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TECTONIC STRUCTUKES RESPONSIBLE FOR ANISOTROPIC TRANSMISS IVITXES 

I N  THE PALEOZOIC AQUIFERS 

SOUTHERN BIGHOEN BASIN, WYOMING . 

HYDROGEOLOGIC OVERVIEW 

Peter Huntoon 

Act ive ground water c i r c u l a t i o n  as we understand i t  today d id  not  begin  

through the  major Paleozoic  a q u i f e r s  i n  the  Bighorn Basin u n t i l  a f te r  the  

Lararnide orogeny, The reason f o r  t h i s  is t h a t  the  Bighorn Basin d i d  not exist 

u n t i l  a f t e r  t h i s  t e c t o n i c  event.  L e t  us f i r s t  d e f i n e  the  prLnc-Lpal Pa leozoic  

a q u l f e r s ,  and next cons ider  b r i e f l y  the  t e c t o n i c  events  which produced t h e  

b a s i n  framework with which w e  are concerned. It will become evident  t h a t  the  

t e c t o n i c  s t r u c t u r e s  - f a u l t s  and f o l d s  - imprinted zones of enhanced f r a c t u r e  

p e r m e a b i l i t y  i n  v a r i o u s  l o c a t i o n s ,  whereas in o t h e r  l o c a t i o n s  the s t r u c t u r e s  

produced b a r r i e r s  t o  flow. Obviously, t h e  f i r s t  s t e p  i n  c h a r a c t e r i z i n g  ground 

water c i r c u l a t i o n  in the Bighorn Basin is  that of d e f i n i n g  t h e  geologic  

framework i n  which t h e  water c i r c u l a t e s ,  A primary component i n  t h i s  t a s k  i s  

t o  l o c a t e  the t e c t o n i c  s t r u c t u r e s ,  and deduce t h e i r  local i m p a c t  on 

c i r c u l a t i o n .  This s t e p  is t h e  goal of t h i s  repor t .  

DEFINITION OF THE PALEOZOIC AQUIFEKS 

The p r i n c i p a l  a q u i f e r s  i n  the  Pa leozoic  s e c t i o n  i n  the southern  p a r t  of 

t h e  Bighorn Basin are def ined on Table I. O f  p a r t i c u l a r  i n t e r e s t  is the  

carbonate  sequence t h a t  when s a t u r a t e d  comprises the  Madison a q u i f e r ,  

The rocks cornprising t h e  Pa leozoic  a q u i f e r s  were depos i ted  i n  a 

widespread s h e l f  .environment i n  which t h e  basement was g r a d u a l l y  subs id ing .  

The r e s u l t  was a layered success ion  of v a r i o u s  l i t h o l o g i e s  t h a t  had remarkable 

l a te ra l  c o n t i n u i t y ,  Regional d e p o s i t i o n  continued i n t o  upper Cretaceous t i m e ,  
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cu lmina t ing  with a sedimentary s u c c e s s i o n  t h a t  was approximately 12,000 f e e t  

t h i c k  i n  t h e  Bighorn Basin. The Pa leozo ic  rocks of i n t e r e s t  t o  t h i s  

i n v e s t i g a t i o n  occupied the  lower q u a r t e r  of t h i s  p i l e ,  Most of the overburden 

c o n s i s t e d  of s h a l e s  which have proven t o  be e x c e p t i o n a l l y  e f f e c t i v e  r e g i o n a l  

c o n f i n i n g  l a y e r s ,  

The Madison a q u i f e r  i n  u n f r a c t u r e d  r eg ions  inc ludes  from the  bottom up, 

t h e  Bighorn, J e f f e r s o n ,  and Madison l imes tones  (Table I), These u n i t s  are 

v e r t i c a l l y  in t e rconnec ted  by j o i n t s  and i n  some l o c a t i o n s  by s o l u t i o n  en la rged  

f r a c t u r e s ,  The upper and lower s u r f a c e s  of t he  a q u i f e r  are conf in ing  s h a l e s  

which are demonstrably e f f e c t i v e  because they l o c a l i z e  s p r i n g s  throughout t h e  

basin. Addi t iona l  evidence t h a t  t h e  Madison a q u i f e r  i s  confined both from the 

o v e r l y i n g  Tensleep and unde r ly ing  Flathead a q u i f e r s  are t h e  s u b s t a n t i a l  head 

d i f f e r e n c e s  which develop between t h e  a q u i f e r s .  Data obtained from d r i l l  s t e m  

tests suppor t  t h i s  conc lus ion ,  In  c o n t r a s t ,  tests wi th in  d i f f e r e n t  i n t e r v a l s  

i n  t h e  Madison a q u i f e r  y i e l d  similar heads,  

On a r e g i o n a l  scale, t h e  d e f i n i t i o n  f o r  t h e  Madison a q u i f e r  shown on 

Table  1 is v a l i d  only f o r  t h e  u n f a u l t e d  p a r t s  of the bas in ,  As t h e  Madfsion 

a q u i f e r  is t r a c e d  from the  ou tc rop  areas i n t o  the Bighorn Basin,  t h e  v e r t i c a l  

c h a r a c t e r  of t h e  f low system becomes complex due t o  the presence of 

a n t l c l i n e s ,  The f r a c t u r i n g  a s s o c i a t e d  with t h e  a n t i c l i n e s  has propogated 

upward through the Paleozoic s e c t i o n  and i n  p l a c e s  i n t o  the Hesozoic rocks ,  

t hus  d e s t r o y i n g  t h e  h y d r a u l i c  i n t e g r i t y  of the conf in ing  l a y e r s  l i s t e d  on 

T a b l e  I. Using head d a t a  and f l u i d  chemis t ry ,  Stone (1967) has demonstrated 

t h a t  water and petroleum c i r c u l a t e  v e r t i c a l l y  t o  ove r ly ing  u n i t s  along t h e s e  

a n t i c l i n e s  through zones of f r a c t u r e  enhanced- pe rmeab i l i t y ,  
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BIGHORN BASIN CIRCULATION SYSTEM 

The Laramide orogeny produced t h e  major mountain and bas in  elements t h a t  

now comprise t h e  Wyoming fore land  geographic  province,  and a l s o  coincided with 

a major episode of reg iona l  u p l i f t  t h a t  has continued t o  the  p r e s e n t ,  The 

magnitude of deformation can be apprec ia ted  when one cons iders  t h a t  t h e r e  is 

six miles of v e r t i c a l  displacement between t h e  recons t ruc ted  p o s i t i o n  of t h e  

rocks comprising t h e  Madison a q u i f e r  along t h e  crest of the  Bighorn Range and 

i d e n t i c a l  rocks i n  the  c e n t e r  of the  Bighorn Basin. As the  mountains gained 

e l e v a t i o n ,  they shed cons iderable  volumes of eroding sediments i n t o  the 

deepening b a s i n s  therby adding thousands of feet of a d d i t i o n a l  conf in ing  

l a y e r s  onto the  Mesozoic p i l e  already i n  p lace ,  Gradually through Cenozoic 

time both the mountains and basins have been e leva ted  thousands of f e e t ,  Even 

so ,  t h e  present  base of t h e  Paleozoic  s e c t i o n  i n  the  Bighorn Basin remains as 

much as two miles below sea l e v e l ,  

The hydro logic  s i g n i f i c a n c e  of t h e  Laramide deformation is t h r e e  f o l d ,  

(1) The u p l i f t  of the  region was accompanied by ex tens ive  e r o s i o n  which i n  

p l a c e s  s t r i p p e d  as nuch as 12,000 f e e t  of Paleozoic  and Mesozoic rocks from 

the  sedimentary p i l e  and i n  t u r n  exposed the  upturned edges of the  Pa leozoic  

a q u i f e r s  along t h e  mountain f lanks ,  .( 2)  The deformation imprinted a 

s t r u c t u r a l  f a b r i c  on the  Paleozoic  a q u i f e r s  t h a t  l o c a l l y  enhanced 

p e r m e a b i l i t i e s ,  (3) The combLnation of g r e a t  s t r u c t u r a l  r e l i e f  and 

d i f f e r e n t i a l  depths  of e r o s i o n  along the  f l a n k s  and i n t e r i o r s  of the  b a s i n s  

provided for development of s t e e p  h y d r a u l i c  s r a d i e n t s  w i t h i n  the Pa leozoic  

a q u i f e r s .  

In a s i m p l i s t i c  view, c i r c u l a t i o n  of water through the  Paleozoic aquifers 

has been from the upturned exposed sediments along the  f l a n k s  of the range 

toward s p r i n g s  l o c a l i z e d  along f a u l t  zones (Thermopolis Hot Springs)  o r  t o  
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e r o s i o a a l l y  d i s s e c t e d  p a r t s  of the  a q u i f e r s  (Sheep Mountain A n t i c l i n e  Spr ings)  

in the  b a s i n  i n t e r i o r s ,  Basin permeabi l i ty  c h a r a c t e r i s t i c s  have changed 

dur ing  Cenozoic t i m e .  P e r m e a b i l i t i e s  in the  a q u i f e r  i n  the  recharge areas 

have been enhanced through t h e  processes  of d i s s o l u t i o n  of cements and mat r fx  

from t h e  rocks,  Conversely t h e  p e r m e a b i l i t i e s  of the  same rocks in t h e  b a s i n s  

have tended t o  decrease  through cementat ion,  compaction, and 

r e c r y s t a l l i z a t i o n .  The r e s u l t  has been the  development of l a r g e  p e r m e a b i l i t y  

c o n t r a s t s  between the  b a s i n  margins and t h e  b a s i n  i n t e r i o r s  during l a t e  

Cenozoic t i m e .  

Petroleum has accumulated i n  combination stratigraphic-structiiral- 

hydrodynamk traps. The cap rocks for  the  oil traps i n  t h e  s e c t i o n  also s e r v e  

as the  upper confining u n i t s  f o r  t h e  var ious  Paleozoic  a q u i f e r s ,  thus p a r t  of 

t h e  ground water t h a t  d i s c h a r g e s  from t h e  p r i n c i p a l  s p r i n g s  i n  the  i n t e r i o r  

parts of t h e  Bighorn Basin has a c t u a l l y  flowed under e x i s t i n g  oil 

accumulations.  This  c i r c u l a t i o n  p a r t i a l l y  accounts  f o r  t h e  poor water 

q u a l i t i e s  a s s o c i a t e d  with t h e  waters.  The depths  t h a t  t h e  water reached 

between the  recharge areas and s p r i n g s  allowed f o r  geothermal h e a t h g  of t h e  

water as well. The n a t u r e  of t h e  Bighorn Basin ground water c i r c u l a t l o n  

system is one and the  same as the  f l u i d  system of g r e a t  concern t o  t h e  

petroleum geologist! 

GRADIENTS AND ANISOTROPIC TRANSMISSIVITIES 

Potent iomet r ic  d a t a  f o r  t h e  Biglion Basin is der ived from d a t a  ga thered  

in producing oil f i e l d s  and supplemented by d r i l l  s t e m  tests i n  e x p l o r a t i o n  

wells and s p r i n g  e l e v a t i o n s ,  Regional po ten t iomet r ic  maps r e v e a l  two 

s t a r t l i n g  f a c t s .  (1) The g r a d i e n t s  i n  the  i n t e r i o r  and northwestern p a r t s  of 

t h e  b a s i n  a r e  v i r t u a l l y  f l a t .  ( 2 )  Gradients  i n  the southern  and e a s t e r n  p a r t s  

of the  b a s i n  are unusual ly  f l a t  i n  d i r e c t i o n s  p a r a l l e l  t o  the  s t r i k e s  of t h e  
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numerous northwest t rending a n t i c l i n e s  t h a t  dominate the t ec ton ic  fabric of 

t h a t  p a r t  of the bas in ,  Among the  many poss ib le  explanat ions,  two hypotheses 

have gained credence f o r  explaining these  phenomena. 

