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P a t r i c k  H.  McQellan,  Michael A. f i s h e r ,  John A .  Barron, Robert E. Arnal ,  

S t a n l e y  A.  K l i n g  and George W .  Moore 

ABSTRACT 

Age de te rmina t ions  a re  r epo r t ed  f o r  m i c r o f o s s i l s  from 2 1  dredge 

r e c o v e r i e s  and 8 d a r t  c o r e s ,  and f o r  megainvertebrate  f o s s i l s  from 4 dredge 

r e c o v e r i e s ,  c o l l e c t e d  i n  1979 from t h e  o u t e r  p a r t  o f , t h e  Kodiak s h e l f  and t h e  
,: 

nearby upper c o n t i n e n t a l  slope. The ages t e n d  t o  confirm a prev ious  

conc lus ion  t h a t  t h e  o l d e s t  rocks  exposed i n  t h i s  v i c i n i t y  a r e  middle Miocene 

i n  age and that t h e y  form t h e  deep p o r t i o n  of  a  landward-younging Miocene 

through Quaternary sequence i n  a s t r u c t u r a l  h igh  beneath the s h e l f  edge and on 

t h e  upper s lope .  The new m i c r o f o s s i l  d a t a  i n d i c a t e  t h a t  t h e  s h e l f  b reak  

s t r u c t u r e  i s  a fau l ted a n t i c l i n e  i n  which t h e  middle Miocene through lower 

Pl iocene p a r t  of  t h e  exposed s t r a t i g r a p h i c  sequence has  been repea ted  b y  

v e r t i c a l  f a u l t i n g  s i n c e  t h e  e a r l y  or  middle P l iocene .  



INTRODUCTION 

This report summarizes the results of biostratigraphic analyses of dredge 

and dart-core samples collected on the continental shelf and slope in the 

western Gulf of Alaska. These results include ages of diatoms (J. A. Barron), 

foraminifers (R. E. Arnal), radiolarians ( S .  A. Kling), coccoliths (D. Bukry 1, 

and megainvertebrates (L. Marincovich), and are listed in Tables l ~ ,  2, and 

3. The samples were collected from the R D  SEA SOUNDER in 1979 to further 

document the ages of deformed Neogene strata beneath the continental shelf 

south of Kodiak Island, which were initially sampled in 1978 (McClellan an3 

others, 19801, and to determine the ages of rocks that crop out along the edge 

of the continental shelf and on the slope east and south of Kodiak Islan3. 

In 1978, sampling in this region by the U . S .  Geological Survey was 

limited to dart coring across Albatross Bank, a batl-rymetric high that forms 

the shelf break roughly 70 km south of Kodiak ~slahd, at longitude 153OW. 

Multichannel seismic records that transect Rlbatross Bank show that it is at 

the axis of a northeast-trending anticlinal structure, which shows at least 3 

km of  axial uplift (Fisher and von Huene, 1980). Results of biostratigraphic 

and paleobathymetric analyses of the previously collected dart cores suggest 

that most (2000 m) of the 3 km of uplift of the shelf-break structure has 

occurred since the middle Pliocene, at an average rate probably of 1000-3000 

m/m.y. (McClellan and others, 1980). Those results provide an important, 

though limited, record of the pace of Neogene tectonic activity along the 

southern Alaskan margin. To expand that record, additional sampling was 

undertaken in 1979, primarily by chain dredge. 



Forty-tho s i t e s  were dredged d u r i n g  t h e  1979 s e a s o n  o f  which 2 1  y i e l d e d  

r o c k s  t h a t  e r e  ana lyzed  f o r  m i c r o f o s s i l s  (Table 1~). These sites are 

d i s t r i b u t e d  on the o u t e r  c o n t i n e n t a l  s h e l f  and on  t h e  midd le  and upper 

c o n t i n e n t a l  s l o p e  i n  t h r e e  g e n e r a l  a r e a s  (fig. 1): (1) a  n o r t h e a s t e r n  a r e a  

c e n t e r e d  roughly  a t  l a t i t u d e  5 8 0 N I  l o n g i t u d e  l4g0W (fig. 2 A )  , ( 2 )  a c e n t r a l  

a r e a  i n  t h e  v i c i n i t y  of A l b a t r o s s  Bank, a t  5 6 O 1 5 ' ~ ,  153OW ( f i g .  2B) , and ( 3 )  a  - . 

s o u t h e r n  a r e a  a t  550301N, 154a151W ( f i g . 2 C ) .  A f o u r t h  area was dredged 

n o r t h e a s t  of t h e  c e n t r a l  a r e a ,  r o u g h l y  a t  56*3O8N, 152°30'W ( f i g .  l ) ,  b u t  

y i e l d e d  o n l y  c o b b l e s  and boulders s u s p e c t e d  t o  be g l a c i a l  d rops tones .  Those 

g l a c i a l  e r r a t i c s ,  and s i m i l a r  m a t e r i a l  from 2 1  o t h e r  dredge sites (Table l B ) ,  

were n o t  ana lyzed  f o r  m i c r o f o s s i l s .  I n  a d d i t i o n  t o  t h e  d redge  h a u l s ,  8 d a r t  

c o r e s  ( f i g .  1 and Tab le  1A) were c o l l e c t e d  along a  n o r t h w s t - t r e n d i n g  l i n e  

approx imate ly  15 km n o r t h e a s t  o f  t h e  f o u r t h  d redge  G e a  where a mul t i channe l  

s e i s m i c  r e c o r d  vas made i n  1975 ( U . S . G . S .  Line  5081.  A l l  o f  t h e  d a r t  c o r e s  

were ana lyzed  for m i c r o f o s s i l s .  

