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P u r ~ o s e  and Oroanization --..- 

I 

INTRODUCTION 

This final report sunrarizes data and interpretations fror 
studies of surface sedincnts, faults, and areas of potentially 
unstable sediment masses in the St, George Basin region of the 
outer continental shelf, southern Bering Sea ( ~ i g .  1). Ce have 
divided t h e  report into four n a j o r  parts: Part I is an 
introduction which r e v i e w s  nethods used and the q u a n t i t y  of d a t a  
c o l l e c t e d  during the contract period; Part 2 deals with the 
sedi2entology and geochenistry of s u r f a c e  sediments; P a r t  3 
discusses distributions of f a u l t s  2 n d  areas of potentially 
unstable sediment; and Part 4 is a review of the major 
conclusions. Information on other aspects of our studies can be 
found in our 1 9 7 7  a n d  1 9 7 8  a n n u a l  reports to OCSEAP and in t h e  
various pd5lications and reports tabulated in Appendix A .  

S k i p - b 3 a r d  Data Collection - ------- 

Rest data used in this report (Table 1) were collected 
o n b o z r d  the U. S .  G e o l o g i c a l  S u r v c y  resesrch vessels S!:h SSY!:DEE 
and C.Z.\:;'EL P. L E E .  A s ~ - ~ a l l  p a r t  of t h e  singlc c!-,ar,nel c e i s ~ i c  
reflection data wzs  c o l l e c t e d  onboard the R/V STO3IS. Eavigztioz 
of R/'2 S E A  S O V l ; 3 E R  and R/V LEE was by i n t e g r a t e d  s a t e l l i t e  a n ?  
L o r ~ n  C ~ k i c h  has a no-inal pcsition accuracy of 4 2 0 0 ~ ~ 1  or 
better. In addition, the E/V LEE used dopplcr sonar integrstkc 
into the nzvisation s y r t e ? , .  !;~-l~icztion on the R/V STO3IS use b\* 
satellite w i t h  a position 5 c c - r a c y  of k500n or b e t t e r .  

Acoustic d ~ t a  used to interpret distributions of reflectors, 
f a u l t s ,  and a r c a s  of potentislly u ~ s t a b l e  sediments were 
c o l l e c t e d  by the following seiscic-reflection equipnent: 1) 3.5 
p z z .  ... , 2 )  2 . 5  kHz (Unibooa so~rce); 3) single-che- el s e i s r , i c  
reflection ( 6 C K J  to 160f:J sp-r-i:er and up to 1300 in3 air g u n  
s o ~ ~ r c e s ) ;  a n d  4 )  24-chznnel ~.ultict,zinn~l equipzent u s i n g  a 133C 
i A 3  airgun array. The various t y p e s  of seis~~ic-reflectior! d z t ; .  

and the c r u i s e s  are shown in Table 2. Tracklines fox cruises S Z -  
7 6  2nd  5 6 - 7 7  of t h e  R / V  SEA SOFYDCR a r e  g i v e n  i n  F i q s .  2 and 3. 
In a3Qition to seismic-reflr~ction data, both gravity a n d  
ragnetics q e r e  c o l l e c t e d  routinely while underway. 

I n  general, the quality of the 3.5 kHz d a t a  is only f a l r ,  
but t h e  2 . 5  kHz data are fair to good and the low-resolution 
s c i s ; : i c - r c f l e c t i o n  data are fzir to excellent. T h e  3.5 kHz 
s y s t e n  sen?rally penetrated only to t - h e  fil-st subbntton r e f l c - c t o r  
(0.005 set; approximately 4 m), b u t  i n  a f c w  p l a c e s  it penetrztcs 
to 0.05 s e c  (approxi~ately 35 m). The 2 . 5  kHz s y s t e m  t y p i c a l l y  
penetrated t o  0 . 0 5  s e c  or less. The s i n g l e - c h a n n e l  s e i s n i c -  





?* - 7 r t  
T a b l e  1. Sunnary of d a t a  collected o n  c r u i s e s  S4 -76  a n ?  S 6 - 7 7  of 

t h e  R/V SEA SOUPiDER and multichannel data collected on 
t h e  R / V  L T C  i n  S t .  George b a s i n  region, s o u t h e r n  R c r i n a  
Sea.  

----- - _ _  - -- -- 

Data Type h p p r o x i ~ a  t e  ! : ~ ~ h e r  N u m b e r  of S E - 7 2  c t  
of Kiloxet~rs or S t a t i c r , ~  

--- 
1 2  kHz Profiles 
3 . 5  kHz Profiles 
2 . 5  kHz P r o f i l e s  
8 0 - 1 6 0  K J  P r o f i l e s  
Kagnetonetcr Records 
G r a v i t y  D a t a  
Sea  S u r f a c e  T & S Profiles 
S i d e  S c a n  Sonzr P r o f i l e s  
M u l t i c h ~ n n e l  R e f l e c t i o n  

P r o f i l e s  
G r k q V v i  t y  Cores 
P i s t o n  Cores 
L1zn Veen S ~ 7 ~ l e s  
D r e 5 g ~  Hauls 
X 2 T  Statlons 
C u r r ~ n t  ?:~ter Stations .-- r s G t F r  Bottle C a s t s  
C Y 3  Frofiles 
S E E  Floor 7.i' ( 3 0 u r z )  
3atto: C a ~ e r ~  Ststions 







r e f l e c t i o n  p r o f i l i n g  systems p c n c t r a t e d  t o  a m a x i m u m  of about 2 . 0  
sec i n  deep  w a t e r  a n d  m u l t i c h a n n e l  s y s t e m  w a s  a b l e  t o  p e n e t r a t e  - 
a s  much a s  5 . 5  s e c  over  t h e  S t .  George b a s i n  (Marlow -. e t  - -- a 1  ) 1 9 7 6 ;  
1977). 

T a b l e  2 .  C r u i s e s  a n d  types of S e i s m i c - R e f l e c t i o n  D a t a  
-- -A 

-- - -- - - -. .- - -. -- - . n7 - .- - - 
D a t a  Type 

S h i p  C r u i s e  --A. H i a h  - - R e s o l u t i o n  - - -- -- - L o w  - P C - r o l u t i o r  .. -- - - - .- - - 
3 . 5  kHz 2 . 5  k H z  s i n g l e  single m u l t i -  

c h a n n e l  c h z n n e l  c k l a r ~ n ~ l  
a i r g u n  s p z r k e r  

- - - - -- -- -- - -- - - -- - - - - - - - - - - . - 
R/V S E A  SOJ:;DER 

S 4 - 7 6  X X X 
5 6 - 7 7  X X X 

R/V LEE 
BERS- 7 5 - X k  X X >; 

L S - 7 6  X X X X 
R/\' SYO3IS 

ST-69  X 

F a c t o r s  w h i c h  a f f e c t  t h e  q u a l i t y  of t h e  s e i s ~ , i c  d a t a  c z n  5~ 
g r o u p e d  i n  two b r o a d  cztegories: (1) the types of s ~ i r ~ i c  
~ ; ' ~ ? e - , s  u s e d  a n d  t h e i r  e n : l i ~ - o n r e n t s ,  a n d  ( 2 )  t h e  s u r f a c e  

- .  
E T . : ?  i ~ s u r f a c e  g e o l o 2 y .  The env l r zn . - , en t  of the seisaic s y s t e r .  
i n c l 2 d e s  t h e  s e a - s t a t e  a t  t b , e  t i r e  of r t c o r d i n o ,  a ~ , S i e n t  acosstic 
i n t ~ r f e r e n c e  g e n e r E t e d  by t h e  v c s s e l ,  d e p t h  of w a t e r ,  a n d  t h e  
vatchstander o v e r s e e i n g  t h e  s y s t e x .  T h e  f i r s t  two factors z f  fect 
t k e  h i g h - r e s ~ l u t i o n  s y s  t ~ r : s  much r:tol-e t k , a n  the  lo^-resolution 
s y s t e m s .  S e a - s t a t e  c o n d i t i o n s  d u r i n g  w h i c h  most d a t a  were 
collected r a n g e d  be tween  ca lm  2 n d  Force 8 ,  b u t  were t y p i c a l l y  
b e t w e e n  Forces  1 a n d  4 .  R o u g h  s e a - s t a t e s  r e s u l t  i n  t h e  
d e c o u p l i n g  of h y d r o p h o n e s  a n d / o r  t r a n s d u c e r s  fror. t h e  water 
c o l u n n ,  t h u s  s e r i o - s l y  r e f i : ~ c i n g  t h e  q u a l i t y  c f  h i g h - I - e s o l u t  i o ~  
records. h ~ ~ b i e n t  a c o u s t i c  i n t e r f e r e n c e  g e n e r z t e d  by t h e  vessel 
a d S s  f u r t h e r  to t h e  n o i s e  l e v e l  o n  a l l  t h e  d a t z .  T h e  d e p t h  of 
w z t ~ r  a f f e c t s  t h e  h i ~ h -  z n d  l o - ; - r e s o l u t i o n  s y s t e - s  i n  o p p o s i t e  
K E Y S .  On t h e  l ~ . ~ - r e s o l u t i o n  s i n g l e - c h a n n e l  s y s t e n s ,  s t , a l l o w  
w a t e r  d e p t h s  i n f l u e n c e  tt,& r e c o r d s  by p r o d u c i n g  a f i r s t  h a r n o r , i c  
( r n d i t i p l e )  t h a t  o n  p iany  records o b l i t e r a t e s  t h e  s i g n a l s  b e n ~ z t h ,  
i t .  As t h e  w a t e r  d e p t h  i n c r e a s e s ,  the i n t e r f e r e n c e  by t h e  f i r s t  
m u l t i p l e  i s  a t  d e e p e r  l e v e l s  o n  t h e  r e c o r d s ,  t h u s  a l l o w i n g  no re  
s i g n a l s  t o  be recorded .  T h e  h i g h - r e s o l u t i o n  s y s t e m s ,  h o w e v e r ,  
perforned w e l l  i n  s h a l l o w  w a t e r  b e c z ~ s e  of t h e  h i g h  1 - e p e t i t i o n  
r a t e s  of t h e  o u t g o i n g  s i g n a l s  (gent-rally 1 / 4  t o  1 s e c ) ,  b u t  t h e y  
d i d  n o t  perform well in d c e p  w a t e r  b ~ c a u s e  of t h e i r  r e l a t i v e l y  
low p o w e r  o u t p u t .  Reverberations c r c a t e  a "ringing" that also 
t e n d s  t o  mask o u t  some s i g n a l s .  



Despite t h e  w e a k n e s s e s  of t h e  v a r i o u s  s y s t e m s  a n d  b e c a u s e  of 
t h e  c o v e r a g e  of t h e  a r e a  a n d  t h e  l a r g e  a m o u n t  of g o o d  q u a l i t y  
d a t a  c o l l e c t e d ,  we f e e l  t h a t  t h e  d a t a  a r e  more t h a n  a d e q u a t e  t o  
i n t e r p r e t  t h e  r e g i o n a l  s u r f a c e  a n d  n e a r - s u r f a c e  g e o l o g y .  

T h e  r e s o l u t i o n  of the s e i s m i c  s y s t c m s  ( T a b l e  3 )  we-re 
c a l c u l a t e d  u s i n g  t h e  v e l o c i t y  o f  sound i n  w a t e r  and by followinc 
the p r o c e d u r e  o f  G o o r e  ( 1 9 7 2 )  who s h o w e d  t h a t  the r e s o l u t i o n  of 
s e i s n i c - r e f l e c t i o n  s y s t e n s  i s  between 0 . 2 5  a n d  0 . 7 5  t h e  wave -  
l e n g t h  of t h e  source. Fo:ev~r, a s  w e  n o t e d  a b o ~ ~ e ,  t h e  a c t u z l  
r e s o l u t i o n  of a f e a t u r e  i s  n o t  o n l y  a f u n c t i o n  of t h e  n u t g o i n 2  
f r e q u e n c i e s  b u t  also i s  a f f e c t e d  by t h e  e n v i r o n r ~ e n t s  05 t h c  
s p s t e n s  ( e - g . ,  s e a - s t a t e ,  d e p t h  of w a t e r ,  a c o u s t i c  i n t e r f e r e n c e ,  
w a t c h r t a n d e r )  a n d  t h e  s u r f a c e  a n d  s u b s u r f a c e  g e o l o g y .  T h e r e  is  a 
g a p  i n  t h e  r e s o l v i n g  r a n g e  of o u r  s ) * s t e n s  b e t w e e n  a b o u t  0 . 5  IT a n d  
4 7 w h i c h  s u g s e s t s  t h a t  f e a t u r e s  w i t h  t h i c k n e s s e s  or offsets in 
t h a t  r a n g e  would not necessarily be resolved. 

T z S l e  3 .  Xanges of r e s o l u t i o n  for se ismic  s y s t e ~ s .  

F . ~ p r o x i r . a t e  F e z k  F r ' c q ~ i f - n c y  R a n g e  of h ; i n i r . : z ~  2 e ~ o i l ; t  i o n  (IT) 
4 0  Hz ( r r ' c l t  i c b , a r : n e l  ) 9 . 4  t o  2 8 . 1  

1 0 0  Hz ( s i n g l e  c h a n n e l )  3 . 2  t o  1 1 . 2  
2 . 5  kHz 0 . 1 5  to 0 . 5  
3.5 ki iz  0.1 t o  0.3 

Sanpling s t a t i o n s  a r e  9 i v e n  i n  F i g s .  4 a n d  5 sn? t h e  d ~ t z  
c o l l e c t e d  a r e  g i v e n  i n  7';lable 1. Say-,,?ling e q u i p r r i e n t  i n c l u 2 e d  
p i s t o n  a n d  g r a v i t y  c o r e r s ,  v a n  Veen saF,?lers a n d  d r e d g e  h a u l s .  
K e  photogr~phed t h e  s e a  f l o o r  u s i n g  t e l e v i s i o n ,  3 5  nr, a n d  7 0  
c a r ~ e r a s .  P h y s i c a l  occznogr~phic n e a s u r e n e n t s  were made by CTD 
p r o f i l e r s ,  w a t e r  b o t t l e  c a s t s ,  c u r r e n t  m e t e r s ,  a n d  ~ x p e n d a h l e  
b e t h y t ? ~ e r n z ~ r a p h s .  We c u t  t h e  cores o n b o a r d  the R / V  S E A  SCI:~.:;>ZZ 
i n t o  1 . 5  m s ~ c t i o n s ,  s l i c e d  them i n  h a l f ,  r e t a i n i n g  one h a l f  f o r  
a f - c h i v i n g  2 n d  t h e  o t h e r  f o r  s ~ r p l i n g ,  a n d  described the cores  
u s i n g  m e 9 a s c o p i c  a n d  nicroscopic t e c h n i q ~ e s .  The a r c h i v e  h a l v e s  
were p h o t o g r a ~ h e d ,  u s i n g  a n  8 x 1 0  c z y ~ e r a ,  a n d  X - r a y e d .  S z r p l l n q  
of the cores  for s u b s e g c ~ n t  s h o r e - b z s e d  studies w a s  d o n e  o n  t h e  
s h i p .  

Shorc-Eased . Data C o l l e c t i o n  

The u p p e r  30 cm or more of p i s t o n  a n d  g r a v i t y  cores  were 
h o n o g ~ n i z e d  by m i x i n g  w i t h  s e a  w 3 t e r  a s  a result of c o r i n g  
o p e r a t i o n s ;  c o n s e q u e n t l y ,  a n a l y s e s  of s u r f a c e  sanples r e p r e s e n t  
a v e r d g e  values f o r  the u p ? e r  3 0  c m  of the c e d i t x n t s .  S S T F : ~ S  
collected u s i n g  t h e  van Veen  s a ~ p l c r  w e r e  u n d i s t u r b e d ,  2 n d  a r c  
r e p r e s e n t a t i v e  of s u r f a c e  s c d i i i ~ e n t  t o  w i t h i n  a fe.,,, c e ~ t  i i r e t e r s  
b e l o w  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  S u b s a x p l c s  f o r  a ~ a l y s e s  of 







grain-size composition of hcavy ( P > 2 . 8 5 )  and light ( p < 2 . e 5  
minerals, clay minerals, and inorganic geochemistry were  
c o l l e c t e d  from t h e  t op  3 crri of van Vcen sznples, and from witbin 
the top 5 cn of gravity and piston cores (Table 4). T h e  p r i ~  z r y  
sampling network during the 1976 field season consisted of 5: 
stations centered o v e r  the St. George basin and the Pribilof 
Islands (Fig, 4 ) .  Duplicate cores were collected at 30 of tI?ccc- 
stations in order to measure local variability in major and rln3r 
elenents. T h e  duplicate co re s  were seFarated by as much as 
several hundred meters, depending upon drift of the ship while or. 
station. In addition to samples collected on the St. George 
Basin grid, 18 samples were collected during the 1977 f i e l d  
s e a s o n  ( F i g .  5 )  i n  t h e  v i c i n i t y  of t h e  Pribilof I s l a n d s ,  fro;, t h e  
a d j a c e n t  c o n t i n e n t a l  s l o p e ,  and near U n i ~ a k  I s l z n d  in t h e  
 leut ti an chain. S z n p l e  locations u s e d  for our s e d i ~ e n t  a n e l y ~ e s  
are p l o t t e d  on a bathymetric chart of the zrea in Figure 6, w?. ick  
is keyed to Table 4. 

