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GENERAL GEOLOGIC AND TECTONIC SUMMARY 

The Mount Hayes quadrangle ,  south  of  t h e  Denali  f a u l t ,  c o n s i s t s  o f  
s e v e r a l  f a u l  t-bounded t e c t o n o s t r a t i g r a p h i c  t e r r a n e s .  From n o r t h  t o  s o u t h ,  t h e  
p r i n c i p a l  t e r r a n e s  a r e  t h e  Maclaren t e r r a n e ,  t h e  Clearwater  t e r r a n e ,  and t h e  
WrangelLia t e r r a n e .  The Maclaren t e r r a n e  (Smith, 1974; Smith and Turner ,  
1973, 1974; Nokleberg and o t h e r s ,  1980, 1981a) occurs  i n  the  c e n t r a l  and 
western  p a r t s  of  t h e  geo log ic  map and i s  bounded t o  the  n o r t h  by t h e  Denal i  
f a u l t  and t o  the  sou th  by t h e  Broxson Gulch t h r u s t .  The Clearwater  t e r r a n e ,  
a s  de f ined  by Jones and o t h e r s  (19811, occurs  i n  the  western  p a r t  of  t h e  
geo log ic  map a s  a smal l  fault-bounded wedge of  metamorphic rock w i t h i n  
branches  o f  t h e  Broxson Gulch t h r u s t ,  between the  Maclaren t e r r a n e  t o  t h e  
nor th  and the  Wrangell ia t e r r a n e  t o  t h e  sou th .  Most o f  t h e  southern  p a r t  o f  
the  quadrangle  i s  u n d e r l a i n  by t h e  Wrangel l ia  t e r r a n e  ( a s  de f ined  by Jones and 
o t h e r s ,  1977) which i s  d iv ided  i n t o  t h e  Slana River s u b t e r r a n e  t o  the  nor th  
and the  Tangle s u b t e r r a n e  t o  the  south .  The Wrangel l ia  t e r r a n e  i s  bounded t o  
the nor th  by e i t h e r  t h e  Broxson Gulch t h r u s t  o r  Denal i  f a u l t  and extends t o  
the  sou the rn  edge of the  quadrangle.  A smal l  p o r t i o n  o f  t h e  e a s t e r n  p a r t  o f  
the quadrangle  i s  u n d e r l a i n  by a  smal l  fault-bounded t e r r a n e  o f  u l t r a m a f i c  and 
r e l a t e d  rock t h a t  occurs  between the  Wrangel l ia  t e r r a n e  and t h e  Denali  f a u l t .  

Mac l a r e n  Terrane 

The Maclaren t e r r a n e  c o n s i s t s  o f  p e n e t r a t i v e l y  deformed and r e g i o n a l l y  
metamorphosed p l u t o n i c  rocks ,  and s c h i s t ,  p h y l l i t e ,  and a r g i l l i t e  and 
metagraywacke. The Maclaren t e r r a n e  i n  t h i s  r e p o r t  i s  approximate ly  
e q u i v a l e n t  t o  the  Maclaren metamorphic b e l t  o f  Smith (19741, and Smith and 
Turner (1973, 1974).  The n o r t h e r n  p a r t  of  t h e  Maclaren t e r r a n e  (Nokleberg and 
o t h e r s ,  1980, 1981a) c o n s i s t s  o f  t h e  r e g i o n a l l y  deformed and metamorphosed 
East  S u s i t n a  b a t h o l i t h  and t h e  southern  p a r t  c o n s i s t s  o f  the  Naclaren G l a c i e r  
metamorphic b e l t .  

The East  Susitna b a t h o l i t h  c o n s i s t s  predominantly of  r e g i o n a l l y  
metamorphosed and p e n e t r a t i v e l y  deformed d i o r i t e  and g r a n o d i o r i t e ,  wi th  l e s s e r  
q u a r t z  monzonite.  Loca l ly  t h i s  s c h i s t o s e  g r a n i t i c  rock  g rades  i n t o  migmat i te ,  
m i p a t i t i c  s c h i s t ,  and s c h i s t  and amphibol i te .  S c h i s t  and amphibol i te  Consis t  
of o l d e r ,  more i n t e n s e l y  r e g i o n a l l y  metamorphosed and p e n e t r a t i v e l y  deformed 
gabbro and d i o r i t e .  Small roof  pendants of s c h i s t ,  q u a r t z i t e ,  and amphibol i te  
occur i n  the  East  S u s i t n a  b a t h o l i t h  n e a r  the  western  edge of  t h e  quadrangle .  
These roof  pendants a r e  c o r r e l a t e d  wi th  t h e  Nenana r e r r a n e  uf Late T r i a s s i c  
age  ones and o t h e r s ,  1981) i n  t h e  Healy quadrangle  t o  the  west .  Sparse  
dikes of d i a b a s e  and d a c i t e  of  T e r t i a r y ( ? )  age c r o s s c u t  p o r t i o n s  of  t h e  
b a t h o l i t h .  A l a t e  Cretaceous t o  E a r l y  T e r t i a r y  age i s  i n d i c a t e d  f o r  the  
b a t h o l i t h  by a U-Pb z i r c o n  age of 70 m . 7 .  on a  sample of s c h i s t o s e  q u a r t z  
d i o r i t e  from the  B-6 quadrangle  ( A l e i n i k o f f  and o t h e r s ,  1981), and by one 





n e a r l y  concordant K-Ar hornblende and b i o t i t e  age  of  54.5 t o  57.0 m.y. on a 
l a t e  s t a g e  pegmat i te  (Turner and Smith, 1974).  Numerous d i s c o r d a n t  K-Ar age 
de te rmina t ions  on hornblende,  b i o t i t e ,  and muscovite from s c h i s t o s e  g r a n i t i c  
rock and migmat i te  range between 29 and 60 may .  (Turner and Smith, 1974) ,  
i n d i c a t i n g  t h a t  r e g i o n a l  metamorphism and deformat i o n  of  the  b a t h o l i t h  
continued i n t o  t h e  middle T e r t i a r y .  The c o n t a c t  between t h e  East  S u s i t n a  
b a t h o l i t h  and the  Maclaren G l a c i e r  metamorphic b e l t  i s  a f a u l t e d  i n t r u s i v e  
c o n t a c t ,  t h e  Meteor Peak f a u l t  along which occur  fault-bounded l e n s e s  o f  
metamorphic and p l u t o n i c  rock ,  and s p a r s e  d i k e s .  

The Maclaren G l a c i e r  metamorphic b e l t  i s  a pro-grade Barrovian type  
metamorphic b e l t  (Smith, 1974; Smirh and Turner ,  1973, 1974).  From south  t o  
n o r t h ,  t h e  p r i n c i p a l  u n i t s  a r e  a r g i l l  i t e  and m e t  agraywacke wi th  lower 
g r e e n s c h i s t  f a c i e s  metamorphism, p h y l l i t e  with upper g r e e n s c h i s t  f a c i e s  
metamorphism, and s c h i s t  and amphibol i te  wi th  amphibol i te  f a c i e s  metamorphism. 
The t h r e e  map u n i t s  o f  t h e  Maclaren G l a c i e r  metamorphic b e l t  g e n e r a l l y  d i p  
moderate ly  t o  s t e e p l y  northward,  with t h e  lower grade u n i t s  i n  the  sou th  
dipping under the  h i g h e r  g rade  u n i t s  t o  t h e  north, the reby  forming an inver ted  
metamorphic sequence. Exposed c o n t a c t s  between the  t h r e e  map u n i t s  a r e  
g e n e r a l l y  f a u l t s  wi th  i n t e n s e  shea r ing  and abrupt  changes o f  metamorphic 
f a c i e s  a t  each c o n t a c t .  The Maclaren G l a c i e r  metamorphic b e l t  i s  t h r u s t  under 
the  East  S u s i t n a  b a t h o l i t h  t o  t h e  nor th  along t h e  Metaor Peak f a u l t .  A 
Cretaceous t o  pre-Cretaceous minimum age f o r  t h e  p r o t o l i t h  o f  t h e  Maclaren 
G l a c i e r  metamorphic b e l t  is  determined by t h e  i n t r u s i o n  of  t h e  b e l t  by t h e  70 
m.y,-old g r a n i t i c  rocks  o f  the  East S u s i t n a  b a t h o l i t h  immediately t o  t h e  n o r t h  
of  t h e  Maclaren G l a c i e r  metamorphic b e l t .  No f o s s i l s  have y e t  been found i n  
the  Maclaren G l a c i e r  metamorphic b e l t  i n  t h e  Mount Hayes quadrangle  o r  i n  t h e  
nearby p o r t i o n s  o f  t h e  Healy quadrangle  t o  t h e  west .  The l a c k  o f  age c o n t r o l  
and the  h i g h l y  deformed and metamorphosed c h a r a c t e r  of  t h e  Maclaren G l a c i e r  
metamorphic b e l t  i s  permiss ive  of  t h i s  u n i t  c o n t a i n i n g  rocks o f  d i v e r s e  
o r i g i n s  and ages.  The t h r u s t  f a u l t s  between t h e  map u n i t s  i n  t h e  Maclaren 
G l a c i e r  metamorphic b e l t  could  be  s u t u r e s  s e p a r a t i n g  rocks  o f  d i v e r s e  o r i g i n .  

The Maclaren t e r r a n e  i s  i n t e r p r e t e d  a s  a t e c t o n i c a l l y  detached fragment 
of  an Andean-type p l u t o n i c  a r c  o f  Late  Cretaceous and T e r t i a r y  age. A s  
suggested by Forbes and o t h e r s  (19731, t h e  rocks  forming t h e  Maclaren t e r r a n e  
a r e  c o r r e l a t e d  with the  nor the rn  p a r t  o f  t h e  Coast p l u t o n i c  complex i n  t h e  
Kluane Lake a r e a  i n  t h e  t h e  southern  Yukon T e r r i t o r y .  The Coast p l u t o n i c  
complex i n  t h i s  a r e a  has  been subdivided i n t o  t h e  Taku and Tracey Arm t e r r a n e s  
by Berg and o t h e r s  (1978) and Jones  and o t h e r s  (1981).  This c o r r e l a t i o n  
d e f i n e s  a minimum displacement  o f  t h e  Maclaren t e r r a n e  a long the  Denali  f a u l t  
o f  about 400 h. 

Clearwater  Terrane 

The Clearwater  t e r r a n e  (Jones  and o t h e r s ,  1981) c o n s i s t s  o f  a smal l  
fault-bounded b lock  o f  h i g h l y  deformed c h l o r i t e  s c h i s t ,  muscovite s c h i s t ,  
marb le ,  and g reens tone  de r ived  from b a s a l t .  This t e r r a n e  occurs  near  t h e  
western edge of t h e  quadrangle  w i t h i n  branches  o f  t h e  Broxson Gulch t h r u s t  
between t h e  Maclaren t e r r a n e  t o  t h e  n o r t h  and t h e  Wrangel l ia  t e r r a n e  t o  t h e  
s o u t h ,  Upper T r i a s s i c  He te ras t r id ium sp .  occur  i n  the  marble u n i t  t o  the  
west i n  t h e  Healy quadrangle  (Jones  and o t h e r s ,  1981).  The map u n i t s  a r e  
fault-bounded and t h e  s t r a t i g r a p h i c  t h i c k n e s s  i s  unknown. Small f a u l  t-bounded 
wedges of T e r t i a r y  sandstone and c o a l ,  and of t h e  J u r a s s i c  t o  T r i a s s i c  
McCarthy Formation occur along the  south  margin of  t h e  Clearwater  t e r r a n e .  
The c l o s e s t  known occur rence  o f  t h e  McCarthy Formation i s  t o  t h e  s o u t h e a s t  i n  
the western  p a r t  o f  t h e  McCarthy quadrangle  (MacKevett, 1978).  



Wrangell ia Terrane 

The Wrangel l ia  t e r r a n e  (Jones  and o t h e r s ,  1977) c o n s i s t s  predominantly o f  
a sequence of l a t e  Paleozoic  i s l a n d  a r c  rocks  which a r e  disconformably 
o v e r l a i n  by t h e  T r i a s s i c  Nikola i  Greenstone and l o c a l l y  by younger rocks .  The 
Slana River s u b t e r r a n e ,  forming the  nor the rn  p a r t  o f  t h e  Wrangell ia t e r r a n e ,  
i s  bounded t o  the  n o r t h  by the  Broxson Gulch t h r u s t  and t o  t h e  south  by t h e  
Eureka Creek f a u l t .  The Slana River s u b t e r r a n e  c o n s i s t s  mainly of upper 
Paleozoic  i s l a n d  a r c  rocks ,  and disconformably over ly ing  massive r i f t  b a s a l t  
flows o f  t h e  T r i a s s i c  Nikola i  Greenstone (Bond, 1976; R i c h t e r  and o t h e r s ,  
1977).  The upper Paleozoic  i s l a n d  a r c  rocks  c o n s i s t  mainly o f  a n d e s i t e  f lows,  
b r e c c i a ,  e p i c l a s t i c  rocks ,  a r g i l l i t e ,  and l imestone o f  Pennsylvanian t o  
Permian age ( R i c h t e r  and o t h e r s ,  1977).  The Nikolai  Greenstone c o n s i s t s  o f  
massive ,  s u b a e r i a l ,  amydgaloidal b a s a l t  flows ( R i c h t e r  and o t h e r s ,  1977) .  
Local ly  over ly ing  t h e  Nikola i  Greenstone i n  t h e  e a s t e r n  p a r t  o f  t h e  Slana 
River sub te r rane  a r e  T r i a s s i c  l imes tone ,  J u r a s s i c  t o  Cretaceous a r g i l l i t e  and 
graywacke o f  t h e  Gravina-Nurzotin b e l t ,  and s p a r s e  d e p o s i t s  of T e r t i a r y  
sandstone,  conglomerate,  and r h y o l i t e  t o  d a c i t e  t u f f ,  b r e c c i a ,  and flows. The 
s t r a t i g r a p h i c  bottom o f  the  Slana River s u b t e r r a n e  i s  not  exposed. 

