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Abstract:
The geology of part of the West Fort Basin was studied to obtain practical information relating to the
proposed development of a large recreational facility. Both bedrock and surficial geology were mapped
to discover relationships which have environmental significance.

The exposed stratigraphic units, in this area, consist of Cretaceous strata with interbedded igneous sills,
including the Kootenai Formation through part of the Colorado Group. The three-member Kootenai
Formation, mainly sandstone and shale, is the most resistant unit in the area. In contrast to the
Kootenai, the overlying weak formations including the Thermopolis Shale, Muddy Sandstone, Albino
Formation, and an unnamed sandstone and shale unit,generally provide a poor bedrock base for
construction. Various types of mass-gravity phenomena which affect much of the surface underlain by
these units, contribute to their poor adaptability to man-made alterations. Varying climatic conditions
through Recent geologic history have controlled the character of these mass wastage processes.
Microclimatic variations due to different slope orientation affect vegetative growth and geo-morphic
processes.

Mass-gravity phenomena show a definite correlation with lithology. Flowage or slump masses are the
normal surficial cover for areas underlain by the Thermopolis Shale and the Albino Formation, even
when tilting of the strata is slight. Although most of these movements are stabilized under present
climatic conditions, their equilibrium is delicate and modifications should be planned with caution.
Rockslides and mudflows are less common features, but may involve all stratigraphic units. Slow
flowage mass-gravity movements such as talus flow, colluvium and rock glaciers are mostly found on
steeper slopes. Rock glaciers present are classified as active and inactive. It is recommended that the
active rock glacier in the cirque on Lone Mountain be studied to determine its movement, if any, before
the proposed ski lift is installed. 
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ABSTRACT

The g e o l o g y 'o f  p a r t  o f  th e  West F o r t  B a s in  was s t u d i e d  to  o b t a i n  
p r a c t i c a l  i n f o r m a t io n  r e l a t i n g  t o  t h e  p ro p o se d  deve lopm en t o f  a l a r g e  
r e c r e a t i o n a l  f a c i l i t y .  B o th  b e d ro c k  and s u r f i c i a l  g e o lo g y  were mapped 
t o  d i s c o v e r  r e l a t i o n s h i p s - w h i c h  have e n v i r o n m e n ta l  s i g n i f i c a n c e .

The exposed  s t r a t i g r a p h i c  u n i t s ,  i n  t h i s  a r e a ,  c o n s i s t  o f  Cre­
ta c e o u s  s t r a t a  w i t h  i n t e r b e d d e d  ig n eo u s  s i l l s ,  i n c l u d i n g  th e  K o o te n a i  
F o rm a t io n  th ro u g h  p a r t  o f  t h e  C o lo rado  Group. The th ree -m em ber  
K o o te n a i  F o rm a t io n ,  m a in ly  s a n d s to n e  and s h a l e ,  i s  th e  m o st  r e s i s t a n t  
u n i t  i n  th e  a r e a . I n  c o n t r a s t  to  th e  K o o te n a i ,  th e  o v e r l y i n g  weak f o r ­
m a t io n s  i n c l u d i n g  th e  T herm opo lis  S h a l e ,  Muddy S a n d s to n e ,  A lb in o  F o r ­
m a t io n ,  and an  unnamed s a n d s to n e  and s h a l e  u n i t , g e n e r a l l y  p r o v id e  a 
p o o r  b e d ro c k  b a se  f o r  c o n s t r u c t i o n .  V a r io u s  ty p e s  o f  m a s s - g r a v i t y  
phenomena w h ich  a f f e c t  much o f  th e  s u r f a c e  u n d e r l a i n  by  t h e s e  u n i t s ,  
c o n t r i b u t e  t o  t h e i r  poo r  a d a p t a b i l i t y  t o  man-made a l t e r a t i o n s .  V ary ing  
c l i m a t i c  c o n d i t i o n s  th ro u g h  R e c e n t  g e o lo g i c  h i s t o r y  have  c o n t r o l l e d  
t h e  c h a r a c t e r  o f  t h e s e  mass w a s ta g e  p r o c e s s e s .  M ic r o c l i m a t i c  v a r i a t i o n s  
due t o  d i f f e r e n t  s lo p e  o r i e n t a t i o n  a f f e c t  v e g e t a t i v e  g row th  and geo- 
m o rp h ic  p r o c e s s e s .

M a s s - g r a v i t y  phenomena show a d e f i n i t e  c o r r e l a t i o n  w i t h  l i t h o l o g y .  
Flowage o r  slump m asses  a r e  th e  no rm al s u r f i c i a l  c o v e r  f o r  a r e a s  u n d e r ­
l a i n  by th e  T h e rm opo lis  S h a le  a n d . th e  A lb in o  F o rm a t io n ,  even  when 
t i l t i n g  o f  t h e  s t r a t a  i s  s l i g h t .  A l th o u g h  m ost o f  t h e s e  movements a r e  
s t a b i l i z e d  under  p r e s e n t  c l i m a t i c  c o n d i t i o n s ,  t h e i r  e q u i l i b r i u m  i s  
d e l i c a t e  and m o d i f i c a t i o n s  s h o u ld  be p la n n e d  w i t h  c a u t i o n .  R o c k s l id e s  
and mudflows a r e  l e s s  common f e a t u r e s ,  b u t  may in v o lv e  a l l  s t r a t i ­
g r a p h ic  u n i t s .  Slow f lowage m a s s - g r a v i t y  movements su ch  as  t a l u s  
f lo w ,  c o l lu v iu m  and r o c k  g l a c i e r s  a r e  m o s t ly  found on s t e e p e r  s l o p e s . 
Rock g l a c i e r s  p r e s e n t  a r e  c l a s s i f i e d  a s  a c t i v e  and i n a c t i v e .  I t  i s  
recommended t h a t  th e  a c t i v e  r o c k  g l a c i e r  i n  t h e  c i r q u e  on Lone Moun­
t a i n  be s t u d i e d  to  d e te r m in e  i t s  movement, i f  a ny , b e f o r e  th e  p r o ­
posed  s k i  l i f t  i s  i n s t a l l e d .



INTRODUCTION.

METHOD OF STUDY

The f i e l d  work f o r '  t h i s  r e p o r t  was done as  p a r t  o f  an  e n v i r o n ­

m e n ta l  r e s e a r c h  p r o j e c t  u n d e r ta k e n  by th e  Montana S t a t e  U n i v e r s i t y  

C e n te r  f o r  E n v i ro n m e n ta l  S t u d i e s .  Geology r e p r e s e n t e d  one o f  s e v e r a l  

d i s c i p l i n e s  w h ich  w ere  in v o lv e d  in  a study, o f  many a s p e c t s  o f  the  

p h y s i c a l  and c u l t u r a l  e n v iro n m e n t  o f  a s p a r s e l y  p o p u la te d  a r e a  soon 

to  r e c e i v e  a l a r g e  r e c r e a t i o n a l  d e v e lo p m e n t .  The o b j e c t  o f  th e  o v e r ­

a l l  p r o j e c t  i s  t o  o b s e rv e  e n v i r o n m e n ta l  c h a n g e s ,  h a v in g  o b ta in e d  a 

d e t a i l e d  know ledge o f  o r i g i n a l  c o n d i t i o n s .

The g o a l  o f  th e  p r e s e n t  p a p e r  i s  tw o f o ld .  F i r s t ,  th e  g e n e r a l  

g e o l o g i c a l  r e l a t i o n s h i p s  su ch  as  s t r a t i g r a p h y ,  s t r u c t u r e ,  and geomor­

ph o lo g y  w ere  exam ined . T h i s . i s  an  a t t e m p t  t o  d e s c r i b e  b r i e f l y  th e  

s t r a t i g r a p h i c  s e q u e n c e ,  t h e  s t r u c t u r a l  s e t t i n g ,  and geom orph ic  f e a t u r e s  

o f  th e  a r e a  m apped . T h is  i n f o r m a t io n  i s  in c lu d e d  i n  t h e  r e p o r t  to  

g iv e  th e  r e a d e r  a b r i e f  o v e r a l l  g e o lo g i c  background  o f  th e  a r e a .

The second  o b j e c t i v e  o f  th e  s tu d y  c o n c e rn s  t h e  a p p l i c a t i o n  o f  

some o f  t h i s  i n f o r m a t io n  t o  th e  p r a c t i c a l  p rob lem  o f  p r o d u c t i v e  man­

made a l t e r a t i o n s  o f  th e  l a n d s c a p e .  The w r i t e r  f e e l s  t h a t  c e r t a i n  a s ­

p e c t s  o f  th e  s u b j e c t s  m e n t io n e d  ab o v e ,  a s  w e l l  as  t h e i r  i n t e r a c t i o n  

w i t h  c l i m a t i c  and b i o l o g i c  p r o c e s s e s  w i l l  be .u s e f u l  i n  p l a n n in g  the  

r e c r e a t i o n a l  com plex.

A p p ro x im a te ly  t e n  weeks were s p e n t  i n  th e  f i e l d  d u r in g  th e  summer 

o f  1970. The g e o lo g y  was mapped on 1 :2 0 ,0 0 0  s c a l e  a i r  p h o t o s ,  and
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t r a n s f e r r e d  by use o f  a Salzm an p r o j e c t o r  t o  1 :2 4 ,0 0 0  s c a l e  t o p o g ra p h ic  

m ap s .

A p p ro x im a te ly  f i f t e e n  r e p r e s e n t a t i v e  t h i n  s e c t i o n s  w ere  s tu d i e d
-V.

w i t h  th e  p e t r o g r a p h i c  m ic r o s c o p e .  Two c l a y  sam ples  w ere  a n a ly z e d  

u s in g  X - ra y  d i f f r a c t i o n  t e c h n i q u e s .

To e n c o u ra g e  th e  use  o f  t h i s  r e p o r t  by n o n -g e o l o g i c a I l y  t r a i n e d  

p e r s o n s , a g l o s s a r y  o f  some o f  th e  t e c h n i c a l  te rm s  used has  been  i n ­

c lu d e d  in  th e  a p p e n d ix .

DESCRIPTION OF AREA

The a r e a  mapped i n c l u d e s  a b o u t  s i x t e e n  s q u a re  m i l e s  i n  p a r t  o f  

t h e  d r a i n a g e  b a s i n  of ' th e  W est F o rk  o f  th e  West G a l l a t i n  R i v e r , in  

th e  M adison  Range. The West F o rk  i s  form ed by t h r e e  s m a l l e r  s t r e a m s ,  

th e  N o r th ,  M id d le ,  and Sou th  F o rks  o f  th e  West F o rk ,  w h ich  r i s e  in  

m o u n ta in o u s  t e r r a i n  n e a r  th e  M ad ison-G al l a t i n  d r a in a g e  d i v i d e , and . 

f low  e a s tw a rd  t o  form th e  West F o rk  on a b ro a d  p l a i n  a p p r o x im a te ly  

two m i l e s  w e s t  o f  U. S . Highway 191. The s p e c i f i c  a r e a  o f  t h i s  r e ­

p o r t  i s  l o c a t e d  be tw een  th e  Sou th  F o rk  and M idd le  F o rk ,  e x te n d in g  

n o r th w e s t  o f  th e  lower p l a i n  to  th e  c r e s t  o f  Lone M oun ta in  (See in d ex  

map, P l a t e  I ) .  E l e v a t i o n s  r a n g e  from 6600 f e e t  to  11 ,166  f e e t  a t  th e  

to p  o f  Lone M o u n ta in .  Maximum r e l i e f  i s  a p p ro x im a te ly  4500 f e e t . '

The m outh  o f  th e  West F o rk  i s  l o c a t e d  a p p ro x im a te ly  43 m i le s  

s o u th  o f  Bozeman, r o u g h ly  one h a l f  t h e  d i s t a n c e  be tw een  Bozeman and 

West Y e l lo w s to n e ,  M ontana , a lo n g  U. S . Highway 191 w h ich  p a r a l l e l s  th e
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West  G a l l a t i n  R i v e r . G r a v e l  ro a d s  e x t e n d  a l o n g  th e  Sou th  Fork  t o  the  

O use l  F a l l s  campground,  and up b o t h  s i d e s  o f  t h e  M idd le  F o rk  to  Ande­

s i t e  Lookout  Tower on t h e  s o u t h ,  and t o  t h e  head of  t h e  M id d le  Fork 

n e a r  t h e  M ad ison-G a l l a t i n  d r a i n a g e  d i v i d e ,  o n . t h e  n o r t h .  These r oads  

w i l l  be s u b s t a n t i a l l y  improved i n  t h e  n e a r  f u t u r e ,  t o  p r o v i d e  f o r  a 

much g r e a t e r  volume of  t r a f f i c  i n  c o n n e c t i o n  w i t h  t h e  de ve lopm en t  of  

t h e  r e c r e a t i o n a l  complex.

PREVIOUS WORK

H a l l  (1961) has  summ arized th e  e a r l y  e x p l o r a t i o n  o f  th e  u p p e r  

G a l l a t i n  r e g i o n ,  a s  w e l l  a s  th e  p i o n e e r  g e o lo g i c  w ork . The f i r s t  

im p o r ta n t  s tu d y  was made by. P e a le  (1896) i n  h i s  s tu d y  o f  th e  Three 

F o rks  q u a d r a n g le .  Two o t h e r  more r e c e n t  works w ere  e x t e n s i v e l y  r e l i e d  

upon in- th e  p r e s e n t  s tu d y  o f  th e  a r e a .  R. W. Swanson ( 1 9 5 0 ) ,  com piled  

a, b e d ro c k  map i n c l u d i n g  t h e  a r e a  t o  be s t u d i e d  h e r e .  S e v e r a l  r a t h e r  

i n s i g n i f i c a n t  c o r r e c t i o n s  w ere  made i n  t h e  b e d ro c k  g e o lo g y  of' t h i s  map, 

and th e  d e t a i l  was expanded i n  s e v e r a l  w ays. ■ The p o r t i o n  o f  th e  

C o lo rado  Group p r e s e n t ,  mapped by Swanson a s  "upper  C re ta c e o u s  u n d i f ­

f e r e n t i a t e d "  was d i v id e d  i n t o  s m a l l e r  u n i t s .  I n  a d d i t i o n ,  th e  s u r -  

f i c i a l  g e o lo g y  was mapped in  d e t a i l  f o r  th e  f i r s t  t im e .  W. B. H a l l ' s  

e x c e l l e n t  g e n e r a l  w ork (1961) on th e  u p p e r  G a l l a t i n  r e g i o n  in c lu d e d  , 

t h i s  s t u d y  a r e a  in  a r e c o n n a i s s a n c e  s t r u c t u r a l  map. H is d i s c u s s i o n s  

o f  th e  s t r a t i g r a p h y . ,  s t r u c t u r e ,  and geom orphology i n  t h e  above p a p e r ,  

a s  w e l l  a s  in  two s m a l l e r  more s p e c i f i c  p a p e rs  (1960 a , b ) ,  w ere



i n v a l u a b l e  i n  th e  p r e p a r a t i o n  o f  t h i s  r e p o r t .

TOPOGRAPHIC SETTING

D o m in a t in g ' t h e  a r e a  a t  i t s  w e s t e r n  b ounda ry  s t a n d s  Lone M oun ta in ,  

an  im p r e s s iv e  peak  o f  11 ,166  f e e t .  E a s tw a rd ,  from th e  b a se  o f  t h i s  

m o u n ta in ,  l i e s  a p ro m in e n t  n o r t h e a s t  t r e n d i n g  a n t i c l i n a l ,  r i d g e ,  named 

A n d e s i te  a n t i c l i n e  f o r  an  o u tc r o p  o f  an  ig n eo u s  s i l l  a t  t h e  h i g h e s t  , 

p o i n t  a lo n g  i t s  a x i s , n e a r  w h ich  a lo o k o u t  tow er i s  l o c a t e d .  This  

r i d g e  i s  s e p a r a t e d  f r o m .Lone M oun ta in  by a s m a l l  s y n c l i n a l  v a l l e y ,  

and bordered" on th e  e a s t  by a p o r t i o n  o f  a s y n c l i n e . Between t h i s  

s y n c l i n e  and t h e  M idd le  F o rk  i s  a l a r g e  f l a t - t o p p e d  hogback , s l o p i n g  

e a s t - n o r t h e a s t , . w h ich  i s  l o c a l l y  known as  F l a t i r o n  M o u n ta in .  Beyond 

th e  map) a r e a  t o  th e  e a s t  l i e s  a b ro a d  f l a t  p l a i n  which- was mapped by 

H. Walsh under  th e  a u s p ic e s  o f  th e  M.,S.U. C e n te r  f o r  E n v i ro n m e n ta l

S t u d i e s .
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STRATIGRAPHY AND ENVIRONMENTAL ASPECTS 

GENERAL STATEMENT

I n  k e e p in g  w i t h  th e  e n v i r o n m e n ta l  theme o f  th e  p r o j e c t ,  th e  

s t r a t i g r a p h y  i s  d i s c u s s e d  m a in ly  as  i t  r e l a t e s  to  th e  e v o l u t i o n  o f  th e  

e x i s t i n g  l a n d s c a p e .

Most s t r a t i g r a p h i c  s tu d y  w i t h i n  t h e  West F o rk  b a s i n  i s  d i f f i c u l t  

due t o  th e  e x tre m e  s c a r c i t y  o f  b e d ro c k  e x p o s u re .  Timber c o v e r  t h ro u g h ­

o u t  th e  M adison  Range i s  v e r y  heav y .  The m ost im p o r ta n t  r e a s o n  f o r  th e  

l a c k  o f  o u t c r o p s , how ever, i s  th e  n a t u r e  o f  th e  ro c k s  t h e m s e lv e s , 

b e c a u s e  i n  t h i s  s p e c i f i c  a r e a , a l a r g e  p a r t  o f  th e  exposed  s e c t i o n  

c o n s i s t s  o f  s h a l e ,  c l a y s  t o n e , and o t h e r  ex trem e  Iy  n o n - r e s i s t a n t  . r o c k s . 

Only th e  t h i n  s a n d s to n e  u n i t s  w i t h i n  t h e  s h a l e s  a r e  r e s i s t a n t  enough 

t o  c ro p  o u t  a t  a l l .  The o n ly  c o n s i s t e n t  e x p o s u re s  a r e  l o c a t e d  a lo n g  

s t r e a m  v a l l e y s  and even  h e re  s h a l e s  a r e  commonly c o v e re d  by c o l lu v iu m  

and v e g a t a t i v e  g ro w th .  Due t o  th e  p r o p e r t i e s  o f  t h e s e  r o c k s ,  t h e y  a r e  

v e r y  c o n d u c iv e  to  mass g r a v i t y  m ovem ents, a n o th e r  f a c t o r  w h ich  con­

t r i b u t e s  t o  th e  poor  e x p o s u re  of. b e d ro c k .

I n  th e  f o l l o w i n g  d i s c u s s i o n ,  r e g i o n a l  s t r a t i g r a p h i c  c o r r e l a t i o n  

and d e p o s i t i o n a l  h i s t o r y  o f  th e  u n i t s  a r e  o n ly  b r i e f l y  m e n t io n e d .

Only d e s c r i p t i o n s  c o n c e r n in g  p h y s i c a l  p r o p e r t i e s  o f  th e  ro c k s  found in  

t h i s  s p e c i f i c  a r e a  a r e  im p o r ta n t  i n  c o n s i d e r i n g  d e v e lo p m en t  o f  th e  

a r e a . The r e a d e r  i s  r e f e r r e d  t o  H a l l  (1961) f o r  p e r t i n e n t  i n f o r m a t io n  

c o n c e r n in g  th e  r e g i o n a l  r e l a t i o n s  o f  t h e s e  s e d im e n ta ry  r o c k s .

The im p o r ta n c e  o f  s tu d y i n g  s t r a t i g r a p h y  c o n c e rn s  i t s  r e l a t i o n  to
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t h e  t o p o g r a p h i c t e x p r e s s i o n  o f  v a r i o u s  u n i t s . I n  a r e g i o n a l  s e n s e ,  

c l i m a t e  i s  p e r h a p s  t h e  most  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  manner  

i n  w h ich  a c e r t a i n  r o c k  ty p e  w i l l  r e l a t e  t o  t h e  t o p o g r a p h y .  I t  d e t e r ­

mines  w h ic h  e r o s i o n a l  p r o c e s s e s  w i l l  o c c u r  and a t  w ha t  i n t e n s i t y .  I n  

a s m a l l  a r e a ,  however ,  i n  w h i c h . t h e  c l i m a t e  i s  g e n e r a l l y  c o n s t a n t ,  t h e  

r e s p o n s e  of  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  r o c k  t o  t h e  c l i m a t e  i s  

i m p o r t a n t  i n  d e f i n i n g  t h e  d i f f e r e n t  l and fo rm s  a s s o c i a t e d  w i t h  d i f f e r e n t  

r o c k  t y p e s .

