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PRELIMINARY FEPORT ON THE STRATIGRAPHY COF THE PARK CITY AND PHOSPHORIA

FORMATTONS AND AN ANALYSIS OF THE DISTRIBUTION OF PHOSPHATE IN UTAH
By Themas M. Cheney .
ABSTRACT

The Phosphoris formation of Permian age contains the major
,phosphate deposits in the western United States., It consists
mostly of phosphatic shale, chert, and cherty shale, but in Utah
the Phosphoris formation intertongues with the carbonate rocks and
cherty carbonate rocks of the Park City formation. The Phosphoria
is well developed in northeastern Utah, but it thins southward and
eastward. The Park Clty formation also thins southward and eastward
and intertongues with and pessee into red and greenish-gray and tawny
beds that are northward and northwestward extending tongues of the
Woodside formation.

The only economically important phosphate deposits in Utah are
those 1n the Meade Psak phosphatic shale member of the Phosphoria
formation. The Meade Peak contains both acld-grade and furnace-grade
deposits in the northern Wasatech Mountains and Crawford Mountains,
Utah, and it contains large reserves of low-grade rock amenable to
strip«-mining on the scuthern flank of the Uints Mountains near Vermal,
Utah.

Phosphate deposits are also present in a phosphatic shale unit,
25 to 150 feet thick, at the base of the Deseret limestone of

Mississipplen age in the Tintie, Oquirrh, and southern and central



Wasatch Mountains, Utah, and at the base of its partial equivalent the
Brazer limestone in the northern Wasatch Mountains, Utah. As now known,
these phosphate deposits are not rich, thick, nor extensive enough to

be minable at the present time.

INTRODUCTION

The purpose of this paper is to present a preliminary discussion
of the stratigraphy of the Park City end Phosphoria formations with
special emphasis on the phosphatic parts, and to discuss the distribu-
tion of phosphate in Utah. The Mississippian deposits are discussed
only briefly because of the lack of new data concerning them.

The sedimentary rocks that comprise the Park City and Phosphoria
formations and equivalent strata of Permian age in the western states
have been the subject of recent investigations by the U. S. Geological
Survey because of the large reserves of phosphate and minor elements in
the phosphatlic members of the Phosphoria formation. The sediments that
formed these two intertonguing formations and their equivalents were
deposited over a large area in Mcontana, Jdaho, Wyoming, Nevada,
Colorado, and Utah during part of Permian time. Phosphate deposits
are known in the Phosphorie formation in all of these states except
Colorado, but the largest reserves are in the Meade Peak phosphatiec
shale member of the Phosphoria formation in southeastern Idaho and

ad jacent parts of Utah and Wyoming.



Aecld~-grade phosphate deposgits in Utah are known only in the north-
ern Wasatch Mountains and Crawford Mountains (fig. 1), and they are
being mined today 1n a few places. Large reserves of furnace-grade
phosphate rock lie on the southeast flank of the Uinta Mountains near
Vernal, but these deposits apparently are not minable at the present
price of phosphate rock. Phosphate deposits of low grade and probably
local extent alsc occur at the base of the Brazer and Desgeret lime-

stones of Mississippian age.

FIELD WORK

The U. S. Geological Survey's recent investigation of the
phosphate deposits of Utah has been underway since 1947. During the
course of this investigation, all or, at least, the most phosphatic
parts of the Meade Peak phosphatic shsle member have besn measured
and sampled at 25 localities (fig. 1) in Utah. Because the phos~
phatic beds are generally in non-resistant, poorly exposed parts of
the formatlon, it was necessary tc make artificial exposures elther
by hand trenching or more commonly by digging with a bulldozer.
Individual rock units were then measured, described, and ssmpled
(McKelvey and others, 1953, p. 3-6). The Park City and the non-
phosphatic parts of the Phosphoria were measured and deseribed at

several lcealities and sampled at a few.
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STRATIGRAPHY OF UPPER PALEOZOIC AND TRIASSIC ROCKS

IN NORTHEASTERN UTAH

The sedimentary rocks of northern Utah range in age from Pre-
cambrian to Recent. The general lithologic character, thickness, and
the nomenclature applied to the upper Paleczolc sedlmentary rocks are
illustrated in figure 2.

In the upper Paleozoic rocks of northerm Utah carbonate rock
and sandstone are the dominant rock types, and cherty carbonate rock
and black, generally phosphatic, carbonaceous shale are the character-
istic minor rock types. The vertlcal sequence of strata in the
central Wasatch Mountains (Baker, and others, 1949) is, in ascending
order; the carbonate rock of the Madlson limestone, black shale
(carbonaceous and slightly phosphatic) generally considered to be
basal Deseret limestone, and somewhat cherty carbonate rock of the
Deseret, sandstone and carbonate rock of the Humbug formation, and

black shale of the "Doughnut" fbrmation—/ of Crittenden, and others,

_/ Great Blue(?) formation of Granger (1953).

(1952, p. 10), all of Mississippian age; cherty limestone of the Morgan
formation, and sandstone of the Weber gquartzite of Pennsylvanian

age; and carbonate rock and cherty carbonate rock of the lower member
of the Park Clty formation; black phosphatic shale of the Meade Peak
phosphatic shale member of the Phosphoria formetion; and chert, cherty
carvonate rock, and sandstone of the Franson member of the Park City

formation of Permian age.
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FIGURE 2. Columnar sections showing lithology and nomenclature of upper Paleozoic rocks in northern Utah. Modified after Granger (1953)
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This vertical sequence of black shale, carbonate rock (generally
cherty) and sandstone which, with minor exception, is repeated three
times in the upper Paleczoic rocks of northern Utah, has been pointed
out by V. E. McKelvey {oral commanication) as one in which black and
particularly phosphatic shales charssteristieally oscur the world
over; a similar sequence within the Phosphoria formation and
associsted rocks in western Wyoming has been described in some detail
by R. P. Sheldon, (1957). All of the major units thin gradually to
the east, and some pinch out in eastern Utab and western Colorado.

The rccks of Permian age are overlsin by the red beds of the
Woodside formation of Triassic age in the central and southern
Wasatch Mountains and in the western Uinta Mountains. In the eastern
part of the Uints Mountaing both red beds and greenish-gray shale
intertongue with and overlie the Park City formation; these beds
vwere identified as the Woodside formation by Thomas (1939) and Thomas
and Kreuger (1946, p. 1263-1270) but have recently been assigned to
the Moenkopi formation by Kinney and Rominger (1947) and Kinney
{1955, p. 56). In the northern Wasatch Mountain area the rocks of
Permian age are overlain by the light brown and gray siltstones and
limestones of the Triassic Dinwoody formation {Kummel, 1954).

In northern Utah the only notably phosphatic units are the black
shale at the base of the Brazer and Deseret limestones of Mississippian
age and the Meade Peak phosphatic shale member of the Phosphoria
formation of Permian age. The stratigraphy of the phosphatic shale

of Mississippian age is reviewed briefly, but most of the emphasis
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in this report is placed on a discussion of the Meade Peak phosphatic
shale member and aesociated rocks of the Park City and Phosphoria

formations of Permian age.

STRATIGRAPHY OF THE PHCSPEATIC SHALE MEMEER OF THE IESERET

AND BRAZER LIMESTONES

Phosphatic shale in rocks of Mlssisslpplan age was first des-
crived by Blackwelder {1910, p. 543) from outcrops east of Ogden,
Utah. Richardson (1913) also found this phosphatic shale zone in
outerops near Laketown, Utah {loc. 1, fig. 3), at the base of the
Mississippian Brazer limestone. Gilluly (1932), in naming the
Deseret limestone of Mississlpplan age from ocuterops in the Oquirrh
Mountains (loe. 10, fig. 3), placed the basal contact beneath a
slightly phosphatic black shale nine feet thick. Peterson (191h),
Williams (1939a), and Linch in Mansfield (1927), described a phos-
phatic shale at the base of the Brazer limestone in the northemn
Wasatch Mountains, and Beker, and others (1949), and Calkins and
Butler (19%3) described a black, locally phosphatic shale at the
base of the Deseret in the Wasatch Mountains near Salt Take City.

The black phosphatic shale, which apparently is of the same age
at all of the above localities, iz present as far south as the East
Tintic Mountains (E. T. Morris and T. S. lovering, in press). Its
thickﬁess i1s irregular and in pleces the shale is completely absent;
except for the estimated thickness of 200 feet near Dry Lake, Utah
(Williams, 1948, p. 1142), the greatest knowm thickness is in the

East Tintie Mountains where Morris and lLovering (in press) report a
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38 9. American Fork area, Utah 5-10 Crittenden, oral Communication
[ (1954)
10. Oquirrh Range, Utah 9 Gilluly, (1932)
| I. East Tintic Mountains,Utah 90-160 Morris, H.T.,written Communication
(1954)
12. Mount Nebo, Utah | O(Est.) Smith, Elton V. (1956)
o 25 50 75 100 125 150
Miles

Fig. 3. Index map showing general location and thickness of known occurrences of phosphatic shale of

Mississippian age.
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maximum of 160 feet (loe. 11, £ig. 3). All locaslities Prom which
the member has been described are west of the Uinta Mountaine; however,
it has not been reported from cuberops of the Brazer limestone in
some of the areas intervening between the northern locallities on
figure 3 (Bardley, 1944; Williams, 1943). The phosphatic shale is
non-resistant and usually weathers to form a covered slope or saddle
between the more resistant overlying and underlying units. The com-
ponent rocks resemble those -of the phosphatic menbers .of the: Thos-
phoria formation and generally counsist of dark brown to black, fis-
sile, thin-bedded mudstone interbedded with dark gray to black,
fissile, thin- to thick-bedded argillaceous carbonate rocks and thin,
probably discontinuous layers of grayish<«browm and black pelletal
phosphorites., Williams (1943) described interbeds of sandstone from

outcrops in Blacksmith Fork near logan, Utah.
STRATIGRAPHY OF THE PARK CITY AND PHOSPHORTA FCRMATIONS

Higtory of nomenclature

The cherty carbonate rock, sandstone; chert, and phosphatic
black shale that overlie the Wells formation, the Weber quartzite,
and the Dlamond Creek sandstone in this area, were first described
in the eastermn part of the Uinta Mountains by Powell (1876), who
included them in the upper part of the Aubrey group as part of the
Bellerophon limestone. Farther west along the Uinta Mountains and
in the Wesatch Mountains, King (1878) descrived these rocks as part

of the Permo~Carboniferous as did Berkey (1905, p. 522) and
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Weeks (1907, p. 439). 1In the Central Wasatch Mountains, Boutwell
{1907) described the beds overlying the Weber quartzite and under-
lying the red shales of the Triasasic Woodslde formation from outerops
on the north side of Blg Cottonwood Canyon, assigned them a Pennsyl-
vanlan age, and named them the Park City formation. In 1909 Gale
(Gale and Richards, 1910) found a phosphatic shale unit within the
Park City formatlon and discussed the stratigraphic relationships

of the phosphate deposits of the western fleid. On the basis of their
findings, the Park City formation was later separated into three mem-
bers: a lower sandy limestone and limestone member ecntalning abundant
chert nodules; a middle black, phosphatlic shale member; and an upper
cherty limestone, chert, and sandy limestone member,

During geclogic mapping and stratigraphic studies in southeastern
Idaho, Richards and Mansfield (1912, p. 684-689) designated the upper
two merbers of the Park City formation as the Pheosphoria formation
of Permian age from exposures 1in Phosphoria Guleh near Georgetown,
Tdaho. They classed the lower member of the Park City formation in
southeastern Idsho as part of the Wells formation of Permsylvanian
age because (1) no lithologic or faunal correlation of the rocks
immediately underlying the phosphatic shale could be readily estab-«
lished due to lack of information in the area intervening hetween
type localities (Richards and Mansfield, 1912, p. 687-690) (Girty,
in Mansfield, 1927, p. T9); and (2) the lithology of the lower member

of the Park City formation in southeastern Idaho was more similar to
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that of the underlying rather than to the overlying rocks. Richardson
(1941, p. 2k-25) extended the use of the Phosphoria-Wells terminology
to rocks in the Rendolph quadrangle, Utah,

Schultz (1918) described the phospbate-bearing beds and associe
ated rocks in the Uinta Mounteine &8s the Park City formation because of
their similarity to and proximity to the type section of that formation.
In his description, Schultz divided the formation into four units:

a lower limestone member, & phosphatic shale unit, the upper or
cherty limestone bedsa, and an uppermost thin<bedded, shaly gray
limestone unit. The uppermost member is, where present; now classed
as part of the Moenkopi formation {Kinney and Rominger, 1947} or the
Woodside formation (Thomas and Kreuger, 1946, p. 1268); however, it
resembles more the beds of the Dimvoody formation in the Wind River
Mountains {Schultz, 1918, p. 47; Thomas and Kreuger, 1946, p. 1268;
Hansen snd Bonilla, 1954, p. 7).

In s paper on the "Park City" beds in the Uinte Mountains, Williams
(193%9a, p. 91) described & red beds unit within the upper cherty lime-
stone member of the Park City formation. He named this unit the
"Mackentire 'red beds' tongue of the Phosphoria formation"™ and stated
that the upper two members of the Park City formation should be re-
named the Phogphoria formation. Thomas later classed the Mackentire
as a tongue of the Woodside formation (Thomas, 1939, p. 12i9). In
a later paper Williams (1943) chose to retain the name Park City for-

mation throughout the ares.



A thick sequence of Permian rocks was described from the southern
Wasatch Mountains by Baker and Williams (1940)}. They differentiated
the Park City formation and on the basis of faunal and lithologic
evidence correlated it with the Park City formation at the type
locality. Underlying it, they denoted successively the Diamond Creek
sandstone and the Kirlmen limestone of Permian age. Underlylng the
Kirkman limestone are the quartzites and limestones of the Oquirrh
formation, the upper 8,000% feet of which bes been designated as of
Wolfcamp (early Permian) age (Bissell, 1950, p. 89). Because of the
similarity in faunas, Baker and Williams (1940, p. 624) correlated
the lower member of the Park City formation with at least part of the
Kaibab limestone in the Colorado Plateau; consequently, they concluded
that the upper two members of the Park City formation and equivalent
parts of the Phosphoria formation are post-Kaibab ir age.

