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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.



110° 48’
43°15'

110°52'30"
435"

—_——

|_TETON cO.
LINCOLN CO.

s 43°07'30"
43°07'30 N 10° 45'
110°52"' 30" 0 | 2 3
e
MILES
Figure 1. Index Map, Pine Creek Quadrangle. .
Map area shaded. WYOMING




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



13
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
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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



32
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
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limestone suggest that tectonic oscillations allowed the Dinwoody sca

to periodically invade this brcad coasta2l plain-delta complex.

Thaynes Formation

Age and Contacts. The Thaynes Formation is considered to be

Early Triassic in age according to Kummel (1954,‘1955) on the basis
of fossil data. Dating of this unit is made more difficult by the
intertonguing relationship with the overlying Ankareh andvthe uhder-
1ying Woodside tormations. A facies dividing line, simi]ér’to ihat
of the Woodside, exists for the Thaynes Formétion, and passes south~
ward from the Idaho-Wyoming boundary through the»wasatch Mountainé_of
Utah. East of this line, red beds are common, ana fo the west, red
beds are absenf or of miﬁor importance (Kummel, 1955). Complications
of this paftern are created by an eastward-extending marine tongue of
the Thaynes, the Alcova Limestone, which at various times haS been
correlated with many parts of the Thaynes and post-Thaynes roéks but
~ is now considered by Picard et ai. (1969) to be an upper tongue of
the Thaynes. To the west, the Lanes Tongue of the overlying Ankareh
Formation extends into the upper Thaynes but is ndt preseht a§ far
west as Fort Hall, Idaho (Fig. 8) (Kummel, 1954, 1955). This tongﬁe
may be represented in the map area by the red-brown, very fjné—
grained sandstone that occurs near the middie to uppef part‘of the

Thaynes.
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.The Thaynes is fn an onlap -elationship with the Woodside
on the east. This pattern is complicated, however, by intertonguing
relationships and the Stratigraphic position of the eastward extending
" Alcova Limestone. These relationshibs are illustrated in Figure 3.
This contéct Qas obscured in the study area.

Correlations. Routwell (1907) named the Thaynes for exposures

in Thaynes Canyon, near Park City, Utéh. Correlations based on
stratigraphic position of thelThaynes Fonnatidn with equivalents in ~
surrounding regions is made more difficuit by intertonguing and facies
changes. 'Mansfie]d (1916) raised thé Thaynes Formation to Group'rank
and designated three formations, in ascending order, the Ross Fork
Limestone, the Fort Hall Formation, and the Portneuf Liﬁestone. The
lack of persistance of these formations, howevef, resulted in the
abandonment of Mansfield's scheme, although the name Portneuf Lime-
stone was given member status by Kummel (1954, p. 172) because it is-
~'more persistent than the other two units. Kummel (1954, p. 172)

also included the Timothy sandstone memnber in the upper Thaynes in
southeastern Idaho (Fig. 8). East of the thrust belt in central
Wyoming, the Thaynes is the partial temporal equivalent of the Red
Peak and Crow Mountain formations (Fig. 10) of the Chugwater Group
(Picard et al., 1969). The Alcova Limestone in this region is also

correlated with the upper Thaynes.
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Lithology. In the Pine Creek Quadrangle, the Thayres Forma-
tion consists of a lower unit of interbedded, medium-grey, medium-
bedded, limestone ard very fine-grained, very thinly boddad sandstcne;
a medial unit of red-brown, very fine-grained sandstonz; and an upper
unit of grey, very thinly bedded 1ithographic limestone, and ye]]owe
tan, very fire-grained, calcareous sandstoine. In addition, a 4 foot
thick basal breccia unit occurs in the Thaynes Formation approximately
-one-haif mile scuth of the Baf]eyvCreek landslide. .Here, the angular
and occasicnally subrourded clasts, up te 3% inches in diameter; are
imbedded in a silty, calcareous matrix. This unit was not observed
north of this locality. The Thaynes Formation is approximately 950
feet thick in the Pine Creek Quadrangle, though poor exposure of the
upper contact with the Ankareh made accurate measurements impossible.

In the’region adjacent tn the map area, the Thaynes Formation
does not show significant 1itholecgic variation.. Kummel (1954, p. 173)
~ froposed that the Thaynes Formation in southeastern Idaho be sub-
divided into seven lithologic units which are, in ascending order:

(1) Tower limestone, (2) lower black Timestcne, (3) tan silty lime-
stone, (4) upner b]ack limestone, (5) sandstone and limestone,

(6) the Portneuf L1mestone, and (7) the Tlmothy Sandstone Member
‘Picard, g;_gl_ (1969 p. 2280-2281) suggested that Kummel's 11tholog1c

divisions, with tne exception of ‘the Portneuf L1mestone, can be |
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correlated betwcen southeastern Idaho and westarn Wyoming, based on
lithologic similarity, thickness changes, and interpreted facies.

Environmeni of Deposition. A second advance of the Early

Triassic sea resulted in deposition of the Thaynes Formaticn in .
westarn Wyoming and the interfingering of these marine deposits wift
continenfa] rocks along the margins of the sea. Due to the abundance
of dnlomite and gypsum in the Hcback and Mungér Mountain sections,
Picard et al. (1969) prbposed}th:t the Thaynes in this area was
}deposited in a shallow-water marine environment that was restricted
by carbonate banks in eastern Idaho.

The basal breccia unit in the Thaynes in the map arca may
have resulted from a local shoaling, sﬁggesting a disconformity
between this unit and the underlying Woodside. If this sh6a1 were
exposed for a sufficient period of time, desiccatior of the Woodside
sediments would have occurred. Coarse clasts, removed by subaerial
~ erosion, would have been transported short distances and deposited

in the surrounding basin.

Ankareh Formation

Age and Contacts. The age of the Ankareh Formation is

questionable because no diagnostic fossils have been found but it is
considered to be of Middle or Late Triassic age by Kumme] (1954),

based on its stratigraphic position. In central Wyoming, the partly
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‘temporally equivalent Crow Mountain and Jelm foymations are separated
by a pronounced disconformity according to High and Picard {196S, -
h. 1595). They suggested that this Middle Triassic hiatus can bg*
~ correlated with a similar disconformity in northeastern Utah that .
separates the Triassic Moenkopi and Garta formations. Furthermore,.
the Timothy Sandstone is unconformably overlain by the Higham Grit,
suggesting that this hiatus is present in southeastern Idah¢ {Kummel,
1954). No evidence of an unconformity was noted betweern the Ankareh
. and Thaynes in the study area, but based on the disconformable
relationships in the surrounding region, it is probable that the
contact between these two formations is not conformable.

" Correlations. The Ankareh Formation was ncmed by Boutwell

(1907) for strata exposed near Park City, Utah. He originaily
included an overlying, prominent white sandstone, the Nuggect, but
later (1912) restricted the name Ankareh to include ali strata over-
1ying the Thaynes and underlying the Nugget. In southwestera Idaho,
Mansfieid (1927) recognized the following post-Thaynes Triassic rocks:
Timothy Sandstone, Higham Grit, Deadman’LimeStone, and Wood Shale, in
ascending ordér (Fig. 8). To avoid confusion, Kummel (1654, p. 179)
proposed reducing all previously named post-Thaynes strata in northern
Utah and western Wyoming to member rark and using the name Ankareh

for these rocks.” In addition, he assigned the Timothy Sandstone to

the uppermost part of the Thaynes, designated the Higham Grit and
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Dcadman Limestone as independent formations, and consicered the Wood
-Shale to be alwestern.extending toncue of the Ankareh (Fig. 8). East
of the thrust belt in central Wyoming, the Ankareh is the temporal
equivalent to the Popo Agie and underlying Jelm formations (Fig. 10)
ef the Chugwater Group (High and Picard, 19%9).

Litholooy. The Ankareh is generally very poorly exposed
within the map area, concealed benecath a talus cover from the over-
lying Nugget. . At the best exposure on the northern margin of the -
Bailey Creek landslide, it consists of a lower unit of red-brown,
very fine-grained sandstone and an overlying unit of maroon silt-
stone, both of which weather to a red soil. Grey, round, well
defined, calcareous nodulés and a few, thin, grey, medium-grainad
Timestone beds occur in the upper siltstone unit at the mouth cf
Cabin Creek along the northwestern border of the map.area and farther
north at Munger Mountain. Within the map area, the Ankareh Forma-
~ tion is estimated to be 350-400 feet thick, although accurate measure-
| ments were difficult to obtain because of the poor exposure.

~Regionally, the Ankareh shows several significant lithologic
changes. In central and west-central wyomfng, the Jelm Formation
consists of argillaceous limestone, carbonate-cemented sandstone, -
and red siltstcne and sandstone (High and Picard, 1969). At Munger
Mountain, north of the map area, the lower part of the Ankareh

1nc]udes a tongue of the Jelm which consists of red, platy siltstone.
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The middle beds here consist of the lcwer carbonate unit of it Popo
‘Agie Formation which, according tc High and Picard (1969, p. 137€),
is 1ittle changed from the castern sections of central Wyoming. The
upper Ankareh at Munger Mcuntain includes limestone ard siltstone,
and pebbly conglomerate which is interpreted to be a facies change
in the ocker unit of the Popo Agie of west-central Hyoming (High ard
Picard, 1969). Figure 10 summarizes these relationships. Love (1943,
‘p. 99-159) described the Popo Agie Formation in the area from eastern
Jackson Hole to the Wind River Mountains as:
‘ ...ocher colorad, oolitic, siliceous; dolomitic clavstone,

with Timestone pellet conglcmerate, purple and red shale,

and red silty sandstone. A widespread zone of highly

siliceous, bright, ocher-colored dolomitic claystone cor-

taining numerous silicecus and 1imy geodes and siliceous .

oolites in great abundance is present near the top of the

member. :
This 1ithology is similar to the Ankareh in thes region adjacent to
the map area. The Deadman Limestone and Timothy Sandstone of south-
eastern Idaho are, according to Kummal (1954), correlative to similar
sections of Ankareh measured by Wanless et al. (1955) in the vicinity

of the map area.

Environment of Deposition. The Ankareh Formation records a

variable and changing depositional environment in southeastern Idaho
and western Wyoming. West of the basin, in central Idaho, a northeast-
trending ridge rose in early Late Triassic time, shedding coarse

detritus eastward to form the Higham Grit (McKee et al., 1959, p. 17).
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This event transformed the shallow marine and paralic conditions that
prevailed in western Wyoming curing deposition of the lower Ankareh
to fluvial and lacustrine environments dominanf during depcsition cf

the upper Ankareh (High and Picard, 1969).

'Junassic Strata -- Previods Work |

~ Jurassic strata eqused}within the study anea include the
Nugget‘Sandstone (Triassie ? and Jurassic ?), the Twin Creek Lime-
stone, the Preuss Séndstone, and the Stumb Sandstone (F%gt;s).
Jurassic strata were examined by Mansfield (1320) indsodtheastern
1dah, 'tva Imlay (1950) in the overthrust belt, and by Pipiringos
(1957, 1968) in south-central Wyoming. ‘Addftionally, Cobrovoiny
(1941) studied the Jurassic and‘éfetaeeoué sequence in‘the Camp Davis
area, 2 miles northeast of the mab aree; LWanless‘gglgl. (1955)7 J
measured Jurassic'sectidns at CabinVCreek on the no*thern border of
the map area, at Munger Mounta1n, and at other 1OCal1t1es 1n the Teton,
' Gros Ventre and Hoback ranges. S1gn1f*cant reg1ona1 work that
1nc1uded the study area was undertaken on the Twin Creek by Im]ay
(1953 1967), on the Preuss by Imlay (1952), and on the Preuss and
Stumn in the area adJacent to the Pine Creek Quadrang]e by s+udents

from the Un1vers1ty of M1ch1gan (Ore, 1975 persona] comnun1cat1on)
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NugJet Sandétone
Age and Contacts. The true age of the Nugget Sandstone is™ -

unknown due to the lack of diagnostic fossil eviderice. The overlying
Twin Creek Limcstone was dated as Middle Jurassic and the underlying
- Fopo Agie Menber of the Chugwater Group was dated as Late Triassic
(Staatz and Albee, 1966), indicating that the Nvgiet could be Late
Triassic, or Early Jurassic, or both. On the basis of an intertonguing

relationship with the Triassic Popo Agie Member, Love (1957)_suggested
| that the Nugget was Triassic. However, High and Picard (1965) demon-
strated thét the Nugget was séparated from the Pcpo Agie by a |
disconformity. Some workers (Pipiringos, 1968, Oriel in McKee et al.,
1959) conc]ﬁded that the Triassic-Jurassic boundary lies somewhere
within the Nugget. High and Picard (1969), however, postulated a
Late Triassic and Early Jurassic tectonic event in Wyoming that
resulted in the folding and truncation of tha Popo Agie. They con-
~ cludad, therefore, that the Nugget should be assigned a Jurassic age
because of the time involved in the folding and truncation of the
Popo Agie. They extended this postulated erosional unconformity to
western Wyoming to separate the Ankareh and overlying Nugget.
However, no evidence of this relationship can be seen in the map area.

