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STRUCTURE AND PETROLEIM POTENTIAL OF THE 
CONTINENTAL MARGIN BETWEEN CROSS SOUND AND I C Y  BAY, 

NORTHERN GULF OF ALASKA 

T e r r y  R.  Bruns 

ABSTRACT 

Major  s t r u c t u r a l  f e a t u r e s  o f  t h e  Yakutat  segment, t h e  segment o f  t h e  
c o n t i n e n t a l  margin between Cross  Sound and I c y  Bay, n o r t h e r n  Gulf o f  Alaska,  
a r e  d e l i n e a t e d  by m u l t i c h a n n e l  s e i s m i c  r e f l e c t i o n  da ta .  A l a r g e  s t r u c t u r a l  
h i g h  is  c e n t e r e d  o n  F a i r w a t h e r  Ground and lies g e n e r a l l y  a t  t h e  edge o f  t h e  
s h e l f  from Cross  Sound t o  =st of t h e  Alsek Val ley.  A basement u p l i f t ,  t h e  
Dangerous R i v e r  zone, a l o n g  khich t h e  seismic a c o u s t i c  basement s h a l l o m  by up 
t o  t w  k i l o m e t e r s ,  ex tends  n o r t h  from t h e  * s t e r n  edge of Fa i rwea ther  Ground 
towards  t h e  mouth of t h e  Dangerous River .  The Dangerous R i v e r  zone s e p a r a t e s  
t h e  Yakuta t  segment i n t o  t w n  d i s t i n c t  subbas ins .  The e a s t e r n  s u b b a s i n  h a s  a 
maximum sediment  t h i c k n e s s  o f  a b o u t  4 km, and  t h e  a x i s  o f  t h e  b a s i n  is n e a r  
and  p a r a l l e l  t o  t h e  c o a s t .  S t r a t a  i n  t h i s  b a s i n  are l a r g e l y  of l a t e  Cenozoic 
age (Neogene and  Qua te rnary)  and  approx imate ly  c o r r e l a t e  with t h e  onshore  
Yakataga Formation. The western  s u b b a s i n  h a s  a maximum of  a t  l e a s t  9 km of 
sediment ,  comprised o f  a t h i c k  ( g r e a t e r  t h a n  4.5 )an) Paleogene s e c t i o n  
o v e r l a i n  by l a t e  Cenozoic s t r a t a .  The Paleogene s e c t i o n  i s  t r u n c a t e d  a l o n g  
t h e  Dangerous River  zone by a combinat ion o f  e r o s i o n ,  f a u l t i n g ,  and o n l a p  o n t o  
t h e  a c o u s t i c  basement. W i t h i n  t h e  w s t e r n  subbas in ,  t h e  l a t e  Cenozoic b a s i n  
a x i s  is  near  and  p a r a l l e l  t o  t h e  c o a s t ,  b u t  t h e  Paleogene b a s i n  a x i s  a p p e a r s  
t o  t r e n d  i n  a n o r t h e s t  d i r e c t i a n  d i a g o n a l l y  a c r o s s  t h e  s h e l f .  Sedimentary 
s t r a t a  th roughout  t h e  Yakutat  s h e l f  show r e g i o n a l  subs idence  and o n l y  minor 
de format ion  excep t  i n  t h e  v i c i n i t y  of t h e  Fa i rwea ther  Ground s t r u c t u r a l  h i g h ,  
near  and  a l o n g  t h e  Dangerous River  zone, and a t  t h e  s h o r e l i n e  n e a r  L i t u y a  Bay. 

Se i smic  d a t a  a c r o s s  t h e  c o n t i n e n t a l  s l o p e  and  a d j a c e n t  deep ocean  show 
t r u n c a t i o n  a t  t h e  c o n t i n e n t a l  s l o p e  o f  Paleogene s t r a t a ,  t h e  p r e s e n c e  of a 
t h i c k  ( t o  6 km) undeformed o r  m i l d l y  deformed a b y s s a l  sed imenta ry  s e c t i o n  a t  
t h e  b a s e  of t h e  s l o p e  t h a t  i n  p a r t  o n l a p s  t h e  s l o p e ,  and  a r e l a t i v e l y  narrow 
zone a l o n g  t h e  s l o p e  o r  a t  t h e  b a s e  o f  t h e  s l o p e  where f a u l t i n g  may have 
occur red .  Observed deformat ion  a t  t h e  b a s e  of t h e  s l o p e  is  p r i m a r i l y  r e l a t e d  
t o  t h e  l a t e  Cenozoic u p l i f t  o f  Fa i rwea ther  Ground, and t o  Q u a r t e r n a r y  f o l d i n g  
p e r p e n d i c u l a r  t o  t h e  Pac i f i c -Nor th  America r e l a t i v e  convergence v e c t o r .  No 
a c c r e t i o n a r y  s e c t i o n  o r  major de format ion  i s  observed  a l o n g  t h e  c o n t i n e n t a l  
s l o p e .  The absence o f  t h e s e  f e a t u r e s  s u g g e s t s  t h a t  no major s u b d u c t i o n  of t h e  
P a c i f i c  p l a t e  benea th  t h e  Yakutat  margin  h a s  o c c u r r e d  d u r i n g  t h e  l a te  
Cenozoic. H o e v e r ,  t r a n s f o r m  f a u l t i n g  a l o n g  t h e  b a s e  o f  t h e  s l o p e  h a s  
o c c u r r e d ,  because  p r o b a b l e  Ol igocene o c e a n i c  basement is  jux taposed  a g a i n s t  
Mesozoic and  Paleogene sedimentary  s t r a t a  o f  t h e  Yakutat  s l o p e .  T h i s  
j u x t a p o s i t i o n  most l i k e l y  o c c u r r e d  d u r i n g  l a t e  Ol igocene and  Miocene t i m e .  
During much of t h e  l a te  Cenozoic,  and  e s p e c i a l l y  d u r i n g  P l i o c e n e - P l e i s t o c e n e  



t i m e ,  t h e  Yakutat  segment h a s  a p p a r e n t l y  been moving northward with t h e  
P a c i f i c  p l a t e .  

Dredge samples from t h e  c o n t i n e n t a l  s l o p e  recovered  p o t e n t i a l  hydrocarbon 
s o u r c e  and r e s e r v o i r  r o c k s  from t h e  Paleogene sed imenta ry  sequence.  Most o f  
t h e  o r g a n i c  m a t t e r  from t h e s e  samples  i s  immature t o  m a r g i n a l l y  mature. 
L o p a t i n  c a l c u l a t i o n s  s u g g e s t  t h a t  r o c k s  b e n e a t h  t h e  s h e l f  are l i k e l y  bo be 
t h e r m a l l y  mature  a t  a dep th  o f  4 t o  5 km and  deeper.  I n  g e n e r a l ,  t h e  s t r a t a  
a t  t h e s e  d e p t h s  a r e  l a r g e l y  o f  Paleogene age.  Thus, t h e  Paleogene s t r a t a  may 
have s i g n i f i c a n t  r e s o u r c e  p o t e n t i a l  i f  s o u r c e  and r e s e r v o i r  r o c k s  s i m i l a r  t o  
t h o s e  dredged a t  t h e  s l o p e  are p r e s e n t  be low t h e  s h e l f .  The Paleogene s t r a t a  
a r e  c o n t a i n e d  p r i m a r i l y  w i t h i n  t h e  western  subbas in ;  s t r a t a  i n  t h e  e a s t  
s u b b a s i n  appear  t o  have l i t t l e  r e s o u r c e  p o t e n t i a l .  S t r u c t u r a l  traps are 
a p p a r e n t l y  p r e s e n t  i n  p a r t s  o f  t h e  b a s i n  n e a r  and  a l o n g  t h e  Dangerous R i v e r  
zone. These traps are i n  a n  upd ip  p o s i t i o n  from p o t e n t i a l l y  mature  s t r a t a  o f  

t h e  w s t e r n  subbas in ,  and may h o l d  commercial aecumula t i ans  o f  hydrocarbons ,  
i f  s u f f i c i e n t  hydrocarbon g e n e r a t i o n  and  m i g r a t i o n  has o c c u r r e d  t o  f i l l  such  
t r a p s  and i f  s u f f i c i e n t  r e s e r v o i r  rock i s  p r e s e n t .  

I N T R O D U C T I O N  

This r e p o r t  d i s c u s s e s  t h e  s t r u c t u x e ,  g e o l o g i c  h i s t o r y ,  and pe t ro leum 
p o t e n t i a l  of the Yakutat  segment, t h e  p a r t  of t h e  c o n t i n e n t a l  margin  between 
C r o s s  Sound and I c y  Bay, n o r t h e r n  Gulf o f  Alaska ( f i g s .  1 and  2). A s  p a r t  o f  
a program of  g e o l o g i c  and geophys ica l  i n v e s t i g a t i o n s  of t h e  c o n t i n e n t a l  margin  
i n  t h e  n o r t h e r n  Gulf o f  Alaska,  t h e  U.S. G e o l o g i c a l  Survey c o l l e c t e d  a b o u t  
2000 km of  mul t i channe l  s e i s m i c  r e f l e c t i o n  i n  t h e  s t u d y  a r e a  d u r i n g  1975, 
1977, and 1978 ( f i g .  3 a ) .  I n  a d d i t i o n ,  d redge  samples  from t h e  c o n t i n e n t a l  
s l o p e  e r e  a c q u i r e d  d u r i n g  t h e  1977, 1978, and  1979 f i e l d  seasons .  
P r e l i m i n a r y  g e o l o g i c a l  r e s u l t s  o f  t h e  d redge  c r u i s e s  a r e  r e p o r t e d  by P l a f k e r  
and o t h e r s  (1978c,  1979, 1980).  The f i r s t  part of  t h i s  p a p e r  p r e s e n t s  a n  
i n t e r p r e t a t i o n  o f  t h e  s e i s m i c  r e f l e c t i o n  and  r e f r a c t i o n  d a t a ,  i n c l u d i n g  
s t r u c t u r a l  c o n t o u r  maps, i sopach  maps, and i n t e r p r e t e d  s e i s m i c  s e c t i o n s ;  t h e  
second  p a r t  is  a b r i e f  d i s c u s s i o n  o f  t h e  i m p l i c a t i o n s  f o r  pe t ro leum 
p o t e n t i a l .  The p r imary  a r e a  o f  i n t e r e s t  i s  t h e  c o n t i n e n t a l  s h e l f  and  s l o p e ,  
b u t  some d a t a  from s t r a t a  a t  the b a s e  o f  t h e  s l o p e  are a l s o  inc luded .  Some of 
t h e s e  d a t a  = r e  p r e s e n t e d  i n  p r e v i o u s  r e p o r t s  b y  P l a f k e r  and o t h e r s  (1978a)  
and  Brun5 (1979).  The seismic d a t a  i n  t h e  s t u d y  area f o r  t h e  1975 c r u i s e  a r e  
a v a i l a b l e  i n  a n  o p e n - f i l e  r e p o r t  by Bruns and  Bayer (1977) .  

REGIONAL S E T T I N G  

The Yakutat  segment o f  t h e  c o n t i n e n t a l  margin  l i es  i n  a zone o f  
t r a n s i t i o n  between t r a n s f o r m  and  convergen t  mot ion (Rogers ,  1977; P l a f k e r  and 
o t h e r s ,  1978; von Huene and  o t h e r s ,  1979; Bruns, 1979; Perez and  J a c o b ,  1980; 
Lahr  and P l a f k e r ,  1980). To t h e  east of t h e  s t u d y  a r e a ,  t h e  P a c i f i c  p l a t e  i s  
moving l a t e r a l l y  p a s t  t h e  North A m e r i c a  p l a t e  a l o n g  a t r a n s f o r m  f a u l t  sys tem 
composed o f  t h e  Queen C h a r l o t t e ,  F a i r w e a t h e r ,  and  r e l a t e d  f a u l t s  ( f i g .  2 ) .  To 
t h e  =st, i n  t h e  Kodiak I s l a n d  and  Alaska P e n i n s u l a  r e g i o n s ,  p l a t e  mot ion i s  
accomodated by u n d e r t h r u s t i n g  o f  t h e  P a c i f i c  p l a t e  b e n e a t h  t h e  c o n t i n e n t a l  
margin ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h e  A l e u t i a n  t r e n c h  and v o l c a n i c  a r c .  
The nor thernmost  e x t e n t  o f  compress iona l  de format ion  a s s o c i a t e d  with t h i s  



convergence l i e s  onshore  i n  t h e  complex f o l d s  and f a u l t s  o f  t h e  Yakataga and  
Malaspina  d i s t r i c t s  and  o f f s h o r e  w i t h i n  t h e  s t r u c t u r e s  o f  t h e  Yakataga segment 
of t h e  c o n t i n e n t a l  margin a l o n g  what has b e e n  i n f o r m a l l y  termed t h e  Pamplona 
zone ( P l a f k e r ,  1971; P l a f k e r  and  o t h e r s ,  1978b, Bmns ,  1979; Lahr  and o t h e r s ,  
1980 ; Bruns and Schwab, i n  p r e s s  1 ,  The Yakutat  segment is p a r t  o f  what may b e  
a s m a l l  c r u s t a l  p l a t e ,  i n f o r m a l l y  termed t h e  Yakutat  b l o c k  (Rogers,  1977; 
P l a f k e r  and o t h e r s ,  1978b; von  Huene and o t h e r s  (19791, Bruns, 1979; Lahr and 
P l a f k e r  1980; Bruns and Schwab, i n  press), t h a t  is  bounded by Kayak I s l a n d  on 
t h e  *st, t h e  Queen Char lo t t e -Fa i rwea ther  f a u l t  sys tem o n  t h e  n o r t h  and 
n o r t h e a s t ,  and t h e  b a s e  o f  t h e  c o n t i n e n t a l  s l o p e  o n  t h e  s o u t h  ( f i g .  2 ) .  

REGIONAL GEOLOGY 

The s t u d y  a r e a  is  b o r d e r e d  onshore  by rocks  r a n g i n g  from Mesozoic t h r o u g h  
Cenozoic age  t h a t  d e c r e a s e  i n  a g e  seaward ( f i g .  2). Rocks o f  Mesozoic and 
o l d e r  age  a r e  s e e n  i n  t h e  h i g h  Chugach, S t .  E l i a s  and Fa i rwea ther  mountains ,  
and  a r e  exposed on  t h e  seaward i s l a n d s  of s o u t h e a s t e r n  Alaska n o r t h  o f  Chatharn 
S t r a i t .  These r o c k s  a r e  c h a r a c t e r i s t i c a l l y  h i g h l y  deformed, l o c a l l y  
metamorphosed and i n t r u d e d  sedimentary  and v o l c a n i c  r o c k s  ( S t o n e l e y ,  1967 ; 
P l a f k e r  1967, 1971; P l a f k e r  and o t h e r s  1975, 1978a; Beikman, 1980). 

Cenozoic r o c k s  onshore  c o n s i s t  o f  bedded t e r r i g e n o u s  c l a s t i c  sed iments  
t h a t  e r e  d e p o s i t e d  p r i m a r i l y  i n  a  marine  environment.  The sequence i s  
b r o a d l y  d i v i s i b l e  i n t o  t h r e e  s u b d i v i s i o n s  t h a t  cor respond  t o  major changes  i n  
t h e  t e c t o n i c  and  d e p o s i t i o n a l  environment o f  t h e  b a s i n .  The s u b d i v i s i o n s  
are: 1 )  a n  e a r l y  T e r t i a r y  sequence (Pa leocene  th rough  e a r l y  Ol igocene)  t h a t  
is c h a r a c t e r i s t i c a l l y  h a r d ,  dense ,  and v a r i a b l y  deformed and  f a u l t e d ,  and  
composed o f  deep-sea f a n  d e p o s i t s  and a s s o c i a t e d  v o l c a n i c  r o c k s  o f  Paleocene 
age ,  and c o n t i n e n t a l  t o  s h a l l o w  marine c o a l  b e a r i n g  c l a s t i c  rocks of  Eocene t o  
e a r l y  Ol igocene age;  2 a middle  T e r t i a r y  sequence (middle  Ol igocene th rough  
e a r l y  Miocene) ,  composed p r i m a r i l y  o f  mudstone and s i l t s t o n e ;  and 3)  a l a t e  
T e r t i a r y  through Holocene sequence,  t h e  Yakataga Formation,  a marine  
d i a m i c t i t e  c h a r a c t e r i z e d  by abundant g l a c i a l  d e t r i t u s  and  composed of 
mudstone, muddy s a n d s t o n e  and  cong lomera t i c  sandy mudstone ( P l a f k e r ,  197 1  ; 
P l a f k e r  and  A d d i c o t t ,  1976; P l a f k e r  and  o t h e r s ,  1975; P l a f k e r  and o t h e r s ,  
1978a; Winkler,  1976).  The Yakataga Formation r e f l e c t s  d e p o s i t i o n  a d j a c e n t  t o  
t h e  i n t e n s e l y  g l a c i a t e d ,  h i g h  St. E l i a s - F a i r m a t h e r  mountains,  and d e p o s i t i o n  
o f  t h e s e  s t r a t a  probably  c o r r e l a t e s  t o  o f  u p l i f t  o f  t h e s e  mountains ( P l a f k e r  
and A d d i c o t t ,  1976).  

Of f shore ,  s t r a t a  o f  Mesozoic th rough  P l i o c e n e  age  t h a t  u n d e r l i e  t h e  
c o n t i n e n t a l  s l o p e  of t h e  Yakutat  segment have r e c e n t l y  b e e n  sampled b y  
d r e d g i n g  (Eig.3b; P l a f k e r  and o t h e r s ,  1978c, 1979, 1980).  These s t r a t a  can  b e  
g e n e r a l i z e d  i n  much t h e  same way a s  t h e  onshore  s t r a t a  from o l d e s t  t o  youngest  
a s  f o l l o w s  ( u n i t  d e s i g n a t i o n s  are from P l a f k e r  and o t h e r s ,  1980) :  1 )  A n  
i n f e r r e d  l a t e  Cre taceous  sequence c o n s i s t i n g  of h a r d  g r a y m c k e ,  a r g i l l i t e  and 
p o s s i b l y  i n t r u s i v e  r o c k s  ( U n i t  A ) .  T h i s  sequence i s  found o n  t h e  c o n t i n e n t a l  
s l o p e  off Fa i rwea ther  Ground, and p robab ly  u n d e r l i e s  much of  F a i r e a t h e r  
Ground. 2) A lower T e r t i a r y  sequence c o n s i s t i n g  of upper  Pa leocene  ( ? )  t o  
lower Eocene ( ? I  s a n d s t o n e ,  conglomerate ,  and s h a l e  ( U n i t  B), leer Eocene 
b a s a l t  f l o w s  and p y r o c l a s t i c  r o c k s  ( U n i t  C), e a r l y  t o  middle  Eocene sands tone ,  
conglomerate ,  s i l t s t o n e ,  and s h a l e  ( U n i t  D), and upper  Eocene and lower 



Oligocene ( 0 )  s h a l e ,  tu f faceous  sha l e ,  s i l t s t o n e  and sandstone ( u n i t  El. This  
sequence i s  found a long  p a r t s  o f  t h e  c o n t i n e n t a l  s l o p e  from Fa i r sea the r  Ground 
t o  about  Pgmplona Ridge. 3)  A middle T e r t i a r y  sequence c o n s i s t i n g  of upper 
Oligocene s i l t s t o n e  (Uni t  F) t h a t  crops out Locally along t h e  upper s lope .  4 )  
A middle Miocene ( 7 )  and younger c l a s t i c  sedimentary sequence t h a t  inc ludes  
abundant glaciomarine depos i t s  ( U n i t  G I ,  approximately equiva len t  t o  t h e  
onshore Yakataga Formation. The Paleoqene sedimentary s t r a t a  ( U n i t s  B, and D 

through F) a r e  probably c o n t i n e n t a l l y  der ived,  with younger rocks depos i ted  i n  
p rog res s ive ly  shal lower water. I n  add i t i on ,  t h e s e  rocks d i f f e r  s t r i k i n g l y  i n  
l i t h o l o g y  from coeval  rocks e i t h e r  exposed i n  outcrop  onshore o r  pene t r a t ed  i n  
explora tory  wlls  onshore or o f f sho re  (P l a fke r  and o t h e r s ,  1980). 

