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INTRODUCTION 

Environmental geologic  s t u d i e s  have been conducted on t h e  Kodiak She l f ,  

Gulf of Alaska, t o  eva lua t e  t h e  p o t e n t i a l  impact and c o n s t r a i n t s  t h a t  geology 

can impose on o f f sho re  i n d u s t r i a l  ope ra t i ons  (Fig.  1; Hampton L982arb). A s  

part of t h e s e  s t u d i e s ,  cores  were taken  from t h e  d i v e r s e  s u i t e  of 

compos i t iona l ly  d i s t i n c t  and a r e a l l y  r e s t r i c t e d  sedimentary depos i t s  on t h e  

she l f  and upper c o n t i n e n t a l  s lope.  Phys ica l  p roper ty  measurements were made 

on samples from t h e  cores ,  and geotechnica l  methods were employed i n  order  t o  

broadly c h a r a c t e r i z e  t h e  behavior of t h e  sedimentary d e p o s i t s  under condi t ions  

of s t a t i c  and dynamic loading.  The da t a  and conclusions a r e  meant as a guide 

f o r  d e t a i l e d  and s i t e - s p e c i f i c  s t u d i e s  t h a t  accompany resource  r egu la t i on  and 

development a c t i v i t i e s .  

GEOLOGIC SETTING 

The Kodiak Shelf c o n s i s t s  of a s e r i e s  of f l a t  banks, gene ra l l y  l e s s  than  

100 m deep, s epa ra t ed  by t r a n s v e r s e l y  t r e n d i n g  t roughs (Fig.  1). Most of t h e  

s e a f l o o r  is  f l a t  t o  gent ly  i n c l i n e d ;  s t e e p  s lopes  are uncommon (Fig.  2 ) .  

The banks a r e  l a r g e l y  covered by coarse  g rave l ly  deb r i s ,  t y p i c a l l y  less 

than  100 m t h i c k ,  a l though t h e r e  are broad a r ea s  of bedrock outcrop a t  t h e  

s e a f l o o r  (Fig.  3 ) .  Local t h i n  d e p o s i t s  r i c h  i n  shells o r  vo lcan ic  ash a r e  

a l s o  presen t .  The t roughs  conta in  r e l a t i v e l y  f ine-gra ined  deposits, but  

sediment composition is  d i f f e r e n t  i n  each. Stevenson Trough con ta in s  

t e r r i g e n o u s  sand depos i t s  t h a t  a r e  molded i n t o  l a r g e  sand waves,. a s  wel l  a s  

d e p o s i t s  of t e r r i genous  mud and volcanic  ash. The f l o o r  of Chiniak Trough i s  

covered with sediment composed predominantly of vo lcan ic  ash ,  with l o c a l  

ou tc rops  of a t e r r i genous  mud depos i t  t h a t  ev iden t ly  unde r l i e s  t h e  s u r f i c i a l  

ash- r ich  ma te r i a l .  Ki l iuda Trough is  blanketed almost e n t i r e l y  by a mixture 



o f  f i n e - g r a i n e d  v o l c a n i c  ash, diatom tests, and minor t e r r i g e n o u s  m a t e r i a l .  

Samples from S i t k i n a k  Trough c o n t a i n  t e r r i g e n o u s  g r a v e l l y  and sandy mud 

(Hampton, 1981) .  

Most of t h e  unconso l ida ted  sediment was o r i g i n a l l y  emplaced by g l a c i a l  

p r o c e s s e s .  G l a c i e r s  a r e  b e l i e v e d  t o  have covered t h e  s h e l f  d u r i n g  p a r t s  o f  

P l e i s t o c e n e  t i m e ,  d e p o s i t i n g  a cover  of till and outwash (Karlstrorn,  1964; 

Thrasher ,  1979) .  During t h e  Holocene, no major i n p u t  of t e r r i g e n o u s  sediment  

h a s  been made, b u t  v o l c a n i c  e r u p t i o n s  have s p r e a d  ash  a c r o s s  t h e  s e a f l o o r ,  and 

b i o l o g i c  a c t i v i t y  has  produced c a r b o n a t e  and s i l i c e o u s  s h e l l  m a t e r i a l  

(Hampton, 1981, 1982a, b). Marine c u r r e n t s  have reworked t h e  s u r f i c i a l  

sediment  and c r e a t e d  a s e g r e g a t i o n  of sediment  t y p e s .  Fine-grained sediment  

p a r t i c l e s  have been winnowed from t h e  banks and r e d e p o s i t e d  i n  the  t roughs .  

The composi t ion of d e p o s i t s  i n  t h e  i n d i v i d u a l  t roughs  depends on t h e  l o c a l l y  

a v a i l a b l e  m a t e r i a l ,  wi th  sand-s ize  v o l c a n i c  ash  from t h e  1912 Katmai e r u p t i o n  

b e i n g  abundant n e a r  Chiniak Trough and f i n e r  a s h  and diatoms near  K i l i u d a  

Trough. Stevenson and S i t k i n a k  Troughs have had e s s e n t i a l l y  p u r e  t e r r i g e n o u s  

m a t e r i a l  a c c e s s i b l e  t o  them. 

Much reworking of s h e l f  sediment p robab ly  w a s  accomplished by waves 

d u r i n g  t h e  Holocene marine t r a n s g r e s s i o n .  The present-day s h e l f  environment 

does  not  i n c l u d e  s t r o n g  g e o s t r o p h i c  o r  t i d a l  c u r r e n t s  (Muench and Schumacher, 

19801, and sediment reworking probably  o c c u r s  on ly  o c c a s i o n a l l y  when l a r g e  

storrn waves t r a v e r s e  t h e  s h e l f .  

Convergence of t h e  North America and P a c i f i c  l i t h o s p h e r i c  p l a t e s  a few 

k i l o m e t e r s  seaward of t h e  Kodiak Shelf  c a u s e s  s t r o n g  compress ional  f o r c e s  t h a t  

have warped and f a u l t e d  t h e  s e a f l o o r .  S t r o n g  ea r thquakes  a r e  f r e q u e n t  (Pulpan 

and Kienle ,  1979) .  They range i n  excess  of magnitude 8 and cause  s t r o n g  

ground a c c e l e r a t i o n s .  



METHODS 

Geotechnical measurements were made on sediment co re s  ob ta ined  on f o u r  

c r u i s e s  from 1977 t o  1980. Cores could only be recovered from f o u r  

physiographic  a r ea s :  Chiniak Trough, Kil iuda Trough, S i tk inak  Trough, and t h e  

upper c o n t i n e n t a l  s lope  (Fig.  4 ;  Table 1). Sedimentary depos i t s  i n  o t h e r  

a r e a s  a r e  t o o  s t i f f  o r  coarse-grained t o  be c o l l e c t e d  with our co r ing  devices .  

Both g rav i ty  co re s  and v ibracores  were c o l l e c t e d  i n  8.5-crn diameter 

p l a s t i c  Liners .  Most cores  were obta ined  p r i n c i p a l l y  f o r  geo logica l  

purposes.  Upon r e t r i e v a l  they were c u t  i n t o  1.5-m-long s e c t i o n s  and then  

s p l i t  lengthwise i n t o  r e p l i c a t e  halves .  Geotechnical index p r o p e r t i e s  were 

measured on t h e s e  core  ha lves .  On some, vane qhear t e s t s  were made a t  r egu la r  

i n t e r v a l s  down-core t o  give measures of undrained shear  s t r eng th .  Subsamples 

were t aken  f o r  determinat ion of water con ten t ,  bulk sediment dens i ty ,  g r a i n  

s p e c i f i c  g r av i ty ,  and p l a s t i c i t y  i n  t h e  shore-based labora tory .  