The rninescule g rad ien t s  assoc ia ted  with the c e n t r a l  and northwestern 

p a r t s  of the bas in ,  d e s p i t e  proximity t o  recharge areas, r e s u l t  from f a u l t  

sever ing  of the Paleozoic aqu i f e r s  along the  major Oregon Basin t h r u s t  

f a u l t ,  The f a u l t  i s o l a t e s  the basin interior from the  recharge areas t o  the 

south and west, thus minimizing c i r c u l a t i o n ,  

The g e n t l e  s lope  of the poten t iomet r ic  sur face  assoc ia ted  with the 

northwestern strikes of the a n t i c l i n e s  i n  the  southern part o f  the  bas in  

reveals extreme aniso t ropy  in t r a n s m i s s i v i t i e s  wherein the maximum p r i n c i p a l  

t r a n s m i s s i v i t y  tensors  are or ien ted  roughly p a r a l l e l  t o  the  s t r i k e s  of the 

axes of the a n t i c l i n e s .  Two facts exp la in  t h i s  occurrence.  The a n t i c l i n e s  

are f a u l t  con t ro l l ed ,  and commonly the  magnitudes of displacements across  the  

f a u l t s  are s u f f i c i e n t  to  d isp lace  the  Paleozoic  aqu i f e r s  aga ins t  Lmperrneable 

rocks, therby prevent ing flow perpendicular  t o  the s t r i k e s  of the 

a n t i c l i n e s ,  Secondly the ex tens iona l  f r a c t u r e s  assoc ia ted  with fo ld ing  of the  

an t - lc l ines  have produced f r a c t u r e  perrdeabili  t y  favoring f low parallel t o  t he  

axes . 
CONTRIBUTION PROVIDED BY THIS STUDY 

A provocat ive analysis  of ground water c i r c u l a t i o n  through the Bighorn 

B a s h  requ i r e s  c a r e f u l  cons idera t ion  of the  e f f e c t  of major and minor t e c t o n i c  

s t r u c t u r e s ,  Such an ana lys i s  revea ls  d i r e c t l y  those parts of the bas€n .In 

vhich recharge areas are severed from the  basin i n t e r i o r  by l a rge  displacement 

t h r u s t  f a u l t s ,  and those pa r t s  of t he  basin which conta in  a n t i c l i n e s  t h a t  

tavor ground water flow p a r a l l e l  t o  t he  fo ld  axes. 

documents the t e c t o n i c  framework. It comprises the f i r s t ,  and single most 

The repor t  tha t  fol lows 
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important  s tep ,  i n  c h a r a c t e r i z i n g  f l u i d  flow - both water and petroleum - in 
the  Bighorn Basin. Original i n s i g h t s  t h a t  have emerged from t h i s  r e s e a r c h  

i n c l u d e  documentation of t h e  e x t e n t  of the  Oregon Basin t h r u s t  f a u l t  which 

effectively divides ground water c i r c u l a t i o n  i n  t h e  Bighorn Basin i n t o  two 

p a r t s ,  (1) a nor thern  s t a g n a t e  system i n  t h e  footwall block and ( 2 )  a southern  

a c t i v e  system i n  the  hanging wall block. Numerous a n t i c l i n e s  i n  the  hanging 

wall block provide permeable condui ts  for ground water c i r c u l a t i n g  from the  

Absaroka, Owl Creek, and Bighorn mountain recharge a r e a s  toward the  thermal  

springs a t  Thennopolis. These same anticlines provide the s t r u c t u r a l  t r a p s  

f o r  major petroleum r e s e r v e s  i n  the basin.  

D e l i n e a t i o n  of the  s t r u c t u r a l  framework of the  ground water system as 

provided here al lows us  t o  q u a l i t a t i v e l y  c h a r a c t e r i z e  permeabi l i ty  

d i s t r i b u t i o n s  wi th in  t h e  var ious  s t r u c t u r a l  domains i n  t h e  bas in ,  i d e n t i f y .  

d i s c o n t i n u i t i e s  w i t h i n  the potent iomet r ic  s u r f a c e s  i n  t h e  b a s i n ,  b e t t e r  

p r e d i c t  t h e  d i r e c t i o n s  of ground water f low between recharge areas and 

s p r i n g s ,  and deduce regions t h a t  should s u s t a i n  head d e c l i n e s  as a r e s u l t  of 

petroleum f l u t d  product ion.  
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FORELAND COMPRESSIONAL TECTONICS: SOUTHERN BIGHORN BASIN, WYOMING 

D .Lo Blacks tone,  Jr . 
ABSTEUCT 

Movement of groundwater i n  a q u i f e r s  of Paleozoic  age i n  the southern  

Bighorn b a s i n ,  Wyoming, is  inf luenced by a n i s o t r o p y  which is the r e s u l t  of 

deformation of t h e  sedimentary rocks. The sedimentary rocks p r i o r  t o  t h e  

Laramide orogeny were approximately 12,000 f e e t  (3657 m) t h i c k  of which 

approximately 2200 f e e t  (670 m) are of Paleozoic  age (F igure  1). The 

sediments have been deformed i n t o  f a u l t e d  f o l d s  ranging i n  s i z e  from 

intermontane b a s i n s  (Bighorn basin) t o  those with an ampli tude ranging from 

500 t o  5000 f e e t  (150 - 1500 m.) E s s e n t i a l l y  a l l  f o l d s  r e s u l t  from movement 

on reverse  f a u l t s  a t  the  i n t e r f a c e  between t h e  Sedimentary cover and t h e  

c r y s t a l l i n e  Precambrian basement. F a u l t s  s teepen  i n  d i p  as they propogate 

upward through t h e  sedimentary cover. Wedge shaped c r u s t a l  segments of l a r g e  

s i z e  r e s u l t  from reverse  in d i p  of c o n t r o l l i n g  f a u l t s ,  with resultant change 

i n  asymmetry of f o l d s .  

The g e o l o g i c  s t r u c t u r e s  in t h i s  t e c t o n i c  province are considered t o  be 

t h e  r e s u l t  of a g e n e r a l l y  pervasive h o r i z o n t a l  stress f i e l d  during t h e  

Laramide orogenic  episode. 

NOTE --- 
The e x p l a n a t i o n  f o r  formation symbols used on t h e  c r o s s  s e c t i o n s  t h a t  

accompany this r e p o r t  appears on T a b l e  111, 

REGIONAL TECTONIC FWYEWORK 

The Bighorn b a s i n  is  a l a r g e  intermontane bas in  in the  Rocky Mountain 

fore land  ex tending  from Montana southeastward t o  the Bridger-Owl Creek u p l i f t  

i n  c e n t r a l  Wyoming. Within the  outcrop of upper Cretaceous rocks the  basin 
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covers  approximately 10,000 square 

miles i n  width; is roughly bounded 

miles and is  200 miles  long and about 50 

on t h e  nor th  by L e w i s  and Clark line 

(Montana l ineament) ;  on t h e  east by the  Pryor  Nountaln - Bighorn u p l i f t ;  and 

on the  south by t h e  south  ex tens ion  of t h e  Bighorn Mountains and t h e  Bridger- 

O w l  Creek u p l i f t ,  The w s t e r n  margin is concealed beneath the  Absaroka 

volcanic  f i e l d ,  and f l a n k s  t h e  buried Washakie Range (Love, 1939). The b a s i n  

is c o n s t r i c t e d  in  t h e  area between the e a s t e r n  f a c e  of t h e  Beartooth younta ins  

(Bonini and Kfnard, 1983) and t h e  west f l a n k  of t h e  Pryor Mountains and 

a o d i f i e d  by t h e  Nye-Bowler l ineament which t rends  t r a n s v e r s e  t o  t h e  basin 

axis.  The major o u t l i n e  is portrayed on Figure 2,  

The south end of the  Washakie Range c o n s i s t s  of s e v e r a l  f o l d s  cored by 

Precambrian basement which plunge t o  t h e  northwest (Fig.  3 ) .  A major f a u l t ,  

the  Buffalo Fork Thrust (Love, 1956), bounds the  west margin of t h e  u p l i f t e d  

area, d i p s  t o  t h e  east and has a displacement of a t  least  12,000 f t .  

The Bridger-Owl Creek u p l i f t  extends from t h e  southern ex tens ion  of t h e  

Bighorn Mountains westward t o  the  exposed p a r t  of the  Washakfe Range and is 

segmented by northwest t rending  f a u l t s  and fo lds .  The o v e r a l l  more o r  less 

east-west t rend  of the  u p l i f t  is c o n t r o l l e d  by major  reverse  f a u l t i n g  on t h e  

south  margin of t h e  ranges known as t h e  Owl Creek Thrust (Gard, 1969; Wise, 

1963). The r e g i o n a l  t r a n s v e r s e  o r i e n t a t i o n  of the  u p l i f t  i n d i c a t e s  t h a t  t h e  

c o n t r o l l i n g  movement is l a t e r  than the  northwest f o l d i n g  and f a u l t i n g .  

The Absaroka volcanic  f i e l d  and the  ad jacent  vo lcanic  rocks of t h e  

Yellowstone P l a t e a u  conceal  t h e  s t r u c t u r e  of the  underlying sedimentary 

sequence, however, the  writer believes t h a t  a sync l ine  conta in ing  Cretaceous 

Xesaverde Formation lies j u s t  west of the  margin of the Absaroka volcanic  

f i e l d  (F ig ,  3 ) .  Geologic mapping i n  the  e a s t e r n  p a r t  of the  Absarokit v o l c a n i c  

E i e l d  by Rohrer (1964), Wilson (1982),  Bown (1982),  and S u n d e l l  (1982) has 
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shown t h a t  t h e r e  are ex tens ive  areas of large scale s l i d e s  in t h € s  sequence of 

rocks. Detached masses range from small areas of a few hundred square f e e t  t o  

o t h e r s  covering square  miles but have no e f f e c t  on t h e  underlying o l d e r  rocks,  

. 
SPECIFIC STRUCTURAL ELEMENTS 

The g e n e r a l  s t r u c t u r e  of the Bighorn basin was o r i g i n a l l y  descr ibed as a 

l a r g e ,  f a i r l y  s imple major s y n c l i n e  with marginal folds, Detai led mapping, 

d r i l l i n g ,  and e x t e n s i v e  seismic work r e v e a l  f a r  more complex s t r u c t u r a l  

p a t t e r n s .  

Creek Eault - t r e n d i n g  N 15' E ,  down t o  the west, with Precambrian b a s m e n t  

The s o u t h e a s t  b a s i n  margin is a major f a u l t  - the  BLgtra i l s  o r  Deep 

exposed i n  t h e  hanging w a l l .  Major movement i n d i c a t e s  t h a t  the f a u l t  d i p s  t o  

t h e  west a t  a high angle ,  but a l s o  has a s s o c i a t e d  a n t i t h e t i c  eastward d ipping  

f a u l t s .  Mapping along t h i s  f a u l t  is  not adequate t o  fully e v a l u a t e  the  n a t u r e  

of t h e  d isp lacement ,  

The Tensleep f a u l t  -vhich t r e n d s  t r a n s v e r s e  t o  t h e  major axis of the 

Bighorn Mountain u p l i f t  w a s  o r i g i n a l l y  t r e a t e d  as a normal f a u l t ,  down t o  t h e  

south ,  Deta i led  s t u d y  (Hoppin, 1965) shows t h a t  the  f a u l t  l o c a t i o n  is 

c o n t r o l l e d  by an a n i s o t r o p y  i n  t h e  Precambrian basement, Huntoon ( p e r s o n a l  

communication) r e p o r t s  t h a t  t h e  Tensleep f a u l t  is r e v e r s e  i n  charac te r  with 

t h e  n o r t h  s i d e  up, perhaps modified by some la ter  normal f a u l t i n g ,  The 

ex tens ion  of t h e  f a u l t  west of Tensleep townsi te  (F ig ,  3 )  shows two per iods  of 

movement, t h e  l a te r  of reverse  f a u l t  c h a r a c t e r  ( A l l i s o n ,  1983). The f a u l t ,  o r  

i t s  e f f e c t s ,  do not  cont inue down plunge for any cons iderable  d i s t a n c e  into 

t h e  b a s i n  ( F i g ,  3 ) .  

