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Abstract:
In a 50-square mile area at the north end of the Gallatin Range, Gallatin County, Montana, about 4, 000
feet of sedimentary strata, ranging in age from Cambrian to Recent, is exposed. Rocks-of the Paleozoic
arid Mesozoic systems comprise a sedimentary sequence that does not exceed 3, 200 feet in thickness,
which is uncommonly thin when compared to equivalent sequences in neighboring areas.

The map area was apparently one of slower subsidence, and deposition of sediments proceeded less
continuously or at a slower rate. Ordovician, Silurian, Permian, Triassic, and Upper Cretaceous strata
are absent. Trilobites of the genus Glossopleura were found in the Cambrian Flathead Quartzite and are
the only known trilobites from the formation. Eocene volcanic rock overlies a major part of the
sequence, whereas Precambrian metamorphic rock underlies the entire sequence.

Analysis of the structural features of the map area and the adjoining region indicates that deformation
could have resulted from an east-northeast compressive stress applied during the Laramide orogeny.
The major northwest-trending fault in the map area is the South Cottonwood Creek fault, a reverse fault
with greater than 4,000 feet of throw. Sufficient evidence is presented to prove the existence of the
Gallatin Range front fault, a post-Laramide normal fault truncating the range on the north. 
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A B ST R A C T

In a 5 0 - sq u a re  m ile  a r e a  at the n orth  end of the G a lla tin  R ange,
G a lla tin  C ounty, M ontana, about 4 , 000 f e e t  of s e d im e n ta r y  s tr a ta ,
ra n g in g  in  age fr o m  C am b ria n  to  R e c e n t , i s  ex p b sed . - R o c k s-o f  the _-__4
P a le o z o ic  arid*M esozoic s y s t e m s  c o m p r is e  a s e d im e n ta r y  seq u en ce
th at d o es  n ot e x c e e d  3, 200 fe e t  in th ic k n e s s ,  w h ich  i s  u n co m m o n ly  ;
th in  w hen  c o m p a red  to  e q u iv a le n t s e q u e n c e s  in  n e ig h b o r in g  a r e a s .
T h e m ap  a r e a  w a s  a p p a r e n tly  one of s lo w e r  su b s id e n c e , and d e p o s i-  j
t io n  of s e d im e n ts  p r o c e e d e d  l e s s  c o n tin u o u sly  or at a s lo w e r  r a te .
O r d o v ic ia n , S ilu r ia n , P e r m ia n , T r ia s s ic ,  and U pp er C r e ta c e o u s  ,,
s tr a ta  a r e  -absent. T r i lo b ite s  of the g en u s G lo ss o p le u r a  w e r e  found - j :
in  th e C a m b ria n  F la th e a d  Q u a rtz ite  and a r e  th e on ly  known tr i lo b it e s  
fr o m  the fo r m a tio n . . E o c e n e  v o lc a n ic  r o c k  o v e r l ie s  a m a jo r  p art of
th e  s e q u e n c e , w h e r e a s  P r e c a m b r ia n  m e tarn or phi c r o c k  u n d e r lie s  th e  j
e n t ir e  s e q u e n c e . i I

A n a ly s is  of the s tr u c tu r a l fe a tu r e s  o f th e  m ap  a r e a  and th e  ;
a d jo in in g  r e g io n  in d ic a te s  th at d e fo r m a tio n  cou ld  have r e s u lte d  fr o m  I
an e a s t -n o r th e a s t  c o m p r e s s iv e  s t r e s s  a p p lie d  during th e  L a ra m id e
o ro g en y . The m a jo r  n o r th w e s t- tr e n d in g  fa u lt in  the m a p  a r e a  is  the !
South C ottonw ood  C r e e k  fa q lt , a r e v e r s e  fa u lt w ith  g r e a te r  than  4 ,0 0 0  ;
f e e t  of th ro w . S u ffic ie n t  e y id e n c e  is  p r e s e n te d  to  p ro v e  th e  e x is te n c e  i
of th e G a lla tin  R an ge fro n t fa u lt, a p o s t ^ L ara m id e  n o r m a l fa u lt  j
tr u n c a tin g  th e ran g e  on th e n o rth . !

* 3  -
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GEOLOGY OF A P A R T  OF THE N O RTH  END OF THE G A LLA TIN  
R A N G E , G A L L A T IN  COUNTY, M O NTANA

IN TR O D U CTIO N

P r e v io u s  In v e s t ig a t io n s

The f i r s t  g e o lo g ic  m ap p in g  in th is  and co n tigu ou s a r e a s  w a s  by  

P e a le  in  1889, th e  r e s u lt s  of w h ich  w e r e  p u b lish ed  in  1896. H is  study  

of th e T h r e e  F o r k s  o n e -d e g r e e  q u ad ran g le  w a s of a r e c o n n a is s a n c e  

n a tu re . H a ck e tt and o th e r s  (I960 ) m ap p ed  and b r ie f ly  d e s c r ib e d  the  

b a s in  d e p o s its  of the a d ja cen t G a lla tin  V a lle y . M.- D . M ifflin  (1963 , 

Unpub. M. S. T h e s is ,  M ontana State U n iv . , B o zem a n ) and R o b in son  

(1961) h ave  a ls o  d e s c r ib e d  so m e  of th e  sa m e  b a s in  d e p o s it s .  . D a v is ,  

K in o sh ita , and R o b in so n  (1965) p u b lish ed  g r a v ity  and a e r o m a g n e t ic  

data  w h ich  co n ta in s  p e r tin e n t  s tr u c tu r a l data  Sfor the in c lu d ed  p art of 

th e  G a lla tin  V a lle y . . W. M. W eber (1 9 6 5 , U np u b .. M. S. T h e s i s , . M ontana  

S ta te  U niv . , B o zem a n ) m ap p ed  the M idd le C r e e k  a r e a  ju s t  e a s t  of the  

m a r g in  of the p r e s e n t  w r i t e r 's  m ap  a r e a . U n p u b lish ed  data  h a s  b een  

■made a v a ila b le  b y  W. J. M cM ann is w h ich  h a s  a id ed  m a t e r ia l ly  in  the  

in te r p r e ta t io n  of r e la t io n s h ip s , both  w ith in  the m ap  a r e a  and in  n ea rb y  ' 

a r e a s .

L o c a tio n

T he G a lla tin  R a n g e , of w h ich  the m a p  a r e a  is  a p a rt, l i e s  w ith in  

th e  so u th e a s te r n  p a rt o f th e  N o rth ern  R o ck y  M ountain  p h y s io g r a p h ic  

p r o v in c e  o f F e n n em a n  (19 3 1 ). . The m ap  a r e a  e n c o m p a s s e s  a p p r o x im a te ly
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55 sq u a re  m i le s  in  the n o r th ern  p a rt of th e  G a lla tin  R ange and fo o t ­

h i l l s  at the fro n t of the r a n g e , th e  B o z e m a n  qu adrangle b e tw e e n  the  

I l l 0 Ol' and 1 1 1 °14 ' m e r id ia n s  and th e  4 5 0 3(j' and 45 °3 5  ' p a r a lle ls .  

T he s m a ll  tow n  o f G a lla tin  G atew ay  l i e s  a p p r o x im a te ly  one m ile  

n orth  of the n o r th w e ste r n  c o r n e r  o f the m ap  a r e a , and the tow n  of

B o z e m a n  i s  a p p r o x im a te ly  s e v e n  m i le s  n o rth  of the n o r th e a s t  c o rn er  
1

of th e m a p  a r e a .

T op o g ra p h y

E le v a t io n  of the lan d  r a n g e s  fr o m  5, 000 fe e t  at the n o r th w e st  

m a r g in  to  g r e a te r  than  8, 600 fe e t  atop  W h e e le r  M ountain  in 'th e  so u th ­

e a s t .  T h r e e - fo u r th s  of the a r e a  c o n s is t s  of ru g ged , h e a v ily  fo r e s te d  

t e r r a in  w ith  lo c a l  r e l i e f  c o m m o n ly  v a r y in g  b e tw e e n  I, 500 f e e t  and 2, 200  

fe e t . T he b e s t  ro ck  e x p o s u r e s  a r e  g e n e r a l ly  found e ls e w h e r e  than on 

th e  n o r th e a s t  s id e s  of m o u n ta in s; th is  s id e  i s  u su a lly  v e r y  h e a v ily  

fo r e s te d  w ith  s m a ll  (2 in ch  d ia m e te r )  e v e r g r e e n s  and b r u sh , ■ and h a s  

a th ick  s o i l  m a n tle . • A t th e  ran g e  fro n t th e a r e a  c o n s is t s  of g e n tly  in ­

c lin e d  s u r fa c e s  in te r r u p te d  b y  s tr e a m  in c is e d  v a l le y s .

C lim a te

A s i s  ty p ic a l of h ig h e r  e le v a t io n s  in  the R o ck y  M o u n ta in s, d a ily  

and s e a s o n a l  f lu c tu a tio n s  of te m p e r a tu r e  ra n g e  w id e ly . M idday  

te m p e r a tu r e s  during  th e  su m m e r  m o n th s a v e r a g e  b e tw een  7 0 °  F  and  

8 0 °  F ,  w ith  o c c a s io n a l  e x tr e m e s  in  th e n in e t ie s .  W inter d a y tim e  

te m p e r a tu r e s  a r e  g e n e r a l ly  n ea r  or b e lo w  fr e e z in g ,  and p e r io d s  of be,low

i f

; *
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Zel1O te m p e r a tu r e s  a re  co m m o n  in  Jan u ary  and F e b r u a r y . R a re  e x ­

tr e m e  w in te r t im e  te m p e r a tu r e s  m a y  go  a s  low  a s  -5 0 ° F . Snow  

d ep th s in  th e h ig h er  p o r tio n s  of th e  m ap  a r e a  m a y  a v e r a g e  a s  m uch  as  

50 in c h e s  d u rin g  th e -m id d le  w in ter  and e a r ly  p a rt of sp r in g . The 

a v e r a g e  an n ual p r e c ip ita t io n  v a r ie s  fr o m  20 in c h e s  in  th e  lo w e r  p art  

of th e m ap  a r e a  to  about 30 in c h e s  at th e  h ig h e r  e le v a t io n s .  G e o lo g ic  

f ie ld  w o rk  i s  f e a s ib le  fr o m  M ay th rou gh  O cto b er  at lo w e r  e le v a t io n s  

aud June, th ro u g h  S e p tem b er  at the h ig h e r  e le v a t io n s .

, T he ab o v e  c l im a to lo g ic a l  data  i s  b a s e d  on annual s u m m a r ie s  

co n ta in ed  in  th e  U. S. W eath er B u r e a u 1 s p u b lic a tio n , C lim a to lo g ic a l  

D ata .

L and  E c o n o m ie s

T he m o u n ta in o u s  r e g io n s  of the m a p -a r e a  is  ow ned p a r t ly  b y  the
I :

■ N orth ern .P ac ific - R a ilr o a d  and p a r tly  b y  the fe d e r a l g o v ern m en t. T he  

r e g io n  is  h e a v ily  t im b e r e d , and th e m a in  e n te r p r is e  is  t r e e  h a r v e s t in g  i

b y  in d ep en d en t lo g g in g  c o n c e r n s . D u rin g  th e  su m m e r  and e a r ly  fa ll ,  

h ig h  open  a r e a s  are  u se d  a s  g r a z in g  land  fo r  b e e f  c a tt le . T he lo w er  

r e a c h e s  of the m ap  a r e a  - -th e  f o o t h i l l s - - a r e  p r iv a te ly  ow ned  and a r e  

d o m in a n tly  u se d  a s  p a s tu r e . T he r e m a in d e r  of the lan d  is 'u s e d  for  

d ry la n d  a n d /o r  ir r ig a te d  g ra in  p ro d u ctio n , a lfa lfa  or o th er  h a y  c r o p s .

A c c e s s

N u m e r o u s  ro a d s  p e r m it  y e a r  around  a c c e s s  by ca r  to  the fo o th ills  

at the fro n t of th e  ra n g e . T w o roa d s p e n e tr a te  th e  m o u n ta in o u s  area ;
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one le a d s  up -M iddle C r e e k , the o th er  up Big- B e a r  C reek . N u m e ro u s  

lo g g in g ■ road s" b ran ch  fr o m  th e s e  tw o r o a d s , p erm ittin g  v e h ic u la r  

a c c e s s  to  so m e  o f th e  h ig h er  e le v a t io n s  of the m ap  a r e a . A  fo u r -  

w h e e l d r iv e  v e h ic le  p r o v id e s  th e b e s t  co n v ey a n ce  on th e s e  r o a d s , 

a lth ou gh  a . c o n v en tio n a l p ick u p  -w ill su ff ic e  i f  th e  ro a d s  a r e  d ry .

B y  fa r  th e g r e a te s t  p a rt o f the a r e a  i s  a c c e s s ib le  on ly  on fo o t or on 

h o r se b a c k .

O b je c tiv e s

T he o b je c t iv e s  of th is  stu d y  w e r e  to  c o n s tr u c t  a, g e o lo g ic  m ap  of 

th e  b e d r o c k  w ith in  th e  m o u n ta in o u s  p a rt of th e  m ap  a r e a , and of the 

s u r f ic ia l  d e p o s it s  a t th e  fr o n t o f the ran ge; to  d e s c r ib e  th e r o c k  u n its  

and s tr u c tu r a l r e la t io n s h ip s  e n c o u n te r e d  in co m p ilin g  th e g e o lo g ic  

m ap; and to  d e s c r ib e  the g e o lo g ic  d ven ts  th a t h ave  le a d  to  th e o b se r v e d  

r e la t io n s h ip s .
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P r e  cam b r ian

M etam orp h ic- R o ck s

P r e ca m b r ia n  m e ta m o r p h ic  r o c k s  a r e  e x te n s iv e ly  e x p o se d  in  the  

so u th w e s te r n  and n o r th e a s te r n  p a r ts  of th e  m ap  a r e a , and to  a l e s s e r  

e x te n t in  th e  s o u th -c e n tr a l p a rt of the m a p  a r e a . G n e is s ,  a m p h ib o lite ,  

s c h is t ,  and m e ta q u a r tz ite  - - in  th at o rd er  of a b u n d a n c e --m a k e  up the  

m e ta m o r p h ic  co m p le x . L a y e r in g  i s  w e l l  d e v e lo p e d  and g e n e r a lly  

s t r ik e s  N 4 5 -7 0 E  and d ip s 5 0 -7 5 S , w ith  v a r ia t io n  in  d ip  o c c u r r in g  

e s p e c ia l ly  w h e r e  th e  r o c k s  a r e  a s s o c ia t e d  w ith  fau ltin g ; fo lia t io n  is  

p a r a lle l  to  la y e r in g . - R e s is ta n t  o u tcro p s  a r e  g e n e r a lly  s c a t te r e d , w ith  

d e e p ly  w e a th e r e d  su r fa c e  e x p o s u r e s  o c c u r r in g  in b etw een . L o c a lly ,  

d e e p ly  w e a th e r e d  m e ta m o r p h ic  r o c k s  a r e  d ir e c t ly  o v e r la in  b y  the  

F la th e a d  Q u a r tz ite , su g g e s t in g  th at p a rt o f the w ea th er in g  o c c u r r e d  

p r io r  to  d e p o s it io n  of th e  o v e r ly in g  se d im e n ta r y  se q u e n c e .

M o st o f the m e ta m o r p h ic  r o c k s  of th e  m ap  a r e a  c o n s is t  of 

a lte r n a tin g  b ands of m e d iu m -g r a y  g n e is s ,  p ink  g n e is s ,  and a m p h i­

b o lite .  T he b an d s c o m m o n ly  g ra d e  in to  one an oth er and ra n g e  in  th ic k ­

n e s s  fr o m  a fe w  f e e t  to  m o r e  than  100 fe e t .  T he m e d iu m -g r a y  g n e is s  is  

th e m o s t  co m m o n  of th e  th r e e  ty p e s  and is  m ed iu m  -g r a in e d ; c o m p o s i-  

t io n a lly  it c o n s is t s  of q u a rtz  (40-50% ), m ic r o c l in e  (15-30% ), b io tite  

(10-15% ), and m u s c o v ite  (5-10% ). T he b io t ite  is  d o m in a n tly  brow n and  

i s  p r e s e n t  b oth  a s  in d iv id u a l f la k e s  and in  m in u te  b ook s; m u ch  o f the
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fe ld s p a r  i s  a lte r e d  to  s e r ic i t e .  T h e-p in k  g n e is s  is  m e d iu m - to  c o a r s e ­

g r a in e d  and c o n s is t s  o f  q u a rtz  (20-35% ), -m icro c lin e  (25-40% ), o lig o -  

c lo s e  (25-35% ),' and b io t ite  (5 - 10%,). M uch of the o l ig o c la s e  i s  u n ­

tw in ed ; it and the m ic r o c l in e  a r e  e a s i ly  m ist'ak en  fo r  o r th o c la s e  

m e g a s c o p ic a l ly j  T he a m p h ib o lite  is  d a r k ,. m e d iu m - to  c o a r s e -g r a in e d ,  

g n e i s s i c ,  and r a r e l y  s c h is t o s e .  It c o n s is t s  of h o rn b len d e , p la g io -  

c la s e ,  q u a r tz , b io t ite ,  and r a r e ly  g a r n e t , in -th at o rd er  of abundance; 

h o rn b len d e  is  by far/-the m o s t  c o m m o n 1 m in e r a l,-  but the p e r c e n ta g e s  of 

a l l  c o n s t itu te n ts  v a r y  so  g r e a t ly  th at an  a v e r a g e  c o m p o s it io n  w ould  be  

■ m islead in g . . T he h o rn b len d e  i s  b la ck 'a n d  c o m m o n ly  o c c u r s  a s  stubby  

p r is m s .  F e ld s p a r  g r a in s  a r e  g e n e r a lly  c le a r ,  but so m e  a r e  th o ro u g h ly  

s a u s s u r it iz e d . T he q u artz  i s  c le a r  and fo r m s  on ly  a m in o r  p e r c e n ta g e  

of th e ro ck , a s  d o e s  th e  b io t ite  w h ich  ■ oc cur s a s  gold -b row n , f la k e s .

G a rn et a m p h ib o lite  i s  not. co m m o n  in  the m a p  a r e a , and w h e r e  p r e s e n t  

the g a r n e ts  a r e  p o o r ly  d e v e lo p e d . -At one - lo c a lity  a n e a r ly  100% b la c k -  

g r e e n  h o rn b len d e  a m p h ib o lite  m a y  r e p r e s e n t  an in tr u s iv e  b od y  m e t a ­

m o r p h o se d  a fte r  e m p la c e m e n t .

M eta m o rp h ic  r o c k s  e x p o se d  a lo n g  th e -H y a lite  C anyon  ro a d  d iffe r  

•from  th e  a b o v e -m e n tio n e d  ty p e s  in  th a t th e y  a r e  a p p a ren tly  m o r e  in ­

t e n s e ly - d e f o r m e d - -p ty g m a tic  fo ld in g  i s  v e r y  com m on . T h e p red o m in a n t  

r o c k  typ e  i s  s im ila r  to  th e  p r e v io u s ly  m e n tio n e d -m e d iu m -g r a y -g n e is s  

e x c e p t  th at o l ig o c la s e  i s  p r e s e n t  and g a r n e ts  o ccu r  lo c a l ly ;  s e r ic it iz a ,t io n  

of th e f e ld s p a r s  i s  l e s s  co m m o n . T h e fo lia  a re  g e n e r a l ly  s te e p ly  

dipping; so m e fo l ia  d ip  s te e p ly  to  the n o r th w e st  a s  o p p o sed  to  the
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g e n e r a l so u th e a s t  d ip  of th e  m e ta m o r p h ic  r o c k s  in  th e  r e s t  of the m ap

I
a r e a . T he d ip  r e v e r s a ls  m a y  b e due to  fa u lt in g , so m e  of w h ich  m a y  

h ave o c c u r r e d  in  P r e c a m b r ia n  t im e .

It i s  co m m o n ly  b e lie v e d  th at th e r o c k s  w e r e  o r ig in a lly  a th ick  

■ s e d im e n ta r y  s e q u e n c e  that w a s  m e ta m o r p h o se d  and in tru d ed  by ig n eo u s  

m a g m a s , and su b se q u e n tly  u n d erw en t a d d itio n a l p h a se s  o f m e ta m o r p h ism  

( e .g .  ,. s e e  R e id , 1957, 1963; M. • D . . M iff lin , 1963, U npub. M. S. T h e s is ,  

M ont. S ta te  U n iv . , B o z e m a n ). In the T ob acco- R oot M ou n ta in s w e s t  of 

th e  m a p  a r e a , d e ta ile d  stu d y  of the m e ta m o r p h ic  c o m p le x  b y  R eid  (1963) 

in d ic a te s  th at the r o c k s  h a v e  u n d erg o n e  th r e e  m a jo r  m e ta m o r p h ic  

e p is o d e s  and tw o s ta g e s  o f r e tr o g r a d e  m e ta m o r p h ism . T he m e ta m o r p h ic  

r o c k s  p r e s e n t  in  the m a p  a r e a  and a d ja cen t a r e a s  su p p o rt R e id 's  (1963) 

in te r p r e ta t io n  of s e v e r a l  p h a se s  of m e ta m o r p h is m , a s  th e y  in c lu d e  

m in e r a ls  and r o c k  ty p e s  c h a r a c t e r is t ic  o f lo w  to  h igh  g ra d e  m e ta m o r ­

p h is m . A n e x a m p le  of lo w  g ra d e  m e ta m o r p h ic  r o c k  o c c u r s  im m e d ia te ly  

to  th e so u th  of th e  m ap  a r e a  in  th e ■ NW 1 /4  s e c .  14, T . 4S. , R . 4E . , 

,(G arnet M ountain  q u ad ran g le) w h e re  an .a c t in o lit e  s c h is t  i s  p r e s e n t .

T he g n e is s  of the m a p  a r e a  (p r e v io u s ly  d e s c r ib e d )  i s  of m e d iu m  to  h igh  ' 

g r a d e . A p p r o x im a te ly  6 m i le s  n o r th w e st  o f the m ap  a r e a  h ig h  grad e  

m e ta m o r p h ic  r o c k s  a r e  r e p r e s e n te d  b y  coyundum  b e a r in g  s c h is t s .

T he m e ta m o r p h ic  r o c k s  of the m ap  a r e a  a r e  p r e - B e l t  in  age and  

a r e  s im ila r  to  th o se  t e r m e d  P o n y  m e ta m o r p h ic s in n e a r b y  a r e a s  (as  

o p p o sed  to  C h e r r y  C r e e k  m e ta m o r p h ic s ) . R e c e n t w o rk  b y ,R e id  (1957; 

1963) in d ic a te s  th a t th e P o n y  (younger), and C h e r r y  C r e e k  (o ld er )

I



9

m e ta m o r p h ic s  a r e  p a r t  of the sa m e  d e p o s it io n a l seq u e n c e  and, t h e r e ­

fo r e ,  th e  u n c o n fo r m ity  that h a s  b e e n  sa id  to  l i e  b e tw een  the tw o ( s e e  

P e a le ,  1896; T a n s le y , S c h a fe r , and H a rt, 1933) a p p a r e n tly  d o es  not 

e x is t .  C o n seq u en tly , it i s  th e  r e c o m m e n d a tio n  of the S tr a tig r a p h ic  

and N o m e n c la tu r e  C o m m itte e  o f  th e  B il l in g  s G e o lo g ic a l S o c ie ty  that 

th e  P r e C am brian  m e ta m o r p h ic  r o c k s  be te r m e d  " p r e -B e lt"  and thus  

d isc o n tin u e  u s e  o f th e  t e r m s  P o n y  and C h e r r y  C reek , e x c e p t  in the  

ty p e  lo c a l i t i e s  of th o se  u n its  (W. J. M cM an n is, p e r s o n a l c o m m u n i­

ca tio n , 1965).

G ile t t i  (u n p u b lish ed  m a n u sc r ip t)  h as r e c e n t ly  s u m m a r iz e d  p r e l im i­

n a r y  w o rk  of r a d io g e n ic  a g e  dating  in  so u th w e s te r n  M ontana. H is  data  

in d ic a te  th a t a m a jo r  p h a se  of r e g io n a l m e ta m o r p h ism  o c c u r r e d  about 

1600 m . y.. a g o , and th a t th e so u th e a s t  m a r g in  of th is  m e ta m o r p h ism  is  

lo c a te d  a lon g  a n o r th e a s t - s o u th w e s t  tren d in g  " line"  c r o s s in g  the  

G r a v e lly  R a n ge and th e G a lla tin  R iv e r  C anyon. S o u th e a st  of th is  lin e  

th e r o c k s  m a y  b e 3200 m . y. old or o ld e r . H e te n ta t iv e ly  s u g g e s ts  that 

so m e  of th e  r o c k s  in  th e  1600 m . y. te r r a n e  a r e  c o n s id e r a b ly  o ld er  than  

1600 m . y. , but w e r e  r e m e ta m o r p h o se d  1600 m . y. ago .

R a d io g e n ic  age d e te r m in a t io n s  h ave  not b een  m ad e on an y  of the  

r o c k s  of th e  m ap  a r e a , but G ile t t i  (u n p u b lish ed  m a n u sc r ip t)  h a s  dated  

so m e  sa m p le s  fr o m  n e a r b y  a r e a s .  - A p p r o x im a te ly  10 m i l e s  n o r th w e st  

of th e  m a p  a r e a , in  th e A n c e n e y  q u ad ran g le  ( s e c .  23, T . 2S. , R . 2 E . ), 

a b io t ite  s c h is t  w a s dated a s  1550 m . y . o ld . South of th e  m a p  a r e a , in iik

th e  G arn et M ountain  q u a d ra n g le , th e  fo llo w in g  d a te s  w e r e  obtained:
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1690 m . y. (G ra n itic  g n e is s ;  s e c .  15, T-. 5S. , R. 4-E . ), 1790 in . y. 

(p sa m m it ic  g n e is s ;  s e c .  36 , T . 5 S. , R. 4 - E .) ,  and 3220 m . y . and 

3270 m . y . . (g r a n it ic  g n e is s ;  s e c .  13, T . 6 S. ,. R. 4-E . ). The lo c a l i t ie s  

o c c u r  a p p r o x im a te ly  7, 10, and 13 m i l e s ,  r e s p e c t iv e ly ,  so u th  of the  

m a p  a r e a . T h e so u th e a s t  m a r g in  of th e  1600 m . y. ago  m e ta m o r p h ism  

a p p a r e n tly  l i e s  b e tw e e n  10 and 13 m i le s  sou th  of the m a p  a r e a .

B e l t  S u p ergrou p

R o ck s  of th e  B e l t  S u p ergrou p  a r e  not p r e s e n t  in the m a p  a rea ; the  

n e a r e s t  o c c u r r e n c e  df B e lt  s tr a ta  is  im m e d ia te ly  n orth  of an e a s t -  

w e s t  tren d in g  l in e  w h ich  t r a n s e c t s  the c e n tr a l p art of th e  B rid ger- R ange  

on the, e a s t  and th e  H igh lan d  M ou n ta in s on th e w e s t . T he lin e  i s  b e ­

l ie v e d  to  b e  a fa u lt zon e th a t w a s  a c t iv e  in  P r e c a m b r ia n  B e lt  t im e , p e r ­

m itt in g  a th ic k  se q u e n c e  o f v e r y  c o a r s e  a r k o s ic  B e lt  s e d im e n ts  to  

a c c u m u la te  on th e n orth  s id e  (M cM an n is , 1963).

C am b ria n

F la th e a d  Q u a rtz ite

T he F la th e a d  Q u a rtz ite  of the m a p  a r e a  is  fa ir ly  c o n s is te n t  in' th ic k ­

n e s s  (4 0 -7 5  fe e t)  and u n co n fo rm a b ly  o v e r l ie s  P r e c a m b r ia n  m e ta m o r p h ic  

r o c k  w ith  m a r k e d  an g u la r  d is c o r d a n c e . T he fo r m a tio n  c o n s is t s  of 

m arO on, tan , b row n , p ink , and w h ite  m e d iu m - to  th ic k -b e d d e d  and  

m a s s iv e  c r o s s -b e d d e d  q u a rtz  sa n d sto n e . L o c a lly  p r e s e n t  i s  a c r e a m  

and d u ll b r ic k  red  m o tt le d  q u artz  sa n d s to n e , th e  m o tt lin g  b e in g
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in d ep en d en t of b ed d in g  p la n e s . The sand  g r a in s  V ary  in  s iz e  fr o m  m ed iu m  

to  c o a r s e  and a r e  su b a n g u la r  to  an g u la r . L o c a l ly  p r e s e n t  sit the F la th e a d -  

P r e c a m b r ia n -  co n ta c t i s  (I )  a c o n g lo m e r a te  c o n s is t in g  of w e ll  rounded  

w h ite  v itr e o u s  q u a rtz  c o b b le s  in  a m a tr ix  o f  c o a r s e -g r a in e d  q u artz  sa n d ­

s to n e , and (2) a r k o s ic  m a te r ia l  that -rs• in  p la c e s  d iff ic u lt  to  d iffe r e n tia te , 

fr o m  the u n d e r ly in g  d e e p ly  w e a th e r e d  P r e c a m b r ia n  m e ta m o r p h ic  - ro ck .

N e a r  th e top  o f-th e fo r m a tio n  the sa n d sto n e  c o m m o n ly  co n ta in s  g la u c o n ite  

and g r e e n is h - g r a y  m ic a c e o u s  sh a le . T he F la th e a d  i s  g r a d a tio n a l w ith  

th e o v e r ly in g  W o ls e y  S h a le  and the co n ta c t i s  th e r e fo r e  a r b itr a r y ;  th e  

au th or c h o se  th e b a s e  of th e  f i r s t  p r o m in e n t sh a le  zon e a s  the con tact.

T h is  b ou nd ary  i s  in a g r e e m e n t  w ith  th a t o f D e is s  (T936) w ho em en d ed  the  

d e fin it io n  and typ e  s e c t io n  of The fo r m a tio n . T he F la th e a d  i s  g e n e r a lly  

p o o r ly  in d u ra ted , but s e e m s  to  b e b e t te r  in d u ra ted  w h e r e  the fo rm a tio n  i s  

th ic k e r ;  th e  t e r m  sa n d sto n e  is  m o r e  a p p r o p r ia te  than  q u a r tz ite  fo r  the  

fo r m a tio n  in  th e m ap  a r e a .

