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SEISMIC PZFLECTION RECORJIS SHOXIFJG STAPLE AND 

UNSTABLE SLOPES NEAR THE SiELF BREAK, WESTERiJ 

GULF OF ALASKA 

Monty A. Hampton and Arnold H. Bouma 

This Open-File Report supplements a publ icat ion by Harnpton and Bourna 
(197.7) t h a t  d iscusses  slope i n s t a b i l i t y  on t he  uppermost continental  slope 
off  the  Xmdiak shelf  i n  the  western Gulf of Alaska (see kppendix). In  t h a t  
paper, only a few examples of seismic r e f l ec t i on  records were shown, 
whereas a l l  t he  records c i t ed  i n  t h a t  paper a r e  included on the  microfiln: 
t h a t  accompanies t h e  report  (available from t h e  U.S. Geoiogical Survey 
l i b r a ry  i n  Menlo Park, Ca l i fo rn ia ) .  The loca t ions  of t he  p ro f i l i ng  l i n e s  
a re  given i n  f igure  1. Xerographic copies of t he  seismic re f lec t ion  
records ava i lab le  on microfilm are  included here a s  f igures  2A-F. 

The s e i s d c  records were col lected i n  June and J u l y ,  1375 +joard <ye 
R/V SEA SObiSDZX (by A .  H.  B o u ~ z  and M. A .  Ha-tcr.) an:, f o r  l i z c s  nu.nk2r25 
greater  than 680, a b o ~ r 2  the  :dV S.P .  LEE (by R. von Ru'ne) . The s e i s r i c  
syste;ns aboard sach s h i p  includsd 93 and i6O Xilojoule ssarker ,  ~;?&DGK, a--5 
3.5 ki loher tz  sys  tenrs . 

Only s2arksr  records and a f e w  unibma records a r e  inzlu5od i n  t5is 
report .  The records froin sout:?err! and middl2 k lbz t ross  323:s ( l i n e r  63 t o  
154, Fig. 1) show abmdazt evidence of s l i d i n g  seauar2 of t h e  shelf  break. 
(Lankl ides  z r e  denotee by s on the seisrric records;  53-2 s h s l f  5rezX by - 
s .b - ) . 1-bst of t h e  slicks ap2ear t o  be large-scale  ro t a t i ona l  sl-z~?s, bu t  
the  ones on l i n e s  607-608 a re  relat.ively smz11 and t h i n ;  ag2arently debris-  
s l i d e s  (see the uniboom records of l i n e  607-608). 

Along northern Albatross bar& ( l i n e s  190 t o  31, Fig. 1 1 ,  or,iy l i n e  605 
has evidence of ~ 1 0 9  i n s t a i l i t ; . ,  i n  the  fo-?n of szzll c.sSris s l i d r - s  (see rhe  
uniboom record f o r  l i n e  605) .  S l icks  a re  ind ica ted  on several  of the  seis-LC 
records o f f  Stevenson Trough and Portlock i3an:-: ( l i n e s  C t o  601, Fig.  1) . 
Large ro t a t i one l  s l i d e s  a r e  am-en, but st211 debr i s  s l i d e s  occur on l i n e  E?1 
(see the  unikoon record f o r  t h i s  l i n e ) .  
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SLOPE I K S T A B I L I T Y  NEAR TIIE SHELF E m ,  LGSTEFCY 
GULF O F  ALASICA 

Monty A. Hampton and Arnold H. &ulna 
ABSTRqCT 

The uppermost c o n t i n e n t a l  s lope  i n  t h e  western Gulf of  Alaska, from soutt=r?.  
a l b a t r o s s  &irk t o  Por t lock Bank, includes ttvv broad a r e a s  wilere l a r g e  submri-.e 
l ands l ides  occur m d  one in tervening area  where they  a r e  absent .  The a reas  
containing l a r g e  s l i d e s  show evidence f o r  a c t i v e  near-surface fo id icg  2nd conre- 
quent s lope steepening,  which apparently i s  t h e  u l t i m a t e  c o n t r o l  a?. 57is s l i d l z g .  
Evidence is  absent  f o r  s i n i l a r  a c t i v e  steepening i n  t h e  a r e a  containing no l a r g e  
s l i d e s ,  where s lope  g r a d i e n t s  a r e  r e l a t i v e  gen t l e .  

