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INTRODUCTION 

Shelikof Strait, situated between the Kodiak island group and the Alaska 

Peninsula (Fig. I), is included in OCS oil and gas lease area 60. 

Environmental geologic studies are being conducted by the U.S. Geological 

Survey prior to the  scheduled September 1981 sale date. Seismic-reflection 

3 records, col lected with 40- to 95-cm airgun, 800- joule mi nisparker, 800-joul e 

boomer, and 3.5-and 12-kilohertz systems and covering over 6,400 km of 

trackline have been examined to identify geologic conditions at or below the 

seafloor that might affect petroleum operations. Of the total trackline 

distance, 865 km were collected in June 1980 aboard the Geological Survey's 

ship R/V S.P. LEE. The remainder were collected by Nekton Inc. in 1979, under 

contract to the USGS (Fig. 2). Sediment samples were collected at 42 stations 

on the June 1980 cruise for geological and geotechnical analysis (Fig. 2). 

The purpose of this report is to present physical and chemical 

measurements that have been made on sediment samples and to give a preliminary 

geo-environmental assessment of Shelikof Strait, based on presently completed 

analyses of the geophysical records and sediment samples. 

SETT l NG 

Shelikof Strait marks the location of a northeast-trending structural 

trough, forming an inner forearc basin (von Huene, 1979) that i s  located near 

the convergent margin of the North America plate where it is being underthrust 

by the Pacific plate. The major tectonic feature is a clearly defined Benioff 

zone, located at a depth of just less than 100 km beneath the strait (Pulpan 

and Kienle, 1979). 



The Gulf of Alaska - A l e u t i a n  reg ion ,  which i n c l u d e s  sale a r e a  60, i s  one 

of t h e  most s e i s m i c a l l y  active on e a r t h  and accounts  f o r  a b o u t  7 p e r c e n t  of 

t h e  a n n u a l  worldwide r e l e a s e  of seismic energy;  mostly i n  t h e  form of l a r g e  

ea r thquakes  ( g r e a t e r  t h a n  magnitude 6 ) .  S ince  r e c o r d i n g  of l a r g e  e a r t h q u a k e s  

began i n  1902, at l eas t  95 p o t e n t i a l l y  d e s t r u c t i v e  e v e n t s  (M>6) have o c c u r r e d  

i n  t h e  v i c i n i t y  of She l ikof  S t r a i t .  Recurrence i n t e r v a l s  of major e a r t h q u a k e s  

(M>7,5) w i t h i n  a g iven  a r e a  a l o n g  t h e  Gulf of Alaska - A l e u t i a n  sys tem have 

been e s t i m a t e d  t o  be between a maximum of 800 y e a r s  ( P l a f k e r  and Rubin, 1967)  

and a minimum of 33 y e a r s  (Sykes,  1971 ). 

A t  least 12 volcanoes  c l a s s i f i e d  as active ( w i t h i n  h i s t o r i c  t i m e )  or 

r e c e n t l y  a c t i v e  (<10,00 y r )  are l o c a t e d  a l o n g  t h e  Alaska P e n i n s u l a  a d j a c e n t  t o  

the strait (Powers, 1958).  The volcanoes  awe a n d e s i t i c  i n  composi t ion and a r e  

s u b j e c t  t o  v i o l e n t  e r u p t i o n s ,  as e x e m p l i f i e d  by t h e  K a t m a i  e v e n t  of 1912, 

which e x p e l l e d  more than  25  km3 of a s h  (Wilcox, 1959). The most r e c e n t  

e r u p t i o n  was t h a t  of M t .  August ine  i n  1976 i n  nearby lower Cook I n l e t .  

Onshore geology and s p a r s e  deep s e i s m i c - r e f l e c t i o n  d a t a  i n d i c a t e  t h a t  

many of t h e  major g e o l o g i c  f e a t u r e s  of lower Cook I n l e t  e x t e n d  i n t o  S h e l i k o f  

S t r a i t .  These f e a t u r e s  i n c l u d e  less t h a n  2 km of Cenozoic and a n  

under termined t h i c k n e s s  of Mesozoic s t r a t a ,  t h e  Alaska - A l e u t i a n  Range 

b a t h o l i t h ,  and t h e  Border Ranges f a u l t  (Magoon e t  a l . ,  1979) .  Bedrock w i t h i n  

t h e  s t ra i t  i s  covered by a b l a n k e t  of r e l a t i v e l y  undeformed Quaternary g l a c i a l  

and marine sedimentary  d e p o s i t s ,  

BATHYMETRY 

The bathymetry of  S h e l i k o f  S t r a i t  i s  shown i n  F i g u r e  3. The map was 

p repared  by hand-picking d e p t h s  from 3.5- and 1 2 - k i l o h e r t z  p r o f i l e s  a l o n g  a l l  



t rack l ines  shown i n  Figure 2, c o r r e c t i n g  depths  t o  mean lower low water, 

computer pos t i ng  and contouring,  and manually smoothing t h e  f i n a l  product .  

The s e a f l o o r  of Shel ikof  S t r a i t  c o n s i s t s  of a gen t ly  southwest-s loping 

c e n t r a l  p la t form bordered by narrow marginal channels  ad j acen t  t o  t h e  Kodiak 

i s l a n d s  and t h e  Alaska Peninsula.  Water depths  i n  t h e  n o r t h e a s t  p a r t  are 

gene ra l l y  less than 200 m whereas those i n  the southwest  gene ra l l y  exceed 

200 m and can be a s  much a s  300 m. Superimposed on t h e  platform a r e  some 

l o c a l  h ighs  and lows with a s  much as 100 m r e l i e f .  Along t h e  axes of t h e  

marginal  channels  are s e v e r a l  c lo sed  dep re s s i ans  of up t o  100 m r e l i e f .  

SHALLOW STRUCTURES 

Figure 4 shows trends of shal low s t r u c t u r e s .  F a u l t s  were i d e n t i f i e d  i n  

a i rgun ,  minisparker  and uniboom records  by the presence of o f f s e t  s t r a t a  and 

hyperbol ic  r e f l e c t i o n s .  Only f a u l t s  t h a t  d i s r u p t  sediment above bedrock were 

mapped, and d i s t i n c t i o n  i s  made between those t h a t  i n t e r s e c t  the  s ea f  l o o r  and 

those t h a t  t e rmina te  below it. Fold axes were taken  from t h e  map prepared by 

Hoose and Whitney ( 1 980 ) . 
Most major s t r u c t u r e s  t r e n d  p a r a l l e l  t o  t h e  a x i s  of the s t r a i t ,  

perpendicu la r  t o  t h e  d i r e c t i o n  of p l a t e  convergence. Fau l t s  t h a t  o f f s e t  t h e  

s e a f l o o r  o r  extend above bedrock i n t o  unconsol idated sediment occur  a long  both 

margins of the s t r a i t .  Fau l t s  i n  t h e  c e n t r a l  p a r t  of the s t r a i t  cause as much 

as 100 m o f f s e t  of t h e  s e a f l o o r  and produce h o r s t  and graben s t r u c t u r e s  seen  

i n  some seismic r e f l e c t i o n  records  (Fig. 5). 

Shallow bedrock f o l d s  are asymmetric, with vergence toward t h e  northwest  

on the Kodiak I s l and  s i d e  of t h e  s t r a i t  and toward the  sou theas t  on t h e  Alaska 

Peninsula  s i d e  (Hoose and Whitney, 1980). Most f o l d s  are t r unca t ed  a t  the 

unconformable c o n t a c t  with over ly ing  unconsol idated sediment. 



SEDIMENT 

S t r a t i g r aphy :  Sedimentary d e p o s i t s  of presumed P le i s tocene  and Holocene 

age o v e r l i e  an i r r e g u l a r  unconformity above T e r t i a r y  and o l d e r  sedimentary 

bedrock. Thickness of unconsol idated sediment,  measured from a i rgun ,  

minisparker ,  and uniboom records ,  is  gene ra l l y  about  100 ms of two-way 

a c o u s t i c  p e n e t r a t i o n  i n  t h e  n o r t h e a s t e r n  ha l f  of t h e  study a r e a  and i n c r e a s e s  

ab rup t ly  i n  the southwestern ha l f  to va lues  exceeding 1000 m s  (Fig.  6; see 

a l s o  Whitney e t  dl., 1980 a ,b ) .  The th ickening  r e f l e c t s  a deepening of t h e  

unconformity. I n t e r p r e t a t i o n s  of the seismic s t r a t i g r a p h y  by Whitney e t  a l .  