Correlations. Veatch (1907) named the Nugget for strata

exposed in southwestern Wyoming and defined it as including a lower

red-bed member and an upper light-colored sandstone member. Gale
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ard Richards (1910, p. 479-480)'la£er restrictea thz name Nujget to
_ the upper sandstone member and included the red-bed sequence in the
Ankareh. Because the Nuggst retains its lithologic charucter in
south-central and western Wyoming, southeastern Idaho, and nsrth-
eastern Utah, the name'Nugget is used throughout this region. The
Nugget is the partial temporal and lithologic correlative of the
Navajo Sandstone of tentra] Utah .(Harshbargar, Repenning, and Irwin,
1957). |

Lithology. The Nugget in the map area is a brown-weathering,
white, pinkish-orange,-and-1ight-tén, medium-grained, massive,
quartzitic sandstone. It is occasionally cross-bedded, and ripple
marks have been ohserved in the Nugget adjacent to the Pine Crezk
Quadrangle (lanless et al., 1955, p. 47-48). ‘It is a prominent ridge
former and produces a coarse, aistinctive, brown talus. In the map
area, the Nugget Sandstone is.550 feet thick where the most 3ccuraze
measurement was obtained along tha north side of the Bailey Creek
landslide. This thickness is consistent with Albeze's (1963} measure-
ments in the adjacent Munger Mountain Quadrangle. Wanless et al. ~
(1955) measured approximately 275 feet of Nugget at Cabin Creek on
the north border of the map area, suggesting that this unit thickens
and thins along its strike.

The Nugget in the map area’is 1itho]ogica]1y similar to that

found thruighout its area of exposure. Wanless et al. (1955)
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indicated thatvthe Nugget is well cemented in the Hovack and Snaka
River ranges and. less tightly cemented in the Gros Ventre and Tetcn
ranges; _In the northern Snake River Range the Nuggat is very fin:z-
grainad and locally calcareous (Staatz and Albee, 1966). In
south-centrai Wyoming the Nuguet is soft and friable, ard predomi-
nantly very fine-grained (Pipiringos, 1957).

Cnvironment of Ueposition. The environment of deposition of

the Nugyet is questicnable and was either marine or eolian o both.
Tha Nugget-Navajo sandstone body has been regarded by many (Harshbarger
et al., 1957, Stokes, 1361) as @ classic example of an eolian,
interior-deserf facies. However, Wright and Dickey (1963) suggested,
primarily on the basis of intertonguing relationships cf the Navajo
with the marine Carmel Formation, that part of the Navajo was

marginal marine. Marzo]f (1969) also concluded that the basal poriion
of the Navajo could be marine or marginal marine based on primary
sedimentary structures. Staaz and Albee (1966) and Pipiringos (1968)
also suggested that the Nugget could be the product of subaqueous .
deposition. Stanley et al. (1971,-p. 13) concluded that “"eolian con-
¢itions prevailed within a variable belt of coastal dunes adjacert

1.0 a very shallow sea which gradually transgressed across the
cratonic margin." Their. reconstructions are generalized and largely

conceptual but the implication is that part or all of the Nugget could

be marine in origin.
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Twin Creek Limestone

Age and Contacts. The Twin Creck Limestone is Middle to Late

Jurassic (Ear]y;to Late Bajocian to Early Callovian) in age based ¢n
fossil data (Imlay, 1967). Although angularity is rarely seen
(Peterson, 1972), the contact with the underlying Nugget Sandstone

is a significant regional disconformity which has long been reccgnized
(e.g. Mansfield, 1920). This sharp contact, marked by a zone of

- leaching in the last few feet of the Twin Creek, is well exposed on
U.S. Highway 26-89 about 1 mile south of the mouth of Cabin Creek at

the north border of the map area.

Correlations. The Twin Creek was named by Veatch (1907) for-

strata éxpoéed in southwestern Wyoming. The name Twin Creek is used
throughout westers Wyoming, southeastern Idzho, and north-eastern
Utah. The Carmel Formation and Twelvemile Canyon Member of the
Arapien Formation of central and north-central Utah are the partial
temporal equivalents of the Twin Creek. -East cof the thrust belt, the
basal Twin Creek is known as the Gypsum Spring Fo%mation.and the over-
lying beds are partly temporally equivalent to the Lower Sundance
Formation (Imlay, 1967). |

jLithoiogz. Within the map area, the Twin Creek Limestone is
generally poorly exposed. The basal part of the Twin Creek at Cabin
Creek along U.S. Highway 26-89 consists of blue-grey, thinly bedded

" limestone and an overlying bed of red shale. Peculiar]y, there is



54

no basal limestone breccia as at other localities in the adjacent
region (see Wanless et al., 1955). The medial and upper parts of the
Twin Creek consist of light-grey, thinly bedded, shaly limestonc that
breakslinto distinctive "pencil"-shaped fragments. This detritus
weathers to a light-grey soil devoid of much vegetation. Interbedded
with the shaly limestone are three or more beds of ledge-forming,
grey- to blue-grey, massive~ to thickly bedded, fine-grained 1ime-
stoneQ. Within these fine-grained limestone beds are 1-2 foot thick
‘beds of fine- to médium-gra?ned oolites and a few coquina beds. In
the map area, the Twin Creek Limestone is apprbximately 1,100 feet
thick, significantly more than the 871 feet measur-ed by Wanless

et al. (1955) at Cabin Creek at the north border of the Pine Creek
Quadrangle. Albee (1968) measured 950 feet, and Jobin approximated
. the thickness at 900-1,000 feet in thz Munger Mountain and Ferry Peak
quadrangles, respectively. |

In the map area, Twin Creek strata are lithologically similar

to those in the adjacent region. Wanless et al. (1955) divided the

Twin Creek into eight characteristic units which are, in ascending
tvorder, (1) ob]itic limestone, (2) shale, dark calcareous fossilif-
- erous, (3) shale, calcareous, reddish, (4) limestone, oo]itié, érey,
(5) shale, calcareous, less fossiliferous than unit 2, (6) limestone,
oolite bearing, (7) Gryphaea stkale zone, and (8) oolitic liméstone
- with some interbedded shale. In his regional study, Im]ay(1967) i

(e
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divided the Twin Creek into seven members which from bcttom to top
are named Gypsum Spring, Sliderock (unit 1 above), Rich (unit 2),
douiidary Ridge (unit 3), Wat*on Canyon (units 4, 5, 6), Leeds Ciek
(unit 7), and Giraffe Creek (unit 8). Regionally, theée members Show
significant 1ithologic variation vwhich Imlay (1967) discussed in great

detail.

Environment of Leposition. The Twin Creek was deposited
curing tue first marine transgression from tﬁe north during Middle
Triassic time. The greatest subsidence and resulting deposition
occurred in the Twin Creek trough of southeastern Idaho, western
Wyoring, and ncrthern Utah. Tha sea was warm and shallow with pre-
vai]ing; dry climatic conditions and as water depth varied, deposition

in Tagoonal environments occurred (Imlay, 1967).

Preuss Sandstone

Age and Contact. Imlay (1952) suggested that the Preuss

Sandstone is Late Jurassic (Middle to Late Callovian) in age. He
based this conclusion on the fossils found in overlying and underlying
units and on regional stratigraphic relationships. The éontact vith
the underlying Twin Creek Limestone is gradational and, in most
p?aceé, occurs in less than 10 feet (Imlay, 1950). This contacﬁ is
well-exposed in the core of the Little Greys anticline along the

Little Greys Road and along the same anticline on the scuth bank of
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tne Snake River. The red-brown color of the Preuss makes the contact
with the grey, calcareous shale of tha underlying Twin Creek esasily.
discernable.

Correlations. Mansfield and Roundy (1915) named'the Preu§s

Sandstone for exposures northeast of Montpelier, Idahd. - Preuss
Sandstone terminology is applied in the samé area as that of the Twin
Creek Limestone, eastern Idaho, westernmast Wyoming, and north-central
Utah.(lmlay, 1952). Based on stratigraphic position, the Prevss is-
correlated with the Entrada Sandstone of south-central kyoming and is
partially temporally equivalent to the Sundance Formation of central.
Wyoming (Imlay, 1952).

Lithb]ogx. Within the map area, the Preuss consists of red-
-brown, fine-grained, calcareous, thinly bedded to laminated sandstone
and siltstone. Salt casts are found in some of the lower beds -
exposed on the east flank of the Little Greys éntic]ina along the
Little Greys River. The Preuss is generally non-resistant cropping
out only where steep scarp slopes restrict vegetation. In the Pine
Creek area, the Preuss Sandstone was mapped with the overlying Stump
Sandstone because of its thinress. Preuss and Stump thicknesses
combined are 300 feet at the north end of the Little Greys anticline,
450 feet at the south end, and 300 feet in the northeastern corner

of the map area. The thickness of these units ranges from 190-400
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feet in the Munger Mountain Quadrangle (Alber, 1968) to‘225—275 feat
in the Farry Peak Quadrangle (Jobin, 1972).

- Regionally, several important lithologic trends occur within
the Preuss Sandstone. In the Wasatch Mountains of northern Utah, the
Preuss is softer, siltier, and darker red than in Wyoning but it is
still predominant]y a fine-grainzd sandstone (Imlay, 1952). West of
the Bannock thruSt in southeastern Idahc, a marine tongue, the
Wolverine Canyon Limestone, is preseat just below the middle of the
Preuss (Imlay, 1952, p. 174). It consists principally of yellowish-
grey, sandy Timestone, yellowish sandstone and one oclite bed (Imlay,
- 1952). Imiay reported exposures of this member only west of the
- Bannock thrust. However, Kirkhem (1924) noted the presence 6f 18
feet of grey crossbedded limestone 170 feet above the Preuss on Fall
Creek, Bonneville County, Idaho that Imlay thought may be a thin
extension of the Wolverine Canyon Member. Wanless, et al. (1955)
mentioned a 5 to 8 foot thick "nearly white sandstone with strikiag
current ripple marks" that occurs near the middle of the Preuss in
all measured sections adjacent to the Pine Creek area that is
probably the sandstone unit of the Wolverine Canyon Limestone. The
sandstone was not observed in the map area but it is probably present
but concealed because of poor exposure.

Envircnment of Deposition. The presence of marine limestone

suggests that the Preuss is of marine origin or was deposited in
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lagocns connecting with the sea. The red sandstone and salt beds
'probab1y‘f0rmed in a series of Lighly saline lagoons bordering a -
positive area in central Montana. Lateritic soils, develcped as a
result of a warm and humid climate on the island, were the main source
of iron oxide and sand in the Preuss (Imlay, 1952). In early Late
Jurassic time the northeast-trending high on the west again rose,

supplying additional detritus to the Preuss and overlying Stump

formations,

" Stump Sandstone

Age and Confact. The age of the Stump Sandstone is middie
,Léte Jurassic (Oxfordian) (Imlay, 1950). The contact with the under-
lying Preuss Sandstone is considered to be disconformable (Imlay,
1952). A well-exposed, sharp contact occurs on the east flank of

the Little Greys anticline along U.S. Highway 26-89 and both north‘
and south banks of the Snake River at this location. For purpbses of
mapping the contact in the field area was placed at the first,
resistant, grey-green, glauconitic sandstone‘bed.

