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I n t r o d u c t i o n  

T h i s  g e o l o g i c  map of t h e  Cordova and Middleton I s l a n d  quadrangles  
i s  t h e  westernmost of a  s e r i e s  of g e o l o g i c  maps t h a t  w i l l  cover t h e  
p o r t i o n  of c o a s t a l  s o u t h e r n  Alaska from P r i n c e  Will iam Sound t o  the 
v i c i n i t y  of t h e  Alsek River .  The c e n t r a l  map of t h e  s e r i e s  w i l l  comprise 
t h e  Bering G l a c i e r  and I c y  Bay quadrangles  ( ~ l a f k e r  and Hudson, 
unpublished d a t a )  and t h e  e a s t e r n  map w i l l  i n c l u d e  t h e  Alaska p o r t i o n s  
of t h e  M t .  S a i n t  E l i a s ,  Yakuta t ,  and wes te rn  Skagway quadrangles  
( P l a f k e r ,  unpublished d a t a ) .  

F i e l d  s t u d i e s  have been c a r r i e d  ou t  i n t e r m i t t e n t l y  i n  the Cordova 
and Middleton I s l a n d  quadrangles  from 1903 t o  1981. Large-scale pub- 
l i s h e d  geo log ic  maps f o r  t h e  Ellamar d i s t r i c t  (Capps and Johnson,  
1915), t h e  s o u t h e r n  K a t a l l a  d i s t r i c t  ( ~ i l l e r ,  1961,  1975; ~ a c h a d o o t i a n ,  
19601, t h e  Sherman G l a c i e r  a r e a  ( P l a f k e r ,  1968), t h e  Hinchinbrook 
I s l a n d  area (WinkLer , 1973) , Kayak and Wingham Islands ( P l a f k e r  , 1974)  , 
and t h e  Ragged Mountain area (Tysdal  and o t h e r s ,  1976a) have been 
i n c o r p o r a t e d ,  with minor r e v i s i o n s ,  i n t o  t h i s  compi la t ion .  The ternain- 
d e r  of t h e  quadrangles  has been mapped, c h i e f l y  s i n c e  1970, a s  an 
ad junc t  t o  r e g i o n a l  s t u d i e s  of t h e  Gulf of Alaska T e r t i a r y  province ,  
and t h e  major f a u l t  systems of s o u t h e r n  Alaska under t h e  d i r e c t i o n  of 
George P l a f k e r  and as  p a r t  of t h e  Chugach Nat ional  F o r e s t  Wilderness 
s t u d y  under t h e  d i r e c t i o n  of Steven W.  Nelson. 

Megafoss i l  i d e n t i f i c a t i o n s  (Table 1 )  have been made by F.  S. 
MacNeil and W. 0. Addicot t  of t h e  Geological  Survey; by J. Wyatt Durham 
of t h e  University of C a l i f o r n i a ,  Berkeley;  and by Leo H e r t l e i n  of t h e  
C a l i f o r n i a  Div i s ion  of Mines and Geology. S i l i c e o u s  m i c r o f o s s i l s  have 
been s t u d i e d  by J. A. Barron of t h e  U.S. Geological  Survey,  and H. V. 
Kaska of Chevron Overseas Petroleum, Inc. , k i n d l y  i d e n t i f i e d  t h e  
f o r a m i n i f e r a .  

We adknowledge w i t h  g r a t i t u d e  t h e  c o n t r i b u t i o n s  of T r a v i s  Hudson, 
R. G. Tysda l ,  and S. W. Nelson, who p a r t i c i p a t e d  i n  much of t h e  geo log ic  
mapping and made many v a l u a b l e  sugges t ions  f o r  t h e  improvement of t h i s  
r e p o r t .  





GENERAL GEOLOGIC AND TECTONIC SUMMARY 

The Cotdova and Middleton I s l a n d  quadrangles  straddle t h e  boundary 
between t h e  rugged Chugach Mountains, p a r t  of t h e  P a c i f i c  Border Ranges 
physiographic  province on t h e  n o r t h ,  and t h e  more subdued r i d g e s ,  
p l a i n s ,  and i s l a n d s  of t h e  Gulf of Alaska Coasta l  Province on t h e  s o u t h  
(Wahrhaftig,  1965). The reg ion  is  segmented i n t o  t h r e e  d i s t i n c t i v e  
fault-bounded t er ranes  t h a t  become p r o g r e s s i v e l y  younger and l e s s  
s e v e r e l y  deformed from n o r t h  t o  s o u t h  ( P l a f k e r ,  1969, 1971). 

The o l d e s t  t e r r a n e ,  i n  t h e  n o r t h e r n  p a r t  of t h e  Cordova quadrangle ,  
i s  under la in  by t h e  Upper Cretaceous Valdez Group and i s  considered t o  
be part of t h e  Chugach Terrane as  de f ined  by Berg and o t h e r s  (1972 ) .  
The Valdez Group i n  t h e  map a r e a  c o n s i s t s  of a c c r e t i o n a r y  wedges of  
volcanogenic  f l y s c h  w i t h  s u b o r d i n a t e  t h o l e i i t i c  b a s a l t  t h a t  was acc re ted  
a g a i n s t  t h e  c o n t i n e n t a l  margin between Maes t r i ch t i an  and probably l a r e  
Paleocene time as  a r e s u l t  of r e l a t i v e  nor theastward under thrus  t i n g  of 
P a c i f i c  oceanic  c r u s t  ( P l a f k e r  and o t h e r s ,  1977). The sequence i s  
t i g h t l y  f o l d e d ,  commonly w i t h  over tu rn ing  towards t h e  s o u t h ,  and i s  
imbricated along numerous s teep-  t o  northwgrd-dipping t h r u s t  f a u l t s .  

A major change i n  p l a t e  motions e a r l y  i n  t h e  T e r t i a r y  r e s u l t e d  i n  
northwes tward movement of t h e  P a c i f i c  ocean ic  c r u s t  r e l a t i v e  t o  Alaska 
c o n t i n e n t a l  margin. Also about t h i s  t ime,  counterc lockwise  oroclinal 
bending of western Alaska may have occurred along a main a x i s  near  
P r i n c e  William Sound (Carey,  1358; P l a f k e r ,  1969).  A s  a consequence 
of t h e s e  r e l a t i v e  p l a t e  movements, ens imat ic  deep-sea fan d e p o s i t s  and 
i n t e r c a l a t e d  t h o l e i i t i c  b a s a l t s  of middle t o  l a t e  Paleocene and p o s s i b l e  
e a r l i e s t  Eocene age t h a t  comprise t h e  Orca Group were a c c r e t e d ,  p r i n c i p a l l y  
along t h e  western  limb of t h e  o r o c l i n a l  bend where they form a b e l t  
f rom s o u t h e a s t  of Hinchinbrook I s l a n d  t o  northwest of Valdez A r m ,  
t h a t  is more than  110 km wide. The combination of northwest-southeast  
compression dur ing  a c c r e t i o n  and east-west  compression due t o  v i r t u a l l y  
s imul taneous  o r o c l i n a l  bending r e s u l t e d  i n  exceedingly  complex deforma- 
t i o n  of t he  Orca Group. The Orca Group s t r a t a  a r e  t i g h t l y  fo lded ,  
common1 y over turned i n  v a r i o u s  d i r e c t  i o n s ,  but mos t l y  towards rhe  
s o u t h  and s o u t h e a s t ,  and a r e  c u t  by numerous f a u l t s .  A zone of landward 
(northwestward) verging s t r u c t u r e s  c h a r a c t e r i z e s  Hinchinbrook and 
Montague I s l a n d s ,  which corresponds t o  t h e  "Montague b e l t "  of Helwig 
and Emmet (1981). P r e v a i l i n g  n o r t h e a s t  t r e n d s  t h a t  predominate i n  t h e  
western  limb of t h e  o r o c l i n e  a r e  represen ted  i n  t h e  map a r e a  mainly 
by t h e  b e l t  of Orca Group rocks t h a t  extends from Montague I s l a n d  
through Hinchinbrook I s l a n d  and on to  t h e  mainland i n  t h e  c e n t r a l  p a r t  
of t h e  Cordova quadrangle where i t  i s  t runca ted  o b l i q u e l y  a long t h e  
Gravina f a u l t .  The east-west  t r e n d s  t h a t  c h a r a c t e r i z e  t h e  e a s t e r n  
l i m b  of t h e  o r o c l i n e  a r e  p resen t  on ly  n e a r  t h e  e a s t e r n  edge of t h e  map 
a r e a  between t h e  Bagley and Chugach f a u l t s .  The Ragged Mountains 
a p p a r e n t l y  a r e  an ex tens ion  of t h e  Orca sequence between t h e  Chugach 
and Martin f a u l t s  t h a t  has been r o t a t e d  more t h a n  90' counterclockwise.  
Northern Wingham I s l a n d  appears t o  be a c o n t i n u a t i o n  of t h i s  same 
anomalous north-south-trending b e l t  but o f f s e t  i n  a s i n i s t r a l  s e n s e  
by a submarine f a u l t .  I n  t h e  nor thwestern  corner  of t h e  Cordova quad- 
r a n g l e  s t r a t a  of t h e  Orca and Valdez Groups a r e  bent through an ang le  



of about 90' w i t h  g e n e r a l l y  n o r t h e a s t  t r ends  e a s t  of Valdez Am and 
nor thwest  t r e n d s  west of Valdez Arm. 

G r a n i t i c  p lutons  of e a r l y  Eocene age were emplaced i n  both  t h e  Otca 
and Valdez t e r r a n e s  s h o r t l y  fo l lowing  t h e  major phase of e a r l y  T e r t i a r y  
a c c r e t i o n  and deformation.  Gravi ty  d a t a  sugges t  t h a r  g r a n i t i c  rocks 
i n  t h e  Cordova quadrangle  probably have cons iderab ly  wider d i s t r i b u t i o n  
i n  rhe s u b s u r f a c e  t h a n  is i n d i c a t e d  by t h e i r  ou tc rop  p a t t e r n  (Case and 
o t h e r s ,  1966). 

Bedded rocks younger than  t h e  Orca Group i n  t h e  map a r e a  were 
depos i t ed  i n  a complex c o n t i n e n t a l  margin bas in  on a basement made up 
l a r g e l y ,  i f  not  e n t i r e l y ,  of t h e  Orca Group and a s s o c i a t e d  p l u t o n i c  
rocks. During middle t o  l a t e  Eocene t ime t h e r e  w a s  a g e n e r a l  marine 
r e g r e s s i o n ,  s e a s  were r e l a t i v e l y  warm, and c l i m a t e  was s u b t r o p i c a l  t o  
p a r a t r o p i c a l .  The S t i l l w a t e r ,  K u l t h i e t h  ( fo rmer ly  Kushtaka),  and 
Tokun Formations,  which were depos i t ed  dur ing t h i s  i n t e r v a l ,  consist 
of a  t h i c k ,  i n t e r f i n g e r i n g  coal-bear ing lagoon, b a r r i e r  beach,  and 
d e l t a  complexes. 

Marine t r a n s g r e s s  i o n  occurred dur ing Oligocene and p o s s i b l y  e a r l y  
Miocene t ime  w i t h  d e p o s i t i o n  i n  n e r i t i c  t o  ba rhya l  environments. 
Predominantly s h a l y  sediment ,  i n  p a r t  o rgan ic - r i ch  and i n t e r c a l a t e d  
wi th  water- la id  a l k a l i c  b a s a l t i c  tuff, b r e c c i a ,  and p i l low l a v a ,  accum- 
u l a t e d  t o  form t h e  Foul Creek ( fo rmer ly  K a t a l l a )  Formation and perhaps 
t h e  lower p a r t  of the sandy and conglomerat ic  Redwood Formation. 