The Tangle s u b t e r r a n e  forms t h e  sou thern  part of  t h e  Wrangel l ia  t e r r a n e ,  
and c o n s i s t s  predominantly,  r e l a t i v e  t o  the  Slana River s u b t e r r a n e ,  o f  a  
t h i n n e r  sequence o f  upper Paleozoic  sedimentary and t u f  faceous r o c k s ,  and a  
t h i c k e r  sequence o f  unconformably over ly ing  p i l l o w  l a v a  and s u b a e r i a l  flows of 
t h e  T r i a s s i c  Nikola i  Greenstone.  The Tangle s u b t e r r a n e  i s  bounded t o  t h e  
n o r t h  by the Eureka Creek f a u l t  and extends  t o  t h e  sou thern  boundary o f  t h e  
geologic  map. Extensive  gabbro d i k e s ,  s i l l s ,  and s t r a t i f o r m  cumulate mafic 
and u l t r a m a f i c  rock i n t r u d e  the  sedimentary and v o l c a n i c  rock of  t h e  Tangle 
s u b t e r r a n e  . P a r t  o f  t h e  Tangle s u b t e r r a n e ,  inc lud ing  t h e  mafic and u l t r a m a f i c  
complex of Fish Lake, is  t h r u s t  over the  Nikola i  Greenstone o f  t h e  Tangle 
sub te r rane  a long t h e  folded F i s h  Lake t h r u s t .  The s t r a t i g r a p h i c  base of t h e  
Tangle s u b t e r r a n e  i s  fault-bounded. 

Tnere a r e  s e v e r a l  important d i f f e r e n c e s  between t h e  Slana River 
sub t e r r a n e  and the  Tangle s u b t e r r a n e  (Nokleberg and others, 1981b). The upper  
Paleozoic  rocks i n  the  Tangle s u b t e r r a n e  are much t h i n n e r  than i n  t h e  Slana 
River sub te r rane .  The upper Paleozoic  rocks  i n  t h e  Tangle s u b t e r r a n e  a r e  
predominantly aquagene t u f f  and a r g i l l i t e  with minor a n d e s i t e ,  whereas t h e  
upper Paleozoic  rocks  i n  the  Slana River s u b t e r r a n e  a r e  mainly a n d e s i t e  f lows,  
b r e c c i a ,  and e p i c l a s t i c  rock.  The lower p i l l o w  b a s a l t  member of t h e  Nikola i  
Greenstone i n  t h e  Tangle s u b r e r r a n e  i s  absent  i n  the Slana River s u b t e r r a n e .  
The massive s u b a e r i a l  b a s a l t  flows forming t h e  upper member of the  Nikola i  
Greenstone i n  t h e  Tangle s u b t e r r a n e  are  a t  least  t h r e e  t i m e s  thicker than 
s i m i l a r  flows i n  t h e  Slana River s u b t e r r a n e .  And pos t -Tr iass ic  u n i t s  i n  the  
Slana River s u b t e r r a n e  a r e  absent  i n  t h e  Tangle s u b t e r r a n e .  

Terrane o f  Ul t ramafic  and Associated Rock 

I n  t h e  e a s t e r n  p a r t  o f  t h e  geo log ic  map, t h e r e  i s  a t e r r a n e  of  u l t ~ a m a f i c  
rock and s p a r s e  a s s o c i a t e d  mafic rock and sparse  a s s o c i a t e d  g r a n i t i c  rock t h a t  
occurs  i n  a  narrow fault-bounded b e l t ,  up  t o  1-lan wide ,  d i r e c t l y  south  o f  t h e  
Denal i  f a u l t  and north o f  t h e  Wrangell ia t e r r a n e .  The u l t r a m a f i c  and mafic 
rock a r e  l o c a l l y  i n t r u d e d  by deformed and a l t e r e d  t o n a l i t e  and q u a r t z  
monzonite . The u l t r a m a f i c  and mafic rock  have been i n t e n s e l y  t e c  t o n i c a l l y  
deformed and have a l s o  been l o c a l l y  a l t e r e d  by magnesium metasomatism. This 
t e r r a n e  r e p r e s e n t s  a c r u s t a l - s u t u r e  b e l t  which t r e n d s  northwestward a c r o s s  
e a s t - c e n t r a l  Alaska. T h i s  t e r r a n e  may r e p r e s e n t  e i t h e r  t h e  oceanic  basement 



f o r  t h e  l a t e  Paleozoic  i s l a n d  a r c  rock o f  Wrange l l i a ,  o r  may r e p r e s e n t  ocean ic  
l i t h o s p h e r e  acc re ted  onto North America j u s t  be fore  t h e  a c c r e t i o n  o f  
Wrangell i a .  

P lu ton ic  Rocks, Adjacent Ter ranes ,  and F a u l t s  

I n  a d d i t i o n  t o  the  s c h i s t o s e  g r a n i t i c  rock  o f  the  East S u s i t n a  b a t h o l i t h  
i n  t h e  Maclaren t e r r a n e ,  s e v e r a l  non-schistose p l u t o d s s  i n t r u d e  t h e  Maclaren 
River ,  C lea rwate r ,  and Wrangel l ia  t e r r a n e s ,  Compositions range from q u a r t z  
d i o r i t e  t o  q u a r t z  monzonite and K-Ar ages  on hornblende o r  b i o t i t e  range from 
31 t o  44 m.y., and 120 t o  149 m.y. (Ragan and Hawkins, 1966; Turner and 
Smith,  1974). None of t h e  g r a n i t i c  p lu tons  c r o s s c u t  t e r r a n e  boundar ies .  I n  
the  Broxson Gulch, Rainbow Mountain and Gulkana G l a c i e r  a r e a s  i n  t h e  c e n t r a l  
p a r t  o f  t h e  geo log ic  map, a f e w  g r a n i t i c  pLutona a r e  fau l ted  a g a i n s t  l a t e  
Paleozoic  v o l c a n i c  rocks  of  the  Slana River t e r r a n e  and a g a i n s t  l a t e  T e r t i a r y  
sedimentary  and v o l c a n i c  rock along branches o f  t h e  Broxson Gulch, McCallum 
Creek, and S la t e  Creek f a u l t s .  

Other t e r r a n e s  that occur a d j a c e n t  t o  the  v a r i o u s  t e r r a n e s  i n  t h e  
southern  part o f  t h e  Mount Hayes quadrangle  a r e  d i s c u s s e d  by  Jones and o t h e r s  
(1981) i n  a p re l iminary  r e p o r t  on t e c t o n o s t r a t i g r a p h i c  t e r r a n e s  of  Alaska. 
The p l a t e  kinematics of t h e  Denali  f a u l t  and Broxson Gulch t h r u s t  a r e  
d i scussed  by S tou t  and Chase (1981).  F i e l d  r e l a t i o n s  o f  t h e  McCallum Creek 
and S l a t e  Creek f a u l t s  a r e  d e s c r i b e d  by Weber and Turner (1971).  

PREVIOUS MAPPING 

The e a r l i e s t  geo log ic  mapping was done near  the  t u r n  o f  the  cen tu ry  by 
Mendenhall (1903, 1905) and Moff i t  (1912) .  The l a t t e r  cont inued h i s  work i n  
t h e  a r e a  f o r  n e a r l y  f i f t y  y e a r s  (Moff i t ,  1954) .  The more recent geo log ic  
mapping of  bedrock i n  the  a r e a  c o n s i s t s  o f  maps o f  p a r t s  o r  of e n t i r e  
lS -minu te  quadrangles .  These s t u d i e s  i n c l u d e  those  of Rose (1965; 1966a, b ;  
19671, Rose and Saunders (1967) ,  Bond (19761, Stou t  (19761, and R i c h t e r  and 
o t h e r s  (1977).  There i s  a l s o  unpublished bedrock mapping by S m i t h  (1972) and 
Matteson (1973).  S u r f i c i a l  geologic  mapping i n  the  southwestern  p a r t  o f  t h e  
quadrangle  has  been publ ished by Kachadoorian and o t h e r s  (1953) and 
Kachadoorian and Pewe ( 1 9 5 5 ) .  O r i g i n a l l y  c o n f i d e n t i a l  mapping of s u r f i c i a l  
geology was done by t h e  U.S. Army Corps of  Engineers  (1960a, b ) .  A comple te  
b ib l iography  of  g e o l o g i c a l  i n v e s t i g a t i o n s  i n  t h e  Mount Hayes quadrangle 
through t h e  e a r l y  p a r t  of 1980 i s  l i s t e d  i n  Zehner and o t h e r s  (1980).  



DESCRIPTION OF MAP UNITS 
SURF I C  U L  DEPOSITS 

ALLUVIAL DEPOSITS 

Alluvium on active f lood p l a i n s  and lowest  t e r r a c e s  o f  major 
s t r e a m s ,  and l a r g e r  a l l u v i a l  f ans .  --Chiefly b o u l d e r s ,  
g r a v e l ,  and sand 

A l l u v i a l  fans and cones ,  c h i e f l y  g r a v e l  and sand.--Only l a r g e  
wel l -def ined cones a r e  d i f f e r e n t i a t e d  from col luvium (Qc) 

Alluvium i n  h i g h  t e r r a c e s  along major s t reams ,--Oldest d e p o s i t s  
may be outwash from a  l a t e  advance of  t h e  Wisconsin 
G l a c i a t i o n .  Ch ie f ly  b o u l d e r s ,  gravel ,  and sand 

FLUVIOUCUSTRINE DEPOSITS. --Lake, pond, and low-gradient s t ream 
d e p o s i t s  ; C h i e f l y  sand ,  s i l t ,  and c l a y ;  l o c a l l y  i n c l u d e s  
abundant o rgan ic  m a t t e r  

COLLUVIAL DEWS ITS 

Landsl ide  deposi ts . - -Chief ly  d e b r i s  avalanches  and b lock  s l i d e s  
as evidenced by f r e s h n e s s  o f  form. Older  l a n d s l i d e  d e p o s i t s  
included i n  undivided col luvium (Qc 

Undivided colluvium and o t h e r  d e p o s i t s  on v a l l e y  walls and h i l l  
s l o p e s  .--Chiefly t a l u s  and o t h e r  s l o p e  d e b r i s ,  b u t  inc ludes  
a l luvium o f  numerous minor streams, and l o c a l l y  g l a c i a l ,  
rock  g l a c i e r ,  and mass-wasting d e p o s i t s .  I n  a r e a s  o f  g e n t l e  
s l o p e s ,  c h i e f l y  mixed col luvium and al luvium with l o c a l  
bedrock r u b b l e .  Unit i n c l u d e s  l a r g e  s o l i f l u c t i o n  l o b e s  on 
h igh- leve l  low-gradient s l o p e s  t h a t  are composed chiefly o f  
bedrock r u b b l e  bu t  may i n c l u d e  o l d e r  g l a c i a l  d r i f t  d e p o s i t s  
(Qog). Loca l ly  grades i n t o  d e p o s i t s  of Alaskan, Wisconsin,  
and o l d e r  g l a c i a t i o n s .  C h i e f l y  r u b b l e ,  g r a v e l ,  sand ,  s i l t ,  
and c l a y ;  g e n e r a l l y  poor ly  sorted 

ROCK GLACIER DEPOSITS. --Includes a c t i v e  and r e c e n t l y  a c t i v e  rock 
g l a c i e r s  and t h e  t a l u s  aprons feed ing  them. Smaller  rock 
g l a c i e r s  and d e p o s i t s  o f  o l d  rock g l a c i e r s  included i n  undivided 
col luvium (Qc). C h i e f l y  r u b b l e  and d iamic ton  

GLACIAL DEPOSITS 

End and l a t e r a l  moraines o f  t h e  Alaskan G l a c i a t i o n  ( R i c h t e r  and 
o t h e r s ,  19771.--Left a f t e r  r e c e s s i o n  o f  e x i s t i n g  g l a c i e r s .  
C h i e f l y  r u b b l e  and d iamic ton  

Drift of Wisconsin Glacia t ion. - - Includes  end,  l a t e r a l ,  and 
ground moraine,  and l o c a l l y  f l u v i a g l a c i a l  d e p o s i t s  o f  bo th  
main and l a t e  s t a g e s  o f  Wisconisn G l a c i a t i o n  and may i n c l u d e  
some d e p o s i t s  o f  the Alaskan G l a c i a t i o n  (Qam). Unit  l o c a l l y  
i n c l u d e s  p o s t g l a c i a l  a l l u v i a l  and pond d e p o s i t s  e s p e c i a l l y  
i n  e x t e n s i v e  ground moraines.  A t  h igher  e l e v a t i o n s ,  d r i f t  
c o n s i s t s  mainly  o f  l a t e r a l  and end moraines.  A t  lower 
e l e v a t i o n s ,  d r i f t  c o n s i s t s  mainly o f  g l a c i o f l u v i a l  d e p o s i t s .  