T he F la th e a d  i s  a b a s a l,,  s l ig h t ly  t r a n s g r e s s iv e  sa n d sto n e  o f the  

C am b ria n  se q u e n c e , b e in g  older':in  th e  w e s t  than in the e a s t .  B e c a u se  of 

th e  a lm o s t  to ta l a b se n c e  o f f o s s i l s  in  th e  - F la th e a d ,. th e  age of' th e  fo r m a tio n  

■ h a s  b e e n  in fe r r e d  fr o m  th e ( co n fo rm a b le )  su p e r ja c e n t  W o ls e y  S h a le . , T h is  

p r o c e d u r e  s u g g e s t s  th a t th e  F la th e a d  w a s  d e p o s ite d  d u rin g  th e  e a r ly  M idd le  

C a m b r ia n -- -A lb e r te lla  zon e t im e  - -(L och m ab ., B a lk , 195 6, p. 616; L och m an , 

1957 , p. 132). . H o w e v e r , in  a s u r f ic ia l  d e p o s it  in  the SW 1/4' SE 1 /4  s e c .  

26,. T . 3 S ..,. R . 4 -E . , 'the w r ite r  found t r i l o b i t e s ■ of the g en u s G lo ss o p le u r a
r

w h ich  a r e  d e f in ite ly  fr o m  the F la th e a d  (the f o s s i l s  w e r e  id e n t if ie d  b y

/
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A .  R . P a lm e r ,  U. S. G e o lo g ic a l S u rv ey , W ash in gton , D. C. ), in d ica tin g  

th a t the fo r m a tio n  in  th e m a p  a r e a  i s  s l ig h t ly  y o u n g er  than  p r e v io u s ly  

b e lie v e d . It i s  d e f in ite ly  y o u n g er  than th e F la th e a d  in  the w e s te r n  p art, 

o f the s ta te  w h e r e  th e  A lb e r te l la  fau n a l e le m e n ts  o c c u r  in  sh a le  b ed s  , 

w e ll  up in  the o v e r ly in g  W o lse y  e q u iv a le n t (S ilver. H ill  F o r m a tio n ) , a n d - 

th e  G lo s s o p le u r a  zon e th e r e  i s  in  the u pper p a rt o f th e  sa m e  fo rm a tio n  

( s e e  f ig . 2). A p p r o x im a te ly  35 m i le s  n o r th w e st  of th e  m a p  a r e a  the  

G lo s so p le u r a  fauna o c c u r s  in  th e  lo w e r  p a r t of the W o lse y  (; A . . R . P a lm e r ,  

1965, w r it te n  co m m u n ic a tio n  to  W. J.' M cM an n is).

W o lse y  Shale

T he W o lse y  S h a le  r e s t s  c o n fo rm a b ly  on th e  F la th e a d  Q u a rtz ite  and '• 

i s  c le a r ly  tr a n s it io n a l b e tw e e n  the la t te r  and th e o v e r ly in g  M eagh er  

L im e s to n e . T he W o lse y  ra n g e s  fro m  40 fe e t  to  195 f e e t  in th ic k n e s s ,  

in c r e a s in g  to w a rd  the sou th . T he 195 fo o t th ic k n e s s  is  h ig h  w hen  c o m ­

p a r e d  to  th e co m m o n  ra n g e  o f 40 fe e t  to  80 fe e t  in  the m a p  a r e a  and m a y  . 

r e p r e s e n t  d e p o s it io n  on a ir r e g u la r  M idd le  C am b rian  s e a  f lo o r ; the . 

W o lse y  i s  th ic k e r  w h e r e  th e F la th e a d  is  th ic k e r . C o m m o n ly , the fo rm a -' 

t io n  i s  p o o r ly  e x p o se d  and fo r m s  g r a s s  c o v e r e d  s lo p e s .

T he b a s a l  p a rt of th e  W o lse y  c o n s is t s  of g r a y -g r e e n  so ft  f i s s i l e  v 

m ic a c e o u s  sh a le  in te r  s t r a t if ie d  w ith  r e d d ish -b r o w n  f in e -  to  m e d iu m - 

g r a in e d  th in -b e d d e d  and c r o s s -b e d d e d  g la u c o n it ic  q u artz  sa n d sto n e .

L o c a l ly  the sa n d sto n e  of th e  b a s a l p a rt i s  m e d iu m - and th ic k -b e d d e d  , 

and of th e  typ e  found in  th e  F la th e a d . T he upper p art (3 /4 )  o f th e  

fo r m a tio n  co n ta in s  c h o c o la te  b row n  to 'g r e e n  f i s s i l e  m ic a c e o u s  sh a le ,
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w ith  sp a r in g ly  in te r  s t r a t if ie d  b row n  f in e -g r a in e d  q u artz  sa n d sto n e .  

W orm  t r a i l s  and c a s t s  a r e  co m m o n  on th e sh a le  and sa n d sto n e . In 

th e  u p p e r m o st  p a r t of th is  u n it the sa n d sto n e  b e c o m e s  m o r e  com m on: 

G r a y -g r e e n  th in -b e d d e d  and n od u lar l im e s to n e  a ls o  o c c u r s  in  the  

u p p e r m o st  p a rt, so m e  o f w h ich  co n ta in s  f o s s i l  fr a g m e n ts . A ccording-' 

to  L eb a u er  (1964) m u ch  of the g r e e n  c o lo r  o f th e  W o lse y  i s  due to  the  

p r e s e n c e  o f i l l i t e  and not c h lo r ite  a s  m a n y  w o r k e r s  had thought.

T he a g e  o f th e  W o lse y  is  e a r ly  M idd le  C am b rian , con ta in in g  the „ 

Z a c a n th o id e s -G lo s s o p le u r a -K o o te n ia  z o n e s . T he fo r m a tio n  i s  tr a n s - ,  

g r e s s iv e  e a s tw a r d , w ith  th e  o ld e s t  d e p o s its  b e in g  in w e s te r n m o s t  

M ontana (H an son , I9 6 0 , p. 2 0 8 -2 0 9 ) .

M ea g h er  L im e s to n e

T he M ea g h er  L im e s to n e  i s  the m o s t  p ro m in en t fo r m a tio n  in the ‘

m a p  a r e a , ex h ib it in g  a p e r s is t e n t  le d g e  fo r m in g  un it b e tw e e n  tw o non-

r e s is t a n t  s h a ly  l im e s to n e  u n its . T he fo r m a tio n  ra n g e s  fr o m  about 300 -

f e e t  to  340 f e e t  in  th ic k n e s s ,  and i s  g r a d a tio n a l w ith  the su b ja ce n t W o lsey

S h a le  and th e  su p e r ja c e n t P a r k  S h a le .
)

T he lo w e r  un it (7 5 -1 0 0  fe e t)  c o n s is t s  of a b a s a l g r a y  to  y e llo w  rubbly  

l im e s to n e  in terb ed d ed  w ith  o liv e  g r e e n  f i s s i l e  m ic a c e o u s  sh a le ;  lo c a l ly  

p r e s e n t  i s  a g la u c o n it ic  l im e s to n e  p eb b le  c o n g lo m e r a te . C o m p r is in g  the  

r e m a in d e r  of the lo w e r  u n it i s  l ig h t -g r a y  to  tan  tiiin  and ir r e g u la r ly  

b ed d ed  d e n se  l im e s to n e  and in terb ed d ed  y e l lo w -g r a y  c a lc a r e o u s  sh a le . 

T h e lo w e r  u n it is  p o o r ly  e x p o se d  and co m m o n ly  c o v e r e d .
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The m id d le  un it (150 fe e t)  c o n s is t s  o f m e d iu m -g r a y  to  b row n  th in  

and ir r e g u la r ly  b ed d ed  d e n se  l im e s to n e  ( lo c a l ly  fe t id ) , w ith  th in  i r ­

r e g u la r  y e l lo w  or o ra n g e  sh a ly  or s i l t y  c a lc a r e o u s  p a r t in g s th at p rod u ce  

a c h a r a c te r is t ic  g r a y  or b row n  and o ra n g e  m o tt lin g  (H an son , 1952, p. 14). 

T h e y e llo w  and o ra n g e  c o lo r  of th e  m o t t le s  is  due to  th e p r e s e n c e  of 

l im o n ite  (L e b a u e r , 1965, p. 430). A n a n a ly s is  of the l ig h t  (y e llo w  and 

o ra n g e  m o tt le s )  and d ark  c o lo r e d  p o r tio n s  fo r  sa m p le s  of the M eagh er  

fr o m  th e L im e sto n e . H il ls  (north  of the m a p  a rea ) w a s  r e p o r te d  by  

R u p p el (1950 , p. 18); the a n a ly s is  w a s m a d e  b y  H a r tz e ll  (then  at the  

M ontana C o lle g e  of M in e r a l S c ie n c e  and T e ch n o lo g y , B u tte ) . The r e ­

s u lt s  a r e  a s  fo llo w s :

S e g r e g a te  of l ig h t - c o lo r e d  p o rtio n

In so lu b le  (S: O2 ?) 14. 00

Iron  and a lu m in a 3. 30

CaO  (31 . 00) a s  C aC O 3 55. 34

M gO (12 . 20) a s  M gC O 3 25. 50

98. 14%

S e g r e g a te  of d a r k -c o lo r e d  p o rtio n

S=Oz 4. 75

Iron  and a lu m in a 2. 18

CaO (50 . 5) a s  C aC O 3 90. 14

M gO (1 .2 5 )  a s  M gC O 3 2. 60

99. 67 %
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■ L o c a lly -th e  m id d le  u n it i s  m a s s iv e ly  bedded' and c o n s is t s  of b lu e , 

g r a y  w e a th e r in g  d e n se  l im e s to n e .  V e r y -th in  d isco n tin u o u s  brow n  1 

c h e r t  s t r in g e r s  s p o r a d ic a lly  o ccu r  a t w hat a r e  o b v io u s ly  fo r m e r  bedd ing  

p la n e s . T he u n it fo r m s  p ro m in en t le d g e s  th rou gh ou t the m a p  a r e a . '

T he u p per 7 5 -9 0  f e e t  c o n s is t s  of n o n -r e s is ta n t  y e l lo w  to  g ra y  th in -  . 

b ed d ed  and lo c a l ly  n o d u la r  f in e -g r a in e d  l im e s to n e ,  w ith  abundant y e llo w  1 

s i l t y  p a r t in g s . T he un it i s  v e r y  p o o r ly  e x p o se d -in  the m a p  a r e a  and  

o c c u r s  a s  a, g r a s s  c o v e r e d  s lo p e .

T h e -M e a g h e r 'L im e sto n e  is  of m id d le -M id d le  C a m b ria n  ag e  - - c o n ­

ta in in g  the B a th y u r is c u s -E lr a th in a  zon e (L o c h m a n -B a lk , 1956; pi. 617).

P a r L  Shale

The P a r k  S h a le  r a n g e s  fr o m  40 fe e t  to  70 fe e t  th ic k  in  th e-m a p  a r e a , ' 

g e n e r a lly -th ic k e n in g  sou th w ard . . T he fo r m a tio n  i s  p o o r ly  e x p o se d  and - 

fo r m s  g e n tly  in c lin e d  g r a s s y  s lo p e s .  . T he P a r k  c o n s is t s  of g r e e n -g r a y  i 

and p u r p le -b r o w n  f in e ly  m ic a c e o u s  f i s s i l e  sh a le  in terb ed d ed  w ith  tan  

to b row n  th in  b ed s  o f c a lc a r e o u s  q u artz  sa n d sto n e . L o c a lly , ■ w orm  

c a s t s  a r e  p r e s e n t  on the sa n d sto n e . . T he -form ation  c o n fo rm a b ly  o v e r -  

l i e s  th e  M ea g h er  and c o n fo r m a b ly  u n d e r lie s  th e -P ilg r im . -It i s  d i s ­

t in g u ish e d  fr o m  the W o lse y  S h a le  b y  th e  s iz e  o f the m ic a  f la k e s  - - c o a r s e ­

g r a in e d  in ,th e  W o lsey , f in e -g r a in e d  in  the P a r k .

T he P a r k  i s  o f la te  M idd le  C a m b ria n  age (L o c h m a n -Ba!Ik, 1956, 

p. 617). T he P a r k - P i lg r im  co n ta c t i s  g e n e r a l ly  c o n s id e r e d  to  co in c id e  

w ith  th e -M id d le  C a m b r ia n - L ate C a m b r ia n  t im e  b ou n d ary  in  th is  p art o f

M ontana.
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P i lg r im  L im e s to n e

T he P i lg r im  L im e s to n e  c o n fo rm a b ly  o v e r l ie s  the P a r k  ,Shale and  

r a n g e s  fr o m  245 fe e t  to  286 fe e t  th ick . T he fo r m a tio n  is  d iv i s ib l e  

in to  tw o m a jo r  u n its: a lo w e r  s lo p e  - fo r m in g  un it th at i s  g e n e r a l ly  -

p o o r ly  e x p o se d , and an u p per m a s s iv e  le d g e - fo r m in g  un it.

T he lo w e r  u n it c o n s is t s  of l ig h t -g r a y  to  buff and p ink  m e d iu m - to  

th in k -b e d d ed  lo c a l ly  o o l i t ic  a n d /o r  g la u c o n it ic  f o s s i l  fr a g m e n ta l l im e ­

sto n e  and lim e s to n e  p eb b le  (f la t  and e d g e w is e )  c o n g lo m e r a te , w ith  in te r -  

b ed d ed  g r e e n  c a lc a r e o u s  sh a le . T he l im e s to n e  p e b b le s  a r e  o f the f la t  

ty p e , a r e  w e l l  rou n d ed  and fin e-?gra in ed , w h e r e a s  the l im e s to n e  m a tr ix  

i s  m e d iu m - to  c o a r s e - g r a in e d  and. lo c a l ly  sa c c h a r o id a l. T h is  unit i s  

d o lo m it ic  in  th e u p per p art.

T he u p p er  u n it i s  d ark  b row n  and ta n -g r a y  m o tt le d  th ic k -  and  

m a s s iv e -b e d d e d  le d g e  fo r m in g  m e d iu m -g r a in e d  o o lit ic  d o lo m it ic  l i m e ­

s to n e . T he t a n -g r a y  m o t t le s  a r e  ro u g h ly  o r ie n te d  p a r a l le l  to  th e bedd ing  

■ and a r e  d o lo m it ic  w h e r e a s  th e d a rk  b ro w n  a r e a s  a re  l im e s to n e  or s l ig h t ly  

d o m o m it ic  l im e s to n e .  M cM an n is (1955 , p. 1395) and B ro w n  (1959 , p. 260) 

s ta te  th at th e m o tt lin g  i s  a p ro d u ct of p a r t ia l  d o lo m it iz a t io n  o f a p r e ­

e x is t in g  o o l i t ic  l im e s to n e ;  M cM ann is and C had w ick  (1 9 6 4 ,, p. 8) note  

e v id e n c e  fo r  a se c o n d  p h a se  of d o lo m it iz a t io n  of th e  u n it in  p a r ts  of the  

G a rn et M ountain  q u ad ran g le  (ad jo in in g  th e  m a p  a r e a  to  the sou th ). The  

u p p er  fe w  fe e t  of th e  u n it co n ta in s  a l ig h t - g r a y  and y e l lo w  m o tt le d  th in  -' 

b ed d ed  b r it t le  l im e s to n e  id e n t ic a l to  th e M ea g h er  typ e .
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The- P i lg r im  is  o f la te  C am b rian  age ,(D resb ach ian ) and co n ta in s  the  

• C e d a r ia , C r e p ic e p h a lu s , and A p h e la sp is  fa u n a l z o n e s  (L o c h m a n -B a lk , 

1956 ,. p. 617).

- -R ed  - L io n .F o r m a tio n

T he R ed' L io n  F o r m a tio n  c o n fo r m a b ly  o v e r l ie s  th e  P i lg r im  L im e sto n e  

and i s  the y o u n g e s t  fo r m a tio n  o f the U pp er C am b rian  seq u e n c e  p r e s e n t  in  

th e  m a p  a r e a . T he R ed  L io n  i s  a b ip a r t ite  fo r m a tio n , c o n s is t in g  of a 

lo w e r  s h a ly  m e m b e r - - t h e  D r y  C r e e k  S h a le  - - and an u pper unnam ed l i m e ­

s to n e  m e m b e r . T he D ry  C reek -S h a le  M e m b er  is  th e  l i th ic  and age

- e q u iv a le n t of the. D r y  C reek -S h a le  M em b er  of th e  Snow y R a n g e -F o rm a tio n ;  

th e  l im e s to n e  m e m b e r  i s  the a ge  - -b u t not th e  l i th ic - - e q u iv a le n t  of the

- S age  P e b b le  C o n g lo m e r a te  M em b er  of th e  Snow y R an ge . T he n a m e  R ed  

L io n  i s  u se d  h e r e  b e c a u s e  th e  l im e s to n e  m e m b e r  d e s c r ib e d  h e r e in  m o r e  

c lo s e ly  r e s e m b le s  th e  lith o lo g y  of the. R ed  L io n  than th at o f th e  Snow y  

R an ge .
I

The. D r y  C r e e k  th ic k e n s  fr o m  6 f e e t  n e a r  L an goh r N ob to  20 fe e t  

on W h ee ler  M ountain , w h e r e a s  fo r  th e  sa m e  tw o lo c a tio n s  the - lim esto n e  

m e m b e r  in c r e a s e s  fr o m  70 fe e t  to  95 f e e t ,  r e s p e c t iv e ly .

The D r y  C reek",Shale M em b er i s  a p o o r ly  e x p o se d  unit; i t  c o n s is t s  

of o liv e  g r e e n  v e r y  f in e ly  m ic a c e o u s  f i s s i l e  - sh a le , in te r  s tr a t if ie d  w ith

36,
^N am ed h e r e in  fo r  th e  p ro m in en t to p o g ra p h ic  h igh  in  th e  SE 1 /4  s e c .  

T . 3 S. , R . 5 E .
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o ra n g e  and y e l lo w  s ta in e d  b row n  d e n se  s i l t s to n e .  - Som e of the s i lt s to n e  • 

i s  sh a ly  and c o n ta in s  abundant f in e  g r a in e d  m ic a  f la k e s . . A  th in  l im e -  ^

• s to n e  p eb b le  c o n g lo m e r a te  b ed  is  g e n e r a l ly  p r e s e n t  at th e  b a s e  of the  

D r y C r e e k  and s e v e r a l  b e d s  a ls o  o ccu r  a t th e  top  of the m e m b e r . The - 

la t t e r  c o n g lo m e r a t ic  u n it i s  10 fe e t  th ic k  w h e re  m e a s u r e d  on W h ee ler  <
V

M o u n ta in 1 and i s  of th e  e d g e w ise  or f la t -p e b b le  ty p e . T he lim e s to n e  

p e b b le s  a r e  d e n se  su b rou n d ed  to  rou n d ed  p ea  g r e e n , tan , w h ite , a n d , 

y e l lo w  and o ccu r  in  b e d s  ex h ib itin g  w a v y  s u r fa c e s .

A t the b a s e  of th e  un nam ed  u pper l im e s to n e  m e m b e r  i s  a dark  g ra y  

w e a th e r in g  m a s s iv e  b io s tr o m a l co lu m n a r  lim e s to n e ,  c o m p o se d  of the  

c a lc a r e o u s  a lg a e  C o lle n ia  m a g n a  F e n to n  and F en to n . O v e r ly in g  th is  • 

b a s a l  u n it i s  2 to  25 f e e t  o f g ra y  and tan  f in e  to  c o a r s e -g r a in e d  th in -  , 

and m e d iu m  -b ed d ed  l im e s to n e  and f o s s i l  h a sh  b ed s  and lim e s to n e  p eb b le  * 

c o n g lo m e r a te  of the typ e  that o c c u r s  at th e  top  of the D r y  C r e e k . S p a r in g -  ̂

Iy p r e s e n t  is  in te r c a la te d  o liv e  g r e e n  f i s s i l e  sh a le . T he r e m a in d e r  o f the  

m e m b e r  c o n s is t s  of m e d iu m -a n d  th ic k -b e d d e d  and m a s s iv e  g r e e n -b r o w n  

l im e s to n e  w h ich  b e c o m e s  th in -b ed d e d  and d o lo m it ic  in  th e upper p art.

T h e lim e s to n e  b e d s  a r e  s e p a r a te d  by y e l lo w  and o ran ge s i l t y  a n d /o r  

c a lc a r e o u s  sh a ly  la m in a e  th at co m m o n ly  con ta in  f o s s i l  d e b r is .  In the  

m a s s iv e  b e d s -th e s e  la m in a e  o ccu r  a s  th in  d o lo m it ic  s t r in g e r s  and
I

stand  out on w e a th e r e d  s u r fa c e s .  C h ert l e n s e s  and s tr in g e r s  a r e  a lso- 

co m m o n  in  th e u p p er  p a rt of the m a s s iv e  b e d s  and lo c a l ly  ir r e g u la r  

c h e r t  m a s s e s  a re  p r e s e n t .  The d o lo m ite  o f th is  m e m b e r  i s  l ig h t  b row n  

and m e d iu m -g r a in e d  or s a c c h a r o id a l. M cM ann is and C h ad w ick  (19^4, p. 8)
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sta te  th a t th e  s i l i c i f ic a t io n  and d o lo m it iz a t io n  of th e  .R ed 'L io n , a s  w e ll  

a s  the se c o n d  p h a se  of d o lo m it iz a t io n  o f  th e -P ilg r im , a r e  b e lie v e d  to  

b e th e  r e s u lt  of a lte r a t io n  d uring  e x p o su r e -p r io r  to 'D ev o n ia n  d e p o s it io n .

. A c c o r d in g  to  D o rf and L och m an  (1 9 4 0 , p. 547) th e Snow y-R ange  

F o r m a t io n - - th e  R ed  L io n  e q u iv a le n t - -a p p e a r s - to  be the e x a c t  tim e  

e q u iv a le n t o f the F r a n c o n ia  F o r m a tio n  o f W isc o n s in . L o ch m a n  (1950, 

p. 2213) s ta te s  th at the b a s a l  co lu m n a r  lim e s to n e  of the Snow y R ange  

'(Red L ion) co n ta in s  t h e -E lv in ia  zone o f th e  stan d ard  C am b ria n  s e c t io n .

G r o v e  C r e e k  .L im e s to n e

In 1940 D o r f and L o cb m a n  f ir s t  d e s c r ib e d  th e G ro v e  C r e e k  l i m e ­

s to n e  and g a v e  it  fo r m a tio n a l s ta tu s . L o c h m a n -B a lk  (1956) red u ced  th e  

u n it to  m e m b e r  s ta tu s , c o n s id e r in g  it  th e  y o u n g e s t  m e m b e r  o f th e  Snow y  

R a n ge F o r m a t io n . It a p p a r e n tly  h as no e q u iv a le n t in  th e  R ed  L ion . . T he  

G ro v e  C r e e k  L im e s to n e  i s  n ot p r e s e n t  in  th e m ap  a r e a  but a th in  ton gu e  

of it  w a s  m a p p ed  b y  R o b e r ts  (1964) in ,th e -M y st ic .L a k e  q u ad ran g le  I 1 /2  

,m i le s  to  th e  e a s t .  W. M. W eb er (1 9 6 5 , U n p u b lish ed  M. S. T h e s i s , , M ont. 

S ta te  U n iv . , B o z e m a n ) cou ld  f in e  no t r a c e  o f i t  in  th e  in te r v e n in g  a r e a ,  

b u t th e . o u tcro p s  in  th is  a r e a  a r e  so  p o o r  th a t n o  d e fin ite  c o n c lu s io n  w as  

r e a c h e d  c o n c e r n in g  i t s  d is tr ib u tio n . T h e -th ic k e s t  know n o u tcrop  of 

G ro v e  C r e e k  i s  o n ly  50 f e e t  and a c c o r d in g  to  L o c h m a n -B a lk  (1956 , p. 612) 

r e m n a n ts  o f th e  fo r m a tio n  a r e  found o n ly  " e a s t  of a lin e  running fr o m  the  

G allatin ; R an ge so u th e a s t . . : to  W in d -R iver  C anyon in th e B r id g e r  M ou n ta in s  

of W yom in g . " T hat im a g in a r y  lin e  a p p a r e n tly  tr e n d s  u p ,H y a lite  C anyon;
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th e  G rove C re e k  w a s m o s t  l ik e ly  r e m o v e d  fr o m  the m ap  a r e a  by p o s t-  

C a m b ria n , p r e -L a te  O r d o v ic ia n  e r o s io n .

O rd o v ic ia n

B ig  H orn  D o lo m ite

T he B ig  H orn  D o lo m ite  (L ate  O rd o v ic ia n ) i s  not p r e s e n t  in  th e m ap  

a r e a  but w a s  m ap p ed  b y  R o b e r ts  (1964) in  th e M y stic  L ake quadrangle  

2-| m i l e s  to  th e e a s t .  A c c o r d in g  to  h is  m ap  th e  fo r m a tio n  i s  o n ly  about '

20 fe e t  th ick , no s tr a ta  of w h ich  w e r e  found b y  W. M. W eb er (1965 , Unpub. 

M. S. T h e s is ,  M ont. S ta te  U n iv . ,, B o zem a n ) in  the in te r v e n in g  a r e a . - A  

fe a th e r  ed g e  of th e  fo r m a tio n  h a s  a ls o  b e e n  r e p o r te d  in th e  M ad ison  R ange  

to  the so u th w e st  (S lo s s  and M o r itz , 1951). A t the ab ove tw o a r e a s  w h ere  

th e  fo r m a tio n  c r o p s  out, i t ' i s  d e s c r ib e d  a s  " m a ss iv e  d o lo m ite " . T h e se  

sa m e  tw o a r e a s  m a r k  th e w e s te r n m o s t  a p p ea ra n ce  of th e  fo r m a tio n  as  

d e p ic te d  on th e  iso p a c h  m a p s  of S lo s s  ( 1950) and R ic h a r d s  and  

N e is c h m id t  (19 5 7 ). T he p r e s e n c e  of th e  fo r m a tio n  in  n e a r b y  a r e a s ,  the  

la c k  of e la s t i c s  th a t m ig h t  su g g e s t  sh o r e lin e  co n d itio n s  fo r  r o c k s  a t th e  

p r e s e n t  ed g e  of th e  fo r m a tio n , and the e x te n s iv e  le n g th  of t im e  the fo r m a ­

tio n  w a s e x p o se d  to  e r o s io n  (at le a s t  the S ilu r ia n  P e r io d ) , s u g g e s t  that 

th e B ig  H orn  w as r e m o v e d  fr o m  th e m a p  a r e a  by e r o s io n .

S ilu r ia n

• S ilu r ia n  s tr a ta  h a v e  n ot b een  found in  w e s te r n  M ontana; th e reg io n  w a s  

a p p a r e n tly  a lan d  su r fa c e  u n d erg o in g  e r o s io n . , Indeed , the on ly  known
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S ilu r ia n  s tr a ta  in  M ontana o ccu r  in  th e  n o r th e a s te r n  p a r t  o f th e  sta te  in  

th e  su b su r fa c e  o f the W illis to n  B a s in . S lo s s  and M o r itz  (1951) note th a t  

th e  S ilu r ia n  i s  w e ll  r e p r e s e n te d  in th e -L e m h i R an ge , w e s t  of the Idaho-  

M ontana b o r d e r , but th e s e  b ed s  th in  and a r e  tr u n ca ted  so u th w e st  of the  

b o r d e r .

D ev o n ia n

- B e a r to q th .B u tte  and M ayw ood  F o r m a t io n s

N e ith e r  th e B e a r to o th  B u tte -F o r m a tio n  (E a r ly  D evon ian ) nor the  

M ayw ood  F o r m a tio n  (e a r ly  L a te 1 D evon ian ) w as found in the m a p  a r e a .

T he B e a r to o th  B u tte  c o n s is t s  of " d isco n tin u o u s e s tu a r in e  and f lu v ia l  

c h a n n e l- f i l l  d e p o s it s ,  s in k h o le  f i l l in g s ,  and r e g o lith s"  (S an d b erg , 1961, 

p. 1301). T h e fo r m a tio n  o c c u r s  at s c a t te r e d  lo c a l i t i e s  in  ,the B ea r to o th  

■ R an ge and p o s s ib ly  at lo c a l i t i e s  fa r th e r  n o r th w e st , but i s  a p p a ren tly  

a b se n t fr o m  t h e ■ G a lla tin  R an ge (M cM an n is, 1962). It i s  p o s s ib le  that the  

B e a r to o th ,B u tte  w a s  d e p o s ite d  in  the m ap  a r e a  and su b se q u e n tly  r e m o v e d  

b y  e r o s io n ;  h o w e v e r , c o n s id e r in g  the c h a n n e l- f i l l  n a tu re  o f th e  fo rm a tio n  

and i t s  a p p aren t a b se n c e  fr o m  th e e n t ir e  G a lla tin  R a n g e , it  i s  m o r e  l ik e ly  

th a t th e  fo r m a tio n  w a s  n e v e r  d e p o s ite d  in  th e m ap  a r e a . T he M ayw ood  

c o n s is t s  of l im e s to n e ,  d o lo m ite , and m u d sto n e , .and c o n fo rm a b ly  u n d e r lie s  

th e  J e f f e r so n -L im e s to n e . T he n e a r e s t  ou tcro p  of the fo r m a tio n  is  2-| m i le s  

so u th  of th e  so u th w e st  c o r n e r  o f the m a p  a r e a ,, w h ere  it  w a s  I'd ep o sited  in  

m a r g in a l-m a r  ine b r a c k is h  o r  f r e s h  w a te r s ,  w h e r e a s  at m o s t  known
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lo c a t io n s  d e p o s it io n  w a s  in  sh a llo w , op en , or s l ig h t ly  r e s t r ic t e d  m a r in e  

w a te r s"  (S an db erg  and M cM an n is, 1964, p. C 50). , T he m ap  a r e a  w as  

a p p a r e n tly  n e a r  a s h o r e lin e  w hen the' M ayw ood w a s d e p o s ite d  at the ab ove  

lo c a tio n , and th e a b se n c e  of the fo r m a tio n  s u g g e s ts  th a t th e m ap  a r e a
V

w a s  s t i l l  a b o v e  s e a  le v e l  a t th at t im e .

