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Abstract:
The Pine Creek Quadrangle lies in western Wyoming in the transition between the Wyoming and
Snake River ranges at the north end of the Wyoming overthrust belt.

Roughly twenty-six Holocene landslides were mapped in the central and western parts of the area,
which are almost exclusively associated with the shale and mudstone of the Cretaceous Bear River and
Aspen formations. The Pleistocene Bailey Creek landslide lies in the northeastern corner of the map
area; the development was a complex event involving at least two separate sliding episodes.

The older landslide dammed Bailey Creek and the Snake River causing the bed loads to be deposited
upstream.

Approximately 12,250 feet of Mississippian through Lower Cretaceous strata crop out in the map area.
Paleozoic strata consist of limestone of the Mississippian Mission Canyon Limestone of the Madison
Group; shale and quartzitic sandstone of the Mississippian, Pennsylvanian, and Permian Wells
Formation; and chert, sandstone, and phosphatic mudstone of the Permian Phosphoria Formation.
Triassic age strata include, in ascending order, siltstone and limestone of the Dinwoody Formation;
sandy siltstone and shale of the Woodside Formation; sandstone and limestone of the Thaynes
Formation; siltstone and sandstone of the Ankareh Formation; and sandstone of the Triassic (?) -
Jurassic (?) Nugget Sandstone. Strata of Jurassic age comprise the Twin Creek Limestone, chiefly
consisting of shaly limestone; sandstone and siltstone of the Preuss Sandstone; and limestone and
sandstone of the Stump Sandstone, in ascending order. Lower Cretaceous strata consist of, in ascending
order, sandstone, limestone, and shale of the Gannett Group; shale and sandstone of the Bear River
Formation, and overlying Aspen Shale. Conglomerate also occurs in the upper Aspen which is
interpreted to be a tongue of the overlying Frontier Formation exposed to the north and south of the
map area.

Mississippian through Early Triassic age strata were deposited in a transitional area that included the
overthrust belt between a miogeosyncline on the west and a shelf area that covered most of Wyoming.
The miogeosyncline began to be deformed in Late Triassic time and a high area on the west rose and
shed detritus eastward into the marginal basin in southeastern Idaho and western Wyoming.

The map area is situated between the eastward moving Absaroka and Darby thrusts which lie just off
the western and eastern margins, respectively. The Little Greys fault has a minimum displacement of
1,500 feet of Aspen Shale and resulted from overturning along the associated Little Greys anticline.
The central part of the map area, consisting of 7,000 feet of Aspen Shale, is probably further deformed
by overturned folding not evident in the outcrop.
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ABSTRACT

The Pine Creek Quzdrangle lies in western Mycming ir the -
transition between the Wyoming and Snake Kiver rances a% che ncrth .
end of the Wyoming overthrust belt.

Roughly twenty~-six Holocene landslides were inapped in the
central and western parts of the area, which are almost exclusively
associated with the shale and mudstone of the Cretaceous Bear River
and Aspen formations. The Pleistocene Bailey Creek landslide lies
in the northeastern corner of tne map area; the davelopment was &
complex event involving at least two separate sliding episodes.

The older landslide dammed Bailey Creek and the Snake River causing
the bed 1oads to be deposited upstream.

Approximately 12,250 feet of Mississippian through Lower -
Cretacecus strata crop out in the map area. Paleozoic strata consist
of limestone of the Mississippian Mission Canyon Limestone of the
Vadison Group; shale and quartzitic sandstone of the Mississippian,
Pennsylvanian, and Permian Wells Formation; and chert, sandstone, and
phosphatic mudstone of the Permian Phosphoria Formation. Triassic
age strata include, in ascending order, siltstone and limestone of
the Dinwoody Formation; sandy siltstone and shale of the Woodside
Formation; sandstone and limestone of the Thaynes Formation; silt--
stone and sandstone of the Ankareh Formation; and sandstone of the
Triassic (?) - Jurassic (?) Nugget Sandstone. Strata of Jurassic age
comprise the Twin Creek Limestone, chiefly consisting of shaly lime-
stone; sandstone and siltstone of the Preuss Sandstone; and limestone
and sandstone of the Stump Sandstone, in ascending order. Lower
Cretaceous strata consist of, in ascending order, sandstone, limestone,
and shale of the Gannett Group; shale and sandstone of the Bear River
Formation, and overlying Aspen Shale. Conglomerate also occurs in the
upper Aspen which is interprated to be a tongue of the overlying
Frontier Formation exposed to the north and south of the map area.

, ~Mississippian through Early Triassic age strata were deposited

in a transitional area that included the overthrust belt between a
miogeosyrcline on the west and a shelf area that covered most of
Wyoming. The miogeosyncline began to be deformed in Late Triassic
time and a high area on the west rose and shed detritus eastward into
the marginal basin in southeastern Idaho and western Wyoming.

The map area is situated between the eastward moving Absaroka
and Darby thrusts which lie just off the western and eastern margins,
respectively. The Little Greys fault has a minimum displacement of
1,500 feet of Aspen Shale and resulted from overturning along the
associated Little Greys anticline. - The central part of the map area,
consisting of 7,000 feet of Aspen Shale, is probably further deformed
by overturned fo]d1ng not ev1dent in the outcrop.



INTRIODUCTION

Location and Access

The map area lies in western Wyoming between *he Wyoming and
Snake River ranges which compose part of the Wyoming overthrust belt.
It is bordered on the nerth by the Snake River and on the south by
‘the Little Greys River and comprisés the central three-fifths of the
Pine Creek Quadrangle including portions of 7. 36 and 37 N. and R. 117
and 118 W., Teton and Lincoln counties, Wyoming (Fig. 1). Most of
this area is generally inaccessible with few roads present. The
Little Greys River road borders the southern margin of the map area,
and with permissfon of the landowner, access can be gained to the
northeastern corner by a private road on the east side of the Snake
River. A rajor part of the area is accessible by the use of pack and
game trails. Additionally, relatively easy access to the northern

margin is attainable by crossing the Snake River in a boat or raft.

