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STRUCTURE AND PETROLOGY OF THE EASTERN MARGIN 

OF THE WET MOUNTAINS, COLORADO

INTRODUCTION

The c o n d itio n s  g o v ern in g  th e  d e fo rm a tio n  o f  th e  e a r t h ’s c r u s t  

a re  on ly  v aguely  u n d e rs to o d . The t r a d i t i o n a l  f i e l d  s tu d ie s  to g e th e r  w ith  

re c e n t  la b o ra to ry  and t h e o r e t i c a l  in v e s t ig a t io n s  have se rv ed  t o  emphasizfe 

th e  com plex ity  o f  th e  problem s in v o lv e d  in  d e f in in g  th e  b e h a v io r  o f  ro ck s  

under g e o lo g ic a l  c o n d i t io n s .  The d i f f e r i n g  m ech an ica l re sp o n se  o f  ro ck s

to  s im i la r  s t r e s s  c o n d it io n s  and th e  in f lu e n c e  o f  e x i s t i n g  s t r u c t u r a l
j

f e a tu r e s  upon su bsequen t d e fo rm a tio n  a r e  two problem s t h a t  have r e c e iv e d  

sp o ra d ic  a t t e n t i o n  (D onath , I 96I ,  I 962 ; B io t ,  1961; C ham berlin , 19^5)- 

These s e p a ra te  problem s have been  c o n s id e re d  to g e th e r  in  f i e l d  s tu d ie s  

u n d er th e  g e n e ra l co n cep t o f  "P recam brian  basem ent c o n t ro l"  (C ham berlin , 

1925 , 19^5; B ucher, e t  a l . ,  1934; C lo o s , 1948; H oppin, 196I ;  F oose , e t  a l . ,

1961 ) .  U n fo r tu n a te ly , much o f  th e  s p e c u la t io n  over th e s e  p ro b lem s, w hich 

a r e  c e n te re d  on r e la t io n s h ip s  dev elo p ed  w ith  P recam b rian  ro c k s , has been  

w ith o u t th e  b e n e f i t  o f  in v e s t ig a t io n s  in to  th e  c r y s t a l l i n e  ro ck s  them ­

s e lv e s .  T here i s  an  even  g r e a t e r  p a u c i ty  o f  s tu d ie s  w hich a t te m p t to  i n t e ­

g r a te  th e  s t r u c t u r a l  r e l a t i o n s  o f  b o th  c r y s t a l l i n e  and  sedim entar}- ro c k s .

T h is  re s e a rc h  was u n d e rta k e n  t o  c o n s id e r  th e s e  s e p a ra te  b u t  r e ­

l a t e d  g e n e ra l  problem s o f  th e  te in p o ra l an d  th e  m ech an ica l r e l a t i o n s  o f

d e fo rm a tio n  a s  th e y  a re  m a n ife s te d  in  th e  n a tu r a l  o c c u r re n c e s . I t  was

1
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b e l ie v e d  t h a t  such  a  s t r u c t u r a l  s tu d y  w ould be  p r o f i t a b l e  o n ly  i f  b o th  

th e  c r y s t a l l i n e  and sed im en ta ry  ro ck s  w ere s tu d ie d  s im u lta n e o u s ly .

Scope o f  I n v e s t ig a t io n  

D uring  I 96I - I 962 th e  a u th o r  com pleted  a  s t r u c t u r a l  in v e s t ig a t io n  

a lo n g  th e  n o r th e rn  m arg in  o f  th e  Wet M oun tains, C o lo rad o . T h is  s tu d y  dem­

o n s t r a te d  th e  in f lu e n c e  o f  l i t h o l o g i e  f e a tu r e s  w i th in  th e  P recam b rian  ro ck s  

upon f a u l t s  t h a t  p a r t i c ip a t e d  i n  l a t e  C re taceo u s  t o  e a r l y  T e r t i a r y  deform a­

t i o n .  T h is  p e r io d  o f  d e fo rm a tio n  i s  commonly b e l ie v e d  t o  r e p r e s e n t  Laram ide 

e v e n ts  in  th e  s o u th - c e n t r a l  Rocky M ountains o f  C olorado  (Burbank and 

G oddard, 1937; B oyer, I 962) .  The te rm  "Laram ide" w i l l  be u sed  in  a  s im i­

l a r  sen se  i n  t h i s  p a p e r . R econna issance  work re v e a le d  th e  ju x t a p o s i t i o n  

o f  v a r io u s  ty p e s  and ages o f  c r y s t a l l i n e  and  sed im en ta ry  ro ck s  a lo n g  th e  

e a s te r n  m arg in  and s u g g e s te d . th a t  th e  Wet M ountains had undergone more 

s t r u c t u r a l  d e fo rm a tio n  th a n  p r e v io u s ly  p o s tu la te d .  These f e a tu r e s  i n d i ­

c a te d  t h a t  th e  e a s te r n  m arg in  o f  th e  Wet M ountains w ould be  an  i d e a l  a re a  

f o r  c a r ry in g  o u t th e  p roposed  in v e s t ig a t io n .

A s t r i p  two t o  seven m ile s  on e i t h e r  s id e  o f th e  c r y s t a l l i n e -  

sed im en ta ry  ro c k  c o n ta c t  and e x te n d in g  some 36 m ile s  from  th e  n o r th e rn  

m argin  o f  th e  Wet M ountains so u th e a s tw a rd  t o  B eulah  was s e le c te d  f o r  s tu d y .

I n  a d d i t io n  to  th e  two g e n e ra l  p roblem s t h a t  form ed th e  b a s i s  o f 

th e  s tu d y , a  number o f  s p e c i f i c  q u e s tio n s  w ere c o n s id e re d : ( l )  I s  th e

t r e n d  o f  th e  m ountain  range  th e  r e s u l t  o f  c o n t r o l  e x e r te d  by o ld e r  s t r u c ­

t u r a l  f e a tu r e s  o r  th e  p ro d u c t o f  a  dom inant Laram ide s t r e s s  system ? (2 )

D id  o ld e r  s t r u c t u r e s —presum ably  o f  P recam b rian  o r  l a t e  P a le o z o ic  a g e — 

in f lu e n c e  th e  fo rm a tio n  o f Laram ide f a u l t s  and th e  a s s o c ia t e d  fo ld s ?



3
( s )  To w hat e x te n t  d id  th e  c r y s t a l l i n e  ro c k s  o f  P recam b rian  age d i f f e r  

from  th e  sed im en ta ry  ro c k s  i n  t h e i r  mode o f d e fo rm a tio n ?  (4 ) Could any 

e s t im a t io n  he p la c e d  upon th e  r e l a t i v e  im portance o f  v e r t i c a l  and h o r i ­

z o n ta l  movements i n  th e  fo rm a tio n  o f  th e  t e c to n ic  f e a tu r e s ?  ( 5 ) Could 

s t r u c t u r a l  f e a tu r e s  he' found  to  su p p o rt th e  c o n te n t io n  o f  M elton (1925) ,  

Ver Wiehe (1930 ) ,  and Holmes ( l9 5 2 )  o f  l a t e  P a le o z o ic  d e fo rm a tio n  in  t h i s  

a re a ?

An a tte m p t t o  answ er th e s e  q u e s tio n s  n e c e s s i t a t e d  th e  s tu d y  o f  

a  number o f  f a c t o r s .  The g e n e ra l  f e a tu r e s  w i th in  t'he sed im en ta ry  ro c k s  

a lo n g  th e  e a s te r n  m arg in  o f  th e  Wet M ountains have h een  o u t l in e d  hy 

G angu li ( l9 5 0 ) ,  Kim ( 1951) ,  F ran k s  ( 1956) ,  and Mann (1957)- The c o n ta c t  

o f  th e  sed im en ta ry  ro c k s , w hich ran g e  in  age from  P a le o z o ic  t o  l a t e  

C re ta c e o u s , w ith  th e  P recam b rian  c r y s t a l l i n e  ro c k s  h as  heen  v a r io u s ly  

r e p o r te d  t o  he d e p o s i t io n a l  o r a  s in g le  f a u l t  showing norm al, r e v e r s e ,  

low  a n g le  r e v e r s e ,  s t r i k e - s l i p ,  o r  com posite  a p p a re n t r e l a t i v e  movement. 

The f i r s t  p rob lem  in v e s t ig a t e d  in  th e  f i e l d  was to  a s c e r t a in  th e  e x a c t 

g e o m e tr ic a l  r e l a t i o n s h ip  t h a t  e x i s t s  a lo n g  t h i s  c o n t a c t . S in ce  th e  con­

t a c t  c o in c id e s  w ith  a  sh a rp  to p o g ra p h ic  b re a k  an d , a p p a re n t ly ,  a  h ig h ly  

deform ed zone, s t r u c t u r e s  p r e s e n t  i n  b o th  c r y s t a l l i n e  and  sed im en ta ry  

ro c k s  w ere s tu d ie d  i n  d e t a i l  t o  compare t h e i r  d e fo rm a tio n a l c h a r a c te r .  

E s ta b lis h m e n t o f  a  te m p o ra l sequence o f d e fo rm a tio n  i s  o f  p rim ary  im por­

ta n c e .  I f  th e  in f lu e n c e  o f  e x i s t in g  s t r u c t u r e s  upon l a t e r  s t r e s s  f i e l d s  

i s  t o  be e v a lu a te d ,  t h i s  m ust be  d is t in g u is h e d  from  p o s s ib le  v a ry in g  m ani­

f e s t a t i o n s  o f  f a i l u r e  a s  r e f l e c t i o n s  o f th e  d i f f e r e n t  m ech an ica l p ro p e r ­

t i e s  o f  th e  ro c k s . An in t e g r a t i o n  o f  th e  sequence o f  s t r u c t u r a l  e v e n ts ,  

m in e ra l  r e c r y s t a l l i z a t i o n  and a b s o lu te  age d a te s  was a tte m p te d  to  ex te n d



k

th e  re f in e m e n t o f  th e  te m p o ra l fram ework.

T h e 'n a tu re  o f  th e  P reca ikh rian  ro ck s  i s  o f  fundam en ta l in p o r ta n c e .

A s t r u c t u r a l  in v e s t ig a t io n  could, o n ly  he u n d e rta k en  i f  p e t ro lo g ic  u n i t s  

co u ld  he re c o g n iz e d  and  mapped. The p e tro lo g y  o f  th e  P recam hrian  ro ck s  

o f  th e  Wet M ountains i s  o n ly  s u p e r f i c i a l l y  known. C hristm an  and o th e rs  

( 1959) in v e s t ig a te d  an  a r e a  i n  th e  w e s te rn  p o r t io n  o f  th e  Wet M ountains 

in  c o n n e c tio n  w ith  p o s s ib le  th o riu m  d e p o s i t s  and Boyer (1962 ) s tu d ie d  th e  

p e tro lo g y  o f  th e  m oun tain  range  so u th  o f  B eu lah . A c o n s id e ra b le  p o r t io n  

o f  th e  c u r r e n t  s tu d y  was d ev o ted  to  re c o g n iz in g  p e t ro lo g ic  u n i t s  t h a t  

would d e l in e a te  th e  s t r u c t u r a l  r e l a t io n s h ip s  and a ls o  in d ic a te  th e  s e ­

quence o f  p e t ro lo g ic  e v e n ts .

R eg io n a l S e t t in g

The Wet M ountains a re  p a r t  o f  th e  S o u th ern  Rocky M ountain p h y s io ­

g ra p h ic  p ro v in c e  and  a r e  a  s t r u c t u r a l  a s  w e ll  a s  a  to p o g ra p h ic  m ountain  

ran g e . P recam hrian  ro c k s , exposed  as  r e s u l t  o f  e ro s io n  fo llo w in g  u p l- if t  

o f th e  Wet M ountains d u r in g  T e r t i a r y  t im e , form  a  n o r th w e s t- s o u th e a s t  

t r e n d in g  b e l t  ap p ro x im a te ly  50 M ie s  in  le n g th  and  15 t o  20 M ie s  i n
t

w id th  (P ig . 1 ) .  T h is  b e l t  sëems t o  b e  bbunded on th e  e a s t  and w est by 

s te e p ly  d ip p ih g  f a u l t s  (B oyer, 1962 ) .

The Wet M ountains form  an  en  ech e lo n  p a t t e r n  w ith  th e  F ro n t Range, 

w ith  th e  Denver B as in  b o rd e r in g  b o th  p o s i t i v e  s t r u c tu r e s  on th e  e a s t .  The 

Canon C ity  embayment, a  s t r u c t u r a l  r e e n t r a n t  o f  th e  Denver B a s in , s e p a ra te s  

th e  Wet M ountains from  th e  F ro n t Range to  th e  n o r th e a s t  (F ig . l ) . The 

Red C reek a rc h  form s th e  s o u th e rn  p r o je c t io n  o f  th e  F ro n t Range a s  i t  

p lu n g e s  southw ard  u n d er sed im en ta ry  s t r a t a  (G lo ck z in  and Roy, 1 9 ^ 5 ). The 

Wet M ountains and th e  R oyal Gorge b lo c k  o f  th e  F ro n t Range a re  s e p a ra te d
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sou thw est o f  Cainon C ity  hy  an. e a s t -w e s t  t r e n d in g  f a u l t  sy stem  (Logan,

1962) .

The F ro n t Range e x ten d s  n o rth w ard  a s  th e  L aram ie Range in t o  s o u th ­

e a s te r n  Wyoming. The. s t r u c t u r a l  c h a r a c te r  o f  th e  F ro n t  Range i s  t h a t  o f  a  

la rg e  u p l i f t e d  c r y s t a l  b lo c k  (Harmes, 1964, p . 9 3 ) .  On th e  e a s te r n  m arg in , 

th e  e a s t  d ip p in g  h o m o c lin a l a rran g em en t o f  th e  se d im e n ta iy  b ed s i s  b ro k en  

by f a u l t s  and some o f  th e  sed im en ta ry  s t r a t a  have b een  d is p la c e d  e a s tw a rd  

o v er th e  Denver B asin  (V anderw ilu , e t  a l . , 1948, p . 7 4 ) .  Boos and Boos 

(1957 , P- 2673 ) r e p o r t  t h a t  r e v e r s e  f a u l t s  a r e  p r e s e n t  a lo n g  a  t h i r d  o r  

more o f  th e  e a s te r n  f o o t h i l l s .  The ab sen ce  o f  la rg e  recum bent f o ld s  i s  

n o t ic e a b le  i n  th e s e  a r e a s .  On th e  w est s id e  o f  th e  F ro n t  Range, b o rd e r in g  

th e  p a rk s ,  i s  a  b e l t  o f  e a s t  d ip p in g  r e v e r s e  f a u l t s  and  a s s o c ia te d  " v a l le y  

and r id g e  f o ld s "  ( C u r t i s ,  I 96O, p . 5 ) .  The l a r g e r  i n t e r n a l  Laram ide s t r u c ­

tu r e s  o f  th e  F ro n t Range t r e n d  n o r th w e s te r ly  (E a rd le y , 1951, p . 376) w ith  

th e  n o r th - s o u th  t r e n d  o f  th e  e a s t  f la n k s  r e f l e c t i n g  a  n o r th - s o u th  zone o f  

en  ech e lo n  f o ld s .

A s e r i e s  o f  dow n-fo lded  and f a u l t e d  in te r -m o u n ta in  s y n c lin e s  o r  

"p a rk s"  i s  p r e s e n t  w est o f th e  F ro n t R ange. T h is  row o f  b a s in s  e x te n d s  

sou thw ard  a s  th e  Wet M ountain -H uerfano  P a rk  d e p re s s io n ,  and  s e p a r a te s  th e  

Wet M ountains from  th e  Sangr.e de C r i s to  Range on th e  w est (F ig . l ) .

The s t r u c t u r a l  c h a r a c te r  o f  th e  Sangre de C r i s to  Range h as  b een  

summarized by Gabelman ( l9 5 2 , p . 1611 ) .  N o rth  o f  O r ie n t ,  w hich i s  a p p ro x i­

m a te ly  18 m ile s  so u th w est o f  Canon C ity ,  th e  s t r u c t u r e s  a r e  c h a r a c te r iz e d  

b y  e a s t - d ip p in g  r e v e r s e  f a u l t s ,  w hereas t o  th e  s o u th , w e s t-d ip p in g  re v e rs e  

f a u l t s  a re  dom inant.

A t i t s  so u th e rn  end th e  u p l i f t e d  P recam b rian  ex p o su re  o f  th e  Wet
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M ountains "b ifu rc a te s  w ith  th e  w e s te rn  segm ent, th e  G reenhorn a n t i c l i n e ,  

p lu n g in g  in to  th e  R aton  B a s in  (B oyer, 1$62, p . IO61 ) . The e a s te r n  b ran ch  

p lu n g e s  so u th eas tw ard  a s  a  b u r ie d  r id g e  re c o g n iz e d  a s  th e  A p ishapa u p l i f t  

(Maher and C o l l in s ,  1953)* The d isc o rd a n c e  o f  th e  Wet M ountains to  th e  

o th e r  m ountain  ra n g e s  su g g e s ts  a  change in  th e  s t r u c t u r a l  t r e n d  to  th e  

so u th .

I n  1962 , th e  n o r th e rn  m arg in  o f  th e  Wet M ountains was s tu d ie d  by  

th e  a u th o r  and th e  f i e l d  map o f  t h a t  a re a  i s  in c o rp o ra te d  on P la t e  I  f o r  

co m p le ten ess . The a r e a  o f  p r e s e n t  in v e s t ig a t io n  form s a  d ia g o n a l s t r i p  

betw een 105° 0 0 ' and 105° 22 ' and  38° 00» and 38°  2 8 ' .  Samples c o l le c te d

from  th e  n o r th e rn  m arg in  i n  196I - I 962  by  th e  a u th o r  w ere exam ined a s  p a r t  

o f  th e  p r e s e n t  s tu d y , and l i t h o l o g i e  u n i t s  o f  th e  c r y s t a l l i n e  ro ck s  were 

mapped d u r in g  th e  p r e s e n t  r e s e a r c h .

C r y s ta l l in e  ro ck s  o f  presum ed m e tased im en ta ry  o r ig in ,  la r g e  m asses 

o f  ig n eo u s  ro c k s  and s m a lle r  c i r c u l a r  and t a b u la r  b o d ie s  o f  igneous ro c k s  

a re  exposed  a lo n g  th e  le n g th  o f th e  a r e a  in v e s t ig a t e d .  These c r y s t a l l i n e  

ro c k s  a re  g e n e r a l ly  b e l ie v e d  to  be o f  P recam brian  ag e , a lth o u g h  many o f 

th e  sm a lle r  i n t r u s i v e  b o d ie s  a re  p ro b a b ly  younger. S ed im en tary  ro ck s  

ra n g in g  from  O rd o v ic ia n  t o  T e r t i a r y  age a r e  found  in  b o th  conform able and 

f a u l t  c o n ta c ts  w ith  th e  c r y s t a l l i n e  ro c k s . The th ic k n e s s  o f  th e  sedim en­

t a r y  s e c t io n  v a r ie s :  2,500  f e e t  a re  p r e s e n t  in  th e  e a s te r n  p o r t io n  o f  th e

Canon C ity  embayment ( M il le r ,  1951, P- 8 ) w hereas 3 ,893  f e e t  w ere r e p o r te d  

i n  th e  F lo re n c e  O il  F ie ld  (Mann, 1957, PP- 67 - 8 6 ) .  N o r th e a s t o f  Wetmore 

4 ,1 5 8  f e e t  have accum ula ted , a l th o u g h  o n ly  3 ,390  f e e t  w ere m easured in  th e  

v i c i n i t y  o f  B eu lah  (M alek -A slan i, 1957, PP- 13-73) and 4 ,2 6 2  f e e t  i n  th e  

T hreè-R  s y n d in e  s o u th e a s t  o f  B eulah .
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The to p o g ra p h ic  r e l i e f  o f  thè; Wet Moxintains ran g es  from  2 , $00 

f e e t  i n  th e  n o r th ,  where th e  m ountain  f r o n t  i s  s te e p ,  t o  200 f e e t  in  th e  

B eulah  a r e a ,  .w here.no pronounced  f r o n t  i s  p r e s e n t ' (C ross S e c t io n s ,  P la te  l ) .  

E le v a tio n s  w ith in  th e  a r e a  range  from  ap p ro x im ate ly  5 ,300  f e e t  a lo n g  th e  

A rkansas R iv e r  on th e  n o r th  t o  more th a n  10 ,000  f e e t  w ith in  th e  Wet Moun­

t a i n s  w est o f  Wetmore. The e le v a t io n s  g e n e ra l ly  in c re a s e  to  th e  so u th  

where th e  G reenhorn P eaks, sou thw est o f  th e  a r e a  in v e s t ig a te d ,  a t t a i n  

12 ,220  f e e t ,  th e  h ig h e s t  e le v a t io n  w ith in  th e  Wet M ountains.

The sed im en ta ry  ro ck s  d ip  ea s tw ard  away from  th e  exposed  c r y s t a l ­

l i n e  ro ck s  w ith  d i f f e r e n t i a l  e ro s io n  commonly p ro d u c in g  a  hogback w hich 

i s  h e ld  up by th e  D akota Group.

Method o f  I n v e s t ig a t io n

F ie l d  mapping was accom plished  d u rin g  th e  summers o f  I 962 and 

1963 . L a b o ra to ry  work was accom plished  betw een th e  f i e l d  seaso n s and 

d u r in g  1964 and I 965 . A f i n a l  f i e l d  check was com pleted  in  I 965 . F ie ld  

mapping was done on U. S. F o re s t  S e rv ic e  p h o to s  ( l :2 0 ,0 0 0 ) .  and  was t r a n s ­

f e r r e d  t o  U. S. G. S. en la rg em en ts  o f  in d iv id u a l  p h o to g rap h s ( l ;1 0 ,5 6 o )  

a f t e r  each  days w ork. Complex a re a s  were mapped on l a r g e r  s c a le s  where 

n e c e s s a ry . The com posite map ( l ; 125 ,000) was com piled  on a  b ase  map drawn 

from  U. S. D. A. S o i l  C o n se rv a tio n  s h e e ts  and p u b lish e d  and u n p u b lish e d , 

u n e d ite d  U. S. G. S. to p o g ra p h ic  s h e e ts .

P recam brian  l i t h o lo g i e  u n i t s  w ere sam pled and  mapped on mega­

sco p ic  c r i t e r i a  in  th e  f i e l d .  Samples w ere c o l le c te d  on a  s u b je c t iv e  

b a s i s .  A lthough  c o l l e c t io n  s t a t i o n s  w ere e s ta b l i s h e d  a t  r e g u la r  i n t e r v a l s ,  

th e  h e te ro g en eo u s  n a tu re  o f  th e  l i th o lo g y  a t  in d iv id u a l  s i t e s  p re c lu d e d  

a r b i t r a r y  sam pling . G e n e ra lly  th e  dom inant l i t h o l o g i e  ty p e  was c o l le c te d .
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F re q u e n tly  th e  two m ajor l i t h o l o g i e  ty p e s  were sa n g le d . I n  a  few c a s e s ,  

s u i t e s  o f  a l l  o f  th e  ro ck  ty p e s  were o b ta in e d  and  s t r a t i g r a p h ie  r e l a t i o n s  

w ere n o te d . The r a t i o  o f  p o ta sh  f e ld s p a r  t o  p la g io c la s e  was checked u t i ­

l i z i n g  a  c ru sh ed  p o r t io n  o f  th e  sam ple under a  b in o c u la r  m icroscope W ith

1 .54  in d e x  o i l .  P re lim in a ry  t h i n  s e c t io n  s tu d y  was accom plished  d u rin g  

th e  f i e l d  seaso n . The c r y s t a l l i n e  ro c k s  were s tu d ie d  in  some d e t a i l  f o l ­

low ing th e  f i e l d  work when over 500 s a n g le s  w ere exam ined. Over 3OO 

sa n g le s  w ere t h i n  s e c tio n e d  and th e  rem ain d er w ere c ru sh ed  and  exam ined 

under th e  b in o c u la r  m ic ro sco p e . C o rro b o ra tio n  o f  m in e ra l i d e n t i f i c a t i o n  

was p ro v id e d  by x - ra y  d i f f r a c t i o n  a n a ly s i s  w here n e c e s sa ry .

Modal a n a ly se s  o f  s e le c te d  t h i n  s e c t io n s  w ere com pleted  fo llo w in g  

s ta in in g  o f  th e  t h i n  s e c t io n  and hand specim en f o r  p o ta s h  f e ld s p a r .  W ith in  

each  ro ck  ty p e ,  c o m p o s itio n a l cu rv es  up to  3^000 c o u n ts  were made. The 

p o in t  was e s ta b l i s h e d  w here th e  e o n g o s i t io n a l  a cc u racy  was n o t  in c re a s e d  

by f u r th e r  c o u n tin g  and u sed  a s  th e  u pper l i m i t  in  su b seq u en t a n a ly s is  

o f  t h a t  ro ck  ty p e .  F o r m ost ro ck  ty p e s  t h i s  l i m i t  p ro v ed  to  b e  1 ,000  

c o u n ts . „ .

H is to ry  o f  P re v io u s  I n v e s t ig a t io n s

The Wet M ountain^ have re c e iv e d  r e l a t i v e l y  l i t t l e  a t t e n t i o n  in  

th e  p u b lish e d  l i t e r a t u r e . I n  1874 E n d l ic h 's  re c o n n a is sa n c e  work n o te d  th e  

p re sen ce  o f  th e  b a s a l t  p lu g s  so u th  o f  Canon C ity  (p . 331) .  W a lc o tt , i n  

1892 , d e s c r ib e d  a  v e r te b r a te  fau n a  found  n e a r  Canon C ity .  C ross (1896 , 

p . 280) re c o g n iz e d  th e  abundant g r a n i t e s  and  g n e is s e s  and th e  s c a t t e r e d  

f e l s i c  and m afic  b o d ie s  p r e s e n t  in  th e  c e n t r a l  p o r t io n  o f  th e  Wet M ountains 

and th e  g e n e ra l  t r e n d  o f  th e  f o l i a t i o n  i n  th e  G reenhorn Peaks a r e a  was map­

ped  by G i lb e r t  i n  1897* f i r s t  p e t r o lo g ic  i n v e s t ig a t io n  was u n d e rta k e n
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by H i l l s  (1900 , p . 1 ) who a l s o  suininarized th e  g e o lo g ic  h i s t o r y .  The 

F lo re n c e  O il F ie ld ., w hich l i e s  j u s t  t o  th e  e a s t  o f  th e  a r e a  mapped, was 

d e s c r ib e d  by Fenneman i n  I 905 , and in  I 906 , D arto n  i d e n t i f i e d  f i s h  r e ­

m ains from  th e  H ard ing  F o rm atio n  w i th in  th e  Canon C i ty  embayment and pub­

l i s h e d  th e  f i r s t  map o f  th e  e a s te r n  m arg in  o f  th e  Wet M o u n ta in s . Washburne 

(1908 , p .  371 ) u n d e rto o k  a  s tu d y  o f  th e  c o a l  beds exposed  so u th w est o f 

F lo re n c e  and a lo n g  a  p o r t io n  o f  th e  e a s te r n  m arg in  o f  th e  Wet M oun tains.

He p u b lish e d  a  map o f  th e  c o n ta c t  be tw een  th e  se d im e n ta ry  s t r a t a  and th e  

c r y s t a l l i n e  ro c k s  i n  w hich he p o s tu la te d  t h a t  th e  P recam b rian  ro c k s  had 

b een  " o v e r th ru s t"  o v e r th e  C re ta c e o u s  sed im en ts , p ro d u c in g  m odera te  o v e r­

tu r n in g  w ith in  th e  l a t t e r .  S ubsequen t p u b l i c a t io n s  (F in la y ,  1916 ; Lee 

and K now lton, 1917; D eFord, 1929) w ere co n ce rn ed  w ith  th e  F lo re n c e  O il  

F i e l d  and  th e  C re taceo u s  c o a l -b e a r in g  fo rm a tio n s  exposed  a lo n g  th e  e a s te r n  

m arg in  o f  th e  Wet M oun tains.

Work b y  K irk  (H ard ing  F o rm atio n ) i n  1929 was th e  f i r s t  o f  a  la rg e  

number o f  s t r a t i g r a p h i e  and p a l e o n to lo g ic a l  s tu d ie s  c a r r i e d  o u t ,  p a r t i c u ­

l a r l y  i n  th e  Canon C ity  a r e a .  These works in c lu d e : K irk  (H ard ing  Forma­

t i o n ,  1930) ,  Johnson  (P a le o z o ic  s t r a t i g r a p h y ,  1 9 ^ 5 ), P o l la c k  (p a le o n to lo g y , 

H ard ing  S an d s to n e , 1 9 $ l) ,  T o lgay  ( s t r a t i g r a p h y ,  H ard ing  S an d s to n e , 1952 ), 

Monk (p a le o n to lo g y , Frem ont F o rm a tio n , 1 9 5 ^ ), F re d e r ic k s o n ,  De L ay , and 

S a y lo r  (R a ls to n  C reek  F o rm a tio n , 19 5 6 ), R o b e rtso n  (W illiam s Canyon Forma­

t i o n ,  1957 ) ,  N ottingham  (P e n n sy lv a n ia n  s t r a t ig r a p h y ,  1 9 5 7 ), and  M o rris  

(D akota G roup, I 961 ) .

Mapping p r o j e c t s  o f v a r io u s  p o r t io n s  o f th e  se d im e n ta ry  ro c k s  

a lo n g  th e  e a s te r n  f la n k  o f  th e  Wet M ountains have b e e n  com ple ted  by  P e te rs o n  

( 1941 ) ,  G angu li ( l9 5 0 ) ,  Kim ( l 9 5 l ) ,  M alek -A slan i ( 1951 ) ,  M i l le r  ( l 9 5 l ) .
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R uley  ( 1952 ) ,  F ran k s  (1956) ,  and Mann (195T)* Logan ( 1962 ) com pleted  th e  

m ost r e c e n t  work on th e  n o r th e rn  m arg in  t o  w hich th e  r e a d e r  i s  r e f e r r e d  

f o r  a  d e t a i l e d  s t r u c t u r a l  resume o f  t h a t  a r e a .

R econna issance in v e s t ig a t io n s  (Burbank and  Goddard, 1937; and 

Gabelman, 1953) d e s c r ib e  th e  g e n e ra l  s t r u c t u r e  and  g e o lo g ic a l  h i s to r y  o f  

th e  F ro n t Range, Wet M oun tains, and  Sangre de C r is to  Range. The o n ly  

r e s u l t s  o f  g e o p h y s ic a l work t h a t  h a s  b een  done a lo n g  th e  e a s te r n  m argin  

o f  th e  Wet M ountains was p u b lis h e d  in  1944 by  Blum, who com pleted  a  mag­

n e t i c  su rv ey  o f  th e  Canon C ity  a r e a .  H e in r ic h  in  1948 s tu d ie d  th e  d e t a i l e d  

p e tro g ra p h y  o f  th e  p e g m a tite s  o f  th e  R oyal Gorge b lo c k . The r e g io n a l  

s t r u c t u r a l  geo logy  o f  th e  F ro n t Range, and th e  Canon C ity  a re a  was c o n s id e re d  

b y  Boos and Boos (1957)» C h ris tm an , e t  a l .  ( l9 5 9 )  summarized th e  geo logy  

o f  an  a r e a  ap p ro x im a te ly  12 m ile s  w es t o f  th e  e a s te r n  m arg in  o f  th e  Wet 

■M ountains. The m ost r e c e n t  work o f  B oyer ( 1962) d e a ls  p r im a r i ly  w ith  th e  

p e tro lo g y  o f  th e  a r e a  so u th  o f  th e  p r e s e n t  a r e a  o f  in v e s t ig a t io n .



STRATIGRAPHY OF SEDIMENTARY ROCKS

G enera l S ta tem en t

The s t r a t i g r a p h ie s  o f  th e  sed im en ta ry  and  c r y s t a l l i n e  ro c k s  have 

b een  s e p a ra te d  f o r  ea se  o f  r e fe re n c e  and to  d i s t i n g u i s h  th e  l a r g e ly  o r i g i ­

n a l  work conducted  on th e  l a t t e r  from  th e  l i t e r a t u r e  su rv ey  o f  th e  fo rm er. 

The a u th o r  has  d e p a r te d  from  th e  norm al o rg a n iz a t io n a l  fo rm at where P re ­

cam brian ro ck s  a re  c o n s id e re d  f i r s t  t o  p ro v id e  b e t t e r  c o n t in u i ty  t o  th e  

s t r u c t u r a l  in t e r p r e ta t io n ^  w hich i s  c lo s e ly  a s s o c ia te d  w ith  th e  P recam brian  

ro c k s . A lthough  s t r a t i g r a p h ie  problem s a re  numerous w ith in  th e  a r e a  map­

p ed , th e y  were in v e s t ig a te d  o n ly  s i ; p e r f i c i a l l y .  The sed im en ta ry  ro ck s 

have been  in v e s t ig a te d  in  d e t a i l  by  o th e r  w orkers and o n ly  a  b r i e f  resume 

w i l l  be p re s e n te d  h e re  ex ce p t where o r ig i n a l  m a te r ia l  may be c o n t r ib u te d .

The sed im en ta ry  ro ck s  range  in  age from  O rd o v ic ia n  to  T e r t i a r y  

w ith  u n c o n so lid a te d  m a te r ia l  o f  T e r t i a r y  and  Q u a te rn a ry  age a l s o  p r e s e n t  

(F ig . 2 ) .  The P recam brian  ro ck s  a re  unconform ably  o v e r la in  by a l l  form a­

t i o n s  from  th e  H ard ing  F o rm ation  o f  O rd o v ic ian  age up th ro u g h  th e  L y tle  

S andstone o f  th e  C re taceo u s D akota Group. P a le o z o ic  fo rm a tio n s  seem to  

be a b s e n t in  many p la c e s  due e i t h e r  t o  n o n d e p o s itio n  o r  to  p o s td e p o s i t io n a l  

e ro s io n .  Meager su b su rfa c e  d a ta  and s u r fa c e  ex p o su res  a l s o  in d ic a te  m arked 

v a r i a t io n s  i n  th ic k n e s s  o f  th e  P a le o z o ic  and M esozoic fo rm a tio n s . As 

a l re a d y  m entioned , th e  t o t a l  th ic k n e s s  o f  sed im en ta ry  ro c k s  a lo n g  th e  

n o r th e rn  and e a s te r n  m a rg in s .o f  th e  Wet M ountains ran g es  betw een 2 ,500

12
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f e e t  to  ab o u t 4 ,2 0 0  f e e t .

The lo w e s t s t r a t i g r a p h i e  sed im en ta ry  fo rm a tio n , th e  H ard ing  Forma­

t i o n ,  i s  o v e r la in  by  th e  Frem ont F o rm atio n , b o th  o f  w hich a r e  p a r t  o f  th e  

O rd o v ic ia n  System . The W illiam s Canyon F o rm ation  o f  D evonian age and  th e  

M adison ( ? )  F o rm atio n  o f M is s is s ip p ia n  age a re  p r e s e n t  o n ly  w i th in  th e  

B eulah  a r e a  and on th e  e a s te r n  f la n k  o f  th e  Babcock a n t i c l i n e  ( s e c .  6 ,

T. 22 S . ,  R. 68 W., P la te  l ) .  The P en n sy lv an ian  System  i s  r e p re s e n te d  by 

th e  F o u n ta in  F o rm atio n  w hich i s  h ig h ly  v a r ia b le  in  i t s  th ic k n e s s  and  d i s ­

t r i b u t i o n .  I n  th e  n o r th e rn  p a r t  o f  th e  a r e a ,  ly in g  unconform ably  above 

th e  F o u n ta in  F o rm atio n , th e  R a ls to n  C reek F o rm atio n  o f  th e  J u r a s s i c  System  

has  been  re c o g n iz e d . I n  th e  B eu lah  a r e a ,  how ever, th e  c o r r e l a t i o n  i s  o n ly  

t e n t a t i v e .  I n  b o th  r e g io n s ,  th e  M o rriso n  F o rm atio n , a l s o  o f  J u r a s s i c  ag e , 

l i e s  s t r a t i g r a p h i c a l l y  above t h i s  l i t h o l o g i e  u n i t .  The C re taceo u s  System  

c o n ta in s ,  from  th e  lo w e s t s t r a t i g r a p h ie  u n i t  upward: th e  D akota Group;

th e  B enton Group, composed of th e  G raneros S h a le , th e  G reenhorn  L im estone , 

th e  C a r l i l e  S h a le , and th e  C o d e ll S andstone; th e  N io b ra ra  Group, c o n s is t in g  

o f  th e  F o r t  Hayes and th e  Smoky H i l l  fo rm a tio n s ; th e  P ie r r e  S h a le ; th e  

T r in id a d  S andstone; and th e  Vermejo F o rm atio n . The upperm ost ro c k  u n i t  

exposed  i s  th e  R aton  C onglom erate o f  T e r t i a r y  ag e . U n c o n so lid a te d  

m a te r i a l— stream  a llu v iu m , pedim ent and t e r r a c e  g r a v e l  d e p o s i t s ,  t a l u s  

and a l l u v i a l  f a n  m a te r ia l—a re  b e l ie v e d  t o  be o f  b o th  T e r t i a r y  and  Q u a te r­

n a ry  ag e .

A lthough  many fo rm a tio n s  a re  assum ed t o  be s e p a ra te d  by uncon­

f o r m i t ie s  deduced from  p a le o n to lo g ic a l  c r i t e r i a  o r  from  ev id en ce  from  

o th e r  l o c a l i t i e s ,  c e r t a i n  p h y s ic a l  unconform able r e l a t i o n s  i n  th e  a r e a  

in v e s t ig a te d  a r e  s i g n i f i c a n t .  A l l  fo rm a tio n s  up t o  and  in c lu d in g  th e



I h

L y tle  S andstone a r e  fo u n d  i n  d e p o s i t io n a l  c o n ta c t  w ith  P recam b rian  ro c k s , 

w ith  some o f  th e s e  fo rm a tio n s  showing m arked o v e r la p p in g  r e l a t i o n s  w ith  

th e  u n d e r ly in g  seq u en ce s . The m ost n o t ic e a b le  o f  th e s e  i s  th e  re p e a te d  

o v e r la p p in g  o f  th e  lo w er P a le o z o ic  fo rm a tio n s  by th e  F o u n ta in  F o rm atio n .

T h is  i s  e v id e n t i n  th e  Babcock a n t i c l i n e  arid i n  th e  v i c i n i t y  o f  B eu lah .

A s im i la r  a n g u la r  u n co n fo rm ity  e x i s t s  betw een  th e  R a ls to n  C reek  F o rm ation  

and th e  u n d e r ly in g  s t r a t a  i n  S e c t io n  12 so u th  o f  Grape C reek .

M ost o f  th e  fo rm a tio n s  seem t o  t h i n  i n  th e  v i c i n i t y  o f  th e  f a u l t  

zone t h a t  s e p a ra te s  th e  sed im en ta ry  and c r y s t a l l i n e  ro c k  b u t  s u b su r fa c e  

d a ta  a s  w e l l  a s  f i e l d  ev id en ce  su g g e s ts  t h a t  th e  th in n in g  i s  s t r u c t u r a l l y  

c o n t r o l le d  r a t h e r  th a n  a  s t r a t i g r a p h i e  f e a t u r e .  Sm earing o f  th e  more 

d u c t i l e  l i t h o l o g i e  u n i t s  seems t o  be r e s p o n s ib le  f o r  t h i s  a p p a re n t t h i n ­

n in g .

F o rm atio n s  w ere mapped i n  th e  f i e l d ,  how ever, on th e  c o n p ile d  map 

b ecau se  o f  th e  s ro a lle r  s c a le ,  g ro u p s w ere mapped to  red u ce  th e  number o f  

c o n ta c ts .

O rd o v ic ia n  System

H ard ing  F o rm atio n  

The H ard in g  F o rm atio n  l i e s  unconform ably  upon P recam b rian  ro c k s . 

T here  i s  no e v id en ce  o f  th e  u n d e r ly in g  M anitou  F o rm atio n  o f  O rd o v ic ia n  age 

t h a t  o ccu rs  n o r th  o f  th e  A rkansas  R iv e r  o r  o f  th e  Saw atch C onglom erate o f  

Cam brian age t h a t  h ad  b een  p r e v io u s ly  mapped i n  th e  w e s te rn  p o r t i o n  o f th e  

Canon C ity  embayment (R u ley , 1952, P l a t e  l ) .  The f i e l d  r e l a t i o n s  d em o n stra te  

t h a t  th e  H ard ing  F o rm atio n  has  b een  o v e rs te p p e d  by a l l  fo rm a tio n s  from  th e  

F rem ont F o rm atio n  o f th e  O rd o v ic ia n  System  th ro u g h  th e  R a ls to n  C reek  Form a­
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t i o n  o f  J u r a s s i c  ag e . ^Whereas th e  H ar(iing F o rm atio n  a t t a i n s  a  th ic k n e s s  

o f  ab o u t 100 f e e t  a lo n g  th e  n o r th e rn  m arg in  o f  th e  Wet M oun tains, i t s  mean 

th ic k n e s s  a lo n g  th e  e a s te r n  m argin  i s  6O-7O f e e t .  I t  th in s  t o  z e ro  f e e t  

w est o f  th e  Canon C ity  embayment, i n  th e  Babcock a n t i c l i n e ,  and i n  th e  

B eulah  a r e a .  I t  i s  o n ly  l o c a l l y  p r e s e n t  a lo n g  th e  e a s te r n  m arg in .

C lose t o  th e  b ase  o f  th e  H ard ing  F o rm atio n  i s  two t o  f iv e  f e e t  

o f  c o a rs e ,  l i g h t - g r a y  cong lom erate  c o n ta in in g  abundan t q u a r tz  frag m en ts  

ra n g in g  in  s iz e  up t o  o n e -h a lf  in c h . T h is  d i s t i n c t i v e  h o r iz o n  i s  n o t a  

t r u e  b a s a l  co n g lom era te  f o r  i t  r e s t s  upon s i x  t o  e ig h t  in c h e s  o f  f in e -  

g ra ih e d  san d s to n e  a t  some l o c a l i t i e s .  Above t h i s  co n g lo m era tic  san d sto n e  

i s  ap p ro x im a te ly  t e n  f e e t  o f  f in e - g r a in e d  q u a r tz o se  sa n d s to n e . -O verly ing  

th e s e  san d sto n e  u n i t s  a re  a l t e r n a t i n g  s h a le  and  san d s to n e  h o r iz o n s . The 

s h a le s  v a ry  i n  c o lo r  from  l i g h t  g ra y  to  p u rp lish -b ro w n  and r e d .  An u p p e r­

m ost san d sto n e  la y e r  w hich o ccu rs  from  s i x  in c h e s  t o  f iv e  f e e t  below  th e  

to p  o f  th e  fo rm a tio n  i s  d i s t i n c t i v e  w ith  m o ttle d  c o lo r  bands o f  y e llo w , 

p in k , r e d ,  and w h ite .  Commonly an  abundance o f  o s traco d e rm  p l a t e s  a re  

v is i i s l e  in  th e  upper s ix  in c h e s  o f  t h i s  l a y e r .

A moire d e t a i l e d  d is c u s s io n  o f  th e  H krding  F o rm atio n  i s  g iv e n  by  

P o llà c k  ( 1951 ) ,  T o lgay  ( l9 5 2 ) ,  and Sweet (l9 5 ^ )*

r— Frem ont F o rm ation

The Frem ont F o rm a tio n , w hich  unconform ably  o v e r l i e s  th e  H ard ing  

F o rm atio n , i s  o n ly  l o c a l l y  exposed  a lo n g  th e  e a s t e r n  m arg in . I t  i s  a l s o  

o v e rla p p e d  by a l l  fo rm a tio n s  from  th e  W illiam s Canyon F o rm atio n  o f  D evonian 

age th ro u g h  th e  R a ls to n  C reek  F o rm atio n  o f  J u r a s s i c  ag e . One and  o n e -h a lf  

m ile s  n o r th  o f  th e  A rkansas R iv e r  i n  P r i e s t  Canyon, Maher m easured 2 8 l



F ig u re  2
G e n e ra liz e d  sed im en ta ry  s t r a t ig r a p h y  o f  th e  e a s te r n  m argin o f  th e  Wet M ountains

SYSTEM

Q u atern a ry

T e r t ia r y

C re taceo u s

N io b ra ra
Group

Benton
Group

D akota
Group

J u r a s s i c

P en n sy lv an ian

M is s is s ip p ia n

D evonian

O rd o v ic ian

MAPPING UNITS

A lluvium

A l lu v ia l  fa n s , 
t e r r a c e  g ra v e ls  

R aton  C onglom erate $0

Vermejo F orm ation  730

T r in id a d  Sandstone 75"85
P ie r r e  S hale  2500-3000
Smoky H i l l  F o rm ation  8O -I5O
F o r t  Hayes F o rm ation  5-250
C o d e ll Sandstone 2-30
C a r l i l e  S hale  100-250
G reenhorn L im estone 20-101
G raneros S hale  10-280
D akota Sandstone 6O -I8O

G le n c a irn  S ha le  100-300
L y tle  Sandstone 35-100

M orrison  F o rm ation  0-501

R a ls to n  C reek F o rm ation  35-150

F o u n ta in  F o rm ation  0-2500

M adison (? )  F o rm ation  125-175 

W illiam s Canyon F o rm ation  10-38

THICKNESS (f e e t ) LITHOLOGY

Frem ont Form ation  
H arding  Form ation

0-95
0-100

A lluvium

A llu v ia l  f a n s ,  t e r r a c e  g r a v e ls ,  
t a lu s

C oarse san d s to n e , cong lom erate

S h a le , c ro ss-b ed d ed  san d s to n e , 
c o a ls  

S andstone
B lack  s h a le ,  l im e s to n e , c o n c re tio n s  
B uff t o  ye llow  sh a le  
L ig h t-g ra y  lim es to n e  
C a lc a re o u s , ye llow  sandstone  
Gray to  b u f f  sh a le  
D ark -g ray  lim esto n e  
Gray to  b la c k  sh a le  
B u ff, m assive , c ro ss -b ed d ed  

sandstone  
Gray s h a le s ,  t h i n  san d sto n es  
B uff to  w h ite , c ro ss -b ed d ed  

san d sto n es  
V a rie g a te d  s h a le s ,  sa n d s to n e s , 

lim e s to n e s  
F e ld s p a th ic  san d s to n es  and 

cong lom erates

A rkosic  san d sto n es  and cong lom era tes

W hite t o  g ray  lim es to n e

L im estone, d o lo m ite , sh a le

D olom ite , c h e r t  
S an d sto n e , sh a le

H
ON
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f e e t  o f  th e  Frem ont F o rm atio n  ( l9 5 0 a , pp . 6 - 7 ) .  I n  th e  a r e a  in v e s t ig a t e d ,  

t h i s  fo rm a tio n  i s  m ost w id esp read  in  th e  Canon C ity  emhayment w here i t  

av e ra g es  35 t o  40 f e e t  h u t  t h i n s  t o  z e ro  f e e t .  I t  i s  p r e s e n t  i n  Soda G ulch 

( s e c .  6 , T. 22 S . ,  R. 68 W., P la te  l )  w here 19 f e e t  w ere m easured . I n  th e  

B eulah  a r e a ,  ap p ro x im a te ly  22 f e e t  are p r e s e n t  (M alek -A slan i, 1951, P« 2 4 ) . 

A pprox im ately  95 f e e t  were m easured n o r th  o f  N o rth  Oak C reek  (M aher, 1950, 

p.. 5 ) ,  where i t  i s  i n  f a u l t  c o n ta c t  w ith  P recam b rian  ro c k , and  22 f e e t  a re  

exposed  a t  South  H ard sc rah h le  C reek (Kim, 1 9 5 1 )«

W ith in  th e  a r e a  mapped, th e  Frem ont F o rm atio n  i s  a  m a ss iv e , c l i f f -  

fo rm ing , r e d - s ta in e d ,  t a n  t o  g ray  d o lo m ite . C h e rt i s  commonly found  a lo n g  

bedd ing  p la n e s  and a s  n o d u le s- The c h e r t  i s  b lu e -w h ite ,  p u r p le ,  and  t a n  

and i s  c o n s id e re d  seco n d ary  (Monk, 1954, p . lO ). The w ea th e red  s u r fa c e  i s  

c h a r a c t e r i s t i c a l l y  v e ry  rough and  i r r e g u l a r .  I n  p la c e s  a  h ig h ly  b r e c c ia te d  

a s p e c t  i s  p r e s e n t ,  a  c o n d i t io n  a s c r ib e d  t o  s o lu t io n  a c t i v i t y  t h a t  accom panied 

p o s t-F re m o n t, p re -F o u n ta in  e ro s io n .  T h is  s o lu t io n  b r e c c ia  c o n ta in s  su b - 

a n g u la r  frag m en ts  ra n g in g  in  s iz e  up to  th r e e  in c h e s  and  h as  a  c o n sp ic u o u s ly  

r e d - s ta in e d  m a tr ix .

Much o f th e  Frem ont F o rm atio n  c o n ta in s  s o lu t io n  c a v i t i e s ,  ra n g in g  

in  s iz e  up t o  s i x  f e e t  i n  g r e a t e s t  d ia m e te r , t h a t  a r e  f i l l e d  w ith  m a te r ia l  

o f  th e  F o u n ta in  F o rm atio n  o f  P en n sy lv an ian  ag e . The c a v i t i e s  a re  n o t p r e ­

s e n t  w here th e  W illiam s Canyon o r M adison fo rm a tio n s  o v e r l i e  th e  Frem ont 

F o rm atio n . A p p a re n tly  th e  p re -F o u n ta in  e ro s io n  p ro d u ced  an  i r r e g u l a r  k a r s t  

to p o g rap h y  on th e  s u r fa c e  o f  th e  Frem ont F o rm atio n  and  e n t i r e l y  rem oved i t  

i n  o th e r  p la c e s .

A more com plete  d is c u s s io n  o f  th e  Frem ont F o rm atio n  i s  p re s e n te d  

by  W alco tt (1892 ) ,  Maher ( l9 5 0 a , 1950b), Monk (1 9 5 4 ), and Sweet (1 9 5 4 ).



18

D evonian System

W illiam s Canyon F o rm atio n  

The W illiam s Canyon F o rm atio n , p o s s ib ly  o f  D evonian ag e , o v e r l i e s  

th e  Frem ont F o rm a tio n . The c o n ta c t  betw een th e s e  two fo rm a tio n s  i s  i r r e g u ­

l a r  and  th e  upper beds o f  th e  Frem ont F o rm atio n  a re  t r u n c a te d  l o c a l ly .  

Maher ( l9 5 0 a )  r e p o r t s  t h a t  n o r th  o f  th e  a re a  mapped, th e  W illiam s Canyon 

F o rm atio n  a l s o  l o c a l l y  r e s t s  on th e  H ard ing  F o n d a tio n . The W illiam s 

Canyon F o rm atio n  i s  unconform ably  o v e r la in  by th e  M adison (? )  F o rm atio n  

o f  th e  M is s is s ip p ia n  System  and by th e  F o u n ta in  F o rm atio n  o f  P en n sy lv an ian

The W illiam s Canyon F o rm atio n  i s  b e s t  exposed  i n  th e  B eu lah  a r e a ,  

o r  n o r th  o f  th e r e ,  a lo n g  th e  F r o n ta l  Zone t o  South  H ard sc ra b b le  C reek , 

w here i t  ra n g e s  in  th ic k n e s s  from  10 t o  38 f e e t  (M alek -A slan i, I 951 , 

pp . 28 - 31 , and  M aher, 1950a, p .  4 ) .  I t  i s  a l s o  p r e s e n t  in  r e s t r i c t e d  o u t­

c ro p s  i n  Soda G ulch . R o b e rtso n  (1957, p p . 6I - 62 ) m easured  12 f e e t  o f  th e  

W illiam s Canyon F o rm atio n  j u s t  so u th  o f  th e  A rkansas R iv e r .  Ho o th e r
I

ex p o su re s  o f  th e  W illiam s Cailyori F o rm atio n  w ere found .

The W illiam s Canyon F o rm atio n  i s  composed p re d o m in a n tly  o f  l im e ­

s to n e  and  d o lo m ite  i n  beds ra n g in g  from  a  few in c h e s  t o  fo u r  f e e t  in  t h i c k ­

n e s s .  S ha le  b ed s  and s h a le  le n s e s  a r e  p r e s e n t  w ith in  th e  c a rb o n a te  ro c k s . 

S a n d -s iz e d  g r a in s  a r e  s c a t t e r e d  th ro u g h o u t th e  c a rb o n a te s  and s h a le s .

L ig h t g ra y , p u r p le ,  y e llo w , and maroon a r e  th e  c h a r a c t e r i s t i c  c o lo r s  o f  

th e  c a rb o n a te s ,  w hereas th e  s h a le s  a re  red -b row n  to  m aroon. C o lo r in g  i s  

n o t u n ifo rm , w ith  m o t t l in g ,  b an d in g  and c o lo r  c o n c e n tr a t io n  i n  s p o ts  and 

z n es  b e in g  th e  more common ap p ea ran ce  o f  th e  b e d s . Commonly th e  in d ig e -
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nous c o lo r  i s  masked by  r e d  s ta in in g  where th e  F o u n ta in  F o rm ation  o v e r l i e s  

th e  W illiam s Canyon s t r a t a .

The lim e s to n e  and  d o lo m ite  i s  g e n e ra l ly  f i n e l y  c r y s t a l l i n e  to  

m a c ro c ry s ta l l in e .  The s h a le s  s e p a ra t in g  th e  c a rb o n a te  beds a re  t h i n ,  

ra n g in g  from  o n e -e ig h th  in c h  t o  th r e e  in c h es  th i c k .  The th ic k n e s s  o f  each  

b ed  i s  g e n e r a l ly  c o n s ta n t  b u t th e  upper and low er c o n ta c ts  a re  c h a r a c t e r i s ­

t i c a l l y  wavy and i r r e g u l a r  (R o b ertso n , 1957, p p . 2 2 -3 1 ) ,

The W illiam s Canyon F o rm atio n  h as  been  a s s ig n e d  to  b o th  th e  

D evonian and M is s is s ip p ia n  System s. The absence o f  f o s s i l s  n e c e s s i t a t e s  

l i t h o l o g i e  c o r r e l a t i o n  o n ly . I n  1933, B ra in e rd , B aldw in, and  K ey te , a t ­

tem p ted  to  c l a r i f y  th e  n o m e n c la tu ra l p rob lem  a s s o c ia te d  w ith  th e  u n i t  by  

r e d e s c r ib in g  th e  fo rm a tio n  in  acco rdance  w ith  ex p o su re s  in  W illiam s Canyon, 

n e a r  M anitou  S p r in g s . A t t h i s  t im e , th e y  b e l ie v e d  th e  W illiam s Canyon 

F o rm atio n  to  be o f  D evonian age . Maher ( l9 5 0 a ) ,  rev ie w in g  th e  problem , 

f e l t  t h a t  th e  W illiam s Canyon F o rm atio n  was l i t h o l o g i c a l l y  s im i la r  to  th e  

Speegan L im estone, w hich was re c o g n iz e d  in  th e  s u b su rfa c e  o f  e a s te r n  

C o lo rad o . The Speegan L im estone was b e l ie v e d  to  be M is s is s ip p ia n .  

R o b e rtso n , i n  a  d e t a i l e d  s tu d y  o f  t h i s  fo rm a tio n , c o r r e l a t e d  th e  W illiam s 

Canyon F o rm atio n  w ith  th e  C haffee  F o rm atio n  o f  upper D evonian age . No 

in fo rm a tio n  b e a r in g  upon t h i s  prob lem  was seen  in  th e  f i e l d ,  so t h a t  l a t e s t  

e v a lu a t io n  o f  R o b ertso n  i s  u sed  a lth o u g h  th e  d is p u ta b le  age i s  re c o g n iz e d .

M is s is s ip p ia n  System

M adison (? )  F o rm ation  

I n  th e  B eu lah  a r e a ,  a  sequence o f  c a rb o n a te  ro ck s  betw een  th e  

W illiam s Canyon F o rm atio n  and th e  F o u n ta in  F o rm ation  o f  P en n sy lv an ian  ag e .
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ra n g in g  from  125 t o  175 f e e t  i n  th ic k n e s s ,  form s a  d i s t i n c t i v e  mappahle 

u n i t .  T h is  sequence has b een  mapped a s  th e  M adison (? )  F o rm atio n .

G i lb e r t  i n  1897 u sed  th e  te rm  M illsa p  t o  c h a r a c te r i z e  t h i s  s e ­

quence o f  s t r a t a .  B ra in e rd , B aldw in , and K eyte ( l9 3 3 , P* 388) p o in te d  

o u t t h a t  th e  name M ills a p  was p re o c c u p ie d  in  th e  l i t e r a t u r e  f o r  a  P e n n sy l­

v an ian  fo rm a tio n  i n  T exas. F o llo w in g  a  s tu d y  o f  th e  sequence one and one- 

h a l f  m ile s  w est o f  B eu lah  ( s e c .  5j T. 23 S . ,  R. 68 W .), th e y  d iv id e d  th e  

sequence betw een two fo rm a tio n s —th e  low er 20 f e e t  b e in g  a s c r ib e d  t o  th e  

W illiam s Canyon F o rm atio n  and th e  upper 210 f e e t ,  w hich  c o n ta in s  M is s is s ip ­

p ia n  f o s s i l s ,  was c o n s id e re d  e q u iv a le n t  to  th e  M adison L im estone o f  Wyoming 

and M ontana (1933, p . 3 9 l ) .  B ra in e rd  and  Johnson  ( l9 3 ^ , P* 3 ^ l)  c o n c u rre d  

w ith  th e  u sa g e .

I n  1950  Maher su g g e s te d  t h a t  t h i s  sequence w hich  had been  te rm ed  

th e  M adison F o rm ation  be d iv id e d  in to  an  u pper B eulah  F o rm atio n  and a  

low er H ard sc rab b le  F o rm ation . He p ro p o sed  t h a t  a  ty p e  s e c t io n  f o r  th e  

fo rm er be in  th e  a r e a  o f  B eu lah  (HW l / 4 ,  s e c . 4 , T. 23 S . ,  R. 68 W .) and 

f o r  th e  l a t t e r ,  j u s t  n o r th  o f  S outh  H ard sc rab b le  C reek  (S 1 / 2 , s e c . 11 ,

T. 22 S . ,  R. 69 W .). W hile p ro p o s in g  t h i s  d iv i s io n ,  Maher ( 1950b) s t a t e d :  

"As f a r  a s  th e  w r i t e r  knows, th e  B eulah  lim e s to n e  i s  r e s t r i c t e d  to  an  i s o ­

l a t e d  exposure  on South  H ard sc rab b le  C reek  in  C u s te r  County and  t o  th e  

a lm o st co n tin u o u s  upper le d g e  i n  th e  c l i f f s  n o r th  and  w es t o f  B eulah  in  

P ueblo  C o u n ty ."

I t  i s  n o t th e  i n t e n t i o n  o f  t h i s  a u th o r  t o  become in v o lv e d  i n  a  

d is p u te  o v er n o m en c la tu re . T h is  c a rb o n a te  sequence i s  a  w e l l -d e f in e d  and 

u s e f u l  mappable sequence , a l th o u g h  i t  i s  r e s t r i c t e d  t o  th e  a r e a  so u th  o f  

S ou th  H ard sc rab b le  C reek  w ith  th e  e x c e p tio n  o f  th e  s m a ll ex p o su re s  p r e s e n t
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i n  Soda G ulch. The M is s is s ip p ia n  age o f  t h i s  sequence i s  a g re e d  on by 

a l l  i n v e s t ig a to r s  and in  t h i s  l i g h t ,  i t s  p re -F o u n ta in  e x is te n c e  j u s t  so u th  

o f  th e  A rkansas R iv e r  a s  su g g e s te d  by R o b ertso n  ( l951>  P- 62) i s  p ro b a b le . 

I t  seems t h a t  th e  in t r o d u c t io n  t o  th e  l i t e r a t u r e  o f  two a d d i t io n a l  fo n n a - 

t i o n a l  names i s  n e e d le s s ,  p a r t i c u l a r l y  where one u n i t  i s  o n ly  known i n  a  

few  square  m ile s .  A d d i t io n a l ly ,  M ah er 's  c h o ic e  o f  th e  ex p o su re  a t  Sou th  

H ard sc rab b le  C reek f o r  a  ty p e  s e c t io n  o f  th e  H a rd sc ra b b le  F o rm atio n  i s  

c o n s id e re d  p o o r b ecause  o f  xhe h ig h ly  f a u l t e d  n a tu re  o f  th e  b lo c k . A t 

l e a s t  th r e e  m ajor f a u l t s  a r e  re c o g n iz e d  and more may w e l l  e x i s t .  F o r  th e s e  

re a so n s  t h i s  sequence o f  ro c k s  i s  mapped i n  acco rd an ce  w ith  th e  p re v io u s  

d e s ig n a t io n —M adison F o rm atio n —a lth o u g h  t h i s  c o r r e l a t i o n  i s  re c o g n iz e d  as  

q u e s t io n a b le .  T h is  n o m e n c la tu ra l p rob lem  does n o t d im in is h  th e  u s e fu ln e s s  

o f  t h i s  fo rm a tio n  a s  a  m appable u n i t .

U nconform able r e l a t i o n s  be tw een  th e  M adison ( ? )  F o rm atio n  and 

th e  u n d e r ly in g  W illiam s Canyon F o rm atio n  a r e  in d ic a te d  by  th e  p re s e n c e  o f 

th e  l a t t e r  fo rm a tio n  in  th e  b a s a l  p o r t i o n  o f  th e  M adison (? )  F o rm atio n .

The M adison (? )  F o rm atio n  i s  a  l ig h t-b u & f  t o  dark -b row n , m a ss iv e , 

f i n e l y  c r y s t a l l i n e  l im e s to n e . Red t o  Grange c o lo re d  c h e r t  le n s e s  a re  

common i n  th e  c e n t r a l  p o r t io n  o f  th e  sequence . The lo w er b ed s  c o n ta in  

numerous cream  c o lo re d  c i r c u l a r  s p o ts  a b o u t o n e -e ig h th  in c h  i n  d ia m e te r  

w hich Maher (1950b) te rm ed  o o l i t e s .  The p e rc e n ta g e  o f  s a n d - s iz e d  c l a s t i c  

g r a in s  seems t o  in c re a s e  upward i n  th e  sequence w ith  i r r e g u l a r  c a rb o n a te -  

cem ented san d sto n e  beds d ev e lo p ed  n e a r  th e  to p  o f  th e  s e c t io n .  B edding 

i s  o b scu re  i n  th e  e x p o su re s .

Large s o lu t io n  c a v i t i e s  f i l l e d  w ith  lim e s to n e  b o u ld e rs ,  r e d  san d ­

s to n e  and  co ng lom era tes  s im i la r  t o  th o s e  o f  th e  F o u n ta in  F o rm atio n  a re
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p r e s e n t .  These c a v i ty  f i l l i n g s  a re  s im i la r  to  th o se  p r e s e n t  a t  th e  Frem ont- 

F o u n ta in  c o n ta c t .  S p i r i f e r s  a re  a  commbn m e g a fo S s il o f  t h i s  M is s is s ip p ia n  

seq u en ce .

P en n sy lv an ian  System

F o u n ta in  F o rm atio n  

The F o u n ta in  F o rm ation  unconform ably  o V e r lie s  th e  M adison (? )  

F o rm atio n  o f  M is s is s ip p ia n  age b u t  i t  h as  a l s o  been  found  to  r e s t  upon 

a l l  o ld e r  sed im en ta ry  s t r a t a  and  upon th e  P recam brian  ro c k s . T h is  fo rm a­

t i o n  in c lu d e s  a l l  o f  th e  P en n sy lv an ian  s t r a t a  and p o s s ib ly  some low er 

P erm ian  d e p o s i t s  o f  th e  a r e a  (M aher, 1953a, 1953b, 195^)* The th ic k n e s s  

o f  t h i s  fo rm a tio n  i s  one o f  th e  m ost v a r ia b le  w ith in  th e  s t r a t i g r a p h ie  

s e c t io n .  N o rth  o f  th e  A rkansas R iv e r ,  N ottingham  ( l9 5 7 , P- l )  m easured 

1 ,4 4 0  f e e t  i n  P r i e s t  Canyon b u t  i t  th in s  r a p id ly ,  a t t a i n i n g  a  maximum 

th ic k n e s s  o f  250 f e e t  im m ed ia te ly  so u th  o f  th e  A rkansas R iv e r  and  p in c h ­

in g  o u t a g a in s t  th e  P recam brian  ro ck s  n d r th  o f  th e  B u r ia l  Ground s y n c lin e  

( s e c .  12 , T. 19 S . ,  R . %1 W. ) .  I t  i s  p r e s e n t  o n ly  i n  i r r e g u l a r  o u tc ro p s  

sou thw ard  u n t i l  i n  th e  a re a  o f  th e  Babcock a n t i c l i n e  i t  a t t a i n s  s i g n i f i ­

c a n t  a r e k l  d i s t r i b u t i o n  ( P la te  l ) .  I n  Soda G ulch ap p ro x im a te ly  1 ,825  

f e e t  w ere m easured by  Kim ( l 9 5 l ) - I n  th e  B eu lah  a r e a ,  1 ,9 0 0  f e e t  w ere 

m easured  (Le Roy, 1957; P- 33) w hereas i n  th e  P ure  O i l  Company No. 1 

w e l l ,  d r i l l e d  i n  th e  T hree-R  s y n c lin e  ( s e c .  13; T. 23 S . ,  R. 6 8 W ., P la te

l )  ap p ro x im a te ly  2 ,5 0 0  f e e t  w ere e n c o u n te re d . S can ty  su b su rfa c e  d a ta  

s u g g e s ts  t h a t  e a s t  o f  Wetmore and B eu lah , th e  F o u n ta in  F o rm atio n  commonly 

r e s t s  upon th e  P recam brian  basem en t.

T h is  fo rm a tio n  i s  p red o m in an tly  a  f e ld s p a th ic  cong lom era te  con -
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t a in in g  ro ck  frag m en ts  up to  two f e e t  i n  d ia m e te r . These la rg e  c l a s t i c  

p a r t i c l e s  a re  composed o f  P recam brian , M anitou , H ard ing , F rem ont, and 

W illiam s Canyon m a te r ia l .  A ss o c ia te d  w ith  th e  conglom erate  f a c i e s  a re  

f e ld s p a th ic  san d s to n e , s h a le s ,  and s i l t s t o n e s .  I r r e g u la r  b ed d in g , le n s e s ,  

and c ro s s  bedd ing  a re  p r e v a le n t  making a c c u ra te  a t t i t u d e  m easurem ents 

d i f f i c u l t .  C o lo rs  a re  g e n e ra l ly  p a le  re d  o r  p a le  red d ish -b ro w n , a lth o u g h  

n e a r ly  w h ite , b le a c h e d  zones a re  common.

A more d e t a i l e d  d is c u s s io n  o f  th e  F o u n ta in  F o rm ation  i s  g iv e n  by 

Maher (1953a , 1953^, 1 95^ ), S chulze ( l9 5 ^ ) ,  N ottingham  ( l9 5 7 ) ,  and W arren 

( i9 6 0 ) .

M elton (1925) and Ver Wiebe (1930) have p o s tu la te d  t h a t  a  p o s i ­

t i v e  a re a  e x i s t e d  d u rin g  P en n sy lv an ian  tim e s  th ro u g h o u t much o f  th e  re g io n  

now o ccup ied  by  th e  Wet M ountains. The o v e r la p p in g  r e l a t i o n s  o f  th e  Foun­

t a i n  F o rm atio n  t o  th e  u n d e r ly in g  fo rm a tio n s  c l e a r ly  t e s t i f i e s  to  a  p r e -  

F o u n ta in  p e r io d  o f  e ro s io n  and W a rre n 's  ( 1960) s tu d ie s  w i th in  th e  Canon 

C i ty  embayment showed th e  p ro x im ity  o f  a  s h o re l in e  t o  t h a t  a r e a  d u rin g  

much o f th e  d e p o s i t io n .

J u r a s s i c  bystem

R a ls to n  C reek F o rm ation  

S t r a t a  d e f i n i t e l y  i d e n t i f i a b l e  a s  th e  R a ls to n  C reek F o rm atio n  a re  

p r e s e n t  so u th  o f  th e  A rkansas R iv e r  i n  th e  Canon C ity  embayment. Here th e  

th ic k n e s s  ran g es  from  a p p ro x im a te ly  100 f e e t  j u s t  so u th  o f  th e  r i v e r  t o  35

f e e t  w es t o f  Grape C reek . A lthough  th e  R a ls to n  C reek F o rm ation  c o n ta in s
/

l i t h o l o g i e  f a c i e s  v a ry in g  from  gypsum -shale to  cong lom erate  (F re d e r ic k so n , 

De Lay, S a y lo r ,  1956, p .  2 132 ), o n ly  th e  co n g lo m era tic  f a c i e s  i s  p r e s e n t
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so u th  o f  th e  A rkansas R iv e r .

I n  th e  Babcock a n t i c l i n e  and  p in c h in g  o u t t o  th e  so u th  i s  a  d i s ­

t i n c t i v e  mappable l i t h o l o g i e  u n i t  above th e  F o u n ta in  F o rm atio n  b u t  below  

th e  M o rrison  F o rm atio n  o f  J u r a s s i c  age . Kim ( l9 5 l )  and  F ran k  (1956) map­

ped  t h i s  i n t e r v a l  a s  two unnamed u n i t s  w hich  th e y  q u e s tio n a b ly  c o r r e la te d  

w ith  th e  Lyons and L ykins fo rm a tio n s -o f  Perm ian ag e , th e  c l o s e s t  known 

ex p o su res  o f  w hich a re  p r e s e n t  a lo n g  th e  n o r th e rn  edge o f  th e  Canon C ity  

embayment.

No d e t a i l e d  l i t h o l o g i e  s tu d y  no r s t r a t i g r a p h i e  c o r r e l a t i o n  o f  

t h i s  u n i t  was u n d e rta k e n  by th e  a u th o r .  A m egascopic c o n g a r iso n  o f  t h i s  

u n i t  w ith  th e  L yons-L ykins sequence and th e  R a ls to n  C reek  F o rm ation  map­

ped  t o  th e  n o r th  showed v e ry  c lo s e  l i t h o l o g i e  s i m i l a r i t i e s  t o  th e  l a t t e r .  

Such m egascopic s i m i l a r i t i e s  a re  n o t s u f f i c i e n t  to  d em o n stra te  any c o r r e ­

l a t i o n , '  b u t  i t  does su g g e s t t h a t  t h i s  u n i t  i s  more s a t i s f a c t o r i l y  mapped 

a s  q u e s tio n a b ly  R a ls to n  C reek  F o rm atio n  r a th e r  th a n  L yons-L ykins s t r a t a .

I n  th e  Babcock a n t i c l i n e ,  th e  R a ls to n  C reek ( ? )  F o rm ation  h as  a  

th ic k n e s s  o f  100 t o  150 f e e t .

The R a ls to n  C reek  F o rm ation  i s  c h i e f ly  an  a rk o s ic  conglo lnerate  

w ith  sd b an g u la r p a r t i c l e s  ra n g in g  from  sand  s iz e  up t o  th r e e  in c h e s  i n  

le n g th .  The c l a s t i c  m a te r ia l  i s  composed o f  c h e r t ,  q u a r tz ,  l im e s to n e , 

sa n d s to n e , f e ld s p a r ,  s c h i s t  f ra g m e n ts , and  in c o n ç ile te ly  d i s in t e g r a te d  

co n g lo m era tes . The sed im en ta ry  c l a s t s  r e p r e s e n t  a l l  o f  th e  o ld e r  s e d i ­

m entary  seq u en ces. C ross-bedded  sa n d s to n e s , w ith  la r g e  f e ld s p a r  a g g re ­

g a te s ,  a re  in te rb e d d e d  w ith  th e  co n g lo m era te . I n  th e  Babcock a n t i c l i n e  

th e  san d sto n e  i s  th e  dom inant l i t h o lo g i e  c o n s t i tu e n t .

The R a ls to n  C reek  F o rn ia tio n  r e s t s  unconform ably  upon th e  F o u n ta in
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F o rm atio n . S outh  o f  Grape C reek  i n  th e  C a n o n 'C ity  emhayment i t  o v e rs te p s  

th e  P en n sy lv an ian  and O rd o v ic ian  fo rm a tio n s  and r e s t s  upon th e  P recam b rian  

ro c k s .  I n  th e  ex p o su res  o f  th e  Babcock a n t i c l i n e  th e  u n i t  p in c h e s  o u t t o  

th e  so u th  from  e i t h e r  n o n d e p o s itio n  o r  p o s td e p o s i t io n a l  e ro s io n .

M o rriso n  F o rm atio n

The M o rriso n  F o rm ation  o f  th e  J u r a s s i c  System  unconform ably  o v e r ­

l i e s  th e  R a ls to n  C reek  (? )  F o rm atio n  and th e  F o u n ta in  F o rm atio n  a lo n g  th e  

e a s te r n  m argin  o f  th e  Wet M oun ta in s. I t  h as  a l s o  b een  found i n  d e p o s i t io n a l  

c o n ta c t  upon P recam b rian  ro c k s . The th ic k n e s s  o f  th e  fo rm a tio n  i s  h ig h ly  

v a r ia b le ,  th in n in g  from  more th a n  300 f e e t  i n  s e c t io n  12 j u s t  so u th  o f  th e  

A rkansas R iv e r  to  z e ro , th r e e  m ile s  t o  th e  w e s t. A long th e  e a s te r n  m arg in  

o f  th e  Wet M c'ontains, th e  M o rriso n  F o rm atio n  i s  commonly i n  f a u l t  c o n ta c t  

w ith  c r y s t a l l i n e  ro ck s  so t h a t  a c c u ra te  th ic k n e s s e s  a re  n o t a v a i la b le  h e r e .  

S u b su rfa ce  d a ta  from  s e c t io n  27 in  th e  Cuckoo a n t i c l i n e  (T. 19 S . ,  R. 70 W.) 

show t h a t  402 f e e t  o f  M o rriso n  a re  p r e s e n t ,  a l th o u g h , one m ile  so u th  in  

s e c t io n  34, 501 f e e t  o f  M o rriso n  w ere lo g g e d . I n  s e c t io n  34 n o rxh  o f  

Wetmore, 445 f e e t  w ere re c o rd e d  i n  th e  D av is  No. 1 w e l l .  I n  th e  a r e a  o f  

B eu lah , e a s t  o f  N orth  C reek  i n  s e c t io n  27, M alek -A slan i ( 195I ,  PP* 54-57) 

m easured 254 f e e t .  S e c tio n s  o f  75 f e e t  o r  l e s s  a r e  p r e s e n t  a lo n g  th e  

c r y s ta l l in e - s e d im e n ta r y  ro ck  c o n ta c t .  The la c k  o f  d i s t i n c t i v e  m arker bed s  

makes i t  u n c e r ta in  w heth er th e  th in n in g  i s  due to  s t r a t i g r a p h i e  o r  s t r u c ­

t u r a l  c a u se s .

The l i th o lo g y  o f  th e  M o rriso n  F o rm atio n  i s  v a r i a b l e ,  a lth o u g h  

v a r ie g a te d  s h a le s  a re  th e  p rom inen t c o n s t i tu e n t .  S h a le s  o f  g ra y  and  g re e n  

c o lo r  a r e  m ost abundan t in  th e  low er p o r t io n  o f  th e  s t r a t a ,  a l th o u g h  r e d
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and p u rp le  s h a le s  p r e v a i l  i n  th e  upper p o r t io n  o f  th e  fo rm a tio n . Sand^ 

s to n e  beds a re  numerous b u t  g e n e r a l ly  d is c o n tin u o u s . L o c a lly  th e y  may 

a c h ie v e  5 t o  10  f e e t  i n  th ic k iie s s  and  m a in ta in  a  c o n s i s te n t  th ic k n e s s  and 

s t r a t i g r a p h ie  p o s i t i o n .  D isco n tin u o u s  lim e s to n e  beds o ccu r a t  i n t e r v a l s  

w i th in  th e  low er 20 f e e t  o f  th e  fo rm a tio n .

E xposures o f  th e  M o rriso n  F o rm atio n  i n  d e p o s i t io n a l  c o n ta c t  upon 

P recam b rian  ro c k  a re  o f  s t r u c t u r a l  im p o rtan ce . These a r e  p a r t i c u l a r l y  w e ll  

dev e lo p ed  a lo n g  th e  n o r th e rn  m arg in . Here th e  h ig h ly  f r a c t u r e d  P recam b rian  

ro c k s  w ere sw ept c le a n  by f r e s h  w a te r  c u r r e n ts  and  c a lc iu m  c a rb o n a te  and  

a n g u la r  frag m e n ts  o f  g r a n i t e  f i l l e d  th e s e  f r a c t u r e s .  T h is  b a s a l  s e c t io n  

i s  g e n e r a l ly  from  one to  two f e e t  t h i c k  and i s  o v e r la in  b y  g re e n  and  y e llo w  

s h a le s  and y e llo w  sa n d s to n e . A lthough  such  e x p o su re s  a r e  few , th e  p o s s i ­

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

M o rriso n  g eo m etric  p a t t e r n  o f  f a i l u r e ,  has c o n s id e ra b le  s t r u c t u r a l  s i g n i f i ­

cance .

A d e t a i l e d  a cc o u n t o f  M o rriso n  s t r a t ig r a p h y  w ith in  th e  Canon C ity  

embayment i s  g iv e n  by  H a ss in g e r ( l9 5 9 )  and b y  W aldschm idt and Le Roy (1 9 4 4 ).

C re taceo u s  System  

D akota Group

A long th e  n o r th e rn  and  e a s te r n  m arg ins o f  th e  Wet M oun tains, th e  

D akota Group t y p i c a l l y  form s a  hogback. D uring  f i e l d  m apping, th r e e  u n i t s  

o f  th e  D akota Group w ere re c o g n iz e d  t o  b e t t e r  d e l in e a t e  th e  s t r u c t u r e : th e  

L y tle  S an d sto n e , w hich im m ed ia te ly  o v e r l i e s  th e  M o rriso n  F o rm a tio n ; th e  

G le n c a irn  S h a le ; and th e  D akota S a n d s to n e . To s im p l i fy  th e  com posite  map 

and th e  e n la rg e m e n ts , th e s e  s u b d iv is io n s  a re  o m itte d  from  P la te  I .
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H assin g e r (l959^ P- 12) s ta t e d  t h a t  th e  L y tle  Sandstone nncon- 

fo n n ah ly  o v e r l i e s  th e  M orriso n  F orm ation  w i th in  th e  Canoh C ity  embayment. 

M o rris  (1961 , p . 51) i n  a  s tu d y  o f  th e  D akota Group a lo n g  th e  F ro n t Range 

and i n  th e  Canon C ity  embayment found no l i t h o l o g i e  b re a k  betw een th e  two 

fo rm a tio n s . The f i e l d  r e l a t i o n s  ob serv ed  by th e  a u th o r  c o r ro b o ra te  th e  

c o n c lu s io n  o f  M o rris .

Boyer (1962 , P la te  l )  shows th e  D akota Group in  d e p o s i t io n a l  con­

t a c t  w ith 'P re c a m b ria n  ro c k s . A s im i la r  r e l a t i o n s h i p - i s  p o s s ib le  n o r th  o f 

H ard sc rab b le  C reek in  s e c t io n  28, a lth o u g h , th e  p re se n c e  o f  pedim ent g ra v e ls  

p rec lu d es  a c c u ra te  d e te rm in a tio n  o f th e  r e l a t i o n s h ip .  I s o l a t e d  expo su res  

o f L y tle  (? )  S andstone were a l s o  found in  s e c t io n  13 a lo n g  th e  n o r th e rn  

m argin  o f  th e  Wet M ountains. V e r i f ic a t io n  o f  th e s e  i d e n t i f i c a t i o n s  would 

p la c e  th e  L y tle  S andstone a s  th e  h ig h e s t  s t r a t i g r a p h ie  u n i t  to  be found 

in  d e p o s i t io n a l  c o n ta c t  w ith  P recam brian  ro ck  i n  th e  a re a  mapped.

South  o f  th e  A rkansas R iv e r  w i th in  th e  Canon C ity  embayment, 100 

to  175 f e e t  o f  s t r a t a  o f  th e  D akota Group were m easured . I n  se c . 3^,

T. 19 S . ,  R. 70 W,, 200 f e e t  o f  th e  group were m easured in  th e  s u b s u r fa c e .. 

W orth o f  Wetmore in  th e  D r. T. A. D avis Wo, 1 w e l l ,  2^5 f e e t  w ere re c o rd e d . 

A long W orth C reek j u s t  e a s t  o f  B eulah ap p ro x im a te ly  400 f e e t  w ere m easured , 

su g g e s tin g  a  g ra d u a l southw ard  th ic k e n in g  o f  th e  g roup .

The b ase  o f  th e  L y tle  S andstone was a r b i t r a r i l y  ta k e n  a s  th e  b ase  

o f  th e   ̂sand sto n e  c o n ta in in g  th e  low erm ost p eb b le  cong lom erate  zo n e . T h is

conglom erate  zone was found  th ro u g h o u t m ost o f  th e  a r e a .  The p e b b le s  a re  
!

p red o m in an tly  q u a r tz ,  c h e r t ,  and brown o r th o q u a r tz i te  (M o rris , I 961 , p . 7 ) .  

The ren ja inder o f  th e  L y tle  i s  a  d a rk -y e llo w  t o  b u f f -  c o lo re d , m edium -grained 

sandstq ine.
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O v erly in g  th e  L y t le  S andstone i s  th e  G le n c a irn  S h a le . The con­

t a c t  i s  d e f in e d  hy  a  t r a n s i t i o n  from  th e  l e n t i h u l a r ,  m assiv e -h ed d ed , l i g h t -  

c o lo re d  L y t le  S andstone to  th e  th in -b e d d e d , l a t e r a l l y  c o n tin u o u s  d a rk  

sh a le  and d a rk -w e a th e r in g  san d s to n e  o f th e  G le n c a irn  F o rm atio n . The l a t t e r  

c o n s is ts  o f  th in -b e d d e d , f in e - g r a in e d  t o  v e ry  f in e - g r a in e d ,  d a rk -w e a th e r in g  

san d s to n e  w ith  in te rb e d d e d  d a rk  carbonaceous sh a le  and  s i l t s t o n e  (M o rris , 

1961 , p . 17 ) .  These u n i t s  a re  n o t d i s t i n c t  in  t h e i r  b o u n d a rie s  and a  

g r a d a t io n a l  sequence i s  a p p a re n t th ro u g h o u t th e  fo rm a tio n .