Water d e p t h s  a t  the dredg ing  s i t e s  ranged from 3761 m t o  70  m ,  and a t  t h e  

d a r t - c o r i n g  s i tes ,  f r o m  242  t o  40 m. The g r e a t e s t  dep th  from t h i c h  

m i c r o f o s s i l s  sere r e c o v e r e d  i s  3269 m ,  a t  a  s i t e  o n  t h e  midd le  c o n t i n e n t a l  

s l o p e  i n  t h e  s o u t h e r n  sample a r e a .  P r e s e n t e d  be low a r e  (1) t h e  sampling 

methods ,  ( 2 )  t h e  r e s u l t s  o f  t h e  b i o s t r a t i g r a p h i c  a n a l y s e s ,  and ( 3 )  a  

d i s c u s s i o n  of  t h o s e  r e s u l t s  and t h e i r  t e c t o n i c  i m p l i c a t i o n s .  

W e  t h a n k  D a v i d  Dukry and Louie  Marincovich f o r  t h e i r  p a l e o n t o l o g i c  and 

b i o s t r a t i g r a p h i c  d e t e r m i n a t i o n s . .  We a l s o  t hank  them, Roland von Huene and 

Paula Quin te rno  f o r  their h e l p f u l  c r i t i c a l  reviews o f  t h i s  paper .  



METHODS 

Dredge samples  were  c o l l e c t e d  using a s t e r n - h a u l e d ,  cha in -bag  dredge with 

jaw d imens ions  of a p p r o x i m a t e l y  40 cm x 80 cm. D a r t  c o r e s  were c o l l e c t e d  

u s i n g  a f r e e - f a l l  s ampl ing  d e v i c e  c o n s i s t i n g  of a d e t a c h a b l e  s tee l  sample 

barrel (60 cm long  and 5 cm i n  d i a m e t e r ) ,  b o l t e d  t o  a 907 kg lead  we igh t .  A 

3.5 kHz ba thymet ry  sys t em was u s e d  t o  l o c a t e  target o u t c r o p s ,  and NAVSAT and  

Loran  C n a v i g a t i o n  sys t ems  were used t o  d e t e r m i n e  p o s i t i o n s  of dredging and  

c o r i n g  s t a t i o n s .  

Dredge  h a u l s  were s o r t e d  on deck immedia t e ly  a f t e r  r e c o v e r y  i n t o  two 

g roups :  (1) a n g u l a r  sedimentary r o c k s  ( a p p a r e n t  b e d r o c k ) ,  and 12)  subangular  

t o  rounded igneous  and metamorphic c o b b l e s  and b o u l d e r s  ( a p p a r e n t  g l a c i a l  

e r r a t i c s ) .  The presumed bedrock samples  were r e t a i n e d  and presumed e r r a t i c s  

discarded.  One t o  s e v e n  s p e c i f i c  rock samples  were s e l e c t e d  from e a c h  d r e d g e  

r e c o v e r y  (62 i n  t o t a l ) ,  and t h o s e  and t h e  8 d a r t  c o r e s  were subsampled  onboa rd  

f o r  m i c r o f o s s i l  a n a l y s i s .  The subsamples  were analyzed for m i c r o f o s s i l s  a f t e r  

the c r u i s e .  

RESULTS 

Twenty-one d r e d g e  r e c o v e r i e s  c o n t a i n e d  r o c k s  t h a t  were  subsampled  and  

a n a l y z e d  f o r  m i c r o f o s s i l s .  Those r o c k s  i n c l u d e  m o d e r a t e l y  t o  well i n d u r a t e d ,  

f i n e - g r a i n e d  s a n d s t o n e ,  s i l t s t o n e ,  c l a y s t o n e  and l i m e s t o n e .  The ages of t h e  

rocks  from each  dredging station, where d e t e r m i n e d ,  and from t h e  8 d a r t - c o r i n g  

stations are g e n e r a l i z e d  i n  Table.lA. The g e n e r a l  age a s s i g n e d  t o  e a c h  

station i n  T a b l e  1 A  i s  based i n  t h e  b i o s t r a t i g r a p h i c  d a t a  listed i n  Tab le  2 .  



In 2 of the 21 sampled dredge recoveries (55C2 and 703A1, Table 1A) 

microfossils were not found. The remaining 19 dredge and 8 dart-core 

recoveries together yielded 70 fossiliferous samples. In 42 o f  those samples 

only one microfossil group is present (typically either diatoms or 

foraminifers), in 2 samples only radiolarians are present, and in one, only 

coccoliths. In the remaining 28 samples, 2 or more of the 4 analyzed 

microfossil groups are present and yielded ages. Diatoms are the best 

represented of the microfossil groups, being present in 70% of the 70 

samples. Foraminifers were found in 56% of the samples, radiolarians in 20% 

and coccoliths in 7%. These results and those obtained in 1978 (McClellan and 

others, 1980), which included a total of 126 analyzed samples, indicate that 

Neogene rocks on the Kodiak shelf have an approximately equal likelihood of 

containing diatoms (63%) and foraminifers (62%), anci that those two 

microfossil groups are as likely to be found together (as in 33% o f  the 

samples) as they are separately (diatoms in 30%, foraminifers in 29%). 

The results of the biostratigraphic analyses of the dredge and dart-core 

samples (Tables 1A and 2 )  are outlined below, according to sample area. 

(1) Northeastern Area (fig. 2A): Rock samples from 6 dredge sites in this 

area contain diatoms and foraminifers that are of consistent late Pliocene or 

Quaternary age. The restricted Quaternary age of foraminifers from site 6 0 2 C 1  

suggests possible younging northeastward of the strata beneath the shelf and 

upper slope in this area, or the restricted age may be due to the shallow 

outcrop depth of that site. Dredge 602A3 included one sample (602A3C1 Table 

3) that contained a fragmentary fossll bivalve; its age is indeterminable, 

however. 