X major fault concealed beneath Eocene Willwood Formation can be traced 

along the  west s i d e  of the  b a s i n  by using d a t a  from d r - l l l i n g  and seismic 

p r o f i l i n g  ( F i g ,  3). The f a u l t  was penet ra ted  i n  the  Hunt No. 1 Loch Kat r ine  
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t es t  sec. 2 ,  T. 51 N., R. 100 W., on t h e  n o r t h e a s t  f l a n k  of Oregon Basin 

a n t i c l i n e ,  d i p s  approximately 30' west and may have numerous s p l a y s .  

f a u l t  decreases  i n  displacement t o  the s o u t h e a s t ,  and probably does not reach 

as f a r  south  as Gebo a n t i c l i n e .  The name Oregon Basin - Beartooth f a u l t  was 

used  by Scheevel (1983) f o r  t h i s  f a u l t .  

The 

Northwest Trending Belt of Major Folding 

Major f o l d s  on t h e  west and southwest s i d e  of t h e  Bighorn bas in  are 

o u t l i n e d  by rims of Cretaceous Mesaverde Formation shown by s t i p p l e d  p a t t e r n  

on Figure 3 t o  accenuate  e x t e n t  and s i z e .  The b e l t  of f o l d i n g  l i e s  t o  t h e  

west and southwest of the pre-Willwood Oregon Basin t h r u s t  f a u l t  descr ibed  

above, and i n  g e n e r a l  i n d i v i d u a l  f o l d s  t rend t o  the  northwest and are 

asynrmetrk t o  t h e  west. 

The p o s s i b l e  r e l a t i o n s h i p  of the  belt of major f o l d s  and the  major deep 

f a u l t  i n  the  basement will be discussed later.  

Northwest WLnd River Basin 

Folds on t h e  northwest f l a n k  of the  Wind River Basin are shown o u t l i n e d  

by the  Mcsaverde Formation (Fig. 3 ) .  Precambrian basement is  exposed i n  the 

core of l a r g e  f a u l t e d  f o l d s ,  between t h e  Mesaverde outcrops  on the west f l a n k  

of Hamilton dome and t h e  folds a t  Maverick Spr ings  and L i t t l e  Dome (Murphy and 

o t h e r s ,  1956). 

The major f a u l t  bounding the  Precanbrian exposures  is on the  n o r t h  and . 
n o r t h e a s t  f l a n k s ,  d i p s  t o  the  southwest and is up on t h e  south  s i d e .  The 

f a u l t  has been r e f e r r e d  t o  as the  N, Owl Creek and as t h e  Mud Creek f a u l t .  

F a u l t s  of o p p o s i t e  d i p  bu t  similar s t r i k e  exist on the flank of t h e  

exposed Washakie Range. The t h r u s t  f a u l t  exposed a t  Black Mountain (Love, 

. 
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1939) was p e n e t r a t e d  by the S h e l l  O i l  Co. .I11 Gov't a t  Goose Lake i n  sec, 9 ,  T, 

42 N., R. 106 CJ., 

The compound band of Precambrian exposures appears  as a major, wedge 

shaped u p l i f t  plunging t o  the  northwest and p o s s i b l y  cont inuing  f a r t h e r  t o  t h e  

northwest as t h e  u l t i m a t e  west margin of t h e  Bighorn basin.  

The dominant northwest t rend  of a l l  the  l a r g e  scale f e a t u r e s  agrees  w€th 

t h e  northwest major r e g i o n a l  s t r u c t u r a l  g r a i n  of t h e  Wind River Mountains and 

t h e  east dipping  t h r u s t  f a u l t s  on the  west s i d e  of t h e  Absaroka volcanic  

f i e l d .  

REVIEW OF INTERPRETATIONS 

The geometry of f o l d s  i n  the  Rocky Mountain f o r e l a n d  has been a f r u i t f u l  

f i e l d  of s tudy ,  as tell as t h e  source of major g e o l o g i c a l  controversy.  The 

development of geologic  thought r e l a t i v e  t o  f o l d  geometry is, i n  p a r t ,  a 

f u n c t i o n  of depth  of d r i l l i n g ,  t h e  wi l l ingness  t o  d r i l l  p rospec ts  with 

unorthodox g e o l o g i c a l  i n t e r p r e t a t i o n ,  i n t e n s i v e  seismic i n v e s t i g a t i o n s  and 

occas iona l  human e r r o r s  i n  i n t e r p r e t a t i o n  of da ta .  

The Z n i t i a l  concept of t h e  na ture  of fore land  folds was t h a t  of Thorn 

(1923)  who proposed t h a t  t h e  geometry of folds i n  c e n t r a l  Montana was governed 

by f a u l t i n g  i n  the  basement, and t h a t  the  f a u l t s  dipped toward the s t e e p  l imb 

and had t h e  c h a r a c t e r i s t i c s  of normal f a u l t .  Later Thorn (1937)  used the  

d e s c r i p t i v e  term "drape" t o  d e s c r i b e  the  behavior of t h e  sedimentary cover 

over basement f r a c t u r e s  in fore land  s t r u c t u r e s .  Wilson (1934) by mapping a t  

Five Springs Creek, Rig Horn County, Wyoming, advanced t h e  concept t h a t  the 

basement could be f lexed.  BLackstone (1940) proposed t h a t  the  blocks making 

up t h e  Pryor Mountains were under la in  by reverse  f a u l t s  vhich dipped beneath 

t h e  block and which would a t t a i n  lower d i p  by shear ing  out  t h e  corner  of t h e  
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f o o t w a l l .  Berg (1962) proposed the  f o l d - t h r u s t  model. A t  a much l a t e r  d a t e  

(1971)  S tearns  proposed a very c o n t r o v e r s i a l  model f o r  f o r e l a n d  f o l d s  using 

Rat t lesnake Nountain west of Cody as t h e  type example. Vertical motion on 

normal f a u l t s  was the  essence  of t h i s  model, Stone (1984) p r e s e n t s  an 

e x c e l l e n t  review of terminology of deformation i n  the  fore land .  

Brown (1983) has  suggested t h a t  t h e r e  can be s e v e r a l  s a t i s f a c t o r y  models, 

bu t  t h a t  a l l  account  f o r  c r u s t a l  shor ten ing  and have a reasonable  balance of 

bed l e n g t h  and volume. 

Folds  i n  t h e  southern  Bighorn basin are examples of t h e  s t r u c t u r a l  s t y l e s  

t h a t  e x i s t ,  and a l l  can be f i t t e d  t o  a s i n g l e  t e c t o n i c  ep€sode, and a single 

r e g i o n a l  stress f i e l d .  Folds i n  t h i s  area range from those  in which the 

c r y s t a l l i n e  basement is exposed up plunge i n  the  s t r u c t u r e ,  t o  those i n  which 

only  non-marine Late Cretaceous rocks are exposed. 

FOLD GEOMETRY 

The s t r u c t u r a l  p a t t e r n  of the  southern  Bighorn b a s i n  is presented on 

Figure  4 by s t r u c t u r a l  contours  d e p i c t i n g  the  top of t h e  Pennsylvanian 

Tensleep Sandstone, P r i n c i p a l  f a c t s  concerning known f o l d s  appear i n  Table 

11. Regional cross s e c t i o n s  designed t o  accompany Figure  4 and provide a n  

overview of the  s t r u c t u r a l  s t y l e  appear  here  as Figures  5-12 , 

Cross s e c t i o n s  of r e p r e s e n t a t i v e  f o l d s  were cons t ruc ted  where d r i l l i n g  

provides  adequate subsur face  c o n t r o l  of f o l d  geometry, The ques t ion  of the  

r e l a t i o n s h i p  of t h e  Precambrian basement t o  the  over ly ing  sedimentary column 

was c a r e f u l l y  considered i n  each case and r e f l e c t i o n  seismic d a t a  was used 

where a v a i l a b l e  t o  the writer, Typica l  examples of f o l d  geometry follow and 

do not agree i n  a l l  cases with p r e v i o u s l y  published i n t e r p r e t a t i o n s ,  

The v i s i b l e  geometry of folds i n  the  southern  Bighorn bas in  depends upon 
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t h e  l e v e l  of e ros ion .  Folds  high-on the  b a s i n  f l a n k s  may have Precambrian 

c r y s t a l l i n e  basement exposed i n  the  core ,  but f a r t h e r  ou t  i n  the  b a s i n  several 

f o l d s  are eroded t o  the  l e v e l  of the  Triassic Chugwater Formation ("red 

beds"), or t o  the  Lower Cretaceous Nowry Shale and t h e  Cloverly Formation. 

Many of the  l a r g e  f o l d s  on the  southwest and west f l a n k s  of the  b a s i n  are 

expressed a t  the  s u r f a c e  in t h e  Cretaceous Cody Shale  and Mesaverde Formation. 

Changes i n  Geometry With Depth. 

The d e t a i l e d  c r o s s  s e c t i o n s  show t h a t  almost u n i v e r s a l l y  (some cases are 

inde termina te  because of l a c k  of subsurface d a t a )  the  Precambrian basement i s  

involved i n  the  deformation. The basement is f a u l t e d ,  and the  F a u l t  has 

propagated upward i n t o  t h e  over ly ing  sediments with varying degrees of 

s t r u c t u r a l  complexity. The complexity c o n s i s t s  of secondarys p lays ,  some back 

t h r u s t € n g ,  and out  of t h e  s y n c l i n e  t h r u s t s .  

V a r i a t i o n  i n  Tectonic  S t y l e  as Seen in Cross Sect ions.  

The c o n s t r u c t i o n  of geologic  cross s e c t i o n s  is  based on d a t a  a t  t h r e e  

l e v e l s :  (1) a t t i t u d e  of s t ra ta  exposed and c r i t i c a l l y  mapped a t  t h e  s u r f a c e ;  

( 2 )  s t r a t i g r a p h i c  c o n t r o l  e s t a b l i s h e d  from a v a r i e t y  of logs obtained from 

d r i l l e d  wells; and ( 3 )  r e f l e c t i o n  seismic p r o f i l e s  of good r e s o l u t i o n  a t  

basenent  i n t e r f a c e ,  Unfor tuna te ly  a l l  sources  of d a t a  are not  a v a i l a b l e  f o r  

the  same s i t e ;  are p r o p r i e t a r y ;  o r  have been m i s i n t e r p r e t e d ,  

Severa l  published models are a v a i l a b l e  f o r  comparison when' d e a l i n g  with 

t h e  southern  Bighorn b a s i n ,  each of which dl1 f i t  some cases. Brown (1984) 

provides  a n a l y s i s  of a fo ld  with exposed Precambrian basenent i n  t h e  nor thern  

Bighorn basin.  Berg (1976) has c a r e f u l l y  documented the  s i t u a t i o n  a t  Hamilton 

Dome wherein f a u l t i n g  a t  depth  is replaced by d r a s t i c  s t r a t i g r a p h i c  th inning  

i n  t h e  h igher  Cretaceous u n i t s .  Lowell (1983), Stone ( 1 9 8 4 ) ,  Gries  (1983) and 

Clements (1977) have demonstrated from seismic d a t a  footwal l  r e l a t i o n s h i p s  of 
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f a u l t e d  a n t i c l i n e s  invo lv ing  t h e  Precambrian basement. 

advocates  sugges t  detachment f a u l t i n g  as a mechanism for certain a n t i c l i n a l  

f e a t u r e s ,  

P e t e r s e n  ( 1 9 8 3 )  

It is obvious t h a t  no one type o r  s t y l e  of de fo rma t iona l  p a t t e r n  is 

u n i v e r s a l  in t h i s  province,  A l l  t h a t  can be expected i s  a gene ra l  s t y l e  

modified by space problems, rock inhomegeneity, and t h e  r e l a t i v e  age of the 

even t s .  

SPECIFIC EXAMPLES OF FOLD GEOMETRY 

The desc r ibed  geometry is repea ted  i n  o t h e r  folds, and will appear on t h e  

r e g i o n a l  cross s e c t i o n s ,  Data on most f o l d s  are g iven  i n  Table 11. 

Black Mountain a n t i c l i n e  (FCg. 13) 

To’s 42 & 43 No, R o e s  90 & 91 W. Trends No 60’ W, Sharp s u r f a c e  

r e v e r s a l ,  s t e e p  l imb on t h e  southwest.  The f o l d  is ruptured by a s t e e p ,  

n o r t h e a s t  ciipping r e v e r s e  f a u l t .  Cambrian rocks have been pene t r a t ed  by 

d r i l l  I n  the hanging w a l l  block. The basement f a u l t  carries upward t o  t h e  

s u r f a c e  with one southwest dipping back t h r u s t .  Displacement a t  t h e  

basement l e v e l  is approximataely 1200 Eeet. 

