under these circum-
stances the real discordance which may exist between the two series is
particularly apt to be overlooked, and a district will be described as
having a simple monoclinal structure, or one iW-which the series is re-

produced by faulting, when evidence is at hand for two or more dis-
cordant series.

The orographic movements, instead of producing folding, may cause
jointing or faulting, these results, as suggested by Willis, being per-
haps due to insufficient load. These phenomena are, however, ser-
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viceable in discovering an unconformity, for the sets of faults or joints
produced in the older series before the newer series was formed are not
found in the latter. When there have been later orographic movements
which have produced faults or joints in both series the unconformity
will be shown by the presence in the older series of two sets of joints
or faults in different directions, provided the directions of thrust were
different, while the newer series will be affected by joints or faults only
in a single direction. If the jointing or faulting is in the same direc-
tion in both the newer and older movements they will not be of much
service in detecting an unconformity, the only difference being their
greater frequency in the older series.

When one of the orographic movements has resulted in folding and
the other in faulting or jointing, the combination of phenomena are as
easily used to detect an unconformity as when effects of the same kind
are produced by both movements.

(3) Discordance of the bedding of an unfoliated series with the
cleavage or foliation of an adjacent series may be taken as evi-
dence of unconformity, if the former is such that it would take on
cleavage or foliation as readily as the latter; for whatever the origin
of the altered series the development of cleavage or foliation, which
must have developed before the new series was deposited, required
much time. An unconformity could not be inferred from the fact
that a heavy formation of quartzite or of limestone cuts across the
cleavage or foliation of an argillite or mica-sehist, for clayey rocks
very much more readily take on secondary structures. In the same
series it often happens that more massive beds escape foliation, which
may be prominently developed in other members. But if a forma-
tion with slaty or schistose structure is overlain by another forma-
tion without secondary structure which from its composition is as
likely to take on foliation as the underlying formation, a discordance,
while not demonstrated, is a probability for which other evidence
should be sought.

(4) Eruptive rocks are often an important guide in determining
structural discordances. These are valuable when the older series
has passed through an epoch of eruptive activity before the newer
series was deposited. In such cases bosses, contemporaneous or in-
trusive beds, volcanic fragmental material or dikes may occur in the
older series, which nowhere are associated with the newer. It is pos-
sible, of course, that eruptives may penetrate the inferior members
of a series and never reach the higher formations; but if it is found
that the supposed inferior series is associated with abundant material
of igneous origin which never passes beyond a certain plane, it is al-
most demonstrative evidence of the later age of the newer series. A
notable instance of this is found in the Doe river section of eastern
Tennessee, where the granitic rocks supposed to be older than the as-
sociated plastics are cut by very numerous schistose dikes which never
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intrude the latter. It might be reasonably inferred, if it were not for
these dikes, that the granitic rock is an eruptive later than the elas-
tics (although the absence of contact phenomena would be against this),
but as the basic dikes are unquestionably intrusives of later age than
the granites, and yet never cut the slates, this explanation can not
possibly apply. Evidence of this kind is particularly decisive if the
dikes are traced up to the plane of contact and have been found to be
eroded or disintegrated, as is the case in the Stamford dike at Clarks-
burg mountain, Massachusetts, described by Pumpelly, which en-
abled this author to determine positively what had been believed be-
fore, that the granitoid gneiss is unconforiably under the Cambrian
quartzite.

(5) Closely connected with (3) and (4) is degree of crystallization as
a guide to unconformities. It has been seen that crystalline character
is often taken on in proportion as dynamic action occurs. When the
folding, which has affected only the older series, has been severe, it as
a whole will be more crystalline in character than the newer. Also the
presence of igneous material is often a potent factor in the production
of crystalline character. As, however, recrystallization is also produced
by metasomatic change, this criterion must be used with caution and
as a cause to search for other evidences of ani unconformity rather than
alone as a basis upon which to infer an nconformity. But even differ-
ence of amount of metasomatic change, if the rocks are equally likely
to be affected by these processes, may be evidence of difference in age.
In determining degree of crystallization the modern petrographical
methods serve one of their most useful purposes, since many rocks
which in exposure or in hand-specimen appear to be about equally
crystalline, are shown in thin section to be of a fundamentally different
character. A completely crystalline rock sometimes can not be dis-
criminated macroscopically from one which is merely indurated by
cementation. For instance, a thoroughly crystalline granite and a
recomposed rock built up of the debris of this granite, especially when
the particles are in the form of individual minerals, rather than peb-
bles, present much the same appearance iir mass, but a glance at sec-
tions of the two under the microscope shows the thoroughly crystalline
interlocking character of the one and the elastic character of the other.
Another case quite as marked is the discrimination between much foli-
ated eruptive rocks which have passed over into fissile schists and
ordinary argillaceous slates and graywackes. In the latter class the par-
ticles of quartz and feldspar Msay be seen with their oval forms as regu-
lar as the day in which they were deposited, while in the other case an
entirely different appearance is presented.

