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GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

PHYSICAL STRATIGRAPHY AND MINERAL RESOURCES OF PERMIAN ROCKS IN
WESTERN WYOMING

By Ricuarp P. SaELDON

ABSTRACT

The rocks of Permian age in western Wyoming and part of
eastern Idaho were deposited in the Cordilleran miogeosyncline
and on the craton to the east. The facies of the rocks roughly
coincide with the tectonic provinces and consist of dark shale,
phosphorite, and chert in the geosyncline and carbonate rock,
sandstone, light-colored shale, and red beds on the eraton.
Despite the abnormal amount of chert and phosphorite, the
Permian rocks are genetically similar to the other systems of
Cambrian to Jurassic age in the geosyncline and on the craton.
In general these systems thin from the geosyncline toward the
craton, some show facies changes similar to those of the Permian
rocks, and disconformities are more common on the eraton than
in the geosyncline. Thus transgressions of the strand line and
marine environments from the Cambrian to the Jurassic were
commonly from west to east and regressions were from east to
west. The rocks of western Wyoming were deformed during the
Laramide orogeny. Thrust faults and tight folds were formed
in the geosyncline and simpler structures were formed on the
craton.

The Permian rocks disconformably overlie the Tensleep sand-
stone of Pennsylvanian and Early Permian age in most of western
Wyoming; however, in westernmost Wyoming and adjacent parts
of eastern Idaho they overlie the Wells formation of Pennsyl-
vanian and Early Permian age. The Dinwoody formation of
Early Triassic age overlies the Permian rocks throughout western
Wyoming.

The Permian rocks are composed of four facies, each of which
constitutes a formation. The dark-shale, phosphorite, and chert
facies is called the Phosphoria formation and makes up most of
the interval in westernmost Wyoming and adjacent parts of
eastern Idaho. The carbonate-rock and light-colored shale
facies is called the Park City formation and is dominant east of
the Phosphoria facies. The sandstone facies is called the Shed-
horn sandstone and is dominant in Yellowstone Park and vi-
cinity. Finally the red-bed facies, the Goose Egg formation of
Burk and Thomas (1956), is dominant east of the Park City
facies in central and eastern Wyoming.

The Phosphoria formation is subdivided into phosphatic-shale
and chert members, which from base to top are: the lower chert,
Meade Peak phosphatic shale, Rex chert, Retort phosphatic
shale, and Tosi chert members. These members extend as
tongues into the formations to the east. The Park City, Shed-
horn, and Goose Egg formations intertongue in western Wyoming
and these tongues have a member or tongue status. The Park
City is made up from base to top of the Grandeur and Franson

members and the Ervay carbonate rock member. The Shed-
horn sandstone is composed of lower and upper members.

The lower chert member of the Phosphoria formation is a
resistant unit made up of hard thin- to thick-bedded dark- to
medium-gray chert. The member crops out in western Wyoming
and part of Idaho in a linear belt that approximately coincides
with the boundary between the geosyncline and the craton.
In the southwestern part of its area of extent, the lower chert is
underlain by the Grandeur tongue of the Park City formation,
in the northwestern part by the Wells formation, and in the
eastern part by the Tensleep sandstone. The lower chert is

| overlain by the Meade Peak phosphatic shale member of the

Phosphoria. The lower chert ranges from a few inches to about
40 feet in thickness. It grades eastward and northward into
the Grandeur member of the Park City and westward into the
Meade Peak phosphatic shale member of the Phosphoria; the
unit transgresses time, becoming younger to the east.

The Meade Peak phosphatic shale member of the Phosphoria
formation is a nonresistant thin-bedded dark unit made up of
phosphorite, mudstone, and carbonate rock. Phosphorite is
mostly soft thin-bedded dark- to medium-gray rock made up of
well-rounded well-sorted carbonate-fluorapatite pellets. Oolitic
and bioclastic phosphorites are also common. The P,O; content
of phosphorites in general increases with increasing grain size of
the pellets. Mudstone in the Meade Peak is generally soft to
medium hard, black to dark gray, laminated, and composed of
quartz, muscovite, illite, and carbonaceous matter. Carbonate
rock in the Meade Peak is generally medium-hard, thin- to
thick-bedded, black to medium-gray dolomite. Most carbonate
rock is aphanitic to finely crystalline with a granoblastic texture.
Mudstone and carbonate rock are the end members of a complete
series of mixtures of the two components; phosphorite and mud-
stone are the end members of another series. Carbonate rock
and phosphorite do not form a complete series. The Meade
Peak extends over all of westernmost Wyoming and adjacent
parts of eastern Idaho and pinches out eastward in the vicinity
of the Wind River Range, Wyo. Itis underlain by the Grandeur
tongue of the Park City in westernmost Wyoming and adjacent
Idaho and in the eastern part of its area of extent; between these
areas it is underlain by the lower chert member of the Phosphoria
formation. The Meade Peak member is overlain by the Rex
chert member except in the eastern part of its area of extent,
where it is overlain by the Franson member of the Park City
formation. The member is 60 to 75 feet thick in westernmost
Wyoming and thins eastward, as its upper and lower beds grade
respectively into chert of the Rex chert and the lower chert

49



50

members of the Phosphoria. An eastward decrease in pelletal
phosphorite, carbonaceous matter and mudstone, and a con-
current increase in bioclastic phosphorite and sand coincides
with this thinning. These areal lithic changes are reflected in
the vertical symmetry of lithic types in the member. This
sequence in general consists from base to top of (1) bioclastic
phosphorite; (2) interbedded oolitic and pelletal phosphorite,
dark mudstone, and carbonate rock; and (3) bioclastic phos-
phorite. The upper and lower phosphorites in the member tend
to be the coarsest grained and have the highest grade of P,0;;
the grade and pellet size decrease toward the center of the
member., In westernmost Wyoming and adjacent parts of
eastern Idaho individual beds are continuous for long distances
from north to south along the facies strike.

The Rex chert member of the Phosphoria formation is com-
posed mostly of relatively pure hard thin-bedded to massive
dark- to light-gray chert. The four types of chert recognized
are: tubular, structureless, laminated, and nodular. The Rex
is a widespread unit that has about the same areal extent as
the Meade Peak. It is 110 feet thick in the western part of
its area of extent and thins eastward. The chert changes
character laterally; laminated and structureless cherts are more
common in the western part of its area of extent, whereas
tubular and nodular cherts are more common in the eastern
part. Vertically, the laminated and structureless cherts gen-
erally occur just above the Meade Peak and below the Retort
phosphatic shale members, and tubular and nodular cherts tend
to occur in the center of the unit. The Rex chert member is
split into three parts by beds of the Franson tongue of the Park
City formation and the lower tongue of the Shedhorn sandstone
The upper and lower parts of the Rex are fairly widespread in
western Wyoming and adjacent parts of eastern Idaho, whereas
the middle part occurs only in eastern Idaho. All three parts
grade eastward into carbonate rock of the Park City; in addi-
tion, the upper part grades northward into sandstone of the
Shedhorn. The lower part of the Rex becomes older to the
east, as shown by the gradation of its upper beds into the
Frangon in western Wyoming and the gradation of the upper
beds of the Meade Peak into the Rex chert to the east.

The Retort phosphatic shale member of the Phosphoria
formation is a nonresistant dark unit composed mainly of dark
shale and phosphorite, with minor amounts of dark dolomite.
It is similar to the Meade Peak phosphatic shale member but
has less dolomite. The Retort extends over all of western
Wyoming. It is underlain by the Rex in west-central Wyoming
and in the adjacent part of eastern Idaho. In the Yellowstone
Park area it is underlain by the lower member of the Shedhorn
and elsewhere in western Wyoming by the Franson member of
the Park City. The Retort reaches a maximum thickness of
50 to 60 feet in the eastern Gros Ventre Range and in the central
and southern Wind River Range; it thins to a few feet in the
Yellowstone Park area and in central Wyoming. Pelletal
phosphorite is the most common type of phosphorite in western
Wyoming where the Retort is thick, whereas in central Wyoming,
where the Retort is thin, bioclastic phosphorite is the dominant
type. The Retort is a relatively homogeneous unit, but in
westernmost Wyoming it has a simple symmetry in that it
consists of a thick mudstone between two thin beds of phos-
phorite. The upper beds of the Retort grade eastward and
northward from the area of its maximum thickness into the
Tosi chert member of the Phosphoria formation. The lower
beds of the Retort extend over most of western Wyoming, but
in the Wind River Range they grade eastward into cherty
carbonate rock of the Franson member of the Park City forma-
tion.

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

The Tosi chert member of the Phosphoria formation is a
resistant unit made up of hard thin- to thick-bedded dark-gray
chert, similar to the chert in the Rex. The Tosi is present
throughout most of western Wyoming, but it is absent in
westernmost Wyoming and adjacent parts of eastern Idaho.
The Tosi is underlain by the Retort phosphatic shale member.

. Tt is overlain by the Dinwoody formation in the southwestern

part of its area of extent, by the upper member of the Shedhorn
in the northwestern part, and by the Ervay carbonate rock
member of the Park City elsewhere. It reaches a maximum
thickness of about 75 feet in the Yellowstone Park area. The
Tosi consists mostly of laminated and structureless cherts in
the western part of its area of extent, and tubular and nodular
cherts in the eastern part. This areal distribution of chert
types is analogous to the vertical distribution; structureless and
laminated cherts generally occur at the base of the Tosi and are
overlain by nodular and tubular cherts. The Tosi is older
eastward as shown by the gradation of upper chert beds into
rocks of other units, and by the gradation of upper mudstone
beds of the Retort into chert.

These members of the Phosphoria formation are grouped into
two composite units, which are separated by tongues of the
Park City and Shedhorn. The lower unit is made up of the
lower chert member, Meade Peak member, and lower part of
the Rex member of the Phosphoria formation. The upper unit
is made up of the upper part of the Rex and the Retort and Tosi
members of the Phosphoria. Isopleth maps of the lower unit
show that in westernmost Wyoming and the adjacent part of
eastern Idaho, where the unit is thickest, it is dominantly dark
mud and carbonate; to the northeast it thins and chert becomes
dominant; finally, where it pinches out east of the Wind River
Range, sand becomes either dominant or prominent. Isopleth
maps of the upper unit show that in the Gros Ventre and Wind
River Ranges, where the unit reaches its maximum thickness of
about 80 feet, it is dominantly mudstone, and where it is thin.
away from this area, it is dominantly chert.

The Grandeur member of the Park City formation is a resistant
unit composed of hard light-colored carbonate rock. The
Grandeur probably is made up of two units of different age.
The older unit of Permian and possibly Late Pennsylvanian age
is about 350 feet thick and occurs in eastern Idaho; it overlies
the Wells formation and is overlain by the lower chert member
of the Phosphoria formation. The younger unit of Permian age
is 20 to 50 feet thick and occurs in western Wyoming; it overlies
the Tensleep sandstone and is overlain by the Meade Peak
phosphatic shale member of the Phosphoria formation. West-
ward the younger unit grades into the lower chert member of the
Phosphoria. These two parts of the Grandeur are probably
continuous across the Green River basin.

The Franson member of the Park City formation is composed
of limestone, dolomite, and light-colored mudstone. The lime-
stone is generally a thick-bedded to massive light-colored rock
made up of bioclastic grains of calcite. The dolomite is gen-
erally more argillaceous, softer, and thinner bedded than the
limestone of the Franson. Most of the dolomite is aphanitic to
very finely crystalline with a granoblastic texture; however,
some dolomite is pelletal or bioclastic. Mudstone of the Fran-
son is generally medium-hard thin-bedded to fissile light-colored
rock composed of quartz, silt, and clay. The Franson extends
throughout western Wyoming except for the Yellowstone Park
area and is thickest in southwestern Wyoming. Limestone is the
dominant carbonate rock in the Franson in the western part of
its area of extent and dolomite is dominant in the eastern part.
Light-colored mudstone is prominent in south-central Wyoming.
Beds of the Franson tend to show a vertical symmetry. Beds
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next to tongues of the Phosphoria are commonly limestone,
dolomite is commonly next to the limestone beds, and mudstone
is interbedded with the dolomite. The Franson interfingers
with the lower tongue of the Shedhorn sandstone in northwestern
Wyoming and with the Rex chert member of the Phosphoria in
westernmost Wyoming. In central Wyoming it interfingers
with the Goose Egg formation. East of the Wind River Range
the Meade Peak tongue of the Phosphoria formation is absent
and the Franson cannot be distinguished from the Grandeur
member of the Park City.

The Ervay member of the Park City formation is a resistant
unit made up of dolomite and limestone, similar to the dolomite
and limestone of the Franson. The Ervay extends over south-
western Wyoming and has a maximum thickness of about 80
feet in the Wind River Range. It is dominantly limestone in
the western part of its area of extent and dolomite in the eastern
part. In northwestern Wyoming it intertongues with the upper
tongue of the Shedhorn sandstone and in westernmost Wyoming
it interfingers with the Tosi chert member of the Phosphoria
formation.

The upper and lower members of the Shedhorn sandstone are
generally resistant units, composed of hard massive light-
colored sandstone containing very fine to medium-grained well-
sorted quartz sand. Both members are present over north-
western Wyoming and part of eastern Idaho. They are thickest
in the Yellowstone Park area where the lower member is about
95 feet and the upper about 35 feet thick. Both intertongue
southward with the Park City formation and westward with the
Phosphoria.

The sediments of Permian age in western Wyoming were
deposited cyclically. The generalized cycle consists from base
to top of the following sequence: (1) conglomerate overlying an
erosion surface, (2) red mudstone, (3) light-colored mudstone,
(4) light-colored dolomite and dolomitic sandstone, (5) inter-
bedded light-colored bioclastic limestone and calcareous sand-
stone, (6) nodular or tubular chert, (7) bedded chert, (8) light-
colored bioclastic phosphorite, commonly oolitic, (9) dark
dolomite, (10) dark pelletal phosphorite, (11) dark carbonaceous
mudstone, and in reverse order: 10, 9, 8, 7, 6, 5, 4, 3, 2, 1. A
perfect cycle with all phases present at a single locality has not
been found, but the sequence at all localities tends toward tbis
ideal sequence. Two such cycles are recognized, and the contact
between the two cycles falls about in the middle of the Franson
member of the Park City formation. Phases 1 and 2 above
belong to the Goose Egg formation; 3, 4, and 5 to the Park City
or Shedhorn; 6 and 7 to the chert members of the Phosphoria;
and 8, 9, 10, and 11 to the phosphatic-shale members of the
Phosphoria.

Lithofacies maps of the two rock cycles are similar but the
facies of the upper cycle lie farther to the northeast than the
equivalent facies of the lower cycle. Thus the lower cycle is
dominant in westernmost Wyoming and parts of eastern Idaho,
and the upper cycle is dominant in northwestern Wyoming.
They are of about equal thickness in southwestern Wyoming.
For both cycles, the Phosphoria facies is dominant in westernmost
Wyoming and parts of eastern Idaho, the Shedhorn facies is
dominant in the Yellowstone Park area, and the Park City
facies is dominant elsewhere.

The west-to-east sequence of facies is analogous to the vertical
sequence from the dark-mudstone phase 11 through the red-bed
phase 2 of the eycle. The relation between the two is one of
eastward transgressive overlap followed by regressive offiap.

The marine basin was deepest in westernmost Wyoming and
adjacent parts of eastern Idaho and became more shallow east-
ward and northward. Low-lying land masses were emergent in

northern Montana and southeastern Wyoming. Currents in
the Phosphoria sea probably flowed from north to south along
the shelf in western Wyoming, and the upper 200 to 300 meters
of the ocean probably welled up over the shelf. This upwelling
caused an eastward increase in the pH of the ocean waters as
they rose, were warmed, and lost some of their dissolved CO,.
The Eh of the. depositional environment also increased to the
east.

These changes in the physical and chemical environments of
deposition caused the sequence of facies in the Permian rocks.

.The cyclic sequences are caused by transgression and regression

of the areally zoned depositional environments. The transgres-
sions and regressions were probably caused by epeirogenic move-
ments, and the transgressions were probably more rapid than the
regressions.

Certain minor minerals in the Permian rocks of western
Wyoming occur preferentially in certain phases of the cycle.
Pyrite and gypsum occur most commonly in phases 3 and 9,
glauconite in phase 5, fluorite in phase 8, apatite in phases
5,6,7,9, and 11 (it is a major constituent in phases 8 and 10),
and carbonaceous material in phases 9, 10, and 11.

The Phosphoria formation of western Wyoming contains large
resources of phosphate rock and uranium, but these do not
compare in quantity with those of several other areas of the
phosphate field, notably southeastern Idaho. Beds of the
Phosphoria formation were probably the source of petroleum,
which migrated eastward into the reservoir beds of the Park City
formation and was trapped by the mudstone of the Goose Egg
formation.

INTRODUCTION

Sedimentary rocks of Phosphoria age that crop out
in Wyoming, Idaho, Montana, Utah, and Nevada show
diverse facies and complex stratigraphic relations.
These facies are in roughly concentric belts about south-
eastern Idaho and southwestern Montana (fig. 7). A
dark-shale, phosphorite, chert facies in southeastern
Idaho and southwestern Montana is bounded on the
east and south by a carbonate-rock facies and a sand-
stone facies in western Wyoming, northern Utah, and
northeastern Nevada. This in turn is bounded by a
red-bed facies in south-central Montana, central and
eastern Wyoming, northwestern Colorado, and possibly
east-central Utah. The change of facies occurs pri-
marily by intertonguing of and partly by gradation be-
tween lithic units. This intertonguing is so widespread
that stratigraphic sections made up wholly of one of
the facies are rare.

This investigation treats the rocks of Permian age in
western Wyoming and a portion of southeastern Idaho
(fig. 7). The area is bounded on the east by the 108th
meridian, and on the south by the Utah-Wyoming
border. The northern and western boundaries of the
area are irregular; a part of Montana north of the
Bighorn Basin is included, and the westermost areas
included are the Wyoming Range of Wyoming and the
Caribou Range of Idaho (fig. 8). Thus the Permian
rocks that are included in this area consist of the dark-
shale, phosphorite, chert facies in the west, the carbon-
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Fi6URE 7.—Index map showing location of area of this report and dominant facies of rocks of Phosphoria age.

ate facies in the east, the sandstone facies in the north-
west, and tongues of light-colored greenish and reddish
shales in the eastern part of the area that represent the
westernmost extent of the red-bed facies.

PREVIOUS INVESTIGATIONS

The U.S. Geological Survey began a study of the
western phosphate field in the early part of this cen-
tury. Several reports on rocks of Phosphoria age in
the present report area resulted from these early studies;
the most important of these are by Blackwelder (1911,
1918) and Condit (1916, 1918, 1924). Weeks and Fer-
rier (1907) and Schultz (1914, 1918) made reconnais-
sance studies of the phosphate field. Later, several
detailed studies were made on phosphate deposits in
smaller areas; King (1947) published his study on the
phosphate deposits of the southern Wind River Range,
and Gardner (1944) his study on the Teton Basin depos-
its in Wyoming and Idaho. Thomas (1934, 1948) and

McCue ! made a study of the relations between the red
beds and carbonate rocks in central Wyoming.

The work done previous to this investigation accom-
plished a number of noteworthy results. The outcrops
of Permian rocks in the area were almost completely
delineated. Many stratigraphic sections of Permian
rocks were measured and sampled. The three areas
that contain the richest phosphate deposits in the report
area were studied in detail; these are: the Lander area
(Condit, 1924; King, 1947); the Gros Ventre Range
(Blackwelder, 1911, and unpublished data); and the
area surrounding the Teton Basin (Gardner, 1944).

The early work left several problems unsolved. The
correlation of the lithic units between southeastern
Idaho and central Wyoming was unknown. Hence, it
was impossible to interpolate phosphate content of the
rocks between sample localities and thereby permit

1 McCue, James, 1953, Facies changes within the Phosphoria formation in the
southeast portion of the Big Horn basin, Wyoming: Wyoming Univ. M. A. thesis.
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calculations of regional reserves of phosphate and asso-
ciated elements. Tt also was impossible to marshal
stratigraphic evidence pertinent to problems related to
sedimentation and paleogeography. This lack of knowl-
edge of stratigraphic relations was reflected in the over-
simplified and piecemeal nomenclature.

PRESENT INVESTIGATION

The present investigation was undertaken for the
purpose of unraveling the stratigraphic problems of
Permian rocks in western Wyoming, to get a better un-
derstanding of the genesis of the rocks, and to calculate
resources of phosphate rock and uranium. This report
is the result of work done on behalf of the Division of
Raw Materials of the U.S. Atomic Energyv (‘ommission.
Fieldwork began in the summer of 1950 and continued
until 1954 under the guidance of V. E. McKelvey and
R. W. Swanson. In the summer of 1950, R. A. Smart,
H. W. Peirce, R. G. Waring, M. A. Warner, the late
J. W. Hill, and R. P. Sheldon measured and sampled
Permian rocks in the Gros Ventre, Hoback, and the
northern Wind River Ranges. In the summer of 1951,
Smart, Waring, Warner, Sheldon, T. M. Cheney, and
J. A. Peterson worked in the northern Wyoming
Range, the Caribou and Teton Ranges, and Yellow-
stone Park. In the summer of 1952, Cheney, Smart,
Sheldon, L. D. Carswell, and E. R. Cressman
worked in the southern part of the Wyoming Range.
In the summer of 1954, the author visited several of the
localities previously studied and also several localities
in the southern Wind River Range.

The abstracted sections and chemical analyses of
samples collected during this work have been published
by Smart and others (1954), Sheldon and others (1953,
1954), and Cheney and others (1954), and preliminary
analyses of the data have been published by Sheldon
(1955, 1956, 1957). The location of these measured
sections and other sections collected from various
sources is shown in plate 4 and table 1.