Correlations. Mansfield and Roundy (1916) named the Stump

“Sandstone for exposures near Stump Peak in southeastern Idaho. 1It.
is found in southeastern Idaho, western Wyoming, and northeastern
Utah and is not as widespread as the Preuss and Twin Creek (Staatz

ard Albee, 1966). The Summerville and Curtis formations of northern
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Ytah; the Redwater Shale Member of the uppzr Sundance of central and
eastern Wyoming, are temporal and lithic equivalents of the Stump
Sandstone (Peterson, 1372). |

Lithology. The Stump Sandstone can be subdivided into three
Tithic units-within the study area; a basal unit consiéting»of a
graenish-grey, very fine-grained, calcareous sandstone; a medial unit
of brown-grey, oolite-bearing, coquinoid, sandy limestone; and an
upper unit dominated by grey-creen, medium-grained, glauconitic,
calcaresous sardstone. The upper séndsténe unit is a prominent cliff
fermer, and the non-resistant basal and medial units are partially
obscured by its platy talus.

Throughout its extent the Stump is characterized by coarse-
grained sandstone and a constant sandfshale ratio. Eastward, in
central Kyoming and Montana, the coarse} clastic rock§ grade to a
grey and green-gréy shé1e facies with limestone and sandstone being
mfnor components. In the southwestern part of central Wyoming,
marine limestona is the predominant facies type (Peterson, 1972).

Envirorment of Deposition. The Stump Sandstone was depositad

during the most extensive of the Jurassic transgressions of the Arctic
Sea. The oolitic, coquinoid,'sandy limestone.is indicative of a
shallow depth of Water, at least during deposition of these sediments.
Brenner and Davies (1973) believed that the bioclastic éomponents

were redistributed by intense storms which agitated the shallow water.
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- The even-bedded character of much of the remainder of the Stump in
the study area suggests a slightly greater depth of water where.

current and wave action was not effective in transpcrting detritus. -

Cretacnous Strata -- Prev1ous Work ‘ ,

Cretaveoua age strata exposed w1th1n the map area include the
Génnett Group, the Bear River Format1on, and the Aspen Shale (Fig. 5).
Following tre precedent of U.S. Geological Survey geologists 1n the
area, the Gannett Group was separated into-a lower unit, the Ephraim
‘Conglomerate, and an upper urit including, in ascending order, the-
Peterson Limestore, Becﬁ]er Formation, and Craney Limestone. The
Bear River Formation was divided into a lower unit which includes
fhe Muddy Sandstone and underlying dark sha]e'seqﬁence, and an upper
unit composed of black shale. The Aspen Shale was nct subdivided in
the map area as it has been to the north becéuse‘of the thinness of
the porcelanite bed which has been used to separate the lower and
upper units.

Previous work on Cretaceous strata includes regional studies
in southeastern Idaho and adjacent areas by Mansfield (1920) and
Moritz (1953). Stratigraphic studies on Cretaceous strata which = -
include the map area or ;he region adjacent to:it were published by
Eyer (1969) on the Gannett Group; by LaRocque and Edwards (1954) on

the Bear River and Aspen formations; and by Yen (1952) who discussed
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the age of the Bear River. An ongoing investigaticn of the Aspan and
- Bear River formations in the area directly adjacent to thé Pine Creek
Quadrangle is being undertaken by Nazeeh Abraham of the University of
Michigan. Wanless et ai. (1955) measured several sections o*
Cretaceous strata adjacent to the map area and at other 15calities

in the Teton, Hoback, and Gros Ventre ranges.

Gannett Group

Age and Contacts. Mansfield (1927) assigned the entire

Gannett Group to ;he Early Cretacecus. On the basis of fossil evi-
dence, Stokes (1944) and Mansfield (1952) placed the lower paft of
the Ephraim in the Late Jurassic. Peck and Craig (1962) and Eyer
(1969) reported species of charophytes fhat dated therupper part of
the Ephraim Conglomerate as Early Cretacecus. Therefore, the evidence
indicates that the Jurassic—Cretacequs boundéry 1ies in the Ephraim
Conglomerate. The lower contact of the Gannett Group is contormable
with the Stump Sandstone and the faunal evidence supports this con-
clusion (Eyer, 1969). The contact is not eprsed in the field area
.due to a covered shale interval above the last glauconitic sandstone.
The Smoot Formation, deéignated by Eyer (1969) as part of the Gannett
-.Group, but mapped with the overlying Bear River Formation by the
writer, contaihs fauna transitional from the Aptian Gannett Group to

the Albian Bear River Formation.
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Correlations. The Gannett Group is only recognized within

the thrust belt but based on stratigraphic position equivalent strata
are recognized in surrounding areas. In the Gros Ventre Rarge,
Love et al. (1948) subdivided the CTover]y Formation into jower and
upper units.A They considerad the boundary betwean these units to be
equivalent to the Gannett-Bear kiver cqntact. In support of this
éorrelaticn, Eyer (1969) considered the upper Cloverly, known as

the "rusty beds," to be equivalert tc the Smoot Formation. Further-
more, the lower Cloverly, consisting of limestone, mudstone, and
shale, is prcbably equivalent to a]]_but the lowermost part of the
Gannett (Eyer, 1969). Furer (1970) suggested that the lower Ephraim,
composed of shale and siltstone with minor interbedded sandstone, is
temporally and lithologically equivalent to the Upper Jurassic
Morrison Formation.

Lithology. Throughout the map area, the Ephraim Conglomerate
consists of light-purple to white, medium-grained, quartzitic sand-
stone ("quartz crystal sandstone" cof Wanless et al., 1955) with
overlying units of red-purple to red-brown, very fine- tc medium-

. grained sandstone with associated conglomerate lenses. Several
covered intervals probably represent shale and claystone units.
Conglomerate occurs in the Ephraim over most of the map area but
is best exposed along the east flank of the Little Greys anticline

where the Gannett Group was measured (see Appendix, page 124). Here
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it consists of subrounded- to angular clasts, up to 2 inches in
diameter, composed of chert, quartz, and occasionally 1iméstone.
These conglomerate beds are not more than 2 feet thick and occur as
conglcmerate lenses in sandztone 200 feet above the‘Stump—Ephraim
centact. A 22 foot thick bed of purple claystone with grey, calcareous
nodules is present at the Ephraim-Peterson Limestone contacf.

The measured section of the Gannett Group along the east limb
of the Little Greys anticline is 532+ feet thick, including 448 feat
of Ephraim. On the rorthern margin of the map arca, along the Snake
River, the Ephraim Conglomerate is 275 feet thick and the upper
Gannett is 225 feet thick. Wanless et al. (1955) measured 780 feet
of Gahnett strata at Cabin Creek and this thicknes§ is considerably
more than either Albee (1968) (435 feet) or Jobin (1972) (550 feet)
measured. The Gannett Group reaches maximum thickness near the type
section in southeastern Idaho (Eyer, 1969).

The units exposed in the study area are typical of lithologies
found elsewhere in the Ephraim Conglomerate. Generally, grain size
decreases to the north, south, and east away from the type section at
Red Mountain in southeastern Idaho (Eyer, 1969) evidenced by tha lack
of conglomerate east and northeast of the Camp Davis area (Wanless
et al., 1955). At Cabin Creek on the northeastern boundary of the
mep area, two conglomerate beds totaling 30 feet, with pebbles to

% inch in diameter, occur in the Ephraim.
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The upper Gannatt Group within the map area includes, in
ascending order, the Peterson Limestone, Bechler Formatioﬁ and Draney
Limcstone. The lithologically similar Draney and Peterson Limestone
consist of grey-purple to tannish-grey, white-weatnering, micritié
limestone with a few chert rodulas. The Peterson, the principal
limestcne in the Gannett Group, is present throughout the map area.
The Draney, however, is not present over the entire Pine Creek
Quadrangle as indicated by Eyer (1969). Because of extensive fofest
cover it was difficult to determine the precisé location of the Draney,

but it is é]ear]y not present in the southeastern third of the map

- . area. In the map area, the Bechler Formaticn consists of buff-grey,

calcareous, fine- to medium-grained, quartzose sandstone which is
only occasionally present. _

Regionally, throughout the remainder of the overthrust Belt,
there are interbedded, grey and red, calcareous shales in the Draney
Aand Peterson Limestone. The Bechler consists of red and maroon
siltstone and shale, with interbedded, nodular limestone and grey
and reddish-grey sandstone. There is also a thin conglomerate bed
with clasts up to 2 inches in diameter found locally in the Bechler
at the type section (Eyer, 1969). . These less-resistant strata are
undoubtedly present in the map area but are generally concealed by -

slumps and mudflows.
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Environment of Depcsition. The lower part cf the Ephraim

Conglomerate was deposited under open marine conditiohs during the
Late Jurassic transgression of the Arctic Sca. This environment is
indicated for these strata based on marine Jurassic fossils found £0
feet ahove the base of tha Ephrafm'in southeastern Idaho (Mansfield,
1952, p. 42). The remainirg Gannett Group is clearly nonmarine,
evidenced by fossil types and 1ithologic associations stch as the-
thick conglomerate and sandstone units, and red-bed sequence. The
change from marine to nonmarine condftions probably resulted from
strong tectonic movements in scutheastern Idaho that caused the sea
to regress (Armstrong and Oriel, 1965), and that created a western
sediment source. |

The depositional environments of the upper Ephraim and Bechler
Formation were similar. Both were dgeposited in alluvial fans and
fluvial systems adjacent to the rising land mass to the west (Eyer,
1969). The angularity of some of the pebbles in the Ephraim Conglom-
erate in the Pine Creek area suggésts that part of the material in
these fans wzs lccally derived. In the study aréa, lower energy
conditions prevailed during deposition of the Bechler Formation,
evidenced by tre lack of conglomerate in this unit. The Draney and
Peterson limestones were deposited in fresh water lakes in which the
water depth did not exceed 50 feet, based on the presence of

charophyte fossils of fresh-water origin (Eyer, 1969).
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Bear River Formation

Age and Contacts. The age of the Bear River Formation is an

unsettlad problem. Previcusly, the Bear River was assigned tc the
Late Cretacenus (e.g. Hayden 1869, Stanton 1892). On the basis of
the Bzar River fauna, Yen (1952) refined this designation, &szigning
“the Bear River to the earliest Late Cretaceous (Cenomanian Stage).
However, Cobban and Reeside (1952) and, more recently, Cobban {1977}
placed the Bear River in the latest Early Cretacecus (Albian Stage),
in agreement with Eyer (1969). The lower contact of the Baar River
is considefed by Eyer (1969)‘to be conformable with the underlying
Gannett Group on both lithological and palecntologic arounds. . The
contact in the map area is generally concealed by mudflows and

slumps.

Correlations. The Bear River Formation was named by Hayden

(1869) for exposures near 01d Bear River City, Wyoming. This unit.
is fairly local in extent and is mainly found in the thrust belt of
‘westernmost Wyoming and in the Snake River Range in Idaho (Staapz :
and Albee, 1966). The lithic and temporal equivalents of the Bear
River are inextricably linked to a nomenclature problem of the Middie
‘Cretaceous rocks of the overthrust belt region and a discussion of
this problem is warranted here.- The Thermopolis;Shale has commoniy
been considered to consist of three units; a lower dark shale unit;

+a middle sandstone, widely known as the Muddy Sandstone; and an upper
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dark shale unit (Wanless et al., 1955). These correspond to the
three stratigraphic units of the Bear River in the Pine Creek area.
Fast of tue study area in the Wind River Basin of Wyoming, Love (1$42)
(1) restricted the term Thermopolis to the lower skale unit, (2)
suggested that the muddy Sandstone te viewed as a separate formation,
and (3) referred the upper shale unit to the tasal part of the cver-
lying Mowry Shale, the Tithic and temporal equivalent of the Aspen
Shale. The Wyoming Geological Asscciation Stratigraphic Nomenclature
Chart (1271) further complicates the nomenclatural picture by equating
the Bear River with the Dakota Sandstone, Thermopolis Shale, and Muddy
Sandstone. The equivalency of the Bear River Formation with these
units, as defined by Love (1948) and the Wyoming Geological Associa-
tion (1971), is contrary to the U.S. Geological Survey stratigraphic
scheme in the map area and the region adjacent to it. They subdivided
the Bear River into two units, placing the contact between these units
cn the top of the Muddy Sandstone as mapped to the east, and inc]uded
the upper dark shale unit in the Bear River instead of the overlying
Aspen Shale. Eicher (1962) in an effort to resolve this conflict,
intvroduced a new term, "Shell Creek Shale" for the interval between
the siliceous Mowry (Aspen) and the top of the Muddy Sandstone.
These stratigraphic relationships are summarized in Figﬁre 11.