The p resen t  sedimentary  and t e c t o n i c  regime r e s u l t s  from movement 
of t h e  P a c i f i c  P l a t e  northwestward r e l a t i v e  t o  t h e  Alaskan c o n t i n e n t a l  
margin s i n c e  t h e  e a r l y  Miocene t o g e t h e r  w i t h  a  g e n e r a l  mar ine  r e g r e s s i o n  
and c l i m a t i c  coo l ing .  During t h i s  t i m e ,  t h e  Chugach and o t h e r  c o a s t a l  
mountains were u p l i f t e d  t o  e l e v a t i o n s  t h a r  f o s t e r e d  development of 
e x t e n s i v e  a l p i n e  and piedmont g l a c i e r s .  From about t h e  middle Miocene 
t o  t h e  present, an  enormous th ickness  of c l a s  t i c  sediment comprising 
t h e  Yakataga Formation and p a r t  o r  a l l  of t h e  Redwood Formation,  and 
i n c l u d i n g  much g l a c i a l l y - d e r i v e d  m a t e r i a l ,  was depos i t ed  i n  a predom- 
i n a t l y  s h e l f  environment. Emplacement of t h e  d a c i t i c  plug a t  Cape 
S a i n t  E l i a s  on Kayak I s l a n d  a f t e r  d e p o s i t i o n  and f o l d i n g  of t h e  e a r l y  
Miocene Yakataga Formation a t t e s t s  t o  con t inu ing  minor magmatic a c t i v i t y .  
S t r u c t u r e s  i n  t h e  Neogene sequence tend t o  p a r a l l e l  t h e  t r e n d s  of t h e  
o l d e r  s t r u c t u r e s .  Folds i n v o l v i n g  Oligocene and Miocene s t r a t a  a r e  
t y p i c a l l y  of smal l  ampl i tude,  t i g h t l y  compressed, and asymmetric o r  
over tu rned ,  having a x i a l  planes i n c l i n e d  towards t h e  west o r  n o r t h .  
The notab ly  d ivergen t  n o r t h e r l y  t r e n d s  i n  t h e  a r e a  e a s t  of Ragged 
Mountain may r e f l e c t  l o c a l  deformat ion of t h e  younger rocks a g a i n s t  
t h e  more competent: h igh of Orca Group rocks dur ing  r e l a t i v e  eastward 
t h r u s t i n g  a long t h e  Ragged Mountain f a u l t  (Tysdal  and o t h e r s ,  1976b). 

F a u l t s  

Important f a u l t s  i n  t h e  Cordova and Middleton I s l a n d  quadrangles 
f a l l  i n t o  t h e  fol lowing g e n e r a l  c a t e g o r i e s :  (1) t h e  Contact f a u l t  
system which s e p a r a t e s  t h e  Cretaceous Valdez Group from t h e  lower 
T e r t i a r y  Orca Group, ( 2 )  a  system of f a u l t s  i n c l u d i n g  t h e  Chugach, 



Ragged Mountain, and Wingham I s l a n d  f a u l t s  which jux tapose  t h e  Orca 
Group a g a i n s t  younger T e r t i a r y  rocks, and ( 3 )  faults which a f f e c t  only  
rocks younger than  t h e  Orca Group. 

The Contact  f a u l t  system ( P l a f k e r  and o t h e r s ,  1977) i s  a major 
e a r l y  T e r t i a r y  p l a t e  boundary which extends from the v i c i n i t y  of Mt. 
S a i n t  E l i a s  t o  Kodiak I s l a n d .  In  t h e  Cordova quadrangle  i t  c o n s i s t s  of 
northward-dipping r e v e r s e  f a u l t s ,  t h e  Bagley,  Gravina,  and Landlock 
segments,  which s e p a r a t e  mutiply-deformed f l y s c h ,  g r e e n s t o n e ,  and 
d e r i v a t i v e  metamorphic rocks of t h e  Valdez Group on t h e  n o r t h  from 
s t r o n g l y  deformed f l y s c h  and t h o l e i i t e s  of t h e  Orca Group on t h e  sou th .  
Accre t ion  of t h e  Orca Group s o u t h  of t h e  Contact  f a u l t  system was 
accompanied by i n t e n s e  f o l d i n g  and f a u l t i n g  i n  bo th  upper and lower 
p l a t e  r o c k s ,  r e s u l t i n g  i n  p a r a l l e l  s t r u c t u r e s  i n  bo th  groups ad jacen t  
t o  p a r t s  of t h e  f a u l t  system. Success ive  a c c r e t i o n a r y  wedges w i t h i n  
t h e  Orca Group may be bounded by major s p l a y s  from t h e  system t h a t  
d i v e r g e  wescward. The Martin f a u l t  (Tysdal  and o t h e r s ,  1976a) diverges  
from t h e  Bagley f a u l t  i n  t h e  Bering G l a c i e r  quadrangle  and jux taposes  
Eocene g r a n i t o i d  rocks and sed imenta ry  rocks  of t h e  Orca Group on t h e  
n o r t h  wi th  v o l c a n i c  rocks  of t h e  Orca on t h e  sou th .  The Rude River  
f a u l t ,  which is l a r g e l y  concea led ,  must b i f u r c a t e  from t h e  Bagley 
f a u l t  nea r  t h e  head of Chi lds  G l a c i e r  and extend westward a long t h e  
Rude River ,  for d i s s i m i l a r  sedimentary  rocks  of t h e  Orca occur an 
o p p o s i t e  s i d e s  of t h e  apparent  t r a c e  and s t r u c t u r a l  t r e n d s  i n  t h e  
s o u t h e r n  b lock  a r e  t r u n c a t e d  a b r u p t l y  a c r o s s  t h e  apparent  t r a c e .  
Major n o r t h e a s t - t r e n d i n g  t a u l t s  w i t h i n  t h e  Orca Group i n c l u d i n g  t h e  
E tches ,  Cordova, and Eyak f a u l t s  and t h e  S c o t t  G l a c i e r  l ineament a l s o  
may r e p r e s e n t  f a u l t s  t h a t  bound a c c r e t i o n a r y  wedges. 

The Bagley, Gravina ,  and Landlock segments of t h e  Contact  f a u l t  
sys tem have d i f f e r e n t  c h a r a c t e r i s t i c s  t h a t  may r e f l e c t  some post-0rca 
o r o c l i n a l  bending of a f a u l t  t h a t  i n i t i a l l y  was more l i n e a r .  The Bagley 
segment ( P l a f k e r  and Lanphere, 1974a) is  remarkably l i n e a r  and probably 
i s  n e a r l y  v e r t i c a l .  Minor s t r u c t u r e s  i n d i c a t e  t h a t  t h e  youngest s e n s e  
of movement was predominantly d e x t r a l  s t r i k e - s l i p ,  a l though  o r i g i n a l  
movement presumably was t h r u s t  o r  ob l ique  t h r u s t .  In t he  v i c i n i t y  of 
Miles G l a c i e r  where t h e  Bagley f a u l t  has  been i n t r u d e d  by an u n f o l i a t e d  
p lu ton  w i t h  K-Ar ages of 50.6 and 50.9 m.y. (Locs. /I3 and 4 ,  Table  21, 
it cannot have undergone s i g n i f i c a n t  d isplacement  s i n c e  e a r l y  Eocene 
t ime. The e a s t e r n  par t ion  of the Gravina segment is  more sinuous, 
w i t h  d i p s  a s  s h a l l o w  as 30'; however, i t s  western  por t ion  from t h e  
Cordova G l a c i e r  t o  P o r t  F ida lgo  i s  v e r y  s t e e p  t o  v e r t i c a l .  The p lu ton  
n o r t h  of Sheep Bay, wi th  K-Ar ages  of 50.5 t o  53.2 m.y. (Loc. fll,  
Table  2 1 ,  i s  cut by the Gravina f a u l t ,  i n d i c a t i n g  some post -ear ly  
Eocene movement. The t r a c e  of t h e  Landlock segment (Winkler and P l a f k e r ,  
1975) i s  more v a r i a b l e  and has an average d i p  t o  t h e  n o r t h  of 4 5 " .  
The r e l a t i v e l y  sha l low d i p  of t h e  Landlock segment is anomalous and 
may e x p l a i n  why t h i s  p a r t  of the  f a u l t  system a p p a r e n t l y  was s h o r t -  
c i r c u i t e d  w i t h i n  t h e  Valdez Group rocks of t h e  upper p la te  by t h e  
younger,  s t eep ly -d ipp ing  Jack  Bay f a u l t .  The J a c k  Bay f a u l t  extends 
northwestward i n t o  t h e  Valdez quadrangle  t o  r e j o i n  t h e  Contact  f a u l t  
system west of Valdez Arm where t h e  t r a c e  of t h e  Contact  f a u l t  system 
a g a i n  becomes more n e a r l y  l i n e a r  (Winkler and o t h e r s ,  1981). 



The Orca Group is bounded on the s o u t h  and e a s t  by t h e  Chugach, 
Ragged Mountain, and Wingham f a u l t s ,  a long which rocks  younger than  t h e  
Orca Group were t h r u s t  r e l a t i v e l y  beneath  and a g a i n s t  t h e  upper p l a t e  
of o l d e r ,  more competent rocks.  The Chugach f a u l t  i s  not  exposed i n  
t h e  Cordova quadrangle ,  but extends eastward a c r o s s  t h e  Bering Glacier 
quadrangle f o r  more than  165 km (G.  P l a f k e r  and T. Hudson, unpublished 
d a t a ) .  Where i t  i s  b e s t  exposed, t h e  Chugach f a u l t  is  a t h r u s t  w i t h  
northward d i p s  a s  low a s  35' ( M i l l e r ,  1971). The Ragged Mountain f a u l t ,  
which probably i s  p a r t  of t h e  same fundamental boundary, has  an even 
sha l lower  d i p ,  a p p a r e n t l y  about 8"  t o  t h e  west (Tysdal and o t h e r s ,  
1976b). L a t e  Holocene movement on t h e  Ragged Mountain f a u l t  has been 
westward-directed g r a v i t y  s l i d i n g  of a t  l e a s t  180 m of t h e  upper p l a t e ,  
i n  a  d i r e c t  ion  o p p o s i t e  t o  the  ( r e l a t i v e )  eastward t e c t o n i c  t r a n s p o r t  
of t h e  Ragged Mountain block d u r i n g  t h e  Neogene of a t  l e a s t  6.4 km 
(Tysdal  and others, 1976b). 

The Wingham f a u l t  may be an o f f s e t  c o n t i n u a t i o n  of t h e  Ragged 
Mountain f a u l t  on t h e  c o n t i n e n t a l  s h e l f .  It is a  t h r u s t  t h a t  d i p s  ve ry  
s t e e p l y  westward a t  the s u r f a c e ,  but must become more sha l low a t  dep th  
( P l a f k e r ,  1974). Net displacement on t h e  Wingham f a u l t  i s  upwards of 
s e v e r a l  k i l o m e t e r s ,  inasmuch as ir jux taposes  prehnite-purnpellyite 
metavolcanic  and metasedimentary rocks of t h e  Orca Group a g a i n s t  the 
unmetamorphosed Poul Creek Formation. 

The Cenozoic sequence of post-Orca age i n  t h e  K a t a l l a  d i s t r i c t  and 
on Kayak, Wingham, and Middleton I s l a n d  does n o t  i n c l u d e  major 
unconformit ies  and appears t o  have been deformed e s s e n t i a l l y  as a  u n i t  
beginning d u r i n g  post-middle Miocene t ime. This  deformat ion con t inues  
t o  t h e  p r e s e n t ,  as i n d i c a t e d  by t h e  topographic  r e l i e f ,  i n t e n s e  
s e i s m i c i t y ,  r ecen t  f a u l t i n g ,  and r e g i o n a l  warping t h a t  c h a r a c t e r i z e  t h e  
Gulf of Alaska reg ion  ( P l a f k e r ,  1969).  

On Kayak and Wingham I s l a n d ,  post-Orca s t r a t a  a r e  imbricated a long 
a t  l e a s t  f i v e  up to- the -nor thwes t  r e v e r s e  f a u l t s  ( P l a f k e r ,  1974). The 
s e n s e  o f  displacement and t h e  p r e v a i l i n g  s t e e p  d i p s  suggest  t h e  
i n t e r p r e t a t i o n  t h a t  t h e  f a u l t s  and a x i a l  p lanes  of f o l d s  w i t h  o r i g i n a l  
shal lower  d i p s  were r o t a t e d  i n t o  t h e i r  present  s t e e p  a t t i t u d e s  i n  
response t o  s t r o n g  northwes t - sou theas t  d i r e c t e d  compress ion.  Net 
displacement on t h e  f a u l t s  i s  n o t  known, but  may be a s  much as 4,500 m 
on the more important f a u l t s ,  such a s  t h e  Kayak f a u l t .  The presence of 
the i n f e r r e d  Tenfathom f a u l t  o f f  the s o u t h e a s t  coas t  of Kayak I s l a n d  
i s  suggested by a submarine topographic  break and by a pronounced 
s teepen ing  of s e i s m i c  r e f l e c t o r s  i n  marine geophysical  r ecords  i n  t h e  
o f f s h o r e  as  Kayak I s l a n d  is  approached ( ~ l a f k e r  and o t h e r s ,  1975). 

