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STUDIES RELATED TO
WILDERNESS

The Wilderness Act (Public Law 88-b77, Sept, 3,
1964) and the Conference Report on Senate bill 4, 88th
Congress, direct the U.8. Geological Survey and the
U.S. Bureau of Mines to make mineral surveys of
wilderness and primitive areas. Areas officially des-
ignated as “wilderness,” “wild,” or “canoe” when the
act was passed were incorporated into the National
Wilderuess Preservation System. Areas classed as
“primitive” were not included in the Wilderness Sys-
tem, but the act provided that each primitive area
should be studied for its suitability for incorporation
into the Wilderness System. The mineral surveys
constitute one aspect of the suitability studies. This
hulletin reports the results of a mineral survey in the
Spanish Peaks primitive area, Montana. The area
discussed in the report corresponds to the area under
consideration for wilderness status, It is not identical
with the Spanish Peaks primitive area as defined be-
cause modifications of the boundary have been pro-
posed for the area to be considered for wilderness
status. The area that was studied is referred to in
this report as the Spanish Peaks primitive area.

This bulletin is one of a series of similar reports on
primitive areas.
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STUDIES RELATED TO WILDERNESS

MINERAL RESOURCES OF THE SPANISH PEAKS
PRIMITIVE AREA, MONTANA

By Grorer E. Brerart and James A. Cankins, U.S. Geological Sur-
vey, and Erpon C. Parrer, Roserr . WeLpiy, and Joserpun M,
Rocug, U.S. Bureau of Mines

SUMMARY

This report on the Spanish Peaks primitive area, Montana, is the result of
4 study made by the U.S, Geological Survey and the U.S, Bureau of Mines
during the summer of 1965, Most of the primitive area consists of Precambrian
metamorphic rocks which, along the southwestern boundary of the area, are in
fault contuet with folded Paleozvic and Mesozoic sedimentary rocks. The
Spanish ’eaks area has rogged topography, with altitudes that range from 6,000
feet above sea level near the Gallatin River to 11,015 feet on Gallatin Peak.

Reconnaissance geologic mapping and sewmiquantitative spectrographic and
chemical analyses of nearly 300 samples of stream sediments and bedrock did
not indicate any potentially economic mineral deposits within the Spanish Peaks
primitive area. Included in the analyzed samples are sediment samples froin
the major streams and from many small tributaries of these streams in and
near the primitive area. Also, several samples of each major rock unit and
many samples of the few altered zones in the area were analyzed.

Asbestos occurs in a few places in the castern part of the area; the largest
prospect is on Table Mountain. Examination of the several pits on this prospect
indicate the veing are too small, and the asbestos, anthophyllite, is of too poor
grade to be economically potential,

Extensive sampling, mineral dressing tests, and assays of dike rock from
the Table Mountain asbestos-chromite prospect by the U.S. Bureau of Mines
indicated an average Cr.0s grade of 11 percent for the rock. The grade is too
low and the deposit toe small to be prefitably mined at present. The deposit,
however, contains submarginal material and is a potential source of chromiun:.
Large altered zones were found along the Spanish Peaks fault and the Deer
Creek ghear zone, and two small altered zones were found south of Gallatin
Peak. Examination and analyses of samples from these zones indicate no
mineral deposits,

There has been no production of minerals from the primitive area, and the
known deposits within the boundaries cannot be mined profitably at the present
timne.
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B2 STUDIES RELATED TO WILDERNESS

LOCATION AND GEOGRAPHY

The Spanish Peaks primitive area is in the Gallatin National Forest
of southwestern Montana near the northern end of the Madison Range
in Madison and Gallatin Counties. The area is irregular in shape
but 1s elongated in a northwest-sontheast direction. The maximum
length is 17 miles and the average width is about 4.5 miles.

The rugged Spanish Peaks are bordered by lower mountains of the
Madison Range to the north and south, Drainage of the area is
eastward and westward by tributaries of the Gallatin and Madison
Rivers. Most of these streams flow in broad glaciated valleys with
steep walls extending to the ridge crests 1,000 to 3,000 feet above the
valley floors.  Alpine glaciation has produced a rugged topography
with many knife-edge ridges and civques.  All the many lakes in the
area occupy cirques, except Lava Lake which has been formed by the
damming of a streambed by o large landslide.  Near the eastern and
western boundaries of the area, glacial erosion was not as severe, and
traces of the preglacial rolling topography remain.  Altitudes range
from about 6,000 feet above sea level near the Gallatin River to 11,015
feet on Gallatin Peak. Timberline is near 9,000 feet. Slopes below
are forested with various species of conifers, and several varieties of
deciduous trees grow along streanmbeds. The south slopes of some
ridges at lower altitudes are bare, except for sagebrush and grass.

The climate in the basins surrounding the area is semiarid, but the
mountains have considerably more precipitation. There are wide
variations in daily and seasonal temperatures. Summers are mild,
with temperatures seldom above 90°F. Thundershowers in the after-
noon are common. Winters are severe, with considerable subzero
temperatures. Snow covers the ground from October or November
into July; depths of 2 to 6 feet are conumon.

Several roads provide aceess to within 2 miles of the wilderness
boundary. T.S. Highway 191 follows the eanyon of the Gallatin
River and skirts the eastern edge of the primitive area (fiz. 1). No
roads extend into the primitive area but many Forest Service dirt
roads and trails extend to near the boundary from U.S. Highway 191
on the east and from State Highway 287 a few miles to the west., A
new Forest Service road, under construction in 1965, from the county
road along Spanish Creek to the Spanish Creek Ranger Station, will
provide easy access to trails that extend into the western part of
the area.

The nearest rail shipping points are at Gallatin Gateway and
Norris, 14 and 20 miles northeast and northwest, respectively. Boze-
man, 32 miles to the northeast, is the nearest source of small mining
equipment and most general supplies.
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Ficure 1.—TLocation of Spaunish Peaks primitive area, Montana.
GEOLOGY AND MINERAL RESOURCES
By Georee E. BEorRarT and JaMEs A. CaLkins, U.S. Geological Survey
INTRODUCTION

This study of the mineral resources of the Spanish Peaks primitive
area was made during July and August 1965 by Becraft and Calkims
assisted by Mike F. Gregorich and Robert I, Bailey. A reconnaissance
geologic map was made of the area. Several stream-sediment samples
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B4 STUDIES RELATED TO WILDERNESS

were collected from each major stream in and near the area, and sedi-
ment samples were collected from many small tributaries of the major
streams. Many samples of typical rocks of the area were collected
for analysis as well as samples of any rock that appeared to be altered
in any way. Finally, selected traverses were made, mainly on foot, to
evaluate the mineral potential of the area.

All stream-zediment samples were analyzed in the field for selected
elements by Gordon Van Sickle and Charles L. Whittington, assisted
by Fred H. Marshall, operating with a mobile chemical laboratory.
Spectrographic analyses of the stream-sediment samples and most of
the rock samples were made in the field by A. P. Marranzino, Gary
C. Curtin, Howard W. Ilnight, and David .J. Grimes operating with
a mobile spectrographic laboratory. The chemical and spectrographic
analytical methods used and the minimum concentrations of each ele-
ment detectable by these methods are described in detail by Ward,
Lakin, Canney and others (1963}. The method used for gold analysis
is described by Lakin and Nakagawa (1965). A few samples were
analyzed in the T0.8. Geological Survey laboratory in Denver, Colo.,
by J. C. Hamilton and Barbara Tobin,

Geology of the Garmet Mountain quadrangle, which includes a little
of the eastern part of the Spanish Peaks primitive area, was mapped by
McMannis and Chadwick (1964). Edgar W. Spencer and Samuel J.
Kozak studied the tectonic style in the Spanish Peaks and very kindly
supplied us with a copy of the unpublished manuseript based on that
study. Both of these reports alded considerably in the study of the
mineral potential of the Spanish Peaks primitive area. A report by
Peale (1896) covers the Spanish eaks but does not include any de-
tails of the geology of the primitive area. Swanson (1951) mapped
the sedimentary rocks at the south boundary of the area as part of a
study of the central Madison Range. Marvin (1952) mapped small
areas partly within the primitive area and briefly discussed some of
the geology. Reports by Perry (1948) and by Wilson (1948) describe
the geology and mineralogy of the Karst asbestos deposit, which is in
secs. 35 and 36, T. 5 S., R. 1 I, just east of the primitive area. Me-
Mannis and Chadwick (1964) alzo discuss the geology of this deposit.
These reports helped us in our study becanse the Karvst ashestos deposit
is similar to the small occurrences of asbestos within the primitive area.

We are indebted to Ralph L. Erickson, U.S. Geological Survey, for
his helpful suggestions on the geochemical sampling program and for
evaluating the results of the analyses. We thank District Ranger L.
0. Peck, U.S. Forest Service, for his generons cooperation and aid.
We are particularly grateful to Mr. and Mrs. Robert Keefer, Gallatin
Gateway, Mont., who kindly helped us in many ways.
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GEOLOGY

Most of the bedrock in the Spanish Peaks primitive area is Pre-
cambrian metamorphic rock consisting mainly of various kinds of
gheiss, schist, quartzite, amphibolite, and pegmatite. The geology of
these rocks is extremely complex in the area, as it is throughout all
of southwestern Montana, and no attempt was made to map it in
detail. Near the southern boundary of the primitive area, folded
Paleozoic and Mesozoic sedimentary rocks, which extend southward
about 40 miles, are in fault contact with the Precambrian rocks. A
few small remnants of a formerly extensive cover of Tertiary volecanic
rocks remain in the eastern part of the primitive area. These voleanic
rocks cover a large aren east of the Gallatin River (MeMannis and
Chadwick, 1964). (lacial deposits cover all the valley floors in the
area. Two large landslides occurred after the retreat of the glacier
in Cascade Creek; the larger, which consists mainly of Tertiary vol-
canic rocks, dammed the creek and caused TLava Lake to form. The
other, about 1 mile north of Lava Lake, consists largely of Pre-
cambrian gneiss ; a large meadow has formed by filling on the upstream
side of this slide.

PRECAMBRIAN ROCKS

The Precambrian metamorphic rocks are a complex mixture of
many varieties of rock. They were not mapped in detail, but a
conspicuous layer of quartzite and a small body of mafic intrusive
rock are shown on plate 1.

Reid (1957, 1963), In two reports on the geology of the Tobacco
Root. Mountains, and McThenia (1960), in a report on the area north
of Lunis, have described the petrography of similar Precambrian
rocks in considerable detail. Only a brief discussion of these rocks
1s given below.

The major rock type is granitic gneiss which ranges from light
gray to nearly black depending upon the amount of biotite and amphi-
bole in the rock. It is generally very strikingly foliated with alternate
light. and dark layers producing a banding that ts obvious for con-
siderable distances from the outcrops. In some places, however,
particularly where no layers rich in dark minerals are present, the
foliation is not as obvious but can be seen on close observation. This
poorly foliated type of gneiss is more common in the eastern half of
the primitive area but is also present in the western half. The granitic
gneiss consists principally of quartz, plagioclase, potassium feldspar,
biotite, hornblende, and, in places, muscovite.

Schists of many different compositions are alse common in the area;
some of the more common types are amphibole-biotite-quartz, musco-
vite-biotite-quartz, garnet-hiotite-quartz, amphibole-feldspar, and
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muscovite-biotite-feldspar. Sillimanite- and kyanite-bearing quartz-
itic schists were found in several places. The greatest thickness of
kyanite-bearing rocks is on the southeast-trending ridge about 1 mile
south of Gallatin Peak. There, biotite-kyanite-quartz schist is inter-
tayered with other schists and gneisses in sequence about 1,500 feet
thick. The kyanite, both deep-blue and colorless in crystals about one-
half inch Tong, makes up about 10 percent of a few of the layers.

Amphibolite, a dark-greenish rock—consisting of hornblende,
plagioclase, quartz, and locally garnet—is present throughout the
entire area but appears to be most common in certain zones. It oceurs
as irregular masses, lenses, dikes, and in sill-like bodies that may le
continuous for as much as a mile. Dikes and sills are particularly
well exposed on the west side of Gallatin Peak and on the ridge east
and northeast of Mirror Lake. Generally the bodies are only a few
feet to a few tens of feet thick, but a few are thicker. Exposures in
cirque walls indicate some amphibolite bodies are lenticular vertically
as well as horizentally, and as E. W. Spencer and 8. J. Kozak snggest
in their manuscript (referred to on p. B4), some of these may be
boudins (sausage-shaped segments) formed from an originally con-
tinuous layer. During folding, the amphibolite layer was less
ductile than the surrounding gneiss and was squeezed off. Many of
the amphibolite bodies are well foliated: in these, the foliation com-
monly parallels that in the surrounding gneiss.  Other amphibolite
bodies appear to have little ov no foliation.

Quartzite and schistose quartzite are interlayered with the other
rocks in a few places, but only one quartzite unit was persistent
enough to be mupped (pl. 1). This unit is about 400 feet. thick and
was traced about 6 miles along strike. The rock is made up of layers
ranging from less than 1 inch to several inches thick. Though the
rock is largely quartz, it generally containg a few percent of muscovite
and, locally, a small amount of sillimanite. Smaller, discontinuous
layers of similar rock occur near the top of the ridge east of Lava
Lake and on the ridge south of Jerome Rock Lakes. The quartzite
east of Lava Lake contains crystals of green muscovite as much as
0.1 inch long and a few small crystals of kyanite. The layer south
of Jerome Rock Lakes is about 6 feet thick and contains a little biotite
and kyanite as well as quartz and traces of sillimanite.

Small pegmatite masses occur throughout the area. They are com-
monly discontinuous dikes and sills ranging in thickness from a few
inches to a few feet. In some outcrops several generations of pegma-
tite can be observed—each generation cutting the earlier ones. The
earlier formed pegmatite has vague boundaries and appears to have
formed from the gneiss by removal of the dark mafic minerals and
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concentration of the light-colored minerals. The youngest pegmatite
has no foliation and has sharp boundaries and obviously intruded the
enclosing rocks lute in the last metamorphiec episode. It is most com-
mon near the axial zones of small folds but also occurs at many other
places. The mineralogy of the pegmatites is simple. They consist
largely of quartz and potassium feldspar, but contain some plagioclase,
biotite, hornblende and minor amounts of muscovite, magnetite, and
tourmaline. Some of the pegmatites consist almost entirely of milky
quartz and contain potasstum feldspar crystals as much as 4 inches
long. Some of the potassium feldspar is microcline and much is

perthitic.
PALEOZOIC ROCKS

Sedimentary rocks of I’aleozoic age occupy an area of less than a
square mile in the primitive area near its southern border. They are
part of a sequence of sedimentary rocks rangimg from Cambrian to
Cretaceous in age that is faulted against the Precambrian rocks along
the Spanish DPeaks fault, a major fault that roughly parallels the
sonthwest side of the primitive area. These rocks have been mapped
in the adjacent Garnet Mountain quadrangle and described in detail
by McMannis and Chadwick (1964). The total thickness of the rocks
is more than 5,000 feet. On plate 1 the sedimentary rocks have heen
divided into five map units: Cambrian to Mississippian rocks, Quad-
rant Formation of Pennsylvanian age, Phosphoria Formation of Per-
mian age, Triassic to Jurassie rocks, and Cretaceous rocks. Only the
oldest rocks in this sequence, Cambrian to Mississippian in age, are
discussed below as they are the only ones within the primitive area.
The younger rocks have been described by MeMuamnis and Chadwick
(1964).