( 2 )  Central Area (fig. 2B): Nine datable dredge recoveries were collected 

from t h i s  area. Rocks dredged from s i t e  509H1, about midway between 2 dar t -  

coring l i n e s  sampled during the previous year (509 and 509B), contain the 

oldest rnlcrofossils found i n  the area. Those  f o s s i l s  a re  d ia tom of late 

ear ly ,  or e a r l y  middle Miocene age, and  were found i n  a l l  three of the samples 

analyzed f r o m  t h i s  site (Table 2 ) .  Ages determined for other microfossi l  

groups from t h i s  s i t e  a re  not en t i re ly  consistent  with t h a t  age range, 

however. Sample 509HlA contains foraminifers of questionable ear ly  Pliocene 

age; these are poorly preserved, however, and may be older than Pliocene. 

Samples 509HlA and 509818 contain radiolar ians  t h a t  a re  typical  of a l a t e  

Miocene or early Pliocene age. The radlolar ians  a r e  moderately well preserved 

i n  both samples but are  ra re ,  and the age  i s  based on t h e  zone-defining 

species Stichochorys peregrina. The concordant diatom ages from samples 

509HLA, 509H1~ and 509HlC are based on multispecie& assemblages in  which no  

species i s  younger than middle Miocene. Hence, a composite age of middle or  

l a t e  Miocene conservatively accounts f o r  the  results from s i t e  509H1. I t  

should be noted t ha t  the S .  peregrina radiolar ian  zone i s  a part ial-range 

zone, and t h a t  S. peregrina a l s o  occurs, a l b e i t  i n  ra re  frequencies, in  the  

upper middle Miocene o f  the t rop ica l  and northeastern Pacific (Westberg a n d  

R i e d e l ,  1978). Thus, a r e s t r i c t ed  age of l a t e  middle Miocene i s  posslble fo r  

s i t e  509H1. 

From the adjacent dredge s i t e  509B3, one sample (509H3E) a l s o  yie lds  l a t e  

Miocene or ear ly  Pliocene radiolar ians ;  other microfossi ls  in  t h e  5 samples 

from t h i s  s i t e  y ie ld  only questionable Quaternary and pre-Quaternary ages. 



Hence, t h e  r o c k s  sampled  a t  t h i s  s i t e  may be about t h e  same age  as o r  s l l g h t l y  

younger t h a n  t h o s e  a t  509H1. Those a l t e r n a t i v e  ages a r e  d i s c u s s e d  below 

(p.12). 

Near t h e  crest  of Albatross Bank, c r o s s i n g  a  l i n e  t h a t  was d a r t  c o r e d  I n  

1978 ( l i n e  509C1, 2 dredge h a u l s  were c o l l e c t e d ,  50911 and 50912. Three  of 

t h e  4 samples  a n a l y z e d  from 50911 y i e l d  Q u a t e r n a r y  f o r a m i n i f e r s ,  which o c c u r  

a l o n e  e x c e p t  i n  sample  50911D, where midd le  Miocene t o  Q u a t e r n a r y  d i a toms  a r e  

a l s o  p r e s e n t .  The f o u r t h  sample  (50911B) c o n t a i n s  l a t e  l a t e  Mlocene o r  e a r l y  

P l i o c e n e  d i a t o m s ,  a l o n g  w i t h  r a d i o l a r i a n s  of p r o b a b l e  Miocene age. Hence, 

bedrock a l o n g  d redge  s i t e  50911 p r o b a b l y  i n c l u d e s  o u t c r o p s  of  bo th  l a t e  

Micoene and Q u a t e r n a r y  age. Dredge 50912 ,  which c r o s s e d  t h e  s o u t h e r n  h a l f  of 

50911, y i e l d s  o n l y  Q u a t e r n a r y  foraminifers. A t h i r d  r e c o v e r y ,  50913, from 

r o u g h l y  1 km west  of 50911 and 50912, c o n t a i n s  f o r a h i n i f e r s  and d ia toms  o f  

c o n s i s t e n t  late P l i o c e n e  and a a t e r n a r y  age. Dredges  50912  and  5U913 were 

c o l l e c t e d  s o u t h  of 2 p rominen t  h igh -ang le  f a u l t s  ( d i s c u s s e d  on p. 1 1 )  t h a t  

p a r a l l e l  t h e  s h e l f  edge  and c r o s s  t h e  northern half of s i t e  50911 ( f i y .  3 ) .  

P r o b a b l y  t h e  l a t e  Miocene r o c k s  d redyed  f rom 50911 crop o u t  on t h e  upthrown 

b l o c k  n o r t h  o f  t h e  more landward  f a u l t ,  whereas  t h e  @ a t e r n a r y  r o c k s  i n  a l l  3 

of t h e  r e c o v e r i e s  are from the s e a f l o o r  s o u t h  of t h a t  f a u l t .  T h i s  observa t ion  

i s  c o n s i s t e n t  w i t h  d a r t - c o r i n g  r e s u l t s  o b t a i n e d  t h e  p r e v i o u s  y e a r  (McCle l l an  

and o t h e r s ,  1980, f i g .  5; t h i s  r e p o r t ,  f i g .  3 ) .  