GEOPHYSICAL DATA 

Th i s  s tudy i s  based p r imar i ly  on  24-fold mult ichannel  se i smic  r e f l e c t i o n  
da t a  acqui red  i n  1975 from t h e  Geophysical Serv ices ,  Inc. v e s s e l  M/V Cec i l  H. 
Green under c o n t r a c t  t o  t h e  U.S. Geological  Survey (Bruns and Bayer, 19771, 
and i n  1977 and 1978 from t h e  U.S Geological  Survey research  v e s s e l  R/V S.P. 
Lee. Track l ines  f o r  t h e s e  t h r e e  c r u i s e s  a r e  shown i n  f i g u r e  3. S ing le  - 
channel se i smic  r e f l e c t i o n  da t a  ac ros s  t h e  c o n t i n e n t a l  s lope  south of I cy  Bay 
(von Huene and o t h e r s ,  1975) provide  subsurf ace information between t h e  
mult ichannel  l i n e s .  

The se ismic  system on t h e  M/V C e c i l  H. Green c o n s i s t e d  o f  a tuned array 
of 22 air-guns with a t o t a l  capac i ty  of 19.6 P (1,200 cu. i n . ) ,  a 2,400 m, 48- 
group s treamer and DSF I V  d i g i t a l  record ing  instruments .  These da t a  e r e  
processed by Petty-Ray Geophysical, Inc.  runs and Bayer, 1977). The se i smic  
system on the  R/V S. P. Lee c a n s i s t e d  of a tuned a r r a y  of 5 air-guns with a 
capac i ty  of 21.7 P (1326 cu. i n . ) ,  a 2,400 m. 24-group s t reamer ,  and GUS 4300 
d i g i t a l  record ing  instruments .  These da t a  = re  processed by t h e  U.S. 
Geological  Survey. I n  a l l  surveys,  naviga t ion  was by means of a n  i n t e g r a t e d  
s a t e l l i t e ,  Loran C , and doppler-sonar naviga t ion  system. 

Bathymetric, g r a v i t y  and magnetic da t a  e r e  a l s o  acqui red  dur ing  t h e s e  
c r u i s e s ;  maps of t h e s e  da t a  are a v a i l a b l e  i n  Schwab and Bruns (1979),  Schwab 
and o t h e r s  ( 1980), Burkhard and o t h e r s  ( 1980a, b) , Atmod and o t h e r s  ( 198 1 1 ,  
and Bruns and o t h e r s  (1981a, b ) .  

GEOPHYSICAL INTERPRETATION 

Shelf  and Slope 

Contour and isopach maps of s t r a t a  beneath t h e  c o n t i n e n t a l  s h e l f  and 
s l o p e  a r e  based on mapping o f  se ismic  horizons D and F throughout t h e  se i smic  
gr id .  Horizon D c o r r e l a t e s  with t h e  D horizon i n  t h e  Yakataqa s h e l f  t o  t h e  
west (Bruns and Schmb,  i n  p r e s s ) .  An a d d i t i o n a l  horizon,  hor izon  E l  i s  
mapped on p a r t s  of a few se ismic  lines. These horizons a r e  a l l  a t  least l o c a l  
unconformit ies  and s t r o n g  se ismic  r e f l e c t o r s .  I n  a r e a s  where t h e  s t r a t a  a r e  
conformable, mapping i s  on a se i smic  hor izon  i n t e r p r e t e d  a s  c o r r e l a t i v e  with 
t h e  unconformities.  Since se i smic  mapping is  on unconformit ies  o r  t h e  
c o r r e l a t i v e  conformity, t h e  mapped hor izons  have t ime- s t r a t ig raph ic  
s ign i f i cance .  I n t e r p r e t a t i o n  problems i n  fo l lowing  t h e  se i smic  horizons a r e  



c r e a t e d  by t h e  wide s p a c i n g  o f  t h e  d a t a ,  by poor r e f l e c t o r  c o n t i n u i t y ,  and by 
l i m i t e d  a c o u s t i c  p e n e t r a t i o n ,  e s p e c i a l l y  i n  t h e  deep p a r t s  of t h e  b a s i n .  
S e v e r a l  f a c t o r s  t h a t  l i m i t  a c o u s t i c  p e n e t r a t i o n  and d i s r u p t  r e f l e c t o r  
c o n t i n u i t y  c a n  be i d e n t i f i e d  o r  i n f e r r e d  at least l o c a l l y  and i n c l u d e  
p e r s i s t e n t  w t e r - b o t t o m  and i n t e r b e d  m u l t i p l e s  t h a t  obscure  pr imary 
r e f l e c t o r s ;  coarse o r  b o u l d e r y  near - sur face  and s u b s u r f a c e  g l a c i a l l y  d e r i v e d  
sed iments  t h a t  may s c a t t e r  o r  l i m i t  p e n e t r a t i o n  of t h e  a c o u s t i c  signal; and 
l o c a l  unconformi t i es  and r a p i d  f a c i e s  or  bedd ing  changes  w i t h i n  t h e  Yakataga 
Formation. Because o f  t h e s e  problems, and  because  o f  t h e  wide s p a c i n g  o f  t h e  
seismic d a t a ,  c o r r e l a t i o n  e r r o r s  may b e  p r e s e n t  i n  some a r e a s ;  ho-ver, t h e s e  
e r r o r s  shou ld  not  s e r i o u s l y  change t h e  g e n e r a l  b a s i n  form shown i n  t h e  
s t r u c t u r a l  con tour  maps. 

The c h a r a c t e r  of t h e  mapped h o r i z o n s  and t h e  s e i s m i c  r e f l e c t o r s  b e t ~ e n  
t h e s e  h o r i z o n s  i s  b e s t  s e e n  o n  t h e  s l o p e  p o r t i o n s  o f  t h e  s e i s m i c  s e c t i o n s .  
The mapped seismic h o r i z o n s  and t h e  r e f l e c t i o n  c h a r a c t e r  between t h e s e  
h o r i z o n s  a r e  d i s c u s s e d  from s h a l l o w s t  t o  d e e p e s t  i n  t h e  f o l l o w i n g  s e c t i o n .  
The s e i s m i c  sequence,  s t r a t a  or time i n t e r v a l  b e t e e n  any t m  h o r i z o n s ,  a s  for 
example between h o r i z o n s  F and  D ,  is  r e f e r r e d  t o  as t h e  F-D sequence,  s t r a t a  
o r  t ime. The s e i s m i c  l i n e s  p r e s e n t e d  i n  t h i s  r e p o r t  ( f i g .  3 a )  are shown i n  
o r d e r  from west t o  e a s t  i n  f i g u r e s  8-16, and t h e n  from n o r t h  t o  s o u t h  i n  
f i g u r e s  17-19. 

Horizon D i s  mapped o n  a prominent  con t inuous  r e f l e c t o r  o r  group of 
r e f l e c t o r s  b e s t  obse rved  on  t h e  p a r t s  o f  t h e  s e i s m i c  l i n e s  e x t e n d i n g  a c r o s s  
t h e  c o n t i n e n t a l  s l o p e  s o u t h  o f  I c y  Bay ( s e i s m i c  l i n e s  404, 916, 906; f i g s .  8- 
1 0 )  and  o n  l i n e s  near  and  o v e r  Fa i rwea ther  Ground ( s e i s m i c  l i n e s  403, 911,  
400; f i g s .  11,  14,  16) .  The h o r i z o n  i s  moderate ly  tell d e f i n e d  th roughout  t h e  
s e i s m i c  g r i d ,  e x c e p t  o n  t h e  l andbard  ends  o f  t h e  seismic s e c t i o n s  where t h e  
sed imenta ry  s e c t i o n  is  t h i c k e s t .  

The r e l a t i o n  o f  seismic r e f l e c t o r s  between h o r i z o n  D and  t h e  s e a f l o o r  (D- 
SF r e f l e c t o r s )  t o  h o r i z o n  D a p p e a r s  t o  b e  p r i m a r i l y  one o f  concordence.  
However, o n  t h e  g e n t l y  d i p p i n g  c o n t i n e n t a l  s l o p e  s o u t h  o f  I c y  Bay, s t r a t a  
immediately above h o r i z o n  D show v e r y  g e n t l e  downlap o n t o  t h e  D r e f l e c t o r ,  
i n d i c a t i n g  a p r o g r a d i n g  s l o p e  d e p o s i t i o n a l  environment ( s e i s m i c  l i n e s  4 04,  
916, 906; f i g s .  8-10). Onlap of t h e  D-SF r e f l e c t i o n s  o n t o  t h e  D h o r i z o n  
r e f l e c t o r  is  also s e e n  on  seismic s e c t i o n s  o v e r  F a i r m a t h e r  Ground ( s e i s m i c  
l i n e  400, f i g .  1 6 ) .  On t h e  s t e e p  c o n t i n e n t a l  s l o p e  b e t w e n  Yakobi V a l l e y  and  
Yakutat  V a l l e y ,  s trata of  t h e  D-SF sequence a r e  v e r y  t h i n  t o  a b s e n t  ( s e i s m i c  
l i n e s  403, 909; f i g s .  11,  1 3 ) .  

I n  g e n e r a l ,  s e i s m i c  r e f l e c t o r s  b e t w e n  h o r i z o n  D and t h e  s e a f l o o r  show 
v a r i a b l e  c o n t i n u i t y  and  a r e  p a r a l l e l  t o  s l i g h t l y  d i v e r g e n t .  Wel l -def ined,  
h i g h  ampl i tude  r e f l e c t i o n s  w i t h i n  t h e  sequence a r e  s e p a r a t e d  b o t h  v e r t i c a l l y  
and  l a t e r a l l y  by l o w  ampl i tude  t o  a lmos t  r e f l e c t i o n - f r e e  zones. The r e f l e c t o r  
c o n f i g u r a t i o n  g e n e r a l l y  s u g g e s t s  d i s c o n t i n u o u s  l i t h o l o g i c  u n i t s  and a v a r i a b l e  
l i t h o l o g y .  The D-SF sequence t h i c k e n s  l a n d m r d  from t h e  s h e l f  edge, 
i n d i c a t i n g  r e g i o n a l  subs idence  o f  t h e  c o n t i n e n t a l  s h e l f  ( l i n e s  404, 906,  403, 
909, 400;  f i g s .  8 ,  10, 11,  13,  1 6 ) .  



Horizon E i s  mapped on a prominant, l o c a l  unconformity on t h e  seaward 
p a r t  of se i smic  s e c t i o n  403 (fig. 11 ) , b u t  t h e  unconformity cannot be t r a c e d  
with confidence landward o r  i n t o  ad jacent  seismic l i n e s .  R e f l e c t o r s  i n  t h e  
E-D sequence a r e  p a r a l l e l  or  s u b p a r a l l e l  to r e f l e c t o r s  i n  t h e  ove r ly ing  D-SF 
sequence. On t h e  seaward p a r t  of t h e  l i n e ,  E-D x e f l e c t o r s  on lap  hor izon  E a t  
t h e  base  of t h e  sequence; e l s e h e r e  t h e s e  r e f l e c t o r s  a r e  concordant with 
hor izon  E. 

Horizon F i s  mapped on a s t r o n g  se ismic  r e f l e c t o r  t h a t  i s  a c o u s t i c  
basement on  t h e  se i smic  l i n e s .  The a c o u s t i c  basement is b e s t  s een  on l i n e  403 
and l i n e s  t o  t h e  e a s t  (figs. 3a, 11-16), b u t  can  only b e  d iscont inuous ly  
mapped wst of l i n e  403, and is  seen  only  on  t h e  s l o p e  p o r t i o n  of l i n e s  west 
o f  l i n e  906, most l i k e l y  because of i n s u f f i c i e n t  a c o u s t i c  energy t o  p e n e t r a t e  
through t h e  t h i c k  sedimentary sequence p re sen t  i n  t h e  a r e a  south of Icy  Bay. 
R e f r a c t i o n  da t a  (Bayer and o t h e r s ,  1978) g ive  e s t ima te s  of t o t a l  sediment 
t h i ckness  i n  t h i s  a r e a ,  and a r e  used t o  i n f e r  t h e  approximate p o s i t i o n  o f  t h e  
F horizon contours  ( f i g .  5 ) .  Aye c a l l s  from foramini fe ra1  d a t a  from t h e  
Colorado O i l  and Gas ke1J.s near t h e  town of Yakutat (Rau and o t h e r s ,  1977) 
g ive  the depth t o  s t r a t a  c o r r e l a t e d  t o  horizons F and D ,  and are used t o  
e s t ima te  t h e  p o s i t i o n  of t h e  horizons i n  t h e  a r e a  of  Yakutat Bay. Eas t  of  
l i n e  909 ( f i g .  31, horizons F and D merge, as  t h e  F-D r e f l e c t o r s  are t r u n c a t e d  
out  aga ins t  a s t r u c t u r a l  high. 

Seismic r e f l e c t i o n s  bet*en horizons F and D can  b e s t  b e  seen  on t h e  
c o n t i n e n t a l  s l o p e  segments of l i n e s  404, 916, 906 ,  and 403 ( f i g s .  8-1 1 )  ; 
beneath t h e  s h e l f ,  t h e  r e f l e c t o r s  a r e  p a r t l y  o r  t o t a l l y  obscured by m u l t i p l e s  
generated wi th in  t h e  over ly ing  sec t ion .  Where b e s t  seen ,  r e f l e c t i o n s  i n  t h e  
upper p a r t  of t h e  F-D sequence show moderate t o  poor  c o n t i n u i t y ,  and i n  some 
p l a c e s ,  t h e  sequence i s  almost r e f l e c t i o n  f r e e .  Re f l ec t ions  a r e  d ivergent  
with seaward th i cken ing  ( l i n e s  906, 403; f i g s .  10, 11) .  The r e f l e c t i o n  
conf igu ra t ion  sugges ts  a well-bedded, r a t h e r  uniform l i t ho logy .  On l i n e  906 
t h e  l o w r  p a r t  of t h e  sequence is  markedly d i f f e r e n t ,  with r e f l e c t i o n s  showing 
good c o n t i n u i t y  and high amplitude; t h i s  d i f f e r e n c e  may r e f l e c t  t h e  complex 
c h a r a c t e r  of t h e  basement u n i t  (see fo l lowing  s e c t i o n  on geologic  c o r r e l a t i o n  
of t h e  se i smic  hor izons) .  

The c h a r a c t e r  of r e f l e c t i o n s  below hor izon  D sugges ts  t m  i n t e r p r e t a t i o n  
problems. F i r s t ,  t h e s e  r e f l e c t i o n s  a r e  low amplitude and, beneath t h e  
c o n t i n e n t a l  s h e l f ,  a r e  u sua l ly  obscured by mul t ip les .  Therefore,  t h e  
s t r a t i g r a p h i c  c h a r a c t e r  and i n t e r n a l  s t r u c t u r e  of t h e  F-D sequence s t r a t a  
cannot b e  ell determined even though t h e  t o p  and bottom of t h e  F-D sequence 
a r e  moderately w l l  defined. Second, t h e  lower p a r t  of t h e  F-D sequence on  
t h e  seaward end of se i smic  s e c t i o n  906 shows a s e t  of t h i cken ing  seaward, 
s t r o n g  r e f l e c t o r s .  The same s e t  of r e f l e c t o r s  beneath t h e  s h e l f  w u l d  l i k e l y  
not b e  reso lvable ,  except  f o r  t h e  i n i t i a l  r e f l e c t o r  a t  t h e  t o p  of t h e  s t r o n g  
r e f l e c t o r  s e t .  Thus, t h e  "acous t ic  basement" picked on  t h e  se i smic  l i n e s  may 
exclude some s t r a t a ,  and t h e  r e s u l t i n g  sediment t h i ckness  must b e  considered a 
m i  nimum. 



Base o f  S lope  

Seismic  d a t a  i n d i c a t e  t h a t  a wel l  bedded sequence o f  sed imenta ry  s t r a t a  
i s  p r e s e n t  a t  t h e  base of  t h e  s l o p e  ( l i n e s  404, 906, 403, 909, 967, 400) .  
Three  h o r i z o n s  are mapped and d e s i g n a t e d  a s  h o r i z o n s  Al, A2,  and A3. A 

m u l t i c h a n n e l  s e i s m i c  t i e  to DSDP h o l e  178 e a s t  o f  Kodiak I s l a n d  g i v e s  
e s t i m a t e s  of b a s e  P l e i s t o c e n e ( ? ) ,  b a s e  P l i o c e n e ( ? ) ,  and t o p  o c e a n i c  b a s a l t  
r e s p e c t i v e l y  f o r  t h e  hor izons ;  t h e  a g e s  are q u e r i e d  due t o  t h e  d i s t a n c e  t o  t h e  
d r i l l  ho le .  Horizon A3 ( o c e a n i c  b a s a l t )  i s  c h a r a c t e r i z e d  b y  s t r o n g ,  
moderate ly  d i s c o n t i n u o u s ,  h y p e r b o l i c  r e f l e c t o r s .  Where sediment  o v e r l y i n g  t h e  
b a s a l t  is  t h i c k ,  t h e  r e f l e c t o r  i s  f a i n t e r  t h a n  i n  o t h e r  a r e a s  and more 
cont inuous .  The r e f l e c t i o n  c o n f i g u r a t i o n  b e t w e n  h o r i z o n s  A3 and  A1 i s  h i g h l y  
v a r i a b l e  and i n  p a r t  a r e a  dependent,  r a n g i n g  from f a i n t  and d i s c o n t i n u o u s ,  t o  
s t r o n g  and cont inuous .  I n  g e n e r a l ,  r e f l e c t o r s  a r e  p a r a l l e l  t o  s u b p a r a l l e l  
th roughout  t h e  i n t e r v a l .  T h i s  s e c t i o n  may i n c l u d e  b o t h  p e l a g i c  u n i t s  and  
v a r y i n g  amounts o f  t u r b i d i t e  d e p o s i t s .  The r e f l e c t i o n  c o n f i g u r a t i o n  above 
h o r i z o n  A1 i s  commonly complex and v a r i a b l e ,  and  i n c l u d e s  w v e y  o r  mounded 
c o n f i g u r a t i o n s  with low t o  h i g h  r e f l e c t o r  c o n t i n u i t y .  The r e f l e c t i o n s  a r e  
s u g g e s t i v e  o f  t u r b i d i t e  f a n s ,  with s u r f a c e  and b u r i e d  channe l s  and l e v e e s  
common. Near t h e  b a s e  o f  t h e  s l o p e ,  p a r t i c u l a r l y  from Yakutat  V a l l e y  t o  t h e  
=st, t h e  sequence i s  c h a r a c t e r i z e d  b y  c h a o t i c  r e f l e c t o r s ,  s u g g e s t i n g  r a p i d  
d e p o s i t  ion.  

VELOCITY DATA 

To make s t r u c t u r a l  and i sopach  maps, s e i s m i c  t i m e  ws c o n v e r t e d  t o  d e p t h  
u s i n g  tm t y p e s  of v e l o c i t y  i n f o r m a t i o n ,  s t a c k i n g  v e l o c i t i e s  o b t a i n e d  d u r i n g  
p r o c e s s i n g  of t h e  mul t i channe l  r e f l e c t i o n  d a t a ,  and v e l o c i t i e s  from s e i s m i c  
r e f r a c t i o n  da ta .  An area-average s t a c k i n g  v e l o c i t y  c u r v e  w s  d e r i v e d  from a l l  
t h e  p i c k s  from i n d i v i d u a l  s e i s m i c  l i n e s .  Good v e l o c i t y  p i c k s  a r e  c o n c e n t r a t e d  
i n  t h e  upper  2 t o  3 seconds  of t h e  s e i s m i c  d a t a ,  i n  g e n e r a l ,  co r responding  t o  
t h e  d a t a  above h o r i z o n  D. Thus, t h e  s t a c k i n g  v e l o c i t y  p i c k s  g i v e  good r e s u l t s  
f o r  t h e  upper  2-3 seconds ,  b u t  on ly  p o o r l y  c o n s t r a i n  v e l o c i t i e s  below about  3 
seconds.  

R e f r a c t i o n  d a t a  h e l p  c o n s t r a i n  t h e  v e l o c i t y  i n  t h e  deeper  sedimentary  
s e c t i o n .  Four u n r e v e r s e d  r e f r a c t i o n  sonobuoys =re o b t a i n e d  d u r i n g  t h e  1977 
c r u i s e ,  u s i n g  t h e  a i r g u n  source .  A l l  f o u r  sonobuoys a r e  i n  a r e a s  of g e n t l e  o r  
no dip (fig. 3 a ) .  Two o f  t h e  sonobuoys are i n  a n  a r e a  of r e l a t i v e l y  s h a l l o w  
a c o u s t i c  basement (sonobuoys 3 and  61,  and t h e  basement p i c k s  were excluded 
from t h e  c a l c u l a t i o n  for  a n  a v e r a g e  t ime-depth curve.  The o t h e x  t m  sonobuoys 
are i n  a n  area with a t h i c k  sedimentary  sequence ( f i g .  20) .  