Grain size w a s  r , e ~ s u r e d  by  first s p l i  ttina s z m ~ l r - 5  into ) 6 3 x 1  
2 n d  t 6 3 4  size fractions. The > 6 3 ~  frdctions were z?alyzed 
us ing  2-n ra2id s c s i n e n t  s n a l y z e r s  ( T h i e d e  e t  z l . ,  1 9 7 6 )  znE t h e  

-- - 
>63 4 fractions were analyzed with a h1,drophoto:eter (Jordzr. et 
al., 1 9 7 1 ) .  Replicate analyses and czlibrztion tests show t h x  -- 
the rapid sediment analyzers F,ave a  p r e c i s i o n  of 3 5 P  a n d  a c c g r a c y  
of 2 5 % .  T h e  k y d r s p h o t o ~ i c t e r  kJas  a precision of 1 0 %  znc! an 
accuracy of 51%. Total carhoz w a s  o'et~rrr~ined with a LECO model 

r-L \ :?-I2 c z r b c n  a - a l y z e r .  1 , l r ~ e  ar,c!yses of total carbon per  ss:;le 
upre  ~ v e r a a ~ d .  ?fie L E C O  ),as a precision of + 2 F  z n d  an accuracy  
of 51%. 

R d 1 k  sa:.ples of s e d i r , ~ r , t  sere sieve? to retrieve the 62c.lto 
88  u f r a c t i o n .  This fraction was then floated on diluted 
tetrabronoenthane ( P =  2.85) to s e p a r a t e  h e a v y  c i n f - r z l s  a n d  r o c k  
f r a g n e n t s  from light minerals and rock fragnents. Randox-mounted 
slides were prepared and a ninimum of 300 c o u n t s  w e r e  nade 
c o v e r i n g  t h e  w h o l e  a r e a  of each slide using the line rethod. 

I A l l  sa~ples for clay r ~ i n e r a l o g y ,  z c  well a s  all s z ~ , ~ l e s  f ~ r  

other s t u d i e s  reported here, were kept moist in air-tight s k - ; ? e  
vials at 3 O  C from the t i ~ e  of collection until the time of 
preparation. The ( 2  u fraction w z s  used for clay r i n e r ~ l  stueies 
following the FreFaration p r o T e d u r c s  of Rein et al. ( 1 9 7 5 ) ,  2nd 

. - 
the se>i-quantitative xeigk,te?-pcak X-ray dif frzction teckriq~e 
of B i s c a y e  (1965). A p o l c r  ~lanir~eter was used to  fasure sure the 
areas under the peaks on the diffrhctogrz-s. B a r i u m  saturation 
was atterr~pted on s c - v e r a l  sa:r ,plcs  to help differenLiate between 
chlorite and veri-riculite. Although a p e a k  at 7 . 8 A  comnonlp did 
appear as a result of this treatment, it was not well developed 
and was highly i n t e r p r e t i v e .  Eence, barium sat~ration w a s  n o t  
used r o u t i n e l y .  Sanples were glycolated to help i d c n t i f ~  the 
ex2andable clays. Dif f r ac to i ; r a ; ; . . s  were run from 3 O  to 14 2 e  and 
nc-asure~~ents of peak a r e s s  were t ~ k e n  on the qlycolzttd s s r 8 p 1 $ .  
x-ray dmiffraction p e a k s  corresponding t o  6 - ~ ~ a c i n g s  of 7 8 ,  l C A ,  
and 1711 were routinely measured for chlorite/kaolinite, illite, - - 
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Figure 6 .  Eathyir~etr ic  c h a r t  o f  t h e  s o u t h e r n  6 e r i n g  Sea r e g i o n  k i t h  t h e  S t .  

George b a s i n  s h a d e d .  The nu:i-her n e x t  t o  a c i r c l e  or d o t  i s  a map  
reference nu::.irer ( s e e  T a b l e  4 for  corresponding s z n p l e  n~y:her). 



1' , table 4 .  S u r a a r y  of Analyses. Hap nvnber  r e f e r s  to numbers on F i g .  6 .  Letters 
in the sample  column desisnate s ~ ~ p i e  t y p e s ;  G = gravity core, P = 

I p i s t o n  core ,  and V = van Veen Sampler. X designates analysis purfarmed.  
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Table 4.  (continued) 
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and mixed layer claps res  e c t i v e l y .  A slow s c a n  ( 0 . 2 5 O  2 0  per  
r n i n . )  between 2 4 O  and 26' 28 G a s  used to differentiate Y.aolini te 
fron chlorite. No i n t e r n a l  standards were used in this study. 
Therefore, the values obtained by t h e s e  t e c h n i q u e s  are -relative 
within this study only and should not be taken as absolute 
percentages of clay m i n e r a l s  present. 

A t o t a l  of 1 0 3  samples from 65 stztions in the 1976 St. 
George basin grid w e r e  a n a l y z e d  fo r  31 r .a  j o r ,  noinor, a n d  trace 
elerzents  u s i n g  a combination of s~r;iquzntitative o p t i c a l  err,ission 
s p e c t r o s c o p y ,  X-ray  f l u o r e s c e n c e ,  a t o r ~ i c  absorption ~ p e c t r o r , e t r y ,  
a n d  neu t ron  a c t i v a t i o n  a n a l y s i s .  T h e  details of these a n a l y t i c ~ l  
methods a r e  d e s c r i b e d  in s e c t i o n s  by J.  5. W a h l b e r g ,  C laude  
Huffmzn, J r . .  J .  I. Dinnin, Harriet G. l i e i n a n ,  A ,  J .  Rartel, a n d  
H. T. Millard, Jr., in Miksch (1976). Eighteen of these 103 
sanples were chosen a t  r a n d o m  f o r  d u p l i c a t e  a n a l y s e s  i n  t h e  
analytical laboratories. All 121 anslpticzl s a r p l e s  (103 ~ z - ( p l e s  
p l u s  1 8  duplicztes) w e r e  sub-~itted in a r s n d o r n i z e d  s e q u ~ n c e  t o  
t h e  a n a l y t i c a l  l a h ~ r a t o r i e s  of t h e  U.S. Geological Wurvey in 
Denver. An aGditiona1 s u i t e  of 2 4  s ~ r , ? l ~ s  fron 2 0  stations in 
the vicinity of the Pribilof Islands were analyzed for 
corjcc-ntratiozs of 19 r ~ a j o r ,   ino or, and trace elenents by 
s ~ r i ~ ~ z n t i t z t i v c  o p t i c a l  erission s p e c t r o s c o p y .  

ar.?lcs were  a i r  d r i e d  a n d   round i n  a ce rzT , i c  rr,ill t o  p z s s  
a 103-r;.esh ( 1 4 9  a) sieve. Because the sa : ,p les  were a i r  dried 4 a ~ ~ z l y t i c a l  of ?:a, S ,  a n d  ?:? will be too h i g h  d u e  t o  1 ; ~  , ++ SO;! ~ n d  .'.:g dissolved in interstitial i : ~ t e r  and left as a 
re51 due a f t e r  e t7c ; iora t ion .  7'0 correct tI-)c-se v z l u e s ,  we ~ Z S U ~ E I ?  

thst all of the C 1  deterrlned by X-ray fluorescence  as due  to 

C1 d i s s o l v e d  in interstitial water, and that t h e  interstitial 
water c o n t a i n e d  the s a K e  2roportions of 12a. S t  Mg, and C 1  as 
a v e r a g e  sea water. Interstitial w a t e r  contributions of Ka,  S.  
and  Ng were t h e n  subtracted fror, the analytic21 values. 

Present-day s e d i i i i c n t  d y n ~ r . i c s ,  co:.5ined with the dynar,izs 
associated with lowering of sea l e v e l  during the Pleistocene, 
have created a nixture of sea ' i j r .en ts  on t h e  o i l ter  c o r t i n e n t ~ l  
shelf of t h e  southern Bering Sea that f , a s  been derived fror t k e  
Alaskan R a i n l a n d ,  the Aleutian I s l a n d s ,  and t h e  Pribilof rid3e. 
Concentrations of finer-grained, high~r-orgznic s e d i ~ ~ e n t s  in t h e  
region of the St. George b 3 s i n  b j a v c  f u r t h c - r  modified t h e  reatonzl 
d i s t r i b u t i o n  p a t t e r n s  of s e d i n e n t  cor,;3csition. Q-mode f a c t o r  
a n a l y s i s  of 58 v a r i a b l e s  r e l s t t d  to sediment size and 
conposition--including n a j o r ,  minor, and trace elenents, heavy 
and l i g h t  minerals, a n d  c l a y  n i r 4 e r a l s - -  reveals t h r e e  dgminant 
sedinent associations. 

F e l s i c  s e d i m e n t  derived f r o n  t h e  qc-nerzlly quartz-rich r o c k s  
of t h e  A l a s k a n  m a i n l a n d  forrzs a b a c j ~ g r o d n d  o v e r  r;\ost of t h e  



c o n t i n e n t a l  s h e l f .  T h e s e  s e d i m e n t s  c o n t z l i n  relatively high 
c o n c e n t r a t i o n s  of S i t  B a ,  R b ,  q u a r t z ,  g a r n e t ,  e p i d o t e ,  
m e t a m o r p h i c  rock f r a g m e n t s ,  K - f e l d s p a r ,  a n d  jllite. A s e c o n d  
i m p o r t a n t  a s s o c i a t i o n ,  superinposed o n  the f e l s i c  b a c k g r o u n d ,  i s  
a n d e s i t i c  s e d i n ~ e n t  d e r i v e d  from t h e  A l e u t i a n  I s l a n d s .  T h e s e  
s e d i m e n t s  c o n t a i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  of Na ,  C a ,  T i ,  
Sr, V ,  Mn, Cu, F e ,  A l ,  C o ,  Zn, Y ,  Yb,  G a ,  v o l c a n i c  rock 
f r a g m e n t s ,  g l a s s ,  c l i n o p y r o x e n e ,  s n e c t i t e ,  a n d  v e r r ; , i c u l i t e .  h 
l o c a l  b a s a l t i c  a s s o c i a t i o n ,  d e r i v e d  fro7 t h e  P r i b i l o f  l c l z n 2 t ,  
f a c t o r s  o u t  a s  a s u b s e t  of t h e  A l e u t i a n  a n d e s i t e  a s s ~ c i a t i o r ~ .  
C o n c e n t r a t i o n s  of f i n e r - g r a i n e d  sedirent i n  S t ,  George b a s l n  
results in a s e d i r r , e n t  a s s o c i a t i o n  c o n t 2 i n i n g  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n s  of C ,  S ,  U ,  L i ,  B ,  Z r ,  G a ,  Hg ,  s i l t ,  z n d  c l z y .  

S e d i m e n t s  of t h e  A l e u t i a n  andesite z s s o c i a t i o n  a r e  
c o n c e n t r a t e d  m a i n l y  between t h e  1 0 0 -  a n d  200-ne te r  isobaths; t:r,ej7 
e x h i b i t  a s t r o n g  g r a d i e n t ,  or " p l u n e " ,  d e c r e z t i n g  a x a y  frorr, 
U n i n , a k  ~ z s s  a n d  t o w a r d  S t .  G e o r g e  b a s i n .  L a c k  of ~ r c - s e n t - d ~ y  

* - t  c u r r e n t s  s i l f f i c i e n t  t o  nave e v e n  cl~y-size d . c L e r i a l  a n d  t h e  
p r e s e n c e  of t h ~  B e r i n g  s u k - ~ r i n e  CZI - ,yon  b e t h , ~ f n  t h e  k l e z t i a n  
I s l e n d s  a n d  t h e  o u t e r  c o r . t i n ~ n t a 1  s h e l f  z n 3  slcpe i n d i c a t e  t k , z t  
H o l o c c n e  s e c ' i r , e n t  d y n a r ? i c s  c a n n s t  b e  used t o  e x p l z i n  t h e  o b s e r v e d  
d i s t r i b u t i o n  cf s u r f z c e  s e 2 i r , e n t s  d e r i v e s  f r o 3  t h e  E l e u t i ~ n  
I ~ l ~ n d c .  K e  sugqest t h a t  t b j s  d l s t r i b i l t i o ?  p a t t e r n  i s  r e l i c t  a n 2  
r e s u l t e d  fro:, s e c ' l n r - n t  d y n z r i c s  d l ~ r i n q  l o w e r  s e a  l e v e l s  i n  t h e  
P l e i s t o c e n e .  

-L L , , e  g e o l o g i c  h i s t o r y  zn3 s t r ~ c t c r e  of t h e  reglGn h a ~ l e  b ? ~ : ~  

s u r - 7 , a r i z e d  by S c h o l l  e t  a l .  (1966), S c h o l l  z n d  Zopkins (19691, 
l j e l son  e t  a l .  ( 1 9 7 4 ) ,  , Y a r l o w  -. e t  -- a l .  ( 1 9 7 5 ) ,  S c h o l l  - e t  21. - ( 1 9 5 5 ) ,  
a n d  E a r l o w  et al. ( 1 9 7 7 a ) .  T h e  z o ~ t h ~ z s t ~ r n  B e r i n q  S e a  can  be --- 
b r o a d l y  subdivicied into f o u r  r ; , a j o r  p h y s i o - , r z p h i c  proyinces: 
o u t e r  c o n t i n e n t a l  s h e l f ,  c o ~ t i n e n t z l  r , a r g i n ,  P r i b i l o f  r i d g e ,  a n d  
t h e  B e r i n g  a n d  P r i h i l o f  c a n y o n s  ( F i g u r e  7 ) .  Tlje o ~ t c r  
c o n t i n e n t a l  s h e l f  i s  a b r o a d ,  f l a t  a r e a  t k , a t  h a s  a c r a d i e n t  of 
1 : 2 0 0 0  ( 0 . 0 3 ' )  b e t w e e n  t h e  1 0 0  n i s o b ~ t h a n d  t h e  s h e l f  breal :  a t  
About 1 7 0  m. Tk,e P r i G i l o f  r i d g e  i s  a p r o ~ ~ l n e n t  n o r t k x e s t -  
s o u t h e a s t - t r e n d i n g  t o i ~ o g r a p h i c  h i g h  t h a t  i s  c z p p e d  by  the 
P r i S i l o f  I s l a n d s .  The r i d g e  i s  a r e l a t i v e l y  s ~ ~ ~ o t h  s u r f a c e  cct 
by a t  l e s s t  o n e  t e r r a c e  t h a t  Kay be a Pleistocene f ~ t t u r e .  Ph,e 
r i d g e  p l u n g e s  belo; t h e  s h e l f  a t  a b o u t  ~ 6 ~ 4 0 ' ~ ~  168°50'k:, b u t  czn 
be f o l l o w e d  t o  t h e  e a s t  i n  the s u b s ~ ~ r f a c e  t o  5 5 ° q 0 t ~ : ,  1 6 5 C 3 0 ' b : .  
T h e  c o n t i n e n t a l  s lope  t o  t h e  n o r t h w e s t  z k r u p t l g  d r o p s  away fror, 
t h e  s h e l f  b r e a k  w i t h  gradients of 1 : 2 0  ( 3 O ) .  T o w a r d  t h e  

0 s o u t h e a s t ,  h o . ~ . e v e r , '  t h e  9 1 - z 3 i e n t  d e c r ~ ~ s e s  t o  1 : 4 0  ( 1 . 4  ) .  T h e  
continental s l o p e  is c h a r - 3 c t c r i z e d  by h u - , r l ~ c k y  t o p o g r a p h y ,  
s c a r p s ,  a n d  c a n y o n s  o n  a l n c l s t  a l l  s c a l e s .  T h e  c o n t i n e n t a l  r ~ ~ r g i n  
i n  t h i s  r e g i o n  is  incised by t w o  g i b n t  s ~ b - , a r i n e  c a n y o n s ,  Scring 
a n d  P r i b i l o f  c a n y o n s  ( S c h o l l  - e t  -- a l ,  1 9 7 0 ) ,  which r . ay  h a v e  p l a y e d  
s i g n i f i c a n t  roles i n  t h e  t r a r i s p o r t  of 5 e d i r ~ 1 c n t  t o  t h e  A l e u t i a n  
b a s i n .  





R o c k  u n i t s  u n d e r l y i n g  t h e  c o n t i n e n t a l  s h e l f  a n d  s l o p e  c z n  be 
b r o a d l y  d i v i d e d  i n t o  a n  a c o u s t i c a l l y  l a y e r e d  s e q u e n c e  o f  C e n o z o i c  
a g e  a n d  a M e s o z o i c  u n i t  t h a t  h a s  b e e n  h i g h l y  d e f o r m e d  a n d  
comprises t h e  a c o u s t i c  b a s e m e n t  ( S c h o l l  - e t  -- a l . ,  1 9 6 8 ; ' 1 9 7 5 ) .  Tk1€ 
a c o u s t i c  b a s e m e n t  p r o b a b l y  c o n s i s t s  o f  deformed rocks of Kesozoic 
a g e  t h a t  c a n  be d i v i d e d  i n t o  two b e l t s  ( M a r l o w  e t  al., 1 9 7 7 5 ;  
1 9 7 7 b ) .  A n o r t h e a s t e r l y  b e l t  of U p p e r  J u r a s s i c  a n d  y o u n g e r  
M e s o z o i c  rocks  e x t e n d s  n o r t h w e s t w a r d  from t h e  R l a c k   ills r e z i o n  
o n  t h e  A l z s k a  P e n i n s u l a  t o  t h e  n o r t h e r n  p a r t  o f  t h e  P r i b i l o f  
r i d g e .  A s e c o n d  b e l t  l i e s  b a s i n w a r d  ( s o u t h w e s t )  of t h e  f i r s t  a r id  
c o n s i s t s  of a y o u n g e r  ( C a n p a n i a n  a n d  y o u n g e r  assenblage o f  
c o n t i n e n t a l - r , a r g i n  r o c k s  t h a t  e x t e n d s ,  p a r a l l e l  t o  t h e  i n n e r  b e l t  
of s h a l l c w - z a r i n e  J u r z s s i c  r o c k s ,  from s o u t h e r n  A l a s k a  v i z  t h e  
o u t e r  B e r i n g  s h e l f  t o  e a s t e r n  S i b e r i a .  Y a r l o w  -bum et a l ,  ( 1 9 7 7 2 )  
s p e c u l a t e d  f u r t h e r  t h a t  a J u r a s s i c ,  C r e t a c e o u s ,  a n d  e a r l i e s t  
T e r t i a r y  ~ a g m a t i c  a r c  e x t e n d e d  p z r a l l e l  t o  a n d  i n s i d e  ( l a n 3 s a r d )  
b o t h  d e e p - ~ ~ a t e r  and s h a l l o , ~ - w a t e r  d e p c s i t  i o n a l  t r o u g h s .  