Rela t ive ly  small ,  shal low s l i d e s ,  fundarnentally d i f f e r e n t  f r c n  cke l a r g e r  
ones,occur i n  a l l  t h r e e  a r e a s  on s lopes  t h a t  a r e  c o t  n e c e s s a r i l y  acti-.-ely 
steepening. These s l i d e s  probably a r e  s t r a t i c j r a ~ h i c a l l y  con t ro l l ed ,  x i t n  
f a i l u r e  occurring along weak subsurface s t r a t a .  

Strong earthquakes and t h e  r e l a t e d  accelerations ,?robably are  r e s -xns ib le  
f o r  the  a c t u a l  t r i g g e r i n g  of  many of the  l a r g e  azd s ~ a l l  s l i d e s .  A s  Lon9 a s  =he 
t ec ton ic  s e t t i n g  remains a s  it i s  today, f u t u r e  l a rge - sca le  s l i d i c g  skould 
remain confined t o  t h e  two broad a r e a s  LII which it ncv e x i s t s .  Eowever, 
r e l a t i v e l y  sna l l - sca le  and shallow s l i d e s  might occur i n  any o f  t h e  ckree a reas .  

IhTRODL'CT I O N  

S l ides  and r e l a t e d  f o r r s  of gravity-induced s lope  i n s z a b i l i t y  a r e  wicespread 
fea tu res  of t h e  c o n t i n e n t a l  s lope .  Seisnic  p r o f i l e s  o f  tBe s l o ~  reveal  a r e a s  of 
humruockysurfacegeonetry, abrupt  scarps ,  d e f o r m 6  and discontinuous s-Ubottoin 
r e f l e c t o r s ,  r o t a t e d  s e d b e n t a r y  u n i t s ,  and/or s h a l l o x  extens ional  surface  
f rac tures .  These a r e a s  a r e  i n t e r p r e t e d  t o  have experienced s lope  instability. 

The causa t ive  f a c t o r s  of  i n s t a b i l i t y  seldom a r e  ev iden t  on seismic r e f l e c t i o n  
0 ~ e c o r d s .  The r e l a t i v e  s teepness  of  the  c o n t i n e n t a l  slope--an average o f  4.17 

according t o  Shepard (19731--com?ared t o  o t h e r  a r e a s  o f  t h e  ocean f l o o r ,  and t h e  
typ ica l ly  high r a t e s  o f  f ine-grained sedimentat ion,  probably a r e  u l t ima te ly  
responsible f o r  t h e  abundance of s l id ing .  Earthquakes and abnornally nigh pore 
pressures a r e  thought t o  be commn t r i g g e r i n g  mechanisms (see  a l s o  Kell ing and 
Stanley, 1976, p. 412-4131. 

Seismic r e f l e c t i o n  records  gathered i n  June and July  1976 aboard t h e  W V  
Sea Sounder and R/V S.P. Lee show severa l  a r e a s  OF i n s t a b i l i t y  on the  u s p e r m s t  - 
cont inenta l  slope' in t h e  western G u l f  of Alaska, o f f  t h e  Kndiak is1zr.d group 
F i g .  1 The survey l i n e s ,  which Fad been d e s i p e d  mainly f o r  2n environ- 
mental geologic s tudy of  t h e  con t inen ta l  s h e l f ,  d i d  n o t  extend f a r  beyond t h e  
she l f  break (Fig. 2) ( B o w  and Hawton, 1976; Hampton and Bouma, 19761, b u t  
previous records show f e a t u r e s  i n t e r p r e t e d  a s  s l i d e s  down t o  t h e  junction o f  
the  con t inen ta l  s lope  wi th  t h e  Aleutian Trench (von Huene, 1972). 



Inspect ion  o f  our  seismic r e f l e c t i o n  records  al lows i d e n t i f i c a t i o n  o f  a r e a s  
where s l i d e s  a r e  p resen t  on the  upgerms t  s lope  and o t h e r  a reas  whers tney a r e  . 
absent. Two fundamentally d i f f e r e n t  types o f  s l i d e s  have been d i s t inqu i sned  and 
the  h a b i t a t s  of  each type defined. The records  show am2le evidence 2 s  t o  t h e  z j o r  
con t ro l s  on i n s t z b i l l t y .  