(1980 a r b ) ,  Hoose e t  al. (19801, and Holden (19801 r e v e a l  t h a t  t h e  s e c t i o n  

above the  unconformity comprises t h r e e  sedimentary un i t s :  a lowermost 

(P l e i s tocene? )  u n i t  t h a t  f i l l s  t h e  bedrock depress ion  i n  t h e  southwest  ha l f  of 

the a r e a  and reaches th icknesses  of more than 500 m, a lower Holocene u n i t  

gene ra l l y  about  100 m t h i c k  t h a t  o v e r l i e s  t h e  unconformity i n  t h e  n o r t h e a s t  

and t h e  P l e i s tocene  u n i t  i n  t h e  southwest,  and an upper Holocene u n i t  

gene ra l l y  less than 20 m t h i c k  t h a t  covers  most of t h e  sea£ loor .  

High-resolution seismic r e f l e c t i o n  records  show t h a t  t h e  p la t form a r e a  on 

t h e  s e a f l o o r  of She l ikof  S t r a i t  r e p r e s e n t s  t h e  s u r f a c e  of a southwes te r ly  

prograding sediment body. This sediment body pinches out l a t e r a l l y  ac ros s  t h e  

s t r a i t  to  form t h e  g e n t l y  s l o p i n g  seaward w a l l s  o f  t h e  marginal channels  

(Fig.  7) .  The s t eep ,  landward channel  walls  appear t o  be f a u l t  s ca rps  i n  some 

p l aces ,  b u t  more t y p i c a l l y  a r e  t h e  d e p o s i t i o n a l  s u r f a c e  of sediment der ived  

from Ple i s tocene  g l a c i e r s  o r  t h e  ad j acen t  landmasses (Alaska Peninsula  and 

Kodiak i s l a n d s ) .  Therefore ,  t h e  channels  a r e  no t  e r o s i o n a l  i n  o r i g i n  b u t  

i n s t e a d  r ep re sen t  a r e a s  of l i t t l e  modern sediment accumulation. In  f a c t ,  t h e  

o v e r a l l  sedimentary environment of She l ikof  S t r a i t  apparen t ly  i s  depos i t i ona l ,  



w i t h  no evidence of t h e  e r o s i o n  and l a rge - sca l e  reworking common nearby i n  

Cook I n l e t  (Bouma et al., 1978) and on Kodiak Shelf (Hampton e t  al., 1979).  

Sedimentation r e f l e c t s  t h e  dominantly b a r o t r o p i c  flow of ocean water  t h a t  

e n t e r s  the n o r t h e a s t  end of t h e  s t r a i t  from Cook I n l e t  and the Gulf of Alaska 

(Schumacher e t  a l . ,  1978; Muench and Schumacher, 1980) .  

Textures:  Sedimentary t e x t u r e s  w e r e  measured by s i e v i n g  and p i p e t t i n g  

i n t o  f o u r  s i z e  c l a s se s :  coa r se  ( > 2  mm), sand (2-0.062 m m ) ,  s i l t  (0.062- 

0.004 m m ) ,  and c l a y  (t0.004 mm).  Textures  of s u r f i c i a l  sediment grade  

uniformly down t h e  s t r a i t  from muddy sand a t  t h e  n o r t h e a s t  end t o  s l i g h t l y  

sandy mud a t  the southwest end (Figs .  8 ,9 ) ,  i n d i c a t i n g  p rog re s s ive  s o r t i n g  by 

present-day t r a n s p o r t i n g  cu r r en t s .  A gene ra l  f i n i n g  across t h e  s t r a i t ,  toward 

the  sou theas t ,  exis ts  i n  t h e  southwestern ha l f  of t h e  s tudy area. 

Index phys i ca l  p rope r t i e s :  Geotechnical  index p r o p e r t i e s  have been 

determined f o r  many of t h e  sediment cores .  These i nc lude  vane shea r  s t r e n g t h ,  

s e n s i t i v i t y ,  water  conten t ,  g r a i n  s p e c i f i c  g r a v i t y ,  and p l a s t i c i t y  (A t t e rbe rg  

limits) (Table 1 ) .  

Vane shea r  tests were performed wi th  a motorized device  a t  a r o t a t i o n  

rate of 90°/min. The vane was inch  diameter  and 1/2inch high, i n s e r t e d  i n t o  

t h e  sediment t o  a depth twice t h e  h e i g h t  of t h e  vane. 

Peak undis turbed s t r e n g t h s  and remolded s t r e n g t h s  were measured, On 

board s h i p ,  vane shea r  tests were performed a t  t h e  ends of I-m co re  s e c t i o n s  

immediately a f t e r  recovery. The axis of vane r o t a t i o n  was p a r a l l e l  t o  t h e  

c o r e  a x i s  i n  these t e s t s .  I n  t h e  l abo ra to ry ,  w i t h i n  two weeks after 

t e rmina t ion  of the cruise ,  core s e c t i o n s  were s p l i t  l o n g i t u d i n a l l y  and vane 

shea r  tests were performed a t  20-cm i n t e r v a l s  wi th  t h e  a x i s  of vane r o t a t i o n  

perpendicu la r  to core axes. Rep l i ca t e  measurements w e r e  made on matching 



halves  of some cores .  Some tests were performed us ing  a torque  c e l l  t o  

measure r e s i s t a n c e  to  vane r o t a t i o n ;  o t h e r s  were run us ing  a spr ing .  Peak 

vane shear  s t r e n g t h s  (S ) gene ra l l y  i n c r e a s e  toward t h e  n o r t h e a s t  (Fig. 10, u 

Table I ) ,  r e f l e c t i n g  t h e  i n c r e a s e  i n  g r a i n  s i z e .  Most of t h e  sediment can be 

c l a s s i f i e d  as  very s o f t  (SU<12 k i l o p a s c a l s ) ,  but some i s  k o f t  (12kPatSu<24kPa) 

t o  medium (24kPa<Su<48kPa). These va lues  a r e  wi th in  t y p i c a l  ranges f o r  

shal low marine sediment (e.g., Keller, 1968, 1974). 

Su values  i d e a l l y  i n c r e a s e  down core, r e f l e c t i n g  an i n c r e a s e  i n  e f f e c t i v e  

stress and a decrease  i n  water  content .  This  is t r u e  f o r  most c o r e s  i n  

Shelikof S t r a i t ,  except  f o r  co re s  a t  s t a t i o n s  530 and 550, where s t r e n g t h s  

decrease. This  s t r e n g t h  r educ t ion  down core  may be due t o  cementation of t h e  

near-surface sediment or an i n t e r n a l  f a b r i c  e f f e c t  (e.g., Bennett  e t  a l . ,  

1977). 

Rep l i ca t e  vane tests made on matching core ha lves  f a l l  i n t o  two groups. 

In  t he  f i r s t ,  t h e  r e p l i c a t e  tests were both made with t h e  t o rque -ce l l  

appara tus ,  whereas i n  t h e  second, one tes t  was made wi th  t h e  to rque  c e l l  and 

the  o t h e r  was made us ing  a s p r i n g  t o  measure r e s i s t a n c e  t o  vane r o t a t i o n .  

Peak undis turbed s t r e n g t h s  and remolded s t r e n g t h s  w e r e  measured. The r e s u l t s  

a r e  summarized i n  Table  2. Di f fe rences  between r e p l i c a t e  measurements a r e  

expressed a s  V, t h e  c o e f f i c i e n t  of v a r i a t i o n  ( d i f f e r e n c e  between t h e  two 

measurements, divided by t h e  mean, expressed as a pe rcen t ) .  As shown i n  the 

t a b l e ,  t h e  range of V i s  l a r g e  (0-1 13%),  but t h e  averages and s tandard  

dev ia t i ons  a r e  moderate. The mean of a l l  r e p l i c a t e  to rque-ce l l  measurements 

is  24% f o r  both peak undis turbed  s t r e n g t h s  and remolded s t r e n g t h s .  Standard 

dev ia t i ons  are 20% and 22%, r e spec t ive ly .  V-values f o r  t he  t o rque -ce l l / sp r inq  

r e p l i c a t e  measurements have a grand mean of 22% f o r  peak s t r e n g t h s  and 26% f o r  

remolded s t r e n g t h s ,  with s t anda rd  dev ia t i ons  of 16% and 26%, r e spec t ive ly .  