Bud Kimball a n t i c l i n e  (F ig .  14)  

T, 45 No - R, 88 W. 

mjor t h r u s t  d i p s  50’ t o  t h e  west. 

Fold t r e n d s  No 50’ W, Asymmetric t o  t h e  n o r t h e a s t .  

Triassic Chugwater formation 

d u p l i c a t e d .  Fold may be a detachment s t r u c t u r e  wi th  t h e  detachment plane 

l o c a t e d  i n  t h e  Cambrian s h a l e s .  

Chabot a n t i c l i n e  (Fig.  15) 

To’s 42  & 43 N o ,  Roes 87 & 88 W, Trends N, 50’ W.; asymmetric t o  t h e  

southwest wLth Cambrian s t r a t a  exposed in t he  c o r e  i n  sec. 35, T. 43 No, 

R, 88 W. on Nowood Creek. 

The f o l d  is sharply asymmetric t o  t h e  southwest i n  area of Cambrian 
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exposures ,  To ma in ta in  bed l e n g t h  balance a f a u l t  i n  t h e  bascnent is 

essent ia l .  Down plunge d r i l l i n g  on the fold r e v e a l s  a back t h r u s t  d i p p i n g  

t o  t he  southwest ,  but  the major underlying and c o n t r o l l i n g  f a u l t  must d i p  

t o  t h e  n o r t h e a s t  t o  a l l o w  €or  the  s t r a t i g r a p h i c  r e l a t i o n s h i p s .  Some 

adjustment  of space a t  t h e  s u r f a c e  probably is accomodated i n  t h e  Cambrian 

s h a l e  s e c t i o n  (1200 f e e t  p l u s  i n  th i ckness ) .  
I 

Corley-Zimmerman Bu t t e  a n t i c l i n e  (F ig ,  16) 

T,'s 43-44 N,, Re's 92-93 W. Pa i red  f o l d s  t r e n d i n g  N, 60' W, Corley t o  

the southwest.  Cody shale a t  s u r f a c e ,  d r t l l e d  t o  the M i s s i s s i p p i a n  

&idison l imes tone ,  Z-Lmmerman Bu t t e  appears  t o  be con t ro . l l ed  by a 

n o r t h e a s t  d ipp ing  r e v e r s e  f a u l t ,  Corley inde te rmina te  as t o  f a u l t i n g .  

Four Bear-Willow Creek a n t i c l i n e  (F ig .  17) 

T. 48 N., Re's  103-104 W, Folds t r end  N. 40' t o  45' W, Folds s e p a r a t e d  

by n o r t h e a s t  d ipp ing  r e v e r s e  f a u l t s .  Four Bear d r i l l e d  t o  the  Cambrian 

and then i n t o  1000 feet of d a c i t e  i n t ruded  i n t o  the Cambrian s h a l e  

s e c t i o n .  Closure i n  p a r t  due t o  t h e  i n t r u s i v e  body, Southwest l i m b  of 

Willow Creek has  low d i p  and is inde te rmina te  as t o  f a u l t i n g ,  

Gebo a n t i c l i n e  (Fig.  18) 

T, 44 No, R, 95 W, Trends N. 60' W.; Cody Shale exposed i n  co re  a t  

s u r f a c e ,  The f o l d  is asymmetric t o  t h e  southwest bu t  r a t h e r  broad and 

smooth a t  t h e  s u r f a c e  with d i p s  i n  t h e  15' t o  20' r ange ,  The s t r u c t u r e  is 

complex a t  dep th  as shown by the  records from C o n t i n e n t a l  O i l  CO., Gebo 

Unit 1/28, se SCC. 23,  T, 44 N,, R. 95 W, which reached Precambrian 

basement and passed through a t  least t h r e e  r e v e r s e  f a u l t s .  The €o ld  

i l l u s t r a t e s  t h e  problem i n  t h e  region---where does the major fault 

intersect t h e  s u r f a c e ?  In t h i s  ca se  t h e  f a u l t  must surface Ln t h e  p o o r l y  

' exposed Cretaceous Cody s h a l e  (over  2500 feet  in t h i c k n e s s ) ,  Seismic 
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. 

p r o f i l e s  confirm t h e  n o r t h e a s t  d i p  of the  Eault  plane.  Displacement on 

the basement is  approximately 2500 f e e t .  

Grass Creek a n t i c l i n e  (Fig. 19) 

T. 46 N., R.'s 98 & 99 W. 

nor th  t o  N. 60' S. a t  the  south  end. The s t r u c t u r e  d r i l l e d  t o  Precambrian 

Arcuate i n  t rend;  varying from No 29' W. a t  

basement, and the  producing area is m l l  defined by over 500 wells. 

Offse t  of t h e  basement is cons t ra ined  by e s s e n t i a l l y  f l a t  l y i n g  

sedimentary s e c t i o n  and adequate  well c o n t r o l  t o  t h e  west. The upward 

propagat ion of the  basement f r a c t u r e  i s  cons t ra ined  very  c l o s e l y  by two 

wells - Stanol ind  Oil and Gas Lucky Buck No, 5 ne nw ne 30 T. 46 No, R. 98 

W, and Lucky Ruck No. 6 nw nw ne 30 T, 46 N., R. 98 W. The omission of 

beds i n  Lucky Buck No. 6 (1400 f e e t )  d u p l i c a t e s  the  th inning  found in t h e  

Hamilton Dome Cross s e c t i o n  (8erg ,  1976). Subsurface f a u l t i n g  is  very 

similar t o  t h e  seismic p r o f i l e  of a t y p i c a l  Bighorn bas in  a n t i c l i n e  as 

presented by Stone (Fig.  7B, 1984) and o f f s e t  is approximately 4500 f e e t .  

Hamilton Dome (Fig.  20) 

T. 44 No, Re's 97-98 W. Fold t r e n d s  N. 70' W. Berg (1976) g i v e s  an  

e x c e l l e n t  review of this f o l d  documenting the  s i t u a t i o n  wherein basement 

f a u l t i n g  is modified i n  t h e  upward propagation. The displacement a t  the 

l e v e l  of t h e  basement is  about 6000 feet, but is accomodated a t  a h i g h e r  

l e v e l  by d r a s t i c  reduct ion  of th ickness  i n  the  Mesozoic s t ra ta ,  with no 

p o s i t i v e  evidence of the  f a u l t  emerging a t  the  s u r f a c e .  The f a u l t  a t  t h e  

basement l e v e l  d i p s  t o  t h e  n o r t h e a s t  beneath the  f o l d .  

Ring dome (Fig. 21) 

The s u r f a c e  f o l d  as exposed in t h e  Cretaceous s h a l e s  is broad, smooth with 

low dips. No f a u l t s  were encounterd i n  d r i l l e d  welts. Tile space problern 

on the  s t e e p  south limb of t h e  f o l d  is acute.  Cretaceous F r o n t i e r  
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Formation is i n  c o n t a c t  with the  lower boundary of the Cretaceous 

Xaseverde Formation, l e a v i n g  no room for 3000 f e e t  of Upper  Cretaceorrs 

marine Cody Shale ,  The n o r t h  dipping reverse  f a u l t  allows f o r  

approximately 2500 feet of s t r a t i g r a p h i c  s e p a r a t i o n ,  The s u r f a c e  f a u l t  i s  

projec ted  t o  the  l e v e l  of the  basenent on the b a s i s  of the comparable 

s i t u a t i o n  a t  both Warm Spr ings ,  and Rose Dome where t h e  basement was 

penet ra ted  by d r i l l ,  

L i t t l e  Buffalo b a s i n  a n t i c l i n e  (Fig. 22) 

T, 47 No, R, 100 W. 

W, to N. 55' W, 

Major f o l d  a r c u a t e  i n  p l a n  view ranging from No 30' 

Cody shale a t  the  s u r f a c e ,  D r i l l e d  t o  t h e  Precambrian 

basement, Vertical s e p a r a t i o n  a t  top of the basement approximately 3000 

f e e t .  Thinning in t h e  Cretaceous s e c t i o n  probably similar t o  t h a t  a t  

Hamilton Dome. Major f a u l t  d i p s  t o  the  nor theas t .  

L i t t l e  Sand D r a w  a n t i c l i n e  ( F i g ,  23) 

T, 49 No, R. 96 W, 

d r i l l e d  t o  t h e  Cambrian G a l l a t i n  Formation. Fold of low r e l i e f  a t  s u r f a c e  

Fold t r e n d s  N, 50' W, Cody s h a l e  a t  the  s u r f a c e ,  

and loca ted  well out  i n  the  basin.  

but  evidence i n c o n c l u s i v e ,  May be a case of an an t i form in t h e  

basement. The s i z e  of t h e  f o l d  at t h e  s u r f a c e  9000 f e e t  above t h e  

Precambrian basement probably f a u l t e d ,  

basement demands t h a t  t h e  fold t i g h t e n  with depth i f  c o n c e n t r i c  folding 

cont inues  t o  depth ,  

Murphy Dome (Fig ,  2 4 )  

T, 43-44 No,- R,'s 91-92 W. 

sur face .  

Fold t r e n d s  N. 60' W. Cody s h a l e  a t  t h e  

Fold d r i l l e d  t o  the Mississippian Madison l imestone.  

S t r a t i g r a p h i c  c o n s t r a i n t s  on the  steep southwest l imb r e q u i r e  e i t h e r  

f a u l t i n g  or  bending of the  basement. 

the  writer 's  p r e f e r r e d  i n t e r p r e t a t i o n .  

A nor theas t  d ipping  r e v e r s e  f a u l t  is 
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North Sunshine a n t i c l i n e  (F ig .  25) 

T, 47 N., R, 101 W, Fold t r e n d s  N. 10' Surface f o l d  is asymmetric t o  t h e  

east with s t e e p  (60°-700) d i p s  i n  the  F r o n t i e r  Formation and 30°+ d i p s  i n  

t h e  same formation on the  west limb, D r i l l e d  t o  t h e  Precambrian basement, 

a f t e r  passing through a n o r t h e a s t  dipping reverse  f a u l t  which d u p l i c a t e s  

t h e  Miss i ss ippian  Madison l imestone,  Wells on the  east f l a n k  c o n s t r a i n  

t h e  p o s i t i o n  of t h e  Precambrian basement i n  t h e  hanging w a l l  block, The 

major f a u l t  c o n t r o l l i n g  t h e  f o l d  d i p s  t o  t h e  n o r t h e a s t  and the  s u r f a c e  

trace must l i e  well t o  t h e  west of t h e  f o l d  i n  the poorly exposed Cody 

s h a l e  outcrop b e l t .  The s u r f a c e  express ion  of the  f o l d  is t h e  result of 

s h a l l o w  t h r u s t i n g ,  

P i t c h f o r k  a n t i c l i n e  (F ig ,  26) 

T. 43-44 N., R, 102 W, Fold has a r c u a t e  t rend  ranging from N - S t o  N, 

30' W, ( south  end). Howry s h a l e  exposed in core.  

Precambrian basement. An e x c e l l e n t  example of a f a u l t e d  f o l d  broken by 

D r i l l e d  t o  t h e  

two nor theas t  d ipping  r e v e r s e  f a u l t s  - d i p  45' o r  less, *Vertical  

s e p a r a t i o n  at the  top  of the  Precambrian approximately 3500 f e e t ,  Seismic 

p r o f i l e  i n d i c a t e s  p e r s i s t e n t  eastward d i p  of the  sediments i n  t h e  footwaLl 

a t  5' t o  10' beneath t h e  Precambrian i n  the  hanging wall, The writer's 

i n t e r p r e t a t i o n  does not a g r e e  with t h e  detachment concept of Pe tersen  

( 1983). 