I n  t h e  s o u t h w e s t e r n  p a r t  of  t h e  c e n t r a l  a r e a ,  4 d r e d g e  h a u l s  were 

c o l l e c t e d  from which 21  s p e c i f i c  s amples  were a n a l y z e d .  The o l d e s t  s amples  i n  

3 of those d r e d g e s  (50951,  50952 ,  and 50953) a r e  l a t e  l a t e  Miocene o r  e a r l y  

P l i o c e n e ,  on t h e  b a s i s  o f  numerous  c o n c o r d a n t  d i a tom d e t e r m i n a t i o n s .  Other 

s a m p l e s  from t h o ~ e  dredges ,  and  a l l  s amples  f rom the  four th  dredge (509J4)  a r e  



l a t e  P l i o c e n e  o r  Q u a t e r n a r y  i n  age, a s  i n d i c a t e d  by f o r a m i n i f e r s .  Two 

samples, 509J2F and  509J3A, y i e l d e d  conf l i c t i n g  ages .  Sample 509J2F c o n t a i n s  

f o r a m i n i f e r s  of Q u a t e r n a r y  age, and d i a toms  o f  l a t e  l a t e  Miocene or early 

P l i o c e n e  age.  The d i a t o m s ,  however, are p o s s i b l y  reworked. Sample 509J3h, on 

t h e  o t h e r  hand,  c o n t a i n s  a d i v e r s e  a s semblage  o f  d i a toms  t h a t  i n d i c a t e s  a 

c o n s i s t e n t  age  of l a t e  l a t e  Miocene, a l t h o u g h  n e a r  t h e  e a r l y  P l i o c e n e  

boundary.  Hence, 5 0 9 5 3 A ,  and t h e  o t h e r  o l d  samples  from t h i s  v i c i n i t y ,  were 

p r o b a b l y  d redged  from upper upper  Miocene or lower  P l i o c e n e  o u t c r o p s  o n  t h e  

s e a f  loor.  

M e g a l n v e r t e b r a t e  f o s s i l s  were found  i n  3 d redge  h a u l s  f r o m  t h e  c e n t r a l  

a r e a  ( T a b l e  3 ) .  Those 3 a s s e m b l a g e s ,  which i n c l u d e  13 d i f f e r e n t  g e n e r a  of 

n e r i t i c  i n v e r t e b r a t e s ,  (5 g a s t r o p o d ,  7 b i v a l v e ,  and  1 barnacle) a r e  a d t e r n a r y  
. . 

i n  age, and l i v e d  a t  d e p t h s  60 t o  110 m o r  more s h a i l o w e r  t h a n  t h o s e  p r e s e n t l y  

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

n e a r  t h e  o u t e r  edge  of t h e  Kodiak s h e l f  a t  t i m e s  when g l o b a l  sea l e v e l  was 

l ower  t h a n  a t  p r e s e n t ,  most l i k e l y  d u r i n g  g l a c i o e u s t a t i c  regressions of  t h e  

P l e i s t o c e n e .  

( 3 )  S o u t h e r n  Area ( f i g .  2C): Twelve dredge h a u l s  were c o l l e c t e d  i n  t h i s  a rea ,  

i n c l u d i n g  two (703Al and 703A2) s o u t h w e s t  of t h e  a r e a  of F i g u r e  2C ( f i g .  1) .  

Only 4 d r e d g e s  y i e l d e d  d a t a b l e  s amples ,  and t h e  age o f  s amples  i n  one  of t h o s e  

d r e d g e s  (705A1) c o u l d  be d e t e r m i n e d  o n l y  as  Cenozoic.  Samples i n  t h e  

remaining 3 d r e d g e s  (703A2, 705A4,  and  705A6) are o f  c o n s i s t e n t  l a t e  P l i o c e n e  

or Q u a t e r n a r y  age .  The o l d e s t  s amples  i n  t h i s  area a r e  l a t e  P l i o c e n e  or e a r l y  

Q u a t e r n a r y ,  and are f r o m  t h e  two n o r t h e r n m o s t  s i tes ,  705A4 a n d  705A6. 



Dart Cores (flg.1): The 8 dart cores are predominantly late Pliocene or 

Quaternary in age. Two cores (08007 and 080081, however, contain diatoms that 

range in age from late Mlocene to Quaternary. Those cores are from near the 

axis of an antlclinal structure visible in a multichannel seismic record (USSS 

line 508), and suggest that rocks at the axis may be as old as late Mlocene. 

DISCUSSION 

The results of dart corlng during 1978 (~cClellan and others, 1980) 

indicated that deformed strata beneath Albatross Bank, at the seaward edge of 

t h e  K o d l a k  shelf, are part of a northeastward-plunyiny breached antlcllne with 

middle or upper Miocene rocks exposed at its axis. The results of d r e d g l n g  o n  

the outer continental shelf and upper slope seaward of Albatross Sank, I n  the 

central area discussed in this report, tend to conf;irm that structural 

interpretation in general though necessitate some-modlflcations in detail. 

Those modifications involve (1) a change in the inferred position of the 

structural axis, ( 2 )  a refinement in the chronostratigraphic subdivi~ion of 

the deformed strata, (3) an elaboration of the inferred role of faulting 

seaward o f  Albatross Bank, and ( 4 )  a relocation of the 200 m isobath. Those 

modifications are discussed below, followed by a comment on alternative ages 

possible for site 50983. 

(1) Position of the structural axis: The shelf break structure beneath 

Albatross Bank was initially interpreted to be a simple anticline (McClellan 

and others, 1980, fig. 5), but it is now believed to be a faulted anticline, 

as discussed below. The structural axls was earlier inferred to be some 

distance seaward of the most seaward stations dart cored along lines 509B 

(station 2 7 )  and 509C (especially station 251, because those stations yielded 



the oldest microfossils (late middle? or early late Miocene diatoms). Dredge 

509H1 of the present study, from about 2 to 5 km seaward of that inferred 

axis, yielded still older microiossils (late early or early middle Mlocene 

diatoms). Although dredge 509H1 and the earlier collected cores generally may 

be about the same age (middle or late Miocene), the diatom stratigraphy 

indicates that the dredge samples probably are older and that the structural 

axis in the central area, if one e x i s t s ,  is some dlstance seaward of dredge 

site 509H1. This interpretation is supported by high-resolution seismic- 

reflection records of landward-dlpping strata beneath the continental slope in 

the central area at the 509d dredge sites and, to the southwest, at the 5395 

sites. 