I n  t h e  western  part of t h e  K a t a l l a  d i s t r i c t ,  t h e  s t r u c t u r a l  s t y l e  
of t h e  post-Orca sequence is  l e s s  r e g u l a r ,  wi th  many t r e n d s  char a r e  
t r a n s v e r s e  t o  regional s t r u c t u r e s  ( M i l l e r ,  1975).  This s t r u c t u r a l  
d i scordance  may r e f l e c t  a combination of re juvenated e a r l y  T e r t i a r y  
s t r u c t u r e s  and l o c a l  deformat ion of younger rocks a g a i n s t  more competent 
highs of older T e r t i a r y  rocks ( P l a f k e r ,  1971). Displacement on the 
Clear  Creek f a u l t ,  which is roughly p a r a l l e l  t o  and about 2 k m  e a s t  of 
t h e  Ragged Mountain f a u l t ,  i s  more t h a n  1 .6  km w i t h  the west  s i d e  
r e l a t i v e l y  upthrown (TysdaL and o t h e r s ,  1976a). However, displacement 



on o t h e r  s u b p a r a l l e l  f a u l t s  , such  as t h e  Chi lka t  f a u l t ,  i s  c o n s i d e r a b l y  
less.  Many f a u l t s ,  such  a s  t h e  Redwood f a u l t ,  e i t h e r  r e v e r s e  t h e i r  
s e n s e  of d isplacement  a long t h e i r  t r a c e s ,  o r  a r e  transformed i n t o  t i g h t  
f o l d s  i n  t h e  Cenozoic sequence. 

Mineral  Resources 

Mineral  r e sources  i n  t h e  Cordova and Middleton I s l a n d  quadrangles  
i n c l u d e  d e p o s i t s  of copper, g o l d ,  petroleum, and coal; copper h a s  been 
produced from t h e  de func t  Ellamar Mine n e a r  Ellamar i n  t h e  n o r t h e a s t e r n  
corner  of t h e  Cordova quadrang le ,  and o i l  has  been produced from a  
s m a l l  abandoned f i e l d  a t  K a t a l l a .  

Rocks of t h e  Orca Group a r e  h o s t s  t o  numerous, mainly s t r a t a b o u n d ,  
iron-copper-zinc s u l f i d e  d e p o s i t s  i n  t h e  Ellamar d i s t r i c t  of P r ince  
Wlliam Sound (Capps and Johnson,  1915; Winkler and o t h e r s ,  1977). 
Genera l ly  t h e  s u l f i d e  minera l s  a r e  confotmable and a r e  concen t ra ted  i n  
nonvolcanogenic shale and s i l t s t o n e  i n t e r c a l a t e d  wi th  b a s a l t ;  i n  a few 
p laces  p i l low breccia o r  aquagene t u f f  i s  minera l i zed .  Apparently 
a r e a s  f r i n g i n g  l o c a l  c e n t e r s  of maf ic  submarine volcanism were f a v o r a b l e  
s i t e s  f o r  s y n g e n e t i c  format ion of s u l f i d e  minera l s .  In many p l a c e s ,  
t h e  s u l f i d e  minera l s  have been remobi l ized a long c r o s s - c u t t i n g  f a u l t s ,  
probably dur ing  r e g i o n a l  deformat ion and metamorphism. However, t h e  
d e p o s i t s  lack  a l t e r a t i o n  h a l o e s ,  and the b r e c c i a t e d  and c r y s t a l l o b l a s t i c  
c h a r a c t e r  of t h e  s u l f i d e  minera l s  i n d i c a t e  t h a t  they  must have predated 
t h e  deformat ion.  

I n  t h e  McKinley Lake d i s t r i c t  32 km s o u t h e a s t  of Cordova, sedimentary  
rocks of t h e  Orca Group hos t  q u a r t z  v e i n s  t h a t  bear  g o l d ,  p y r i t e ,  and 
a r s e n o p y r i t e  (Chapin,  1913). The p r i n c i p a l  minera l i zed  ve ins  form 
networks approximately p a r a l l e l  t o  bedding i n  t h e  e n c l o s i n g  rocks and 
g e n e r a l l y  occur  a t  c o n t a c t s  between sands tone  and s h a l e  where t h e  
sands  tone  has been b r e c c i a t  ed e x t e n s i v e 1  y. Transverse  q u a r t z  ve ins  . 
a l s o  have minor go ld  v a l u e s ,  even where no f r e e  gold  i s  v i s i b l e .  The 
U.S. Bureau of  Nines (1973) r e p o r t s  a l o d e  gold  prospect  a t  t h e  n o r t h e r n  
end of Wingham I s l a n d .  No o t h e r  lode  go ld  occurrences  a r e  known i n  
sedimentary  rocks of t h e  Orca Group i n  t h e  quadrang les ,  a l though q u a r t z  
v e i n s  and s i m i l a r  l i t h o l o g i e s  p r e v a i l  through most of its e x t e n t .  

Metavolcanic rocks of t h e  Valdez Group are h o s t s  t o  s t r a t a b o u n d  Fe- 
Cu-Zn s u l f i d e  minera l  d e p o s i t s  i n  a d j a c e n t  parts of t h e  Valdez quadrangle 
t o  the n o r t h ,  such a s  Solomon and Sulphide  Gulches ( ~ o h n s o n ,  1919; 
Mof f i t  and Fel lows,  1950); widely  disseminated s u l f i d e  m i n e r a l i z a t i o n  
i n  such  rocks occurs  i n  many p laces ,  Low-grade disseminated s u l f i d e  
m i n e r a l i z a t i o n  i n  Valdez Group metavolcanic  rocks i n  t h e  Cordova 
quadrangle  a l s o  is widespread; o x i d a t i o n  of t h e  s u l f i d e  m i n e r a l s ,  
e s p e c i a l l y  p y r i t e ,  probably i s  r e s p o n s i b l e  f o r  t h e  tendency of such 
rocks  t o  weather a  r u s t y  brown c o l o r .  Quartz v e i n s  bea r ing  gold  and 
some s i l v e r  are  l o c a l i z e d  i n  s l a t e ,  a r g i l l i t e ,  and graywacke of t h e  
Valdez Group i n  t h e  P o r t  Valdez a r e a  n o r t h  of t h e  Cordova quadrangle .  
Q u a r t z  s t r i n g e r s  and v e i n s ,  g e n e r a l l y  l e s s  than  1 m t h i c k ,  a r e  widely  
d i s p e r s e d  i n  t h e  Cordova quadrangle  w i t h i n  metasedimentary rocks of t h e  
Valdez Group and a s s o c i a t e d  T e r t i a r y  p lu tons ,  but  t h e i r  minera l  p o t e n t i a l  
has not  been s y s t e m a t i c a l l y  eva lua ted .  



Concentra t ions  of heavy m i n e r a l s ,  i n c l u d i n g  g o l d ,  were found i n  
sands  sampled from o f f s h o r e  beach ba r s  of t h e  Copper River d e l t a  
(Reimnitz and P la f  k e r ,  1976). Although t h e  go ld  c o n c e n t r a t i o n s  were 
o n l y  0.25 ppm i n  t h e  b e s t  samples ,  t h e  presence of l a r g e  volumes of 
such  sands i n  t h e  Copper River  b a r r i e r  beaches may warrant  a d d i t i o n a l  
e v a l u a t i o n .  

O i l  and gas seeps  were d i scovered  e a s t  of K a t a l l a  about 1896, and 
a c t i v e  e x p l o r a t i o n  f o r  petroleum began s h o r t l y  thereaf c e r  (Mar t in ,  
1921). Numerous o i l  s e e p s  were d i scovered  along Chi lka t  Creek, e a s t  of 
t h e  Nichawak R i v e r ,  and west of Ragged Mountain; s e v e r a l  gas seeps  
occur along t h e  s o u t h  edge of Bering Lake. Locations of t h e s e  seeps  
and t h e  K a t a l l a  o i l  f i e l d  a r e  shown by M i l l e r  (1961,  1975) and Tysdal  
and o t h e r s  (1976a).  The most probable  sources  f o r  t h e  hydrocarbons a r e  
carbonaceous s h a l y  hor izons  i n  t h e  upper part of t h e  Poul Creek Formation 
( former  K a t a l l a  Format ion of M i l l e r  [ 19751 ) . They have been des igna ted  
a s  t h e  o r g a n i c  s h a l e  u n i t  i n  t h e  middle of t h e  Bur ls  Creek Sha le  Member 
on t h e  mainland ( M i l l e r ,  1975),  and s i m i l a r  o rgan ic - r i ch  s t r a t a  occur  
i n  t h e  upper p a r t  of t h e  Poul Creek Formation on Kayak I s l a n d  ( P l a f k e r ,  
1974). Analyses of e i g h t  o r g a n i c  s h a l e s  from Kayak I s l a n d  i n d i c a t e  
t o t a l  o r g a n i c  carbon con ten t s  r ang ing  from 1.88 t o  7.57 percent  and 
averaging 4.2 pe rcen t .  I n  t h e  pe r iod  1902 through 1933, t h e  K a t a l l a  
f i e l d  produced about 154,000 b a r r e l s  of paraff in-base  crude o i l  from 
f r a c t u r e  p o r o s i t y  i n  t h e  Poul Creek Formation a t  sha l low dep ths  ( M i l l e r ,  
1975). More r e c e n t l y ,  t h r e e  unsuccess fu l  w e l l s  were d r i l l e d  i n  t h e  map 
area--two i n  t h e  Katalla d i s t r i c t  and one near  Middleton I s l a n d  ( P l a f k e r  
and o t h e r s ,  1975; Rau and o t h e r s ,  1977). The R i c h f i e l d  O i l  Corporat ion 
Bering River  1 w e l l  a t  Bering Lake pene t ra ted  6,175 f e e t  of Tokun 
Formation and p o s s i b l e  K u l t h i e t h  Formation;  t h e  Bering River  2 w e l l  a t  
Bering River  was d r i l l e d  zo 6,019 f e e t  i n  t h e  Poul Creek Formation and 
p o s s i b l e  Tokun Formation. The Tenneco Middleton I s l a n d  S t a t e  1 w e l l ,  
which pene t ra ted  12,002 f e e t  of s t r a t a  c o r r e l a t i v e  w i t h  the Yakataga,  
Poul Creek, and Tokun Formations,  bottomed i n  s t r a t a  of middle o r  
e a r l y  Eocene age. These w e l l s  praved t o  be unsuccess fu l  due t o  a 
g e n e r a l  l a c k  of permeable r e s e r v o i r  rocks and,  i n  the  case of t h e  
K a t a l l a  w e l l s ,  t o  s t r u c t u r a l  complexity a t  dep th .  Ava i l ab le  d a t a  
sugges t  t h a t  t h e  T e r t i a r y  sequence w i t h i n  t h e  map a r e a ,  both  onshore 
and o f f s h o r e ,  i s  r e l a t i v e l y  unfavorab le  f o r  accumulation of petroleum 
i n  commercial q u a n t i t i e s  due t o  t h e  p r e v a i l i n g  s t r u c t u r a l  complexity 
and g e n e r a l  absence of s u i t a b l e  r e s e r v o i r s  i n  c l o s e  proximity  t o  poten- 
t i a l  s o u r c e  rocks .  

Coal i n  t h e  K u l t h i e t h  Formation In t h e  v i c i n i t y  of Ber ing Lake has 
long  been of i n t e r e s t  as a p o t e n t i a l  f u e l  because i t  ranges from low- 
v o l a t i l e  bituminous t o  a n t h r a c i t e  i n  rank and i n c l u d e s  some coking 
q u a l i t y  c o a l  (Barnes ,  1951, 1967). The c o a l  occurs  i n  numerous 
beds t h a t  show marked changes i n  t h i c k n e s s  w i t h i n  s h o r t  d i s t a n c e s  w i t h  
measured t h i c k n e s s e s  r ang ing  from a few inches  t o  60 f e e t .  The c o a l  
i s  s t r o n g l y  crushed and sheared  and t h e  t h i c k e r  beds have pod-like 
shapes  due t o  extreme s t r u c t u r a l  deformat ion.  Because of complex 
s t r u c t u r e  no meaningful  e s t i m a t e  of t h e  c o a l  r e s o u r c e  i s  p o s s i b l e .  
The complex s t r u c t u r e  of t h e  coa l -bea r ing  s t r a t a ,  l a c k  of a deep  w a t e r  
p o r t ,  and t h e  environmental  problems involved i n  development of a c o a l  
mining o p e r a t i o n  make i t  u n l i k e l y  t h a t  c o a l  w i l l  be mined i n  t h e  Bering 
Lake a r e a .  