Rocks of Cambrian to Mississippian age form the northwest-trend-
ing ridge between Dudley and North Fork Creeks. They are about
2,500 feet thick and consist predominantly of limestone and dolomite.
The lowermost. unit. adjacent to the Spanish Peaks fault is the Meagher
Limestone of Middle Cambrian age. 1t is dense gray thin-bedded
microcrystalline limestone. The Meagher is overlain successively by
the Park Shale of Middle Cambrian age and the Pilgrim Limestone
of Late Cambrian age. The Pilgrim and Meagher Limestones are
similar except that the Pilgrim is partially dolomitized and contains
more shale partings.

Ordovician and Silurian strata are missing in this area, and
the Cambrian rocks are overlain disconformably by the Devonian
Jetferson Limestone and the Devonian and Mississippian Three
Forks Shale. The Jefferson Limestone in this area is mainly white
and gray medinm-grained, crystalline dolomite; only a few beds of
limestone and shaly limestone are present.
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Overlying the Devonian and Mississippian strata ave the ridge-
forming limestones of Mississippian age, which here include the
Lodgepole and Mission Canyon Limestone. These two units total
about 1,300 feet in thickness and form the crest of the ridge as well as
the steep cliffs on the southwest side. The rocks are gray dense
medium-bedded limestones, with some oolitic and argillaceous heds,
Fossils are abundant and chert nodules are present in places. The
uppet part of the Mission Canyon Limestone is strongly dolomitized
and contains abundant layers and lenses of chert.

TERTIARY ROCEKS

Voleanic rocks of Tertiary age are exposed in a few small areas near
the eastern margin of the Spanish Peaks primitive area. These are
remmants of lava flows that undonbtedly extended eastward to join
the thick voleanic sequence mapped by MeMannis and Chadwick (1964)
east of the Gallatin River. The rocks are very dense porphyritic gray
to black andesite.

Many dikes of diabase (dark intrusive rock of about the same com-
position as the lava flows) cut the recambrian metamorphic rocks
in the eastern and central part of the area. The diabase appears to be
unmetamorphosed and most dikes have chilled margins, indicating that
the diabase is distinctly younger than the metamorplhic rocks. No
dikes were observed in contact with the lava flows, but they probably
are about the same age. This age has not been fixed closer than early
Eocene to late Miocene (McMannis and Chadwick, 1964, p. 22).

STRUCTURH

The structure of the area consists mainly of two unrelated elements
of vastly different ages; the first is the fold structure in the Precam-
brian rocks, and the second includes the fault structure of Laramide
age and related folding in the sedimentary rocks and the Deer Creek
shear zones.

STRUCTURE OF THE PRECAMBRIAN ROCKS

The overall trend of the foliation in the Precambrian rocks is north-
ast with a swing toward a more easterly direction in the eastern part
of the area. The dip of the folintion is generally steep except in the
southeastern part of the area. In detail, the structure of these rocks
is much more complex owing to many tight, closely spaced folds which
range from tiny crinkles on foliation surfaces to folds that are many
tens of feet in wavelength, Some isoclinal folds are only a few feet
across, but the limbs can be traced forr a few hundred feet. Some rock
layers retain evidence of extreme folding, whereas layers on each side
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show little or no evidence of folding. In many folds, migration of
material from the limbs to the axial zones has resulted in extreme thin-
ning and thickening of layers and very complex folds in the axial
zone. In other small areas the rocks have actually become molten, and
earlier layering has been destroved. Most of the folding appears con-
temporaneous with the high-grade metamorphism, but whether there
was more than one period of metamorphism and folding was not
determined.
SPANISH PEAKS FAULT

The large fault separating Precambrian metamorphic rocks on the
northeast from I’aleozoic and Mesozoic sedimentary rocks on the south-
west has been called the Spanish Peaks fault by McMannis and Chad-
wick (1964, p. 32). The fault was traced in detail from the (Gallatin
River northwestward to Beehive Basin, a distance of 9 miles, and pro-
jected beyond for several miles. It is strikingly marked topograph-
ically by a series of saddles in the ridges and by drainage alinements.

The fault strikes northwestward and it appears to be nearly vertical,
as shown by a few direct measurements and its remarkably straiglht
course across the rugged topography. The fault zone ranges in width
from 60 to about 150 feet and consists of brecciated sedimentary rocks
and gneiss together with kaolinitic clay gouge. Tlie gouge is com-
monly stained red and brown by iron and manganese oxides. High
permeability along the fault in one area is indicated by a large spring
along the fault just below U.S. Highway 191 outside the primitive
area.

The rocks on the northeast side of the fauli have moved upward
relative to those on the southwest side. Inmost places the sedimentary
rocks on the south side dip steeply away from the fault; however, in
two places where the sedimentary rocks immediately adjacent to the
fault are well exposed, they dip toward the fault. Displacement on
the fault cannot be determined in the absence of sedimentary rocks
on the northeast side, but McMannis and Chadwick (1964, p. 32)
suggest that farther southeast the stratigraphic displacement may be
as much as 13,500 feet. This large displacement suggests that the
sedimentary rocks are not simply dragged against the fault but are
part of an original monocline or kink in the bedded rocks and that
the fault is a major regional structure.

DEER CREEK SHEAR ZONE

A zone of shearing, brecciation, and alteration—called the Deer
Creek shear zone—extends for a known distance of slightly over 1 mile
along the lower slopes north of Deer Creek, in and near the south-
eastern part of the primitive area. Other smaller zones occur on the
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ridge south of Deer ('reek. Considerable prospecting has been done
along these zones.

The Deer Creek shear zone strikes about N. 70° I, dips about 70°
NW., and ranges in outcrop width from 70 to 400 feet. Westward, the
shear zone disappeuars under the thick alluvium of the Deer Creek
Valley and does not crop out elsewhere. Its eastward continuation
across the Gallatin River wasnot investigated.

The rocks in and adjacent to the shear zone are mica-quartz schist,
quartz-rich granitic gneiss, and quartzite. The shear zone generally
follows the strike of the foliation but cuts sharply across the dip,
which typically is only about 30° and in places is as low as 10°. The
shear zone is characterized by irvegularly spaced fractures that dis-
play little evidence of movement. In some places, the altered rock
has been intensely brecciated and recemented by quartz, destroying the
original fabric of the rock, but in most places the original foliation
of the rock has been preserved.

Rocks in the shear zone are stained rusty brown from iron oxides
present in stringers, patches, and along fractures. Near the center of
the zone, the rocks have been silicified, or replaced by fine-grained
quartz or jasperoid, and near the borders they lnve been partly altered
to clays. These features indicate that hot or warm mineralizing solu-
tiens moved through the zone, but no ore-bearing veins were found.
Results of geochemical sampling in the zone are discussed later in this
report. The silicified oulcrops of the shear zone stand out in bold
relief in an area otherwise scanty of outerops.

The zones south of Deer Creek are similar, thongh considerably
smaller. They are probably branches of the larger zone, but their
northward extensions ave covered by the alluvium of Deer Creek.

MINERAL RESOURCES

Several different. types of minerval deposits are known in the general
arvea of the Spanish Peaks primitive area. To the northwest in the
Tobacco Root Mountaing are veins containing lead, silver, zine, gold,
copper, and tungsten, Large gold deposits were found in the gravel
of Alder Gulch near Virginia City west of the Spanish Peaks. Also
in the vicinity of the primitive avea are small deposits of nonmetallic
minerals including corundum, miea, tale, kyanite, sillimanite, and
asbestos,

No mineral deposits of potential economic value were found in the
Spanish Peaks primitive area, Asbestos of poor quality occurs in a
few places in the eastern part of the area, but in deposits too small
tomine profitably. Tlhe largest prospect is on Tuble Mountain. Large
hydrothermally altered zones were found along the Spanish Peaks



MINERALS, SPANTSH PEAKS PRIMITIVE AREA, MONTAnA  Bll

fault and the Deer Creek shear zone, and two small altered zones were
found on the ridge south of Gallatin I’eak. An occurrence of sec-
ondary copper minerals in an amphibolite dike was found just south
of the primitive area in an old roadecut about 100 feet east of U.S.
Highway 191 south of Jack Smith bridge in the SW1/ sec. 27, T. 6 S,,
R.4E.

TABLE MOUNTAIN ASBESTOS PROSPECT

The Table Mountain prospect, the best of the small asbestos de-
posits in the area, is in the NE14 sec. 8, T. 6 S., R. 4 E. It has been
explored by 11 shallow prospect pits. Asbestos was found on the
dumps of six of those pits (fig. 2).

The asbestos, of the anthophyllite variety, occurs in small veins
that cut an altered mafic dike. Veins were observed in only two pits
(A and C). The thickest vein seen in the pits was about 8 inches,
but some fibers of the asbestos on the dump of pit A (fig. 2) were as
much as 12 inches long. Thus, wider veins must have existed in the
pit because the fibers grow normal to vein walls. Much of the asbestos
in place is hard and brittle, whereas that on the dump is softer and
more flexible owing to weathering. This is similar to the conditions
at the Karst asbestos deposit east of the primitive area where, accord-
ing to Wilson (1948), the asbestos fibers become harsher and of inferior
quality at depth because the best are produced by weathering of the
anthophyllite. The asbestos on Table Mountain undoubtedly was
formed in the same manner as that at the Karst depostt. There the
pyroxene mineral enstatite was altered to serpentine (antigorite} by
superheated water. The serpentine was altered to asbestos (antho-
phyllite} by solutions containing caleium, aluminum, and silicon
dioxide (Wilson, 1948).

The prospect pits on Table Mountain shown on figure 2 are de-
scribed in detail in the following paragraphs. All the pits were
badly caved, and little bedrock was exposed in them.

Pit A—The main part of the pit is about 12 feet deep and was
originally a little deeper, but the bottom is filled with rubble. A
shallow trench about 2 feet deep extends to the southeast. The walls
of the pit are mostly altered mafic dike rock, probably originally
amphibolite or pyrozenite. In the north corner of the pit are two
highly irregular veins of asbestos (shown by one vein symbol on fig.
2). The veins appear to have a general northwest strike and dip
75°-85° NE. The asbestos fibers in the veins are elongated in a gen-
eral northeast direction. The veins vary greatly in width but average
about 8 inches. A third asbestos vein is exposed on the southwest
side of the main pit. It parallels those to the north, has about the
same width, and is also rather irregular. The asbestos, however,
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EXPLANATION
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Mapped by G. E. Becraft
and M. F. Gregorich, 1965

Fraure 2.—Geologic map of the asbestos prospect on Table Mountain.
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appears to be much harder and more brittle. The small vein at the
junction of the main pit and the trench is only about 2 inches wide.
The dumps, southeast and southwest of the main pit, are completely
covered bv asbestos, some of which is as much as 12 inches long, so
there must have been larger veins in the pit than those remaining.
The floor and the dumps of the shallow trench extending southeast
from the main pit are covered by asbestos and altered wallrock. The
trench may have been dug along a narrow vein that strikes northwest.
No veins appear to strike northeast, parallel to the general strike of
the mafic dike.

Pit B.—The pit is about 4 feet deep, in slightly altered mafic dike
rock. Some wallrock contains a little asbestos, but the only vein
of asbestos seen was about 1 inch wide and 1 foot long. The few
pieces of asbestos on the dump are almost certainly from pit A.

Pit ¢ —The pit is about 4 feet deep, and a small trench to the east
is about 2 feet deep. One vein of asbestos is exposed in the pit. It
18 about 18 inches wide at its widest point and trends about N. 75° E.
Two thin zones of altered wallrock, each less than half an inch wide,
divide the vein into three segments at the widest part. On the north
side of the trench at the junction with the main pit, the vein splits into
several small veins about 1 inch wide and these pinch out to the
northeast, The vein does not extend to the west side of the pit. The
asbestos is hard and brittle.

Pit D.—Only slightly altered wallrock was observed in this small
pit about 314 feet deep. The rock contains a little asbestos but the
few large pieces of asbestos on the dump do not appear to be from
this pit.

Pit £ —This large pit is about 7 feet deep near the northwest end
and about 214 feet deep at the southeast end. The walls of the pit
are so completely slumped that no bedrock was seen in place. As
shown on figure 2, asbestos completely covers the dump of the western
part of the pit, but there is none on the dump near the eastern end.
Some asbestos fibers are as much as 8 inches long, so at Jeast one vein
was that wide. There were probably several veins exposed in the
pit, as judged from the amount of asbestos on the dump.

Pit F.—This pit is about 8 feet deep and badly slumped. Though
no veins of asbestog were seen in the pit, there is a little asbestos on
the dump. The fibers are as much as 4 inches long. If the asbestos
on the dump came from veins in this pit, the veins must be very
short or there should be considerably more asbestos on the dump.
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Pit ¢ —This pit is very shallow and exposes only unaltered mafic
dike rock.

Pit H—This pit is about 4 feet deep. There is a large amount of
asbestos on the dump but none was seen in place. The only rock
now exposed 1s altered wallrock at the southwest end of the pit. The
longest fibers on the dump are 8 inches long, indicating at least one
vein of that width. The large pieces of asbestos are hard and brittle,
but the weathered fibers are soft and flexible.

Pit 7.—This small pit is about 2 feet deep and exposes only slightly
altered wallrock. There is no asbestos on the dump.

Pit J—The pit is about 3145 feet deep. There is a little asbestos
on the dump on the south side of the pit, but none was seen in place.
The vein was probably about 4 inches wide. The remainder of the
rock on the dump is altered mafic rock with a little asbestos in the
fabric of the rock.

Pit K —This is the northernmost pit in the vicinity. It is about
114 feet deep and exposes only unaltered mafic dike rock.

ALTERATION ALONG SPANISH PEAKS FAULT

The rocks along the Spanish Peaks fault have been altered presum-
ably by hydrothermal solutions moving through the highly permeable
zone. The alteration is almost totally restricted to the sheared and
broken rock in the fault and does not appear to extend into the un-
broken wallrock on either side of the fault. The zone has been
prospected at many places, generally at points where the fault crosses
a ridge.

Many samples from along the zone were analyzed (table 1), but
only those from the pits near where the fault crosses U.S. Highway
191, outside the primitive area, contained unusual amounts of metal.
Omne specimen of vein material from the dump of one pit contained
3 percent copper (C77b, table 1), Several pits were dug in this viein-
ity, but highway construction has obliterated all but three. One pit
is o few feet below the highway and about 30 feet north of the spring.
The second is uphill and 15 feet from the highway. The third is
about 100 feet above the highway. All pits are caved and nearly
filled with rubble, but the dumps consist mostly of brown-stained
crushed granite gneiss and mica-quartz schist and contain brown
carbonate (siderite?) fragments spotted with quartz and white crushed
and kaolinized feldspar. Small pieces of vein quartz containing
chalcopyrite, pyrite, and malachite are on the dump of the second pit,
which evidently is on a small vein. No copper minerals were seen
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in the other two pits although the dump of the pit about 100 feet above
the highway contains some quartz. Scattered pyrite crystals in
brown-weathering siliceous clay gouge were found on the dump of
the prospect pit on the steep wooded slope west of North Fork Creek
in sec. 9, T. 6 S, R. 3 E., but no copper or other ore minerals were
noted (see analysis C76b, table 1). All other pits along the Spanish
Peaks fault are devoid of ore minerals.

The locations of rock samples collected along the Spanish Peaks
fault are shown on plate 2. The results of the analyses of these sam-
ples are given on table 1. In addition, several stream-sediment sam-
ples were collected from streams crossing the fault. Analyses of
these samples are also given on table 1.