Tt ,e  p r e s e n t - d a y  defer,-ationzl a n d  s e d i r e n t o l o g i c a l  Fatterns 
i n  the s o u t h e r n  R e r i n g  S F ?  were c r e a t e d  a f t e r  t h e  g r o ~ t h  of t h e  
A l e u t i a n  a r c  i n  l a t e  Eesozoic  or e a r l i e s t  T e r t i a r y  tine, w h e n  t h e  
o l d  p l a t e  b o u n z a r y  s h i f t e d  fron a n  ~ n c i e n t  Bering S e a  n a r S i n  to a 
s i t e  n e a r  t h e  p r e s e n t  h l e d t i a n  T r - c n c h ,  t h e r e b y  t r a p p i n g  a l z r s e  
p i e c e  of t t ,e  E u l a  F l a t c  w i t h i n  tY,e z b y s s z l  B e r i n g  S e a  ( S c h o l l ,  -- e t  
a l . ,  1 9 7 5 ;  C o o p e r ,  e t  a l . ,  1 9 7 6 ) .  A f t e r  a n  i n i t i a l  e p i s o d e  of 
- - 

upllft a n d  erosion i n  t h e  e z r l y  T e r t i a r y ,  t h e  m a r g i n  u n d e r w e n t  
e x t e ~ ~ s i o r i a l  c o l l a p s e  a n d  d i f f e r e n t i a l  s u b s i d e n c e  t h a t  h a s  
c o n t i n u e d  t o  the p r e s e n t  ( Y a r l o w  -- e t  a l . ,  1 9 7 6 ) .  E l o n 9 a t e  S z s i n s  
fcrred i n  t h e  v i c i n i t y  of t h e  i-iodern o g t e r  s h e l f  a s  a cor , ,ce;~cnce 
of c o l l ~ ~ s e .  St. George b ~ s i n  i s  t h e  l a r g e s t  of  t h e  s o u t h e r n  
b z s i n s .  T h i s  b a s i n  i s  a g r a b e n  of sedimentary f i l l  encoTpazsino 
a n  a r e a  of a p p r o  i m a t e l y  1 5 . 0 0 0  km2 a n d  c o n t a i n i n g  a v o l u m e  of a t  3 l e a s t  1 5 0 , 0 0 0  km ( f ? a r l o w ,  -- e t  a l . ,  1 9 7 6 ) .  T h e  b a s i n  i s  a l o n g  
( g r e a t e r  t h a n  3 0 0  k m )  a n d  n a r r o w  ( 3 0  t o  5 0  km) s t r u c t u r e  t h a t  
p a r a l l e l s  t h e  p r e s e n t  c o n t i n e n t a l  m a r g i n  a n d  i s ,  i n  p l a c e s ,  
f i l l e d  w i t h  r ~ o r e  t h a n  1 0  k m  of u p F e r  M e s o z o i c  ( ? )  a n d  C e n o z o i c  
s e d i r l e n t a r y  d e p o s i t s .  
1 

S t u d i e s  o f  t h e  distribution o f  s e d i m e n t s  on t h e  c o ~ t i n c n t a l  
s h e l f  of t h e  s o u t h e r n  B e r i n g  S e a  by S F , z r ~ , a  -- e t  - a l .  ( 1 9 7 2 )  a n d  
S h a r m a  ( 1 9 7 4 ,  1 9 7 5 )  b i a v e  concentrzted r i a i n l y  o n  s a r , p l e s  f r o ; :  
Bristol 5 a p ,  l o c a t e d  on t h e  i n n e r  s h e l f .  5 e s e  a u t h o r s  
c h a r a c t e r i z e  B r i s t o l  B z y  a s  a c l a c s i c a l  g r a d e d  s h e l f ,  k s k r e n  
( 1 9 7 2 )  i n v e s t i g a t e d  s e d i m e n t s  i n  a b r o a d  r e g i o n  t o  t h e  n o r t F x e s t  
of our a r e a  b u t  d i d  i n c l u d e  1 2  s a m p l e s  from w i t h i n  t h e  a r e a  of 
t h i s  s t u d y .  H e  c o n c l u d e d  t h a t  t h e  s h e l f  i s  m i d - s t a g e  i n  t h e  
e s t a b l i s b ~ ~ e n t  of a g r a d e d  condition. 

The oceanographic c i r c u l a t i o n  of t h e  a e r i n g  Sea  was f i r s t  
s t u d i e d  by R a t m a n o f f  ( 1 9 3 7 )  w h o  d e s c r i b e d  t h e  e x c h a n g e  between 
t h e  B e r i n g  S e a  a n d  t h e  P a c i f i c  O c e a n ,  I n t e r p r e t a t i o n s  of t h e  
p h y s i c a l  o c e a n o g r a p h y  of t h e  B e r i n g  S c a  t h r o u g h  1 9 7 4  ( e . 9 .  
F a v o r i t e ,  1 9 7 4 ;  T a k e n o u t i  a n d  O h t a n i ,  1 9 7 4 )  s u g g e s t  t h a t  s u r f a c e  
waters move i n  a c y c l o n i c  g y r e  o r  s e m i - g y r e  e a s t u a r d  a l o n g  t h e  



n o r t h  s i d e  of t h e  A l e u t i a n s - A l a s k a n  P e n i n s u l a ,  c u r v e  a r o u n d  t o  
t h e  n o r t h w e s t  a l o n g  t h e  southwestern A l a s k a n  coast, and 
e v e n t u a l l y  t u r n  n o r t h w a r d  a n d  f l o w  t h r o u g h  t h e  B e r i n g  S t r a i t .  
T h e  p r e s e n c e  of a r e t u r n  f l o w  of b o t t o m  w a t e r s  t o  t h e  s o u t ! . ~ e s t  
a n d  s o u t h  o v e r  t h e  s h e l f  h a s  n o t  b e e n  d o c d r t e n t e d .  R e c e n t l y ,  
S c h u ~ a k e r  - e t  -.- al. ( i n  p r e p . )  r e p o r t e d  o n  c u r r e n t - m e t e r  m o o r i n g s  
d e p l o y e d  t o  measure s u r f a c e  a n d  near-bottom c u r r e n t s  o n  t h e  o ~ t e r  
c o n t i n e n t a l  s h e l f  of t h e  s o u t h e r n  B e r i n g  S e a .  T h e y  repor t  a 
p r e d o m i n a n t l y  e a s t - v e s t  t i d a l  f l o w  w i t h  l i t t l e  n e t  f l o w .  T h e  
s e m i - g y r e  d e s c r i b e d  a b o v e  i s  s u g g e s t e d  by t h e i r  d a t a  b u t  t h e  
c i r c u l a t i o n  is  v e r y  s l u g g i s h .  P u l s e s  of h i g h - v e l o c i t y  flow d; 
o c c u r  for  a few d a y s  d u r i n g  s to rms ,  w i t h  pcak flows up t o  4 8  
crn/sec, b u t  t h e s e  p u l s e s  show n o  n e t  f l o w  over a s e ~ s o n .  

G e n e r a l  D e s c r i p t i o n  a n d  T e x t u r e  o f  S u r f z c e  S e d i n e n t s  --- -- . . - -- -- -- 

T h e  surficial s e d i m e n t s  of t h e  outer  c o n t i n e n t a l  s h e l f  a r e  
g e n t r a l l y  o l i v e  g r a y  g r e e n i s h  g r a y !  fo g r a y i s h  o l i v e  g r e e n  s i l t  
t o  s i l t y  s a n d .  E v i d e n c e  f o r  extensive b u r r o w i n g ,  s u c h  a s  c o l o r  
m o t t l i n g ,  d i s c r e t e  b u r r o w s ,  a n d  t o t a l  homogenization w i t h  n o  
i n t e r n a l  s t r u c t u r e s ,  i s  co:-~K~on t h r o ~ g h ' i ~ u t  a l l  co res .  Some cores  
!-,a\,e t h i n  interbeds 5 t o  1 5  cm t h i c k  of c o a r s e r - g r a i n e d  E a t e r i ~ l ,  
b u t  t h i s  i s  n o t  a g e n e r a l  f e a t u r e .  Four cores  f rom the o u t e r ~ ~ o s t  
p a r t  of t h e  coztincntal s h e l f  ( c o r e s  G 1 1 3 .  G 1 1 6 ,  (2118,  a n d  C 1 ? 9 )  
!,c.:c- ar, u p p e r  l a y e r ,  5 0  cr, t - h i c k ,  of  d i e t o ~ - S e ~ r i n g  s r e e n i s h  g r a y  
s : l t  o v e r l y i n g  a g r 2 y  s i l t y  c l z y  with v e r y  few diatoys. 
hli- st e l l  o f  t h e  o t h e r  c o r e s  s l - ,os~ a  u n i f o r r ,  l i t h o l o 5 y .  hc~b:rc> 
. . - -  

( -  z . i r e p o r t e d  L c n t h o n i c  f o r c r ; , i n i f c - r a  i n  s e d i r l e n t s  f r o ~  t h i ~  
T .  a r e z .  i:e e ~ z r i n ~ d  1 2 4  s u r f a c e  sr-air,c-nt s a r p l e s  a n d  d i d  n o t  f i n 5  

5r.y S e n t h o n i c  f o r 2 5 , i n i f e r z .  T h e  rczsons f o r  t h i s  discrepcncy 
r ~ n k i n  a r ; , y s t e rq t .  

T h e  g r a y  a n d  g r e e n i s h  h u e s  of t h e  s e d l r i e n t s  i n d i c a t e  
r e d u c i n g  c o n d i t i o n s  or a t  l e a s t  r e d u c e d  i r o n  o x i d e s  i n  t h e  c l a y  
m i n e r a l s .  T h e  w a t e r  c o l u n n  i s  c e r t a i n l y  not a n a e r o b i c  a t  a n y  
l e v e l ;  t h u s  t h e  r e d u c i n g  e n v i r o n r ~ e n t  i s  diaqenetic. S e c a u s e  t h e  
recion is  o n e  of v e r y  h i g h  b i o l o q i c a l  p r o d u c t i v i t y  ( F a t t o r i  a n d  
3 ,  1 9 7 4 ) ,  i t  seems r ~ o s t  l i k e l y  t h a t  l a r g e  v o l ~ ~ c - 5  of  o r G z ? i c  
debris f r o m  p l a n k t o n  ~ n d  n e k t o n  s e t t l e  t o  the s e d l ~ e ~ , t  s u r f a c e .  
d 3 r r o . d i n g  attests t o  h i g h  e p l f a u n z l  a n d  infaunal a c t i v i t y  o n  z n d  
ir, t h e  s e d i s ~ n t s .  O r g a n i c  d e b r i s  t h a t  i s  s u p p l i e d  t o  a n ~ e r o b i c  
k J - c : e r i a  c s e s  up a l l  a v a i l a S l e  o x y g e n  by m e t a k o l i z i n g  t h e  0 r g Z r . i ~  
r i a .  The s e d i n e n t s  bccomc r e d ~ c e d  b e c a z s e  of h i g h  
b l o l o q i c a l  o x y g e n  d e r ~ c l n d  w i t h i n  t h e  s e d f n e n t s  e v e n  t h o a q h  t h e  
bo t tom w a t e r  i s  o x y g e n a t e d .  

T h e  s a l i e n t  f e a t u r e s  of t h e  djstribution of g r a i n  sizes i s  2 
b u l l ' s - e y e  p a t t e r n  of f i n e r  g r a i n  s i z e  o v e r  S t .  G e o r g e  b a s i n ,  a n d  
a b r o a d  b a n d  of r a p i d  s i z e  chaage  round t h e  h e a d  of Pribilof 
C a n y o n  a n d  t h e  n o r t h w e s t e r n  r ~ a r q i n  of B e r i n g  C z n y o n  ( F i g .  8 ) .  
T h e  b u l l ' s - e y e  p a t t e r n  r e f l e c t s  t h e  occd r l - ence  of f i n e r  g r a i n  
s i z e s  i n  t h e  c e n t e r  of t h e  g r a b e n  t . t , a t  f o r r , s  S t .  G e o r g e  basin. 





The band of r a p i d  s i z e  change co inc ides  with areas of h i g h  
t o p o g r a p h i c  r e l i e f ,  w i t h  c o a r s e r  sediments at the s h a l l o w e r  
d e p t h s .  

T h e  c e n t r a l  p o r t i o n  of S t .  George b a s i n  i s  v e r y  poor ly  
sorted ( F i g .  9), w h i c h  r e f l e c t s  t h e  l a c k  o f  significant 
w i n n o w i n g .  T h e  northwestern border of the B e r i n g  Canyon, t h e  
h e a d  of ~ r i b i l o f  Canyon a n d  t h e  topoqrzphic h i g h  of P r i b i l o f  
r i d g e  all s h o w  n o e e r a t e l y - s o r t e d  s e d i ~ : , e n t s .  T h e  size-frequency 
d i s t r i b u t i o n  for nlost s e d i r i e n t s  i n  S t .  G e o r g e  b a s i n  r e g i o n  arc- 
leptokurtic to very leptokurtic, but in the v i c i n i t y  of t h e  
P r i b i l o f  I s l z n d s  t h e  distributions a r e  tesokurtic. The 
d i s t r i b u t i o n s  a r e  fine t o  s t r o n g l y  f i n e - s k e w e d  t h r o u g h o u t  the 
r e g i o n .  Su;r,rr,ary s t a t i c t i c s  of g r a i n - s i z e  d a t a  ( r i t d i a n  g r a i n  
s i z e ,  mean g r a i n  s i z e ,  s o r t i n g ,  s k e w n e s s ,  a n d  k u r t o s i s )  z r e  g i v e n  
i n  T a b l e  5. 

P e t r c l o ~ y  of S u r f a c e  S e d i r i e n t s  - -- .- . -. --- - - - 

A s u b s e t  of 3 2  s z r , p l c s ,  chosen t o  r e p r e s e n t  t h e  w h o l e  re~ioz 
u n d e r  s t u d y ,  wzs a n a l y z e d  f o r  h e a v y  a n d  l i g h t  m i n e r a l s .  Thcse 
~ i n e r a l s  a n 3  c l a s s e s  of rock f r ac ; : \ en t s  p r e s e n t  i n  t h e  s t u s y  a r e a ,  
and t k j e i r  r e l a t i v e  a b d n d z n c e s ,  z r e  l i s t e d  in Table 6 .  
i ' n i d e n t i f i a b l e  r r i n e r a l s  a n d  roc); f r a g ; ! c n t s  ~ c c o ~ n t  f o r  o n l y  1 to 
16% of the counted grzins. 

T h e  h ~ a v y  r , i n e r a l s  a n d  r o c k  f r a g r ~ e n t s  (those w i t h  s p e c i f i c  
g r z v i t y  > 2 . 8 5 )  fall into two major c l a s s e s  --xetanorphic a n d  
v o l c a n i c .  G~tzrorphic c o r p 3 n c n t s  occur  a s  a  lo^-concentratior. 
b a c k g r o u n d  ( < l o + )  o v e r  t h e  e n t i r e  s r e a  ( F i g u r e  1 0 ) .  Volcanic 
c o r i , ~ n e n t s  i n  tF,e h ~ a v y  p i n e r a 1  fractions dopinate t h e  region an2 
s h o ~  a gradient zwzy fro3 the A l e u t i a n s  a n d  onto the c o n t i n e n k ~ l  
rise (Fig. 11) .  T h e  h c a v y - ~ i n e r a l  d a t a  a r e  p l o t t e d  o n  a t e r R s r y  
d i a g r a m  with p e r c e n t a g e s  of a r ; ~ ? h i b o l e s ,  p y r o x e n e s ,  a n d  volcanic- 
rock frasnents a s  e n d  x ,e rhers .  S e d i n e n t s  f r o m  t h e  Yukon a n d  
KusXokwin 2 i v e r s  w e r e  a l s o  z n z l l ? z e d  2 n d  t h e  r e s u l t s  p l o t t e d  o n  
t h e  t e r n a r y  d i z r j r c m  for a co7,parison. 'The rivers are potential 
sources of s ~ d i ~ ~ n t  on the s h e l f  z n d  both r i v e r s  d r k i n ,  in ~ s r t ,  
m e t a m o r p h i c  terrains. 

I 

T h e  l i g h t  rinerals a n d  roc): fr~;: ,er . ts  ( t ! -~cse  with a sFecific 
gravity ( 2 . 8 5 )  include quartz, f e l Z z p a r ,  volcanic g l a s s ,  v o l c z n i c  
r o c k  f r a g n e n t s  2nd non-volcanic r o c k  f r a c z ~ n t s .  Relative 
c o n c e n t r a t i o n s  w i t h i n  the three-coap~nent s g s t e n  of feldspzrs, 
q u a r t z  p l u s  n o n - v o l c a n i c  rock  f r z g ; r ~ e n t s ,  a n d  \ ~ o l c s n i c  g l a s s  p l u s  
v o l c a n i c  rock f r a g n e n t s  a r e  s h o w n  i n  F i g u r e  1 2 .  A n a l y s i s  of 
samples  f r o m  t h e  Yukon R i v e r  a r e  a!so p l o t t e d  i n  Fig. 1 2  b u t  
sarnples f r o m  Kuskokwirr,  R i v e r  sedl~ents were not analyzed for 
light m i n e r a l s .  
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Mineralogy of Clays 
- 

The occurrences and relative abundances of the major clay 
mineral (chlorite, illite, srrlectite and vermiculite, illite 
crystallinity) and the e x p a n d a b l e  and non-expandable percentages 
of mixed-layer clays were determined; the univariate s t a t i s t i c s  
for each c l a } ~  m i n e r a l  paranetcr are given in Table 7. Snectite 
and vermiculite are grouped together because of the difficulty of 
distinguishing one from the other on diffractograms. Thls 
g r o u p i n g  is r e a s o n a b l e  because both clay minerals are the rezzlt 
of weathering of volcanic rocks ( R i s c a y e ,  1965). T h c  a e r i a l  
distributions of illite and kaolinite show no distinct gradients 
or concentrations. The distribution of rnectite plus verriculite 
(Fig. 13) shows a northwest-trending band of values that are 
greater than the mean. The h i g h e s t  values occur closest to the 
A l e u t i a n s  and decrease with a northwest-trending gradient 
starting in the vicinity of Llninal: P z s s  a n d  Uninak Island. T h e  
distribution of c k . l o r i  te a l z o  sF*ows a nortt,west-trending b z n d  
(Fig. 1 4 ) ,  of l o w e l - - t k ~ n - z ; ~ ~ r a g e  values that rr,ay be the r e c u l t  of 
dilution within this zone  by sriectite plus vermiculite. Chlorite 
is d e r i v e d  fron low-grzde netanorpkic rocks and is connon in 
r~arine sedinents in high lstitujes (3iccaye, 1 9 6 5 ) .  