The e f f e c t  o f  c l i m a t e  on exposed  s e d i m e n t a r y  s t r a t a  i s  e x t e n s i v e .  

A l l  mass g r a v i t y  phenomena i n  t h i s  a r e a  w e r e ,  and a r e ,  c o n t r o l l e d  or  

i n f l u e n c e d  by w a t e r .  Under t h e  p r e s e n t  c l i m a t i c  c o n d i t i o n s  i n  t h e  

West  F o rk  d r a i n a g e ,  most  l a n d s l i d e  f e a t u r e s  a r e  r e l a t i v e l y  s t a b l e .  

S c a rp s  a r e  l e s s  t o p o g r a p h i c a l l y  p r o m i n e n t  f e a t u r e s  t h a n  s c a r p s  on t h o s e  

s l i d e s  w h ich  a r e  known t o  have o c c u r r e d  r e c e n t l y .  V e g e t a t i o n  on th e  

s lump b l o c k s  or  s l i d e  d e p o s i t s  i s  e s t a b l i s h e d  in»,a no rm a l  m anner .  Most  

f e a t u r e s  have  no s c a r p s  o r  t e n s i o n  c r a c k s  r e l a t e d  t o  r e c e n t  movement.

One o f  t h e  c o n t r i b u t i n g  c a u se s  o f  l a n d s l i d i n g  i s  a g r a d u a l  d e ­

c r e a s e  i n  t h e  amount o f  s h e a r i n g  s t r e n g t h ,  o r  t h e  r e s i s t a n c e  of  a mass 

o f  m a t e r i a l  t o  f a i l u r e  and downs lope  movement,  by p r o l o n g e d  p e r i o d s  o f  

h i g h  w a t e r  a v a i l a b i l i t y  t o  t h e  s e d i m e n t s .  Th is  w a t e r  i n c r e a s e s  the  

p o r e  p r e s s u r e  w i t h i n  t h e  r o c k ,  which  e l i m i n a t e s  t h e  c o h e s i v e  e f f e c t  of  

a. s m a l l  amount  o f  w a t e r  i n  t h e  p o r e s . C e r t a i n  t ime i n t e r v a l s  i n  the  

P l e i s t o c e n e  such  as  t h e  p e r i o d s  of  g l a c i a l  m e l t i n g  and r e t r e a t  would 

p r o v i d e  w a t e r  t o  i n i t i a t e  a r e l a t i v e l y  h i g h  f r e q u e n c y  o f  s l i d i n g .  More
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s p e c i f i c a l l y ,  th e  f r e s h  hummocky to p o g ra p h y  o f  many e a r t h f low's, a  ty p e  < 

o f  m a s s - g r a v i t y  movement r e l a t e d  to  l a n d s l i d i n g , m ig h t  i n d i c a t e  a n  age 

o f  l a t e  W is c o n s in  ( P in e d a l e )  t im e ,  th e  age  o f  th e  l a s t  m a jo r  g l a c i a l  

e p i s o d e ,  from  a b o u t  10 ,000  t o  3 0 ,0 0 0  y e a r s  b e f o r e  p r e s e n t .  L a n d s l id e s  

have  o c c u r r e d  s i n c e  th e n ,  a l t h o u g h  a t  l e s s  f r e q u e n t  i n t e r v a l s ,  due to  

a d r y e r  c l i m a t e .  Mass movements show ing e v id e n c e  o f  ' r e c e n t  movement 

su ch  as  d i s t i n c t  s c a r p s  and ' 'd ru n k en  f o r e s t s "  a r e  few. in  com parison  

to  th e  o l d e r  f e a t u r e s .  S e v e r a l  m an - in d u ce d  l a n d s l i d e s  show t h a t  such 

s t a b i l i t y  can  be q u i c k l y  a l t e r e d  i f  th e  n a t u r a l  s t a t e  i s  d i s t u r b e d .

An example o f  t h i s  can  be s e e n  on a lo g g in g  ro a d  w hich ' was b u i l t  

d i a g o n a l l y  up th e  s o u th  s i d e  o f  F l a t i r o n  M o u n ta in .  I n  th e  s e v e r a l  

y e a r s  s i n c e  t h i s  ro ad  Was b u i l t ,  th e  s lo p e  has  f a i l e d  and e r a s e d  a p o r ­

t i o n  o f  t h e  r o a d . A p p a r e n t ly  th e  slump was an  a d ju s tm e n t  by th e  s lo p e  

to  th e  e f f e c t  o f  th e  r o a d  c u t .  O th e r  exam ples  can  be s e e n  i n  a d j o i n i n g  

a r e a s .

One i n t e r e s t i n g  s i d e l i g h t  i s  th e  d i f f e r e n c e  i n  m ic r o v c l im a te  

be tw een  s lo p e s  f a c i n g  n o r t h  and s lo p e s  f a c i n g  s o u th .  N o r t h - f a c i n g  

s lo p e s  r e c e i v e  l e s s  d i r e c t  s u n l i g h t  th a n  s o u t h - f a c i n g  s l o p e s ,  and th u s  

r e t a i n  some o f  th e  m o i s t u r e  t h a t  would  be l o s t  by e v a p o r a t i o n  w i th  more 

s u n l i g h t .  The d i f f e r e n c e  in  th e  v e g e t a t i v e  p a t t e r n s  and geom orphic  

p r o c e s s e s  be tw een  these::.;s lo p e s  ', i A is i t r i k i n g .

The c o m p a ra t iv e  l a c k  o f  m o i s t u r e  on s o u t h - f a c i n g  s lo p e s  i s  

m a n i f e s t e d  i n  a l a c k  o r  s p o r a d i c  d i s t r i b u t i o n  o f  t r e e  g row th  i n  c e r t a i n  

a r e a s .  Th is  phenomena was d i s c u s s e d  by P a t t e n  (1963 , 1 970 ) .  He found



t h a t  i n  a d d i t i o n  th e  s lo p e  o r i e n t a t i o n ,  f i n e  g r a in e d  s e d im e n ta ry  ro ck s  

o r  a l l u v iu m  p r e v e n t  good f o r e s t  . e s t a b l i s h m e n t  due to  low m o is tu r e  

a v a i l a b i l i t y .  P a t t e n  s t a t e s  ( 1 9 7 0 ) ,  t h a t  lo d g e p o le  p in e  i s  p r e s e n t l y  

in v ad ir ig  t h e s e  open a r e a s  due t o  more a d v a n ta g e o u s  c l i m a t i c  c o n d i t i o n s .  

An e x c e l l e n t  example i s  found  i n  th e  n o r t h  canyon w a l l  ( s o u t h - f a c i n g  

s lo p e )  o f  th e  Sou th  F o rk .  The f i n e - g r a i n e d ,  c l a y  r i c h  ro c k s  o f  the  

A lb in o  F o rm a t io n  form s e v e r a l  bands o f  t r e e - l e s s  sage  c o v e re d  zones 

a lo n g  th e  e n t i r e  l e n g th  o f  th e  r i d g e  (See  F ig u r e  7 ) .  W ell  d r a in e d  

san d y  zones i n  s i m i l a r  s e t t i n g s  s u p p o r t  t r e e  grow th  t h a t  c a n n o t  e x i s t  

on t h e  c l a y - r i c h  s h a l e  beds  due t o  th e  low m o i s t u r e  a v a i l a b i l i t y  of 

t h e  l a t t e r .  One f a c t o r  in v o lv e d  i n  th e  m o i s t u r e  a v a i l a b i l i t y  i s  p r o b ­

a b ly  t h e  i m p e r m e a b i l i t y  o f  th e  r o c k s .  These same im perm eable  zones 

s u p p o r t  q u i t e  d e n se  t r e e  g row th  on n o r t h - f a c i n g  s l o p e s ,  w h ich  i n d i c a t e s  

t h a t  d i r e c t i o n  o f  s lo p e  f a c e  i s  a. more im p o r ta n t  f a c t o r  t h a n  i s  th e  

p r e s e n c e  o f  im perm eable  b e d s .

The. two ty p e s  o f  s lo p e s  a l s o  e x h i b i t  d i f f e r e n t  form s o f  downs lope  

movement o f  d e b r i s .  The n o r t h  and s o u th  s i d e s  o f  F l a t i r o n  M ounta in  can 

be compared t o  u n d e r s t a n d  t h e s e  r e l a t i o n s h i p s .  The s o u t h - f a c i n g  s lo p e  

w i t h  i t s  g e n e r a l  l a c k  o f  v e g e t a t i o n ,  m a i n t a i n s  w e l l  d e v e lo p e d  t a l u s  

p i l e s  a t  t h e  f o o t  o f  o u t c r o p s .  The n o r t h - f a c i n g  s l o p e ,  h o w e v e r , w i th  

a d e n se  low v e g e t a t i o n  i n  a d d i t i o n  t o  t r e e s ,  p r o b a b ly  moves a g r e a t e r  

volume o f  m a t e r i a l  downs lope  and r e s u l t s  i n  a n o t i c e a b l e  l a c k  o f  o u t ­

c ro p s  o f  r e s i s t a n t  s a n d s to n e  u n i t s  ,in c o n t r a s t  to  s o u t h - f a c i n g  s l o p e s .

I t  p r o b a b ly  c a n n o t  be p ro v e d ,  b u t  t h e  more r a p i d  form s o f  la n d -
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s l i d i n g  may v a r y  a c c o r d in g  t o  f a c i n g  o f  s l o p e s .  Flow forms such  as 

e a r t h f l o w  would be e x p e c te d  more f r e q u e n t l y  on n o r t h - f a c i n g  s lo p e s  

b e c a u s e  o f  g r e a t e r  waiter c o n t e n t ,  w h i l e  s lum p ing  o r  s l i d i n g  s h o u ld  be 

more p r e v a l e n t  on s o u t h - f a c i n g  s l o p e s .  E x c e p t io n s  to  t h i s  would  r e l a t e  

t o  th e  o t h e r  f a c t o r s  i n v o lv e d ,  such  a s  i n c l i n a t i o n  o f  t h e  s lo p e ,  

s t r a t i g r a p h i c  u n i t s  in v o lv e d ,  and s t r u c t u r e  o f  th e  b e d s .

S e v e r a l  l i t h o l o g i c  f a c t o r s  combine to  i n f l u e n c e  th e  lan d fo rm  o f  a 

p a r t i c u l a r  ro c k  t y p e . G ra in  s i z e ,  m i n e r a l  c o m p o s i t io n ,  p o r o s i t y ,  and 

d e g re e  o f  c o n s o l i d a t i o n  o r  c e m e n ta t io n  a l l  d e te rm in e  th e  r e s i s t a n c e  of 

a ro c k  to  w e a t h e r i n g ,  and mass m ovem ent. The s t r a t i g r a p h i c  s e c t i o n  

w i l l  now be d i s c u s s e d  i n  r e l a t i o n  t o  t h e s e  f a c t o r s . F i g u r e  2 i l l u s ­

t r a t e s  t h e  u n i t s  in  q u e s t i o n .

MORRISON FORMATION

Rocks r e p r e s e n t i n g  th e  M o rr i so n  F o rm a t io n  o f  J u r a s s i c  age  (Kim- 

m e r id g ia n  a c c o r d in g  t o  I m l a y , 1952) ,  a r e  exposed  a t  one l o c a t i o n  w i t h ­

i n  th e  p r e s e n t  map a r e a .  T h is  p l a c e  i s  a t  th e  c o re  o f  A n d e s i te  a n t i ­

c l i n e  be low  th e  K o o te n a i  F o rm a t io n  w here  th e  M iddle  F o rk  c u t s  th ro u g h  

th e  a n t i c l i n e  (See P l a t e  I ) .  Only th e  v e ry  top  o f  t h e  f o rm a t io n  i s  

e xposed  h e r e .  T h is  u n i t  i s  n o n - r e s i s t a n t  and i s  m o s t ly  c o v e re d  by 

c o l lu v iu m ,  t a l u s  from  th e  K o o te n a i  F o rm a t io n ,  and heavy  v e g e t a t i v e  

g ro w th .  The l i t h o l o g y  c o n s i s t s  o f  d a rk  g ra y  t o  b l a c k  f i s s i l e  s h a le  

w h ich  w e a th e r s  i n t o  v e ry  s m a l l  s h a l e  c h ip s  and c o v e rs  th e  s u r f a c e  

be low , and d a rk  g r a y  t o  b l a c k  s i I t s t o n e  w h ich  i s  more r e s i s t a n t  th a n



U p p e r  C r e t o c e o u s  U n d i f f
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I g n e o u s  S i l l

A l b i n o  F o r m o t i o n

I g n e o u s  S i l l

M u d d y  S o n d s t o n e

T h e r m o p o l i s  S h o l e

K o o t e n a i  F o r m a t i o n

M o r r i s o n  F o r m a t i o n

F i g u r e  2.  G E N E R A L I Z E D  S T R A T I G R A P H I C  S E C T I O N  O F  U N I T S  
E X P O S E D  B E T W E E N  THE SOUTH F ORK AND MI DDLE F O R K

L i t h o l o g i c  d e s c r i p t i o n s  in t ext .  N u m b e r s  r e f e r  t o s p e c i f i c  m a s s  g r a v i t y  
m o v e m e n t s  d i s c u s s e d  in t e x t .  S c a l e -  I i nch = 2 0 0  f e e t .
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t h e  s h a l e .  The M o r r i s o n  F o r m a t io n  i s  o f  l i t t l e  im p o r t a n c e  e n v i r o n ­

m e n t a l l y  i n  t h i s  a r e a  due t o  i t s  e x t r e m e l y  s m a l l  o u t c r o p  a r e a .

KOOTENAI FORMATION
)

The K o o te n a i  F o rm a t io n  o f  E a r l y  C re ta c e o u s  a g e ,  ( A p t ia n  a c c o r d in g  

to  Cobban and R e e s id e ,  1952) r e s t s  u ncon fo rm ab ly  on th e  M o r r i s o n  F o r ­

m a t io n  ( Im la y ,  1 9 52 ) .  T h is  u n i t  i s  e x t r e m e ly  im p o r ta n t  i n  th e  map 

a r e a ,  fo rm in g  a lm o s t  th e  t o t a l  o u tc r o p  a r e a  o f  th e  e ro d e d  s u r f a c e  o f  

A n d e s i te  a n t i c l i n e ,  a s  w e l l  a s  b e in g  th e  u n i t  th ro u g h  w hich  th e  South 

F o rk  i s  p r e s e n t l y  f lo w in g  from  A n d e s i t e  a n t i c l i n e  e a s tw a r d  t o  th e  

low er p l a i n .  Sou th  o f  th e  map a r e a ,  th e  e x p o s u re s  on th e  n o r t h  f l a n k  

o f  Buck Creek a n t i c l i n e  a r e  composed o f  th e  K o o te n a i  F o rm a t io n .

The K o o te n a i  F o rm a t io n  was d i v i d e d  i n t o  t h r e e  members in  th e  Upper 

G a l l a t i n  r e g i o n  by H a l l  (1961 , p .  6 4 - 6 6 ) .  H is d e s c r i p t i o n  o f  th e  u n i t s  

i s  p a r t i a l l y  r e p ro d u c e d  be low :

" I .  A low er member 80 to  150 f e e t  t h i c k  c o n s i s t i n g  o f  c o a r s e ,
m a s s iv e ,  s a l t - a n d - p e p p e r  s a n d s t o n e , - o f t e n  v e r y  c o n g lo m e ra t ic  
n e a r  t h e  b a s e ,  c r o s s  b e d d e d ,_ w i t h  many l i g h t  t o  d a rk  g ra y  
c h e r t  g r a i n s  and p e b b l e s .  I n  t h i n  ' s e c t i o n  th e  c o n g lo m e ra t ic  
s a n d s to n e  i s  composed o f  a b o u t  50 p e r c e n t  s u b a n g u la r  to  
sub ro u n d ed  q u a r t z  g r a i n s  and 50 p e r c e n t  s u b a n g u la r  c h e r t  
g r a i n s .  P e r c e n ta g e s  o f  e i t h e r  t h e  q u a r t z  and c h e r t  l o c a l l y  
may i n c r e a s e  up to  85, and many o f  th e  q u a r t z  g r a i n s  show 
feconday- q u a r t z  o v e rg ro w th s  on rounded  a n t e c e d e n t  g r a i n s .
The c h e r t  i s  a p p a r e n t l y  l a r g e l y  d e r i v e d  from  s i l t s t o n e  and . 
f i n e  s a n d s t o n e ,  and th e  o r i g i n a l  f a b r i c  o f  th e  p a r e n t  
m a t e r i a l  can  o f t e n  be s e e n  i n  th e  m ic ro sc o p e  . . .

2 .  A m id d le  member, a b o u t  250 f e e t  t h i c k ,  c o n s i s t i n g  o f  y e l ­
lo w ish  t a n  t o  r e d  o r  maroon n o d u la r  c l a y s  t o n e s ,  l im e s t o n e s ,  
and lim y s i l t s t o n e s  be low ; 20-60  f e e t  o f  f r e s h - w a t e r  l im e ­
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s to n e s  i n  th e  m i d d l e ; and more re d  to  maroon c l a y s  t o n e s ,
■ l i m e s t o n e s , and' l im y , s i l t s t o n e s  ab o v e .  The l im y  u n i t  i n  th e  
c e n t e r  o f  th e  se q u en c e  may have  g r a d a t i o n a l  c o n t a c t s  a t  top  
and b o t to m , b u t  does  have i n t r a f o r m a t i o n a l  c o n g lo m e ra te  beds 
o c c a s i o n a l l y .  T h is  u n i t  i s  th e  " g a s t ro p o d  l im e s to n e "  o f  
o t h e r  p a r t s  o f  w e s t e r n  M ontana and i s  p r o b a b ly  e q u i v a l e n t  to  
t h e  " l a c u s t r i n e  l im e s to n e "  o f  th e  "M oulton z o n e "  o f  Cobban 
(1955 , p . 1 08 ) .  The ^ g a s t r o p o d  l im e s t o n e " i s  a n o te w o r th y  
b e d ,  c h a r a c t e r i z e d  by a c h a lk y  a p p e a r a n c e ,  and m u l t i t u d e s  o f  
s m a l l  g a s t r o p o d  s t e in k e r n s  and s h e l l s  c o v e r in g  th e  bed d in g  
p l a n e s  . . . Some beds c o n t a i n  o s t r a c o d s  by th e  m i l l i o n s ,  
a lo n g  w i t h  many s m a l l  o o id s  l i k e  o o l i t e s  w i t h o u t  c o n c e n t r i c  
s t r u c t u r e .  O th e r  beds  in  th e  f r e s h - w a t e r  l im e s to n e  u n i t  
a p p e a r  t o  have  no f o s s i l s ,  b u t  p o s s e s s  a  p e c u l i a r  a s s o r tm e n t  
o f  f i n e  c l e a r  c a l c i t e  v e i n l e t s  a r r a n g e d  i n  an  a n g u la r  " r u n i c "  
(? )  p a t t e r n .  . . .