Severa l  co re s  were taken express ly  f o r  geo technica l  t e s t i n g .  Onboard 

s h i p ,  t h e s e  cores  were c u t  i n t o  1- or  1.5-m l eng ths ,  and t h e  ends  were 

capped. Then each s e c t i o n  was wrapped i n  cheesecloth and covered with 

m i c r o c r y s t a l l i n e  wax i n  order  t o  prevent  moisture  l o s s ,  and then s t o r e d  

up r igh t  i n  a r e f r i g e r a t o r  t o  r e t a r d  decay of organic  mat te r .  These co re s  were 

l a t e r  sub j ec t ed  t o  a s u i t e  of geo technica l  t e s t s  i n  l a b o r a t o r i e s  a t  t h e  U S G S  

and a t  a commercial t e s t i n g  company. 

One-dimensional consol ida t ion  tests were run on subsamples from 

geotechnica l  cores  t o  determine sub - f a i l u r e  deforrnational p rope r t i e s .  Tes t s  

were run on a n  oedorneter i n  a s t r e s s - c o n t r o l l e d  mode (Lambe, 1951).  The 

conso l ida t ion  t e s t s  measure change i n  volume w i t h  change i n  app l i ed  load. m e  



results are typically expressed in plots of void ratio (e = volume of 

voids/volume of solids) versus the logarithm of effective (buoyant) vertical 

stress ( p ' ) .  Two useful parameters are derived from these curves. The 

compression index (Cc) is the slope of the straight-line, virgin compression 

portion of the e-log p' curve and indicates the amount of compression produced 

1 

by a particular increase in load. The maximum past pressure 0 is the 
Vm 

greatest effective overburden stress that the sediment has ever been exposed 

and is determined by a simple graphical construction (Casagrande, 1936). The 

1 

ratio of o to the calculated effective overburden stress at the time of 
Vm 
1 

sampling o is the overconsolidation ratio (DCR), which can be, for example, 
VO 

a measure of unloading that the sediment may have experienced by erosion. A 

third parameter, the coefficient of consolidation (cv), determined for each 

load increment of the one-dimensional consolidation test and defines the rate 

of consolidation. 

Static triaxial tests were run on cylindrical samples 3.6-cm diameter and 

7.6-cm Long in order to determine strength properties of the sediment. Tests 

were run under undrained conditions with pore pressure measurements (Bishop 

and Henkel, 1964). Most samples were consolidated isotropically prior to 

testing, but some were consolidated anisotropically. 

Dynatnically loaded triaxial tests were also run on some cores, with the 

axial stress on samples varied sinusoidally at 0.1 Hz. Both compression and 

tension were applied at a predetermined percentage of the static strength. 

These tests can be used to evaluate the failure conditions of sediment under 

repeated loading, such as by earthquakes and waves. 

Early triaxial tests were run on sediment samples that were consolidated 

to somewhat arbitrary stress levels. However, the Later testing program 



followed the normalized stress parameter (NSP) approach (Eadd and Foott, 

19741, whereby consolidation stresses are chosen on the basis of maximum past 

I 
pressure ( a  ) ,  as determined from the one-dimensional consolidation tests. 

vm 

Typically, the trkaxial test specimen was consolidated to four 

I 

times a , which eliminates some of the disturbance effects associated with 
vm 

coring. Werconsolidation was artificially induced in some samples by 

rebounding to lower stress levels before applying the triaxial load. Measured 

values of undrained shear strenqth (SU) are normalized with respect to 

I 

effective overburden stress ( 0  ) A premise of the NSP method is that the 
vm 

I 

ratio s / a  is constant for a particular sediment at a particular value of 
u v 

I 

OCK. Moreover, a relation exists between s / O  and OCR that allows prediction 
U v 

of sediment strength at confining stresses that exceed those at the level of 

sampling (Mayne, 1980). 

RESULTS 

Lithology of sediment cores is fairly uniform in each physiographic area, 

with a few exceptions, but major differences exist amongst the various areas 

(Table 1). Inspection of the geotechnical data gives consonant results; 

physical properties are by-and-large similar within areas, except where 

atypical lithology is found, and dissimilar from area to area (Figs. 5-11; 

Tables 1-5). Therefore, geotechnical characterization is possible for each 

area. That is, representative values of physical properties can be deduced, 

and general statements can be made about soil deformation in one area relative 

to others. 



Index p r o p e r t i e s :  Figure 5 presents index p r o p e r t i e s  f o r  sediment cores .  

I nd iv idua l  va lues  a r e  shown g raph ica l ly  a t  t h e  depths  t hey  were measured. 

Summary va lues  a r e  a l s o  given, a s  averages f o r  p r o p e r t i e s  t h a t  a r e  depth- 

independent and as Linear-regression e s t ima te s  a t  1 m from t h e  t o p  of t h e  co re  

f o r  t hose  p r o p e r t i e s  t h a t  vary with depth (Fig.  5, Table 2 ) .  

Water conten t  i s  t h e  weight of water r e l a t i v e  t o  t h e  weight of s o l i d s ,  

expressed a s  a percent  and co r r ec t ed  f o r  s a l t  conten t .  Values i n  excess  of 

100% a r e  p o s s i b l e ;  they i n d i c a t e  a g r e a t e r  weight of water than sediment. 

Water conten t  t y p i c a l l y  decreases  with depth i n  a uniform sedimentary 

depos i t .  This is  t h e  case  f o r  most sediment cores  c o l l e c t e d  from t h e  Kodiak 

S h e l f ,  a l though some inc reases  with depth occur.  

Water conten t  is  h ighes t  f o r  cores from KiLiuda Trough, followed by 

s l i g h t l y  lower va lues  i n  Chiniak Trough, then by s u b s t a n t i a l l y  lower va lues  i n  

S i tk inak  Trough and on t h e  upper c o n t i n e n t a l  s lope .  Water i n  t h e  t e r r i genous  

sediment of t h e  l a t t e r  two a r e a s  is i n t e r p a r t i c u l a t e ;  t h a t  is,  it e x i s t s  i n  

t h e  i n t e r s t i c e s  between g ra in s .  But, t h e  ash g r a i n s  and diatom tests i n  

Chiniak and Kil iuda t roughs accommodate s i g n i f i c a n t  amounts of i n t r a p a r t i c l e  

water wi th in  voids  and r eces se s  i n  g ra in s .  The coarse  ash  p a r t i c l e s  abundant 

i n  Chiniak Trough inc lude  pumice shards  with t h i n ,  pipe-shaped v e s i c l e s  

(Hampton and o t h e r s ,  1978) .  Most s i l t-  and c lay-s ize  ash p a r t i c l e s  a r e  f l a t  

t o  curved p l a t e s .  Diatom t e s t s  are p e r f o r a t e  and sphe r i ca l -  t o  basket-  

shaped. These nonterr igenous g ra in s ,  because of t h e i r  i r r e g u l a r  morphology, 

would be expected t o  pack loose ly ,  i n  add i t i on  t o  accomnodating i n t r a p a r t i c l e  

water.  Therefore ,  t h e  high water con ten t s  i n  Chiniak and Kil iuda Troughs a r e  

r e l a t e d  principally t o  sediment composition. 



Note t h a t  anomalously low v a l u e s  o f  w a t e r  c o n t e n t  were measured i n  one 

core each  from Chiniak Trough ( s t a t i o n  582) and Ki l iuda  Trough ( s t a t i o n  

351). Cores  from both  s t a t i o n s  a r e  of t e r r i g e n o u s  composi t ion,  and t h e i r  

wa te r  content: is s i m i l a r  t o  t h e  o t h e r  t e r r i g e n o u s  c o r e s .  

Values of o t h e r  index p r o p e r t i e s  a l s o  can be e x p l a i n e d  i n  t e rms  of 

composi t ion.  Grain  s p e c i f i c  g r a v i t y  i s  l o w  i n  samples from Chiniak and 

K i l i u d a  Troughs because the amorphous s i l i c a  that c o n s t i t u t e s  t h e  v o l c a n i c  a s h  

is  of l o w  d e n s i t y  ( - 2.4 grn/crn3) a s  i s  t h e  hydrous s i l i c a  ( - 2 . 1  gm/cm3)  t h a t  

c o n s t i t u t e s  t h e  diatom t e s t s .  I s o l a t e d  i n t e r n a l  v e s i c l e s  w i t h i n  t h e  c o a r s e  

pumice s h a r d s  i n  Chiniak Trough might e x p l a i n  t h e  e x c e p t i o n a l l y  low v a l u e s  o f  

g r a i n  s p e c i f i c  g r a v i t y  t h e r e .  The v a l u e s  of grain s p e c i f i c  g r a v i t y  i n  

S i t k i n a k  Trough and on t h e  upper c o n t i n e n t a l  slope are i n  accord  wi th  t h e  

d e n s i t y  of common t e r r i g e n o u s  m i n e r a l s  ( 2 . 6  - 2.8 gm/cm3). 