Procedure :
Mappinc of the Pine Creek area was done on U.S.G.S. 1:24,000
topographic inaps, and black and white aerial photographs of approxi-
mately the same scale. Field work began in Jﬁne 1975 and continued
to September. An addiiional week was spent in the field in August
of 1976. Traverses were made every one-half to one-fourth mile
along ridge tops, although this spacing varied somewhat. with the

amount of tree cover and available outcrops.
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Purpose

The primary purpose of this study is to provide a detailed
geologic map of the area. The nced for the map is twofold: (1) to
provide information on the geology of the Pine Creek Quadrangle which
represents a significant gap in the previously mapped portions of the
surrounding overthrust belt (Fig. 2) and (2) to continue the ongcing
U.S.G.S. investigation into the coal and phosphate resources of this
region. A second purpose is to provide a detailed summary of

stratigraphic work in the region of the overthrust belt.

Previous Work

The geology of the Pine Creek Quadrangle was firszdescribed
by geclogists of the Hayden surveys in the latter part of the 19th
century (see Schultz, 1914.) Tﬁis area was later investigated in
greater detail by Schultz (1914), Boeckerman and Eard]ey (1956),
and by Ross and St. Jchn (1960). 1In addition, numerous theses on the
geology adjacent to the Pine Creek Quadrangle have been completed by
students at the University of Michigan (see wén1ess, et al., 1955,
and Boeckerman and Eardley, 1956). Reports on the economic resources
and geology of the nearby region, useful because of the included
stratigraphic information, were published by Veatch (19€7), Mansfield
(1927), and Staatz and Albee (1966). The stratigraphy of the map
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5 .

area and the region adjacert to it was studied extensively by Wanless.
et al. (1955). |

Several geologists have investigated the tectonics of tha
overthrust belt and a number of notable reports have been pdb]ished.
Eardley (1960, 1967) and Crosby (1968, 1959) investigated the-phases
Aof orogeny and patterns of movement; the mechanics'of deformation
were studied by Rubey and Hubbert (1959); and Armstrong‘and Oriel
(1965) summarized the temporal, spatial, and stratigraphic relations

of the overthrust belt.



GEOﬁORPHOLOGY

Geoiorphic Setting

The study arca lies in the Middle Rocky Mountain Province of
thé Rocky Mountain System, and at the transition beiweer th2 northern
end of the Wyoming Ranje and the southern end of the Snake River
Range. Topographically a major part of the area is chcracterized by
paralliel, northwest-treading ridgas and valleys, davelopcd in response
to the interbedded resistant and nonresistant strata involved in the
regional northward-trending strucfura] grain of fhe Wyoming cverthrust
belt. The subSequent drainages which follow the.étructure are, there-
fore, paiallel over much of the area. These streans have not attzinad
any coraded state, as evidenced by tke lack of flood plains and by
extensive headward erosion. = Because of the youthful state of its
drainage much of the area remains as highlandé.

The Snake and Little Greys rivers, and Bailey Creek over part
of its length, directly crosscut the structure and present an inter-
esting geomorphic problem. It is suggested here that these streams
may have developed by superposition from a Middle Pliocene basinafill
or lake level. | o

Several lines of evidence lead to this speculative conc]usion.
The nearest Tertiary material, the {{iddle Pliocene Teewinot Fofmation,
is exposed north of the Pine Creek Quadrangle in Jackson Hole (Love,

1956a) and 7 miles west, in the Alpine area (Merritt, 1956). It is
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not knowh whether these formations are corralative. lowever, they 7¢
have similar Titholcgies and fossils, and both are sugsested to have
formed in a lacustrine environment (Love, 19%6a, Merritt, 1956). The
Teewinot Fermation at Alpine has conjlomerate beds (Merritt, 1955)
unlike the Teewinot exposed in Jackson Hole (Love, 1956a) suagesting
that the Snake Rivér Range'was a highland area prior to Middle
Pliocene time. Further evidence of high topography in this area is
implied by the occurrence of large slide blocks within the Teewinot
which are interpreted to have slid westward off the Snake River Range
(Ldve, 1956b). If a connection between the Teewinot at Alpine and
Jackson Hole arcas existed north of the Snaké River Range, then it
-seems likely that Teewinot strata would have been preserved in the
downwafped Teton Basin directly west of the Teton Range. Love (1956a)
did not mention any exposures of Teewinot strata in this area. There-
fore, the probakle conneétion between Jackson Hole and Alpine during
deposition of the Teewinot was through the south end of the Snake
Riyer Range. This conclusion implies that a Middle Pliocene cover
may haVe extended over the study area and that the Snake and Litt]é
Greys rivers could have been lowered over the buried topography.
Alternately these drainages may have developed from the lake level
without great accumulations of lacustrine material as in the deeper
basins in Alpine and Jackson Hole. During the Pleistocene the erosive

power of these rivers greatly increasad as pre-Wisconsin piedmont ice
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nelted. Such ice existed at least as near és Munger Mountain
(Montagne, 1976, personal communication), 6 miles north of the map
area.
If it can be proven conc]usiVely that the Teewinot at Jackscn

Hole and the Teewinct at Alpine were not continuous, then a mechan1sm
other than superposition must be considered. One p0551b111ty may be
the establishment of the Snake River drainage as the Teew1not 1ale
at Jackson Hole spilled over its bank at the south end. As an
alternate hypothesis the Snake and Little Greys rivers may have
developed by headward erosion across the Pliocene topography which |
certainly was mere subdued than it is at presént, and drained infd‘
the Teewinot lake on the downfaulted block of‘Alpine. Further invés-
tigation is needed to determine whether or not the Teewinot sediments
in both the Jackson Hole and Alpine areas are correlatives. |

_ Mass-wasting is the most dynamic and notabTe‘geomorphic‘pré-
cess in the area. Approximately twenty-six 1ands]1des were mapped
both ancient and recent. Most of these landslides are 1ocated in the
central and western narts of the map area and are almost exclusivé]y

associated with shale and midstone of the Cretaceous Bear River and

Aspen formations.