The a rea -average  s t a c k i n g  v e l o c i t y  c u r v e  was c o n v e r t e d  t o  i n t e r v a l  
v e l o c i t i e s  by u s e  of t h e  Dix formula  (Dix, 19551, and t h e  i n t e r v a l  c u r v e  was 
used  t o  c o n s t r u c t  a t ime-depth  curve.  T h i s  c u r v e  was combined with t h e  
r e f r a c t i o n  v e l o c i t y  d a t a ,  and f i t t e d  with a l eas t - squared-exxor  r o u t i n e  t o  

3 y i e l d  a s i n g l e  c u r v e ,  z = + 0.695t + 0.296t2 - 0.02t , where z i s  t h e  dep th  i n  
k i l o m e t e r s  and t i s  t h e  tm-way t r a v e l  t i m e  i n  seconds  ( f i g .  2 1 ) .  T h i s  c u r v e  
w s  u s e d  f o r  a l l  t ime-to-depth convers ions .  An approximate  e r r o r  range  of t h e  
r e s u l t i n g  c u r v e  ( f i g .  21)  ws d e r i v e d  by e s t i m a t i n g  a maximum and minimum 
bound f o r  t h e  s t a c k i n g  v e l o c i t i e s ;  t h e s e  bounds =re t h e n  c o n v e r t e d  t o  t ime-  



depth p i cks  i n  t h e  manner given above. 

The f i n a l  area-average time-depth curve is very similar t o  a n  
independently der ived  curve developed f o r  t h e  Yakataga she l f  t o  t h e  =st 
 runs and Sch-b, i n  p r e s s ) ,  and c l o s e l y  f i t s  v e l o c i t y  da t a  der ived  from 
s o n i c  logs of t h e  Standard O i l  Co. o f  C a l i f o r n i a  Riou Bay No. 1 ell i n  ICY 
Bay, and t h e  Cont inenta l  Offshore S t r a t i g r a p h i c  Tes t  No. 1 well, d r i l l e d  
sou theas t  of I cy  Bay on  t h e  c a n t i n e n t a l  s h e l f  ( f i g .  21;  Bolm and o t h e r s ,  1976; 
Bruns, 1979; Bruns and Schwab, i n  p r e s s ) .  Both of t h e s e  wells a r e  i n  
s t r u c t u r a l l y  simple a reas .  The method of  d e r i v a t i o n  of t h e  curve i s  such t h a t  
it gives  a good depth e s t ima te  f o r  t h e  sedimentary s e c t i o n  underlying t h e  
c o n t i n e n t a l  s h e l f ,  approximately t h e  s e c t i o n  above hor izon  F, b u t  it i s  not 
v a l i d  f o r  depth conversion below hor izon  F o r  f o r  t i m e s  g r e a t e r  t h a n  about 5 
seconds tm-way r e f l e c t i o n  time. I n  a r e a s  of deep water, pre l iminary  
examination of s t ack ing  v e l o c i t y  d a t a  i n d i c a t e s  t h a t  t h e  sub-seafloor  t ime- 
depth curve is  almost i d e n t i c a l  with t h e  curve developed f o r  t h e  s h e l f .  Using 
a s i n g l e  v e l o c i t y  func t ion  in t roduces  e r r o r s  in depth conversion of t h e  
contoured horizons and of t h e  se i smic  l i n e s ,  b u t  t h e  errors should not  a f f e c t  
t h e  b a s i c  conclusions of t h i s  paper. 

GEOLOGIC CORRELATION OF SEISMIC HORIZONS 

The c o r r e l a t i o n  o f  t h e  mapped horizons t o  t h e  r eg iona l  geology ( f i g .  22) 
i s  determined p r imar i ly  from dredge da t a  from t h e  c o n t i n e n t a l  s lope  ( P l a f k e r  
and o t h e r s ,  1980). Horizon D i s  approximately c o r r e l a t i v e  with t h e  base  of 
Unit G of P l a f k e r  and o t h e r s  (19801, with c o r r e l a t i o n  i n t o  t h e  se i smic  d a t a  
b e s t  def ined  on  se i smic  s e c t i o n s  404 and 906 ( f i g s .  8, 10) .  Unit  G is i n  t u r n  
c o r r e l a t i v e  with t h e  onshore Yakataga Formation. The hor izon  can  a l s o  b e  
c o r r e l a t e d  t o  t h e  Riou Bay well  a t  Icy Bay, where t h e  hor izon  is approximately 
a t  t h e  base  of t h e  Yakataga Formation (Bruns and Schwab, i n  p r e s s ) .  

Onshore well  d a t a  ( R ~ U  and o t h e r s ,  1977) sugges ts  t h a t  much o r  most of 
t h e  Yakataga Formation wi th in  t h e  s tudy area could be a s  young as P l io -  
P le i s tocene .  I n  t h e  Riou Bay well ,  t h e  leer p a r t  of t h e  d r i l l e d  s e c t i o n  is  
of P l iocene (? )  age. I n  t h e  Malaspina # 1A w e l l ,  t h e  Yakataga Formation i s  of 
Pl iocene-Pleis tocene age and o v e r l i e s  upper Eocene(?) s t r a t a .  I n  t h r e e  
Colorado O i l  and Gas wlls  a t  Yakutat,  t h e  e a r l y  T e r t i a r y  s e c t i o n  i s  t runca ted  
updip and t h e  Pl iocene-Pleis tocene Yakataga Formation unconformably o v e r l i e s  
Eocene (Nar iz ian)  s t r a t a  i n  t h e  t m  s e a w r d  wells ,  and Cretaceous s t r a t a  i n  
t h e  l a n d m r d  w e l l .  F i n a l l y ,  most of t h e  Yakataga Formation a t  L i tuya  Bay i s  
of  P l io-Ple i s tocene  age. The Yakataga Formation w s  not ex t ens ive ly  sampled 
dur ing  t h e  dredging c r u i s e s ,  s o  t h e  age of o f f sho re  s t r a t a  (D-SF s t r a t a )  
c o r r e l a t i v e  with t h e  onshore Yakataga Formation i s  not known, b u t  may be 
s i m i l a r  t o  ages  known i n  t h e  wells. Thus, as a p o s s i b l e  end member c a s e  f o r  
hor izon  D ,  it could b e  a major t ime- s t r a t ig raph ic  break and a n  e r o s i o n a l  
unconformity, with Oligocene and o l d e r  s t r a t a  below hor izon  D, and Pl iocene  
and younger s t r a t a  above t h e  horizon. A l t e rna t ive ly ,  a t  t h e  o t h e r  extreme, 
t h e  s e c t i o n  a c r o s s  hor izon  D could be continuous with no major breaks  i n  
deposi t ion.  Both of t h e s e  cases  w i l l  b e  considered l a t e r  i n  t h e  r epo r t .  It 
i s  Likely t h a t  hor izon  D i s  in te rmedia te  b e t w e n  t h e s e  cases ,  with t h e  s t r a t a  
above t h e  hor izon  comprising a seaward progradinq sedimentary sequence, and 
with t h e  magnitude o f  t h e  unconformity diminishing t o w r d s  t h e  coas t .  



Horizon E i s  c o r r e l a t e d  i n t o  t h e  dredge d a t a  on  and near  l i n e  4 0 3  
f i g  1  On l i n e  403, t h e  h o r i z o n  is a prominant unconformity ,  s e p a r a t i n g  
d i p p i n g  F-E sequence s t r a t a  from o v e r l y i n g  more g e n t l y  d i p p i n g  E-D strata. 
The h o r i z o n  i s  t h e r e f o r e  approx imate ly  o f  middle  Ol igocene age.  The 
unconformity is  not wlL d e f i n e d  i n  a d j a c e n t  s e i s m i c  l i n e s ,  and s t r a t a  appear  
t o  b e  conformable a c r o s s  t h e  h o r i z o n  o v e r  much of t h e  s h e l f .  Dredge samples  
f rom t h e  c o n t i n e n t a l  s l o p e  s u g g e s t  leer t o  middle Ol igocene s t r a t a  are 
unconformably o v e r l a i n  by upper  Ol igocene s t r a t a  i n  t h e  v i c i n i t y  o f  l i n e  403 
( P l a f k e r  and o t h e r s ,  1980). These samples r e f l e c t  what may b e  t h e  g r e a t e s t  
age  d i f f e r e n c e  a c r o s s  h o r i z o n  E ,  s i n c e  t h e y  e r e  dredged i n  a n  a r e a  where 
u p l i f t e d  s t r a t a  i n  t h e  F-E sequence are o v e r l a i n  by r e l a t i v e l y  f l a t - l y i n g ,  
on lapp ing  S t r a t a  i n  t h e  upper  p a r t  of t h e  E-D sequence ( l i n e  403). The 
observed  unconformity is  i n t e r p r e t e d  t o  r e f l e c t  r e l a t i v e l y  l o c a l  de format ion  
of F-E sequence d u r i n g  abou t  middle  Ol igocene t i m e ,  f o l l o w d  b y  o n l a p  o f  F-D 
sequence s t r a t a  from middle  t o  l a t e  Ol igocene t i m e .  

Hor izon F i s  b e s t  c o r r e l a t e d  i n t o  t h e  dredge d a t a  on  l i n e  9 0 6  and  403 
( f i g s .  10,  11) .  On t h e s e  l i n e s  t h e  h o r i z o n  is c o r r e l a t i v e  with t h e  t o p  o f  
Uni t  C of P l a f k e r  and o t h e r s  (19801, a b a s a l t  u n i t  o f  e a r l y  Eocene age. Thus, 
i n  t h e  area south of Yakutat  Bay, t h e  s e c t i o n  b e t w e n  h o r i z o n s  F and D 

i n c l u d e s  s t r a t a  of middle  t o  l a te  Eocene and  e a r l y  t o  middle  Ol igocene a g e  
( u n i t s  D ,  E  and F o f  P l a f k e r  and  o t h e r s ,  1980). 

Horizon F i s  no t  c o r r e l a t i v e  every*ere wi th  t h e  t o p  o f  t h e  b a s a l t .  E a s t  
o f  l i n e  403, t h e  s e c t i o n  b e t w e n  seismic h o r i z o n s  F and D is t r u n c a t e d  i n  the 
v i c i n i t y  o f  t h e  Alsek Canyon a g a i n s t  a basement h i g h ,  i n f o r m a l l y  termed t h e  
Dangerous R i v e r  zone i n  t h i s  r e p o r t  ( f i g s .  4-71, Thus, i n  t h e  a r e a  e a s t  o f  
t h e  zone, and g e n e r a l l y  bounded b y  t h e  s h o r e l i n e  and  F a i r m a t h e r  Ground, 
h o r i z o n s  F and  D c o i n c i d e .  Horizon F i n  t h i s  area c o i n c i d e s  a t  l e a s t  i n  par t  
with t h e  t o p  o f  t h e  Cre taceous  s t r a t a  sampled o n  F a i r h e a t h e r  Ground, a l t h o u g h  
a n  e a r l y  T e r t i a r y  s e c t i o n  may s t i l l  b e  p r e s e n t ,  b u t  not d i s t i n g u i s h a b l e  on  t h e  
s e i s m i c  s e c t i o n s .  

I n  t h e  area *st of l i n e  906, and p r i m a r i l y  i n  t h e  v i c i n i t y  o f  l i n e  404 
( f i g .  3a ) ,  t h e  r e l a t i o n  o f  s e i s m i c  h o r i z o n  F t o  t h e  dredge d a t a  is  n o t  c l e a r ,  
as t h e  a c o u s t i c  basement cannot  be c l e a r l y  mapped benea th  t h e  c o n t i n e n t a l  
s h e l f .  The s e i s m i c  r e f r a c t i o n  d a t a  o f  Bayer and o t h e r s  (1978) g i v e  a n  
approximate  p o s i t i o n  f o r  t h e  a c o u s t i c  basement,  b a s e d  on  a change of  
r e f r a c t i o n  v e l o c i t y  from around 4 km/s t o  7 km/s. If h o r i z o n  F is s imply  
ex tended  seaward,  t h e  r e s u l t i n g  i n t e r p r e t a t i o n  is  t h a t  g e o l o g i c  u n i t s  B and  C 
l i e  above t h e  F hor izon .  T h i s  c o n c l u s i o n  i s  c o n s i d e r e d  u n l i k e l y  s i n c e :  1 )  t h e  
u n i t s  elsehere form a c o u s t i c  basement,  and 2 )  t h i s  m u l d  r e q u i r e  u p l i f t  and  
t r u n c a t i o n  o f  u n i t s  D ,  El and F, and  probably much o f  u n i t  C be low t h e  s h e l f  
and  upper  s l o p e  b e t e e n  l i n e s  403 and 404, and  t h e  seismic d a t a  nowhere 
s u g g e s t s  t h a t  such massive  t r u n c a t i o n  occurs .  An a l t e r n a t i v e  i n t e r p r e t a t i o n  
i s  t h a t  a major f a u l t  is  p r e s e n t  i n  t h e  e a r l y  T e r t i a r y  s t r a t a  a l o n g  t h e  lower 
s l o p e ,  and a e d g e  of u n i t s  D and C h a s  b e e n  u p l i f t e d  s e a m r d  of  t h e  f a u l t .  A 
f u r t h e r  s t u d y  o f  t h i s  i n t e r p r e t a t i o n  u s i n g  modeling s t u d i e s  o f  g r a v i t y  and 
magnet ic  d a t a  is  i n  progress. 

I n  summary ( f i g .  22) h o r i z o n  D i s  c o r r e l a t e d  with t h e  base of U n i t  G of  
P l a f k e r  and o t h e r s  (1980) .  It cor responds  t o  t h e  unconformity  a t  t h e  b a s e  o f  



t h e  Yakataga Formation 41ich i n  t h e  s tudy a rea  s e p a r a t e s  Oligocene from 
Miocene(? 1 ,  Pliocene,  and younger s t r a t a .  Horizon E appears  t o  s e p a r a t e  Un i t s  
E and F of P l a f k e r  and o t h e r s  (19801, and i s  approximately middle Oligocene i n  
age, The hor izon  i s  mappable only  i n  t h e  v i c i n i t y  of l i n e  403, and cannot be 
mapped throughout t h e  rest of t h e  s h e l f  area. The geologic  s ign i f i cance  of 
hor izon  F is va r i ab l e .  East  of t h e  Dangerous River  zone, hor izon  F l a r g e l y  
corresponds t o  hor izon  D and i s  on t h e  top of probable  Unit  A strata,  ' 
approximately equiva len t  t o  t h e  Cretaceous Yakutat Formation. To t h e  *st, 
hor izon  F i s  be l i eved  t o  be  a t  t h e  t o p  of Unit  C, a n  Eocene b a s a l t .  I n  e i t h e r  
case ,  t h e  depth t o  hor izon  F g ives  a minimum th i ckness  f o r  Cenozoic 
sedimentary rocks  f o r  t h e  s h e l f  and upper s lope;  a d d i t i o n a l  sedimentary s t r a t a  
could be  p re sen t  wi th in  or below Uni t s  C and B. 

SHELF STRUCTURE 

The s t r u c t u r e  of t h e  Yakutat s h e l f  ( f i g s .  4-71 i s  cha rac t e r i zed  by t h r e e  
major elements: 1 )  a l a r g e  s t r u c t u r a l  high a t  t h e  s h e l f  edge cen te red  o n  
Fairweather  Ground, 2) a basement u p l i f t ,  in formal ly  r e f e r r e d  t o  h e r e i n  a s  t h e  
Dangerous River  zone, extending nor th  from t h e  = s t e r n  edge of Fairweather  
Ground t o m r d s  t h e  mouth of t h e  Dangerous River ,  and 3 )  t w  b a s i n s ,  s epa ra t ed  
by t h e  Dangerous River  zone. These f e a t u r e s ,  and se i smic  d a t a  ac ros s  t h e s e  
f e a t u r e s ,  will b e  d iscussed  below. 

F a i r w a t h e r  Ground 

The Fairweather  Ground high l i e s  a t  t h e  edge of t h e  c o n t i n e n t a l  s h e l f ,  
roughly b e t w e n  Alsek Valley and Yakobi Val ley  ( f i g s .  3-51, Dredge hau l s  
( P l a f k e r  and o t h e r s ,  19801 and magnetic da t a  (Schwab and o t h e r s ,  1980) suggest  
t h a t  t h e  co re  of t h e  high and t h e  e a s t e r n  p a r t  of t h e  upper c o n t i n e n t a l  s l o p e  
south  of F a i r w a t h e r  Ground c o n s i s t s  of pre-Ter t ia ry  rocks t y p i c a l  of t h e  
Yakutat Group on t h e  ad jacent  mainland ( u n i t  A of P l a f k e r  and o t h e r s ,  1980). 
T e r t i a r y  rocks o f  Eocene through Oligocene age ( U n i t s  C ,  D and E of P l a f k e r  
and o t h e r s ,  1980) a r e  p re sen t  a long  t h e  western p a r t  o f  t h e  upper c o n t i n e n t a l  
s lope  border ing  t h e  high ( f i g .  4 ) .  The e a r l y  T e r t i a r y  s t r a t a  a r e  a l s o  p r e s e n t  
i n  t h e  subsurface on t h e  - s t e r n  and northwestern f l a n k s  of t h e  high ( l i n e s  
909, 911, 912; f i g s .  13, 14, 19) .  Deep sea  depos i t s ,  probably hemipelagic 
sediments and t u r b i d i t e s ,  onlap t h e  Lower c o n t i n e n t a l  s l o p e  seaward of t h e  
high ( l i n e s  967, 400; f i g s .  15, 16) .  Sedimentary rocks of l a t e  Cenozoic age 
similar t o  t h e  Yakataga Formation ( U n i t  G of P l a f k e r  and o t h e r s ,  1980) occur  
i n  i s o l a t e d  b a s i n s  on  t h e  high ( P l a f k e r  and o t h e r s ,  1980). 

O n  t h e  landward s i d e  of F a i r e a t h e r  Ground, se i smic  da t a  show t h a t  
Neogene and Quaternary sedimentary s t r a t a  (D-SF s t r a t a )  onlap t h e  high and dip  
toward t h e  c o a s t  i n t o  t h e  e a s t e r n  subbas in  of t h e  Yakutat s h e l f .  These s t r a t a  
may have surrounded and covered t h e  o l d e r  rocks,  and have been u p l i f t e d  and 
t r u n c a t e d  a t  t h e  s e a f l o o r  over  a t  least  p a r t  o f  t h e  high ( l i n e s  909, 911 and 
912; figs. 13, 14, 19 ) .  L ines  909 and 911 ( f i g s .  13, 14, 23, 2 4 )  show t h a t  
much of t h e  u p l i f t  occurred dur ing  l a t e  D-SF t i m e .  L i t t l e  o r  no t h i n n i n g  of 
s t r a t a  is evident  i n  F-D sequence s t r a t a  or i n  t h e  lower p a r t  of t h e  D-SF 
sequence a t r a t a  on t h e s e  l i n e s ,  while more pronounced th inn ing  i s  p r e s e n t  i n  
t h e  upper p a r t  of t h e  D-SF sequence. On l i n e  911 t h e  D-SF sequence can  be 
d iv ided  i n t o  t w 3  sub-sequences a t  hor izon  U. Strata below hor izon  U show only 



minor seaward t h i n n i n g ,  while s t r a t a  above h o r i z o n  U show much g r e a t e r  seaward 
t h i n n i n g .  Thus, t h e  U h o r i z o n  marks a change from no or r e l a t i v e l y  s l o w  
u p l i f t  o f  Fa i rwea ther  Ground t o  more r a p i d  u p l i f t .  The amount o f  u p l i f t  c a n  
be estimated b y  f l a t t e n i n g  o n  t h e  U hor izon ,  r e s u l t i n g  i n  t h e  r e s t o r e d  s e c t i o n  
o f  f i g u r e  24. I n  t h i s  s e c t i o n ,  s t r a t a  are f l a t  l y i n g  t o  g e n t l y  seaward 
d ipp ing ,  s u g g e s t i n g  t h a t  l i t t l e  u p l i f t  o c c u r r e d  p r i o r  t o  h o r i z o n  U t ime .  The 
minirmun amount o f  u p l i f t  is  e s t i m a t e d  from t h e  d i f f e r e n c e  b e t w e n  t h e  , r e s t o r e d  
dep th  t o  h o r i z o n  F and  t h e  c u r r e n t  dep th  t o  t h e  hor izon ,  and is  s l i g h t l y  less 
t h a n  1  km f o r  L i n e  911. A s i m i l a r  s t u d y  o f  l i n e  909 s u g g e s t s  u p l i f t  o f  abou t  
2  km ( f i g .  2 3 ) .  U p l i f t  may b e  g r e a t e r  s i n c e  s u b s t a n t i a l  D-SF s t r a t a  may have 
b e e n  e roded  from t h e  t o p  o f  t h e  h i g h ,  and  t h e  o r i g i n a l  d i p  of h o r i z o n  U may 
have been  s l i g h t l y  seaward,  and  t h e  e s t i m a t e  does  n o t  i n c l u d e  t h e  d i f f e r e n c e  
b e t w e n  h o r i z o n  U and  t h e  s e a  l e v e l  a t  h o r i z o n  U t i m e .  