Table 7. Univariate Statistics for the Relative Perce~tages 
of Clay Ninerals 

-- . . . - - -- .. - - .  - .. . - -- 
s ~ e c t l t e  + ver$lcullate 1 3 . 0  5 7 .  -5 31:2 9.4 
illite 17.0 47.0 2 9 . 8  6.9 
kaolini te 0 11.8 6.0 3 . 5  
chlorite 24.3 44.3 33.2 5.6 

~istribution of Maior  F ! i n o r ,  and Trace Elrnents 
-1 - ----- 

A .? -! 

The distribution of total carbon shows a strong negative 
correlation w i t h  grain size (Fig. 15) throughout the region. Tor 
e x a l - p l e ,  concentrations of total czrhon are hig?,est in the fine- 
grained central region of the St, George Basin and lowest in 
r eg ions  where coarser-grained sand occurs. The sedifi~nts that we 
investisated are almost cn~pletely devoid of carbonate, and 
therefore most of the total csrbon is 01-~anic-carbon that h a s  
t , e en  absorbed by clay ~zrticles (Ez:.:~r, 1963). A negative 
correlation between orgznic-csrbon a n d  grain size i s  almost 
universally observed in non-carbonate, fine-grained sediments in 
marine and lacustrine environments because of absorption of 
organic matter by clays (Trask, 1 9 3 2 ;  Van Straaten, 1954: E n e r y ,  
1960; B o r d o v s k i y ,  1 9 6 5 ;  T h o r , a s ,  1 9 6 9 ;  Renp, 1971), 

V a l u e s  (wt. percent) for 32 elezents are given in T z s l e  8 ,  
and surr,nary statistics for each of 31 e l e ~ ~ e n t s  in 103 sanples 
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COO2 
cnos 
COO6 
COG8 
(;009 
G O 1 0  
GO1 1 
GO12 
GO1 3 
G 0 1 4  
CU15 
GO15 
 GO^ a 
G O 1 8  
G O 1 9  
C O 2 0  
GO? i 
Go: 1 
co: 7 
cn23 
GO29 
GO29 
GO32 
C033, 
C034 
G O 3 4  
GU36 
C04 1 
C 0 4 2  
GO43 
GO46 
G04 1 
GO48 
GO49 
cc:4-3 
CO50 
CU50 
GO51 
GO52 
C053 
GO55 
GO55 
GO55 
C055 

%333 
cnm 
GO61 
GO62 
GO63 

Table 8, Cruise S4-76. Values (in weight percent) for 32 elements determined by X-ray fluorescence 

(SRF or X) , atomic absorption spectroscopy (aas or a), instrumental neutron 
activation (n), and emission spectroscopy (s) techniques. 

10 
Ilg ppm-o 

0.0300 
0.0400 
0.0300 
0.0400 
0.03'70 
o.mon 
0.0400 
0. %r)O 
0.0300 
0.0400 
0.0600 
0.0500 
0.3405 
0.0400 
0.0300 
0.0609 
0.0400 
0.04CO 
0.0300 
O . O l I ! n  
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0.0400 
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0.0000 
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0.0300 
0.  osf'o 
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0.0400 
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0.0400 
0.0600 0.0300 

0.0400 
0.0400 
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Table 8 (continued) a4-76 Il iac.  Seda. P r i b i l o f  I U ~  

CORE 

G O  30 
G9 31 
G O 3 7  
61) 3 7  
G O 3 8  
GO39 
GO40 
G'JLO 
60 7 2 
6 0 7 2  
G O 7 8  
6'1 79 
G O 5 1  
G'J R 2 
GFJBP 
GOPL 
6 1 0 3  
V Q O L  
voos  
Y O 1 0  
vo I 9  
V G 2 0  
VOZZ 
U P ? ?  
v0 2 3 
V G Z 3  
UO 2 5 
P D l O  
PO 13 

C O R E  

6 0 3 0  
G O 3 1  
GO 3 7  
G O S T  
GO 38  
tg J Q  
t o r 0  
G O C O  
G 0 7 2  
6n72  
GO78 
GO 79 
G O B 9  
GO l Z 
6 9 8 9  
63PL 
G 10 3 
'door. 
VO05 
V010 
VO19 
VOZO 
YO22 
V072  
YO23 
Y O 7 3  
VOZS 
C o t 0  
P O I  s 

t - 6  IS.CJ9r)o 
r- 5 ztl. onoo 
2-  7 15.OJdD 
2- 7 i!i.i>nr)n 
0-  5 20. rnl11<1 
0- 5 30. Mlll0 
6-10 15. L1000 
6-90 ZR.IIS I 0  
1 - 5  5ll.Ill~rl0 
L-5 SU. OO9U 
0- 1 15.P000 
0 -  5 15.IW:m 

30-35  3fl. 0000 
20 -21  30. M~IH 

0- 3 2 0 .  fl070 
C t  70.0009 
2 - 7  ~ r , .  3r)r~o 
0- 3 1o.oow 
0- s 1 5. nllllo 
0 -  3 10, I)clO'J 
0 -  3 15.lmrq 
0- 3 15. 0r10fl 
0- 3 20. 0000 
0- 5 15.rK)ot1 
0- 5 15. NIKI 
0- 3 15.M103 
0- 3 2 0 .  finfm 

3 0 7 - 1 0 9  70.1lfi00. 
2 I- 27 100.0000 

2 
R = - s  

3.0000 
2. w o n  
3.0000 
2. MOO 
2.0000 
3.0000 
3.0000 
3. nnr)o 
3. non0 
2. OflfHl 
2. on00 
3.0000 
3 .  0tl[lfJ 
3. rKJi)o 
2.0000 
2.3000 
3.OOO0 
2.0003 
2.0000 
2.00I10 
2 .  00UO 
3. 00170 
?.0000 
3.0300 
3. 0QOO 
I .  no00 
3. COO0 
?.oOln 
2. 000n 

12 
C. ppn-s 

15.0000 
1 5.01100 
15.0000 
15.000n 
15.DnDO 
15.0000 
15.0000 
15.0000 
20. moo 
15.fH700 
15.0000 
20.3Q00 
IS.rX)(H) 
15.0000 
20.0000 
2r'. 0000 
is.rJoon 
15 . n n w  
I 5 .  eons 
icf.0000 
15. tl00O 
15.RO00 
iS.Or100 
2o.OOIX) 
15. nooo 
lS.DOO0 
lS.0000 
20. 0000 
20. mw 

5 
Ib : -s 

1. 51100 
1.5000 
1.onoo 
I .  5000 
1.5UOO 
1.50i)V 
I. 5'lllO 
1. 5000 
2. 00QO 
2.0000 
1- '10iJIl 
1.5000 
2.IJOOU 
1.5000 
2. r rwo  
5. Pt100 
2.0000 
L.0000 
1.5000 
3.0000 
I. 5000 
2.0000 
1.5om-l 
2. oono 
2. ooon 
1.5090 
2.0000 
1. 51100 
1.5000 

15 
S r  ppm-s 

500.0000 
5M). 0000 
5110. Ofl00 
3nn. oouo 
300.0000 
51)0.0000 
5011.0000 
3110.0000 
5r)o.0000 
300. MOO 
?on. 0000 
500. mno 
5'10.0000 
500.0000 
500.11000 
500.001)O 
500.0000 
5110.OCOO 
30'). 0000 
300.0000 
jn4. rmrln 
500.0000 
300.0000 
500.0000 
5~10.001)@ 
500.0000 
500.11000 
500.0000 
300.0000 

6 
N a X - 8  

:.0000 
3.0000 
2. 0000 
3.0000 
3.0000 
3. %)00 
3.00(10 
3.110110 
3.0000 
2. 0000 
3.0003 
3. ODUO 
5. or100 
3.0000 
3.0000 
2.0000 
2. moo 
3.0000 
3.0000 
2. onon 
3.0000 
3. no00 
3.0000 
3. ooon 
3.0000 
?.?1000 
3.0000 
5.0000 
7.0000 

16 
V ppm-s 

1 M. 0000 
100.0000 
Lon. 0000 

70.0000 
100. 0000 
1 5U. DUE0 
100.0000 

70.0000 
1511.0000 
l50.0000 
70.0000 
7fi.c~nno 

150.0000 
1 sn. 0000 
1 50.0000 
200.C000 
1 5 0 . M U Q  

70.OODO 
10.ODOO 
70.0000 
70. non? 

1:)o.owo 
73. nP00 

l@I.oono 
71). 0000 

1 5 n . m o  
ZM.40M) 
150. 0000 
1M1.0000 

7 
1 PPm-s 

30.0rlNl 
3'7.0000 
20. 0000 
30.00n0 
30.0000 
50.0000 
30.0000 
30. onon 
30. 0000 
511.0000 
5U. 0000 
50.0000 
70.0000 
50.0000 
30.0000 
30.0000 
70.0000 
50.ROOO 
30.0000 
30. N O O  
30.0000 
3n. onoo 
50.0000 
50.01300 
30. [WOO 
30.0000 
50. on00 

10i1.0000 
lrm.ooon 

17 
Y ppm-a 

20. nnoo 
30.0000 
20.0000 
2~.0n00 
20. onno 
30.0000 
20. o w n  
20.0000 
30.0000 
30.0900 
30.0000 
30.0000 
3fi.oon3 
20.0000 
30. 0000 
30.0nO'l 
30.0000 
20. o w 0  
15.DnOO 
20.0030 
2n. w o o  
30.0000 
20.0000 
30.0000 
20.0000 
20.0000 
30.0000 
20.0000 
20*0000 

A 
Bd pyn-n 

700. OW0 
700. onno 

lnoo.com 
700.0000 
7nn. 0000 
700. nn0n 

loon. nnoo 
709. MOO 
700.130110 
500.0000 
700.0000 
700.0000 
I'M. rl0r)D 

ionn.nnoo 
700.0000 
500.0000 
700.0000 
7130.0000 
sn?. OOOO 
500. dOOn 
7on. omo 
700. (1000 
500.0000 
700. no00 
700.0000 

1000.0000 
700.0000 

10r10.0000 
1000.0DDO 

13 
Yb ppn-s 

3. WOO 
3.0000 
3.000 
?.0000 
3.0000 
3.0000 
3.00iX1 
3.0000 
3. on00 
3. 0000 
3. ~K)OO 
3.0DOO 
3. nc100 
3.0000 
3. moo 
3.OMO 
3. DO00 
2. norto 
2.nmo 
2.0000 
3. nnnn 
3. '1CrlO 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 

9 
Co p p 3 n  

lO.O(r30 
1O.r!000 

7.0000 
7.0000 

10.0non 
I O. nooo 

7. ~ n r l o  
1.3. n0.m 
15.0000 
1 5. 0R00 
10.MlOO 
10.00UO 
In.oool) 
10.0000 
15.0033 
30. 0DnD 
15.0000 

7.MW 
7.00n0 

15.0000 
10. P00'1 
10.OMO 
10.0000 
10.00DO 
10.0000 
lo. oano 
15.0000 
10. OOW 

7.0000 

19 
Zr ppr rs  

200.OMO 
150. OOCO 

73.0000 
1n0.0000 
ino. UI)OO 
100.0000 
150.0000 

70.0000 
150.flr)t10 
loo. 0090 
150.000fl 
150.0090 
3On.OrY)O 
iOO.O?X10 
200.0000 
150.0000 

70. OOW 
Ion. no00 
100.0000 

70. DO00 
I 00. n;lno 

70. nnao 
15u. onoa 
70.00r)O 
70.0000 
70.0000 
loo. m o  
70.0000 
50.0000 

10 
C r  p p h s  

70.0000 
70.0000 
50.00'10 
51. FP70 
30. @OR0 

i0n.ncno 
50.0000 
5o.olrm 

100.0009 
7U.FWO 
70. CIWO 
70. OCnO 
70. qOP3 
70.0000 

IMI.OMI0 
150.0?00 
100.c000 

70.0000 
150. m o o  

70. on00 
70. M03 

100.000@ 
70. PO00 

I W. r"l0n 
70. Fun0 
75. nn00 

t m . 0 ~ 0  
so. 0000 
3'1. no00 

Table 8 cruise s4-76 
(samiquant . emission 
~pectroscopy only) 



(including 18 a n a l y t i c a l  duplicates) are given in T a b l e  9 .  
S k e w n e s s  and kurtosis statistics, histograms of raw a n d  l o g -  
transformed d a t a ,  c h i - s q u a r e  tests, analysis of variance, and 
correlation a n a l y s i s  indicate that the frequency distributions 
for most of the 31 elements l i s t e d  in Table 9 are nore-closely 
approximated by a lognormal t h a n  a n o r m a l  distribution. 
Consequently, all statistical a n a l y s e s  are based o n  log- 
t r a n s f o r m e d  d a t a .  

~ s t i r ~ a t e s  of the central and expected ranges of 
concentrations of a particular elesent in outer continental s! ,~:f  
s e d i n e n t s  from the southern B e r i n g  S e a  c a n  be obtained u s i n g  t k : ~  
qeonetric r r , eans  ( G Y )  a n d  geometric deviations (GD) given in T E ~ ! E  - 
9. T h e  -- c e n t r a l  . ranoe - of a l o g n o r r , a l  distribution is t h e  r a n q f -  in 
which approxi~~ztely 6 8 %  of the population is esti~~ated to occur 
and  is within the range of G K / G D  to G!b:xGD. The .- e x p e c t e d  .. rznqe of 
a lognorcal po~u3ation is the range in which approxirately 9 5 i  of 

to occur, and is defined as the ratio 

h three-level, n e s t e d  analysis of variance w a s  perfor~e? on 
t h o  31 elenents in 103 s a r p l e s  from St. George basin in order to 
c o 7 p a r e  the v a r i a n c e s  czusc-d by analytical ir,?recision, within 
s t ~ t i o n  variability, and re2ional (Setween-station) varizbility 
,.- ',- , , . E  statistical r;ioGel use? was: X,+=Y td i  +- 0++ fLii 
wk ,e re  . s  the k t h  analyticel deterc,indtion of ;he  jth si;r,:jlc 
~ T L :  the it' station, A4 is the gr;nd seen for the entire 
p ~ s ~ ~ l ~ t i o n ,  ~ C L '  ' s  the d i f f e r e n c e  bc tween  the g r a n d  mear, a n d  t h e  

ti TI-:, for t e i station, OL8' is the difference b t v ~ ~ n  the r ~ f a n  
for t h e  it' station a n d  t h e  enalyris of t h e  j'"s-?le, 

t' fi 2 n d  El'+* is the error in them;" detc-rr.ination on the j sar~ l e  
f r o z  the ith station. There are 51 stations ( l ~ i c _ s / ) ,  and a 
r;,axl;r,urn of three s a ~ ~ p l e s  per station ( I I J ' < ~ ) ,  and a m ~ x i n u m  of 
t w o  replicate analyses per si inple ( I S  A 5 2 ) .  

The conputation of v a r i a n c e  co-ponents at each of the three 
l e v e l s  within the szr.pling design follows the tecF.~iqxes 
described by Anderson a n d  Eancroft (1952). Results of the 
zhalysis of variance are presented in Y a S l e  10. The v a r i a n c e  
co-;)~nents at each level z r e  given z s  percentages of the total 
I>-~rithr,ic variance. Those vcriznce cozponents that a r e  
r i g r , i f i c a n t l y  different from zero at the 0.05 level of 
probzbility are rr~arked with an z s t e r i s k  ( * )  in Table 10. 

Table 10 shows that nost of the g e o g r a ~ h i c  variability i n  
surface s e d i m e n t s  from St. G e o r 2 e  basin occurs anong sanplinq 
stations, with o n l y  a f c w  e l e r , c n t s  exhibiting significant 
variability within stations. That is, cher,ical a n a l y s e s  of tor-es 

from the same station tend to show sii?ilar results, whereas 
a n a l y s e s  from different stations v a r y  significantly. This 
indicates a cor,ponent of corposi t i o n a l  variability on a scale of 
greater than 50 km. 