3 .  An u p p e r  s a n d s to n e  member, a b o u t  50 f e e t  t h i c k ,  composed of 
w e l l - s o r t e d ,  f i n e - g r a i n e d ,  c l e a n ,  c l e a r  s p a r k l i n g  q u a r t z  
a r e n i t e .  . . U s u a l ly  t h i s  upper  s a n d s to n e  member w e a th e r s  
t o  a d i s t i n c t i v e  d a r k  red -b ro w n  due to  a c o n c e n t r a t i o n  o f  
h e m a t i t e  cem ent i n  a l a y e r  a b o u t  1 /8  to  1 /4  in c h  deep on a l l  
e xposed  r o c k  s u r f a c e s ,  and f o r  t h i s  r e a s o n  i s  c a l l e d  th e  
" c a s e - h a r d e n e d  s a n d s to n e "  member o f  th e  K o o te n a i .  . . "

The K o o te n a i  F o rm a t io n  a s  a w hole  i s  th e  m ost r e s i s t a n t  u n i t  i n  

th e  s e c t i o n .  Of i t s  t h r e e ,  m em bers, th e  low er s a n d s to n e -c o n g lo m e r a te  

and th e  upper s a n d s to n e  form  r e s i s t a n t  l e d g e s .  The m id d le  u n i t  i s  l e s s  

o f t e n  fo u n d  c r o p p in g  o u t  and u s u a l l y  can  be r e c o g n iz e d  by i t s  r e d d i s h  

s o i l  and a t r e e - l e s s  open a r e a ,  i n f l u e n c e d  by th e  im perm eable  n a tu r e  of 

t h e  s h a l e .  An example o f  th e  K o o te n a i  w e a t h e r in g  c h a r a c t e r i s t i c s  can  

be found  on A n d e s i te  a n t i c l i n e .  Here t h e  dom inan t form  o f  e r o s i o n  i s  

t h e  downs lope  movement o f  l a r g e  r e c t a n g u l a r  to  c u b i c a l  b lo c k s  o f  s a n d ­

s to n e  t h a t  a r e  w e a th e re d  from  th e  b e d ro c k .

The K o o te n a i  F o rm a t io n  i s  h e r e  c o n s i d e r e d ,  i n  g e n e r a l ,  t o  be th e  

.most f a v o r a b le  l i t h o l o g i c  u n i t  f o r  c o n s t r u c t i o n  in  th e  s e c t i o n  s t u d i e d .
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T his  i s  c o n c lu d e d  m a in ly  from  th e  ty p e  o f  m a s s - g r a v i t y  p r o c e s s e s  w hich 

a f f e c t  th e  K o o te n a i  i n  t h i s  a r e a .  The K o o te n a i  a s  a  w hole  has  a com­

p a r a t i v e l y  h ig h  r e s i s t a n c e  t o  downs lope  m ovement. - The a b i l i t y  o f  a 

ro c k  t o  w i t h s t a n d  n a t u r a l  e r o s i v e  p r o c e s s e s  i s  a good i n d i c a t i o n  o f  i t s  

p o t e n t i a l  f o r  u t i l i z a t i o n  by man-made s t r u c t u r e s .  The p r o p e r t i e s  w hich  

c o n t r i b u t e  t o  t h i s  s t r e n g t h  a r e  i t s  c o m p o s i t io n  o f  q u a r t z  and c h e r t ,  

i t s  c o a r s e n e s s  and w e l l - s o r t e d  g r a i n s ,  and i t s  d e g re e  o f  c o n s o l i d a t i o n  

and c e m e n ta t io n .  The s h a l e s ,. h o w ev er , i n >th e  m id d le  p a r t  o f  th e  f o r ­

m a t io n ,  show a low r e s i s t a n c e  t o  e r o s i o n  and t h e r e f o r e  s h o u ld  be r e ­

g a rd e d  as  l e s s  f a v o r a b l e  u n i t s  f o r  c o n s t r u c t i o n .

The p o t e n t i a l  o f  t h e  K o o t e n a i  a s  a good a c q u i f e r  i s  h i g h e r  t h a n  

t h e  o t h e r  u n i t s  above due t o  i t s  g r a i n  s i z e ,  r o u n d n e s s  and h i g h  d e g re e  

o f  s o r t i n g ,  e s p e c i a l l y  i n  t h e  uppe r  s a n d s t o n e .  No s t u d i e s ,  however ,  

were  made o f  g r o u n d w a te r  p r o d u c t i o n  i n  t h e  K o o t e n a i  i n  t h i s  r e p o r t .

COLORADO GROUP

The r e m a in in g  o v e r l y i n g  p a r t  o f  t h e  s e c t i o n  i n  t h e  a r e a ,  c o n s i s t ­

in g  o f  a p p r o x im a te ly  700 f e e t  o f  s t r a t a  w i t h  i n te r b e d d e d  ig n eo u s  s i l l s ,  

i s  i n c lu d e d  i n  t h e  C o lo rad o  Group. The f o u r  l i t h o l o g i c  u n i t s  p r e s e n t  

i n c l u d e , i n  a s c e n d in g  o r d e r ,  th e  T h e rm opo lis  S h a l e , t h e  Muddy S a n d s to n e ,  

th e  A lb in o  F o rm a t io n ,  and an  unnamed s a n d s to n e  and s h a l e  u n i t .  Cobban 

and o t h e r s  (1959) d i v id e d  th e  C o lo rado  Group i n  th e  S aw too th  D is tu r b e d  

B e l t  a r e a  o f  n o r th w e s t e r n  M ontana i n t o  two f o r m a t i o n s ,  t h e  B l a c k le a f  

F o rm a t io n  o f  E a r l y  C re ta c e o u s  a g e , and th e  M aria s  R iv e r  S h a le  o f  L a te
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C re ta c e o u s  a g e ,  e a c h  c o n s i s t i n g  S,f .four m em bers. H a l l  (1961) d i s c u s s e d  

th e  p o s s i b i l i t y  o f  c o r r e l a t i n g  th e  f i r s t  f o u r  l i t h o l o g i c  u n i t s ■above 

th e  K o o te n a i  i n  th e  Upper G a l l a t i n  r e g i o n  w i t h  th e  f o u r  members o f  th e  

E a r l y  C re ta c e o u s  B l a c k l e a f  F o rm a t io n  b e c a u s e  o f  t h e i r  many s i m i l a r i ­

t i e s .  However, p l a n t  f o s s i l s  c o l l e c t e d  by H a l l  from th e  A lb in o  Forma­

t i o n  w ere  d a te d  L a te  C r e ta c e o u s .  Thus th e  c o r r e l a t i o n  b e tw een  th e s e  

r o c k s  and th e  B l a c k l e a f  F o rm a t io n  r e m a in s ■ u n c e r t a i n .

T h e rm o p o l is . S h a le

Above th e  K o o te n a i  F o rm a t io n  a r e  found, a p p r o x i m a t e ly  150 f e e t  o f  

e x t r e m e Iy  n o n - r e s i s t a n t  d a rk  g r a y ,  f i s s i l e ,  c a rb o n a c e o u s  s h a l e ,  i n t e r -  

bedded w i t h  t h i n  s l i g h t l y  more r e s i s t a n t  s i l t s , t o n e .  Th is  u n i t  i s  r e ­

g a rd e d  by H a l l - (1961 , p .  66) a s  " th e  t e r r e s t r i a l  o r  b r a c k i s h  w a te r  

e q u i v a l e n t  o f  th e  m a r in e  T he rm opo lis  S h a le  o f  Wyoming."

Because  o f  th e  n o n - r e s i s t a n t  n a t u r e  o f  t h i s  u n i t ,  i t  i s  v e ry  

r a r e l y  e x p o se d ;  i n  f a c t  th e  o n ly  a c t u a l  o u tc r o p  o f  th e  T herm opo lis  i n  

th e  p r o j e c t  a r e a  i s  found  in . t h e  v i c i n i t y  o f  O u se l  g a l l s f a l o n g t t h e  

Sou th  F o rk  o f  th e  West F o rk ,  ( s e c .  10, T. 7 S . ,  R. 3 E . ) , ,  b e n e a th  a 

g l a c i a l  ou tw ash  d e p o s i t .

The T h e rm o p o l is . S h a le  h a s  j u s t  a s  d i s t i n c t i v e  a  t o p o g ra p h ic  

e x p r e s s i o n  as  th e  K o o te n a i  F o r m a t io n . T h is  u n i t  forms- a low sw ale  

be tw een  th e  K o o te n a i  and t h e  Muddy S a n d s to n e .  S u b se q u e n t  s t r e a m s  

g e n e r a l l y  d e v e lo p  a lo n g  t h e - s t r i k e ,  o f  t h e  T h e rm o p o l is . A n o th e r  prom­

i n e n t  c h a r a c t e r i s t i c  o f  t h i s  u n i t  i s  i t s  a s s o c i a t i o n  w i t h  m a s s - g r a v i t y  

movement. I t  i s  r a r e l y  exposed ' a s  b e d ro c k .  When i t  i s  p r e s e n t  on a
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s t e e p  s lo p e  su ch  as  v a l l e y  w a l l ,  s lu m p in g  i s  common. The v e r y  n a rrow  

s l i d e  in  t h e  d r a w .e a s t  o f  A n d e s i te  a n t i c l i n e  on th e  M idd le  F o rk  was 

p r o b a b l y  i n i t i a t e d  by a  downs lope  movement in  th e  T h e r m o p o l is . Where 

t h e  T h e rm o p o I is . i s  found  downs lope  from t h e ■K o o te n a i ,  a s  on an  e roded  

a n t i c l i n e  su ch  as  A n d e s i t e  a n t i c l i n e ,  i t  p r o v id e s  a  f a v o r a b l e  base  f o r  

downs lope  movement o f  th e  K o o te n a i  f l o a t  and t a l u s .

Muddy S a n d s to n e

The T he rm opo lis  S h a le  p a s s e s ,  g r a d a t i o n a l l y  upward i n t o  a s a n d s to n e  

u n i t  a p p r o x im a te ly  50 f e e t  t h i c k  w h ich  H a l l  (1961) has  c o r r e l a t e d  w i t h  

th e  Muddy S a n d s to n e  in  Wyoming. T h is  u n i t  i s  t h i n  to  medium b e d d e d ,w i th  

w e l l  d e v e lo p e d  c r o s s  b e d d in g ,  and w e a t h e r s . t o  a  p I a t y  a p p e a ra n c e  i n  o u t ­

c ro p  due t o  t h i n  d a r k ,  f i s s i l e ,  s h a le '  l a y e r s  i n te r b e d d e d  w i t h  th e  s a n d ­

s t o n e .  The c o m p o s i t io n  o f  th e  s a n d s to n e  i s  v a r i a b l e ,  r a n g in g  from a 

medium g r a y ,  m o d e r a te Iy  w e l l  s o r t e d ,  f i n e  t o  medium g r a i n e d  r o c k  con­

s i s t i n g  o f  s u b a n g u la r  t o  su b ro u n d e d  q u a r t z  g r a i n s ,  d a r k  ro c k  f r a g m e n ts ,  

and f e l d s p a r  g r a i n s ,  t o  a  v e r y  a r g i l l a c e o u s ,  g r e e n i s h  g r a y  s a n d s to n e .

C o n t r a s t e d  w i t h  th e  weak T h e r m o p o l is , t h e  Muddy S a n d s to n e  forms a 

' r e s i s t a n t  led g e  a lo n g  th e  S o u th  Fork,, and a p ro m in e n t  t h i n  hogback  r i d g e  

b o r d e r i n g  A n d e s i t e  a n t i c l i n e .  The f l o a t  from  th e  Muddy w hich  accumuiaf. 

I a t e s  on th e  t a l u s  s lo p e s  b e n e a th  th e  o u t c r o p ,  c o n s i s t s  o f  t h i n  p l a t y  

s l a b s .  The Muddy f o r  th e  same r e a s o n s  as  t h e  K o o te n a i  would  p r o v id e  

a  sound b a se  f o r  u t i l i z a t i o n  i n  b u i l d i n g .  I t s  t h i n n e s s  r e s t r i c t s . i t s  

p o t e n t i a l  so m ew h at- in  t h i s  r e s p e c t .
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A lb in o  F o rm a t io n

The r e m a in in g  500 o r  600 f e e t  o f  s e c t i o n  r e p r e s e n t ,  i n  th e  o p in io n  

o f  t h e  w r i t e r ,  th e  A lb in o  F o rm a t io n  named by H a l l  ( 1 9 6 1 ) ,  and p a r t  o f  

t h e  o v e r l y i n g  unnamed s a n d s to n e  and s h a l e  u n i t  d e s c r i b e d  by H a l l  (1 9 6 1 ) .  

T h is  p a r t  o f  th e  s e c t i o n a l s  v e r y  d i f f i c u l t  to  s tu d y  i n  t h i s  a r e a  b e c au se  

o f  th e  ex tre m e  p a u c i t y  o f  e x p o s u r e s . T h is  i s  r e l a t e d  t o  th e  w eakness 

and in co m p e ten ce  o f  th e  ro c k s  i n  g e n e r a l ,  w h ich  h e re  l e a d s  to  e x t e n s i v e  

m a s s - g r a v i t y  a c t i o n .  I n  a d d i t i o n  t o  t h i s  p ro b le m , t h e s e  ro c k s  have been  

i n t r u d e d  by ig n eo u s  s i l l s  r e l a t e d  to  th e  Lone M oun ta in  I n t r u s i v e  Complex 

I t  has  n o t  b e e n  p ro v e n  i n  t h i s  s t u d y  w h e th e r  a l l  o f  t h e s e  s i l l s  a r e  

i n t r u d e d  p a r a l l e l : t o  b e d d in g ,  o r  w h e th e r  th e y  c u t  a c r o s s  b e d d in g  a t  

some s m a l l  a n g l e .  The v a r y i n g  e x t e n t  o f  t h e s e  s i l l s  from  t h e i r  p o i n t  o f  

i n t r u s i o n  a t  Lone M ou n ta in  i n c r e a s e s  th e  d i f f i c u l t y  of. c o r r e l a t i n g  th e  

s e c t i o n  i n  d i f f e r e n t  l o c a t i o n s .

The f o l l o w i n g  d i s c u s s i o n  is ,  a v e r y  l i m i t e d  o u t l i n e  o f  th e  A lb in o  

l i t h o l o g i e s ., The w r i t e r  f e e l s  t h a t  any  a t t e m p t  a t  a  d e t a i l e d  d e s c r i p ­

t i o n  o f  th e  A lb in o  F o rm a t io n  i n  t h i s  a r e a  would n o t  be j u s t i f i e d  b e c au se  

o f  t h e  u n c e r t a i n t i e s  i n  t h e  f i e l d  r e s u l t i n g  from  poo r  e x p o s u re  o f  th e  ' 

u n i t s  and th e  l a c k  o f  l a t e r a l  p e r s i s t e n c e  o f  t h e  l i t h o l o g i e s  p r e s e n t .

The e x a c t  l o c a t i o n  o f  th e  uppe r  c o n t a c t  o f  th e  A lb in o  F o rm a t io n ,  as 

mapped i n  P l a t e  I , i s  u n c e r t a i n  b e c a u s e  a d i s t i n c t  m apping c r i t e r i o n  to  

p l a c e  th e  c o n t a c t  was n o t  r e c o g n i z e d .  The re a s o n s  f o r  i t s  p o s i t i o n  as 

mapped w i l l  be e x p la i n e d  l a t e r .

The i n i t i a l  20-30  f e e t  o f  s e c t i o n  d i r e c t l y  ove r  th e  Muddy s a n d s to n e
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i s  n o t  exposed  a t  an y  p l a c e  i n  th e  a r e a .  The lower h a l f  o f  th e  A lb in o ,  

p e rh a p s  100-200 f e e t  t h i c k ,  c o n s i s t s  o f  p a s t e l  c o lo r e d  c l a y s  t o n e ,  mud­

s t o n e ,  and s h a l e .  There  i s  a t  l e a s t  one a p p r o x im a te ly  5 - f o o t  t h i c k  

s a n d s to n e  bed in ' t h e s e  s o f t  r o c k s .  There  a r e  a l s o  a few' s i l i c e o u s  s h a l e  

beds  and h a rd  b r i t t l e  t u f f s , b o th  more r e s i s t a n t  th a n  th e  s h a l e  and c 

c l a y s t o n e , i n  t h i s  z o n e .  A v e r y  i n t e r e s t i n g  c o n g lo m e ra te  was found in  

t h e  low er A lb in o  in  s e c .  3 ,  T. 7 S . ,  R. 3 E . Th is  c o n g lo m e ra te  o c c u rs  

a s  f l o a t  in  a slump b l o c k ,  hence  i t  i s  n o t  p o s s i b l e  t o  d e te r m in e  i t s  

e x a c t  l o c a t i o n  i n  th e  s e c t i o n .  L i t h o l o g i c a l l y • i t  i s  p o o r ly  s o r t e d  and 

cem en ted , and i s  composed o f  s u b a n g u ia r  c o a r s e  sand  and p e b b le  s i z e d  

g r a i n s  w i t h  a r e d d i s h ,  p ro b ab ly ,  hemat i t l e  f i n e  g r a in e d  m a t r i x .  The 

ro c k  h a s  a  d i s t i n c t i v e  r e d d i s h  a p p e a ra n c e  in  hand sp e c im en .

I n  o r d e r  t o  d e t e r m i n e  th e  c l a y  m i n e r a l o g y ,  two samples  o f . t h e  v e r y  

l o o s e l y  c o n s o l i d a t e d  c l a y s  t o n e s  were a n a l y z e d  u s i n g  X - r a y  d i f f r a c t i o n .  

The s i l t  and sand  s i z e d  p a r t i c l e s  were  f i r s t  s e p a r a t e d  from t h e  c l a y  

f r a c t i o n  and were  n o t  examined f u r t h e r . The c l a y  was t h e n  s a t u r a t e d  

w i t h  s e v e r a l  d i f f e r e n t  c a t i o n s  t o  d i s t i n g u i s h  c l a y  m i n e r a l s  i n  t h e  

r e s u l t i n g  X - r a y  p a t t e r n .  The c l a y  f r a c t i o n  c o n s i s t s  a l m o s t  e n t i r e l y  of  

t h e  s m e c t i t e  g roup  of  s w e l l i n g  c l a y s .  The c l a y  i s  p r o b a b l y  m o n tm o r i l -  

l o n i t e , a  member of  t h e  s m e c t i t e s .  These c l a y  m i n e r a l s  a r e  known f o r  

t h e i r  a b i l i t y  t o  a b s o r b  w a t e r  on th e  s u r f a c e s  be tw een  t h e i r  t h i n  l a y e r s ,  

w h ich  expands  t h e  s t r u c t u r e  o f  t h e  m i n e r a l .  This  d e t e r m i n a t i o n  i s  i n  

a c c o r d  w i t h  t h e  t h e o r y  t h a t  v o l c a n i c  a s h  i s  t h e  p a r e n t  m a t e r i a l  f o r  b e n ­

t o n i t e .  M o n t m o r i l l o n i t e  i s  a  known a l t e r a t i o n  p r o d u c t  o f  v o l c a n i c  a s h
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i n  t h e  Wyoming b e n t o n i t e s , a l s o  o f  C re ta c e o u s  a g e . Grim (1968) d i s ­

c u s s e s  t h i s  a l t e r a t i o n  p r o c e s s .

Above th e  v e r y  s o f t  c l a y s t o n e ,  l i e  a b o u t  100 f e e t  o f  b l a c k  s h a l e  

c o n t a i n i n g  numerous s h in y , ,  w e l l  p r e s e r v e d  f i s h  s c a l e s . These a r e  s m a l l ,  

n e a r l y ' c i r c u l a r ,  and o rnam en ted  w i t h  c o n c e n t r i c  r i n g s .  F i s h  s c a l e s  a r e  

found in  s e v e r a l  b l a c k ,  hom ogenous■s h a l e s  i n  t h i s  p a r t  o f  th e  s e c t i o n .

- I n  t h e s e  zones  t h i n ,  g r a y  and o ran g e  b e n t o n i t e  sieams' a p p r o x im a te ly  I 

to  3 in c h e s  t h i c k  a r e  i n te r b e d d e d  w i t h  t h e  s h a l e .

The upper  p o r t i o n  o f  t h e  A lb in o  F o rm a t io n  i s  c o n s i d e r a b l y  s a n d ie r  

and more r e s i s t a n t  t h a n  th e  low er p a r t .  E s p e c i a l l y  r e s i s t a n t  h e re  i s  

a 3 0 - f o o t  t h i c k  v e r y  w e l l  cem ented  s a I t - a n d - p e p p e r  s a n d s to n e .  I n  t h i n  

s e c t i o n ,  t h i s  r o c k  c o n t a i n s  f i n e  to  medium s i z e d ,  s u b a n g u la r  t o  su b ­

rounded  q u a r t z  g r a i n s .  I t  a l s o  c o n t a i n s  g r a i n s  w hich  a p p e a r  g r a y  or 

c lo u d y  i n  p l a i n  l i g h t  ( p o s s i b l y  a l t e r e d  v o l c a n i c  f r a g m e n t s ) ,  and a few 

p l a g i o c I a s e  g r a i n s .  The v e r y  s m a l l  amount o f  f i n e  m a t e r i a l  p r e s e n t  i s  

p r o b a b ly  m i c r o c r y s t a l l i n e  s i l i c a  c e m e n t .'