Landsiides

Small Landslides .

Smaller landslides within the Pine Creek Quadrangle are all
fairly recent and most probably are at least 50 years‘éld judging from
the thick growth of aspen and lodgepole pine on some of the deposits.
They range in size from small'deposits approximately 600 feet 16ng‘and
300 feet across to larger landslides approximately 8,000 feet long and
2,000 feet across. The largest of these small landslides is visible
from U.S. Highway 26-89 just west of Elbow Campground and is approxi-
mately 1% Square miles in area. Another large landslide is located
on the west side of Cow Camp Creek near the northern margin of the
map area. All 6f these landslides‘are of the slump type (Thornbury,
1969, p. 46-67), although, in some cases, the upper surface of the
slide debris has been subsequently modified by mudflows as evidenced
by the hummocks and sparse vegeta}ipn. Small springs and ponds have
developed on the surface of the ]argér slides. Others, such as the
large slide west of Iron Rim Creek, near the western margin of the map
area, appear less modified by continued downslope movement of debris,
and the surface is quite subdued with a thick growth of aspen and
lodgepole pine. Along the break-away scarps of most of the slides:
in the area are several large arcuate tensional cracks along which

material has moved downhill but with no rotational component. Most
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of the siides formed on Bear River-Aspen dip slopes and probably
resulted from water saturation along bedding planes and joirts.
However,  three of the larger landslides along the Snake River moved
parallel to the strike of the beds and probably resulted from a ‘
combination of oversteepened canyon walls, and saturated bedding
and joints.

One ekception to the Bear River-Aspen landslide association
is the slide that occurred in the breached core of the Little Gieys
anticline and that is coincident with the axial trace (Fig. 19). It
involves the sandstone and shale of the Lower Gannett Group, Stump,
Preuss, and Twin Creek formations and‘is'probab]y a direct result of
oversteepening by the Little Greys River and concentrated fractur1ng

in the core of the anticline. '~

Large Landslldos -- Ba11ey Creek Lands]1de o 4 7
The Ba11ey Creek 1andsl1de, named by Love and Montagre {1975,
persona] commun1cat1on) 11es on the south bank of the Snake River in
the northeastern part of the map area (P1. 1). Th15 P]elstocene
1andsl1de was 1n1t1ated on the west flank of Grayback Rldge w1th1n
l1mestone and quartz1te of the Mad1son Group and Wells Format10n It
1s a complex feature, 1nvolv1ng at least two separate s1iding events,

of whlch the ear11er dammed both the Snake River and Balley Creek,
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resulting in deposition of the bed lnacs upstream and tne formation
of a Take in the Srake River Canyon. |

Several cobservations regarding the general appearance of tha
slide are significant in analyzing its origir and development. The
flat to subdued surface of the landslide is covered wifh 2 thick
growth of lcdgepole pine, and typical signs of landéliding,ysuch as
ponds and sbrings, are absent. The landslide debris, whicn reéches
a maximum thickness of approximately 100 feet near the northern
margin ¢f the Srnake River, partially covers Thaynes, Ankareh, Nuggef,
and Twin Creek stirata. No landslide debris cccurs on the west side
of the Snake River. The margins of the landslide have béen incised
by one large and onc small canyon. A well-lithified breccia uﬁit
(Fig. 15), composed principally of Madison limestone and Vells
quartzite (see Cenozoic strata section), crops out é]ong the north
wall of the smaller of these canyons (P]. 1) in the middle of the
landslide debris. In addition, a conglomerate unit, with rearly
identical lithology to that of the brecciﬁ unit, isrexposed aiong |
Bailey'Creek at the southern margin of the sii@é (Pl; 1). This‘unit’
thickens downstream and the sorting, stratification, and slcpe imb]y
that it is a fluvial unit. Fragments of the Madison Group and‘Wells
Formation are also deposited 2% mi]es south of the landslide along

Bailey Creek in a series of recent mudflows. Love (1976, personal
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communicatjon) mentioned that several break-away scarps are apparent
along Grayback Ridge in this general area. |
Other deposits in the area adjacent to the landslide nave

important implicutions regarding its development. Gravel, which may
attain thicknesses of 400 feet (Albee et al., 1975, p. 17}, is
deposited from 25 to 50 feet above the level of the Snake River
north of the Bailey Creek landslide. Additioné]ly,rlacustrfne
deposits crop out above the Snake River north of Hoback Junction 7%
miles north (Love, 1976, personal communication). =

'Baﬁed on the physical characteristics of tha slide and the
nature of the deposits adjacent to it, it is clear that the origih
and deVe]opment of the Bailey Creek landslide was complex. It has
been suggested that the landslide resulted in the damming of Bailey
Creek and the Snake River. This is implied by the gravel and
lacustrine deposits along the.Snake River and the conglomerate unit
along Bailey Creek. The landslide debris, upon deposition, must have
been strongly lithified according to Love (1976,‘personal communica-
tion), forming a durable dam in the Snake River and Bailey Creek.

~ The'landslide originated high on the west flank of Grayback
Ridge where strata from the Madiéon Group and Wells Formation are
exposed.  Recent mudflows and break-away scarps attest to the basic
instability of these strata where they are exposad on dip slopes.

The landslide may have been initiated by oversteepening‘resulting
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from erosion by Bailey Creek, seturatfon of bedding planes, and
jointirg nérmal to bedding planes.

Considerable time elapsed betwezn deposition of tha land-
slide units underlying and overlying the breccia unit (Fig. 3) as
suggested by the strong.lithificaticn of the breccia compared to the
adjacent landslide debris. Sheetwash greatly modified and reworked
the surface of the initial slide aliowing for lithification.to occur .
before the overlying slide covered this surface.

