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Abstract:
The Big Snowy Group is restricted to a trough which extends from southwest Montana into the
Williston basin. Thickness variation of the group on the southern margin of the trough reflects
movement of structural elements along an ancient structural weakness located in the central Bridget
Range. Field and petrographic data are integrated to determine the depositional environment and
stratigraphy of the group and to document the tectonic influence on sedimentation along this zone.

The group is divided into the Kibbey Formation, with two informal members, and the Lombard facies
of the Heath Formation. The lower Kibbey is supratidal algal laminated dolostone with dessication
features and evaporite solution breccias were deposited at the leading edge of the transgressing Big
Snowy sea. Siliciclastic intertidal channels on the sabkha are restricted to the central range where
subsidence was greatest. The upper Kibbey and Lombard facies provide further evidence of a trough in
the central Bridgers. The upper Kibbey is a regressive shoreface deposit composed of fine grained
sandstone at the northern and southern ends of the range. Mudstone and siltstone dominate in the center
of the range where deeper water and lower energy conditions prevailed. Ultimately, the Kibbey
shoreface transgressed out of the area and the Lombard facies was deposited in a partially restricted
shelf lagoon. Shale and lime mudstone accumulated in the center of the range, to the north and south
bioclastic wackestones, packstones, and grainstones were deposited in shoaling, higher energy
conditions.

All three units of the group are thickest in the central Bridgers and thin north and south onto the
Lombard arch and Wyoming shelf.

Deeper water lithologies occur with the thick sections indicating that the central part of the range
subsided relative to the Lombard arch and Wyoming shelf during sedimentation. A small positive trend
in the central range trough is a local exception to the pattern. This paleotectonic pattern also operated
during pre-Amsden uplift and erosion and thinned the group on the positive elements more. Evidence
of similar paleotectonic influence on sedimentation along the structural weakness in the Bridgers is
also found in Proterozoic and other Paleozoic rocks. 
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ABSTRACT

The Big Snowy Group i s  r e s t r i c t e d  to  a tro u g h  w hich ex ten d s  from  
so u th w es t Montana in to  th e  W i l l i s to n  b a s in . T h ickness v a r i a t i o n  o f th e  
group on th e  so u th e rn  m arg in  o f th e  tro u g h  r e f l e c t s  movement of 
s t r u c t u r a l  e lem en ts  a long  ^n a n c ie n t  s t r u c t u r a l  w eakness lo c a te d  in  th e  
c e n t r a l  B rid g e r Range. F ie ld  and p e tro g ra p h ic  d a ta  a re  in te g r a te d  to  
d e te rm in e  th e  d e p o s i t io n a l  env ironm ent and s t r a t ig r a p h y  o f  th e  group 
and to  docum ent th e  te c to n ic  in f lu e n c e  on s e d im e n ta tio n  a long  th i s  
zo n e .

The group i s  d iv id e d  in to  th e  Kibbey F o rm ation , w ith  two in fo rm a l 
m em bers, and th e  Lombard f a c ie s  o f th e  H eath  F o rm ation . The low er 
Kibbey i s  s u p r a t id a l  a lg a l  la m in a te d  d o lo s to n e  w ith  d e s s ic a t io n  
f e a tu r e s  and e v a p o r i te  s o lu t io n  b r e c c ia s  w ere d e p o s ite d  a t  th e  le a d in g  
edge of th e  t r a n s g r e s s in g  Big Snowy sea . S i l i c i c l a s t i c  i n t e r t i d a l  
chan n e ls  on th e  sabkha a re  r e s t r i c t e d  to  th e  c e n t r a l  ran g e  w here 
su b sid en ce  was g r e a t e s t .  The upper K ibbey and Lombard f a c i e s  p ro v id e  
f u r th e r  ev idence  o f a tro u g h  in  th e  c e n t r a l  B rid g e rs . The upper 
Kibbey i s  a r e g r e s s iv e  sh o re fa c e  d e p o s it  composed o f f in e  g ra in e d  
san d sto n e  a t  th e  n o r th e rn  and so u th e rn  ends o f th e  ran g e . Mudstone 
and s i l t s t o n e  dom inate  in  th e  c e n te r  o f  th e  range  w here deeper w a te r 
and low er energy  c o n d it io n s  p re v a i le d .  U lt im a te ly ,  th e  K ibbey 
sh o re fa c e  t r a n s g re s s e d  ou t o f th e  a re a  and th e  Lombard f a c i e s  was 
d e p o s ite d  in  a p a r t i a l l y  r e s t r i c t e d  s h e l f  lagoon. S hale  and lim e  
m udstone accum ula ted  in  th e  c e n te r  o f th e  ra n g e , to  th e  n o r th  and 
so u th  b i o c l a s t i c  w ack es to n es, p a c k s to n e s , and g ra in s to n e s  w ere 
d e p o s ite d  in  s h o a lin g , h ig h e r  energy  c o n d it io n s .

A ll  th r e e  u n i t s  o f th e  group a re  th i c k e s t  in  th e  c e n t r a l  B rid g e rs  
and th in  n o r th  and so u th  o n to  th e  Lombard a rc h  and Wyoming s h e lf .
D eeper w a te r  l i t h o lo g i e s  occu r w ith  th e  th ic k  s e c t io n s  in d ic a t in g  th a t  
th e  c e n t r a l  p a r t  o f th e  range su b sid ed  r e l a t i v e  to  th e  Lombard a rch  
and Wyoming s h e lf  d u rin g  s e d im e n ta tio n . A sm a ll p o s i t i v e  tr e n d  in  th e  
c e n t r a l  range  tro u g h  i s  a lo c a l  e x c e p tio n  to  th e  p a t te r n .  This 
p a le o te c to n ic  p a t t e r n  a lso  o p e ra te d  d u rin g  pre-Amsden u p l i f t  and 
e ro s io n  and th in n e d  th e  group on th e  p o s i t iv e  e lem en ts  m ore. Evidence 
o f s im i la r  p a le o te c to n ic  in f lu e n c e  on s e d im e n ta tio n  a long  th e  
s t r u c t u r a l  w eakness in  th e  B rid g e rs  i s  a ls o  found in  P ro te ro z o ic  and 
o th e r  P a le o z o ic  ro ck s .
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INTRODUCTION

P a le o te c to n ic  and S t r a t ig r a p h ic  S e t t in g  

o f th e  Big Snowy Group

R eg ional S e t t in g

R e g io n a lly , th e  s t r a t ig r a p h y  o f  th e  upper M is s is s ip p ia n  Big Snowy 

Group r e f l e c t s  th e  in f lu e n c e  o f m ajor te c to n ic  e lem en ts  on 

se d im e n ta tio n  (F ig u re  I ) .  I t  i s  re a so n a b le  to  assume t h i s  

r e l a t io n s h ip  i s  a ls o  t r u e  on a lo c a l  s c a l e . T his s tudy  a tte m p ts  to  

document th e  in f lu e n c e  o f p a le o te c to n ic  a c t i v i t y  on se d im e n ta tio n  of 

th e  Big Snowy Group in  th e  B rid g e r Range.

Most o f Montana was th e  s i t e  o f in t e r m i t t e n t  s h e l f  o r p la tfo rm  

se d im e n ta tio n  on th e  C o r d i l le ra n  p la tfo rm  th ro u g h o u t P a le o z o ic  tim e 

( Sando, Gordon, and D u tro , 1975 ). The p la tfo rm  was bounded on th e  

e a s t  by th e  t r a n s c o n t in e n ta l  a rc h  in  e a s te r n  N orth D akota and South 

D akota and on th e  n o r th e a s t  by th e  C anadian s h ie ld .  These were 

c o n t in u a l ly  em ergent a re a s  w hich p ro v id ed  sedim ent f o r  c l a s t i c  

d e p o s it io n  on th e  p la tfo rm . The C o r d i l le ra n  m io g eo c lin e  bo rd ered  th e  

C o rd i l le ra n  p la tfo rm  on th e  w est in  extrem e so u th w este rn  M ontana, 

Wyoming, and e a s te r n  Id ah o . Huh (1967) lo c a te d  and d e s c r ib e d  the  

c ra to n -m io g e o c lin e  t r a n s i t i o n  where Big Snowy Group s h e l f  s t r a t a  

g rad e  in to  e q u iv a le n t  m io g e o c lin a l s t r a t a  in  extrem e so u th w este rn  

M ontana. The m io g eo c lin e  re c e iv e d  sed im en ts  th roughou t Big Snowy 

tim e (G uts c h ic k , S andberg , and Sando, 1980 ).



Figure I. Late Mississippian tec ton ic  e l e m e n t s  on th e  C ord i l leran  platform in 
th e  northern  R o c k y  M o u n t a i n s .
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S tr a t ig r a p h ic  s tu d ie s  in  Montana in d ic a te  th a t  s e v e ra l  sm a lle r  

p a le o te c to n ic  e lem en ts  a c t iv e  w ith in  th e  C o rd i l le ra n  p la tfo rm  i t s e l f  

were p a r t i c u l a r l y  i n f l u e n t i a l  on l a t e  M is s is s ip p ia n  and e a r ly  

P en n sy lv an ian  se d im e n ta tio n  ( Sando, 1976; P e te rs o n , 19 8 1 ). An 

u n s ta b le  tro u g h  connec ted  th e  m io g eo c lin e  w ith  th e  W il l i s to n  b a s in  

and d iv id e d  th e  p la tfo rm  in to  s e v e ra l  independen t sh e lv e s  (F ig u re  I ) .  

The e a s t—w est p a r t  o f t h i s  u n s ta b le  tr e n d  has been v a r io u s ly  

d e sc r ib e d  as th e  Big Snowy b a s in  (E a rd le y , 1962), C e n tra l  Montana 

tro u g h  (R o b e r ts , 1975 ), and Big Snowy tro u g h  (P e te r s o n , 1981).

Maughan and P e rry  (1967) named th e  sou thw est e x te n s io n  o f th i s  

u n s ta b le  tre n d  th e  Snow crest tro u g h  (Ruby tro u g h  o f P e te rs o n , 1980). 

The m arg ins o f b o th  tro u g h s  co rresp o n d  c lo s e ly  to  th e  p re s e n t  zero  

edge o f Big Snowy Group sed im en ts  (F ig u re  2 ) .  P rev io u s  a u th o rs  have 

n o t alw ays r e s t r i c t e d  usage o f th e  term s Snow crest and Big Snowy 

tro u g h  to  l a t e  M is s is s ip p ia n  ro ck s ( e .g .  Maughan, 1984; R o b e rts , 

1979). In  th e  p re s e n t  r e p o r t  th e  term s Snow crest and Big Snowy 

tro u g h s  a re  used to  in d ic a te  a re a s  o f a c t iv e  l a t e  M is s is s ip p ia n  and 

e a r ly  P en n sy lv an ian  su b sid en ce  in  w hich Big Snowy sed im en ts  were 

d e p o s ite d  and p re s e rv e d .

N orth  o f th e  Snow crest-B ig  Snowy t ro u g h s , th e  A lb e r ta  s h e l f  was 

n e u t r a l  r e l a t i v e  to  th e  a c t iv e ly  su b s id in g  t ro u g h s . Big Snowy rocks 

a re  no t p re se rv e d  th e re  (S m ith , 19 7 2 ). Southw ard, e q u iv a le n t  upper 

M is s is s ip p ia n  ro ck s a re  p re se rv e d  on th e  Wyoming s h e l f . The rocks 

h e re  a re  th i n ,  how ever, in d ic a t in g  an in te rm e d ia te  d eg ree  o f te c to n ic  

s t a b i l i t y  betw een th e  u n s ta b le  Big Snowy and Snow crest tro u g h s  and 

th e  A lb e r ta  s h e lf  ( Sando, Gordon, and D u tro , 1975 ).



Great Falls

Helena

IOmiIes North
Montana

Wyoming

Figure 2 .  Isopach  map of Big Snowy Group showing p a le o f e c t o n i c  e l e m e n t s ,  contours  
in f e e t .  S e e  Plate I for s e c t i o n  A - A 11 Bridger  R ange  dotted,  ( m o d i f i e d  
from H a r r i s ,  1 9 7 2 ) .
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B rid g e r Range S e t t in g

A sm all p o s i t i v e  elem ent s e p a ra te s  th e  Snow crest tro u g h  from th e  

Big Snowy tro u g h  (F ig u re  2 ) .  Big Snowy s t r a t a  th in  a c ro s s  t h i s  

a rc h —lik e  f e a tu r e  as th ey  a re  t r a c e d  from  th e  Snow crest tro u g h  to  th e  

Big Snowy tro u g h  (B la k e , 1959; H a r r i s ,  19 7 2 ). The term  Lombard a rc h  

i s  a p p lie d  in  t h i s  r e p o r t  to  th e  re g io n  betw een th e  Snow crest and Big 

Snowy tro u g h s  where Big Snowy ro ck s  a re  th i n .  T h is re g io n  ex tends 

ap p ro x im ate ly  from H elena to  L iv in g s to n , M ontana.

Big Snowy Group ro ck s w ere f i r s t  reco g n ized  in  th e  B r id g e t Range 

by McMannis in  1951. He reco g n ized  extrem e th ic k n e s s  changes in  th e  

group along  th e  le n g th  o f th e  B r id g e t Range. From a ze ro  edge on th e  

Wyoming s h e l f ,  w hich McMannis lo c a te d  in  th e  so u th e rn  B r id g e ts ,  th e  

Big Snowy Group re a c h e s  a maximum lo c a l  th ic k n e s s  in  th e  c e n t r a l  p a r t  

o f th e  ra n g e . The group th e n  th in s  a c ro s s  th e  Lombard a rc h  in  th e  

n o r th e rn  ra n g e .

Purpose

G e o lo g is ts  re c o g n iz e  th a t  th e se  th ic k n e s s  v a r ia t io n s  r e p re s e n t  

l a t e  M is s is s ip p ia n  te c to n ic  e lem en ts  w ith  e i t h e r  d i f f e r e n t i a l  

su b sid en ce  d u rin g  d e p o s i t io n ,  p o s t-B ig  Snowy d i f f e r e n t i a l  u p l i f t  and 

e ro s io n ,  o r  b o th  ( H a r r is ,  1972; Sando, 1976; M aughan,1984). 

U n fo rtu n a te ly  ev id en ce  o f d e p o s i t io n a l  th in n in g ,  such as g ra d u a l ly  

sh o a lin g  l i t h o f a c i e s , i s  m iss in g  a t  p re v io u s ly  s tu d ie d  lo c a t io n s  due 

to  p o s t r d e p o s i t io n a l  e ro s io n .  Thus, th e  o r ig i n a l  e x te n t  o f  th e  group 

■and th e  r e l a t i v e  im portance o f d i f f e r e n t i a l  su b sid en ce  d u rin g
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d e p o s i t io n  and p o s t - d e p o s i t io n a l  e ro s io n  i s  u n c le a r .

The p re s e n t  s tudy  was u n d ertak en  to  d e term in e  i f  th ic k n e s s  

v a r i a t io n s  o f th e  Big Snowy Group in  th e  B rid g e r  Range a re  due to  

s y n d e p o s it io n a l  movement o f p a le o te c to n ic  e le m e n ts .

Study A rea

The n o r th - s o u th  tr e n d  o f B rid g e r  Range exposu res p ro v id es  a l in e  

o f s t r a t i g r a p h ic  s e c t io n  a c ro s s  a l a t e  M is s is s ip p ia n  s t r u c t u r a l  

tro u g h  ap p ro x im ate ly  p e rp e n d ic u la r  to  d e p o s i t io n a l  s t r i k e .  A lso , th e  

ran g e  is  s i tu a te d  n e a r  th e  in t e r s e c t i o n  o f th e  Snow crest and Big 

Snowy tro u g h s  w hich a llo w s ex am in a tio n  o f th e  r e l a t io n s h ip  between 

s t r a t a  o f b o th  tro u g h s  as they  th in  and i n t e r f i n g e r  a c ro s s  th e  

Lombard a rc h .

P a le o z o ic  and M esozoic ro ck s  in  th e  B rid g e r Range a re  u p l i f t e d  

ap p ro x im ate ly  1500 m e te rs  above su rro u n d in g  v a l l e y s .  They a re  a lso  

th r u s te d  s e v e ra l  k i lo m e te r s  e a s t  (Dave L ageson , p e rso n a l 

com m unication). The ro ck s  o f th e  Big Snowy Group a re  w e ll exposed 

j u s t  e a s t  o f th e  ran g e  c r e s t  w hich i s  composed o f n e a r  v e r t i c a l  

M adison Group lim e s to n e  (F ig u re  3 ) .

F o u rteen  exposu res w ere an a ly zed  a lo n g  a l in e  from j u s t  sou th  to  

j u s t  n o r th  o f th e  B rid g e r  Range ( P la te  I ) .  The exposu res  ex tended  

from  Rocky Canyon on th e  so u th  end o f th e  s tudy  a re a  to  a canyon on 

th e  M iddle Fork o f S ix te e n m ile  C reek in  th e  so u th e rn  Big B e lt 

M ountains on th e  n o r th  end . T h ir te e n  exposures in  th e  n e ig h b o rin g  

H orseshoe H i l l s ,  S ou thern  Big B e l t  and C a s tle  M ountains, and 

n o rth w e s te rn  B e a rto o th  M ountains w ere an a ly zed  in  le s s  d e t a i l .
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F ig u re  3 . Exposure of upper P a le o z o ic  rocks 
a t  so u th e a s t Sacajaw ea s e c t io n  ( f o r  lo c a t io n  
see  P la te  I ) .  Ridge on r ig h t  i s  M is s is s ip p ia n  
M ission  Canyon F o rm ation , n ex t l e f t  low 
in t e r v a l  w ith  t r e e s  i s  Big Snowy Group, 
n o n -v e g e ta te d  in t e r v a l  i s  Amsden F o rm ation , 
c l i f f  on l e f t  i s  P en n sy lv an ian  Q uadrant 
F o rm ation .
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Methods

D uring th e  f i e l d  season  o f 1982, exposu res  o f th e  Big Snowy Group 

in  th e  H orseshoe H i l l s ,  so u th e rn  Big B e lt  and C a s tle  M oun ta in s, 

n o r th e a s te r n  B e a rto o th  M ountains, and B rid g e r Range w ere lo c a te d  and 

b r i e f l y  d e s c r ib e d .  Many exposu res w ere p re v io u s ly  c i t e d  in  th e  

l i t e r a t u r e .  O thers  w ere lo c a te d  w ith  a e r i a l  pho to g rap h s and 

re c o n n a is s a n c e . L i t e r a tu r e  re s e a rc h  and co rresp o n d en ce  w ith  

g e o lo g is ts  w orking on t h i s  s t r a t i g r a p h i c  in t e r v a l  fo llo w e d . During 

th e  f i e l d  season  o f 1983 fo u r te e n  com plete  exposu res o f th e  Big Snowy 

Group in  th e  B r id g e t Range were m easured w ith  a Jacobs s t a f f  and 

d e sc r ib e d  in  d e t a i l .  S e v e ra l o th e r  in co m p le te  o r p o o rly  exposed 

s e c t io n s  in  th e  B r id g e ts  w ere b r i e f l y  d e s c r ib e d .  M easurem ents and 

l i t h o lo g i c  d e s c r ip t io n s  o f  each  exposure  a re  in c lu d ed  in  th e  

ap p en d ix . Samples w ere c o l le c te d  a t  each  s ig n i f i c a n t  l i t h o l o g i c a l  

ch an g e .

L ith o lo g ic  sam ples w ere s lab b ed  and s tu d ie d  u s in g  a b in o c u la r  

m ic ro sco p e . A lso , o v e r 100 th in  s e c t io n s  w ere p re p a re d  and analyzed  

w ith  a b in o c u la r  p e tro g ra p h ic  m ic ro sco p e . A pproxim ately  te n  p e rc e n t 

o f  th e  th in  s e c t io n s  and s la b s  w ere s ta in e d  w ith  a l i z a r i n  red  

s o lu t io n  to  d e term in e  d o lo m ite  c o n te n t .

Using th e se  d a ta ,  l i t h o f a c i e s  w ere d e f in e d  and in t e r p r e t e d .  The 

l i t h o f a c i e s  w ere th en  c o r r e la te d  betw een s t r a t i g r a p h ic  s e c t io n s  

p lo t te d  on a s t r a t i g r a p h ic  c ro s s  s e c t io n .  L o ca tio n s  o f  m easured 

s e c t io n s  d is c u s se d  in  th e  te x t  a re  p lo t te d  on th e  lo c a t io n  map on 

P la te  I .

The s e c t io n s  w ere p lo t te d  on th e  c ro s s  s e c t io n  shown on P la te  I



9

u s in g  th e  Big Snowy-Amsden c o n ta c t as a datum . The c o n ta c t  was 

i n i t i a l l y  b e l ie v e d  unconform able u s in g  f i e l d  ev id e n c e . Conodont d a ta  

l a t e r  su p p o rted  t h i s  co n c lu s io n  and showed th a t  t h i s  c o n ta c t 

c o r r e l a t e s  w ith  th e  r e g io n a l  Big Snowy-Amsden u n co n fo rm ity .

A lthough th e  su r fa c e  i s  n o t n e c e s s a r i ly  a tim e l i n e  and may have 

had r e l i e f  p r io r  to  Amsden d e p o s i t io n ,  i t  i s  th e  most a p p ro p r ia te  

datum fo r  t h i s  s t r a t i g r a p h ic  i n t e r v a l .  A l in e  o f synchronous 

d e p o s i t io n  w ith in  th e  Big Snowy Group cannot be e s ta b l i s h e d  u n le ss  

s ig n i f i c a n t l y  more b i o s t r a t !g ra p h ic  work i s  done. T h e re fo re , an 

uncon fo rm ity  r e p re s e n ts  th e  n ex t b e s t  a l t e r n a t i v e .  The Big 

Snowy-Amsden uncon fo rm ity  shows th e  geom etry o f th e  u n d e r ly in g  Big 

Snowy Group b e s t .  A lso , t h i s  datum r e p r e s e n ts  an e s ta b l i s h e d  

re g io n a l  u n co n fo rm ity .

Samples fo r  conodont age d e te rm in a tio n s  were c o l le c te d  from 

c a rb o n a te  rocks in  th e  Big Snowy Group and o v e rly in g  low er Amsden 

F o rm atio n . Sample lo c a t io n s  w ere chosen in  o rd e r  to  d e f in e  th e  age 

r e l a t i o n s  o f th e  Big Snowy Group and to  a id  in  in t e r p r e t i n g  th e  

c o n ta c t  w ith  th e  Amsden F o rm atio n . Samples w ere r e s t r i c t e d  to  le s s  

th an  o n e - th i r d  m e te r th ic k  in t e r v a l s  o f s t r a t a  c ro p p in g  o u t in  

r e l a t i v e l y  r i c h  b i o c l a s t i c  lim es to n e  and d o lo m ite . E ig h teen  

o n e-k ilo g ram  sam ples w ere se n t to  th e  U n ited  S ta te s  G eo lo g ica l Survey 

in  Denver fo r  p r e p a ra t io n  and a n a ly s is  by Bruce W ardlaw. Sample 

lo c a t io n s  and i n t e r p r e t a t i o n s  a re  in c lu d e d  in  th e  append ix  w ith  

d e s c r ip t io n s  o f m easured s e c t io n s .
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PREVIOUS INTERPRETATIONS OF BIG SNOWY GROUP STRATIGRAPHY .

In tro d u c t io n

Three rock  packages w ere d e p o s ite d  by th re e  

t r a n s g r e s s iv e - r e g r e s s iv e  c y c le s  d u rin g  th e  M is s is s ip p ia n  and e a r ly  

P e n n sy lv a n ia n . In  ascen d in g  o rd e r ,  th e se  in c lu d e  th e  M adison Group, 

Big Snowy G roup, and th e  Amsden F orm ation  (F ig u re  4 ) .  The d u ra tio n  

o f th e  h ia tu s e s  s e p a ra t in g  each  sequence i s  v a r i a b le .  In  g e n e ra l ,  

how ever, th e  f a r th e r  from  th e  u n s ta b le  tro u g h  a x i s ,  th e  g r e a t e r  th e  

d u ra t io n  (Sm ith  and G ilm our, 19 7 9 ). A lthough th e  g roups a re  

s e p a ra te d  by r e g io n a l  u n c o n fo rm itie s  o r h ia tu s e s ,  th ey  a r e  in t im a te ly  

r e l a t e d  by common sed im en to lo g ic  and te c to n ic  c o n t r o l s .  Some 

d is c u s s io n  o f th e  M ission  Canyon Form ation  below and Amsden Form ation  

above th e  Big Snowy Group i s  n e c e ssa ry  to  u n d e rs tan d  th e  e x te rn a l  

t e c to n ic  and se d im en to lo g ic  in f lu e n c e s  on d e p o s i t io n  o f th e  Big Snowy 

Group and bounding c o n ta c ts .

R e la tio n s  o f th e  Big Snowy Group to  th e  U nderly ing  

M ission  Canyon F orm ation

The M ission  Canyon F orm ation  ran g es in  age from m idd le  Osage to  

m idd le  Meramec ( Sando, Gordon, and D u tro , 1975). The fo rm a tio n  

ex ten d s  th ro u g h o u t Montana excep t where removed by T e r t ia r y  e ro s io n . 

The d iv e rs e  ro ck  ty p es  o f th e  Big Snowy Group c o n t r a s t  sh a rp ly  w ith  

th e  u n d e rly in g  r e l a t i v e l y  un ifo rm  M ission  Canyon c a rb o n a te s .  The
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c o n t ra s t  i s  n o t ic e a b le  in  o u tc ro p s  in  c e n t r a l  and sou thw est Montana 

as a change from m a ss iv e , g ray  M ission  Canyon lim esto n e  r id g e s  or 

c l i f f s  to  covered  o r p a r t i a l l y  covered  re d  Big Snowy s lo p e s .  Where 

s o lu t io n  b r e c c ia s  and k a r s t  d e p o s its  a re  n o t developed  n e a r  th e  top  

o f  th e  M ission  Canyon F o rm atio n , th e  c o n ta c t w ith  th e  Big Snowy Group 

i s  p laced  a t  th e  change from m a ss iv e , medium gray-brow n lim e or 

d o lo -b io -w a c k e s t one to  p a s t e l  muddy and - s i l t y  dolo s to n e , s i l t s t o n e ,  

o r sa n d s to n e . Iso p ach  maps in d ic a te  th a t  th ic k n e s s  t r e n d s  o f th e  

M ission  Canyon Form ation  c o in c id e  c lo s e ly  w ith  th o se  o f th e  Big Snowy 

s t r a t a ;  maximum M ission  Canyon s e c t io n s  in  th e  Big Snowy and 

Snow crest tro u g h s  th in  away from  th e  tro u g h  axes tow ard b o th  th e  

A lb e r ta  and Wyoming s h e lv e s .

D olostone and lim e s to n e  a re  c y c l i c a l ly  in te rb e d d e d  in  th e  upper 

h a l f  o f th e  M issio n  Canyon Form ation  w ith  two o r  more m ajo r e v a p o r i te  

b e d s . Two o r more s o lu t io n  b r e c c ia  zones r e p la c e  th e  e v a p o r i te s  in  

exposu res  in  th e  ran g es  o f sou thw est M ontana. The low erm ost b re c c ia  

zone can be t r a c e d  th ro u g h o u t most o f th e  ran g es in  s o u th - c e n t r a l  

Montana (R o b e r ts , 1966; Sando, 19 7 4 ). These s o lu t io n  b r e c c ia  zones 

a re  composed o f v a r ia b ly  rounded d o lo s to n e  c l a s t s  w ith  a n g u la r  c h e r t 

c l a s t s  in  a re d -y e llo w , muddy, s i l t y  c a rb o n a te  m a tr ix .  E v a p o rite  

b re c c ia  zones a re  l a t e r a l l y  co n tin u o u s  b u t v ary  in  th ic k n e s s .  The 

low er boundary i s  g e n e ra l ly  a d i s t i n c t ,  co n tin u o u s  re d  c la y  bed . 

C la s ts  become le s s  abundant u p s e c tio n  th ro u g h  th e  zo n e . F in a l ly ,  th e  

b re c c ia  g iv e s  way to  f r a c tu r e d  M ission  Canyon lim esto n e  a t  th e  top  o f 

th e  s o lu t io n  b re c c ia  zones a long  a p o o rly  d e f in e d ,  i r r e g u l a r

boun d ary .
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R esearch  has shown th a t  k a r s t - l i k e  f e a tu r e s  a re  developed  along 

th e  M ission  Canyon-Big Snowy c o n ta c t (R o b e rts , 1966; Sando, 1974; 

Maughan, 19 8 4 ). R eddish  b re c c ia  d e p o s its  f i l l  c o l la p s e d  caverns 

developed  a lo n g  j o i n t s  and bedding  p la n e s  on top  o f th e  M ission  

Canyon F o rm atio n . The k a r s t  d e p o s i ts  v ary  ex trem ely  in  th ic k n e s s  and 

a re  d is c o n tin u o u s  l a t e r a l l y .  E v a p o r ite  b r e c c ia s  a re  l a t e r a l l y  

co n tin u o u s  and v a ry  le s s  in  th ic k n e s s .