Above t h i s  s a n d s t o n e ,  i s  a b o u t  20 f e e t  o f  d a rk  f i s s i l e  s h a l e . The 

r e m a in in g  u p p e r m o s t .40 t o  60 f e e t  o f  th e  A lb in o  F o rm a t io n  a s  d e f in e d  

h e r e ,  c o n s i s t s  o f  g r a y  s i l i c e o u s  s h a l e  w i t h  i n te r b e d d e d  v e r y  h a rd ,  

w h i t e ,  f i n e  g r a i n e d , ■homogeneous t u f f  o r  s i l i c e o u s  s h a l e ,  g r a y i s h  g r e e n  

a r g i l l a c e o u s  s a n d s t o n e ,  and s i l t s t o n e . One zone s e v e r a l  f e e t  t h i s  i s  

n o t a b l e  f o r  th e  abundance  o f  i t s  f o s s i l  m a t e r i a l .  One t h i n  bed in  t h i s  

zone seems t o  c o n s i s t  a lm o s t  e n t i r e l y  o f  a mass o f  p l a n t  l e a v e s  and 

s te m s ,  w h i l e  o t h e r  beds c o n t a i n  a c o m b in a t io n  o f  p l a n t  m a t e r i a l  and
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p o s s i b l y  n e a r s h o r e  m a r in e  p e l e c y p o d s . Above th e  f o s s i l  b e d s , t h e r e  a r e  

a b o u t  10■to  20 f e e t  o f  u n d e te rm in e d  c o v e re d  m a t e r i a l  o v e r l a i n  by a 

p ro m in e n t  s i l l  zone w h ich  w i l l  be d e s c r i b e d  l a t e r .

T h is  s e c t i o n  o f  th e  A lb in o  F o rm a t io n  has  b a s i c  s i m i l a r i t i e s  to  

t h a t  d e s c r i b e d  by H a l l  (1 9 6 1 ) , '  b u t  t h e r e  a r e  a l s o  s e v e r a l  d i f f e r e n c e s .  

H a l l  found  p l a n t  f o s s i l s  i n  h a rd  s i l i c e o u s  t u f f  20 to  140 f e e t  below 

■ th e  to p  o f  th e  A lb in o .  I n  th e  s e c t i o n  d e s c r i b e d  a b o v e , i f  th e  upper 

c o n t a c t  o f  th e  A lb in o  w ere  p l a c e d  a t  th e  c o n t a c t  w i t h  th e  s i l l ,  th e  

f o s s i l  zone i n  my a r e a  w ould  a p p ro x im a te  th e  l o c a t i o n  o f  H a l l ' s  f o s -  

s i l i f e 'rous z o n e .  On t h a t  b a s i s ,  t h e  A lb in o  c o n t a c t  was mapped in  t h i s  

a r e a .  The f o s s i l s  h e r e , how ever ,  a r e  found  i n  d i f f e r e n t  l i t h o l o g i e s  

th a n  w ere  t h o s e  o f  H a l l .  A l th o u g h . th e  h a rd  t u f f s  a r e  p r e s e n t  in  t h i s  

z o n e ,  no o r g a n ic  rem a in s  w ere  found i n  them. A no ther  p ro b le m  i s  t h a t  

none o f  th e  b r i g h t  r e d  t u f f s  d e s c r i b e d  by H a l l  w ere  found i n  t h i s  zone 

o r  any  o t h e r  p a r t  o f  th e  s e c t i o n ,  w i t h  t h e  e x c e p t io n  o f  a  few p i e c e s  

found in  f l o a t  in  v a r i o u s  p l a c e s .  Thus th e  p la c e m e n t  o f  th e  upper 

A lb in o  c o n t a c t  i s  n o t  made w i th  much c o n f i d e n c e ,  a l t h o u g h  th e  d e s c r i b e d  

p o s i t i o n  seemed th e  m ost  r e a s o n a b le  h o r i z o n  a t  w h ich  to  p l a c e  i t .  The 

s i l l  m en t io n e d  above t h i n s  to  th e  e a s t  and i s  n o t  p r e s e n t  i n  th e  s e c t i o n  

a lo n g  th e  Sou th  F o rk .  I n  t h i s  l o c a t i o n ,  a d d i t i o n a l  b l a c k  f i s s i l e  s h a l e  

l i e s  above th e  sandy  z o n e .

The , a g e i  o f  th e  A lb in o  i s  q u e s t i o n a b l e .  F e rn s  c o l l e c t e d  by H a l l  

from  th e  h a rd  t u f f s  w ere  d a te d  a s  L a te  C r e ta c e o u s .  However, H a l l  has 

d e s c r i b e d  th e  s i m i l a r i t y  o f  th e  A lb in o  t o  th e  Vaughn B e n t o n i t i c  Member
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o f  th e  B l a c k l e a f  F o rm a t io n  a s  d e f i n e d  by Cobban (1 9 5 9 ) .  T h is  i s  a l s o  

th e  " r e d  sp e c k  zone"  o f  . t h e  C o lo rado  S h a le  named by Cobban (1951) f o r  

a b u n d a n t  m in u te  g r a i n s  o f  h e u l a n d i t e ,  a s e c o n d a ry  z e o l i t e  found 

th r o u g h o u t  th e  u n i t .  Cobban (1 9 5 1) c o n s i d e r s  th e  " r e d  sp e c k  zone"  or 

Waughn B e n t o n i t i c  Member o f  th e  B l a c k l e a f  F o rm a t io n ,  t o  be e q u iv a l e n t  

to  t h e  Mowry F o rm a t io n  o f  Wyoming w h ich  c o n t a i n s  f i s h  s c a l e s  and b o n e s .  

The f i s h  s c a l e s  found  in  t h i s  a r e a  a r e  one b i t  o f  s u b s t a n t i a t i n g  e v i ­

dence  f o r  t h i s  r e l a t i o n .  I f  t h e  A lb in o  w ere  d e te rm in e d  to  be e q u iv a ­

l e n t  t o  th e  Mowry, t h e  upper  sandy  p a r t  o f  th e  A lb in o  h e re  d e s c r i b e d ,  

may c o r r e l a t e  w i t h  th e  F r o n t i e r  F o rm a t io n  o f  e a r l y  L a te  C re ta c e o u s  age 

i n  th e  L i v in g s t o n  a r e a , r e p o r t e d  by R o b e r ts  (1 9 6 5 ) .

The a l t e r n a t i n g  weak and c o m p a r a t i v e l y  s t r o n g  r o c k s  o f  t h e  A lb ino  

F o r m a t io n  p r e s e n t  a  c l a s s i c  s i t u a t i o n  f o r  l a n d s l i d i n g . I n  a d d i t i o n ,  

t h e  w eaker  c l a y  and b e n t o n i t e  p r e d o m i n a t e  i n  t h e  lower p o r t i o n  o f  t h e  

s e c t i o n ,  w i t h  a g r e a t e r  p e r c e n t a g e  o f  s a n d s t o n e  n e a r  t h e  t o p .  S e v e r a l  

samples  o f  t h e  a l m o s t  u n c o n s o l i d a t e d  c l a y  i n  t h e  l o w e r y p a r t  o f  the  

s e c t i o n  were found  t o  c o n s i s t  a l m o s t  e n t i r e l y  of  m o n t m o r i l l o n i t e . The 

e x p a n d a b l e  n a t u r e  o f  t h i s  c l a y  m i n e r a l  may be a c o n t r i b u t i n g  f a c t o r  t o  

t h e  mechanism o f  s l i d i n g .  D eep ly  b u r i e d  c l a y  h o r i z o n s  a r e  l i k e l y  t o  

be s a t u r a t e d  w i t h  w a t e r  and s h o u ld  r e m a in  a t  a f a i r l y  c o n s t a n t  s t a t e  

w i t h  r e s p e c t  t o  changes  i n  volume.  On t h e  o t h e r  hand ,  i f  t h e  p o t e n t i a l  

h o r i z o n  o f  f a i l u r e  i s  l o c a t e d  i n  t h e  v i c i n i t y  o f  t h e  w a t e r  t a b l e ,  

f l u c t u a t i o n s  i n  t h e  w a t e r  t a b l e  may i n i t i a t e  e x p a n s i o n  and c o n t r a c t i o n  

w h ich  c o u ld  t e n d  to  induce  o r  s u p p o r t  mass w a s t a g e .
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Above th e  s i l l ,  which- has  a maximum'exposed t h i c k n e s s  o f  a p p ro x ­

i m a te l y  50 f e e t ,  a r e  ro c k s  w h ic h  p r o b a b ly  r e p r e s e n t  "the unnamed s a n d ­

s to n e  and s h a l e  u n i t  above th e  A lb in o  as  d e s c r i b e d  by H a l l  (1 9 6 1 ) .  Th is
S n

u n i t  i s  mapped a s  Upper C re ta c e o u s  u n d i f f e r e n t i a t e d  on P l a t e  I ,  in« th .e " 

s e c t i o n  o f  th e  map done by t h i s  w r i t e r .  A v e r y  d i s t i n c t i v e  c h e r t  

p e b b le  c o n g lo m e ra te ,  6 in c h e s  t h i c k ,  i s  found  s e v e r a l  f e e t  above th e  

uppe r  c o n t a c t  o f  t h e  s i l l  i n  th e  M idd le  F o rk  canyon . About 10 t o  25 

f e e t  o f  s h a l e  w i t h  a  few in t e r b e d d e d  h a rd  w h i te  t u f f  l a y e r s ,  o v e r  l i e  t h i s  

c o n g lo m e ra te .  Above t h e s e  ro c k s  i s  a r e s i s t a n t  s a n d s to n e  and s h a le  s e ­

quence  a b o u t  50 f e e t  t h i c k  w h ich  forms a  p ro m in e n t  ledge: a t  th e  r im  o f  

th e  M idd le  F o rk  canyon . These s a n d s to n e  b e d s ■ seem m o s t l y  n o r i tu f fa c e o u s  

and c o n ta i n e  some l a r g e  p e l e c y p o d s .

T h is  u n i t  o v e r l y i n g  th e  A lb in o  F o rm a t io n  i s  r e s i s t a n t  to  e r o s i o n .

I t  would  seem t o  p r o v id e  a  good b a se  f o r  c o n s t r u c t i o n .  As i t  does o v e r -  

l i e  th e  A lb in o ,  how ever, i t  would  p a r t i c i p a t e  i n  any  l a r g e  s c a l e  mass 

movements i n i t i a t e d  i n  t h e  A lb in o .

The s t r a t i g r a p h y  o f  Lone M oun ta in  i n v o lv e s  a l t e r n a t i n g  l a y e r s  o f  

a n d e s i t i c  s i l l s  arid s e d im e n ta r y  r o c k .  Much work rem a ins  to  be done to  

c o r r e l a t e  th e  s e d im e n ta r y  sequence- o f  Lone M oun ta in  w i t h  th o s e  in  th e  

b a s i n .  I t  i s  p r o b a b le  t h a t  th e  s e d im e n ta r y  l a y e r s  r e p r e s e n t  s t i l l  

younger beds  t h a n  th o s e  p r e v i o u s l y  d e s c r i b e d .
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IGNEOUS ROCKS

Ig n e o u s  ro c k s  i n  t h e  a r e a  c o n s i s t  o f  s i l l s -  r e l a t e d  to  th e  Lone 

M oun ta in  Ig n e o u s  Complex. T h e i r  combined t h i c k n e s s  i s  g r e a t e s t  a t  

Lone M o u n ta in ,  th e  c e n t e r  o f  t h e  com plex . S i l l s  a r e  a l s o  found th ro u g h ­

o u t  th e  map a r e a  a t  s e v e r a l  r e a s o n a b ly  p e r s i s t e n t  p o s i t i o n s  i n  th e  s e c ­

t i o n ,  and a t  f r e q u e n t  n o n - p e r s i s t e n t  i n t e r v a l s .

The s i l l s  v a r y  in  l i t h o l o g y ,  r a n g in g  from  b a s a l t  p o rp h y ry  t o  l a t i t e  

p o rp h y ry  i n  th o s e  ty p e s  i d e n t i f i e d .  The m ost common t y p e , how ever, i s  

a n d e s i t e  p o rp h y ry .  A t h i n  s e c t i o n  o f  t h i s  ro c k  shows a l t e r e d  p l a g i o -  

c l a s e ,  K -f e l d s p a r , ,  p y ro x e n e ,  and b i o t i t e ,  and m ino r  amounts o f  q u a r t z  

and opaque m i n e r a l s .

A t h i n  s e c t i o n  o f  a b a s a l t  p o rp h y ry  s i l l  c o n ta i n s  p h e n o c r y s t s  o f  

c I i n o p y r oxene i n  a groundm ass o f  l a t h - s h a p e d  p l a g i o c I a s e  and p y r o x e n e .

I n  o u t c r o p ,  th e  m a f ic  s i l l s  a r e  commonly found as  a d i s i n t e g r a t e d ,  un­

c o n s o l i d a t e d  s o i l - l i k e  m a s s ■o f  g r a i n s .  I n  p l a c e s , how ever , th e y  a r e  

r e s i s t a n t  e nought, to  c ro p  o u t  a s  r o c k .

The lo w e s t  s i l l  exposed  i n  th e  s e c t i o n  i s  a n d e s i t e  p o rp h y ry  and i s  

l o c a t e d  above th e  K o o te n a i  f o r m a t i o n ,  and found  c ro p p in g  o u t  on v a r i o u s  

p o r t i o n s  o f  A n d e s i te  a n t i c l i n e ,  such  as  n e a r  A n d e s i te  Lookout Tower.

T h is  ro c k  ty p e  i s  th e  one d e s c r i b e d  above and i s  th e  m ost  common type  

i n  th e  a r e a .

The n e x t  m a jo r  s i l l  i s  a - m a f ic  r o c k  i n t r u d e d  above o r  w i t h i n  th e  

upper  p a r t  o f  th e  Muddy S a n d s to n e .  T h is  s i l l  i s  75-100 f e e t  t h i c k  

e a s t  o f  th e  p l a i n  b o r d e r i n g  th e  Sou th  F o rk  ( s e c .  2 ,  T .7  S . ,  R. #  E . ) .



24

T his  s i l l  was found  c o n s i s t e n t l y  t h r o u g h o u t  th e  a r e a ,  how ever, i t  

was n e v e r  found  w i t h  b o th  i t s  upper  and low er c o n t a c t s  e x p o se d .  Thus 

i t  i s  n o t  p o s s i b l e  to  d e f i n e  th e  s p e c i f i c  p o s i t i o n  w i t h  r e g a r d  to  th e  

Muddy S a n d s to n e ,  i n t o  o r  above w h i c h , th e  s i l l  i s . .i n t r u d e d .

The upperm ost  p ro m in e n t  s i l l  i n t r u d e s  ro c k s  above th e  A lb in o  F o r ­

m a t io n .  The b a se  o f  t h i s  s i l l  forms th e  upper c o n t a c t  o f  th e  A lb in o ,  

a s  d e f i n e d  i n  t h i s  r e p o r t .  T h is  s i l l  i s  d i s t i n c t i v e  i n  l i t h o l o g y ,  

c o n s i s t i n g  o f  e lo n g a t e d  p in k  f e l d s p a r  l a t h s  w i t h  o r th o p y ro x e n e  and b i o -  

t i t e  a s  t h e  m a jo r  m a f ic  m i n e r a l s .  Most o f  th e  f e l d s p a r  i s  p o t a s h  f e l d ­

s p a r ,  so t h a t  th e  r o c k  s h o u ld  b e  c l a s s i f i e d  as  a l a t i t e  o r  m o n zo n ite  

p o rp h y ry .  O u tc ro p s  o f  t h i s  ro c k  a r e  found  on F l a t i r o n  M oun ta in  as  w e l l  

a s  in  t h e  same h o r i z o n  i n  th e  s e c t i o n  a c r o s s  th e  M idd le  F o rk  on th e  ;■ 

n o r t h  s i d e  o f  th e  canyon  w a l l .

Many o t h e r  s i l l s  much to o  t h i n  to  map a r e  l o c a t e d  w i t h i n  th e  s e c ­

t i o n .  These a r e  commonly o f  m a f ic  c o m p o s i t io n  and v e ry  h i g h l y  w e a th ­

e r e d .

A lth o u g h  ig n eo u s  ro c k s  i n t r u d i n g  Lone M oun ta in  w ere  n o t  s t u d i e d  in  

d e t a i l ,  s i l l s  p r o b a b ly  c o n s t i t u t e  a b o u t  one h a l f  th e  t h i c k n e s s  o f  th e  

s e c t i o n ,  and h a l f  m etam orphosed  th e  s e d im e n ts  i n t o  w h ich  th e y  were 

i n t r u d e d .  The r e s i s t a n t  h ig h  to p o g ra p h y  o f  t h i s  m o u n ta in  i s  a r e s u l t  

o f  th e  t h i c k e n i n g  o f  th e  s e c t i o n  due t o  t h e  i n t r u s i o n  o f  th e  s i l l s ,  a s  

w e l l  a s  t h e  s t r e n g t h e n i n g  o r  h a r d e n in g  o f  th e  c o u n t r y  r o c k .

The ig n eo u s  s i l l s  have q u i t e ’ v a r i e d  w e a th e r in g  c h a r a c t e r i s t i c s .  

A n d e s i te  s i l l s  b r e a k  up by f r o s t  a c t i o n  i n t o  b lo c k s  3 to  6 in c h e s  i n



25

l e n g t h  o r  d i a m e te r .  E x c e l l e n t  s p h e r o i d a l  w e a th e r in g  f e a t u r e s  a r e  

found  in  th e  s i l l s & a t  the ' to p  o f  th e  A lb in o .  These upper  s i l l s  a r e  

l e s s  r e s i s t a n t  th a n  th e  a n d e s i t i c  low er s i l l s  m en t io n e d  a b o v e . The 

v e r y  t h i n  m a f ic  s i l l s  found  i n  t h e  s e c t i o n  a r e  e x t r e m e Iy  n o n - r e s i s t a n t .  

They a r e  r a r e l y  s e e n  i n  o u t c r o p , and when found i n  ro a d  c u t  a p p e a r  

u s u a l l y  as  a n  u n c o n s o l i d a te d  a g g r e g a te  o f  g r a i n s .
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, STRUCTURE

The g e n e r a l  s t r u c t u r a l  s e t t i n g  o f  th e  M adison Range i s  d i s c u s s e d  

by H a l l  (1 9 6 1 ) .  The r e a d e r  i s  r e f e r r e d  to  t h a t  p a p e r  f o r  a r e v ie w  o f  

th e  p e r t i n e n t  l i t e r a t u r e .  Swanson mapped th e  a r e a  o f  . th e  p r e s e n t  r e ­

p o r t .  No im p o r ta n t  c o r r e c t i o n s  w ere  deemed n e c e s s a r y  i n  th e  s t r u c t u r a l  

i n t e r p r e t a t i o n  o f  h i s  map. A b r i e f  s k e t c h  o f  th e  s t r u c t u r e s  p r e s e n t  

i s  g iv e n  i n  th e  s u b s e q u e n t  p a r a g r a p h s .

The W est F o rk  b a s i n ,  o r  th e  "Lower B a s in  s y n c l i n e "  o f  H a l l  (1 9 6 1 ) ,  

i s  a s y n c l i n a l  d e p r e s s i o n  bounded on th e  n o r t h  by th e  S p a n ish  Peaks 

f a u l t  (McMannis and Chadwick, 1964) .  T h is  f a u l t  i s  a h ig h  a n g le  r e ­

v e r s e  f a u l t  t r e n d i n g  N 60° W, o f  w h ich  t h r u s t s  P re c a m b r ia n  m etam orph ic  

r o c k s ,  w h ich  now form  th e  S p a n ish  P e a k s ,  t o  th e  s o u th w e s t .  ' P a l e o z o ic  

and M esozo ic  s t r a t a  on th e  n o r t h e a s t  l im b o f  th e  Lower B a s in  s y n c l in e '  

a r e  v e r t i c a l  t o  s l i g h t l y  o v e r t u r n e d  t o  t h e  s o u th w e s t  a lo n g  th e  f o o t -  

w a l l  b l o c k ,  H a l l  (1961) c o n s id e r s  th e  age  o f  th e  S p a n ish  Peaks f a u l t  

t o  .be p o s t  L a te  C re ta c e o u s  and p o s s i b l y  as  young as  O l ig o c e n e ,  d ep en d in g  

on th e  age  o f  t e r t i a r y  v o l c a n i c  r o c k s •w hich  o v e r l a p  th e  f a u l t  to  th e  

s o u th w e s t .  McMannis and Chadwick ( 1 9 6 4 ) ,  h o w ev er , d a te d  th e  lower p o r ­

t i o n  o f  th e  v o l c a n i c  se q u en c e  a s  e a r l y  M idd le  Eocene o r  l a t e s t  E a r ly  

E ocene , s u g g e s t i n g  an  o l d e r  age f o r  l a t e s t  movement a lo n g  th e  f a u l t .  