Based on the field relationships, the following history of
the Baiiey Creek landslide is suggested. During the Pleistccene, a
large s]ib surface developed in the westward-dipping iimestone and
quartzite of the Madison Group and Wells Formation. A large mass
of this water-saturated material moved down the west flank of Grayback
Ridge and along Bailey Creek and came to rest near the mouth of Bailey
Creek, completely covering strata of the Ankareh, Nugget and Twin
Creek formations. As a consequence, Bailey Creek and the Snake River
were dammed by the slide debris; coarse cobbles and boulders of
Pa]eozdic and Mesozoic sandstone and quartzite accumulated along the
Snake River; and quartzite and limestone gravel a]ong Bailey Creek.
Material derived from the landslide was reworked and deposited by
sheetwash processes and some of the debris became 1ithified by ponding
and dessication. Fol]oWing this, a new slide from Grayback Ridge

covered the subdued surface. Erosion continued to modify the upper



14

e
— — — — — — — —

— — — — — — — — — —
_——

UPPER SLIDE

CCOIm:

LOWER SLIDE S

—_—

2 /”

/

Figure 3.

Upper landslide and older lower landslide separated by
breccia unit. Note strong lithification of breccia unit
compared to adjacent landslide debris. Xn is Nugget
Sandstone.
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surface of this later slide and lateral streams developed which
incised the imargins, and the last vestiges of the dam viore removed
by the Snake River. These sequential events are illustrated in

Figure 4,

Terraces A

Several terraces border the Snake_Rivek Canyoh in tha map
area and north in the Munger Mountain Quadrangle (Albee,‘1968). The
natura of the depbsits forming on the terraces is discussed belcw
(see Cenozoic strata section, page 87) but thay generally are covered
by well rounded bou]der§ and cobbles. The two tarecce sets occur at
distinct levels: an older higher surface 200-250 fect“abbve the
present river level and a Tower surface 10-25 feet apove the river.
Four miles upstream in the vicinity of Astoria Hot Sprinbs, Albee
(1968) mapped two terraces of the clder, higher set which are
correlatabla witn the terrace along the west margin of the Bailey
Creek lundsiide, based on the similarity of tne e]evations above
the Snake PiVer; Albee (1968) suggested thaf these grévé] terraces

resulted from the damming of the Snake River at the mouth of Bailey

Creek.
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A. Pre-landslide topography

B. Lower slide and dam

C. Subdued surface, development of breccia

| _ D. Upper slide

E. Present topography

Q mile P

: scale
Figure 4. Hypothetical development of Bailey Creek landslide and dam.
Formations are MPPw) Wells Formation, (PP) Phosphoria Forma-
tion, (®d) Dinwoody Formation, (B’w) Woodside Formation,
(®t) Thaynes Formation, (®ma ) Ankareh Formation, (&n)
Nugget Sandstone, (st ) Twin Creek Limestone. Scale approximate.




STRATIGRAPHY

Tutroduction

*

The stratigraphic secticn within the map area consists ofA
Mississippian through Cretaceous strata (Fig. 5). The section i»
p*edominant]y marine, although nonmarine'strata were ceposited during
the Early Triassic and Early Cretaceous. Clastic rocks dominate the
sécticn, élthough carbonate deposition occurred during the
Mississippian, Early Triassic and Middle Jurassic, reflecting the
tectonic history of the overthrust belt-and adjacent parts of
Wyoming, Idaho, and Utah.

The elements of this tectono-sedimentary system consist of
a shelf on the east where the strata are thin, and é miogeosyncline
on tihe west where the rocks are thick, and a transitional area
between, which includes the overthrust belt. The position of the
transitional area shifted throughout the Paleozoic and Mesozoic with
majer impact on the lithologies and sites of maximum deposition. 1In
Late Triassic time, the miogeosyncline began-io break up and a dif-
ferent pattiern emerged whereby a high area on the west rose and shed
 detritus eastward into the marginal basin. Destruction of the
miogeosyncline in Late Mesozoic time was a precursor to the develop-
ment of large north-south trending folds and eastward moving thrust
faults which eventually resulted in the deformation of the Pine

Creek area (Armstrong and Oriel, 1965).-
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Figure 5.

Generalized stratigraphic section, Pine Creek uadran
south of Snake River. Not to scale. : e
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Paleozoic Rocks

Introuuction L

Tha expo;ed Palebzoigrsection ié-appfokimate]y 2,260 feot
thick in the map area and inclﬁdéé limestone‘cf the}Mfssion Canyon
of the Madison Group of Mississippiénkage, é]astics and cafbonates
of'the N:I]é Formation of‘Mfssissippian, Pennsylvanién,‘and Permian
.age,vand phosphatic mudstoné and c]asﬁics of the Permian»Phdsphofia
Foimation. Exposures ofvthése sirata are confined tb fhe north-
eastérn corner of the map area wFére they form resistaht outcrops.

along the f]ahk of Grayback Ridge.

Mississippian Strata -- Madison Group

- Previcus Work. The Madison Croup, including the overlying

Mission Canyon limestcne and underlying Lodgepole Limestone, has been
éxtensively studiec throughout its extent in Montana, the Dakotas, |
Utah, Idaho, and Wyoming. Andrichuk (1955) studied the stratigraphy
and sedimentation of the Madison Group in Wyoming and southern
Montana. Strickland (1956), and Sando and Dutro (1960) investigated
the Madison in western Wyoming, and Sando (1967a) studied the Madison
in portions of the overthrust belt, including areas adjacent to the
Pine Creek Quadrangle. Wanless et al. (1955) measured sections of
the Madison Group at Pow Wow Point one mile east of the northeast

corner of the Pine Creek Quadrangle, at Hoback Canyon east of the
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map area, ana at other Tocalities in the Teton, Cros Ventre, ind
Srake River ranjes.