( 2 )  Chronostratigraphic refinement: Most of the ages reported here and 
,. 

previously are in the form of age ranges, due in pad& to limitations in the 

chronologic precision possible for the usually sparse microfossil assemblages 

that were found, and to ldiosyncxacies in the different microfossil zonations 

as they are correlated to the Lyellian series-epochs. In the central area, 

recurring age ranges are grouped together to enable a refinement in the 

chronostratigraphic subdivision of the strata on the Kodiak shelf and upper 

slope. These recurring age ranges are: (1) middle or late Mlocene, (2) late 

Miocene or early Pliocene, (3) early or middle Pliocene, and ( 4 )  late Pliocene 

or Quaternary. The inferred distribution of  strata to which those age ranges 

are assignable (fig. 4 and accompanyiny overlay) shows a landward-younglng 

sequence as would be expected f r a  the uniform landward dips visible in 

seismic records that transect the area (Fisher and von Huene, 1980, fig. 5; 

McClellan and others, 1980, f l g .  3 A - 3 C ) .  However, the chronostsatigraphic 

sequence seems to be repeated: the middle Miocene through early Pliocene 



sequence i s  p r e s e n t  i n  tta a d j a c e n t  and p a r a l l e l  b e l t s .  The absence o f  

b i l a t e r a l  symmetry a c r o s s  t h e  s t r i k e  o f  t h e s e  b e l t s  s u g g e s t s  t h a t  t h e  sequence 

i s  n o t  r e p e a t e d  by i s o c l i n a l  f o l d i n g .  The sequence i s  more l i k e l y  r e p e a t e d  by 

f a u l t i n g ,  a s  o u t l i n e d  below. 

( 3 )  R o l e  o f  f a u l t i n g :  High- reso lu t ion  s e i s n i c  r e c o r d s  c o l l e c t e d  i n  1978 

a long  s p a r k e r  l i n e s  509B and 509C (McClellan and o t h e r s ,  1980, f i g s .  3 B  and 

3C) r e v e a l  t.w high-angle  f a u l t s ,  approx imate ly  1 kin a p a r t ,  t h a t  c r o s s  b o t h  o f  

t h e  a d j a c e n t  s p a r k e r  l i n e s  a t  t h e  s h e l f  b r e a k .  Because o f  t h e  close 

h o r i z o n t a l  spac ing  and analogous b a t h y m e t r i c  p o s i t i o n  o f  t h e  t"m f a u l t s  a l o n g  

each s e i s n i c  l i n e ,  t h e y  are i n f e r r e d  t o  b e  t h e  same t w  f a u l t s ,  which strike 

approximately  N 70° E. Seismic  and m i c r o f o s s i l  s t r a t i g r a p h y  s u g g e s t  t h a t  

t h o s e  f a u l t s  jux tapose  landward-dipping,  middle  Miocene th rough  l o m r  P l i o c e n e  

s t r a t a  s o u t h  o f  t h e  f a u l t s  and landward-dipping midd le  Miocene th rough  

Qua te rnary  s t r a t a  on  t h e  n o r t h .  The old r o c k s  n o r t h  o f  t h e  f a u l t s  are,  t h u s ,  

i n t e r p r e t e d  t o  b e  a  fo rmer ly  deep  p o r t i o n  o f  t h e  Neogene sequence b e n e a t h  t h e  

Kodiak s h e l f  t h a t  MS u p l i f t e d  r e l a t i v e  t o  t h e  seaward f a u l t  b l o c k  and 

s u b s e q u e n t l y  exposed by e r o s i o n .  Tha t  o l d  sequence,  t h e r e f o r e ,  i s  r e p e a t e d  i n  

t h e  middle  Miocene th rough  lower P l i o c e n e  sequence found s o u t h  o f  t h e  

f a u l t s .  The e a r l i e r  h y p o t h e s i s  (McClel lan and o t h e r s ,  1980,  f i g .  5 )  t h a t  t h i s  

area i s  u n d e r l a i n  by  a  s imple  a n t i c l i n e ,  t h e r e f o r e ,  i s  modi f ied  t o  a n  

i n t e r p r e t a t i o n  t h a t  t h e  s t r u c t u r e  is a f a u l t e d  a n t i c l i n e  ( f i g .  4 ,  t h i s  

r e p o r t ) .  It i s  p o s s i b l e  t h a t  s i m i l a r  f a u l t - r e p e a t e d  sequences  may b e  found 

s t i l l  f a r t h e r  seaward,  and t h a t  a complete  a n t i c l i n e ,  a s  e a r l i e r  sugges ted ,  

does  n o t  e x i s t  i n  t h i s  a r e a .  Fbr t h a t  r e a s o n ,  t h e  t r a c e  o f  a n  a n t i c l i n a l  a x i s  

h a s  not been  i n c l u d e d  t h e r e  i n  F igure  4 o f  t h i s  r e p o r t .  