TaBLE 1.—Location, name, lot number, and source of stratigraphic
sections used in this report

Section Location ! Name and lot no. Source
) P, Yflzglmlzstone National | Quadrant Mountain. .| D. D, Condit, (1918).
ar’
U SR oo Red Creek; 1368_...___| This report, p. 160.
b F—— T.48N., R.115W., un- | Yorick Ridge...______ R.K, Hose,J. D. Love,
surveyed and J. L. Weitz
(written communi-
cation, 1949).
[: S Grand Teton National | Forellen Peak; 1369..__[ This report, p. 162.
ark.
[ S Sec. 15, T.58 N, R. 103 | . _ . ___ W. G. Pierce, and
W. R. P. Bryson (writ-
ten communication,
1938).
[ Sec. 5, T. 57 N., R. 103 | Clarks Fork, Yellow- | R. P. Bryson (written
Ww. stone River. fggg;nunication,
Y . Sec. 5, T. 56 N., R. 103 | ._.__ do._.._ ...| W. G. Pierce (written
W. communication,
1940).
- Sec. 30, T.56 N., R. 103 | ___ . . . . .. ... W. C. Warren (written
W. communication,
1937).

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

Tasre 1.—Location, name, lot number, and source of stratigraphic
seclions used in this report—Continued

Seetion Location ! Name and lot no. Source

[ I See. 11, T. 53 N., R. 103 | Trail Creck... - W. G. Pierce (written
w. izgm;numcanon

9a. . See. 33, T. 53 N, R. 102 | Shoshone River Stipp (1947).

Ww. Canyon.

14___. See. 1, T.6 8., R.24 E., | Pryor Gap__ L. R. Partridge.?
Montana prinecipal
base line and meridian.

15__ Sec. 28, T.7S.,R.25E., | Bowler_. Do.
Montana principal
bhaseline and meridian.

16____ Sece. 26, T.78., R.27 E., | Sage Creek_. . oo Do.
Montana prmmpa]
bage linc and meridian.

17..__ .. Sec.11, T.7S., R.28 E., | Dry Ilead Canyon . _ Do.
Montana prm('lml
base line and meridian.

18 .. Sec.32, T.88., R.26 E., | Bear Canyon____ Do.
Montana prmcmal
base line and meridian,

19 Sec. 1, T. 9 8., R. 28 E., | South Dry Ilead Do.
Montana princnpal
base line and meridian,

2. __. See.21, T.98., R.27E., | Gypsum Creek.... Do.
Montzma prmcnpal
base lineand meridian.

21 ___ 9ec22T58N R. 95

Sykes Ranch____ _ _ Do.

22 ... Sees 7and 8 T.57 N., |ocrocomacccmmicccraeas Ronald Willis.?
R. 94 W.

23 ... T.57 N, R, 94 W, 4| __ . ________. L. R. Partridge.?
miles north of Big
Horn River bridge on
Kane-Dayton high-
way.

24 __ Se&,%, T.57 N, R. 93| .. . __ P L. M. Taucher.2

25 ... Se{:)v 33, T.57 N, R. 93 |._ . ... ... Ronald Willis.?

26.._._ Secv28 T. 56 N., R. 95 | North Sheep Moun- L. R. Partridge.?

ain.

27 . Segv 31, T. 56 N., R. 92 | Fivesprings..__.______ Do.

28 ___ Se{:v 35, T. 54 N., R. 94 | South Sheep Moun- Do.

tain.

29 ... Center SE}SWY4 sec. | Phillips Petroleum Heikkila (1953).
28, T.5N., R. 4 E., Co., No. 1 Unit.

Boise base line and
meridian.

30..._. Sec. 18, T.4 N.,, R.44E. | TrenchE___________ .| Gardner (1944).
Boise base line and
meridian.

31 Sec.22, T.4N.,R. 4 E., | Trench D; 1409__._____.| Gardner (1944); this re-
Boise hase line and port, p. 164.
meridian.

320 ... Sec.34, T.4N.,R.44E,, | Trench F___._______ Gardner (1944).
Boisc hase line and
meridian.

33.___.. Sec. 6, T.3N.,,R.46E,, | Trench C_____________ Do.

Boise base line and
meridian.

34._ ... Sec.27, T.2N.,R.45 E.,| Trench G.______._____ Do.
Boise base line and
meridian.

36...... Sec.6, T.1N.,, R.46 E., | Section Y________ - Do.
Boise base line and
meridian.

37 .. Sec.17, T.1N., R.43 E., | Fall Creek; 1338.._____ This report, p. 165.
Boise base line and
meridian

38 ... Secs. 18,19, and 20, T.1 | Trench H__________. _.| Gardner (1944).
N., R. 46 E., Boise
base line and merid-
ian.

39 ... Sec. 31, T.18., R.45E., | Bear Creek; 1353___. . This report, p. 174.
Boise base line and
meridian.

0 N%NW%SE; sec. 23, | Sun Oil Co., Big Elk Neighbor (1953).
T.2S,R.4E,, Boise Mountain, No. 1.
base line and merid-

4a_ . T. 44 N. R. 111 W, un- | Togwotee Pass; 1327___| This report, p
surveyed Blackwelder (1911)

2 Seﬁs 151 fr{;rl 6, T. 42 N., Ggos Ventre Slide; This report p. 181.

43 SE%NE}«;SE% sec. 1, Carter Oil Co. Unknown.

T.42N., R. 114 W, Treglown No. 1.
4 Sec 34 T 42 N., R. 113 | Crystal Creek; 1323___| This report, p. 184
Blackwelder (1911),
R. W, Keeler,
W.J. Kivi
45 . __ Sec 29(?), T. 43 N., R. | Darby Creek__...__.___ This report, p 187.
46__ . Three-elghthe mile east | Moose Creek.______.___ Gardner (1944).

See footnotes at end nf table.

of milepost 179 on
Idaho-Wyoming
boundary.
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TaBLE 1.—Location, name, lot number, and source of stratigraphic
sections used in this report—Continued

Section Location ! Name and lot no. Source Section Location t Name and lot no. Source
47 . T. 41 N., R. 118 W,, | Hungry Creek; 1375___| This report, p. 188. 89__.___| NEMNWY4 sec. 30, T. | Carter 0Oil Co. Unknown.
unsurveyed. 7N, R.1E, Wind Madden No. 1.
48_ .. Two miles southeast of | Talbot Creek.._....... Gardner (1944). River base line and
intersection of Idaho- meridian.
Wyoming State lines 90 ... Sec. 20, T.42N., R.94 W_| Buffalo Creek....__.__ Tourtelot (1952).
gzud State Highway o1 ... Sec.21, T. 42N, R.M4W_| __________ 11T K((angtta) and Abrassart
[ J— Sec. 23, T. 41 N., R. 118 | Teton Pass; 1370__.__.. This report p.190; W, | 92______ Secs. 19 and 33, T.7 N., | Wind River Canyon..| Blackwelder (1911),
A J. Kivi R. Wind River W.J. Kivi; ?
50. ... Sec. 6, T. 41 N., R. 114 | Flat Creek; 1835_.__.._ This report p._192; base line and merid- James McCue.?
W. Foster (1947); Eliot
Blackwelder (written 08 ... Sec'; 3 and 10, T. 41 N., | GrassCreek._..________ James McCue.?
communication). 4 W,
[ Sec. 35, T.41 N., R. 118 oo caaeaae Eliot Blackwelder, 04 ... NW%SEV Sec. 15, T. | Continental Oil Co., | Unknown.
W. written communica- 6N, R.2 W. Wind Chatterton No. 20.
tion. River base line and
[ J— Sec. 12, T. 40 N., R. 113 | Six Lakes_. .. .._..... ThlS report p. 198, meridia;
W. 95.__...| Sec. 23, T 6 N,R.2W. | Carter Ol Co__..______ Collier (1920).
.5 T Sec. 7, T. 40 N., R. 112 | Darwin Peak.._.___.. Blackwelder (1918). Wind River base line
. X and meridian.
[ S— Sec. 17, T. 39 N., R. 112 | East Shoal Creek_.... This report, p. 199, 96 _____ Sec. 22, T.6 N., R.2W. | Ohio Oil Co.....___... Do.
. . Wind River base line
[ S Sec. 20, T.39 N., R. 112 | Dell Creek.........._. This report, p. 199. and meridian.
Ww. . 97 ... Sec. 29, T. 33 N., R. 115 | South Cottonwood This report, p. 235.
66 ... Sec. 17, T. 39 N., R. 110 | Tosi Creek; 1333 . _... This report, p. 200. w. Creek.
. . 98 ... Sec. 16(?), T. 81 N., R. | South Fork North W.J. Kivi.?
[ S Sec. 32, T. 39 N., R. 116 | Hoback (Counts This report, p. 204; 115 W. Piney
B Warm Springs). Blackwelder (1911). 99 ... Sec 8, T. 30 N, R. 115 Middle Piney Lake, This report, p. 236;
.- S— Sec. 34, T. 39 N., R. 115 | West Cream Puff ‘Wanless and others 1377.
Ww. Mountain. (1955) 100..... Sec 24 T.29N.,,R. 116 | TrenchDD___________ J. D. Love (written
[ J— Sec. 1, T. 38 N., R. 1156 | East Cream Puff J. D. Lovs, after A. Q. communication,
Ww. Mountain. Fischer (written W 1942).
communication); 101..._. Sec. 27, T.20 N., R. 116 | Trench AA__________. Do.
this report, p. 207. W.
60 ... Sec 12, T. 388 N., R. 115 | Buck Creek; 1332__._. This report, p. 208, 102..... SENWY Sec. 19, T. | General Petroleum This report, p. 241.
. 20N, R. 114 W. Corp., Lakeridge
61 ... T. 38 N.,” R. 116 W., | Martin Creek.......-. W.J. Kivi2 No. 43-19-G; 1390.
unsurve: yed. 103..... Sec.32, T.29 N,,R. 1156 | Trench II___________.. J. D. Love (written
62 ... T. 38 N., R. 117 W., | Wolf Creek_______.... ‘Wanless and others w. communication,
unsurveyed. (1955). 1942)
[+ S 37 N., R 117 W., | Bradley Mountain.__.. Do. 104. ... Se%r 4, T.28 N, R. 116 | Trench FF____________ Do.
unsurve ed. .
64.. ... Sesv 12, T.38 N., R. 111 | Rock Creek.._......._. This report, p. 211, 105 ... Se%.' 7, T. 28 N., R. 115 | Trench GGL_._..__... Do.
65 .. Sec. 10, T. 38 N.} R. 110 | Lime Creek.._._______ W. J. Kivi; 2 this 106 .. Sec. 17, T.28 N., R. 115 | Trench HH_____.__._. Do.
report, p. 211, ‘W., unsurveyed.
66 .- Sec 23 T, 38 N, R. 111 | Bartlett Creek; 1334___| This report, p. 212, 107 Se%r 7, T. 27 N., R. 114 | Deadline Ridge; 1380.. Thisreport, p. 250.
(i1 (- T, 36 N., R. 116 W., | Steer Creek; 1352...__ This report, p. 213. 108..... Sec. 35, T. 27 N.. R. 116 | Fontenelle Creek; 1379.| This report, p. 245.
unsu:ve ed. w. W.J. Kivi.?
68. ... Sec. 14, T. 43N R. 107 | Burroughs Creek; 1329_| This report, p. 217; 109 .. Sec 36, T. 2516 N., R. | J. R. Robertson, State | Unknown.
w. Keefer (1957). 15 W. No. 1.
69 ... 860(3821575’?)' T. 42 N., R. | DuNoir River___..._. This report, p. 220, 110 _. Se€v 4, T. 23 N., R. 116 | Wheat Creek; 1378__.__| Thisreport, p. 254.
1 .
70 .. Sec. 18, T. 42 N., R. 105 | Wiggins Fork.__..__... Love (1939). mi.._.. Sec. 17(?), T. 1 8., R. | South Fork of Little | Condit (1924).
w. . 2 W. Wind River base Wind River.
b4 T Sec.19, T.7N,, R.2W. | Muddy Creek._....... A. A. Milton.? li.ne and meridian.
Wind River base line 12.___. Sec. 21(?), T.1 8., R. 2 | Crooked Creek Can- | H. H, R. Sharkey,
and meridian, . . W. Wind River base yon. (written communi-
72__.._.| Secs.11 and 14, T. 41 N., | Little Warm Spring...| R. C. Weart.? line and meridian. cation, 1944).
R. 107 W 13._... Sec. 2, T. 2 8., R. 2 W, | South Fork Trout A. R. Schultz, in Con-
73 ... Sec. 36, T. 7N. Black Mountain_..._. Blackwelder (1911). Wind River base line Creek. dit (1924).
‘Wind River base ]ine and meridian.
and meridian. 114 ... SW14SEY4 Sec. 25, T. 1 | Atlantic Refining Co., | Unknown.
£ T 8ec. 25, T. 41 N., R. 107 | Jakeys Fork____...... R. C. Weart.? 8., R.4 E. Wind River Tribal No. 1.
w. X base line and meridian.
T4A ... Sesv 7, T. 40 N., R. 106 | Torrey Creek._....__. This report, p. 221. 15 Se%r 11. T.33 N.. R. 101 | Mexican Creek_.._..__ Condit (1924).
75 e Sec.6, T.4N., R.5 W, | Dinwoody Lakes; This report, p. 221; W. 116____. Sec. 18, T. 33 N, R. 100 | Baldwin Creek...._... Condit (1924); King
Wind River base line |  1325. J.Kivi;2 Blackwelder w. 1047).
and meridian. 3 (1911). . 17..... Sec 19, T. 33 N., R. 100 | Between Squaw Creek | King (1947)
76 ... Sec 36, T. 39 N., R. 109 | Sheep Mountain.__._.. Baker (1946); this and Baldwin Creek.
.reglrt, p. 224, 118..... Sec 29, T.33 N., R. 100 | Squaw Creek.______._. Do.
(. Sec 3 T. 38 N., R. 109 | Gypsum Creek....... Richmond (1945). w.
% unsurveyed ) 119___ .. Center N14SEY4 Sec. 10, | Stanolind Oil and Gas | Unknown.
79 . Sec. 22, T. 38 N., R. 109 | So. Fork Gypsum This report, p. 225. T.33N.,,R.9% W. Co,, No. 11 unit.
w. Creek; 1336, 120 .- Sec. 25, T. 33 N, R.101 South of Baldwin King (1947).
80 ... Sec. 10, T. 38 N., R. 108 | White Rock__..._.__.. Baker (1946). w. Creek.
W., unsurveyed. . 121.____ Sec. 25, T. 33 N., R. 101 | Between Squaw Creek Do.
81_.__.. Sec. 23, T.37 N.,, R. 109 | ..o oo Eliot Blackwelder w. and Baldwin Creek.
Ww. '(;wn;:ten communica- 122_____ Segv 6, T. 32 N., R. 100 | Hornecker Ranch____. Do.
10n, .
- Sec.2, T.2 N, R.4 W,, | Bull Lake; 1328______. This report, p. 229; 123..... Sec. 9, T. 82 N., R. 100 | Sinks Canyon.._...... Do.
‘Wind River base line Branson (1930). w.
and meridian, 124 ___. Sec. 31, T. 33 N., R. 93 | Conant Creek; 1330.__| Thisreport, p. 258; V.
84 .. T. 43 N, R. 100 W., 1 | Anchor_ ... This report, p. 234. w. L, White and R. M.
mile southwest of An- Thompson (written
chor. communication,
85 ... Sec. 8, T.8N.,, R.2E,, | Embar____.__.___.___. James McCue.? 1954).
Wind River base line 125. .. Sec. 28, T. 32 N., R. 100 | Table Mountain._.._. King (1947).
and meridian. w.
88 .. Sec. 35(?), T.8 N., R.2 | Mud Creek........_.. This report, p. 235. 126.... Sec. 25, T. 32 N., R. 100 | North Fork Willow Condit (1924); King
E., Wind River base w. Creek. 1947
line and meridian. 127 Se&r 36, T.32N., R. 100 |._.__ doo oL Condit (1924)
...... T, 2W., ings....| Collier (1920). . )
8 Sog o i B2 W, | Maverick Springs ilier (1020) 128..... Sec. 6, T. 31 N., R. 99 | Mat Weed Canyon. .| King (1947).
and meridian. w. . 0 d
8. ... Seg. 13(), 7 N, R.2 | Holland’s Raneh-.....- Darton (1906). 129...--. Sec. 1, T. 3L N, R. 100 ... 0 Do.

W., Wind River base
line and meridian.

See footnotes at end of table.
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TasLE 1.—Location, name, lot number, and source of stratigraphic
sections used in this report—Continued

Section Location ! Name and lot no. Source
130.__._ Sec. 12, T. 31 N., R. 100 | Little Popo Agie- ... King (1947).
W.

- .8, T.31N,R.OOW_[_____ [+ [ S, Branson (1916); Condit
131..__.| Sec.8, o Sine oy
132._... Sec. 17, T. 31 N, R. 99 | Cherry Creek_...___.. King (1947).

W'N R.99 W Red C W.J. Kivi.?
133..... T.31 N., R, . ed Canyon._.___..._ T, g
133A__._| Sec. 28, T. 31 N., R. 99 | Barrett Creek.._.__.___ King (1947).
Ww. 3
134 ... Sec. 26, T. 31 N., R.99 | Deep Creek..._....._. Condit (1924).
W.
135 ... Se‘c’v 34, T.31 N, R. 99 |..__. (0 0 T King (1947).
136 .. Secs. 11 and 12, T.30N,, Twin Creek_..._.__... Condit (1924).
R.99O W,
137._... NWINEY sec. 5, T. 31 | British American Oil | Unknown.
N, R.94 W, 1I:Imdl. Co., Govt.
0.1
138..... Sec. 10, T. 30 N., R. 97 | Beaver Creek....... .. Condit (1924).
W.
139 ... Sec. 7, T. 20 N., R. 97 |.___- A0 W(IQ%) Bell 2; Condit
o____. NWI4NEY{ sec. 20, T. | Carter Oil Co., Unknown,
20 N., R.96 W. Yellowstone Sheep
Co. No. 1,
141, ... SEYN W4 sec. 32, T.30 | Carter Oil Co., Do.
N,R. 93 W. }mmigrant Trail No|.
142 . Sec. 26, T. 29 N., R. 97 | Sweetwater Canyon...| W. G. Bell.?
W.
143..__. NW48WI{ sec. 17, T. | Bison Basin Oil Co., | Unknown.
27N., R.95 W. No. 1 unit. .
144 ____ Secs. 8 and 9, T. 23 N., | South Mountain Pit; | This report, p. 261.
R. 116 W. 1382,
M5 .. SE1{SW{ sec. 35, T. 22 | Union Oil Co., Govt. | Unknown.
N, R.115W. No. 1.
46, ... NWINEY sec. 30, T. | Union Oil and Carter Do.
20N, R. 115 W. ?il Co’s., Govt No.
47 Sec. 19, T. 19 N, R. 117 | Cumberland; 1346_____ This report, p. 263,
W. C. L. Walker.?
148 ... Sec. 9, T. 16 N., R. 116 | E. L. Doheny III, Unknown.
Ww. Barrel Springs No.
1.
148A....| SW1{SW{sec. 33, T.16 | Shell Oil Co., Leroy Do.
N., R. 117 W. 0.2,
149_.___ NWINWY see, 13, T. | Mountain Fuel Sup- Do.
19N, R. 104 W, ply Co., UP No. 2.
150..... NEYSEY sec. 18, T. 18 | Mountain Fuel Do.
., R, 103 W. Supply Co., Agnes
Fay No. 1.
151, ... NEYNEY sec. 21, T.16 | Mountain Fuel Sup- Do.
N.,, R. 104 W. ply Co., UP No. 1.

1 Unless otherwise noted, Township and Range are measured from the 6th principal
base line and meridian.
2 The following theses cited above were sources of stratigraphic sections: .
Bell, W. G., 1955, The geology of the southeastern flank of the Wind River Mountains,
Fremont County, Wyoming: Wyoming Unijv. Ph. D. thesis.
Keefer, R. W., 1952, Geology of the Red Hills area, Teton County, Wyoming:
Wyoming Univ. M. A. thesis.
Kivi, W. T, 1940, The stratigraphy of the Phosphoria formation of western Wyoming,
with notes on the occurrence of phosphate: Wyoming Univ. M. A. thesis.
McCue, James, 1953, Facies changes within the Phosphoria formation in the southeast
portion of the Big Horn Basin, Wyoming: Wyoming Univ. M. A. thesis,
Milton, A. A, 1942, Geology of the Circle Ridge-Spring Mountain area, Owl Creek
Mountains, Wyoming: Towa State Univ. M. A. thesis.
Partridge, L. R., 1949, The Phosphoria and Dinwoody formations, northern Bighorn
Basin, Wyoming and Montana: Wyoming Univ. M. A. thesis.
Taucher, L. M., 1953, Geology of the Cookstove Basin area, Bighorn County,
Wyoming: Wyoming Univ. M, A. thesis.

Walker, C. L., 1943, Geology of the Cumberland Reservoir-Little Muddy Creek
area, Lincoin and Uinta Counties, Wyoming: Wyoming Univ. M. A. thesis.
Weart, R. C., 1948, Geology of the northern flank of the Wind River Mountains,

_ Fremont County, Wyoming: Syracuse Univ. M. A. thesis.
Willis, Ronald, 1953, Geology of the Porcupine Creek area, Bighorn County,
yoming: Wyoming Univ. M. A. thesis.
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SAMPLE COLLECTION AND TREATMENT

Before describing the stratigraphy of the Permian
rocks of western Wyoming, the methods used in the
collection and analysis of data are summarized. These
techniques have varied somewhat in different parts of
the western phosphate field, and the reader is referred
to McKelvey and others (1953) for a general summary
of methods.

FIELD METHODS
SELECTION AND EXPOSURE OF SAMPLE LOCALITIES

Because of the comparatively small quantity of
phosphate rock in the Permian rocks of the report
area, the rocks have been measured and sampled with
less areal density than in the richer parts of the phos-
phate field in southeastern Idaho. Permian rocks crop
out in the area for a strike length of 450 miles, and an
attempt was made to sample the rocks about every
10 to 20 miles along the outcrop belts. The south-
eastern Wind River Range and the ranges surrounding
the Teton Basin contain about 150 miles of outcrop;
previous work there (Condit, 1924; King, 1947; Gard-
ner, 1944) was adequate for an evaluation of phosphate
deposits in the detail attempted for the rest of the
area. The remaining 300 miles of outcrop were studied
at 28 localities. Owing to the rugged terrain of much
of the area, regular spacing of sample localities was
impossible, and some belts of outcrop have been
sainpled at larger intervals than might be desirable.