Rawhide a n t i c l i n e  (F ig ,  27) 

T, 48 N,, R, 101 W, 

- 
Fold t r e n d s  N. 50' W, Cody s h a l e  a t  the  s u r f a c e ,  

Drilled t o  t h e  M i s s i s s i p p i a n  Madison l imestone,  S t r a t i g r a p h i c  c o n s t r a i n t s  

on the  southwest limb of the f o l d  i n d i c a t e  a v e r t i c a l  s e p a r a t i o n  on top of 

t h e  Precambrian basement of 2000 f e e t ,  Faul t  d i p s  t o  t h e  nor theas t .  

S t r a t a  in the  footwal l  ( lower l e v e l )  probably do not bend upward and 
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"drag" i n t o  the fault plane but continue at low dip beneath the fault 

plane. 

S l i c k  Creek anticline (Fig. 28) 

T. 47 No, R. 92 W. The producing area is primarily a stratigraphically 

controlled accumulation, Several maps indicate that the east-west 

trending Tensleep fault extends across t h i s  area and westward into the 

Bighorn basin. The north-south oriented cross section across the cr-ltical 

area reveals no faulting, therefore the writer concludes that any 

expression of the Tensleep fault i n  this area must be very subtle. 

South Sunshine anticline (Fig, 2 9 )  

T. 46 N,, R. 101 W. Fold trends N. 30' W. Jurassic Morrison Formation 

exposed at surface. Surface f o l d  sharply asymmetric to the northeast. 

Drilled to the Pennsylvanian Tensleep Formation. Well data, indicates 

that the fold is controlled by a major reverse fault which d i p s  to the 

southwest, The asymmetry of the surface fold is  due to crowding at higher 

levels. 

Spring Creek anticline (Fig. 30) 

T. 47 No, R, 102 W, Fold trends N, 45' W, Mowry Shale exposed at the 

surface i n  sharp fold asymmetric to the southwest. Drilled t o  the 

Cambrian passing through two reverse faults repeating the Madison 

limestone three times. Major fold is controlled by northeast dipping 

reverse faults. Vertical separation of basement approximately 4000 feet. 

Thermopolis anticline (Fig, 31) 

To's 43 & 44 N, , R,'s 93 through 97 W. Trends east-west in eastern 

section and changes to N. 55' to 60' W. i n  the western section. All f o l d s  

asymmetric to south or southwest. Tested to the Precambrian basement at 

two sites. 
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Warm Springs a n t i c l i n e  (F ig .  3 2 )  

T’s 42 and 43 No, R.’s 93 and 94 W, Surface f o l d  t r e n d s  E.W. T r i a s s i c  

Chugwater exposed in core ,  Basement offset approximately 1000 f e e t  , 

Vaugh Dome (Fig.  33) 

T o  44 N., R, 96 and 97 W, 

The preceding s e c t i o n  d e s c r i b e s  examples of both l a r g e  and small 

a n t i c l i n e s  ia t h e  southern  Bighorn bas in  wherein t h e  underlying Precambrian 

basement is f a u l t e d .  The p e r s i s t e n c e  of t h i s  c h a r a c t e r i s t i c  over a l a r g e  area 

Leads t o  t h e  conclusion t h a t  the  s t r u c t u r e s  must have a common origin, and 

o r i g i n a t e d  under reasonably uniform c o n d i t i o n s  of deformation. The r e g i o n a l  

cross s e c t i o n s  i l l u s t r a t e  t h e  s i m i l a r i t y  of s t r u c t u r a l  geometry. 

GROUPS OF FOLDS WITH COMMON CHARACTERISTICS 

The examples descr ibed  above l i e  wi th in  groups of f o l d s  which have 

similar c h a r a c t e r i s t i c s ,  The g e n e r a l  s t r u c t u r a l  p a t t e r n  of these  groups of 

f o l d s  is summarized i n  t h e  fol lowing s e c t i o n s .  

Washakie-Owl Creek Brideer  Mountains 

The e leva ted  region at t h e  south  end of t h e  Bighorn b a s i n  c o l l e c t i v e l y  

c o n s l s t s  of t h e  s o u t h e a s t e r n  p a r t  of t h e  Washakie Range (Love, 1939), the  Owl 

Creek Mountains west of t h e  Wind River canyon and the  Rridger  Range east of 

the canyon (Darton, 1906). Despi te  t h e  e s s e n t i a l l y  east-west t rend of t h e  

topographica l ly  high reg ion  the.  i n t e r n a l  s t r u c t u r a l  geology c o n s i s t s  

predominantly of northwest t rending  folds bounded by r e v e r s e  f a u f t s  (Flg. 

3 ) .  Folds plunge t o  the  northwest i n t o  t h e  Bighorn basin.  A major segment in 

t h e  southern Washakie Range has the  Precambrian basement exposed i n  a wedge 

hounded on the  southwest by the  Black Mountain and Caldwell  Meadows f a u l t s  and 

on the  nor theas t  by t h e  No, Owl Creek or Mud Creek f a u l t ,  

F a r t h e r  t o  the  east is a series of plunging f o l d s .  The f f r s t  of these  is 
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a s s o c i a t e d  with the  Mud Creek t h r u s t  f a u l t .  F a r t h e r  -to the  east is the  Red 

Creek a n t i c l i n o  and s y n c l i n e  p a i r ,  East of the canyon t h e  Wildhorse a n t i c l i n e  

( P e t e r s o n ,  19433) a r e  several f o l d s  a d j a c e n t  t o  the  L y s i t e  Mountain area.  

Southeast  Corner of Binhorn Basin 
~~ 

In the  s o u t h e a s t e r n  corner  of t h e  b a s i n  t h e r e  are narrow e l o n g a t e  a c u t e  

f o l d s  such as Murphy Dome, Black Mountain, Lake Creek, Corley-Zimmerman B u t t e  

which t rend N 50" - 60' W,, These f o l d s  appear to have r e l a t i v e l y  small 

o € f s e t s  of the  Precaabr ian  basement on t h e  f a u l t s  which u n d e r l i e  them. 

Vestern Margin Bighorn Basin 

The most s p e c t a c u l a r  group of folds is t h a t  on t h e  west s i d e  of the  b a s i n  

extending from Cody, Wyoming, southwestward t o  near Thermopolis, Wyoming, Tha 

Upper Cretaceous Cody Shale is exposed i n  the  core  of many of t h e  f o l d s  which 

are o u t l i n e d  by prominent rims developed on t h e  Cretaceous Mesaverde 

Formation. The i n t e r v e n i n g  s y n c l i n e s  c o n t a i n  rocks of t h e  Cretaceous 

Meeteetse and Lance Formations and t h e  Paleocene Fort  Union Formation, All of 

t h e s e  are l o c a l l y  o v e r l a i n  unconformably by the  Eocene Willwood Formation, 

Data from s u r f a c e  sections and w e l l s  demonstrate t h a t  p r i o r  t o  t h e  

Laramide deformational  ep isode  the  sedimentary s e c t i o n  i n  t h e  southern  Bighorn 

basin was approximately l2,OOO f e e t  i n  thickness .  The Paleocene For t  Union 

Formation is  unconformable upon t h e  Lance Formation documenting t h e  time of 

f i r s t  major deformation,  

NOTE 

H e w e t t  (1926)  r e p o r t s  a v a r i a t i o n  i n  th ickness  for t h e  t o t a l  s e c t i o n  

from 11,500 f t .  t o  22,350 €t. i n  the western Bighorn basin.  

Thickness in numerous wells is approximately 9,000 f t .  Erom the top 

of the  marine Cretaceous Cody Shale to  the  Precambrian basement, A 

s e c t i o n  encountered in the  American Quasar S e l l a r s  Draw Unit ,  sec. 
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21, T, 48 N., R. 98 W. from surface t o  t h e  Permian Phosphoria 

Formation was 23,051 f e e t  . Hioore (1961) i n d i c a t e s  8000 f t ,  of 

Paleocene Fort  Union Formation a t  t h i s  site, l eav ing  approximately 

3500 € t o  of Eocene W-Lllwood Formation, 
. 

STKUCTURAL ANALYSIS 

Concepts Relative t o  Or ig in  

The southern  Bighorn b a s i n  lies w i t h i n  the  Rocky Mountain f o r e l a n d  

province,  an area c h a r a c t e r i z e d  by large, compound a n t i c l i n a l  uplLf ts cored by 

t h e  Przcarnbrian baseaent.  Observable f a u l t i n g  is an i n t e g r a l  p a r t  of t h e  

p a t t e r n .  S t r u c t u r a l  depress ions  of comparable s i z e  w-tth i n t e r n a l  f o l d i n g  Lie 

between the  u p l i f t s  and c o n t a i n  d e p o s i t s  der ived  from t h e  ad jacent  r i s i n g  

highlands.  

The o r i g i n  of the  observed s t r u c t u r a l  f e a t u r e s  has been d iscussed  under 

two major concepts .  One concept is t h a t  the movement of the  c r y s t a l l h e  

basement has l a r g e l y  been v e r t i c a l ,  t h e  movement accomplished on high angle 

"normal" f a u l t s ,  and t h a t  t h e  i n d i v i d u a l  blocks have been r o t a t e d  t o  create 

t h e  observed d i p s  ( S t e a m s ,  1971, 1978). A second concept is t h a t  t h e  

features evolved wi th in  a stress f i e l d  t h a t  was o r i e n t e d  i n  an e s s e n t i a l l y  

h o r i z o n t a l  d i r e c t i o n ,  t h a t  t h e  basement c a n . &  both f lexed  and f a u l t e d ,  t h a t  

reverse f a u l t s  dipping beneath t h e  e l e v a t e d  block are the  norm, and tha t  

c r u s t a l  shor ten ing  occurs o n .  t h e  r e v e r s e  f a u l t s .  

The w r i t e r  has defended the  l a t t e r  concept ,  and will attempt t o  

demonstrate  the  e x i s t e n c e  of t h i s  t e c t o n i c  s t y l e  i n  t h e  southern Bighorn 

basin. 

Ma j o r  'Regional Thrus t F a u l t  R 

Major t h r u s t  f a u l t s  on t h e  margin of s e v e r a l  fore land  u p l i f t s  a d j a c e n t  t o  
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t h e  arza under cons idera t ion  are w e l l  documented by su r face  geology, seismic 

r e f l e c t i o n  s t u d i e s  and d r i l l i n g .  Spec i f i c  examples follow. 

Name and Location 

Beartooth Mts. NE and 
east s i d e s  

Probable Overhang Source of Data 

7.5 miles Bonini and Kinard (1983) 

Heart M0untai.n a n t i c l i n e  1 m i l e  Lowell (1983) 

Oregon Basin t h r u s t  5 miles + Unpublished d a t a ,  Drilling 

Mud Creek - N. Owl Creek 2 miles + 
Black Mt .  and Caldwell 8 miles 
Meadows t h r u s t s  (Washakie Range 

Darton (1906),  Powell 
Love (1939), Gries (1981), 
Clements (1977) D r i l l l n g  

Owl Creek M t .  t h r u s t  10-12 miles Fanshawe ( 1939), Wise ( 19631, 
Gard (1969) 

Southwest flank Caspe r  Arch 6-7 miles Sprague (1983) D r i l l i n g  

Piney Creek t h r u s t  - 
east f l ank  Bighorn Mts. 

3+ miles Hudson (1969), Blackstone 
(1951) D r i l l i n g  

The displacements on these l o w  angle  t h r u s t  f a u l t s  (measured i n  i d l e s )  

cannot be explained by a geometry which allows only high angle  "normal" f a u l t s  

and block ro t a t ion .  Such low angle  f a u l t s  developed wi th in  a f a i r l y  

r e s t r i c t e d  t i m e  range - Maest r lch t ian  t o  Early Eocene (Gr ies ,  1983), t he  

dominant stress f i e l d  must lave  been f a i r l y  uniform; and was d i rec t ed  in a 

near ly  ho r i zon ta l  o r i en ta t ion .  Crus ta l  shortening upon the reverse  f a u l t s  was 

the  mechanism €or  r e l i e f  from e x i s t i n g  stress. 