S t r a t i g r a p h ic a l l y  above th e  G le n c a irn  S hale  i s  th e  D akota Sand­

s to n e . The c o n ta c t  i s  m arked by  th e  l i t h o l o g i e  change from  c o n tin u o u s , 

th in -b e d d e d , f in e - g r a in e d  san d sto n e  and s h a le s  o f  th e  G le n c a irn  t o  l e n t i ­

c u la r ,  th ic k -b e d d e d , c o a r s e -g ra in e d  san d sto n e  o f  th e  D akota S an d sto n e .

C ross b ed d in g  w ith in  th e  D akota Sandstone i s  p ro m in en t, ra n g in g  in  s iz e  

from  two in c h e s  t o  f i v e  f e e t  (M o rr is , I 961 , p . 2 5 ) .

W ith in  b o th  th e  L y tle  S andstone and th e  D akota S an d sto n e , s i l i c i -  

f i e d  j o i n t s  a re  ab u n d an t. Many o f th e s e  a re  s l ic k e n s id e d  b u t  th e  s t r u c ­

t u r a l  s ig n i f ic a n c e  o f  th e s e  f e a tu r e s  i s  d o u b tfu l .

The m ost r e c e n t  s tu d y  o f  th e  D akota Group was c a r r i e d  o u t by  

M o rris  ( 1961 ) .

B enton Group

The B enton Group i s  composed o f  th e  G raneros S h a le  w hich con ­

form ab ly  o v e r l i e s  th e  D akota S an d sto n e , th e  G reenhorn L im esto n e , th e  

C a r l i l e  S ha le  and th e  upperm ost u n i t ,  th e  C o d e ll S an d sto n e .

The G raneros S ha le  i s  a  s o f t ,  b la c k  t o  g ra y , f i s s i l e ,  c a lc a re o u s  

's h a l e .  S t r in g e r s  o f  gypsum a re  l o c a l l y  p r e s e n t .  T h is  u n i t  i s  e a s i l y  

w ea th e red  and  commonly form s a  s h a le  s lo p e  o r  v a l le y  betw een  th e  D akota
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S andstone and th e  G reenhorn  L im estone . Im m ed ia te ly  so u th  o f ' t h e  A rkansas 

R iv e r  i n  s e c t io n  13, 284 f e e t  o f  G raneros S h a le  "were m easured  (R u ley , 1952, 

p . 5 4 ) . Kim ( 1951) m easured  100 to  200 f e e t  s o u th e a s t  o f  Wetmore. S ou th ­

e a s t  o f  B eulah  on th e  n o rth w e s t f l a n k  o f  th e  T hree-R  s y n c l in e ,  M alek -A slan i 

(1951 , p . 60 ) m easured 55 f e e t  o f  G raneros S h a le .

The G reenhorn  L im estone i s  an  e x c e l l e n t  m apping h o r iz o n  w ith in  

th e  B enton Group a s . i t  c o n s i s t s  o f  a  s e r i e s  o f  a l t e r n a t i n g  h lu i s h - g r a y  

lim e s to n e s  and  d a rk e r  g ra y  s h a le s .  The lim e s to n e  bed s  range  in  th ic k n e s s  

from  3 t o  12 in c h e s ,  a re  m ic r o c r y s ta l l in e ,  and  c h a r a c t e r i s t i c a l l y  f r a c t u r e  

in to  s h a rp , a n g u la r  f ra g m e n ts . The sh a le  l a y e r s  v a ry  in  th ic k n e s s  from  

10 t o  12 in c h e s .  F i f ty - o n e  f e e t  o f  t h i s  u n i t  w ere m easured  i n  th e  so u th e rn  

p o r t io n  o f  th e  Canon C ity  embayment (R u ley , 1952, p . 5 4 ). T h is  u n i t  th in s  

i n  th e  Cuckoo a n t i c l i n e  t o  ab o u t 20 f e e t  b u t  th ic k e n s  i n  th e  v i c i n i t y  o f 

Wetmore to  more th a n  100 f e e t  (Kim, 1 9 5 l)  a n d -a p p a re n tly  m a in ta in s  t h i s  

th ic k n e s s  sou thw ard  in t o  th e  B eu lah  a r e a  w here M alek -A slan i m e asu re d '101 

f e e t  i n  th e  Three-R  s y n c lin e  ( l9 5 1 , p . 62 ) .

The C a r l i l e  S h a le  i s  composed o f  m edium -gray, b la c k ,  and b u f f -  

c o lo re d  s h a le s .  A pprox im ate ly  250 f e e t  o f  th e  C a r l i l e  S hale  a re  p r e s e n t  

so u th  o f  Grape C reek (R u ley , 1952, p .  55) b u t  o n ly  166  f e e t  were m easured 

by M o rris  (1957, P- 83 ) n o r th  o f  C h an d le r C reek . I n  th e  -v ic in i ty  o f  Wetmore, 

100 t o  130 f e e t  w ere re c o rd e d  by  Kim (1951) ,  and  in  t h e  B eu lah  a r e a ,  th e  

sequence h as  in c re a s e d  in  th ic k n e s s  t o  more th a n  175 f e e t  (M alek -A slan i,

1951 , p . 6 3 ) .

The C o d e ll S andstone  i s  a  r e l a t i v e l y  t h i n  b u t  p e r s i s t e n t  u n i t  

th ro u g h o u t th e  a r e a .  I t s  r e s i s t a n c e  t o  e ro s io n  p ro d u c e s  e x c e l le n t  expo­

s u r e s .  The C o d e ll Sandstone i s  o n ly  2 t o  3 f e e t  t h i c k  in  th e  Canon C ity
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embayment b u t  th ic k e n s  g ra d u a l ly  to  th e  so u th  a t t a i n i n g  ap p ro x im a te ly  30 

f e e t  i n  th e  B eulah  a r e a .  T h is  s a n d s t o n e . - i s  l i g h t  y e llo w  t o  brown in  c o lo r ,  

c ro s s -b e d d e d  and t y p i c a l l y  c a lc a re o u s .  I t  i s  l o c a l l y  h ig h ly  f o s s i l i f e r o u s  

w ith  specim ens o f  Inoceram us b e in g  p r e s e n t .

N io b ra ra  Group

F o r t  Hayes F o rm atio n

Conform ably o v e r ly in g  th e  C o d e ll S andstone i s  th e  F o r t  Hayes 

F o rm atio n  composed o f  th in -b e d d e d  lim e s to n e  la y e r s  s e p a ra te d  by one to  

two in c h  bed s o f  l i g h t - g r a y  c a lc a re o u s  s h a le .  The lim e s to n e  beds range 

in  th ic k n e s s  from  a  few in c h e s  t o  two f e e t  w ith  th e  t h i c k e r  u n i t s  o c c u r­

r in g  n e a r  th e  b a se  o f th e  fo rm a tio n . The lim e s to n e s  a re  l i g h t  g ra y  to  

ch a lk y  w h ite  in  c o lo r ,  becom ing creamy w h ite  upon w e a th e r in g .•. C onchoidal 

f r a c t u r in g  o f  th e  m ic r o c r y s ta l l in e  lim e s to n e  i s  common. Poor exp o su res  

commonly p re c lu d e  a c c u ra te  th ic k n e s s  d e te rm in a t io n s .  A pprox im ately  26C 

f e e t  a re  exposed  s o u th e a s t  o f  Grape C reek , Sk f e e t  (Mann, 1957j P» 8 3 ) 

n o r th  o f  C hand ler C reek , 90 f e e t  i n  th e  a r e a  o f  Wetmore (Kim, 1 9 5 l) ,  b u t  

o n ly  a  few f e e t  a re  p r e s e n t  in  th e  B eu lah  a r e a .

Smoky H i l l  F o rm atio n

Conform ably above th e  F o r t  Hayes F o rm atio n  i s  th e  Smoky H i l l  

Form a.tion. The ex p o su res  o f  t h i s  u n i t  a re  few . L ess th a n  100 f e e t  i s  

exposed a lo n g  th e  n o r th e rn  m arg in  o f  th e  Wet M o u n ta in s, a lth o u g h  a p p ro x i­

m a te ly  150 f e e t  a re  p r e s e n t  e a s t  o f  Wetmore. T h is  f o r m a t io n ,c o n s is ts  o f  

p red o m in an tly  a r g i l la c e o u s  s h a le  w ith  o c c a s io n a l  le n s e s  o f  c a lc a re o u s -  

cem ented s h a le s .  T h in  gypsum s t r i n g e r s  a re  l o c a l l y  ab u n d an t. The f r e s h  

s u r fa c e  i s  d a rk  g ra y  b u t  th e  w ea th e re d  o u tc ro p s  ta k e  on a  s tra w -y e llo w
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c o lo r .  W ith in  th e  sh a le  sequences a re  t h i n  l e n s e s : o f  h u f f - c o lo r e d  sand­

s to n e  .

I n  196k,  S c o tt  and  Cohhan, w h ile  w orking i n  th e  P ueh lo  a r e a ,  

su g g es ted  t h a t  th e  N io b ra ra  Group be reduced  t o  fo rm a tio n a l  s t a t u s  w ith  

a  commensurate lo w erin g  o f  th e  F o r t  Hayes and Smoky H i l l  fo rm a tio n s  t o  

members. The w id esp read  usage o f  th e  fo rm er ra n k s  o f  th e s e  u n i t s ,  and 

th e  e q u iv a len c e  o f  mapping p r o p e r t i e s  o f  th e  F o r t  Hayes and  th e  Smoky 

H i l l  t o  o th e r  e s ta b l i s h e d  u n i t s  o f  fo rm at io n a l  ran k  h a s  l e d  th e  w r i t e r  

to  r e t a i n  th e  o ld e r  g ro u p -fo rm a tio n  n o ta t io n  h e r e .

P ie r r e  Shale

The P ie r r e  S hale  has  been  mapped n o r th  o f  Oak C reek . I t  i s  more 

w idesp read  th a n  would be su g g es ted  by th e  com piled  map on P la te  I ,  b u t 

g e n e ra l ly  th e  expo su res  a re  to o  sm all and se p a ra te d  t o  be mapped a t  t h a t  

s c a l e .

The P ie r r e  S hale  r e s t s  conform ably  upon th e  Smoky H i l l  F o rm atio n  

w ith  a  t r a n s i t i o n a l  c o n ta c t  p r e s e n t .

L ead-g ray  to  b la c k  s h a le s  a re  c h a r a c t e r i s t i c  o f  th e  P ie r r e  S h a le . 

W ith in  th e  A rkansas V a lle y , L av ing ton  (1933) and  G r i f f i t h s  (19^9) sub ­

d iv id e d  th e  P ie r r e  S hale  in to  f iv e  zones: th e  B a rre n  Zone a t  th e  b a s e ,

above which ap p ea r s u c c e s s iv e ly  th e  R u s ty , T epee, C one-in -C one, and th e  

T r a n s i t io n  zones. A l l  o f  th e se  zones have t r a n s i t i o n a l  c o n ta c ts .  The 

B arren  Zone, w hich i s  a  dom inan tly  d a rk -g ra y  t o  b la c k ,  l im o n i t ic  and 

fo s s i l : - b e a r in g ,  v e ry  t h i n l y  bedded sh a le  w ith  o v a l ,  g ra y  s e p ta r i a n  con­

c r e t io n s ,  c o n ta in s  a  20 f o o t  sand sto n e  member. W ith in  th e  F lo re n c e  O il  

F ie ld  t h i s  zone a t t a i n s  a  th ic k n e s s  o f  4O0 f e e t .  The R u sty  Zone i s  d i s - ,  

t in g u is h e d  by i t s  b e n to n i te  and brown c o n c re tio n a ry  lim e s to n e  bed s w hich
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d evelop  up to  th r e e  f e e t  t h i c k .  The Tepee .Zone i s  " 'ty p i f i e d  h y  c y l i n d r i -  

c a l l y  shaped , g ra y , f o s s i l i f e r o u s  .lim esto n e  m asses, and  b e n to n i te  beds 

w hich a re  up to  a  f o o t  t h i c k .  A lthough  c o n e -in -c o n e  beds a re  p r e s e n t  

th ro u g h o u t th e  P ie r r e  S h a le , th e y  a ch iev e  a  marked c o n c e n tr a t io n  above 

th e  Tepee Zone. I r o n s to n e s ,  c a lc a re o u s  c o n c re t io n s ,  t h i n  san d sto n e  and 

b e n to n i te  beds a re  a l s o  a s s o c ia te d  in  th e  C one-in-C one Zone. The T r a n s i ­

t i o n  Zone o f  La'vlngton in c lu d e s  beds betw een  th e  lo w er s t r a t a  o f  th e  

P ie r r e  w hich c o n ta in  M ontanan f o s s i l s  and th e  T r in id a d  S an d sto n e . T h is  

zone i s  b lu e  g ra y  w ith  t h i n l y  la m in a te d  s h a le s  and s i l t s t o n e s  w hich con­

t a i n  s c a t t e r e d  c a lc a re o u s  c o n c re tio n s  and s e v e ra l  t h i n  lim e s to n e  b e d s .

The T r a n s i t io n  Zone i s  commonly f r a c tu r e d ,  and c o n ta in s  abundant gypsum 

v e in s .  A long th e  w e s te rn  lim b o f  th e  C hand ler s y n c l in e  ab o u t 100 f e e t  

o f  t h i s  zone a re  p r e s e n t  (H unt, I 963 , p . 17 )•

S u b su rface  d a ta  su g g e s t t h a t  th e  P ie r r e  s h a le  has  a  th ic k n e s s  

from  2 ,500  t o  3 ,000  f e e t .

A more d e t a i l e d  d is c u s s io n  o f th e  P ie r r e  S h a le  i s  g iv e n  by 

L a v in g to n  ( l9 3 3 )  and by Le Roy and S c h u ltz  (19 5 8 ).

T r in id a d  S andstone 

The T r in id a d  Sandstone i s  a  m assive  san d s to n e  and i s  th e  you n g est 

m arine  C re taceo u s  u n i t  i n  th e  a r e a  (L a 'v lng ton , 1933)- B ecause o f  th e  

t r a n s i t i o n a l  c o n ta c t  w ith  th e  u n d e r ly in g  P ie r r e  S h a le , th e  ap p ea ran ce  o f  

th e  f i r s t  sa n d s to n e , to g e th e r  w ith  th e  d isa p p e a ra n c e  o f  th e  d a rk  s h a le s ,  

was u sed  a s  th e  c o n ta c t .  The up p er c o n ta c t  o f  th e  fo rm a tio n  was p la c e d  

j u s t  below  th e  c o a ls  and s h a le s  o f  th e  Vermejo F o rm atio n .

Only two ex p o su res  a r e  o f  s u f f i c i e n t  s iz e  t o  in c lu d e  on th e  com­

p o s i t e  map. The T r in id a d  a t  th e s e  ex p o su res  ran g es  from  75 t o  85 f e e t  in
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th ic k n e s s .

The T r in id a d  Sandstone i s  composed o f l i g h t - g r a y  and lig h t-b ro w n , 

t h i c k l y  bedded san d s to n e s  w hich  show some c ro s s  la m in a t io n  and c o n ta in  many 

c o n c re tio n s  w hich W eather t o  a  red -b row n  c o lo r .  The b ed s  a re  l e n t i c u l a r  

i n  c h a r a c te r .

Vermejo F o rm ation

The Vermejo F o rm ation  w e a th e rs  t o  form  a  p ro m in en t hogback in  

th e  n o r th e rn  p o r t io n  o f  th e  a r e a ,  where i t  i s  exposed  on th e  w e s te rn  lim b 

o f  th e  C hand ler s y n c lin e .

A t r a n s i t i o n a l  r e l a t i o n s h ip  e x i s t s  w ith  th e  u n d e r ly in g  T r in id a d  

S an d sto n e , w here th e  low er c o a l b ed  o f  th e  Vermejo l i e s  d i r e c t l y  upon th e  

m assiv e  sa n d s to n e s  o f  th e  T r in id a d ,  o r  i s  s e p a ra te d  b y  two t o  th r e e  f e e t  

o f  dark -b row n  l i g n i t i c  s h a le .

A p a rt from  i t s  exposure  i n . t h e  n o r th e a s te r n  p o r t io n , o f  th e  a r e a  

mapped, o n ly  r e s t r i c t e d  ex p o su res  a re  p r e s e n t .  T h is  fo rm a tio n  i s  th e  

h ig h e s t  s t r a t i g r a p h i e  u n i t  i n  f a u l t  c o n ta c t  w ith  P recam b rian  ro c k s .

A v a r i e ty  o f  l i t h o l o g i e  ty p e s  a r e  d is p la y e d ,  ra n g in g  from  th e  

c ro s s - la m in a te d  san d sto n e  w hich  caps th e  p ro m in en t hogback i n  th e  C hand ler 

s y n c lin e  t o  th e  t h i n l y  la m in a te d  s h a le s  i n  th e  low er p o r t io n  o f  th e  u n i t .

The u p p er h a l f  o f  th e  sequence i s  a  c ro s s - la m in a te d  sa n d s to n e  w hich  w ea th e rs  

t o  a  c h a r a c t e r i s t i c  l i g h t  g ray -b row n . The low er h a l f  i s  a  s h a le  sequence 

c o n ta in in g  some c o a l m easures and a  few san d s to n e  b e d s . ITo m arker beds 

a r e  p r e s e n t  w ith in  th e  fo rm a tio n  a s  m ost o f  th e  s t r a t a  a r e  l e n t i c u l a r  and 

o n ly  a  few  may be t r a c e d  f o r  o v e r a  few  hundred  y a rd s .  The c o a l  b e d s , 

a l th o u g h  th o u g h t t o  be c o n tin u o u s  by  m in ers  in  th e  a r e a ,  a re  d is c o n tin u o u s  

and commonly s p l i t .  The c o a l  i s  o f  b itu m in o u s  g rad e  and h as  been  e x te n -
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s iv e ly  m ined. I n  many a re a s  gypsum w ith in  th e •; c o a l  re n d e rs  i t  u n u s a b le .

On th e  n o r th e a s te r n  c o rn e r  ( s e c .  YJ, T. 1$ S . ,  R. 70 W . H u n t  ( 1963 , 

p . 20 ) m easured a  c o n p le te  s e c t io n  o f  th e  Vermejo F o rm atio n  h av in g  a  

th ic k n e s s  o f  728 f e e t .  R ecen t work on th e  p a ly n o lo g y  ’o f  th e  Vermejo 

c o a ls  has been  done b y .C la rk  ( 1963 ) .

T e r t i a r y  System

R aton  C onglom erate 

The R aton  C onglom erate i s  th e  y o u n g es t c o n s o lid a te d  s t r a t i g r a p h ie  

u n i t  i n  th e  a r e a .  I t  i s  s e p a ra te d  from  th e  Vermejo F o rm ation  by an uncon­

fo rm ity  t h a t  t r u n c a te s  th e  upper b ed s  o f  th e  Vermejo. I t  a t t a i n s  a  maximum 

o f  ab o u t 90 f e e t  i n  th ic k n e s s  where i t  o u tc ro p s  on th e  w est lim b o f th e  

C han d le r s y n c l in e .  I t  i s  a  m a ss iv e , c o a rs e  san d sto n e  and conglom erate  

c o n ta in in g  some d e b r is  from  o ld e r  sed im en ta ry  u n i t s  b u t  p r im a r i ly  from  

P recam brian  g n e is s e s .

A l lu v i a l  F an s , T e rra c e  G rav e ls  

A l lu v ia l  f a n  m a te r ia l ,  t e r r a c e  g r a v e ls ,  ped im en t g r a v e l s ,  and 

t a l u s  d e b r is  have b een  mapped a s  one u n i t  ( P la te  l ) .  These d e p o s i t s  

g e n e r a l ly  ex te n d  n o r th  and  e a s t  from  th e  to p o g ra p h ic  b re a k  betw een  th e  

P recam brian  c y r s t a l l i n e  ro ck  and th e  sed im en ta ry  s t r a t a .  They mask th e  

b ed ro ck  r e l a t i o n s  in  many p la c e s .  The ped im ent and  t e r r a c e  g ra v e ls  a re  

rounded to  subrounded b o u ld e rs ,  c o b b le s , and  p e b b le s . T alu s  m a te r ia l  i s  

c o n fin e d  to  th e  P recam b rian  s lo p e s  and  i s  a n g u la r  t o  su b an g u la r w ith  

b lo c k s  ra n g in g  in  s iz e  up to  15 f e e t  lo n g . The a l l u v i a l  fa n s  a re  com­

posed  p r im a r i ly  o f  san d - and. p e b b le - s iz e  p a r t i c l e s .  These d e p o s i ts  a re  

composed p red o m in an tly  o f  P recam b rian  ro c k  b u t r e p r e s e n ta t io n s  o f  a l l  o f
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th e  sed im en ta ry  fo rm a tio n s  exposed  w ith in  th e  a r e a  have b een  n o te d  ex c e p t 

f o r  th e  igneous i n t r u s iv e  m a te r ia l  o f  assumed T e r t i a r y  ag e .

R ecen t p u b lish e d  work by  S c o tt  (1964) i n  th e  P ueb lo  a r e a  has 

in d ic a te d  a  p o s s ib le  Q u a te rn a ry  age f o r  much o f th e  t e r r a c e  and ped im ent 

g ra v e ls  b u t h i s  re c o n n a is sa n c e  work in d ic a te s  t h a t  th e  f e a t u r e s  m a rg in a l 

t o  th e  Wet M ountains may be o f  T e r t i a r y  age (S c o t t ,  p e r s o n a l  com m unication,

1963) .



PETROGRAPHY AED PETROLOGY OF CRYSTALLINE ROCKS

I n tr o d u c t io n

G en era l S ta tem en t 

The c r y s t a l l i n e  ro c k s  o f  th e  Wet M ountains com prise a  com plex 

in t e r la y e r e d  sequence o f  i n t e r f i n g e r i n g  and g r a d a t io n a l  ro c k  ty p e s .  Tw enty-- 

two l i t h o lo g i e  ty p e s  w ere re c o g n iz e d  h u t  o n ly  15 o f  th e s e  o ccu r i n  s u f f i ­

c i e n t  abundance to  be  mapped (F ig . 3 )-  F o r d is c u s s io n  p u rp o ses  th e s e  a re  

g rouped  a s :  m afic  g n e i s s e s —b io t i t e - q u a r t z - p l a g io c l a s e  g n e is s ,  h o rn b le n d e -

p la g io c la s e  g n e is s ,  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s ,  p y ro x en e-  

s c a p o l i te  g n e is s  and  s i l l i m a n i t i c  g n e is s e s  and  s c h i s t s ;  f e l s i c  g n e i s s e s — 

g r a n i t e  g n e is s ,  q u a r tz  m onzonite g n e i s s ,  and g r a n o d io r i te  g n e is s ;  mixed 

ro c k s —l i t - p a r - l i t  g n e is s  and m ig m a tite ; igneous p lu to n ic  ro c k s —San I s a b e l  

G ra n ite ,  g r a n i t e  o f  Oak C reek; and  th e  ig n eo u s i n t r u s i o n s —p e g m a tite s  and 

m afic  b o d ie s .  Here th e  te rm s f e l s i c  and  m afic  a re  u sed  i n  a  c o lo r  sen se  

o n ly .

The r e l a t i o n  o f  th e  v a r io u s  ro c k  ty p e s  i n  a  la y e r e d  sequence i s

co n sp icu o u s . L i th o lo g ie  la y e r s  ra n g in g  from  a  few in c h e s  to  more than. 200

f e e t  i n  th ic k n e s s  a re  re c o g n iz a b le  i n  th e  f i e l d .  The c o n ta c ts  a re  g e n e r a l ly

i r r e g u l a r  and commonly g r a d a t io n a l  w ith  a  t r a n s i t i o n  zone e x te n d in g  from  a

few in c h e s  t o  te n s  o f  f e e t  i n  w id th . L a t e r a l  v a r i a t i o n  and  in t e r f i n g e r i n g

c o n ta c ts  a re  common. Where th e  s t r a t a  a r e  o n ly  a  few in c h e s  t h i c k ,  w e l l -

d e f in e d  f o l i a t i o n  i s  d ev e lo p ed . The s c h i s t o s i t y ,  w hich  i s  in v a r ib ly

36
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F ig u re  3

L ith o lo g ie  U n its  o f  C r y s ta l l in e  Rocks

H Ig n eo u s I n t r u s iv e s  
'§ P e g m a tite s
o oj co n co rd a n t and d is c o rd a n t  t a b u la r  b o d ie s ;  m ic ro c l in e ,  p e r t h i t e ,  q u a r tz ,

^  m u sco v ite
^  M afic  b o d ie s

l e n t i c u l a r ,
a n d é s i t e ,  d a c i t e ,  d ia b a se

(5 l e n t i c u l a r ,  t a b u la r ,  i r r e g u l a r l y  shaped ; co n co rd an t and d is c o rd a n t ;

Ig n eo u s P lu to n ic  Rocks 
San I s a b e l  G ra n ite

p o r p h y r i t i c ;  q u a r tz  25^ ,  m ic ro c lin e  fo rm ing  p h e n o c ry s ts  25 - 30^ ,  o l ig o -  
c la s e  20^, g re e n  b i o t i t e ,  sphene, a p a t i t e ,  m o rta r  s t r u c tu r e  

G ra n ite  o f  Oak C reek
p o r p h y r i t i c  and g ra n u la r  f a c i e s ;  l i g h t  p in k  to  b row n ; q u a r tz  l6 ^ ,  
m ic ro c lin e  44^ , o l ig o c la s e  23i>, brown b i o t i t e  l4 ^ ,  a c c e s s o r ie s  3^

Mixed Rocks 
M ig m a tites

h ig h ly  c o n to r te d ,  m o b iliz e d  a s p e c t ;  flow  f o ld in g  c h a r a c t e r i s t i c  
L i t - p a r - l i t  g n e is s

in t e r l a y e r e d  sequence o f  beds l e s s  th a n  200 f e e t  th i c k ,  s im i la r ,  
f l e x u r a l  s l i p  f o ld s  d ia g n o s t ic ;  e q u a l amounts o f  m afic  and f e l s i c  
g n e is s e s  

F e l s i c  G n e isses  
G ra n ite  g n e is s  '

l i g h t  p in k  t o  ta n ;  m odera te  t o  poo r s c h i s t o s i t y ;  q u a r tz  28^ ,  m ic ro ­
c l in e  48^ , o l ig o c la s e  19^ ,  b i o t i t e  4%

Q u artz  m onzonite g n e is s  
c  l i g h t  p in k ;  m oderate  to  p o o r s c h i s to s i t y ;  o c c a s io n a l ly  p o r p h y r o b la s t ic ;
•H q u a r tz  33^, m ic ro c lin e  35^, o l ig o c la s e  30#,, b i o t i t e  2$
^  G ra n o d io r i te  g n e is s
g l i g h t  p in k  t o  l i g h t  g ra y ; m oderate t o  good s c h i s t o s i t y ;  q u a r tz  35#,

Pk M afic G n e isses
m ic ro c lin e  7#, o l ig o c la s e  54#, b i o t i t e  3#

Q u a r tz i te  and g a r n e t i f e r o u s  g n e is s  
S i l l i m a n i t i c  g n e is s e s  and s c h i s t s

p in k  t o  g ra y ; w e ll-d e v e lo p e d  s c h i s t o s i t y  and f o l i a t i o n ;  s i l l i m a n i t e ,  
m ic ro c l in e ,  m u sco v ite , q u a r tz  

P y ro x e n e -s c a p o l i te  g n e is s
g ra y  to  b la c k ;  d io p s id e ,  s c a p o l i t e ,  sphene, p la g io c la s e ,  w ith  o r  
w ith o u t k y a n i te  

E o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s
d a rk  g ra y  t o  b la c k ; p o o r t o  m oderate f o l i a t i o n ;  h o rn b le n d e , a u g i te ,  
h y p e rs th e n e , andes in e / l a b r a d o r i t e  

H o rn b le n d e -p la g io c la se  g n e is s
l i g h t  g ra y  t o  b la c k ;  m odera te  t o  good f o l i a t i o n ;  h o rn b le n d e , a n d e s in e , 
m inor am ounts o f  b i o t i t e  and a u g i te  

B io t i te - q - u a r tz - p la g io c la s e  g n e is s
l i g h t  g ra y  to  p in k ; w e ll-d e v e lo p e d  s c h i s t o s i t y ;  q u a r tz ,  p la g io c la s e ,  
b i o t i t e  w ith  v a r ia b le  am ounts o f  m ic ro c lin e
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p a r a l l e l  t o  th e  la y e r  h o u a d a rie s  and to  th e  f o l i a t i o n ,  v a r ie s  from  poor 

in  some o f  th e  f e l s i c  g n e is s e s  to  e x c e l le n t  i n  th e  b io t i t e - q u a r t z - p la g io c l a s e  

e x p o su re s .

A lthough  m ost o f  th e  u n i t s  d is p la y  a  g ra n u la r  t e x tu r e ,  th e  g r a n i te  

i n t r u s iv e  b o d ie s  a r e  n o t ic e a b ly  p o r p h y r i t i c .  The a lig n m en t o f  th e  pheno­

c r y s t s  i s  n o t u n ifo rm  a t  any one o u tc ro p , b u t  a  p r e f e r r e d  o r i e n t a t i o n  i s  

d i s c e r n ib le  in  many l o c a l i t i e s .  The c o n ta c ts  o f  th e s e  i n t r u s i v e  b o d ie s  

a s  w e l l  a s  th e  t a b u la r  o n es—th e  p e g m a tite s  and m a f ic s —a re  v a r io u s ly  con­

c o rd a n t and d is c o rd a n t  w ith  r e s p e c t  t o  th e  r e g io n a l  f o l i a t i o n .

I n  c e r t a i n  zones a s s o c ia te d  w ith  s h e a r in g  and  b r e c c ia t i o n ,  th e

ro ck  i s  h ig h ly  a l t e r e d  so t h a t  th e  n a tu re  o f  th e  o r ig i n a l  m a te r ia l  i s

o b scu red . Those a r e a s  were c o n s id e re d  to o  sm a ll t o  b e  mapped on th e  s c a le  

o f  th e  com posite map.

A v a ila b le  r a d io a c t iv e  d a te s  in d ic a te  t h a t  th e  l a t e s t  r e c r y s t a l ­

l i z a t i o n  o f  th e  m a jo r i ty  o f  th e  l i t h o l o g i e  u n i t s  o c c u rre d  from  1,300  t o  

1 ,5 0 0  m i l l io n  y e a rs  ago ( G r i f f in  and K ulp, I 96O, p . 220j B oyer, I 962 , 

p . 1058) .  C h ris tm an  e t  a l .  r e p o r te d  an age o f  595 m i l l io n  y e a rs  f o r  an  

a l b i t e  s y e n i te  s to c k  on th e  w e s te rn  f la n k  o f  th e  Wet M ountains ( l9 5 9 , 

p . 507) b u t  no d e f i n i t e  in d ic a t io n  o f  t h i s  l a t e r  e v e n t was found by th e

p r e s e n t  a u th o r  w ith in  th e  a r e a  in v e s t ig a te d .  A lthough  th e  r e g io n a l

r e c r y s t a l l i z a t i o n  i s  o f  P recam brian  a g e , no age d e te rm in a tio n s  have been  

com pleted  on th e  sm a ll i n t r u s i v e  b o d ie s .  Many o f th e  l a t t e r  may b e  much 

y ounger.

Two igneous b o d ie s  c u t t in g  th e  C re taceo u s  ro c k s  w i th in  th e  Canon 

C ity  embayment a re  b e l ie v e d  to  be o f  T e r t i a r y  ag e . These a re  d is c u s s e d  

w ith  th e  post-P reC am b rian  c r y s t a l l i n e  ro c k s .
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Eo i n v e s t ig a t io n ’ o f  th e  c r y s t a l l i n e  rockè  o f  th e  e a s te r n  m arg in  ■ 

o f  th e  Wet M ountains h as  h een  u n d e rta k e n . C ross' (1896 ) and Emmons (1896) 

d e s c r ib e d  th e  m in e ra l d e p o s i t s  o f  th e  R o s i ta  and  S i lv e r  C l i f f  m in ing  

d i s t r i c t s  on th e  w e s te rn  f la n k  o f  th e  Wet M ountains. C hristm an  e t  a l .

(1959) ,  i n  s tu d y in g  th e  th o riu m  d e p o s i t s  o f  an  a r e a  i n  th e  c e n t r a l  p o r t io n  

o f  th e  Wet M oun tains, p u b lis h e d  th e  m o s t. c o n ç le te  d e s c r ip t io n  o f  th e  P re -  

cam brian ro ck s  in  w hich th e y  re c o g n iz e d  th e  p re se n c e  o f  a  la y e r e d  sequence 

o f  m etam orphic r o c k s . Boyer ' s work a t  th e  so u th e rn  end o f  th e  Wet Moun­

t a i n s  (1962 ) u n fo r tu n a te ly  d id  n o t em phasize th e  in t e r l a y e r e d - r e l a t i o n s h ip  

t h a t  seems t o  e x i s t ,  b u t was concerned  w ith  th e  g ro s s  l i t h o l o g i e  a s p e c t s .

The g r e a t e r  u s e fu ln e s s  o f  th e  la y e re d  c h a ra c te r  o f  th e  c r y s t a l l i n e  ro c k s  

in  d e l in e a t in g  th e  s t r u c t u r a l  c o n f ig u ra t io n  has le d  th e  a u th o r  t o  ad o p t 

a  mapping ap p roach  s im i la r  t o  t h a t  em ployed by C h ris tm an  e t  a l .

To f a c i l i t a t e  th e  s e p a r a t io n  o f  th e  d e s c r ip t iv e  work from  th e  

i n t e r p r e t a t i v e  c o n c lu s io n s , th e  d e s c r ip t iv e  p e tro lo g y  i s  d is c u s s e d  i n i t i a l l y ,  

fo llo w ed  by  in t e r p r e t a t i o n s  co n ce rn in g  p a ra g e n e s is  and  c o n d i t io n s  o f 

p e t r o lo g ic  developm ent. A b r i e f  d is c u s s io n  o f n om encla tu re  and  d e s c r ip ­

t i v e  te rm s u sed  i s  p re s e n te d  f i r s t .

C la s s i f i c a t i o n

The n om encla tu re  o f  b o th  igneous and m etam orphic ro ck s  may be  

c o n fu s in g  u n le s s  th e  c r i t e r i a  a re  e x p l i c i t l y  s t a t e d .  The names c l a s s i c a l l y  

a s s o c ia te d  w ith  th e  P recam brian  ro c k s  o f  th e  a r e a —Idaho  S p rin g s  F o rm atio n , 

P ik es  Peak G ra n ite ,  S i lv e r  Plume G ra n i te —a re  s tu d io u s ly  av o id ed  b ecau se  

o f  t h e i r  la c k  o f  e x p l i c i t  d e f i n i t i o n .  I t  i s  th e  i n t e n t i o n  h e re  t o  u se  

d e s c r ip t iv e  te rm s where p o s s ib le .  Thus th e  m afic  g n e is s e s  a r e  d e s c r ib e d  

by c h a r a c t e r i s t i c  m in e ra l a s sem b lag es . "G neiss" i s  em ployed in  a  d e s c r ip -
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t i v e  sense  o n ly  t o  d e s c r ib e  a  c o a r s e -g ra in e d ,  i r r e g u l a r l y  banded ro c k , in  

v h ic h  th e  p la n a r  s u r fa c e s  p roduced  by  th e  p a r a l l e l  o r  s u b p a r a l l e l  a r r a n g e ­

ment o f  t a b u la r  m in e ra ls  a re  m o d e ra te ly  t o  w e l l  d e f in e d .  No in d i c a t io n  

o f  g e n e s is  i s  inç> lied .

The n om encla tu re  o f  th e  f e l s i c  g n e is s e s  p r e s e n ts  more o f  a  p ro b ­

lem . The c l a s s i f i c a t i o n  u t i l i z e d  h e re  was em ployed to  m eet th e  n e c e s s i ty  

o f  f i e l d  r e c o g n i t io n  a id e d  by  b in o c u la r  m ic ro sc o p ic  in s p e c t io n .  P e te rs o n  

. ( 1961 , p .  35 ) has summarized th e  modal c l a s s i f i c a t i o n  o f  common f e l s i c  ro c k s , 

and  w h ile  none o f  th e s e  i s  e n t i r e l y  s a t i s f a c t o r y ,  th e  g e n e ra l  scheme u t i ­

l i z e d  by  th e  A m erican G e o lo g ic a l I n s t i t u t e  h as  b een  a d o p te d  and  i s  summarized 

in  F ig u re  4 .

volume Q u artz Q u artz
p e rc e n ta g e G ra n ite m onzonite G ra n o d io r i te d i o r i t e
q u a r tz  >  10$

A lk a l ic
F e ld s p a r

1 /3 2 /3 9 /1 0 P la g io c la s e

P la g io c la s e  
T o ta l  F e ld s p a r

F ig u re  4
Summary C la s s i f i c a t i o n  o f  F e l s i c  M etam orphic and  Ig n eo u s Rocks 

(M o d ified  from  P e te rs o n , I 961 , p .  35)

"A lk a lic  f e ld s p a r s "  in c lu d e  th e  p o ta s h  f e ld s p a r s ,  a l l  p e r t h i t e s  and  m odal 

a l b i t e  (AnQ_%o)• Because o f  th e  t r a n s i t i o n a l  n a tu re  o f  some m afic  and 

f e l s i c  g n ë is s e s ,  a l l  ro ck s  w ith  l e s s  th a n  10 p e r  c e n t  m afic  m in e ra ls — 

b i o t i t e ,  angphibole, p y ro x en e—a re  c l a s s i f i e d  a s  f e l s i c  g n e is s e s .
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Mixed ro ck s  w ere mapped a s  e i t h e r  l i t - p a r - l i t  g n e is s e s  o r  migma- 

t i t e s .  T h is  d iv i s io n  i s  a r b i t r a r y  b u t i t  s e rv e s  to  d i f f e r e n t i a t e  two d i f ­

f e r e n t  ro c k  ty p e s  in  th e  f i e l d .  A l i t - p a r - l i t  g n e is s  i s 'h e r e  d e f in e d  as  

a  com posite  la y e r in g  o f  m afic  and f e l s i c  m a te r ia l  g e n e r a l ly  p ro d u c in g  a  

r e g u la r ly  banded  p a t t e r n .  Only m inor c r in k l in g ,  c o n to r t io n ,  o r  f o ld in g  

i s  p r e s e n t .  No su g g e s tio n  o f  o r ig in  o r o f  e q u iv a le n c e  o f  t h i s  te rm  to  

" in j e c t i o n  g n e is s "  i s  im p lie d .

The te rm  m ig m atite  i s  u sed  to  d e f in e  th e  ro c k  w hich , a l th o u g h  

in t e r l a y e r e d ,  shows c o n s id e ra b le  p ty g m a tic  f o ld in g ,  c o n to r t io n s ,  and 

m ix ing . The l a y e r s ,  r a t h e r  th a n  b e in g  c o n tin u o u s , a re  g e n e r a l ly  l e n t i c u ­

l a r .  A gain , no su g g e s tio n  o f  o r ig in  i s  in te n d e d .

Mapped U n its

F i f t e e n  l i t h o l o g i e  u n i t s  a r e  o f  s u f f i c i e n t l y  w ide d i s t r i b u t i o n  

t o  w a rra n t m apping. The com plex in t e r l a y e r in g ,  t h i n  sequences o f  c o n s is ­

t e n t  l i th o lo g y  a n d :g ra d a t io n a l  c o n ta c ts  p re c lu d e  mapping s t r i c t l y  homo­

geneous u n i t s .  A s in g le  ro c k  name was g iv e n  to  a  u n i t  w here i t  c o n s t i tu te d  

50 t o  100 p e r  c e n t  o f  th e  t o t a l  ex p o su re s . The su b o rd in a te  p e rc e n ta g e  was 

g e n e r a l ly  a  com plex m ix tu re  o f  l i t h o l o g i e  ty p e s  b u t  commonly a  seco n d ary  

u n i t  was e v id e n t .  F o r s im p l ic i ty  i n  c o n ç i l in g  th e  com posite  map, th e s e  

seco n d ary  u n i t s  were n o t mapped e x c e p t in  th e  ca se  o f  th e  g r a n i t e  o f  Oak 

C reek . I n  g e n e ra l ,  b eca u se  o f  mapping s c a le ,  a l l  u n i t s  d e s ig n a te d  w ith  

a  s in g le  rock.nam e a re  o v er 200 f e e t  th i c k ,  w ith  sequences o f  th in n e r  u n i t s  

a r b i t r a r i l y  b e in g  mapped a s  l i t - p a r - l i t  g n e is s .  U n its  commonly g rad e  in to  

o r  i n t e r f i n g e r  w ith  o th e r  ro c k  ty p e s  a lo n g  th e  s t r i k e .  Where exposed , th e  

i n t e r f i n g e r i n g  was mapped; w here th e  ex p o su res  a r e  po o r o r  w here th e  change
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i s  t r a n s i t i o n a l  over a  wide d is ta n c e ,  th e  c o n ta c t  was lo c a te d  ap p ro x im a te ly .

A long th e  w e s te rn  edge o f  W ebster P a rk  :a  p a u c i ty  o f  f i e l d  work in  

th e  c r y s t a l l i n e  ro c k  p re c lu d e d  r e c o g n i t io n  o f  ro ck  ty p e s .  R econnasissance  

work in d ic a te d  s im i l a r i t y  t o  th e  in te r la y e r e d  sequence o f  th e  e a s te r n  m ar­

g in .  The a re a  was mapped a s  u n d iv id ed  g n e is s ,  re c o g n iz in g  t h a t  subsequen t 

w ork p ro b a b ly  w i l l  r e s u l t  in  th e  r e c o g n i t io n  o f  mappable u n i t s .

T erm inology

Some te rm s used  in  t h i s  p a p e r  do n o t have th e  same c o n n o ta tio n s  

f o r  a l l  g e o lo g is ts  and a c c o rd in g ly  a re  d e f in e d  below :

F o l i a t io n ;  th e  la m in a te d  s t r u c tu r e  r e s u l t i n g  from  th e  s e g re ­
g a t io n  o f  d i f f e r e n t  m in e ra ls  o r  d i f f e r e n t  s iz e s  
o f  th e  same m in e ra l in to  l a y e r s . .

S c h is to s i t y ;  any p a r a l l e l  o r  s u b p a r a l le l  arrangem en t o f  p la n a r
s u r fa c e s  developed  a s  a  r e s u l t  o f  metamorphism. 
W ith in  th e  a r e a  o f  in v e s t ig a t io n ,  d im en sio n a l p r e ­
f e r r e d  o r i e n t a t i o n  and c r y s ta l lo g r a p h ic  o r i e n t a t i o n  
were commonly re c o g n iz e d .

S - s u r fa c e :  any s e t  o f  p a r a l l e l  s u r fa c e s  w heth er o f  m etam orphic
o r ig in  o r  n o t .

L in e a tio n :  any l i n e a r  s t r u c tu r e  r e s u l t i n g  from  p rim ary  flow age
in  igneous ro ck s o r  secondary  f lo w a g e 'in  m etam orphic 
ro ck  shown by  th e  r o t a t i o n  o f  m in e ra l g ra in s  o r 
o th e r  b o d ie s ,  i n t e r s e c t i o n  o f  p la n e s ,  s lip p a g e  
a lo n g  g l id e  p la n e s  o r  grow th o f  c r y s t a l s .  These 
g e n e ra l ly  ta k e  th e  form  o f d im en s io n a l o r ie n t a t i o n  
o f  p h e n o c ry s ts  o r  p o rp h y ro b la s ts .

B ecause th e  f o l i a t i o n  and s c h i s t o s i t y  a re  g e n e ra l ly  p a r a l l e l ,  th e y  

a re  in c lu d e d  to g e th e r  under th e  g e n e ra l  te rm  " f o l i a t i o n "  on th e  com piled  

map ( P la te  l ) .

P recam brian  Rocks 

D e s c r ip tio n  o f  M afic G n eisses
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B io t i te - q u a r tz . - p la g io c la s e  g n e is s ,  h o rn b le ïid e - p la g io c la s e  g n e is s  

and  h o rn b len d e -p y ro x e n e -p la g io c la s e  g n e is s  a re  th e  dom inant :m afic g n e i s s e s .

These g e n e r a l ly  have g r a d a t io n a l  c o n ta c ts .  D e sp ite  th e  d i v e r s i t y  o f  assem ­

b la g e s  betw een  th e  b i o t i t e - r i c h  g n e is s e s  and th e  p y ro x e n e .g n e is s e s ,  d e f i n i t e  

c o n g o s i t io n a l  t r e n d s  from  one assem blage t o  a n o th e r  a re  p r e s e n t .  A d e c re a se  

i n  b i o t i t e  c o n te n t commonly d e f in e s  a  g r a d a t io n  betw een  th e  b i o t i t e - q u a r t z -  

p la g io c la s e  g n e is s e s  and  th e  g r a n o d io r i te  g n e is s e s .  B io t i t e - q u a r t z - p l a g io c l a s e -  

m ic ro c lin e  g n e is s  i s  a  su b o rd in a te  f a c i e s  o f  th e  b io t i t e - q u a r t z - p l a g io c l a s e  

g n e is s  and  commonly g ra d e s  in to  q u a r tz  m onzonite g n e is s  w ith  a  d e c re a se  i n  

b i o t i t e  c o n te n t .  C o n ta c ts  betw een th e  o th e r  m afic  g n e is s e s  and th e  f e l s i c  

g n e is s e s  a r e  g e n e r a l ly  w e l l  d e f in e d .

M inor am ounts o f  s i l l i m a n i t i c  g n e is s e s  and s c h i s t s ,  p y ro x en e- 

s c a p o l i te  g n e is s e s ,  q u a r t z i t e ,  and g a r n e t i f e r o u s  g n e is s e s  a re  p r e s e n t .

A l l  o f  th e  m afic  g n e is s e s  o ccu r a s  co n co rd an t l a y e r s  w ith  th e  f e l s i c  

g n e is s e s .  A lthough  th e  b io t i t e - q u a r tz - p la g io c l a s e - m ic r o c l in e  g n e is s ,  

q u a r t  z i t e ,  and g a r n e t i f e r o u s  g n e is s e s , a re  to o  t h i n  t o  be  mapped a s  i n d iv id ­

u a l  u n i t s ,  th e  o th e r  l i t h o l o g i e  ty p e s  o ccu r n o t o n ly  a s  d i s t i n c t  m appable 

u n i t s  b u t  a s  p o r t io n s  o f  th e  l i t - p a r - l i t  g n e is s  and  m ig m a tite .

The b e s t  developm ent o f  th e  s i l l i m a n t i c  g n e is s e s  and  s c h i s t s  and 

th e  p y roxene- s c a p o l i te  g n e is s e s  seems to  be  a s s o c ia te d  w ith  zones o f  d e fo r ­

m a tion .

B ent c r y s t a l s  o f  f e ld s p a r  and b i o t i t e ,  c r e n u la te d  q u a r tz  m a rg in s , 

and l o c a l  f r a c t u r in g  a r e  p r e s e n t  in  a l l  ro ck  ty p e s .  These a r e  b e l ie v e d  

t o  be o f  m inor s t r u c t u r a l  s ig n if ic a n c e  and  a r e  n o t d is c u s s e d  e x c e p t w here 

p e r t i n e n t  t o  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 .  More se v e re  d e fo rm a tio n a l 

f e a tu r e s  a r e  c o n s id e re d  l a t e r .
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B io t i te - Q u a r tz - P la g io c la s e  G neis s

The h io t i te - q T ia x tz - p la g io c la s e  g n e is s  v h ic h  u n d e r l ie s  a p p ro x im a te ly  

10 t o  15 p e r  c e n t  o f  th e  mapped a r e a  i s  the- m ost w id e sp re a d  o f  th e  m afic , 

g n e is s e s .  I n  a d d i t io n  t o  th o s e  l o c a l i t i e s  w here i t  o c c u rs  i n  s u f f i c i e n t  

q u a n t i ty  t o  w a rra n t m apping i t  a s  a  s e p a ra te  u n i t ,  i t  i s  a  m a jo r c o n s t i t ­

u e n t o f  th e  l i t - p a r - l i t  g n e is s e s  and  m ig m a tite s . The ro c k  i s  g e n e r a l ly  

more r e s i s t a n t  t o  e ro s io n  th a n  th e  h o rn b le n d e -p la g io c la s e  g n e is s  b u t  l e s s  

r e s i s t a n t  th a n  th e  f e l s i c  g n e is s e s .

The ro c k  v a r ie s  from  p in k  to  brown t o  l i g h t  g ra y  and  c o n s i s t s  o f  

f i n e -  t o  m edium -grained  c r y s t a l s  o f  b i o t i t e ,  q u a r tz ,  o l ig o c la s e ,  and  i n  

some sam ples, m ic ro c lin e  a n d /o r  h o rn b le n d e .. The s c h i s t o s i t y  i s  w e ll  d e v e l­

oped by  th e  p a r a l l e l  o r i e n t a t i o n  o f  th e  b i o t i t e  and  h o rn b len d e  c r y s t a l s ,  

w hich  i s  commonly r e in f o r c e d  b y  th e  e lo n g a t io n  o f  q u a r tz  and p la g io c la s e  

( a ,  b , P la t e  I I ) .  I n  some ex p o su res  th e  s c h i s t o s i t y  i s  n o t ic e a b ly  p la n a r ;  

i n  o th e r s ,  i t  i s  s t r i k i n g l y  c u rv e d . The l a t t e r  seems to  dev elo p  w here th e  

e lo n g a t io n  o f  q u a r tz  and  p la g io c la s e  i s  p o o r . The f o l i a t i o n  p ro d u ced  by 

th e  s e g re g a t io n  o f  b i o t i t e  a n d /o r  h o rn b len d e  from  th e  q u a r tz  and p la g io ­

c la s e  i s  g e n e r a l ly  m o d e ra te ly  w e ll  d ev e lo p ed . The s e g re g a t io n  lam inae  

commonly a re  o n e - s ix te e n th  t o  o n e - fo u r th  in c h  t h i c k  and  a re  g e n e r a l ly  

d is c o n tin u o u s . S e g re g a tio n s  by s i z e  a re  a l s o  p r e s e n t .

The b i o t i t e - q u a r t z - p l a g i o c l a s e  g n e i s s ,  w here i t  o ccu rs  as  p a r t  

o f  th e  banded  s e r i e s  w i th in  th e  l i t - p a x - l i t  g n e i s s e s ,  g e n e r a l ly  has sh a rp , 

w e l l - d e f in e d  c o n ta c ts ,  a l th o u g h  th e y  may b e  i r r e g u l a r  and  s in u s o id a l .

Where i t  i s  p r e s e n t  i n  t h i c k e r  u n i t s ,  th e  c o n ta c ts  a r e  g e n e r a l ly  t r a n s i ­

t i o n a l  so t h a t  w ith  an  in c re a s e  i n  h o rn b le n d e , i t  commonly g ra d e s  i n t o  a  

h o rn b le n d e -p la g io c la s e  g n e is s .  C o n v e rse ly , -with a  d e c re a se  i n  h o rn b len d e



TABLE A

MODES (volume PERCENTAGE) OF BIOTITE-QUARTZ-PLAGIOCLASE GNEISS

8ample M ic ro c lin e Q uartz O lig o c la se B io t i t e H ornblende
o th e r

M in era ls

1 ) T race 26 54 18 _ _ T race
2 ) 19 20 40 20 —  — T race
3) 28 36 36 —  — —  —

4) Ï 30 51 l4 1 —  —

5) 5 32 44 18 ---- 1
6 ) 28 22 52 17 —  — 1
7) —  — 16 58 l4 11 1
8 ) 11 20 53 12 4 —  —

9) —  — 23 58 38 1 —  —

1 0 ) 3 36 47 l4 -  - T race f\ji

L o c a tio n  o f  Samples

1) f iv e  fo o t  la y e r  in  l i t - p a r - l i t  g n e is s ,  so u th  o f  C hand ler C reek  (NE^, 32, I 9S, TOW)
2 ) sm a ll o u tc ro p  in  l i t - p a r - l i t  g n e is s ;  so u th  o f C hand ler C reek (NW^, 30, I 98 , yOW)
3 ) 20 t o  25 f o o t  s tra tu m  in  l i t - p a r - l i t  g n e is s ;  so u th  o f  M ill  C reek (NW^, 32, I 9S, 7OW)
4 ) l i t - p a r - l i t  g n e is s  w ith  s ix  in c h  to  two fo o t  l a y e r s ,  n o r th e rn  m argin  (NE^, I 9 , I 9S, 70W)
5 ) h ig h ly  c o n to r te d  te n  f o o t  l a y e r  in  m igm atite  ; so u th  o f  C handler C reek  (SEt;-, 32, I 9S, 70W)
6 ) th i c k  sequence o f b io t i t e - q u a r t z - p la g io c l a s e  arid h o rn b le n d e -p la g io c la s e  g n e is s ;  so u th  

o f  M iddle H ard sc rab b le  C reek (SE^, 4 , 22S, 69WJ
7 ) b io t i t e - q u a r t z - p la g io c l a s e  la y e r  in  m ig m atite ; so u th  o f  Adobe C reek (SW^, 7 ; 218, 69W)
8) la rg e  o u tc ro p  in  a re a  o f  80^  b io t i t e - q u a r t z - p la g io c l a s e  g n e is s ;  n o r th e rn  m arg in  (8E^,

13, 19s, 7IW)
9 ) la rg e  o u tc ro p  a lo n g  n o r th e rn  m arg in  (SEi;-, 13 , 198 , 7IW)

1 0 ) sequence o f  dom inan tly  b io t i t e - q u a r t z - p la g io c l a s e  g n e is s ;  n o r th  o f  8o u th  H ard sc rab b le  
C reek  (8W^, 1 9 /2 2 8 ,  69W)
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and b i o t i t e ,  th e  p in k  v a r i e t i e s  change l a t e r a l l y  in t o  g r a n o d io r i te  g n e is s ,  

o r  in  some o f  th e  m ic r o c l in e - r ic h  v a r i e t i e s ,  to  q u a r tz  m onzonite g n e is s .

The te x tu r e  a s  seen  in  t h i n  s e c t io n  i s  h o lo c r y s t a l l i n e ,  h y p id io -  

h l a s t i c ,  and g ra n u la r  ( c ,  d , P la te  I I ) .  The c r y s t a l l o b l a s t i c  n a tu re  o f 

th e  t e x tu r e  i s  ev id en ced  by th e  la c k  o f  i d i o b l a s t i c  f e ld s p a r s , th e  i n t e r ­

lo c k in g  b o u n d a rie s  betw een th e  q u a r tz  and f e ld s p a r ,  and th e  i r r e g u l a r l y  

shaped m ic ro c lin e  p a tc h e s  w ith in  th e  o l ig o c la s e  g r a in s .  The g r a in  s iz e  

o f  th e  q u a r tz  and  f e ld s p a r  ran g es  from  0 .4  to  1 .5  m i l l im e te r s  i n  le n g th .

Modal a n a ly s is  o f  10 t h i n  s e c t io n  (T ab le  A) shows t h a t  th e  ro ck  

c o n s is t s  p r im a r i ly  o f  q u a r tz  and o l ig o c la s e  w ith  v a r ia b le  am ounts o f 

m ic ro c lin e , b i o t i t e ,  and  h o rn b len d e . L o c a lly  th e  m ic ro c lin e  i s  o f  s u f f i ­

c i e n t  q u a n t i ty  t o  w a rra n t te rm in g  th e  ro c k  a  b i o t i t e - q u a r t z - p l a g io c l a s e -  

m ic ro c lin e  g n e is s  b u t th e s e  ex p o su res  w ere n o t  m appable.

The o l ig o c la s e  (An^^-gg) i s  x e n o b la s t ic ,  and i s  un tw inned  o r 

d is p la y s  p e r i c l i n e  and a l b i t e  tw in s . A l t e r a t io n  i s  g e n e ra l ly  m inor ( a f f e c t ­

in g  l e s s  th a n  20 p e r  c e n t o f  a  c r y s t a l ) ,  w ith  th e  c e n t r a l  p o r t io n  o f  th e  

c r y s t a l  r e a c t in g  f i r s t  t o  form  f in e - g r a in e d  w h ite  m ica . E x t in c t io n  i s  

u n ifo rm  th ro u g h o u t th e  c r y s t a l .  M yrm ekitic in te rg ro w th s  develop  u n iq u e ly  

w here th e  o l ig o c la s e  i s  in  c o n ta c t  w ith  m ic ro c lin e . Some o f  th e  o l ig o -  • 

c la s e  i s  a n t i p e r t h i t i c . C ir c u la r  in c lu s io n s  o f  q u a r tz  i n  th e  o l ig o c la s e  

a re  f r e q u e n t . The n e m a to b la s tic  developm ent o f  th e  o l ig o c la s e  p a r a l l e l  

to  th e  b i o t i t e  p la n e s  i s  s t r i k i n g  i n  some specim ens. The lo n g  d im ension  

o f  th e  c r y s t a l  i s  alw ays i n  th e  (OOl) d i r e c t io n ,  so t h a t  th e  a l b i t e  tw in s  

p a r a l l e l  th e  s c h i s to s i t y .

The q u a r tz  i s  c l e a r  and x e n o b la s t ic .  The m arg ins v a ry  from  smooth 

and r e g u la r  t o  h ig h ly  in t e r lo c k in g  and  c re n u la te d .  Sim ple e x t in c t io n  and



PIATE I I

PHOTOMICROGRAPES OF BIOTITE-QUARTZ-PLAGIOCLASE 
AM) EORNBLEMDE-PLAGIOCLASE GNEISSES

a .  B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s  showing w e ll-d e v e lo p e d  p r e f e r r e d  
o r i e n t a t i o n  o f  b i o t i t e  c r y s t a l s  p ro d u c in g  s c h i s t o s i t y .  I n c ip i e n t  
s e g re g a t io n  o f  th e  b i o t i t e  i s  a p p a re n t.  P la in  l i g h t .  X 1 5 .

b . B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s  showing g e n e ra l  t e x t u r a l  r e l a t i o n s .
N ote w e ll-d e v e lo p e d  s c h i s t o s i t y  w ith  h a lo s  w i th in  b i o t i t e  c r y s t a l s .
P la in  l i g h t .  X 6 .2 5 .

c .  B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s  (lo w er h a l f  o f p h o to )  i n  c o n ta c t  w ith  
g r a n o d io r i te  g n e is s .  E lo n g a tio n  o f  th e  q u a r tz  and p la g io c la s e  p a r a l l e l  
to  th e  b i o t i t e  w i th in  b io t i t e - q u a r t z - p l a g io c l a s e  g n e is s .  C ro ssed  p o la r s .
X 1 5 .

d . B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s .  E lo n g a te d  developm ent o f  q u a r tz
and a lig n m en t o f  p la g io c la s e  p a r a l l e l  t o  b i o t i t e .  B ent p la g io c la s e  
c r y s t a l  in  c e n te r  o f  f i e l d .  M inor h o rn b len d e . C rossed  p o la r s .  X 15 .

e .  B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s .  B en t b i o t i t e  c r y s t a l s  w ith  p le o c h ro ic
h a lo s .  C rossed  p o la r s .  X 15.

f .  B io t i t e - q u a r t z - p l a g io c l a s e  g n e is s .  P o ik i l o b l a s t i c  t e x tu r e  i n  alm andine
a g g re g a te . In c lu s io n s  a re  q u a r tz  and p la g io c la s e .  C ro ssed  p o la r s .  X 1 5 .

g . H o rn b le n d e -p la g io c la s e  g n e is s  Showing g e n e ra l  t e x tu r e .  I r r e g u l a r  i n c l u ­
s io n s  w ith in  h o rn b le n d e . P la in  l i g h t .  X 6 .2 5 .

h . H o rn b le n d e -p la g io c la se  g n e is s  w ith  l e n t i c u l a r  s e g re g a t io n s  o f  p la g io ­
c la s e  and h o rn b le n d e . N em a to b la s tic  o r i e n t a t i o n  o f  ho rn b len d e  p a r a l l e l  
t o  f o l i a t i o n .  C ro ssed  p o la r s .  X 15.

i .  H o rn b le n d e -p la g io c la s e  g n e is s .  H ornblende w ith  pronounced c le a v a g e ,
p la g io c la s e ,  and some m a g n e tite . C rossed  p o la r s .  X 1 5 .

1̂ 7
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p o ly c r y s t a l l i n e  a g g re g a te s  w here th e  c r y s t a l s  have s im i la r  o p t i c a l  o r ie n ­

t a t i o n  i s  common, h u t  sw eeping u n d u la to ry  e x t in c t io n  was n o t seen . Boehm 

la m e lla e  a re  common, h u t  no r e l a t i o n s h ip  t o  th e  p la n e s  o f  s c h i s t o s i t y  o r 

t o  s t r u c t u r a l  f e a tu r e s  was re c o g n iz e d .

The h i o t i t e  i s  d i s t i n c t i v e l y  c l e a r  l i g h t  hrow n, c o n ta in in g  some 

z i rc o n  c e n te re d  h a lo s  ( e ,  P la t e  I I ) .  I t  i s  g e n e r a l ly  h y p id io h la s t ic  w ith  

rag g ed  te rm in a t io n s .  Some a l t e r a t i o n  t o  h e m a tite  i s  p r e s e n t  p ro d u c in g  

in t e r la m in a t io n  o f  h e m a tite  w i th in  th e  h i o t i t e  c r y s t a l s .

V a r ia b le  am ounts o f  m ic ro c lin e  and h o rn b len d e  a re  p r e s e n t .  The 

m ic ro c lin e  m ost commonly o ccu rs  as  i r r e g u l a r  p a tc h e s  w ith in  th e  o l ig o c la s e  

i n  sm all x e n o b la s t ic  g r a in s  and as  a n t i p e r t h i t i c  in te rg ro w th s . The p re se n c e  

o f  c i r c u l a r  q u a r tz  in c lu s io n s  a t t e s t s  t o  th e  in te r lo c k in g  b o u n d a rie s  betw een 

th e  two m in e ra ls .  Where th e  m ic ro c lin e  c o n te n t i s  h ig h ,  n o t ic e a b le  nem ato­

b l a s t i c  developm ent p a r a l l e l  t o  th e  p r e f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e  

i s  p r e s e n t .  H ornblende commonly i s  i n  a s s o c ia t io n  w i th  th e  b i o t i t e  and i s  

x e n o b la s t ic ,  p le o c h ro ic  from  y e llo w  t o  g re e n  w ith  c A Z = 15° to  25°. 

C leavage o f  th e  h o rn b len d e  i s  g e n e ra l ly  w e ll  d ev e lo p ed .

M inor am ounts o f  m u sco v ite , m a g n e tite , i lm e n i te ,  z i rc o n ,  sphene, 

a p a t i t e ,  h e m a ti te ,  and leuco x en e  were o b serv ed . A lm andine g a rn e t  and 

s i l l i m a n i t e  o ccu r in  few sam ples. Brown alm andine g e n e r a l ly  i s  p r e s e n t  

a s  la rg e  i s o l a t e d  h y p id io h la s t i c  c r y s t a l s ,  w hich a lth o u g h  commonly f r a c ­

tu r e d ,  do n o t c o n ta in  in c lu s io n s .  S i l l im a n i te  g e n e r a l ly  o ccu rs  a s  b u n d le s  

o f  m in u te , s le n d e r  n e e d le s  commonly r e p la c in g  m u sco v ite .

H o rn b le n d e -P la g io c la se  G neiss

H o m b le n d e -p la g io c la s e  g n e is s  i s  a  common ro c k  ty p e  t h a t  u n d e r l ie s  

5 t o  10 p e r  c e n t o f  th e  mapped a r e a .  I t s  low  r e s i s t a n c e  to  w e a th e rin g  sug -



TABLE B

MODES (volume PERCENTAGE) OF HORNBLENDE-PLAGIOCLASE GNEISS

Sample P la g io c la s e H ornblende B io t i t e Pyroxene Q uartz
O ther

M in era ls

1) An37 33 58 -- 6 3

2 ) Ani^O 30 50 18 -- 1 1

3) An|^2 37 ko — 6 - - 7

4) A%o 4o 57 — - - -- 3

5) Au32 37 39 10 13 T race

6) An38 59 25 1 -- 11 k

7 ) Au25 36 31 22 9 2

8) An38 30 52 10 T

VJ1O

L o ca tio n  o f  Sançples

1) la rg e  o u tc ro p ; n o r th e rn  m argin  (SW^, 11, I 9S, 7IW)
2 ) th r e e  f o o t  la y e r  w ith  b io t i t e - q u a r t z - p la g io c l a s e  g n e is s  (SW^, 15 , I 9S, 7 IW)
3 ) from  la r g e  o u tc ro p  a re a  (NWw, 1 ^, 19S, 7IW)
4) from  la rg e  o u tc ro p  a re a  (NW-jj-, 20 , I 9S, 7CW)
5 ) th r e e  fo o t  bed in  l i t - p a r - l i t  g n e is s ;  so u th  o f  M ill  C reek (SE^, 29, I 9S, 70W)
6) la rg e  o u tc ro p  a r e a  (SW^, 3 , 228, 69W)
7 ) t e n . f o o t  l a y e r  in  g r a n i t e  g n e is s ;  n o r th  o f  H ard sc rab b le  C reek (SW^, 29, 21S, 69W)
8 ) la rg e  o u tc ro p  a re a  (NW^, I 5 , I 9S, 7IW)
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g e s ts  t h a t  i t  has  a  more w idesp read  d i s t r i b u t i o n  th a n  n o te d . A lth o u g h  i t  

o ccu rs  a s  a  d i s t i n c t  ro ck  u n i t ,  i t  i s  a l s o  a  m ajor c o n s t i tu e n t  o f  th e  i n t e r ­

la y e re d  sequences. I t s  c o n ta c ts  w ith  th e  b i o t i t e - q u a r t z - p l a g io c l a s e  g n e is s  

a re  g e n e ra l ly  t r a n s i t i o n a l  w ith  th e  h o rnb lende  c o n te n t in c re a s in g  and  th e  

b i o t i t e  c o n te n t d e c re a s in g . T h is  change i s  acco n p an ied  by  a  d e c re a se  in  

q u a r tz  c o n te n t  and  com plete lo s s  o f  m ic ro c lin e . The p la g io c la s e  i s  s l i g h t l y  

more c a l c ic  th a n  t h a t  o f  th e  b io t i t e - q u a r t z - p l a g io c l a s e  g n e is s ,  w ith  an 

av erag e  co m p o sitio n  o f  An^^^. W ith  an  in c re a s e  i n  py ro x en e , nhe h o m b le n d e -  

p la g io c la s e  g n e is s  g ra d e s  in to  th e  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s .  

L a t e r a l ly  i t  g ra d e s  m ost commonly in to  a  sequence o f  l i t - p a r - l i t  g n e is s e s .

The h o rn b le n d e -p la g io c la s e  g n e is s  i s  a  v a r ia b le  ro c k  ty p e ,  b u t 

t y p i c a l l y  i t  i s  d a rk , medium- to  f in e - g r a in e d ,  and d ia g n o s t i c a l ly  c o n ta in s  

p la g io c la s e  and ho rn b len d e  w ith  l e s s e r  am ounts o f  py ro x en e . The c o lo r  

v a r ie s  from  medium g ra y  t o  n e a r ly  b la c k ,  w ith  th e  l i g h t e r  c o lo rs  r e f l e c t i n g  

a  h ig h e r  p la g io c la s e  c o n te n t .  Where b i o t i t e  i s  p r e s e n t ,  i t s  p r e f e r r e d  

o r i e n t a t i o n  combined w ith  th e  p a r a l l e l  n e m a to b la s t ic  developm ent o f  th e  

p la g io c la s e  and  ho rn b len d e  d e f in e s  a  good s c h i s t o s i t y  ( a ,  P la te  I I I ) .  

F o l i a t i o n ,  w hich i s  g e n e ra l ly  b e t t e r  dev elo p ed  th a n  th e  s c h i s to s i t y ,  i s  a  

r e s u l t  o f  p a r t i a l  s e g re g a t io n  o f  th e  l i g h t  and d a rk  c o lo re d  m in e ra ls  in to  

la m in ae , l a y e r s ,  and le n s e s  up to  two in c h es  t h i c k  and  o f  t e x t u r a l  and 

s iz e  s e g re g a t io n  (h , P la te  I I ) .  Laminae a re  d isc o n tin u o u s  and m ost com­

monly l e n t i c u l a r ,  g e n e r a l ly  showing a  p in c h  and sw e ll a s p e c t .

I n  t h i n  s e c t io n s ,  th e  t e x tu r e  i s  h o lo c r y s t a l l i n e  and h y p id io h la s t i c .  

The ro ck  i s  a lm o st u n ifo rm ly  g ra n u la r  w ith  th e  c r y s t a l s  ra n g in g  from  0 .4  

to  0 .8  m i l l im e te r s  in  le n g th .  H ornblende c r y s t a l s  fo u r  t o  f iv e  m i l l im e te r s  

in  le n g th  w ere o b serv ed  i n  some e x p o su re s .
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Modal a n a ly se s  o f  9 specim ens snm m arized i n  T ab le  B show t h a t  

h o rn b len d e  and o l ig o c la s e -a n d e s in e  a re  th e  e s s e n t i a l  c o n s t i tu e n t s  o f  t h i s  

ro c k  ty p e .  V a r ia b le  am ounts o f  a u g i te ,  b i o t i t e ,  and q u a r tz  a re  p r e s e n t .  

A ccesso ry  m in e ra ls  a r e  few : m a g n e tite , i lm e n i te ,  a p a t i t e ,  sphene, and

z i rc o n .  Some alm andine g a rn e t  was o b se rv ed .

The h o rn b e ln d e  i s  t y p i c a l l y  p le o c h ro ic  p a le  g re e n  to  d a rk  g reen  

w ith  Z = d a rk  g re e n , and  h y p id io h la s t i c  w ith  w e ll  dev elo p ed  c leav ag e  in  

s e c t io n s  norm al t o  th e  c - a x is  (h , i ,  P la t e  I I ) .  M inor a l t e r a t i o n  to  

c h l o r i t e  i s  p r e s e n t  i n  a  few s e c t io n s .  G e n e ra lly  a  p r e f e r r e d  o r i e n t a t i o n  

o f  th e  h o rn b len d e  c r y s t a l s  i s  o b serv ed  i n  t h i n  s e c t io n ,  t h i s  d i r e c t i o n  i s  

p a r a l l e l  t o  th e  b i o t i t e  f l a k e s .  P la g io c la s e  ra n g e s  from  An2^ t o  An̂ ^Q and 

i s  th u s  g e n e r a l ly  more c a l c ic  th a n  t h a t  found  in  th e  b i o t i t e - q u a r t z -  

p la g io c la s e  g n e is s .  A d e f i n i t e  r e l a t i o n s h ip  betw een  th e  amount o f  b i o t i t e  

and  th e  sodium  c o n te n t  i n  th e  p la g io c la s e  i s  r e c o g n iz a b le .  The p la g io ­

c la s e  i s  g e n e r a l ly  x e n o b la s t ic  and c l e a r ,  w ith  a l t e r a t i o n  t o  f in e - g r a in e d  

w h ite  m ica o c c u r r in g  o n ly  h e a r  m in e ra l iz e d  f r a c t u r e s .  Some s e c t io n s  show 

b e n t and  m ic ro fa u l te d  c r y s t a l s .  A lb i te  and p e r i c l i n e  tw in s  a re  p r e s e n t .

A u g ite  i s  p r e s e n t  a s  x e n o b la s t ic  c r y s t a l s  h av in g  a  p a le  g reen  

c o lo r .  I t  i s  g e n e r a l ly  a s s o c ia te d  w ith  h o rn b len d e  c r y s t a l s  and , i n  some 

exam ples, seems t o  have d ev e lo p ed  a t  th e  expense  o f  th e  am phibo le. The 

b i o t i t e  i s  a  c l e a r  brown and o ccu rs  a s  h y p id io b la s t i c  c r y s t a l s ,  i d e n t i c a l  

t o  th o s e  o f  th e  b i o t i t e - q u a r t z - p l a g io c l a s e  g n e is s .  B ent c r y s t a l s  a re  

common. Q u artz  i s  p r e s e n t  i n  v a r ia b le  q u a n t i t i e s ,  i n  one t h i n  s e c t io n  

com posing 13 p e r  c e n t  o f  th e  t o t a l  volum e. I t  h a s  in te r lo c k in g  m arg ins 

w ith  th e  p la g io c la s e  and shows s im p le  e x t in c t i o n  and p o ly c r y s t a l l i n e  g r a in s  

. w here th e  c r y s t a l s  show s u b p a r a l l e l  o p t ic  o r i e n t a t i o n .  C re n u la te d  m arg ins



PLATE III
PHOTOMICROGRAPHS OF SOME MAFIC GNEISSES

a .  H o m b le n d e -p la g io c la se  g n e is s  w ith  b i o t i t e  s e g re g a t io n s .  C o n s id e rab le  
amounts o f  q u a r tz  accompany th e  b i o t i t e .  C rossed  p o la r s .  X 6 .2 5 .

b . H o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s ,  t r a n s i t i o n a l  t o  h o m b le n d e - 
p la g io c la s e  g n e is s .  N em a to b la s tic  p la g io c la s e ,  h o rnb lende  and a u g i t e . 
C rossed  p o la r s .  X 1 5 .

c .  H o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s  showing g e n e ra l  t e x tu r e .  A ndesine- 
l a b r a d o r i t e ,  h o rnb lende  and a u g i te  a re  p r e s e n t .  C rossed  p o la r s .  X 15-

d . H o m b le n d e -p y ro x e n e -p la g io c la se  g n e is s  w ith  m oderate s e g re g a t io n  o f  
p la g io c la s e .  ' S u b o rd in a te  lam inae p a r a l l e l  to  m ajor one. C o n ta c t o f  
s e g re g a t io n  r e l a t i v e l y  sh a rp . P la in  l i g h t .  X 6 .2 5 .

e .  P y ro x e n e -s c a p o lite  g n e is s  showing g e n e ra l  t e x tu r e  o f  p la g io c la s e ,  d io p - 
s id e  and c l e a r  s c a p o l i t e .  C rossed  p o la r s .  X 1 5 .

f . H o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s  showing h o rn b len d e  c r y s t a l  w ith  
p la g io c la s e  and a u g i te  in c lu s io n s  form ing  p o ik i lo b l a s t i c  t e x t u r e .
S m alle r h y p id io b la s t i c  c r y s t a l s  a re  a u g i te .  C rossed  p o la r s .  X 1 5 . .

g . H o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s .  Hand specim en shows f o l i a t i o n  
p roduced  by  s e g re g a t io n  o f  p la g io c la s e  in to  l e n t i c u l a r  la m in a e . Note 
p la n a r  o r i e n t a t i o n  o f  th e  p la g io c la s e  lam inae and t h e .h o rn b len d e -  
pyroxene s e g re g a t io n .

53



P l a t e M

e



55
a re  g e n e r a l ly  found  a s s o c ia te d  w ith  b e n t  p la g io c la s e  and  b i o t i t e  c r y s t a l s .

A number o f  narrow  (O .l  to  0 .2  m i l l im e te r s  i n  w id th )  f r a c t u r e s  f i l l e d  w ith  

c a l c i t e  and q u a r tz  w ere found  i n  t h i n  s e c t io n .  The m in e r a l i z a t io n  a l t e r e d  

a  s t r i p  ran g in g  from  0 .5  t o  1 m il l im e te r  w id e . The p la g io c la s e  i s  h ig h ly  

a l t e r e d  ( g r e a te r  th a n  70  p e r  c e n t )  t o  f in e - g r a in e d  w h ite  m ica , and  th e  

ho rn b len d e  was a l te r e d ,  t o  c h l o r i t e .

In c lu s io n  o f  th e  a c c e s so ry  m in e ra ls  i n  a l l  o th e r  c r y s t a l s  i s

common.

H o rn b le n d e -P y ro x e n e -P la g io c la se  G neiss

The h o m b le n d e -p y ro x e n e -p la g io c la s e  g n e is s  w hich i s  exposed  i n  

ap p ro x im a te ly  5 p e r  c e n t  o f  th e  mapped a r e a  i s  commonly a s s o c ia te d  w ith  

h o rn b le n d e -p la g io c la s e  g n e is s .  I t  i s  g e n e r a l ly  found  a s  p a r t  o f  th e  

banded g n e is s e s  o f  th e  l i t - p a r - l i t  sequence . The c o n ta c t  w ith  th e  h o m b len d e- 

p la g io c la s e  g n e is s  i s  g r a d a t io n a l  and  i t  i s  g e n e r a l ly  d i f f i c u l t  t o  d i f f e r ­

e n t i a t e  th e  two u n i t s  w here th e  l i g h t - g r e e n  o r  brown pyroxene g r a in s  a re  

n o t  ab u n d an t. I t  w ould seem t h a t  th e  b io t i t e - q u a r t z - p la g io c i a s e - m ic r o c l in e  

g n e is s  and th e  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s  r e p r e s e n t  end mem­

b e r s  o f  a  s e r i e s  w here a l l  g r a d a t io n s  e x i s t .  The t r a n s i t i o n  t o  th e  

h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s  i s  e x p re s se d  b y  a  c o n p le te  lo s s  

o f  b i o t i t e ,  an  in c re a s e  i n  th e  p e rc e n ta g e  o f  p y ro x en e , and a  f u r t h e r  

in c re a s e  in  ca lc iu m  c o n te n t o f  th e  p la g io c la s e .

The h o m b le n d e -p y ro x e n e -p la g io c la se  g n e is s  te n d s  t o  b e  d a rk , f i n e ­

g ra in e d , and w ith  l e s s  w e ll-d e v e lo p e d  s c h i s t o s i t y  emd f o l i a t i o n  th a n  th e  

o th e r  m afic  g n e i s s e s .  I t  v a r i e s  i n  c o lo r  from  g ra y  t o  b la c k ,  and  commonly 

c o n ta in s  l i g h t - c o lo r e d  l e n t i c u l a r  lam in ae  up t o  o n e -q u a r te r  in c h  w ide 

(d , P la te  I I I ) .  S e g re g a tio n  o f  lam in ae  o f  pyroxene i s  a l s o  n o t ic e a b le



TABLE C

MODES (volume PERCENTAGE) OF HOIINBLENDE-PYROXENE-PLAGIOCLASE GNEISS

Sample P la g io c la s e H ornblende Pyroxene B io t i t e
O ther

M in era ls

1 ) A"45 13 70 16 -  - 1

2 ) An52 40 33 25 -  - 2

3) An^a 28 48 24 --- --

4) An68 15 44 4 l -  - -  -

L o c a tio n  o f  Samples

1 ) la rg e  o u tc ro p s ; m inor am ounts o f  g r a n o d io r i te  g n e is s ;  e a s t  o f  Grape C reek
(NWt, 15, 19s, 7IW)

2 ) sm a ll o u tc ro p  in  p red o m in an tly  g r a n o d io r i te  g n e is s ;  so u th  o f  Grape C reek
(sw i, 10 , 1 9 s , 71W)

3 ) la rg e  o u tc ro p ; so u th  o f  M in era l C reek (SE%̂ , 1 , 21S, 70W)
4) f i f t e e n - in c h  la y e r  in  b io t i t e - q u a r t z - p la g io c l a s e  g n e is s  (NW-̂ , 22, 20S, 70W)

ON
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(g ,  P la t e  I I I ) .  T h is  m in e ra l s e g re g a t io n  o f  th e  p la g io c la s e  and p^Toxene 

produces th e  o b se rv ab le  f o l i a t i o n .  The f o l i a t i o n  may be a c c e n te d  by  a  

p r e f e r r e d  c r y s t a l  o r i e n t a t i o n  o f th e  p la g io c la s e  and ho rnb lende  p a r a l l e l  

t o  th e  lam inae b o u n d a r ie s . The lam inae a re  g e n e r a l ly  d is c o n tin u o u s  and 

seldom  ex ten d  more th a n  a  few y a rd s .  The lam inae b o u n d a rie s  a re  g e n e ra l ly  

d i s t i n c t ,  b u t  i r r e g u l a r .

I n  t h i n  s e c t io n  th e  te x tu r e  i s  h o lo c r y s t a l l i n e ,  h y p id io b la s t ic ,  

and  f in e  g ra in e d , w ith  th e  g r a in  s iz e  a v e ra g in g  0.^- t o  0 .6  m ill im e te rs  

i n  le n g th .  The sam ples a r e  in e q u ig ra n u la r  i n  t h e i r  t e x t u r a l  r e l a t i o n s ,  

w ith  la rg e  c r y s t a l s  o f  ho rn b len d e  p r e s e n t  ( c ,  e ,  P la t e  I I I ) .  Commonly 

th e s e  l a r g e r  c r y s t a l s  seem t o  be d ev e lo p in g  a t  th e  expense o f  th e  sm a lle r  

o n es . S e g re g a tio n  o f  th e  l a r g e r  h o rnb lende  c r y s t a l s  in to  le n s e s  p a r a l l e l  

t o  th e  s c h i s t o s i t y  i s  common.

Modal a n a ly s e s ,  summarized i n  T ab le  C, in d ic a te s  a  m in e ra l assem ­

b la g e  c h a ra n te r iz e d  by h o rn b le n d e , p la g io c la s e ,  and  a u g i te .  I lm e n ite ,  

z i r c o n ,  sphene, a p a t i t e ,  and q u a r tz  a r e  p r e s e n t  in  v e ry  m inor am ounts.

The h o rnb lende  i s  p le o c h ro ic  p a le  brown t o  d a rk  g re e n , s im i la r  

t o  i t s  c h a r a c te r  e lse w h e re , and  o c c u rs  in  h y p id io b la s t i c  c r y s t a l s .  I t  

o ccu rs  a s  l a r g e r  c r y s t a l s  th a n  th e  p la g io c la s e ,  a t t a i n i n g  an  average  

le n g th  o f  0 .8  t o  0 .9  m i l l im e te r s . I n c lu s io n s  o f  q u a r tz  and  p la g io c la s e  

a r e  s u f f i c i e n t l y  numerous t o  p roduce a  p o ik i lo b l a s t i c  t e x tu r e .  A lthough  

a l t e r a t i o n  o f  th e  h o rn b len d e  i s  m ino r, where i t  does o c c u r, m uscov ite  i s  

th e  r e s u l t .