Bulk d e n s i t y  is  c a l c u l a t e d  from p o r o s i t y  (wa te r  c o n t e n t )  and g r a i n  

s p e c i f i c  g r a v i t y .  I n  normal t e r r i g e n o u s  marine sediment ,  d i f f e r e n c e s  i n  bulk  

d e n s i t y  mainly r e f l e c t  d i f f e r e n c e s  i n  water c o n t e n t ,  because  t h e  range of 

g r a i n  s p e c i f i c  g r a v i t y  i s  r e l a t i v e l y  smal l .  But,  t h e  e x c e p t i o n a l l y  low bu lk  

d e n s i t y  v a l u e s  i n  Chiniak and Ki l iuda  hroughs r e f l e c t  n o t  o n l y  h igh  wate r  

c o n t e n t  b u t  a l s o  t h e  unusua l ly  low v a l u e s  of g r a i n  s p e c i f i c  g r a v i t y .  

A t t e r b e r g  l i m i t s  a r e  used  i n  t h i s  s tudy  as a measure of  t h e  p l a s t i c i t y  of 

remolded sediment.  The p l a s t i c  l i m i t  (PL) i s  t h e  water  c o n t e n t  below which 

t h e  sediment  deforms as a semi-solid when remolded, whereas t h e  l i q u i d  l i m i t  

i s  t h e  wa te r  c o n t e n t  above which t h e  sediment behaves a s  a l i q u i d .  The range 

o f  wa te r  c o n t e n t  between t h e s e  l i m i t s ,  where t h e  sediment d e f o r m  p l a s t i c a l l y ,  

i s  d e f i n e d  as t h e  p l a s t i c i t y  index ( P I ) .  The l i q u i d i t y  index  (LI) refers t o  

t h e  r e l a t i v e  p o s i t i o n  of t h e  n a t u r a l  water  c o n t e n t  ( w )  t o  t h e  p l a s t i c  l i m i t  



and t h e  l i q u i d  l i m i t .  A n e g a t i v e  v a l u e  ( w  < PL) i m p l i e s  t h a t  t h e  remolded 

sediment  w i l l  a c t  as a semi-so l id ,  a  v a l u e  between 0 and 1 (PL < w < LL) 

i n d i c a t e s  p l a s t i c  behav ior ,  and a  v a l u e  g r e a t e r  t h a n  1 ( w  > LL) i n d i c a t e s  

l i q u i d  behavior .  

Ash-rich sediment from Chiniak Trough is n o n p l a s t i c ;  i . e . ,  it is  

noncohesive and does n o t  e x h i b i t  p l a s t i c  behav ior  a t  any water  c o n t e n t .  

T h e r e f o r e ,  A t t e r b e r g  l i m i t s  cannot  be determined f o r  t h i s  m a t e r i a l .  The 

sediment  i n  Ki l iuda  Trough h a s  high v a l u e s  of p l a s t i c  and Liquid  l i m i t s  

r e l a t i v e  t o  t e r r i g e n o u s  c o r e s .  Th i s  may be somewhat mis lead ing ,  because any 

i n t r a p a r t i c l e  wa te r  t h a t  i s  p r e s e n t  p robab ly  is  p a s s i v e  w i t h  r e s p e c t  t o  

p l a s t i c  behav ior  b u t  is measured i n  p l a s t i c -  and l i q u i d - l i m i t  tests. However, 

the h i g h  v a l u e s  of p l a s t i c i t y  index,  which do n o t  r e f l e c t  i n t r a p a r t i c l e  wa te r ,  

show that t h i s  sediment i s  g e n e r a l l y  more p l a s t i c  t h a n  the  t e r r i g e n o u s  

sediment .  The h igh  p l a s t i c i t y  i n d i c e s  might be a  r e f l e c t i o n  of c lay  

mineralogy. M i t c h e l l  (1976, p. 173)  p r e s e n t s  d a t a  t h a t  i n d i c a t e  a higher 

l i q u i d  l i m i t  and p l a s t i c i t y  index  for i l l i t e  t h a n  for c h l o r i t e .  Hein and 

o t h e r s  (1977, 1979, and unpubl ished d a t a )  r e p o r t  t h a t  sediment  from Chiniak 

and K i l i u d a  Troughs c o n t a i n s  somewhat l a r g e r  p r o p o r t i o n s  of i l l i t e  and less 

c h l o r i t e  and k a o l i n i t e  t h a n  sediment from S i t k i n a k  Trough and t h e  upper 

c o n t i n e n t a l  s lope .  Smec t i t e  abundance is  s i m i l a r  i n  a l l  a r e a s .  However, 

because  the c l a y  c o n t e n t  i n  Ki l iuda  Trough sediment i s  minor and t h e  v a r i a t i o n  

i n  c l a y  m i n e r a l  p o p u l a t i o n s  i s  s m a l l ,  t h i s  mineralogy f a c t o r  may n o t  account  

f o r  a l l  t h e  d i f f e r e n c e s .  V a r i a t i o n  i n  o r g a n i c  m a t t e r ,  which was measured i n  a 

f e w  s e a f l o o r  sediment  samples and i s  s l i g h t l y  g r e a t e r  t h a n  1% i n  K i l i u d a  

Trough and on t h e  o r d e r  of a few t e n t h s  of a p e r c e n t  i n  S i t k i n a k  Trough and on 

t h e  c o n t i n e n t a l  s l o p e ,  i s  a n o t h e r  p o s s i b l e  cause .  



A p l o t  of l i q u i d  l i m i t  v e r s u s  p l a s t i c i t y  index ,  c a l l e d  a p l a s t i c i t y  

c h a r t ,  can be used t o  c a t e g o r i z e  f i n e - g r a i n e d  sediment t y p e s  a c c o r d i n g  t o  t h e  

U n i f i e d  S o i l  C l a s s i f i c a t i o n  System (Casagrande,  1948).  F i g u r e  6 shows t h a t  

t h e  t e r r i g e n o u s  sediment  from t h e  upper c o n t i n e n t a l  s l o p e  c o v e r s  a range of 

sediment  t y p e s  d e s i g n a t e d  a s  CL t o  CH (low t o  h igh  p l a s t i c i t y  c l a y  t o  s i l t y  o r  

sandy c l a y ) .  The two samples from S i t k i n a k  Trough and t h e  one t e r r i g e n o u s  

sample from Chiniak Trough p l o t  s i m i l a r l y  t o  some upper c o n t i n e n t a l  s l o p e  

sediment ,  c l a s s i f i e d  a s  CL and b o r d e r l i n e  M L  ( s i l t ,  very  f i n e  sand,  or sandy 

mud). The K i l i u d a  Trough d a t a  p l o t  i n  an  e n t i r e l y  s e p a r a t e  r e g i o n  of t h e  

c h a r t ,  as MH (diatomaceous s i l t  and v o l c a n i c  a s h ) .  Comparison is  f a v o r a b l e  

between t h e  v i s u a l  sediment d e s c r i p t i o n s  i n  Table  I and t h e  c l a s s i f i c a t i o n  

a c c o r d i n g  t o  p h y s i c a l  p r o p e r t i e s  i n  F i g u r e  6. Casagrande n o t e s  t h a t  samples 

from t h e  same sedimentary  d e p o s i t  t y p i c a l l y  f a l l  i n  a l i n e a r  zone p a r a l l e l  t o  

t h e  A-line ( a n  e m p i r i c a l  boundary between sediment t y p e s ) .  The upper 

c o n t i n e n t a l  s l o p e  data a g r e e  w e l l  w i th  t h i s  concep t ,  whereas t h e  K i l i u d a  

Trough d a t a  a r e  r a t h e r  d i s p e r s e d .  