At higher elevations, deposits merge with and are covered by 
undifferentiated colluvium (Qc). At lower elevations, 
deposits merge with and are covered by undifferentiated 
alluvium (Qa). Chiefly diamicton with minor sand and gravel 

Glaciofluvial deposits of Wisconsin Glaciation.--Generally occur 
downslope from end moraines of Wisconsin Glaciation. 
Moderately well-stratified layers and lenses of well-rounded 
gravel with matrix of silt and sand. Poorly to moderately 
well sorted. Local lenses of well-sorted sand 

End and lateral moraines of Wisconsin Glaciation.--At higher 
elevations, deposits merge with and are covered by 
undifferentiated colluvium (Qc). Locally may include 
deposits of the Alaskan Glaciation (Qam). Poorly sorted and 
unstratified. Chiefly till of unconsolidated sand and 
gravel 

Drift of older glaciations.--Includes glacial deposits with 
subdued geomorphic expression, probably of early Wisconsin 
or Illinoian age, beyond limit of Wisconsin moraines, and 
undifferentiated high-level glacial deposits. At higher 
elevations, deposits merge with and are covered by 
undifferentiated colluvium (Qc). At lower elevations, 
deposits merge with , and are covered by undifferentiated 
alluvium (Qa) . A t  higher elevations, chiefly unconsolidated 
diamicton and boulder deposits. At lower elevations, 
chiefly unconsolidated glaciofluvial deposits consisting of 
moderately well-stratified and sorted gravel and sand 



PLUTONIC ROCKS AND MELANGE 

Occur i n  Maclaren River ,  C lea rwate r ,  and Wrangel l ia  t e r r a n e s  

QUARTZ MONZONITE (Ter t iary) . - -Smal l  i r r e g u l a r  b o d i e s ,  d i k e s ,  and 
smal l  t o  moderate-size p lu tons  o f  f ine- t o  medium-grained q u a r t z  
monzonite.  Occur c h i e f l y  i n  western  p a r t  o f  East S u s i t n a  
b a t h o l i t h .  Fine- t o  medium-grained . Major m i n e r a l s  are 
p l a g i o c l a s e ,  potassium f e l d s p a r ,  q u a r t z ,  and b i o t i t e  wi th  s p a r s e  
secondary whi te  mica and c h l o r i t e .  Hypautomorphic g r a n u l a r  wi th  
l o c a l  undulose e x t i n c t i o n  and f r a c t u r i n g  i n  f e l d s p a r  and quartz. 
T e r t i a r y  age based on K-Ar hornblende o r  b i o t i t e  ages  of  34 t o  
35 m.y. o f  Turner and Smith (1974) and on i n t r u s i o n  of  q u a r t z  
monzonite pluton i n t o  s c h i s t o s e  g r a n i t i c  rock  of East  S u s i t n a  
b a t h o l i t h .  Only l a r g e r  bod ies  shown on geo log ic  map 

DACITE PORPHYRY DIKES (Ter t i a ry (? ) ) . - -Smal l  t h i n  d i k e s  o f  d a c i t e  
porphyry i n t r u d i n g  s u b a e r i a l  flows and p i l l o w  b a s a l t  o f  Nikola i  
Greenstone and o l d e r  r o c k  i n  Tangle s u b t e r r a n e .  Medium-grained 
with abundant p l a g i o c l a s e  and s p a r s e  hornblende phenocrys t s ,  
Major m i n e r a l s  a r e  p l a g i o c l a s e  and hornblende wi th  s p a r s e  q u a r t z  
and wi th  secondary e p i d o t e ,  s e r i c i t e ,  and c h l o r i t e .  Groundmass 
consists o f  v e r y  f ine-gra ined p l a g i o c l a s e  and s e r i c i t e .  Occur 
a s  vee ry  sparse d i k e s  up t o  a  few meters  wide 

PLUTONIC AND SHALLOW INTRUSIVE ROCKS ( T e r t i a r y ,  Cretaceous ,  o r  
J u r a s s i c ) . - - C h i e f l y  d i k e s  and small t o  moderate-size p lu tons  o f  
q u a r t z  monzonite,  q u a r t z  monzonite porphyry,  g r a n o d i o r i t e ,  
q u a r t z  d i o r i t e ,  d i o r i t e ,  gabbro,  and d i a b a s e .  Exclus ive  of  East 
S u s i t n a  b a t h o l i t h .  Fine- t o  medium-grained, subhedra l  g r a n u l a r  
t o  p o r p h y r i t i c ,  and g e n e r a l l y  non-schis tose  . Major igneous 
m i n e r a l s  i n  i n t e r m e d i a t e  and s i l i c e o u s  rock  a r e  p l a g i o c l a s e  , 
potassium f e l d s p a r ,  q u a r t z ,  hornblende,  and b i o t i t e  with 
secondary e p i d o t e ,  c h l o r i t e ,  a c t i n o l i t e ,  and whi te  mica.  Major 
igneous m i n e r a l s  i n  maf ic  rock a r e  p l a g i o c l a s e  and c l inopyroxene 
wi th  s p a r s e  hornblende and b i o t i t e ,  and wi th  secondary e p i d o t e  
c h l o r i t e ,  and a c t i n o l i t e .  L o c a l l y  h i g h l y  a l t e r e d  t o  secondary 
minera l s .  Loca l ly  c o n t a i n  f a i n t l y -  t o  moderately-developed 
s c h i s t o s i t y .  P lu tons  have l o c a l l y  the rmal ly  metamorphosed 
a d j a c e n t  c l a s t i c  sedimentary  r o c k ,  v o l c a n i c  and v o l c a n i c l a s t i c  
rock,  Nikola i  Greenstone,  and l imes tone  t o  c o n t a c t  metamorphic 
r o c k ,  inc lud ing  banded h o r n f e l s ,  amphibo l i t e ,  and marble.  
Loca l ly  i ron-s ta ined  from weather ing of  d isseminated 
i r o n - s u l f i d e  m i n e r a l s ,  p a r t i c u l a r l y  a d j a c e n t  t o  f a u l t s .  Loca l ly  
occur  a s  fault-bounded masses i n  e i t h e r  Broxson Gulch, McCallum 
Creek, and Sla te  Creek f a u l t s .  T e r t i a r y ,  Cretaceous ,  o r  
J u r a s s i c  ages based on K-Ar hornblende and b i o t i t e  ages  o f  Ragan 
and Hawkins (1966) and Turner and Smith (1974) 

Quartz monzonit e 

Quartz monzonite porphyry 

Granod i o r i t e  

Diorite and q u a r t z  d i o r i t e  



Gabbro 

Diabase 

MELANGE ( T e r t i a r y )  .--Chiefly fault-bounded l e n s e s  and blocks of  
h i g h l y  sheared and deformed rock g e n e r a l l y  de r ived  from ad jacen t  
bedrock.  Occurs g e n e r a l l y  w i t h i n  branches o f  Broxson Gulch 
t h r u s t .  

SOUTH OF DENALI FAULT AND NORTH OF BROXSON GULCH THRUST 

EAST SUSITNA BATHOLITH ( T e r t i a r y  t o  Cretaceous)  and 
SCHIST, QUARTZITE, AND AMPHIBOLITE ( T r i a s s i c ? )  

SOUTH OF DENALI FAULT AND NORTH OF METEOR PEAK FAULT 

SCHISTOSE GRANITIC ROCK.--Chiefly q u a r t z  d i o r i t e ,  g r a n o d i o r i t e ,  and 
q u a r t z  monzonite. Regional ly  metamorphosed and p e n e t r a t i v e l y  
deformed. Major m i n e r a l s  a r e  f ine-  t o  medium-grained s c h i s t o s e  
aggrega tes  of  hornblende,  b i o t i t e ,  p l a g i o c l a s e ,  potassium 
f e l d s p a r ,  and q u a r t z  wi th  l e s s e r  e p i d o t e  and white mica. St rong 
s c h i s t o s i t y  de f ined  by p a r a l l e l - a l i g n e d  b i o t i t e ,  whi te  mica ,  
f e l d s p a r  augen and q u a r t z  augen. Strong undulose e x t i n c t i o n  i n  
f e l d s p a r  and q u a r t z  augen. Local i n t e n s e  g r a n u l a t i o n  o f  margins 
o f  f e l d s p a r  and q u a r t z  augen. Augi te  and hornblende commonly 
p o i k i l o b l a s t i c  with abundant i n c l u s i o n s  o f  f e l d s p a r  and q u a r t z .  
Local r e t r o g r a d e  metamorphism with p l a g i o c l a s e  r e c r y s t a l l i z e d  t o  
e p i d o t e ,  potassium f e l d s p a r  t o  white mica,  and a u g i t e ,  
hornblende,  and b i o t i t e  t o  c h l o r i t e .  R e l i c t  hypautomorphic 
g r a n u l a r  t e x t u r e ,  and r e l i c t  igneous p l a g i o c l a s e  wi th  
complicated twinning,  normal zoning,  and o s c i l l a t o r y  zoning.  
Fine- t o  medium-grained. Loca l ly  d i k e s  and s t o p e s  s c h i s t s  o f  
Maclaren Glacier metamorphic b e l t .  Loca l ly  g rades  i n t o  
migmat i te .  Sparse  c r o s c u t t i n g  d i k e s  of  n o n f o l i a t e d  gabbro,  
d i a b a s e ,  r h y o d a c i t e ,  and r h y o l i t e  

c sgd SCHISTOSE GRANODIOR1TE.--Separately mapped p lu tons  of  East  Sus i tna  

b a t h o l i t h .  

~ 5 % "  SCHISTOSE QUARTZ MONZONITE . --Separate1 y mapped p lu tons  of  Eas t  

S u s i t n a  b a t h o l i t h .  

es  st/ SCHIST AND AMPHIBOLLTE (Cretaceous?)  . - - In tensely  r e g i o n a l l y  
metamorphosed p e n e t r a t  i v e l y  deformed gabbro , q u a r t z  gabbro , 
d i o r i t e ,  and q u a r t z  d i o r i t e  r e c r y s t a l l i z e d  t o  
garnet-biotite-plagioclase s c h i s t  and amphibol i te .  Major 
minera l s  are f ine -  t o  medium-grained s c h i s t o s e  aggregates  of  
a u g i t e ,  hornblende,  b i o t i t e ,  p l a g i o c l a s e ,  and q u a r t z ,  wi th  
l e s s e r  g a r n e t ,  c h l o r i t e ,  e p i d o t e  , and whi te  mica.  Local i n t e n s e  
g r a n u l a t i o n  of  q u a r t z  and f e l d s p a r  augen. Stronng undulose 
e x t i n c t i o n  i n  q u a r t z  and f e l d s p a r  augen. Local r e t r o g r a d e  
metamorphism with  p l a g i o c l a s e  r e c r y s t a l l i z e d  t o  whi te  mica,  
g a r n e t  t o  c h l o r i t e  and white mica, and a u g i t e  t o  b i o t i t e  and 
hornblende.  R e l a t i v e l y  o l d e r  and more h i g h l y  metamorphosed 
v a r i a t i o n  of  s c h i s t o s e  granitic rocks o f  East Susi tna b a t h o l i t h  



MIGMATITE (cre taceous?) . - -Grades  from s c h i s t o s e  g r a n i t i c  rock ( e s ) ,  
wi th  fragments o f  n e a r l y  complete ly  a s s i m i l a t e d  s c h i s t  and 
amphibo l i t e ,  t o  h i g h l y  c o n t o r t e d  s c h i s t  and amphibol i te  w i t h  
d i f f u s e  v e i n s  o f  g r a n o d i o r i t e .  Swir ly  s c h i s t o s i t y  . Major 
m i n e r a l s  a r e  hornblende,  b i o t i t e ,  p l a g i o c l a s e  , q u a r t z ,  
c l i n o z o i s i t e ,  wni te  mica ,  wi th  l e s s e r  g a r n e t ,  potassium 
f e l d s p a r ,  and c h l o r i t e .  T r a n s i t i o n a l  rock  between rnigmatitic 
s c h i s t  (mgsh) and s c h i s t o s e  g r a n i t i c  rock  ( e s ) .  Contains 
abundant d i f f u s e  smal l  t o  l a r g e  v e i n s  o f  g r a n i t i c  rock.  Veins 
o f  g r a n i t i c  rock  g rade  l a t e r a l l y  i n t o  s c h i s t o s e  g r a n i t i c  rock  o f  
East  S u s i t n a  b a t h o l i t h  ( e s ) .  Conta ins  l o c a l  pods and v e i n s  o f  
rose q u a r t z  

MIGMATITIC SCHIST (Cretaceous?).--Grades from s c h i s t  and amphibol i te  
( e s s h ) ,  with d i f f u s e  v e i n s  o f  g r a n i t i c  rock  concordant t o  
s c h i s t o s i t y ,  t o  con to r red  and p a r t l y  a s s i m i l a t e d  s c h i s t  and 
amphibol i te .  Grades l a t e r a l l y  i n t o  migmat i te  (mig) . A t t i t u d e  
of  s c h i s t o s i t y  g e n e r a l l y  c o n s t a n t  over  Large ou tc rops .  Major 
m i n e r a l s  a r e  hornblende,  b i o t i t e ,  p l a g i o c l a s e  , q u a r t z ,  
c l i n o z o i s i t e ,  whi te  mica,  wi th  lesser g a r n e t ,  potassium 
f e l d s p a r ,  and c h l o r i t e .  Contains fewer v e i n s  o f  g r a n i t i c  rock  
than migmat i te  ( m i g ) .  D i f fuse  v e i n s  of  g r a n i t i c  rock  c o n s i s t  o f  
hypautomorphic g r a n u l a r  t o  s c h i s t o s e  aggrega tes  o f  b i o t i t e ,  
p l a g i o c l a s e ,  q u a r t z ,  and potassium f e l d s p a r  t h a t  a r e  f ine-  t o  
medium-grained 

SCHIST, QUARTZITE, AND AMPHIBOLITE ( T r i a s s i c (  ? )  ) .--Chiefly 
c a l c - s i l i c a t e  s c h i s t ,  amphibo l i t e ,  and q u a r t z i t e .  F ine-gra ined,  
s t r o n g l y  s c h i s t o s e .  Major m i n e r a l s  i n  c a l c - s i l i c a t e  s c h i s t  and 
amphibo l i t e  a r e  s c h i s t o s e  aggrega tes  o f  p l a g i o c l a s e ,  hornblende,  
a u g i t e ,  c a l c i t e ,  g a r n e t ,  b i o t i t e ,  and ep idore .  C a l c - s i l i c a t e  
s c h i s t  and amphibol i te  probably d e r i v e d  mainly from marl .  Occur 
mainly  i n  western  p a r t  of  geo log ic  map. S i m i l a r  rocks  on s t r i k e  
i n  Healy quadrangle  t o  west c o n t a i n  Pennsylvanian t o  T r i a s s i c  
conodonts (Sherwood and Craddock, 19791, and fragments o f  
Balobia  of  Late  Triassic age  ones and o t h e r s ,  1981).  
C o r r e l a t e d  with Nenana t e r r a n e  o f  Jones and o t h e r s  (1981) ,  
In t ruded  by s c h i s t o s e  g r a n i t i c  rocks  of  East  S u s i t n a  b a t h o l i t h .  
Thickness v a r i a b l e  