These a u th o r s  have p ro p o se d  t h a t  th e  S p a n ish  Peaks f a u l t  i s  r e l a t e d  to  

th e  G a rd in e r  f a u l t ,  a s i m i l a r  t h r u s t  a lo n g  th e  t r e n d  o f  t h e  S p a n ish  

Peaks f a u l t  t o  th e  s o u t h e a s t .  However, t h e  i n t e r v e n i n g  a r e a  betw een  

th e  two f a u l t s  i s  b u r i e d  by th e  T e r t i a r y  v o l c a n i s  and t h e  r e l a t i o n s  a r e
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th u s  o b s c u re d .

The Lower B a s i n  s y n c l i n e  i s  bounded t o  t h e  s o u t h  by t h e  Buck Creek 

a n t i c l i n e ,  t h e  long  a x i s  o f  w h ic h  p a r a l l e l s  t h e  S p a n i s h  P e a k s : F a u l t .

The a r e a  be tw een  th e  Sou th  F o rk  and M idd le  F o rk  o f  th e  West F o rk  ' 

h a s  an anomoloUs s t r u c t u r a l  p a t t e r n  i n  t h a t  i t  c o n s i s t s  o f  two sy n ­

c l i n e s  w i t h  an  a n t i c l i n e  b e tw e en ,  t r e n d i n g  a b o u t  N.,4'0°E,, a p p ro x im a te ly  

no rm al t o  t h e  t r e n d  o f  th e  S p a n ish  Peaks f a u l t . H a l l  (1961) has 

s u g g e s te d  t h a t  t h e s e  s t r u c t u r e s  a r e  p o s s i b l y  th e  r e s u l t  o f  th e  i n t r u s i o n  

o f  th e  Lone M oun ta in  I g n e o u s . Complex, w hich  a d j o i n s  t h e s e  s t r u c t u r e s  to  

th e  w e s t .  T h is  t h e o r y  seems r e a s o n a b le  b u t  no new e v id e n c e  was d i s ­

c o v e re d  e i t h e r  to  r e f u t e  o r  p ro v e  i t .

These s t r u c t u r e s  a r e  a p p a r e n t l y  f a u l t - b o u n d e d  on b o th  t h e  n o r t h ­

e a s t  and s o u th w e s t ,  a lo n g  t h e  c o u r s e s  o f  th e  M iddle  F o rk  and South  F o rk ,  

r e s p e c t i v e l y .  Swanson (1950) has  mapped a s t r i k e - s l i p  f a u l t  w i t h  l e f t  

l a t e r a l  d i s p l a c e m e n t  a lo n g  th e  c o u rs e  o f  t h e  M idd le  F o rk  (See P l a t e  I ) ,  

w h ich  d i s p l a c e s  t h e  a n t i c l i n a l  n o se  o f  A n d e s i te  a n t i c l i n e  t o  th e  n o r t h ­

w e s t .  The s t r u c t u r a l  t r e n d  o f  t h i s  a n t i c l i n e ,  h o w ev er , c o n t in u e s  on 

b o th  s i d e s  o f  th e  M idd le  F o rk .  . A n d e s i te  a n t i c l i n e  i s  a b r u p t l y  t e r m i n a ­

t e d  t o  t h e  s o u th w e s t  a lo n g  th e  Sou th  F o rk .  No e v id e n c e  was found h e re  . 

t o  i n d i c a t e  d i s p l a c e m e n t  o r  movement o f  t h i s  f a u l t  a lo n g  th e  South  F o rk ,  

i f  su c h  a  f a u l t  a c t u a l l y  e x i s t s .

A n d e s i t e  a n t i c l i n e ,  named f o r  an  i n t r u s i o n  w h ich  c ro p s  o u t  a lo n g  

i t s  a x i s , i s  th e  m ost p ro m in e n t  o f  th e  s t r u c t u r e s .  I t  h a s  been  e roded  

down to  th e  r e s  i s t e n t  K o o te n a i  F o rm a t io n  i n  i t s  c o r e .  S e v e r a l  rem nan ts
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o f  a  s i l l  c ro p  o u t  on t h e  f l a n k  o f  t h e  a n t i c l i n e ,  and h a v e - b e e n  f o l d e d  

w i t h  t h e  s e d im e n t s  on t h e  s o u t h w e s t  end o f  t h e  r i d g e .  Thus i t  a p p e a r s  

t h a t  t h e  s i l l s  w e r e . i n t r u d e d  b e f o r e  t h i s  p a r t i c u l a r  s t r u c t u r e  was J  

formed.

The a x i s  o f  t h e  s m a l l  s y n c l i n e  t o  t h e  e a s t  o f  A n d e s i t e  a n t i c l i n e  

t r e n d s  a b o u t  N 60 E, and h a s  p r e s e r v e d  some o f  t h e  A l b i n o  F o r m a t io n .

Th is  s y n c l i n e  i s  a l m o s t  t o t a l l y  c o v e re d  by l a n d s l i d e  d e b r i s  o f  v a r i o u s  

t y p e s ,  w h ic h  has  moved toward  t h e  a x i s  o f  t h e  s t r u c t u r e .  The n a t u r e  o f  

t h e s e  m a s s - g r a v i t y  movements w i l l  be t r e a t e d  i n  t h e  s e c t i o n  on geomorS' 

p h o lo g y .  The sync l i n e  t o  t h e  w e s t  o f  A n d e s i t e  a n t i c l i n e  i s  bounded on 

t h e  w e s t  by Lone M oun ta in .  The A lb in o  F o r m a t io n  i s  l i k e w i s e  p r e s e r v e d  

i n  t h e  c e n t e r  o f  t h i s  s t r u c t u r e .  There  i s  l e s s  l a n d s l i d e  a c t i o n  h e r e ,  

however ,  and t h i s  may be due t o  p r o x i m i t y  o f  t h e  i n t r u s i v e  complex,  

w h ic h  c o u ld  have  s l i g h t l y  metamorphosed  and s t r e n g t h e n e d  t h e  weak u n i t s .  

S h a l e s  a p p e a r  t o  be h a r d e r  and more b r i t t l e  t h a n  s i m i l a r  s h a l e  t o  t h e  

e a s t .

The n o r t h e a s t - f a c i n g  c i r q u e  o f  Lone M oun ta in  has  exposed  a number 

o f  h i g h  a n g l e  f a u l t s  o f  r e l a t i v e l y  s m a l l  d i s p l a c e m e n t .  The. e n v i r o n ­

m e n t a l  s i g n i f i c a n c e  o f  t h e s e  f a u l t s  w i l l  be d i s c u s s e d  l a t e r . No e v i ­

de nce  o f  R e c e n t  movement was found .
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GEOMORPHOLOGY

STREAM DEVELOPMENT

The two m a j o r  s t r e a m s  i n  t h e  a r e a  h e r e  c o n s i d e r e d ,  t h e  South Fork  

and t h e  M id d le  F o rk  o f  t h e  West  F o rk  o f  t h e  West  G a l l a t i n  R i v e r ,  a r e  

e x c e p t i o n s  t o  t h e  g e n e r a l  p a t t e r n  o f  d r a i n a g e  i n  t h e  G a l l a t i n  and 

Madison  r a n g e s .  The G a l l a t i n  R i v e r  i s  t h o u g h t  t o  be s u p e r p o s e d  a c r o s s  

m a j o r  s t r u c t u r a l  t r e n d s  from a M i d - T e r t i a r y  s u r f a c e  o f  v a l l e y  f i l l  

d e p o s i t s  and  v o l c a n i c  m a t e r i a l  d u r i n g  and a f t e r  t h e  Laram ide  Orogeny 

(McMann i s  and Chadwick,  1964;  H a l l ,  1961) .  The m a jo r  t r i b u t a r i e s ,  i n ­

c l u d i n g  t h e  West  F o r k ,  f o l l o w i n g  s y n c l i n a l  axes  and f low  i n  weak r o c k  

u n i t s  a l o n g  t h e  s t r i k e .  The South  Fo rk  and Middle  F o rk  o f  t h e  West 

F o r k ,  h o w e v e r , a r e  t r a n s v e r s e  t o  a  p r o m i n e n t  s t r u c t u r e ,  A n d e s i t e  a n t i ­

c l i n e .  The South  F o r k ,  w h i l e  n o t  a c t u a l l y  c u t t i n g  t h r o u g h  t h e  a n t i ­

c l i n e ,  l i e s  a t  t h e  s o u t h w e s t  end o f  t h i s  n o r t h e a s t  t r e n d i n g  s t r u c t u r e .  

These s t r e a m s  c o u ld  p o s s i b l y  be s u p e r p o s e d  t r i b u t a r i e s  t o  t h e  West F o r k .  

However ,  a  b e t t e r  e x p l a n a t i o n  m ig h t  b e ,  a s  p r e v i o u s l y  m e n t i o n e d ,  t h a t  

b o t h  s t r e a m s  may be f l o w i n g ^g lo ng  f a u l t  t r e n d s ,  a t  l e a s t  a l o n g  a p o r ­

t i o n  o f  t h e i r  uppe r  c o u r s e s .

D r a in a g e  of  t h e  s y n c l i n e  e a s t  o f  A n d e s i t e  a n t i c l i n e ,  i s  c h a r a c t e r ­

i z e d  by v e r y  poo r  a d j u s t m e n t ,  and numerous u n d r a i n e d  d e p r e s s i o n s  con­

t a i n i n g  ponds o r  m arshy  a r e a s  c a u se d  by th e  a lm o s t  c o m p le te  c ove ra ge  of  

t h e  s y n c l i n e  by m a s s - g r a v i t y  movement o f  v a r i o u s  t y p e s .  Along th e  p o r ­

t i o n  o f  t h i s  s y n c l i n e  a d j a c e n t  t o  A n d e s i t e  a n t i c l i n e ,  s t r e a m s  n o t  i n ­

f l u e n c e d  by s l i d i n g  f o l l o w  t h e  s t r i k e  o f  t h e  Thermopol is  S h a l e ,  a v e r y
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e r o d a b l e  u n i t .

MASS-GRAVITY MOVEMENTS

Mass - g r a v i t y  movements- i n  t h i s  p a r t i c u l a r  a r e a  a r e  p e r h a p s  t h e  

most  i m p o r t a n t  f a c t o r  i n  t h e  d e v e lopm en t  o f  t h e  p r e s e n t •to p o g ra p h y .

The forms and p r o c e s s e s  r e s p o n s i b l e  f o r  t h e s e  Q u a t e r n a r y  f e a t u r e s  

and  t h e i r  r e l a t i o n s h i p  t o  s t r u c t u r e  and  s t r a t i g r a p h y  w i l l  be d e s c r i b e d  

i n  t h i s  s e c t i o n .  Numbered , l a n d s l i d e s  ■ In  t h e  t e x t  a r e  r e l a t e d  t o  t h e  

s t r a t i g r a p h i c  u n i t s  i n  w h ic h  t h e y  o c c u r  i n  F i g u r e  2.

F o l l o w i n g  th e  c l a s s i f i c a t i o n  o f  Sharpe  (1 9 3 8 ) ,  m a s s - g r a v i t y  move­

men ts  were  r e c o g n i z e d  r e p r e s e n t i n g  t h r e e  t y p e s . o f  movement.  These 

i n c l u d e  s low  f T o w a g e , - r a p i d  f lowage and l a n d s l i d i n g .

Slow Flowage

Slow, f lowage m a s s - g r a v i t y  f e a t u r e s  i n c l u d i n g  s o i l  c r e e p ,  t a l u s  

c r e e p  ( f l o w ) ,  and r o c k  g l a c i e r s  c o v e r  a l a r g e  p a r t  o f  t h e  a r e a .  For  

p r a c t i c a l  r e a s o n s ,  o n l y  t a l u s  c r e e p  ( f l o w )  and r o c k  g l a c i e r s  have been  

mapped.

S in c e  m os t  o f  t h e  a r e a  i s  i n  s l o p e ,  s o i l  c r e e p  can  be e x p e c t e d  t o  

a f f e c t  p r a c t i c a l l y  a l l  s u r f i c i a l  m a t e r i a l  w i t h  t h e  e x c e p t i o n  o f  r e s i s ­

t a n t  r o c k  o u t c r o p s ,  and open s l o p e s  and c l i f f s  which  t e n d  t o  l a c k  a 

s o i l  c o v e r .  Rock f a l l  and t a l u s  a r e  t h e  dom inan t  form o f  downs lope 

movement i n  t h e s e  c a s e s .  The f a c i n g  ■ o f  t h e  s l o p e ,  w h ic h  d e t e r m i n e s  i n  

p a r t  t h e  amount o f  m o i s t u r e  r e c e i v e d  and r e t a i n e d  by t h e  s l o p e ,  i s  a 

v e r y  i m p o r t a n t  f a c t o r  i n  t h e  amount o f  v e g e t a t i v e  g rowth  and amount 

o f  c r e e p . .  H e a v i l y  v e g e t a t e d  s l o p e s  t e n d  t o  have a heavy  s o i l  c reep
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a n d / o r  a  c o l l u v i a l  m a n t l e .  Th is  i s  due b o t h  t o  t h e  v e g e t a t i o n  i t s e l f  

w h ic h  a n c h o r s  t h e  s o i l  somewhat ,  and t o  t h e  m o i s t u r e ,  wh ich  i s  r e s p o n ­

s i b l e  f o r  t h e  heavy  v e g e t a t i o n  on t h e s e  s l o p e s . Some more g e n t l e  

s l o p e s  w h ich  l a c k  t r e e  g r o w th ,  b u t  have  sage  and g r a s s e s  a r e  i n f l u e n c e d  

by t h e  l i t h o l o g y  upon w h ic h  theys .a re  d e v e l o p e d .  The s o i l  m a n t l e  h e re  i s  

■ o f t e n . u n d e r g o i n g  s low  dow nslope  movement.

Ta lus  c r e e p  ( f l o w )  i s  p r e s e n t  a t  s e v e r a l  l o c a t i o n s .  A n d e s i t e  

p o i n t ,  t h e  s m a l l  i n t r u s i v e  cap o f  A n d e s i t e  a n t i c l i n e ,  e x h i b i t s  e x c e l l e n t  

examples  o f  t h e s e  f e a t u r e s  ( F i g u r e  3 ) .  The to p  o f  t h i s  p o i n t  c o n s i s t s  

o f  a mass o f  b r o k e n ,  a n g u l a r , d i s k - l i k e  b l o c k s ■a p p r o x i m a t e l y  6 i n c h e s  

i n  d i a m e t e r  w h i c h th a v e  b e e n  p ro d u ce d  by f r o s t  a c t i o n .  S u r r o u n d i n g  t h i s  

p o i n t ,  j u d i n g  from t h e  a p p e a r a n c e  o f  t h e  landf-brm, t h e  t a l u s  has. b e e n ,  

and '  p r o b a b l y  i s  now, c r e e p i n g  down t h e  s l o p e .  The t e r m in u s  o f  m ovem ent . 

c o n s i s t s  o f  a b r u p t ,  w e l l  d e f i n e d  convex  t o n g u e - l i k e  l o b e s  o f  m a t e r i a l  

a b o u t  5 t o  10 f e e t  i n  w i d t h .  The a c t i v e  n a t u r e  o f  t h e s e  t o n g u e s  i s  

i n d i c a t e d  by t u r f  r o l l s  a t  t h e  edge o f  e a c h  l o b e . L a r g e r  examples  of. 

t h e s e  f e a t u r e s  can  be found  a l o n g  t h e  lower edge o f  Lone M oun ta in  where 

a n d e s i t e  c ro p s  o u t .  This, igneous  r o c k ,  a p p a r e n t l y  b e c a u s e  o f  i t s  

w e a t h e r i n g  c h a r a c t e r i s t i c s ,. i s  . t h e  m os t  w i d e s p r e a d  s o u r c e  f o r  t a l u s  

c r e e p  ( f l o w ) .  Ta lus  c r e e p  i s  a l s o  found c o n s i s t e n t l y  be low t h e  o u t c r o p  

o f  t h e  Muddy S a nds tone  ( I ) ,  a l o n g  the- n o r t h  w a l l  o f  t h e  Sou th  Fork 

canyon .

Rock g l a c i e r s  a r e  t h e  most  s p e c t a c u l a r  form o f  s low f lowage i n  

t h e  a r e a .  The b e s t  example i s  found  i n  t h e  n o r t h e a s t  f a c i n g  c i r q u e
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h i g h  on Lone M oun ta in .  Th is  r o c k  g l a c i e r  i s  more t h a n  I  m i l e  i n  

l e n g t h  and  from 200 t o  1000 f e e t  w i d e .

Rock g l a c i e r s  have  been  r e c o g n i z e d  s i n c e  the  b e g i n n i n g  o f  t h i s  

c e n t u r y .  Many t h e o r i e s  have been  p r o p o s e d  f o r  t h e i r  o r i g i n .  The 

l i t e r a t u r e  on r o c k  g l a c i e r s  has  b e e n  r ev i e w e d  s e v e r a l  t im e s  and w i l l  n o t  

be r e p e a t e d  h e r e .  The r e a d e r s  i s  r e f e r r e d  t o  summaries  by W a h r h a f t i g  

and Cox ( 1 9 5 9 ) ,  and P o t t e r  ( 1 9 6 7 ) .  Only t h r e e  i m p o r t a n t  t h e o r i e s  w i l l  

be d i s c u s s e d  h e r e .

Sharpe  (1938)  c o n s i d e r e d  r o c k  g l a c i e r  c r e e p  t o  be a  s p e c i a l i z e d  

ty p e  o f  t a l u s  c r e e p ,  c a u se d  by f r e e z i n g  and thaw ing  o f  i c e  i n  t h e  i n t e r ­

s t i c e s  o f  t h e  t a l u s  d e b r i s ,  w h ic h  would t a k e  p l a c e  i n  c o l d  tem pera te ,  

r e g i o n s .  Th is  p r o c e s s  q u i t e  l i k e l y  c o u ld  be t h e  method o f  movement f o r  

t h e  t a l u s  c r e e p  f e a t u r e s  d e s c r i b e d  a b o v e .  Th is  t y p e  o f  movement d o e s  

n o t  r e q u i r e  a p e rm anen t  volume o f  i c e  i n  t h e  r o c k  g l a c i e r . I f  t h e r e  i s  

p e rm a nen t  i c e  a t  some d e p t h  i n  t h e  Lone M oun ta in  r o c k  g l a c i e r ,  one o f  

t h e  f o l l o w i n g  h y p o t h e s e s  would  b e t t e r  e x p l a i n  t h e  movement of  t h i s  mass 

o f  d e b r i s .  W a h r h a f t i g  and Cox (1959)  I n ' a m a jo r  s t u d y  o f  a p p r o x i m a t e l y  

200 r o c k  g l a c i e r s  i n  t h e  A la s k a  Range ,  c o n c lu d e d  t h a t  r o c k  g l a c i e r s  

have  a  m a n t l e  o f  c o a r s e  m a t e r i a l  which  i s  u n d e r l a i n  by s i l t ,  s a n d ,  and 

f i n e  g r a v e l ,  cemented  by i n t e r s t i t i a l  i c e .  The v e l o c i t y  o f  t h e  ro ck  

g l a c i e r  w h ic h  t h e y  m ea su red  was 2 .5  f e e t  p e r  y e a r .  W a h r h a f t i g  and Cox 

(1959)  b e l i e v e  t h a t  t h e  r o c k  g l a c i e r s  a r e  n o t  r e l a t e d  t o  t h e  l a t e  

W is c o n s in  d e g l a c i a t i o n ,  b u t  began  t o  form a f t e r  t h e  warm c l i m a t i c  

maximum i n  p o s t - W i s c o n s i n  t im e .  They l i s t  t h r e e  p r o c e s s e s  f o r  the
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a c c u m u l a t i o n  o f  i c e  i n  t h e  d e b r i s  i n c l u d i n g  com pac t ion  of  snow, f r e e z i n g  

o f  m e l t - w a t e r ,  and upward movement and f r e e z i n g  o f  g r o u n d w a te r  i n  the  

d e b r i s .