MINERALIZATION ALONG DEER CREEK SHEAR ZONE

Several small pits mostly outside the primitive area have been dug
on and near the Deer Creek shear zone (described under the section
on “Structure”) and the smaller zones to the south. Many rock sam-
ples from these pits and elsewhere along the zones were analyzed as
well as three stream-sediment samples from streams that cross the
main zone {table 1}. None of the samples contained unusual amounts
of metallic elements.

McMannis and Chadwick (1964, p. 43) report copper minerals
along a shear zone in Precambrian rocks near the mouth of Deer
Creek in the NE1 sec. 22, T. 6 S., R. £ E. A hand specimen from a
prospect pit in this area at C95 (pl. 2), along a small shear zone,
had traces of malachite along narrow fractures in altered and sheared
granitic rock, An analysis of a sample of this rock, however, indi-
cated no unusual amount of copper.

A few narrow veins of asbestos about 1 inch wide were seen in a
prospect pit in sheared serpentine at locality C2, plate 2. The veins
are very irregular and discontinuous.

VEINS SOUTH OF GALLATIN PEAK

Two altered zones, each less than 2 feet wide, were found on the
ridges south of Gallatin Peak, near the center of the mapped area
(pl.1). They are located at C82 and C83 on plate 2.

The first zone (82, pl. 2) contains a vein less than 1 inch wide
and parallel to the foliation. The vein contains mostly quartz, epi-
dote, and pyrite, but a sample of vein material found in the float near-
by also contained chalcopyrite and malachite. The wallrocks—
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granitic gneiss and amphibolite—contain pyrite, quartz, and epidote
in veinlets and lining fractures, and are stained rusty brown by iron
oxide. The altered zone disappears beneath talus in only a short
distance.

The second zone (C83, pl. 2) is similar to the first except that it
consists of at least five quartz-epidote-pyrite veins about 1 inch wide,
two of which contain a considerable amount of carbonate minerals.
The veins are discontinuous; none is longer than 30 feet. No copper
minerals were seen in this second zone.

Analyses of samples from these zones are given in table 1. These
veins are too small to be economically significant,

COPPER IN ALTERED AMPHIBOLITE

Some amphibolite samples contain slightly more copper than the
surrounding metamorphic rocks, but no copper minerals were found
in the amphibolite in the primitive area. However, secondary copper
minerals, mostly malachite, coat fractures in amphibolite well exposed
in a roadeut along U.S. Highway 191 about 1 mile south of the
primitive area in sec. 27, T. 6 8., R. 4 E. (B1 on pl. 2). The amphib-
olite euts a slightly schistose micaceous quartzite. All the rocks are
stained by iron oxide, and are also cut by many small faults with
gouge zones less than 1 inch wide. The amphibolite and micaceous
quartzite are altered adjacent to some of the small faults. Secondary
copper minerals coat these fractures in the amphibolite, but none
were seen in the quartzite. Analyses (table 1) of samples from this
locality indicate that the unaltered amphibolite has an unusually high
copper content. Thus, the copper was probably leached from the
amphibolite by solutions and deposited as secondary copper minerals
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in the fractures nearby. These occurrences of copper minerals are
not considered to be of economic significance.

ANALYTICAY. DATA

Many rock samples and stream-sediment samples, in addition to
those already discussed, were analyzed during the present study.
Most were analyzed both chemically and spectrographically in mobile
units in the field, using methods described in detail by Ward, Lakin,
Canney, and others (1963). A few were analyzed spectrographically
in the U.S. Geological Survey laboratories in Denver, Colo.

An attempt was made to sample all major streams and most tribu-
taries of those streams, to obtain several samples of each rock type
in the area, and to sample any altered-appearing rock. Analyses of
these samples served as a guide to further work in the area.

Analyses of the rock samples given on table 1 show much more
variation than the stream sediments, as would be expected. Iowever,
none indicated wnusual concentrations of metallic elements. Many
amphibolites have high chromium content, compared with the sur-
rounding rocks, but chromite commonly occurs in these amounts in
rocks of this type in southwestern Montana. None of the amphi-
bolites in the primitive area contain sufficient amounts of chromium
to be of economic significance.

Analyses of the stream-sediment samples given on table 1 (locations
of these samples are shown on pl. 2) show little variation except for
a few samples collected from very small streams draining mafic rocks.
For example, sample G1f is high in nickel and chromium, but it is
from a small stream that drains only amphibelite—also high in nickel
and chromium,
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TABLE 1.—Analyses of samples from the Spanish Peaks primitive area

[All elements in parts per million except Fe, Mg, and Ca, which are in percent. For sample
locations see plate 2. Analysts: A. P. Marranzine, G. C. Curtin, H. W. Knight, D. J.
Grimes, J. C. Hamilton, Barbara Tobin, G. Van Sickle, and C. L. Whittington. Abbrevia-

Sample Semiguantitative spectrographic analyses
Ho. Ii in Mo v Zr La Ni Cu Fb B ¥ Mo Co Ap Be Ga As  S¢  Cr

Spanish Peaks fault

B2a 200 <200 200 20 7 20 15 T 0 10 3 <2 5 <l <L <l? <00 <5 5
a2v 700 <200 15¢ 7 56 <0 20 7 WA 3 2 7T o<l o<l <10 <500 5 00
B2c 1,000 <200 500 70 100 20 o 5 <10 10 10 <2 0 <l L 10 <300 13 200
B2d 1,500 <200 100 500 1 20 15 5 <10 20 10 <2 7 o<l <l 20 1,500 700
Ble 1,500 700 5,000 300 10 <0 150 0 10 20 20 <2 100 <l 2 30 <500 10 300
B2f 2,000 200 100 200 70 <20 50 10 18 15 10 <2 20 <l <l 20 <500 3 150
BSa 3,000 300 50 0 100 <20 300 00 20 30 5 3 I <t 1L 3 2,000 <5 200
BSb 5,000 <200 1,000 100 100 20 100 30 10 30 7 <2 20 <l <1 20 1,000 <3 200
B5c 7,000 <200 1,500 300 70 <20 30 50 <10 10 7 <2 50 <1 <L 20 <500 7 L00
€11a  >10,000 <200 500 1530 150 220 20 00 15 10 <2 20 gl o«l 20 <500 10 Lo
Clly 5,000 <200 00 150 200 20 30 50 10 20 15 <2 20 <L 2 20 <s00 10 Ls
€llc 00 <200 200 20 50 <0 20 15 10 10 71 <2 7 <l L 30 <500 <5 300
Clle 10,000 <200 200 150 70 <20 70 15 15 <10 50 <2 15 <l <l 15 <300 10 700
c17 3,000 <200 1,500 100 200 20 <2 ? 50 1 5 <2 7 <L 1 20 <500 <5 5
‘C54a 5,000 <200 200 100 100 <20 100 Wwe<ie 20 5 <2 15 <) 1 20 <500 <3 500
C54b 200 <200 500 10 10 <20 L5 2 WK <5 <2 <5 <L o<l 20 <500 <3 <5
CShe 1,000 <200 150 15 100 <20 2 2 10 10 5 <2 <53 <l L 3 <500 <5 5
CS54d 300 <200 00 20 1 <20 30 20 10 10 <« <2 3 <l <l <l <500 <5 15
cio 200 woe 20 20 30 20 15 7 10 10
CT2a 3,000 1,000 200 70 Ll 10 20 50 50 20 10
C12b 2,000 50 10 150 0 10 20 30 10 200
c13 1,500 200 100 30 30 0 15 0 20 7 150
cl4 1,000 200 70 100 0 W10 10 15 20 -]
Cla 5,000 00 100 150 150 kle} 3 20 5 30 w20
c15 2,000 0 9 N 100 100 L5 13 1,500 200
Cl6a 300 0 0 30 10 100 70 7 1,500 7
c76b 2,000 k) w50 30 15 50 30 3 100
Cl7a 00 500 70 30 70 10 Lo i) 13 10 200
C?7o 70 150 30 10,000 5 1 7
C7e 300 150 15 20 30 100 10 w s 5 10 20
CId 00 200 15 5,000 30 5
€lld 2,000 <200 0 50 150 20 10 30 1w 20 10 <2 10 <1 <l 20 <500 <35 5
cle 7,000 <200 1,500 150 150 20 70 20 15 10 30 <2 0 <« 1L 2¢ <500 20 300
cls8 5,000 <200 300 100 200 sl 50 50 20 0 10 <« 10 <1 1 20 <500 10 150
€25 .

Cc26 5,000 <200 1,500 L50 100 50 50 W 30 10 50 <2 30 <l L 20 <500 10 200
%] 3,000 <200 N0 W00 150 50 70 30 15 10 30 <2 30 <l <1 0 <500 20 150
ce9 100 150 50 20 0 3 20 5 20 0
CBY 2,000 500 70 100 50 0 10 15 15 20 10 100

Deer Creek shear zone

BBa 2,000 <200 W00 100 100 20 0 50 15 10 15 <2 I5 <1 1 20 <300 15 50
B8b 2,000 <200 500 70 150 30 L50 030 10 i <2 0 <1 1 20 <500 10 150
B8c 500 <200 e 15 100 <20 10 oW 5 <2 <5 <1 <l 15 <500 5 5
E9s 1,500 <200 200 30 200 <20 5 0 20«10 5 2 § <1 1 20 <s00 5 20
B9b 1,000 <200 150 10 100 20 3 10 10<10 <5 €2 <5 <1 1 10 <500 5 b]
B9c 1,000 <200 10 50 <20 n 5 1<l <5 <2 <5 <1 1 10 <300 S 5
B9d 2,000 <200 300 100 200 30 50 D 20<0 5 2 2 <1 <1 15 <500 s 30
B9e 1,500 <200 150 50 100 20 50 5 13«0 5 <2 15 <1 1 15 <500 § 20
BOE 700 <200 200 0 W 20 50 15 o0<10 7 <2 5 <1 1 15 <500 S ?
Bog 1,000 300 150 20 100 30 30 13 15 10 5 <2 5 <l 2 20 <500 S 15
B 1,50C 300 500 50 150 <20 0 7w s <2 15 <1 1 20 <500 5 150
£2a 1,000 <200 2,000 70 5 <20 1,500 W0 L10 15 <5 <2 10 <1 <L 10 <500 10 5000
C2b 2,000 <200 700 100 0 20 20 30 s0<Ip 10 <2 1D <L <l 20 <500 5 100
CZc 00 <200 1,500 70 3 <20 1,000 5<10 30 <5 <2 50 <l <l <l0 <500 10 5000
c3 3,000 <200  -300 50 200 20 10 20 ;<o 5 <2 10 <1 L 20 <500 5 5
Céa 3,000 <200 50 20 156 <20 10 0 15<10 5§ <7 <5 <1 1 10 <500 5
Chb 3,000 <200 500 30 100 20 50 20 15«10 5 <2 10 <1l 1<l0 <500 5 300
Che 2,000 <200 1,000 50 0 20 15 15 30 <10 15 <2 5 <1 1 20 <500 5 30
5 3,000 <200 o0 50 100 30 20 15 26<l0 5 <@ <5 <1 2 20 <500 5 30
ce 2,000 <200 506 0 J00 30 70 20 20<10 15 <2 20 <1 2 220 <500 W0 10
c? 3,000 <200 1,500 50 200 se 70 20 15«10 10 <2 3 <1 1 10 <500 5 S0
cs 3,000 <200 150 30 150 20 20 10 J0<10 5 <2 5 <l <l 30 <500 5 5
Che 1,000 020 50 30 20 L 10 10 5 700
[} 500<200 L,500 70 <5 <20 200 W10 <0 <5 <2 10 <l gl gl0 <500 7 3m0
cl0 700 <200 500 50 150 <20 200 o100 15 30 3 M £l 7 10 <300 10 10
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TABLE 1.—Analyses of samples from the Spanish Pealks primitive area—Continued

tivns: Ls—limestone, alt.—aitered, sed.—sedimentary, N.—north, gtzte—quartzite,
cpy =chaleopyrite, mal.—malachite, qtz=quartz, sil.=silicified, 8. ==south, cal, =calcite,
blo.=blotite, cxCu=cold-acid-extractable copper]

Percant
Sample . Chemical analyses
Ho. Ba St Fe Mg €2 ex€Cu Cu Pb Zn Auw Mo Co Ni Sample Description

Spanish Peaks faulr

B2a 15 7o <2 5 <20 1 3 75 25<.03 <20 23 Ls 500 fr S. of fault
B2b 0 <50 1 .5 -1 a 20 25 <25 <.03 <20 25 Alt. sed, rock near fault
Blc 150 30 7 .1 3 <l 10 <25 50<.03 40 200 Alr. sed. rock in fault
B2d 1o <50 15 .3 1 <l 10 25 <25 <.03 <20 Alr, sed, rock in faule
B2e 200 50 15 .2 .5 <l 20 <25 200<,03 150 300 FeQ-stained gouge near soil
B2E 3,000 200 5 .7 3 <1 10 <25 .100 <.03 20 75 FeO-stained gouge below =il
B5a 100 50 0 2 W1 2 200 25 200 .07 0 800 Alt. sed. rock in faulc
B5b 300 o0 5 1.5 1.5 2 60 25 75 .05 40 200 FeO-stained soil
B5c 100 100 15 3 3 25 100 i 30 <25 Amphibolite N, of fault
clla 500 <50 5 1.5 1.5 30 150 50<.03 2 40 50 Amphibolite from adit
Cllb 500 100 5 1 2 8 100 50 <.03 40 50 Fault gouge in gnelss
Clic 1,000 200 1 7 2 k) 60 25 <.03 <20 <25 Fault gouge in gnelss
Clis 500 <50 1 5 4 )} 40 25 <.03 e 150 Ale, rock Erom adit dump
c17 3,000 2,000 3 1.5 5 Porphyritic dike tock
CS4a 100 50 15 .1 2 FeQ-stained Fault breccia
CS5a% 1,500 200 1 .05 .1 Brecciated granitic gneiss
Ciac 700 200 1 3 1 Gneiss from pit
C5ad 20 0 1.5 10 <20 Alt. ls.breccia from fault
c10 0c 200 1.5 .2 .1 Brecciated gneiss
C12a 200 700 5 1 ? Altered gnelas
C7Zb 0 0 7 .2 .2 Alt. sed. rocks
€13 200 50 k) .2 1.5 Fault breccia
C14 5,000 200 3 07 .15 Qtzte breccia in fault
Claa 700 00 2 1.5 i Gneiss N. of faulc
€75 00 150 5 .07 L1 Fe0-stained gouge
C16a 1,500 100 3 .015 .03 FeD-stained gouge
Cl6b 500 200 2,005 ,015 Sil. rock with pyrite
[+ 3 FY 150 o 2 .7 L Gouge
¢17b 0 3 .5 .05 Vein iz with cpy. & mul.
Cl7c 500 300 L .03 .05 Vein quartz
cr7d 15 L 2 .07 Vein qtz with mal.
clid 200 oo 1.5 1 3 Gneisgs at adit portal
cla 500 300 7 5 3 3 60 50 20 73 Stream sediment
cig W0 00 3 1.3 3 25 100 25 <0 25 Stream sediment
25 <1 3o 75 <0 25 Stream sediment
c26 500 00 7 ? 7 10 60 50 40 100 Stream sediment
€53 500 150 3 2 2 o 15 50 Stream sed. near fault
[4-1] 1,500 1,000 1.5 .3 1 Stream sed. aleng fault
CBO 500  3co 2 1.3 1.5 Stream sediment