Vane shear s t r e n g t h  t e s t s  made a t  t h e  e n d s  of  core s e c t i o n s  measure 

s t r e n q t h  a l o n q  a v e r t i c a l  c y l i n d r i c a l  s u r f a c e  w i t h i n  t h e  sedl lnent ,  whereas  

tests made on  s p l i t  c o r e  s e c t i o n s  measure s t r e n g t h  on a c y l i n d r i c a l  s u r f a c e  

whose axis i s  p e r p e n d i c u l a r  to t h e  c o r e  a x i s  and c o n t a i n s  p l a n e s  i n  a l l  

d i r e c t i o n s  from v e r t i c a l  t o  h o r i z o n t a l .  Thus, end -co re  tests measure  s t r e n g t h  

on p l a n e s  t h a t  are of d i f f e r e n t  o r i e n t a t i o n  t h a n  t h o s e  on which s t r e n y t h  i s  

measured i n  a spL i  t - r o r ~  test. Some d i i f e r e n c e  i n  end-core  and  s p l l t - c o r e  

v a l u e s  miqh t  be  e x p e c t e d ,  b e c a u s e  s t r e n g t h  can  be a n i s o t r o p i c  i n  s e d l r n e ~ t t s .  

M o r ~ o v e r ,  B j e r r u n  ( 1  973)  d e m o n s t r a t e d  a n  i n v e r s e  r e l a t l o n  hetween t h e  

maqni tude  o f  a n i s o t r o p y  ( i n  a horizontal p l a n e  v e r s u s  a v e r t l c a l  p l a n e )  a n d  

p l a s t i c i t y  i n d e x  u s l n g  s e v e r a l  d i f f e r e n t  n a t u r a l  c l a y s .  I n  o r d e r  t o  make a  

s i m i l a r  a n a l y s i s  o f  S h e l i k o f  S t r a i t  sediment, some a d j u s t m ~ n t s  of t h e  data 

were  made t o  a c c o u n t  f o r  t h e  f a c t  t h a t  end-core  and s p l i t - c o r e  measurements  

werP n o t  t a k e n  a t  t h e  same l e v e l s  i n  c o r e s .  Nahely,  l i n e a r  r e g r e s s l o n  

e q u a t i o n s  were  d e r i v e d  f o r  b o t h  t h e  u n d i s t u r b e d  and remolded s p l i t - c o r e  

s t r e n g t h s  as a f u n c t i o n  of water c o n t e n t  f o r  s e v e r a l  c o r e s  w i t h  a ~ ~ ~ i n d a n t  vane 

s t r e n g t h  d a t a  ( T a b l e  3 ) .  No a n i s o t r o p y  should e x i s t  f o r  remolded samples ,  s o  

t h e  d i f f e r e n c e  between t h e  remolded end-core  measurements  and  t h e  

c o r r e s p o n d i n g  s p l i t - c o r e  r e g r e s s l o n  l i n e  w a s  considered t o  r e p r e s e n t  t h e  real  

d e v i a t i o n  from l i n e a r i t y ,  r e f l e c t i n g  variations w i t h i n  t h e  s e d i m e n t  column 

t h a t  a f f e c t  s t r e n q t h .  

T h i s  d i f f e r e n c e ,  which a l s o  i n c l u d e s  some e x p e r i m e n t a l  e r r o r ,  s h o u l d  be 

i n h e r e n t  i n  t h e  i ~ n d i s t u r b e r l  s t r e n g t n  v a l u e s ,  t o o ,  s o  the d e v i a t i o n  cornl>uted 

f o r  t h e  remolded s t r e n g t h  w a s  s u b t r a c t e d  from t h e  c o r r e s p o n d i n g  u n d i s t u r b e d  

s t r e n q t h .  Then, t h i s  c o r r e c t e d  v a l u e  was d i v i d e d  i n t o  t h e  c o r r e s p o n d i n g  

( e q u a l  w a t e r  c o n t e n t )  v a l u e  on t h e  u n a i s t u r b e d ,  s p l i  t-core r e g r e s s i o n  l i n e  t o  

q i v e  a p e a s u r e  of a n i s o t r o p y .  A s  shown i n  Fig.  1 1 ,  nearly a l l  s p l i t - c o r e  



values  exceed those  from ends of co re s ,  g iv ing  an  an i so t ropy  g r e a t e r  than 

one. N o  c o r r e l a t i o n  wi th  Bjerrumls  (1973) experimental  curve i s  ev iden t ,  

however . 
Values of s e n s i t i v i t y ,  S, t h e  r a t i o  of undis turbed s t r e n g t h  t o  remolded 

s t r eng th ,  f a l l  i n  the low ( 1  < S < 2 )  t o  quick (S>16) range (Terzaghi and Peck, 

1948) ,  wi th  most being c l a s s i f i e d  as medium s e n s i t i v e  (2<S<4) (Table  1 ) .  The 

coa r se r  sediment i n  t he  no r theas t e rn  a r e a  tends  t o  have h igher  s e n s i t i v i t y  

va lues  (Fig. 12, Table  1). 

Water con ten t  (as a percentage  of dry  sediment weight)  gene ra l l y  

decreases  t o  t he  no r theas t ,  i n v e r s e l y  c o r r e l a t i n g  with g r a i n  s i z e  (Fig. 13, 

Table 1 ) .  Moreover, water  con ten t s  i n c r e a s e  a c r o s s  t h e  s t r a i t ,  from t h e  

Alaska Peninsula  t o  Kodiak I s land .  Values i n  t h e  n o r t h e a s t  a r e  perhaps l o r  

fo r  marine sediment,  b u t  most a r e  i n  the range of measurements taken elsewhere 

( K e l l e r ,  1968, 1974). 

A t t e rbe rg  l i m i t s  d e sc r ibe  t h e  p l a s t i c i t y  of sediment,  i n  terms of t h e  

l i q u i d  l i m i t  (water con ten t  s e p a r a t i n g  p l a s t i c  and l i q u i d  behavior )  and 

p l a s t i c  l i m i t  (water  con ten t  s e p a r a t i n g  s o l i d  and p l a s t i c  behavior) .  Useful 

d e r i v a t i v e s  a r e  t h e  p l a s t i c i t y  index ( d i f f e r e n c e  between t h e  l i q u i d  and 

p l a s t i c  l i m i t s ) ,  and t h e  l i q u i d i t y  index ( p o s i t i o n  of t h e  n a t u r a l  water  

con ten t  r e l a t i v e  t o  t he  l i q u i d  and p l a s t i c  l i m i t s ) .  Ce r t a in  t r ends  i n  

p l a s t i c i t y  are ev iden t  i n  Shel ikof  S t r a i t .  Liquid l i m i t ,  p l a s t i c  l i m i t ,  and 

p l a s t i c i t y  index i n c r e a s e  down t h e  s t r a i t  toward t h e  southwest,  and a l s o  

gene ra l l y  ac ros s  t h e  s t r a i t ,  toward t h e  s o u t h e a s t  (Table 1 ,  Figs.  14, 15, 16) .  

These p r o p e r t i e s  also gene ra l l y  i n c r e a s e  with decreas ing  mean g r a i n  s i z e  

(Figs. 17, 18, 191, a l though t h e  data f o r  p l a s t i c  l i m i t  are q u i t e  s ca t t e r ed .  

P l a s t i c  l i m i t s  axe less v a r i a b l e  than l i q u i d  l i m i t s ,  which is  t y p i c a l l y  t h e  

c a s e  (Mi tche l l ,  1976; Richards,  1962). 