(6) Basal conglomerates are one of the most important means of
determining a plane of unconformity, but it must be clearly shown that
the conglomerate is really a basal one. Conglomerates may occur in
other positions than at basal horizons, and it will not do to assume
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that an unusually congl( mieratic layer is Nasal. A conglomerate is
likely to be basal when the major portion of the dhbris is derived front
the immediately subjacent ineinber; but even here the exception must be
made that in case this subjacent member is a suriee igneous rock the

presence of the conglomerate is no evidence of a time break. If, how-
ever, the igneous formation is of such a character as does not origiuate
except as a deep-seated rock, the fact that it is at sutla-e and yields
fragments to the overlying formation is evidence of a iime gap. Also
evidence of a break is just as decisive when the underlyiuig rock has a
foliation which has been produced prior to the deposition of the con-
glomerate. This may be determined from the fact that fragments
broken from a foliated rock are apt to be longer in the direction of lami-
nation, and when deposited in the overlying series they naturally lie
with their foliation at an angle to that of the underlying series. It
matters not whether the foliated rock of the inferior series be of sedi-
mentary or of igneous origin. If sedimentary, a long time has been
required to obliterate evidence of its fragmental character; if igneous,
its foliations shows the effect of long-acting forces. While basal con-
glomerates are often found they are also often absent where other evi-
dence shows that there are discordant relations between two series.
This absence is explained, at least in some cases, by Pumpelly's disin-
tegration theory, the encroaching shore line finding a set of disiinte-
grated rocks in which the mass is ready to yield particles of the con-
stituenit minerals rather than pebbles.

(7) General field relations are often sufficient to establish discordant
relations between series when all other lines of evidence are lacking.
When in a region immense stretches of rocks of one series are always
found in an undisturbed condition, while an adjacent series is always
disturbed, discordant relations may be inferred. This is particularly
evident when the horizontal series fills bays in the older rocks, or is
found as inliers surrounded by the other rocks. Again, the general
field relations may establish an unconformity even if both series are
disturbed. One case of this is the occurrence of a uniform belt of
stratified rocks which, perhaps with a monoelinal structure and a
somewhat uniform strike and dip, runs for great distances, the rocks
of the adjacent unconformable series being here of one kind and there
of another kind. The evidence for the unconformity in this case is
still further emphasized if the lower series, instead of having a simple
structure, is tfilded in a complex manner. General field relations may
betray unconformity even when the newer series has been Ioled in a
more complex manner, as, for instance, having been subjected to two
orographic movements, the first of which placed it in a mouoclinal
attitude, and the second of which, at right angles to this first force,
gave it a fluted structure. The lower series, instead of having this
regular structure, being subjected to still earlier orographic mnovemuents,
would be more irregular in its foldings and faultings, and the difference
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in simplicity of structure of the two series wouldincrease in proportion
to the number and intensity of the earlier movements. However, as
the movements which have affected the newer series increase, the diffi-
culty of discovering discordances by general field relations is increased.
These and other cases of general field relations which show unconformity
may not appear to the observer while doing detailed work, since no
contacts or other ordinary indication of unconformity is found, but
strongly appear when the work is platted. To the mind of the writer
general field relations of the kinds above cited are sometimes more de-
cisive evidence of unconformity than almost any kind of local rela-
tions. When the local proofs above considered, combined with general
field relations, unite as evidences of unconformity, as is generally the
case if the worker takes advantage of all the facts available, the ac-
cumulated evidence for discordant relations, even in difficult and folded
regions, is often decisive.

Unconformities have been frequently inferred on insufficient ground.
This has sometimes resulted from regarding surface igneous rocks as
sedimentary, and the basal conglomerate overlying such a formation as
evidence of unconformity. More frequently the misinterpreted evidence
of uncomformity is a discordance in foliation; sometimes cited as occur-
ring in actual contact, but at other times being a discordance only in
the strike and dip of foliation at some distance. A contact discordance
of foliation or bedding may occur as a result of faulting. The strikes
and dips of banded and contorted schists and gneisses often vary so
greatly within short intervals that a difference of this kind can not be
taken as an indication of discordances. This error has occurred because
it has been assumed that cleavage foliation accords with sedimentation.
When it is practically, not theoretically, recognized that this structure
is secondary-may be produced in either sedimentary or igneous rocks-
and that it generally does not correspond over large areas with bed-
ding, such evidence will cease to be used as indications of structural
discordance.