P a le -g re e n  a u g i te  i s  th e  p rim ary  p y roxene . I t  i s  o p t i c a l l y  p o s i ­

t i v e  w ith  2V o f  ap p ro x im a te ly  60  d eg ree s  emd c A Z = h'f* t o  50° .  P le o -  

ch ro ism  i s  weak. O p tic a l  i d e n t i f i c a t i o n  i s  c o r ro b o ra te d  by  x - ra y  a n a ly s i s .
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M inor amounts o f  p a le -g re e n  h y p e rs th e n e  w ere i d e n t i f i e d  i n  some s e c t io n s  

by x - ra y  d i f f r a c t i o n .

The p la g io c la s e  ra n g e s  from  c a l c i c  ande s in e  (Anj^g) t o  so d ic  

l a b r a d o r i t e  (A n^^), i s  commonly x e n o b la s t ic ,  and  d is p la y s  b o th  a l b i t e  

and  p e r i c l i n e  tw in s .  In c lu s io n s  o f  z i r c o n ,  a p a t i t e  and  q u a r tz  w ere n o te d . 

N em ato b las tic  developm ent o f  h o rn b le n d e , p la g io c la s e ,  and a u g i te  i s  good, 

ta k in g  th e  same form  a s  in  th e  o th e r  m afic  g n e is s e s  (b , P la t e  I I I ) .

One t o  two p e r  c e n t q u a r tz  was o b se rv ed , p r im a r i ly  a s  l e n t i c u l a r  

s e g re g a t io n s  o r  in c lu s io n s  in  th e  p la g io c la s e .  Where in d iv id u a l  c r y s t a l s  

a r e  d ev e lo p ed , th e y  a r e  x e n o b la s t ic  w ith  i r r e g u l a r  b u t  smooth m arg in s . 

I n c lu s io n s  o f  a p a t i t e  a re  common.

T ra c e s  o f  z i rc o n ,  m u sco v ite , sph en e , and a p a t i t e  w ere se e n . I n  

a  few sam ples th e  a p a t i t e  c o n s t i tu te s  one t o  two p e r  c e n t o f  th e  t o t a l  

volum e.

P y ro x e n e -S c a p o lite  G neiss

P y ro x e n e -s c a p o lite  g n e is s  was mapped a s  a  d i s t i n c t  u n i t  so u th  o f  

C oal C reek  where i t  g rad es  in to  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s .

I t  a l s o  a t t a i n s  a  m appable th ic k n e s s  so u th  o f  M in era l C reek where i t  i s  

p r e s e n t  i n  a s s o c ia t io n  w ith  a  f a u l t  zone. N o rth  o f  Oak C reek , a l th o u g h  

i t  a t t a i n s  a  th ic k n e s s  o f  100 f e e t ,  i t s  a r e a l  e x te n t  i s  n o t m appable on 

th e  com piled  map. Pyroxene- s c a p o l i te  g n e is s  i s  a l s o  a  c o n s t i tu e n t  o f  th e  

l i t - p a r - l i t  g n e is s  and m ig m a tite , where i t  o ccu rs  a s  sm a ll l e n t i c u l a r  p ods.

I ^ o x e n e - s c a p o l i t e  g n e is s  i s  commonly a s s o c ia te d  w ith  o th e r  m afic  

g n e is s e s  and  shows t r a n s i t i o n a l  c o n ta c ts  b o th  l a t e r a l l y  and v e r t i c a l l y .

I n  l o c a l i t i e s  w here i t  o ccu rs  a lo n g  deform ed zones, i t  seems t o  be  t r a n s i ­

t i o n a l  w ith  th e  su rro u n d in g  h o m b le n d e -p la g io c la s e  o r  h o rn b len d e -p y ro x en e -
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p la g io c la s e  g n e is s .

T h is  l i t h o l o g i e  u n i t  i s  c h a r a c t e r i s t i c a l l y  conçosed  o f  d io p s id e ,  

s c a p o l i t e ,  and  p la g io c la s e ,  w ith  m inor am ounts o f  sp h en e , q u a r tz ,  c a l c i t e ,  

e p id o te ,  and  g a r n e t .  The ro c k  i s  m o d e ra te ly  f o l i a t e d  and s c h is to s e ,  f i n e ­

g ra in e d  and  c h a r a c te r iz e d  h y  a  d a rk - s t r e a k e d  a p p e a ra n c e . The l a t t e r  f e a tu r e  

i s  th e  r e s u l t  o f  i r r e g u l a r l y  d i s t r i b u t e d  s e g re g a t io n s  o f  d a rk -g re e n  

pyroxene and  w h ite  s c a p o l i t e .  M inor am ounts o f  b r ig h t - g r e e n  e p id o te  and 

d a rk - re d  g a rn e t  a r e  common. I n  some specim ens th e  g a r n e t  o c c u rs  around  

th e  in s id e  o f  l e n t i c u l a r  c a v i t i e s  i n  th e  ro c k .

I ^ a n i t e  was found  a t  a  few l o c a l i t i e s  b u t  w i th in  th e  a r e a  o f  

i n v e s t ig a t io n ,  o n ly  i n  a s s o c ia t io n  w ith  p y ro x en e- s c a p o l i t e  g n e is s .  I t s  

o c c u rre n c e  w i th in  t h i s  sequence i s  r e s t r i c t e d  t o  th o s e  ex p o su res  a lo n g  

deform ed zo n es . T hus, k y a n ite  was n o t  found  w ith in  th e  l i t - p a r - l i t  g n e is s  

o r  m ig m atite  w here p y ro x en e- s c a p o l i te  g n e is s  i s  p r e s e n t .

Under th e  b in o c u la r  m icroscope  th e  n e m a to b la s t ic  developm ent o f  

th e  pyroxene p ro d u ces  a  f a i r  s c h i s t o s i t y ,  and  f o l i a t i o n  r e s u l t i n g  from  th e  

s e g re g a t io n  o f  th e  s c a p o l i te  in t o  d is c o n t in u o u s ,  l e n t i c u l a r  lam in ae  up to  

one and o n e -h a lf  in c h e s  t h i c k  i s  e a s i l y  o b se rv ed . The s e g re g a t io n  c o n ta c ts  

a r e  p o o r ly  d e f in e d  and  i r r e g u l a r .  S e g re g a t io n s  o f  e p id o te  and g a r n e t  

a t t a i n  a  th ic k n e s s  o f  up t o  one and  o n e -h a lf  in c h e s ,  w ith  a  le n g th  g e n e rsd ly  

o f  l e s s  th a n  two f e e t .

T h in  s e c t io n  ex sun ina tion  r e v e a ls  th e  t e x tu r e  t o  be f i n e  g ra in e d , 

w ith  an  av e rag e  g r a in  s iz e  o f  0 .5  t o  0 .8  m i l l im e te r s  i n  le n g th ,  h o lo c r y s t a l ­

l i n e ,  h y p id io b la s t i c ,  and  in e q u ig r a n u la r . P r e f e r r e d  o r i e n t a t i o n  o f  th e  

pyroxene c r y s t a l s  i s  common ( a ,  b ,  d , e ,  P la t e  IV ). These c r y s t a l s  a r e  

g e n e r a l ly  l a r g e r  th a n  th o s e  o f  th e  su rro u n d in g  ro c k s , a v e ra g in g  0 .8  t o



PIATE IV
PHOTOMICEOGRAPHS AKD HAHD SPECIMEN PHOTOGRAPH 

OF SOME MAFIC GNEISSES

a .  P y ro x e n e -s c a p o lite  g n e is s .  D io p s id e , s c a p o l i te  ( c l e a r ,  k y a n i te  c r y s ­
t a l  in  c e n te r  o f  p h o to . Almandine d i s t r i b u t e d  th ro u g h  u pper p o r t io n ,  
re c o g n iz a b le  by  h ig h e r  r e l i e f .  P la in  l i g h t .  X 15 .

b . Same a s  a . ,  w ith  c ro s s e d  p o la r s .

c .  S i l l im a n i t i c  s c h i s t ,  showing s i l l i m a n i t e  c r y s t a l s  a l ig n e d  p e rp e n d ic u la r  
t o  m ica S - s u r fa c e .  Q uartz  a l s o  p r e s e n t .  C ro ssed  p o la r s .  X 1 5 .

d . P y ro x e n e -s c a p o lite  g n e is s  w ith  in te r lo c k in g  d io p s id e  c r y s t a l s .  S c a p o l i te  
( c l e a r )  and  alm andine (h ig h  r e l i e f ) .  A p r is m a t ic  k y a n i te  c r y s t a l  p r e s ­
e n t  in  c e n te r .  P la in  l i g h t .  X 15.

e .  Same a s  .d . ,  u n d er c ro s s e d  p o la r s .

f .  S i l l im a n i t i c  s c h i s t .  F ib e ro u s  mass o f  s i l l i m a n i t e  w ith  l e n t i c u l a r  
s t r u c tu r e  p roduced  by la r g e  b i o t i t e  c r y s t a l s .  N ote q u a r tz  lam in ae  in  
u p p er p o r t io n  p a r a l l e l  t o  s i l l i m a n i t e  m asses. C ro ssed  p o l a r s . X 1 5 .

g . S i l l im a n i t i c  s c h i s t  c o l le c te d  a lo n g  Wet M ountain  F a u l t  o f  n o r th e rn  m ar­
g in .  , N ote sh arp  chevron  f o ld s  dev elo p ed  from  movement a lo n g  f a u l t  p r i o r  
t o  r e b r y s t a l l i z a t i o n .  A x ia l t r a c e  was o r ie n te d  N. 80° W. and v e r t i c a l .
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0 .9  m i l l im e te r s  i n  le n g th .

D io p s id e  i s  t y p i c a l l y  u n ifo rm ly  g re e n , and h y p id io h la s t i c  w ith  

c A Z = 35° t o  hoP. O p tic a l  i d e n t i f i c a t i o n  was con firm ed  hy  x - ra y  a n a ly ­

s i s .  Commonly th e  d io p s id e  i s  s e g re g a te d  from  th e  o th e r  m in e ra ls ,  o c c u r­

r in g  in  sm all le n s e s .

The s c a p o l i te  i s  c o lo r l e s s  and  h y p id io h la s t i c  in  sh ap e . The 

c r y s t a l s  a re  t y p i c a l l y  l a r g e  (from  2 t o  3 m i l l im e te r s  in  l e n g th ) ,  commonly 

p a r t i a l l y  e n c lo s in g  th e  pyroxene c r y s t a l s  and c o n ta in in g  in c lu s io n s  o f 

o th e r  m in e ra ls  ( e ,  P la te  I I I ) .  C a lc i te  i s  a  common a s s o c ia t e  o f  th e  

s c a p o l i t e ,  o c c u r r in g  a s  in t e r g r a n u la r  f i l l i n g s .  Brown alm andine g a rn e t  

and c o lo r l e s s  c r y s t a l s  o f  k y a n ite  a re  a l s o  p r e s e n t .  B oth  a r e  i d i o h l à s t i c  

t o  h y p id io h la s t i c ,  w ith  th e  g a rn e t  commonly found  a s  in c lu s io n s  w i th in  

th e  k y a n i te . I n  a  few s e c t io n s  th e  c o n c e n tr a t io n  was s u f f i c i e n t  t o  produce 

a  p o i k i l o b l a s t i c  t e x tu r e .  I n  o th e r  k y a n ite  c r y s t a l s ,  u n ifo rm  in c lu s io n s  

o f  q u a r tz  p roduce  a  s ie v e  s t r u c t u r e .  T ourm aline and hrown a l l a n i t e  w ere 

o b se rv ed  in  m inor amounts a t  th e  l o c a l i t i e s  a lo n g  deform ed zo n es.

P la g io c la s e  and  a n d e s in e  a re  p r e s e n t ,  fo rm ing  up to  20 p e r  c e n t 

o f  th e  volume i n  some t h i n  s e c t io n s .  A lthough  s c a p o l i t e  and p la g io c la s e  

a re  f r e q u e n t ly  s a id  to  he a n t ip a th i c ,  no ev id en ce  o f  d is e q u i l ib r iu m  was 

o b se rv ed  in  t h i n  s e c t io n .

S i l l i m a n i t i c  G n e isse s  and S c h is t s

A lthough  s i l l im a n i t e  i s  found d is s e m in a te d  th ro u g h o u t th e  f e l s i c  

g n e is s e s  and i n  b i o t i t e - q u a r t z - p l a g io c l a s e  g n e is s e s ,  i t  o ccu rs  i n  a  few 

l o c a l i t i e s  i n  s u f f i c i e n t  q u a n t i t i e s  t o  he mapped. I t  h as  a l s o  heen  ob­

se rv e d  a s  l a y e r s  w i th in  th e  l i t - p a r - l i t  g n e is s ,  a lth o u g h  i t s  developm ent 

i s  r e s t r i c t e d .  Where m ost ab u n d an t, th e  s i l l im a n i t e  o ccu rs  w ith  h i o t i t e .



PIATE V

PHOTOMICROGEAPHS OF SILLIMAKITIC AND GRANITE GNEISSES.
HAND SPECIMEN PHOTOGRAPH OF GRANITE GNEISS.

a .  S i l l i m a n i t i c  s c h i s t  w ith  f o ld s  and  k n o ts  o f  s i l l i m a n i t e .  M inor am ounts 
o f  h i o t i t e  and m a g n e tite . C o lo r le s s  m in e ra ls  a r e  q u a r tz  and m ic ro c lin e .  
P la in  l i g h t .  X 6 .2 5 .

b . S i l l i m a n i t i c  s c h i s t .  T hin  s e c t io n  o f  hand specim en i n  g . , P la t e  IV.
N ote f o ld ,  o u t l in e d  h y  s i l l i m a n i t e  o r i e n t a t i o n .  Q u artz  and m ic ro c lin e  
compose c o lo r l e s s  la m in ae . P l a i n  l i g h t .  X 6 .2 5 .

c . S i l l i m a n i t i c  s c h i s t .  A x ia l p o r t i o n  o f  f o l d  i n  h .  N ote p r i s im a t i c  
s i l l i m a n i t e  c r y s t a l s  w hich a r e  undeform ed, in d i c a t in g  t h a t  r e c f y s t a l -  
l i z a t i o n  o c c u rre d  a f t e r  th e  fo ld in g .  P la i n  l i g h t .  X 10.

d . G ra n ite  g n e is s  showing g e n e ra l  t e x t u r a l  r e l a t i o n s .  M ic ro c l in e , o l i g o ­
c la s e  w ith  some c i r c u l a r  q u a r tz  in c lu s io n s ,  q u a r tz  and  p e r t h i t e .  N ote 
q u a r tz  e x t in c t i o n  i n  c e n te r  o f  f i e l d .  C ro ssed  p o la r s .  X 10.

e .  G ra n ite  g n e is s  w ith  c h a r a c t e r i s t i c  t e x tu r e  and e lo n g a t io n  o f  q u a r t z . 
Q u artz  and m ic ro c lin e  a r e  p a r a l l e l  t o  h i o t i t e  r e in f o r c in g  s c h i s t o s i t y  
i n  lo w er p o r t i o n  o f  f i e l d .  C ro ssed  p o la r s .  X 6 .2 5 .

f .  G ra n ite  g n e is s  showing g e n e ra l  t e x t u r a l  r e l a t i o n s .  T rim odal s iz e  d i s t r i ­
b u t io n  o f c r y s t a l s  a p p a re n t .  L arge p e r t h i t e ,  m ic ro c lin e  and q u a r tz  c r y s ­
t a l s .  P la g io c la s e  in te rm e d ia te  i n  s i z e .  A l l  m in e ra ls  a r e  p r e s e n t  in  
s m a lle r  f r a c t i o n s .  C rossed  p o la r s .  X 10 .

g . G ra n ite  g n e i s s .  Hand specim en showing f a i r l y  w e ll-d e v e lo p e d  s c h i s t o s i t y  
p rod u ced  hy  h i o t i t e  o r i e n t a t i o n .  I n c ip i e n t  s e g re g a t io n  o f  th e  h i o t i t e  
t o  p ro d u ce  vague f o l i a t i o n .
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q u a r tz ,  m ic ro c lin e , and  m u sco v ite , w ith  alm andine g a rn e t  a  m inor h u t  p e r ­

s i s t e n t  c o n s t i tu e n t .

The l a r g e r  a re a s  o f  s i l l im a n i t e  c o n c e n tr a t io n  a re  in v a r ia b ly  

a s s o c ia te d  w ith  ev id en ce  o f  d e fo rm a tio n —a s  w ith  known f a u l t  zones a lo n g  

th e  n o r th e rn  m argins o f  th e  Wet M ountains, and w ith  b r e c c ia  and  sh e a r  

zones n o r th  o f  C oal C reek i n  s e c t io n s  21 and  22. W ith in  th e s e  a re a s  a  

s c h is to s e  t e x tu r e  t y p i c a l l y  in t e r f i n g e r s  w ith  g n e is s ic  developm ent.

Drag fo ld s  w ith in  th e  s i l l i m a n i t i c  s c h i s t s  a re  commonly p r e s e n t  (g ,

P la te  IVj a ,  b , c , P la t e  V). Not a l l  o f  th e  s i l l i m a n i t i c  ro c k s  ob serv ed  

were in  such a s s o c ia t io n s ,  f o r  w ith in  th e  l i t - p a r - l i t  g n e is s ,  s i l l im a n i t e  

g n e is s e s  occu r w ith o u t ev idence  o f  d e fo rm a tio n .

The s i l l i m a n i t e - r i c h  ro ck  i s  a  d i s t i n c t i v e  g ra y  t o  creamy w h ite , 

p o s se s s in g  a  re d  l u s t e r  and g re a sy  a p p e a ra n c e . The specim ens a re  f in e  

g ra in e d , e x h ib i t  e x c e l le n t  s c h i s to s i t y ,  and  c o n ta in  some le n s e s  o f  s e g re ­

g a te d  q u a r tz .  I n  t h i n  s e c t io n ,  b i o t i t e ,  s i l l i m a n i t e ,  and  q u a r tz  a r e  u b iq -  

u i t i o u s ,  c o n s t i tu t i n g  over 85 p e r  c e n t by  volume o f  th e  s e c t io n s .  The 

te x tu r e  i s  h o lo c r y s t a l l i n e  and h y p id io b la s t ic  w ith  an av erag e  g r a in  s iz e  

o f  0 .5  t o  0 .6  m il l im e te r s  in  le n g th .  The b i o t i t e  and s i l l i m a n i t e  av e rag e  

1 t o  1 .5  m il l im e te r s  i n  le n g th .  The p r e f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e  

and s i l l im a n i t e  i s  w e l l  developed , w ith  q u a r tz  p r e s e n t  a s  le n s e s  o r  e y e s . 

A lthough  bend ing  o f  th e  b i o t i t e  and s i l l im a n i t e  c r y s t a l s  i s  common ( f ,  

P la te  IV ), where fo ld in g  i s  developed , r e c r y s t a l l i z a t i o n  h as  d e f i n i t e l y  

o c c u rre d  fo llo w in g  th e  d e fo rm a tio n  (b , c ,  P la te  V). I n  some specim ens 

from  th é  c e n te r  o f  th e  deform ed zone, th e  q u a r tz  shows f r a c t u r in g  and 

ev id en ce  o f  c a t a c l a s i s .

The s i l l im a n i t e  v a r ie s  i n  i t s  a s p e c ts .  I n  some s e c t io n s  i t
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ap p e a rs  a s  d i s t i n c t ,  s le n d e r ,  i d i o b l a s t i c ,  p r is m a t ic  c r y s t a l s ,  w hereas i n  

o th e r  s e c t io n s  i t  i s  a  f e l t e d  mass o f  f i b e r s .  The c r y s t a l s  a re  c o l o r l e s s ,  

and where th e y  a re  p r e s e n t ,  sq u are  c ro s s  s e c t io n s  w ith  c le a v a g e  p a r a l l e l

t o  (OlO) a re  e v id e n t .  P a r a l l e l  o r i e n t a t i o n  o f  s i l l i m a n i t e  i s  c h a i /a c te r -
/

i s t i c ,  w ith  one d i r e c t i o n  o f  p r e f e r r e d  o r i e n t a t i o n  w e l l  dev e lo p ed  p a r a l l e l  

to  th e  b i o t i t e  S - s u r f a c e .  Commonly s i l l im a n i t e  c r y s t a l s  l i e  i n  th e  S- 

s u r f a c e ,  b u t  a t  r i g h t  a n g le s  t o  th e  m ajor d i r e c t i o n  o f  p r e f e r r e d  o r i e n t a ­

t i o n  (c ,  P la t e  IV ). Where f o ld s  a re  p r e s e n t ,  th e  p rim a ry  d i r e c t i o n  o f  

p r e f e r r e d  o r i e n t a t i o n —th e  s u r f a c e —i s  p e rp e n d ic u la r  t o  th e  b - a x i s ,

w ith  th e  secondary  d i r e c t i o n —th e  S2 s u r f a c e —p a r a l l e l  t o  th e  b - a x i s .  

Bending o f  th e  s i l l im a n i t e  i s  m ost common a t  th e  e x t r e m i t ie s  o f  th e  q u a r tz  

le n s e s .

C lear-b row n  b i o t i t e  c r y s t a l s ,  w hich a re  g e n e r a l ly  h y p id io b la s t i c ,  

a re  common. These commonly c o n ta in  s u f f i c i e n t  in c lu s io n s  o f  s i l l iman i t e ,  

q u a r tz  and m a g n e tite  to  b e  c o n s id e re d  p o i k i l o b l a s t i c .  P r e f e r r e d  o r i e n t a ­

t i o n  o f  th e  b i o t i t e  p a r a l l e l  t o  th e  s u r fa c e  i s  common, b u t  i n  some 

sam ples c r y s t a l s  p e rp e n d ic u la r  to  t h i s  s u r fa c e  p ro d u ces  l e n t i c u l a r  te x tu r e  

( f , P la t e  IV ) . Some b e n t c r y s t a l s  w ere seen .

The q u a r tz  o c c u rr in g  a s  s e g re g a t io n s  i s  c o l o r l e s s  and  x e n o b la s t ic .  

I n c lu s io n s  may be a b se n t o r  ab u n d an t, w ith  s i l l i m a n i t e ,  a p a t i t e ,  m a g n e tite , 

and b i o t i t e  p r e s e n t .  A lthough  some f r a c t u r in g  o f  t h e  c r y s t a l s  and  c re n u -  

l a t e d  m arg ins w ere o b se rv ed , m ost c r y s t a l s  seem t o  be o n ly  m ild ly  s t r a in e d .  

S im ple e x t in c t io n  and p o ly c r y s t a l l i n e  a g g re g a te s  o f  p a r a l l e l  o r ie n te d  

c r y s t a l s  i s  t y p i c a l .  M inor am ounts o f  m ic ro c lin e , m u sc o v ite , m a g n e tite , 

a lm andine g a r n e t ,  z i rc o n ,  and an d e s in e  (An^g) w ere re c o rd e d .
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Q u a r tz i te  and  G a rn e ti fe ro u s  G n e isse s

These tw o l i t h o l o g i e  ty p e s  a re  n o t i n  s u f f i c i e n t  abundance t o  be 

mapped on P la t e  I  b u t  t h e i r  o ccu rren c e  sh o u ld  be n o te d .

Red alm andine g a rn e t  l o c a l l y  o c c u rs  w ith in  a l l  l i t h o l o g i e  ty p e s ,  

b u t  i s  m ost common i n  th e  l i t - p a r - l i t  g n e i s s ,  where i t  o ccu rs  in  abundance 

in  v e ry  t h i n  (2  t o  ^  in c h )  l a y e r s .  Some o f  th e s e  b ands may be t r a c e d  f o r  

ov er a  m ile .

L e n t ic u la r  b o d ie s  o f  q u a r t z i t e  w ere found j u s t  w est o f  th e  

c r y s ta l l in e - s e d im e n ta r y  ro ck  c o n ta c t  between M il l  C reek  and C hand ler C reek 

and  so u th  o f  W atson G ulch . T hese b o d ie s ,  m ost o f  w hich w ere l e s s  th a n  a  

few  hundred  f e e t  lo n g , w ere co n co rd a n t to  th e  r e g io n a l  f o l i a t i o n .  The 

q u a r t z i t e  was found  t o  in c lu d e  e i t h e r  g a rn e t  o r  m a g n e tite , and i n  one 

in s ta n c e ,  b r ig h t - g r e e n  e p id o te .  The g a rn e t  r i c h  v a r i e ty  i s  v ag u e ly  f o l i a t e d  

a s  a  r e s u l t  o f  g r a in  s iz e  s e g re g a t io n s .  M ag n e tite  im p a rts  a  g ra y  c o lo r  to  

th e  ro c k . One t h i n  s e c t io n  o f  th e  m a g n e t i t e - q u a r tz i te  shows: 8$$ q u a r tz ,

10$ m a g n e tite ,  5$ o l ig o c la s e ,  3$ g a r n e t ,  and m inor am ounts o f  brown b i o t i t e  

and m u sco v ite .

D e s c r ip t io n  o f  F e l s i c  G n e isses  

G ra n ite  g n e i s s ,  q u a r tz  m onzonite g n e is s  and g r a n o d io r i te  g n e is s  

a re  g rouped  to g e th e r  a s  th e y  have s im i la r  ap p ea ran ces  and  common modes o f  

o c c u rre n c e . The g n e i s s ic  s t r u c t u r e  i s  in v a r i a b ly  th e  r e s u l t  o f  p r e f e r r e d  

o r i e n t a t i o n  o f  b i o t i t e  c r y s t a l s .  I n  some o u tc ro p s  t h i s  S - s u r fa c e  i s  r e i n ­

f o r c e d  by  e lo n g a te d  q u a r tz  and , t o  a  l e s s e r  e x te n t ,  n e m a to b la s t ic  f e l d s p a r . 

L o c a lly  th e  g n e is s ic  s t r u c t u r e  i s  o b sc u re . The f e l s i c  g n e is s e s  a l l  occur 

a s  e lo n g a te  b o d ie s  w ith  t h e i r  b o u n d a rie s  p a r a l l e l  t o  th e  f o l i a t i o n  o f  th e
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m afic  g n e is s e s .  I n t e r n a l  f o l i a t i o n  o f  th e  f e l s i c  g n e is s e s  i s  p a r a l l e l  

t o  th e  l i t h o l o g i e  c o n ta c ts .  The c o n ta c ts  w ith  th e  m afic  g n e is s  a re  

g e n e r a l ly  w e ll  d e f in e d , a l t h o u ^  i r r e g u l a r .  T r a n s i t io n a l  r e l a t io n s h ip s  

w ith  th e  h io t i t e - q u a r t z - p la g io c l a s e - m ic r o c l in e  g n e is s  a re  common, l a t e r a l l y  

th e  f e l s i c  g n e is s e s  i n t e r f i n g e r  w ith  a d ja c e n t  ro c k  ty p e s ,  p a r t i c u l a r l y  l i t -  

p a r - l i t  g n e i s s .  W ith in  u n i t s  o f  th e  f e l s i c  g n e i s s e s ,  t r a n s i t i o n a l  r e l a ­

t io n s h ip s  e x i s t ,  w ith  a  com plete  sp ec trum  o f m in e ra lo g ic a l  co m p o sitio n s  

b e in g  p r e s e n t .  The f i e l d  c o n ta c t  a s  mapped w ith in  th e  f e l s i c  g n e is s e s  a re  

in d i c a t iv e  o f  t r a n s i t i o n a l  r e l a t io n s h ip s  t h a t  may p e r s i s t  f o r  a  few hundred  

f e e t  i n  w id th .

A lthough  a l l  t h r e e  ro ck  ty p e s  a re  p r e s e n t  th ro u g h o u t th e  re g io n  

mapped, a  g e n e ra l  a r e a l  s e g re g a t io n  seems to  b e  p r e s e n t .  G ra n o d io r ite  

g n e is s  i s  th e  dom inant f e l s i c  ty p e  a lo n g  th e  n o r th e rn  m arg in  and g r a n i t e  

g n e is s  i s  th e  m ajo r f e l s i c  g n e is s  r e p re s e n te d  so u th  o f  t h i s  a r e a .  Q uartz  

m onzonite g n e is s ,  a lth o u g h  th e  l e a s t  abundan t o f  th e  f e l s i c  g n e i s s e s ,  i s  

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

I n  t h i n  s e c t io n ,  a l l  o f  th e  f e l s i c  g n e is s e s  show d e fo rm a tio n a l 

t e x tu r e s  w hich  ran g e  from  w id esp read  f e a tu r e s  such a s  c r e n u la te d  q u a r tz  

m arg in s  and  b e n t p la g io c la s e  and b i o t i t e  c r y s t a l s  t o  r e s t r i c t e d  f e a tu r e s  

such  a s  q u a r tz ,  z e o l i t e ,  and c a l c i t e - f i l l e d  f r a c t u r e s .  A l l  o f  th e s e  f e a ­

t u r e s  a r e  b e l ie v e d  t o  be  o f  m inor s t r u c t u r a l  s ig n i f i c a n c e .  The more 

s e v e re  c a t a c l a s t i c  f a b r i c s  a re  d is c u s s e d  su b se q u e n tly .

G ra n ite  G neiss

G ra n ite  g n e is s  i s  th e  m ost abundan t s in g le  ro c k  ty p e ,  o u tc ro p ­

p in g  o v er a p p ro x im a te ly  30 p e r  c e n t  o f  th e  a r e a  ex posed . I n  a d d i t io n  to  

th e  a rea s  t h a t  a r e  la rg e  enough t o  be mapped a s  in d iv id u a l  u n i t s ,  i t  i s
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th e  p r in c ip a l  f e l s i c  con^onent o f  th e  l i t - p a r - l i t  g n e is s e s  and m ig m a tite .

I t  o ccu rs  i n  la y e r s  t h a t  a re  l e s s  th a n  o n e - fo u r th  in c h  t o  o v e r 500 f e e t  

in  th ic k n e s s .  • As t y p i c a l  o f  a l l  o f  th e  f e l s i c  g n e is s e s ,  th e  b o u n d a rie s  

and in t e r n a l  s c h i s t o s i t y  a r e  co n co rd an t w ith  th e  m afic  g n e is s e s .  Because 

o f  th e  in te r f in g e r in g  c h a r a c te r  o f  th e  g r a n i t e  g n e i s s ,  i t  changes t h i c k ­

n ess  r a p id ly  a lo n g  th e  s t r i k e .  I n  many p la c e s  th e  c o n ta c ts  w ith  th e  a d j a ­

c e n t u n i t s  a re  t r a n s i t i o n a l .  An in c re a s e  i n  b i o t i t e  c o n te n t commonly 

p roduces a  g r a d a t io n a l  c o n ta c t  w ith  b io t i t e - g u a r tz - p la g io c l a s e - m ic r o c l in e  

g n e is s e s .  V a r ia t io n  o f  f e ld s p a r  r a t i o s  p ro d u c in g  t r a n s i t i o n a l  c o n ta c ts  

w ith  q u a r tz  m onzonite g n e is s  a re  common. I n  o th e r  p la c e s ,  n o ta b ly  where 

i t  o ccu rs  a s  t h i n  bands a l t e r n a t i n g  w ith  th e  m afic  g n e i s s e s ,  th e  c o n ta c ts  

a re  w e ll  d e f in e d  and  s h a rp . These a re  i r r e g u l a r  b o u n d a rie s  w hich commonly 

show p in c h  and s w e ll c h a r a c te r .

B io t i t e  and  h o rnb lende  r i c h  le n s e s ,  p o d s , l a y e r s ,  and i r r e g u l a r l y  

shaped b o d ie s  p a r a l l e l i n g  th e  f o l i a t i o n  a re  common in  th e  g r a n i t e  g n e is s .  

A lthough  m ost common n e a r  th e  c o n ta c t  w ith  th e  a d ja c e n t  u n i t s ,  th e y  a re  

found th ro u g h o u t th e  la y e r s  o f  g r a n i t e  g n e is s .  The b i o t i t e  b o d ie s  a re  

sm a ll, a v e ra g in g  th r e e  to  s i x  in c h es  in  th ic k n e s s  and a  few  f e e t  i n  le n g th .  

They g rade  in to  g r a n i t e  g n e is s ,  and a re  alw ays a l ig n e d  p a r a l l e l  t o  th e  

r e g io n a l  f o l i a t i o n .  The h o rn b len d e  b o d ie s ,  w hich d is p la y  an  o r i e n t a t i o n  

s im i la r  t o  th e  b i o t i t e  r i c h  le n s e s ,  g e n e r a l ly  have sh a rp  c o n ta c ts .  B oth 

th e  b i o t i t e  and  h o rnb lende  ro ck s  d is p la y  w e ll-d e v e lo p e d  s c h i s t o s i t y .

G arnet la y e r s  have b een  n o te d  l a t e r a l l y  t r a v e r s i n g  th e  c o n ta c ts  betw een 

m afic  g n e is s e s  and  th e  g r a n i t e  g n e is s .

I n  hand specim en th e  g r a n i t e  g n e is s  i s  l i g h t  p in k  to  l i g h t  brown, 

medium- to  f in e - g r a in e d ,  g r a n o b la s t ic ,  and  w ith  o r  w ith o u t s c h i s t o s i t y  o r
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f o l i a t i o n .  B io t i t e  when p re s e n t  in  s ig n i f i c a n t  q u a n t i t i e s  d e f in e s  a  p o o r 

t o  m oderate s c h i s t o s i t y  (g , P la te  V). G e n e ra lly  th e  p a r a l l e l  b i o t i t e  

c r y s t a l s  a re  d is se m in a te d  th ro u g h o u t th e  ro c k , b u t  in  a  few  exam ples th e y  

a re  s e g re g a te d  in to  t h i n ,  d isc o n tin u o u s  lam inae w hich a re  l e s s  th a n  one- 

f o u r th  in c h  th i c k .  Q u artz  and p in k  f e ld s p a r ,  w ith  m inor am ounts o f  magne­

t i t e  and b i o t i t e  a r e  r e a d i ly  i d e n t i f i a b l e  m e g a sc o p ic a lly . G arne t i s  

re c o g n iz a b le  i n  some o u tc ro p s  and commonly o ccu rs  a s  la y e r s  up t o  fo u r  

in c h e s  th i c k  w hich a re  t r a c e a b le  f o r  o v er one m ile . W eathering  o f  g r a n i t e  

g n e is s  p roduces a n g u la r  frag m en ts  w ith  th e  w ea th e red  s u r fa c e  d a rk e r  th a n  

th e  f r e s h  s u r fa c e .  I n  a  few o u tc ro p s , a p p le -g re e n  c h l o r i t e  i s  seen  a lo n g  

f r a c tu r e d  s u r fa c e s  and a s  d is c o n tin u o u s  v e i n l e t s . A lthough  th e  f r a c t u r e s  

commonly show s l ic k e n s id e s ,  th e  s t r u c t u r a l  s ig n i f ic a n c e  o f  th e s e  f e a tu r e s  

i s  q u e s t io n a b le .

Modal a n a ly se s  (T ab le  D) in d ic a te s  t h a t  th e  g r a n i t e  g n e is s  con­

t a i n s  an  av erag e  o f  48$ m ic ro c lin e , 28$  q u a r tz ,  19$ p la g io c la s e ,  4$  b i o t i t e ,  

and 1$ combined h o rn b len d e , m a g n e tite , i lm e n i te ,  z i r c o n ,  a p a t i t e ,  m u sco v ite , 

and sphene. Even though  m ic ro c lin e  and p la g io c la s e  have b een  s e p a ra te d  

in  th e  modal a n a ly s i s ,  p e r t h i t e s  a re  common. Some o u tc ro p s  a re  lo c a l l y  

r i c h  in  b i o t i t e ,  alm andine g a rn e t ,  and m a g n e tite .

I n  t h i n  s e c t io n  th e  specim ens a re  f i n e -  t o  m ed ium -grained , in e q u i-  

g r a n u la r ,  h o lo c r y s t a l l i n e ,  and h y p id io b la s t i c  (d , e ,  P la te  V ). The 

av e rag e  g r a in  s iz e  i s  1 m il l im e te r  i n  le n g th  b u t  m ic ro c lin e  and q u a r tz  

commonly a t t a i n  3 to  4 m i l l im e te r s  in  le n g th .  S c h i s to s i t y  i n  th e  t h i n  

s e c t io n  may r e s u l t  from  th e  p r e f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e  c r y s t a l s  

and more r a r e l y  from  th e  e lo n g a tio n  o f  q u a r tz  ( f ,  P la t e  V ). A few s e c t io n s  

a l s o  show n e m a to b la s t ic  developm ent o f  th e  m ic ro c lin e  ( e ,  P la t e  V ). I n



TABLE D

MODES (volume PERCENTAGE) OF GRANITE GNEISS

Sample Q uartz M ic ro c lin e P la g io c la s e B io t i t e
O ther

M in era ls

1) 33 47 18 T race 1
2 ) 29 43 20 8 --
3) 29 46 19 6 T race
4) 25 52 20 T race 2
5) 26 57 13 3 1
6 ) 35 44 l4 6 T race
7) 32 45 20 3 T race
8 ) 26 51 l4 7 2
9 ) 36 43 17 3 T race

10) 29 48 17 5 1
11) 27 44 24 4 1

Average 28 48 19 4 1

L o c a tio n  o f  Samples

1 ) la rg e  o u tc ro p  o f  homogeneous g r a n i t e  g n e is s ;  so u th  o f  Adobe C reek (SW- ,̂ 17, 21S, 69W)
2 ) u n ifo rm  l i th o lo g y ;  n o r th  o f  M iddle C reek (NW^, 33, 238, 68W)
3 ) sequence o f  in te rb e d d e d  g r a n i t e  g n e is s  and q u a r t z - b io t i t e - p la g io c l a s e  g n e is s ;  n o r th  o f  

C oal C reek (NW^, 22, 20S, 7OW)
4) la rg e  o u tc ro p  in  g r a n i t e  o f  Oak C reek; n o r th  o f  Oak C reek (SW^, 9> 20S, 70W)
5 ) bed , s ix  in c h e s  th ic k ,  in  l i t - p a r - l i t  g n e is s ;  n o r th  o f  C handler C reek  (HW-t, 29, 198, 70W)
6) t h i n  l a y e r ,  fo u r  in c h es  th ic k ,  i n  m ig m atite ; n o r th  o f  N orth  Oak C reek (8E-J, 20 , 198 , 'JOV)
7 ) la rg e  o u tc ro p  p red o m in an tly  g r a n i t e  g n e is s ;  n o r th  o f  H ard scrab b le  C reek (NW^, 21, 21S,69W)
8 ) a r e a  a d ja c e n t  t o  h o rn b le n d e -p la g io c la s e  g n e is s ;  e a s t  o f  Grape C reek  (NW^, 19, 198, 71W)
9 ) a r e a  o f  g r a n i t e  g n e is s  and l i t - p a r - l i t  g n e is s ;  so u th  o f Soda Gulch (NW-̂ , 7 , 228, 68W)

10 ) homogeneous ex p o su res  o f g r a n i t e  g n e is s ;  so u th  o f  Watson Gulch (NW^, i6 ,  218, 69W)
1 1 ) th r e e - f o o t  h o r iz o n  in  l i t - p a r - l i t  g n e is s ;  w est o f  Grape C reek (NW^, 16 , I 98 , 71W)
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a  few exanç)les s iz e  s e g re g a t io n  o f  th e  f i n e r  c r y s t a l s  o f  q u a r tz  and m ic ro ­

c l in e  i s  p r e s e n t  p a r a l l e l  t o  th e  s c h i s t o s i t y .  These s e g re g a t io n s  range 

from  0 .1  t o  0 .5  m i l l im e te r s  i n  w id th . Ify rm ek itic  in te rg ro w th s  a lo n g  th e  

common m arg ins o f  th e  p la g io c la s e  and  m ic ro c lin e  o r p e r t h i t e  c r y s t a l s  a re  

common. C re n u la te d  q u a r tz  m argins and f r a c tu r e d  and b e n t f e ld s p a r  c r y s t a l s  

a re  b e l ie v e d  t o  be d e fo rm a tio n a l f e a t u r e s .  However, t h e i r  w id esp read  d i s ­

t r i b u t i o n  su g g e s ts  r e a c t io n  t o  r e g io n a l  s t r e s s  f i e l d s  r a th e r  th a n  lo c a l  

s t r e s s  b u i ld - u p s .

Q u artz  a p p e a rs  a s  c o l o r l e s s ,  x e n o b la s t ic ,  i r r e g u l a r l y  shaped 

c r y s t a l s  c o n ta in in g  f e ld s p a r  and b i o t i t e  in c lu s io n s .  Sim ple e x t in c t io n  

and p o ly c r3’’s t a l l i n e  c r y s t a l s  a re  p r e s e n t .  The l a t t e r  commonly have a  

s u b p a r a l l e l  o p t ic  o r i e n t a t i o n  t h a t  g e n e ra l ly  a re  o f  d iv e rg e n t a lig n m e n t.

Ho sw eeping u n d u la to ry  e x t in c t io n  was seen . Q u artz  tw in s  a re  common. 

A r t i c u l a t i o n  v a r ie s  from  smooth to  c re n u la te d ;  i r r e g u l a r  m argins w ith  

lo b a te  apophyses t y p i c a l l y  fo rm ing  an  in te r lo c k in g  fram ework (g , n ,

P la te  V I) .  Q u a r tz -q u a r tz  m arg ins a re  n o ta b ly  more c r e n u la te d  th a n  th o se  

w ith  o th e r  m in e ra ls .  Where e lo n g a te  developm ent i s  p r e s e n t ,  th e  c r y s t a l s  

a re  v i s i b l y  e lo n g a te d  and f l a t t e n e d  w ith  th e  m argins more r e g u la r  i n  o u t­

l i n e .

The m ic ro c lin e  o ccu rs  g e n e r a l ly  a s  l a r g e r ,  c o l o r l e s s ,  x e n o b la s t ic  

c r y s t a l s  w ith  w e l l -d e f in e d  tw in  p a t t e r n s .  A l t e r a t io n  o f  th e  m ic ro c lin e  

i s  seldom  o b se rv ed . In c lu s io n s  o f  p la g io c la s e ,  b i o t i t e  and  c i r c u l a r  q u a r tz  

a re  f r e q u e n t ly  o b se rv ed . Some m a rg in a l m ic ro g rap h ie  in te rg ro w th s  w ith  

q u a r tz  a re  p r e s e n t .

P e r th i t e  i s  commonly p r e s e n t  showing t e x t u r a l  r e l a t i o n s  t h a t  a re  

s im i la r  t o  th o s e  d is p la y e d  by  m ic ro c lin e .  N em a to b la s tic  developm ent has



HATE VI

PHOTOMICROGRAPHS OF GRANITE GNEISS
a ;  G ra n ite  g n e is s .  A lb i t i c  r im  (Ang) a lo n g  c o n ta c t  o f  o l ig o c la s e  (Angg)

and m ic ro c lin e  w e ll  d ev e lo p ed . M yrmekite e x te n d s  i n t o  m ic ro c lin e .
Note v a r ia b le  w id th  o f  a l b i t i c  rim  and e x te n s io n  o f  a l b i t e  tw in s  in to  
rim  p ro p e r from  c e n te r  o f  c r y s t a l .  C ro ssed  p o la r s .  X 100.

b . G ra n ite  g n e is s .  O lig o c la se  c r y s t a l  m a rg in a l t o  m ic ro c lin e  c r y s t a l  w ith
a l b i t e  rim  d ev e lo p in g  a lo n g  c o n ta c t .  A l t e r a t io n  o f  o l ig o c la s e  h as  n o t
a f f e c te d  a l b i t e  rim . C rossed  p o la r s .  X 10.

G .  G ra n ite  g n e is s  showing g e n e ra l  te x tu r e  w ith  q u a r tz ,  o l ig o c la s e ,  m icro ­
c l i n e ,  and p e r t h i t e .  N ote a l b i t i c  r im  on a l t e r e d  p la g io c la s e  c r y s t a l .  
C rossed  p o la r s .  X 10.

d . G ra n ite  g n e is s .  M ic ro c lin e , p la g io c la s e ,  q u a r tz .  A lb i te  rim s w ith
co n tin u o u s tw in  la m e lla e  th ro u g h o u t c r y s t a l .  C ro ssed  p o la r s .  X 10.

e .  G ra n ite  g n e is s  w ith  t y p i c a l  t e x tu r e .  N ote m yrm ekite i n  c e n te r  o f
f i e l d  and a l b i t e  rim s a lo n g  p la g io c la s e  a t  to p  o f  f i e l d .  C rossed  p o la r s .
X 10.

f .  G ra n ite  g n e is s  showing c h a r a c t e r i s t i c  t e x t u r a l  f e a t u r e s .  C rossed  p o la r s .  
X 10.

g .' G ra n ite  g n e is s .  I n te r lo c k in g  q u a r tz  and f e ld s p a r  b o u n d a r ie s  w ith  f r a c ­
tu r e d  alm andine c r y s t a l  in  low er p o r t io n  o f  f i e l d .  C rossed  p o la r s .
X 10.

h . G ra n ite  g n e is s  showing t e x t u r a l  r e l a t i o n s .  N ote a l b i t i c  rim s and i n t e r ­
lo c k in g  c r y s t a l s .  C ro ssed  p o la r s .  X 1 5 .

i .  G ra n ite  g n e is s  w ith  in t e r lo c k in g  c r y s t a l s  and  n e m a to b la s t ic  developm ent 
o f  m ic ro c lin e  and e lo n g a te d  q u a r tz .  C ro ssed  p o la r s .  X 1 5 .
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"been n o te d , a s  w e l l  a s  th e  p re se n c e  o f  c i r c u l a r  q u a r tz  in c lu s io n s .  M icro­

c l i n e  i s  th e  p o ta s s iu m -r ic h  phase  o f  th e  p e r t h i t e .  O lig o c la s e ,  th e  sodium - 

r i c h  p h a se , i s  p r e s e n t  i n  vague t o  w e ll-fo rm e d  s t r i n g  la m e lla e .  I r r e g u l a r  

m ic ro c lin e  in c lu s io n s  a re  common.

C ir c u la r  q u a r tz  in c lu s io n s  i n  m ic ro c lin e ,  p la g io c la s e , ,  p e r t h i t e ,  

and a n t i p e r t h i t e  a r e  a  s t r i k i n g  f e a tu r e  o f  n o t o n ly  th e  g r a n i t e  g n e is s ,  

h u t  o f  a l l  th e  f e l s i c  g n e is s e s .  I n  some specim ens, a  p o i k i l o b l a s t i c  t e x tu r e  

i s  p r e s e n t  ( a ,  P la te  V II ) .  The v e ry  r e g u la r ,  a lm o s t c i r c u l a r ,  shape o f 

th e s e  in c lu s io n s  i s  v e ry  m arked, making them  u n q u e s tio n a b ly  d i s t i n c t  from  

th e  u n ifo rm  in te rg ro w th s  t h a t  a re  a l s o  p r e s e n t .  I t  i s  b e l ie v e d  t h a t  th e y  

a r e  r e f l e c t i o n s  o f  th e  in t e r p e n e t r a t io n  o f  th e  q u a r tz  and f e ld s p a r  c r y s t a l s ,  

w ith  t h e i r  r e l a t i v e  abundance i n  any s in g le  t h i n  s e c t io n  th e  r e s u l t  o f  th e  

an g le  o f  th e  c u t th ro u g h  th e  specim en.

The p la g io c la s e  p r e s e n t  i s  o l i g o c la s e ,  h av in g  an  av e rag e  com­

p o s i t i o n  o f  Anp p . The c r y s t a l s  a re  h y p id io b la s t i c ,  tw in n ed  and  un tw inned , 

an d  c l e a r  t o  c lo u d y  depending  upon th e  d eg ree  o f  a l t e r a t i o n .  A lb i te  and 

p e r i c l i n e  tw in s  a r e  o b se rv ed , b u t  many c r y s t a l s  a re  un tw inned . No zon ing  

o f  th e  c r y s t a l  i s  d is c e r n ib le  by  o p t i c a l  m ethods. A l t e r a t i o n  to  f i n e ­

g ra in e d  w h ite  m ica i s  common, even  e x te n s iv e  ( g r e a t e r  th a n  70  p e r  c e n t 

o f  th e  c r y s t a l )  i n  many s l i d e s .  The a l t e r a t i o n  o f  th e  untw inhed  p la g io ­

c la s e  c r y s t a l s  was a  v a lu a b le  a id  in  i d e n t i f i c a t i o n .  C hessboard  s t r u c tu r e  

o f  m ic ro c lin e  w i th in  th e  p la g io c la s e  was seen  in  a  number o f  s l i d e s .  The 

m ic ro c lin e  in c lu s io n s  a r e  i n  o p t i c a l  c o n t in u i ty ,  s u g g e s tin g  rep la cem e n t 

o f  m ic ro c lin e  by  o l ig o c la s e .

One o f  th e  d i s t i n c t i v e  f e a tu r e s  o b se rv ed  i n  th e  g r a n i t e  g n e is s  

and  th e  o th e r  f e l s i c  g n e is s e s  i s  a  r e a c t io n  r im  w here p la g io c la s e  i s  in



76

c o n ta c t  w ith  p o ta s h  f e ld s p a r  ( P la te  V l ) . The r im  i s  d isc o n tin u o u s  a t  

p la c e s  and v a r ie s  in  th ic k n e s s ,  a v e ra g in g  ap p ro x im a te ly  0 .1  t o  0 . 2  m i l l i ­

m e te rs . The c o n ta c t  o f  t h i s  r im  w ith  th e  co re  o f  th e  c r y s t a l  i s  o p t i c a l l y  

sh a rp , e x t in g u is h in g  a t  a  d i f f e r e n t  an g le  th a n  th e  c o re .  T h is  e x t in c t io n  

d if f e r e n c e  i s  v i s i b l e  i n  b o th  tw inned  and untw inned c r y s t a l s  and i s  n o t 

a t  a l l  s im i la r  t o  th e  sw eeping e x t in c t i o n  found  in  zoned c r y s t a l s .

A lthough  th e  co m p o sitio n  o f  th e  rim  v a r i e s ,  i t  alw ays seems t o  be more 

so d ic  th a n  th e  c e n t r a l  p o r t io n  o f  th e  c r y s t a l .  I n  th e  g r a n i t e  g n e is s ,  

th e  r im  has an  av e ra g e  co m p o sitio n  o f  An^. Where th e  c e n t r a l  p o r t io n  o f  

th e  p la g io c la s e  c r y s t a l  h a s  been  a l t e r e d  to  f in e - g r a in e d  w h ite  m ica, th e  

rim  i s  in v a r ia b ly  u n a l te r e d ,  a c c e n tin g  i t s  p re s e n c e . A lb i te  tw in s  show 

d i f f e r e n t  o p t i c a l  p r o p e r t i e s  betw een th e  co re  and  th e  rim  o f th e  c r y s t a l  

b u t  a re  s t r u c t u r a l l y  co n tin u o u s a c ro s s  th e  boundary . Where p la g io c la s e  

o ccu rs  a s  in c lu s io n s  in  th e  p o ta sh  f e ld s p a r ,  th e  rim s a re  commonly a s s o c ia te d  

w ith  some f r e e  q u a r tz .  Not a l l  c o n ta c ts  betw een th e  p o ta s h  f e ld s p a r s  and 

p la g io c la s e  show a  r im . W hereas th e  p la g io c la s e  rim s a re  a  s t r i k i n g  f e a ­

tu r e  o f  th e  g r a n i t e  g n e i s s ,  th e y  a re  b e s t  developed  i n  th e  q u a r tz  m onzonite 

g n e is s e s  where th e  p e rc e n ta g e s  o f  p la g io c la s e  and  p o ta s h  f e ld s p a r  a re  

c lo s e r .

I n  a s s o c ia t io n  w ith  th e  a l b i t e  rim s a lo n g  th e  common c o n ta c t  o f  

p la g io c la s e  c r y s t a l s  w ith  m ic ro c lin e  and  p e r t h i t e  a re  m yrm ekitic  i n t e r -  

grow ths (a ,  P la t e  V l) .  A lthough  th e s e  a r e  g e n e ra l ly  m a rg in a l f e a tu r e s  

in v o lv in g  l e s s  th a n  25 p e r  c e n t o f  a  s in g le  c r y s t a l ,  up t o  75 p e r  c e n t o f  

th e  c r y s t a l  i s  in te rg ro w n  i n  a  few  exam ples. In te rg ro w th s  a re  p r e s e n t  

w ith o u t th e  a s s o c ia t e d  a l b i t e  r im , b u t  commonly th e y  occu r w ith  one. Of 

c o n s id e ra b le  s ig n if ic a n c e  i s  th e  f a c t  t h a t  th e  in te rg ro w th s  commonly p r o j -
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e c t  from  th e  p la g io c la s e  in to  th e  m ic ro c lin e .  Some exam ples a re  seen  where 

q u a r tz  in te rg ro w th s  a re  e n t i r e l y  e n c lo se d  hy m ic ro c lin e .

A l te r a t io n  o f  th e  o l ig o c la s e  t o  a  f in e - g r a in e d  w h ite  m ica i s  com­

mon. The a l t e r a t i o n  a p p e a rs  to  have p ro ceed ed  from  th e  co re  o f th e  c r y s t a l  

ou tw ard . A lthough  no o p t i c a l  ev id en ce  o f  c o n p o s i t io n a l  v a r i a t i o n  w ith in  

th e  c r y s t a l s  i s  p r e s e n t ,  a p a r t  from  th e  p r e v io u s ly  m en tioned  r e a c t io n  rim , 

t h i s  d i f f e r e n t i a l  s u s c e p t i b i l i t y  t o  a l t e r a t i o n  su g g e s ts  a  h ig h e r  ca lc iu m  

c o n te n t i n  th e  c e n te r  o f  th e  c r y s t a l s .

M inor b i o t i t e  i s  found i n  most t h i n  s e c t io n s .  The c lea r-b ro w n  

to  c lo u d y -re d  c r y s t a l s  a r e  t y p i c a l l y  h y p id io b la s t i c  w ith  rag g ed  te rm in a ­

t i o n s .  Two s iz e s  a r e  f r e q u e n t ly  seen  b u t  t h e i r  p r e f e r r e d  o r i e n t a t i o n  i s  

g e n e ra l ly  p a r a l l e l .  S l ig h t ly  b e n t c r y s t a l s  a re  p r e s e n t  in  a s s o c ia t io n  w ith  

deform ed q u a r tz  and f e ld s p a r .  T h is  b end ing  i s  v e ry  d i f f e r e n t  from  th e  

"k in k in g "  t h a t  has  b een  o bserved  in  e x p e r im e n ta l d e fo rm a tio n  and i n  o th e r  

a re a s  b ecau se  th e  b en d in g  i s  u n ifo rm  r a th e r  th a n  a  sh a rp  f l e x u r e .  A l t e r a ­

t i o n  o f  th e  b i o t i t e  t o  p r o c h lo r i t e  and h e m a tite  i s  common. The h e m a tite  

i s  v i s i b l e  a s  in te r la m in a e  w i th in  th e  b i o t i t e  c r y s t a l s .

Brown alm andine g a rn e t ,  brown sphene, m a g n e tite  (w hich i s  f r e ­

q u e n tly  a l t e r e d  t o  h e m a ti te ) ,  m u sco v ite , and  a p a t i t e  w ere a l l  ob serv ed  

(g , P la t e  V I) .  L o c a lly  th e s e  may a l l  be ab u n d an t, c o n s t i t u t i n g  up t o  2 

p e r  c e n t o f  th e  t o t a l  modal volum e. I n  a  few t h i n  s e c t io n s  w here th e  

a p a t i t e  i s  u n u s u a lly  ab u n d an t, th e  i d i o b l a s t i c  c r y s t a l s  show a  p r e f e r r e d  

o r i e n t a t i o n  p a r a l l e l i n g  th e  p rim ary  s c h i s t o s i t y  o f  th e  s l i d e .

F ra c tu r e s  f i l l e d  w ith  c a l c i t e ,  q u a r tz  and  z e o l i t e —q u e s tio n a b ly  

s t i l b i t e —w ere o b serv ed  b u t  th e s e  a re  c o n s id e re d  t o  b e  o f  n e g l ig ib le  s t r u c ­

t u r a l  s ig n i f ic a n c e .
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Q u artz  M onzonite G neiss

Q uartz  m onzonite g n e is s  w hich i s  c h a r a c te r i z e d  hy  q u a rtZ ; p la g io ­

c la s e  (com posing from  o n e -h a lf  t o  tw o - th i rd s  o f  th e  t o t a l  f e ld s p a r  c o n te n t ) ,  

a l k a l i c  f e ld s p a r  and m inor am ounts o f  b i o t i t e ,  i s  e s t im a te d  t o  u n d e r l ie  

l e s s  th a n  5 p e r  c e n t o f  th e  a r e a  exposed . I t  i s  p r e s e n t  a s  m appable la y e r s  

and a l s o  a s  a  component o f  th e  l i t - p a r - l i t  g n e i s s .  I t s  c o n ta c ts  w ith  th e  

m a fic  g n e is s e s  a re  g e n e r a l ly  d i s t i n c t ,  a l th o u g h  l o c a l l y  th e y  a re  t r a n s i ­

t i o n a l  w ith  th e  b io t i t e - q u a r t z - p l a g i o c l a s e  g n e is s .  C o n ta c ts  w ith  th e  

g r a n i t e  g n e is s  and g r a n o d io r i te  g n e is s  a r e  t r a n s i t i o n a l  and may o n ly  be 

te n u o u s ly  mapped. Q u artz  m onzonite  g n e is s  o ccu rs  in  a  much sm a lle r  a r e a  

th a n  th e  o th e r  two members o f  th e  f e l s i c  g n e is s  s e r i e s  and p ro b a b ly  r e p r e ­

s e n ts  a  t r a n s i t i o n a l  f a c i e s  betw een  th e  tw o. L a t e r a l l y  i t  i n t e r f i n g e r s  

w ith  th e  a d ja c e n t  u n i t s .

I n  o u tc ro p  i t  i s  medium- to  c o a r s e -g ra in e d ,  commonly p o rp h y ro - 

b l a s t i c ,  g ra y  to  p in k  and w ith  m o d e ra te ly  w e ll-d e v e lo p e d  s c h i s t o s i t y  and 

f o l i a t i o n .  P r e f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e  d e f in e s  th e  s c h i s t o s i t y .  

S e g re g a tio n  o f  b i o t i t e  a n d /o r  q u a r tz  and  m ic ro c lin e  from  p la g io c la s e  i s  

commonly p r e s e n t  p ro d u c in g  f o l i a t i o n  lam inae  up to  o n e - fo u r th  in c h  in  

w id th  p a r a l l e l  to  th e  s c h i s t o s i t y .  P o rp h y ro b la s ts  o f  m ic ro c lin e  a t t a i n ­

in g  a  le n g th  o f  10 m i l l im e te r s  a r e  f r e q u e n t ly  fo u n d . B i o t i t e  c o n te n t  i s  

v a r ia b le  so t h a t  i n  some o u tc ro p s  b o th  s c h i s t o s i t y  and  f o l i a t i o n  a r e  vague. 

I n  c o n t r a s t  t o  th e  g r a n i t e  g n e is s  w hich  y ie ld s  a n g u la r  frag m en ts  upon 

w e a th e r in g , th e  q u a r tz  m onzonite g n e is s  w e a th e rs  t o  ro u n d , p o o r ly  con­

s o l id a te d  b o u ld e rs .

Modal a n a ly s e s  o f  10 t h i n  s e c t io n s  show an  av e ra g e  co m p o sitio n
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MODES (volume PERCENTAGE) OF QUARTZ MONZONITE GNEISS

Sample Q uartz M ic ro c lin e P la g io c la s e B io t i t e
O ther

M in era ls

1) 37 38 2h 2 1
2) 26 h2 30 Trace Trace
3) 27 39 31 3 —  —

h) 31 kk 2k Trace Trace
5) 36 35 26 Trace 2
6 ) 32 31 32 5 T race
7) 31 38 27 4 Trace
8 ) 31 35 3k —  — -  -

9) 25 32 3k —  — 3
10 ) k l 20 35 k T race

A verage 32 35 30 2 1

L o ca tio n  o f  Samples

1) a re a  o f  80^ g r a n i te  g n e is s ;  so u th  o f  B e l l  G ulch (SE-^, 8 , 22S, 69W)
2 ) la rg e  o u tc ro p  o f  q u a r tz  m onzonite g n e is s  in  San I s a b e l  G ra n ite ;  n o r th  o f  S q u ir r e l  C reek

(S E i, 8 , 238, 69W)
3 ) un ifo rm  l i th o lo g y ;  n o r th  o f  M il l  C reek (SE f, 20, 19S, 7OW)
Ü) homogeneous a r e a  o f  q u a r tz  m onzonite g n e is s ;  n o r th  o f  South Creek (NW^, 16 , 238, 69W)
5 ) a r e a  m a rg in a l t o  San I s a b e l  G ra n ite ;  n o r th  o f  South  C reek (NW-̂ , 16, 238, 69W)
6 ) fo u r  t o  s ix  fo o t  bed in  g r a n o d io r i te  g n e is s ;  so u th  o f  Grape C reek (NE^, 10, I 98 , 7IW)
7 ) o u tc ro p  c lo s e  to  a n d é s i te  in t r u s iv e  d ik e ; e a s t  o f  Grape C reek (8W^, 19; I 9S, 71W)
8 ) sm all o u tc ro p  in  8an I s a b e l  G ra n ite ;  n o r th  o f  M iddle C reek (8E^, 32, 22S, 68W)
9 ) la rg e  o u tc ro p  e a s t  o f  San I s a b e l  G ra n ite ;  n o r th  o f  M iddle C reek (NW-j, 30, 22S, 68W)

10 ) o u tc ro p , 80 t o  90 p e r  c e n t u n ifo rm  l i th o lo g y ;  e a s t  o f  Grape C reek (SW^, 10, 198 , 71W)
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o f 35^  m ic ro c lin e , 32^  q u a r tz ,  30$  p la g io c la s e ,  2$ b i o t i t e ,  and  1$  o th e r  

m in e ra ls .  .P e r th i te  and a n t i p e r t h i t e  c o n ta in  s iz a b le  p ro p o r tio n s  o f  th e  

t o t a l  m ic ro c lin e  and p la g io c la s e .  Minor am ounts o f  m a g n e tite ,  h e m a tite , 

m u sco v ite , sphene, a p a t i t e ,  and z irc o n  w ere o b serv ed . The t h i n  s e c t io n s  

show a  h o lo c r y s t a l l i n e ,  h y p id io b la s t i c ,  medium- to  c o a r s e -g ra in e d ,  in e q u i-  

g ra n u la r  t o  p o rp h y ro b la s t ic  t e x tu r e .  A lthough  th e  av e rag e  c r y s t a l  i s  2 

m il l im e te r s  in  le n g th ,  ex trem es in  c r y s t a l  s iz e  a re  o f te n  e n co u n te red  

w ith in  th e  same t h i n  s e c t io n .  S e g re g a tio n s  o f  m ic ro c lin e , q u a r t z , . and 

p la g io c la s e  a re  common, w ith  common n e m a to b la s t ic  developm ent o f  th e  

p la g io c la s e  and e lo n g a tio n  o f  q u a r tz  p a r a l l e l  t o  th e  m ajor S - s u r fa c e .  

B i o t i t e  g e n e ra l ly  shows a  good p r e f e r r e d  o r i e n t a t i o n  and s e g re g a t io n  in to ,  

t h i n  lam inae up to  0 .5  m i l l im e te r s  in  th ic k n e s s .  Q u artz  and  f e ld s p a r  have 

in te r lo c k in g  b o u n d a r ie s , w ith  myrm ekite developed  a lo n g  th e  m argins o f 

p la g io c la s e  c r y s t a l s  in  some s e c t io n s .

The q u a r tz  i s  c l e a r  and x e n o b la s t ic  w ith  i r r e g u l a r  in te r lo c k in g  

m arg ins w hich v a ry  from  smooth t o  c re n u la te d .  S in g le  c r y s t a l s  and p o ly ­

c r y s t a l l i n e  a g g re g a te s  w ith  th e  c r y s t a l s  s u b p a r a l l e l  a r e  t y p i c a l .  B orders, 

w ith  o th e r  q u a r tz  c r y s t a l s  a re  n o ta b ly  more c r e n u la te d  and i r r e g u l a r  th a n  

th o se  w ith  o th e r  m in e ra ls .  Boehm la m e lla e  a re  abundan t b u t  no r e l a t i o n ­

sh ip  w ith  th e  m ajor S -su r fa c e  was n o te d . E lo n g a tio n  o f  th e  q u a r tz  p a r a l -  • 

l e i  t o  th e  b i o t i t e  s c h i s t o s i t y  i s  common, seem ing ly  i r r e s p e c t iv e  o f  th e  

c - a x is  d i r e c t io n .  A p a t i te  and z i rc o n  in c lu s io n s  a re  p l e n t i f u l .

P o rp h y ro b la s ts ,  i f  p r e s e n t ,  a re  o f  m ic ro c lin e  a n d /o r  m ic ro c lin e  

p e r t h i t e .  These c r y s t a l s  a re  in v a r ia b ly  p a r a l l e l  o r  s u b p a r a l l e l  t o  th e  

s c h i s t o s i t y  a n d /o r  th e  f o l i a t i o n .  I n te r p e n e t r a t in g  r e l a t i o n s  w ith  q u a r tz  

p roduces c i r c u l a r  q u a r tz  in c lu s io n s  .in  m ic ro c lin e  i n  some s e c t io n s  ( a .
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P la t e  V i l ) -  L am ellae i n  "both th e  m ic ro c lin e  p e r t h i t e  and th e  a n t i p e r t h i t e  

a re  o f te n  w e ll  d ev e loped .

P la g io c la s e  i s  o l ig o c la s e ,  w ith  an  av erag e  co m p o sitio n  o f  An^g.

The c r y s t a l s  a re  x e n o b la s t ic ,  un tw inned  o f  tw in n ed  a c c o rd in g  to  a l b i t e  

and p e r i c l i n e  law s. A l te r a t io n  t o  f in e - g r a in e d  w h ite  m ica v a r ie s  in  

i n t e n s i t y  and p ro d u ces  a  co rre sp o n d in g  c lo u d in e s s  o f  th e  c r y s t a l .  A p a t i te  

and c i r c u l a r  q u a r tz  a re  common in c lu s io n s .  M yrm ekitic  in te rg ro w th s  and 

r e a c t io n  rim s showing th e  same c h a r a c t e r i s t i c s  a s  th o s e  o f  th e  g r a n i t e  

g n e is s  a r e  common (b ,  P la t e  V I l ) .

B i o t i t e  v a r ie s  from  d a rk  y e llo w  t o  brown and i s  c l e a r  t o  c lo u d y . 

W hile h y p id io b la s t i c  i n  developm ent, rag g ed  te rm in a t io n s  a re  c h a r a c t e r i s t i c .  

A l t e r a t i o n  t o  p r o c h lo r i t e  and h e m a t i t e 'i s  common, w ith  in te r la m e l la e  o f  

h e m a tite  o f te n  v i s i b l e .  I n  a  few t h i n  s e c t io n s  numerous r u t i l e  n e e d le s  

w ere found  i n  th e  b i o t i t e  c r y s t a l s .  M inor am ounts o f  m u sco v ite , magne­

t i t e ,  a lm andine g a rn e t  and b u n d le s  o f  s i l l i m a n i t e  w ere found .

G ra n o d io r i te  G neiss

G ra n o d io r ite  g n e is s  c o n ta in s  q u a r tz ,  p la g io c la s e  ( c o n s t i t u t i n g  

o v er tw o - th i rd s  o f  th e  t o t a l  f e ld s p a r  c o n te n t) ,  m ic ro c lin e  and m inor 

amounts o f  b i o t i t e .  T h is  l i g h t - c o l o r e d  u n i t  i s  exposed  in  10 to  15 p e r  

c e n t o f  th e  a r e a .  V e r t ic a l  t r a n s i t i o n a l . c o n t a c t s  w ith  th e  b i o t i t e - q u a r t z -  

p la g ip c la s e  g n e is s  a r e  common. L a t e r a l l y  i t  g e n e ra l ly  i n t e r f i n g e r s  w ith  

v a r io u s  m afic  g n e i s s e s .  I n  o u tc ro p  th e  g r a n o d io r i te  g n e is s  i s  c h a r a c te r iz e d  

by  i t s  l i g h t  p in k  to  w h ite  c o lo r .  I t  i s  m edium -grained  w ith  g r a n o b la s t ic  

t e x tu r e .  The s c h i s t o s i t y  v a r ie s  from  f a i r  t o  p o o r depend ing  upon th e  

b i o t i t e  c o n te n t (g , P la te  V I I ) .  The f o l i a t i o n  i s  g e n e r a l ly  p o o r w ith



PIATE VII
PHOTOMICROGRAPHS OF QUARTZ MONZONITE AND GRANODIORITE 

GNEISSES. HAND SPECIMEN PHOTOGRAPH GRANODIORITE
GNEISSES.

a .  Q uartz  m onzonite g n e is s  showing g e n e ra l  t e x t u r a l  f e a t u r e s .  N ote la rg e  
number o f  c i r c u l a r  q u a r tz  in c lu s io n s .  C ro ssed  p o la r s .  X 15.

h . Q u artz  mionzonite g n e i s s .  I r r e g u l a r  q u a r tz  m arg ins p r e s e n t  i n  upper 
r i g h t  p o r t io n  o f  p h o to . A l te re d  o l ig o c la s e  c r y s t a l  o c c u rs  w ith  m ar­
g in a l  r im  o f  a l b i t e  u n a f f e c te d .  C ro sse d  p o la r s .  X 15.

c .  G ra n o d io r i te  g n e is s  showing h y p id io b la s t i c  t e x tu r e  w i th  some p a r a l l e l  
developm ent o f  c r y s t a l s .  C ro sse d  p o la r s .  X 15.

d . G ra n o d io r ite  g n e is s .  P la g io c la s e  c r y s t a l s  w ith  a l b i t e  rim . C rossed
p o la r s .  X 1 5 .

e .  G ra n o d io r ite  g n e is s .  A l te re d  p la g io c la s e  c r y s t a l  in  c o n ta c t  w ith
p e r t h i t e  and m ic r o c l in e . Rim a lo n g  c o n ta c t  i s  u n a l te r e d .  C rossed
p o la r s .  X 1 5 .

f .  G ra n o d io r ite  g n e i s s .  P la g io c la s e  i n  c o n ta c t  w ith  p e r t h i t e .  N ote
i r r e g u l a r i t y  o f  in te r v e n in g  rim . A lb i te  tw in s  a r e  seen  to  be s t r u c ­
t u r a l l y  co n tin u o u s  betw een  th e  rim  and th e  c e n t r a l  p o r t i o n  o f  th e  
c r y s t a l .  C ro ssed  p o la r s .  X 100.

g . G ra n o d io r ite  g n e is s .  Hand specim en. Note s c h i s t o s i t y  and  f o l i a t i o n  
p roduced  by p a r a l l e l  o r i e n t a t i o n  o f  b i o t i t e  c r y s t a l s  and  s e g re g a t io n  
o f  th e  b i o t i t e .  The s e g re g a t io n s  a re  d is c o n t in u o u s ,  and  s in u s o id a l  a s  
w e ll  a s  p la n a r .  T e x tu ra l  s i m i l a r i t y  to  g r a n i t e  g n e is s  (g , P la t e  V)
i s  e v id e n t .
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o n ly  o ccasio n al, m in é ra lo g ie  and s iz e  s e g re g a tio n s  p r e s e n t  so t h a t ,  a t  

some o u tc ro p s , n e i th e r  s c h i s to s i t y  n o r f o l i a t i o n  a re  d i s c e r n ib le .

Modal a n a ly se s  o f  11 t h i n  s e c t io n s  show th e  av erag e  co m p o sitio n  

by  volume t o  b e : 5^^  p la g io c la s e ,  35$ q u a r tz ,  7$ m ic ro c lin e ,  3$  b i o t i t e ,

and t r a c e  amounts o f  m u sco v ite , i lm e n i te ,  sphene, and g a rn e t  (T ab le  F ) .

T hin  s e c t io n  s tu d y  r e v e a ls  a  h o lo c r y s t a l l i n e ,  h y p id io b la s t i c ,  medium- 

g ra in e d , in e q u ig ra n u la r  t e x tu r e .  B io t i t e  t y p i c a l l y  shows good p r e f e r r e d  

o r i e n t a t i o n  and  good s e g re g a t io n  in  some sam ples. P la g io c la s e  o r i e n t a ­

t i o n  i s  common w ith  th e  (OlO) d i r e c t i o n  p a r a l l e l  t o  th e  m ajo r S - s u r fa c e .  

Sm all s e g re g a t io n  la m e lla e  o f  p la g io c la s e  a re  p r e s e n t  i n  a  few sanç)les. 

Q u a r tz - f e ld s p a r  in te r lo c k in g  b o u n d a rie s  a re  c h a r a c t e r i s t i c .

The c h a ra c te r  o f  th e  in d iv id u a l  m in e ra ls  o f  th e  g r a n o d io r i te  

g n e is s  i s  s im i la r  t o  t h a t  o f  th e  p re v io u s ly  d e s c r ib e d  f e l s i c  g n e is s e s .

Q uartz  i s  c o lo r l e s s ,  w ith  few in c lu s io n s ,  showing sim p le  e x t in c t io n  and 

p o ly c r y s ta l l in e  developm ent w ith  o p t i c a l l y  s u b p a r a l l e l  c r y s t a l s ,  and 

i n t e r n a l  c r y s t a l i t e  m argins w hich a re  smooth to  c r e n u la te d .  Boehm la m e lla e ,  

though p r e s e n t ,  do n o t show any  r e l a t i o n  t o  th e  s c h i s t o s i t y  o r  f o l i a t i o n .  

Common c r y s ta l lo g r a p h ic  o r i e n t a t i o n  o f  a d ja c e n t  c r y s t a l s  i s  su g g es ted  

where la m e lla e  c o n tin u e  a c ro s s  th e  g r a in  boundary .

O lig o c la se  w ith  an  av erag e  co m p o sitio n  o f  An^y, i s  x e n o b la s t ic ,  

v a r ia b ly  a l t e r e d  t o  f in e - g r a in e d  w h ite  m ica, has  a l b i t e  and  p e r i c l i n e  tw in s  

and commonly has r e a c t io n  rim s and m a rg in a l r y rm e k i t ic  in te rg ro w th s  (d , e ,  

f ,  P la te  V I I ) .  The r e a c t io n  rim s a re  more so d ic  th a n  th e  c e n t r a l  p o r t io n  

o f  th e  c r y s t a l .  C ir c u la r  q u a r tz  in c lu s io n s  a r e  common p ro d u c in g  a  p o ik i lo ­

b l a s t i c  t e x tu r e  in  some t h i n  s e c t io n s .  M ic ro c lin e  i s  m in o r, x e n o b la s t ic ,  

and c o n ta in s  q u a r tz  and p la g io c la s e  in c lu s io n s .  P e r t h i t e  i s  a l s o  r a r e .



TABLE F

MODES ( volume PERCENTAGE) OF GRANODIORITE GNEISS

Sample Q uartz M ic ro c lin e P la g io c la s e B io t i t e
O ther

M in e ra ls

1 ) 30 3 65 2
2) 35 4 52 7 Ti'aee
3) 34 T race 56 7 2
4) 38 2 53 6 1
5) 40 10 k6 3 »

6) 37 2 54 6 T race
7 ) • 35 8 52 4 T race
8) 27 1 59 1 — —

9) 47 8 46 — — “  —

10) 40 12 47 1 —  —

1 1 ) 25 .12 60 1 T race
Average 36 7 54 3 Trace

OD

2)

i
8 )

i

L o c a tio n  o f  S angles

la rg e  o u tc ro p  o f  g r a n o d io r i te  g n e is s ;  e a s t  o f  Grape C reek  (SW^, 10, I 9S, 7 IW)
e ig h te e n - in c h  la y e r  in  l i t - p a r - l i t  g n e is s ;  n o r th  o f  Newlin C reek (SW- ,̂ 26,  21S,  69W)
la rg e  o u tc ro p , 80$ g ra n o d io r i te  g n e is s ;  so u th  o f  Grape C reek (SW^, 11, 19S, ? 1W)
f i f t e e n  fo o t  s tra tu m ; Grape C reek Canyon (NE^, 10, I 9S, 7IW)
s ix  in c h  bed  betw een m afic  g n e is s e s ;  Grape C reek Canyon (NE-ç-, 10, 19S, 7IW)
a r e a  80 t o  90 p e r  c e n t  g r a n o d io r i te  g n e is s ;  so u th  o f  Grape C reek (SW^, 10 , I 9S, 71W)
homogeneous h i l l ,  100 f e e t  in  w id th , in  b io t i t e - q u a r t z - p la g io c l a s e  g n e is s ;  n o r th e rn
m argin  (SW^, 13 , I 9S, 71W) '
un ifo rm  o u tc ro p ; n o r th e rn  m argin  (NB^, 1 3 , I 9S, 71W)
th r e e  f o o t  h o riz o n  in  l i t - p a r - l i t  g n e is s ;  w est o f Grape C reek (NW-̂ , 16 , I 9S, 71W) 
a r e a  o f  80 t o  90 p e r  c e n t g r a n o d io r i te  g n e is s ;  e a s t  o f  Grape C reek (SEij, 10 , I 9S, 71W) 
sm all o u tc ro p  so u th  o f  Sand G ulch (SW^, 3, 22S, 69W)
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a lth o u g h  some a n t i p e r t h i t e  was o b se rv ed . The b i o t i t e  d i f f e r s  i n  c o lo r  

from  th e  o th e r  f e l s i c  g n e is s e s  v a ry in g  from  l i g h t  g re e n  t o  l i g h t  brown. 

A l t e r a t i o n  t o  p r o c h lo r i t e  and  h e m a tite  o r  p e n n in i te  i s  common. H em atite  

s t a i n  i s  f r e q u e n t  i s  th e  t h i n  s e c t io n s .  M ag n e tite  i s  commonly, a l t e r e d  

to  h e m a ti te .  Z irc o n , i lm e n i te ,  m u sco v ite , and  a p a t i t e  a r e  a l l  p r e s e n t  

i n  m inor am ounts.

D e s c r ip t io n  o f  M ixed Rocks

L i t - p a r - l i t  g n e is s  and  m ig m atite  a r e  h e r e in  s e p a ra te d  a s  two map­

p a b le  ty p e s  o f  m ixed ro c k s . A lthough  th e  c r i t e r i a  f o r  d i f f e r e n t i a t i n g  

th e s e  two u n i t s  a r e  a r b i t r a r y ,  th e y  show c h a r a c t e r i s t i c s  t h a t  a re  s u f f i ­

c i e n t l y  d i f f e r e n t  t o  a llo w  them  t o  be  d is t in g u is h e d  i n  th e  f i e l d .  Both 

u n i t s  r e p r e s e n t  in t e r l a y e r e d  m ix tu re s  o f  th e  v a r io u s  m afic  and f e l s i c  

g n e i s s e s .  The la y e r s  a r e  p re d o m in a n tly  co n co rd a n t t o  th e  s c h i s t o s i t y  

w i th in  th e  con^onen t l i t h o l o g i e s  and th e re b y  d is p la y  a  v e ry  w e l l -d e f in e d  

f o l i a t i o n .  The la y e r s  ran g e  fro m  l e s s  th a n  one in c h  t o  an  a r b i t r a r y  l im it ,  

d i c t a t e d  b y  th e  mapping s c a le ,  o f  200 f e e t .  The two u n i t s  a re  d i s t in g u is h e d  

by  t h e i r  d eg ree  and ty p e  o f  f o ld in g .  The l i t - p a r - l i t  g n e is s  a r e  e i t h e r  

u n fo ld e d  o r  d is p la y  s im i la r  f o ld in g  (d , P la t e  XL). L a y e rs , w h ile  showing 

p in c h  and sw e ll  c h a r a c te r  and v a r i a t i o n s  i n  th ic k n e s s ,  a re  n o t i n t e r r u p te d  

o r  s e p a r a te d  b y  th e  a d ja c e n t  l a y e r s .  The m ig m a tite , on th e  o th e r  hand, 

shows m inor d isharm on ie  f o ld s  l e s s  th a n  one f o o t  i n  w id th . P tygm atic  

fo ld in g  i s  common and  th e  a c id ic  l a y e r s  a r e  g e n e r a l ly  s tru n g  o u t and  

d is c o n t in u o u s  (F ig .  j ) .  The a s p e c t  o f  th e  m ig m a tite s  i s  one o f  g r e a t e r  

•m o b il i ty  th a n  th e  l i t - p a r - l i t  g n e is s .  The m ig m a tite s  and  l i t - p a r - l i t  

g n e is s e s  show g r a d a t io n a l  and in t e r f i n g e r i n g  r e l a t i o n s .

No a t te n ç ) t  was made t o  d e te rm in e  m odal c o n p o s it io n s  o f  e i t h e r  o f
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L i t - p a r - l i t  g n e is s  exposed  n o r th  o f  M il l  C reek . 
H o rn b le n d e -p la g io c la s e ,  b io t i t e - q u a r t z - p l a g io c l a s e  
g n e is s e s  a re  in t e r l a y e r e d  w ith  g r a n i t e  g n e is s  and 
g r a n o d io r i te  g n e is s .  Note c o n t in u i ty  o f  l i t h o l o g i e  
u n i t s  and  i r r e g u l a r  th ic k n e s s .  The c o n ta c ts  a re  
n o t ic e a b ly  sh a rp  i n  t h i s  o u tc ro p .

Figure 5
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a .  L i t - p a r - l i t  g n e is s  a t  th e  same o u tc ro p  a s  F ig u re  5» N ote i r r e g u ­
l a r  sh arp  c o n ta c ts  and  th e  p e r s is te n c e  o f  t h i n  u n i t s .  L enses o f  
p la g io c la s e  a r e  p r e s e n t  i n  th e  h o rn b le n d e -p la g io c la s e  s tra tu m  in  
th e  c e n te r  o f  th e  p i c t u r e .

L i t - p a r - l i t  g n e is s  exposed  a lo n g  M in e ra l C reek . Note f r a c t u r i n g  
p a r a l l e l  t o  th e  l i t h o l o g i e  c o n ta c ts .  The c o n co rd a n t s c h i s t o s i t y  
i s  p a r a l l e l  t o  th e s e  f r a c t u r e s .

F ig u re  6
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th e  mixed, g n e is s e s  a s  th e  c o m p o s itio n a l v a r i a t i o n  and th e  r e l a t i v e  abun­

dance o f  c o n s t i tu e n t  l i t h o l o g i e s  a t  a  g iv e n  p la c e  v a r ie s  w id e ly .