Deer Creek shear zone
B8a 330 150 7 .7 7 5 60 25 100 <03 o 7 Residual soil
BBb <100 500 S 1 1 5 70 25 100 <01 20 200 Residual soil
BBe 1,000 300 1 -1 .5 <1 5 <5 <20 25 Stained splite
A% 1,000 0 1.5 oL L 1 30 50 <20 73 Alt, gneiss N, of zone
BSb 500 <50 1 .05 s 3 10 23 <20 25 Jasperoid breccis in zone
B3c 500 <50 .3 02 .03 <l 10 2% <20 25 Jasperoid breeeia in zome
B3d 7000 100 2 .01 .05 4 20 50 <20 15 Ale, rock W, of zome
B3e 700 50 2 02,03 -] 50 20 75 £il. sheared breccia (n zone
B9 00 <50 2 0r 05 2 10 50 075 Alt. rock S, of zone
Big 1,000 50 1.5 L1 W2 L E S0 <20 50 Alr, rock 5. of zone
BSh 00 <50 3 o1 1 1 30 75 <.03 <20 150 S{1. boxwork from zone
C2a 70 <50 15 <10 5 25 150 25 <2 120 3,00 Setpentine with asbestos
C2b 1,500 200 1.5 1.5 .7 ? 6 <25 <20 15 Qez-feldspar-chlorite tock
Clc W0 <50 20 <10 1 1 20 100 200 2,500 Sheared serpentinite
cl L, 500 700 1 .3 L 1 30 50 <20 <25 Mica-qtz schist
Céa 700 50 7 0% 1 <l 10 <25 <20 <25 Sheared gnelss
Cab 00 50 2 22 .l 2 30 25 0 <5 FeO-stained gnelss
Cac 2,000 300 1.5 1 ? 1 3 25 <20 <25 FeO-stained beEcela with cal.
€5 00 <50 1.5 .05 .l <1 30 25 <20 25 Silicified breeccia
cé 3,000 10q 10 05 a1 2 W 100 26 150 FeQ-stalned vein qtz.
c? 700 <50 5 0% WL 6 &0 50 60 100 Breccia
cg <5,000 300 2 .2 21 <l <5 <25 <20 <25 Breccia from zone
C8c 1,000 pid 5.5 .07 a7 Alt. qtz-feldspar schist
<3 70 1,000 ? <10 20 1 <5 50 60 400 Qtz-epidote rock frum zone
clo 5,000 0 19 07 .2 <l 60 300 150 BG 800 Breecia along zone
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TABLE 1.—Analyses of samples from the Spanish Peaks primitive area—Continued

Sample Semiquantitacive spectrographic analyses
No. TL  Zn M Vv 2Zr La_ Wi Cu PFb_B Y Mo Co Ag Be Ga As Sc or
Deer Creek shear zone {continued
cra 2,000 | 0 50 200 O 20 30 15 20 7 20 5 10
c95 200 500 i 100 10 |0} 5 00
B8 1,000 <200 B0 ¥ 300 20 30 7020 10 10 €2 10 <1 1 20 <500 5 150
B39 5,000 <200 1,500 100 200 70 50 30 20 10 30 <2 20 <L L 20 <500 15 200
B40 5,000 <200 1,000 100 150 50 50 15 20 10 15 <z 20 <L <L 20 <3500 10 2Z00
Altered zones south of Gallatin Peak
caz 2,000 1,500 oo 100 50 156 30 1,500 200 15 30 2 50 5 1o
cBla 5,000 1,500 200 30 30 o 10 15 20 0 20 7
caib 3,000 1,000 X0 30 30 150 15 15 0 30 3 50
[+:x 300 2,000 70 15 150 0 29 7 7
Roadcut in amphibolite .

Bla 5,000 <200 2,000 00 70 W W 70 20 10 W <z S50 <1 <l 30 <500 30 200
Blb 7,000 <200 2,000 300 70 <20 50 150 20 10 15 <2 0 <L <! 30 <500 3¢ 150
Ble 500 <200 »5,000 70 30 50 20 50 0<10 20 <2 13 <1 <1l <18 <500 7 5
Bld 2,000 <200 3,000 150 30 <2¢ 100 20 15 15 20 <2 30 <l <1 20 <500 7 300
Ble <10,000 <200 2,000 300 100 <20 70 50 15 15 30 <2 <L <l 530 <500 50 100
BlE 10,000 200 1,000 300 100 <20 150 >5,000 0 20 20 <2 100 10 <! 30 <500 30 0
Blg 1,000 <200 300 20 100 <20 15 15 20 10 <5 <2 15 <1 1 20 <500 <5 <5
Blh 10,000 <200 1,500 300 70 <20 50 150 10 15 50 <2 50 <l <l 20 <500 30 70
Bl 5,000 <200 500 200 100 20 20 We W<ld 5 <2 10 <l 1 30 <500 Lo i
BLj 7,000 <200 3,000 200 70 20 20 we 10 10 10 <2 30 <l <L X <500 20 50
Blk <10,000 <200 1,500 300 100 <20 30 150 15 10 15 <2 30 «1 <l 30 <500 30 70

Blm 10,900 <200 2,000 50C 100 <20 70 5,000 10 10 20 <2 50 <l <l 30 <500 30 LOO

Spanish Peaks rock samples

Bla 5,000 €200 1,000 100 100 20 2 1020 10 15 < 15 <1 1 30 <500 5 5
1Y 5,000 <200 700 150 150 20 5 7 20 10 10 <2 15 <1 1 20 <500 7 10
Bl 5,000 €200 1,500 300 30 <20 50 190 10 10 16 <2 70 <1 <] 30 <500 36 30
Bid mo <200 100 10 100 <20 2 5 <10 10 5 <2 <5 <0 1 15 <500 <5 =5
B4a 300 200 200 30 <5 <20 150 7 10 50 5 <2 15 <1 1 20 <500 <5 20
Béa 1,500 €200 2,000 200 100" <20 500 7<I0 10 5 <2 70 <1 <1 15 <500 20 1500
BéD 500 <200 1,500 100 <5 <20 300 15€10 10 <5 <2 50 <1 <l 15 <500 20 1,500
Bée 700 <200 1,000 160 5 <20 200 10 <10 <10 5 <2 50 <l <L 10 <500 15 L500
Béd 500 <200 1,500 100 5 <20 300 S0 IO 5 <2 30 <1 <1 10 <500 20 L0
Bée J00<200 1,500 100 5 <20 300 150 10 5 <2 50 <1 <1 10 <500 15 L0
BSL 7,000 <200 1,000 200 150 <20 70 100 <10 10 <5 <2 50 <1 <1 30 <500 20 150
B7a 5,000 <200 1,000 150 50 <20 50 20 10 10 5 =2 30 <1 <1 30 <500 <5 150
Bl0a 1,000 <200 200 20 100 30 5 P50 W <5 <2 <5 <L 1 20 <500 <5 15
BIOb 500 <200 700 100 100 <20 7 5 50 10 <5 <2 <5 <i 1 30 <500 3 15
Bl0c 10,000<200 500 200 150 150 15 320 16 10 €2 5 <1 <I 30 <500 <5 20
Blla 106 <200 200 <l0 5 <20 <2 @<l 10 <5 <2 15 <1 <1 €10 <500 5 <5
BI%h  5,000<200 700 150 200 20 70 30015 70 20 <2 30 <i 1 50 <500 20 150
Bi3c 700 <200 00 L5 100 100 15 Jo 70 30 00 <2 20 <1 <1 10 <500 <5 5
Bl3d  5,000<200 2,000 30 50 <20 20 5«10 100 70 <2 1@ <X 1 30 <500 10 15
Blde 5,000 <200 2,000 300 20 <20 150 15 <10 10 10 <2 50 <t 1 30 <500 50 700
Bl6 10,006 <200 1,000 200 150 20 § W 3 10 20 2 30 <1 <1 20 <500 15 30
Bld 2,000 <200 100 50 300 <20 <2 7 O10<10 <5 <2 <5 <1 <1< <500 <5 0
B23a  2,000<200 1,000 50 <5 <20 000 10<10 50 <5 <2 W <l <L<2¢ <500 <5 3000
B23b 2,000 <200 1,500 300 10 <20 OO 5<10 10 10 <2 30 <L <1 20 <500 30 3000
BZ4 10,000 €200 1,500 300 100 <20 70 150 <10 10 20 €2 70 <@ <1 20 <500 20 150
B25a 10,000 €200 1,500 150 100 <20 10 70<10 10 30 <2 30 <t <l 20 <500 <5 @ §
825b 10,000 <200 2,000 500 50 <20 100 100<10 10 10 <2 50 <L <l 30 <500 30 200
B27 3,000 <200 300 70 30 20 5 W 20<10 <5 <2 7 <L 1 0 <500 <5 10
B28a 300 €200 2,000 0 <5 <20 300 W <0 20 <5 <2 70 <l <L<l0 <500 <5 LO®
B28b 2,000 €200 2,000 100 15¢ <20 15 5<10<10 20 <2 30 <l <l 20 <500 10 10
B28c 200 <200 100 10 100 <20 1¢ 5 50«10 «5 <2 <5 <l <l 20 <500 20 5
B2%a 1,000 <200 150 30 JO <20 <2 10 30<l0 <5 <2 <5 <l <l 20 <500 <5 <35
B29b 1,000 <200 150 20 100 <20 5 2<10<l0 30 <2 <5 <l <L 30 <500 <5 10
B30a 1,000 <200 1,500 150 10 <20 2,000 IO <5 <2 50 <l <1< <50C 1055000
B30b 1,000 <200 1,000 200 5 <20 L%00 0 <10 <10 €5 <2 56 <1 <1l <l0 <500 20 000
B34 1,000 <200 1,000 200 5 <20 L00O 2<10<10 10 <2 30 <l <l 10 <500 30 5000
B4la 7,000 <200 2,000 300 S50 <20 5D V<10 10 10 <2 30 <l <1 20 <5060 30 200
B4lb 10,000 <200 2,000 500 70 <20 20 00 10 15 €2 30 <L <! 20 <500 30 100

B42a 200 <200 1,500 19 <3 <20 2000 7<10 10 <5 <2 W <! <l<ID <500 <5 300
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TABLE 1.—Analyses of semples from the Spanish Peeks primitive area—Continned

Percent
Sample Chemlcal analyses
No. Ba Sc Fe Mg Ca ©xCu  Cu Pb Zn Au Mo Co Hi Sample Description
Deer Creek shear zone (continued,
c78 1,000 i+ 1.5 .13 .1 Alt. gneiss
€95 0 100 1 2 5 Alt. granitic rock
B38 1,500 700 1.5 1.5 7 <l 20 <25 <20 25 Stream sediment
B39 1,000 300 5 2 3 5 &0 75 20 75 Stream sediment
B4O o0 00 5 1.5 3 2 40 25 20 50 Stream sediment
Altered zones south of Gallarin Peak
cBz 3,000 700 k] | 5 Qrz-epidote Tock with erv,
c83a 300 500 5 3 3 Vein quarez
CBib 300 500 ] 5 5 Schist with pyrite
CBic 1,500 150 5 l <lo Cal.-qtz.-epidote vein
Roadeut in amphibolite
Bla 300 200 10 2 3 15 100 50 12% 60 <25 Gouge in alt. amphibolite
Blb 100 150 15 5 3 >80 400 25 25 <2 20 <25 Unaltered amphibalite
Ble W 700 5 -3 220 >60 15¢ 50 25<.0) 2 20 <25 Cal, vein in amphibalite
Bld 150 100 10 k] 15 a 40 50 25 <,0) 40 150 Fault gouge
Ble 200 150 15 k) 5 15 0 50 350<.03 40 <23 Fault gouge
BLE 150 150 13 .2 5 2120 OO 250 200 .05 4 150 100 Hal. in faule in amphibolite
Blg e 00 2 5 3 <1 &0 25 25<.0] 60 1% Clay zene in qtzte
Blh 150 150 10 1 3 60 400 25 50<.0) <2 80 <25 Ferrich gouge in amphibolite
Bli 00 200 ? 5 2 50 200 50 150<.0) <2 30 <25 Fe-rich gouge in qtzte
Bl} 300 200 10 1 13 25 150<25 100 2 40 <25 Amphibolite-gtzte contact
Blk 150 100 10 3 5 30 200<25 350<.00 <2 30 25 Amphibolite-qtzte contact
Blm oo 200 15 3 5 >0 5000<25  75<.0) <2 &0 75 Mal. in fault in amphibolite
Spanish Peaks cock samples
Bla 1,500  joO ? .7 3 2 50 <.03 20 <25 Voleanic rock
83b 1,500 1,000 3 1.5 3 2 15 50 <.03 <20 <23 Volcanic rock
B3¢ 50 200 10 3 7 z 150 25 <.03 2 <20 <25 Amphibolite
B3d 300 20 1 .2 1 L 5 25 <.03 <20 <25 Gneiss
Baa 150 <50 >0 L3 W3 <l 20 &0 100 <.03 20 400 Gossan Ln Float over ls.
Boa 20 50 15 ? 3 <l =5 <25 <20 <25 Biotite gneiss
Béb 15 50 10 1 3 5 40 <25 <.03 20 200 Hafic-rich iatrusive rock
BbC 20 i 10 ? 3 <l 40 <25 <20 25 Sell over intrusive rock
Béd 20 70 7 7 5 <l 15 «25 <20 <25 Mafic-rich intrusive rock
Boe 13 100 10 ? 3 5 0 <25 «<,03 20 25 Mafic-rleh intrusive rock
BSE 1,000 500 10 5 7 Garnet-biotite gneiss
Bla 1,000 150 15 5 5 Garnet rich gneiss
Bl0a L, 500 1,000 1.5 -3 2 Gneiss
BlO® 2,000 1,000 7 1 2 Hornblende-rich pegmatite
Bllc 2,000 3,000 5 2 3 Gneiss with large K-Eeldspar
Blla <10 700 .2 2 »20 Limestone
Bllb S0 200 19 2 L.5 1 e 25 75<.03 e 75 S0il over gneiss
Blic 2,000 200 1.5 .1 5 15 200 100 25 €.03 <2 u <25 Quart: vein in gneiss
Blid 150 <50 15 -5 L.5 L <5 25 <20 50 Hematite in soll
Blle 200 200 13 >0 10 2 30 50 <20 50 Amphibolire
BlE 15 1,500 T 2 3 Volcanie rock
BlE 200 <50 .5 -l .l Quartzite
B23a 10 50 10 7 1.5 Amphibolite near asbestos vein
B23b 10 70 10 10 20 Amphibolite west of pit
B4 10 100 15 5 ? Volcanie rock
B258 100 200 10 1.5 7 Foliated amphibalive
B25b 0 200 15 k 5 MNon-foliated amphibolite
B27 300 700 2 1.5 2 Stieared gnelss
B28a 100 <50 10 >10 L Asbestos-bearing amphibolite
B28b 70 70 10 L.5 1 Carnet-bearing aplite
E1Bc 700 500 .5 .2 2 Riotite-bearing quartzite
B29a 3,000 700 1 1 10 Amphibolite
B29b 3,000 1,000 2 ] 10 Gneiss
B304 <10 <50 1 2 7 Sehist
B30b 50 <50 15 >0 5 Schist
;Y <10 <30 15 >10 5 Garnet-bearing sehisc
Bala 150 200 15 5 7 Amphibolire
Balb 200 200 15 3 7 Biotite gnelss
Ba4Za 10 <50 7 >10 5 Asbestos
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TABLE 1.—Analyses of samples from the Spanish Peaks primitive area—Continued