The application of the foregoing principles demands that in working
out the structure of the crystalline formations the ground must be gone
over in detail. No single section will be adequate to give a proper idea
of the structure, nor will it do to consider that as a result of several or
a dozen sections the structure of a large district may be worked out
and the formations mapped, as has been too frequently done. Forma-
tions which outcrop in one section may not be exposed in another, or a
formation between one section and the next may entirely change its
character or disappear altogether. If the district is a difficult one the
only safe way is to take advantage in the field of all available over-
ground and underground facts, and to collect abiindant material for
supplementary office work. When only one structure is present and
the character of that the least doubtful, it must not be assumed to be
bedding. In regions in which the exposures are infrequent it may be
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impossible to work out the structure of crystalline rock series which
have a true detrital succession, but it is better for the present and the
future that no structure be presented than a false one.

After working out the structure of one district in a geological basin,
adjacent districts may be mapped much more rapidly. Under proper
checks the lithological character of individual beds may be assumed to
remain the same. Sets of like formation occurring in the same order
may be assumed to be the same group of formations. And perhaps
most useful of all are discordant relations between series. In correla-
tions from region to region, without the assistance of paleontology it
will probably not be possible to carry the analogy further than series;
and in far distant regions even the general lithological likeness and
similarity of position of series is not sufficient warrant for placing them
opposite each other in the time column.

If the foregoing principles are true, it is plain that in working out the
structure of a new region local names should be applied to the forma-
tions and series. When the time comes that fuller knowledge enables
them to be safely correlated with the series to which classical names
have been applied, this may be done, and the local names will not be less
serviceable to designate particular parts of these general series.

The area in North America in which detailed mapping has been done
with a resultant proper understanding of the structural relations of the
pre-Cambrian is surprisingly small. Scarcely a crystalline area on the
continent has escaped the rapid geologist who has passed over a region
and upon a few facts of uncertain value publishes structural conclu-
sions which are not to be verified by future work. The districts care-
fully studied include the original pluronian of lake Huron, several
small areas about Ottawa and between the Ottawa river and lake On-
tario, a few small areas about the lake Superior region, a small part of
western Massachusetts and a part of Maryland. Even in these districts
the work at many points is rather old and to a certain extent unsatis-
factory. Before reliable maps can be obtained this old work must be
thoroughly revised in the light of the recent advances in the methods
of study of the crystalline rocks. By this it is not implied that the
more general work done is not of superlative value and of necessity
must precede the more accurate accounts. A beginning has been made
in American pre-Cambrian stratigraphy, but the great mass of work
remains for the future.

RESULTS IN AMERICA AND EUROPE COMPARED.

This volume has already become too long to attempt to make a de-
tailed comparison between America and Europe as to the results reached
in pre-Cambrian stratigraphy. Also, I am wholly unfamiliar with En-
ropean ground and am but imperfectly acquainted with the literature;
hence I would not be warranted in making the attempt, even if space
permitted. It may, however, be well, without giving any detailed facts
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or reviews of literature, to mention the opinions which appear to be
prevalent in reference to the pre-Cambrian of Europe.

In the first place, it is not universally held that in Europe there are
pre-Cambrian plastics. It is probable that this difference of opinion
results in part because it is not agreed as to the lower limit of the Cam-
brian. If this could be settled it would be comparatively easy to decide
as to the existence of pre-Cambrian sedimentaries.

Nowhere has there been in the past a wider difference of opinion on
this question than in Great Britain, but now the consensus of opinion
appears to be that pre-Cambrian plastics, either water-deposited or
volcanic, or both, occur at various places. The officers of the official
survey have, until very recently, denied that such rocks occur; but the
Director-General states, in a late paper, that in western Scotland, asso-
ciated with the fundamental gneiss, are small areas of schist and
limestones which are possibly sedimentary; that within the complex of
rocks in Scotland, for which the term Dalradian is proposed, there are
probably pre-Cambrian plastics both of sedimentary and volcanic ori-
gin, and that Callaway is correct as to the pre-Cambrian age of the
Uriconian voleanics. Still more recently it has been announced that
the Torridon sandstone, 8,000 or 10,000 feet thick, which contains
traces of annelids and other obscure organic remains, lies unconforma-
bly below the Olenellus Cambrian and must therefore be classed as pre-
Cambrian.