Dangerous R i v e r  Zone 

The Dangerous R i v e r  zone i s  a n  a r e a  where a c o u s t i c  basement o n  t h e  
s e i s m i c  d a t a  s h a l l o w s  markedly,  wi th  s t r u c t u r a l  r e l i e f  o n  t h e  a c o u s t i c  
basement h o r i z o n  o f  2 km or more ( f i g s .  4-71. Seismic  d a t a  show a n  a b r u p t  
g e o l o g i c  change a c r o s s  t h e  zone. The t h i c k  Paleogene s e c t i o n  p r e s e n t  i n  t h e  
a r e a  west o f  t h e  zone i s  t r u n c a t e d  a t  h o r i z o n  D ,  and  o n l a p s  and i s  i n  p a r t  
t r u n c a t e d  by  f a u l t i n g  a g a i n s t  a c o u s t i c  basement a l o n g  t h e  t r e n d  o f  t h e  zone 
( L i n e s  903, 909,  911, 912 ,  913,  914; f i g s .  12-19). Paleogene s t r a t a  are 
e i t h e r  t h i n  o r  a b s e n t  e a s t  o f  t h e  zone, o r  have markedly d i f f e r e n t  a c o u s t i c  
p r o p e r t i e s  and a r e  p a r t  o f  t h e  a c o u s t i c  basement. The s o u t h e r n  e x t e n s i o n  o f  
t h e  Dangerous R i v e r  zone cannot  be s e i s m i c a l l y  mapped a c r o s s  t h e  F a i r e a t h e r  
Ground h i g h ,  b u t  t h e  zone t r e n d s  i n t o  a n  a r e a  on  t h e  c o n t i n e n t a l  s l o p e  where, 
on  t h e  b a s i s  o f  dredge d a t a ,  Paleogene s t r a t a  are i n  c l o s e  p rox imi ty  t o  p r e -  
T e r t i a r y  s t r a t a  and  may b e  i n  f a u l t  c o n t a c t  ( f i g s .  4-7; a l s o  see f i g .  4 o f  
P l a f k e r  and o t h e r s ,  1980) .  The n o r t h  o r  nor thwest  e x t e n s i o n  o f  t h e  zone i s  
i n f e r r e d  t o  pass b e n e a t h  t h e  Colorado O i l  and Gas Yakutat  wells, vhere a t h i c k  
Paleogene s e c t i o n  is c u t  o u t  b y  t r u n c a t i o n  o r  f a u l t i n g  (Rau and o t h e r s ,  1977).  

The c h a r a c t e r  of t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  changes  a c r o s s  t h e  
Dangerous R i v e r  zone i s  v a r i a b l e .  On l i n e s  903 and 912 ( f i g s .  18, 19)  t h e  
Paleogene s e c t i o n  a p p e a r s  t o  t h i n  p r i m a r i l y  by e r o s i o n  a t  abou t  h o r i z o n  D 
t i m e ,  a l though  some o n l a p  i s  a l s o  apparen t .  On l i n e s  911 and 913 ( f i g s .  12,  
1 3 ) ,  t h e  s e c t i o n  o n l a p s  t h e  a c o u s t i c  basement. F i ~ l l y  , o n  l i n e  909 ( f i g s .  
13,  2 3 ) ,  t h e  Paleogene s t r a t a  b o t h  o n l a p  t h e  g e n t l y  d i p p i n g  a c o u s t i c  basement 
( h o r i z o n  F) , and i n  p a r t  b u t t r e s s  a g a i n s t  f a u l t e d  a c o u s t i c  basement s t r a t a  
(be low l o c a t i o n  1 ,  f i g .  2 3 ) .  Some a d d i t i o n a l  minor de format ion  i s  a l s o  
p r e s e n t  i n  t h e  e a r l y  T e r t i a r y  s e c t i o n  and e x t e n d s  i n t o  t h e  upper  p a r t  o f  t h e  
s e c t i o n  (be low l o c a t i o n  2 ,  f i g .  2 3 ) .  S t r a t a  do n o t  c l e a r l y  t h i n  l a n d m r d ,  as 
might  b e  expec ted  i f  f a u l t i n g  o c c u r r e d  p r i o r  t o  o r  d u r i n g  d e p o s i t i o n ,  and some 
o f  t h e  s t r a t a  i n  t h e  upper  p a r t  o f  t h e  F-D sequence are u n f a u l t e d  o v e r  t h e  
f a u l t  zone. 

The Dangerous R i v e r  zone a p p e a r s  t o  mark t h e  s u b s u r f a c e  e x p r e s s i o n  of t h e  
Paleogene b a s i n  edge t h a t  P l a f k e r  and  o t h e r s  (1980)  d e l i n e a t e d  o n  t h e  
c o n t i n e n t a l  s l o p e  from dredge da ta .  I n i t i a l  development o f  t h e  b a s i n  s t a r t e d  
p r i o r  t o  h o r i z o n  F t i m e .  Se i smic  r e f l e c t o r s  i n  t h e  leer p a r t  of t h e  F-D 
sequence o n l a p  h o r i z o n  F. F o r a m i n i f e r s  from dredged r o c k s  o f  g e o l o g i c  u n i t s  D 



and E show decreas ing  water depths,  from middle t o  upper ba thya l  and outer -  
s h e l f  depths f o r  u n i t  E. Fur the r ,  cons iderable  t r a n s p o r t  of s h a l l o r m a r i n e  
sands i n t o  deeper marine sediments occurred i n  u n i t  D ( P l a f k e r  and o t h e r s ,  
1980). Thus, seismic and geologic  d a t a  i n d i c a t e  depos i t i on  i n t o  a pre-  
e x i s t i n g  s t r u c t u r a l  low i n  approximately e a r l y  t o  middle Eocene time and 
i n f i l l i n g  of t h e  low during middle t o  l a t e  Eocene and e a r l y  Oligocene time. 
F a u l t i n g  a long  t h e  zone occurred p r i o r  t o  and dur ing  t h e  e a r l y  s t a g e s  ,of  
depos i t i on  of t h e  F-D sequence s t r a t a ,  poss ib ly  i n  middle Eocene t ime ( s e e  
fo l lowing  s e c t i o n s  f o r  d i scuss ion  of a d d i t i o n a l  deformation a t  l a t e  Oligocene 
t o  e a r l y  Miocene t ime) .  

Sedimentary Subbasins 

The Dangerous River  zone s e p a r a t e s  t h e  Yakutat s h e l f  i n t o  t m  d i s t i n c t  
subbasins  ( f i g s .  4-71" The e a s t e r n  subbasin is  bounded by t h e  sho re l ine ,  t h e  
Dangerous River  zone, t h e  F a i r m a t h e r  Ground high,  and t h e  o f f sho re  ex t ens ion  
of  t h e  Fairweather  f a u l t  system. S t r a t a  i n  t h i s  b a s i n  t h a t  a r e  r e so lvab le  on 
t h e  seismic da t a  a r e  of l a t e  Cenozoic age,  and t h e  l o w r  T e r t i a r y  s t r a t a  a r e  
missing,  t h i n ,  or form a c o u s t i c  basement. The isopach map shows t h e  th i ckness  
of t h e  l a t e  Cenozoic s e c t i o n  and t h e  isopach contours  v i r t u a l l y  coincide with 
t h e  s t r u c t u r e  contours.  

The late Cenozoic s e c t i o n  onlaps  t h e  Fairweather  Ground high,  and i s  
u p l i f t e d  and t r u n c a t e d  a t  t h e  s e a f l o o r  a long  a t  l e a s t  p a r t s  of t h e  high. The 
sedimentary s e c t i o n  d i p s  towards t h e  coas t ,  with a maximum th i ckness  of around 
4 km e a s t  of Dry Bay. The a x i s  of t h e  b a s i n  i s  near and p a r a l l e l s  t h e  
coas t .  Marked u p l i f t  and f o l d i n g  of t h e  b a s i n  s t r a t a  is  p r e s e n t  a long  t h e  
s h o r e l i n e  o f  t h e  onshore Li tuya  d i s t r i c t ,  &ere  t h e  Yakataga and Topsy 
Formations crop o u t  with almost v e r t i c a l  d i p  (P l a fke r ,  1967, 1971). Offshore 
seismic da t a  i n d i c a t e  f l a t - l y i n g  sediment wi th in  3 km o f  t h e  coas t  near Li tuya  
Bay, sugges t ing  a f a u l t  or sharp  f o l d  with s i g n i f i c a n t  deformation and 
v e r t i c a l  displacement l i e s  near t h e  shore l ine .  High r e s o l u t i o n  se i smic  d a t a  
and Line  400 ( f i g .  16) i n d i c a t e  t h e  ex t ens ion  of t h i s  f a u l t  t o  t h e  sou theas t  
&ere  it merges with t he  o f f sho re  F a i r e a t h e r  f a u l t  system (von Huene and 
o t h e r s ,  1979, Car l son  and o t h e r s ,  1980),  and it could be a s t r i k e - s l i p  f a u l t  
with s i g n i f i c a n t  o f f s e t .  The f a u l t  may extend onshore t o  t h e  vest beneath t h e  
t h i c k  alluvium of t h e  Yakutat d i s t r i c t .  I n  genera l ,  t h e  l a t e  Cenozoic s t r a t a  
wi th in  the  e a s t e r n  subbasin show only  r eg iona l  d i p  to-rds t h e  b a s i n  a x i s ,  and 
a r e  deformed only a long  t h e  Li tuya  d i s t r i c t  f a u l t  zone and i t s  southern  
ex tens ion ,  and over  o r  around t h e  F a i r w a t h e r  Ground high. 

The = s t e r n  subbas in  l i e s  between t h e  Dangerous River zone and t h e  
compressional f o l d s  of t h e  Pamplona zone ( f i g s .  4-7).  The s t r u c t u r e  and 
isopach maps show t h a t  t h e  T e r t i a r y  sedimentary s e c t i o n  th i ckens  markedly west 
of t h e  Dangerous River  zone t o  g r e a t e r  t h a n  9 km south  of I cy  Bay, and 
inc ludes  a t h i c k  Paleogene s e c t i o n  (F-D sequence s t ra ta ) .  South of Yakutat 
Bay, roughly b e t w e n  t h e  s h e l f  break and t h e  c o a s t ,  this Paleogene s e c t i o n  has  
a maximum th i ckness  g r e a t e r  t h a n  5 km. I n  the *s tern  p a r t  of t h e  subbasin,  
t h e  th i ckness  and e x t e n t  of t h i s  s e c t i o n  i s  not w11 def ined ,  s i n c e  se i smic  
r e f l e c t i o n  and r e f r a c t i o n  da t a  g ive  only a n  approximate p o s i t i o n  f o r  hor izon  
F, b u t  t h e  s e c t i o n  i s  a t  l e a s t  4.5 km t h i c k .  The t h i c k e s t  par t  of t h e  
Paleogene s e c t i o n ,  a s  s e e n  i n  t h e  isopach map ( f i g .  71,  t r e n d s  roughly 



northwest ,  and may d e f i n e  t h e  e a r l y  T e r t i a r y  b a s i n  a x i s .  The s e c t i o n  i s  
t r u n c a t e d  a t  t h e  c o n t i n e n t a l  slope, and  t h i n s  o u t  o v e r ,  o n l a p s ,  or  i s  f a u l t e d  
o u t  a g a i n s t ,  the a c o u s t i c  basement a l o n g  t h e  Dangerous River zone. 

S t r a t a  i n  t h e  Paleogene s e c t i o n  =re a t  least  l o c a l l y  deformed p r i o r  t o  
h o r i z o n  D t i m e .  On seismic l i n e  403 ( f i g .  111, u p l i f t  o f  s t r a t a  i s  e v i d e n t  a t  
& a t  i s  now t h e  s h e l f  edge ( l o c a t i o n  1 )  and a  g e n t l e  a n t i c l i n e  is  p r e s e n t  i n  
Paleogene s t r a t a  i n  t h e  c e n t e r  o f  t h e  line ( l o c a t i o n  3 ) .  A dep th  s e c t i o n  o f  
t h i s  l i n e  ( f i g .  251,  with s e q u e n t i a l  f l a t t e n i n g  o n  h o r i z o n s  D, E and a  
h o r i z o n  U i n t e r m e d i a t e  b e t w e n  h o r i z o n s  D and E s u g g e s t s  t h e  f o l l o w i n g  
h i s t o r y .  1 )  S t r a t a  e r e  i n i t i a l l y  d e p o s i t e d  i n t o  a n  e x i s t i n g  b a s i n  o r  o n t o  a 
s u b s i d i n g  p l a t f o r m ,  with minor u p l i f t  a t  l o c a t i o n  1 prior t o  U t i m e  
( f i g .  2 5 ) .  P a l e o n t o l o g i c  d a t a  from dredged r o c k s  from t h e  F-D sequence 
s u g g e s t  t h e  r o c k s  = r e  d e p o s i t e d  i n  a  middle  t o  upper  b a t h y a l  environments ,  
and s h a l l o w  marine  sed iments  =re t r a n s p o r t e d  i n t o  t h e  b a s i n  ( P l a f k e r  and  
o t h e r s ,  1980). Thus, s t r a t a  were i n i t i a l l y  d e p o s i t e d  i n t o  a n  e x i s t i n g  
b a s i n .  2 )  B e t e e n  h o r i z o n  E and h o r i z o n  U t i m e ,  d i f f e r e n t i a l  s u b s i d e n c e  
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a  l o c a l  s t r u c t u r a l  h i g h  ( l o c a t i o n  3,  f i g .  2 5 ) .  
P r i o r  to h o r i z o n  D time, u p l i f t  o f  abou t  1 km a t  l o c a t i o n  1 t r u n c a t e d  p a r t  o f  
t h e  E-D s t r a t a .  3 )  F i n a l l y ,  d e p o s i t i o n  o f  D-SF s t r a t a  and  r e g i o n a l  subs idence  
b u r i e d  t h e  Paleogene s e c t i o n .  U p l i f t  a g a i n  o c c u r r e d  d u r i n g  middle  t o  la te  D- 
SF time, a s  s t r a t a  from t h i s  sequence a r e  t r u n c a t e d  a t  t h e  s e a f l o o r  near  t h e  
s h e l f  edge. The seismic d a t a  s u g g e s t  t h a t  major  e r o s i o n  d i d  no t  o c c u r  a t  
h o r i z o n  E t i m e ,  since no marked t r u n c a t i o n  of seismic r e f l e c t o r s  i n  t h e  F-E 
sequence is s e e n  a t  t h e  E h o r i z o n  i n  t h e  deformed zones on  section 403. 

S t r a t a  i n  t h e  F-E seguence a r e  unconformably o v e r l a i n  by s t r a t a  i n  t h e  
E-D sequence.  The age  d i f f e r e n c e  a c r o s s  h o r i z o n  E is  v a r i a b l e ,  s i n c e  
s u c c e s s i v e l y  younger s t r a t a  i n  t h e  E-D sequence o n l a p  t h e  E h o r i z o n  on  b o t h  
t h e  a n t i c l i n e  and o n  t h e  u p l i f t e d  s t r a t a  a t  t h e  s h e l f  edge. The a n g u l a r  
unconformity  may not  b e  p r e s e n t  i n  o t h e r  a r e a s  o f  t h e  s h e l f ,  as l i t t l e  
s t r u c t u r e  is  s e e n  i n  F-D s t r a t a  e x c e p t  o n  l i n e  403 and a t  t h e  s h e l f  edge 
b e t e e n  Alsek Canyon and Yakutat  v a l l e y .  Seismic d a t a  are  i n s u f f i c i e n t  t o  
d e f i n e  t h e  e x t e n t  o f  t h e  a n t i c l i n e  s e e n  on  s e c t i o n  403, b u t  b l o c k s  l e a s e d  
d u r i n g  OCS Sale 55, 1980, presumably a r e  on  t h i s  high and p r o v i d e  some 
i n d i c a t i o n  a s  t o  i t s  e x t e n t  and t o  t h e  l o c a t i o n  o f  some nearby,  smaller 
s t r u c t u r e s  ( f i g .  3 a ) .  

The s t r u c t u r e  and  i sopach  maps of s t r a t a  above h o r i z o n  D (D-SF s t r a t a ,  
f i g s .  4 ,  6 )  show t h a t  t h e  d e p o s i t i o n a l  a x i s  o f  t h e  l a t e  Cenozoic s t r a t a  i n  t h e  
wes te rn  s u b b a s i n  t r e n d s  east t o  =st, and l i es  near  t h e  coast. The s e c t i o n  
i n c r e a s e s  un i fo rmly  i n  t h i c k n e s s  from t h e  s h e l f  edge t o  t h e  b a s i n  a x i s ,  with a 
t h i c k n e s s  g r e a t e r  t h a n  5.5 km i n  t h e  d e e p e s t  part of t h e  b a s i n .  These s t r a t a  
a r e  r e l a t i v e l y  con t inuous  a c r o s s  t h e  Dangerous R i v e r  zone i n t o  t h e  e a s t e r n  
subbas in ,  with f a u l t i n g  and f o l d i n g  s e e n  nearshore  o n l y  a l o n g  t h e  n o r t h e r n  
extent of t h e  zone (Line 914, fig. 17) .  

Adjacent  t o  t h e  s t r u c t u r e s  of t h e  Pamplona zone, t h e  s t r u c t u r a l  c o n t o u r s  
o n  h o r i z o n  D show t h a t  t h e  D-SF sequence s t r a t a  are b o e d  down i n t o  a 
s t r u c t u r a l  l o w  b e n e a t h  t h e  c o n t i n e n t a l  s lope .  Howver ,  t h e  i sopach  map shows 
t h a t  t h e  s e c t i o n  m a i n t a i n s  t h e  same g e n e r a l  s t r i k e  and  un i fo rm i n c r e a s e  i n  
t h i c k n e s s  towards  t h e  b a s i n  a x i s  as i s  s e e n  i n  t h e  rest of  t h e  subbas in ,  



i n s t e a d  o f  showing a n  i n c r e a s e  i n  t h i c k n e s s  i n  t h e  s t r u c t u r a l  low. Thus, t h e  
l a t e  Cenozoic s e c t i o n  i n  t h i s  a r e a ,  r a t h e r  t h a n  b e i n g  d e p o s i t e d  i n t o  a 
p r e e x i s t i n g  s t r u c t u r a l  low, i s  a p p a r e n t l y  b e i n g  b o m d  down i n  response  t o  
compress ional  de format ion  a c r o s s  t h e  Pamplona zone. Elsewhere i n  t h e  # s t e r n  
subbas in ,  t h e  D-SF s t r a t a  show r e g i o n a l  subs idence  towards  t h e  b a s i n  a x i s ,  b u t  
are o t h e r w i s e  undeformed. 