Age ard Contacts. The age of the Madison Group has been

well docuniented by abundant fossil data and represents an interval
of virtually continuous deposition from early Xinderhook to early
Mzranec time (Sando, 1967b). The contact of ike Mcdiéon with the
under]ying Darby Formation of Devonian age is a regional unconformity
{Benson, 1966). A dark shale unit overiies the Darby and underlies
tho Lodgepole throughout the thrust belt and scuthwestern Montara
(Benson, 1966, Fig. 2) that should be included with the Madison ia
western Wyoriing (Benson, 1966). The contact of this unit with the
overlying Madison Groun is a disconformity, although the time inter-
val represented by the gap is short (Haun and Kent, 1965). This
shale unit was deposited at the same stratigraphic position as the
Cottonvonu Caryon member of the Madison Limestone of west-cential
Wyomirg (Lové and Keefer, 1969).

Correlations. The Madison Group has had a confusing history

of nomenclature as outlined by Sando and Dutro (1960, 1974). Collier
and Cathcart (1922) were the first to use the name Madison as a

group in their work in tke Little Rocky Mountains of Montana and
divided it into an overlying Mission Canyoa Limestone ard underlying
Lodgepole Limastone. Andrichuk (1955) and Strickland (1956)

sepérated the Madison Group into a tripartite division but Sando
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anc Dutro (1960) r2jectad these subdivisions erd recognized only the
Lodgepola Limescone and Mission Caiiyon Limestonc in western Nybming.
Thic twofold nomanclature has persisted and i5 used throughout
~ Montana as well. East 6f the overthrust belt, the name Madison Line-
stone is used because the Lodgepole and Mission Canyon Limestone are-
“not recognizable as distinct lithic units (Sando, 1967a, p. 537).
West o7 the thrust belt in southeastern Idaho and northwestern Utah,
the Lcdgepole Limestone name is usad and the Brazer Dolomite ic tha
approvimate temporal and Tithic equivalent of the Mission Canyon
Limestone (Sando, 1967b, p. 25).

Lithology. OGnly the upper 800 feet of the Mission Canyon
- Limestone is exposed in the'extreme northeastern part of the map area.
Here, it consists'of medidm- to dark-grey, medium- to coarse-grained,
. massive- to thick-badiad, bioclastic limestone that forms prominent
cliffs. The upper part of the Mission Canyoh contains a few dolomitic
Timastone and precciated limestone beds. The Lodgepole in the adja-
cent Ferry Peak Quadrangle is composed of darkfb]ue-grey to medium-
grey, fhin- to medium-bedded, very fine-grained limestone with
abundant bioclastic beds in the upper part (Jobin, 1972).

The Tithology of the Madison Group is remarkably uniform
throughout 1ts extent consisting mainly of carbonate strata with veryA
few clastic interbeds. The most significant change in lithology is

the high percentzge of dolomite in the area which roughly corresponds
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with the Wycming shelf. In southeastern ldaho, the averthrust belt,
and southwestern Montana, dolomite is a minor lithologic componert
(Ardrichuk, 1555). Locally, east of the map area near Cream ruff
Mountain in the lower end of Hoback Canyon, the Mission Canyon Line-
stone containé several beds of gvpsum up to 50 feet thick (Wanless
et al., 1955).

Environment of Deposition. The depositional environment of

the Madison Group in the study area was opern marine with moderately
deep water during deposition of the Lodgepole and shallower water
during deposition of the Mission Canyon. During the Late

Mississippian regressicn (Haun and Kent, 19€5), parts of the sea

became barred (lower Hcback Canyon area) and evaporites were precipi-
tated in restricted basins. Eventually, a karst surface developed

on the exposed Madison strata and the ensuing so]utibn effects

extended down to the evaporite bedﬁ, leaching out soluble constituents -

and producirg collapse breccias (Sando, 1967b).

Pennsylvanian Strata -- Wells Formation

Previous Work. Not much significant work has been done on

the Upper Mississippian to Lower Permian VWells Formation since it was
named by Richards and Mansfield (1912) for exposures in Wells Cahyoh,
Idaho. However, several papers have been published on the 1itho-

logically and temporally equivalent Amsden and Tensleep formations of
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west-central and central Wyoming (see Mallory, 1967). Wanless et al.
(1955) utilized Amsden and Tensleep terminology and measured a
section on the west flank of Grayback Ridge, directly across from
Cabin Creek on the northern border of the map area, and at Hoback
Canyon, five miles tb the northeast.

Age and Contacts. The age of the Wells Formation is compli-

cated by the lack cf diagnostic faunal data and is based on the ages
of its tempural and lithic eduiva]ents. Tha Wells is ccasidered to
be Mississippian to Permian in age by U.S. Geological Survey geolo-
ists in tﬁe area (e.g., Albee, 1968, Jobin, 1972). The
Mississippian (Chester) age is based on the age assignmert of the
underlying Amsden Formation (Ma]]ory; 1967) which was inzludad in
the Wells ir the map area. The lithologically and temporally eQuiva-
lent Tensleep Sandstone is lowermost Permian (Wolfcamp) at the
western limit of its exposure-(Mallory, 1967). A Permian age is also
indicated by-the conformable contact of the Wells with the ovér]ying
Grandeur Member (Leonard) of the Park City Formation in southe;stern
Idako (McKelvey et al., 1959) which was also mapped with the Wells
in the Pine Creek area. A regional disconformity is precent at the
base of the Wells where the Amsden is in contact with the underlying

Madison Group, although the nature of this contact is not discernable

in the study area.
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Corralations. Use of the name Vells Formation is confined

to westerimost Wyoming scuth of Jackson, exﬁreme southeastern Idaho, -
and northern Utah. - Amsden and Tensleep terminology is usa2d in the
Gros Ventre Range and eastward for strata deposited during tha same
time as the Wells. Ih southwestern Montaﬁa and Yellowstone Park,.
the Quadrant Formation and underlying Amsden are equivalent to the
Welle.