S u n ~ ~ a r y  s t a t i s t i c s  f o r  conccr , t ra t ions  of r n a j o x ,  minor, and t r a c e  clc.r;.c.nts i n  1 3 3  
sacples or s u r f a c e  s e d i m r n t s  from t h e  S t ,  Gc+or?c Easin, G u t c a r  C o r ~ t i n c r ~ t z l  t : i c l f ,  
S o u t h e r n  B e r i n g  S e a .  t<* r c f c r s  to t h c  total n ~ - b c r  of s a ~ ~ ; , ~ l c s ,  o u t  pf 197, ~ : ~ . ; c : .  
c o n t a i n e d  n p a s u r e d  e l r n e n t  c o r 8 c e n t r a t i o n s  g r c a t c r  tha : ,  thc.  d c t c c t i o n  lir.it f :: 
t h a t  e l e n e n t ,  For s h s ~ q u c n t  s t a t i z t i c a l  t ~ ~ , a I ; - s c s ,  v6 luc .s  less Lhak.an t ) ) e  C t  t t . r t l  or. 
l i m i t  for a particular c l ~ ~ l c - n t  klere r e p l a c e d  t j l  a v a l u e  of 0 . 7  tirr,es the 6 ~ . : 1 c t i ? r ,  
l i m i t  ( e - g . ,  the d c t e c t i c r ,  l i r i t  f o r  b o t h  B z:r3 FA is 29 r.77.; v a l u e s  11,- .~."r i -  
replaced by 0 . 7  x 20 = 14 ~'3). A n a l y t i c a l  nrt?;o2s u r e ?  a : ~ :  (1) c-::cy 
semiquantitatjve optical criscion s ;~c . c ; r cd ro~ ;~ ;  ( 2 )  Y-rz;, f l r ~ ~ r t ~ c ~ : . ~ ~ ;  ( 5 :  
k t o ~ i c  L5s~rp:io:~ S i j ' . ~ t l  ~ ? h o t o r r ~ e t q ;  ( 4 )  ] ; c - ~ t y o r :  h r t i - . * z t i  c.:, i - : , ~ l y r i ~ .  

valu. ;s  f o r  I,:;, N 3 ,  a:.? S k.21.e tc-c:; c c r r c - c t c - 3  F c r  i r . t c r c t i t i r 2  -cc; i . ,+~te, t  
- .  

cu r , t z i r ; i r : g  c l s s o l v e e  !.'.gt+ , , a:,d S O 4 = .  



A n a l y r i s  of v a r i a ~ c e  of s u r f a c e  salple c h c r , i s t r y ,  St. Gc,orge B a s i n ,  
outer  c o a t i n e n t a l  r h c l f ,  s o u t h e r n  R e r i n g  Sea.  i r t e r i  ck ( * )  i n d j  c a t e r  

t h a t  a v a r i a n c e  co~aponent is sjq:ji f i c l n t l y  d j  firrent f r o n  ze ro  at 
the 0 . 0 5  prok,a5i l i t )*  level; v is the c h s c r v c ~ d  v a r i a n c i  r a t i o .  
See t c x t  for cxplanbtion. 



The significant variation among  stations for most elenents 
s u g g e s t s  t h a t  regional baselines for these elcnents m u s t  be 
d e s c r i b e d  by Flaps based on station means rather than by grand 
means for the entire region. According to C o n n o r  et ax. (1972; 
see also Giesch, 1 9 7 6 ) ,  data are adequate for constructing r a p s  
when the variance anong categories (stations in t h i s  s t u d y )  
exceeds t h e  e r r o r  variance for the category means. Because o-ly 
one sample w a s  taken at most stations and only one analysis w ; : ~  
made  for most saxples, the error variance for s t a t i o n  rncans i s  
simply the sum of t h e  variances d u e  to analysis and the variance 
within s t a t i o n s  (Table 1 0 ) .  T h e  r a t i o s  of the v2ri5nces ar13r1? 
stations to the error variance are given as the v ~ r i 2 n c e  ratio, 
v ,  in Table 10. 

The variance ratio, v, is a relative mezsu re  of the 6 d e ; ~ ~ c y  
of the sanpling design for construction of maps. Where the ratio 
is large, no additional sampling is reqdired to describe 
cor;?ositior,al d i f f e r ~ r r c e s  z;~onr, stations. \<here the ratio is 
srr.all, rare s a ~ . p l i n g  and (or) a ~ a l y t i c a l  war): is r e q i l i r c 2 .  ? : z ~ s  
of e l e r ~ e n t  concentration for selected elenents with v z l u c ~  of 
v>1.0, the  rr,ir,i~.un suggested ty Connor "-- et al. ( 1 9 7 2 ) ,  z r ~  E ~ ~ D K :  

in Figs. 16 throagh 25. 

Eler-ents  t k , a t  e x h i b i t  a concentration ~ r z ? i e ~ t  d c c r ~ a s i n g  
f ror ,  s a ~ t h e a s t  to northwest, sirilar to the gra3ients observeL? in 
the v o l c z n i c  co~~ponents of the 1 1 g f . t  and h e z v y  r i n e r - 6 1  f r a c t i l ~ n s ,  
include A l l  C s ,  K g ,  F e ,  !<a, Ti, C o ,  Cu, En, V, a n d  Zn. E a ? s  of 
concentration of S i  and l: e x p i b i t  a n  increzsin? concentratio? 
g r d d i e n t  in the e:,e s o ; t v . e ~ s t  to nsrt!.west d i r e c t i o n .  F:a?s for 
U ,  5 ,  and L i  exhibit a h u l l ' s - e y e  pcttern c e n t e r e d  over St. 
G e o r ~ e  bzsin, s i ~ ~ i l a r  to the pattern exhibited by r;,aps of t o t a l - C  
a n d  grain s i z e .  L o c a l  concentrations of b a s a l t i c  naterial 
contributed t o  t h e  shelf from t h e  Pribilof Islands, s u g g e s t e d  by 
the distributions of h e a v y  minerals, is further supported by 
relatively high concentrations of Mg, Ti, C o ,  C u ,  C r ,  N i ,  an6  V 
in sejiments in t h e  vicinity of the Pribilof I s l z n d s .  

I A Q-mode factor a n a l y s i s  w a s  u s e d  to d e t e r ~ i n e  r e g i o r , ~ l  
g r o t i p i n g s  of similar setjinent b a r e d  on all nezsured co::positfon 
variables, and to e x a r , i n e  inter-relationships ariong v a r i a b l e s .  
The data set u s e d  consisted of 50 cor?ositionzl variaSles t?,~t 
include grain size, clay minerals, h e a v y  and li2bt ~ ~ i n e r a l s ,  z n 5  
inorganic g e o c h e r ? . i s t r y  of se d i ~ ~ e n t s  from 30 stations. T h e  
computer program used for t h e  Q-mode analysis was  a d a p t e d  frclr, 
t h e  CAEFAC program of Rlovan and lrnbrie (1971). A prograr, :::-'tion 
was used to scale all v a r i a b l e s  to range from zero to one sc that 
those variables with larger means and variances would n o t  
determine t h e  outcome. A f t e r  scaling, the p r o g r a m  n o r r , a l i z e s  the 
d a t a  so that t h e  sum-of-squares of e a c h  row is unity. R o t ~ t e d  
principal component ( v a r i a n c e )  also was used. 

We found that 90% of t h e  v a r i a n c e  in t h e  scaled a n d  row- 
nornalized data could be accounted for by only t h l - e e  factors. 
Varirnax l o a d i n g s  for the 30 sarr~pies on each of the three factors 
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are listed in Table 11 and plotted in Figs. 26 through 28. T k , e s ~  
loadings can be thought of as composite compositional 
variables. In other words, the 50 compositional variables u s e d  
as input to the Q-mode model have been reduced to 3 c o n p o s i t e  
variables, each expressing sonc compositional attribute of the 
sediments based on a synthesis of a number of neasured 
compositional variables. Jiowcver, t h e  l o a d i n g s  provide no 
indications as to which compositional variables were s17nthesize< 
into which factor (conposite variable).   he factor loadin7s u ~ r - 2  

treated as composite conpositional variables in order to 
determine the relative contributions of each variable to the 0- 
mode model, and correlation coefficients between the loadin3s and 
the 50 observed variables were computed. Results are given in 
Table 12. 

Table 12 indicates that loadings on factor 1 correlate 
positively wit5 ??a, C a ,  Ti, glass, v o l c a n i c  rock frag~ents, Sr, 
V, Mn, Cu, Fe, A1, snectite and vnr~~,iculite, Co, Y, Zn, G a ,  
clinop).rox~-ne, and illite and kaolinite ( i . e .  factor 1 s a r i p l e s  
t e n d  to be enrichcd in these cor;,poncnts). Factor 1 l o ~ d i n g s  
correlate neg2tively with Si, quartz, epidote, non-volcanic rock  
f r a g ~ ~ e n t s ,  illite, k-feldspzr, Rb, Ba, k garnet, and ortho- 
pyroxene ( i - e .  factor 1 sznples tend to be d e p l e t e d  in tk,es~ 
c o ~ , ~ . o ? r - . n t s ) .  r e  , the co-,positional varizhles indicct l;.e 
of r~afic volcanic T,aterial hzve all been s y n t ? , e s i z e d  into " f a : t o r  
1". 

Figure 26 s1:ows that sedix~nts witk highest loadings for 
factor 1 occur closest to the Aleutian I s l a r ~ d s .  The distribstio~ 
of scdi-e~ts wit?, i-,igh lo~dings for factor 1 is t h u s  a n e a s u r E  of 
the distribution of sediments containing a relatively high i n p a t  
of volcanic material from the Aleutian Islands. The best 
"indicator" v a r i a b l e s  f o r  A l e u t i a n  andesite a r e  Na, Ca, Ti, 
glass, volcanic rock fragments, Sr, V, and Mn in rouqhly that 
order of importance. 

Sanplcs with highest lo2dings for factor 2 ten2 to h z v ?  
rplatively high concentrations of Si, quartz, gzrnet, sand, 
epidote, orthopyroxene, netanorphic rock f r a g r i e n t s ,  k-feldcp~r, 
and Ba. A map of sample loadings on factor 2 seeir;,.-nts ( F i c .  2 ; )  
indicates that these sediments occur as a " t , a c k g r o u n d "  over r r . 3 ~ :  
of the oilter shelf, except n e a r  the Aleutian Islands w!:?re the,: 
are diluted by andesitic  ater rial. Sedinent samples with his:- .  
loadings on factor 2 tend to be coarssr-grained, more felsic, 
mainland-derived materials that blanket most of Bristol Bai* shelf 
(Sharma - et al., 1972). The best indicator variables for the 
mainland component are Si, quartz, garnet, sand, epidote, 
orthopyroxene, and metamorphic rock frsgnents in roughly t h a t  
order of importance. 

The distribution of sediment samplcs with high loadings on 
factor 3 (Fig. 2 8 )  reflects the distribution of finzr-grained, 
higher-organic sediments concentrated in a bull's-c1.c pattern in 
the St. Geroge Basin, and at the head of Pribilof Canyon s o u t h  of 



Table 11. V a r i ~ a x  f a c t o r  l o a d i n o s  for t Y . r e ~  f a c t o r s  u s e d  in the Q-mof~ 
f a c t o r  a n a l y s i s  of 5 0  v a r j a 5 l ~ s  in 30 s z ~ ~ l e s  of s ~ d i r n e r ~ t  
from the outer contine~tal s? , e l f ,  so3:hern F i e r i n g  Sea. 

I t Curr,ul a tive 
Variance 2 5  -904  60.168 89.765 I 

r 

I 

CO RE 

G I 1  
G13 
G16 
G2O 
VO 3 
V06 
G4 1 
G4 3 
G46 
G51 
G52 
M 8  
Ci35 
G54 
G59 
G52 
G63 
G65 
G67 
V18 
v12 
G10 
G11 
Gll 
GI0 
PO 7 
G7 7 
G75 
G7 1 
G12  

- 









' T&le 12: Correlation coefficients tinorlg factor l o a 3 1 n g s  for e a c h  ~f the 
three f a c t o r s  u s e d  i n  t h e  Q-mode f a c t o r  analysis a712 t h ~  50 o 2 s ~ r ~ ~ Z  

compositional and s i z e  v z r i a b l e s .  Correlation coeffjc~ents s i g 7 , i f i -  
cant at the 99% confidence level ( r>  10.44 a r e  i n d i c a t e d  by ar, 
asterick ( * ) ;  correlation coefficients > I  0.60 1 a r e  indicate? by a 
double a s t e r i c k  I * * ) .  

mXlI tJGS 
-- --- ---.- - 

VARI hSLES 
-- . 

factor 1 -- 
---I 

smeciver 
f l l i t e  
chlor i te  
c l i n o ~ x  
O&O?X 

vol  rx f 
z-7~5 i531 
02aque  5 
chlorits 
epidote 
ga-met 
ne t  rx f 
p l u t o z i  c 
f i n e  sr 
ill klin 
mi%!! g t  
t s ~ r l d  
4 silt 
% c l a y  
Si ( a )  
Al ( C )  
Ca (%I 
Fe 1%) 
K ( t )  

Ti ( % )  
B 
Ba ( ~ 2 " )  
c0 ( p p )  
cr ( ~ 2 2 )  
Cu ( p p )  
Ga ( p p )  
Fig (,-;a) 

1 
L i  (ppn) 
PA ( ~ p )  
h ' i  (p?d 
F.b ( p ? ~ )  
Sr (p?") 
V (ppd 
Y ( ppn) 

0.7007' * 
-0.62 14. 
-0.4535* 

0 . 5 4 9 2 '  
-0.4779. 
0:6ES4** 

-0.4557. 
0.0061 

-0.4332. 
-0.6736'* 
-0.4902* 
-0,5E33* 
-0.3346 
-0.6321ff 

0.5297* 
0.1E90 

-0.2 559 
0.3396 

-0.1139 
-0.7361** 

9 . 7 6 0 2 * *  
0.8670e* 
0 . 7 6 ' 9 1 ~  

-0 .4392  
0. E 5 5 5 * *  

-0.2959 
-0.5918' 
0.6412* * 

-0.5604 
0,7720** 
3.5645' 
0.2292 

-0.1790 
0.8321** 

-0.3997 
-0 .6067*  * 
o.e246** 
0. 8171f * 
0.6112** 

f a c t o r  2 

-0.4660* 
0.4047. 
0.2027 

-0.2751 
0.62EE'*  

- 0 . 8 2 2 3 ' *  
0 . 5  326* 
0.3379 
0.0392 
0 - 6 4 5 4 "  
0.7471f* 
0.5E13* 
0.2666 
0 . 4 7 2 B e  

-0 -2419 
-0.7359 

0 . ? 2 4 9 * *  
- 0 .7127* *  
-0 .4236 '  
0.9612** 

-0.6411** 
-0.712Gf 
-0.9397** 
0.2073 

- 0 .87 :4 *  * 
-0 - 0 0 7 8  
0.4403' 
-0 .7061f * 

0.3e94 
-0 . ? < 4 G f  
-0.7337**  
-O .5753** 
-0.3222 
-0 . 624 i I s f  
0.1359 
0 . 2 5 2 0  

-0 .6717**  
-0. E 5 Z 4 * *  
-0.7210** 

factor 3 

-0.1331 
0.0123 
0.24E3 

-0.5591' 
-0.2793 
0.21E3 
0.278b 
-0 .5101t 

0 . 6 7 0 E i *  
-0.1915 
- 0 .4466*  

0 .0502  
0.2EEG 
0.0357 

-3.0372 
O.Ei42** 

-0 .  E 9 7 3 * *  
0.6319' 
0 . 6 € 5 4 ' *  

-0.3636 
0 . 2 2 9 6  

-0.1856 
0.1764 
0.3131 
0.15E1 
0.5395' 
0.1044 

-0.0122 
-0.169 7 
0.3035 
0.5~064~ 
0.4471* 
0 . 6 5 3 2 " *  
0.0521 
0.1963 
0.3170 
-0.001G 
0.1649 
0 .3289  

Yb (p?m) 0.6967" -0 .6502 * *  
Zn (ppa) 0 . 5 7 4 8 *  -0 .9395 ' *  
U (p?d -0 -0571 -0.3118 
T-c ( \ I  0.1606 -0 . 6 i o g e *  
h'a ( 4 )  0.9008tf -0.7325** 
T-S (t) 0.1006 -0 -6207 
\ quartz -0. 8 0 2 S f  0.6392** 
t K-spar -0.6196** 0.4688* 
\ glass O.6384* + -0.6712** 
8 vol rx 0.8382** -0 .6673 ' .  
\ nonvol -0.6559** 0 . 4 0 8 2  

J 

0.1952 
0.5649. 
0.8416* * 
o.e256** 
0.0850 
0.6796.' 

-0.0960 
0.1237 

-0.1790 
-0.2911 
0.3993 

---- 



t h e  P r i b i l o f  I s l a n d s .  S a n p l c s  w i t h  h i g h  l o a d i n g s  o n  f a c t o r  3 
tend t o  be f i n e r  g r a i n e d  a n d  r e l a t i v e l y  r i c h  i n  C ,  U, S ,  L i ,  and 
B ( T a b l e  12). 