The r e l a t i o n  o f k a r s t  fo rm a tio n  to  th e  o v e rly in g  Big Snowy Group 

i s  d is p u te d .  Sando (1976) b e l ie v e s  th a t  th e  M ission  Canyon-Big Snowy 

Group c o n ta c t i s  r e g io n a l ly  unconfo rm ab le ; betw een e a r ly  Meramec tim e 

when M ission  Canyon d e p o s it io n  ended and l a t e s t  Meramec tim e when Big 

Snowy d e p o s i t io n  beg an , th e  M ission  Canyon Form ation was exposed 

a c ro s s  M ontana. In  t h i s  model th e  k a r s t  d e p o s its  w ere produced by 

s u b a e r ia l  e ro s io n .  E vidence fo r  th e  uncon fo rm ity  in c lu d e s  th r e e ,  and 

p o s s ib ly  fo u r  m iss in g  f a u n a l  zones a t  th e  c o n ta c t (F ig u re  4 ) .

In  c o n t r a s t ,  Maughan and R o b erts  (1967) and H a r r is  (1972) argue 

th a t  th e  M adison Group and Big Snowy Group a re  conform able in  th e  Big 

Snowy tro u g h . They c i t e  in te r f in g e r in g  o f l i th o lo g ie s  a c ro s s  the  

c o n ta c t as e v id e n c e . F u r th e r ,  Maughan (1984) s t a t e s  t h a t  s in c e  

ev id en ce  o f p a le o s o l  and o th e r  s u b a e r ia l  e ro s io n  f e a tu r e s  on th e  

c o n ta c t a re  m iss in g  in  c e n t r a l  M ontana, a s ig n i f i c a n t  h ia tu s  i s  no t 

r e p re s e n te d  in  th e  Big Snowy tro u g h . He in t e r p r e t s  th e  k a r s t  

f e a tu r e s  to  be a r e s u l t  o f su b su rfa c e  p o s t - d e p o s i t io n a l  c o l la p s e  of 

b a s a l  Big Snowy sed im en ts  in to  s o lu t io n  zones in  th e  M issio n  Canyon 

r a th e r  th an  s u b a e r ia l  e ro s io n .

A lthough th e  M ission  Canyon Form ation  and Big Snowy Group may be



conform able in  th e  Big Snowy tro u g h , p re v io u s  work in  th e  Snow crest 

tro u g h  in d ic a te s  th a t  t h i s  p a r t  of Montana was em ergent p r io r  to  th e  

Big Snowy t r a n s g r e s s io n .  S c o tt (1 9 3 3 ), W alton (1 9 4 6 ), Severson  

(1 9 5 2 ), and M il le r  (1959) a l l  r e p o r te d  e ro s io n a l  th in n in g  o f M ission  

Canyon lim es to n e  and developm ent o f e r o s io n a l  r e l i e f  a lo n g  th e  

c o n ta c t a t  d i f f e r e n t  lo c a t io n s  in  so u th w este rn  M ontana.■

In  summary, a complex com bination  o f p ro c e s se s  a re  though t to  be 

re s p o n s ib le  fo r  developm ent o f s o lu t io n  b r e c c ia s ,  k a r s t  d e p o s i t s ,  and 

r e l i e f  on th e  M ission  Canyon-Big Snowy c o n ta c t  a t  d i f f e r e n t  lo c a t io n s  

in  M ontana. T here i s  d isag reem en t on w hether th e  c o n ta c t  i s  

conform able in  th e  Big Snowy tro u g h . However, th e  c o n ta c t  in  th e  

Snow crest tro u g h  and B rid g e r  Range r e p re s e n ts  on uniconform ity w ith  

some form o f e ro s io n .

Big Snowy Group

H is to ry  o f  N om enclature

Big Snowy ro ck s  w ere i n i t i a l l y  a s s ig n e d  to  th e  Q uadrant Form ation 

w hich in c lu d ed  s t r a t a  betw een th e  M ission  Canyon and E l l i s  Form ations 

(P e a le ,  1893; Weed, 1896; Id d in g s  and Weed, 1899). Weed (1900) 

su b d iv id ed  th e  Q uadrant Form ation  in to  th e  Kibbey S a n d s to n e , O tte r  

S h a le , and an unnamed upper member and r a i s e d  i t  to  group s t a t u s .  He 

d e s ig n a te d  exposu res in  th e  L i t t l e  B e lt  M ountains o f c e n t r a l  Montana 

as type s e c t io n s  fo r  th e se  fo rm a tio n s . S c o tt (1935) e s ta b l i s h e d  th e  

Big Snowy Group in  c e n t r a l  Montana and in c lu d e d  in  i t  th e  K ibbey , 

O t te r ,  and H eath F orm ations (F ig u re  4 ) .  The H eath was named fo r  

exposu res in  th e  Big Snowy M ountains o f c e n t r a l  M ontana. S ince  then



15 .
th e  Big Snowy Group o f c e n t r a l  Montana has been expanded to  in c lu d e  

th e  top  o f th e  M ission  Canyon F orm ation  ( S e a g e r, 1942) and bottom  of 

th e  Amsden Form ation  (G ard n er, 1959 ). However, S c o t t 's  o r ig in a l  

te rm in o lo g y  has been r e in s t a t e d  in  subsequen t r e p o r ts  (Maughan and 

R o b e rts ; 1967; Sando, Mamet, and D u tro , 1969; Jen sen  and C a rlso n ,

1972; Sm ith and G ilm our, 1979) . Because members o f th e  group w ere 

n o t fo rm a lly  d e l in e a te d  in  p a r t s  o f th e  Snow crest tro u g h , th e  Big 

Snowy was d e s ig n a te d  as a fo rm a tio n  th e re  (Maughan and R o b e rts , 1967; 

Smith and G ilm our, 1979) .

The only  d e t a i l e d  r e g io n a l  s tu d y  o f th e  Big Snowy ro ck s i s  an 

u n p u b lish ed  d o c to ra te  d i s s e r t a t i o n  by H a r r is  (1 9 7 2 ). Most o f th e  

fo llo w in g  b r i e f  d e s c r ip t io n  o f th e  K ibbey , O t te r ,  and H eath 

F orm ations i s  c r e d i te d  to  H a r r i s '  r e g io n a l  study  o f upper 

M is s is s ip p ia n  and low er P en n sy lv an ian  ro c k s . H is s tu d y  was focused  

p r im a r i ly  on ro ck s  in  th e  c e n t r a l  Montana a r e a .

Big Snowy Trough

H a r r is  d iv id e d  th e  K ibbey F orm ation  in to  th r e e  in fo rm a l members. 

The low est member c o n s is t s  o f re d  s h a le  w ith  le n se s  and beds of 

san d sto n e  and gypsum; th e  m idd le  member c o n s is ts  o f do lo m itic  

lim es to n e  w ith  gypsum b e d s ; and th e  upper member c o n s i s t s  of 

san d sto n e  w ith  in te rb e d d e d  s h a le  and le n se s  of d o lo m ite . Shale is  

th e  dom inant ro ck  type  in  a l l  th r e e  members a long  th e  n o r th e rn  m argin 

o f  th e  Big Snowy tro u g h  and san d sto n e  dom inates a long  th e  so u th e rn  

and so u th w este rn  m arg ins and in  th e  Snow crest tro u g h . A lthough th e  

m idd le  member i s  r e s t r i c t e d  to  th e  Big Snowy tro u g h , th e  low er and
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upper members th in  a c ro s s  th e  Lombard a rc h  and c o n tin u e  in to  th e  

Snow crest tro u g h  w ith  s l i g h t  l i t h o lo g i c  change.

The low er member o f  th e  Kibbey Form ation  i s  i n t e r p r e te d  as a h igh  

energy  s h o re l in e  d e p o s it  w ith  a s s o c ia te d  f in e  g ra in e d  i n t e r t i d a l  and 

s u b t id a l  d e p o s its  (B a l la rd ,  1964; Sando, 19 7 6 ). R e s t r i c te d  

c i r c u l a t i o n  o f th e  w a te r  caused  by e i t h e r  r e l i e f  on th e  M ission  

Canyon F o rm atio n , o r  m inor sea  le v e l  f l u c t u a t i o n s ,  o r b o th , i s  

in d ic a te d  by e v a p o r i te  b e d s . The en v iro n m en ta l c o n d it io n s  rem ained 

th e  same d u rin g  d e p o s i t io n  o f m idd le  K ibbey do lo m itic  lim es to n e  and 

e v a p o r i te s ,  however th e  sand supply  from th e  c ra to n  was d im in ish ed  

( B a l la r d ,  19 6 4 ). The upper member o f th e  Kibbey i s  in t e r p r e te d  as 

san d sto n e  d e p o s ite d  in  s im i la r  h ig h  energy  i n t e r t i d a l  and s h o re lin e  

env ironm ents (B a l la rd ,  19 6 4 ).

In  th e  Big Snowy tro u g h  l i t h o lo g i e s  o f th e  upper member o f th e  

Kibbey F orm ation  g rad e  in to  and in te r to n g u e s  w ith  l i t h o lo g i e s  of 

O tte r  F orm ation  o ver a th r e e  to  f iv e  m e te r i n t e r v a l .  T h is 

r e l a t io n s h ip  i s  seen  where th e  c o n ta c t i s  exposed a t  D urfee Creek 

dome in  th e  Big Snowy M ountains. Lenses o f Kibbey san d s to n e  

in te r to n g u e  w ith  O tte r  s h a le  th r e e  to  f iv e  m e ters  above th e  Kibbey 

san d sto n e  beds ( H a r r i s ,  19 7 2 ).

The O tte r  c o n s is t s  o f a low er g reen  and gray  s h a le  w ith  lim esto n e  

and d o lo m ite  and an upper g ray  s h a le .  T y p ica l O tte r  l i t h o lo g i e s  th in  

and p in c h  out a c ro s s  th e  Lombard a r c h .  W ith m inor e x c e p t io n s , they  

a re  n o t found in  th e  Snow crest tro u g h . The low er c a rb o n a te  was 

d e p o s ite d  in  a more norm al m arin e , sand f r e e ,  i n t e r t i d a l  and shallow  

s u b t id a l  environm ent o f f s h o re  from th e  K ibbey ( H a r r is ,  1972 ).
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F u r th e r  o f f s h o re  in  r e l a t i v e l y  calm , s u b t id a l  w a te r , s h a le s  

accu m u la ted . These c o n d itio n s  p r e v a i le d  d u rin g  th e  t r a n s i t i o n  in to  

th e  o v e r ly in g  H eath  Form ation  sh a le  and lim e s to n e .

The H eath F orm ation  i s  th e  l e a s t  a e r i a l l y  e x te n s iv e  fo rm atio n  of 

th e  Big Snowy Group. D ark, p e t r o l i f e r o u s  sh a le s  a re  th e  predom inant 

ro ck  ty p e  in  th e  a x is  o f th e  Big Snowy tro u g h . These g rad e  so u th  and 

sou thw est in to  s p a rs e ly  f o s s i l i f e r o u s ,  c h e r ty ,  lim e-m udstone w ith  

some q u a r tz - s a n d  g r a in s  on th e  Lombard a rc h .  The s h a le s  accum ulated  

in  q u i e t ,  oxygen poor c o n d itio n s  in  th e  c e n t r a l  tro u g h  ( H a r r is ,

1972 ). Along th e  so u th e rn  m argin  and Lombard a rc h , more a g i ta te d  

m arine  c o n d it io n s  p r e v a i le d  p rox im al to  a sou rce  o f c r a to n ic  sand .

Snow crest Trough

F a r th e r  sou thw est in  th e  Snow crest tro u g h , s t r a t i g r a p h ic  

r e l a t i o n s  o f ro ck s  e q u iv a le n t  to  th e  Big Snowy Group o f th e  c e n t r a l  

Montana a re  no t w e ll u n d e rs to o d  due to  s e v e ra l  f a c t o r s . Most 

s i g n i f i c a n t l y ,  p e tro leu m  e x p lo ra t io n  has lagged  f a r  b eh ind  a c t i v i t y  

in  c e n t r a l  Montana where su b su rfa c e  d a ta  i s  an in t e g r a l  p a r t  of 

s t r a t i g r a p h ic  u n d e rs ta n d in g . A lso , f a c i e s  changes in  th e  

m iogeocl in e - p la t f o r m  t r a n s i t i o n  and te le s c o p in g  o f s t r a t a  by eastw ard  

m otion  o f th r u s t  p la te s  co m p lica te s  i n t e r p r e t a t i o n .  G e o lo g is ts  of 

th e  U n ited  S ta te s  G e o lo g ic a l Survey a re  b eg in n in g  to  p ie c e  to g e th e r  

d a ta  in  th e  Snow crest tro u g h  b u t most o f th e  id e a s  a re  as y e t 

u n p u b lish e d .

S t r a t ig r a p h ic  s tu d y  o f  Big Snowy age ro ck s  in  th e  Snow crest 

tro u g h  began when B lake (1959) showed th a t  th e  O tte r  F orm ation  and
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H eath  Form ation  in te r to n g u e  a c ro s s  th e  Lombard a rc h  and become a 

s in g le  u n i t  composed p r im a r ily  o f  lim e s to n e . He t e n t a t i v e l y  proposed 

th e  term  Lombard f a c ie s  o f th e  H eath F orm ation  to  app ly  to  t h i s  u n i t .  

The name was chosen because  th e  in t e r v a l  i s  r e a d i ly  a c c e s s ib le  and 

w e ll exposed n e a r  th e  abandoned Lombard r a i l r o a d  s t a t i o n  17 m ile s  

w e s t-n o r th -w e s t of th e  B fid g e r Range.

McMannis (1951) f i r s t  d e sc r ib e d  t h i s  lim es to n e  in  th e  B rid g e r 

Range and c o r r e la te d  i t  to  th e  H eath Form ation  in  th e  Big Snowy 

tro u g h  and to  th e  s e c t io n  a t  Lombard. U nited  S ta te s  G eo lo g ica l 

Survey g e o lo g is ts  w orking in  th e  Snow crest tro u g h  c a r ry  th e  Lombard 

f a c ie s  and Kibbey F orm ation  in to  th e  extrem e sou thw est p a r t  o f th e  

Snow crest tro u g h . Both u n i t s  a re  p r e s e n t ly  c o n s id e re d  m appable as 

fo rm a tio n s  e q u iv a le n t to  th e  K ibbey , O t te r ,  and H eath  F o rm ations of 

th e  Big Showy Group (p e rs o n a l com m unication, Maughan, Wardlaw, 1983). 

The a u th o r  a ls o  re c o g n iz e s  th e  Kibbey and Lombard s t r a t a  as m appable 

fo rm a tio n s  in  th e  B r id g e t Range e q u iv a le n t  to  fo rm a tio n s  in  th e  Big 

Snowy Group o f c e n t r a l  M ontana.

S e v e ra l l in e s  o f re a so n in g  su p p o rt th e  c o n c lu s io n  th a t  th e  

fo rm a tio n s  o f th e  Big Snowy Group a re  in  p a r t ,  b u t n o t c o m p le te ly , 

tim e e q u iv a le n t  f a c ie s  o f each  o th e r  (F ig u re  5 ) .  As m entioned  

p re v io u s ly ,  c o n ta c ts  betw een fo rm a tio n s  a re  g ra d a t io n a l  o v er 

c o n s id e ra b le  v e r t i c a l  d is ta n c e  and fo rm a tio n  l i th o lo g ie s  i n t e r f i n g e r .  

A lso , th e  low est n e a rsh o re  Kibbey F orm ation  san d sto n e  f a c i e s  i s  th e  

most a e r i a l l y  e x te n s iv e ,  w hereas th e  Lombard and e q u iv a le n t  O tte r  and 

H eath F orm ations a re  r e s t r i c t e d  to  th e  tro u g h  a x i s .  S im i la r ly ,  th e  

Kibbey F orm ation  i s  th i c k e s t  a t  th e  tro u g h  m a rg in s , and th e  Lombard



North S ou th

----- ------------------ Line of time-synchronous
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Figure 5. Cross section across  Big  Snowy trough= t im e - s y n c h r o n o u s  f a c i e s  d ia g r a m  
(from Harr is ,  1 972 ) .
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and H eath F orm ations a re  th ic k e s t  a t  th e  tro u g h  a x is  (Maughan and 

R o b e r ts , 1967; H a r r i s ,  1972 ).

Using b io s t r a t i g r a p h i c  d a ta ,  Sando (1974) de te rm in ed  th a t  th e  

Kibbey Form ation  i s  youngest n e a r  th e  m io g eo c lin e  in  th e  

southw.este rn m o st p a r t  o f th e  Snow crest tro u g h  ( l a t e  Meramecia n ) ,  and 

o ld e s t  in  th e  ea s te rn m o s t p a r t  o f th e  Big Snowy tro u g h  and th e  

W il l i s to n  b a s in  (m idd le Chest e r ia n )  (F ig u re  4 ) .  He concluded  th a t  

th e  Big Snowy Group r e p re s e n ts  a c l a s s i c  d iach ro n o u s t r a n s g r e s s iv e  

s e r i e s . The sea  i n i t i a l l y  t r a n s g re s s e d  in to  th e  Snow crest tro u g h  

from th e  m io g eo c lin e  and d e p o s ite d  th e  Kibbey n e a rsh o re  san d sto n e  

d u rin g  l a t e  Meramec tim e . As th e  t r a n s g r e s s io n  c o n tin u e d , th e  Kibbey 

n e a rsh o re  f a c ie s  m ig ra te d  r e g io n a l ly  eastw ard  and lo c a l ly  to  th e  

tro u g h  m arg ins u n t i l  m idd le  C h es te r tim e . S im u lta n e o u s ly , th e  

Lombard and e q u iv a le n t  O tte r  and H eath  o f f s h o re  f a c ie s  fo llo w ed  

b eh ind  th e  eastw ard  t r a n s g r e s s in g  s h o re l in e  bu t w ere r e s t r i c t e d  to  

th e  tro u g h  a x i s .

R e la tio n s  o f th e  Upper Big Snowy Group to  th e  

O verly ing  Amsden Form ation

The Amsden F orm ation  unconform ably b la n k e ts  th e  Big Snowy Group 

s e r i e s  (Maughan and R o b e r ts , 1967; Sando, Gordon, and D u tro , 1975) 

(F ig u re  4 ) .  In  th e  c e n t r a l  p a r t  o f th e  Snow crest and Big Snowy 

tro u g h s  th e  Amsden o v e r l i e s  Lombard f a c i e s  and H eath Form ation  

r e s p e c t iv e ly .  Towards th e  tro u g h  m a rg in s , i t  r e s t s  on th e  K ibbey .

On most of th e  A lb e r ta  and Wyoming sh e lv e s  i t  r e s t s  on th e  M ission  

Canyon F o rm atio n . E x te n s iv e  e ro s io n  p r io r  to  Amsden on lap  in  e a r ly
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Morrow tim e i s  in d ic a te d  by f o r t y - f i v e  m e te rs  o f r e l i e f  betw een th e  

H eath and T y le r  F orm ations in  c e n t r a l  Montana (S m ith , 19 7 9 ).

The Amsden in  th e  Snow crest tro u g h  c o n s is ts  o f a low er red  

m udstone and s i l t s t o n e  w ith  some d is c o n tin u o u s  s a n d s to n e , lim e s to n e , 

and do lo m ite  b e d s . The re d  i n t e r v a l  g rad es  up in to  c a rb o n a te  rocks 

w ith  m inor san d sto n es  and e v a p o r i te s . The fo rm er r e p re s e n ts  

n e a rsh o re  lag o o n a l and swamp d e p o s i t s ,  th e  l a t t e r  r e s t r i c t e d  m arine 

o f f s h o re  banks in  a sh a llo w  sea  ( Sando, Gordon, and D u tro , 1975).
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INTERPRETATION OF THE BIG SNOWY GROUP 

IN THE BRIDGER RANGE

In tro d u c t io n

In  t h i s  c h a p te r  l i t h o lo g i c  and s t r a t i g r a p h ic  d a ta  and 

i n t e r p r e t a t i o n s  from th e  s tu d y  a re a  a re  in te g r a te d  in to  th e  re g io n a l  

r e l a t i o n s  p re v io u s ly  d is c u s s e d . F orm ations and members a re  describ ed , 

in  sequence from o ld e s t  to  y o u n g e s t. A b r i e f  d e s c r ip t io n  o f th e  

c o n ta c t  w ith  s t r a t a  above and below th e  group i s  in c lu d e d . Each 

fo rm a tio n  and member has an in d iv id u a l  s e c t io n  in  th e  t e x t  fo r  

l i t h o f a c i e s , d e p o s i t io n a l  en v ironm en t, and s t r a t i g r a p h ic  r e l a t i o n s .

The Big Snowy Group in  th e  s tu d y  a re a  i s  d iv id e d  in to  th e  Kibbey 

Form ation  and Lombard f a c i e s  (F ig u re  6 ) .  The Kibbey i s  f u r th e r  

su b d iv id e d  in fo rm a lly  in to  a low er p red o m in an tly  d o lo s to n e  member, 

and an upper san d sto n e  and s i l t s t o n e  member. These a re  ap p ro x im ate ly  • 

e q u iv a le n t  to  th e  upper and low er members o f th e  Kibbey F orm ations in  

H a r r is  (1972) s ta te w id e  s tu d y . The Lombard f a c ie s  o v e r l i e s  th e  

Kibbey and i s  e q u iv a le n t  to  th e  O tte r  and H eath F o rm ations o f c e n t r a l

M ontana.
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Amsden Formation

Lombard Facies 
(0  to 43  meters)

Ztt/
Kibbey Formation

Upper Member 
(2 to 6 6 meters)

/  /  •• /  •ZZZZZ
ZZZZ

Lower Member 
(4 to 33 meters)

Mission Canyon
Formation ( solution breccia 
os for os 200 meters below top)

Rgure 6 .  Generalized lithologic column of the Big 
Snowy Group.
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Lower Big Snowy Group C on tac t and th e  U nderly ing  

M ission  Canyon F orm ation

D e s c r ip tio n

One o r more s o lu t io n  b re c c ia  zones a re  p re s e n t  in  th e  M ission  

Canyon F orm ation  w ith in  200 m e te rs  o f th e  c o n ta c t  w ith  th e  Big Snowy 

Group. The b r e c c ia  zones a re  s im i la r  to  th o se  d e sc r ib e d  by R oberts  

(1 9 6 6 ) . The b r e c c ia s  c h a r a c t e r i s t i c a l l y  form le s s  r e s i s t a n t  zones 

w ith in  th e  M ission  Canyon lim es to n e  and w ea th e r re d d is h -y e l lo w . 

A pproxim ately  one m e te r o f re d  c la y  d e f in e s  th e  base  o f th e  b re c c ia  

zones on a d i s t i n c t  c o n ta c t w ith  u n d e r ly in g  lim e s to n e . The b re c c ia s  

a re  composed o f v a r io u s  s iz e s  o f v a r ia b ly  rounded d o lo s to n e  c l a s t s  

and m inor brown a n g u la r  c h e r t  in  a s i l t y ,  muddy, re d d is h -y e llo w  

c a rb o n a te  m a tr ix .  The b r e c c ia s  g rad e  up in to  f r a c tu r e d  lim es to n e  a t  

th e  top  o f th e  z o n e s . At s e v e ra l  e x p o su re s , an in t e r v a l  o f 

u n d is tu rb e d  lim es to n e  s e p a ra te s  two o r  more b re c c ia  z o n e s . The 

th ic k n e s s  o f th e  zones i s  v a r ia b le  a t  d i f f e r e n t  e x p o su re s . D is tan ce  

from th e  c o n ta c t w ith  th e  Big Snowy Group a ls o  v a r i e s . A b re c c ia  

zone ex ten d s to  w ith in  te n  m e te rs  o f th e  M ission  Canyon-Snow crest 

c o n ta c t a t  s t a t i o n  191.

A k a r s t  s in k h o le  i s  developed  a lo n g  th e  c o n ta c t a t  th e  B rid g e r 

Canyon s e c t io n  on th e  so u th  end o f th e  ra n g e . .U n b recc ia ted  M ission  

Canyon lim es to n e  e n c lo se s  th e  s ix  m e te r  deep by tw elve  m e te r wide 

c a v i ty  w hich c o n s t r i c t s  to  ap p ro x im ate ly  one m eter a t  th e  to p . 

S i l t s to n e  and d o lo s to n e  from  th e  o v e r ly in g  Kibbey F orm ation  f i l l  th e  

c a v i t y . V arious s iz e d  d o lo s to n e  c l a s t s  have i n d i s t i n c t  b o u n d a rie s  

and appea r c o n to r te d  and sq uashed . A re d  muddy, s i l t y  d o lo s to n e
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m a tr ix  su p p o rts  th e  c l a s t s  in  th e  c a v i ty . The b r e c c ia s  in  th e  c a v i ty  

g rad e  up in to  u n d is tu rb e d  Kibbey muddy d o lo s to n e  j u s t  above th e  top  

o f th e  c a v i ty .  At l e a s t  th e  low er f iv e  m e te rs  o f K ibbey Form ation  i s  

bowed down tow ards th e  k a r s t  s in k  in  th e  upper M ission  Canyon 

F o rm ation .

I d e n t i f y in g  th e  c o n ta c t  o f th e  M issio n  Canyon F orm ation  and Big 

Snowy Group i s  s t r a ig h tfo rw a rd  a t  th e  exposu res where s o lu t io n  

b r e c c ia s  o r k a r s t  d e p o s i ts  do n o t occu r n e a r  th e  c o n ta c t .  The top  o f 

th e  M ission  Canyon Form ation  i s  v ery  s im i la r  to  th e  ty p e  s e c t io n  a t  

Logan, Montana and to  th e  e q u iv a le n t B u ll Ridge member in  th e  

B e a r to o th s . The p rim ary  ro ck  type  i s  f in e  to  c o a rs e ly  c r y s t a l l i n e ,  

medium b ro w n-g ray , o o l i t i c ,  d o lo m itic ,  lim e b io -w ack esto n e  w ith  

c h e r t .  O verly ing  th e  M issio n  Canyon Form ation  a re  muddy, s i l t y ,  

la m in a te d , p a s t e l  c o lo re d  d o lo s to n e s  w ith  le n se s  o f q u a r tz  s i l t s t o n e  

and san d sto n e  ty p ic a l  o f th e  low er member o f th e  K ibbey F o rm ation .

At th e  exposure a t  s t a t i o n  191 in  th e  c e n t r a l  B rid g e r Range a fo u r 

m e te r th ic k  cong lom erate  r e s t s  on th e  M ission  Canyon F o rm atio n . The 

cong lom erate  i s  composed o f sub-rounded  p a s te l  muddy d o lo s to n e  c l a s t s  

s im i la r  to  th e  low er K ibbey Form ation  in  a red  muddy san d s to n e  

m a tr ix .

The M ission  Canyon-Big Snowy c o n ta c t  i s  no t g r a d a t io n a l  

v e r t i c a l l y  o r  l a t e r a l l y  and ro ck  ty p es  do n o t i n t e r f i n g e r .  At 

s e v e ra l  e x p o su re s , betw een one and two m e te rs  o f r e l i e f  i s  developed  

a long  s e v e ra l  te n s  o f m e te rs  o f th e  c o n ta c t  and d o lo s to n e , d o lo m itic  

s i l t s t o n e ,  and san d sto n e  c h ip s  s im i la r  to  th e  e n c lo s in g  Kibbey 

F orm ation  f i l l  low a re a s  on th e  c o n ta c t .
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I n t e r p r e t a t i o n

S o lu tio n  b r e c c ia s , k a r s t  d e p o s i t s , and rock  ty p es  a s s o c ia te d  w ith  

th e  M issio n  Canyon-Big Snowy c o n ta c t in  th e  B rid g e r Range pose 

i n t e r p r e t i v e  problem s s im i la r  to  th o se  where th e  c o n ta c t i s  exposed 

a t  o th e r  ran g es  in  s o u th - c e n t r a l  M ontana. However, a t  no s e c t io n  in  

th e  study  a re a  was ev id en ce  fo r  co n tin u o u s  d e p o s i t io n  a c ro s s  th e  

c o n ta c t fo u n d . R a th e r , th e r e  i s  ev id en ce  fo r  a p e r io d  o f  e ro s io n  and 

change in  d e p o s i t io n a l  en v ironm en t.

N early  a l l  th e  exp o su res  observed  have some deg ree  o f  r e l i e f  on 

th e  c o n ta c t .  A lso , th e  th ic k n e s s  o f th e  M ission  Canyon. F orm ation  

v a r ie s  up to  f i f t y  m e te rs  a c ro s s  th e  ran g e  (McMannis, 19 5 1 ). 