DESCRIPTION OF MAP UNITS 

Unconsolidated Deposi ts  

The d i v e r s e  unconsol idated d e p o s i t s  i n  t h e  quadrangles  have been 
mapped i n  d e t a i l  i n  f o u r  a r e a s :  n e a r  K a t a l l a  (Kachadoorian, 19601, on 
Kayak and WLngham I s l a n d  ( P l a f k e r ,  1974),  n e a r  Sherman G l a c i e r  (Plafker, 
1 9 4 8 ) ,  and on Hinchinbrook I s l a n d  (Winkler,  1973).  In o t h e r  p a r t s  of 
t h e  quadrang les ,  unconsol idated d e p o s i t s  have been examined on ly  b r i e f l y ;  
t h e i r  d i s t r i b u t i o n  on t h e  geo log ic  map i s  based l a r g e l y  on i n t e r p r e t a t i o n  
of h i g h - a l t i t u d e  a e r i a l  photographs and i n c l u d e s  on ly  t h e  t h i c k e r ,  more 
e x t e n s i v e  d e p o s i t s  . 

QO UNDIFFERENTIATED SURFICIAL DEPOSITS (Holocene)--Predominantly 
a l luv ium d e p o s i t e d  by n o n g l a c i a l  s t reams and outwash depos i t ed  
by g l a c i a l  mel twater .  Loca l ly  i n c l u d e s  miscel laneous  d e p o s i t s  
t h a t  formed on marine t e r r a c e s  and i n  swamps. Mostly w e l l  s o r t e d  
s t r a r i f  i e d  g r a v e l  and sand.  Ter race  d e p o s i t s ,  however, a r e  less 
w e l l  s o r t e d .  Swamp d e p o s i t s  g e n e r a l l y  c o n s i s t  of p e a t ,  muck, 
and s i l t .  Thickness not  w e l l  known, but t h e  sediment load of 
c o a s t a l  r i v e r s  i n  t h e  Cordova quadrangle  i s  ve ry  h i g h  and 
sed imenta t ion  r a t e s  seaward of t h e i r  mouths a r e  a s  rapid  as 64  
m/1,000 yea rs  (Molnia, 1979).  Nearshore d e p o s i t s  on t h e  Copper 
River  d e l t a  a r e  up t o  180 rn t h i c k  (Reimni tz ,  1966) and accumulations 
n e a r l y  as chick may u n d e r l i e  p a r t s  of t h e  Bering G l a c i e r  f o r e l a n d  
and C o n t r o l l e r  Bay. 

BEACHES, SPITS,  AND OFFSHORE BARS (~01ocene)--Constructioral 
s h o r e l i n e  d e p o s i t s  of w e l l  s o r t e d  g r a v e l  and sand formed a s  (1) 
o f f s h o r e  bars  on t h e  submerged parts of t h e  Bering and Copper 
River d e l t a s ;  ( 2 )  s p i t s  extending wes tward o r  norrhwes tward 
from headlands;  and ( 3 )  beach complexes c o n s i s t i n g  of s u c c e s s i v e  
f l i g h t s  of r i d g e s  and runne l s  extending landward from t h e  p resen t  
s h o r e l i n e .  A t  l e a s t  s i x  s u c c e s s i v e  episodes  of s h o r e l i n e  
progradat ion a r e  preserved i n  beach complexes a t  the e a s t e r n  end 
of Hinchinbrook I s l a n d  (Winkler ,  1973) and n i n e  e l e v a t e d  beach 
r i d g e s  occur  nea r  K a t a l l a  which appear t o  be r e l a t e d  t o  t e c t o n i c  
emergence ( P l a f k e r ,  1969). Due t o  p rograda t ion ,  s p i t s  i n  t h e  
v i c i n i t y  of K a t a l l a  Bay a r e  now a s  much a s  4.5 km i n l a n d  
(Kachadootian,  1960) . 

LAGOONAL DEPOSITS (Holocene)--Fine-grained, o rgan ic - r i ch  s i l t ,  
mud, and peat depos i t ed  i n  calm water  landward of beaches o r  
s p i t s .  

DUNES (Holocene)--Well s o r t e d  , f ine-gra ined sand and s i l t  a l igned  
i n  l o n g i t u d i n a l  r i d g e s  up t o  82 m high  on the  Copper River delta. 
Dunes a r e  nour ished by s u s t a i n e d ,  u n i d i r e c t i o n a l ,  h igh-ve loc i ty  
winds t h a t  blow down t h e  Copper River canyon, e s p e c i a l l y  dur ing  
the s p r i n g  and f a l l  (Swift and o t h e r s ,  1978). 



SUPRAGUCIAL MORAINE (Holocene)--Unweathered , poorly s o r t e d  , 
g e n e r a l l y  c o a r s e  rock d e b r i s  on t h e  s u r f a c e s  of a l p i n e  and v a l l e y  
g l a c i e r s ,  conspicuous a s  s t r i p e s  of medial  and l a t e r a l  moraines,  
and e s p e c i a l l y  abundant on t h e  lower reaches  of many g l a c i e r s .  

TERMINAL, LATERAL, AND GROUND MORAINE (Holocene)--Unsorted d e p o s i t s  
of b o u l d e r s ,  cobb les ,  grave l ,  and sand l e f t  by t h e  r e t r e a t  of 
a l p i n e ,  v a l l e y ,  and r e g i o n a l  g l a c i e r s  ; a l p i n e  moraines g e n e r a l l y  
a r e  s m a l l ,  and a r e  weathered but unvegeta ted;  l a t e r a l  and t e r m i n a l  
moraines l e f t  by v a l l e y  g l a c i e r s  a r e  bo th  unvegeta ted  and 
v e g e t a t e d ,  i n  some places  s u s t a i n i n g  dense brush and f o r e s t  , 
but  r e t a i n  t h e i r  morainal  morphology; moraines on seaward i s l a n d s  
i n  P r i n c e  Will iam Sound a r e  r e l i c t s  of o l d e r  r e g i o n a l  g l a c i a t i o n  
and c o n s i s t  of t i l l  w i t h  w e l l  developed s o i l  p r o f i l e s ,  Terminal 
moraines of Kushtaka and Martin River  G l a c i e r  a r e  a t  l e a s t  1,000 
yea rs  o l d  ( Kachadoorian, 19 60) .  Older g l a c i a l  d e p o s i t s  occur 
l o c a l l y  a t  low e l e v a t i o n s  i n  P r i n c e  Will iam Sound, have well-  
developed s o i l  p r o f i l e s ,  and are c h a r a c t e r i z e d  by f o l i a t e d  
metamorphic and coarse-gra ined p l u t o n i c  rocks. These rocks 
were depos i t ed  by r e g i o n a l  g l a c i e r s  and must have been t r a n s p o r t e d  
from sources  a minimum of 40 t o  50 km t o  t h e  n o r t h ,  and perhaps 
c o n s i d e r a b l y  more d i s t a n t .  

TALUS (Holocene)--Coarse, a n g u l a r  rock d e b r i s  de r ived  from a d j a c e n t  
bedrock; o n l y  e x t e n s i v e  d e p o s i t s  a r e  shown; r e l a t i v e l y  o l d e r  
t a l u s  is i n a c t i v e  and has  been s t a b i l i z e d  by v e g e t a t i o n ;  r e l a t i v e l y  
younger t a l u s  is  a c t i v e  and is  unvegeta ted .  

LANDSLIDES (Holocene)--Unsorted a n g u l a r  rock  d e b r i s  de r ived  by 
f a i l u r e  of bedrock s l o p e s  t h a t  i n  many places  have been 
overs teepened by g l a c i e r s  bu t  have been l e f t  unsupported by 
r e t r e a t  of t h e  i c e ;  r e l a t i v e l y  o l d e r  l a n d s l i d e s  a r e  hummocky and 
v e g e t a t e d ;  r e l a t i v e l y  younger,  unweathered l a n d s l i d e s  commonly 
have spread over  g l a c i e r s  o r  snowf ie lds ;  many bu t  not: all of t h e  
l a t t e r  were t r i g g e r e d  by t h e  1964 ear thquake ( P o s t ,  1967). 

SEDIMENTARY, VOLCANIC, AND METAMORPHIC ROCKS 

YAKATAGA FORMATION (Oligocene(?)-Pleistocene)--Named by T a l i a f e r r o  
( 1932) f o r  s a n d s t o n e ,  s h a l e ,  and conglomerate,  i n c l u d i n g  "shale-  
matrix" conglomerate ,  i n  t h e  coastal  a r e a  n e a r  Cape Yakataga 85 
km e a s t  of t h e  Cordova quadrang le ,  which occur conformably above 
Poul Creek Formation. Name extended t o  i n c l u d e  s i m i l a r  s t r a t a  
throughout  t h e  onshore  Gulf of Alaska T e r t i a r y  province  and 
Middleton I s l a n d  ( P l a f k e r ,  1967) and t o  i n c l u d e  rocks on Kayak 
and Wingham I s l a n d s  ( P l a f k e r ,  1974).  

On wes te rn  Kayak I s l a n d  base of format ion is abrup t  and 
perhaps disconformable  above t h e  Poul Creek Formation; on t h e  
e a s t e r n  s i d e  of t h e  i s l a n d ,  t h e  c o n t a c t  i s  g r a d a t i o n a l .  Contact  
placed a t  t h e  lowest  occur rence  of " f l o a t i n g "  sand g r a i n s  o r  
c o a r s e  angu la r  c l a s t s  b e l i e v e d  t o  record  t h e  i n i t i a t i o n  of ice-  
r a f t i n g  of sediment from t i d e w a t e r  g l a c i e r s  formed i n  respnse  
t o  pronounced u p l i f t  a long t h e  Gulf of Alaska margin ( P l a f k e r ,  
1974). 



Cons i s t s  of d i v e r s e  mar ine  and g lac iomar ine  c l a s t i c  rocks 
more than  1,670 m t h i c k  on Kayak and Wingham I s l a n d s ,  wi th  a t  
l e a s t  an a d d i t i o n a l  1,200 m on Middleton I s l a n d .  Much of t h e  
c o n t i n e n t a l  s h e l f  between t h o s e  two a r e a s  is  a l s o  u n d e r l a i n  by 
t h e  Yakataga ( P l a f k e r  and o t h e r s ,  1975). In terbedded gray t o  
dark-gray and greenish-gray s i l t s  t o n e ,  muds t o n e ,  and sands  tone  
predominate i n  t h e  lower p a r t  of t h e  format ion.  T i l l - l i k e  
d i a m i c t i t e  is in te rbedded  wi th  s i l t s t o n e  and sands tone  i n  a l l  
but t h e  lowes t  p a r t  of t h e  fo rmat ion ,  and i s  t h e  dominant rock 
type  i n  t h e  uppe r  p a r t  of the format ion,  p a r t i c u l a r l y  on 
Middleton I s l a n d  ( ~ i l l e r ,  1953; P l a f k e r  and Addico t t ,  1976). 
Conglomerate is a minor l i t h o l o g y  throughout  t h e  format i o n ,  and 
s c a t t e r e d  clasts--presumably dropstones--are p resen t  i n  a l l  
l i t h o l o g i e s .  Sandstone and conglomerate combined c o n s t i t u t e  
about 10 pe rcen t  of t h e  s e c t i o n  on Kayak I s l a n d  and 12 pe rcen t  
on Middleton I s l a n d .  