The nomenclature used in this report follows that of McKelvey
and others (1956) for the rocks of Park City age in the western
phosphate field. The main elements of this nomenclature are described

in the followling pages.

;Riqiona.l rela.tionshigg

The roueks of Park City age in the area of this report are assigned
to the Park City;, Phosphoria, and Woodside formations, each of which
has a distinetive lithic character. In southeastern Idaho and adjacent
parts of Utah and Wyoming the rocks of Park City age conaist mainly

of chert, phosphorite, and carbonaceous mudstone and are designated



the Phosphoria formation. These rocks Intertongne southward and easte
vard with the carbonate rocks assigned to the Park City formation.
The carbonate rocks of the Park City formation in turn intertongue
southeastward and eastward with red beds, greenish-gray shales, and
evaporites assigned to the Chugwalter formation in central Wyoming
and to the Woodside formation of Thomas (1939) in northern Utah
(McKelvey, and cthers, 1956), A map showing dominant lithology of
rocks of Park City age in Utah, Wyoming, Colorado and Idaho (fig. 4)
11lustrates the arcuate distribution of the areas where the rocks
characterizing these formations are dominant. The lntertonguing
relationships of the three formations are illustrated bty figures 5
and 6 and are discussed here to make clear their lateral and ver=
tical relationships over the area,

The Park City formation at its type locality in Big Cotionweood
Canyon near Selt Lake City, Utah, consists of & lower aud upper or
Franscn member separated by the Meade Pezk phosphatic shale tongue
of the Phosphoris formation (fig. 5). The Park City formation is
overlain by the Woodside formation of Triassic age and underlain by
the Weber guartzite. The Phosphoria formation at its type locality
conslsts, from oldest to youngest; of the Meade Peak phosphatic shale
member, the Rex chert member, and the cherty shale member. It is
underlain by the lower tongue of the Park City formation and over-
lain by the Dinwoody formation of Triassic age. The Franson member
of the Park City is not present in southeastern Idaho, nor is the

cherty shale member of the Phosphoria present in the area of this report.
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However, the Tosl chert member and Retort phosphatic shale member
of the Phosphoria, equivalents of the cherty shale member, are present
in northermmost Utah.

The lower member of the Park City formation persists over the
area of this report wilth the exception of the southeastern part of
the Ulinta Mountains. It is underlain by the Weber guartzite in the
central Wasatch and Uinta Mountains, the Diamond Creek sandstone in
the southern Wasatch Mountains, and the Wells formation in the northern
Wasatch area. The lower member is everywhere overlain by the Meade
Peak phosphatic shale member of the Phosphoria formation.

The Franson member of the Park City formation intertongues north-
ward from the type locality of the Park City formation with the upper
part of the Meade Peak phosphatlc shale tongue and the overlying
Rex chert tongue of the Phosphoria in part of the central Wasatch
area, as at Mill Creek, Fort Douglas, and Devils Slide (figs. 5 and
6, pl. 1). Further north, as in the Crawford Mountalns, the Franson
also intertongues with the Tosi chert tongue of the Fhosphoria for-
mation. The Franson member wedges out between the Crawford Mountains
and Laketown, Utah (fig. 5). At Laketown the Phosphoris consists
of the Meade Peak member, the Rex member, and a thin phosphatic shale
untit tentatlvely assigned to the Retort phosphatic shale menber of the
Phosphoria; the Retort is overlain by the Dinwoody formation of Tri-
asslc age. Elsewhere in the northern Wasatch ares the Franson is
overlain by the Dinwocdy formaticn. In the other areas in northern

and eastern Utah, the Franeon is overlaln by the Woodside formation.



The Franson carbonate rock Intertongues southward and eastward

from the type area of the Park City fbrmation‘/ with red beds and

_/ Boutwell described a thin "red shale" in the upper part of
the Park City formation at the type loecality. This "red shale" is
probably laterally continucus with the Mackentire tongue of the

Woodside (figs. 5 and 6).

greenish-gray beds of the Woodside formation (fig. 6 and pl. 2).

The areal distribution of the four major lithologic groups--
carbonaceous mudstone, phosphorite, and chert; carbonate rock; sand-
stone; and red beds and greenish-grey beds In the rocks of Phosphoria
age, that is the rocks of Permlan age overlying the lower mewber of
the Park Clty formation and Weber sandstone-~is shown by means of
a map based on a ternary diagram (fig. 7) for which the end members
are (1) phosphorite, chert, and carbonaceous mudstone, {2) earbonate
rock, and {3) sandstone. The relationship of the red beds and
greenish-gray beds to the other components 1s shown by isopachs of
the total thiclkmess of red beds and greenish-gray beds within the
Park Clity formation.

The proportion of phosphorite, chert, and carbopaceous mudstone
to carbonate rock and sandstone decreases from north to south in the
westermn part of the area. In the north end northwest, the proportion
of phosphorite decreases to the east so that the lines separating
the various lithologies form an arcuate pattern around a central area
in northernmost Utah and adjacent parts of Idaho and Wyoming where

the rocks of Phosphoria age consilst of phosphorite, chert and
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carbonaceous mudstone. The ratlio of carbonate rock to sandstone
decreases in the same directions as the ratio of combined casrbonageous
mudstone, chert, and phosphorite to carbonate rock and sandstone,
Sandstone is moat abundant in the southwestern and northeastern
sections. The red beds and greenishegray beds are thickest in the
south-central part of the area and thin to the north, east, and west.
According to Kummel {1954, p. 168), the direction of the change
in lithology of the overlying rocks of Early Triassic age is nearly

paralie]l to-that outlined above.

Park Clty formation

The Park City formation at its type locality in Bilg Cottonwood
Canyon near Salt Lske Clty, Utah, consists mostly of carbonate rock,
som'e of which is cherty and calcareous sandstone. At the type local-
ity the Park City formation 1s made up of a lower member and an
upper member, designated as the Franson member by Cheney ( in McKelvey,
and others, 1956), separated by the Meade Peak phosphatic shale tongue

of the FPhosphoria formation., These two members are described below:
Lower member of the Park City formation

A typlecal section of the lower member of the Park City formation
was described by Cheney (in McKelvey, and others, 1956) from exposures
near the mouth of Mill Creek Canyon near Salt Lake City, Utah. At
thie loeality the lower member 1s dominantly carbonate rock and car-

bonatic sandstone. Chert is relatively abundant as nodules and



stringers, especially in the carbonate rock, although some beds of
sandstone near the top of the unit contain abundant lasyers of chert
nodules. Phesphate 1s present as thin beds of pelletal phosphorite
and as internal casts of small gastropods in a distinctive shaly,
carbonaceous, argillaceous carbonate rcek unit 35 feet thick, 50

to 75 feet above the base of the member. Phospbatic brachioped or
fish scale fragments are found in several beds; each about 0.1

feet thick in the upper third of the member. (See the Fort Douglas
and Devils Slide sections, pl. 1.)

The lower contact of the lower member is at the horizon above
which carbonate rock and cherty carbonate rock are dominani and be-
low which the sandstones or gquartzites characteristic of the Weber
guartzite, Diamond Creek sandsbone, or Wells formation are the dom-
inant litholegiza. At the type loeslity a thick layer of limestone,
20 to 50 percent of whicsh 1= composed of caleareous fossils and fossil
fragments, constitutes the basal bed of the lower member. The upper
contact is at the horizon gbove which the soft, dark brown to black
carbonaceous midstone and phosphate rock of the Meade Peak phosphatic
shale member are dominant. The beds lmmedlately underlying the
Meade Peak member are cherty, calcareous sandstone or coarse siltstone
or cherty carbonate rock.

The lower member of the Park City formation attains a maximum
thickness of about 880 feet in the southern Wasatch Mountains (Baker,
and others, 1949, p. 1188) where 1t consists mostly of carbonate rock,

some beds of which are cherty or sandy, and calearecus sandstone.



In the central Wasatch Mountains at Fort Douglas (pl. 1), a few

miles north of the type locality, the member is 200G fszet thick and

is composed of carbonate rock and ecarbonatic mudstone, much of which
containsg coarse sllt and cherty carbonste rock. Sandstone beds at the
type locality are generally ccarse silt beds at Fort Douglas. At
Devils Slide (pl. 1) the member is sbout 330 feet thick. The upper
part of the member is similar to that at Fort Douglas; it consists

of cherty carbonate rock and carbonatic mudstone contalning a few thin
phosphatic beds. The lower part of the member at Devils Slide is
mostly thick to massive bedded gray carbonate rock. The distinctive
shaly black carbonaceous, arglillaceous carbonate rock unit which cone
tains thin phosphate beds at Fort Douglas and at the type locality

in Mill Creek Canyon 1s not present at Devils Slide. In the northern
Wasatch area the lower member is 60 to 75 feet thick and is dominantly
cherty carbonate rock.

The lower member thins and becomes more sandy eastward from the
central Wasabtch Mounteins. It is not present on the south flank of
the Uinta Mountains east of Lakefork (fig. 1). In this area the Meade
Peak phosphatic shale tongue of the Phosphoria rests directly on sand-

stone of the Weber quartzlte.
Franson member of the Park City formation

The Franson member of the Park City formation was named (Cheney
in McKelvey and others, 1956) from exposures in Franson Canyon, Utah
(fig. 1) where the member is 245 feet thick and is composed, in

decreasing order of abundance, of carbonate rock, sandy carbonate
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rock, and calcareous sandstone (pl. 2). It overlies the Meade Peak
phosphatic shale tongue of the Fhosphoria formation and is overlein
conformably by the Woodside formation of Triassic age. The ¥Franason
intertongues northward and westward with the Meade Peak, Rex, and
Tosl menmbers of the Phosphorla formation. Eastward and southward it
intertongues with the Woodside formation.

Northern Wasatech Mountains.--In the northern Wasatch Mountains,

which ineludes the Crawford Mountains for the purposes of this report
(fig. 1), the Franson member of the Park City formation intertongues
with the Rex and Tosl chert members of the Phospheoria formation
(pl. 1). It wedges out between Brazer Canyor and Laketown (fig. 5)
where the Rex chert and Retort phosphatic shale members make up the
equlivalent interval. In the Crawford Mountains, the Franson is split
into two parts by the Tosi chert tongue.

The lower part of the Franson member at Brazer Canyon (pl. l)
1s 130 feet thick and consists mainly of 1ight gray and medium gray
dolomite and minor amounts of cherty limestone., The chert oceurs as
nodules and stringers that both parallel and cut the bedding planes.
The lower contact of the member at Brazer Canyon is at the top of a
thin nedular phosphate bed that lles between the massive chert beds
of the Rex chert member of the Phosphoria formation and the overlying
carbonate rock. The upper part of the Franson member is approximately
15 feet thick at Brazer Canyon, where it is a thick-bedded tc massive,
siightly arglllaceous, abundantly fossilifercus limestone. The

majority of the fosslls are bryozoans, brachlopods, and fragments
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of crinecid stems, Many of the brachiopods probably belong to the

Punctospirifer pulcher fauna described by Girty {Mansfield, 1927,

p. 79; J. E. Smedley, written communication, 1953).
The Dinwoody formation of Triasslc age overlies this upper fos-
siliferous limestone unit of the Franson with apparent conformity.

Central Wasatch Mountains.--The Franson member intertongues with

the Meade Peak phosphatic shale and Rex chert tongues of the Phose-
phoria formation in the central Wasatch Mountains (pl. 1 and figs.
1 apd 5).

The lower tongue of the Franson, €0 to 100 feet thick, splits
the Meade Peak into two parts. At Devils 8lide the lower part of
the Franson 1s composed of soft light browmlsh-gray fine-grained
quartz sandstone. Further south, as at Mill Creek and Fort Douglas,
the lower 15 to 35 feet of the tongue is quartz sandstone; overlying
this is & bed, 5 to 15 feet thick, composed of angular fragments,
as much as 3 feet in diameter, of carbonate rock, sandstone, and
chert. The upper 40 to 50 feet of the tongue 1s light gray, thin-
and thicke-bedded carbonate rock; stringers of phosphorite are present
near the top of this unit.

The main body of the Franson member overlies the Rex. This
part of the Franson is 220 to 240 feet thick and is composed of
carbonate rock, cherty carbonate rock, and calcarecus sandstone,

(See Fort Douglas and Devils Slide, pl. 1 and fig. 5.) As in the
northern Wasatch Mounteins, the uppermost 20 to 30 feet of the member

is abundantly fossiliferous.
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The Woodside formation, which overlies the Franson member of the
Park City formatlon in thils area, is generally described as consisting
largely of red beds; nevertheless, at Fort Douglas and at the type
locality of the Park City formation {(Boutwell, 1907) a thin possibly
discontlnuous unit of light greenish-gray shale lies beneath the
typical Woodside and rests with apparent conformity on the Franson
member of the Park City formation. A similar unlt, approximately
190 feet thick and composed of greenish-gray shaly argillaceous limee
stone interbedded with massive light grey and light grayish-brown,
fossiliferous carbonate rock, overlies the Franson member at Devils
Slide. There are thin layers of nodular chert in the lower 50 feet
of this unit. Some of this shaly unit, which was included in the
Park City formation by Eardley (194k, p. 83L4), may be equivalent to
parts of the Franson member elsewhere in the area. However, this
unit differs in lithology from the Park City formation and is more
similar to the lower part of the Dinwoody formation described to the
nortk by Kummel (1954, p. 169), sc it is not included in the Park
City formation.