U n fo r tu n a te ly ,  i n s u f f i c i e n t  ev id en ce  i s  a v a i la b le  to  d e te rm in e  

w hether s u b a e r ia l  e ro s io n  o r su b su rfa c e  s o lu t io n  o f th e  M ission  

Canyon lim es to n e  i s  th e  m ost im p o rtan t p ro c e ss  re s p o n s ib le  fo r  

th ic k n e s s  v a r i a t i o n  a n d . r e l i e f .  However, two r e la t io n s h ip s  su g g est 

th a t  a t  l e a s t  some th in n in g  o f th e  M issio n  Canyon F orm ation  was 

produced by e ro s io n .  F i r s t ,  where th e  M ission  Canyon i s  t h i n ,  th e  

s o lu t io n  b re c c ia  zones w ith in  i t  a re  found c lo s e r  to  th e  fo rm a tio n  

top  th a n  i s  u s u a lly  th e  c a s e . For example s o lu t io n  b r e c c ia s ,  which 

a re  g e n e ra l ly  lo c a te d  100 m e te rs  o r more below  th e  M issio n  Canyon-Big 

Snowy c o n ta c t ,  occu r w ith in  te n  m e te rs  o f th e  c o n ta c t a t  s t a t i o n  191 

where th e  M ission  Canyon F orm ation  i s  f o r ty  m e te rs  th in n e r  th an  a t  

n e ig h b o rin g  s e c t io n s  (McMannis, 1955 ). The e la v a te d  o c c u rre n c e  of 

th e  e v a p o r i te  s o lu t io n  zones i s  b e s t  e x p la in e d  by e ro s io n  o f th e  

lim es to n e  o v e rly in g  th e  e v a p o r i te  o r e v a p o r i te  b re c c ia  zones in  an
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a re a  o f s l i g h t  p o s i t iv e  r e l i e f  d u rin g  a p e r io d  o f e x p o su re .

S eco n d ly , one o f th e  th in n e s t  s e c t io n s  o f th e  low er member o f th e  

Kibbey Form ation  in  th e  B rid g e r Range c o in c id e n ta l ly  i s  lo c a te d  a t  

s t a t i o n  191 (P la te  I )  su g g e s tin g  th a t  a p o s i t iv e  tendency  caused th i s  

e ro s io n  and in f lu e n c e d  se d im e n ta tio n  d u rin g  and fo llo w in g  th e  Kibbey 

t r a n s g r e s s io n .

D if f e r e n t  en v iro n m en ta l c o n d it io n s  below and above th e  M ission  

Canyon-Big Snowy c o n ta c t  a re  in d ic a te d  by th e  sh arp  change from 

c le a n , o o l i t i c ,  lim e b io -w ack esto n e  to  u n f o s s i l i f e r o u s , s i l t y ,  muddy, 

lam in a ted  d o lo s to n e  w ith  i n t e r m i t t e n t  b a s a l  l i t h o c l a s t  co n g lo m era te . 

Lack o f in te r f in g e r in g  o f th e  l i th o lo g i e s  im p lie s  th a t  a s in g le  

e x te n s iv e  su r fa c e  o f d i s co n fo rm ity  e x i s t e d .

In  summary, ev id en ce  o f e ro s io n  and change o f d e p o s i t io n a l  

environm ent a c ro s s  th e  c o n ta c t su p p o rt a c o n c lu s io n  th a t  th e  M ission  

Canyon F orm ation  was exposed in  th e  B rid g e r  Range a re a  p r io r  to  

d e p o s i t io n  o f th e  low er member o f th e  Kibbey F o rm atio n . The d u ra tio n  

o f tim e th a t  th e  d isc o n fo rm ity  betw een th e  M ission  Canyon and Kibbey 

F orm ation  r e p r e s e n t s ,  how ever, can only  be in f e r r e d  s in c e  n e i th e r  th e  

upper M ission  Canyon o r low er Kibbey Form ations a re  d a te d .

Lower Kibbey Member

L i th o fa c ie s

In t r o d u c t io n .  The low er member o f th e  Kibbey F orm ation  is  

d iv id e d  in to  two l i t h o f a c i e s . A la m in a ted  d o lo s to n e  l i t h o f a c i e s  

ex tends th ro u g h o u t th e  s tu d y  a r e a . The second , a san d s to n e  channel 

l i t h o f a c i e s  i s  developed  w ith in  th e  d o lo s to n e  l i t h o f a c i e s  in  th e
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c e n t r a l  B rid g e r Range (F ig u re  7 ) .  The chan n e ls  i n t e r f i n g e r  w ith  and 

g rad e  in to  th e  lam in a ted  d o lo s to n e  away from th e  c e n t r a l  p a r t  o f th e  

ran g e  ( P la te  I ) .  The c o n ta c t  w ith  th e  o v e rly in g  upper member o f th e  

Kibbey F orm ation  i s  p la c e d  below th e  f i r s t  co n tin u o u s m udstone o r 

s i l t s t o n e  bed w hich c o r r e l a t e s  betw een e x p o su re s .

Lam inated D olostone L i th o f a c i e s . S i l i c i c l a s t i c  and dolo m itic  mud 

and s i l t  c o n te n t w ith in  th e  lam in a ted  d o lo s to n e  l i t h o f a c i e s  in c re a se s  

up from a r e l a t i v e l y  c le a n  d o lo s to n e  on th e  low er c o n ta c t  w ith  th e  

M ission  Canyon Form ation  to  a d o lo m itic  s i l t s t o n e  in  th e  upper p a r t  

o f  th e  member. Shades o f maroon, p in k , and y e llo w  a re  common, w ith  

ta n ,  g re e n , and red  shades le s s  common. C o lo ra tio n  g e n e ra l ly  

r e f l e c t s  v a r ia b le  amounts o f c l a s t i c  mud and s i l t ,  b u t a l t e r n a t in g  

o x id a t io n  c o n d itio n s  a re  su g g es ted  by l i g h t e r  and d a rk e r  zones which 

o c c a s io n a lly  c ro s s  bedding  b u t g e n e ra l ly  a re  r e s t r i c t e d  to  in d iv id u a l  

h o r iz o n s .

L a te r a l ly  p e r s i s t e n t  m il l im e te r  to  c e n tim e te r  th ic k  la m in a tio n s  

a re  p re s e n t  th ro u g h o u t th e  d o lo s to n e  l i t h o f a c i e s  ( P la te  2 ) .  The 

la m in a tio n s  a re  v a r ia b ly  r e s i s t a n t  and w e a th e rin g  p roduces a sequence 

o f a l t e r n a t in g  smooth and g ra in y  s u r f a c e s .  L o ca lly  th e y  a re  

co n tin u o u s  over a s e r i e s  o f humps about two c e n tim e te rs  h ig h  and fo u r  

c e n t im e te rs  lo n g . In  some p la c e s  th ey  a re  c o n to r te d  in to  s te e p ,  

sm all s c a le  fo ld s  betw een r e l a t i v e l y  f l a t  lam inae . D e s s ic a tio n  

c r a c k s , te e p e e  s t r u c t u r e s ,  and c a l c i t e  f i l l e d  f e n e s t r a l  vugs and 

v e in s  d is r u p t  th e  la m in a tio n s  ( P la te  3 ) .
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Figure 7. G enera l ized  l i thologic column of the lower memberI tI-A6U Ktbbey Formation. S e e  text for description  
of l i thofacies .
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P la te  2 . Pho tograph  of lam in a ted  d o lo s to n e  in  
th e  low er member o f th e  Kibbey F o rm ation . See 
t e x t  fo r  d is c u s s io n .

P la te  3 .  Photom icrograph  o f la m in a tio n s , n o te  
th e  c a l c i t e  f i l l e d  f e n e s t r a l  f r a c tu r e  
(ap p ro x im a te ly  2 .5  mm a c ro s s  f i e l d ) .
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A lso w ith in  t h i s  l i t h o f a c i e s  a re  d o lo s to n e  b r e c c ia s  w hich grade 

l a t e r a l l y  and v e r t i c a l l y  in to  u n d is tu rb e d  lam in a ted  d o lo s to n e . 

A lthough beds o f b r e c c ia  a re  up to  two m e te rs  th ic k ,  c e n tim e te r  to  

m e te r th ic k  beds a re  t y p i c a l .  The m i l l im e te r  to  s e v e ra l  c e n tim e te r  

d ia m e te r  d o lo s to n e  c l a s t s  a re  no t g raded  o r s o r te d .  The b o u n d arie s  

o f  th e  c l a s t s  a re  i n d i s t i n c t  and g rad e  in to  th e  m a tr ix  ( P la te  4 ) .  

Upper and low er c o n ta c ts  o f th e  b re c c ia  zones a re  a ls o  i n d i s t i n c t , 

and bed th ic k n e s s  v a r ie s  a lo n g  s t r i k e .  In d iv id u a l  b r e c c ia  beds do 

n o t ex tend  between e x p o su re s .

F iv e  th in  s e c t io n s  re p re s e n t in g  b o th  th e  lam in a ted  d o lo s to n e  and 

d o lo s to n e  b r e c c ia s  were a n a ly z e d . D olom ite ap p ea rs  as m ic ro sp a r 

s iz e d  c r y s t a l s . In  th in  s e c t io n  la m in a tio n s  a re  p re se rv e d  as 

m il l im e te r  to  c e n tim e te r  in t e r la y e r in g  o f zones r i c h  in  q u a r t z - s i l t  

( P la te  3 ) .  By e s t im a t io n ,  q u a r tz  s i l t  c o n te n t averag es  te n  p e rc e n t 

in  th e  th in  s e c t i o n s ; in d iv id u a l  la m in a tio n s  a re  s ig n i f i c a n t l y  

r i c h e r .

The lam in a ted  d o lo s to n e  l i t h o f a c i e s  i s  th e  most p e r s i s t e n t  f a c ie s  

o f  th e  Big Snowy Group in  th e  B rid g e r  Range and ap p ea rs  to  co n tin u e  

ou t o f th e  s tudy  a re a  n o r th  and s o u th . I t  i s  th e  only  l i th o f a c i e s  

p re s e n t  in  th e  n o r th e rn  and so u th e rn  p a r t s  o f th e  s tu d y  a r e a .  In  the  

c e n t r a l  B rid g e r Range, where th e  channe l l i t h o f a c i e s  i s  w e ll 

d ev e lo p ed , on ly  th in  beds o f lam in a ted  d o lo s to n e  a re  p re se rv e d  above 

and below th e  channe l l i t h o f a c i e s  ( P la te  I ) .  An e x c e p tio n  to  t h i s  

p a t te r n  o ccu rs  a t  th e  exposure a t  s t a t i o n  I 91 where th e  low er member 

o f th e  Kibbey F orm ation  i s  e x c e p t io n a l ly  th in ;  th e  channe l 

l i t h o f a c i e s  i s  a b se n t and a fo u r  m e te r th ic k  b a s a l cong lom erate  r e s t s
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P la te  5 . Photom icrograph  of san d sto n e  in  th e  
san d sto n e  channe l l i t h o f a c i e s  (ap p ro x im ate ly  
2 .5  mm a c ro s s  f i e l d ) .
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d i r e c t l y  on th e  M ission  Canyon F o rm atio n . The cong lom erate  i s  

composed o f sub-rounded  c l a s t s  o f s a n d s to n e , s i l t s t o n e ,  and d o lo s to n e  

in  a s i l t y  d o lo s to n e  m a tr ix .  The cong lom erate  g rad es  in to  th e  

lam in a ted  d o lo s to n e  and san d sto n e  channe l l i th o f a c i e s  to  th e  n o r th  

and so u th .

Sandstone Channel L i th o f a c ie s .  W ith in  th e  d o lo s to n e  l i th o f a c i e s  

in  th e  c e n t r a l  B r id g e t Range, le n s-sh a p e d  channe ls  o f sa n d s to n e , 

s i l t s t o n e ,  and m udstone a re  developed  (F ig u re  7 ) .  T h is  second 

l i t h o f a c i e s  o ccu rs  as a s e r i e s  o f up to  s ix  d i s c r e t e  u p w ard -fin in g  

ch an n e ls  over a te n  to  tw enty  m eter i n t e r v a l . I n d iv id u a l  chan n e ls  

a re  n o t t r a c e a b le  betw een e x p o su re s , however th e  package i s .

The s a n d s to n e s , s i l t s t o n e s , and m udstones in  th e  ch an n e ls  a re  a 

deep re d d is h  c o lo r ,  t y p i c a l ly  b r ic k  r e d .  I d e a l ly  an in d iv id u a l  

ch anne l g rad es  up from san d sto n e  on a sh arp  c o n ta c t c u t in to  th e  

u n d e rly in g  channe l in to  s i l t s t o n e  and m udstone o ver a one to  two 

m e te r i n t e r v a l .  At some e x p o su re s , th e  chan n e ls  f in e  up fjcom a 

c o a rse  s i l t s t o n e  r a th e r  th a n  a f in e  san d sto n e  a t  th e  b a s e . A lso , 

d o lo s to n e  l i t h o c l a s t  cong lom era tes  may be p re s e n t  a t  th e  b a s e . I f  

th e  ch an n e ls  a re  no t d i r e c t l y  su p e rp o sed , a bed o f lam in a ted  

d o lo s to n e  in te rv e n e s  betw een them . In  t h i s  in s ta n c e ,  th e  o v e rly in g  

ch anne l i s  cu t in to  th e  d o lo s to n e . O ther th a n  g ra d in g ,, few bedding 

f e a tu r e s  a re  p re s e rv e d . F in e  s i l t s t o n e  and m udstone a t  th e  top  of 

ch an n e ls  w ea th e rs  to  a b locky  ru b b le  f r a c tu r e d  a long  s u b - p a r a l l e l  

s u r fa c e s  one to  fo u r  c e n tim e te rs  a p a r t .

E ig h t th in  s e c t io n s  w ere an a ly zed  to  d e te rm in e  m in e ra l
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com p o sitio n  and te x tu r e  o f th e  ro ck s in  th e  san d sto n e  channe l 

l i t h o f a c i e s . O v e ra ll ,  th e  sand and s i l t  i s  f o r t y - f i v e  p e rc e n t 

q u a r tz ,  f i f t y  p e rc e n t d o lo m ite , th r e e  p e rc e n t c h e r t ,  and two p e rc e n t 

p la g io c la s e .  Minor h e m a tite  s t a in s  rim s on th e  g ra in s  and im p arts  

much o f th e  c h a r a c t e r i s t i c  red  c o lo r .  The do lo m ite  o ccu rs  as 

v a r ia b ly  rounded d e t r i t a l  c r y s t a l s  d i s t r i b u t e d  even ly  th ro u g h o u t th e  

s i l t s t o n e  and san d sto n e  and as medium s iz e  l i t h o c l a s t s  c o n c e n tra te d  

a t  th e  b ase  o f c h a n n e ls . V a ria b le  round ing  o f th e  d o lo m ite  c r y s ta l s  

and in t e g r a t i o n  o f th e  c r y s t a l s  in  th e  g ra in - s u p p o r te d  san d sto n e  

framework a t t e s t  to  t h e i r  d e t r i t a l  o r ig i n .  I n te r g r a n u la r  m a te r ia l  i s  

p r im a r ily  s i l i c i c l a s t i c  mud w ith  sm all amounts o f c a rb o n a te  which 

ap p ea rs  as p a tc h e s  o f d o lo -m ic ro sp a r .

The san d sto n e  and s i l t s t o n e  e x h ib i t  bim odal d i s t r i b u t i o n  o f very  

w e ll rounded , low medium s a n d -s iz e d  q u a r tz  g ra in s  ( .2 5  to  .35  

m i l l im e te r  d ia m e te r)  in  a m a tr ix  o f  f in e  sand to  s i l t - s i z e d  subrouded 

q u a r tz  g r a in s  and d e t r i t a l  d o lo m ite  c r y s t a l s  (P la te  5 ) .  The r a t i o  of 

th e  f in e  sand and s i l t  f r a c t i o n  to  th e  medium sand f r a c t i o n  i s  fo u r 

to  one. G rain  su p p o rt w ith o u t p r e f e r r e d  o r i e n t a t i o n  i s  t y p i c a l .  

However, mud and m a tr ix  su p p o rt become more abundant tow ards th e  top 

o f th e  ch anne l where th e  san d sto n e  and s i l t s t o n e  g rade  in to  m udstone. 

Mud a t  th e  to p  o f a channe l i s  composed o f about eq u a l p a r t s  

s i l i c i c l a s t i c  and c a rb o n a te  com ponents.

I
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D e p o s itio n a l Environm ent I n t e r p r e t a t i o n

I n tr o d u c t io n .  The two l i t h o f a c i e s  in  th e  low er member o f th e  

Kibbey F orm ation  r e p re s e n t  f a c ie s  w ith in  a s in g le  d e p o s i t io n a l  

env iro n m en t. The member i s  composed p r im a r i ly  o f s u p r a t id a l  and h igh  

i n t e r t i d a l  d o lo s to n e s  d e p o s ite d  on a sab k h a . The o c c u rre n c e  o f 

e v a p o r i te  b re c c ia s  in  th e  d o lo s to n e s  in d ic a te s  th a t  th e  p r e v a i l in g  

c l im a te  was ho t and a r i d .  The san d sto n e  channe l l i t h o f a c i e s  

r e p r e s e n ts  i n t e r t i d a l  ch an n e ls  ( t i d a l  c r e e k s ) in  th e  n e a rsh o re  m arine 

env ironm ent m a rg in a l to  th e  sabkha. S i l i c i c l a s t i c  g r a in s  d e p o s ite d  

in  th e  t i d a l  ch an n e ls  and tra p p e d  by a lg a l  f ilm s  w ere d e r iv e d  from 

th e  n e ig h b o rin g  sh o re fa c e  environm ent w here th e  upper K ibbey was 

contem poraneousIy d e p o s i te d .  S u p ra tid a l  se d im e n ta tio n  dom inated a t  

th e  n o r th  and so u th  ends o f th e  ran g e  w here th e  M ission  Canyon 

s u r fa c e  was r e l a t i v e l y  e le v a te d ,  w hereas i n t e r t i d a l  ch anne l 

d e p o s i t io n  was m ost im p o rtan t in  th e  c e n t r a l  range w hich was 

d e p re s se d . S ta t io n  191, w hich was a p o s i t i v e  a re a  w ith in  th e  c e n t r a l  

ra n g e , i s  an e x c e p tio n  to  t h i s  t r e n d .

Lam inated D olostone L i th o f a c i e s . Work on modern and a n c ie n t 

sabkha env ironm ents has g e n e ra te d  an a s s o c ia t io n  o f sed im en to lo g ic  

f e a tu r e s  w hich a re  used  to  id e n t i f y  t h i s  environm ent in  th e  re c o rd . 

Most im p o rtan t o f th e se  a re  d e s s ic a t io n  f e a t u r e s , a lg a l  m a ts , 

f e n e s t r a l  f a b r i c ,  l i t h o c l a s t  co n g lo m era tes , e v a p o r i te s  (o r  s o lu t io n  

b r e c c ia s ) ,  and la c k  o f m arine  organism s (L u c ia , 1972 ). The 

i n t e r p r e t a t i o n  o f th e  d e p o s i t io n a l  environm ent o f th e  low er Kibbey i s  

based  on o c c u rre n c e  o f th e se  in d i c a to r s .
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C la s t ic  t e x tu r e ,  p re se n c e  o f a n t ig r a v i t y  f e a tu r e s  such as 

s te e p ly  s lo p in g  lam in ae , and c o n s ta n t th ic k n e s s  o f lam inae over 

s u b s t r a te  i r r e g u l a r i t i e s  r a th e r  th an  i n f i l l i n g  in  d e p re s s io n s  and 

th in n in g  over h ig h s  a re  r e p o r te d  as im p o rtan t c r i t e r i a  fo r  

r e c o g n i t io n  o f m echan ica l b in d in g  o f sed im ent by a lg a l  f i lm  ( G insburg 

e t  a l ,  1954; D av ie s , 1 9 7 0 ). C la s t ic  te x tu r e  i s  p re se rv e d  in  th e  

Kibbey d o lo s to n e s  as a l t e r n a t i o n  o f la m in a tio n s  r i c h  in  c o a rse  and 

f in e  s i l i c i c  and c a rb o n a te  g r a in s .  L am inations w hich a re  c o n to r te d  

in to  s te e p ,  s m a l l- s c a le  fo ld s  in  t h i s  l i t h o f a c i e s  a re  exam ples of 

sed im ent bound by m a te r ia l  w hich i s  co h es iv e  enough to  r e s i s t  

g r a v i ty .  F in a l ly ,  c o n s ta n t  th ic k n e s s  o f lam inae over s u b s t r a te  

i r r e g u l a r i t i e s  i s  common in  th e  la m in a ted  d o lo s to n e  l i t h o f a c i e s  of 

th e  low er member o f th e  K ibbey F o rm ation .

D e t r i t a l  sed im ent tra p p e d  by a lg a l  f i lm s  on modern t i d a l  f l a t s  i s  

m ostly  d e r iv e d  and t r a n s p o r te d  from nearby  m arine  environm ent by 

t i d a l  and storm  p ro c e s se s  (P a rk , 1 9 7 6 ). T h is  ap p ea rs  to  be th e  case  

fo r  th e  s i l i c i c  component o f d e t r i t u s  tra p p e d  in  th e  Kibbey 

d o lo s to n e s  s in c e  th e  abundance o f s i l i c i c l a s t i c  m a te r ia l  in c re a s e s  

u p s e c tio n  as th e  m arine  environm ent s im u lta n e o u s ly  s h i f t s  landw ard 

o ver th e  t i d a l  f l a t  by t r a n s g r e s s io n .  Trapped c a rb o n a te  d e t r i t u s  i s  

p r im a r ily  d e r iv e d  from  th e  sabkha c r u s t  (P a rk , 1976).

R e co g n itio n  o f e v a p o r i te s  in  o u tc ro p  i s  co m p lica ted  because  they  

can be leach ed  to  form  s o lu t io n  b r e c c ia s .  L ucia  (1972) s t a t e s  th a t  

c o r r e l a t i o n  w ith  su b su rfa c e  e v a p o r i te s  and a s s o c ia t io n  w ith  sabkha 

c a rb o n a te s  a re  th e  b e s t  c r i t e r i a  fo r  c o n f irm a tio n  th a t  b r e c c ia s  a re  

th e  p ro d u c t o f e v a p o r i te  s o lu t io n .  Both r e l a t io n s h ip s  a re  t r u e  fo r
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th e  Kibbey F o rm ation ; e v a p o r i te s  a re  p re se rv e d  in  th e  low er member o f 

th e  Kibbey F orm ation  in  c e n t r a l  Montana ( H a r r i s ,19 7 2 ), and th e  

e n c lo s in g  d o lo s to n e s  a re  in te r p r e te d  as a sabkha d e p o s it  in  th e  

B rid g e r Range. L ucia (1 9 7 2 ), a l s o  p o in ts  ou t th a t  dolo s to n e  i s  o f te n  

p a t i a I Iy leached  d u rin g  th e  e v a p o r i te  s o lu t io n  p ro c e s s . T h is i s  

e v id e n t in  th e  Kibbey d o lo s to n e  c l a s t s  in  s o lu t io n  b r e c c i a s . The 

c o n ta c t betw een b re c c ia  c l a s t s  and m a tr ix  i s  g r a d a t io n a l  and 

i n d i s t i n c t . F in a l ly ,  th e  d e p o s its  canno t be m istak en  fo r  

cong lom erate  s in c e  ev id en ce  f o r  f l u i d  t r a n s p o r t  such as s o r t in g  or 

g ra d in g  i s  m is s in g .

E v a p o r ite  m in e ra ls  in  a sabkha a re  most l ik e ly  p re se rv e d  in  th e  

s u p r a t id a l  zone and in  th e  t r a n s i t i o n  betw een s u p r a t id a l  and 

i n t e r t i d a l  zones (S h in n , L loyd , and G in sb u rg , 1969; L u c ia , 1972 ). 

F u r th e r ,  e x te n s iv e  bedded and la m in a ted  e v a p o r i te s  p r e c i p i t a t e  ou t of 

s ta n d in g  w a te r  on th e  sabkha w hereas n o d u la r  and rep lacem en t 

e v a p o r i te s  p r e c i p i t a t e  ou t o f i n t e r s t i t i a l  w a te r b e n e a th  th e  

d e p o s i t io n a l  su r fa c e  (L u c ia  1972 ). T h ickness and l a t e r a l  p e r s is te n c e  

o f  e v a p o r i te  s o lu t io n  b r e c c ia s  a re  more l i k e ly  th e  r e s u l t  o f  th e  

s o lu t io n  o f e v a p o r i te  beds r a th e r  th a n  n o d u la r  e v a p o r i te  z o n e s . 

N odular e v a p o r i te  zones u s u a lly  le ach  to  form vugs w hich may 

su b se q u en tly  be f i l l e d  w ith  c a l c i t e  (L u c ia , 1972 ). F e a tu re s  such as 

th e se  a re  m is s in g . L ens-shaped  beds o f e v a p o r i te  p r e c i p i t a t e d  out o f 

w a te r ponded on th e  Kibbey sabkha as th e  w a te r  e v a p o ra te d . S tanding  

w a te r  was p robab ly  ponded in  d e p re s s io n s  in  th e  s u p r a t id a l  zone by 

sto rm s and sp r in g  t i d e s .

Mudcracks and f e n e s t r a l  vugs and v e in s  d is r u p t  th e  a lg a l
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la m in a tio n s  in  th e  lam in a ted  d o lo s to n e  l i t h o f a c i e s  o f th e  Kibbey 

F o rm atio n . S h inn , L loyd , and G insburg  (1969) r e p o r te d  th a t  mudcracks 

on modern sabkhas a re  produced and most l i k e ly  p re se rv e d  in  th e  

s u p r a t id a l  and h ig h  i n t e r t i d a l  zo n e s . Shinn (1968) and o th e rs  have 

docum ented th a t  f e n e s t r a l  vugs and v e in s  a re  a ls o  produced  p r im a r ily  

on s u p r a t id a l  f l a t s  by sh r in k a g e  and ex pansion  o f se d im e n ts , gas 

bubbbIe s  from a i r  escape  d u rin g  f lo o d in g ,  and w rin k le s  in  a lg a l  m a ts . 

These d a ta  su p p o rt th e  c o n c lu s io n  th a t  th e  lam in a ted  d o lo s to n e  

l i t h o f a c i e s  r e p re s e n ts  a s u p r a t id a l  and h ig h  i n t e r t i d a l  sabkha 

en v iro n m en t.

Sandstone Channel L i th o f a c ie s .  T id a l ch an n e ls  a re  in t im a te ly  

r e l a t e d  to  th e  sab k h a . They g e n e ra l ly  r e f l e c t  a seaw ard , i n t e r t i d a l  

component o f th e  env iro n m en t. Development o f th e  ch an n e ls  in  lower 

Kibbey a lg a l  d o lo s to n e s  s ig n a ls  th e  on lap  o f more m a rin e , i n t e r t i d a l  

env ironm ents and sed im en ts on to  th e  low a re a s  on th e  sabkha in  th e  

B rid g e r Range. The sou rce  o f sed im ent in  t i d a l  ch an n e ls  i s  th e  

sh o re fa c e  environm ent and sabkha c r u s t  (S h in n , L loyd, and G in sb u rg , 

1969).

S ev e ra l d e t a i l e d  m odels of channe l developm ent in  t i d a l  f l a t  and 

sabkha environm ents f i t  th e  low er K ibbey channel l i t h o f a c i e s .  Shinn, 

L loyd, and G in sb u rg , (1969) docum ented th a t  t i d a l  ch an n e ls  on th e  

t i d a l  f l a t s  o f Andros I s la n d  m ig ra te  l a t e r a l l y  by p o in t  b a r  a c c r e t io n  

in  a s im i la r  manner to  f l u v i a l  sy stem s. The chan n e ls  f in e  up from a 

b a s a l  ch anne l lag  d e r iv e d  from  u n d e rc u t t in g  sabkha c r u s t s , in to  sand , 

s i l t ,  and f i n a l l y  s u p r a t id a l  sed im en t. Most o f th e  c ro ssb ed d in g
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c h a r a c t e r i s t i c  to  th e  f l u v i a l  ch an n e ls  i s  l o s t  to  burrow ing  in  th e  

t i d a l  en v iro n m en t. A ll  th e se  in d ic a to r s  a re  p re s e n t in  th e  sandstone  

c h a n n e ls . The ch an n e ls  cannot be confused  w ith  f l u v i a l  ch an n e ls  due 

to  th e  in t im a te  a s s o c ia t io n  w ith  th e  lam in a ted  d o lo s to n e .

S t r a t ig r a p h ic  I n t e r p r e t a t i o n

The low er member o f th e  Kibbey F orm ation  a lg a l  d o lo s to n e s  and 

i n t e r t i d a l  ch an n e ls  re c o rd  th e  i n i t i a l  t r a n s g r e s s io n  o f th e  sea  onto 

th e  M ission  Canyon F o rm atio n . The sea  flo o d ed  in to  th e  Snow crest 

tro u g h  and B r id g e t Range a re a  from th e  C o rd i l le ra n  m io g eo c lin e  d u ring  

e a r l i e s t  C h es te r tim e ( Sando, 19 7 4 ). T ides and storm s washed enough 

w a te r  from th e  m arine  environm ent onto  th e  sabkha f l a t s  to  e s t a b l i s h  

a l g a l  m ats w hich in  tu rn  tra p p e d  d e t r i t u s  d e r iv e d  from th e  

s i l i c i c l a t i c  n e a rsh o re  environm ent and c a rb o n a te  sabkha c r u s t .  

E v a p o rite s  p r e c i p i t a t e d  from  w a te r i n t e r m i t t e n t ly  ponded in  

d e p re s s io n s .