Due t-6 space and s i z e  l i m i t a t i o n s ,  se ismic  p r o f i l i n g  records of  a l l  l i n e s  
t h a t  c r o s s  t h e  s h e l f  break cannot be presented  i n  t h i s  FaFer. Only a few r e p e -  
s e n t a t i v e  records ,  i l l u s t r a t i n g  important _ p i n t s ,  a r e  s h o ~ m .  For t h e  i n t e r e s t e d  
reader ,  copies  of a l l  of  t h e  records c ross ing  t 5 e  s h e l f  break, a s  des ignated  i n  
Figure 2 ,  are being published i n  t h e  U. S t  Geological Survey Open-File R e w r t  77-xxx 
(Hampton and Bourn ,  i n  p r e s s ) .  

rnTHODS 

Continuous seismic r e f l e c t i o n  records  w e r e  c o l l e c t e d  with in temedia te -an5  
h i g h - f r e q u e n c y i n s ~ ~ ~ e n t s i n c l u d i n g  Teledyne 160 k i l o j o u l e  and 93 k i l o j o u l e  
sparker,  EG&G uniboom and Raytkeon 3.5 k i l o h e r t z  s y s t e m .  Sh ip ' s  speeds c o m n l v  
were about 5 1/2 knots ,  but  varied Setween 4 and 8 knots.  

Navigation was by !-lagnavox and I4arconi i x t e g r a t e d  s a i e l l i t e  - Laran C syscens. 
I 

I A Motorola i.'iini-Ranger u n i t ,  using land-based *canspor.ders, was t h e  ~ r i n c i p a l  
navigat ional  t o o l  where surveying was wi th in  53  t o  80 -ni les  of t h e  t r a n s w n d e r s .  

Two grab samples and two gravi ty  cores  were c o l l e c t e d  beyond t h e  s h e l f  brezk,  
giving l i m i t e d  information a s  t o  the  na tu re  o f  t h e  upper s lope sedimancs. 

GEOLOGIC SETTI?:Z 

General 

The western Gulf o f  Alaska con t inen ta l  margin i s  loca ted  on t h e  edge o f  
the  North m r i c a  p l a t e  near  the  zone of  subduction assoc ia ted  with t h e  Aleut ian  
Trench. Active tectonism i s  d e m n s t r a t e d  by f requen t  s e i s d c  and volcanic  even t s  
in t h e  genera l  a rea .  

The mst recen t  major seismic a c t i v i t y  t o  a f f e c t  t h e  western Gulf was t h e  
1964 Alaska earthquake. A maximum u p l i f t  of  about  7 m near  t h e  s h e l f  break 
-computed from pre- and post-earthquake soundings by von Huene e t  a l .  (1972). 
Since t h e  t u r n  of  t h e  centruy,  m r e  than 80 earthquzkes o f  g r e a t e r  than Rich te r  
magnitude 6.0 have occurred i n  the  region i r o n  t h e  t i p  of  the  Alaska Peninsula 
t o  Pr ince  W i l l i a n  Sound Cmn Huene e t  a l . ,  1976; John Lahr, U.S. Geological Survey, 
unpublished d a t a ) .  Sixteen volcanoes i n  t h i s  same region have been a c t i v e  w i t h i n  
the p a s t  10,000 years.  

S t r u c t u r e  

The structure of  t h e  con t inen ta l  margin r e f l e c t s  major t e c t o n i c  a c t i v i t y  
(von Huene and Shor, 1969; von Huene, 1972; von Huene e t  a l . ,  1972). A zone o f  

I 
in tense  f a u l t i n g  and deformation occurs along and o f f shore  o f  t h e  P a c i f i c  Coast 
of-- the Kodiak i s l ands .  Seaward of this zone is a broad, gen t ly  deformed basin 
containing middle and upper Ter t i a ry  sediments. A broad arch ,  apparent ly  is d i s -  
continuous at shallow t o  m d e r a t e  depths,  e x i s t s  a long t h e  she l f  break and forms 



t he  seaward f l ank  of  t h e  basin. The a r c h  i s  breached i n  severa l  p l a c s s ,  z ~ d  s 
few rocks of Xiocene and Pliocene aqe have been recovered by dredging (von Huene 
and Shor, 1969). 

Seismic records  suqgest t h a t  t"ie c o n t i n e n t a l  s l o s e  i s  con_xsed o f  s t sep l>-  
dipping and folded sediments o v e r l a i n  by a b lanket  of te r r igenous  sedL7en-s (-.-an 
Huene, 19721, bu t  t h e  s t r u c t u r e  i s  l e s s  we l l  !cr.osm t h m  f o r  t h e  a d j a c s n t  s n e l f .  