Cor re l a t i ons  have been made between l i q u i d  l i m i t  (W ) and compres s ib i l i t y  R 

(Herxmann e t  al., 1972; Skempton, 1944). The major i ty  of Shelikof S t r a i t  

samples f a l l  w i th in  t h e  medium ( 30<WR ~ 5 0 )  and high (WR >50) compres s ib i l i t y  

ranges . 
A l l  measured l i q u i d i t y  i n d i c e s  i n  Shel ikof  S t r a i t  are g r e a t e r  than  1 

(Table 1 )  which i s  usua l  f o r  near-seaf loor  marine sediment. Most co re s  show a 

decrease  i n  l i q u i d i t y  index wi th  depth,  r e f l e c t i n g  t h e  decrease  i n  water  

conten t ,  Sediment with a l i q u i d i t y  index g r e a t e r  than one behave as a l i q u i d  

when remolded. 

A p l o t  of l i q u i d  l i m i t  ve rsus  p l a s t i c i t y  index - termed a p l a s t i c i t y  

c h a r t  (Casagrande, 1948) - shows a t r end  p a r a l l e l  t o  t h e  A-l ine  t h a t  d i v i d e s  

b a s i c  s o i l  types (Fig.  20). Most sediments from Shel ikof  S t r a i t  p l o t  below 

the A-line, which is t y p i c a l  of inoganic  silts and s i l t y  c lays .  The l i n e a r  

t r e n d  of d a t a  p o i n t s  i s  expected f o r  samples taken throughout t h e  same 

sedimentary depos i t  (Terzaghi,  1955; Richards,  1962 1. 

Other index p r o p e r t i e s  ob ta ined  inc lude  g r a i n  s p e c i f i c  g r a v i t y ,  bulk 

sediment dens i ty  (assuming 100% s a t u r a t i o n  1, void r a t i o ,  and p o r o s i t y  

(Table 1 ) .  Sediment d e n s i t y  decreases  toward t h e  southwest,  whereas void 

r a t i o  and po ros i t y  increase .  Across t h e  s t r a i t ,  toward the s o u t h e a s t ,  

sediment d e n s i t y  decreases ,  and void r a t i o  and p o r o s i t y  increase .  Grain 

s p e c i f i c  g r a v i t y  v a r i e s  over a smal l  range, wi th  most values  between 2.65 and 

2.84. No t r ends  are apparent .  Typica l  v a r i a t i o n s  wi th  depth i n  co re s  are a s  

fol lows:  void ra t io  and p o r o s i t y  decrease ,  bulk sediment d e n s i t y  i nc reases ,  

and grain d e n s i t y  shows no t rend.  

Carbon: Dry-weight percentages  of carbonate  and o rgan ic  carbon were 

measured f o r  subsamples taken  from t h e  upper 2 to  3 c m  of co re s  a t  31 



l o c a t i o n s  i n  Shel ikof  S t r a i t  (Figs.  21, 22 I .  Carbon-carbonate a n a l y s i s  was 

performed on a LECO model WR-12 carbon determinator  with i nduc t ion  furnace  and 

a c i d  d iges to r .  Subsamples were f i r s t  f reeze-dr ied,  ground t o  a f i n e  powder, 

and s t o r e d  i n  a d e s i c c a t o r ,  T o t a l  carbon was measured using t he  i nduc t ion  

furnace ,  and carbonate  carbon was determined wi th  the a c i d  d iges to r .  Organic 

carbon conten t  is c a l c u l a t e d  as the  d i f f e r e n c e  between t o t a l  carbon and 

carbonate  carbon conten ts .  The r epo r t ed  va lues  of o rganic  carbon and 

carbonate  carbon r ep re sen t  t he  average of 3 ana lyses  from each core .  

S u r f i c i a l  sediment of Shel ikof  S t r a i t  i s  cha rac t e r i zed  by low t o  

i n t e rmed ia t e  con ten t s  of o rganic  carbon, compared t o  o t h e r  marine a r e a s  

(Bordovskiy, 1965, 1969; Gardner, 1980; L i s i t z i n ,  1972; Rashid and Brown, 

1975). Values range from 0.10% t o  3.16%, averaging 0.82%. Most va lues  a r e  

between 0.40% and 1.50%. 

Organic carbon con ten t  gene ra l l y  i n c r e a s e s  down t h e  s t r a i t  toward t h e  

southwest,  a s  w e l l  as  ac ros s  t h e  s t r a i t  toward the  southeas t .  These va lues  

vary i n v e r s e l y  wi th  g r a i n  s i z e  (Fig. 23). C o r r e l a t i o n s  wi th  o t h e r  p h y s i c a l  

p r o p e r t i e s  a r e  shown i n  Figs.  24 through 28. Organic carbon con ten t  

c o r r e l a t e s  p o s i t i v e l y  wi th  water  c o n t e n t  and p l a s t i c i t y  index, whereas g e n e r a l  

i nve r se  c o r r e l a t i o n s  a r e  found with vane shea r  s t r e n g t h  and s e n s i t i v i t y .  Data 

are too  s c a t t e r e d  t o  d e f i n e  a c o r r e l a t i o n  between organic  carbon con ten t  and 

l i q u i d i t y  index. Cor re l a t i ons  s i m i l a r  t o  those descr ibed  above have been 

r epo r t ed  by o t h e r s  f o r  low organic-carbon con ten t  sediments (Bordovskiy, 1965, 

1969; Bush and Keller, 1981; K e l l e r  e t  a l . ,  1979, L i s i t z i n ,  1972; Mi t che l l ,  

1976; Ode11 e t  a l . ,  1960). 

Percent  carbonate  carbon i s  t y p i c a l l y  low i n  Shel ikof  S t r a i t  sediment,  

varying between 0.84% and 38.76% (average = 2.96%)(Fig. 22) .  Most va lues  a r e  



less than 3.50%. Two l o c a t i o n s  (535 and 553) wi th  anomalously high va lues  

(21.67% and 38.76%, r e s p e c t i v e l y )  a r e  near t h e  boundary of t h e  s t r a i t .  

Clay mineralogy: Forty-four samples of s u r f i c i a l  sediment w e r e  analyzed 

for  c l ay  mineralogy. Sample p repa ra t i on  and clay-mineral i d e n t i f i c a t i o n  

methods gene ra l l y  fo l low those  presen ted  by Hein e t  a l .  (1  976). Samples were 

analyzed on a Picker  high-angle x-ray d i f f r ac tome te r  wi th  a s c i n t i l l a t i o n  

counter  us ing  n i c k e l - f i l t e r e d  copper Ka r ad i a t i on .  Carbonate and o rgan ic  

carbon were removed from sediment samples w i t h  Morgan's s o l u t i o n  (sodium 

a c e t a t e  and g l a c i a l  a c e t i c  a c i d  d i l u t e d  wi th  d i s t i l l e d  wa te r )  and 30% hydrogen 

peroxide,  r e spec t ive ly .  

The <2 urn s i z e  f r a c t i o n  was s epa ra t ed  by cen t r i fuga t ion .  This  c l ay - s i ze  

f r a c t i o n  was Mg-saturated and mounted on g l a s s  s l i d e s  (Gibbs, 1965). The 

mounts were g lyco la t ed  and then  hea t - t r ea t ed  a t  500°C f o r  one hour. An x-ray 

d i f f rac togram (20 = 3°-140) was taken fo l lowing  each of t h e  above t rea tments .  

The semiquan t i t a t i ve  technique of measuring peak a r e a s  was used t o  calcu-  

l a t e  t h e  r e l a t i v e  clay-mineral  percentages.  Biscaye I s  (1965) peak a r e a  

weight ing f a c t o r s  of two f o r  c h l o r i t e - k a o l i n i t e ,  f ou r  f o r  i l l i t e ,  and one f o r  

smecti t e  were used i n  c a l c u l a t i n g  r e l a t i v e  percentages.  Percentages of 

c h l o r i t e  r e l a t i v e  t o  k a o l i n i t e  w e r e  ob ta ined  from a s l o w  scan  of t h e  24'- 

2b0 28 d i f f rac togram (Biscaye, 1964). Kaol in i t e  was a minor component i n  

t h e s e  samples, making a c c u r a t e  de te rmina t ions  d i f f i c u l t .  B i scaye t s  method 

showed no d i s c e r n i b l e  k a o l i n i t e  peak a t  24,88O 26. The c h l o r i t e  va lues  

presen ted  he re  i nc lude  any k a o l i n i t e  t h a t  may have been p r e s e n t  bu t  was not  

measurable. Duplicate  samples and d u p l i c a t e  sample runs showed 

r e p r o d u c i b i l i t y  w i th in  5%. 