T id a l ch an n e ls  r e p re s e n t  an i n t e r t i d a l ,  seaw ard component o f th e  

member. S u p ra tid a l  se d im e n ta tio n  dom inated on th e  n o r th  and sou th  

ends o f th e  range and i n t e r t i d a l  ch anne l d e p o s i t io n  was most 

im p o rtan t in  th e  c e n t r a l  ra n g e . L o c a l iz a t io n  o f i n t e r t i d a l  

d e p o s it io n  in  th e  c e n t r a l  B rid g e r Range ( P la te  I )  in d ic a te s  th a t  th i s  

a re a  was d ep re ssed  r e l a t i v e  to  a re a s  so u th  and n o r th  e i t h e r  p r io r  to  

o r d u rin g  d e p o s i t io n  o f th e  low er K ibbey F orm ation  o r b o th .  Two 

e x p la n a tio n s  a re  p o s s ib le ,  b o th  a re  based  on su b sid en ce  lo c a l iz e d  in  

th e  c e n t r a l  B r id g e t Range. F i r s t ,  a d e p re s s io n  developed  on th e  

M ission  Canyon Form ation  by te c to n ic  i n s t a b i l i t y  in  th e  c e n t r a l
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B rid g e r Range p r io r  to  on lap  o f th e  sabkha f a c i e s . A l te r n a te ly ,  th e  

a re a  was d ep re ssed  by d i f f e r e n t i a l  su b sid en ce  d u rin g  d e p o s i t io n  o f 

th e  low er member o f th e  Kibbey F o rm atio n . The only  d i s t i n c t i o n  

betw een th e  two mechanisms .is  th e  tim in g  o f th e  su b sid en ce  r e l a t i v e  

to  th e  Kibbey t r a n s g r e s s io n .  T h e re fo re , i t  i s  re a so n a b le  to  assume 

th a t  b o th  w ere p a r t i a l l y  r e s p o n s ib le .

S tr a t ig ra p h y  and f a c ie s  o f th e  low er member o f th e  Kibbey 

F orm ation  n e a r  s t a t i o n  191 p re s e n ts  an e x c e p tio n  to  th e  

i n t e r p r e t a t i o n  o f a s in g le  u n s ta b le  a re a  in  th e  c e n t r a l  B rid g e r 

Range. Deep e ro s io n  o f th e  M ission  Canyon F orm ation  and th in  

co n g lo m era tic  d e p o s i t io n  o f th e  low er member o f th e  K ibbey Form ation 

a t  s t a t i o n  191 in d ic a te s  th a t  t h i s  was an a re a  o f p o s i t i v e  r e l i e f  

fo llo w in g  and p o s s ib ly  d u rin g  M ission  Canyon tim e , d u rin g  d e p o s it io n  

o f  th e  Kibbey F o rm atio n , and fo llo w in g . Thus, d u rin g  p a r t  o f Big 

Snowy tim e , th e  c e n t r a l  B rid g e r  Range was segm ented in to  two u n s ta b le  

e lem en ts  n o r th  and so u th  o f th e  s t a t i o n  191 a r e a .  F a c ie s  and 

th ic k n e s s  tr e n d s  su g g es t th a t  th e  c o n d it io n s  e x is te d  d u rin g  M ission  

Canyon tim e ( l a t e  Meramec) ,  and p e r s i s t e d  th ro u g h  Big Snowy tim e 

( l a t e  C h e s te r ) ,  and p o s s ib ly  in to  Amsden tim e (e a r ly  M orrow ).

Pronounced th in n in g  o f  th e  low er member o f th e  K ibbey Form ation 

in  th e  so u th e rn  B rid g e r  Range (F ig u re  8 ; P la te  I )  in d ic a te s  th a t  th e  

a re a  was r e l a t i v e l y  p o s i t i v e .  F u rth e rm o re , s u p r a t id a l  and h ig h  

i n t e r t i d a l  c o n d it io n s  p e r s i s t e d  th ro u g h o u t th e  low er K ibbey tim e 

t h e r e . T h is th in n in g  and sh o a lin g  m arks th e  t r a n s i t i o n  from  th e  

r e l a t i v e l y  u n s ta b le  Snow crest tro u g h  on to  th e  Wyoming s h e l f .  The 

low er member o f th e  Kibbey F orm ation  ex ten d s  ou t o f th e  s tu d y  a re a  to
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O 5  IO
m i le s  north

Figure 8 .  I so p a ch  map of th e  lower m e m b e r  of  t h e  Kibbey  

Formation. Contours in f e e t ,  d a s h e d  where contro l  is poor. 

S e c t io n  A-A' d e p ic t e d  on Plate I. B r id ge r  R an ge  d a s h e d ,  

( a d a p t e d  from Harris,  1 9 7 2 )
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th e  so u th .

A s im i la r  th in n in g  tre n d  i s  seen to  th e  n o r th  o f th e  c e n t r a l  

B rid g e r Range. An iso p ach  map o f th e  low er member o f th e  Kibbey 

Form ation  (F ig u re  8 ) shows th a t  th e  th in n in g  tre n d  c o n tin u e s  n o r th  

out o f th e  study  a re a  a c ro s s  th e  Lombard a rc h .

Upper K ibbey Member

L i th o fa c ie s

I n t r o d u c t io n .  The upper member o f th e  Kibbey F orm ation  ex tends 

a c ro s s  th e  e n t i r e  s tu d y  a r e a ,  b u t l i k e  th e  low er member, th in s  n o r th  

and so u th  from a maximum th ic k n e s s  in  th e  c e n t r a l  B rid g e r Range 

( P la te  I ) .  S andstones and s i l t s t o n e s  in  b o th  members a ls o  have very  

s im i la r  g r a in  te x tu r e  and m in e ra lo g y . The upper K ibbey member crops 

ou t as a r e l a t iv e ly ,  r e s i s t a n t  ta b u la r  body and i s  d iv id e d  in to  two 

l i t h o f a c i e s  (F ig u re  9 ) .  T y p ic a lly  a th in  b a s a l  cong lom era te  g rades 

up in to  m udstone, s i l t s t o n e ,  and san d sto n e  th rough  th e  low er two 

th i r d s  o f th e  member which i s  term ed th e  san d sto n e  l i t h o f a c i e s . 

H em atite  im p arts  a red  c o lo r  to  a l l  b u t th e  m iddle san d s to n e  which i s  

c h a r a c t e r i s t i c a l l y  p a le  re d d is h  c o lo re d  and c ro ssb ed d ed . The top  one 

th i r d  becomes s i l t y  and muddy w ith  beds o f d o lo s to n e  w hich w eather 

r e d d is h .  At s e v e ra l  s e c t io n s  a n o th e r  cong lom erate  a t  th e  to p  o f th e  

Kibbey Form ation  marks th e  c o n ta c t w ith  th e  o v e rly in g  Lombard f a c i e s .  

D isc u ss io n  o f th e  upper member o f th e  Kibbey F orm ation  i s  d iv id e d  

in to  a s e c t io n  on th e  low er san d sto n e  l i t h o f a c i e s  and one bn th e  

upper m u d sto n e -d o lo s to n e  l i t h o f a c i e s .
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Lombard Facies

Mudstone- Dolostone Lithofacies

Upper Member 
Kibbey Formation 
(2 to66 meters)

Sandstone Lithofacies

Lower Member  
Kibbey Formation

7 w

Figure 9. Generalized lithologic column of the upper m em ber  of the 
Kibbey Formation. See  text for details of l i thofacies.
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Sandstone L i th o f a c i e s . At s e v e ra l  exposu res a re d d is h  

cong lom erate  a t  th e  b ase  o f th e  san d sto n e  l i t h o f a c i e s  o v e r l i e s  a 

sh a rp  c o n ta c t on th e  low er Kibbey muddy, s i l t y ,  d o lo s to n e . F ine  and 

medium g ra in e d  sand su p p o rts  sub-rounded  san d s to n e , d o lo s to n e , and 

s i l t s t o n e  c l a s t s  up to  te n  c e n tim e te rs  in  d ia m ete r in  th e  

co n g lo m era te . At o th e r  exposu res muddy re d  s i l t s t o n e  a t  th e  base of 

th e  upper member o f th e  Kibbey Form ation  ap p ea rs  g r a d a t io n a l  w ith  

u n d e rly in g  low er K ibbey muddy, s i l t y ,  d o lo s to n e .

Mud c o n te n t d e c re a se s  up seC tio n  in  th e  san d sto n e  l i t h o f a c i e s  as 

re d  s i l t y  m udstone g rad es  in to  s i l t s t o n e  and f i n a l l y  in to  a f in e  red  

sa n d s to n e . Mud c o n te n t a ls o  d e c re a se s  l a t e r a l l y  away from th e  

c e n t r a l  B r id g e t Range s e c t io n s .  T ab u la r  bedding  in  th e  san d sto n e  

l i t h o f a c i e s  v a r ie s  from te n  c e n tim e te rs  to  two m e te rs  t h i c k .  A lso , a 

few r ip p l e  la m in a tio n s  a re  p o o rly  p re se rv e d  in  t h i s  i n t e r v a l .  The 

v ery  f in e  san d sto n e  c o n tin u e s  to  co a rsen  up in to  f in e  o r  medium 

san d sto n e  and becomes p a le  y e llo w -o ra n g e , g re e n , o r w h ite  tow ards th e  

to p  o f th e  san d sto n e  l i t h o f a c i e s .  A t m ost exposures a c ro s s  bedded 

sequence i s  p re se rv e d  w ith in  t h i s  i n t e r v a l  a t  th e  top  o f  th e  

san d sto n e  l i t h o f a c i e s .

The N orth  A ngler exposure  e x e m p lif ie s  t h i s  seq u en ce  ̂ Lowest in  

th e  seqence i s  th r e e  to  fo u r  m e te rs  o f la rg e  s c a le  tro u g h  c ro s s  

bedded s a n d s to n e . In d iv id u a l  tro u g h s  a re  te n  in ch es  deep and th re e  

m e te rs  a c r o s s .  F o rs e t  lam inae a re  concave and t a n g e n t i a l .  Trough 

a x is  tr e n d  ap p ro x im ate ly  e a s t - w e s t .  Maximum d ip  o f th e  c ro s s  beds i s  

to  th e  so u th  a t  f i f t e e n  d e g re e s . Troughs a re  tru n c a te d  on to p  by th e  

n e x t tro u g h . O c c a s io n a lly , p o o rly  p re s e rv e d  r ip p l e  c ro s s
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s t r a t i f i c a t i o n  a re  superposed  on th e  tro u g h  c ro s s  s t r a t a .  Above th e  

tro u g h  c ro s s  bedded in t e r v a l  i s  a le n s  shaped san d sto n e  body w ith  

s l i g h t l y  c o a rs e r  low er medium san d sto n e  ( .2 5  to  .35 m i l l im e te r )  f i f t y  

m e te rs  a c ro s s  by th r e e  m e te rs  th ic k .  P a r a l l e l  f o r s e t s  d ip p in g  tw enty 

f iv e  d eg rees  to  th e  so u th  in  th e  low er h a l f  o f th e  tro u g h  a re  

tru n c a te d  on to p  by p a r a l l e l  lam in a ted  s a n d s to n e . F in a l ly ,  two and 

one h a l f  m e te rs  o f san d sto n e  w ith  fo u r  c e n tim e te r  th ic k  ta n g e n t ia l  

p la n a r  c ro ssb ed s  d ip p in g  f i f t e e n  d eg rees  to  th e  so u th  caps th e  

sequence . At most exp o su res  only  one o f th e se  c ro ssb ed  ty p e s  i s  

p re se rv e d  a t  th e  top  o f th e  san d sto n e  l i t h o f a c i e s .

M udstone-D olostone L i th o f a c ie s .  The san d sto n e  l i t h o f a c i e s  

g rad es  up in to  a second m u d s to n e -d o lo s to n e  l i t h o f a c i e s  in  th e  upper 

member o f th e  Kibbey Form ation  th ro u g h  an in t e r v a l  o f in c re a s in g  mud, 

s i l t ,  and do lo m ite  c o n te n t w ith  a co rre sp o n d in g  d e c re a se  in  g ra in  

s i z e .  T h is  upper l i t h o f a c i e s  i s  a m ix tu re  (ab o u t eq u a l am ounts) o f 

red-m aroon sa n d s to n e , s i l t s t o n e ,  and m udstone, w ith  some d o lo s to n e  

beds developed  tow ards th e  to p  a t  s e c t io n s  in  th e  South A ng ler a re a .  

In  c o n t ra s t  to  th e  san d sto n e  l i t h o f a c i e s ,  l a t e r a l  th in n in g  o f 

in d iv id u a l  beds in d ic a te s  they  a re  d is c o n tin u o u s . The d o lo s to n e  i s  

p a le  r e d d is h ,  la v e n d e r , o r  p in k  and i s  o c a a s io n a lly  m o ttle d  p a le  

g re e n . I r r e g u la r  lumpy bedding  and th i n ,  wavey, c r in k ly  la m in a tio n s  

a re  c h a r a c t e r i s t i c .  The c o n ta c t w ith  Lombard f a c ie s  lim e s to n e  i s  

p la c e d  below th e  f i r s t  d a rk  g ray  lim es to n e  o r s h a le .  At s e v e ra l  

s e c t io n s  a th in  mud ch ip  cong lom erate  ap p ea rs  j u s t  below  th e  c o n ta c t .
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P e tro g ra p h y . A n a ly s is  o f t h i r t y - f i v e  th in  s e c t io n s  o f th e  two 

l i t h o f a c i e s  in d ic a te s  th e  s i l i c i c I a s t i c  san d sto n e  and s i l t s t o n e  

g ra in s  a re  m in e r a lo g ic a l Iy and p e t r o l o g ic a l Iy un ifo rm  th ro u g h o u t th e  

upper member of th e  Kibbey F o rm ation , However g ra in  s i z e ,  

in t e r g r a n u la r  mud c o n te n t ,  and d e t r i t a l  d o lo m ite  c o n te n t v a r ie s  

r e g u la r ly . G rain  s iz e  in c re a s e s  u p s e c tio n  from b a s a l  s i l t y  mudstone 

to  f in e  o r medium san d sto n e  in  th e  upper san d sto n e  l i t h o f a c i e s ,  th e n  

d e c re a se s  to  s i l t s t o n e  w ith  some m udstone and d o lo s to n e  in  th e  

m udstone-doIo s t one l i t h o f a c i e s .  I n v e r s e ly ,  in t e r g r a n u la r  mud 

d e c re a se s  up th ro u g h  th e  low er l i t h o f a c i e s  and in c re a s e s  u p s e c tio n  in  

th e  upper l i t h o f a c i e s .  D e t r i t a l  d o lo m ite  c r y s t a l  c o n te n t fo llo w s 

t h i s  same t r e n d .

Bimodal te x tu r e  i s  u b iq u ito u s  in  c o a rse  s i l t s t o n e  and sandstone  

in  th e  upper member o f th e  Kibbey Form ation  ( P la te  6 ) .  S im ila r  to  

th e  i n t e r t i d a l  s i l t s t o n e  and san d sto n e  o f th e  lower member o f th e  

Kibbey F o rm ation , a sm all component (abou t tw enty f iv e  p e rc e n t)  o f 

r e l a t i v e l y  c o a r s e r  q u a r tz  g r a in s  a re  even ly  d i s t r i b u t e d  th ro u g h  th e  

f in e  sand and s i l t .  G ra in s a re  sub-rounded  excep t f o r  th e  la rg e r  

f r a c t io n  which i s  v ery  w e ll ro u n d ed . I n te r g r a n u la r  m a tr ix  su p p o rt i s  

common excep t in  th e  top  o f th e  san d sto n e  l i t h o f a c i e s  w here c ro ss  

bedding  o c c u rs . I n te r l a y e r in g  on a m i l l im e te r  to  s in g le  c e n tim e te r  

s c a le  o f c o a r s e r  and f i n e r  f r a c t io n s  o f  sand i s  a p p a re n t on about 

h a l f  th e  s l id e s  ( P la te  6 ) .

In  some ca se s  t h i s  s t r a t i f i c a t i o n  r e f l e c t s  a l t e r n a t i o n  o f g ra in  

r i c h  and in t e r g r a n u la r  mud r i c h  l a y e r s .  A lso , b o th  ty p e s  of



P la te  6 . Photom icrograph  o f san d sto n e  in  th e  
upper Kibbey san d sto n e  l i t h o f a c i e s , see te x t  
fo r  d is c u s s io n  (ap p ro x im ate ly  2 .5  mm a c ro ss  
f i e l d ) .



48
i n t e r l a y e r in g  a re  g raded  in  p a r t . S trong  p a r a l l e l  o r i e n t a t i o n  of 

e lo n g a te  g ra in s  i s  a p p a re n t on about h a l f  th e  s l i d e s .
I

M in e ra lo g ic a lly  th e  upper Kibbey sand g ra in s  v a ry  l i t t l e  and a re  

much l ik e  th e  i n t e r t i d a l  san d sto n e  ch anne l and s i l t s t o n e  below excep t 

th a t  d e t r i t a l  d o lo m ite  c r y s t a l s  a re  s ig n i f i c a n t  a t  th e  to p  and bottom  

o f th e  upper member o f th e  Kibbey F o rm atio n . T y p ic a lly  g r a in s  a re  

n in e ty  two p e rc e n t q u a r t z , f iv e  p e rc e n t c h e r t , and th r e e  p e rc e n t 

u n a l te r e d  p la g io c la s e  p lu s  m ic ro c lin e  in  eq u a l p o r t io n s .  D e t r i t a l  

d o lo m ite  c r y s ta l s  re a c h  f i f t y  p e rc e n t a t  th e  base  o f th e  sandstone  

l i t h o f a c i e s  and in  th e  d e t r i t a l  beds o f  th e  d o lo s to n e  l i t h o f a c i e s .

The d o lo m ite  i s  p re s e n t  as v a r ia b ly  rounded do lo m ite  c r y s t a l s  or 

rhombs and sp a rs e  l i t h o c l a s t s . Z irco n  and m afic  m in e ra ls  c o n s t i tu te  

a t r a c e  to  one p e rc e n t o f th e  upper member o f th e  Kibbey F o rm ation .

D e p o s itio n a l Environm ent I n t e r p r e t a t i o n

In tr o d u c t io n .  The upper member o f th e  Kibbey F o rm ation  o v e r l ie s  

s u p r a t id a l  sed im en ts  o f th e  low er Kibbey and u n d e r l ie s  s u b t id a l  

o f f s h o re  m arine sed im en ts o f th e  Lombard f a c i e s . The upper member 

r e p re s e n ts  a sh o re fa c e  t r a n s i t i o n  betw een th e se  env ironm ents in  th e  

t r a n s g r e s s iv e  Big Snowy G roup.

The upper member san d sto n e  i s  u n d e r la in  and o v e r la in  by 

m udstone. T h is l i t h o lo g i c  sequence r e f l e c t s  changing hydrodynam ic 

c o n d itio n s  w ith in  th e  s h o re fa c e - s h e l f  environm ent in  re sp o n se  to  

f a c ie s  t r a n s g r e s s io n  and r e g r e s s io n .

Mudstone i s  d e p o s ite d  by su sp e n sio n  in  calm , low energy
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c o n d i t io n s ,  and san d sto n e  p r im a r i ly  by t r a c t i o n  in  h ig h e r  energy  

c o n d it io n s .  Low energy  c o n d itio n s  in  th e  s h o re face env ironm ent a re  

lo c a te d  e i t h e r  in  th e  s u b t id a l  low er s h o re fa c e -o f f s h o re  s h e lf  

environm ent o r n e a rsh o re  t i d a l  f l a t s  and la g o o n a l environm ent 

(R einech  and S in g h , 1975 ).

Thus, th e  upper Kibbey sh o re fa c e  san d s to n es  can be c l a s s i f i e d  as 

e i t h e r  t r a n s g r e s s io n a l  o r r e g r e s s io n a l .  The te rm s t r a n s g r e s s io n  and 

r e g r e s s io n  r e f e r  to  m ig ra tio n  o f a s h o re l in e  in  a landw ard and 

seaw ard d i r e c t io n  r e s p e c t iv e ly  (C urray , 1964). T ra n s g re s s io n a l 

s h o re l in e s  le av e  a n e a rsh o re  to  o f f s h o re  sed im en ta ry  re c o rd  w hereas 

th e  re v e r s e  i s  t r u e  fo r  r e g r e s s io n a l  s h o re l in e s .  D e te rm in a tio n  of 

w hether th e  upper member o f th e  Kibbey F o rm atio n  r e p r e s e n ts  a 

t r a n s g r e s s iv e  o r r e g r e s s iv e  d e p o s it  depends on th e  i n t e r p r e t a t i o n  of 

th e  d e p o s i t io n a l  env ironm en t o f th e  m udstones w hich l i e  above and 

below th e  sa n d s to n e .

F e a tu re s  o f th e  low er m udstone in  th e  upper member o f  th e  Kibbey 

F o rm ation  san d sto n e  l i t h o f a c i e s  su g g e s t an o f fs h o re  o r ig in .  The 

m udstones a re  l a t e r a l l y  co n tin u o u s  as i s  exp ec ted  in  th e  e x te n s iv e  

o f f s h o re  s e t t i n g .  A lso , r e g u la r ly  la y e re d  and graded  s i l t s t o n e s  

ty p ic a l  o f t h i s  i n t e r v a l  in  th e  upper member o f th e  Kibbey Form ation  

a re  re p o r te d  p r im a r i ly  from  th e  o f f s h o re  s h e l f  and low er sh o re fa c e  

where t i d a l  c u r r e n ts  a re  a c t iv e  (R einech  and W underluch, 1968).

F e a tu re s  o f th e  m u d s to n e -d o lo s to n e  l i t h o f a c i e s  above th e  

san d sto n e  su g g es t a n e a rsh o re  t i d a l  f l a t  and la g o o n a l o r ig i n .  

M udstone, s i l t s t o n e ,  and d o lo s to n e  beds a re  l a t e r a l l y  d is c o n tin u o u s  

and in t e r f i n g e r  w ith  each  o th e r  as would be exp ec ted  from  a
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d o lo s to n e  in  th e  low er K ibbey member, th i n  la m in a tio n s  and i r r e g u l a r  

bedding  in  d o lo s to n e s  above th e  san d sto n e  r e p re s e n t  i n t e r t i d a l  and 

s u p r a t id a l  c o n d it io n s  s im i la r  to  th o se  o f th e  low er K ibbey member. 

These r e l a t io n s h ip s  su g g es t th a t  an o f f s h o re -n e a rs h o re  sequence i s  

r e p re s e n te d .

F u r th e r  ev idence  su p p o rts  th e  c o n c lu s io n  th a t  th e  upper member 

o f  th e  Kibbey Form ation  i s  a r e g r e s s io n a l  d e p o s it  w ith in  th e  

t r a n s g r e s s iv e  Big Snowy Group s e r i e s .  F i r s t ,  th e  g r a in  s iz e  tre n d  

and sed im en ta ry  s t r u c t u r e  sequence in  t h i s  member f i t  th e  r e g re s s iv e  

o f f s h o re -n e a rs h o re  f a c ie s  model as p roposed  by R einson (1 9 8 3 ). A lso , 

K le in  (1974) s t a t e s  th a t  r e g r e s s iv e  sequences have a h ig h e r  

p r e s e rv a t io n  p o te n t i a l  r e l a t i v e  to  t r a n s g r e s s iv e  seq u en ce s . As 

ev id en ce  he p o in ts  ou t th a t  a long  modern t r a n s g r e s s iv e  c o a s t l in e s ,  

on ly  a th in  b a s a l  t r a n s g r e s s iv e  i n t e r v a l ,  commonly w ith  a 

co n g lo m era te , i s  p re se rv e d  b en ea th  r e g r e s s iv e  se d im e n ts . O ther 

s tu d ie s  o f modern t r a n s g r e s s iv e  s h o re l in e s  in d ic a te  th a t  few fa c ie s  

o f  th e  s h o re l in e  a re  p re se rv e d  d u rin g  t r a n s g r e s s io n  (S w if t ,  1975; 

S chw artz , 19 6 7 ). They a re  eroded  in  th e  h ig h  energy up p er sh o re face  

and beach  zones as th e  f a c ie s  s h i f t  landw ard . The t r a n s g r e s s io n  i s  

reco rd ed  as a d isc o n fo rm ity  u n d e rly in g  sh o re fa c e  o r s h e l f  sed im en ts . 

C l i f to n  (1973) re p o r te d  th a t  th e se  e ro s io n a l  s u r fa c e s  have v ery  low 

r e l i e f  b u t can be re c o g n iz e d  by th i n  cong lom era tes  w ith  c l a s t s  

d e r iv e d  from  u n d e rly in g  se d im en ts . The amount o f e ro s io n  i s  v a r ia b le  

and depends on p ro x im ity  to  zones o f  e ro s io n  along  th e  d is c o n fo rm ity .

50
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In  summary, m ost ev id en ce  su g g e s ts  t h a t  th e  upper K ibbey 

san d s to n e s  a re  r e g r e s s io n a l .  The co n g lo m era te  above and below  a re  

in t e r p r e te d  as e r o s io n a l  d is c o n fo rm i t ie s  g e n e ra te d  d u rin g  th e  

landw ard s h i f t  o f  f a c i e s .  Where cong lo m era tes  a re  m is s in g , m inor 

t r a n s g r e s s iv e  sequences may be p re s e rv e d .

S andstone l i t h o f a c i e s .  The co n g lo m era te  a t  th e  b a se  o f  th e  

low er member san d s to n e  l i t h o f a c i e s  r e p r e s e n ts  a th in  t r a n s i t i o n  

betw een  th e  lo w er K ibbey i n t e r t i d a l - s u p r a t i d a l  a lg a l  d o lo s to n e  

env ironm ent and an o f f s h o re  to  low er s h o re face s u b t id a l  s i l t y  

m udstone en v iro n m en t. As th e  K ibbey s t r a n d l in e  en v iro n m en ts  s h i f te d  

over th e  lo w er K ibbey s u p r a t id a l  sabkha and i n t e r t i d a l  c h a n n e ls , 

s i l t s t o n e ,  s a n d s to n e , and d o lo s to n e  w ere r ip p e d  up and in te g ra te d  

in to  th e  lo w er san d s to n e  l i t h o f a c i e s  as  co n g lo m era te  c l a s t s  and 

s a n d - s iz e d  g r a in s .

M udstones w ith  in t e r la y e r e d  muddy s i l t s t o n e  and san d sto n e  

o v e r ly in g  th e  co n g lo m era te  w ere d e p o s ite d  in  an env ironm ent w hich was 

f a r  enough o f f s h o re  t h a t  su sp e n sio n  se d im e n ta tio n  dom inated . Sand 

and s i l t  a r e  d e p o s ite d  d u rin g  ebb and f lo o d  c u r re n ts  and th e  mud 

s e t t l e s  o u t d u rin g  s la c k  w a te r (R einech  and W underluch, 1968). The 

o f f s h o re  mud and s i l t  th in s  n o r th  and so u th  from  a maximum in  th e  

c e n t r a l  B rid g e r Range in d ic a t in g  th a t  q u ie t  o f fs h o re  c o n d it io n s  

p e r s i s t e d  lo n g e r in  th e  m idd le  o f th e  ran g e  r e l a t i v e  to  a re a s  n o r th  

and so u th .

U p sec tio n  in  th e  sa n d s to n e  l i t h o f a c i e s ,  th e  change from  s i l t  and 

mud dom inated ro c k s  back to  sand and s i l t  dom inated ro c k s  s ig n a ls  a
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change from su sp e n sio n  to  t r a c t i o n  s e d im e n ta tio n . In c re a s e  in  g ra in  

s iz e  and co rresp o n d in g  d e c re a se  in  mud c o n te n t u p s e c tio n  in  th e  

san d sto n e  l i t h o f a c i e s  i s  ev id en ce  o f th e  in c re a s in g  hydrodynam ic 

regim e a s s o c ia te d  w ith  th e  s h o re face en v iro n m en ts . The tre n d  

c o n tin u e s  as m idd le  and upper sh o re fa c e  zones p rog rade  o ver th e  low er 

s h o re fa c e .