Physiography 

The su r face  physiography of  t h e  s h e l f  o f f  the  Kodiak i s l a n d s  c o n s i s t s  of  
s e v e r a l  f l a t ,  r e l a t i v e l y  shallow a r e a s  c u t  by t r ansverse  va l le j -s  ( 3 5 .  3 ) .  Tkis  
physiography r e f l e c t s  the  e ros ive  a c t i o n  of  g l a c i e r s  and waves a s  x e l l  a s  s o r s  
bedrock s t r u c t u r a l  cont ro l .  The shelf-break a rch  toman ly  forrs  e p;?.sio,-ra~kic 
high, wi th  a shallow trough behind it. Hogback r idges,reflsct :ng 5reschi:;g c f  the  shelf-  

- . -  - .  break a rch  czcur  a t  sever21 2 lacns  ~ : 1  t h e  0:=2~- 0 5  =:'.e s:=3r-3~ = z n ~ ; .  ,;.irfi::al 
scarFs,  imp1yir.g recent  f a u l t i n g ,  occur t:hro-~gi..out t:?e she l f  a r e a  (Bo-&ma and Xsmptz-l, 
1976; Hamptoa and Bouma, 1976). 

The c o n t i n e n t a l  s lope  can be d iv ided i n t o  t h r e e  broad ? h p s i o s r a ~ k i c  Ereas:  
t h e  r e l a t i v e l y  s m o t h  usper s lope ,  L\e benchlike n iddle  s l o s e ,  anZ t h e  s t s e p ,  
rough lower s lope  (von Euene, 1972). 

Sediments 

S u r f i c i a l  sediments on t h e  shallow banks of  tke  she l f  a r e  s a r . 5 ~  - b a t  coczain 
coarser  m a t e r i a l ,  rangicg u? t o  boulder  s i z e .  They r a r e l y  c o z t a i n  s i g n i f i c t : ~  
q u a n t i t i e s o f  s i l t  and c l a y  ( B o w  arid tiarnptcn, 1976). Foranini fera  t e s t s  anc 
crushed s h e l l s  of negafauna c o n s t i t u t e  major por t ions  of these  seeimer-ts. 
The s u r f i c i a l  sediments i n  t h e  t r ansverse  troughs t l ~ i c a l l y  a r e  f i n e r  g ra inee  
than those  on t h e  banks, and a t  a  few p laces  a r e  corr,?osed almost e n t i r e l y  of s i l t -  
and c lay - s i ze  mater ia l .  Local occurrences of gravel  a ~ d  coarser  c l a s c s  a r e  c c a o n .  
Volcanic a s h  is an abundant c o n s t i t u e n t  of wst s u r f i c i a l  trough sedi -xnts .  

The two g r a v i t y  cores  c o l l e c t e d  on t h e  u p p e r m s t  c o z t i n e n t a l  s lo:~,  seawrrd 
of  middle Albatross Bank (Figs. 2, 3)  c o n s i s t  of  s i l t y  mud wi th  s c a t t e r e d  p e b 3 e s .  
The co res  cane from an ares. o f  genzra l  s l i d i n g  (Fig. 3) . The two 5 -A s a ~ l e s  
c o l l e c t e d  seaward of t h e  m u t h  of  a  t r a n s v e r s e  va l l ey ,  i n  an a r e a  t h a t  contai-.s 
only minor evidence o f  slumping, a r e  composed of  pebbly sand wi th  e s s e n t i a l l y  
no f ine-grained mater ia l .  

DESCFJPTIONS OF SEIS;.lIC iCEJ?iiCTIOK DATA 

I n  t h e  following discuss ion,  t h e  s tudy a r e a  i s  divided i n t o  t h r e e  d i s t i c r t  
p a r t s  - southwestern, c e n t r a l ,  and nc r theas te rn .  Each p a r t  is  chzrac re r i zed  3y 
t h e  types  and abundance of  s l i d i n g  occur r ing  wi th in  it. 