( 4 )  R e l o c a t i o n  o f  t h e  200-11-1 i s o b a t h ;  The d e t a i l e d  bathymetry  i n  F i g u r e s  2 ~ -  

2C and 4 a r e  from a map r e c e n t l y  compiled by Dunlavey, a i l d s  and von Huene 

( 1  980) . I n  t h e  c e n t r a l  sample area ( figs. 2 B  and 4 , t h e  l o c a t i o n  o f  t h e  200- 

m i s o b a t h  d i f f e r s  from t h a t  used p r e v i o u s l y  (McCLellan and o t h e r s ,  1980, f i g .  

5 ) ,  e s p e c i a l l y  near  l o n g i t u d e  153OW, where t h a t  con tour  i s  a t  approx imate ly  

56*18'N, r a t h e r  t h a n  n e a r  56°10'N. 

A l t e r n a t i v e  a g e s  f o r  s i t e  509H3 

A s  no ted  on  page 7 ,  t h e  o l d e s t  r o c k s  found o n  t h e  Kodiak s h e l f  ( p r o b a b l y  

middle  o r  l a t e  ~ i o c e n e )  a r e  from site 509H1. A t  t h e  a d j a c e n t  s i t e  509B3, one  

somewhat younger sample was found ( l a t e  Miocene o r  e a r l y  P l i o c e n e )  , a l o n g  with 

s e v e r a l  Q u a t e r n a r y  and p o o r l y  determined pre-Quaternary samples.  Because t h e  

b a t h y m e t r i c  i n t e r v a l  dredged a t  509H3 (560 t o  133 m )  l a r g e l y  o v e r l a p s  w i t h ,  

b u t  b e g i n s  lower on  t h e  s l o p e  t h a n  t h a t  a t  509H1 (458 t o  114 m ) ,  t h e  younger 

r o c k s  from 509H3 seem t o  c o n t r a d i c t  t h e  s t r u c t u r a l  i , n t e r p r e t a t i o n  proposed i n  

F igure  4 o f  landward-dipping s t r a t a  i n  t h e  d redge  area. That a p p a r e n t  

c o n t r a d i c t i o n  i s  r e c o n c i l e d  b y  t h e  Eollo-wing r e a s o n i n g .  A t  s i t e  509H1 t h e  

bedrock s t r a t a  ( o l d e r  r o c k s  from h i g h e r  on  t h e  s l o p e )  appear  i n  high- 

r e s o l u t i o n  s e i s m i c  r e c o r d s  t o  d i p  un i fo rmly  landward and c r o p  o u t  a l o n g  t h e  

e n t i r e  dredged i n t e r v a l .  A t  s i t e  509133 (younger r o c k s  from 1o:wer on t h e  

s l o p e ) ,  seisnic r e c o r d s  i n d i c a t e  t h a t  t h e  d redge  f i r s t  encounte red  hummocky 

t e r r a n e ,  pe rhaps  a slump, a t  t h e  landward edge of a mids lope  t e r r a c e ,  t h e n  

sampled ups lope  a c r o s s  t h e  landward- d i p p i n g  s t r a t a  t o  t h e  p o s i t i o n  o f  509H1. 

Thus , t h e  young samples from 509H3 may r e p r e s e n t  r o c k s  o n  t h e  h m o c k y  

t e r r a n e ,  which p robab ly  e r e  d i s p l a c e d  do-wnslope from younger t e r r a n e  h i g h e r  

on  t h e  s l o p e  o r  o n  t h e  s h e l f .  I f  t h e  l a t e  Miocene o r  e a r l y  P l i o c e n e  sample i n  

509H3 d o e s  indeed  r e p r e s e n t  bedrock  i n  place o n  t h e  s l o p e ,  t h e n  t h e  c o n s t r a i n t  



of superposition, as seen in the seismic stratigraphy, would suggest that the 

late Miocene age for this sample is the more likely alternative. 

CONCLUSIONS 

The biostratigraphic r e s u l t s  of dredglng and dart coring of deformed 

strata on the outer continental shelf and upper slope south of Kodiak I s l a n d  

indicate that those strata are part of a northeast-plunging anticlinal 

structure and that they range in age from middle Miocene (or possibly l a t e  

early Miocene) near the shelf edge to Quaternary landward. New and previous 

microfossil and high-resolution seismic-reflection data, s u g g e s t  the s t r u c t u r e  

i s  c u t  by 2 east-northeast-striking, high-angle faults that repeat the middle 

Miocene t o  lower Pliocene portion of the stratigraphic sequence near the shelf 

edge. 
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Tables 1, 2, and 3. Biostratigraphic results. 

Abbreviations: "B" = sample barren of fos s i l s  

~ p o c h  subdivisions: 

L = late 
M = middle 
E = early 

Sample numeration (examples): 

08003 = d a r t  core 

dredge 
site 

specific 
sample 
designation 



Tab le  1A. Loca t ion  and age of analyzed 1979 dredge and da r t - co re  r e c o v e r i e s  from t h e  Kodiak s h e l f  and s l o p e ,  
western  Gulf of Alaska. B i o s t r a t i g r a p h i c  and l i t h o l o g i c  data a r e  l i s t e d  in Table  2. 

