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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 Quadrangle l ie s  in  western Kycming in  the  
tra n s it io n  between the Wyoming and Snake R iver ranges a t  the north  
end o f  the Wyoming o v e rth ru s t b e lt .

Roughly tw en ty -s ix  Holocene lands lid es  were mapped in  the  
cen tra l and western p arts  o f the a re a , which are almost ex c lu s iv e ly  
associated w ith  the shale and mudstone o f  the Cretaceous Bear R iver 
and Aspen form ations. The P le istocene B a iley  Creek la n d s lid e  l ie s  
in  the northeastern  corner o f  the map area; the development was e 
complex event in vo lv in g  a t  le a s t  two separate s lid in g  episodes.
The o ld e r la n d s lid e  dammed B a iley  Creek and the Snake R iver causing 
the bed loads to  be deposited upstream.

Approximately 12,250 fe e t  o f M iss iss ipp ian  through Lower 
Cretaceous s tra ta  crop out in  the map area. Paleozoic s tra ta  consis t 
o f  lim estone o f  the M iss iss ipp ian  Mission Canyon Limestone o f  the  
Madison Group; shale and q u a r tz i t ic  sandstone o f the M iss iss ip p ian , 
Pennsylvanian, and Permian W ells Formation; and c h e rt , sandstone, and 
phosphatic mudstone o f the Permian Phosphoria Formation. T r ia s s ic  
age s tra ta  in c lu d e , in  ascending o rd e r, s i lts to n e  and lim estone o f  
the Dinwoody Formation; sandy s ilts to n e  and shale o f the Woodside 
Formation; sandstone and lim estone o f the Thaynes Formation; s i l t ­
stone and sandstone o f the Ankareh Formation; and sandstone o f the  
T ria s s ic  (? ) -  Jurassic (? ) Nugget Sandstone. S tra ta  o f Jurassic age 
comprise the Twin Creek Limestone, c h ie f ly  consis ting  o f  shaly lim e­
stone; sandstone and s i lts to n e  o f the Preuss Sandstone; and lim estone  
and sandstone o f the Stump Sandstone, in  ascending o rd er. Lower 
Cretaceous s tra ta  co n s is t o f ,  in  ascending o rd er, sandstone, lim estone, 
and shale o f  the Gannett Group; shale and sandstone o f the Bear R iver 
Form ation, and o verly in g  Aspen Shale. Conglomerate a lso  occurs in  the  
upper Aspen which is  in te rp re te d  to be a tongue o f the o verly in g  
F ro n tie r  Formation exposed to  the north and south o f  the map area .

M iss iss ipp ian  through E arly  T r ia s s ic  age s tra ta  were deposited  
in  a t ra n s it io n a l area th a t  included the o verth ru s t b e lt  between a 
miogeosyncline on the west and a s h e lf  area th a t  covered most o f  
Wyoming. The miogeosyncline began to  be deformed in  Late T r ia s s ic  
tim e and a high area on the west rose and shed d e tr itu s  eastward in to  
the m arginal basin in  southeastern Idaho and western Wyoming.

The map area is  s itu a te d  between the eastward moving Absaroka 
and Darby th ru s ts  which l i e  ju s t  o f f  the western and eastern  m argins, 
re s p e c tiv e ly . The L i t t l e  Greys f a u l t  has a minimum displacem ent o f  
1,500 fe e t  o f  Aspen Shale and resu lted  from overturn ing  along the  
associated L i t t l e  Greys a n t ic l in e .  The cen tra l p a rt  o f the map a re a , 
consis ting  o f  7 ,000  fe e t  o f Aspen Shale, is  probably fu r th e r  deformed 
by overturned fo ld in g  not ev iden t in  the outcrop.



INTRODUCTION

Location and Access

The map area l ie s  in  western Wyoming between the Wyoming and 

Snake R iver ranges which compose p a rt  o f the Wyoming o verth ru st b e lt .  

I t  is  bordered on the north by the Snake R iver and on the south by 

the L i t t l e  Greys R iver and comprises the cen tra l th r e e - f i f th s  o f the  

Pine Creek Quadrangle inc lud in g  portions o f T. 36 and 37 N. and R. 117 

and 118 W ., Teton and Lincoln co u n ties , Wyoming (F ig . I ) .  Most o f 

th is  area is  g e n e ra lly  inaccessib le  w ith  few roads present. The 

L i t t l e  Greys R iver road borders the southern margin o f the map a re a , 

and w ith  permission o f  the landowner, access can be gained to  the  

northeastern  corner by a p r iv a te  road on the east s ide o f the Snake 

R iver. A m ajor p a rt  o f the area is  accessib le by the use o f pack and 

game t r a i l s .  A d d it io n a lly , r e la t iv e ly  easy access to  the northern  

margin is  a tta in a b le  by crossing the Snake R iver in  a boat o r r a f t .

Procedure

Mapping o f the Pine Creek area was done on U .S .G .S . 1 :24 ,000  

topographic maps, and black and w h ite  a e r ia l photographs o f approxi­

m ately the same sca le . F ie ld  work began in  June 1975 and continued  

to  September. An ad d itio n a l week was spent in  the f ie ld  in  August 

o f 1976. Traverses were made every o n e -h a lf to  one-fourth  m ile  

along rid ge to p s , although th is  spacing varied  somewhat w ith  the  

amount o f tre e  cover and a v a ila b le  outcrops.
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Purpose

The prim ary purpose o f th is  study is  to  provide a d e ta ile d  

geologic map o f  the area . The need fo r  the map is  tw ofo ld: ( I )  to  

provide in form ation  on the geology o f  the Pine Creek Quadrangle which 

represents a s ig n if ic a n t  gap in  the previous ly  mapped portions o f the  

surrounding o ve rth ru s t b e lt  (F ig . 2) and (2 ) to  continue the ongoing 

U.S.G .S . in v e s tig a tio n  in to  the coal and phosphate resources o f th is  

reg ion. A second purpose is  to  provide a d e ta ile d  summary o f  

s tra tig ra p h ic  work in  the region o f  the o verth ru s t b e lt .

Previous Work

The geology o f the Pine Creek Quadrangle was f i r s t  described  

by geo log ists o f the Hayden surveys in  the l a t t e r  p a rt o f the 19th 

century (see S c h u ltz , 1914 .) This area was la te r  in ves tig a ted  in  

g re a te r d e ta il  by Schultz (1 9 1 4 ), Boeckerman and Eardley (1 9 5 6 ), 

and by Ross and S t. John (1 9 6 0 ). In  a d d it io n , numerous theses on the  

geology adjacent to  the Pine Creek Quadrangle have been completed by 

students a t  the U n iv e rs ity  o f  Michigan (see Wanless, e t  a l_ ., 1955, 

and Goeckerman and E ard ley , 1956). Reports on the economic resources 

and geology o f the nearby reg io n , useful because o f the included  

s tra tig ra p h ic  in fo rm a tio n , were published by Veatch (1 9 0 7 ), M ansfie ld  

(1 9 2 7 ), and S taa tz  and Albee (1 9 6 6 ). The s tra tig ra p h y  o f the map
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area and the region adjacent to  i t  was studied ex ten s ive ly  by Wanless 

e t  a L  (1955 ).

Several geo log ists  have in ves tig a ted  the tec to n ics  o f the  

o verth ru st b e lt  and a number o f notable reports  have been published. 

Eardley (1960, 1967) and Crosby (1968, 1969) in ves tig a ted  the phases 

o f orogeny and p atterns  o f movement; the  mechanics o f deform ation  

were studied by Rubey and Hubbert (1 9 5 9 ); and Armstrong and O rie l 

(1965) summarized the tem poral, s p a t ia l ,  and s tra tig ra p h ic  re la tio n s  

o f the o verth ru s t b e lt .



GEOiIORPHOLOGY

Geomorphic S e ttin g

The study area l ie s  in  the M iddle Rocky Mountain Province o f  

the Rocky Mountain System, and a t  the tra n s it io n  between the northern  

end o f the Wyoming Range and the southern end o f the Snake R iver 

Range. Topographically  a major p a rt o f the area is  characterized  by 

p a r a l le l , northw est-trending ridges and v a lle y s , developed in  response 

to  the interbedded re s is ta n t  and nonresis tan t s tra ta  involved in  the  

reg ional northw ard-trending s tru c tu ra l g ra in  o f  the Wyoming cve rth ru s t  

b e lt .  The subsequent drainages which fo llo w  the s tru c tu re  a re , th e re ­

fo re , p a ra lle l  over much o f the area. These streams have not a tta in e d  

any graded s ta te ,  as evidenced by the lack  o f flood  p la in s  and by 

extensive headward erosion. Because o f the you th fu l s ta te  o f i ts  

drainage much o f the area remains as highlands.

The Snake and L i t t l e  Greys r iv e r s ,  and B a iley  Creek over p a rt  

o f i t s  len g th , d ir e c t ly  crosscut the s tru c tu re  and present an in te r ­

esting  geomorphic problem. I t  is  suggested here th a t  these streams 

may have developed by superposition  from a Middle Pliocene basin f i l l  

or lake le v e l.

Several lin e s  o f evidence lead to  th is  specu la tive  conclusion. 

The nearest T e r t ia ry  m a te r ia l,  the Middle Pliocene Teewinot Form ation, 

is  exposed north o f  the Pine Creek Quadrangle in  Jackson Hole (Love, 

1956a) and 7 m iles w est, in  the A lp ine area ( M e r r i t t ,  1956). I t  is
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not known whether these form ations are c o r re la t iv e . However, they dc 

have s im ila r  l ith o lo g ie s  and fo s s i ls ,  and both are suggested to  have 

formed in  a la c u s tr in e  environment (Love, 1956a, M e r r i t t ,  1956). The 

Teewinot Formation a t A lp ine has conglomerate beds ( M e r r i t t ,  1956) 

u n lik e  the Teewinot exposed in  Jackson Hole (Love, 1956a) suggesting  

th a t the Snake R iver Range was a highland area p r io r  to  Middle 

Pliocene tim e. Further evidence o f high topography in  th is  area is  

im plied by the occurrence o f la rg e  s lid e  blocks w ith in  the Teewinot 

which are in te rp re te d  to  have s l id  westward o f f  the Snake R iver Range 

(Love, 1956b). I f  a connection between the Teewinot a t  A lp ine and 

Jackson Hole areas ex is ted  north o f the Snake R iver Range, then i t  

seems l ik e ly  th a t  Teewinot s tra ta  would have been preserved in  the  

downwarped Teton Basin d ir e c t ly  west o f the Teton Range. Love (1956a) 

did not mention any exposures o f Teewinot s tra ta  in  th is  area . There­

fo re , the probable connection between Jackson Hole and A lp ine during  

deposition  o f the Teewinot was through the south end o f the Snake 

River Range. This conclusion im plies th a t  a M iddle Pliocene cover 

may have extended over the study area and th a t the Snake and L i t t l e  

Greys r iv e rs  could have been lowered over the buried topography. 

A lte rn a te ly  these drainages may have developed from the lake leve l 

w ithou t g rea t accumulations o f  la c u s tr in e  m ateria l as in  the deeper 

basins in  A lp ine and Jackson Hole. During the P le istocene the erosive  

power o f these r iv e rs  g re a t ly  increased as pre-W isconsin piedmont ic e
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m elted. Such ice  ex is ted  a t  le a s t  as near as Munger Mountain 

( Montagne, 1976, personal communication), 6 m iles north o f the map 

area .

I f  i t  can be proven con c lu s ive ly  th a t the Teewinot a t  Jackson 

Hole and the Teewinot a t  A lp ine were not continuous, then a mechanism 

other than superposition must be considered. One p o s s ib il i ty  may be 

the establishm ent o f the Snake R iver drainage as the Teewinot lake  

a t Jackson Hole s p ille d  over i t s  bank a t  the south end. As an 

a lte rn a te  hypothesis the Snake and L i t t l e  Greys r iv e rs  may have 

developed by headward erosion across the Pliocene topography which 

c e r ta in ly  was more subdued than i t  is  a t  present, and drained in to  

the Teewinot lake  on the downfaulted block o f A lp in e . Further inves­

t ig a t io n  is  needed to  determ ine whether or not the Teewinot sediments 

in  both the Jackson Hole and A lpine areas are c o rre la t iv e s .

Mass-wasting is  the most dynamic and notable geomorphic pro­

cess in  the area. Approxim ately tw en ty -s ix  landslid es  were mapped, 

both ancien t and recen t. Most o f these lands lid es  are located in  the  

cen tra l and western parts  o f the map area and are almost ex c lu s iv e ly  

associated w ith  shale and madstone o f  the Cretaceous Bear R iver and 

Aspen form ations.
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Landslides 

Small Landslides

Sm aller lan d s lid es  w ith in  the Pine Creek Quadrangle are a l l  

f a i r l y  recent, and most probably are  a t  le a s t 50 years old judging from 

the th ic k  growth o f  aspen and lodgepole pine on some o f the deposits . 

They range in  s ize  from small deposits approxim ately 600 fe e t  long and 

300 fe e t  across to  la rg e r  landslid es  approxim ately 8 ,000  fe e t  long and

2,000 fe e t  across. The la rg e s t o f these small lands lid es  is  v is ib le  

from U.S. Highway 26-89 ju s t  west o f Elbow Campground and is  approxi­

m ately \ h  square m iles in  area . Another la rg e  la n d s lid e  is  located  

on the west s ide o f  Cow Camp Creek near the northern margin o f the  

map area. A ll o f  these lan d s lid es  are o f the slump type (Thornbury, 

1969, p. 4 6 -6 7 ), a lthough, in  some cases, the upper surface o f the  

s lid e  debris has been subsequently m odified by mudflows as evidenced 

by the hummocks and sparse veg eta tio n . Small springs and ponds have 

developed on the surface o f the la rg e r  s lid e s . O thers, such as the  

la rg e  s lid e  west o f  Iro n  Rim Creek, near the western margin o f  the map 

a re a , appear less m odified by continued downs!ope movement o f d e b ris , 

and the surface is  q u ite  subdued w ith  a th ic k  growth o f aspen and 

lodgepole p ine. Along the break-away scarps o f most o f the s lid e s  

in  the area are several la rg e  arcuate  tensional cracks along which 

m ateria l has moved downhill but w ith  no ro ta tio n a l component. Most
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o f the s lid es  formed on Bear River-Aspen dip slopes and probably  

resu lted  from w ater s a tu ra tio n  along bedding planes and jo in ts .  

However, th ree  o f the la rg e r  lands lid es  along the Snake R iver moved 

p a ra lle l to  the s t r ik e  o f  the beds and probably resu lted  from a 

combination o f  oversteepened canyon w a lls , and saturated  bedding 

and jo in ts .

One exception to  the Bear River-Aspen la n d s lid e  association  

is  the s lid e  th a t occurred in  the breached core o f the L i t t l e  Greys 

a n t ic lin e  and th a t  is  co inc iden t w ith  the a x ia l tra c e  (F ig . 1 9 ). I t  

involves the sandstone and shale o f the Lower Gannett Group, Stump, 

Preuss, and Twin Creek form ations and is  probably a d ire c t  re s u lt  o f  

oversteepening by the L i t t l e  Greys R iver and concentrated fra c tu r in g  

in  the core o f the a n t ic l in e .

Large Landslides—  B a iley  Creek Landslide

The B a iley  Creek la n d s lid e , named by Love and Montagne (1975 , 

personal communication) l ie s  on the south bank o f the Snake R iver in  

the northeastern  p a rt o f  the map area (P I .  I ) .  This P le istocene  

la n d s lid e  was in i t ia te d  on the west f la n k  o f Grayback Ridge w ith in  

lim estone and q u a rtz ite  o f the Madison Group and W ells Formation. I t

is  a complex fe a tu re , in vo lv in g  a t  le a s t  two separate s lid in g  events ,
- 3 ’

o f which the e a r l ie r  dammed both the Snake R iver and B a iley  Creek,
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re s u lt in g  in  deposition  o f the Led loads upstream and the form ation  

o f a lake in  the Snake R iver Canyon.

Several observations regarding the general appearance o f the  

s lid e  are  s ig n if ic a n t  in  ana lyzing  i t s  o r ig in  and development. The 

f l a t  to  subdued surface o f the la n d s lid e  is  covered w ith  a th ic k  

growth of lodgepole p in e , and ty p ic a l signs o f la n d s lid in g , such as 

ponds and springs, are absent. The lan d s lid e  d e b ris , which reaches 

a maximum thickness o f approxim ately 100 fe e t  near the northern  

margin o f the Snake R iv e r , p a r t ia l ly  covers Thaynes, Ankareh, Nugget, 

and Twin Creek s t r a ta .  No la n d s lid e  debris occurs on the west side  

o f the Snake R iver. The margins o f the la n d s lid e  have been incised  

by one la rg e  and one small canyon. A w e l l - l i t h i f i e d  brecc ia  u n it  

(F ig . 1 5 ) , composed p r in c ip a lly  o f Madison lim estone and W ells  

q u a rtz ite  (see Cenozoic s tra ta  s e c tio n ), crops out along the north  

w all o f the sm alle r o f  these canyons (P I.  I )  in the middle o f  the  

la n d s lid e  d eb ris . In  a d d it io n , a conglomerate u n it ,  w ith  nearly  

id e n tic a l l ith o lo g y  to th a t  o f  the brecc ia  u n it ,  is  exposed along 

B a iley  Creek a t  the southern margin o f the s lid e  (P I .  I ) .  This u n it  

thickens downstream and the s o r t in g , s t r a t i f ic a t io n ,  and slope imply 

th a t i t  is  a f lu v ia l  u n it .  Fragments o f the Madison Group and W ells  

Formation are a lso  deposited 2% m iles south o f the la n d s lid e  along 

B a iley  Creek in  a s e rie s  o f recent mudflows. Love (1976 , personal
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communication) mentioned th a t  several break-away scarps are apparent 

along Grayback Ridge in  th is  general area.

Other deposits in  the area ad jacent to  the "landslide nave 

im portant im p lica tio n s  regarding i t s  development. G rave l, which may 

a t ta in  thicknesses o f 400 fe e t  (Albee et  ̂ al_., 1975, p. 1 7 ) ,  is  

deposited from 25 to 50 fe e t  above the le v e l o f  the Snake R iver 

north o f the B a iley  Creek la n d s lid e . A d d it io n a lly , la c u s tr in e  

deposits crop out above the Snake R iver north o f Hoback Junction 7% 

m iles north (Love, 1976, personal communication).

Based on the physical c h a ra c te r is t ic s  o f  the s lid e  and the  

nature o f the deposits ad jacent to  i t ,  i t  is  c le a r  th a t  the o r ig in  

and development o f the B a iley  Creek la n d s lid e  was complex. I t  has 

been suggested th a t  the la n d s lid e  re s u lte d  in  the damming o f  B a iley  

Creek and the Snake R iver. This is  im plied by the gravel and 

la c u s tr in e  deposits along the Snake R iver and the conglomerate u n it  

along B a iley  Creek. The la n d s lid e  d e b ris , upon d e p o s itio n , must have 

been stro n g ly  l i t h i f i e d  according to Love (1976, personal communica­

t io n ) ,  forming a durable dam in  the Snake R iver and B a iley  Creek.

The la n d s lid e  o rig in a te d  high on the west f la n k  o f Grayback 

Ridge where s tra ta  from the Madison Group and W ells Formation are  

exposed. Recent mudflows and break-away scarps a t te s t  to  the basic  

in s t a b i l i t y  o f  these s tra ta  where they are exposed on dip slopes.

The la n d s lid e  may have been in i t ia t e d  by oversteepening re s u lt in g
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from erosion by B a iley  Creek, s a tu ra tio n  o f bedding planes, and 

jo in t in g  normal to  bedding planes.

Considerable tim e elapsed between deposition  c f the land­

s lid e  u n its  underlying and overly ing  the breccia u n it  (F ig . 3 ) as 

suggested by the strong l i t h i f i c a t io n  o f the b recc ia  compared to  the  

adjacent la n d s lid e  d e b ris . Sheetwash g re a tly  m odified and reworked 

the surface o f the i n i t i a l  s l id e  a llo w in g  fo r  l i t h i f i c a t io n . t o  occur 

before the overly ing  s lid e  covered th is  surface .

Based on the f ie ld  re la tio n s h ip s , the fo llo w in g  h is to ry  o f  

the B a iley  CreeK la n d s lid e  is  suggested. During the P le is to cen e , a 

la rg e  s l ip  surface developed in  the westward-dipping lim estone and 

q u a rtz ite  o f  the Madison Group and W ells Formation. A la rg e  mass 

o f th is  w ate r-sa tu ra ted  m ate ria l moved down the west f la n k  o f Grayback 

Ridge and along B a iley  Creek and came to  re s t near the mouth o f  B a iley  

Creek, com pletely covering s tra ta  o f  the Ankareh, Nugget and Twin 

Creek form ations. As a consequence, B a iley  Creek and the Snake R iver  

were dammed by the s lid e  d e b ris ; coarse cobbles and boulders o f  

Paleozoic and Mesozoic sandstone and q u a rtz ite  accumulated along the  

Snake R iver; and q u a r tz ite  and lim estone gravel along B a iley  Creek. 

M ate ria l derived from the la n d s lid e  was reworked and deposited by 

sheetwash processes and some o f the debris  became l i t h i f i e d  by ponding 

and d ess ica tio n . Following t h is ,  a new s lid e  from Grayback Ridge 

covered the subdued surface . Erosion continued to  modify the upper
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UPPER SLIDE

breccia

LOWER SLIDE

Figure 3. Upper lan d s lid e  and o ld e r lower lan d s lid e  separated by 
breccia u n it .  Note strong l i t h i f i c a t io n  o f breccia u n it  
compared to adjacent lan d s lid e  deb ris . Jtn is  Nugget 
Sandstone.
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surface o f  th is  la te r  s lid e  and la te r a l  streams developed which 

inc ised  the m argins, and the la s t  vestiges o f the dam were removed 

by the Snake R iver. These sequentia l events are i l lu s t r a te d  in  

Figure 4.

Terraces

Several te rraces  border the Snake R iver Canyon in  the map 

area and north in  the Munger Mountain Quadrangle (A lbee, 1958). The 

nature o f the deposits forming on the te rraces  is  discussed below 

(see Cenozoic s tra ta  s e c tio n , page 87) but they g e n e ra lly  are  covered 

by w e ll rounded boulders and cobbles. The two te rra c e  sets occur a t  

d is t in c t  le v e ls ;  an o ld e r h igher surface 200-250 fe e t  above the  

present r iv e r  le v e l and a lower surface 10-25 fe e t  above the r iv e r .  

Four m iles upstream in the v ic in i t y  o f A s to ria  Hot Springs, Albee 

(1968) mapped two te rraces  o f  the o ld e r , higher se t which are 

c o rre la ta b le  w itn  the te rra c e  along the west margin o f the B a iley  

Creek lu n d s lid e , based on the s im ila r i t y  o f the e levatio n s  above 

the Snake R iver. Albee (1958) suggested th a t  these gravel terraces  

resu lted  from the damming o f the Snake R iver a t  the mouth o f B a iley  

Creek.
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SNAKE
RIVER

n w iv \ ^ 4

A. P re -la n d s lid e  topography

B. Lower s lid e  and dam

C. Subdued s u rface , development o f breccia

D. Upper s lid e

E. Present topography

Figure 4. H ypothetical development o f B a iley  Creek lan d s lid e  and dam.
Formations are  H pPw) W ells Formation, (p P ) Phosphoria Forma­
t io n , ("Rd ) Dinwoody Form ation, ("Aw) Woodside Form ation,
( T t t ) Thaynes Formation, (Tta ) Ankareh Form ation, (An )
Nugget Sandstone, ( j t  ) Twin Creek Limestone. Scale approximate.