C o n s o l i d a t i o n  p r o p e r t i e s :  Table  3 i s  a  l i s t i n g  of the c o n s o l i d a t i o n  

p r o p e r t i e s  as determined from l a b o r a t o r y  t e s t s .  Most sediment  from Chiniak 

1 

and K i l i u d a  Troughs shows high maximum p a s t  p r e s s u r e  ( u  ) r e l a t i v e  t o  t h e  
vm 

I 

i n s i t u  overburden s t r e s s  ( a  ),  with  consequent  h igh  v a l u e s  of OCR. The 
VO 

i m p l i c a t i o n  drawn from t r a d i t i o n a l  t h e o r y  is  t h a t  s u b s t a n t i a l  un load ing  of t h e  

sediment  has  occur red ,  by e r o s i o n  perhaps ,  but t h e r e  is no s u p p o r t i n g  

g e o l o g i c a l  evidence.  I n s t e a d ,  t h e  h igh  OCR v a l u e s  might r e f l e c t  i n i t i a l  

cementa t ion  o r  g r a i n  i n t e r l o c k i n g .  Hence, t h e  term "false o v e r c o n s o l i d a t i o n "  

might be a p p r o p r i a t e .  Ter r iyenous  c o r e s  show lower OCK, and i n  f a c t  some from 



t h e  upper c o n t i n e n t a l  s l o p e  have v a l u e s  less t h a n  1.0,  which i n d i c a t e s  

u n d e r c o n s o l i d a t i o n ,  a c o n d i t i o n  whereby the  sediment  h a s  no t  compacted t o  an 

e q u i l i b r i u m  s t a t e  wi th  t h e  overburden l o a d  and some e x c e s s  p o r e  wa te r  p r e s s u r e  

e x i s t s .  Underconso l ida t ion  u s u a l l y  r e s u l t s  from h igh  sed imenta t ion  r a t e s  and  

low sediment p e r m e a b i l i t y  and can imply low sediment s t r e n g t h .  

Compression index  (C,) spans  a  wide range of v a l u e s  ( 0 . 0 6 < ~ ~ < 1 * 0 6 )  I 

beyond t h e  l i m i t s  computed by Richards  (1962)  f o r  s e v e r a l  marine sediments  

(0.20 < cC < 0.87).  The ash- r i ch  sandy c o r e  ( s t a t i o n  433) from Chiniak Trough 

a p p e a r s  t o  be h i q h l y  incompress ib le  ( low C c ) ,  a s  a r e  many of t h e  t e r s i g e n o u s  

c o r e s  (Chiniak Trough and upper c o n t i n e n t a l  s l o p e ) .  I n  c o n t r a s t ,  t h e  f i n e -  

g r a i n e d  a s h  and dia tom-r ich sediment i n  K i l i u d a  Trough and t h e  t e r r i q e n o u s  

sediment  from S i t k i n a k  Trough a r e  moderate ly  t o  h i g h l y  compress ible .  

Skempton (1944)  demonstra ted a r e l a t i o n  between compression i n d e x  and 

l i q u i d  l i m i t :  

C, = 0.009 (LL-10). 

A p l o t  of t h e  Kodiak Shelf  d a t a  shows a  g e n e r a l  agreement wi th  t h i s  r e l a t i o n ,  

b u t  wi th  s i g n i f i c a n t  s c a t t e r  (F ig .  7 ) .  

The e - log  p' p l o t s  f o r  c o n s o l i d a t i o n  t e s t s  of sediment from s t a t i o n  433 

i n  Chiniak Trough c o n t i n u e  t o  curve  downward a t  h igh  load l e v e l s ,  whereas 

common sediment behav ior  y i e l d s  a  s t r a i g h t - l i n e  segment ( termed t h e  v i r g i n  

I 

compression c u r v e )  f o r  l o a d s  g r e a t e r  t h a n  0 (Fig.  8 ) .  A l i k e l y  e x p l a n a t i o n  
vm 

f o r  t h i s  c u r v a t u r e ,  which i n d i c a t e s  g r e a t e r  t h a n  normal s e t t l e m e n t  under h i g h  

l o a d s ,  i s  c r u s h i n g  of f r a g i l e ,  vo id - r i ch  ash  g r a i n s .  C o n s o l i d a t i o n  of most 

sediment  t y p e s  i n v o l v e s  rearrangement of g r a i n s  and e x p u l s i o n  of pore  wa te r ,  

w i t h  minor g r a i n  c rush ing .  



C o e f f i c i e n t  of c o n s o l i d a t i o n  (cv) is  v a r i a b l e  both  w i t h i n  and between 

c o r e s ,  b u t  is  generally h i g h  compared t o  r e p o r t e d  v a l u e s  for o t h e r  marine 

sediment  (Richards, 1962)- High c, i m p l i e s  t h a t  t h e  sediment  i s  permeable 

enough t o  permi t  r a p i d  p o r e  water  escape  and f a s t  c o n s o l i d a t i o n .  A value of 

Cv is  c a l c u l a t e d  i n  a c o n s o l i d a t i o n  test  a t  each l o a d  increment  from p l o t s  of 

deformat ion v e r s u s  t ime.  The sediment a t  s t a t i o n  433 c o n s o l i d a t e d  s o  f a s t  

immediate ly  a f t e r  l o a d s  were a p p l i e d  t h a t  t h e  p roper  c o n s t r u c t i o n  for 

c a l c u l a t i n g  cv cou ld  n o t  he  made. The obvious  i m p l i c a t i o n  is h igh  c, and 

consequent  r a p i d  c o n s o l i d a t i o n .  

S t a t i c  s t r e n g t h  p r o p e r t i e s :  Sediment properties d e r i v e d  from s t a t i c  t r i a x i a l  

s t r e n g t h  t e s t s  a r e  l i s t e d  i n  Table  4. The primary measured p r o p e r t y  is  t h e  

undra ined  s h e a r  s t r e n g t h  ( S , ) .  It is  t h e  maximum s u s t a i n a b l e  shear stress 

1 

w i t h i n  a sample s u b j e c t e d  t o  a p a r t i c u l a r  c o n s o l i d a t i o n  s t r e s s  ( a  1 .  S, a c t s  
C 

a l o n g  a p l a n e  i n c l i n e d  a t  450 t o  the  a x i a l  load .  The a r c s i n e  of SU d i v i d e d  by 

t h e  e f f e c t i v e  normal s t r e s s  a c r o s s  t h i s  p l a n e  is  t h e  e f f e c t i v e  a n g l e  of 

i n t e r n a l  f r i c t i o n  ( @ ' ) ,  whose magnitude i s  an  i n d i c a t i o n  of the s t r e n g t h  

behav ior  of t h e  sediment under slow ( d r a i n e d )  l o a d i n g  c o n d i t i o n s .  I n  

1 

comparison,  t h e  r a t i o  s / a  g i v e s  an i n d i c a t i o n  of t h e  s t r e n g t h  behav ior  
u C 

d u r i n g  r a p i d  ( u n d r a i n e d )  l o a d i n g  c o n d i t i o n s .  The d i f f e r e n c e  i n  d r a i n e d  and 

undra ined  s t r e n g t h  behav ior  depends on t h e  pore  water  p r e s s u r e  genera ted  i n  

r e s p o n s e  t o  t h e  tendency f o r  volume change when t h e  sediment i s  a x i a l l y  

loaded. I f  a sediment has a high tendency f o r  volume change, t h e  d i f f e r e n c e  

i n  s t r e n g t h  between r a p i d  and slow l o a d i n g  c a n  be s u b s t a n t i a l .  