S t a r t i n g  P o s i t i o n  Ending P o s i t i o n  
Dredge General  Age o f  
S t a t i o n  L a t i t u d e  (N) Longitude {W) Depth Irn) L a t i t u d e  (N)  Longi tude ( W )  Depth (m) Rocks a t  S t a t i o n  

D a r t  
Core L a t i t u d e  1N ) Longitude (W) Depth (rn) Age 

Quaternary  
L. Pl iocene  o r  Qua te rna ry  
L. Cenozoic 
L. Pl iocene  o r  Qua te rna ry  
L. Miocene to Quate rna ry  
Quaternary  
L. P l iocene  o r  Qua te rna ry  
Probably  m a t e r n a r y  

( m i c r o f o s s i l s  n o t  found) 
Prob. M. o r  L. Miocene 
E. P l i o c e n e  
Prob. L. Miocene 
Qua te rna ry  
Qua te rna ry  
L. L. Miocene o r  E. P l iocene  
L. L. Miocene o r  E. P l iocene  
L. L. Miocene o r  E. P l iocene  
L. P l i o c e n e  o r  Quaternary  
Prob. - ternary  
L. P l iocene  o r  Quaternary  
L. P l i o c e n e  o r  m a t e r n a r y  
Q u a t e r n a r y (  7 )  
L. P l i o c e n e  o r  Quaternary  
Qua te rna ry  
( m i c r o f o s s i l s  n o t  found) 
L. P l i o c e n e  o r  Quaternary  
Cenozoic 
L. P l i o c e n e  o r  E. Quaternary  
L. P l i o c e n e  o r  E. Quaternary  



Table 1B. Location of 1979 dredge r e c o v e r i e s  conta in ing  only  i c e - r a f t e d  cobbles  and boulders.  
Recoveries not  sampled f o r  m i c r o f o s s i l s .  

S t a r t i n g  P o s i t i o n  Ending P o s i t i o n  

Dredge Lati tude (N) Longitude (W) Depth ( rn)  Latitude (N) Longitude (W) Depth (m) 
S t a t i o n  



T a b l e  2 B i o n t r a t i g r 4 p h i C  and l l t h o l o s i c  d a t a  for d r e d g e  and  d a r t - c o r e  sample. from the m d i a k  a h e l f  and  s l o p . ,  
w e s t e r n  Gulf o f  Namk.. 

DREDGE LITHOLLGY 
SPtClPIC 
S W L E  

c l a y s t o n e  
c l a y a t o n e  
s i l t y  c l a y a t o n e  
c l a y s t o n e  
l a m i n a t e d  a i l t a t o n e  
c o n c r e t i o n  
l a m i n a t e d  n i l t a t o n e  
c l a y s t o n e  
v e r y  f i n e - g r a i n e d  sandatonm 
c l a y s t o n e  
eandy s i l t s t o n e  
sandy  s i l t s t o n e  
s i l t y  c l a y s t o n e  
a i l t y  c l a y s t o n e  
s i l t y  c lays tonm 
sandy c lays tonm 
s i l t y  c l a y a t o n e  
c l a y s t o n e  
c l a y a t o n e  
s i l t y  very  f i n - g r a i n e d  ~ n d s t t  
a i l t a t o n e  
s i l t n t o n e  
s i l t a t o n e  
a i l t a t o n e  
n i l t s t o n e  
nandy p i l t m t o n e  
s i l t s t o n e  
sandy  s i l t s t o n e  
s i l t s t o n e  
mandy n i l t m t o n e  
a i l t o t o n e  
s i l t s t o n e  
s i l t s t o n e  
pebbly  mol lusk-bear inq  
sandy s i l t s t o n e  
s i l t s t o n e  
sandy  s i l t s t o n e  
a i l t s t o n a  
l a m i n a t e d  e i l t a t o n m  
s i l t a t o n s  
s i l t s t o n e  
a i l t s t o n a  
pebbly  l imentono  conc. 
pebbly  s a n d s t o n e  
a i l t e t o n m  
s i l t y  c l a y s t o n e  
s i l t m t o n a  
s i l t y  c l a y s t o n e  
p s b b l y  f ine-qra lnmd s a n d s t o n e  
c l a y e y  a i l t s t o n a  
p e b b l y  e l l t e t o n e  
sandy e i l t s t o n s  
sandy  s i l t a t o n .  
c o n c r e t i o n  
c o n c r e t i o n  
c o n c r e t i o n  
c o n c r e t i o n  
concretion 
C o n c r e t i o n  
c l a y s t o n e  
c o n c r e t i o n  
c l a y  
c o n c r e t i o n  

s i l t y  nand 
s i l t y  s a n d  
a i l t y  c l a y s t o n e  
a i l t y  c l a y a t o n e  
claymtonm 
a i l t y  c l a y a t o n e  
a i l t y  c l a y s t o n e  
s a n d  

L. E. Miocene o r  E. M. n i o .  
L. E. Kiocsno o r  E. U. Uio. 
L, S. Miocenm o r  E. II. 1410. 

n 
B 
Cenozoic 
B 
n i o c e n e  t o  m a t .  
B 
L. L. n i o c e n e  o r  II. P l i o .  
B 

M. n i o c e n e  t o  & a t .  
B 
B 
B 
B 
B 
L. L. P l i o c e n e  o r  @ a t .  
0 

3ne B 
P l i w e n e ,  prob.  E. P l i o .  
P l i o c e n e  o r  & a t .  
Prob. L. L. n i o c s n e  

L.L. Miocene o r  E. P l i o .  
L.L. Miocene o r  E. P l i o .  
P l i o c e n e  o r  Quat. 
L. t. Miocene to p l a t .  
L. L. Miocene to P l i o .  
L. L. Miocene t o  m a t .  
P l i o c e n e  o r  Quat.  
L. L. Miocene 
L. L. Miocene o r  E. P l i o .  
n i o c c n e  t o  h a t .  

L. L. MlOCCr3C tC Q u a t .  
~ r o h .  E. P l l o c e n c  
L: L. Miocene t o  P l i o .  
Cenozoic 
B 

L. E. n i o c e n e  t o  m a t .  
Cenozoic 
a 
B 
B 
n. Miocene to Quat.  
L. Cenozoic 
Miocene to m a t .  
B 
L. P l i o c e n e  o r  Quat. 
B 
L. P l i o c e n e  o r  Quat. 
Cenozoic 
Q u a t e r n a r y  
p u a t e r n a r y ,  pre-0.25 m.y. 
B 
L. P l i o c e n e  o r  m a t .  
L. P l i o c e n e  o r  E. prut. 
B 
E. Q u a t e r n a r y  
Canozoic  
Q u a t e r n a r y ,  pre-0.25 m.y. 
L. Miocene t o  & a t .  