Large s c a le  tro u g h  c ro s s  s t r a t i f i c a t i o n  w ith  superposed  r i p p l e s ,  

th e  low est o ccu rren c e  o f c ro s s  bedding  in  th e  sequence , i s  commonly 

a t t r i b u t e d  to  th e  m idd le  and upper sh o re fa c e  zone where longsho re  

b a rs  and tro u g h s  develop  in  th e  s u r f  zone (Cam pbell 1971; Howard, 

1972; Land 1972; R einech  and S ingh , 1975 ). C ontinued in c re a s e  in  

hydrodynam ic energy  u p s e c tio n  i s  ev idenced  by com plete winnowing o f 

f in e  g ra in e d  m a te r ia l  from san d sto n e  and a ls o  in c re a s in g  g r a in  s iz e  

n e a r  th e  top  o f th e  san d sto n e  l i t h o f a c i e s .  Lens shaped b o d ie s  w ith  

p a r a l l e l  h ig h  an g le  f o r e s e t  c ro s s  bedding  and p la n a r  lam in a ted  sands 

a re  developed  a t  th e  to p  o f th e  san d s to n e  l i t h o f a c i e s .  D avidson, 

A r n o l t , and Greenwood (1976) d e sc r ib e d  s im i la r  b o d ie s  on modern b a r  

c r e s t s  in  th e  s u r f  zone o f th e  upper s h o re fa c e . F in a l ly ,  sm a lle r  

s c a le  and low er an g le  ta n g e n t ia l  p la n a r  c ro s s  beds a t  th e  top  o f th e  

san d sto n e  l i t h o f a c i e s  a re  in te r p r e te d  as a c o n t in u a tio n  o f th e  

r e g r e s s io n a l  t r e n d .  Howard and R einech  (1979) r e p o r t  t h a t  s im i la r  

c ro s s  bedding  i s  produced  in  th e  sh a llo w , h ig h  energy upper sh o re face  

a lo n g  modern c o a s t l in e s .
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M udstone-do lostone  L i th o f a c i e s . The m udstone—doIo s to n e  

l i t h o f a c i e s  above th e  san d sto n e  l i t h o f a c i e s  i s  a c o n t in u a t io n  o f th e  

g ra d u a l r e g r e s s io n a l  sh o a lin g  t r e n d . The l a t e r a l l y  d is c o n tin u o u s  

s i l t y  m udstones w ere d e p o s ite d  by su sp e n sio n  in  q u ie t  w a te r  in  

lagoons o r ponds, h e m a t i t ic  s i l t s  and san d sto n e  le n se s  in  i n t e r t i d a l  

and t i d a l  c h a n n e ls„ and d o lo s to n e  beds on i n t e r t i d a l  and s u p r a t id a l  

f l a t s .  Wavey, c r in k ly  lam in a to n s and i r r e g u l a r  lumpy bedd ing  in  th e  

d o lo s to n e  may be a lg a l  m ats and ro o te d  zones r e s p e c t iv I y . Maughan 

(p e rs o n a l com m unication, 1984) i n t e r p r e t s  s im i la r  s t r u c t u r e s  a t  th e  

top  o f th e  Kibbey Form ation  a t  th e  Lombard s e c t io n  as a ro o te d  zone 

in  p lu v ia l  se d im en ts .

The mud ch ip  cong lom erate  a t  th e  c o n ta c t w ith  th e  Lombard f a c ie s  

re c o rd s  a landw ard s h i f t  o f th e  s h o r e l in e .  In  t h i s  case  th e  

t r a n s g r e s s io n  superposed  Lombard F a c ie s  mud and lim e s to n e  on th e  

m udstone and d o lo s to n e  a t  th e  top  o f th e  Kibbey F o rm atio n . 

T ra n s g re s s iv e  d e p o s its  o th e r  th a n ' th e  cong lom erate  a re  n o t reco g n ized  

betw een th e  n e a rsh o re  ro ck s  a t  th e  top  o f th e  Kibbey F orm ation  and . 

th e  o f f s h o re  Lombard f a c i e s  ro c k s .

S t r a t ig r a p h ic  I n t e r p r e t a t i o n

The upper member o f  th e  Kibbey F orm ation  r e p re s e n ts  a 

p red o m in an tly  r e g r e s s iv e  o f f s h o re -n e a r s h o re  sequence w ith in  th e  

t r a n s g r e s s iv e  Big Snowy Group. Below and above th e  member a t  s e v e ra l  

lo c a t io n s  a re  m inor d i s c o n fo rm itie s  g e n e ra te d  d u rin g  e p is o d ic  

landw ard s h i f t s  o f f a c ie s  by sh o re fa c e  e ro s io n .  T ra n s g re s s iv e
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sequences may be p r e s e n t , p a r t i c u l a r l y  where an e ro s io n a l  

d is c o n fo rm ity  i s  no t re c o g n iz e d , however th ey  a re  i n s ig n i f i c a n t  in  

r e l a t i o n  to  th e  upper K ibbey s a n d s to n e .

W hile in  d e t a i l  s e v e ra l  th in  s t r a t i g r a p h ic  s e c t io n s  do no t f i t  

th e  g e n e ra l t r e n d ,  th e  upper member o f th e  Kibbey F orm ation  is  

th ic k e s t  in  th e  c e n t r a l  B rid g e r Range (F ig u re  10; P la te  I ) .  The 

member th in s  n o r th  and so u th  onto  th e  Lombard a rc h  and Wyoming s h e l f .  

As p re v io u s ly  n o te d , th e  upper M ission  Canyon Form ation  and low er 

member o f th e  Kibbey Form ation  a ls o  fo llo w  t h i s  t r e n d .  As in d ic a te d  

by lo c a l i z a t i o n  o f th e  low er K ibbey i n t e r t i d a l  channe l l i t h o f a c i e s , 

deeper env ironm ents p e r s i s t e d  lo n g e r in  th e  c e n t r a l  B rid g e r  Range 

r e l a t i v e  to  a re a s  n o r th  and so u th  d u rin g  upper K ibbey tim e . These 

c o in c id e n t r e l a t io n s h ip s  in d ic a te  th a t  th e  c e n t r a l  B r id g e r  Range 

co n tin u ed  to  be d e p re sse d  r e l a t i v e  to  a re a s  n o r th  a n d .so u th . 

Subsidence fo cu sed  in  th e  c e n t r a l  B r id g e t Range d u rin g  upper Kibbey 

tim e r e s u l t e d  in  th ic k n e s s e s  o f t h i s  member fo u r  tim es th a t  o f 

e q u iv a le n ts  on th e  Wyoming S h e lf  in  th e  so u th e rn  map a re a  and tw ice  

t h a t  to  th e  n o r th  n e a r  th e  Lombard a rc h .  For exam ple, th e  member i s  

ap p ro x im ate ly  s ix ty  m e te rs  th ic k  a t  th e  South A ng ler s e c t io n  in  th e  

c e n t r a l  ran g e  a r e a .  I t  i s  t h i r t y  m e te rs  and te n  m e te rs  th ic k  

r e s p e c t iv e ly  a t  th e  M id d le fo rk  S ix te e n m ile  and Rocky Canyon s e c t io n s .

To th e  so u th  o f th e  c e n t r a l  B rid g e r  Range th e  member th in s  to  

n e a r ly  zero  under th e  Lombard f a c i e s  a t  Menard Creek ( P la t e  I ) .  I f  

th in n in g  h e re  r e s u l t e d  from  pre-Amsden e ro s io n ,  Lombard f a c i e s  rocks 

would n e c c e s s a r i ly  be com p le te ly  rem oved. P re s e rv a t io n  o f th e  

Lombard f a c i e s  lim e s to n e  in d ic a te s  th a t  t h i s  i s  n o t th e  c a s e .
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Figure 10. Isopach map of Lombard f a c i e s  and Heath  

Formation. Contours in feet ,  d ashed  where control is poor. 

S ec t io n  A - A 1 dep ic ted  on Plate  I. Br idger  R a n g e  dashed ,  

(ad op ted  from Harris,  1972)
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R a th e r , th e  e x c e p tio n a l th in n in g  a t  Menard Creek i s  a t t r i b u t e d  to  

e i t h e r  a lo c a l iz e d  p o s i t iv e  tendency  d u rin g  upper K ibbey tim e o r 

d eeper s h o re face e ro s io n  d u rin g  th e  n e x t t r a n s g r e s s io n  o r b o th . The 

upper K ibbey ex tends so u th  o f th e  Menard Creek s e c t io n  a t  

ap p ro x im a te ly  s ix  m e te rs  th ic k  (F ig u re  1 0 ) .

P re v io u s  s tu d ie s  have n o t ex tended  th e  Kibbey F orm ation  sou th  o f 

B rid g e r Canyon (McMannis, 1951; H a r r i s ,  1972; Sando, 1 9 7 5 ). S ev era l 

l in e s  o f ev id en ce  in d i c a te ,  how ever, t h a t  a  th in  s t r a t i g r a p h i c  

s e c t io n  o f K ibbey Form ation  i s  in  f a c t  p re se rv e d  under th e  Amsden 

Form ation  a t  th e  sou thernm ost two exposu res  in  th e  s tu d y  a r e a .

F i r s t ,  a t  b o th  th e  B r id g e t Canyon and Rocky Canyon s e c t io n s  two red  

s i l t y ,  sandy in t e r v a l s  a re  s e p a ra te d  by a th in  Lombard f a c ie s  

lim es to n e  and w h ite  d o lo s to n e  r e s p e c t iv e ly ,  su g g e s tin g  th a t  b o th  th e  

Kibbey Form ation  and and Amsden F orm ation  a re  p r e s e n t .  At bo th  

s e c t io n s  a th in  re d  c la y  zone i s  p re s e n t  a t  th e  base  o f  th e  second 

re d  o f th e  Amsden Form ation  su g g e s tin g  th a t  an u ncon fo rm ity  i s  

d ev e lo p ed . A lso , th e  low er re d  san d s to n es  and s i l t s t o n e s  in  th e  

so u th  a re  p e t ro g r a p h ic a l Iy id e n t i c a l  to  th e  Kibbey F orm ation  in  th e  

c e n t r a l  B rid g e t Range.

N orth  from th e  c e n t r a l  B rid g e t Range, th e  member th in s  to  about 

t h i r t y  m e te rs  a t  H orse M ountain and M iddle Fork S ix te e n m ile  and 

c o n tin u e s  out o f th e  s tu d y  a r e a .  Iso p ach s  fo r  th e  upper member of 

th e  Kibbey F orm ation  show th a t  i t  rem ains le s s  th an  f i f t y  m e te rs  

th ic k  a c ro s s  th e  Lombard Arch and r a p id ly  th ic k e n s  a g a in  in to  th e  Big 

Snowy tro u g h  (F ig u re  1 0 ) .

Most o f t h i s  v a r i a t i o n  in  th ic k n e s s  was caused by co n tin u ed
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su b sid en ce  in  th e  c e n t r a l  B rid g e r Range r e l a t i v e  to  th e  Wyoming s h e l f  

and Lombard a rc h  d u rin g  upper Kibbey tim e as p re v io u s ly  d is c u s s e d .

The c e n t r a l  B rid g e r Range su b sid en ce  i s  a lo c a l  m a n if e s ta t io n  o f th e  

r e g io n a l  t e c to n ic  developm ent o f th e  Snow crest-B ig  Snowy u n s ta b le  

t r e n d .

A pparen t e p is o d ic i ty  o f t r a n s g r e s s io n  a t  th e  top  and bottom  of 

th e  san d sto n e  l i t h o f a c i e s  w ith in  th e  Big Snowy Group t r a n s g r e s s iv e  

s e r i e s  may be a  d i r e c t  r e s u l t  o f e p is o d ic  su b s id e n c e . A l t e r n a t iv e ly , 

e p i s o d ic i ty  may r e f l e c t  changing  r a t e s  o f in p u t o f c l a s t i c  d e t r i t u s  

w ith in  a framework o f co n tin u o u s  sea  le v e l  r i s e  as H a r r is  (1972) 

su g g es ted  f o r  th e  upper member o f th e  Kibbey F orm ation  in  th e  Big 

Snowy tro u g h . Most l i k e l y ,  e p is o d ic  s t r a n d  l i n e  s h i f t i n g  was 

produced  by a com bination  o f re g io n a l  se a  le v e l  r i s e  and su b sid en ce  

( Sando, 19 7 4 ), changing  r a t e s  o f d e t r i t a l  sedim ent in p u t ( H a r r is ,

1972; B a l la r d ,  1964 ), and lo c a l  su b s id en ce  in  th e  c e n t r a l  B rid g e r 

Range w hich was p o s s ib ly  e p is o d ic .

Lombard F a c ie s

L i th o fa c ie s

In tr o d u c t io n .  M udstone and lim e s to n e  o f th e  Lombard f a c ie s  

o v e r ly  a m inor d isc o n fo rm ity  on th e  upper member o f th e  Kibbey 

F orm ation  produced d u rin g  t r a n s g r e s s io n  o f th e  Big Snowy Group se a .

An e x c e l le n t  exposure o f th e  Lombard f a c i e s  n ea r Ross Peak i s  th e  

th ic k e s t  ( f i f t y - t h r e e  m e te rs )  and th e  most com plete s e c t io n  in  th e  

B rid g e r Range. T h ickness  o f th e  Lombard f a c ie s  i s  a g a in  c o in c id e n t 

w ith  th ic k n e s s  tre n d s  in  th e  upper M ission  Canyon and Kibbey
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F o rm atio n s„ At s e c t io n s  n o r th  and so u th  from th e  c e n t r a l  B rid g e r 

Range> th e  Lombard i s  m iss in g  o r th in  due to  e i t h e r  p re —Amsden 

e ro s io n  or d e p o s i t io n a l  th in n in g  w ith  a s s o c ia te d  f a c i e s  changes on 

th e  Lombard a rc h  and Wyoming s h e l f . The Ross Peak s e c t io n  i s  very  

s im i la r  to  th e  p roposed  ty p e  s e c t io n  o f th e  Lombard f a c i e s  a t  th e  

Lombard r a i l r o a d  s t a t i o n ,  a lth o u g h  th e  type  s e c t io n  i s  s l i g h t Iy 

th in n e r  (45 m e te r s ) .

At th e  exposure  n e a r  th e  Lombard s t a t i o n ,  th e  low er one th i r d  o f 

th e  Lombard f a c ie s  i s  composed o f b la c k  f i s s i l e  s h a le  w ith  a few 

lim es to n e  b e d s . T h is  g rad es  up in to  a m idd le  lim e b io -p a c k s to n e  and 

w ackestone i n t e r v a l  and upper s p a rs e ly  f o s s i l i f e r o u s  lim e m udstone 

i n t e r v a l .

At Ross P eak , th e  s e c t io n  i s  d iv id e d  s im i la r ly  in to  th re e  

l i t h o f a c i e s ; a low er s h a le  l i t h o f a c i e s  w ith  some beds o f lim e 

m udstone, b io -w ack e s to n e , and p a c k s to n e , a m idd le 

b io -w a c k e s to n e -p a c k s to n e  l i t h o f a c i e s  w ith  m inor d ark  s h a le  and lim e 

m udstone in te r b e d s ,  and an upper lim e m udstone l i t h o f a c i e s  w ith  a few 

b io -w ack esto n e  beds (F ig u re  1 1 ) .

A pproxim ately  t h i r t y  th in  s e c t io n s  r e p re s e n t in g  a l l  th re e  

l i t h o f a c i e s  o f th e  Lombard f a c ie s  a t  d i f f e r e n t  lo c a t io n s  in  th e  

B r id g e t Range w ere a n a ly z e d . The p e tro g ra p h ic  d a ta  and f i e l d  d a ta  

a re  in te g r a te d  in  th e  fo llo w in g  d is c u s s io n  o f th e se  th r e e

l i t h o f a c i e s .
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Figure II. G en e ra l iz ed  lithologic column of the Lombard facies.  

Circles denote crinoid packstone,  vertical d a s h e s  d en otes  

spicule w ockes tone .  S e e  text for  details of lithofacies.



Shale L i th o f a c i e s . The s h a le  l i t h o f a c i e s  crops ou t as th r e e  o r 

few er lim es to n e  beds betw een covered  zones a t  th e  b ase  o f th e  Lombard 

f a c i e s .  B lack-brow n s o i l  cover w ith  g ra s s  and m inor b la c k  s i l t y  

s h a le  f l o a t  a re  ty p ic a l  o f d ark  s h a le  exposu res in  th e  s tu d y  a re a .

The low est lim es to n e  o u tc ro p  c o n s is ts  o f th ic k  beds o f d a rk  g ray  to  

brown lim e b io -w a c k e s to n e , lim e b io -p a c k s to n e  and lim e m udstone. 

P ackstones a re  composed p r im a r ily  o f c r in o id  o s s i c l e s ,  s h e l l  

fra g m e n ts , u n id e n t i f i e d  s p ic u le s  o r b rach io p o d  s p in e s ,  and q u a r tz  

s i l t  and sand in  m inor q u a n t i t i e s .  W ackestones d i f f e r  in  

co m p o sitio n ; th e  s p ic u le s  o r sp in e s  a re  dom inant w ith  c r in o id  

o s s i c l e s  and o th e r  c l a s t s  in  m inor am ounts. A llochem s a re  w ith o u t 

p r e f e r r e d  o r i e n t a t i o n ,  s o r t in g ,  g ra d in g , o r  rh y th m ic i ty .  Above t h i s ,  

one o r two o th e r  o u tc ro p s  w ith in  th e  s h a le  l i t h o f a c i e s  a re  medium 

bedded g ray  and brown lim e m udstone w hich w eathers  o ra n g e -y e llo w . A 

p e c u l ia r  m o ttle d  te x tu r e  and two c e n t im e te r  h o r iz o n ta l  tu b e s  on 

bedding  s u r fa c e s  su g g es t b io tu r b a t io n .

B io -w ack esto n e -p ack sto n e  L i th o f a c ie s .  The s h a le  g ra d e s  in to  

lim e m udstone a t  th e  b ase  o f th e  m idd le  b io -w ack e s to n e -p ack s to n e  

l i t h o f a c i e s .  About fo u r  m e te rs  in to  t h i s  l i t h o f a c i e s  a r e  s e v e ra l  one 

m e te r th ic k  m assive  b lack -b row n  lim e b io -p a c k s to n e  b e d s . The base  o f 

each bed i s  sh arp  on u n d e rly in g  lim e-m udstone . The p ack s to n e  is  

s im i la r  to  th o se  in  th e  s h a le  l i t h o f a c i e s  excep t th a t  th e r e  i s  s tro n g  

p a r a l l e l  o r i e n t a t i o n  o f e lo n g a te  g r a in s  and some crude m il l im e te r  and 

c e n tim e te r  s c a le  g ra d in g . U p sec tio n  in  th e  b io -w ack e s to n e -p ack s to n e  

l i t h o f a c i e s  i s  an i n t e r v a l  o f th in ly  in te rb e d d e d  b la c k  s h a le  and

60
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s p a rs e ly  f o s s i l i f e r o u s  lim e m udstone w hich g rad es  in to  a sequence o f 

b io —w ackestones and p ack sto n es  in te rb e d d e d  wth lim e m udstone a t  th e  

to p  o f th e  l i t h o f a c i e s . A gain , w ackestones a re  composed p r im a r ily  o f 

s p ic u le s  o r sp in e s  and p ack s to n e s  p r im a r i ly  o f c r in o id  o s s i c l e s .

Lime M udstone L i th o f a c ie s .  At th e  to p  o f th e  Lombard f a c ie s  i s  

about te n  m e te rs  o f th in  to  medium bedded lim e m udstone in  th e  upper 

lim e m udstone l i t h o f a c i e s .  The lim e m udstone i s  c ream -p ink  and 

o liv e -b ro w n , w ith  pods and sm all le n se s  o f brown c h e r t . S o l i t a r y  

c o ra ls  were c o l le c te d  a t  s e v e ra l  exposu res  o f t h i s  l i t h o f a c i e s .  A 

one m eter th ic k  f o r a m in i f e r a l  bed w ith  a p ack sto n e  te x tu r e  o ccu rred  

two m e te rs  from th e  top  a t  Ross Peak ( P la te  7 ) .  U n is e r ia l ,  b i s e r i a l ,  

and c o i le d  form s o f foram s c o n s t i tu te  s ix ty  p e rc e n t o f th e  c l a s t s ,  

w ith  sp in e s  or s p ic u le s  as m inor com ponents. No g ra d in g  o r 

p a r a l le l i s m  o f g r a in s  was n o te d .

D e p o s itio n s !  Environm ent I n t e r p r e t a t i o n

I n t r o d u c t io n .  S u b tle  changes in  c l a s t i c  in p u t and ca rb o n a te  

d e p o s i t io n  o f th e  Lombard f a c ie s  s ig n a ls  s l i g h t  changes in  th e  

d e p o s i t io n s !  environm ent u p s e c tio n , however a l l  th r e e  l i t h o f a c i e s  

w ere d e p o s ite d  in  s im i la r  en v iro n m en ta l c o n d i t io n s .  F e a tu re s  of th e  

s h e I f - la g o o n  s ta n d a rd  f a c i e s  b e l t  (W ilson , 1975) a re  p re s e n t  in  th e  

Lombard f a c i e s .  Dark lim e m udstone w ith  sp a rse  b io -w ack esto n e  and 

p ack sto n e  a re  in d ic a t iv e  o f a q u i e t ,  s u b t id a l  environm ent in  which 

b i o c l a s t i c  d e b r is  i s  washed in  by in t e r m i t t e n t  c u r re n ts  to  produce 

th e  c h a r a c t e r i s t i c  t e x tu r a l  in v e r s io n .  T id a l p ro c e s se s  may be
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P la te  7 . Photom icrograph  o f fo ra m in ife ra l  
pack sto n e  in  th e  Lombard f a c i e s  (ap p ro x im ate ly  
2 .5  mm a c ro s s  f i e l d ) .
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r e s p o n s ib le  fo r  some t r a n s p o r t  o f d e b r i s , a lth o u g h  few obvious 

channe l f e a tu r e s  a re  reco g n ized  and th e  m u d -b io c la s t r i c h  

in te rb e d d in g  i s  n o t even o r r e g u la r  as m ight be ex p ec ted  i f  t i d a l  

c u r re n ts  w ere r e s p o n s ib le .  More l i k e l y , storm  c u r r e n t s , p o s s ib ly  

combined w ith  t i d a l  c u r r e n ts  a re  r e s p o n s ib le .

As d e f in e d  by W ilson (1 9 7 5 ), th e  s h e I f - la g o o n  l i e s  w ith in  a 

c a rb o n a te  p la tfo rm  beh ind  a f r in g in g  b a r r i e r  on th e  p la tfo rm  edge 

w hich p a r t i a l l y  r e s t r i c t s  w a te r  c i r c u l a t i o n  in  th e  lag o o n . R egional 

s tu d ie s  show th a t  th e  Snow crest and Big Snowy tro u g h s  w ere a lagoonal 

co n n e c tio n  betw een th e  C o rd i l le r a n  m io g eo c lin e  and th e  W ill i s t e n  

b a s in  e p e i r i c  sea  d u rin g  Lombard tim e (Sando, D u tro , and Gordon, 

1975). E nvironm enta l c o n d it io n s  became in c re a s in g ly  r e s t r i c t e d  

eastw ard  from  th e  m io g eo c lin e  in  th e  Snow crest and Big Snowy t ro u g h s . 

Based on iso p a c h  d a ta ,  Rose (1976) concluded  th a t  a s h e l f  edge 

to p o g ra p h ic  h ig h  in  extrem e so u th w es te rn  Montana p a r t i a l l y  r e s t r i c t e d  

c i r c u l a t i o n  o f th e  Lombard f a c i e s  sea  in  th e  Snow crest tro u g h . The 

s h e l f  edge i s  c h a ra c te r iz e d  by h ig h  c a rb o n a te  p ro d u c t iv i ty  (W ilson , 

1975) and p ro b ab ly  p ro v id ed  a s ig n i f i c a n t  sou rce  fo r  d e t r i t u s  washed 

in to  th e  Lombard f a c i e s  s h e l f  lagoon .

F u r th e r  eastw ard  in  th e  Big Snowy tro u g h , w a te r  c i r c u l a t i o n  was 

even more r e s t r i c t e d  and ca rb o n a te  in p u t d im in ish ed  ( H a r r i s ,  1972). 

S tu d ie s  in  modern env ironm ents show th a t  some deg ree  o f red u c in g  

c o n d itio n s  and w a te r  r e s t r i c t i o n  can be produced by s iz e  and geom etry 

o f e p ic o n t in e n ta l  lagoons (Logan and C e b u lsk i, 1970 ). W ater in  lo n g , 

l i n e a r  lagoons a re  n o t mixed by c i r c u l a t i n g  c u r re n ts  no rm ally  found 

in  la rg e  b o d ie s  o f w a te r .  Lack o f w a te r  c i r c u l a t i o n  le a d s  to  th e
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developm ent o f an anox ic  low er la y e r  and r e l a t i v e l y  n o rm a lly  

oxygenated  upper la y e r .  W illiam s (1983) su g g es ted  th a t  th e  H eath 

F o rm atio n  sh a le s  w ere d e p o s ite d  in  an ox ic  c o n d itio n s  below  a 

s t r a t i f i e d  w a te r  column in  such a lagoon. The Lombard a rc h  p ro b ab ly  

a lso  c o n t r ib u te d  to  r e s t r i c t e d  c i r c u l a t i o n  o f  m arine  w a te rs  w ith  

c a rb o n a te  d e t r i t u s  e a s t  o f th e  Snow crest tro u g h .

The th i c k e s t  and m ost com plete  s t r a t i g r a p h i c  s e c t io n s  o f  th e  

Lombard f a c ie s  in  th e  c e n t r a l  B rid g e t Range p ro v id e  a fram ew ork fo r  

i n t e r p r e t a t i o n  o f th e  en v iro n m en ta l c o n d it io n s  d u rin g  d e p o s i t io n  o f 

th e  th r e e  l i t h o f a c i e s  o f t h i s  u n i t .  Q u ie t w a te r  c a rb o n a te  s h e lf  

lagoon c o n d itio n s  p e r s i s t e d  h e re . In co m p le te  s e c t io n s  n o r th  and 

so u th  where two o r few er l i t h o f a c i e s  a re  developed  r e f l e c t  th e  

p o s i t iv e  tendency  o f th e  Lombard a rc h  and Wyoming s h e l f  d u rin g  and 

im m ed ia te ly  fo llo w in g  Lombard tim e . The th r e e  l i t h o f a c i e s  a re  

in c o m p le te ly  developed  o r m iss in g  n o r th  and so u th  o f  th e  c e n t r a l  

B rid g e r Range e i t h e r  because  o f sh o a lin g , more a g i ta te d  en v iro n m en ta l 

c o n d it io n s  o r pre-Am sden e ro s io n  rem oved th e  upper ones.

The c o n ta c t betw een  th e  s h o re lin e  sa n d s to n e , m udstone, and 

d o lo s to n e  a t  th e  to p  o f th e  Kibbey F o rm atio n  and th e  Lombard f a c ie s  

s h a le s  and lim e s to n e s  i s  th e  s h a rp e s t  l i th o lo g ic  change in  th e  Big 

Snowy Group. S e d im e n ta tio n  changed from  upper K ibbey n e a rsh o re  

c l a s t i c  to  a q u ie t ,  s u b t id a l ,  c a rb o n a te  lagoon env ironm en t w ith  very  

l i t t l e  c o a rse  c l a s t i c  in p u t. S h o reface  san d s to n es  a re  n o t reco g n ized  

betw een th e se  en v iro n m en ts . However, a t  some exposures a 

con g lo m era te  i s  p re s e n t  h e re . The co n g lo m era te  i s  in t e r p r e te d  as an 

e ro s io n a l  d isc o n fo rm ity  developed  d u rin g  th e  t r a n s g r e s s io n .  Where
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th e  co n g lo m era te  i s  m iss in g  from  t h i s  i n t e r v a l ,  m inor t r a n s g r e s s io n a l  

d e p o s i ts  may r e p r e s e n t  t h i s  t r a n s g r e s s io n a l  f a c ie s  s h i f t .  The change 

i s  a t t r i b u t e d  to  a s t r a n d l in e  s h i f t  b ro u g h t abou t by r e g io n a l  sea 

le v e l  r i s e  and r e g io n a l  su b sid en ce  combined w ith  su b sid en ce  lo c a l iz e d  

in  th e  c e n t r a l  B rid g e r Range.

The d i f f e r e n c e  betw een  th e  Lombard f a c ie s  t r a n s g r e s s io n  and th e  

low er K ibbey-upper member o f  th e  K ibbey F o rm atio n  t r a n s g r e s s io n  i s  th a t  

th e  o f f s h o re  env ironm ent o f th e  Lombard f a c ie s  was c h a ra c te r iz e d  

by m udstone and lim e  m udstone d e p o s i t io n  r a th e r  th an  by s i l t y  

m udstone d e p o s i t io n  in  th e  Kibbey Form ation  o f f s h o re  env ironm en t.

Both ro ck  ty p e s  a re  in t e r p r e te d  as a p ro d u c t o f su sp e n sio n  

se d im e n ta tio n  in  q u ie t  la g o o n a l w a te r . T his su g g e s ts  e i t h e r  th a t  th e  

h ig h  energy  c l a s t i c  sh o re fa c e  was s h i f t e d  f a r th e r  away from  th e  

B rid g e r Range a re a  d u rin g  th e  Lombard t r a n s g re s s io n  r e s u l t i n g  in  

f a r t h e r  o f f s h o re  env iro n m en ts  th e r e  o r  t h a t  th e  o f f s h o re  Lombard 

env ironm ent was d eep e r and q u ie te r  due to  more a c u te  su b sid en ce  in  

th e  B rid g e t Range. A lso , c a rb o n a te  d e p o s i t io n  was e s ta b l i s h e d  in  th e  

o f f s h o re  env ironm ent a t  t h i s  p o in t .  T h is i s  a t t r i b u t e d  to  tra p p in g  

o r  m a n tlin g  o f s i l i c i c l a s t i c  d e t r i t u s  n e a r  th e  s h o re l in e  and 

in t r o d u c t io n  o f c a rb o n a te  d e t r i t u s  and c a rb o n a te  p ro d u c in g  o rgan ism s.