Semple Semiquantitarive spectrographic analyses
No. TL__2n Mn_ v Er La__ KL Cu Pb B Y Mo Co Ag Be Ga A 8¢ er
Spanish Peaks rock samples (continued}

B4Zb 200 <200 2,000 30 <5 <20 1,000 <z <10 10 10 <2 30 <1 <l<20 <500 101,50
B42c¢ 10,000 <200 2,000 300 108 <20 50 15<10 10 20 <2 S0 <l <1 50 <500 30 150
B42d 5,000 <200 200 500 <5 <20 1,000 S 15 <5 <2 500 <1 <1 10 <500 155,000
Bi42Ze 200 €200 1,500 20 <5 <20 1,000 S 5 <2 20 <1 <1<20 <500 5 1,000
B42f 3,000 <200 3,000 150 30 50 10 15<I0 20 26 <z 30 <l @ 20 <500 20 70
Balg 3,000 <200 700 100 <5 <20 1,500 <2<10<10 <5 <2 20 <1 <1<20 <500 525,000
842h 5,000 <200 1,000 100 <5 <20 2,000 1010 <10 <5 <2 S0 <l <I<20 <500  10»5000
B4ba  10,000<200 300 70 100 <20 15 50<10 30 20 <2 7 o<l o<t 50 <500 15 200
B4Bb 1,000 <200 S0 100 200 <20 20 300 <5 <2 5 <l <1<20 <500 s 200
B49a 1,500<200 1,500 100 100 <20 5 7 20 10 10 <2 5 1 1 20 <500 <5 20
B49b 10,000 <200 2,000 200 0 <20 20 15 20 <10 10 <2 30 &1 <1 20 <500 10 50
350a 1,000 <200 00 0 0 <0 <2 5 50 20 5 <2 <5 <L L 3 <500 <510
B50b 10,000 <200 700 300 100 <20 10 100 €10 <18 7 €2 50 <1 <1 20 <500 10 20
BS2b 7,000 <700 1,560 300 150 20 20 30 W< W6 2 20 <1 <L 20 <500 20 50
359a 10,000 <200 2,000 150 150 30 15 20 20 10 30 7 30 <t L' 20 <500 5 10
859b 1,500 <200 200 S0 200 <2¢ 10 20 10 <10 50 <2 10 <l L 20 <500 5 5
B65 500 €260 1,000 50 0 <20 10 1I5<10 30 20 35 <1 L' 20 <500 <5 50
113 10,000 <200 700 150 300 70 15 15 J0<lo 20 <2 15 <1 L 30 <00 10 30
B&9b 10,000 <200 500 500 150 20 50 50 0<10 10 <2 30 <l <L 20 <500 30 200
B69c 5,000 <200 1,000 200 7O <20 0 <0< 10 <2 30 <l <l 20 <500 15 70
874 2,000 <200 1,500 l00 loo 20 50 10 20 10 30 <2 5 <l <! 20 <500 <5 L0O
879b 0,000 <200 1,000 300 150 20 70 0020 <10 20 22 50 <L <l 20 <500 30 200
B79c 10,000 <200 2,000 500 50 <20 0 15«10 10 20 <2 S0 <L L 20 <500 50 300
B81 700 <200 150 30 100 <20 2 15 10 20 <5 <2 <10 <L <i 30 <500 5 5
E83b 3,000 <200 o0 150 70 30 30 015 20 5 <2 10 <l 1 20 <500 750
.14 1,000 <200 2,000 SC 50 <20 20 15 <10 €10 16 <2 30 <L 1 30 <500 750
B85b 7,000 <200 1,000 500 200 3C 70 W20 <10 30 <2 30 <l <l 30 <500 50 300
E87h 1,000 <200 150 20 lo <20 <2 5 I <0 <5 €2 <l0 <l <l 20 <500 <5 5
Eg9a 3,000 <200 500 50 100 20 15 2 20 15 5 <2 10 <1 <l 20 <500 510

B89 10,000 <200 2,000 50C 70 <20 70 109 <10 15 5 <2 50 <1 <l 30 <500 M0 200
BB 7,000 <200 2,000 500 50 <20 50 150 <10 10 10 <2 0 <1 <l 20 <500 30 150

BS3d 5,000 <200 2,000 100 30 <20 1,000 210 15 5 <2 70 <1 <l <10 <500 IO LS00
B90a 1,500 <200 300 50 100 <20 20 7 <0 <0 <5 <2 15 <l <l 20 <500 <5 10
BICE 5,000 <200 2,000 500 S0 <20 50 15 15 10 7 <2 7O <1 <1 3¢ <500 10 5
B?la 3,000 1,000 100 100 30 200 1 20 30 3o Is oo
B3lb 1,000 200 200 100 50 T 1 15 20 50 300
B3] 1,000 1,500 300 10 300 1 15 70 <10 30 1,000
B34 700 1,000 150 10 700 1 10 50 10 15 1,500
Bl102a 7,000 3,000 500 50 200 00 n 50 20 20 100
B102b 10,000 3,000 L00O 70 200 500 a0 70 S0 0 300
Bl02¢ 7,000 2,000 0 70 200 200 30 100 o 70 300
cL2 2,000 <200 500 50 200 20 30 o 50 20 7 <2 10 <l 1 20 <500 <5 70
cLa 500 <200 >5,000 30 ¢ Q0 20 010 W0 10 <2 10 <1 <L 30 <300 <% 50
cl9 7,000 <200 1,500 500 100 70 100 20 30 20 20 <2 50 <L L 20 <500 20 300
c20 5,000 <200 1,000 300 100 20 200 2 20 10 10 <2 30 <1 <1 20 <500 20 700
C€2la 2,000 <200 700 70 100 30 100 15 20<10 10 <2 30 <L <l 50 <500 5 300
C21b 1,500 <200 S0C 100 180 50 3o 5 20<10 5 <2 20 <1 1 3 <500 <5 0
C2le 300 <200 100 15 70 <20 <2 300 20 <10 <5 <2 <5 <1 1 20 <500 5 09
C24 3,000 <200 300 50 100 150 10 5 <10 5 <2 10 <L 1 20 <500 <5 3
c28 2,000 <200 150 30 100 20 2 3 0«0 3 «£2 <3 <1 1 30 <500 10 <5
c29 2,000 <200 1,000 200 50 50 30 15 o<i0 7 <2 30 <L <L 30 <500 15 100
c30 500 <200 ¢ 20 30 <20 10 Jo 15 <5 <2 § <1 1 20 500 =5 5
Cl2a 10,000 <200 1,000 300 70 30 7 15 10<1D 10 <2 30 <1 <1 20 <300 20 <5
[=eEL] 5,000 <200 2,000 300 20 <20 50 15 <10 10 15 <2 50 <l <1 20 <500 <5 300
(k] 10,000 <200 1,000 200 300 50 20 20 20<10 30 <2 0 <1 <1 20 <SOO 20 10
csl 1,000 <200 700 100 100 100 15 10 <o 10 <2 5 <L <L W <500 <53 16
£52 1,500 <200 200 50 100 20 15 15 3 <l0 <5 <2 <5 <1 <L 30 <560 <5 20
57 7,000 <200 0«50 200 50 20 3 20<10 10 <2 20 <1 <1 %0 <500 5 20
cal 5,000 <200 00 100 W00 20 50 10 15<10 7 <2 15 <1 !} 30 500 5 90
(] 300 200 30 30 7 2 50 15 20

Cos 1,500 <200 1530 50 100 <20 10 15 s50<10 7 <2 <% <] 1 30 <500 5 20
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‘ABLE 1.—Analyses of samples from the Spanish Peaks primitive area—Continued

Percent
Sample Chemical analyses
No, Ha E:14 Ee Mg Ca cxCu Cu Pb _Zn Au Mo Co Ni Sample Description

Spanish Peaks rock samples (contlnued)

Ba4Zb 20 <50 10 >0 3 Mica schisr
Bé2e 70 500 15 3 »20 Garnet-bearing amphibolite
B42d <10 <50 0 7 L5 Amphibole schist
Bal2e 20 <50 7 7 L Schist
B42E 30 50 20 3 ? Amphibolite
B42g <10 <30 7 10 05 Amphibolite
Bah ko) <50 ¢ >0 .l Amphibole schist
Biba 50 150 >0 L5 .7 {midized hnbd-garnet rock
B&46b 700 1,500 .5 .2 -1 Green mica-garnet qtzte
B4%a 2,000 L,500 5 1 4 Porphyritic dike rock
B4%b 5,000 500 15 5 10 Dike rock breccia with ezl.
B50a 2,000 500 1.5 .2 13 Diabase float
B50b 300 700 1o 1 3 Amphibelite float
BS2b 200 300 10 1 3 Garnet bedring gneiss
B5%a 500 150 5 -l 1 Fe veinlets Ln qtzte schist
B39 500 100 X .1 L5 Oxidized qezte schist
BG5S 100 70 20 1.5 z Oxidized amphibolite
B6E6 2,000 200 ? 1.5 3 Finely layered gneiss
B6SD 500 150 ? 2 1 Mica schist
B6%c 100 200 7 5 5 Biotite-garnet greiss
B4 3,000 1,500 5 1.5 k} Altered dike rocu
B79% 200 150 10 3 7 Garmer-bearing ampbibolite
B7%c 200 100 & 7 10 Fine-grained amphibalite
BB1 700 700 1 .2 3 Granitic gneiss
BBb 300 150 1.5 .2 5 Cneiss
B84 150 <50 0 L.5 3 Oxidized emphibolite
B85 1,000 500 5 1.5 3 Biotite gnelss
BBFb 1,500 500 1.5 .2 L.5 Amphibolite
B8%a 500 300 3 .5 2 Biotite gneiss
BASL 100 200 15 S 10 Pegmatite cutting gneits
BB%c 150 200 15 5 10 Fine-grained amphibolite
B8%d <lo 50 10 7 5 Mica-lhornblende sehisc
B90a 1,000 1,000 L3 -5 1 Porphyritic dike rock
B3Ob 200 200 15 5 7 Garnet-bearing amphibolite
B9la 30 100 5 >19 E Amphibolite
B9lb 50 1,000 5 .2 >l Clivine-bearing amphibolite
B93 70 500 >10 >10 5 Coarge-grained amphibolite
B94 7 10 5 >10 5 Amphibolite
BlOZ2a 50 159 >0 7 >0 Diabase from dike
BLOZb 100 300 >10 7 >0 Dlabase from dike
Bl02c 200 300 >l 7 >0 Diabase from dike
c1z 500 500 1.5 1.5 3 Schist
Cl4 500 50 15 5 10 Amghibolite
cle 1,500 3,000 15 7 10 Dioritic gneiss
c20 50 100 15 >l 7 Actinolite gneiss
c?la 1,500 300 k1 5 .5 Biotite gneiss
Cilb 500 1,300 z 2 3 Blotite-bearlng gneiss
C2lc 1,500 500 -] .2 1 Quarcz-feldspar gneiss
€24 2,000 1,500 2 .7 2 Gneiss
cz8 00 200 1.5 .2 -1 Granitic gnelss
c2% 1,500 2,000 7 2 k] Goeiss
€39 3,000 1,500 1.5 .1 -1 Sheared gneiszsz
c32a 150 500 15 1.5 3 Layered gneiss and amphibolite
cizb 100 200 15 7 7 Amphlbolite
€13 2,000 00 10 1.5 3 Finely laminated gneiss
€51 3,000 3,000 5 1 3 Gneiss
cs2 1,560 700 2 -5 2 Cnalss
€57 3,000 3,000 3 2 3 Gneiss
cal 200 300 2 2 2 Gneiss
ce2 2,000 700 2 .15 L.5 Pegmatice
Cé4 1,500 300 1.5 .5 L5 Gneiss
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TABLE 1.—Analyses of samples from the Spanish Peaks primitive area—Continned

Sample Semiquantitacive spaccrographic anslyses
No, Ti Zn Mn v Zr La Ni Cu_ Pb 3 Y Mo Co Be Ga As Se Cr
Spanish Peaks rock ssmples {continued)

Cad 7,000 <200 700 150 150 30 5 0020 15 10 <2 20 <L <1 30 <500 5 30
cal 500 0 20 30 5 5 10 3 El
CBla 1,000 200 70 70 0 7 10 10 7 300
<87 100 30 ¢ 50 (1 10 H 70
83 1,500 W0 100 50 ~70 o 20 (D} 20 il 150
[ 1¢] 500 00 22 20 50 10 ? Ls 5 5Q
€9l L, 500 10 50 50 5 5 15 1 1L 20 7
C9Za L,000 1s¢ 15 [} k) 1 50 10 L 20 5
C92b 1,500 150 20 100 5 3 30 15 1 20 5 7
€33 2,000 1,500 200 L0 70 100 <10 i 2mo
C9% 1,500 1,000 200 1,500 150 100 <10 50 3000
C%4a 300 2,000 50 2,000 10 100 <10 3000
Gla 1,500 <200 2,000 50 100 20 10 5 20 W0 o <2 <5 <L <1 20 <500 <5 50
Glb 1,500 <200 1,500 100 30 <20 3,000 0 <0 15 <5 <2 50 <L <L <10 <500 7 >5,00
Gle 10,000 <200 2,000 500 130 30 20 0w W 220 <2 3 <l <L 5 <3500 1 150
Gld 1,500 <200 00 50 200 Log 1o 5 W0 <5 <2 <5 <L <1 W0 <500 <5 S
Gle 1,000 <200 2,000 100 30 <20 J,00 20 <10 20 S <2 70 <l <L 20 <500 <5 5000
Glg 500 <200 2,000 20 <5 <20 2,000 200 <10 10 <5 <2 100 <1 <L 10 <500 <5 300
Glh 2,000 <200 1,000 200 30 <20 500 7«0 1o 10 <2 30 <L <1 20 <500 20 3000
B7b 2,000 300 1,000 70 100 <20 2 30 <10 50 10 <2 5 <l L 30 <500 20 100