L i t - p a r - l i t  G neiss

L i t - p a r - l i t  g n e is s  i s  exposed  in  30 to  40 p e r  c e n t  o f th e  a re a  

mapped. The d e c is io n  t o  map a l l  i n t e r la y e r e d  sequences w here th e  beds 

w ere l e s s  th a n  200 f e e t  th i c k  under t h i s  ro ck  name i s  n o t e n t i r e l y  s a t i s ­

f a c to r y .  W hile a l l  th ic k n e s s e s  from  l e s s  th a n  one in c h  t o  200 f e e t  w ere 

o b serv ed , th o se  u n i t s  o f  more th a n  two f e e t  t h i c k  show more i n t r a l a y e r  

c o m p o sitio n a l v a r i a t i o n  th a n  th e  th in n e r  b e d s . The g e n e ra l  c h a r a c te r  o f  

th e  th i c k e r  u n i t s  i s  s im i la r  t o  th e  in d iv id u a l ly  mapped u n i t s  r a t h e r  th a n  

t o  th e  f i n e l y  in te r la m in a te d  m ixed ro c k s .

The l i t - p a r - l i t  g n e is s  c o n ta in s  r e p r e s e n ta t iv e s  o f  a l l  th e  m afic  

g n e is s e s ,  m ixed m ost commonly w ith  g r a n i t e  g n e i s s ,  and t o  a  l e s s e r  d e g re e , 

w ith  q u a r tz  m onzonite g n e is s .  The u n i t s  w i th in  a  sequence v a ry  in  th ic k n e s s  

b u t  a re  g e n e r a l ly  o f  th e  same o rd e r  o f  m agn itude . G e n e ra lly , th e  f e l s i c  

g n e is s e s  and th e  m afic  g n e is s e s  a re  ap p ro x im a te ly  e q u a l in  abundance. 

I n d iv id u a l  la y e r s  a re  commonly t r a c e a b le  f o r  more th a n  one m ile .  Bound­

a r i e s  a re  g e n e ra l ly  i r r e g u l a r  showing s in u s o id a l  c h a r a c te r s .  I n  p la c e s ,  

th e  th in n in g  o f  u n i t s  ta k e s  on a  boudinage ap p e a ra n c e . C o n ta c ts  o f  th e  

a c id ic  p o r t io n s  w ith  th e  h o rn b le n d e -p la g io c la s e  g n e is s  and th e  h o rn b le n d e -  

p y ro x e n e -p la g io c la se  g n e is s  a r e  g e n e ra l ly  sh a rp  (F ig s .  5 , 6a ;  P la t e  V I I I ) .  

C o n v erse ly , th e  b i o t i t e - r i c h  m afic  g n e is s e s  g e n e r a l ly  have g r a d a t io n a l  con­

t a c t s  w hich ran g e  from  l e s s  th a n  0 .5  m i l l im e te r  where th e  lam in ae  a r e  5 

m i l l im e te r s  t h i c k  t o  one f o o t  w here th e  u n i t s  a r e  50 f e e t  t h i c k .  The 

t r a n s i t i o n  zone i s  r e f l e c t e d  in  a  change i n  b i o t i t e  c o n te n t  and , t o  a  

l e s s e r  e x te n t ,  i n  th e  m ic ro c lin e  c o n te n t .  T h in  s e c t io n s  from  th e  t r a n s i -



PIATE VIII

PHOTOGRAPHS OF SPECIMENS OF LIT-PAR-LIT GNEISS

a .  L i t - p a r - l i t  g n e is s .  S e g re g a tio n  o f  ho rn b len d e  and b i o t i t e  from  p la g io ­
c l a s e .  The la m e lla e  b o u n d a rie s  a re  w e ll  d e f in e d ,  b u t  r a th e r  d is c o n tin u o u s .
The b i o t i t e  c r y s t a l s  a re  o r ie n te d  p a r a l l e l  t o  th e  la m e lla e  b o u n d a r ie s .

b .  L i t - p a r - l i t  g n e is s  w ith  p la n a r  s e g re g a t io n s  o f  p la g io c la s e  and q u a r tz
from  h o rn b le n d e -p la g io c la s e  g n e is s .  N ote su b o rd in a te  s e g re g a t io n s  and 
le n s e s  p a r a l l e l  t o  th e  f o l i a t i o n .

c . L i t - p a r - l i t  g n e is s .  B io t i t e - q u a r tz - p l a g io c l a s e  i r r e g u l a r l y  s e g re g a te d  
from  p la g io c la s e - q u a r tz  and m ic r o c l in e - q u a r tz . The m in é ra lo g ie  s e g re g a ­
t i o n  i s  accom panied by a  s iz e  s e g re g a t io n ,  w ith  th e  m ic ro c l in e -q u a r tz  
f r a c t i o n  b e in g  l a r g e r .  The d is c o n tin u o u s  n a tu re  o f th e  lam inae  i s  
t y p i c a l  o f  many ex p o su res  o f  l i t - p a r - l i t  g n e is s .  N ote th e  absen ce  o f  
any ev id en ce  o f  i n j e c t i o n  p ro c e s s e s .
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PIATE IX

PHOTOMICROGRAPHS AHD HAM) SPECIMEN PHOTOGRAPH OF 
LIT-PAR-LIT GNEISS

a . L i t - p a r - l i t  g n e is s  w ith  s e g re g a t io n  o f  q u a r tz  and  m ic ro c lin e  i n  h i o t i t e -  
q u a r tz - p la g io c la s e  g n e is s .  N ote th e  i r r e g u l a r  h u t  w e l l -d e f in e d  c o n ta c ts .  
B io t i t e  o r i e n t a t i o n  i s  p a r a l l e l  t o  th e  s e g re g a t io n  boundary . P la in  l i g h t .
X 6 . 2 5 .

b .  L i t - p a r - l i t  g n e is s .  C o n ta c t o f  s e g re g a t io n  la y e r  o f  b i o t i t e - q u a r t z -
p la g io c la s e  g n e is s  w ith  g r a n o d io r i te  g n e is s .  A lthough  th e  c o n ta c t  i s  
e a s i l y  d e f in e d  by  th e  d isa p p e a ra n c e  o f  b i o t i t e  and s i z e  change, i t  i s  
n o t a b ru p t and  i s  v e ry  i r r e g u l a r  i n  c h a r a c te r .  C ro ssed  p o la r s .  X 6 .2 5 .

c . L i t - p a r - l i t  g n e is s  showing c o n ta c t  o f  g r a n i t e  g n e is s  and b i o t i t e - q u a r t z -  
p la g io c la s e  g n e is s .  The s iz e  c o n t r a s t  a s  w e ll  a s  th e  m in é ra lo g ie  s e p a ra ­
t i o n  i s  co n sp icu o u s . C rossed  p o la r s .  X 10.

d . L i t - p a r - l i t  g n e is s .  F le x u r a l  flow  f o ld  t y p i c a l  o f  th e  f o ld  p a t t e r n
developed  i n  th e  l i t - p a r - l i t  g n e i s s e s .  Some a x i a l  th ic k e n in g  i s  p r e s ­
e n t b u t  th e  co n tin u o u s  n a tu re  o f  th e  m afic  s e g re g a t io n s  i s  n o t i c e a b le .
No ev id en ce  o f  movement p a r a l l e l  to  th e  a x i a l  p la n e  o r  a c ro s s  com posi­
t i o n a l  la y e r s  i s  p r e s e n t .  T h is  ty p e  o f  f o ld in g  i s  i n  d i r e c t  c o n t r a s t  
t o  t h a t  found  i n  m ig m a tite s , w here th e  th ic k e n in g  and d is c o n tin u o u s  
n a tu re  o f  th e  l a y e r s  i s  p ronounced.
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t i o n  zones g e n e ra l ly  show d is s e m in a te d  s e g re g a t io n s  o f  q n a r tz -m ic ro c l in e  

le n s e s  w ith in  th e  " b io t i te -q \a a r tz -p la g io c la s e  ro c k s . These m ic ro sco p ic  

s e g re g a t io n s  a re  s h a rp ly  d e l in e a te d  from  th e  su rro u n d in g  m a te r ia l  ( a ,  "b, 

c,  P l a t e  IX ).

F o ld s ,  w h ile  p r e s e n t  w i th in  th e  l i t - p a r - l i t  g n e i s s ,  a r e  n o t  c h a r ­

a c t e r i s t i c .  Where th e y  do o c c u r , th e y  u s u a l ly  a r e  c l a s s i f i a b l e  (D onath , 

1964 , p .  4 9 ) a s  g e o m e tr ic a l ly  s im i la r  o r  g e n e t i c a l ly  f le x u r a l - f lo w  (d , 

P la te  IX ) . The r e l a t i v e  d u c t i l i t y  o f la y e r s  i s  a p p a re n t ly  s im i la r  so 

t h a t  th ic k e n in g  o r  th in n in g  i s  m in im al. No c h a r a c t e r i s t i c s  in d i c a t iv e  o f 

h ig h  te m p e ra tu re  o r  lo n g  d u ra t io n  o f  lo a d in g  a r e  p r e s e n t—t h a t  i s ,  no 

a s p e c ts  o f "m o"bility" a re  a p p a re n t .  Where f o ld in g  i s  p r e s e n t ,  th e  f o ld  

ax es  a p p ea r t o  be r e l a t e d  t o  th e  m ajor s t r u c t u r a l  f e a tu r e s  o f  th e  a r e a .

M igm atite

M ixed ro ck s  w hich a re  c l a s s i f i e d  a s  m ig m atite  a r e  in t e r l a y e r e d  

m afic  g n e is s e s  w ith  l e s s e r  am ounts o f  g r a n i t e  g n e is s  and  q u a r tz  m onzonite 

g n e i s s .  The dominance o f  th e  m afic  g n e is s e s  i s  c h a r a c t e r i s t i c  o f  th e  

m ig m a tite .

G ra n ite  g n e is s  i s  a p p a re n tly  th e  dom inant f e l s i c  g n e is s  w ith  

q u a r tz  m onzonite g n e is s  p r e s e n t  i n  l e s s e r  am ounts. The la y e r s  ran g e  from  

l e s s  th a n  1 m i l l im e te r  t o  10 in c h e s  i n  th ic k n e s s .  They a re  l e n t i c u l a r ,  

po d s , o r  w isp s  o f  f e l s i c  m a te r ia l ,  g e n e ra l ly  d is c o n tin u o u s  and  h ig h ly  

v a r ia b le  in  th ic k n e s s .  C o n ta c ts  w ith  th e  su rro u n d in g  m afic  g n e is s e s  a re  

s im i la r  to  th o se  o f  th e  l i t - p a r - l i t  g n e is s e s .

H igh ly  c o n to r te d ,  d ish a rm o n ie , p ty g m a tic , and p a s s iv e  flo w  fo ld s  

(D onath , 1964, p .  4 9 ) a re  d ia g n o s t ic  o f  th e  m ig m atite  (F ig .  7 )-  The f o ld s
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M igm atite  exposed  n o r th  o f  N o rth  Oak C reek . G ra n ite  g n e is s  
i s  in t e r la y e r e d  w ith  h o rn b le n d e -p la g io c la s e  g n e is s .  N ote th e  
d isharm o n ie  fo ld in g  and  th e  "m obile" a s p e c t  o f  th e  ro c k .

F ig u re  7
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a re  g e n e ra l ly  l e s s  th a n  one f o o t  i n  w id th  w ith  th e  f o ld  ax es  p a r a l l e l  o r  

s u b p a r a l l e l  t o  th e  g e n e ra l  t r e n d  o f  th e  s c h i s t o s i t y  and f o l i a t i o n .  Numer­

ous fo ld s  a re  common in  a  s in g le  o u tc ro p . The in t im a te  m ixing o f  th e  

a c id ic  m a te r ia l  and  th e  d isc o n tin u o u s  n a tu re  o f  th e  lam inae a l l  g iv e  a  

"m obile" a s p e c t  t o  th e  o u tc ro p . A l l  f e a tu r e s  su g g e s t v is c o u s  b e h a v io r  

o f  th e  ro ck  e i t h e r  a t  h ig h  te m p e ra tu re , u nder s t r e s s  o f  h ig h  and lo n g  

d u ra t io n ,  o r  a  com bination  o f  th e s e  c o n d i t io n s .

I n t e r p r e t a t i o n  o f  M afic G n e is se s , F e l s i c  
G n eisses  and Mixed Rocks

G en e ra l S ta tem en t

R eco g n iz in g  t h a t  a lth o u g h  th e  d e s c r ip t iv e  f e a tu r e s  o f  th e  f e l s i c  

and b a s ic  g n e is s e s  a re  n o t  t r u l y  o b je c t iv e ,  an  a t te m p t h as  b een  made t o  

r e le g a te  th e  more s u b je c t iv e ,  i n t e r p r e t a t i v e  d is c u s s io n  t o  t h i s  s e c t io n .  

S e p a ra t io n  o f  th e  p e t r o lo g ic  and s t r u c t u r a l  in v e s t ig a t io n  i s  n e i th e r  

d e s i r a b le  n o r  i l lu m in a t in g .  A b e t t e r  u n d e rs ta n d in g  o f  th e  s t r u c t u r a l  

h i s to r y  can  be  a t t a in e d  o n ly  i f  th e  p r e s e n t  c o n d i t io n  o f  th e  ro c k s , t h e i r  

o r ig in s  and  h i s t o r i e s  a re  known. The p r e s e n t  d is c u s s io n  h as  b een  d iv id e d  

in to  two p o r t io n s  f o r  conven ien ce— ( l )  th e  p r e s e n t  p e t ro lo g ic  s t a t e  o f  th e  

f e l s i c  g n e is s e s  and  m afic  g n e is s e s  and m ixed ro c k s ; and  ( 2 ) th e  o r ig i n  o f  

th e s e  ro c k s . These s u b je c ts  a re  so i n t e r r e l a t e d  t h a t  f o r  c l a r i t y  th e  

s e p a r a t io n  w i l l  be f r e q u e n t ly  d is re g a rd e d . The in t e r l a y e r e d  c o n d i t io n  

o f  th e  ro ck s  n e c e s s i t a t e s  c o n s id e ra t io n  o f  f e l s i c  g n e is s e s ,  m afic  g n e is s e s  

and th e  m ixed ro ck s  a t  th e  same tim e .

I t  shou ld  be  re c o g n iz e d  t h a t  th e  c o n c lu s io n s  p re s e n te d  h e re  a re  

b ased  upon a  r e g io n a l  s tu d y  and  w ith o u t ch em ica l a n a ly s e s .  Thus, th e y  

w i l l  se rv e  o n ly  a s  a  f i r s t  ap p ro x im atio n  o f  th e  p e t r o lo g ic  c o n d i t io n  and
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p a ra g e n e s is  o f  th e s e  ro c k s .

Ho more th a n  p a s s in g  comments on th e  p r e s e n t  c o n d i t io n  o r  th e  

o r ig in  o f  th e  P recam b rian  ro ck s  o f  th e  Wet M ountains h a s  been  p u b lis h e d .

Ho p re v io u s  i n v e s t i g a t io n  o f  th e  a r e a  o f  t h i s  s tu d y  h as  b een  a t te m p te d . 

Work in  a d ja c e n t  a r e a s  (H e in r ic h , 19^0; C h ris tm an , e t  a l . ,  1959; and 

B oyer, 1962 ) h as  been  1? g e ly  d e s c r ip t iv e  w ith  l i t t l e  o r  no c o n s id e ra t io n  

o f  th e  i n t e r p r e t a t i v e  r a m i f ic a t io n s ,  p a r t i c u l a r l y  w ith  r e s p e c t  t o  th e  

p r e s e n t  c o n d i t io n  o f  th e  c r y s t a l l i n e  ro c k s .

The f i e l d  r e l a t i o n s ,  m in e ra l assem b lages and  m ic ro sc o p ic  t e x t u r a l  

r e l a t i o n s  a l l  in d i c a te  t h a t  b o th  th e  f e l s i c  and  m afic  g n e is s e s  a re  r e g io n ­

a l l y  m etam orphosed ro c k s .  The l a t e s t  r e g io n a l  r e c r y s t a l l i z a t i o n  seems to  

have been  from  I 29O to  15^0 m i l l io n  y e a r s  ago ( G r i f f i n  and K ulp , I 96O, 

p .  220 ) ,  w hich  i s  d e f i n i t e l y  o f  P recam b rian  a g e . R a d io a c tiv e  d a te s  show 

t h a t  th e  r e c r y s t a l l i z a t i o n  o c c u rre d  a p p ro x im a te ly  a t  th e  same tim e i n  

b o th  th e  f e l s i c  and  m afic  g n e is s e s .  Ho m in e ra lo g ic a l  o r  t e x t u r a l  ev id en ce  

a lo n g  th e  c o n ta c ts  betw een th e s e  two g e n e ra l  ro c k  ty p e s  in d ic a te  c o n ta c t  

metam orphism  a s  m igh t have o c c u rre d  i f  th e  m etam orphism  was due t o  th e  

i n j e c t i o n  o f  magma in t o  th e  m afic  g n e i s s .  The same in fo rm a tio n  in d ic a te s  

t h a t  th e  metam orphism  was r e g io n a l  i n  n a tu re  and t h a t  th e  f e l s i c  g n e is s e s - -  

w ha tev e r t h e i r  o r ig i n —p a r t i c i p a t e d  in  th e  r e c r y s t a l l i z a t i o n .

B efo re  c o n s id e r in g  th e  o r i g i n  o f  th e s e  ro c k s ,  i t  i s  a p p ro p r ia te  

t o  c o n s id e r  t h e i r  p r e s e n t  m in é ra lo g ie  c o n d i t io n s  and th e  in fe re n c e s  t h a t  

may be drawn from  them .

F a c ie s

Two o f  th e  m ost s i g n i f i c a n t  c o n c e p ts  u n d e r ly in g  modern i n t e r p r e ­

t a t i o n  o f  m etam orphic sequences o f  ro c k s  a r e  th e  id e a s  c o n c e rn in g  zones
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o r  g ra d e s  o f  r e g io n a l  metamorphism and  th e  co n cep t o f  m etam orphic f a c i e s .  

M etam orphic f a c i e s  w ere f i r s t  d is c u s s e d  by  E sk o la  ( 1915 , I 920) and  th e  

co n cep t and i t s  a p p l ic a t io n  h as  b een  a m p lif ie d  and m o d if ie d  by  many su b se ­

q u en t w o rk e rs . A ttem p ts  have a l s o  b een  made to  c o r r e l a t e  th e s e  two 

ap p roaches t o  m etam orphic ro c k  p rob lem s. T u rn e r (1948, p . 7 6 ) p r e s e n ts  

a  lu c id  s ta te m e n t o f  t h i s  a s p e c t  o f  th e  prob lem .

The two ap p ro ac h es, w h ile  n o t c o n t r a d ic to r y ,  d i f f e r  i n  em phasis, 

and p roduce  d i f f e r e n t  ty p e s  o f  c o n c lu s io n s , each  o f  w hich i s  s i g n i f i c a n t  

t o  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 .  The c o n ce p t o f  m etam orphic zones o r  

g ra d e s  em phasizes th e  e f f e c t  o f  v a ry in g  p h y s ic a l  c o n d i t io n s  on m a te r ia ls  

o f  th e  same o r  s im i la r  ch em ica l co m p o sitio n . The z o n a l b o u n d a r ie s , 

a t t a in e d  by  m apping th e  a r e a l  d i s t r i b u t i o n  o f  c e r t a i n  " in d ex "  m in e ra ls — 

c h l o r i t e ,  b i o t i t e ,  a lm and ine , s t a u r o l i t e , k y a n i te ,  an d  s i l l i m a n i t e  in  

p e l i t i c  s e d im e n ts—a re  assum ed to  d e l in e a te  a re a s  o f  e q u a l te m p e ra tu re  

and have b een  d e s ig n a te d  a s  " is o g ra d s "  t o  su g g e s t t h a t  th e s e  a re  zones 

a lo n g  w hich m etam orphism  h a s  re a c h e d  th e  same g rade  ( T i l l y ,  19 2 4 ). B ased 

upon th e  assu m p tio n  o f  s im i la r  i n i t i a l  co m p o sitio n , a r e a s  c o n ta in in g  

s i l l i m a n i t e  p resum ab ly  have b e e n  s u b je c te d  t o  more in te n s e  p h y s ic a l  c o n d i­

t i o n s  th a n  th e  b i o t i t e  zone. The e n p h a s is  upon p h y s ic a l  c o n d i t io n s  sh o u ld  

p ro v id e  an  o rd e r  o f  m agnitude o f  th e  p r e v a le n t  c o n d i t io n s  and th e  d u ra ­

b i l i t y  o f  s t r u c t u r a l  f e a tu r e s  th ro u g h  th e  p e r io d  o f  m etam orphism .

I n  a d d i t io n  to  c o n s id e r in g  v a ry in g  p h y s ic a l  c o n d i t io n s ,  th e  con­

c e p t o f  m etam orphic f a c i e s  p ro v id e s  f o r  th e  e f f e c t  o f  v a ry in g  chem ica l 

c o n p o s i t io n s . The d i f f e r e n t  f a c i e s  a re  d is t in g u is h e d  a s  r e p r e s e n t in g  

d i f f e r e n t  s e t s  o f p h y s ic a l  c o n d i t io n s  i n  r e g io n a l  m apping. I n t e r - f a c i e s  

b o u n d a rie s  co rre sp o n d  t o  is o g ra d s .  W ith in  a  s in g le  f a c i e s ,  how ever.
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d i f f e r e n t  chem ical c o n ç o s it io n s  may y ie ld  a  marked d i f f e r e n c e  in  m in é ra l­

o g ie  assem b lages. F o r exam ple, th e  am p h ib o lite  f a c i e s  may in c lu d e  ro ck s  

c h a r a c te r iz e d  by b i o t i t e ,  a lm andine , s t a u r o l i t e ,  o r  k y a n i te —a l l  form ed 

s im u lta n e o u s ly  under s im i la r  c o n d itio n s  o f  te m p e ra tu re , p r e s s u r e ,  and 

d e v ia to r ic  s t r e s s e s .  Rocks c o n ta in in g  k y a n ite  o r s t a u r o l i t e  a re  n o t 

in t e r p r e te d  a s  a t t a in i n g  a  "h ig h e r g rad e"  b u t  m ere ly  th o s e  w hich a re  

somewhat r i c h e r  in  AI2O2 and p o o re r  in  K^O th a n  th o s e  w hich c o n ta in  o n ly  

m icas . The co n cep ts  o f  m etam orphic f a c i e s ,  em phasing th e  m in é ra lo g ie  

co m p o sitio n , p ro v id e  some b a s i s  f o r  i n t e r p r e t i n g  th e  m ech an ica l b e h a v io r  

o f  th e  ro c k s .

W ith in  th e  a r e a  o f  in v e s t ig a t io n  i t  would seem m ost p r o f i t a b l e  

to  c o n s id e r  p o s s ib le  f a c i e s  r e la t io n s h ip s  f i r s t .  The m in e ra l assem blages 

o f  th e  g n e is s e s  a re  summarized i n  T ab le G.

The p re sen ce  o f  a lm and ine , k y a n i te ,  and s i l l i m a n i t e  su g g e s ts  th e  

h ig h  g rade  zone o f  p ro g re s s iv e  r e g io n a l  metamorphism o f  th e  s ta n d a rd  p e l i t i c  

sequences o f  th e  B a rro v ia n  ty p e . The a s s o c ia t io n  o f  p la g io c la s e  w ith  

h o rn b len d e  i s  c h a r a c t e r i s t i c  o f  th e  a m p h ib o lite  f a c i e s  as  o r ig i n a l l y  

d e f in e d  by E sk o la  ( 1920) and ty p i c a l l y  occu rs  from  th e  m iddle o f  th e  

g a rn e t zone th ro u g h  th e  s i l l im a n i t e  zone.

These p re lim in a ry  rem arks w i l l  se rv e  to  p la c e  th e  rocks w ith in  

th e  a p p ro p r ia te  framework f o r  d is c u s s io n ,  b u t  c lo s e r  c o n s id e r a t io n  o f  th e  

p rob lem  i s  w a rra n te d . E sk o la , i n  o r ig i n a l l y  d e f in in g  th e  am p h ib o lite  

f a c i e s ,  c h a ra c te r iz e d  i t  by  th e  p re se n c e  o f  h o rn b len d e , p la g io c la s e ,  

b i o t i t e ,  q u a r tz ,  m ic ro c lin e , m u sco v ite , a lm andine , s t a u r o l i t e ,  k y a n i te ,  

and s i l l im a n i t e  in  v a r io u s  a s s o c ia t io n s  (1920, pp . 165 - I 6 8 ) .  I n  a d d i t io n  

z o i s i t e  was c h a r a c t e r i s t i c  o f  th e  low er p o r t io n  o f  th e  f a c i e s  w hich was
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M afic
g n e is s e s

S i l l im a n i t i c  g n e is s e s  
and s c h i s t s :

P y ro x e n e -s c a p o lite  
g n e is s e s :

H o rnb lende-py roxene- 
p la g io c la s e  g n e is s :

H ornb lende-
p la g io c la s e  g n e is s :

B io t i t e - q n a r t z -
p la g io c la s e  g n e is s :

S i l l im a n i t e - b io t i t e - m i c r o c l i n e -  
m uscov ite  ^ -q u a r tz -a n d e s in e  (Ani^gj

D io p s id e -s c a p o li te - s p h e n e  [ -e p id o te -  
a lm a n d in e -k y a n ite  -ande s in e  (Anj^g ) -  
c a l c i t e  J

H o rn b len d e -au g ite -a n d e  s in e /  
l a b r a d o r i t e  (An!+g_^$) ( -h y p e rs th e n e -  
q u a r tz )

H o m b le n d e -o lig o c la s e /a n d e s in e  
(A n g Y _ i^ ) ( -b io t i te -a u g ite -q u a r tz )

B io t i t e - q u a r t z - o l ig o c la s e  (An2^_2g)
( -m ic ro c lin e -h o m b le n d e -a lm a n d in e  )

F e l s i c  < 
g n e is s e s

G ra n ite  g n e is s :

Q u artz  m onzonite 
g n e is s :

G ra n o d io r ite  g n e is s :

M ic ro c l in e -p e r th i t e -q u a r tz  
[  - o l ig o c la s e  (An2 2 ) - b i o t i t e -  
a lm and ine- s i l l i m a n i t e j

M ic r o c l in e - p e r th i te - q u a r tz -  
o l ig o c la s e  (A n^g)( - b i o t i t e )

O lig o c la s e  (A n g y )-q u a r tz ( -m ic ro c lin e -  
b i o t i t e )

TABLE G

MINERAL ASSEMBLAGES OF THE MAFIC AND FELSIC GNEISSES

t r a n s i t i o n a l  t o  th e  e p id o te -a m p h ib o li te  f a c i e s .  The low  te m p e ra tu re  l i m i t  

o f  th e  a lm an d in e -am p h ib o lite  f a c i e s  was d e te rm in ed  by th e  p la g io c la s e  com­

p o s i t i o n  w hich seem ing ly  d e c re a se s  i n  a n o r th i te  c o n te n t  w ith  d e c re a s in g  

m etam orphic g ra d e . E sk o la  w ould n o t a llo w  p la g io c la s e  more so d ic  th a n  Anî .o 

(a n d e s in e )  i n  th e  am p h ib o lite  f a c i e s .  The e p id o te -a m p h ib o li te  f a c i e s ,  w hich 

presum iably r e f l e c t e d  co n tig u o u s  b u t  low er te m p e ra tu re -p re s s u re  c o n d i t io n s ,  

was t y p i f i e d  by th e  a s s o c ia t io n  h o r n b le n d e - a lb i te - e p id o te .  The h ig h  tem ­

p e r a tu r e  l i m i t  o f  th e  a lm an d in e -am p h ib o lite  f a c i e s  was marked by  th e  

ap p ea ran ce  o f  d io p s id e  and h y p e rs th e n e  a t  th e  expense o f  h o rn b le n d e . The
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g r a n u l i t e  f a c i e s  was d e f in e d  a s  b e in g  above th e  u pper p o r t io n  o f  th e  

a m p h ib o lite  f a c i e s  and was c h a r a c te r i z e d  by th e  o c c u rre n c e  o f  o r th o c la s e  

r a t h e r  th a n  m ic ro c lin e ,  in  a d d i t io n  t o  th e  ap p ea ran ce  o f  c lin o p y ro x en e  

and  h y p e rs th e n e . I n  such  a  fram ew ork, th e  assem b lages p r e s e n t  in  th e  Wet 

M ountains a r e  i n  some d is e q u i l ib r iu m  w ith  r e s p e c t  t o  p la g io c la s e  com posi­

t i o n  b u t  o th e rw is e  ap p ea r to  be t r a n s i t i o n a l  betw een th e  a m p h ib o lite  f a c i e s  

and th e  lo w er p o r t io n  o f  th e  g r a n u l i t e  f a c i e s .

R e se a rc h  s in c e  B a rro w 's  o r i g i n a l  p ro p o s a l h a s  em phasized th e  con­

f l i c t i n g  f a c i e s  b o u n d a rie s  r e s u l t i n g  from  a  c o n s id e ra t io n  o f o n ly  one

m in e ra l .  The e n t i r e  assem blage m ust be  u t i l i z e d  in  c o n s id e r in g  th e  com plex 

p o s s i b i l i t i e s  p ro d u c ib le  d u r in g  m etam orphism . W ith r e g a rd  to  a lm an d in e - 

a m p h ib o lite  f a c i e s  i t  i s  i n s t r u c t i v e  t o  c o n s id e r  th e  e q u i l ib r iu m  ran g e  o f 

c e r t a i n  m in e ra ls  common to  th e  assem b lag es  o f th e  e a s te r n  m argin  o f  th e  

Wet M oun tains.

The c h a r a c te r  o f  th e  p la g io c la s e  i s  o f te n  c i t e d  a s  in d i c a t iv e  o f

th e  changes w i th in  th e  alm andine zone and o f  i t s  r e l a t i o n s h ip  t o  th e

e p id o te -a m p h ib o li te  f a c i e s .  I t  h as  lo n g  been  re c o g n iz e d  t h a t  th e  a n o r th i te  

c o n te n t  o f  p la g io c la s e  g e n e r a l ly  in c r e a s e s  w ith  th e  d eg ree  o f  m etamorphism . 

T h is  a p p e a rs  t o  be due to  th e  p re se n c e  o f  ca lc iu m  in  s e v e r a l  m etam orphic 

m in e ra ls ,  w hereas sodium  i s  found  p r i n c i p a l l y  in  th e  a l b i t e  "m o lecu le" o f 

th e  p la g io c la s e .  R e a c tio n  betw een  th e  a n o r th i t e  p o r t io n  o f  th e  p la g io c la s e  

and  o th e r  C a -c a rry in g  s i l i c a t e s  g e n e r a l ly  in c re a s e s  th e  a n o r th i t e  c o n te n t 

o f  th e  p la g io c la s e  w ith  r i s i n g  te m p e ra tu re .

The m ost s in g le  o f  th e s e  r e a c t io n s  in v o lv e s  p la g io c la s e  and 

e p id o te  and has been  w id e ly  u se d  to  d e f in e  th e  low er a lm an d in e -am p h ib o lite  

f a c i e s  bou n d ary . Ramberg ( l9 5 2 , p . I 56 ) d e te n n in e d  th e  s t a b i l i t y  f i e l d s
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t h e o r e t i c a l l y  and concluded  t h a t  th e  e q u i l ib r iu m  betw een  z o i s i t e  and An^g 

sh o u ld  d e f in e  th e  low er o f  th e  a m p h ib o li te  f a c i e s .  Sen ( 1963 , p .  ? 8 8 ) , 

i n  rev ie w in g  r e c e n t  work, co n cluded  t h a t  a lth o u g h  th e r e  may be some 

t h e o r e t i c a l  b a s i s  f o r  u s in g  An^g o r  An^^ ^ a s  a  boundary  co m p o sitio n , 

a  g r e a t e r  j u s t i f i c a t i o n  seems to  e x i s t  b o th  on a  t h e o r e t i c a l  and e x p e r i ­

m e n ta l b a s i s  t o  u se  An^^ r a t h e r  th a n  An^^ ^ a s  th e  b r a c k e t in g  c o n g o s it io n .

F y fe , T u rn e r, and  V erhoogen ( 1958 , p .  229) im p lie d  t h a t  th e  

d iv i s io n  sh o u ld  be made a t  An^^, b u t  T u rn er and V erhoogen ( 196O, p . 5^4) 

in d ic a te d  t h a t  th e  p la g io c la s e  t r a n s i t i o n  o f  a l b i t e  (An ĵ^g) t o  o l ig o c la s e  

(A n ^ )  i s  one c h a r a c te r  s ig n i f y in g  th e  change from  th e  e p id o te -a m p h ib o li te  

f a c i e s  t o  th e  a n p h ib o l i t e  f a c i e s .  I t  i s  a p p a re n t t h a t  a lth o u g h  th e  ca lc iu m  

c o n te n t a p p e a rs  t o  in c re a s e  w ith  p ro g re s s iv e  f a c i e s  o f  r e g io n a l  metamorphism, 

i t  i s  n o t by  i t s e l f  a  f a c i e s  i n d i c a to r .  I t s  use a s  a  boundary in d i c a to r  o f  

th e  e p id o te -a m p h ib o li te  and  a n ç ih ib o li te  t r a n s i t i o n  i s  a s  y e t  u n d ecided .

W ith in  th e  e a s te r n  Wet M oun tains, th e  ab sen ce  o f  e p id o te ,  c h l o r i t e  

and  a l b i t e ,  e x c e p t a s  seco n d ary  p ro d u c ts ,  co u p led  w ith  th e  a p p a re n t e q u i­

l ib r iu m  c o n d i t io n  betw een th e  h o rn b len d e  and  o l ig o c la s e  s u b s t a n t i a te s  th e  

assu m p tio n  t h a t  th e  p r e s e n t  assem blages r e c r y s t a l l i z e d  w i th in  t e n ç e r a tu r e -  

p r e s s u re  s t a b i l i t y  f i e l d s  above th o se  o f  th e  e p id o te -a m p h ib o li te  f a c i e s .

To p la c e  th e  upper boundary  o f  th e  a lm a n d in e -a m p h ib o lite  f a c i e s  

b a se d  upon th e  s t a b i l i t y  f i e l d  o f  th e  assem blages p r e s e n t  h e re  i s  somewhat 

more d i f f i c u l t .  The ap pea rance  o f o r th o c la s e  r a th e r  th a n  m ic ro c lin e  i s  

t y p i c a l  o f  th e  t r a n s i t i o n  from  th e  a m p h ib o lite  t o  th e  g r a n u l i t e  f a c i e s  

(F y fe , T u rn e r, and  V erhoogen, 19$8, p .  243; B udd ing ton , 1939, PP* 267- 282) .  

I t s  com plete  absence  in  th e  assem blages o f  th e  a r e a  su g g e s t t h a t  th e  f a c i e s  

r e p re s e n te d  i s  below  th e  a m p h ib o l i te -g r a n u l i te  t r a n s i t i o n .  Ramberg (1952,
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p . 15T) p ro p o sed  t h a t  th e  t r a n s i t i o n  o f  b i o t i t e  to  o r th o c la s e  p lu s  h y p e r-  

s th en e  d e f in e  th e  upper a m p h ib o lite  f a c i e s  bou n d ary . The p re se n c e  o f  

m inor amounts o f  h y p e rs th en e  in  th e  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s e s  

o f  th e  Wet M ountains su g g e s ts  t h a t ,  a t  l e a s t  l o c a l l y ,  t h i s  f a c i e s  boundary  

i s  approached . I n  a d d i t io n ,  th e  g r a n u l i t e  f a c i e s  i s  c h a r a c te r iz e d  by  th e  

p re sen ce  o f  p e r t h i t e  w hich i s  u n s ta b le  w i th in  th e  a m p h ib o lite  f a c i e s .  The 

w idesp read  o ccu rren ce  o f  p e r t h i t e s  in  th e  f e l s i c  g n e is s e s  in d ic a te s  t h a t  

th e s e  ro ck  ty p e s  may have approached  th e  c o n d i t io n  o f  th e  g r a n u l i t e  f a c i e s .  

The e le v a te d  te m p e ra tu re s  would have produced  a  s in g le  homogeneous f e ld s p a r  

w h ile  f a l l i n g  te m p e ra tu re s  a f t e r  r e c r y s t a l l i z a t i o n  c o u ld  have p roduced  

unm ixing o f  th e  p e r t h i t e s .

These c o n s id e ra t io n s  o f  th e  m in e ra l assem b lages o f  th e  a lm an d in e - 

am p h ib o lite  f a c ie s  in d ic a te  t h a t  w i th in  th e  e a s te r n  m arg in  o f  th e  Wet 

M ountains, th e  g e n e ra l  c h a ra c te r  o f  th e  m afic  and f e l s i c  g n e is s e s  and  th e  

mixed ro ck s  a llo w s them  t o  be c l a s s i f i e d  a s  m a n ife s t in g  c o n d i t io n s  o f  th e  

upper p o r t io n  o f  th e  a lm an d in e -am p h ib o lite  f a c i e s .  A more p r e c i s e  e s t im a ­

t i o n  o f  th e  c o n d itio n s  d u rin g  r e c r y s t a l l i z a t i o n  may b e  deduced from  a  con­

s id e r a t io n  o f  th e  s u b fa c ie s  r e l a t i o n s .

The m ost r e c e n t  s y n th e s is  o f e x i s t in g  s u b fa c ie s  w i th in  th e  

a lm an d in e -am p h ib o lite  f a c i e s  has been  u n d e rta k en  by T u rn e r and  Verhoogen 

( i 960 , pp . 5^^-553)* They re c o g n iz e d  fo u r  s u b fa c ie s ,  l i s t e d  below  in  

o rd e r  o f  in c re a s in g  m etam orphic g rade  ( te m p e ra tu re ) ;

1 . S ta u ro l i te -a lm a n d in e .

2 . K yan ite -a lm and ine  -m u sc o v ite .

3 . S ill im a n ite -a lm a n d in e -m u sc o v ite .

h. S il l im a n ite -a lm a n d in e -o r th o c la s e .
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A ll  o f  th e s e  were i n i t i a l l y  e s ta b l i s h e d  f o r  p e l i t i c  ro c k s .

I t  ap p ea rs  t h a t  th e  assem blages o f  th e  e a s t e r n  p o r t io n  o f  th e  

Wet M ountains a re  w i th in  th e  s i l l im a n ite -a lm a n d in e -m u s c o v ite  s u b fa c ie s .

T y p ic a l assem blages o f t h i s  s u b fa c ie s  a re  i l l u s t r a t e d  in  th e  ACF 

and AKF diagram s o f  F ig u re  8 . They a re  a l s o  l i s t e d  below .

a )  P e l i t i c :

Q u a rtz - s i l l im a n ite -m u s e  o v ite -a lm a n d in e -p la g io c la s e ( - b i o t i t e ) 

Q u a r tz -a lm a n d in e -m u s c o v ite -b io t i te -p la g io c la s e

b ) Q u a r tz o - fe ld s p a th ic  ro c k s :

Q u a r tz -m ic ro c l in e -p la g io c la s e -b io t i te ( -m u s c o v i te )

c ) B as ic  ro ck s  :

H o rn b le n d e -p la g io c la se -a lm a n d in e ( - q u a r t z - b i o t i t e )

H o rn b le n d e -p la g io c la se ( - q u a r t z - b i o t i t e )

H o rn b le n d e -p la g io c la s e ( - d io p s id e )

d) C a lca reo u s  ro ck s  :

C a lc i te - d io p s id e - e p id o te ( - p la g io c la s e  a n d /o r  s c a p o l i t e - q u a r t z )

W ith in  t h i s  s u b fa c ie s  th e  p la g io c la s e  i s  p r e d ic te d  to  b e  o l ig o c la s e /  

a n d es in e  in  p e l i t i c  s c h i s t s  and  an d es in e  t o  l a b r a d o r i t e  in  a m p h ib o li te s . 

E p id o te  i s  a b se n t o r  n e g l ig ib l e .

T h is  s u b fa c ie s  i s  marked by  th e  f i r s t  ap p ea ran ce  o f  s i l l im a n i t e  

w hich i s  g e n e ra l ly  a t t r i b u t e d  to  th e  r e a c t io n :

S ta u r o l i t e  -f- q u a r tz  s i l l im a n i t e  -h alm andine 4- S2O

a lth o u g h , a s  i s  p o in te d  o u t su b se q u e n tly , a  number o f  r e a c t io n s  a r e  p o s s ib le .  

The e q u iv a le n t  r e a c t io n  a t  h ig h e r  p re s s u re  w ould y i e l d  k y a n ite  in s te a d  o f  

s i l l i m a n i t e .



M u sco v ite ,

.A lm andine

K/ - — - 
M icro c lin e Cu m m in g to n ite

A n th o p h y ll i te
a.

A K F  d ia g ra m  fo r  r o c k s  w ith e x c e s s  SiO^ and  

Q u a r tz  a n d  p la g io c la s e  a re  p o s s ib le  a d d itio n a l p h a se s .

S i l l im a n i te

A n o r th i t e ,

G ro ssu lo r i fe  
A n d r a d i te /

>rnblendd B io t i t e

A u g ite
C a lc ite Di a p s id e C u m m in g to n ite

b.
A n th o p h y ll i te

A C F  d ia g ra m  fo r  r o c k s  w ith  e x c e s s  SiO^ a n d  K^O. 

Q uartz a n d  p o ta s h  fe ld s p a r  are  p o s s ib le  a d d itio n a l p h a ses.

Almandine-amphibalite facies', 
Sillimanite-almandine -muscovite sub facies

F i g u r e  8
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E ngel and  E n g e l (1953) p o in te d  ou t t h a t  th e  s i l l im a n i t e  zone 

i s  th e  fo cu s  f o r  g r a n i t e  i n j e c t i o n  o r g r a n i t i z a t i o n  so  t h a t  m etam orphic 

te m p e ra tu re s  w ould b e  ex p ec ted  to  o v e rla p  th e  magmatic ran g e . P o s s ib ly  

b ecau se  th e  m etam orphic h i s to r y  o f  ro ck s  o f  t h i s  s u b fa c ie s  i s  co m p lica ted  

by p rim ary  magmatic p ro c e s s e s ,  o r  f o r  some o th e r  unknown re a s o n s , obvious 

d e p a r tu re s  from  e q u il ib r iu m  a re  r a th e r  common. F o r exam ple, k y a n i te  p e r ­

s i s t s  l o c a l l y  in to  th e  s i l l im a n i t e  zone and may be  a s s o c ia te d  w ith  s i l l i ­

m a n ite  in  th e  same ro c k  (W ykoff, 1952, p . 4%, 5 0 ); m ats o f  s i l l im a n i t e  

a re  seen  p a r t i a l l y  r e p la c in g  m icas—w ith  p o ta sh  f e ld s p a r  a s  a  com plem entary 

p ro d u c t;  and , i n  p e l i t i c  s c h i s t s ,  s i l l im a n i t e  i s  commonly a s s o c ia te d  .w ith  

m ica. H ornblende and  p la g io c la s e  do n o t show such  v a r i a t io n  and  a re  

a p p a re n t ly  s ta b le  i n  t h i s  s u b fa c ie s  (F y fe , T u rn e r, and  Verhoogen, 1958, 

p . 230 ) .  James (1955, P- 1462) reco g n ized  an  a p p a re n t e q u i l ib r iu m  a s s o ­

c i a t i o n  o f  g re e n  h o rn b len d e , d io p s id e  and a n d es in e  w i th in  th e  s i l l im ia n i te  

zo n e .

I n  d is c u s s in g  th e  r e la t io n s h ip  betw een  th e  a s s o c ia t io n s  o f  s i l l i ­

m an ite  and o r th o c la s e —c h a r a c t e r i s t i c  o f  th e  s i l l im a n i te -a lm a n d in e -o r th o c la s e  

s u b fa c ie s  o f  T u rner and Verhoogen ( 196O, p . 549.)—and o f  k y a n i te ,  s t a u r o l i t e ,  

m u sco v ite , and m ic ro c l in e —c h a r a c t e r i s t i c  o f  th e  s ta u ro l i te - a lm a n d in e  to  

k y a n ite -a lm a n d in e -m u se o v ite  s u b fa c ie s —Wykoff ( l 952 , p . 48) p o in te d  o u t 

t h a t  th e  p la g io c la s e  o f  th e  fo rm er i s  more c a l c ic  th a n  Ang^, w hereas 

p la g io c la s e  o f  th e  l a t t e r  i s  more so d ic . James ( l9 5 5 , P* 1462) in d ic a te d  

t h a t  o l ig o c la s e  i s  s ta b le  th ro u g h  th e  s i l l im a n i t e  zone f o r  a r g i l la c e o u s  

ro c k s , o lig o c la s e -a n d e s in e  i s  s ta b le  w ith in  th e  s t a u r o l i t e  zone and  an d es in e  

i s  s ta b le  in  th e  s i l l im a n i t e  zone f o r  b a s ic  ro c k s . Thus, a lth o u g h  th e  

p la g io c la s e  does a p p a re n tly  in c re a s e  i n  c a lc iu m  c o n te n t  w ith  in c re a s in g
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te m p e ra tu re -p re s su re  c o n d i t io n s ,  th e  c o m p o s itio n a l range  i s  n o t d ia g n o s t ic  

f o r  any p a r t i c u l a r  f a c i e s ,  s u h fa c ie s ,  o r  n e c e s s a r i ly  r e f l e c t i v e  o f  g ra d e , 

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

From t h i s  b r i e f  rev iew  i t  ap p ea rs  t h a t  th e  m a jo r i ty  o f  th e  f e a tu r e s  

p r e s e n t  i n  th e  m in e ra l assem blages o f  th e  e a s te r n  m arg in  o f  th e  Wet Moun­

t a in s  in d ic a te  t h a t  g e n e ra l  c o n d i t io n s  c h a r a c t e r i s t i c  o f  th e  s i l l i m a n i t e -  

alm andine -muse o v i te  s u b fa c ie s  w ere p r e s e n t  d u r in g  r e c r y s t a l l i z a t i o n .  The 

p la g io c la s e  c o n ^ o s i t io n  i s  s im i la r  t o  t h a t  d e s c r ib e d  by James (l955)>  The 

p re sen ce  o f  p e r t h i t e  and h y p e rs th e n e , w hich a r e  c h a r a c t e r i s t i c  o f  th e  

g r a n u l i te  f a c i e s ,  su g g es t e le v a te d  te m p e ra tu re s . A t th e  same tim e , th e  

e q u i l ib r iu m  o ccu rren ce  o f  m ic ro c lin e  r a t h e r  th a n  o r th o c la s e  r e s t r i c t s  

th e  c o n d itio n s  t o  th o se  o f  th e  upper a m p h ib o lite  f a c i e s .  S i l l im a n i t e ,  

a lth o u g h  w id esp read  in  i t s  d i s t r i b u t i o n ,  i s  b e s t  dev elo p ed  a lo n g  deform ed 

zo nes , p resum ably  r e s u l t i n g  from  te m p e ra tu re s  e le v a te d  above th e  h ig h  l e v e l  

o f r e g io n a l  c o n d i t io n s .  K yan ite  i s  p r e s e n t  l o c a l l y  a lo n g  f r a c t u r e  and 

sh ea r zones w here i t  i s  a s s o c ia te d  w ith  p y ro x e n e -s c a p o l i te  a ssem b lag es .

I t  may be arg u ed  w ith  c o n s id e ra b le  j u s t i f i c a t i o n  t h a t  o n ly  th e  

s i l l i m a n i t i c  s c h i s t s  and g n e is s e s  b e lo n g  t o  t h i s  s u b fa c ie s ,  w ith  th e  

rem ain in g  ro ck s  r e f l e c t i n g  th e  low er te m p e ra tu re -p re s s u re  c o n d it io n s  o f  

th e  s ta u ro l i te -a lm a n d in e  s u b fa c ie s .  B ut th e  p re se n c e  o f  s i l l im a n i t e  in  

th e  f e l s i c  g n e is s e s ,  in c ip i e n t  developm ent o f  h y p e rs th e n e  in  th e  h o rn b le n d e - 

p y ro x e n e -p la g io c la se  ro c k s , u b iq u i to u s  p re se n c e  o f  p e r t h i t e  i n  th e  f e l s i c  

g n e is s e s  and th e  "m obile" a s p e c t  o f  th e  m ig m atite  a l l  su g g e s t t h a t  h ig h e r  

te n ip e ra tu re s  and  p r e s s u re s  w ere more w id e ly  d i s t r i b u t e d  th a n  sim ply  a lo n g  

th e  a re a s  now occu p ied  by  s i l l i m a n i t i c  s c h i s t s  and  g n e is s e s  o r  by k y a n i te -  

b e a r in g  p y ro x e n e -s c a p o li te  g n e is s e s .  Very p ro b a b ly  numerous l o c a l  v a r i a -
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t i o n s  o c c u rre d , so t h a t  p h y s ic a l  c o n d it io n s  p o s s ib ly  v a r ie d  from  th o s e  o f  

th e  upper s ta u ro l i te -a lm a n d in e  s u b fa c ie s  t o  th e  lo w e s t p o r t io n  o f  th e  

g r a n u l i t e  f a c i e s .  I t  seems to  th e  a u th o r  t h a t  th e  r e g io n a l  a s p e c ts  a re  

b e s t  d e s c r ib e d  by th e  s ill im a n ite -a lm a n d in e -m u s e o v ite  s u b fa c ie s .

Grade

W ith in  th e  a lm an d in e -am p h ib o lite  f a c i e s ,  th e  s i l l im a n i te -a lm a n d in e - 

m uscov ite  s u b fa c ie s  i s  presum ed to  r e f l e c t  r e l a t i v e l y  h ig h  te m p e ra tu re  and 

p re s s u re  c o n d i t io n s .  I n  an  a t te m p t t o  b r a c k e t  th e  c o n d i t io n s  o f  th e  m ajo r 

r e c r y s t a l l i z a t i o n ,  a  b r i e f  c o n s id e ra t io n  o f  th e  g rad e  o f  m etam orphism  i s  

n e c e s s a ry . M etam orphic g ra d e s  a re  g e n e ra l ly  deduced  from  th e  s t a b i l i t y  

r e l a t io n s h ip s  o f  v a r io u s  m in e ra ls .  Of th e  c l a s s i c a l  in d i c a to r s  u t i l i z e d  

w i th in  p e l i t i c  s c h i s t s ,  b i o t i t e ,  a lm and ine , k y a n i te ,  and s i l l i m a n i t e  a re  

a l l  p r e s e n t  w ith in  th e  a r e a  o f  in v e s t ig a t io n ,  a l th o u g h  no r e g io n a l  v a r i a ­

t i o n s  in  c o n c e n tr a t io n  o f  th e s e  m in e ra ls  was found  d u r in g  m apping.

Alm andine i s  p r e s e n t  th ro u g h o u t th e  mapped a r e a  i n  a  v a r i e ty  o f  

ro ck  ty p e s .  I t s  f r e q u e n t  o ccu rren c e  in  l a y e r s  a p p e a rs  to  r e f l e c t  o r i g i n a l  

co m p o sitio n s , p a r t i c u l a r l y  w here th e  la y e r s  t r a v e r s e  l i t h o l o g i e  b o u n d a r ie s .

The d i s t r i b u t i o n  o f  g a rn e t  i n  a  v a r i e ty  o f  m etam orphic f a c i e s  

t e s t i f i e s  t o  i t s  s t a b i l i t y  u n d er a  w ide ran g e  o f  c o n d i t io n s .  D i f f i c u l ty  

i n  s y n th e s iz in g  g a rn e t  i n  th e  la b o ra to r y  has ham pered an  e v a lu a t io n  o f  

th e  c o n d it io n s  o f  fo rm a tio n . Y oder (l955^ p . 3^2) was a b le  t o  s y n th e s iz e  

alm andine from  i r o n - c o r d i e r i t e ,  f a y a l i t e ,  and h e r c y n i te ,  w ith  th e  u n iv a r i a n t  

cu rv e  p a s s in g  th ro u g h  th e  p o in t s  930°C -6,000 b a r s ,  800°C-U ,000 b a r s ,  and 

830°C -2,000 b a r s .  A p r o je c t io n  o f  th e  c ru v e ■in d i c a te s  t h a t  a lm andine w ould 

be s t a b l e  below  785°C a t  a tm o sp h eric  p r e s s u r e .
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D uring  r e g io n a l  m etam orphic c o n d i t io n s ,  alm andine may be form ed 

by  th e  breakdown o f  m ica t o  p roduce g a rn e t  and  p o ta sh  f e ld s p a r  o r  from  th e  

r e a c t io n  o f  s t a u r o l i t e  and q u a r tz  t o  produce g a r n e t ,  k y a n i te ,  and s i l l i m a n i t e  

(Chapman, 1952, p . 4 2 2 ). C o m p o sitio n a l v a r i a t i o n  w ith  in c re a s in g  grade 

was in v e s t ig a te d  b y  M iy ash iro  ( l9 5 3 )  and by  E ngel and E ngel ( 1960) .  The 

la c k  o f  ch em ica l d a ta  and th e  u b iq u i to u s  d i s t r i b u t i o n  o f  alm andine p r e ­

clude i t s  u t i l i z a t i o n  f o r  an  a c c u ra te  in d i c a t io n  o f  th e  maximum g rad e  o f  

metamorphism, a l th o u g h  i t  s e rv e s  to  su g g e s t m inim al c o n d i t io n s .

The d i s t r i b u t i o n  o f  k y a n ite  i s  r e s t r i c t e d  t o  th e  assem blage 

d io p s id e - s c a p o l i t e ( - s p h e n e - p la g io c la s e - c a lc i te - a lm a n d in e ) . I t  i s  a  m inor 

c o n s t i tu e n t  o f  th e  assem b lag e . K yan ite  i s  p r e s e n t  i n  th e  p y ro x en e- 

s c a p o l i te  ro c k s , w here th e  l a t t e r  has  dev elo p ed  a d ja c e n t  t o  f a u l t ,  sh ea r  

o r b r e c c ia  zo n es . T y p ic a lly  th e  p y ro x e n e -s c a p o l i te  g n e is s e s  i n  th e s e  

exam ples seem t o  be th e  p ro d u c t o f  h y d ro th e rm a l a l t e r a t i o n .  B ecause th e  

k y a n ite  i s  r e s t r i c t e d  to  s c a p o l i te  assem b lag es , i t  i s  n e c e s sa ry  t o  rev iew  

th e  p a ra g e n e s is  o f  t h i s  l a t t e r  m in e ra l t o  a s s e s s  th e  c o n d it io n s  o f  i t s  

fo rm a tio n .

The m ost com prehensive s tu d y  o f  s c a p o l i te  was u n d e rta k e n  by Shaw 

( i 960 ) .  On th e  b a s is  o f  t h i s  w ork, th e  assem blages d ev e lo p ed  w i th in  th e  

a r e a  mapped ap p ea r to  be i n  e q u i l ib r iu m . The la c k  o f  e x p e rim e n ta l work 

on s c a p o l i te  l i m i t s  any s p e c u la t io n  co n ce rn in g  i t s  p a ra g e n e s is ,  a lth o u g h  

o c c u rre n c e s  o f  th e  m in e ra l r e p o r te d  i n  th e  l i t e r a t u r e  a re  from  a  w ide 

v a r i e ty  o f  m etam orphic t e r r a n e s .  W hile i t  i s  commonly found  i n  assem b lages 

o f  th e  upper a lm an d in e -am p h ib o lite  f a c i e s ,  i t  has b een  fo u n d  i n  a lm o s t 

ev e ry  v a r i e ty  o f  m etam orphic ro c k . I n f e r r e d  c o n d i t io n s  o f  o r ig in  a re  200°C 

to  1100 C and 0 t o  10 ,000  kg/cm^ (Shaw, I 96O, p .  282 ) .



110
I t s  l im i te d  d i s t r i b u t i o n  i s  a t t r i b u t e d  to  th e  f a c t  t h a t  th e  

p ro p e r  c o n d itio n s  and c o n s t i tu e n t s  o n ly  r a r e l y  com bine.

There i s  no re a s o n  to  b e l ie v e  t h a t  p la g io c la s e  and s c a p o l i te  

a re  a n t ip a th i c ,  f o r  many a ssem b lag es—in c lu d in g  th e  ones w i th in  th e  a re a

mapped—show them t o  be in  e q u i lib r iu m . I t  does seem t h a t  th e  io n s  C l"^ ,

“2 —2 —1 SO|j_ , CO  ̂ , and OH a re  p r e s e n t  in  a l l  s c a p o l i te s  (Shaw, 1$60, p . 282 ).

A ccord ing  t o  Shaw, w a te r  i s  su b o rd in a te  and o f  u n c e r ta in  s ig n i f ic a n c e .

E v id e n tly  th e  p r in c i p a l  req u ire m en t f o r  th e  fo rm a tio n  o f  s c a p o l i te  i s  a

d e c re a se  o f  p-HgO and a  c o in c id e n ta l  in c re a s e  i n  one o r  a l l  o f  p-COg,

p -C lg , and p-SO^- Of th e s e ,  r e l a t i v e l y  h ig h  p-COg seems to  be th e  m ost

im p o r ta n t . The p rob lem  o f  th e  source  o f  th e s e  io n s  and p o s s ib le  t r a c e

e le m e n ts—B, Be, L i ,  S r , Pb—w hich have been found m ust be c o n s id e re d .

An im pure m arine  lim e s to n e  would c o n ta in  an  ad eq u a te  amount o f  a l l  th e

e lem en ts  r e q u ir e d ,  ex ce p t p o s s ib ly  Ha, Be, L i ,  and Pb; how ever, Ha i s

commonly p r e s e n t  in  i n t e r s t i t i a l  w a te r ,  p e rm i t t in g  a  c e r t a i n  amount o f.

s c a p o l i te  t o  form  d u rin g  r e g io n a l  metamorphism. S h a le s  la c k  COg, Ca, and

S r , and gabbro  la c k s  COg, B, Be, L i ,  S r , and Pb.

The p re se n c e  o f  some s c a p o li te -p y ro x e n e - sphene( - k y a n i te ) a s s o c ia ­

t i o n s  a lo n g  zones o f  d e fo rm a tio n  su g g e s ts  t h a t  m in e r a l iz a t io n  a lo n g  th e  

f r a c t u r e s  p ro v id e d  th e  n e c e ssa ry  c o n d it io n s  f o r  v o l a t i l e  c o n s t i tu e n t s  to  

dev elo p  l a r g e r  s c a p o l i te  m asses . A lthough  th e  r o le  o f  w a te r  i s  q u e s t io n a b le ,  

i t  seems p o s s ib le  t h a t  th e  p a re n t  s o lu t io n  was r i c h  i n  w a te r .

The p re se n c e  o f  k y a n ite  i n  th e s e  assem blages a p p a re n tly  i s  a  

r e f l e c t i o n  o f  th e  p re s s u re  c o n d it io n s  t h a t  developed  a lo n g  th e  deform ed 

zones. % ran ite  i s  re c o g n iz e d  a s  th e  s ta b le  polym oiph o f  AlgSiO^ a t  h ig h  

p r e s s u re s  and m oderate t e n ç e r a tu r e s .  S i l l im a n i te  i s  b e l ie v e d  t o  r e f l e c t
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h ig h e r  tem pera t t ir e s  h u t  low er p r e s s u re s  (C la rk , R o b e rtso n , and  B irc h , 1957, 

p .  628) .  Thus, i t  ap p ea rs  t h a t  h ig h  p r e s s u r e s  and m oderate  te n g e r a tu r e s  

accom panied th e  in t r o d u c t io n  o f  m in e r a l iz e r s  a lo n g  th e  deform ed zo nes.

The r e s t r i c t i o n  o f  k y a n i te  t o  th e s e  zones su g g e s ts  t h a t  th e y  were th e  

l o c i  o f  th e  h ig h e s t  p r e s s u re s  developed  a lo n g  th e  e a s te r n  m arg in , th e  

r e g io n a l  p re s s u re  c o n d itio n s  b e in g  lo w er.

Some s c a p o li te -p y ro x e n e -sp h e n e  assem blages o ccu r a s  sm a ll pods 

s c a t t e r e d  th ro u g h o u t th e  o th e r  ro c k s . These pods a re  commonly p a r a l l e l  

t o  th e  s t r i k e ,  p ro b a b ly  r e p r e s e n t in g  c o m p o s itio n a l v a r i a t i o n s .  No ev id en ce  

o f  m in e r a l iz a t io n  o f  th e  su rro u n d in g  ro c k  i s  p r e s e n t ;  p e rh a p s  th e  c o n s t i ­

tu e n ts  n o t p r e s e n t  in  th e  o r i g i n a l  ro c k  were in tro d u c e d  by  io n ic  d i f f u s io n  

from  th e  su rro u n d in g  ro c k s .

The absence o f  k y a n ite  in d ic a te s  t h a t  th e  p r e s s u r e  accom paning 

th e  d i f f u s io n ,  a s  would be e x p e c te d , was low er th a n  t h a t  p r e s e n t  a lo n g  th e  

sh e a r  and b r e c c ia  zo nes . S c a p o l i te  a p p e a rs  to  r e f l e c t  a  common p re se n c e  

o f  o r ig i n a l  m a te r ia l ,  and in tro d u c e d  c o n s t i tu e n t s  o v e r  a  v a r ia b le  range 

o f  te m p e ra tu re s  and p r e s s u r e s .  The p re se n c e  o f  k y a n i te  r e f l e c t s  th e  m axi­

mum c o n d i t io n s  o f  p re s s u re  t h a t  developed  a lo n g  th e  e a s t e r n  m arg in  o f  th e  

Wet M oun tains, b u t  i t s  r e s t r i c t e d  d i s t r i b u t i o n  p re c lu d e s  any assu m p tio n  

of th e  r e g io n a l  c o n d i t io n s .

S i l l im a n i te  i s  found  i n  v a ry in g  t e x t u r a l  form s i n  f e l s i c  g n e is s e s  

and in  th e  s i l l i m a n i t i c  g n e is s e s  and s c h i s t s .  W ith in  th e  f e l s i c  g n e is s e s ,  

s i l l i m a n i t e  o ccu rs  a s  f in e  n e e d le s  o r  r a d ia t in g  t u f t s  p e n e t r a t in g  m ica, 

p la g io c la s e  and q u a r tz .  O ccurrences o f  t h i s  t j p e  a re  n o t  ab u n d an t, n o r 

a r e  th e y  se g re g a te d . The fo rm a tio n  o f  s i l l im a n i t e  h a s  b een  a s c r ib e d  to  

a  number o f  r e a c t io n s .  The two m ost commonly c o n s id e re d  a r e :  t r a n s fo rm a tio n s
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o f s t a i j r c l i t e  p lu s  q u a r tz  t o  p roduce alm andine p lu s  s i l l i m a n i t e  w ith  th e  

r e le a s e  o f  w a te r  (D eer, Howe, Zussman, 1962 , v o l .  1 , p .  1 2 4 ); and th e  

tr a n s fo rm a tio n  o f  k y a n ite  t o  s i l l i m a n i t e  w ith  in c r e a s in g  te m p e ra tu re  

(F ra n c is ,  195^, p . 361 ) .  W ith in  th e  ro c k s  s tu d ie d  h e r e ,  o th e r  r e a c t io n s  

seem p o s s ib le .  Two o f th e s e  a r e :

KAloSi_Oin(OH)_+ SiO_ 15=^ KA.lSi_Oo +  A1 SiO +  H 0
( 1 ) ^ °  2 5 2

m uscov ite  q u a r tz  p o ta s h  f e ld s p a r  s i l l i m a n i t e  w a te r

f o r  w hich e q u i l ib r iu m  tem peratx ire  o f  th e  r e a c t io n  was c a l c u la te d  f o r  a  

w ide range  o f  ro ck  and  w a te r  p r e s s u re  and found  t o  be  from  450°C to  590°C 

(M iy ash iro , 1960a, p .  120) and

KFe^8 i^ lO ^ ^ (O H )2  +  Al^O^ SiO^ KAlSi Og 4 -

Fe b i o t i t e  d is s o lv e d  k y a n ite  p o ta s h  f e ld s p a r
( 2 )

AlgSiO^ 4- 3 FeO 4- HgO

s i l l i m a n i t e

The te n ç )e ra tu re  o f  t h i s  r e a c t io n  i s  e s t im a te d  to  be betw een  700°C and  800°C 

(M iy ash iro , 1960b, p .  24 6 ). I n  th e s e  two r e a c t io n s ,  m u sco v ite  becomes 

u n s ta b le  a t  low er i n t e n s i t y  c o n d it io n s  th a n  b i o t i t e ,  f o r  b i o t i t e  i s  in  

e q u i l ib r iu m  under c o n d it io n s  o f  th e  g r a n u l i t e  f a c i e s .  Ramberg ( l9 5 2 , 

p . 151 ) su g g es ted  t h a t  such  a  r e a c t io n  w ould o ccu r i n  th e  u p p er ran g e  o f  

th e  a n ç h ib o l i t e  f a c i e s .  P é tro g ra p h ie  ex am in a tio n  shows t h a t  th e  b i o t i t e  

i s  i n  an  a p p a re n t e q u i l ib r iu m  a s s o c ia t io n  w ith  s i l l i m a n i t e ,  w hereas m uscov ite  

ap p ea rs  on ly  in  m inor am ounts a s  embayed, r e l i c t  and  a l t e r e d  c r y s t a l s .  Con­

d i t io n s  w ere p ro b a b ly  above th e  e q u i l ib r iu m  ran g e  o f  m uscov ite  and s i l l i m a n i t e ,  

d r iv in g  r e a c t io n  ( l )  t o  th e  r i g h t .  However, th e  a p p a re n t p é t ro g ra p h ie  s t a -
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b i l i t y  o f  b i o t i t e  and s i l l im a n i t e  p la c e s  c o n d it io n s  below  th o s e  o f  r e a c t io n

(2 ) .  From th e s e  r e l a t i o n s h ip s ,  t e n t a t i v e  te m p e ra tu re  c o n d i t io n s  o f  600°C 

to  YOO°C may be p o s tu la te d  f o r  th e  fo rm a tio n  o f  s i l l i m a n i t e  i n  th e s e  ro c k s .

The o ccu rren ce  o f  s i l l i m a n i t i c  s c h i s t s  and g n e is s e s  a lo n g  deform ed 

zones i s  n o t ic e a b le .  Not a l l  ro ck s  o f  t h i s  ty p e  show a  s im i la r  a s s o c ia t io n  

b u t th e  f a c t  t h a t  many do seems t o  be  in d i c a t iv e  o f  t h e i r  o r ig i n .  The 

assem blages p r e s e n t  a re  v a r io u s  com binations o f  s i l l im a n i te -a lm a n d in e -  

m ic ro c lin e -m u sc o v ite  and th u s  r e p r e s e n ts  a  f u l l y  d ev eloped  p e l i t i c  assem ­

b la g e  o f  th e  s i l l im a n ite -m u s c o v ite  s u b fa c ie s .  The s i l l i m a n i t e  i n  th e s e  

l o c a l i t i e s  d i f f e r s  in  form  from  t h a t  d is se m in a te d  i n  o th e r  ro c k  ty p e s ,  

o c c u r r in g  commonly as  compact m asses o f f i b r o l e t s  and some e u h e d ra l p r ism s .

The s t a b i l i t y  f i e l d  o f  s i l l i m a n i t e  i s  p o o r ly  d e f in e d  a s  shown by 

th e  work o f  C la rk , R o b ertso n , a n d .B irc h  (1957^ p . 638 ) and M iy ash iro  ( 1961 , 

p .  285 ) .  W hile th e  q u a n t i t a t iv e  a s p e c ts  a re  u n c e r ta in ,  s i l l i m a n i t e  ap p e a rs  

to  be th e  h ig h  te m p e ra tu re  AlgSiO^ polym orph. Thus i t  seems t h a t  th e  

e x te n s iv e  developm ent o f  s i l l im a n i t e  a lo n g  th e  deform ed zones i s  p ro b a b ly  

due to  th e  s im u ltan eo u s  p re se n c e  o f  o r ig i n a l  m a te r ia l ,  an  in f l u x  o f  m in­

e r a l i z e r s ,  and a  r i s e  o f  th e  te m p e ra tu re . Such e le v a te d  te m p e ra tu re s  m ust 

have p e r s i s t e d  f o r  s u f f i c i e n t  tim e f o r  th e  tr a n s fo rm a tio n s  t o  go t o  com­

p l e t i o n .  A co n to u r o f  iso th e rm s  a c ro s s  th e  e a s te r n  m arg in  a re  b e l ie v e d  t o  

produce maxima in  th e  a r e a s  o f  s i l l i m a n i t i c  s c h i s t s  and g n e is s e s ,  w h ile  

maximum p re s s u re  ap p ea rs  t o  have developed  i n  th e  a r e a s  o f  k y a n ite  

developm ent—th e  p y ro x en e- s c a p o l i t e - sphene assem b lag es .

E m p ir ic a l ev id en ce  o f  t h i s  m in e ra l assem blage w hich  i s  t y p i c a l  

o f  th e  s il l im a n ite -a lm a n d in e -m u s e o v ite  s u b fa c ie s  in d i c a te s  t h a t  c o n d i t io n s  

o f  ap p ro x im a te ly  750°C an d  8 ,0 0 0  b a r s  a r e  n e c e ss a ry  f o r  i t s  developm ent
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(T urner and Verhoogen, I 96O, p . 553; M iy ash iro , 1961 , p .  285) .  The 

te m p e ra tu re s  p o s tu la te d  a r e  h ig h e r  th a n  th o se  f o r  th e  r e a c t io n  betw een 

m uscovite and q u a r tz  to  p roduce s i l l im a n i t e  s u p p o r tin g  th e  c o n te n tio n  o f  

e le v a te d  te m p e ra tu re s  a lo n g  th e  zones o f  d e fo rm a tio n .

The d i s t r i b u t i o n  o f  p e r t h i t e  and a n t i p e r t h i t e  w i th in  th e  f e l s i c  

g n e is s e s  a s  a  p o s s ib le  in d i c a t io n  o f  e le v a te d  te m p e ra tu re  w a rra n ts  some 

c o n s id e ra t io n .  The fo rm a tio n  o f  p e r t h i t e  in  m etam orphic ro ck s  h as  been 

a s c r ib e d  to  a  v a r ie ty  o f  m echanism s. W allace (1956) f e l t  t h a t  th e  p e r t h i t e  

r e p r e s e n ts  th e  p e r s is te n c e  o f  an  o r ig i n a l  s im u ltan eo u s  c r y s t a l l i z a t i o n .

A number- o f  w orkers have a s c r ib e d  i t  t o  th e  rep lacem en t o f  p o ta ss iu m  by 

sodium f e ld s p a r ,  p a r t i c u l a r l y  w here m etasom atism  i s  b e l ie v e d  to  be s ig n i ­

f i c a n t  (H igazy, 19^9; H e ie r , 1 9 5 7 )« O ther in v e s t ig a t io n s  have p o s tu la te d  

t h a t  e le v a te d  te m p e ra tu re s  a n d /o r  an in c re a s e  in  th e  w a te r  c o n te n t would 

be s u f f i c i e n t  to  prom ote r e c r y s t a l l i z a t i o n  o f  a  s in g le  f e ld s p a r ,  w ith  

subsequen t unm ixing fo llo w in g  th e  d im in u tio n  o f  c o n d i t io n s .  T h is  i s  th e  

presum ed s i t u a t i o n  accom panying th e  fo rm a tio n  o f  p e r t h i t e  in  th e  t r a n s i t i o n  

from  th e  alm andine f a c i e s  to  th e  g r a n u l i te  f a c i e s .

The ev idence  o f  h ig h  te m p e ra tu re  c o n d it io n s  p ro v id e d  by th e

o ccu rren ce  o f  s i l l im a n i t e  i n  th e  ro ck s  s tu d ie d  h e re  su g g e s ts  t h a t  e le v a te d

te m p e ra tu re s  produced  a  s in g le  f e ld s p a r ,  w hich began t o  unmix a s  th e

te m p e ra tu re  d ropped . The e x p e rim e n ta l work o f  Bowen and T u t t le  (1950,

p . 497 ) h as  shown t h a t  th e  upper te m p e ra tu re  l i m i t  o f th e  two f e ld s p a r
o

f i e l d s  i s  ab o u t 550 C. I f  such a  mechanism was r e s p o n s ib le  f o r  th e  form a­

t i o n  o f  p e r t h i t e ,  an upper l i m i t  i s  p la c e d  on th e  p a r t i a l  p re s s u re  o f  w a te r , 

f o r  a t  p re s s u re s  o f  5 ,000  b a r s  th e  so lv u s  c u t s  th e  s o l id u s  betw een Or^g 

and O r g Q ,  p re c lu d in g  th e  fo rm a tio n  o f  a  s in g le  f e ld s p a r .  T hus, an  upper
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l i m i t  o f  abo u t 3 ,500  b a r s  p a r t i a l  p re s s u re  o f  w a te r  i s  in d ic a te d  by th e  

p re se n c e  o f  p e r t h i t e  i f  i t  i s  a  p ro d u c t o f  unm ixing o f  a  s in g le  f e ld s p a r .

P e r t in e n t  t o  th e  p o s tu la te d  mechanism o f  unm ixing t o  produce 

p e r t h i t e  i s  th e  in d ic a t io n  o f  d is e q u i l ib r iu m  c o n d it io n s  among th e  f e ld s p a r s  

p ro v id e d  by th e  so d ic  rim s betw een p la g io c la s e  and p o ta s h  f e ld s p a r  c r y s t a l s .  

As h as  been  d e s c r ib e d , th e s e  rim s a re  v a r ia b le  in  w id th  and d i s t r i b u t i o n  

b u t  o ccu r e x c lu s iv e ly  a t  th e s e  c o n ta c ts .  The r im s , w ith  a s s o c ia te d  

m yrm ekitic  in te rg ro w th s , a re  common in  th e  f e l s i c  g n e is s e s  b u t  a re  r a r e l y  

found in  th e  b io t i t e - q u a r tz - p la g io c l a s e - m ic r o c l in e  g n e is s .

S im ila r  f e a tu r e s  have been  d e s c r ib e d  from  th e  P recam brian  ro ck s 

w est o f  Denver by Koschmann (196O, p . I 366 ) b u t  he does n o t  d is c u s s  t h e i r  

o r ig in .  R o b ertso n  ( l9 5 9 , P* 606 ) ,  i n  d is c u s s in g  th e  B ou lder b a t h o l i t h ,  

d e s c r ib e d  a l b i t e  rim s around  a n d e s in e . He found  th e  tw in s  o f  th e  c e n t r a l  

p o r t io n  c o n tin u in g  in to  th e  r im  in  o n ly  one specim en. He b e l ie v e d  th a t  

l a t e  d e u te r ic  a l t e r a t i o n  r e s u l t e d  i n  th e  so d ic  r im s . A lb i t i c  rim s a s s o c ia te d  

w ith  th e  a s s im i la t io n  o f  a  g r a n o d io r i te  by  a  p o r p h y r i t ic  g r a n i t e  were 

d e s c r ib e d  by Scherm erhorn (1 9 5 6 ), who a s c r ib e d  th e  rim s t o  m ic r o c l in iz a t io n  

o f  th e  p la g io c la s e  f e ld s p a r .  He found  th e  rim , w hich was more so d ic  in  

co m p o sitio n  th a n  th e  c o re ,  t o  in c re a s e  i n  w id th  a s  a s s im i la t io n  to o k  p la c e .  

D eer (1935, P* 51) b e l ie v e d  t h a t  th e  rep lacem en t o f  p la g io c la s e  by p o ta ss iu m  

f e ld s p a r  was a r r e s t e d  by th e  developm ent o f  a  narrow  rim  o f  a l b i t e .  T u t t l e  

( 1952 , p .  115- 117 ) ,  i n  a  s tu d y  o f  in t r u s i v e  and  e x t ru s iv e  ro c k s , found 

r e l a t i o n s  s im i la r  to  th e s e  w i th in  th e  a r e a  o f  s tu d y . He a s c r ib e d  th e  d ev e lo p ­

ment o f  th e  a l b i t i c  rim s to  m ig ra tio n s  o f  sodium  io n s  and t h e i r  in c o rp o ra ­

t i o n  in to  th e  p la g io c la s e  l a t t i c e  fo llo w in g  e x s o lu t io n  o f  th e  p e r t h i t e s .

T u t t l e ' s argum ent o f  a l b i t i c  rim s fo rm ing  a s  a  r e s u l t  o f  e x s o lu t io n
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o f  p e r t h i t e s  may be th e  mechanism f o r  some o f  th e  rim s p r e s e n t  i n  th e  

ro ck s  s tu d ie d .  However, th e  t e x t u r a l  ev id en ce  o f  re p la c e m e n t, embayment, 

in c lu s io n s  and  ch e ssb o a rd  s t r u c t u r e s  w i th in  th e  t h i n  s e c t io n s  exam ined 

in d ic a te s  a n o th e r  mechanism.

B oth  th e  a l b i t i c  rim s and m yrm ek itic  in te rg ro w th s  o ccu r se p a ­

r a t e l y ,  b u t  th e  common a s s o c ia t io n  o f  th e  two f e a tu r e s  seems t o  in d i c a te  

r e l a t e d  g e n e s is .  W hile m yrm ekite h as  commonly b een  assumed to  be th e  

r e s u l t  o f  rep la c e m e n t o f  p o ta sh  f e ld s p a r  by p la g io c la s e ,  o th e r  mechanisms 

c i t e d  have been  p la g io c la s e  r e p la c e d  by  p o ta s h  f e ld s p a r  accom panied by th e  

in t r o d u c t io n  o f  s i l i c a ,  e x s o lu t io n ,  and  th e  b re a k  down o f p la g io c la s e  d u rin g  

metamorphism .

In  th e  t h i n  s e c t io n s  in v e s t ig a t e d ,  th e  rep la cem e n t o f  one f e ld s p a r  

by th e  o th e r  i s  w e ll  d is p la y e d .  A l b i t i c  rim s a t  ju n c t io n s  a r e  m ost common, 

and m yrm ek itic  in te rg ro w th s  commonly d ev e lo p ed . The l a t t e r  g e n e r a l ly  

ap p ea r t o  be  m a rg in a l f e a t u r e s .  I n  a  few exam ples, th e  e n t i r e  c r y s t a l  

i s  in te rg ro w n .

The d i r e c t i o n  o f  c r y s t a l  g row ths i n  in c o n c lu s iv e ly  d em o n stra ted  

in  t h i n  s e c t io n .  Many o c c u rre n c e s  o f  c h essb o a rd  m ic ro c lin e  r e l i c t s  in  

p la g io c la s e ,  w hich a r e  i n t e r p r e t e d  a s  a s s im i la t io n  by  th e  l a t t e r ,  a r e  p r e s ­

e n t .  B ut s in g le  c r y s t a l  in c lu s io n s  o f  p la g io c la s e  i n  m ic ro c lin e  and  i n t e r ­

grow ths o f  q u a r tz  e x te n d in g  from  th e  p la g io c la s e  in to  th e  m ic ro c l in e  a re  

su g g e s tiv e  o f  th e  developm ent o f  th e  m ic ro c l in e  a t  th e  expense o f  th e  

p la g io c la s e .  I t  i s  p o s s ib le  t h a t  b o th  d ev e lo p ed  s im u lta n e o u s ly  i n  re sp o n se  

t o  l o c a l  c o n c e n tr a t io n  g r a d ie n t s .  No a r e a l  d i s t r i b u t i o n  p a t t e r n s  were 

found .

I n  th e  a u t h o r 's  o p in io n , th e  m ost f e a s i b l e  m echanism  t o  a c c o u n t
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f o r  th e  a s s o c ia t io n  o f  a l b i t e  rim s and m yrm ekite in te rg ro w th  and th e  t e x ­

t u r a l  ev id en ce  o f  rep lacem en t o f  one f e ld s p a r  by th e  o th e r  i s  th e  d ev e lo p ­

ment o f  p la g io c la s e  a t  th e  expense o f  p o ta sh  f e ld s p a r .  Such rep la cem e n ts  

a re  shown by:

(3 )  2 KAlSigOg 4- Na'*’^ ^ = i  2 NaAlSi^Og +

(4 )  2 NaAlSigOg +  Ca"*"^ CaAlgSigOg-k Na"^ 4 SiO^

P r io r  c r y s t a l l i z a t i o n  o f  th e  f e ld s p a r s ,  by  w h atev e r mechanism, a p p a re n tly  

p roduced  s o l id  s o lu t io n s  and th e  p o ta s h  f e ld s p a r s  may have r e p re s e n te d  

m ixed co m p o sitio n s . C e r ta in ly  th e  p e r t h i t e s  d id ,  and p o s s ib ly  th e  m icro ­

c l i n e  c o n ta in e d  s u f f i c i e n t  sodium  t o  p roduce c r y p to p e r th i t e s .  A g ra d ie n t  

o f  chem ica l p o t e n t i a l s  betw een th e  p la g io c la s e  p h ases  would have e x i s t e d  

w here e x t e r i o r  p la g io c la s e  was i n  c o n ta c t  w ith  c r y p to p e r th i t e . W ith 

e i t h e r  th e  e le v a t io n  o f  te in p e ra tu re  o r  an  in c re a s e  in  th e  w a te r  p r e s s u r e ,  

e q u a l iz a t io n  by io n ic  m ig ra tio n  to  r e l i e v e  th e  d is e q u i l ib r iu m  became s i g n i ­

f i c a n t .  C alcium  m ig ra te d  from  th e  p la g io c la s e  m arg in s to  r e p la c e  th e  

sodium  e i t h e r  i n  th e  p e r t h i t e s  o r  i n  th e  s o d a - r ic h  p o r t io n s  o f  th e  m icro ­

c l i n e .  T h is  s u b s t i t u t i o n  a s  shown in  (4 )  w ould r e le a s e  f r e e  q u a r tz  w hich 

co u ld  be se g re g a te d  a s  in te rg ro w th s . The m a rg in a l p o r t io n  o f  th e  a d ja c e n t  

p la g io c la s e  s im u lta n e o u s ly  became r i c h e r  i n  sodium  and  more a l b i t i c  in  

co m p o sitio n . A d d i t io n a l ly  rep la cem e n t o f  th e  p o ta ss iu m  by  sodium may 

have a l s o  o c c u rre d  a s  c o n d i t io n s  prom oted m i s c i b i l i t y  o f  th e  two f r a c t i o n s .  