P o t t e r  (1967)  i n  a r e c e n t  d e t a i l e d  s t u d y  o f  a r o c k  g l a c i e r  i n  the  

Absaroka  R a nge , came t o  a somewhat  d i f f e r e n t  c o n c l u s i o n  r e g a r d i n g  the  

f o r m a t i o n  o f  r o c k  g l a c i e r s . The r o c k  g l a c i e r  which  he s t u d i e d  was com­

p o s e d ,  i n  t h e  upper  two t h i r d s ,  o f  a m a n t l e  of  c o a r s e  d e b r i s ,  I t o  1 .5  

m e t e r s  t h i c k  w h ich  was u n d e r l a i n  by r e l a t i v e l y  c l e a n  g l a c i a l  i c e ,  w i t h  

l i t t l e  d e b r i s .  He found  th e  a c c u m u l a t i o n  a r e a  ( a r e a  i n  w h ic h  t h e r e  i s  

a n e t  g a i n  of  snow ove r  t h e  y e a r s )  t o  be v e r y  s m a l l .  Th is  a l low e d  t h e  

d e b r i s  c o n t r i b u t e d  t o  t h e  r o c k  g l a c i e r  f rom t h e  c i r q u e  t o  be t r a n s ­

p o r t e d  p a s t  t h e  zone o f  i c e  a c c u m u l a t i o n ,  t h u s  n e v e r  becoming a p a r t  

o f  t h e  g l a c i a l  i c e .  The l a r g e  s i z e  of  t h e  a b l a t i o n  zone ( a r e a  i n  which  

t h e r e  i s  a n e t  l o s s  o f  snow or  i c e  ov e r  t h e  y e a r s ) ,  i n  r e l a t i o n  t o  t h e  

a c c u m u l a t i o n  zone i n d i c a t e s  t h e  v e r y  low a b l a t i o n  r a t e  o f  t h e  g l a c i a l  

i c e  due t o  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  d e b r i s  m a n t l e .  T h i s  cou ld  ca use  

a s u b s t a n t i a l  t ime  l a g  be tw een  a c l i m a t i c  change and i t s  e f f e c t  on t h e  

g l a c i a l  i c e  b e n e a t h  t h e  d e b r i s .  From t h e  f a b r i c  o f  t h e  i c e ,  P o t t e r  

c o n c lu d e s  t h a t  t h e  f r e e z i n g  o f  m e l t w a t e r  i s  n o t  a dom inan t  p r o c e s s  i n  

t h e  f o r m a t i o n  of  i c e  i n  t h a t  p a r t i c u l a r  r o c k  g l a c i e r .  He p ropose d  th e  

terms i c e - c e m e n t e d  r o c k  g l a c i e r s  f o r  t h e  type  d e s c r i b e d  by W a h rh a f t i g  

and Cox ( 1 9 5 9 ) ,  and i c e - c o r e d  r o c k  g l a c i e r s  f o r  t h e  t y p e  w i t h  a 

r e l a t i v e l y  c l e a n  d e b r i s - f r e e  i c e  c o r e .  The p a r t i c u l a r  r o c k  g l a c i e r  

which  P o t t e r  s t u d i e d  had a maximum v e l o c i t y  o f  6 cm. p e r  y e a r .
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The r o c k  g l a c i e r  i n  t h e  e a s t  t o  n o r t h e a s t  f a c i n g  c i r q u e  o f  Lone 

M ounta in  shown i n  F i g u r e  4 a p p e a r s  t o  be a t o n q u e - s h a p e d  r o c k  g l a c i e r , 

a s  d e f i n e d  by W a h r h a f t i g  and Cox (1959)„  W is c o n s in  g l a c i a l  d e p o s i t s  

which  o r i g i n a t e d  i n  t h e  c i r q u e  t e r m i n a t e  a p p r o x i m a t e l y  I  m i l e  down 

v a l l e y  from th e  maximum e x t e n s i o n  o f  t h e  p r e s e n t  r o c k  g l a c i e r .  The 

r o c k  g l a c i e r  heads  i n  a s m a l l  c i r q u e  which  has  been  c a r v e d  above the  

f l o o r  o f  t h e  m ain  c i r q u e .  I t  i s  p o s s i b l e  t h a t  t h i s  c i r q u e  i s  r e l a t e d  

t o  t h e , Temple L a k e , N e o - g l a c i a l  s t a g e .  The r o c k  g l a c i e r  does  n o t  f i l l  

t h e  lower c i r q u e , a l t h o u g h  i t  does  expand i n  w i d t h  a s  i t  l e a v e s  the  

upper  c i r q u e  (See P l a t e  I ) .

The r o c k  g l a c i e r  i s  d i v i d e d  i n t o  an  i n a c t i v e  d o w n - v a l l e y  segment  

and a n  a c t i v e  segment  n e a r  the  head  o f  t h e  c i r q u e ,  ba s ed  on the  

f o l l o w i n g  c r i t e r i a .

(1)  The b o u l d e r y  s u r f a c e  o f  t h e  i n a c t i v e  segment  has  c o n s i d e r a b l e  

v e g e t a t i v e  g rowth  c o n s i s t i n g  of  l i c h e n s  and some g r a s s e s , w h i l e  the  

a c t i v e  segment  ha s  l i t t l e  or  no v e g e t a t i o n .

(2)  The edges  o f  t h e  a c t i v e  segment  a r e  s t e e p e r  and s i m i l a r  t o  

t a l u s  s l o p e s  a t  t h e i r  a n g l e  o f  r e p o s e ,  w h i l e  t h e  edges  o f  t h e  i n a c t i v e  

segment  a r e  r e l a t i v e l y  subdued  i n  c o m p a r i s o n .  E x c e p t i o n s  t o  t h i s  a r e  

on th e  s o u t h  f a c i n g  s l o p e s  i n  t h e  c e n t e r  o f  t h e  i n a c t i v e  p o r t i o n  where  

t h e  r o c k  g l a c i e r  may be e x p a n d in g  l a t e r a l l y ,  p o s s i b l y  by c r e e p  i n t o  

t h e  main  c i r q u e  o r  r e c e n t l y  may have done s o .  These s l o p e s  a r e  v e r y  

u n s t a b l e .

M a t e r i a l  i s  s u p p l i e d  t o  t h e  head  o f  t h e  r o c k  g l a c i e r  by r o c k  f a l l
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and d e b r i s  s l i d e  from th e  c i r q u e  w a l l s  s u r r o u n d i n g  th e  head of  the  r o c k  

g l a c i e r .  . I t  i s  a l s o  s u p p l i e d  t o  t h e  c e n t r a l  p o r t i o n  o f  the  r o c k  g l a c i e r  

f rom th e  long  r i d g e  fo rm in g  .the n o r t h  w a l l  o f  t h e  c i r q u e .  The d e b r i s  i s  

formed by  f r o s t  a c t i o n  and c o n s i s t s  of  ' p l a t y  a n d e s i t e  b l o c k s  and more 

r e c t a n g u l a r  t o  c u b i c a l  b l o c k s  from t h e  metamorphosed  s e d i m e n t s .  These 

f r a g m e n t s  a r e  g e n e r a l l y  s e v e r a l  t im es  l a r g e r  t h a n  th e  a n d e s i t e  b o u l d e r s .  

The w a l l s  o f  t h e  c i r q u e  c o n s i s t  o f  numerous s m a l l  c o u l o i r s  w i t h  t a l u s  

f a n s  or  cones  a t  t h e i r  b a s e .  There  i s  a d e p r e s s i o n  s u r r o u n d i n g  th e  edge 

o f  t h e  a c t i v e  segment  w h ic h  p r e v e n t s  t h i s  m a t e r i a l  f rom r e a c h i n g  th e  

to p  o f  t h e  r o c k  g l a c i e r ,  e x c e p t  a t  t h e  v e r y  r e a r  p o r t i o n .  However,  w i t h  

snow a c c u m u l a t i o n  i n  t h e  w i n t e r  and s p r i n g  t h i s  d e p r e s s i o n  m ig h t  be 

f i l l e d  a l l o w i n g  m a t e r i a l  t o  move ove r  snow on to  t h e  s u r f a c e  o f  the  r o c k  

g l a c i e r .

A s m a l l  amount  of  d i g g i n g  i n t o  t h e  f r o n t a l  scarp-  a b o u t  5 f e e t  

below th e  t o p ,  p roved  t h a t  much f i n e  m a t e r i a l , i s  p r e s e n t  u n d e r n e a t h  t h e  

b o u l d e r  m a n t l e .  Th is  would s u g g e s t  t h a t  t h e  r o c k  g l a c i e r ,  i f  i c e  i s  

p r e s e n t ,  i s  o f  t h e  t y p e  d e s c r i b e d  by W a h r h a f t i g  and Cox (1959)  and 

movement would  o c c u r  by t h e  f lo w  o f  t h e  i n t e r s t i t i a l  i c e .  Th is  zone in  

t h e  s c a r p  a p p e a r e d  t o  b e . w e t ,  h o w e v e r , no i c e  was fo u n d .  M e ch a n ica l  

equ ipm en t  s h o u ld  be used  t o  d e t e r m i n e  i f  i c e  i s  p r e s e n t  i n  the  ro ck  

g l a c i e r .

S in c e  t h e  t ime  of  t h e  s t u d y  e x t e n d e d  th r o u g h  o n l y  one summer, no 

q u a n t i t a t i v e  i n f o r m a t i o n  c o u ld  be g a t h e r e d  as  t o  movement o f  t h e  ro ck  

g l a c i e r ,  or  o f  t h e  amount  o f  snow, i f  a n y ,  a c c u m u l a t i n g .  :
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The m i c r o r e l i e f  o f  t h i s  r o c k  g l a c i e r  e x h i b i t s  a . p a t t e r n  o f  Iong i^  

t u d i n a l  and t r a n s v e r s e  r i d g e s  and fu r ro w s  which  a r e  a p p r o x i m a t e l y  

p a r a l l e l  t o  t h e  m a r g i n  o f  t h e  g l a c i e r . K e t t l e - l i k e  d e p r e s s i o n s  a r e  

a l s o  p r e s e n t .  A c c o rd ing  t o  W a h r h a f t i g  and Cox . ( 1 9 5 9 ) ,  t h e  above f e a ­

t u r e s  can be e x p l a i n e d ■by t h e  a c c u m u l a t i o n  and w a s t a g e  o f  i c e ,  and v a r ­

i a b l e  f low  r a t e s  i n  t h e  r o c k  g l a c i e r .

C o n c l u s iv e  i n f o r m a t i o n  r e l a t i n g  t o  t h e  type  and h i s t o r y  o f  t h e  Lone 

M oun ta in  r o c k  g l a c i e r  c a n n o t  be made h e r e  due t o  t h e  l i m i t a t i o n s  of  t h e  

s t u d y .  A s t u d y  ove r  a p e r i o d  of  y e a r s  would be needed  t o  o b t a i n  i n f o r ­

m a t i o n  c o n c e r n i n g  a c c u m u l a t i o n ,  a b l a t i o n , ' and p r e s e n t  movement o f  the  

g l a c i e r .  W i t h o u t  t h i s  i n f o r m a t i o n ,  i t  i s  o n ly  p o s s i b l e  t o  s p e c u l a t e  

r e g a r d i n g  i t s  h i s t o r y .  I t  i s  c o n s i d e r e d  p o s s i b l e ,  however ,  t h a t  the.  

i n a c t i v e  p o r t i o n  may c o r r e s p o n d  t o  t h e  Temple Lake n e o - g l a c i a l  s t a g e . 

F i e l d  work on t h e  r o c k  g l a c i e r  was c a r r i e d  o u t  w i t h  C. Montague ,  and . 

many of  t h e  c o n c l u s i o n s  and o b s e r v a t i o n s  above were  j o i n t l y  d e r i v e d .  

Rapid Flowage

A c c o r d in g  t o  H a l l  ( 1 9 6 1 ) ,  e a r t h f low, a type  of  r a p i d  f lowage , i s  

t h e  m os t  i m p o r t a n t  t y p e  o f  mass movement i n  t h e  uppe r  G a l l a t i n  r e g i o n ,  

i n  t e rm s  of  a r e a  a f f e c t e d ,  w i t h  t h e  e x c e p t i o n  of  c r e e p .  E a r t h f l o w ,  i n  

t h i s  r e g i o n  i s  p r o b a b l y  g r a d a t i o n a l  i n  v e l o c i t y  be tw een  c r e e p  and mud­

f low  d e p e n d in g  on th e  amount o f  w a t e r  i n v o l v e d ,  the  amount  o f  s l o p e ,  

and th e  l i t h o l o g y  i n  w h ic h  i t  o c c u r s .  ' E a r t h f lows a r e  c h a r a c t e r i z e d  by 

a c r e s c e n t i c  h e a d w a l l  s c a r p ,  a c o n s t r i c t e d  m id d le  segm en t ,  and a 

l o b a t e  t o e  a t  t h e  t e r m in u s  ( H a l l ,  1961) .  TheI r  hummocky t o p o g ra p h y
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g e n e r a l l y  r e s e m b le s  t h a t  o f  g l a c i a l  m o r a i n e ,  w i t h  i r r e g u l a r  mounds and 

r i d g e s ,  p o n d s , and m ar s h y  a r e a s .

The amount  o f  t r u e  e a r t h f low, i n  t h e  map a r e a  i s  u n c e r t a i n .  The 

s y n c l i n e  e a s t  o f  A n d e s i t e  a n t i c l i n e  (2)  i s  one a r e a  wh ich  m ig h t  have 

undergone  e a r t h f l o w .  The sync  l i n e  i s  c h a r a c t e r i z e d  by zones  o f  t y p i c a l  

hummocky t o p o g r a p h y ,  a l t h o u g h  t h e  t h r e e - s e g m e n t  form m en t io n e d  above 

i s  n o t  p r e s e n t .  O th e r  a r e a s  a r e  found i n  t h e  sync  l i n e  w h ich  a r e  s u r ­

rounded  by s l i d e s  b u t  i n  w h ich  r o c k  seems t o  be i n  p l a c e .  These were 

o r i g i n a l l y  t h o u g h t  by th e  w r i t e r  t o  be b e d ro c k  rem nan ts  t h a t  d i d  n o t  

p a r t i c i p a t e  i n  t h e  s l i d i n g .  S c a r p s ' a r e  found o f  v a r y i n g  a g e ,  bo th  

c r e s c e n t i c  and l i n e a r  i n  form.

Two t h e o r i e s  a r e  p r o p o s e d  f o r  t h e  h i s t o r y  o f  mass g r a v i t y  m o d i f i ­

c a t i o n  o f  t h i s  sync  l i n e . The f i r s t  i n v o l v e s  numerous o v e r l a p p i n g  ear'th-^ '■ 

f lo w s  o f  d i f f e r e n t  a g e s  w h ich  would t e n d  t o  o b s c u re  t h e  t y p i c a l  e a r t h -  

f low  form.  The undeformed a r e a s  m us t  be c o n s i d e r e d  t o  be bed ro c k  

i s l a n d s  w h ich  d i d  n o t  p a r t i c i p a t e  i n  t h e  s l i d i n g .  Slumping may be 

a s s o c i a t e d  w i t h  t h e  e a r t h f l o w s  n e a r  t h e  h e a d w a l l  s c a r p s .

The second  p o s s i b l e  o r i g i n  f o r  t h e  o bse rve d  f e a t u r e s  cou ld  be r e ­

l a t e d  t o  a type  o f  l a n d s l i d e  phenomena . ■ L a n d s l i d e s  i n  g e n e r a l  a r e  d i s ­

c u s se d  i n  t h e  f o l l o w i n g  s e c t i o n .  Th is  t h e o r y  p r o p o s e s  t h a t  t r a n s l a t o r y  

movement o f  b l o c k  g l i d e  o c c u r r e d  from b o t h  f l a n k s  o f  t h e  sync  l i n e  toward  

t h e  a x i s . -  T r a n s l a t o r y  s l i d i n g  was d i s c u s s e d  by Hansen ( 1 9 6 5 ) ,  i n  c o n ­

n e c t i o n  w i t h  e a r t h q u a k e  a t  Anchorage ,  A la s k a  in  1964. He a l s o  n o t ed  

t h a t  t r a n s l a t o r y  s l i d e s  have  b e e n  d e s c r i b e d  w i t h o u t  t h e  t r i g g e r i n g
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mechanism o f  an  e a r t h q u a k e .  These s l i d e s  a r e  commonly c aused  by f a i l ­

u re  of  a weak,- s e n s i t i v e  u n i t  o y e r Taim by a more c om pe ten t  u n i t ,  a l o n g  

an  a l m o s t  h o r i z o n t a l  p l a n e . A p r o m i n e n t  h e a d w a l l  s c a r p  i s  formed a t  

t h e  i n i t i a l  p o i n t  o f  movement.  The t e n s i o n a l  f o r c e s  c a u se d  by th e  o u t ­

ward s l i d i n g  o f  t h e  mass r e s u l t s  i n  t h e  f o r m a t i o n  o f  a g r a b e n  d i r e c t l y  

-in f r o n t  o f  t h e  s c a r p .  Blocks  fo rw a r d  o f  t h e  g r a b e n  heed  n o t  undergo 

s i g n i f i c a n t  d e f o r m a t i o n .

The p r o m i n e n t  l i n e a r  s c a r p  found i n  S e c . 3 ,  R. 3 E . ,  T. 7 S . ,  

( F i g u r e  6 ) ,  on t h e  s o u t h e a s t  f l a n k  of  t h e  sync  l i n e ,  i s  o f  t h i s  t y p e . 

Outward and p a r a l l e l  t o  t h i s  s c a r p ,  i s  a hummocky d e p r e s s io n . ,  p o s s i b l y  

a g r a b e n ,  f o l l o w e d  by a r i d g e  e x h i b i t i n g  much l e s s  d e f o r m a t i o n ,  

a p p r o x i m a t e l y  e q u a l  i n  e l e v a t i o n  to  t h e  top  o f  t h e  s c a r p ’ Th is  p a t t e r n  

c o n t i n u e s  t o  t h e  a x i s  o f  the  sync  l i n e  ( F i g u r e  5 ) .  The ou tward  moving 

'b locks  may r o t a t e  somewhat,  i n s t e a d  o f  r e m a in i n g  p a r a l l e l  t o  t h e i r  

s c a r p ,  i n  o r d e r  t o  become more normal  t o  t h e  maximum. s lope  toward th e  

a x i s .

The o t h e r  f l a n k  o f  t h e  s y n c l i n e  i s  t h o u g h t  t o  have unde rgone  a . 

s i m i l a r  h i s t o r y .  The s c a r p  h e r e , i s  t h e  s o u t h  edge o f  F l a t i r o n  Moun­

t a i n .  The b a s e  o f  t h i s  s t e e p  s c a r p  i s  now o c c up ie d  by an  e x t r e m e l y  

y o u t h f u l  s t r e a m  w h ic h  seems t o  s u b s t a n t i a t e  t h e  p o s t u l a t e  of  r e l a t i v e l y  

r e c e n t  g l i d i n g ,  p o s s i b l y  c o r r e l a t i n g  t o  t h e  y o u t h f u l  s c a r p  on the  

s o u t h e a s t  f l a n k  of  t h e  s y n c l i n e .  The s e r i e s  of  r i d g e s  a d j a c e n t - t o  t h e  

s o u t h  s i d e  of. F l a t i r o n  M oun ta in  were o r i g i n a l l y  t h o u g h t  t o  be i s l a n d s  

o f  b e d r o c k  s u r r o u n d e d  by s lu m p in g .  However , t h e y  conform much b e t t e r
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t o  a t h e o r y  o f  b l o c k s  g l i d i n g  ou tward  from a s c a r p  and b e i n g  s u b j e c t e d  

t o  a s l i g h t  r o t a t i o n  i n  o r d e r  t o  move down th e  d i p  p a r a l l e l  t o  t h e  X- * 

a x i s .