STRATIGRAPHY

In tro d u ctio n

The s tra tig ra p h ic  section  w ith in  the map area consists o f 

M ississ ipp ian  through Cretaceous s tra ta  (F ig . 5 ) .  The section  is  

predominantly m arine, although nonmarine s tra ta  were deposited during  

the E arly  T r ia s s ic  and E arly  Cretaceous. C la s tic  rocks dominate the 

sec tio n , although carbonate deposition  occurred during the 

M iss iss ip p ian , E arly  T r ia s s ic  and Middle Ju ras s ic , r e f le c t in g  the  

tec to n ic  h is to ry  o f the o verth ru s t b e lt  and adjacent parts  o f 

Wyoming, Idaho, and Utah.

The elements o f  th is  tectono-sedim entary system con sis t o f  

a s h e lf  on the east where the s tra ta  are th in ,  and a miogeosyncline 

on the west where the rocks are th ic k , and a tra n s it io n a l area 

between, which includes the o ve rth ru s t b e lt .  The p o s itio n  o f the  

t ra n s it io n a l area s h if te d  throughout the Paleozoic and Mesozoic w ith  

major impact on the l ith o lo g ie s  and s ite s  o f maximum dep osition . In  

Late T r ia s s ic  t im e , the miogeosyncline began to  break up and a d i f ­

fe re n t pa tte rn  emerged whereby a high area on the west rose and shed 

d e tr itu s  eastward in to  the marginal basin . Destruction o f the  

miogeosyncline in  Late Mesozoic tim e was a precursor to  the develop­

ment o f la rg e  north-south  trending fo ld s  and eastward moving th ru s t  

fa u lts  which e v e n tu a lly  resu lted  in  the deform ation o f the Pine 

Creek area (Armstrong and O r ie l ,  1965).
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" - p i— ™-1 p e ABBREVIATED LITHOLOGY

GREEN-GREY, SPLINTERY. OCCASIONALLY CALCAREOUS. SILICEOUS SHALE, INTERBEDDED GREY-GREEN. 
FINE- TO MEDIUM-GRAINED. THIN-BEDDED TO MASSIVE. AND CROSS-BEDDED. OCCASIONALLY 
CALCAREOUS, "SALT AND PEPPER" SANDSTONE. AND BLUE, PINK, GREEN. GREY, RED. BLUE-GREY, 
BANDED. SPOTTED. SPECKLED. CONCHOI DAL FRACTURING, PORCELANITE

PREDOMINANTLY BLACK TO DARK-GREY SHALE. IDENTICAL TO SHALE IN LOWER BEAR RIVER. INTER- 
BEDDED WITH LIGHT-GREY. FINE-GRAINED, SANDSTONE AND SILTSTONE

'LIGHT-GREY. BUFF-GREY-WEATHERING, FINE- TO MEDIUM-GRAINED, SUBROUNDED TO SUBANGULAR. 
MASSIVE AND CROSS-BEDDED, LIMONITIC, QUARTZOSE, RESISTANT SANDSTONE 
DARK-GREY TO BLACK. HARD, SPLINTERY, LIMONITIC. POORLY EXPOSED SHALE. AND INTERBEDDED 
DARK-GREY, MEDIUM-GREY, GREEN-GREY, THIN- TO MEDIUM-BEDDED, OCCASIONALLY CALCAREOUS, 
NODULAR, LIMONITIC. SILTY MUDSTONE. SILTY SANDSTONE, AND FINE-GRAINED SANDSTONE, WITH 
BIOTURBATION STRUCTURES. AND SOLE MARKINGS
BUFF-GREY. FINE- TO MEDIUM-GRAINED. CALCAREOUS. QUARTZOSE SANDSTONE AND GREY-PURPLE TO 
TANN I SH-GREY, WHITE-WEATHERING, MICRITIC LIMESTONE

- RED-PURPLE TO RED-BROWN, VERY FINE- TO MEDIUM-GRAINED SANDSTONE, AND ASSOCIATED CHERT

CLIFF-FORMING SANDSTONE

THAVNES 
FM

WOODSIOE

FM

CNN WOOOY 

FM

150'

1250'

PEBBLE CONGLOMERATE
'GREY-GREEN, MEDIUM-GRAINED. GLAUCONITIC, CALCAREOUS, CL 
BROWN-GREY, OOLITE BEARING. COQUINOID, SANDY LIMESTONE 

JlREEN-GREY, VERY FINE-GRAINED, CALCAREOUS SANDSTONE 
"RED-BROWN, FINE-GRAINED, THINLY BEDDED TO LAMINATED SANDSTONE AND SILTSTONE

LIGHT-GREY. THINLY BEDDED, SHALY LIMESTONE. AND A FEW INTERBEDS OF GREY- TO BLUE-GREY, 
FINE-GRAINED. OOLITIC, COQUINOID, LEDGE-FORMING LIMESTONE

BLUE-GREY, THINLY BEDDED LIMESTONE AND OVERLYING RED SHALE

WHITE. PI NKI SH-ORANGE. AND LIGHT-TAN, BROWN-WEATHERING, MEDIUMj GRAINED, MASSIVE, 
OCCASIONALLY CROSS-BEDDED. RESISTANT, RI DGE-FORM I NG SANDSTONE

INltKDtUUtU HHKUUN 3 IL I 3 I UNt , rt" DtUJ Ur ntl
WITH GREY, WELL DEFINED, CALCAREOUS NODULES 
RED BROWN, VERY FINE-GRAINED. NONRESI STANT SANDSTONE

INTERBEDDED GREY. VERY THINLY BEDDED LIMESTONE. AND YELLOW-TAN, VERY FINE-GRAINED.
CALCAREOUS SANDSTONE
RED-BROWN, VERY FINE-GRAINED SANDSTONE
INTERBEDDED MEDIUM-GREY LIMESTONE AND VERY FINE GRAINED. VERY THINLY BEDDED SANDSTONE

RED-BROWN, VERY FINE-GRAINED. POORLY EXPOSED SANDY SIlTSTONE AND SHALE

BLUL-GPEv , LITHOGRAPHIC LIMESTONE 

GREY. SILICEOUS. SILTSTONE

LIGHT-GREY, VERY FINE-GRAINED, CALCAREOUS SANDSTONE

'  INTERBEDOED YELLOW-BROWN. FINE-GRAINED. QUARTZOSE SANDSTONE, GREY-BROWN DOLOMITE, DARK-
___ BROWN-GREY MUDSTONE. SHALE . SILTSTONE. AND YELLOW-BROWN, BEDDED CHERT

DARK-GREY, PHOSPHORITE AND MUDSTONE AND INTERBEDDED BLACK, ARGILLACEOUS DOLOMITE 
LIGHT- TO YELLOW-GREY. FINE-GRAINED, CROSS-BEDDED, QUARTZITIC SANDSTONE. AND INTERBEDDED 
LIMESTONE
MEDIUM- TO DARK-GREY. MEDIUM-GRAINED LIMESTONE, AND INTERBEDOED DARK-GREY LIMESTONE 
INTERBEDDEO DARK-GREY LIMESTONE. RED SHALE. CALCAREOUS S I LTSTONE. AND SANDSTONE

C T M , r L ^ T V ^ ^  T°  COARSE-GRAINED. MASSIVE TO THICK-BEDDED. BIOCLASTIC.

Figure 5. G eneralized s tra tig ra p h ic  sec tio n . Pine Creek Quadrangle, 
south o f Snake R iver. Not to scale .
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Paleozoic Rocks .

In trod uction

Tho exposed Paleozoic section  is  approxim ately 2 ,260 fe e t  

th ic k  in  the map area and includes lim estone o f the Mission Canyon 

o f the Madison Group o f  M iss iss ipp ian  age, e la s tic s  and carbonates 

o f the W ells Formation o f M is s is s ip p ia i,  Pennsylvanian, and Permian 

age, and phosphatic mudstone and e la s t ic s  o f the Permian Pliosphoria 

Formation. Exposures o f these s tra ta  are confined to  the north ­

eastern corner o f the map area where they form re s is ta n t outcrops 

along the f la n k  o f Grayback Ridge.

M iss iss ipp ian  S tra ta  —  Madison Group

Previous Work. The Madison Group, inc lud ing  the overly ing  

Mission Canyon Limestone and underlying Lodgepole Limestone, has been 

ex ten s ive ly  studied throughout i t s  ex ten t in  Montana, the Dakotas, 

Utah, Idaho, and Wyoming. Andrichuk (1955) studied the s tra tig ra p h y  

and sedim entation o f the Madison Group in  Wyoming and southern 

Montana. S tr ic k la n d  (1 9 5 6 ), and Sando and Dutro (1960) in ves tig a ted  

the Madison in  western Wyoming, and Sando (1967a) studied the Madison 

in  portions o f the o verth ru s t b e l t ,  inc lud ing  areas ad jacent to  the 

Pine Creek Quadrangle. Wanless et^al_. (1955) measured sections o f  

the Madison Group a t  Pow Wow P o in t one m ile  east o f  the northeast 

corner o f  the Pine Creek Quadrangle, a t  Hoback Canyon eas t o f the
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map a re a , and a t o ther lo c a l i t ie s  in  the Teton, Cros V en tre , Lnd 

Snake R iver ranges.

Age ard Contacts . The age o f the Madison Group has been 

w ell documented by abundant fo s s il data and represents an in te rv a l  

o f v i r t u a l ly  continuous deposition  from e a rly  Kinderhook to  e a r ly  

Mcramec time (Sando, 1967b). The contact o f the Madison w ith  the  

underlying Darby Formation o f Devonian age Is a reg ional unconformity  

{Benson, 1966). A dark shale u n it  o v e rlie s  the Darby and u n d erlies  

the Lodgepole throughout the th ru s t b e lt  and southwestern Montana 

(Benson, 1966, F ig . 2) th a t should be included w ith  the Madison in  

western Wyoming (Benson, 1966). The contact o f  th is  u n it  w ith  the  

overly ing  Madison Grouo is  a d isco n fo rm ity , although the tim e in te r ­

val represented by the gap is  sho rt (Haun and Kent, 1965). This 

shale u n it  was deposited a t  the same s tra tig ra p h ic  p o s itio n  as the  

Cottonwood Canyon member o f the Madison Limestone o f w es t-cen tra l 

Wyoming (Love and K eefer, 1969).

C o rre la tio n s . The Madison Group has had a confusing h is to ry  

o f nomenclature as o u tlin e d  by Sando and Dutro (1960 , 1974). C o ll ie r  

and Cathcart (1922) were the f i r s t  to  use the name Madison as a 

group in  th e ir  work in  the L i t t l e  Rocky Mountains o f Montana and 

divided i t  in to  an o ve rly in g  M ission Canyon Limestone and underlying  

Lodgepole Limestone. Andrichuk (1955) and S tr ic k la n d  (1956) 

separated the Madison Group in to  a t r i p a r t i t e  d iv is io n  but Sando
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and Dutro (1960) ro je c ta d  these subdivisions ?rd recognized only the 

Lodgepols Limescone and Mission Canyon Limestone in  western '.iyuning. 

This twofold nomenclature has p ers is ted  and is  used throughout 

Montana as w e ll.  East o f the o ve rth ru s t b e U , the name Madison Lime­

stone is  used because the Lodgepole" and Mission Canyon Limestone are  

not recognizable as d is t in c t  l i t h i c  un1*ts  (Sando, 1967a, p. 537).

West o f the th ru s t b e lt  in  southeastern Idaho and northwestern Utah, 

the Lodgepole Limestone name is  used and the Brazer Dolomite is the  

approximate temporal and l i t h i c  eq u iva len t o f  the Mission Canyon 

Limestone (Sando, 1967b, p. 35 ).

L ith o lo g y . Only the upper 800 fe e t  o f  the Mission Canyon 

Limestone is  exposed in  the extreme northeastern p a rt o f  the map area. 

Here, i t  consists o f  medium- to d ark -g rey , medium- to  coarse-g ra ined , 

massive- to  th ick -b ed  le d , b io c la s t ic  lim estone th a t  forms prominent 

c l i f f s .  The upper p a rt o f  the Mission Canyon contains a few d o lo m itic  

lim estone and b tecc ia ted  lim estone beds. The Lodgepole in  the ad ja ­

cent Ferry Peak Quadrangle is  composed o f  d ark -b lu e -g rey  to medium- 

grey, th in -  to  medium-bedded, very fin e -g ra in e d  lim estone w ith  

abundant b io c la s t ic  beds in  the upper p a rt (Jo b in , 1972).

The lith o lo g y  o f  the Madison Group is rem arkably uniform  

throughout i t s  ex ten t con sis ting  m ainly o f carbonate s tra ta  w ith  very  

few c la s t ic  in te rb ed s . The most s ig n if ic a n t  change in  lith o lo g y  is  

the high percentage o f  dolom ite in  the area which roughly corresponds
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w ith  the-Wyoming s h e lf .  In  southeastern Idaho, the o verth ru s t b o lt ,  

and southwestern Montana, dolom ite is  a minor l i th o lo g ic  component 

(A n irich u k , 1S55). L o c a lly , east o f the map area near Cream P u ff 

Mountain in  the lower end o f Hoback Canyon, the Mission Canyon Lime­

stone contains several beds o f gypsum up to  50 fe e t  th ic k  (Wanless 

e t a l . ,  1955).

Environment o f D eposition . The depositional environment o f  

the Madison Group in  the study area was open marine w ith  m oderately  

deep w ater during deposition  o f the Lodgepole and shallow er w ater 

during deposition  o f  the Mission Canyon. During the Late  

M ississ ipp ian  regression (Haun and Kent, 1965), parts  o f the sea 

became barred (low er Hcback Canyon area ) and evaporites  were p re c ip i­

ta ted  in  re s tr ic te d  basins. E v en tu a lly , a k a rs t surface developed 

on the exposed Madison s tra ta  and the ensuing so lu tio n  e ffe c ts  

extended down to  the eva p o rite  beds, leaching out so lub le  constituents  

and producing co llapse breccias (Sando, 1967b).

Pennsylvanian S tra ta  —  W ells Formation

Previous Work. Not much s ig n if ic a n t  work has been done on 

the Upper M iss iss ipp ian  to Lower Permian W ells Formation since i t  was 

named by Richards and M ansfie ld  (1912) fo r  exposures in  W ells Canyon, 

Idaho. However, several papers have been published on the l i t h o ­

lo g ic a lly  and tem porally  eq u iva len t Amsden and Tensleep form ations o f
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w est-cen tra l and ce n tra l Wyoming (see M a llo ry , 1957). Wanless e t  a l .  

(1955) u t i l iz e d  Amsden and Tensleep term inology and measured a 

section  on the west f la n k  o f Grayback Ridge, d ir e c t ly  across from 

Cabin Creek on the northern border o f the map a re a , and a t Hoback 

Canyon, f iv e  m iles to  the northeast.

Ags and Contacts. The age o f the W ells Formation is  compli­

cated by the lack o f d iagnostic  faunal data and is  based on the ages 

o f i ts  temporal and l i t h i c  eq u iva len ts . The W ells is  considered to  

be M iss iss ipp ian  to Permian in  age by U.S. Geological Survey geolo­

g is ts  in  the area ( e . g . , Al bee, 1968, Job in , 1972). The 

M ississ ipp ian  (C hester) age is  based on the age assignment o f the  

underlying Amsden Formation (M a llo ry , 1967) which was included in  

the W ells in  the map area . The l i th o lo g ic a l ly  and tem porally  equiva­

le n t  Tensleep Sandstone is  lowermost Permian (Wolfcamp) a t  the  

western l im i t  o f i t s  exposure (M a llo ry , 1967). A Permian age is  also  

ind ica ted  by the conformable contact o f the W ells w ith  the o verly in g  

Grandeur Member (Leonard) o f the Park C ity  Formation in  southeastern  

Idaho (McKelvey e t  a l_ ., 1959) which was also mapped w ith  the W ells  

in  the Pine Creek area . A reg ional d isconform ity  is  present a t  the  

base o f the W ells where the Amsden is  in  contact w ith  the underlying  

Madison Group, although the nature o f th is  con tact is  not d iscernab le  

in  the study area.
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C o rre la tio n s . Use o f the name W ells Formation is  confined  

to  westernmost Wyoming south o f Jackson, extreme southeastern Idaho, • 

and northern Utah. Amsden and Tensleep term inology is  used in  the 

Gros Ventre Range and eastward fo r  s tra ta  deposited during the same 

tim e as the W ellsl In  southwestern Montana and Yellowstone Park, 

the Quadrant Formation and underlying Amsden are eq u iva len t to  the  

W ells.

L ith o lo g y . In  the map area the W ells Formation is  approxi­

m ately 1 ,250 fe e t  th ic k  and can be d iv ided in to  two major u n its . The 

lower u n it  o f  the W ells consists o f medium- to  d a rk -g re y , medium­

grained lim estone and interbedded dark-grey lim estone in  the upper 

p a rt and interbedded dark-grey  lim estone, red sh a le , and ye llo w -g rey  

to  red , calcareous s i lts to n e  and sandstone in  the lower p a r t  (Job in , 

1972). The upper u n it  predom inantly consists o f l ig h t -  to  y e llo w -  

grey, f in e -g ra in e d , cross-bedded, q u a r tz i t ic  sandstone and some in te r  

bedded, medium-grey, w h ite -w eath erin g , massive, cherty  dolom ite and 

d o lo m itic  lim estone. Sandy, massive lim estone beds, probably equiva­

le n t  to  the Grandeur tongue o f  the Park C ity  Form ation, were included  

w ith  the upper few fe e t  o f the W ells in  the map area .

At the type lo c a l i t y ,  the W ells includes a lower sandy and 

cherty  lim estone u n it ,  a m iddle sandy u n it ,  and an upper calcareous  

sandstone or s ilic e o u s  lim estone u n it  (Richards and M an sfie ld , 1912). 

McKelvey e t al_. (1959 , p. 15) l a t e r  assigned the upper s ilic e o u s

<
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lim estone to  tne Grandeur Member o f  the Park C ity  Formation.

Although Richards and M an sfie ld 's  type section  d es crip tio n  is  

g en era lized , th e ir  m iddle u n it  is  somewhat less q u a r tz i t ic  w ith  

calcareous sandstone and lim estone predominating and th e ir  upper u n it  

is  dominated by lim estone , the opposite o f th a t  found in  the W ells in  

the map area. This trend continues fa r th e r  to  the west where the  

Oquirrh Formation o f southeastern Idaho is  predominantly lim estone  

and sandy lim estone, in te rc a la te d  w ith  minor amounts o f  calcareous  

sandstone (Beus, 1968, F ig . 10 ). East and north o f the Pine Creek 

area the W ells equ iva len ts  are  l i th o lo g ic a l ly  s im ila r  to  the W ells  

in  the study area (see Uanless e t  a l_ ., 1955, p. 31 -34 , P la te  1 8 ).

The underlying Amsden Formation throughout i t s  ex ten t in
: * :  ̂ , . . . . . . .  "  ,

Wyoming can be separated in to  th ree  l i th o lo g ic  d iv is io n s : ( I )  a

basal sandstone, the Darwin Member, (2 )  a medial red shale u n i t ,  and 

(3 ) an upper cherty  lim estone u n it  (M a llo ry , 1967). The Tensleep 

Sandstone is  predominantly sandstone and q u a rtz ite  w ith  broadly  

le n t ic u la r  carbonate beds comprising less than 20 percent o f  the  

to ta l (M a llo ry , 1967).

Environment o f  D eposition . W ells s tra ta  were deposited on 

a broad s h e lf  in  western and c e n tra l Wyoming. D e tr itu s  was shed from 

western and eastern  sources (Armstrong and O r ie l ,  1965) in to  a basinal 

area in  southeastern Idaho which was apprec iab ly  more calcareous than 

the margins. E a rly  unstableness resu lted  in  the emergence and
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submergence o f the s h e lf  area which gradu a lly  gave way to  a p a r t ia l  

withdrawal o f  the sea in  Late Pennsylvania tim e (M a llo ry , 1 9 /2 ) .  

Limestone was deposited a lte rn a te ly  w ith  sandstone in  the study area 

as minor flu c tu a tio n s  in  the w ater depth occurred. Wind and curren t 

d is tr ib u t io n  and o s c il la t io n s  o f the sea con stan tly  s h ifte d  a system 

o f dunes, beaches, b a r r ie r  is lands and carbonate shoals , producing 

complex in terbedding .

Permian S tra ta  — Phcsphoria Formation

Previous Work. Permian age s tra ta  are represented by the 

Fhosphoria Formation which has been subdivided in to  two u n its  which 

include s tra ta  from the in te rtong u ing  Shedhorn Sandstone and Park 

C ity  Formation. Several studies have been undertaken on these rocks 

since the U.S. Geological Survey began in v e s tig a tin g  the western 

phosphate f ie ld  p r io r  to  1910. A d e ta ile d  l is t in g  o f these e a r ly  

co n trib u tio n s  is  beyond the scope o f th is  paper but an e x c e lle n t  

review can be found in  Sheldon's (1963) work on the m ineral resources 

and s tra tig ra p h y  o f the Permian rocks o f  western Wyoming. More 

recent work on the Phosphoria Formation and i t s  equ ivalen ts which 

includes the area o f th is  study has been undertaken by Sheldon (1955 , 

1956, 1957), McKelvey e t  al_. (1956 , 1959), and McKee e t al_. (1967 ). 

Wanless jat a L  (1955) measured sections o f the Phosphoria Formation
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a t  M artin  Creek, ju s t  to  the north 'o f  the map a re a , and in  the ad ja ­

cent Snake R iver and Hoback ranges.

Age and Contacts. The Phcsphoria Formation and the rocks 

th a t in tertongue w ith  i t  are considered to be Permian in  age based 

on abundant fo s s il data (McKelvey e t  a ]L , 1959). The lower contact 

w ith  the W ells Formation in  the Pine Creek Quadrangle is  not exposed 

due to  cover so i t  is  undetermined whether or not th is  contact is  

conformable th e re . However, in  the north p a r t  o f the ad jacent 

Wyoming Range, Sheldon (1563, p. 84) ind ica ted  th a t  the Meade Peak 

Member o f the Phosphoria Formation res ts  w ith  sharp d isconform ity  on 

the W ells . Richards and M ansfie ld (191.2, p. 692) noted in  th is  same 

region the absence o f the Grandeur Member and the presence o f  a basal 

brecc ia . This erosional h ia tus  increases in  magnitude from the study 

area to  the Big Horn Basin o f  ce n tra l Wyoming where as much as 130 

fe e t  o f Tensleep Sandstone may have been eroded (A gatston, 1954).

C o rre la tio n s . A severe problem has ex is ted  w ith  Phosphoria 

Formation nomenclature. A discussion o f the problem is  beyond the  

scope o f  th is  paper but an e x c e lle n t d es crip tio n  is  provided by 

McKelvey e t  al_. (1959) and Sheldon (1957) and a s o lu tio n  and j u s t i f i ­

cation  are presented by McKelvey (1 9 5 9 ). The problem arose because 

o f the in te rto n g u in g  o f  members and tongues o f the Phosphoria, Park 

C ity , and Shedhorn fo rm ations, and the Tensing nature o f some o f the 

beds. These s tra ta  in c lu d e , from base to  to p , the lower c h e rt , Meade
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Peak Phosphatic Shale , Rex C h art, R e tc rt Phosphatic Shale , and Tosi 

Chert members o f the Fhosphoria Formation. The Grandeur, Franson, 

and Ervay members make up the Park C ity  Formation from base to to p , 

and the Shedhorn Sandstone consists o f the lower and upper members.

The nomenclature and in tertong u ing  re la tio n s h ip s  are  summarized in 

Figures 6 and 7.