MACLAREN GLACIER METAMORPHIC BELT 

SOUTH OF METEOR PEAK FAULT AND NORTH OF BROXSON GULCH THRUST 

SCHIST AND AMPHIBOLITE ( c r e t a c e o u s  o r  pre-Cretaceous).--Includes 
g arne  t: amphibol i te  , b  i o  t i te-garne  t s c h i s t ,  
hornb lende-c l inozo i s i t e  s c h i s t ,  b i o t i t e - w h i t e  mica-garnet 
s c h i s t ,  c a l c i t e  s c h i s t ,  and whi te  mica-quartz s c h i s t .  Average 
g r a i n  s i z e  about 0.1 t o  0.3 mm. Common metamorphic m i n e r a l s  a r e  
hornblende, g a r n e t ,  b i o t i t e ,  whi te  mica, p l a g i o c l a s e ,  and s p a r s e  
e p i d o t e  and c a l c i t e .  Loca l ly  abundant p o i k i l o b l a s t  i c  
p l a g i o c l a s e  with c o r e s  c o n t a i n i n g  r e l i c t  p h y l l i t e  and(or )  
a r g i l l i t e  and graywacke d e f i n e d  by s c h i s t o s e  aggrega tes  o f  
g r a p h i t e ,  whi te  mica ,  and c l i n o z o i s i t e .  Sparse  s i l l i m a n i t e  o r  
a n d a l u s i t e ,  and s t a u r o l i t e  observed i n  r o c k s  o f  a p p r o p r i a t e  b u l k  
composit ion by S tou t  (1976) .  I n t e n s e l y  deformed with numerous 
i s o c l i n a l  f o l d s  and a x i a l  p lane  f a u l t s  p a r a l l e l  t o  s t r o n g  
s c h i s t o s i t y ,  S c h i s t o s i t y  l o c a l l y  r e f o l d e d  i n t o  i s o c l i n a l  f o l d s ,  
p a r t i c u l a r l y  near  f a u l t  c o n t a c t s  wi th  ad jacen t  u n i t s .  
U n f o s s i l i f e r o u s .  A maximum age of  Late  Cretaceous i s  determined 
by i n t r u s i o n  of  t h e  s c h i s t  and amphibol i te  u n i t  (msh) by d i k e s  
o f  the  East  S u s i t n a  b a t h o l i t h .  Maximum s t r u c t u r a l  t h i c k n e s s  
about 6,700 m. General ly  f a u l t e d  a g a i n s t  s c h i s t o s e  g r a n i t i c  
rocks ( es )  of East  S u s i t n a  b a t h o l i t h  t o  n o r t h  and p h y l l i t e  (mph) 
t o  sou th  

mph PHYLLITE ( Cretaceous o r  pre-Cretaceous) .--Includes whi t e  
mica-plagioclase  p h y l l i t e ,  s p a r s e  q u a r t z o s e  marble and 
c a l c i t e - p l a g i o c l a s e  p h y l l i t e  . Average grain s i z e  about 0.05 t o  
0.1 mm. Common metamorphic m i n e r a l s  a r e  q u a r t z ,  p l a g i o c l a s e ,  
biotite, white  mica,  c h l o r i t e ,  a c t i n o l i t e ,  c l i n o z o i s i t e ,  
c a l c i t e ,  and sparse g a r n e t  and g r a p h i t e .  Local abundant r e l i c t  
igneous p l a g i o c l a s e  with normal and o s c i l l a t o r y  z o n a t i o n ,  and 
complicated twinning.  Local r e l i c t  pa tches  o r  a r e a s  o f  
a r g i l l i t e  and metagraywacke (ma) . I n t e n s e l y  deformed with 
numerous i s o c l i n a l  f o l d s  and a x i a l  p lane  f a u l t s  p a r a l l e l  t o  
s t r o n g  s c h i s t o s i t y .  S c h i s t o s i t y  l o c a l l y  r e f o l d e d  i n t o  i s o c l i n a l  
f o l d s .  Maximum s t r u c t u r a l  t h i c k n e s s  about 2,400 m. General ly  
f a u l t e d  a g a i n s t  a r g i l l i t e  and graywacke (ma) t o  south  

ARGILLITE AND METAGRAYWACKE (Cretaceous  o r  
pre-Cretaceous).--Includes white  m i c a - c l i n o z o i s i t e  
metagraywacke, and quar tz -g raph i t e  m e t a s i l t s t o n e .  Average g r a i n  
s i z e  0.01 t o  0.05 mm, Common metamorphic m i n e r a l s  a r e  q u a r t z ,  
p l a g i o c l a s e ,  whi te  mica ,  c h l o r i t e ,  a c t i n o l i t e ,  c l i n o z o i s i t e ,  
c a l c i t e ,  and g r a p h i t e .  About 20 t o  40 pe rcen t  r e c r y s t a l l i z e d .  
Abundant r e l i c t  resorbed q u a r t z  phenocrysts  , and l e s s e r  r e l i c t  
igneous p l a g i o c l a s e  with normal and o s c i l l a t o r y  zona t ion ,  and 
complicated twinning.  S t rong ly  s c h i s t o s e .  S c h i s t o s i t y  l o c a l l y  
r e fo lded  i n t o  i s o c l i n a l  f o l d s .  I n t e n s e l y  f a u l t e d  and sheared.  
R e l a t i v e l y  o l d e r  than East  S u s i t n a  b a t h o l i t h  t h a t  i n t r u d e s  
s c h i s t  and amphibol i te  t h a t  i s  a prograde v a r i a t i o n  of t h e  
a r g i l l i t e  and metagraywacke u n i t .  Maximum s t r u c t u r a l  th ickness  
about 2,000 m.  Fau l t ed  a g a i n s t  rocks  o f  Wrangel l ia  o r  
Clearwater  t e r r a n e s  t o  south  along Broxson Gulch t h r u s t  



CLEARWATER TERRANE 

WITHIN BRANCHES OF BROXSON GULCH THRUST 

CHLORITE SCHIST (Upper ~ r i a s s i c ? ) , - - c h i e f l y  ch lo r i t e -quar tz -whi te  
mica s c h i s t  de r ived  from q u a r t z  s i l t s t o n e .  Major m i n e r a l s  a r e  
c h o r i t e ,  q u a r t z ,  and white mica wi th  l e s s e r  potassium f e l d s p a r .  
Fine-grained,  average g ra in  size of  0.02 t o  0.5 mm 

MUSCOVITE SCHIST (Upper ~ r i a s s i c ? )  .--Chiefly whi te  mica-quartz 
schist and q u a r t z - c a l c i t e  schis t  wi th  l e s s e r  c a l c i t e  marble and 
g reens tone .  Genera l ly  f ine -g ra ined ,  average g r a i n  s i z e  0.02 t o  
0.5 mm. Major minera l s  i n  s c h i s t  are whi te  mica ,  q u a r t z ,  
c a l c i t e ,  potassium f e l d s p a r ,  and c h l o r i t e .  S c h i s t  de r ived  from 
f ine-gra ined c a l c - a r e n i t e  s i l t s t o n e  and q u a r t z  s i l t s t o n e .  
Marble c o n s i s t s  mainly  of s c h i s t o s e  c a l c i t e .  Major primary 
m i n e r a l s  i n  g reens tone  a r e  c l inopyroxene and p l a g i o c l a s e  wi th  
secondary c h l o r i t e ,  a c t i n o l i t e ,  and e p i d o t e .  Re l i c  o p h i t i c  
t e x t u r e  i n  g reens tone .  Greenstone d e r i v e d  from f ine-gra ined 
b a s a l t  

MARBLE (Upper T r i a s s i c )  .--Chiefly c a l c i t e  marble w i t h  sparse q u a r t z  
grains. Fine- t o  medium-grained, average g r a i n  s i z e  0.02 t o  2 
mm. S c h i s t o s e  with c o a r s e r  c a l c i t e  and q u a r t z  augen i n  a v e r y  
f ine-nra ined c a l c i t e  m a t r i x .  Contains Late  T r i a s s i c  - 
Hete ras t r id ium sp .  i n  t h e  Healy quadrangle  t o  t h e  west (Jones 
and o t h e r s ,  1981) 

GREENSTONE (Upper T r i a s s i c ?  ) .--Chiefly f  ine-gra ined metap i l  low 
basa l t .  Schistose w i t h  r e l i c  o p h i t  i c  t e x t u r e .  Average grain 
size 0.5 nun. Major igneous m i n e r a l s  a r e  c l inopyroxene and 
p l a g i o c l a s e  wi th  secondary c h l o r i t e ,  a c t i n o l i t e ,  and e p i d o t e .  
Re l i c  p i l l o w s .  Sparse c a l c i t e - c h l o r i t e  v e i n s  



WRANGELL I A  TERRANE 

SOUTH OF DENALI FAULT 

SANDSTONE, CONGLOMERATE, AND RHYODACITE TO DACITE TUFF, BRECCIA, AND 
PLOWS (Eocene t o  Pliocene).--Unconformably o v e r l i e  Mesozoic 
rocks o f  Slana River and Tangle s u b t e r r r a n e s .  Commonly occur  a s  
fault-bounded l e n s e s  w i t h i n  branches of  Broxson Gulch, McCallum 
Creek and S l a t e  Creek f a u l t s  i n  n o r t h - c e n t r a l  p a r t  o f  geo log ic  
map. I n  t h e  a r e a  between t h e  Gakona G l a c i e r  and t h e  West Fork 
of the  Chis tochina  River ,  t h e  conglomerate u n i t  corresponds  t o  
t h e  lower p o r t i o n  o f  t h e  Gakona Formation and the  sandstone u n i t  
corresponds  t o  t h e  upper p o r t i o n  of  t h e  Gakona Formation a s  
d e s c r i b e d  by Mendenhall (1905). 

Sandstone (Pl iocene) . - - In terbedded l igh t -co lo red  sandstone,  
conglomerate,  gray s i l t s t o n e ,  s h a l e ,  mudstone, and s p a r s e  
white rhyodac i t e  a sh  l a y e r s  and t h i n  c o a l  l a y e r s .  
L e n t i c u l a r  shape t o  sandstone and conglomerate l a y e r s .  
Loca l ly  abundant o r g a n i c  d e b r i s  inc lud ing  carbonized l e a f  
impress ions  and t r e e  t r u n k s .  Common fragments inc lude  
g r a n i t i c ,  metamorphic, mafic and u l t r a m a f i c  rock fragments.  
Localy abundant: fragments of whi te  q u a r t z i t e .  Local s p a r s e  
c l a s t s  o f  d a r k  a r g i l l i t e  w i t h  upper Paleozoic  bryozoa and 
brachiopod a r g i l l i t e  de r ived  from Eagle Creek Formation o r  
upper p a r t  of  Slana  Spur Formation. Abundant c r o s s  bedding,  
r i p p l e  marks, and pebble imbr ica t ion .  Probably channel  
d e p o s i t s  l a i d  down by b ra ided  s t reams on a l l u v i a l  f a n s .  
K-Ar hornblende age o f  5.4 m.y. f o r  whi te  r h y o d a c i t e  ash  
from smal l  g u l l y  about one-half m i l e  south  o f  t h e  Hoodoos i n  
the  nor th -cen t ra l  p a r t  of t h e  geo log ic  map (Bond, 1976; 
Turner and o t h e r s ,  1980).  Sequoia p l a n t  l e a v e s  from beds 
inmedia te ly  above and below r h y o d a c i t e  a s h  i n  the  Gulkana 
River  a r e a  i n d i c a t e  a P l iocene  age (J. A. Wolfe, unpub. 
d a t a ,  c i t e d  i n  Turner and o t h e r s ,  1980). S i m i l a r  age p l a n t  
f o s s i l s  from McCallum Creek (Bond, 1976).  Top and bottom 
not  exposed; minimum t h i c k n e s s  of  s e v e r a l  hundred mete r s .  

Conglomerate (Eocene t o  Oligocene).--Coarse-grained conglomerate 
and l e s s e r  sandstone wi th  abundant c l a s t s  o f  r h y o d a c i t e  t o  
d a c i t e  t u f f  and f lows,  Niko la i  Greenstone,  a r g i l l i t e ,  
v o l c a n i c  sands tone ,  and a n d e s i t e  t o  d a c i t e  flows of Eagle 
Creek and Slana Spur Formations,  q u a r t z  d i o r i t e  , 
g r e e n s c h i s t ,  gabbro,  and u l t r a m a f i c  rock ,  Local t h i n  beds 
o f  c o a l  i n  sandstone l a y e r s .  I n  a r e a  west of  Delta River ,  
l a c k s  c l a s t s  of Maclaren G l a c i e r  metamorphic b e l t  t h a t  
occurs  d i r e c t l y  n o r t h  ( S t o u t ,  19761, Sparse  l a y e r s  of white 
r h y o d a c i t e  t u f f  i n  the a r e a  o f  the  Hoodoos (Bond, 1976) .  
Local conglomerate r i c h  i n  u l t r a m a f i c  r o c k  o c c u r s  on h i l l  
about 6 km west  of Broxson Gulch (Moffit, 1912; S t o u t ,  
1976).  Rapid dec rease  of  g r a i n  s i z e  t o  southward i n  t h e  
a r e a  of The Hoodoos (Bond, 1976).  O v e r l i e s  r h y o d a c i t e  t o  
d a c i t e  t u f f ,  b r e c c i a  and flows i n  t h e  a r e a  from The Hoodoos 
t o  t h e  West Fork of  t h e  Chis tochina  River .  I n  S l a t e  Creek 
a r e a ,  i n c l u d e s  "round wash" conglomerate which c o n t a i n s  
c l a s t s  mainly  o f  metagabbro and d i a b a s e ,  c h l o r i t e - e p i d o t e  
s c h i s t ,  amphibol i te  , g r a n o d i o r i t e ,  and q u a r t z .  Loca l ly  



source  o f  p l a c e r  g o l d ,  p a r t i c u l a r l y  i n  Chis tochina  d i s t r i c t  
and Broxson Gulch a r e a  (Mendenhall, 1905; M o f f i t ,  1912; 
Yeend, 1981 1 .  P l a n t  f o s s i l s  resembling Alnus evidens  
(Hol l . )  from t h e  a r e a  between Broxson Gulch and t h e  West 
Fork of Rainy Creek suggest  a l a t e  Oligocene age ( S t o u t ,  
1976) .  I n  t h e  a r e a  between Gulkana G l a c i e r  and t h e  West 
Fork o f  the Chis tochina River ,  an  Eocene age i s  i n d i c a t e d  by 
s e v e r a l  f o s s i l  p l a n t s  inc lud ing  Sequoia sp .  (Mendenhall, 
1905) .  Minimum t h i c k n e s s  of s e v e r a l  hundred mete r s .  