Lithkology. In the map area the Wells Formation is approxi-
mately 1,250 feet thick and can be divided into two major units. The
lTower unit of the Wells consists of medium- to dark-grey, medium-
grained limestione and interbedded dark-grey limestone in tha upper
part and interbedded dark-grey limestone, red shale, and yellow-grey
to red, calcareous siltstone and sandstone in the lower part (Jobin,
1972). - The upper unit predominantly consists of light- to yellow--
grey, fine-grained, cross-bedded, quartzitic sandstone and some inter-
bedded, medium-grey, white-weathering, massive, cherty dolomite and
dolomitic limestone. _Séndy, massive limestone beds, probably equiva-
lent to the Grandeur tongue of the Park City Formation, were included
with the upper few feet of the Wells in the map area.

. At the type locality, the Wells includes a lower sandy and -
cherty Timestona unit, a middle sandy unit, and an upper caicareous
sandstone or siliceous limestone unit (Richards and Mansfield, 1912).

McKelvey et al. (1959, p. 15) later assigned the vpper siliceous
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- limestone to tie Grandeur Member of the Park City Formation.

Although Richards and Mansfield's type secticn description is
generalized, their‘middle unit is comewhat less quartzitic with -
calcareous sandstone and limestone erédominating and their upper unit
is dominated.by limestone, the opposite of that found in._the Wells in
the map area. -This trend continves Tarther to the west where thz
Oquirrh Formation of southeastern ldaho is predominantly limestone
and sandy 11mestone, intercalated w1th minor amounts of calcareous
sandstone (Beus, 1968 F1g 10); East and north of the Pine Creek
area the wells equ1va]ents ate 11tho]oglca11y s1m11ar to the wellsl
in the study area (see Uanless et al 1955, p. 31- 34 P]ate 18)

‘ |he under1y1ng Amsden Fornat1on throughout its extent in
Wyomtng can be separated 1nto three 11tholog1c d1v1s1ons (1) a
basa] sandstone, the Darw1n Nember, (2) F) med1a1 red sha]e un1t, and
(3) an upper cherty 11mestone unit (Ma]]ory, 1967) The Tensleep
Sandstone is predom1nant]y sandstone and quartz1te w1th broad]y
1ent1cu]ar carbonate beds compr1s1ng less than 20 percent of the -

tota] (Ma\]ory, 1967)

Environment of Dep051t1on wells sttatatwete denosited‘on
a broad shelf in western and central hyoming. Detritus was shed fron
western and eastern soutces (Anmsthong and 6riet, 1965) into a basinal
area in southeastern Idaho whioh was apptectahly more ca]cateoos than

the margins. Early unstableness resulted in the emergence and
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submergence of the shelf area which gradvally gave way tu a partial
withdrawal of the sea in Late Pennsylvania time (Mallovy, 15/2).
Limestone vas deposited alternately with sandstone in the study area
as minor fluctuations in the water depth occurred. Wind and current
distribution and oscillations of the sea constantly shifted a system
of dures, beaches, barrier islands and carbonate shoals, producing.

complax interbedding.

Permian Strata -- Phcsphoria Formatison

Previous Work. Permian age strata are represented by the

Fhosphoria Formation which has been subdivided into twc units which
include strata from‘the intertonguing Shedhorn Sandstone and Park
City Formation. Several studies have been undertaken on these rocks
since the U.S. Geological Survey began investigating'the western
phosphate field prior to 1910. A detailed Tisting of these early
contributions is beyond the scope of this paper but an excellent
review can be found in Sheldon's (1963) work on the mineral resources
and stratigraphy of the Permian rocks of western Wyoming. More
recent work on the Phosphoria Formation and its equiva]enfs wh{ch
includes the area of this study has been undertaken by Sheldon (1955,
1956, 1957), McKelvey et al. (1956, 1959), and McKee et al. (1967).

Wanless et al. (1955) measured sections of the Phosphoria Formation
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at Martin Creek, just to the north of the map area, and in the zdja-
cent Snake River and Hoback rangas. |

Age and Contacts. The Phosphoria Formation and the rocks

that irt2rtongue with it are cohsidefed to be Permian in age based
on aburdant fbssi] data (McKelvey et al., 1959). The lower contact
with the ¥ells Formation in the Pihe Creek Quadrang]e is not exposed
due to cover so it is undetermined whether or not this contact is
conformable there. However, in the north part of th2 adjacent
Wyoming Range, Sheldon (1963, p. 84) indicated that the Meade Feak
Member of the Phosphoria Formation rests with sharp disconformity on
the Wells. Riéhards and Mansfield (1912, p. 692) noted in this same
region the absence of the Grandeur Member and the presence of a basal
breccié. This erosional hiatus increases in magnitude from the study
area to the Big Horn Basin of central Wvoming where as much as 130
feet df Tensleep Sandstone may have been eroded (Agatston, 1954).

Correlations. A severe problem has existed with Phosphoria

Formation nomenclature. A discussion of the problem is beyond the
scope of this paper but an excellent description is provided by
McKelvey et al. (1959) and Sheldon (1957) and a solution and justifi-
cation are presentéd by McKelvey (1959). The problem arose because
of the intertonguing ol members and tongues of the Phosphdria, Park
City, and Shedhorn formations, and the lensing nature of some of the

beds. These strata inc]ude; from base to top, the lower chert, Meade
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Peak Phosphatic Shale, Rex Chert, Retcrt Phosphatic Shale, and Tosi
Chert members of the Fhosphorie Formation. The Grandeur, Franson,
and Ervay members maxe up the Park City Formation from base to top,
and the Shedhorn Sandstone consists of the lower and upper members.
The nomenclature and intertonguing relationships are summarized in
Figures 6 and 7.

Fo]fdwing the precedent set by U.S; Geological Survey geolo-
gists, the Phosphoria Formation was divided into lower and upper units
for purposes of mepping in the Pine Creek Quadrangle. The lower unit
concists of the Meade Peak Member, and the upper unit includes the
Rex Chert Membér, Retort Phosphatic Shale Member, the lower tongue
of the Shedhorn Sandstone, and the Franson Tongue of the Park City
Formation. A1l other members were not present in the map area.