The columnar sectlon of the Franson at Devils Slide (pl. 1) is
a composite sectlon measured on both sides of the Weber River Canyon;
hence, it may not be entirely correct in detail. The section of
the Franson member at Fort Douglas (pl. 1) was measured from poor
exposures. BExcept for the uppermost bloclastic limestone unit, no
correlation is shown within the Franson between these two sections

or between Devils Slide and Brazer Canyon.



Southern Wasatch Mountaing. -«The Franson member is mainly car-

bonate rock and calcareous sandstone in the southern Wasatch Mountains
(fig. 1). Tt ranges in thickness from 600 feet at Strawberry Valley
(pl. 1) to 830 fzet at Hobble Creek (Baker, and others, 1949, p. 1189).
The Incerease in thickness of the Franson from the central Wasatch

area to the southern Wasatch area is abrupt and colncides with the
Charleston fault (fig. 1).

At both the Strawberry Valley and the Right Fork of Hobble Creek
loeglities the uppermost beds of the member, similar lithologically,
contagin abundant bryozoans, brachiopods, and other fossil fragments
which at the Right Fork of Hobble Creek are typlcal of the

Punctospirifer pulcher fauna (Williams, J. Steele, oral communication,

195k},

The Woodside formatlon unconformably overlies the Franson member
of the Park City formation in part of the southern Wasatch Mountains
(Baker and Williame, 1940, p. 624). At Strawberry Valley, however,
the contact between the Woodside formation and Franson member is
gradational.

Uints Mountains.--The westernmost exposures of the Franson member

in the Uinta Mountains (fig. 1) are at Franson Canyon (pl. 2), the type
locality, where the member may be divided into three lithologle units.
The lowest of these uniis is T5 feet thick and consists mostly of
light grey and grayish-brown carbonate rock and minor amounts of sandy
carbonate rock and caleareous sandstone., Chert as nodules, stringers,
and beds 1s most abundant in the upper third of the unit. The lower-

most bed of the unit contains gbundant fragments of phosphatic



inarticulate brachiopod shells. The middle unit is 70 feet thick
and consists of light-gray and bPrownish-gray carbonate sandstone,
some chert, and two thin beds of phosphate rock. The upper unit is
B0 feet thick and is dominantly white and light-gray carbonate rocks;
however, the most argillaceous beds in the lower 40 feet are reddish-
brown, and many of-the carbonate beds in the upper L0 feet contain
gbundant fossils and fossll fragments, some of which are phosphatic
casts of bryozoans and possibly echinoid fragments., The reddish-
brown beds are probably laterally continuous with parts of the Mack-
entire tongue of the Woodside formation (fig. 6 and pl. 2). The con-
tact with the Woodside formation 1s conformable.

A few beds of the uppermost fossiliferous unit contain

Punctospirifer, Productids, and other types of brachiopods

(7. E. Smedley, oral communication). Thls upper unit is lithologically
similar to and is considered to be an extention of the fossiliferous
limestone unit that is found at the top of the Park City formation
at the localities to the west and north. Because of 1ts unique
lithologic characterlstics and because it occurs at only this one
stratigraphic position, immediately underlying the Triassic Weodside
and Dinwoody formations, the limestone may represent nearly
synchronvus deposition over the entire area.

At Wolf Creek, southeast of the type area, the Franson member
is only 125 feet thick. However, the lower part of the overlying red
beds, mapped as Woodside shale by McCann (in Huddle and McCann, 1947),
contain several carbonate rock beds that are similar lithologically

to the carbonate rocks of the Franson member. Fossils from some of



these beds were identified by James Steele Williams as of probable
Permian age (Huddle, writien communication, 1954). Therefore, the
lower part of the Woodside formation in the vicinity of Wolf Creek
(pl. 2) probably is laterally scntinuous with and equivalent to beds
of the Franson member at Franson Canyon. The lithology of the lower
part of the Woodside formation and the tongues of the Franson member
are not shown on plate 2 because this part of the section has not been
described in detail. At the sections messured east of Wolf Creek,

on both flanks of the Uinta Mountains, the Franson member is divis-
ible into a lower and upper carbonate rock unit separated by the Mack-
entire tongue of the Woodside formation {(pl. 2).

At most localities in the Uintas the contact between the Meade
Peak phosphatic shale member of the Fhosphoria formation and the lower
unit of the Franson member of the Park Clty formation is gradational.
The lower unit attains a maximum thickness of 150 feet at Lakefork
and decreases to a minimum thickness of about 40 feet at Split Mountain.
Carbonate rock is dominant lithologically, although chert as nodules
forms a characteristic part of the unit, as does calcareous sandstone,
wvhich generally occurs only in the upper 5 to 15 feet of the unit.

At some localities this sandstone is conglomeratic.

The upper carbonate rock unit of the Franson member is 60 feet thick
at Lakefork and 35 feet thisk at Little Brush Creek, the easternmost
section at which this upper unit can be identified. It ims not present
at Split Mountain (fig. 6). East and south of Little Brush Creek it
presumably gredes laterally into the light greenish-gray shales and
brownisb-gray mmdstone and red beds of the lower part of the Woodside
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formation of Thomas (1939). Iithologically the upper unit of the
Franson member is similar to the lower unit as it is composed chiefly
of lighf colored carbonate rock, but it charascteristically contains
thin beds of cherty carbonate rock and some calcareous sandstone

(pl. 2). The thinning of the unit and consequently much of the
thinning of the Franson as & whole is thought to be due to lateral
gredation to the south and east of the upper part of the member into
the lower part of the Woodaside formation.

At Split Mountaln, the southeasternmost locality observed, the
Franson member is only 39 feet thick. The Franson there corresponds
to the lower unit of the member to the northwest. At thils locality
the greenish-gray sandstones and yellowlsh-orange calcareous mudstones
that overlie the Park City formation are included wlth the Woodside

formation.

Fhosphoria formation

The Phosphoria formetion at its type localiity in Phosphoria Gulch
near Georgetown, Idaho, consists of phosphatic and cherty shales and
chert. The tongues and members of the Phosphoria formation that
extend into the ares of this report (Pig. 1) are the Meade Peak phose
phatic shale, Rex chert, Tosi chert and Retort phosphatic shale
(McKelvey and others, 1956) (figs. 5 and 6) and are described in the

following pages.
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Meade Peak phosphatlec shale member of the Phosphoria formation

The phosphatic shale member of the Phosphoria formation was
recently named the Meade Pesk phosphatic shale member of the Phos-
phoria formation by McKelvey (McKelvey and others, 1956) from
exposures near Meade Peak, Idaho, where the member is sbout 200 feet
thick and is composed dominantly of phosphate rock, carbonaceous mud-
stone, and mixtures of these two types. In Utah, the Meade Peak
vhosphatic shale member 1s composed mainly of dark colored phosphate
rock, mudstone, carbonate rock, and intermixtures of these types,
although mixtures of phosphate and carbonate are not common (pl. 1
and 2}, Minor quantities of chert, generally as nodules, and gquartz
sandstone are present at some localities. The member characteristically
is soft, thin-bedded, and brown to black. The dark color probably
is due to the high content of earbonaceous material, because as
much as 16 percent is present in some beds at Brazer Canyon. Generally,
the Meade Peak 1s unexposed and characteristically forms a covered
glope or saddle.

The upper and lower contacts (pl. 1 and 2) are generally placed
at the break between the sof't, brown or black, phosphatic carbonaceous
mudstones and the more resistant, light-colored chert, carbonate rock
and sandstone of the overlying and underlying units.

The menber attains a maximum thickness of 220 feet at PFort Douglas.
It thins to the east and south and is absent at Split Mountain (figs.

5, 6, and 8 and pl. 2). The regional and local variations in thick-

ness and lithology are discussed in more detall In the followlng pages.
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Northern Wasatch Mountains.«~In the northern Wasatch Mounteins

(fig. 1), the Meade Peak phosphatic shale member is 180 to 225 feet
thick (fig. 5 and pl. 1). It is divisible into many relatively thin
units that have been correlated northward into western Wyoming
(McKelvey, 19%6). In ascending order, the major zones in the Meade
Peak are: 1) 40 feet of medium gray to black thin- to thick-bedded
bard carbonate rock interbedded with a few thin beds of dark gray

te black carbonatic phosphate rogk; the basal 5 feet of this unit is
mudstone, at the base of which ie the "fish scale" bed tbat marks the
base of the Meade Peak in this area and in southeastern Idahc; 2)

20 to 25 feet of argillaceous phosphate rock and mudstone; 3) 25

feet of brownish-gray thick-bedded carbonate rock and mudstone;

L) 30 feet of brownish-black and brownish-gray, thin- to thick-bedded,
interbedded argillaceous phosphate rock and carbonate rock; 5) 4 to

5 feet of black carbonaceous vanadiferous mudstone which 1is separated
from the overlying and underlying zones by bede of fossiliferous car-
bonate rock 1 to 2 feet thick; 6) 15 to 20 feet of browmish-black and
black thin- te thick-bedded, interbedded dolomitic mudstone and argil-
laceous phosphate rock; T7) 2 to 15 feet of dark brownish-gray thin-
bedded; laminated, slightly silty chert composed dominantly of sili-
ceous sponge spiocules; 8) 31 feet of dominantly dark gray to black,
thin-bedded pelletal phosphate rock; 9) in some places & shaly thine
bedded mudstone up to 3% feet thick overlies the uppermost phosphate

zone,
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All of the above mentioned zones may be traced through the
Crawford Mountains, with the exception of the southernmost area of
outcrops. In the latter area, the Meade Peak 1s approximately 90
feet thick: although the upper phosphate anit is similar to the upper
unit further north (pl. 2), the lower part of the member is dominantly
dark colored carbonate rock and is much thinner (McKelvey, 1946, pl.

3)"/. Possibly part of the strata has been fanlted out, but better

_/ McKelvey, V. E., 1946, Preliminary report on stratigraphy
of phosphatic shale member of the Phosphoris formation in westem
Wyoming, southeastern Idaho, and northern Utah: U. 8. Geol. Survey

Open File report.

exposures than are now available are needed to evaiuvate this.

Central Wasatch Mountaing,--The Meade Peak is €C (Baker, and

others, 1949, p. 1188) to 225 feet thick in the central Wasatch
Mountains. It conslists of an upper and a lower phosphatic shale
split by & carbonate rock and sandstone tongue, 60 to 100 feet thick,
of the Franson member of the Park City formation.

The lower phosphatic shale unit 1s 60 to 150 feet thick and is
composed malnly of dark brown and black thin-bedded soft argillaceocus
phosphate rock, dark brownish-gray thin-bedded carbonatic mudstone,
and light brownish-gray and dark gray massive argilliacecus carbonate
rock. The lower contact of the lower phosphatic shale unit is placed
gt the base of an argillaceons, slightly sandy, phosphate rock 1 to

3 feet thick. The lower 30 to 50 feet of this unit is black and



brownish-gray argillececus phosphate rock interbedded with brownlshe
gray argillaceous, phosphatlic carbonete rock, and phosphetic carbone
aceous mudstone., Most of the strata above are dark colored carbon-
ate rocks or carbonatic mudstones. The uppermost beds contain
abundant chert-voated calelte geodes and g few thin discontinuous
nodular layers of phosphate rock.

The upper phosphatic shale unit, 60 to 80 feet thieck, is thin-
bedded, dark gray and black, phosphatic mudstone, argiliaceous car-
bonate rock and argillaceous pkhosphate rock. The contact with the
underlying tongue of the Franson is marked by a thin bed of nodular
and pelletal phosphate rock. The upper contact is placed at the base
of the chert of the Rex member. This upper phosphatie shale thine
and feathers out rapidly to the south for at Mill Creek it is repre-
sented by only a few thin nodular phosphorite beds (pl. 1).

The upper phosphatic unit In the cenitral Wasatch Mountains is
probably laterally continuous with tha upper phosphate at Brazer
Canyon in the northern Wasatch Mountains. The underlyling sandstone
and carbonate rock tongue of the Franson probably is lsterally contin-
uwous with the chert bed at Brazer Canyon; a simllar facies change
from splcular chert to sandstone has been demonstrated 1n & number of
areas in Montana (Cressman, 1955) and Wyoming (R. P. Sheldon, 195k,
oral communication). The lower part of the Meade Peak at Devils Slide
and Fort Douglas probably is laterally contimmous with most of the

mit underlying the chert at Brazer Canyon; however, at Devils Slide



the upper part of the lower member of the Park City, in which thin
phosphate beds are present, probably is egquivalent to the lower-
most 4O feet of the Meade Peak phosphatic shale member at Brazer
Canyon (fig. 5 and pl. 1).

Southern Wesatch Mountains.--The Meade Peak phosphatic shale

tongue in the southern Wasatch Mountains (fig. 1) is 160 to 215 feet
thick and is composed mostly of grayish-brown to black, thin- to
thick-bedded calcareous mudstone, cherty mudstones, and phosphatie
mudstone. Chert forms thick beds at Strawberry Valley (pl. 1), but
to the west at the Right Fork of Hobble Creek and Wanrhodes Canyon
only a few thin beds of chert are present. At the head of Little
Diamond Creek the base of the tongue is marked by a bed of argil-
laceous, slightly sandy phosphate rock about 5 feet thick, which:
with the exception of a few beds less than 1 foot thick at other
localities, 1s the most phosphatic bed in the southern Wasatch area.
The correlation presented on plate 1 from Fort Douglas to Straw-~
berry Valley is that established by Baker and Williams (1940, p. 543)..

Uinta Mountalng.-~The Meade Peak thins from 225 feet at Fort

Douglas to 122 feet at Franson Canyon 1in the western Uinta Mountalns,
a distance of only 20 miles. From Franson Canyon the tongue thins
gradually to the east and south and is absent st Split Mountaln near
Vernal (fig. 8).