■ J e ffe r so n - L im e s to n e

T he J e f f e r son  -L im e s to n e  d i s c o n fo rm a b ly  o v e r l ie s  the R ed  L ion  w ith  

an  ir r e g u la r  co n ta c t. 1 T he fo r m a tio n  i s  254  fe e t  th ic k  a lo n g  B ig  B e a r  

C r e e k , th in n in g  s lig h t ly  e a s tw a r d  to  th e L angohr N ob a r e a  w h ere  it is  

a p p r o x im a te ly  225 f e e t  th ic k . - S tra ta  of th e  fo r m a tio n  a r e  d iv is ib le  

in to  tw o u n its: (I) a lo w e r  s lo p e - fo r m in g  u n it, c o r r e la te d  with,the"

D u p ero w  F o rm a tio n ,'o f'th e  W il l is t on. B a s in  b y  S an db erg  and'H am m ond  

(1958) and d e s ig n a te d  th e  " lo w er  m e m b e r "  b y  Sandberg (1 9 6 5 , p.. N S), 

and (2) an u p per le d g e - fo r m in g  u n it, c o r r e la te d  w ith  th e  B ir d b e a r  

F o r m a tio n  of th e  W illis to n  B a s in  b y  S an d b erg  and H am m on d  (1958) and 

d e s ig n a te d  the " B ird b ea r  M em b er"  b y  S an db erg  (1 9 6 5 , p. N 7).

T he lo w e r  m e m b e r  c o n s is t s  of d ark  b ro w n ,to  d ark  g r a y  w e a th e r in g  

m e d iu m  b ro w n  to  tan  m e d iu m -b e d d e d  to  'm a s s iv e  f in e -  to  -m e d iu m -g r a in e d  

s a c c h a r o id a l d o lo m ite  and d o lo m itic  l im e s to n e .  In the u p per p art o f th e  

lo w e r  m e m b e r - th e s e  s tr a ta  a r e  c o m m o n ly  c o a r s e -g r a in e d ,  lo c a l ly  co n ta in  

q u a rtz  s a n d ,. and a r e  on ly  m o d e r a te ly  in d u ra ted . I n te r s tr a t if ie d  a r e  th in  

b e d s  of l ig h t  b row n  to  p ink  and y e llo w  d e n se  and c o m m o n ly  sh a ly  d o lo m ite  

and d o lo m it ic  l im e s to n e ;  th e s e  b ed s  a r e  m o s t  p r e v a le n t  in  the:-upper o n e -  

h a lf  of th e  lo w er  m e m b e r . S o lu tio n  b r e c c ia  z o n e s  a r e  co m m o n  in  th e
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u p p er p a rt of the lo w e r  m e m b e r , and o ran ge w e a th e r in g  b row n  and g r a y  

c h e r t  l e n s e s ,  n o d u le s , and s tr in g e r s  a r e  p r e s e n t  at v a r io u s  h o r iz o n s  in  

th e m e m b e r . M o st of the b ed s  have a s tr o n g  p e tr o life r o u s  odor on 

f r e s h  fr a c tu r e .

The B ir d b e a r  M em b er  i s  a p p r o x im a te ly  60 fe e t  th ic k  in the m ap  

a r e a , and c o n s is t s  of b row n  to  buff th ic k -b e d d e d  to  m a s s iv e  f in e -  to  

m e d iu m -g r a in e d  c o m m o n ly  p se u d o b r e c c ia te d  sa c c h a r o id a l p e tr o life r o u s  

d o lo m ite . T he m e m b e r  i s  g e n e r a lly  a le d g e - fo r m in g  u n it in th is  p a rt of 

so u th w e s te r n  M ontana (M cM arin is, 1964; S an db erg , 1965);'in  the m a p  

a r e a , h o w e v e r , the B ir d b e a r  i s  on ly  lo c a l ly  le d g e - fo r m in g .

F e w  f o s s i l s  w e r e  found in  the J e f fe r s o n  of th e  m ap  a r e a , m a in ly  

due to  th e  d om in a n ce  of d o lo m ite  c o m p r is in g  the fo r m a tio n . . F o s s i l s  

found b y  th e w r ite r  in c lu d e  A m phip  or a and Str om a to p o ra . T he J e f fe r s o n  

i.s c o n s id e r e d  to  be of L a te  D ev o n ia n  a ge  by m o s t  m o d e r n  w o r k e r s .  

C oop er and o th e r s  (1942) b e lie v e d  th e fo r m a tio n  to  be o f th e  m id d le  and  

u p p er F in g e r  L a k e s  s ta g e ; M cM annis (1 9 6 2 , p. 8) t e n ta t iv e ly  id e n tif ie d  

f o s s i l s  fr o m  th e u p per b e d s  of th e  lo w e r  m e m b e r  w h ich  su g g e s t  that 

p a rt of the J e f fe r s o n  m a y  be e q u iv a le n t to  u p per C hem ung. If so , the  

u p p er a g e  l im it  o f th e  fo r m a tio n  in  th e  G a lla tin .R a n g e  i s  you n ger  than  

th a t g iv e n  by C oop er  and o th e r s  ( 1942). T h e f o s s i l s  c o l le c te d  by  

M cM ann is (1962) a r e  fr o m  an  ou tcrop  1-| m i le s  e a s t  of th e  so u th e a st  

c o r n e r  of the m ap  a r e a .
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T h r e e  F o r k s  F o r m a tio n

T he T h r e e  F o r k s  F o r m a tio n  c o n s is t s  o f th r e e  m e m b e r s :  the L ogan.

G ulch  M em b er , the T r id e n t M em b er , and th e  Sappington  M em b er  

(S an d b erg , 1965,.' p. N 10). T h e s e  n a m e s  r e p la c e  the e v a p o r  it  ic  m e m b e r ;  

sh a le  m e m b e r , and Sappington  S an d ston e M em b er , r e s p e c t iv e ly ,  o f  

S an d b erg  (1962); th e y  a ls o  r e p la c e  the P o t la tc h  M em b er , g r e e n  sh a le  

m e m b e r , and Sappington  F o r m a tio n , r e s p e c t iv e ly ,  a s  u s e d  b y  M cM annis  

(1 9 6 2 ), and M cM ann is and C had w ick  (1964 ).

The fo r m a tio n  is  c o m p r is e d  of v e r y  in c o m p e te n t m a te r ia l  in  the  

m a p  a r e a , fo r m in g  g r a s s  c o v e r e d  sa d d le s ’ and s lo p e s .  A s  a r e s u lt  th e  

s tr a ta  a r e  v e r y  p o o r ly  e x p o se d  and su b d iv is io n  of th e  fo r m a tio n  into  

m e m b e r s  i s  g e n e r a l ly  im p o s s ib le .  T h ic k n e s s  of the fo r m a tio n  ra n g es  

fr o m  40 fe e t  to  60 f e e t ,  e x c e p t  at one lo c a l i ty  w h ere  it  i s  about 85 fe e t  

th ic k . -//

L o c a lly  p r e s e n t  at the b a s e  of the T h r e e  F o r k s  is  a th in  u n it of o ra n g e  

to  brow n  ir o n  sto n e  n o d u le s  (I im o n ite ) in terb ed d ed  w ith  p a le  y e l lo w -g r e e n  

th in -b e d d e d  sh a ly  and san d y  d o lo m ite  and l im e s to n e .  . S tr a ta  h ig h er  in  

th e  fo r m a tio n  c o n s is t  of p a le  y e l lo w  and tan  th in -b ed d e d  sa n d y  lim e s to n e  

and c a lc a r e o u s  sa n d sto n e . T he in c o m p e te n t n a tu re  of th e  fo rm a tio n  

s u g g e s t s  that sh a le  m a y  c o n stitu te  a m a jo r  p a rt of it . A t th e  m outh  of 

South C ottonw ood  C anyon  (NW 1 /4  NW 1 /4  s e c .  35, T . 35 , T. 35. , R.

5 E . ) 85 f e e t  of s t r a ta .o f  the L ogan G u lch  M erhber and p o s s ib ly  the 

b a s a l  p a rt of th e  T r id e n t M em b er  i s  e x p o se d . T h e se  s tr a ta  c o n s is t  of 

l ig h t - y e l lo w - g r e e n  th in -b e d d e d  and f i s s i l e  f in e ly  m ic a c e o u s  c a lc a r e o u s
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and d o lo m it ic  shale and .g r a y -g r e e n  ru b b ly  l im e s to n e ,  in ter  s tr a t if ie d  

w ith  p ink  to  tan  th in -  to  m e d iu m -b e d d e d  d o lo m ite , th at a p p e a r s  to  be  

e x t e n s iv e ly  w e a th e r e d  n ea r  the c o n ta c t  w ith  the u n d er ly in g  J e f fe r s o n  

F o r m a tio n . The sh a le  d e c r e a s e s  u p w ard  in  th e fo r m a tio n , w h e r e a s  

th e d o lo m ite  i s  l e s s  co m m o n  in the b a s a l  p art. - E ls e w h e r e  in the  

m ap  a r e a  s tr a ta  ty p ic a l  o f the"Sappington  a r e  p r e s e n t  and c o n s is t  

of y e llo w -b ro w n  th in -b e d d e d  fin e  g ra in e d  c a lc a r e o u s  q u artz  sa n d sto n e .

A  b lack ,’ sh a le  u n it co m m o n ly  p r e s e n t  at th e  b a s e  of th e  Sappington  is  

not p r e s e n t  in the m ap  a r e a , n or i s  it  p r e s e n t  to  the sou th  in  the 

■Garnet M ountain  q u ad ran g le  (M cM annis and C hadw ick , 1964). . The 

b la ck  sh a le  (w h ere  p r e se n t)  o v e r l ie s  the T r id e n t M em b er  w ith  r e g io n a l  

d isc o n fq r m ity  (S an d b erg , 1963). W h ere the b la ck  sh a le  i s  a b sen t the  

Sappington  .and in  p la c e s  th e -L od g ep o le  L im e sto n e  o v e r l ie s  th e -T r id e n t.

A t the ab ove lo c a l i ty  (m outh  of- South C ottonw ood C anyon) the  

a n om a l l o u sIy th ic k  (85 fe e t)  L ogan  G ulch  M em b er p o s e s  a p ro b lem ; Why 

sh ou ld  Ijhe T r id e n t and S ap p in g ton -m em ber's be a b sen t in  th e  one p la ce  

w h e r e  Ijhe th ic k n e s s  of the T h r e e  F o r k s  (to ta l) i s  g r e a te s t?  The a n sw er  

m a y  be r e la te d  to  th e n o r m a lly  b r e c c ia te d  n atu re of the ■ L ogan .G u lch  and  

lo c a l ly -o f  th e  T r id e n t. It i s  p o s s ib le  th a t th e s e  tw o m e m b e r s  r e p r e se n t ,  

so lu tio n  c o l la p s e  b r e c c ia s ,  th e  c o l la p s e  p ro b a b ly  o c c u r r in g  due to  th/e 

in tro d u ctio n  o f ground  w a ter  d u rin g  th e p ost-T rid en fc ,. p r e -S a p p in g ton 

e r o s io n  in te r v a l. Such  a p h en om en on  co u ld  have red u c e d  the th ic k n e s s  

of th e tyro .m e m b e r  s to  4 0 -5 0  fe e t , ,  e x c e p t  fo r -th e  85 fp ot th ic k  d o lo m ite  

unit w h ich  w ould  h ave  r e s i s t e d  so lu tio n . It i s  n o tew o rth y  th at th is  i s
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th e  o n ly  lo c a l i t y  (in  the m ap  a rea ) w h e re  th e m e m b e r (s )  i s  n e a r ly  a l l  

d o lo m ite .

. T he d o lo m ite  w ou ld  h a v e  b een  a h ig h e r  p o s it iv e  a r e a  during  any  

p o s t -T r id e n t ,  p r e -L o d g e p o le  L im e s to n e  e r o s io n  t im e ; th u s the  

T r id e n t and Sappington  m e m b e r s  cou ld  h a v e  b een  s tr ip p e d  off the h igh , 

but r e m a in e d  e ls e w h e r e .

T he T h r e e  F o r k s  r a n g e s  fr o m  L ate  D evon ian  to  e a r l i e s t  M is s is s ip p ia n  

in  a g e . M cM an n is and C had w ick  (1 9 6 4 , p . 10) s ta te  th at th e B ir d b ea r  

M em b er  of th e  J e f fe r s o n  F o r m a tio n  a p p a ren tly  co n ta in s  u p p er  C hem ung  

e q u iv a le n ts ; th e r e fo r e ,  th e  b a s e  of th e  T h r e e  F o r k s  m a y b e  la t e s t

S en e c a n  or e a r ly  C hautauquan ( if  th e  J e f f e r s o n  and T h r e e  F o r k s  a r e
\

c o n fo r m a b le ) . A c c o r d in g  to  S an db erg  (1 9 6 5 , p. NS) the u p p e r m o st  p a rt  

of th e T h r e e  F o r k s  is  e a r l i e s t  M is s is s ip p ia n  ( e a r l ie s t  K in d erh ook ian ). 

C o o p er  and o th e r s  (1942) c o n s id e r e d  the T h r e e  F o r k s  to  h a v e  a v e r y  

l im it e d  a ge  r a n g e  w ith in  m id - C a s sa d a g a n . H o w ev er , th e ir  d e fin itio n  . 

of the T h r e e  F o r k s  d id  n ot in c lu d e  the S appington .

M is s is s ip p ia n

D a rk  S h a le  U nit

A  d ark  sh a le  u n it, p r e s e n t  in  n e a r b y  a r e a s ,  i s  not p r e s e n t  w ith in  the  

m a p  a r e a . W h ere p r e s e n t ,  the u n it o v e r l ie s  th e  Sappington  M em b er o f  

the T h r e e  F o r k s  F o r m a t io n  and u n d e r lie  s th e  L o d g ep o le  L im e  sto n e . 

M cM an n is (1955) r e c o m m e n d e d  that th e  b la c k  sh a le  b e in c lu d ed  a s  p art  

of th e S ap p in gton , w h ich  so m e  su b seq u en t w o r k e r s  h ave  d o n e . W ith
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fu r th e r  f ie ld  w o r k , . h o w e v e r , M cM ann is (1962) noted  th at th e  un it is  

u n co n fo rm a b le  on the Sap p in gton  and a p p e a r s  lo c a l ly  to  g ra d e  upw ard  

in to  and be c o n fo rm a b le  w ith  the o v e r ly in g iilL o d gep o le; h e  th e r e fo r e  

c o n s id e r e d  it  a s  the b a s a l u n it o f the L o d g ep o le , a s  h a v e  so m e  other  

w o r k e r s  (e . g. , C o o p er  and S lo s s , 1943; G u tsch ick  and P e r r y ,  1959). 

A c c o r d in g  to  Sandberg' (1 9 6 5 ), h o w e v e r , c o r r e la t io n  of the un it in  

M ontana and W yom ing in d ic a te s  that it  not on ly  un co n fo r m a b ly  o v e r l ie s  

th e  Sapping ton , but is  u n co n fo rm a b ly  o v e r la in  by the L o d g ep o le , and  

sh ou ld  b e  c o n s id e r e d  a s  a s e p a r a te  un it.

T he u n it i s  p r e s e n t  in  n o r th ern  W yom ing and s o u th -c e n tr a l and 

m u ch  of w e s te r n . M ontana; it  th ic k e n s  e a s tw a r d  and so u th e a s tw a r d  fro m  

th e  lo c a l  r e g io n , w h e r e  it  v a r ie s  fro m  O to  4 fe e t  th ic k  (S an db erg , 1963). 

T h e a b se n c e  of th e  sh a le  u n it in  the m a p  a r e a  is  not s u r p r is in g  in  v ie w  

of the p e r s is t e n t  p o s it iv e  ten d en cy  of th e  m ap  a r e a , and th e  fa c t  that 

th e  unit p in c h e s  out in  th is  p a rt of M ontana. It is  quite p o s s ib le  that the  

b la c k  sh a le  m a y  n e v e r  h a v e  b e e n  d e p o s ite d  in  the m a p  a r e a . • Sandberg  

(1963) s ta te s  th at th e  b la c k  sh a le  u n it in  so u th w e ste r n  M ontana i s  e n t ir e ly  

of E a r ly  M is s is s ip p ia n  a ge  - -K in d erh o o k . T he o v e r ly in g  L o d gep o le  

r a n g e s  in a g e  fr o m  about m id d le  K in d erh o o k ia n  to e a r ly  O sa g ia n  in the  

lo c a l  r e g io n  (Sando and D u tr o, I960). S in c e  the sh a le  u n it i s  of e a r ly  

K in d erh o o k ia n  a g e , an y  u n c o n fo r m ity  th a t m a y  be p r e s e n t  m u st  r e p r e ­

se n t  a v e r y  sh o r t  len g th  of t im e , and on ly  a v e r y  sh o rt t im e  w ould  be 

a v a ila b le  fo r  e r o s io n  of th e  sh a le . H o w e v e r , the un it i s  v e r y  th in  and  

a sh o rt p e r io d  of t im e  m a y  h ave  b e e n  s u ff ic ie n t  fo r  r e m o v a l of the un it.
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■ C o n v e r s e ly , th e  w id e sp r e a d  th in  n a tu re  of the sh a le  s u g g e s ts  th at the  

to p o g ra p h y  of the d e p o s it io n a l a r e a  had  v e r y  l i t t le  r e l i e f  and e r o s io n  

sh ou ld  h a v e  b e e n  v e r y  s lo w .

. L o d g ep o le  L im e s to n e
v

T he L o d g ep o le  L im e s to n e  i s  about 440  fe e t  th ic k  in  th e  m ap  a r e a  

and r e s t s  d i s c o n fo r m a b ly  on the T h r e e -F o r k s . ^C om m only the L od g ep o le  

o v e r l ie s  th e  S a p p in g to n <M em b er  of th e  T h r e e  F o r k s , but n ea r  the m ou th  

of South C ottonw ood  C a n y o n -(NW 1 /4  NW  1 /4  s e c .  35 ,, T . 35. ,. R . 5 E. ) . 

th e -Sap p in gton  i s  a b se n t  and the L o d g ep o le  r e s t s  on the b a s a l p a rt of th e  

T r id e n t M em b er . . P r o b a b ly  due t o ■ c o m p e n sa tio n  fo r  th e in c r e a s e d  th ick ­

n e s s  of the T h r e e  F o r k s  a t th is  lo c a tio n  (a s p r e v io u s ly  noted ) the L o d g e -  

p o le  is  -th inner than  e ls e w h e r e  in  th e m a p  a r e a .

. T he lo w e r  o n e -th ir d  of the - L o d g ep o le  c o n s is t s  of m e d iu m -g r a y  ‘ 

lo c a l ly  o ran ge s ta in e d  m e d iu m - to  th ic k -b e d d e d  m o d e r a te ly  f o s s i l i f e r o u s  

l im e s to n e .  P r e s e n t  in  th is  p a r t of th e  fo r m a tio n  a re  z o n e s  o f g ra y  and  

b ro w n  c h e r t  n o d u le s , . s t r in g e r s ,  and l e n s e s ,  w h ich  ten d  to  b e -m a s s iv e  

but in  w h ich  fo r m e r  b ed d in g  p la n e s can  c o m m o n ly  be d e lin e a te d . . The 

u n it c o m m o n ly  fo r m s  le d g e s .  . S tra ta  of th e -m id d le  o n e - th ir d  of the 

fo r m a tio n , c o n s is t  of y e llo w , orange., and g r a y  th in -b ed d e d  lo c a l ly  c r o s s -  

b ed d ed  c o m m o n ly  s h a ly  a r g i l la c e o u s  l im e s to n e ,  w ith  in te r  s tr a t if ie d  

g r a y -b r o w n  m e d iu m -b e d d e d  m ic r o c r y s t a l l in e  to  c o a r s e ly  c r y s ta ll in e  

l im e s to n e .  T he a r g i l la c e o u s  l im e s to n e  ty p ic a l ly  co n ta in s  w e ll  p r e ­

s e r v e d  f o s s i l s  a s  w e ll  a s  f o s s i l  fr a g m e n ts ,  w h e r e a s  the in te r  s tr a t if ie d  

l im e s to n e  c o n ta in s  m a in ly , f o s s i l  fr a g m e n ts .  T he upper o n e -th ir d  of

i

I
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th e  fo r m a tio n  c o n s is t s  of o r a n g e -h r  own' m e d iu m - and th ic k -b e d d e d  

lo c a l ly  c r o s s -b e d d e d  l im e s to n e ,  co n ta in in g  th in -b e d s  o f in te r c a la te d  

b u ff c o lo r e d  n o n -c a lc a r e o u s  sh a le  in the lo w e r  p art. P r e s e n t  in the  

m id d le  p a rt of th is  u n it a r e  th ic k  b ed s  of c o a r s e ly  c r y s ta l l in e  f o s s i l -  

h a s h - l im e  s to n e . . T he. co n ta c t o f L o d g ep b le  w ith  the o v e r ly in g  M iss io n  

C anyon . L im e  s to n e  i s  sh a rp  and c o n fo r m a b le .

The. L o d g ep o le  i s  of E a r ly  M is s is s ip p ia n  a g e , r a n g in g ,fr o m  m id d le  

K in d erh o o k ia n  to  e a r ly  O sa g ia n  (S a n d o -and'D u tro, I960 ).

M is s io n  C anyon. L im e sto n e

The M is s io n  C a n y o n  L im e s to n e  co n fo r m a b ly  o v e r l ie s  the L o d gep o le  

and i s  ab ou t 375 f e e t  th ic k . T he b a se  of th e  M iss io n  C anyon .is  c o n ­

s id e r e d  to  b e at the f ir s t  o c c u r r e n c e  of a m a s s iv e  l im e s to n e  unit  

im m e d ia te ly  o v e r ly in g  th in -  to  m e d iu m -b e d d e d  s tr a ta  o f th e -L o d g ep o le .

The lo w e r  p a r t of the M iss io n  C anyon c o n s is t s  of tan  l ig h t -g r a y  

w e a th e r in g  th ic k -b e d d e d  and m a s s iv e ,  lo c a l ly  c r o s s -b e d d e d , f in e -  to  

c o a r s e - g r a in e d  l im e s to n e ,  w ith  in ter  s t r a t if ie d  l ig h t -g r a y  to  y e l lo w -  

b ro w n  th in -  and m e d iu m -b e d d e d  l im e s to n e  and d o lo m it ic  l im e s to n e .  T he  

lo w e r  p a rt c o m m o n ly  co n ta in s  o o l i t ic  z o n e s , f o s s i l  h a sh , and lo c a l ly  

w e ll  p r e s e r v e d  f o s s i l s .

The u p p er  p a r t of the fo r m a tio n  i s  c h a r a c te r iz e d  b y  l im e s to n e  s im ila r  

■to th at o f th e  lo w e r  p a rt, but th e in te r  s t r a t if ie d  b ed s  a r e  m a in ly  d o lo m ite .  

T he d o lo m ite  is  p r in c ip a lly  o f th r e e  ty p e s , l i s t e d  in o rd er  of d e c r e a s in g  

abundance: (I )  g r a y -b r o w n  th in -b e d d e d  to  m a s s iv e  fin e  - to  m e d iu m ­

g r a in e d  d o lo m ite , (2) l ig h t - ta n  w h ite  w e a th e r in g  th in -  to  m e d iu m -b e d d e d
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d e n se  d o lo m it e , . and (3) b row n  th ic k -b e d d e d  f in e -g r a in e d  sa c c h a r o id a l  

p e tr o l i f e r o u s  d o lo m ite , id e n t ic a l to  that of th e  J e f fe r s o n . . R o b e r ts  (1961 , 

p. B 294) b e l i e v e s  the d o lo m ite  to  h ave  b e e n  d e p o s ite d  d ir e c t ly  fr o m  se a  

w a ter ; h is  r e a so n in g  is  b a s e d  on (I) th e  in t im a te  in te r la y e r in g  of d o lo m ite  

and l im e s to n e ,  (2) th e  f in e r  c r y s ta l l in ity  of the d o lo m ite s  a s  op p osed  to  

th a t of th e  l im e s to n e s ,  and (3) a la r g e r  co n ten t of in so lu b le  r e s id u e s  in
i

the d o lo m ite s .  H o w e v e r , d o lo m it iz e d  f o s s i l  fr a g m e n ts  s u g g e s t  that  

d o lo m it iz a t io n  i s  a s e c o n d a r y  fe a tu r e .

G ray  and b row n  c h e r t ' le n s e s ,  n o d u le s , and s tr in g e r s  are  abundant 

in  the u p p er  p a rt of the fo r m a tio n , but a r e  l e s s  co m m o n  in  th e  lo w e r  

p a r t. S o m e of th e  c k e r t  n o d u le s  and s t r in g e r s  con ta in  s i l i c i f i e d  f o s s i l s ,  

n o ta b ly  s o l i ta r y  c o r a ls .

S o lu tio n  or c o l la p s e  b r e c c ia s  a r e  co m m o n  in  the u p p er  p a rt of the  

fo r m a tio n  and a r e  o f tw o ty p e s :  (I) ir r e g u la r  m a s s e s ,  and (2) la te r a l ly

co n tin u o u s z o n e s . The ir r e g u la r  m a s s e s  of b r e c c ia  o c c u r  h ig h e r  in  the  

fo r m a tio n  than  the la t e r a l ly  con tin u ou s b r e c c ia  z o n e s  and m a y  h ave s e r v e d  

a s  co n d u its  to  th e la t e r a l ly  con tin u ou s b r e c c ia .  The la t e r a l ly  con tin u ou s  

b r e c c ia  c o m m o n ly  w e a th e r s  b lu is h -g r a y  and c o n s is t s  o f fr a g m e n te d  d e n se  

b ro w n  d o lo m ite , w ith  a few  ir r e g u la r  c h e r t  z o n e s . It i s  lo c a l ly  cem e n ted  

w ith  y e llo w  or r e d  c a lc a r e o u s  m u d sto n e , ty p ic a l of th at of the A m sd en  

F o r m a tio n . K lep p er  and o th e r s  (1957 , p . 20) b e lie v e  th e b r e c c ia  fo r m e d  

"during a p o s t - M is s io n  C anyon p r e -A m sd e n  e r o s io n  in te r v a l by'-pene- 

c o n te m p o r a n e o u s  fo r m a tio n  and c o l la p s e  of so lu tio n  c a v e r n s . " M idd leton  

(1961) a ls o  b e l ie v e s  th e b r e c c ia  i s  a so lu t io n  and c o l la p se  fe a tu r e , but d id
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n ot form,  p e n e c o n te m p o r a n e o u s ly  (o r  b y  m e t a so m a tic  r e p la c e m e n t  

or b y  r e  c r y s ta ll iz a t io n ) .

The M is s io n  C anyon is  of la te  E a r ly  to  e a r ly  L ate  M is s is s ip p ia n  

a g e  ( la te  O sa g e  and e a r ly  M er a m ec) (R o b e r ts , 196,1, p. B 294; Sando  

and D u tr o, I960 , p. 1 1 7 -1 2 3 ).

B ig  Snow y G roup

T he B ig  Snow y G roup i s  not p r e s e n t  in  th e m ap  a r e a , and th e n e a r e s t  

know n o c c u r r e n c e  of th e  grou p  is  to  th e n o rth  in the B r id g e r  R an ge . In  

t h is  ran g e  d e fin ite  B ig 'S n o w y  s tr a ta  a r e  p r e s e n t  a s  fa r  sou th  a s  B r id g e r  

P e a k , and a p p a r e n tly  a r e -a b s e n t  in the so u th er n  p o r tio n  of th e  ran ge  

(M cM a n n is , 1955, p . 1403). T he s tr a ta  a p p ea r  to  p in ch  out a t  or  n ea r  

B r id g e r  P e a k , but th e  r o c k s  do not s u g g e s t  s h o r e lin e  co n d itio n s  ,(p erso n a l  

c o m m u n ic a t io n ,. W. J. M cM an n is, 1965). T h is  s u g g e s t s  tha.t th e  B ig  

' Sn ow y w a s  on ce -m ore  w id e sp r e a d , q u ite  p o s s ib ly  in c lu d in g  th e  map, a r e a ,  

and w a s r e m o v e d  b y  p o s t^ B ig  Snow y, p r .e -A m sd e n  e r o s io n .

, M is s is s ip p ia n  and P e n n sy lv a n ia n  

. A m sd e n  F o r m a tio n

S tra ta  of th e  A m sd e n  F o r m a tio n  ra n g e  fr o m  49 fe e t  to  78 fe e t  th ic k  in  

th e  m a p  a r e a . T he fo r m a tio n  d i s c o n fo r m a b ly  o v e r l ie s  th e  M iss io n  C anyon  

. and  i s  g e n e r a l ly  b e l ie v e d  to  h ave  b e e n  d e p o s ite d  on k a r s t  top ograp h y . T he  

A m sd e n  fo r m s  s te e p  s lo p e s  but ,ou tcrop s a r e  p oor .
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T he A m sd e n  c o n s is t s  of p u r p lish  th in -  to  m e d iu m -b e d d e d  d o lo m itic  

l im e s to u e ,  y e llo w  to  w h ite  th in - to  m e d iu m -b e d d e d  c a lc a r e o u s  m u d sto n e , 

b u ff c o lo r e d  th in -b e d d e d  rp,edium - to  c o a r s e -g r a in e d  p o r o u s  l im e s to n e ,  

and a red ,, g ra y , arid b la c k  c h e r ty  d o lo m ite  zon e. T he u p p e r m o st  

A m sd e n  c o n s is t s  of tan  and p u rp le  m o tt le d  th in -b ed d e d  s i l t  s to n e  w hich  

i s  o v e r la in  b y  y e l lo w -g r a y  th in -  to  m e d iu m -b e d d e d  m e d iu m - to  c o a r s e ­

g r a in e d  and g e n e r a l ly  p o o r ly  in d u ra ted  san d y  d o lo m ite , th at g r a d e s  u p ­

w a rd  in to  ty p ic a l  Q uadrant Q u a r tz ite . T h e A m s d e n -Q uadrant co n ta ct  

w a s  c h o se n  at th e  top  o f th e  h ig h e s t  r ed  s tra tu m  b e tw e e n  th e  M iss io n  

C anyon  c a r b o n a te s  and ty p ic a l Q uadrant sa n d sto n e .