The bes t  documented occurrence of t h i s  type of c r u s t a l  behavior I n  the  

Rocky Hountain foreland is  the Wind 2 ive r  Range of Wyoming, bounded by the low 

angle (30') east dipping Wind River t h r u s t .  Deep seismic profiles obtained Ln 

the  COCORP program leave  l i t t l e  doubt t h a t  the c o n t r o l l i n g  t h r u s t  f a u l t s  

extend t o  a depth of a t  least  25 km. (Smithson and o t h e r s ,  1979). The 

s i m i l a r i t y  of this f e a t u r e  to  some of the examples l i s t e d  is self evident .  
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P o s s i b l e  Inf luence  of Precambrian S t r u c t u r e  on Later Events 

Blackstone (1973)  i n  an  at tempt  t o  e v a l u a t e  EKTS imagery s t u d i e d  t h e  

r e l a t i o n s h i p  of l i n e a r  photo f e a t u r e s  i n  t h e  core  of the Bighorn Hountains t o  

t h e  o r i e n t a t i o n  of f o l d i n g  i n  the  Bighorn basin.  Hoppin (1974) d i d  a similar 

and somewhat more d e t a i l e d  a n a l y s i s ,  Figure 34 is a rose diagram p l o t  of 51 

w e l l  def ined l i n e a r  f e a t u r e s  in t h e  Precambrian core of the  range, Sixty- 

t h r e e  percent  of t h e  l i n e a r s  have a n o r t h e a s t  t rend and only  77% have a 

northwest t rend ,  

An a n a l y s i s  of t rends  of axes of f o l d s  in the  sedimentary rocks of the  

Bighorn b a s i n  ( 8 3  cases) is shown on Figure  34, Eighty-seven percent  of t h e  

f o l d  axes t rend  northwest and only 14% t rend  n o r t h e a s t ,  E i t h e r  the  

o r i e n t a t i o n  of basement f e a t u r e s  changes d r a s t i c a l l y  o r  i f  the  same 

o r i e n t a t i o n  p e r s i s t s  f n  t h e  deeper p a r t s  of the  basin, t h e  f e a t u r e s  are not 

r e f l e c t e d  i n  the  over ly ing  sediments,  

Cons t ruc t ion  of c r o s s  s e c t i o n s  through r e p r e s e n t a t i v e  f o l d s  i n d i c a t e s  

t h a t  the  Precambrian basement is involved i n  t h e  deformation, The predominant 

t rend  of the  f o l d s  is N 40' t o  50' W, The o r i e n t a t i o n  of t h e  p r i n c i p a l  axis 

of stress t o  g e n e r a t e  fo lds  and t h e  underlying and c o n t r o l l i n g  f a u l t s  i n  t h e  

basement of such an o r i e n t a t i o n  would be in a d i r e c t i o n  S 40' - SOo W. 

Exceptions t o  t h i s  a n t i c i p a t e d  o r i e n t a t i o n  are the  e s s e n t i a l l y  east-west 

t rending  western p a r t  of t h e  Mud Creek f a u l t ,  and the  N. Owl Creek t h r u s t ,  

NEW INTERPRETATION 

Data derived from deep tests, and e x t e n s i v e  seismic p r o f i l e s  r e q u i r e  

changes i n  previous s t r u c t u r a l  i n t e r p r e t a t i o n s  f o r  the  southern  Bighorn 

bas t n ,  Discusslon of these changes follows , 
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Oregon Basin Faul t  

A major west dipping t h r u s t  f a u l t  e x i s t s  along the western s i d e  of the 

bas in  (Figs ,  2,  3, and 4)-and l i e s  east of the segment containing the  l a r g e  

petroleum producing a n t i c l i n e s  such as Oregon bas in ,  L i t t l e  Buffalo bas in ,  

Grass Creek and Hamilton dome, This  f a u l t  is c l e a r l y  documented i n  the Hunt 

O i l  Coo Loch Kat r ine  i n  sec, 2 ,  T, 51 N o ,  R, 100 W,,  T,D, 23,860, The well 

passed through the  f a u l t  zone a t  about 14,000 feet  and bottomed i n  Devonian 

Three Forks Formation, The v e r t i c a l  s epa ra t ion  on the hanging w a l l  of t h i s  

f a u l t  from the  crest of the  Oregon bas in  fo ld  t o  completion depth is about 

20,000 0 

Seisnic p r o f i l e s  i n  the v i c i n i t y  of Grass Creek are equal ly  d e f i n i t i v e  as 

a series of deep tests d r i l l e d  east of the f a u l t  (Fig,  4 ) .  The deepest  test - 
American Quasar S e l l a r s  D r a w  u n i t  1, sec, 21, T, 48 No, R, 98 W., bottomed a t  

23,081 i n  Permian Phosphoria Formation, The well is loca ted  i n  the  footwal l  

of the f a u l t  and v e r t i c a l  s epa ra t ion  based on da ta  from folds t o  the  west is 

i n  the  order  of 18,000 f e e t ,  The Oregon basin f a u l t  does not reach t h e  

su r face  , but is unconformably ove r l a in  by the  Eocene Willwood Formation, 

The nor thern  ex ten t  of the Oregon basin f a u l t  is doubtful .  One 

i n t e r p r e t a t i o n  i n d i c a t e s  t ha t  t he  f a u l t  changes trend t o  the  northwest and 

passes  east of the Shoshone-Heart Mountain fo ld  zone (Lowell, 1983) thence 

cont inues nor th  t o  j o i n  the  low angle  t h r u s t i n g  along the  east f l ank  of the 

Reartooth Mountains, (Thorn, 1952, Scheevel l ,  1983). A second i n t e r p r e t a t i o n  

would extend the  f a u l t  from Oregon bas in  north to  j o i n  f a u l t i n g  along the  east 

f l ank  o €  the  Elk Basin f i e l d  (Rea and Barlow, 1975). 

The writer be l i eves  the f i r s t  i n t e r p r e t a t i o n  t o  be more p l aus ib l e  on the  

bas i s  of the  v e r t i c a l  s epa ra t ions  involved,  

The southeas t  extension o r  te rmina t ion  of the f a u l t  Cs not well 
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e s t a b l i s h e d ,  The d a t a  suggest  i t  may extend almost t o  the  Neiber a n t i c l i n e .  

The r e l a t i o n s h i p  o €  the  Oregon b a s i n  f a u l t  which has a sense of t e c t o n i c  

t r a n s p o r t  t o  the n o r t h e a s t  ( a s  do the  f a u l t s  on t h e  east-central segment of 

t h e  Bighorn Mountains) t o  the  f o l d s  which are asymmetric t o  t h e  southwest has  

not  been definitely e s t a b l i s h e d ,  

I f  t h e  Oregon b a s l a  f a u l t  cont inues  a t  depth t o  t h e  west at  an angle  of 

approximately 30'2 10' t h e  l a r g e  folds southwest of t h e  subcrop trace must 

l i e  i n  t h e  hanging w a l l  of t h e  major t h r u s t  f a u l t ,  No deep r e f l e c t i o n  seismic 

p r o f i l e s  were a v a i l a b l e  t o  d e f i n e  t h e  p o s s i b l e  depth t o  which t h i s  f a u l t  

extends. The major f o l d s  such as L i t t l e  Buffa lo ,  Grass Creek, Mamilton and 

Meeteetse (Figs .  19,20,22) are asymmetric t o  the southwest and t h e  Precambrian 

basement is d i s p l a c e d  t o  t h e  southwest on east dipping r e v e r s e  f a u l t s .  The 

east d ipping  f a u l t s  which define. t h e  i n d i v i d u a l  f o l d s  are i n t e r p r e t e d  t o  

t e r m i n a t e  a t  t h e - F a u l t  plane of the  Oregon Basin f a u l t ,  The i n d i v i d u a l  f a u l t s  

are i n  the  n a t u r e  of back limb t h r u s t s  t h a t  allow displacement t o  t h e  

southwest  under compressive stress. EarlLer i n t e r p r e t a t i o n s  considered the 

f o l d s  t o  have developed out  of the  basin or  s y n c l i n e  by movement individually 

rooted i n  t h e  Precambrian basement , 

A g e n e r a l i z e d  c r o s s  s e c t i o n  by Pe tersen  (1983) i l l u s t r a t e s  p a r t  of t h e  

problem but  t h e  Oregon b a s i n  f a u l t  is not recognized. A somewhat less 

extensive s e c t i o n  (Fig.  35) i l l u s t r a t e s  t h e  wedge r e l a t i o n s h i p  a c r o s s  the 

bur ied  Oregon b a s i n  f a u l t  and t h e  North Owl Creek - Mud Creek f a u l t ,  

Faults on Southwest 4iargi.n of Washakie Mountains 

A somewhat d i scont inuous  series of t h r u s t  f a u l t s  e x i s t s  along t h e  

southwest f l a n k  of the  Washakie Range inc luding  the  Black Mountain and 

Caldwell  A%adOwS t h r u s t s .  The Buffalo Fork t h r u s t  (Love, 1956) l i e s  t o  the 

northwest  and continues into Yellowstone Nat ional  Park, This  series of faults 
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d i p s  t o  the  n o r t h e a s t  and may be considered as the  western margin of a r a t h e r  

wide c r u s t a l  wedge, bounded on the  east by the  Oregon Basin f a u l t ,  

Unfor tuna te ly ,  d e t a i l s  between the  two f a u l t s  are f o r  a l a r g e  part concealed 

by the  Absaroka volcanic  f i e l d ,  

A smaller but  similar wedge r e l a t i o n s h i p  involving t h e  Precambrian 

basement l ies between the Black Mountain - Caldwell Meadows f a u l t  system and 

t h e  western e x t e n t  o€ the  N, Owl Creek - Mud Creek t h r u s t .  Faults on t h e  

margin d i p  under t h e  e l e v a t e d  block (Fig.  3) and t h e  block appears  t o  have 

been "popped" up under the  compressive stress f i e l d ,  

The r e l a t i o n s h i p  of the  f o l d s  i n  the v i c i n i t y  of Golden Eagle - Gebo - 
King Dome t o  Warm Springs f i e l d  t o  t h e  Oregon b a s i n  f a u l t  Ls not clear, In 

t h e s e  s t r u c t u r e s  the  Precambrian basement is o f f s e t  on n o r t h e a s t  d ipping  

reverse faults and the  t e c t o n i c  t r a n s p o r t  d i r e c t i o n  is t o  t h e  southwest,  No 

evidence of a southwest d ipping  master. fault similar t o  t h e  Oregon b a s h  f a u l t  

has been observed, and no marked o f f s e t  of the  two regions along a n o r t h e a s t  

t rending  zone is evident .  

YOUNGER EAST-WEST TRENDING STRUCTURES . 

The dominant t rend of the  " thrust-fold"  s t r u c t u r e s  in the  southern  

Bighorn b a s i n  is northwest (F ig ,  3 ) ,  A few f o l d s  such as t h e  King Dome - 
Thermopolis - Warm Springs complex t rend e s s e n t i a l l y  east-west p a r a l l e l  t o  t h e  

mountains t o  the  south ,  

The major s t r u c t u r a l  and topographic d i v i d e  between t h e  Wind River b a s i n  

and the  southern  Bighorn bas in  is t h e  s t r u c t u r a l  complex inc ludlng  the  

southern  Washakie Range, the  Owl Creek Mquntains and the Bridger  Range, The 

o v e r a l l  t rend of these  f e a t u r e s  is approximately N, 75' W, c o n t r o l l e d  by a 

major t h r u s t  o r  t h r u s t s  which d i p  t o  t h e  nor th  beneath the  e leva ted  blocks 
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(Fanshawe, 1939; Card, 1969; Wise, 1963), 

The strorig var iance  I n  s t r u c t u r a l  grain between t h e  Bighorn b a s i n  

s t r u c t u r e s  and the  O w l  Creek ,Mountain coinplex is  evidence t h a t  t h e  region has 

undergone two  ep isodes  of deformation, The s t r u c t u r e s  with a northwest t r e n d  

developed in L a t e  Cretaceous and Paleocene t i m e ,  These were t r a n s e c t e d  by 

younger s t r u c t u r e s  which developed from a regimen of near ly  north-south 

compression dur ing  Ear ly  and M d d l e  Eocene time (Gries, 1983) , 

CRUSTAL BEHAVIOR 

The d i s t i n c t i v e  c h a r a c t e r  of the  Rocky ? b u n t a h  fore land  province was 

recognized almost as soon as mapping began i n  the  region. The geometry of the 

major and minor u p l i f t s  became t h e  focus of i n v e s t i g a t i o n s  t h a t  have been 

pursued up t o  the  present  day, Thorn (1923) began a t r a i n  of thought r e l a t i n g  

the folding i n  the  sedimentary cover t o  faul tLng in t h e  basement complex, 

Many i n v e s t i g a t o r s  (see re ferences)  provided new i n t e r p r e t a t i o n s  of the 

geometry as technology of g r a v i t y  measurements, d r i l l i n g  and seismic 

r e f l e c t i o n  surveys developed, Brown (1983) brought up t o  d a t e  ideas 

concerning t h e  geometry of such S t r u c t u r e s .  P a r a l l e l i n g  t h e  i n v e s t i g a t i o n  of 

the geometry of t h e  " thrust-fold"  (Stone,  1983) concept has been an at tempt  t o  

s o l v e  t h e  problem of f i r s t  "cause" and t h e  p o t e n t i a l  source of the energy 

requi red  f o r  the  deformation. 