Following the precedent set by U.S. Geological Survey geolo­

g is ts , the Phosphoria Formation was d iv ided  in to  lower and upper u n its  

fo r  purposes o f mapping in  the Pine Creek Quadrangle. The lower u n it  

consists o f the Meade Peak Member, and the upper u n it  includes the  

Rex Chert Member, R e to rt Phosphatic Shale Member, the lower tongue 

o f the Shedhorn Sandstone, and the Franson Tongue o f  the Park C ity  

Formation. A ll o ther members were not present in  the map area.

L ith o lo g y . The lower Phosphoria in  the Pine Creek Quadrangle 

consists o f 60 fe e t  o f dark-grey to  dark-brown phosphorite and mud­

stone w ith  a few th in  in terbeds o f b la c k , a rg illace o u s  dolom ite. The 

phosphorite occurs as o o l ite s ,  p is o l i te s ,  p e l le ts ,  and as dense 

s tru c tu re le ss  types. The lower Phosphoria does not contain  any 

re s is ta n t rocks and forms a low , densely vegetated swale th a t  is  

underla in  by b lack s o i l .  The upper Phosphoria is  150 fe e t  th ic k  and 

includes dark-brow nish-grey mudstone, sh a le , and s ilts to n e  w ith  in te r -  

bedded phosphorite o f  the R e to rt Phosphatic Shale Member, f r i a b le ,  

yellow -brow n, f in e -g ra in e d , quartzose sandstone o f  the lower tongue
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Figure 7 Index map fo r  Figure 6. Symbols and patterns same as fo r  
Figure 6 (Sheldon, 1963). Pine Creek Quadrangle o u tlin e d .
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of the Shedhorn Sandstone, grey-brown, massive dolom ite o f the Franson 

Tongue, and yellow-brown to  y e llo w , bedded ch e rt o f  the Rex Chert 

Member. The upper u n it  o f  the Phosphoria is  only s l ig h t ly  more 

re s is ta n t than the lower u n it .

The Phosphoria Formation and associated rocks o f Phosphoria 

age show a wide l i th o lo g ic  v a r ia t io n . G enerally  the dominant fac ies  

in  southwestern Idaho, western Wyoming, southwestern Montana, and 

northwestern Utah includes dark shale-,-phosphorite , and c h e rt;  in  

northwestern Wyoming, sandstone; in  w est-cen tra l and northern Utah, 

carbonate; and in  cen tra l and eastern  Wyoming, lig h t-c o lo re d  greenish  

and reddish shale. These fa c ie s  in te r f in g e r ,  and tongues o f  each 

fac ies  type extend long d istances in to  areas dominated by o ther types 

(Sheldon, 1953). In  a d d itio n  to these genera lized  fac ies  types, 

Sheldon (1963, p. 74) noted an in te re s tin g  re la tio n s h ip  between ch ert 

and a p a tite . R eg io n a lly , the d is tr ib u t io n  o f a p a tite  and ch ert 

increases to the w est, but where a p a tite  is  lo c a l ly  concentrated , 

chert is  impoverished. Chert and dark mud have a s im ila r  inverse  

re la tio n s h ip  but ch ert extends fa r th e r  east than e ith e r  dark mud or 

a p a tite  and the q u a n tity  o f  dark mud is  g rea tes t in  southeastern  

Idaho.

Environment o f D eposition . The environment o f deposition  o f  

the Phosphoria Formation and associated Permian rocks in  the study 

area was extrem ely varied  b u t, in  g en era l, was open marine w ith  the
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deepest parts in  e a s t-c e n tra l Idaho and adjacent parts  o f Montana 

and Utah (MeKelvey e t  aj_ ., 1959). Shoaling o f the sea f lo o r  increased  

to  the east w ith  the eastern margin represented by re s tr ic te d  shallow  

basins. Due to  te c to n ic  movements, the above-described fa c ie s  tra n s ­

gressed and regressed across western Wyoming two tim es, and minor 

flu c tu a tio n s  o f c lim a tic  and oceanographic conditions produced the  

in t r ic a te  in terbedding (McKelvey e t  a l_ ., 1959).

Mesozoic Rocks

In tro d u ctio n

The Mesozoic section  in  the map area , in  excess o f 10,000  

fe e t  th ic k , includes s i I ts to n e ,  sandstone, and lim estone o f the  

T ria s s ic  Dinwoody, Woodside, Thaynes and Ankareh form ations; the  

T ria s s ic  (? ) -  Jurassic (? ) Nugget Sandstone; and lim estone o f  the  

Jurassic Twin Creek, Preuss, and Stump form ations; and the shale and 

sandstone o f  the Cretaceous Gannett Group and Bear R iver and Aspen 

form ations (F ig . 5 ) .  These Mesozoic rocks cover the major portio n  

o f the Pine Creek Quadrangle from the fla n k  o f  Grayback Ridge to  the 

Absaroka th ru s t ,  west o f  the border o f the map.

T r ia s s ic  S tra ta  —  Previous Work

S tra ta  o f T r ia s s ic  age in c lu d e , in  ascending o rd e r, the  

Dinwoody, Woodside, Thaynes, and Ankareh form ations (F ig . 8 ) .
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Previour work on these form ations has consisted o f reg ional 

s tra tig ra p h ic  stud ies covering western Wyoming and adjacent areas o f  

Idaho. Newell and Kummel (1942) concentrated on Lower T r ia s s ic  s tra ta  

o f the th ru s t b e lt  reg ion  and M ansfie ld (1920) and Kuwimel (1954) 

reported on the T r ia s s ic  section  throughout the o verth ru s t b e lt  and 

adjacent parts  o f  southeastern Idaho. Picard jr t  al_* (1959) reported  

on the Thaynes Formation and i t s  e q u iva len ts , from extreme eastern  

Idaho to  w est-cen tra l Wyoming, and High and Picard (1969) examined 

the Ankareh and i t s  l i th o lo g ic  and temporal equ iva len ts  a t  Hunger 

Mountain, 6 m iles north o f the study a rea , and a t  o th er lo c a l i t ie s  

in  cen tra l Wyoming. Newell and KuiTimel (1942) measured a p a r t ia l  

section  o f T r ia s s ic  s tra ta  w ith in  the map area ju s t  to  the north and 

east o f the B a iley  Creek la n d s lid e  along the west f la n k  o f Grayback 

Ridge. Wanless e t  al_. (1955) measured T r ia s s ic  sections a t  Hunger 

Mountain, Red Pass, 4% m iles north o f the map a re a , and a t  Hoback 

Canyon. .

Di nwoo dy Fe m a t  I  on

Age and Contacts. The E arly  T r ia s s ic  (O toceratan to  

Flemingtan) age o f the Dinwoody Formation has been w e ll documented 

by faunal evidence ( Kummel, 1954). The contact w ith  the underlying  

Phosphoria Formation appears in  some places to  be conformable and 

in  others disconform able. In  southeastern Idaho, the contact w ith
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the Phosphoria is  not w e ll exposed but where i t  i s ,  i t  appears to  be 

gradational ( Kummel, 1954). Although the contact w ith  the Phosphoria 

was obscured in  the study a rea , Wanless e t  aj_. (1955 , p. 41) mentioned 

the presence o f a basal conglomerate a few inches th ic k  "a t many 

places" in  the area ad jacent to  the Pine Creek Quadrangle. Love 

(1939, 1948) also noted evidence o f a lo ca l unconformity between the  

Phosphoria and Dinwoody form ations in  th is  general area . In  western  

Wyoming, Newell and Kummel (1942, p. 938-939) o u tlin ed  evidence fo r  

an unconformity a t  the base o f  the Dinwoody as ( I )  marked leaching  

o f ch ert beds a t  the top o f the Phcsphoria Form ation, (2 )  marked 

northeastward overlap  o f lower Dinwoody s tra ta  by upper Dinwoody on 

the Phosphoria surface from southwestern Wyoming in to  cen tra l 

Wyoming, and (3 ) d iscovery by A lfre d  Fischer (personal communication 

in  Newell and Kummel, 1942) th a t  upper beds o f the Phosphoria are  

lo c a lly  truncated by basal beds o f the Dinwoody Formation. In  

northern Utah, ju s t  east o f Provo, there  is  stronger evidence o f an 

unconformity where the Woodside rests  disconform ably on the 

Phosphoria . South, in  cen tra l U tah, there is  also evidence o f an 

erosional d is conform ity between the Permian Kaibab Limestone and 

overly ing  T r ia s s ic  Moenkopi Formation (Newell and Kummel, 1942, 

p. 938 ). These re la tio n s h ip s  in d ic a te  a reg ional unconformity 

between the T r ia s s ic  and Permian th a t  probably increases in  magnitude 

between the study area and northern Utah. However, O rie l ( in  McKee
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e t  al_., 1959, p. 3 -4 ) o ffe re d  an a lte rn a t iv e  hypothesis and suggested 

th a t the contact between the Phosphoria and Dinwoody could be 

explained by regressive o verlap . I f  th is  is  t ru e , then l i t t l e ,  i f  

any, tim e elapsed between deposition  o f these u n its . Continuous 

deposition is  a lso suggested by a crude s im ila r ity  o f the fac ies  

patterns between Dinwoody and Phosphoria rocks produced by regress ive  

overlap (Sheldon, 1963). The problem remains unresolved and fu r th e r  

studies on the nature o f  th is  contact in  the northern p a rt  o f  the 

overth rust b e lt  are  needed.

C o rre la tio n s . The Dinwoody Formation was named by Blackwelder 

(1918) fo r  exposures in  Dinwoody Canyon in the Wind R iver Range. 

Dinwoody nomenclature is  used throughout the th ru s t b e l t ,  southeastern  

Idaho, extreme southwestern Montana, and cen tra l Wyoming.

L ith o lo g y . In  the map a re a , the Dinwoody Form ation, roughly 

600 fe e t  th ic k ,  consists o f very l ig h t -g r e y , very f in e -g ra in e d ,  

calcareous sandstone in  the lower p a r t . The upper p a rt includes g rey , 

s ilic e o u s  s i lts to n e ,  and occasional beds o f b lu is h -g re y , lith o g ra p h ic  

lim estone. The s ilts to n e  and sandstone beds are very th in ly  bedded 

and re s is ta n t ,  forming d is t in c t iv e  ta lu s . S h ale , which is  common in  

the middle p a rt o f the Dinwoody in  the area ad jacent to  the Pine 

Creek Quadrangle (see Wanless e t  a L , 1955), was not encountered in  

the f ie ld  a re a , probably due to  the extensive ta lu s  cover from the  

overly ing  p a rt o f  the Dinwoody.
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R eg io nally , the l i th o lo g ic  v a r ia t io n  in  the Dinwoody is  not 

s ig n if ic a n t .  Newell and Kuraiel (1942 , p. 941) subdivided the Dinwoody 

in to  three m ajor, l i th o lo g ic a l ly  d is t in c t  un its  which are f a i r l y  

extensive . The lowest u n it ,  the basal s i l ts to n e ,  consists o f  

f r ia b le ,  u n fo s s ilife ro u s , b u ff  s i lts to n e . This sequence has not been 

observed in  southwestern Idaho; the fac ies  eq u iva len t there  is  rep re ­

sented by a b u ff s i l t y  sha le. The medial u n it  is  the Lingula zone 

which consists predominantly o f  s i l t y ,  o l iv e -b u ff  to  grey shale in te r -  

calated  w ith  th in ,  blocky lim estone, ranging from d ark -b lu ish -g rey  

to  brown. These s tra ta  are characterized  by profuse w e ll-p reserved  

L ingu la . The upper u n it ,  the C la ra ia  zone, the most extensive  

sequence, is  ty p if ie d  by lo c a lly  abundant molds o f the pelecypod 

C la ra ia . L i th o lo g ic a lly ,  i t  consists o f r e s is ta n t ,  lig h t-b ro w n , 

calcareous s ilts to n e  beds less than one fo o t th ic k . This u n it  a lso  

contains lo c a l ,  in terbedded, l ig h t -g r e y ,  s i l t y  lim estone and is  

d if fe re n t ia te d  from the medial zone b} the small amount o f sha le .

These s tra ta  are deposited in  an onlap re la t io n  as i l lu s t r a te d  in  

Figure 8 . In  the southern Wind R iver Mountains, the upper C la ra ia  

zone rests  d ir e c t ly  on the Phosphoria Formation (Newell and Kummel, 

1942).

Environment o f D eposition . During the e a r ly  T r ia s s ic , a 

transgression o f  the sea resu lted  in  open marine conditions in  south­

eastern Idaho and western Wyoming. Water depth was g re a te s t in
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southeastern Idaho where shale was deposited . Kost o f western Wyoming 

was a broad s h e lf  w ith  shallow  w a te r, a w e ll-a e ra te d  s e a -f lo o r , and 

a c tiv e  bottom currents ( Kummel, 1955).

Woodside Formation

Age and Contacts. Although the Woodside Formation is  barren  

o f fo s s i ls ,  i t  is  considered to be o f  E arly  T r ia s s ic  age, based on 

i t s  s tra tig ra p h ic  re la tio n s h ip  w ith  the o verly in g  E arly  T r ia s s ic  

Thaynes Formation. Furtherm ore, in  southeastern Idaho, the lower 

h a lf  o f the Woodside is  the tim e equ iva len t o f the Lower T r ia s s ic  

Dinwoody Formation (F ig . 9) on the basis o f the in te rtong u ing  

re la tio n s h ip s  o f the u n its  ( NewelI  and Kummel, 1942). A zone o f 

in tertonguing  o f the Dinwoody and Woodside fo llow s a l in e  from south­

western Montana along the Idaho-Wyoming border th a t  turns ab ru p tly  

westward in  northern Utah. Red beds are predominant eas t o f th is  

l in e ,  and subordinate to  the west ( Kummel, 1955). The nature o f the  

contact o f the Woodside and Dinwoody form ations w ith in  the f ie ld  area 

is  indeterm inable because o f ta lu s  cover.

Cor r e la t io n s . The Woodside Formation was named by Boutwell 

(1907) fo r  s tra ta  exposed in  Woodside Canyon near Park C ity ,  Utah. 

Woodside term inology is  u t i l iz e d  throughout the th ru s t b e l t ,  northern  

Utah, and southeastern Idaho because the Woodside re ta in s  i t s  l i t h o ­

lo g ic  in te g r ity  over th is  a rea . East o f  the th ru s t b e lt  in  cen tra l
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Wyoming, the Woodside is  p a r t ly  tem porally  eq u iva len t to  the Red Peak 

Formation (F ig . 10) o f the Chugwater Group (P ic a rd , e t  a l_ ., 1959).

L itho logy. In  the map a re a , the Woodside Formation consists  

o f 640 fe e t  o f red-brown, very f in e -g ra in e d , sandy s i lts to n e  and 

shale. These l ith o lo g ie s  are  g en era lly  very poorly exposed but the  

form ation is  e a s ily  mapped on the basis o f the red co lo r o f the s o i l .

Throughout i t s  area o f exposure, the Woodside shows n e g lig ib le  

v a r ia t io n  in  l ith o lo g y . Newell and Kummel (1942) reported the pres­

ence o f a few th in  beds C f lim estone in  Woodside sections in  the  

Hoback and Gros Ventre ranges and Kumtnel (1954, p. 171) mentioned 

a few th in  non-red beds in  the S a lt  R iver Range. In  northern Utah 

and in  the U inta and Wasatch ranges, the Woodside consists almost 

e n t ire ly  o f red beds; on ly  a few th in  non-red beds are  present 

( Kummel, 1954). I t  is  extrem ely probable th a t  these non-red 

l ith o lo g ie s  represent a tongue o f the underlying marine Dinwoody. 

Picard e t al_. (1969, p. 2278) speculated th a t the Woodside a t  the  

Hunger Mountain section  is  probably c o r re la t iv e  w ith  p a rt o f the  

lower p la ty  fac ies  and underlying s i l t y  claystone fac ies  o f the Red 

Peak Formation o f w es t-ce n tra l Wyoming (F ig . 10 ).

Environment o f D eposition . The environment o f  deposition  o f 

the Woodside was con tinen ta l on westward- and northward-prograding  

d eltas  and coastal p la in s . The presence o f occasional beds o f  marine
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lim estone suggest th a t  te c to n ic  o s c illa t io n s  allowed the Dinwoody sea 

to  p e r io d ic a lly  invade th is  broad coasta l p la in -d e lta  complex.

Thaynes Formation

Age and Contacts. The Thaynes Formation is  considered to  be 

E arly  T r ia s s ic  in  age according to  Kumrnel (1954 , 1955) on the basis  

o f fo s s il  data. Dating o f th is  u n it  is  made more d i f f i c u l t  by the  

in tertonguing  re la tio n s h ip  w ith  the overly ing  Ankareh and the under­

ly in g  Woodside form ations. A fa c ie s  d iv id in g  l in e ,  s im ila r  to th a t  

o f the Woodside, e x is ts  fo r  the Thaynes Formation, and passes south­

ward from the Idaho-Wyoming boundary through the Wasatch Mountains o f  

Utah. East o f  th is  l in e ,  red beds are  common, and to the w est, red 

beds are absent or o f minor importance ( Kummel, 1955). Complications 

o f th is  p a tte rn  are  created by an eastward-extending marine tongue o f  

the Thaynes, the Alcova Limestone, which a t various times has been 

c o rre la ted  w ith  many parts  o f  the Thayr.es and post-Thaynes rocks but 

is  now considered by Picard e t al_. (1969) to  be an upper tongue o f  

the Thaynes. To the w est, the Lanes Tongue o f the overly ing  Ankareh 

Formation extends in to  the upper Thaynes but is  not present as fa r  

west as Fort H a ll ,  Idaho (F ig . 8 ) ( Kummel, 1954, 1955). This tongue 

may be represented in  the map area by the red-brow n, very f in e ­

grained sandstone th a t  occurs near the middle to upper p a rt o f  the  

Thaynes.
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The Thaynes is  in  an onlap re la tio n s h ip  w ith  the Woodside 

on the e a s t. This p a tte rn  is  com plicated, however, by in tertongu ing  

re la tio n s h ip s  and the s tra tig ra p h ic  p o s itio n  o f the eastward extending  

Alcova Limestone. These re la tio n s h ip s  are i l lu s t r a te d  in  Figure 3. 

This contact was obscured in  the study area.

C o rre la tio n s . Boutwell (1907) named the Thaynes fo r  exposures 

in  Thaynes Canyon, near Park C ity , Utah. C o rre la tio n s  based on 

s tra tig ra p h ic  p o s itio n  o f  the Thaynes Formation w ith  equ iva len ts  in  

surrounding regions is  made more d i f f i c u l t  by in te rto n g u in g  and fac ies  

changes. M ansfie ld (1916) ra ised  the Thaynes Formation to  Group rank 

and designated th ree  fo rm ations, in  ascending o rd e r, the Ross Fork 

Limestone, the Fort H a ll Form ation, and the Portneuf Limestone. The 

lack  o f p e rs istance o f these fo rm ations, however, resu lted  in  the  

abandonment o f M an s fie ld 's  scheme, although the name Portneuf Lime­

stone was given member status by Kummel (1954, p. 172) because i t  is  

more p e rs is te n t than the o th er two u n its . Kummel (1954 , p. 172) 

also included the Timothy sandstone member in  the upper Thaynes in  

southeastern Idaho (F ig . 8 ) .  East o f  the th ru s t b e lt  in  cen tra l 

Wyoming, the Thaynes is  the p a r t ia l  temporal eq u iva len t o f the Red 

Peak and Crow Mountain form ations (F ig . 10) o f the Chugwater Group 

(P icard  evt jL L , 1969). The Alcova Limestone in  th is  region is  a lso  

co rre la ted  w ith  the upper Thaynes.
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L ith o lo g y . In  the Pine Creek Quadrangle, the Thaynes Forma­

tio n  consists o f a lower u n it  o f in terbedded , medium-grey, medium- 

bedded, lim estone and very f in e -g ra in e d , very th in ly  bedded sandstone; 

a medial u n it  of red-brown, very fin e -g ra in e d  sandstone; and an upper 

u n it  o f g rey , very th in ly  bedded lith o g ra p h ic  lim estone, and y e llo w -  

ta n , very f in e -g ra in e d , calcareous sandstone. In  a d d it io n , a 4 fo o t  

th ic k  basal brecc ia  u n it  occurs in  the Thaynes Formation approxim ately  

o n e -h a lf m ile  south o f the B a iley  Creek la n d s lid e . Here, the  angular 

and occasionally  subrounded c la s ts , up to  3 k  inches in d iam eter, are  

imbedded in  a s i l t y ,  calcareous m a trix . This u n it  was not observed 

north o f  th is  lo c a l i t y .  The Thaynes Formation is  approxim ately 950 

fe e t  th ic k  in  the Pine Creek Quadrangle, though poor exposure o f the  

upper contact w ith  the Ankareh made accurate measurements im possible.

In  the region adjacent to  the map a re a , the Thaynes Formation 

does not show s ig n if ic a n t  l i th o lo g ic  v a r ia t io n . . Kummel (1954 , p. 173) 

proposed th a t the Thaynes Formation in  southeastern Idaho be sub­

d ivided in to  seven l i th o lo g ic  u n its  which a re , in  ascending o rder:

( I )  lower lim estone , (2 )  lower b lack lim estone, (3 )  tan s i l t y  lim e­

stone, (4 )  upper black lim estone, (5 )  sandstone and lim estone,

(6 )  the Portneuf Limestone, and (7 )  the Timothy Sandstone Member. 

P icard , al_. (1969 , p. 2280-2281) suggested th a t Kummel1 s l i th o lo g ic  

d iv is io n s , w ith  the exception o f the Portneuf Limestone, can be
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co rre la ted  between southeastern Idaho and western Wyoming, based on 

l ith o lo g ic  s im i la r i t y ,  thickness changes, and in te rp re te d  fa c ie s .

Environment o f D eposition . A second advance o f  the E arly  

T ria s s ic  sea re s u lte d  in  deposition  o f the Thaynes Formation in  . 

western Wyoming and the in te r f in g e r in g  o f  these marine deposits w ith  

con tinenta l rocks along the margins o f the sea. Due to the abundance 

o f dolom ite and gypsum in  the Hcback and Hunger Mountain sec tio n s , 

Picard e t  al_. (1969) proposed th a t  the Thaynes in  th is  area was 

deposited in  a sha llow -w ater marine environment th a t  was re s tr ic te d  

by carbonate banks in  eastern  Idaho.

The basal b recc ia  u n it  in  the Thaynes in  the mao area may 

have resu lted  from a lo c a l sho a ling , suggesting a d isconform ity  

between th is  u n it  and the underlying Woodsid e . I f  th is  shoal were 

exposed fo r  a s u f f ic ie n t  period o f tim e , des iccation  o f  the Woodside 

sediments would have occurred. Coarse c la s ts ,  removed by subaeria l 

erosion , would have been transported short distances and deposited  

in  the surrounding basin .

Ankareh Formation

Age and Contacts. The age o f the Ankareh Formation is  

questionable because no d iag n o s tic  fo s s ils  have been found but i t  is  

considered to  be o f  M iddle or Late T r ia s s ic  age by Kummel (1 9 5 4 ), 

based on i t s  s tra tig ra p h ic  p o s itio n . In  cen tra l Wyoming, the p a r t ly
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tem porally eq u iva len t Grow Mountain and Jelm form ations are separated  

by a pronounced d iscon form ity  according to High and Picard (1963, 

p. 1095). They suggested th a t  th is  Middle T r ia s s ic  h iatus can be 

c o rre la ted  w ith  a s im ila r  d iscon form ity  in  northeastern  Utah th a t  

separates the T r ia s s ic  Moenkopi and Garta form ations. Furtherm ore, 

the Timothy Sandstone is  unconfom ably o v e rla in  by the Higham G r i t ,  

suggesting th a t  th is  h ia tus  is  present in  southeastern Idaho ( Kummel, 

1954). No evidence o f an unconformity was noted between the Ankareh 

and Thaynes in  the study a re a , but based on the disconform able . 

re la tio n s h ip s  in  the surrounding reg io n , i t  is  probable th a t  the  

contact between these two form ations is  not conformable.