R ed  s tr a ta  a r e  p r e s e n t  w h e r e v e r  the A m sd en  is  p r e s e n t ,  w ith  the  

e x c e p t io n  of one lo c a l ity .  .'At th is  lo c a tio n  (on  South C ottonw ood  C reek ) 

th e  fo r m a tio n  i s  v e r y  fa in t ly  p ink to  w h ite , the u su a l r e d  c o lo r  p o s s ib ly  

h a v in g  b e e n  le a c h e d  b y  ground  w a te r . If so , the m o v e m e n t o f the w a ter  

w a s not dow nw ard  a s  th e so lu tio n  b r e c c ia s  of the u n d e r ly in g  M iss io n  

C anyon a r e  not s ta in e d  th e ir  c h a r a c te r is t ic  red  c o lo r .

R e c e n t  p a le o n to lo g ic  s tu d ie s  in  the g e n e r a l r e g io n  of th e  m ap  a r e a  

in d ic a te  th a t th e  A m sd e n  is  of L a te  M is s is s ip p ia n  and E a r ly  P e n n sy lv a n ia n  

a g e  (R o b in so n , 1963, p. 4 8 -4 9 ) .

Q uadrant Q u a rtz ite

T he Q uadrant Q u a rtz ite  .co n fo rm a b ly  o v e r l ie s  th e  A m sd e n  and d is -  

c o n fo r m a b ly  u n d e r lie s  the. Saw tooth  F o r m a tio n  (J u r a s s ic ) .  C o m p lete  

s e c t io n s  of th e  Q uadrant a r e  p r e s e n t  o n ly  in  South C ottonw ood  C anyon  

w h e r e  th e  fo r m a tio n  c r o p s  out on the n o r th e a s t  s id e  of the c r e e k .. In
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t e r m s  of th ic k n e s s ,  th e  Q uadrant i s  th e  m o s t  v a r ia b le  fo r m a tio n  in  the  

m a p  a rea ; it  r a n g e s  fr o m  198 fe e t  th ic k  in th e NW 1 /4  SE 1 /4  s e c . I,

T . 4S. ,.  R . BE. , to  a p p r o x im a te ly  300 f e e t  th ic k  in the N E 1 /4  SE 1 /4  f 

s e c .  35 , T . 35. , R . SE. - -a  d is ta n c e  of o n ly  o n e .m ile .  T he v a r ia tio n  

i s  a ttr ib u ted  to  p o s t -Q u a d ra n t- p r e -S a w to o th  e r o s io n .

T he lo w e r  p a rt of the Quaclrant ’c o n ta in s  tan  and y e l lo w -g r a y  m e d iu m - 

and th ic k -b e d d e d  f in e -  to  m e d iu m -g r a in e d  d o lo m ite  in terb ed d ed  w ith  

y e l lo w  and w h ite  m e d iu m -g r a in e d  q u artz  sa n d sto n e . T he d o lo m ite  b ed s  

a r e  p r o g r e s s iv e ly  fe w e r  and th in n er  u p se c t io n . T he m a jo r  p a rt of the  

fo r m a tio n  is  tan  to  w h ite  m e d iu m  and th ic k -b e d d e d  fin e  - to  .m e d iu m - 

g r a in e d  lo c a l ly  c r o s s -b e d d e d  q u artz  sa n d sto n e . The sa n d sto n e  is  

g e n e r a l ly  m o d e r a te ly  in d u ra ted  but i s  lo c a l ly  q u a r tz it ic . L o c a lly  in t e r ­

b ed d ed  in  th e upper 25 f e e t  of the fo r m a tio n  a r e  th ic k  b e d s  of y e llo w -  ' 

w h ite  f in e -  to  m e d iu m -g r a in e d  c a lc a r e o u s  q u artz  sa n d sto n e  con ta in in g  

g r a y  c h e r t  n o d u le s  and s tr in g e r s ;  l e s s  c o m m o n ly  p r e s e n t  i s  m e d iu m -  

b ed d ed  d o lo m ite . T he Q uadrant c o m m o n ly  fo r m s  ta lu s  c o m p r ise d  of 

r e c ta n g u la r  b lo c k s .

T he Q uadrant h a s  y ie ld e d  v e r y  fe w  f o s s i l s  in  th e r e g io n , but the  

fo r m a tio n  is  g e n e r a l ly  c o n s id e r e d  to  be of P e n n sy lv a n ia n  a g e .

P e r m ia n

P h o sp h o r ia  F o r m a tio n

S tra ta  of the P h o sp h o r ia  F o r m a tio n  a r e  not p r e s e n t  in  th e m ap  a r e a .  

T o  th e  sou th  in  th e  a d ja cen t G arn et M ountain  q u ad ran g le  th e  fo rm a tio n
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th in s  fr o m  119 fe e t  in  the so u th w e ste r n  c o r n e r  of the q u ad ran g le  to  

105 fe e t  on Squaw  C r e e k  in  the n o r th e a s te r n  p a rt (M cM ann is and 

C hadw ick , 1964, p. 14), and i s  b e tw een  75 f e e t  and 100 f e e t  th ic k  1-| 

m il e s  e a s t  of th e  so u th e a s t  c o r n e r  of the m ap  a r e a  ( W. M. W eber,

Unpub. M a ste r  o f S c ie n c e  T h e s is ,  M ontana State U n iv . , B o z e m a n , 1965, 

p. 25). A t R o ck y  C anyon about 12 m i l e s  to  th e n o r th -n o r th e a s t , the  

P h o sp h o r ia  is  o n ly .36 f e e t  th ic k  (C r e s sm a n  and S w an son , 1964, p. 305) 

and i s  a b se n t  6 m i l e s  fa r th e r  n orth  in  th e  so u th ern  end of the B r id g e r  

•R ange (M cM an n is, 1955, p. 1404).

T he p r e s e n t  ed ge  of th e  P h o sp h o r ia  is  m o s t  l ik e ly  not th e -d ep o sit- 

io n a l e d g e , but th e la t te r  m a y  not h ave  b e e n  v e r y  far  fr o m  the p r e se n t  

ed g e  of th e  fo r m a tio n . A  v q r y  im p o rta n t fa c to r  in  th is  r e g a r d  is  the  

le n g th 'o f  t im e  th at the' fo r m a tio n  w as e x p o se d  to  e r o s io n . T he stron g  

p o s s ib i l i t y  e x is t s  that L o w er  T r ia s s ic  s tr a ta  w e r e  once p r e s e n t  in  the 

m a p  a r e a  ( s e e  T r ia s s ic ) .  T he d u ration  of th e  P h o sp h o r ia  e r o s io n , then , 

i s  d ep en d en t on (I) the th ic k n e s s  and e x te n t  of the p o s tu la te d  L ow er  

T r i a s s ic  s tr a ta , and (2) th e  am ount of t im e  n e c e s s a r y  to  cu t throu gh  the  

T r i a s s i c  s tr a ta  (r a te  o f e r o s io n ) .

M cM ann is and C had w ick  (1964) n ote  th a t th e lo w er  u n it o f th e  P h o sp h o r ia  

in  th e G a rn et M ountain  q u ad ran g le  co n ta in s  p r o g r e s s iv e ly  m o re  q u artz ite  

fr o m  south  to  n orth  (tow ard  the m ap  a r e a );  the u p per u n it of th e  fo r m a tio n  

i s  n e a r ly  a l l  q u a r tz ite  and co n ta in s abundant b u rro w  s tr u c tu r e s .  The  

b u r r o w  s tr u c tu r e s  a r e  co n fin ed  to  p la tfo r m  se d im e n ts  and in d ica te  that 

th e  b u rro w in g  a n im a ls  w e r e  of sh a llo w -w a te r  h ab ita t (C r e s sm a n  and
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S w a n so n , 1964, p. 3 5 1 -3 5 4 ) . T h is  s u g g e s t s  that the d e p o s it io n a l s e a  

w a s  sh a llo w  and p o s s ib ly  n ea r  a s h o r e lin e . T he in c r e a s e  in q u a rtz ite  , 

to w a rd  the m ap  a r e a  s u g g e s t s  that the m ap  a r e a  m a y  h ave  b een  p o s it iv e  

during" at l e a s t  p a rt of P h o sp h o r ia  t im e  and su p p lied  th e m a te r ia l  for  the  

q u a r tz ite  (p ro b a b ly  d e r iv e d  fr o m  the Q uadrant Q u a r tz ite ). In v ie w  of the  

fa c t  th at a l l  of th e  fo r m a t io n s  in the m ap  a r e a  are  th in n er  than th o se  of 

th e  G a rn e t M ountain  q u a d ra n g le , it  i s  p o s s ib le  that th e P h o sp h o r ia  w as  

n e v e r  d e p o s ite d  in th e m a p  a r e a . A s p r e v io u s ly  m e n tio n e d , th e r e  e x is t s  

th e  e q u a lly  p ro b a b le  a lte r n a t iv e  that P h o sp h o r ia  s tr a ta  w e r e  d e p o s ited  

in  and su b se q u e n tly  r e m o v e d  fr o m  the m a p  a r e a . A  m o r e  p o s it iv e  a n sw e r  

a w a its  a d e ta ile d  stu d y  of the P h o sp h o r ia  in  th e n orth  end  of th e  G a lla tin  

R a n g e .

T r ia s s ic  ~ ,

T r ia s s ic  s tr a ta  a r e  a b se n t  in  the m a p  a r e a  but a r e  p r e s e n t  n earb y . 

T he T r i a s s ic  of so u th w e s te r n  M ontana is  r e p r e s e n te d  b y  th e  fo llo w in g  

se q u e n c e  of L o w er  T r ia s s ic  fo r m a tio n s:  th e  m a r in e  D in w o o d y F o r m a tio n  

w h ic h  in te r  ton gu e s w ith , and is  o v e r la in  b y , th e  red  b ed  W ood sid e or 

C hu gw ater F o r m a tio n , w h ich  in turn  is  o v e r la in  b y  th e m a r in e  T h ayn es  

F o r m a tio n  w h e r e  th e la t te r  i s  p r e s e n t  (K u m m el, I960; M o r itz , 1951).

T he n e a r e s t  o c c u r r e n c e  of D in w ood y  is  15 m i l e s  sou th  of th e  m ap  a r e a  

w h e r e  M cM ann is and C had w ick  (1964) m e a s u r e d  265 f e e t  o f s tr a ta .  

D in w ood y  s tr a ta  a r e  a ls o  r e p o r te d  in  the M ad ison  R an ge , w e s t  of the m ap  

a r e a  (M o r itz , 1951). T he W ood sid e i s  p r e s e n t  a p p r o x im a te ly  40 m i le s
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sou th  of th e  m ap  a r e a  w h e r e  it  o v e r l ie s  th e  D in w ood y  and h a s  a m in im u m  

th ic k n e s s  of 350 f e e t  (W itk ind , 1964). W itkind a ls o  m ap p ed  w hat m a y  

p o s s ib ly  b e a 9 - fo o t  th ic k  s e c t io n  of th e  T h a y n es . N o o th er  T h ayn es - 

s tr a ta  h a v e  b e e n  r e p o r te d  in  the v ic in ity  of th e  m ap  a r e a  and, in  

M ontana, a r e  a p p a r e n tly  r e s t r ic t e d  to  th e s o u th w e s te r n m o s t  p a rt of 

th e  s ta te . M o r i t z .(195 I, p. 1798) s ta te s  th at M idd le  and U pp er T r ia s s ic  

s tr a ta  a r e  not p r e s e n t  in  so u th w e s te r n  M ontana and th a t th e r e  is  "no 

e v id e n c e  to  in d ic a te  th a t th e y  w e r e  e v e r  d e p o s ite d . "

M o r itz  (1951) s ta te s  th a t th e  s i l t s t o n e s  of the D in w ood y  a r e  of the  

su b g r a y w a ck e  typ e  and a r e  th e r e fo r e  s u g g e s t iv e  o f m ild ly  u n sta b le  c o n ­

d it io n s ;  th is  m a y  r e f le c t  in c r e a s in g  su b s id e n c e  of th e  s h e lf  and c o n se q u e n tly  

in u n d ation  of a la r g e r  a r e a . T he D in w ood y  of the G a rn et M ountain  quad­

r a n g le  i s  not ty p ic a l  of a sh o r e lin e  d e p o s it;  it  i s  p o s s ib le ,  th e r e fo r e , th at  

th e  fo r m a tio n  w a s  on ce  m o r e  w id e sp r e a d  (p o s s ib ly  c o v e r in g  the m ap  a r e a )  

and w as su b se q u e n tly  r e m o v e d  b y  e r o s io n . T he long p o s t - E a r ly  T r ia s  s ic ,  

p r e - M idd le J u r a s s ic  h ia tu s  (a p p r o x im a te ly  50 m . y. ) w ou ld  h a v e  b een  

s u ff ic ie n t  t im e  to  r e m o v e  T r ia s  s ic  s tr a ta  fr o m  th e  m a p  a r e a .

J u r a s s ic

J u r a s s ic  s tr a ta  a r e  con fin ed  to  th e e a s t - c e n t r a l  p a rt of the m ap  a r e a  

w h e r e  th e y  cro p  out on th e  e a s t  w a ll of South  C ottonw ood  C anyon . The 

m a rin p  E l l i s  G roup, in c lu d in g  th e  S aw tooth , R ie r don, and S w ift fo r m a tio n s ,  

and th e  n o n -m a r in e  M o r r is o n  F o r m a tio n  to g e th e r  c o m p r is e  th e 403 -fo o t  

J u r a s s ic  s e q u e n c e .

I
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S aw tooth  F o r m a tio n

The S aw tooth  F o r m a tio n  is  82 fe e t  th ic k  in  th e m ap  a r e a  and d is -  

c o n fo r m a b ly  o v e r l ie s  the Q uadrant F o r m a tio n , A t the b a s e  o f the  

S aw tooth  o c c u r s  a g r a y  to  d ark  brow n  c o n g lo m e r a t ic  sa n d sto n e , c o m ­

p r is e d  of m a r o o n , ,gray, and b la c k  su b a n g u la r  to  subroun d ed  ch ert  

p e b b le s  and lig h t  g r a y  l im e s to n e  p e b b le s  in  a m a tr ix  of q u a rtz  and ch er t  

sa n d . T he u n it i s  ir r e g u la r ly  thin-. U pw ard , a p p r o x im a te ly  25 fe e t  of
I

th in -b e d d e d  f o s s i l i f e r o u s  c a r b o n a c e o u s  s i l t  sto n e  and d o lo m ite  a re  

p r e s e n t .  T he m a jo r  o v e r ly in g  p o rtio n  o f th e  fo r m a tio n  is  c o m p r ise d  of 

52 f e e t  of lig h t  g r a y  th in -b e d d e d  b lo c k y , h a ck ly , or sh a ly  abundantly  

f o s s i l i f e r o u s  l im e s to n e .  T h e u p p e r m o st  few  fe e t  of th e  fo r m a tio n  c o n s is t s  

of y e llo w -b r o w n  f o s s i l i f e r o u s  m u d sto n e .

. E a s t  of th e  m a p  a r e a  R o b e r ts  (1964) m ap p ed  e q u iv a le n t s tr a ta  and 

t e r m e d  th e se q u e n c e  th e  P ip e r  F o r m a tio n , the c e n tr a l and e a s te r n  M ontana  

a ge e q u iv a le n t of th e  Saw tooth . H o w e v e r , h is  l i th o lo g ic  d e s c r ip t io n  is  

v e r y  s im ila r  to  th at of the w r ite r ,  and -d iffers  v e r y  s ig n if ic a n t ly  fro m  that 

of th e P ip e r  a t th e  ty p e  s e c t io n  a s  d e fin ed  b y  Im la y  and o th e r s  (1948) and  

exp an d ed  b y  N o r d q u is t  (1955) to  in c lu d e  m e m b e r  s ta tu s  fo r  c e r ta in  u n its . 

T h e fo r m a tio n  in  the tw o m a p  a r e a s  a r e  c lo s e ly  s im ila r  to  that of the  

S aw tooth  in  th e typ e  E l l i s  s e c t io n s  a s  d e s c r ib e d  b y  C obban (1 9 4 5 , p. 12 7 2 -  

1273).

T he S aw tooth  is  of M idd le  J u r a s s ic  a g e , and in c lu d e s  the B a jo c ia n  

and B ath o n ia n  s ta g e s  (M cK ee and o th e r s ,  1956 , p. 5).
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R ie r d o n  F orm ation .

The R ie r d o n  F o r m a tio n , m id d le  u n it o f th e  E l l i s  G roup, i s  5 I f e e t  

th ic k  in  the m ap  a r e a  and r e s t s  c o n fo r m a b ly  o±i th e  S aw tooth . The  

fo r m a tio n  c o n s is t s  of a b a s a l  lig h t  g r a y  w ea th e r in g  tan  m e d iu m -b e d d e d  

d e n s e ly  o o l i t ic  l im e s to n e .  U pw ard , th e  R ierd o n  b e c o m e s  th ic k -b e d d e d  

and m a s s iv e  and c o n s is t s  of a le d g e  fo r m in g  g r a y -b r o w n  w ea th er in g  

f o s s i l - f r a g m e n t e d  o o li t ic  l im e s to n e .  T he la t te r  unit w e a th e r s  to  a 

p itte d  su r fa c e  and lo c a l ly  co n ta in s  b row n  c h e r t  fr a g m e n ts  and th in  

s t r in g e r s  a t w hat a r e  o b v io u s ly  fo r m e r  b ed d in g  p la n e s . S ty lo li t e s  a r e  

lo c a l ly  p r e s e n t  on n o n - c h e r ty  b ed d in g  p la n e s . T he s u r fa c e  o f the top  

m o s t  b ed  of th e  R ie r d o n  is  v e r y  u n ev en , and lim o n ite  and h e m a tite  d e ­

p o s it s  a r e  c h a r a c t e r is t ic  of it . T he S w ift -R ie r d o n  co n ta ct is  m a r k e d ly
, - , 1

ir r e g u la r  (d is c o n fo r m a b le ) ; c o n se q u e n tly , ty p ic a l upper R ierd o n  s tr a ta

c o n s is t in g  of g r a y -g r e e n  th in ly  la m in a te d  f o s s i l i f e r o u s  l im e s to n e  and  

l e s s  co m m o n ly  n od u lar  l im e s to n e  a r e  o n ly  lo c a l ly  p r e s e n t .  T h e se  

s tr a ta  do not e x c e e d  th r e e  f e e t  in th ic k n e s s .

The R ie r d o n  i s  of la te  M idd le J u r a s s ic  ag e  (e a r ly  to  m id d le  C a llo v ia n )  

(M cK ee and o th e r s , 1956, p. 5).

S w ift F o r m a tio n

The S w ift F o r m a tio n  i s  58 f e e t  th ic k  in  the m ap a r e a  and o v e r l ie s  the  

R ie r d o n  w ith  a m a r k e d  d i s c o n fo r m ity . T he b a sa l p a rt o f th e  fo rm a tio n  con  

g is t s  of g r a y  th ic k -b e d d e d  m e d iu m  g r a in e d  lin o n it ic  c a lc a r e o u s  quartz  

sa n d sto n e  th a t is  o n ly  lo c a l ly  p r e s e n t .  It i s  o v e r la in  b y  10 f e e t  of d ark  

b ro w n  to  b la c k  m e d iu m - and th ic k -b e d d e d , c r o s s -b e d d e d  m e d iu m  g ra in ed



sp a r in g ly  g la u c o n it ic  n o n -c a lc a r e o u s  q u artz  sa n d sto n e . R ip p le  .m ark s a r e  

p r e s e n t  on so m e b e d s  and d if fe r e n t ia l w ea th e r in g  h a s  c a u se d  so m e of the  

c r o s s - b e d s  to  s^and out in  r e l ie f .  G ray , g r e e n , and b la c k  subangu lar  

c h e r t  p e b b le s  a r e  s p o r a d ic a lly  p r e s e n t  in  the u n it. The r e m a in d e r  of 

th e  S w ift c o n s is t s  of 45 f e e t  of tan  lo c a l ly  m a r o o n  s ta in e d  m e d iu m - and  

th ic k -b e d d e d  sp a r in g ly  c r o s s -b e d d e d  l im o n it ic  m o d e r a te ly  in d u ra ted  

c a lc a r e o u s  sa n d sto n e; n e a r  th e  top  of the un it a re  a few  in te r  s tr a t if ie d  

b e d s  of lig h t  b lu e -g r a y  san dy  and s h a ly  l im e s to n e .

T he e r o s io n a l  u n c o n fo r m ity  at th e  R ie r d o n -S w ift  co n ta c t (Im Jay and  

o th e r s ,  19.48; Im la y , 1956) i s  a t te s te d  to  b y  the m a r k e d ly  ir r e g u la r  c o n ­

ta c t  and the s p o r a d ic  p r e s e n c e  of th e  u pper R ierd o n  sh a le  in  the m ap  a r e a ,  

and th e p e r s is t e n t  p r e s e n c e  of the la t te r  to  th e  e a s t  and i t s  a b se n c e  to  the  

sou th .

' T he S w ift i s  of e a r ly  to  m id d le  L a te  J u r a s s ic  ag e  (O xford ian) and the  

. h ia tu s  r e p r e s e n t s  th e u p p er  one -h a lf  of th e  C a llo v ia n  (M cK ee and o th e r s ,

, 1956 , p .  5).

M o r r is o n  F o r m a t io n

S tra ta  of the n o n -m a r in e  M o r r iso n  F o r m a tio n  o v e r l ie  and a r e  m a r k e d ly  

d if fe r e n t  fr o m  th o se  o f th e  Sw ift; th e  le d g e -fo r m in g  san d y  lim e s to n e  or  

sa n d sto n e  of th e  m a r in e  S w ift ch a n g es  up w ard  to  d eep  r e d  c la y sto n e  of th e  " 

n o n -m a r in e  M o r r iso n . Im la y  (1956 , p. 565) s ta te s  th at no e v id e n c e  h a s  

b e e n  found fo r  a d i s c o n fo r m ity  at th is  contact,; The M o r r iso n  is  212 fe e t  

th ic k  in  the m a p  a r e a  and is  p o o r ly  e x p o se d .

40
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T he lo w e r  o n e -h a lf  o f th e  fo r m a tio n  c o n s is t s  of r e d d ish -b r o w n  

m u d sto n e  and sh a le  w ith  in te r  s t r a t if ie d  r e d -g r a y  th in -b e d d e d  f in e ­

g r a in e d  h a rd  c a lc a r e o u s  q u a rtz  sa n d sto n e  and s i l t s to n e ,  f in e -g r a in e d  

n o n -c a lc a r e o u s  l im o n it ic  and h e m a t it ic  q u a rtz  s a n d s to n e , . and th in  d i s ­

co n tin u o u s b e d s  of lig h t  g r e e n  and g r a y  n o d u la r  l im e s to n e .  T he upper  

o n e -h a lf  of th e  M o r r iso n  co n ta in s  lig h t  g r e e n  th in -b e d d e d  san d y  lim e s to n e  

in  th e  lo w e r  p a r t, but th e u n it i s  d o m in a ted  b y  tan  to  g r a y  th in -  and m e d iu m -  

b ed d ed  l im o n it ic  c a lc a r e o u s  f in e -g r a in e d  q u artz  sa n d sto n e  and s i lt s to n e .

T h e sa n d sto n e  and s i l t s to n e  a r e  lo c a l ly  c r o s s -b e d d e d  and a r e  p o o r ly  to  

w e ll  in d u ra ted . P la n t fr a g m e n ts  w e r e  found in the u p per b e d s  of th is  

u n it.

Im la y  and o th e r s  (1948) c o n s id e r  the M o r r iso n  to  b e o f L a te  J u r a s s ic  

a g e , ran g in g  fr o m  e a r ly  K im m e r id g ia n  th ro u g h  e a r ly  P o r tla n d ia n .

C r e ta c e  ous

C r e ta c e o u s  s tr a ta  a r e  p r e s e n t  o n ly  in  th e  e a s t - c e n t r a l  p a rt of th e  m a p  

a r e a ,  h ig h  on the e a s t  s id e  of South  C ottonw ood  C reek . T h ey  a r e  r e p r e ­

se n te d  b y  250 fe e t  of S e d im e n ta r y  r o c k s  of the K oo ten a i and T h erm O pp lis  

fo r m a t io n s . . A  th ic k e r  s e q u e n c e  of th e s e  s tr a ta  (about 700 fe e t)  i s  r e ­

p o r te d  b y  M cM ann is and C had w ick  (1964) 10 m i l e s  so u th w e st  of the above  

lo c a t io n , and th icker, s e q u e n c e s  of th e s e  and younger' C r e ta c e o u s  s tr a ta  

a r e  p r e s e n t  n ea r  H y a lite  Re s e r v o ir  about tw o m ile s  s o u th e a s t  of the m ap  

a r e a  (4000  fe e t)  (R o b e r ts , 1964), th e  B r id g e r  R ange (1 0 ,0 0 0  fe e t)

(M cM an n is, 1955); and n e a r  L iv in g sto n , M ontana (1 2 ,0 0 0  fe e t )  (R o b e r ts ,
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1965). T he a b se n c e  of th e  you n g er  C r e ta c e o u s  r o c k s  .in th e -map a r e a  

i s  due to  (I) r e c e n t  e r o s io n , (2) fau ltin g  and e r o s io n  p r io r  to  d e p o s i­

t io n  of T e r t ia r y  v o lc a n ic  r o c k s , and (3) p ro b a b ly  in  p a rt n o n -d e p o s i­

tio n .

R o b e r ts  (1965)' h a s  c o r r e la te d  the C r e ta c e o u s  (and L o w er  T e r t ia r y )  

r o c k s  of th is  r e g io n  w ith  th o se  of o th er  a r e a s  of M ontana and W yom ing.

In so  doing h e e le v a te d  th e  L iv in g sto n  and C o lo ra d o  fo r m a tio n s  to  group  

ran k , th e  la t te r  fo r m a tio n  h av in g  lon g  had  th is  s ta tu s  in  v a r io u s  a r e a s .

H e th en  a p p lied  fo r m a tio n  n a m e s  to  th e c o r r e la te d  u n its  and d e s ig n a te d  

m e m b e r  s ta tu s  fo r  c e r ta in  l i th o lo g ic  su b d iv is io n s  of the fo r m a tio n s .

K o o ten a i F o r m a tio n

T he K o o ten a i F o r m a tio n  i s  a tr ip a r t i t e  seq u en ce  Of n o n -m a r in e  s tr a ta  

d i s c o n fo r m a b ly  o v e r ly in g  th e M o r r iso n . T he fo rm a tio n  i s  205 fe e t  th ick  

w h e r e  m e a s u r e d  in  South  C ottonw ood  CanyOn.
i

T he b a s a l  u n it of th e  K o o ten a i, th e  s o  c a l le d  P r y o r  C on g lom erate  

M em b er  of R o b e r ts  (1 9 6 5 ), i s  45 f e e t  th ick . It c o n s is t s  of lig h t g ra y , tan , 

and p ink  th ic k -b e d d e d  to  m a s s iv e  c r O ss -b e d d e d  m e d iu m - and c o a r s e ­

g r a in e d  to  c o n g lo m e r a t ic  sa n d sto n e . T h e sa n d sto n e  is  of th e  s a lt  and  

p ep p er  ty p e , b e in g  c o m p r is e d  of su b an gu lar  to  sub rou n d ed  g r a in s  o f tan  

an d  w h ite  q u a r tz  and b la c k  c h e r t . Subrounded  and rou n d ed  white* tan , 

g r a y , p u rp le , and b la c k  c h e r t  p e b b le s  and r a r e ly  q u a r tz ite  p e b b le s  c o m ­

p r is e  th e  c o n g lo m e r a t ic  p a rt of the sa n d sto n e . L o c a lly  th e sa n d sto n e  is  

p o o r ly  in d u ra ted  and d o e s  n ot fo r m  p ro m in en t o u tc r o p s .
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The m id d le  u n it of th e  K o o te n a i'is  130 f e e t  th ick , and i t s  u n ity  l i e s  

in  th e fa c t  th a t it i s  'c o m p r ised  of m a n y  d if fe r e n t  l i th o lo g ie s .  It c o n s is t s  

of w h ite , p ink , and red  b lo c k y  m u d s to n e ; w h ite , g ra y , and lig h t g ree n  

h a c k ly , sh a ly , or  n o d u la r  lim e s to n e ;  red  and m a r o o n  th in -  and m ed iu m  - 

b ed d ed  c a lc a r e o u s  s i l t  sto n e  and fin e  g r a in e d -s a n d s to n e , th e  la tter-  

lo c a l ly  co n ta in in g  s m a ll  r ed  and b la c k  c h e r t  p e b b le s . T he r e d  m u d ston e  

c o m m o n ly -fo r m s  b e n c h e s  in  the m ap  a r e a .

The 3 0 -fo o t  th ic k  u pper un it c o n s is t s  o f lig h t  g r a y  th in -  and m ed ium -,, 

b ed d ed  g a s tr o p o d -  and o s t r a c o d -b e a r in g  f r e s h -w a te r  l im e s to n e  o v e r la in  

b y  y e llo w -b r o w n  and g r a y  sh a ly  m u d sto n e . T he " g a stro p o d  lim e s to n e "  

i s  a w id e ly  r e c o g n iz e d  m a r k e r  b ed  n ea r  or at the top  of th e  K o o ten a i in  

•so u th w e ste r n  M ontana.

. A c c o r d in g  to  R o b e r ts  (1 9 6 5 , p. B 57) th e  K o o ten a i i s  o f E a r ly  

C r e ta c e o u s  a g e  ( la te  A p tian ).