I n  t h e  southwestern p a r t  of  t h e  s tudy a r e a ,  which inc ludes  southern and l i d d l f  
Albat ross  Bank, mst sparker records  ( l i n e s  63 through 154, Fig. 2 )  show e v i l r n c e  
of submarine s l i d i n g .  S l ides  a r e  n o t  ev iden t ,  o r  a r e  ques t ionable ,  cn l i n e s  51  
(Fig. 41,  59, 60, and 608. Perhaps some of t h e s e  l i n e s  d id  n o t  extend far er-sugh 
Onto t h e  c o n t i n e n t a l  s lope  t o  encounter s i i d e s .  In  the  b e s t  e x q l e s ,  scch as 
l i n e s  64 and 610 (Fig. 4 ) ,  t h e  s l i d e s  ap?ear a s  h igh-re l ief  humnocks t h a t  rea-h 



heights of about 60 n. +hese fea tures  have the  general appearance of l a rg s  
ro t a t i ona l  ~ 1 ~ ~ 2 s  Cvarnes, 1 9 3 1 ,  having r e l a t i ve ly  s,xll <is,-lscenents r e l a t i v e  
t o  t he  s i z e  of the displaced un i t s  and g2nerally curved s l i d e  planes,  where visible:  
Truncation of s t r a t a  a t  the  headwall sca-Ts is  evidsnt on l i n e s  154, 610 (Fig. 4 )  
and 63, -but not on others  such a s  55 (Fit. 4 ) .  

A minimum thickness of 200 m of slur2ed material  can be e s t i ~ t e d  on l i n e  154 
(Fig.4) by extending the 5 1 / 2 O  gradient of the  u,-per slope above the  headwall, 
out  over fhe area of s l i d ing  and by measuring t he  dis tance down t o  the  inferred 
s l i d e  plane. Estimates of thickness made on other  l i n e s  a r e  s imilar .  The s l i d e  
block v i s ib l e  i n  l i n e  154 is about 95 m th ick and has noved abouc 300 rn doms:ope. 

Cowlexly dis tor ted bedding e x i s t s  tc g rea t  Cepths i n  sone of the  s l i d e  areas. 
Past  the  major course change marked on l i n e  610, for  example, defo-m~tion i s  
evident below the surface f o r  about 0.8 sec. of one-way t r a v e l  t i ne .  About 9.38 sec. 
of deformed sediment i s  v i s i b l e  a t  the  end of l i n e  63, and'absut 0.13 sec. on l i n e  
55 (Fig. 4 ) .  Sone i r r e g - ~ l a r  deformation a l s o  a2sears on l i n e  60, which is  s a r = l l e l  
t o  the  slope and crosses the  trough between southern and r i d d l e  Albatross Banks. 
The folding apparently i s  oblique t o  the  =in tectonic  trend. The slope gradiant 
normal t o  l i n e  60 is  about 6 1 / 2 O .  

The s l i d e s  between l i n e s  607-608 a r e  sub t le  on che sparker records (Fig. 4 )  
-; but show up :gel1 on the -~?iboon reczrds (Ti,-. >! . r-.ey assear 2 s  a s s r i e s  of 

low-relief hummocks t o  about 5 m high. Continuous r e f l e c t o r s  a r e  v i s i b l e  belcx 
the s l i de s ,  giving a l imi t ing  maxinun thickness of &out 30 m of disslaceci inacerial. 
These s l i d e s  appear t o  be debr i s  s l i d e s  o r  block q l ides  (Varnes, 19581, involving 
mvement of a few or several  un i t s  along r e l a t i ve ly  planar s l i d e  surfaces.  

The debr is  s l i de s  described h v e  rn~ -~ed  over a qrezient  of b u t  3O. In  coa t ras t ,  
the  la rger  slumps mved over generally s teeper  gradients of 3O-9O, averaghg  a jou t  
5-1/2O. Gradients on the  upper cont inental  sloae where s l i d ing  i s  not observed 
range from about 2 O  t o  4 l / z O ,  a v e r a g i n ~  about 30. 

. The nature of the shelf  break i s  highly var iable  along southern and middie 
Albatross Banks. On l i n e s  610 (Fig. 4 )  and 609, fo r  example, t h e  shelf  break 
is abrupt whereas it is broad on l i n e s  154 (Fig. 4 )  and 59. The depth of the 
shelf  break, measured a t  t he  f i r s t  s i gn i f i can t  chznge i n  gradient ,  va r i e s  fro= 
about 45 m ( l ine  59) t o  about 365 n (1ir.e 610). Par t  of t he  var ia t ion  i n  depth 
r s  re la ted  t o  the presence of troughs between the banks. The shape and de?th 
of the  shelf  break does not seem t o  vary cons i s ten t ly  with the  presence o r  ahsence 
of s l i d e s ,  except t h a t  a l l  abrupt shelf  breaks a r e  followed by s l i d i n g  on the  
adjacent usper slope. 