I l l i t e  and c h l o r i t e  are t h e  dominant c l a y  m i n e r a l s  i n  S h e l i k o f  S t r a i t ,  

a v e r a g i n g  52% and 42% r e s p e ~ t i v e l y  (F igs .  29,30; Table 4) .  Mixed l a y e r  c l a y  

(most ly  s m e c t i t e )  occur rence  i s  minor and averages  6% (Fig.  31).  The major 

g r a d i e n t s  i n  c l a y  minera l  abundances occur  a c r o s s  t h e  s t ra i t ,  p e r p e n d i c u l a r  t o  

t h e  axis. A t  t h e  n o r t h e a s t  boundary of t h e  s t r a i t ,  however, g r a d i e n t s  t end  t o  

become o b l i q u e  t o  the a x i s .  The h i g h e s t  v a l u e s  of i l l i t e  and t h e  l o w e s t  

v a l u e s  of c h l o r i t e  g e n e r a l l y  occur  a l o n g  t h e  a x i s .  Mixed l a y e r  c l a y s  occur  

more abundant ly  on t h e  s o u t h e a s t e r n  s i d e  of t h e  s t r a i t  compared t o  t h e  

nor thwes te rn  s i d e ,  and most abundant ly  a t  t h e  n o r t h e a s t  end of t h e  s t r a i t .  

The f low t h a t  t r a n s p o r t s  c l a y  m i n e r a l s  i n t o  She l ikof  S t r a i t  d e r i v e s  

mainly from Cook I n l e t  and from t h e  n o r t h e a s t e r n  Gulf of Alaska (Muench and 

Schumcher ,  1980). Clay m i n e r a l  s u i t e s  from t h e s e  areas, a s  w e l l  as from 

nearby Kodiak S h e l f ,  have been d e s c r i b e d  by Hein e t  al. (1979).  Average 

composi t ions  of t h e s e  s u i t e s ,  as w e l l  the average  from She l ikof  S t r a i t ,  a r e  

p r e s e n t e d  i n  Tab le  5. The clay m i n e r a l  s u i t e  i n  She l ikof  S t r a i t  most c l o s e l y  

resembles  t h a t  from Cook I n l e t ,  b u t  some c o n t r i b u t i o n  from the n o r t h e a s t e r n  

~ u l f  (i.e., Copper ~ i v e r )  s u r e l y  i s  p r e s e n t .  

The relative enrichment of c h l o r i t e  and d e p l e t i o n  of i l l i t e  a l o n g  t h e  

margins o f  t h e  s t r a i t  may r e p r e s e n t  c o n t r i b u t i o n s  of c l a y  m i n e r a l s  from t h e  

a d j a c e n t  landmasses. A l t e r n a t i v e l y ,  the s e g r e g a t i o n  might r e f l e c t  h y d r a u l i c  

s o r t i n g  p r o c e s s e s  ( G i b b s ,  1977; Knebel e t  a l e  , 1977).  S t r a t i g r a p h i c  ev idence  

(i . e , t h e  non-depos i t iona l  channe 1s 1 s u g g e s t s  t h a t  the  margins of t h e  s t r a i t  

a r e  hydrodynamically high-energy a r e a s ,  implying t h a t  c l a y  m i n e r a l s  w i t h  

r e l a t i v e l y  low s e t t l i n g  velocities would be d e p l e t e d ,  which a p p a r e n t l y  is  t h e  

case .  Knebel e t  a l .  (1977) demonstra ted t h a t  c h l o r i t e  and k a o l i n i t e  i n  

San F r a n c i s c o  Bay sediment  is  c o a r s e r  than  i l l i t e ,  and t h a t  h y d r a u l i c  s o r t i n g  



on t h e  b a s i s  of s i z e  e x i s t s .  The d i s t r i b u t i o n  of mixed l a y e r  c l a y s  i n  

Shel ikof  S t r a i t ,  p r e s e n t  i n  r e l a t i v e l y  small amounts and presumably finer 

gra ined  than t h e  o t h e r  c l a y s ,  shows a  s o r t i n g  t rend ,  b u t  i t  i s  n o t  c l e a r l y  

compatible wi th  t h a t  shown by t h e  o t h e r  c lays .  Mixed-layer c l a y  d i s t r i b u t i o n  

sugges t s  a source  from Kodiak She l f .  

Gas: Sediment samples a t  15 s t a t i o n s  were analysed f o r  l i g h t  hydrocarbon - 
gases  (methane through butane) ,  by K. Kvenvolden and T. Vogel. I n  gene ra l ,  

gas concen t r a t i ons  were low (Table 6) .  Methane was approximately 

30 m i c r o l i t e r s / l i t e r  (l.11/1) of w e t  sediment,  e thane  was about  

100 n a n o l i t e r s / l i t e r  ( n l / l ) ,  propane was 100 n l / l ,  and e thane  was 80 n l / l .  

Isobutane and n-butane were neg l ig ib l e .  

One s t a t i o n  showed anomalous gas concent ra t ions .  Sediment from 

s t a t i o n  539 exh ib i t ed  l a r g e  methane (1600 p )  and ethane (946 n l / l )  concen- 

t r a t i o n s .  The sample was unusual,  because t h e  methane/ethane + propane r a t i o  

was high (C1/C + C3 = 1556) i n d i c a t i n g  biogenic  gas, and y e t  the 2 

ethane/ethene r a t i o  was a l s o  high (C2/C2,1 161, sugges t ing  a thermogenic 

source.  Ethene is normally t h e  same concent ra t ion  or g r e a t e r  than t h a t  of  

e thane  i n  biogenic  gases ,  b u t  due t o  t h e  l o w  concent ra t ions  o f  t h e  o t h e r  

s a t u r a t e d  hydrocarbons (propane, iso-butane, and n-butane) , t h e  gas  a t  

s t a t i o n  539 can be assumed biogenic.  

ACOUSTIC ANOMALIES 

Anomalous a c o u s t i c  s i g n a t u r e s  e x i s t  i n  many boomer and minisparker  

records.  Typica l ly ,  they appear as unusual ly  s t r o n g  r e f l e c t i o n s ,  with ab rup t  

t e rmina t ions ,  w i th in  t h e  unconsol idated sediment s ec t i on .  R e f l e c t o r s  below 

t h e  anomaly a r e  commonly obscured. A few in s t ances  where a l l  r e f l e c t o r s  



beneath t h e  s e a f l o o r  a r e  t o t a l l y  obscured, wi th  no evidence of s t r o n g  

r e f l e c t o r s ,  w e r e  a l s o  found. 

Anomalies occur  most commonly i n  t h e  no r theas t e rn  ha l f  of t h e  s t r a i t ,  bu t  

some a l s o  e x i s t  i n  the southwest (Fig. 32). Many anomalies occur over  s t e e p l y  

d ipp ing  bedrock s t r a t a  and a n t i c l i n a l  crests t h a t  have been t runca t ed  by 

e ros ion  (Fig. 33) .  

Acoust ic  anomalies a r e  n o t  a l l  easy t o  d i s t i n g u i s h ,  because a continuous 

grada t ion  e x i s t s  from normal a c o u s t i c  r e t u r n s ,  through s u b t l e  dev i a t i ons  from 

normal, t o  d i s t i n c t  anomalies. Instrument  s e t t i n g s ,  such a s  f i l t e r  

f requenc ies  and ga in  modes (TVG versus AGC), have an i n f  luence on the 

appearance of anomalies. I t  i s  commonly a matter of judgment what t o  i d e n t i f y  

a s  a t r u e  a c o u s t i c  anomaly. Only d i s t i n c t  anomalies are mapped on Fig. 32. 