In the eastern part of the area the rocks commonly
are sufliciently well exposed that only hand-trenching
was needed to expose the softer beds. In the western
part of the area, however, the shale members are at
best poorly exposed so that bulldozer excavations were
necessary.

Each measured section was assigned a lot number,
which is used to identify the locality of channel sam-
ples, chip samples, and bed descriptions. The lot
number of each locality is given in table 1.
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TECHNIQUES AND STANDARDS OF ROCK DESCRIPTION

In 1947 V. E. McKelvey and other workers formu-
lated methods and a set of standards for rock descrip-
tions made during this investigation. Some of these
are given below in order to define the terminology
used.

Unit designation.—Each unit or bed is designated by
a letter (or letters), showing the member to which the
bed belongs, and a number. These designations are
used in the descriptions of stratigraphic sections at the
end of the report. The Arabic numbers of the beds
begin with the stratigraphically lowest bed described
in the section and ascend consecutively to the highest
bed described. The letter designations for members
and formations are as follows:

Dinwoody formation (Triassic)
Formations of Phosphoria age:
Phosphoria formation:

To o______ Tosi chert member

M___.______ Meade Peak phosphatic shale member
R ____ Rex chert member
Rt _______ Retort phosphatic shale member
LC ______.___ lower chert member

Park City formation:
E _________. Ervay carbonate rock member
Fo__ Franson member
[ Grandeur member

Shedhorn sandstone:
US .. upper member
LS . lower member

Formations older than Phosphoria age:

Ws_ .. Wells formation (Pennsylvanian and Early
Permian)
S Tensleep sandstone (Pennsylvanian)

The standard way that beds will be identified
throughout this paper is giving the lot number for
locality, the unit letter (or letters,) and the bed number.

Sample number.—The sample number consists of a
number followed by the initials of the geologist who
described the bed. Only those beds that were actually
channel sampled were assigned a sample number.

Nature of contact with unit below.—The nature of the
basal contact of each unit is described as sharp-plane,
sharp-irregular, or gradational. If gradational, the
thickness of the zone of gradation was noted.

Rock names.—The field rock name is based on amount
of mineral components. A rock adjective was used for
all prominent components, and the rock noun was used
for the dominant component. The following common
rock nouns and adjectives were used (adjective in
parentheses):

Phosphorite (phosphatic)—pelletal, nodular, oolitic, piso-
litic or bioclastic apatite. Commonly recognized by dark
color, texture, and bluish-white bloom upon reaction with
concentrated HCl (Gardner, 1944, p. 14-17).

Mudstone (argillaceous)—clay and quartz silt.

Siltstone (silty)—quartz silt and minor amounts of clay.

Dolomite (dolomitic)—dolomite, distinguished in the field
by vigorous reaction of HCl on powder contrasted with
slight reaction on fresh surface, and by crystalline texture.

Limestone (calcareous)—calcite, distinguished by vigorous
reaction of HCl on fresh surface, and by erystalline texture.

Carbonate rock (carbonatic)—dolomite and calcite undif-
ferentiated. This term is used when the rock is either
calcareous or dolomitic; as such it reflects ignorance of
precise mineralogy, but it is also applied to mixtures of
dolomite and calcite.

Sandstone (sandy)—quartz sand.

Chert (cherty).

Hardness.—Soft, medium hard, and hard are the
terms used. Soft rocks are those that crumble or
show the imprint of the hammer head with a single
sharp blow of the hammer. Medium-hard rocks break
but do not erumble, and hard rocks do not break with a
single sharp blow. Other terms, such as plastic, brittle,
and friable, are used to supplement the hardness terms.

Color.—The color of all rocks was classified by com-
parison with a color chart prepared by R. A. Weeks
with the advice of E. N. Goddard based on, but more
complete in the dark colors than the rock-color chart
distributed by the National Research Council (Goddard,
1948).

Thickness of bedding.—As used here, the thickness of
bedding refers to the thickness of layers between visible
cracks parallel to stratification, and the range and aver-
age thickness is determined. The thickness of bedding
is translated into classes as follows:

Thickness (feet) Class
<0.02._ . ... fissile
0.02-0.2___________________.__ thin bedded
0.2-1.0____________________ thick bedded
>1.0_ .. massive

Fossils.—Paleontologists of the U.S. Geological
Survey systematically collected fossils from nearly
every fossiliferous bed described in this study. Their
fossil-collection numbers are indicated in the bed
descriptions, and refer to the register of localities
maintained by the Upper Paleozoic unit, Paleontology
and Stratigraphy Branch. Some beds are composed of
fragmented [ossils and were not collected for paleonto-
logic study. The presence of such fossil debris is in-
dicated in the rock descriptions, but no fossil-collection
numbers were assigned.

SAMPLING TECHNIQUES

Channel or bench samples generally were collected
from each bed over 0.5 foot thick from the phosphatic
shale members of the Phosphoria formation. At some
localities, however, only phosphatic rocks were sampled.
Except where circumstances dictated otherwise, at
least 12 pounds of sample were collected.
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LABORATORY METHODS
SAMPLE PREPARATION

All samples were crushed to minus ¥-inch mesh
and reduced to 10 pounds in a field laboratory estab-
lished at Montpelier, Idaho, using a combination jaw
crusher and Vezin-type splitter designed by W. P.
Huleatt (1950). The crushed samples were split into
two parts at the Geological Survey sample-preparation
laboratory in Denver, Colo., one was stored with no
further treatment and the other was ground to minus
20 mesh. From the latter, two 4-ounce splits were cut
and ground to minus 80 mesh for chemical analysis.

CHEMICAL ANALYSIS

All samples were analyzed for P,O; and acid-insoluble
content by virtually the same methods as those de-
scribed by Hoffiman and Lundell (1938). Most samples
were analyzed for ALQO; Fe,O;, and loss on ignition if
they were from zones having a thickness of more than
3 feet and a P,O; content in excess of 30 percent, or a
thickness of more than 10 feet and a P,O; content in
excess of 20 percent,

ROCK DESCRIPTION

A hand specimen was collected from each described
bed, and was examined later with a binocular microscope.
The rocks were tested with a drop of diluted hydrochloric
acid in order to better identify the carbonate minerals,
and the grain size of mineral components was measured
using a comparison card. Field rock descriptions were
then modified using these data as well as the analyses
for P,0; and acid-insoluble content.

TREATMENT OF DATA
ANALYSIS

Most of the data collected for this study are presented
in the detailed stratigraphic sections, pages 160-262.
The following data from these sections were entered on
punch cards designed by V. E. McKelvey and R. A.
Gulbrandsen: location and stratigraphic information;
fossil information; rock name; nature of basal contact;
thickness of bedding; hardness; abundance, size, and
texture of apatite grains; color; minor minerals; and
chemical data. These cards permitted rapid separation
of beds with similar characteristics as well as bed-
frequency counts of lithologic characteristics of in-
dividual members and formations.

INTERPRETATION OF CHEMICAL DATA

The interpretation of the chemical data has been
given by MecKelvey, Davidson, O’Malley, and Smith
(1953) and is summarized here. Nearly all the phos-
phate is in carbonate-fluorapatite, which has a com-
position of about 9CaQ-3P.0;, CaF,-C0.H,0. The
percentage of P,0O; multiplied by the conversion factor,
2.56, gives the approximate percentage of apatite.

The acid-insoluble content represents that portion
of the rock not soluble in aqua regia and not ignitable
or volatile at about 1,000°C. The acid-insoluble frac-
tion consists principally of silica, but it generally also
includes 10 to 30 percent of the total iron oxide,
alumina, and titania. Mineralogically it may be taken
as an approximate index of the total amount of detrital
minerals in the rock.

The remaining portion of the rock includes the CaQ
and CO, that is not in the fluorapatite as well as nearly
all the MgO, SO, and organic matter. Mineralogically
this portion of the rock includes calcite, dolomite, iron
sulfides, iron oxides, gypsum, and organic matter.

ROCK COMPOSITION

In order to construct isopleth maps, several assump-
tions about the composition of the rocks were made.
For chemically analyzed rocks estimation of the com-
position is relatively accurate. For rocks that have
not been analyzed chemically, the visual estimates of
dominance or prominence of mineral components were
used, and it was arbitrarily assumed that: (1) If a rock
noun is unmodified by a compositional adjective, the
rock is pure, that is, a limestone is 100 percent calcite,
(2) if a rock name is modified by one adjective, the
dominant constituent makes up 65 percent of the rock
and the prominent constituent 35 percent, that is,
a sandy limestone is 65 percent calcite and 35 percent
sand, (3) if a rock has two adjectives, the dominant
constituent makes up 60 percent of the rock and the
two prominent constituents 20 percent each, that is,
a cherty sandy limestone consists of 60 percent calcite
and 20 percent each of chert and sand. From these
assumptions, the total amount of each component has
been computed for each stratigraphic unit at each
locality. This computed amount is expressed in terms
of total feet-percent of the component, and is the
cumulative product of the percentage of the component
in each bed and the thickness of each bed. Thus,
feet-percent is a unit of measure of the total amount
of a component in a stratigraphic unit regardless of its
concentration. The total number of feet of any com-
ponent of a member at a locality may be found by
dividing the total feet-percent of that component by
100. Expressed mathematically, M,=percent of min-
eral M in bed ¢, T,=thickness of bed 1, FP,=M,T,; or
feet-percent M, in bed 4.

In u beds where i=1,2, 3, ..., i:ZIM,T,z
2 FP,=total feet-percent M in intervals of beds n=
i=1 Zn .

1 to n. i=1100 =total feet of M in interval of beds n=
1 to n.
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SYNTHESIS
CORRELATION

After columnar sections showing all the data for each
bed were plotted, adjacent sections were compared and
lithologic correlations were made (pls. 5-7). The infer-
ence of lithologic correlation is that 2 correlated beds
are continuous between the 2 localities, but in general,
it is impossible to prove this because of discontinuity
of outcrops. To add to the difficulties, alternative
correlations are possible in some places. Thus, a sub-
jective element enters some of the correlations because
a choice must be made between two or more possibili-
ties. Many of the dubious correlations were checked
further in the field for key beds, and those that were
still dubious or have not been checked are queried on
the correlation charts.

Two main criteria are used in correlation: (1) strati-
graphic position and sequence of rock types, and (2)
key beds. The former is the most important criterion
of correlation used in this study. As is discussed later
in detail, the rocks of Permian age exhibit cyclical
sequences of rock types, and correlation of large zones
of rocks is made by matching cyclic sequences of sec-
tions. After the major correlations are thus made,
apparently randomly ordered sequences of beds in sin-
gle zones can be matched in many places. Key beds
commonly are important in correlation, and are defined
as any beds that for one reason or another can be recog-
nized in several sections. For example, a thin highly
fossiliferous limestone bed in the midst of a finely crys-
talline limestone zone is present in several sections in the
northern Wyoming Range and aids in the correlation
there.

ISOPLETH MAPS

Most of the isopleth maps constructed for this study
show the areal variation, in feet-percent, of a single
constituent such as chert, sandstone, or mudstone.
Others show the areal variation of the total composi-
tional character of stratigraphic units.

Areas of dominance of 1 constituent, and prominence
of 2 or more constituents are shown. This was deter-
mined at each section as follows: If the difference
between the content of the most abundant constituent
and the content of the next most abundant constituent

is greater than the difference in content between any
" other two constituents, the section is dominantly
composed of the first constituent. If the difference
between the content of the second and third constituents
is greatest, the section is composed prominently of the
first two constituents. If the difference between third
and fourth constituents is greatest, the section is
composed prominently of the first three constituents.
This system of designation of dominance and promi-

666261 0—63——2

nence was proposed by Pelto (1954) and works very
well for this study.

Each map shows the sections used in the compilation
of that map. Not all the sections (pl. 4) were used
for every map, because some of the sections are incom-
plete and some are not described in enough detail.
For the maps showing the distribution of apatite, only
sections that were sampled and chemically analyzed
were used.

REGIONAL GEOLOGY AND TECTONIC HISTORY
OF WESTERN WYOMING

The outcrop pattern of Permian rocks in the report
area (pl. 4) is the result of a complex geologic history
since Permian time. Although it is beyond the scope
of this report to give the details of the geologic history
of western Wyoming, it is important to the under-
standing of genetic and economic problems to place
the Permian rocks in their geologic setting.

The Permian rocks in the western part of the report
area lie in the upper part of the Cordilleran geosynclinal
wedge of rocks deposited in Paleozoic and Mesozoic
time. The Paleozoic and Triassic rocks are chiefly
amagmatic and thus are classed as a miogeosynclinal
assemblage. The miogeosyncline lies to the west of
the North American craton (Kay, 1951, p. 4); the
boundary between the two lies roughly along the east
flanks of the Wyoming, Snake River, and Big Hole
Ranges in the report area. Deposition of sediments
in this geosyncline began in Precambrian time and,
although interrupted from time to time by periods of
erosion, continued until about the end of Cretaceous
time. During the Paleozoic phase of the geosyncline
development, more than 23,000 feet of sediments were
deposited in north-central Utah (table 2), and a lesser
thickness of sediments was deposited progressively
eastward; along the southern margin of the Absaroka
Range only 2,000 feet of sediments was deposited
(table 2). Despite this great difference in thickness,
the lithologic constitution of the Paleozoic rocks in
both geosyncline and craton is similar (table 2). The
Triassic and Jurassic systems show a similar thinning
eastward from the geosyncline to the craton. The
proportion of carbonate decreases eastward from 30
percent in the Snake River Range, Idaho, to 6 percent
in the northwestern Wind River Range, Wyo.; cor-
respondingly, the proportion of clastic rocks increases
eastward. The Triassic and Jurassic systems contain
much less carbonate and more red beds than the
Paleozoic rocks. The Cretaceous system is different
from either the Paleozoic rocks or the Triassic and
Jurassic systems. The rocks thin both eastward and
westward ; clastic material makes up most of the rocks,
and carbonate rock and red beds are scarce.
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TaBLE 2.—Lithologic constitution, in percent, and total thickness of rocks of the geosyncline and craton in western Wyoming and adjacent
areas

[Numbers in heading refer to localities given below]

Paleozoic rocks Triassic and Jurassic systems Cretaceous system
Constituent Geosyncline Craton Geosyncline Craton Geosyncline Craton
1 12 3 4 1] 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Percentage of constituent at each locality
2 ] 8 19| 219 20 [ [ [ 2321 260 | 276 45 | 258 |- 252 | 247 | 247 89 75
41 31 30 9] 14 23 27 |. 29 18 17 48 34 | 41 50 51 11 25
57 63 62 68 66 57 66 39 21 7 6 8 |- 7 2 1 0 0
0 0 0 2 3 0 0 42 23 41 50 54 |- 10 1 1 0 0
0 0 0 0 0 0 0 0 0 0 1 ) DN R 0 0 0 0 0
Thickness of all constituents at each locality (feet X 103)
23 18| 55| 651} 37| 3.5 2 I PR 1] 4] 19| 2.5 b2 PR I 44| 88| 9.7 43 1.3

1 Does not include all the upper Paleozoic rocks.
3 Includes red beds, which in part are sandstone.

Localities:

. Logan quadrangle, Utah (Williams, 1948).

Bear River Range, Idaho (Armstrong, 1953).

Snake River Range, Idaho (Gardner, 1944).

. Snake River and Hoback Ranges, Wyo. (Wanless and others, 1955).
Gros Ventre and Teton Ranges, Wyo. (Wanless and others, 1955).

. Northwestern Wind River Range, Wyo (Richmond, 1945).

. Southern margin of Absaroka Range, Wyo. (Love, 1939).

N o N

The Permian rocks roughly conform to the thickness
and compositional characteristics of the other Paleo-
zoic, Triassic, and Jurassic rocks, they thin to the east
on the craton and thicken to the west in the geosyn-
cline, and they are composed mostly of chert, carbonate
rock, sandstone, and shale. In central Wyoming the
Permian rocks are dominantly red beds. Despite
the occurrence of prominent amounts of chert, black
shale and phosphorite—which also occur in several of
the other systems in minor amounts—the Permian
rocks are genetically similar to and belong with the
miogeosynclinal and cratonic suites of rocks. As will
be discussed later, the facies of the Permian system
can be correlated with the geotectonic provinces in
which they were deposited.

The tectonic history during Paleozoic, Triassic, and
Jurassic time in the eastern part of the Cordilleran
geosyncline and the craton is relatively simple. Epei-
rogenic crustal movements caused many transgressions
and regressions of both the strand zone and sedimentary
environments. In this part of the geosynclinal
sequence no angular unconformities exist although
disconformities, identified mainly on faunal evidence,
are present. KEastward toward the craton, more dis-
conformities are present, shallow-water formations
pinch out, and low-angle unconformities are shown
by regional beveling of the rocks. Thus, the most
continuous sedimentation was in the geosyncline,
whereas sedimentation was interrupted most often
on the craton. This general history is reflected by

the Permian events. Two transgressions of sedi-

mentary environments were preceded and followed
by regressions. Sedimentation was nearly continuous
in the geosynclinal area, whereas minor erosion surfaces
have been recognized in the cratonic areas.

Deformation of the western margin of the geosyn-
cline began toward the end of Mesozoic time, and prob-
ably progressed eastward in a number of pulses.
The response, of both geosynclinal and cratonic rocks,
to the deformation differed from place to place. The
geosynelinal rocks themselves were complexly folded
and thrust faulted; on the other hand, the cratonic
rocks were folded into broad relatively simple folds
and n places faulted. Although the structure of the
craton locally is complex, regionally it is fairly simple.
Cenozoic orogeny has intensified the structural com-
plexity of the rocks of the geosyncline and craton,
and much of the rock was removed during Cenozoic
erosion.

DESCRIPTIVE STRATIGRAPHY

The rocks of Permian age in western Wyoming and
adjacent parts of Idaho are divided into several strati-
graphic units of diverse lithology. These are thin
and widespread, and their interrelations are complex.
The nomenclature, correlation, areal variations, and
petrography of these units are discussed below.

NOMENCLATURE

The history and current system of nomenclature of
Permian rocks in the western phosphate field have been
described by McKelvey and others (1956, 1959), and
no further general treatment need be given here.
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However, the system used in the report area is described
here briefly.

Three formations of Permian age, the Phosphoria,
Park City, and Shedhorn, intertongue in the report
area (pl. 8). A fourth formation, the Goose Egg,
intertongues with the Park City formation in the eastern
margin of the area (Burk and Thomas, 1956). These
formations are underlain by the Tensleep sandstone
of Pennsylvanian age in the eastern part of the report
area, and the Wells formation of Pennsylvanian and
Early Permian age in the western part. They are
overlain by the Dinwoody formation of Early Triassic
age over all the report area, but to the east the Goose
Egg formation includes beds equivalent to the Din-
woody formation. The Phosphoria formation con-
tains units of phosphatic shale and chert, the Park
City consists of carbonate rock and light-colored dolo-
mitic mudstone, the Shedhorn is composed of sandstone,
and the Goose Egg is made up of red beds.

The nomenclature of Permian rocks in the major
mountain ranges is summarized in figure 9. The lower
chert, Meade Peak phosphatic shale, Rex chert, Retort
phosphatic shale, and Tosi chert members make up the
Phosphoria formation from base to top. The Grandeur,
Franson, and Ervay carbonate rock members make up
the Park City formation from base to top; and the
Shedhorn sandstone is made up of the lower and upper
members. From place to place the sequence of units
present changes in detail because of the intertonguing
and lensing in and out of units. The intertonguing of
the formations gives rise to complications in the desig-
nation of subformational units as either members or
tongues. At any one locality the subdivisions of the
formation that dominantly makes up the interval of
Park City age are called members and the subdivisions
of other formations there are called tongues. This is
illustrated diagrammatically in figure 10.

Criticism of this nomenclature system has arisen on
several counts since its publication. J. D. Love (1957,
p. 39) states, concerning the Permian rocks in the Wind
River Range,

Recently McKelvey and associates have reintroduced the name
Park City for these rocks. They did this by correlating the type
Park City formation in Utah with the Phosphoria formation in
western Wyoming, and the Phosphoria in western Wyoming with
their Park Cily of central Wyoming (McKelvey and others, 1956,
figs. 1 and 2). However, until such time as continuity is estab-
lished between the type Park City and the Permian rocks in
central Wyoming without going through the area of the Phos-
phoria in western Wyoming, the writer is reluctant to call the
strata in the western Wind River Basin anything but Phosphoria.
This statement is misleading because although the
Park City of Utah was correlated through the Phos-
phoria of western Wyoming into our Park City of
central Wyoming, the Franson member of the Park

City formation can be found in every outcrop from the
type section of the Park City in Utah north to the
Wyoming Range and from there east to the Wind
River Range and Wind River basin (McKelvey and
others, 1959, pl. 3; figs. 7, 8, 10, 13). Furthermore, the
Franson member of the Park City formation is present
in wells in the Rock Springs uplift (Cheney and Sheldon,
1959, fig. 3). Thus the continuity of the Franson from
its type locality into central Wyoming is as well estab-
lished as the continuity of tongues of the Phosphoria
or formations such as the Nugget sandstone of Triassic
or Jurassic age or the Mesaverde formation of Creta-
ceous age from their type locality into central Wyoming.
A more serious criticism is that the name Phosphoria
should be applied to all rocks of Phosphoria age in the
western phosphate field rather than restricting the
name to the black-shale, chert, and phosphorite facies.
The justification for this action has been presented by
McKelvey and others (1959, p. 10-11) and need not
be repeated here. However, despite the logic and
utility of recognizing the facies in the system of nomen-
clature, the established usage of the name Phosphoria
by oil geologists in central Wyoming makes actual
replacement of the name Phosphoria by Park City
nearly impossible. A practical solution to this dilemma
is to use the term “rocks of Phosphoria age” or simply
‘““the Phosphoria interval’” ? for these rocks when a
time-rock name is needed and using the plan of McKel-
vey and others (1959) when the details of stratigraphy
are discussed or mapped. This procedure is followed
in this paper.