Spanish Peaks sediment samples

BLl 2,000 <200 1,500 150 150 70 70 15 15 10 20 L 30 <1 1 3 <500 20 300
12 3,000 <200 700 100 200 70 SO S0020 10 20 2 20 <1 1 30 <500 15 70
BL7 7,000 €200 2,000 150 300 50 30 15 20 10 26 <& 230 <1 <l 30 <500 5 50
El9 10,000 <200 1,500 200 506 50 50 /015 10 20 <2 30 <1 1 30 <500 10 700
B20 5,000 <200 1,500 200 206 30 100 50 20 10 30 < 30 <l <1 30 <500 10 500
B2la 5,000 <200 1,500 200 200 30 10D 30020 10 15 @ 30 <1 <l 30 <500 15 500
B2lb 5,000 <200 1,500 200 150 320 100 15 20 10 15 @ 30 <1 <l 30 <500 15 ‘500
22 10,000 <200 1,500 200 150 30 150 50 15 10 10 2 50 <1 <1 3¢ <500 10 500
B26a 5,000 <200 1,50 150 100 20 150 0 20<€10 10 & 50 <i <l 30 <500 10 500
B26b 5,000 €200 1,500 150 130 30 100 15 20 <10 15 &2 39 <@ <l 20 <500 10 300
B26c 3,000 €200 2,000 100 0O 50 70 30030 10 30 < 20 < <1 30 <500 15 200
BlL 5,000 <200 1,000 150 100 <20 70 19 30 10 15 < W0 <l <1 30 <500 10 200
B32 3,000 <200 1,000 150 150 <0 70 15 20 10 15 @ 30 <l <1 20 <5006 10 150
B33a 5,000 <200 1,000 150 100 <20 70 15 30 10 10 < 30 <L 1 20 <500 10 150
B33b 5,000 <200 1,000 150 150 30 100 50 20 15 20 @ 50 <l 1 20 <500 15 360
BIS 5,000 <260 1,500 150 100 20 70 20020 W0 15 @ 20 <1 1 30 <500 20 300
B36 10,000 <200 1,500 200 150 20 150 150 10 10 10 < S0 <l <l 20 <500 20+ 360
B37a 10,000 <200 2,000 300 200 <20 LOO 00 0 5 & S0 <l <l 30 <506 30 700
B37b 10,000 <200 1,500 200 150 <0 70 ¢ W0 7 2 30 o<l 1L 20 <500 20 200
B4T 10,000 <200 2,000 200 150 20 7O 0020 20 10 <2 30 <l 1 20 <560 30 300
B4E 7,000 <200 1,000 150 100 20 100 20 20 2 10 <2 20 <1 1 20 <500 5 300
BS0c 7,000 «200 1,500 200 100 S0 70 50 30 15 30 <2 3 <l 1 20 <500 20 200
BSla 7,000 <200 1,500 150 300 38 70 20 1590 20 <2 W <L <1 20 <500 20 300
BS1b 7,000 <200 1,300 150 150 30 10 0 15 10 30 <2 20 g 1 20 <500 20 200
B52a 10,000 €200 2,000 200 150 50 100 100 SO 30 30 €2 30 <L 1 20 <500 30 300
BS3 10,000 <200 1,500 200 200 50 50 10 50 20 S0 <2 20 <1 1 20 <500 26 200
BS4 »10,000 <200 2,000 200 200 50 70 15 16 10 50 <2 230 <1 1 30 <500 230 - 300
B35 7,000 <200 1,500 150 150 50 50 30020 10 30 <2 20 <1 1 20 <500 20 150
B56 10,800 <200 2,000 200 200 30 50 50 50 20 50 <2 30 <1 1 20 <500 30 150
B57 10,000 <200 2,000 200 1,000 30 56 20 30 10 10 <2 15 <1 1 20 <500 10 150
B6 10,000 FOD 2,000 507,000 70 150 30 30 W 50 <92 20 <1 1 30 <500 20 150
Bl 10,000 <200 1,500 003,60 30 100 30 30 10 30 <2 20 <1 1 20 <500 L0 0o
B62 7,000 <200 1,000 70 500 50 50 20 30 10 50 <2 20 <1 1 20 <500 10 100
B63 10,000 <260 1,500 200 LGOI 50 70 50 50 10 39 I <1 1 0 SN0 L0 150
Bo4 10,000 <260 2,000 2003,000 50 100 30 50 10 30 U 3 <l L W0 <500 15 150
B67  »10,000 <200 1,500 200X,00) 50 70 T O30 10 30 2 30 <1 L 20 <500 20 150
B68 7,000 <200 1,500 156 300 130 50 30050 10 30 W 30 <1 L 20 <00 10 100
B6%a 10,000 <200 1,500 SO0 300 50 100 15¢ 10 30 92 50 <1 1 220 <00 39 208
BI0  »10,000 €200 2,000 500 200 S50 i¢ 70050 20 50 Q30 <l <1 20 <500 30 200
Bl »10,000 <200 L,500 200 300 30 70 30 20 15 50 2 50 <l <1 20 <500 30 150
BrZ  »10,000 <200 2,000 300 300 20 50 0020 15 50 <2 50 <1 1 20 <506 ) 150
B75 5,000 <200 2,000 150 200 20 50 15 090 15 @ W <l o<l 20 &S00 L5 150
876 10,000 <200 2,000 200 30¢ 30 50 15 1090 20 @ 30 <1 <1 20 <00 L5 100
BI? 7,000 <200 1,500 150 500 50 70 20 20 10 20 <2 30 <1 1 3 <00 20 100
B78 7,000 200 1,500 150 208 50 50 15 30 10 20 <2 30 <l < 20 <S00 10 150
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TABLE 1.-—Analyses of samples from the Spanish Peaks primitive area—Continued

Percent
Sample Chemical analyses
Ho. Ba Sr Fe Mg Ca EXCu Cu Pb Zn___Au Mo Co Ni Sample Description
Spanfsh Peaks rock samples (continued)
CceB 1,500 1,500 7 1.5 5 Volcanie rock
cal 150 30 .5 A3 .15 Sillimanite-kyanite gneiss
c8la 500 2 5 .0L5 Kyanite -bio.-qtz. schist
<87 1 .2 03 .2 Mica-sillimanire-qtz. schist
cae 500 100 2 2 5 Gneiss
<90 70 .5 .20 .007 Sillimanite-kyanite qezte
€91 2,000 00 LS .5 2 Fine-grained dike rock
C92a 1,500 150 1,5 .2 .7 Quarcz-rich gneiss
€92b 1,500 200 1.5 -1 .7 Fine-grained gneiss
<92 700 70 >0 >10 3 Garnet amphibeolite
(21 0 10 >10 >0  >10 Magnetite-bearing amphibolfte
C94a 100 >0 >10 .3 Asbestos~bearing mafic rock
Gla 300 700 2 -3 1.5 Amphibolite
Glb 150 150 15 >10 2 Amphibelite
Gle 1,000 700 15 2 7 VYolcanic rack
Gld 300 1,000 z .5 3 Gneiss
Gle 100 100 20 >10 2 Amphibolice
Glg 30 70 15 >10 1 Amphibelice
Glh 50 500 19 10 5 . Amphibolite
Bt 15 <50 20 1.5 2 10 10C <25 <03 @0 <25 Oxidized garnet amphibolite
Spanish Peaks sediment samples
Bil 700 500 10 5 5 4 60 50 20 100
B12 700 500 7 2 3 10 60 50 <20 25
B17 1,000 700 10 2 5 10 50 0 .25
Bl13 500 500 10 7 5 Z 100 50 30 75
B20 500 300 10 5 5 5 &0 50 20 73
B2la 00 200 10 7 7 4 60 50 20 50
B21b 500 500 10 ? 10 S I 11} 25 <20 25
B22 00 00 10 T 7 4 &0 50 <20 150
B2éa S00 300 7 5 7 4 60 50 <20 200
B26% 500 300 7 5 5 2 40 50 20 75
B2Ge 700 200 7 5 7 10 &0 25 20 5
B11 500 3oq 5 4 5 1 130 50 20 50
BI2 500 300 5 2 5 L 20 25 <20 25
B)la 500 300 5 2 5 <1 & 50 <20 23
Bllb 500 200 5 ] 3 25 150 <25 50 6 40 150
B13 700 500 7 5 7 <1 30 50 20 50
B36 500 leld] 15 7 5 30 250 <25 75 4 30 100
B37a o0 500 15 7 15 4 150 50 & 20 50
BI7b 300 500 Lo ? 10 4 100 50 <20 15
B4? 500 200 10 3 5 <l &0 75 30 50
B4B 500 300 7 2 2 6 40 50 20 oG
B30c 300 300 7 3 3 15 100 &0 75 <20 100
Bsla 300 00 10 k) 3 6 100 <25 75 <20 75
B5lb 300 500 0 k) 3 L 40 <25 50 <20 loo
B3Za 700 300 7 5 5 25 100 40 100 0 100
B53 700 300 i 5 3 z <25 75 <20 75
BS54 300 300 10 5 3 1L 20«2 50 <20 50
B55 700 300 1 3 3 a8 &0 25 30 <20 50
B3E 700 300 1 3 E] 3 &0 40 100 <20 25
B57 1,000 300 H 2 3 <l 30 <25 75 <20 25
B&0 1, 500 300 10 2 3 <l 50 <20 50
B6L 1,500 300 7 2 5 <1 15 25 <20 <25
B62 1,000 200 1 1.5 3 1 15 25 <20 50
B6} 1,000 300 10 2 3 4 30 25 <20 25
Bé4 1,500 200 10 2 3 <l 20 50 28 25
B67 1,500 00 7 2 5 | B 25 <20 50
B63 1, 000 300 5 L.5 3 <l 15 25 0 25
Bb6%a 700 200 3 2 3 8§ 11¢ 5 60 100
B70 1,000 500 10 7 20 J w0 23 <20 25
B71 700 300 10 5 5 <l 40 50 20 50
B72 700 300 10 3 5 <l 40 50 20 <23
B7% 300 200 10 2 2 40 5 <20 50
E76 300 200 10 2 2 39 50 <20 50
877 500 300 [ul 2 3 60 50 40 50
B8 500 500 10 z 2 an 50 30 75
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TABLE 1.—Anaiyses of samples from the Spanish Peaks primitive area—Continued

Sample Semiquantitative spectropraphic analyses
Bo. Ti Zn Hn v Zr La Ni Cu_Ph B Y Ma Co Ap Be Ga As Sc Cr

Spanish Peaks sediment samples (concinued)

Bf92 5,000 <00 2,000 150 150 50 3¢ 20 30 lo0 20 ¢ 50 <I 1 20 <500 20 100
BB 7,000 <200 2,000 200 700 30 7O 10 20<10 30 < 30 <1 1 20 <00 20 150
682 5,000 <200 1,000 150 200 20 70 0015 10 20 <2 20 <1 <k 20 <500 15 30D
8832 7,000 <200 1,500 150 200 20 7O 20015 15 20 < ¢ <l <1 20<300 15 200
Ba%a 10,000 <200 5,000 200 200 20 S0 20 20 10 50 <2 20 <1 <1 20 <s00 50 200
B86 7,000 <200 1,500 200 200 20 30 20 30 15 50 <2 15 <1 <1 20 <500 20 100
8872 5,000 <200 1,500 150 200 20 S50 15 30 10 20 < 20 <1 <1 20<500 15 150
paa 7,000 <200 1,000 300 200 <20 50 15 20 10 30 <2 20 <1 <1 20 <500 15 200
c13 2,000 <200 2,000 150 100 20 100 30020 10 50 <2 30 <1 <1 20 <500 20 1,500
cl15 5,000 <200 1,000 156 100 50 70 0 20 10 50 <2 30 <1 <1 20 <500 20 300
c22 5,000 <200 1,500 200 150 30 S0 30 50 10 13 <2 30 <1 1 20 <500 15 200
c23 5,000 <200 1,500 200 150 S0 30 20 30 10 15 < 20 <L 1 20<500 10 100
€3l 3,000 <200 700 150 700 20 70 15 15 50 <2 15 <1 1 15<500 10 200
€34 »10,000 <200 1,500 200>,000 30 70 10 030 10 30 <&@ 20 <1 1 20<500 20 150
€37 >10,000 <200 2,000 4000 LOOO 70 70 W 3| 10 50 L 50 < <1 15<500 30 500
€38 10,000 <200 2,000 700 700 0 70 <0 30 70 <@ 20 <1 1 20<500 15 500
€39 10,000 <200 2,000 500 300 50 70 20 0 30 <@ 30 <1 <1 30 <500 20 500
ce0 10,000 <200 1,500 300 300 30 S0 0 030 20 20 <2 30 <L <L 20<500 1% 150
cel 2,000 <200 2,000 100 150 20 S0 0 10 15 5 < 30 <L | 20<500 10 150
Ch2 5,000 <200 2,000 2300 500 100 Fi) 15 10 15 20 <2 i < 1 30 <300 5 130
€43 5,000 <200 1,500 200 500 100 10G 00 10 15 30 <2 50 <4 1 20<500 10 300
ced 1,500 <200 2,000 150 200 70 SO 15 10 15 20 @ 30 < <1 30 <500 5 200
€45 5,000 <200 3,000 200 150 20 70 15 10 10 30 < 30 <4 1 20<300 15 200
Cib 3,000 <200 3,000 200 200 20 150 10 A0 15 30 <2 30 <1 <1 20 <500 El 00
C47 10,000 <200 2,000 2060 500 00 10G 15 20 10 30 < 30 <1 <1 20<500 30 300
€4S 10,000 <200 2,000 200 300 S0 70 15 15 10 30 < 3¢ <1 <1 20 <500 10 150
€49 >10,000 <200 1,000 200 300 150 76 15 20 Q0 20 @ 20 <1 1 20 <300 16 150
c50 5,000 <200 2,000 200 LSO 50 0 20 1010 20 <2 30 <l 1 20 <500 20 3oo
c53 3,000 <200 700 200 150 S0 70 0 15 10 30 <2 30 <1 <1 30 <500 20 150
€55 3,000 <200 700 100 200 50 50 30030 10 10 %2 20 <1 1 30 <500 7 10
€56 5,000 <200 1,500 150 300 20 50 20 15 20 20 <2 30 <11 30 <500 16 300
S8 10,000 <200 1,000 200 500 70 70 20030 10 30 <2 30 <L ! 30 <500 15 150
<39 5,000 <200 1,000 150 100 30 70 3050 10 15 W0 20 <L 1 20 <500 10 200
<60 7,000 <200 1,000 150 200 20 10 0 15 10 10 <2 20 <1 1 30 <500 1S 200
€63 10,000 <200 700 150 200 <20 100 15 10 0 15 <2 20 <1 <1 30 <500 10 300
C65 7,000 <200 700 150 200 50 10 50 10 W0 20 <2 20 <1 1 30 <00 10 150
<66 7,000 <200 1,000 150 200 20 %0 0 20 10 15 <@ 20 <L 1 20 <500 1o 150
CB7 10,000 <200 2,000 200 200 <20 100 20 1% 10 15 <2 0 <1 <1 20 <500 15 100
GLE 3,000 <200 L,500 150 30 <20 2000 0 10 15 <5 <2 I <1 <l 20 <500 1035, 000
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TABLE 1.—Analyses of samples from the Spanish Peaks primitive area—Continuved

FPercent

Sample Chemical analyses
Mo. Ba St Fe Hg Ca_cxCu _Cu Pb  Zn__ Au Mo Co  Hi Sample Description

Spanish Peaks sediment samples {continued
B7% 300 L50 10 1.5 2 75 125 80 100
880 500 200 10 2 3 20 50 20 25
B@Z 00 300 10 4 3 20 25 25
BB3a 00 300 10 2 3 0 25 50
B8Sa 3o 100 15 3 5 20 25 50
B86 500 200 10 2 3 20 <25 50
Bb7a 500 00 7 2 3 15 <25 50
B8& 300 300 iy 2 3 10 <25 50
cls 300 300 1o 7 3 4 60 50 40 200
cls 500 300 7 5 3 15 100 50 <20 100
c22 300 1,000 ? 3 3 <l &0 50 <20 7
c22 500 700 5 2 2 <1 &0 50 <20 5
cal 300 300 5 1.5 2 1 30 <25 50 <20 50
Cl 1,500 200 7 2 5 <l 0 25 <20 <25
ci7 1,500 1,500 >20 7 15 30 25 0 ie
8 300 200 *2P 1 2 20 50 <20 s
c9 700 300 >0 5 3 <5 <25 75 <0 25
C40 700 1,000 U] 5 7 20 23 <20 <25
cal 700 500 1 2 2 30 25 20 100
ch42 1,000 1,500 10 3 5 o 25 <20 50
€43 1,000 S00 L3 k| 5 150 50 o 75
Ca4 500 300 20 2 3 3o 25 0 75
ca5 100 300 L K] 3 60 25 20 loo
C4é 200 00 15 5 5 20 25 n 75
C47 300 700 1o k) 3 30 25 20 100
48 W00 500 U] 2 3 60 25 20 5
c49 300 5006 7 k] 2 30 25 60 50
c50 200 300 15 k] 2 40 50 20 oo
s 500 150 3 2 2 36 25 50
css 1,000 500 5 2 2 3o 25 25
c56 700 300 2 2 2 40 25 50
C58 1,000 1,000 7 2 3 20 <25 75
Cc3539 500 300 5 2 2 60 25 50
c60 200 300 5 b 3 3o <25 25
c63 300 500 ? 2 3 20 <25 <35
€65 500 300 5 2 2 40 <25 <25
[ 13 500 200 5 2 3 30 <25 50
<67 300 200 10 3 3 30 <25 25
GlE 150 300 20 >0 5 15 70<25 75<.03 150 1,200
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ECONOMIC APPRAISAL

By ELvoN €. PATTEE,” RopERT D, WeELDIN,® and Joserir M. RocHE® U.S. Bureau
of Mines

INTRODUCTION

The U.S. Bureau of Mines searched the county records of Madison
and Gallatin Counties to determine the number of mining claims and
their location within the primitive area, made a limited aerial recon-
naissance of the area, examined the mining claims and known mineral
deposits, and made limited mining and marketing studies of some
commodities. A total of 25 mining claims at 9 sites 1s known to have
been located within the primitive area, but there is no record of cur-
rent assessment work in the county records (fig. 3). Publications
furnished a total of 13 other leads on mineral deposits within the
proposed area which also were investigated, Some deposits were not
founrd because of dense vegetation, lack of workings, or vague descrip-
tion of location. Cursory examinations also were made of some de-
posits outside but near the proposed boundary.