Acoust ic  anomalies have been shown i n  o t h e r  a r e a s  t o  be caused by gas 

charging (Nelson e t  a l . ,  1978; Whelan e t  al . ,  1976; Schubel, 1974). A similar 

causa t ive  r e l a t i o n s h i p  has  n o t  been confirmed i n  Shel ikof  S t r a i t ,  b u t  it 

cannot be discounted. The occurrence of some anomalies over  t runca t ed  

a n t i c l i n e s  and s t e e p l y  i n c l i n e d  bedrock s t r a t a  is  c o n s i s t e n t  wi th  a n  o r i g i n  

due t o  migrated gas, bu t  t h e  absence of s i g n i f i c a n t  concent ra t ions  of gas i n  

c o r e s  and of of water-column gas seeps  i n  t h e  seismic records  a rgues  a g a i n s t  

it, un le s s ,  of course,  t h e  gas  is  completely t rapped  and cannot  leak  t o  t h e  

sur face .  A l t e r n a t i v e l y ,  t h e  anomalies may be due t o  change i n  l i t h o l o g y  a long  

s t r a t i g r a p h i c  horizons.  

CRATERS 

Sea f loo r  c r a t e r s  occur over  an a r e a  of approximately 1500 km2 on t h e  

p rog rada t iona l  p la t form i n  she l iko f  S t r a i t  (Fig. 34).  The c r a t e r s  appear on 



seismic r e f l e c t i o n  p r o f i l e s  as s m a l l  i n d e n t a t i o n s ,  t y p i c a l l y  50 m i n  d iamete r  

and less t h a n  5 m deep (Pig. 35). Broad, low r e l i e f  r i m s  a b o u t  1 m h igh  can  

be d e t e c t e d  on some. In  s ide -scann ing  s o n a r  r e c o r d s ,  t h e  craters are s u b t l e  

f e a t u r e s  and c i r c u l a r  i n  p l a n  (P. J. Hoose, p e r s o n a l  communication 1. The 

craters are s i m i l a r  i n  appearance t o  t h o s e  found on t h e  S c o t i a n  She l f  by King 

and MacLean ( 1970). D i s r u p t i o n  of s e i s m i c  r e f  l e c t o r s  cannot  be d e t e c t e d  

benea th  most craters. Moreover, n e a r l y  all c r a t e r s  occur  on t h e  p resen t -day  

s e a f l o o r .  Only a few examples of b u r i e d  craters were found (Figs. 34 and 351, 

and most of these occur  w i t h i n  a subbottom d e p t h  of 25 m. 

O r i g i n  of t h e  c r a t e r s  i s  unknown, b u t  one p o s s i b i l i t y  i s  v e n t i n g  o f  

e i t h e r  g a s  o r  bur ied ,  l i q u e f i e d  sediment.  The l a c k  of d i s r u p t i o n  of s e i s m i c  

r e f l e c t o r s  s u g g e s t s  a sha l low source ;  less t h a n  a few meters. G a s  v e n t i n g  i s  

b e l i e v e d  t o  c a u s e  craters i n  o t h e r  p l a c e s ,  such  as i n  Norton Sound where a 

b u r i e d  P l e i s t o c e n e  p e a t y  mud is  t h e  s o u r c e  of gas  (Nelson e t  al. ,  1979). N o  

ev idence  of a n  o r g a n i c - r i c h  l a y e r  w a s  d e t e c t e d  i n  She l ikof  S t r a i t  cores, and 

as mentioned above, measured c o n t e n t s  of hydrocarbon gases  a r e  low. 

Fur thermore,  t h e  l o c a t i o n  of a c o u s t i c  anomal ies ,  which a r e  a l s o  b e l i e v e d  

t y p i c a l l y  t o  be r e l a t e d  to  g a s  (Nelson e t  a l . ,  1978; Whelan e t  al., 1976; 

Schubel,  19741, are a l m o s t  mutual ly  e x c l u s i v e  of t h e  l o c a t i o n s  of craters i n  

She l ikof  S t r a i t .  

There  i s  a n  i n t e r e s t i n g  c o r r e l a t i o n  of t h e  occur rence  of  craters w i t h  t h e  

s u b s u r f a c e  e x t e n t  of the t h i c k  P l e i s t o c e n e ( ? )  u n i t  of Whitney e t  a l .  

(1980a,b).  The two are n e a r l y  c o i n c i d e n t .  But i f  t h e  two f e a t u r e s  were 

r e l a t e d ,  some d i s t u r b a n c e  of the i n t e r v e n i n g  100 rn o r  s o  of unconso l ida ted  

sediment  would be expected,  which i s  n o t  t h e  case. 



Al te rna t ive ly ,  c r a t e r s  might be formed  by c o l l a p s e  or vent ing  of bur ied  

l i q u e f i e d  sediment. I n  p a r t i c u l a r ,  a l a y e r  of Katmai ash b l anke t s  most of t h e  

s t r a i t  and w a s  encountered i n  many cores .  A t  nea r ly  a l l  l o c a t i o n s  w i th in  t h e  

c r a t e r  f i e l d ,  pene t r a t i on  of t he  g r a v i t y  core  was stopped a t  subbottom depths  

of less than 35 cm.  Dar t  co r ing  a t  one l o c a l i t y  revea led  a dense l a y e r  o f  a s h  

about  15 c m  t h i ck  a t  t h i s  depth. Perhaps t h i s  m a t e r i a l  and o t h e r  a sh  l a y e r s  

were o r i g i n a l l y  depos i ted  i n  a loose  s t a t e  and have l i q u e f i e d  a f t e r  b u r i a l ,  

a l though t h i s  process  does no t  account f o r  the  r e l i e f  of the  craters, which i s  

much g r e a t e r  than t h e  t h i cknes s  of ash  recovered i n  cores .  

Liquefact ion,  i f  it has  occurred,  could have been caused by a seve re  

ear thquake such a s  t h e  one i n  1964. On t h e  o t h e r  hand, t h e  a r e a  is t o o  deep 

f o r  storm-wave loading  t o  cause l i q u e f a c t i o n  (egg. ,  Hampton e t  a l . ,  19781, 

SEDIMENT SLIDES 

Examination of seismic r e f l e c t i o n  records  shows t h a t  t h e  s e a f l o o r  of 

Shel ikof  S t r a i t  is  nea r ly  devoid of sediment s l i d e s .  Only one in s t ance  of a 

s l i d e  mass was found (Figs.  4, 361, and it w a s  der ived  from an a d j a c e n t  f a u l t  

scarp.  The s l i d e  mass extends f o r  about  100 m a long one t r a c k l i n e  and is less 

than  10 m th ick .  

Although most of t he  s e a f l o o r  i s  f l a t ,  s e v e r a l  s t e e p  s l o p e s  e x i s t  i n  

Shel ikof  S t r a i t .  Namely, t h e  landward wa l l s  of t h e  marginal channels  and t h e  

l a r g e - o f f s e t  f a u l t  s c a r p s  i n  t h e  c e n t r a l  p a r t  of t h e  s t r a i t  have d e c l i v i t i e s  

that commonly exceed the  r e so lv ing  c a p a b i l i t y  of t h e  se i smic  r e f l e c t i o n  system 

(about  I S 0 )  and may l o c a l l y  approach v e r t i c a l .  Evident ly ,  t h e  sediment 

underlying these  s lopes  is  gene ra l l y  s t r o n g  enough t o  resist t h e  downslope 

d r i v i n g  f o r c e s  of g r a v i t y  and ear thquake acce l e r a t i ons .  