F o s s i l  marine i n v e r t e b r a t e s  a r e  abundant and a s s o c i a t e d  
w i t h  a l l  l i t h o l o g i c  types .  Bivalves  commonly are found a r t i c u -  
l a t e d  and i n  growth p o s i t i o n .  M i c r o f o s s i l s  l o c a l l y  a r e  v e r y  
abundant i n  s i l t s t o n e  laminae.  A two-fold d rop  i n  molluscan 
s p e c i e s  d i v e r s  i t y  a c r o s s  the b a s a l  Yakataga c o n t a c t ,  and t h e  
replacement of t a x a  of t empera te  water  as  pect  by co ld  w a t e r ,  
h igh  l a t i t u d e  s p e c i e s  i s  a t t r i b u t a b l e  t o  t h e  i n i t i a t i o n  of 
mid-Miocene g l a c i a t i o n  a long  t h e  b a s i n  margin t o  t h e  n o r t h  
( P l a f k e r  and Addico t t ,  1976). Molluscan faunas range i n  age 
from e a r l y  Miocene t o  e a r l y  P l e i s t o c e n e .  Ear ly  Miocene assem- 
blages  a r e  known on ly  from Kayak I s l a n d ;  e lsewhere  i n  t h e  Gulf 
of Alaska T e r t i a r y  province ,  t h e  b a s a l  p a r t  of t h e  format ion is 
of middle Miocene age. Foramin i fe ra  c o l l e c t e d  abouc 1,000 m 
above t h e  base  on Kayak and Wingham I s l a n d s  are t y p i c a l  of t h e  
lower o r  middle Miocene Saucesian o r  R e l i z i a n  Stages  of Washington 
(Rau and o t h e r s ,  1977). Exposures of t h e  u p p e r  pa r t  of t h e  
fo rmat ion  on Middleton I s l a n d  a p p a r e n t l y  were depos i t ed  e n t i r e l y  
d u r i n g  t h e  Matuyama reversed  p o l a r i t y  epoch of e a r l y  P l e i s t o c e n e  
a g e ,  a l though  almost  a l l  mollusks and f o r a m i n i f e r s  c o l l e c t e d  
from ou tc rops  t h e r e  are i d e n t i c a l  t o  l i v i n g  s p e c i e s  ( ~ l a f k e r  
and Addico t t ,  1976). 

REDWOOD FORMATION (Ol igocene(? )  and Miocene)--Named by T a l i a f e r r o  
( 1932) f o r  marine silts t o n e ,  sands  t o n e ,  and conglomerate t h a t  
crops  our on t h e  s o u t h e r n  s l o p e s  of t h e  Don M i l l e r  H i l l s  i n  t h e  
c e n t r a l  K a t a l l a  d i s t r i c t .  Formation redef ined  by Millet (1975) 
t o  i n c l u d e  a lower sands tone  member u p  t o  150 m t h i c k ,  which 
o v e r l i e s  t h e  Poul Creek Formation ( fo rmer ly  K a t a l l a  Formation) 
conformably, and an upper Puf fy  Member u p  t o  1 ,220  m t h i c k  whose 
t o p  is  n o t  exposed. Sandstone member c o n s i s t s  of about two- 
t h i r d s  thick-bedded sands  tone  and one-t h i r d  s i l t y  sands tone  and 
s i l t s t o n e .  Puf fy  Member i s  more d i v e r s e  and c o n s i s t s  of about 
50 pe rcen t  s i l t s t o n e ,  muds t o n e ,  and c l a y s r o n e ,  30 percent  
conglomerat ic  mudstone and conglomerate ,  and about 20 percent 
sands tone  ( ~ i l l e r ,  1975).  The c h a r a c t e r i s t i c  conglomerat ic  beds 
show complete g r a d a t i o n  from c o a r s e ,  c l a s  t -suppor ted  conglomerate 
t o  matrix-supported conglomerat ic  muds tone  and sands  t o n e ,  i n  



which c o a r s e  c l a s t s  a r e  suspended i n  t h e  mat r ix .  The s i l t s t o n e ,  
mudstone, and c l a y s t o n e  a r e  s i m i l a r  i n  appearance t o  p a r t s  of 
t h e  under lying Poul Creek Formation, but they  c o n t a i n  few o r  no 
c o n c r e t i o n s ,  no g l a u c o n i t i c  o r  v o l c a n i c  beds,  and a r e  s a n d i e r  
and more r e s i s t a n t  t o  e ros ion .  

The fauna and t h e  l i t h o l o g y  of t h e  Redwood Formation i n d i c a t e  
d e p o s i t i o n  below wave base  i n  c o l d  water a t  depths  from n e r i t i c  
t o  probably ba thya l .  The w e l l  rounded c h a r a c t e r  of c l a s t s  i n  
t h e  conglomerate i n d i c a t e s  t h a t  t h e  c o a r s e r  c l a s t  i c  m a t e r i a l  was 
thoroughly abraded b e f o r e  being resedimented i n  the  marine 
environment. The s p a r s e  and poorly preserved molluscan fauna 
from t h e  fo rmat ion  s u g g e s t s  a c o r r e l a t i o n  w i t h  t h e  upper 
Galavinian ("Lincoln")  and MatlocMan ("Blakeley")  Stages of t h e  
P a c i f i c  Northwest, o r  a range i n  age from l a t e  Eocene through 
Oligocene (Acldicott and o t h e r s ,  1 9 7 8 ) .  Foraminifera1 c o n t r o l  i s  
extremely s p a r s e ,  but s u g g e s t s  t h a t  t h e  upperpar t  of t h e  format ion 
may be a s  young a s  l a t e  Miocene (Rau and o t h e r s ,  1977). Thus, 
t h e  Redwood Formation i n  t h e  Don M i l l e r  H i l l s  a p p a r e n t l y  c o r r e l a t e s  
wi th  t h e  upper pa r t  of t h e  Poul Creek Formation and t h e  lower 
p a r t  of the Yakataga Formation exposed on Kayak and Wingham 
Is lands .  

POUL CREEK FORMATION (Oligocene)--Original ly  named K a t a l l a  Formation 
(Mar t in ,  1905) and redef ined  i n  c e n t r a l  K a t a l l a  d i s t r i c t  by 
M i l l e r  ( 1975). As  r e d e f i n e d ,  t h e  K a t a l l a  Formation is equ iva len t  
i n  age  and l i t h o l o g y  t o  the Poul Creek Formation i n  t h e  Bering 
G l a c i e r  quadrangle  t o  t h e  e a s t  and i n  o f f s h o r e  w e l l s .  Name Poul 
Creek Formation i s  h e r e i n  extended t o  i n c l u d e  c o r r e l a t i v e  s t r a t a  
i n  t h e  map a r e a  and t h e  name K a t a l l a  Formation i s  fo rmal ly  
dropped. 

SEDIMENTARY ROCKS, UNDIVIDED--Concretionary, p y r i t i c ,  and g l a u c o n i t i c  
reddish-weathering,  dark-gray t o  greenish-gray s i l t s t o n e ,  
c lays  t o n e ,  and sands tone ;  s u b o r d i n a t e  dark-brown, laminated 
o rgan ic - r i ch  s h a l e ,  s i l t y  s h a l e ,  and gray  ca lca reous  sandstone;  
i n c l u d e s  t h i n  i n t e r b e d s  of b a s a l t i c  t u f f  l o c a l l y .  I n  t h e  Don 
M i l l e r  H i l l s  i n c l u d e s ,  i n  ascending o r d e r ,  t h e  S p l i t  Creek 
Sandstone Member, Basin Creek Member, and Burls Creek Shale  
Member with aggrega te  maximum th ickness  of approximately 1,600 rn 
( M i l l e r ,  1975). On Kayak and Wingham I s l a n d s  t h e  format ion,  
which i s  1,460 rn t h i c k ,  is  undivided and the S p l i t  Creek Sandstone 
Member is  not present  ( P l a f k e r ,  1974) .  Deposited i n  coo l  n e r i t i c  
t o  ba thya l  marine environment,  most ly  below wave base. Occurrence 
of s h a l e s  a s  much a s  244 m t h i c k  wi th  high o rgan ic  carbon con ten t s  
( t o  7.57 p e r c e n t ) ,  e x t r a c t a b l e  petroleum (0.8 g a l l o n s  per t o n ) ,  
abundant g l a u c o n i t e ,  and common p y r i t e  a r e  s u g g e s t i v e  of d e p o s i t i o n  
i n  pa r t  under c o n d i t i o n s  of r e s t r i c t e d  bottom c i r c u l a t i o n .  
I n t e r c a l a t e d  b a s a l t i c  f ragmenta l  rocks and l e s s  common p i l l o w  
b a s a l t  (map u n i t  Tpv) i n d i c a t e  e p i s o d i c  submarine mafic  volcanism 
i n  t h e  b a s i n  ( P l a f k e r ,  1974). 

Mollusks i n d i c a t e  a range i n  age from l a t e  Eocene (Galvin- 
i a n  o r  " ~ e a s e y " )  through much of t h e  Oligocene (Matlockian o r  



"Blakeley")  (Addicot t  and o t h e r s ,  1978). I n  g e n e r a l ,  f o r a m i n i f e r a  
from t h e  same l o c a l i t i e s  i n d i c a t e  s l i g h t l y  younger a g e s ,  r ang ing  
from La te  l a t e  Eocene through e a r l y  Miocene (Refugian,  Zemorrian, 
and Saucesian S tages )  (Rau and o t h e r s ,  1977).  

VOLCANIC ROCKS, UNDIVIDED--Basaltic p y r o c l a s t i c  and f low r o c k s ,  
i n c l u d i n g  minor pil lowed f lows;  in te rbedded  wi th  marine sed imenta ry  
rocks l o c a l l y ,  i n c l u d i n g  cuf faceous  o r  g l a u c o n i t i c  s t r a t a ;  
probably g e n e t i c a l l y  r e l a t e d  t o  maf ic  d i k e s ,  s i l l s ,  and plugs of 
u n i t  Tm. 

TOKUN FORMATION (Eocene and Oligocene)--Named by Mart in  (1908) f o r  
t r a n s g r e s s i v e  marine sequence approximate ly  1,070 rn t h i c k  which 
i s  widespread i n  t h e  K a t a l l a  d i s t r i c t  ( M i l l e r ,  1961, 1975)  and 
a l s o  occurs  on Kayak and Wingham I s l a n d s  ( P l a f k e r ,  1974). Rase 
exposed only  n o r t h  of Bering Lake, where i t  is  g r a d a t i o n a l  w i t h  
t h e  under ly ing  coal -bear ing K u l t h i e t  h  Formation ( formerly  Kushr aka 
Formation).  Contact  w i t h  o v e r l y i n g  Poul Creek Formation i n  
exposures s o u t h  of Bering Lake i s  a b r u p t ,  but  a p p a r e n t l y  i s  
conformable. I n  t h e  v i c i n i t y  of  Nichawak R i v e r ,  t h e  c o n t a c t  is 
g r a d a t i o n a l .  

Cons i s t s  predominantly of c o n c r e t i o n a r y  s i l t s t o n e  w i t h  a 
l e s s e r  and v a r i a b l e  amount of in te rbedded  sands tone ,  c h i e f l y  i n  
t h e  lower p a r t  of t h e  format ion.  Thick s a n d s t o n e  beds exposed 
nea r  Po in t  Hey and on Kayak and Wingham I s l a n d s  presumably 
c o r r e l a t e  w i t h  lower p a r t  of  he format ion t o  t h e  n o r t h  but  were 
c l o s e r  t o  t h e  sediment source .  The s i l t s t o n e  g e n e r a l l y  i s  mediun- 
t o  dark-gray and n e a r l y  massive;  i n  places, t h i n  beds and l e n s e s  
of l i g h t e r  g r a y ,  brown-weathering ca lca reous  s i l t s t o n e  and s i l t y  
l imes tone  occur w i t h i n  t h e  d a r k e r  s i l t s t o n e .  Spheroidal  ca lca reous  
concre t ions  up  t o  1 m i n  maximum dimension a r e  d i s t r i b u t e d  
randomly o r  along bedding s u r f a c e s  i n  t h e  s i l t s t o n e .  In  t h e  
v i c i n i t y  of Bering Lake, t h i n  beds of g l a u c o n i t i c  sands tone  
occur  nea r  t h e  t o p  of t h e  format ion.  In terbedded sands tone  i n  
t h e  Tokun, which g e n e r a l l y  i s  l i g h t e r  g rey  than  t h e  s i l t s t o n e ,  
i s  micaceous , f  e l d s  pathic , and brown-weathering . I n t e r t i d a l  
ou tc rops  of coarse-  t o  f ine -g ra ined ,  brown-weathering, f e l d s p a t h i c  
sands tone  on Wessels Reef may c o r r e l a t e  w i t h  t h e  Tokun Formation 
on t h e  b a s i s  of l i t h o l o g i c  s i m i l a r i t i e s .  

Lithology and megafauna i n d i c a t e  g e n e r a l  d e p o s i t i o n  under 
q u i e t  bottom c o n d i t i o n s  seaward of t h e  surf zone i n  t r o p i c a l  t o  
warm t empera te  wa te r  ( M i l l e r ,  1975). Crabs predominate i n  f o s s i l  
c o l l e c t i o n s  from t h e  Tokun and are e s p e c i a l l y  abundant i n  t h e  
upper part of t h e  fo rmat ion  where they  c h a r a c t e r i s t i c a l l y  occur  
i n t a c t  i n  concre t ions .  Sparse  mollusks occur  mainly i n  t h i n  
beds or  l e n s e s  of calcareous sands tone  i n  t h e  lower p a r t  of t h e  
format ion.  The molluskan fauna  i n d i c a t e s  a c o r r e l a t i o n  wi th  t h e  
middle and upper Eocene "Tejon" and "Keasey" Stages of t h e  
P a c i f i c  Coast s t a n d a r d  section (Addicot t  and o t h e r s ,  1978). 