S hale  L i th o f a c i e s . The d ark  s h a le  and lim es to n e  o f  th e  Lombard 

s h a le  l i t h o f a c i e s  a r e  an in d ic a t io n  o f  a  much low er energy  

environm ent o f f s h o re  from  th e  K ibbey sh o re fa c e  sa n d s to n e s . R egional 

se a  le v e l  r i s e  and su b sid en ce  caused  t r a n s g r e s s io n  o f th e  Kibbey 

Form ation  sh o re fa c e  environm ent r e g io n a l ly  eastw ard  in  th e
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Snow crest-B ig  Snowy tro u g h s  and lo c a l ly  tow ards th e  tro u g h  m a rg in s . 

At th e  same tim e th e  m udstone l i t h o f a c i e s  o f th e  Lombard f a c ie s  

fo llo w ed  beh ind  bu t was r e s t r i c t e d  to  th e  deeper w a te r  in  th e  

su b s id in g  tro u g h  a x is  ( Sando, Gordon, and D u tro , 1 9 7 5 ). In  th e  

B rid g e r Range th e  Ross Peak and South A ng ler a re a s  w ere c h a ra c te r iz e d  

by th e  g r e a t e s t  amount o f su b sid en ce  d u rin g  t h i s  tim e as ev idenced  by 

maximum th ic k n e s s  o f o f f s h o re  m udstone ( P la te  I ) .

As th e  t r a n s g r e s s io n  c o n tin u e d , c a rb o n a te  d e p o s i t io n  sp read  out 

a c ro s s  th e  B rid g e r  Range a re a  fo llo w in g  beh ind  th e  t r a n s g re s s in g  

Kibbey F orm ation  s h o re face  en v iro n m en t. Minor amounts o f q u a r tz  s i l t  

and sand in  th e  low er Lombard f a c ie s  m udstone l i t h o f a c i e s  were 

d e r iv e d  from  th e  Kibbey Form ation  low er sh o re fa c e  c l a s t i c  environm ent 

and t r a n s p o r te d  o f f s h o re  in to  th e  la g o o n a l environm ent soon a f t e r  

t r a n s g r e s s io n .

T his r e l a t io n s h ip  su g g e s ts  th a t  th e  c l a s t i c  sh o re fa c e  was not 

m an tled  d u rin g  low er Lombard tim e . R a th e r , th e  Lombard la g o o n a l 

environm ent and Kibbey sh o re fa c e  c o e x is te d  l a t e r a l l y .  The la c k  of 

c a rb o n a te  allochem s ty p i c a l ly  p roduced  in  i n t e r t i d a l  c a rb o n a te  

en v iro n m en ts , such  as o o l i t e s  and l i t h o c l a s t s , su p p o rts  th e  

co n c lu s io n  th a t  th e  Lombard f a c ie s  s h o re l in e  was s i l i c i c l a s t i c ,  one 

in  w hich c a rb o n a te  p ro d u c tio n  was p re c lu d e d .

The s p ic u le s  o r b rach io p o d  sp in e s  w hich a re  th e  dom inant c l a s t  in  

w ackestones w ere e i t h e r  ind ig en o u s o r n e a r ly  ind igenous to  th e  

Lombard f a c i e s  environm ent o r w ere c a r r i e d  in to  th e  environm ent by 

r e g u la r  c u r r e n t s . In  c o n t r a s t , c r in o id  o s s ic le s  a re  p re s e n t  in  

s ig n i f i c a n t  q u a n t i t i e s  on ly  in  th e  le s s  commonly o c c u rr in g  pack sto n es
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where th ey  a re  th e  dom inant c l a s t .  T hus, th e  p ack sto n es  w ere e i t h e r  

g e n e ra te d  by more se v e re  c u r r e n ts  o r w ere proxim al to  t i d a l  channe ls  

o r sh o a ls  where c u r re n ts  w ere s tro n g  enough to  d e p o s it  b io - c l a s t s  

w ith o u t s ig n i f i c a n t  q u a n t i t i e s  o f lim e mud.

D ire c t ev id en ce  o f b io tu r b a t io n  was observed  a t  s e v e ra l  s e c t io n s  

in  th e  low er s h a le  l i t h o f a c i e s  as worm tu b e s  o r burrow s and m o t t l in g .  

I n d i r e c t  ev id en ce  fo r  b io tu r b a t io n  i s  p ro v id ed  by la c k  o f  p r e f e r r e d  

o r i e n t a t i o n  o r g ra d in g  o f c l a s t s  in  th e  low er l i t h o f a c i e s .  

B io tu rb a tio n  in d ic a te s  th a t  b e n th o n ic  o rganism s w ere e s ta b l i s h e d  in  . 

r e l a t i v e l y  n o rm ally  oxygenated  w a te r  a t  t h i s  tim e ( Jenkyns ,  1978).

B io -w ack esto n e -p ack sto n e  l i t h o f a c i e s .  The b io -w ack esto n e  and 

p ack sto n e  l i t h o f a c i e s  in  th e  m idd le  o f th e  Lombard f a c i e s  i s  s im i la r  

to  th e  s h a le  l i t h o f a c i e s  below excep t th a t  s h a le  and s i l t  c o n te n t i s  

d ec re a se d  and lim e s to n e  c o n te n t in c re a s e d .  T h is s ig n a ls  th e  

e s ta b lish m e n t o f w id esp read  c a rb o n a te  d e p o s i t io n  in  an environm ent 

w ith  l i t t l e  s i l i c i c l a s t i c  in p u t . A p p aren tly  th e  Kibbey s h o re face 

co n tin u ed  to  s h i f t  f a r t h e r  landw ard o r i t  was f i n a l l y  m an tled  by 

e x te n s iv e  c a rb o n a te  s e a s .

C arbonate  g ra in s  and mud d e p o s ite d  in  s h e l f  lagoons a re  

g e n e ra te d  p r im a r i ly  in  somewhat a g i t a t e d ,  more norm al m arine  a rea s  

m a rg in a l to  th e  lagoon and c a r r i e d  in  by t i d a l  and sto rm  c u r re n ts  

(W ilson , 19 7 5 ). In  a d d i t io n  to  th e  d i s t a l  s h e lf  edge s o u rc e , th e  

Lombard a rc h  and Wyoming s h e l f  p ro b ab ly  p ro v id ed  a lo c a l  so u rce  of 

c a rb o n a te  d e t r i t u s .  B io c la s t i c  components in  p ack s to n e s  and 

w ackestones in d ic a te  th a t  s p ic u le s  o r sp in e s  w ere r e l a t i v e l y  common,
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in d ig en o u s  components o f t h i s  l i t h o f a c i e s  en v ironm en t, and c r in o id  

d e b r is  was washed in  and d e p o s ite d  o n ly  as p ack s tb n es  by in f re q u e n t 

storm  o r t i d a l  c u r r e n t s .

D ire c t  ev id en ce  o f b io tu r b a t io n  i s  m iss in g  in  th e  b io -w ack esto n e  

and p ack sto n e  l i t h o f a c i e s .  P rim ary  d e p o s i t io n a l  te x tu r e  o f 

w ackestones such as g ra d in g  and s o r t in g  and s tro n g  p a r a l le l i s m  of 

e lo n g a te  g r a in s  a ls o  i n d i r e c t l y  su g g e s ts  th a t  b io tu r b a t io n  was 

p re c lu d e d  in  t h i s  env iro n m en t. T h is  in d ic a te s  th a t  th e  lagoon had 

become a t  l e a s t  in t e r m i t t e n t ly  an o x ic  s in c e  b e n th ic  o rganism s were 

p re v io u s ly  e s ta b l i s h e d  in  th e  lagoon .

L ike th e  H eath  Form ation  s h a le s ,  o th e r  P a le o z o ic  b la c k  s h a le s  in  

th e  U n ited  S ta te s  a re  i n t e r p r e te d  to  have been d e p o s ite d  under a 

s t r a t i f i e d  w a te r  column ( P o t t e r ,  M aynard, and P ry o r , 1 9 8 2 ). By 

analogy  w ith  o th e r  b la c k  sh a le s  and c o r r e l a t i o n  w ith  th e  H eath 

F o rm ation , th e  low er Lombard f a c ie s  may a ls o  be in t e r p r e te d  to  have 

been d e p o s ite d  under an i n t e r m i t t e n t ly  s t r a t i f i e d  w a te r  column. The 

d e p th , s i z e ,  and geom etry o f th e  s h e l f  lagoon a ls o  was p a r t l y  

r e s p o n s ib le  fo r  r e s t r i c t e d  w a te r  c i r c u l a t i o n  and an ox ic  c o n d i t io n s .

Lime M udstone L i th o f a c ie s .  C ontinued  sea  le v e l  r i s e  combined 

w ith  b a s in  su b sid en ce  r e s u l t e d  in  d e p o s i t io n  o f th e  lim e m udstone 

l i t h o f a c i e s  a t  th e  top  o f the-Lom bard f a c i e s  in  ah even q u ie t e r ,  

f a r t h e r  o f f s h o re  o r d eep e r w a te r env iro n m en t. A marked d e c re a se  in  

th e  number o f w ackestone and p ack sto n e  beds and co rre sp o n d in g  

in c re a s e  in  lim e m udstone r e f l e c t s  d e c re a s in g  i n t e n s i t y  and frequency  

o f  storm  and p o s s ib ly  t i d a l  c u r r e n ts  due to  e i t h e r  d is ta n c e  from
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sho re  o r a deepened la g o o n a l s e t t in g .  B io c la s ts  a re  s im i la r  to  

th o se  in  th e  low er l i t h o f a c i e s  ex cep t f o r  th e  one fo r a m in if e r a  

p ack sto n e  n e a r  th e  to p  o f  th e  Lombard f a c i e s  a t  Ross Peak. Q u ie t 

w a te r  had become s e a s o n a lly  o r c o n t in u a l ly  s t r a t i f i e d .  Upper la y e rs  

cou ld  su p p o rt p e la g ic  fo ram s, b u t th e  bo ttom  la y e r  was somewhat 

reduced  as ev idenced  by la c k  o f b e th ic  fa u n a .

S t r a t ig r a p h ic  I n t e r p r e t a t i o n

As th e  Kibbey F o rm ation  n e a rsh o re  env ironm en t onlapped  eas tw ard  

in  th e  S now crest tro u g h , th e  o f fs h o re  Lombard f a c ie s  mud and 

lim e s to n e  env ironm ent fo llo w e d . T ra n sg re s s io n  was caused by 

co n tin u ed  re g io n a l  su b sid en ce  and sea  le v e l  r i s e .  In  th e  s tu d y  a re a  

th e  Ross Peak and South A ngler a re a s  in  th e  c e n t r a l  B rid g e r Range 

e x p e rien ced  th e  g r e a t e s t  amount o f su b sid en ce  d u rin g  Lombard tim e  

(F ig u re  12). The lo w e s t Lombard sh a le  l i t h o f a c i e s  s ig n a ls  

in t r o d u c t io n  o f la g o o n a l c o n d itio n s  in to  th e  lo c a l  a x is  o f th e  

Snow crest tro u g h . D uring d e p o s i t io n  o f th e  sh a le  l i t h o f a c i e s  

sh a llo w e r  en v ironm en ts  e x is te d  to  th e  n o r th  and so u th  o f  th e  c e n t r a l  

B rid g e r Range. As t r a n s g r e s s io n  c o n tin u e d , th e  lag o o n a l env ironm ent 

sp read  a c ro s s  th e  ran g e . As a r e s u l t ,  d eeper en v ironm en ts  p e r s i s te d  

and th ic k e r  sequences a re  p re se rv e d  in  th e  c e n t r a l  B r id g e t Range.

Most conodont sam ples c o l le c te d  from  th e  Lombard f a c i e s  in  th e  

B r id g e t Range y ie ld e d  a l a t e  C h e s te r ia n  age ( w r i t t e n  com m uncation, 

W ardlaw, 1983) (see  Appendix fo r  lo c a t io n  and i n t e r p r e t a t i o n  o f 

conodont sam p le s). Samples from th e  b ase  o f th e  u n i t  a t  th e



70

Z / '

O 5 IO
miles north

Figure 12. Isopach map of Lombard f a c i e s  and Heath  

Formation. Contours in feet ,  dashed  where control  is poor. 

S e c t io n  A-A' dep ic ted  on Plate  I. Br idger  R a n g e  d ashed ,  

(ad op ted  from Harris,  1972)
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Ross Peak and Maynard Creek s e c t io n s  how ever, were d e s ig n a te d  only  as 

C h e s te r ia n . T h is in d ic a te s  th a t  th e  Lombard f a c ie s  in  th e  B rid g e r 

Range i s  p r im a r i ly  l a t e  C h e s te r ia n . However, one can s p e c u la te  th a t  

th e  b ase  may be s l i g h t Iy o ld e r  a t  th e  Ross Peak and Maynard Creek 

a r e a s .

The th ic k n e s s  v a r i a t i o n  o f  th e  Lombard f a c ie s  in  th e  B rid g e r  

Range i s  th e  r e s u l t  o f a com bination  o f d i f f e r e n t i a l  su b sid en ce  

d u rin g  d e p o s i t io n  and e ro s io n  a f t e r  d e p o s i t io n .  As p re v io u s ly  

d is c u s s e d , th e  c e n t r a l  p a r t  o f th e  range  e x p e rien ced  more su b sid en ce  

th a n  th e  Lombard a rc h  and Wyoming s h e l f  d u rin g  d e p o s i t io n  o f th e  

Kibbey F o rm atio n . In  g e n e ra l t h i s  tr e n d  co n tin u ed  in to  Lombard 

f a c ie s  tim e .

The e x c e p tio n  to  t h i s  g e n e ra l p a t t e r n  i s  seen betw een Ross. Peak 

and B ighorn Lake ( P la te  I ) .  H ere th e  Lombard f a c ie s  i s  m iss in g  and 

th e  Kibbey i s  r e l a t i v e l y  t h i c k .  Two h y p o th eses  may be p o s tu la te d  to  

e x p la in  t h i s  d i f f e r e n c e .  F i r s t ,  th e  e n t i r e  c e n t r a l  B r id g e r  Range 

su b sid ed  as a tro u g h  d u rin g  Kibbey Form ation  tim e , b u t d u rin g  Lombard 

f a c i e s  tim e th e  a re a  betw een Ross Peak and B ighorn Lake became 

p o s i t i v e  and Lombard ro ck s  a re  m iss in g  due to  non—d e p o s i t io n .  In  

t h i s  case  th e  p re s e n t  c o n f ig u ra t io n  r e f l e c t s  developm ent o f  two 

d e p o s i t io n a l  lows d u rin g  Lombard tim e . A second p o s s i b i l i t y  i s  th a t  

th e  c e n t r a l  B rid g e r  Range was an in te g r a te d  d e p o s ito n a l tro u g h  

th ro u g h o u t K ibbey and Lombard d e p o s i t io n .  L a te r ,  d u rin g  p re —Amsden 

e ro s io n ,  th e  a re a  betw een th e  Ross Peak and B ighorn Lake became 

u p l i f t e d  r e l a t i v e l y  more th an  th e  r e s t  o f th e  c e n t r a l  B rid g e r  Range.

In  t h i s  c a s e ,  th e  c o n f ig u ra t io n  r e f l e c t s  p re —Amsden u p l i f t  and
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e r o s io n .

Iso p ach s  o f  th e  H eath  F orm ation  and Lombard f a c i e s  in d ic a te  th a t  

th in n in g  n o r th  o f th e  c e n t r a l  B rid g e r Range c o n tin u e s  on to  th e  

Lombard a rc h  (F ig u re  1 2 ) . A lthough t h i s  i s  p a r t ly  a t t r i b u t e d  to  

p re —Amsden e ro s io n  (Klemme, 1949, H a r r i s , 1972), ev id en ce  su g g es ts  

th a t  th e  a rc h  co n tin u ed  to  be p o s i t i v e  r e l a t i v e  to  th e  Snow crest and 

Big Snowy tro u g h s  d u rin g  Lombard f a c i e s  tim e . As th e  H eath  and O tte r  

F orm ation  s h a le s  th in  on to  th e  a rc h  from th e  Big Snowy tro u g h  they  

g rad e  in to  th e  b i o c l a s t i c  lim es to n e  o f th e  Lombard f a c i e s  (B la k e , 

1959 ). S im i la r ly ,  from  th e  c e n t r a l  B rid g e r  Range, th e  Lombard f a c ie s  

th in s  and g rad es  in to  a lim e b io -g ra in s to n e  a t  th e  M iddle Fork of 

S ix te e n m ile  C reek s e c t io n  on th e  Lombard a rc h , s u g g e s tin g  th a t  

r e l a t i v e l y  s h a llo w e r ,  a g i t a t e d  c o n d itio n s  e x is te d  on th e  Lombard 

a rc h . Thus, d e p o s i t io n  co n tin u ed  on th e  a rc h  bu t r e s u l t e d  in  a th in  

sed im en ta ry  s e c t io n  due to  la c k  o f s ig n i f i c a n t  su b s id e n c e .

South o f th e  c e n t r a l  B rid g e r  Range th e  Lombard f a c i e s  th in s  to  

ze ro  a t  th e  B r id g e t Peak s e c t io n  ( P la te  I ) .  F a r th e r  s o u th , Lombard 

f a c ie s  i s  n o t re c o g n iz e d  ex cep t a t  B r id g e t Canyon where th r e e  m e ters  

o f d ark  g ray  to  b la c k  lim e m udstone w ith  th in  in te rb e d s  o f  b la c k  

s h a le  o v e r l i e s  th e  K ibbey F o rm ation . E vidence o f sh o a lin g  c o n d itio n s  

as seen on th e  Lombard a rc h  i s  a b se n t h e r e .  How f a r  th e  Lombard 

f a c ie s  ex tended  so u th  o f B r id g e t Canyon and how th ic k  i t  was is  

c o n je c tu r a l  s in c e  ev id en ce  was removed by pre-Amsden e r o s io n .
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Upper Big Snowy Group C on tact and th e  Amsden F orm ation  

D e s c r ip t io n .  The c o n ta c t  betw een th e  Big Snowy Group and th e  

Amsden Form ation  i s  e a s i l y  lo c a te d  w here Lombard f a c i e s  lim es to n e  i s  

p r e s e n t . At such l o c a l i t i e s  re d  m udstone and s i l t s t o n e  o f th e  Amsden 

Form ation  o v e r l i e  an i r r e g u l a r  c a l c i t e —d o lo m ite—q u a r tz  d u ra c ru s t  

( c a l ic h e )  up to  one m e te r th ic k  on th e  Lombard f a c i e s .  At lo c a t io n s  

where th e  Amsden Form ation  o v e r l i e s  th e  Kibbey F orm ation  th e  c o n ta c t 

i s  le s s  e a s i ly  d is c e rn e d  because o f s i m i l a r i t y  in  l i t h o l i g i e s . In  

th e  B rid g e t Range, t h i s  c o n ta c t i s  p la c e d  above th e  ta b u la r  upper 

Kibbey san d sto n e  or below  th e  low er Amsden re d  m udstone—s i l t s t o n e  

i n t e r v a l .  D if fe re n c e s  in  bed l i th o lo g y  and geom etry o f  th e  Kibbey 

and Amsden Form ations a re  th e  most r e l i a b l e  in d ic a to r s  a t  th e se  

l o c a t io n s .

The low er Amsden Form ation  c o n s is t s  o f red  m udstone and 

s i l t s t o n e  w ith  le n se s  and beds o f v a r ia b ly  c o lo re d  s a n d s to n e , lim e 

b io -w ack esto n e  and p ack sto n e  and f in e  g ra in e d  m assive  d o lo s to n e . 

Conodont d a te s  e s t a b l i s h  an e a r ly  Morrowan age fo r  th e  Amsden 

F orm ation  j u s t  above th e  Big Snowy Group c o n ta c t ( P la te  I ;  Appendix) 

( w r i t t e n  com m unication, Wardlaw, 1 9 8 3 ). The sampled i n t e r v a l  v a r ie s  

from th i r ty - tw o  m e te rs  on th e  so u th  a t  Rocky Canyon, to  f i f ty - s e v e n  

m e te rs  a t  South A n g le r , to  ze ro  a t  M iddle Fork S ix te e n m ile  canyon on 

th e  n o r th  end o f th e  s tu d y  a r e a .
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I n t e r p r e t a t i o n .  D ire c t and i n d i r e c t  l i th o lo g i c  and 

s t r a t i g r a p h i c  ev id en ce  in d ic a te s  an uncon fo rm ity  i s  p re s e n t  between 

th e  Big Snowy Group and Amsden Form ation  in  th e  B r id g e r  Range. The 

d u ra c ru s t  developed  a long  th e  c o n ta c t  where th e  Lombard f a c ie s  

o v e r l i e s  th e  Amsden Form ation  in d ic a te s  a p e r io d  o f exposu re  to  

w e a th e r in g . A lso , a sh arp  l i t h o lo g i c  change from b la c k  lim es to n e  to  

red  m udstone and s i l t s t o n e  in d ic a te s  a  sh a rp  change in  en v iro n m en ts .

The n e g a t iv e  te c to n ic  b e h a v io r  o f th e  c e n t r a l  B r id g e ts  du ring  

Kibbey and Lombard tim e a ls o  o p e ra te d  d u rin g  u p l i f t  and e ro s io n  of 

th e  Big Snowy Group b e fo re  th e  Amsden t r a n s g r e s s io n .  The g r e a te s t  

e ro s io n  and th e r e f o r e  r e l a t i v e  u p l i f t  as ev idenced  by rem oval o f th e
. I

e n t i r e  Lombard f a c i e s ,  o c c u rre d  w here K ibbey sed im en ts  a re  t h i n n e s t . 

Where th e  Lombard i s  t h i c k e s t ,  th e  Kibbey i s  a ls o  t h i c k .  As 

p re v io u s ly  d is c u s s e d ,  th e  e x c e p tio n  to  t h i s  g e n e ra l p a t t e r n  i s  seen 

betw een Ross Peak and B ighorn  Lake ( P la te  I ) .



IMPLICATIONS: TECTONIC INFLUENCE ON SEDIMENTATION

The l a t e  M is s is s ip p ia n  p a le o te c to n ic  framework in  th e  B rid g e r 

Range i s  a lo c a l  m a n if e s ta t io n  o f th e  p a le o te c to n ic  fram ework of 

M ontana. R eg io n a l iso p ach  and f a c i e s  s tu d ie s  of P ro te ro z o ic  and 

P a le o z o ic  ro ck s  in  Montana in d ic a te  th a t  p a le o te c to n ic  e lem en ts  which 

were i n f l u e n t i a l  on l a t e  M is s is s ip p ia n  se d im e n ta tio n  (F ig u re  I )  were 

s im i la r ly  i n f l u e n t i a l  p r io r  to  and fo llo w in g  Big Snowy tim e . For 

exam ple, in  c e n t r a l  Montana th e  l a t e  M is s is s ip p ia n  Big Snowy tro u g h  

c o in c id e s  c lo s e ly  w ith  th e  P ro te ro z o ic  B e lt b a s in  and P a le o z o ic  

C e n tra l Montana tro u g h  in  w hich th ic k  s e c t io n s  o f P ro te ro z o ic  and 

P a le o z o ic  ro ck s a re  p re se rv e d  (P e te r s o n ,  1981 ). In  sou thw est Montana 

th e  Snow crest tro u g h  c o in c id e s  w ith  th e  Ruby tro u g h  (P e te r s o n ,  1982) 

w hich had a s im i la r  lo n g - l iv e d  h i s to r y  o f r e l a t i v e  s u b s id e n c e .

G e o lo g is ts  s tu d y in g  P ro te ro z o ic  and P a le o z o ic  ro ck s  on a 

re g io n a l  s c a le  conclude th a t  th e  m arg ins o f th e se  p a le o te c to n ic  

e lem ents a re  c o in c id e n ta l  w ith , and c o n t ro l le d  by zones o f basem ent 

w eakness. For exam ple, u s in g  s t r a t i g r a p h i c  and s t r u c t u r a l  ev id en ce , 

Maughan and P e rry  (1982) observed  th a t  th e  S now crest-G reenhorn  l in e  

w hich forms th e  s o u th e a s te rn  m arg in  o f th e  Snow crest tro u g h  fo llo w s a 

zone o f basem ent w eakness. The boundary betw een th e  Big Snowy tro u g h  

and Wyoming s h e l f  i s  s im i la r ly  b e l ie v e d  to  be lo c a te d  on an e a s t-w e s t 

zone o f basem ent w eakness (Maughan, 1984).

The B rid g e r Range l i e s  n e a r  where th e se  two s t r u c t u r a l
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l in e a m e n ts  m eet. P ro te ro z o ic  and P a le o z o ic  ro ck s  have a maximum 

th ic k n e s s  somewhere n o r th  o f Ross Pass in  th e  u n s ta b le  tro u g h  and 

th in  on to  th e  Wyoming s h e l f  so u th  o f Ross P a s s .

Ross Pass has had an im p o rta n t and lo n g - l iv e d  s t r u c t u r a l  

h i s to r y .  The p ass  a re a  was th e  so u th e rn  boundary o f th e  P ro te ro z o ic  

B e lt b a s in . A th ic k ,  e x tre m e ly  c o a rse  co n g lo m era te  f a c ie s  o f  th e  

B e lt a b u ts  a g a in s t  A rchean ro ck s  a t  Ross P ass. As McMannis (1963) 

p o in te d  o u t,  th e se  r e l a t io n s h ip s  s tro n g ly  su g g es t a P ro te ro z o ic  

f a u l t  bounding th e  so u th e rn  B e lt b a s in .

The so u th e rn  f a u l te d  m arg in  o f th e  P ro te ro z o ic  B e lt b a s in  

c o in c id e s  ro u g h ly  w ith  th e  boundary betw een  th e  P a le o z o ic  Wyoming 

s ta b le  p ro v in ce  and C e n tra l  Montana u n s ta b le  p ro v in ce . Thus, in  th e  

B rid g e t Ranger we have d i r e c t  ev id en ce  o f co in c id e n c e  betw een  a 

P ro te ro z o ic  zone o f w eakness and d i f f e r e n t i a l  movements on 

p a le o te c to n ic  e lem en ts  d u rin g  th e  P a le o z o ic .
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CONCLUSION
\

The Big Snowy Group d iscon fo rm ab ly  o v e r l i e s  th e  M ission  Canyon 

F orm ation  in  th e  B rid g e r  Range. The c o n ta c t i s  c h a ra c te r iz e d  by a 

change from c le a n ,  o o l i t i c ,  M ission  Canyon lim e b io —w ackestone to .  

muddy, s i l t y ,  lam in a ted  d o lo s to n e . The ro ck s a re  no t g r a d a t io n a l  and 

do n o t i n t e r f i n g e r  a c ro s s  th e  c o n ta c t in d ic a t in g  th a t  a s in g le ,  

e x te n s iv e  su r fa c e  o f d isc o n fo rm ity  d ev e lo p ed . Sando (1976) 

re c o g n iz e s  th a t  th e re  a re  t h r e e , and p o s s ib ly  f o u r , f a u n a l  zones 

m iss in g  a c ro s s  th e  c o n ta c t .

The low er member o f th e  Kibbey F orm ation  r e p re s e n ts  a sabkha 

d e p o s ite d  a t  th e  le a d in g  edge o f th e  Big Snowy sea  as i t  t r a n s g re s s e d  

n o rth e a s tw a rd  in to  th e  B rid g e r Range. A lg a l lam in ae , d e s s ic a t io n  

f e a tu r e s ,  and f e n e s t r a l  f a b r ic  a re  common in  th e  low er K ibbey 

F orm ation  d o lo s to n e . L ucia  (1972) a t t r i b u t e s  such s t r u c tu r e s  

p r im a r ily  to  in t e r m i t t e n t ly  flo o d ed  s u p r a t id a l  and h ig h  i n t e r t i d a l  

m a rg in a l m arine z o n e s . D olostone b r e c c ia s  in  th e  low er Kibbey 

Form ation  a re  in t e r p r e te d  as e v a p o r i te  s o lu t io n  zo n es . T his 

in d ic a te s  th a t  a h o t ,  a r i d  c lim a te  p r e v a i le d  a t  t h i s  tim e .

I n t e r t i d a l  s i l i c i c l a s t i c  ch an n e ls  ( c re e k s )  m ig ra ted  a c ro s s  th e  sabkha 

in  th e  c e n t r a l  range a r e a . The low er Kibbey channe ls  a re  s im i la r  to  

modern ch an n e ls  on Andros I s la n d  as d e sc r ib e d  by S h inn , L loyd , and 

G insburg (1 9 6 9 ). Both f in e  up from san d sto n e  o r cong lom era te  on a 

sh a rp  c o n ta c t cu t in to  u n d e rly in g  sed im en ts  in to  s i l t s t o n e , and
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m udstone. T id a l ch an n e ls  a re  r e s t r i c t e d  to  th e  low ly in g ,  i n t e r t i d a l  

a re a s  on modern sa b k h a s .