The cooperation and assistance of personnel of the Gallatin National
Forest are gratefully acknowledged.

CHROMITE AND ASBESTOS

Chromite and ashestos are included under one heading because the
most significant deposit in the primitive area, the Table Mountain
prospect, contains both commodities. Much of the information on
the chromite and asbestos industries was obtained from Bureau of
Mines publications (Holliday, 1965 ; Bowles, 1955 ; Kennedy, 1960).

The mineral chromite is the only commercial source of chrominm.
Basically it is composed of the oxides of chromium, iron, aluminum,
and magnesium in varying quantities. In general, ores containing
relatively large amounts of chromium are used in the steel industry;
those relatively high in iron are used in making chromium chemicals;
and those relatively high in aluminum are used in making refractory
bricks.

Virtually all the chromite ore consumed in the United States is
imported from the Philippines, the Republic of South Africa,
Sonthern Rhodesia, Turkey, and the U.S.8R. Consumption of
chromite was 1,187,000 short tons in 1963 according to the Minerals
Yearbook 1963 (U.S. Bureau of Mines, 1964, p. 379). The world
chromite reserves and resources, calculated as shipping ores or con-
centrates, were estimated (1965) to be 2,660 million long tons, mostly

1Mine Exploration and Ezamination Engineer, Spokane Office of Mineral Resources,
Area VIL

2 Mining Engineer, Spokane Office of Mineral Resources, Area VII.
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in Afriea. Resources of chromite in the United States were estimated
(1965) to be 8 million long tons, and an additional 9 million short
tons is in U.8. Government stockpiles. About 14 million long tons of
low-grade rock containing 15 to 30 percent Cr.Ojy is in the Stillwater
Complex of Montana,

Prices of chromite ore are determined by negotiation, and no fixed
standards apply. The prices paid per long ton f.o.b. Atlantic ports
for various imported ores in October 1965 ranged from $35 for high-
grade ores to $19 for ore containing 44 percent Cr.Q., with no
chromium-to-iron ratio specified {Engineering and Mining Journal,
1965). 'The low-grade ore apparently meets chemical-grade specifica-
tions. Inown chromite resources in the Spanish Peaks cannot be
profitably mined at these prices.

Chromite ores are mined by conventional methods adapted to the
peculiarities of individual deposits, and beneficiation methods vary.
Mining costs vary greatly; however, total mining and milling costs
of low-grade domestic ores are estimated at about $11 to $14 per ton
of ore or about $24 to $30 per ton of concentrate.

The predicted annual domestic consumption of chromite by 1980
is estimated at 2.15 million tons. Major changes in supply and use
patterns during the next 10 to 20 years will involve the increasing
use of fine particles and concentrates, increasing interchangeability
of use of the different ore types, and increasing reliance on a relatively
few large sources. Known world reserves of metallurgical- and
chemical-grade chromite are more than adequate for many decades.

Spectrographic analyses of rock samples from the Spanish Peaks
primitive area show some chromium, but only samples from the Table
Mountain prospect are significant. The Table Mountain deposit was
originally prospected for asbestos, but the work by the Bureau of
Mines disclosed significant amounts of chromite. Concentrates from
the ore would meet specifications for chemical-grade chromium.

Asbestos is a name applied to a group of naturally fibrous minerals.
It has characteristics of silk or cotton but will not burn. No large
consistent market has been developed for anthophyllite, the type of
asbestos in the Spanish Peaks area, and production has never exceeded
a few hundred tons a year in the United States.

The United States is the leading manufacturer of asbestos products,
but domestic sources furnish only 9 to 12 percent of the raw asbestos
needed. Most of the U.S. supply is chrysotile from Canada. The
trend in asbestos consumption follows industrial production and
building construction, which will probably increase moderately. The
chief suppliers of U.S. markets, Canada and Africa, appear to have
adequate reserves for long-range planning. The reserves in the
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United States ave far from being adequate to meet current or future
demands.

Prices of asbestos depend on mineral type and length of fiber. In
general, chrysotile is more valuable than other asbestos minerals.
Anthophyllite asbestos, similar to that oceurring in the primitive area,
could be used for some of the same purposes as low-grade chrysotile,
which was priced at $42.50 to $46.00 per shovt ton in 1965,

The Karst mine, which is 0.5 mile enst of the proposed boundary,
had produced 1,800 tons of anthophyllite asbestos by 1948 valued at
%35 per ton (Perry, 1948). The asbestos was mined from open-pit
and undergronnd workings in peridotite. Available evidence indi-
cates that the peridotite does not extend into the primitive area.
Anthophyllite deposits in this area are associated with amphibolites

and schists.
TABLE MOUNTAIN PROSPECT

Tuble Mountain (fig. 4) i1sin see. 8,'T. 6 8., R. 4 I, and has a maxi-
mum altitude of $,840 feet. Prospect pits on this flat-topped mountaim
all ave at altitudes less than 50 feet from the top of the mountain. The
mountain was known as Jumbo Mountain by early settlers, The top
of the mountaiu is barren of timber but is covered with grass and a
few patches of brush. Overburden ig from 2 to 4 feet deep, although
a few outcrops are visible.

Fiecure 4.—XNortheast side of Table Mountain,
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The best route to the prospect from Gallatin Gateway, the nearest
rail-shipping point, is to travel 25 miles south on U.S. Highway 191
to the mouth of Deer Creek, then about 8 miles by trail up Deer Creck
to the top of the mountain. The best road-construetion route to Table
Mountain would follow the Deer Creek trail. The lower 6 miles of
the route could be relatively easily constructed by bulldozing and
minor blasting, but the last 2 miles would require considerable rock
removal,

The first mining claims for the prospect were filed in 1914, accord-
ing to Gallatin County courthouse records. Three claims located by
P. F. Karst and T. F. Triplett ave recorded as being on top of Jumbo
Mountain, the old name for Table Mountain. Apparently the most
recent location was made in 1960 by V. J. ITinsberger, Charley Sexton,
and Thomas Nash of Culver City, Calif. There is no more recent
aflidavit of assessment work in the courthouse records.

Rock types on Table Mountain are granitic gneiss, hornblende schist,
amphibolite, and chloritic schist. White to gray indistinetly banded
granitic gneiss 1s the predominant rock, The other rock types oceur
as lenses or bands within the granitic gnelss.

Petrography of the rock surrounding the deposit was studied by
Lawrence Brown, U.S. Bureau of Mines. The deposit occurs in a
northeast-trending lens of amphibolite and suwrrounding chloritic
schist. These rocks are surrounded by the granitic gneiss.  (See fig.
£.)  Both chromite and amphibole ashestos (anthophylhite) occur in
the amphibolite; chromite also oceurs v the chloritic schist. The
amphibolite lens is 300 feet long and averages 35 feet in width. The
chloritic schist averages 35 feet in width on both sides of the amphibo-
lite. Tt attains a width of 90 feet at the south end but does not con-
tinue around the northeast end. Samples indicate the average
chromite content of the deposit to be about 11 percent Cr.Os,.

The amphibolite zone is composed largely of anthoplyllite and
chromite with small amounts of tale, limonite, cnmmingtonite, chlorite,
actinolite-tremolite, and other altered amphiboles. The rock consists
predominantly of short randomly oriented crystals of nonfibrous an-
thophyllite, although zones, as much as 4 feet wide, contaiming cross-
fiber anthophyllite occur. The amphibolite zone grades to chloritic
schist on the east, west, and south but is in contact with hornblende
schist on the north end of the exposure.

The chloritic schist is a dark-gray fine-grained rock that grades
into the amphibolite and the hornblende schist. The south and west
schist—granitic gneiss contact is not well exposed but on the basis of
residual material it appears to be rather sharp. At a few points near
the amphibolite, the chloritic schist grades to an actinolite-tremolite
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EXPLANATION

Amphibolite zone

Chloritic schist zone Table
Mountain

Hornblende schist 2p3

Granitic gneiss

LUINHE

Sample location

@
a
>

Prospect pit or trench e =

o
Lo}

Assay data
Sample | Type of Cry04 Sample | Type of Cry03 Sample | Type of Cry03
No. sample (percent) No. sample | (percent) Nbo. sample (pereent)
8. 98 Chip____ 18.76 P S Grab_. 82
(580 0 | i PR P do_._.. 17281 || 100 ... Chip_. 10. 95
b | B R {1 [t PN 13 .82 Tl il £ I hl 8.08
10.37 Grab._ 0.45

Fiaure 5.—Table Mountain prospect.
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schist with some anthophyllite and smaller amounts of chlorite and
limonite.

The best exposure of anthophyllite asbestos is in a 10-foot-deep
shaft at the northeast end of the amphibolite zone (fig. 6). The as-
bestos 1s exposed in the north and south walls of the shaft. The as-
bestos exposure in the north wall is 40 inches wide at the bottom of
the shaft but only 1 foot wide near the collar. It could not be traced
northward on the surface. The exposure in the south wall is about
4 feet wide through the full depth of the shaft. The trends of the
asbestos zones are not easily determined because of near-surface distor-
tion of enclosing rock. The asbestos in the south wall trends south-
ward and connects with asbestos exposures in trench B.  Apparently
the zone extends through the full 20-foot length of this trench and is
about 2.5 to 3.0 feet wide, as indicated by exposures and the amount
of asbestos on the dump. The trench averages 2.5 feet in width and
3 feet in depth, but the walls are slumped and most of the bedrock is
obscured. Pit C near the southeast end of trench B contains no an-
thophyllite asbestos but exposes the north-south-trending contact
between the amphibolite and the chloritic schist.

Another zone of anthophyllite asbestos is exposed here and there in
trench D, 25 feet south of the shaft. The trench is 38 feet long and
trends S. 85° K. Amphibolite is exposed for 26 feet in the western
part of the trench, but chloritic schist is exposed in the eastern part.

F1cure 6.—Exposures of asbestos in shaft ; asbestos (as), amphibolite (am).
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The zone of ashbestos is 6 to 13 inches wide and is poorly exposed in
the amphibolite. It can be traced by sporadic exposures for 16 feet,
but probably extends an additional 10 feet to the chloritic schist.

Anthophyllite asbestos was observed on the dumps of trenches E,
¥, Gz, H, and J, but the trenches are partly filled with debris and no
asbestos was observed in place. The material on the dumps indicaies
that the asbestos zones may be np to 12 inches wide.

The Table Mountain deposit is significant because of the chromite,
but anthophyllite from the amphibolite might be a coproduct or by-
product. The northwest part of the chloritic schist zone could not
be sampled because of a hard-packed snow cover, but a total of 11
samples (fig. 5) from the southeastern side and the amphibolite zone
averaged 10.06 percent Cr.,(,. The samples were composed predomi-
nantly of residual fragments of rock. Secreening tests of the antho-
phyllite fibers were made, and results are listed in table 2.

TarLe 2.—8creen analysis of asbestos samples

Weight ‘pereent in specified size class

Leocation of sample

Plus 14 inch 14 inch to 4 t0 10 mesh | Minus 10 mesh
4 mesh

North wall of shait [ 5. 39.2 27.5 27.9
Stockpile at shaft . __ X 45.9 227 28,1
Treneh E.._____ . 57.0 21.0 22.0
Pit-A dump._.. R 44.0 252 30.8
Pit-Kdamp ... .. 21, 60.3 10.3 8.2
Average. . 6.0 49,3 21.8 23.4

Although the data in table 2 indicate good fibrous asbestos, the brit-
tle nature of the anthophyilite limits its use to that of low-quality
material.

The entire deposit ineluding the amphibolite zone and the chloritic
sehist 1s estimated to contain 140,500 tons of indicated resources averng-
ing 11 percent Cr,0, and 248,000 tons of inferred resources averaging
10.4 percent Cr,(,.  The resources of nsbestos are 60 tons of measured
material and 900 tons each of indicated and inferred material. This
type of asbestos has found minor applications as cheap fillers and
welding-rod coatings. The indicated resources are based on an as-
sumed depth of 75 feet, and inferred resources are based on an esti-
mated depth of 150 feet.

Several samples were composited into three represenfative samples
for preliminary chromite mineral-dressing tests. The samples were
crushed and then ground in a ball mill to minus 48 mesh, classified
hydraulically, tabled for a rougher concentrate, and retabled for a
final concentrate by J. C. White, U.8. Bureau of Mines. The tests

215-251—6B8—H%
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showed that most of the chromite was in the 100- to 200-mesh fraction.
The composite samples ranged from 17.0 to 25.6 percent chromite, of
which between 76.0 and 79.2 percent was recovered in concentrates as-
saying from 42.3 to 48.3 percent Cr.OQ,. The chromium-to-iron ratios
ranged from 1.45:1 to 1.72:1.

Concentrates will meet specifications for chemieal-grade material,
but will not meet those for metallurgical- or refractory-grade material.
The low chrominm-to-iron ratio makes the chiromite undesirable for
metallurgical uses, and the high iron content and low combined Cr.O;
plus ALO, percentages appear to be unsatisfactory for refractory uses.
Consumers of metallurgical and refractory grades also prefer hard,
dense, nonfriable ore. These adverse factors for metallurgical and
refractory uses could probably be compensated for by consumers.

The deposit is not economically feasible to mine at present because
of the small size, relatively low grade, location, high waste-to-ore ratio
for open-pit mining, severe winter weather, and expensive road con-
struction. In addition, the asbestos would require expensive hand
cobbing. If the deposit is developed in the future, there are several
locations in the Table Mountain area with adequate water supply for
milling and for tailings disposal.

MOON LAKE ASBESTOS

The Moon Lake anthophyllite asbestos oceurrence is near the north
line of sec. 18, 1. 6 8., R. 4+ E. 1In 1892, eight claims were recorded
with the following descriptions of location givern: *situated on the
divide between Deer Creek and Dudly Creek near the head.” The
asbestos probably occurs on one of these claims. The workings are
on the ridge crest and about 8 miles from U.S. Highway 191 by way
of the Deer Creek and Hell Roaring Lake trails. The asbestos occurs
in amphibolite gheiss, but various metamorphie rocks ocenr nearby.