In the western part of the ﬁinta Mountains bvetween Lakefork and
Franson Canyon, and on the northeast flank of the Uinta Mountains,
the tongue is divisible into three easlly recognizable but gradational

units {pl. 2). In ascending order these are: black carbonaceous
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soft phosphatic mudstone 10 to 20 feet thick, the base of which is
generally phosphatle sandstone or sandy phosphate rcock; dark-gray
t0 black medium-hard thin- to thick-bedded argillaceous carbonate rock
and carbonatic mudstone (much thinner at Horseshoe Canyon than further
west); and light greenish-gray and gray, thin-bedded hard cherty car-
bonate rock and cherty mudstone that contaln numerous lenses and
beds of phosphatic mudstone. Much of the phosphate in this upper
unit is as internal casts of small gastropods, pelecypods, and ostra-
eods; although this type of phosphate 1s known elsewhere in the
western phosphate fleld, it occurs Iln greatest known quantities in
this zone in the Uinta Mountains.

The Meade Peak is 23 to 29 feet thick in the southeastern Ulnta
Mountains as at Brush Creek, Dry Canyon, and Little Brush Creek and
is absent at Split Mountain (figs. 6 and 8, and pl. 2). The lower
part of the member is composed mostly of thin-bedded light gray to
grayish-brown, pelletal phosphate rock and subordinate amounts of
mudstone., The upper part of the member is thin-bedded soft to medium-
hard argillaceous phosphate rock and hard, thin- and nodularly bedded,
cherty limestone; most of the phosphate is in internal casts of small
pelecypods and gastropods. On the basis of lithologic resemblances,
the upper and lower units are tentatively correlated with the upper
and lower units of the Meade Peak in the western Uintas. The middle
unit (argillaceous carbonate rock) of the Meade Peak in the western:
Uintas thus is thought to have no counterpart, or at most . a very

thin one, in the scutheastern Uintas (pl. 2).
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The Meade Peak in the Uinta Mounteins probsbly represents only
the lower shale unit described in the central Wasatch Mcuntains (fig.
6). The thin phosphorite beds in about the middle of the Franson
member at Franson Canyon (pl. 2) are probably feather edges of the

upper part of the Meade Peak,

Rex chert member of the Phosphoria formation

The Rex chert member as redefined by McKelvey (MeKelvey and others,
1956) is present in most of the northern Wasatch Mountains area, where
it overlies the Meade Peak. At Brazer Cenyon (pl. 1) the Rex is 55
feet thick and consists of light grayish-brown, thin~ to thick-bedded,
hard chert and a few thin discontinuous beds of carbonate rock, The
Rex is overlgin by the Franson member, except at Lsketown where the
Rex is about 200 feet thick. There it is overlain by sbout L feet
of phosphatic shale that may be a thin equivalent of the Retort phose-

phatic shale member of the Phosphoria formation.“/ This phosphatic

_/ The Retort is the uppermost phosphatic skale unit of the
Phosphoria formation in Montana and Wyoming. It is not laterally
continuous with the Meade Peak phosphatic shale member (McKelvey

and others, 1956).

shale is overlain by the Dinwoody formation of Triassic age.

In the central Wasatch Mountains a thin chert unit, 6 feet thick
at Devils Slide and 30 feet thick at Fort Douglas (pl. 1), that over-
lies the Meade Peak phosphatic shale member has been tentatively
called the Rex chert tongue. The Rex is not known to be present

elsewhere in the area of this report.
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Tosi chert member of the Phosphoria formation

The Tosi chert member of the Phosphoria formation was described
by Sheldon (in McKelvey, and others, 1956) from exposures near Tosi
Creek, Wyoming. 4 tongue of the Tosi extends south to the Crawford
Mountains. At Brazer Canyon {pl. 1), it is 30 feet thick and is
composed of thin-bedded hard dark gray to black chert typieal of
the Tosi at its type locality. The lower contact of this member i1s
placed beneath a thin nodular phospbate bed which occurs between the
chert and carbonate rock. The upper contact is placed at the base
of the carbonate rock of the upper part of the Iranson member, The
Tosi 1s not present west or south of the South Crawford section

(pl. 1).

Mackentire tongue of the Woodside formation

The Mackentire tongue of the Woodslde formation was Ffirst named
by J. Stewart Williams (1939, p. 91) as a tongue of the Phnsphoria
formatlon from exposures in Mackentire Draw near the Lakefork Rlver,
{See Lakefork locality, pl. 2.) Thomas (1939, p. 1249) later rede-
fined the Mackentlre as a tongue of the Woodside formation. The use
of the term "Mackentire tongue" has not been adopted by the U. S.
Geologleal Survey.

At the type locality the Mackentire is 105 feet thick and -at
Little Brush Creek, the easternmost locallty at which 1t has been
jdentified, 1t is 35 feet thick {fig. 4). It changes from dominantly

soft, reddlsh-brown, calcareous sandstone and siltstone at the type
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locality and in the central part of the Uinta Mountaing to dominantly
greenish=-gray and dark yellowisheorange calcarecus sandstones and
siltstones in the eastern part of the Uinta Mountains, as at Horse-
shoe Canyon (for location see fig. 1) and Little Brush Creek (pl. 2).
A bed of anhydrite 3.0 feet thick is alsc present at Horseshoe Canyon
(fig. 1). The Mackentire tongue is thought to be continuous over

the area for the following reasons. No more than one major red beds
unit was found at any of the localities visited, and 1t is every-
where present as a tongue near the middle of the Franson member.

The thickness and lithology of the tongue changes east, west, and
north of this ecentral portion of the Uinta Mountains, but both the
thickness and 1lithology are nearly the same at any longlitude on both
flanks of the mountains. In addition, it can be traced in outcrop
eastward along the north flank of the Uinta Mountainsgs from the western
end of the outcrop (fig. 1)--a locality at which the Mackentire is
similar in thiockness and lithology to that at Lakefork. That is,

it is about 60 feet thick and wholly red beds. These red bede become
thinner or pinch out to the east so that in the vicinity of Horseshoe
Canyon (fig. 1) the unit is dominantly greenish-gray beds though
lenses of red beds (Anderman, G. A., oral communication, 1955) and
some gnhydrite beds are present. The Mackentire is nearly the same
character in the Little Brush - Brush Creek area 15 miles south of

Horseshoe Canyon.



PHOSPEATE DEPOSITS IN UTAH

The only phosphate deposits that are being mined in Utah are the
sedimentary deposits In the Meade Peak phosphatic shale member of the
Phosphoria formation. Minable deposilts of acid-grade phosphate are
known only in the northern Wasatch Mountains; within this area phos-
phate is being mined only in the Crawford Mountaina. Iarge reserves
of furnace-grade rock are present in the Meade Peak member on the
south flank of the Uinta Mountains near Vernal, Utah. The known
phosphate deposits in the black shale at the base of the Brazer lime-
stone and its partial equivalent, the Deseret limestone, are too low
grade to be minable now or in the near future.

The phosphate deposits in Utah have been the subject of several
early investigations by the U, 5. Geologlcal Survey and various private
geologists (Gale and Richards, 1910; Jones, 1907, 1913; Blackwelder,
1910). The data available previously have been summarized and ana-
lyzed by J. Stewart Williams (1939) and Williams and Hanson (1942).

Because the latter two reports cover the subject previous to our
investigations, this report on the phosphate deposits in Utah 1s based
in general only on the data contained herein, in Smith and others,
(1952), Cheney and others (1953), and in Swanson and others {1956).
The discussion will be restricted to the areal dlstribution, vertical
distribution, and charscter of the phosphate deposiis with emphasis
on the regional relationships. The detalls of accessibllity and
structure are discussed briefly only in those areas where it appears

likely that phoaphate will be mined in the near future.
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Besides phosphorus, at least 40 elements have been identified
in the Meade Peak (McKelvey, 1949, p. 52). Some of these elements,
such as vanadlum and selenium, are in both phosphatic and nonphos-
phatic beds, though more highly concentrated in the nonphosphatic
carbonaceous mudstone; however, fluorine and uranium are mainly in
phosphorite beds; and others, such as nickel, molybdenum, silver,
and chromium, are concentrated chiefly In nonphosphatic beds. The
highest grade deposits of vanadium in the Meade Peak phosphatic shale
member in Utah are in the northern Wasatch Mountains area, and a

brief discussion of its occurrence is given by MeKelvey (1946).

Mineralogy and petrography

The phosphorites are marine sedimentary deposits. The phosphate
in the Meade Pesk phosphatic shale member is in the mineral carbonate-
fluorapetite (Altschuler, and others, 1953, p. 9; Silverman, and others,
1952). Commonly, the mineral is submicrocrystelline and isotropic,
but it also occurs in a crystalline anisotroplic form. The first
variety is frequently termed collopheane, the second francolite (Lowell,
1952, p. 13-14).

The carbonate-fluorapatite occurs, in decreasing order of abun-
dance, as structureless pellets and nodules, fossils and fossil frag-
ments, oolites and pisolites, and as a cementing material in rocks
generally composed, at least partially, of other forms of carbcnate-
fluorapatite. Most of the phosphate is pelletal, and most of the

pellets are from 1/8 to 1 mm in size. The color of the pellets



ranges from light brownish~gray to black. The darker colors are
probably due to a larger amount of contained organic matter. In the
eastern part of the Uinta Mountains, where the organic content of
the member is low, the phosphate grains are light brownilsh-gray; and
in the northern Wasatch Mountains, whers the organic content 1s rela-~
tively high, most of the phosphate grains are dark gray or black.
Most of the nodules are structureless, but some are aggregates of
pellets or colltes or both. Pelletal carbonate~flucrapatite forms
the greater part of all the economically important phosphate deposits.

The phosphate in fosslliferous material 1s the second most abun-
dant form of carbonate-fluorapatite in Utah. Fish scales, bone frag-
ments, fish teeth, and fragments of inarticulate brachiopods--materials
that were phosphatic during the life of the organism--make up some
beds; but internal casts of small gastropods, pelecypods, and other
fossil material that was originally nonphosphatic, are also a common
form of phosphate, especially in the Uinta Mountains area. In general
the originally phosphatic fossil material is translucent light brown-
ish-gray or light gray, and it commonly has a resinous appearance in
hand specimen. The originally nonphosphatic fossil material is
generally pale brown in color, and most of it ranges from 1-10 mm in
size. Rarely does the phosphatic fossil material form beds thick
enough to be of economic importance except when combined with other
types.

Colitic and pisclitic phosphates are common only in the northern
Wasatch Mountains in Utah. The colltes are generally subelliptical

and generally range in size from 1/8 to 1 mm, though pisolites as
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large as8 5 mm in diameter have been found. No commercial deposits of
oolitic phosphorite are known in Utah, although as mixtures with the
other two major types it forms an abundent charscteristic part of the
acid-grade deposits in the northern Wasatch ares.

Phosphate rock, which as used herein means any rock in which
carbonate-fluorapatite is the dominant mineral, is generslly dark
gray to black, or dark browmish-gray to brownish-black, thick bedded,
soft to moderately bard. In the esastern part of the Uinte Mountains;
however, the phospbate rocks are generally light brownish gray to
brownizh gray and some have & greenish cast. A blulsh-white bloom
characteristieally develops eon the weatbered surface of scid-grade
pbospbate rocks.

Phosphate rocks are mixtures of carbonate-fluorapatite, quartz
a3 silt and sand, carbonate as calcite or dolomite, clay, miea, minor
amounts of feldspar, and carbonaceous matter. The most common of
these mixtures is carbonate-fluworapatite with clay and silt, Phos-
phatic sandstone or sandy phosphate rock is common only in the basal
beds of the Meade Peak in the Uinta Mountains and central Wasatch
Mountains. Phosphatic carbonate rock is uncommon except in the upper
part of the Meade Peak in the Uinta Mountains where phosphate (mainly
as internal casts of small fossils), chert, and carbonate sre the chief
rock=-forming materials, The pelletal, oclitic, and nodular phosphbate
rocks are interbedded chiefly with dark colered carbonsceous mudstone,
or calcareous mudstones. The bioclastic phospborite is mainly intere
bedded with light colored cherty and argillaceous carbonate rocks.
The beds range from laminse less than 1 mm to several feet in thicke

negs but are generally between 0.5 and 1.5 feet thick.
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An economically important characteristic of the phosphorite de-
posits is the lateral continulty of the phosphate and associated beds
over large areas. For example, individual beds in the Meade Pesk
phosphatic shale member have been traced for more than 100 miles
(McKelvey, 1949, p. 275). Beds can generally be traced many miles
farther parallel to facies strike than they can be traced normal to
facles strike. The grade and thlelkmess of the phosphate beds, that
can be traced over large areas, change; but within a mine or an area
the size of the Crawford Mountains (fig. 1) the grade and thickness
generally remain relatively constent except where the strata are mark-
edly affected by post-depositicnal changes. Therefore, fairly safe
predictions as to the grade and thickness of beds may be made in a
mining district, but the errors in prediction will increase with size
of the area and the distance between control points. Partly because
of the large distance between measured sections and partly because cne
mist trace units across facles strike {tig. 7), no individual beds
can be traced from the nerthern to the southeasternmost part of the
area of thls report; however, some beds can be traced long distances
{pls. 1, 2, and 3).

To facllitate the following discussion of the phosphate deposits,
the phosphate rocks have been categorized as follows: 1) Acid-grade
phosphate rock, which contains over 31 percent P205 (about 80 percent
carbonate-fluorapatite)--generally is used in the manufacture of
super and triple super phosphate fertilizers by acidulation; 2) fur-

nace-grade phosphate rock, which contains between 24 snd 31 percent
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P205-fgenerally is used in the manufacture of elemental phosphorus
by the electric furnace method; and, 3) low-grade rock, which contains

less than 24 percent P20 and cannot be used in current processes with-

5
out beneficiation. A genersl discussion of the current methods of
processing phosphate rock 1s given by Waggaman and Bell (1950).