KULTHIETH FORMATION (Eocene and Ol igocene(? ) ) - -Or ig ina l ly  named 
Kushtaka Formation by Mat t in  (1905,  1908) f o r  coal -bear ing rocks  
exposed i n  t h e  Bering R i v e r  a rea .  C o r r e l a t e s  w i t h  coal -bear ing 
rocks of t h e  ~ u l t h i e t h  Formation i n  ad jacen t  Bering G l a c i e r ,  
Yaku ta t ,  and Mount S a i n t  E l i a s  quadrangles  t o  east .  Name 
K u l t h i e t h  Formation h e r e i n  extended t o  i n c l u d e  coal -bear ing 
rocks  of t h e  map a r e a  and u s e  of Kushtaka Formation i s  fo rmal ly  
d i scon t inued .  

Inc ludes  a t  l e a s t  1 ,500 m of intecbedded massive t o  th in -  
bedded coal -bear ing a r k o s i c  sands tone ,  dark-gray t o  b l a c k  
catbonaceous s i l t s  tone  and s h a l e ,  w i t h  minor c o a l .  Sandstone:shale  
r a t i o s  i n  measured sect ions  of t h e  Kulchie t  h Formation average 
about 1:1 ( M a r t i n ,  1908). The sands tone  v a r i e s  from massive 
i n t e r v a l s  a s  much as 150 m t h i c k  t o  thin-bedded and s h a l y .  
Bituminous t o  semi -an th rac i t e  c o a l  i n  beds to 3 rn t h i c k  is a 
conspicuous ,  but  minor part of t h e  sequence. Commonly i n t e n s e l y  
deformed i n t o  imbr ica ted  s t a c k s  of fault-bounded chevron f o l d s  
(Saundars ,  1975) w i t h  s h e a r i n g  and s t r u c t u r a l  t h i n n i n g  and 
t h i c k e n i n g  of c o a l  beds. 

Mostly nonmarine, wi th  minor tongues of t r a n s i t i o n a l  marine 
strata l i t h o l o g i c a l l y  s i m i l a r  t o  t h e  under ly ing S t i l l w a t e r  
Formation (Tsu) and o v e r l y i n g  Tokun Forna t ion  ( T t ) .  Represents  
major p rograda t iona l  c y c l e  i n t o  an  o the rwise  marine lower T e r t i a r y  
sequence . 

Age based on widespread f o s s i l  p l a n t  c o l l e c t i o n s ,  on a 
s i n g l e  c o l l e c t i o n  of mollusks from near t h e  t o p  of t h e  fo rmat ion  
on Kushtaka Ridge, and on s t r a t i g r a p h i c  r e l a t i o n s  w i t h  t h e  
under ly ing  S t i l l w a t e r  and o v e r l y i n g  Tokun Formations.  The 
mollusks i n d i c a t e  a l a t e  Eocene (Tejon)  age (F. S. MacNeil i n  
Wolfe, 1977). F o s s i l  plant collections f r o m  the Kulthiech - 
i n d i c a t e  a wider  r ange ,  from lower  Ravenian ( l a t e  middle Eocene) 
o r  o l d e r ,  t o  lower Kummerian ( e a r l y  Oligocene i n  f l o r a l  
geochronology,  l a t e s t  Eocene i n  marine molluskan geochronology) 
(Wolfe, 1977). 

STILLWATER FORMATION (Eocene)--Named by Mart in  (1908) f o r  sequence 
t h a t  crops  ou t  i n  t he  s o u t h e a s t e r n  p a r t  of t h e  Cordova quadrangle  
j u s t  e a s t  of Ragged Mountain and i n  t h e  d r a i n a g e s  of t h e  n o r t h e r n  
t r i b u t a r i e s  of  Bering River .  L i tho logy  and microfauna of the 
Ragged Mountain exposures ,  which may c o n s t i t u t e  a lower p a r t  of 
t h e  fo rmat ion ,  i n d i c a t e  marine d e p o s i t i o n  i n  n e r i t i c  t o  upper 
ba thya l  depths  (Tysdal  and o t h e r s ,  1976a).  L i tho logy  and 
megafauna of exposures n o r t h  of t h e  Bering River ,  which may 
c o n s t i t u t e  a h i g h e r  part of the fo rmat ion ,  i n d i c a t e  r e g r e s s i v e  
sha l low marine d e p o s i t i o n .  In t h i s  area t h e  S t i l l w a t e r  i n t e r t o n g u e s  
w i t h  and g rades  u p ~ a r d  i n t o  sha l low marine and nonmarine rocks 
of the K u l t h i e t h  Formation ( M i l l e r ,  1951; ~ a c N e i 1  and o t h e r s ,  
1961). The S t i l l w a t e r  Formation is  complexely deformed and is  
c h a r a c t e r i z e d  by t i g h t  f o l d s  and s h e a r i n g  i n  incompetent  s t r a t a ;  
hence i t s  t h i c k n e s s  can be es t ima ted  on ly  c r u d e l y  t o  be a t  least 
1,500 m ( P l a f k e r ,  1971). 



Dominant l i t h o l o g y  i s  dense ,  h a r d ,  dark-gray s i l t s t o n e .  
Where t h e  s i l t s t o n e  is  carbonaceous ,  i t  has a "coaly"  appearance;  
where i t  is c a l c a r e o u s ,  t h e  s i l t s t o n e  may be v a r i g a t e d  i n  shades 
of r e d d i s h  brown t o  p a l e  green and u s u a l l y  c o n t a i n s  f o r a m i n i f e r s .  

Foraminifers  have been c o l l e c t e d  from t h e  fo rmat ion  on t h e  
e a s t  s i d e  of Ragged Mountain (Tysdal  and o t h e r s ,  1976a) and 
mollusks have been c o l l e c t e d  from ou tc rops  i n  t h e  Shockum 
Mountains n o r t h  of t h e  Bering River (Wolfe, 1977). According t o  
W. W. Rau, t h e  f o r a m i n i f e r a  i n d i c a t e  a range from p o s s i b l y  t h e  
Paleocene and e a r l y  Eocene B u l i t i a n  Stage t o  t h e  m i d d l e  Eocene 
U l a t i s i a n  Stage.  The mollusks i n d i c a t e  a younger age, l a t e  
middle o r  e a r l y  l a t e  Eocene (F .  S. MacNeil i n  Wolfe, 1977). A t  
p r e s e n t  t h e  age of t h e  S t i l l w a t e r  cannot b e T e f i n e d  more c l o s e l y  
than  Eocene. Dominantly marine s t r a t a  of t h e  S t i l l w a t e r  Formation 
i n  t h e  map a r e a  may be coeval  w i t h  t h e  nonmarine lower p a r t  of 
t h e  K u l t h i e t h  Formation 65 km t o  t h e  e a s t  i n  t h e  Bering G l a c i e r  
quadrangle  (Miller, 1961 ; MacNeil and o t h e r s ,  1961). 

ORCA GROUP (Paleocene and Eocene(?))--Named by Schrader (1900) f o r  
a widespread,  v e r y  t h i c k ,  and complexly deformed a c c r e t i o n a r y  
sequence of f l y s c h  and t h o l e i i t i c  b a s a l t  i n  f a u l t  c o n t a c t  wi th  
the  s o u t h e r n  margin of t h e  Valdez  Group. Sequence i n  t h e  Cordova 
quadrangle  i s  p a r t  of a n  e x t e n s i v e  b e l t  t h a t  extends through 
wes te rn  P r i n c e  Will iam Sound t o  t h e  Kodiak I s l a n d s  and probably 
u n d e r l i e s  much of t h e  cont iguous  c o n t i n e n t a l  s h e l f  ( P l a f k e r ,  
1969,  1971; Tysdal  and Case, 1979).  To t h e  e a s t ,  t h e  sequence 
extends  i n t o  t h e  Bering G l a c i e r  quadrangle  a s  a f a u l t  bounded 
b e l t  l e s s  than  10 km wide f o r  some 85 km ( P l a f k e r  and Rudson, 
unpublished d a t a ) .  F lysch  d e p o s i t e d  dominantly i n  t h e  middle 
l o b a t e  p a r t s  of a complex s y s  tern of wes tward-sloping submarine 
f a n s  (Winkler ,  1976) .  The t h o l e i i t i c  b a s a l t  i n t r u d e s  and i s  
i n t e r l a y e r e d  with f l y s c h ,  which may i n d i c a t e  t h a t  it w a s  formed 
a long s e a - f l o o r  f a u l t s  n e a r  t h e  c o n t i n e n t a l  margin ( ~ l a f k e r  and 
MacNeil, 1966; TysdaL and o t h e r s ,  1977). Thickness e s t ima ted  
a s  many thousands of meters ( p o s s i b l y  on t h e  o r d e r  of 6,000 t o  
10,000 m). Mostly metamorphosed t o  t h e  z e o l i t e  o r  p rehn i t e -  
pumpel ly i te  f a c i e s ;  i n  some a r e a s  a d j a c e n t  t o  t h e  Contact  f a u l t  
sys tem,  t h e  rocks may be metamorphosed t o  t h e  c h l o r i t e  zone of 
t h e  g reensch i s  t f  a c i e s  . 

Sparse  p a l e o n t o l o g i c  and r a d i o m e t r i c  d a t a  i n d i c a t e  a 
Paleocene and e a r l y  Eocene(?) age f o r  the Orca Group i n  t h e  
Cordova quadrangle .  I d e n t i f i c a t i o n s  and ages of m i c r o f o s s i l s  
and megafoss i l s  from e i g h t  l o c a l i t i e s  i n  t h e  Orca a r e  l i s t e d  i n  
t a b l e  1. Foramin i fe ra  from e a s t e r n  P r i n c e  Will iam Sound a r e  
s u g g e s t i v e  of a middle o r  l a t e  Paleocene age (H. V .  Kaska i n  
Winkler,  1976) ; megafoss i l s  from n e a t  Galena Bay a r e  most l i k e l y  
t o  be of l a t e  Paleocene age (Addicot t  and P l a f k e r ,  1971);  and 
s i l i c o f l a g e l l a t e s  from Ragged Mountain a r e  l a t e  Paleocene o r  
e a r l y  Eocene (Tysdal  and o t h e r s ,  1976a).  Deformation began p r i o r  
t o  complete dewater ing of t h e  sedimentary  rocks  (Winkler ,  1976), 
and soon was followed by i n t r u s i o n  of l a t e  e a r l y  Eocene grano- 
d i o r i t e ,  g r a n i t e ,  and t o n a l i t e  p l u t o n s ,  ranging i n  age from 
50.5 t o  53.5 m.y. o l d  ( P l a f k e r  and Lanphere, 1974b, t a b l e  2 ) .  



Toc 

Tos 

Prominant aeromagnetic anomalies a r e  a s s o c i a t e d  w i t h  a l l  t h e  
exposed v o l c a n i c  (Tov) o r  in te rbedded  v o l c a n i c  and sedimentary  
(Tovs) rocks except  f o r  t h i c k  v o l c a n i c  sequence a t  Ellamar and 
t h e  a r e a  of Tovs between P o r t  F ida lgo  and P o r t  Gravina ( U . S .  
Geological  Survey,  1979).  Anomalies a s s o c i a t e d  w i t h  t h e s e  u n i t s  
range from about p lus  200 t o  663 m i l l i g a l s .  Magnetic d a t a  show 
t h a t  t h e  u n i t s  w i t h  v o l c a n i c  rocks a r e  c o n s i d e r a b l y  more e x t e n s i v e  
and cont inuous  beneath Hawkins I s l a n d  and Orca I n l e t  t h a n  is  i n d i c a t e d  
by s u r f a c e  geology. This v o l c a n i c  b e l t  and a s s o c i a t e d  magnetic 
anomalies a r e  a b r u p t l y  t e rmina ted  on t h e  n o r t h  by t h e  Rude River 
f a u l t .  Large p o s i t i v e  magnet ic  anomalies s i m i l a r  i n  major 
c h a r a c t e t i t i c s  t o  t h o s e  onshore  a r e  p resen t  i n  t h e  sou the rn  p a r t  
of t h e  Gordova quadrangle  t o  t h e  seaward l i m i t  of t h e  aeromagnetic 
s u r v e y  (abou t  35 km o f f s h o r e )  and a r e  p resen t  on marine magnetic 
d a t a  ob ta ined  over  t h e  c o n t i n e n t a l  s h e l f  (Schwab and Bruns , 
1979).  These anomal ies ,  which a r e  o u t l i n e d  on t h e  g e o l o g i c  map, 
suggest t h a t  v o l c a n i c  u n i t s  w i t h i n  t h e  Orca Group extend o f f s h o r e  
and that t h e y  probably u n d e r l i e  much of t h e  o f f s h o r e  between 
Ragged Mountain and Wingham I s l a n d ,  and t h e  a r e a  extending a long 
t h e  nor thwest  s i d e  of Kayak I s l a n d  southwestward t o  t h e  edge of 
t h e  c o n t i n e n t a l  s h e l f .  Absence of a  p o s i t i v e  anomaly i n  t h e  Ellamar 
a r e a  and between P o r t  F ida lgo  and P o r t  Gravina may be r e l a t e d  t o  
widespread a l t e r a t i o n  of v o l c a n i c  rocks t h a t  occurred dur ing  
metamorphism. 