The geologic s t ruc ture  i n  this p a r t  of t he  study a rea  shows considerable 
evidence of recent tectonics.  A l a rge ,  breached an t i c l i ne  i s  present  near the  
shelf  break on mst l i n e s  (e.g., l i n e  61, Fig. 4 ) .  An apparent graben occurs 
near the  large an t ic l ine  on l i n e  64 (Fig. 4 ) ,  and'mlr be >resen t  i n  a mDre s-kdxed 
form on nearby l i n e  63 and i n  p a r t  on l i n e  61 (Fig. 4 ) .  Tine ~ r a b e n  i s  probakljr 
re la ted  t o  extension above the  general arching t h a t  seems t o  be taking place. 

A smaller an t ic l ine  appears seaward of the  large one on so- of the  l ines .  
For example, a sua l l  subsurface f lexure  t h a t  is draped by very s l i g h t l y  deformed 
slope sediments appears on l i n e  61 (Fig. 4 ) .  Line 610, t he  next l i n e  t o  the  
northeast ,  shows a l a rger ,  but  analogous an t i c l i ne ,  one t h a t  has gro-m su f f i c i en t ly  
toform a new shelf  break beyond the  landward one. The second cross ing of the  
seaward an t i c l i ne  on l i n e  610, pa s t  the  rrajor course change where t h e  ship  turned 
and headed back toward land, shows t h i s  a n t i c l i n e  t o  be l a rge r  and forming a 



shallower shel f  break (280 n versus 365 n) than on t h e  previous crossing.  The 
she l f  break i s  a d iscont inuous ,  "en echelon" f e a t u r e  i n  t h i s  a r e a ,  a s  depicted 
on .Figures 2 and 3. 

Ponded sediments occur between the  two a n t i c l i n e s  on l i n e s  610 (Fig. 4 ) .  
The increased d i p  o f  t h e s e  sediments deeper i n  t h e  s e c t i o n  impl ies  growth of  a t  
l e a s t  the  seaward a n t i c l i n e  during deposi t ion  (von Huene, 1972). 

The c e n t r a l  p a r t  of  t h e  study a r e a ,  along nor thern  Albat ross  Bank ( l i n e s  
190 t o  31, Fig. 21, is  devoid of  s l i d e s  on t h e  uppermost c o n t i n e n t a l  s lo=e,  
except f o r  some r e l a t i v e l y  small  f ea tu res  on l i n e s  605-606 (Fig.  6 ) .  A s  seen 
on the  uniboom record (Fig. 7) ,  these  s l i d e s  a r e  s i n i l a r  t o  t h e  d e b r i s  s l i d e s  
on l i n e s  607-608. They occur on a s l i g h t l y  s t e e p e r  g r a d i e n t  of  about 4-1/2', 
and appear t o  be about  25 n th ick .  I r r e g u l a r  su5surface  d e f o r r a t i o n  i s  a22arent  
on l i n e s  605-606 and 190 (Fig. 6)  near t h e  hour-dary wi th  the  sou~nwescern par= 
of t h e  study area .  

The gradient  of t h e  ilpser con t inen ta l  s lope  i s  g e n t l e  throughout nos t  o f  
t h e  c e n t r a l  a r e a ,  i n  t h e  range from 1/4' t o  4 1/2O, averaging &mat 2O. The d e b r i s  
s l i d e s  occur on t h e  s t e e p e s t  s lope  o b s e s e d  (4-1/2O), where t h e  she l f  breaX 
is  a l s o  mst abrupt .  The s h e l f  break throughour t h e  r e s t  of  t k e  a r e a  ranqes from 
sharp te.g., l i n e  34) t o  gradual  (e.g., l i n e  603).  Its depth  l i e s  between 100 n 
and 175 m. 