A thickness of about ¥ feet of acid-grade rosk is now being mined
in one part of the western phosphate Pfield, and this is generally
agcepted as the minimum thickness of acld-grade roek that can be mined
profitably if the beds are steeply inclined. Probably 4 feet of
aclid-grade rock is a more aceceptable minimum especially for flat or
gently dlpping beds. Aboult 12 feet of furnace-grade rock 1s the
minimm thickness of this type rock now being mined, but under optimum

conditions 5 feet of furnace-grade rock might support a competitive

operation,

Enrichment of phosphorites by weathering

The effect of weathering on the P205 content of a given bed is
an important factor, often overlooked, affecting the value of any
phosphate deposit. Peterson pointed out in 1914 (p. 756) that "the
amount of phosphate may decrease with depth owing to the leaching of

the less—/ soluble constituents and the concentration of phosphoric

_/ 1t seems the word "less" is a misprint and should read "more."

acid in the leached zone." This weathering and consequent enrichment
of phosphate 1s discussed briefly by Mansfield (1927, p. 217) and

McKelvey, and others (1953, p. L4). According to L. D. Carswell of
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the U. 8. Geological Survey, data gathered by some of the westemrn
phosphate mining companies Indicate that the P205 content of a high-
grade phosphate bed may decrease by as much as 5 percent 500 feet
below the outerop. For example, a unit that contains 34 percent P205

at the surface may contain only 29 percent P20 at depth. This enrich-

5
ment at the outerop by weathering probably affects the concentration

of some of the other elements, particularly those commonly associ-

ated with the phosphorite. A depcsit minable at the surface may

not be minable, according to current mining grade cutoffs, a few tens
or hundreds of feet below the surface; hence, an evaluation of the
degree of weathering of a given deposit is necessary before the

economic value of that depoeilt can be determined.

To evaluate the effect of weathering on a phosphate deposit the
following factors should be taken into consideration. 1) The presence
or absence of carbonate; 2) the presence or absence of organic matter;
and 3) the geologic and geographlc setting.

The presence or absence of carbonate in acid-grade phosphate rock--
an indication of the degree of westhering--~can be determined by a
simple field test in which concentrated hydrochloric acld is dropped
on a fresh rock surface. If the rock is highly weathered, there will
be no reaction, presumably because most of the carbonate has been
removed from the carbonate-fluorapatite; but, 1f the phosphate roek

is unweathered, carbonate has not been removed so a slight effer-

vescence will generally take place (MCKelvey, oral commnnication).
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The presence or abgsence of carbonste rock beds in their normal
position in the sirata is slso an indication of the degree of weather-
ing. Many of the carbonate rock beds in the phosphatic shale are
continuous over rather large areas. For example, the "cap lime"
(Mansfield, 1927, p. T6) is present nearly everywhere in southeastern
TIdaho; but. where the assoclated strate are highly weathered, the
"ecap lime" generally is represented by & thin residium of pale or
dark yellowish-orsnge mudstone., Other carbonate beds, though perhaps
not as extensive as the "cap lime," can at least be traced through-
out nearly every mining district., Therefore, if it iz kncwn that
carbonate roek beds should be present in the phosphatic shale in the
general area of a given deposit, their absence or the presence of thin
beds of yellowish mudstone in the normal position of the carbonate
rock beds may indicate a high degree of weathering and consgequent
higher grade of the phosphorite beds.

Light-gcolored phosphate rock and mudstone are indications that the
rocks have been highly weathered. An exsmple is the strata at the
Laketown locality where practically no carbonate rock is present and
none of the mudstones are calcareous. The rocks are probably only a
few feet to tens of feet beneath an old erosion surface at the base

/

of the Tertiary Wasatch(?) formation. Both the value and chrome

Value and chroma are components of color as defined by the
Munsell color system, which is briefly outlined by Goddard, and
others, (1951). Value, which is the degree of lightness or darkness
of a color, is expressed numerically--low values are dark colors and
high values are light colors. Chroma, also expressed numerically, is
the degree of saturation; i.e., the lower the chroms the less vivid
the color, the higher the chroma the more vivid the ecolor.
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of the rocks in this section are higher than in cther sections where
the rocks are comparatively unweathered. The average value at Laketown
is 6,0 and the chroma 2.9, Averages of approximately equivalent

strata in a mine near Hot Springe a few miles to the north yield

a value of 3.6 and chroma of 0.9. In a trench in the Crawford
Mountains thought to be weathered to a lesser degree than the Laketowm
section, the value averages 3.7 and the chroms 1.4 for approximately
equivalent strata,

The geologic and geographic setting of a particular locality may
furnish some clues as to the degree of weathering. One would expect
a8 higher degree of weathering in proximity to old ercsion surfaces
as described at the Laketown locality. The presence of numerous
faults may facilitate cireculation of ground water; hence, in a highly
faulted area or, at least, in proximity to fauits, s higher degree of
weathering might be expected. In the open pit phosphate mine at
Fort Hall, Idaho, the strata are cut by many small faults; the traces
of these faults are commonly marked at the ground surface by topo-
graphie lows. The carbomate rocks have been highly weathered, and
the grade of the phoephate rock 1s higher near the faults than in
the topographically high areas between the faults where the carbon-
ate rock beds are commonly unweathered (C. Sweetwood, oral communication).

According to L. D. Carswell (oral communication) the lowest phosphate
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rock bed in southeastern Idaho is of slightly lower grade where
samples were taken from trenches located in V-shaped canyons, in
aregs of young topography, as compared to those samples of the same
stratigraphic interval taken from trenches on slopes of low gradient
or on the sides of broad valleys, areas of mature topography, or in
other areas where the mantle is thick. Purthermore, data suggest
that rocks in a given Interval from trenches on northward facing
slopes contain more phosphate than rocks from trenches on southward
facing slopes, probably because the degree of weathering, as Indicated
by & thicker mantle and denser vegetabtion, 1ls greater on northward
facing slopes. Weathering on such slopes is more intense because
snow remains longer and surface material dries more slowly.

The relationshlp of the present or old water tables to the strata
in any area may alsc prove useful in the evaluation of weathering and

enrichment of the phosphate rocks.

Distribution, grade, and thickness of phosphate deposits

Phosphate deposlts of Mississippian age

The phosphate deposits at the base of the Brazer limestone and
its partial equivalent, the Deseret limestone, are not of high encugh
guality to be mined at any locallty from which samples have been
analyzed, and only those in the Tintic mining distriect, Utah (fig. 3)
seem worthy of more explanation now. It should be emphasized, how-
ever, that not much analytical data are avallable concerning the
phosphate content of this phosphatic shale. J. Stewart Williams

(1939) has presented a few analyses and some are presented here,
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One complete section of this member at laketown ard two partial
sections, one near Ogden, Utah, and one near Logan, Utah have been
measured and sampled. Abstracts and analytiesl data for these sections
are presented in tables 1, 2, and 3. At the base of the shale member
at Laketown, a bed of phosphate rock 3 feet thick contains 27.6
percent P205 ; however, at outcrops in Ogden Canyon the beds are so
lean in phosphate that they were not sampled, and at Providence
Canyon, 13.9 percent P205 i1s the maximm amount contained in any bed,
and that bed is only 1.8 feet thick.

The phosphatic shale at the base of the Degeret limestone in the
Tintic district (fig. 3) contains one bed about 2 feet above the base
of the member that is 4 feet thick and contains 23.62 percent P205
and 0.14 percent V505. In addition the overlying 12.8 feet of beds
contalns 15.25% percent P205 and 0.32 percent V205. Lower grade
phosphate beds ocecur in the overlying beds of the member. A unit 4
feet thick about 24 feet above the base of the member contains 1,12
percent V05 and 5.8 percent P205. Many of the overlying shale beds
contain up to 0.5h percent V205, but the highest P205 content is only
11 percent (Morris, HE. T., and lovering, T. S., in press).

The distribution of minor elements in this phosrhatic shale is
not known except in the Tintie district where Morris reports that
their concentration is similar to that in the Meade Peak phosphatic

ghale,



Table 1l.-~Part of the phosphatic shale member of the Brazer

limestone measured and sampled in Providence Canyon near Logan, Utah.

Measurements made in old plt on the scuth side of Providence Canyon

two miles east of the canyon mouth in sec, 18, R. 2 E., T. 11 N.,

Cache County, Uteh by R. W. Swanson and R. G. Waring in Septenber

1951.

Providence Cenyon, Utah.

Bed no.

Sample number

Tot number 1374

/ J/
PO A

Thickness
(feet)

PHOSPHATTIC SHALE MEMBER OF THE BRAZER LIMESTONE:

10

o~ o W

W = \aJ

6776 RWS
6777 RWS

6778 RWS

6779 RWS

_/ Semples analyzed for P

2.2
1.6
2.0
2.1
2.7
1.8
1.7
0.6
0.4

0.2

15.3 Total

205

2.3
19.°7

1.k

13.9

63.5
5h,2

Description

Mudstone

Mudstone, phosphatic
Limestone

Mudstone, phosphatic
Limestone

Mudstone, phosphatic
Mudstone, calcareous
Limestone

Mudstone

Chert

Covered below

thickness measured

and acid insoluble material (A.I.)

by the U. S. Bureau of Mines Laboratory, Albany, Oregon.




Table 2.-~Fhosphatic shale member of the Brazer limestone measured
and described in Ogden Canyon, Utah. Section measured in an old road
cut on the north side of Ogden Canyon in NWE SWE sec. 16, T. 6 N.,

R. 1 E. Beds strike N. 10° E. and dip 25° W. This area is strucs
turally complicated by many small faulis and folds; however, the
following section is thoﬁght to be representative of the shale mem-
ber in the area. Section measured by R. G. Waring and R. A. Smart.
Ogden Canyon, Utah. Lot number 1373
Bed. no. Thickness {feet) Description
LOWER PART OF THE BRAZER LIMESTONE:

1.0 Limestone

PHOSPHATIC SHALE MEMBER OF THE BRAZER LIMESTONE:

B=26 0.3 Mudstone, calcareous

B-25 0.7 Limestone

B2l 0.2 Mudstone, calcareous

Be23 1.3 Mudstone, phosphatic(?)
B-22 2+5 Mudstone, calcareous

B-21 0.3 Mudstone

B~20 1.5 Limestone

B-19 0.8 Mudstone, calcareous

B-18 0.3 Phosphate rock, calcareous
B-17 0.8 Limestone

B-16 0.2 Phosphate rock, calcarecus
B-15 1.1 Limestone, argillaceous

B-1k 0.1 Phosphate rock, calcareous
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Teble 2.-~Continued
Bed. no. Thickness (feet) Description

PHOSPHATIC SHALE MEMBER OF THE BRAZER LIMESTONE-~Continued:

B-13 0.4 Mudstone

B-12 0.2 Muwdstone, phosphatic(?)
B-11 0.3 Mudstone, calcarsous

B-10 0.1 Phosphate rock, calcareous
B-9 0.2 Mudstone

B-8 0.1 Phosphate rock, calcareous
B=-T 0.2 Mudstone

B=-6 0.2 Phosphate rock, calcareous
B-5 0.2 Mudstone

B-h4 1.0 Mudstone

B=3 1.9 Mudstone

B-2 C.T Mudstone

Bl 3.1 Mudstone, calcareous

18.7 Total thickness



Table 3.--Phosphatic shale at the base of the Brazer limestone measured
and sampled 1 mile RE of laketown, Utah. Measured and sampied on east 1limb
of an overturned anticline in sec. 32, T. 13.N., R. 6 E., Rich County, Utah,
Beds strike N. 10° W. and dip 80° E. Section measured by F. J. Anderson,

R. G, Waring, and R. A. Smart and sampled by Waring and Smart in July, 1949,

Laketown B. Trench, Utah, Lot number 1291

Abstract of section

Bed Sample  Thick- 1/ 1/
No. No. nes P205 AT, el Description
(Fee.'s
BRAZER LIMESTONE:
of
B-4O0 3782-FJA 2.8 0.5 39.0 a</ Limestone,
argillececus
B=39 3781-FJA 3.6 0.k 43,5 a Mudstone, cal-
carecus
B=-38 3780-FJA b2 0.5 hs.T & Limestone
B=37 3779=FJA 3.2 0.6 27.8 a Limestone,
argilisceous
B-36 3778-FJA 1.6 0.6 Q0.5 & Mudstone
B=35 3TT7-FJA b7 0.6 25.7 a Phosphate rock,
calcareous and
limesatone,
argillaceous
B=3h' 3W6"FJA. 2, 8 0 07 21, 5 a Limestone and
mudstone,
calcareous
B-33 3775-FJA 6.h 0.8 23.0 a Mudstone,
calcareous and
limestone
B=32 3762-RGW 1.5 0.3 10.3 a Limestone
B-31 3761-RaW 2.0 7.5 18.7 .002 Mudstone, cal-

carecug and
phosphate rock,
calcareous



Bed
No.

Sample
Ne.

Thick=-
ness
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Table 3-<Continued

PO

275

BRAZER LIMESTONE-~Contlinued

B-30

B-26

B=25

B-2h4

B-23

B.22

B-20

B-19

B-18

3760-RGW

3759-RGW

3758-RaW

375T-RGW

3756-RaW

3755-RGW

375k-ROW

3753-RaW
3752-R0W

3820-RaW

3819-RW

3818-RoW

3817-RoW

1.0

0.8

0.8

1.7

1.2

l.2

0.8

0.8
1.5

0.7

1.2

0.9

0.8

11.1

6.5

0.6

3.3

T.4

0.5
2.7

0.5

0.2

3.0

9.4

A.1.