Lithology. The lower Phosphoria in *ha Pine Creek Quadrangle
consists of 66 feet of dark-grey to dark-brown phosphorite and mud-
stone with a few thin interbeds of black, argillaceous dolomite. The
phosphorite occurs as oolites, pisolites, pellets, and as dense ’
structureless types. The lower Phosphoria does not contain any
resistant rocks and forms a low, densely vegetated swale that is
under]ain by black soil. The upper Phosphoria is 150 feet thick and
includes dark-brownish-grey mudstone, shale, and siltstone with inter-
bedded phosphorite of the Retort Phosphatic Shale Member, friable,q

yellow-brown, fine-grained, quartzose sandstone of the lower tohgue
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ot the Shedhorn Sandstone, grey-brown, massive dolomite of tha Franson
Tongue, and yellow-brown to yeliow, bedded ciert of the Rex Chert
Member. The upper unit of the Phosphoria is only slightly more
resistant than the lower unit. |

The Phosphoria Formation and associated rocks of Phosphoria
age show a wide 1ithologic variation. Generally the dominant facies
in southwestern Idaho, western Wyoming, scuthwestern Montana, and
northwestern Utah includes dark shale,  phosphcrite, and chert; in-
northwestern Wyoming, sandstone; in west-central and northern Utah,
carbonate; and in central and eastern Wyoming, light-colored greenish
and reddish shale. These facies interfinger, and tongues of each
facies type extend long distances into areas dominated by other types
(Sheldon, 1953). 1In addition to these generalized facies types,
Sheldon (1963, p. 74) noted an interesting relationship between chert
and apatite. Regionally, the distribution of apatite and chert
increases to the west, but where apatite is locally concentrated,
chert is impoverished. Chert and dark mud have a similar inverse
relationship but chert extends farther east than either dark mud or

apatite and the quantity of dark mud is greatest in southeastern

Idaho.

Environment of Depnsition. The environment of deposition of
the Phosphoria Formation and assogiated Permian rocks in the study

area was extremely varied but, in general, was open marine with the
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deepest parts in east-central Idaho and adjacent parts of Montana
arnd Utah (McKelvey et al., 1959). Shoaling of the sea floor increased
to the éast Qith the eastern margin represented by restricted shé}!ow
basins.. Due to tactonic movements,vthe ahove-described facies trans-
gresSea‘and Eegressed across western Wyoming two times, and minor
fluctuations of climatic and oceahographic conditioné produced the

intricate intecrbedding (McKelvey et al., 1959).

Masozoic Rocks

Introduction

Thé Me§ozoic section in the map area, in excess of 10,000
feet thick, includes‘siltstone, sandstone, and 1imestone of the
Triassic Dinwoody, Woodside, Thaynes and Ankareh form@tions; the
Triassic (?) - Jurassic (?) Nugget Sandstone; and 1imestone of the
Jurassic Twin Creek, Preuss, and Stump formations; and the shale and
sandstone of the Cretacecus Gannett Group and Bear River and Aspen |
formations (Fig. 5). These Mesozoic'focks covef the major portion |
of the Pine Creek Quadrang]e from the flank of Grayback Ridge to the

Absaroka thrust, west of the border of the map.

Triassic Strata -- Previous Work
Strata of Triassic age include, in ascending order, the

Dinwoody, Woodside, Thaynes, and Ankareh formations (Fig. 8).
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Previous werk cn thase formaticns has consisted of reg{onal
straticraphic studies covering western Wyoming and adjacant areas of
Idaho. Nawell and Kummel (1942) concentratcd on lower Trfassic strata
of the thrust belt regicn and Mansfield (1920) and Kumel (1954)-
reported on ithe Triassic section throughout the overthrust belt and
adjacent parts of southeastern Idano. Ficard ot al. (1969)'reported
cn the Thaynes Formaticn and its equivalents, from extieme eastern
Idaho to west-central Wyoming, and High and Picard (19069) examinéd
the Ankareh and its lithologic and temporal equivalentis at itunger
Mountain, 6 miles ncrth of the study area, and at other localities
in central Wyoming. Newell and Kummel (1942) measured a partial
section of Triassic strata within the map area just to the north and
east of the Bailey Creek landslide along the wéSt flank of Graybéék
Ridge. Yanless et al. (1955) measured Triassic sections at Munger
Mountain, Red Pass, 4% miles rorth of the map area, and at Hoback

Canyon. .

Dinwoody Fcrmation

Age and Contacts. The Early Triassic (Otuceratan to

Flemingtan) age of the Dinwoody Formation has been well documented
by faunal eviderce (Kummel, 1954). The contact with the underlying
Phosphoria Formation appears in some places to be coaformable and

in others disconformable. In scutheastern Idaho, the contact with
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the Phosphoria is not well exposed but where it is, it appears to be
gradational (Kummel, 1954). Althcugh the contact with the Phosphoria
was obscured in the study area, Wanless et al. (1955, p. 41) mentioned
the presence of a basal cong]omerate-a few iunches thick "at many
places” in thé area adjacent to the Pine Creek Quadrangle. Love
(1939, 1948) also noted evidence of a local unconformity between the
Phosphoria and Dinwoody formations in this general area. In western
KWyoming, Newell and Kummel (1942, p. 938-939) outlined evidence for
an unconformity at the base of the Dinwoody as (1) marked leaching
of chert beds at the top of the Phesphoria Formation, (2) marked
northeastward overlap of lower Dinwoody strata by upper Dinwoody on
the Phosphoria'surface from southwestern Wyoming into central
Wyomirg, and (3) discovery by Alfred Fischer {personal communication
in Newell and Kunmel, 1942) that upper beds of the Phosphoria are
Tocally truncated by basal-beds of the Dinwoody Formation. In
northern Utah, just east of Provo, there is stronger evidence of an
unconformity where the Woodside rests disconformab]y on the
Phosphoria. South, in central Utah, there is also evidence of an
erosional disconformity between the Permian Kaibab Limestone and
overiying Triassic Moenkopi Formation (Newell and Kummel, 1942,
p. 938). These relationships indicate a regional unconformity
between the Triassic and Permian that probably increases in magnitude

between the study area and northern Utah. However, Oriel (in McKee
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et al., 1959, p. 3-4) oifered an alternative hypothesis and suggestad
that the contact between the Phosphoria and Dinwoody could be
explained by regressive overlap. If this is true, then little, if
any, time elansed between depdsition.of these units. Continuous
depnsitioﬁ is-alsc sujgested by a crude similarity of the facies
pétterns tetween Dinwoody and Phqsbhoria rocks produced by regressive
overlap (Sheldon, 1963). The prublem remains unresolved and further
studies on the nature of this contact in the northern part of the
overthrust belt are needed.