In c re a s e d  s u b s t i t u t i o n  m ight e n la rg e  th e  p la g io c la s e  . c r y s t a l  a t  th e  expense 

o f  th e  p o ta sh  f e ld s p a r ,  in c o rp o ra t in g  th e  q u a r tz  in te rg ro w th . O bv iously  

r e a c t io n  ( 3 ) co u ld  be d r iv e n  i n  e i t h e r  d i r e c t i o n  depend ing  upon th e  r e l a ­

t i v e  c o n c e n tra t io n  o f  p o ta ss iu m  and sodium , and l o c a l l y ,  p o ta ss iu m  concen­
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t r a t i o n  may accoun t f o r  th e  m ic ro sco p ic  ev id en ce  t h a t  such a  r e a c t io n  

o ccu rred . R e v e rsa l o f  r e a c t io n  (4 ) n e c e s s i t a te s  th e  in t r o d u c t io n  o f  f r e e  

q u a r tz .  T e x tu ra l ev idence  to  su p p o rt t h i s  c o n d i t io n  i s  in c o n c lu s iv e .

The f a i l u r e  to  d is c e rn  any a r e a l  r e l a t i o n  t h a t  co u ld  be i n t e r p r e te d  as  

" f r o n t s ,"  th e  d e l i c a t e  s t r u c tu r e s  w ith in  th e  l i t - p a r - l i t  g n e is s ,  th e  

u b iq u ito u s  o ccu rren ce  o f m yrm ekitic  in te rg ro w th s  and a l b i t i c  r im s , a l l  

su g g es t th e  sodium and ca lc iu m  have been  m o b iliz e d  in  s i t u .  T here i s  

l i t t l e  ev idence  f o r  an  e x te r n a l  so u rce  f o r  t h i s  m a te r ia l .  Such r e a c t io n s  

as  p roposed  may have accoE çan ied  metamorphism b u t  th e  p re se n c e  o f  e x i s t in g  

p e r t h i t e ,  homogeneous p la g io c la s e  c r y s t a l s  and o th e r  m in é ra lo g ie  ev id en ce  

o f  e q u i l ib r iu m  su g g e s t t h a t  m etam orphic e q u i l ib r iu m  had  a l re a d y  been  

e s ta b l i s h e d .  Thus, m ost l o g i c a l l y  to  th e  w r i t e r ,  fo llo w in g  th e  maximum 

c o n d itio n s  o f  metamorphism, an  in c re a s e  i n  w a te r  p re s s u re  prom oted io n ic  

m ig ra tio n  p rod u c in g  th e  s u b s t i tu t io n s  a s  p o s tu la te d .  R ed u c tio n  in  th e  

w a te r  p re s s u re  reduced  th e  r e a c t io n  r a t e s  t o  n e g l ig ib le  v e l o c i t i e s  p r e s e r v ­

in g  th e  d is e q u i l ib r iu m  c o n d i t io n s .

From th e  c o n s id e ra t io n  o f  th e  p r e s e n t  s t a t e  o f  th e  m etam orphic

ro ck s  o f  th e  e a s te r n  m argin  o f  th e  Wet M ountains, some g e n e r a l iz a t io n s  may

be drawn. The m in e ra l assem blages r e f l e c t  th e  g e n e ra l  c o n d it io n s  o f  th e

s i l l im a n ite -a lm a n d in e -muscov i t e  s u b fa c ie s  o f  th e  a lm an d in e -am p h ib o lite

f a c i e s .  The d i s t i n c t  assem blages a re  g e n e r a l ly  th o u g h t t o  r e f l e c t  th e

f a c i e s  concep t o f  v a ry in g  chem ica l c o n ç o s it io n s  r e a c t in g  d i f f e r e n t l y  under

g ro s s ly  s im i la r  p h y s ic a l  c o n d i t io n s .  The r e g io n a l  t r a n s fo rm a tio n  o f

m uscovite  t o  s i l l im a n i t e ,  th e  u b iq u ito u s  p re se n c e  o f  p e r t h i t e  and th e

c o n p o s it io n a l  range  o f  p la g io c la s e  a l l  su g g e s t r e g io n a l  c o n d it io n s  o f  
. o o

600 C t o  TOO C and w a te r  p r e s s u re s  o f  a p p ro x im a te ly  3 ,5 0 0  b a r s .



119
W hile h ig h  g rad es  o f  r e g io n a l  metamorphism w ere re c o g n iz e d , t h i s  

co n cep t in d ic a te s  t h a t  e le v a te d  c o n d i t io n s  o f  te m p e ra tu re  and  p re s s u re  

accom panied th e  developm ent o f  th e  s i l l i m a n i t i c  g n e is s e s  and s c h i s t s  and 

th e  assem blage py ro x en e- s c a p o l i t e - k y a n i te , r e s p e c t iv e ly .  T em peratu res o f 

750°C and p re s s u re s  o f  8 ,0 0 0  b a r s  may have l o c a l l y  b een  a t t a in e d  a lo n g  

some o f  th e  zones o f  d e fo rm a tio n  where th e s e  ro ck s d ev e lo p ed .

O rig in  o f  M etam orphic Rocks

W ithou t th e  b e n e f i t  o f  ch em ica l a n a ly s e s ,  a  c o n s id e ra t io n  o f  th e  

o r ig in  o f  th e  m etam orphic ro ck s  i s  q u i te  s p e c u la t iv e .  M in era l assem blages 

p r e s e n t  a r e  r e p r e s e n ta t iv e s  o f  p o l i t i c ,  q u a r tz o - f e ld s p a th ic , c a lc a re o u s  

and b a s ic  ro c k  ty p e s  (W illiam s, T u rn e r , and G i lb e r t ,  1954, p .  1 7 5 ). T h e ir  

in t e r l a y e r e d  n a tu re  i s  s t r i k i n g ,  p a r t i c u l a r l y  w ith in  th e  l i t - p a r - l i t  

g n e is s e s .  I n  a d d i t io n ,  th e  p a r a l l e l i s m  o f  th e  u n i t  b o u n d a rie s  and th e  

s c h i s t o s i t y  i s  m arked. F u rth e rm o re , th e  concordance o f  th e  s c h i s t o s i t y  

and th e  u n i t  b o u n d a rie s  where th e y  a r e  fo ld e d  su g g e s t t h a t  l i t h o l o g i e  

b o u n d a rie s  and  th e  s c h i s t o s i t y  w ere c o n t r o l le d  by c o n d i t io n s  e x i s t in g  

p r i o r  t o  r e c r y s t a l l i z a t i o n .  Boyer (1962 , p .  1054) and  C hristm an  e t  a l .  

( 1959 , p . 4 94 ) s t a t e d  t h e i r  b e l i e f  o f  m e tased im en ta ry  o r  m e tased im en ta ry - 

m e tav o lc an ic  o r ig in  f o r  th e  m afic  g n e is s e s  and th e  l i t - p a r - l i t  g n e is s .

Boyer b e l ie v e d  t h a t  th e  o r ig i n a l  sed im en ts  w ere p r im a r i ly  p e l i t e s  w ith  

some c a rb o n a te  ro c k s . The f e l s i c  g n e is s e s  a r e  i n t e r p r e t e d  b y  him  t o  be  

d e f i n i t e l y  o f  igneous o r ig in ,  a s s o c ia te d  w ith  th e  i n t r u s i o n  o f  th e  San 

I s a b e l  G ra n ite ,  w hereas C hristm an  e t  a l .  w ere u n d ec id ed  a s  t o  t h e i r  o r ig in .

I t  seems t o  th e  a u th o r  t h a t  th e  m afic  g n e is s e s  a r e  b e s t  in t e r p r e te d  

a s  h av in g  o r ig i n a l l y  been  an  in te rb e d d e d  sed im en ta ry  and v o lc a n ic  sequence 

c o n ta in in g  g ra d a t io n s  and sh arp  c o n ta c ts .  L a te r a l  f a c i e s  changes w ith in
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th e  sequence ap p e a r to  have b e e n  common. The most w id e sp re a d  assem blage— 

b io t i t e - q u a r tz - p la g io c la s e ( - m ic r o c l in e - m u s c o v i te ) —i s  c o n s id e re d  to  be o f 

q u a r tz o - f e ld s p a th ic  n a tu re  o f  a  d e r iv a t iv e  from  san d s to n e  and  a c id ic  

ig n eo u s  ro c k s . The p re se n c e  o f  alm andine and  m uscov ite  w ith o u t m ic ro c lin e  

i s  s u g g e s tiv e  o f  p e l i t i c  o r ig i n — d e r iv a t iv e  from  a lum in u m -rich  sed im en ts . 

These two assem blages w ere mapped to g e th e r  w ith  th e  l a t t e r  s l i ^ t l y  more 

a b u n d a n t. The assem blages h o r n b le n d e - p la g io c la s e ( - b io t i t e )  and  h o rn b le n d e -  

p y ro x e n e -p la g io c la s e  may be d e r iv a t iv e s  o f  b a s ic  and se m i-b a s ic  igneous 

r o c k s ,  t u f f s  and some tu f f a c e o u s  se d im e n ts , b u t  a r e  p ro b a b ly  d e r iv a t iv e s  

o f  c a rb o n a te  ro c k s . C a lca reo u s  a ssem b lag es—d e r iv a t iv e s  o f  l im e s to n e s ,  

d o lo m ite s ,  and m a r ls —a re  r e p re s e n te d  by an  o c c u rre n c e  o f  py ro x en e- s c a p o l i t e - 

p la g io c la s e .  I t  ap p e a rs  t h a t  th e  m afic  g n e is s e s  a re  m etam orphic e q u iv a ­

l e n t s  o f  a  sequence w hich p o s s ib ly  c o n s is te d  o f  s a n d s to n e s , p e l i t i c  sed im en ts  

and c a rb o n a te s  in te rb e d d e d  w ith  t u f f s  and  b a s ic  ig n eo u s  ro c k s .

The o r ig i n  o f  th e  f e l s i c  g n e is s e s  i s  more te n u o u s . T h e ir  i n t e r ­

la y e re d  n a tu r e ,  p a r t i c u l a r l y  th e  d e l i c a t e  t h i n  la y e r s  o f  th e  l i t - p a r - l i t  

g n e is s e s ,  a r e  b e l ie v e d  t o  be v e ry  s i g n i f i c a n t .  The w e l l -d e f in e d  c o n ta c ts ,  

even  on a  m ic ro sc o p ic  s c a le ,  a r e  d i f f i c u l t  to  a s s o c ia t e  w ith  th e  i n j e c t i o n  

o f  igneous m a te r i a l .  F ie ld  ev id en ce  in d i c a te s  t h a t  r e c r y s t a l l i z a t i o n  

o c c u rre d  fo llo w in g  th e  f o ld in g .  The i n j e c t i o n  o f  th e  magmatic m a te r ia l  

and  th e  su b seq u en t d e fo rm a tio n  in t o  th e  fo ld e d  p a t t e r n s  t h a t  a re  p r e s e n t  

seems u n l ik e ly ,  a s  does th e  p l a u s i b i l i t y  o f  in t r u s i o n  fo llo w in g  f o ld in g  

i n  l i g h t  o f  th e  l o c a l l y  c o m p lic a te d  p a t t e r n  o f  f o ld in g .  P e t r o lo g ic a l ly  

no ev id en ce  o f  i n j e c t i o n  i s  p r e s e n t  a lo n g  th e  c o n ta c ts  o f  th e  u n i t s .  I t  

seems more re a s o n a b le  t o  i n f e r  t h a t  th e  f e l s i c  g n e is s e s  r e p r e s e n t  o r ig i n a l  

p e l i t i c  o r  q u a r tz o - f e ld s p a th ic  se d im e n ta ry  m a te r ia l  t h a t  underw ent f o ld in g
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and. metamorphism a s  an  i n t e g r a l  p a r t  o f  th e  l a r g e r  u n i t s .  U n fo r tu n a te ly , 

th e r e  i s  no ev id en ce  a s  t o  th e  to p  o r  bo tto m  o f  th e  sequence and th e  com­

p le x i ty  o f  th e  s t r u c tu r e  makes an  a c c u ra te  d e te rm in a tio n  o f  th e  p o s s ib le  

th ic k n e s s  o f  th e  sequence v e ry  d i f f i c u l t .  B ut on th e  b a s i s  o f  th e  m ost 

co u p le t e  s e c t io n  p r e s e n t ,  w hich i s  exposed  from  n o r th  o f  H ard sc rab b le  

C reek to  so u th  o f  S outh  H ard sc rab b le  C reek , a  minimum th ic k n e s s  o f  10,000 

t o  12 ,000  f e e t  a p p e a rs  t o  be p r e s e n t .

As has been  d is c u s s e d  p r e v io u s ly ,  c o n d it io n s  o f  metamorphism 

in d ic a te  m odera te  t o  h ig h  r e g io n a l  p r e s s u re s  and te m p e ra tu re s  t h a t  a re  

o f  th e  o rd e r  o f  600°C t o  'JOO°C and w a te r  p r e s s u re  o f  3 ,500  b a r s .  L oca l 

v a r i a t io n s  w ere p r e s e n t .  The t r a n s i t i o n  b io t i te - ^ h o r n b le n d e —̂  a u g i te  —̂  

h y p ers th en e .acco m p an ied  by an  in c re a s e  i n  a n o r th i te  c o n te n t  w ith in  th e  

p la g io c la s e  h as  been  su g g e s te d  a s  in d i c a t iv e  o f  an  in c re a s e  o f  g rad e  in  

m a te r ia l  o f  th e  same c o n g o s it io n . W ith in  th e  e a s te r n  Wet M oun tains, t h i s  

t r a n s i t i o n a l  sequence i s  n o t  everyw here p r e s e n t  ( b io t i t e - q u a r t z - p la g io c l a s e  

g n e is s  and  h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s  a re  commonly n o t con­

t ig u o u s )  no r i s  th e r e  any  a p p a re n t sy s te m a tic  p a t t e r n  o f  d i s t r i b u t i o n .  

T h e re fo re ,  i t  i s  concluded  t h a t  th e s e  t r a n s i t i o n a l  m in e ra l assem blages 

a re  r e f l e c t i o n s  o f  i n i t i a l l y  g r a d a t io n a l  c o n ta c ts  betw een  d i f f e r e n t  com­

p o s i t i o n s ,  and w ith  th e  e x c e p tio n  o f  some s c a p o l i te  assem blages and  some 

s i l l i m a n i t i c  g n e is s e s  and  s c h i s t s ,  a r e  b e l ie v e d  t o  r e f l e c t  i n i t i a l  chem i­

c a l  d i f f e r e n c e s  r a th e r  th a n  v a r i a t io n s  i n  m etam orphic c o n d i t io n s .

Of some im portance i s  th e  p o s s i b i l i t y  o f  m etasom atism  accom panying 

th e  m etam orphism , p a r t i c u l a r l y  w ith  r e s p e c t  t o  ca lc iu m , sodium , and 

alum inum  w hich m igh t have been  a s s o c ia te d  w ith  ig n e o u s  in j e c t i o n s .  There 

i s  no ev id en ce  o f  e x te n s iv e  m etasom atism  on a  r e g io n a l  b a s i s .  The marked



122
d if f e r e n c e s  in  p la g io c la s e  co m p o sitio n  c h a r a c t e r i s t i c  o f  d i f f e r e n t  m in e ra l 

assem b lag es , th e  la c k  o f  a  z o n a l p a t t e r n  o f  co m p o sitio n s  in d ic a t iv e  o f  

" f r o n t s , " and th e  absence o f  p o ta s h  f e ld s p a r  in  th e  h o rn b le n d e -p la g io c la s e  

and h o rn b le n d e -p y ro x e n e -p la g io c la se  g n e is s e s  su g g e s t a  m inim al amoiint o f 

m etasom atism . W hatever m o b i l iz a t io n  d id  o ccu r was p ro b a b ly  c o n t r o l le d  

c h ie f ly  by  th e  l o c a l  te m p e ra tu re  and  p re s s u re  o f  th e  m a te r ia l  i n  s i t u .

A gain , ev id en ce  f o r  t h i s  c o n c lu s io n  in  th e  absence  o f  chem ica l a n a ly s i s  

i s  te n u o u s .

I t  seems h ig h ly  p ro b a b le  t h a t  c o n d it io n s  p ro d u c in g  d i f f e r e n t i a l  

a n a ta x is  were approached  a s  su g g e s te d  by  th e  h ig h ly  "m o b ilized "  c h a r a c te r  

o f  th e  m ig m a tite s . F y fe , T u rner and Verhoogen (1958, p .  237) su g g es ted  

th e  p o s s ib le  te m p e ra tu re -p re s s u re  f i e l d s  f o r  th e  m etam orphic f a c i e s  and 

f o r  g r a n i t e  magmas. These r e l a t i o n s ,  w hich a r e  b a se d  on v e ry  inco m p le te  

d a ta ,  a re  summarized in  F ig u re  9* One m ajor a ssu m p tio n  i s  t h a t  th e  w a te r  

p re s s u re  e q u a ls  lo a d  p r e s s u re ,  a  c o n d i t io n  t h a t  i s  id e a l i z e d  a s  h as  been  

p o in te d  o u t by M iy ash iro  ( 1961 , p .  2 8 6 ), who con tended  t h a t  th e  w a te r  

p re s s u re  m ust c e r t a in l y  be  low er th a n  th e  ro c k  p r e s s u re  i n  m ost s i t u a t i o n s .  

The p re se n c e  o f th e  h y d ra te d  s i l i c a t e s —b i o t i t e ,  m u sco v ite , and h o rn b len d e— 

su g g e s t t h a t  w a te r  p re s s u re  c o n d i t io n s  w ere c lo s e r  to  th o s e  t y p i f i e d  by  

cu rve ww r a th e r  th a n  a a . Bowen and T u t t le  ( l9 5 0 , pp . 489-511) have shown 

t h a t  th e  minimum s o l id u s  cu rve  f o r  th e  system  NaAlSi^Og-KAlSi^Og i s  ab o u t 

750°C a t  w a te r  p re s s u re  o f  2 ,0 0 0  kg/cm ^, a lth o u g h  th e  one f e ld s p a r  f i e l d  

i s  s t i l l  p r e s e n t .  I t  ap p ea rs  t h a t  h ig h  te m p e ra tu re s  and  in c re a s e d  w a te r  

p re s s u re  may have lo c a l ly  p roduced  in c i p i e n t  a n a ta x is  o f  th e  a c id ic  p o r t io n  

o f  th e  m etased im en tary  sequence a s  ev id en ced  b y  th e  s t r u c t u r a l  c h a r a c te r  o f  

th e  m ig m a tite . E x te n s iv e  m e ltin g  a p p a re n tly  d id  n o t  ta k e  p la c e  a s  th e



12

10
GIS

A A
»  •

6 S

6
O

«I
X
0.

EH /  HH4

PH2

200 400 «00 800 1000

T ®  C

t^li,~almandin» a m p h ib o K te .  E-dctogito . ZH -albita  ~ tp id o te  
b o r n  fa is . Q-gronuHta. Q Z -graanscb is t ,  Q \5 -g la u e o p h o n a  
s o b ia t ,  HH-bornblanda bornfa ls .  P H -pyroxana b o r n f a / s .  
Z -za o U ta .
ww on d  0 0  ara e u r v a s  o f  fu s io n  o f  w a ta r - s a tu r a to d  and  
a n b y d r o u s  g ra n i ta  r a s p a e t i v a ly .
xy i s  tba  p o s s ib la  ranga o f  ta m p a r a tu r a  a t  3 0  km. d a p t b  
f o r  n o rm a l  tb a r m a l  g r a d ia n t s  (B ire b ,  1955),

S c b a m a f i e  r a p r a s a n ta t io n  a f  p o s s i b l a p r a s s u r a - t a m p a r a t u r a  
f ia id s  o f  m a ta m o r p b ic  f a d a s  a n d  o f  g r a n i t ic  m agm as.  

(M od if iad  f r o m  F  y f a  , T u r n a r  and  Varboogan, 1958, p. 257)

F i g u r e  9
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l i t - p a r - l i t  g n e is s  shews no ev id en ce  o f  " m o b i l i ty ;" in d e e d , a  t r a n s i t i o n a l  

r e l a t i o n s h ip  e x i s t s  betw een th e s e  two ro ck  ty p e s .  T em pera tu res w ere 

s u f f i c i e n t l y  h ig h  t o  p roduce one f e ld s p a r  w ith  su b se q u en t unm ixing a s  h as  

b een  d is c u s s e d .

R e tro g ra d e  e f f e c t s  w ere found to  b e  a s s o c ia te d  w ith  th e  San I s a b e l  

G ra n ite  and th e  g r a n i t e  o f  Oak C reek; th e s e  w i l l  be d is c u s s e d  in  c o n n e c tio n  

w ith  th e s e  m asses . L o c a lly  a lo n g  f r a c t u r e s ,  sh e a r  zo n es , and some in t r u s i v e  

b o d ie s ,  some r e t r o g r a d e  c o n d it io n s  e x i s t e d  b u t th e s e  a r e  v e ry  r e s t r i c t e d  

and  have n o t been  in v e s t ig a t e d  in  d e t a i l .

From th e  ev id en ce  o b ta in e d  th ro u g h  s tu d y  o f  th e  m etam orphic 

g n e is s e s  o f  th e  e a s t e r n  m arg in  o f  th e  Wet M oun tains, i t  ap p e a rs  t h a t  a  

m ixed sed im en ta ry  and  igneous sequence was d e p o s ite d  d u r in g  P recam b rian  

t im e s .  T h is  sequence , w hich p resum ab ly  was o f  d o m in an tly  q u a r tz o - f e ld s p a th ic  

o r i g i n ,  a t t a i n e d  a  minimum th ic k n e s s  o f  10 ,000  f e e t .  T h is  sequence was 

t i l t e d ,  f o ld e d ,  and f a u l t e d .  R eg io n a l m etam oiphism  p roduced  m in e ra l assem ­

b la g e s  c h a r a c t e r i s t i c  o f  th e  s i l l im a n ite -a lm a n d in e -m u s c o v ite  s u b fa c ie s  o f  

th e  a lm a n d in e -a m p h ib o lite  f a c i e s .  S e v e ra l l i n e s  o f  e v id en ce  su g g e s t t h a t  

r e g io n a l  c o n d i t io n s  approx im ated  600°C t o  700°C and  2 ,0 0 0  t o  3 ,000  b a r s  

p r e s s u r e .  L o c a lly ,  w here f a u l t  zones a llo w ed  f l u i d s  t o  m ig ra te  more f r e e l y ,  

t e n ^ e r a tu r e s  and  p re s s u re s  above th e  r e g io n a l  c o n d i t io n s  w ere a t t a in e d .

These may have b een  750°C and 8 ,0 0 0  b a r s  w a te r  p r e s s u r e .  Such in f e r r e d  

c o n d i t io n s ,  to g e th e r  w ith  th e  f i e l d  r e l a t i o n s h i p s ,  in d i c a te  t h a t  m e ltin g  

c o n d i t io n s  may have b een  l o c a l l y  a t t a in e d .  These c o n d i t io n s  p ro b a b ly  o n ly  

a f f e c t e d  q u a r tz o - f e ld s p a th ic  assem blages i n  a  g iv e n  a r e a ,  b u t  t h i s  prom oted 

v i s c o e l a s t i c  b e h a v io r  t o  r e l i e v e  s t r a i n  c o n d i t io n s .  E x te n s iv e  m etasom atism  

o r  m o b i l iz a t io n  o f  m a te r ia l  i n  s i t u  does n o t  ap p ea r t o  have o c c u rre d . The
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p r e s e n t  r e g io n a l  s c h i s t o s i t y  and f o l i a t i o n  o f  th e  m etam orphic ro ck s  i s  

b e l ie v e d  to  r e f l e c t  th e  o r ig i n a l  t r e n d  o f th e  bedd ing  w ith in  th e  sed im en ta ry  

seq u en ce .

Igneous P lu to n ic  Rocks

D e s c r ip t io n

W hile th e  m afic  and f e l s i c  g n e is s e s  a re  p o s tu la te d  t o  be o f  m eta­

sed im en ta ry  o r ig in ,  two g r a n i t i c  m asses have been re c o g n iz e d  w hich have 

ig n eo u s a f f i n i t i e s .  The San I s a b e l  G ra n ite ,  mapped in  th e  B eulah a re a ,  

was o r i g i n a l l y  d e s c r ib e d  by  Boyer (1962 , p .  IO56) .  I t s  m ajor exposu res  

a r e  t o  th e  so u th  and w est o f  th e  p r e s e n t  a re a  o f in v e s t ig a t io n .  The 

g r a n i t e  o f  Oak C reek i s  exposed in  th e  v i c i n i t y  o f Oak C reek and N orth  

Oak C reek . I t s  e a s te r n  m arg in  i s  i n  f a u l t  c o n ta c t  w ith  th e  sed im en ts  and 

i t s  w e s te rn  e x te n t  was n o t d e l im ite d .

San I s a b e l  G ra n ite

The San I s a b e l  G ra n ite  i s  exposed  in  ab o u t 20 p e r  c e n t o f  th e  

a r e a  mapped. T h is  ro ck  ty p e  was f i r s t  re c o g n iz e d , mapped, and d e s c r ib e d  

in  th e  a r e a  so u th  o f  t h i s  i n v e s t ig a t io n  by  Boyer i n  I 962 . A s t a t i s t i c a l

s tu d y  o f  th e  body was p u b lish e d  by W h itte n  and Boyer i n  1$64. The narrow

a r e a  in v e s t ig a te d  by th e  a u th o r  a llo w ed  o n ly  c o r r e l a t i v e  s tu d ie s  t o  be 

made w ith  th e  ex p o su res  to  th e  so u th . C e r ta in  f e a t u r e s ,  how ever, seem 

t o  be p e c u l i a r  to  th e  a re a  in v e s t ig a te d  and w i l l  be c o n s id e re d  in  d e t a i l .

From th e  map p u b lish e d  by W h itten  and  Boyer (1964, p . 8 4 4 ), th e

e x p o su res  o f  th e  San I s a b e l  G ra n ite  mapped by th e  a u th o r  r e p re s e n t  th e  

n o r th e a s te r n  e x te n s io n  o f  th e  body, b u t  c e r t a i n  q u e s tio n a b le  d e t a i l s  o f  

th e  map make th e  r e l a t i o n s h ip s  d i f f i c u l t  t o  a s s e s s .  N e ith e r  Boyer nor
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th e  a u th o r  found any mappable a r e a  o f  San I s a b e l  G ra n ite  a s  f a r  n o r th  a s  

South  H ard scrab b le  C reek .

Boyer (196O, p . IO56 ) re c o g n iz e d  two f a c i e s  t o  th e  so u th —a  c o a rs e ,  

p o r p h y r i t ic  ty p e  and a  g r a n u la r ,  m edium -grained l i th o lo g y .  Only th e  c o a rs e ,  

p o r p h y r i t ic  f a c i e s  was c o n c lu s iv e ly  i d e n t i f i e d  by th e  a u th o r  in  th e  v i c i n i t y  

o f  B eulah .

The p o r p h y r i t ic  f a c i e s  i s  l i g h t  p in k , c o a r s e -g ra in e d  w ith  la rg e  

p in k  m ic ro c lin e  p h e n o c ry s ts  and d is p la y s  a  w e ll-d e v e lo p e d  s c h i s to s i t y .

The s c h i s t o s i t y  i s  r e in fo rc e d  by th e  p a r a l l e l  developm ent o f  i n t e r s t i t i a l  

c h l o r i t e .  The San I s a b e l  G ra n ite  commonly w e a th e rs  t o  l a r g e ,  p o o r ly  con­

s o l id a te d ,  rounded  b o u ld e rs .

Boyer ( 196O, p . IO56 ) r e p o r te d  t h a t  c o n ta c ts  o f  th e  San I s a b e l  

G ra n ite  w ith  m ig m atite s  and l i t - p a r - l i t  g n e is s e s  t o  th e  so u th  a re  sh a rp .

The r e g io n a l  f o l i a t i o n  i n  t h a t  a r e a  w raps around  th e  g r a n i t e  m ass, w ith  

a  g e n e ra l z o n a tio n  p r e s e n t  w ith in  th e  envelope  ro c k s . He found  m ig m atite  

(a s  d e f in e d  i n  t h i s  p a p e r ) ,  c o n ta in in g  la rg e  am ounts o f  g r a n i t i c  m a te r ia l ,  

c lo se  to  th e  g r a n i te  m ass, w h ile  f u r t h e r  from  th e  body, l i t - p a r - l i t  g n e is s e s  

a r e  common. I n  th e  l a t t e r  ro ck  ty p e ,  th e  a c id ic  m a te r ia l  was c o n fin e d  to  

conco rdan t la y e r s .

W ith in  th e  a r e a  o f  t h i s  in v e s t ig a t io n ,  c o n ta c ts  o f  th e  San I s a b e l  

G ra n ite  w ith  g r a n i t e  g n e is s e s  i n  th e  v i c i n i t y  o f  N o rth  C reek and B eulah  

and w ith  l i t - p a r - l i t  g n e is s  a lo n g  th e  so u th e rn  b o rd e r  were o b se rv ed . The 

c o n ta c t  a r e a  i s  n o t l i n e a r l y  e x te n s iv e ,  and i t  a p p e a rs  to  be  l a t e r a l l y  

t r a n s i t i o n a l  i n  a  few hundred  f e e t  i n  a l l  l o c a l i t i e s  and i s  d is c o rd a n t  o n ly  

in  th e  v i c i n i t y  o f  N orth  C reek . No b r e c c ia  o r o th e r  ev id en ce  o f fo rc e a b le  

in t r u s io n  was found.
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The San I s a b e l  G ra n ite  i n  t h i n  s e c t io n  i s  h o l o c r y s t a l l i n e ,  h y p i-  

d iom orph ic , in e q u ig ra n u la r  t o  p o r p h y r i t i c , and m ediim - t o  c o a r s e -g ra in e d .  

I t  c o n ta in s  m ic ro c lin e , q u a r tz ,  o l ig o c la s e ,  and  g re e n  to  brown b i o t i t e .  

Abundant a c c e s so ry  m in e ra ls  a r e  d ia g n o s t ic ,  p a r t i c u l a r l y  sphene , a p a t i t e ,  

e p id o te ,  and z i rc o n .  L e sse r  am ounts o f  a l l a n i t e ,  h e m a ti te ,  le u c o x e n e , 

m a g n e tite , m u sco v ite , c h l o r i t e ,  and p e n n in i te  w ere a l s o  o b se rv ed . P re ­

f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e  i s  m oderate t o  p o o r . The p la g io c la s e  

c h a r a c t e r i s t i c a l l y  shows good p r e f e r r e d  o r i e n t a t i o n  o f  th e  (OlO) p la n e  

p a r a l l e l  t o  th e  dom inant d i r e c t i o n  o f  th e  b i o t i t e .  Commonly e lo n g a te d  

q u a r tz  and p a r a l l e l  a lig n m en t o f  a p a t i t e  r e in f o r c e s  th e  s c h i s t o s i t y .  

S e g re g a tio n  o f  p la g io c la s e  and q u a r tz  i s  f a i r l y  w e ll  d ev e lo p ed  in  some 

s e c t io n s ,  b u t  la c k in g  in  o th e r s .  S e g re g a tio n  o f  a c c e s s o r ie s  p a r a l l e l  

to  th e  b i o t i t e  S -s u r fa c e  i s  common. M arg in a l m o rta r  s t r u c t u r e  o f  th e  

q u a r tz  i s  f r e q u e n t ly  o b se rv ed , n o t o n ly  i n  sam ples from  th e  a r e a  o f  i n ­

v e s t i g a t i o n ,  b u t  from  a re a s  t o  th e  so u th . Q u a r tz - f e ld s p a r  b o u n d a r ie s  a re  

g e n e r a l ly  r e g u la r  and g e n e ra l ly  n o t in t e r lo c k in g .

Q u artz  i s  c o lo r l e s s ,  xenom orphic w ith  f r e q u e n t  a p a t i t e  i n c lu ­

s io n s  and shows sw eeping u n d u la to ry  e x t in c t io n  and  p o ly c r y s t a l l i n e  a g g re ­

g a te s  o f  d iv e rg e n t e x t in c t io n  ( c ,  P la te  X ). Most o f  th e  q u a r tz  m a rg in s , 

a l th o u g h  q u i te  r e g u la r  i n  o u t l i n e ,  show weak c r e n u la t io n s .  Specim ens 

commonly show w e ll-d e v e lo p e d  m o rta r  s t r u c t u r e  ( a ,  P la te  X ). M ic ro c lin e  

and m ic r o c l in e - p e r th i te  commonly o c c u rs  a s  p h e n o c ry s ts  a t t a i n i n g  le n g th s  

up to  10 m i l l im e te r s . The' c r y s t a l s  a r e  f r a c tu r e d  in  many sam ples and  

c o n ta in  la rg e  in c lu s io n s  o f  q u a r tz  and p la g io c la s e .  P a le ,  g r e e n is h -  

brown o r  v e ry  l ig h t-b ro w n  b i o t i t e  i s  d ia g n o s t ic  o f  t h i s  u n i t .  B en t c r y s ­

t a l s  o f  b i o t i t e  a r e  common, w ith  m inor in c lu s io n s  o f  q u a r tz ,  le u c o x e n e .



PIATE X

PHOTOMICROGRAPHS OF SAH ISABEL GRANITE AND GRANITE OF OAK 
CREEK. PHOTOGRAPH OF HAND SPECIMEN OF GRANITE 

OF OAK CREEK.

a .  San I s a b e l  G ra n i te .  L arge q u a r tz  c r y s t a l s  su rro u n d ed  by m o rta r  s t r u c ­
tu r e  w hich i s  c h a r a c t e r i s t i c  o f  t h i s  p lu to n ic  ro c k . N ote th e  q u a r tz  
e x t in c t i o n .  C rossed  p o la rs ,. X 1 5 .

b .  San I s a b e l  G ra n i te .  B ent p la g io c la s e  c r y s t a l s  w ith  c i r c u l a r  q u a r tz  
in c lu s io n s .  Q uartz  in c lu s io n s  a r e  a l s o  common i n  m ic ro c lin e .  N ote 
b en d in g  acc o n çan ie d  by some k in k in g  o f  th e  p la g io c la s e .  C rossed  
p o la r s .  X 1 5 .

c .  San I s a b e l  G ra n i te .  Deformed q u a r tz  c r y s t a l  a d ja c e n t  t o  m ic ro c lin e . 
N ote d i s t i n c t  f a i l u r e  o r i e n t a t i o n  has p roduced  r e g u la r  e x t in c t io n  
p a t t e r n .  F a i lu r e  h a s  n o t p rod u ced  a  lo s s  o f  co h es io n  i n  th e  c r y s t a l .  
C ro ssed  p o la r s .  X 6.25*

d . San I s a b e l  G ra n ite .  M ic ro c lin e  b e in g  re p la c e d  by  p la g io c la s e  p ro d u c in g  
a  c h essb o a rd  s t r u c t u r e . Note th e  o p t i c a l  c o n t in u i ty  o f  th e  m ic ro c lin e .  
C ro ssed  p o la r s .  X 15.

e .  San I s a b e l  G ra n ite  showing g e n e ra l  t e x t u r a l  f e a t u r e s .  The o r i e n t a t i o n  
o f  th e  i n t e r s t i t i a l  b i o t i t e  i s  governed  by  a lig n m en t o f  th e  su rro u n d in g  
f e ld s p a r  and q u a r tz  c r y s t a l s .  The s c h i s t o s i t y  i s  p o o r a s  a  r e s u l t  o f  
such t e x t u r a l  c o n t r a s t .  P la in  l i g h t .  X 15.

f .  San I s a b e l  G ra n ite  showing " is la n d  and se a "  t e x tu r e  found  by q u a r tz  
r e p la c in g  m ic ro c lin e . P la g io c la s e  in  upper l e f t  i s  a l t e r e d  t o  f i n e ­
g ra in e d  w h ite  m ica. C rossed  p o la r s .  X 1 5 .

g . G ra n ite  o f  Oak C reek . C o n ta c t o f  m edium -grained  p o r p h y r i t i c  and f i n e ­
g ra in e d  g r a n u la r  f a c i e s .  C o n ta c t i s  t r a n s i t i o n a l  and i r r e g u l a r .  T h is  
p i c tu r e  i s  p e rp e n d ic u la r  to  th e  lo n g  a x is  o f  th e  p h e n o c ry s ts .  N ote th e  
la c k  o f  s c h i s t o s i t y  and f o l i a t i o n .
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sphene and e p id o te .  I n  some specim ens, a l t e r a t i o n  o f  m ica t o  p e n n in i te  

i s  co u p le t e ,  w h ile  in  o th e r s ,  p a r t i a l  a l t e r a t i o n  to  p e n n in i te  and p ro ­

c h l o r i t e  i s  v i s i b l e ;  s t i l l  o th e r  specim ens show no a l t e r a t i o n .

P la g io c la s e  i s  v a r ia b le  in  ap p ea ran ce  and co m p o sitio n . I t  ran g es  

from  so d ic  o l ig o c la s e  (An-|p) t o  a n d es in e  (A n^^), w ith  an  av e rag e  c o n p o s i-  

t i o n  o f  o l ig o c la s e  (Angg). A lb i t e ,  p e r i c l i n e ,  and  c a r l s b a d  tw in s  a re  

p r e s e n t ,  th e  l a t t e r  d i s t in g u is h in g  th e  San I s a b e l  G ra n ite  from  th e  f e l s i c  

and m afic  g n e is s e s .  Some c r y s t a l s  rem ain  un tw inned . Normal zon ing  o f  th e  

p la g io c la s e  i s  common. In c lu s io n s  o f  m u sco v ite , p r o c h lo r i t e ,  a p a t i t e ,  and 

q u a r tz  commonly p roduce a  p o i k i l i t i c  t e x tu r e .  B ent c r y s t a l s  w ith  undu lose  

e x t in c t io n  a re  common (b , P la te  X ). A l t e r a t io n  t o  f in e - g r a in e d  w h ite  m ica 

v a r ie s  in  m agnitude from  u n a l te r e d  c r y s t a l s  to  th o se  t h a t  a re  o n ly  d i s ­

c e r n ib le  a s  pseudom orphs. M yrm ekitic in te rg ro w th s  a r e  common where th e  

p la g io c la s e  i s  i n  c o n ta c t  w ith  p o ta s h  f e ld s p a r .  I n  some c a s e s  th e  e n t i r e  

c r y s t a l  i s  in te rg ro w n . Some p la g io c la s e  d is p la y s  r e a c t io n  rim s id e n t i c a l  

t o  th o s e  p r e s e n t  i n  th e  f e l s i c  g n e is s ,  w h ile  o th e r s  do n o t .  A n t ip e r th i t e  

in te rg ro w th s  a re  w id e ly  d i s t r i b u t e d .  A common f e a tu r e  o f  th e  San I s a b e l  

G ra n ite  i s  th e  s e g re g a t io n  o f  th e  a c c e s so ry  m in e ra ls  i n t o  le n s e s  and  lam ­

in a e  up to  0 .5  m i l l im e te r s  in  w id th .

W ith in  th e  a re a  in v e s t ig a te d  th e r e  i s  c o n s id e ra b le  t e x t u r a l  e v i ­

dence o f  a s s im i la t io n  o f  p r e - e x i s t in g  c r y s t a l s  by  th e  San I s a b e l  G ra n ite .  

M ic ro c lin e  c r y s t a l s  a re  c o n p le te ly  e n c lo se d  by  p la g io c la s e ,  w ith  a p p a re n t 

a l t e r a t i o n  o f  th e  m ic ro c lin e  t o  p la g io c la s e  (d , P la t e  X ). The r e v e r s e  

p ro c e s s  i s  ev id en ced  by a  ch essb o a rd  t e x tu r e  o f  r e l i c  p la g io c la s e  w hich 

i s  b e in g  a l t e r e d  to  m ic ro c lin e . R eplacem ent f e a tu r e s  a r e  a l s o  seen  in  

th e  " is la n d  and  sea"  t e x tu r e  o f  th e  q u a r tz  and  f e ld s p a r  ( f ,  P la te  X ),
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The r e l i c  c r y s t a l s  a re  ev id en ce  t h a t  th e  r e c r y s t a l l i z a t i o n  r e a c t io n  has  

n o t y e t  gone t o  co m p le tio n . The common a l t e r a t i o n  o f  b i o t i t e  and  m uscov ite  

t o  p e n n in i te  su g g e s t c o n s id e ra b le  h y d ro th e rm al a l t e r a t i o n  su b seq u en t t o  

c r y s t a l l i z a t i o n .  A t l e a s t  two p e r io d s  o f  d e fo rm a tio n  a r e  d em o n strab le  from  

th e  t h i n  s e c t io n  s tu d y . The f i r s t  p roduced  f e a tu r e s  t h a t  w ere s u b se q u e n tly  

f i l l e d  w ith  q u a r tz  o r  c a l c i t e .  T h is  may c o r r e l a t e  w ith  th e  fo rm a tio n  o f  

th e  p e n n in i te .  The f i l l e d  f r a c t u r e s  w ere su b se q u e n tly  m ic ro fa u l te d .

G ra n ite  o f  Oak C reek

The g r a n i t e  o f  Oak C reek  i s  e>q)osed in  an  a r e a  o f  ab o u t fo u r  square  

m ile s  i n  th e  v i c i n i t y  o f  N o rth  Oak C reek and Oak C reek . The e a s te r n  l i m i t  

o f  t h i s  expo su re  i s  d e l in e a te d  by  th e  c o n ta c t  w ith  th e  sed im en ta ry  ro c k s ; 

w hereas th e  w e s te rn  e x te n t  o f  th e  body was n o t fo u n d . R eco n n a issan ce  s u r ­

veys in d ic a te  t h a t  t h i s  d i s t i n c t  l i t h o l o g i e  u n i t  e x te n d s  a t  l e a s t  two m ile s  

f u r t h e r  w e s t.  Two t e x t u r a l  f a c i e s  w ere re c o g n iz e d  in  th e  f i e l d  and  mapped— 

a  m edium -grained , p o r p h y r i t ic  t e x tu r e  w hich  w ea th e rs  t o  rounded , p o o r ly  

c o n s o l id a te d  b o u ld e rs  and a  f in e - g r a in e d ,  g r a n u la r  f a c i e s .  A lthough  a  

g e n e ra l  a r e a l  r e l a t i o n  o f  th e  f in e - g r a in e d  f a c i e s  t o  th e  edge o f  th e  body 

i s  p r e s e n t ,  th e r e  a re  many a re a s  o f  g r a n u la r  developm ent w i th in  th e  p o r ­

p h y r i t i c  p o r t io n s .  A t e x t u r a l  g r a d a t io n  betw een th e  two f a c i e s  e x i s t s ,  

a l th o u g h  a t  p la c e s  th e  c o n ta c t  i s  q u i te  sh a rp  (g , P la t e  X ). The l i th o lo g y  

o f  th e  g r a n i t e  i s  n o t homogeneous, p a r t i c u l a r l y  i n  t h e  n o r th  and  w e s t p o r ­

t i o n .  In c lu s io n s  o f  b i o t i t e  s c h i s t ,  b i o t i t e - q u a r t z - p l a g io c l a s e  g n e is s ,  

h o rn b le n d e -p la g io c la s e  g n e is s  and s i l l i m a n i t i c  s c h i s t s  and  g n e is s e s  a re  

p r e s e n t .  The c r e s t  o f  a  f o ld  form ed in  th e  m afic  g n e is s e s  h a s  b een  e n ­

c lo s e d  by th e  g r a n i t e  o f  Oak C reek  i n  s e c t io n  5, s o u th  o f  N o rth  Oak C reek . 

C o n ta c ts  w ith  th e s e  f o r e ig n  l i t h o l o g i e s a re  g e n e r a l ly  w e l l  d e f in e d .
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P o r p h y r i t ic  f a c ie s  o f th e  g r a n i t e  o f  Oak C reek  exposed  
a lo n g  Oak C reek . Note f e ld s p a r  p h e n o c ry s ts  i n  th e  d a rk e r  
m a tr ix  v h ic h  i s  conçosed  o f  p la g io c la s e ,  b i o t i t e ,  and 
q u a r tz .  The p h e n o c ry s ts  a re  e i t h e r  m ic ro c lin e  o r  p e r t h i t e .

Figure 10
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a lth o u g h  t r a n s i t i o n a l  over a  few f e e t .  To th e  s o u th e a s t  a  t r a n s i t i o n a l  

r e l a t io n s h ip  e x i s t s  w ith  th e  g r a n i te  g n e is s .  H ere, ex p o su re s  o f  th e  p o r ­

p h y r i t i c  f a c i e s  a re  p r e s e n t  w ith in  th e  g r a n i t e  g n e is s ,  c o n s t i tu t i n g  a p p ro x i­

m a te ly  20 t o  30 p e r  c e n t o f  th e  t o t a l  ex p o su re s . C o n ta c ts  w ith  th e  s u r ­

ro u n d in g  rocks  a re  g e n e ra l ly  conco rdan t w ith  th e  p o r p h y r i t i c  f a c i e s  becom ing 

in te r la y e r e d  w ith  a c id ic  and m afic  g n e is s e s  f u r th e r  so u th . C o n ta c ts  o f  

th e  g r a n i te  o f  Oak C reek and th e  m e tased im en tary  g n e is s e s  w ith in  th e  i n t e r ­

la y e re d  sequence a re  w e ll  d e f in e d , a lth o u g h  i r r e g u l a r .  The n o r th e rn  con­

t a c t ,  a l s o  co n co rd a n t, o ccu rs  a lo n g  a  s t r u c t u r a l l y  d is tu r b e d  zone where 

c o n s id e ra b le  h y d ro th erm al a c t i v i t y  ap p ea rs  t o  have ta k e n  p la c e .  Pegma­

t i t e s  a re  v ery  abundant in  t h i s  a r e a  and th e  on ly  o c c u rre n c e s  o f  verm i- 

c u l i t e  a re  found th e r e .  E x te n s i’/e to u rm a lin e  i s  found  a lo n g  zones o f 

d e fo rm a tio n , and th e  H ard ing  F o rm ation  i s  h ig h ly  s i l i c i f i e d ,  l o c a l ly  p ro ­

d u c in g  a g a te .  T h is  zone i s  d is c u s s e d  l a t e r .  The g r a n i t e  o f  Oak C reek i s  

te rm in a te d  a g a in s t  i t ,  w ith  h ig h ly  c o n to r te d  m ig m atite  p r e s e n t  n o r th  o f 

th e  zone. A lthough  th e  c o n ta c ts  w ith  th e  su rro u n d in g  ro ck  ty p e s  a re  g e n e r­

a l l y  w e ll  d e f in e d , no ev id en ce  o f  f o r c e f u l  i n j e c t i o n  was found .

In  o u tc ro p , th e  p o r p h y r i t i c  f a c ie s  o f  th e  g r a n i t e  o f  Oak C reek 

i s  l i g h t  p in k  to  l i g h t  brown, m edium -grained, and c o n ta in s  p in k  pheno­

c r y s ts  in  a  b i o t i t e - r i c h  m a tr ix .  The p h e n o c ry s ts  commonly show a  l i n e a -  

t i o n ,  a lth o u g h  no t a  u n ifo rm  one (F ig . l l ) .  The o r i e n t a t i o n  o f  th e  b i o t i t e ,  

becau se  o f  i t s  i n t e r s t i t i a l  d i s t r i b u t i o n ,  i s  governed  by  th e  p h e n o c ry s t 

o r i e n t a t i o n .  S c h is to s i ty  i s  th u s  v e ry  p o o r, even w here th e  b i o t i t e  con­

t e n t  may be l o c a l l y  h ig h . I n  a  few sam ples, h ig h ly  i r r e g u l a r  s e g re g a t io n  

le n s e s  o f  q u a r tz  and th e  s m a lle r  s iz e  f r a c t i o n  o f  m ic ro c lin e  p roduce f o l i a ­

t i o n .  W eathering  p roduces v e ry  f r i a b l e ,  rounded s u r fa c e s  so t h a t  f r e s h



O r ie n ta t io n  d ia g ra m  o f  p t ie n o c r y s ts  in g r a n i t e  o f  Oak Creek .  

C o n to u rs  a t  8 % , 6 % ,  4 % ,  i%  p e r  i %  are a .  125 m e a s u r e m e n t s .



TABLE H

MODES ( volume PERCENTAGE) OF GRANITE OF OAK CREEK

Sample Q uartz M ic ro c lin e P la g io c la s e B io t i t e
O ther

M in era ls
* R A R A R A R A R A

1) 19 19 3 28 52 32 23 23 3 3
2 ) 24 . l4 31 4 i 39 29 13 13 2 2
3) 18 11 l4 39 35 26 27 19 6 5
4) 2 2 35 35 32 32 8 8 3 3
5) 24 24 14 l4 4 l 4 i 16 16 5 5
6 22 22 37 37 31 31 8 8 2 2
7) 15 l4 51 51 17 IT 12 12 5 5
8 ) 23 23 30 4o 35 25 10 10 2 2
9 ) 8 8 40 40 31 31 14 l4 7 7

1 0 ) 13 12 4 l 51 31 23 10 9 4 4

*R - Raw 
A - A d ju s ted

L o ca tio n  o f  Samples

1) p o r p h y r i t ic  f a c i e s ;  n o r th  o f South  Oak C reek (NW-̂ , i 6 , 20S, JOW)
2 ) p o r p h y r i t ic  f a c i e s ;  w est o f  highway 1U3 (NEv, 20S, 7OW)
3 ) p o r p h y r i t ic  f a c i e s ,  w est o f  highwAy IA3 (NWij-, 5, 208, 7OW)
4) g ra n u la r  f a c i e s ;  j u s t  e a s t  o f  h ighi/ay l4 3  (NW-ç, 9 , 20S, 7OW)
5 ) g ra n u la r  f a c i e s ;  n o r th  o f  Oak C reek (NW-̂ , 9 , 20S, 7OW)
6 ) g ra n u la r  f a c i e s ;  n o r th  o f  Oak C reek (SE^, 4 , 20S, 7OW)
7 ) p o r p h y r i t ic  f a c i e s ;  a lo n g  S outh  Oak C reek (NE%, 16 , 20S, 70W)
8 ) p o r p h y r i t ic  f a c i e s ;  w est o f  highway l4 3  (NW^, 20S, 7OW)
9 ) g ra n u la r  f a c i e s ;  n o r th  o f  Oak C reek (SW^) 4> 208, 70W)

10 ) p o r p h y r i t ic  f a c i e s ;  a lo n g  South  Oak C reek (NE-ç, i 6 , 208, 7OW)

U)vn
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sam ples a re  d i f f i c u l t  t o  o b ta in .

C o rre c te d  modal a n a ly se s  o f  s ix  t h i n  s e c t io n s  o f  th e  p o r p h y r i t i c  

f a c i e s  show (by volum e) : l 6^  q u a r tz ,  m ic ro c l in e ,  23^  p la g io c la s e ,

l4 ^  b i o t i t e ,  and 3^ a c c e s s o r i e s .  Modal a n a ly s e s  w ere ham pered by th e  

la rg e  s iz e  o f  th e  p h e n o c ry s ts .  T h in  s e c t io n s  w ere g e n e r a l ly  c u t  p e r ­

p e n d ic u la r  t o  th e  p h e n o c ry s t l i n e a t i o n  so th e  modal a n a ly se s  a c tu a l ly  

r e p re s e n te d  a  b ia s e d  volume p e rc e n ta g e  o f  th e  p o ta s h  f e ld s p a r .  C o rre c ­

t i o n s  w ere made by s t a in in g  c u t  s u r fa c e s  o f  e a c h  hand specim en p e rp e n d i­

c u la r  and p a r a l l e l  t o  th e  p h e n o c ry s t developm ent. The a r e a l  d i s t r i b u t i o n  

o f  th e  p h e n o c ry s ts  was th e n  e s t im a te d  and an  in c re a s e  in  th e  p e rc e n ta g e  

was made, b a sed  upon th e  r a t i o  o f  th e  a r e a  i n  th e  p a r a l l e l  t o  th e  t r a n s ­

v e rs e  c u t .

T h in  s e c t io n  s tu d y  r e v e a ls  a  h o lo c r y s t a l l i n e ,  hyp id io m o rp h ic , 

m edium -grained , p o r p h y r i t ic  t e x t u r e . The p h e n o c ry s ts  range  in  s iz e  up 

t o  20 m i l l im e te r s  i n  le n g th .  M ic ro c lin e  and  m ic ro c lin e  p e r t h i t e  commonly 

form  th e  p h e n o c ry s ts , a l th o u g h  o l ig o c la s e  i s  p r e s e n t  in  c r y s t a l s  up to  

5 m i l l im e te r s  lo n g  in  some sam ples. The o r i e n t a t i o n  o f  th e  b i o t i t e  i s  

c o n t ro l le d  by  th e  a lig n m en t and p re se n c e  o f  p h e n o c ry s ts .  I n  some s e c ­

t i o n s  i t  i s  s u b p a r a l l e l ,  i n  o th e r s ,  i t  i s  a lm o s t random. P r e f e r r e d  o r ie n ­

t a t i o n  o f  p la g io c la s e  c r y s t a l s  i s  p r e s e n t  i n  some s e c t io n s .

The q u a r tz  i s  c o lo r l e s s  and  xenom orphic w ith  r e g u la r  m arg ins t h a t  

a re  smooth t o  m ild ly  c r e n u la te d .  Sim ple e x t in c t i o n  and  s u b p a r a l l e l ,  p o ly ­

c r y s t a l l i n e  a g g re g a te s  a re  p r e s e n t .  O lig o c la se  in c lu s io n s  a r e  common.

Some s l id e s  show a  b im odal s iz e  d i s t r i b u t i o n  o f  q u a r tz ,  a l t h o u ^  no e v i ­

dence o f  m o rta r  s t r u c tu r e  i s  p r e s e n t .  The b i o t i t e  i s  c lo u d y  brown t o  

l i g h t  brown and commonly c o n ta in s  z i rc o n  in c lu s io n s  and p le o c h ro ic  h a lo s .
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Sphene and ilm en i t e  a re  a ls o  common in c lu s io n s .  H ypiodiom orphic d e v e lo p ­

ment o f  th e  b i o t i t e  w ith  rag g ed  te rm in a t io n s  i s  common. B ent c r y s t a l s  a re  

f r e q u e n t ly  ob serv ed . M ic ro c lin e  and m ic ro c lin e  p e r t h i t e s  occu r a s  h y p id io ­

m orphic, c o lo r l e s s  c r y s t a l s  in  th e  sm a l l e r  s iz e  f r a c t i o n  and  a s  p h e n o c ry s ts .  

They commonly have c i r c u l a r  o r  cun ifo rm  q u a r tz  in c lu s io n s .  M icro g rap h ie  

in te rg ro w th s  a lo n g  th e  m argin  a re  w e ll  d is p la y e d . Commonly th e  la r g e  num­

b e r  o f  in c lu s io n s  p roduces a  s ie v e  s t r u c tu r e .  O lig o c la se  i s  a l s o  found a s  

in c lu s io n s .  Some "w rin k led "  c r y s t a l s  a re  p r e s e n t  i n  a  few s l i d e s .  O lig o ­

c la s e  has- an  average  co m p o sitio n  o f An^g, b e in g  more sodium r i c h  th a n  in  

e i t h e r  o f  th e  g n e is s e s  o r  th e  San I s a b e l  G ra n ite .  P o ly s y n th e t ic  tw in s  and 

zoned c r y s ta l s  a re  common (b , P la te  X I) .  A p a t i te  and  q u a r tz  in c lu s io n s  

a re  p l e n t i f u l .  A fe w  s l i d e s  show a p p a re n t rep lacem en t r e l i c s  o f  m ic ro c lin e  

e n c lo se d  w ith in  th e  o ï ig o c la s e .  A n t ip e r th i t e  i s  p r e v a le n t .  M yrm ekitic 

in te rg ro w th s  commonly occur a lo n g  common m argins o f  p o ta sh  f e ld s p a r  and 

. p la g io c la s e  (a , P la te  X I) .  A c c e sso r ie s  a re  n o t ic e a b ly  few er th a n  in  th e  

San I s a b e l  G ra n ite  w ith  m a g n e tite , i lm e n i te ,  leu co x en e , a p a t i t e ,  z i rc o n ,  

e p id o te ,  m u sco v ite , h o rn b len d e , and p e n n in i te  a l l  re c o rd e d . Some s l id e s  

have l e s s  th a n  1  p e r  c e n t  a c c e s s o r ie s .

The p la g io c la s e  co m p o sitio n , few er a c c e s s o r i e s ,  brown b i o t i t e  and 

la c k  o f  m o rta r  s t r u c tu r e  a l l  d i s t i n g u is h  th e  p o r p h y r i t ic  f a c i e s  o f  th e  

g r a n i t e  o f  Oak C reek from  th e  San I s a b e l  G ra n ite .

I n  o u tc ro p  th e  f in e - g r a in e d  f a c i e s  i s  sp e c k le d  p in k , w h ite ,  and 

b la c k ,  and i s  s t r i k i n g l y  e q u ig ra n u la r . The b i o t i t e  shows a  good p r e f e r r e d  

o r i e n t a t i o n ,  d e f in in g  a  m o d e ra te ly  w e ll-d e v e lo p e d  S - s u r f a c e .  Commonly t h i s  

s u r fa c e  i s  r e in f o r c e d  by p r e f e r r e d  o r i e n t a t i o n  o f  w h ite  p la g io c la s e  c r y s t a l s .  

L o c a lly  t h i n  s e g re g a t io n s  o f  q u a r tz  and  p la g io c la s e  from  b i o t i t e  p ro d u ces  a  

f o l i a t i o n  p a r a l l e l  t o  th e  S -s u r fa c e .
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Modal a n a ly s e s  o f  fo u r  t h i n  s e c t io n s  o f  th e  g ra n u la r  f a c i e s  show: 

1896 q u a r tz ,  3^9  ̂ m ic ro c lin e , 33$ p la g io c la s e ,  11$ b i o t i t e ,  and 4$ a c c e s s o r ie s .  

The volume p e rc e n ta g e s  o f  th e  g ra n u la r  f a c i e s  a re  v e ry  s im i la r  to  th o se  o f  

th e  groundm ass o f  th e  p o r p h y r i t ic  f a c i e s .

In  t h i n  s e c t io n ,  th e  f in e - g r a in e d  f a c i e s  i s  h o lo c r y s t a l l i n e ,  h y p i­

d iom orph ic , and  rem arkab ly  e q u ig ra n u la r .  The c h a r a c te r  o f  th e  m in e ra l 

s p e c ie s  i s  s im i la r  to  t h a t  o f  th e  p o r p h y r i t ic  f a c i e s  ex ce p t f o r  two d e v ia ­

t i o n s .  The f in e  g r a n u la r i ty  o f  th e  te x tu r e  p e rm it te d  developm ent o f  p r e ­

f e r r e d  o r i e n t a t i o n  o f  th e  b i o t i t e .  The o l ig o c la s e  a p p e a rs  t o  be s l i g h t l y  

more c a l c ic  th a n  t h a t  o f  th e  p o r p h y r i t ic  f a c i e s ,  h av in g  an  av erag e  com­

p o s i t i o n  o f  Azig^*

P e tro g e n e s is

San I s a b e l  G ra n ite

B oyer ( 1962 , p .  IO6 6 ) i n  h i s  o r ig i n a l  work on th e  San I s a b e l  

G ra n ite  concluded  t h a t  t h i s  p lu to n ic  mass was in t ru d e d  s y n k in im a tic a l ly  

o r  j u s t  a f t e r  th e  fo ld in g  o f  th e  P recam brian  sed im en ts  w ith  magmatic 

em anations p e rm ea tin g  th e  m e tased im en ta ry  u n i t s .  He p o in te d  t o  th e  

p re se n c e  o f  m ig m atite  c lo se  t o  th e  igneous mass and l i t - p a r - l i t  d ev e lo p ­

ment f u r th e r  away a s  su p p o rtin g  e v id e n c e . R e s t r i c t e d  ex p o su res  o f  th e  

San I s a b e l  G ra n ite  i n  th e  a r e a  o f  t h i s  r e s e a r c h  have p ro v id e d  l im i te d  

in fo rm a tio n  on t h i s  problem , b u t  w i th in  th e  a r e a  m apped ,. l i t - p a r - l i t  

g n e is s e s ,  n o t  m ig m a tite s , developed  c lo se  t o  th e  igneous m ass. P é t r o ­

g ra p h ie  s tu d ie s  show a s s im i la t io n  o f  th e  a p p a re n tly  r e c r y s t a l l i z e d  g r a n i t e  

g n e is s e s  in  th e  B eulah  a r e a .  H ere, rep lacem en t o f  p o ta s h  f e ld s p a r s  by 

p la g io c la s e  and  th e  o p p o s ite  r e l a t i o n s  a r e  w e ll  d is p la y e d  t e x t u r a l l y  a s ■



PIATE XI

EHOTOMICROGRAPHS OF GRANITE OF OAK CREEK, CATACLASTIC 
STRUCTURES AND INTRUSIVE ROCKS.

a .  G ra n ite  o f  Oak C reek , p o ip t iy r i t i c  f a c i e s .  A p o r t io n  o f  a  m ic ro c lin e  
p h e n o c ry s t w ith  nçyrm ekitic in te rg ro w th s  e x te n d in g  from  th e  a d ja c e n t  
o l ig o c la s e  in t o  th e  m ic ro c l in e .  C rossed  p o la r s .  X 15.

b . G ra n ite  o f  Oak C reek  w ith  w e ll-d e v e lo p e d  c r y s t a l  te rm in a t io n  o f  p o ly -  
s y n th e t i c a l l y  tw in n ed  o l ig o c la s e  c r y s t a l .  C rossed  p o la r s .  X 1 5 .

c .  G ra n ite  o f  Oak C reek showing " is la n d  and se a "  t e x tu r e  in  g ra n u la r  f a c i e s .  
Here th e  p e r t h i t e  i s  a p p a re n t ly  b e in g  re p la c e d  by q u a r t z . C rossed  
p c l a r s .  X 1 5 .

d . C a t a c la s t i c  s t r u c t u r e s .  B ent p la g io c la s e  c r y s t a l  in  g r a n o d io r i te  g n e is s .  
B ent c r y s t a l s  a re  r e g io n a l ly  d i s t r i b u t e d .  C rossed  p o la r s .  X 15.

e .  C a ta c la s t i c  s t r u c t u r e  in  g r a n o d io r i te  g n e is s .  M oderate c a t a c l a s i s  p ro ­
du c in g  m ech an ica l breakdow n o f q u a r tz  and  f e ld s p a r .  Note f in e - g r a in e d  
m o rta r  s t r u c t u r e  w ith  a n g u la r  and su b -a n g u la r  f ra g m e n ts . The c o rn e rs  
o f  th e  l a r g e r  g r a in s  a re  b e in g  a b ra id e d . C rossed  p o la r s .  X 1 5 .

f .  C a t a c la s t i c  s t r u c t u r e  in  g r a n o d io r i te  g n e is s  w ith  w e ll-d e v e lo p e d  m o rta r
s t r u c t u r e .  A brup t s iz e  change i n  upper l e f t  p o r t io n  o f  p h o to  i s  th e
r e s u l t  o f  ex trem e g r a n u la t io n  by f a u l t  movement. C ro ssed  p o la r s .  X 1 5 .

g . C a t a c la s t i c  s t r u c t u r e  in  g r a n i t e  g n e is s .  M o rta r s t r u c t u r e  w ith  a n g u la r
f ra g m e n ts . F r a c tu r in g  o f  l a r g e r  c r y s t a l s  and i n i t i a l  w edging i s  ta k in g
p la c e  i n  th e  c e n te r  o f  th e  p h o to . P la in  l i g h t .  X 1 5 .

h . A n d é s ite . Randomly d i s t r i b u t e d  l a b r a d o r i t e  l a th e s  w i th  py roxene . Sangle 
from  m afic  d ik e .  C ro ssed  p o la r s .  X 6 .2 5 .

i .  O liv in e  t h o e l i t e .  Sample from  p lu g  o f  T e r t i a r y  age ( ? )  in  Canon C ity  
embayment. O liv in e  p h e n o c ry s ts  in  c r y s t a l l i n e  m a tr ix .  N ote o l iv in e  
f r a c t u r e s  and  crow ding o f  p la g io c la s e  l a t h s  a lo n g  m arg in . C rossed  
p o la r s .  X 1 5 .
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have a l re a d y  been  d e s c r ib e d . I n  a d d i t io n ,  th e  rep la cem e n t o f  f e ld s p a r  

by q u a r tz  i s  w e ll  d em o n stra ted  i n  t h i n  s e c t io n s .  The f a i l u r e  o f  e q u i­

l ib r iu m  to  be e s ta b l i s h e d  i s  ev id en ced  by th e  r e l i c t  m a te r ia l  s t i l l  p r e s ­

e n t .  Thus, th e  exposure  o f  th e  San I s a b e l  G ra n ite  in  th e  B eulah a re a , 

ap p ea rs  to  be c lo s e  t o  th e  m argin  o f  th e  p lu to n ic  body and th e  g r a n i t e  

d e m o n stra te s  good ev id en ce  o f  em placement fo llo w in g  metamorphism o f  th e  

g r a n i t e  g n e is s .  However, c r y s t a l l i z a t i o n  was n o t much l a t e r ,  f o r  Boyer 

showed t h a t  th e  age o f  c r y s t a l l i z a t i o n  o f  th e  San I s a b e l  G ra n ite ,  on th e  

b a s i s  o f  a  le a d -a lp h a  d a te ,  t o  be 1^30 f  200 m i l l io n  y e a r s ,  w hich i s  con­

tem poraneous w ith  th e  l a s t  r e c r y s t a l l i z a t i o n  o f  th e  m etam orphic ro c k s . 

P o s t-m e taso m atic  a l t e r a t i o n  o f  th e  m a rg in a l a re a s  i s  in d ic a te d  by th e  

a l t e r a t i o n  o f  th e  g re e n  b i o t i t e  to  p e n n in i te .  The p la g io c la s e  in  many 

p la c e s  has been  a l t e r e d  to  f in e - g r a in e d  w h ite  m ica and  su b se q u e n tly  to  

p e n n in i te .

The c h a r a c t e r i s t i c s  in d ic a t in g  a n  ig n eo u s  o r ig i n  f o r  th e  San 

I s a b e l  G ra n ite  were d is c u s s e d  by Boyer ( 1962 ) .  W ith in  th e  a r e a  i n v e s t i ­

g a te d , th e  a s s im i la t io n  f e a tu r e s  a re  consp icuous b u t  th e  p re se n c e  o f  

p o ly s y n th e t ic  tw in n in g  and r e g u la r  zon ing  in  th e  p la g io c la s e ,  w hich i s  

a b s e n t in  th e  su rro u n d in g  ro c k s , su p p o rts  h i s  c o n te n t io n  o f  an  igneous 

o r ig i n .  I n  a d d i t io n ,  th e  p re se n c e  o f  w e ll -d e f in e d  m o rta r  s t r u c t u r e  and 

i t s  r e s t r i c t i o n  to  th e  San I s a b e l  G ra n ite  in d ic a te s  f o r c e f u l  in t r u s io n  in  

a  p a r t i a l l y  m olten  c o n d i t io n  p ro b a b ly  a t  r e l a t i v e l y  sh a llo w  d e p th .

The G ra n ite  o f  Oak C reek

The g r a n i te  o f  Oak C reek i s  a l s o  b e l ie v e d  to  be an  igneous body. 

The n a tu re  o f  i t s  a r e a l  c o n ta c ts  have b een  d is c u s s e d .  The la c k  o f  i n t r u -
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Sion b r e c c ia  and s im i la r  c o n ta c t  f e a tu r e s  c h a r a c t e r i s t i c  o f  f o r c e f u l  

i n j e c t i o n  su g g e s t t h a t  i t  was em placed w h ile  th e  su rro u n d in g  ro ck  was a t  

e le v a te d  te m p e ra tu re s . X e n o li th s  o f  th e  co u n try  ro c k  w ith in  th e  p lu to n ic  

mass a t t e s t  t o  th e  incom ple te  a s s im i la t io n  o f  th e  e n v e lo p in g  ro c k  d u rin g  

em placem ent. The co n co rd an t r e l a t io n s h ip  w ith  th e  m e tased im en ta ry  s e r i e s  

so u th  o f  South  Oak C reek su g g es t p r e f e r e n t i a l  a s s im i la t io n  o f  th e  c o u n try  

ro c k . The magma p ro b ab ly  moved a lo n g  a  f r a c t u r e  zone p a r a l l e l  t o  th e  

s t r i k e  o f  th e  s t r a t a ,  a s s im i la t in g  th e  c o u n try  ro ck  on e i t h e r  s id e  o f th e  

f r a c t u r e .  I t  i s  re a so n a b le  t h a t  th e  p r e f e r e n t i a l  a s s im i la t io n  o c c u rre d  

w here th e  m in e ra lo g ic a l  c o n te n t was s im i la r ,  th u s  th e  m afic  g n e is s e s  (su ch  

a s  th e  b io t i t e - q u a r t z - p l a g io c l a s e  g n e is s  in  s e c t io n  l 6 ,  so u th  o f  Oak C reek) 

w ere l e f t  r e l a t i v e l y  u n a l te r e d .  Such d i f f e r e n t i a l  a s s im i la t io n  i s  a l s o  

e v id e n t  j u s t  so u th  o f  Oak C reek  w here i r r e g u l a r  pods o f  th e  p o r p h y r i t ic  

f a c i e s  a r e  d i s t r i b u t e d  th ro u g h o u t th e  g r a n i t e  g n e is s ,  showing g r a d a t io n a l  

c o n ta c ts  w ith  th e  l a t t e r .  The e x a c t r e la t io n s h ip  o f th e  i n t r u s t i o n  t o  

th e  tim e  o f  m etam orphism  i s  n o t  c l e a r .

M icroscop ic  ev id en ce  o f  m utual rep lacem en t o f  th e  f e ld s p a r s  and 

o f  f e ld s p a r  by q u a r tz  i s  p r e s e n t .  The p re se n c e  o f  n o rm a lly  zoned p la g io ­

c la s e  i s  n o t in d i c a t iv e  o f  unmetamorphosed p lu to n ic  c o n d i t io n s  a s  th e  work 

o f  M isch (1955 , p .  327 ) has shown, n o r i s  th e  p re se n c e  o f  p o ly s y n th e t ic  

tw in n in g  in  p la g io c la s e  u n iq u e ly  c h a r a c t e r i s t i c  o f  igneous ro c k s . T h e ir  

confinem en t t o  th e  g r a n i te  o f  Oak C reek  i s  b e l ie v e d  by  th e  a u th o r  t o  i n d i ­

c a te  a  la c k  o f  m etam orphic r e c r y s t a l l i z a t i o n .  T h is  i s  c o r ro b o ra te d  by  th e  

f a i l u r e  t o  f in d  any d ia g n o s t ic  m etam orphic m in e ra l a s s o c ia t io n s  w i th in  th e  

g r a n i t e  t h a t  a re  n o t a  p a r t  o f  th e  a s s im i la te d  c o u n try  ro c k . I n  a d d i t io n ,  

th e  x e n o l i th s  o f  th e  c o u n try  ro c k , a l th o u g h  p a r t i a l l y  ab so rb ed  and  " g ra n i-  

t i z e d , " s t i l l  r e t a i n  c h a r a c t e r i s t i c s  t h a t  a r e  i d e n t i c a l  t o  th e  c o u n try
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ro c k . Thus i t  ap p ea rs  t h a t  r e c r y s t a l l i z a t i o n  o f  th e  co u n try  ro ck  was 

w e ll  advanced  by th e  tim e  o f  em placem ent o f  th e  g r a n i t e  o f  Oak C reek . 

Inasm uch a s  marked r e t ro g ra d e  e f f e c t s  w ere n o t found , i t  seems p ro b a b le  

t h a t  em placem ent to o k  p la c e  d u r in g  th e  same phase  o f  e le v a te d  tem p era­

t u r e s  and p r e s s u r e s  a s  th e  r e g io n a l  r e c r y s t a l l i z a t i o n .  The la c k  o f  

e x te n s iv e  m etasom atism  o f  th e  c o u n try  ro c k , a s  d e te c ta b le  o p t i c a l l y ,  

in d ic a te s  a  low v o l a t i l e  c o n te n t  w ith in  th e  igneous m ass. Slow c o o lin g  

c o n d i t io n s ,  p e rh a p s  b e fo re  em placem ent, com bined w ith  h ig h  s a tu r a t io n  

p ro b a b ly  r e s u l t e d  i n  th e  p h e n o c ry s t c r y s t a l l i z a t i o n .  In c re a s e d  c o o lin g  

r a t e s  a f t e r  em placem ent, accom panied by  th e  lo s s  o f  v o l a t i l e s ,  p roduced  

th e  g r a n u la r  f a c i e s .  The p h e n o c ry s t l i n e a t i o n  i s  pronounced  a s  shown 

i n  F ig u re  11 . The n o r th w e s t- s o u th e a s t  a lig n m en t co u ld  r e f l e c t  flow  

d i r e c t i o n  d u r in g  f i n a l  c r y s t a l l i z a t i o n .  I t  i s  a l s o  p la u s ib le  t h a t  t h i s  

pronounced  o r i e n t a t i o n  r e f l e c t s  th e  r e g io n a l  s t r e s s  f i e l d  a t  th e  tim e o f 

c r y s t a l l i z a t i o n .  Under c o n d i t io n s  o f  r e s t r i c t e d  movement, th e  c r y s t a l s  

may w e ll  have developed  in  re sp o n se  t o  th e  s t r e s s  c o n d it io n s  i n  th e  l o c a l  

a r e a .  The predom inance o f  one d i r e c t i o n  o f  a lig n m en t may r e f l e c t  th e  

r e g io n a l  s t r e s s  f i e l d ,  w ith  v a r ia t io n s  in d i c a t iv e  o f  lo c a l  c o n d i t io n s .

I f  t h i s  a ssu m p tio n  i s  t r u e ,  th e  c r y s t a l s  w ould be  e x p e c te d  to  e n la rg e  

p a r a l l e l  t o  th e  p la n e  o f  th e  l e a s t  p r in c i p a l  s t r e s s  a x i s .  B ecause o f 

th e  d im e n s io n a l r e g u l a r i t y  o f  th e  c r y s t a l  in  c ro s s  s e c t io n ,  th e  o r i e n t a ­

t i o n  o f  th e  o th e r  p r in c i p a l  s t r e s s  a x is  can n o t be deduced .

The i r r e g u l a r  d i s t r i b u t i o n  o f  th e  g ra n u la r  and  p o r p h y r i t ic  f a c i e s  

i s  b e l ie v e d  t o  r e f l e c t  a  co m b in a tio n  o f  e f f e c t s .  The v a r i a b i l i t y  i n  w a te r  

c o n te n t  co u ld  p roduce th e  t e x t u r a l  v a r i a t i o n  th ro u g h  th e  movement o f  w a te r  

i n  an  a t te m p t t o  e q u a l iz e  th e  ch em ica l p o t e n t i a l  th ro u g h o u t th e  body.



144
T h is  r e  s t i l t s  i n  a  c o n c e n tra t io n  o f  w a te r  in  a re a s  o f  low te m p e ra tu re  and 

p re s s u re  (Kennedy, 1955)• T h is  c o n c e n tra t io n  would low er th e  l iq u id u s  so 

t h a t  c r y s t a l l i z a t i o n  would he ex p ec ted  l a s t  in  th e s e  r e g io n s .  The a d d i­

t i o n a l  tim e  f o r  th e  m e lt to  c r y s t a l l i z e  m ight f u r th e r  en la rg em en t o f  th e  

la rg e  c r y s t a l s  and  th e  developm ent o f p h e n o c ry s ts .

I t  i s  a l s o  p o s s ib le  t h a t  r e s t r i c t i o n s  in  h e a t  f lo w , p ro d u c in g  

h ig h ly  v a r ia b le  g r a d ie n ts ,  c o u ld  produce m ix tu re  o f  t e x t u r a l  ty p e s .  A l t e r ­

n a t iv e ly ,  th e  g ra n u la r  f a c i e s  may r e p re s e n t  c o n p le te ly  m etasom atized  coun­

t r y  ro c k , th e  r e s u l t  b e in g  t e x t u r a l l y  d i f f e r e n t  from  th e  d i r e c t l y  c r y s t a l ­

l i z e d  p o r t io n  b u t  m in e ra lo g ic a l ly  s im i la r  t o  i t .

A lthough  any o f  th e  th r e e  p ro c e s s e s  co u ld  acc o u n t f o r  th e  f a c i e s  

developm ent, i t  seems m ost l i k e l y  t h a t  an  i n t e r a c t i o n  o f  a l l  t h r e e ,  and 

p o s s ib ly  o f  some u n reco g n ized  mechanism, were a c t iv e .  The a s s im i la t io n  

o f  th e  c o u n try  ro c k  may have been  th e  dom inant f a c t o r  w ith  r e s t r i c t i o n s  

i n  h e a t  flo w  p re c lu d in g  com plete  m e ltin g  d u rin g  a s s im i la t io n .  H eterogeneous 

w a te r  d i s t r i b u t i o n  co u ld  a l s o  acco u n t f o r  th e  pods o f  th e  g r a n i t e  o f  Oak 

C reek t h a t  o ccu r w ith in  th e  g r a n i t e  g n e is s  so u th  o f  Oak C reek .

T here does n o t seem to  be any co m p o sitio n a l a s s o c ia t io n  betw een 

th e  San I s a b e l  G ra n ite  and  th e  g r a n i t e  o f  Oak C reek . The g r a n i t e  o f  Oak 

C reek ap p ea rs  t o  have b een  em placed a t  g r e a te r  te m p e ra tu re  and p r e s s u re ,  

p o s s ib ly  s h o r t ly  a f t e r  th e  peak  o f  th e  m etam orphic c o n d i t io n s .  The San 

I s a b e l  G ra n ite  shows ev id en ce  o f  l a t e r  em placem ent a t  low er te m p e ra tu re  

and p r e s s u r e s .

C a ta c la s t i c  F e a tu re s  

B ent b i o t i t e  and o l ig o c la s e  c r y s t a l s ,  " c r in k le d "  m ic ro c lin e , 

tw inned  q u a r tz ,  Boehm la m e lla e  and h ig h ly  c re n u la te d  q u a r tz  m arg ins a re



1^5
w id esp read  f e a tu r e s  p r e s e n t  w ith in  a l l  ro ck  ty p e s  th ro u g h o u t th e  a r e a  

in v e s t ig a te d  (d , P la t e  X I) .  T h e ir  la c k  o f a s s o c ia t io n  w ith  m acroscop ic 

f e a tu r e s  and t h e i r  r e s t r i c t e d  d i s t r i b u t i o n  in d ic a te  t h a t  th e y  a re  r e f l e c ­

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

Some sam ples, when view ed in  t h i n  s e c t io n ,  show h ig h ly  deform ed 

te x tu r e s .  These c a t a c l a s t i c  t e x tu r e s  a r e  l o c a l i z e d  i n  zones a s s o c ia te d  

w ith  m acroscopic f e a tu r e s  and a re  assumed t o  have dev elo p ed  under h ig h  

s t r e s s  c o n d i t io n s  t h a t  p roduced  r e p e a te d  ru p tu re  o f  th e  m in e ra ls .  These 

sam ples r e p r e s e n t  s t r u c t u r a l l y  s ig n i f i c a n t  c o n d i t io n s ,  and in  many c a s e s ,  

l e d  t o  th e  r e c o g n i t io n  o f  f a u l t  zones.

The l e a s t  s i g n i f i c a n t  o f  th e  m ic ro d e fo rm a tio n a l f e a tu r e s  a p p ea rs  

t o  be m in e ra liz e d  f r a c t u r e s .  These f r a c t u r e s ,  some o f  w hich show d is p la c e ­

ment up to  1 m i l l im e te r ,  a re  m in e ra l iz e d  by a  v a r i e ty  o f  s u b s ta n c e s . 

M ic ro c ry s ta l l in e  q u a r tz ,  c a l c i t e ,  z e o l i te s - -p re s u m a b ly  s t i l b i t e ,  w ith  

h e m a ti te ,  c la y ,  and e p id o te —have a l l  b een  o b serv ed  a s  f r a c t u r e  f i l l i n g s .  

G e n e ra lly  a  zone o f  p la g io c la s e  and b i o t i t e  a l t e r a t i o n  p a r a l l e l s  th e s e  

f r a c t u r e s  su g g e s tin g  th e  p e rm ea tio n  o f  f l u i d s  from  th e  f r a c t u r e s .  These 

a l t e r a t i o n  zones a re  g e n e r a l ly  l e s s  th a n  3 m i l l im e te r s  i n  w id th .

One o f  th e  in d ic a t io n s  o f  m ild  c a t a c l a s t i c  a c t i v i t y  a p p e a rs  t o  

be  th e  breakdown o f  p o ly c r y s t a l l i n e  q u a r tz  c r y s t a l s  t o  p roduce two d i s ­

t i n c t  s iz e s  w i th in  th e  t h i n  s e c t io n s .  The s m a lle r  s iz e  i s  u s u a l ly  accom­

p a n ie d  by sm a ll, a n g u la r  f e ld s p a r  frag m en ts  and  th e  developm ent o f  i n c i ­

p ie n t  m o rta r  s t r u c t u r e .  B ending—b u t n o t k in k in g —o f th e  p la g io c la s e  

c r y s t a l s  i s  c h a r a c t e r i s t i c  in  t h i s  s ta g e  o f  c a t a c l a s i s  ( f ,  P la t e  X l) .

No g e n e ra l  d is tu rb a n c e  o f  th e  o v e r a l l  t e x tu r e  seems t o  be  p r e s e n t .  The 

zones o f  in c ip ie n t  c a t a c l a s i s  a re  d ev e lo p ed  p a r a l l e l  o r  s u b p a r a l l e l  t o
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th e  p r e v a i l in g  s c h i s to s i t y  o r  f o l i a t i o n .

E x te n s io n  o f  th e s e  c o n d i t io n s  r e s u l t e d  i n  en la rg em en t o f  th e  

m o rta r  s t r u c tu r e  zones and e v e n tu a l  breakdow n o f th e  la r g e  c r y s t a l s  o f  

a l l  c o m p o sitio n s . W hereas th e  a n g u la r i ty  o f  th e  frag m en ts  i s  m arked in  

th e  m ild e r  s ta g e ,  d i f f e r e n t i a l  movement ground th e  edges t o  p roduce sub­

rounded t o  rounded g r a in  (e ,  f ,  g , P la te  X I) .  A m a tr ix  o f  f in e  b i o t i t e ,  

m uscov ite  o r  c la y  i s  common. I n  some s l i d e s ,  r e c r y s t a l l i z a t i o n ,  p a r t i c u ­

l a r l y  o f  th e  b i o t i t e ,  i s  m arked. An i n i t i a t i o n  o f  q u a r tz  r e c r y s t a l l i z a ­

t i o n  may be seen  w here th e  c - a x i s  i s  dev elo p ed  p a r a l l e l  t o  th e  zone o f  

c a t a c l a s i s .