26,1

k3.7

1'002
36.7

4o.5

3i.1

43,0

62.7

el

0.003

0.002

0.001

0.003

0.003

0.003

0.002

0.002

0.002

0.002

Deseription

Mudetone,
calcareous and
phosphate rock

Mudstone, cal-
careous and
chert

Limestone,
ergillaceous

Limestone, argile
laceouns and
phesphate rock,
galcareous

Mudstone, calcar-
eous and
phosphate rock,
calcareous

Mudstone, cal-
careous chert
end phosphate
rock, calcareous

Chert and phosphate
rock, calcareous

Chert

Mudstone, cale
careous

Mudatone,
¢calcareous

Limestone,
argiliaceous

Mudstone,
calecareous

Phosphate rock,
calcareous, argile
leceons and mudstone



Bed
No.

Sample
No.

Thick~
negs

Table 3.~--Continued

Py0 5

BRAZER LIMESTONE--Continved

B-17
B=16
B.15
B-1h

B-13

36816-RAS
3815-RAS
3814-RAS
3813-RAS

3812-RAS

3611-RAS

3810-RAS
3809-RAS
3808-RAS

3807 -RAS

3806-RAS

3805-RAS

3804-RAS
3803-RAS

3802-RAS

1.2
3.0
3.7
1.6

2.3

1.9

2.3
2.6
k.2

1.2

0.6

2.2

0.8

1.5

1.1

0.3
10.1
0.2
0.1

0.1

0.2

57
0.1

0.1

5.k

3.8

0.1

1.k

5.9

0.6

A.T.

.9
3.7
9.7
19.1

2.1

35.5

5T+5
6.2
26.3

k8.0

1.7

by, 3
47.0

28.0

el

0.003

0.001

0.002

0,00k

0.003

0.003

0.001

0.002

OCW""

0.002

Description

Limestone
Mudstone, phospbatic(?)
Limestone
Limestone

Limestone,
argillaceous

Limestone,
argllliacecus

Mudstone ; phosphatic
Limestone, cherty

Limestcne,
argiliacecus

Mudstone,
calcareous,
phosphatic

Mudstons,
caleareous

Limestone,
argillaceous

Mudztone

Mudstone,; phosphatic
calcareous

Limestone,
arglllaceous
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Table 3.--Continued

Bed Sample Thick-
No. No. nesgs P205 A.T.

BRAZER LIMESTONE=-=Continued
B2 3801-RAS 3.1 27.6 2.7

B-1 3800-RAS 0.1 33.1 1.7

A ———

el Chem U Description

0.0011- Phosphﬂ.te
rock, argil-
laceocus, cal-
careous and
mudstone,
phosphatic,
caleareous

0.005

0.006 Phosphate
rock, cal-

careous

0.006

T9.5 Total thickmess of phosphatic shale member

1/ Samples analyzed for P205 and acid insoluble material (A.I.) by the

U. S. Bureau of Minesll.a.bora.tory, Albany, Oregon.

2/ Absent.




The phosphate deposites in the Tintic mining district are low
grede, compared to those in the Phosphoria formation in northern Utah,
and would have to be beneficiated before use in making & compercial
phosphorus product. Nevertheless, because of several unique eco-
nomic factors, further investigation of these deposits and methods
of beneficiating the phosphate rock is recommended., Large reserves
of this rock are available in the Tintic district where the phos-
phatie shale unit is cut one or more times by underground workings
at several levels in recently operating base-metal mines. Railroads
and power facilities are avellable at the mines and thus save many of
the initial costs involved in developing phosphate rock elsewhere,

(Morris, personal communication, 1957.)
Phosphate deposits of Permian age

General relationships.--The most important and largest phosphate

deposits in the weatern field are the phosphorites in the Meade Peak
phosphatic shale member of the Phosphoria formation in southeastern
Tdaho, northern Utah, western Wyoming, and southwestern Montana;

however, large reserves of phosphate are also present in the younger
Retort phosphatic shale member of the Phosphoria in Montans, In the
Fhosphoria formation as a whole, the totel phosphate content and the
thickness of beds of phosphate containing more than 2% percent P205
are greatest In southeastern Idaho and decrease to the north; south,
east, and probably to the west (Swanson and others, 1953). As would
be expected then, the total phosphate content and thickness of beds
of acld-grade and furnace-grade rock in Utah are highest in the

northermmost part (figs. 9, 10, and 11).
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FIGURE 9. Map showing equivalent thickness and amount (in feet) at each sample locality of the
total carbonate-fluorapatite in the Meade Peak phosphatic shale tongue of the Phosphoria formation.
1/ A few feet of phosphatic sandstone at base of member was not sampled so this figure is
slightly low. 19766
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FIGURE I0 Map showing total thickness ang amount (in feet) of beds in the Meade Peak phosphatic

shale tongue of the Phosphoria formation thuot contain more than 3i percent P,04. 1976¢
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FIGURE Il. Map showing the total thickness (in feet) of beds in the Meade Peak phosphatic shale
tongue of the Phosphoria formation that contain more than 24 percent P,0s in the Uinta
mountains. 19768



The slight decrease to the south (about 16 percent) in total
phosphate content {fig. 9) in the western part of the area is accom-
panied by an increase of about 37 percent in the thickness of the
Meade Peak phosphatic shale member (fig. 8). The greater thickness
of the member 1s, therefore, mostily due to the greater amount of
nonphosphatic sediments. As a result of this and the slight decrease
in the amount of total phosphate present, the grade and thickness of
phosphatic rocks decrease markedly southward (figs. 9, 10, and 11).
Scuth of the northern Wasatch area, no known beds of phosphate more
than 1 foot thick contain as much as 30 percent P2055 and, except in
the Little Diamond Creek area in the southern Wasatch Mountains where

5.8 feet of beds contain 28 percent P.0_, no beds of minable thickness

205
contain as much as 24 percent P205. In the northern Wasatch aree, as
at the Laketown locality, a sequence of beds 22.8 feet thick in the
Meade Peak member contains more than 24 percent P205 whereas south
of Sugar Pine Creek in the central and southern Wasatch Mountains {the
Little Diamond Creek area excepted), only 1 to 3 feet of beds containg
more than 24 percent P0g-
The total phosphate content decreases southeastward from about 45
equivalent feet thickness of carbonate-fluorapatite in northern Utah
to about 15 equivalent feet fthickness of carbonate-fluorapatite in the
area between Franson Canyon and Cumberland (figs. 1 and 9). This
decrease in phosphate content nearly parallels, in both direction and

rate, the decrease in thickness of the Meade Peak member (fig. 8).
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Southward and eastward from this area, throughout the Ulnta Mountains,
the total phosphate content in the member remsins essentially the same
except 1n the easternmost part of the Ulnta Mountains where the total
phosphate content is slightly greater. The thickness of the Meade
Peak, however, gradually decreases to the southeast and east in the
Uinta Mountains. The anomalous high phosphate content of the Meade
Peak in the eastern part of the Ulnta Mountains occurs where the
Meade Peak is thinner and the total phosphate content is slightly
higher than in the rest of the Uintas. In this area, the thickness
of beds of phosphate rock containing more than 2! percent P205 ranges
from 3.2 feet at Rock Canyon to 9.5 feet at Little Brush Creek (fig. 11).
In this area the phosphatic shale member is made up of about one~third
carbonate~fluorapatite which 1s proporticnately more than in south-
eastern Idaho where the total phosphate content of the member ls greatest.
This combination of thinness of the phosphatic shale member and relatively
high total phosphate content is characteristic of the phosphatic mem=-
bers of the Phosphoria formation on the shoreward fringes of the field
in Montane (Swanson and others, 1956, p. 8-11) as well as Utah.
Southward and eastward from the eastern part of the Uinta Mountains
the thickness of beds containing more than 1 or 2 percent P205 decreages
to zero in about 15 miles. Essentially no phosphorite is present at
Split Mountain, Utah, nor at Vermillion Creek in the northwestern part
of Colorado (Sears, 1924).
Thus, in only two major areas in Utah, the eastern part of the
Uinta ﬂountains and northern part of the Wasatch Mountains, and one

minor area, the Little Diamond Creek ares in the southern Wasatch
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Mounteins, are beds of acid-grade and/or fuarnace-grade phosphate rock
in the Meade Pesk thick enough to be mined profitably at the present
time. Of these two areas, only in the northern Wasaich Mountain area
are the phosphate content and continuous thickness of phosphate beds
great encugh and costs of mining and transportation of the phosphate
rock to the consumers cheap enough to meke the deposits minable
profitably at the present price of phosphate rock.

The phosphate in the Meade Peak phosphatic shale member generally
is concentrated near the base and near the top, even though the base
and top of the member are not at the same time horizors everywhere,
For example, the uppermost phosphate zone in the northern Wasatch
Mountains probebly is not laterally continuous with the upper phosphatic
beds in the Uinta Mountains (figs. 5 and 6). Ia the northern Wasatch
Mountains, the upper beds in the phosphatic shale are the most phos=~
phatic, and in the Uinta and central Wasatch Mounteairns the most phos-
phatic beds are near the base of the member. The distribution of
phosphate in the Meaﬁe Peak in the varlious areas of Utah described
in this report is discussed below.

Northern Wasatch Mountaines.--The northern Wasatch area is the only

area in Utah in which phosphate is acld-grade and is being mined.
Furthermore, only in this part of Utah are beds of furnace-grade rock
thick enough to warrant their exploitation for use now in the electric
furnace process of producing elemental phosphorus. The highest grade
phosphate beds are in the upper part of the Meade Peak member; the
lateral continuity, thickness, lithology, P205 content, and strati-

graphic position of these beds are shown on plate 3.



T3

The sequence of beds in the upper phosphatic unit is as follows.
Generally, the top 1s marked by a nodular and pelletal phosphate bed.
(See Brazer Canyon section, pl. 3.) Underlying this are 3 to 4 feet
of phosphate rock, generally pelletal and nodular, interbedded with
carbonatic mudstone or carbonate rock. This unlt, together with the
uppermost nodular phosphate bed, averages 10 to 15 percent P205 at
most localities., The underlying unit, locally referred to as the
A bed (King, 1949, p. 286), is composed dominantly of pelletal phos-
phate, although colites are present in some beds and the wppermost
0.1 to 0.5 foot of this unit is commonly nodular and oclitic phosphates.
In the Crawford Mountains, which are represented by the easternmoet
line of sections on plate 3, the A bed attains a thickness of sbout
T.0 feet and contains as much as 31.5 percent P205, &s in the Upper
Brazer section (pl. 3). The bed has a minimum thickness of 5.3 feet

and contains 30.5 percent P at Brazer Canyon. To the west of the

295
Crawford Mountainz as at Lakebtown and Sugar Pine Creek the equivalents
of this A bed are difficult to define, but apparently they are T.2

feet thick and contain 31.9 percent P20 at lLaketown, and are about

5
7.5 feet thick and contain about 34 percent P205 at Sugar Pine Creek.
Underlying the A bed in the Crawford Mountains is 2 to 4 feet of
argillaceous phosphate rock, locally called the B bed, (King, 1949,
p. 286), which averages 24 to 26 percent P205. Beneath this bed is
2 to 3 feet of carbonate rock or calcarecus mudstone that contains
only about 2 percent P205. Underlying the carbonate rock is 3 to 5
feet of argillaceous phosphate rock, called the C bed (King, 1949,

p. 286), averaging 24 to 26 percent P,0;. Underlying this bed is

5.
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chert or cherty mudstone, the top of which marks the base of the
upper phosphate unit showm on plate 3, In the western part of the
ares at laketown and Sugar Pine Creek, no thick mudstone or carbonate
rock separates the B and C beds as in the Crawford Mountaims. The

B and C beds at laketown have a combined thickness of 10,1 feet and
consist of argillaceous phosphate rock that contains 23.8 percent
PgOse At Sugar Pine Creek the combined B and C beds are 8.2 feet
thick and contain 26.5 percent Pa0g. At the latter locality if the
B and C beds are combined with the A bed; the whole unit is 15,k
feet thick and econtains 30.8 percent P205,

At both Sugar Pine Creek and Laketowm, overlying and underlying
beds, separated from the A bed by thin phosphstic mudstones, contain
more than 31 percent P205 and would no doubt bhe mined with the A bed.
For example, as much as 13.8 feet of continuous beds averages 31.0
percent Pp0g at Sugar Pine Creek, and at Laketown 8.9 feet of con-
tinwous beds averages 31.4 percent P0se The phosphate coatent of the
beds below the A bed lncreases to the west, as does the phospbate con-
tent of the Meade Peak as a whole, thereby accounting for the inecreased
thickness of rock containing more than 31 percent P205 (p1. 3).

The thickest acld-grade deposite in the northern Wasatch area are
in the ILeketown and Sugar Pine Creek districts. These deposits have
not been exploited because they are not as accessible as other deposits,
they must be mined by underground methods, the reserves above entry
level are not large, they are on the west overturped limt of a syncline

complicated by many small faults and folds, and, until recently, not
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much has been known concerning the grade of the deposits. If the trans-
portation difficulties can be overcome, the phosphate deposits in these
two areas might be mined profitably.

At Leketown about 2 milles of outcrop of the Meade Peak exists
(Richardson, 1941), and the phosphate reserves above entry level in
this area are not large. South of the outcrop, the Meade Peak is con-
cealed by Tertiary sediments, but it is posasible that the Meade Peak
continues, unbroken by major structures, for some distance beneath this
cover. Thus, large reserves may be discovered south of the area of
outerop, beneath the Tertiary cover. The cost of transportation of
the phosphate rock to the nearest railroad at Montpelier might be
lowered by barging the rock on Bear Lake most of the distance to the
railroad--further enhancing the value of these deposits. Bear Lake
is only a little more than a mile from the north end of the cutcrop.