Thorn (1952) suggested a hiearchy of s t r u c t u r a l  e lements ,  and an 

evolu t ionary  sequence of e v e n t s ,  but t h e  proposal did  not rece ive  a great deal 

of a t t e n t i o n ,  Among h i s  i d e a s  was one sugges t ing  t h a t  t h e  uplifts Ln t h e  

Yellowstone - Bighorn area were c o n t r o l l e d  by downward wedging p l u t o n i c  rock 

masses which responded t o  compressive stress as u n i t s ,  This type of 

an lso t ropy  f n ' t h e  basement has been proven t o  be i n v a l i d ,  The cont roversy  
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controLling f a c t o r  i n  the  deformation emerged a t  about t h i s  t i n e .  The wrrter 

favored the horizontal, s t r e s s  f i e l d  concept ,  basing t h e  conclusion on t h e  

Gat t e r n  of deformation seen throughout the  fore land  province . 
Data concerning t h e  behavior  of rocks based on l a b o r a t o r y  tests and 

t h e o r e t i c a l  grounds also deveLoped a t  a rap id  rate. 

i n v e s t i g a t o r s  would be superf luous.  Among them Stearns  (1971) and h i s  

graduate  s t u d e n t s  turned t h e i r  a t t e n t i o n  t o  f e a t u r e s  Ln t h e  Rocky Mountain 

fore land  i n  an at tempt  t o  relate t h e i r  l a b o r a t o r y  models t o  f i e l d  

occurrences.  Perhaps t h e  most d i scussed  case was t h a t  of Rat t lesnake  Mountain 

A l i s t i n g  of t h e  

near Cody, Wyoming, which Stearns  presented many times as a t y p i c a l  Rocky 

Mountain f o r e l a n d  f a u l t e d  fo ld .  Current  i n t e r p r e t a t i o n s  by Brown (1983) and 

Stone (1983) are d i s t i n c t l y  d i f f e r e n t .  Thorn (1952) suggested t h a t  the  

Rat t lesnake  Mountain s t r u c t u r e  l a y  above a deeper sea ted  f a u l t  and t h e r e f o r e  

was less than t y p i c a l .  

Throughout the e v o l u t i o n  of i n t e r p r e t a t i o n s  a l l  i n v e s t i g a t i o n s  have 

recognized t h a t  they were d e a l i n g  with a region of sub-cratonic propor t ions  

o v e r l a i n  by sedimentary s t ra ta  of shelf type of remarkable reg iona l  

consis tency.  The th ickness  of t h e  sediment covers  p r i o r  t o  the  Laramide 

deformational  ep isode  was 10,000 t o  12,000 f e e t  over extensive areas. If t h e  

Moho lies a t  about 28 miles (45 ki lometers )  depth the  sedimentary veneer is 

about 8% of t h e  rocks which are subjec ted  t o  deformation. One reg iona l  

s t r a t i g r a p h i c  v a r i a t i o n  has a f f e c t e d  the  geometry and response i n  d i f f e r e n t  

l o c a l e s ,  The presence or  absence of a t h i c k  s e c t i o n  of Cambrian s h a l e s  found 

i n  i'lorltaria and n o r t h e r n  Wyoming markedly a f f e c t s  t h e  i n t e r n a l  s t r u c t u r e  of 

many fore land  " thrust-folds" .  Fanshawe (1939) developed t h e  idea of y i e l d  

u n i t s  i n  the  sedimentary column and t h e i r  e f f e c t  on t h e  geometry of f o l d s .  
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A development of t h e  l a s t  decade t h a t  has s h a r p l y  focussed t h e  v e r t i c a l  

VS. h o r i z o n t a l  argument has  been the  d a t a  gathered from wells which were 

d r i l l e d  through t h e  overhang of major t h r u s t s  along t h e  margin of some of the  

major u p l i f t s ,  Gries (1981) has f u l l y  documented the  case h i s t o r i e s ,  

There has been no d e n i a l  t h a t  the  m a j o r i t y  of f o l d s  seen i n  the  Rocky 

Mountain fore land  province are dependent upon a f r a c t u r e  ( f a u l t )  i n  the top of 

t h e  c r y s t a l l i n e  Precambrian basement. Detachment S t r u c t u r e s  (Lowell, 1982; 

Pe terson ,  1983) e x f s t  but are secondary o r  i n c i d e n t a l  t o  primary movement a t  

t h e  l e v e l  of the  basement sedimentary i n t e r f a c e .  Since t h e  deformation of the 

basement a t  t h a t  l e v e l  is of primary importance "f i rs t  causes" must d e a l  with 

t h e  basement behavior.  Scheevel (1983) presented a very logical model for t h e  

development of fore land  " thrus t - fo lds"  and p o i n t s  ou t  t h e  e x i s t e n c e  of 

f e a t u r e s  on a t  least  two scales, He notes  t h a t  t h e r e  are s t r u c t u r e s  with 

ampli tudes of 13,000 meters (42,000 feet)  and those of lesser scale 1,500 

meters (5,000 feet) ,  The model proposes t h a t  t h e  f i r s t  cause f o r  the  observed 

f o l d s  is f a u l t i n g  a t  t h e  upper s u r f a c e  of t h e  Precambrian basement generated 

under a regime of h o r i z o n t a l  compression. 

Scheevel's (1983, Fig,  6 )  c r o s s  sections demonstrat ing t h e  development of 

p o t e n t i a l  f a u l t s  a l l  d ipping  i n  one d i r e c t i o n  and t h e i r  propagat ion downward 

with i n c r e a s i n g  c r u s t a l  s h o r t e n i n g  l e a v e  an unfor tuna te  impression. Earlier,  

(Scheevel 1983, Fig.  2) p r e s e n t s  an i l l u s t r a t i o n  of shear - fau l t  t r a j e c t o r i e s  

i n  conjugate  sets i n c l i n e d  30' t o  t h e  i n i t i a l  h o r i z o n t a l  s u r f a c e ,  

There is no a p r i o r i  reason why on ly  one set of the  s h e a r - f a u l t  . 
t r a j e c t o r i e s  will become dominant as shown i n  Scheevel's Fig,  6, F u r t h e r ,  t h e  

f i n a l  a t t i t u d e  of t h e  f a u l t  p lanes  will change by the development of large 

nagni tude  deformational  f e a t u r e s  such as t h e  Bighorn b a s i n ,  A t  such 

ampli tudes the o r i g i n a l  sedimentary - basement i n t e r f a c e  maybe i n c l i n e d  as 
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much as 8" - 10' as shown on t h e  n o r t h  flank of t h e  Owl Creek Zlountai.ns. This 

regional tilting w i l l  be r e f l e c t e d  i n  i n d i v i d u a l  f a u l t s ,  dependent  upon which 

t r a j e c t o r y  i n  the conjugate  pair became t h e  p l a n e  of release of stress by 

f a u l t  s l i p p a g e .  

The c o n s i s t e n t  r e l a t i o n s h i p  of basement f a u l t s  t o  folds i n  t h e  overlying 

sedimentary cover is w e l l  documented i n  t h e  area under cons idera t ion .  All 

f a u l t s  t h a t  are well documented by d r i l l i n g  and seismic p r o f i l e s  are reverse 

i n  c h a r a c t e r  and a l low for crustal shortening.  No examples of normal f a u l t s  

were found. 

Crustal shortening is not  p o s s i b l e  under a regimen of e x t e n s i o n a l  

tectonics. Since crustal s h o r t e n i n g  does exist i n  t h i s  reg ion  a compressional 

regimen must have existed dur ing  t h e  Laramide deformat iona l  episode. 

The writer's conclusion is t h a t  the fore land  deformation descr ibed in 

this review is clearly due t o  compression. 
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SUHNARY 

The review of ' the  s t r u c t u r a l  geology i n  the southern  Bfgliorn bas in  of 

Vyorning has established the  an iso t ropy  which e f f e c t s  the  movernent of f l u i d s  Ln 

t h e  Paleozoic  aquifers. 

The major o b s e r v a t i o n s  der ived from t h i s  review are l i s t e d  below. 

1 .  

2. 

3 .  

4 .  

5. 

ti .  

7. 

Folds i n  the  sedimentary rocks are generated by f a u l t s  i n  the  
Precambrian basement and are asymmetric, 

Reversal of asymmetry of f o l d s  is  not  uncommon, 

F a u l t s  of low angle  (30' +) i n  t h e  basement s t e e p e n  upward to  a ramp 
of s l e d  runne r  form as they propagate upward through the  sedimentary 
column. 

Drastic t h i n n i n g  of the sedimentary sect ion  may occur  on the s t e e p  
limb of large f o l d s ,  
s u s c e p t i b l e .  

Xesozoic s h a l e  s e c t i o n s  are p a r t f c u l a r l y  

Reversal  of asymmetry creates wdge shaped c r u s t a l .  segments on 
s e v e r a l  scales. 

Detachment s t r u c t u r e s  occur l o c a l l y ,  but are c o n t r o l l e d  by primary 
movement of f a u l t s  a t  the  basement l e v e l .  

The displacement  on f a u l t s  creates a n i s o t r o p y  s u f f i c i e n t  t o  
completely d i s r u p t  the  c o n t i n u i t y  of the  Paleozoic  a q u i f e r s  a t  many 
l o c a l i t i e s ,  
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c o l l e a g u e s  and f r i e n d s  provided the criticism t h a t  is necessary t o  test 

ideas.  I a m  p a r t i c u l a r l y  indebted t o  Peter  Huntoon, Henry Header, Robert  

Houston, Don Stone, Kent Sundell, William H, Wilson, Bayard Rea, J.R. 

Fanshawe, Robert Berg and James Lowell f o r  such dlscussions, 

Previous napping, p a r t i c u l a r l y  by personnel  of the  

The writer is s o l e l y  respons ib le  for t h e  conclusions reached. 
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Table I. Defini tLon of t h e  p r i n c i p a l  a q u i f e r s  i n  unfaul ted  par t s  of the  
Bighorn Basin, Wyoming. 

Age Unit 
Hydrologic 

Lithology Charac ter  

Mesozoic Various Units  t h i c k  s h a l e s  c o n f i n i n g  l a y e r s  

Permian Phosphoria Fm. shale, gypsum TENSLEEP-PHOSPHORIA AQUIFEX 

Pennsylvanian Tensleep Ss. sands tone  TENSLEEP-PHOSPHORIA AQUIFER 

Pennsylvanian Amsden Fm. s h a l e ,  s i l t s t o n e ,  c o n f i n i n g  l a y e r  
l imestone 

M i s s i s s i p p i a n  Madison Ls. f i s e s t o n e  MADISON AQUIFER 

Devonian Jefferson Ls. 1 irne s t one MADISON AQUIFER 

grdovic ian  Bighorn Dolo do lomi. t e  MA9 [SON AQUIFER 

Cambrian undivided G e l l a t i n  shale, minor l imestone conf in ing  l a y e r  
and Gros Ventre Fms. 