H y d r o c a r b o n  G a s  i n  S e d i m e n t s  ( K e i t h  _ _ - - _  A .  K v e n v o l d e n  a n d  G e o r q e  I T  D .  
R e d d e n )  -- 

S t u d i e s  of h y d r o c a r b o n  g a s e s  i n  n e a r - s u r f a c e  s e d i m e n t s  of 
t h e  s o u t h e r n  B e r i n g  s h e l f  a n d  s l o p e  w e r e  c o n d u c t e d  d u r i n g  t h e  
1 9 7 6  and 1 9 7 7  f i e l d  seasons. The g e n e r a l  o b j e c t i v e s  of t h i s  w 9 r k  
were ( 1 )  to d e t e r m i n e  t h e  d i s t r i b u t i o n  of h y d r o c z r b o n  g a s e s  i n  
surface a n d  n e a r - s u r f a c e  s e d i m e n t s ,  a n d  ( 2 )  t o  i n t e r p r e t  p o s s i b l e  
s o u r c e s  f o r  t h e  g a s .  D u r i n g  t h e  1 9 7 6  s e a s o n ,  33  s t a t i o n s  w e r e  
o c c u p i e d  w h e r e  h y d r o c a r b o n  g a s e s  w e r e  e x t r a c t e d  f r o m  1 0 8  s e d i r ~ e n t  
s a m p l e s  r e c o v e r e d  f r o m  g r a v i t y  c o r e s  ( ~ , a x i ~ , u n  d e p t h ,  1 . 4  IT), or  
v a n  Veen  g r a b s .  T h e  s t a t i o n s  were p a r t  of a  n e t w o r k  o f  8 5  
s t a t i o n s  e s t a b l i s h e d  t o  e v a l u a t e  t h e  g e n e r a l  g e o l o g y  of t h e  
s o u t h e r n  B e r i n g  s h e l f  between Unimak I s l a n d  a n d  t h e  P r i b i l o f  
I s l a n d s  i n c l u d i n g  t h e  a r e a  of t h e  S t .  George b a s i n .  T h e  g a s  
a n a l y s i s  r e s u l t s  fro3 t h i s  s e a s o n  a r e  s u r ~ r ~ a r i z e d  b r i e f l y  he re .  
S z a l l  q u a n t i t i e s  o f  m e t h a n e  , e t h a n e  (C2) , propane ( C 3 ) ,  2- 
b u t a n e  ( n - C 4  1 ,  i s o b u t a n e  ( i-S:j ! ) a n d  p r o p e n e  (Cj:l) 
w e r e  f o u n d  l n  a l l  s z r , p l e s .  C1 h y d r o c a r ~ o - ,  
h a v i n g  a n  a v e r c g e  c o n c e n t r z t i o n  of z S o u t  5 7 0 0  nL/L of w e t  
s e d i ~ ~ e n t .  T h e  c o n c e n t r a t i o n s  of C1 u s u a l l y  i n c r e a s e d  s l i g h t l y  
w i t h  d e p t h .  T h e  o t h e r  h y d r o c a r S o n  g z ~ e s  w e r e  p r e s e n t  a t  l o w ~ r  
c o n c e n t r a t i o n s  t h a n  n e t h a n e ,  a n d  t h e s e  g z s e s  s h o w e d  n o  
i d e n t i f i a b l e  t r e n d s  w i t h  d e p t h .  N o  a n o m a l o u s  d i s t r i b u t i o n  or 
c o n c e n t r z t i o n s  o f  h y d r o c a r b o n  g a s e s  w e r e  o b s e r v e d  t h a t  w o u l d  
s 1 ~ 9 2 e s t  p o s s i h l e  h y d r o c k r b o n  see25 or p o t e n t i a l  h a z a r d s .  

B e t w e e n  t h e  1 9 7 6  a n d  1 9 7 7  f i e l d  s e a s o n s ,  e x a m i n a t i o n  of 
m u l t i - c h a n n e l ,  s e i s m i c  p r o f i l e s  across S t .  G e o r g e  b a s i n  indiczt~6 
t h e  p r e s e n c e  of a n u n S e r  of a c o u s t i c  ano3alies w h e r e  r e f l e c t o r s  
a b r u p t l y  t e r m i n a t e  l e a v i n g  r e g i o n s  of a c o u s t i c  t u r b i d i t y  
b e g i n n i n g  a t  d e p t h s  of a b o u t  2 0 0 - 3 0 0  m ( Y a r l o w ,  p e r s o n a l  
c o r ; , c u n i c a t i o n ) .  S i n g l e - c h a n n e l  s e i s m i c  r e c o r d s  showed these sai-ie 
f e a t u r e s ,  but t h e y  were n o t  a s  w e l l  d e f i n e d .  T h e  c z u s e  o f  t h e s e  
a n p m a l i e s  i s  n o t  known ,  b u t  i t  is  commonly  ascused tY,at  t h e y  nay 
r e s u l t  from g a s  o c c u p y i n g  a p o r t i o n  of t h e  pore s p a c e .  A l t h o u g h  
t h e  f e a t u r e s  a r e  d e e p ,  we reasoned t h a t  i f  h y d r o c a r b o n  g z s e s  a r e  
i n v o l v e d ,  t h e s e  g a s e s  Kay  l e a k  t o  t h e  s u r f a c e ,  g i v i n g  r i s e  t o  
a n o r t a l o u s  c o n c e n t r a t i o n s  of h y d r o c a r b o n  g a s e s  t h z t  w o u l d  
c o r r e l a t e  w i t h  t h e  a c o u s t i c  f ~ a t u r e s .  F u r t h e r n o r e ,  t h e  
c o m p o s i t i o n  of t h e  g a s e s  m i g h t  p r o v i d e  a c l u e  t o  t h e i r  s o u r c e s .  
P a r t  of t h e  1 9 7 7  f i e l d  s e a s o n  w a s  d e v o t e d  t o  t e s t i n g  t h i s  i d e z .  

D u r i n g  t h e  1 9 7 7  f i e l d  s e a s o n  t w o  s e t s  of s a a p l e s  w e r e  
c o l l e c t e d  for h y d r o c a r b o n  g a s  a n a l y s i s  ( F i g .  2 9 ) .  T h e  f i r s t  s e t  
c o n s i s t e d  of 2 2  samples  f r o m  9 g r a v i t y  cores .  T h e s e  cores were 
t a k e n  o n  t h e  s o u t h e r n  B e r i n g  s h e l f  i n  a r e g i o n  w h e r e  a c o u s t i c  
anoFalies h a d  been n o t e d  o n  t h e  s e i s m i c  r e c o r d s .    our of t h e s e  
cores were located o v e r  t h e  a n o m a l i e s ,  a n d  f i v e  were  a t  p o s i t i o n s  
not a s s o c i a t e d  w i t h  a n o n a l i e s .  T h e  s e c o n d  s e t  of 2 2  sazples came 





from 6 gravity cores taken on the s o u t h e r n  Bering slope. From 
these t w o  sets of samples, comparisons were made between the 
occurrence of hydrocarbon g a s e s  from these two regions of the 
continental margin. 

The following procedure was used for gas analysis. T!-I~ 8-cs 
internal diameter core liner from the gravity core was cut 2: 
intervals (usually 0-10,  5C-60,  100-110 cm). The sediment c c r e  
was extruded from e a c h  of these intervals into a p r e w e i g h e d ,  1 
qt. c a n .  The can had been pre-prepared with two small  holes near 
t h e  top a n d  s e p t a  h a d  been f i x e d  o v e r  the h o l e s .  T h e  can w a s  
filled with distilled w a t e r  that had been purged with helium to 
remove any dissolved hydrocarbon gases .  From the c z n  100 r11 of 
w a t e r  was removed. A double friction top was s ~ a l e d  i n  p l a c e ,  
and the 1 0 0  ml headspace was purged with the b e l i u ~  through t h e  
s e p t a .  The cans were shaken  for 10 minutes. From the can a b o u t  
5 m l  of g a s  was removed. Exsctly one ml of this gas w a s  injected 
into a m o d i f i e d  Carle 311 Analytical Gas Chro r .2 tog raph  equipped 
with both f l a m e  ionization 2nd t h e r s a l  conductivity detectors. 
The instrunent was  calibrated by means of a s t ~ n d a r d  nixture of 
hyirocarbon gases p r e p ~ r e d  by Matheson Gas  Conpzny. Calcul~tions 
o f  concentrations of g a s e s  were determined fron chro:atoqrars by 
measuring the heights of peaks representing the g a s e s .  Pzrtition 
coefficients were used to correct for t h e  L 9 a r y i n q  s o l u b i l i t l ~ ~  o f  
the g a s e s .  Concentrations are r e p o r t e d  as nL/L of wet sedir~ent. 

R e s u l t s  o b t a i n e d  during t h e  1977 field sezson are recorded 
i n  T a b l e  1 3  (shelf) a n d  T a b l e  14 (sloge). On the shelf, cores G- 
I, G-4, G-7, and G-10 were obtained in sediaents o v e r  acoustic 
znoralies. The rer~aining cores were taken in a r e z s  w h e r e  no 
anonalies were evident. There a p p e a r s  to be no c o r r e l a t i o n  
between g a s  concentrations and the presence of a c o u s t i c  
anor~alies: that i s ,  no hydrocarbon gas rnozalies are associated 
with acoustic anomalies. If the acoustic anomalies are indeed 
caused by high concentrations of hydrocarbon gases, our data 
suggest that t h e s e  gases  do n o t  l e a k  t o  the surface to produce 
unusual concentrations of gases.  The t h i c k  (200-300 n )  of 
sediment cover nay obscure or prevent gas nigration. 

Concerrtrations and cor;,positions of the gases  from the shelf 
and slope are generally similar. Average concentrations of C1 
differ slightly only because deeper sar,ples with higher C1 

concents were recovered on the slope and are included in the 
a v e r a g e .  For example, on the shelf, the average concentration of 
C1 is about 2800 nL/L while on the slope the sarples h a v e  an 
a v e r a g e  C1 concentration of about 3400 n L / L .  T h e  concentrations 
of the h i g h e r  molecular weight h y d r o c a r b o n s  are similar f o r  
sediments from b o t h  s h e l f  a n d  s l o p e .  

S h e l f  sediments h a v e  a n  average c1(C2 + Cj) ratio of 34 in 
contrast to the slope s e d i m e n t s  with an a v e r a g e  ratio of 107. 
Samples from the slope, however, include deeper intervals with 
higher C1 contents and thus higher c1(c2+ c 3 )  ratios. T h i s  r a t i o  
h a s  been used in the past to interpret sou rce s  of hydrocarbon 



gases (Bernard, Brooks, and Sackett, 1977, - E a r t h  -_ - - and -. . - Planetzrv - -- 
Science Letters, 31, 48-54). Ratios less than 50 were - - - -- - -. - --- - 
interpreted to indicate the presence of thermogenically-derived 
gases. Ratios greater than 50 s u g g e s t e d  mainly biogenically- 
produced gases .  Although this ratio may be a useful guide w h e n  
high concentrations of g a s e s  are being considered, in the present 
s t u d y  involving relatively low concentrations of gases ,  this 
ratio probably is not indicative of sources of hydrocarbon 
gases .  It is quite likely that most of the hydrocarbon gases 
measured here are biologically-derived. The fact rer,ains 
however, that in t h e  f i r s t  6 0  cn of the cores, the C1 ( C 2  + C 3 )  
r a t i o s  f o r  s o u t h e r n  B e r i n g  s h e l f  a n d  slope sedinents are 
generally low as indicated on Table 13 and 14, and as also 
observed for the sazples exar~ined from the 1976 field season. 

Two cores show usual concentrations of single cocponents. 
C2 i s  higher in samples from core  G-12 t h a 3  i n  other cores fror 
both the shelf and the slope. In core G - 2 8 ,  the intervals frcz 
100 cn and deeper show unusually high amounts of i-C4. The 
significance of these observations is not clear at present. 

T h e  d a t a  s h o w n  i n  T a b l e s  1 3  and 14 were o b t a i n e d  from 
analyses perforr~ed on shipboard i r r , ~ e d i a t e l y  after core 
rezo;-ery. A f t e r  Gases were a n a l y z e d ,  these sarples ware 
f r o z e n .  A n u m b e r  of san-ples w e r e  thawed later and reanalyzed. 
This process tends to increase t he  zmount of hydroczrbon gases 
that can be extracted. Most of the hydrocarbon g z s e s  are 
probably d i s s o l v e d  i n  the interstitial water of the sediments, 
and these are p a r t i a l l y  removed d u r i n g  the first extraction. 
Freezing and thzwing release additional hydrocarbon gases that 
are held in the sediment in unknown ways. For these kinds of 
analyses, it is evident that comparisons of results c a n  be n a d e  
only with s a r , p l e s  which h z v e  been processed in the sane way. 
Because analyses of unfrozen sanples recovered inxediately after 
coring involves least sample  r~anipulation, results of these 
analyses h a v e  been given here. 

This work has shown that hydroczrbon gases  are present in 
durface  and near-surface sedinents of the southern Bering shelf 
and slope. Concentrations of hydrocarbons a r e  zbout  the same in 
shelf and slope sedinents in the interval from 0 to about 6 0  
cm. On the shelf, acoustic anor,alies at 200-300 m depth do not 
produce hydrocarbon gas  anomalies in the near-surface sedinents 
above them. The concentrations and distributions of hydrocarbon 
g a s e s  i n  the s e d i n e n t s  examined here do not indicate that g a s  
seeps are active in the a r e z s  sampled or that the gas i n  t h e  
sediments constitutes a g e o l o g i c  hazard b e c a u s e  of high 
concentrations. 

Discussion 

The petrology of the s u r f a c e  sedinents s u g g e s t s  t h a t  small 
amounts of material from mainland Alaska has been transported to 
the outer shelf relative to the volcanic r ~ a t e r i a l  derived from 
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the : leu ti an Islands and Alaskan Peninsula. The present-day 
continental shelf of the southern Bering Sea is extremely flat 
and broad. Bottom gradients typically are m u c h  l e s s  than 0 . 2 ~ ~  
(1:13,000) and the mouths of large rivers that feed sediment into 
the Bering S e a ,  the Yukon, K u s k o k w i m .  Kvichak, and, to-a lesser 
extent, the Nushagzk Rivers, are over 500 km a x a y  from the outer 
shelf. Sediment is transported from these rivers into B r i s t o l  
Bay, but has a l r n o s t  no opportunity to be advected to the outer 
shelf because of the extre~ely low topographic gradients a n d  
insufficient waternass movement. Structural fronts in the water- 
colurnn are parallel- to the 50-m isobath (Schur;,acher et al., in 
prep. ) ,  These fronts n a y  have some effect in i~~peding the 
s e a w ~ r d  dispersal of d e t r i t u s  tovzrd the outer continental shelf. 

The Aleutian Islands and the Alask.an FE-ninsula are obvious 
sediment sources for the volcanic components today but the B ~ r l n c  
Canyon (Figure 6 )  provides a to2ographic depression tl-,at traps 
sedinent before it can get to the outer shelf. The sluggish, 
sez i -yy re  cyclonic circulation pattern that chzracterizes s u r f a c ~  
flou in tk,e southern Bering S E ~  (F~vorite, 1974; Tak~nouti a n ?  
Ohanti, 1974) is only on the order of 2 to 3 cn/sec ( S c h a r , a c h ~ r ,  
et a l . ,  in prep.), too slow to transport even clay-sized 
particles. 

The P r i b i l ~ f  1:lznds a ? d  P r i b i l o f  R i d g e  also are poter,tia: 
sedlrent sources for s o x  of t h e  volcacic cor?onents but the low 
relief and 57-1211 area of the fcatcrez prec lude  any large 
contributions. Lack of a d o r . i n a n t  circulation and very low 
current velocities zlsa e l i r i t - i a t ~  t h e  Prihilof R i d g e  a s  a r,a?or 
sogrce. Thus, t o d z y ,  the soiree 2rezs z r c  isolated fro: the s i t e  
of do?osition. 

Consequently, it see75  unlikely that sediments are presei-,tly 
being trznsported to 2 n d  deposited on the outer continental s h e l f  
of the southern Bering S e a  in significant quantities, and the 
up?ermost deposits m u s t  b e  relict from a previous depositional 
environment. Diatom floras f r o n  the bottom of each of our cores 
all fall within the Denticula semina zone (J. Barron, p e r s o n z i  
cor~nunication, 1976 and 1977), which ranqes  fro^. 260,000 years BF 
tb present (Koizumi, 1973). A l t h o u g h  w e  believe that the 
sedirrlents are relict and not ~ i o d e r n ,  about all we c a n  say a b o u t  
t h e i r  a g e  from existing data is that they are late QuaternEry in 
a g e .  

The dominant influence on Quaternary continent21 sheli7es has 
been glacioeustatic lowering of sea level, and it seems probable 
that this influence was c a q n i f  i e d  on the broad, flat shelf of the 
Bering Sea. Estirr,ates of the lowering of sea level during the 
Pleistocene glacial periods are all about 130 m ( C u r r a y ,  1960, 
1965; Bloom, 1971). We h a v e  drzwn a shoreline in Fig. 30 along 
the present-day 130-m isobath and subtracted 130 m from each of 
the isobaths to yield a ~cherr~atic bathynetric chart of a low s e a  
level period. S e v e r a l  features of this chart are worth noting. 
The reqion landward of the shoreline is featureless and f l a t  with 
gradients much  less t h a n  0.25~. Any s t r e a r t s  that flowed across 





t h i s  emerged shelf m u s t  have  been very meandering with a large 
dendritic distributary system. This is especially important in 
light of speculations by Scholl et a l .  (1970) that the Yukon and 
(or) Kcskokwirn Rivers c u t  the Pribilof Canyon d u r i n g  the 
Pleistocene. We see no evidence of buried or surface strear, 
channels on more than 10,000 k n  of high-resolution seismic data 
(12 kHz, 3.5 kHz, and 1.5 kHz), and so we conclude that no r i ~ ~ e r s  
cut channels across this p o r t i o n  of the continental shelf during 
Pleistocene lower sea levels and t h a t  Pribilof Canyon w a s  f o r r ~ d  
much earlier than the Pleistocene. Streams t h a t  debouched into 
t h e  southern Bering Sea during glacial periods were not coT?etent 
to transport moch coarse-grained sediment. The m a i n l a n d  
components (factor 2 of t h e  Q-node analysis) a r e  r e p r e s e n t e d  by 
quartz, garnet, epidote, orthopyroxene, metanorphic rock 
fragments, Si, K I  a n d  Ba.  However, a l l  of t h e s e  conpon~nts a r e  
distributed as background with relatively low concentrations over 
the outer shelf. 

Su~erirr.posed on this background of Rainland materizls are 
northwest-trending gradients of sedinents that contain relatively 
high concentrations of andesitic cor:ponents  (factor l), 
d e c r ~ z ~ i n g  away froz the Aleutian Islands in the vicinity of 
ilnir,zl; Pass. This Lleut ian co:.?clnr-nt is represented by 
clino?yroxene, volcanic glass, volcanic rock f r a g ~ e n t s ,  sxectite 
+ ver~iculite, Na, C a ,  Mg, Fe, Ti, A l ,  Co, Cu. Mn, V, and Zn. 
Volcanic debris is also distributed as an aureole of local extent 
around t h e  Pribilof I s l a n d s .  T h e  northwest-trending gradients 
zwag  from the Aleutian Islands r e f l e c t  longshore transport of 
cley- to s a n d - s i z e  n a t e r i a l  from t h e  Aleutians during periods of 
low sea levels. Much, and perhaps the vast ~ajority, of the 
detritus shed off t h e  Aleutians a n d  Alzskan Peninsula was t r a p p e d  
by the Bering Canyon and funneled onto the continental rise. 
However, appzrently material was periodically c a p t u r e d  by 
longshore c u r r e n t s  and transported onto and along the narrow 
shelf. Possibly the head of Bering Canyon nay have periodically 
filled up, which allowed sediment to be transported across to t h e  
shelf. T h e  strong gradients seen especially in the geochemical 
dAta suggest that a relatively strong, cyclonic, nearshelf 
circulation r l a y  have existed that w a s  competent to transport 
coarse sediment along t h e  shelf. 