T h e r m o p o lis  S h a le

T he T h e r m o p o lis  S h a le  is  r e p r e s e n te d  in  the m a p  a r e a  b y  a p p r o x i­

m a te ly  50 f e e t  of th e  lo w e r  sa n d sto n e  m e m b e r  of the fo r m a tio n . The  

s tr a ta  a r e  p o o r ly  e x p o se d  and c o n s is t  of a b a s a l  y e llo w -b r o w n  (I im o n itic )  

th in -b e d d e d  f in e -  and v e r y  f in e -g r a in e d  q u artz  sa n d sto n e  in terb ed d ed  w ith  

l ig h t  and d ark  g r a y  v e r y  f in e -g r a in e d  sa n d sto n e  and s i l t s to n e .  R o b e r ts  

(1965) s ta te s  th a t the fo r m a tio n  l i e s  u n co n fo rm a b ly  on  th e  K o o ten a i, h is  

e v id e n c e  b e in g  th a t in  m a n y  p la c e s  the T h e r m o p o lis  f i l l s  d e p r e s s io n s  

in  th e la t te r .  W. A . C obban (o r a l c o m m u n ica tio n , 1963, in  R o b e r ts ,

1965, p. B 55) b e l i e v e s  th e  h ia tu s  to  b e s m a ll ,  c itin g  e v id e n c e  th at the
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in d ex  f o s s i l  P r o fe l l ip t io  d o u g la s s i  o c c u r s  im m e d ia te ly  above -and b e lo w  

th e  w id esp rea d , d is c o n fo r m ity  se p a r a tin g  th e  tw o  fo r m a tio n s .
I 1 ■

T he lo w e r  sa n d sto n e  m e m b e r  is  of E a r ly  C r e ta c e o u s  a g e , ran gin g  

fr o m  la t e s t  A p tian  to  e a r ly  A lb ia n  (R o b e r ts , 1965, p . B 5 7 ).

Im p lic a t io n s  o f M a rin e  S e d im e n ta r y /S e q u e n c e

T he m o s t  ou tstan d in g  c h a r a c te r is t ic  of th e  P a le o z o ic  and M e s o z o ic  

s e d im e n ta r y  se q u e n c e  is  it s  l e s s e r  th ic k n e s s  a s  c o m p a red  to  se d im e n ta r y  

s tr a ta  of th e  sa m e  a ge  in ,n e a r b y  a r e a s .  In the m a p  a r e a  th e  th ic k n e s s  

r a n g e s  fr o m  2700  fe e t  to  3300 f e e t ,  w h e r e a s  to  the so u th  in  th e  a d ja cen t  

G a r n e t M ountain  q u a d ra n g le , fo r  e x a m p le , th e  seq u e n c e  is  in  e x c e s s  of 

4 5 0 0  fe e t  th ick . E a s t  of th e  m a p  a r e a  an  e s t im a te  o f th e  co m p a ra b le  

s tr a t ig r a p h ic  u n its  y ie ld s  a v a lu e  in  e x c e s s  of 5500 f e e t .  F r o m  th e s e  

d ata  it  i s  a p p a ren t th a t the s tr a ta  of th e  m a p  a r e a  u n d erw en t a so m ew h a t  

d if fe r e n t  h is t o r y  than  s tr a ta  of the b o r d e r in g  a r e a s .

T he m a p  a r e a  w a s  a p p a ren tly  one of s lo w  su b s id e n c e  a s  co m p a red  

to  th e  b o r d e r in g  a r e a s  and (m a r in e ) d e p o s it io n  m a y  lo g ic a l ly  be c o n ­

s id e r e d  to  h a v e  p r o c e e d e d  l e s s  co n tin u o u sly  or at a s lo w e r  r a te . In ­

d iv id u a l fo r m a t io n s  a r e  co m m o n ly  th in n er  in  the m ap  a r e a  than  in  the  

b ound ing a r e a s ;  fo r m a t io n s  that a re  th in  in  the b o r d e r in g  a r e a s  m a y  be  

a b se n t in  the -map a r e a  (for  e x a m p le , th e  b la c k  sh a le  u n it a t the b a se  of 

th e  L o d g ep o le  -and th e  P e r m ia n  ,P h o sp h o r ia  F o r m a tio n ) . T h is  th inning  

or a b s e n c e  i s  in  p a r t due to  the p e r s is t e n t  p o s it iv e  n a tu re  of the m a p  

a r e a  and th e  r e s u lta n t  e r o s io n  o f fo r m a tio n s  su b seq u en t to  th e ir
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d e p o s it io n . It i s  a ls o  due in  p a rt to  n o n d e p o s it io n  of s e d im e n t  or  

d e p o s it io n  at a red u c e d  r a te . T h is  fa c t  i s  w e l l  i l lu s tr a te d  e v e n  w ith in  

th e  m ap  a r e a  b y  the C a m b r ia n  R ed  L io n  F o r m a tio n . It i s  a b ip a r tite  

fo r m a tio n  th at i s  th ic k e s t  in  th e B ig  B e a r  C r e e k  d ra in a g e  and c o n s id e r a b ly  

th in n er  atop  L a n goh r N ob . A t th e la t te r  lo c a tio n  both  th e  lo w e r  (D ry  

C r e e k  S h a le) m e m b e r  and th e  u pper m e m b e r  a r e  th in n er  than  a lon g  B ig  

B e a r  C r e e k  and th e r e  is  n o  h ia tu s  b e tw e e n  the m e m b e r s .  S lo w er  but 

co n tin u o u s d e p o s it io n  i s  th u s in d ic a te d  fo r  th e L an goh r N ob s e c t io n  for  

a t le a s t  th e  lo w e r  m e m b e r ;  th e upper m e m b e r  m a y  h a v e  b e e n  th inned  b y  

su b seq u en t e r o s io n . O ther e x a m p le s  a r e  g iv e n  in  th e  te x t  of th is  s e c t io n  

(S tra tig ra p h y ) and f ig u r e  3 g iv e s  the c o m p a r iso n  of fo r m a tio n  t h ic k n e s s e s .
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AGE FORMATION THICKNESS
( F E E T )

MAP
AREA

GARNET
MOUNTAIN
QUADRANGLE

>: THERMOPOLlS SHALE >50 > 4 0 0
CRETACEOUS

<
UJ

KOOTENAI FM 2 0 5 3 6 0 -4 1 2

UJ
h MORRISON FM 212 2 7 5 - 4 5 0

<5
SWIFT FM 5 8 25-115

JURASSIC
UJ
- J RIERDON FM 51 2 8 - 6 3
§
2

SAWTOOTH FM 8 2 120-185

TRIA SSIC DlNWOODY FM O 0 - 2 6 5

PERMIAN PHOSPHORIA FM O 105-119

PENNSYLVANIAN QUADRANT QUARTZITE 

AMSDEN FM

1 9 8 -3 0 0 1 3 5 -2 5 0

0 - 2 2 54 9  ” 7 8

MISSION CANYON LIMESTONE 3 7 5 , 6 7 5

Ml S S I S S IPPI AN LODGEPOLE LIMESTONE 4 4 0 5 7 5 -6 1 0

BLACK SHALE UNIT O 3 - 5

THREE FORKS FM 4 0  -  8 5 1 3 8 -2 2 5
U l

DEVONIAN £ JEFFER SO N  LIMESTONE 2 5 4 3 1 5 - 4 5 0
_ i

MAYWOOD FM O 0 - 3 4

UJ RED LION FM 7 6  -115 130 -  225,
b
<

Tj
PILGRIM LIMESTONE 2 4 5 - 2 8 6 1 7 0 -2 5 5 :

CAMBRIAN PARK SHALE 4 0  "  7 0 1 7 5 -2 4 1 ,"

UJ MEAGHER LIMESTONE 3 0 0 - 3 4 0 4 4 9  -  471
'

- J
Q
Q WOLSEY SHALE 4 0 - 1 9 5 1 4 0 -1 7 0
5

FLATHEAD QUARTZITE 4.0 -  7 5 5 Q -  125

PRECAMBRIAN METAMORPHIC COMPLEX' T ? .

F ig u r e  3. C hart co m p a r in g  th ic k n e s s e s  of s e d im e n ta r y  u n its  in  the  
m ap  a r e a  w ith  th o se  of th e  G arn et M ou n ta in  q u ad ran g le .
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T e r t ia r y

E a r ly  T e r t ia r y  C o n g lo m e r a te

A  c o n g lo m e r a te  s im ila r  to  the Sphinx C o n g lo m e r a te  (P e a le ,  1896,

'p. 3) c ro p s  out e a s t  of the m ou th  of L it t le  B e a r  C r e e k  (SE 1 /4  N E 1 /4  s e c .  

3 1 , T . 3S. , R . S E .  ), and is  th e  on ly  know n o c c u r r e n c e  o f th e  un it in  

th e  m ap  a r e a . It i s  e x p o se d  in a road  cu t, fo rm in g  an ou tcrop  that 

m e a s u r e s  a p p r o x im a te ly  6 fe e t  h igh  and 150 fe e t  lon g . T he c o n g lo m e r a te  

c o n s is t s  of p o o r ly  so r te d  p e b b le s  and c o b b le s  of P a le o z o ic  ca rb on ate  

r o c k s  in  a r e d -o r a n g e  to  w h ite  c a lc a r e o u s  m a tr ix . The p e b b le s  and

Ic o b b le s  a r e  su b a n g u la r  to  sub rounded  and h ave  a w h ite  h a rd  c a lc a r e o u s  

coa tin g ; th e  m a tr ix  i s  e a r th y , g e n e r a l ly  s i lty ,  and i s  c e m e n te d  b y  

p o w d ery  c a lc it e .  R o b in so n  (1963) in  in te r p r e t in g  a s im ila r  c o n g lo m e r a te  

in  th e T h r e e  F o r k s  q u ad ran g le  d is c u s s e d  tw o  p o s s ib le  o r ig in s  fo r  the  

r e d -o r a n g e  c o lo r  in  th e m a tr ix :  (I) it  m a y  r e p r e s e n t  a " la te r it ic  s o i l

d e v e lo p e d  on lo c a l  u p lan d s of lo w  r e l i e f  d uring  w a rm  and w et e p iso d e s"  

in  e a r ly  T e r t ia r y  t im e ;  or (2) the r e d -o r a n g e  c o lo r  m a y  h a v e  b e e n  d e ­

v e lo p e d  b y  ground  w a ter ,' in  p a rt b y  o x id a tio n  of fe r r o u s  ir o n  fr o m  the 

ca rb o n a te  r o c k s , and in  p a rt by r e d is tr ib u t io n  of f e r r ic  ir o n  "w ashed  

fr o m  h e m a t it ic  p e b b le s  d e r iv e d  fro m  a v a r ie ty  of ir o n - r ic h  p r e -  

Q u a tern a ry  r o c k s" . H e o p p o sed  th is  la t te r  v ie w  sta tin g  th at if  the  

c o lo r  i s  p o s td e p o s it io n a l, th e  p eb b le  s u r fa c e s  should  be c o lo r e d  r e d -  

o ra n g e  a s  w e ll  a s  th e  m a tr ix . T he sa m e  r e a so n in g  can be u se d  for  

th e  c o n g lo m e r a te  of th e  m a p  a r e a .
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The fa c t  th at th e c o n g lo m e r a te  i s  c o m p r is e d  of p o o r ly  so r te d  and  

n ot t o o - w e l l  rou n d ed  P a le o z o ic  l im e s to n e  d e b r is  s u g g e s ts  a  so u r c e  

th a t w as n o t fa r  d is ta n t. A t le a s t  four fo r m a tio n s  (P i lg r im , J e ffe r so n ,  

L o d g e p o le , M is s io n  C anyon) a r e  r e p r e s e n te d  in  th e c la s t s ;  th is  fa c t  

co u p led  w ith  th e  s iz e  and so r t in g  of th e  com p o n en t r o c k s  s u g g e s t s  that 

th e s o u r c e  a r e a  had a p p r e c ia b le  r e l ie f .  T he d e p o s it ,  th e r e fo r e ,  m a y  

b e p a rt of an a llu v ia l fan . S im ila r  c o n g lo m e r a te s  c o m p r is e d  of ca rb on ate  

c o b b le s  h a s  b e e n  in te r p r e te d  a s  p o s s ib ly  b e in g  in d ic a tiv e  o f e a r ly  u p lift  

d uring  the L a r a m id e  o r o g en y  (L o w e ll and K le p p e r , 1953; R o b in so n , 1963).

T he a g e  of th e  c o n g lo m e r a te  can n ot b e d ir e c t ly  a s c e r ta in e d , but in ­

d ir e c t  e v id e n c e  s u g g e s t s  that it  m a y  b e  of e a r ly  T e r t ia r y  a ge  -(P a le o c e n e  

or E o c e n e ) . The c o n g lo m e r a te  i s  bounded  on th r e e  s id e s  and p a r t ia lly  

o v e r la in  b y  la n d s lid e -m a te r ia l  c o n s is t in g  e n t ir e ly  of E o c e n e  v o lc a n ic  

r o c k , y e t  th e  co r ig lo m era te  co n ta in s  no v o lc a n ic  ro ck . T h e r e fo r e , the  

c o n g lo m e r a te  m u st  be o ld er  than  th e  la n d s lid e  d e p o s it . T w o p o s s ib i l i t i e s  

n ow  e x is t ;  (I) th e  c o n g lo m e r a te  is  y o u n g er  than  the v o lc a n ic  r o c k  (not 

th e  la n d s lid e ) ,  or (2) th e  c o n g lo m e r a te  i s  o ld e r  than the v o lc a n ic  rock .

T h e la t te r  p o s s ib i l i t y  s e e m s  to  be the m o r e  r e a so n a b le  due to  the  

a b s e n c e  of v o lc a n ic  r o c k  in  th e  c o n g lo m e r a te -  If p o s s ib i l i t y  (I) w ere  

tr u e  th e c o n g lo m e r a te  sh ou ld  con ta in  so m e  v o lc a n ic  ro ck , a s  v o lc a n ic  

d e p o s it s  m u st  h ave  cap p ed  th e n ea rb y  so u r c e  a r e a  of th e  la n d s lid e  d e b r is .  

T h e e v id e n c e  s u g g e s t s ,  th e r e fo r e ,  th at th e  c o n g lo m e r a te  i s  o f e a r ly  

E o c e n e  age a t th e  y o u n g e s t  and m a y  p o s s ib ly  b e P a le o c e n e  or ev en  

C r e ta c e o u s  in  a g e .
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A ll know n U pper C r e ta c e o u s  and P a le o c e n e  d e p o s it s  in  any  

d ir e c t io n  fr o m  th is  lo c a l i ty ,  h o w e v er , a r e  c o n g lo m e r a t ic  v o lc a n ic  

(a n d e s it ic )  sa n d s to n e s . T he data r e g a r d in g  c o n g lo m e r a te s  in  the  

L iv in g s to n  of th e  B ridger- R ange s u g g e s t s  a so u r c e  so m e w h e r e  to  the  

sou th  and so u th w e st (M cM an n is, 1964). C o n g lo m e r a te s  in  the  

" L iv in g sto n "  of th e  U pper G a lla tin  V a lle y  (H a ll, I9 6 0 , Unpub. P h . D. 

T h e s is ,  U n iv . of W yo. ) a r e  s ig n if ic a n t  r e g io n a lly , to o , a s  th e y  la c k  

P r e c a m b r ia n  m e ta m o r p h ic  and P a le o z o ic  c o b b le s . The so u r c e  for  

c o n g lo m e r a te s  e a s t  of the B r id g e r  R a n g e , th en , w a s a p p a ren tly  the  

G a lla tin  R a n g e -S p a n ish  P e a k s  -G a lla t in  " V alley"  a r e a .

" B a sa l"  T e r t ia r y  C o n g lo m era te

N ot found in  th e m a p  a r e a  i s  a " basa l"  T e r t ia r y  c o n g lo m e r a te  r e ­

p o r te d  b y  M cM ann is and C had w ick  (1964) a s  o v e r ly in g  P a le o z o ic  and  

P r e c a m b r ia n  r o c k s  in  p a r ts  o f the G arn et M ountain  q u ad ran g le  and as  

a ls o  b e in g  p r e s e n t  in  th e u pper M idd le C r e e k  d ra in a g e . T he u n it is  

th in , v e r y  p o o r ly  e x p o se d , and c o n s is t s  of c o b b le s  and b o u ld e r s  of 

P r e c a m b r ia n  g n e is s ,  a m p h ib o lite , q u a rtz , and so m e P a le o z o ic  

ca rb o n a te  and T e r t ia r y  v o lc a n ic  ro ck . T he c o n g lo m e r a te  m a y  b e p r e s e n t  

in  the m ap  a r e a  but w a s n ot found due to  th e poor e x p o su re ; in  the G arnet 

M ou n tain  q u ad ran g le  it  i s  e x p o se d  on ly  in  road  cu ts.
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(

I
, E o c e n e  S ilts to n e  - 'i\ -----------------------------
 ̂ In th e  so u th e a s te r n  p a rt of the m a p  a r e a  in  the South  C ottonw ood

, C anyon d r a in a g e -a r e a  a c a r b o n a c e o u s  s i l t s to n e  lo c a l ly  o v e r l ie s  1
' r

, J u r a s s ic  s e d im e n ta r y  r o c k s  and u n d e r lie s  p o s t - la t e s t  e a r ly  E o c e n e  : ii

v o lc a n ic  r o c k s . T he c la y s to n e  is  g r a y -g r e e n , th in -b ed d e d  to  f i s s i l e ,  

lo c a l ly  s i lty ,  c a lc a r e o u s ,  and co n ta in s  abundant c a r b o n a c e o u s  m a tte r .

S im ila r  d e p o s its  o ccu r  in the M idd le C r e e k  d ra in a g e  a r e a  (W.- M. W eb er, \

U npub. M a ste r  of S c ie n c e  T h e s is ,  M ontana S ta te  U niv. , B o z e m a n , 1965) ;

and in  th e  Squaw  C r e e k  d ra in a g e  a r e a  (M cM ann is and C hadw ick , 1964);

!th e  la t te r  a u th o rs  id e n t if ie d  the c a r b o n a c e o u s  m a te r ia l  a s  b e in g  p lant I

f r a g m e n ts .  S p o re  and p o lle n  a n a ly s is  t e n ta t iv e ly  in d ica te  a W a sa tch ia n  i

( la te  e a r ly  E o c e n e )  age fo r  th e d e p o s its  in  th e Squaw C r e e k  a r e a  (A. E .

R o b e r ts ,  w r it te n  c o m m u n ica tio n , 1962, in  M cM annis and C hadw ick ,

1964, p. 18).

■ L a te  M io cen e  ? S tra ta

T e r t ia r y  s tr a ta  u n d e r ly in g  the e r o s io n 's u r fa c e s  a lon g  the G alla tin  

R a n g e  fr o n t a r e  p o o r ly  e x p o se d  b e c a u s e  of th e ir  low  d e g r e e  o f in ­

d u ra tion  and b e c a u s e  of e x te n s iv e  s u r f ic ia l  d e p o s its  of s o i l  and g r a v e l.

E x p o s u r e s  a r e  l im ite d  to  d ra w s cut th ro u g h  th e s tr a ta  b y  s tr e a m s ;  ev en  

h e r e  th e e x p o s u r e s  a r e  p o o r . N o f o s s i l s  w e r e  found in  th e s e  s tr a ta  in  

th e  m a p  a r e a . H o w e v e r , H a ck e tt (I9 6 0 , p. 38) s ta te s  th a t th e s e  b ed s
)  -I

a r e  e q u iv a le n t to  s im ila r  s tr a ta  in the C am p C r e e k  H il ls  (n o r th w e st of 

th e  m a p  a r e a ) ,  w h ich  h a v e  y ie ld e d  v e r te b r a te  f o s s i l  r e m a in s  dated  a s  

la t e  M io c e n e  (M. D . M ifflin , 1963, Unpub. M- S. T h e s is ,  M ont. S tate

v

)
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U n iv . , B o z e m a n , p . 15).

S tra ta  t e n ta t iv e ly  c o r r e la te d  w ith  la te  M io cen e  s tr a ta  a re  d e s c r ib e d  

fo r  th r e e  r e p r e s e n ta t iv e  lo c a t io n s  in  th e m a p  a r e a . L a te  M io cen e?  

s tr a ta  cro p  out in  th e W 1 /4  s e c .  22 and E 1 /3  s e c . 21, T. 3 S. , R. S E . ,  

at th e  m ou th  o f South  C ottonw ood  C anyon . T he lo w e s t  e x p o se d  b ed s  

c o n s is t  of w h ite  to  lig h t  g r a y  c a lc a r e o u s  tu ffa c e o u s  fin e  - to  m e d iu m - 

g r a in e d  q u a rtz  sa n d sto n e . T he m id d le  p a rt of the se q u e n c e  i s  c o v e r e d .  

T ow a rd  the top  of the e x p o su r e  the s tr a ta  c o n s is t  of th in -  to .m e d iu m -  

b ed d ed  c a lc a r e o u s  tu ffa c e o u s  f in e -g r a in e d  sa n d sto n e , th e  san d  g r a in s  

a ls o  b e in g  m u lt ic o lo r e d . R e c r y s ta l l iz a t io n  and fr a c tu r e  f i l l in g s  o ccu r  

sp a r in g ly . T he to p m o st  s tr a ta  e x p o se d  a r e  buff to  w h ite  d e n s e  c a lc a r e o u s  

a sh , co n ta in in g  a  fe w  s i l t  g r a in s . C a lc ite  fr a c tu r e  f i l l in g s  in som e of 

th is  r o c k  g iv e s  it  a " grap h ic"  a p p e a r a n c e .

A  50 fo o t th ic k  s e c t io n  o f b a s in  s tr a ta  c r o p s  out in  th e SE 1 /4  s e c .

29 , T; 3S. , R . S E . ,  on B ig  B e a r  C r e e k . T he s tr a ta  c o n s is t  of buff

to  b row n  m e d iu m - to  th ic k -b e d d e d  and m a s s iv e  g ra y  w e a th e r in g  d en se
\

l im e s to n e  that c o m m o n ly  e x h ib its  a p itte d  s u r fa c e . W hite c a l c ite  

fr a c tu r e  f i l l in g s  o ccu r  in  s tr a ta  n ea r  th e b a s e  of the -ex p o su r e . T he top  

6 fe e t  o f th e  u n it d if f e r s  on ly  in  that it  co n ta in s  an abundance of :ajgal 

p is o l i t e s .

A n oth er  o u tcro p  o f la te  M io c e n e ?  s tr a ta  o c c u r s  in  th e -NW 1 /4  s e c .

3 1 , T . 3 S. , R . S E .  It i s  b e s t  t e r m e d  a fa n g lo m e r a te  and c o n s is t s  of 

su b a n g u la r  to  su broun d ed  c o b b le s  of g n e is s ,  a n d e s ite , and F la th e a d  

q u a r tz ite . T he in d iv id u a l c o b b le s  a re  co a ted  w ith  a w e ll  c e m e n te d  chalk ,
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but a s  a u n it th e  fa n g lo m e ra te  i s  v e r y  p o o r ly  in d u rated .

Q u a tern a ry

A llu v ia l F a n  D e p o s its

A llu v ia l fa n s , p ro b a b ly  of la te  P le is t o c e n e  a g e , a r e  d e s c r ib e d  

fo r  four lo c a l i t i e s  in  the m a p  a r e a . • A n e x tr e m e ly  s m a ll  p a rt of a fifth  

fa n - - th e  B o z e m a n  f a n - - o c c u r s  in  the NW 1 /4  s e c .  14 and N-jr s e c .  15,

T . 3 S. , R ., 5 E . , but is  not d e s c r ib e d  h e r e .  In the s e c .  3,- 

s e c  4 ,, T . 4 S . ,. R . 4 E . , and the. SW 1 /4  s e c .  34,. T . 3 S. , R 4 E , a 

fan, e x i s t s  that is  n ot a c t iv e ly  fo rm in g  at p r e s e n t . T he su r fa c e  of the fan  

i s  c o v e r e d  w ith  about 95% g n e is s ic  m a te r ia ls  and 5% a n d e s it ic  la v a  

m a t e r ia ls .  A n oth er  fan  not p r e s e n t ly  fo r m in g  o c c u r s  in  th e E -| s e c .  35 

and th e W-| s e c .  36, T . 3 S. , R . 4 E . T he lo w e r  p art of th is  fan  h as  

about 90% g n e is s ic  m a te r ia ls  and l0% la v a  m a te r ia ls  e x p o se d  at the 

su r fa c e ;  th e  u p per p a r t co n ta in s  a s m a lle r  p e r c e n ta g e  o f g n e is s ,  a 

h ig h e r  p e r c e n ta g e  of a n d e s ite ,  but co n ta in s  a p red o m in a n ce  o f C am brian  

r o c k s ,  th u s r e f le c t in g  it s  so u r c e  a r e a  w h ich  it  ab u tts . pzT w o m o r e  fa n s  

n ot a c t iv e ly  fo r m in g  r a d ia te  fr o m  South C ottonw ood  C r e e k  and B ig  B e a r  

C r e e k . C obb le ty p e s  a t th e  s u r fa c e s  of th e s e  fan s w e r e  not stu d ied  in  

d e ta il .

x / ln  g e n e r a l th e  r o c k s  at the upper r e a c h e s  of the fa n s  a r e  la r g e r  than  

th o se  n e a r e r  the b a s e .  R ounding of r o c k s  w as not n o ta b ly  d iffe r e n t  b e tw e e n  

th e  h ea d  and fo o t fo r  e ith e r  o f th e  s m a lle r  fa n s . L im e s to n e  d e c r e a s e d  

p e r c e n ta g e w is e  to w a rd  the fo o t of a l l  fa n s  and the r o c k s  p r e s e n t  on the
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fa n s m ap p ed  r e f le c t e d  the l i th o lo g ie s  of s tr a ta  n ea r  the h ead  of the  

fan .

. S tr e a m  C han n el D e p o s it

A  good  e x p o su r e  of a s tr e a m  ch a n n el d e p o s it  o c c u r s  in  a  road  

cu t in  the SW 1 /4  s e c .  18, T . 3S. , R . 5 E . T he d e p o s it  c o n s is t s  of 

su b a n g u la r  to  su broun d ed  p e b b le s  and c o b b le s , d o m in a ted  b y  a n d e s ite  

(about 90%) g n e is s  (about 5%) and o th er  r o c k s  (about 5%). Sand, s i l t ,  

and c la y  co m m o n ly  f i l l  th e  v o id s  b e tw een  th e la r g e r  fr a g m e n ts  or 

c la .s ts . T he g n e is s  i s  d e e p ly  w e a th e r e d , su g g e st in g  that th e  d e p o s it  

m a y  b e  of m id d le ?  P le is t o c e n e  a g e .
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T e r t ia r y  V o lc a n ic  R o ck s

V o lc a n ic  r o c k s  in  the m a p  a r e a  u p co n fo rm a b ly  o v e r l ie  P r e -  

ca m b r ia n  m e t a m o rp h ic r o c k s , P a le o z o ic ,  M e s o z o ic ,  and so m e  e a r ly  

T e r t ia r y  s e d im e n ta r y  r o c k s . T he m a x im u m  th ic k n e s s  of th e  v o lc a n ic  

se q u e n c e  iq  th e m a p  a r e a  i s  about 1400 fe e t;  M cM ann is find C hadw ick  

(1 9 6 4 , p . 19) note th at in  the a d ja cen t G a rn et M ountain  q u ad ran g le  a 

to ta l th ic k n e s s  in  e x c e s s  of 4000  fe e t  a p p a ren tly  e x is t e d  at one t im e .  

T he seq u e n c e  d ip s g e n tle  to  the n orth  in  the m ap  a r e a .

T w o v o lc a n ic  ty p e s  a r e  dom in an t in  the m ap  a r e a , 9-s in  the G arnet 

M ountain  q u a d ra n g le . (I) T he f i r s t  ty p e  c o n s is t s  of la v a  f lo w s  of 

b a s ic  a n d e s ite  in te r  s t r a t if ie d  w ith  f lo w  b r e c c ia s .  T he d om in an t ro ck  

ty p e  i s  a tan  w e a th e r in g  d ark  g ra y  to  b la c k  d en se  b a s ic  a n d e s ite  that 

i s  c o m m o n ly  s l ig h t ly  p o r p h y r it ic . T he la v a  seq u en ce  o c c u r s  a s  a 

s e r i e s  o f in d iv id u a l f lo w s  su p e r im p o se d  upon one a n o th er . T he  

m a te r ia l  can  be d iv id ed  in to  tw o m a in  ty p e s :  (a) m a s s iv e  c r y s ta ll in e

c o lu m n a r -jo in te d  r o c k , and (b) f lo w  b r e c c ia  c o m p r ise d  of a n d e s ite  

r o c k s  s e t  in  a v a r ic o lo r e d  m a tr ix  c o n s is t in g  o f (a c c o r d in g  to  M cM annis  

and C had w ick , 1964) " fin e ly  ground  l i th ic  fr a g m e n ts  and la b r a d o r ite  

and p y r o x e n e  c r y s t a ls ,  "

(2) T he se c o n d  d om in an t v o lc a n ic  typ e  i s  l e s s  co p im o n  than the  

f i t s t  and c o n s is t s  o f c r u d e ly  s tr a t if ie d  b r e c c ia  con ta in in g  s e v e r a l  

v o lc a n ic  l i t h o lo g ie s ,  but m a in ly  b a s ic  a n d e s ite .  The com p on en t ro ck s  

ra n g e  fr o m  fr a g m e n ta l to  b o u ld er  s iz e  and v a r y  fro m  su b rou n d ed  to
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a n g u la r . T he m a tr ix  o f th e  b r e c c ia  c o n ta in s  s m a ll  l i th ic  fr a g m e n ts .  

B o th  v o lc a n ic  ty p e s  (I and 2) a r e  d e s c r ib e d  in  g r e a te r  d e ta il  by  

M cM an n is and C had w ick  (1 9 6 4 , p. 1 9 -2 3 ) , in c lu d in g  c h e m ic a l a n a ly s e s .

T he a g e  of the v o lc a n ic  seq u en ce  i s  b a s e d  in  p a rt on th e  dating of 

s p o r e s  in  th e  u n d e r ly in g  la te  e a r ly  E o c e n e  s i l t  ston e  (M cM an n is and  

C had w ick , 1964). A  r e c e n t  p o ta s s iu m -a r g o n  date ob ta in ed  fro m  a 

sa m p le  tak en  700 to  800 f e e t  ab ove the b a s e  of the v o lc a n ic  seq u en ce  

on th e  E a s t  F o r k  of M id d le  C r e e k  (s o u th e a s t  o f the m ap  a rea ) y ie ld e d  

an  a g e  o f 42 . 7 ( -  2. 4) m . y . - -  late: E o c e n e  (W. J. M cM a n n is , p e r so n a l  

c o m m u n ic a tio n , 1966). H a ll (1960 , Unpub. P h . D . T h e s is ,  U n iv . of 

W yo. ) h a s  s u g g e s te d  th a t so m e  of the G a lla tin  R ange v o lc a n ic s rday  

b e  a s  young a s  O lig o c e n e .