Rhyodacite and d a c i t e  t u f f  , b r e c c i a ,  agglomerate ,  f lows,  and 
d i k e s  and s i l l s  (Eocene t o  ~ l i g o c e n e )   offit it, 1912; Rose, 
1967; Bond, 19761.--~ocal a n d e s i t e  and q u a r t z  l a t i t e  f lows,  
v i t r i c - l i t h i c - c r y s t a l  ash-flow t u f f ,  and vo lcan ic  sandstone.  
K-Ar age of  49 m.y. (Eocene t o  ~ l i g o c e n e )  f o r  sample from 
about one mi le  s o u t h e a s t  o f  The Hoodoos (D. L. Turner ,  
o r a l  commun., 1973, c i t e d  i n  Bond, 1 9 7 6 ) .  Maximum exposed 
t h i c k n e s s  about 500 m 

RHYOUACITE AN13 DACITE DIKES AND SILLS (Eocene t o  
~ l i g o c e n e )  .--Intrude r h y o d a c i t e  and d a c i t e  t u f f ,  b r e c c i a ,  and 
a s s o c i a t e d  rocks .  Only mapped s e p a r a t e l y  i n  a r e a s  o f  t h i c k  
i n d i v i d u a l  d i k e s  o r  t h i c k  d i k e  swarms. Fine-grained . 
Bypautomorphic g r a n u l a r  t o  l o c a l l y  p o r p h y r i t i c .  Occur c h i e f l y  
between t h e  a r e a  of the  Hoodoos and t h e  West Fork of t h e  
Chis tochina  River 

J R m  McCARTHY FORMATION (Lower J u r a s s i c  and Upper T r i a s s i c )  .--Consists o f  
rhy thmica l ly  th in -  t o  medium-bedded ca lca reous  a r g i l l i t e  and 
impure l imes tone ,  mainly s p i c u l i t i c ,  s k e l e t a l ,  o r  i n t r a c l a s t i c  
l ime packstone ( ~ i l b e r l i n g  and o t h e r s ,  1981) .  Less than 100 m 
exposed. Abundant pelecypods o f  t h e  genus Monotis i n d i c a t e  a 
Norian (Late  T r i a s s i c )  age (N. J. S i l b e r l i n g ,  o r a l  commun., 
1979).  Occurs as  a smal l  fault-bounded block o f  h i g h l y  deformed 
rock w i t h i n  branches of  t h e  Broxson Gulch t h r u s t  near the 
western edge o f  t h e  geologic  map. Maximum th ickness  
approximately a few hundred meters .  Nearest  occurrence o f  
s i m i l a r  rocks i s  i n  type a r e a  i n  McCarthy quadrangle (MacKevett, 
1978).  

INTRUSIVE GABBRO AND CUMULATE MAFIC AND ULTRAMAFIC BOCK (Upper 
Triass ic?) . - -Smal l  i r r e g u l a r  b o d i e s ,  d i k e s ,  and s i l l s  o f  
dark-gray medium- t o  coarse-grained gabbro throughout Wrangell ia 
t e r r a n e .  Local abundant f a u l  t-bounded l e n s e s  o f  
olivine-cumulate and olivine-pyroxene cumulate i n  Slana River 
s u b t e r r a n e ,  p a r t i c u l a r l y  i n  t h e  a r e a  between Del ta  and Maclaren 
Rivers .  Large s i l l s  o f  o l i v i n e  cumulate,  o l i v i n e  pyroxene 
cumulate,  and pyroxene p l a g i o c l a s e  cumulate south  of Fish Lake 
i n  Tangle sub te r rane .  I n t r u d e  Nikolai  Greenstone and o l d e r  
rocks  i n  both Slana River and Tangle s u b t e r r a n e s .  Probably 
comagmatic with Nikola i  Greenstone 

I n t r u s i v e  gabbro.--Small i r r e g u l a r  bod ies ,  d i k e s ,  and s i l l s  o f  
dark-gray medium- t o  coarse-grained gabbro and d i a b a s e .  
S i l l s  numerous i n  t h e  lower l imestone member of t h e  Eagle 
Creek Formation i n  t h e  e a s t e r n  p a r t  of  the geo log ic  map. 
Fine- t o  medium-grained. Hypautmorphic  granular t o  



ki apc 

o p h i t i c  . Major m i n e r a l s  c o n s i s t  of  c l inopyroxene , 
plagioclase,  and magne t i t e ,  wi th  ve ry  s p a r s e  o l i v i n e .  
Loca l ly  i n t e n s e l y  metamorphosed and s c h i s t o s e .  
Clinopyroxene r e c r y s t a l l i z e d  t o  c h l o r i t e  and a c t i n o l i t e ,  
p l a g i o c l a s e  t o  whi te  mica and e p i d o t e .  Only l a r g e r  bodies 
shown on t h e  geo log ic  map 

01 i v i n e  cumulate.  --Fine- t o  medium-grained aggrega tes  o f  
euhedra l  t o  subhedral  o l i v i n e  and s p a r s e  chromite  i n  a 
m a t r i x  of  overgrown o l i v i n e ,  clnopyroxene o r  p l a g i o c l a s e .  
Genera l ly  i n t e n s e l y  s e r p e n t i n i z e d  wi th  o l i v i n e  rep laced  by 
s e r p e n t i n i t e  and magne t i t e ,  and m a t r i x  rep laced  by c h l o r i t e  
and(or1  s e r i c i t e .  R e l i c t  cumulate t e x t u r e  i n  i n t e n s e l y  
s e r p e n t i n i z e d  samples 

Olivine-pyroxene cumulate.--Fine- t o  medium-grained aggrega tes  
o f  euhedra l  t o  subhedral  01 i v i n e  , c l inopyroxene and s p a r s e  
chromite  i n  a m a t r i x  o f  overgrown o l i v i n e ,  and 
c l inopyroxene.  Local p l a g i o c l a s e  m a t r i x .  Loca l ly  i n t e n s e l y  
a l t e r e d  with o l i v i n e  r e c r y s t a l l i z e d  t o  s e r p e n t i n i t e  and 
m a g n e t i t e ,  c l inopyroxene t o  a c t i n o l i t e  and c h l o r i t e ,  and 
p l a g i o c l a s e  t o  v e r y  f ine-gra ined e p i d o t e  and whi te  mica 

Pyroxene-plagioclase cumulate.--Fine- t o  medium-grained 
aggrega tes  of  euhedra l  t o  subhedra l  c l inopyroxene , 
p l a g i o c l a s e ,  and spa rse  chromite  i n  a m a t r i x  of  overgrown 
cl inopyroxene o r  p l a g i o c l a s e .  Loca l ly  i n t e n s e l y  a l t e r e d  
with c l inopyroxene r e c r y s t a l l i z e d  t o  a c t i n o l i t e  and 
c h l o r i t e ,  and p l a g i o c l a s e  t o  e p i d o t e ,  whi te  mica,  and 
c h l o r i t e .  Occurs c h i e f l y  i n  Tangle s u b t e r s a n e  south  o f  F i s h  
Lake i n  c e n t r a l  p a r t  o f  geo log ic  map 



SLANA RIVER SUBTERRANE 

SOUTH OF DENALI FAULT AND NORTH OF EUREKA FAULT 

Rocks h e r e i n  ass igned t o  t h e  Slana River s u b t e r r a n e  were i n i t i a l l y  
mapped and desc r ibed  by Rose (1965, 1966b, 1967) ,  Bond (19761, S tou t  
( 1 9 7 6 1 ,  and Rich te r  and o t h e r s  (1977) .  Unit d e s c r i p t i o n s  r e v i s e d  
from Bond (1976) and Rich te r  and o t h e r s  (1977).  

MARINE SEDIMENTARY ROCKS (Upper J u r a s s i c  t o  Lower 
Cretaceous)  , - -p r inc ipa l ly  deep marine t u r b i d i t e  d e p o s i t s  
c o n s i s t i n g  of  graded beds o f  dark-gray t o  g ray  a r g i l l i t e ,  
s i l t s t o n e ,  and graywacke t h a t  l o c a l l y  a l t e r n a t e  wi th  beds of  
massive graywacke, pebbly graywacke, pebble t o  cobble  
conglomerate ,  and a r g i l l i t e .  Graded beds a r e  we l l  developed 
l o c a l l y  and c o n s i s t  of  r h y t h m i c a l l y  a l t e r n a t i n g  u n i t s  t h a t  range 
from 1 cm t o  more t h a n  30 cm i n  t h i c k n e s s ,  Massive graywacke 
and conglomerate beds a r e  a s  much a s  20 m t h i c k .  Loca l ly  t h e  
rocks  a r e  i s o c l i n a l l y  fo lded and e x h i b i t  a  s t r o n g  s l a t y  
c leavage .  Occur i n  e a s t e r n  p a r t  of  geo log ic  map. 
N o n f o s s i l i f e r o u s ,  b u t  s i m i l a r  s t r a t a  i n  t h e  Nabesna quadrangle  
c o n t a i n  l o c a l l y  abundant Buchia assemblages ranging i n  age from 
Late J u r a s s i c  t o  Ear ly  Cretaceous ( R i c h t e r ,  1976).  A p o r t i o n  o f  
t h e  Gravina-Nutzotin t e r r a n e  as de f ined  by Berg and o t h e r s  
(19721, and Berg and o t h e r s  (19781, Thickness probably g r e a t e r  
than 1,000 m; t o p  no t  exposed 

LIMESTONE ( u p p e r ( ? )  Tr iass ic) . - -Gray t o  dark-gray,  f ine -g ra ined ,  
medium- t o  massive-bedded (10 cm t o  2 m) l imestone wi th  l e n s e s  
and nodules  o f  g r a y  and b l a c k  c h e r t  and i r r e g u l a r  patchworks o f  
d isseminated f ine-gra ined q u a r t z .  Weathers l i g h t  g ray .  C h i e f l y  
m i c r i t e ,  d i s m i c r i t e ,  o r  m i c r o s p a r i t e ,  l o c a l l y  r e c r y s t a l l i z e d  and 
c o m o n l y  b t e c c i a t e d  and veined by c o a r s e l y  c r y s t a l l i n e  c a l c i t e .  
Base of  u n i t  g e n e r a l l y  c o n t a i n s  c l a a t s  of  Niko la i  Greenstone.  
T y p i c a l l y  u n f o s s i l i f e r o u s  but  c o n t a i n s  s p a r s e  brachiopods ,  
pelecypods , g a s t r o p o d s ,  c o r a l s ,  and spongiomorphs of   ate( ? )  
T r i a s s i c  age ( R i c h t e r  and o t h e r s ,  1977).  Thickness 20 t o  150 rn 

NIKOLAI GREENSTONE (Upper and Middle T r i a s s i c )  (Rohn, 
1900).--Dark-gray-green, dark-gray-brown, reddish-brown, and 
maroon-gray s u b a e r i a l  amygdaloidal b a s a l t  flows s e p a r a t e d  
l o c a l l y  by t h i n  beds o f  reddish-brown nonmarine v o l c a n i c l a s t i c  
rocks .  Base g e n e r a l l y  marked by d i scon t inuous  
conglomerate-breccia c o n t a i n i n g  fragments o f  b a s a l t  and 
under ly ing sedimentary  rocks .  Predaminantly in termixed a a  and 
pahoehoe flows with i n d i v i d u a l  f low u n i t s  r ang ing  from a  few 
c e n t i m e t e r s  t o  more than  15 m t h i c k .  Fine-grained groundmass 
wi th  medium- t o  coarse-gra ined phenocrysts  . Common o p h i t i c  
t ex tu re ,  l o c a l l y  g rad ing  t o  hypautomorphic g r a n u l a r ,  
p o r p h y r i t i c ,  o r  g lomeroporphyr i t i c  . Major m i n e r a l s  are 
c l inopyroxene,  p l a g i o c l a s e ,  and magne t i t e  wi th  ve ry  s p a r s e  
o l i v i n e .  Genera l ly  metamorphosed and l o c a l l y  s c h i s t o s e .  
Clinopyroxene r e c r y s t a l l i z e d  t o  a c t i n o l i t e ,  e p i d o t e ,  and 
c h l o r i t e  ; p l a g i o c l a s e  t o  e p i d o t e  , s e r i c i t e  , and c h l o r i t e .  Rare 
metamorphic p r e h n i t e  and pumpel ly i te .  Local abundant ~ e r v a s  i v e  
ep ido te  and c h l o r i t e  a l t e r a t i o n ,  p o s s i b l y  r e l a t e d  t o  



magmatic-hydrothermal a c t i v i t y  . Amydgules f i l l e d  with c a l c i t e ,  
c h l o r i t e ,  e p i d o t e ,  q u a r t z ,  and(or)  z e o l i t e ,  l o c a l l y  i n  c o n e n t r i c  
zones. Amydgules l o c a l l y  f i l l e d  with c h a l c o p y r i t e ,  b o r n i t e ,  
m a l a c h i t e ,  and(or )  a z u r i t e  i n  a r e a s  of pe rvas ive  
e p i d o t e - c h l o r i t e  a l t e r a t i o n .  Sparse q u a r t z  v e i n s  with l o c a l  
e p i d o t e ,  c h l o r i t e ,  p y r i t e ,  c h a l c o p y r i t e ,  b o r n i t e ,  m a l a c h i t e ,  
a z u r i t e ,  o r  c a l c i t e .  Thickness about 1,500 m 

MANKOMEN GROUP (Permian and Pennsylvanian) (Mendenhall,  1905 ; 
r e v i s e d  by Rich te r  and Dutro, 19751.--Includes Eagle Creek 
Formation and under ly ing Slana Spur Formation. A marine 
sedimentary  rock  sequence i n c l u d i n g  an upper format ion of  
nonvolcanogenic a r g i l l i t e  and l imes tone  (Eagle Creek Formation) 
and a  lower format ion c o n s i s t i n g  c h i e f l y  of  v o l c a n i c l a s t i c  rocks  
(Slana Spur Formation).  The Mankommen Group i s  e q u i v a l e n t  t o  
p a r t s  o f  t h e  Sko la i  Group i n  the  sou the rn  Wrangell Mountains i n  
t h e  McCarthy quadrangle  (MacKevett, 1978) 

EAGLE CREEK FORMATION (Lower Permian) ( R i c h t e r  and Dutro,  1975 1. --A 
conformable sequence o f  a1  t e r n a t  ing marine a r g i l l i  t e  and 
l imes tone .  I n  e a s t e r n  p a r t  o f  geo log ic  map, d i f f e r e n t i a t e d  i n t o  
two l imestone and two a r g i l l i t e  members (Rich te r  and o t h e r s ,  
1977).  In c e n t r a l  and western  p a r t  o f  geo log ic  map, west of  
Gulkana G l a c i e r ,  c o n s i s t s  o f  a  lower l imes tone  member composed 
o f  c a l c i l u t i t e  , c a l c a r e n i t e  , and c a l c i r u d i t e ,  and an upper 
member o f  a r g i l l i t e  (Bond, 1976).  B i o c l a s t i c  m a t e r i a l  composed 
of  a heterogeneous mix tu re  o f  c o r a l ,  bryozoan,  brachiopod,  
e c h i n o i d ,  c r i n o i d ,  f u s u l i n i d ,  and a l g a l (  ? )  fragments ( ~ o n d ,  
1976; R i c h t e r  and Dutro,  1975).  Thin- t o  medium-bedded. Fine- 
t o  medium-grained. Local p lanar  cross-bedding i n  l imestone.  
Limestones depos i t ed  i n  sha l low water  a t  o r  nea r  wave base  
(Bond, 1976). Abundant brachiopods ,  c o r a l s ,  cephalopods ,  and 
fo ramin i fe ra  i n d i c a t e  an Ear ly  Permian age.  Grades upward i n t o  
t h i n  ( l e s s  t h a n  40 m th ick)  r a d i o l a r i a n  c h e r t ,  s h a l e ,  and 
l imestone ( R i c h t e r  and o t h e r s ,  1977) of  Permian age (N. J. 
S i l b e r l i n g ,  w r i t t e n  commun., 1981). Thickness approximately 895 
m 