. The upper member o f th e  Kibbey F orm ation  i s  a p r im a r i ly  

r e g r e s s iv e  o f f s h o re  to  sh o re fa c e  d e p o s i t . M udstones a t  th e  b ase  were 

d e p o s ite d  by su sp e n sio n  in  a low er sh o re fa c e  s e t t i n g . I n te r la y e r e d  

and graded  s i l t s t o n e  and san d sto n e  w ith in  th e  m udstone w ere d e p o s ite d  

by in t e r m i t t e n t  storm  c u r r e n t s ,  p o s s ib ly  combined w ith  t i d a l  

c u r r e n t s .  In c re a s in g  g r a in  s iz e  and d e c re a s in g  mud c o n te n t u p se c tio n  

in  th e  sh o re fa c e  d e p o s it  r e f l e c t  h ig h e r  energy c o n d it io n s  a s s o c ia te d  

w ith  th e  s tr a n d l ir ie  as th e  r e g re s s io n  c o n tin u e d . High an g le  

ta n g e n t i a l  and tro u g h  c ro s s  beds n e a r  th e  top  o f th e  upper member is  

s im i la r  to  m idd le and upper sh o re fa c e  c ro s s  bedding r e p o r te d  in  

modern sed im en ts (C am p b e ll,1971 ; Howard, 1971; R einech and S ingh, 

1973). Lagoonal and t i d a l  f l a t  s i l t s t o n e ,  m udstone, and d o lo s to n e  a t  

th e  top  o f th e  Kibbey F orm ation  in d ic a te  th a t  r e g re s s io n  co n tin u ed  

u n t i l  i n t e r t i d a l ,  and p o s s ib ly  s u p r a t i d a l ,  c o n d itio n s  re tu rn e d  to  th e  

B rid g e t Range a r e a .

S e v e ra l h y p o th eses  may be p roposed  to  e x p la in  th e  upper Kibbey 

r e g r e s s io n a l  e p iso d e . A p e r io d  o f r e l a t i v e  sea  le v e l  lo w erin g , 

caused  e i t h e r  by te c to n ic  u p l i f t  o r r e g io n a l  sea  le v e l  f a l l ,  could 

cause  a r e g re s s io n  o f th e  sh o re fa c e  f a c i e s .  A lso , in c re a s e d  sedim ent 

supp ly  to  th e  a re a  cou ld  produce outw ard b u ild in g  o r r e g r e s s io n  of 

th e  s h o re fa c e , p a r t i c u l a r l y  d u rin g  a p e r io d  o f r e l a t i v e  sea  le v e l  

s t a b i l i t y .  R eg ional a n a ly s i s  i s  needed to  d e term ine  w hich mechanism 

i s  p r im a r ily  r e s p o n s ib le .

The Big Snowy se a  re tu rn e d  a g a in  b u t l e f t  s c a n t re c o rd  in  th e
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Kibbey F o rm ation . T ra n s g re s s iv e  sh o re fa c e  d e p o s its  such as upward 

c o a rse n in g  san d sto n es  a re  no t reco g n ized  in  th e  upper member. 

However, th in  l i t h o c l a s t  cong lom era tes  a re  p re se rv e d  a t  s e v e ra l  

s e c t io n s  on th e  upper and low er c o n ta c t o f th e  upper member. These 

co ng lom era tes  r e p re s e n t  m inor d is c o n fo rm it ie s  g e n e ra te d  d u rin g  

t r a n s g r e s s io n  by sh o re fa c e  e ro s io n .  C l i f to n  (1973) re p o r te d  a 

s im i la r  s i t u a t i o n  in  modern d e p o s i t s .  Where th e  cong lom erate  i s  

m iss in g  in  th e  B rid g e t. Range, a m inor t r a n s g r e s s iv e  sequence may be 

p r e s e n t .

The Lombard f a c i e s  o v e r ly in g  th e  Upper member o f th e  Kibbey 

F orm ation  was d e p o s ite d  in  a s h e l f  lagoon (as  d e f in e d  by W ilson ,

1 9 7 5 ) . The Lombard f a c i e s  i s  composed p r im a r ily  o f d a rk  c o lo re d  lim e 

m udstone and s h a le  d e p o s ite d  by su sp e n s io n . C ir c u la t io n  in  th e  

Lombard lagoon  was r e s t r i c t e d  by a to p o g rap h ic  b a r r i e r  on th e  s h e lf  

m argin  n e a r  th e  extrem e sou thw est p a r t  o f th e  Show crest tro u g h  (R ose,

1 9 7 6 ) , o r by th e  geom etry o f th e  lagoon i t s e l f  as proposed  f o r  modern 

e p ic o n t in e n ta l  se a s  (Logan and C e b u lsk i, 19 7 0 ). I n te r m i t t e n t  storm  

c u r r e n t s ,  p o s s ib ly  combined w ith  t i d a l  c u r r e n t s ,  b rough t sm all 

amounts o f c r in o id  and s h e l l  d e b r is  in to  th e  B rid g e t Range a re a  and 

d e p o s ite d  them as p ack sto n e  and w ack esto n e .

Sedim ents a t  th e  b ase  o f th e  Lombard f a c ie s  w ere b io tu rb a te d  in  

r e l a t i v e l y  no rm ally  oxygenated  w a te r .  The lo s s  o f ev id en ce  of 

b e n th ic  fau n a  u p s e c tio n  su g g e s ts  th a t  th e  environm ent became 

r e s t r i c t e d  and somewhat a n o x ic , a t  l e a s t  n e a r  th e  bottom  o f th e  

lag o o n . P e la g ic  fo ra m in ife ra  w ackestone a t  th e  top  o f th e  Lombard 

f a c i e s ,  how ever, in d ic a te s  th a t  su r fa c e  w a te rs  w ere oxygenated  enough
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to  su p p o rt s u r fa c e  fauna  d u rin g  l a t e  Lombard tim e . Thus, th e  upper 

Lombard f a c i e s  was d e p o s ite d  under a s t r a t i f i e d  w a te r  column in  much 

th e  same way as re p o r te d  f o r  o th e r  P a le o z o ic  la g o o n a l d e p o s i ts  

( P o t t e r ,  M aynard, and P ry o r , 1982 ).

A r e g io n a l  u ncon fo rm ity  i s  developed  a t  th e  top  o f th e  Lombard 

f a c ie s  ( Sando, 1976; Maughan, 19 8 4 ). In  th e  B rid g e r Range, a 

d u ra c ru s t  marks th e  c o n ta c t .  A sh arp  l i t h o lo g i c  change a t  most 

exposu res i s  ev id en ce  o f change in  d e p o s i t io n a l  env ironm ents ac ro ss  

th e  u n c o n fo rm ity .

The c e n t r a l  B r id g e t Range su b sid ed  r e l a t i v e  to  th e  Wyoming s h e lf  

and Lombard a rc h  d u rin g  Big Snowy d e p o s i t io n .  Environm ents o f th e  

low er and upper members o f th e  Kibbey F orm ation  and th e  Lombard 

f a c ie s  in d ic a te  th a t  d eep er w a te r  c o n d it io n s  p e r s i s te d  in  th e  c e n t r a l  

range a re a  due to  t h i s  su b s id e n c e . A lso , s i g n i f i c a n t l y  th ic k e r  

s t r a t i g r a p h ic  s e c t io n s  a re  p re se rv e d  h e re .  The e x c e p tio n  to  t h i s  

g e n e ra l p a t t e r n  betw een Ross Peak and B ighorn  Lake was caused  by a 

lo c a l  p o s i t iv e  e lem ent w ith in  th e  c e n t r a l  p a r t  of th e  ra n g e .

The n e g a t iv e  te c to n ic  tendency  o f  th e  c e n t r a l  B rid g e r  Range was 

a ls o  i n f l u e n t i a l  d u rin g  u p l i f t  and e ro s io n  o f th e  Big Snowy Group 

p r io r  to  th e  Amsden t r a n s g r e s s io n .  G re a te s t  e ro s io n  and th e re f o r e  

r e l a t i v e  u p l i f t  i s  in d ic a te d  by rem oval o f th e  e n t i r e  Lombard f a c i e s ,  

and in  some c a s e s , th in n in g  o f th e  upper member of th e  Kibbey 

F o rm atio n . T h is o c c u rre d  where th e  e n t i r e  Kibbey Form ation  i s  

t h i n n e s t . Where th e  Lombard i s  t h i c k e s t , th e  Kibbey i s  a l s o  th ic k .  

The end r e s u l t  i s  th a t  e lem en ts  w hich w ere p o s i t iv e  d u rin g  d e p o s it io n  

rem ained p o s i t i v e  d u rin g  pre-Amsden e ro s io n ,  and th in  d e p o s its  of th e
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Big Snowy Group on th e se  elem ents w ere th in n e d  m ore. I n v e r s e ly , 

th ic k e r  d e p o s its  on n e g a t iv e  elem en ts w ere p re se rv e d  from  e ro s io n  and 

rem ained th i c k .  In  t h i s  way b o th  d e p o s i t io n a l  th in n in g  and 

p o s t - d e p o s i t io n a l  e ro s io n  a re  r e s p o n s ib le  fo r  th ic k n e s s  tr e n d s  of th e  

Big Snowy Group in  th e  B rid g e r  Range.

The c e n t r a l  B rid g e r  Range i s  an a n c ie n t  zone o f c r u s t a l  

w eakness. D uring th e  P ro te ro z o ic ,  th e  D illo n  b lo c k  so u th  o f th e  

c e n t r a l  B r id g e t Range was u p l i f t e d  a lo n g  a f a u l t  th ro u g h  Ross Pass 

form ing  th e  so u th e rn  m argin  of th e  B e l t  b a s in  (McManni s , 1963). 

S im ila r ly  d u rin g  th e  P a le o z o ic ,  th e  Wyoming s h e l f  so u th  o f th e  

c e n t r a l  B r id g e t Range was s t a b l e ,  o r n e u t r a l , r e l a t i v e  to  th e  

u n s ta b le  tro u g h  to  th e  n o r th  (P e te r s o n ,  1981 ). These te c to n ic  

c o n tro ls  r e s u l t e d  in  th ic k  s t r a t i g r a p h ic  s e c t io n s  o f P ro te ro z o ic  and 

P a le o z o ic  ro ck s n o r th  o f th e  c e n t r a l  ran g e  a r e a ,  and th in  o r m iss in g  

s e c t io n s  to  th e  so u th . D uring l a t e  M is s is s ip p ia n ,  th e  c e n t r a l  

B rid g e t Range a c te d  as an u n s ta b le  tro u g h  betw een th e  Wyoming s h e lf  

and Lombard a r c h .  Big Snowy ro ck s a re  th in  o r m iss in g  on th e  Wyoming 

s h e l f  and Lombard a rc h , and a re  th ic k e r  in  th e  c e n t r a l  ran g e  a re a . 

These r e la t io n s h ip s  p ro v id e  in s ig h t  in to  th e  n a tu re  o f te c to n ic  

in f lu e n c e  th a t  th e  zone o f c r u s t a l  w eakness in  th e  B r id g e t Range had 

on se d im e n ta tio n  o f P ro te ro z o ic  and P a le o z o ic  ro c k s . Big Snowy Group 

l i t h o f a c i e s  and s t r a t ig r a p h y  p ro v id e  p a r t i c u l a r l y  good ev id en ce  of 

t h i s  in f lu e n c e .  U ndoubtedly , f u tu r e  s tu d ie s  h e re  w i l l  p ro v id e  more 

ev id en ce  o f th e  in f lu e n c e  t h i s  a n c ie n t  zone of w eakness had on 

se d im e n ta tio n  o f o th e r  ro c k s . Such s tu d ie s  m ight f u r th e r  e lu c id a te  

th e  d i s t r i b u t i o n  o f p a le o te c to n ic  movements in  tim e and sp a c e .
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APPENDIX

D e s c r ip tio n s  o f m easured s e c t io n s  
Conodonts in t e r p r e te d  by Bruce WardI aw, 

U n ited  S ta te s  G eo lo g ica l Survey

ROCKY CANYON SECTION
(High on w a ll o f rocky canyon n o r th  o f i n t e r s t a t e , .  

U n it th ic k n e s s  Sec. 19 , T. 2 S . ,  R. 6 E .)
in  f e e t

Amsden Form ation  ( p a r t ) :

4 8 ' .............. Covered-brow n s o i l .

2 2 '

8 '

16'

1 0 '

12 '

4 '

......... S i l t s to n e - p u r p le - r e d ,  sandy a t  b a se , covered  in  m id d le .

......... S an d sto n e-p in k  and m aroon, m inor s i l t s t o n e .

......... S i l t s t o n e -b ro w n -red , p a r t l y  co v e re d .

......... D o lo s to n e -Ia v e n d e r m o ttle d  cream , th in  to  th ic k  bedded,
m inor re d  s i l t s t o n e .

......... DoIo s to n e -w h ite ,  d en se , m a ss iv e , w ea th e rs  to  rounded
k n o l l s ,  ( t e c to n ic ? )  b r e c c ia ,  c rude  la m in a tio n s .

......... C overed.

Upper Member Kibbey F orm ation :

.........  S a n d s to n e -g e n e ra lIy as below , w ith  s i l t s t o n e .

.........  S an d sto n e-w h ite  and la v e n d e r , f in e  g ra in e d , m od era te ly
s o r te d ,  p o o rly  p re s e rv e d , t a n g e n t i a l  tro u g h  c ro s s  bedded , 15 
deg ree  maximum d ip .

.........  S a n d s to n e -b r ic k  re d  and p a le  g re e n , m inor w h ite  and p in k ,
f in e  to  medium g ra in e d ,  m odera te  and poor s o r t in g ,  p a r t ly  
co v ered .

1 0 ' C o n g lo m era te -b rick  re d  san d s to n e  m a tr ix ,  f in e  to  medium



88

g ra in e d , w ith  d o lo s to n e  and san d sto n e  l i t h o c l a s t s  up to  1 /4  
in ch  su p p o rted  by m a tr ix ,  su b -ro u n d ed , p a r t l y  co v e re d .

4 ' ......... «- S i l t s t o n e - b r i c k  r e d ,  low er re d  m udstone.

Lower Member K ibbey F o rm ation :

6 ' ..............D o lo s to n e -la v e n d e r  m o ttle d  g re e n , as below  w ith  a th in
re d  m udstone.

1 6 ' .............. D o lo s to n e -p u rp le -m aro o n , m inor g re e n , d e n se , m a ss iv e ,
wavey la m in a t io n s ,  b a s a l  y e llo w  and muddy.

8 ' ..............D olostone b r e c c ia - p in k ,  o ra n g e , y e llo w , g r a y , p u rp le  and
maroon a t  to p , c l a s t s  up to  3 f e e t .

8 0 ' . . T o ta l Big Snowy Group

M ission  Canyon Form ation  ( p a r t ) :

L im estone and D o lo s to n e - I ig h t  g ra y to  ta n ,  v e ry  c o a rs le y  
c r y s t a l l i n e ,  t e c h to n ic a l ly  b r e c c ia te d .

BRIDGER CANYON SECTION 
(3 /4  m ile  n o r th  o f road  th ro u g h  canyon.

Sec. 27 , T . I S . ,  R. 6 E .)

Amsden F orm ation  ( p a r t ) :

I'..............D o lo s to n e -y e llo w -g re e n , f r a c tu r e d .

7 ' .............. C o v e red -red d ish  s o i l ,  m inor re d  and g reen  m udstone
cropp ing  o u t .

Lombard F a c ie s :

8 ' ..............L im esto n e-d a rk  g ra y , d en se , f in e ly  c r y s t a l l i n e ,  medium
bed d in g , b la c k  m udstone in te rb e d d e d , c a l c i t e  f i l l e d  f r a c t u r e s .

Upper Member Kibbey F orm ation :

8 ' ................ S an d s to n e -w h ite , m a ro o n -p u rp le , f in e  g ra in e d  g e n e ra lly
m assive  w ith  th in  muddy in te r b e d s ,  becomes s i l t s t o n e  a t  to p .

Lower Member Kibbey F o rm ation :

9 ' ................ S i l t s to n e  and DoIo s tone-m aroon m o ttle d  g reen  and w h ite .

3 ' ................ S i l t s t o n e - b r i c k  r e d .
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12" ..............S i l t s  tone-m aroon m o ttle d  y e llo w -c ream , b r e c c ia te d ,  minor
f in e  g ra in e d  sa n d s to n e , b a s a l  p a r t  f i l l i n g  K a r s t - s in k  in  
M ission  Canyon F o rm atio n .

4 8 " . . T o ta l Big Snowy F orm ation

M ission  Canyon F o rm ation  ( p a r t ) :

Lim estone-m edium  b ro w n -g ray , f i n e l y  c r y s t a l l i n e ,  few 
c o r a l s .  Lower K ibbey sed im en ts  f i l l i n g  K a r s t - s in k .

BRIDGER PEAK SECTION
( J u s t  n o rth w e a s t o f Sadd le  P eak , NW 1 /4  Sec. 36 , T. I N ., R 6 E .) 

(M easurem ents and some d e s c r ip t io n s  from  McMannis, 1951.) 

Amsden F orm ation  ( p a r t ) :

1 8 " .............. D o lo s to n e -p u rp le , m o ttle d  p a le  g re e n , m a ss iv e .

7 " . ............S i l t s t o n e - b r i c k  r e d ,  m o t t le d ,  w ith  in te rb e d d e d  re d
m udstone , p u rp le  d o lo s to n e  a t  to p , p a r t i a l l y  co v e re d .

Upper Member K ibbey F o rm ation :

2 3 " .............. S a n d s to n e -re d  a t  to p  and b o ttom , w h ite  in  m id d le , f in e
g ra in e d ,  medium g r a in  in  m id d le , f a i n t  c ro s s  b ed d in g .

1 0 " ..............S i l t s t o n e - b r i c k  o ran g e , p u r p le ,  muddy.

Lower Member K ibbey F o rm ation :

3 5 " ..............D o lo s to n e -v a r io u s  p a s t e l  c o lo r s ,  p red o m in an tly  maroon
m o ttle d  g re e n , s i l t y ,  lam in a ted  in  p a r t ,  few b r e c c ia  zones.

14"..........D o lo s to n e - p u r p le  and  cream  m o ttle d , m a ss iv e , la m in a te d ,
muddy, few b r e c c ia s .

6 " . . ..........S i l t s to n e - p u r p le  and re d  m o t t le d ,  b r e c c ia te d .

1 4 " . . . . . . .D o lo s to n e -c ream  and p u rp le  m o t t le d ,  b r e c c ia te d .

1 0 2 " . .T o ta l Big Snowy Group

M issio n  Canyon Form ation  ( p a r t ) :

Lim estone-m edium  g ray -b row n , m a ss iv e , few f o s s i l s .
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MAYNARD CREEK SECTION
( B rid g e r Bowl s k i  a r e a ,  SW 1 /4  Sec. 24 , T. I N ., R 6 E .)  

Amsden Form ation  ( p a r t ) :

I ' ..............C la y -re d .

4 ' ..............D o lo s to n e -b u f f -p in k , g r a n u la r ,  s l i g h t Iy san d y .

8 ' .............. DoIo s to n e - re d  and maroon m o t t le d ,  p o s s ib ly  b io tu r b a te d .

4 ' .............. Muds to n e /c la y s  to n e -re d -b ro w n .

12 ' .............. C o vered -p robab le  red  m udstone and s i l t s t o n e .

6 ' ...............D o le s to n e -v e ry  l i g h t  g r a y - la v e n d e r , f in e ly  c r y s t a l l i n e ,
smooth concave w eathe red  s u r f a c e s ,  m a ss iv e .

2 ' ...............Q u a r tz - c a lc i te  d u ra c ru s t-y e l lo w , b a s a l  red
m u d s to n e -c la y s to n e .

Lombard F a c ie s :

6 f .............. L im estone-m edium  to  l i g h t  g r a y , medium c r y s t a l l i n e ,
f o s s i l i f e r o u s ,  to p  i s  p ink  m o t t le d .

4 1......... . L im esto n e-as  above, w e ll  developed  medium b ed d in g , few
b io -w ack esto n e  b ed s , c h e r ty .

1 8 ' ................ L im e s to n e -o liv e  dolo m itic  as above, s o l i t a r y  c o ra ls  a
to p , C h e s te r ia n  CONODONTS from to p .

4 ' .............. D o lo s to n e -p u rp le  and p in k - re d ,  yellow  w e a th e r in g .

1 2 ' ..............L im esto n e-as  above, w ith  s ilty -m u d d y  p a r t i n g s .

1 8 ' .............. L im esto n e-d a rk  g ray —b la c k ,  bo ttom  2 /3  i s  muddy, s i l t y ,
th in  bedded to  f i s s i l e ,  s o l i t a r y  c o ra ls  a t  b a s e , C h e s te ria n  
CONODONTS from  to p .

8 ’ ..............L im esto n e-as  above w ith  m udstone-g reen  and g ra y ,
C h e s te ria n  CONODONTS from  to p .

2 ’ ................. S an d sto n e-g reen  and g ra y .

Upper Member K ibbey F o rm ation :
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......... D o lo s to n e -Ia v e n d e r , s i l t y ,  muddy.

.........  S an d sto n e-p in k  and g re e n , v e ry  f i n e ,  f i n e ,  and medium
g ra in e d ,  m odera te  to  poor s o r t in g ,  ta b u la r  o u tc ro p , m inor 
m udstone.

Lower Member Kibbey F o rm ation :

.......... D o lo s to n e -p a le  o range to  p in k , bottom  2 /3  b r e c c ia te d ,
b a s a l  g reen  and p u rp le  m udstone.

..........D o lo s to n e -o ra n g e -re d , w ith  sa n d s to n e , s i l t s t o n e  and
m udstone.

.........  D o lo s to n e -p in k -re d  and p a le  g re e n -y e llo w , m o ttle d  maroon
s i l t y ,  m inor b r e c c ia .

T o ta l Big Snowy Group

M ission  Canyon F o rm ation :

Limestone-m edium  g ra y , f in e ly  c r y s t a l l i n e ,  m a ss iv e .

ROSS PEAK SECTION
(NE s lo p e  o f peak , SW 1 /4  Sec. 2 , t . I N ., R. 6 E . ) 

Amsden F orm ation  ( p a r t ) :

I ..............  D o lo s to n e - I ig h t  g ra y , f in e ly  c r y s t a l l i n e .

5 0 ' ..............  C overed-red  s o i l  and d e b r i s .

Lombard F a c i e s :

3 2 ' .............. L im esto n e-c ream -p in k , o l i v e ,  and brown, medium and th in
bedded f o s s i l i f e r o u s ,  one s o l i t a r y  c o ra l  c o l le c te d  from  to p , 
p o s s ib le  sponge from to p , brown c h e r t  n o d u le s , le n s e s ,  and 
fra g m e n ts , l a t e  C h e s te ria n  CONODONTS 18 f e e t  from to p .

1 2 ' ..............Limestone-m edium  b ro w n -red , medium c r y s t a l l i n e ,  th in  to
p la te y  b ed d in g , b io -w ack esto n e  and pack sto n e  beds a b u n d an t, 
m inor o range lim e s to n e .

1 6 ' .............. L im e s to n e -b la c k , th in  to  p la te y  bedded , f o s s i l i f e r o u s ,
abundant b la c k  m udstone in t e r b e d s , C h e s te ria n  CONODONTS from 
b a s e .

.........  Limestone-m edium  g ra y -b la c k ,  f in e ly  c r y s t a l l i n e ,  very
f o s s i l i f e r o u s ,  m a ss iv e .

16'
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6 ’ .............. S h a le -b la c k , s i l t y ,  lim y .

1 4 ' .............. Covered-brow n s o i l ,  g r a s s y .

6 ' ...............Limestone-m edium  b ro w n -g ray , as below , p o s s ib le
i n t r a c l a s t  co n g lo m era te .

2 0 ' .............. C overed-dark  brown s o i l ,  g r a s s y .

^ ..............  L im estone—upper medium brown—g ra y , low er la v e n d e r , f in e ly
c r y s t a l l i n e ,  sandy , 1 /2  in c h  h o r iz o n ta l  worm tu b e s .

1 2 '............... C overed-dark  brown s o i l ,  g r a s s y .

6 ' ................Limestone-m edium  g ray -b row n , medium and c o a rs le y
c r y s t a l l i n e ,  f o s s i l i f e r o u s , m idd le  2 f e e t  i s  b la c k  m i c r i t i c ,  
muddy lim e s to n e , C h e s te r ia n  CONODONTS from b ase  and to p .

1 4 ' ................C overed-dark  brown s o i l ,  g ra s s y .

Upper Member Kibbey F o rm ation :

4 ' ................ C onglom erate-m aroon, subrounded san d sto n e  and d o lo s to n e
c l a s t s  in  s i l t s t o n e  m a tr ix .

2 ' ............... M u d sto n e-red .

6 ' ................ S an d s to n e -d a rk  red-m aroon , v e ry  f in e  g ra in e d ,  d a rk  red
m udstone ch ip s  in  m id d le .

1 4 ' . . . . . . . .S a n d s to n e -w h ite , v e ry  f in e  g ra in e d , w e ll s o r te d ,  w e ll
in d u ra te d ,  m a ss iv e .

1 0 ' ................S an d sto n e -a s  above, f in e  g ra in e d .

2 ' ................M u d sto n e-b rick  r e d ,  la v e n d e r .

2 6 ' ................ S an d s to n e -p a le  y e llo w -o ra n g e , f in e  to  medium g ra in e d ,
m o d e ra te ly  w e ll s o r te d ,  10 in c h  deep tro u g h  c ro s s  b ed s .

8 ' ................S a n d s to n e -b r ic k  r e d ,  v e ry  f in e  g ra in e d , c a lc a re o u s .

Lower Memeber K ibbey F orm ation :

3 0 ' . . . . . . . . S i l t s t o n e —b r ic k  r e d , m o ttle d  y e llo w , f in e  wavey
la m in a t io n s ,  dolo m i t i c , in te rb e d d e d  w ith  san d sto n e  b r ic k  re d , 
v ery  f in e  g ra in e d ,  d o lo m itic ,  and d o lo s to n e , m aroon, la v e n d e r .

1 6 ' .................D o lostone—v a r io u s  p a s te l  c o lo rs  p redom inan tly  maroon
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s i l t s t o n e  as ab o v e .
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1 4 ' .............. S il ts to n e -p re d o m in a n tly  b r ic k  red  and g ray  r e d ,  m o ttle d
y e llo w , b locky  f r a c t u r e ,  few v e ry  f in e  san d s to n es  as above.

8 ' ..............D o lo s to n e -a s  d o lo s to n e  ab o v e .

1 9 ' .............. D o lo s to n e -y e llo w -g ray  m o ttle d  la v e n d e r , th i n  bedded,
th r e e  f in in g  upward sequences o f pink-m aroon s a n d s to n e , 
s i l t s t o n e ,  m udstone, sh a rp  b a s a l  c o n ta c t .

I ' ..............L i th o c la s t  C onglom erate-m aroon, d is c o n tin u o u s , sandstone
and s i l t s t o n e  c l a s t s .

336 ' . . T o t a l  Big Snowy Group

M ission  Canyon F orm ation  ( p a r t ) :

Lim estone-m edium  g ra y , m a ss iv e , c o n ta c t w ith  K ibbey has 3 
f e e t  o f r e l i e f ,  l i t h o c l a s t  cong lom erate  f i l l s  low a r e a s .

STATION 191 SECTION
(One m ile  n o r th  o f Ross P eak , SW 1 /4  Sec. 3 5 , T. 2 N ., R. 6

E .)

Amsden Form ation  ( p a r t ) :

10 ' ..............C o v e red -o ran g e -p in k , s o i l .

4 ' ..............L im estone-very  l i g h t  g ra y , b io -w a c k e s to n e .

1 4 ' .............. D o lo s to n e -p u rp le  and g reen  m o tt le d .
Limestone-m edium  g ra y , d e n s e , b io -w a c k e s to n e , and 

p a c k s to n e .

9 ' .............. P redom inan tly  covered-brow n s o i l  w ith  re d  s i l t s t o n e  and
san d sto n e  c ro p p in g  out a t  to p ,  re d  s o i l  w ith  re d -o ra n g e  s i l t y
m udstone a t  b a s e .

Upper Member Kibbey F o rm ation :

3 4 ' .............. S an d sto n e-y e llo w  a t  b o ttom , w h ite  in  m id d le , re d  a t  to p ,
f in e  and medium g ra in e d ,  m o d e ra te ly  w e ll s o r te d ,  p la n a r  
la m in a t io n s ,  p o o rly  p re se rv e d  lo w -an g le  c ro s s  b e d s .

I ' .............. C ong lom era te -ye llow , subrounded lim esto n e  c l a s t s  in  muddy
s a n d s to n e .

6 ' D o lo s to n e -re d , sandy.
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4 ' .............S i l t s t o n e - r e d .

4 ' ............. D o lo s to n e - re d , s i l t y .

^ .............. S i l t s t o n e - r e d , b a s a l  re d  m udstone.

^ ..............D o lo s to n e -p in k ,g re e n  and p u rp le  m o tt le d , smooth concave
w eathered  s u r f a c e s .

Lower Member Kibbey F o rm a tio n :

12 .............. C o n g lo m era te -p u rp le  and p a le  g reen  d o lo s to n e  w ith
d o lo s to n e  and san d sto n e  c l a s t s , r e d ,  p u rp le ,  and p a le  g re e n , 
su b -ro u n d ed .