H em atite  s ta in in g  i s  c h a r a c t e r i s t i c  o f  some zo n es , and in  o th e r s ,  

m in e r a l iz a t io n  h as  ta k e n  p la c e ,  f i l l i n g  th e  l a r g e r  f r a c t u r e s .  I n  some 

o u tc ro p s  th e  l im o n ite  and h e m a tite  s ta in in g  i s  so s e v e re  t h a t  th e  n a tu re  

o f  th e  o r ig i n a l  ro ck  i s  n o t d i s c e r n i b le .  S ta in in g  i s  e x te n s iv e ly  developed  

in  s e c t io n s  15 and l 6 e a s t  o f  Grape C reek . An a t te m p t was made t o  d i f f e r ­

e n t i a t e  f r a c t u r e s  on th e  b a s i s  o f  m in e r a l iz a t io n  f e a tu r e s  b u t  no r e g u l a r i t y  

co u ld  be  d is c e rn e d .

Extrem e d e fo rm a tio n  le a d s  to  p u lv e r i z a t io n  o f  th e  c o u n try  ro c k  

in to  "gouge ."  No a tte m p t was made to  a n a ly z e  th e  numerous ty p e s  o f gouge 

t h a t  were o b serv ed .

I n  many l o c a l i t i e s ,  sam ples ta k e n  from  deform ed zones show l i t t l e  

ev id en ce  o f  h ig h  s t r e s s  c o n d i t io n s ,  a l th o u g h  th e  o u tc ro p  may be  e x te n s iv e ly  

sh e a re d . I n  o th e r  a r e a s ,  th e  p é tro g ra p h ie  ex am in a tio n  h as  c o r ro b o ra te d  

th e  e x is te n c e  o f  d e fo rm a tio n a l f e a tu r e s  t h a t  were o n ly  ten u o u s  assu m p tio n s 

on th e  o u tc ro p  e v id e n c e .
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I n t r u s iv e  B od ies o f  Q u e s tio n a b le  Age

D e s c r ip t io n

A number o f  i n t r u s i v e  b o d ie s  a re  s c a t t e r e d  th ro u g h o u t th e  P re -  

cam brian  ro c k s  t h a t  a re  o f  q u e s tio n a b le  P recam b rian  a g e . These in c lu d e  

p e g m a ti te s ,  t h o e l i t i c  b a s a l t s ,  a lk a l in e  o l i v in e  b a s a l t ,  a n d é s i te  and 

d ia b a s e s .  Most o f  th e se  b o d ie s  a re  t a b u la r ,  p o d -sh ap ed , o r  ro u g h ly  c i r c u ­

l a r .  Some s p l i t  in to  apophyses o r  d is p la y  an  anastom osing  c h a r a c te r .

They a re  b o th  co n co rd an t and d is c o rd a n t  w ith  th e  r e g io n a l  f o l i a t i o n .

T h e ir  c o n ta c ts  w ith  th e  e n c lo s in g  ro ck s  a re  u s u a l ly  sh arp  and w e ll  d e f in e d , 

a lth o u g h  q u i te  i r r e g u l a r  i n  p la c e s .

Some o f  th e s e  b o d ie s  w ere mapped, b u t  presum ably  many w ere un­

n o tic e d .  They w ere n o t s tu d ie d  in  d e t a i l .  F o r  d is c u s s io n  p u rp o se s  th e y  

have been  d iv id e d  in to  l i g h t - c o l o r e d  b o d ie s ,  w hich a re  p e g m a ti te s ,  and 

d a rk -c o lo re d ,  o r  m a fic , b o d ie s .  I n  1948, H e in r ic h  s tu d ie d  th e  p e g m a tite s  

o f a  p o r t io n  o f  th e  R oyal Gorge b lo c k .

P e g m a tite s

P e g m a tite s  occur th ro u g h o u t th e  a r e a  in v e s t ig a t e d ,  b u t  th e y  a re  

p a r t i c u l a r l y  abundant n o r th  o f  th e  n o r th e rn  boundary  o f  th e  g r a n i t e  o f 

Oak C reek  i n  SE l / 4 ,  s e c . 32 and  th e  SW l / 4 ,  s e c .  33. M ost o f  th e  b o d ie s  

mapped show a  g e n e ra l  n o r th  to  N. 40 E . t r e n d  w ith  s te e p  t o  m oderate  d ip s  

to  th e  n o r th w e s t. The t r e n d  o f  th e  b o d ie s  a p p e a rs  to  be in d e p en d en t o f  

■the s c h i s t o s i t y  and  o f  th e  l i t h o l o g i e  co m p o sitio n  o f  th e  e n c lo s in g  u n i t s .  

The b o d ie s  range  i n  th ic k n e s s  from  l e s s  th a n  one f o o t  t o  o v e r 500 f e e t ,  

and i n  le n g th  from  a  few f e e t  t o  more th a n  o n e -h a lf  m ile .  T a b u la r  and 

p od -shaped  m asses a re  th e  m ost common.
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The c o n ta c ts  a re  g e n e ra l ly  w e ll  d e f in e d , a lth o u g h  some w a ll  rock  

a l t e r n a t io n  has o c c u rre d . Along th e  c o n ta c ts  th e  m icas ap p ea r t o  he 

r e c r y s t a l l i z e d  in to  l a r g e r  c r y s t a l s  w ith  an  o r i e n t a t i o n  p e rp e n d ic u la r  to  

th e  m arg in s . L o c a lly  th e  w a ll  ro ck  c o n ta in s  to u rm a lin e  c r y s t a l s  i n  th e  

a re a s  a d ja c e n t  to  th e  p eg m a tite  b o d ie s . A rough z o n a tio n  o f  m ost b o d ie s  

i s  p r e s e n t .  A f i n e -  t o  m edium -grained b o rd e r  zone i s  g e n e ra l ly  composed 

o f  in te rg ro w th s  o f  q u a r tz ,  m ic ro c lin e  and m uscovite  i n  a  g ra n u la r  t e x ­

tu r e .  The i n t e r i o r  zone, w hich c o n s t i tu te s  80 to  90 p e r  c e n t o f  th e  

th ic k n e s s  o f  th e  body, ap p ea rs  t o  be m in e ra lo g ic a l ly  s im i la r ,  b u t  d i f f e r s  

in  t e x tu r e .  I n  th e  i n t e r i o r ,  c o a rs e -g ra in e d , g ra p h ic  in te rg ro w th s  o f  

q u a r tz  and re d  m ic ro c lin e  a re  m ixed i r r e g u l a r l y  w ith  q u a rtz -m u sc o v ite  

ro ck . S e g re g a tio n s  o f  m ix tu re s  o f  th e s e  two m in e ra l a s s o c ia t io n s  a re  

very  i r r e g u l a r  i n  shape . Some m ic ro c lin e  c r y s t a l s  a re  th r e e  t o  fo u r  in c h es  

lo n g . B oth ro ck  ty p e s  g rade  in to  th e  m edium -grained b o rd e r  zone. The 

c o re s  may be e i t h e r  m assive  q u a r tz  w ith  q u a r tz - f r e e  m ic ro c lin e  c r y s t a l s  

o r o f  q u a r tz  d e f i c i e n t ,  m assive m ic ro c lin e . Some m ines and  p ro s p e c t  p i t s  

show s in g le  c r y s t a l s  o f  each  m in e ra l up t o  s ix  f e e t  i n  w id th . I n  some 

b o d ie s  no co re  i s  developed .

M afic D ikes

The d a rk -c o lo re d  d ik e s  a r e  grouped to g e th e r  a s  th e y  have o n ly  

been  s u p e r f i c i a l l y  in v e s t ig a te d .  A v a r ie ty  o f  l i t h o lo g i e s  have been  

re c o g n iz e d : a n d é s i te ,  a n d é s i te  p o rp h y ry , d a c i t e ,  b a s a l t ,  and g abb ro .

The r e l a t i v e  ages and r e la t io n s h ip  o f  th e  d ik e s  a re  unknown, b u t i n  

g e n e ra l ,  th e  t e x t u r a l  c h a ra c te r  o f  th e  d a c i te s  su g g e s t a  much sh a llo w er 

d ep th  o f  em placement th a n  th e  o th e r  ro c k s . I n d iv id u a l  d ik e s  have been  

t r a c e d  f o r  o v er o n e -h a lf  m ile , b u t  m ost o f  th o s e  mapped a re  ap p ro x im ate ly
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1 ,000  to  2 ,000  f e e t  in  le n g th  and from  two t o  th r e e  f e e t  i n  w id th . Most 

o f th e  d ik e s  t r e n d  n o r th w e s t,  h u t a  few t r e n d  e a s t - w e s t .  I n  th e  f i e l d  

many d ik e s  a re  o f f s e t  and a s s o c ia te d  w ith  s h e a r ,  b r e c c ia ,  and deform ed 

zones. The d isp la cem e n t a p p e a rs  t o  be  th e  r e s u l t  o f  em placem ent a lo n g  

p r e - e x i s t in g  f e a t u r e s ,  f o r  i n  o n ly  a  few p la c e s  do th e  d e fo rm a tio n a l 

c h a r a c t e r i s t i c s  a c t u a l l y  in v o lv e  th e  d ike  ro c k s . A lth o u g h  m ost d ik e s  

occupy f r a c t u r e s  t h a t  show no d isp la c e m e n t, movement a lo n g  a  few i s  demon­

s t r a b l e .  T h e ir  low r e s i s t a n c e  t o  w e a th e r in g  makes r e c o g n i t io n  o f  th e  d ik e s  

d i f f i c u l t .  Many u n reco g n ized  d ik e s  a re  b e l ie v e d  t o  be p re s e n t  i n  th e  a r e a .  

Many o f  th e  d ik e s  have b een  m in e ra l iz e d  and a l t e r e d  b y  c a rb o n a te s  and o th e r  

h y d ro th e rm al m in e ra ls .  I n  some p la c e s  th e  o r i g i n a l  l i th o lo g y  i s  o b sc u re .

By f a r  th e  l a r g e s t  number o f  m afic d ik e s  a re  a n d é s i t e ,  a n d é s i te  

p o rp h y ry , and b a s a l t .  They a re  d a rk  g ray  t o  b la c k , v e ry  f i n e -  t o  medium- 

g ra in e d , and  commonly, p o r p h y r i t i c .  The ro ck s  v a ry  i n  p e rc e n ta g e s  o f  

m in e ra ls  b u t  a re  s im i la r  i n  m in e ra l c o n g o s it io n . P la g io c la s e  i s  no rm ally  

th e  m ost abundant m in e ra l,  ra n g in g  in  c o n ç o s i t io n  from  a n d es in e  (An^2 ) t o  

l a b r a d o r i t e  (A n^^). I t  i s  g e n e ra l ly  h y p id io m o rp h ic , zoned and random ly 

d i s t r i b u t e d  (h , P la te  X I) .  P la g io c la s e  r o s e t t e s  a re  p r e s e n t  in  a  few 

sam ples. A u g ite  i s  a l s o  abundan t i n  m ost o f  th e  r o c k s .  I t  i s  commonly 

l i g h t  g re e n  t o  brown, b u t  in  some l o c a l i t i e s  i t  i s  t i n t e d  re d , su g g e s tin g  

c o n s id e ra b le  t i ta n iu m  c o n te n t .  B i o t i t e ,  o l i v in e ,  m a g n e tite ,  q u a r tz ,  and 

ho rn b len d e  a re  a l s o  p r e s e n t  in  v a r ia b le  am ounts. A ccesso ry  and  seco n d ary  

m in e ra ls  in c lu d e  c a l c i t e ,  a p a t i t e ,  c h l o r i t e ,  and  t r e m o l i t e - a c t i n o l i t e .  

A p a t i te  i s  v e ry  abundant i n  some t h i n  s e c t io n s ,  c o n s t i t u t i n g  1 to  3 p e r  

c e n t  o f  th e  t o t a l  volum e.

The b a s a l t i c  ro c k s  a re  c h a r a c te r iz e d  by a  h ig h  p e rc e n ta g e  o f
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g la s s .  P la g io c la s e  i n  th e  fo rm  o f  a n d e s in e - la b r a d o r i te  w ith  an av e rag e  

co m p o sitio n  o f  An^^ p r e s e n t .  Commonly th e  a u g i te  and o th e r  m afic  

m in e ra ls  a r e  a l t e r e d  to  c a l c i t e .  Q u a rtz , m a g n e tite , and a p a t i t e  a r e  

common a c c e s s o r i e s .  The p re se n c e  o f  g la s s  d i s t in g u is h e s  th e s e  d ik e s  

from  th e  o th e r s  and su g g e s ts  a  d i f f e r e n t  tim e o f em placem ent. The r a p id  

c o o lin g  r a t e  w ould in d ic a te  a  r a th e r  sh a llo w  d ep th  d u r in g  c r y s t a l l i z a ­

t i o n .  These ro c k s  may he  younger th a n  th e  o th e rs  o f  th e  a r e a .

A few gahhro  d ik e s  up to  75 f e e t  w ide w ere re c o g n iz e d  in  th e  

f i e l d .  T h e ir  s u s c e p t i b i l i t y  to  w e a th e r in g  makes t h i s  ro c k  d i f f i c u l t  to  

re c o g n iz e  in  th e  f i e l d .  The ro ck s  a re  m edium -grained and composed p r i ­

m a r i ly  o f  an  in te r lo c k in g  ne tw ork  o f  l a b r a d o r i t e  (A n^^), a u g i te ,  and  

o l i v in e ,  w ith  l e s s e r  amounts o f  b i o t i t e ,  m a g n e tite , and  c h l o r i t e .

Em placem ent o f Igneous I n t r u s iv e  B odies

The in t r u s iv e  b o d ie s  do n o t  show any ev id en ce  o f  m etam orphism , 

in d i c a t in g  p o s t - r e c r y s t a l l i z a t i o n  e n ^ lac em en t. The tim e  o f  em placem ent 

i s  c o n je c tu r a l .  Hone o f  th e  b o d ie s ,  w hich a r e  g e n e r a l ly  t a b u la r  i n  

sh ap e , a re  found  w ith in  th e  se d im e n ts . Thus th e y  a r e  presum ed t o  b e  o f  

P recam b rian  ag e . One c i r c u l a r  body a lo n g  th e  n o r th e rn  m arg in  i s  p e t r o -  

l o g i c a l l y  s im i la r  to  th e  in t r u s i v e  b o d ie s  o f  presum ed T e r t i a r y  age p r e s ­

e n t  i n  th e  Canon C ity  embayment. W hereas m ost o f th e  d a rk  c o lo re d  ta b u ­

l a r  b o d ie s  a r e  h o lo c r y s t a l l i n e  in d ic a t in g  a  medium t o  slow  c o o l in g  r a t e ,  

some show c o n s id e ra b le  g la s s  r e f l e c t i n g  a  r a p id  c o o lin g  r a t e  and  p resum ab ly  

sh a llo w  em placem ent. Some o f  th e  b o d ie s  a re  in t ru d e d  a lo n g , o r  a s s o c ia t e d  

w i th ,  zones o f  d e fo rm a tio n . These r e l a t i o n s h ip s ,  p lu s  th e  v a r i e ty  o f  

l i t h o l o g i e s ,  in d i c a te  a  tim e  o f  em placem ent from  P recam b rian  t o  p o s s ib ly  

T e r t i a r y  b u t  d e t a i l e d  work w i l l  have t o  be u n d e rta k e n  to  e s t a b l i s h  ac c u -
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r a t e l y  th e  age r e l a t i o n s h ip s .  Of c o n s id e ra b le  s t r u c t u r a l  s ig n if ic a n c e  

i s  th e  em placem ent o f th e  m afic  d ik e s  a lo n g  p r e - e x i s t i n g  n o rth w e s t to  

w e s t s t r i k i n g  f r a c t u r e s .

T e r t i a r y  C r y s ta l l in e  Rocks 

Two in t r u s i v e  b o d ie s  c u t t in g  sed im en ta ry  s t r a t a  a re  p r e s e n t  in  

th e  Canon C ity  embayment. One sm all body t h a t  i s  p e t r o l o g ic a l ly  s im i la r  

to  th e s e  was re c o g n iz e d  i n  th e  P recam brian  com plex o f  s e c t io n  13 a lo n g  th e  

n o r th e rn  m arg in . I t s  sm a ll s iz e  p re c lu d e d  showing i t  on P la t e  I .

The a c tu a l  age o f  th e s e  ro u g h ly  c i r c u l a r  igneous b o d ie s  i s  un ­

c e r t a in ,  The h ig h e s t  s t r a t i g r a p h ie  u n i t  in  c o n ta c t  w ith  them  i s  th e  

Smoky H i l l  F o rm ation . No s im i la r  igneous m a te r ia l  i s  p r e s e n t  i n  th e  

T e r t i a r y  o r  Q u a te rn a ry  g r a v e l s .  The p h y s io g ra p h ic  form  and th e  p e t r o ­

lo g ic  r e l a t i o n s  in d ic a te  t h a t  th e s e  b o d ie s  p ro b a b ly  se rv e d  a s  v e n ts  f o r  

s u r fa c e  e x t r u s iv e s .  The d em o n stra ted  T e r t i a r y  age o f  th e  v o lc a n ic  a c t i v i t y  

in  th e  so u th e rn  Wet M ountains (B oyer, 1Q62, p . IO51 ) s u g g e s ts  t h a t  th e s e  

b o d ie s  a re  a l s o  o f  T e r t i a r y  ag e .

On th e  f r e s h  s u r fa c e  th e  m a te r ia l  i s  d a rk  g ra y  t o  b la c k  and  

p o r p h y r i t i c ,  w ith  a  f in e - g r a in e d  groundm ass. Uneven f r a c t u r e  i s  common 

w ith  w ea th e red  s u r fa c e s  d a rk  brown t o  g ra y .

I n  t h i n  s e c t io n  th e  ro ck s  have a  f in e - g r a in e d ,  p r o p h y r i t i c ,  h y p i­

d iom orph ic , h o lo c r y s t a l l i n e  t e x t u r e . P r e f e r r e d  o r i e n t a t i o n  o f  th e  pheno­

c r y s t s  in  th e  groundm ass i s  v ag u e ly  p r e s e n t  i n  some s e c t io n s ,  b u t a b se n t 

in  o th e r s .  O liv in e  and a e g e r in e - a u g i te  p h e n o c ry s ts  range  i n  s iz e  up to  

1 .5  m i l l im e te r s  i n  le n g th .  The groundm ass i s  p red o m in an tly  a e g e r in e - 

a u g i te  w ith  l e s s e r  am ounts o f  m a g n e tite  and a n d e s in e - la b r a d o r i te  

Q u artz  and a p a t i t e  a re  p r e s e n t  in  m inor am ounts. The a e g e r in e - a u g i te
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shows com plete s iz e  v a r i a t i o n  betw een th e  p h e n o c ry s ts  and  th e  groundmass 

c r y s t a l s .

The o l iv in e  i s  c o lo r l e s s  w ith  p o ly g o n a l o u t l in e  and ty p i c a l l y  

f r a c tu r e d  a lo n g  th e  m argins ( i ,  P la te  X I) .  A e g e r in e -a u g ite  i s  p a le  g re e n , 

id iom orph ic  t o  h y p id iom orph ic , tw inned  and commonly shows h o u rg la s s  s t r u c ­

tu r e .  Some a l t e r a t i o n  rim s a re  p r e s e n t  a round  th e  pyroxene c r y s t a l s .  Magne­

t i t e  i s  w id e ly  d i s t r i b u t e d  a s  in c lu s io n s  in  a l l  o th e r  m in e ra ls .  The 

p la g io c la s e  v a r ie s  from  c a lc ic  an d es in e  t o  so d ic  l a b r a d o r i t e .  The c r y s t a l s  

a re  hyp id iom orph ic and u n a l te r e d .  Q u artz  and a p a t i t e  v a ry  in  q u a n t i ty .

W ith in  th e  in t r u s iv e  body, m in e ra l c h a ra c te r  and te x tu r e  v a ry  

w id e ly . I n  some t h i n  s e c t io n s  pyroxene i s  th e  dom inant m in e ra l,  w hereas 

i n  o th e rs  p la g io c la s e  i s  e q u a l ly  abundan t. T e n ta t iv e ly  t h i s  l i th o lo g y  

may be c l a s s i f i e d  a s  an  o l iv in e  t h o e l i t e .

The t e x t u r a l  r e l a t i o n s  su g g es t t h a t  th e  o l iv in e  c r y s t a l l i z e d  

f i r s t  w ith  a l l  o f  th e  o th e r  m in e ra ls  c r y s t a l l i z i n g  l a t e r ,  a lm o st s im u l­

ta n e o u s ly . O liv in e  c o n tin u e d  to  c r y s t a l l i z e  w h ile  th e  l a t e r  c r y s t a l s  

were d ev e lo p in g . Such t e x t u r a l  r e l a t i o n s  in d ic a te  c r y s t a l l i z a t i o n  c lo s e  

t o  a  e u t e c t i c  c o n d i t io n . Wo g la s s  was seen  in  th e  s l i d e s ,  in d i c a t in g  a

h ig h e r  d eg ree  o f  s a tu r a t io n  d u rin g  th e  c o o lin g  p ro c e s s .  T e x tu ra l  r e l a -
#

t io n s h ip s  d e f i n i t e l y  su g g es t c r y s t a l l i z a t i o n  a t  sh a llo w  d e p th s . More 

d e t a i l e d  p e tro g ra p h y  h as  t o  b e  com pleted  b e fo re  d e f i n i t e  c o n c lu s io n s  may 

be draw n, f o r  even though  th e  b o d ie s  a re  l e s s  th a n  1 ,0 0 0  f e e t  in  d ia m e te r , 

th e y  show c o n s id e ra b le  p e t ro lo g ic  v a r i a t io n ,  b o th  h o r iz o n ta l l y  and  v e r t i ­

c a l l y .



DESCRIPTION OF STRUCTURAL FEATURES

G en era l S tatem ent

The in v e s t ig a t io n  o f  th e  P recam brian  m e tased im en ta ry  and igneous 

ro ck s  was d es ig n ed  to  su p p o rt th e  p rim ary  o b je c t iv e  o f  t h i s  r e s e a r c h —a 

s t r u c t u r a l  s tu d y  o f  th e  e a s te r n  m argin  o f  th e  Wet M oun tains. The same 

o rg a n iz a t io n  w i l l  be em ployed h e re  a s  was u t i l i z e d  in  th e  p e t ro lo g ic  

d ic u s s io n —th e  s t r u c t u r a l  f e a tu r e s  w i l l  be d e s c r ib e d  f i r s t  and an  i n t e r ­

p r e t a t i o n  o f  them  w i l l  be a tte m p te d  l a t e r .  I t  i s  n e i th e r  d e s i r a b le  no r 

n e c e ss a ry  t o  d e s c r ib e  a l l  o f  th e  s t r u c t u r a l  f e a tu r e s  in  d e t a i l .  Thus, a  

g e n e ra l  d e s c r ip t io n  w i l l  be g iv e n  w ith  ev id en ce  su p p o r tin g  th e  f i e l d  

i n t e r p r e t a t i o n  w here i t  i s  f e l t  t o  be c r i t i c a l .  Of m ajo r im p o rta n t in  

t h i s  s tu d y  i s  th e  s t r u c t u r a l  and  to p o g ra p h ic  d i s c o n t in u i ty  t h a t  m arks 

th e  e a s te r n  m argin  o f  th e  Wet M ountains—h e r e in  te rm ed  th e  F r o n ta l  Zone. 

B ecause o f  th e  s ig n if ic a n c e  o f  t h i s  zone, i t  w i l l  be t r e a t e d  a s  a  s t r u c ­

t u r a l  u n i t ;  a lth o u g h , i t  i s  re c o g n iz e d  t h a t  a r e a l l y ,  s t r u c t u r a l l y ,  and 

g e n e t i c a l ly ,  th e  F r o n ta l  Zone i s  n o t c o n s ta n t  th ro u g h o u t i t s  le n g th  

( P la te  I ) .

A secondary  o b je c t iv e  o f  t h i s  s t r u c t u r a l  s tu d y  i s  th e  te n p o ra l  

d e l in e a t io n s  o f  s t r u c t u r a l  f e a t u r e s .  I n  o rd e r  t o  i n i t i a l l y  s e p a ra te  th o s e  

f e a tu r e s  t h a t  a r e  d e f i n i t e l y  n o t o f  P recam b rian  ag e , th e  second u n i t  o f 

d is c u s s io n  w i l l  in c lu d e  th e  s t r u c t u r a l  f e a tu r e s  t h a t  a re  c o n fin e d  to  th e  

sed im en ta ry  ro c k s . T hese a re  th e  e lem en ts  e a s t  o f  th e  F r o n ta l  Zone t h a t
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have commonly been  h e ld  t o  be o f b a r  am ide ag e . A t h i r d  d is c u s s io n  a r e a  

w i l l  c o n s i s t  o f  th e  d e fo rm a tio n a l f e a t u r e s  c o n f in e d  t o  P recam b rian  ro c k s  

w hich a r e  g e n e r a l ly  w es t o f  th e  F r o n ta l  Zone, w ith  th e  e x c e p tio n  o f  th e  

e x p o su re s  in  th e  Babcock a n t i c l i n e .  These f e a tu r e s  may be o f  P recam b rian  

a g e , o r  y o u n g e r .

The s t r u c t u r a l  f e a tu r e s  o f  th e  n o r th e rn  m arg in  have b een  p r e v io u s ly  

d is c u s s e d  in  d e t a i l  by  th e  a u th o r  (Logan, I 962 ) . B ecause o f t h e i r  c o n t r i ­

b u t io n  t o  a  more com plete i n t e r p r e t a t i o n ,  th e y  w i l l  be  sum m arized h e r e in  

and m o d if ie d  w here r e c e n t  i n v e s t ig a t io n  h a s  a l t e r e d  o r  added to  th e  i n f o r ­

m a tio n  p r e v io u s ly  p re s e n te d .  The co n ce p t o f  th e  F r o n ta l  Zone developed  

d u r in g  th e  p r e s e n t  r e s e a r c h  i s  expanded t o  in c lu d e  f e a tu r e s  a lo n g  th e  

n o r th e rn  m arg in . In d ex  maps o f  th e  n o r th e r n  and e a s te r n  m arg ins have b een  

c o n s tru c te d  t o  em phasize th e  s t r u c t u r a l  r e l a t i o n s .  R efe ren ce  t o  th e s e  and 

t o  P lau e  I  w i l l  p a r t i c u l a r l y  f a c i l i t a t e  an  u n d e rs ta n d in g  o f  th e  d e s c r ip t iv e  

r e l a t i o n s .

The F r o n ta l  Zone

G en era l C h a ra c te r

The F r o n ta l  Zone (F ig . 12) i s  d e f in e d  a s  th e  zone o f  s e v e re  d e f o r ­

m a tio n  t h a t  commonly c o in c id e s  w ith  th e  m a jo r to p o g ra p h ic  b re a k  a lo n g  th e  

n o r th e rn  and e a s te r n  m arg ins o f  th e  Wet M oun ta in s. T h is  zone i s  g e n e r a l ly  

n e a r  th e  c o n ta c t  betw een  th e  c r y s t a l l i n e  and  sed im en ta ry  ro c k s , a l th o u g h  

i t  does n o t  form  t h i s  c o n ta c t  in  many l o c a l i t i e s .  The F r o n ta l  Zone seems 

to  be  th e  l o c i  o f  th e  m ajor s t r u c t u r a l  d isp la c e m e n ts  a lo n g  th e  e a s te r n  

m arg in  w hich  o c c u rre d  d u rin g  l a t e  C re ta c e o u s  t o  e a r l y  T e r t i a r y  tim e .

The F r o n ta l  Zone o f  th e  n o r th e rn  m arg in  t r e n d s  n o r th w e s t- s o u th e a s t
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on th e  sou thw est c o rn e r  o f  W ebster P a rk , where i t  i s  conçosed o f  from  one 

to  two re v e rs e  f a u l t s .  From th e  sou thw est c o rn e r  o f  W ebster P a rk  to  th e  

n o r th e a s t  co rn e r  o f  th e  Wet M ountains, i t  t r e n d s  g e n e r a l ly  N. 80° W. I n  

t h i s  a r e a ,  i t  i s  composed o f  a  f a u l t  t h a t  i s  o f f s e t  f iv e  tim es  by  en 

ech e lo n  f a u l t s .  Along th e  e a s te r n  m arg in , th e  F r o n ta l  Zone c h a r a c t e r i s ­

t i c a l l y  tr e n d s  n o r th w e s t- s o u th e a s t ,  ex ce p t a t  i t s  n o r th e rn  l i m i t ,  and 

lo c a l l y  j u s t  so u th  o f  Wetmore, where i t  i s  a l ig n e d  n o r th - s o u th .  The 

lo c a l i z a t i o n  o f  d e fo rm a tio n  may v a ry  from  a  s in g le  f a u l t ,  a s  i s  p r e s e n t  

so u th  o f  M ill  C reek , to  a  zone o f  f iv e  f a u l t s ,  a s  i s  th e  s i t u a t i o n  n o r th  

o f  Wewlin C reek . I t  ran g es  from  a  few f e e t  up to  o n e -h a lf  m ile  i n  w id th .

No s in g le  f a u l t  i s  co n tin u o u s  th ro u g h o u t th e  le n g th  o f  th e  zone, n o r does

d isp lacem en t a lo n g  any one f a u l t  acco u n t f o r  a l l  o f  th e  s t r u c t u r a l  r e l i e f

a c ro s s  th e  zone. F re q u e n tly  th e  f a u l t s  t r e n d  from  th e  P recam brian  ro ck s  

in to  th e  sed im en ta ry  s t r a t a .  I n  p la c e s ,  th e  f a u l t s  show norm al a p p a re n t

r e l a t i v e  movement, i n  o th e r s ,  re v e rs e  movement, and  i n  many p la c e s ,  b o th

ty p e s  o f  f a u l t s  a re  p r e s e n t .  T ea r f a u l t s  c u t t in g  th e  F r o n ta l  Zone o u t l in e  

t r a n s v e r s e  b lo c k s  o f  P recam brian  ro ck s  w hich in t e r r u p t  th e  c o n t in u i ty  o f  

th e  zone.

The h e te ro g en eo u s  n a tu re  o f  th e  F r o n ta l  Zone e n a b le s  i t  t o  be 

s p l i t  in to  a r b i t r a r y  segm ents f o r  d is c u s s io n  p u rp o s e s . These p o r t io n s ,  

a lth o u g h  a r b i t r a r i l y  d e f in e d , have some d i f f e r e n c e s  i n  th e  mode o f  deform a­

t i o n .  The d is c u s s io n  u n i t s  from  n o r th  to  so u th  w i l l  b e :

1 . N o rth ern  M argin F r o n ta l  Zone. '

2 . N o r th e a s t C orner.

3. N o rth e a s t C orner t o  N orth  Oak C reek . 

k . N orth  Oak C reek t o  S ou th  Oak C reek.

5. South  Oak C reek to  W atson G ulch.
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6. W atson G ulch to  N o rth  C reek .

7 . N orth  C reek to  S ou th  C reek .

D e ta i le d  D e s c r ip t io n

N o rth e rn  M argin F r o n ta l  Zone

The F r o n ta l  Zone a s  d e f in e d  in  t h i s  p a p e r in c lu d e s  th e  n o r th e rn  

m arg in  o f  th e  Wet M oun tains. I n  t h i s  a r e a ,  th e  F r o n ta l  Zone i s  con^josed 

o f  th e  Ademic Ranch f a u l t ,  th e  Wet M ountain f a u l t ,  and s ix  en  e c h e lo n  t e a r  

f a u l t s  (F ig . 13 ) .  The g e n e ra l  e a s t-w e s t  t r e n d  o f  t h i s  f a u l t  system  i s  in  

n o t ic e a b le  c o n t r a s t  t o  th e  a lig n m en t o f  th e  e a s te r n  m arg in  o f  th e  Wet 

M ountains and th e  e a s te r n  l i m i t  o f  th e  F ro n t Range. The Ademic Ranch 

f a u l t  a p p ea rs  to  be th e  so u th e rn  p o r t io n  o f  th e  M cIn ty re  f a u l t  zone w hich 

d e f in e s  th e  w e s te rn  edge o f  W ebster P a rk . I t  d ip s  60 to  80  d e g re e s  to  th e  

w est and has b ro u g h t P recam brian  g n e is s e s  over C re taceo u s  sed im en ta ry  ro c k s  

and c u t  a n o th e r  r e v e r s e  f a u l t  on th e  so u th w es te rn  edge o f  W ebster P a rk .

The Wet M ountain F a u l t ,  a  wide zone o f  sh e a re d , b r e c c ia te d ,  and 

m in e ra liz e d  ro c k , i s  a  s o u th e rn ly  d ip p in g  h ig h  a n g le  r e v e r s e  f a u l t .  Work 

s in c e  I 962 h as shown th e  p re se n c e  o f  s i l l i m a n i t i c  g n e is s e s  and  s c h i s t s  j u s t  

e a s t  o f  Grape C reek a lo n g  a  p o r t io n  o f  t h i s  zone. Drag fo ld s  a re  p r e s e n t  

in  th e  P recam brian  ro c k  up to  100 f e e t  so u th  o f  th e  c e n te r  o f  th e  zone 

(g , P la t e  IV ). These f o ld s  have axes w hich a re  v e r t i c a l  o r  p lunge  s te e p ly  

t o  th e  e a s t .  Toward th e  c e n te r  o f  th e  zone, th e  f o ld s  have b een  f r a c tu r e d  

and deform ed u n t i l  i n  th e  c e n te r ,  a l l  ev id en ce  o f  them  i s  l o s t .  P é t r o ­

g ra p h ie  ex am in a tio n  o f  th e  fo ld s  d em o n stra te s  t h a t  r e c r y s t a l l i z a t i o n  has  . 

o c c u rre d  a f t e r  th e  fo ld in g  (b , c ,  P la te  IV) and t h a t  th e  f r a c t u r in g  has 

ta k e n  p la c e  a f t e r  th e  r e c r y s t a l l i z a t i o n .  The l a t e s t  r e c r y s t a l l i z a t i o n  i n
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t h i s  a r e a  i s  r e p o r te d  t o  he  1$40 m i l l io n  y e a rs  ago ( G r i f f in  and K nlp, 

i 960 , p . 220) ,  su g g e s tin g  a  P recam brian  age f o r  a t  l e a s t  a  p o r t io n  o f 

th e  f a u l t .

S ix  en  e c h e lo n  f a u l t s  d ip p in g  75 t o  85 d eg ree s  s o u th , w ith  th e  

h o r iz o n ta l  d isp la c e m e n t a p p a re n t ly  th e  l a r g e r  component o f  th e  o b liq u e  s l i p  

movement, a r e  th e  t h i r d  e lem en t o f  t h i s  s t r u c t u r a l  u n i t .  T hree o f  th e s e  

f a u l t s  o f f s e t  th e  Wet M ountain f a u l t  and show le f t - h a n d  s e p a ra t io n  o f  500 

to  1500 f e e t ,  w hich a p p e a rs  to  d e c re a se  t o  th e  e a s t .  The p a r a l l e l i s m  o f 

th e  s c h i s t o s i t y  and th e  f a u l t  zones makes d e te rm in a tio n  o f  th e  d is p la c e ­

m ents v ery  te n u o u s . Some o f  th e s e  f a u l t s  c u t  th e  sed im en ta ry  ro ck s  f o r  a  

c o n s id e ra b le  p o r t io n  o f  t h e i r  le n g th ,  a lth o u g h  o th e rs  a re  co n fin e d  to  th e  

c r y s t a l l i n e  ro c k s , e x c e p t w here th e y  o f f s e t  th e  Wet M ountain  F a u l t .  The 

Wet M ountain  F a u l t  te rm in a te s  e a s tw a rd  a g a in s t  one o f  th e  t e a r  f a u l t s  

w hich a l s o  t r u n c a te s  th e  n o r th e rn  e x tre m ity  o f  th e  e a s te r n  F r o n ta l  Zone.

N o r th e a s t C orner

The n o r th e a s te r n  c o rn e r  o f  th e  Wet M ountains i s  form ed by th e  

ju n c t io n  o f  th e  n o r th - s o u th  t r e n d in g  F r o n ta l  Zone and one o f  th e  en  ech e lo n  

t e a r  f a u l t s  (F ig . l 4 ) . About o n e -q u a r te r  m ile  w est o f  t h i s  ju n c t io n ,  a lo n g  

th e  n o r th e rn  m arg in , th e  h ig h  an g le  Wet M ountain F a u l t ,  showing re v e rs e  

a p p a re n t r e l a t i v e  movement, te rm in a te s  a g a in s t  th e  same t e a r  f a u l t .  There 

i s  no ev id en ce  t h a t  th e  Wet M ountain  F a u l t  i s  co n tin u o u s  w ith  th e  f a u l t s  

o f  th e  F r o n ta l  Zone. E xposures a re  masked by  a llu v iu m  and pedim ent g ra v e ls  

i n  t h i s  a r e a ,  and no e x p re s s io n  o f  th e  F r o n ta l  Zone n o r th  o f  th e  t e a r  f a u l t  

was found .

N o r th e a s t C orner t o  N o rth  Oak C reek

From th e  n o r th e a s t  c o rn e r  o f  th e  Wet M ountains so u th  t o  N orth  Oak
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C reek , th e  F r o n ta l  Zone, t r e n d in g  g e n e r a l ly  n o r th - s o u th ,  c o n s i s t s  o f  an  

e a s t - d ip p in g  n o nnal f a u l t  t h a t  i s  o v e rr id d e n  by a  w e s t-d ip p in g  h ig h  a n g le  

r e v e r s e  f a u l t .  B oth  f a u l t s  a r e  w e ll  exposed  a lo n g  t h e i r  le n g th  and  b o th  

d ip  from  77 to  87 d e g re e s . A long th e  norm al f a u l t ,  b o th  th e  M o rriso n  

F o rm atio n  to  th e  n o r th  and th e  H arding  F o rm ation  on th e  so u th  a r e  b ro u g h t 

in to  c o n ta c t  w ith  th e  P recam brian  ro c k s . L o ca l n o r th e a s t  t r e n d in g  f a u l t s  

ap p ea r a s  sp u rs  from  th e  m ajor norm al f a u l t s .  The re v e r s e  f a u l t  i s  e n t i r e l y  

w ith in  th e  P recam brian  ro ck s  a t  th e  n o r th e a s t  c o rn e r  o f  th e  m oun tains b u t  

converges w ith  and o v e r r id e s  th e  f a u l t  j u s t  so u th  o f  M il l  C reek . J u s t  w es t 

o f  th e  norm al and re v e r s e  f a u l t s  a re  a  number o f  m inor f r a c t u r e s  i n  th e  

P recam brian  ro c k s . N o rth -so u th  and n o r th e a s t - s o u th w e s t  sh e a r  z o n es , d ip p in g  

ap p ro x im a te ly  j 6  d e g re e s  so u th w est, and a  b r e c c ia  zone t r e n d in g  N. 30°  W., 

d ip p in g  68 d e g re e s  n o r th e a s t ,  a re  p r e s e n t .  Some o f  th e s e  deform ed zones 

te rm in a te  a g a in s t  th e  norm al o r  r e v e r s e  f a u l t s  o f  th e  F r o n ta l  Zone.

Both th e  r e v e rs e  and norm al f a u l t s  a re  d is p la c e d  a t  M il l  C reek  

by  a  N. 80° E . t r e n d in g  t e a r  f a u l t ,  w hich ap p e a rs  t o  be r e l a t e d  t o  th e  en  

e c h e lo n  p a t t e r n  o f  th e  n o r th e rn  m arg in . T h is  f a u l t  shows le f t - h a n d e d  

s e p a r a t io n ,  a s  does a  m inor o f f s h o o t .  The s e p a ra t io n  ap p e a rs  t o  be a  

maximum o f 400 f e e t  a t  th e  F r o n ta l  Zone b u t  i s  r e f l e c t e d  b y  o n ly  a  s l i g h t  

change in  s t r i k e  o f  th e  Vermejo o u tc ro p  one m ile  to  th e  e a s t .

I n  t h i s  p o r t io n  o f  th e  F r o n ta l  Zone, norm al f a u l t  movement seems 

t o  have o c c u rre d  f i r s t ,  a s  th e  re v e r s e  f a u l t  o f f s e t s  th e  norm al f a u l t .  

S ubsequen t movement a lo n g  th e  e a s t -w e s t  t e a r  f a u l t s  d is p la c e d  th e  F r o n ta l  

Zone t o  th e  e a s t .

I n  th e  v i c i n i t y  o f  N o rth  Oak C reek , th e  t r e n d  o f  th e  F r o n ta l  Zone 

changes from  n o r th - s o u th  t o  N. 70°-80° W. A l lu v i a l  co v e r o b sc u re s  th e
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ju n c t io n  o f  th e s e  two t r e n d s  h u t th e  N. J 0 °-8 0 °  W. a lig n m en t i s  form ed 

hy a  s in g le  f a u l t  t h a t  i s  t r a c e a b le  from  th e  P recam b rian  ro ck s  eas tw ard  

in to  th e  sed im en ta ry  s t r a t a .  I t s  p ronounced developm ent su g g e s ts  t h a t  th e  

n o r th - s o u th  f a u l t s  te rm in a te  a g a in s t  i t .  No ex p o su res  o f  th e  f a u l t  s u r fa c e  

w ere fo u n d .

The p re se n c e  o f  p y ro x e n e -s c a p o l i te - s p h e n e -k y a n ite  a lo n g  t h i s  zone 

t o  th e  w es t s u g g e s ts  t h a t  i t  may have o r ig in a te d  b e fo re  P recam brian  r e c r y s ­

t a l l i z a t i o n  and s e rv e d  a s  a  lo c u s  o f  movements d u rin g  la te -C re ta c e o u s  to  

e a r l y - T e r t i a r y  d e fo rm a tio n .

N o rth  Oak C reek  to  South  Oak C reek

The n o r th - s o u th  t r e n d  o f  th e  F r o n ta l  Zone resum es so u th  o f N orth  

Oak C reek  and p e r s i s t s  f o r  ap p ro x im a te ly  two m ile s  southw ard  ( i n s e r t  A, 

P l a t e  I ) .  I n  t h i s  a r e a ,  one t o  th r e e  m ajo r f a u l t s  com prise  th e  F r o n ta l  

Zone, w hich  i s  i n t e r r u p te d  in  two l o c a l i t i e s  by e a s t -w e s t  f a u l t s .  Imme­

d i a t e l y  so u th  o f  th e  N. 'J0°-80° W. t r e n d in g  f a u l t  a lo n g  N orth  Oak C reek, 

a  s in g le  f a u l t  form s th e  F r o n ta l  Zone. No ex p o su res  o f  th e  f a u l t  su r fa c e  

w ere fo u n d . South  o f  Oak C reek  th e  s in g le  f a u l t  o f  th e  F r o n ta l  Zone i s  

r e p la c e d  by two f a u l t s ,  one o f  w hich  d ip s  50 t o  78  d e g re e s  t o  th e  e a s t  

and  i s  c o n f in e d  to  th e  c r y s t a l l i n e  ro c k s . The second f a u l t  form s th e  

c o n ta c t  betw een  th e  c r y s t a l l i n e  and sed im en ta ry  ro c k s . No ex p o su res  

o f  th e  f a u l t  s u r fa c e  w ere found  b u t  o v e r tu rn in g  o f  th e  beds t o  th e  w est 

i s  p r e s e n t  a t  some l o c a l i t i e s  a lo n g  t h i s  f a u l t .  Two sp u rs  s p l i t  t o  th e  

e a s t  from  t h i s  f a u l t  c o n ta c t ;  one i s  l o s t  i n  th e  a l lu v iu m  and th e  second 

s e p a r a te s  fo rm a tio n s  o f  th e  B enton Group from  o ld e r  ro c k s .

T h is  n o r th - s o u th  segm ent o f  th e  F r o n ta l  Zone i s  d is r u p te d  tw ic e  

i n  th e  v i c i n i t y  o f  Oak C reek by e a s t -w e s t  f a u l t  zo n es . B oth  zones show
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common f e a t u r e s .  Each zone i s  composed o f  two f a u l t s  w hich o f f s e t  th e  

F ro n ta l  Zone. The n o r th e rn  f a u l t  o f  t h i s  t r a n s v e r s e  p a i r  shows l e f t -  

handed s e p a ra t io n  w ith  a n t i c l i n a l  f le x u r e s  d ev e lo p in g  in  th e  Benton and 

N io b ra ra  ro c k s . A long th e  so u th e rn  t r a n s v e r s e  f a u l t ,  th e  g r a n i t e  o f Oak 

C reek shows a  r ig h t-h a n d e d  s e p a ra t io n  o f  a p p ro x im a te ly  150 y a rd s  to  th e  

e a s t .  The F r o n ta l  Zone i s  a l s o  d is p la c e d  ea s tw a rd . The t r a n s v e r s e  f a u l t s  

lo o se  t h e i r  s e p a ra te  i d e n t i t y  to  th e  w e s t, w h ile  to  th e  e a s t  o f  th e  F ro n ta l  

Zone, no e x p re s s io n  o f  them  was found .

D isp lacem en ts  a lo n g  t h i s  n o r th - s o u th  p o r t io n  o f  th e  F r o n ta l  Zone 

v a ry . A t N o rth  Oak C reek , fo rm a tio n s  o f  th e  B enton and N io b ra ra  g roups 

seem to  have been  o v e rr id d e n  by th e  c r y s t a l l i n e  ro c k s , su g g e s tin g  some 100 

y a rd s  o f  h o r iz o n ta l  o f f s e t .  South  o f  Oak C reek , th e  f a u l t  c o n ta c t  o f  th e  

Vermejo F o rm ation  w ith  th e  M o rrison  F o rm ation  in d ic a te s  a  minimum o f  1 ,0 0 0  

f e e t  o f  s t r a t i g r a p h ie  s e p a ra t io n .

Movements a lo n g  th e  F r o n ta l  Zone i n  t h i s  r e g io n  has  p roduced  a  

n o t ic e a b le  th in n in g  and "sm earing" o f  th e  sed im en ta ry  s e c t io n .  A lthough  

th e  more co h es iv e  san d sto n e  and lim e s to n e  components a re  c o n s ta n t  in  

th ic k n e s s ,  th e  sh a le  u n i t s  have been  red u ced  o n e -h a lf  t o  o n e - th i r d  o f  th e  

th ic k n e s s e s  r e p o r te d  i n  th e  su b su rfa c e  two m ile s  e a s t  o f  th e  F r o n ta l  Z one.

S ou th  Oak C reek to  W atson Gulch

A s t r u c t u r a l  change in  th e  a s p e c t  o f  th e  F r o n ta l  Zone o ccu rs  j u s t  

so u th  o f  South  Oak C reek  w here th e  n o r th - s o u th  t r e n d  and th e  a s s o c ia t io n  

o f  norm al and r e v e r s e  f a u l t s  a re  r e p la c e d  by  n o r th w e s t- s o u th e a s t  t r e n d in g  

norm al f a u l t s  (F ig . 1 5 ) . One to  f iv e  norm al f a u l t s  c h a r a c te r iz e  th e  F r o n ta l  

Zone from  t h i s  ju n c t io n  to  W atson G ulch. The n o r th w e s t- s o u th e a s t  t r e n d  o f  

th e  F r o n ta l  Zone i s  b ro k en  once in  t h i s  a r e a .  S ou th  o f  C oal C reek , a
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n o r th e a s t- s o u th w e s t  f a u l t  bounds a  b lo c k  o f  P recam brian  g r a n i t e  g n e is s  

w hich l i e s  p e rp e n d ic u la r  to  t h e  zone.

The n o r th - s o u th  t r e n d  o f  th e  F r o n ta l  Zone i s  l o s t  in  th e  a l l u v i a l  

cov er n o r th  o f  C oal C reek (F ig . I 5 ) .  J u s t  so u th  o f  th e  a l l u v i a l  c o n ta c t ,  

th e  F r o n ta l  Zone has a  n o r th w e s t- s o u th e a s t  a lig n m e n t. The n a tu re  o f  t h i s  

ju n c t io n  betw een th e s e  two t r e n d s  i s  n o t w ell'' d is p la y e d  in  th e  f i e l d .  

S c a t te r e d  ex p o su res  o f  Vermejo beds e a s t  o f  th e  F r o n ta l  Zone a re  p r e s e n t ,  

b u t  no ev id en ce  o f  th e  n a tu re  o f  th e  c o n ta c t  w ith  th e  c r y s t a l l i n e  ro c k s  

i s  p r e s e n t .

W hether th e  n o r th w e s t- s o u th e a s t  f a u l t s , w hich a re  t r a c e a b le  in to  

th e  P recam brian  ro c k s ,  a c t u a l l y  t r u n c a te s  th e  n o r th - s o u th  sequence o f 

f a u l t s  as  i n t e r p r e t e d ,  o r  w hether th e  two zones m ere ly  merge w ith o u t d i s ­

p lacem en t i s  n o t known. T here  i s  no d o u b t, how ever, t h a t  th e  ju n c t io n  

must be in  th e  a re a  where i t  i s  mapped.

From th e  ju n c t io n  o f  th e  n o r th - s o u th  and n o r th w e s t- s o u th e a s t  

f a u l t s  southw ard to  C oal C reek , ex p o su res  a re  n o t s u f f i c i e n t l y  good to  

d e l in e a te  th e  s t r u c t u r a l  d e t a i l .  T hree f a u l t s  a r e  re c o g n iz e d . Two o f 

th e  f a u l t s  a re  t r a c e a b le  in to  th e  P recam brian  ro c k s  to  th e  n o r th e a s t  w here 

th e y  d ip  60 t o  65 d eg ree s  t o  th e  n o r th e a s t  b u t no e s t im a t io n  o f  t h e i r  

i n c l i n a t io n  i n  th e  F r o n ta l  Zone c o u ld  be .m ade. O v e rtu rn ed  beds o f  th e  

Vermejo a re  p r e s e n t  e a s t  o f  th e  F r o n ta l  Zone b u t no c o n ta c t  o f  th e s e  

ro ck s  w ith  th e  c r y s t a l l i n e  ro c k s  w ere found . The t h i r d  f a u l t ,  c o n fin e d  

to  th e  P recam brian  ro c k s , d ip s  87  d eg ree s  t o  th e  n o r th e a s t  a n d - is  e x te n ­

s iv e ly  m in e ra liz e d  by h e m a ti te .  Remnants o f  th e  M o rriso n  F o rm atio n  were 

found w ith in  th e  F r o n ta l  Zone. A p p a ren tly  Vermejo bed s a re  i n  f a u l t  con­

t a c t  w ith  P recam brian  ro c k s , upon w hich th e  M o rriso n  F o rm atio n  i s  in
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d e p p s i t io n a l  c o n ta c t ;  th e  r e l a t io n s h ip  b e in g  v e ry  s im i la r  to  t h a t  i n  th e  

v i c i n i t y  o f  Oak C reek ,

From N ew lin C reek s o u th e a s t  to  W atson Gulch in  th e  v i c i n i t y  o f  

Wetmore, th e  F r o n ta l  Zone i s  composed o f  a  number o f  n o rth w es t t r e n d in g  

f a u l tS ;  w hich a p p ea r to  d ip  53 to  86 d eg ree s  to  th e  n o r th e a s t  (F ig . l 6 ) .

The d ip s  a lo n g  a  s in g le  f a u l t  may show b o th  ex trem es o f  i n c l i n a t i o n .  

Secondary  f a u l t s  a r e  common. These s p l i t  from  th e  f a u l t  c o n ta c t  o f  th e  

sed im en ta ry  and c r y s t a l l i n e  ro ck  and t r e n d  o u t in to  th e  sed im en ta ry  ro ck s  

w here th e y  lo o se  t h e i r  e x p re s s io n . I n  one in s ta n c e ,  a  d u p l ic a t io n  o f  a  

p o r t io n  o f  th e  D akota Group r e s u l t s .  F a u l t s  t r e n d in g  n o r th w e s t- s o u th e a s t  

and  d ip p in g  n o r th e a s t  from  60 to  88 d eg rees  a re  p r e s e n t  in  th e  sed im en ta ry  

s t r a t a .  These norm al f a u l t s  have d isp la c e m e n ts  o f  a  few hundred  f e e t .

Most o f  th e  f a u l t s  i n  t h i s  a r e a  show norm al a p p a re n t r e l a t i v e  

movement w ith  th e  n o r th e a s t  s id e  moving down. One e x c e p tio n  to  t h i s  i s  

found  so u th  o f Adobe C reek where a  fa u lt-b o u n d e d  wedge o f  D akota Sandstone 

i s  found  w ith in  th e  P recam brian  ro c k s . The D akota bed s  d ip  to  5^ 

d eg ree s  t o  th e  e a s t .  A p p a re n tly , e i t h e r  d iv e rg e n t  d ip s  o f  th e  f a u l t  

p la n e s  w ith  d ep th  o r  two tim es  o f  movement p roduced  t h i s  ex p o su re .

S outh  o f  C oal C reek a  fa u lt-b o u n d e d  b lo c k  o f g r a n i t e  g n e is s  i n t e r ­

r u p ts  th e  n o r th w e s t- s o u th e a s t  t r e n d  o f  th e  F r o n ta l  Zone (F ig . 1 5 ) . The 

s i m i l a r i t y  o f  f e a tu r e s  o f  t h i s  b lo c k  to  o th e rs  o c c u r r in g  f u r th e r  so u th  and 

th e  s t r u c t u r a l  co m p lex ity  o f  th e  b lo c k  w a rra n t c o n s id e ra t io n .  The b lo c k  

i s  bounded on th e  n o r th  by a  f a u l t  t h a t  d ip s  a p p ro x im a te ly  50 d e g re e s  t o  

th e  n o r th .  Normal a p p a re n t r e l a t i v e  movement a lo n g  t h i s  f a u l t  h a s  b ro u g h t 

Vermejo s t r a t a  in to  c o n ta c t  w ith  th e  g r a n i t e  g n e is s .  Q u e s tio n a b le  J u r r a s ic  

M orriso n  s h a le s  a re  found in  d e p o s i t io n a l  c o n ta c t  upon th e  P recam brian
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ro ck s  on b o th  s id e s  o f  t h i s  f a u l t .  C o rro b o ra tio n  o f  th e  e x is te n c e  o f  

t h i s  f a u l t  i s  found in  th e  P recam brian  t e r r a n e ,  where th e  n o r th w e s t-  

s o u th e a s t  tr e n d in g  sequence o f  in te rb e d d e d  m e tased im en ta ry  ro ck s  te rm i­

n a te s  a g a in s t  p y ro x e n e - s c a p o l i te -k y a n ite ,  h o rn b le n d e -p y ro x e n e -p la g io c la se , 

and th e  g r a n i t e  g n e is s e s ,  whose s c h i s t o s i t y  t r e n d s  a p p ro x im a te ly  N. 60° E. 

T h is  r e l a t io n s h ip  i s  one o f  th e  b e s t  exam ples o f  th e  im portance  o f  con­

s id e r in g  b o th  P recam brian  and sed im en ta ry  ro c k s  in  in v e s t ig a t in g  th e  

s t r u c t u r a l  r e l a t i o n s .  The f a u l t  c o n ta c t  on th e  so u th  s id e  o f  th e  b lo c k  

i s  n o t a s  w e l l  d e f in e d , b u t i t  seems to  have a  n o r th e a s t  t r e n d .

From th e  ev id en ce  p ro v id e d  by to p o g ra p h ic  b re a k s  c o in c id e n ta l  

w ith  sh e a r  zo n es , th e  F r o n ta l  Zone f a u l t s  p r e s e n t  n o r th  o f  C oal C reek a re  

b e l ie v e d  to  be  co n tin u o u s  a c ro s s  th e  t r a n s v e r s e  c r y s t a l l i n e  b lo c k . These 

f a u l t s  do n o t ap p ea r t o  show any a p p re c ia b le  s e p a r a t io n  a lo n g  th e  n o r th e rn  

boundary o f  th e  c r y s t a l l i n e  b lo c k .

A long th e  so u th  edge o f  th e  t r a n s v e r s e  b lo c k , th e  F r o n ta l  Zone 

i s  c o n s t r i c t e d  to  a  w id th  o f  a p p ro x im a te ly  100 y a rd s  f o r  a  d is ta n c e  o f  

a p p ro x im a te ly  o n e - fo u r th  o f a  m ile  (F ig . 1 5 ) . The sed im en ta ry  s t r a t a  a re  

n o t on ly  o v e r tu rn e d  64 to  33 d eg ree s  to  th e  e a s t ,  b u t  th e  s t r i k e  o f  th e  

beds swings t o  th e  n o r th e a s t .  A lso , th e  F r o n ta l  Zone f a u l t s  ap p ea r t o  

change t h e i r  t r e n d  t o  th e  n o r th e a s t .  The g r e a te r  o v e r tu rn in g  and  change 

i n  s t r i k e  su g g e s ts  t h a t  some h o r iz o n ta l  d isp la cem e n t accom panied th e  

e le v a t io n  o f  th e  b lo c k  in  t h i s  a r e a ,  p ro d u c in g  th e  le f t - h a n d e d  s e p a ra t io n  

o f  th e  sed im en ta ry  b ed s .

I n  a d d i t io n  t o  th e  n o r th e a s t- s o u th w e s t  f a u l t s  w hich bound th e  

c r y s t a l l i n e  b lo c k  and  th e  n o r th w e s t- s o u th e a s t  t r e n d in g  F r o n ta l  Zone f a u l t s ,  

one o th e r  f a u l t  seems to  have in f lu e n c e d  th e  h i s to r y  o f  t h i s  b lo c k . An
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e a s t-w e s t  f a u l t  d ip p in g  80 d eg rees  t o  th e  n o r th ,  t r a v e r s e s  th e  h lo c k  and 

c u ts  th e  F r o n ta l  Zone a t  th e  so u th  edge o f  th e  h lo c k  (F ig .  1 $ ) . The 

f o l i a t i o n  im m ed ia te ly  a d ja c e n t  t o  th e  f a u l t  changes from  th e  r e g io n a l  

t r e n d  to  p a r a l l e l  th e  f a u l t .  I n  a d d i t io n ,  th e  p re se n c e  o f  p y ro x en e- 

s c a p o l i t e - k y a n i te  ro c k s  a lo n g  t h i s  f a u l t  zone s u g g e s ts  i t s  e x is te n c e  

b e fo re  th e  m etam orphic r e c r y s t a l l i z a t i o n s .  C o n v e rse ly , t h i n  s e c t io n s  

from  t h i s  zone show e x te n s iv e  c a t a c l a s i s  in d i c a t i n g  movement a lo n g  th e  

f a u l t  a f t e r  r e g io n a l  metamorphism .

W atson G ulch t o  N o rth  C reek

From W atson G ulch to  W orth C reek , th e  F r o n ta l  Zone h as  a  d i f ­

f e r e n t  c h a r a c te r  from  t h a t  to  th e  n o rth w e s t (F ig s .  l 6 and  17) .  The 

n o r th w e s t- s o u th e a s t  t r e n d  and th e  norm al f a u l t  c h a r a c te r  changes i n  th e  

v i c i n i t y  o f  W atson G ulch. South  o f  h e re  t o  H a rd sc ra b b le  C reek , th e  

F r o n ta l  Zone t r e n d s  ro u g h ly  n o r th - s o u th .  The f a u l t s  co m p ris in g  th e  

F r o n ta l  Zone change from  norm al t o  r e v e r s e  in  c h a r a c te r  a lo n g  th e  same 

f a u l t  t r a c e .  The number o f  f a u l t s  d e c re a se s  so t h a t  o n ly  one o r  two 

re v e r s e  f a u l t s  a re  commonly p r e s e n t .  W orth o f  H a rd sc ra b b le  C reek , th e  

c o n t in u i ty  o f  th e  F r o n ta l  Zone i s  in t e r r u p te d  by a n o th e r  fa u lt-b o u n d e d  

b lo c k  o f  c r y s t a l l i n e  ro c k  w hich  t r e n d s  g e n e r a l ly  e a s t - w e s t .  From H ard­

s c ra b b le  C reek  so u th  t o  W orth C reek , th e  F r o n ta l  Zone ta k e s  on a  

n o r th w e s t- s o u th e a s t  t r e n d  a g a in , a lth o u g h  a  s in g le  r e v e r s e  f a u l t  con­

t in u e s  to  c h a r a c te r i z e  th e  zone. Over t h i s  a r e a ,  n o r th e a s t - s o u th w e s t  

t e a r  f a u l t s ,  a lo n g  w hich th e  F r o n ta l  Zone i s  d is p la c e d  t o  th e  e a s t ,  a r e  

common. E a s t-w e s t f a u l t s  bound a n o th e r  c r y s t a l l i n e  b lo c k  w hich i n t e r ­

r u p ts  th e  t r e n d  o f  th e  F r o n ta l  Zone i n  th e  v i c i n i t y  o f  M iddle H a rd sc ra b b le  

C reek .
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The t r a n s i t i o n  from  norm al t o  r e v e r s e  a p p a re n t r e l a t i v e  movement 

i s  v i s i b l e  a lo n g  a  s in g le  f a u l t  zone. I t  i s  m a n ife s te d  i n  th e  sed im en ta ry  

s t r a t a  in  c o n ta c t  w ith  th e  F r o n ta l  Zone, w here d ip s  t o  th e  e a s t  away from  

th e  F r o n ta l  Zone a re  r e p la c e d  hy o v e r tu rn e d  heds d ip p in g  40 t o  89 d eg ree s  

w e s t. T h is  change in  a p p a re n t r e l a t i v e  movement seems to  r e s u l t  from  a  

s te e p e n in g  o f  th e  e a s t - d ip p in g  f a u l t  southw ard  a lo n g  i t s  t r a c e  so t h a t  i t  

overt.u rns t o  d ip  51 t o  JO d eg ree s  w e s t. No in t e r r u p t io n  o f  th e  f a u l t  

zone i s  p r e s e n t  a lo n g  t h i s  t r a n s i t i o n  zone.

Im m ediate ly  so u th  o f  W atson G ulch, th e  F r o n ta l  Zone i s  composed 

o f :  a  f a u l t  w hich p la c e s  th e  F o u n ta in  F o rm ation  o f  P e n n sy lv a n ia n  age and 

th e  M o rrison  F o rm atio n  o f  th e  J u r a s s i c  System  a g a in s t  th e  P recam b rian  ro c k s ; 

two a n t i c l i n e s ;  and th r e e  a s s o c ia te d  f a u l t s  w ith  t h e i r  e a s te r n  s id e  down- 

throw n w ith  r e s p e c t  t o  th e  w e s te rn  s id e  (F ig . 16 ) .  E a s t  o f  th e  P recam brian  

c o n ta c t ,  seco n d ary  f a u l t s  w hich c u t th e  J u r a s s i c  and C re taceo u s  s t r a t a  

show s t r a t i g r a p h ie  d isp la c e m e n ts  o f  100 to  400 f e e t .  I n  t h i s  a r e a ,  a s  in  

th e  v i c i n i t y  o f  Oak C reek , th in n in g  o f  th e  C re taceo u s  fo rm a tio n s  i s  p r e s e n t  

w ith  th e  lo s s  o f  th ic k n e s s  o c c u rr in g  in  th e  s h a le s .

N orth  o f  H a rd sc rab b le  C reek , th e  co n ^ lex  F r o n ta l  Zone i s  b ro k en  

by a  t r a n s v e r s e  b lo c k  o f  P recam brian  ro ck s  (F ig . I 6 ) .  T h is  b lo c k , l i k e  

th e  one so u th  o f  C oal C reek , i s  fa u lt-b o u n d e d  on i t s  n o r th  and so u th  s id e s .  

The e x c e l le n t  exposure o f th e  s o u th e r n ,f a u l t  shows i t  t o  d ip  to  th e  so u th  

a t  abou t 4-5 d e g re e s . Normal a p p a re n t r e l a t i v e  movement i s  d em o n strab le .

The f a u l t  a lo n g  th e  n o r th e rn  p o r t io n  o f  th e  b lo c k  i s  n o t a s  w e ll  exposed .

A f a u l t  d ip p in g  ap p ro x im a te ly  78 d eg ree s  w est bounds th e  b lo c k  on th e  e a s t  

s id e ,  w here th e  D akota Sandstone i s  p r e s e n t  e a s t  o f  th e  f a u l t .  R everse  

a p p a re n t r e l a t i v e  movement w ith  a  minimum d ip  s l i p  o f  JOG to  1 ,0 0 0  f e e t
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i s  su g g es ted  a lo n g  th e  e a s t  s id e  o f  th e  b lo c k . A lthough  th e  F r o n ta l  Zone 

seems to  c u t  th e  e a s t -w e s t  f a u l t s  bounding  t h i s  b lo c k ,  i t  i n  t u r n  i s  o f f ­

s e t  from  200 t o  400 f e e t  by a n o th e r  e a s t-w e s t  f a u l t  i n  th e  c e n te r  o f  th e  

b lo c k . T h is  f a u l t  seems to  d ip  a p p ro x im a te ly  48 d e g re e s  n o r th .

From t h i s  t r a n s v e r s e  b lo c k  so u th  to  H ard sc rab b le  C reek , th e  

F r o n ta l  Zone c o n s is t s  o f  one to  two re v e rs e  f a u l t s  w hich d ip  60 to  85 

d eg ree s  to  th e  w est (F ig . l 6 ) .  Where one f a u l t  i s  p r e s e n t ,  i t  alw ays 

form s th e  c o n ta c t betw een th e  sed im en ta ry  and th e  c r y s t a l l i n e  ro c k s .

Where a  second f a u l t  i s  p r e s e n t ,  i t  i s  c o n fin e d  to  th e  P recam brian  m eta­

sed im en ta ry  ro c k s .

South  o f  H ard sc rab b le  C reek , th e  F r o n ta l  Zone i s  composed o f  

two re v e rs e  f a u l t s  and i s  o f f s e t  some 300 y a rd s  to  th e  e a s t  by a  t e a r  

f a u l t  (F ig . l 6 ) . A narrow  fa u lt-b o u n d e d  h o rse  o f  D akota S andstone i s  

e n c lo se d  in  th e  g r a n i t e  g n e is s  so u th  o f  th e  t e a r  f a u l t .  T h is  o ccu rren ce  

a p p e a rs  analogous to  th e  r e l a t io n s h ip  i n  th e  D akota S andstone so u th  o f 

Adobe C reek . The t e a r  f a u l t  lo o se s  e x p re s s io n  in  th e  D akota Group abou t 

o n e -q u a r te r  m ile  e a s t  o f  th e  F r o n ta l  Zone.

The s in g le  h ig h  a n g le  re v e rs e  f a u l t  o f  th e  F r o n ta l  Zone seems to  

be f u r th e r  o f f s e t  t o  th e  e a s t  by a  t e a r  f a u l t  so u th  o f  M iddle H ard sc rab b le  

C reek (F ig . 1T)> No a t t i t u d e  o f  th e  t e a r  f a u l t  zone i s  v i s i b l e ,  a lth o u g h  

i t  may be t r a c e d  by  th e  p re se n c e  o f  d is tu rb e d  bedd ing  in to  th e  sed im en ta ry  

s t r a t a  e a s t  o f  th e  F r o n ta l  Zone. H ere, th e  h o r iz o n ta l  s e p a ra t io n  o f  th e  

F r o n ta l  Zone i s  ap p ro x im a te ly  o n e -h a lf  m ile . R e la t io n s h ip s  i n  th e  s e d i ­

m e n ta ry  ro ck s from  h e re  so u th  to  South  H ard sc rab b le  C reek  a re  vaguely  

d e f in e d  because  o f  th e  v e g e ta t iv e  cover a lo n g  th e  c o n ta c t  betw een th e  

sed im en ta ry  and th e  c r y s t a l l i n e  ro ck  and  by th e  poor ex p o su re s  o f  th e
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B enton Group.

A t S outh  H ard sc rab b le  C reek th e  F r o n ta l  Zone, composed o f  a  

h ig h  a n g le  r e v e r s e  f a u l t  and a t  l e a s t  two o th e r  f a u l t s ,  i s  b ro k en  th r e e  

tim e s  by e a s t -w e s t  and n o r th e a s t - s o u th w e s t  t r e n d in g  f a u l t s  ( i n s e r t  B,

P la t e  I ;  F ig .  IT)* The n o rth e rn m o st o f  th e  th r e e  f a u l t s  t r e n d s  e a s t-w e s t  

and  form s th e  so u th e rn  edge o f  a  b lo c k  o f  g r a n i t e  g n e i s s .  R ig h t-h an d ed  

s e p a r a t io n  o f  400 y a rd s  has o f f s e t  th e  s in g le  r e v e r s e  f a u l t  o f  th e  F r o n ta l  

Zone. The d ip  o f  th e  sh e a r  zone a lo n g  th e  f a u l t  i s  n o t w e ll  d is p la y e d  

b u t i t  seems to  be 65 d e g re e s  to  th e  n o r th ,  th u s  r e v e r s e  a p p a re n t r e l a ­

t i v e  movement has o c c u rre d . T h is  b lo c k  d i f f e r s  from  th o s e  found  to  th e  

n o r th  in  s i z e ,  th e  la c k  o f ev id en ce  su g g e s tin g  t h a t  th e  e a s t -w e s t  f a u l t s  

w ere c u t  by l a t e r  movements, and by th e  ab sen ce  o f  f a u l t s  w ith in  th e  P re ­

cam brian  ro c k .

S outh  o f  t h i s  b lo c k  o f  g r a n i t e  g n e i s s ,  two n o r th e a s t - s o u th w e s t  

t r e n d in g  t e a r  f a u l t s ,  showing le f t - h a n d e d  s e p a r a t io n ,  c u t  th e  F r o n ta l  Zone. 

The n o rth w e s t t e a r  f a u l t  d ip s  58 d e g re e s  to  th e  s o u th e a s t  and o f f s e t s  th e  

F r o n ta l  Zone ap p ro x im a te ly  200 f e e t  t o  th e  n o r th e a s t .  The s h e a r in g  a lo n g  

t h i s  f a u l t  zone ex ten d s  up t o  250 f e e t  i n  w id th . A long th e  s o u th e a s te rn  

t e a r  f a u l t ,  th e  D akota S andstone h as  a  l e f t - h a n d e d  s e p a r a t io n  o f  500 f e e t .  

An a t t i t u d e  o f  th e  f a u l t  s u r fa c e  was n o t fo u n d . The F r o n ta l  Zone n o r th ­

w est o f  t h i s  t e a r  f a u l t  i s  a  s in g le  h ig h  a n g le  r e v e r s e  f a u l t .  S ou th  o f  

th e  t e a r  f a u l t ,  r e l a t i o n s  a r e  more c o m p lic a te d . A f a u l t  d ip p in g  69 d eg ree s  

t o  th e  w est form s th e  c r y s ta l l in e - s e d im e n ta r y  ro c k  c o n ta c t .  A d d i t io n a l ly  

th e  M adison (? )  F o rm atio n  i s  in  c o n ta c t  w ith  th e  D akota S and sto n e  a lo n g  

t h i s  same f a u l t  i n d ic a t in g  s t r a t i g r a p h i e  d isp la c e m e n t o f  ap p ro x im a te ly  

2 ,0 0 0  f e e t .  N orthw ard a lo n g  t h i s  f a u l t  and  im m ed ia te ly  so u th  o f  th e  t e a r



f a u l t ,  a  s l i c e  o f  P recam brian  ro c k  seems to  have been  cau g h t up a lo n g  th e  

f a u l t  zone, s u g g e s tin g  d isp la c e m e n ts  o f  more th a n  2 ,5 0 0  f e e t .  Some seco n ­

d a ry  f a u l t s ,  p a r a l l e l i n g  th e  fo rm a tio n a l s t r i k e ,  seem t o  be p r e s e n t  a l s o .

The amount o f  h o r iz o n ta l  d isp la c e m e n t o f  th e  P recam brian  ro ck s  

i s  d i f f i c u l t  t o  a s s e s s .  T here seems to  be no doubt t h a t  th e  f a u l t  s u r fa c e  

s e p a ra t in g  th e  c r y s t a l l i n e  ro c k s  from  th e  sed im en ta ry  s t r a t a  i s  a  h ig h  

an g le  re v e rs e  f a u l t  d ip p in g  from  69 to  j 6  d e g re e s . A c o lla p s e d  tu n n e l  i s  

p r e s e n t  in  th e  b r e c c ia  zone a lo n g  th e  n o r th w e s te rn  t e a r  f a u l t .  No e v i ­

dence o f  how f a r  th e  tu n n e l  p e n e t r a te d  th e  c r y s t a l l i n e  ro ck  i s  p r e s e n t  

b u t  th e  dump c o n ta in s  sam ples o f  H ard ing  S an d sto n e . Thus, i t  would seem 

t h a t  some h o r iz o n ta l  movement accom panied th e  fo rm a tio n  o f  th e  t e a r  f a u l t s ,  

w ith  d isp la c e m e n ts  p o s s ib ly  up t o  200 y a rd s .

N o rth  C reek to  South  C reek

South  o f  S outh  H ard sc rab b le  C reek , th e  F r o n ta l  Zone i s  ex p re ssed  

a s  a  s in g le  h ig h  an g le  re v e rs e  f a u l t  p e r s i s t i n g  so u th  o f  N orth  C reek (F ig . 

1 7 ) .  I n  th e  l a t t e r  a r e a  i t  a p p a re n tly  t r u n c a te s  one, and p o s s ib ly  tw o, 

norm al f a u l t s  w hich t r e n d  n o rth w es t and a re  a s s o c ia te d  w ith  th e  B eulah 

a n t i c l i n e .  E x p re s s io n  o f  th e  F r o n ta l  Zone i s  vague s o u th  o f  N orth  C reek  

(F ig . 1 8 ) .  F a u l t s  a d ja c e n t  t o  th e  c o n ta c t  o f  th e  sed im en ta ry  and  c r y s t a l ­

l i n e  ro ck  have been  re c o g n z ie d  in  th e  v i c i n i t y  o f  B eu lah , b u t no zone of-- - 

m ajor d isp la c e m e n t i s  p r e s e n t  h e r e .  I t  seems p ro b a b le  t h a t  th e  F r o n ta l  

Zone a s  h e re  d e f in e d  i s  e i t h e r :  ( l )  r e p la c e d  by a  w id e ly  spaced  s e r i e s

o f  f a u l t s ;  ( 2 ) i s  p r e s e n t  f u r t h e r  t o  th e  w es t; o r  ( 3 ) i s  r e p la c e d  by a  

com b in atio n  o f  th e  two f e a t u r e s .

A long th e  n o r th e rn  lim b o f  th e  e a s t - w e s t  t r e n d in g  B eu lah  a n t i ­

c l i n e ,  n o r th e a s t -d ip p in g  norm al f a u l t s  a re  p r e s e n t  (F ig . 1 0 ) . The F o u n ta in
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F orm ation  o v e rs te p s  low er P a le o z o ic  ro ck s  and r e s t s  in  d e p o s i t io n a l  con­

t a c t  upon th e  P recam b rian  ro ck s  i n  p la c e s .  T h is  c o n ta c t  i n  o th e r  p la c e s  

i s  a  f a u l t  c o n ta c t ,  a l th o u g h  th e  a p p a re n t r e l a t i v e  movement b ased  upon 

to p o g ra p h ic  ev id en ce  seems to  be  l e s s  th a n  200 f e e t .  One m inor a n t i c l i n e  

w ith  n o r th e a s t  a x i a l  t r e n d  i s  p r e s e n t  i n  t h i s  a r e a .

The p o s s ib le  p re sen ce  o f  th e  F r o n ta l  Zone so u th  o f  N orth  C reek 

i s  su g g e s te d  by th e  p re se n c e  o f  a  sh e a r  zone 100 to  150  f e e t  w ide w i th in  

th e  P recam brian  ro ck s  so u th  o f  M iddle C reek . The a u th o r  was u n ab le  to  

f in d  ev id en ce  o f  p e r s is te n c e  o f  t h i s  zone in  e i t h e r  a  n o r th  o r  so u th  

d i r e c t i o n .

S outh  o f  South  C reek a  b e t t e r  e x p re s s io n  o f  th e  F r o n ta l  Zone 

ap p ea rs  a s  th e  f a u l t  c o n ta c t  betw een  th e  J u r a s s i c  and  C re taceo u s  ro c k s .

T h is  f a u l t  zone i s  th o u g h t to  te rm in a te  a g a in s t  a  n o r th - s o u th  f a u l t  on 

th e  w est and  re c o n n a is sa n c e  in v e s t ig a t io n  in d ic a te s  t h a t  i t  p e r s i s t s  a s  

th e  c o n ta c t  w ith  th e  c r y s t a l l i n e  and sed im en ta ry  ro c k s  f o r  over two m ile s  

to  th e  e a s t .

Summary

A lthough  th e  p re c e e d in g  d e s c r ip t io n  p o in ts  o u t th e  h e te ro g e n e i ty  

o f th e  F r o n ta l  Zone, c e r t a i n  common f e a tu r e s  a re  b e l ie v e d  to  e x i s t .  The 

dom inant n o r th w e s t- s o u th e a s t  a lig n m en t p e r s i s t s  th ro u g h o u t th e  le n g th  o f  

th e  zone. Commonly n o r th e a s t- s o u th w e s t  o r  e a s t -w e s t  o r ie n te d  fa u lt-b o u n d e d  

b lo c k s  l i e  t r a n s v e r s e  t o  th e  F r o n ta l  Zone. Of a  s im i la r  o r i e n t a t i o n  a re  

th e  t e a r  f a u l t s  t h a t  c u t  th e  F r o n ta l  Zone, u s u a l ly  showing a  le f t - h a n d e d  

s e p a r a t io n .  W ith th e s e  g eo m etric  r e l a t i o n s  c e r t a i n  o th e r  f e a tu r e s  s ta n d  

o u t .  E v idence i s  p r e s e n t  o f  d e fo rm a tio n a l zones t h a t  o r ig in a te d  p r i o r  t o  

r e c r y s t a l l i z a t i o n  and have undergone r e c u r r e n t  movements d u r in g  Laram ide
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and p o s t-L a ra m id e  d e fo rm a tio n . These te m p o ra lly  p e r s i s t e n t  f a u l t s  seem 

to  show a  p r e f e r r e d  e a s t -w e s t  o r  n o r th w e s t- s o u th e a s t  t r e n d .  T here  i s  

l i t t l e  i n d i c a t io n  t h a t  even  l o c a l l y  a l l  o f  th e  movement a lo n g  one f a u l t  

o r  a  s e t  o f  f a u l t s  p ro cee d ed  in d e p e n d e n tly  o f  movement a lo n g  o th e r  f a u l t s .  

Commonly a lo n g  th e  F r o n ta l  Zone in f e r r e d  s t r u c tu r e s  a r e  c o r ro b o ra te d  by 

r e l a t i o n s  w i th in  th e  c r y s t a l l i n e  ro c k s , o n ly  r a r e l y  do th e  r e l a t i o n s  w ith in  

th e  se d im e n ta ry  s t r a t a  p ro v id e  a  com plete  s o lu t io n  o f  th e  p ro b lem s. T h is  

su g g e s ts  a  c lo s e r  r e l a t i o n s h ip  o f  th e  f e a tu r e s  w i th in  th e  c r y s t a l l i n e  ro ck  

to  th o s e  o f  th e  F r o n ta l  Zone. D e sp ite  th e  f r e q u e n t  o c c u rre n c e  o f  t e a r  

f a u l t s ,  th e  common mode o f  d e fo rm a tio n  seems to  be v e r t i c a l  r a t h e r  th a n  

h o r iz o n ta l .  S ig n i f i c a n t  in  th e  l i g h t  o f  e a r l i e r  work i s  t h a t  u n ifo rm ly  

a lo n g  th e  F r o n ta l  Zone more th a n  one f a u l t  i s  p r e s e n t  and no s in g le  f a u l t  

i s  p e r s i s t e n t  o v er th e  e n t i r e  l e n g th  o f  th e  F r o n ta l  Zone. Minimum^ d i s ­

p la cem e n ts  ran g e  from  800 to  2 ,5 0 0  f e e t .  The a b ru p t change o f  th e  r e g io n a l  

s c h i s t o s i t y  im m ed ia te ly  a d ja c e n t  t o  th e  F r o n ta l  Zone i s  th o u g h t t o  be 

g e n e t i c a l ly  s i g n i f i c a n t .  The r e s u l t i n g  p a r a l l e l i s m  i s  n o t p r e s e n t  in  a l l  

p la c e s  b u t  o c c u rs  f r e q u e n t ly .  I t  i s  b e s t  d is p la y e d  in  th e  v i c i n i t y  o f  

M il l  C reek  and  from  j u s t  n o r th  o f  H a rd sc rab b le  C reek , so u th  t o  South  H ard­

s c ra b b le  C reek . From th e  ex p o su res  o f  th e  g r a n i t e  o f  Oak C reek  so u th  to  

W etmore, th e  F r o n ta l  Zone p a r a l l e l s  th e  r e g io n a l  f o l i a t i o n .

S t r u c tu r e s  C onfined  t o  S ed im en tary  S t r a t a

The s t r u c t u r e s  w hich a re  p r e s e n t  w h o lly  w i th in  sed im en ta ry  ro ck s  

a re  b e l ie v e d  t o  be th e  r e s u l t  o f  Laram ide d e fo rm a tio n  o f  l a t e  C re taceo u s  

and  e a r l y  T e r t i a r y  ag e .

I n  W ebster P a rk  and  th e  w e s te rn  e x te n s io n  o f  th e  Canon C i ty  embay- 

m ent, numerous f o ld s  and f a u l t s  a r e  p r e s e n t .  F o ld  ax es  a re  commonly sub -
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p a r a l l e l  t o  th e  F r o n ta l  Zone o f  th e  n o r th e rn  m arg in . The B u r ia l  Ground 

s y n c l in e ,  th e  m a jo r f o ld  i n  t h i s  r e g io n , t r e n d s  g e n e r a l ly  e a s t -w e s t  and 

i s  asy m m etrica l w ith  th e  so u th e rn  lim b s te e p e r  th a n  th e  n o r th e rn .  F a u l t s  

d e l in e a t in g  th e  R oyal Gorge b lo c k  a re  d is c u s s e d  l a t e r .