The deposits at Bugar Pine Creek lie Jjust south of the Randolph
gquadrengle, 26 miles south of the deposits at Laketown. They were
briefly described by Gale (in Gale and Richards, 1910, p. 527-529)
and were investlgated in the early 1900's by geologists for the San
Francisco Mining Company whlch owned many of the claims in the area.
According to Gale, beds reported to contain 30 to 32 percent P2O5 were
about 5 feet thick, but recently the author found the acid-grede zone
to be 15.4 feet thick (Swanson, and others, 1956, p. 3G). This is the
greatest continuous thickness of beds averaging more than 30 percent
P205 yet found in the western phosphate field. In view of the thick-

ness of this acid-grade deposit, it seems worthwhile to investigate
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its laterasl extent and structure to see if mining costs might be low
enough to offset cost of transportation to the nearest railroad, sbout
30 miles down grade to Bage, Wyo.

It should be remembered, however, that the strata measured and
sampled at both these places by the U. 8. Geological Survey are only
& few feel or tens of feet below an unconformity and erosion surface
at the base of the Tertiary Wasatch{?) formation and that they probably
have been enriched by weathering. This supposition is strengthened
by the color of the rock, which is light greenish gray and gray, in-
dicating that the carbonacecus material has been leached or altered;
but, because the depth of weathering below the pre-Wasatck surface is
great elsewhere, the enriched zone may be scores or hundreds of feet
thick. The exploration costs of determining the location and extent
of the Meade Peak under the Tertiary Wasabtch formation at both these
localities would be great; nevertheless, the stakes are high for the
upper phosphate unit is probebly as thick and as high a grade for
some distance down dip beneath the Wasatch formation as it is now at
the surface.

The A bed is being mined at two underground mines of the San
Frencisco Chemical Company, and it was recently mined in an open.pit
mine of the Simplot Company in the ncrthern part of the Crawford
Mountains., Large reserves of acld-grade phosphate rock remain in this
bed, and large reserves of furnace-grade rock remain in the B bed in
the Crawford Mountains. During the course of recent mapping,

W. C. Gere {oral communication, 1954) of the U. S. Geological Survey
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found several small outcrops of the Meade Peak not shown on Richardson's
map (1941). He is also finding that mapping on a smaller scale shows
the structure to be much more complicated than that shown by Richardson.
Proper further evaluation of the deposits will have to awalt the out-
conme of Mr. Gere's and others' detaliled mapping.

The outarops of Meade Peak described by Blackwelder (1910, p. sh7-
549) 25 to 30 miles east of Huntsville in the vicinlty of Dry Bread
Hollow were not sampled during this investigation. It is not known
vhether these deposits are acid-grade, like those at SBugar Pine Creek,
or low=-grade, like those & few miles to the south at Devils Slide in
the Central Wasetch Mountains.

Central Wesatch Mountalns.--Within the central Wasatch area, the

highest grade phosphate beds are in two zones in different parts of
the ares, one near the top and one near the base of the member. None
of the beds are thick or rich enough, however, to warrant their con-
slderatlon as potential near-future sources of phosphate at the locale
ities which have been sampled.

In the northern part of the central Wasatch area, in the vieinity
of Devils 8lide, the highest grade beds are in the upper part of the
Meade Peak (Cheney, and others, 1953) and are probably laterally
continuous with the upper phosphate zone at Brazer Canyon (pls. 1 and
3). Only 1 foot of the zone contains as much as 24 percent P205,
bowever, and the thickest bed containing more than 20 percent P205
is only 1.8 feet thick. Consequently this ares does not warrant

further exploration in the near future.
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In the rest of the central Wasatzh Mountain area, that is south
of the outcrop near Devils Slide, the highest grade phosphate bed is
at the base of the Meade Peak member. Its thickness ranges from 2.5
to 4 feet and its ]?205 content from 24 to 27 percent at all of the
localities sampled. It consiszts of fine- to medium-grained sandy phos-
phate rock interbedded with slightly argillaceous phosphate rock, The
lens-like character of these sandy phosphate rocks has been demone-
strated at several other places., For exsmple, at Bssin Creek, Wyomling
(for location and description see Shelden and others, 1954), a bed of
sandy phosphate rock 12 feet thick thins to less than 3 feet within
& strike length of 2 miles; the sandy phosphate rotck being mined at
Little Diamond Creek, Utah (Cheney and others, 1953, p. 40), is aleo
from a lenticular bed, Perhaps, therefore, thicker deposits exist
in local areas in the central Wesatch Mountains, but the grade of
known deposits does not presently warrant the costly exploration
required to find them,

Southern Wasatch Mountains.~--In the southern Wasetch Mountains

the most phospbatic beds in the Meade Peak are at the base of the
member, Only in the vicinity of Little Diamond Creek, where beds 5.8
feet thick average 28.8 percent 1’205 (Cheney and others, 1953, p. h0),
are the thickness and phosphate content great enough to be of interest
as & potential source of phosphorus.

The phosphate content of the basal I to 6 feet of the member
ranges from nearly 29 percent at Little Diamond Creek tc 20 percent
at Wanrhodes Canyon about 5 miles to the north, to 10 percent about

9 miles further north at Right Fork of Hobble Creek. At Strawberry
Valley, asbout 15 miles to the northeast of Hobble Creek the enly



notably phosphatic bed in the lower part of the Meade Peak is one 0.7
foot thick about 7 feet above the base that contains 7.3 percent Pao5
(Smith and others, 1952; Cheney and others, 1953). These data suggest
that the basal part of the Meade Peak beccomes more phosphatic to the
southwest 1n this southern Wasatch area. If so, the black shaly sequence
of beds, belleved to be equivalent to the Meade Peak by A. A. Baker

(oral commmication) that crops out a few miles east of Nephi, Utah,

20 to 30 miles south of Little Diamond Creek might contain minable
deposits.

Jinta Mountains.-~-The only notably phosphatic beds in the Ulnta

Mounteins west of Lakefork are argillaceous, sandy phosphate rocks at
or near the base of the member (pl. 2), and these are not of minable
grade and thickness. They are 2.3 feet thick and contain 21 percent
P205 at Franson Canyon and are 3.7 feet thick end contaln 19.5 percent
P205 at Dry Canyon. These values are representative of the beds in the
ﬁhole western Uinta Mountain area. Thus, no beds containing a minable
quantity and quality of phosphate are present in this ares.

In the eastern part of the Uinta Mountains, near Vernal (fig. 1),
the Meade Peak contains thick low-grade deposits. The vertical dis-
tribution of phosphate in the member in the eastern Uinta Mountains
is shown on figure 12. (Also see Kinney, 1955, pl. 5.) The highest
grade beds (X, fig. 12), which range from layers 1.3 feet thick con-
taining 25.4 percent P205 at Rock Canyon to layers 4.6 feet thick con-
taining 26.3 percent P205 at Little Brush Creek, are about 2 feet

above the base of the member. Beds nearly as thick and containing

nearly the same amount of phosphate (Y, fig. 12) are present 2 to 6






feet above the Lop of the highest grade bed. Thus, there are two beds
that average about 3.0 feet in thickness and contein 25-27 percent P205
separated by 2.5 to 7.0 feet of lower grade beds. If these two acid-
grade beds could be mined selectively in the viecinity of Little Brush
Creek, rock having a maximm thickness of about 8 feet and containing
25.5 percent P205 could be obtained., If the intervening beds were
included, the total thickness would be about 11 feet and the P205
content about 23.5 percent. If a continvous unit including all the
higher grade beds in the Meade Peak were mined, the total thickness
would be 15.4 feet and the P205 content 21.7 percent. Any greater
thickness would drop the grade below 20 percent. The thickness and
phosphate content of the two acid-grade beds (X and Y, fig. 12)
decrease slightly to the west at Brush Creek, where the maximum thick-
ness is only ebout 6 feet and the P205 content is 27 percent. By
including the intervening low-grade interval, the unit is about 15.7
feet thick and contains about 20.8 percent P205. However, the beds
above the upper acid-grade bed (Y) are more phosphatic so that in the
Brush Creek area a total of 20 feet which averages about 20 percent
P205 could be mined.

The total phosphate content of the member, thickness and phosphate
content of the furmace-grade beds, and the phosphate content of the
Jow-grade interval decrease greatly to the west at Rock Canyon. The
maximum thickness of the highest grade phosphate is 2.3 feet, and the
P205 content is 22.9 percent. A zone 15.4 feet thick contains only

16.1 percent P205.



The outerops of the Meade Peak extend, with minor breaks, 16
miles west of Dry Canyon to the Whiterocks River. The Meade Peak is
20 feet thick at the Whiterocks River outerops (Kinney, 1955, p. 50);
however, 1its phosphate content there is unknown. Because of the
wastward thickening of the Meade Peak and accompanying decrease
in phosphate content of individual beds 1t appears that the Meade
Peak between Whiterocks River and Rock Canyon would not contaln depos-
its of high enough grade to make further investigations worthwhile.

Thus, from the data avallable, it appears that the best phosphate
deposits 1n the southeastern Ulnta Mountains are in the eastern part
of the ares of outerop. In evaluating these data, it has not been
possible to take into aceount the effect of weathering on the phos-
phate content. As discussed previously, ithe P205 content may decrease
as much as 5 percent with depth in areas of advanced weathering; hence,
due to differential weathering within the Little Brush Creek-Rock
Canyon area changes from east to west might not be primary differences.
Even if the change in grade is due mostly to secondary processes, the
increase in grade from west to east might be important in consideration
of mining. A study of the effect of weathering on these deposits would
be worthwiitle before more work is done on the deposits,

Because the Meade Peak forms dlp slopes on the low-dipping south
flank of the Uinta Mountain anticline (Kinney, 1955, pl. 1), much of
the phosphate rock is amenable to strip mining. Probably, the biggest
single factor inhibiting development of the Vernal deposits is their
distance from railhead at Craig, Colorado-~125 miles by highway. This

factor maykbe overcome if Echo Dam on the Green River is built, for it



wonld provide a nearby cheap power source that might make 1t possible
to build a small electric furnace plant and process the rock at ¥ernal.

The Meade Peak crops out on the steep north flank of the eastern
part of the Uinta Mountains, and at these outerops the phosphate deposits
are also low-grade. A unit 3.6 feet thick about 2 feet above the base
averages 26.7 percent Py05 at Horseshoe Canyon (fig. 1). About 6 feet
of beds that include the acid-grade bed contains about 2k percent
P205 and by including the 6-~foot unit a zone 12.9 Pfeet thick averages
about 20 percgnt P205. The lateral extent of these units is not known.
The only other locality sampled on this outerop is Sols Canyon (fig. 1),
where the total phosphate content is low and the most phosphatic unit
is 1.6 feet thick and contains 16 percent PZ05.

The phosphatic beds are richer in phosphate at Horseshoe Canyon
than a% Sols Canyon. Carbonatic material forms only & small part of
the beds at Horseshoe Canyon whereas at SBols Canyon carxrbonate rocks
gre numerous and carbonate forms a prominent part of the phosphatic
beds (Cheney, and others, 1953, p. 23, 33). This difference in phos-
phate and carbonate content may be partly due to differences in the
degree of weathering at the two localities. Nevertheless, much of
the difference must be primary, and the total amount of phosphate and
the phosphate content of individual beds in the Meade Peak decreases

from Horseshoe Canyon to Sols Canyon.



Regardless of the origin of the differences in the phosphate content
along the strike of the outcrops of the Meade Psak, the phosphate in
the vicinity of Horseshoe Canyon is not minable at present. Because
the beds dip steeply only small reserves of phosphate rock amenable
to strip mining exist; therefore, they would have to be mined by under-
ground methods; moreover, they are about T0 miles from the nearest

rallroad.

CONCLUSIONS

The majocr phosphate deposits in Utah are the acid-grade and furnace-
grade deposits in the northern Wasatch Mountain area; these occur in
the upper part of the Meade Peak member of the Phosphoria formation of
Permian age. The deposits are now being mined and large reserves of
phosphate rock remain. The thickness of the Meade Peak, the total
phosphate content, and the thickness of beds of phosphate rock decrease
to the southeast of the northern Wasatch area. No beds of minsgble
phosphate rock are present In the western Ulnta Mountains or in the
central and southern Wasateh Mountains except for a small deposit near
Little Diamond Creek in the southern Wasatch Mountalne, but large
reserves of phosphate rock, amenable to open-cut mining, exist on the
south flank of the Uinta Mountains. These deposits, however, cannot
be mined at the current prices of phosphate rock because of their low
grade and the high cost of transportation to the nearest processing
plants.

The phosphatic shale of Mississlppian age apparently is continuous
over a rather large area in northern and central Utsh, but the phos-

phatic beds are low-grade and apparently of rather local extent.



85

LITERATURE CITED

Altschuler, Z. 5., Cisney, E. A,, and Barlow, I. H., 1953, X-ray evidence
of the nature of carbonate-apatite (abs.): 19th Internat. Geol.
Cong., Comptes rendus, Algiers, v. 11, p. 9.

Baker, A. A., and Williams, J. Steele, 1940, Permian in parts of Rocky
Mountain and Coloradc Plateaw regions: Am. Assoc. Petrol. Geolo-
gists Bull., v. 24, no. 4, p. 617-635.

Baker, A. A., Huddle, J. W., and Kinney, D. M., 1949, Paleozoic geology
of north and west sides of Ulnta Basin, Utah: Am. Assoc. Petrol.
Geologists Bull., v. 33, no. 7, p. 1161-1197.

Berkey, C. P., 1905, Stratigraphy of the Uinta Mountains: Geol. Soc.
Ameriecs Bull., v. 16, p. 517-53C.

Bisgell, H. J., 1950, Carboniferous and Permian siratigraphy of the
Uinta Basin area, in Petroleum geclogy of the Uinta Basin:
Guidebook to the Geology of Utah, no. 5, p. 71-96.

Blackwelder, Eliot, 1910, Phosphate deposits east of Ogden, Utah: U. S.
Geol. Survey Bull. 430, p. 536-551.

Boutwell, J. M., 1907, Stratigraphy and structure of the Park City
mining district, Utah: Jour. Geology, v. 15, p. 434458,

Calkins, F. C., and Butler, B. S., 1943, Geology and cre deposits of
the Cottonwood-American Fork area, Utah: U. 5. Geol. Survey
Prof. Paper 201.