Cambrian Flathead Ss. sandstone FLATHEAD AQUIFER 

Precaabr ian  Basement rocks metamorphic rocks conf in ing  l a y e r  



DATA SHEET-Folds l n  s o u t h e r n  clad Uescern  Blghorn Buoln. Yyomlng 

Name of Fold 

Black Hounta ln  

Bruce Area 
Bud Klmball  
Cha bo t 
Corley-Zlmoerman B u t t e  

Ember 
Enoa Creek 
Frrgueon Ranch 
Four Bear 
Cebo 
Colden Eagle . 
Gooseber ry  
Craas Creek 
Half Moon 
Harnllton &me 
King dome 
Klrby Creek  

L l t t l e  b u f f a l o  baoln 
. Lake Creek-Lake Creek h o t  

L l t t l e  Sand Dray 
Luce r n e  
L y e l t e  Ebunta ln  
Mahogany B u t t e  
Meetee tee  
Murphy dome 

Nelber 
North Sunehlne  
Nor wood 
Oregon b a s h  
P i t c h f o r k  
Rauhlde 
Red Canyon 
Red S p r l n g s  
Roee d o l e  
Sand Creek 
Sheep Poin t  
S k e l e t o n  dome 
South  Fork 
South  Sunehlne 

’ S p r i n g  Creek 
T e ~ v L e e p  
The rmpo 1 1 
Way0 n hound 
U4t-m S p r l n g a  B L Y 
Uauph 
Uscar Creek 

Wlllow Creek 
U. Bud Klnball  
Ulldhorecr B u t t e  
Zlmmermaa B u t t e  

CountL - 

Hot S p r l n g s  
War ha k La 
Uashakle  
Waehakle 
Uadhak le 
Wnshaklc 
Hot Sprlngs 
Hot S p r l n g e  
Hot SprLngs 
Park  
Park  
Hot Sprlnga 

Hot Sprliige 
Park  
Hot Sprlnga 
Park  
Hot S p r l n g s  
Hot S p r l n p r  
Hot S p r l n g s  
Hot S p r l n g s  
Park  
Hot Spr lngo  
Hot S p r l n g s  
Hot SpcIngs  
Hot S p r i n g e  
Washakle 
Park  
Washakla 
HOK S p r i n g s  
Was h a k l e  
P a r k  
Was h a k l e  
Park  
P a r k  
Park  
Hot S p r l n g s  
llot S p r t n g e  
Hor S p r l n g a  
Waahakie 
i’ark 
Hot Springe 

P a r k  

Uauhakle 
Hor Spr lnyu  
Hot S p r l n g s  
Hot Spring. 
Hot S p r I n g r  
Woahakle 
Hot Sprlnpr 
Park  
Waehakle 
Hot Spr inge  
Wdolrakle 
Hot S p r l n g s  

PArk 

T. 6 R. - 
42-431. 90-91W 

43N. 89-90U 
44-45N. 88W 
42-43N. 88U 
43-441. 92-93W 

8N-2E 
46N-lOOU 
SON- 102U 
4BN-103W 

44N-95W 
45N-96-97U 
46-471 .- IOOW 
45N-98Y 
Sl-52N-102U 
44N-97-98Y 
441-96-97U 
43N-92W 
43N-91-92U 
47N-100u 

44N- 96U 
43N-94Y 
4 1-42 N-9OW 
43N-89 
49N-99w 
43-441-9 i-92W 

b5N-9 1-92-9 3W 
4 7 K . l O l U  
48N-89-90U 
50-521- lOOU 
48N-lU2W 
48-49N-101Y 
4 2-4 31-96 W 
43C93W 
4 3- 4 6N-96 Y 
46N-91W 
47N-102Y 
45N-lOUY 

4bN-101W 
49 N-- LO 2U 
46 N-YYU 
43N-95U 
44N-98U 
4 3u-93-9 4Y 

43-441 

48 N- 19 3- 104 W 
4 5 N-8 9U 
42- 4 3N-9 3 W  
43-44N-92-93W 

Forran t Lon Trend of A x i s  
a t  S u r f a c e  

P r o n t l a r  Howry N60 W 

C d Y  
Sundanca 
Gal l ac  1 n 
Cody 

Tens lee p 
H e  s a v e  cde 
Uowr y 
Mowry 
Cody 
Pt. Unlon 
Cody 
Cody 
n0-y 
Howry 
P h o s p h o r l a  
Cody 
k W Y  
Cody 

Cody 
Cody 
T e r t l a r y  

P t .  Unlon 
Cody 

Y t .  Union 
T h r r m o p o l l r  
Chugws te r 
Cody 
Howry 
Cody 
r h o s  pho r l a  
Chugwat ct r 
Phoephor l a  
U l l l  uood 
F r o n t l e r  
Hesave r d e  
W l  1 I ouood 
Ho r I: i eon 
PLowry 
F r o n t  Lor 
Chugwater 
Cody 
Chugwater 
44K-96-97U 
Cody 

C d Y  
n e e a v e r d e  
Chugvoter  
Cody 

N55 W 
N40 W 
N45 W-NZO U 
N b O  U 

N60 W 
N30 I?-N5O W 
N- S 
N45Y 
N65W 
N45W 
NlOW 
NIOU-”IOW 
N- 5-N40W 
N65U 
N65W 
N6W 
N55U 
N IOU 

N30U 
N60W 
N40W 
N35W 
N- S 
N60W 

N75U 
N-S 
N30U 
N-S 
N-S-N30U 
N50W 
NLOU 
E-W 
N50W 
N-S 
NSOU 
N-S 
N5UW 
N30U 
N40W 
N30W 
N65U 
N55U 
N85E 
N 50U 
N60W 

N40W 
N50W 
N45W 
N60W 

D I  re c t 1 on 
of A r y m r t r y  

sw 

sw 
NE 
SW 
SW 

NE 
su 
w 
SW 

SY 

SW 
SW 
SW 
su 
sw 
SW 
SW 
sw 
su 

SW 
sw 
? 
NE 
SW 
su 

su 
SW 
NE 
E 
su 
su 
U 
S 
su 
? 
SW 
E 
? 
NE 
SW 
NE 
S 
SW 
S 
su 
? 

SW 
su 
He 
su 

Oldest Unlc 

Cambrlan 

Tena 1 e e  p 
Teens l e e  p 
Had 1 yon 
Mad loon 

Precambr ian  
Had 1 son 
HadLeon 
Cambrian 

P r e c b n b r l a n  
Hadloon 
Tenolaep  
Precambr lan  
Te no lee p 
Precambr lan  
Te no lee p 
Hadteon 
Nadlson  
Tenoleep  

Camb r 1 a n  
T e n s l e e p  
tladlson 
Houry 
F r o n t l e r  
Canb c 1 an 

Uadlson 
Precambr lan  
Te ne l e e  p 
Precambr lan  
Precambr ian  
HaJlson 
Cambr Lan 
nndlaun  
P r e c a n b r l a n  
Hadlson  
Anaden 
Had Lson 
Hadlaon 
Teno l e e p  
Cambrian 
T e n a l e u p  
Had 1 eon 
&ad i r o n  
I l r J Iaon  
R i d  Laoa 
Had 1 son 

Mudlaon 
T e n s l e e p  
HadLeon 
Hadlsoa 

Product  Lon 

P 

D 
D 
D 
D 

D 
P 
P 
P 

P 
P 
P 
P 
P 
P 
P 
P 
0 
P 

P 
P 
0 
D 
P 
P 
D 
P 
D 
P 
D 
P 
D 
P 
P 
D 
D 
P ‘  
P 
P 
P 

c- 
P h, 

D 
D 
D 
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TABLE 111. Key to symbols used on cross sections. 

Eocene 

Cretaceous 

Jurassic 

Triassic 

Permian 

Pennsylvanian 

Mississippian 

Hiss. - Devonian 

Devonian 

Ordovician 

Cadxian 

Precainbrian 

Tw 

I(mV 

Kc 

Kf 

Kmd 

Kcv 

Jm 

Js 

Jgs 

Trc 

Trd 

PP 

Pts 

Mm 

MD 

D 

Obh 

C 

PC 

Willwood Formation 

Mesaverde Formation 

Cody Shale 

Frontier Formation 

Muddy Sands tone 

Cloverly Formation 

Xorrison Formation 

Sundance Forrnat.lon 

Gypsum Spring Formation 

Chugwater Formation 

Dinwoody Formation 

Phosphoria Formation 

Tensleep Sandstone 

Madison Limestone 

Madison Limestone, Darby Formatton, 
Jefferson L h e s t o n e  

Darby (? )  Formation 

Bighorn Dolomite 

G e l l a t i n ,  Grosventre and Flathead 
Formations 

Crystalline basement 
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Cenozoic 

Mesozoic 

P a1 e o zo i c 

Eocene Willwood Formation (volcanic equivalents 

Absaroka volcanics) 

Paleocene Fort Union Formation 

Cretaceous 

Lance Format ion 

Meeteetse Formation 

Hesaverde Formation 
Cody Shale 

Frontier Formation 
Nowry Shale 
Graybul l  (Muddy) Sandstone 
Cloverly Formation 
Morrison Formation 

Jurassic Sundance Formation 
Gypsum Spring Formation 

Triassic Chugwater Formation 
Dinwoody Formation 

Permain Phosphoria Formation 

Pennsylvanian Tensleep Formation 

Penn, - Miss, Amsden Fornation 

Darwin Sandstone 

Mad is on Limes  tone 
Three Forks - Jefferson ( ? )  

Mississippian 
Devonian 

0 r d o v i  cian Bighorn Dolomite 
Gallatin Formation 

Cambrian Gros Ventre Shales 
Flathead Quartzite 

Precambrian Gneiss, schist and granite. 

NOTE: The Paleozoic aquifers are shown graphically on Plate 11. - 
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dal Mb. 

. . . . . .  . . . . . . . .  . . .  \ Gros Venfre shule . .  
_ .  . . . . . . . .  

Figure 1.  The Paleozoic stratigraphic section in the southern Bighorn 

Basin, Wyoming. 
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Figure 3.  TectonLc map of the southern RLghorn Basin, WyoinLng. 
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Figure 13. Structural  cross section through the Black Mountain Efeld, Bighorn Basin,  Wyoinfng. 
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Figure 14. S t r u c t u r a l  c r o s s  sect Lon through the Bud Kimball anticline, Bighorll Basin, Wyoming* 
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Figure 15, Structural  cross section through the Chahot anticline, Bighorn Basin, Wyointn& 



Cont Oil Co. 
Vonnoy 3 
sw sw se 34 
4432 5078 

Cross Section Line 
N 55OE. 

Corley (west) Zirnmerman Butte (east) 

Hot Springs Co., Wyo. 
T. 43-44 N. - R. 93 W. 

Figure 16 ,  S t r u c t u r a l  cross s e c t i o n  through the Corlcy-Zirnmerman Butte €olds, Bighorn Bas in ,  WYolninl3. 
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F i g u r e  17. Structural cross section through the Willow Creek-Four Rear Eield, Righorn R a s h ,  - W y o d n &  
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Figure  19. Structural cross section through the Grass Creek f i e l d ,  

Bighorn Basin, Wyoming. 
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FLgure 20. Structural cross s e c t i o n  through t h e  Hamilton D o m e ,  Bighorn Basin,  Wyoming 

(From Berg, 1976, Fig, 3). CT 
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Figure 21. Structural  cross section through the King Dome,  Bighorn Basin, Wyoming. 
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FLgure 23. Structural cross section through the LLttlc Sand Draw f i e l d ,  Bighorn Bas in ,  Wyoming. 
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Figure 24 .  Structural cross section through the Murphy Dome,  Bighorn Basin, Wyolning. 
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Figure 26. Structural  cross section thcouglr the Pi tchfork f i e l d ,  Bighorn Basin, Wyoming, 



FLgure 27. Structural cross sect Lon throtigh the Rawhide m t f c l i n e ,  Bighorn B a s l n ,  Wyon~in& 
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L~1gurt-t 29. Structural  cross section through the South Sunslitnz f i e ld ,  Bighorri n a s i n ,  Wyoming. 
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S t  ri ict i iral  cross section through the Warm S p r  Lngs anticline, Bighorn Basin,  Wyoming. 
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Figure 33. Structural cross section through the Waugh Dome, Bighorn Basin, Wyoinir~g.. 
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Figure 3 4 ,  Rose diagram showing photolinears and f o l d  axes,  southern Bighorn Basin, Wyoming. 