A long th e  e a s te r n  m arg in  good ex p o su res  a re  p r e s e n t  so u th  t o  C oal 

C reek . From C oal C reek t o  Wetmore o u tc ro p s  o f  sed im en ta ry  ro c k  a r e  s c a t -  . 

t e r e d .  Sou th  o f  Wetmore, e x te n s iv e  ex p o su res  a re  p r e s e n t  in  th e  H ard sc rab b le  

s y n c l in e ,  th e  Babcock a n t i c l i n e ,  and th e  B eulah  a n t i c l i n e .  These f o ld s ,  

w ith  th e  T hree-R  S y n c lin e , Cuckoo a n t i c l i n e .  Cow C reek  s y n c lin e ,  and th e  

C han d le r s y n c l in e ,  a re  th e  m ajo r s t r u c tu r e s  p r e s e n t  w i th in  th e  sed im en ta ry  

ro c k s . F a u l t in g  i s  g e n e ra l ly  m inor and ap p e a rs  t o  be g e n e t ic a l ly  a s s o c ia te d  

w ith  th e  F r o n ta l  Zone. As in  th e  d is c u s s io n  o f  th e  F r o n ta l  Zone, f e a tu r e s  

w i l l  be d e s c r ib e d  a s  th e y  occu r from  n o r th  t o  so u th .

Only a  p o r t io n  o f  th e  w e s te rn  lim b o f  th e  C hand ler s y n c lin e  i s  

exposed  in  th e  a r e a  mapped (F ig . l4)-. T h is  asym m etric open f o ld  i s  s i x  

t o  seven  m ile s  i n  w id th , ap p ro x im a te ly  n in e  m ile s  i n  le n g th ,  and p lu n g es  

so u th . D ips on th e  w e s te rn  lim b ran g e  from  5 to  80 d e g re e s ,  w ith  th e  an g le  

o f  i n c l i n a t i o n  in c re a s in g  to  th e  w e s t. Some o v e r tu rn in g  i s  l o c a l l y  p r e s e n t .  

S t r a t a  on th e  e a s te r n  lim b d ip  an  av e ra g e  o f fo u r  d e g re e s  t o  th e  w e s t, 

r a r e l y  ex ceed in g  9 d e g re e s . Beds from  th e  D akota S andstone th ro u g h  th e  

R a to n  C onglom erate a re  exposed  w ith in  t h i s  s t r u c t u r e .

The Cuckoo a n t i c l i n e  and th e  Cow C reek  s y n c lin e  a re  a s s o c ia te d  

f o ld s  o c c u rr in g  betw een M il l  and  W orth Oak c re e k s . The Cuckoo a n t i c l i n e  

t r e n d s  ro u g h ly  n o r th - s o u th  w ith  th e  a x i a l  t r a c e  p lu n g in g  a p p ro x im a te ly  15 

d e g re e s  so u th w est tow ard  th e  F r o n ta l  Zone. I t  i s  a  narrow  sym m etrica l 

f o ld  a p p ro x im a te ly  o n e -h a lf  m ile  i n  w id th  and two m ile s  i n  le n g th .  D ips
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on b o th  lim bs range  from  58 to  75 d e g re e s . N o tab le  a re  th e  th r e e  t e a r  

f a u l t s  w hich c u t  th e  e a s t  lim b . D isp lacem en t a lo n g  th e s e  n o r th e a s t  t r e n d ­

ing  f e a tu r e s  i s  ap p ro x im ate ly  100 f e e t ,  w ith  r ig h t-h a n d e d  s e p a ra t io n  demon­

s t r a b l e .  The Cuckoo a n t i c l i n e  i s  b e l ie v e d  to  be a  d ish arm o n ie  f o ld  as 

shown in  c ro s s  s e c t io n  AA’ (P la te  l ) .  G e n e t ic a l ly  such  b e h a v io r  i s  o f  

th e  f le x u r a l - f lo w  ty p e  (D onath and P a rk e r , ISSh,  p .  53)*

The Cow C reek s y n c lin e  i s  a  more open f o ld  o f  ap p ro x im a te ly  one 

m ile  in  w id th . I t  i s  asy m m etrica l, w ith  i t s  w e s te rn  lim b d ip p in g  from  21 

t o  37 d eg ree s  t o  th e  e a s t ,  w hereas th e  e a s te r n  lim b i s  in c l in e d  from  k j  t o  

60 d eg rees  to  th e  w e s t. D ips a lo n g  th e  w e s te rn  lim b a re  r e v e rs e d  in  th e  

v i c i n i t y  o f  th e  F ro n ta l  Zone. M inor e a s t-w e s t  f a u l t i n g  c u ts  th e  nose o f  

th e  s y n c lin e .

A n o r th -s o u th  f a u l t  so u th  o f  th e  Cuckoo a n t i c l i n e ,  p a r a l l e l i n g  

th e  F r o n ta l  Zone, b r in g s  th e  P ie r r e  S hale  i n  c o n ta c t  w ith  th e  Vermejo 

F o rm atio n . The d ip  o f  th e  f a u l t  p la n e  i s  n o t d i s c e r n ib le ,  b u t  v e r t i c a l  

d isp lacem en t was p ro b ab ly  l e s s  th a n  250 f e e t .

N orth  o f  Adobe C reek , an  a n t i c l i n e ,  whose a x i a l  t r a c e  i s  g e n e ra l ly  

p e rp e n d ic u la r  to  th e  F r o n ta l  Zone, p lu n g e s  n o r th e a s t .  The e a s t  lim b dip's 

25 to  4 l  d e g re e s  to  th e  e a s t ,  w hereas th e  w est f la n k  d ip s  ap p ro x im a te ly  22 

d eg ree s  w e s t. T h is  s l i g h t l y  asym m etric m inor f o ld  w hich i s  c u t  by a  r e v e r s e  

f a u l t  d ip p in g  00 d eg ree s  to  th e  n o r th  i s  un ique b ecau se  o f  th e  a lig n m en t o f 

th e  a x i s .  A l l  o th e r  fo ld q  n o r th  o f  th e  B eulah  a n t i c l i n e  a r e  p a r a l l e l  to  

th e  F r o n ta l  Zone. The on ly  f e a tu r e  t h a t  seems cap a b le  o f  m od ify ing  th e  

s t r e s s  f i e l d  i s  th e  n o r th e a s t  tr e n d in g  f a u l t  j u s t  so u th  o f  M in e ra l Creek,- 

w hich p la c e s  Vermejo ro c k s  i n  c o n ta c t  w ith  th e  Smoky H i l l  F o rm atio n . T h is  

norm al f a u l t ,  w hich d ip s  n o r th  a t  60 d e g re e s , m erges w ith  th e  F r o n ta l  Zone
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on th e  w e s t. D isp lacem en ts  from  500 to  3 ,000  f e e t  a re  p o s s ib le  a lo n g  

th e  f a u l t ,  depending  upon th e  th ic k n e s s  o f  th e  P ie r r e  S ha le  i n  t h i s  

v i c i n i t y .  • ,•

I n  th e  a re a  o f  Wetmore, fo u r  n o r th -p lu n g in g  f o ld s  a re  p r e s e n t ,  

a p p a re n tly  a s s o c ia te d  w ith  s t r e s s  c o n d it io n s  a lo n g  th e  F r o n ta l  Zone (F ig . 

15 ) .  The s y n c lin e  c lo s e s t  t o  th e  F r o n ta l  Zone i s  s h a rp ly  a sy m m etric a l, 

w ith  th e  w e s te rn  lim b d ip p in g  65 t o  70  d e g re e s  e a s t ,  and l o c a l l y ,  o v e r­

tu rn e d  68 d eg ree s  to  th e  e a s t .  The e a s te r n  lim b d ip s  o n ly  ab o u t I 8 d eg ree s  

t o  th e  w e s t. T h is  asymmetry s u b s t a n t i a te s  th e  h y p o th e s is  o f  th e  change 

from  norm al to  re v e rs e  f a u l t i n g  a lo n g  th e  F r o n ta l  Zone in  t h i s  a r e a .  The 

o th e r  th r e e  f o ld s ,  a l l  a l ig n e d  ro u g h ly  p a r a l l e l  t o  th e  F r o n ta l  Zone, a re  

more sy m m etrica l, a lth o u g h  th e  lim bs commonly d ip  a t  h ig h  a n g le s .

The H ard sc rab b le  s y n c lin e  i s  ap p ro x im a te ly  seven  m ile s  in  le n g th  

and  one m ile  in  w id th , p a r a l l e l i n g  th e  F r o n ta l  Zone. The f o ld  seems t o  be 

g e n e r a l ly  sy m m etrica l, a lth o u g h  t h i s  a s p e c t  i s  o b scu red  by  th e  l o c a l  o v e r ­

tu r n in g  o f  th e  w e s te rn  lim b a lo n g  th e  F r o n ta l  Zone.

A f a u l t  p a r a l l e l i n g  th e  F r o n ta l  Zone c u ts  th e  e a s te r n  lim b o f  

th e  H ard sc rab b le  s y n c lin e . T h is  f a u l t ,  w hich i s  j u s t  w est o f  Mason G ulch, 

marks th e  c o n ta c t  o f  th e  F o u n ta in  F o rm ation  o f  th e  e a s t  w ith  th e  M orrison  

F o rm ation  o f  th e  w es t. I t  seems t h a t  movement a lo n g  th e  f a u l t  h a s  p o s s ib ly  

p roduced  2 ,0 0 0  f e e t  o f  s t r a t i g r a p h ie  s e p a ra t io n .  No ex p o su res  o f  th e  f a u l t  

p la n e  w ere found .

The Babcock a n t i c l i n e  i s  a  m ajor n o r th w e s t tr e n d in g  f o ld .  The 

w e s te rn  lim b f le x e s  s h a rp ly , w ith  d ip s  chang ing  from  l e s s  th a n  f iv e  d e g re e s  

t o  more th a n  50 d eg rees  in  a  few  hundred  f e e t .  The e a s te r n  lim b d ip s  a t  

much low er a n g le s ,  a v e ra g in g  I 8 t o  22 d e g re e s . I t  i s  a p p a re n t from  c ro s s
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s e c t io n  CC ( P la te  l )  t h a t :  ( l )  e i t h e r  th e  c r y s t a l l i n e  ro c k  i s  a l s o  

f o ld e d ;  (2 )  f a u l t s  e x i s t  in  th e  P recam b rian  ro c k s  t h a t  e i t h e r  v e re  n o t 

p ro p a g a te d  in to  th e  sed im en ta ry  co v er o r were u n d e te c te d  i f  th e y  d id ;  

o r  ( 3 ) t h a t  th e  F o u n ta in  F o rm ation  was d e p o s ite d  upon a  v e ry  uneven s u r ­

f a c e  t h a t  was a c c e n te d  d u rin g  th e  u p l i f t  o f th e  a re a .

No ev id en ce  o f  a  change in  th ic k n e s s  o f  th e  F o u n ta in  F o rm ation  

was fo u n d  a c ro s s  th e  f o ld ,  a lth o u g h  th e  u p p er c o n ta c t  h as  b een  e ro d ed  

aw ay-excep t on th e  f la n k s  o f  th e  f o ld .  N orth  o f  where th e " c ro s s  s e c t io n  

CC' was draw n, a  n o rth w e s t t r e n d in g  f a u l t ,  exposed  .in th e  P recam brian  

ro c k s ,  was mapped.

To th e  w r i t e r ' s  knowledge no c o n c lu s iv e  ev id en ce  o f  f o ld in g  o f 

c r y s t a l l i n e  ro c k s  d u r in g  Laram ide d e fo rm a tio n  i s  p r e s e n t  i n  th e  so u th -  

c e n t r a l  Rocky M ountains. A l l  ev id en ce  in d ic a te s  t h a t  f a i l u r e  o f  th e  c r y s ­

t a l l i n e  ro c k s  to o k  th e  form  o f  r u p tu r e .  Thus, i t  i s  p o s tu la te d  t h a t  f a u l t s  

o th e r  th a n  th e  one mapped e x i s t  i n  th e  c r y s t a l l i n e  basem ent w hich  w ere n o t 

p ro p a g a te d  in to  th e  sed im en ta ry  s t r a t a .  Movement a lo n g  th e s e  f a u l t s  e l e ­

v a te d  a  b lo c k  a lo n g  th e  a x i a l  t r a c e  o f  th e  Babcock a n t i c l i n e .  The s e d i ­

m en tary  s t r a t a  y ie ld e d  by f o ld in g  o v e r t h i s  u p l i f t e d  b lo c k . The v e ry  

sh a rp  f l e x u r e  o f  th e  w e s te rn  lim b o f  th e  Babcock a n t i c ln e  may r e f l e c t  

such  a  m echanism .

The n o r th e a s t  f a u l t  c u t t in g  th e  a x is  o f  th e  Babcock a n t i c l i n e  

shows v e ry  l i t t l e  d isp la c e m e n t, p la c in g  th e  l i t - p a r - l i t  g n e is s  15 f e e t  

h ig h e r  to p o g r a p h ic a l ly  th a n  th e  F o u n ta in  F o rm ation  w hich i s  i n  d e p o s i­

t i o n a l  c o n ta c t  upon P recam brian  ro c k s . The m inor d isp la c e m e n t i s  e v i ­

denced  by  P recam b rian  ro ck  on b o th  s id e s  o f  th e  f a u l t .

The B eu lah  a n t i c l i n e  has  b een  p re v io u s ly  m en tioned . The te rm s
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B eulah  a rc h  and B eulah  dome have been  u sed  by G ilb e r t  (1897) and  Beck 

(1956 , p .  51 ) r e s p e c t iv e ly .  Because i t  conno tes to p o g ra p h ic  f e a t u r e s ,  

th e  te rm  " a n t i c l i n e "  has  b een  u sed  f o r  th e  f o ld  d ev e lo p ed  w ith in  th e  s e d i ­

m en tary  ro c k s . A f o ld  a x is  ro u g h ly  p a r a l l e l  t o  th e  a x is  o f  th e  B eulah 

a n t i c l i n e  i s  p r e s e n t  in  th e  P recam brian  ro c k s , b u t t h i s  i s  c o n s id e re d  a  

s e p a ra te  s t r u c t u r a l  f e a t u r e ,  a lth o u g h  i t  may have in f lu e n c e d  th e  h i s to r y  

o f  th e  B eulah  a n t i c l i n e .  The B eulah a n t i c l i n e  p lu n g e s  ea s tw a rd , w ith  i t s  

g e n e r a l ly  sy m m etrica l form  b e s t  d is p la y e d  in  th e  beds o f  th e  D akota Group. 

D ips h e re  a re  ap p ro x im a te ly  25 d e g re e s . The e a s t-w e s t  t r e n d  o f  th e  a x is  

i s  one o f  th e  m ost anom alous s t r u c t u r a l  f e a tu r e s  o f  th e  a re a  mapped. The 

c o n d it io n s  t h a t  m ust have p roduced  th e  m o d if ic a t io n  o f  th e  s t r e s s  f i e l d  

a re  n o t a p p a r e n t . The change to  a  more e a s te r n ly  d i r e c t io n  o f  th e  F r o n ta l  

Zone to  th e  s o u th , w ith  th e  e l e v a t io n  o f  th e  c r y s t a l l i n e  ro c k s , may have ■ 

been  one m odify ing  f a c t o r .  A lso , p o s s ib ly  th e  e l e v a t io n  o f  th e  c r y s t a l l i n e  

basem ent in  th e  Babcock a n t i c l i n e  th ro u g h  e i t h e r  f a u l t i n g  o r  f o ld in g  may 

have in f lu e n c e d  th e  s t r e s s  d i s t r i b u t i o n .  Not o n ly  i s  th e  t r e n d  o f  t h i s  

s t r u c t u r e  u n iq u e , b u t  th e  s u p e rp o s i t io n  o f  th e  P recam b rian  and Laram ide 

f o ld  axes i s  s t r i k i n g ,  su g g e s tin g  t h a t  th e  f o ld  i n  th e  P recam brian  ro ck s  

may have governed  th e  fo rm a tio n  o f  th e  Laram ide a x i s .  The g e n e s is  o f  t h i s  

f e a tu r e  i s  d is c u s s e d  more co m p le te ly  l a t e r .

N orth  o f  S ou th  H ard sc rab b le  C reek and j u s t  w e s t o f  th e  ro a d , an  

anam alous exposu re  o f  H ard ing  and Frem ont s t r a t a  i s  p r e s e n t .  P o r t io n s  o f  

th e  u pper H ard ing  F o rm atio n , w ith  th e  c h a r a c t e r i s t i c  o s traco d e rm  b e d s , and 

th e  low er Frem ont F o rm atio n  r e s t s  upon th e  G reenhorn L im estone. The o u t­

crop  i s  n o t v i s i b l y  f r a c t u r e d  o r  b ro k en  up. A lthough  th e  G reenhorn L im estone 

d ip s  e a s tw a rd , th e  P a le o z o ic  fo rm a tio n s  d ip  w estw ard a t  a p p ro x im a te ly  30
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d e g re e s . The o u tc ro p  i s  r e l a t i v e l y  sm a ll, w ith  th e  good ex p o su res  o f  

G reenhorn L im estone in  th e  ro ad  c u t p re c lu d in g  any form  o f  f a u l t  i n t e r p r e ­

t a t i o n .  I t  seems t h a t  t h i s  i s  a  g r a v i ty  f e a tu r e  o r ig in a t in g  a f t e r  th e  

e le v a t io n  o f  th e  P a le o z o ic  s t r a t a  a lo n g  th e  F r o n ta l  Zone and fo llo w in g  

e ro s io n .  A p p a re n tly  a  t h i n  b lo c k  f r a c tu r e d  and b roke o f f  th e  n e a r ­

v e r t i c a l  s t r a t a  a lo n g  th e  F r o n ta l  Zone f a u l t s ,  moving u nder th e  in f lu e n c e  

o f  g r a v i ty  a c ro s s  th e  G raneros S hale  to  i t s  p r e s e n t  p o s i t i o n .  A lthough  

such  f e a tu r e s  a re  common in  th e  F ro n t Range, t h i s  i s  th e  o n ly  exposure  o f  

t h i s  ty p e  o f  s t r u c tu r e  known to  th e  w r i t e r  in  th e  Wet M ountains. T h is  

would r e p r e s e n t  th e  l a t e s t  s t r u c t u r a l  e v e n t o f  th e  e a s te r n  m arg in  o f  th e  

Wet M oun ta in s.

South  o f  th e  B eulah  a n t i c l i n e ,  th e  Three-R  s y n c lin e  p lu n g e s  to  

th e  so u th . The e a s t  lim b d ip s  from  15 t o  20 d eg ree s  t o  th e  n o r th w e s t,

a lth o u g h  th e  w est lim b d ip s  ap p ro x im a te ly  50 d eg ree s  to  th e  s o u th e a s t ,

g iv in g  th e  s t r u c tu r e  a  marked asy m m etrica l a s p e c t .  The n o r th e a s t  t r e n d  

o f  th e  a x is  c o r ro b o ra te s  th e  assu m p tio n  o f  a  m o d if ic a t io n  o f  th e  r e g io n a l  

s t r e s s  p a t t e r n .

The a s s o c ia t io n  o f  th e  s t r u c tu r e  o f  th e  sed im en ta ry  ro ck s  w ith  

th e  F r o n ta l  Zone i s  e v id e n t .  F a u l t s  p a r a l l e l  to  th e  zone and jo in in g  i t

a re  common. A l l  f o ld  axes w ith  th e  e x c e p tio n  o f  th e  B eu lah  a n t i c l i n e ,  th e

Three-R  s y n c lin e , and th e  sm all s y n c lin e  n o r th  o f Adobe C reek , t r e n d  p a r a l ­

l e l  t o  th e  F r o n ta l  Zone. Where th e  f o ld s  a re  a s jo n m e tric a l, th e  s y n c lin e s  

commonly show th e  w es te rn  lim b to  be s te e p e r ,  w hereas th e  a n t i c l i n e s  have 

a  s te e p e r  e a s te r n  lim b a s  m ight be e x p e c te d  where th e  f o ld s  d ev e lo p ed  in  

re sp o n se  t o  th e  secondary  s t r e s s  f i e l d  p roduced  d u r in g  th e  e l e v a t io n  o f  

th e  Wet M ountain c r y s t a l l i n e  b lo c k . '
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S tr u c tu r e s  W ith in  th e  P recam brian  Rocks 

G en era l F e a tu re s

The a tte m p t t o  map in d iv id u a l  u n i t s  w ith in  th e  P recam b rian  m eta­

sed im en ta ry  sequence has  f a c i l i t a t e d  th e  r e c o g n i t io n  o f  a  number o f  s t r u c ­

t u r a l  f e a tu r e s  w ith in  th e  ro c k s . The w e ll-d e v e lo p e d  f o l i a t i o n  and s c h i s ­

t o s i t y ,  g e n e r a l ly  d ip p in g  in  e x c e ss  o f  4-5 d e g re e s  and s t r i k i n g  p a r a l l e l  

to  th e  l i t h o l o g i e  c o n ta c ts ,  i s  b e l ie v e d  t o  r e f l e c t  th e  o r i g i n a l  bedd ing  

o f  th e  ro c k s . T h is  assu m p tio n  r e c e iv e s  some c o r ro b o ra t io n  from  th e  t h i n  

g a rn e t  and q u a r t z i t e  beds t h a t  a re  a r e a l l y  co n tin u o u s  in  a  c o n s ta n t  s t r a t i ­

g ra p h ie  p o s i t i o n  over some d is ta n c e .  The r e c r y s t a l l i z a t i o n  d u rin g  m eta­

morphism o c c u rre d  a f t e r  th e  developm ent o f  th e  s t r u c t u r e s  w i th in  th e  P re ­

cam brian ro c k s  a s  ev id en ced  by f i e l d  and p é tro g ra p h ie  r e l a t i o n s .  M ajor 

f o ld s  have undergone c o n ç le te  r e c r y s t a l l i z a t i o n  w ith  no e x te n s iv e  e^rLdence 

o f  m in é ra lo g ie  s t r a i n  c o n d i t io n s .  Drag f o ld s  a s s o c ia te d  w ith  some f a u l t  

zones do n o t show any bend ing  o r  d e fo rm a tio n  o f  th e  in d iv id u a l  c r y s t a l s .  

C o n v e rse ly , i n  th o se  a re a s  t h a t  have b een  deform ed s in c e  r e c r y s t a l l i z a ­

t i o n ,  c a t a c l a s t i c  s t r u c t u r e s  a re  p r e v a le n t .

A lthough  many f o ld s  have been  re c o g n iz e d , th e  i n a b i l i t y  t o  d e t e r ­

mine a  to p  o r  bo ttom  c r i t e r i a  f o r  th e  m e t a s e d i m e n t a r y  sequence n e c e s s i t a t e s  

th e  assu m p tio n  o f t h e i r  s t r u c t u r a l  c h a r a c te r s .  Thus a n t i c l i n a l  and syn­

c l i n a l  a s p e c ts  have b een  presum ed on th e  b a s i s  t h a t  th e  P recam b rian  sequence 

i s  e s s e n t i a l l y  r i g h t  s id e  up .

The r e g io n a l  u n ifo rm ity  o f  th e  s c h i s t o s i t y  and f o l i a t i o n  i s  an  

o u ts ta n d in g  f e a tu r e  o f  th e  c r y s t a l l i n e  ro c k s .  The r e g io n a l  t r e n d  o f  th e  

s c h i s t o s i t y  and th e  f o l i a t i o n  i s  g e n e r a l ly  e a s t - w e s t ,  b u t  i n  th e  r e g io n
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betw een Oak C reek  and  M in e ra l C reek  i t  i s  a l ig n e d  n o r th w e s t- s o u th e a s t .

A s i g n i f i c a n t  a s p e c t  o f  th e  r e g io n a l  t r e n d  o f  th e  s c h i s t o s i t y  and f o l i a ­

t i o n  i s  th e  l o c a l  v a r i a t i o n  in  th e  s t r i k e  and d ip  to  p a r a l l e l  zones o f  

d e fo rm a tio n . T h is  i s  w e ll  d is p la y e d  a t  some l o c a l i t i e s  a lo n g  th e  F r o n ta l  

Zone b u t  i s  a l s o  p r e s e n t  a d ja c e n t  t o  in d iv id u a l  f a u l t  zo n es . The f i e l d  

and p é tro g ra p h ie  ev id en ce  in d ic a te s  t h a t  th e  r e c r y s t a l l i z a t i o n  i s  con­

tem poraneous w ith  th e  r e g io n a l  metamorphism , s u g g e s tin g  t h a t  th e s e  l o c a l  

v a r i a t i o n s  o r ig in a te d  b e fo re  th e  P recam b rian  metamorphism . A long f a u l t  

zones c o n f in e d  t o  th e  c r y s t a l l i n e  ro c k  i t  seems t h a t  th e  change in  a t t i ­

tu d e  i s  th e  r e s u l t  o f  prem etam orphic movements a lo n g  th e s e  f a u l t s .

The r e l a t io n s h ip  o f th e  F r o n ta l  Zone to  th e  r e g io n a l  s c h i s t o s i t y  

and f o l i a t i o n  o f  th e  P recam brian  ro c k s  v a r i e s .  Between Oak C reek  and 

M in e ra l C reek , an  a re a  dom inated by norm al f a u l t i n g ,  th e  s c h i s t o s i t y  and 

f o l i a t i o n  p a r a l l e l  th e  F r o n ta l  Zone. A long th e  rem a in in g  p o r t io n  o f  th e  

F r o n ta l  Zone, th e  r e g io n a l  t r e n d  o f  th e  s c h i s t o s i t y  and f o l i a t i o n  i n t e r ­

s e c t s  i t  a t  a lm o st r i g h t  a n g le s ,  and r e v e r s e  f a u l t i n g  i s  t y p i c a l  o f  th e  

d e fo rm a tio n . I n  some ex p o su res  a d ja c e n t  t o  th e  F r o n ta l  Zone, th e  r e g io n a l  

s c h i s t o s i t y  and f o l i a t i o n  change a t t i t u d e  t o  p a r a l l e l  i t  in  s t r i k e ,  and 

a lth o u g h  l e s s  f r e q u e n t ly ,  i n  d ip .  T h is  r e l a t io n s h ip  i s  b e s t  d ev e lo p ed  

i n  th e  v i c i n i t y  o f  M il l ,  H a rd sc ra b b le , and  South  H a rd sc ra b b le  c re e k s .

No c o n c lu s iv e  ev id en ce  o f  th e  g e n e s is  o f  th e  a t t i t u d e  changes i s  p r e s e n t ,  

a lth o u g h  i t  i s  p o s tu la te d  t h a t  th e y  a r e  l o c a l  v a r ia t io n s  due e i t h e r  t o  

f a u l t i n g  o r  f o ld in g  p r i o r  t o  P recam b rian  r e c r y s t a l l i z a t i o n .  A t o th e r  

p la c e s  th e  s c h i s t o s i t y  i s  t r u n c a te d  a d ja c e n t  t o  th e  F r o n ta l  Zone.

A number o f  h ig h ly  deform ed zones a re  re c o g n iz e d  i n  th e  P r e ­

cam brian  ro c k s  t h a t  a re  e i t h e r  sh e a re d , b r e c c ia te d ,  m in e ra l iz e d ,  o r
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commonly, com posite i n  n a tu re .  Where th e s e  zones may be t r a c e d  f o r  any 

d is ta n c e ,  th e y  have been  term ed f a u l t  zones. I n  many p la c e s  an  o f f s e t  o f 

l i t h o lo g i e  u n i t s  on e i t h e r  s id e  o f  th e  f a u l t  can  be re c o g n iz e d . I n  o th e r s ,  

becau se  o f  t h e i r  s t r i k e  c h a r a c te r ,  ev idence  o f  d isp la cem e n t i s  la c k in g .  The 

h e te ro g e n e i ty  o f  th e  l i th o lo g y  in  some a re a s  and th e  la c k  o f m arker beds 

p re c lu d e s  an a c c u ra te  a ssessm en t o f  th e  d isp la cem e n t a lo n g  th e s e  zones.

I n  some p la c e s  th e re  may n o t have been  any movement, w ith  m in e ra l iz a t io n  

p ro cee d in g  a lo n g  j o i n t s .  A lthough  many o f th e  deform ed zones, w hich a re  

term ed " f a u l t s , " have ev id en ce  o f  movement a lo n g  them and th u s  conform  to  

th e  s t r i c t  d e f i n i t i o n  o f  a  f a u l t ,  o th e rs  a re  o n ly  t e n t a t i v e l y  p la c e d  in  

t h i s  c l a s s i f i c a t i o n . ’ F o r t h i s  re a so n , no in d ic a t io n  o f  a p p a re n t r e l a t i v e  

movement i s  p la c e d  upon th o s e  f a u l t s  c o n fin e d  e n t i r e l y  t o  th e  c r y s t a l l i n e  

ro c k s .

A lthough  th e  s t r u c t u r a l  f e a tu r e s  w i th in  th e  P recam brian  ro ck s  w i l l  

be d is c u s s e d  from  n o r th  to  so u th , some d e v ia t io n  from  th e  p re c e e d in g  o rg a n i­

z a t io n  o c c u rs . The m ajo r fo ld s  w i l l  be d is c u s s e d  f i r s t  and th e n  f a u l t  zones 

w i l l  be d e s c r ib e d . T h is  w i l l  n o t o n ly  f a c i l i t a t e  a  c l e a r e r  p r e s e n ta t io n  o f  

th e  s t r u c t u r a l  c o n f ig u ra t io n ,  b u t  i t  a llo w s f o r  some i n i t i a l  te m p o ra l s e g re ­

g a t io n  o f  th e  f e a t u r e s .  The fo ld s  w ith in  th e  m etased im en ts  have form ed 

p r i o r  to  th e  r e c r y s t a l l i z a t i o n  w hich , a s  has  been  s t a t e d ,  i s  d a te d  a p p ro x i­

m a te ly  1450 m i l l io n  y e a rs  ago and th u s  i s  d e f i n i t e l y  o f  P recam brian  ag e .

T h is  p o s i t i v e  c o n te n tio n  canno t be made f o r  th e  f a u l t s  c o n ta in e d  w ith in  

th e  P recam brian  ro c k s .

F o ld s

Work s in c e  I 962 h as dem o n stra ted  th e  p re se n c #  o f  th e  g e n e ra l ly  

e a s t-w e s t  t r e n d in g  a n t i c l i n e  so u th  o f  Grape C reek . T h is  s t r u c t u r e ,  w hich
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i s  co n fin e d  to  th e  P recam b rian  ro c k s , i s  term ed  th e  Grape C reek a n t i c l i n e .

I n  1938 Oborne (p . 12) p u b lish e d  a  g e n e ra l  n o r th - s o u th  c ro s s  s e c t io n  e x te n d ­

in g  from  Rye t o  th e  Colorado-W yoming b o rd e r .  On t h i s  s e c t io n  he showed a  

p o s i t i v e  landm ass o f  c r y s t a l l i n e  ro ck s  in  th e  Canon C ity  a re a  w hich he c a l le d  

th e  "Grape C reek R id g e ."  The e x a c t o r i e n t a t i o n  o f  t h i s  f e a tu r e  i s  n o t 

a p p a re n t b u t Oborne s t a t e d  h i s  b e l i e f  t h a t  i t  e x i s t e d  as  a  p o s i t i v e  a re a  

d u r in g  th e  P recam b rian , la te - M is s i s s ip p ia n ,  e a r ly -P e n n sy lv a n ia n , p o s t -  

P e n n sy lv an ian , and  e a r l y - J u r a s s ic  tim e s  (19B8, p . 13)* A chayra ( l9 ^ 9 )  

used  th e  same te rm  in  a  s im i la r  c o n te x t .  Boos and Boos ( l9 5 7 , P* 2667 ) 

a p p l ie d  th e  same name t o  d e s ig n a te  an  e a s t-w e s t  t r e n d in g  p o s i t i v e  f e a tu r e  

a r e a l l y  c o in c id e n ta l  i n  p a r t  t o  th e  Grape C reek a n t i c l i n e ,  a s  h e r e in  

d e f in e d . The w r i t e r  d e s i r e s  o n ly  t o  in d ic a te  th e  p re se n c e  o f  a  s t r u c t u r a l  

a n t i c l i n e ,  w ith o u t c o n n o ta tio n  o f  i t s  p o s t - g e n e t ic  h i s t o r y ,  th u s ,  th e  te rm  

" a n t i c l i n e "  i s  em ployed.

The Grape C reek a n t i c l i n e  p lu n g es  s te e p ly  t o  th e  e a s t  a t  th e  

e a s te r n  l i m i t  o f  th e  R oyal Gorge b lo c k . I t s  lim b s d ip  from  50 t o  89 

d e g re e s  away from  th e  a x i s .  To th e  w es t, ev id en ce  o f  t h i s  a x is  i s  l o s t .

The m ajo r s ig n if ic a n c e  o f  t h i s  a x i s  i s  t h a t  th e  so u th  d ip  o f  th e  s c h i s ­

t o s i t y  o f  th e  so u th e rn  lim b p e r s i s t s  t o  th e  v i c i n i t y  o f  N o rth  Oak C reek .

The n o r th e rn  lim b m a in ta in s  i t s  a t t i t u d e  f o r  o n ly  a  co u p le  o f  m ile s  u n t i l  

i t  i s  r e v e rs e d  a lo n g  an  e a s t -w e s t  t r e n d in g  sy n c lin e  (H e in r ic h , 19^8, p . 4 2 5 ) . 

The Grape C reek  a n t i c l i n e  i s  b e l ie v e d  to  be one o f  th e  m ajo r P recam brian  

f o ld s  o f  th e  a r e a  in v e s t ig a te d .

Sou th  o f  th e  n o r th e rn  m arg in  o f  th e  Wet M ountains and j u s t  w est o f  

th e  F r o n ta l  Zone, a  sm a ll a n t i c l i n e  i s  p r e s e n t  (F ig . l 4 ) . T h is  s t r u c tu r e  

i s  o n ly  a  l o c a l  f e a t u r e ,  b u t i t  i s  th e  b e s t  exam ple o f  th e  a t t i t u d e  change
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o f  th e  f o l i a t i o n  a d ja c e n t  to  th e  F r o n ta l  Zone. The a n t i c l i n a l  a x i s  changes 

o r i e n t a t i o n  from  e a s t-w e s t  t o  n o r th - s o u th  in  th e  p o r t io n s  o f  th e  f o ld  

c lo s e r  t o  th e  F r o n ta l  Zone. The e a s te r n  lim b o f  th e  f o ld  a p p e a rs  t o  be 

b ro k en  by  th e  F r o n ta l  Zone, accom panied by a  sh a rp  change in  a t t i t u d e .

N ea rly  h o r iz o n ta l  s t r a t a  can  be seen  t o  r o l l  to  d ip s  o f  4$ d e g re e s  t o  th e  

e a s t  a d ja c e n t  t o  th e  F r o n ta l  Zone in  t h i s  a r e a .  E x te n s iv e  f r a c t u r in g  does 

n o t accon^any t h i s  r a p id  a t t i t u d e  change. T here i s  no in d i c a t i o n  t h a t  

r e c r y s t a l l i z a t i o n  p re c e d e d  e i t h e r  th e  developm ent o f  th e  f o ld  o r  th e  change 

in  a t t i t u d e  a lo n g  th e  F r o n ta l  Zone. I t  th u s  seems t h a t  th e  F r o n ta l  Zone 

in  t h i s  l o c a l i t y  d ev e lo p ed  a lo n g  a  l o c a l  P recam brian  f l e x u r a l  zone.

N orth  o f  C han d le r C reek , two m inor e a s t-w e s t  t r e n d in g  f o ld s  a re

p r e s e n t .  Both o f  th e s e  f o ld s  a re  t r u n c a te d  by th e  F r o n ta l  Zone, w ith o u t

any r e o r i e n t a t i o n  o f  th e  s c h i s t o s i t y .

In  th e  v i c i n i t y  o f  N o rth  Oak C reek , a n o th e r  m a jo r change i n  th e  

d ip  o f  th e  r e g io n a l  s c h i s t o s i t y  o c c u rs . I t  ap p ea rs  t h a t  t h i s  change i s

p a r t l y  a  fu n c t io n  o f  d isp la c e m e n t a lo n g  th e  F r o n ta l  Zone w hich  t r e n d s  e a s t -

w est i n  t h i s  l o c a l i t y .  A d d i t io n a l ly  th e r e  ap p ea rs  t o  be  a  p o o r ly  d e f in e d  

s y n c l in a l  a x i s  so u th  o f  t h i s  zone. T h is  f o ld ,  d ev e lo p ed  i n  th e  g r a n i t e  

o f  Oak C reek and i n  in c o m p le te ly  a s s im i la te d  b i o t i t e - q u a r t z - p l a g i o c l a s e  

g n e is s ,  seems to  r e p r e s e n t  a  p a r t i a l l y  g r a n i t i z e d  s t r u c t u r e  t h a t  e x i s t e d  

c lo s e  to  th e  m arg in  o f  th e  i n t r u s i v e  body p r i o r  to  em placem ent o f  th e  

ig n eo u s ro c k s  b u t  was n o t d e s tro y e d  d u rin g  em placem ent o f  th e  g r a n i t e  o f  

Oak C reek . The v e ry  p o o r e x p re s s io n  o f  th e  s t r u c tu r e  makes any a sse ssm en t 

o f  i t s  in g o r ta n c e  te n u o u s . A s im i la r ,  b u t  m inor s t r u c t u r e ,  e x i s t s  j u s t  t o  

th e  so u th  o f  t h i s  f e a t u r e ,  where th e  h o rn b le n d e -p la g io c la s e  g n e is s  i s  

in c o m p le te ly  a s s im i la t e d .  The r e g io n a l  change in  th e  d ip  o f  th e  s c h i s t o s i t y
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and f o l i a t i o n  from  so u th  t o  n o r th  in  t h i s  a r e a  may he  a s c r ib e d  t o  a  number 

o f  p o s s ib le  s o u rc e s . Movement a lo n g  th e  f a u l t  zone o f  N o rth  Oak C reek may 

have p roduced  i t  by  t i l t i n g  th e  basem ent m ass. Such movements co u ld  have 

o c c u rre d  a t  any tim e . A l te r n a t iv e ly  th e  m ajor a t t i t u d e  change may have 

o c c u rre d  in  th e  p o o r ly  d e f in e d  s y n c lin e  so u th  o f  N orth  Oak C reek . T h is  

f o ld  m ight have been  p a r t i a l l y  p re s e rv e d  where th e  m a rg in a l f a c i e s  o f  th e  

g r a n i t e  o f  Oak C reek a s s im i la te d  th e  m e tased im en ta ry  g n e is s e s  w ith o u t 

d e s tro y in g  th e  p r e - e x i s t i n g  s c h i s t o s i t y  and f o l i a t i o n .

A t h i r d  p o s s i b i l i t y  i s  t h a t  th e  r e g io n a l  changes o c c u rre d  in  th e  

l o c a l i t y  o f  th e  c e n t r a l  p o r t io n  o f  th e  g r a n i t e  o f  Oak C reek  and  ev id en ce  

o f  t h i s  was su b se q u e n tly  d e s tro y e d .

N orth  o f  M in e ra l C reek , a  m ajor e a s t - w e s t  s y n c lin e  i s  p r e s e n t .

T h is  f o ld ,  w hich i s  ap p ro x im a te ly  one m ile  i n  w id th , p lu n g e s  ap p ro x im a te ly  

45 d e g re e s  in  a  N. 70° E . d i r e c t io n .  The i n t e n s i t y  o f  th e  fo ld in g  d e c re a se s  

t o  th e  e a s t ,  w here e x p re s s io n  o f  i t  i s  l o s t  i n  th e  v i c i n i t y  o f  th e  F r o n ta l  

Zone.

South  o f  Adobe C reek , a  s e r i e s  o f  n o r th e a s t - s o u th w e s t  f o ld  a x is  

a re  developed  (F ig . 1 6 ) .  A l l  o th e r  m ajor f o ld s  w i th in  th e  P recam brian  

ro ck s  ap p ea r t o  t r e n d  ro u g h ly  e a s t - w e s t .  The a b ru p t change i n . t h e  d i r e c ­

t i o n  o f th e  F r o n ta l  Zone j u s t  so u th  o f  h e re  t o  p a r a l l e l  th e  t r e n d  o f  th e  

f o ld  axes may be r e l a t e d .  These f o ld s  a re  dev elo p ed  in  te r r a n e  t h a t  i s  

a p p ro x im a te ly  80 p e r  c e n t g r a n i t e  g n e is s  and  w here m arker h o r iz o n s  a re  

few . A lthough  th e  g e n e ra l  c h a r a c te r  o f  th e  f o ld s  and  t h e i r  a p p a re n t o f f ­

s e t  and t r u n c a t io n  by  n o r th w e s t- s o u th e a s t  f a u l t  zones has been  re c o g n iz e d , 

d e t a i l s  o f  th e s e  r e l a t i o n s  need more i n v e s t ig a t io n .  The l imbs o f  th e  

f o ld s  commonly d ip  in  ex ce ss  o f  45 d e g re e s , w ith  some a p p a re n t o v e r tu rn in g .
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G e n e ra lly  th e  f o ld s  ap p ea r t o  he sy m m etrica l, a l th o u g h  narrow . The con­

vergence o f  beds to  th e  n o r th e a s t  and th e  ahrurpt change In  th e  s t r i k e  o f  

. th e  s c h i s t o s i t y  su g g e s ts  t h a t  u n reco g n ized  s t r u c t u r a l  f e a tu r e s  a re  p r e s e n t  

in  t h i s  a re a .

F a u l t s

Numerous deform ed zones were reco g n ized  w ith in  th e  P recam brian  

ro ck s  and o n ly  th o se  t h a t  were found to  p e r s i s t  f o r  any d is ta n c e  w ere 

in c lu d e d  on P la t e  I .  S h ear, b r e c c ia ,  and m in e ra liz e d  zones v a r ie d  from  

a  few f e e t  to  more th a n  400 f e e t  w ide. These zones a re  commonly le n s  

shaped o r  s in u s o id a l  in  map view . F re q u e n tly  th e  e n c lo se d  ro c k  i s  a l t e r e d  

so t h a t  th e  o r ig i n a l  c h a ra c te r  i s  n o t d is c e r n ib le  i n  th e  f i e l d .  Many o f 

th e s e  zones a re  w e ll  d is p la y e d  in  o ld  mine s h a f t s ,  tu n n e ls  and  p ro s p e c t 

p i t s .  H em atite , l im o n i te ,  and e p id o te  m in e r a l iz a t io n  i s  m ost common, 

o c c u rr in g  to g e th e r  o r  s e p a r a te ly .  No te m p o ra l sequence o f  m in e r a l iz a t io n  

o r  a r e a l  d i s t r i b u t i o n  .of th e  f a u l t s  on th e  b a s is  o f  m in e r a l iz a t io n  was 

s u c c e s s f u l ly  worked o u t. I n  some c a s e s ,  th e  irb n  s t a i n in g  ap p ea rs  to  be 

l a t e r ,  b u t ev id en ce  i s  f a r  from  c o n c lu s iv e .

R a th e r th a n  d is c u s s  eaph f a u l t  i n  d e t a i l ,  th e  g e n e ra l  r e l a t i o n ­

sh ip s  from  n o r th  t o  so u th  w i l l  be c o n s id e re d .

The R oyal Gorge B lock  i s  bounded so u th  o f  th e  A rkansas R iv e r  by 

th r e e  norm al f a u l t s  w hich d ip-aw ay from  t h i s  e le v a te d  b lo c k  o f  P recam brian  

ro c k s . These f a u l t  zo n es , a lth o u g h  v a ry in g  in  d e t a i l  and  c o n ç le x i ty ,  

g e o m e tr ic a l ly  i s o l a t e  th e  R oyal Gorge b lo c k  from  th e  s t r u c t u r a l l y  d i s s im i la r  

Ademic Ranch-W et M ountain f a u l t  zone o f  th e  n o r th e rn  m arg in . V e r t ic a l  

d isp la cem e n t a lo n g  th e s e  f a u l t s  i s  d i f f i c u l t  to  a s s e s s  b u t  ap p ro x im a te ly  

250 f e e t  ap p ea rs  t o  be  p r e s e n t  a t  th e  so u th e rn  p o r t i o n  o f  th e  b lo c k .
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in c re a s in g  t o  a  minimum o f  750 f e e t  no rthw ard .

From th e  n o r th e rn ' m arg in  o f  th e  Wet M ountains so u th  to  C oal C reek , 

two dom inant o r ie n t a t i o n s  o f  th e  f a u l t s  in  th e  P recam b rian  ro c k s  a r e  p r e s ­

e n t :  N. 10° W. t o  n o r th - s o u th ,  and ap p ro x im ate ly  N. 30° W. (F ig . l 4 ) .

The fo rm er group d ip s  o5 t o  76  d eg ree s  t o  th e  w e s t. T h is  n o r th - s o u th  

t r e n d  h as  o n ly  been  e x te n s iv e ly  re c o g n iz e d  a t  th e  n o r th e rn  p o r t io n  o f  

th e  Wet M ountains, where th e  F r o n ta l  Zone i s  a l ig n e d  p a r a l l e l  t o  i t .  Wo 

ev id en ce  o f  th e  sense  o f  r e l a t i v e  movement a lo n g  th e  f a u l t s  w i th in  th e  

P recam b rian  ro c k  was found .

Two f a u l t s  t r e n d  W. 30° W. and appea r t o  d ip  from  72 t o  62 d e g re e s  

t o  th e  e a s t .  One o f  th e s e  f a u l t s  c o n tin u e s  so u th  from  W orth Oak C reek  to  

j o i n  th e  F r o n ta l  Zone. I t s  norm al a p p a re n t r e l a t i v e  movement, demon­

s t r a b l e  w ith in  th e  F r o n ta l  Zone, i s  presum ed to  e x i s t  a lo n g  i t s  le n g th .

A s im i la r  sen se  o f  movement i s  p o s s ib le  f o r  th e  o th e r  f a u l t  o f  t h i s  a l i g n ­

m ent, a lth o u g h  no f i e l d  ev id en ce  su p p o rtin g  t h i s  h y p o th e s is  was found .

B oth  o f  th e s e  f a u l t s  ap p ea r t o  be t r u n c a te d  by th e  n o r th - s o u th ,  w e s t-  

d ip p in g  f a u l t s .

I n  a d d i t io n  to  th e  p re v io u s ly  d e s c r ib e d  e a s t - w e s t  en  e c h e lo n  f a u l t s  

t h a t  a re  p r e s e n t  i n  t h i s  r e g io n ,  two m inor p a t t e r n s  o f  deform ed zones a re  

p r e s e n t .  One o f th e s e  t r e n d s  n o r th e a s t  and i s  w e l l  d ev eloped  j u s t  n o r th  

o f  Oak C reek . M ost o f  th e  f a u l t s  o f  t h i s  t r e n d  a p p e a r  t o  d ip  s o u th e a s t  

a t  a p p ro x im a te ly  65 d e g re e s , a lth o u g h  one f a u l t  j u s t  s o u th  o f  M il l  C reek  

shows a  40 d eg ree  d ip  t o  th e  n o rth w e s t. One o f  th e s e  f a u l t s  c u ts  th e  

sed im en ts  o f  th e  F r o n ta l  Zone j u s t  so u th  o f  th e  n o r th e rn  m arg in .

The second t r e n d  i s  conçiosed o f  n o rth w e s t t r e n d in g  f a u l t s .  B ecause 

o f  t h e i r  concordance w ith  th e  f o l i a t i o n ,  v e ry  few w ere t r a c e a b le  f o r  any
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d is ta n c e .  Those t h a t  w ere re c o g n iz e d  were j u s t  w est o f th e  F r o n ta l  Zone.

I t  i s  a lo n g  th e s e  zones t h a t  th e  m afic  igneous b o d ie s  ap p ea r t o  be in tru d e d . 

U su a lly  no ev id en ce  o f  m o v e m en t.a f te r  th e  enrplacem ent o f  th e  t a b u la r  b o d ie s  

was found ; o c c a s io n a l ly ,  how ever, some s l ic k e n s id e d  s u r fa c e s  su g g e s t t h a t  

m inor su b se q u en t movement h a s  ta k e n  p la c e .

The a r e a  o f  N orth  Oak C reek  i s  one o f  s t r u c t u r a l  and p e t ro lo g ic  

co m p lex ity  ( P la t e  l ) .  H ere , a  l o c a l  N. 7 0 °-8 0 ° W. f a u l t  t r e n d  o ccu rs  w hich 

i s  b e l ie v e d  to  t r u n c a te  th e  n o r th - s o u th  a lig n m en t o f  th e  F r o n ta l  Zone. 

C o rro b o ra tio n  o f  t h i s  h y p o th e s is  i s  found  i n  th e  P recam b rian  ro c k s  a lo n g  

N o rth  Oak C reek . A l i t h o l o g i e  d i s c o n t in u i ty  betw een th e  g r a n i t e  o f  Oak 

C reek  and th e  m ig m atite  t o  th e  n o r th  i s  a p p a re n t. T h is  same a r e a  i s  th e  

l o c a l i t y  o f  numerous p e g m a tite  b o d ie s  a s  w e l l  as  th e  o n ly  s iz a b le  verm icu- 

l i t e  e x p o su re s  fo u n d . P y roxene- s c a p o l i t e - sphene ro c k s  a r e  p r e s e n t  i n  th e  

same zone. A lso  w ith in  t h i s  zone, th e  o n ly  m in e r a l i z a t io n  o f  sed im en ta ry  

ro c k s  a lo n g  th e  e a s te r n  m arg in  o c c u rs  where th e  H ard ing  F o rm atio n  has  been  

s i l i c i f i e d .  The tim e  o f  s i l i c i f i c a t i o n  i s  n o t known, b u t i t  i s  o ld e r  th a n  

J u r a s s i c  f o r  th e  M o rriso n  F o rm atio n  i s  n o t m in e ra l iz e d .  A d d i t io n a l ly  th e  

s i l i c i f i c a t i o n  i s  found t o  d e c re a se  in  i n t e n s i t y  n o rth w ard  so t h a t  i t  i s  

n o t  d i s c e r n ib le  400 y a rd s  n o r th  o f  th e  f a u l t  zone.

J u s t  n o r th  o f  C oal C reek , a  s t r i k e  f a u l t  p a r a l l e l  t o  th e  F r o n ta l  

Zone and d ip p in g  n o r th e a s t  from  3^ t o  80 d e g re e s  was mapped (F ig . 1 5 ) . 

E v idence  o f  t h i s  f a u l t  was n o t found  so u th  o f  th e  n o r th e rn  boundary  f a u l t  

o f  th e  c r y s t a l l i n e  b lo c k  s o u th  o f  C oal C reek . T h is  s t r i k e  f a u l t  i s  d e f in e d  

by  a  zone o f  s i l l i m a n i t i c  s c h i s t  t h a t  h as  b een  f r a c t u r e d .  The f a u l t  p la n e  

i s  exposed  i n  a  number o f  p ro s p e c t  p i t s .

Sou th  o f  th e  e a s t - w e s t  f a u l t  i n  t h i s  a r e a ,  a  w e s t-d ip p in g , n o r th -
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t r e n d in g  b r e c c ia  zone i s  p r e s e n t  in  s e c t io n  2J.  T h is  zone i s  50 to  100 

f e e t  i n  w id th  and  i s  w e ll  d is p la y e d  i n  a  v e r t i c a l  mine s h a f t ,  where h e m a tite  

and l im o n ite  m in e r a l i z a t io n  i s  e x te n s iv e .  Movement a lo n g  t h i s  f a u l t  has 

t r u n c a te d  h o rn b le n d e -p la g io c la s e  and b i o t i t e - q u a r t z - p l a g io c l a s e  g n e is s e s .

South  o f  Adobe C reek , th r e e  en  ec h e lo n  f a u l t s  t r e n d  n o rth w e s t-  

s o u th e a s t .  M afic t a b u la r  b o d ie s  have been  in t ru d e d  a lo n g  p o r t io n s  o f  

th e s e  zo n es . Where d ip s  o f  th e  b o d ie s  w ere o b ta in a b le ,  th e y  a re  a p p ro x i­

m a te ly  60 d e g re e s  n o r th e a s t .  No a t t i t u d e s  o f  th e  f a u l t  zones a re  v i s i b l e ,  

a lth o u g h  zones o f  h e m a tite  and lim o n ite  s ta in e d  b r e c c ia  up to  100 f e e t  

i n  w id th  a re  p r e s e n t .  These f a u l t s  ap p e a r t o  o f f s e t  th e  f o ld  axes i n  

t h i s  r e g io n  and one o f  them  e x te n d s  in to  th e  F r o n ta l  Zone, c o in c id in g  w ith  

o v e r tu rn in g  in  th e  sed im en ta ry  beds and  th e  change from  norm al to  r e v e rs e  

a p p a re n t r e l a t i v e  movement a lo n g  th e  F r o n ta l  Zone. Some n o r th e a s t  tr e n d in g  

sh e a r  zones a re  a l s o  p r e s e n t  i n  t h i s  r e g io n ,  a t  p la c e s  c u t t in g  n o rth w e s t 

t r e n d in g  f a u l t s .

South o f  H a rd sc rab b le  C reek , r e s t r i c t e d  n o r th w e s t- s o u th e a s t  and 

e a s t-w e s t  t r e n d in g  deform ed zones w ere re c o g n iz e d . Some e p id o te  m in e ra l iz a ­

t i o n  i s  p r e s e n t ,  w ith  good c a t a c l a s t i c  ev id en ce  v i s i b l e  i n  th i n  s e c t io n .

No l i t h o l o g i e  d isp la c e m e n t was re c o g n iz e d  i n  th e  f i e l d .

W ith th e  e x c e p tio n  o f  m inor zones no ev id en ce  o f  f a u l t i n g  was 

seen  so u th  o f  S ou th  H ard sc rab b le  C reek . T h is  i s  n o t t o  i n f e r  t h a t  no zones 

o f  d e fo rm a tio n  e x i s t ,  b u t  th e  homogeneous l i th o lo g y  w i l l  r e q u ir e  more d e t a i l e d  

work f o r  t h e i r  r e c o g n i t io n .

Summary

The s t r u c t u r a l  r e l a t i o n s  o f  th e  e a s te r n  m arg in  o f  th e  Wet Moun­

t a i n s  ap p e a r t o  p o s se s s  c e r t a i n  g e n e ra l  f e a t u r e s .  A F r o n ta l  Zone o f  com-
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p le x  f a u l t i n g  marks th e  c o n ta c t  betw een  th e  sed im en ta ry  and th e  P recam brian  

ro ck s . The m ajor s t r u c t u r a l  d isp la c e m e n ts  in  th e  a r e a  have o c c u rre d  a lo n g  

t h i s  zone. T h is  F r o n ta l  Zone has a  g e n e ra l  n o r th w e s t- s o u th e a s t  a lig n m e n t, 

a lth o u g h  i t  has  n o r th - s o u th  o r ie n ta te d  segm ents. F a u l t  movement w ith in  

th e  zone i s  b o th  norm al and  r e v e r s e ,  accom panied by t e a r  f a u l t i n g .  T hree 

fa u lt-b o u n d e d  b lo c k s  o f  c r y s t a l l i n e  ro ck s  a th w a r t th e  F r o n ta l  Zone i n t e r ­

r u p t  i t s  t r e n d .  F o ld s  and f a u l t s  a l ig n e d  p a r a l l e l  t o  th e  F r o n ta l  Zone and 

seem ing ly  g e n e t i c a l ly  r e l a t e d  to  i t  a re  p r e s e n t  in  th e  sed im en ta ry  s t r a t a .  

Where asy m m etrica l developm ent o f  th e  fo ld s  i s  p r e s e n t ,  th e  w est lim b o f  

th e  sy n c lin e s  and  th e  e a s t  lim b o f  th e  a n t i c l i n e s  a re  th e  s te e p e r .  Unde­

t e c t e d  f a u l t i n g  co n fin e d  t o  th e  c r y s t a l l i n e  basem ent i s  b e l ie v e d  to  have 

accom panied th e  fo rm a tio n  o f  th e  Babcock a n t i c l i n e .  The s c h i s t o s i t y  and 

f o l i a t i o n  o f  th e  P recam brian  ro ck s  i s  g e n e r a l ly  e a s t - w e s t ,  a lth o u g h  lo c a l l y  

i t  i s  n o r th w e s t- s o u th e a s t ,  p a r a l l e l i n g  th e  F r o n ta l  Zone f o r  some t e n  m ile s .  

L o c a lly  a lo n g  th e  F r o n ta l  Zone and a d ja c e n t to  o th e r  f a u l t s ,  re a lig n m e n t o f  

th e  f o l i a t i o n  has o c c u rre d .

F o ld s  w ith in  th e  m e tased im en ta ry  ro ck s w hich developed  p r i o r  t o  

P recam brian  r e c r y s t a l l i z a t i o n  a re  commonly o r ie n te d  e a s t - w e s t .  These 

g e n e r a l ly  sym m etrica l f o ld s  a re  c h a r a c te r iz e d  by t h e i r  a lig n m en t o f  th e  

f o ld  axes and t h e i r  s te e p  p lunge to  th e  e a s t .  F a u ].tin g  may o r  may n o t be 

a s s o c ia te d  w ith  them . These f o ld s  commonly i n t e r s e c t  th e  F r o n ta l  Zone a t  

a n g le s  o f  from  60 to  90 d e g re e s . An e x c e p tio n  i s  th e  f o ld  a x is  a lig n m en t 

p r e s e n t  j u s t  n o rth w es t o f  Wetmore, w here a  n o r th e a s t - s o u th w e s t  o r i e n t a t i o n  

i s  p redom inan t. I n  th e  same a r e a ,  th e  F r o n ta l  Zone changes d i r e c t i o n  t o  

p a r a l l e l  th e  f o ld  a x e s . The g e n e ra l  p a r a l l e l i s m  o f  th e  f o ld  a x is  and  th e  

o r i e n t a t i o n  o f  th e  p h e n o c ry s ts  w ith in  th e  g r a n i t e  o f  Oak C reek su g g e s ts
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t h a t  d u r in g  th e  p e r io d  o f  P recam b rian  fo ld in g  and  m etam orphism , th e  s t r e s s  

f i e l d  a t t a in e d  g r e a t e r  m agnitudes in  a  g e n e ra l  n o r th - s o u th  d i r e c t i o n ,  r a th e r  

th a n  in  an  e a s t-w e s t  d i r e c t i o n  w hich seems to  have c h a r a c te r iz e d  Laram ide 

d e fo rm a tio n .

Two r e g io n a l  changes in  d i r e c t io n  o f  d ip  o f  th e  s c h i s t o s i t y  a re  

p r e s e n t  w ith in  th e  P recam b rian  ro c k . One o c c u rs  a c ro s s  th e  a x i s  o f  th e  

Grape C reek a n t i c l i n e ,  w hereas th e  o th e r  o ccu rs  in  th e  v i c i n i t y  o f  N o rth  

Oak C reek and p o s s ib ly  i s  a s s o c ia te d  w ith  th e  s y n c lin e  developed  in  t h a t  

a r e a .  A s i g n i f i c a n t  change i n  th e  r e g io n a l  d ip  o f  th e  s c h i s t o s i t y  i s  a l s o  

p r e s e n t  a c ro s s  th e  f o ld  a x is  in  th e  B eu lah  a r e a .  R e s t r i c t e d  f i e l d  work 

p re c lu d e s  a  s ta te m e n t a s  t o  th e  s ig n if ic a n c e  o f  t h i s  a t t i t u d e  change.

Most o f  th e  f a u l t s  o r  deform ed zones p r e s e n t  i n  th e  P recam b rian  

te r r a n e  have c o u n te rp a r ts  in  th e  F r o n ta l  Zone. The f a u l t s  p a r a l l e l  th e  

F r o n ta l  Zone, a l th o u g h  n o t alw ays showing s im i la r  c h a r a c t e r i s t i c s  o f  move­

m ent. N o rth -so u th  t r e n d in g  f a u l t s  a re  w e l l  d ev e lo p ed  a t  th e  n o r th e rn  end 

o f  th e  Wet M oun tains, and a l th o u g h  movement a lo n g  th e  f a u l t s  i s  c o n je c tu r a l ,  

th e y  g e n e r a l ly  d ip  t o  th e  w e s t. T h is  sane a t t i t u d e  i s  p r e s e n t  t o  a  r e s t r i c ­

t e d  d eg ree  a l l  a long  th e  e a s te r n  m arg in . N orthw est t r e n d in g  f a u l t s  a re  

p a r t i c u l a r l y  numerous w here th e  F r o n ta l  Zone h as  a  s im i la r  o r i e n t a t i o n .

M afic in t r u s iv e  b o d ie s  a re  commonly a s s o c ia te d  w ith  th e s e  zo nes . The d ip s  

o b ta in e d  on th e s e  f a u l t s  w ere commonly t o  th e  n o r th e a s t .  E a s t-w e s t z o n es , 

a lth o u g h  p r e s e n t ,  a p p ea r t o  be more d i r e c t l y  a s s o c ia te d  w ith  th e  F r o n ta l  

Zone. Only a  few m inor n o r th e a s t  t r e n d in g  f a u l t s  w ere re c o g n iz e d . Some 

f a u l t s ,  g e n e ra l ly  o f  a n  e a s t -w e s t  o r  N. 80° W. t o  N. 60° W. t r e n d ,  a p p e a r  

to  have developed  p r i o r  to  metamorphism,' u n dergo ing  l a t e r  movements a s  

in d ic a te d  by  d rag  fo ld in g  and m in e ra l assem b lag es  a lo n g  them . These f a u l t s  

a re  o r ie n te d  ro u g h ly  p a r a l l e l  t o  th e  f o ld s  o f  P recam b rian  ag e . The m ost
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r e c e n t  sequences o f  movement a lo n g  th e  F r o n ta l  Zone and  r e l a t e d  f a u l t s  

may be deduced l o c a l l y  b u t  one te m p o ra l p a t t e r n  f o r  th e  e n t i r e  zone i s  

n o t a p p a re n t .  Many f a u l t s  a p p ea r t o  have undergone p e r io d s  o f  movement 

in t e r r u p te d  by  d isp la c e m e n t a lo n g  a d ja c e n t  zones.



STRUCTURAL INTERPRETATION

G en era l S ta tem en t

W ith th e  d e s c r ip t io n  o f  g e o m e tr ic a l r e l a t i o n s  o f  th e  s t r u c t u r a l  

f e a t u r e s ,  th e  b a s ic  q u e s tio n s  p ro p o sed  a t  th e  commencement o f  th e  r e s e a r c h  

m ust be c o n s id e re d . These q u e s tio n s  a r e :  ( l )  I s  th e  t r e n d  o f  th e  moun­

t a i n  ran g e  th e  r e s u l t  o f  c o n t ro l  e x e r te d  by  o ld e r  s t r u c t u r a l  f e a tu r e s  o r 

th e  p ro d u c t o f  a  dom inant Laram ide s t r e s s  system ? ( 2 ) D id o ld e r  s t r u c ­

t u r e s —presum ably  o f  P recam brian  o r  l a t e  P a le o z o ic  a g e —in f lu e n c e  th e  

fo rm a tio n  o f  Laram ide f a u l t s  and th e  a s s o c ia te d  fo ld s ?  ( 3 ) To w hat e x te n t  

d id  th e  c r y s t a l l i n e  ro c k s  o f  P recam b rian  age d i f f e r  from  th e  sed im en ta ry  

ro ck s  in  t h e i r  mode o f  d e fo rm a tio n ?  (4 ) Could any e s t im a t io n  be p la c e d  

upon th e  r e l a t i v e  im portance  o f  v e r t i c a l  and  h o r iz o n ta l  movements in  th e  

fo rm a tio n  o f  th e  t e c to n ic  f e a tu r e s ?  ( 5 ) C ould s t r u c t u r a l  f e a tu r e s  be 

found  t o  su p p o rt th e  c o n te n t io n  o f  M elton  ( 1925 ) ,  Ver Wiebe ( l9 3 0 )  and 

Holmes (1952) o f  l a te - P a le o z o ic  d e fo rm a tio n  in  t h i s  a re a ?

T here i s  good ev id en ce  o f  two w id e ly  s e p a ra te d  p e r io d s  o f  m ajor 

d e fo rm a tio n . The f i r s t  p rece d ed  r e c r y s t a l l i z a t i o n  o f  th e  P recam brian  

ro c k s , p ro d u c in g  th e  fo ld in g  and p o s s ib ly  some f a u l t i n g  o f  th e -.m e ta sed i-  

m en tary  s t r a t a .  The second and m ost r e c e n t  p e r io d  o f  d e fo rm a tio n  p roduced  

th e  F r o n ta l  Zone, m ost o f  th e  s t r u c t u r a l  f e a tu r e s  w i th in  th e  sed im en ta ry  

ro c k s , and some zones o f  f a i l u r e  w i th in  th e  P recam brian  ro c k s . T here i s  

l i t t l e  d i r e c t  ev id en ce  o f  an  in te rm e d ia te  tim e o f  d e fo rm a tio n . Some
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f a i l u r e  zones g iv e  ev id en ce  o f  o r ig in a t in g  d u rin g  th e  e a r l i e s t  p e r io d  o f 

d e fo rm a tio n  and undergo ing  movements d u rin g  th e  l a t e s t .  In d e e d , p o s s ib ly  

th e  m ost s ig n i f i c a n t  c o n c lu s io n  to  be drawn from  th e  d e s c r ip t iv e  work i s  

th e  r e c o g n i t io n  t h a t  f a i l u r e  zones o r ig in a te d  a t  v a r io u s  tim es  in  th e  

s t r u c t u r a l  e v o lu tio n  o f  th e  Wet M ountains. These p e r s i s t e d  a s  l o c i  o f  

i n te r r u p te d  and spasm odic movement w hich may have o c c u rre d  u n d er s t r e s s  

c o n d itio n s  much d i f f e r e n t  from  t h a t  o f t h e i r  fo rm a tio n . Any h y p o th e s is  

fo rm u la te d  to  e x p la in  th e  g e o m e tr ic a l r e l a t io n s h ip s  r e s u l t i n g  from  th e  

l a t e s t  movements a lo n g  th e s e  f a u l t  zones m ust be d ev e lo p ed  w ith  th e  aw are­

n ess  t h a t  one s t r e s s  f i e l d  d id  n o t produce a l l  o f  th e  f a i l u r e  zones in  th e  

a r e a .  Thus, th e  p re sen ÿ  d e fo rm a tio n  i s  n o t a  f u n c t io n  o f  c o n d i t io n s  o f  

s t a t e  b u t  g r e a t ly  dependent upon th e  s t r u c t u r a l  h i s to r y  o f  th e  a r e a .

The developm ent o f  th e  Wet M ountains and th e  F r o n ta l  Zone a re  

g e n e ra l ly  b e l ie v e d  to  be o f  Laram ide o r ig in  (Burbank and  G oddard, 1937; 

B oyer, 1962; and o th e r s ) .

The s im p lify in g  assu m p tio n  i s  made in  th e  i n t e r p r e t a t i o n  o f  th e  

s t r u c t u r a l  f e a tu r e s  t h a t  th e  mapped g e o m e tr ic a l r e l a t i o n s  may be u sed  to  

d e te rm in e  a  tem p o ra l sequence o f  th e  l a t e s t  movements. The sequence o f  

movements a re  th e n  presum ed to  be c o r r e l a t i v e  w ith  th e  sequence o f  f a u l t  

fo rm a tio n . An assessm en t o f  th e  f a c t o r s  g o v ern in g  th e  g e n e s is  o f  th e  

f a u l t s  may be a tte m p te d  on th e s e  a s s u n p tio n s .

P recam brian  S t r u c t u r a l  F e a tu re s  

As have been  t r e a t e d  in  d e t a i l ,  th e  f o ld s  and some f a u l t s  w i th in  

th e  P recam brian  ro ck s  a re  d e f i n i t e l y  o f  P recam brian  a g e . The d e m o n s tra tio n  

o f  f a u l t s  o f  t h i s  age i s  b e l ie v e d  to  be  one o f  th e  m ajo r c o n t r ib u t io n s  o f  

t h i s  r e s e a rc h .  The r e c o g n i t io n  o f  th e s e  f a u l t s ,  t h e i r  p e r s i s te n c e  th ro u g h
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th e  c o n d itio n s  o f  metamorphism—600°C to  JOO^C and w a te r  p r e s s u re s  o f  

ap p ro x im a te ly  3 ,500  b a r s —and t h e i r  r e c u r r e n t  movements d u r in g  Laram ide 

e v e n ts ,  i s  s i g n i f i c a n t  n o t o n ly  to  th e  r e g io n a l  s t r u c t u r a l  h i s t o r y ,  b u t 

a l s o  a s  a  r e f l e c t i o n  o f  th e  m ech an ica l p r o p e r t i e s  o f  ro ck s  u nder g e o lo g ic  

c o n d i t io n s . .

The in t e r la y e r e d  sed im en ta ry  and  igneous sequence p resum ab ly  

underw ent r e g io n a l  t i l t i n g  p r i o r  t o ,  o r  contem poraneous w ith ,  fo ld in g .

The g e n e ra l  e a s t-w e s t  a lig n m en t o f  th e  f o ld  a x is  s u g g e s ts  a  s t r e s s  f i e l d  

in  w hich th e  t r a j e c t o r y  o f  th e  maximum p r in c i p a l  s t r e s s  was o r ie n ta te d  

in  a  g e n e ra l  n o r th - s o u th  d i r e c t i o n .  The f o ld s  a re  g e n e r a l ly  sy m m etrica l, 

p o s s ib ly  r e f l e c t i n g  a  u n ifo rm  s t r e s s  g r a d ie n t .  The e a s tw a rd  p lunge  o f  

many o f th e  fo ld s  may r e f l e c t  r e g io n a l  t i l t i n g  a f t e r  th e  fo rm a tio n  o f  

th e  f o ld  o r  be a  p ro d u c t o f  th e  o r ig i n a l  s t r e s s  c o n d i t io n s .

F a i lu r e  s u r fa c e s  developed  e s s e n t i a l l y  p a r a l l e l  t o  th e  t r e n d  o f  

th e  f o ld  a x e s , b u t  th e  d isp la cem e n t i s  d i f f i c u l t  t o  a s s e s s .  The o r i e n t a ­

t i o n  o f  th e  d rag  fo ld s  a lo n g  some o f  th e  zones s u g g e s ts  some h o r iz o n ta l  

movements a s  th e  f a u l t s  a r e  p r e s e n t ly  o r ie n t a te d .  The o r i e n t a t i o n  o f  th e  

f a u l t  p la n e  a t  th e  tim e o f  movement i s  n o t p r e d ic ta b le  on th e  p r e s e n t  

e v id e n c e . A number o f s t r i k e  f a u l t s ,  many o f  w hich seem t o  be b ed d in g - 

p la n e  f a u l t s ,  in  th e  b i o t i t e - q u a r t z - p l a g io c l a s e  and  s i l l i m a n i t i c  g n e is s e s  

in d ic a te  t h a t  p r e f e r e n t i a l  f a i l u r e  may- have o c c u rre d  a lo n g  th e s e  zones, 

p o s s ib ly  r e f l e c t i n g  an o r i g i n a l  c o m p o s itio n a l a n is o tro p y .

A s u g g e s tio n  o f  some n o r th w e s t- s o u th e a s t  f e a tu r e s  in  th e  v i c i n i t y  

o f  th e  Laram ide F r o n ta l  Zone i s  ev id en ced  by  l o c a l  changes i n  s c h i s t o s i t y  

and f o l i a t i o n .  E v idence i s  n o t s u f f i c i e n t  t o  draw any  e x te n s iv e  c o n c lu s io n s .
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P a le o z o ic  (? )  S t r u c t u r a l  F e a tu re s

In c o n c lu s iv e  ev id en ce  o f  p o s s ib le  s t r u c t u r a l  f e a tu r e s  a s c r ib a b le  

to  th e  p o s tu la te d  P en n sy lv an ian  t e c to n ic  e v e n ts  (M elton , 1925j Ver W iebe, 

1930) a lo n g  th e  e a s te r n  m arg in  i s  p r e s e n t .  One p o s s ib le  e v e n t t h a t  may 

be o f  P a le o z o ic  age c o u ld  be t i l t i n g  o f  th e  c r y s t a l l i n e  ro ck s  so u th  o f 

th e  e a s t - w e s t  f a u l t  i n  th e  a r e a  o f  Oak C reek , T h is  movement cou ld  have 

p roduced  th e  change in  d ip  o f  th e  s c h i s t o s i t y  o b se rv ed  in  th e  a r e a ,  e l e ­

v a t in g  th e  b lo c k  so t h a t  th e  low er P a le o z o ic  fo rm a tio n s  were e ro d ed  as  

e v id en ced  by M orrison  and P en n sy lv an ian  F o u n ta in  bed s  in  d e p o s i t io n a l  con­

t a c t  upon th e  P recam b rian  ro c k s . D e ta i le d  f i e l d  w ork and la b o ra to r y  s tu d ie s  

c o u ld  e s t a b l i s h  e i t h e r  a  P a le o z o ic  o r  P recam b rian  age f o r  th e  d isp la c e m e n t.

M ention  sh o u ld  be made o f  a  sm a ll f o ld  j u s t  so u th  o f  th e  A rkansas 

R iv e r  d e s c r ib e d  in  I 962 (Logan, p . h j ) .  T h is  recum bent i s o c l i n a l  s y n c lin e  

in v o lv e s  f o ld in g  o f  th e  c r y s t a l l i n e  ro c k  j u s t  so u th  o f  th e  A rkansas R iv e r 

and w est o f  Grape C reek . D e sp ite  th e  invo lvem en t o f  g r a n o d io r i te  g n e is s  

in  th e  f o ld ,  no e x p re s s io n  o f  th e  f o ld  i s  seen  in  b ed s  younger th a n  Ordo­

v ic ia n  ag e . T h is  f e a tu r e  may be o f  P a le o z o ic  ag e .

Sequence o f  Laram ide and P ost-L aram ide  
S t r u c t u r a l  Movements

A lthough  no c o n c lu s iv e  sequence o f  e v e n ts  may be deduced f o r  th e  

L aram ide d e fo rm a tio n  o f  th e  e n t i r e  e a s te r n  m arg in , c e r t a i n  g e n e r a l iz a t io n s  

seem to  be p r e s e n t .  The e a r l i e s t  d e fo rm a tio n a l e v e n ts  seem to  have been  

movements a lo n g  th e  n o r th - s o u th  t r e n d in g  F r o n ta l  Zone f a u l t s  o f  th e  M ill  

C reek  and Oak C reek a r e a s .  The norm al f a u l t s  o f  t h i s  a re a  seem to  have 

undergone movement f i r s t .  I n  th e  v i c i n i t y  o f  M ill  C reek , th e y  w ere o v e r­

r id d e n  by th e  h ig h  a n g le  r e v e r s e  f a u l t .



201
S ubsequent t o  th e  r e l i e f  o f  s t r e s s  a lo n g  t h i s  n o r th - s o u th  seg ­

ment o f  th e  F r o n ta l  Zone, movements a lo n g  th e  n o r th w e s t- s o u th e a s t  p o r t io n  

a re  b e l ie v e d  to  have o c c u rre d . Normal movements dom inated th e  F r o n ta l  

Zone f a u l t s  from  C oal C reek  so u th  to  Wetmore. An a s p e c t  o f  re v e rs e  move­

ment c h a r a c te r iz e s  th e  F r o n ta l  Zone so u th  o f  t h i s  tow n. B oth norm al and 

r e v e r s e  movements seem t o  have o c c u rre d  s im u lta n e o u s ly  a s  ev id en ced  by th e  

co n tig u o u s  n a tu re  o f  th e  F r o n ta l  Zone f a u l t s  in  th e  v i c i n i t y  o f  W atson 

G ulch .

F o llo w in g  th e  i n i t i a t i o n  o f  th e  dom inan tly  v e r t i c a l  d isp la c e m e n ts  

a lo n g  th e  n o r th - s o u th  and  n o r th w e s t- s o u th e a s t  f a u l t s ,  a  system  o f  e a s t -  

w est and n o r th e a s t - s o u th w e s t  f a u l t s  c u t t in g  th e  F r o n ta l  Zone developed . 

Some o f  th e s e ,  a s  in  th e  C oal C reek and N o rth  Oak C reek  a r e a s ,  a p p a re n tly  

to o k  p a r t  in  th e  e a r ly  v e r t i c a l  movements, p la y in g  s ig n i f i c a n t  r o le s  in  

th e  u p l i f t  o f  th e  c r y s t a l l i n e  m ass. O th e rs , such as  th e  t e a r  f a u l t s  in  

th e  v i c i n i t y  o f  S ou th  H ard sc rab b le  C reek , Oak C reek and  a lo n g  th e  n o r th e rn  

m arg in , seem to  have accom panied h o r iz o n ta l  cong)onents o f  movement a t  a  

l a t e r  t im e .

D i f f e r e n t i a l  movement a lo n g  th e  F r o n ta l  Zone i s  th o u g h t to  have 

c r e a te d  secondary  s t r e s s  c o n d it io n s  r e s u l t i n g  in  developm ent o f  f o ld s  

p a r a l l e l  t o  th e  F r o n ta l  Zone. The Babcock a n t i c l i n e  i s  a l s o  p o s tu la te d  

to  have o r ig in a te d  a t  ab o u t t h i s  tim e , e i t h e r  by  fo ld in g  o r  f a u l t i n g  o f  

th e  basem ent.

The B eulah a n t i c l i n e  and most o f  th e  f a u l t i n g  a s s o c ia te d  w ith  

t h i s  s t r u c tu r e  a re  p o s tu la te d  to  have a l s o  o r ig in a te d  a t  t h i s  tim e . The 

a s s o c ia t io n  o f  th e  ax es  o f  th e  B eulah  a n t i c l i n e  developed  i n  th e  s e d i ­

m entary  s t r a t a  and an  a n t i c l i n e  has been  n o te d  in  th e  c r y s t a l l i n e  ro c k s . 

The B eulah  a n t i c l i n e  may have developed  from  f a i l u r e  a lo n g  th e  c r y s t a l l i n e
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f o ld  from  Laram ide s t r e s s  c o n d i t io n s ,  a c c o u n tin g  f o r  th e  c lo s e  c o ïn c i ­

d en te  o f  th e  a x i a l  t r a c e s .  Under t h i s  h y p o th e s is ,  sed im en ta ry  and c ry s -
I

t a l l i n e  ro ck s  would have y ie ld e d  i n  a  s im i la r  m anner. The a u th o r  b e l ie v e s  

t h a t  th e  a n t i c l i n e  in  th e  c r y s t a l l i n e  ro c k s , a lth o u g h  p ro v id in g  an a n is o ­

t r o p i c  c h a r a c te r  t o  th e  b a s e m e n t,-d id  n o t  d i r e c t l y  in f lu e n c e  th e  d e v e lo p ­

ment o f  th e  B eulah a n t i c l i n e .  No c o n c lu s iv e  ev id en ce  o f  c r y s t a l l i n e  ro ck  

deform ing by fo ld in g  u n d er Laram ide c o n d itio n s  i s  p r e s e n t  in  th e  a r e a  

in v e s t ig a te d .  I t  i s  p o s tu la te d  t h a t  e le v a t io n  o f  th e  c r y s t a l l i n e  b lo c k  • 

i n  th e  Babcock a n t i c l i n e  t o  th e  n o r th  and  o f  th e  Wet M ountains to  th e  

so u th  and w es t a l t e r e d  th e  r e g io n a l  s t r e s s  c o n d it io n s  t o  p roduce fo ld in g  

o f  th e  sed im en ta ry  ro c k s  a c ro s s  th e  e a s t -w e s t  B eu lah  a n t i c l i n e  a x is  and 

f a u l t i n g  o f  b o th  th e  sed im en ta ry  and c r y s t a l l i n e  ro c k s .

The g r a v i ty  s l i d e  i n  th e  South  H ard sc rab b le  C reek  a re a  seems to  

be th e  m ost r e c e n t  t e c to n ic  e v e n t, p ro b a b ly  o c c u r r in g  a f t e r  th e  p r e s e n t  

e l e v a t io n  was a c h ie v e d  and  e ro s io n  removed th e  o v e r ly in g  sequence o f  ro c k s .

T h is  g e n e ra l  p ic tu r e  o f  th e  l a t e s t  t e c to n ic  movements ap p ea rs  

to  be g e n e ra l ly  c o n s i s te n t  a lo n g  th e  n o r th e rn  and e a s te r n  m arg in s . C e r ta in  

a re a s  show a d d i t io n a l  f e a t u r e s ,  th e  most s i g n i f i c a n t  o f  w hich o ccu rs  in  

th e  t r a n s v e r s e  b lo c k  c u t t i n g  th e  F r o n ta l  Zone so u th  o f  C oal C reek . H ere , 

a p p a re n tly  th e  e a s t -w e s t  f a u l t  i n i t i a l l y  d ev e lo p ed , w ith  l a t e r  movements 

o c c u r r in g  a lo n g  th e  n o r th e a s t - s o u th w e s t  f a u l t  bound ing  th e  n o rth w e s t s id e  

o f  th e  b lo c k . S ig n i f i c a n t  movement a lo n g  t h i s  f a u l t  i s  ev id en ced  by 

t r u n c a t io n  o f  th e  P recam b rian  s t r a t a ,  b u t  M o rriso n  ex p o su re s  o f  J u r a s s ic  

age on b o th  s id e s  o f  th e  f a u l t  a t  ap p ro x im a te ly  th e  same e l e v a t i o n .in d ic a te  

t h a t  th e  movement, i f  p red o m in an tly  v e r t i c a l ,  m ust have o c c u rre d  p r i o r  t o  

M o rriso n  tim e , p ro b a b ly  d u r in g  e i t h e r  P recam b rian  o r  P a le o z o ic  t im e s . I f
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th e  movements w ere d o n in a n tly  h o r iz o n ta l ,  th e y  may have o c c u rre d  l a t e r .  

Laram ide movements w hich o c c u rre d  p re d o m in a n tly  a lo n g  th e  n o r th w e s t- s o u th e a s t  

F r o n ta l  Zone f a u l t s  a p p a re n t ly  e le v a te d  th e  b lo c k  a s  p a r t  o f  th e  c r y s t a l ­

l i n e  mass w est o f  th e  F r o n ta l  Zone. Some h o r iz o n ta l  d isp la c e m e n t t o  th e  

e a s t  p roduced  o v e r tu rn e d  beds and f a u l t s  so u th  o f  th e  b lo c k .