C o rre la tio n s . The Ankareh Formation was named by Boutwell 

(1907) fo r  s tra ta  exposed near Park C ity , Utah. He o r ig in a lly  

included an o v e rly in g , prominent w hite sandstone, the Nugget, but 

la te r  (1912) re s tr ic te d  the name Ankareh to  inc lude a l l  s tra ta  over- 

ly in g  the Thaynes and underlying the Nugget. In  southwestern Idaho, 

M ansfield (1927) recognized the fo llo w in g  post-Thaynes T r ia s s ic  rocks: 

Timothy Sandstone, Higham G r i t ,  Deadman Limestone, and Wood Shale , in  

ascending order (F ig . 8 ) .  To avoid confusion, Kummel (1954, p. 179) 

proposed reducing a l l  p rev ious ly  named post-Thaynes s tra ta  in  northern  

Utah and western Wyoming" to  member rank and using the name Ankareh 

fo r  these rocks. In  a d d it io n , he assigned the Timothy Sandstone to  

the uppermost p a rt o f  the Thaynes, designated the Higham G r it  and
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Dcadman Limestone as independent form ations, and considered the Wood 

Shale to  be a western extending tongue o f the Ankareh (F ig . 8 ) .  East 

o f the th ru s t b e lt  in  cen tra l Wyoming, the Ankareh is  the temporal 

equ iva len t to  the Popo Agie and underlying Jelm form ations (F ig . 10) 

o f the Chugwater Group (High and P icard , 1959).

L ith o logy . The Ankareh is  g en era lly  very poorly  exposed 

w ith in  the map a re a , concealed beneath a ta lu s  cover from the over- 

ly in g  Nugget. At the best exposure on the northern margin o f the 

B a iley  Creek la n d s lid e , i t  consists o f  a lower u n it  o f red-brown, 

very f in e -g ra in e d  sandstone and an o verly in g  u n it  o f  maroon s i l t -  

stone, both o f  which weather to  a red s o i l .  Grey, round, w ell 

d efin ed , calcareous nodules and a few , th in ,  g rey , medium-grained 

lim estone beds occur in  the upper s i lts to n e  u n it  a t  the mouth o f  

Cabin Creek along the northwestern border o f  the map area and fa r th e r  

north a t  Munger Mountain. W ith in  the map a re a , the Ankareh Forma­

t io n  is  estim ated to be 350-400 fe e t  th ic k , although accurate measure­

ments were d i f f i c u l t  to  obtain  because o f  the poor exposure.

R eg io n a lly , the Ankareh shows several s ig n if ic a n t  l i th o lo g ic  

changes. In  ce n tra l and w es t-ce n tra l Wyoming, the Jelm Formation 

consists o f a rg illace o u s  lim estone, carbonate-cemented sandstone, 

and red s i l t s  tone and sandstone (High and P ica rd , 1969). At Munger 

Mountain, north o f the map a re a , the lower p a rt  o f the Ankareh 

includes a tongue o f the Jelm which consists o f  red , p ia ty  s i lts to n e .
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The middle beds here consis t o f  the lower carbonate u n it  o f  iho Popo

Agie Formation which, according tc  High and Picard (1969 , p. 139 6 ),

is  l i t t l e  changed from the eastern sections o f  cen tra l Wyoming. The

upper Ankareh a t  Hunger Mountain includes lim estone and s i lts to n e ,

and pebbly conglomerate which is  in te rp re te d  to  be a fac ies  change

in  the ocher uni"t o f the Popo Agie o f w es t-ce n tra l Wyoming (High and

P icard , 1969). Figure 10 summarizes these re la tio n s h ip s . Love (1943 ,

p. 99-100) described the Popo Agie Formation in  the area from eastern

Jackson Hole to  the Wind R iver Mountains as:

. . .o c h e r  co lo red , o o l i t i c ,  s ilic e o u s ; d o lo m itic  c laystone , 
w ith lim estone p e l le t  conglomerate, purple and red s h a le , 
and red s i l t y  sandstone. A widespread zone o f h igh ly  
s ilic e o u s , b r ig h t ,  ocher-co lored do lom itic  claystone con­
ta in in g  numerous s ilic e o u s  and lim y geodes and s ilic e o u s  
o o lite s  in  g rea t abundance is  present near the top o f the  
member.

This l ith o lo g y  is  s im ila r  to  the Ankareh in  the region adjacent to  

the map area. The Deadman Limestone and Timothy Sandstone o f south­

eastern Idaho a re , according to  Kurmiel (1 9 5 4 ), c o r re la t iv e  to  s im ila r  

sections o f Ankareh measured by Wanless e t al_. (1955) in  the v ic in i t y  

o f the map area .

Environment o f D eposition . The Ankareh Formation records a 

v a ria b le  and changing dep os itiona l environment in  southeastern Idaho 

and western Wyoming. West o f  the b as in , in  cen tra l Idaho, a northeast­

trending rid g e  rose in  e a r ly  Late T r ia s s ic  tim e , shedding coarse 

d e tr itu s  eastward to  form the Higham G r i t  (McKee e t  al_ ., 1959, p. 1 7 ).
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This event transformed the shallow marine and para l i e  conditions th a t  

preva iled  in  western Wyoming during deposition  o f the lower Ankareh 

to f lu v ia l  and la c u s tr in e  environments dominant during deposition  c f  

the upper Ankareh (High and P ic a rd , 1969).

Jurassic S tra ta  — Previous Work

Jurassic s tra ta  exposed w ith in  the study area include the 

Nugget Sandstone (T r ia s s ic  ? and Jurassic ? ) ,  the Twin Creek Lime­

stone, the Preuss Sandstone, and the Stump Sandstone (F ig . 5 ) .

Jurassic s tra ta  were examined by M ansfield (1920) in  southeastern  

Idaho, by Imlay (1950) in  the o verth ru s t b e l t ,  and by P ip iringo s  

(1957, 1968) in  so u th -cen tra l Wyoming. A d d it io n a lly , Dobrovolny 

(1941) studied the Jurassic and Cretaceous sequence in  the Camp Davis 

a re a , 2 m iles northeast o f  the map area . Wanless al_. (1955) 

measured Jurassic sections a t  Cabin Creek on the northern border o f  

the map a re a , a t  Hunger Mountain, and a t  o ther lo c a l i t ie s  in  the .Teton, 

Gros V en tre , and Hoback ranges. S ig n if ic a n t  reg ional work th a t  

included the study area was undertaken on the Twin Creek by Im lay  

(1953 , 1967), on the Preuss by Imlay (1 9 5 2 ), and on the Preuss and 

Stump in  the area ad jacent to  the Pine Creek Quadrangle by students  

from the U n iv e rs ity  o f Michigan (O re , 1975, personal communication).
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Nugget Sandstone

Age and Co n tac ts . The tru e  age o f the Nugget Sandstone is  

unknown due to  the lack  o f  d iagnostic  fo s s il evidence. The overly ing  

Twin Creek Lir.estone was dated as Middle Jurassic and the underlying  

Popo Agie Member o f the Chugwater Group was dated an Late T r ia s s ic  

(S taa tz  and Al bee, 1966), in d ic a tin g  th a t  the Nugget could be Late 

T r ia s s ic , o r E arly  Ju ras s ic , or both. On the basis o f an in te rtong u ing  

re la tio n s h ip  w ith  the T r ia s s ic  Pcpo Agie Member, Love (1957) suggested 

th a t the Nugget was T r ia s s ic . However, High and Picard (1965) demon­

s tra te d  th a t  the Nugget was separated from the Pcpo Agie by a 

d iscon form ity . Some workers (P ip ir in g o s , 1968, O rie l i_n McKee e t  a l . ,  

1959) concluded th a t the T r ia s s ic -J u ra s s ic  boundary l ie s  somewhere 

w ith in  the Nugget. High and Picard (1 9 6 9 ), however, postu lated  a 

Late T r ia s s ic  and E arly  Jurassic  te c to n ic  event in  Wyoming th a t  

resu lted  in  the fo ld in g  and tru n ca tio n  o f the Popo A gie. They con­

cluded, th e re fo re , th a t the Nugget should be assigned a Jurassic age 

because o f  the tim e involved in  the fo ld in g  and tru n ca tio n  o f  the  

Popo Agie. They extended th is  postu lated  erosional unconformity to  

western Wyoming to  separate the Ankareh and overly ing  Nugget.

However, no evidence o f th is  re la tio n s h ip  can be seen in  the map area .

C o rre la tio n s . Veatch (1907) named the Nugget fo r  s tra ta  

exposed in  southwestern Wyoming and defined i t  as inc lud ing  a lower 

red-bed member and an upper lig h t-c o lo re d  sandstone member. Gale
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ar-d Richards (1910, p. 479-480) la te r  re s tr ic te d  the name Nugget to  

the upper sandstone member and included the red-bed sequence in  the  

Ankareh. Because the Nugget re ta in s  i t s  l i th o lo g ic  character in  

sou th -cen tra l and western Wyoming, southeastern Idaho, and north ­

eastern Utah, the name Nugget is  used throughout th is  reg ion . The 

Nugget is  the p a r t ia l  temporal and l ith o lo g ic  c o r re la t iv e  o f  the 

Navajo Sandstone o f ce n tra l U tah .(H arshbsrger, Repenning, and Irw in ,  

1957).

L ith o logy . The Nugget in  the map area is  a brown-weathering, 

w h ite , p ink ish -orange, and l ig h t - t a n ,  medium-grained, m assive, 

q u a r tz i t ic  sandstone. I t  is  occas iona lly  cross-bedded, and r ip p le  

marks have been observed in  the Nugget ad jacent to  the Pine Creek 

Quadrangle (Wanless e t  aJL, 1955, p. 4 7 -4 8 ). I t  is  a prominent ridge  

former and produces a coarse, d is t in c t iv e ,  brown ta lu s . In  the map 

area , the Nugget Sandstone is  550 fe e t  th ic k  where the most accurate  

measurement was obtained along the north s ide o f the B a iley  Creek 

lan d s lid e . This thickness is  co n s is ten t w ith  Al bee's (1968) measure­

ments in  the ad jacent Hunger Mountain Quadrangle. Wanless e t  al_. 

(1955) measured approxim ately 275 fe e t  o f  Nugget a t  Cabin Creek on 

the north border o f the map a re a , suggesting th a t  th is  u n it  thickens  

and th in s  along i t s  s t r ik e .

The Nugget in  the map area is  l i th o lo g ic a l ly  s im ila r  to  th a t  

found throughout i t s  area o f  exposure. Wanless e t  a l .  (1955)
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ind icated  th a t the Nugget is  w ell cemented in  the Iioback and Snake 

Rfver ranges and .less t ig h t ly  cemented in  the Gros Ventre and Tetcn  

ranges. . In  the northern Snake R iver Range the Nugget is  very f in e ­

grained and lo c a l ly  calcareous (S ta a tz  and A lbee, 1966). In  

sou th -cen tra l Wyoming the Nugget is  s o ft  and f r ia b le ,  and predomi­

nan tly  very f in e -g ra in e d  (P ip ir in g o s , 1957).

Environment o f  D eposition . The environment o f deposition  o f  

the Nugget is  questionable and was e ith e r  marine or e o lia n  o r both.

The NuggetrNavajo sandstone body has been regarded by many (Harshbarger 

e t al_., 1557, Stokes, 1961) as a c la s s ic  example o f an e o lia n ,  

in te r io r -d e s e r t  fa c ie s . However, W right and Dickey (1963) suggested, 

p rim a rily  on the basis o f in te rtong u ing  re la tio n s h ip s  c f  the Navajo 

w ith  the marine Carmel Form ation, th a t  p a rt o f  the Navajo was 

marginal marine. M arzo lf (1969) a lso concluded th a t  the basal portio n  

o f the Navajo could be marine o r marginal marine based on prim ary  

sedimentary s tru c tu re s . Staaz and Albee (1966) and P ip irin g o s  (1968) 

also  suggested th a t the Nugget could be the product o f subaqueous 

dep osition . S tanley et^ al_. (1971 , p. 13) concluded th a t  "eo lian  con­

d itio n s  p reva iled  w ith in  a v a r ia b le  b e lt  o f  coastal dunes adjacent 

to  a very shallow sea which g rad u a lly  transgressed across the  

cra to n ic  m argin." T h e ir, reconstructions are genera lized  and la rg e ly  

conceptual but the im p lic a tio n  is  th a t  p a rt o r a l l  o f  the Nugget could 

be marine in  o r ig in .
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Twin Creek Limestone

Age and Contacts. The Twin Creek Limestone is  M iddle to  Late  

Jurassic (E a rly  to  Late Bajocian to  E arly  C a llo v ia n ) in  age based cn 

fo s s il data ( Im lay , 1967). Although a n g u la rity  is  ra re ly  seen 

(Peterson, 1972), the contact w ith  the underlying Nugget Sandstone 

is  a s ig n if ic a n t  reg ional d iscon form ity  which has long been recognized  

(e .g . M an sfie ld , 1920). This sharp co n tac t, marked by a zone o f  

leaching in  the la s t  few fe e t  o f  the Twin Creek, is  w e ll exposed on 

U.S. Highway 26-89 about I  m ile  south o f the mouth o f  Cabin Creek a t  

the north border o f  the map area . ' - .

C o rre la tio n s . The Twin Creek was named by Veatch (1907) fo r  

s tra ta  exposed in  southwestern Wyoming. The name Twin Creek is  used 

throughout wester:*, Wyoming, southeastern Idaho, and n o rth -eastern  

Utah. The Carmel Formation and Twelvemile Canyon Member o f  the 

Arapien Formation o f ce n tra l and n o rth -c e n tra l Utah are  the p a r t ia l  

temporal equ iva len ts  o f the Twin Creek. East o f the th ru s t b e l t ,  the  

basal Twin Creek is  known as the Gypsum Spring Formation and the over- 

ly in g  beds are  p a r t ly  tem porally  eq u iva len t to  the Lower Sundance 

Formation ( Im lay, 1967).

L ith o lo g y . W ith in  the map a re a , the Twin Creek Limestone is  

g e n e ra lly  poorly exposed. The basal p a rt  o f  the Twin Creek a t  Cabin 

Creek along U.S. Highway 26-89 consists o f b lu e -g re y , th in ly  bedded 

lim estone and an o ve rly in g  bed o f red shale. P e c u lia r ly , th ere  is
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no basal lim estone breccia as a t  o ther lo c a l i t ie s  in  the ad jacent 

region (see Wanless et_ a l_ ., 1955). The medial and upper parts  o f  the  

Twin Creek consis t o f l ig h t -g r e y ,  th in ly  bedded, shaly lim estone th a t  

breaks in to  d is t in c t iv e  "pencil"-shaped fragm ents. This d e tr itu s  

weathers to  a l ig h t -g re y  s o il devoid o f much veg e ta tio n . Interbedded  

w ith  the shaly lim estone are  th ree  or more beds o f I edge-form ing, 

grey- to  b lu e -g rey , massive- to  th ic k ly  bedded, fin e -g ra in e d  lim e­

stone. W ith in  these fin e -g ra in e d  lim estone beds are 1-2  fo o t th ic k  

beds o f f in e -  to  medium-grained o o lite s  and a few coquina beds. In  

the map area , the Twin Creek Limestone is  approxim ately 1 ,100 fe e t  

th ic k , s ig n if ic a n t ly  more than the 871 fe e t  measured by Wanless 

e t al_. (1955) a t  Cabin Creek a t  the north border o f the Pine Creek 

Quadrangle. Albee (1968) measured 950 f e e t ,  and Jobin approximated 

the thickness a t  900 -1 ,000  fe e t  in  the Hunger Mountain and Ferry Peak 

quadrangles, re s p e c tiv e ly .

In  the map a re a . Twin Creek s tra ta  are  l i t h o lo g ic a l ly  s im ila r  

to those in  the ad jacent reg ion . Wanless ert al_. (1955) d iv ided  the  

Twin Creek in to  e ig h t c h a ra c te r is t ic  u n its  which a re , in  ascending 

o rd er, ( I )  o o l i t ic  lim estone , (2 )  s h a le , dark calcareous f o s s i l i f -  

erous, (3 )  sh a le , calcareous, red d ish , (4 )  lim estone, o o l i t i c ,  g rey , 

(5 )  sh a le , calcareous, less f o s s i l ife ro u s  than u n it  2 , (6 )  lim estone, 

o o lite  bearing , (7 )  Gryphaea shale zone, and (8 )  o o l i t ic  lim estone  

w ith  some interbedded shale. In  his reg ional s tudy, Im lay (1967)
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divided the Twin Creek in to  seven members which from bottom to top 

are named Gypsum Spring , S liderock (u n it  I  above). Rich (u n it  2 ) ,  

boundary Ridge (u n it  3 ) ,  Watfon Canyon (u n its  4 , 5 , 6 ) ,  Leeds CvF.ek 

(u n it  7 ) ,  and G ira ffe  Creek (u n it  8 ) .  R e g io n a lly , these members show 

s ig n if ic a n t  l i th o lo g ic  v a r ia t io n  which Im lay (1967) discussed in  g reat 

d e ta i l .

Environment o f D eposition . The Twin Creek was deposited  

during the f i r s t  marine transgression  from the north during Middle 

T ria s s ic  tim e. The g re a te s t subsidence and re s u lt in g  deposition  

occurred in  the Twin Creek trough o f southeastern Idaho, western 

Wyoming, and northern Utah. The sea was warm and shallow w ith  pre­

v a i l in g ,  dry c lim a tic  conditions and as w ater depth v a r ie d , deposition  

in  lagoonal environments occurred ( Im lay , 1967).

Preuss Sandstone

Age and Contact. Im lay (1952) suggested th a t  the Preuss 

Sandstone is  Late Jurassic (M iddle to  Late C a llo v ia n ) in  age. He 

based th is  conclusion on the fo s s ils  found in  o ve rly in g  and underlying  

u n its  and on reg ional s tra tig ra p h ic  re la tio n s h ip s . The contact w ith  

the underlying Twin Creek Limestone is  g radational and, in  most 

places , occurs in  less than 10 fe e t  (Im la y , 1950). This contact is  

w ell-exposed in  the core o f  the L i t t l e  Greys a n t ic l in e  along the  

L i t t l e  Greys Road and along the same a n t ic l in e  on the south bank o f
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the Snake R iver. The red-brown co lo r o f  the Preuss makes the contact 

w ith  the grey , calcareous shale o f  the underlying Twin Creek e a s ily  

discernab le .

C o rre la tio n s . M ansfield and Roundy (1915) named the Preuss 

Sandstone fo r  exposures northeast o f M o n tp e lie r, Idaho. Preuss 

Sandstone term inology is  app lied  in  the same area as th a t o f the Twin 

Creek Limestone, eastern Idaho, westernmost Wyoming, and n o rth -c e n tra l 

Utah (Im la y , 1952). Based on s tra tig ra p h ic  p o s it io n , the Prerss is  

co rre la ted  w ith  the Entrada Sandstone o f so u th -cen tra l Wyoming and is  

p a r t ia l ly  tem porally eq u iva len t to  the Sundance Formation o f ce n tra l . 

Wyoming (Im la y , 1952).

L ith o lo g y . W ith in  the map a re a , the Preuss consists o f  red - 

brown, f in e -g ra in e d , calcareous, th in ly  bedded to  lam inated sandstone 

and s ilts to n e . S a lt  casts are  found in  some o f the lower beds 

exposed on the eas t f la n k  o f  the L i t t l e  Greys a n t ic l in e  along the  

L i t t l e  Greys R iver. The Preuss is  g en era lly  n o n -re s is ta n t cropping 

out only where steep scarp slopes r e s t r ic t  veg e ta tio n . In  the Pine 

Creek a re a , the Preuss Sandstone was mapped w ith  the overly ing  Stump 

Sandstone because o f i t s  th inness. Preuss and Stump thicknesses  

combined are 300 fe e t  a t  the north end o f the L i t t l e  Greys a n t ic l in e ,  

450 fe e t  a t  the south end, and 300 fe e t  in  the northeastern  corner 

o f the map area . The thickness o f  these u n its  ranges from 190-400
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fe e t  in  the Hunger Mountain Quadrangle (A lbee, 1968) to  225-275 fe e t  

in  the Ferry Teak Quadrangle (Job in , 1972).

R eg io nally , several im portant l i th o lo g ic  trends occur w ith in  

the Preuss Sandstone. In  the Wasatch Mountains o f  northern Utah, the  

Preuss is  s o f te r ,  s i l t i e r ,  and darker red than in  Wyoming but i t  is  

s t i l l  predominantly a f in e -g ra in e d  sandstone (Im la y , 1952). West o f  

the Bannock th ru s t in  southeastern Idaho, a marine tongue, the  

W olverine Canyon Limestone, is  present ju s t  below the m iddle o f the  

Preuss (Im la y , 1952, p. 174). I t  consists p r in c ip a lly  o f y e llo w is h -  

grey, sandy lim estone, ye llo w ish  sandstone and one o o l ite  bed (Im la y ,

1952). Im lay reported  exposures o f th is  member only west o f  the 

Bannock th ru s t. However, Kirkham (1924) noted the presence o f 18 

fe e t  o f grey crossbedded lim estone 3.70 fe e t  above the Preuss on F a ll 

Creek, B onneville  County, Idaho th a t  Im lay thought may be a th in  

extension o f the W olverine Canyon Member. Wanless, e t  al.. (1955) 

mentioned a 5 to  8 fo o t th ic k  "n early  w h ite  sandstone w ith  s tr ik in g  

curren t r ip p le  marks" th a t occurs near the middle o f the Preuss in  

a l l  measured sections ad jacent to  the Pine Creek area th a t is  

probably the sandstone u n it  o f  the W olverine Canyon Limestone. The 

sandstone was not observed in  the map area but i t  is  probably present 

but concealed because o f poor exposure.

Environment o f D eposition . The presence o f marine lim estone  

suggests th a t the Preuss is  o f marine o r ig in  or was deposited in
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lagocns connecting w ith  the sea. The red sandstone and s a l t  beds 

probably formed in  a series  o f h ig h ly  s a lin e  lagoons bordering a 

p o s itiv e  area in  c e n tra l Montana. L a te r i t ic  s o i ls ,  developed as a 

re s u lt  o f  a warm and humid c lim ate  on the is la n d , were the main source 

o f iron  oxide and sand in  the Preuss ( Im lay , 1952). In  e a r ly  Late  

Jurassic time the n o rth eas t-tren d in g  high on the west again rose , 

supplying ad d itio n a l d e tr itu s  to  the Preuss and o verly in g  Stump 

form ations.

Stump Sandstone

Age and Contact. The age o f  the Stump Sandstone is  middle 

Late Jurassic (O xford ian ) ( Im lay , 1950). The contact w ith  the under­

ly in g  Preuss Sandstone is  considered to  be disconform able ( Im lay , 

1952). A w ell-exposed, sharp contact occurs on the east fla n k  o f  

the L i t t l e  Greys a n t ic l in e  along U.S. Highway 26-89 and both north  

and south banks o f the Snake R iver a t  th is  lo c a tio n . For purposes o f  

mapping the contact in  the f ie ld  area was placed a t  the f i r s t ,  

re s is ta n t ,  g rey-green , g la u c o n itic  sandstone bed.