West of the map area, in Southeastern Idaho, the Bear River

Formation is lithologically and temporally equivalent to thé IOWer
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four units of the Wayan Formation (Fig. 11) as defined by Moritz
(1953). The Tygee Member of the Bear River Formation Was‘originally
assigned by Mansfield and Roundy (1916) to the Gannett Grecup. As
initially defined, it consisted of only the sandstcne unit, but is
- now considered to include the upper sandstone unit, 1ithologically
and temporally equivalent to the muddv sandstone (Eyer, 196§), and
lower dark shale unit. Tygec terminology is used in extreme western
Wyoming and in southeastern Idaho (Randall, 19%0).

Lithology. 1In the map area, the dark shale in the lower
Bear River is interbedded with silty mudstone, silty sandstone, and
fine-grained sandstone. Although these lithologic types are found
everywhere in the map area, they are’pafticu]arly well developed on
the west limb of the Little Greys anticline at the southern border.
Typically, the siltstone and fine-grained sandstone units are dark-
grey, medium-grey, green-grey, thin- to medium-bedded, occasionally
calcareous, nodular, and limonitic, with abundant bioturbation
structures and sole markings. They are composed of quartz, chert,
and volcanic (?) rock fragments. One excellent exposure of this
lithology cccurs south of the Little Greys River on the west flank
of the anticline. Here medium- to buff-grey, massive, cross¥bedded,>
muddy siltstone and fine-grained sandstone forms a prominent 60 foot
ledge. Black shale is the predeominant rock type in the lower Bear

River over much of the remainder of the map area. The shale is -
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dark-grey- to black, hard, splintery, limcnitic on the weathered
surfaces, and generally poorly exposed, foriing a distinctive black
soil.

Sandstone makes up the upper part ¢f the lower Bea: River at
all 1ocalities. Typically this sandstone is light-grey, weathering
buff-grey, fine- to medium-grained, subrounded to subangular, missive
and crosshedded, limonite stained, quartzose, and resistant. It 1is
an axtremely clean sandstone, composed of quartz, chert and volcanic
(?) rock fragments (Tbl. 1). This sandstone is best developed in
the northwéstern part of the map area on the west flank uf the Little
Greys anticline along Iron Rim Creek (P1. 1) and tc the north aiong
U.S. Highway 26-89 on the border of the map area.

The upper Bear River, which is particularly well exposed in
the vicinity of the measured section of the overlying Aspen Shale
(see Appendix, page 124), consists predominantly of black- to dark-
grey shale, similar in all respects to the shale in the lower Bear
River. In the map area, a few poorly exposed beds of light-grey,
fine-grained, sandstone and siltstone are interbedded with this
shale. A few thin beds of mediun-grey, dark-brown-weathering,
micritic limestone are present near the contact with the Aspen Shale.

The thickness of the Bear River Formation, especially the
upper unit, is variable thkoughout the map area, increasing to the

south and west. Maximum thickness is attained on the southwest 1imb



Table 1. Volume percentages of grain constituents, cementing agents, and matrix
from selected thin sections from sandstone and siltstone of the Bear
River and Aspen formations. :
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~of.the Little Greys anticline where the louer and upper Bear River .
are 450 and 800 feet thick respectively. At the north border of the
map ‘area, the thickness decreases to 400 and 500 feet, respectively.
In-the northeast part of the map area the lower Bear River is 30C
feet thick and the upper is 425 feet and south of this the thickness
increases to 450 and 700 feet for the lower and upper units;

In the area adjacent to the overtbrust belt, facies variations
in th2 Tithic and temporal equivalents of the Bear River are not
significant. In the Big Horn Basin of central Wyoming, tie Thermopalis
Shale consists of dark-grey shale and interbedded siltstone and cand-
stone. The Muddy Sandstone here is generally finer grained than that
in the map area and is comprised of interbedded siltstone, sandstone
and shale (Eicher, 1962). West of the study area in northeastern
Idaho, the Wayan Formation is similar to the Bear River in the Pine
Creek Quadrangle although red and variegated sardstone and mudstone
make up a significant part of the section (Moritz, 1953).

Environment of Deposition. Deposition of ithe Bear River -

Formation occurred during the initial stages of the Early Cretaceous
transgression that culminated in the open marine conditions of the
Mowry-Aspen sea. Fresh and brackish water fauna were collected from
the upper Bear River by LaRocque aﬁd Edwards (1954) in the Willow}
Creek area, 2 miles northeast of the Pine Creek Quadrangle. Wanless -

et al. (1955) collected marine forms from the upper Bear River in
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several scctions in the area adjacent to the Pine Creek Quadrangle,
although the lower Bear River is nearly unfossiliferous in this same
area. Eicher (1962) attributed the lack of fauna in the Bear River
equivalents ir the Big Horn Basin to brackish water condftions.

The environment of deposition of the Bear River within the
map area can be broacly characterized as marginal marine, influenced
by periods of emergence and submergence. Ripple marks, bicturbation
structures, and the lithologic associations’such as the black shale,
and sandy mucstone and siltstons suggest that the water depth was
quite sha]lnw Tha environment fluctuated from periods of ralative
stab111ty dur1ng which the more well-sorted s1Ttston° and sandstone
‘beds accumulated to more unstable cond1t1ons when arenaceous and
arg111aceous fract1ons vere mixed. Th1s was perhaps due to a
variable depth of water resu]t1ng from the 1nteractlon of transgres-
sion and progradat1on Euxinic cond1t1ons, ev1denced by the thick
actumulat1on of b]ack sha]e, preva11ed dur1ng depos1t1or of the »
m1dd]e part of the lower Bear River. During the c]os1ng stages of
lower Bear R1ver depos1t1on however, open Inarine cond1t10n vere '1
domlnant as suggested by the thlck c]ean quartzose, mature sand-
stone in the upper part of the Tygoe Sandstone. The sandstone
sequence developed as a pro-de]ta accumu]at1on when progradat1on was
not occurring. Current and wave act1on wh1ch w1nnowed out the fine-

grained sediment, was effective in transport1ng and red1str1but1ng
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the coarser sediment. The environment of deposition of the upper
Bear River was much the same as during deposition of the middle
sequence ci the Tower Bear River when the thick black shale unit
was deposited.

The general sedimentary-tectonic pattern during depaczition:
of the Bear River is a delta and associated terrestrial envfronment.
Much of the strata accumulated as a flood plain and tidal flat
sequence With associated fresh water lakes and lagoons tha* were

periodically barred.

Aspen Shale

Age and Contacts. The age of the Aspen is unsettled because

of the controversy surrounding the age of the uhder]ying Bear River.
Thev1ithologica11y and temporally equivalent Mowry Shale of Montana
and Wyoming is Early Cretaceous in age on the basis of species of

Gastroplites and Neogastropnlites (Cobban and Reeside, 1951). The

lower contact of the Aspen with the Bear River is considered to be
conformable by all workers (e.g. LaRocque and Eqwards, 1954, Moritz,
1953). Different workers in the adjacent area have p]acéd this con-
tact at slightly different stratigraphic positions. Moritz (1953)
placed the contact at the first siliceous shale bed, and LaRocque and
Edwards (1954, p. 320) placed the bourdary "above the thick dark

splintery shale of Bear River aspect...and below the first salt and
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pepper sardstore." The contact was drawn by Staatz and Albee (1966)
at the first prominent sandstone ledge below the lowest pdrcelanite.
Within the map area the contact is gradational over 40 to 50 fget
and it is placed before the last black shale, above interbeds of
grey-grean, fine-grained, thin-bedded sardstone, and below the Tirst

grey-green sanastone with medium grains of black chert.

Correlations. The Aspen Shale wes naméd by Veatch (1907)
for strata exposed near Aspen Station, Uinta County, Utah. Aspen
terminology is restricted to the tkrust belt between the Absaroka
thrust on the west and scuthwaest, and the edge of the overthrust belt
on the east and northeast (Staatz and Albee, 1¢66). The Wayan Forma-
tion of extreme western Wyoming and southeastern Idaho is the lithic
and partial temporal equivalent of the Aspen (Moritz, 1953). East
of the map area over ruch 6f central Wyomirng and Montana, the Mowry
Shale is lithalogically and temporally equivd]ent (Fig. 11) to the
Aspen Shale (Cobban and Reeside, 1952).

Lithclogy. The Aspen Shale, the most widespread unit in the
map area, crops out on both flanks of the Little Greys anticline in
a broad outcrop band covering the central porticn of the Pine Creek
Quadrangle, and on the west 1imb as a wide belt extending to the
Abszroka thrust (Fig. 17), (P1. 1). The Aspen consists of a monoto-
nous sequence of interbedded siliceous shale, sandstone, and

porcelanite. In addition, a thin pebbly conglomerate unit occurs
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within the upper Aspen in both the central and western outcrop belts.
The true thickness of the Aspen Shale in the map area is unknwn
because structural involvement makes an accurate measurement impos-
- sible. The best estimate, however, is that the Aspen is an the
order ¢f 4,000 to 4,500 feet thick. This is not unreasor.abl_e= ween
compared to the 3,900 feet thickness measured by Albee (1968) in the
Munger Mountain Quadrangle. Wanless et al. (1955) didknot measure
a ccnplete section of Aspen but the results of their investigation
indicate that the Aspen thickens to the south and west.

The sardstone of the Aspen Shale is typically grey-green,
fine- to medium-grained, thinly bedded to massive and cross-badded,
occasionally calcareous, and generally more resistant than the inter-
beds of shale (Fig. 12). Although most are tightly cemented, some
of the sandstone is moderately friable. Grain constituents are
quartz, chert, and volcanic (?) rock fragments with minor amounts of
fe]dspar, giving some of the sandstone a "salt and pepper" appearance.
Most of the grains are subangular to subrounded, although a bimodal
distribution is evident with some grains being very well rounded.

The percentage of feldspar in the sandstone and siltstone of the
Aspen is similar to that of the‘Bear River strata, althoughk the
feldspar content is greatest (10 percent) in the sandstone cssociatea
with the conglomerate. Table 1 compares estimated grain constituents,

cement types, and matrix volumes for selected samples of the sandstone
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Figure 12. Sand-shale contact in Aspen Shale. Note splintery nature
of siliceous shale.
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and siltstone of the Kear River and fsren formations genara1}y
suggesting that both water depth and volcanic activity increzsed
" during depcsition of the AspenVShale. Figure 13 shows comparetive
photomicrographs of tha sandstene frem these formations. Interbeds
of grey-g-ecn, scmetimes glauconitic, thinly bedded siltstinne, énd
ar. occasional thin (1 foot thick) bed of micritic limestone ard
silty limestono also occur with the sandstcre. The ciltstone usually
graces upward into grey-green shale cflfine-gra:ned serdstone.

Skale, which is the most common Tithologic type in the L
area, is characteristically green-grey, spiintery. occasionally
calcareous, siliceoﬁs, the resistans2 increasing with the silica
content. Dark-crey shale is ccmmon near the contact with the Bear
River Formation.