Three small pits, each about 4 feet square and partly filled, were
excavated along a small asbestos zone. No bedrock is visible, but
some asbestos is on the dumps, and float was found nearby. The long-
est fibers were 3 nches. The three pits are alined N, 65° W, and are
spaced over a distance of 120 feet. The only outerop showing asbestos
is in an escarpment about 10 feet east of the northermmost pit. In the
outerop, seven veinlets of cross-fiber asbestos occur over a width of
14 inches; the largest veinlet is about 3% inch wide. The material
between the veinlets is amphibolite. Asbestos float found here and
there between the pits indicates the zone may be continnous.

Another nearby exposure of asbestos and float is described by Mar-
vin (1952, p. 4243). These occurrences are apparently small and
were not found during a search of the area.
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MISCELLANEQUS ASBESTOS OCCURRENCES

Asbestos 1s reported by Marvin (1952, p. 43-44) to occur at six
additional locations in the proposed wilderness area. These occur-
rences are small, and most have not been explored. The fibers are
reported to range from 1 to 4 inches in length.

The occurrences are widely scattered (fig. 3), and although
thoroughly searched for during the reconnaissance, they could not be
found because of dense vegetation and small size. There is no indi-
cation that a large potentially commercial deposit of asbestos exists

in these areas.
COPPER, GOLD, AND SILVER

Most of the copper deposits being mined at present in the United
States are Jow-grade disseminated sulfide ores or secondary minerals
derived from copper sulfides. The price of copper fluctuates but was
35.6 cents per pound in October 1965,  According to the 1963 Minerals
Yearbook (U.S. Bureau of Mines, 1964), the domestic copper ore
mined in 1963 averaged (.74 percent copper. These ores were practi-
cally all from large low-grade deposits mined by open-pit methods
with low costs because of large volumes processed. Small deposits
would require at least a few percent copper to be profitably mined.

Numerous copper prospects have been located along the Spanish
Peaks fault at the southwestern edge of the area, but no production
is known. The fault strikes about N, 60° W. and has been mapped
through a length of many miles. The Precambrian gneiss and schist
in the primitive area are north of the fault, and sedimentary rocks
of various ages occur to the south. About 2 miles of the fault is
within the proposed area, but only two prospects—the Last Chance
and Ridge prospect—are along this segment (fig. 1). Several
prospects are along the fault, but the nearest containing identifiable
copper minerals is 2.4 miles goutheast from the proposed boundary.
Twenty-one samples were taken at various points along the fault and
assayed for gold and silver, but only one sample contained more than
a trace. Spectrographic analyses were made of six samples, but no
unusnally high amounts of copper or other metals were noted.

A silicified shear zone (Deer Creek shear zone) near the mouth of
Deer Creek at the east edge of the proposed area can be traced for
nearly 1.5 miles. The zone has been explored for gold, silver, or
copper, but the locations of workings do not correspond with any
claim deseription in county courthouse records. The rock in the zone
is intensely brecciated and has been recemented with quartz, calcite,
and limonite. No sulfide minerals were ohserved in outerops, but a
small amount of boxwork indicates that some sulfides have heen
leached.
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An outcrop of the zone along the north side of Deer Creek has
heen explored with an adit and a trench. These workings are 200
feet north of a point on the Deer Creek trail 1 mile from U.S. High-
way 191 and are near a tributary of Deer Creek. The outcrop 1s
100 feet wide, 70 feet high, and extends for less than 100 feet along
the shear zone. The zone, however, can be traced for 120 feet north,
making a total width of 220 feet. The adit is caved but extended
westward from creek level through talus and mantle rock to the shear
zone, a distance of 30 to 35 feet. The trench is at the south side of
the exposure and extends 19 feet in a southerly divection. Tt is partly
filled with debliris contalning some hematite-stained rock.

Samples taken from siliceous material on the adit dump, caleitie
rock and siliceous rock above the adit, and hematite-stained material
in the trench and a 100-foot chip sample cut across the east end of
the outerop were ussayed for gold and silver. All contained only a
trace, except the dwmp sample which assayed 0.1 ounce per ton of
silver. The caleitie rock from above the portal and the 100-foot ehip
sample both contained 0.06 percent copper. Spectrographie analyses
were made of the smmples from the dump and from the 100-foot chip
sample, but no unusually large amounts of metals were detected.
Other samples taken along the shear zone but outside the proposed
wilderness area did not show musnally high amounts of metals.

The available immformation indieates that the shear zone has no
potential as a source of valuable minerals.

LAST CHANCE PROSPECT

The Last Chance prospect is in the NWI1{NE1L, sec. 23, T, 6 8., Ik
3 E., Gallatin County, and is in a small sacldle near the head of Crail
Creek (fig. 3). The best route to the prospect is by 2 miles of trail
from the end of the North Fork road.

A pit 13 feet square and 12 feet deep near the Spanish Peaks fault
is the only working on the property (fig. 7). The pit was sunk at the
contact between partly altered limestone and chlorvite schist. The
bedding of the limestone and schistosity of the schist strike N, 50° W.
and dip 85° N DPrecambrian granitic gneiss crops out 25 feet north-
east of the pit, and Madison limestone (Mississippian) crops out 25
feet to the southwest. .\ 2-foot wide pegmatite occurs 23 feet southwest
of the shaft.

Small amounts of hematite and limonite stains occur in the walls of
the shaft, but no ore minerals were observed. Spectrographic analysis
of samples from the altered limestone and pegmatite showed copper
in the range of 0.003 to 0.03 percent but ne anomalous amounts of other
elements. Samples of limestone and iron-stained rock from the shaft
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FFroure T.—Last Chanee pit; granitie gneiss (gn), schist {sch), and limestone (Ims).

and pegmatite were assayed for gold and silver, but only trace amounts
were detected.
The deposit has no potential for production of valualile minerals.

RIDGE PROSPECT

The Ridge prospect is in the W14SE1] sec. 24, T. 6 S, R. 3 E,,
Gallatin County, and in a small saddle on the ridge between Crail and
Dudley Creeks (fig. 3). The best route to the prospect is by 1.5 miles
of trail from the end of the Dudley Creek road.

The only working that could he found at the property is a partly
filled trench 18 feet long, 12 feet wide, and & feet deep (fig. 8). Ne
bedrock is visible in the trench, but Jeflerson Limestone {Devonian)
crops out 30 feet to the southwest, and Precambrian gneiss erops out
50 feet to the northeast. Debris in the trench consists of hematite-
stained quartz, gneiss, and limestone. A grab sample of hematite-
stained quartz was assayed for copper, gold, and silver, but none was
detected. A spectrograplhic analysis of the same sample did not reveal
unhusual amounts of any metal.

The prospect. hins no potentinl as a source of copper or other valuable
metals.



B40 STUDIES RELATED TO WILDERNESS

Fr6trE 8.—Ridge prospect ; granitic gueiss (gn}, limestone (ims).

DEER CREEK PROSPECT

The Deer Creek prospect is in the NK17q sec. 22, 1. 6 S, R. 4+ E,
Gallatin County, and is 0.7 mile from U.S. Ilighway 191. Most of
the workings are in a saddle on the ridge between Deer Creek and the
Gallatin River.

Small amounts of copper minerals occur at points in and near a
silicified shear zone in Precambrian quartzite. The shear zone trends
N. 74° E. and appears to dip 75° W, The silicified material crops out
south of the saddle. This outerop is 390 feet long, a maximum of 43
feet high, and 80 feet wide. The rock in the outerop has been brec-
clated and recemented with quartz, caleite, and limonite. The result-
ing outerop is predominantly white to yellow-gray quartz. A small
amount of boxwork at points in the outcrop indicates that some sulfides
might have been leached. The only copper mineral identified was
chalecopyrite which oceurs in very small crystals. A 6-foot long chip
sample taken above a short caved adit at the northwest edge of the
cuterop contained some boxwork. The sample assayed 0.65 percent
copper and 0.03 percent nickel. A more representative sanmple of the
outerop taken for 50 feet along its northeast side, assayed 0.06 percent
copper but no nickel. A spectrographic analysis of this sample did
not show unusual amounts of other metals, A 12-foot chip sample
cut across the south end of the outerop contained 0.13 percent copper.
These samples were also assayed for gold awd silver, but only a trace
was detected.
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There are five small trenches in the saddle about 100 feet northeast
of the outerop. The trenches are in quartzite and are less than 100
feet apart. Samples taken from two of the trenches assayed a trace
of gold and silver, and one contained 0.33 percent copper.

The prospect has no potential for development because the copper
values ave small and sporadie.

MOUNTAIN GOAT NO. 5 CLATM

The Mountain Goat No. 5 prospect is near the south line of sec. 9,
T. 6 8, R. 1 E,, about 4 miles by way of the Deer Creek trail from U.S.
Highway 191. The location notice for the claim is on the crest of
the ridge between Deer Creek and Asbestos Creek and is at an altitude
of about 8,500 feet. The claiin was located in 1949 by C. A. Lester,
address unknown. There is no record of recent assessment work in
county courthouse records.

The area isunderlain by Precambrian hornblende schist and granitic
gneiss. White quartz veins occurring in the hornblende schist were
explored in a shallow shaft, a trench, and two small prospect pits.
Malachite is reported {Marvin, 1952, p. 46) in one of the pits, but none
was observed during this examination.

The discovery pit is partly caved, and no bedrock is exposed. Most
of the debris on the dump is schist or gneiss, but some white quartz is
present. No sulfides or copper minerals were observed, and a spec-
troscopic analysis of a sample did not indicate copper.

A partly caved 8-foot-deep shaft is about 850 feet southeast of the
discovery pit. A quartz vein in hornblende schist is exposed in the
shaft, The vein strikes N. 80° W. and dips 65° N., and is parallel to
the schistosity of the schist. The vein is 18 inches wide in the bottom
of the shaft but sphts into two stringers 12 and 8 inches wide; the 8-
ineh stringer pinches out below the rim of the pit. A sample of the
vein was assayed for gold, silver, and copper, but only traces of gold
and silver were detected. Spectrographic analysis of the sample did
not. show appreciable amounts of any metal.

A small pit 100 feet southeast of the shaft does not expose bedrock.
Quartz is present on the dump; no minerals of value were observed.

A white quartz vein averaging 1 foot in width is exposed in a trench
600 feet northwest from the discovery pit and in a nearby outcrop of
hornblende schist (fig. 9). The vein strikes N. 50° W. and dips 68°
NE., parallel to the schist. A sample of the quartz contained only
a trace of gold and silver.

The quartz veins exposed on the claim have no potential for produc-
tion of valuable minerals,
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Fraure 9.

Quartz vein at Mountain Goat No. 5 prospect; hornblende schist
(sch), gunartz vein (qt).

LAVA LAKE PYRITE

The Lava Lake pyrite occurrence is near the center of the STl sec.
20, T. 5 S, K. 4 I£.,, at an altitude of 8,000 feet on the crest of the
ridge northwest of Lava Lake. It is 3 miles from U738, Highway 191
by way of the Cascade Creek trail.

A wedge-shaped outerop of diorite is reported by Marvin (1952, p.
47) to contain approximately 2 percent pyrite. The diorvite outcrop is
55 feet wide and 60 feet deep near the top of the ridge, and is sur-
rounded by granitic gneiss. Assays of two samples of the pyrite-
bearing diorite showed only trace amounts of gold and silver.

The ocenrrence hasno potentinl for development.

EYANITE

Kyanite is a metamorphic mineral used in making high-alumina
refractories and as a sweetener for firebrick, glass, electrical and chemi-
cal poreelnin, and other ceramie products. Prices of processed do-
mestic kyanite are listed as $47 to $58 per short ton in October 1965
1ssue of the Iingineering and Mining Journal, and high-grade imported
material was from $79 to 884 per short ton. The industry at present
is centered in the FKastern States, but large undeveloped reserves are
available in the Western States.
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Two kyanite occurrences hiave been reported by Marvin (1952, p.
45) in the primitive area (fig. 1), and several were detected by the
U.5. Geological Survey. The kyanite deseribed by the 17.8. Geological
Survey occurs as an accessory iheral in the metamorphie rocks. Al-
though amounts up to 40 percent have been reported, the occurrences
are small and have Iittle signifiennce. Only reported occurrences of
higher grade material are included in this report.

MOON LAKE KYANITE

Kyuanite was reported at the north line of sec. 18, T. 6 S, R. 4 E.
The occurrence was described by Marvin (1952, p. 45) as follows:

The cxtent of the kyanite deposit is not known, since the mineral was not
recognized in the field. The field specimen ix a shiny, light-colorved, fine-grained,
friable rock composed of clear, fine-grained gnartz, kyanite, and ehlorite with
reql, medimmn-sized metacrysts of garnet.

¥ * ¥ The minerals were found in the following amounts :

Garnet____________ e __ 40 percent
Kyanite. o e 40 percent
Chlorite______ . ___ . 15 percent
Quartz____________________ 5 percent

The reported locality was searched, but no occurrences of kyanite were
disclosed. No deposits of significant size are present.

LAVA LAKE KYANITE

The Lava Lake kyanite occurrence is near the center of the north
line of sec. 33, T. 5 S, R. 4 E. The occurrence has been described
by Marvin (1852, p. 47, 48) as follows:

The kyanite is found in light-colored quartzite bands composed of clear, fine-
to medinm-grained quartz. In one gpecimen the kyanite iz medium grained
and a light blauish-green. * * * In another sample the kyanite is colorless and
fine-grained.

The kyanite reportedly constitutes 3 and 20 perceat, respectively, in
the above-mentioned samples.

The area was sampled, and a petrographic study of the sample was
made. The quartzite consisted largely of quartz with some chromium
muscovite and trace amounts of limonite and rutile. A very few flakes
of kyanite were observed in one small section of a specimen.

No deposit of significant size or grade is in the area.

MISCELLANEOUS MINING CLATMS

Six groups of mining claims within the primitive area were not
found. These claims were located between 1892 and 1948, but there
iz no record of recent assessment work. The areas desecribed in the
records were thoroughly searched, and loeal residents were contacted



B44 STUDIES RELATED TO WILDERNESS

in an attempt to find the claims. The descriptions of some claims
are vague, and others are so old that workings could not be recognized.
Some claims were apparently loeated for asbestos and others, for gold
and silver. These claims are helieved to have no potential for devel-
opment because assessment work was discontinued and no deposits
were found during a search of their sites.

A few additional claims recorded as being on Junbo Mountain
were not definitely found, but they probably include the workings on
Table Mountain which was formerly known as Jumbo Mountain by
early settlers, No workings were found on the present Jumbo
Mountain,

CONCLUSIONS

The work by the Burean of Mines included the determination of
potential of mining claims and occurrences of chromite, asbestos,
kyanite, gold, silver, and copper minerals. This involved considera-
tion of resources, minability, and markets.

Spectrographic analyses of samples from the primitive area con-
tained some chromium, but only samples from the Table Mountain
prospect represent a resource, The chromite concentrate produced
from samples from this deposit does not meet present marketing
specifications for metallurgical and refractory uses but is adequate
for chemical-grade uses. The cost of mining, milling, and shipping
of concentrates to consumers would exceed present market value of
the ore.

The known ashestos occurrences in the proposed area are small and
are of no significance, except the source at the Table Monntain deposit
which possibly could be recovered as a byproduct with chromite.

Occurrences of gold, silver, and copper minerals are in the proposed
area, but. deposits are too small or too low in grade to be minable at
present or in the foreseeable future.

Several occurrences of kyanite are known in metamorphic rocks
within the proposed wilderness area, but deposits are of very small
extent or the kyanite is only an accessory constituent. They cannot
be economically mined at present and have no potential for future
development.
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