C o rre la tio n s . M ansfie ld  and Roundy (1916) named the Stump 

Sandstone fo r  exposures near Stump Peak in  southeastern Idaho. I t  

is  found in  southeastern Idaho, western Wyoming, and northeastern  

Utah and is  not as widespread as the Preuss and Twin Creek (S ta a tz  

and Al bee, 1966). The Summerville and C u rtis  form ations o f northern
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Utah; the Redwater Shale Member o f the upper Sundance o f cen tra l and 

eastern Wyoming, are temporal and l i t h i c  equ iva len ts  o f the Stump 

Sandstone (Peterson, 1972).

L ith o lo g y . The Stump Sandstone can be subdivided in to  three  

l i t h i c  u n its  w ith in  the study a rea ; a basal u n it  con sis ting  o f a 

green ish -g rey , very f in e -g ra in e d , calcareous sandstone; a medial u n it  

o f brown-grey, o o lite -h e a r in g , coquino id , sandy lim estone; and an 

upper u n it  dominated by g rey-g reen , medium-grained, g la u c o n it ic ,  

calcareous sandstone. The upper sandstone u n it  is  a prominent c l i f f  

form er, and the n o n -re s is ta n t basal and medial u n its  are p a r t ia l ly  

obscured by i t s  p la ty  ta lu s .

Throughout i t s  ex ten t the Stump is ch aracterized  by coarse­

grained sandstone and a constant sand-shale r a t io .  Eastward, in  

cen tra l Wyoming and Montana, the coarser c la s t ic  rocks grade to  a 

grey and green-grey shale fa c ie s  w ith  lim estone and sandstone being 

minor components. In  the southwestern p a rt o f  ce n tra l Wyoming, 

marine lim estone is  the predominant fac ies  type (Peterson, 1972).

Environment o f D eposition . The Stump Sandstone was deposited  

during the most extensive o f the Jurassic  transgressions o f the A rc tic  

Sea. The o o l i t i c ,  coquinoid, sandy lim estone is  in d ic a t iv e  o f  a 

shallow depth o f w a te r, a t  le a s t  during deposition  o f these sediments. 

Brenner and Davies (1973) believed  th a t  the b io c la s t ic  components 

were re d is tr ib u te d  by in tense storms which a g ita te d  the shallow w ater.
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The even-bedded character o f much o f  the remainder o f the Stump in  

the study area suggests a s l ig h t ly  g rea te r depth o f w ater where, 

curren t and wave action  was not e f fe c t iv e  in  tran sp o rtin g  d e tr itu s . •

Cretaceous S tra ta  — Previous Work

Cretaceous age s tra ta  exposed w ith in  the map area include the 

Gannett Group, the Bear R iver Form ation, and the Aspen Shale (F ig . 5 ) .  

Following the precedent o f  U.S. Geological Survey geo log ists  in  the  

area , the Gannett Group was separated in to  a lower u n it ,  the Ephraim 

Conglomerate, and an upper u n it  in c lu d in g , in  ascending o rd e r, the  

Peterson Limestone, Bechler Form ation, and Draney Limestone. The 

Bear R iver Formation was d iv ided  in to  a lower u n it  which includes  

the Muddy Sandstone and underlying dark shale sequence, and an upper 

u n it  composed o f b lack sh a le . The Aspen Shale was net subdivided in  

the map area as i t  has been to  the north because o f the thinness o f  

the p o rc e la n ite  bed which has been used to separate the lower and 

upper u n its .

Previous work on Cretaceous s tra ta  includes reg ional studies  

in  southeastern Idaho and ad jacent areas by M ansfie ld  (1920) and 

M oritz  (1953 ). S tra tig ra p h ic  stud ies  on Cretaceous s tra ta  which 

include the map area or the reg ion adjacent to  i t  were published by 

Eyer (1969) on the Gannett Group; by LaRocque and Edwards (1954) on 

the Bear R iver and Aspen fo rm ations; and by Yen (1952) who discussed
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the age o f the Bear R ive r. An ongoing in v e s tig a tio n  o f the Aspen and 

Bear R iver form ations in  the area d ir e c t ly  ad jacent to  the Pine Creek 

Quadrangle is  being undertaken by Nazeeh Abraham o f the U n iv e rs ity  o f  

Michigan. Wanless e t al_. (1955) measured several sections o f  

Cretaceous s tra ta  ad jacen t to  the map area and a t  o th er lo c a l i t ie s  

in  the Teton, Hoback, and Gros Ventre ranges.

Gannett Group

Age and Contacts. M ansfie ld  (1927) assigned the e n t ire  

Gannett Group to  the E arly  Cretaceous. On the basis o f fo s s il e v i­

dence, Stokes (1944) and M ansfie ld  (1952) placed the lower p a rt  o f  

the Ephraim in  the Late Ju rass ic . Peck and Craig (1962) and Eyer 

(1969) reported species o f charophytes th a t  dated the upper p a rt o f  

the Ephraim Conglomerate as E arly  Cretaceous. Th ere fo re , the evidence 

ind icates  th a t  the Jurassic-C retaceous boundary l ie s  in  the Ephraim 

Conglomerate. The lower contact o f the Gannett Group is  conformable 

w ith the Stump Sandstone and the faunal evidence supports th is  con­

c lusion  ( Eyer, 1969). The contact is  not exposed in  the f ie ld  area 

due to a covered shale in te rv a l above the la s t  g la u c o n itic  sandstone. 

The Smoot Form ation, designated by Eyer (1969) as p a rt  o f the Gannett 

Group, but mapped w ith  the o ve rly in g  Bear R iver Formation by the 

w r ite r ,  contains fauna tra n s it io n a l from the Aptian Gannett Group to  

the A lb ian  Bear R iver Formation.
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C o rre la tio n s . The Gannett Group is  only recognized w ith in  

the th ru s t b e lt  but based on s tra tig ra p h ic  p o s itio n  eq u iva len t s tra ta  

are recognized in  surrounding areas. In  the Gros Ventre Range,

Love e t aj_. (1948) subdivided the C loverly  Formation in to  lower and 

upper u n its . They considered the boundary between these un its  to  be 

equ iva len t to  the Gannett-Bear R iver con tact. In  support o f th is  

c o rre la t io n , Eyer (1969) considered the upper C lo v e rly , known as 

the "rusty beds," to  be eq u iva len t tc  the Smoot Formation. Further­

more, the lower C le v e rly , co n s is tin g  o f  lim estone, mudstone, and 

sh a le , is  probably equ iva len t to  a l l  but the lowermost p a rt o f the 

Gannett (E yer, 1969). Furer (1970) suggested th a t  the lower Ephraim, 

composed o f shale and s ilts to n e  w ith  minor interbedded sandstone, is  

tem porally and l i th o lo g ic a l ly  eq u iva len t to  the Upper Jurassic  

Morrison Formation.

L ith o lo g y . Throughout the map a re a , the Ephraim Conglomerate 

consists o f l ig h t-p u rp le  to  w h ite , medium-grained, q u a r tz i t ic  sand­

stone ("q u artz  c ry s ta l sandstone" o f  Wanless e t  a l_ ., 1955) w ith  

o verly in g  u n its  o f red -p u rp le  to red-brown, very f in e -  to  medium- 

. grained sandstone w ith  associated conglomerate lenses. Several 

covered in te rv a ls  probably represent shale and claystone u n its . 

Conglomerate occurs in  the Ephraim over most o f the map area but 

is  best exposed along the east f la n k  o f  the L i t t l e  Greys a n t ic lin e  

where the Gannett Group was measured (see Appendix, page 124 ). Here
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i t  consists o f subrounded- to  angular c la s ts , up to  2 inches in  

diam eter, composed o f c h e r t , q u a rtz , and occasionally  lim estone.

These conglomerate beds are not more than 2 fe e t  th ic k  and occur as 

conglomerate lenses in  sandstone 200 fe e t  above the Stump-Ephraim 

contact. A 22 fo o t th ic k  bed o f purple claystone w ith  g rey , calcareous  

nodules is  present a t  the Ephraim-Peterson Limestone con tact.

The measured section  o f the Gannett Group along the east limb 

o f the L i t t l e  Greys a n t ic l in e  is  532+ fe e t  th ic k ,  includ ing  448 fe e t  

o f Ephraim. On the northern margin o f the map a re a , along the Snake 

R iv e r, the Ephraim Conglomerate is  275 fe e t  th ic k  and the upper 

Gannett is  225 fe e t  th ic k . Wanless e t a h  (1955) measured 780 fe e t  

o f Gannett s tra ta  a t  Cabin Creek and th is  thickness is  considerably  

more than e ith e r  Albee (1968) (435 fe e t )  or Jobin (1972) (550 fe e t )  

measured. The Gannett Group reaches maximum thickness near the type 

section in  southeastern Idaho (E yer, 1969).

The u n its  exposed in  the study area are  ty p ic a l o f l ith o lo g ie s  

found elsewhere in  the Ephraim Conglomerate. G en era lly , g ra in  s ize  

decreases to the n o rth , south, and east away from the type section  a t  

Red Mountain in  southeastern Idaho (E yer, 1969) evidenced by the lack  

o f conglomerate east and northeast o f the Camp Davis area (Wan!ess 

e t  aj_., 1955). At Cabin Creek on the northeastern boundary o f the  

map area , two conglomerate beds to ta lin g  30 fe e t ,  w ith  pebbles to  

h  inch in  d iam eter, occur in  the Ephraim.
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The upper Gannett Group w ith in  the map area in c lu d es , in  

ascending o rd e r, the Peterson Limestone, Bechler Formation and Dtuney 

Limestone. The l i th o lo g ic a l ly  s im ila r  Draney and Peterson Limestone 

consist o f g rey-purp le  to  ta n n is h -g re y , w h ite -w eatn erin g , mi c r i t i c '  

lim estone w ith  a few chert nodules. The Peterson, the p rin c ip a l 

lim estone in  the Gannett Group, is  present throughout the map area .

The Draney, however, is  not present over the e n t ire  Pine Creek 

Quadrangle as Ind ica ted  by Eyer (1 9 6 9 ). Because o f  extensive fo re s t  

cover i t  was d i f f i c u l t  to  determ ine the precise lo c a tio n  o f the Draney, 

but i t  is  c le a r ly  not present in  the southeastern th ird  o f the map 

area . In  the map area , the Bechler Formation consists o f b u ff-g re y ,  

calcareous, f in e -  to  medium-grained, quartzose sandstone which is  

only occasionally  present.

R eg io na lly , throughout the remainder o f  the o ve rth ru s t b e l t ,  

there  are in terbetided, grey and red , calcareous shales in  the Draney 

and Peterson Limestone. The Bechler consists o f red and maroon 

s ilts to n e  and sh a le , w ith  interbedded, nodular lim estone and grey 

and reddish-grey sandstone. There is  also a th in  conglomerate bed 

w ith  c las ts  up to  2 inches in  diam eter found lo c a lly  in  the Bechler 

a t  the type section  (E yer, 1969). . These le s s -re s is ta n t  s tra ta  are  

undoubtedly present in  the map area but are g e n e ra lly  concealed by 

slumps and mudflows.
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Environment o f  D eposition . The lower p a rt c f  the Ephraim 

Conglomerate was deposited under open marine conditions during the 

Late Jurassic transgression o f  the A rc tic  Sea. This environment is  

ind icated  fo r  these s tra ta  based on marine Jurassic  fo s s ils  found 50 

fe e t  above the base o f the Ephraim in  southeastern Idaho (M an s fie ld , 

1952, p. 4 2 ). The rem aining Gannett Group is  c le a r ly  nonmarine, 

evidenced by fo s s il types and l i th o lo g ic  associations such as the  

th ic k  conglomerate and sandstone u n its , and red-bed sequence. The 

change from marine to  nonmarine conditions probably resu lted  from 

strong te c to n ic  movements in  southeastern Idaho th a t caused the sea 

to  regress (Armstrong and O r ie l , 1965), and th a t  created a western  

sediment source.

The dep os itiona l environments o f the upper Ephraim and Bechler 

Formation were s im ila r .  Both were deposited in  a l lu v ia l  fans and 

f lu v ia l  systems ad jacent to  the r is in g  land mass to  the west (E yer, 

1969). The a n g u la rity  o f some o f the pebbles in  the Ephraim Conglom­

e ra te  in  the Fine Creek area suggests th a t p a rt o f the m ateria l in  

these fans was lo c a lly  derived . In  the study a re a , lower energy 

conditions p reva iled  during deposition  o f  the Bechler Form ation, 

evidenced by the lack  o f conglomerate in  th is  u n it .  The Draney and 

Peterson lim estones were deposited in  fresh  w ater lakes in  which the  

w ater depth did not exceed 50 f e e t ,  based on the presence o f 

charophyte fo s s ils  o f  fre sh -w a te r o r ig in  (E yer, 1969).
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Bear R iver Formation . I

Age and Contacts. The age o f the Bear R iver Formation is  an 

unsettled  problem. P rev io u s ly , the Bear R iver was assigned to the  

Late Cretaceous (e .g . Hayden 1869, Stanton 1892). On the basis o f  

the Bear R iver fauna. Yen (1952) re fin e d  th is  d es ig n a tio n , assigning  

the Bear R iver to the e a r l ie s t  Late Cretaceous (Cenomanian S tage ). 

However, Cobban and Reeside (1952) and, more re c e n tly , Cobban (1 9 /y )  

placed the Bear R iver in  the la te s t  E arly  Cretaceous ( A lb ian S ta g e ), 

in  agreement w ith  Eyer (1 9 6 9 ). The lower contact o f the Bear R iver 

is  considered by Eyer (1969) to  be conformable w ith  the underlying  

Gannett Group on both l i th o lo g ic a l  and pa leon to log ic  grounds. The 

contact in  the map area is  g e n e ra lly  concealed by mudflows and 

slumps.

C o rre la tio n s . The Bear R iver Formation was named by Hayden 

(1869) fo r  exposures near Old Bear R iver C ity , Wyoming. This u n it  

is  f a i r l y  loca l in  ex ten t and is  m ainly found in  the th ru s t b e lt  o f  

westernmost Wyoming and in  the Snake R iver Range in  Idaho (S taa tz  

and Albee, 1966). The l i t h i c  and temporal equ iva len ts  o f the Bear 

River are in e x tr ic a b ly  lin k ed  to  a nomenclature problem o f the Middle 

Cretaceous rocks o f  the o ve rth ru s t b e lt  region and a discussion o f 

th is  problem is  warranted here. The Thenropoli s ;Shale has commonly 

been considered to con sis t o f  th ree  u n its ;  a lower dark shale u n it ;  

a middle sandstone, w ide ly  known as the Muddy Sandstone; and an upper
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dark shale u n it  (Wan!ess e t  a l . ,  1955). These correspond to  the  

three s tra tig ra p h ic  u n its  o f the Bear R iver in  the Pine Creek area. 

East o f the study area in  the Wind R iver Basin o f Wyoming, Love (1943) 

( I )  re s tr ic te d  the term Thermopolis to  the lower shale u n it ,  (2 )  

suggested th a t  the muddy Sandstone be viewed as a separate fo rm ation , 

and (3 ) re fe rre d  the upper shale u n it  to  the basal p a rt  o f the over- 

ly in g  Mowry Shale, the l i t h i c  and temporal eq u iva len t o f the Aspen 

Shale. The Wyoming Geological Association S tra tig ra p h ic  Nomenclature 

Chart (1071) fu r th e r  com plicates the nomenclature! p ic tu re  by equating  

the Bear R iver w ith  the Dakota Sandstone, Thermopolis S h ale , and Muddy 

Sandstone. The equivalency o f the Bear R iver Formation w ith  these 

u n its , as defined by Love (1948) and the Wyoming Geological Associa­

t io n  (1 9 7 1 ), is  con trary  to  the U.S. Geological Survey s tra tig ra p h ic  

scheme in  the map area and the reg ion  adjacent to  i t .  They subdivided  

the Bear R iver in to  two u n its , p lac ing  the con tact between these u n its  

on the top o f the Muddy Sandstone as mapped to  the e a s t, and included  

the upper dark shale u n it  in  the Bear R iver instead o f  the o verly in g  

Aspen Shale. Richer (1962) in  an e f f o r t  to reso lve th is  c o n f l ic t ,  

introduced a new term , "Shell Creek Shale" fo r  the in te rv a l between 

the s iliceo u s  Mowry (Aspen) and the top o f the Muddy Sandstone.

These s tra tig ra p h ic  re la tio n s h ip s  are summarized in  Figure 11.

West o f  the map a re a , in  southeastern Idaho, the Bear R iver 

Formation is  l i th o lo g ic a l ly  and tem porally  eq u iva len t to  the lower
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fo u r un its  o f the Wayan Formation (F ig . 11) as defined by M oritz  

(3953 ). The Tygee Member o f the Bear R iver Formation was o r ig in a lly  

assigned by M ansfie ld  and Roundy (1916) to the Gannett Group. As 

i n i t i a l l y  d e fin ed , i t  consisted o f only the sandstone u n i t ,  but is  

now considered to include the upper sandstone u n i t ,  l i th o lo g ic a l ly  

and tem porally eq u iva len t to  the m uddy sandstone (E y e r, 1969), and 

lower dark shale u n it .  Tygee term inology is  used in  extreme western  

Wyoming and in  southeastern Idaho (R a n d a ll, 1960).

L ith o lo g y . In  the map a re a , the dark shale in  the lower 

Bear R iver is  interbedded w ith  s i l t y  mudstone, s i l t y  sandstone, and 

fin e -g ra in e d  sandstone. Although these l i th o lo g ic  types are found 

everywhere in  the map a re a , they are p a r t ic u la r ly  w e ll developed on 

the west limb o f the L i t t l e  Greys a n t ic lin e  a t  the southern border. 

T y p ic a lly , the s i lts to n e  and fin e -g ra in e d  sandstone u n its  are dark- 

grey, medium-grey, g reen -grey , th in -  to  medium-bedded, o ccas io n a lly  

calcareous, nodular, and l im o n it ic ,  w ith  abundant b io tu rb a tio n  

structu res  and sole markings. They are composed o f q u a rtz , c h e rt ,  

and volcan ic  (? ) rock fragm ents. One e x c e lle n t exposure o f th is  

lith o lo g y  occurs south o f the L i t t l e  Greys R iver on the west f la n k  

o f the a n t ic l in e .  Here medium- to  b u ff-g re y , m assive, cross-bedded, 

muddy s i lts to n e  and f in e -g ra in e d  sandstone forms a prominent 60 fo o t  

ledge. Black shale is  the predeominant rock type in  the lower Bear 

River over much o f the remainder o f the map area. The shale is
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dark-grey- to  b lack , hard, s p lin te ry ,  l im c n it ic  on the weathered 

surfaces, and g e n e ra lly  poorly exposed, forming a d is t in c t iv e  black  

s o i l .

Sandstone makes up the upper p a rt c f  the lower Bear R iver a t  

a l l  lo c a l i t ie s .  T y p ic a lly  th is  sandstone is  l ig h t -g r e y ,  w eathering  

b u ff-g re y , f in e -  to  medium-grained, subrounded to  subangular, massive 

and crosshedded, lim o n ite  s ta in e d , quartzose, and re s is ta n t .  I t  is  

an extrem ely clean sandstone, composed o f  q u a rtz , ch ert and volcan ic  

(? ) rock fragments (T b !. I ) .  This sandstone is  best developed in  

the northwestern p a rt o f  the map area on the west f la n k  o f the L i t t l e  

Greys a n t ic l in e  along Iron  Rim Creek (P I .  I )  and to  the north along 

U.S. Highway 26-89 on the border o f the map area .

The upper Bear R iv e r , which is  p a r t ic u la r ly  w ell exposed in  

the v ic in i t y  o f the measured section  o f the o verly in g  Aspen Shale 

(see Appendix, page 1 2 4 ), consists predominantly o f b lack - to  dark- 

grey sh a le , s im ila r  in  a l l  respects to  the shale in  the lower Bear 

R iver. In  the map a re a , a few poorly  exposed beds o f l ig h t -g r e y ,  

f in e -g ra in e d , sandstone and s ilts to n e  are interbedded w ith  th is  

shale. A few th in  beds o f medium-grey, dark-brow n-w eathering, 

m ic r it ic  lim estone are present near the contact w ith  the Aspen Shale.

The thickness o f the Bear R iver Formation, e s p e c ia lly  the 

upper u n it ,  is  v a r ia b le  throughout the map area, increasing  to  the 

south and west. Maximum thickness is  a tta in e d  on the southwest limb



Table I .  Volume percentages o f  g ra in  c o n s titu e n ts , cementing agents, and m atrix  
from selected th in  sections from sandstone and s ilts to n e  o f the Bear 
River and Aspen form ations.

QUARTZ CHERT

ROCK 
FRAGS. 

(P r im a r i ly ]  
[V o lca n ic  J

FELDSPAR MATRIX CEMENT

AS
PE

N

SANDSTONE 55-60 25 5 <1 10-15 CALCITE
HEMATITE

SANDSTONE 
(assoc, w ith  
cong.)

40 35 <10 10 <5 SILICA
CALCITE (secondary)

SILTSTONE 70 r I 25 SILICA
CALCITE (secondary)

S 3 1

BE
AR

 R
IV

ER

SILTSTONE 
(from  low er] 
[Bear R iverJ

90 ,r <1 <5 SILICA
CALCITE (secondary)

» 1

SANDSTONE 
(from  upper 
sandstone u n it  In  
Tygee Sandstone

65 20 15 SILICA



72

o f the L i t t l e  Greys a n t ic l in e  where the lo v e r and upper Bear R iver , 

are 450 and 800 fe e t  th ic k  re s p e c tiv e ly . At the north border o f the 

map area , the thickness decreases to  400 and 500 fe e t ,  re s p e c tiv e ly .

In  the northeast p a rt o f the map area the lower Bear R iver is  »00 

fe e t  th ic k  and the upper is  425 fe e t  and south o f th is  the thickness  

increases to  450 and 700 fe e t  fo r  the lower and upper u n its ..

In  the area ad jacent to  the o ve rth ru s t b e l t ,  fa c ie s  v a r ia tio n s  

in  the l i t h i c  and temporal equ iva len ts  o f the Bear R iver are not 

s ig n if ic a n t .  In the Big Horn Basin o f cen tra l Wyoming, the Thermopolis 

Shale consists o f dark-grey shale and interbedded s ilts to n e  and sand­

stone. The Muddy Sandstone here is  g e n e ra lly  f in e r  grained than th a t  

in  the map area and is  comprised o f  interbedded s i l ts to n e ,  sandstone 

and shale (E ic h e r, 1962). West o f the study area in  northeastern  

Idaho, the Wayan Formation is  s im ila r  to  the Bear R iver in  the Pine 

Creek Quadrangle although red and variegated  sandstone and mudstone 

make up a s ig n if ic a n t  p a rt o f the section (M o r itz , 1953).

Environment o f D eposition . Deposition o f the Bear R iver . 

Formation occurred during the i n i t i a l  stages o f the E arly  Cretaceous 

transgression th a t culminated in  the open marine conditions o f  the 

Mowry-Aspen sea. Fresh and brackish w ater fauna were co lle c te d  from 

the upper Bear R iver by LaRocque and Edwards (1954) in  the W illow  

Creek a re a , 2 m iles northeast o f the Pine Creek Quadrangle. Wanless 

e t al_. (1955) c o lle c te d  marine forms from the upper Bear R iver in
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several sections in  the area ad jacent to the Pine Creek Quadrangle, 

although the lower Bear R iver is  nearly  u n fo s s ilife ro u s  in  th is  same 

area . E icher (1962) a t tr ib u te d  the lack o f fauna in  the Bear R iver 

equivalents in  the Big Horn Basin to  brackish w ater con d itio ns .