SLOPE AND BASE OF SLOPE STRUCTURE 

Seismic  d a t a  c r o s s i n g  t h e  c o n t i n e n t a l  s l o p e  and  a d j a c e n t  deep ocean  show 
t h r e e  major  f e a t u r e s .  1 )  The e a r l y  T e r t i a r y  sequence (F-D s t r a t a )  i s  
t r u n c a t e d  a t  t h e  c o n t i n e n t a l  s l o p e ,  and  s t r a t a  above h o r i z o n  D (D-SF s t r a t a )  
i n  p a r t  p rograde  seaward over t h e  o l d e r  rocks.  2) A t h i c k ,  undeformed or  
m i l d l y  deformed a b y s s a l  sed imenta ry  s e c t i o n  i s  p r e s e n t  at t h e  b a s e  o f  t h e  
s l o p e ,  and i n  some areas o n l a p s  t h e  s lope .  3 )  Seismic  d a t a  show f a u l t i n g  
a l o n g  a r e l a t i v e l y  narrow zone a l o n g  t h e  c o n t i n e n t a l  s l o p e  o r  a t  t h e  b a s e  o f  
t h e  s l o p e ,  i n  p a r t  r e c e n t  h i g h  a n g l e  reverse o r  normal f a u l t s ,  and p o s s i b l y  
s t r i k e - s l i p  f a u l t i n g .  Most o f  t h e s e  f e a t u r e s  c a n  be r e a d i l y  s e e n  o n  t h e  
seismic data accompanying t h i s  r e p o r t  ( f rom west t o  east, l i n e s  404, 916, 906,  
403, 909, 400; f i g s .  8-16).  

Both dredge d a t a  ( P l a f k e r  and  o t h e r s ,  1980) and  seismic d a t a  show t h a t  
t h e  e a r l y  T e r t i a r y  and  o l d e r  s t r a t a  u n d e r l y i n g  t h e  c o n t i n e n t a l  s h e l f  ( s t r a t a  
be low h o r i z o n  D l  o u t c r o p  o n  t h e  c o n t i n e n t a l  slope th roughout  t h e  l e n g t h  o f  t h e  
Yakutat  segment. L a t e  Cenozoic s t r a t a  (D-SF sequence s t r a ta )  are t h i n  or n o t  
p r e s e n t  o n  t h e  s l o p e  e a s t  o f  abou t  Yakutat  V a l l e y ,  b u t  are t r u n c a t e d  a t  t h e  
s e a f l o o r  o n  t h e  c o n t i n e n t a l  s h e l f  as a r e s u l t  o f  u p l i f t  o n  t h e  F a i r w e a t h e r  
Ground high.  West o f  Yakutat  V a l l e y ,  t h e s e  s t r a t a  u n d e r l i e  t h e  upper  s l o p e ,  
and t h e  lower p a r t  o f  t h e  sequence h a s  p rograded  s e a m r d  o v e r  t h e  o l d e r  
s trata.  The upper  p a r t  of t h e  sequence o u t c r o p s  p r o g r e s s i v e l y  more landward 
with d e c r e a s i n g  age ,  i n d i c a t i n g  t h a t  t h e  sediment  supply h a s  b e e n  i n s u f f i c i e n t  
t o  keep pace  with subsidence.  These s t r a t a  are f l a t - l y i n g  t o  g e n t l y  landward- 
d i p p i n g  b e t w e n  Yakutat  V a l l e y  and  t h e  s t r u c t u r e s  o f  t h e  Pamplona zone, and  
have been  a f f e c t e d  o n l y  by r e g i o n a l  subsidence.  

Oceanic c r u s t  a t  t h e  b a s e  o f  t h e  s l o p e  i s  o v e r l a i n  by sed imenta ry  s t r a t a  
t h a t  i s  up t o  6 km t h i c k ;  a t  l e a s t  p a r t  of t h e  sed imenta ry  sequences  a p p e a r s  
t o  b e  o f  p re -P l iocene  a g e ,  i n  agreement wi th  von Huene and  o t h e r s  (1979) .  I n  
t h e  v i c i n i t y  of Yakobi V a l l e y ,  t h e  upper  p a r t  o f  t h e  a b y s s a l  s e c t i o n  a p p e a r s  
t o  onlap t h e  c o n t i n e n t a l  margin  ( l i n e s  400, 967, 9 0 9 ( ?  1 ,  and  unpubl i shed  
seismic s e c t i o n s ) .  F u r t h e r  to t h e  west, t h e s e  s t r a t a  may be f a u l t e d  a g a i n s t  
t h e  c o n t i n e n t a l  margin  ( l i n e s  404,  916, 906, 403; f i g s .  8-11). Nowhere c a n  
seismic r e f l e c t o r s  from t h e  a b y s s a l  s e c t i o n  b e  t r a c e d  b e n e a t h  t h e  c o n t i n e n t a l  
s l o p e ,  and r e f l e c t o r s  i n  g e n e r a l  t e r m i n a t e  a t  t h e  b a s e  of t h e  s l o p e  o r  o n l a p  
t h e  c o n t i n e n t a l  s lope .  

The a b y s s a l  s t r a t a  a r e  undeformed e x c e p t  f o r  u p l i f t  i n  a narrow zone a t  
the b a s e  o f  t h e  s l o p e  i n  a r e a s  a d j a c e n t  t o  t h e  F a i r w a t h e r  Ground high.  Two 
s t y l e s  of de format ion  a r e  p r e s e n t .  On seismic l i n e s  906( 11, 403, and  909 
( f i g s .  10, 11,  1 3 ) ,  t h e  amount o f  u p l i f t  a t  t h e  b a s e  o f  t h e  s l o p e  i s  a maximum 
i n  P l i o c e n e ( ? )  and  o l d e r  sed iments  (below h o r i z o n  A1 1 and d e c r e a s e s  u p w r d s  i n  
P l e i s t o c e n e ( ? )  s t r a t a  (~1-SF sequence) ;  o n l y  minor de format ion  i s  p r e s e n t  i n  



t h e  upper p a r t  o f  t h e  P L e i s t o c e n e ( ? )  s e c t i o n .  Thus, t h i s  u p l i f t  began p r i o r  
t o  h o r i z o n  A1 t i m e ,  o r  approx imate ly  d u r i n g  P l i o c e n e ( ? )  t ime.  The magnitude 
of u p l i f t  c a n  b e  e s t i m a t e d  f o r  l i n e s  403 and  909, and  i s  around 1 km and 2 km 
r e s p e c t i v e l y .  L a t e  Cenozoic u p l i f t  o n  t h e  s h e l f  edge and t h e  F a i r - a t h e r  
Ground h i g h  f o r  t h e s e  same t w  l i n e s  ms e a r l i e r  estimated as b e g i n n i n g  d u r i n g  
D-SF t i m e ,  with t h e s e  s t r a t a  b e i n g  P l i o c e n e  and younger,  and with magnitudes 
o f  around 1 and  2 km r e s p e c t i v e l y .  Thus, t h e  t i m e  o f  o n s e t  o f  de format ion  and 
t h e  magnitude o f  de format ion  f o r  s trata on  t h e  s h e l f  and a t  t h e  b a s e  o f  t h e  
s l o p e  a r e  abou t  t h e  same, s u g g e s t i n g  t h e  deformat ion a t  t h e  b a s e  o f  t h e  s l o p e  
i s  due t o  u p l i f t  o f  t h e  Fa i rwea ther  Ground high.  The s t r a t a  o f  t h e  o u t e r  
s h e l f ,  s l o p e ,  and b a s e  o f  s l o p e  between Yakobi V a l l e y  and Yakutat  V a l l e y  have 
b e e n  m r p e d  u p m r d s  d u r i n g  P l i o - P l e i s t o c e n e  t i m e ,  wi th  maximum u p l i f t  c e n t e r e d  
o n  Fa i rwea ther  Ground. A d d i t i o n a l  consequences o f  t h i s  u p l i f t  may i n c l u d e  
e r o s i o n a l  t r u n c a t i o n  o f  s t ra ta  a t  t h e  s e a f l o o r  a l o n g  t h e  c o n t i n e n t a l  s h e l f  and  
o v e r  F a i r w e a t h e r  Ground and t h e  s t e e p  average  g r a d i e n t  of t h e  c o n t i n e n t a l  
s l o p e ,  r a n g i n g  from 8O t o  1 6 O  with a mean of abou t  1 l o  ( A t m o d  and  o t h e r s ,  
1981).  

The second s t y l e  of deformat ion  a t  t h e  b a s e  o f  t h e  s l o p e  i s  s e e n  
s o u t h m s t  o f  Fai rwea ther  Ground. Bathymetr ic  d a t a  ( f i g .  3a;  Atmod and  
o t h e r s ,  1981) show t h r e e  s u b - p a r a l l e l  nor thwes t - t rend ing  r i d g e s  t h a t  are 15 t o  
30 km long. A s e i s m i c  l i n e  a c r o s s  one o f  t h e s e  r i d g e s  ( l i n e  967, f i g .  1 5 )  
shows t h a t  it i s  a young a n t i c l i n e  (pos t -hor izon  A1 time) t h a t  developed i n  
t h e  l a t e  P l e i s t o c e n e .  The r i d g e s  t r e n d  a lmos t  p e r p e n d i c u l a r  t o  t h e  N. 15O W .  
r e l a t i v e  convergence v e c t o r  f o r  t h e  P a c i f i c  and North America p l a t e s  (Minster 
and  J o r d a n ,  1978; Chase, 1978) and t h e  geometry s u g g e s t s  t h a t  t h e  s t r u c t u r e s  
developed i n  response  t o  t h i s  convergence ( A t w o d  and  o t h e r s ,  1981). 

On a l l  o f  t h e  seismic l i n e s  a c r o s s  t h e  c o n t i n e n t a l  s l o p e  ( f i g s .  9-16),  
f a u l t i n g  i s  l i k e l y  between t h e  o c e a n i c  b a s a l t  and t h e  o u t c r o p p i n g  c o n t i n e n t a l  
s h e l f  s e c t i o n .  A s  p r e v i o u s l y  d i s c u s s e d ,  f a u l t i n g  c o u l d  be i n  p a r t  due t o  
v e r t i c a l  o r  near  v e r t i c a l  f a u l t s  a s s o c i a t e d  with t h e  Fa i rwea ther  Ground 
u p l i f t ,  o r  t o  r e c e n t  convergence-associa ted deformat ion.  The l a c k  o f  o t h e r  
major  compress iona l  de format ion  i n  s t r a ta  o f  t h e  c o n t i n e n t a l  s h e l f  o r  a t  t h e  
base of t h e  s l o p e ,  and t h e  l a c k  of a n  a c c r e t e d  s e c t i o n  a l o n g  t h e  c o n t i n e n t a l  
s l o p e  s u g g e s t s  i f  a d d i t i o n a l  f a u l t i n g  o c c u r s ,  it i s  p r i m a r i l y  s t r i k e - s l i p ,  and 
major s u b d u c t i o n  o f  t h e  P a c i f i c  P l a t e  benea th  t h e  c o n t i n e n t a l  margin d u r i n g  
t h e  l a t e  Cenozoic i s  u n l i k e l y .  N o  f e a t u r e s  showing s t r i k e - s l i p  o f f s e t  have a s  
y e t  been  observed.  

An a r e a  of ba thymetx ic  r e l i e f  and s t r u c t u r a l  de format ion  is  p r e s e n t  i n  
t h e  a r e a  of Yushin Ridge ( A t m o d  and o t h e r s ,  1981) a l a r g e  n o r t h t e s t - t r e n d i n g  
ridge o r  set of r i d g e s  s u b p a r a l l e l  t o  t h e  b a s e  of t h e  s l o p e  s o u t h w s t  o f  
Yakutat  V a l l e y  ( f i g .  3a; a l s o  l i n e  404, f i g .  8 ;  s e e  a l s o  P l a f k e r  and o t h e r s ,  
1980, f i g s .  22,  23; and  A t w o d  and  o t h e r s ,  1981, s h e e t  2). Y u s h i n R i d g e  is  
about  5 km wide and 27  km long ,  and rises more t h a n  8 0 0  m above t h e  a d j a c e n t  
s e a f l o o r .  Se i smic  and  dredge d a t a  i n d i c a t e  t h a t  Yushin r i d g e  i s  composed o f  
e a r l y  T e r t i a r y  s t r a t a ,  and t h a t  r e l a t i v e l y  undeformed l a t e  Cenozoic sediment  
su r rounds  and buries t h e  r i d g e  ( P l a f k e r  and o t h e r s ,  1980; A t w o d  and o t h e r s ,  
1981).  Thus, t h i s  f e a t u r e  developed p r i o r  t o  t h e  l a te  Cenozoic and most 
l i k e l y  reflects an  e a r l y  t o  middle  T e r t i a r y  e r o s i o n a l  o r  t e c t o n i c  even t .  



GEOLOGIC HISTORY AND DISCUSSION 

P r i o r  t o  o r  about e a r l y  Eocene t ime,  block o r  t ransform f a u l t i n g  a long  
t h e  Dangerous River  zone c r e a t e d  a s t r u c t u r a l  high t o  t h e  e a s t  of the zone and 
a b a s i n  low t o  t h e  west. The subs id ing  b a s i n  was f l o o r e d  by e a r l y  Eocene 
b a s a l t  and interbedded sedimentary rocks. S t r a t a  depos i ted  i n t o  t h e  b a s i n  
onlapped t h e  b a s i n  f l o o r  towards t h e  Dangerous River  zone. The b a s i n ' a x i s  
t r ended  genera l ly  n o r t h e s t ,  c u t t i n g  obl ique ly  ac ros s  t h e  c u r r e n t  c o n t i n e n t a l  
s h e l f  ( f i g s .  4-71. Deposi t ion of Eocene and Oligocene s t r a t a  (F-D sequence 
s t r a t a )  occured i n  i nc reas ing ly  shal lo*r  w t e r  and t h e  lower p a r t  of t h e  
sequence i s  cha rac t e r i zed  by t r a n s p o r t  of sha l low water sediments i n t o  t h e  
deeper p a r t s  of t h e  b a s i n  ( P l a f k e r  and o t h e r s ,  1980).  The Dangerous River  
zone may mark t h e  e a r l y  T e r t i a r y  b a s i n  edge. 

West of t h e  Dangerous River  zone, l o c a l  u p l i f t  wi th in  t h e  Paleogene b a s i n  
occurred p r i o r  t o  approximately l a t e  Eocene t o  e a r l y  Oligocene t ime,  a s  
suggested by minor u p l i f t  a t  l o c a t i o n  1 on  t h e  r econs t ruc t ed  depth s e c t i o n  f o r  
l i n e  403 ( f i g .  2 5 ) .  A t  hor izon  E t ime,  d i f f e r e n t i a l  subsidence wi th in  t h e  
b a s i n  formed t h e  g e n t l e  s t r u c t u r a l  high seen  on l i n e  403.  This  deformation 
c r e a t e d  a l o c a l  unconformity a t  hor izon  E; t h e  unconformity does not appear t o  
be a f f e c t e d  by major erosion.  I n  t h e  r e s t  of t h e  western subbasin,  Eocene and 
Oligocene t ime i s  cha rac t e r i zed  by r eg iona l  subsidence a long  t h e  Paleogene 
b a s i n  a x i s ,  a s  no major s t r u c t u r e s  o r  unconfarmit ies  a r e  s een  i n  t h e  se i smic  
da ta .  ~ d d i t i o n a l  f a u l t i n g  a long  t h e  Dangerous River  zone may a l s o  have 
occurred,  r e s u l t i n g  i n  u p l i f t  o f  t h e  a r e a  e a s t  of t h e  zone. The seismic da ta  
leave  unc lea r  t h e  t iming  of e a r l y  T e r t i a r y  f a u l t i n g  a long  t h e  Dangerous River  
zone, b u t  f a u l t i n g  occurred p r i o r  t o  and dur ing  t h e  e a r l y  s t a g e s  of depos i t i on  
of t h e  F-D sequence s t r a t a .  

Horizon D i s  a t ime- s t r a t ig raph ic  break t h a t  may inc lude  p a r t  o r  a l l  of 
Miocene time. West of t h e  Dangerous River  zone, se i smic  r e f l e c t o r s  a r e  
conformable ac ros s  t h e  horizon, sugges t ing  t h a t  no major deformation occurred 
dur ing  t h e  h i a t u s .  The t i m e  i n t e r v a l  could  be a pe r iod  of r eg iona l  u p l i f t  and 
erosion.  U p l i f t  a long  t h e  Dangerous River  zone dur ing  D hor izon  t ime caused 
t r u n c a t i o n  of F-D s t r a t a  a t  t h e  D horizon,  The t e r r a i n  east of t h e  zone may 
have undergone major u p l i f t  dur ing  t h i s  t ime, r e s u l t i n g  i n  e r o s i o n  and 
s t r i p p i n g  of most of t h e  e a r l y  T e r t i a r y  sec t ion .  

By Pl iocene t i m e ,  and poss ib ly  dur ing  Miocene t ime,  depos i t i on  of D-SF 
s t r a t a  began, i n i t i a l l y  with t h e s e  sediments prograding ac ros s  t h e  c o n t i n e n t a l  
s h e l f  over  t h e  o l d e r  s t r a t a .  Gent le  u p l i f t  began i n  t h e  Fairweather  Ground 
a r e a  during e a r l y  D-SF t ime,  with more r a p i d  u p l i f t  occu r r ing  dur ing  about t h e  
l a s t  ha l f  of D-SF t ime (du r ing  approximately l a t e  P l iocene  t o  P l e i s tocene  
t i m e ) .  Maximum u p l i f t  i n  F a i r w a t h e r  Ground i s  a t  least  2 km and could  b e  
g rea t e r .  This  u p l i f t  r e s u l t e d  i n  t r u n c a t i o n  of Cretaceous through P le i s tocene  
s t r a t a  a t  t h e  s e a f l o o r  a long  t h e  u p l i f t  zone, deformation of s t r a t a  a t  t h e  
base of t h e  s lope ,  and poss ib ly  f a u l t i n g  a long  t h e  c o n t i n e n t a l  s lope  b e t w e n  
Yakobi Seaval ley and Yakutat Seavalley. Throughout t h e  a r e a ,  t h e  c o n t i n e n t a l  
s h e l f  is cha rac t e r i zed  by r e g i a n a l  subsidence dur ing  D-SF t ime,  with t h e  b a s i n  
a x i s  near and roughly p a r a l l e l  t o  t h e  c o a s t l i n e .  Reac t iva t ion  of f a u l t s  a long  
the Dangerous River  zone has r e s u l t e d  i n  u p l i f t  of D-SF s t r a t a  o f f sho re  of t h e  
Dangerous River  i n t o  a g e n t l e  a n t i c l i n e .  Addit ional  deformation of t h e  l a t e  



Cenozoic s t r a t a  i s  p r e s e n t  a l o n g  t h e  s h o r e l i n e  near  L i t u y a  bay ,  with marked 
u p l i f t  near  t h e  s h o r e l i n e ,  and  a l o n g  t h e  o f f s h o r e  e x t e n s i o n  o f  t h e  Fa i rw3a ther  
f a u l t .  F i n a l l y ,  r e c e n t  de format ion  o f  s t r a t a  a t  t h e  base o f  t h e  s l o p e  
s o u t h e a s t  o f  Fa i rwea ther  Ground h a s  c r e a t e d  a n t i c l i n e s  t h a t  t r e n d  almost 
p e r p e n d i c u l a r  t o  t h e  r e g i o n a l  North  America-Pacif ic  r e l a t i v e  convergence 
v e c t o r .  