ROCKS OF PHOSPHORIA AGE
DEFINITION AND CONTACTS

The rocks of Phosphoria age are defined as those rocks
that are of the same age as the Phosphoria at its type
section in southeastern Idaho. All the Permian lithic
units in the report area are of Phosphoria age except
the Grandeur tongue of the Park City formation in the
western part of the area, that is, in the Caribou, Big
Hole, and southern Wyoming Ranges (fig. 9). The
lower age limit of the Permian rocks of the interval
elsewhere in the area differs only slightly from place to
place as judged by key beds. The upper contact of
the interval is nearly synchronous throughout the
report area, also as judged by key beds.

The lower contact changes in character from place
to place in the report area. In the eastern part of the
area rocks of Phosphoria age rest on an erosion surface,
with a few inches to a few feet of relief, developed on
the Tensleep sandstone; the basal beds of the Phos-
phoria interval commonly are conglomeratic. In the

2 See McKee and others (1959, p. 5) for a definition of interval.
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Bighorn Basin, possibly as much as 130 feet of the Ten-
sleep sandstone was eroded before the Permian rocks
were deposited (Agatston, 1954, p. 557). In the Du
Noir area, Wyoming, Keefer (1957, p. 174-175) reports
a basal conglomeratic bed 5 to 15 feet thick containing,
at one place, pebbles as much as 2 inches in diameter.
The relief on the erosion surface decreases westward.
At Bull Lake in the Wind River Range the surface has
several feet of relief (Branson, 1939, pl. 2, fig. 1; 1930,
p. 8). Farther to the west, at Flat Creek in the Gros
Ventre Range, the erosion surface, which lies beneath
a lenticular conglomerate a few inches thick, has only
a few inches of relief. In the northern Wyoming
Range no erosion surface has been seen but a conglom-
erate layer a few inches thick is at the base of the inter-
val. In the western part of the area, the Grandeur
tongue of the Park City conformably underlies the
rocks of Phosphoria age and neither conglomerate beds
nor erosion surface has been seen. The nature of the
basal contact of the Grandeur tongue of the Park City
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M O N T A N A EGG FORMATION
onTa 2
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Index map for figure 9. Symbols and patterns same as for figure 9.
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FIGURE 10.—Diagram illustrating member-tongue nomenciature.

with the Wells formation was not determined at any of
the localities studied because of cover.

The upper contact of rocks of Phosphoria age with
the Dinwoody formation is conformable at all localities
studied. The lithic character of the uppermost beds
of Phosphoria age changes from place to place (Sheldon,
1957, fig. 20). In the western part of the area it is
commonly either dark mudstone, dark carbonate rock,
or phosphorite. In the central part of the area it is
generally chert. In the eastern part it is carbonate
rock, and in the northwestern part it is sandstone (pl.
8). This areal variation in lithic character of the
uppermost beds of the interval is due largely to facies
changes, as will be discussed in detail later.

The Dinwoody formation, which overlies rocks of
Phosphoria age, is composed of three units in western
Wyoming (Newell and Kummel, 1942, p. 945; Kummel,
1954, p. 167-170), the basal siltstone, the Lingula
zone, and the Claraia zone. Newell and Kummel
postulate overlap of the upper beds on the lower beds
toward the east, and suggest, therefore, that the Din-
woody disconformably overlies the Phosphoria interval
in the eastern part of the area. Thus, despite the lack
of evidence of a disconformity shown by the rocks
themselves, considerable time possibly elapsed between
the deposition of the uppermost Permian and deposition
of the lowermost Triassic beds in the eastern part of the
area. Oriel (sn McKee and others, 1959, p. 3-4) has
studied existing data and offered another possible inter-
pretation of the detailed stratigraphy of the Dinwoody
formation. He suggests that regressive overlap instead
of simple overlap explains the facts equally as well.
If this is true, the basal Dinwoody béds throughout the
area of their study are about the same age and little
if any time elapsed between the deposition of the upper-
most Permian and deposition of the lowermost Triassic
beds. Additional evidence for continuous deposition
from Permian into Triassic time is that in a crude way
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FI6URE 11.—Diagram showing northeastward regressive overlap from Permian into Triassic time in Idaho and Wyoming. Triassic part modified from Kummel (1954).

the facies of the lowermost Triassic beds apparently
match the facies of the uppermost Permian beds.
Where the uppermost beds of the Phosphoria interval
are phosphatic shale of the Retort, the immediately
overlying Dinwoody beds are dark- to olive-gray shale;
similarly the Tosi chert of the Phosphoria is overlain
by the basal siltstone of the Dinwoody, the Ervay and
upper Shedhorn are overlain by the Lingula and Claraia
zones of the Dinwoody, and in the central Wyoming
red beds of the Goose Egg and Permian red beds are
overlain by Triassic red beds (fig. 11). If, with a
complete study this apparent coincidence of Permian
and Triassic facies is real, it would be poorly explained
by Newell and Kummel’s overlap hypothesis. On the
other hand, it would be well explained by Oriel’s re-
gressive-overlap hypothesis combined with continuous
deposition from Permian into Triassic time and a change
in depositional environments. However, no clear
choice between these two hypotheses can be made
without further physical stratigraphic and paleontologic
work.

THICKNESS

The thickness of rocks of Phosphoria age ranges from
about 30 feet to about 465 feet in the report area. In
general, the rocks thicken to the west and thin gradually
to the southeast and more abruptly to the north (fig.
12). In the northeastern part of the area the thickness

changes erratically; this is due mainly to the deposition
of Permian sediments on the irregular erosion surface
developed on the Tensleep sandstone (Agatston, 1952;
1954, p 557). Elsewhere the sea bottom was a rela-
tively flat surface and sedfments were deposited in
more uniform thicknesses.

AREAL VARIATION OF LITHIC CHARACTER

Rocks of Phosphoria age in western Wyoming show a
wide variation of mineral composition and texture.
The areal variation of dominant lithologic character of
the interval is shown in a general way on figure 7 and
in more detail on figure 13. In the western part of the
area dark mud, apatite, dark carbonate, and chert are

- dominant or prominent; in the northwestern part sand

is dominant or prominent; in the eastern part carbonate
is dominant; and near the easternmost edge of the
area light-colored mud is prominent. Still farther to
the east, out of the report area, red mud is dominant.

These areal variations in composition are reflected by
the isopleth maps (figs. 14-20), which show the areal
variation, in feet-percent, of each component. The term
“feet-percent’’ is explained on page 58. Isopleth maps
for dark mud, apatite, and chert are shown in figures
15-17, and their sum is shown in figure 14. These are
the Phosphoria rock types, and they increase westward
to more than 14,000 feet-percent in the Wyoming and
Snake River Ranges.
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munication, 1956). Where available,
thickness is given in feet

©47-49
Composite-sample locality



66 GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

EXPLANATION

ONE PROMINENT CONSTITUENT

Sand

N\

Carbonate minerals

v

Dark mud, apatite,
and chert group

Light-colored or red
mud

TWO PROMINENT CONSTITUENTS

Carbonate minerals, and dark
mud, apatite, and chert group

F
%
Sand, and dark-mud, apatite,
and chert group

®82

43°

Carbonate minerals, and

©99 light-colored or red mud

I DAHO

10
THREE PROMINENT CONSTITUENTS

108 CRARIHIR
QLR

7

]

!

1

]

)

1

|

| NN :
Carbonate minerals, light-colored

xR, ‘or red mud, and dark mud,

]

4

'

)

I

1

A2 e e

apatite, and chert group

1496 Sand, carbonate minerals, and
AN dark mud, apatite, and chert
U T A H 150 ® group

o 64
a5 Sample locality
{pl. 4)

o 110-144

41° Composite-sample locality

COLORADO

10 20 30 40 50MILES
" 1 i e 1

FI16URE 13.—Lithofacies of rocks of Phosphoria age in western Wyoming. The Grandeur tongue of the Park City formation is excluded in the western part of the area.



STRATIGRAPHY AND MINERAL RESOURCES, PERMIAN ROCKS IN WYOMING 67

112° 111° 110° 109° 108°
.54 EXPLANATION
B 17
M @) N T A N A Ao e "0 —— 6000—
A 5 18 Contour showing feet-percent
. C N~ P 380 0® dark mud, apatite and chert
45— .-|- - S —————— _\_ ———ee D e —— —%1‘-—' - 'T =1 Contour intervol 4000 feet-percent
1 6 22% 0 24
] sl - 2 # e
I 1| YELLOWSTONE ( . 320 %% 0o Sample locality
AN H 0 27 Upper figure is locality number (pl.
)’ ~ b 2625 0 4); lower figure shows feet-percent
k H A 9 28 o dark mud, opatite and chert
e I \‘I NATIONAL / 2585 230
) I (= i e110-144
Composite-sample locality

2

(=]

o

44\) — !
3355
31 68 e [ L]
9050, l 7185 %, 87
| —— 50 73 45887 .
47-49 10523 , /4517 9 5412 o 89 920 o
g.’.?—rs-gt—f_“'sz * 2510 1970 ‘93

53
10000 N /23, 14000 1980
/0/30 38 ,./5‘37 58 N\ 75
10108 /0596 9 < 8469°

/0743 /3629 64

82
12985 L]
/4797 8006
4300 | 79/2

111
8907
EN

116
®69/2

RS,

o 131

0007

99
® /3902

I DAHO!
° 2255

108
H 146/3°
W YO M I G
420[’ —_——— | /578:
* 145
| 12700
! 149
7505
[ ]
150
U T A H : 8255.
o 148a
12923 151
) 5825
i
a1°

T
1
1
]
1
1
1
1
1
]
|

COLORADO

10 0 10 20 30 40 50MILES
[ N NS N W—

FIGURE 14.—Areal variation in dark-mud, apatite, and chert content of rocks of Phosphoria age in western Wyoming.



68

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

1120 111° 110° 109° 108°
lr old
0
15 1 4
M O N T A N A o° b ©
18 19
v~ 5 L4 20 ©
45° |—1 C \f\_._____/‘ 0 0 *0 0 —
- [pep————— i S NP4 NN S 56T
ﬂ ol F\ 6 0 27 90 24
! o0 22 T
)
l. vELLowsTONE | { r %e 2|,
p 0 27
),J\'\\ I ) .g Po}
k ' | T~ 9 o3
. .
b ~-S '] NATIONAL p 3* o8
\ <, 3
|. PARK C
c
| 2
I L_ %0 ) .
1 4
44> N G0
41
197®
68 (o) 85
50 °203 %7 9532
47-49 3573 /4 44 92 ¢
3809 o /%728 515 %
52 &3 93
4294..3390 240
57 58 ——""54
5944/ 6749 __% 6410
62 * 655 .
140,
[ 7137 64
6200 8296
124
/053¢
1(3)7,
141}
o 102 515
6/37 140
640
6845
. 110-144
4200 ! o 6323
w Lf 7
145
, ® 119007
[}
I
UTAH !
!
| o 148a
! 7085
1
a1° ,
- - 4- —_— _— - - .
: COLORADO
10 0 10 20 30 40 50MILES
Laerad 1 i A ]

FIGURE 15.—Areal variation in dark-mud content of rocks of Phosphoria age in western Wyoming.

EXPLANATION

o
Contour showing feet-percent
dark mud, generalized in
some areas
Contour intervoi 2000 feet-percent
4
0
Sample locality
Upper figure is locality number (pl. 4);

lower figure shows feet-percent
dark mud

o 110-144
Composite-sample locality



STRATIGRAPHY AND MINERAL RESOURCES, PERMIAN ROCKS IN WYOMING

1120 111° 110° 109° 108°
14
*o
s RY
M O N T A N A o oe °
A 18, L5 19
45°— C N 8_ AR
) —R"—" . - 201‘.23"
[
' ®288 . © 2 0205'23
|. YELLowsToNE  [{ 7 20 0 (&
A 8
H ~ \> ®o0
k | iy = 9 28
Ll o~ \\l NATIONAL _J o* 0
[ \ A e9a
1 ”’P ’
|, PARK C
il
283
68
®202 87 ° 02
292 s 105
73 3
192° ¢o 93
80
75
435
82e
708
111°
317 116
W YO M 1 NG
4l i 1846 I
T ////
]
! 149
56572
L]
UTAH , 150
t 2052
148
148a, /0007 151e
12657 1252
1
i
S R X
.' COLORADO
10 0 10

2'0 30 410 S50 MILES
L 3

Livaal 1

FIGURE 16.—Areal variation in apatite content of rocks of Phosphoria age in western Wyoming.

69

EXPLANATION

2000 -——
Contour showing feet-percent
apatite
Contour intervol 500 feet-percent

o 29
1407
Sample locality
Upper figure is locality number (pl. 4);
lower figure shows feet-percent opatite

e 110-144
Composite-sample locality



70

45°

44°

43°

42°

41°

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

112° 111° 110° 109° 108°
14
*o
17
L ]
M O N T A N A 3% e8¢
A ol8 19
C \_/\____/J Jgo 0.28 *0 |
= —m—————t - —— - ———t————— 23 T
] 21" ¢ /05
o 1 090 ¢ 0024
| 3/60 0 %5 )
1l YELLOWSTONE 0206 .27
J,J\«\ | z
. 028
---f'\,/\-l\ \\: NATIONAL / 530
| 7
l: PARK N
| 2
! ® 5009 H
[N\ *5%09 .
\r
%o\
o 58 87
6983 5596
o73
4420
.75
4845
o 82
5413
1119
5057
| DAHO
M I N
T  —=—-- T
i
§ @
UTAH ., >
] 150
2300
148a (90 151
®575 v 25207
i
0
200
L

"COLORADO

10 o] 10 20
[

1 1 —

40 50 MILES
'

FIGURE 17.—Areal variation in chert content of rocks of Phosphoria age in western Wyorning.

EXPLANATION

2000
Contour showing feet-percent
chert
Contour interval 2000 feet-percent

o 102
4821
Sample locality
Upper figure is lacality number (pl. 4);
lower figure shows feet-percent chert

0110-144
Composite-sample locality



STRATIGRAPHY AND MINERAL RESOURCES, PERMIAN ROCKS IN WYOMING

112° 111° 110° 109° 108°
M O N T
45° C N A e
[} ‘Cl,
I- YELLOWSTONE
J,J\\ | o
1 ./
._,—-’\‘,/\—g l\ ' /NATIONAL /
gy
l. PARK §
s
441
43°H < T
111 ((
16693
I DAHO %3
*2084
25"00
/o]
15678
§ W Y|O M1 N|G
110-144
4ol _ _— o /7097
.3%52
149
000 13795
U T A H P 20000 1;4520
148a o ./4630
30975 000
\9
4l°r__ o __ _ . I
T""COLORADO
10 0 10 20 30 40 50MILES

71

EXPLANATION

15000 ——

Contour showing feet-percent
calcite and dolomite
Contour interval 5000 feet-percent

149
®/3795

Sample locality
Upper figure is locality number (pl. 4);
lower figure shows feet-percent
carbonate

e110-144
Camposite-sample locality

FicURE 18.—Areal variation in carbonate content of rocks of Phosphoria age in wesiern Wyoming.
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An interesting feature of the distribution of apatite
and chert (figs. 16, 17) is that although both generally
increase to the west, where the apatite shows local con-
centrations, chert shows local impoverishment. Chert
and dark mud have a somewhat similar inverse rela-
tionship. The areal distribution of dark mud (fig. 15)
shows that the maximum mud accumulation in the
report area was in western Wyoming. However, the
quantity of dark mud in southeastern Idaho is greater
than in any part of western Wyoming, so that dark mud
also shows a general westward increase. Chert in the
Phosphoria interval extends farther east and north
than the dark mud and apatite.

Carbonate rock of the Phosphoria interval shows a
general southwestward increase, and exceeds 20,000
feet-percent in southwestern Wyoming (fig. 18). The
area containing more than 20,000 feet-percent of car-
bonate rock extends as far northward as the southern
Wind River Range. North of this the carbonate con-
tent decreases and no carbonate rock is present in the
Phosphoria interval in northern Yellowstone Park.

Sand in the Phosphoria interval exceeds 2,000 feet-
percent in a linear area extending from Yellowstone
Park southward to southwestern Wyoming (fig. 20).
The quantity of sand exceeds 10,000 feet-percent in
Yellowstone Park and decreases southward to less than
4,000 feet-percent in the Wyoming Range. In south-
western Wyoming the sand content of the interval in-
creases again to more than 4,000 feet-percent.

Light-colored mud is absent in the western part of
the area and increases to the east (fig. 19); in the ex-
treme eastern part of the area this material amounts to
over 14,000 feet-percent.

This areal variation by and large is caused by the
interfingering of lithic units of differing lithology. The
character of these units and the stratigraphic relations
between them are described below.

PHOSPHORIA FORMATION

The Phosphoria formation in the report area is
divided into five members which from base to top are:
(1) the lower chert, (2) the Meade Peak phosphatic
shale, (3) the Rex chert, (4) the Retort phosphatic shale,
and (5) the Tosi chert. In most of the report area,
tongues of the Franson member of the Park City forma-
tion or the lower member of the Shedhorn sandstone
divide the Phosphoria formation into two parts, the
lower sequence consisting of the lower chert, the Meade
Peak, and the lower beds of the Rex member, and the
upper sequence consisting of the upper beds of the Rex
and the Retort and Tosi mewmbers.

LOWER CHERT MEMBER

The lower chert member of the Phosphoria formation
is a thin unit that extends over a relatively small area.

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

This member, by definition, contains only chert beds.
The chert is generally relatively pure; a few of the beds
described, however, are calcareous, argillaceous, phos-
phatic, or sandy. The chert beds are generally hard,
thin bedded to thick bedded, and dark gray to medium
gray. Some beds contain sponge spicules.

The lower chert member occurs in a linear belt that
approximately coincides with the boundary between
the geosyncline and the craton. The unit crops out in
the southern Teton Range, in the eastern part of the
Wyoming Range, and in the southwestern part of the
Gros Ventre Range. The lower chert is thickest at the
southern end of the Wyoming Range and thins to the
north and east. At Fontenelle Creek (pl. 6) it is about
40 feet thick, to the north at Middle Piney Lake (pl. 6)
it thins to about 30 feet thick, and at Hungry Creek in
the southern Teton Range (pl. 6) it is about 10 feet
thick. To the east the unit thins to about 5 feet at
Flat Creek (pl. 5), and locally in the central part of the
Gros Ventre Range, as at Crystal Creek (pl. 5), it is
absent.

The stratigraphic relations of the lower chert are
complex. To the north and east the unit grades into
carbonate rock of the Grandeur member of the Park
City formation (pls. 5, 6). The unit also grades into the
upper beds of the Grandeur member of the Park City
formation to the south in Utah (T. M. Cheney, oral
communication, 1957). To the west, the lower chert
grades into the Meade Peak phosphatic shale member
(pls. 5, 6).

The lower chert probably transgresses time planes and
becomes younger to the east. In the western part of
the area of its extent, that is, in the southern Teton
Range and in the Wyoming Range, the beds that make
up the lower chert member grade eastward into carbon-
ate rock in the Hoback Range (pl. 6) or possibly pinch
out to the east, as shown by the Lakeridge Well No.
43-19-G (pl. 6). The lower beds of the Meade Peak
overlying the lower chert member in the Wyoming and
Teton Ranges grade eastward into chert in the Gros
Ventre Range. Thus, in the Gros Ventre Range the
lower chert is younger than in the Teton or Wyoming
Ranges. In the Hoback Range (pl. 6) and in the
Lakeridge Well No. 43-19-G core the lower chert
member is missing, because here the twe parts of the
lower chert member do not overlap. However, farther
to the north in the Teton Range the two parts of the
lower chert member overlap, so that there they are
continuous (pl. 6).

MEADE PEAK PHOSPHATIC SHALE MEMBER

The Meade Peak phosphatic shale member of the
Phosphoria formation is a nonresistant dark unit
made up of phosphorite, mudstone, and carbonate rock.
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The unit is complex in that the sequence of rock
types, the facies, and the thicknesses are diverse.

PETROGRAPHY

Phosphorite—Phosphorites of the Meade Peak phos-
phatic shale member are mostly soft thin-bedded dark-
to medium-gray pelletal rocks that contain no promi-
nent amounts of material other than apatite. The
lithic characteristics of the phosphorite beds in the
Meade Peak are shown by histograms in figure 21.
These histograms are derived from all the phosphorite
beds described; thus, any widespread bed that is de-
scribed from several localities appears more than once
in the histograms.

The phosphorite in the Phosphoria formation is com-
posed of the mineral carbonate-fluorapatite (Altschuler
and others, 1953). Owing to small crystal size, much
of the apatite is apparently isotropic under crossed
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nicols; however, anisotropic apatite is common, par-
ticularly where it occurs as phosphatic brachiopod-shell
fragments or fish-scale fragments. The refractive
indices of the ordinary ray of apatite from diverse rock
types fall within a narrow range of values (table 3).
Apatite occurs in several forms (Sheldon, 1957, p.
116-119) including spheroids, fossils, bioclasts, crystals,
and cement. These forms are described below.

TaBLE 3.—Optical properties of several apatites from the Permian
rocks of western Wyoming

Lot No. No , | Birefring-
and bed | A=5,800 A ence Apatite form Rock type
(No-Ne)
1325; F-20._. 1.60 | Weak._.__. Orbiculoid brach- Dolomite, pale-brown
iopod shell. (7.5YR 5/2), slightly
phosphatic, glau-
conitic, and sandy.
1333; Rt-41. 1.61 ] 0.003...___. Amber-colored Phosphorite, dolomitic,
brachiopod pale-brown (7.5YR
hioclast. 5/2), slightly glau-~
conitic.
Do..... 1.61 | Very weak.| Brown pellets______ Do.
Do..... 1.81 | Very weak. Brozntish—b]ack Do.
pellets.

1390; Rt-77. 1.61 | O ... Black pellets........ Mudston%phosphatic,
black (N 10},
slightly pyritic.

Do 1.61 | Weak______{___.. Ao . Do.