U n d i f f e r e n t i a t e d  a r g i l l i t e  o f  e i t h e r  upper o r  lower a r g i l l i t e  
member 

U n d i f f e r e n t i a t e d  l imestone of  e i t h e r  upper o r  lower l imestone 
member 

Upper a r g i l l  i t e  member .--Chiefly thin-bedded dark-gray a r g i l l i t e  
with t h i n  l e n s e s  and laminae o f  g r a y  s i l t s t o n e  and minor 
b i o c l a s t i c  l imes tone ,  c a l c a r e o u s  s i l t s t o n e ,  and p y r i t i c  
sandstone.  Local ly  c o n t a i n s  a t h i n  (0  t o  40 m) upper u n i t  
o f  s h a l e ,  l imestone and c h e r t .  Thickness about 125 m 

per  l imes tone  member.--Thin-bedded g r a y  s i l i c e o u s  l imes tone  
t h a t  l o c a l l y  weathers  an ocherous yel low orange and t h i n  
a r g i l l i t e  i n t e r b e d s  and d i scon t inuous  l e n s e s  o f  massive 
l ight -gray-weather ing l imestone as much a s  50 rn t h i c k .  
A r g i l l i t e  con ten t  i n c r e a s e s  i n  lower p a r t  o f  member. 
Loca l ly  metamorphosed t o  a conspicuous whi te  c r y s t a l l i n e  
marble.  Thickness probably ranges  between 75 and 150 m 



Lower a r g i l l i t e  member. --Chiefly thin-bedded dark-gray s h a l  y 
a r g i l l i t e  and gray-green l o c a l l y  c a l c a r e o u s  s i l t s t o n e s  wi th  
subord ina te  dark-gray d i r t y  b i o c l a s t i c  l imestone (bryozoan 
biostrornes) and thin-bedded g ray  l imestone.  Gray l imestone 
i n c r e a s e s  i n  abundance i n  upper p a r t  of  member, forming a 
r ibboned u n i t  t h a t  g rades  i n t o  l i m e s t o n e - a r g i l l i t e  beds o f  
upper l imes tone  member. Member l o c a l l y  c u t  by a number of  
i r r e g u l a r  i n t r u s i v e  masses ,  d i k e s ,  and s i l l s  of  e q u i g r a n u l a r  
gabbro and p o r p h y r i t i c  d i o r i t e .  Thickness o f  member about 
400 m 

Lower l imes tone  member.-Massive and thin-bedded g r a y  l imes tone ,  
l o c a l l y  c o n t a i n s  nodules  and l e n s e s  o f  b l a c k  and l igh t -g ray  
c h e r t ,  wi th  subord ina te  beds o f  dark-gray c a l c a r e o u s  
v o l c a n i c  g r i t ,  s ands tone ,  and s i l t s t o n e ,  and c l a s t i c  
l imestone.  C l a s t i c  beds g e n e r a l l y  graded and l o c a l l y  c r o s s  
bedded. Gabbro s i l l s ,  some as  much a s  25 m t h i c k ,  
r e l a t i v e l y  numerous. Thickness about 275 m 

SHALLOW-LEVEL DACITE STOCKS, DIKES, AND SILLS (Permian(?)) .--small  
t o  moderate s i z e  b o d i e s ,  s t o c k s ,  d i k e s  and s i l l s  o f  f ine -  t o  
medium- g ra ined  d a c i t e  wi th  l e s s e r  r h y o d a c i t e ,  a n d e s i t e ,  and 
d i a b a s e .  R e s t r i c t e d  t o  Slana Spur Formation and o l d e r  rocks .  
Commonly f ine-gra ined;  l o c a l l y  medium-grained wi th  abundant 
p l a g i o c l a s e  phenocrysts  . Primary igneous m i n e r a l s  a r e  
p l a g i o c l a s e  and s p a r s e  hornblende,  b i o t i t e ,  potassium f e l d s p a r ,  
and q u a r t z .  Local resorbed q u a r t z  microphenocrysts .  I n t e n s e l y  
hydrothermal ly  a1  t e t e d  Co v e r y  f ine-gra ined aggrega tes  of 
s e r i c i t e  , c h l o r i t e ,  e p i d o r e ,  ac t i n o l i t e ,  a l b i t e ,  potassium 
f e l d s p a r  m o n t m o r i l l i n i t e ,  k a o l i n i r e ( ? ) ,  and c a l c i t e .  Commonly 
i ron-s ta ined  from weather ing of accessory  i ron-su lph ide  
m i n e r a l s .  Loca l ly  c o n t a i n  d i s semina ted  s u l f i d e  m i n e r a l s  and 
s p a r s e  l e n s e s  o f  mass ive  s u l f i d e  m i n e r a l s .  Major d i s semina ted  
o r  massive s u l f i d e  m i n e r a l s  are p y r i t e ,  c h a l c o p y r i t e ,  and 
s p h a l e r i t e .  Only l a r g e r  bod ies  shown on geo log ic  map 

SLANA SPUR FORMATION (Middle Pennsylvanian t o  lower Permian) 
(Rich te r  and Dutro ,  1975),--A t h i c k  sequence o f  marine 
c a l c a r e o u s  and noncalcareous  v o l c a n i c l a s t i c  rocks  wi th  
subord ina te  l imes tone ,  sands tone ,  conglomerate ,  t u f f ,  and 
v o l c a n i c  b r e c c i a .  Brachiopods,  c o r a l s ,  and f o r a m i n i f e r s ,  
l o c a l l y  abundant ,  i n d i c a t e  a Pennsylvanian and Permian age.  
Probably e q u i v a l e n t  t o  upper p a r t  of t h e  Sko la i  Group i n  t h e  
sou the rn  Wrangell Mountains (MacKevett, 1978) .  Thickness 700 t o  
1,400 m 

Upper c a l c a r e o u s  v o l c a n i c l a s t i c  member.--Predominantly 
gray-green c o a r s e  c l a s t i c  v o l c a n i c - r i c h  l imes tone  and 
gray-green coarse-gra ined c a l c a r e o u s  v o l c a n i c  sands tone ,  
wi th  minor v o l c a n i c  conglomerate ,  massive b i o c l a s t i c  
l i m e s t o n e ,  and l ight -gray-green l a p i l l i  t u f f .  Fine- t o  
coarse-gra ined.  Sedimentary rocks  g e n e r a l l y  have angu la r  t o  
subangular c l  a s t s  , show abundant graded bedding,  abundant 
c o n t o r t e d  s t r a t i f i c a t i o n  and slump s t r u c t u r e s ,  and poor 
s o r t i n g .  V o l c a n i c l a s t i c  , rocks  c o n t a i n  abundant a n d e s i t i c  , 
d a c i t i c  and pumice rock f ragments ,  wi th  p y r o c l a s t i c  , 
p i l o t a x i t i c ,  t r a c h y t i c  , scor iaceous  , and r e l i c t  g l a s s y  



t e x t u r e s  (Bond, 1973, 19761, Major igneous m i n e r a l s  i n  
v o l c a n i c l a s t  i c  rocks  a r e  p l a g i o c l a s e ,  potassium f e l d s p a r ,  
amphibole, and s p a r s e  q u a r t z .  V o l c a n i c l a s t i c  rocks l o c a l l y  
i n t e n s e l y  hydrothermal ly  a l t e r e d  t o  f ine-gra ined aggregates  
o  f  e p i d o t e ,  c h l o r i t e ,  a c t i n o l i t e ,  a l b i t e ,  
potass ium-feldspar  , c a l c i t e ,  and s e r i c i r e .  Authigenic 
a n a l c i t e  r e p l a c e s  and cements c l a s t s  i n  some c a l c a r e o u s  
sandstone s t r a t a .  Presence o f  graded bedding,  poor s o r t i n g ,  
and slump s t r u c t u r e s  i n d i c a t e s  sedimentary  and 
v o l c a n i c l a s t i c  rocks  d e p o s i t e d  from t u r b i d i t y  c u r r e n t s  i n  a  
low-energy environment below wave base  l o c a t e d  near a c t i v e  
v o l c a n i c  v e n t s  (Bond, 1973, 1976).  Thickness 350 t o  450 m 

Lower v o l c a n i c l a s t i c  member .--Dark-gray, dark-green,  and maroon 
v o l c a n i c l a s t i c  and v o l c a n i c  rocks  with in terbedded l a p i l l i  
t u f f ,  v o l c a n i c  b r e c c i a ,  a r g i l l i r e ,  and l imes tone .  The 
v o l c a n i c l a s t i c  rocks  range from massive v o l c a n i c  
conglomerate and v o l c a n i c  sandstone t o  thin-bedded g r i t ,  
sandstone,  and s i l t s t o n e  t h a t  commonly e x h i b i t  graded 
bedding.  Volcanic rocks  c o n s i s t  o f  mainly a n d e s i t e  t o  
d a c i t e  f lows,  with l e s s e r  b a s a l t  f lows.  Limestone l e n s e s  
( I ) ,  a s  much a s  25 m t h i c k ,  c o n s i s t  of  th in -  t o  
medium-bedded g ray  and l i g h t - g r a y  l o c a l l y  v o l c a n i c - r i c h  
l imes tone .  Volcanic f low t e x t u r e s  range from hypautomorphic 
g r a n u l a r  t o  mic roporphyr i t  i c  . Major igneous minera l s  i n  
vo lcan ic  and v o l c a n i c l a s t  i c  rocks  a r e  p l a g i o c l a s e  , 
amphibole, and b i o t i t e ,  with v e r y  s p a r s e  q u a r t z  and 
potassium f e l d s p a r .  V o l c a n i c l a s r i c  rocks  c o n t a i n  abundant 
a n d e s i t e  and d a c t i t e  rocks  f ragments ,  and pumice rock  
fragments,  both  with p y r o c l a s t i c ,  t r a c h y t i c  , scor iaceous  , 
and r e l i c t  g l a s s y  t e x t u r e s .  Volcanic and v o l c a n i c l a s t i c  
rocks  i n t e n s e l y  hydrothermal ly  a 1  t e r e d  t o  f ine-gra ined 
aggrega tes  of  c h l o r i t e ,  e p i d o t e ,  a c t i n o l i t e ,  s e r i c i t e ,  
c a l c i t e ,  and k a o l i n i t e ( ? ) .  Volcanic rocks  l o c a l l y  c o n t a i n  
d i s semina ted  s u l f i d e  m i n e r a l s  and pods o f  massive s u l f i d e  
m i n e r a l s .  Major d isseminated and massive s u l f i d e  m i n e r a l s  
a r e  p y r i t e ,  c h a l c o p y r i t e ,  b o r n i t e ,  and s p h a l e r i t e .  
Limestone l a y e r s  l o c a l l y  r e c r y s t a l l i z e d  t o  ska rn  a d j a c e n t  t o  
d i k e s  and s i l l s  o f  d a c i t e  and d iabase .  Local pods o f  
mass ive  s u l f i d e  m i n e r a l s  i n  ska rn  with abundant p y r i t e ,  and 
l e s s e r  c h a l c o p y r i t e .  Presence of  graded bedding i n  
v o l c a n i c l a s t i c  rocks ,  abundant p y r o c l a s t i c  r o c k s ,  and f o s s i l  
fragments i n  v o l c a n i c  b r e c c i a s  i n d i c a t e  v o l c a n i c l a s t i c  and 
v o l c a n i c  rocks  depos i t ed  on sea f l o o r  a s  b lanke t  d e p o s i t s  
around v o l c a n i c  v e n t s  (Bond, 1973, 1976).  Thickness 300 t o  
950 m 

TETELNA VOLCANLCS (Pennsylvanian) (Mendenhall,  19051.--Chiefly 
dark-green,  d a r k  gray-green,  and purplish-gray-green v o l c a n i c  
f lows,  v o l c a n i c  mud and d e b r i s  ava lanches ,  and l a p i l l  i-pumice 
t u f f s  in terbedded with f ine-  t o  coarse-gra ined v o l c a n i c l a s t i c  
r o c k s ,  Flows g e n e r a l l y  massive p o r p h y r i t i c  a n d e s i t e s ;  l o c a l l y  
amygdaloidal. V o l c a n i c l a s t i c  rocks  range from mudstone t o  
conglomerate and a r e  l o c a l l y  graded.  Occur i n  e a s t e r n  p a r t  o f  
geo log ic  map. Apparently r e p r e s e n t s  v e s t i g e s  of  a l a t e  
Paleozoic  v o l c a n i c  a r c  that was b u i l t  d i r e c t l y  upon ocean ic  
c r u s t  (R ich te r  and o t h e r s ,  1977).  Probably e q u i v a l e n t  t o  t h e  



lower p a r t  o f  t h e  S k o l a i  Group i n  t h e  southern  Wrangell 
Mountains ( ~ a c K e v e t t ,  1978).  Thickness g r e a t e r  than  1,000 m ,  
bu t  base  nowhere exposed 

TANGLE SUBTERRANE 

SOUTH OF EUREKA CREEK FAULT 

Rocks h e r e i n  ass igned t o  t h e  Tangle s u b t e r r a n e  were i n i t i a l l y  mapped 
by Rose (1966a1,  Rose and Saunders (1965), S m i t h  (19741, and S tou t  
(1976) .  The Tangle s u b t e r r a n e  i n c l u d e s  t h e  Amphitheater Group o f  
Smith (1974) and S tou t  (1976).  S i l b e r l i n g  and o t h e r s  (1981) a l s o  
a s s i g n  the  Amphitheater Group t o  the  Wrangel l ia  t e r r a n e .  