The t r u n c a t i o n  o f  Paleogene s t r a t a  a t  t h e  c o n t i n e n t a l  s l o p e  s u g g e s t s  t h a t  
a t  some t i m e  d u r i n g  t h e  Cenozoic,  c o n t i n e n t a l  and  o c e a n i c  c r u s t  o f  very 
d i f f e r e n t  a g e s  have b e e n  jux taposed  a t  t h e  b a s e  o f  t h e  c o n t i n e n t a l  s l o p e .  The 
t h i c k n e s s  and e x t e n t  of t h e  Paleogene s e c t i o n  benea th  t h e  c o n t i n e n t a l  s h e l f  
-st of  t h e  Dangerous R i v e r  zone s u g g e s t s  t h a t  t h e s e  s t r a t a  e r e  a t  one t i m e  
much more e x t e n s i v e  t h a n  a t  p r e s e n t ,  and  t h a t  t h e  seaward p a r t  of t h e  
Paleogene b a s i n  i s  miss ing.  S i n c e  t h e  c u r r e n t  morphology of t h e  s l o p e  i s  i n  
p a r t  a response  t o  l a t e  Cenozoic u p l i f t ,  t h e  seaward p a r t  o f  t h e  b a s i n  might 
b e  t h e  t h i c k  sediment  i edge  a t  t h e  b a s e  o f  t h e  s lope .  The t h i c k n e s s  o f  t h e  
Paleogene s h e l f  s e c t i o n  a t  t h e  s l o p e  i s  s i m i l a r  t o  t h e  t h i c k n e s s  o f  t h e  p r e -  
P l i o c e n e  s t r a t a  a t  t h e  b a s e  o f  t h e  s l o p e  (see l i n e s  906, 403; f i g s .  10, 11) .  
However, dredge d a t a  i n d i c a t e  t h e  s h e l f  s t r a t a  were d e p o s i t e d  p r i m a r i l y  i n  
upper  b a t h y a l  t o  s h e l f  environments  ( P l a f k e r  and  o t h e r s ,  1980) ,  and  it seems 
u n l i k e l y  t h a t  t h e s e  s t r a t a  =re con t inuous  with t h e  t h i c k  sed imenta ry  sequence 
a t  t h e  b a s e  of t h e  s l o p e .  Also,  t h e  s e c t i o n  a t  t h e  b a s e  of t h e  s l o p e  i s  
l i k e l y  younger t h a n  t h e  Paleogene s t r a t a  of t h e  s h e l f ,  as sugges ted  by t h e  
s e i s m i c  age  t i e  t o  t h e  DSDP h o l e  178 d i s c u s s e d  earl ier  and  by o c e a n i c  magnet ic  
anomal ies .  The o c e a n i c  magnet ic  anomal ies  on  t h e  P a c i f i c  p l a t e  i n  n e a r  
p r o x i m i t y  t o  t h e  s h e l f  are i d e n t i f i e d  as numbers 7 th rough  14,  o r  Ol igocene i n  
age, a l though  t h i s  a g e  must i n  p a r t  be i n f e r r e d  a c r o s s  a zone a t  t h e  b a s e  o f  
t h e  s l o p e  where t h e  anomal ies  a r e  s e v e r e l y  a t t e n u a t e d  (Naugler  and Wageman, 
1973; Tay lor  and  O ' N e i l l ,  1974; Schwab and o t h e r s ,  1980).  Thus, t h e  
sed imenta ry  s t r a t a  o v e r l y i n g  o c e a n i c  c r u s t  a t  t h e  b a s e  of t h e  s l o p e  are most 
l i k e l y  Ol igocene and  younger,  t h u s  r e q u i r i n g  j u x t a p o s i t i o n  of t e r r a i n e  of v e r y  
d i f f e r e n t  ages.  

The t i m e  a t  which t h i s  j u x t a p o s i t i o n  took p l a c e  i s  most l i k e l y  a f t e r  
Ol igocene t i m e  b u t  p r i o r  t o  abou t  P l i o c e n e  t i m e ,  o r  d u r i n g  t h e  i n f e r r e d  h i a t u s  
a c r o s s  h o r i z o n  D. Evidence f o r  t h i s  is: 1 )  j u x t a p o s i t i o n  must have t a k e n  
p l a c e  a f t e r  c r e a t i o n  o f  t h e  Ol igocene o c e a n i c  crust; 2 )  Eocene th rough  
Oligocene s t r a t a  o f  t h e  s h e l f  a r e  t r u n c a t e d  a t  t h e  c o n t i n e n t a l  s l o p e ;  3 )  
s t ra ta  above h o r i z o n  D do no t  appear  t o  b e  t r u n c a t e d  a t  t h e  s l o p e  ( i n  
p a r t i c u l a r ,  see l i n e s  404,  916, and 906; f i g s .  8-10) ,  and  have no t  undergone 
major de format ion  d u r i n g  t h e  l a t e  Cenozoic, and 4 )  t h e  upper  p a r t  o f  t h e  
a b y s s a l  s e c t i o n ,  o f  P l i o c e n e  and  younger age ,  a p p e a r s  t o  o n l a p  t h e  c o n t i n e n t a l  
s l o p e  ( l i n e s  909, 967, 400; f i g s .  13,  15, 16) .  The j u x t a p o s i t i o n  o f  t h e  
c o n t i n e n t a l  s h e l f  and o c e a n i c  s e c t i o n s  c o u l d  have o c c u r r e d  e i t h e r  by 
subduc t ion  o r  b y  t r a n s f o r m  f a u l t i n g ,  b u t  t h e  l a c k  o f  an  e a r l y  T e r t i a r y  
a c c r e t e d  s e c t i o n  and  t h e  lack of major de format ion  of t h e  Paleogene s t r a t a  a t  
t h e  s h e l f  edge s u g g e s t  t h e  most l i k e l y  mechanism is  t r a n s f o r m  f a u l t i n g .  
Transform motion does  no t  a p p e a r  l i k e l y  d u r i n g  t h e  l a te  Cenozoic, b a s e d  o n  t h e  
o n l a p  r e l a t i o n s h i p  o f  P l i o - P l e i s t o c e n e  o c e a n i c  s t r a t a  a g a i n s t  t h e  c o n t i n e n t a l  
s h e l f ,  and  o n  t h e  absence  o f  de format ion  o f  t h e  l a t e  Cenozoic s h e l f  and s l o p e  
s t ra ta  ( s t r a t a  above h o r i z o n  Dl. The s h e l f  and s l o p e  of t h e  Yakutat  segment 
have, t h e r e f o r e ,  b e e n  i n  p rox imi ty  t o  t h e  a d j a c e n t  o c e a n i c  s e c t i o n  d u r i n g  a t  



l e a s t  P l io-Ple i s tocene  t i m e ,  and poss lb ly  longer ,  without major r e l a t i v e  
motion between t h e  tm t e r r a i n s  b y  e i t h e r  subduct ion or t ransform motion 
du r ing  t h i s  time period.  Thus, t h e  geologic  h i s t o r y  of  t h e  Yakutat segment 
i nc ludes  removal of t h e  seaward p a r t  of the Paleogene b a s i n ,  approximately 
du r ing  l a t e s t  Oligocene o r  e a r l y  Miocene t i m e  and n o r t h w s t  movement with t h e  
P a c i f i c  P l a t e  dur ing  Pl io-Ple i s tocene  t ime,  and p o s s i b l y  p a r t  o r  a l l  of 
Miocene t ime a s  -11. 

Addi t iona l  da t a  t h a t  support  t h e s e  conclusions inc lude  a l i n e a r  magnetic 
anomaly, t h e  s l o p e  anomaly, t h a t  l i e s  a long  t h e  c o n t i n e n t a l  s lope  of t h e  
Yakutat and Yakataga segments (Cross  Sound t o  Kayak I s l a n d )  and t r e n d s  ac ros s  
t h e  s h e l f  of t h e  Middleton segment (Kayak I s l and  t o  t h e  Kenai Peninsula) .  The 
sou rce  body f o r  t h i s  anomaly l i es  wi th in  s t r a t a  o f  t h e  c o n t i n e n t a l  s h e l f  
(Schwh and o t h e r s ,  1980) and i s  l i k e l y  t o  b e  t h e  Eocene b a s a l t  ( P l a f k e r  and 
o t h e r s ,  1980),  with t h e  anomaly r e s u l t i n g  as a n  edge e f f e c t  from t h e  t runca ted  
b a s a l t .  This  source body has been  subducted beneath t h e  Middleton s h e l f ,  and 
t h i s  r e l a t i o n  s t rong ly  i n d i c a t e s  t h a t  the c o n t i n e n t a l  margin from Cross Sound 
t o  Kayak I s l a n d  is  p a r t  of a micropla te ,  t h e  Yakutat b lock ,  t h a t  has  moved 
with t h e  P a c i f i c  p l a t e  dur ing  a t  least  t h e  l a s t  3-5 m.y. (Schuab and o t h e r s ,  
1979, 1980; B r u n s  and o t h e r s ,  1979). 

P l a f k e r  and o t h e r s  (1980) note t h a t  t h e  most probable provenance f o r  t h e  
dredged sandstones i n  t h e  e a r l y  T e r t i a r y  sequence of the Yakutat segment i s  
t h e  p l u t o n i c  and high grade metamorphic complex of t h e  c o a s t a l  mountains of 
B r i t i s h  Columbia and Alaska. Such a provenance impl ies  t h a t  t h e  dredged 
s t r a t a  have been d i sp l aced  no r th=s t  t o  t h e  Gulf of Alaska by t ransform 
f a u l t i n g  a long  t h e  North America p l a t e  margin. If cons t an t  movement of t h e  
Yakutat segment with t h e  P a c i f i c  p l a t e  i s  assumed, t h e n  a  pre l iminary  f i n i t e  
r o t a t i o n  of t h e  segment shows t h a t  i n  l a t e  Oligocene t o  e a r l y  Miocene t i m e ,  
t h e  segment l a y  roughly b e t e e n  t h e  p r e s e n t  p o s i t i o n  of Vancouver and t h e  
Queen Char lo t t e  i s l a n d s ,  i n  genera l  agreement with t h e  l o c a t i o n  favored by 
P l a f k e r  and o t h e r s  (1980) .  I f  t h e s e  i n t e r p r e t a t i o n s  a r e  c o r r e c t ,  t h a n  t h e  
geologic  h i s t o r y  of t h e  Yakutat segment i nc ludes  removal of t h e  s e a m r d  p a r t  
o f  t h e  Paleogene sedimentary sequence and r a f t i n g  of a combined Yakutat- 
Yakataga segment ( t h e  Yakutat b lock )  from, poss ib ly ,  a p o s i t i o n  a long  what i s  
now B r i t i s h  Columbia dur ing  l a t e  Oligocene t o  e a r l y  Miocene t i m e ,  and movement 
of t h e  segment n o r t h w r d  with t h e  P a c i f i c  p l a t e  dur ing  Miocene t o  p r e s e n t  
time. The Yakutat block i s  now c o l l i d i n g  with t h e  North America p l a t e ,  r a t h e r  
t h a n  forming a  p a r t  of  t h e  nor th  America p l a t e  and ove r r id ing  a  subduct ing 
P a c i f i c  p l a t e .  

SlMMARY OF STRUCTURE AND GEOLOGIC HISTORY 

The s t r u c t u r e  of t h e  Yakutat segment is shown by mult ichannel  se i smic  
d a t a  t o  be cha rac t e r i zed  by t h r e e  major s t r u c t u r a l  elements. The f i r s t  of 
these is a  l a r g e  s t r u c t u r a l  h igh  cen te red  on Fairweather  Ground and l y i n g  
genera l ly  a t  t h e  edge of t h e  s h e l f  from Cross Sound t o  s l i g h t l y  west of Alsek 
Valley. U p l i f t  of the high h a s  occurred l a r g e l y  dur ing  t h e  l a t e  Cenozoic, and 
a t  l e a s t  2 krn of upper Cenozoic s t r a t a  has been  eroded from t h e  crest of t h e  
high. The second m j o r  element is  a basement u p l i f t  a long  the Dangerous River  
zone, extending north from t h e  *s te rn  edge of Fairweather  Ground towards t h e  
mouth o f  t h e  Dangerous River. Acoustic basement on  t h e  seismic d a t a  shal lows 



markedly a c r o s s  t h e  zone, wi th  r e l i e f  o f  2 krn o r  more. The Dangerous R i v e r  
zone s e p a r a t e s  t h e  Yakutat  s h e l f  i n t o  t w  d i s t i n c t  s u b b a s i n s  i h i c h  form t h e  
t h i r d  main s t r u c t u r a l  element.  The e a s t e r n  s u b b a s i n  h a s  a maximum sediment  
t h i c k n e s s  o f  abou t  4 km, and t h e  a x i s  of t h e  b a s i n  is near  and  p a r a l l e l  t o  t h e  
coast. S t r a t a  i n  t h i s  b a s i n  a r e  l a r g e l y  of l a t e  Cenozoic age  and  g e n e r a l l y  
c o r r e l a t e  with t h e  onshore  Yakataga Formation. The w s t e r n  s u b b a s i n  h a s  a 
maximum o f  a t  l e a s t  9 km of  sediment ,  comprised o f  a t h i c k  ( g r e a t e r  t h a n  
4.5 km) Paleogene s e c t i o n  o v e r l a i n  by 4-4.5 km of l a t e  Cenozoic s t ra ta .  The 
Paleogene s e c t i o n  i s  t r u n c a t e d  a l o n g  t h e  Dangerous R i v e r  zone by a combinat ion 
of e r o s i o n ,  f a u l t i n g ,  and  o n l a p  o n t o  t h e  a c o u s t i c  basement. W i t h i n  t h e  
wes te rn  subbas in ,  t h e  Paleogene b a s i n  a x i s  appears t o  t r e n d  i n  a n o r t h e s t  
d i r e c t i o n  a c r o s s  t h e  s h e l f ,  whi le  t h e  l a t e  Cenozoic b a s i n  a x i s  i s  near  and 
p a r a l l e l  t o  t h e  c o a s t .  Sedimentary r o c k s  th roughout  t h e  Yakutat  s h e l f  show 
o n l y  minor de format ion  and  r e g i o n a l  subs idence  e x c e p t  i n  t h e  v i c i n i t y  o f  t h e  
F a i r e a t h e r  Ground s t r u c t u r a l  h i g h ,  near  and a l o n g  t h e  Dangerous R i v e r  zone, 
and a t  t h e  s h o r e l i n e  n e a r  L i t u y a  Bay. 

Se iamic  d a t a  a c r o s s  t h e  c o n t i n e n t a l  s l o p e  and a d j a c e n t  deep ocean  show 
t r u n c a t i o n  a t  t h e  c o n t i n e n t a l  s l o p e  of t h e  s h e l f  Paleogene s t r a t a ,  t h e  
p r e s e n c e  o f  a t h i c k  ( t o  6 km) undeformed o r  m i l d l y  deformed a b y s s a l  
sed imenta ry  s e c t i o n  a t  t h e  base o f  t h e  s l o p e  t h a t  i n  p a r t  o n l a p s  t h e  s l o p e ,  
and a r e l a t i v e l y  narrow zone a l o n g  t h e  s l o p e  o r  a t  t h e  b a s e  o f  t h e  s l o p e  where 
f a u l t i n g  may have occur red .  Deformation i s  p r i m a r i l y  r e l a t e d  t o  t h e  u p l i f t  o f  
F a i r w e a t h e r  Ground, and t o  r e c e n t ,  l o c a l  f o l d i n g  p e r p e n d i c u l a r  t o  t h e  P a c i f i c -  
North America r e l a t i v e  convergence v e c t o r .  No a c c r e t i o n a r y  s e c t i o n  is p r e s e n t  
a l o n g  t h e  c o n t i n e n t a l  s l o p e ,  and no major de format ion  is  observed  t o  s u g g e s t  
t h a t  con t inuous  s u b d u c t i o n  o f  t h e  P a c i f i c  p l a t e  benea th  t h e  Yakutat  margin  h a s  
o c c u r r e d  &wing t h e  late Cenozoic. Transform f a u l t i n g  a l o n g  t h e  b a s e  o f  t h e  
s l o p e  h a s  p robab ly  o c c u r r e d  d u r i n g  t h e  Cenozoic, a s  i n d i c a t e d  by j u x t a p o s i t i o n  
o f  p r o b a b l e  Ol igocene basement a g a i n s t  Mesozoic, Pa leocene  ( ? I ,  and Eocene 
sed imenta ry  s t r a t a  o f  t h e  Yakutat  s h e l f .  Th i s  j u x t a p o s i t i o n  most l i k e l y  
o c c u r r e d  d u r i n g  l a te  Oligocene and  e a r l y  Miocene t ime.  During much of  t h e  
l a t e  Cenozoic,  and  e s p e c i a l l y  d u r i n g  P l i o - P l e i s t o c e n e  t i m e ,  t h e  Yakutat  
segment h a s  b e e n  moving northward with t h e  P a c i f i c  p l a t e  and  c o l l i d i n g  with 
t h e  North America p l a t e ,  r a t h e r  t h a n  forming a p a r t  of t h e  North America p l a t e  
and  o v e r r i d i n g  a s u b d u c t i n g  P a c i f i c  p l a t e .  

PETROLEIM POTENTIAL 

The r o c k s  dredged from t h e  c o n t i n e n t a l  s l o p e  i n d i c a t e  t h a t  p o t e n t i a l  
hydrocarbon s o u r c e  and r e s e r v o i r  r o c k s  a r e  p r e s e n t  i n  t h e  Paleogene 
sed imenta ry  sequence ( P l a f k e r  and  CLaypool, 1979; PLafker and  o t h e r s ,  1980).  
These rocks  a r e  immature t o  m a r g i n a l l y  mature  o n  t h e  c o n t i n e n t a l  s l o p e ,  but 
should be more mature  b e n e a t h  t h e  c o n t i n e n t a l  s h e l f .  The s e i s m i c  d a t a  show 
t h a t  hydrocarbon t r a p s  may b e  p r e s e n t  i n  t h e  Paleogene s t r a t a  (F-D sequence 
s t r a t a ) ,  b u t  a r e  not  l i k e l y  i n  t h e  l a t e  Cenozoic s e c t i o n  (s t ra ta  above h o r i z o n  
Dl. T h i s  s e c t i o n  b r i e f l y  reviews t h e  r e s u l t s  o f  P l a f k e r  and  Claypool  (1979) 
and  P l a f k e r  and o t h e r s  (1980) o n  s o u r c e  and  r e s e r v o i r  rock c h a r a c t e r i s t i c s  and 
the rmal  m a t u r i t y  o f  r o c k s  on  t h e  c o n t i n e n t a l  s l o p e ,  d i s c u s s e s  t r a p  p o t e n t i a l  
a s  s e e n  i n  t h e  s e i s m i c  d a t a ,  and  u s e s  L o p a t i n ' s  method (Waples, 1980)  t o  
estimate t h e  the rmal  m a t u r i t y ,  pe t ro leum p o t e n t i a l  and  p o s s i b l e  pe t ro leum 
m i g r a t i o n  h i s t o r y  f o r  t h e  s t r a t a  benea th  t h e  c o n t i n e n t a l  s h e l f .  



Source  Rocks 

A n a l y s i s  of s e l e c t e d  dredge samples  from t h e  c o n t i n e n t a l  s l o p e  ( P l a f k e r  
and  Claypool ,  1979; P l a f k e r  and  o t h e r s ,  1980) i n d i c a t e s  t h a t  rocks with 
f a v o r a b l e  hydrocarbon s o u r c e  rock  c h a r a c t e r i s t i c s  are p r e s e n t  i n  t h e  Paleogene 
sed imenta ry  s t r a t a  ( U n i t s  D, E and  F of P l a f k e r  and  others, 1980; F-D sequence 
s t r a t a  of t h i s  r e p o r t ) .  Organic matter i n  s e l e c t e d  samples  i s  d o m i n a F l y  
herbaceous ,  with s u b o r d i n a t e  amounts of humic and amorphous kerogen. T o t a l -  
organic-carbon c o n t e n t  of t h e  a n a l y z e d  samples r a n g e s  from 0.42 t o  1.87 
p e r c e n t ,  and  averages g r e a t e r  t h a n  1.0 p e r c e n t .  T h i s  a v e r a g e  i s  above t h e  
g e n e r a l l y  a c c e p t e d  minimum v a l u e  o f  0.5 p e r c e n t  f o r  a r g i l l a c e o u s  hydrocarbon 
s o u r c e  r o c k s  ( T i s s o t  and  Welte, 1978). The kerogen  compos i t ion  i s  o f  a t y p e  
t h a t  c a n  g e n e r a t e  b o t h  l i q u i d  hydrocarbons  and gas ( P l a f k e r  and  Claypool ,  
1979; P l a f k e r  and o t h e r s ,  1980).  