Most of the phosphorites of the Meade Peak are
made up of spheroids (fig. 21). Spheroids of apatite
include pellets, oolites, nodules, pisolites, and com-
pound nodules. Pellets and oolites are defined as
smaller than 2 mm, and nodules, pisolites, and com-
pound nodules are defined as larger than 2 mm. Pellets
and nodules are structureless, whereas oolites and
pisolites have a concentric structure. The concentric
structure is due both to shells of apatite of different
colors and shells of apatite in different degrees of
crystallization. Most of the coarser crystallites of
apatite are resolvable under the microscope and are
commonly oriented with their fast ray, and therefore
their crystallographic ¢ axis, normal to the circum-
ference of the spheroid. The shells of microcrystalline
apatite are in general lighter in color than the shells of
isotropic apatite. Compound nodules are spherical
aggregates of spheroids cemented with apatite.

The grain size of spheroids in the phosphorites ranges
from 1/16 mm to about 20 mm in diameter, but most
of the phosphorites are composed of grains less than
4 mm in diameter (fig. 21). Many of the phosphorites
are well sorted (fig. 21). Eleven sieve analyses of
spheroids from phosphorites were made and the results
are shown in table 4 and in figures 22 and 23.

Before discussing these results, the analytical
methods used should be outlined. Most phosphorites
are well indurated and in some places well cemented.
At several localities, including Buck Creek, lot 1332,
and Coal Canyon, lot 1201, (fig. 8), weathering has
disaggregated the phosphorites so that sieve analyses
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FIGURE 22,—Histograms of sieve analyses of phosphorites.

were possible without drastic treatment of the samples. | The residue was dried, placed on a leather pad, and
The Buck Creek and Tosi Creek (lot 1333) samples were | gently rubbed with a sponge-rubber pad. Aggre-
not treated in any way before sieving. The Coal Can- | gated spheroids were thereby freed with a minimum of
yon samples were gently boiled in water and decanted. | breakage. After sieving 10 minutes in a mechanical
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shaker the sieve fractions were examined under &
binocular microscope, and the percentage of spheroids
of each fraction was estimated from a count of about
200 grains. The weights of the fractions were corrected
by this estimate and cumulative curves then con-
structed.

In general, only about half of the treated sample
consisted of spheroids; the remainder consisted of grains
other than apatite and aggregates and fragments of
spheroids. The percentage of aggregates roughly
equaled the percentage of fragments, but even so, these
analyses may be considered only approximately correct.
It seems likely, however, that the general characteris-
tics of the grain distributions are given by the data.
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The samples analyzed were taken over about 2 inches of
stratigraphic thickness and probably represent homoge-
neous layers. This assumption of homogeneity has not
been tested, however. The median, sorting coefficient,
and skewness of the phosphorites are given in table 4.
All samples except 1332; M—7-a and 1332; M-7-b are
unimodal and have distributions that are approximately
log normal (figs. 22, 23). It is perhaps significant that
both 1332; M-7-a and 1332; M-7-b contain spheroids
coarser than 3 mm whereas the other phosphorites are
all finer grained. As would be expected, the sorting and
skewness coefficients of these two samples deviate from
the other samples. With the exception of these two
Buck Creek samples, the phosphorites are well sorted,
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TaBLE 4.—Size parameters of phosphorites

Median Sorting Skewness
Trench Lot no. and bed diameter | coefficient | coefficient
(mm)
0.73 1.26 0.89
.72 1.23 .93
.92 1.34 1.02
.70 1.38 1.07
1.2 2.14 2.1
2.36 2.17 .58
1.2 1.35 1.0
.7 1.35 .98
.41 1.45 L1
.16 1.38 1.0
.41 141 L0

1 Last letters refer to the chip samples taken from the beds.
2 The Coal Canyon samgles were collected by the author from beds previously de-
igibed and sampled by the U.S. Geol. Survey (McKelvey and others, 1953, p. 14,

and at most only slightly skewed. Sample 1332; M-
7-a, on the other hand, has a sorting coefficient of 2.17
and is negatively skewed; sample 1332; M—7-b has a
sorting coefficient of 2.14 but is positively skewed.

The spheroids of the Meade Peak generally have a
high sphericity and are well rounded; however, compac-
tion and partial solution after deposition has altered the
shapes of many spheroids. Oblate ellipsoidal shapes are
common, especially in phosphatic mudstone where the
long axes of the ellipsoid commonly are oriented parallel
to the bedding, but in some rocks the ellipsoids are
oriented somewhat randomly. In other rocks the sphe-
roids are indistinct and the rocks have a mosaic texture.
Some pellets are poorly formed and have irregular sur-
faces.

The color of spheroids ranges from light (color value
greater than 6) to dark (color value less than 3), and
from neutral to hues of yellow-red and yellow with pale
to moderate chromas (not greater than about 4). The
range of color value is due largely to variation in the
amount of occluded finely divided carbonaceous matter.

Some of the rocks contain spheroids that have nuclet
of nonphosphatic material but some rocks contain
spheroids that apparently do not. It is impossible to
assess from thin-section study the proportion of sphe-
roids in a rock with nuclei, because of the probability
that many spheroids have not been sectioned through
their centers. However, many thin sections of phos-
phorite show no spheroids with nuclei, an improbable
event if a sizable proportion of the spheroids do contain
nuclei. On the other hand, other thin sections show a
sufficiently greater proportion of spheroids with nuclei
to suggest that most of the spheroids of these rocks do
contain nuclei. Quartz grains and apatite fossil frag-
ments are very common as nuclei. Rarely, grains com-
posed of quartz crystals with mosaic or interlocking
texture, fluorite erystals, grains of aphanitic carbonate,
and grains of aggregated apatite spheroids form nuclei.
The sizes of the nuclei range from only slightly less than
the spheroid itself to an undetermined lower limit.
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Some spheroids consist of a thin film of apatite surround-
ing a nucleus and perhaps should not be classed as sphe-
roids at all; however, grains of this type are one end
member of a gradational series having well-developed
spheroids with small nuclei at the other end.

Fossils composed of apatite include several types:
brachiopods that were originally phosphatic are com-
mon, as are internal casts of other organisms such as
gastropods, cephalopods, bryozoans, echinoids (spines)
and sponges (spicules). The apatite of the phosphatic
brachiopod shells is anisotropic, whereas the apatite
making up the internal casts is generally isotropic. The
color of both varieties of apatite is generally light (value
greater than 6) and neutral, but darker shades are
present. Some brachiopod shells are amber colored and
have a greasy luster.

Brachiopod-shell fragments are the most common of
the apatite grains with organic structures and shapes.
They consist of light-gray to white laminated aniso-
tropic apatite tablets, which crudely resemble twinned
plagioclase crystals in thin section. The lamina on one
side of the fragment commonly has a vermicular texture,
and is probably the internal surface of the shell. Frag-
ments of interna] casts of echinoid spines are recog-
nizable by the finely reticulate structure, and fragments
of internal casts of axial canals of sponge spicules are
recognizable by the elongate shape. Other fragments
of internal casts are difficult, if not impossible, to recog-
nize because the apatite has no internal structure that
identifies it as an internal cast and the distinguishing
marks of shape have been altered by abrasion and solu-
tion. Many apatite pellets may therefore be altered
internal casts, and the latter may be a more important
constituent than is apparent.

The P,O; content of pelletal phosphorites increases
roughly with increasing grain size of the pellets. Phos-
phatic and spheroidal rocks of the Phosphoria were
divided into four classes according to the maximum
size, in millimeters, of spheroids in the rock: greater
than4,1to4, % to 1, and {sto % The average P,0O; con-
tent of these classes is 24.55, 23.08, 21.04, and 15.94,
respectively. Histograms showing the frequency of
apatite content (P,0;32.56) for each of these classes
are given in figure 24. Because the differences between
these classes could be due to random-sampling error, a
1-factor analysis of variance (Hald, 1952, Ch. 16) was

TaABLE 5.—Analysis of variance of P05 values of four sets of
spheroidal phosphorites subdivided by maximum spheroid size

Variation 88D I f s? Test
Between sets. .. _...__._._._._ 779.40 3 259.80 | 259.80
817
Withinsets..__.____.__...___ 4527. 99 94 48.17
Total. . oo 5807. 39 |7 I
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FI6URE 24.—Histograms showing relation between apatite content and largest
spheroid size.

carried out to test the equality of the mean P;O; values.
First, the Bartlett test for the equality of the variances
was carried out. The test showed that in 9 chances out
of 10 the difference in the variances could have arisen
owing to sampling variation. The results of the anal-
ysis of variance are given in table 5. The analysis
shows that there is less than 1 chance in 100 that the
disparity between the mean P,0; values is due to
chance. ’

Mudstone—The mudstones are generally soft to
medium-hard thin-bedded black to dark-gray rocks
composed mainly of quartz, muscovite, illite, and car-
bonaceous matter. Admixtures of apatite, dolomite,
and chert are common. The lithic characteristics of
the mudstone are shown in figure 25. The mudstones
are commonly laminated, with successive laminae
composed of rock of slightly different composition or
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grain size. Lamination owing to variation in apatite
content is perhaps the most common. Muscovite
flakes are commonly oriented parallel to the bedding
and generally are found only in silty mudstone. Illite
is oriented with its sheet structure parallel to the bed-
ding, as indicated by a mass extinction of the slow ray
oriented parallel to the bedding.

The carbonate admixed with mudstone is mostly
dolomite. Apatite, where present, consists mostly
of very fine to coarse-grained well-sorted pellets.
Bioclastic apatite is extremely rare in dark mudstone
of the Meade Peak member in western Wyoming.

Carbonate rock.—Carbonate rock in the Meade Peak
is generally medium-hard thin- to thick-bedded black
to medium-gray rock. Most beds have a sharp con-
tact with the unit below. Its lithic characteristics are
shown graphically in figure 26. Carbonate rock of the
Meade Peak is mostly dolomite or mixtures of calcite
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FIcURE 26.—Lithic characteristics of carbonate rock in the Meade Peak phosphatic
shale member, based on compilation of 146 units.

and dolomite. Sandy and cherty carbonate rocks are
very rare in the Meade Peak member. Apatite in
most of the carbonate rock occurs as medium-grained
pellets. Admixtures of clay, quartz silt, muscovite,
carbonaceous matter, and apatite are common; how-
ever, there seems to be no gradation from carbonate
rock to phosphorite.

The petrography of carbonate rock of the Meade
Peak member is relatively simple. The rock is com-
posed commonly of anhedral grains to euhedral rhombs
of dolomite arranged to give mosaic to granoblastic
textures. Some carbonate rocks show seriate to por-
phyroblastic textures. Larger grains commonly ex-
hibit clear rims of carbonate that grade into a nucleus
of carbonate containing very fine grained inclusions
of carbonaceous matter and clay minerals. The
smaller carbonate grains of such rocks resemble the
nuclei of the larger grains. In grain size the carbonate

PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

rocks range from aphanitic to finely crystalline, and in
general the more carbonaceous carbonate rocks are
finer grained.

Mized rocks.—There is a tendency for mixtures of
apatite, carbonate, and quartz-silicate minerals of the
Meade Peak in western Wyoming to form series of
rocks. Apatite and quartz-silicate form one series,
and quartz-silicate and carbonate form another. There
is not, however, a series between carbonate and apatite.
Gulbrandsen (1958) found a similar relation in the
rocks of the Meade Peak from Coal Canyon in the
Sublette Ridge in western Wyoming (fig. 8). Evidence
for these series is shown in figure 27. All homogeneous
bedsifrom the Meade Peak that were sampled and
analyzed for P,0s; and acid-insoluble content were
selected for this analysis. These beds commonly are
composed of regularly interlaminated rock types, and
in this sense are heterogeneous; however, none of the
laminae selected for this analysis are greater than about
0.2 foot.

The constituents of the beds were plotted on a
ternary diagram whose apices represent: (1) apatite
(P,05X2.56), (2) acid-insoluble material an approxi-
mate index of the detrital minerals in the rock (Mec-
Kelvey and others, 1953, p. 4), and (3) carbonate and
carbonaceous material, although any acid-soluble ma-
terial other than apatite and ignitable material is
included in this component (McKelvey and others,
1953, p. 5). The frequency of the plots was then
contoured by a method similar to that used in construct-
ing orientation diagrams in petrofabric analyses. A
triangle that has an area of 1 percent of the total area
of the ternary diagram is moved systematically over
the diagram. The number of points within the 1-
percent triangle are counted and the figure is recorded
beside the point at the center of the small triangle.
These figures are recalculated into percentage of the
total number of the area and are contoured.

Two large areas in the diagram show a density of
less than 1 percent of the points per unit area (1 per-
cent of the total area). The area on the left side of
the diagram is easily explained. Most of the rocks of
the Meade Peak contain appreciable carbonaceous
material; thus, very few rocks contain less than about
5 to 10 percent of carbonate-carbonaceous matter as
seen in the diagram. Gulbrandsen (1958) found that
many rocks of the Meade Peak phosphatic shale
member at Coal Canyon (fig. 8) contain negligible
quantities of carbonate. Using the complete chemical
analyses, he calculated the accurate content of apatite,
carbonate, and quartz-silicate. He then plotted the
contents of each bed on an apatite, carbonate, quartz-
silicate ternary diagram, and many points fell in the
apatite, quartz-silicate field; in other words, many
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beds contained no carbonate. The other area showing
a negligible density of points is on the right-hand side
of the diagram in the field between pure apatite and
pure carbonate, although there are many nearly pure
phosphorites and pure carbonate rocks that contain
practically no quartz-silicate. It is concluded, there-
fore, that in rocks free of quartz-silicate, apatite and
carbonate do not commonly mix in any proportion but
each tends to occur in rocks relatively free of the other.
It should be noted that interlamination of phosphorite
and carbonate rock is not common; if it were, many
rocks should fall along the apatite-carbonate line.
However, interlamination of carbonatic mudstone and
phosphatic mudstone is common and the réason that
at least part of the rocks is shown as mixtures of the
three components in figure 27 may be due to such
interlamination. Thus, it may not be concluded from
this diagraln that in argillaceous rocks apatite and

carbonate are mixed in all proportions. Petrographic
studies show that truly mixed apatite, carbonate,
quartz-silicate rocks occur, but the frequency of such
homogeneous mixed rocks is not known.

Three modes are apparent in figure 27. One occurs
near the pure apatite field, a second occurs near the
pure mudstone field, and a third occurs in the argil-
laceous carbonate-rock field. However, the area of
low frequency separating the mudstone and carbonate-
rock modes is not particularly well defined, and the
mode in the apatite field is low. Because some doubt
arises as to the validity of these modes, it is tempting
to apply statistical tests to see if the modes could be
due to chance, and, if they are not, to formulate hypoth-
eses about the modes. However, the basic premise for
such a test of frequencies is that the samples are
randomly drawn from the population of Meade Peak
rocks or that any rock has an equal chance of appearing

P, 05 x2.56 (apatite)

EXPLANATION

Density(percent)
Patterned areas show point densities

Less—than |

Acid insoluble
(quartz silicate)

Carbonaceous matter
and carbonate

FIGURE 27.—Ternary diagram showing mineralogic variation of rocks of the Meade Peak phosphatic shale member, based on compilation of 350 units.
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in the diagram. Unfortunately, the original sampling
was not randomized and, in fact, surely was biased in
several ways. For example, E. R. Cressman (oral
communication, 1956) has found that the thickness of
sampled units of similar rocks from the same area of
the phosphate field in Montana is greater for post-1947
samples than for 1947 samples. This shows simply that
greater care was taken in the early phases of the work to
detect lithologic differences than in later phases when
such precision did not seem warranted. Also, the
sampling program has the object of sampling each
bed of phosphorite greater than 0.5 foot thick, whereas
mudstone and carbonate rock were commonly sampled
as larger units with less regard for lithologic detail.
A thin bed of phosphorite had a much better chance of
being sampled than a thin bed of mudstone or carbonate.
Thus a year-to-year, as well as rock-to-rock, sampling
bias has been introduced. It is easy to imagine but
impossible now to prove other such sampling biases.
Because the sampling plan had no randomizing element
in it, statistical tests are inappropriate, and in fact
intuitive guesses about the significance of such modes
should not be made.

Phosphatic sandstone.—A fourth but minor constitu-
ent of the Meade Peak phosphatic shale member is
phosphatic sandstone. These rocks are classified with
the Meade Peak because, as is discussed later, they
make up an eastern facies of the member. However,
they are similar petrographically to, and are described
with, the Shedhorn sandstone.

AREAL VARIATION OF THICKNESS

The Meade Peak phosphatic shale member is thickest
in the southwestern part of the report area. At
Fontenelle Creek in the Wyoming Range it is about
75 feet thick, and the unit gradually thins to the east
and north. In the Snake River and Caribou Ranges
it is from 40 to 60 feet thick, in the Hoback and Teton
Ranges it is from 20 to 40 feet thick, and in the Gros
Ventre and Wind River Ranges it is less than 20 feet
thick.

This northward and eastward thinning is due pri-
marily to the gradation of the upper and lower beds of
the unit into other rock types, mainly chert. This
gradation is well illustrated by the correlation chart
from Steer Creek, Wyo., to Dinwoody Lakes, Wyo.
(pl. 5). The black phosphatic and carbonatic shales
at Steer Creek and East Cream Puff Mountain are
represented mostly by chert beds of the Rex chert and
lower chert members in the Gros Ventre Range, but
a few feet of the middle beds of the Meade Peak member
extend to Tosi Creek in the Gros Ventre Range. These
phosphatic beds extend farther east to Dinwoody
Lakes in the Wind River Range; east of this, however,
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beds of the Meade Peak probably grade into carbonate
rock (pl. 6). The unit also probably grades into car-
bonate rock and slightly phosphatic sandstone in the
Yellowstone Park area (pl. 6).

Part of the thinning of the Meade Peak—particu-
larly in the western part of the area—is due to thinning
of individual beds and not to facies changes. Indi-
vidual beds of the Meade Peak can be correlated over
long distances in the western part of the area, as will
be discussed later, and show that neither the pinching
out of beds nor the gradation of beds into rock types
of other members is responsible for this thinning of the
unit. This is well illustrated in the correlation chart
from Fall Creek, Idaho, to Buck Creek, Wyo. (pl. 7).
Over this distance, about 30 miles, the unit thins
from about 60 feet at Bear Creek to about 40 feet at
Buck Creek, and yet nearly every bed can be traced
between the two localities.

AREAL VARIATION OF LITHIC TYPES

The Meade Peak phosphatic shale member signifi-
cantly changes its total aspect from place to place in
western Wyoming, and, in general, these changes occur
along an east-west direction. In western Wyoming, the
Meade Peak is made up of dark phosphorite, mudstone,
and carbonate rock in roughly equal proportions.
Eastward the rocks become lighter in color and coarser
in grain size. Most of this change is abrupt, but this
is due probably to the foreshortening of the distances
between localities by large-scale thrust faulting in
western Wyoming. A comparison of the Meade Peak
at Hoback with the Meade Peak at Flat Creek illus-
trates this relation (pls. 5, 6). These sections are
about 10 miles apart but are separated by several thrust
faults, and lithologically are markedly different. North
and east of the Jackson thrust, the easternmost of the
thrust faults, lateral changes in the Meade Peak member
are gradual. Northward and eastward the mudstone
content decreases, whereas the sandstone content
increases. The phosphorites become more sandy, and
bioclastic apatite grains become increasingly prominent
to the northeast. In the Wind River Range, which
contains the easternmost exposures of the Meade Peak,
the apatite is dominantly bioclastic. (See, for example,
the Dinwoody Lake ssection, p. 221.) Carbonate rock
of the Meade Peak also changes in an eastward diree-
tion. It becomes lighter in color and less abundant in
a manner similar to the mudstones. Coincidental with
these changes is a general eastward thinning of the unit.

These diminutions of phosphorite, carbonate rock,
and mudstone in the Meade Peak member are reflected
in the isopleth maps of the lower chert-Meade Peak-Rex
sequence of the Phosphoria formation (figs. 33-39).
Dark mud decreases from 8,000 feet-percent in western-
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most Wyoming to 2,000 feet-percent in the Gros Ventre
Range and is absent in Yellowstone Park and in the
Wind River Range (fig. 34). Apatite and carbonate
(figs. 35, 39) show similar patterns but extend farther
east than the mud. Sand (fig. 36), on the other hand,
shows maximum values of about 2,000 feet-percent on
the eastern fringe of the Meade Peak area and decreases
westward. It should be noted that any of these com-
ponents that occur in the Rex and lower chert tongues
are included in these figures, but, except for sand, such
contributions are negligible.
VERTICAL VARIATION OF LITHIC TYPES

The beds of the Meade Peak member display a
vertical symmetry in the western part of the report
area. The sequence in general consists from base to
top of: (1) bioclastic phosphorite, (2) interbedded
oolitic and pelletal phosphorite, dark mudstone, and
carbonate rock; and (3) bioclastic phosphorite. In
general, oolitic phosphorite is adjacent to the bioclastic
phosphorite and the pelletal phosphorite is near the
center of the unit. Much interbedding and inter-
lamination of these rocks occur so that the symmetry
at some places is obscure. At other places, some rocks
of the sequence are absent, and the symmetry is in-
complete. The detailed lithic character of the rocks
of the Meade Peak in the western part of the area is
shown graphically at a scale of 10 feet to 1 inch in
plate 7, and the detailed sequence of rock types can be
seen. In the Middle Piney Lake section for example
(pl. 7), a bioclastic oolitic phosphorite 2 feet thick lies
at the base of the Meade Peak. It is overlain by 23.5
feet of interbedded pelletal phosphorite, mudstone, and
dolomite. Overlying this zone is 29 feet of mudstone
and dolomite, barren of phosphorite. Overlying this
at the top of the Meade Peak is 7.5 feet of interbedded
phosphorite and mudstone. The phosphatic material
of this upper zone becomes bioclastic near the top, and
the lowermost bed of the Rex chert member, im-
mediately above, contains bioclastic apatite.