CONGLOMEX4TE--Massive, c l a s  t -suppor t  ed , w e l l  rounded pebble ,  
cobb le ,  and boulder  conglomerate ,  wi th  clast composit ions varying 
from place t o  p lace:  n e a r  Valdez Arm,  greens tone ,  s a n d s t o n e ,  
a r g i l l i t e ,  and l imes tone  c l a s t s  predominate; nea r  Sheep Bay, 
f e l s i c  porphyry and t u f f ,  g r a n i t o i d ,  and sands tone  c l a s t s  
predominate;  and west of Ragged Mountain, f e l s i c  t u f f  and 
sands tone  c l a s t s  predominate. The massive conglomerate 
probably r e p r e s e n t s  i n n e r  f a n  d e p o s i t s  t h a t  mark t h e  e n t r y  
p o i n t s  of major f e e d e r  channels  on to  t h e  Orca submarine f a n  
complex (Winkler and Tysda l ,  1977).  

SEDIMENTRY ROCKS, UNDIVIDED--Very t h i c k ,  complexly deformed, 
nonotonous sequences  of t h i n -  t o  thick-bedded t u r b i d i t e s :  
sands tone ,  s i l t s t o n e ,  and nudstone;  metamorphosed t o  t h e  z e o l i t e  
o r  prehni te-pumpel ly i te  Eacies  , Sands tone  is f  e l d s  pachic  t o  
l i t h o f e l d s p a t h i c ,  Abundant primary sedimentary  f e a t u r e s  i n d i c a t e  
d e p o s i t i o n  from sediment g r a v i t y  f lows,  c h i e f l y  t u r b i d i t y  c u r r e n t s  
(Winkler,  1976). A widespread,  y e t  minar amount of t h e  mudstone 
i s  hemipelagic  wi th  s c a t t e r e d  p l a n k t o n i c  f o r a m i n i f e r s .  L e n t i c u l a r ,  
matrix-support  ed pebbly muds t o n e  and sands  t o n e  a l s o  a r e  widespread 
and a p p a r e n t l y  mark d i s t r i b u t a r y  channels which f e d  mid-fan 
d e p o s i t i o n a l  lobes  (Winkler and Tysdal  , 1977). 

Abundent quar tzof  e l d s p a t h i c  d e t r i t u s  ( e s p e c i a l l y  t h e  c o n s i s  t e n t  
presence of k - fe ldspar )  i n  sed imenta ry  rocks  of t h e  Orca Group 
i n d i c a t e s  d e r i v a t i o n  from a d i s s e c t e d  magmatic a r c .  A p o s s i b l e  
s o u r c e  i s  t h e  p l u t o n i c  and high-grade metamorphic complex of 
t h e  Coast Mountains of B r i t i s h  Columbia and s o u t h e a s t e r n  Alaska,  
which, accord ing  t o  H o l l i s t e r  (1979) ,  was exposed by e r o s i o n  
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of 10 t o  20 km dur ing  t h e  e a r l y  T e r t i a r y .  Presumably t h e  r e s u l t -  
i n g  sediment i n i t i a l l y  was d e p o s i t  ed a long t h e  c o n t i n e n t  a 1  
margin a s  a submarine f a n  complex, but  subsequen t ly  was d i s p l a c e d  
northwestward by d e x t r a l  t r ans fo rm f a u l t i n g  a long t h e  margin 
of t h e  North American p l a t e .  

VOLCANIC ROCKS, UNDIVIDED--Thick and t h i n  t a b u l a r  bodies of a l t e r e d  
t h o l e i i t i c  b a s a l t ,  c o n s i s t i n g  c h i e f l y  of p i l lowed,  massive,  o r  
c r u d e l y  columnar f lows ,  but  i n c l u d i n g  p i l l o w  b r e c c i a ,  aquagene 
t u f f ,  and d i a b a s e  o r  gabbro s i l l s ;  p i l lows have c h i l l e d  margins 
t h a t  a r e  p a l a g o n i r i c  and amygdaloidal .  Minor mudstone and 
s i l t s  tone  in te rbedded  w i t h  t h e  b a s a l t  is included l o c a l l y .  
Commonly wi th  r e d ,  g r e e n ,  o r  g r e y  c h e r t  i n  i n t e r s t i c e s  between 
p i l l o w s ,  r a r e l y  w i t h  i n t e r p i l l o w  c l o t s  of pink l imes tone .  Radia l  
c o o l i n g  c racks  i n  p i l lows  commonly a r e  mud-fi l led , e s p e c i a l l y  near  
Ellamar (Capps and Johnson,  1915). Metamorphosed t o  z e o l i t e  o r  
prehni te-pumpel ly i te  f a c i e s .  

INTERBEDDED S E D m N T A R Y  AND VOLCANIC ROCKS--Variable propor t  ions  
of in te rbedded  t h o l e i i t i c  b a s a l t  and t u r b i d i t e s ;  t h e  b a s a l t  
c o n s i s t s  of pi l lowed and massive f lows ,  p i l low b r e c c i a ,  and 
t u f f ;  t h e  t u r b i d i t e s  i n  most p laces  a r e  mudstone and s i l t s t o n e ,  
but  i n  a few p laces  nonvolcanogenic sands tone  is  in te rbedded ;  
on Hinchinbrook I s l a n d ,  b i o c l a s t i c  l imes tone  is in te rbedded  
i n  s e v e r a l  p l a c e s ,  and on Ragged Mountain t u f f a c e o u s  sands tone  
is  common i n  t h i s  u n i t ;  metamorphosed t o  t h e  z e o l i t e  o r  p reha i t e -  
pumpellyi t e  f a c i e s  . 

VALDEZ GROUP ( L a t e  Cretaceous)--Named by Schrader  (1900) f o r  t h i c k  
sequence of complexly deformed, in te rbedded  f l y s c h o i d  metasedimentary 
and t h o l e i i t i c  metavolcanic  rocks cha t  comprise a n  a c c r e t i o n a r y  
wedge s e v e r a l  thousand meters  t h i c k .  The Valdez Group is  part 
of a b e l t  of Cretaceous  marine rocks 1,700 kn long and up t o  
100 km wide t h a t  extends  a long  t h e  Gulf of Alaska margin from 
Chatham S t r a i t  t o  t h e  Kodiak and Shumagin I s l a n d s  ( P l a f k e r ,  
1969; P l a f k e r  and o t h e r s ,  1977; Plafker and Campbell, 1979). 
Cons i s t s  dominant ly  of t u r b i d i t e s  w i t h  f a c i e s  a s s o c i a t i o n s  t h a t  
r e p r e s e n t  complexly i n t e r t o n g u i n g  c o n t i n e n t a l  s l o p e ,  submarine 
f a n ,  and fan- f r inge  environments.  I n  p a r t ,  t h e  t u r b i d i t e s  may 
have been conf ined  t o  a t r e n c h ,  a s  sugges ted  by Moore (1973) 
f o r  c o r r e l a t i v e  rocks on Kodiak and Shumagin I s l a n d s .  Approxi- 
mate ly  20 percent  of Valdez t e r r a n e  u n d e r l a i n  by in te rbedded  
b a s a l t i c  me ta tu f f  and,  l e s s  commonly, me tabasa l t  . More e x t e n s i v e  
a r e a s  of metavolcanic  rocks have a s s o c i a t e d  prominent p o s i t i v e  
aeromagnet ic  anomalies of up t o  f400 gammas w i t h  local ampl i tudes  
i n  excess  of 200 gammas (U.S. Geological  Survey,  1979). 

Regiona l ly  metamorphosed t o  g rades  ranging from t h e  z e o l i t e  
t o  t h e  lower g r e e n s c h i s t  f a c i e s  west of Copper R iver .  I n  poor ly  
known a r e a s  n e a r  t h e  Gravina River and t h e  Cordova, Woodworth, 
and Schwan G l a c i e r s ,  Valdez rocks  a r e  l o c a l l y  s c h i s t o s e ,  and a r e  
t r a n s i t i o n a l  i n t o  anph ibo l i t e -g rade  rocks  c h a r a c t e r i z e d  by c o a r s e  
b i o t i t e ,  e p i d o t e ,  and muscovi te ,  and by p o r p h y r o b l a s t i c  a n d a l u s i t e ,  
g a r n e t ,  and s t a u r o l i t e .  These a r e a s  a r e  not  d i f f e r e n t i a t e d  on 
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t h e  geo log ic  map. East  of Copper River Valdez Group rocks a r e  
main1 y ep ido t  e- amphibol i t  e- and amphibol i t  e-f a c i e s  s c h i s t  
( u n i t  Ehrrn) t h a t  is  c r u d e l y  c o n c e n t r i c  t o  a c o r e  zone of amphiboli te-  
f a c i e s  s c h i s t ,  g n e i s s ,  and migmatite ( u n i t  Mvg). The gne i ssose  
rocks i n  t h e  Cordova quadrangle  a r e  t h e  wes te rn  t e r m i n a t i o n  of 
a r e g i o n a l  high-grade metamorphic b e l t  t h a t  extends eastward 
a c r o s s  t h e  Bering G l a c i e r  quadrangle  t o  t h e  Canadian border.  
These rocks r e p r e s e n t  deep ly  bur ied  p a r t s  of t h e  a c c r e t i o n a r y  
prism and t h e i r  development i s  be l i eved  t o  be s p a t i a l l y  and 
g e n e t i c a l l y  r e l a t e d  t o  emplacement ofs lower  Eocene a n a t e c t i c  
g r a n o d i o r i t e  and g r a n i t e  p lutons  (Hudson and o t h e r s ,  1979). 
Gneiss from t h e  c e n t r a l  p a r t  of t h e  metamorphic b e l t  i n  t h e  
Bering G l a c i e r  quadrangle  has been da ted  by K-Ar a s  47-52 m.y. 
o l d ,  approximately  t h e  same age as the a n a t e c t i c  p lutons  ( ~ u d s o n  
and o t h e r s ,  1979). A K-Ar age of 47.6 m.y. from amphibo l i t e  
n e a r  t h e  s o u t h e r n  margin of t h e  b e l t  ( l o c .  6 ,  t a b l e  2 )  agrees  
w e l l  w i t h  p rev ious ly  published d a t e s  . Typical  granoblas  t i c  
t e x t u r e s  and the super impos i t ion  of p rogress ive  metamorphism 
a c r o s s  reg iona l  s t r u c t u r a l  t r e n d s  i n d i c a t e  t h a t  much of t h e  
amphibo l i t e  f a c i e s  metamorphism of the Valdez Group occurred 
a f t e r  i t  was deformed a g a i n s t  and a c c r e t e d  t o  t h e  c o n t i n e n t a l  
margin. 

The age of t h e  Valdez Group is considered t o  be La te  Creta- 
ceous (Tysdal  and P l a f k e r ,  1978). Although no age-diagnost ic  
f o s s i l s  have been c o l l e c t e d  from t h e  Valdez Group i n  t h e  Cordova 
quadrangle ,  t h e  group i s  coex tens ive  wi th  rocks i n  t h e  Valdez 
quadrangle ,  t h e  Anchorage quadrangle ,  and t h e  Kenai Peninsula  
t h a t  have y ie lded  Late Cretaceous ( ~ a e s t r i c h t i a n )  f o s s i l s  (Jones 
and Cla rk ,  1973). 