I n  th e  d is c u s s io n  o f  Laram ide movements and in  th e  d e s c r ip t io n  o f  

th e  s t r u c t u r a l  f e a t u r e s ,  m en tion  h as  been  made o f  f a u l t s  t h a t  a p p e a r to  

p re d a te  th o s e  t h a t  o r ig in a te d  d u r in g  Laram ide d e fo rm a tio n . The w r i t e r  

f e e l s  t h a t  a  c lo s e r  c o n s id e r a t io n  o f  t h i s  c o n te n tio n  i s  n e c e s s a ry . A long 

th e  Wet M ountain F a u l t  o f  th e  n o r th e rn  m argin  and a lo n g  some o f  th e  en 

e c h e lo n  f a u l t s  in  t h a t  a r e a ,  s i l l i m a n i t i c  s c h i s t s  and  g n e is s e s  a r e  w e ll  

d ev e lo p ed . A long th e  same f a u l t s  and in  th e  a re a  o f  W orth Oak C reek , 

sm a ll ex p o su res  o f  b i o t i t e  s c h i s t  a re  p r e s e n t .  I n  th e s e  a r e a s ,  sh a rp  

chevron  d rag  fo ld s  (g , P la t e  IV) a re  d ev e lo p ed  a lo n g  e x i s t i n g  zones o f 

d e fo rm a tio n . The d rag  fo ld s  a r e  c l e a r l y  r e l a t e d  t o  movements a lo n g  th e  

f a u l t  and  d e c re a se  i n  abundance away from  th e  c e n te r  o f  th e  zone. Toward 

th e  c e n te r  o f  th e  zone, th e  fo ld s  have been  f r a c tu r e d  and deform ed. M icro­

sc o p ic  ex am in a tio n  o f  th e  d rag  f o ld s  in d i c a te s  t h a t  r e c r y s t a l l i z a t i o n  

o c c u rre d  a f t e r  th e  fo ld in g  (b , c ,  P la te  V). The l a t e s t  r e c r y s t a l l i z a t i o n  

t h a t  h a s  been  d e te rm in e d  w ith in  th e  a r e a  i s  1250 m i l l i o n  y e a rs  o ld .  The 

s i l l i m a n i t i c  g n e is s e s  and s c h i s t s  have n o t b een  d a t e d , . b u t  t h e i r  tim e  o f  

r e c r y s t a l l i z a t i o n  i s  b e l ie v e d  to  b e  contem poraneous w ith  th e  r e g io n a l  

e v e n t a s  no r e tro g ra d e  e f f e c t s  a r e  v i s i b l e .  These same f a u l t s  c u t  s e d i ­

m ents w hich sh o u ld  have been  s im i la r l y  a f f e c t e d  i f  d ra g  fo ld in g  and  r e c r y s ­

t a l l i z a t i o n  h as  occ’i r r e d  s in c e  P recam brian  t im e . A lth o u g h  many o f  th e  

s t r a t a  a re  p red o m in an tly  s h a le ,  no ev id en ce  o f  d ra g  fo ld in g  o r  r e c o n s t i t u -
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t i o n  h a s  been  fo im d . L o ca l s i l i c i f i c a t i o n  o f  th e  sed im en ts  i s  th e  on ly  

ev id en ce  o f  t h e i r  a l t e r a t i o n .  O th er f a u l t  zones have p y ro x e n e - s c a p o l i te - 

k y a n i te  a s s o c ia te d  w ith  them . On th e  b a s i s  o f  p e t rq g e n e t ic  c o n s id e ra t io n s  

p r e v io u s ly  o u t l in e d ,  th e  zones a r e  a l s o  b e l ie v e d  t o  p r e d a te  th e  r e c r y s t a l ­

l i z a t i o n .  No c o n te n t io n  i s  made t h a t  a l l  f a u l t s  o c c u r r in g  a lo n g  zones o f 

s i l l i m a n i t i c  g n e is s e s  and s c h i s t s  a re  o f  P recam brian  ag e , o n ly  th o s e  where 

r e c r y s t a l l i z a t i o n  can  be shown t o  fo llo w  fo ld in g  o r  o th e r  ev id en ce  o f  

movement and to  p reced e  sed im ent d e p o s i t io n .  E v idence i s  a l s o  p r e s e n t  

t h a t  th e  f r a c t u r e s  a lo n g  w hich th e  m afic  d ik e s  have b een  in t ru d e d  p re d a te  

th e s e  in t r u s i o n s .  The in t r u s i v e s  have n o t b een  d a te d  b u t  t h e i r  c o n f in e ­

ment t o  P recam b rian  ro ck s  i s  su g g e s tiv e  t h a t  a t  l e a s t  some o f  th e s e  f a u l t s  

may be P recam b rian  in  a g e . F o r th e s e  re a s o n s , i t  i s  p o s tu la te d  t h a t  many 

o f  th e  f a u l t s  t r e n d in g  from  N. 80° ¥ .  t o  N. 60° W. o r ig i n a te d  d u rin g  P re ­

cam brian  tim e s  and have p e r s i s t e d  th ro u g h  r e c r y s t a l l i z a t i o n  o f  th e  m eta­

se d im e n ts , p a r t i c i p a t i n g  i n  Laram ide movements. These f a u l t s  and th e  

a s s o c ia te d  f o ld s  w hich t r e n d  e a s t-w e s t  form  a  p a t t e r n  w hich i s  s e p a ra b le  

from  th e  n o r th - s o u th  and n o r th w e s t- s o u th e a s t  o r i e n t a t i o n  o f  th e  F r o n ta l  

Zone and f e a tu r e s  w ith in  th e  sed im en ta ry  s t r a t a .  T i l t i n g  o f  th e  Precam ­

b r i a n  s t r a t a  and f o ld in g  in  re sp o n se  t o  a  n o r th - s o u th  s t r e s s  f i e l d  i s  

in d ic a te d ' by th e  f i e l d  r e l a t i o n s .

C o n d itio n s  o f  Laram ide D eform ation  

The d is c r im in a t io n  betw een s t r u c t u r a l  f e a tu r e s  o f  P recam b rian  

o r ig i n  and th e  e v e n ts  o f  Laram ide age has  b een  made. A d d i t io n a l ly ,  a  

f i r s t  a p p ro x im a tio n  o f th e  sequence o f  th e  l a t e s t  movements, Laram ide o r  

p o s t-L a ra m id e  in  a g e , has  b een  a t te m p te d . I t  i s  b e l ie v e d  t h a t  a d d i t io n a l  

in s ig h t  in to  Laram ide e v e n ts  w i l l  be  o b ta in e d  th ro u g h  c o n s id e r a t io n  o f
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a  siinp le s t r e s s  a n a ly s i s .

The g e n e ra l p ro ced u re  w i l l  he  to  c o n s tru c t  a  two d im en sio n a l 

model o f  th e  s t r e s s  v a r i a t i o n  a c ro s s  an  a r e a ,  b a se d  upon assumed s t r e s s  

c o n d i t io n s  a lo n g  th e  base  o f  th e  m odel. From th e  d e te rm in ed  s t r e s s  c o n d i­

t i o n ,  p o t e n t i a l  f a i l u r e  s u r fa c e s  may be p r e d ic te d .  A com parison o f  th e  

m odel and  th e  f i e l d  c o n d itio n s  i s  made. J t  shou ld  be  reco g n ized  t h a t  th e  

model s e le c te d  i s  o n ly  one o f  a  number o f  p o s s ib le  m odels. The one used  

i s  th o u g h t to  e x p la in  in  th e  s im p l ie s t  manner th e  r e l a t i o n s  d e f in e d  from  

th e  f i e l d  and la b o ra to ry  work.

H afner ( 1951 ) ,  J a e g e r  ( l9 5 9 ) ,  N adai (1963 ) ,  and  o th e rs  have 

su g g e s te d  t h a t  sim ple two d im en sio n a l s t r e s s  a n a ly s is  o f  c e r t a i n  g e o lo g ic  

problem s may be accom plished  by th e  a p p l ic a t io n  o f  th e  b iharm onic  e q u a tio n :

I» Ù -  • > i f -  ■<'
Assum ing a  c o n d it io n  o f  i s o t r o p i c ,  homogeneous, and co n tin u o u s  m edia 

undergo ing  e l a s t i c  b e h a v io r , th e  b iharm onic  e q u a tio n  may be developed  in  

te rm s o f  a  p o t e n t i a l  f u n c t io n ,  ^  , more commonly te rm ed  th e  s t r e s s  fu n c ­

t i o n .  S e le c t io n  o f  a  s t r e s s  fu n c t io n ,  c h a r a c te r iz in g  th e  d e s ir e d  s t r e s s  

c o n f ig u ra t io n ,  w hich a l s o  s a t i s f i e s  th e  d e s i r e d  boundary  c o n d itio n s  and 

p e rm its  th e  norm al s t r e s s  in  th e  x and y  d i r e c t i o n s ,  and (5^ , th e  

sh e a r  s t r e s s , " 2 ^ ,  to  be d e f in e d  by:

■> '̂ *1 =  -

p e rm its  th e  s t a t e  o f  s t r e s s  f o r  g iv e n  s e t  boundary  c o n d i t io n s  t o  be 

d e f in e d  in  te rm s o f  th e  p r in c i p a l  s t r e s s e s .  The d i r e c t i o n  o f  th e  s t r e s s  

t r a j e c t o r i e s  a r e  g iv en  by:
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(7) T an  2 ^ =

The m agn itudes  o f  th e  p r in c i p a l  and s h e a r in g  s t r e s s  a t  any p o in t  may be 

found by:

( 3 ,  <5 =

T .« = i   ̂( ^ /  + r.5  ̂
where ^  and ^  r e p r e s e n t  th e  maximum and minimum p r i n c i p a l  s t r e s s e s  

r e s p e c t iv e ly ,  and  vC, th e  an g le  betw een th e  p o s i t i v e  d i r e c t i o n  o f  th e  x 

a x is  and  th e  norm al to  th e  t r a j e c t o r y  s u r fa c e  m easured i n  a  c o u n te rc lo c k ­

w ise  d i r e c t i o n .  Such a  p ro c e d u re  i s  o u t l in e d  by H afner ( l9 5 l )  and w i l l  

n o t be  re p e a te d  h e re .  Once th e  t r a j e c t o r i e s  o f th e  p r i n c i p a l  s t r e s s e s  

a re  d e te rm in e d  from  th e  b a s ic  e q u a tio n s  o f e l a s t i c i t y  and th e  d i s t r i b u t i o n  

o f  th e  s t r e s s  m agn itudes a re  p l o t t e d ,  th e  s t a t e  o f  s t r e s s  f o r  th e  model 

i s  known. T h is  in fo rm a tio n  may th e n  be co u p led  w ith  a  f a i l u r e  c r i t e r i o n  

to  p r e d i c t  th e  p o t e n t i a l  p la n e s  o f f a i l u r e . The Mohr-Coulomb c r i t e r i o n  

w i l l  be u t i l i z e d  h e r e ,  where th e  a n g le  betw een  th e  maximum p r in c i p a l  s t r e s s  

d i r e c t i o n  and th e  p o t e n t i a l  f a u l t  s u r fa c e  i s  ap p ro x im a te ly  30 d e g re e s .

The Wet M oun tains, b e in g  one o f a  s e r i e s  o f  c r u s t a l  b lo c k s  showûng 

d i f f e r e n t i a l  v e r t i c a l  movements, c o u ld  be c h a r a c te r iz e d  by a  s t r e s s  fu n c ­

t i o n  showing a  s in u s o id a l  p a t t e r n  o f  v e r t i c a l  s t r e s s  com ponents a c t in g  

a lo n g  th e  b o tto m  o f  th e  m odel. The r e g io n a l  t e c to n ic  ev id en ce  o f  s o u th -  

c e n t r a l  C olorado  su g g e s ts  t h a t  th e  amount o f  d i f f e r e n t i a l  v e r t ic a l ,m o v e ­

ment d e c re a s e s  a b r u p t ly  e a s t  o f  th e  Wet M ou n ta in s . . A v e r t i c a l  d e v ia to r ic  

s t r e s s  d i s t r i b u t i o n  cu rve  s im u la te d  by a  dampening s in e  cu rve  i n  th e  h o r i ­

z o n ta l  d i r e c t i o n  w ould be one o f  many p o s s ib le  m odels f o r  in v e s t ig a t io n .
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A s t r e s s  f u n c t io n  o f  t h i s  form  i s :

(9 )  ^  =  e  s i n

where A i s  th e  wave le n g th  i n  th e  h o r iz o n ta l  d i r e c t i o n  and "a" i s  a

c o n s ta n t ,  th e  v a lu e  o f  w hich d e te rm in e s  th e  r a t e  o f  dam pening in  th e  

h o r iz o n ta l  d i r e c t i o n .  A lthough  th e  model c lo s e ly  s im W ates  c o n d i t io n s  o f  

th e  Wet M oun tains, th e  s o lu t io n  o f  t h i s  model i s  m a th e m a tic a lly  com plex 

and  th e  r e s u l t s  a re  n o t c o n s id e ra b ly  d i f f e r e n t  from  th o s e  a l r e a d y  p u b lis h e d .

A s im p le r  c o n d i t io n  r e p r e s e n t in g  a  s e r i e s  o f  u p l i f t e d  and  d e p re s se d

c r u s t a l  b lo c k s  i s  r e p re s e n te d  by  a  s t r e s s  fu n c t io n  o f  th e  form :

(ï-0) (j) =  S ih  f

w here A has th e  same m eaning a s  in  e q u a t io n  ( 9 ) .  The s u b s t i t u t i o n  o f  th e  

f u n c t io n  in t o  th e  b ih a rm o n ic  e q u a t io n  t o  d e f in e  f ( y )  and th e  su bsequen t 

s o lu t io n  fo r^ J c  > , a n d % ^  to  p roduce  th e  r e s u l t i n g  s t r e s s  t r a j e c t o r i e s

h as  b een  o u t l in e d  by  H afner ( l9 5 1 , p .  389 )* The g e n e ra l  e q u a t io n s  ta k e  th e  

form :

^  *  - A  Sin

w here A and B r e p r e s e n t  th e  maximum d e v ia to r i c  s t r e s s  com ponents i n , t h e  

v e r t i c a l  d i r e c t i o n  a c t in g  a lo n g  th e  bo tto m  o f  th e  b lo c k  and  th e  ma-x-lmum 

s h e a r in g  s t r e s s  a c t in g  on th e  bo ttom  o f  th e  b lo c k , r e s p e c t iv e l y .  Of im por­

ta n c e  h e re  i s  th e  r e s u l t i n g  s t r e s s  d i s t r i b u t i o n  d iag ram  and  th e  assum ed 

p la n e s  o f  p o t e n t i a l  f a i l u r e .  O nly a  h a lf-w av e  le n g th  s im u la tin g  th e  e a s te r n  

m arg in  o f  th e  Wet M ountains i s  shown in  F ig u re  I 9 . I n  t h i s  a n a l y s i s ,  th e
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s t r e s s e s  a lo n g  th e  bo ttom  o f  th e  b lo c k  a r e  shown where th e  maximum v e r t i ­

c a l  d e v ia to r ic  s t r e s s .  A, i s  ta k e n  e q u a l to  tw ic e  th e  maximum sh e a r  s t r e s s ,  

B, a lo n g  th e  bo ttom  o f  th e  b lo c k . T h e ir  h o r iz o n ta l  s t r e s s  component f ( y )  

i s  found  t o  v a ry  h y p e r b o l ic a l ly  in  th e  v e r t i c a l  d i r e c t i o n .  The d ep th  o f  

th e  b lo c k  i s  ta k e n  to  be 10 m ile s  and th e  wave le n g th  o f  s t r e s s  d i s t r i b u ­

t i o n  6 1 .5  m i le s .  I f  we assume a  com plete developm ent o f  th e  sed im en ta ry  

s e c t io n  and an  e q u a l th ic k n e s s  o f  P recam b rian  ro c k s  and erode  i t ,  we have 

removed a b o u t th e  upper two m ile s .  Such an  e ro s io n  s u r fa c e  i s  d e p ic te d  

on th e  b lo c k .

Of s ig n i f ic a n c e  to  th e  d is c u s s io n  h e re  i s  th e  n a tu re  o f  p o t e n t i a l  

f a u l t  s u r f a c e s  i n  th e  v i c i n i t y  o f  l8 0 ° ,  w hich w ould c o rre sp o n d  t o  th e  

change a c ro s s  th e  F r o n ta l  Zone o f  th e  Wet M oun ta in s. Two f e a tu r e s  a re  

i n i t i a l l y  a p p a re n t.  H igh an g le  norm al f a u l t s  dom inate th e  p o s i t i v e  p o r ­

t i o n  o f  th e  v e r t i c a l  s t r e s s  d i s t r i b u t i o n ,  o r  t h a t  p o r t io n  c o rre sp o n d in g  

t o  th e  c e n t r a l  p o r t io n  o f th e  Wet M oun tains. To th e  e a s t  th e  p o t e n t i a l  

f a u l t  s u r f a c e s  s te e p e n  and su b se q u e n tly  o v e r tu rn  so a s  to  d ip  w est a t  th e  

s u r f a c e .  Here th e y  show re v e r s e  a p p a re n t r e l a t i v e  movement. I n  th e  a re a  

c o rre sp o n d in g  t o  th e  F r o n ta l  Zone, i t  would be t h e o r e t i c a l l y  p o s s ib le  f o r  

b o th  norm al and re v e r s e  f a u l t s  to  have been  p ro d u ced  from  th e  same s t r e s s  

f i e l d .  Thus, two tim e s  o f  f a u l t  g e n e s is  need n o t be  p o s tu la te d  f o r  such 

a r e a s  a s  t h a t  betw een M il l  and N o rth  Oak c re e k s ,  o n ly  d i f f e r e n t  tim e s  o f  

movement. F u r th e r ,  i t  can  be seen  t h a t  e r o s io n  may w e l l  expose f a u l t s  t h a t  

show b o th  norm al and re v e r s e  movements a lo n g  t h e i r  le n g th .  Such i s  th e  • 

c o n d i t io n  so u th  o f  W atson G ulch w here th e  change from  norm al t o  r e v e r s e  

movement has  b een  d e s c r ib e d . One method o f  acc o m p lish in g  t h i s  n o r th - s o u th  

change would be f o r  th e  s t r e s s  f i e l d  a s  p o r tr a y e d  h e re  to  be  s i t u a t e d  so



 i -
( a )

F r o n t a l
Z o n e

T f a c e

Jo,

( b )

( o )

( b )

t r a j e c t o r i e s  o f  m i n i m u m  s t r e s s  
t r a j e c t o r i e s  o f  m a x i m u m  s t r e s s

p o s i t i o n  o f  p o t e n t i a l  f a u l t  s u r f a c e
b o u n d a r i e s  o f  a r e a s  o f  s t a b i l i t y  f o r  A m a x^ iO O O - Z O O O  
kg / c m

•  p o i n t s  o f  z e r o  s h e a r i n g  s t r e s s

S t r e s s  a n d  f a i l u r e  a n a l y s i s  
( a )  s t r e s s  t r a j e c t o r i e s  

( b )  p o t e n t i a l  f a i l u r e  s u r f  a c e s  
( m o d i f i e d  f r o m  H a f n e r ,  1951)

F i g u r e  19
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t h a t  th e  i n f l e c t i o n  p o in t  o f  th e  s in u s o id a l  v e r t i c a l  d e v ia to r ic  s t r e s s  

d i s t r i b u t i o n  betw een N o rth  Oak C reek and W atson G ulch i s  f u r th e r  e a s t  

th a n  i t  i s  betw een W atson G ulch and B eulah . On a  t h e o r e t i c a l  b a s i s ,  

norm al f a u l t s  w ould be e x p e c te d  to  dom inate th e  n o r th e rn  p o r t io n  o f  th e  

F r o n ta l  Zone and r e v e r s e  f a u l t s  c h a r a c te r iz e  th e  s o u th e rn  p o r t io n .  A dd i­

t i o n a l l y ,  i n  th e  n o r th ,  r e v e r s e  f a u l t s  would be e x p e c te d  t o  e x i s t  e a s t

o f  th e  F r o n ta l  Zone. E xposu res  a re  n o t e x te n s iv e  i n  t h i s  a r e a  b u t  a  

su g g e s tio n  o f  such  f e a tu r e s  a re  found in  th e  o v e r tu rn e d  Vermejo s t r a t a  

i n  th e  a re a  o f  N ew lin C reek and from  th e  numerous w e s t-d ip p in g  f a u l t s  

t h a t  a re  exposed  i n  th e  s t r i p  m ines j u s t  e a s t  o f  t h i s  a r e a .  These f a u l t s  

w hich have d is p la c e d  th e  c o a l  beds o f  th e  Vermejo a r e  n o t exposed  on th e  

s u r fa c e  no r a re  th e  d isp la c e m e n ts  l a r g e ,  b u t  th e y  do show re v e rs e  a p p a re n t 

r e l a t i v e  movements. W est o f  th e  F r o n ta l  Zone in  th e  so u th e rn  p a r t  o f  th e  

a r e a ,  norm al f a u l t s  w ould be p r e d ic te d  to  be found in  th e  P recam brian  ro c k s . 

From t h i s  a n a ly s i s ,  i t  i s  b e l ie v e d  t h a t  th e  f a u l t s  w i th in  th e  P recam b rian  

ro ck s  (w est p o r t io n  o f  C ross S e c t io n  A A', P la t e  l )  a r e  norm al f a u l t s  and 

a re  i n t e r p r e te d  a s  such . The to p o g ra p h ic  ev id en ce  a lo n g  one o f  th e s e  

f a u l t s  su p p o rts  such  a  c o n te n tio n  b u t  i s  in c o n c lu s iv e  in  o th e r s .

From such  a  s t r e s s  a n a ly s i s  we may a l s o  p r e d i c t  th e  c u rv a tu re  o f  

the f a u l t  s u r fa c e  w ith  d e p th . I t  i s  re c o g n iz e d  t h a t  movement s u r fa c e s  

a lo n g  f a u l t s  a re  seldom  p la n a r ,  commonly b e in g  u n d u la to ry , , s in u s o id a l  s u r ­

fa c e s  t h a t  cu rve  a s  th e  s t r e s s  f i e l d  v a r i e s .  Thus, we w ould e x p e c t from

a  t h e o r e t i c a l  a n a ly s i s  . f o r  b o th  th e  norm al and r e v e r s e  f a u l t s  t o  s te e p e n  

w ith  d e p th , d ip p in g  tow ard  th e  c e n te r  o f  th e  u p l i f t .

I t  m ust be re c o g n iz e d  t h a t  such an  a n a ly s i s  i s  o n ly  r ig o r o u s ly  

v a l id  f o r  homogeneous, i s o t r o p i c  m edia, w hich th e  f i e l d  ev id en ce  c l e a r l y
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shows th e  Wet M cuntains a r e  n o t .  T h is  a n a ly s i s  i s  c o r r e c t  o n ly  u n t i l  

i n i t i a l  f a i l u r e  o c c u rs , when th e  s t r e s s  d i s t r i b u t i o n  w i l l  be l o c a l l y  

r e l i e v e d  and  th e  r e g io n a l  p a t t e r n  a l t e r e d .  But such  s t r e s s  r e l i e f  i s  

b e l ie v e d  t o  be o n ly  l o c a l  i n  c h a r a c te r  so t h a t  th e  s t r e s s  a n a ly s i s  w i l l  

s e rv e  a s  a  f i r s t  a p p ro x im a tio n  u n t i l  e x te n s iv e  f a i l u r e  has  o c c u rre d . 

A d d i t io n a l ly ,  th e  a ssu m p tio n  o f  p u re ly  e l a s t i c  b e h a v io r  i s  q u e s t io n a b le .

S t a b i l i t y  f i e l d s  f o r  v a lu e s  o f  1 ,000  and  2 ,0 0 0  kg/cm^ o f  th e  

maximum v e r t i c a l  d e v ia t io n  s t r e s s  a lo n g  th e  bo ttom  o f  th e  model have been 

p l o t t e d .  From th e s e  i t  i s  a p p a re n t t h a t  f a i l u r e  sh o u ld  o ccu r f i r s t  a t  

th e  s u r fa c e  in  th e  a r e a  co rre sp o n d in g  to  th e  F r o n ta l  Zone. In c re a s e d  

s t r e s s  b u i ld -u p  w i l l  ex te n d  th e  a r e a  o f  f a i l u r e  t o  some d e p th .

Such an  a n a ly s i s  a llo w s  two d im en s io n a l com parison  o f  e x i s t i n g  

s t r u c t u r e s  w ith  th o s e  t h e o r e t i c a l l y  p o s tu la te d .  N o th ing  can  be d e t e r ­

mined ab o u t th e  t h i r d  d im ension  e x c e p t t o  examine a  s e r i e s  o f  c ro s s  s e c ­

t i o n s .  A d d i t io n a l ly  such an  a n a ly s i s ,  a l th o u g h  p ro v id in g  some b a s i s  f o r  

i n t e r p r e t i n g  th e  developm ent o f  th e  F r o n ta l  Zone, g iv e s  no in d i c a t io n  as 

to  why th e  F r o n ta l  Zone d ev e lo p ed  w here i t  d id ,  o r  why i t  p o s s e s s e s  th e  

t r e n d  t h a t  i t  d o es . L i t t l e  i s  known o f  th e  c o n d i t io n s  g o v ern in g  f a i l u r e  

o f  g e o lo g ic  m a te r i a l s .  The a n i s o t r o p ic  c h a r a c te r  o f  th e  c r y s t a l l i n e  

g n e is s e s  in d i c a te s  t h a t  f a i l u r e  m ust have been  in f lu e n c e d  by t h i s  f a c t o r .  

T h is  may be th e  re a so n  t h a t  l i t t l e  ev id en ce  o f  th e  t h e o r e t i c a l l y  p r e ­

d ic ta b le  low a n g le  norm al f a u l t s  was fo u n d . N o rth  o f  C h an d le r C reek , a  

f a u l t  d ip p in g  40 d e g re e s  w est i s  th e  o n ly  s u g g e s tio n  t h a t  such  a  mode o f 

f a i l u r e  o c c u rre d .

J a e g e r  ( 1960 ) and D onath ( 1961 ) in v e s t ig a te d  f a i l u r e  o f  ro c k  

w hich p o s s e s s e d  w e ll-d e v e lo p e d  s c h i s t o s i t y .  The l a t t e r  found  t h a t  sh e a r
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f r a c t u r e s  w ould dev elo p  p a r a l l e l  to  th e  p la n a r  s t r u c tu r e  f o r  in c l in a t io n s  

from  ^5 to  60 d e g re e s  to  th e  d i r e c t i o n  o f  maximum p re s s u re  (D onath , I 961 , 

p . 986 ) .  Such an a n i s o t r o p ic  c o n d i t io n  a l s o  lo w ers  th e  p r e d ic ta b le  f a i l u r e  

th r e s h o ld  f o r  any p a r t i c u l a r  su b s ta n c e , a s  D o n a th ' s e x p e r im e n ta l work and 

A d le r 's  t h e o r e t i c a l  c o n s id e r a t io n s  ( 1963 ) in d i c a te .  T hus, where th e  

F r o n ta l  Zone i s  p a r a l l e l  to  th e  s c h i s t o s i t y  o f  th e  c r y s t a l l i n e  ro c k , i t  

seems t h a t  i t s  a lig n m en t and  d i r e c t i o n  o f  d ip  o f  th e  f a u l t  p la n e  m ust 

have been  c o n t r o l le d  i n  a  la r g e  p a r t  by th e  a n i s o t r o p ic  c h a r a c te r  o f  th e  

g n e is s e s .  T h is  in f lu e n c e  w ould be  in c re a s e d  by th e  o r i e n t a t i o n  o f  a  s t r e s s  

f i e l d ,  s im i la r  to  th e  one p o s tu la te d  in  w hich th e  t r a j e c t o r i e s  o f  th e  

maximum p r in c i p a l  s t r e s s  would be o r ie n t a te d  w i th in  D o n a th ' s e x p e r im e n ta lly  

d e r iv e d  l i m i t s .  S ou th  o f  W atson G ulch and n o r th  o f  N o rth  Oak C reek  w here 

th e  F r o n ta l  Zone i s  g e n e r a l ly  p e rp e n d ic u la r  t o  th e  f o l i a t i o n ,  such  a  

dom inant in f lu e n c e  p o s s ib ly  d id  n o t  e x i s t .

I n  a d d i t io n  t o  s c h i s t o s i t y  p ro v id in g  an  a n i s o t r o p ic  e f f e c t ,  th e  

in f lu e n c e  o f  p r e - e x i s t i n g  f r a c t u r e  s u r fa c e s  o f  P recam b rian , o r  younger, 

age m ust be c o n s id e re d .

Very l i t t l e  work on t h i s  p rob lem  h as  b een  u n d e rta k e n . J a e g e r  

( 1959 ) c o n s id e re d  some t h e o r e t i c a l  g e o lo g ic a l  a p p l i c a t io n .  Some e n g in e e r ­

in g  e x p e rim e n ta l work (Love and  H eck, 1964). i n d i c a te s  t h a t  j o i n t s  w ith in  

45 to  65 d eg ree s  o f  th e  maximum p r e s s u r e  w i l l  undergo  movement p r i o r  to  

th e  more c o h es iv e  p o r t io n  o f  th e  specim en. Movement was n o t  found  t o  be 

c o n tin u o u s , b u t  v a r ie d  a s  a  f u n c t io n  o f  th e  roughness o f  th e  s u r fa c e .  

A d d i t io n a l ly ,  a t  h ig h  c o n f in in g  p r e s s u r e s  th e y  found  t h a t  some j o i n t s  

d is p la y e d  l i t t l e  i n i t i a l  movement, a llo w in g  a d d i t io n a l  f r a c t u r e s  t o  form . 

The p a u c i ty  o f  in fo rm a tio n  co n ce rn in g  g e o lo g ic a l  s u b s ta n c e s  and c o n d it io n s



213
p re c lu d e s  e x te n s iv e  c o n s id e ra t io n  o f th e  e f f e c t  o f  e x i s t in g  f r a c t u r e .  

However, movement a lo n g  some o f th o se  undoub ted ly  o c c u rre d , a lth o u g h  t h e i r  

u n fa v o ra b le  o r ie n t a t i o n  w ith  r e s p e c t  to  th e  s t r e s s  d i s t r i b u t i o n  may have 

p re c lu d e d  e x te n s iv e  involvem ent in  Laram ide d e fo rm a t io n .■ The a p p a re n t 

p e r s is te n c e  o f co h es io n  a long  many o f th e  e a s t-w e s t  f a u l t s  o f  assumed 

P recam brian  age d u rin g  u p l i f t ,  w ith  o n ly  m inor d is p la c e m e n ts , may r e f l e c t  

an  o r ie n t a t i o n  o u ts id e  th e  c r i t i c a l  envelope o f  f a i l u r e  o r  may be a  

r e f l e c t i o n  o f  h ig h  c o n f in in g  p re s s u re  e x i s t in g  u n t i l  u p l i f t  r e l i e v e d  th e  

c o n d it io n , p e rm it t in g  movement.

No in d ic a t io n  a s  to  why f a i l u r e  was c o n c e n tra te d  t o  p roduce a  

deform ed zone such a s  i s  d is p la y e d  by th e  F r o n ta l  Zone i s  p r e s e n t  in  th e  

p re c e d in g  d is c u s s io n .  Nor i s  th e re  any s u g g e s tio n  o f  why f a u l t i n g  o c c u rre d  

a lo n g  t h i s  a r e a  in  p re fe re n c e  t o  some o th e r  a d ja c e n t  zone. O bv iously , a 

com bination  o f s t r e s s  c o n d itio n s  and o r i e n t a t i o n  o f  th e  a n is o t r o p ic  s t r u c ­

tu r e  o f  th e  basem ent reach ed  a  th r e s h o ld  v a lu e  in  t h i s  zone. The s e d i ­

m entary  ro c k  c h a ra c te r  a p p a re n tly  p la y ed  a  p a s s iv e  r o le  in  th e  developm ent 

o f  th e  F r o n ta l  Zone, ex ce p t p o s s ib ly  in  th e  a r e a  o f  th e  Babcock a n t i c l i n e  

w here fo ld in g  r a th e r  th a n  f r a c tu r in g  i s  b e l ie v e d  to  have o c c u rre d . One 

f a c t o r  t h a t  may have in f lu e n c e d  th e  fo rm a tio n  o f  th e  F r o n ta l  Zone a lo n g  

i t s  p re s e n t  p o s i t i o n  i s  su g g es ted  by th e  c r y s t a l l i n e  ro ck s  a d ja c e n t  t o  

th e  F r o n ta l  Zone. N orth  o f  M ill  C reek and a t  i s o l a t e d  l o c a l i t i e s  in  th e  

v i c i n i t y  o f  H ard scrab b le  and South  H ard sc rab b le  C reek s , th e  r e g io n a l  t r e n d  

o f  th e  s c h i s to s i t y  o f  th e  P recam brian  ro c k  i s  b ro k en  a lo n g  th e  F r o n ta l  

Zone where th e  s t r i k e  o f  th e  s c h i s to s i t y  i s  a l ig n e d  p a r a l l e l  t o  th e  t r e n d  

o f  th e  d e fo rm a tio n . T h is c o n d itio n  i s  n o t p r e s e n t  in  a l l  p la c e s  a lo n g  

th e  F r o n ta l  Zone, b u t  i t  i s  common enough to  be n o t ic e a b le .  As p re v io u s ly
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s t a t e d ,  r e c r y s t a l l i z a t i o n  i s  b e l ie v e d  to  have o c c u rre d  d u rin g  P recam brian  

t im e s .  These d iv e rg e n t t r e n d s  o f  th e  s c h i s t o s i t y  may be th e  r e s u l t  o f 

P recam brian  f a u l t i n g ,  fo ld in g ,  o r  l o c a l  f le x in g  t h a t  was n e i th e r  co n tin u o u s  

n o r e x te n s iv e ,  b u t  may have red u ced  th e  f a i l u r e  th r e s h o ld  d u rin g  c o n d i t io n s  

o f  Laram ide s t r e s s  d i s t r i b u t i o n  to  p roduce p r e f e r e n t i a l  d e fo rm a tio n  a lo n g  

t h i s  zone. No c o n te n tio n  i s  made t h a t  th e  F r o n ta l  Zone i s  a  P recam brian  

f e a tu r e  o r  t h a t  i t  deve lo p ed  on p r e - e x i s t in g  s t r u c t u r e  o f  s im i la r  c h a r ­

a c t e r .  I t s  p r e s e n t  p o s i t i o n  and  a lig n m en t a re  b e l ie v e d  to  b e , i n  p a r t ,  

a  r e f l e c t i o n  o f  th e  a n is o t r o p ic  c h a r a c te r  e x i s t in g  in  th e  P recam brian  

g n e is s e s  a long  t h i s  zone. The f a v o ra b le  o r i e n t a t i o n  o f  th e  s c h i s t o s i t y  

a lo n g  t h i s  zone, w ith  r e s p e c t  to  th e  Laram ide s t r e s s  f i e l d ,  i s  th o u g h t to  

have i n i t i a t e d  f a i l u r e  i n  t h i s  p a r t i c u l a r  zone in  p re fe re n c e  to  an  a d j a ­

c e n t  a r e a .

The m ajor em phasis o f  th e  s t r u c t u r a l  i n v e s t ig a t io n  h as  b een  p la c e d  

upon f a i l u r e  and f a u l t  r e l a t i o n s h ip s .  T h is  b ia s  i s  th e  r e s u l t  o f  th e  a s ­

sum ption  t h a t  f o ld in g  o f  th e  sed im en ta ry  ro ck s  o c c u rre d  a s  a  secondary  

e f f e c t  o f  th e  u p l i f t  o f  th e  c r y s t a l l i n e  ro c k s . The e le v a t io n  o f  th e  la r g e  

mass a lo n g  th e  F r o n ta l  Zone u n d o u b ted ly  a l t e r e d  th e  r e g io n a l  s t r e s s  p a t ­

t e r n ,  p a r t i c u l a r l y  c lo s e  t o  th e  s u r fa c e .  The maximum p r in c i p a l  s t r e s s  

t r a j e c t o r i e s  were p ro b a b ly  r e o r ie n te d  c lo s e r  t o  th e  h o r iz o n ta l .  The s t r u c ­

t u r a l  l i t h o l o g i e  c h a r a c te r  o f  th e  sed im en ta ry  seq u en ce , w ith  th in n e r  com­

p e te n t  beds sandw iched betw een th i c k  incom peten t l a y e r s ,  w e ll  d is p la y e d  i n  

th e  C re taceo u s  ro c k s , c o n t r o l le d  th e  c h a ra c te r  o f  f o ld in g .  Rocks o f  s im i­

l a r  d u c t i l i t y  c o n t r a s t  w ould be ex p ec ted  to  form  f o ld s  in  re sp o n se  to  

f l e x u r a l  s l i p  (D onath, 1$64, p . $ l ) .  Where th e  d u c t i l i t y  c o n t r a s t  i s  

g r e a t e r ,  a s  in  th e  C re taceo u s  s t r a t a ,  f o ld in g  th ro u g h  f le x u r a l - f lo w  becomes
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o p e r a t iv e .  Such ‘b e h a v io r  i s  a p p a re n t ly  p r e s e n t  i n  a  number o f th e  fo ld s  

t h a t  d ev e lo p ed , p a r t i c u l a r l y  i n  th e  Cuckoo a n t i c l i n e .

The d u c t i l e  c h a r a c te r  o f  th e  sed im en ta ry  seq u en ce , when compared 

t o  th e  c r y s t a l l i n e  ro c k s , su g g e s ts  t h a t  s t r e s s  r e l i e f  p r e f e r e n t i a l l y  

o c c u rre d  by f o ld in g  in  th e  fo rm e r. H igh s t r e s s  m agn itudes o r r a p id  b u i l d ­

up o f  s t r a i n  p roduced  r u p tu r e ,  b u t  th e  f a i l u r e  s u r f a c e s  a p p a re n t ly  r e f l e c t  

th e  c o n d i t io n s  o f  s t r e s s  a s s o c ia te d  w ith  th e  developm ent o f  th e  F r o n ta l  

Zone. Lower s t r e s s  m agn itudes seem ing ly  accom panied th e  f o ld in g ,  a s  would 

be e x p e c te d  when th e  s t r e s s  f i e l d  e v id e n t ly  was a  r e s u l t  o f  movements 

a lo n g  th e  F r o n ta l  Zone. The b e h a v io r  o f  th e  c r y s t a l l i n e  ro c k s  i s  in  

m arked c o n t r a s t ,  f o r  low  d u c t i l i t y  c o n t r a s t  and h ig h  m agn itudes o f  s t r e s s  

f a c i l i t a t e d  f a i l u r e  th ro u g h  r u p tu r e .

Summary

Two m ajo r p e r io d s  o f  d e fo rm a tio n  a re  re c o g n iz e d  a lo n g  th e  e a s te r n  

m arg in  o f  th e  Wet M oun ta in s—one o f  P recam brian  age and  a  l a t e r  one o c c u r­

r in g  from  la te -C re ta c e o u s  t o  e a r l y - T e r t i a r y  tim e . L a te -P a le o z o ic  deform a­

t i o n ,  a l th o u g h  s t i l l 'v a g u e l y  d e f in e d , p o s s ib ly  o c c u rre d . The P recam b rian  

s t r u c t u r e s  w ere form ed p r i o r  t o  th e  r e g io n a l  m etam orphism . T i l t i n g  o f  

th e  sed im en ta ry  sequence , fo llo w e d  by f o ld in g  to  p ro d u ce  e a s t -w e s t  t r e n d ­

in g  ax es  and  a s s o c ia te d  f a u l t s  a l ig n e d  N. 60° W. t o  N. 80° E . , a r e  b e l ie v e d  

t o  have o r ig in a te d  a t  t h i s  tim e . These p resum ab ly  d ev e lo p ed  in  a  s t r e s s  

f i e l d  w here th e  t r a j e c t o r i e s  o f  th e  maximum p r i n c i p a l  s t r e s s  w ere o r ie n te d  

g e n e r a l ly  n o r th - s o u th .  Such a  c o n d i t io n  p o s s ib ly  p e r s i s t e d  th ro u g h  th e  

em placem ent o f  th e  g r a n i t e  o f  Oak C reek  a s  su g g e s te d  by th e  o r i e n t a t i o n  

o f  p h e n o c ry s ts  w i th in  t h a t  body. M etamorphism a p p a re n t ly  f a i l e d  t o  remove 

a l l  t r a c e s  o f  th e  e x i s t i n g  f a u l t  zones.
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L a te -P a le o z o ic  u p l i f t  may have in v o lv e d  one o r  more e a s t-w e s t  

o r  n o r th e a s t - s o u th w e s t  t r e n d in g  f a u l t s ,  a lth o u g h  th e  ev id en ce  f o r  such 

movement i s  only, p a r t i a l l y  d e f in e d  in  th e  v i c i n i t y  o f  C oal C reek .

Laram ide a c t i v i t y  p resum ab ly  began  i n  la te -C re ta c e o u s  tim e and 

c u lm in a te d  in  th e  e le v a t io n  o f  th e  Wet M ountains and th e  e ro s io n  o f  th e  

sed im en ta ry  cov er by la te -E o c e n e  tim e . M iocene, and p o s s ib ly  P lio c e n e , 

v o lc a n ic s  w ere e x tru d e d  over th e  ero d ed  s u r fa c e  in  th e  so u th e rn  Wet Moun­

t a i n s .  U p l i f t  o f  th e  Wet M ountains fo llo w e d  th e  v o lc a n ic  a c t i v i t y .

Assumed d i f f e r e n t i a l  v e r t i c a l  movement o f  th e  c r u s t  i s  s u f f i c i e n t  

to  p roduce th e  s t r u c t u r a l  f e a tu r e s  re c o g n iz e d  in  th e  f i e l d .  An assum ption  

o f  a  s in u s o id a l  s t r e s s  d i s t r i b u t i o n  a t  d ep th  may be used  to  p r e d ic t  th e  

e x is te n c e  o f  b o th  norm al and re v e rs e  f a u l t s  a lo n g  th e  e a s te r n  m arg in  o f  

th e  Wet M oun tains. The a n is o t r o p ic  c h a r a c te r  o f  th e  c r y s t a l l i n e  g n e is s e s  

u n d o u b ted ly  m o d ified  th e  t h e o r e t i c a l l y  p o s tu la te d  f a u l t  p a t t e r n s .  The 

p r e s e n t  a lig n m en t o f  t h i s  zone o f  m ajor s t r u c t u r a l  d isp la cem e n t i s  p o s tu ­

l a t e d  to  have o r ig in a te d ,  in  p a r t ,  due t o  th e  a n i s o t r o p ic  c o n d i t io n  o f 

th e  c r y s t a l l i n e  ro ck s  a lo n g  t h i s  zone.

The movements o f  th e  F r o n ta l  Zone dom inate th e  s t r u c t u r a l  c h a r ­

a c t e r  o f  th e  e a s te r n  Wet M ountains. These movements w ere a p p a re n tly :  

norm al f a u l t  movements a lo n g  n o r th - s o u th  f a u l t s ,  i n  th e  n o r th e rn  p o r t io n ;  

h ig h  a n g le  r e v e r s e  movements in  th e  same a r e a ;  penecontem poraneous norm al 

and r e v e r s e  movements a lo n g  th e  F r o n ta l  Zone so u th  o f  th e r e ;  and f i n a l l y  

movements a lo n g  e a s t-w e s t  and n o r th e a s t - s o u th w e s t  f a u l t s  o f f s e t t i n g  th e  

norm al and  r e v e r s e  f a u l t s  in  th e  sed im en ta ry  ro ck  e a s t  o f  th e  F r o n ta l  

Zone. Some o f  th e  l a t t e r  f a u l t s  ap p ea r to  have been  a c t iv e  d u rin g  u p l i f t ,  

w hereas o th e r s  r e f l e c t  h o r iz o n ta l  d isp la c e m e n t w i th in  th e  f i n a l  s ta g e s  o f
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d efo rm a tio n .

The h o r iz o n ta l  s t r e s s  component was a p p a re n tly  in c re a s e d  lo c a l l y  

to  produce d isharm on ie  fo ld in g  o f th e  sed im en ta ry  c o v e r . The more d u c t i l e  

sh a le  members y ie ld e d  under th e  s t r e s s  c o n d i t io n s .  T h is  f a i l u r e  p roduced  

th in n in g  o f  th e  u n i t s  a d ja c e n t  t o  th e  F r o n ta l  Zone and th ic k e n in g  o f  th e  

u n i t s  i n  th e  a x i a l  p o r t io n  o f  th e  f o ld .  The Babcock a n t i c l i n e  i s  p o s tu la te d  

t o  be a  sed im en ta ry  sequence fo ld e d  over a  f a u l t e d  c r y s t a l l i n e  basem ent 

b lo c k . The u p l i f t  o f  th e  P recam brian  ro ck s  i n  t h i s  a r e a  i s  presum ed t o  

have s u f f i c i e n t l y  m o d ified  th e  s t r e s s  p a t t e r n  in  th e  B eulah  a r e a  t o  a l ig n  

th e  a x is  o f  th e  B eulah a n t i c l i n e  e a s t-w e s t .

Movement a lo n g  th e  f a u l t s  d u r in g  Laram ide d e fo rm a tio n  i s  th o u g h t 

to  have been  spasm odic. The p r e s e n t  i n t e r p r e t a t i o n  m ust be  u t i l i z e d  w ith  

th e  knowledge t h a t  i t  i s  b a se d  upon f i e l d  r e l a t i o n s h ip s  w hich r e f l e c t  o n ly  

th e  l a t e s t  movements.



SUMMARY ARD STRUCTURAL OBSERVATIONS

The in t e g r a te d  s t r u c t u r a l  and p e t r o lo g ic  s tu d y  t h a t  h a s  b een  

com pleted  a lo n g  th e  e a s te r n  and n o r th e rn  m argins o f  th e  Wet M ountains h a s  

h e lp e d  to  d e f in e  th e  g e o lo g ic  h i s t o r y  o f  t h a t  a r e a  and  c o n t r ib u te d  t o  th e  

u n d e rs ta n d in g  o f  th e  m echan ica l b e h a v io r  o f  ro ck s  u n d er g e o lo g ic  c o n d i­

t i o n s .  The aim s o f  th e  in v e s t ig a t io n  have been  enhanced by th e  i n v e s t i ­

g a t io n  o f  th e  p e t r o l o g ic a l  and s t r u c t u r a l  f e a tu r e s  o f  th e  P recam b rian  

ro c k s . T h is  a s p e c t  o f  th e  s tu d y  has been  p ro v en  to  be  a b s o lu te ly  n e c e s ­

s a ry  t o  any  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  th e  a r e a .

D uring  P recam brian  tim e  a  mixed sed im en ta ry  and igneous sequence

o f  p e l i t i c ,  q u a r tz o - f e ld s p a th ic ,  and c a rb o n a te  ro c k s , w ith  in t e r l a y e r e d

t u f f s  and  p o s s ib ly  v o lc a n ic  e x t r u s iv e s ,  were d e p o s ite d  on th e  p r e s e n t  s i t e

o f  th e  Wet M oun tains. The sequence deve lo p ed  to  a  m inim al 1 0 ,000  f e e t

th i c k .  T i l t i n g  o f  th e  sequence o c c u rre d  w ith  a s s o c ia te d  fo ld in g  and

f a u l t i n g .  The g e n e ra l  e a s t - w e s t ,  s te e p ly  p lu n g in g  f o ld  axes p r e s e n t  in

th e  P recam b rian  ro ck s su g g e s t t h a t  d u r in g  th e  d e fo rm a tio n , th e  t r a j e c t o r i e s

o f  th e  maximum p r in c i p a l  s t r e s s  was a l ig n e d  i n  th e  n o r th - s o u th  d i r e c t i o n

r a t h e r  th a n  in  th e  e a s t-w e s t  d i r e c t i o n .  F a u l t s  t r e n d in g  N. 60° W. to  

o oN. oO E . , w ith  accom panying d rag  f o ld s ,  ap p ea r to  have b een  among th o s e  

t h a t  w ere form ed d u rin g  t h i s  p e r io d  o f  d e fo rm a tio n . L o ca l n o r th w e s t-  

s o u th e a s t  t r e n d in g  f e a tu r e s  may have dev elo p ed  a f t e r  th e  m ajo r f o ld in g  

and  f a u l t i n g ,  p ro d u c in g  d isc o n tin u o u s  d i s r u p t io n s  o f  th e  b e d d in g . One,
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and p o s s ib ly  m ore, p e r io d s  o f  r e g io n a l  metamorphism fo llo w e d  th e  m ajor 

f o ld in g  and  f a u l t i n g .  The c u lm in a tio n  o f  th e  m etam orphic c o n d it io n s  

a p p a re n t ly  o c c u rre d  a b o u t 1^30 m i l l io n  y e a rs  ago when th e  l a s t  r e g io n a l  

r e c r y s t a l l i z a t i o n  to o k  p la c e .  I t  i s  b e l ie v e d  t h a t  th e  m etam orphic m in e ra l 

assem b lag es  d ev e lo p ed  d u r in g  t h i s  tim e w ere p roduced  e s s e n t i a l l y  in  s i t u  

w ith o u t e x te n s iv e  i n t r u s i o n  o f  magmatic m a te r ia l .  R eg io n a l te m p e ra tu re s  

from  600°C t o  JQO°C and p r e s s u r e s  o f a p p ro x im a te ly  3 ,500  b a r s  a re  b e l ie v e d  

t o  have o c c u rre d . These c o n d i t io n s  l o c a l l y  may have p ro d u ced  some d i f f e r ­

e n t i a l  a n a t a x is .  M afic g n e is s e s  form ed a t  t h i s  tim e and  a r e  c h a r a c te r iz e d  

b y  assem b lag es  o f  b i o t i t e - q u a r t z - p l a g i o c l a s e ,  b io t i t e - q u a r t z - p l a g i o c l a s e -  

m ic ro c l in e ,  h o rn b le n d e -p la g io c la s e ,  h o rn b len d e -p y ro x en e - p la g io c la s e , 

s i l l im a n ite -a lm a n d in e -m u s c o v i te , and  p y ro x e n e -s c a p o li te - s p h e n e . F e l s ic  

g n e is s e s  show a l l  c o n p o s i t io n a l  g r a d a t io n s  betw een g r a n i t e  g n e is s  and 

g r a n o d io r i te  g n e i s s ,  w ith  q u a r tz  m onzonite g n e is s  fo rm ing  th e  in te rm e d ia te  

l i th o lo g y .  M ixed ro c k  o f  l i t - p a r - l i t  g n e is s  and m ig m a tite , composed o f  

a l l  ty p e s  o f  m afic  and f e l s i c  g n e is s e s ,  a r e  w id esp read . C o n ta c ts  w ith in

th e  m ixed ro c k s ,  a s  w e ll  a s  betw een  th e  l a r g e r  sequences o f  a  s in g le  ro ck

ty p e ,  a r e  g e n e r a l ly  o f  g r a d a t io n a l  c h a r a c te r  w ith  in t e r f i n g e r i n g  l a t e r a l  

r e l a t i o n s  common. The in c r e a s in g  c a l c i c  c o n te n t o f  th e  p la g io c la s e s  in

th e  m afic  g n e is s e s  and th e  m in e ra l g ra d a t io n s  w i th in  a l l  o f  th e  ro c k s  a re

b e l ie v e d  t o  g e n e r a l ly  r e f l e c t  c o m p o s itio n a l v a r i a t i o n s ,  r a th e r  th a n  in c r e a s ­

in g  c o n d i t io n s  o f  m etam orphic g ra d e . The m in e ra l assem b lag es  p r e s e n t  a re  

a s s ig n e d  t o  th e  s il l im a n ite -a lm a n d in e -m u s c o v ite  s u b fa c ie s  o f  th e  a lm and ine-  

a m p h ib o lite  f a c i e s .  The p re se n c e  o f  p e r t h i t e  in  th e  f e l s i c  g n e is s e s  i n d i ­

c a te s  t h a t  th e  c o n d it io n s  b o rd e re d  on th e  g r a n u l i t e  f a c i e s .  T e n g e ra tu re s  

and  p r e s s u r e  c o n d i t io n s  w ere medium t o  h ig h , p ro d u c in g  w id esp read  alm andine 

w ith  f r e q u e n t  o c c u rre n c e s  o f  s i l l i m a n i t e .  The l a t t e r  m in e ra l i s  b e l ie v e d
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t o  have been  p roduced  by  th e  r e g io n a l  breakdown o f  m uscov ite  w ith  e le v a t in g  

te m p e ra tu re s . L o c a lly , c o n d itio n s  a lo n g  deform ed zones p e rm itte d  th e  d ev e lo p ­

ment o f  e x te n s iv e  s i l l im a n ite -m ic ro c l in e -m u s c o v ite  and pyroxene- s c a p o l i te -  

sp h e n e -k y a n ite  assem b lag es . The s i l l i m a n i t i c  g n e is s e s  and s c h i s t s  a re  

o p tim a lly  developed  a lo n g  f r a c tu r e  zones where te m p e ra tu re s  p o s s ib ly  re a c h ­

in g  750°C w ere m a in ta in e d  by m in e ra l iz in g  s o lu t io n s .  The unique a s s o c ia t io n  

o f  k y a n i te  w ith  s c a p o l i t e  and t h e i r  p re se n c e  a lo n g  sh e a r  zones in d ic a te s  

t h a t  th e y  developed  th ro u g h  a  d i s t i n c t i v e  a s s o c ia t io n  o f  p a re n t  ro c k , 

m in e r a l i z e r s ,  and c o n d it io n s  o f  h ig h  p r e s s u r e s .  P re s su re s  o f  a t  l e a s t

8 ,0 0 0  b a r s  w ere p o s s ib ly  a t t a in e d .  Some o c c u rre n c e s  o f  th e s e  m in e ra l 

s u i t e s  a l s o  a re  p r e s e n t  w ith o u t any ev id en ce  o f  d e fo rm a tio n .

M etam orphic c o n d it io n s  a p p a re n tly  p e r s i s t e d  f o r  s u f f i c i e n t  tim e 

f o r  com plete r e c r y s t a l l i z a t i o n  t o  have o c c u rre d . The p r e s e n t  s c h i s to s i t y  

and f o l i a t i o n  a lig n m en t a re  i n t e r p r e te d  as  r e f l e c t i n g  th e  a t t i t u d e  o f  th e  

o r i g i n a l  b edd ing  o f  th e  sed im en ta ry  sequence . Some m etasom atism  may have 

accom panied th e  r e c r y s t a l l i z a t i o n  b u t ch em ica l a n a ly se s  a r e  n e c e ssa ry  

t o  e v a lu a te  th e  m agnitude o f  th e  m in e ra l changes. C e r ta in  d is e q u i l ib r iu m  

c o n d i t io n s  a re  ev id en ced  by th e  u b iq u i to u s  p re se n c e  o f  a l b i t i c  rim s in  

th e  f e l s i c  g n e is s e s .  These f e a tu r e s  a re  i n t e r p r e te d  a s  th e  r e s u l t  o f  

rep la cem e n t o f  p o ta sh  f e ld s p a r  by p la g io c la s e ,  a lth o u g h  th e  re v e rs e  r e a c ­

t i o n ,  w ith  th e  in t r o d u c t io n  o f  s i l i c a ,  may have been  o p e ra t iv e .

F o llo w in g  th e  c u lm in a tio n  o f  metamorphism, a lth o u g h  p resum ably  

n o t  much l a t e r ,  th e  g r a n i t e  o f  Oak C reek  ap p ea rs  t o  have been  em placed.

The em placem ent i s  b e l ie v e d  to  have o c c u rre d  a t  some d ep th  from  th e  la c k  

o f  ev id en ce  o f  f o r c e f u l  i n j e c t i o n  and  th e  co n co rd an t r e l a t i o n s  p r e s e n t .  

A s s im ila t io n  o f  th e  c o u n try  ro ck  was in c o n ç le te .  The d i f f e r e n t i a t i o n  o f



221
p o r p h y r i t ic  and g ra n u la r  t e x tu r e s  i s  b e l ie v e d  to  r e f l e c t  v a ry in g  w a te r  

c o n te n t ,  r e s t r i c t e d  h e a t  flo w , r a p id  h e a t  lo s s  th ro u g h  a s s im i la t io n  o f  

th e  c o u n try  ro c k , o r  m ost p ro b a b ly , a  com bination  o f  a l l  th r e e  m echanism s. 

The o r i e n t a t i o n  o f  f e ld s p a r  p h e n o c ry s ts  su g g e s ts  t h a t  n o r th e a s t- so u th w e s t  

o r i e n t a t i o n  o f  th e  maximum p r in c i p a l  s t r e s s  t r a j e c t o r i e s  e x i s t e d  a t  th e  

tim e  o f  c r y s t a l  grow th .

I n  th e  a r e a  o f  B eu lah , th e  San I s a b e l  G ra n ite  was in t r u d e d  p en e- 

con tenporaneous w ith  th e  g r a n i t e  o f  Oak C reek . W ith in  th e  a r e a  i n v e s t i ­

g a te d , o n ly  a  sm a ll p o r t i o n  o f  t h i s  p lu to n ic  body i s  exposed  and i t  i s  

b e l ie v e d  to  be a  m a rg in a l re g io n . E vidence o f  in c o n p le te  a s s im i la t io n  

o f  th e  co u n try  ro c k  i s  d em o n strab le  m ic ro s c o p ic a lly .  The f o r c e f u l  i n t r u ­

s io n  o f  t h i s  body in  a  p a r t i a l l y  c r y s t a l l i z e d  c o n d i t io n  i s  su g g e s te d  by 

th e  w id esp read  p re se n c e  o f  m o rta r  s t r u c tu r e  i n  th e  ro c k s . The m ajo r tim e 

o f  r e c r y s t a l l i z a t i o n  and th e  eng lacem ent o f  th e  g r a n i t e  o f  Oak C reek and 

th e  San I s a b e l  G ra n ite  a re  a l l  b e l ie v e d  to  have o c c u rre d  penecontem porane- 

ously , a s  th e  l a t e s t  r a d io a c t iv e  d a te  o f  th e  San I s a b e l  G ra n ite ,  l4 3 0  

m i l l io n  y e a r s ,  i s  a l s o  t h a t  o f  th e  r e g io n a l  m etamorphism , a l th o u g h  p e t r o -  

g r a p h ic a l ly ,  th e y  a re  te m p o ra lly  s e p a ra b le .

F o llo w in g  r e c r y s t a l l i z a t i o n ,  in t r u s i o n  o f  sm a ll igneous b o d ie s  

and p e g m a tite s  to o k  p la c e .  F re q u e n tly  th e s e  ap p ea r t o  have b een  em placed 

a lo n g  e x i s t in g  f r a c t u r e s .  The b o d ie s  a re  d o u b tle s s ly  o f  d i f f e r i n g  a g e s , 

ra n g in g  from  P recam b rian  t o  T e r t i a r y .

The P a le o z o ic  s t r u c t u r a l  e v e n ts  w ith in  th e  a r e a  o f  th e  Wet Moun­

t a i n s  a re  s t i l l  p o o r ly  u n d e rs to o d . D e p o s itio n  o f  sed im en ta ry  ro c k s  from  

O rd o v ic ian  th ro u g h  P e n n sy lv an ian  tim e s , w ith  r e g io n a l  e ro s io n  p re c e d in g  

th e  d e p o s i t io n  o f  th e  F o u n ta in  F o rm atio n  o f  P e n n sy lv an ian  age i s  in d ic a te d
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from  s t r a t i g r a p h ie  s tu d ie s .  A f o ld  i s  p r e s e n t  j u s t  so u th  o f  th e  A rkansas 

R iv e r  and a d ja c e n t  t o  th e  e a s te r n  l i m i t  o f  th e  R oyal Gorge b lo c k . T h is  

sm a ll s t r u c tu r e  in v o lv e s  f le x in g  o f  th e  c r y s t a l l i n e  r o c k s ,  b u t  no s t r u c ­

t u r a l  ev id en ce  o f  th e  d e fo rm a tio n  i s  seen  in  s t r a t a  younger th a n  P e n n sy l­

v a n ia n . S ou th  o f  C oal C reek , one n o r th e a s t - s o u th w e s t  t r e n d in g  f a u l t  

p o s s ib ly  underw ent m ajo r movement p r i o r  t o  th e  d e p o s i t io n  o f  th e  M o rriso n  

F o rm ation  o f  J u r a s s i c  ag e . T h is  d isp la c e m e n t may have o c c u rre d  d u rin g  

P e n n sy lv an ian  tim e o r  a t  any o th e r  tim e a f t e r  m etam orphism . More d e t a i l e d  

s t r u c t u r a l  i n v e s t ig a t io n  p a r t i c u l a r l y  d i r e c te d  tow ard  te m p o ra lly  s e g re g a ­

t i n g  f a u l t  movements and tim e s  o f  o r ig i n  w i l l  have to  be u n d e rta k e n  in  

c o n n e c tio n  w ith  t h i s  p rob lem .

From la te -C re ta c e o u s  to  e a rly -E o c e n e  tim e , th e  m ajor Laram ide 

d e fo rm a tio n a l e v e n ts  a re  b e l ie v e d  t o  have o c c u rre d  w i th in  th e  Wet M oun tains. 

D uring  t h i s  p e r io d  o f  d e fo rm a tio n , a  s t r u c t u r a l  zone—h e r e in  te rm ed  th e  

F r o n ta l  Zone—bounding  th e  Wet M ountains on th e  e a s t  se rv e d  a s  th e  l o c i  

o f  th e  m ajor movements. I t  i s  b e l ie v e d  t h a t  th e  f a u l t s  com posing t h i s  

zone a l s o  o r ig in a te d  a t  t h i s  tim e , a l th o u g h  th e  g e n e ra l  a lig n m en t o f  th e  

zone i s  p o s tu la te d  to  r e f l e c t  th e  l o c a l  a n i s o t r o p ic  c h a r a c te r  o f  th e  c r y s ­

t a l l i n e  ro c k s . P re s e n t  s t r a t i g r a p h i e  s e p a r a t io n  in d i c a t in g  movement a lo n g  

th e  n o r th w e s t- s o u th e a s t  and n o r th - s o u th  f a u l t s  o f  th e  F r o n ta l  Zone o c c u rre d  

p r i o r  to  th o s e  a lo n g  th e  n o r th e a s t - s o u th w e s t  f a u l t s :  Normal and  r e v e r s e  

movements c h a r a c te r i z e  th e  fo rm er f a u l t s ,  w hereas no rm al, r e v e r s e ,  and 

s t r i k e - s l i p  r e l a t i o n s  a re  p r e s e n t  on th e  l a t t e r . .  The n o r th e a s t - s o u th w e s t  

and th e  e a s t-w e s t  f a u l t s  have e le v a te d  b lo c k s  o f  c r y s t a l l i n e  ro c k  t r a n s ­

v e rs e  to  th e  t r e n d  o f  th e  F r o n ta l  Zone and  have d is p la c e d  th e  m ajo r F r o n ta l  

Zone f a u l t s  t o  th e  e a s t .  Some o f  th e s e  e a s t - w e s t  and n o r th e a s t - s o u th w e s t
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f a u l t s  show s t r u c t u r a l  ev id en ce  o f  o r ig in a t in g  d u rin g  P recam b rian  tim e  

and u n d erg o in g  r e c u r r e n t  movements d u rin g  th e  Laram ide d e fo rm a tio n . U p l i f t  

o f  th e  P recam brian  ro ck s  on th e  w est s id e  o f  th e  F r o n ta l  Zone, a lth o u g h  

p ro d u c in g  a  m inim al s t r a t i g r a p h i e  s e p a ra t io n  o f  800 t o  1 ,5 0 0  f e e t ,  s u f f i c i ­

e n t ly  a l t e r e d  th e  s t r e s s  f i e l d  to  p roduce fo ld in g  w i th in  th e  sed im en ta ry  

ro ck s  p a r a l l e l  t o  th e  F r o n ta l  Zone. Maximum s t r u c t u r a l  d isp la c e m e n ts  a lo n g  

th e  F r o n ta l  Zone may be 5 ,000  to  6 ,0 0 0  f e e t .  U n d e tec ted  f a u l t s  in  th e  P re ­

cam brian  basem ent a re  p o s tu la te d  t o  accompany th e  fo ld in g  o f  th e  Babcock 

a n t i c l i n e .  The anom alous t r e n d  o f  th e  B eu lah  a n t i c l i n e  i s  th o u g h t t o  have 

r e s u l t e d  from  th e  e l e v a t io n  o f  th e  P recam brian  b lo c k  n o r th  and so u th  o f  

i t ;  th u s ,  i t  i s  b e l ie v e d  t o  have form ed a f t e r  th e  Babcock a n t i c l i n e .

T h e o r e t ic a l  s t r e s s  a n a ly s i s ,  u t i l i z i n g  th e  b ih a rm o n ic  e q u a tio n , 

su g g e s ts  t h a t  an  assu m p tio n  o f  v e r t i c a l  d i f f e r e n t i a l  movements o f  th e  

c r u s t  w i l l  e x p la in  th e  s t r u c t u r a l  f e a tu r e s  mapped. The p re se n c e  o f  re v e rs e  

and norm al f a u l t s  in  th e  F r o n ta l  Zone and th e  l a t e r a l  t r a n s i t i o n s  o f  n o r ­

mal and  r e v e r s e  movement a re  e x p l ic a b le  by  th e  a ssu m p tio n  o f  a  s in g le  s t r e s s  

f i e l d  w hich i s  o r ie n t a te d  g e n e r a l ly  e a s t -w e s t .  I t  i s  b e l ie v e d  t h a t  th e  

s t r o n g ly  a n is o t r o p ic  c h a r a c te r  o f  th e  c r y s t a l l i n e  ro ck s  in f lu e n c e d  th e  

o r i e n t a t i o n  and lo c a t io n  o f  th e  f a i l u r e  p la n e s . ' The developm ent o f  th e  

F r o n ta l  Zone p a r a l l e l  to  th e  s c h i s t o s i t y  o v er a  c o n s id e ra b le  p o r t io n  o f  

th e  e a s t e r n  m arg in  i s  th o u g h t to  be th e  r e s u l t  o f  such  a n i s o t r o p ic  c o n t r o l .

I n  a d d i t io n  t o  f u r th e r in g  th e  u n d e rs ta n d in g  o f  th e  s t r u c t u r a l  and  

g e o lo g ic  h i s to r y  o f  t h i s  p a r t i c u l a r  a r e a ,  t h i s  r e s e a r c h  p ro v id e s  th e  b a s i s  

f o r  comments co n ce rn in g  th e  mode o f  g e o lo g ic a l  d e fo rm a tio n . ■

S t r a t ig r a p h ie  s e p a ra t io n ,  v i s i b l e  i n  th e  f i e l d  a lo n g  f a u l t  zo n es , 

r e p r e s e n ts  th e  l a t e s t  movements w hich may, o r  may n o t ,  c o in c id e  w ith  th e
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te m p o ra l sequence o f  f a u l t  fo rm a tio n . Many f a u l t s  p e r s i s t  th ro u g h  numer­

ous e p iso d e s  o f  d e fo rm a tio n  so t h a t  th e  s e p a ra t io n  p r e s e n t ly  o b se rv a b le  

a lo n g  them  may have o c c u rre d  under s t r e s s  c o n d itio n s  c o n s id e ra b ly  d i f f e r e n t  

from  th o s e  p ro d u c in g  f a i l u r e  w i th in  th e  ro c k . Thus, th e  s t r u c t u r a l  b e h a v io r  

o f  ro ck s  undergo ing  movement i s  n o t a  c o n d i t io n  o f  s t a t e ,  b u t  a  f u n c t io n  of 

th e  s t r u c t u r a l  h i s to r y .

The c o n d it io n s  under w hich f a u l t  zones may p e r s i s t  a s  a n is o t r o p ic  

s u r fa c e s  o f continuum  d is c o n t in u i ty  i n  ro ck s  a re  su g g es ted  by c e r t a i n  a s ­

p e c ts  o f  th e  r e s e a r c h .  O r ig in  o f  f a u l t s  p r i o r  to  m etam orphic r e c r y s t a l ­

l i z a t i o n  i s  dem onstrab le  by  th e  s t r u c t u r a l  and p e t ro lo g ic  f e a tu r e s  a lo n g  

th e  f a u l t  zo nes . Movement a lo n g  th e s e  same zones o c c u rre d  d u r in g  Laram ide 

d e fo rm a tio n , a s  ev id en ced  by d isp la cem e n t o f  P a le o z o ic  and M esozoic s e d i ­

m en tary  s t r a t a .  Thus, th e s e  zones p e r s i s t e d  a s  f a i l u r e  s u r fa c e s  th ro u g h  

te m p e ra tu re s  ra n g in g  from  500°P to  75P°C and p re s s u re s  from  3 ,500  to  over

8 ,0 0 0  b a r s .  A d d it io n a l ly ,  th e  in t r o d u c t io n  o f  m in e ra l iz e r s  f a i l e d  to  

r e s to r e  t h e i r  m e c h a n ic a lly  co n tin u o u s  n a tu re .  I t  i s  a p p a re n t t h a t  th e s e  

s u r fa c e s  were o n ly  s t r u c t u r a l l y  a c t iv e  when th e  s t r e s s  o r i e n t a t i o n  was 

w ith in  c e r t a in  l i m i t s .  The i r r e g u l a r  g e o m e tr ic a l form  o f  such  zones d id  

n o t  p e rm it co n tin u o u s  r e l i e f  o f  s t r e s s ,  a llo w in g  many o th e r  o r i e n t a t i o n s  

t o  become c r i t i c a l l y  s t r e s s e d .  However, th e s e  zones d id  p e r s i s t  a s  s t r u c ­

t u r a l  d i s c o n t in u i t i e s  th ro u g h  c o n d itio n s  t h a t  many w orkers have f e l t  would 

" h e a l"  f a u l t  zones.

E x is t in g  f a i l u r e  s u r fa c e s  and o th e r  a n is o t r o p ic  c o n d i t io n s  w i th in  

th e  ro ck s  w i l l  in f lu e n c e  th e  mode o f  d e fo rm a tio n . The d eg ree  o f c o n t ro l  

w i l l  be a  fu n c t io n  o f  s t r e s s  o r i e n t a t i o n ,  m agnitude w ith  r e s p e c t  t o  th e  

a n i s o t r o p ic  f e a t u r e s ,  and th e  n a tu re  o f  th e  f e a tu r e s  th e m se lv e s . W ith in
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th e  Wet M ountains; th e r e  i s  no doubt t h a t  th e  a n i s o t r o p ic  c h a ra c te r  o f  th e  

c r y s t a l l i n e  ro c k s  in f lu e n c e d  th e  f a i l u r e  p a t t e r n s .  S c h i s to s i t y  a lig n m en t 

presum ab ly  in f lu e n c e d  to  a  m ajor d eg ree  th e  a lig n m en t o f  th e  F r o n ta l  Zone. 

Movement a lo n g  e x i s t in g  f a u l t s  p roduced  th e  d is c o n tin u o u s  n a tu re  o f  th e  

F r o n ta l  Zone. The r e l a t i o n s h ip  betw een t e x t u r a l  a n is o tro p y ,  e x i s t in g  f a i l ­

u re  s u r f a c e s ,  th e  s t r e s s  f i e l d ,  and f a i l u r e  i s  a  com plex one and  w i l l  have 

t o  be worked o u t in  th e  la b o ra to r y ;  how ever, f i e l d  ev id en ce  i s  c o n c lu s iv e  

t h a t  a  sp ec trum  o f  r e l a t i o n s h ip s  does e x i s t .

The spectrum  o f  m ech an ica l b e h a v io r  d em o n strab le  w i th in  th e  s e d i ­

m en tary  and  c r y s t a l l i n e  ro c k s  i s  s i g n i f i c a n t .  S t r e s s  c o n d it io n s  o f  th e  

d u r a t io n  and m agnitude accom panying Laram ide d e fo rm a tio n  commonly r e s u l t e d  

i n  f a i l u r e  by m egascopic r u p tu r e  o f th e  c r y s t a l l i n e  ro c k s . T h is  f a i l u r e  

seems to  be accom panied by  m echan ica l g ra n u la t io n  o f  th e  ro c k s . W ith in  th e  

sed im en ta ry  s t r a t a ,  f o ld in g  i s  th e  c h a r a c t e r i s t i c  mode o f f a i l u r e .  I n  

a d d i t io n ,  s t r e s s  r e l i e f  by m ic ro sco p ic  s l i p ,  c re e p , f lo w , and  b end ing  

a p p a re n t ly  accom panied o r  p rece d ed  f a i l u r e  by  m egascopic ru p tu r e .  Such 

v i s c o e l a s t i c  b e h a v io r  i s  n o t dem o n strab le  in  th e  c r y s t a l l i n e  ro c k s . The 

r e l a t i o n s h ip s  w i l l  a l s o  have to  be  in v e s t ig a te d  i n  th e  la b o ra to r y ,  b u t  

th e  f i e l d  ev id en ce  o f  t h e i r  p re se n c e  i s  abundan t.

The m ajor s t r u c t u r a l  c h a r a c te r  o f  th e  a r e a  i n v e s t ig a t e d  i s  

r e f l e c t e d  in  th e  c r y s t a l l i n e  ro c k s .  The s t r u c tu r e s  w i th in  th e  sed im en ta ry  

ro ck s  a re  e i t h e r  an  e x te n s io n  o f  th o se  s t r u c tu r e s  o r  a r e  th e  r e s u l t  o f  a  

seco n d ary  s t r e s s  f i e l d  s e t  up by  d e fo rm a tio n  o f  th e  p rim a ry  s t r u c t u r e s .  

E x t r a p o la t io n  w ould su g g e s t t h a t  i n  a re a s  o f  c o m p a ra tiv e ly  t h i n  sed im en ta ry  

c o v e r—l e s s  th a n  10 ,000  f e e t —th e  p rim ary  s t r u c t u r a l  mode i s  b e s t  r e f l e c t e d  

in  th e  c r y s t a l l i n e  ro c k s . The sed im en ta ry  s t r a t a ,  b e c a u se  o f  t h e i r  low
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th r e s h o ld  t o  e l a s t i c o v i s c o u s  d e fo rm a tio n , r e f l e c t  many o f  th e  secondary  

s t r a i n  c o n d i t io n s  a s s o c ia te d  w ith  th e  p rim ary  f e a t u r e s .  These secondary  

f e a tu r e s  te n d  to  mask th e  m a jo r s t r u c t u r a l  a s p e c t s .  The d i f f e r i n g  r e ­

sponses  o f  sed im en ta ry  and  c r y s t a l l i n e  ro ck s  t o  th e  same s t r e s s  c o n d it io n s  

a re  p r e s e n t ly  b e in g  in v e s t ig a te d  i n  th e  la b o ra to r y  and  a re  e q u a l ly  e v id e n t  

i n  th e  f i e l d .

A f i n a l  c o n s id e r a t io n  i s  th e  manner o f  ro c k  f a i l u r e .  I t  h a s  been  

re c o g n iz e d  f o r  a  number o f  y e a rs  t h a t  t h e o r e t i c a l l y  p r e d ic ta b le  f a i l u r e  

s u r fa c e s  w ould n o t be  p la n a r ,  b u t  cu rv ed  (H afn e r, 1951 ) .  A d d i t io n a l ly ,  

e x p e r im e n ta l work d e m o n stra te s  t h a t  f a i l u r e  w i th in  a  ro c k  i s  o f te n  a  com­

p o s i t e  f e a tu r e  r a th e r  th a n  one s u r f a c e .  T h is  s tu d y  h a s  shown t h a t  th e  

m arg in  o f  th e  Wet M ountains i s  n o t  marked by a  s in g le  f a u l t ,  b u t  r a t h e r ,  

a  com plex zone o f  f a u l t s .  A lthough  such  c o n d it io n s  w ould i n t u i t i v e l y  be 

e x p e c te d , movement a lo n g  d i s c r e t e  f a u l t  s u r f a c e s  w i th in  a  com plex h as  

o n ly  been  m en tioned  by  g e o lo g is t s .  I t  i s  e v id e n t  t h a t  th e  f r i c t i o n a l  -  

q u a l i t i e s  o f  such  a  zone a re  dom inant f a c t o r s  in f lu e n c in g  r e c u r r e n t  move­

m e n ts .

I n  c o n c lu s io n , i t  i s  f e l t  t h a t  in c re a s e d  em phasis sh o u ld  be 

p la c e d  upon th e  u t i l i z a t i o n  o f  i n t e g r a t e d  s t r u c t u r a l  and  p e t r o lo g ic  s tu d ie s  

o f  b o th  th e  c r y s t a l l i n e  and sed im en ta ry  ro c k s . I t  i s  th e  w r i t e r ' s  b e l i e f  

t h a t  a  s t r u c t u r a l  s tu d y  c o n fin e d  t o  th e  sed im en ta ry  s t r a t a  o f  th e  e a s t e r n  

m arg in  o f  th e  Wet M ountains w ould have y ie ld e d  an  in co m p le te  and  m is le a d in g  

s t r u c t u r a l  i n t e r p r e t a t i o n .  A tten ro ts  t o  re c o g n iz e  deform ed zones w ith in  

th e  c r y s t a l l i n e  ro c k s  w ith o u t a  knowledge of th e  p e t ro lo g y  w ould  have b een  

f r u i t l e s s .  Such an  ap p ro ach  w i l l  p ro v id e  a  b e t t e r  b a s i s  f o r  w orking o u t th e  

g e o lo g ic  h i s t o r y  o f  o th e r  a r e a s  and  w i l l  p ro v id e  g r e a t e r  c o n t r ib u t io n s  t o  

f i e l d  in v e s t ig a t io n  in t o  th e  p rob lem s o f  th e  m echan ics o f  ro c k  d e fo rm a tio n .



CONCLUSIONS

The s tu d y  o f  th e  p e tro lo g y  and s t r u c t u r e  o f th e  e a s te r n  m arg in  

o f  th e  Wet M ountains h a s  r e s u l t e d  i n  a  number o f  c o n c lu s io n s .

1 . The in t e g r a te d  s t r u c t u r a l  and p e t ro lo g ic  s tu d y  o f  b o th  th e  

c r y s t a l l i n e  and  se d im e n ta iy  ro c k s  i s  n e c e s s a ry  f o r  a  com plete i n t e r p r e t a ­

t i o n  o f  th e  e a s te r n  m arg in  o f th e  Wet M oun tains.

2 . The c r y s t a l l i n e  ro ck s  o f  th e  e a s te r n  m arg in  o f  th e  Wet Moun­

t a i n s  a re  l a r g e ly  an  in t e r la y e r e d  sequence o f  m afic  and f e l s i c  g n e is s e s  

c o n ta in in g  m in e ra l assem b lages o f  th e  s i l l im a n ite -a lm a n d in e -m u c o v ite  

su b fa c ie s  o f  th e  a lm an d in e- a m p h ib o lite  f a c i e s .  R eg io n a l c o n d i t io n s  o f  

600°C t o  TOO°C and 3 ,500  b a r s  p re s s u re  p roduced  r e c r y s t a l l i z a t i o n  a p p ro x i­

m a te ly  1430 m i l l io n  y e a rs  ago .

3 . L o c a lly  a lo n g  deform ed zo nes, c o n d it io n s  o f  750°C and 8 ,0 0 0  

b a r s  may have e x i s t e d  d u r in g  th e  r e g io n a l  r e c r y s t a l l i z a t i o n .

4 . Two in t r u s i v e  b o d ie s ,  th e  g r a n i t e  o f  Oak C reek and  th e  San 

I s a b e l  G ra n ite  were em placed d u rin g  P recam brian  tim e  and a f t e r  th e  r e g io n a l  

metamorphism.

5. The in t e r l a y e r e d  m afic  and f e l s i c  g n e is s e s  a re  i n t e r p r e t e d  

a s  d e r iv a t iv e s  o f  sed im en ta ry  a n d /o r  v o lc a n ic  ro ck s  t h a t  w ere f o ld e d  and 

f a u l t e d  b e fo re  m etam orphism . Drag fo ld s  and r e c r y s t a l l i z a t i o n  r e l a t i o n s  

show th e  P recam brian  age o f  some e a s t -w e s t  f a u l t s  w hich a re  a l ig n e d  p a r ­

a l l e l  t o  th e  ax es  o f  P recam brian  f o ld s .  These f a u l t s  p e r s i s t e d  a s  f a u l t
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zones in to  la te -C re ta c e o u s  tim e  a lo n g  th e  e a s te r n  m arg in  o f  th e  Wet Moun­

t a i n s  .

6. No c o n c lu s iv e  ev id en ce  o f  P a le o z o ic  d e fo rm a tio n  was re c o g ­

n iz e d .

7 . Laram ide s t r e s s  c o n d itio n s  r e s u l t e d  in  f a i l u r e  a lo n g  th e  

n o r th e rn  and e a s te r n  m argins o f  th e  Wet M ountains in  a  com plex zone o f 

f a u l t i n g —h e re in  te rm ed  th e  F r o n ta l  Zone. T h is  zone i s  p r e s e n t  in  th e  

v i c i n i t y  o f  th e  s e d im e n ta ry -c ry s ta l l in e  ro ck  c o n ta c t .

8 . The F r o n ta l  Zone g e n e ra l ly  t r e n d s  n o r th w e s t- s o u th e a s t .  I t  

i s  congosed o f  a  number o f  f a u l t s ,  none o f  w hich a re  co n tin u o u s  a lo n g  i t s  

e n t i r e  le n g th ,  no r se rv ed  a s  th e  l o c i  o f  a l l  o f  th e  movements. Normal 

and  re v e rs e  movements a re  p r e s e n t  a lo n g  b o th  s e p a ra te  and th e  same f a u l t s . 

T ea r f a u l t s ,  commonly o r ie n te d  n o r th e a s t- s o u th w e s t ,  d is p la c e  th e  F r o n ta l  

Zone ea s tw ard  and a l s o  bound c r y s t a l l i n e  b lo c k s  w hich in t e r r u p t  th e  con­

t i n u i t y  o f  th e  F r o n ta l  Zone.

9 . S t r e s s  c o n d itio n s  m o d ified  by th e  u p l i f t  o f  th e  Wet M ountains 

p roduced  fo ld s  in  th e  sed im en ta ry  ro ck s  commonly p a r a l l e l i n g  th e  F r o n ta l  

Zone. F a u l t in g  i s  m inor in  th e  sed im en ta ry  ro c k s .

10. The r e g io n a l  t r e n d  o f  th e  P recam brian  s c h i s t o s i t y  and f o l i a ­

t i o n  i s  m arked. I n  some l o c a l i t i e s  i t  changes a t t i t u d e  from  th e  r e g io n a l  

t r e n d  to  p a r a l l e l  th e  F r o n ta l  Zone. T h is  a n is o t r o p ic  c h a r a c te r  o f  th e  

c r y s t a l l i n e  ro ck s  developed  p r i o r  t o  r e g io n a l  metamorphism u n d o u b ted ly  

in f lu e n c e d  th e  fo rm a tio n  o f  th e  F r o n ta l  Zone a s  w e ll  a s  in d iv id u a l  f a u l t s .

11 . C onçarison  o f  a  two d im en sio n a l s t r e s s  a n a ly s i s  and la b o ra ­

t o r y  work on a n i s o t r o p ic  su b s ta n c e s  p ro v id e s  a  b e t t e r  u n d e rs ta n d in g  o f  th e  

g e n e s is  o f  th e  F r o n ta l  Zone.
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