Another feature of the vertical sequence of beds is
that the phosphorite at the bottom and top of the
member tends to be the highest grade, and the grade
diminishes progressively toward the center of the unit,
although some fluctuation occurs. This is best dis-
played in western Wyoming at Bear Creek (pl. 7) where
the lower 25 feet of the Meade Peak shows a gradual
decrease in P,O; content from about 25 percent at the
base to a few percent at the top. . Overlying this zone
is a second phosphatic zone that contains high-grade
phosphorite at the base of the zone and diminishing
grade toward the top. Toward the top of the Meade
Peak the grade increases, somewhat less regularly, and
the highest grade phosphorites lie at the top of the

member. This sequence is equally well shown 14
miles to the north at Fall Creek (pl. 7).

A feature that somewhat parallels this progressive
change of P,O; content is the size of phosphatic grains.
At Bear Creek (pl. 7) in the lower phosphatic zone, the
higher grade beds are coarser than the lower grade beds
above. Similarly, the higher grade beds 25 feet from
the base of the member have larger grains than the
adjacent lower grade beds. In the phosphatic zone
at the top of the member the pellets at the top of the
zone tend to be larger, although one fine-grained bed
lies near the top. This direct correlation between grain
size and P,O; content of therock has already been shown
by a statistical analysis.

The symmetry of rock types within the Meade Peak
disappears to the east in the Gros Ventre Range. The
upper phosphatic zone grades into chert (pls. 5, 6); the
lower phosphatic zone also probably grades into chert;
and the thin middle phosphatic zone of the western part
of the area probably is correlative with the phosphorite
bed of the Meade Peak in the Gros Ventre Range.
Thus, the vertical symmetry is lost, and the Meade
Peak consists of a basal phosphorite zone that is over-
lain by a mudstone zone with a few intercalated car-
bonate-rock beds (pl. 5). Farther to the east in the
Wind River Range the Meade Peak is made up wholly
of a phosphatic sandstone bed (pl. 5), and the sym-
metrical arrangement of beds there is also absent.

CORRELATION OF BEDS WITHIN THE MEADE PEAK
PHOSPHATIC SHALE MEMBER

Beds within the Meade Peak phosphatic shale mem-
ber extend for long distances roughly north-south
along the facies strike, that is, in the direction in which
minimum thickness and lithologic changes occur.
McKelvey (1946) has shown that the Meade Peak in
southeastern Idaho may be divided into lithic zones
that extend scores of miles. J. D. Love (written com-
munication, 1943) has made similar correlations within
the Meade Peak in the Salt River Range and parts of
the Wyoming Range in westernmost Wyoming. The
area of this report borders the area that Love studied,
and similar correlations within the Meade Peak have
been made in the western part of the area of this report.
Thus the beds of the Meade Peak phosphatic shale
member extend laterally for scores of miles in the eastern
part of the Cordilleran geosyncline, but these beds
pinch out or grade into other rocks toward the craton.

The detailed correlation of beds of the Meade Peak
in the western part of the report area is shown in plate
7. The member is divided from base to top into 10
zones: (1) the lower bioclastic phosphorite beds, 0.3
to 8.0 feet thick; (2) the lower dolomite bed, 0.1 to
8.0 feet thick; (3) the nodular phosphorite beds, 3.0 to
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13.0 feet thick; (4) 3.0 to 9.0 feet of phosphatic car-
bonatic mudstone or phosphatic argillaceous carbonate
rock; (5) the middle dolomite beds, 2.0 to 5.0 feet thick;
(6) the middle phosphorite beds, 2.0 to 6.0 feet thick;
(7) 2.0 to 6.0 feet of beds of variable lithic type, which at
the base generally contain a dolomite bed commonly
overlain by a bed of phosphorite; (8) the upper dolo-
mite beds, 1.5 to 5.0 feet thick; (9) 10.0 to 45.0 feet of
variable lithic types; this zone is commonly phos-
phatic at the base and at the top, and lean in phos-
phate in the central part (for example at Steer Creek,
pl. 7); it commonly contains carbonate-rock beds,
and contains two wuraniferous nonphosphatic black-
shale beds, the upper bed extending from Deadline
Ridge to Fall Creek; and (10) the upper bioclastic
phosphorite beds, 0.2 to 13.0 feet thick. Although
each of these units is widespread, at some localities
several of the units are distinguished with difficulty.
At Bear Creek (pl. 7) for example, the beds of the
Meade Peak are highly weathered and carbonate-rock
beds have been leached, leaving beds of porous soft
mudstone. The bioclastic phosphorite beds have not
been found at several places, for example at Hoback
(pl. 7). But in general these 10 zones extend over all
of the western part of the area.

Tt is difficult if not impossible to make precise correla-
tions of these beds east of the geosyncline because the
beds grade into other rock types. Perhaps the single
most convincing argument for this gradation is inter-
bedding of the Meade Peak and chert members at the
Talbot Creek and Teton Pass sections in the southern
part of the Teton Range (pl. 6). There, the Meade
Peak is about 35 feet thick and consists of black shale
and phosphorite intercalated with beds of chert. The
Meade Peak in this area, therefore, represents an inter-
mediate facies between the geosynclinal facies to the
west and the cratonic facies to the east, and this
intermediate facies demonstrates that the change in
lithologic character occurs by the gradation of beds of
mudstone into chert. Because these chert beds are
found in both the lower and upper parts of the Meade
Peak in the southern Teton Range, it is most likely
that the lower and upper beds grade into the lower
chert and Rex members respectively, and that the
middle phosphorite beds of the Meade Peak in the
geosyncline are continuous with the single phosphorite
bed of the Meade Peak on the craton. This interpre-
tation is the one shown between Talbot Creek and
Flat Creek (pl. 6).

In the report area the cratonic facies of the Meade
Peak is present only in the Gros Ventre and Wind
River Ranges. In the Gros Ventre Range the strati-
graphy of the Meade Peak is simple. It consists
mainly of a basal pbosphorite zone overlain by a zone
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of carbonate rock and mudstone (pl. 5). East of the
Gros Ventre Range the mudstone and carbonate-rock
zone grades into cherty carbonate rock which is classed
in the Franson member of the Park City formation
(pl. 5). The phosphorite grades into a phosphatic
sandstone that is the featheredge of the Meade Peak
phosphatic shale tongue of the Phosphoria. East of
the Wind River Range and north of the Gros Ventre
Range the Meade Peak is absent and probably grades
into carbonate rock of the Park City formation (pls.
5, 6).
STRATIGRAPEIC RELATIONS

The stratigraphic relations of the Meade Peak to
adjacent units are those of gradation. The upper and
lower contacts of the Meade Peak are arbitrary at most
localities, due to an intercalation of Meade Peak beds
with chert beds of the lower chert and Rex members of
the Phosphoria formation or cherty carbonate rock of
the Grandeur and Franson members of the Park City
formation. The upper and lower Meade Peak beds
grade laterally eastward into similar beds of these other
units. Thus, the lower beds of the Meade Peak
become younger and the upper beds become older
eastward. Several exceptions to this occur. In the
central Gros Ventre Range the Meade Peak lies uncon-
formably on the Tensleep sandstone so that the lower
chert member is overlapped (pl. 5). In the northern
Wyoming Range the Meade Peak rests with sharp
disconformity on the Wells formation (pl. 5).

In the Wind River Range King (1957) reports a local
unconformity at the top of the Meade Peak; however
the Meade Peak is a sandstone there, indicating an
agitated environment where some erosion is to be
expected. The gradational aspect of this contact is
shown by interbedding of phosphatic sandstone to
chert to limestone (pl. 5).

REX CHERT MEMBER

The Rex chert member of the Phosphoria formation
is a widespread chert unit that is thickest in the western
part of the area. Eastward it intertongues with other
units and in the eastern and northern parts of the area
it is absent (pl. 8).

LITHIC CHARACTER

The chert of the Rex member is mostly relatively
pure, hard, thin bedded to massive, dark to light gray.
The lithic characteristics of the Rex are shown graphi-
cally in figure 28. Apatite in the Rex is mostly bio-
clastic, but pelletal and oolitic apatite grains are
common. The grains of this phosphatic material are
mostly less than 1 mm in diameter, and well sorted.
About 20 percent of the chert beds contain megascopic
sponge spicules. Four types of chert are found:
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FIGURE 28.—Lithic characteristics of chert in the Rex chert member, based on com-
pilation of 132 units. N

tubular, structureless, laminated, and nodular. These
types are described below.

Most of the chert in the Rex is structureless, except
for bedding planes. It is generally thick-bedded to
massive and its bedding planes are commonly undulate.
This chert commonly breaks into chips whose long
dimension is normal to the bedding and whose surfaces
are sets of fracture planes of the rock. Much of the
structureless chert, however, has a subconchoidal
fracture. It generally is dark to medium gray.

Many of the chert beds consist in part of tubular
bodies or concretions, and some consist almost wholly
of them. These concretions differ in size and shape,
but generally are about 2 to 3 inches in diameter and
1 to 2 feet long. They generally are dark to medium
gray, and are commonly alined parallel to one another
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and oriented at a high angle to the bedding plane. The
origin of the concretions is obscure. Several features
suggest that they are of an organic origin but no defi-
nite organic structure in the concretions has ever been
reported. At Hungry Creek, Wyo., tubular cherty
concretions in the upper tongue of the Shedhorn sand-
stone are encased in a thin film of carbonaceous material.
At several localities, such as at Flat Creek, Wyo., a
few concretions have branching roots at their base.
The fact that they are in widespread beds suggests
that they are of syngenetic origin; the fact that they are
subparallel to each other and roughly normal to bedding
surfaces suggests that they were geotropic in character.
The internal structure of the concretions is of no aid in
deciding their origin. Many concretions have an
internal structure similar to cone-in-cone structure,
defined by layers of milky white chalcedony. It seems
likely that this structure is a diagenetic feature owing
to compaction, but the structure does not necessarily
imply that the concretions themselves are of diagenetic
origin. At several localities and especially in the core
of Lakeridge Well No. 43-19-G, the matrix in which
the concretions are embedded is laminated and draped
around the concretions with an axis of symmetry nor-
mal to the bedding; this matrix structure is probably
due to compaction, and if so the concretions were hard
before compaction of the sediment was completed.
Finally, the compositional characteristics of the con-
cretions is important in a consideration of their genesis.
Most concretions consist of chalcedony in a matrix of
other material—quartz sand, carbonate, or silt. Gen-
erally the clastic material in the concretion is similar
in size, degree of sorting, and composition to the clastic
material of the matrix, the main difference between the
two being the abundance of chalcedony. In Montana,
however, R. A. Swanson (oral communication, 1950)
reports tubular concretions of sand in a chert matrix
and of sand in a sand matrix. As will be described
below, chert beds containing tubular concretions occur
in a definite part of the facies of Permian rocks and in
a definite part of the vertical sequence of beds at any
locality. Thus, if the concretions are biogenic, they
must represent a specific biofacies of Permian life, and
they must have suffered considerable diagenetic degra-
dation, so that they can no longer be recognized as
organic, much as geodes in some carbonate rocks were
due to precipitation in interior fossil voids, but during
growth the fossil was destroyed. The fact that the
concretions are siliceous suggests that, if biogenic, the
original organism was in part siliceous. The obvious
speculation is that such a siliceous biofacies would be
made up of sponges. Siliceous sponges have been
reported (Finks and others, 1961) and sponge spicules
are very common in the other types of chert; but paleon-
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tologic examination of these chert concretions by Finks
(oral communication, 1959) gave no evidence that they
were sponges.

Laminated chert is fairly common in the Rex, and
is generally thin bedded to thick bedded but in places
is massive. The laminae are due to the variation of
minor components of the chert, such as silt, sand, or
dolomite. The dolomite generally occurs as tiny
rhombs. The stratification of the rock is shown by
both lamination and orientation of grains, such as
sponge spicules, with long axes parallel to the bedding
plane. The laminated chert is generally dark to
medium gray.

Nodular chert is also fairly common in the Rex chert
member and consists of nodules and lenses of chert
parallel to the bedding. The nodular chert is probably
formed by the same processes that produce the undu-
late bedding in massive chert. It generally is medium
to light gray.

AREAL VARIATION OF THICKNESS

The Rex chert member has complex stratigraphic
relations with other units (pl. 8); the thickness of the
Rex at any one locality is the thickness of chert beds
between the Meade Peak and Retort phosphatic shale
members. In the report area the Rex is thickest in the
Caribou Range, Idaho, where it is about 110 feet thick
and is split into three parts by tongues of the Shedhorn
sandstone and Park City formation. To the north,
southeast, and east the Rex thins by the gradation of
the chert into other rock types. Thus, the member is
absent in the Big Hole Range and in the Yellowstone
Park area, and is only a few feet thick in the southern
Teton Range and in the Hoback Range. In the
Wyoming and Gros Ventre Ranges it is 20 to 40 feet
thick. In the northern Wind River Range the Rex is a
few feet thick but it is absent to the south owing to
gradation of the chert into carbonate rock..

AREAL AND VERTICAL VARIATION OF LITHIC CHARACTER

The lithic character of the chert of the Rex member
changes over the area of the report. In the western
part of the area laminated and structureless chert is
more common than in the eastern part. Tubular
and nodular chert, on the other hand, is more common in
the eastern part of the area than in the western part.
The Rex is in general lighter colored in the eastern part
of the area than in the west.

The different types of chert tend to show an ordered
vertical sequence. Most commonly, laminated and
structureless chert forms the base of the Rex directly
overlying the Meade Peak phosphatic shale member
and tubular and nodular chert commonly overlie the
laminated and structureless chert. Where the Rex is
thickest the upper beds are massive or laminated.
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This sequence is shown fairly well at Fall Creek (pl..6;
see section on p. 165). About 37 feet of structureless
and laminated chert occur at the base of the Rex. This
is overlain by about 6 feet of lower Shedhorn sandstone
which contains chert nodules. An 8-foot-thick tongue
of the Franson overlies this. Tubular chert in a
carbonatic matrix makes up a 40-foot zone that over-
lies the Franson. The uppermost bed of the Rex is
about 26 feet thick and consists of massive chert, which
is in part laminated.

STRATIGRAPHIC RELATIONS

At Fall Creek in the Caribou Range the Rex is
divided into three parts by tongues of the Franson and
lower Shedhorn. The upper part grades eastward and
northward into sandstone of the lower Shedhorn (pl.
6), but is present at the Hoback section (pl. 6) and at
the Flat Creek section in the western Gros Ventre
Range (pl. 6). Southeast of the Caribou Range the
upper part of the Rex grades into carbonate rock of the
Franson. The middle part of the Rex at Fall Creek is
present only in the Caribou Range and grades to the
east, north, and southeast into carbonate rock of the
Franson. The lower part of the Rex at Fall Creek,
however, is much more extensive than the upper two
parts. It grades into carbonate rock of the Franson to’
the north and is absent in the northern Wyoming
Range to the east, but it extends over the rest of the
area to the northern Wind River Range and then
pinches out farther to the east and south (pls. 5, 6).
This lower part of the Rex becomes older to the east,
however, owing to the gradation of its upper beds into
carbonate rock of the Franson and the gradation of the
upper beds of the Meade Peak into chert of the Rex
member (pls. 5, 6). The Rex shows a reversal of the
trend of eastward and northward gradation into sand-
stone and carbonate rock in the vicinity of Togwotee
Pass, Wyo., in the northern Wind River Mountains
(pl. 6). Here the upper and lower parts of the Rex
apparently coalesce to form a single chert unit owing
to pinching out of the Franson member. East of
Togwotee Pass the Rex grades into carbonate rock
(pl. 6). Although these correlations to Togwotee Pass
are not the only ones possible (Sheldon, 1957, pl. 10),
they seem the most likely.

RETORT PHOSPHATIC SHALE MEMBER

The Retort phosphatic shale member is a widespread
member of the Phosphoria formation in the report
area. It is a nonresistant dark unit composed mainly
of dark shale and phosphorite and includes minor
amounts of carbonate rock. The petrographic character
of Retort rocks is nearly identical to that of Meade
Peak rocks, so that what has been said for the Meade
Peak applies equally well to the Retort rocks.
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LITHIC CHARACTER

Phosphorite—The phosphorite of the Retort is in
general a medium-hard thin-bedded black to dark-gray
argillaceous pelletal rock. The lithic characteristics are
shown graphically in figure 29. The apatite grains of
phosphorites of the Retort are dominantly pelletal,
but about half of the phosphorites contain bioclastic
apatite. Apatite grains range from very fine grained
to greater than 4 mm in diameter and are more poorly
sorted than apatite grains of the Meade Peak.

Mudstone.—The mudstone of the Retort is generally
medium hard, fissile to thin bedded, and black to dark
gray. Most of the apatite grains in the mudstone are
very fine-grained to coarse-grained well-sorted pellets.
The lithologic characteristics of mudstones of the
Retort are shown graphically in figure 30.

Carbonate rock.—Carbonate rock is rare in the

Retort. It is much like the carbonate rock in the
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F16URE 30.—Lithic characteristics of mudstone in the Retort phosphatic shale
member, based on compilation of 174 units.

Meade Peak, but is generally more argillaceous. In
general, the carbonate rock is argillaceous, hard, thick
bedded, and black to dark gray.

Mized rocks.—Constituents of the monolithic sampled
units of the Retort are plotted on a ternary diagram
with apatite and acid-insoluble content as two of the
apices (fig. 31). The procedure is the same as that
used for the Meade Peak rocks, and the limitations
and qualifications of the procedure as stated earlier
apply for the Retort rocks also. The density pattern
of the Retort rocks shows a nearly complete series of
rocks between carbonatic-carbonaceous phosphorite
and carbonatic-carbonaceous mudstone, but no series
from mudstone to carbonate rock, as was found for the
Meade Peak rocks. Itisnotable too that the mudstone-
phosphorite series does not extend into pure apatite for
Retort rocks as it does for the Meade Peak. The
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FiGURE 31.—Ternary diagram showing mineralogic variation of rocks of the Retort phosphatic shale member, based on compilation of 122 units.

scarcity of rocks which are free of carbonate-carbo-
naceous matter is probably due to the almost ubiquitous
content of a few percent of carbonaceous matter in the
Retort, as was found to be a probable cause of a
similar scarcity in Meade Peak rocks.

AREAL VARIATION OF THICKNESS

The Retort phosphatic shale member reaches a
maximum thickness of about 50 to 60 feet in the
eastern Gros Ventre Range and in the central and
southern Wind River Range. The unit thins to a few
feet to the north in the Yellowstone Park area, in the
north end of the Wind River Range, and to the east
in the Owl Creek Range. The Retort extends to the
northwest with little thinning, and in the Big Hole
Range it is about 40 feet thick. Southwest of the
area of maximum thickness the Retort thins; thus, in the
Caribou Range it is only a few feet thick, and in the

Wyoming and Snake River Ranges it is 10 to 20 feet
thick.

These variations in thickness are due to facies
change to the east and north and to pinching out of the
unit to the west and southwest, as will be discussed
more fully below.

AREAL VARIATION OF LITHIC CHARACTER

The lithic character of the Retort phosphatic shale
member changes over the report area, and these changes
coincide approximately with changes in thickness of
the unit. Where it is thin, as in the northeastern and
western parts of the area, phosphorite makes up a
greater proportion of the unit than where it is thick,
as in the central part of the area. This relation is
caused mainly by variation in the thickness of mudstone.
The mudstone is thickest in the Gros Ventre and
Wind River Ranges; to the east it grades into chert,
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and to the west it thins by the pinching out of beds.
The phosphorite, on the other hand, is most abundant
in the western part of the area, in the Wyoming,
Hoback, and Big Hole Ranges, and although it dimin-
ishes in quantity eastward, it extends as far east as the
Owl Creek Range and the Conant Creek anticline,
where it makes up about one-fifth of the member.
These areal variations in the phosphorite and dark-
mudstone content of the Retort are roughly shown in
the isopleth maps (figs. 41, 43) of the upper sequence of
the Phosphoria (the combined Rex, Retort, and Tosi
tongues of the Phosphoria).

The character of apatite in the Retort member shows
a systematic change throughout the area. In the
westernmost part where the member is thin the apatite
is nodular; in the central part of the area where the
member is thickest the apatite is dominantly pelletal;
and in the eastern part where the member is thin the
apatite is dominantly bioclastic.

VERTICAL VARIATION OF LITHIC CHARACTER

The rocks of the Retort member do not show the
vertical complexity exhibited by the Meade Peak mem-
ber. A phosphorite bed, which is nodular except in the
eastern part of the area where it is bioclastic, every-
where forms the base of the unit. In the northern and
eastern parts of the area this phosphorite bed makes up
the whole of the member. In the central part of the
area the phosphorite is commonly overlain by a zone
of mudstone that makes up most of the Retort member.
Thin pelletal phosphorite and dolomite beds are inter-
calated in the mudstone zone at many places, but
nowhere are they prominent. In the western part of
the area a bed of pelletal phosphorite lies at the top of
the Retort. Thus in the western part of the area, for
example at Buck Creek (pl. 6), the Retort has a simple
symmetry which consists of a mudstone zone between
two thin beds of phosphorite.

STRATIGRAPHIC RELATIONS

The stratigraphic relations of the Retort member are
relatively simple. The base of the unit falls at the same
stratigraphic horizon over most of the area, but to the
east the lower beds of the Retort grade into carbonate
rock (pl. 5), and thus the lower contact becomes younger
to the east.

The upper contact of the Retort becomes progres-
sively older to the east and north owing to the eastward
and northward gradation of upper beds of mudstone of
the Retort into chert (pls. 5, 6). The best evidence for
the gradation of mudstone into chert is in the northern
Wind River Range. At South Fork of Gypsum Creek
(pl. 5) a tongue of chert splits the Retort into two parts.
East of this (pl. 6) the upper part grades into chert and
carbonate rock. King (1957) suggests that the “nodular
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bedded chert” (the Tosi chert of this report) rests un-
conformably on the ‘‘sepia-colored shale and siltstone’
(the upper part of the Retort of this report). His
evidence is that where one is thick the other is thin, a
fact that can be better interpreted as a facies relation,
particularly because the contact between the Tosi and
Retort is gradational. Further evidence of this facies
change is found in the ranges surrounding Teton Basin.
In the Big Hole Range on the west side of the basin
the Retort member is overlain by the upper tongue of
the Shedhorn (pl. 6). To the east, in the southern
Teton Range, the interval between the upper Shedhorn
and the base of the Retort is the same thickness as in
the Big Hole Range, but the upper half of the interval
is chert (pl. 6). In the northern Teton Range this
interval is approximately the same thickness, but chert
occupies the entire interval.