Porcelanite is another typical lithology of the Aspen. It
is varicolored, occurring in blue, pink, green, grey, red, and blue-
grey hues. It is commonly banded, spotted, ard speckled, and is
either found as single wei]-deve]oped beds or as thin interbeds within
sandstone and siliceous shale. It is composed of cryptocrystallire
quartz and breaks with a conchoidal or splintery fracture. The most
. ccmmon and distinctive porcelanite is the spotted type that occuis
as amygdules of grey in a white background or vice versa. Just to
the north of the map area, the Aspen has been subdivided into lower

and upper units by U.S.G.S. geologists on the hasis of a thick bed



Figure 13.

N o Dl IR 2 -
Photomicrographs of sandstone from upper sandstone unit
in Tower Bear River Formation (upper photograph) and
Aspen Shale (lower photograph). Note clean nature of
sandstone in Bear River as opposed to sandstone in Aspen
Shale. Constituents are (c) chert and (q) quartz. Also
see Table 1 for volume analysis of grain constituents
of these sandstones.
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of the spotted type porcé]anite which occurs near the middie of the
Aspen there. In the map area, however, this porcelanite Eed-pinches
out and the Aspen ha§ been mapped as a single unit. A]thdugh the
'individua] porcelanite beds are thin, several cccur togéther in a
"porcelanite zone" about 2,000 feet above the Bear River, that could
have been used as a marker horizon in much of the éastern part of the
central ocutcrop belt (P1. 1). Structural involvement or lateral thin-
ning may have preventod this zcne from being obsarved in thcAwestern
- '‘part of the map area.

An.exce11ent exposure of the conglomerate occurs two-fifths
of a mile upstream from the mouth of Fire Box Creek where it is.
exposed on the eastern wall of the canyon (P1. 1). It crops out as
conglomerate lonses up to 4 feet thick within a cdng]omerate sand-
stone, that has a total thickness exceeding 7 feet. The ccng]omeratg
is exposed discontinuously along strike and individual beds pinch out’
within several hundred feet. Exposhres are found in bath the north
and south portions of the map area; on both sides of the Little Greys
River in the central outcrop belt, and north of the river in the
western outcfop belt. The conglomerate clearly occurs in the upper
part of the Aspen. In the map area,'on the west side of the Little
Greys anticline it is exposed approximately 3,000 feet above the base

of the Aspen. Recornaissance work in the central outcrop bé]tl
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suggests that the conglomerate may occur as a series of lenses within
a broad horizon from 500 to 1,000 feet thick. |

The conglomerate in the hand specimen is identical to the
lcong]omerate within the ovarlying Frontier Formation which is €xposed
in the area-adjacent to the Pine Creek Quadrangle (Albee, 1975,
pgrsona] communication). It consists mainly of well-rounded pebbles
of grey, brown, and white chert, and white and brown quartzite
(Figure 14). No limestore pebbles were noied, which are typical of
the Frontier conglomerate in the Garns Mountain Quadrangle ncrth of
the map area (Staatz and Albee, 1966). The average bebb]e is % inch
in diameter but they range up to 2); inches. The matrix volume is
20 percent in the tightly packed conglomerate and this increases to
80-90 percent in the conglomeratic sandstcne. "Sorting of the pebbles
ranges from very qood to moderate with the largest pebbles occurring
in the most poorly sorfed conglomerate. The sandstone associated with
the conglomerate is grey-buff, medium- to coarse-grained, subangular,
occasionally calcareous and cross-bedded, feldspathic (up to 10
percent), and stfong1y resistant. The sandstone unit is not continu-
ous along strike and is present only where the conglomerate beds are
thicker at Fire Box Creek and on the western border of the map afea
(P1. 1). At other localities the conglomerate forms a resistant 2
to 4 foot bed between interbedded siliceous shale, porcelanite, and

grey-green, “"salt and pepper" sandstone.
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Figure 14. Chert pebble conglomeraté in upper Aspen.
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Reconnaissance work by the writer southeast of the study area
in the Deer Creek and PfckTe Pass quadrangles (Fig. 2) indicates that
this conglomerate is mcst correctly interpreted as a tongue of the
Upper Cretaceous Frontier Formation (Fig. 11). The conglererate c2n
be traced along strike to the Pickle Pass Nluadrangle where y2llowish-
orange sandStone'of Frontier character is found both above and below
bed§ of pebbly conglomerate identical to that in the map area. The
associeted sendstone hori;on pinches out northwerd, approximately
1% miles scuth of the Little Greys River. North of the Pine Creek
Guadrangle, this intertonguing relationship is 12ss clear. In the
Garns Mountain Quadrangle, Staatz and Albee (1965, p. 72) placed the
lower contact of the Frontier at tha base of a prominent, ridge-
“erming, feldspathic sandstone which is probab]y the samc aq‘thaﬁ
used by LaRocque and [dwards (1354) in the wfllow Creek area two miles
northeast of -the map area. Howevér, in the Munger Mountain Quadrangle,
Ali:ee (1968) called beds above the feldspathic sandétone Aspen Shale
and placed the oasal contact of the Frontier Formation apprcximataly
2,000 f2et higlier in the section at a pebbly conglomerate bed
associated with the typical ye]]owish-okange weathering sandstone.
This relationsnip suggests that there may be a facies change between
the ferspathic sandstone and the conglomerate or that intertonguirg
is occurring between Muager Mountain and Carns Mountain. Another

example of intertongeing between the Aspen Shale and Frontier
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Formaticn occurs in the vicinity of Cumberland Gap approximately 100 -
miles south of the Pine Creek Quadrangle. South of Cumberland Gap,
the contact between thase units is easily discerrabie where the silver-
grey hogbacks of porcelanite and si]jceous sandstone of the Asgen
$ha1e are clearly divisible from the nonsiliceous, buff sandstone ard
medium-grey'shale of the Frontier Formétion. North of Cumber]and
Gap, howaver, porcelanite and porcé]anitic silictone crops out in the
- basal Frontier and the contact between these formations is much less
definitive, suggesting intertonguing.

These relationships suggest, therefore, that intertonguing
occurs between the basal ﬁart of the Frontier Formation and the top
of the Aspen Shale, implying that these units are partial tempora]
equivalents. Further studies‘on the qusi]s and stfatigraphy of
these formations are needed to substantiatg this theory.

The Aspen Sha]e‘shows'no important facies variations in the
region around the map area. In general, it has been described by g
Rubey (1931) as containing proportiona;ely more unsilicified shale:
and sandstone than the Mowry Shale and the conspicuous porcelanite
beds have less nonvolcanic debris than thdse in the Mowry. The .
Aspen in the region adjacent to the Fine‘Creek Quadrangle contain§
more sandstone than the Aspen in_southwestern Wyoming (Reeside and

Cobban, 1960, Fig. 3). West of the map area, the interbedded
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sandstone and shale beds of the Wayan Formation are‘hot’significantly
different than those of the Aspen Shale (Moritz, 1953).

Envircenment of Deposition. As the Early Cretaceous trans-

gression of the Arctic sea continued, the marginal marine environment,
recorded in the Bear River strata changed to mere open marine condi-

tions during dcpocition of the Aspen Shale. Marine, brackish, ard
.fresh water faunas have been collected from the Aspen in tha Willow
Creek arca, 2 miles ncrtheast of the map area {LaRoccue and Edwards,
1954). E

In the study area, open near-shore marine conditions pre-

vailed and the alternating sequence of sandstone and shale suggests
that the base level fluctuated considerably. Argillaceous and
arenacecus fractions are not mixed as during déposition'of the Tower
Bear River in the map area, suggesting that wave and bottom currents
were probably effective in transporting and redistributing the fine-
grained sediment. A series of offshore bars was -probab]y continuelly
being developed and destroyed by the increased wave activity due to
fluctuating water depth. Shale was deposited in the quiet water of
lagoons and offshore in deeper water. On the shoreline, beach sedi-
ment was reworked by currents and wave action. Lakes and lagoons,
that were periodically barred, existed marginal to the shoreline.
Volcanic activity increased during deposition of the Aspen Shale

and volcanic ejecta was intermittently deposited in the basin.
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Rubey (1:29) attributed the high silica content of the Mowry Shale to
volcanic ash but suggested that the shale was enriched in silica by
chemical precipitation from sea water in the presence of decaying
organic matter. Eicher (1062) suggésted that much of the sand and
silt supp]ied to the basin may also be volcanic shards instead of
terrigenous‘c]astics. ( |

Gravel was supplied to the map area during:the clesing stages
of Aspen depnsition as a consequence of a strong tectonic pulse and
resulting progradation. The conglomerate and conglomeratic sandstone
suggest avfluvial type deposit in which the gravel accumulated as
lag deposits. -Part of this ccnglomerate may have been reworked as
strand line deposits evidenced by the sharp lithologic break and lack
6f channeling associated with sohe‘of_the‘conglomerate (sec Barrell,
1929). |

The sedfméntéry-tectonic pattern existing during deposition
of the Aspen Shale was similar to that of the Bear River, namely that
the Aspen accumulated as a de1ta séquence wi?h marginal terrestrial
deposition. It was, hqwever, genera]]ycﬁaracteriged by a slightly
greater depth of water and more open marine conditions as well as

increased tectonic activity.
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Cenozoic Rocks

Cennz0ic strata in the map area,inc]ude Quaternarj_]ands]ide
and terrace deposits, alluvium and colluvium, and a local conglomerate
and breccia unit. The 1ands]ides aré the most spectacular Quaternary
feature in the area and are almest without exception confine? to
the Cretaceous shaie of the Bear River~and Aspgn formaticas. The.
conglomerate and breccia are associated with the older Bailey Creek
landslide. The terrace, alluvium, and colluvium units are stream-

‘and river-related deposits.

Conglomerate . |

The Conglomerate is exposed along the east side of Bailey
Creek from near the confluénce with Dry Wash to apprqximately 1.2
miles upstream, dropping 350 feet in elevation over its horizontal
distance (P1. 1). It forms a resistant ledge apbrokimately 20 feet
thick at its maximum which thins upstream. . At the exposure near Dry
Wash the lower § feet is unsorted and ungraded, and it becomes more
sorted and graded ih,thekupper 14 feet: It is composed almost
exclusively of subangular to angular blocks of Madison limestone and
Wells quartzite. They range in size from pébbles to boulders up to
2 feet»in diamter. The more sorted ﬁbrtions éfe$compo§ed of 3 inch

cobbles in a calcareous matrix.
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Breccia - »

The breccia unit crops out on the north wall of a small
canyon in the middle -of the Bailey Creek landslide (P1. 1). It is
composed principally of angular, unsoried clasts of Madison Timestone
and(We]]s quartzite although there are also a few cobbles of Nugget
and Ankareh éandstone. It is ursorted and unstratified with clasts
to 2 feet in diameter (Fig. 15). The matrix content, which approaches
30 percent in volume, is composed of saimon coiored, calcareous mud-
stone. The deposit is not over 3 feet thick ard has an apparent dip

of 5 degrees to the east (Fig. 3).

Colluvium

Co1luvium as shown on Plate 1 includes several different
types of uncunsclidated sediments from soil to gravel and telus
deposits that cover the lower slopes of the hills and mountains along
stream courses. Much of the colluvium is deposited along the Little
Greys River, formed from the disintegration of sandstone and shale

of the Aspen and Bear River formations.

AlTuvium

Alluviup in the map area includes clay- to boulder-sized

detritus deposited in the Holocene as bars along stream courses.
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Figure 15. Breccia unit exposed in canyon within Bailey Creek
landslide deposits. Also see Figure 3.
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Terrace Doposits
Terrace deposits as mapped along flat lying areas adjacent

tc the Snake River are of iwo different ages (see Geomorphology
Section, page 6) but include boulder to silt sized fragments. The

well-rounded boulders consist of durab]é Paleozoic and Mésozdic

quartzite and sandstone.



STRUCTURAL GEOLOGY

Regional Structure

The study area lies in the western Wyoming salient of thev
Cordilleren overthrust belt. The rocks of this érea are unlike many
in other well known thrust belts in that they have undergonc ittic
metamorphism of even_the Towest grade (Ruﬁey and Hubbert, 1759).