Thermal M a t u r i t y  

I n d i c a t o r s  o f  t h e r m a l  m a t u r i t y  show t h a t  t h e  dredged samples from U n i t s  
D ,  E and  F a r e  immature t o  m a r g i n a l l y  mature ,  b u t  t h a t  samples  from Uni t  B a r e  
mature  t o  overmature  (PLafker  and Claypool ,  1979; P l a f k e r  and  o t h e r s ,  1980). 
O i l  g e n e r a t i o n  b e g i n s  at a t h e r m a l  a l t e r a t i o n  i n d e x  (TAX)  o f  a b o u t  2 and  a 
v i t r i n i t e  r e f l e c t a n c e  v a l u e  (Ro) o f  abou t  0.6 p e r c e n t ;  peak o i l  g e n e r a t i o n  
ends  a t  a TAI o f  around 3 and a v i t r i n i t e  r e f l e c t a n c e  of 1.35 p e r c e n t  (Dow, 
1977, 1979; T i s s o t  and  Welte, 1978).  V i t r i n i t e  r e f l e c t a n c e  v a l u e s  f o r  dredge 
samples  from u n i t s  D,  E and  F a r e  w i t h i n  t h e  range  o f  0.3 t o  0.6 p e r c e n t ;  o n l y  
a few samples a r e  near  ox g r e a t e r  t h a n  0.6 p e r c e n t  (see T a b l e  5 a n d  fig. 22 o f  
P l a f k e r  and  o t h e r s ,  1980).  The TAI f o r  t h e s e  samples  r a n g e s  from 1.2 t o  2.3 
wi th  most samples around 1.9 t o  2.1 (see T a b l e  4 ,  P l a f k e r  and  o t h e r s ,  1980).  
Thus, in g e n e r a l ,  t h e s e  r o c k s  are immature, and  o n l y  a f e w  samples approach 
t h e m 1  m a t u r i t y .  V i t r i n i t e  r e f l e c t a n c e  v a l u e s  from U n i t  B r ange  from about  
0.4 t o  3 p e r c e n t ,  and  TAT v a l u e s  from 2.3 t o  3.6 i n d i c a t i n g  t h a t  t h e s e  socks 
a r e  mature  t o  ovenna ture  (Plafker and o t h e r s ,  1980).  

R e s e r v o i r  Rocks 

P l a f k e r  and  o t h e r s  (1980) found t h a t  most of t h e  dredged s a n d s t o n e  
samples have p o o r  r e s e r v o i r  q u a l i t i e s  due t o  t h e  p r e s e n c e  o f  abundant u n s t a b l e  
m i n e r a l  and rock f ragments ,  common c a l c i t e  cement, and  s i l i c e o u s ,  z e o l i t e  and  
c l a y  p o r e  f i l l i n g s .  A f e w  samples  of s a n d s t o n e  with p e r m e a b i l i t i e s  and  
p o r o s i t i e s  s u f f i c i e n t  t o  s e r v e  as r e s e r v o i r  r o c k s  were r e c o v e r e d  from U n i t s  B ,  
D and  E d u r i n g  dredging;  i n  t h e s e  r o c k s ,  the p e r m e a b i l i t y  and  p o r o s i t y  a p p e a r  
t o  be l a r g e l y  secondary.  

Hydrocarbon Traps 

Except f o r  t h e  a n t i c l i n e  n e a r  the  Dangerous R i v e r ,  seismic d a t a  do n o t  
show any l a te  Cenozoic a n t i c l i n a l  f o l d s  o n  t h e  Yakutat  s h e l f  similar t o  t h o s e  
found o n  t h e  a d j a c e n t  Yakataga s h e l f  t o  t h e  west (Bruns ,  1979; Bruns and  
S c h b ,  i n  p r e s s ) .  A t  l e a s t  one l a r g e  a n t i c l i n e  i s  p r e s e n t  i n  the e a r l y  
Tertiary s e c t i o n  ( l i n e  403, f i g .  11 and  f i g .  25, l o c a t i o n  21, and t h e  e x t e n t  
o f  t h i s  s t r u c t u r e  and p o s s i b l y  t h a t  of some s m a l l e r ,  s i m i l a r  s t r u c t u r e s ,  c a n  
be i n f e r r e d  from t h e  b l o c k s  leased i n  t h e  1980 l e a s e  s a l e  55 ( f i g .  3 ) .  T h i s  



a n t i c l i n e  developed p r i o r  t o  about l a t e  Oligocene time and could serve  as an  
e f f e c t i v e  t r ap .  Additional s t r u c t u r e s  may be present ,  b u t  not seen i n  t h e  
widely spaced seismic data. 

The Dangerous River zone may provide p o s s i b i l i t i e s  f o r  s t r a t i g r a p h i c  and 
s t r u c t u r a l  t r aps .  Paleogene s t r a t a  l a p  onto t h e  acoust ic  basement and may, i n  
p a r t ,  be f a u l t e d  agains t  pre-Tert iary s t r a t a  along t h e  Dangerous River zone. 
These p o t e n t i a l  t r a p s  genera l ly  a r e  updip from t h e  b a s i n  a x i s ,  and could t r a p  
hydrocarbons migrating out  of t h e  b a s i n  lows. The Dangerous River zone may 
have farmed t h e  Paleogene b a s i n  margin. A s  noted by Plafker  and o the r s  
(19801, t h e r e  may the re fo re  be enhanced oppor tuni t ies  f o r  t h e  presence of 
coarse c l a s t i c  rocks, up-dip s t r a t i g r a p h i c  t r a p s ,  poss ib le  Eocene carbonate 
r e e f s ,  and f a u l t  s e a l s  along t h e  zone. I n  addi t ion ,  t h e  overlying l a t e  
Cenozoic s e c t i o n  could provide a s e a l  over t h e  Paleogene s t r a t a  i n  same areas .  

The u p l i f t  of t h e  Fairweather Ground high i s  unlikely t o  provide 
s i g n i f i c a n t  t r a p  p o s s i b i l i t i e s ,  s ince  Ter t i a ry  s t r a t a  around t h e  high 
general ly outcrop a t  t h e  seaf loor ,  and apparently no e f f e c t i v e  s e a l  is 
present .  Possible exceptions t o  t h i s  may occur on t h e  =st end of t h e  high 
along t h e  Dangerous River zone. 

Lopatin Calculat ions On Thermal Maturi ty 

The method of Lopatin (Waples, 1980)  can be used t o  evaluate t h e  thermal 
maturi ty of t h e  s t r a t a  beneath t h e  she l f .  T h i s  method t akes  i n t o  account t h e  
cumulative e f f e c t s  of both time and temperature on  t h e  maturation of organic 
matter.  Waples (1980) describes t h e  method i n  d e t a i l ,  and shows t h a t  t h e  
time-temperature index of maturi ty ( T T I )  t h a t  is  ca lcu la ted  by t h i s  method 
general ly agrees with o the r  ind ica to r s  of thermal maturity. The threshold  
values  of Lapatin'  s time-temperature index (TTI , and corresponding v i t r i n i t e  
r e f l ec tance  (Ro) and thermal a l t e r a t i o n  index (TAT) values a r e  (see  Waples, 
1980, Table 5 ) :  

TAI 
2.65 Onset of o i l  generat ion 
2.9 Peak o i l  generat ion 
3.2 End of o i l  generat ion 
3.75 Wet gas preservat ion  deadline 

Use of Lopatin 's  method requ i res  es t imates  of t h e  geothermal gradient  and 
t h e  b u r i a l  h i s t o r y  of t h e  sec t ion  of i n t e r e s t .  I n  addi t ion ,  t h r e e  major 
s implifying assumptions a r e  made (Waples, 1980): 1 )  a constant  temperature 
gradient  with depth; 2 )  a constant  temperature gradient  through t i m e ;  3 )  and a 
r e l a t i v e l y  uniform r a t e  of sedimentation f o r  t h e  age u n i t s  used i n  t h e  
ca lcula t ion .  

The b u r i a l  h i s t o r y  f o r  sediments beneath t h e  Yakutat she l f  can be 
estimated from t h e  seismic data.  The mapped horizons give sediment 
thicknesses throughout t he  shelf area. Horizon F ,  ly ing  a t  l e a s t  i n  par t  on 
t h e  top  of Eocene b a s a l t ,  i s  assigned a n  age of 50 M.Y., o r  about t h e  age of 
t h e  b a s a l t  a8 determined by Plafker  and o the r s  (1980). Horizon E i s  
considered t o  be  on middle Oligocene s t r a t a ,  o r  about 30 M.Y. T w  end member 



cases a r e  considered for horizon D. F i r s t ,  horizon D i s  taken as sepa ra t ing  
Oligocene from Pliocene s t r a t a ,  s o  t h a t  t h e r e  is a h i a t u s  from about 22.5 t o  
5 M.Y. (D-horizon unconformity case ) .  The e f f e c t  of t h i s  assumption is t h a t  
s t r a t a  remain a t  a cons tan t  b u r i a l  depth and temperature window f o r  t h e  pe r iod  
22.5 t o  5 M.Y. This case  corresponds t o  age e s t ima te s  of t h e  she l f  s t r a t a  as 
discussed earl ier  i n  t h i s  s tudy,  bu t  does not  t ake  i n t o  account poss ib l e  
depos i t ion  of Miocene s t r a t a  and subsequent s t r i p p i n g  during a per iod  of 
erosion.  Maturity could be g r e a t e r  than  t h a t  ca l cu la t ed .  This  case  gives a 
conserva t ive  e s t ima te  of thermal matur i ty  f o r  ohelf s t r a t a .  The second case 
cons iders  depos i t ion  a s  continuous across horizon D during Neogene and 
Quaternary time (continuous depos i t ion  case). The e f f e c t  of t h i s  assumption 
is  t h a t  t h e  ca l cu la t ed  maturi ty  i s  optomized. 

The geothermal grad ien t  used f o r  t h e  c a l c u l a t i o n  i s  25O C/km, as  measured 
i n  t h e  Continental  Offshore S t r a t i g r a p h i c  Test  (COST) well  d r i l l e d  southwest 
of Icy Bay (Bolm and o the r s ,  1976). W e l l  l ogs  f o r  Colorado Oil and G a s  
Yakutat wel l s  #1 and 3 g ive  bottom hole temperatures t h a t  yield a g rad ien t  as 
high a s  30° C/km, and from t h e  o f f sho re  w e l l s  southwest of Icy Bay, t h e  
gradien t  may be lower than 20° C/km. The e f f e c t  of t h e  higher  and lower 
g rad ien t s  on t h e  ca l cu la t ed  r e s u l t s  w i l l  be discussed l a t e r .  

Lopatin diagrams for t h e  two cases  a r e  shown i n  f i g u r e  26. The 
r econs t ruc t ion  of b u r i a l  h i s t o r y  i s  f o r  s t r a t a  ad jacent  t o  t he  main s t r u c t u r e  
l ea sed  during l e a s e  s a l e  55, and is a t  l oca t ion  2 on l i n e  403 ( f i g s .  11, 
2 5 ) .  The o i l  generat ion window i s  shown by l i n e s  corresponding t o  a 
c a l c u l a t e d  TTI of 15 (Ro = 0.6%) and TTI of 160 (Ro = 1.30%). Severa l  
conclusions a r e  common t o  both cases. 1 )  Only s t r a t a  i n  t h e  Eocene sequence 
have en te red  o r  gone through t h e  o i l  window; and t h e  upper p a r t  of t h e  Eocene 
s t r a t a ,  and Oligocene and younger rocks a t  t h i s  l oca t ion  a r e  l i k e l y  t o  be 
immature. 2 )  O i l  generat ion wi th in  t h e s e  s t r a t a  may have s t a r t e d  dur ing  l a t e  
Oligocene and Miocene time, with rocks reaching a s u f f i c i e n t  depth f o r  peak 
o i l  genera t ion  (TTI = 75) i n  Miocene time. 3 )  Buria l  had t o  be g r e a t e r  than  
about 4 t o  4.5 h f o r  o i l  genera t ion  t o  begin. 4 )  Only rocks below about 4.5 
km (D horizon unconformity c a s e )  or 4 km (continuous depos i t ion  c a s e )  a r e  
c u r r e n t l y  i n  or below t h e  o i l  window. 5 )  The o i l  generat ion window i s  about 
1.5 km t h i ck .  The main d i f f e r ence  between t h e  two cases considered i s  t h a t  
t h e  o i l  generat ion window i s  about 0.6 b higher  i n  t h e  sec t ion  f o r  t h e  
cont inous depos i t ion  case  than  f o r  t h e  D horizon unconformity case.  
Ca lcu la t ions  f o r  geothermal g rad ien t s  of 20° and 30a C/km move t h e  o i l  
generat ion window about 1 km deeper o r  0.7 ?un higher ,  r e spec t ive ly ,  i n  t h e  
s e c t i o n  than  discussed above. 

Lopat in c a l c u l a t i o n s  f o r  o t h e r  areas of t h e  she l f  have been combined t o  
show t h e  o i l  generat ion window f o r  25* C/km i n  two c ros s  s e c t i o n s  ( f i g .  27; 
l o c a t i o n s  shown i n  f i g .  3). Sect ion  A-A' i s  along l i n e  912 and extends on 
s t r i k e  t o  t he  west t o  l i n e  404. The s e c t i o n  c ros ses  t h e  t h i c k e s t  p a r t  of t h e  
e a r l y  T e r t i a r y  bas in  along t h e  i n f e r r e d  e a r l y  T e r t i a r y  bas in  ax is .  Sec t ion  
B-B' corresponds t o  seismic l i n e  906, and crosses t h e  c o n t i n e n t a l  margin. 
These two cross-sec t ions  suggest  t h e  fol lowing conclusions. 1 )  The t o p  of t h e  
o i l  generat ion window ranges from about 5.5 t o  4 km f o r  t h e  D horizon 
unconformity case,  and is about 0.5 km higher  f o r  t h e  continuous depos i t ion  
case. The average depth i s  about 5 km and 4.5 km r e spec t ive ly .  2 )  The base 



o f  t h e  o i l  g e n e r a t i o n  window i s  about  1.5 km deeper.  3)  P o t e n t i a l l y  mature  
rocks are p r i m a r i l y  of Eocene age.  Ol igocene s t r a t a  may b e  mature  o n l y  
b e n e a t h  t h e  t h i c k e s t  parts o f  t h e  Neogene and Qua te rnary  sedimentary  b a s i n ,  
p r i m a r i l y  i n  a r e a s  b e n e a t h  t h e  a x i s  and t h e  - s t e r n  q u a r t e r  o f  t h e  b a s i n .  
Neogene r o c k s  a r e  p o t e n t i a l l y  mature  o n l y  below t h e  a x i s  o f  t h e  b a s i n .  4 )  
P o t e n t i a l l y  mature  s t r a t a  are most l i k e l y  p r e s e n t  o n l y  =st of  t h e  Dangerous 
R i v e r  zone. 5) S t r a t a  at t h e  c o n t i n e n t a l  s l o p e  a r e  l i k e l y  to be inmathre.  T h i s  
c o n c l u s i o n  matches observed  t h e r m a l  m a t u r i t y  i n d i c a t o r s  i n  t h e  dredged rock  
samples.  

I n  g e n e r a l ,  hydrocarbon g e n e r a t i o n  th roughout  t h e  b a s i n  may have begun i n  
Eocene s t r a t a  i n  abou t  Miocene t i m e .  M i g r a t i o n  o f  t h e s e  hydrocarbons  upd ip  
wuZd d r i v e  t h e  g e n e r a t e d  hydrocarbons  towards  t h e  edges  o f  t h e  b a s i n  onshore  
and a t  t h e  c o n t i n e n t a l  s l o p e  where t h e  p o t e n t i a l  f o r  t r a p s  appears t o  b e  p o o r ,  
and  e a s t  up  t h e  b a s i n  a x i s  towards  t h e  Dangerous River zone and  t h e  s t r u c t u r e s  
l e a s e d  d u r i n g  l e a s e  s a l e  55. These s t r u c t u r e s  formed a t  least i n  p a r t  d u r i n g  
Ol igocene t o  e a r l y  Miocene t i m e ,  o r  p r i o r  t o  o r  d u r i n g  p o t e n t i a l  hydrocarbon 
g e n e r a t i o n  and m i g r a t i o n ,  and may t h u s  have good p o t e n t i a l  f o r  t r a p p i n g  
m i g r a t i n g  hydrocarbons.  

The L o p a t i n  c a l c u l a t i o n s  s t r o n g l y  s u g g e s t  t h a t  if s u i t a b L e  s o u r c e  rocks  
are p r e s e n t  i n  t h e  Eocene s t r a t a  b e n e a t h  t h e  s h e l f ,  a t  Leas t  some of t h e s e  
s t r a t a  a r e  mature  enough t o  have g e n e r a t e d  hydrocarbons.  S i n c e  t h e  dredge 
samples s u g g e s t  s o u r c e  r o c k s  are p r e s e n t  i n  t h e  exposed s e c t i o n ,  t h e  major  
unknowns are whether m i g r a t i o n  h a s  o c c u r r e d  and whether s u i t a b l e  r e s e r v o i r  
r o c k s  a r e  p r e s e n t  t o  t r a p  m i g r a t i n g  hydrocarbons.  

The L o p a t i n  c a l c u l a t i o n s  c a n  b e  combined with volume e s t i m a t e s  o f  
sed imenta ry  r o c k s  of t h e  Yakutat  s h e l f  and s l o p e  t o  e s t i m a t e  t h e  volume o f  
sediment  t h a t  may be i n  o r  below the  o i l  window. The t o t a l  volume o f  sediment 
c a n  b e  measured from t h e  s t r u c t u r a l  con tour  maps. The l i m i t s  o f  t h e  a r e a  
c o n s i d e r e d  a r e  b e t e e n  t h e  Yakobi Trough and  t h e  Pamplona zone, and t h e  
s h o r e l i n e  (ex tended  a c r o s s  t h e  mouths of the major b a y s )  and t h e  e a r l y  
T e r t i a r y  o u t c r o p  o r  subcrop at t h e  c o n t i n e n t a l  s h e l f .  I n  a r e a s  where c o n t o u r s  
are no t  d e f i n e d  by t h e  s e i s m i c  d a t a ,  t h e  c o n t o u r s  a r e  e s t i m a t e d  by e x t e n d i n g  
them a l o n g  s t r i k e .  With t h e s e  l i m i t s  and  assumptions ,  t h e  t o t a l  volume i s  

3 3 
about  138,500 km of  which 75,000 krn or  54% a r e  Eocene and  Ol igocene s t r a t a  

3 (F-D sequence s t r a ta )  and 63,500 km o r  46% a r e  Neogene and Qua te rnary  s t ra ta  
(D-SF sequence s t r a t a ) .  Approximately 90% of  t h e  t o t a l  sediment  volume i s  
east  o f  t h e  Dangerous R i v e r  zone ( e a s t  o f  t h e  e a r l y  T e r t i a r y  subcrop  l i n e ,  
f i g s .  4-71. For t h e  D h o r i z o n  unconformity  c a s e  and a geothermal  g r a d i e n t  of 
25* C/km, t h e  average  dep th  t o  t h e  o i l  window i s  about  5 km, and t h e  volume of  
sediment  i n  or below t h e  t h r e s h o l d  f o r  o i l  g e n e r a t i o n  is  t h e r e f o r e  abou t  23% 
( f i g .  2 8 ) .  For  t h e  con t inouous  d e p o s i t i o n  c a s e ,  a v e r a g i n g  abou t  4.5 km t o  t h e  
o i l  window, t h e  volume i s  about  28%. For geothermal  g r a d i e n t s  o f  20°  and  30° 
C/km, the cor responding  volume ranges  a r e  abou t  13 t o  18% and  34 t o  40% 
r e s p e c t i v e l y .  S i n c e  a lmos t  a l l  t h e  s t r a t a  i n  t h e  o i l  window are o f  Paleogene 
age ,  these volume r a n g e s  s u g g e s t  t h a t  from 25% ( a t  20° C/km) t o  70% (at 300 
C/km) of t h e  t o t a l  PaLeogene s e c t i o n  c o u l d  b e  w i t h i n  o r  be low t h e  o i l  window, 
depending o n  t h e  assumptions  o f  b u r i a l  h i s t o r y  and  geothermal  g r a d i e n t .  



Even though d r i l l i n g  r e s u l t s  i n  t h e  Gulf of Alaska have s o  far been 
d isappoin t ing ,  t h e r e  are s t i l l  reasons f o r  cons iderable  optimism f o r  t h e  
discovery of economic hydrocarbons beneath t h e  Yakutat segment. The major 
p o s i t i v e  cons ide ra t ion  i s  t h e  presence of organic- r ich  rocks  dredged from t h e  
c o n t i n e n t a l  s lope  t h a t  could b e  good source  rocks beneath t h e  c o n t i n e n t a l  
s h e l f .  These rocks extend beneath t h e  ad jacent  Yakataga segment, and a r e  t h e  
l i k e l y  source f o r  t h e  numerous seeps  onshore. These s t r a t a  a r e  un te s t ed  by 
d r i l l i n g  t h a t  has  s o  f a r  t aken  place.  Thus, t h e  major e x p l o r a t i o n  s t r a t e g y  
f o r  t h e  Gulf of Alaska i s  t o  search  f o r  t h e  Eocene-Oligocene s t r a t a  i n  
favorable  t r a p  l o c a t i o n s  a t  d r i l l a b l e  depths beneath t h e  Yakutat and Yakataga 
segments. 