The environment o f  deposition  o f  the Bear R iver w ith in  the  

map area can be broadly ch arac te rized  as m arginal m arine, in fluenced  

by periods o f emergence and submergence. R ipple marks, b ic tu rb a tio n  

s tru c tu re s , and the l i th o lo g ic  associations such as the black s h a le , 

and sandy mudstone and s i lts to n e  suggest th a t  the w ater depth was 

q u ite  shallow. The environment flu c tu a te d  from periods o f  r e la t iv e  

s t a b i l i t y  during which the more w e ll-s o rte d  s ilts to n e  and sandstone 

beds accumulated to  more unstable conditions when arenaceous and 

arg illaceo u s  fra c tio n s  were mixed. This was, perhaps, due to  a 

v a ria b le  depth o f w ater re s u lt in g  from the in te ra c tio n  o f transgres­

sion and progradation. Euxinic c o n d itio n s , evidenced by the th ic k
> ■ ■ i

accumulation o f b lack s h a le , p re v a ile d  during deposition  o f the  

middle p a rt o f the lower Bear R iver. During the c losing  stages o f  

lower Bear R iver d ep o s itio n , however, open marine conditions were 

dominant as suggested by the th ic k ,  c lean , quartzose, mature sand­

stone in  the upper p a rt o f the Tygse Sandstone. The sandstone 

sequence developed as a p ro -d e lta  accumulation when progradation was 

not occurring . Current and wave a c t io n , which winnowed out the f in e ­

grained sedim ent, was e f fe c t iv e  in  tra n sp o rtin g  and re d is tr ib u t in g
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the coarser sediment. The environment o f deposition  o f the upper 

Bear R iver was much the same as during deposition  o f the middle  

sequence c f  the lower Bear R iver when the th ic k  black shale u n it  

was deposited.

The general sed im entary-tecton ic  p a tte rn  during deposition  

o f the Bear R iver is  a d e lta  and associated t e r r e s t r ia l  environment. 

Much o f the s tra ta  accumulated as a floo d  p la in  and t id a l  f l a t  

sequence w ith  associated fresh  w ater lakes and lagoons th a t  were 

p e r io d ic a lly  barred.

Aspen Shale

Age and Contacts. The age o f the Aspen is  unsettled  because 

o f the controversy surrounding the age o f  the underlying Bear R iver. 

The l i th o lo g ic a l ly  and tem porally  eq u iva len t Mowry Shale o f Montana 

and Wyoming is  E arly  Cretaceous in  age on the basis o f species o f 

G astro p lites  and N eogastrop lites  (Cobban and Reeside, 1951). The 

lower contact o f the Aspen w ith  the Bear R iver is  considered to  be 

conformable by a l l  workers (e .g . LaRocque and Edwards, 1954, M o r itz ,

1953). D if fe re n t workers in  the ad jacent area have placed th is  con­

ta c t  a t  s l ig h t ly  d i f fe r e n t  s tra tig ra p h ic  p o s itio n s . M o ritz  (1953) 

placed the contact a t  the f i r s t  s ilic e o u s  shale bed, and LaRocque and 

Edwards (1954, p. 320) placed the boundary "above the th ic k  dark  

s p lin te ry  shale o f Bear R iver a s p e c t...a n d  below the f i r s t  s a l t  and
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pepper sandstone." The contact was drawn by S taa tz  and Albee (1966) 

a t  the f i r s t  prominent sandstone ledge below the lowest p o rc e la n ite . 

W ithin the map area the contact is  g radational over 40 to  50 fe e t  

and i t  is  placed before the la s t  b lack sh a le , above in terbeds o f 

grey-green, f in e -g ra in e d , thin-bedded sandstone, and below the f i r s t  

grey-green sandstone w ith  medium grains o f b lack c h e rt.

C o rre la tio n s . The Aspen Shale was named by Vcatch (1907) 

fo r  s tra ta  exposed near Aspen S ta t io n , U in ta County, Utah. Aspen 

term inology is  re s tr ic te d  to the th ru s t b e lt  between the Absaroka 

th ru s t on the west and southwest, and the edge o f the o ve rth ru s t b e lt  

on the east and northeast (S ta a tz  and Al bee, 1966). The Wayan Forma­

t io n  o f extreme western Wyoming and southeastern Idaho is  the l i t h i c  

and p a r t ia l  temporal eq u iva len t o f the Aspen (M o r itz , 1953). East 

o f the map area over much o f c e n tra l Wyoming and Montana, the Mowry 

Shale is  l i th o lo g ic a l ly  and tem porally  eq u iva len t (F ig . 11) to  the  

Aspen Shale (Cobban and Reeside, 1952).

L ith o lo g y . The Aspen S h ale , the most widespread u n it  in  the  

map area , crops out on both flan ks  o f the L i t t l e  Greys a n t ic l in e  in  

a broad outcrop band covering the ce n tra l portio n  o f the Pine Creek 

Quadrangle, and on the west lim b as a wide b e l t  extending to the  

Absaroka th ru s t (F ig . 1 7 ) , (P I .  I ) .  The Aspen consists o f a monoto­

nous sequence o f interbedded s ilic e o u s  sh a le , sandstone, and 

p o rc e la n ite . In  a d d it io n , a th in  pebbly conglomerate u n it  occurs
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w ith in  ths upper Aspen in  both the cen tra l and western outcrop b e lts .  

The tru e  thickness o f the Aspen Shale in  the map area is  unknown 

because s tru c tu ra l involvem ent makes an accurate measurement impos­

s ib le . The best e s tim a te , however, is  th a t  the Aspen is  on the 

order o f 4 ,000 to  4 ,500 fe e t  th ic k . This is  not unreasonable, when 

compared to  the 3 ,900 fe e t  thickness measured by Albee (1968) in  the  

Munger Mountain Quadrangle. Wanless e t aJL (1955) did not measure 

a complete section o f  Aspen but the re s u lts  o f th e ir  in v e s tig a tio n  

in d ic a te  th a t the Aspen thickens to the south and west.

The sandstone o f  the Aspen Shale is  ty p ic a l ly  g rey-g reen , 

f in e -  to  medium-grained, th in ly  bedded to  massive and cross-bedded, 

occasionally  calcareous, and g e n e ra lly  more re s is ta n t  than the in te r ­

beds o f shale (F ig . 1 2 ). Although most are t ig h t ly  cemented, some 

o f the sandstone is  m oderately f r ia b le .  Grain con stituen ts  are  

q u a rtz , c h e rt, and vo lcan ic  (? ) rock fragments w ith  minor amounts o f 

fe ld s p a r, g iv ing  some o f  the sandstone a " s a lt  and pepper" appearance. 

Most o f the grains are subangular to  subrounded, although a bimodal 

d is tr ib u tio n  is  ev iden t w ith  some grains being very w e ll rounded.

The percentage o f  fe ld s p a r in  the sandstone and s ilts to n e  o f the 

Aspen is  s im ila r  to  th a t  o f  the Bear R iver s t r a ta ,  although the  

fe ld sp ar content is  g re a te s t (10 percent) in  the sandstone associated  

w ith  the conglomerate. Table I  compares estim ated g ra in  c o n s titu e n ts , 

cement types, and m atrix  volumes fo r  se lected  samples o f  the sandstone
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Figure 12. Sand-shale contact in  Aspen Shale. Note s p lin te ry  nature  
o f s iliceo u s  shale.
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and s i Its to n e  o f  the Hear R iver and Aspen form ations g e n e ra lly  

suggesting th a t  both w ater depth and vo lcan ic  a c t iv i t y  increased  

during deposition o f the Aspen Shale. Figure 13 shows comparative  

photomicrographs o f  the sandstone from these form ations. Interbeds  

o f g rey-g*een , sometimes g la u c o n it ic , th in ly  bedded s l l ts to n e ,  and 

an occasional th in  ( I  fo o t th ic k )  bed o f m ic r i t ic  lim estone and 

s i l t y  limestone also  occur w ith  the sandstone. The r i l t s to n e  u su a lly  

grades upward in to  grey-green shale or f in e -g ra in e d  sandstone.

Shale, which is  the most common l i th o lo g ic  type in  the map 

area , is  c h a ra c te r is t ic a l ly  g reen -g rey , s p lin te ry ,  o ccas io n a lly  

calcareous, s ilic e o u s , the res is tan ce  increasing w ith  the s i l ic a  

content. Dark-grey shale is  common near the contact w ith  the Bear 

R iver Formation.

P o rce lan ite  is  another ty p ic a l l ith o lo g y  o f the Aspen. I t  

is  v a r ic o lo re d , occurring  in  b lu e , p in k , green , g rey , re d , and b lue- 

grey hues. I t  is  commonly banded, spo tted , and speckled, and is  

e ith e r  found as s in g le  w ell-developed beds or as th in  interbeds w ith in  

sandstone and s ilic e o u s  shale. I t  is  composed o f c ry p to c ry s ta llin e  

quartz and breaks w ith  a cor.choidal or s p lin te ry  f ra c tu re . The most 

common and d is t in c t iv e  p o rc e la n ite  is  the spotted type th a t  occurs 

as amygdules o f grey in  a w hite  background or v ice  versa. Just to  

the north o f the map a rea , the Aspen has been subdivided in to  lower 

and upper u n its  by U .S .G .S . geo log ists  on the basis o f a th ic k  bed
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Figure 13. Photomicrographs o f sandstone from upper sandstone u n it  
in  lower Bear R iver Formation (upper photograph) and 
Aspen Shale (low er photograph). Note clean nature o f 
sandstone in  Bear R iver as opposed to sandstone in  Aspen 
Shale. Constituents are (c )  chert and (q ) q u artz . Also 
see Table I fo r  volume analys is  o f grain  constituents  
o f these sandstones.
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o f the spotted type p o rc e la n ite  which occurs near the m iddle o f the 

Aspen th e re . In the map a re a , however, th is  p o rc e la n ite  bed pinches 

out and the Aspen has been mapped as a s in g le  u n it .  Although the 

in d iv id u a l p o rce lan ite  beds are th in ,  several occur together in  *  

"p o rce lan ite  zone" about 2 ,000 fe e t  above the Bear R iv e r , th a t  could 

have been used as a marker horizon in  much o f  the eastern  p a rt o f the  

cen tra l outcrop b e lt  (P I.  I ) .  S tru c tu ra l involvement or la te r a l  th in ­

ning may have prevented th is  zone from being observed in  the western  

p a rt o f the map area.

An e x c e lle n t exposure o f the conglomerate occurs tw o -f if th s  

o f a m ile  upstream from the mouth o f F ire  Box Creek where i t  is  • 

exposed on the eastern w a ll o f  the canyon (P I.  I ) .  I t  crops out as 

conglomerate lenses up to 4 fe e t  th ic k  w ith in  a conglomerate sand­

stone, th a t has a to ta l th ickness exceeding 7 fe e t .  The conglomerate 

is  exposed d iscontinuously along s t r ik e  and in d iv id u a l beds pinch out 

w ith in  several hundred fe e t .  Exposures are found in  both the north  

and south portions o f the map a re a , on both sides o f the L i t t l e  Greyn 

R iver in  the cen tra l outcrop b e l t ,  and north o f the r iv e r  in  the  

western outcrop b e lt .  The conglomerate c le a r ly  occurs in  the upper 

p a rt o f the Aspen. In  the map a re a , on the west s ide o f  the L i t t l e  

Greys a n t ic lin e  i t  is  exposed approxim ately 3 ,000  fe e t  above the base 

o f the Aspen. Reconnaissance work in  the ce n tra l outcrop b e lt
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suggests th a t the conglomerate may occur as a series  o f lenses w ith in  

a broad horizon from 500 to  1 ,000 fe e t  th ic k .

The conglomerate in  the hand specimen is  id e n tic a l to  the 

conglomerate w ith in  the o verly in g  F ro n tie r  Formation which is  exposed 

in  the area adjacent to the Pine Creek Quadrangle (A lbee, 1975, 

personal communication). I t  consists m ainly o f w ell-rounded pebbles 

o f grey, brown, and w h ite  c h e rt , and w hite  and brown q u a rtz ite  

(F ig ure  14 ). No lim estone pebbles were noted, which are  ty p ic a l o f  

the F ro n tie r  conglomerate in  the Garns Mountain Quadrangle north o f  

the map area (S taa tz  and A lbee, 1966). The average pebble is  h  inch  

in  diam eter but they range up to  2h  inches. The m atrix  volume is  

20 percent in  the t ig h t ly  packed conglomerate and th is  increases to  

80-90 percent in  the conglom eratic sandstone. S orting  o f the pebbles 

ranges from very good to  moderate w ith  the la rg e s t pebbles occurring  

in  the most poorly  sorted conglomerate. The sandstone associated w ith  

the conglomerate is  g re y -b u ff , medium- to  co arse-g ra ined , subangular, 

occasionally  calcareous and cross-bedded, fe ld s p a th ic  (up to  10 

p e rc e n t), and s trong ly  re s is ta n t .  The sandstone u n it  is  not continu­

ous along s t r ik e  and is  present only where the conglomerate beds a te  

th ic k e r  a t  F ire  Box Creek and on the western border o f  the map area  

(P I.  I ) .  At o ther lo c a l i t ie s  the conglomerate forms a re s is ta n t  2 

to  4 fo o t bed between interbedded s ilic e o u s  sh a le , p o rc e la n ite , and 

grey-green , " s a lt  and pepper" sandstone.
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Figure 14. Chert pebble conglomerate in  upper Aspen.
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Reconnaissance work by the w r ite r  southeast o f the study area 

in  the Deer Creek and P ick le  Pass quadrangles (H g .  2) in d ic a tes  th a t  

th is  conglomerate is  most c o rre c tly  in te rp re te d  as a tongue o f the 

Upper Cretaceous F ro n tie r  Formation (F ig . 1 1 ). The conglomerate can 

be traced along s t r ik e  to  the P ic k le  Pass Quadrangle where y e llo w is h -  

orange sandstone o f  F ro n tie r  ch a ra c te r is  found both above and below 

beds o f  pebbly conglomerate id e n tic a l to  th a t in  the nap area . The 

associated sandstone horizon pinches out northward, approxim ately  

I h  m iles south o f the L i t t l e  Greys R iver. North o f the Pine Creek 

Quadrangle, th is  in te rto n g u in g  re la tio n s h ip  is  less c le a r .  In  the  

Garns Mountain Quadrangle, S taa tz  and Albee (19G5, p. 72) placed the  

lower contact o f  the F ro n tie r  a t  the base o f  a prom inent, r id g e -  

jrOvmingl fe ld s p a th ic  sandstone which is  probably the same as th a t  

used by LaRocque and Fdvards (1954) in  the W illow  Creek area two m iles  

northeast o f the mop area. However, in  the Munger Mountain Quadrangle, 

AlLee (1968) c a lle d  beds above the fe ld s p a th ic  sandstone Aspen Shale 

and placed the basal contact o f the F ro n tie r  Formation approxim ately

2,000 fe e t  h igher in  the section  a t  a pebbly conglomerate bed 

associated w ith  the ty p ic a l ye llow ish -orange weathering sandstone.

This re la tio n s h ip  suggests th a t  th ere  may be a fa c ie s  change between 

the fe ld s p a th ic  sandstone and the conglomerate or th a t in tertong u ing  

is  occurring between Munger Mountain and Cams Mountain. Another 

example o f in tertongu ing  between the Aspen Shale and F ro n tie r
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Formation occurs in  the v ic in i t y  o f Cumberland Gap approxim ately 100 

m iles south o f the Pine Creek Quadrangle. South o f  Cumberland Gap, 

the contact between these u n its  is  e a s ily  d iscernab ie  where the s i lv e r  

grey hogbacks o f p o rc e la n ite  and s ilic e o u s  sandstone o f the Aspen 

Shale are  c le a r ly  d iv is ib le  from the n o n s iliceo u s , b u ff  sandstone and 

medium-grey shale o f the F ro n tie r  Formation. North o f Cumberland 

Gap, however, p o rce lan ite  and p o rc e la n it ic  s i U s to n e  crops out in  the  

basal F ro n tie r  and the contact between these form ations is  much less  

d e f in it iv e ,  suggesting in te rto n g u in g .

These re la tio n s h ip s  suggest, th e re fo re , th a t  in te rto n g u in g  

occurs between the basal p a rt o f the F ro n tie r  Formation and the top 

o f the Aspen Shale , im plying th a t  these un its  a re  p a r t ia l  temporal 

equ iva len ts . Further studies on the fo s s ils  and s tra tig ra p h y  o f 

these form ations are needed to  s u b s ta n tia te  th is  theory.

The Aspen Shale shows no im portant fa c ie s  v a r ia t io n s  in  the 

region around the map area . In  g e n e ra l, i t  has been described by 

Rubey (1931) as contain ing  p ro p o rtio n a te ly  more u n s i l ic i f ie d  shale  

and sandstone than the Mowry Shale and the conspicuous p o rc e la n ite  

beds have less nonvolcanic debris  than those in  the Mowry. The

Aspen in  the region adjacent to  the Pina Creek Quadrangle contains  

more sandstone than the Aspen in  southwestern Wyoming ( Reeside and 

Cobban, 1960, F ig . 3 ) . West o f  the map a re a , the interbedded

i '
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sandstone and shale beds o f the Wayan Formation are not s ig n if ic a n t ly  

d if fe r e n t  than those o f  the Aspen Shale (M o r itz , 1953).

Environment o f D eposition . As the E arly  Cretaceous tra n s ­

gression o f the A rc tic  sea continued, the m arginal marine environm ent, 

recorded in  the Bear R iver s tra ta  changed to  more open marine condi­

tion s  during deposition  o f  the Aspen Shale. M arine , b rack ish , and 

fresh  w ater faunas have been c o lle c te d  from the Aspen in  the W illow  

Creek area , 2 m iles northeast o f the map area (LaRocque and Edwards,

1954).

In  the study a re a , open near-shore marine conditions pre­

va ile d  and the a lte rn a tin g  sequence o f  sandstone and shale suggests 

th a t the base le v e l f lu c tu a te d  considerab ly . A rg illaceous  and 

arenaceous fra c tio n s  are  not mixed as during deposition  o f the lower 

Bear R iver in  the map a re a , suggesting th a t  wave and bottom currents  

were probably e f fe c t iv e  in  tran sp o rtin g  and re d is tr ib u t in g  the f in e ­

grained sediment. A series  o f o ffshore  bars was probably c o n tin u a lly  

being developed and destroyed by the increased wave a c t iv i t y  due to  

f lu c tu a tin g  w ater depth. Shale was deposited in  the q u ie t w ater o f  

lagoons and o ffshore  in  deeper w a te r. On the s h o re lin e , beach sed i­

ment was reworked by curren ts  and wave a c tio n . Lakes and lagoons, 

th a t were p e r io d ic a lly  barred , ex is ted  m arginal to  the sh o re lin e . 

Volcanic a c t iv i t y  increased during deposition  o f the Aspen Shale 

and volcan ic  e je c ta  was in te rm it te n t ly  deposited in  the basin.



Rubey ( lv 2 9 ) a t tr ib u te d  the high s i l ic a  content o f the Mowry Shale to  

volcan ic ash but suggested th a t  the shale was enriched in  s i l ic a  by 

chemical p re c ip ita t io n  from sea w ater in  the presence o f  decaying 

organic m atter. E icher (1962) suggested th a t much o f  the sand and 

s i l t  supplied to the basin may also be vo lcan ic  shards instead  o f  

terrigenous e la s t ic s .

Gravel was supplied to  the map area during the c los ing  stages 

o f Aspen deposition as a consequence o f a strong te c to n ic  pulse and 

re s u ltin g  progradation. The conglomerate and conglom eratic sandstone 

suggest a f lu v ia l  type deposit in  which the gravel accumulated as 

lag deposits. P art o f th is  conglomerate may have been reworked as 

strand l in e  deposits evidenced by the sharp l i th o lo g ic  break and lack  

o f channeling associated w ith  some o f the conglomerate (sec D a r r e l l ,  

1929).

The sed im entary-tecton ic  p a tte rn  e x is tin g  during deposition  

o f the Aspen Shale was s im ila r  to  th a t  o f  the Bear R iv e r, namely th a t  

the Aspen accumulated as a d e lta  sequence w ith  m arginal t e r r e s t r ia l  

deposition . I t  was, however, g e n e ra lly  ch aracterized  by a s l ig h t ly  

g re a te r depth o f w ater and more open marine conditions as w e ll as 

increased te c to n ic  a c t iv i t y .

86
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Cenozoic Rocks

Cenozoic s tra ta  in  the map area include Quaternary la n d s lid e  

and te rra ce  dep osits , a llu v ium  and co lluv ium , and a lo ca l conglomerate 

and breccia u n it .  The landslid es  are the most spectacu lar Quaternary 

fea tu re  in  the area and are almost w ithout exception confined to  

the Cretaceous shale o f the Bear R iver and Aspen form ations. The 

conglomerate and breccia are associated w ith  the o ld er B a iley  Creek 

la n d s lid e . The te rra c e , a llu v iu m , and colluvium  u n its  are stresm - 

and r iv e r - r e la te d  deposits .

Conglomerate

The Conglomerate is  exposed along the east s ide o f B a iley  

Creek from near the confluence w ith  Dry Wash to approxim ately 1 .2  

m iles upstream, dropping 350 fe e t  in  e le v a tio n  over i ts  h o rizo n ta l 

distance (P I. I ) .  I t  forms a re s is ta n t  ledge approxim ately 20 fe e t  

th ic k  a t  i t s  maximum which th in s  upstream. At the exposure near Dry 

Wash the lower 5 fe e t  is  unsorted and ungraded, and i t  becomes more 

sorted and graded in .th e  upper 14 fe e t .  I t  is  composed almost 

exc lu s ive ly  o f subangular to  angular blocks o f Madison lim estone and 

W ells q u a r tz ite . They range in  s ize  from pebbles to  boulders up to  

2 fe e t  in  d iam ter. The more sorted portions are  composed o f 3 inch 

cobbles in  a calcareous m a trix .
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Breccia

The breccia u n it  crops out on the north  w a ll o f a small 

canyon in  the middle o f the B a iley  Creek la n d s lid e  (P I .  I ) .  I t  is  

composed p r in c ip a lly  o f an g u la r, unsorted c la s ts  o f Madison lim estone  

and W ells q u a r tz ite  although th ere  are  a lso  a few cobbles o f Nugget 

and Ankareh sandstone. I t  is  ursorted  and u n s tr a t if ie d  w ith  c la s ts  

to  2 fe e t  in  diam eter (F ig . 1 5 ). The m atrix  co n ten t, which approaches 

30 percent in  volume, is  composed o f  salmon co lo red , calcareous mud­

stone. The deposit is  not over 3 fe e t  th ic k  and has an apparent dip  

o f 5 degrees to  the east (F ig . 3 ) .

Colluvium

Colluvium as shown on P la te  I  includes several d i f fe r e n t  

types o f unconsolidated sediments from s o il to  gravel and ta lu s  

deposits th a t cover the lower slopes o f the h i l l s  and mountains along 

stream courses. Much o f  the co lluvium  is  deposited along the L i t t l e  

Greys R iv e r , formed from the d is in te g ra tio n  o f sandstone and shale  

o f the Aspen and Bear R iver form ations.

Alluvium

Alluvium  in  the map area includes c la y -  to  bou lder-s ized  

d e tr itu s  deposited in  the Holocene as bars along stream courses.
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Figure 15. Breccia u n it  exposed in  canyon w ith in  B a iley  Creek 
lan d s lid e  deposits . Also see Figure 3.
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Terrace Deposits

Terrace deposits as mapped along f l a t  ly in g  areas adjacent 

to  the Snake R iver are o f  two d i f fe r e n t  ages (see Geornorpholcgy 

S ection , page 6) but include boulder to s i l t  s ized fragm ents. The 

well-rounded boulders consis t o f durable Paleozoic and Mesozcic 

q u a rtz ite  and sandstone.