I f  t h e s e  movements  o c c u r r e d  a t  t h e  same t i me on o p p o s i t e  s i d e s  of
. V

t h e  s y n c l i n e ,  t h e  movement would t e n d  t o  be s to p p e d  by t h e  c o l l i s i o n  

o f  t h e i r  t o e s  a t  t h e  a x i s  o f  t h e  s y n c l i n e .  The zone o f  f a i l u r e  was 

a l m o s t  c e r t a i n l y  one o r  s e v e r a l  o f  t h e  numerous weak c l a y s  to n es  or  b e n ­

t o n i t e s  i n  the  A lb in o  F o r m a t io n .

Mudflow,  a r a p i d  w a t e r  s a t u r a t e d  t y p e  o f  f lo w  i s  n o t  a v e r y  s i g ­

n i f i c a n t  p r o c e s s  i n  t h i s  a r e a . Only a few examples  a r e  known, two o f  

them v e r y . s m a l l  i n  a r e a , l o c a t e d  be tw een  A n d e s i t e  a n t i c l i n e  and Lone 

M oun ta in .  These o c c u r  i n  t h e  A lb in o  F o r m a t io n  and a r e  d e v e lo p e d  on 

somewhat  s t e e p e r  s l o p e s  t h a n  t h e  t y p i c a l  e a r t h f low.

An i n t e r e s t i n g  mudflow o c c u r s  a l o n g  the  r o a d  t o  A n d e s i t e  Lookout  

i n  s e c .  32 ,  R. 3 E . ,  T. 6 .  S . ( 3 ) .  Th i s  f l o w  c o n s i s t s ,  a t  i t s  t o e ,  

o f  i n d i v i d u a l  f i n g e r - l i k e  l o b e s .  Large  b o u l d e r s  f rom t h e  K o o t e n a i  F o r ­

m a t i o n  a r e  found on t h e  s u r f a c e  o f  t h i s  f lo w  i n d i c a t i n g  th a t ,  i t  must  

have  been  v e r y  f l u i d . The zone o f  o r i g i n  o f  t h i s  s l i d e  was n o t  found ,  

b u t  i t  i s  p o s s i b l e  t h a t  i t  began  i n  t h e  The rm opo l is  S h a l e  w i t h  K o o te n a i  

t a l u s  b o u l d e r s  c o n t r i b u t e d  from a b o v e , on A n d e s i t e  a n t i c l i n e .

Lands I i d e  Phenomena

L a n d s l i d e s  p r o p e r  d i f f e r  f rom t h e  p r e v i o u s l y  d e s c r i b e d  ty p es  of  

m a s s - g r a v i t y  movement i n  t h a t  t h e y  a r e  r e l a t i v e l y  r a p i d l y  moving ,  have 

l e s s  w a t e r  a s s o c i a t e d  w i t h  them, and f a i l s ;a long  a d e f i n i t e  p l a n e .

!
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Slumping i s  t h e  m os t  p r e v e l a n t  example o f  l a n d s l i d i n g  i n  the  map 

a r e a .  Th i s  phenomena i s  d e f i n e d  by. Sharpe  (1938 ,  p .  6 5 ) ,  as  the  

"downward s l i p p i n g  o f  a mass o f  r o c k  or  u n c o n s o l i d a t e d  m a t e r i a l  of. any  ' 

s i z e ,  moving as  a u n i t  o r  as  s e v e r a l  s u b s i d i a r y  u n i t s ,  u s u a l l y  w i t h  

backward r o t a t i o n  on a more o r  l e s s  h o r i z o n t a l  a x i s  p a r a l l e l  t o  t h e  

c l i f f  or  s l o p e  from w h ic h  i t  d e s c e n d s . "  These a r e  f o u n d . i n  t h e  a r e a  

e x a c t l y  as  d e s c r i b e d ,  showing r o t a t i o n a l  movement w i t h  t h e  s u r f a c e  of  

t h e  s lump b l o c k  t i l t e d ,  toward  th e  h e a d w a l l  o f  t h e  s lump.  They a r e  most  

common on s t e e p  s l o p e s  such  a s  y o u t h f u l  r i v e r  v a l l e y s ,  and have a v e r y  

c l o s e  r e l a t i o n s h i p  t o  t h e  s t r a t i g r a p h y .  A l l  s t r e a m  " v a l l e y  s l o p e s  o f  a 

s t e e p  n a t u r e  i n  t h e  a r e a  s u s t a i n  s lumps .when th e  T he rm opo l i s  Sha le  o r  

A lb in o  F o r m a t io n  a r e  e x p o s e d .  Examples  o f  s lumps o c c u r  a l o n g  b o th  t h e  

n o r t h  w a l l  o f  t h e  Sou th  Fork  canyon ,  and, on b o t h  n o r t h  and s o u th  

f a c i n g  s l o p e s  o f  F l a t i r o n  M oun ta in .  The l a r g e  s l i d e  mapped on t h e  top 

o f  F l a t i r o n  M oun ta in  (5)  i s  p r o b a b l y  m o s t l y  o f  slump o r i g i n .  Commonly 

s lumps a r e  found n e a r  t h e  headwa ll . . . s ca rp  o f  o t h e r  t y p e s  o f  mass move­

ment  such  a s  e a r t h f l o w s  a n d ' r o c k s l i d e s . Slumps have  q u i t e  a r ange  i n  

s i z e ,  f rom s m a l l  b l o c k s  s e v e r a l  f e e t  wide  t o  t h o s e  t h e  s i z e  o f  a 

h o u s e ,  and a r e  n o t  mapped i n  c a s e s  when t h e y  a r e  v e r y  s m a l l .

The o t h e r  t y p e  o f  l a n d s l i d e  p r e s e n t  i s  t h e  r o c k s  I i d e . Sharpe  . 

(1938 ,  p . 7 6 ) ,  d e f i n e s  r o c k s l i d e s  as  " t h e  downward and u s u a l l y  r a p i d  

movement o f  newly d e t a c h e d  segments  o f  t h e  bed rock  s l i d i n g  on bedd ing , -  

j o i n t  o r  f a u l t  s u r f a c e s ,  o r  any  o t h e r  p l a n  o f  s e p a r a t i o n . "  Th is  t y p e  

o f  s l i d e  i s  p r o b a b l y  an i n s t a n t a n e o u s  movement w i t h  t h e  d e t a c h e d

. !
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segment  o f  b e d ro c k  becoming b roken  i n t o  a  mass o f  d e b r i s  by t h e  t ime  i t  

comes t o  r e s t  a t  t h e  base  o f  t h e  s l o p e .  The l a r g e s t  s i n g l e  mass move­

ment  i n  t h e  a r e a  i s  p r o b a b l y  a r e p r e s e n t a t i v e  of  t h i s  t y p e .  The s l i d e  

i s  l o c a t e d  a l o n g  t h e  S ou th  F ork  of  t h e  West  F o rk  on t h e  e a s t  f l a n k  of  

A n d e s i t e  a n t i c l i n e  ( 6 ) .  A r e l a t i v e l y  l a r g e -m o v e m e n t , t h i s  s l i d e  i s  

a p p r o x i m a t e l y  I m i l e  i n  l e n g t h  and 3000 f e e t  wide a t  i t s  t o e .  The to e  

expands toward  t h e  t e r m in u s  o f  t h e  s l i d e ,  h u t  i t  i s  n o t  a l o b e - s h a p e d  

form as  i n  a f lo w .  The p r i m a r y  - i n d i c a t i o n  t h a t  t h i s  s l i d e  broke  away 

as  a  c o h e s i v e  mass o f  r o c k  i n  a r a p i d  movement ,  i s  t h a t  i t  o c c u r r e d  

m a i n l y  i n  t h e  K o o t e n a i  F o r m a t io n .  The to e  of  t h i s  s l i d e  i s  a. l a r g e  

mound o f  v e r y  l a r g e ,  a n g u l a r ,  K o o t e n a i  m a t e r i a l .  Flow f e a t u r e s  were 

n o t  found i n  t h e  a r e a ,  so i t  seems s a f e  t o  assume t h a t  t h i s  s l i d e  

f a i l e d  a l o n g  a d e f i n i t e  p l a n e .  I t  h a s  n o t  been  d e t e r m i n e d ,  however ,  

w ha t  h o r i z o n  d i d  a c t u a l l y  c ause  t h e  movement.  The K o o t e n a i  i s  b o th  

o v e r l a i n  and u n d e r l a i n  by weak s h a l e ,  and t h e . M o r r i s o n  Could have been  

in v o lv e d  i n  t h i s  s l i d e .  O t h e r  p o s s i b i l i t i e s  c a n n o t  be r u l e d  o u t ,  how­

e v e r ,  such  as  an  u n d i s c o v e r e d  f a u l t  o r  the  f a c t  t h a t  t h e  s l i d e  oc c u rs  

n e a r  t h e  p o i n t  a t  w h ic h  t h e  s t r i k e  of  t h e  p r e v i o u s l y  d i s c u s s e d  s y n c l i n e  

changes  from ah-,:e a s f e w e s t  t o  a n o r t h e a s t  o r i e n t a t i o n .  S e v e r a l  l a r g e  

s p r i n g s  emanate  f rom t h e  t o e  o f  t h i s  s l i d e .

GLACIATION

Q u a t e r n a r y  g l a c i a l  d e p o s i t s  c o v e r  a v e r y  s m a l l  p e r c e n ta g e  o f  th e  

a r e a  mapped f o r  t h i s  r e p o r t .  The d e p o s i t s  t h a t  a r e  p r e s e n t  a r e  th o u g h t  

to  r e p r e s e n t  advance  o f  v a l l e y  g l a c i e r s  i n  e a r l y  and l a t e  W isc o n s in



45

t i m e ,  w h ic h  are-  known a s  t h e  B u l l  Lake and P i n e d a l e  s t a d e  r e s p e c t i v e l y .  

I n  a d d i t i o n  t h e  r o c k  g l a c i e r s  d e s c r i b e d  p r e v i o u s l y  are. p o s t u l a t e d  t o  

r e p r e s e n t  two r e c e n t  s t a g e s ,  o f  n e o - g l a c i a t i o n .

Remnants  o f  t h e  e a r l y  W is c o n s in  o r  B u l l  Lake,  advance  a r e  found 

in  two' p l a c e s  i n  t h e  map a r e a . R e s t i n g  on or  j u s t  b e h in d  t h e  g rave  I  

p l a i n  j u s t  n o r t h  o f  t h e  O u s e l  F a l l s  campground i s  an  e a s t w a r d  e l o n g a t e d  

subdued  mound which  i s  p o s t u l a t e d  t o  be a m ora ine  r e l a t e d  to  t h i s  a d ­

v a n c e .  The s u b a n g u l a r  t o  sub rounded  b o u l d e r s  on t h i s  d e p o s i t  c o n s i s t  

m a i n l y  o f  K o o t e n a i  s a n d s t o n e  and a n d e s i t e .  Few b o u l d e r s  a r e  on t h e  

s u r f a c e  o f  t h e  m o r a i n e .- The g r a v e l ,  p l a i n  w h ich  caps  t h e  Sou th  F ork  

canyon a t  O u s e l  F a l l s  i s  r e l a t e d  t o  t h e  B u l l  Lake g l a c i a t i o n  as  nan 

ou twash  p l a i n .  These g r a v e l s  merge t o  t h e  e a s t  w i t h  t h e  much l a r g e r  

g r a v e l  p l a i n  be low.  The s o u r c e  o f  t h e  i c e  f o r  t h e s e  d e p o s i t s  i s  

p r o b a b l y  t h e  u ppe r  S ou th  F o rk  d r a i n a g e ,  a s  w e l l  as  t h e  Yel low:Mule 

C re e k s ,  w h ic h  a r e  t h r e e  n o r t h  f l o w i n g  t r i b u t a r i e s  t o  t h e  S ou th  F o r k .  

S in c e  t h e  s t r e a m - has  c u t  t h r o u g h  t h e  outwash g r a v e l s  a s  - w e l l  as  the  

b e d r o c k  i n  t h e  canyon ,  t h e  canyon m ust  be no o l d e r  t h a n  l a t e  B u l l  Lake. 

To t h e  e a s t  o f  t h e  above  m en t io n e d  m ora ' ine , ou t  o f  t h i s  map a r e a , l i e s  

a n o t h e r  m o r a i n a l  remnant-1 w h ich  p r o b a b l y  r e p r e s e n t s  t h e  maximum e x t e n t  

o f  t h e  B u l l  Lake s t a g e .

D e p o s i t s  of  e a r l y  W is c o n s in  age a r e  a l s o  found i n  p o r t i o n s  o f  c.
■ , : 'V. '■

s e c s .  25,  30 ,  and 29,  R. 3 E . , T .  6 S . These d e p o s i t s . a r e  l o c a t e d  

a l o n g  t h e  c r e e k  b o r d e r i n g  th e  w e s t  f l a n k  of  A n d e s i t e  a n t i c l i n e .  They 

l i e  beyond a younger  s y s te m  o f  m o ra i n e s  and  a r e  m o d i f i e d  by th e  outwash
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f rom t h e  younger  d e p o s i t s .  The o bv ious  s o u r c e  o f  t h e s e  m a t e r i a l s  i s  

t h e  c i r q u e  on Lone M oun ta in  and i s  r e f l e c t e d  i n  t h e  a n d e s i t e  and s h a l e  

b o u l d e r s  which  a r e  found  on t h e  m o r a i n e s .

At  t h e  mouth o f  t h e  Beeh ive  Creek ,  two l a t e r a l  m o ra i n e s  of  p r o b ­

a b l e  B u l l  Lake age  e x t e n d  o u t  and a c r o s s  t h e  canyon o f  t h e  Middle  F o rk .  

The i c e  r e s p o n s i b l e  f o r  t h e s e  m o ra in e s  a p p a r e n t l y  formed a t em p o ra ry  

dam a l o n g  t h e  Midd le  F o r k .  A s m a l l  l a k e  was c r e a t e d  b e h in d  t h e  dam and 

f i n e  g ra ined -  s i l t y  and c l a y e y  m a t e r i a l s  were  d e p o s i t e d  i n  t h e  open 

meadow:.-through w h ic h  t h e  M id d le  F o rk  m e a n d e r s . The .B u l l  Lake d e p o s i t s  

h e r e  c o r r e s p o n d  t o p o g r a p h i c a l l y  t o  t h o s e  o f  t h e  I n t e r m e d i a t e  s t a g e  of  

H a l l  ( 1 9 6 0 a ) .

Ev idence  f o r  g l a c i a t i o n  of  P i n e d a l e  o r  l a t e  W is c o n s in  age  was 

found i n  o n l y  one p l a c e  i n  t h e  a r e a ,  t h i s  being,  t h e  s y s te m  o f  m o ra in es  

w h ich  l i e  w i t h i n  t h e  B u l l  Lake m a t e r i a l  j u s t  d e s c r i b e d .  These m o ra in e s  

can be d i s t i n g u i s h e d ,  f rom th e  B u l l  Lake on th e  b a s i s  of  t o p o g ra p h y ,  

s o i l  d e v e lo p m e n t ,  and p o s i t i o n .  The t o p o g r a p h y  i s  n o t i c e a b l y  f r e s h e r  

i n  a p p e a r a n c e  t h a n  t h a t  o f  B u l l  Lake m o r a i n e ,  and c o n s i s t s  o f  numerous 

mounds and k e t t l e s ,  and has  a v e r y  a b r u p t  r i d g e  a t  t h e  t e r m i n a l . m o r a i n e . 

P r a c t i c a l l y  no s o i l  has  d e v e lo p e d  on th e  P i n e d a l e  f e a t u r e s .  A s o i l  i s  

found, c a p p in g  m os t  B u l l  Lake d e p o s i t s .  G ra ve I s r e x te n d  outward  from 

t h e  t e r m i n a l  m o ra in e  t o  t h e  f i n e  g r a i n e d  d e p o s i t s  i n  t h e  open marshy  

meadow th r o u g h  w hich  t h e  M id d le  F o rk  f l o w s .  S e v e r a l  s p r i n g s  a l s o  

o r i g i n a t e  f r o m . t h i s  t e r m i n a l  m o r a i n e . Ups tream from th e  meadowy a l o n g  

t h e  M id d le  F o r k ,  P i n e d a l e  i c e  a p p a r e n t l y  o v e r r o d e  o r  s t o p p e d  a t  the  edge
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o f  B u l l  Lake d e p o s i t s  w h ic h  were formed by s o u t h  f l o w in g  i c e  t h a t  

o r i g i n a t e d  i n  t h e  S p a n i s h  Peaks a r e a .

As p r e v i o u s l y  m e n t i o n e d ,  t h e  i n a c t i v e  and a c t i v e  r o c k  g l a c i e r s  on 

Lone M oun ta in  a r e  t e n t a t i v e l y  d a t e d  as  Temple Lake, and G a n n e t t  Peak,  

r e s p e c t i v e l y .

For  a more c om ple te  d i s c u s s i o n  o f  g l a c i a l  g e o lo g y  i n  t h i s  r e g i o n ,  

t h e  r e a d e r  s h o u l d  c o n s u l t  t h e  r e p o r t  by C. Mpntagne , w h ich  was com pi led  

as  p a r t  of  t h e  C e n t e r ' s  o v e r a l l  p r o j e c t .
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■ CONCLUSIONS AND. ENVIRONMENTAL' RECOMMENDATIONS

The p r e s e n t  -s tudy,  a s  p r e v i o u s l y  m e n t io n e d ,  c o n c e r n s ' t h o s e  i n t e r ­

r e l a t i o n s h i p s  o f  t h e  v a r i o u s  b ranches -  o f  g e o l o g y , ■ as  w e l l  a s  c l i m a t i c  

and b i o l o g i c  f a c t o r s ,  w h ic h  have p ro d u ce d  t h e  p r e s e n t  l a n d f o r m s , 

d r a i n a g e  p a t t e r n s ,  s o i l s , and a l l  o t h e r  p h y s i c a l  c h a r a c t e r i s t i c s  of  

t h e  n a t u r a l  e n v i r o n m e n t .  Th is  type  o f  a p p ro a c h  i s  becoming i n c r e a s ­

i n g l y  - importan t  as  a  r e s u l t  o f  m an ' s  need t o  b e t t e r  u n d e r s t a n d  s u r -  

f i c i a l  m a t e r i a l s  and t o  p l a n  more w i s e l y  h i s  use and m o d i f i c a t i o n  of  

t h e  e n v i r o n m e n t .

Th is  s t u d y  has  shown t h a t  t h e  t o p o g r a p h y  i n  t h e  ,West F o rk  B a s in  

has  undergone  a  complex h i s t o r y .  S in c e  t h e  i n t e n s e  p e r i o d  o f  f o l d i n g ,  

f a u l t i n g ,  and v o l c a n i c  a c t i v i t y  i n  e a r l y  T e r t i a r y  t i m e ,  (McManni s  and 

Chadwick 1964) ,  t h e  r e g i o n  has  been  e x p e r i e n c i n g  c o n s t a n t  u p l i f t  and 

e r o s i o n .  C l im a te  p l a y e d  a  g r e a t  r o l e ,  i n  t h i s  e r o s i o n a l  h i s t o r y .

However , t h e  p r e s e n t  l and fo rm s  a r e  p r o b a b l y  no o l d e r  t h a n  t h e  P l e i s t o ­

cene  e p o c h ,  i n  w h i c h ' ’a c o l d e r  and w e t t e r  c l i m a t e  was r e s p o n s i b l e  f o r  

s e v e r a l  a d v a n ce s  of  v a l l e y  g l a c i e r s  i n t o  t h e  West  Fork.  Basin. .  The 

warmer c l i m a t e s  p r e s e n t  d u r i n g  t h e  r e t r e a t  o f  t h e s e  g l a c i e r s  p r o b a b l y  

i n i t i a t e d  p e r i o d s  o f  i n t e n s e  mass w a s t i n g  r e l a t e d  t o  t h e  i n c r e a s e d  

w a t e r  a v a i l a b l e  f rom t h e  m e l t i n g  g l a c i e r s .  The most  r e c e n t  h i s t o r y  has  

been c h a r a c t e r i z e d  by r e d u c e d  a c t i v i t y  o f  l a n d s l i d i n g  as  a r e s u l t  o f  

t h e  d r y e r  and warmer c l i m a t e .  T ha t  t h e  m a s s - g r a v i t y  !phenomena1, h a v e ' fiot 

c e a s e d ,  h o w e v e r , ha s  been  b r o u g h t  o u t  i n  t h i s  p a p e r .  The f u t u r e  o f  t h i s  

a r e a  i n v o l v e s  m a n ' s  i n t e r a c t i o n  w i t h  t h e  g e o l o g i c  and c l i m a t i c  p r o ­

c e s s e s .  With t h a t  p r o s p e c t  i n  m in d , recommendat ions  a r e  i n c l u d e d  w i t h
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t h e  f o l l o w i n g  c o n c l u s i o n s . These recommenda t ions  a r e  n o t  an  a t t e m p t  

t o  d i c t a t e  d e s i g n  and c o n s t r u c t i o n .  They, a r e  d e d u c t i o n s  from the  

i n f o r m a t i o n  g a t h e r e d  i n  t h i s  s t u d y .