In addition, crystalline basement rock has played a passive role and
is not involved in any of the thrusts. The overthrust belt cmerges
from beneath the basalts of‘the Snake River Plain, treunds scuth of
the Teton Range to the latitude of Jackson, and follows séuthward
a]bng both sides of the Idaho-Wyoming state line to LaBarge, Wyoming‘
where it turns southwestward and enters Utah east of the sduthwestérn
corner of liyoming and rorth of the Uinta Range. This arcuate Ee]t

is about €0 miles in width and'250 mi]eé in length 2long a curving
arc of 120 degrees (Rubey and Hubbert, 1959). It is indistinctly
bounded on the west but is bordered on the east by the Green River
Basin. The thrust belt is composed of subparallel mountain ranges
that are generally bordered on the east by major thrust faults and

on the west by high-angle normal or reverse faults. Bctween these
major bordering faults, the strata are deformed by minor thrusts,

large and small folds, and diagonal transverse faults (Rubey and

Huobert, 1959).
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Major overthrust faults in the overthrust btel: afe, from west
to east, the Paris, Meade, Crawford, Absaroka, Darby, Prospect, and
Hogsback (Fig. 16), in apparent age sequence with the older thrusts
on the west (Armstrong and Oriel, 1965). The principal movement on
these thrusts ranges from latest Jurassic tc mid-Early Eocene |
(Armstrong and Oriel, 1965). Stratigraphic throw on each of the
major thrusts is about 20,000-25,000 feet (Crosby. 1968) and they
involve successively younger strata to the east (Armstrong and Oriel,
"~ 1965). Rubey and Hubbert (1959, p. 187)7have estimated horizontal
movement to be on the order of 10-15 miles, based on carefuily drawn
structure sections. Alternative interpretations Ly them suggest that
minimum movement may be about 5-8 miles and maximum displacement may
be as great as 20-30 miles. Although they common1y intersect the
surface at higher angles, the overthrusts are bedding plane thrusts,
evidenced by the parallelism of fault and stratigraphic surfaces
across extensive areas (Cro§by, 1968).

Stresses responsible for the deformation of tiie overthrust
belt may be categorized as either boundary forces or body forces
(Crosby, 1969). Boundary forces may be equated to regional compres-
sion, a "push from the rear" (Crbsby, 1969), and body forces to
gravitational sliding. Rubey and Hubbert (1959) rejected a purely
gravitational g]idiﬁg or regional compression origin for faults in

the overthrust belt, as untenable, based on apparent absence of
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Tectonic map of north end of the overthrust belt.

Principal thrusts are labeled; sawteeth on upper plate

(after Armstrong and Oriel, 1965, Crosby, 1968). Pine
Creek area shaded.

Figure 16.
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pull-apart rifts that should be developed in gravity slides and the

nonexistence of any root that could have produced the required shallow
compressive stress. They concluded that the most likely mechanism |
may héve been a combination of the.tko forces. Crosby (1969) like-
wise repudiatéd a boundary force origin mostly on the same lack cf
any physical boundary at the back of the salient. Instead, Crosby
(1968) proposed that gravitational gliding was the mechanism of
deformation. He postulated the presence of an uplift with an apex
that roughly coincided with the depocenter of the maximum thicknesses
of Paleozoic and Mesozoic strata in southeastern Idaho. This area,
according to him, rose in response to isostatic readjustment. High
pore pressures, developed during the earlier depositional phase,
enabled the sedimentary pack to move away from the high in a radial
and diverging pattern (Crosby, 1969) under a purely gravitational
influence. Later erosion of the high would effeciive]y remove the
pull-apart gaps‘or rifts, the lack of which Rubey and Hubbert (1959)
used to disqualify the gravity gliding mechanism. '
| The early depositional phése_in which the sediments accumu-
lated in the miogeosynclinal portion of the geosynclire was followed
by the two part destructional phase known as the LaramideHOrogeny.}
Early thrusting and‘fo1ding was succeeded by block faulting which
began in the Eocene.and has continued to the Recent. Recent move-

ment, on both north and east-trending fault sets, is indicated by
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broken alluvial fTans, displaced basalt flows less than 27,000 years

old, and 2arthquakes (Armstrong and Orijel, 1965).

local Structura

Introduction |

The map area lies on the upper p1a£e of the Darby thrust and'
the lower plate of the Absaroka thrust,(Fig.~17).A Thé.Absaroka thrust,
within 1 mile of the western margin of the map areaz, places Madisdnr‘
limestone on the Aspen Shale. Jobin (1972) showed this fault to be f
an extremely flat thrust, dipping a few degrees to the weﬁt. The
Darby thrust, approximately 1-2 miles east of th= map area, has moved
Bighorn Dolomite over Aspen and Rear River strata. Ross and St. John
(1960) indicated that the dip of the Darby overthrust is 30° to 35° |
in the region adjacent to the map area, although this probably r‘epre-i
sents a near-surface phenomenon as the thrust undoubtedly flattens
at depth.’ Both of these thrusts can be traced tens of miles north
and south of the map afea (Fig. 16).

4 Within the map afea. there is one large fold, two small

folds, and a large reverse fault, all of which are related tc the
earlier compressional phase of the Laramidz Orogeny. These structures
follow the regional northwest trend and, as founh elsewhere in thevﬁ
overthruét belt, the folds are moderately to strongly overturned to

the east. Three small cross faults are alsc found in the map area
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which are contemporancous with or post date the folding-thrusting
phase. |

In addition to these structures, folds are probably preseat
in the south-central part of the map area where the Aspen Shale is
exposed. The Aspen here is nezrly 7,000 fect thick vhen measured
from the eastern contact with the Bear}River to the trace of the
Little Greys fault (P1. 1). Albee (1968) approximated the thickness
of Aspen Shale at 4,000 feet in the Munger Mountain Quadrangi= to
the north, indicating that roughly 3,000 feet of section is repeated
in the south-central part of the map area. This discrepancy nay
partly be due to faulting. However, the evidence in the adjacent
areas suggests that overturned folding is probably resvonsible for
the excessive thickness of Aspen. One evidence of folding may be
the two small-amplitude folds mapped along the Snake River (Fig. 17)
which could extend to the south-centra]Apart of the map area. This
implies that these folds become strongly overturned in th2 approxi-
mate middle of the Pine Creek Quadrangle. Alternately, Schroeder
(1975,vpersona1 communication) mapped a large overturned syncline in
the Pickle Pass Quadrangle to the southeast (Fig. 2) whicn nmay
cortinue to the south-central part of the map érea.

Unfortunately, there is no strong field evidence such as
folding or overturned bedding in the south-central part of the map‘

area to support this theory. It is 1ikely, however, that crumpling
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and deformation has_occurred in the incompetent sandstone and shale
of the Aspen which resuilted from deformation of the adjacent Little

Greys anticline and related fault.

Faulting

ﬂormal Faults. Three small tear féu]té occur in tire map area,

two of which are located on the ﬁest f]énk.of the Little Greys anti-
cline. These faults trend approximaté]y N 350 to 65° W and the strike
slip offset has been on the order of.IOO to 200 feet. Néither dre
over 1,200 feet in length. They appear to be cTose]y related in
both time and 1in the‘mechanics of their formation énd I suggest that
they are contemporeneous with the fold, forming on the flank of the
Little Greys anticline from simple stress release as the fold
devé]oped. The third fault, visible from U.S. Highway 26-89, lies
neér the northeastern corner’of the mép area. This fault trends

N 400 E and the dip-slip movement offset the Craney and Peterson
limestones approximately 50-75 feet.

Reverse Faults -~ Little Greys Fault. The fau]t that runs

east of the axis of the Little Greys anticline (Fig. 17) is here
named the Little Greys fau]t.- It trends approximately N 20° W and
its trace is parallel to the overall structural grain‘of the area.
The length of the fault is in excess of 4 miles within the map area

and it extends at least 3 miles south of the Little Greys River.
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Northward, this fault may connect with one mapped by Altee (1975,
personal communication) that continues into the Munger Mountein
Quadrangle (Fig. 17). More definitive detail is not pcssible as
the fault lies entirely within)the Aspen Shaie which is net separated
into lower and upper units in the map area as it has teen tc the north
(see section on Aspen Shale, page 74). .

Structural deformation in tne,beds adjacent to the trace of
the fault imnly its existencef< Erratic dips are common in the strata
next to the fault. Two miles scuth of the Little Greys River, over .
a 150 foot .horizontal distarce, the strike of the beds is consistent
but the dips are 55° W, 22° W, 65° W, vertical, and.55° W from west
to east, respectively. In addition, vertical to overturned beds occur
along the fault trace in the ridge just to the east of the mcuth of
- Cow Camp Creek with the Little Greys River (P1. 1). Vertical to
overturned bedding is apparent north of this locality as well (Pi..l).
The fault is also suggested by the apparent truncation of a syncline
~mapped by Albee (1975, personal communication) directly east of
Station Creek, north of the Snake River (Fig. 17). .This syncline
trends directly into the small anticline west of Pine Creek in the
map area. The syncline mapped by Albee is apparently the same
syncline mapped south of the Snake River (Fig. 17) and the offset is
a result of erosion of the upthrown side of the fault. Additional

evidence for the fault was noted by Wiger (1956) who mentioned that
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in a test drilTed at the southern end of the Little Greys anticline
just to the north of the Little Greys River, the hole bottomed in -
the Woodside Formation after faulting out of what was interpreted
tovbe the Fhosphorie Formation.

. Stratigraphic evidence also supports the existence of the
fault. The thickness of Aspen Shale is approximataly 8,500 feet when
measured across the southern end of the central cutcrop belt,
exceeding twice the thickness of Aspen (4,000 feet) in tha Munger
Mountain Quadrangle (Albee, 12683) tovthe north. If it can be assumed
that a fold repeats 3,000 feet of section east of the Little Greys
fault (see Local Structure, Introduction, page 95) then the throw is
conservatively estimated at 1,500 teet. |

The dip of the Little Greys fault incrcases to the south.
Bedding dips irdicate that the fault plane dips 40° to 60° in the
north and 60° to 86° in tha south. These amounts are not representa-
tive of the steeper intersection at the surface particularly in the
south where the fault plane is vertical. It is suggested that the
difference in the dip of the fault along the trace is due primarily
to its proximity to the Absaroka thrust where overturning increases
on the adjacent Little Greys anticline at the north end of the map
area (Fig. 16). _ ‘

The Little Greys fault probably developed as a "stretch
thrust" (Badgley, 1965, p. 194) resulting from weakening of the
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forelimb in the incompetent Asnen Shale (Fig. 18). This would imply,
therefore, that the folding of Little Greys anticljne slightly pre-
dates the faulting.

Folding

Little Greys Anticline. The Little Greys fntieijnewas'first a
mapped by Schultz (1914)'and later by Boeckenmanﬂend Eérd]ey (1955).
The axial trace trends apnreximate]y N Zo)ﬁ‘and is exposed over the
entire length of the map area. Just to the north of the map area the ;
fold is cut off by the Absaroka thrust, and the fold flatters approx1~§
mate]y 5 miles south of the map area (Wiger, 1956). Structural
closure on this structure has been estimated to be on the order ot
1,500-2,000 feet (mger, 1956). |

The Little Greys ant1c11ne is complex th“oaghcut its length

of exposure within the map area In the southern part of the map
area, sma]] flexures are present on both ]1mbs (Fig. 20). At the
southern border of the map arca a]ong the Little Greys road, a ;nali‘q'
tightly folded syncline deve]oped on the eastern 1imb w1tn1n 300 feet
of nearly horizontal beds (Fig. 19) One m11e northwest of this
locality, gently dlpp1ng Stump and Preuss sandstﬂne and 1ower Sannett
strata are exposed on the western Timb wihere slope ang]es exceed the

dip (P1. 1). Boeckerman and Eard]ey (1956 p. 182) suggested that



102

Figure 18.

Development of the Little Greys anticline and associated
fault. As stress (=) was applied, the competent sand-
stone in the lower Bear River Formation, and the overlying
incompetent shale of the upper Bear River and Aspen Shale
(A) were broadly folded (B). As stress continued, the
strata became overturned and stretching occurred in the
shale sequence (C). Note that very little stretching
occurs in the competent sandstone. Eventually the sand-
§SOZ§ failed and the fault developed (D) (after Badgley,
64).
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Figure 19.