SUBAERIAL BASALT FLOWS OF NIKOLAI GREENSTONE (Upper 
Tr iass ic) . - -Massive  amygdaloidal b a s a l t  flows s i m i l a r  t o  Nikola i  
Greens tone i n  Slana River sub t e r r a n e .  See above d e s c r i p t i o n  o f  
same u n i t  i n  S lana  River s u b t e r r a n e .  Former Boulder Creek 
Volcanics and Paxson Mountain B a s a l t  a f  S tou t  ( 1 9 7 6 ) .  Loca l ly  
c o n t a i n s  r e l i c t  medium-grained c l  inopyroxene phenocrys ts  , p a r t l y  
t o  complete ly  rep laced  by igneous hornblende,  and metamorphic 
a c t i n o l i t e ,  i n  sou the rn  p a r t  o f  a r e a  e a s t  o f  Upper Tangle Lakes, 
S imi la r  rocks  from t h e  Denal i  mine i n  e a s t e r n  p a r t  o f  Healy 
quadrangle  c o n t a i n  s p a r s e  l e n s e s  o f  b l a c k  l imes tone  with 
f ragmentary  impress ions  o f  Halobia superba o f  l a t e  Karnian  ate 
T r i a s s i c )  age (N. if, S i l b e r l i n g ,  w r i t t e n  commun., 1980) .  
Thickness g r e a t e r  than 4,350 m; t o p  not exposed 

SHALE, CHERT, AND SILTSTONE.--Small t h i n  l a y e r s  o f  d a r k  g r a y  s h a l e ,  
c h e r t  and s i l t s t o n e  w i t h i n  s u b a e r i a l  b a s a l t  flows of  Nikola i  
Greenstone.  Occur c h i e f l y  i n  c e n t r a l  p a r t  o f  map a r e a  s o u t h e a s t  
o f  Summit: Lake. Maximum th ickness  o f  a  few t e n s  o f  me te r s .  

PILLOW BASALT FLOWS OF NIKOLAI GREENSTONE (Upper 
T r i a s s i c ) . - - I n t e r l a y e r e d  p i l l o w  b a s a l t  f lows ,  and minor b a s a l t  
f low b r e c c i a ,  b a s a l t i c  t u f f ,  and a r g i l l i t e .  Pe t ro logy  o f  p i l l o w  
b a s a l t  s i m i l a r  t o  s u b a e r i a l  b a s a l t  f lows o f  Nikola i  Ereenstone.  
Formerly pil lowed a n d e s i t e  flows a t  t o p  of  Tangle Lakes 
Formation o f  S tou t  (1976) .  B a s a l t  f low b r e c c i a  and b a s a l t i c  
t u f f  c o n s i s t  of  f ine-  t o  c o a r s e  b a s a l t  fragments and 
f ine-gra ined p l a g i o c l a s e  and c l inopyroxene c r y s t a l s  t h a t  a r e  
p a r t l y  a l t e r e d  t o  v e r y  f ine-gra ined e p i d o t e ,  c h l o r i t e ,  and 
a c t i n o l i t e .  A r g i l l i t e  c o n s i s t s  o f  v e r y  f ine-gra ined s c h i s t o s e  
aggrega tes  of  p l a g i o c l a s e ,  c a l c i t e ,  g r a p h i t e  and s p a r s e  c h l o r i t e  
and s e r i c i t e .  Sparse l e n s e s  o f  a r g i l l i t e  from smal l  h i l l  one 
mile e a s t  of  VkBM TANGLE, e a s t  of Tangle Lakes, cont:aira 
fragmentary impress ions  of pelecypod t e n t a t i v e l y  i d e n t i f i e d  a s  
Monotis s u b c i r c u l a r i s  by  S tou t  (1976) bur r e c o l l e c t e d  and 
r e i d e n t i f i e d  a s  Daonella o r  Halobia  o f  Middle o r  Late  T r i a s s i c  
age by N. J. ~ i l c e r l i n ~  ( o r a l  commun., 1979)  Thickness about 

AQUAGENE TUFF, ARGILLITE, LIMESTONE, CHERT, ANDESITE TUFF, AND 
GREENSTONE (Upper Paleozoic).--1nterlayered b a s a l t i c  aquagene 
t u f f ,  dark-gray s i l i c e o u s  a r g i l l i t e ,  l i g h t - g r a y  t o  whi te  c a l c i t e  
l imes tone  and marble ,  red  and b l a c k  c h e r t ,  gray-green a n d e s i t e  



t u f f ,  and gray-green b a s a l t .  Former middle and lower p o r t i o n  of  
Tangle Lakes Formation of S tou t  (1976) .  Aquagene tuff i s  a 
h y a l o c l a s i t e  c o n s i s t i n g  of f ine-  t o  medium-grained fragments o f  
b a s a l t  p i l low r i n d s  and b a s a l t  t h a t  a r e  h i g h l y  a l t e r e d  t o  v e r y  
f ine-gra ined aggrega tes  o f  c h l o r i t e ,  e p i d o t e ,  and a c t i n o l i t e .  
A r g i l l i t e  i s  s c h i s t o s e  and c o n s i s t s  o f  very f ine-gra ined 
aggrega tes  o f  p l a g i o c l a s e ,  c h l o r i t e ,  g r a p h i t e ,  and s e r i c i t e .  
Limestone and marble c o n s i s t s  o f  g r a n o b l a s t i c  t o  s c h i s t o s e  
aggrega tes  o f  medium-grained c a l c i t e  and sparse dolomite .  Chext: 
c o n s i s t s  o f  g r a n o b l a s t i c  aggrega tes  o f  v e r y  f ine-gra ined q u a r t z  
w i t h  s p a r s e  s e r i c i t e  and c h l o r i t e ,  and wi th  ve ry  s p a r s e  h i g h l y  
r e c r y s t a l l i z e d  r a d i o l a r i a .  Andesi te  tuff c o n s i s t s  of 
f ine-gra ined g r a n o b l a s t i c  aggrega tes  o f  p l a g i o c l a s e ,  c h l o r i t e ,  
s e r i c i t e ,  e p i d o t e ,  and a c t i n o l i t e  w i t h  s p a r s e  r e l i c t  broken 
c r y s t a l  o u t l i n e s  o f  p l a g i o c l a s e .  Greenstone i s  amygdaloidal and 
c o n s i s t s  o f  f ine-gra ined o p h i t  i c  p l a g i o c l a s e  and c l inopyroxene 
t h a t  a r e  p a r t l y  r e c r y s t a l l i z e d  t o  g r a n o b l a s t i c  e p i d o t e ,  
c h l o r i t e ,  a c t i n o l i t e ,  and s e r i c i t e .  General ly  thick-bedded t o  
mass ive .  Unit i s  b e s t  exposed on e a s t  s i d e  of  Maclaren River i n  
canyons i n  f o o t h i l l s  t o  n o r t h  of  East Fork of Eureka Creek, and 
on n o r t h  s i d e  of  Amphitheater Mountains, i n  narrow canyons 
c u t t i n g  f o o t h i l l s  t o  nor thwest  of  Wildhorse Creek. Unit  
c o n t a i n s  e x t e n s i v e  d i k e s  o f  gabbro and l a rge  s i l l s  o f  d iabase  
and gabbro g rad ing  downward i n t o  cumulate mafic and u l t r a m a f i c  
rock.  Sparse l imestone l e n s e s  about 3.2 km e a s t  s o u t h e a s t  of  
VABM Tangle c o n t a i n  fragments o f  upper  Paleozoic  bryozoa (N. J .  
S i l b e r l i n g ,  o r a l  commun., 1 9 7 9 ) .  Thickness g r e a t e r  than 875 m; 
base  no t  exposed 

Limes tone  

Metabasal t  (g reens tone)  



TERRANE OF ULTRAMAFIC AND ASSOCIATED ROCK (Mesozoic?) 

Unit d e s c r i p t i o n s  r e v i s e d  from R i c h t e r  and o t h e r s  (1977). 

N=F TONALITE AND QUARTZ MONZONITE. --Mot t 1 ed l ight-gray t o  
l igh t -g reen i sh -gray  t o n a l i t e  and q u a r t z  monzonite inc lud ing  
high-soda and high-alumina v a r i a n t s  o f  t h e s e  t y p e s .  Fine t o  
medium-grained w i t h  a p o r p h y r i t i c  t o  porphyrob las t i c  t e x t u r e .  
The minera l  assemblage i s  p a r t l y  metamorphic. Sod i c  
p l a g i o c l a s e ,  o c c u r r i n g  a s  l a r g e  phenocrysts  o r  p o r p h r o b l a s t s ,  
and commonly a l t e r e d  t o  whi te  mica and c l i n o z o i s i t e ,  i s  the  
dominant c o n s t i t u e n t  , I n t e r s t i t i a l  m i n e r a l s  a r e  q u a r t z ,  
occur r ing  a s  f ine-gra ined c l o t s ,  and minor pyroxene and 
amphibole,  g e n e r a l l y  a l t e r e d  t o  c h l o r i t e .  Form smal l  e l o n g a t e  
p lu tons  i n t r u d i n g  t h e  amphibole-rich metamorphic rock o f  t h e  
t e r r a n e  

SERPENTIN1TE.--Intensely deformed s c h i s t o s e  s e r p e n t i n i t e  and t a l c  
s c h i s t  de r ived  f r o m  d u n i r e ,  p y r o x e n i t e ,  and p e r i o d o t i t e .  Occurs 
a s  i s o l a t e d ,  fault-bounded l e n s e s  and masses w i t h i n  o r  a d j a c e n t  
t o  major f a u l t  zones 

UmP PYROXENITE AND PER1DOTITE.--Forms c r u d e l y  l a y e r e d  e longa te  bod ies  
w i t h i n  amphibole-rich metamorphic rock  (Mza). Pyroxeni te  occurs  
a s  d i s c r e e t  masses and as thin l a y e r s  i n  p e r i d o t i t e .  
P e r i d o t i t e ,  wi th  minor d u n i t e ,  i s  l a r g e l y  a l t e r e d  t o  
s e r p e n t  i n i t e .  Local masses of  l igh t -g ray i sh -green  t o  
dark-greenish-gray gabbro forms a  d i scon t inuous  o u t e r  zone t o  
map u n i t .  Remnant o l i v i n e  i n  t h e  p e r i d o t i t e  ranges  between 
Fo80-85. Local gabbroo d i k e s  

vmd DUNITE, --Forms two e l o n g a t e  masses separa ted  from the  
p y r o x e n i t e - p e r i d o t i t e  body by amphibole-rich metamorphic rock  
(Mza). Light-gray t o  greenish-gray,  mass ive ,  and g e n e r a l l y  
f ine-gra ined (1-2 mm) . Local cataclast  ic f a b r i c  wi th  l a r g e  
o l i v i n e  g r a i n s  (710 rum) surrounded by  f i n e r  g ra ined  o l i - v i n e .  
Local p l a n a r  s h a r t e r i n g  o f  o l i v i n e  g r a i n s .  Commonly s p o t t e d  
unevenly wi th  g r a i n s  and c rude  c r y s t a l s  o f  c h r w i t e ,  locaLly 
arranged i n  s h o r t  l a y e r s .  Cracks throughout  body g e n e r a l l y  
f i l l e d  with s e r p e n t i n e ,  t a l c ,  and i d d i n g s i t e .  Local gabbro 
d i k e s  

/Ylr a AMPBIBOLITE AND HORNBLENDE-PLAGIOCLASE GNEISS . --Ch ie £1 y  f ine -  t o  
medium-grained metamorphic rock wi th  g r a n o b l a s t i c  t e x t u r e s  
ranging from massive  dark-green amphibo l i t e  t o  f i n e l y  banded 
g n e i s s i c  rock. Banding thickness and amphibole-feldspar r a t i o  
ext remely v a r i a b l e .  Rare thin lenses o f  l i g h t - g r e e n  and g ray  
epidote-bear ing marble and zones o f  dark-gray g r a p h i t i c  s c h i s t  
i n t e r l a y e r e d  with g n e i s s .  Local abundant amphibole-rich 
pegmat i te  . Metamorphic m i n e r a l s  inc lude  : green hornblende,  
c a l c i c  p l a g i o c l a s e ,  q u a r t z ,  minor c l inopyroxene ,  s u l p h i d e s ,  and 
b l a c k  ox ides .  FFeldspar  g e n e r a l l y  a1  t e r e d  t o  
e p i d o t e - c l i n o z o i s i t e ,  ca rbona te  occurs  rhraughout t h e  rock i n  
g r a n u l a r  masses and v e i n l e t s .  Forms h o s t  o f  u l t r a m a f i c  rock  and 
a r e  i n t r u d e d  by t o n a l i t e  and q u a r t z  monzonite bod ies  ( ~ z q )  



ACKNOWLEDGMENTS 

We greatly a p p r e c i a t e  t h e  ha rd  work and e x c e l l e n t  s c i e n c e  pub l i shed  by 
p r e s e n t  and past g e o l o g i s t s  i n  s o u t h e r n  Alaska .  Our work i s  i n  p a r t  based on 
t h e i r  e f for t s  and accomplishments .  We a r e  i n d e b t e d  t o  H. C. Berg, Donald 
Grybeck, E .  M .  MacKevett,  J r . ,  and A .  T. Ovenshine who g r e a t l y  encouraged 
t h e  g e o l o g i c  mapping. We thank  D. L. Jones  and N. J. S i l b e r l i n g  for their 
a s s i s t a n c e  i n  mapping and s t i m u l a t i n g  g e o l o g i c a l  d i s c u s s i o n s .  We a l s o  thank 
h e l i c o p t e r  pilots Michael  A r l i n e  and Richard Rossiter for their superb f l y i n g  
in a n  ex t r eme ly  d i f f i c u l t  and remote area. 



REFERENCES CITED 

A l e i n i k o f f ,  J. N . ,  Nokleberg, W. J . ,  and Herzon, P. L . ,  1981, Age of 
i n t r u s i o n  and metamorphism of t h e  East  S u s i t n a  b a t h o l i t h ,  Mount Hayes B-6 
quadrangle ,  eastern Alaska Range, Alaska,  i n  Coonrad, W. L. , e d . ,  The 
United S t a t e s  Geological  Survey i n  Alaska: ~ c ~ ~ l i s h m e n t s  d u r i n g  1980 : 
U.S. Geological  Survey C i r c u l a r  844, i n  p r e s s .  

Bond, G. C. ,  1973, A l a t e  Paleozoic  v o l c a n i c  a r c  i n  t h e  e a s t e r n  Alaska Range, 
Alaska: Journa l  o f  Geology, V .  81, p .  557-575. 