K h e n  sea level rose during periods of glacial to 
interglacial transition, the shift in t h e  position of the 
shoreline m u s t  have been rapid because of the very low 
topographic gradients (Fig. 31). If we use the Pleistocene to 
Holocene transgression as a nodel, then the initial retreat of 
the shoreline w a s  slow with a 50-m rise in s e a  level p r o d u c i n g  a 
transgression of about 70 km. Sea level curves ( C u r r a y ,  1960, 
1961; Morner, 1971; Bloom, 1971) indicate that the first 50-m 
rise in sea level t o o k  about 5,000 y e a r s .  However, the next 10-c 
rise in sea  l e v e l  produced a 175-km retreat of the shoreline in 
only about 1,000 years. The remaining 70-rn rise in s e a  level 
c a u s e d  a 250-km transgression in the remaining 6,000 to 8,000 
years. Therefore, when the shoreline began to retreat, it did so  
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r a p i d l y  a n d ,  in e f f e c t ,  d e s e r t e d  a ~ e d i r r ~ e n t  d i s t r i b u t i o n  p z t t e r n  
with little m o d i f i c a t i o n .  T h e  r e s u l t  i s  a g l a c i a l - p e r i o d  
s e d i m e n t  d i s t r i b u t i o n  p a t t e r n  a n d  a n  i n t e r g l a c i a l - p e r i o d  
o c e a n o g r a p h i c  c i r c u l a t i o n ,  a s  is o b s e r v e d  t o d a y .  

P r e s e n t - d a y  o c e a n o g r a p h i c  c o n d i t i o n s  h a v e  m o d i f i e d  t h e  
d i s t r i b u t i o n  a n d  c h a r a c t e r  of t h e  s e d i m e n t s  t o  a s m a l l  d e g r e e ,  
a n d  i n  t h i s  c o n t e x t  t h e y  a r e  p a l i m p s e s t  ( S w i f t ,  - et -- a l . ,  1 9 7 1 ) *  
Naps of l i t h o f a c i e s  a n d  s o r t i n g  ( F i g s .  8 a n d  9 )  s h o w  t h a t  a 
t o n g u e  of n o d e r a t e l y  s o r t e d ,  c o a r s e  s e d i m e n t s  e x t e n d s  a l o n g  t!,~ 
s h e l f  b r e a k  s o u t h  of P r i b i l o f  C a n y o n  a n d  a l o n g  the n o r t k ; e r n  f l ~ n k  
of Bering C 2 n y o n .  The t o l g u e  of F r i b i l o f  C a n y o n  seeas t o  be 
r e s t r i c t e d  i n  e x t e n t  a n d  t h i s  r e s t r i c t i o n  c o i n c i d e s  w i t h  t h e  
s t e e p e s t  p o r t i o n  of t h e  c o n t i n e n t a l  s lope .  C o n v e r s e l y ,  t h e  
p o o r e s t  s o r t e d  a n d  f i n e s t - g r a i n e d  s e d i m e n t s ,  w i t h  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n s  of a b s o r b e d  o r g a n i c  m a t e r i a l  (0-node f a c t o r  3 ) ,  
a r e  f o u n d  i n  t h e  c e n t e r  of S t .  George b z s i n .  T h i s  d i s t r i b u t i o n  
o f  t e x t u r e s  c a n  be e x p l z i n e d  b y  a corbination of l o n g - p e r i o d  
s t o r r ,  w a v e s  and a g r a v i t y  p o t e n t i a l ,  i . e .  a c h a n g e  i n  b a t ? ; y r , e t r y  
siqnif i c a n t  e n o u g h  t o  p r o v i d e  t h e  e n e r g y  necessary t o  k e e p  
s e d i m e n t  i n  t r a n s i t .  KO;-.ar - e t  .- a 1  ( 1 9 7 2 )  s h o w  t h a t  w a v e s  w i t 5  z 
15-sec  p e r i o d  c a u s e  rippling o f  s a n d y  s e d i m e n t s  o f f  t h e  O r e ~ o n  
cozst i n  water d e p t h s  down t o  1 4 9  m. T h u s ,  h i g h  s e a  s t a t e s  t h z t  
co:~nonly o c c u r  i n  t h e  s o u t h e r n  B e r i n g  S e a  d u r i n g  t h e  l a t e  suriz.er 
a n d  f a l l  c a n  a f f e c t  botton sediments of t h e  outer s h e l f .  
R e s u s p e n s i o n  o f  s u r f a c e  s e d i m e n t s  by l o n g - p e r i o d  storm xaves 
w o u l d  i n c r e a s e  t h e  d e n s i t y  o f  t h e  s h e l f - b o t t o m  b o u n d a r y  l a y e r  
w i t h  t h e  i n c o r p o r a t i o n  o f  c l a y  a n d  s i l t .  T h e  c o z r s e r  s e d i n e n t  
w 3 3 l d  ? r o b a b l y  f a l l  o u t  of s ~ s p e n s i o n  q u i c k l y .  I f  this d e n s e  
boundary layer were l o c z t e d  i n  a n  a r e a  c l o s e l y  a d j a c e n t  t o  a  

0 
g r a v i t y  p o t e n t i a l  ( i . e .  a r e g i o n  w i t h  a s l o p e  of per hi?^ 2 O r  

n o r e ) ,  t h e n  t h e  dense b o u n d a r y  l z y e r  w o u l d  f l o w  down s l o p e  a n d  
o u t  of t h e  a r e a .  T h i s  r r , e c h a n i s m  w o u l d  t e n d  t o  w i n n o w  out t h e  
f i n e - q r a i n  s i z e s  a n d  impzrt a b e t t e r  s o r t i n g  t o  t h e  s e d i m e n t  t h ~ n  
r e z a i n s  b e h i n d .  T h e  patterns of t e x t u r a l  p a r a n e t e r s  ( F i g s .  8 a n d  
9 )  show t h i s  r e s u l t .  T h e  b r o a d  c o n t i n e n t a l  s l o p e  n o r t h  of Eerin: 
C , a ~ y o n  h a s  g r a d i e n t s  of a b o u t  1 . 5 O  a n d  a p p a r e n t l y  i s  to3 g e n t l e  
t o  p r o v i d e  t h e  c r i t i c a l  g r a v i t y  p o t e n t i a l ,  t h u s  l i t t l e  w i n n o w i n s  
is  o c c u r r i n g  t h e r e .  H o w e v e r ,  t h e  s l o p e  j u s t  s o u t h  of P r i b i l o f  
C a n y o n  h z s  g r a d i e n t s  i n  e x c e s s  of 3O a n d  e v i d e n c e  of winnowin? i s  
s u g g e s t e d  by b e t t e r  s o r t i n g  a n d  c o a r s e r  g r a i n  s i z e s .  

S e d i m e n t s  i n  S t .  G e o r g e  b a s i n  also a r e  a f f e c t e d  by t h e s e  
l o n g - p e r i o d  storm waves but, b e c a u s e  of l a c k  of a g r a v i t y  
p o t e n t i a l ,  the s h e l f - 5 0 t t o c  b o u n f i z r y  l a y e r  is  r e s t r i c t e d  t o  t h e  
l i m i t s  of t h e  b a s i n  a n d  the s e d i a e n t  i s  r e d e p o s i t e d  i n  t h e  s a x  
g e n e r a l  a r e a .  T h e  f a c t  t h a t  S t .  G e o r g e  b a s i n  i s  a s u r f a c e  g r a b 5 n  
a l s o  h e l p s  t o  e x p l a i n  t h e  g e n e r a l  l a c k  o f  t r a n s p o r t  of s e d i m e n t  
o u t  of t h i s  a r e a .  S t o r m  w a v e s  m i x  s e d i n e n t s  i n  S t .  G e o r g e  b z s i n ,  
b u t  t h e  o n l y  a p p a r e n t  e f f e c t  is t o  o b s c u r e  t h e  b o u n d a r i e s  be tween  
t h e  t e x t u r a l  p r o v i n c e s  a n d  t o  c o n c e n t r a t e  f i n e r - g r z i n e d  a n d  more 
p o o r l y - s o r t e d  s e d i m e n t  i n t o  a b u l l  ' s - eye  p a t t e r n .  



~ i s t r i b u t i o n  p a t t e r n s  of g r a i n  s i z e  do  not r e f l e c t  t h e  
g r a d e d - s h e l f  s i z e  d i s t r i b u t i o n  d e s c r i b e d  by S h a r n a  e t  -. a l .  - 

( 1 9 7 2 ) .  H o w e v e r ,  t h e i r  s a m p l i n g  s t a t i o n s  s t o p  a l o n g  t h e  n o r t k , e r n  
b o u n d a r y  of t h e  a r e a  c o v e r e d  by our d a t a .  When t h e  d a t a  of 
S h a r r n a  --- e t  a l .  ( 1 9 7 2 )  a r e  j o i n e d  t o  o u r  d a t a ,  t h e  two c o r ~ p l e r ~ e n t  
e a c h  o t h e r  v e r y  well, y e t  e a c h  tells a d i f f e r e n t  s t o r y .  T h e i r  
d a t a  a r e  c o n c e n t r a t e d  i n  t h e  s h a l l o w  ( < l o o n )  r E a c h e s  of B r i s t o l  
Bay a n d  r e f l e c t  a g r a d u a l  d e c r e a s e  i n  g r a i n  s i z e  w i t h  d i s t a n c e  
from s h o r e .  Our d a t a  a r e  c o n c e n t r a t e d  i n  d e p t h s  g r e a t e r  t h a n  
loom, a n d  show t h e  o v e r p r i n t s  of t h e  e f f e c t s  of t o 2 o s r a p h y  
( g r a v i t y )  c o n t r o l s  o n  t h e  r e d i s t r i b u t i o n  of s e d i r , e n t .  S e d i r I e n t s  
i n  B r i s t o l  Bay a r e  p r e s e n t l y  a f f e c t e d  by storm w a v e s  because  o v e n  
t h e  r e l a t i v e l y  s h o r t - p e r i o d  waves c a n  a f f e c t  t h e  s e d i n e n t  
s u r f a c e .  T h e  o u t e r  s h e l f  is i r n u n e  t o  t h e  n o r m a l  s e a  s t a t e  
b e c a u s e  of d e p t h  a n d  o n l y  p e r i o d i c  l a r g e  storm w a v e s  a f f e c t  t h e  
s e a  f l o o r  i n  t h i s  r e g i o n  a n d  o n l y  f o r  s h o r t  d u r a t i o n s .  

D'I S T T I  ECTI  OK OF FAULTS k '?D P3TZI:TIALLY 
UKSTASLE S E D I G E f 2 T S  

S ~r. ,zry - 
S e i s a i c - r e f l e c t i o n  d a t a  a r e  u s e d  t o  i d e n t i f y  a n d  na?  f a u l t s  

S ~ 2 e a k h  t h e  o u t e r  c o n t i n e n t a l  s h e l f  o f  t h e  s o u t h e r n  Bering S c z .  
F;e s t ~ d i c d  more than 1 0 , 0 0 0  km of single-channel a n d  6 0 0  km of 
r - ~ l t i c k . a n n e 1  s e i s m i c - r e f l e c t i o n  p r o f i l e s .  Our seisnic syste~s 
c a n  r e s o l v e  offsets t h a t  rznge f r o c  a f r a c t i o n  o f  a ncter t o  
several k i l o ~ , e t e r s .  F a u l t s  a r e  c l a s s i f i e d  a s  najor, m i n o r ,  a n d  
s u r f a c e  b z s e d  on  the t y p e  2 n d  a i 7 3 u n t  o f  d i s p l a z e ; ; , e n t .  Najor 
f a - l t s  a r e  those r e s o l v e d  on both m u l t i - c h a n n e l  a n d  sin5le- 
c h a n n e l  ~ e i s r ~ i c - r e f l e c t i o n  r e c o r d s .  T h e s e  f a u l t s  $ e n e r a l l p  
p e n e t r a t e  fron s e v e r a l  h u n d r e d  meters t o  s e v e r a l  k i l o z l e t e r s  
b e n e a t h  t h e  s e a  f l o o r  a n d  sone d i s p l a c e  r e f l e c t o r s  more t h a n  6 0  
me te r s .  M a j o r  f a u l t s  a r e  p r i n c i p a l l y  d i s t r i b u t e d  a l o n g  o r  n e a r  
t h e  borders  of S t .  G e o r g e  b a s i n  a n d  t h e y  t r e n d  NK-SE p a r a l l e l  t o  
t h e  b a s i n ' s  long a x i s .  Major f a u l t s  o f t e n  offset t h e  s e a f l o o r  
and a s  s u r f a c e  f a u l t s ,  are most a b u n d a n t  along t h e  boundaries of 
S t .  George b a s i n .  M i n o r  f a u l t s  a r e  w i d e l y  d i s t r i b z k e d  t h r o u c h o c t  
t h e  outer s h e l f ;  h o w e v e r ,  to t h e  e z s t  t h e y  a r e  c o n c ~ n t r a t e d  i n  
t de  m i d d l e  of St. George b a s i n ,  ~ o s t  ~ i n o r  f a u l t s  e x h i b i t  
d i s 2 l a c e n e n t s  of 5 m or l e s s  a n d  almost a l l  a ? p r o a c h  t h e  s e a  
floor t o  w i t h i n  4 or  5 rn. T h e  p r e c i s e  age of f s g l t i n g  is n o t  
known a l t h o u g h  b o t h  surface and m i n o r  f a u l t s  do offset upper 
P l e i s t o c e n e  s e d i m e n t .  Major  f a u l t s  a r e  p r o b a b l y  r e l a t e d  t o  
stress f i e l d s  e s t a b l i s h e d  b y  M e s o z o i c  a n d  C e n o z o i c  p l a t e  m o t i r , n e  
and  m i n o r  f a u l t s  a r e  r e l a t e d  t o  h i g h  s e i s m i c i t y  i n  t h e  n e a r b y  
A l e u t i a n  s u b d u c t i o n  z o n e .  

C l a s s i f i c a t i o n  of F a u l t s  

we c l a s s i f y  faults i n  t h i s  s t u d y  by t h e i r  r e l a t i v e  a m a n t  
o f  v e r t i c a l  d i s p l a c e n e n t .  T h e  r e s o l u t i o n s  of t h e  s e i s n i c  
s y s t e m s ,  w h i c h  d e t e r m i n e  t h e  minimum o f f s e t  w e  c a n  d e t e c t  with 
each  s y s t e m ,  a r e  s h o w n  i n  T a b l e  3 a n d  were c a l c u l a t e d  u s i n g  t h e  
velocity of s o u n d  i n  w a t e r  a n d  by following t h e  p r o c e d u r e  of 



Moore (1972). The following seismic-reflection d a t a  were used to 
map the distribution of faults: 1) 3.5 kHz; 2 )  2 . 5  k H z ;  3) 
single-channel seismic-reflection (60 KJ to 1 6 0  K J  s p a r k e r ,  a n d  
up to 1 3 2 6  in air-gun sources); and 4) 24-channel s y s t e o  using 
a 1326 in air-gun array. 

A gap may exist in the resolving range of our systems 
between about 0.5 m and 3 m, which suggests that offset features 
in that range nay not be resolved. Our studies concentrate on 
faults cutting strata above the acoustic basement as resolved ox 
our single-channel.seismic-reflection system. However, our 
multichannel data also indicate that many faults occur witklin the 
acoustic basement. 

F a u l t s  a r e  c l a s s i f i e d  as  surface ,  minor, and major f a u l t s .  Surface 
f a u l t s  o f f s e t  the  surface o f  the sea f l oo r  regardless of the  recording 
system. They o f f s e t  t h e  sea f l o o r  no more t h a n  a f e w  meters. K i n o r  or  
near-surface f a u l t s  a r e  resolved o n  2 . 5  k!?z and/or 3 .5  k H z  records,  b u t  
no t  on s ing le  o r  mu1 tichannel se i sn ic - re f1  ect ion p ro f i l e s .  These  f a u l t s  
t yp i ca l l y  d isplace  r e f l e c to r s  l e s s  t h a n  0 .006  sec ( 5  m);  most minor 
f a u l t s  a r e  c lose  t o  but d o  n o t  b r e a k  the  sea f l oo r .  Sediment c a n  be seen 
i n  places t o  d r a p e  over n ~ a r - s u r f a c e  f a u l t s .  Kajor f a u l t s  a r e  defined as 
those resolved on multichannel a n d  single-channel se ismic-ref lec t ion 
p ro f i l e s .  These f a u l t s  general ly  are  grohlth s t ructures  a n d  rr,any o f f s e t  
acoust ic  base;~ent. Bogndary f a u l t s  are m j o r  f a u l t s  t h a t   ark t h e  bound5ries 
of  S t ,  George basin.  

Fault Distributions 
-PAW-- 

Distribution of faults is shown in Fig. 32 . The true 
orientation of most faults is unknown because of the relztivelg 
wide spacing of tracklines. Faults found on north~zst-soathwest 
tracklines, perpendicular t o  the long a x i s  o f  St. George basin, 
greatly outnumber those observed on northwest-southeast 
tracklines which indicates that the rr,ajority of the faults have a 
rforthuest-southezst trend and p a r a l l e l  the trend of the basin. 
Faults bounding St. George basin can be confidently traced 
between tracklines. We believe that most faults beneath the 
shelf and those in St. George Basin in p a r t i c u l a r ,  trend 
northwest-southeast parallel to the basin and to the margin. 