ENVIRONMENTAL ASSESSMENT 

The t e c t o n i c  s e t t i n g  of She l ikof  S t r a i t ,  n e a r  t h e  convergen t  margin of 

two major l i t h o s p h e r i c  p l a t e s ,  makes i t  s u b j e c t  t o  l a r g e  ea r thquakes .  The 

minimum r e c u r r e n c e  i n t e r v a l  of 33 y e a r s  f o r  a major ea r thquake  t h a t  cou ld  

affect the e n t i r e  r e g i o n  might be exceeded by the l i f e t i m e  of an  o i l -p roduc ing  

p rov ince ,  because  the l a s t  major e v e n t  w a s  i n  1964. So, a l t h o u g h  e a r t h q u a k e s  

cannot  be p r e d i c t e d  w i t h  conf idence ,  s e i s m i c  hazards  are a v a l i d  concern f o r  

o f f s h o r e  development. S t r o n g  ground shaking,  f a u l t  r u p t u r e ,  sed iment  

d i sp lacement ,  and tectonic deformat ion  have a l l  been documented i n  nearby  

a r e a s .  Examination of t h e  d i s t r i b u t i o n  of h i s t o r i c  e p i c e n t e r s  shows no a r e a l  

c o n c e n t r a t i o n s  (H. Pulpan,  Univ. Alaska, p e r s o n a l  communication ) , such  as 

e x i s t  nearby on Kodiak S h e l f  (Hampton e t  al., 19791, t h a t  would imply some 

areas are more s u s c e p t i b l e  to  Local s e i s m i c  a f f e c t s  than  o t h e r s .  

V i o l e n t  v o l c a n i c  e x p l o s i o n s  are a l s o  a s s o c i a t e d  w i t h  t h e  t e c t o n i c  

s e t t i n g ,  and e r u p t i o n s  from t h e  volcanoes  on t h e  Alaska Peninsu la  cou ld  c a u s e  

problems such as s u b s t a n t i a l  a s h  accumula t ions  and a c i d  r a i n s .  More 

d e s t r u c t i v e  b u t  local e f f e c t s  such a s  h o t  a s h  f lows are n o t  L ike ly  i n  most 

p a r t s  of t h e  strait. 

The f a u l t s  i n  S h e l i k o f  S t r a i t  t h a t  o f f s e t  t h e  s e a f l o o r  imply r e c e n t  

a c t i v i t y  and t h e  p r o b a b i l i t y  of more t o  come. The s e a f l o o r  o f f s e t  (100 m )  of 

some f a u l t s  i n  t h e  c e n t r a l  p a r t  of t h e  s t r a i t  i m p l i e s  major movement i n  r e c e n t  

t i m e s .  The s h o r t  e x t e n t ,  i r r e g u l a r  shape,  and h o r s t - l i k e  appearance of t h e s e  

f a u l t s  s u g g e s t  t h a t  pe rhaps  t h e y  are  caused by f o r c e s  a s s o c i a t e d  w i t h  

l o c a l i z e d  u p l i f t  r a t h e r  t h a n  be ing  a d i r e c t  r e s u l t  of r e g i o n a l  compression,  

The sedimentary  environment  of S h e l i k o f  S t r a i t  i s  d e p o s i t i o n a l ,  wi th  

sandy m a t e r i a l  p r e s e n t l y  be ing  d e p o s i t e d  t o  the n o r t h e a s t  and p r o g r e s s i v e l y  



f i n e r  material accumulat ing t o  t h e  southwest .  Problems a s s o c i a t e d  w i t h  s c o u r  

o r  movement of l a r g e  bedforms, a s i g n i f i c a n t  concern on Kodiak Shelf  and i n  

lower Cook I n l e t ,  shou ld  n o t  e x i s t  i n  S h e l i k o f  S t r a i t .  Accumulation of f i n e  

sediment  does  raise t h e  p o s s i b i l i t y  of p o l l u t a n t  s t o r a g e  on t h e  s e a f l o o r ,  

though. P o l l u t a n t s  i n t r o d u c e d  within t h e  s t r a i t  itself or i n  more d i l u t e d  

form from lower Cook I n l e t  and t h e  n o r t h e a s t e r n  Gulf of Alaska cou ld  be s t o r e d  

as contaminants  on f i n e  p a r t i c l e s .  

S e a f l o o r  sediment  i n  S h e l i k o f  S t r a i t  e x h i b i t s  p h y s i c a l  p r o p e r t i e s  (vane 

s h e a r  s t r e n g t h ,  w a t e r  c o n t e n t ,  p l a s t i c i t y )  s i m i l a r  t o  t h o s e  of marine sed iment  

e lsewhere .  Measurements of p h y s i c a l  p r o p e r t i e s  are u s e f u l  f o r  c a t e g o r i z i n g  

t h e  sha l low sediment  t y p e s  i n  t h e  s t r a i t ,  b u t  deeper  samples and more 

s o p h i s t i c a t e d  t e s t i n g  would be necessa ry  f o r  e n g i n e e r i n g  d e s i g n  purposes .  

A few h igh  va lues  of  s e n s i t i v i t y  and c o m p r e s s i b i l i t y  were ob ta ined ,  b u t  most 

measurements of p h y s i c a l  p r o p e r t i e s  are i n  normal ranges  f o r  sha l low marine 

sediment,  ana no unusual  g e o t e c h n i c a l  problems are i n d i c a t e d .  Deeper uncon- 

s o l i d a t e d  sediment  a p p a r e n t l y  i s  s t a b l e ,  coarse -gra ined  g l a c i a l  d e b r i s .  

Geo techn ica l  t r i a x i a l  and c o n s o l i d a t i o n  t e s t i n g  now underway w i l l  g i v e  more 

d e t a i l e d  s t r e n g t h  and c o n s o l i d a t i o n  i n f o r m a t i o n  t h a n  i s  now a v a i l a b l e  f o r  the 

uppermost sed imenta ry  u n i t s  . 
Sediment s l i d e s  are uncommon i n  t h e  strait; o n l y  one occur rence  is  

known. Never the less ,  t h e  s t e e p  s l o p e s  a l o n g  f a u l t  s c a r p s  and also a l o n g  t h e  

landward s i d e  of t h e  marg ina l  c h a n n e l s  must be regarded  as p o s s i b l e  sites of 

local i n s t a b i l i t y .  

I n d i r e c t  ev idence  f o r  gas-charged sediment ,  i n  the  form of a c o u s t i c  

anomal ies ,  i s  e s p e c i a l l y  common i n  t h e  n o r t h e a s t  p a r t  of the  s t r a i t  and warns 

t h a t  weak and u n s t a b l e  sediment ,  as w e l l  as h i g h  gas  p r e s s u r e s ,  might be 



p r e s e n c e  of gas-charged sediment ,  a l t h o u g h  t h e  l o c a t i o n s  of c r a t e r s  i s  n e a r l y  

e x c l u s i v e  of t h e  l o c a t i o n s  of a c o u s t i c  anomal ies ,  which a r g u e s  a g a i n s t  t h i s .  

A more l i k e l y  e x p l a n a t i o n  f o r  t h e  c r a t e r s  is sediment  v e n t i n g  due t o  

l i q u e f a c t i o n .  A s o u r c e  a t  d e p t h s  of less t h a n  abou t  10 meters below the  

s e a f l o o r  is  l i k e l y  f o r  t h e  l i q u e f i e d  l a y e r ,  and t h e r e f o r e  t h e  v e n t i n g  may 

r e p r e s e n t  on ly  a minor env i ronmenta l  concern.  
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Table 2. R e p l i c a t e  vane  s h e a r  measurements  on s p l i t - c o r e  h a l v e s .  
Su 

i n d i c a t e s  u n d i s t u r b e d  s t r e n g t h ,  S i n d i c a t e s  remolded strength, subscript 1 = r e f e r s  t o  first core h a l f ,  s u b s c r i p t  2 r e f e r s  t o  second.  V and  V are t h e  
u r 

c o e f f i c i e n t s  of v a r i a t i o n  for  r e p l i c a t e  undisturbed and remolded s t r e n g t h  
measurements ,  r e s p e c t i v e l y .  The n o t a t i o n  t c - s p  indicates t h a t  a  t o r q u e  c e l l  
w a s  used t o  measure s t r e n g t h  on t h e  f i r s t  c o r e  h a l f  and a s p r i n g  was used on 
t h e  second ,  whereas tc-tc indicates t h a t  t o r q u e - c e l l  measurements  were made o n  
b o t h  halves. 