In tr u s iv e  R o ck s

Ign eo u s in tr u s iv e  b o d ie s  o ccu r  in the so u th w est c o r n e r  of the m ap  

a r e a  (in  s e c .  2, 10, and 11, T . 4 'S. , R . 4 E . ) w h e re  th ey  cut P r e -  

ca m b r ia n  m e ta m o r p h ic  ro ck . T he in t r u s iv e s a re  id e n t ic a l to  the  

S h en an go  C r e e k  in tr u s iv e  m a s s  of M cM ann is and C hadw ick  (1964 , 

p. 28), b e in g  a lig h t  g ra y  da c ite  p o rp h y ry  w ith  p h e n o c r y s ts  of 

o l ig o c la s e ,  b io t ite ,  and so m e  h o rn b len d e . T he c lo s e n e s s  of the tw o  

in tr u s iv e  a r e a s  (about one m ile  ap art) and th e  id e n t ic a l l ith o lo g y  of 

th e  in tr u s iv e  b o d ie s  s u g g e s t  that a ll  a r e  p a rt of the sa m e  m a s s .

T he a g e  of th e  Sh en ango  in tr u s iv e  m a s s  is  not d ir e c t ly  known; 

h o w e v e r , a c c o r d in g  to  th e .fo llo w in g  l in e s  of e v id e n c e , it i s  b e lie v e d  

to  b e T e r t ia r y .  F o u r  l i th o lo g ic a l ly  s im ila r  in tr u s iv e  b o d ie s  (in clud ing
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th e  S h en ango  in tr u s iv e )  o c c u r  -in th e G arn et M ountain q u a d ra n g le , 

th r e e  of w h ich  t r a n s e c t  the T e r t ia r y  v o lc a n ic  seq u e n c e  and a r e  thus  

y o u n g er  than  the v o lc a n ic  r o c k s . The fo u r th - - th e  S h en ango  C r e e k  

in tr u s iv e  m a s s - - d o e s  not tr a n s e c t  v o lc a n ic  r o c k s , but, lik e  th e other  

th r e e  in tr u s iv e  b o d ie s ,  i s  lo c a te d  a lo n g  a m a jo r  fa u lt w h ich  a p p a ren tly  

a c te d  a s  a con d u it fo r  the in tr u s iv e  m a te r ia l .  T he a ge  of m o v e m e n t  

on th e Squav/ C r e e k  fa u lt, a lon g  w h ich  th e Shenango  in tr u s iv e  is  

lo c a te d , cou ld  b e any t im e  b e tw een  L ate  C r e ta c e o u s  and e a r ly  E o c e n e . 

T h e r e fo r e , a t .th e  o ld e s t  th e  Shenango in tr u s iv e  is  L a te  C r e ta c e o u s ,  

but s im ila r it y  to  o th er  in t r u s iv e s s u g g e s t s  a T e r t ia r y  a g e  (M cM annis  

and C had w ick , 1964). A  p o ta s s iu m -a r g o n  a n a ly s is  o f a s im ila r  d a c it ic  

in tr u s iv e  n ea r  M ill C r e e k  (a p p r o x im a te ly  35 m i le s  e a s t - s o u t h e a s t  of 

th e  S h en ango  C r e e k  in tr u s iv e  a r e a )  y ie ld e d  an age of 49 . O -  1 .7  m . y. - 

m id d le . E o c e n e  (p e r so n a l co m m u n ica tio n , W., J . M cM an n is, 1966). 

A lth ou gh  th e  M ill C r e e k  in tr u s iv e  is  q u ite  fa r  d is ta n t, it  i s  p o s s ib ly  

d e v e lo p e d  a lon g  the sa m e  s tr u c tu r a l w e a k n e ss  a s  the S h en ango  C reek

in tr u s iv e .
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G e n e r a l

T he G a lla tin  R an ge l i e s  w ith in  the' s o u th e a s te r n  e x tr e m ity  o f the  

N o r th e r n  R o ck y  M ountain  P r o v in c e  of F e n n em a n  (1931 ). S tr u c tu r a lly ,  

h o w e v e r , it  i s  u n lik e  th e  m o u n ta in s  o f t h is  p r o v in c e  a,nd sh ou ld  he c o n ­

s id e r e d  a p a r t  of th e  C en tra l R o ck y  M ountain  P r o v in c e , b e c a u s e  "the 

r a n g e s  of th e  N o r th e r n  R o ck y  M ountain? a r e  fo r m e d  fr o m  lon g , n a rro w , 

c lo s e ly  sp a c e d  fo ld s  and th r u s t  b lo c k s  m a d e  up of g e o s y n c lin a l s e d i ­

m e n ta r y  r o c k s  a lo n e , not of b a s e m e n t  r o c k s " (K ing, 1959, p. 137). T he  

C e n tr a l R o ck y  M ou n ta in s a r e  b r o a d -b a c k e d  u p lif t s , c o m m o n ly  w ith  w id e  

a r e a s  of b a s e m e n t  r o c k  e x p o se d  in th e ir  c o r e s ;  a ls o , th e y  a r e  of d iv e r s e  

tr e n d  and w id e ly  sp a c e d , w ith  b r o a d e r  b a s in  a r e a s  in  b e tw e e n  (K ing, 195 9, 

p. 112). T he s tr u c tu r e  o f th e  G a lla tin  and a d ja cen t a r e a s  b e t te r  f it s  th e  

la t t e r  d e s c r ip t io n .

The m a p  a r e a  l i e s  w ith in  the n o r th e r n  p a rt of the G a lla t in  R ange and  

c o n s t itu te s  a p a rt of w hat g lo s s  (1950) c a l ls  th e  W yom ing S h e lf , T he  

s e d im e n ta r y  c o v e r  of the s h e lf  i s  g e n e r a l ly  th in  ( l e s s  than  3300 fe e t  th ic k  

in  the m ap  a r e a ) - - t o o  th in  to  have .e x e r te d  m u ch  c o n tr o l o v e r  the s tr u c tu r e s  

fo r m e d  b y  the g e n e r a l e a s t -n o r th e a s t  K a ra m id e  c o m p r e s s iv e  s t r e s s .  T he  

s h e lf  d e p o s its  a r e  o f r e la t iv e ly  u n ifo rm  th in n e s s  w h e r e a s  d e p o s its  of a 

g e o s y n c lin e  a r e  th ic k  c e n tr a l ly  and th in  sh e lfw a r d . D u r in g  c o m p r e s s io n  

s tr a ta  o f th e  th ic k  pnrt of th e  g e o s y n c lin e  m o v e  sh e lfw a r d  and a r e  b ro k en  

a lo n g  a s e r ie s  of th r u st  fa u lts ;  the r e a s o n  i s  th a t the b a s e m e n t  r o c k  u n d e r ­

ly in g  the g e o s y n c lin e  i s  n e a r e r  the s u r fa c e  sh e lfw a rd  and the s tr a ta  a r e
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fo r c e d  to  r i s e  o v e r  th e b u t tr e s s ,  ru p tu rin g  in  the p r o c e s s .  It is  

c o m m o n ly  b e l ie v e d  th a t th e r e s u lt in g  s tr u c tu r e s  of the s h e lf  reg io n  

a r e  e x p r e s s io n s  of a n c ie n t  tr e n d s  in th e  P r e c a m b r ia n  b a s e m e n t , r e ­

a c t iv a te d  d u rin g  th e L a r a m id e  o r o g en y . T he h is to r y  of so m e  of the  

fa u lts  a s  r e c o r d e d  in  th e s e d im e n ta r y  se q u e n c e  (th ic k n e ss  and  fa c ie s  

d is tr ib u tio n )  i s  th e  b a s is  fo r  im p ly in g  th at so m e h a v e  d e f in ite ly  had  

a lon g  h is to r y  of m o v e m e n ts  dating  fr o m  P r e c a m b r ia n  t im e . O ther
i

fa u lt s  o f s im ila r  tr e n d  are,, by a n a lo g y , b e lie v e d  to  b e of s im ila r  

v in ta g e . T he d om in an t s t r u c tu r e s  g e n e r a l ly  tren d  w e s t -n o r th w e s t ,  ■ 

w h e r e a s  l e s s  ob v io u s s tr u c tu r e s  tren d  n o r th e a s t  ( s e e  f ig u r e  4).

R e g io n a l T e c to n ic  P a tte r n

In te r p r e ta tio n  of s tr u c tu r e s  in  the m a p  a r e a  r e q u ir e s  ,a k n ow led ge  

of r e g io n a lly  s a lie n t  s t r u c tu r e s  and o f th e  grcjss c a u sa l m e c h a n ism .

In s o u th -c e n tr a l and so u th w e st  M ontana i s  a grou p  o f p r o m in e n t s tr u c tu r e s ,  

th e  m e m b e r s  of w h ich  a r e  o r ie n te d  w e s t -n o r th w e s t .  T w o of th em  d e ­

se r v in g  of d is c u s s io n  h e r e  a r e  the L ak e B a s in  fa u lt zon e and the N y e -  

B o w le r  lin e m e n t .

The L ake B a s in  fa u lt zone i s  in  e x c e s s  of 100 m i l e s  lon g  and c o n s is t s  

of a s e r ie s  of en e c h e lo n  n o r th e a s t  s tr ik in g  n o r m a l fa u lts  th a t fo rm  a 

m a jo r  w e s t -n o r th w e s t  tren d in g  zon e. - S tr a tig r a p h ic  e v id e n c e  a c r o s s  the  

fa u lt  in d ic a te s  p e r io d ic  m o v e m e n t th at in flu e n c e d  s e d im e n ta tio n , p a r t i ­

c u la r ly  d u rin g  p o s t-M a d iso n , p r e - J u r a s s ic  t im e . T he B ig  Snow y G roup  

i s  p r e s e n t  n orth  of th e  fa u lt and i s  a b se n t  on th e  south; th e Q uadrant and 

C h u gw ater  a r e  p r e s e n t  m a in ly  to  the sou th  of th e  fau lt zo n e  but a r e  a b se n t
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to  the n o rth  (A lpha and F a n sh a w e 1 1954). D u rin g  th e L a r a m id e  

o r o g e n y , th e  e a s t -n o r th e a s t  compares.s'ive s t r e s s  w a s re  so lv e d  in to  

a l e f t - l a t e r a l  s t r ik e - s l ip  rp o v em en t a lo n g  th is  p r e - e x is t in g  zone of 

w e a k n e ss  (B a d g le y , 1965, p. 109). T he L ak e B a s in  fa u lt zon e i s  

b e lie v e d  b y  so m e  w o r k e r s  to  tie a co n tin u a tio n  of the O sb orn  fau lt  

zon e (M ontana lin e a m e n t) , a w e s t -n o r th w e s t  o r ie n te d  fe a tu r e  tr a n ­

s e c t in g  w e s te r n  M ontana. F o r  c r i t ic a l  o b s e r v a t io n s  on th e  su b jec t  

th e  r e a d e r  i s  r e f e r r e d  to  B la ck ^ to n e  (1 9 5 6 ), W a lla ce  apd o th e r s  

(1 9 6 0 ), Gwfnn (1 9 6 1 ) ,. K auffm an  (1 9 6 3 ), and Sm Ith (19 6 5 ).

T he N y e -B o w le r  lin e a m e n t  is  a p p r o x im a te ly  115 m i l e s  lon g  and 

c o n s is t s  of a s e r ie s  of a n t ic l in e s ,  fa u lt s ,  d o m e s , v o lc a n ic  f e a tu r e s ,  

and la c c o l i t h s .  It tr e n d s  p a ra lle l, to  the L ake B a s in  fa u lt  zon e and, 

l ik e  ttie la t t e r ,  e x h ib its  e v id e n c e  of l e f t - l a t e r a l  s tr ik e  -  s l ip  m o v e ­

m e n t (A lpha and F a ,n sh aw e, 1954). In r e la t io n  to  the B e a r to o th  M ountains  

th e  l in e a m e n t  m a y  (I )  te r m in a te  a g a in s t  th e  n o r th w e st  tr e n d in g  fro n ta l 

ed g e  of the m o u n ta in s , (2 ) ex ten d  n o r th w e st  p a r a lle l  to  and m e r g e  w ith  

th e  m a r g in  of th e  B e a r tp o th  m a s s i f ,  or  (3) tren d  w e s tw a r d  a lon g  the  

M ill P r e e k - - S t i l lw a t e r  s tr u c tu r a l zo n e , th u s d iv id in g ‘th e n o r th w e st  

p a r t of th e  B e a r to o th  M ou n ta in s in to  s e p a r a te  s tr u c tu r a l b lo c k s  

(F o o s e  and o th e r s ,  1961).

T e c to n ic  P a t te r n s  o f A d ja c en t A r e a s

T he ty p o g r a p h ic  e x p r e s s io n  of th e  L a ra m id p  o r o g e n y  in  th e im m e d ia te  

r e g io n  c o n s is t s  o f fa u lt  b lo c k  m o u n ta in s  and in te r m ontane b a s in s .  M ajor
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g e o g r a p h ic  u n its  in  the im m e d ia te  v ic in ity  of the G a lla tin  R ange i n ­

c lu d e th e S p a n ish  P e a k s ,  the B e a r to o th  M o u n ta in s, the M ad ison  and 

B r id g e r  r a n g e s , and th e T h r e e  F o r k s  and C r a z y  M ou n ta in s b a s in s .

T he G a lla tin , M a d iso n , S p a n ish  P e a k s , and B e a r to o th  a r e a s ,  and the  

so u th e r n  p a rt of the B r id g e r  R ange a r e  ty p if ie d  b y  the fo llo w in g  

c h a r a c te r is t ic s :  (I )  h ig h -a n g le  r e v e r s e  and n o r m a l f a u lt s , .  (2.)

a b s e n c e  of B e lt  s tr a ta , (3) e x te n s iv e  e x p o s u r e s  of p r e - B e l t  m e ta -
'  '  < I  _

m o r p h ic  r o c k , and (4) th in n e s s  of the P a le o z o ic  and M e s o z o ic  s tr a ta  

' (M cM an n is , 1'965).

T h e 'S p a n ish  P e a k s  b o r d e r  p a rt o f th e  G a lla tin  R ange on the w e s t  

and a r e  g e o g r a p h ic a lly  se p a r a te d  fr o m  th e la t te r  b y  the G a lla tin  

R iv e r ;  s tr u c tu r a lly ,  h o w e v e r , th e  S p a n ish  P e a k s  are  e q u iv a le n t to  the 

c e n tr a l p a r t o f th e  G a lla t in  R an ge . On th e  n o r th e a s t  th e  S p a n ish  P e a k s  

a r e  d e lim ite d  b y  the n o r th w e st  tren d in g  Squaw  C r e e k - -C h e r r y  C re e k  

f a u l t - - a  n o r th e a s t  d ipp ing  r e v e r s e  fa u lt a lo n g  m o s t  of i t s  len g th ; On 

th e  so u th w e st s id e  th e  S p a n ish  P e a k s  a r e  bounded  by an oth er  n o rth w e st  

tr e n d in g , n o r th e a s t  d ipp ing  r e v e r s e  fa u lt , b e lie v e d  b y  S w an son  (1950) 

to  b e a co n tin u a tio n  of the G a rd in er  r e v e r s e  fa h lt.

F a r th e r  sou th  th e G a lla t in .R iv e r  s e r v e s  to  s e p a r a te  th e  so u th ern  

p a r t of the G a lla tin  R ange on the e a s t  fr o m  the n o rth ern  b lo c k  of the

G e o g ra p h ic  u n its  a r e  u se d  h e r e  b e c a u s e  the fe a tu r e s  (m ou nta in s  
and b a s in s )  of th e  a r e a  h a v e  b e e n  d e lin e a te d  on a to p o g ra p h ic  b a s is  
on ly , and th u s a r e  n ot n e c e s s a r i ly  s tr u c tu r a l u n its .
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M a d iso n  R an ge on the w e s t .

T he d om in an t s tr u c tu r e  in  th is  b lo c k  of th e  M ad ison  R an ge i s  that 

of a "broad, f la t  sy n c lin e  tren d in g  w e s t  of n o rth  and h a v in g  a sh a rp ly  

fo ld e d  and fa u lte d  w e s te r n  flank" (S w an son , 1950, p. 7). T he la t te r  

fo ld in g  and r e la te d  fa u ltin g  c a u se d  S w an son  to  p r o p o se  tw o s t r e s s  

d ir e c t io n s  w ith  c o m p r e s s io n  o c c u r r in g  f i r s t  fr o m  th e w e s t ,  la te r  

fr o m  the n o r th e a s t , and su b se q u e n tly  fr o m  the w e s t  ag a in . A n e a s t -  

n o r th e a s t  c o m p r e s s iv e  s t r e s s  i s  a l l  th at n eed  be r e q u ir e d  if  it  is  

r e m e m b e r e d  th a t (I) th e  b a s e m e n t  r o c k s  a r e  not h o m o g e n e o u s , and 

d e v ia tio n  o f s tr u c tu r a l tr e n d s  e x p e c te d  to  r e s u lt  fro m  th e n o r th e a s t  

c o m p r e s s iv e  s t r e s s  a r e  to  b e  a n tic ip a te d , and that (2) y ie ld  to  s t r e s s  . 

sh o u ld  hot be s im u lta n e o u s .e v e r y w h e r e .

T he n o r th w e st  tren d in g  B e a r to o th  M ounta ins l ie  so u th e a s t  o f the  

G a lla tin  R ange and a r e  se p a r a te d  fr o m  th e la tte r  by a h ig h -a n g le ,  

n o r th e a s t  tr e n d in g  fa u lt  (the Y e llo w sto n e  V a lle y  fau lt). . D ip - s l ip  

m o v e m e n t on th is  fa u lt p ro b a b ly  d e v e lo p e d  a s  a c o m p le m e n t to  r e v e r s e  

fa u lt in g  a lo n g  the n o r th e a s t  s id e  of th e  B e a r to o th  M ou n ta in s. . M cM annis  

(1 9 6 4 , p . 4) h a s  found e v id e n c e  to  s u g g e s t  th at the Y e llo w sto n e  V a lle y  

fa u lt had  a lr e a d y  b e e n  a c t iv e  p r e v io u s  to  L a ra m id e  d e fo r m a tio n . The  

e v id e n c e  is :  (I) lo w -a n g le  fo ld ed  th r u s ts  and lin e a r  fo ld s  ty p ify  the

a r e a  w e s t  of th e  Y e llo w s to n e , w h e r e a s  e a s t  of the v a l le y ,  fa u lts  a re  

s te e p  and fo ld s  a r e  not a s  com m on ; and (2) th e r e  is  a la r g e  in c r e a s e  in  

th ic k n e s s  of B a te  C r e ta c e o u s  (and a p p a r e n tly  P a le o c e n e ) . s tr a ta  fro m  

e a s t  to  w e s t  a c r o s s  a n orth w a rd  p r o je c t io n  of the Y e llo w sto p e  V a lle y
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fa u lt tren d , and c o r r e sp o n d in g  d eep en in g  i s  ev id e n t in th e Crazy- 

M ou n tain s b a s in .

The B r id g e r  R an ge i s  a n o r th -so u th  o r ie n te d  u p lift ly in g  north  

of the G a lla tin  R a n g e . It a p p e a r s  to  b e  th e la r g e  e a s t  lim b  of a 

s tr u c tu r a lly  c o m p le x , n o r th e a s t  p lu n g in g -a n tic lin e  w h ich  h a s  b een  

s e v e r e d  fr o m  th e w e s te r n  lim b  b y  p o s t - la t e  P a le o c e n e  n o r m a l  

fa u lt in g . . T he ran g e  is  d iv id e d  in to  n o r th e r n  and so u th ern  p a r ts  by  

th e  R o s s  P a s s  fa u lt zon e. . South  of th e  fa u lt  zone no B e lt  s tr a ta  a re  

p r e s e n t  w h e r e a s  to  the n orth  a th ic k  B e l t  seq u en ce  i s  p r e se n t;  th is  

fa u lt  zone w a s  a c t iv e  in  P r e c a m b r ia n  t im e  ,(M cM an n is, 1955; 1963).

T he T h r e e  F o r k s  b a s in  bounds th e  n o r th w e st  s id e  o f th e  G a lla tin  

R an ge and is  se p a r a te d  fr  om  -the -latter b y  a h ig h -a n g le  n o r m a l fa u lt. 

(F u r th e r  in te r p r e ta t io n  of th e  so u th er n  p a rt of the b a s in  w i l l  be m a d e  

la t e r .  ) T ren d in g  e a s t - w e s t  a c r o s s  the n o r th ern  end of th e  b a s in  is  a 

m o n o c lin a l fo ld  b e l ie v e d  b y  H a c k e tt and o th e r s  ( i9 6 0 )  to  r e f le c t  a 

su b su r fa c e  f a u lt - - t e r m e d  the C en tra l P a r k  fa u lt. It c o in c id e s  

a p p r o x im a te ly  w ith  the w e s tw a r d  e x te n s io n  of th e . R o ss  P a s s  fau lt  

zo n e , and lik e  th e  la t te r ,  a p p a ren tly  c o in c id e d  a p p r o x im a te ly  w ith  the  

s h o r e lin e  of th e  B e lt  sea . (L ate  P r e c a m b r ia p ) .

. T he C r a z y  M o u n ta in 's  b a s in  l i e s  n o r th e a s t  of th e  m a p  a r e a  and is  

a s tr u c tu r a lly  c o m p le x  dow nw arped; a r e a  w h o se  d e fo r m a tio n  is  in ­

t im a te ly  r e la te d  to  th at of th e  G a lla tin  R a n g e . . T he e a s t e r n  m a r g in  of 

th e b a s in  i s  cut b y  th e  n o r th e a s t  tren d in g  C r a z y  M ou n ta in 's  d is tu rb ed  

zon e ^a n o r th e a s tw a r d  e x te n s io n  of the Y e llo w sto n e  V a lle y  fa u lt zon e),
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(a s  p r e v io u s ly  d e sc r ib e d )  to  the w e s t  o f w h ich  s tr u c tu r a l co n to u rs  

s u g g e s t  an abrupt in c r e a s e  in  th ic k n e s s  of U pper C r e ta c e o u s  and 

P a le o c e n e  s tra ta ;  ra p id  th ick en in g  of the sa m e  s tr a ta  is  in d ica te d  

to  th e e a s t  of the B a tt le  R id g e  m o n o c l in e , . a s tr u c tu r a l fe a tu r e  of 

th e  w e s t - c e n t r a l  p a rt of the b a s in  w h ich  e x h ib its  d ip s  that a re  

v e r t ic a l  to  o v er tu rn ed  a lo n g  it s  len g th  (D obbin  and E r d m anil, 1955). 

S e is m ic  data in d ic a te  th e m o n o c lin e  i s  d e v e lo p e d  a lon g  a su b su r fa c e
V

fa u lt , and that a th ic k  p r e -F la th e a d  se d im e n ta r y  seq u en ce  l i e s  on 

th e  n o r th w e st  s id e  (p e r s o n a l c o m m u n ic a tio n ,. W. J. M cM anhis,, 1966). 

D u rin g  the L a r a m id e  o r o g e n y  th e C r a z y  M ou n ta in 's  B a s in  d istu rb ed  

zo n e  - - Y e llo w sto n e  V a lle y  fa u lt tren d  s e r v e d  .as an e a s te r n  boundary, 

and th e B a tt le  R id g e  su b su r fa c e  f a u l t - - so u th er n  "end" of t h e .B r id g e r  

R an ge tr e n d  s e r v e d  a s  the w e s te r n  b o u n d ary  o f a s tr u c tu r a l low . In ­

c r e a s in g  c o m p r e s s io n  "channeled"  th e s e d im e n ta r y  se q u e n c e  of the  

C r a z y  M o u n ta in 's  B a s in  s o u th w estw a rd onto the s tr u c tu r a lly  lo w -  

ly in g  n orth -en d  of th e  G a lla tin :R a n g e . T h e s tr u c tu r e s  p ro d u ced  co n sist , 

of a r c u a te , en  e c h e lo n  a n t ic l in e s  and n o r th e a s t  d ipping r e v e r s e  fa u lts  

that a re  co n v ex  to th e  so u th w e st (S k ee l s ,  1939). - A t the sa m e  t im e  th e s e  

s tr u c tu r e s  w e r e  d e v e lo p in g , the- B r id g e r  u p lift  w as b e in g  fo r c e d  e a s t ­

w a rd  and th e B e a r to o th  u p lift  n o r th e a s tw a r d  (R o b e r ts , 1965). T he T h ree  

F o r k s  B a s in  d id  not e x i s t  d u rin g  the t im e  of d e fo rm a tio n , but w as a 

m o u n ta in o u s  a r e a  w h ich  a c te d  a s  a r e s is t a n t  s tr u c tu r e .

F r o m  the fo r e g o in g  d is c u s s io n  tw o  m a jo r  c o n c lu s io n s ■ a r e  w arran ted :  

(I )  a l l  m a jo r  s tr u c tu r e s  (o r  L a ra m id e  r e a c t iv a t io n  th e r e o f)  can  be
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e x p la in e d  b y  an e a s t -n o r th e a s t  c o m p r e s s iv e  s t r e s s ;  and (2 ) th e r e  is  

a m p le  e v id e n c e  to  in d ic a te  th at m a jo r  s tr u c tu r a l w e a k n e s s e s  e x is te d  

p r io r  to  th e L a r a m id e  o r o g en y  and w e r e  r e a c t iv a te d  d u rin g  the  

o r o g en y . - S im i la r ' s tr u c tu r e s  and tr e n d s  sh ou ld  e x is t  w ith in  the m ap  

a r e a .

S ou th 'C otton w ood  C r e e k  F a u lt

T he g r o s s  e a s t -n o r th e a s t  c o m p r e s s iv e  s t r e s s  c a u se d  r e v e r s e  

fa u ltin g  a long  a fa u lt lo c a te d  in  th e South C ottonw ood  C r e e k  d ra in a g e , 

h e r e  n a m ed  the South  C ottonw ood  C r e e k  fa u lt. , S im u lta n e o u s ly , a n d /o r  

p o s s ib ly  s ta r t in g  so m ew h a t la t e r ,  fa u lts  d ev e lo p e d  a p p r o x im a te ly  p e r ­

p e n d icu la r  to  the South C ottonw ood  C r e e k  fa u lt and m o s t  l ik e ly  owe 

th e ir  e x is t e n c e  to  d if fe r e n t ia l  m o v e m e n t of the b lo c k s  w h ich  th ey  

b o r d e r .

The South' C ottonw ood  C r e e k  fa u lt  i s  th e  m a jo r  n o r th w e st  tren d in g  

fa u lt in  the m a p  a r e a . A s  w a s  o r ig in a lly  su g g e s te d  by P e a le  (1896 , p. 3), 

i t  a p p e a r s  to  b e a co n tin u a tio n  of th e  S a le s v i l le  fau lt ( s e e  f ig u r e  4) 

p r e s e n t  to  the n o r th w e st  o f th e -m a p  a r e a , but in te r v e n in g  v a l le y  d e p o s its  

m a s k  any c o n n ec tio n  o f th e  tw o. A ls o ,  p o s s ib le  h o r iz o n ta l d isp la c e m e n t  

on the G a lla tin  R ange fro n t fa u lt h a s  o f f s e t  any such  co n n ectio n .

The South' C ottonw ood  C r e e k  fa u lt  d ip s  s te e p ly  to  th e  n o r th e a s t  a long  

m o s t  of i t s  le n g th  and e x h ib its  a r e v e r s e  r e la t io n sh ip . In s e c .  36,. T.

3 S. , R . 5- E . , th is  r e v e r s e  fa u lt i s  t r a n s e c te d  by a c r o s s  fa u lt (the 

W h e e le r  G ulch  fa u lt, d e s c r ib e d  la te r ) .  N o r th w e st of th e  c r o s s  fa u lt,
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m in im u m  s tr a t ig r a p h ic  d is p la c e m e n t  on the r e v e r s e  fa u lt i s  in  e x c e s s  

of 4000  fe e t;  P r e c a m b r ia n  m etam orphicp r o c k  on the upthrow n (n o rth ea st) • 

s id e  l i e s  a g a in s t  a ll  s tr a t ig r a p h ic  u n its  fr o m  C am b rian  to  P e n n sy lv a n ia n  

of the d ow n d ropped .sid e . S o u th e a st o f the c r o s s  fa u lt, m in im u m  s t r a t i ­

g r a p h ic  d is p la c e m e n t  on th e r e v e r s e  fa u lt i s  a p p r o x im a te ly  1600 feet;  

C a m b ria n  to  M is s is s ip p ia n  s tr a ta  of th e  upthrow n s id e  l i e  a g a in s t  

C r e ta c e o u s  s tr a ta  o f th e  dow ndr opped s id e .

In th e N E 1 /4  s e c .  I, T . 4' S. R . B E . ,  th e  South C ottonw ood  C r e e k  

fa u lt i s  c o n c e a le d  b y  v o lc a n ic  ro ck . T w o o th er  fa u lts  m e e t  a t a p p r o x i­

m a te ly  the sa m e  lo c a tio n , one of w h ich  tr e n d s  e a s t  fr o m  the ju n ction  and  

th e  o th er  of w h ich  tr e n d s  so u th w e st. T he a c tu a l ju n ctio n  o f the fa u lts  is  

c o n c e a le d  b y  the v o lc a n ic  co v e r ; c o n se q u e n tly , the q u e s tio n  a r i s e s  as  

to  w hat h ap pens to  th e  South C ottonw ood  C reek  fa u lt?  T he p o s s ib i l i t y  

e x i s t s  th at it m a y  ex ten d  b en ea th  th e v o lc a n ic  co v er  and r e ta in  its  

n o r th w e st  s tr ik e . Qn the sou th  s id e  o f th e  e a s t - s tr ik in g  fa u lt , h o w e v e r ,  

J u r a s s ic  s tr a ta  a r e  p r e s e n t  and p ccu r  a p p r o x im a te ly  at th e  h o r iz o n  

e x p e c te d  if  th e y  are  to  b e con tin u ou s w ith  eq u iv a len t J u r a s s ic  s tr a ta  on  

th e  o p p o s ite  s id e  of the r id g e  (i. e . , in  th e  South C ottonw ood  C reek  

d r a in a g e ). T h is  s u g g e s t s  that thq South C ottonw ood C r e e k  fa u lt d o es  not 

r e ta in  i t s  n o r th w e st  s tr ik e  b en ea th  th e  v o lc a n ic  ro ck  a s  th e r e  is  

a p p a ren tly  l i t t le  or no s tr a t ig r a p h ic  d is p la c e m e n t  a c r o s s  su ch  a tren d .