In the Caribou Range the Retort is only a few feet
thick and is overlain by Dinwoody formation of Early
Triassic age (pl. 6). Thus the thinning of the unit to
the west is due to the pinching out of beds rather than
gradation of the mudstone into other rock types. The
correlation of beds in the upper part of the Permian
rocks between the Snake River and Caribou Ranges is
perhaps not convincing, for other correlations seem
possible. The best evidence for the interpretation here
given is found farther to the south in the Salt River
Range, west of the report area. There, a tongue of
lower Shedhorn underlies the Retort, and the Retort is
only a few feet thick as in the Caribou Range (Sheldon,
1957, pl. 12).

Some beds within the Retort can be traced over
fairly large areas. The extent of the basal phosphorite
has already been discussed. In the Gros Ventre Range
two thin dolomite beds were found in several of the
sections (pl. 5), and in the Wind River Range two thin
phosphorite beds within the unit are fairly widespread
(pl. 5). However, the Retort is a relatively simple shale
unit in the report area and individual beds cannot be
differentiated as in the Meade Peak phosphatic shale

member.
TOSI CHERT MEMBER

The Tosi chert member of the Phosphoria formation
is the uppermost and the most widespread of the
Phosphoria units in the cratonic area. It is hard and
resistant, and similar in lithology to the Rex chert of
southeastern Idaho. In the past it has been erroneously
correlated with the Rex chert of southeastern Idaho,
although this study shows that the Rex there occurs at
a lower stratigraphic horizon and is not continuous

with the Tosi.
LITHIC CEARACTER

The Tosi chert member generally is composed of re-
latively pure hard thin- to thick-bedded dark-gray
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chert. The lithic character of the Tosi is presented gra-
phically in figure 32.

Chert of the Tosi is divided into four groups based on
structures in the chert, as follows: structureless, lami-
nated, tubular, and nodular. These structural types
are similar to those in the Rex chert member that have
already been described.

AREAY, VARTATION OF THICKNESS

The Tosi chert member in the report area is thickest
in the northern Teton Range at Forellen Peak (pl. 6)
where it is about 75 feet thick. It is between 30 and
50 feet thick in the Gros Ventre Range, the northern
Wind River Range, and the Yellowstone Park area.
The Tosi chert member thins to the east, south, and
west, and is absent in the northern Wyoming, Snake
River, Hoback, Big Hole, and Caribou Ranges. Most
of these areal variations in thickness of the Tosi (pl. 8)
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FIGURE 32.—Lithic characteristics of chert in the Tosi chert member, based on
compilation of 115 units.

are due to the gradation of beds from chert to other rock

types.
AREAL AND VERTICAL VARIATION OF LITHIC CHARACTER

The areal variation of chert types in the Tosi is similar
to the distribution of chert types in the Rex. In the
western part of the area structureless and laminated
cherts are most common, and in the Wyoming Range
the Tosi is made up wholly of these types. To the east
tubular and nodular cherts become more abundant and
in the eastern part of the area they are dominant.

The vertical distribution of chert in the Tosi is also
similar to the distribution in the Rex. Structureless
and laminated cherts are commenly found at the base
of the Tosi and nodular and tubular cherts commonly
occur at the top. Coincident with this change of chert
types in the Tosi is the upward increase in grain size of
the clastic particles in the Tosi. The laminated and
structureless cherts are commonly silty, whereas the
tubular and nodular cherts are commonly sandy. The
chert is commonly black to dark gray at the base of the
unit, and it becomes lighter toward the top. This
sequence is ‘particularly well illustrated by the Tosi
chert member described from the core of General Petro-
leum’s Lakeridge Well No. 43-19-G, (pl. 6) and at the
type section of the Tosi at Tosi Creek (pl. 5).

STRATIGRAPHIC RELATIONS

The Tosi chert member of the Phosphoria formation
has fairly complex stratigraphic relations with other
units. It becomes older to the east owing to the grada-
tion of its upper beds into rocks of other units, and owing
to the gradation of upper mudstone beds of the Retort.
into chert.

The Tosi chert member is youngest in the western
part of the area where it is only a few feet thick. In the
Wyoming Range (pl. 6) it lies at the top of the Permian
rock sequence and is overlain by the Triassic Dinwoody
formation. It is underlain at this locality by the
Retort phosphatic shale member. The Tosi has a
similar stratigraphic position in the southern part of
the Teton Range except that the thin upper tongue of
the Shedhorn sandstone is intercalated between it and
the Dinwoody formation (pl. 6). To the east of the
Teton and Wyoming Ranges the upper beds of the Tosi
grade into other rock types, and the upper beds of the
Retort grade into chert that is a part of the Tosi.
Thus both the top and basal beds of the Tosi become
older to the east. This gradation is best shown by the
correlation charts from Fall Creek, Idaho, to Burroughs
Creek, Wyo. (pl. 6). The Tosi is absent at Fall
Creek on the west; eastward, upper beds of the Retort
grade into chert so that at Hungry Creek and Teton
Pass (pl. 6) in the southern Teton Range, the Tosi lies
near the top of the Permian sequence but is separated
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from the Dinwoody by the upper tongue of the Shed-
horn. Farther east more of the upper beds of the
Retort grade into chert, so that at Flat Creek the Tosi
is about 35 feet thick and the lower contact of the Tosi
falls at an older horizon than at Hungry Creek. Be-
tween Flat Creek and Togwotee Pass most of the
Retort grades into chert of the Tosi and some of the
upper beds of the Tosi probably grade into carbonate
rock of the Ervay. Thus both the upper and lower
contacts have transgressed time surfaces and are
progressively older to the east from the Caribou, Big
Hole, and Wyoming Ranges. This relation may be
seen in the other east-west correlation charts (pls. 5, 6).
The lower beds of the Tosi also are older northward to
the Yellowstone Park area (pl. 6).

UNITS OF THE PHOSPHORIA

The Phosphoria formation is split into two parts in
the report area by tongues of the Park City and the
Shedhorn formations. Each of these parts of the
Phosphoria is a compound unit composed of phosphatic
shale and chert members; they are the best stratigraphic
units for analysis of areal variation of lithologic charac-
ter and thickness of the Phosphoria formation. The
lower of these units is a composite of the lower chert
tongue, Meade Peak tongue, and lower part of the Rex
tongue of the Phosphoria formation. The upper is
made up of the upper part of the Rex, and the Retort
and Tosi tongues of the Phosphoria. To" simplify
reference to these units in the discussion that follows,
the lower chert, Meade Peak, and lower Rex will be
informally called the lower Phosphoria unit and the
upper Rex-Retort-Tosi will be called the upper Phos-
phoria unit.

LOWER UNIT

Contacts.—The lower unit of the Phosphoria is under-
lain by the Grandeur member of the Park City forina-
tion in the eastern and western margins of the areas
(pl. 8). In the central part of the area it is underlain
by the Tensleep sandstone. The lower unit is overlain
by the lower member of the Shedhorn in the north-
western part of the area and by the Franson member of
the Park City in the southwestern part of the area
(pl. 8). The upper and lower contacts of the unit are
difficult to define in some places, however, because of
interbedding with the underlying and overlying units.
In the following analysis, arbitrary contacts were chosen
where the upper or lower contacts are gradational due
to interbedding, and these contacts are placed at the
horizon where the rocks are dominantly Phosphoria on
one side and dominantly Park City or Shedhorn on the
other.

665261 0—63—4

Areal variation of thickness.—The lower unit of the
Phosphoria extends over all of the western part of the
area and thins eastward (fig. 33); it pinches out east
of the Wind River Range and north of the Teton
Range. This thinning is due to the gradation of the
marginal beds of the unit into carbonate rock or sand-
stone of the Park City or Shedhorn formations. The
isopachous pattern of the lower unit of the Phosphoria
is markedly simple in contrast to the rather irregular
isopleth patterns of its rock constituents (figs. 34-39).
The areal variation of the bulk lithologic character
of the lower unit of the Phosphoria (fiz. 38) is relatively
complex compared to the isopachous pattern.

Areal variation of lithic character.—The lower unit
of the Phosphoria formation is made up prominently
of chert, dark mud, dark carbonate, and sand. The
amount of each of these four components differs from
place to place in western Wyoming. In general, all
these constituents (figs. 34, 37, 39) except sand increase
to the southwest, a reflection of the southwestward
thickening of the member. Sand on the other hand,
is most abundant in the northeast and decreases to
the southwest (fig. 36). In the southern Wyoming
Range sand is abundant, in part due to a bed of the
Franson member being intercalated in the lower unit
of the Phosphoria formation.

Apatite in the lower unit of the Phosphoria formation
is nowhere either dominant or prominent. It exhibits
an areal variation in quantity similar to that shown
by chert, dark mud, and dark carbonate (fig. 35).

The proportion of these components also differs over
western Wyoming (fig. 38). In the southwestern part
of the area dark carbonate is dominant; in the central
part dark mud is dominant; in the northeastern part
chert is dominant; and in the northern part sand is
dominant. Between these areas of dominance of 1
constituent, there are areas of prominence of 2 or 3
constituents (fig. 38). In the Wind River Range where
the lower unit is only a few feet thick the lithic character
is variable.

The lithic character of the lower unit of the Phos-
phoria shows an areal variation that, though complex,
approximately coincides with thickness changes.
Where the unit is thickest it is dominantly dark mud
and dark carbonate; as it thins to the northeast chert
becomes dominant; finally where it pinches out sand
becomes either dominant or prominent.

This correlation between lithic character and thick-
ness is the result of the eastward gradation of dark
carbonate and dark mudstone into chert, and gradation
of chert into sandstone and light-colored carbonate
rock of the Park City formation.
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UPPER UNIT

Contacts.—The upper unit is underlain in the south-
eastern half of the area by the Franson tongue of the
Park City formation (pl. 8); in the northwestern half
of the area it is underlain by the lower member of the
Shedhorn sandstone (pl. 8). The upper unit of the
Phosphoria is overlain in the southwestern part of the
area by the Triassic Dinwoody formation; it is overlain
in the northwestern part by the upper member of the
Shedhorn sandstone, and in the eastern part by the
Ervay member of the Park City formation (pl. 8).

The lower contact of the unit is everywhere sharp,
except on the east flank of the Wind River Range where
some interbedding with the Franson occurs (pl. 5).
The upper contact is in general sharp where the unit
is overlain by the Dinwoody formation but is grada-
tional where it is overlain by other Permian units.

Areal variation of thickness—The upper unit of the
Phosphoria formation extends over all of the report
area (pl. 8). In the northern and eastern parts of the
area it is the entire Phosphoria unit present but in
the southwestern part of the area it is subordinate to
the lower unit of the Phosphoria.

The upper unit shows a relatively complex isopachous
pattern (fig. 40). The unit attains its maximum thick-
ness of about 80 feet in the central part of the area and
thins nonuniformly away from this central area. In
the Caribou Range, however, the upper unit thickens
again owing to inclusion of beds of the upper part of
the Rex chert member. i

Areal variation of lithic character.—The upper unit
is composed prominently of dark mud, chert, and locally
either dark-or light-colored carbonate rock. The
amount of dark mud is greatest in the central part
of the area and decreases in amount in all directions;
it is negligible or absent in the northern part of the
area (fig. 41). Chert is most abundant on the flanks
of the area of greatest mud accumulation (fig. 42).
The distribution of dark carbonate rock in the upper
unit is irregular, and in general carbonate rock is not
as abundant in the upper unit as in the lower.

Apatite and sand are nowhere prominent in the upper
unit. The distribution of apatite seems to roughly
coincide with that of dark mud, but apatite tends
to concentrate near the margins of greatest dark-mud
accumulation (fig. 43) as it does in the lower unit.
Sand, on the other hand, does not coincide with the
thick accumulations of dark mud and shows a general
northward increase in amount (fig. 44).

The proportions of these components differ over the
area as shown by figure 45. In the central part of
the area dark mud is dominant; this area is flanked
by areas of prominent chert and mud, which in turn are
flanked by areas of dominant chert. The areal varia-
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tion of lithic character is roughly correlative with areal
variation of thickness. Where the upper unit is thick
it is dominantly dark mud, and where thin, dominantly
chert.

PARK CITY FORMATION

The Park City formation is composed of three
members which interfinger with the Phosphoria units
in the report area. From base to top they are: the
Grandeur member, the Franson member, and the
Ervay carbonate rock member. These members are
described below.

GRANDEUR MEMBER

Less is known of the Grandeur member of the Park
City than any other Permian unit in western Wyoming.
From information available, however, the Grandeur
seems to consist of two major units. One is in the
western part of the area in the Caribou, Big Hole, and
southern Wyoming Ranges. The other is in the Wind
River Range in the eastern part of the area and prob-
ably is younger than the Grandeur member to the west.
The two units probably are continuous across the
Green River basin, as indicated by the presence of a
cherty carbonate rock just above the Weber quartzite
(Pennsylvanian and Permian age) and below the
Meade Peak member in the Mountain Fuel Supply
Co. Unit no. 1 well (pl. 4, loc. 151) in the South Baxter
basin gas field, and in several other wells in Uinta and
Lincoln Counties, Wyo.

In the western part of the report area the Grandeur
is underlain by sandstone of the Wells formation.
This lower contact has not been studied in this
investigation. A thick conglomerate at the base
of the Grandeur is reported by J. Stewart Williams
(1953, p. 40) at the Fall Creek section in the Caribou
Range. The writer considers this more likely to be a
fault breccia developed in the Grandeur or in carbonate-
rock beds of the Wells formation, because it is composed
of angular poorly packed grains up to about 1 foot in
diameter, because all the grains are composed of rocks
found in adjacent beds, and because the breccia is
known only from this locality. The Grandeur is
overlain in the west by the Phosphoria formation, and
the contact is gradational by virtue of interbedding of
the lower chert member with the upper part of the
Grandeur. The Grandeur in the Caribou Range on
the west is about 350 feet thick and consists mainly of
interbedded limestone and sandstone. (See the Bear
Creek section, p. 174.) Poorly preserved fusilines from
a bed about 100 feet below the top of the unit are
reported by R. C. Douglass (written communication,
1959) to be perhaps Late Pennsylvanian, but possibly
Middle Pennsylvanian. With more work it probably
will be desirable to separate these Pennsylvanian beds
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as a new formation, because they should not be classed
with the Park City formation of Permian age. At
present, however, it is impossible to select the contact.
East of the Caribou Range this part of the Grandeur
pinches out either owing to nondeposition or erosional
truncation (pl. 6); south of the Caribou Range the unit

r unit of the Phosphoria formation in western Wyoming.

thins, and in the southern Wyoming Range it is about
50 feet thick.

In the eastern part of the area the Grandeur dis-
conformably overlies the Tensleep sandstone. It is
conformably overlain by the Meade Peak phosphatic
shale member of the Phosphoria formation (pl. 5).
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The Grandeur is 20 to 50 feet thick in the eastern part
of the area and consists of interbedded carbonate rock
and sandstone (pl. 5).

The fauna of the Grandeur in the Wind River Range
is atypical of the fauna in the Grandeur elsewhere. It
may be that the Grandeur is somewhat older in the
Wind River Range than elsewhere, and that a hiatus
exists between the Meade Peak and the Grandeur or
within the Grandeur, however the full significance of
this atypical fauna is not established (E. L. Yochelson,
written communication, 1960). From physical strati-
graphic evidence it seems most likely that the Grandeur
in the Wind River Range grades westward into the
lower chert member (pl. 5) and therefore is of Phos-
phoria age. Using this interpretation the atypical
fauna is due to a biofacies change. King (1957, p.
38) states that the ‘“lower phosphate unit” (the Meade
Peak of this report) rests unconformably on the ‘“lower
unit of clastic and carbonate rocks” (the Grandeur of
this report), although he gives no evidence for an un-
conformity. If his conclusions are correct, the atypical
fauna is probably older than Phosphoria age and the
faunal break is due to a hiatus. King correlates this
unconformity with an unconformity at the top of
McCue’s ® Nowood member; however, this is most

3 McCue, James, 1953, Facies changes within the Phosphoria formation in the
southeast portjon of the Big Horn Basin, Wyaming: Wyoming Univ. M. A. thesis.
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likely not the case. In subsurface correlations I have
found that the Meade Peak occurs within the Nowood
of McCue in the Wind River basin but, pinches out
northward and eastward so that the Meade Peak is
absent in the outcrop in the Owl Creek Range. This
interpretation is shown in plates 5 and 6. Where the
Meade Peak is absent in central Wyoming, the Gran-
deur cannot be separated from the lower beds of the
Franson, and the whole carbonate-rock unit has been
called the Nowood by McCue. This unit seems to be
a useful one and probably should be defined and
adopted in a suitable (Ashley and others, 1933, art.
8a) publication, but such action is beyond the scope of

this report.
FRANSON MEMBER

The Franson member is the most widespread unit of
the Park City formation in the report area. It is a
hard resistant unit composed mainly of carbonate rock
and in some places light-colored siltstone. It is thickest
in the western part of the area except in the Caribou
Range. In the southeastern part of the area it is also
thick but contains beds of greenish-gray to light-gray
siltstone, which farther to the east become red and are
included in the Goose Egg formation (Thomas, 1934,
1948; Burk and Thomas, 1956).

LITHIC CHARACTER

The .Franson member is composed mainly of light-
colored limestone and dolomite, with greenish-gray to
light-gray siltstone, and minor amounts of sandstone.

Limestone.—The limestone in the Franson is mostly
thick bedded to massive, light colored, and pure. Its
lithic characteristics are shown graphically in figure 46.
Limestone of the Franson shows several distinctive
textures. Perhaps the most common is biogenic lime-
stone. These rocks range from coquinas of brachiopod
shells or bryozoans to bioclastic limestone with a gran-
ular texture containing many grains identifiable as
fossil remains. Some limestone is simply granular or
granoblastic rock that contains no recognizable organic
structures. These rocks are commonly slightly sandy,
glauconitic, and phosphatic.

Dolomite.—Dolomite in the Franson member is
commonly more argillaceous, softer, thinner bedded,
and less phosphatic than the limestone. It is generally
light colored. The lithic characteristics of dolomite
in the Franson are shown graphically in figure 47. The
dolomite most commonly is aphanitic to very finely
crystalline and has a granoblastic texture. Some
dolomite contains relict fossil structures and texturally
and structurally is similar to some of the limestones
described above. Rarely, dolomite in the report area
has a pelletal or oolitic texture.

Carbonate rock.—About 23 percent of the carbonate
rock of the Franson is a mixture of dolomite or calcite,
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about 57 percent is dolomite, and 20 percent is lime-
stone. The lithologic characteristics of all three
catagories of carbonate rock of the Franson are shown
in figure 48. The nature of the apatite in the phosphatic
and slightly phosphatic carbonate rock is also shown
graphically. In general this apatite is composed of
very fine to coarse-grained well-sorted bioclasts.
Apatite pellets are also common, but may actually
consist largely of abraded internal casts of fossils.
Mudstone.—Mudstone in the Franson member is in
general medium-hard thin-bedded to fissile light-colored
rock, composed of quartz silt and clay minerals. Its
lithologic characteristics are shown in figure 49.
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AREAL AND VERTICAL DISTRIBUTION OF LITHIC TYPES

The areal and vertical distribution of the three
main rock types of the Franson—dolomite, limestone,
and mudstone—shows a distinctive pattern. Generally
dolomite is the dominant carbonate rock in the eastern
part of the area and limestone is dominant in the
western part. C. V., Campbell * found that limestone
was either absent or sparingly present in the Park
City formation in the Bighorn Basin, east of the area
of this study. Light-colored mudstone is prominent
in the Franson in the southeastern part of the area and

¢ Campbell, C. V., 1956, The Phosphoria formaiion in the southeastern Big Horn
Basin: Stanford Univ. Ph, D. thesis. .
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F1GURE 49.—Lithic characteristics of mudstone in the Franson member, based on
compilation of 36 units.

is rare or absent elsewhere. This mudstone distri-
bution is reflected by the carbonate rocks themselves
in that argillaceous carbonate rock is prominent in the
southeastern part of the area and sandy carbonate
rock elsewhere. The rocks of the Franson show a
consistent vertical sequence. Directly beneath the
upper unit of the Phosphoria formation is a zone of
limestone, which in the northern Wind River Range
was called the lower bryozoan-bearing limestone by
Condit (1924, p. 12). See plate 5 of thisreport. Beneath
this is dolomité that extends over most of the area.
The mudstone, where present, underlies and is inter-
bedded with the dolomite (pls. 5, 6). Dolomite forms
the base of the Franson and overlies the lower unit of
the Phosphoria except where separated from it by
tongues of the Shedhorn. Thus, the general vertical
sequence in the Franson {rom top to bottom is lime-
stone, dolomite, mudstone, and dolomite. The vertical
sequence is therefore cyclic in nature, and the upper
part of the cycle, limestone-dolomite-mudstone, matches
the west-to-east lateral facies change of rocks of the
Franson from limestone to dolomite to mudstone.

STRATIGRAPHIC RELATIONS

The Franson has complex stratigraphic relations
with units of other formations. North of the Gros
Ventre Range and in the Teton Range the Franson
intertongues with the lower member of the Shedhorn
sandstone (pl. 6). In the Snake River Range it inter-
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tongues with the Rex chert member of the Phosphoria
formation (pl. 6), and in the Owl Creek Range and Wind
River and Bighorn Basins it intertongues with the
Goose Egg formation (pl. 6; Thomas, 1934, 1948, 1949).
The intertonguing with the Goose Egg is complicated
by the fact that the transition between carbonate rock
and red beds passes through a light-colored mudstone
facies that is included in the Franson. In the eastern
part of the area, where the lower unit of the Phosphoria
is absent, the lower beds of the Franson cannot be
separated from the Grandeur member of the Park City
formation.
ERVAY CARBONATE ROCK MEMBER

The Ervay carbonate rock member of the Park City
formation forms the top of the Permian sequence in the
eastern part of the report area and is underlain by the
Tosi chert member of the Phosphoria formation. The
Ervay is a resistant carbonate-rock unit which forms
prominent dip slopes in the mountain ranges where it
is present.