Depth Su 1 
i n  c o r e  

su2 Sr I 'r2 vu r 

Core - ( c m  1 (kPa (kPa) ( k P 2  (kP2  - ( %  - ( %  

(tc-tc) 3 5 4.9 3.2 0.9 1.2 4 2 2 9 



Depth 
in core 

Core (cm) 



Depth 
in core 

core - (cm) 



Table 3. S t rength  an i so t ropy  i n  sediment cores .  Sue i s  the undis turbed vane s h e a r  strength measurement taken on 
ends of core  s e c t i o n s ,  and Sus is the corresponding p r e d i c t e d  s p l i t - c o r e  value. Sre a n d  S are t h e  measured and 
p r e d i c t e d  remolded vane shea r  measurements, r e spec t ive ly .  Corrected Sue = - 

'Ue ( S r e  - S '7. ( ~ e g a t i v e  s t r e n g t h  
va lues  are an a r t i f a c t  of the a n a l y t i c a l  procedure. These va lues  a r e  n o t  used i n  Fig. 1 

Estimated Correc ted  
Depth Water p l a s t i c i t y  

i n  core  c o n t e n t  index 
'ue Sue 'us 're srs 

Core (cm) I % )  ( %  1 (kPa 1 (kPa 1 (kPa 1 (kPa 1 (kPa 1 Anisotropy 



Table 3 cant. 

Es t i m a  t e d  Corrected 

D e p t h  Water plas t ic i ty  Sue Sue Sus 're Srs 
in core content  index 

Core (cml ( % I  ( %  1 (kPa 1 (kPa 1 (kPa (kPa 1 (kPa) Anisotropy 





T a b l e  5 .  Clay m i n e r a l o g y  (percents) of S h e l i k o f  Strait and possible source areas. 

Shelikof Strait Cook Inlet Kodiak Shelf Copper River 
and D e l t a  

avera ye ranqe average range average r a n g e  averaqe range 

chlorite 42 32-51 4 2 29-64 5 1 30-69 56 53-64 

illite 5 2 36-66 46 32-61 34 19-43 3 1 27-39 



Table 6. Light hydrocarbon gas contents of sediment cores .  

Depth 
C1 

I L 
i n  core Methane Ethane Ethene Propane Isobutane n-butane -- 

S t a t i o n  (cm) (pR/R 1 (nt/R 1 (nR/t 1 (nR/R 1 (nR/R 1 (nR/R) C2+C3 C Z e l  



Table 6 cont. 

Depth 
1 

I d 

i n  core Methane Ethane Ethene Propane Isobutane n-butane -- 
Station (cm) ( p a / a )  ( ~ - & / a )  ( n R / R )  (nR/R) ( d / a  ( d / R )  C2+C3 C2,1 



FIGURE CAPTIONS 

1. Locat ion map of the s tudy  a r e a  i n  Shel ikof  S t r a i t  

2. Trackl ines  of continuous seismic r e f l e c t i o n  p r o f i l e s  and l o c a t i o n s  of 
sampling s t a t i o n s  (numbered). S o l i d  l i n e s  r ep re sen t  t h e  1979 Nekton 
survey con t r ac t ed  by t h e  USGS Conservation Divis ion,  and dashed l i n e s  
r e p r e s e n t  t he  1980 R/V S.P. LEE c ru i se .  

3. Bathymetry of Shelikof S t r a i t ,  5-m contour  i n t e r v a l .  Depths co r r ec t ed  t o  
mean lower low water. 

4. Shallow s t r u c t u r e s .  Bold l i n e s  r e p r e s e n t  f a u l t  o f f s e t  of the s e a f l o o r  
(hachures on downthrown s i d e ) ,  dashed l i n e s  i n d i c a t e  buried f a u l t s  that 
o f f s e t  unconsol idated sediment,  and d o t t e d  l i n e s  i n d i c a t e  unce r t a in  
e x t e n t  of bur ied  f a u l t s .  Fold axes (from Hoose and whitney, 1980) 
denoted by narrow l i n e s .  

5. Boomer seismic r e f l e c t i o n  p r o f i l e  showing h igh-of fse t  f a u l t s .  

6. Thickness of near-surface sedimentary u n i t s  of probable  P l e i s tocene  and 
younger age. Contour i n t e r v a l :  25 mi l l i seconds  of two-way t r a v e l  t i m e ,  
except  100 m s  f o r  d o t t e d  contours  where data a r e  r e l a t i v e l y  s p a r s e  and 
contours  are general ized.  

7. Seismic r e f l e c t i o n  record  ac ros s  marginal channel.  

8. Pie-diagrams showing r e l a t i v e  abundances of t e x t u r a l  classes i n  sediment 
samples. 

9. Mean g r a i n  s i z e  of s e a f l o o r  sediment,  i n  phi-uni ts .  

10. Vane shear  s t r e n g t h  ( i n  k i l o p a s c a l s )  a t  sha l lowes t  Level measured i n  c o r e  
( t y p i c a l l y  a t  15 cm; none deeper than 74 cm). 

11. Anisotropy of vane shea r  s t r e n g t h  versus  p l a s t i c i t y  index, i nc lud ing  
exper imenta l ly  der ived  curve of Bjerrum (1973). S,, i s  the p red i c t ed  
(from the  r eg re s s ion  l i n e )  value of undis turbed s t r e n g t h  measured on a 
s p l i t  core ,  and co r r ec t ed  S is  the ( c o r r e c t e d )  value of undis turbed  ue  
s t r e n g t h  measured on an end of core .  Both  values  a r e  hypo the t i ca l l y  from 
the same depth i n  t h e  core. 

12. S e n s i t i v i t y  a t  sha l lowes t  l e v e l  measured i n  core  ( t y p i c a l l y  a t  15 cm; 
none deeper than 74 c m )  . 

13. Water con ten t  a t  sha l lowes t  l e v e l  measured i n  co re  ( t y p i c a l l y  a t  15 c m ;  
none deeper than 74 c m ) .  

14. Liquid l i m i t  a t  sha l lowes t  l e v e l  measured i n  core  ( t y p i c a l l y  a t  15 cm; 
none deeper than 129 c m ) .  



15. P l a s t i c  l i m i t  a t  sha l lowes t  l e v e l  measured i n  co re  ( t y p i c a l l y  a t  15 c m ;  
none deeper than 129 c m ) .  

16. P l a s t i c i t y  index a t  sha l lowes t  l e v e l  measured i n  c o r e  ( t y p i c a l l y  a t  
15 em;  none deeper than 129 c m )  

17. Liquid l i m i t  versus  mean g r a i n  s i z e .  

18. P l a s t i c  l i m i t  versus  mean gra in  s i z e .  

19. P l a s t i c i t y  versus  mean g r a i n  s i ze .  

20. P l a s t i c i t y  c h a r t .  

21. Organic carbon (pe rcen t  d ry  weight)  i n  s e a f l o o r  sediment. 

22. Carbonate carbon (pe rcen t  d ry  weight)  i n  s e a f l o o r  sediment. 

23. Organic carbon versus  g r a i n  s i z e .  

24. Water con ten t  versus  organic  carbon. 

25. P l a s t i c i t y  index versus  organic  carbon. 

26. Shear s t r e n g t h  versus  organic  carbon. 

27. S e n s i t i v i t y  versus  o rgan ic  carbon. 

28. L iqu id i ty  index versus  organic  carbon. 

29. I l l i t e  con ten t  of s e a f l o o r  sediment. 

30. C h l o r i t e  con ten t  of s e a f l o o r  sediment. 

31. Mixed-layer c l a y  (mostly s m e c t i t e )  con ten t  of sea£ l o o r  sediment. 

32. Locations of acous t i c  anomalies a long  t r a c k l i n e s .  

33. Uniboom se ismic  r e f l e c t i o n  record  showing a c o u s t i c  anomaly over t runca t ed  
f o l d  i n  bedrock. V e r t i c a l  s c a l e  is  i n  two-way t r a v e l  time. 

34. Locat ions of c r a t e r s  a long  t r a c k l i n e s .  Dots r ep re sen t  s e a f l o o r  c r a t e r s ;  
circles r ep re sen t  bur ied  c r a t e r s .  

35. Uniboom seismic r e f l e c t i o n  record  showing s e a f l o o r  and bur ied  c r a t e r s .  
V e r t i c a l  scale is  i n  two-way t r a v e l  t i m e .  

36. Uniboom se ismic  r e f l e c t i o n  record showing slump mass a t  base of s e a f l o o r  
escarpment. V e r t i c a l  s c a l e  is  i n  two-way t r a v e l  time. 
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