Little Greys anticline, view towards the north. Bedding
planes are accentuated. Note small syncline on eastern
1imb and landslide in core (outlined). Formations are
(Jt) Twin Creek Limestone, (Jsp ) Stump and Preuss sand-
stones, and (K3!) lower Gannett Group.
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Figure 20. Composite of dips taken across Little Greys anticline at
north end along Snake River, and south along northwestern
trend near top of Elk Mountain. Anticline overturned at
north, reflecting its proximity to Absaroka thrust. Not
to scale.
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this flaxure is part of the Middle Ridge synclire which increases in
magnitude to ihe south.

The anticline is moderately asymmetric in the south with dips
oit the western 1imb averaging 450 and those on the east 1imb averaging
60C. In the middle of the map area, the anticline becomes stronély
ocverturned to the east where both e&stern and western limhs dip 400
te the west. Northward, the overturning is somewhat less with dips
on the eastern limb on the order of 40° to 60° W. Those on the
westzin Timb do not exceed 250 to 300 W. One-half mile rorth of the‘
study area, the amplitude ol the fold gréatly diminishes as it gently
plunges beneath the hanging wail of the Absaroka thrust.

Small Folds. A small anticline and syncline repeat the
Aspen secticn at the north-central margin of‘the map area (Fig. 17).
They trend N 30° W and both are not apparent a mile to the suuth.
They plunge approximately 140 to the north, determired by a measure-
ment of the axial crest where the anticline is exposed along the
Snake River. These folds are strongly asymmetric with dips on the

western 1imb averaging 359, and 70° on the eastern limb.



ECONOMIC GEOLOGY

Economic resources of the Pine Creek Quadrangle include
phosphate rock, gravel, riprap, road metal, limestone, placer cold,
and potential petroleum.

The phesphate is concentrated in the Meade Peak and Retort
Phosphatic Shé]e members near the base and top of the Phusphoria
Fermation. .These poorly exposed phosphate beds crop out'on the west
flank of Grayback Ridge in the extreme northeastern corner of the map
area. The Meade Peak Member is approximately 50 feect thick and is
principally comprised of intercé]ated thin beds of phosphorite, |
phosphatic shale, mudstone, siltstone, and carbonate (Jobin, 1972).

The phosphorite occurs as oolites, pisolites, pellets, and as dense
'structure1ess types. The phosphate rich beds in the Retort

Phosphatic Shale Member are very thin due to post-aepositional erosion
(Jobin, 1972). The true thickness of this unit within the Pine‘Creek
Quadrangle is unknown but to the west in the Ferry Peak Quadrangle it
ranges from 1-6 feet. Refer to Sheldon (1963), Albee (1963), and
Jobin (1972) for a complete analysis of PZOS concentrations in these
members in the area directly adjacent to the Pine Creek Quadrangle.,
These members are too thin for economic development under current
conditions.

Deposits of gravel, riprap, road metal, and limestone are

abundant within the map area. The Mission Canyon Limestone and lower
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part of the Wells Fcrmation provide relatively pure Limestons (Jobin,
1972) although these formations are confined only to the rortheactern
corner of the map area. Magnesium rich limestone can be quarried
from the Draney and Peterson 1imest6nes along the Little Greys RiQer.

Go1d.bearing gravé] from the terraces along the Snake River
have been piacered intermittently for mbre than 100 years. Values
averaged 10 to 14 cents a cubic yard (Aibee et al., 1975).

0i1 potential within the area is unknown. The Little Greys
aniic]iné along the Little Greys River has been crilled at least three
times, twé of which are on record. Wiger (1955) reported con these |
tests both of which occurred prior to 1951. The first test bottomed
in the Thaynes Formation at 2,752 feet and no ¢il shows were reported.
TheAsecond test was drilled to 4,699 feet to the Woodside Formation
after faulting out of what was interpreted to be the Phosphoria Forma-
tion. This second test had dead oil stain in the Phosphoria (?) at
4,400 feet in a slightly vuggy, sucrosic dolomite. It is important
to note that a fault, probably the Little Greys, was intersected in
this second test. Therefore, the Little Greyvs anticline .is probably
a smaller structural trap than was previously thought. The probable
overturned folds occurring in the central part of the Pin2 Creek
area (see Local Structure, Introduction, page 95) may proVide

potential petroleum traps.



SUMMARY

Three stages are evident in the geologic development of the
mzo area. First, there was an early depositiona1 phase in which sedi-
ment accumulated in the transitional area between the miogeosync]ine
on the west'and the continental platform on the east; second, large
northward-trending thrusts and asscciated folds were developed; and
third, the geomorphic deVelopment of the arez in wBich several pfo-
cesses interacted to alter the landforms produced during the first two
phases.

imississippian -- Marine limestone was deposited in the
miogeosynclinal and shelf areas during the Early Mississippian advance
of the sea (Haun and Kent, 1965). Regression of the sea in late
Mfssissippian time resulted in the development ¢f a karst suiface
on the exposed Mission Canyon Limestone.

Pennsylvanian -- Detritus was derived from eestern and
western sources and deposited in a marginal basinal area in south-
eastern Idaho which was appreciably more calcareous than its margins.
Epeirogenic uplift gradually gave way to a partial withdrawal of the
sea in Late Pennsylvanian time (Mallory, 1972).

Permian -- Due to tectonic movements the Phosphoria sea
twice transgressed and rggressed across western Wyoming, and minor
fluctuations of climatic and oceanographic conditions produéed

intricate interbedding (McKelvey et al., 1959).
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. Triassic -- Two marine advances during the Early and Middle
Triassic resulted fn the depbsition of clastic and carbonate strata:
of the Dinwoody and Thaynes formations. Between marine advances:
deltas were prograding westward and'northward proaducing intertonguing
of marine an& continental deposits. West of the basin, in south-
central Idaho, a large northeast trending ridge rnse in ear]y Late
Triassic time shedding detritus eastward.

Jurassic -- The shallow marine environment‘of the Twin Creek
Limestone gradually gave way to open marine conditions duringvdeposi-
tion.of the Upper Jurassic Stump sandstone as the marine incursions
of tne Arctic sea spread successively farther across Wyoming. The
high area in south-central Idaho again rose in early Late Jurassic
time spreading alluvial detritus across the study area.

Cretaceous -- The alluvial fans which deve]pped in the study
area were gradually inundated by another marine incursion in middle
Early Cretaceous tine. Although both the Bear River and Aspen forma-
tions were deposited in deltaic and associated terrestrial environments
the water depth and volcanic activity increased during deposition of
the Aspen Shale,

Late Cretaceous - Early Tertiary -- Structural deformationiin
the area resulted from lurge eastward moving thrust plateé which
emanated from a high area in southeastern Idaho. A large fold

developed within the map area from movement on the adjacent Absaroka
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Thrast. As deformation continued the fold recame overturned and the
shales of -the Bear River and Aspen ‘ormat1on° were stretched }ane-
ment on the Little Greys fault occurred as the sandstone bed in the
uppﬁr part of the lower Bear River rormqt1on failed.

Late Tertiary - Quarternary =- During Middle P]iccene time
a large lake in which>fine grained astritus was deposited may have
occupied the study area. The Snake and Little Greys Rivers could
have developed on this basin fi1l or la%e level and eroded through
the underlying topography by superpesition.' During the Pleistocene
a large landslide originated on the west tlark of Grayback Ridge and
moved water-saturated material'down Bailey Creck damming it and the
Snake River causing the bed loads to be deposited upstream. This
slide surface was modified over time and then covered by a second

landslide that also originated on the flank of the ridge.



NEW CONCEPTS

Several notable conclusions regarding the gecmorphology,
stratigraphy, and structure of the Pine Creek area have resulted
from this study. It is hoped that these wiil contribute tc the
general understanding of the geo]ogy'of the rorthern part cf the

Wyoming overthrust belt.

Geomorpholcqy

The Bailey Creek landslide criginated on the west flonk of
Grayback Ridge within th2 Madiscn and Ne]]é formations; moving debris
down Bailey Creck. This resulted in the damming of Bailey Creek and
the-Snake River causing the bed loads to ba deposited upstream. Tie
surface of the slide debris was modified over time which allowed fcr
some of the detritué to become lithified. This surface was later
covered by a second landslide that also originated within the Madison

limestone and Wells quartzite.

Stratigraphy

1. A basal breccia was fouhd within the Thaynes Foimation
which may indicate that a local shoal existed in the Pine Creek area

during deposition of the lower part of this unit.
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2. The Draney Limestone of the Ganrett Group is present in
the nortawestern part of the map area and is absent to the sonutheast,
contrary to conclusions reached by Eyei (1969) who indicated that

the Drarey was present over the entire map arec.

3. The Tower Bear River sequencé, conzisting of si]tstdne,
sandstone, mudstone, and black shale is anomalcusly thick and well
developed in the southwestern part of the map area on the west 1imb
of the Little Greys anticline. The total thickness (1,250 fret) cf
the Bear Rfver here is the greatest in che Pine Creek Quadrangle and

adjacent area.

4. A pabbly conglomerate unit was found within the upper
Aspen Shale in the central and western outcrop belts and south of
the Little Greys River. The éong]omerate is most correctly inter-
preted as a tongue of the overlying Frontier Formation to which the

conglomerate can be traced along strike to the south.

Structure

The Little Greys reverse fault runs east of the axis of the
Little'Greys anticline and repeats part of the Aspen section. It is
likely, however, that the south-central part of the map area is

further complicated by overturned folding not evident in the outcrop.
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GANNETT GROUP SECTIONS

This Dartiél section of the Gannett Group is located on thg
South facing hi11 just to the east 6f thé axis of the Littie Greys
anticline, directly north of the Littie Greys Road, and 1;005 feet
northwest 6f the point where the road crosses the first creask west
of Cow Camp Creek at 43° 8' 55" latitud= and 110O 43! 45"410ngitude.
GANNETT GROUP:
_ Unit Cumul.

Thick. Thick
{feet) {fect)

Bechler Conglomerate:
18. Concealed = = = = = = = = = = = = = = = 40+ £72+
Peterson Limestone:

17. Limestone -- medium-grey, weathers grey-
purple at base, becomes light-cream-
grey, weathering white-grey near middle,
micritic, sparite crystals apparent,
massive, chert nodules - = - - - =« « - 84 532

Ephraim Conglomerate: -

16. Calcareous clavstone -- brown-purple,
weathers same, a few coarse grains
of sand, limestone nodules, calcite
filling of vugs, massive, becomes
trecciated near top, and very nodular
with straight contact with unit 17 .
above = = - - - e e e = e e~ .- 22 448

15. Concealed - = = = = = = = « = = = = - - 34 426

14. Sandstone -- medium purple, weathers
brown purple, fine- to very fine-
grained, very thinly bedded - « = ~ - - 5 392
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GAINETT GROUP continued
- Unit Cumul.
- Thick Thick
(feet) (feet)

"13. Concealed - = = - = = = = - PR 103 387

12. Sandstone -- purple-grey, vicathers
medium-purple, fine- to very fine-
grained, a few grey limestone s
nodules, becomes grey limzstone

attop - - - - == == c -~ 12 284
11. Ccnceé]ed S S i 42 272
10. Sandsténe -- as unit 12 above - - - - - 2 . 230
9. Concealed = = = - - - - 18 228

3. Sandstone -- medium-purple, wcathers
same, fine- to very fine-grained,
massive, a few % inch, subrounded,
chert pebbles at base = = = = = = = = - 10 210

7. Sandstcne and conglomeratic sandstone --
sandstone, brown-red, weathers white,
medium- to coarse-grained, "clean,"
quartzose, grades to sandstone, very
fine-grained, laminated, near top,
conglomerate, brown-red, weathers same,
matrix 20%, clasts are brown chert,
subangular to subrounded, % inch to
2 inches, sorting in matrix good to
poor, candstone grades to conglomeratic
sandstone to conglomerate :
lenticular = = = =« = = = = = = = = - = 19 200

6. Concealed = = = = = = = = = = =« = = < 33 181
5. Sandstone -- purple, weathers purple-

red, very fine-grained, very thinly
bedded - = - - - - = - - 11 148
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GANNETT GROUP contirued

1.