SIMMARY O F  PETROLEW POTENTIAL 

Rocks dredged from t h e  c o n t i n e n t a l  s l o p e  i n d i c a t e  t h a t  p o t e n t i a l  source 
rocks  a r e  p re sen t  i n  t h e  Paleogene sedimentary rocks,  b u t  t h e s e  rocks  a r e  
thermal ly  immature t o  margina l ly  mature. Sandstones with s u f f i c i e n t  p o r o s i t y  
and permeabi l i ty  t o  b e  r e s e r v o i r  rocks are p r e s e n t  wi th in  t h e  Paleogene 
sec t ion ;  t h e  p o r o s i t y  i s  p r i m a r i l y  secondary. Neogene and Quaternary rocks 
a r e  considered t o  have poor 'source r e s e r v o i r  rock p o t e n t i a l ,  a s  i n d i c a t e d  by 
numerous dry  t e s t  -11s d r i l l e d  i n t o  s t r a t a  of t h i s  age onshore and on t h e  
Yakataga s h e l f  (P l a fke r  and o t h e r s ,  1978, 1980). S t r u c t u r a l  and s t r a t i g r a p h i c  
t r a p s  a r e  e i t h e r  known t o  be p re sen t  or  are l i k e l y ,  p r imar i ly  a long  or near 
t h e  Dangerous River  zone, b u t  t h e s e  t r a p s  a r e  genera l ly  subt le .  

Lopat in c a l c u l a t i o n s  (Waples, 1980) f o r  t h e  s h e l f  sedimentary s e c t i o n  
sugges t  t h a t  s t r a t a  a t  a depth of 4 t o  5 km and deeper a r e  l i k e l y  t o  be i n  o r  
below t h e  o i l  genera t ion  th re sho ld ,  with t h e  depth dependant on  assumptions of 
b u r i a l  h i s t o r y  and geothermal g rad ien t  (figs. 26-28). I n  genera l ,  t h e  s t r a t a  
wi th in  t h e  oil .  window a r e  p r i m a r i l y  of Eocene age,  with Oligocene s t r a t a  
thermal ly  mature only i n  the  deepest  p a r t s  of t h e  basin.  About 25% t o  70% by 
volume o f  t h e  Paleogene s e c t i o n  could be thermal ly  mature or overmature 
depending on  assumptions of geothermal g rad ien t  and b u r i a l  h i s t o r y .  These 
s t r a t a  a r e  contained wi th in  t h e  w s t e r n  subbasin of t h e  Yakutat s h e l f  (west of  
t h e  Dangerous River  zone); s t r a t a  i n  t h e  e a s t  subbas in  are l i k e l y  of Neogene 
and Quaternary age and have l i t t l e  resource  p o t e n t i a l .  I f  hydrocarbons have 
been  generated wi th in  t h e  Paleogene s e c t i o n ,  genera t ion  m u l d  have s t a r t e d  
dur ing  e a r l y  Miocene t ime,  a f t e r  formation of t h e  known t r a p s  beneath t h e  
s h e l f ,  Updip migra t ion  of t h e  generated hydrocarbons m u l d  be towards t h e  
edges of t h e  b a s i n  onshore and a t  t h e  c o n t i n e n t a l  s lope ,  h e r e  p o t e n t i a l  for  
trapping t h e  hydrocarbons appears  poor,  and up t h e  a x i s  of t h e  b a s i n  towards 
t h e  t r a p s  near and along t h e  Dangerous River  zone. Major  unknowns a r e  whether 
migra t ion  of hydrocarbons has f i l l e d  such t r a p s  and *ether s u f f i c i e n t  
r e s e r v o i r  rock i s  p r e s e n t  t o  a l l o w  commercial accumulations o f  hydrocarbons. 

D r i l l i n g  i n  t h e  nor thern  Gulf of Alaska has  t e s t e d  t h e  upper Cenozoic 
s t r a t a ,  b u t  s o  f a r  has  not adequately t e s t e d  t h e  Eocene and Oligocene 
s t r a t a .  The primary exp lo ra t ion  s t r a t e g y  for t h e  Gulf of Alaska i s  now t h e  
search  f o r  t h e  Eocene and Oligocene s t r a t a  i n  t h e  Yakutat segment and t h e  
ad j acen t  Yakataga segment. Discovery of economic petroleum i s  Largely 
dependant on  f i n d i n g  t h e s e  s t r a t a  i n  favorable  t r a p s ,  a t  d r i l l a b l e  depths,  and 
with adequate reservoir rocks. 
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Index map  o f  Alaska showing s t u d y  a r e a .  

S i m p l i f i e d  g e o l o g i c  and t e c t o n i c  s e t t i n g  o f  t h e  n o r t h e r n  Gulf o f  
Alaska showing s t r u c t u r a l  t r e n d s  and g e n e r a l  d i s t r i b u t i o n  of 
P a l e o z o i c ,  Mesozoic and Cenozoic rocks .  Geology a f t e r  Beikman 
( 1980 ) ; P a c i f i c  p l a t e - N o r t h  America p l a t e  r e l a t i v e  convergence 
v e c t o r  ( l a r g e  arrow) from M i n s t e r  and  J o r d a n  ( 1978).  CS-Cross 
Sound; DF-Denali f a u l t ;  DRF-Duke River f a u l t ;  F F - F a i r e a t h e r  
f a u l t ;  FG-Fairweather Ground; IB-Icy Bay; KI-Kayak I s l a n d ;  PZ- 
Pamplona zone; QC-FF-Queen C h a r l o t t e - F a i r w a t h e r  f a u l t  system; 
TF-Totschunda f a u l t ;  YB-Yakutat Bay; Wrangel l  Volcs-Wrangell 
volcanoes  and  v o l c a n i c  f i e l d .  

Index map o f  s t u d y  a r e a  showing p l a c e  names and m u l t i c h a n n e l  
s e i s m i c  r e f l e c t i o n  t r a c k l i n e s .  Heavy, numbered l i n e s  a r e  shown 
i n  f i g u r e s  8-19 and  d i s c u s s e d  i n  t h e  t e x t .  Also  shown a r e  OCS 
Lease S a l e  55 t r a c t s ,  sonobuoy l o c a t i o n s  (sonobuoy symbol i s  nex t  
t o  s e i s m i c  l i n e  a l o n g  which sonobuoy d a t a  was r e c o r d e d ) ,  l o c a t i o n  
o f  d e p t h  s e c t i o n s  shown i n  f i g u r e s  2 3 / 2 4 ,  and  25,  and  l o c a t i o n  o f  
s e c t i o n s  AA' and  BB' shown i n  f i g u r e  27. 

G e n e r a l i z e d  g e o l o g i c  map showing bedrock o u t c r o p  d i s t r i b u t i o n  o n  
t h e  Yakuta t  segment,  t h e  o u t c r o p  a r e a  o f  p r e - T e r t i a r y  r o c k s  
onshore ,  a r e a s  o f  t h i c k e r  u n c o n s o l i d a t e d  d e p o s i t s ,  major  
s t r u c t u r a l  f e a t u r e s ,  and onshore  -11s. U n i t s  G and  N not  
d i s t i n g u i s h e d  by patern; c o n t a c t  is  a t  c o n t i n e n t a l  s l o p e  e x c e p t  
i n  s h e l f  v a l l e y s .  See  t e x t  f o r  d e s c r i p t i o n  o f  map u n i t s .  From 
P l a f k e r  and o t h e r s ,  1980. 

S t r u c t u r e  c o n t o u r s  o n  seismic h o r i z o n  D ,  approximately  t h e  b a s e  
o f  t h e  Neogene sed imenta ry  s e c t i o n .  Geology on  c o n t i n e n t a l  s l o p e  
i s  a f t e r  P l a f k e r  and  o t h e r s  (1980). 

S t r u c t u r e  c o n t o u r s  on  seismic h o r i z o n  F, approx imate ly  t h e  b a s e  
o f  t h e  Paleogene sed imenta ry  s e c t i o n .  

Isopach b e t w e n  s e i s m i c  h o r i z o n  D and  t h e  s e a f l o o r .  Contours  
show t h i c k n e s s  o f  Neogene sedimentaxy s t r a t a .  

Isopach b e t w e n  seismic h o r i z o n s  F and  D. Contours show 
approximate  t h i c k n e s s  of PaLeogene sed imenta ry  s t r a t a *  

I n t e r p r e t e d  seismic s e c t i o n  a n d  t r u e  s c a l e  d e p t h  s e c t i o n  f o r  Line  
404. L i n e  c r o s s e s  t h e  c o n t i n e n t a l  margin  s o u t h  o f  I c y  Bay; f o r  
l o c a t i o n  see f i g u r e  3. Seismic  h o r i z o n  D cor responds  t o  t h e  
mapped h o r i z o n  o f  F i g u r e  4. Horizons A ,  8 ,  and  C a r e  a d d i t i o n a l  
h o r i z o n s  mapped i n  t h e  Yakataga segment t o  t h e  west ( B r u n s  and  
Schmb, i n  p r e s s ) .  Horizons  A1 and  A 3  are e a r l i e s t  P l e i s t o c e n e  
and o c e a n i c  basalt r e s p e c t i v e l y .  L i n e  i n t e r s e c t i o n s  i n d i c a t e d  at 
top of s e c t i o n .  V.E. abou t  5 : l  a t  s e a f l o o r .  
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I n t e r p r e t e d  seismic s e c t i o n  for line 916. Line shows lower s l o p e  
and base  of s l o p e  south  of  I c y  Bay; f o r  l o c a t i o n  see figure 3. 
Seismic hor izons  D and F correspond t o  mapped hor izons  of f i g u r e s  
4 and 5. Seismic hor izons  A l ,  A2, and A3 are e a r l i e s t  
P l e i s tocene ,  e a r l i e s t  P l iocene ,  and oceanic  b a s a l t  
r e spec t ive ly .  Line i n t e r s e c t i o n s  i n d i c a t e d  a t  t o p  of s e c t i o n .  
V.E. about  6.7: l  a t  sea f loo r .  

I n t e r p r e t e d  se i smic  s e c t i o n  f o r  l i n e  906. Line crosses 
c o n t i n e n t a l  margin south of Yakutat Bay; f o r  l o c a t i o n  s e e  f i g u r e  
3. See f i g u r e  9 f o r  f u r t h e r  explanat ion.  

I n t e r p r e t e d  seismic s e c t i o n  f o r  l i n e  403. Line crosses 
c o n t i n e n t a l  margin 6011th o f  Yakutat Bay; f o r  l o c a t i o n  see f i g u r e  
3. V.E. approximately 5: 1  a t  s ea f loo r .  Horizon E is 
approximately middle Oligocene; o t h e r  hor izons  and f u r t h e r  
exp lana t ion  as i n  f i g u r e  9. 

I n t e r p r e t e d  seismic s e c t i o n  f o r  l i n e  913. Line c r o s s e s  Dangerous 
R ive r  zone west of  t h e  Alsek Val ley;  f o r  l o c a t i o n  see f i g u r e  3. 
See f i g u r e  9 f o r  f u r t h e r  explanat ion.  

I n t e r p r e t e d  se i smic  s e c t i o n  f o r  l i n e  909. Line c r o s s e s  
c o n t i n e n t a l  margin a long  t h e  Alsek Val ley;  f o r  l o c a t i o n  see 
f i g u r e  3, F l a t - l y ing ,  h igh  frequency ref lectors below 
F a i r w a t h e r  Ground ( l o c a t i o n  a )  axe due t o  water l a y e r  
r eve rbe ra t i on ,  and do not  i n d i c a t e  sedimentary l aye r s .  See 
f i g u r e  9 fox  f u r t h e r  exp lana t ion  of se i smic  l i n e .  

I n t e r p r e t e d  seismic s e c t i o n  fox  l i n e  9 1 1. Line c r o s s e s  eastern 
subbas in  and Fairweather  Ground; f o r  l o c a t i o n  see f i g u r e  3. See 
f i g u r e  9 fo r  f u r t h e r  explanat ion.  

Seismic s e c t i o n  967. Line c r o s s e s  t h e  lower s l o p e  and b a s e  o f  
s l o p e  a t  t h e  base  o f  F a i r s e a t h e r  Ground, and shows young 
a n t i c l i n a l  deformation. For l o c a t i o n  see f i g u r e  3. See f i g u r e  9 
f o r  f u r t h e r  explanat ion.  

I n t e r p r e t e d  se i smic  s e c t i o n  f o r  l i n e  400. Line c r o s s e s  
c o n t i n e n t a l  margin just *st of Cross Sound; f o r  l o c a t i o n  see 
f i g u r e  3. V.E, approximately 5:l  at sea f loo r .  See f i g u r e  9 for 
f u r t h e r  explanat ion.  

I n t e r p r e t e d  seismic s e c t i o n  f o r  l i n e  914. Line crosses t h e  
Dangerous River  zone near  t h e  s h o r e l i n e ;  f o r  l o c a t i o n  see f i g u r e  
3. See f i g u r e  9 f o r  f u r t h e r  explanat ion.  

I n t e r p r e t e d  seismic s e c t i o n  f o r  Line 903. Line c r o s s e s  t h e  
Dangerous R ive r  zone i n  t h e  v i c i n i t y  o f  t h e  ALsek Val ley;  f o r  
l o c a t i o n  see f i g u r e  3. See f i g u r e  9 f o r  f u r t h e r  explana t ion .  

I n t e r p r e t e d  seismic s e c t i o n  f o r  l i n e  912. L ine  c r o s s e s  t h e  
langerous River  zone i n  t h e  v i c i n i t y  of  t h e  Alsek Val ley;  f o r  
l o c a t i o n  see f i g u r e  3. See f i g u r e  9 f o r  f u r t h e r  explanat ion.  



F i g u r e  20. R e s u l t s  of r e f r a c t i o n  sonobuoys, and  t e n t a t i v e  c o r r e l a t i o n  of 
v e l o c i t y  l a y e r s .  V e l o c i t i e s  g i v e n  i n  km/sec. L o c a t i o n s  o f  
sonobuoy l i n e s  shown i n  f i g u r e  3. 

F i g u r e  21. Time-depth c u r v e  used  t o  c o n v e r t  tw-way t r ave l .  t i m e  o n  s e i s m i c  
s e c t i o n s  t o  dep th ,  and  i n t e r v a l  v e l o c i t y  curve ;  "z" i s  s*surface 
depth i n  k i l o m e t e r s ;  "t" is tw-way t r a v e l  t i m e  i n  seconds.  

F i g u r e  22. C o r r e l a t i o n  o f  s e i s m i c  h o r i z o n s  Dl El and F from t h i s  s t u d y  t o  
g e o l o g i c  u n i t s  A-G d e f i n e d  by P l a f k e r  and  o t h e r s  (1980)  from 
dredge d a t a  from t h e  c o n t i n e n t a l  s l o p e .  V e r t i c a l  r u l e d  l i n e s  
i n d i c a t e  a  h i a t u s ;  d i a g o n a l  l i n e s  i n d i c a t e  no d a t a .  C o r r e l a t i o n  
t o  onshore  g e o l o g i c  format  i o n s  c a n  b e  determined by comparing 
t h i s  chart t o  f i g u r e  2 o f  P l a f k e r  (1971).  

F i g u r e  23. True-sca le  dep th  s e c t i o n  (top) and  r e s t o r e d  s e c t i o n  d e r i v e d  by 
f l a t t e n i n g  o n  h o r i z o n  D f o r  a  segment of seismic l i n e  909 n o r t h  
o f  Fa i rwea ther  Ground. L o c a t i o n  o f  t h e  l i n e  segment i s  shown i n  
f i g u r e s  3 and 13. R e c o n s t r u c t i o n  a t  U h o r i z o n  t i m e  s h o e  
approximate  c o n f i g u r a t i o n  o f  e a r l y  T e r t i a r y  s t r a t a  p r i o r  t o  major 
u p l i f t  o f  Fa i rwea ther  Ground. Amount of u p l i f t  i s  about  2  km, 
and  may b e  abou t  2.5 km i f  u p l i f t  is  mainly a f t e r  h o r i z o n  U time. 

F i g u r e  24. True-scale  dep th  s e c t i o n  t o p  and r e s t o r e d  s e c t i o n  d e r i v e d  by 
f l a t t e n i n g  o n  h o r i z o n  U f o r  a segment of seismic l i n e  911 n o r t h  
o f  F a i r w a t h e r  Ground. L o c a t i o n  o f  t h e  l i n e  segment i s  shown i n  
f i g u r e s  3 and  14. R e c o m t r u c t i o n  a t  h o r i z o n  U t i m e  shows 
approximate  c o n f i g u r a t i o n  o f  s t r a t a  p r i o r  t o  major u p l i f t  of 
F a i r w e a t h e r  Ground. Amount o f  u p l i f t  is  about  1 km. Age of  
h o r i z o n  U is unknown, b u t  is  p r o b a b l y  P l i o c e n e  o r  younger. 

F i g u r e  25. Depth s e c t i o n  f o r  p a r t  o f  l i n e  403 and  s e q u e n t i a l  r e c o n s t r u c t i o n  
of s t r a t a  c o n f i g u r a t i o n s  a t  D ,  U and  E h o r i z o n  t i m e s .  Recon- 
s t r u c t i o n s  show h i s t o r y  o f  development o f  s t r u c t u r a l  highs a t  
Loca t ions  1  and 3, and  a  low a t  l o c a t i o n  2. For l o c a t i o n  o f  
segment shown see f i q u r e  3. Large  arrows on  each r e c o n s t r u c t i o n  
i n d i c a t e  subs idence  or u p l i f t  r e l a t i v e  t o  p r e v i o u s  recon- 
s t r u c t i o n  See Tex t  f o r  f u r t h e r  d i s c u s s i o n .  

F i g u r e  26a. L o p a t i n  diagram f o r  "D h o r i z o n  unconformity  case' ,  u s i n g  a 
geothermal  g r a d i e n t  o f  25OC/km. Case shown assumes t h a t  
h o r i z o n  D s e p a r a t e s  Ol igocene from P l i o c e n e  s t r a t a ,  and t h a t  no 
major subs idence  o r  u p l i f t  o c c u r r e d  d u r i n g  t h e  h i a t u s .  Diagram 
shorn b u r i a l  h i s t o r y  f o r  s t r a t a  a t  l o c a t i o n  2 ,  l i n e  403 ( f i g s .  
11 ,  241, and c a l c u l a t e d  t ime- temperature  i n d e x  o f  m a t u r i t y  (TTI )  
o f  15 and 160, cor responding  t o  b e g i n n i n g  and  end o f  o i l  
g e n e r a t i o n  (Waples, 1980).  S t r a t a  benea th  h o r i z o n  F a r e  assumed 
t o  have l i t t l e  o r  no r e s o u r c e  p o t e n t i a l .  



Figure  26b. Lopatin diagram for "continuous deposition ease'' for same 
l o c a t i o n  and geothermal g rad ien t  as f i g u r e  26a. This  c a s e  
assumes no h i a t u s  a t  t h e  end of Oligocene t ime,  and continuous 
depos i t i on  across hor izon  D. The a c t u a l  b u r i a l  h i s t o r y  probably 
l i e s  somewhere bet*en t h a t  presented  i n  f i g u r e  26a and here ,  and 
could inc lude  bo th  u p l i f t  and subsidence a t  hor izon  D time. 

Figure 27. Cross s e c t i o n s  AA' and BB' cons t ruc t ed  from seismic d a t a  showing 
depth t o  t h e  c u r r e n t  oil and gas windows c a l c u l a t e d  by Lopat in ' s  
method (Waples, 19801. Diagonal r u l i n g  i n d i c a t e s  p o t e n t i a l  o i l  
and gas genera t ing  zones f o r  t h e  D hor izon  unconformity case  (see  
f i g .  26a) ; for  t h e  continuous depos i t i on  case, zones are shown by 
dashed l i n e s .  Locat ion of c ross -sec t ions  i s  shown i n  f i g u r e  3. 

Figure 28.  P l o t  of cumulative percent: volume ve r sus  depth (pe rcen t  of t o t a l  
volume a t  o r  below a p a r t i c u l a r  depth) .  O i l  and gas l i m i t s  shown 
are a shelf-wide average based on  Lopat in c a l c u l a t i o n s  of thermal  
ma tu r i t y  with a  geothermal g rad ien t  of 25O c/km. The 
corresponding volume of sediment t h a t  may be mature t h e n  ranges 
from around 23 t o  28% of t h e  t o t a l  volume. 
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F i g u r e  26a. 
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