L. P l i o c e n e  o r  & a t .  
L. P l i o c e n e  o r  Quat.  
L. Cenozoic 
L. Hiocene to Quat. 
L. Hiocene t o  m a t .  
Q u a t e r n a r y  
L. p u a t e r n a r y  
L. P u r t e r n a r y  

n 1 c m P o s s I L  m s  
~ o r a m i n i  f e r a  R a d i o l a r i a n a  
( A r n a l )  ( K l i n g )  

E. P l iocenm(  7 )  
B 
B 
B 
B 
pr . -pru te rnary(  71 
B 
B 
p l u t m r n u y  
B 
Q u a t e r n a r y  
Q u a t e r n a r y  
p u s t e r n a r y  
Q u a t e r n a r y  
- t e r n a r y  
W a t e r n a r y  
L. P l i o c a n e  o r  h t .  
B 
Q u t e r n a r y  
Q u a t e r n a r y  
B 
B 
B 
Holocmnm 
B 
B 
a .  
B 
Q u a t e r n a r y  
B 
B 
L. P l i o c e n e  o r  pwt. 
B 
m a t e r n a r y  

B 
B 
B 
B 
Prob. L. P l i o c e n e  
o r  m a t .  
m a t m r n a r y  
L. P l i o c e n e  o r  prut. 
Prob. W a t e r n a r y  
L. Pliocmne o r  purr. 
L. P l i o c e n a  o r  purt. 
B 
B 
B 
p u a t a r n a r y (  7 )  
L. Pliocenm o r  Nt. 
Q u a t e r n a r y  
B 
B 
L. P l i o c e n e  o r  Quat. 
L. Pliocanm or prut. 
Qudtmrnary 
L. ~ l i o c e n e  o r  p u r t .  
B 
Q u a t e r n a r y  
u 
Q u a t e r n a r y  
L. Pliocenm o r  prut. 
Holocene( 7 )  

W a t e r n a r y  
B 
B 
L. P l i o c e n e  o r  plut. 
Holocenel ?) 
L. P l i o c e n e  o r  purt. 
L. P l i o c e n e  o r  &at .  
P l i o c e n e  o r  P1ai.t.. 
prob.  L. P l i o c e n e  o r  
E. p1ei.t. 

L. Miocene o r  E. P l i o .  
L. Wocmnm o r  L. P l l o .  
B 
L. wiocene o r  E. P1io.t  7 )  
L. nioeenm or E. P l i o . 0 )  
n 
B 
L. niocenm o r  E. P l i o .  
B 
Prob. Miocene 
B 
B 
B 
B 
B 
B 
a 
B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 

B 
B 
B 
B 
B 

B 
B 
B 
B 
a 
B 
B 
B 
n 
B 
B 
B 
B 
P l i o c e n a  o r  Quat. l ?) 

~ l i o c m e  o r  mut. 
B 
P l i o c e n e  o r  m a t .  
P l i o c e n e  o r  Quat.  
Pllocenm o r  p l a t .  ( 7 )  
P l i o c e n e  o r  Q u ~ t .  
B 
P l i o c e n n  o r  Quat.(?) 
B 



Table 3. Biostratigraphic, paleobathymetric, and lithologic data for megafossils dredged 
from the Kodiak shelf and slope. 

Dredge Lithology 
Specific 
Sample 

50 91 2C silty claystone 

509J3C pebbly mollusk- 
bearing sandy 
siltstone 

509J3D pebbly mollusk- 
bearing sandy 
siltstone 

60 2A3C pebbly mollusk- 
bearing medium- 
grained sandstone 

Megafossil Dredge Probable Probable 
Groups Depth Iml Paleodepth Age 
(no. of genera) of fauna I m )  

gastropads (1) 113-297 0 -3 7 
bivalves ( 1) ' 

Qua ternary 

gastropods ( 1) 159-367 0-100 Quaternary 
bivalves ( 4  ) 

gastropods ( 5 )  159-367 20-50 Quaternary 
bivalves (5) 
barnacles (1) 

bivalves (1) 261-704 7 ? 



* * * * * * * * * *  

F I G U R E S  

* * * * * * * * * *  



Figure 2A. Detailed locations of dredge sites i n  northeastern sample 
area on  the  Kodiak s h e l f .  

Figure 28. Detailed locat ions  of dredge sites i n  cen t ra l  sample area 
on the Kodiak s h e l f .  



F i g u r e  2C.  Deta i led  loca t ions  of dredge s i t e s  i n  s o u t h e r n  sample area 
o n  t h e  Kodiak shelf. 



Probable location 
of  dredged 

upper M i o c e n e  
r o c k s  

a middle or upper 
1978 Dart Core Sites : Miocene 

0 Pliocene or Quaternary 

Figure  3 .  R e l a t i v e  locations of high-angle  faults and dredqed and 
dart-cored upper Miocene rocks i n  part of c e n t r a l  sample 
area, discussed i n  t e x t .  





Figure 4. Geology of the Kodiak shel f  a t  Albatross Bank, as  in fe r red  
f r o m  microfossil ages (McClellan and others ,  1980; and t h i s  
repor t )  and seismic data (Fisher and von Huene, 1980; von 
Huene and o thers ,  1980). See t e x t  f o r  explanation of the 
overlapping chronostrat igraphic in te rva l s .  