The so u th w e st  tren d in g  fau lt r a d ia tin g  fro m  the ju n ctio n  i s  a r e v e r s e  

fa u lt (up on th e so u th e a s t , dow n o î the n o rth w est) th at e x h ib its  a s m a ll  

com p o n en t of l e f t - l a t e r a l  s t r ik e - s l ip  m o v e m e n t. It d ip s  s t e e p ly  to  the

«1
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so u th e a s t , h a s  a s tr a t ig r a p h ic  d is p la c e m e n t  of a p p r o x im a te ly  150 fe e t ,  

and a so u th w e st  te r m in a t io n  n ea r  South C ottonw ood  C reek . , T he m in im a l  

d is p la c e m e n t  and th e r a th e r  abrupt te r m in a t io n  o f th is  fa u lt in d ica te  that 

it  is  hot the con tin u a tio n  of th e  South C ottonw ood  C re e k  fa u lt. The 

s tr a t ig r a p h ic  d is p la c e m e n t  on th e e a s t  tr en d in g  fa u lt, h o w e v e r , i s  far  

in  e x c e s s  of th a t of the so u th w e st tr en d in g  fa u lt and c o m p a r e s  fa v o r a b ly  

w ith  th at o f th e-S ou th  C ottonw ood  C r e e k  fa u lt. . T he e a s t  tren d in g  fa u lt, 

th e r e fo r e ,  is  m o s t  l ik e ly  a con tin u a tio n  of th e  South C ottonw ood  C reek  

fa u lt . It i s  show n  a s  a v e r t ic a l  fau lt b e c a u s e  e v id e n c e  i s  in s u ff ic ie n t  

to  v e r i f y  i t s  in c lin a tio n . T he fa u lt cou ld  b e tr a c e d  np fa r th e r  e a s t  than  

the. SE 1 /4 . s:eCi 32, . T . 3 S .  , . R . ' 6 'E.

S e d im e n ta r y  • s tr a ta  lo c a te d  in  s e c .  31 and E 1 /2  s e c . . 35,, T. 3 S . ,

R . 5 -E . , o c c u r  on the up'thrown s id e  of the South C ottonw ood  C reek  

fa u lt and c o m m o n ly  dip to  th e  sou th  and so u th w est. An e x c e p t io n  to  

th e  c o m m o n .d ir e c t io n  of d ip  o c c u r s  in  s e c .  31, T . 4' S, ,. R . 6 E . , w h ere  

th e  U p p er  C am b rian  P i lg r im  and R e d  .L ion fo r m a tio n s  a r e  d e fo r m e d  in to  

a so u th e a s t  p lu n gin g  sy n c lin e ;  the sy n c lin e  is  tr u n ca ted  on the south  by  

th e e a s t  tren d in g  p a rt of th e  South C ottonw ood  C reek  fa u lt. . A  c r o s s -  

s e c t io n  of the sy n c lin e  is  show n b y  W. M . W eber (1965 , Unpub. M. S. 

T h e s is ,  M ont.- S ta te  U n iv . , B o z e m a n , p . 49 ). A ls o , a few  b e d s  of the 

L o d g ep o le  L im e s to n e  a r e  o v er tu rn ed  a d ja cen t to  the South C ottonw ood  

C r e e k  fa u lt  in  th e E 1/2' SW 1 /4  s e c .  36 , T: 3 S. , R 5 E , T h e se  data  

s u g g e s t  th at th e  s tr a ta  in  th e  above m e n tio n e d  s e c t io n s  h a v e  b e e n  m o v e d  

s o u th w estw a rd (a s  a u n it) , a s  w e ll  a s  h a v in g  b een  th r u st  u p w ard . The
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th ro w  of th e  South C ottonw ood  C r e e k  fa u lt i s  s e c .  35 , T . 3>S. , R. S E . ,  

is  a p p r o x im a te ly  1600 fe e t  and th e  in c lin a t io n  i s  b e lie v e d  to  b e s teep ,  

in d ic a tin g  th a t s o u th w e stw a r d tr a n s lo c a t io n  of the s tr a ta  i s  not g r e a t.

- S e d im e n ta r y  s tr a ta  sou th  of the e a s t  tren d in g  e x te n s io n  o f the  

South C ottonw ood  C r e e k  fa u lt  a r e  s tr o n g ly  fa u lted , fo ld ed , b r e c c ia te d ,  

s i l i c i f i e d ,  and p a r t ia l ly  c o v e r e d  by v o lc a n ic  s tr a ta . In te r p r e ta tio n s  

of the s tr u c tu r a l and s tr a t ig r a p h ic  r e la t io n s h ip s  a r e , fo r  the m o s t  p a rt, 

b a s e d  on a m in im u m  ( if  not an  in su ffic ie n t)' am ount o f data  and a re  

th e r e fo r e  h ig h ly  c o n je c tu r a l. T he s e r i e s  of fa u lts  e x is t in g  in  th is  a r e a  

m a y  be sp la y  fa u lts  w h ich  r e p r e s e n t  th e  so u th e a s t  te r m in a t io n  o f the  

S ou th 'C otton w ood  C r e e k  fa u lt.

S tra ta  e x p o se d  w e s t  o f fa u lt I ( f ig u r e  5, both  c r o s s  - s e c t io n s )  a re
' " t  ..

know n to  b e  o v er tu rn ed  to  the w e s t .  T hat the fau lt d ip s  s t e e p ly  to  the  

e a s t  in  not c e r ta in , but th e dip and r e la t iv e  m o v e m e n t in d ic a te d  are  

c o n s is te n t  w ith  o th er  s tr u c tu r a l data of th e  m ap  a r e a . In b oth  in t e r ­

p r e ta t io n s  (f ig u r e  5 , a , b ), a s  a un it a l l  s tr a ta  e a s t  of fa u lt  I ex h ib it  

a r e v e r s e  r e la t io n sh ip  to  the foo t w a ll b lo c k . . T he r e la t iv e  am ount of 

m o v e m e n t a lon g  in d iv id u a l fa u lts  v a r ie s .

F ie ld  e v id e n c e  s u g g e s t s  that th e  M is s io n  C anyon a n d 'A m sd en  s tr a ta  

in  the N E 1 /4  s e c .  6 , T . 4 S. , R. 6' E . , m a y  be o v e r tu r n e d  to  the sou th . 

P r o o f  of th e  o v er tu rn in g  i s  la c k in g  b e c a u s e  of e x te n s iv e  d e fo rm a tio n  of 

th e  s tr a ta , but f ig u r e  5a sh o w s a p o s s ib le  r e la t io n sh ip  if  th is  i s  the  

c a s e .  T he d if f ic u lty  w ith  the in te r p r e ta t io n  a r i s e s  a lo n g  fa u lt  2; the  

up w ard  m o v e m e n t of s tr a ta  e a s t  of th e  fa u lt  i s  not c o n s is te n t  w ith  the



70

A- Reverse foulting

C- Erosion

I

B-Verticol foulting

Plon view

F ig u r e  6 . D ia g r a m m a tic  i l lu s tr a t io n  of d e v e lo p m e n t of th e  South  C ottonw ood  
C r e e k  fa u lt at i t s  in te r s e c t io n  w ith  th e W h eeler  G ulch  fau lt.
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d rag  e x h ib ite d  b y -s tr a ta  on th e  w e s t  s id e  of th e  fa u lt. F ig u r e  5b 

sh o w s a n oth er  in te r p r e ta t io n , w h ich  a s s u m e s  that the M iss io n .C a n y o n  

and A m sd e n  s tr a ta  a r e  not o v er tu rn ed . In th is  in te r p r e ta t io n  the  

d ra g  ex h ib ite d  a lon g  fa u lt 2a is  not in c o n s is te n t  w ith  the d ir e c t io n  of 

m o v e m e n t  in d ic a te s .  B oth  in te r p r e ta t io n s  are  c o n s is te n t  w ith  lo c a l  

and r e g io n a l s tr u c tu r a l data . F ig u r e  5b i s  th e  m o r e  a c c e p ta b le  in  

that it i s  th e  le a s t  s p e c ta c u la r  in  t e r m s  of " str u c tu r a l g y n a s t ic s .  "

B y  c o n tr a s t , the d e fo r m a tio n  n orth  of th e  e a s t  tren d in g  e x te n s io n  of th e  

South C ottonw ood  C r e e k  fa u lt  is  m u ch  l e s s  than  that sou th  of it; the 

in te r p r e ta t io n  r e q u ir e d  fo r  f ig u r e  5a , th e r e fo r e ,  i s  a ls o  r e a so n a b le .

U n d isru p ted  T e r t ia r y  v o lc a n ic  r o c k s  in  p a rt o v e r l ie  th e  s ou th w est  

tr en d in g  fa u lt (in  South  C ottonw ood  C r e e k  d ra in a g e ), th e  South C ottonw ood  

C r e e k  fa u lt  and th e  e a s t  tren d in g  e x te n s io n  of it (in c lu d in g  the sp la y  , 

fa u lts ) .  T he v o lc a n ic  r o c k s  a r e  p o s t - la t e  e a r ly  F o c e n e  in  a g e , and 

m o v e m e n t  on th e fa u lts  m u st  h ave  c e a s e d  p r io r  to  th e ir  d e p o s it io n .

. S tr u c tu r e s  a s s o c ia t e d  w ith  the South C ottonw ood fault: A long the  

South  C ottonw ood  C r e e k  fa u lt  a s e r ie s  of m in o r  th r u st  fa u lts  i s  d e ­

v e lo p e d  e a c h  of w h ich  d ip s to w a rd  the m a in  fa u lt. C r o s s - s e c t io n  

C - C 1 (p la te  I) sh o w s a group  of im b r ic a te d  th r u st  fa u lts  o c c u r r in g  in  

s e c .  35 , T . 3 'S. , .  R.' 5 'E ; th e dip of e a c h  upw ard  su c c e e d in g  fau lt i s  

s te e p e r  than  th a t of- an y  -fault b e lo w  it .  T he th r u st  s l i c e s  w e r e  a p p a r e n ­

t ly  b rou gh t up a s  d rag  p h en om en a  a lo n g  th e South C ottonw ood  C reek

fa u lt .
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In th e  w e s t - c e n t r a l  p a rt of s e c .  32 , T. 3 S. ,. R. 6 'E . , a  sm a ll  

le a d  d e p o s it  i s  p r e s e n t  in P r e Cambrian, m e ta m o r p h ic  r o c k . A  s m a ll  

fa u lt  o c c u r s  sou th  of th e  d e p o s it  in -s e d im e n ta r y  s tr a ta  and m a y  ex ten d  

in to  the m e ta m o r p h ic  r o c k , th u s a ffo rd in g  a w e a k n e ss  zo n e  a long  w h ich  

th e  le a d  d e p o s it  fo r m e d .

C r o s s  F a u lt s

D e v e lo p in g  s im u lta n e o u s ly  or p o s s ib ly  (in  part) so m ew h a t e a r l ie r  

than  the South C ottonw ood  C r e e k  fa u lt w as th e W h e e le r  M ountain  m on or  

c l in e , so  n a m ed  (h ere in ) fo r  it s  p ro m in en t ex p o su re  on th e so u th e a s t  

s id e  of th a t m o u n ta in  ( s e c .  2 and 11, T. 4  S. ,. R. 5 'E ..) On the so u th ­

w e s t  s id e  of the m o u n ta in  the b ed s  dip g e n tly  to  the n o r th e a s t , b eg in  to  

in c r e a s e  in  d ip  (n o r th e a s t)  n ea r  it s  c r e s t ,  and th en  l e s s e n  to  a gen tle  

n o r th e a s t  d ip  ag a in  on th e fla n k s  of th e  m o u n ta in  n ea r  South  C ottonw ood  

C r e e k . A s s o c ia te d  w ith  th e m o n o c lin e  i s  a s e r ie s  o f t r a n s v e r s e  fa u lts  

th at a r e  o r ie n te d  a p p r o x im a te ly  p e r p e n d ic u la r  to  the a x is  of the fo ld  

and in  p a rt ow e th e ir  d e v e lo p m e n t to  d if fe r e n t  d e g r e e s  of fo ld in g  of the  

m o n o c lin e .

, A d ja cen t to  W h e e le r  G ulch  ( s e c .  2 -anti 11, T. 4  S. , - R . . 5 E . ). i s  

a fa u lt th a t tr e n d s  s o u th -so u th w e s t  and i s  h e r e  n am ed  th e W h eeler  

G u lch  fa u lt . In s e c .  36 , T . 3 S. ,. R. 5 E,. , th is  fa u lt t r a n s e c t s  the 

South-C ottonw ood  C r e e k  fa u lt  and, a s  n o ted  e a r l ie r ,  the m in im u m  

s tr a t ig r a p h ic  d is p la c e m e n t  on that fa u lt i s  d iffe r e n t  on o p p o s ite  s id e s  

of the W h e e le r  G u lch  fa u lt. T he W h eeler G u lch  fa u lt p lan e  (in; s e c .  36) 

i s  a p p a ren tly  v e r t i c a l  and e x h ib its  a s tr a t ig r a p h ic  d is p la c e m e n t  of
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a p p r o x im a te ly  400 f e e t .  Q uadrant Q u a rtz ite  o f the upthrow n  (n orth ern )  

b lo c k  i s  eq u a l in  e le v a t io n  to  J u r a s s ic  s tr a ta  o f th e  d ow n d ropped b lo ck .

A  p lan  v ie w  of the s tr u c tu r e  in  s e c t io n  36 s u g g e s ts  that th e r e  m a y  be a :

s m a ll  com p o n en t of r ig h t - la t e r a l  s tr ik e  - s l ip  m o v e m e n t d e v e lo p e d  a lo n g  I ,

th e  W h ee ler  G ulch  fa u lt . H o w ev er , th is  ap p aren t m o y e m e n t can a lso  

be e x p la in e d  b y  v e r t ic a l  d is p la c e m e n t  on th e sa m e  fa u lt,, a s  i s  i l lu s tr a te d  

in  f ig u r e  6 . A c tu a lly  b oth  ty p e s  of m o v e m e n t m a y  e x is t ,  but the d ip -  

s l ip  is  b e l ie v e d  b y  th e  w r ite r  to  be b y  fa r  the m o r e  s ig n if ic a n t .

T he th ic k n e s s  of th e  Q uadrant n o r th w e st  o f th e  fa u lt  i s  300 fe e t ,  

w h e r e a s  it  i s  on ly  200 fe e t  th ic k  on th e so u th e a s t  s id e ; the A m sd en  !

F o r m a t io n  e x h ib its  a s im ila r  r e la t io n s h ip . T h is  s u g g e s ts  th at the I

W h e e le r  G u lch  fa u lt w a s  a c t iv e  in P e n n sy lv a n ia n  t im e  and that s u b s e ­

q u en tly  L a r a m id e  fa u ltin g  d e v e lo p e d  along a p r e - e x is t in g  s tr u c tu r a l  

tren d . M cM ann is (1955) h a s  n o ted  .s im ila r  o c c u r r e n c e s  fo r  P e n n s y l­

v a n ia n  a s  w e l l  a s  o th er  s tr a ta  in  the B r id g e r  R ange, and A lpha and  

F a n sh a w e  (1954) and S o n n eb erg  (1956) h a v e  a ls o  found e v id e n c e  to  in ­

d ic a te  m in o r  P a le o z o ic  (and M eso zo ic ), m o v e m e n t on p r e s e n t  day  

s tr u c tu r a l tr e n d s  in  c e n tr a l and s o u th -c e n tr a l M ontana.

F a r th e r  to  th e n o r th e a s t  (i. e . , n o r th e a s t  of the South C ottonw ood  

C r e e k  fau lt) th e  W h ee ler  G ulch  fa u lt e n te r s  P r e c a m b r ia n  m e ta m o r p h ic  

r o c k , but co u ld  not b e  tr a c e d  fa r th e r  b e c a u s e  of the h e a v y  o v erg ro w th  

and la c k  of o u tc r o p s . I

A d ja c en t to  W h ee ler  G ulch  and n ea r  th e so u th ern  m a r g in  of the m ap  

a r e a , th e  fa u lt  i s  v e r t i c a l  and a g a in  e x h ib its  a s tr a t ig r a p h ic  d is p la c e m e n t
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of a p p r o x im a te ly  400- fe e t;  Ip w er L o d g ep o le  -L im esto n e  on the upthrow n  

(n orth ern ) b lo c k  l i e s  a g a in s t  u p per L o d g ep o le  L im e s to n e  o f th e  dow n- 

d rop p ed  b lo c k . S o u th w est of the m ap  a r e a  (in the G arn et M ountain  

q u ad ran g le) M cM an n is and C had w ick  (1964) m ap p ed  the so u th w e st  

e x te n s io n  of th e  W h ee ler  G ulch  fau lt. T h e r e  ( s e c .  10, 11, 14, 15,

T-:- 4-S . ,. R . 5' E.-) i t  ch a n g es  fr o m  a v e r t i c a l  fa u lt to  a n o r th w e st  

s tr ik in g -n o r th e a s t  d ipp ing  th r u st  fa u lt , w h ich  im p lie s  a m in o r  le f t -  

la t e r a l  com p on en t of S tr ik q v s lip  m o v e m e n t on the m a in  n o r th -n o r th ­

e a s t  p a rt o f th e  fa u lt.

F o ld in g  a lo n g  the m o n o c lin e  s e e m s  to  b e m o r e  in te n s e  on the so u th ­

e a s t  s id e  o f th e  W h e e le r  G u lch  fa u lt th an  on th e n o r th w e st  s id e . T hus  

g r e a te r  th r u s t  d is p la c e m e n t  on the n o r th w e st  s id e  of tb e  fa u lt  cou ld  be  

c o m p e n sa te d  b y  th e t ig h te r  fo ld in g  (g r e a te r  sh o rten in g ) p r e s e n t  on the  

so u th e a s t  s id e .

N o r th w e s t  o f th e  W h e e le r  G ulch  fa u lt  i s  - a n o r m a l fa u lt  th at d ips  

to  the n o r th w e st  and tr e n d s  so u th w e s t , tr a n s e c t in g  s e c .  9, 3, 2, T-.

4 S. ,. R . S E ,  ,. and s e c .  35 , T . 3 S. ,. R . S E .  In s e c t io n  9 F r e o a m b r ia n  

m e ta m o r p h ic  r o c k  (upthrpw n b lo ck ) i s  e m p la c e d  a g a in s t  M ea g h er  L im e - 

s to n e , w h e r e a s  in  sectio p . 3 (at the h ea d  of D ry  G ulch) u p p er  M iss io n  

C anyon  L im e s to n e  of th e  dow ndropped  (n o r th w e ste r n ) b lo c k  l i e s  a g a in s t  

u p per L o d g e p o le  L im e s fo n e  of the upthrow n  b lo ck . The s tr a t ig r a p h ic  

d is p la c e m e n t  at e a c h  lp p a tio n  i s  a p p r o x im a te ly  350 f e e t .  . T he fau lt  

a p p a r e n tly  d ie s  out in the SW 1 /4  s e c .  35 , T . 3 S. , R. 5 E . , a s  "it 

d o e s  n ot e x i s t  n o r th e a s t  of South  C ottonw opd  C reek . U n d istu rb ed



75

E o c e n e  v o lc a n ic  r o c k  c o n c e a ls  the fa u lt to  th e so u th w e st (S j  s e c .  9,

T . 4 S. , R . 5 E . ), in d ic a tin g  th at m o v e m e n t  on the fa u lt c e a s e d  p r e - .  

v io u s  to  th at t im e . R e v e r s e  d rag  o c c u r s  on both  s id e s  of the fa u lt (in  

th e  N E  SW j  s e c .  3, T." 4 S. ,. R. S E . )  and i t s  o r ig in  w il l  b e  d i s ­

c u s s e d  w ith  th a t of the n ex t fa u lt to  th e  n o r th w e st .

. T r a n s e c t in g  the m o n o c lin e  one m ile  fa r th e r  to  the n o r th w e st  is  a 

r e v e r s e  fa u lt th a t tr e n d s  so u th w e st in  s e c .  33, 34 , T . 3 S. , R . 5 'E. , 

ch an g in g  tr e n d  to  n e a r ly  due sou th  in s e c .  4 , T . 4 :S . ., - R. 5 E . . The 

fa u lt  d ip s s t e e p ly  to  the n o r th w e st  and h a s  a s tr a t ig r a p h ic  d isp la c e m e n t  

of a p p r o x im a te ly  550 f e e t  in  the N E ^ s e c .  33. A t th is  lo c a tio n  upper  

J e f fe r s o n  L im e s to n e  o f th e  upthrow n  (n o r th w e ster n ) b lo c k  l i e s  a g a in s t  

lo w e r  M is s io n  C anyon L im e s to n e  of th e  dow nthrow n b lo ck . . F a r th e r  to  

the n o r th e a s t  the fa u lt p ro b a b ly  c o n n e c ts  w ith  the South C ottonw ood  

C r e e k  fa u lt , but v a l le y  a llu v iu m  and c o llu v iu m  (in SW ^ s e c .  27, T. 3 S . ,  

R . 5 E . ) c o n c e a l any su ch  c o n n ec tio n . T he south  end o f th e  fa u lt is  

c o n c e a le d  b y  u n d istu rb ed  E o c e n e  v o lc a n ic  ro ck , in d ica tin g  a m in im u m  

a g e  fo r  m o v e m e n t  on th e  fa u lt.

R e v e r s e  d rag  i s  e x h ib ite d  on th e d o w n d ropped (so u th w e st)  s id e  of 

th e fa u lt  in  s e c .  33, and o c c u r s  on th e  o p p o site  end of th e  sa m e  b lo ck  fo r  

w h ich  r e v e r s e  d rag  w a s  n o ted  a lon g  th e  n o r m a l fau lt p r e v io u s ly  

d e s c r ib e d . F ig u r e  7 i s  a sk e tc h  o f th e  r e la t io n sh ip  of r e v e r s e  drag  

to  the s tr a t ig r a p h ic  d is p la c e m e n t  a lo n g  th e  tw o fa u lts . T he b lo c k  

b o r d e r e d  b y  -the tw o. fa u lts  m a y  h ave  m o v e d  upw ard a d ju stin g  i t s e l f  a fte r  

the m a in  p h a se  of fa u ltin g  o c c u r r e d . M otion  .of the b lo c k  wouj-d not h ave  

b een  e n t ir e ly  v e r t i c a l  but s lig h t ly  to  th e so u th ea st,, to o , a s  gu ided  by
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F ig u r e  7. S k etch  of r e v e r s e  d rag  r e la t io n s h ip s  a lon g  tw o  

c r o s s  fa u lts .

T he n o r th w e s te r n m o s t  of the fa u lts  tr a n s e c t in g  the m o n o c lin e  o c c u r s  

in  s e c .  28 , 32, 33, T . 3 S. , R . 5 E . In s e c t io n s  28 and 33 it tren d s  

so u th w e st  and i s  a n o r m a l fa u lt d ipp ing s te e p ly  to  th e n o r th w e st. In the  

SW ^ NW ^ s e c .  33 , the s tr a t ig r a p h ic  d isp la c e m e n t  is  a p p r o x im a te ly  

500 fee t;  b a s a l s tr a ta  of the L o d g ep o le  L im e sto n e  of th e  dow ndropped  

(n o rth w e st) b lo c k  a r e  a d ja cen t to  the lo w e r  p art of the P i lg r im  L im e sto n e  

of th e upthrow n b lo ck . In s e c t io n  32 the fa u lt  ch a n g es to  a m o r e  w e s te r ly  

s tr ik e , m a in ta in in g  it s  n o r m a l fau lt a ttitu d e  w ith  the fa u lt  p lan e d ipping  

s te e p ly  to  the n orth .

L it t le  B e a r  C re e k  F a u lt  and R e la te d  S tr u c tu r e s

The l i t t le  B e a r  C r e e k  fa u lt, h e r e  n am ed  fo r  it s  p r o x im ity  to that 

s tr e a m , tr e n d s  n o r th w e st  and is  a p p a ren tly  of h igh  an g le  r e v e r s e  natu re, 

a s  s u g g e s te d  by o v er tu rn ed  s tr a ta  on the dow ndropped s id e  of the fau lt.

T he m in im u m  s tr a t ig r a p h ic  d is p la c e m e n t  i s  a p p r o x im a te ly  800 fe e t  w ith  

M ea g h er  L im e sto n e  of th e  dow ndropped  (so u th w est) b lo c k  in  con tact w ith  

P r e ca m b r ia n  m e ta m o r p h ic  r o ck  of th e  upthrow n b lo ck . T he so u th ern  p a rt  

of th e  fa u lt i s  b u r ie d  by v o lc a n ic  rock . The fau lt a p p a ren tly  co n tin u es  

so u th e a s tw a r d  b en ea th  th e v o lc a n ic  c o v e r  a s  su g g e s te d  b y  th e s im ila r ity  of 

r e la t io n s h ip s  of the P a le o z o ic  and P r e c a m b r ia n  ro ck s  in s e c s .  7 and 8 ,
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T . 4 'S. , R . S E .  T he v o lc a n ic  r o ck  is  u n d istu rb ed  and is  of E o c e n e  a g e , 

in d ic a tin g  that m o v e m e n t on the fa u lt q e a se d  p r io r  to  th at t im e .

T w o so u th w e st tren d in g  fa u lts  a r e  a s s o c ia t e d  w ith  the L it t le  B e a r  

C r e e k  fa u lt . T he so u th e r n m o st , in  s e c .  7, T . 4 S. , R . S E . ,  i s  c o n s id -  I

e r e d  a v e r t i c a l  fa u lt  a s  f ie ld  e v id e n c e  i s  in su ff ic ie n t  to  d e te r m in e  it s  

in c lin a tio n . S tr a t ig r a p h ic  d is p la c e m e n t  on the fau lt i s  a p p r o x im a te ly  I

200 f e e t ,  w ith  P r e c a m b r ia n  m e ta m o r p h ic  r o c k  of the u p th rown .(northw est) ;

s id e  a d ja cen t to  lo w e r  M ea g h er  L im e s to n e  of th e  dow ndropped  b lo ck .

T he o th er  m o r e  w e s t e r ly  tren d in g  fa u lt in  s e c .  6 , T . 4 S. R. S E . ,  '

and s e c .  I, T . 4 S. R . 4 E . , e x h ib its  a n o r m a l r e la t io n s h ip , w ith  the I
fa u lt p lan e d ipp ing  s te e p ly  to  th e n o rth . N ea r  W illso n  C r e e k  the s t r a t i ­

g ra p h ic  d is p la c e m e n t  i s  a p p r o x im a te ly  400 fe e t ,  w ith  P r e c a m b r ia n

m e ta m o r p h ic  r o c k  of th e  upthr own (so u th er n ) b lo c k  a g a in s t  M eagh er  !

L im e  sto n e  of th e  dow n d rop p ed  b lo c k . N e a r  L it t le  B e a r  C r e e k  the re la tio n ­

sh ip  i s  not c le a r ,  but th e  d is p la c e m e n t  a p p e a r s  to  be l e s s  and m a y  not .. 1

e x c e e d  100 fe e t .

T he fa u lt  cou ld  not be tr a c e d  in to  th e  m e ta m o r p h ic  r o c k  sou th  of 

W illso n  C r e e k , but tw o l in e s  of e v ic e n c e  su g g e s t  that it  m a y  e x is t  th ere :

(I) a d raw  i s  p r e s e n t  in th e  m e ta m o r p h ic  r o c k  a long  the p r o je c t io n  of th e  

fa u lt ; and (2) a r e v e r s a l  in  d ip  of the fo l ia  o c c u r s  a c r o s s  th e  p r o je c t io n  

of th e  fa u lt in  the gE  ^ s e c .  .2 , T . 4  S . ,. R . 4 E . T he n o r th e a s t  te r m in u s  

of th e  fa u lt s e e m s  to  beat, th e  ju n ctio n  w ith  th e  L it t le  B e a r  C re e k  fa u lt.

C o n n ec tio n  of th is  fa u lt  w ith  the n o r th e a s t  tren d in g  fa u lt  in  th e N E ^ s e c .  6 ,

T . 4 S. , R . 5- E . , d o e s  not a p p ea r  to  b e  v a lid  b e c a u se : (I) th e  tw o fa u lts

a r e  not co n tin u o u s, but in te r s e c t  th e  L it t le  B e a r  C r e e k  fa u lt  a t d iffe r e n t
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p la c e s ;  and (2) th e  n o r th e a s t  s tr ic k ip g  fa u lt  (N E ^ s e c .  6, T . 4 S. ,

R . S E . )  and th a t p a rt of the L it t le  B e a r  C r e e k  fa u lt n orth  of its  

ju n ctio n  w ith  th e  la t te r  fa u lt w e r e  a p p a r e n tly  a c t iv e  in  th e  Q u atern ary . 

T h is  is  s u g g e s te d  b y  th e p r e s e r v a t io n  of la n d s lid e  m a te r ia l  in  the N E j  

s e c .  6 , T. 4 S. , R . S E . , and in  E ^ s e c .  31 and W j  s e c .  32, T . 3-S. ,

R . 5 E . T he la n d s lid e  d e b r is  i s  a p p a ren tly  p r e s e r v e d  on the dow ndropped 

s id e s  of th e s e  tw o  fa u lts . (T h is  in d ic a te s  a r e v e r s a l  in  m o v e m e n t for  

th at p a rt o f th e  L it t le  B e a r  C r e e k  fa u lt b e in g  d is c u s se d .')

A s s o c ia t e d  w ith  the L it t le  B e a r  C r e e k  fa u lt  i s  a s y n c lin e , th e  a x is  of 

w h ich  tr e n d s  n e a r ly  p a r a lle l  to  th e fa u lt. T he se d im e n ta r y  s tr a ta  of th e  

so u th w e s te r n  lim b  of th e  sy n c lin e  h ave  b e e n  t il t e d  in u n ity  w ith  underlying  

b a s e m e n t  b lo c k s ,  e x c e p t  w h ere  in flu e n c e d  b y  the a fo r e m e n tio n e d  

so u th w e st and w e s t  tren d in g  fa u lts . - S tr a ta  of the n o r th e a s te r n  lim b  h a v e  

b e e n  tu rn ed  up sh a r p ly  and s lig h t ly  o v er tu rn ed  a long  th e  L it t le  B e a r  Creek 

fa u lt.