Bond, G. C . ,  1976, Geology of  t h e  Rainbow Mountain-Gulkana G l a c i e r  area ,  

e a s t e r n  Alaska Range, wi th  emphasis on upper Paleozoic  s t r a t a :  Alaska 
Divis ion of Geological  and Geophysical Surveys Geologic Report 45, 47 p. 

Berg,  H. C . ,  Jones ,  D. L. ,  and R i c h t e r ,  D. H . ,  1972, Gravina-Nutzotin 
bel t -Tectonic  s i g n i f i c a n c e  o f  an u p p e r  Mesozoic sedimentary and vo lcan ic  
sequence i n  southern and s o u t h e a s t e r n  Alaska,  i n  Geological  Survey 
resea rch  1972: U. S. Geological  Survey ~ r o f e s s x n a l  Paper 800-D, p .  
Dl-D24. 

Berg, H. C . ,  Jones ,  D. L.,  and Coney, P. J . ,  1978, Map showing pre-Cenozoic 
t e c t o n o s t r a t i g r a p h i c  t e r r a n e s  of s o u t h e a s t e r n  Alaska and ad jacen t  a r e a s :  
U.S. Geological  Survey Open-File Report 78-1085, 2 s h e e t s .  

Forbes,  R. B . ,  Turner ,  D. L., S t o u t ,  J. H . ,  and Smith, T. E . ,  1973, 
Cenozoic o f f s e t  along t h e  Denali  f a u l t ,  Alaska [ a b s .  I :  EOS (American 
Geophysical Union T r a n s a c t i o n s ) ,  v.  54, p. 495. 

Jones ,  D. L , ,  S i l b e r l i n g ,  N. J. ,  and Hi l lhouse ,  John, 1977, Wrangel1ia.--A 
d i s p l a c e d  t e r r a n e  i n  nor thwestern  North America: Canadian Journa l  of  
Ear th  Sc iences ,  v .  14, p .  2565-2577. 

Jones ,  D. L , ,  S i l b e r l i n g ,  N. J., Berg, H. C . ,  1981, Map showing 
t e c t o n o s t r a t i g r a p h i c  t e r r a n e s  o f  Alaska,  columnar s e c t i o n s ,  and summary 
d e s c r i p t i o n  of  t e r r a n e s :  U.S. Geological  Survey Open-File Report 81-792, 
20 p. 

Kachadoorian, Reuben, Hopkins, D. M . ,  and Nichols ,  D. R . ,  1953, A 
p re l iminary  r e p o r t  o f  geo log ic  f a c t o r s  a £  f e c t i n g  highway c o n s t r u c t  ion  i n  
the  a r e a  between t h e  Susitna-Maclaren Rivers ,  Alaska: U.  S. Geological  
Survey Open-File Report 92, 73 p .  

Kachdoorian, Reuben, and Pewe, T. L. ,  1955, Engineering geology of t h e  
southern h a l f  of t h e  M t .  Hayes A-5 quadrangle ,  Alaska: U. S. 
Geological  Survey Open-File Report 110, 27 p. 

MacKevett, E .  M . ,  J r . ,  1978, Geologic map of t h e  McCarthy Quadrangle, Alaska: 
U.S. Geological  Survey Miscellaneous I n v e s t i g a t i o n s  S e r i e s  Map 1-1032, 1 
s h e e t ,  s c a l e  1 : 250,000. 

Matteson,  Char les ,  1973, Geology o f  the S l a t e  Creek area,  Mount Hayes A-2 
quadrangle ,  Alaska,  Masters t h e s i s ,  U n i v e r s i t y  of Alaska,  66 p .  

Mendenhall, W.  C.  , 1903, The Chis tochina  gold  f i e l d ,  Alaska: U. S. Geological  
Survey B u l l e t i n  213,  p. 71-75. 



Meadenhall, W .  C . ,  1905, Geology of t h e  c e n t r a l  Copper River  reg ion ,  Alaska: 
U.S. Geological  Survey P r o f e s s i o n a l  Paper 41, 133 p.  

M o f f i t ,  F. H . ,  1912, Headwater reg ions  o f  Gulkana and S u s i t n a  Rivers ,  Alaska,  
with accounts o f  t h e  Valdez Creek and Chis tochina  p l a c e r  d i s t r i c t s :  U.S. 
Geological  Survey B u l l e t i n  498, 82 p .  

Nokleberg, W. J . ,  Alber t ,  N .  R. D . ,  Herzon, P.  L . ,  and Zehner, R. E . ,  
1980, Accreted Andean-type a r c  and i s l and-a rc  t e r r a n e s  i n  sou thern  Mount 
Hayes quadrangle ,  e a s t e r n  Alaska Range, Alaska [abs. 1 : Geological  Soc ie ty  
o f  America Abs t rac t s  wi th  Programs, v .  12, no. 3 ,  p .  145. 

Nokleberg, W. J . ,  A l b e r t ,  N. R. D . ,  Herzon, P. L . ,  Miyaoka, R. T . ,  and 
Zehner, R. E . ,  1981a, Cross s e c t i o n  showing a c c t e t e d  Andean-type arc and 
i s l a n d  a rc  t e r r a n e s  i n  southwestern Mount Hayes quadrangle ,  Alaska,  i n  
A l b e r t ,  N. R. D . ,  and Hudson, T r a v i s ,  e d s . ,  t he  United s t a t e s  
Geological  Survey i n  Alaska: Accomplishments dur ing 1979 : U. S .  
Geological  Survey C i r c u l a r  823-B, p .  B66-B67. 

Nokleberg, W. J., A l b e r t ,  N. R. D . ,  Herzon, P. L . ,  Miyaoka, R. T . ,  and 
Zehner, R. E . ,  1981b, Recognit ion o f  two sub te r ranes  wi th in  t h e  
Wrangel l ia  t e r r a n e ,  i n  A l b e r t ,  N. R. D . ,  and Hudson, T r a v i s ,  e d s ,  t h e  
United S t a t e s  ~ e o l o ~ i c x  Survey i n  Alaska: Accomplishments dur ing  1979: 
U, S. Geological  Survey C i r c u l a r  82343, p . B64-B66. . 

Ragan, D. M . ,  and Hawkins, J. W . ,  Jr . ,  1966, A polymetamorphic complex i n  
t h e  e a s t e r n  Alaska Range: Geological  Soc ie ty  o f  America B u l l e t i n ,  v .  77, 
no. 6 ,  p. 597-604. 

R i c h t e r ,  D. H . ,  1976, Geologic map of t h e  Nebesna quadrangle ,  Alaska: U.S. 
Geological  Survey Miscellaneous I n v e s t i g a t i o n s  S e r i e s  Map 1-392, 1 s h e e t ,  
s c a l e  1: 250,000. 

R i ch t e r ,  D, H . ,  and Dutro,  J. T . ,  Jr.,  1975, Revision of the type Mankommen 
Formation (Pennsylvanian and permian),  Eagle Creek a r e a ,  e a s t e r n  Alaska 
Range, Alaska: U.S. Geological  Survey B u l l e t i n  1395-B, p .  B1-B25. 

R i c h t e r ,  D. H . ,  Sharp,  W. N . ,  Dutro, J. T . ,  J r . ,  and Hamilton, W. B . ,  
1977, Geologic map o f  p a r t s  of the  Mount Hayes A-1 and A-2 quadrangles ,  
Alaska: U.S. Geological  Survey Miscellaneous I n v e s t i g a t i o n s  S e r i e s  Map 
1-1031, 1 s h e e t ,  s c a l e  1:63,360. 

Rohn, Oscar,  1900, G reconnaissance of t h e  Chitna River and t h e  Sko la i  
Mountains, Alaska: U.S. Geological  Survey 21s t  Annual Report ,  p t .  2 ,  p.  
393-440. 

Rose, A. W . ,  1965, Geology and mineral  d e p o s i t s  of t h e  Rainy Creek a r e a ,  
Mount Hayes quadrangle,  Alaska: Alaska Divis ion o f  Mines Minerals 
Geologic Report 14, 51 p .  

Rose, A. W. , 1966a, Geology of p a r t  o f  t h e  Amphitheater Mountains, Mount 
Hayes quadrangle ,  Alaska: Alaska Divis ion of Mines and Minerals Geologic 
Report 19 ,  14 p. 

Rose, A. W . ,  1966b, Geological  and geochemical i n v e s t i g a t i o n s  i n  t h e  Eureka 
Creek and Rainy Creek a r e a s ,  Mount Hayes quadrangle ,  Alaska: Alaska 
Div i s ion  of Mines and Minerals Geologic Report 20, 36 p .  



Rose, A. W . ,  1967, Geology o f  t h e  upper Chis tochina  River a r e a ,  Mount Hayes 
quadrangle ,  Alaska: Alaska Div i s ion  of Mines and Minerals  Geologic Report 
28, 39 p. 

Rose, A. W . ,  and Saunders,  R. H . ,  1965, Geology and geochemical 
i n v e s t i g a t i o n s  near  Paxson, n o r t h e r n  Copper River Basin,  Alaska: Alaska 
Divis ion o f  Mines and Minerals  Geologic Report 13, 35 p .  

Sherwood, K. W., and Craddock, Campbell,  1979,  General  geology of  t h e  c e n t r a l  
Alaska Range between t h e  Nenana River and Mount Deborah: Alaska Divis ion 
of Geological  and Geophysical Surveys Open-File Report AOF-116, 22 p. 

S i l b e r l i n g ,  N. J . ,  R i c h t e r ,  D. H . ,  and J o n e s ,  D. L . ,  1981, Recognit ion of 
t h e  Wrangel l ia  t e r r a n e  i n  t h e  Clearwater  Mountains and v i c i n i t y ,  
sou th-cen t ra l  Alaska i n  A l b e r t ,  N. R, D . ,  and Hudson, T r a v i s ,  e d s ,  t h e  
United S t a t e s  ~ e o l o ~ i c x  Survey i n  Alaska: Accomplishments dur ing  1979: 
U.S. Geological  Survey C i r c u l a r  823-B, p. B51-B55. 

Smith, T. E . ,  1974, Regional geology of t h e  Susitna-Maclaren River area,  
c e n t r a l  Alaska,  i n  Alaska Div i s ion  of Geological  and Geophysical  Surveys 
Annual Report ,  1 9 n ,  p .  3-6. 

Smith,  T. E . ,  and Turner ,  D. ' L.,  1973, Geochronology of  t h e  Maclaren 
metamorphic b e l t ,  south-centra l  Alaska, A p rogress  r e p o r t :  Isochron-West, 
no. 7, p .  21-25. 

Smith, T .  E . ,  and Turner ,  D. L., 1974, Maclaren metamorphic belt of c e n t r a l  
Alaska [abs. ] : Geological  Soc ie ty  of America Abs t rac t s  wi th  Programs, v .  
6 ,  no. 3, p .  257, 

S t o u t ,  J. H.,  1976, Geology o f  t h e  Eureka Creek a r e a ,  e a s t - c e n t r a l  Alaska 
Range: Alaska Div i s ion  of Geological  and Geophysical Surveys Geologic 
Report 46, 32 p .  

S t o u t ,  J. H . ,  and Chase, C. G . ,  1980, P l a t e  k inemat ics  o f  the  Denali  f a u l t  
system: Canadian J o u r n a l  o f  Ear th  Sc iences ,  v .  17 ,  p ,  1527-1537. 

Turner ,  D. L. ,  and Smith, T. E . ,  1974, Geochronology and genera l i zed  geology 
of t h e  c e n t r a l  Alaska Range, Clearwater Mountains and n o r t h e r n  Talkeetna  
~ o u n t a i n s :  Alaska Div i s ion  of Geological  and Geophysical Surveys 
Open-File Report AOF-72, 10 p .  

Turner ,  D. L . ,  T r i p l e h o r n ,  D. M . ,  Naeser, C. W . ,  and Walfe, J. A., 1980, 
Radiometric d a t i n g  of ash p a r t i n g s  i n  Alaskan c o a l  beds and upper 
T e r t i a r y  pa leobo tan ica l  s t a g e s :  Geology, v .  8,  p .  92-96, 

U. S. Army Corps o f  Engineers ,  1960a, T e r r a i n  s t u d y  o f  the Delta River 
r e g i o n ,  Alaska: Department of  the Army Engineering I n t e l l i g e n c e  Study 
264, 46 p .  

U .  S. Army Corps o f  Engineers ,  1960b, T e r r a i n  s tudy  of t n e  Exercise Freeze 
a r e a ,  Copper River Basin,  Alaska: Department o f  t h e  Army Engineering 
I n t e l l i g e n c e  Study 292, 87 p .  

Weber, F. R . ,  and Turner ,  D. L . ,  1977, A l a t e  T e r t i a r y  t h r u s t  f a u l t  i n  the 
c e n t r a l  Alaska Range, in Blean, K. M . ,  e d , ,  The United S t a t e s  Geological  
Survey i n  Alaska: Accomplishments dur ing  1976: U .  S. Geological Survey 
C i r c u l a r  751-B, p .  B66-B67. 



Yeend, Warren, 1981, Placer go ld  d e p o s i t s ,  M t .  Hayes quadrangle, Alaska, i n  
Silberman, M. L . ,  F i e l d ,  C .  W . ,  and Berry, A .  L . ,  e d s . ,  Proceedings of 
the symposium on mineral depos i t s  o f  the P a c i f i c  Northwest: U.S. 
Gelo log ica l  Survey Open-File Report 81-355, p. 74-83. 

Zehner, K. E . ,  Cobb, E. H., Mokleberg, W .  J . ,  and Albert ,  N .  R.  D . ,  1980, 
Geologic bibliography of the  Mount Hayes quadrangle, Alaska: U.S. 
Geological  Survey Open-File Report 80-513, 28 p .  





Yeend, Warren,  1981, P l a c e r  g o l d  d e p o s i t s ,  M t .  Hayes quad rang l e ,  Alaska., i n  
S i l b e m a n ,  M. L., F i e l d ,  C. W., and Ber ry , ,  A .  L . ,  eds. ,  Proceed ings  o f  
t h e  symposium on m i n e r a l  d e p a s i t s  o f  t h e  P a c i f i c  Nor thwes t :  U . S .  
Gelo log i ca l  Survey Open-File Repor t  81-355, p.  74-83. 

Zehner, R. E . ,  Cobb, E. H . ,  Nok lcbe rg ,  W .  J . ,  and A l b e r t ,  N. R. D . ,  1980, 
Geologic  b i b l i o g r a p h y  of the Mount Hayes q u a d r a n g l e ,  Alaska:  U.S. 
Geological  Survey Open-File Repor t  80-513, 28 p .  