The t e r r i g e n o u s  sediment samples from t h e  upper c o n t i n e n t a l  s l o p e ,  

S i t k i n a k  Trough, and s t a t i o n  582 i n  Chiniak Trough have v a l u e s  of d' most ly  i n  



t h e  30° - 40° range ,  common v a l u e s  f o r  marine sediment.  The ash- and diatorn- 

rich sediment  i n  f i l i u d a  Trough h a s  h i g h e r  v a l u e s  of 4 ' ,  40° - 50°, whereas 

t h e  ash- r i ch  c o r e  from s t a t i o n  433 i n  Chiniak Trough h a s  v a l u e s  to g r e a t e r  

than 6 0 ° .  The a s h - r i c h  sediment a p p a r e n t l y  is  s t r o n g e r  under d r a i n e d  s t a t i c  

l o a d i n g  c o n d i t i o n s  t h a n  t h e  t e r r i g e n o u s  sediment a t  e q u a l  c o n f i n i n g  stress. 

Lambe and Whitman (1969, p. 307)  p r e s e n t  a r e l a t i o n  between and l i q u i d  

l i m i t  f o r  normal ly  c o n s o l i d a t e d  s o i l .  The comparat ive  p l o t  of t h e  Kodiak 

She l f  d a t a  i n  Fig.  9 shows t h a t  t h e  t e r r i g e n o u s  samples f a l l  w i t h i n  t h e  range  

of v a r i a b i l i t y  of Lambe and Whitman's d a t a ,  whereas t h e  ash- and dia tom-r ich 

sediment  from K i l i u d a  Trough does n o t .  The d r a i n e d  s t r e n g t h  behavior  of t h i s  

sed iment  appears  t o  be a t y p i c a l .  It i s  r e l a t i v e l y  s t r o n g  f o r  sediment wi th  

such high p l a s t i c i t y .  

I 

The v a l u e s  of s /uc are h i g h l y  v a r i a b l e  and r e q u i r e  some judgement i n  
U 

o r d e r  t o  c h a r a c t e r i z e  t h e  sediment t y p e s .  The t e s t s  run  a t  low l e v e l s  

I 

of (I seem t o  be the  most e r r a t i c ;  t h e s e  a r e  t h e  tests m o s t  likely t o  
C 

i n c o r p o r a t e  d i s t u r b a n c e  e f f e c t s  a s s o c i a t e d  wi th  cor ing .  Other t e s t s ,  e x c e p t  

1 

those a t  s t a t i o n  433, show f a i r l y  c o n s i s t e n t  v a l u e s  of S / a  between 0.4 and 
u C 

1 

1 . 0  f o r  OCR = 1, and h i g h e r  v a l u e s  f o r  OCR = 6. A t  s t a t i o n  4 3 3 ,  S / u  h a s  
u  C 

s i g n i f i c a n t l y  h i g h e r  v a l u e s  of 3.8 (OCH = 1) and 16.1  (OCR = 5.8).  R e l a t i v e l y  

h i g h  s t r e n g t h  under c o n d i t i o n s  of undrained l o a d i n g  (because of low pore 

p r e s s u r e  r e s p o n s e )  is i n d i c a t e d  f o r  t h e  a s h - r i c h  sandy m a t e r i a l  a t  t h i s  

s t a t i o n .  Somewhat s u r p r i s i n g l y ,  t h e  f i n e r  ash-  and dia tom-r ich sediment i n  

K i l i u d a  Trough e x h i b i t s  undrained l o a d i n g  behavior  s i m i l a r  t o  t h e  t e r r i g e n o u s  

sediment .  

F i g u r e  10 i s  a plot of t h e  s t a t i c  t r i a x i a l  data a c c o r d i n g  t o  t h e  NSP 

approach.  The s l o p e  A of t h e  l i n e  f o r  each sample i s  an i n d i c a t i o n  of t h e  



change i n  s t r e n g t h  with OCR. The ash- r ich  cores  from both Chiniak and Ki l iuda  

Troughs have s i m i l a r  va lues  of A, 0.80-0.84. The t e r r i genous  sediment from 

s t a t i o n  445 i n  S i tk inak  Trough has a va lue  of A = 0.68, which i s  near t h e  

average of h = 0.64 f o r  numerous t r i a x i a l  data compiled by Mayne ( 1 9 8 0 ) .  An 

imp l i ca t i on  of t h e  da t a  i n  Figure 1 0  is  t h a t  t h e  ash-r ich sediment would 

retain a l a r g e r  p o r t i o n  of i ts  s t r e n g t h  a f t e r  unloading compared t o  the 

t e r r i y e n o u s  sediment. 

I 

S /o values  were c a l c u l a t e d  from t h e  vane shear  da ta  (Table 2 ) .  The 
u v 

magnitude of s t r e n g t h  i nc rease  with e f f e c t i v e  overburden p re s su re  i s  g r e a t e r  

for t h e  ash- r ich  sediment from Kil iuda Trough than  f o r  t h e  t e r r i genous  

sediment froin S i tk inak  Trough. This may be r e l a t e d  t o  h igher  OCR and A f o r  

t h e  ash-r ich sediment comp~red  t o  t h e  t e r r i genous  sediment (Table  3 ,  Fig. L O )  

I 

and does not  n e c e s s a r i l y  c o n f l i c t  with t h e  S / U  values  der ived  from t h e  
U v 

t r i a x i a l  data (Table  4 ) .  

Dynamic s t r e n g t h  p r o p e r t i e s :  The da ta  from c y c l i c  t r i a x i a l  s t r e n g t h  tests a r e  

given i n  Table 5. The q u a n t i t y  T ~ ~ ~ / S ~  is t h e  c y c l i c  s t r e s s  l e v e l :  t h e  

average va lue  of shear  s t r e s s  (Eye) app l i ed  s i n u s o i d a l l y  a t  0 . 1  HZ a s  a  

percentage  of t h e  s t a t i c  undrained shear  s t r e n g t h  ( S , ) .  Pore water p r e s su re  

and s t r a i n  accumulate with repeated a p p l i c a t i o n  of Tcyc. at some p o i n t ,  t h e  

pore water p re s su re  approaches the conf in ing  stress, s t r a i n  increases 

a b r u p t l y ,  and t h e  sediment f a i l s .  I n  our t e s t s ,  f a i l u r e  was n o t - a  d i s c r e t e  

event ,  and was a r b i t r a r i l y  def ined  a t  20% s t r a i n .  

Samples t y p i c a l l y  f a i l  i n  fewer cyc l e s  a t  p rog re s s ive ly  h igher  stress 

l e v e l s .  Figure 11 shows the number of cyc l e s  t o  f a i l u r e  versus  s t r e s s  l e v e l  

f o r  Kodiak Shelf samples. A l l  except t h e  sandy ash depos i t  from Chiniak 



Trough ( s t a t i o n  433) f a l l  i n  a  range t h a t  shows low t o  moderate dynanic 

strength degredation. For example, a f t e r  1 0  cyc l e s  of loading (as might be 

imparted by an ear thquake) ,  t he se  sediments w i l l  no t  f a i l  un l e s s  t h e  ayp l i ed  

stress l e v e l  is a t  l e a s t  from 70% t o  near ly  100% of t h e i r  s t a t i c  s t r eng th .  

Tes t s  on t e r r i genous  sediment from o t h e r  geographic a r ea s  have shown s i m i l a r  

r e s u l t s  (Lee and o t h e r s ,  1981; Anderson and o t h e r s ,  1980) .  

I n  c o n t r a s t ,  t h e  ash-r ich sediment from Chiniak Trough is  highly 

s u s e p t i b l e  t o  f a i l u r e  under c y c l i c  loading.  Its dynamic s t r e n g t h  a t  1 0  c y c l e s  

i s  only about 1 2 %  of i t s  s t a t i c  s t r eng th .  Recal l  that t h e  s t a t i c  undrained 

s t r e n g t h  of t h i s  m a t e r i a l  i s  r e l a t i v e l y  high, bu t  under repea ted  loading it 

becomes h ighly  s u s e p t i b l e  t o  l iquefac t ion- type  f a i l u r e .  