From a g e o l o g i c  s t a n d p o i n t ,  t h e  s t r a t i g r a p h y  i s  t h e  m os t  i m p o r t a n t  

f a c t o r  t h a t  s h o u ld  be t a k e n  i n t o  c o n s i d e r a t i o n  when de ve lopm en t  i s  

p l a n n e d .  As has  been  e m p h a s i ze d ,  m os t  o f  t h e  u n i t s  i n  fh-is: a r e a  "ave 

e x t r e m e l y  u n d e s i r a b l e  f o r  c o n s t r u c t i o n .  The t o p o g r a p h i c  e x p r e s s i o n  

i s  used as  an i n d e x  to  d e f i n e  t h e i r  s u i t a b i l i t y .  The se quenc e  of  

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

c l a y s t o n e , has  p r o v e n  t o  be u n s t a b l e  f rom i t s  p a s t  geomorph ic  a c t i v i t y .  

The a l t e r n a t i o n  o f  p e rm e ab le  and impermeable  beds i s  t h e  most  i m p o r t a n t  

p r o p e r t y  i n  t h e i r  f a i l u r e . A p e r i o d  o f  heavy  r a i n f a l l  can  i n c r e a s e  t h e  

p o r e  p r e s s u r e  i n  t h e  r o c k s  c a u s i n g  d e c r e a s e  o f  t h e  s h e a r i n g  s t r e n g t h .  

The s l i d e s  can  be a c t i v a t e d  by f a i l u r e  a l o n g  one o f  t h e  weak c l a y s .

The T he rm opo l i s  S h a l e ,  and t h e  A l b i n o  F o r m a t io n  a l m o s t  w i t h o u t  e x c e p ­

t i o n  have  undergone  f lowage o r  s lump a c t i v i t y .  The u n i t s  which  would 

p r o v i d e  a good base  f o r  c o n s t r u c t i o n ,  i n c l u d i n g  t h e  K o o t e n a i  F o r m a t io n ,  

t h e  Muddy S a n d s t o n e ,  and t h e  s a n d s t o n e  and. s h a l e  s e q u en c e  above the  

A l b i n o ,  a r e  a l s o  i n v o l v e d  i n  v a r i o u s  l a n d s l i d e s ,  a l t h o u g h  t h e s e  a r e  

p r o b a b l y  r e l a t e d  t o  more u n u s u a l  f a c t o r s , s u c h  as  e a r t h q u a k e s  or  the  

p r e s e n c e  o f  f a u l t s .

I n  a d d i t i o n  t o  t h e  i n h e r r e n t l y  poor  e n g i n e e r i n g  p r o p e r t i e s  o f  t h e  

s e d i m e n t s ,  t h e s e  u n i t s  have  i n  some c a s e s ,  been u p l i f e d  t o  r e l a t i v e l y  

h i g h  e l e v a t i o n s ,  and  d i s s e c t e d  by  n a r ro w  s t e e p - w a l l e d  v a l l e y s .  T ha t
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t h e  r e g i o n  i s  s t i l l  u n d e rg o in g  t e c t o n i c  movement,  i s  a t t e s t e d  t o  by 

p e r i o d i c  e a r t h q u a k e  s h o c k s .  With r e c o g n i t i o n  o f  t h e s e  f a c t s  b e f o r e  

deve lopment , -  and w i t h  c a r e f u l ,  d e s i g n  and c o n s t r u c t i o n ,  t h e  g e o l o g i c  . 

p rob lem s  d e s c r i b e d  can  b e . overcom e. Three  s p e c i f i c  p o i n t s  w a r r a n t  men­

t i o n  c o n c e r n i n g  s t r a t i g r a p h y  and l a n d s l i d e s .

I t  i s -  recommended t h a t  c o n s t r u c t i o n  be l i m i t e d  t o  t h e  K oo te na i  

Format ion-  o u t  c ro p s  whe never  p o s s i b l e .  I n  t h i s  r e g a r d ,  t h e  p ropose d  

s k i  l i f t  t o  t h e  top  o f  A n d e s i t e  a n t i c l i n e  i s  w e l l  p l a c e d .

Old l a n d s l i d e s ,  a r e  r r  s t a # l e  " -> a t ' t h e  p r e s e n t  t i m e .  However,  i f  

t h e i r  n a t u r a l  e q u i l i b r i u m  i s  a l t e r e d  w i t h o u t  p r e c a u t i o n s  t o  a l l o w  f o r  

t h i s ,  s l i d e s  c o u ld  a g a i n  become a c t i v e .  I t  i s  hoped t h a t  t h e  map ■ 

accompany ing t h i s  r e p o r t  w i l l  be h e l p f u l  i n  l o c a t i n g  t h e s e  a r e a s .

I f  c o n d i t i o n s  were c hanged ,  a r e a s  w h ic h -h a v e  n o t  undergone  l a n d ­

s l i d e s  c o u ld  b e g i n  t o  s l i d e .  The e n t i r e  s e c t i o n  above t h e  K o o te n a i  i s  

a  c a s e  i n  p o i n t .  One exam ple  w i l l  s u f f i c e  t o  i l l u s t r a t e  t h i s  i d e a .  

F l a t i r o n  M oun ta in  i s  a  body of  m o s t l y  i n t a c t  b e d ro c k  w h i c h . i s  bounded 

on t h r e e  s i d e s  by l a n d s l i d e s  and on th e  o t h e r  by a s t e e p  canyon w i t h  

s lum p ing  w a l l s .  Slumps, ,  i n  f a c t ,  e n c i r c l e  F l a t i r o n  M o u n ta in .  The h i l l  

i s  composed m a i n l y  o f  t h e  A l b i n o  F o r m a t io n  d i p p i n g  downs t ream  ( e a s t )  

a l o n g  t h e  M id d le  F ork  a t  a b o u t  20 t o  30 d e g r e e s .  P r e s e n t  p l a n s  i n ­

c lu d e d  a dam t o  be c o n s t r u c t e d  on t h e  M id d le  F ork  above t h e  p l a i n ,  on 

o l d  l a n d s l i d e  d e p o s i t s .  Th is  w i l l  c r e a t e  a  l ake  a l o n g  t h e  p r e s e n t  

c o u r s e  of. t h e  M id d le  F o r k  and w i l l  r a i s e  t h e  l o c a l  w a t e r  t a b l e .  With 

t h e  i n c r e a s e  of  p o r e  w a t e r 1; . p r e s s u r e  i n  t h e  s e d i m e n t s ,  t h u s  c r e a t e d ,  the
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p r o b a b i l i t y  o f  s lum p ing  and s l i d i n g  i n t o  t h e  l ak e  from F l a t i r o n  M ounta in  

would be i n c r e a s e d .  An u n p l e a s a n t  but,, n o t  n e c e s s a r i l y  d a n g e ro u s  e f f e c t  

o f  s lu m p ing  i n t o  t h e  l a k e  w i l l  be t h e  p r o b a b l e  s i l t y  or  muddy n a t u r e  o f  

t h e  w a t e r .

The o n l y  p o r t i o n  o f  t h e  a r e a  mapped i n  t h i s  r e p o r t  t h a t  i s  s c h e d u l ­

ed f o r  immedia te  d e v e lopm en t  i s  t h e  c i r q u e  o f  Lone M o u n ta in .  A s k i  l i f t  

i s  p l a n n e d  t o  e x te nd ,  o n t o  t h e  a c t i v e  p o r t i o n  o f  t h e  r o c k  g l a c i e r .  S e v - . 

e r a I  s t a t e m e n t s  can  be made i n  r e g a r d  t o  t h i s  l o c a t i o n .

The movement ,  i f  a n y , . of  t h e  r o c k  g l a c i e r  s h o u ld  be s t u d i e d  b e f o r e  

s t r u c t u r e s  a r e  p e r m a n e n t l y  a n c h o re d  t o  i t .  I t  s h o u ld  be d e t e r m i n e d  i f  

i c e  e x i s t s  i n  t h e  r o c k  g l a c i e r ,  and i f  s o ,  i n  what  form.  P o t t e r  (1967)  

has  p r e d i c t e d  t h e  f o l l o w i n g  p o s s i b l e  p ro b le m  f o r  c o n s t r u c t i o n  of  ro a d s  

on r o c k  g l a c i e r s .  I n  t h e  p r e s e n t  c l i m a t e ,  t h e  i c e  e x i s t s  i n  ro ck  

g l a c i e r s  due t o  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  o v e r l y i n g  m a n t l e  o f  d e b r i s .  

I f  t h i s  c o v e r  i s  removed,  a s  by t h e  c o n s t r u c t i o n  o f  a r o a d ,  i t  c ou ld  

c a u s e  l o c a l  m e l t i n g  o f  t h e  i c e  and  c o l l a p s e  o f  t h e  r o a d .  The a c t i v e  

s l o p e s  o r  s c a r p s  s h o u l d  be a v o id e d  i n  c o n s t r u c t i o n  b e c au s e  of  t h e i r  

l a c k  of  s t a b i l i t y .  These  can  be r e c o g n i z e d  by t h e i r  l a c k  o f  v e g e t a t i v e  

g row th  i n  c o m p a r i s o n  t o  t h e  i n a c t i v e  p o r t i o n s ,  and t h e i r  s t e e p e r  i n c l i ­

n a t i o n .

The f a u l t i n g  i n  t h e  c i r q u e  w a l l s  p r e s e n t s  a d i f f e r e n t  type  o f  

t h r e a t  t o  d e v e lo p m e n t .  There  a r e  two t y p e s  of  s h a l e  p r e s e n t  i n  the  

c i r q u e  w a l l s .  A r e d d i s h  weak s h a l e  t h a t  w e a t h e r s  i n t o  s m a l l  p e b b le s  

o r  c o b b le s  and moves downs lope  by f r o s t ,  a c t i o n  a n d d d e b r i s  s l i d e .  The
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o t h e r  t y p e  i s  a c o n s i d e r a b l y  more r e s i s t a n t  d a r k e r  c o l o r e d  s h a l e .  Th is  

can  move downs lope  by t h e  f a i l u r e  o f  a  Aarge mass o f  s u c h  m a t e r i a l .

The b o u l d e r s  t h u s  p ro d u ce d  can  m easu re  3 t o  5 f e e t  i n  d i a m e t e r  and mo- 

mentum can  move them a  c o n s i d e r a b l e  d i s t a n c e .  One s u c h - r o c k s  I i d e  

mapped had b ro k en  lo o s e  from t h e  n o r t h  w a l l  o f  t h e  c i r q u e  and moved o u t  

a c r o s s  t h e  e n t i r e  r o c k  g l a c i e r  i n a a  n a r ro w  p a t h .  A n o t h e r  mass o f  t h i s  

r o c k  i s  f a u l t e d  i n t o  a n  o v e rh a n g i n g  p o s i t i o n  n e a rb y  a s  shown i n  F i g u r e  8. 

D i f f e r e n t i a l  e r o s i o n  o f  t h e  w eaker  s h a l e  w i l l  t e n d  t o  remove s u p p o r t  

f rom t h e  mass o f  r e s i s t a n t  r o c k .  A l th o u g h  t h i s  m a s s , Srf i t  s h o u ld  f a i l ,  

would  be l i k e l y  t o  do s o  under  f r e e z e  and thaw c o n d i t i o n s  i n  t h e  s p r i n g  

o r  f a l l  when t h e  l i f t s  a r e  n o t  i n  o p e r a t i o n ,  i t  c o u ld  c a u se  damage to  

t h e  l i f t  l i n e .  Of c o u r s e ,  an  e a r t h q u a k e  sh o c k ,  common i n  t h i s  r e g i o n  

m ig h t  s e r v e  t o  t r i g g e r  a  s l i d e  a t  any  t im e .  B l a s t i n g  m i g h t  p rove  t o  

be a  u s e f u l  p r e v e n t a t i v e  m easu re  f o r • t h i s  s i t u a t i o n .

\
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APPENDIX

G l o s s a r y  o f  G e o l o g i c a l  Terms

a b l a t i o n  -  The p o r t i o n  o f  a  s t a g n a n t  o f  r e t r e a t i n g  g l a c i e r  o r  ro ck  
g l a c i e r  t h a t  s u s t a i n s  a  n e t  l o s s  o f  i c e  by m e l t i n g .

a n d e s i t e  -  A l i g h t  t o  g r a y  c o l o r e d  ign eo u s  r o c k  composed o f  l a r g e  l i g h t  
c o l o r e d  f e l d s p a r  g r a i n s ,  and d a r k  c o l o r e d  py roxene  and b i o t i t e  

. (m ica)  g r a i n s  s u r r o u n d e d  by a  m a t r i x  o f  v e r y  s m a l l  g r a i n s .

a n t i c l i n e  -  A ty p e  o f  f o l d  i n  w h ic h  t h e  r o c k s  a r e  bowed up a l o n g  an" 
a x i s .

b a s a l t  -  A d a r k  c o l o r e d  igneous  r o c k  composed o f  d a r k  c o l o r e d  pyroxene  
and  sometim es o l i v i n e  g r a i n s ,  and g r a y  f e l d s p a r  g r a i n s .

B u l l  Lake s t a d e -  The e a r l y  W is c o n s in  p e r i o d  o f  advance  o f  v a l l e y  
g l a c i e r s  e n d in g  a p p r o x i m a t e l y  70 ,000  y e a r s  ago .

C r e t a c e o u s  P e r i o d  - The p e r i o d  o f  g e o l o g i c  t im e  from a b o u t  130 m i l l i o n  
y e a r s  t o  60 m i l l i o n  y e a r s  ago .

f i s s i l e  -  A r o c k  wh ich  e a s i l y  s p l i t s  i n t o  s m a l l  p i e c e s  a l o n g  p a r a l l e l  
p l a n e s .

g r a b e n  -  An a r e a  wh ich  has  been  downdropped r e l a t i v e  t o  a d j a c e n t  t o p o ­
g r a p h y  due t o  a  f a u l t  o r  l a n d s l i d e .

h i g h  a n g l e  r e v e r s e  f a u l t  -  A . f a u l t  i n  which  th e  p l a n e  o f  movement i s  
h i g h l y  i n c l i n e d  t o  t h e  h o r i z o n t a l .  The ro c k s  above  t h e  f a u l t  
p l a n e  a r e  pushed  up and ove r  t h e  ro c k s  be low.

ign eo u s  s i l l  -  A t h i n  l a y e r  o f . i g n e o u s  r o c k  w h ich  was i n t r u d e d  as  h o t  
magma i n t o  s e d i m e n t a r y  ro c k s  p a r a l l e l  t o  t h e  s e d i m e n t a r y  l a y e r s .

J u r a s s i c  P e r i o d  -  The i n t e r v a l  o f  g e o l o g i c  t ime from 180 t o  130 m i l l i o n  
y e a r s  ago .

k e t t l e  -  A d e p r e s s i o n  i n  a g l a c i a l  d e p o s i t  formed when a mass o f  s t a g ­
n a n t  i c e  m e l t s  and a l l o w s  th e  o v e r l y i n g  r o c k  and  s o i l  t o  c o l l a p s e  
i n t o  t h e  s p a ce  c r e a t e d .

m a s s - g r a v i t y  movement -  Any downs lope  movement o f  r o c k ,  o r r s o i ' f  'caused 
m a i n l y  by th e  a c t i o n  o f  g r a v i t y  on t h e  mass o f  m a t e r i a l .

M esozo ic  Era  -  The p e r i o d  o f  g e o l o g i c  t ime  be tw een  220 and 60 m i l l i o n  
y e a r s  a go .  T h i s  i n c l u d e s  t h e  T r i a s s i c ,  J u r a s s i c  and  C r e ta c e o u s  
p e r i o d s .

z
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metamorphism - A l t e r a t i o n  o f  r o c k s  by h e a t ,  p r e s s u r e ,  and c h e m ic a l  
a c t i v i t y .

m o r a i n e ' - A g l a c i a l  d e p o s i t  o f  r o c k  and s o i l  c a r r i e d  o r  pushed  by a  
g l a c i e r  and d r o p p e d . a t  some p e r i o d  i n  i t s  h i s t o r y .

ou tw ash  -  Sands and g r a v e l s  d e p o s i t e d  by s t r e a m s  e m a n a tin g  from a 
g l a c i e r .  '

P a l e o z o i c  Era  - T h e r  p e r i o d  o f  g e o l o g i c  t im e  from a p p r o x i m a t e l y  600 
m i l l i o n  y e a r s  t o  220 m i l l i o n  yea rs ,  ago .

P in e d a l e  s t a d e  -  The m ost r e c e n t  p e r i o d  o f  m a jo r  v a l l e y  g l a c i a t i o n  
e n d in g  a b o u t  10,000 y e a r s  a go .

P l e i s t o c e n e  Epoch -  A r e c e n t  p e r i o d  o f  g e o l o g i c  t im e  from a b o u t  I  t o  2 
m i l l i o n  y e a r s  ago  t o  10 ,000 y e a r s  ago .  Th is  epoch  i n c l u d e d  many 
p e r i o d s : o f  v a l l e y  and c o n t i n e n t a l  g l a c i a t i o n .

Q u a t e r n a r y  -  The p e r i o d  o f  t ime  f r o m t t h e  b e g in n i n g  o f  t h e  P l e i s t o c e n e  
Epoch t o  t h e  p r e s e n t  t im e .

s c a r p  -  A u s u a l l y  s t e e p  c l i f f  o r  s l o p e  from which  movement a l o n g  a f a u l t  
o r  l a n d s l i d e  ha s  o c c u r r e d .

s u p e r p o s e d  - S t ream s  t h a t  were  f o r c e d  t o  c u t  a  c h a n n e l  i n  r e s i s t a n t  r o c k  
b e c au s e  t h e y  once f low ed  on a s u r f a c e  o f  weaker  s e d im e n t  which 
c o v e re d  t h e  h a r d  r o c k  be low. When t h i s  weak r o c k  was removed by'  
e r o s i o n ,  t h e  s t r e a m  had  e s t a b l i s h e d  i t s  c o u r s e  and c o u ld  n o t  a v o i d  
c u t t i n g  a  c h a n n e l  i n t o  t h e  r e s i s t a n t  r o c k  b e n e a t h  t h e  s o f t  c o v e r .

sync  l i n e  -  The o p p o s i t e  ty p e  o f  f o l d  from an  a n t i c l i n e .  The ro ck s  have 
been  f o ld e d  (bowed) down a lo n g  an  a x i s .

t a l u s  -  A mass o f  r o c k s  a t  t h e  b a se  o f  an  o u t c r o p  o f  b e d r o c k .  The
p e b b l e s  o r  b o u l d e r s  w e a t h e r  and f a l l  away from t h e  o u t c r o p  and come 
to  r e s t  on t h e  s l o p e  below.

Temple Lake s u b - s t a d e .  -  A s m a l l  r e c e n t  advance  o f  v a l l e y  g l a c i e r s ,e n d in g  
a b o u t  1000 y e a r s  ago .

T e r t i a r y  P e r i o d  -  The i n t e r v a l  o f  g e o l o g i c  t ime from 60 m i l l i o n  y e a r s  
t o  a b o u t  2 m i l l i o n  y e a r s  ago .

t u f f  -  A r o c k  composed o f  compacted  v o l c a n i c  a s h .

W is c o n s in  Age -  The l a t e s t  p a r t  o f  t h e  P l e i s t o c e n e  Epoch,  i n c l u d i n g  t h e  
B u l l  Lake and P i n e d a l e  g l a c i a l  a d v a n c e s .
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