The Ervay consists of hard massive light-colored
limestone and dolomite. The textural types of car-
bonate rock in the Ervay are similar to those in the
Franson. The lithic characteristics of these carbonate
rocks are shown in figure 50. Apatite is commonly pel-
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letal and bioclastic; the rocks are commonly slightly
glauconitic.

The Ervay member is thickest in the eastern part of
the report area where it is over 80 feet thick. It ex-
tends northwestward to the northern Wind River and
Gros Ventre Ranges. To the west it extends as far as
the western Green River basin where it was identified
in the Lakeridge Well No. 43-19-G (pl. 6).

The areal variation of lithic character of the Ervay
is similar to that of the Franson. The Ervay is mostly
calcareous in its western area and dolomitic in its
eastern area. No systematic vertical variation of lithic
types was found in the Ervay.

The Ervay has fairly simple stratigraphic relations
with other units in the report area. Northwest of the
Wind River Range it interfingers with the upper mem-
ber of the Shedhorn sandstone (pls. 5, 6), and west of
the Owl Creek Range it interfingers with the Tosi chert
member of the Phosphoria formation (pl. 6). The
Ervay extends to the south into northeastern Utah
where, owing to the absence of the upper unit of the
Phosphoria, it is included in the Franson member of
the Park City.

SHEDHORN SANDSTONE

The Shedhorn sandstone is the least extensive Perm-
ian formation in the report area. It is prominent in
the northwestern part of the area and interfingers to
the south and east with the Phosphoria and Park City
formations. The Shedhorn is divided into two members,
a lower and an upper, by the upper unit of the Phos-
phoria formation.

LITHIC CHARACTER

The Shedhorn sandstone is generally a hard massive
light-colored rock that commonly forms ledges and
cliffs. The sandstone is composed mostly of very fine
to medium-grained well-sorted quartz sand. It com-
monly contains minor amounts of glauconite and a
suite of stable heavy minerals including apatite, tour-
maline, zircon, and sphene. The lithic character of
the Shedhorn is shown graphically in figure 51. Apa-
tite in the sandstone is generally very fine to coarse-
grained, well sorted, and pelletal, but bioclastic apatite
is also common. Poorly sorted sandstone is relatively
rare but occurs locally just above or just below the
upper and lower units of the Phosphoria. This sand-
stone consists of well-rounded to subrounded quartz-
sand grains as much as 1 mm in diameter in a matrix of
clay, quartz silt, or aphanitic dolomite. Grains of
chert, carbonate rock, and phosphorite are common in
this poorly sorted sandstone.

LOWER MEMBER

The lower member of the Shedhorn is about 95 feet
thick at Red Creek in Yellowstone Park (pl. 6).
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F1GURE 81. —Lithic characteristics of the Shedhorn sandstone, based on compilation
of 154 units. Histograms showing apatite grain structure total more than 100 per-
cent owing to mixed lithology.

Tongues of the lower member extend as far south as the
southern Wyoming Range, but pinch out east of Yel-
lowstone Park and the Gros Ventre Range, and are
absent in the eastern part of the report area. Three
tongues of the lower member were recognized in the
southwestern part of the report area. The lowermost
of these tongues is widespread (fig. 52). It lies directly
on the Rex chert member, and in several places in the
Gros Ventre and Wind River Ranges is conglomeratic
(pl. 5). To the west of the Gros Ventre Range, it
interfingers with the Rex (pl. 6) and to the south it
interfingers with the Franson member (pl. 5). East of
the Wind River Range it pinches out at about the same
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horizon as a tongue of the light-gray mudstone of the
Franson (pl. 6). The middle tongue of the lower mem-
ber of the Shedhorn crops out in the Hoback Range
(pl. 6) and in the northern Wyoming Range (pl. 6 and
fig. 52); to the south and west it grades into carbonate
rock of the Franson. The upper tongue of the lower
Shedhorn is also a fairly widespread unit (fig. 52).
It crops out in the western Gros Ventre Range (pls.
5, 6), in the northern Wind River Range (pls. 5, 6), and
in the Big Hole Range (pl. 6). It extends into the
Salt River Range, Wyo., just west of the report area.
To the west it grades into chert (pl. 6) and to the east
and south it grades into carbonate rock (pls. 5, 6).
Thus, these three tongues extend as lobe-shaped sheets
of sand southward from the Yellowstone Park area.
The upper and the lower of these sand sheets grade
westward into chert, and all three grade southward and
eastward into carbonate rock.
UPPER MEMBER

The upper member of the Shedhorn is thickest in
the northeastern part of the area; it is about 35 feet
thick at Forellen Peak in the northern Teton Range
and thins to the south. The tongue does not extend
as far south as the tongues of the lower member of the
Shedhorn. To the west it grades into chert and phos-
phorite (pls. 5, 6) and to the east into carbonate rock
of the Ervay (pls. 5, 6).

In several areas sandstone units are assigned to the
Park City formation rather than to the Shedhorn.
They have been so assigned because these sandstone
beds are not believed to be continuous with the Shed-
horn sandstone at its type locality in southwestern
Montana. Inthe Wind River Range the lower member
of the Park City locally contains sandstone that grades
northwestward into carbonate rock or chert (pl. 5).
Also, in the southern Wyoming Range beds of sandstone
in the basal Franson are probably not continuous with
the Shedhorn sandstone (pl. 6).

TONGUES OF THE FRANSON MEMBER AND LOWER
MEMBER OF THE SHEDHORN

The rocks between the two main units of the Phos-
phoria formation belong to either the Franson member
of the Park City formation or the lower member of
the Shedhorn sandstone. Because of the intricate
interfingering of these two units, it is convenient to
combine them in order to describe their areal variation
in thickness and composition. Figures 53 through 57
are maps showing thickness and composition. The
northeastern limit of this group of rocks coincides
with the northeastern limit of the lower unit of the
Phosphoria formation because where it is absent the
Franson cannot be separated from the Grandeur
member of the Park City formation.
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The Franson and lower Shedhorn rock sequence is
thickest in the southern Wind River Range where it is
about 200 feet thick (fig. 54). The sequence thins
gradually northwestward to about 40 feet in the Gros
Ventre Range and in Yellowstone Park; in the western
part of the area it thins rapidly owing to interfingering
with the Phosphoria formation.

The Franson and lower Shedhorn sequence is com-
posed of three main rock-forming constituents, which
in order of decreasing abundance are: carbonate
minerals, sand, and light-colored mud. Carbonate is
most abundant in the southern Wind River Range,
where it amounts to over 12,000 feet-percent (fig. 56).
It decreases northwestward and is less than 2,000
feet-percent in the Yellowstone Park and Caribou
Range areas. It also decreases westward in the
Caribou and Snake River Ranges. Sand, on the
other hand, is most abundant in the northwestern part
of the area (fig. 55) where it amounts to over 4,000
feet-percent. Its areal distribution closely follows that
of the sandstone tongues of the lower Shedhorn (fig. 52).
Light-colored mud is most abundant in the southeastern
part of the area, where it amounts to over 8,000 feet-
percent (fig. 57).

The areal variation of the lithic constitution of the
Franson and lower Shedhorn is shown in figure 53.
The rock sequence is dominantly sand in the north-
western part of the area and carbonate elsewhere
except in a gradational zone between where both sand
and carbonate are prominent, and in the southern
Wind River Mountains where light-colored mud and
carbonate both are prominent.

TONGUES OF THE ERVAY MEMBER AND UPPER
MEMBER OF THE SHEDHORN

The carbonate rocks and sandstones of Permian age
that lie above the upper unit of the Phosphoria belong
to the Ervay member of the Park City formation and
the upper member of the Shedhorn sandstone, respec-
tively. The tongues of the Ervay and upper Shedhorn
interfinger intricately, like those of the Franson and
the lower Shedhorn; it is convenient to combine the
Ervay and upper Shedhorn to describe their areal
variations of thickness and composition. Figures 58
through 64 are maps showing thickness and composition.

The Ervay and upper Shedhorn are absent in the
southwest part of the report area. The sequence
thickens to the northeast giving a rather irregular
isopachous pattern (fig. 59). Its maximum thickness
of over 80 feet is in the Wind River basin. The se-
quence is over 60 feet thick in southern Yellowstone
Park; it thins to the north and in northern Yellowstone
Park is less than 20 feet thick.
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FIGURE 53.—Areal variation in lithic constitution of the Franson member of the Park City formation and the lower member of the Shedhorn sandstone in western
‘Wyoming.
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FIGURE 54.—Isopach map of the Franson member of the Park City formation and the lower member of the Shedhorn sandstone in western Wyoming.
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FIGURE 55.—Areal variation in quartz-sand content of the Franson member of the Park City formation and the lower member of the Shedhorn sandstone in western
Wyoming.



STRATIGRAPHY AND MINERAL RESOURCES, PERMIAN ROCKS IN WYOMING

1120 111° 110° 109°
M O N T A N A
45°f— C.:}'/\'-:'_:‘_—_i’_______-- -- -- -1
Tl \
i i| YELLOWSTONE _
Pl || P
—
._.J\“/\—\k \\jl| NaTioNAL /]

41°

PARK

g
N

Eastern limit of the lower unit
—of the Phosphoria Formation

108°

\—/—Ioooo o 146
172607
\1000
M I NG
1
UTAH !
i
T " COLORADO
10 SIOMlLES

Lol

10
i

20
1

30 40
i il

115

EXPLANATION

6000

Contour showing feet-percent
calcite and dolomite
Contour interval 2000 feet-percent

111
®9600

Sample locality
Upper figure is locality number (pl. 4);
lower figure shows feet-percent cal-
cite and dolomite

110-144
Composite-sample locality

FI1GURE 56.—Areal variation in carbonate content of the Franson member of the Park City formation and the lower member of the Shedhorn sandsione in western

Wyoming.



116 GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

112° 111° 110° 109° 108°
| EXPLANATION
M O N T A N A ©°
Contour showing feet-percent
“N light-colored mud
450 C ',\-: — -—/_ . __ _— _— - — —1 Contour interval 2000 feet-percent
H A 56
| H 29
, 1| YELLOWSTONE ( Sample locality
P AN ! Upper figure is locality number (pl. 4);
7 N lower figure shows feet-percent
. /
k \\ I ) A green mud
L ,/\\,/\-\ 1 NATIONAL / P
! (. .
H H Composite-sample locality
| " PARK C
a1
44°
e}
! o
31 Eastern limit of the lower unit
* 300 . /3§/ " of the Phosphoria Formation
1q47-49 504 '34743 ~— —
1 189 /138
37 52 '-503 56
56 57 58 o 54 59
675 2/ 8845 ‘o
| e 9, 59 e
' o—62 542 %50 6.4
4
. 6'307 ° 972 62
7 67 1673
a3°]] ! 10 111
I 1260 @
1
1
99
I DAHO l *60
' 102
, ®377
1 o 108
' o
, 110-144
aeld ! 45,
T
]
|
UTAH
|
1
1
41° | N
" "COLORADO

10 0 1o 20 30 40 59MILES

FIGURE 57.—Areal variation in light-colored mud content of the Franson member of the Park City formation and the lower member of the Shedhorn sandstone in western
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FIGURE 59.—Isopach map of the Ervay member of the Park City formation and the upper member of the Shedhorn sandstone in western Wyoming.
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FIGURE 60.—Areal variation in carbonate content of the Ervay member of the Park City formation and the upper member of the Shedhorn sandstone in western Wyoming.
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FIGURE 62.—Areal variation in apatite content of the Ervay member of che Park City formation and the upper member of the Shedhorn sandstone in western Wyoming.
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FIGURE 63.—Areal variation in quantity of chert interbedded in the Ervay member of the Park City formation and the upper member of the Shedhorn sandstone in
western Wyoming.
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Tongues of the Ervay and upper Shedhorn are
composed of three prominent constituents, which in
order of decreasing importance are: carbonate minerals,
sand, and light-colored mud. In addition it locally
contains prominent amounts of chert and apatite
which are characteristic of the Phosphoria formation.
Carbonate increases somewhat irregularly from zero
in the western part of the report area to more than
6,000 feet-percent in the eastern part (fig. 60). Sand
is most abundant in the Yellowstone Park area where
it amounts to more than 4,000 feet-percent. It de-
creases eastward and southward and is negligible in the
south half of the report area (fig. 61). Light-colored
mud is most abundant in the Wind River basin where
it amounts to more than 1,000 feet-percent. Chert is
most abundant in the northern Gros Ventre Range
and in southern Yellowstone Park where it amounts to
more than 1,500 feet-percent (fig. 63). Apatite amounts
to more than 200 feet-percent in the southern Teton
and Big Hole Ranges but is negligible elsewhere.

The areal variation of lithic constitution of the
Ervay and upper Shedhorn is shown in figure 58.
The sequence is dominantly sand in the northwest
and carbonate in the southeast. In the intervening
area chert is a prominent constituent along with car-
bonate and sand. In the southern Teton and Big Hole
Ranges apatite and sand are prominent constituents.
Light-colored mud is not prominent even where it is
most abundant.

CYCLIC DEPOSITION AND SEQUENCE

The sediments of Permian age in western Wyoming
were cyclically deposited, and two rock cycles are
recognized in most of the area. The vertical sequences
of rock types (phases of the cycles) within each lithic
unit described earlier are summarized here and inte-
grated with the sequence of the units themselves.

The generalized cycle consists from base to top of the
following phases: (1) conglomerate overlying an erosion
surface; (2) red beds, (3) light-colored mudstone; (4)
light-colored dolomite and dolomitic sandstone; (5)
interbedded light-colored bioclastic limestone and
calcareous sandstone; (6) nodular or tubular chert;
(7) bedded chert; (8) light-colored bioclastic phos-
phorite, commonly oolitic; (9) dark dolomite; (10)
dark pelletal phosphorite; (11) dark carbonaceous
mudstone; and in reverse order 10,9, 8,7, 6, 5,4, 3,2, 1.
A perfect cycle with all phases present at a single
locality has not been found, but the sequence at all
localities tends toward this idealized sequence. The
lithic types of the cycle at several representative sec-
tions along an east-west line across the area, about
normal to the facies strike, are plotted as histograms
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on plate 9 and asmooth curve is fitted to the histograms.

The curves are roughly sinusoidal, as is well shown
by the Hungry and Talbot Creeks composite section,
but tend to be asymmetric toward the base. The
cycles are defined as the sequence of rocks between the
main troughs of the sinusoidal curves.

Two such cycles are recognized in the Permian rocks.
The lower boundary of the lower cycle coincides with
the lower boundary of the Permian rocks over most of
the area. The contact between the two cycles falls
about in the middle of the Franson member of the
Park City formation. It is placed at the lowest num-
bered phase present; in the eastern part of the area it
is placed at a conglomerate, but to the west, where the
conglomerate is absent, it is placed at higher numbered
phases. This contact is indicated by a dashed line in
plates 5, 6. The upper boundary of the upper cycle
coincides with the upper boundary of the Permian rocks
in the report area.

The stratigraphic units at each section are indicated
on plate 9; the relation between these units and the rock
phases of the cycle is as follows. The conglomerate
(1) and red-bed (2) phases of the cycle belong to the
Goose Egg formation. The light-colored mudstone
(3), light-colored dolomite and dolomitic sandstone
(4), and the light-colored limestone and sandstone (5)
phases belong to the Park City formation or to the
Shedhorn sandstone, depending on the lithology. The
chert phases (6 and 7) belong to the chert members of
the Phosphoria formation, and the phosphorite, dark
dolomite, and mudstone phases (8, 9, 10, and 11) belong
to the phosphatic shale members of the Phosphoria.

Both of these cycles are well developed throughout
the area, with the exception of the upper cycle in the
western part of the area. At Bear Creek (pl. 9) the
upper cycle reaches only to the pelletal phosphorite
phase which is overlain by the Dinwoody formation.
Thus, more than half the cycle is absent at the top of
the upper cycle in the Caribou Range.

FACIES RELATIONS

The upper and lower rock cycles are approximately
time-rock units. The cyclic sequence represents trans-
gression and regression of areally zoned depositional
environments (p. 147). The erosion-surface and con-
glomerate phase represent the greatest regression, and
the dark mudstone the greatest transgression. Thus,
the curves of plate 9 represent interbedded transgressive
and regressive units, and by connecting the most trans-
gressive and the most regressive phases in the series of
sections normal to the facies strike (Sears and others,
1941, p. 105; Israelsky, 1949), the rock sequence is
divided into time-rock units (pl. 9). The lines con-
necting the regressive phases are the contacts of the
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cycles. The areal variation of facies and thickness
relations of these units are described below.

It has been shown that the sequence of lithofacies in
the Phosphoria interval from the basin on the west to
the craton on the east is as follows: (1) the Phosphoria
rocks, (2) interbedded Park City and Shedhorn rocks,
and (3) east of the report area, the Goose Egg rocks.
Within the Phosphoria rocks, dark mudstone is most
common on the west; dark dolomite and phosphorite
are most common east of the dark mudstone: and chert
is dominant in the easternmost extent of the Phosphoria
facies. The Park City formation also shows an areal
variation of rock types. Limestone is most common in
its westernmost facies, dolomite is dominant east of
this, and light-colored mudstone is a prominent con-
stituent in the easternmost facies of the Park City.
The red-bed facies of the Goose Egg formation is
dominant east of the interbedded facies of light-colored
mudstone and dolomite of the Park City formation.

Isopleth maps of the lower rock cycle are shown in
figures 65 through 71. The lithofacies of the lower
cycle (fig. 65) are similar in their general pattern to
those of the Phosphoria interval. The Phosphoria
facies is dominant in the west, the Shedhorn facies
in the northwest, and the Park City facies in the east.
The easternmost subfacies of the Park City is light-
colored mudstone. The lower cycle is thickest in the
southwestern part of the area where it amounts to over
200 feet. It thins to the northeast and is less than
50 feet thick in the northern part of the area. Thus,
a rough correlation exists between the lithic character
and the thickness of the cycle. The Phosphoria facies
is 50 to 200 feet thick, the Park City facies is 50 to
150 feet thick, and the Shedhorn facies is less than 50
feet thick.

Isopleth maps of the upper rock cycle are shown in
figures 72 through 80. The lithofacies of the upper
cycle (fig. 72) are similar to those of both the lower
cycle and the Phosphoria interval. The Phosphoria
facies is dominant on the west, the Shedhorn facies to
the northwest, and the Park City facies to the east.
The upper cycle is thickest in the southern part of the
area where it attains a thickness of over 200 feet
(fig. 73). The cycle thins to the north and west, so
that in the western part of the area it is about 100 feet
thick and in the northern part of the area it is less than
50 feet thick. The relation between facies and thick-
ness is not as clear for the upper cycle as it is for the
lower cycle. The Park City facies is the thickest, but
shows a range in thickness from less than 50 feet to
more than 200 feet. The Phosphoria facies ranges
from about 50 feet to more than 150 feet in thickness,
ts’md the Shedhorn facies ranges from about 50 to 150

eet.
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The areal variation in quantity of the components
of the upper cycle is shown in the isopleth maps
(fig. 74-80).

COMPARISON OF THE UPPER AND LOWER ROCK
CYCLES

The facies patterns of the upper and lower cycles are
similar in general but differ in detail. One important
difference is that the Phosphoria facies of the upper
cycle extends farther north and east than that of the
lower cycle (compare fig. 65 with 72, and fig. 67 with
74). On the other hand, in the southern part of the
area, the Phosphoria facies is thicker in the lower cycle.
The light-colored ‘mudstone of the Park City facies
extends farther to the west in the lower cycle than in
the upper (compare fig. 65 with 72, and fig. 70 with 79).
The Shedhorn facies of the lower cycle extends farther
to the southwest in the lower cycle than in the upper
even though there is more sand in the upper than in the
lower cycle (compare fig. 65 with 72, and fig. 71 with 80).

The isopach of the two cycles shows some similarities
and some differences (compare fig. 66 with fig. 73).
Both cycles thin to the north. In the Snake River,
Caribou, and Big Hole Ranges the lower cycle thickens,
whereas the upper cycle thins. West of the report area,
in southeastern Idaho, the upper cycle probably thick-
ens again, but it is difficult to trace the cycles into that
area because the Phosphoria interval is composed wholly
of the Phosphoria facies and the cycle boundaries are
difficult to place. The lower cycle is thicker than the
upper cycle only in the westernmost part of the report
area, but the two are of almost equal thickness in the
southern half of the area. In the northern half of the
area the upper cycle is clearly dominant (fig. 81).

RELATIONS BETWEEN ROCK CYCLES AND FACIES

The west-to-east sequence of facies is analogous to
the vertical sequence from the dark-mudstone phase to
the red-bed phase of the cycle. The relation between
the two is one of eastward transgressive overlap followed
by regressive offlap. A conceptual illustration of this
relation is shown in figure 82. Initially (fig. 824)
phosphatic shale was deposited in the west and graded
toward the east into chert; farther east chert grades
into carbonate rock, followed by light-colored mudstone,
and, finally, red beds. The loci of deposition of these
facies shifted eastward (fig. 82B), so that phosphatic
shale, was deposited on chert, chert on carbonate rock,
and so forth. The shifting continued to the east and
then began to regress westward. The time of maximum
eastward shift or of maximum transgression is shown
in figure 82C. On regression, chert was deposited on
phosphatic shale, carbonate rock on chert, and so forth.
At the close of the regression a complete transgressive-
regressive rock cycle was deposited (fig. 82D).
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cation, 1956). No thickness figures
available



EXPLANATION

2000
Contour showing feet-percent
dark mud, apatite, and chert

group
Contour interval 2000 feet-percent
116
®/088

Sample locality
Upper figure is locality number (pl. 4);
lower figure shows feet-percent
dark mud, opotite, and chert group

®110-144
Composite-sample locality
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