DISCUSSION 

Three sediment types  have been t e s t e d  i n  t h i s  s tudy:  1) muddy 

t e r r i g e n o u s  sediment c o l l e c t e d  throughout S i tk inak  Trough, a long  the  upper 

c o n t i n e n t a l  s lope ,  and a t  one s t a t l o n  each i n  Chiniak and K i l i r l d a  Troughs, 2 )  

muddy ash- and diatom-rich sediment with ninor  amount of terrigenous minerals 

fror.1 Ki l iuda  Trough, and 3 )  ash-rich sandy mud with a minor amount of 

t e r r i g e n o u s  minerals  from Chiniak Trough. Each has a d i s t i n c t i v e  s e t  of 

phys i ca l  p r o p e r t i e s ,  and some d i f f e r e n c e s  i n  deformational  behavior can be 

expected. 

The t e r r i genous  sediment cores  have phys ica l  properties t h a t  by and l a r g e  

are wi th in  normal ranges measured on t e r r i genous  sediment elsewhere,  except  

t h a t  s e v e r a l  samples e x h i b i t  low compres s ib i l i t y .  This  i m p l i e s  r e l a t i v e l y  

s m a l l  s e t t l emen t  when subjec ted  t o  sub - f a i l u r e  loads.  The reason f o r  t h i s  

behavior  i s  not  evident .  



Steep  s e a f l o o r  s lopes  e x i s t  i n  S i tk inak  Trough and along t h e  u,pper 

c o n t i n e n t a l  s lope ,  so ,  given t h e  geotechnica l  p r o p e r t i e s  and t h e  t e c t o n i c  

a c t i v i t y ,  slumping o f  t he  t e r r i genous  sediment i s  poss ib l e .  Large slumps have 

i n  fact been observed i n  s e i smic - r e f l ec t i on  p r o f i l e s  a long  t h e  upper 

c o n t i n e n t a l  s l ope ,  and a geotechnica l  a n a l y s i s  by Hampton and o t h e r s  (1978)  

i n d i c a t e s  t h a t  ear thquakes and removal of support  by f a u l t i n g  a r e  t h e  l i k e l y  

t r i g g e r i n g  mechanisms. Seismic p r o f i l e s  i n  S i tk inak  Trough have not  revea led  

l a r g e  slumps, but t h e  ex i s t ence  of s t e e p  s lopes  warrants  concern. S t a t i c  

s t a b i l i t y  can be c rude ly  eva lua ted  by performing a simple f a c t o r  of s a f e t y  

c a l c u l a t i o n :  

1 

F=(S / 0  ) / (Siny.cosy)  where F i s  t h e  factor of s a f e t y  and y is  t h e  
u v 

s lope  angle  of the s e a f l o o r .  F= 1.0 i n d i c a t e s  i - c i p i e n t  i n s t a b i l i t y ,  whereas 

h igher  values i n d i c a t e  s t a b i l i t y .  

The s t e e p e s t  s l opes  i n  S i tk inak  Trough a r e  on t h e  o rde r  of 50% ( 2 7 O )  

(Fig.  2 ) .  From Table 4, a minimum value of S / 0' is  about  0.4, which w i l l  
u v 

g ive  F=l a t  a s l ope  of 18.4O. This impl ies  t h a t  s t e e p  s lopes  a r e  s t a t i c a l l y  

uns t ab l e  under condi t ions  of undrained loading  i f  under la in  by t h e  weakest 

sediment.  Under condi t ions  of dra ined  loading,  t h e  c r i t i c a l  s lope  angle  i s  

equa l  t o  $', which is  2 6 O  - 3 7 O  and g r e a t e r  than s lo2e  angles  l i k e l y  t o  be 

encountered i n  t:?e t rough.  

The e f f e c t s  of earthquake loading  can be eva lua ted  for a s i m p l i f i e d  two- 

dimensional model by t h e  nethod developed by Lee and o t h e r s  (1981): 

where k i s  t h e  pseudo-s ta t ic  h o r i z o n t a l  a c c e l e r a t i o n  (expressed a s  a percent  

of g r a v i t y )  r equ i r ed  t o  cause f a i l u r e ,  Ac i s  a c o r r e c t i o n  f a c t o r  f o r  t h e  

s t r e n g t h  d i f f e r e n c e  between i s o t r o p i c  ( l a b o r a t o r y )  versus  a n i s o t r o p i c  ( f i e l d )  



c o n f i n i n g  Pressure, AD is a c o r r e c t i o n  f a c t o r  for cyclic s t r e n g t h  d e g r e d a t i o n ,  

and  Y ' / ~  is  t h e  r a t io  of buoyant t o t a l  t o  bulk  d e n s i t i e s .  

The core from s t a t i o n  445 has enough d a t a  f o r  a n a l y s i s .  An  

a n i s o t r o p i c a l l y  c o n s o l i d a t e d  t r i a x i a l  tes t  w a s  run  a t  a  h o r i z o n t a l  t o  v e r t i c a l  

stress r a t i o  of 2 ,  which models t h e  f i e l d  c o n f i n i n g - s t r e s s  c o n d i t i o n s .  The 

r a t i o  of s t a t i c  s t r e n g t h  (51.8 kPa) determined i n  t h i s  tes t  t o  t h e  s t a t i c  

s t r e n g t h  (58.4 kPa) determined f o r  a sample c o n s o l i d a t e d  i s o t r o p i c a l l y  t o  t h e  

same stress l e v e l ,  g i v e s  a  va lue  o f  0.89 f o r  From Figure  11, t h e  c y c l i c  

s t r e n g t h  d e g r e d a t i o n  i s  seen  t o  be s l i g h t ;  it is  about  0.98 of t h e  s t a t i c  

s t r e n g t h  a t  10 c y c l e s  ( a  reasonab le  number of l o a d  a p p l i c a t i o n s  by a n  

e a r t h q u a k e ) .  Using t h e  bulk  d e n s i t y  a t  1-m depth from Table  2 , .  

1 

y / = 0.45. Determinat ion of k f o r  s e v e r a l  v a l u e s  of s e a f l d o r  s l o 7 e  a r e  g iven  
Y 

Table  6. Using t h e  d a t a  f r o m  Seed and o t h e r s  (1975) ,  the d i s t a n c e s  ( agm5)  

from an  ea r thquake  of magnitude 6.5 t h a t  would exper ience  a c c e l e r a t i o n s  e q u a l  

t o  k can be e s t i m a t e d  (Tab le  6 ) .  

The above a n a l y s i s  of dynamic l o a d i n g  i n v o l v e s  many s i m p l i f i c a t i o n s  and 

works b e s t  where k v a l u e s  can be c a l c u l a t e d  f o r  a n  a r e a  of known i n s t a b i l i t y  

and compared t o  k  v a l u e s  from a nearby a r e a  of p o t e n t i a l  i n s t a b i l i t y  (Lee and 

o t h e r s ,  1981; Winters and L e e ,  1982) .  Moreover, a  s t a t e  of o v e r c o n s o l i d a t i o n  

was measured i n  oedometer t e s t s  a t  s t a t i o n  445 (Table  3 ) .  I f  t h i s  c o n d i t i o n  

c o n t i n u e s  wi th  dep th ,  g r e a t e r  s t a b i l i t y  t h a n  c a l c u l a t e d  above would e x i s t .  On 

t h e  o t h e r  hand, t h e  c y c l i c  s t r e n g t h  d e g r e d a t i o n  is  exceed ing ly  small,  and 

v a l u e s  of 0.60 t o  0.80 a r e  more t y p i c a l  f o r  t e r r i g e n o u s  sediment .  S t a b i l i t y  

would be reduced a s  a consequence of g r e a t e r  c y c l i c  degreda t ion .  



Both s t a t i c  and dynamic a n a l y s i s  i n d i c a t e  p o t e n t i a l  i n s t a b i l i t y  i n  t h e  

s t e e p e s t  a r e a s  of S i t k i n a k  Trough. The f a c t  t h a t  no l a r g e  sediment  s l i d e s  

have been observed p o i n t s  t o  t h e  need f o r  f u r t h e r  s tudy .  