7 1 Tot a l  Big Snowy Group

M ission  Canyon F orm ation  ( p a r t ) :

® ..............L im estone B re c c ia -p in k , I in c h  c l a s t s .

SOUTHEAST SACAJAWEA SECTION 
(One m ile  so u th  o f F a iry  Lake,

NE 1 /4  S ec. 27 , T. 2 N ., R 6 E .)

Amsden fo rm a tio n  ( p a r t ) :

2 2 ' ..............M udstone-brow n-red , th in ly  bedded w ith  3 lim e s to n e  b eds,
y e llo w -g ra y , r e d ,  f in e ly  c r y s t a l l i n e ,  m ass iv e .

1 8 ' ..............L im e s to n e -p a le , r e d - p u r p le ,  m o ttle d  g ra y , f in e ly
c r y s t a l l i n e ,  v e ry  f o s s i l i f e r o u s .

14’ ...............C overed-b row n-red , san d y , m udstone d e b r i s .

6 ' .............. L im est one-w h it e -p a le  g r a y - r e d ,  medium to  f i n e  g ra in e d ,
m a ss iv e , f o s s i l i f e ro u s , e a r ly  Morrow CONODONTS from  b a se .

Upper Member Kibbey F o rm ation : .

2 4 ' ...............  S andstone-b row n-red  and p in k , f in e  g ra in e d ,  muddy, th in
bedded .

1 4 ' ............... S an d sto n e-as  san d sto n e  below .

4 *................M udstone-brow n-red , sandy .



............ S an d s to n e -p a le  g re e n , w h ite  and p ink  m o t t le d ,  s p o tte d
orange in  p a r t ,  medium g ra in e d  a t  to p , f in e  g ra in e d  a t  b a se , 
p a r t i a l  cover tow ards bo ttom .

........... S i l t s to n e -p a le  g reen  and p a le  r e d ,  do lo m i t i c ,  san d y .

■..........S a n d s to n e -b ric k  r e d , f in e  g ra in e d .

..........S i l t s to n e -b r ic k  r e d .

..........M u d sto n e-b rick  r e d .

. . . . .S a n d s t o n e - r e d  o range m o ttle d  p a le  o ra n g e , d o lo m it ic ,  f in e  
g ra in e d ,  medium to  th ic k  i r r e g u l a r  b e d s .

.......... S i l t s to n e - re d -b ro w n  and b r ic k  r e d ,  g r a d a t io n a l  from mud
below to  san d sto n e  above .

.........  M u d sto n e-b rick  r e d .

.......... B re c c ia l  C o n g lo m era te -b rick  r e d .

Lower Member Kibbey F orm ation :

.......... Sandstone and S i l t s to n e - p u r p le - r e d ,  m o ttle d  g reen  in
p a r t ,  a t  l e a s t  4 upward f in in g  l e n s e s .

.......... M udstone-red .

..........D o lo s to n e -b r ic k  r e d ,  san d y , s i l t y ,  w ith  m inor san d sto n e
and s i l t s t o n e  b e d s .
.........  DoIo s to n e —ta n ,  m inor p in k  and p u r p le , p red o m in an tly
covered  w ith  re d  s o i l ,  wavey la m in a tio n s .

• T o ta l Big Snowy Group 

M ission  Canyon F orm ation  ( p a r t ) :

Limestone-m edium  g ray -b row n , m a ss iv e .

EAST SACAJAWEA SECTION 
(M easurem ents and some d e s c r ip t io n s  

from McMannis, 1951 .)
(On r id g e  j u s t  SW o f F a iry  Lake,
NE 1 /4  Sec. 27 , T. 2 N ., R 6 E .)

S i l t s t o n e - b r i c k  red  and p u rp le .
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U t . . .  Limest O1Ie -pUr p l e j m o ttle d  g ra y , f o s s i l i f e r o u s , few 
in te rb e d s  o f b r ic k  red  s i l t y  m udstone.

. . . . .  S i l t s t o n e - b r i c k  red  and p u rp le ,  few m udstone and 
san d sto n e  in te r b e d s ,  m ostly  c o v e re d »

.........  L im e s to n e -p u rp le , m o ttle d  g ra y , m a ss iv e , f o s s i l i f e ro u s .

Upper Member K ibbey F o rm ation :

SSt . . . .  S an d sto n e-w h ite -c ream , f in e  g ra in e d  a t  b ase  and to p , 
medium g ra in e d  in  m id d le , p o o rly  p re se rv e d  c ro s s  b ed s , 
m te rb e d d e d  s i l t s t o n e «

.......... M u d sto n e-p u rp le , p red o m in an tly  co v ered .

.........  S i l t s t o n e - r e d ,  p red o m in an tly  co v ered .

Lower Member Kibbey F orm ation :

2 0 ' . . . .  DoIo s to n e -p in k -g ra y , m o ttle d  g re e n , s i l t y ,  b re c c ia  a t  
b a se .

D o lo s to n e -v a n o u s  p a s te l  c o lo r s ,  p red o m in an tly  yellow  and 
, s i l t y ,  wavwey la m in a t io n s ,  b r e c c ia  zones

1 8 2 '.  .T o ta l Big Snowy Group

M ission  Canyon F orm ation  ( p a r t ) :

Limestone-m edium  g ra y , m a ss iv e , f o s s i l i f e r o u s .

BIGHORN LAKE SECTION 
(On r id g e  ju s t  so u th  o f  B ighorn Lake,

SW 1 /4  Sec. 15 , T. 2 N ., R. 6 E .)

Amsden Form ation  ( p a r t ) :

. . . . .  S i l t s t o n e - r e d ,  p u rp le ,  d o lo m it ic ,  w ith  in te rb e d d e d  
lim esto n e  as below , b r ic k  re d  s i l t y  m udstone, and s i l t y ,  
p u rp le ,  d o lo s to n e .

..........-L im esto n e-p u rp le , s i l t y ,  m a ss iv e , f o s s i l i f e r o u s .

.........  C o v e red -red -p in k  s o i l  w ith  p u rp le  lim esto n e  d e b r i s .

Lombard F a c i e s :

2 0 '

■ ■ 7  ; Lr ! ^ ne" J lg h t  8 ra y ’ c o a r s le y  c r y s t a l l i n e ,  medium and 
th ic k  bedded , c h e r ty , f o s s i l i f e ro u s , few s o l i t a r y  c o r a l s  a t
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to p .

3 0 ' .............. Limestone-m edium  g ra y , l i g h t  g ray  a t  b a s e , th in  and
medium bedded as above.

10 ' .............. Lim estone-m edium  and d a rk  g ra y , s i l t y ,  f o s s i l i f e r o u s ,
beds o f b io -p a c k s to n e , l a t e  C h e s te r ia n  CONODONTS from b a se .

4 ' ..............  C overed-p ink  s o i l .

2 ' .............. L im e s to n e -p u rp le ,p in k  m o t t le d ,  and y e l lo w - ta n ,  d o lo m itic ,
v ery  f in e  c r y s t a l l i n e .

Upper Member K ibbey F o rm ation :

6 ' .............. S i l t s t o n e - p u r p l e , 2 fo o t  m udstone a t  b a se .

1 6 ' ................ S an d s to n e -p a le  o ra n g e -re d  and p in k , d o lo m it ic ,  few th in
beds o f d o lo s to n e , f in e  g ra in e d ,  w e ll s o r te d ,  medium bedded.

2 ' ...............M udstone-red .

3 ..............  S a n d s to n e -w h ite -v e ry  p a le  g re e n , c le a n ,  m a ss iv e .

8 ' ..............S an d sto n e -a s  below g ra d in g  up in to  r ip p le d  la m in a tio n s ,
p a r t in g s  2 in c h es  a p a r t .

1 0 ' ..............  S a n d s to n e -w h ite , re d  c h e r t  g r a in s  v i s i b l e ,  f in e  g ra in e d ,
c a lc a re o u s ,  I in c h  h ig h  r ip p l e s  on 5 in ch  h ig h  tro u g h  c ro ss  
b e d s .

6 .............. M u d sto n e-p u rp le , cream m o tt le d ,  d o lo m itic  s i l t s t o n e  a t
to p .

^ ..............  S a n d s to n e -p in k -y e llo w , medium g ra in e d , m odera te  s o r t in g ,
c le a n , 4 in c h  beds w ith  p la n a r  la m in a tio n s .

8 ' ................S i l t s to n e - p u r p le ,  cream m o ttle d ,  d o lo m itic ,  s i l t y
d o lo s to n e  in  p a r t ,  p u rp le  m udstone a t  b a se .

8 *.............. S a n d s to n e -p u rp le , g ra y , and ta n ,  medium g ra in e d ,
m o d era te ly  s o r te d ,  3 fo o t m assive  le n s  a t  to p  w ith  tro u g h  
c ro s s  b ed s .

4 ' ..............M udstone-dark  r e d ,  m inor p u rp le .

3 ................ S an d s to n e -p u rp le  m o ttle d  g re e n , v ery  f in e  g ra in e d ,
m a ss iv e , d o lo m itic .

Lower Member K ibbey F o rm ation :

2^ ..............  Sandstone—s i l t s t o n e  and m udstone-red  and b r ic k  r e d .
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upw ard f in in g  le n s e s ,  l i t h o c l a s t  co n g lo m era te  a t  b ase  on sharp  
low er c o n ta c t ,  few p a le  p a s t e l  dolo s to n e  b ed s .

1 0 '.......... DoI o s to n e - u p p e r  p u r p l e ,  low er c re a m -b u ff  m o ttle d  re d  and
p in k , sm ooth, concave w eathe red  s u r f a c e s ,  th in  i r r e g u l a r  
la m in a tio n s  a t  b a s e .

1 0 ' . . ..........C overed-p ink-brow n s o i l .

1 9 8 ' . . T o ta l Big Showy Group.

M ission  Canyon F orm ation  ( p a r t ) :

4 ' . . . . . . .L im e s to n e - l ig h t  g ra y , m o ttle d  y e llo w , medium to  f in e ly
c r y s t a l l i n e ,  somewhat f o s s i l i f e r o u s .

8 ' . . . . . . .C overed-brow n s o i l .

4 0 ' .............. L im estone-m edium  g ra y , b a s a l  y e llo w -ta n  to  g ra y .
g e n e r a l ly  as  above, 12 f e e t  b r e c c ia  in  m id d le , low er p in k  
s i l t y  l im e s to n e .

NORTHWEST BIGHORN LAKE SECTION 
(On r id g e  j u s t  NW o f  B ighorn Lake,
NW 1 /4  Sec. 10, T. 2 N ., R. 6 E . )

Amsden F o rm ation  ( p a r t ) :

1 4 '......... Sa n d s t o n e - l i g h t  g r a y - w h i t e ,  v e ry  f in e  g ra in e d , th in
bedded , c a lc a r e o u s ,  s i l t y  a t  b a s e .

2 8 '.......... L im e s to n e - d a r k  g r a y ,  la v e n d e r ,  n o d u la r  w e a th e r in g , w ith
in te rb e d d e d  s i l t s t o n e ,  p u rp le ,  p in k , muddy, p a r t l y  co v ered . 

C o v e red -o ran g e -red  s o i l .

8 ' .............. L im estone B re c c ia -g ra y .

1 2 ' .............. C o v e red -o ran g e -red  s o i l .

3 0 ' .............. L im es to n e -g ra y , la v e n d e r , d o lo m itic .
C overed -p ink  s o i l  a t  to p , re d  s o i l  a t  b a s e .

Lombard F a c ie s :

3 6 ' ........... .L im e s to n e -d a rk  g ra y , m inor p in k -y e llo w , f o s s i l i f e r o u s ,
s o l i t a r y  c o r a l s  in  m id d le , c h e r ty .

1 6 ' .............. L im esto n e-as  above, v e ry  f o s s i l i f e r o u s
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1 0 '

1 4 '

4 '

10 '

26 '

50 '

38 '

Upper Member Kibbey F o rm ation :

S i l t s t o n e —as below , w ith  in te rb e d d e d  san d sto n e  and 
d o lo s to n e .

S a n d s to n e -p u rp le  and g reen  m o tt le d , v ery  f in e  g ra in e d , 
medium bedded , s i l t y .

......... M udstone-orange, g ra d in g  up in to  s a n d s to n e , r e d .

.......... S andstone—p in k  a t  b a s e , w h ite  a t  to p , medium and f in e
g ra in e d  th i n  bedded d o lo m itic .

NOTErFold o r f a u l t  in  s e c t io n ,  m easurem ents below  a re  
q u e s t io n a b le .

.........  S a n d s to n e -d o lo m itie , m inor s i l t s t o n e ,  f a i n t  c ro s s  beds

Lower Member Kibbey F o rm ation :

. . —  S i l ts to n e -m a ro o n -re d  and o ra n g e , d o lo m it ic ,  w ith  
in te rb e d d e d  d o lo s to n e  and s a n d s to n e .

.......... C o v e red -b rick  re d  s i l t s t o n e  d e b r is .
T o ta l Big Snowy Group

M ission  Canyon Form ation  ( p a r t ) :

.........."Limestone B re c c ia —m aroon, s i l t y .

.........  C overed.

L im estone-ve ry  d ark  g r a y , m a ss iv e .

1 4 ' .............. C overed .

^  .............. D o lo s to n e -o l iv e , g ra y , g r a n u la r .

3 0 ' ----- . . .C o v e r e d - p a r t i a l  exposu res o f s i l t y  g ra y - la v e n d e r
lim e s to n e .

SOUTH ANGLER SECTION 
(On r id g e  j u s t  so u th  o f A ngler Lake, 

S ec. 15 , T. 2 N ., R. 6 E . )

Amsden F orm ation  ( p a r t ) :

.......... Covered-m aroon s i l t s t o n e  d e b r i s ,  g ra s s y .
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..............C overed-dark  brown s o i l ,  re d  in  p a r t ,  g r a s s y .

Lombard F a c ie s :

30 . . . . . . .  L im esto n e-d a rk  and medium g ra y , brow n-orange in  p a r t ,
f in e  to  medium c r y s t a l l i n e ,  th i c k  and medium b edded , sp a rse  
f o s s i l s ,  s o l i t a r y  c o ra ls  in  top  9 f e e t .

2 2 ' ..............L im esto n e-d a rk  g ra y , gray-brow n a t  to p , f in e ly
c r y s t a l l i n e  d en se , m a ss iv e , f o s s i l i f e r o u s ,  w ackestone and 
p ack sto n e  in te r b e d s ,  c h e r ty .

12 ' ............ .L im estone-m edium  and d ark  g ra y , y e llo w -g ra y  w e a th e rin g ,
m assive  w ith  few s i l t y ,  muddy b e d s , f o s s i l i f e r o u s ,  b a s a l  

. b io -w ack esto n e  and p ack sto n e  bed .

8 ' .............. M udstone-b lack  and g ra y , re d  a t  b a se , s i l t y ,  p a r t ly
co v ered .

Upper Member K ibbey F o rm ation :

4 4 ' .............. D o lp s to n e -u p p er la v e n d e r , m idd le  p ink  m o ttle d  p a le  g re e n ,
low er b r ic k  r e d ,  s i l t y  a t  b a s e , th in ly  lam in a ted  in  p a r t .

4 * ...............S i l t s t o n e -  r e d -p u rp le ,  muddy.

2 4 ' ...............D o lo s to n e -v a r io u s  p a s te l  c o lo r s ,  p red o m in an a tIy
o ra n g e -y e llo w , b r ic k  re d  a t  b a s e , s i l t y  a t  b a s e , th in  
la m in a t io n s ,  i r r e g u l a r  lumpy b ed d in g .

1 4 ' .............. S i l t s t o n e - b r i c k  r e d ,  d o lo m itic ,  w ith  s i l t y  d o lo s to n e .

4 6 ' . . . . . . .  S a n d s to n e -re d , m inor o ra n g e , y e llo w , p in k , f in e  g ra in e d ,
in te rb e d d e d  b r ic k  re d  s i l t s t o n e .

1 0 ' ..............S i l t s t o n e - b r i c k  re d  and p u rp le ,  san d y , w ith  s i l t y
s a n d s to n e .

4 0 ' ..............S a n d s to n e -b r ic k  r e d , f in e  and v e ry  f in e  g ra in e d ,  s i l t y  a t
b a s e .

Lower Member K ibbey F orm ation :

10 ' ..............M u d sto n e-b rick  r e d ,  s i l t y ,  w ith  s i l t s t o n e ,  m o stly
co v ered .

10 ' ..........„ . S an d s to n e -y e llo w , p in k , m inor re d -o ra n g e , f in e  and medium
g ra in e d ,  m odera te  s o r t in g ,  d o lo m itic  muddy s i l t s t o n e  in  
m id d le .
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3 0 ' ..............S i l t s t o n e - r e d ,  yelow-brow n a t  b a se , d o lo m it ic , few
b re c c ia  z o n e s , 5 sandy u n i t s .

1 0 ' .............. S i l t s to n e -y e llo w -b ro w n , as above .

3 6 ' ..............DoIo s tone-m aroon , p in k , t a n ,  m inor p u rp le  m o ttle d  g re e n ,
la m in a te d , s i l t y ,  muddy, few th in  s i l t s t o n e  b e d s .

4 ' .............S i l t s t o n e —m aroon, d o lo m itic ,  6 f e e t  o f r e l i e f  on M ission
Canyon c o n ta c t ,  l i t h o c l a s t  cong lom erate  in  low a r e a s .

358 ' . . T o t a l  Big Snowy Group

M ission  Canyon Form ation  ( p a r t ) :

Limestone-m edium  g ray -b row n , m assive  and th i c k  bedded, 
b r e c c ia te d  in  p a r t .

NORTH ANGLER SECTION 
(On r id g e  j u s t  n o r th  o f A ngler Lake,

SW 1 /4  Sec. 10 , T. 2 N ., R. 6 E .)

Amsden Form ation  ( p a r t ) :

2 6 ' .............. S i l t s t o n e - p u r p l e , m aroon, b r ic k  r e d , v ery  f in e  san d sto n e
in  p a r t ,  p a r t i a l l y  co v e re d .

1 0 ' .............. L im es to n e -p a le  b ro w n -g ray , th i n  lumpy b ed d in g ,
f o s s i l i f e r o u s ,  c h e r ty .

1 8 ' .............. Lim estone-m edium  g r a y - la v e n d e r , f o s s i l i f e r o u s , w ith
in te rb e d d e d  p u rp le - r e d  s i l t y  m udstone, p a r t l y  co v e re d .

6 ' ..............L im e s to n e -y e llo w -g ra y , sandy .

3 ' ..............C a lc i te  D u ra c ru s t .

Lombard F a c ie s :

4 ' ..............L im esto n e-as  lim es to n e  below .

6 ' ..............D o lo s to n e -p a le  p u rp le -g ra y ,  lim esto n e  in  p a r t , p a r t ly
c o v e re d .

2 4 ' .............. L im es to n e -p a le  g ra y , brow n, la v e n d e r , w e ll developed  th in
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and medium b ed d in g , f o s s i l i f e r o u s , c h e r ty .

1 6 ' .............. L im esto n e-as  above , s i l t y  and th ic k  bedded a t  b a se .

1 0 ' ............  L im e s to n e -la v e n d e r , f in e ly  c r y s t a l l i n e ,  medium and th ic k
b ed d in g , c h e r ty ,  th in  s i l t y  s h a le  in te r b e d s .

6 ' ............. L im esto n e-g ra y , y e llo w  w e a th e r in g , s i l t y ,  v e ry
f o s s i l i f e r o u s ,  th i n  bedded , l a t e  C h e s te ria n  CONODONTS from 
m id d le .

3 ' ............. L im es to n e -g ra y , th ic k  bedded .

4 ' ..............Limestone-m edium  b ro w n -g ray , i r r e g u l a r  and p la te y
b ed d in g , f o s s i l i f e r o u s .

3 ' ..............L im esto n e-g ra y , th ic k  bedded .

8 ' ..............Covered-brow n s o i l .

Upper Member Kibbey F o rm ation :

8 T..............D o lo s to n e - l ig h t  y e llo w  and p a le  maroon, l a t e r a l l y
d is c o n tin u o u s , wavey la m in a t io n s ,  s i l t y ,  san d y .

6 ' ..............C overed- p in k -o ra n g e  s o i l .

3 0 ' ..............S i l t s to n e -b r ic k  r e d ,  p u r p le ,  p in k , o ra n g e , w ith
in te rb e d d e d  m udstone and s a n d s to n e .

2 0 ' ..............S an d s to n e -y e llo w -o ra n g e , p in k , f in e  g ra in e d ,  t h i n  to
medium bedded , I 1 /2  in c h  h ig h  c ro s s -b e d s , 15 d eg ree  maximum 
d ip .

9 ' ..............S an d ston e-lo w er r e d , upper w h ite ,  le n s  150 f e e t  w ide,
medium g ra in e d ,  25 d eg rees  so u th  d ip p in g  c ro s s  s t r a t a  a t  b a s e , 
p la n a r  la m in a ted  a t  to p , le n s  e n c lo se d  by s im i la r  f in e  g ra in e d  
s a n d s to n e .

2 8 ' .............. S a n d s to n e -b r ic k  r e d ,  m a ss iv e , f in e  g ra in e d , tro u g h
c ro s s -b e d s  w ith  r ip p l e  c ro s s  s t r a t a .

141. . . . . . .  S i l t s t o n e - b r i c k  r e d ,  muddy a t  b a s e , sandy a t  to p , .
d o lo m itic .

Lower Member K ibbey F orm ation :



103

7 0 ' .............. D o lo s to n e -Ia v e n d e r  and m aroon, s i l t y ,  muddy, b re c c ia
zo n es, la m in a ted  z o n e s , in te rb e d d e d  s i l t s t o n e .

1 0 ' .............. D o lo s to n e -g ra y , y e llo w  w e a th e r in g , la m in a te d , b a s a l  4
in ch es  bu rrow ed .

2 7 9 ' . .  T o ta l Big Snowy Group

M ission  Canyon Form ation  ( p a r t ) :

Lim estone-m edium  g ray -b row n , w ea th e rs  g r a y , c o a rs e ly  
c r y s t a l l i n e ,  f o s s i l  f ra g m e n ts .

HORSE MOUNTAIN SECTION
(SN 1 /4  S ec. 18 and NW 1 /4  Sec. 19 , T. 3 N ., R. 6 E .)

Amsden Form ation  ( p a r t ) :

5 0 ' .............. DoIo s to n e -p in k - r e d , v a r ia b le  bed d in g .

3 0 ' ..............L im esto n e-p in k  and p u rp le ,  g ra n u la r  a t  to p ,  dense a t
b a s e , san d y , s i l t y ,  e a r ly  Morrow CONODONTS from  to p .

4 ' .............. L im e s to n e -la v e n d e r , m o ttle d  p a le  g e re e n , f o s s l i f e r o u s ,
e a r ly  Morrow CONODONTS from  b a s e .

Upper Member K ibbey F o rm ation :

3 0 ' .............. Sands to n e -p u rp Ie  w ith  in te n s e  g reen  la m in a t io n s ,  f in e  and
medium g ra in e d ,  th i c k  bedded , re d  m udstone in te rb e d d e d , 
c ro ss -b e d d e d  a t  b a s e .

1 2 ' .............. S a n d s to n e - re d -p u rp le ,  y e llo w  ns w h ite  a t  to p ,  f in e  and
v ery  f in e  g ra in e d ,  t h i n  bedded , f la g g y  a t  b a s e .

2 4 ' ............... C overed -red  s o i l .

2 2 ' ............... Covered-brow n s o i l .

Lower Member K ibbey F o rm ation :

4 ' ................. .D o lo s to n e -b ric k  r e d ,  s i l t y .

2 0 ' ...............C overed-dark  brown s o i l .

4 ' ...............M udstone-red , b r e c c ia te d .

1 4 ' ...............B re c c ia -y e llo w , re d  p u r p le , eq u a l amounts o f  d o lo s to n e ,
l im e s to n e , and san d sto n e  c l a s t s  up to  18 in c h es  in  d ia m e te r .
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^ .............. D o lo s to n e - re d , w ith  m inor re d  sa n d s to n e .

132 ' . .T o ta l  Big Snowy Group

M ission  Canyon Form ation  ( p a r t ) :

6 ' .............. L im estone- l i g h t  g ra y , f in e ly  c r y s t a l l i n e ,  medium bedded.

4 ' ..............D o lo s to n e -b ro w n -g ray , l a t e r a l l y  d is c o n tin u o u s .

3 .............. L im es to n e -re d , p u rp le ,  b r e c c ia  a t  to p .

Limes t o n e-g ray -b ro w n , w e a th e rs  g ra y , m a ss iv e , some 
f o s s i l s .

MIDDLE FORK SIXTEENMILE CREEK SECTION 
(On s lo p e  ju s t  n o r th  o f road  th rough  canyon ,

S ec. 11 , T. 4 N ., R. 6 E . )

Amsden Form ation  ( p a r t ) :

8 ' .............. Covered-brow n s o i l .

1 4 ' .............. S a n d s to n e -w h ite -b u f f , v e ry  f in e  g ra in e d , d o lo m it ic ,
sm a ll ,  b la c k  c h e r t  s t r i n g e r .

Lombard F a c i e s :

^ .............. L im e s to n e -p in k -o ra n g e , medium c r y s t a l l i n e ,  f o s s i l i f e r o u s ,
b io -p a c k s to n e , and g r a in s to n e ,  l a t e  C h e s te ria n  CONODONTS.

3 ' .............. L im e s to n e -o liv e , d ark  g ray  w e a th e r in g , b rach io p o d
g ra in s to n e  a t  to p , c r in o id  g ra in s to n e  a t  b a s e .

2 ' .............. M udstone-red , y e llo w  in  p a r t ,  w h ite  s p o tte d  c a l c i t e
( r e p la c in g  e v a p o r i t e ? ) .

2 ' ..............Lim estone-m edium  g r a y - o l iv e ,  b rach io p o d  wa ekes to n e  j l a t e
C h e s te ria n  CONODONTS.

4 ' ..............M udstone-red , w h ite  s p o tte d  in  p a r t  as ab o v e .

2 ' ..............L im esto n e-v e ry  san d y , o i l  s t a i n  in  vugs.

Upper Member Kibbey F o rm ation :

8 ' .............. S andstone—w h ite  w ith  o range s p o ts ,  f in e  and v e ry  f in e
g ra in e d ,  d o lo m itic .

2 ' .............. M udstone-red .

5 ' . . . . . . . S an d sto n e-as  san d sto n e  above, p a r t l y  co v e re d .
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4 ' ............ M udstone-red .

5 ' ............. S andstone-m aroon, f in e  g ra in e d .

5 .............. S i l t s to n e —p in k  and m aroon, p red o m in an tly  co v e re d .

4 ’ ..............S an d sto n e-o ran g e  m o ttle d  p in k , do lo m it ic .

1 2 ' ............M udstone-red , m inor g re e n .

6 S a n d s to n e -re d , p in k , f in e  g ra in e d ,  re d  mud c h ip s , c u r re n t  
r i p p l e s .

3 ’ ............. S i l t s t o n e - r e d ,  muddy a t  b a s e , sandy a t  to p .

9 ............M udstone-red , s i l t y  a t  to p ,  sh a rp  base on san d s to n e
below .

8 ' ............. S an d sto n e-as  san d sto n e  above .

5 ’ .............  S i l t s t o n e - r e d ,  m aroon, m o ttle d  g re e n .

8 ' ............. M udstone-g reen , r e d ,  p red o m in an tly  co v ered .

1 2 ' ............M udstone-m aroon.

6 ' ............M u d stone-g reen .

Lower Member Kibbey F o rm ation :

............ C overed- m udstone d e b r is -o ra n g e -y e llo w , p in k , m arro n ,
g re e n .

..............Mudstone in te rb e d d e d  w ith  s i l t s t o n e —la v e n d e r , m inor
g re e n .

^ 2 ' ............D o lostone-b row n , w h ite  w e a th e r in g , b r e c c ia te d  in  p a r t .

1 6 ' ..............M u d sto n e -tan -p in k , b r e c c ia  in  p a r t , m inor p ink-brow n
s i l t s t o n e  p red o m in an a tIy co v ered .

g i g ;  T o ta l Big Snowy Group

M ission  Canyon F orm ation  ( p a r t ) :

............ L im es to n e -p a le  y e llo w , d ark  gray-brow n a t  to p ,  medium
bedded , th in ly  bedded and s i l t y  a t  b a se .

Lim estone-m edium  g ray -b ro w n , m a ss iv e .



Plate I
Lombard Arch (north)

ILIfSSSZLSiTf
Wyoming Shelf  (south)

AfJ 7 8 
<59*4  
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Lithofocies Key =

Lombard Facies

L3  Lime Mudstone Lithofacies
Lz Ume Wackestone- Packstone Lithofacies
L 1 Shale Lithofacies

Upper Member Kibbey Formation

UKg Mudstone -  Dolostone Lilhofacies 
UK| Sandstone Lithofocies

Lower Member Kibbey Formation
LKg Laminated Dolostone Lithofacies 
LK Sandstone Channel Lithofocies

Cont ac t s  =

Formation
Lithofacies
Big Snowy - Amsden Unconformity IOO Feet 50 Meters 2 Kilometer
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