Cheney, T. M., 1955, Faclies and cil possibilities of the Park City and
Phosphoria formations In eastern Utah and scutheastern Wyoming:
9th Wyo. Field Conf. Guidebook for 1955.

Cheney, T, M., Smart, R. A., Waring, R. G., and Warner, M. A., 1953,
Stratigraphic sections of the Phosphoria formation in Utah, 1949-
51: U. S. Geol. Survey Circ. 306, 40 p.

Cressman, E. R., 1955, Physical stratigraphy of the Phosphoria formation
in part of southwestern Montana: U. 5. Geol. Survey Bull. 1027-A.

Crittenden, M. D., Sharp, B. J., Calkins, F. C., 1952, Geology of the
Wasatch Mountains east of Salt Lake City: Guidebook to the Geology
of Utah, no. 8, Geology of the central Wasatch Mountains, p. 1-37.

Bardley, A. J., 194k, Geology of the north-central Wasatch Mountains,
Utah: Geol. Soc. America Bull., v. 55, p. 819-89%.



Gale, H. S., and Richards, R. W., 1910, Preliminary report on the
phosphate deposite in scutheastern Idahc and adjacent parts of
Wyoming and Utah: U, S. Geol. Survey Bull, 430, p. 457-535.

Gilluly, James, 1932, Geology and cre deposits of the Stoeckton and
Falrfield quadrangles, Utah: U. 8. Gecl. Survey Prof. Paper

173, 171 p.

Goddard, E. N., Trask, P. D., DeFord, R. K., Rove, 0. N., 1951, Rock-
Coler Chart: Distributed by Geological Scociety of America.

Granger, A. E., 1953, Stratigraphy of the Wasatch Range near Salt Lake
City, Utah: U. 8. Geol. Survey Cire. 296, 1k p.

Granger, A. BE., and Sharp, B. J., 1952, Geology of the central Wasatch
Mountaineg, Utgh: Utah Geol. Scc. Guidebook 8th Ann. Fleld Conf.,

1gs52.

Hansen, W. R., and Bonilla, M. G., 1954, The ILaramide faulting and
orogeny on the north flank of the Ulnta Mountalns in eastemrn
Daggett County, Utah: Colorade Sci. Soc. Proc., v. 17, no. 1,

29 p.

Harris, R. A., Davidson, D. F., and Arnold, B. P., 1954, Bibliography
of the geology of the western phosphate field: U. 8. Geol. Survey
Bull. 1018, 89 p.

Huddle, J. W., and McCann, ¥. T., 1947, Geologic map of Duchesne River
area, Wasatch and Duchesne Counties, Utah: U. S. Geol. Survey
0il and Gas Inv. Prelim. Map T5.

Jones, C. C., 1907, Phosphate rock in Utah, Idabo, and Wyoming: Eng.
md Hm- JO’“I‘., Ve 83, P- 953"'955.

s 1913, The discovery and opening of a new phosphate field
in the United States: Am. Inst. Min. Eng. Bull., 82, p. 2411-2435,
(1913); Am, Inst. Min. Metall. Eng. Trans., v. 47, p. 192-216
(19114).

King, Clarence, 1878, Systematic geology: U. S. Geol. Explor. hOth
Parallel, v. 1, 803 p.

King, D. L., 1949, Surface strip phosphate mining at Leefe, Wyoming
and Montpelier, Idaho: Anm. Inst. Min. Metall. Eng. Trans.,
v. 184, p. 28L-287. |

Kinney, D. M., 1951, Geology of the Uinta River and Brush Creck=-
Diamond Mountain areas, Duschesne and Uintah Counties, Utah:
U. 8. Geol, Survey 0il and Gas Inv. Prelim, Map OM 123.



87

Kinney, D. M., 1955, Geology of the Uinta River-Brush Creek area,
Duchesne and Uintah Counties, Utah: U, 8. Geol., Survey Bnll,

1007, 185 p.

Kinney, D. M., and Rominger, J. F., 1947, Geology of the Whiterocks
River - Ashley Creek area, Uintah County, Ubtah: U. S. Geol.
Survey 0il and Gas Prelim. Map 82.

Kummel, Bernhard, 1954, Triassic stratigraphy of southeastern Idaho
and adjacent areas: U. S, Geol. Survey Prof. Paper 254-H,
p. 165-194,

Iowell, W. R., 1952, Phospbatic rocks in the Deer Creek - Wells
Canyon area, Idaho: U. S. Geol. Survey Bull. 982-A, p., 152,

Mansfield, G. R., 1927, Geography, geclogy, and mineral resources of
part of southeastern Idaho: U. 8. Geol. Survey Prof. Paper

152, 1!09 Po

McKelvey, V. E., 1949, Geological studies of the western phosphate
field, in Symposiwm on western phosphate mining: Min. Eng.
v. 1, no. 8, p. 270~279; Am. Inst. Min, Metall. Eng. Trans.,
v. 184k, p. 270-278,

McKelvey, V. E., Devidson, D. F., G'Malley, F. W., and Smith, L. E.,
1953, Stratigraphic sections of the FPhesphoris formation 1n
Idaho, 1947-48, part 1: U. S. Geol. Survey Cire. 208, 49 p.

McKelvey, V. E.;, Williams, J, Steele, Sheldon, R. P., Cressmsn, E. R.,
Cheney, T. M., and Swanscn, R. W., 1956, Summary description of
Phosphoria, Park City, and Shedhorn formations in western phos-
phate field: Am. Assoc. Petroleum Geol, Bull., v. 40, mo.l2,

p. 2826-2%30

Morris, H. T., and Lovering, T. 8., Stratigraphy of the East Tintic
Mountains, Utah: U. S. Geol, Survey Prof. Paper {in press).

Peterson, William, 1914, Phosphate deposits in the Mississippian rocks
of northern Utah: Science, new ser., v. 40, p. T55-756.

Powell, J. W., 1876, Report on the geology of the eastern portion of
the Uinta Mountains and a region of country adjacent thereto:;
U. 8, Geol, and Geog. Survey Terr.; v. T, 218 p.

Richards, R. W., and Mansfield;, G. R., 1912; The Bannock overthrust;
& major fault in southeastern Ideho and northeastern Utah: Jour.
Geology, V. 20, p. 68)-709.

Richardson, G. B., 1913, The Paleozoic section in northern Utah: Am,
Jour. Sei., hith ser., v. 36, no, 21k, p, L06-h16.



88

Richardscn, G. B., 1941; Geology and mineral resources of the Randolph
quadrangle, Utah-Wyoming: U. S. Geol. Survey Bull. 923, 55 p.

Sears, J. D., 1924, Geology and. oil and gas prospects of part of
Moffat County, Colorado, and southern Sweetwater County, Wyoming:
U. S. Geol. Survey Bull. 751-3, p. 283-284,

Silverman, 3. R., Fuyat, R. K., and Weiser, J. D., 1952, Quantitative
determination of calcite associated with carbonate-bearing apatites:
Am. Mineralogist, v. 37, nos. 3-4, p. 211-222,

Schultz, A. R., 1918, A geologic reconnaissance of the Uinte Mountains 9
northern Utah, with special reference to phosphate: U. 5. Geol.
Survey Bull. 690-C, p. 31-9L.

Sheldon, R. P., 1957, Physical stratigraphy of the Phosphoria formation
in northwestern Wyoming: U. S. Geol. Survey Bull. 1042-E,
Po 105-1850

Sheldon, R. P., Cressman, E. R., Carswell, L. D., and Smart, R. A.,
1954, Stratigraphic sections of the Phospboria formation in
Wyoming, 1952: U. S. Geol. Survey Circ. 325, 2L p.

Smith, Cleon V., 1956, Geology of the North Canyon area, southern
Wasatch Mountaine, Utah: Brigham Young University Research
Studies, Geology Series, v. 3, no. T, 32 p.

8mith; L. E., Hosford, G. F., Sears, R. d., Sprouse, D. P.,, and
Stewart, M. D., 1952, Btratigraphic sections of the Phosphoria
formation in Utah, 1947-48: U. S. Geold. Survey Cire. 211, 48 p.

Swanson, R. W., McKelvey, V. B., Sheldon, R. P., 1953, Progress report
on Investigations of western phosphate deposits: U. S. Geol.
Survey Cira. 297, 16 p.

Swanson, R. W.;, Carswell, L. D., Sheldon, R. P., and Cheney, T. M.,
1956, Stratigraphic sectilons of the Phosphoria formation, 1953:
U. 8. Geol. Survey Cire. 375, 30 p.

Thomas, Horase D., 1939, Comment of "Park City" beds on southwest flank
of Uinta Mountains, Utah [Conment of the paperdy . i
J. Stewart Williams, same journal, p. 82-100 /: Am. Assoc.
Petroleum Geologists Bull., v. 23, no. 8, p. 1249-1250.

Thomas, Horace D., and Krueger, M. L., 1946, Late Paleczoic and early
Mesozole stratigraphy of Uinta Mountalns, Utah: Am. Assoc.
Petroleum Geologists Bull., v. 30, mo. 8, p. 1255-1293.



Waggaman, W. H., and Bell, R. E., 1550, Western phosphates; factors
affecting development, comparison of sulphuric acid and thermal
proceasing, potential markets: Indus. and Eng. Chemistry, v. 42,

p. 269-292.

Weeks, F. B., 1907, Stratigraphy and structure of the Uinta Range:
Geol. Soc. America Bull., v. 18, p. 427-k48,

Williems, J. Stewart, 1939, Phosphate in Uiah: Utah Agr. Exper. Sta.
Bull. 290, 4kt p.

, 1939a, "Park City" beds on southwest flank of
Uinta Mountains, Utah: Am. Assoc. Petroleum Geologists Bull.,
Ve 23, o . l, Po 82"1@-

, 1943, Cerboniferous formations of the Uinta
and northern Wasatch Mountains, Utah: Geol. Soc. America Bull.,
Ve 5h, no . I‘I" P- 591“62""-

, 1948, Geology of the Paleczoic rocks, Logan
%;zirangle, Utah: Geol. Soe. America Bull., v. 59, p. 112]=

Willisms, J. Stewart, and Hanson, A. M., 1942, Phosphate reserves of
Utah, revised estimate: Utah Agr. Exper. Sta. Bull. 304, Supp.
to Bull. 290, 2k p.



UO1}DWJ0J
daquaoll }U

——— -

AETE -
AR R
Wb ;

AR R

(Smith et al., 195

niles

14

y, Utah 1o Brazer Ganyon, tiah:

rry Valle

Trace Elements Investigations
Report 627
=

ions from Strawb

+
{

ty forma

|

i
'l
i
k
[
i
i
)
. i
b
|
N |
= |

adFark ¢

G

Y

al Surve

~
A=

/
al.,1953)

4
|

Geo/og
sandstone

heney, e

((

)1)owio} 11D 3iDd JO 13qUiaty UOSUDI 4 R AT

U S. Department of the Interior







6£6] ‘sowoy| jo Uo14DWwi0} nrioydsoyd jo
uolipwio} A41D Hiod J0 UOIJDW 10} IPISPOOM JO uoIlDwIOy A1) YiDd 40 anbuoj ajpys 21ypydsoyd auoispups
Joguwiaw uosubp44 Jaddn anbuo} a41jUay oD JaquWalW UOSUDI4 18M0T] ND34 9pDa 189Q3M

- - et S e ¥y — e kAL 2

e — e

2)

Sh@r
5

Little Bru
Smith etal, 19
~and the

10N

L]

1ons

INDEX MAP

Report 627

h et al. 1952)

Elements Investigat

npart Smit

1
il

| race

(

~
-

ilt and clay)
arbonati

Adjectives

noun symbols
c:

Symbols used in
combination with
Argillaceous

{

EXPLANATION
Red beds
Superimposed on other pattern if

Member boundaries,
dashed where uncertain

Correlation lines,
dashed where uncertain

Mudstane

(Silt and clay)

more is known about lithology

Rock nouns
Carbonate rock

T S o

b v
r

B0

{
{

Dominant
Phosphate rock

P

the Franson member of the Park City format

“anyon

Rock
lon,

scale

Vertical
format

a
Mackentire tongue of the Woodside formation of Thomas, 1939 from Franson Canyon Utah to Little Brush Creek, Utah

44 miles

-

ol
:
1 5 -

7y

/
/

(in part Smith et gl 1952)

1952

anyon

(Lb61 “3IPPNH) 429} O0¢2 SD UaAID g¢E) ‘sDWOY] JO UOIDWIO) 3PISPOOM
ay} }0 anbuoy ssrpuaylow buipnioul J9qWsaul UOSUDI4 JO SS3UXJIYS |DIO} JNQ Pagiidsap JON

Dry C
(Smith et al

20 miles

)

2

95

1

al

chart of the Meade Peak phosphatic shale tongue of the Phosphor

(Smith et

Atomie

25 miles

Plate 2-Correlation

Geological Sur vey

Department of the /nterior

Lol o dias Lo —_——— - e S e e e e e

ﬂwm:.wcf::yr*o Rt ) UO14DWIQ} AJ1D MIDH JO Jaquialu uoSuDJ4 e Dm:opto%m&_mcamoga jo (Kjuo 4.0d saddn)
WO DLW 10§ aPISPOOM i anbuoy a|oys o1jpydsoyd ypad 2pD3N uoljpwio) £410 yiod Jo
: Jlaquiawl JamoT]

.S







D
N
S
V3
/J
Q
<
N
9
0
v
©

A

o i
-
- =

4

!

1

’ " 4
\
b
-
\ {
\
y E
.
F ¢ é ey 2
3 ‘ ’ 1 Fdp
: i |
" . * » . N
. S - l . ] {
< - b 2 1 1
q » » | . RIFLN
. . ' :
Y a F ¥ -

ATE 3 =~ (

L