The f i n e - g r a i n e d  sediment i n  K i l i u d a  Trough, which i s  composed of 

v o l c a n i c  a s h ,  s i l i c e o u s  diatom t e s t s ,  and a minor q u a n t i t y  of t e r r i g e n o u s  

m i n e r a l s ,  plots w i t h  sediment of s i m i l a r  composi t ion on a  p l a s t i c i t y  c h a r t  

(F ig .  6; Casagrande,  1948).  It h a s  h igh  wate r  c o n t e n t  and,  because of t h e  low 

g ra in  s p e c i f i c  g r a v i t y ,  a low bulk sediment d e n s i t y .  Th i s  i n d i c a t e s  a l o w  

increase of  overburden s t r e s s  wi th  depth  and a consequent  low i n c r e a s e  of 

dependent  properties such as c o n s o l i d a t i o n  s t a t e  and shear s t r e n G h .  However, 

v a l u e s  of compression index  (C,) are t h e  h i g h e s t  measured on t h e  Kodiak She l f  

( T a b l e  3 ) ,  which i m p l i e s  r e l a t i v e l y  l a r g e  amounts of s e t t l e m e n t  under a g iven  

load.  

The sediment is  h i g h l y  p l a s t i c  ( P i g .  5 )  and,  compared t o  o t h e r  sediment 

of s i m i l a r l y  h igh  p l a s t i c i t y ,  it i s  r e l a t i v e l y  s t r o n g  under c o n d i t i o n s  of 

d r a i n e d  load ing .  Its undrained s t a t i c  l o a d l n g  behavior  i s  s i m i l a r  t o  t h e  

t e r r i g e n o u s  samples t h a t  were t e s t e d  (Tab le  4 ) .  I n  dynamic, undra ined  

t r i a x i a l  t e s t s ,  t h e  Ki l iuda  Trough sediment has  somewhat more s t r e n g t h  

d e g r e d a t i o n  a t  low numbers of c y c l e s  t h a n  t e r r i g e n o u s  samples,  but i s  by no 

means u n u s u a l l y  s u s e p t i b l e  t o  r e p e a t e d  l aad ing .  

The sandy, a s h - r i c h  sediment f r o n  Chiniak Trough ( s t a t i o n  4 3 3 )  i s  

d i f f e r e n t  i n  most r e s p e c t s  from t h e  o t h e r  sedlment t y p e s .  Clay c o n t e n t  i s  

low, SO the sediment c l a s s i f i e s  a s  noncohesive a c c o r d i n g  t o  p l a s t i c i t y  

tests. Its water  c o n t e n t  is  lower t h a n  t h a t  of t h e  sediment  from K i l i u d a  

Trough, bu t  due t o  low g r a i n  s p e c i f i c  g r a v i t y ,  the  bulk  d e n s i t y  i s  comparable 

(Tab le  2 ) .  I n  c o n t r a s t  t o  the samples from KiLiuda Trough, s t a t i a n  433 



m a t e r i a l  is  h i g h l y  incompress ib le ,  s i m i l a r  t o  t h e  u n d e r l y i n g  t e r r i g e n o u s  

m a t e r i a l  sampled a t  s t a t i o n  582 (Tab le  3 ) .  But, t h e  downward c o n c a v i t y  of t h e  

v i r g i n  compression curve  (Fig .  8) s u g g e s t s  t h a t  e x c e s s i v e  s e t t l e m e n t  (pe rhaps  

due t o  g r a i n  c r u s h i n g )  o c c u r s  under h igh  loads .  a p i d  c o n s o l i d a t i o n  a l s o  i s  

i n d i c a t e d  by oedometer tests. 

High s t a t i c  s t r e n g t h  was measured i n  t r i a x i a l  t e s t s  on samples from 

s t a t i o n  433 f o r  both  d r a i n e d  and undrained c o n d i t i o n s  ( T a b l e  4). However, 

dynamic l o a d i n g  causes  s e v e r e  s t r e n g t h  d e g r e d a t i o n ,  t o  12% of the s t a t i c  

undra ined  s t r e n g t h  a t  1 0  c y c l e s  (Fig.  11). Earthquake-induced sediment  s l i d e s  

are n o t  l i k e l y ,  because t h e  s e a f l o o r  i s  g e n e r a l l y  h o r i z o n t a l  where the ash- 

r i c h  sediment occurs .  However, l o s s  of b e a r i n g  c a p a c i t y  due t o  l i q u e f a c t i o n  

i s  p o s s i b l e ,  which could  cause  s i n k i n g  and f a i l u r e  of p i p e l i n e s .  

Ash-rich m a t e r i a l  c o v e r s  most of t h e  f l o o r  of Chiniak Trough 

(Tab le  1; Hampton, 1981) ,  b u t  t h e  d e p o s i t  p inches  o u t  near  t h e  t r o u g h  margins 

and may only be s e v e r a l  meters  t h i c k .  S e i s m i c - r e f l e c t i o n  profiles show t h a t  

t h e  t e r r i g e n o u s  c o r e  a t  s t a t i o n  582 is near  t h e  l a t e r a l  edge of t h e  t rough  

sediment f i l l  and p robab ly  r e p r e s e n t s  a sedimentary  d e p o s i t  t h a t  u n d e r l i e s  the 

s u r f i c i a l  a s h  d e p o s i t  and ex tends  a few t e n s  of meters t o  deeper ,  presumably 

s t r o n g  and s t a b l e  g l a c i a l  m a t e r i a l .  The a s h  was e r u p t e d  i n  1912 f r o m  Mt. 

Katnai  on t h e  Alaska p e n i n s u l a  (Hampton and o t h e r s ,  1 9 7 9 ) ,  and t h e  f i n e -  

g r a i n e d  t e r r i g e n o u s  s e c t i o n  as sampled a t  s t a t i o n  582 may r e p r e s e n t  t h e  normal 

Holocene sedimentary  environment i n  Chiniak Txough. Bur ied  ash d e p o s i t s  from 

e a r l i e r  v o l c a n i c  e r u p t i o n s  may be p r e s e n t .  

The a s h - r i c h  sediment from both Chiniak and K i l i u d a  Troughs has  s l r n i l a r  

v a l u e s  of t h e  normal ized s t r e n g t h  pa ramete r  A ( 0 . 8 0  t o  0 .84)  ( F i g .  1 0 ) .  T h e  

one t e r r i g e n o u s  sample fo r  which d e t e r m i n a t i o n  could be made has  a  more normal 



v a l u e  of = 0.68. Overconso l ida ted  a s h - r i c h  sediment would s t r e n g t h e n  m o r e  

t h a n  t h e  t e r r i g e n o u s  sediment would. Oedometer tests i n d i c a t e  v a r i o u s  l e v e l s  

of o v e r c o n s o l i d a t i o n  for a s h - r i c h  sediment ,  bu t  t h e r e  i s  no geologic ev idence  

t h a t  un load ing  h a s  occur red .  Perhaps t h e  o v e r c o n s o l i d a t i o n  i s  on ly  p r e s e n t  a t  

sha l low d e p t h s ,  or it may r e f l e c t  a p h y s i c a l  phenomenon o t h e r  t h a n  unloading.  

It is  e v i d e n t  from t h e  g e o t e c h n i c a l  framework study of l bd i ak  Shelf  that 

a var iety  of f i n e - g r a i n e d  sediment t y p e s  w i t h  d i f f e r e n t  p h y s i c a l  p r o p e r t i e s  

e x i s t s .  The deposits cover  a  minor a r e a  of t h e  s h e l f  when compared t o  t h e  

e x t e n t  of coarse -gra ined  g l a c i a l  d e p o s i t s  and sedimentary bedrock that 

probably have favorable g e o t e c h n i c a l  p r o p e r t i e s .  B u t ,  where t h e  f i n e - g r a i n e d  

sediment  is  encounte red ,  it can p r e s e n t  special e n g i n e e r i n g  concern.  
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Table  1. Locat ions  of sampling s t a t i o n s  and d e s c r i p t i o n s  of sediment types. 