Sandstone ---
same, fine-g
crcss-bedded

Concealed -

Sandstone --
weatheirs sam

Tight-purple, veathers
rained, well sorted,

very light-purple,
e, medium-grained,

laminated- to thinly bedded,

“clean," qua

Concealed -

STUMP SAHDSTONE

1.

Sandstone --
brown-grey f
glauconitic

Ytzose = = @ & « = ¢ = = =

medium grey, weathers
ine-grained, massive,

‘Unit Cumu1l.
Thick Thick
(feet)  (teet)
3 137
41 134
22 93
71 71
10+ 10+
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The second partial section of the Gannett Group occurs on

th2 hill, 200 feet above U.S. Highway 26-89, directly adjacent to

Elbow Campgrcund at 43°i12' 45" Tatitude and 110° 47° 22“’iongitudef

GANNETT GROUP: o
‘ Unit

Cumul.
Thick Thick
(feet) (feet)
6. Concealed - = = = == - == ==--=-= 35+ 318
Draney Limestcne: |
5. Limestone -- medium-grey, weathners
white, micritic, massive, few
coarse crystals of sparite as .
vein filling = = = = = = = = = = = - - 70 283
Bechler Ccng]omerate:‘f.
4, Concealed -- soil light-red-purple - - 87 213
3. Sandstone -- buff-grey, weathers
same, very fine grained, thinly o
bedded to laminated, quartzose - - - - 4 123
Peterson Limestone: “
2. Limestone -- as Draney Limestone .
aboVe = = = = = . - - e e e - .- .- 100 125
Ephraim Conglomerate: ‘
1. Concealed = = = = = = = = = = = = = = - 25+ 25+
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ASPEN SHALE SECTION

This partial section of Aspen Shale occurs in the west-
central pﬁrt of the quadrangle just to the south of tpe'Litt1e Greys
River on fhe.east facihg S]oﬁe. It begins é,500 faetisouthwest of
the point where the L%tt]é Gréyé ﬁoad-croéses~5quirre1 Creek and
2,000 fect northeast of the 7,449 foot peak, at 430 8' 55" latitude
and 1100 50! 45" lengitude. -

Unit Cumul.
Thick Thick

(feet) (feet)
ASPEN FORMATION:

74. Porcelanite -- grey-green, white

spots, thinly bedded - = = =« = = - - = 1 864+
73. Concealed = = = = = = = = = = = = = - = 1 863
72. Porcelanite -- grey-green, massive - - 1.5 86¢
71. Concealed - = - = - = - P - 860.5

70. Sandstone--grey-green, weathers same
silt- to fine-grained, argillaceous, - : ;
MassSive = = = =« = = = = = = = = = - - - 10 675.5

69. Sandstone --'grey-green, wéathérs
same, medium-grained, "salt and

Pepper," cross-bedded = = = = = = = = - 5 665.5
68. Concealed = = = = = = = = = = = = - = - 14 660.5
67. Sandstone -- as unit 69 above - - - - - 3 646.5
66. Concealed - = = - = = < = < == = = == 11 663.5
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ASPEN SHALE,con;jnued

65.

64.
63.

62.

61.

60.
50.

57,
56.
55.
54.

Silty claystone -- grey-green,

weathers same, poorly exposed - - - =

Concealed - - - f f mmmmee- -

Sandstone -- grey-green, weathers
same, silt- to fine-grained in

argillaceous matrix, poorly sorted,’

massive, becomes silty claystone,
grey-green, weathers samre, in last

fow feet = = = = = 0 c 0 = = = = = = '

Sandstone -- light-grey, weathers
same, medium-grained, "salt and

pepper,” simonitic, massive - - - - -

Siltstone -- grey-green, weathers
light-grey - - - - == ==-----

Sandstone -- as unit 70 above - - - -

Sandstone -- grey-green, weathers
same, very-fine-grained- to silt,’

thickly bedded to massive - = ~ - = - -

Sandstone -- light grey, weathers
grey-green, medium grained, massive - -

COnCea]ed'- -.=- " - — -, -- - -

Claystone -- medium-grey, weathers

grey-green, blocky - - = - « - - - - ‘

Concealed e e e e e e e e e

Sardstone -- grey-green, weathers same,
fine- to very-fine-grained, argillaceous
matrix, becomes medlum-gralned near
tOp = = = = e e e e e e e oD

Cumul.

Unit
Thick Thick
(feet) {fect)
1 632.5
9.5 631.5
13.5 622
11 608.5
75 597.5
1.5 590
9.5 532.5
1 579
1 578
12 577
10 565
6 555
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ASPEI{ SHALE continued

53.
52.

51.

50.

48,

47.

46.
45,

44,
43.

42.

Concealed = = = = = = = & = = = = = = =

Siltstone -- grey-green, weathers
same, blocky - - - == -~~~ -

Sandstcne -- light-grey-green,
weathers grey-green, medium-grained,
massive = = = = = = = = = = = = = = - -

Concealed = = = = = = c - = = == - - =

Sandstone and Siltstone, interbedded --
1 foot to 2 foot beds, sandstone,

medium-grey, weathers grey-green, very
fine-grained, massive, siltstone, grey-
green, weathers same, blocky- - - - - -

Concealed -- a little dark grey-green
shale near top = = = = = = = = = = - -

Sandstone -~ yrey-green, weathers same,

. medium-grained, "salt and pepper",

MASSTVE = = = = = = = = = = = = = = = =
Concealed = = = = = = = @ = = = = = = =

Sandsione -- grey-green, weathers
same, fine- to medium-grained,
poorly cemented - - = = = = = = =« - « -

Concealed = = = = = = =« = = = = = o = o

Sandstone -- grey-green, weathers sam2,
medium-grained with some fine grains,
“salt and pepper", thinly bedded and
cross-bedded - - - - = - = = =« - - - -

Sandstone -- grey-green, weathers same,
very fine-grained, thinly bedded - - -

Unit
Thick

(Teet)

39

71

10

(3]

(& ]

Cumul.
Thick

(fzet)
549

510

506.5

387

333



ASPEN SHALE continued

41.
40,
39.

38.

37.
36.
35.

34.
33.

32.
31.

. 30.

Concealed = = = = = = @« = = = = = = = =

Sandstone -- Tight grey, weathars
arey-green, medium-grained, "salt
and pepper", massive - - - - - - - - -

Corcealed -- a little oiive-grey
shale present = = = = = =~ = = = = = = -

Claystone and siltstone, interbedded --
grey-green, weathers same, mottled,
blocky, in 4 inch to 6 inch beds - - -

Sandstone -- grey-green, weathers
same, fine-grained, massive - - = = - =

Claystone -~ grey-green, weathers
SAME = = = = = = = = = = = = = = = = =

Limestone -- green-grey, weathers

medium-brown, micritic, massive - - - -~

Concealed « = = = = = = = = = = = = = =

Sandstone -- light-grey, weathers
grey-green, medium-grained, "salt

and pepper", massive, becomes finer
grained last 15 feet and cross-

bedded 3 feet = = =~ = = - = = - = - - .

Concealed -~ a little shale, grey-
green present = = = « = = - - - - - .-

Siltstone -- dark green-grey, weathers
same, few plant fragments, blocky - - -

Concealed = = = = = = = @ 0 0 = o o = -

Unit
Thick

(feet)
4

46

Cumul.
Thick

(feet)
381

387

383

337
328
325

316
315

313
268

219
217
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ASPEN SHALE contirued
: Unit Cumul.

Thick Tnick

(feet) (feet)

29. Sandstone -~ light grey, weathers
same, medium grained to fine
graired, massive, occurs as

1enNses = = = = = = = = = = = = = = = - z 215
28. (oncealed = = = = = = = = = = = = = = = 9 213
27. Shale -- medium grey, weathers same,

fissile, becomes blocky up section - - 6.5 204
26. Sandstone -- grey-buff, weathers

brown-grey, medium-grained, thickly

bedded - - - - - e e e s e e - - - - 1 197.5
25. Siltstone -- grey-green, weathers

same, very thinly beddad- to shaly,

grdd1ng to very fine-grained sandstone

at top -~ - == ===~ -- —--- 14 196.5
24. Sandstone -- grey-green, weathers same,

finc- to medium-grained, limontic,

massive - = = = = = = = == - - -~ - 3 132.5
23. Concealed = = = = =~ = = = = - = = = - - 4 179.5
22. Claystone -- green-grey, weathers

medium-brown, blocky = = = = = « = « « 1 175.5
21. Concealed - - = = = = = - - - - - - - - 7.5 1:4.5
20. Sandstonz -- green-grey, weathers ' |

same, fine-grained, cross-bedded - - - 4.5 167
19. Concealed = = = = = = = = = = c = = - & 8 162.5

18. Sandstone -- grey-green, weatheré
same, very Tine-grained, thinly
bedded, occurs as lenses = - = =« = = - 1 154.5
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ASPEN SHALE continued
Unit Cumul.
Thick Thick
(feet) (feet)

17. Shale -- medium grey, weathers
same, fissile = = = = = = « = = = =« - - 7 153.5

16. Sandstone -- light grey, weathers
grey-green, medium-grained, "salt
and pepper", massive, beccmes
thinly bedded at top = = = = = = = - - 3.5 146.5

15. Shale -- dark-grey, weathers same,
fissile = = = = = = = = = 2 o o= = -~ 3.5 143

14. Saﬁdstone'a- grey-green, weathers
same, fine- to medium-grained, "salt
and pepper", limonitic, massive - - - - 2.5 139.5

13. Shale -- grey-green, weathers same,
: fissile, becomes blocky up section - - 6 137

12. Concealed -- a little shale, grey-
green present - = = = = = - = = - - - - 17 131

11. Sandstone -- grey-green, weathers
same, medium-grained, "salt and
pepper", wispy, lenticular,
limonitic = = = = = = = = = = = = = - - 2 114

10. Concealed = = = = = = = = = = = - - - - 21 112

9. Silty limestone -- grey, weathers
brown, uneven bedding, lenticular - - - 3 91

8. Sandstone -- grey-green, weathers same,
medium-grained, thinly bedded - - - - - 2 83

7. Siltstone -- grey-green, weathers
same, thinly bedded, glauconitic,
grades to shale, dark-grey, near
tOp = = = = & e e e e e m oo 11 86



ASPEN SHALE continued

Unit Cumul.
Thick Thick
(feet) - (feet)
6. Sandstone -- very tight-crey, weathers
grey-green, medium-grained, "salt :
and pepper”, poorly cemented - - - - - 1 75
5. Concealed - ~ = = = = = = = = = = = = - 19 74
4, Siltstone -- grey-green, weathers
same, thinly bedded, glauconitic,
grades to sandstone, grey-areen, -
very fine-grained, thinly bedded
to very thinly-bedded rear top - - - - . 12.5 .55
3. Concealed = = = = = = = = = = = = = - = 28 42.5
2. Shale -- black, weathers dark-grey,
fissile = = = = = = = = = - - - 5 14.5
1. Sandstone -- grey, weéthers grey-
green, medium-grained, "salt and
pepper”, thinly bedded, becomes
thickly bedded near top = = = = = = - - 9.5 9.5
BEAR RIVER FORMATION:
5. Shale -- dark-grey, weathars black,
silty, fissile - = = = = = = = = = = - 13 60+
4. Shale -- as above but with
fossiliferous bed 6 inches from base - 14 47
3. Sandstone -- grey-green, weathers
same, fine-grained, plant fragments,
thinly bedded, becomes thickly bedded
33

near top = = = = = = = = = = - = - - - 11
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ASPEN SHALE continued

Unit Cumul.
Thick Thick
(feet) (feet)
2. Shale ~-- black, weathers same, with |
coquina float = = = = = = = = = = = = = 16 22
1. Sandstone -- as unit 3 above - - - - - 6+ 6
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