Correlations. The Dinwoody Formation was named by Blackwelder

(1918) for exposures in Dinwoody Canyon in the Wind River Range.
Dinwoody nomenclature is used throughout the thrust belt, southeastern
Idaho, extreme southwestern Montana, and central Wyoming.

Lithology. In the mep area, the Dinwoody Formation, roughly
600 feet thick, consists of very light-grey, very fine-grained,
~ calcareous sandstone in the lcwer part. The upper part fnc]udes grey,
siliceous siltstone, and occasional beds of b]uish;grey, lithographic
limestone. The siltstone and sandstone beds are very thinly bedded
and resistént, forming distinctive talus. Shale, which is common in
the middle part of the Dinwoody in the area adjacent to the Pine
Creek Quédfang]e (see Wanless et al., 1955), was not encountered in
the field area, probably due to the extensive talus cover from the

overlying rart of the Dinwoody.
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. Regiorally, the lithologic variation in the Dinwoody is not
significant. Newell and Kumnel (1942, p. 941) subdivided tha Dinwoody
into three major, lithologically distinct units which are fairly .
extensive. The lowest ‘unit, the basal siltstone, consists of
friab]e,'unfossil‘ferous buff si]tstone. This sequence has not been
observed in southwestern Idano the fac1es equ1va1ent there is repre-
sented by a buff silty shale. The med1a1 unit is the Lgngulg zone
whichvconsists predominantly of silty, o]1ve-buff to grey sha]e inter-
calated vith thin, b]o&ky 1imestone, ranging from dark-b]uish-grey
to brown. These strata are characterized by profuse'well-preserved
Lingula. The upper unit,‘the C]araia:zone, the most'extensiue
sequence, is typified by locally abundant mo]ds of the pe]ecypod
Claraia. Lithologically, 1t conS1sts of res1stant 11ght brown,
calcareous siltstone beds less than one foot th1ck Th1s un1t also
ccntains local, 1nterbedded ]1ght-grey, s11ty 11mestone and is
' differentiated from the medial zone b the sma]] amount of sha]e
These strata are deposited 1n an onlao relation as 111ustrated in
F1gure 8. In the southern W1nd R1ver Mountalns the upper C]ara1a
zone rests directly on the PhOSphor1a Format1on (Newell and Kumme]

1942).

Environment of Deposition During the ear]y Tr1ass1c a

transgression of the sea resulted 1n open marlne cond1t1ons in south-

eastern Idaho and western Wyom1ng Water depth was greatest in
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southeastern Idaho where shale was deposited. Most of western Wyoming
was a broad sh21f with snhallow water, a well-aerated sea-floor, and

active bottom currents (Kummel, 1955).

Woodside Forination

Age and Contacts. Although the woodside’qumation is barren

of fossils, it is considered to be of Early Triassic age, based on
its stratigraphic relationship with the over]yiqg Early Triassic
Thaynes Formation. Furthermore, in southedstern Idaho, the lowar
half of the Woodside is the time equivalent of the Lowér Triassic
Dinwoody Formation (Fig. 9) on the basis of the intertonguing
relationships of the units (Newell and Kummel, 1942). A zone of
intertonguing of the Dinwoody and Woodside follows a line from south-
western Mohtana along the Idaho-Wyoming border that turns abruptly
westward in northern Utzh. Red beds are predominant ecast of this
line, and subordinate to the west (Kurmel, 1955). The nature of the
"contact of the Woodside and Dinwoody formations with%n the field area
is indeterminable because of talus cover.

Correlations. The Woodside Formation was named by Boutwell
(1907) for strata exposed in Woodside Canyan near Park City, Utah.
Woods ide terminology is utilized throughout the thrust belt, northern
Utah, and scutheastern Idaho because the Woodside retains its litho- %

logic integrity over this area, East of the thrust belt in central
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Wyoming, the Woodside is partly temporally equivalent to the . Red Peak
Formation (Fig. 10) of the Chugwater Group (Picard, et al., 1959;.
Lithology. In the map area, the Woodside Formation censists
of 640 feet of red-brown, very fine-grained, sandy siltstone a&nd
shale. These litholcgies are generally very boor]y exposed vut the
tformation is easily mepped on the basis of the red coler of the soil.
Throughout its area of exposure, the Woodside shows negligitle
variation in 1ithology...Newe11 and Kummel (1942) reported the pres-
ence of a few thin beds cf limestone in Woodside secticns in the |
Hoback and.Gros Ventre ranges and Kummel (1954, p. 171) mentioned
"a few thin non-red beds in the Salt River Range. In northern Utah
and in the Uinta and Wasatch ranges,‘the Woodside censists almost
entirely of red beds; only a few thin non-red beds are present
(Kummel, 1954). It is extremely probable that the:e‘non-red
Tithologies represent a‘tongué of the underlying marine Dinwoody.
"Picard et al. (1969, p. 2278) speculated thet the Woodside at the
Munger Mountain section is probably correlativa with part-of the
lower platy facies and underlying silty claystone facies of the Red

Peak Formation of west-central Wyoming (Fig. 10).

- Environment of Deposition. The environment of deposition of
the Woodside was continental on westward- dnd northward-prograding

deltas and coastal plains. The presence of occasional beds of marine









































































































































































































































































