STRUCTURAL GEOLOGY

Regional S tructure

The study area l ie s  in  the western Wyoming s a l ie n t  o f  the  

C o rd ille re n  overth rust b e l t .  The rocks o f th is  area are  u n lik e  many 

in  o ther w ell known th ru s t b e lts  in  th a t  they have undergone K t t i c  

metamorphism o f even the lowest grade ( Rubey and Hubbert, 1959).

In  a d d itio n , c r y s ta l l in e  basement rock has played a passive ro le  and 

is  not involved in  any o f the th ru s ts . The o ve rth ru s t b e lt  emerges 

from beneath the basalts  o f the Snake R iver P la in , trends south o f  

the Teton Range to  the la t i tu d e  o f Jackson, and fo llow s southward 

along both sides o f the Idaho-Wyoming s ta te  l in e  to  LaBarge, Wyoming 

where i t  turns southwestward and enters Utah eas t o f  the southwestern 

corner o f Wyoming and north o f the U in ta Range. This arcuate b e lt  

is  about 60 m iles in  w idth and 250 m iles in  length along a curving  

arc o f 120 degrees ( Rubey and Hubbert, 1959). I t  is  in d is t in c t ly  

bounded on the west but is  bordered on the eas t by the Green R iver 

Basin. The th ru s t b e lt  is  composed o f su b p ara lle l mountain ranges 

th a t are g en era lly  bordered on the east by major th ru s t fa u lts  and 

on the west by h igh-angle normal or reverse fa u l ts .  Between these 

major bordering fa u l ts ,  the s tra ta  are deformed by minor th ru s ts , 

la rg e  and small fo ld s , and diagonal transverse fa u lts  ( Rubey and 

Hubbert, 1959).
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Major o ve rth ru s t fa u lts  in  the o v e rth ru s t b e l t  a re , from west 

to  e a s t, the P a ris , Meade, Crawford, Absaroka, Darby, Prospect, and 

Hogsback (F ig . 1 6 ) , in  apparent age sequence w ith  the o ld er th rusts  

on the west (Armstrong and O r ie l , 1965). The p r in c ip a l movement on 

these th rusts  ranges from la te s t  Jurassic tc  m id -E arly  Eocene 

(Armstrong and O r ie l , 1965). S tra tig ra p h ic  throw on each o f the  

major thrusts  is  about 20 ,000 -2 5 ,0 00  fe e t  (Crosby, 1968) and they  

invo lve successively younger s tra ta  to the east (Armstrong and O r ie l ,  

1965). Rubey and Hubbert (1959, p. 187) have estim ated h o rizo n ta l 

movement to be on the order o f 10-15 m ile s , based on c a r e fu l ly  drawn 

s tru c tu re  sections. A lte rn a t iv e  in te rp re ta tio n s  by them suggest th a t  

minimum movement may be about 5 -8  m iles and maximum displacem ent may 

be as g rea t as 20-30 m iles . Although they commonly in te rs e c t the 

surface a t  h igher ang les , the overth rusts  are bedding plane th ru s ts ,  

evidenced by the p a ra lle lis m  o f f a u l t  and s tra tig ra p h ic  surfaces  

across extensive areas (Crosby, 1968).

Stresses responsib le fo r  the deform ation o f the o verth ru s t 

b e lt  may be categorized  as e ith e r  boundary forces or body forces  

(Crosby, 1969). Boundary forces may be equated to  reg ional compres­

s io n , a "push from the rear"  (Crosby, 196 9 ), and body forces to  

g ra v ita tio n a l s l id in g . Rubey and Hubbert (1959) re je c te d  a pure ly  

g ra v ita tio n a l g lid in g  o r reg ional compression o r ig in  fo r  fa u lts  in  

the overth rust b e l t ,  as untenab le , based on apparent absence o f
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Figure 16. Tectonic map o f north end o f the o verth ru st b e lt .
P rinc ipa l th rusts  are lab e led ; sawteeth on upper p la te  
(a f te r  Armstrong and O r ie l ,  1965, Crosby, 1968). Pine 
Creek area shaded.
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p u ll-a p a r t  r i f t s  th a t  should be developed in  g ra v ity  s lid e s  and the  

nonexistence o f any ro o t th a t could have produced the required  shallow  

compressive s tre s s . They concluded th a t  the most l ik e ly  mechanism 

may have been a combination o f the two fo rces . Crosby (1969) l i k e ­

wise repudiated a boundary fo rce  o r ig in  m ostly on the same lack  o f  

any physical boundary a t  the back o f  the s a l ie n t .  In s tead , Crosby 

(1968) proposed th a t g ra v ita t io n a l g lid in g  was the mechanism o f  

deform ation. He postu lated  the presence o f an u p l i f t  w ith  an apex 

th a t  roughly coincided w ith  the depocenter o f the maximum thicknesses  

o f Paleozoic and Mesozoic s tra ta  in  southeastern Idaho. This a re a , 

according to  him, rose in  response to  is o s ta t ic  readjustm ent. High 

pore pressures, developed during the e a r l ie r  dep ositiona l phase, 

enabled the sedimentary pack to  move away from the high in  a ra d ia l  

and d iverg ing  p a tte rn  (Crosby, 1969) under a pure ly  g ra v ita t io n a l  

in flu en c e . L a te r erosion o f the high would e f fe c t iv e ly  remove the  

pul I -a p a r t  gaps or r i f t s ,  the lack  o f which Rubey and Hubbert (1959) 

used to  d is q u a lify  the g ra v ity  g lid in g  mechanism.

The e a r ly  dep ositiona l phase in  which the sediments accumu­

la te d  in  the m iogeosynclinal p o rtio n  o f the geosyncline was follow ed  

by the two p a rt d es tru c tio n a l phase known as the Laramide Orogeny. 

E a rly  th ru s tin g  and fo ld in g  was succeeded by block fa u lt in g  which 

began in  the Eocene and has continued to  the Recent. Recent move­

ment, on both north and e a s t-tre n d in g  f a u l t  s e ts , is  in d ica ted  by
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broken a l lu v ia l  fa n s , d isplaced b a s a lt flows less than 27,000 years  

o ld , and earthquakes (Armstrong and O r ie l ,  1965).

Local S tructu re

In tro d u ctio n

The map area l ie s  on the upper p la te  o f the Darby th ru s t and 

the lower p la te  o f  the Absaroka th ru s t (F ig . 17 ). The Absaroka th ru s t, 

w ith in  I  m ile  o f the western margin o f the map a rea , places Madison 

lim estone on the Aspen Shale. Jobin (1972) showed th is  f a u l t  to  be 

an extrem ely f l a t  th r u s t ,  d ipping a few degrees to  the west. The 

Darby th ru s t, approxim ately 1-2  m iles east o f the map a re a , has moved 

Bighorn Dolomite over Aspen and Bear R iver s tra ta .  Ross and S t. John 

(1960) ind ica ted  th a t the dip o f the Darby o ve rth ru s t is  30° to  35° 

in  the region adjacent to  the map a re a , although th is  probably rep re ­

sents a near-surface phenomenon as the th ru s t undoubtedly f la t te n s  

a t depth. Both o f  these th ru s ts  can be traced  tens o f m iles north  

and south o f the map area (F ig . 1 6 ).

W ith in  the map a rea , th e re  is  one la rg e  fo ld ,  two small 

fo ld s , and a la rg e  reverse f a u l t ,  a l l  o f which are  re la te d  to  the  

e a r l ie r  congressional phase o f the Laramidc Orogeny. These s tru ctu res  

fo llo w  the reg ional northwest trend  and, as found elsewhere in  the  

o ve rth ru s t b e l t ,  the fo ld s  are  m oderately to  s tro n g ly  overturned to  

the  eas t. Three small cross fa u lts  are a lso  found in  the map area
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Figure 17. S tructure  map o f Pine Creek Quadrangle and adjacent area.
Map area shaded. Geology by Jobin (1972) on west; Ross 
and S t. John (1 9 6 0 ), eas t; Albee (unp u b .), north .
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which are contemporaneous w ith  o r post date the fo ld in g -th ru s tin g  

phase.

In  a d d itio n  to  these s tru c tu re s , fo ld s  are probably present 

in  the so u th -cen tra l p a rt  o f  the map area where the Aspen Shale is  

exposed. The Aspen here is  n early  7 ,000 fe e t  th ic k  when measured 

from the eastern  contact w ith  the Bear R iver to  the tra c e  o f  the  

L i t t l e  Greys f a u l t  (P I .  I ) .  Albee (1968) approximated the thickness  

o f Aspen Shale a t  4 ,000 fe e t  in  the Hunger Mountain Quadrangle to  

the no rth , in d ic a tin g  th a t roughly 3 ,000 fe e t  o f section  is  repeated  

in  the sou th -cen tra l p a rt o f the map area . This discrepancy may 

p a r t ly  be due to  fa u lt in g .  However, the evidence in  the ad jacent 

areas suggests th a t  overturned fo ld in g  is  probably responsib le  fo r  

the excessive thickness o f Aspen. One evidence o f  fo ld in g  may be 

the two sm all-am plitude fo ld s  mapped along the Snake R iver (F ig . 17) 

which could extend to  the so u th -cen tra l p a rt o f the map area . This 

im p lies  th a t  these fo ld s  become s tro n g ly  overturned in  the approxi­

mate middle o f  the Pine Creek Quadrangle. A lte rn a te ly , Schroeder 

(1975 , personal communication) mapped a la rg e  overturned s y n rlin e  in  

the P ick le  Pass Quadrangle to  the southeast (F ig . 2) whicn may 

continue to the so u th -cen tra l p a r t  o f the map area .

U n fo rtu n a te ly , th ere  is  no strong f ie ld  evidence such as 

fo ld in g  or overturned bedding in  the so u th -cen tra l p a rt o f the map 

area to  support th is  theory . I t  is  l i k e ly ,  however, th a t crumpling
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and deform ation has occurred in  the incompetent sandstone and shale  

o f the Aspen which resu lted  from deform ation o f the ad jacent L i t t l e  

Greys a n t ic lin e  and re la te d  f a u l t .

Fau lting

Normal F a u lts . Three small te a r  fa u lts  occur in  the map a re a , 

two o f which are located on the west f la n k  o f the L i t t l e  Greys a n t i ­

c l in e . These fa u lts  trend approxim ately N 35° to  65° W and the s t r ik e  

s l ip  o f fs e t  has been on the order o f 100 to  200 fe e t .  N e ith e r arc  

over 1 ,200 fe e t  in  len g th . They appear to  be c lo s e ly  re la te d  in  

both tim e and in  the mechanics o f  th e ir  form ation and I  suggest th a t  

they arc contemporaneous w ith  the fo ld ,  forming on the f la n k  o f the  

L i t t l e  Greys a n t ic l in e  from sim ple stress re lease  as the fo ld  

developed. The th ird  f a u l t ,  v is ib le  from U.S. Highway 2 6 -8 9 , l ie s  

near the northeastern corner o f  the map area. This f a u l t  trends  

N 40° E and the d ip -s l ip  movement o f fs e t  the Craney and Peterson 

limestones approxim ately 50-75 fe e t .

Reverse Faults — L i t t l e  Greys F a u lt . The f a u l t  th a t  runs 

east o f the ax is  o f the L i t t l e  Greys a n t ic l in e  (F ig . 17) is  here 

named the L i t t l e  Greys f a u l t .  I t  trends approxim ately N 20° W and 

i t s  tra ce  is  p a r a l le l  to  the o v e ra ll s tru c tu ra l g ra in  o f  the area .

The length o f the f a u l t  is  in  excess o f 4 m iles w ith in  the map area 

and i t  extends a t  le a s t  3 m iles south o f  the L i t t l e  Greys R iver.
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Northward, th is  f a u l t  may connect w ith  one mapped by A lte e  (1975 , 

personal communication) th a t  continues in to  the Hunger Mountain 

Quadrangle (F ig . 17 ). More d e f in it iv e  d e ta il  is  not possib le as 

the f a u l t  l ie s  e n t ir e ly  w ith in  the Aspen Shale which is  not separated  

in to  lower and upper u n its  in  the map area as i t  has Leen tc  the north  

(see. section  on Aspen S h ale , page 7 4 ) .

S tru c tu ra l deform ation in  the beds adjacent to  the tra c e  o f  

the f a u l t  imply i t s  ex is tence . E r ra t ic  dips are common in  the s tra ta  

next to  the f a u l t .  Two m iles  south o f the L i t t l e  Greys R iv e r , over 

a 150 fo o t h o rizo n ta l d is ta n c e , the s t r ik e  o f the beds is  co n s is ten t 

but the dips are 55° W, 22° W, 65° W, v e r t ic a l ,  and 55° W from west 

to  e a s t, re s p e c tiv e ly . In  a d d it io n , v e r t ic a l to  overturned beds occur 

along the f a u l t  trace  in  the rid ge ju s t  to the east o f the mcuth o f  

Cow Camp Creek w ith  the L i t t l e  Greys R iver (P I .  I ) .  V e r t ic a l to  

overturned bedding is  apparent north o f th is  lo c a l i t y  as w e ll (P I.  I ) .  

The f a u l t  is  a lso suggested by the apparent tru n ca tio n  o f  a syncline  

mapped by Albee (1975 , personal communication) d ir e c t ly  east o f 

S ta tio n  Creek, north o f  the Snake R iver (F ig . 17 ). This syncline  

trends d ir e c t ly  in to  the small a n t ic l in e  west o f Pine Creek in  the  

map area. The syncline mapped by Albee is  app arently  the same 

syncline mapped south o f the Snake R iver (F ig . 17) and the o f fs e t  is  

a re s u lt  o f  erosion o f  the upthrown s ide  o f  the f a u l t .  A dd itiona l 

evidence fo r  the f a u l t  was noted by N iger (1955) who mentioned th a t
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in  a te s t  d r i l le d  a t  the southern end o f  the L i t t l e  Greys a n t ic lin e  

ju s t  to  the north o f  the L i t t l e  Greys R iv e r , the hole bottomed in  

the Woodside Formation a f te r  fa u lt in g  out o f  what was in te rp re te d  

to  be the Phosphoria Formation.

S tra tig ra p h ic  evidence a lso  supports the existence o f the 

f a u l t .  The thickness o f Aspen Shale is  approxim ately 8 ,500  fe e t  when 

measured across the southern end o f the cen tra l outcrop b e l t ,  

exceeding tw ice the thickness o f Aspen (4 ,000  fe e t )  in  the Hunger 

Mountain Quadrangle (A lbee, 1568) to  the north . I f  i t  can be assumed 

th a t  a fo ld  repeats 3 ,000 fe e t  o f  section  east o f the L i t t l e  Greys 

f a u l t  (see Local S tru c tu re , In tro d u c tio n , page 55 ) then the throw is  

co n servative ly  estim ated a t 1 ,500 fe e t .

The d ip  o f the L i t t l e  Greys fa u l t  increases to  the south. 

Bedding dips in d ic a te  th a t  the f a u l t  plane dips 40° to  60° in  the  

north and 60° to  80° in  the south. These amounts are  not representa­

t iv e  o f the steeper in te rs e c tio n  a t  the surface p a r t ic u la r ly  in  the  

south where the f a u l t  plane is  v e r t ic a l .  I t  is  suggested th a t  the 

d iffe re n c e  in  the d ip  o f the f a u l t  along the tra c e  is  due p r im a rily  

to  i t s  proxim ity  to  the Absaroka th ru s t where overturn ing  increases  

on the ad jacent L i t t l e  Greys a n t ic l in e  a t  the north end o f the map 

area (F ig . 16 ).

The L i t t l e  Greys f a u l t  probably developed as a "s tre tc h  

th ru s t"  (Bacigley, 1965, p. 194) re s u lt in g  from weakening o f  the
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fore lim b in  the incompetent Aspen Shale (F ig . 1 8 ). This would im p ly , 

th e re fo re , th a t the fo ld in g  o f  L i t t l e  Greys a n t ic l in e  s l ig h t ly  pre­

dates the fa u lt in g .

Folding

L it t l e  Greys A n tic lin e . The L i t t l e  Greys a n t ic l in e  was f i r s t  

mapped by Schultz (1914) and la t e r  by Boeckerman and Eardley (1 9 5 6 ). 

The a x ia l trace  trends approxim ately N 20 W and is  exposed over the  

e n tire  length o f the map area . Just to  the north o f the map area the  

fo ld  is  cut o f f  by the Absaroka th ru s t ,  and the fo ld  f la t te n s  approxi­

m ately 5 m iles south o f the map area (N ig e r , 1956). S tru c tu ra l 

closure on th is  s tru c tu re  has been estim ated to  be on the o rder o f 

1 ,500 -2 ,000  fe e t  (N ig e r , 1955).

The L i t t l e  Greys a n t ic l in e  is  complex throughout i t s  length  

o f exposure w ith in  the map area . In  the southern p a rt  o f  the map 

a re a , small fle x u re s  are  present on both limbs (F ig . 2 0 ). A t the  

southern border o f  the map area along the L i t t l e  Greys road , a sm all, 

t ig h t ly  fo lded syn c lin e  developed on the eastern  lim b w ith in  300 fe e t  

o f n early  h o rizo n ta l beds (F ig . 1 9 ). One m ile  northwest o f th is  

lo c a l i t y ,  g en tly  dipping Stump and Preuss sandstone and lower Gannett 

s tra ta  are exposed on the western lim b where slope angles exceed the  

dip (P I.  I ) .  Boeckerman and Eard ley (1956 , p. 182) suggested th a t
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incomoetcnT-

coiYtperefflT

Figure 18. Development o f the L i t t l e  Greys a n t ic lin e  and associated  
f a u l t .  As stress (—») was ap p lied , the competent sand­
stone in  the lower Bear River Form ation, and the overly ing  
incompetent shale o f the upper Bear R iver and Aspen Shale 
(A) were broadly folded (B ). As stress continued, the 
s tra ta  became overturned and s tre tc h in g  occurred in the 
shale sequence (C ). Note th a t very l i t t l e  s tre tch in g  
occurs in  the competent sandstone. Eventually  the sand­
stone fa ile d  and the fa u l t  developed (D) ( a f t e r  Badgley, 
1964).
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Figure 19. L i t t l e  Greys a n t ic l in e ,  view towards the north . Bedding 
planes are accentuated. Note small syncline on eastern  
limb and lan d s lid e  in  core (o u t lin e d ) . Formations are  
( j t )  Twin Creek Limestone, (Jsp) Stump and Preuss sand­
stones, and (Kgi) lower Gannett Group.
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NORTH

SOUTH

Figure 20. Composite o f  dips taken across L i t t l e  Greys a n t ic l in e  a t  
north end along Snake R iv e r , and south along northwestern  
trend near top o f  E lk Mountain. A n tic lin e  overturned a t  
n o rth , r e f le c t in g  i t s  p ro x im ity  to  Absaroka th ru s t. Not 
to  sca le .
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th is  f laxure  is p a rt o f the Middle Ridge s y n c !ire  which increases in  

magnitude to  the south.

The a n t ic lin e  is  m oderately asymmetric in  the south w ith  dips  

on the western limb averaging 45° and those on the east lim b averaging  

60°. In  the middle o f  the map a re a , the a n t ic l in e  becomes stro n g ly  

overturned to  the east where both eastern and western limbs dip 40° 

to the west. Northward, the overturn ing  is  somewhat less w ith  dips 

on the eastern limb on the order o f  40° to  60° W. Those on the  

western limb do not exceed 25° to 30° W. O ne-half m ile  north o f  the 

study a rea , the am plitude o f the fo ld  g re a tly  dim inishes as i t  g en tly  

plunges beneath the hanging w a ll o f  the Absaroka th ru s t.

Small Folds. A small a n t ic l in e  and syn cline  repeat the  

Aspen section  a t  the n orth -cen tra  I margin o f the map area (F ig . 17 ). 

They trend N 30° W and both are not apparent a m ile  to  the south.

They plunge approxim ately 14° to  the n o rth , determined by a measure­

ment o f the a x ia l c re s t where the a n t ic l in e  is  exposed along the 

Snake R iver. These fo ld s  are s tro n g ly  asymmetric w ith  dips on the 

western limb averaging 3 5 °, and 70° on the eastern lim b.



ECONOMIC GEOLOGY

Economic resources o f the Pine Creek Quadrangle include  

phosphate rock* g ra v e l, r ip ra p , road m eta l, lim estone, p lacer g o ld , 

and p o te n tia l petroleum .

The phosphate is  concentrated in  the Meade Peak and R eto rt 

Phosphatic Shale members near the base and top o f the Phosphoria 

Formation. These poorly  exposed phosphate beds crop out on the west 

f la n k  o f  Grayback Ridge in  the extreme northeastern corner o f the map 

area. The Meade Peak Member is  approxim ately 50 fe e t  th ic k  and is  

p r in c ip a lly  comprised o f in te rc a la te d  th in  beds o f phosphorite, 

phosphatic s h a le , mudstone, s i lts to n e , and carbonate (Jo b in , 1972).

The phosphorite occurs as o o l ite s ,  p is o l i te s ,  p e l le ts ,  and as dense 

s tru c tu re le ss  types. The phosphate r ic h  beds in  the R e to rt 

Phosphatic Shale Member are  very th in  due to  p o s t-tiep o s itio n a l erosion  

(Jo b in , 1972). The tru e  thickness o f th is  u n it  w ith in  the Pine Creek 

Quadrangle is  unknown but to  the west in  the Ferry Peak Quadrangle i t  

ranges from 1-6 fe e t .  Refer to  Sheldon (1 9 6 3 ), Albee (1 9 6 3 ), and 

Jobin (1972) fo r  a complete ana lys is  o f PgO  ̂ concentrations in  these  

members in  the area d ir e c t ly  ad jacent to  the Pine Creek Q uadrang le., 

These members are  too th in  fo r  economic development under cu rren t  

conditions.

Deposits o f g ra v e l, r ip ra p , road m e ta l, and lim estone are  

abundant w ith in  the map area. The Mission Canyon Limestone and lower
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p art o f the W ells Formation provide r e la t iv e ly  pure Limestone (Jo b in , 

1972) although these form ations are confined only to the northeastern  

corner o f the map area , Magnesium ric h  lim estone can be quarried  

from the Draney and Peterson limestones along the L i t t l e  Greys R iver.

Gold bearing gravel from the terraces  along the Snake R iver 

have been placered in te rm it te n t ly  fo r  more than 100 yea rs . Values 

averaged 10 to 14 cents a cubic yard (Albee e t  a h , 1975).

O il p o te n tia l w ith in  the area is  unknown. The L i t t l e  Greys 

a n t ic lin e  along the L i t t l e  Greys R iver has been d r i l le d  a t  le a s t  th ree  

tim es , two o f which are  on record. Wiger (1955) reported  cn these 

tes ts  both o f which occurred p r io r  to  1951. The f i r s t  te s t  bottomed 

in  the Thaynes Formation a t  2 ,752 fe e t  and no o i l  shows were reported . 

The second te s t  was d r i l le d  to  4 ,699  fe e t  to  the Woodside Formation 

a f te r  fa u lt in g  out o f what was in te rp re te d  to be the Phosphoria Forma­

t io n . This second te s t  had dead o i l  s ta in  in  the Phosphoria (? ) a t  

4,400 fe e t  in  a s l ig h t ly  vuggy, sucrosic dolom ite. I t  is  im portant 

to  note th a t a f a u l t ,  probably the L i t t l e  Greys, was in te rs ec ted  in  

th is  second te s t .  T here fo re , the L i t t l e  Greys a n t ic l in e  is  probably 

a sm alle r s tru c tu ra l tra p  than was p rev ious ly  thought. The probable 

overturned fo ld s  occurring in  the ce n tra l p a rt o f  the Pine Creek 

area (see Local S tru c tu re , In tro d u c tio n , page 95) may provide  

p o te n tia l petroleum tra p s .