METASEDIMENTARY ROCKS, UNDIVIDED--Thick, d r a b ,  rhy thmica l ly  
a l t e r n a t i n g  sequences of m u l t i p l y  deformed metamorphosed 
t u r b i d i t e s  : metasandstone,  m e t a s i l t s t o n e ,  a r g i l l i t e ,  s l a t e ,  and 
p h y l l i t e ,  wi th  r a r e  beds of pebbly a r g f l l i t e .  General ly  t h e  
beds are a few cen t imete r s  t o  a few meters t h i c k ,  but l o c a l l y  
massive metasandstone u p  t o  s e v e r a l  t e n s  of meters t h i c k  i s  
present .  I n  many p laces ,  primary i n t e r n a l  sedimentary  s t r u c -  
t u r e s ,  i n c l u d i n g  graded bedding, c u r r e n t  r i p p l e  cross- laminat ion,  
and convolute  bedding,  have been r e t a i n e d ;  i n  a few places  
e x t e r n a l  s o l e  markings have been preserved;  v a r i a b l y  metamorphosed 
r e g i o n a l l y  t o  grades  ranging from z e o l i t e  t o  lower g r e e n s c h i s t  
f a c i e s ,  a l though n e a r  t h e  Cordova, Woodworth, and Schwan Glaciers 
t h e  rocks a r e  t r a n s i t i o n a l  w i t h  t h e  amphibol i re  f a c i e s .  
Provenance f o r  t h e  metased inen ta ry  rocks must have been predom- 
i n a n t l y  a s u p r a c r u s t a l  v o l c a n i c  t e r r a n e  ( M i t c h e l l ,  1980),  which 
a l s o  is  t r u e  f o r  t h e  c o r r e l a t i v e  Kodiak and Shumagin Formations 
(Zuf fe  and o t h e r s ,  1980). Inasmuch as  t h e  Valdez Group may 
have been d e p o s i t e d  fa r  t o  t h e  s o u t h  and have been t r a n s p o r t e d  
t e c t o n i c a l l y  northward t o  be a c c r e t e d  t o  t h e  Alaska c o n t i n e n t a l  
mzrgin (Gromm& and Hi l lhouse ,  1981) ,  t h e  i d e n t i t y  of t h a t  
source t e r r a n e  i s  unknown. 



Mvv 

Mvv s 

Mvm 

METAVOLCANIC ROCKS, UNDIVIDED--Tholeiitic me tabasa l t  and b a s a l t i c  
metatuf f w i t h  p i l l o w  s t r u c t u r e s  and probable p i l low b r e c c i a  
preserved l o c a l l y ;  a l e n t i c u l a r  marble bed 3-4 m t h i c k  o v e r l i e s  
upper s u r f a c e  of a  p i l low f low and b r e c c i a  sequence nea r  head of 
P o r t  Fidalgo.  Metabasal t  tends  t o  form rugged,  n e a r l y  massive 
exposures whereas semisch i s  t o s e  metatuf f forms more subdued 
outc rops  ; metavolcanic  rocks e x h i b i t  v a r i a b l e  metamorphic g r a d e s ,  
as i n  t h e  metasedimentary rocks of u n i t  Mvs. 

INTERBEDDED METAVOLCANIC AND METASEDIMENTARY ROCKS--Approximately 
equa l  p ropor t ions  of in te rbedded  metavolcanic  and metasedimentary 
rocks;  t h e  metavolcanic  rocks a r e  c h i e f l y  semisch i s rose  rnetatuff  
and b r e c c i a ;  t h e  metasedimentary rocks c h i e f l y  a r e  s l a t e  and 
p h y l l i r e ,  a l t h o u g h  m e t a s i l t s t o n e  and metasandstone a r e  in terbedded 
i n  many p l a c e s ;  same v a r i a t i o n  i n  metamorphic grades  as f o r  u n i t  
Mvs . 

SCHIST--Chiefly homogenous p e l i t i c  s c h i s t  w i t h  minor amphibo l i t e ;  
s p o t t e d  s c h i s t  wi th  porphyroblas ts  of a n d a l u s i t e ,  g a r n e t ,  and 
s r a u r o l i r e  occurs  i n  s e v e r a l  p l a c e s ;  t h e  s c h i s t  is t r a n s i t i o n a l  
i n t o  g n e i s s o s e  rocks  t o  t h e  e a s t  and i n t o  g r e e n s c h i s t  f a c i e s  
rocks of t h e  Valdez Group t o  t h e  west .  

GNEISS--Biot i te -qwrtz- fe ldspar  s c h i s t ,  g n e i s s ,  and migmat i te ;  
commonly g r a n o b l a s t i c  t e x t u r e ;  t r a n s i t i o n a l  i n t o  s c h i s t o s e  rocks 
t o  t h e  n o r r h ,  s o u t h ,  and w e s t .  The s c h i s t o s e  and g n e i s s o s e  
rocks of u n i t s  Mvm and Mvg extend eastward i n t o  a d j a c e n t  quad- 
r a n g l e s ;  t h e i r  t e g i o n a l  s e t t i n g  and t e c t o n i c  s i g n i f i c a n c e  are  
desc r ibed  i n  Hudson and o t h e r s  (1979) .  

IPPrRUSIVE ROCKS 

DACITE OF CAPE SAINT ELLAS (Pl iocene(?)) - -A prominant,  ve ry  pa le  g ray  
d a c i t e  p lug  complex forms t h e  landmarks of Cape S a i n t  E l i a s  and 
P innac le  Rock at  t h e  seaward end of Kayak I s l a n d  ( P l a f k e r ,  1974) .  
The d a c i t e  i s  v e r y  dense and h a r d ,  and i s  conspicuously  j o i n t e d .  
It has a m i c r o g r a n i t i c  and p o r p h y r i t i c  t e x t u r e ,  and c o n s i s t s  of 
about 35 percent  p l a g i o c l a s e ,  35 percent  quartz, 25 percent  
o r t h o c l a s e ,  and 5 percent  r e l i c t  brown hornblende and b i o t i t e .  
H a s  s h a r p ,  n e a r l y  v e r t i c a l  c o n t a c t s  with a d j a c e n t  dark-gray 
a r g i l l a c e o u s  rocks of t h e  Yakataga and upper Poul Creek Formations,  
which have been h o r n f e l s e d  f o r  a t  l e a s t  100 m around t h e  i n t r u s i o n .  
I n t r u d e s  t h e  upper p a r t  of t h e  Yakataga Formation and must be a t  
l e a s t  a s  young a s  Miocene, more l i k e l y  ~ l i o c e n e  because it has 
been ernplaced a f t e r  t h e  enc los ing  s t r a t a  were deformed. 

MAFIC DIKES, SILLS, AND PLUGS (Ol igocene(?)) - -St rongly  a l t e r e d  
i n t r u s i o n s  of d i a b a s e ,  a l k a l i c  b a s a l t ,  o l i v i n e  b a s a l t ,  and 
lamprophyre; coarse-gra ined west of t h e  Nichawak H i l l s ;  dense ,  
f ine-gra ined o r  g l a s s y ,  and vesicular o r  amygdaloidal  elsewhere. 
P l a g i o c l a s e ,  c l inopyroxene,  o l i v i n e ,  and opaque minera l s  a r e  t h e  
main c o n s t i t u e n t s  , but  mos t of t h e  f erromagnes i a n  minera l s  a r e  
s t r o n g l y  a l t e r e d .  One d i k e  near Lemusurier Po in t  on t h e  n o r t h e a s t  



end of Kayak I s l a n d  c o n t a i n s  abundant rounded clasts of a l t e r e d ,  
coarse-gra ined gahbro ic  and p e r i d o t i t i c  rocks  and f e l s i c  g r a n i t i c  
rocks (PLafker ,  1974) .  The maf ic  rocks i n t r u d e  t h e  Tokun 
Formation and bo th  t h e  lower and upper p a r t s  of t h e  Poul Creek 
Formation,  and probably a r e  f e e d e r s  f o r  t h e  maf ic  p r y o c l a s t i c  
and f low rocks  (map unit Tpv) t h a t  a r e  in te rbedded  w i t h  sedimentary  
rocks  of t h e  Poul  Creek. Chemical ana lyses  of f lows ,  d i k e s ,  and 
b r e c c i a s  i n d i c a t e  t h a t  t h e  maf ic  rocks  a r e  enr iched  i n  a l k a l i c  
and v o l a t i l e  elements and a r e  d e p l e t e d  i n  s i l i c a ;  t h e y  have 
a f f i n i t i e s  w i t h  t h e  a l k a l i - o l i v i n e  b a s a l t  and lamprophyre 
composi t ional  f a m i l i e s  . 

On t h e  mainland,  d i a b a s i c  i n t r u s i o n s  c o n s i s t i n g  of 45 
percent  e u h e d r a l  p l a g i o c l a s e  in tergrown wi th  30 percent  anhedra l  
a u g i t e  and e n s t a t i t e ,  about 20 percent  c h l o r i t e ,  and 5 percent  
opaque minera l s  c r o p  our i n  i s o l a t e d  s m a l l  h i l l s  r i s i n g  above 
t h e  a l luv ium j u s t  west of t h e  Nichawak H i l l s  ( M i l l e r ,  1975). 
Nepheline s y e n i t e ,  c o n s i s t i n g  of 50 percent  f e l d s p a t h o i d s ,  25 
pe rcen t  b a r k e v i k i t e ,  10 pe rcen t  t i t a n i f e r o u s  a u g i t e ,  w i t h  minor 
m i c r o p e r t h i t e ,  a p a t i t e ,  and t i t a n i f e r o u s  magne t i t e  occurs  a t  one 
i s o l a t e d  l o c a l i t y  e a s t  of Ragged Mountain and about 4.5 km 
s o u t h  of Mart in  Lake. These i n t r u s i o n s  probably are r e l a t e d  t o  
s m a l l  d l k e s ,  s i l l s ,  and plugs of maf ic  igneous rocks too  s m a l l  
t o  d e l i n e a t e  on t h e  g e o l o g i c  map t h a t  most ly  are a s s o c i a t e d  w i t h  
bedded e x t r u s i v e  rocks i n  t h e  Basin Creek and Burls  Creek Shale  
Members of t h e  ~ a t a l l a  Formation of M i l l e r  (1975) .  

L i t h o l o g i c  a s s o c i a t i o n s  of t h e s e  rocks on Kayak I s l a n d  and 
t h e  mainland s t r o n g l y  suggests t h a t  t h e y  a r e  of Oligocene age, 
probably e a r l y  and middle Oligocene age. Nowhere have they  been 
observed t o  intrude rocks  younger than  the upper par t  of the 
Poul Creek Formation. One whole-rock K-Ar a n a l y s i s  of a  b a s a l t i c  
d i k e  rock  from Kayak I s l a n d  i n d i c a t e s  a mid-Oligocene age of 
31.2 m.y. ( l o c .  7 ,  t a b l e  2 ) .  

GRANITOID ROCKS (Eocene)--Biot i te  g r a n o d i o r i t e ,  g r a n i t e ,  and minor 
t o n a l i c e ;  g e n e r a l l y  medium-grained, hypidiomorphic,  and 
e q u i g r a n u l a r ;  f o l i a t e d  i n  many p l a c e s ,  e s p e c i a l l y  n e a r  c o n t a c t s  
w i t h  coun t ry  rocks .  Larger  p lu tons  tend t o  be e l o n g a t e  and 
conformable t o  r e g i o n a l  s t r u c t u r a l  t r e n d s  w i t h  g e n e r a l l y  s h a r p  
and l o c a l l y  d i s c o r d a n t  c o n t a c t s .  Thermal a u r e o l e s  a r e  w e l l  
developed l o c a l l y ,  but m i g m a t i t i c  and g r a d a t i o n a l  c o n t a c t  zones 
a r e  widespread,  e s p e c i a l l y  f o r  t h e  p lutons  east  of t h e  Copper 
River .  

S i x  K-Ar ages ranging from 50.5 t o  53.5 n.y. have been 
measured on samples from the plu tons  a t  f i v e  l o c a t i o n s  ( t a b l e  
2).  The da ted  p lu tons  a r e  e p i z o n a l  and a r e  not  deformed o r  
metamorphosed. Measured ages a r e  probably c l o s e  t o  t h e  t ime of 
emplacement of t he  p lu tons  i n  t h e  e a r l y  Eocene and a r e  comparable 
t o  ages of s i m i l a r  p l u t o n i c  rocks a long  t h e  Gulf of Alaska 
c o n t i n e n t a l  margin (Sanak-~aranof  p l u t o n i c  b e l t  of Hudson and 
o t h e r s ,  1979).  
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