Physiographic  S t a t i o n  North West 
area number l a t i t u d e  l o n g i t u d e  Sediment type 

Chiniak Trough 3 29 57' 38.95' 151° 58.03' sandy mud with a s h  
and t e r r i g e n o u s  m i n e r a l s  

432 57O 25.50' L51° 23.43' sandy mud with  ash and 
t e r r i g e n o u s  m i n e r a l s  

434 57O 26.71' L51° 25.26' muddy sand w i t h  ash and 
t e r r i g e n o u s  m i n e r a l s  

582 57' 29.7' l S l "  38.6' sandy mud with t e r r i g e n o u s  
m i n e r a l s ;  a s h - r i c h  o n l y  at 
t o p  of core. 

Ki l i u d a  Trough 343 

3 44 

347 

348 

349 

3 51 

4 39 

440 

441 

578 

mud with ash and 
t e r r i g e n o u s  m i n e r a l s  

mud with t e r r i g e n o u s  
m i n e r a l s  and ash 

mud with t e r r i g e n o u s  
m i n e r a l s  and ash  

mud with t e r r i g e n o u s  
m i n e r a l s  and ash  

mud w i t h  a s h  and 
t e r r l g e n o u s  m i n e r a l s  

g r a v e l l y  sandy mud w i t h  
t e r r i g e n o u s  m i n e r a l s  and mud 

mud w i t h  a s h  and 
t e r r i g e n o u s  m i n e r a l s  

mud with  a s h  and 
t e r r i g e n o u s  m i n e r a l s  

mud with a s h  and 
t e r r i g e n o u s  m i n e r a l s  

mud with a s h  and 
t e r r i g e n o u s  m i n e r a l s  



Table 1 ( c o n t i n u e d )  

Phys iograph ic  s t a t i o n  North West 
area number l a t i t u d e  l o n g i t u d e  Sediment type 

Kiliuda Trough 579 56O 54.9' 152O 32.6' mud with t e r r i g e n o u s  
(con t inued  ) minerals and ash 

S i t k i n a k  R o u g h  355 56O 08.53' 153O 29.41' gravelly sandy mud 
with t e r r i g e n o u s  minerals 

3 56 5 6 O  05.55' 153O 31.28' g r a v e l l y  muddy sand 
wi th  t e r r i g e n o u s  m i n e r a l s  

357 56O 07.56' 153O 38.46' muddy sand w i t h  t e r r i g e n o u s  
m i n e r a l s  

445 56O 11.17' 153O 17.28' sandy mud with  t e r r i g e n o u s  
m i n e r a l s  

455 56O 12.44' 152O 58.36' mud with terrigenous 
m i n e r a l s  

Upper C o n t i n e n t a l  224 
Slope 

56" 46.3' 151° 34.5' mud with  t e r r i g e n o u s  
m i n e r a l s  

56O 47.5' 151° 37.5' m u d w i t h t e r r i g e n o u s  
m i n e r a l s  

56O 48.3' 151° 40.9' mud with  t e r r i g e n o u s  
m i n e r a l s  

57" 50.7' 14g0 07.4' mud with t e r r i g e n o u s  
m i n e r a l s  

57* 48.3' 149' 05.4' mud with  t e r r i g e n o u s  
m i n e r a l s  

57O 46.60' 149" 02.08' mud w i t h  t e r r i g e n o u s  
m i n e r a l s  

57O 17.48' 150' 24.92' sandy mud w i t h  
t e r r i g e n o u s  minerals 



Table 1 (continued) 

Physiographic Stat ion  North West 
area number latitude l ong i tude  Sediment type 

Upper Continental 450 5 5 O  56.06' 154O 14.13' sandy mud with 

Slope ( continued ) t err igenous  minerals  



Table 2 .  Summary values of index physical  proper t i e s .  (Replicate cores taken a t  some s t a t i o n s . )  

Water Bulk 
Content dens i ty  

Physiographic Station at 1  rn a t  1 m 
area number ( $  dry weight) ~ ~ m / c r n ~ )  

Chiniak 329 93 1.39 
Trough 

432 01/86 1.47/1.45 

Kiliuda 
Trough 

Average Vane shear 
Average Averaye Average Liquid i ty  grain s t rength  
p l a s t i c  liquid p l a s t i c i t y  index s p e c i f i c  a t l m  
l i m i t  l i m i t  index a t  1 m g r a v i t y  ( kPa 1 -- Su/ OV 
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Table 3 (continued) 

Physiographic 

area 

-2 cv X 10 
Depth in I 

r 
Station core a u t cm2/sec 
number (cm) ( k E )  ( k g )  from - t o  - OCR 

*cv c o u l d  not be determined from the data, but conso l ida t ion  was e x t r e m e l y  fast. 







Table 4 (continued) 

Physiographic 
Depth in I 

S t a t i o n  core Induced 0- S1l 

area number (cm) (kba) OC R ( k g a )  
sU' CIC 

Sitkinak Trough (con't) 445 119 97.1 1 7 3.6 0.8 

45 5 110 103.0 1 105.9 1.0 

122 199.1 1 155.9 0.8 

Upper Continental Slope 224 

225 

226 

2 3 9  

450 

B ' 
(degrees) 



Table 5. Dynamic triaxial strength test results. 

Depth Cycles 
Physiographic Station in %' Induced Tcyc/Su to 

area number core (em) ( H a )  OCR ( %  f a i l u r e  

Chiniak Trough 433 7 6 347.2 1 12 12 

8 5 344.2 1 6 230 

Kiliuda Trough 578 

S i t k i n a k  Trough 445 



Table 6 .  Values of variables in dynamic slope stability analysis. 



FIGURE CAPTIONS 

Loca t ion  map o f  the  Kodiak She l f ,  Alaska, showing phys iograph ic  f e a t u r e s  
and bathymetry.  

Map o f  sea f l oo r  s lopes. Coverage extends from 3-mi le  l i m i t  t o  100 rn 
water depth. Contours i n  percen t .  

Genera l ized th ickness  map of unconso l ida ted  sedimentary depos i t s .  
Contours i n  meters.  

Loca t ions  o f  sediment sample s t a t i o n s .  (See Table  1.) 

Index phys i ca l  p r o p e r t i e s  o f  sediment samples. 

P l a s t i c i t y  c h a r t  and sediment c l a s s i f i c a t i o n  accord ing  t o  the  U n i f i e d  
S o i l  C l a s s i f i c a t i o n  System. (See Casagrande, 1948.) 

Compression index versus l i q u i d  l i m i t  f o r  Kodiak Shelf sediment 
samples. Emp i r i ca l  r e l a t i o n  de r i ved  by Skempton (1944) i s  shown f o r  
re fe rence .  

Oedorneter consol  i d a t  ion t e s t  r e s u l t s ,  p l o t t e d  as l o g a r i t h m  o f  t h e  
e f f e c t i v e  c o n s o l i d a t i o n  s t r e s s  versus v o i d  r a t i o :  (Note t h a t  unload- 
r e l oad  c y c l e  was performed once d u r i n g  each oedorneter t e s t . )  A)  S t a t i o n  
433, showing cont inuous downward cu rva tu re  o f  l oad ing  curve. B )  Normal 
l oad ing  curve, showing s t r a i g h t - l i n e  r e l a t i o n  between v o i d  r a t i o  and 
e f f e c t i v e  c o n s o l i d a t i o n  s t r e s s  a t  loads exceeding approx imate ly  100 kPa. 

E f f e c t i v e  angle  o f  i n t e r n a l  f r i c t i o n  versus p l a c t i c i t y  index. Center 
l i n e  i s  t he  emp i r i ca l  r e l a t i o n  de r i ved  by Lambe and Whitman (1969),  and 
upper and lower l i n e s  show range o f  v a r i a t i o n  o f  t h e i r  data.  

Normal i r e d  s t r e n g t h  versus overconsol  i d a t  i on  r a t i o .  (see Mayne, 1980.) 

St ress l e v e l  versus number o f  c y c l e s  t o  f a i l u r e .  
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Station 2 39 - Physiographic area U p ~ e r  Continental Slope 
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St0# ion 240 Physiographic area _u~?.T c o n t i n e n t a l  Slope 
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Stotion 3 36 Physiographic area U p p e r t a l   lone 

Depth 
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(cm) 0 
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