SUMMARY

Three stages are evident in  the geologic development o f the  

map area . F i r s t ,  there  was an e a r ly  d ep csitiona l phase in  which sed i­

ment accumulated in  the tra n s it io n a l area between the miogeosyncline 

on the west and the con tinen ta l p la tfo rm  on the eas t; second, la rg e  

northw ard-trending th rusts  and associated fo ld s  were developed; and 

th ir d ,  the geomorphic development o f the area in  which several pro­

cesses in te ra c te d  to a l t e r  the landforms produced during the f i r s t  two 

phases.

M iss iss ipp ian  — Marine lim estone was deposited in  the  

m iogeosynclinal and s h e lf  areas during the E a rly  M iss iss ipp ian  advance 

o f the sea (Kaun and Kent, 1965). Regression o f  the sea in  la te  

M ississ ipp ian  tim e resu lted  in  the development o f a ka rs t surface  

on the exposed Mission Canyon Limestone.

Pennsylvanian — D e tr itu s  was derived from eastern  and 

western sources and deposited in  a marginal basinal area in  south­

eastern Idaho which was appreciab ly  more calcareous than i t s  margins. 

Epeirogenic u p l i f t  g rad u a lly  gave way to  a p a r t ia l  w ithdrawal o f the  

sea in  Late Pennsylvanian tim e (M a llo ry , 1972).

Permian — Due to  te c to n ic  movements the Phosphoria sea 

tw ice transgressed and regressed across western Wyoming, and minor 

flu c tu a tio n s  o f c lim a tic  and oceanographic conditions produced 

in t r ic a te  in terbedding (McKelvey e t  a l_ ., 1959).
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T ria s s ic  — Two marine advances during the E arly  and Middle  

T ria s s ic  resu lted  in  the deposition  o f c la s t ic  and carbonate s tra ta  

o f the Dinwoody and Thaynes form ations. Between marine advances 

d eltas  were prograding westward and northward producing in tertongu ing  

o f marine and con tinen ta l deposits . West o f  the b as in , in  south- 

cen tra l Idaho, a la rg e  northeast trending rid g e  rose in  e a r ly  Late 

T ria s s ic  tim e shedding d e tr itu s  eastward.

Jurassic — The shallow marine environment o f  the Twin Creek 

Limestone g rad u a lly  gave way to  open marine conditions during deposi­

t io n  o f the Upper Jurassic Stump sandstone as the marine incursions  

of tne A rc tic  sea spread successively fa r th e r  across Wyoming. The 

high area in  sou th -cen tra l Idaho again rose in  e a r ly  Late Jurassic  

tim e spreading a l lu v ia l  d e tr itu s  across the study area.

Cretaceous — The a l lu v ia l  fans which developed in  the study 

area were g rad u a lly  inundated by another m arine incursion  in  middle 

E arly  Cretaceous tim e. Although both the Bear R iver and Aspen forma­

tio n s  were deposited in  d e lta ic  and associated t e r r e s t r ia l  environments 

the w ater depth and volcan ic  a c t iv i t y  increased during deposition  o f 

the Aspen Shale.

Late Cretaceous -  E a rly  T e r t ia ry  — S tru c tu ra l deform ation in  

the area resu lted  from la rg e  eastward moving th ru s t p la tes  which 

emanated from a high area in  southeastern Idaho. A la rg e  fo ld  

developed w ith in  the map area from movement on the ad jacent Absaroka
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Thrust. As deform ation continued the fo ld  Decame overturned and the 

shales o f  the Bear R iver and Aspen form ations were s tre tch ed . Move­

ment on the L i t t l e  Greys f a u l t  occurred as the sandstone bed in  the  

upper p a rt o f the lower Bear R iver Formation fa i le d .

Late T e r t ia ry  -  Quarternary - -  During Middle Pliocene time, 

a la rg e  lake in  which f in e  grained d e tr itu s  was deposited may have 

occupied the study area. The Snake and L i t t l e  Greys Rivers could 

have developed on th is  basin f i l l  or lake  le v e l and eroded through 

the underlying topography by superposition . During the P le istocene  

a la rg e  la n d s lid e  o rig in a te d  on the west f la n k  o f  Grayback Ridge and 

moved w ate r-sa tu ra ted  m ateria l down B a iley  Creek damming i t  and the  

Snake R iver causing the bed loads to  be deposited upstream. This 

s lid e  surface was m odified over time and then covered by a second 

la n d s lid e  th a t  a lso  o rig in a te d  on the fla n k  o f  the rid g e .



NEW CONCEPTS

Several notable conclusions regarding the geomorphology, 

s tra tig ra p h y , and s tru c tu re  o f the Pine Creek area have resu lted  

from th is  study. I t  is  hoped th a t these w i l l  co n trib u te  to the  

general understanding o f the geology o f the northern p a rt o f the  

Wyoming overth rust b e lt .

Geomorpholcgy

The B a iley  Creek la n d s lid e  o rig in a te d  on the west f la n k  o f  

Grayback Ridge w ith in  the Madison and Wells fo rm ations, moving debris  

down B a iley  Creek. This resu lted  in  the damming o f  B a iley  Creek and 

the Snake R iver causing the bed loads to  be deposited upstream. The 

surface o f the s lid e  debris was m odified over tim e which allowed fo r  

some o f the d e tr itu s  to  become l i t h i f i e d .  This surface was la te r  

covered by a second la n d s lid e  th a t also o rig in a te d  w ith in  the Madison 

lim estone and W ells q u a r tz ite .

S tra tig rap h y

I .  A basal breccia was found w ith in  the Thaynes Formation 

which may in d ic a te  th a t  a lo ca l shoal ex is ted  in  the Pine Creek area  

during deposition  o f the lower p a rt o f  th is  u n it .
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2. The Draney Limestone o f the Gannett Group is  present in  

the northwestern p a rt o f the map area and is  absent to the southeast, 

contrary to  conclusions reached by Eyer (1969) who in d ica ted  th a t  

the Draney was present over the e n t ire  map area.

3. The lower Bear R iver sequence, con sis ting  o f  s i l ts to n e ,  

sandstone, mudstone, and black shale is  anomalously th ic k  and w e ll 

developed in  the southwestern p a rt  o f the map area on the west limb 

o f the L i t t l e  Greys a n t ic l in e .  The to ta l thickness (1 ,2 50  fe e t )  o f  

the Bear R iver here is  the g re a te s t in  che Pine Creek Quadrangle and 

adjacent area.

4. A pebbly conglomerate u n it  was found w ith in  the upper 

Aspen Shale in  the cen tra l and western outcrop b e lts  and south o f  

the L i t t l e  Greys R iver. The conglomerate is  most c o rre c tly  in te r ­

preted as a tongue o f the overly ing  F ro n tie r  Formation to  which the 

conglomerate can be traced along s t r ik e  to  the south.

S tructure

The L i t t l e  Greys reverse f a u l t  runs east o f the axis o f the  

L i t t l e  Greys a n t ic l in e  and repeats p a rt o f the Aspen sec tio n . I t  is  

l i k e ly ,  however, th a t  the so u th -cen tra l p a rt o f the map area is  

fu r th e r  complicated by overturned fo ld in g  not ev iden t in  the outcrop.
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GANNETT GROUP SECTIONS

This p a r t ia l  section o f the Gannett Group is  located on the 

south facing h i l l  ju s t  to  the east o f the axis  o f the L i t t l e  Greys 

a n t ic l in e ,  d ir e c t ly  north o f the L i t t l e  Greys Road, and 1,000 fe e t  

northwest o f the p o in t where the road crosses the f i r s t  creek west 

o f Cow Camp Creek a t  43° 8' 55" la t i tu d e  and H O 0 48' 45" long itud e .

GANNETT GROUP:
U n it

Thick
( fe e t )

Bechler Conglomerate:

18. Concealed - - - - - - - - - - - - - - -  40+

Peterson Limestone:

17. Limestone - -  medium-grey, weathers grey- 
purple a t  base, becomes lig h t-c re a m -  
grey , weathering w h ite -g rey  near m iddle , 
mi c r i t i c ,  s p a rite  c ry s ta ls  apparent, 
massive, ch e rt nodules ------------  ------------  b4

Ephraim Conglomerate:

16. Calcareous claystone — brown-purple, 
weathers same, a few coarse grains  
o f sand, lim estone nodules, cal c i te  
f i l l i n g  o f vugs, massive, becomes 
b recc ia ted  near to p , and very nodular
w ith  s tra ig h t  contact w ith  u n it  17
above -  -  ------------— ---------------------- -----------  22

15. Concealed —  -  --------------- —  -  34

14. Sandstone —  medium p u rp le , weathers 
brown p u rp le , f in e -  to  very f in e ­
gra ined , very th in ly  bedded -  -  -  --------  5

Cumul.
Thick
( fe e t )

672+

532

448

426

392
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GANNETT GROUP continued

U n it
Thick
( fe e t )

13. Concealed - - - - - - - - - - - -  —  -  103

12. Sandstone - -  p u rp le -g re y , weathers 
medium-purple, f in e -  to  very f in e ­
gra ined , a few grey lim estone  
nodules, becomes grey lim estone  
a t  top -  -  -  -  —  —  -  —  —  —  -  12

11. Concealed -  -  -  -----------------------------------------  42

10. Sandstone - -  as u n it  12 above -  -  —  -  2

9. Concealed — -------- ---  —  —  -  ------------ 18

8. Sandstone — medium-purple, weathers 
same, f in e -  to  very f in e -g ra in e d ,  
massive, a few % inch , subrounded, 
ch ert pebbles a t base -  —  —  -  -  —  10

7. Sandstone and conglom eratic sandstone — 
sandstone, brown-red, weathers w h ite , 
medium- to  coarse-gra ined , "c lean ,"  
quartzose, grades to  sandstone, very  
f in e -g ra in e d , lam inated , near to p , 
conglomerate, brown-red, weathers same, 
m atrix  20%, c las ts  are  brown c h e rt,  
subangular to subrounded, % inch to  
2 inches, so rtin g  in  m atrix  good to  
poor, sandstone grades to conglom eratic  
sandstone to  conglomerate 
l e n t i c u l a r ----------------------- -------------- ----------- 19

6 . C oncealed-------- -------------- --- -------------- ----------- 33

5 .  Sandstone — purp le , weathers purp le - 
red , very f in e -g ra in e d , very th in ly  
bedded —  -  -  -  —  -  --------------- -----------  11

387

Cumul.
Thick
(feet)

284

272

230

228

210

200

181

148
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GANNETT GROUP continued
U nit

Thick
( fe e t )

4. Sandstone — l ig h t -p u r p le ,  weathers 
same, f in e -g ra in e d , w e ll so rted .
c rc s s -b e d d e d -------- ---  —  -  -  -  —  -  -  3

3. Concealed - - - - - - - - - -  —  -  —  41

2. Sandstone - -  very l ig h t -p u r p le ,  
weathers same, medium-grained, 
lam inated- to th in ly  bedded,
"c lean ,"  quartzose -  -  -  -  —  ------------ 22

I .  Concealed -  -------------------  —  - ---------------  71

STUMP SANDSTONE

I .  Sandstone —  medium grey , weathers 
brown-grey f in e -g ra in e d , massive, 
g la u c o n itic  ------------------- -----------------------------  10+

Cumul.
Thick
( fe e t )

137

134

93

71

10+
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The second p a r t ia l  sec tion  o f the Gannett Group occurs on 

tha h i l l ,  200 fe e t  above U.S. Highway 26 -89 , d ir e c t ly  ad jacent to  

Elbow Campground a t  43° 12' 45" la t i tu d e  and HO 0 47' 22" long itud e .

GANNETT GROUP:
U n it Cumul. 

Thick Thick  
( f e e t )  ( fe e t )

6. Concealed - - - - - - - - - - - - - - -  35+

Draney Limestone:

5. Limestone — medium-grey, weathers 
w h ite , m ic r i t ic ,  massive, few 
coarse c ry s ta ls  o f s p a rite  as 
vein  f i l l i n g  —  —  -------------------------------- 70

Bechler Conglomerate:

4. Concealed — s o il l ig h t-re d -p u rp le  -  -  87

3. Sandstone - -  b u ff-g re y , weathers 
same, very f in e  g ra in ed , th in ly  
bedded to lam inated , quartzose -  -  —  4

Peterson Limestone:

2. Limestone - -  as Draney Limestone
above - - --------------- ---  —  -  —  -  —  100

Ephraim Conglomerate:

I .  Concealed -  -  -  ---------------- -------------- ---  —  25+

318+

283

213

129

125

25+
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ASPEN SHALE SECTION

This p a r t ia l  section  o f Aspen Shale occurs in  the w est- 

cen tra l p a rt o f the quadrangle ju s t  to the south o f the L i t t l e  Greys 

R iver on the east fac ing  slope. I t  begins 2 ,500 fe e t  southwest o f 

the po in t where the L i t t l e  Greys Road crosses S q u irre l Creek and

2,000 fe e t  northeast o f the 7 ,449 fo o t peak, a t  43° 8 ' 55" la t i tu d e  

and HO 0 50' 45" long itude.

- U n it Cumul.
Thick Thick
( fe e t )  ( f e e t)

ASPEN FORMATION:

74. P o rce lan ite  — grey-green , w hite  
spots, th in ly  bedded -  -------------------- -  - I 864+

73. C oncealed-------- ---  -  —  — -------------------- I 863

72. P o rce lan ite  - -  g rey-green , massive — 1.5 862

71. C oncealed------------------------------------------ ----------- 185 860 .5

70. Sandstone— grey-green , weathers same 
s i l t -  to  f in e -g ra in e d , a rg illa c e o u s , 
m a s s iv e ----------------—  --- ----------------------— 10 675.5

69. Sandstone — grey-green , weathers 
same, medium-grained, " s a lt  and 
Pepper," cross-bedded -  -  ------------—  - 5 665.5

68. Concealed - - - - - - - - - - - - - - - 14 660.5

67. Sandstone - -  as u n it  69 above ---------------- 3 646.5

66. Concealed -  -  --------------- --- -------------- ----------- 11 663.5
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65. S i l t y  c l aystone - -  g rey-green ,
weathers same, poorly exposed --------  —  I  632.5

64. Concealed —  9 .5  631.5

63. Sandstone — grey-green , weathers 
same, s i l t -  to fin e -g ra in e d  in  
arg illaceo u s  m a trix , poorly  sorted , 
massive, becomes s i l t y  c laystone , 
grey-green , weathers same, in  la s t

ASPEN SHALE continued
Unit Cumul.
Thick Thick
(feet) (feet)

few f e e t -------- ---  —  -  —  -------------------  13.5  622

62. Sandstone — l ig h t -g r e y , weathers 
same, medium-grained, " s a lt  and
pepper," s im o n itic , massive -  --------  -  -  11 608.5

61. S ilts to n e  — grey-green , weathers
lig h t -g re y  -  --------------------------    75 597.5

60. Sandstone — as u n it  70 above -  -  —  -  1 .5  590

59. Sandstone — grey-green , weathers 
same, v e ry -f in e -g ra in e d - to  s i l t ,
th ic k ly  bedded to  massive -----------------------  9 .5  588.5

58. Sandstone — l ig h t  g rey , weathers
grey-green , medium gra in ed , massive -  -  I  579

57. Concealed---- -----  —  - - - - - -  I  578

56. Claystone —  medium-grey, weathers
grey-green , b l o c k y -----------------------   12 577

55. Concealed -  -  - - - - - - - - - - - - -  io  565

54. Sandstone — grey-green , weathers same, 
f in e -  to  v e ry -f in e -g ra in e d , a rg illaceo u s  
m a tr ix , becomes medium-grained near 
t o p ................ ......................... ............. ......................  6 555
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53. Concealed - - - - - - - - - - -  —  -  -  39 549

52. S ilts to n e  — grey-green , weathers
same, blocky —  --------------     3 .5  510

51. Sandstone - -  l ig h t-g re y -g re e n ,
weathers g rey-green , medium-grained,
m a s s iv e -------- ---  -  --------------    3 .5  506.5

50. C oncealed-----------------------------------------------------  71 503

49. Sandstone and S ilts to n e , interbedded —
I  fo o t to  2 fo o t beds, sandstone,
medium-grey, weathers g rey-green , very
f in e -g ra in e d , massive, s i lts to n e ,  grey-
green, weathers same, b lo c k y ----------- ---  -  10 432

48. Concealed — a l i t t l e  dark grey-green
shale near top -  -------------------------    15.5  422

47. Sandstone - -  g rey-g reen , weathers same, 
medium-grained, " s a lt  and pepper",
massive -  -  —  —  -  -  —  —  —  -  -  2 .5  406.5

46. Concealed —  -   ---------------- ----------------------  8 .5  404

45. Sandstone — grey-green , weathers 
same, f in e -  to  medium-grained,
poorly  cemented  --------------------------------------- 3 .5  395.5

44. C oncealed ............ ...................................................... 5 392

43. Sandstone — grey-green , weathers same, 
medium-grained w ith  some f in e  g ra in s ,
" s a lt  and pepper", th in ly  bedded and
c ro s s -b e d d e d -------------------------------------------  4 387

42. Sandstone — grey-green , weathers same,
very f in e -g ra in e d , th in ly  bedded —  -  2 383

ASPEH SHALE continued
Unit Cumul.
Thick Thick
(feet) (feet)
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41.

40.

39.

38.

37.

36.

35.

34.

33.

32.

31.

. 30.

Concealed —  -  —  -  -  —  -  ---------------

Sandstone — l ig h t  g rey , weathers 
grey-green , medium-grained, " s a lt  
and pepper", massive -  —  — -------- ---

Concealed — a l i t t l e  o liv e -g re y  
shale present -  -  -  --------------- ---  —  —

Claystone and s i Its to n e ,  interbedded r -  
grey-green , weathers same, m o ttled , 
blocky, in  4 inch to 6 inch beds -  -  -

Sandstone — grey-green , weathers 
same, f in e -g ra in e d , massive —  ------------

Claystone - -  g rey-green , weathers 
s a m e -------------------------------------------------------------

Limestone — green-grey , weathers 
medium-brown, m ic r i t ic ,  massive --------  -

Concealed ------------ ---  -  -  —  -  -  —  -  -

Sandstone — l ig h t -g r e y , weathers 
grey-green , medium-grained, " s a lt  
and pepper", massive, becomes f in e r  
grained la s t  15 fe e t  and cross- 
bedded 3 f e e t -------- --- --------------  ---------------

Concealed — a l i t t l e  s h a le , grey- 
green present ------------------------------------------  -

S ilts to n e  — dark green -grey , weathers 
same, few p la n t fragm ents, blocky —  -

Concealed — ------------ —  — ------------------

U n it
Thick
( fe e t )

Cumul.
Thick
( fe e t )

4 381

4 387

46 383

9 337

3 328

9 325

I 316

2 315

45 313

49 268

2 219

2 217
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U n it
Thick
( fe e t )

ASPEN SHALE continued

29. Sandstone — l ig h t  g rey , weathers 
same, medium grained to  f in e  
gra ined , massive, occurs as 
lenses - - - - - - - -  —  -  -  —  -  -  2

28. Concealed - - - - - - -  —  -  -  —  -  -  9

27. Shale — medium grey, weathers same,
f i s s i l e ,  becomes blocky up section —  6 .5

26. Sandstone - -  g re y -b u ff , weathers 
brown-grey, medium-grained, th ic k ly  
bedded -  —  -  -  —  -  -  ---------------  -  I

25. S ilts to n e  — g rey-g reen , weathers 
same, very th in ly  bedded- to  sh a ly , 
grading to very f in e -g ra in e d  sandstone 
a t  t o p ---------------- ----------------------------- , ---------  14

24. Sandstone — grey-green , weathers same, 
f in e -  to medium-grained, lim o n tic , 
massive -  ---------------  -  -  —  -  ---------------  3

23. C oncealed------------ ------------------  -  -  -  —  -  4

22. Claystone — green -grey , weathers
medium-brown, blocky  -------- --- --------------  I

21. Concealed - - - - - - - - - - -  —  -  -  7 .5

20. Sandstone - -  g reen -grey , weathers
same, f in e -g ra in e d , cross-bedded —  -  4 .5

19. Concealed - - - - - - - - - - -  —  -  -  8

18. Sandstone - -  g rey-green , weathers 
same, very f in e -g ra in e d , th in ly  
bedded, occurs as lenses -------------------- -  I

215

213

204

197.5

196.5

132.5

179.5

175.5  

1 /4 .5

167

162.5

154.5

Cumul.
Thick
(feet)
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ASPEN SHALE continued
Unit Cumul.
Thick Thick
(feet) (feet)

17. Shale — medium grey, weathers
same, f i s s i l e  -  -  —  ------------------- ----------- 7 153.5

16. Sandstone - -  l ig h t  g rey , weathers 
grey-green , medium-grained, " s a lt  
and pepper", massive, becomes
th in ly  bedded a t  top -  -  --------------- —  3 .5  146.5

15. Shale — d ark -g rey , weathers same,
f i s s i l e ..................................................................... 3 .5  143

14. Sandstone * -  g rey-green , weathers 
same, f in e -  to  medium-grained, " s a lt
and pepper", lim o n it i c ,  massive -  -------- 2 .5  139.5

13. Shale — grey-green , weathers same,
f i s s i l e ,  becomes blocky up section  -  -  6 137

12. Concealed - -  a l i t t l e  s h a le , grey-
green present -  ----------------------  17 131

11. Sandstone - -  g rey-green , weathers 
same, medium-grained, " s a lt  and 
pepper", w ispy, le n t ic u la r ,
l im o n it ic  —  -  -------------------  ------------—  2 114

10. C oncealed------------ ------------------ -------------- —  21 112

9. S i l t y  lim estone - -  g rey , weathers
brown, uneven bedding, le n t ic u la r  --------  3 91

8. Sandstone - -  g rey-green , weathers same,
medium-grained, th in ly  bedded -  -  --------  2 83

7. S ilts to n e  - -  g rey-green , weathers 
same, th in ly  bedded, g la u c o n it ic ,  
grades to  sh a le , d a rk -g rey , near
t o p ------------ ---------------------   11 86
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6. Sandstone — very l ig h t -g re y , weathers 
grey-green , medium-grained, " s a lt
and pepper"  ̂ poorly cemented  ------------  I  75

5. Concealed —  —  -  -  —  -  -   ------------  19' 74

4. S ilts to n e  — grey-green , weathers 
same, th in ly  bedded, g la u c o n it ic ,  
grades to sandstone, g rey-green , 
very f in e -g ra in e d , th in ly  bedded
to very th in ly-bedded near top —  —  . 12.5 55

3. C oncealed ---------------------------------------------------------  28 42 .5

2. Shale — b la c k , weathers d ark -g rey ,
f i s s i l e  --------------------------------------------   5 14.5

I .  Sandstone — grey , weathers grey- 
green, medium-grained, " s a lt  and 
pepper", th in ly  bedded, becomes
th ic k ly  bedded near t o p -------- ------------------  9 .5  9 .5

BEAR RIVER FORMATION:

5. Shale — d ark -g rey , weathers b lack ,
s i l t y ,  f i s s i l e  ----------------------------------   13 60+

4. Shale — as above but w ith
fo s s ili fe ro u s  bed 6 inches from base -  14 47

3. Sandstone - -  g rey-green , weathers 
same, f in e -g ra in e d , p la n t fragm ents, 
th in ly  bedded, becomes th ic k ly  bedded
near t o p ................... - ........................................  11 33

ASPEN' SHALE continued
Unit Cumul.
Thick Thick
(feet) (feet)
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ASPEN SHALE continued

2 .

I.

U n it Cumul.
Thick Thick
( fe e t ) ( fe e t )

Shale — b lack , 
coquina f lo a t  -

weathers same, w ith
16 22

Sandstone — as u n it  3 above -  —  - 6+ 6
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