T he L it t le  B e a r  C r e e k  fa u lt , th e  s y n c lin e , and the tw o t r a n s v e r s e  

■faults h a v e  a c lo s e ly  r e la te d  h is to r y  o f d e v e lo p m e n t. - A s  s t r e s s  w as  

a p p lied  fr o m  the e a s t -n o r th e a s t ,  the n o r th e a s t  b lo ck  of the L it t le  B e a r  

C r e e k  fa u lt  w a s  th r u st  up w ard  and s tr a ta  of th e  dow ndr opped b lo ck  w e r e  

s im u lta n e o u s ly  b e in g  d e fo r m e d  to  p ro d u ce  a sy n c lin a l s tr u c tu r e . T he  

so u th w est tren d in g  fa u lts  p ro b a b ly  d e v e lo p e d  c o n c u r r e n tly , due to  

d if fe r e n t ia l  s t r e s s  d e v e lo p e d  during th e c o m p r e s s io n  and m o v e m e n t on 

th e  L it t le  B e a r  C r e e k  fau lt.
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G a lla tin  R an ge F r o n t  F a u lt

One of the m o s t  s ig n if ic a n t  s tr u c tu r e s  in  th e  m ap  a r e a  i s  th e  G a lla tin  

Range fro n t fa u lt or fa u lt  zo n e . H a ck e tt and o th e r s  (I960 , p., 50) and 

. R o b in so n  (1961, p. 1009) s ta te  th at th e  n e c e s s a r y  data  to  p ro v e  the  

e x is te n c e  o f th is  fa u lt i s  la c k in g , but the p r e s e n t  w r ite r  d o e s  not co n cu r. 

T he fo llo w in g  l in e s  of ev id en ce  su g g e s t  th a t the fau lt d o e s  e x is t :  (I) th e

tren d  of th e  m o u n ta in  fr o n t i s  lin e a r ;  (2) la n d s lid e  d e b r is  i s  co n c e n tr a te d  

a lon g  th e  m o u n ta in  fron t; (3), m u ch  of the la n d s lid e  m a t e r ia l  p r e s e r v e d  

a lon g  th e  m o u n ta in  fro n t i s  c o m p r is e d  of v o lc a n ic  ro ck ,  ̂ y e t  su ch  ro ck  i s  

co m m o n ly  a b se n t  in  the im m e d ia te ly  a d ja cen t m ou n ta in  r a n g e , thus  

su g g e s t in g  .p r e se r v a t io n  on th e  dow ndropped  b lock ; (4) p r e - T e r t ia r y  

o u tcro p s  a r e  v ir tu a l ly  a b se n t  in  the b a s in  p r o p e r , in d ic a tin g  th a t the  

o ld e r  r o c k  m u st  l ie  at c o n s id e r a b le  d ep th  b e lo w  the. T e r t ia r y  and you n ger  

m a t e r ia ls  of th e  b a sin ; (5)" T e r t ia r y  s tr a ta  lo c a l ly  abut a g a in s t  the m o u n ­

ta in  fro n t w ith  a s te e p  p lan e  of co n ta ct .(SE ^ s e c .  29,. T . 3 S. ,. R . 5 E . ); 

(6 ) p r e - T e r t ia r y  s tr a ta  of th e  m o u n ta in  ra n g e  g e n e r a lly  d ip  g en tly  to  th e  

n o r th e a s t , b u t n ea r  the ra n g e  fro n t ( s e c .  32 , 35 , and 36 , T . 3 S. ,

R . 4 E . ) th e  dip in c r e a s e s  and ch a n g es  d ir e c t io n  so .th a t  it  i s  tow ard  th e  

p r o p o se d  fau lt; (7) M. D . M ifflin  (1963,. Unpub. M. S. T h e s i s ,  M ont.

S ta te  U n iv . , B o zem a n ) h a s  show n that c o n s id e r a b le  v e r t i c a l  d isp la c e m e n t  

of r o c k s  h a s  o c c u r r e d , a lon g  the s u g g e s te d  fa u lt tren d  w e s t  of the m ap  

a r e a ;  (8 ) M cM an n is and C hadw ick  (1964) show  h o r iz o n ta l o f f s e t  of th e  

Squaw  C r e e k -C h e r r y  C r e e k  fa u lt, the d isp la c e m e n t  o c c u r r in g  a long  the  

sa m e  ran g e  fro n t tren d ; (9) in  th e  SW s e c .  14, SE ^ s e c .  15, and the N E
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s e c .  22 , T . 3 S. , R . 5 ' E . ,, e v id e n c e  in d ic a te s  that P r e c a m b r ia n  m e ta m Or­

p h ic  r o c k  h a s  b e e n  d isr u p te d  b y  th e fa u lt pr a b ra n ch  of it . M eta m o rp h ic  

r o c k  in  th e d isr u p te d  zon e is  h ig h ly  sh e a r e d , fr a c tu r e d , and co n to rted . 

F o l i a  o f th e  so u th e a s t  b lo c k  dip 7 0 °  to  th e so u th e a s t  w h e r e a s  fo lia  on th e  

o p p o site  s id e  dip a p p r o x im a te ly  10°  n o r t h e a s t , . s tr o n g ly  su g g e st in g  

fa u lt in g . A ls o ,  a rem n a p t o f v o lc a n ic  r o c k  (not la n d s lid e  d e b r is ) ' is  

p r e s e r v e d  on th e  d ow ndropped  (n o r th w e st) b lock ; (10) s tr ic k in g  p a r a lle l  

to  th e tr e n d  of th e  s u g g e s te d  fa u lt  and n o r th w e st  o f it ,  a  su b su r fa c e  fa u lt  

h a s  b e e n  d e te c te d  th rou gh  th e u s e  of g r a v ity  and m a g n e t ic  data  (D a v is  and 

o th e r s ,  1965).

T he n o r th e a s t  tr e n d in g  G a lla tin  R a n g e ,fr o n t fa u lt e x te n d s  fro m  the  

so u th e r n  m a r  g in  o f-S p a n ish  C r e e k  V a lle y  (so u th w e st of th e  m ap  a rea ) to  

th e m ou th  of B e a r  C anyon  n o r th e a s t  of th e  m a p  a r e a . T h e fa u lt i s  at 

l e a s t  23 m i l e s  lo n g , fo r m in g  the m u tu a l b ou nd ary  of the G a lla tin .R a n g e ,  

the G a lla tin  V a lle y , and  th e T e r t ia r y  d e p o s it s  of the la t te r .  The fa u lt h a s  

a "norm al r e la t io n s h ip  and d ip s s t e e p ly  to  th e n o r th w e st . • S tra ta  of the  

u p th rown b lo c k  ra n g e  fr o m  P r e c a m b r ia n  to  E o cen e  (v o lc a n ic  ro ck  of th e  

T o m  L a y  P r a r ie  a r e a ) ,  and t h o s e xOf th e dow nthrow # b lo c k  ran ge fro m  

M io cen e  to  R e c e n t  ex ce p t: (I) on th e  sb u th w est end o f th e  fa u lt w h e r e

T e r t ia r y  v o lc a n ic  r o c k  and P r e c a m b r ia h  m e ta m o r p b ic  r o c k  a r e  a ls o  on  

the dow n d rop p ed  s id e , and (2) a t th e  m o u th  of "Middle C r e e k  (SW ^ sec . 14, 

and SE ^ s e c .  15, T . 3 S. R . 5 E . ) w h e r e  a  s l iv e r  of P r e c a m b r ia n  

m e ta m o r p h ic  r o c k  i s  dow ndropped  r e la t iv e  to  the m a in  m ou n ta in  m a s s  

(but i s  s t i l l  up,thrown r e la t iv e  to  fh e b a s in ) .
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M a rtin  D. M ifflin  (1963, Unpub. M . S. T h e s is , .  M ont. S ta te  U niv . , 

-B ozem an ) e s t im a te d  s tr a t ig r a p h ic  d is p la c e m e n t  on th e fa u lt to  be  

b e tw e e n  1500 fe e t  and 2500 fe e t  n ea r  th e  m ou th  of G a lla tin  C anyon, w e s t  

of th e  map a r e a . H is  e x t im a te  is  b a se d  on the s im ila r it y  of tw o v e r t i c a l ­

ly  o f f s e t  s u r fa c e s  b e a r in g  b a s ic  v o lc a n ic  r e m n a n ts . D is p la c e m e n t  m a y  

b e g r e a te r  on tire n o r th e a s t  end of th e  fa u lt. P e a le  (1896) p o stu la ted  

e a s tw a r d  t i l l in g  of th e  b a s in  to  e x p la in  th e e a s tw a r d  dip pf th e  T e r t ia r y  

s tr a ta  th e r e in . R o b in so n  (1961,. p. 1009) n o ted  that o ld e r  T e r t ia r y  r o c k s  

d o m in a te  th e  w e s te r n  h a lf  of the b a s in  w h e r e a s  the e a s t e r n  h a lf  i s  

d o m in a ted  b y  y o u n g er  T e r t ia r y  s tr a ta . H e a ttr ib u ted  th is  to  r e c u r r e n t  

t i l t in g  of th e  b a s in , w h ich  s u g g e s ts  g r e a te r  d isp la cem e nt on th e  n o r th e a s t  

end o f th e  G a lla tin  R ange fro n t fau lt.

T he ran g e  fro n t fa u lt  a p p a ren tly  e x h ib its  a l e f t - l a t e r a l  com p on en t  

of s t r ik e - s l ip  m o v e m e n t a s  it  s e e m s  to  o f f s e t  the S a le s v i l le  fa u lt  fro m  

i t s  p r o je c te d  con tin u ation  - - th e  South C ottonw ood  C r e e k  fa u lt . ■ Such  

m o v e m e n t in d ic a te s  that th e  ran ge fr o n t fa u lt i s  y o u n g er  and e s s e n t ia l ly  

u n in flu en ced  b y  th e  w e s t -n o r th w e s t  tr e n d s .

V ^ om e c o n tr o l fo r  d a tin g  m o v e m e n t  on th e  ra n g e  fr o n t fa u lt  e x i s t s  in  

th e  SE ^ s e c .  21, T . 3 S. ,. R; 5 E . T he a llu v ia l fan  d e p o s it  (Qf) is  

u n d istu r b e d  a lo n g  th e fa u lt  t r a c e .  L a te  M io cen e  - - e a r ly  P l io c e n e  

f lu v ia t i le  d e p o s it s  (T . ), h o w e v e r , a r e  d is tu r b e d  a s  th e y  abut a g a in st  

P r e c a m b r ia n  m e ta m o r p h ic  ro ck . T hus m o v e m e n t had  c e a s e d  p r io r  to  

fo r m a tio n  of th e  a llu v ia l  fan .
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Sub su r fa c e  F a u lt s  of B a s in

G r a v ity  and m a g n e t ic  data of D a v is  and o th e r s  (1965) s u g g e s t  that 

a " b ed ro ck  trou gh "  e x i s t s  b en ea th  the so u th e a s te r n  m a r g in  of the T h ree  

F o r k s  b a s in . T he n o r th e r n  b ou n d ary  o f th is  trou gh  is  fo r m e d  b y  a 

b u r ie d  fa u lt lo c a te d  so u th e a s t  of G a lla tin  G atew ay; the so u th ern  

b ou n d ary  i s  fo r m e d  b y  a b u r ie d  fa u lt  t f  ending ro u g h ly  p a r a lle l  to  the 

G a lla tin  R ange fro n t fa u lt  in  the m a p  a r e a , but i s  in  p a rt co in c id en t w ith  

th e  la t te r  fa u lt  to  the n o r th e a s t  ( s e e  p la te  I). T he so u th er n  boundary  

fa u lt  e x te n d s  fr o m  th e m o u th  of G a lla tin  C anyon to  the m o u th  of B e a r  

C anyon  (n o r th e a s t  of the m ap  a r e a ) , a d is ta n c e  of about 17 m i le s .  

D is p la c e m e n t  on th is  fa u lt  i s  in  e x c e s s  of 4000 fe e t  b en ea th  South  

C ottonw ood  C r e e k , w ith  the f lo o r  of th e  tro u g h  (bottom  of b a s in  f ill)  

com p u ted  to  be 6000 f e e t  b e lo w  th e su r fa c e  (D a v is  and o th e r s ,  1965, 

p. 3). A  s te p  fa u lt  r e la t io n s h ip  m u st  th e r e fo r e  e x is t  b e tw e e n  the trou gh  

and the G a lla tin  R ange fro n t. T he fa u lt  on th e n o r th w e st  s id e  of the  

tro u g h  e x te n d s  n o r th e a s t  fr o m  the m o u th  o f G a lla tin  C anyon fo r  m o r e  

than  8 m i l e s ,  h a s  at l e a s t  2000 f e e t  of v e r t i c a l  d is p la c e m e n t , and m a y  

in t e r s e c t  the so u th er n  b o u n d a ry  fa u lt n e a r  the m ou th  o f G a lla tin  C anyon. 

N o r th w e s t  of th e  n o r th e r n  b ou n d ary  fa u lt th e  b e d r o c k  su r fa c e  r i s e s  

g r a d u a lly  to  b e d r o c k  o u tcro p s  in  the C am p C reek  H il ls  (D a v is  and 

o th e r s ,  1965, p , 3).



■ GEOM ORPHOLOGY

D is c u s s io n  of th e  g e o m o r p h ic  h is to r y  of the m ap  a r e a  i s  con fin ed  to  

tw o to p ic s :  in te r p r e ta t io n  of th e  g la c ia l  f e a tu r e s  and in te r p r e ta tio n  of

th e  e r o s io n  s u r fa c e s  a t th e  fro n t of the G a lla tin  R an ge . F o r  a su m m a r y  

of th e C e n o z o ic  h is to r y  of th e  G a lla tin  R a n g e , the r e a d e r  i s  r e fe r r e d  to  

M cM an n is (1964),. M cM an n is and C had w ick  (1964), and H o r b e r g  (1940).

G la c ia l G eo lo g y

B la c k w e ld e r  (1915) n am ed  g la c ia l  d e p o s it s  in  th e  W ind R iv e r  

M ou n ta in s of W yom ing the B u ll L ake and P in e d a le  g la c ia t io n s  (e a r ly  and. 

la te  W isc o n s in  r e s p e c t iv e ly ) .  . T h e r e  h a s  b een  a g ro w in g  te n d e n c y  to  

a ttem p t c o r r e la t io n  of W isc o n s in  g la c ia l  f e a tu r e s  of the R o ck y  M ountains  

w ith  th e s e  tw o ,s ta g es .

■ E a r ly  W isc o n s in  G la c ia t io n

G la c ia l d e p o s its  t e n ta t iv e ly  a s s ig n e d  a B u ll  L ake ag e  o c c u r  a t the  

fro n t of th e  ran g e  h ig h  on an in te r  s tr e a m  d iv id e  b e tw e e n  L it t le  B e a r  

C r e e k  and B ig  B e a r  C r e e k  ( s e c .  5 , 6 , and 8 , T . 4 S. ,. R . B E . ,  and s e c .  

31, and 32, T . 3 S. ,. R . 5 E . ). T he d e p o s it s  p r e d o m in a n tly  c o n s is t  of 

su b an gu lar  c o b b le s  and b o u ld e r s  of M ea g h er  L im e s to n e , P r e c a m b r ia n  

g n e is s ,  and P i lg r im  L im e s to n e , w ith  sa m p le s  of o th er fo r m a tio n s  m ak in g  

up a s m a ll  p e r c e n ta g e  of the. d e p o s its .

T he c o b b le s  and b o u ld e r s  e x p o se d  at the su r fa c e  a r e  n ot d eep ly  

w e a th e r e d . L im e s to n e  ty p e s  at depth  in  the d e p o s it  a r e  o n ly  s lig h t ly  

w e a th e r e d , but th e  m e ta m o r p h ic  r o c k s  a t dep th  a r e  ty p ic a l ly  d eep ly  

w e a th e r e d . N o s tr ia te d  or fa c e te d  r o c k s  w e r e  found. A  p it  dug in  the
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g la c ia l  d e p o s it  of T o m  L a y  P r a r ie  r e v e a le d  a n o t - to o -w e l l  d ev e lo p e d  

s o i l  p r o f i le .  T he u p p er  p a rt of the B -h o r iz o n  i s  d o m in a n tly  sand, but 

a s.a m p le  k n eed ed  w ith  a s l ig h t  am ount of w a te r  ten d ed  to  m a in ta in  a 

b a ll ,  th u s in d ica tin g  the p r e s e n c e  of a s ig n if ic a n t  am ount of c la y . The  

lo w e r  p a rt of the B -h o r iz o n  co n ta in s  p ed s  ^ to  jr in c h e s  in  d ia m e te r ,  

in d ic a tin g  a g r e a te r  am ount of c la y  than  in  th e upper p a rt. T he s o il  is  

"weak" but is  s t i l l  b e t te r  d e v e lo p e d  than  that o f a P in e d a le  d e p o s it  

(p e r so n a l c o m m u n ic a tio n  ', J . M o n ta g n e , 1966). T he a d v a n ced  sta te  

of w e a th e r in g  of the m e ta m o r p h ic  r o c k s  a ls o  S u g g ests  an a g e  o ld er  than  

P in e  d a le . A ls o  the abundance of cob b le  s iz e  lim e s to n e  r o c k s  is  not 

s u g g e s t iv e  of a p r e - B u ll  L ak e a ge  a s  su ch  d e p o s its  a r e  ty p ic a l ly  

c h a r a c te r iz e d  b y  b o u ld er  s iz e  l im e s to n e  ty p e s ,  if  any l im e s to n e  r e m a in s  

at a l l .  A  B u ll L ake a ge  fo r  the d e p o s it  s e e m s  to  be th e m o s t  r e a so n a b le .

A n in te r e s t in g  and s ig n if ic a n t  p r o b le m  e x i s t s  w ith  r e s p e c t  to  the  

P a le o z o ic  l im e s to n e  p r e s e n t  in  the d r ift . . It h a s  no p o te n t ia l so u r c e  a r e a  

w ith in  th e d ra in a g e  s y s te m  a s  th e s y s te m  p r e s e n t ly  e x i s t s ,  w ithout 

c r o s s in g  in te r  s tr e a m  d iv id e s  or in c is e d  v a l le y s .  A  m a jo r  d ra in age  

ch an ge s in c e  P in e d a le  g la c ia t io n  i s  u n lik e ly , a c o n c lu s io n  su g g e s te d  b y  

th e fa c t  th a t P in e d a le  d e p o s it s  o f th e  M idd le C r e e k  d ra in a g e  (and r e g io n ­

a lly )  a r e  co n fin ed  to  th e e x is t in g  v a l l e y s .  H o w ev er , it i s  not im p o s s ib le  

th at c o n s id e r a b le  dow n cu ttin g  h a s  o c c u r r e d  s in c e  B u ll  L a k e  t im e , and  

th a t the p r e s e n t ly  d e e p ly  in c is e d  ca n y o n s w e r e  not y e t  cut. T h u s, a 

s o u r c e  fo r  the l im e s to n e  cou ld  p o s s ib ly  h a v e  e x is te d  in  B u ll  L ake t im e  

th a t w opld  not r e q u ir e  c r o s s in g  an in c is e d  s tr e a m  can yon . A  p o s s ib le  

so u r c e  a r e a  fo r  the g la c ia l  d e p o s its  b e in g  c o n s id e r e d  cou ld  th en  have
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b e e n  in  the n o r th e a s t  c o r n e r  of the G arn et M ountain  q u ad ran g le .

O ther G la c ia l D e p o s its

S m a ll g la c ia l  d e p o s its  o ccu r  at tw o lo c a t io n s  in th e  South C ottonw ood  

C r e e k  d r a in a g e . T h e y  h ave  not b e e n  a s s ig n e d  an a ge  b e c a u s e  th is  w ould  

r e q u ir e  a k n o w led g e  of th e  g la c ia l  fe a tu r e s  m u ch  fa r th e r  up th e  canyon, 

an o b je c t iv e  n ot w ith in  th e sc o p e  o f th is  T h e s is .  H o w e v e r , th e  p h y s ic a l  

c h a r a c t e r is t ic s  of th e  d e p o s its  w il l  b e  n o ted  h e r e  fo r  fu tu re  r e fe r e n c e .

In th e  W j  s e c .  7 , T. 4' S. , R. 6 E . ,. c o b b le s  and b o u ld e r s  of 

P r e c a p r b r ia n  g n e is s  o c c u r  on a s te e p  s lo p e  a t about 400 f e e t  above the  

p r e s e n t  s tr e a m  l e v e l  and a t an a v e r a g e  e le v a t io n  of about 6600 fe e t .

T he r o c k s  a r e  su b rou n d ed , a r e  n ot s tr ia te d , fa c e te d , o r  d e e p ly  

w e a th e r e d , and a r e  s e t  in a p o o r ly  d e v e lo p e d  s o i l  p r o f ile .

In th e SW ^ s e c .  I,, T . 4 S. ,- R . S E . , su broun d ed  P a le o z o ic  lim esto n e  

c o b b le s  a r e  p r e s e n t  on a s t e e p ly  s lo p in g  h i l l s id e .  T he d e p o s its  occu r  

a p p r o x im a te ly  600 f e e t  ab ove the p r e s e n t  s tr e a m  le v e l  and a t an a v e r a g e  

e le v a t io n  of about, 6800 f e e t .  The c o b b le s  a r e  su broun d ed , and a re  

n e ith e r  s tr ia te d  nor fa c e te d , but th ey  a r e  d e e p ly  w e a th e r e d . T he  

w e a th e r in g  m a y  be due in  p a rt to  th e ir  p o s it io n  on th e n o r th e a s t  slop e  

o f th e  r id g e . . M oistu r e r e m a in s  lo n g e r  on su ch  s lo p e s  and th e  v e g e ta tio n  

i s  d e n se , tw o  fa c to r s  w h ich  p ro m o te  w e a th e r in g .

E r o s io n  S u rfaceq

T he g e o lo g ic  m ap  (P la te  I) sh ow s a p p r o x im a te ly  w hat a r e  b e lie v e d  

to  b e th e  d is s e c t e d  r e m n a n ts  of th r e e  m a jo r  e r o s io n  s u r fa c e s :  Q §p  

Q g and Q g3 . T he r em n a n ts  a s  o u tlin ed  su g g e s t  a g e n tle  n o r th e a s t
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s lo p e  of the o r ig in a lly  con tin u ou s s u r fa c e s .  O r ig in  of th e  e r o s io n  

s u r fa c e s  is  in  doubt e x c e p t  th a t th ey  w e r e  p ro b a b ly  cut b y  s tr e a m s  

is s u in g  fr o m  th e G a lla tin  R a n g e , a s  s u g g e s te d  by th e c lo s e  c o r r e la t io n  

of s u r f ic ia l  d e p o s its  (Qpa )-and the p ro b a b le  so u r c e  a r e a s .. N o r th w est o f 

th e  m a p  a r e a , im m e d ia te ly  w e s t  o f th e  G a lla t in .R iv e r , M. D. M ifflin  

(1963, U npub. !M .-S . T h e s is ,  M ont. S ta te  U n iv . , 1 B o z e m a n )  found a 

s te e p e n in g  of th e  (n o r th e a s t -s lo p in g )  e r o s io n  s u r fa c e s  to w a rd  the  

G a lla t in  R iv e r  C anyon , w ith  .the o ld er  (h ig h er) e r o s io n  s u r fa c e s  in ­

c lin e d  m o r e  than  th e  lo w e r  s u r fa c e s .  H e w a s  not a b le  to  a s c e r ta in  

fo r  c e r ta in  th e  c a u se  (o r  c a u s e s )  of th e  d iffe r in g  d e g r e e s  o f s lo p e .

M ifflin  b e lie v e d , h o w e v e r , th a t th e  e r o s io n  s u r fa c e s  r e p r e s e n te d  p e r io d s  

of in c r e a s e d  d is c h a r g e  and d e tr ita l  in c r e m e n t  of the G a lla tin  R iv e r ,  

d ir e c t ly  r e la te d  to  p e r ig la c ia l  c l im a t ic  co n d itio n s  in  the d ra in a g e  b a s in .  

T h u s he c o r r e la te d  e r o s io n  s u r fa c e s  ( t e r r a c e s )  w ith  s ta d e s  of g la c ia t io n ,  

h is  t e r r a c e  N o. I w a s d e s ig n a te d  a s  a P in e d a le  fe a tu r e . T he b a s is  for  

th is  d e c is io n  w as th a t "outw ash  d e p o s its  f r o m  th e y o u n g e s t  a lp in e  

g la c ia t io n  in  th e  S p a n ish  P e a k s  g ra d ed  to  a t e r r a c e  w h ic h 1'appears to  b e  

e q u iv a le n t to  t e r r a c e  N o. I' b e c a u s e  of i t s  p o s it io n  r e la t iv e  to  p r e s e n t  

r iv e r  le v e l .  "

T he e r o s io n  s u r fa c e s  of the m ap  a r e a  m a y  h ave r e s u lte d  fro m  the  

sa m e  p h en o m en a . P r o o f  o f th is  by c o r r e la t io n  of e r o s io n  s u r fa c e s  in  

th e m a p  a r e a  w ith  th o s e  of M if f l in s ' a r e a  is  not f e a s ib le ,  h o w e v e r ,  

b e c a u se :  (I) th e  r o c k  ty p e s  o f th e  s u r f ic ia l  d e p o s its  a r e  d if fe r e n t . In 

th e  m ap  a r e a , th e  s u r f ic ia l  r o c k s  a r e  g r e a te r  than 90% v o lc a n ic  r o c k s ,  

and an y  o th er  l i th o lo g ic  ty p e s  p r e s e n t  r e f l e c t  on ly  the im m e d ia te  s o u r c e s
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n e a r  canypn m o u th s  (at th e  ran g e  fro n t). (2). C o r r e la t io n  o f e r o s io n  

s u r fa c e s  in the tw o m ap  a r e a s  on the b a s is  of e le v a t io n  i s  ru le d  out.

T he e r o s io n  s u r fa c e s  o f th e  w r it e r s '  m ap  a r e a  a r e  h ig h e r  than  th o se  o f  

M iff l in s ' a r e a , and a r e  s e p a r a te d  fr o m  th e s e  b y  th e b ro a d  G a lla tin  R iv e r  

v a l le y  b o tto m . F a u lt in g  a lo n g  the G a lla tim R a n g e  fro n t fa u lt (and probably  

th e  b u r ie d  tro u g h  fa u lts  a s  w e ll)  i s  qu ite l ik e ly  r e sp o n s ib le  fo r  so m e  of 

th e  e le v a t io n  d if f e r e n c e s .  T h e r e fo r e , no g la c ia l  s t a d e - - e r o s io n  su r fa c e  

c o r r e la t io n  i s  p o s s ib le .

N o rth w a rd  t i l t in g  of th e  G a lla tin  V a lle y  i s  s u g g e s te d  by (I) th e  g en tle  

n orth w a rd  in c lin a t io n  o f th e  s u r fa c e s  in  th e  m a p  a r e a , and s te e p  so u th ­

w e s t  s lo p e s ;  and (2) h ea d w a rd  e r o s io n  .p ro ceed in g  to w a rd  th e  so u th w est  

(m ig r a tin g  up the g e n t le  s lo p e ) . T hus th e  e r o s io n  su r fa c e  in c lin a t io n s  do 

n ot r e p r e s e n t  th e  g r a d ie n t  (or  g r a d ie n ts )  of the s tr e a m  w h ich  cut them ; 

th e  in c lin a t io n s  a r e  s te e p e r  now , and a r e  c e r ta in ly  s t e e p e r  than  the 

in c lin a t io n  of th e  p r e s e n t  G a lla tin  R iv e r  f lo o d  p la in . T h e s e  data  su g g e s t  

th at the t ilt in g  of th e  e r o s io n  s u r fa c e s  m a y  be r e la te d  to  r e c u r r e n t  or 

con tin u in g  n o r th e r ly  t i l t  o f th e  G a lla tin  V a lle y .



C O N C LU SIO N S

T he fo llo w in g  is  a l i s t  of the m a jo r  c o n c lu s io n s  d e r iv e d  fr o m  w ork  in  

th e  m ap  a r e a .

(1) T he s e d im e n ta r y  s e q u e n c e - is  c o n s id e r a b ly  th in n er  than  eq u iv a len t  

seq u en ce^  in  a d ja cen t a r e a s .

(2) T r ilo b ite -s  o f th e  g en u s 'G lo s so p le u r a w e r e  found ip  the F la th e a d  

Q u artzite; and a r e  th e on ly  know n o c c u r r e n c e  of t r i lo b it e s  in  the fo r m a -
I

tio n . T h ey  in d ic a te  that th e  F la th e a d ^ if  th e  m a p  a r e a  is  you n g er  than  

p r e v io u s ly  b e lie v e d ;

(3) A  c o n g lo m e r a te  s im ila r  to  the S phinx C o n g lo m e r a te  i s  p r e se n t  

n e a r  th e fro n t of the r a n g e .

(4) T he m a in  d e fo r m a tio n  o c c u r r e d  d u rin g  L a r a m id e  t im e ,  s ta r tin g  

p ro b a b ly  in  th e  L ate  C r e ta c e o u s  and e f f e c t iv e ly  p ea s in g  by th e  t im e  of 

E o c e n e  v o lc a n is m .

(5) T he s tr u c tu r a l m o v e m e n ts  a r e  n ot in c o n s is te n t  w ith  an e a s t -  

n o r th e a s t  c o m p r e s s iv e  s t r e s s  ev en  though  th e  tren d s  o f s tr u c tu r e s  are  

not th o se  e x p e c ta b le  th e y  w e r e  fo r m e d  e n t ir e ly  b y  su ch  a  s t r e s s  

o r ie n ta tio n .

( 6) • S om e s tr u c tu r a l tr e n d s  of the m a p  a r e a  e x is te d  p r io r -to  

L a r  am ide; d e fo r m a tio n .

(7) A m p le  e v id e n c e  e x i s t s  to  p ro v e  th a t th e G a lla tin  R an ge fron t

fa u lt  d o es  e x is t .
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