The head of the official survey of France, Michel-Lvy, states that
in the pre-Cambrian are placed only those rocks which are completely
crystalline and which antedate all the elastic series. The Cambrian is
delimited below by the appearance of the first layers, which are incon-
testably (lastic. It passes insensibly into the crystalline rocks re-
garded as pre-Cambrian. The Cambrian is delimited above by the
overlying accordant or discordant strata-bearing fossils. The rocks
placed in the Cambrian are for the most part nonfossiliferous, and,
while elastic as a whole, are locally much altered by contact action and
are more crystalline than the later formations. The foregoing positions
are very different from those held by Barrois, another of the official
geologists. This author holds that in France there is at least one
series of pre-Cambrian rocks of elastic origin to which he has applied
the term Huronian.

In Germany there is a radical difference of opinion between the lead-
ing geologists as to whether pre-Cambrian plastics exist, although a
large majority maintains that belonging here are the Obermittweida
conglomerate and similar rocks in other localities. Others hold that
these rocks are in folded parts of the Cambrian or post-Cambrian. The
commonly accepted classification of the pre-Cambrian rocks, according
to Lossen, is as follows: (1) Urgneiss or fundamental gneiss, which in
places is rather a granite than a gneiss. Toward the top, the forma-
tion takes in beds of limestone, quartzite, and amphibolite, generally,
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however, without any vestige of elastic character. Above the Ur-
gneiss follows (2) the Urglimmerschiefer, which passes into (3) the Ur-
thonschiefer or Phyllit, and this contains younger gneiss formations.
This classification has a structural basis to a certain degree, but seems
to be primarily lithological. Credner, in the last (seventh) edition of
his Elemente der Geologie, places the Urgneiss as the equivalent
of the Laurentian and the Urschiefer, including here the Urglinner-
schiefer and Urthonscheifer as the equivalent of the Iuronian of
North America.

In Norway the director of the official survey, Dr. Reusch, considers
that it has been shown that there are in that country pre-Cambrian
plastics which are overlapped by the Cambrian. De Geer maintains
that there are pre-Cambrian rocks in Sweden which are unconformably
below the Cambrian. Reusch is inclined to exclude these rocks from
the Archean, the latter being restricted to the fundamental complex.
If these results be accepted it follows that in Scandinavia there are
rocks which take a position represented in America by the Algonkian.

The inclination to limit the term Archean to the fundamental com-
plex is rather widespread in Europe, without reference to whether pre-
Cambrian plastics exist or not. Many of those who hold that pre-Cam-
brian plastics occur are disposed to give them distinctive names. As
in America, no structural methods have been applied to the fanda-
mental complex.

Rigidly defining the Archean to cover the basal crystalline complex
and excluding from it all elastic rocks, we have in England, France,
Germany, and Scandinavia equivalents of the Algonkian of America,
if those geologists are right who maintain the pre-Cambrian character
of the elastic rocks mentioned.

No attempt has been made, except in Great Britain, to subdivide into
series the rocks equivalent to the Algonkian. The review of the facts
in America has led to the conclusion that it is not practicable to make
correlations over the whole continent of a more definite nature than
Algonkian and Archean. If this be true, it is evident that correlations
can not be more definitely made between European and American rocks.
The application of such American terms as Huronian and Keweenawan
to European series is wholly unwarranted.

If the suggestion be correct that the Archean is of a different char-
acter from any succeeding formation and has a continental extent in
America, it may be safe to regard the fundamental complex of Europe
as its equivalent. If this be done and Cambrian be delimited below
by the Olenellus fauna, it would be safe to say that the intervening
series of rocks occupy some position in the great Algonkian system.
But any given series of the Algonkian of Europe can not safely be
placed opposite a definite series in this country until there shall be
found paleontological evidence for so doing.

Even if the Cambrian in Europe were rigidly delimited below by the
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Olenellus fauna and all doubtful series barren of fossils were regarded
as pre-Cambrian, it would still be true that the rocks thus referred to
the Algonkian system would be insignificant in amount and extent as
compared with the great areas and volumes here included in America.
It would also be true that the structural work upon such series has not
progressed so far. This is probably in large measure due to the non-
occurrence of such volumes of Algonkian rocks in Europe as exist in
America; but it is also due in part to the fact that in that portion of
Europe which has been most closely studied there have been since
Cambrian tiihe repeated powerful dynamic movements and periods of
great eruptive activity. The conditions are much the same as in the
eastern United States, where a study of pre-Cambrian stratigraphy has
barely began). In the interior of the American continent the conditions
have been far more favorable for a structural study of the pre-Cam-
bria-11 rocks.
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