Boundary faults clearly delineate St. Gearge basin and the 
n o r t h  side of the Pribilof ridge. These faults are normal 
f a u l t s ,  occur in groups, and exhibit increased offset with depth, 
which indicates growth-type structures. These faults in many 
places cut nearly all of the sedinentary section, and often 
offset acoustic basement, but rarely offset the sea floor. 

Major faults (other than boundary faults) p r i n c i p a l l y  occur 
within St. George basin, although a few occur w i t h i n  kr,al: b a s i n  
(Figure 3 3 ) .  This class of fault decreases in abundance near the 
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Symbols bnd~cate actual location 
o f  foult seen on se~smic  data 
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Figure 32- Map of d i s t r i b u t i o n  o f  f a u l t s  i n  the  southern Ber ing Sea. Lines through 

f a u l t  symbols are inferred t rend  o f  t h e  f a u l t ,  not  any known s t r ike .  
S t r u c t u r e  contours o f  acoust ic  basement from Marlow e t  a1 . ( 1  976, 1977a) 





~ r i b i l o f  Islands. Major  f a u l t s  s h o w  d i s p l a c e m e n t s  t l - ,at  g e n e r a l l y  
a r e  less  t h a n  t h e  l a r g e r  b o u n d a r y  f a u l t s  but o f f s e t s  g r e a t e r  t h a n  
0 . 0 8  s e c  ( 6 0  m )  occur i n  t h e  c e n t r a l  r e g i o n  of S t .  George 
b a s i n .  Hajor f a u l t s  a r e  n o t  a l w a y s  o f f s e t  i n  t h e  s a m e  s e n s e  a s  
a d j a c e n t  b o u n d a r y  f a u l t s ,  w h i c h  s u g g e s t s  t h a t  d e f o r m a t i o n  of t h e  
ou t e r  s h e l f  h a s  i n v o l v e d  more t h a n  s i m p l e  s u b s i d e n c e .  

S u r f a c e  f a u l t s  t e n d  t o  be n o r e  a b u n d a n t  a l o n g  t h e  o u t e r  
m a r g i n  of S t .  G e o r g e  b a s i n  a n d  a l o n g  P r i b i l o f  r i d g e  t h a n  i n  t h e  
c e n t e r  of t h e  b a s i n  ( F i g u r e  33 ) .  M o s t  s u r f a c e  f a u l t s  car, bc- 
t r a c e d  fron h i g h - r e s o l u t i o n  t o  l o w - r e s o l u t i o n  r e c o r d s ,  w5ict; 
s u q g e s t s  t h a t  m o s t  s u r f a c e  f a u l t s  a r e  exp res s ions  of n j o r  f ~ c l t c  
a n d  of b o u n d a r y  f a u l t s .  

E l ino r  f a u l t s  ( F i g u r e  3 4 )  occur t h r o u g h o u t  t h e  s o u t h e r n  o z t e r  
s h e l f ,  a l t h o u g h ,  l i k e  o t h e r  c l a s s e s  of f a u l t s ,  t h e y  a r e  a l s o  
c o n c e n t r s t e d  i n  t h e  m i d d l e  r e g i o n  of S t .  G e o r g e  b a s i n ,  away f ro?  
t h e  . P r i b i l o f  r i d g e .  K i n o r  f a u l t s  are m o r e  f r e q d ~ n t  s o u t h  of t h c  
r i d g e  t h a n  t o  t h e  n o r t h  ( F i ~ u r e  3 4 ) .  Most m i n o r  f a u l t s  o f f s ~ t  
r e f l e c t o r s  l e s s  t h a n  0 . 0 0 6  sec  ( 5  rn) a n d  a l m o s t  a l l  t h e s e  f a u l t s  
c u t  t h e  top  0 . 0 0 5  sec  ( a p p r o x i m a t e l y  4 n )  of t h e  s e d i m e n t a r y  
s e c t i o n .  Diatons r e c o v e r e d  i n  s e d i m e n t  from g r a v i t y  cores  up to 
2 r  l o n g  are y o J n 5 e r  t h a n  2 6 0 , 0 0 0  y e a r s  ( a l l  w i t h i n  t h e  .-.-- ~ e n t i c u l z  
c ; r i r , ae  Zone:  J o h n  B a r r o n ,  p e r s .  co rnnun . ,  1 9 7 6 ,  1 9 7 7 ) .  I f  we - -- . - 
a t ? ; - e  t h a t  a  217 c o r e  j u s t  p e n e t r a t e d  t h e  e n t i r e  - D e n t i c u l a  
serinae Z o n e ,  t h e n  t h e  r , i n i ~ , u n  a c ~ u r ~ g l z t i o n  r a t e  i s  0 . 8  ~ ~ . , ' l o  3 
-- - . I f  we z s s u n e  t h e t  t h i s  riniru~, a c c u n u l a t i o n  rzlte is  t y p i c a l  
f o r  t 5 e  to? 4 n of s e d i m e n t  ( t h e  t h i c k n e s s  g e n e r a l l y  a f f e c t e d  by 
-. . . l r .sr  f a u l t s J ,  t h e n  t h e  naximun a g e  of t h e  s e d i r l e n t ,  c a l c u l a t e 3  - 
zt 0 . 8  cn/lO y r .  i s  5 2 0 , 0 0 0  Y B P .  T h u s ,  n i n o r  f a u l t i n g  Kay be n o  
o l d e r  t k i a n  P l e i s t o c e n e  i n  a g e  ~ c c u m u l a t i o n  r z t e s  r i ~ x  be r d c h  3 g r e a t e r ,  f o r  e x a m p l e  1 0  cn/lO y r .  a s  suggested by C d a t e s  fror 
a r e E s  f a r t h e r  n o r t h  (Askren, 1 9 7 2 ) ,  i n  w h i c h  c z s e  t h e  m i n o r  
faults c o u l d  cut s e d i m e n t  a s  y o u n g  a s  4 0 , 0 0 0  YBP. 

P c t e n t i a l l y  .- --- U n s t a b l e  S e d i m e n t s  
-- - 

A r e a s  of p o t e n t i a l l y  u n s t a b l e  s e d i ; r , e n t  rasses ( F i g .  32) w s r e  
b e t e r m i n e d  f r o n  t h e  s e i s m i c  r e f l e c t i o n  r eco rds  by c s i n g  o n e  o r  
m o r e  of t h e  following c r i t e r i a :  1 )  s u r f a c e  f a u l t s  wit> st?€? 
s c e r p s  a n d  r o t a t e d  s u r f a c e s ;  2 )  d e f o r m e d  b e d d i n g  a n d  f o r  
d i s c o n t i n u o u s  ref l e c t o r s ;  3 )  h u n h o c k y  t o p o g r a p h y  ; 4 ) 
i ino: ,a lously t h i c k  a c c u m u l a t i o n  of s e d i m e n t ;  a n d  5 )  a c o u c t i c z l l y -  
t r a n s p a r e n t  m a s s e s  of s e d i m e n t ,  R e g i o n s  t h a t  show u n s t a b l e  
s e d i m e n t s  ( e . g .  g r a v i t y  s l i d e s ,  s l u m p s ,  c r e e p ,  s c a r p s ,  e t c . )  a r e  
c o n f i n e d  t o  t h e  c o n t i n e n t a l  s l o p e  a n d  r i s e  a n d  t h e  P r i b i l o f  a n 3  
Bering c a n y o n s .  Zones of c r e e p ,  a s  shown by i r r e g u l a r ,  h u r . r j ~ c k y  
t o p o g r a p h y ,  b e g i n  n e a r  t h e  s h e l f  b r e a k  a t  d e p t h s  o f  a b o u t  1 7 0  r. 
a n d  c o n t i n u e  o n t o  t h e  upper  c o n t i n e n t a l  s lope .  Hummocky 
t o p o g r a p h y  occurs  o n  t h e  c o n t i n e n t a l  s l o p e  o n  a l a r g e  s c a l e  a n d  
r a s s  movement  i s  a common f e a t u r e .  We r e g a r d  t h e  e n t i r e  
c o n t i n e n t a l  s lope a n d  t h e  w a l l s  of t h e  major  s u b r , a r i n e  c a n y o n s  t o  
be z o n e s  of p o t e n t i a l l y  u n s t a b l e  s e d i m e n t .  R e g i m e s  of a c t i v e  





s e d i m e n t  movement c o u l d  respond t o  a v a r i e t y  of e n e r g y  sources 
i n c l u d i n g  e a r t h q u a k e s ,  storms, i n t e r n a l  w a v e s ,  a n d  g r a v i t y .  

Discussion 

F a u l t s  of t h e  o u t e r  c o n t i n e n t a l  s h e l f  of t h e  s o u t h e r n  B e r i n g  
Sea a r e  c o n c e n t r a t e d  i n  S t .  G e o r g e  b a s i n .  Kany f a u l t s  c u t  u r ~ p e r  
P l e i s t o c e n e  s e d i m e n t  a n d  some offset t h e  s e a  f l o o r ,  i n d i c a t i r ~ g  
t h a t  t h e  a r e a  is  t e c t o n i c a l l y  a c t i v e .  T h e  p r o c e s s e s  t h a t  
i n i t i a l l y  f o r m e d  S t .  G e o r g e  b a s i n  a r e  p r e s e n t l y  a c t i v e .  
P r i n c i p a l  s t r u c t u r a l  f e a t u r e s  a l o n g  t h e  ou te r  c o n t i n e n t a l  s h e l f ,  
e.9. S t .  George a n d  A n a k  b z s i n s ,  a s  w e l l  a s  o t h e r  m i n o r  b z s i n s  
( s e e  Marlow - e t  - a l . ,  1 9 7 6 ) ,  proSably a l l  h a d  a combon o r i g i n  a n d  
t e c t o n i c  h i s t o r y ,  S u b d u c t i o n  b e t w e e n  t h e  K u l a  ( ? )  a n d  N o r t h  
American p l a t e s  a l o n g  t h e  B e r i n g  Sea m a r g i n  i s  t h o u g h t  t o  h a v e  
been o b l i q u e  d u r i n g  t h e  ~ e s o z o i c  ( M a r l o w  e t  a l . ,  1 9 7 6 ) .  H o w e v e r ,  
r e c o n s t r u c t i o n s  by C o o p e r  - e t  . 7- a l .  ( 1 9 7 6 ) ,  i n d i c a t e  t h a t  t h e  
a n c i e n t  r ; , z r g i n  map h a v e  b e e n  a t r a n s f o r m  f a u l t  s e p a r a t i n g  t w o  
p l a t e s .  R e v e r t h e l e s s ,  s t r u c t u r a l  p a t t e r n s  were d e v e l o p e d  
p a r a l l e l  t o  the n a r g i n .  T h e  F :e sozo ic  s t r e s s  f i e l d  2 n d  t h e r r z l  
r e g i m e  c h a n g e d  when  s u b d u c t i o n  jumped f r o m  t h e  S i b e r i a n  n a r G i n  t o  
n e a r  the p r e s e n t  k l e u t i z n  t r e n c h .  I f  o b l i q u e  s u b d u c t i o n  d i d  
o c c u r  a l o n g  t h e  B e r i n g  Sea m a r g i n ,  t h e n  a s o u t h w a r d  s h i f t  of t h e  
site of c o n p r e s s i o n  w o u l d  h a v e  i s o l a t e d  t h e  m a r g i n  i n  l a t e  
M e s o z o i c  t i n e .  A r e l a x a t i o n  of cocpression w o u l d  t h e n  g i v e  wzy 
t o  e x t e n s i o n  a n 3  t h u s  t o  f o r m a t i o n  of g r a b e n s  b e n e a t h  t h e  o u t e r  
s h e l f .  T h e  c o n p l e n e n t a r y  h o r s t  s t r u c t u r e s  h y p o t h e s i z e d  by B o t t  
( 1 9 7 6 )  f o r  t h i s  t y p e  of node l  mzy b e  r e p r e s e n t e d  by t h e  P r i b i l o f  
r i d g e .  I f  t h e  B e r i n g  r a r g i n  was  i n s t e a d  a t r a n s f o r m  f a u l t  zone 
d u r i n g  t h e  M e s o z o i c ,  t h e n  s o n e  c o m p l e x  n o d e l  s u c h  a s  a 
c o m b i n a t i o n  of s e d i m e n t  l o a d i n g  ( W a t t s  a n d  R y a n ,  1 9 7 6 1 ,  m a n t l e  
n e t a n o r p h i s m  ( F a l v e y .  1 9 7 4 )  a n d  m a n t l e  f l o w a g e  ( B o t t ,  1 9 7 6 )  mag 
h a v e  l e a d  t o  t h e  c o l l a p s e  o f  t h e  m a r g i n  a n d  f o r m a t i o n  of l a r g e  
g r a b e n s  a l o n g  t h e  outer s h e l f .  W h a t e v e r  t h e  t e c t o n i c  s t r e s s e s  
a r e  t h a t  c a u s e d  e x t e n s i o n ,  t h e y  a r e  p r e s e n t l y  a c t i v e  a s  e v i d e n c e d  
by l a r g e  g r o w t h  f a u l t s  b o u n d i n g  S t .  G e o r g e  b a s i n .  S e c o n d - o r d e r  
s t r u c t u r e s  s u c h  a s  m i n o r  f a u l t s  a r e  p r o b a b l p  s u p e r i n p s e d  
' f e a t u r e s  w h i c h  r e s u l t e d  from s u b d u c t i o n  b e n e a t h  t h e  a r c  d u r i n g  
t h e  C e n o z o i c .  

T h e  s o u t h e r n  B e r i n g  S e a  m a r g i n  i s  w i t h i n  5 0 0  km of t h e  
A l e u t i a n  T r e n c h ,  t h e  p r e s e n t  s i t e  of s u b d u c t i o n  b e t w e e n  t h e  
P a c i f i c  a n d  T3orth A m e r i c a n  p l a t e s .  S e v e r a l  i n t e r m e d i a t e  - t o  
deep- focus  ( 7 1  t o  3 0 0  kn d e e p )  a n d  Lany  s h a l l o 7 d - f o c u s  ( l e s s  t h a n  
7 1  km deep)  e a r t h q u a k e s  w e r e  r e c o r d e d  b e n e a t h  t h e  s o u t h e r n  B e r i n g  
Sea n a r g i n  f r o m  1 9 6 2  t o  1 9 6 9  a s  s h o w n  i n  F i g u r e  3 5 .  T h e  S t .  
George basin a n d  s u r r o u n d i n g  a r e a s  h a v e  been s u b j e c t  t o  
e a r t h q u a k e s  with i n t e n s i t i e s  a s  h i g h  a s  VIII ( m o d i f i e d  M e r c a l l i  
s c a l e ) ,  which  cor responds  t o  a m a g n i t u d e  5 . 7  e a r t h q u a k e  (F!eycrs 
a n d  o t h e r s ,  1976). R e c u r r e n c e  r a t e s  of e a r t h q u a k e s  f o r  ;he a r e $  
bounded by latitudes 50° a n d  60° N a n d  l o n g i t u d e s  of 1 6 0  t o  1 7 5  F 
have  been a s  h i g h  a s  6 . 4  e a r t h q u a k e s  per year f r o m  1 9 6 3  t o  1 9 7 4  
for magnitudes of 4 . 0  to 8 . 4 ,  a n d  0 . 0 1 3  e a r t h q u a k e s  pe r  y e a r  of 





magnitude 8.5 to 8.9 (1 e v e r y  130 years) from 1899 to 1974 
(Meyers and others, 1976). 

The correlation of earthquakes to shallow faulting is not 
well understood (Page, 1975). We believe, h~wever, that Tiany of 
the faults in the southern Bering Sea  are active and that they 
probably respond to earthquzke-induced energies and p o s s i b l y  to 
sedinent loading in St. George basin. 

D e t a i l e d  conklusions are given in the discussion sections of 
parts 2 2nd 3. Sone of the mzjor conclusions are repezted in 
this section. 

The large n u r , S e r  of faults, evidence for recent n o v E ? x n t  
along soge, and the high seisricity indicate that faulting is a 
major e n v i r o n ~ ~ e n t a l  concern in the outer continental shelf reoicr,  
of the southern Bering S e a ,  especially in St. George bzsin. A l l  
faults are potentially active, their moverrent probably influerlce5 
by seisnic energies and the local geology, including baser,ent 
structures and sediment lo~ding. Unstable sedinent masses pose 
potential threats to d e v e 1 o p r ; e n t s  on the continental slope and 
wzlls of the subx.arine canyons. 

Kineralogical and i n o r g a n i c  geochenical data show three 
major sources of sediments a n d  one sediment s i n k .  The Alaska 
mainland source forms a mineralogical and chemical b a c k g r o u n d  to 
most samples from the shelf. The dominant source is the Aleutian 
Islands and a third, very local source, is the Pribilof 
Islands. St. George basin has s e r v e d  as a sink for fine-grained 
sediment. 

I Sedinent distributions do not appear to reflect p r e s e n t - d a y  
deposition. Rather, we believe that the distributions are the 
result of accumulation during periods of lower sea level in the 
P l e i s t o c e n e ,  modified by present-day processes. Evidence for 
this conclusion is shown by a concentration of Aleutian 
sediments, between the 100 m and 200 m isotaths, which exhibit a 
strong gradient, or " p l u n e " ,  that d e c r e z s e s  away fron Unir ,a l :  F z s s  
into St. George basin. L z c k  of present-day currents sufficient 
to move even clay-size material and the presence of the Bering 
submarine canyon between the Aleutian I s l a n d s  and the outer 
continental shelf and slope indicate that Holocene sediment 
dynamics cannot be used to explain the observed distribution of 
surface sediments derived from the Aleutian Islands. We believe 
it is logical to suggest that this distribution pattern is relict 
and is the result of sediment dynamics auring lower sea levels. 
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