The geologic s t r u c t u r e  o f  the  c e n t r a l  region i s  i n  d i s t i n c t  con t ras r  wi th  
t h a t  t o  the  southwest. Tine s h e l f  break a n t i c l i n e  i s  , resent  on m o s t  1 i r . e ~  bu t  
is  t y p i c a l l y  a  broad f e a t u r e  with gent ly  dipping l i n b s  (e.g.,  l i n e s  31, 34, 39, 
604, Fig. 6 ) .  The seaward limb no,lmally conforms t o  t h e  g e n t l e  q rab ien t  of t h e  
upper s lope,  and seismic r e f l e c t o r s  genera l ly  a r e  p lana r  .&rider t h e  s l o s e  (e.5. 
l i n e s  32, 33, 37, and 38, Fig. 6 ) .  A t i g h t ,  breached a n t i c l i n e  i s  p resen t  on 
l i n e  49 (Fig. 61, b u t  it i s  well  lanadard of t h e  s h e l f  break. A r e l a t i v e l y  s ~ l l  
subsurface a n t i c l i n e  occurs  on l i n e  606 but  does n o t  appear on ad jacen t  l i n e s .  

Large-scale s l i d i n g  resumes i n  the  nor theas te rn  p a r t  of t h e  s tudy z rea ,  
which encompasses Por t lock Bank and the  ad jacen t  t rough t o  t h e  southeas t  ( l i n e s  
C t o  601, Fig. 2) .  Large slumps a r e  present  on many of t h e  t r a c k  l i n e s .  On l i n e  
8 1 t h e s l i d e  plane i s  v i s i b l e  below t k ?  s l i d e  mss, which i s  about  175 n t h i c k  
and has moved about 950 m downslope (Fig. 8 ) .  kn o l d e r  seismic record,  nea r ly  
coincident  with l i n e  81 b u t  exrending t o  t h e  base of  t h e  c o n t i n e n t a l  s loge  (line 6, 
Fig. 91, shows t h i s  same s l i d e  block i n  i t s  e n t i r e t y .  It i s  about  3700 n long 
and is  succeeded downslope by a t  l e a s t  one more s i m i l a r  s l i d e .  

Debris s l i d e s ,  s i m i l a r  t o  those  on l i n e s  607-608, appear on l i n e  601 nea r  
the she l f  break (Fig. 10) .  The continuous r e f l e c t o r s  below t h e  s l i d e  blocks p l a c e  
a thickness of 70 m. a s  r-axinurn. The g rad ien t  i s  3'. The analogous loca t ion  
on the  r e tu rn  Crossing of  t h e  she l f  break, beyond t h e  n a j o r  course  change marked 
on l i n e  601, shows no s l i d e  blocks. 

I n  add i t ion  t o  t h e  presence of  l a rge  s luqs,  t h e  nor theas te rn  a r e a  has m y  
o the r  s i m i l a r i t i e s  t o  t h e  southwestern area.  The s h e l f  break i s  abru2t  i n  some 
places  and broad in o the r s .  Gradients of the  usper s lope  a r e  2' t o  9-1/2' and ' 

depths of the  she l f  break a r e  110 m t o  510 m. 

The geologic s t r u c t u r e  near  the  she l f  break is s i m i l a r  t o  t h a t  o f  the  southwestern 
area. Broad, breached a n t i c l i n e s  appear on many l i n e s  (e.g. 77, Pig. 8, and 791, 



and a l a r g e  graben i s  we l l  shown on l i n e  8 1  (Fig. S ) .  I r r e g u l a r  subsurface Zeforz-Ltion 
a l s o  occurs  (e.g. l i n e  6, Fig. 9,  and C, 67).  

b l d t i p l e  she l f  breaks, r e f l e c t i n g  a p a t t e r n  s i m i l a r  t o  t h a t  on l i n e s  61 and 
610 (Fig. 41,  appear on l i n e s  77, 175 and 601 (Fig. 8 ) .  On l i n e  77, a subscrface 
a n t i c l i n e  is  draped by s lope  sediclents. This  a n t i c l i n e  d e f o r m  t h e  sea  f l o c r  
t o  form a new shel f  b r e d  on t h e  next  l i n e  t o  t h e  nor theas t  ( l i n e  601) a d  a shallzwer, 
mre pronounced break on t h e  next  one ( l i n e  175) .  Large slumps a r e  r e s e n t  =n 
t h e  s t e e p  s lope  beyond t h i s  s h e l f  break. 

DISCUSSION AND CONCLUSIOSS 

The occurrence of l a r g e  s l i d e s  i n  a r e a s  where t h e r e  i s  evidence f o r  act2ve 
growth of s t r u c t u r e s  on t h e  s h e l f  s r e a k  and -i?;erzi3sc conrfnencal  s l o ~ e ,  ar-Z the  
absence of such s l i d e s  where t e c t o n i c  d e f o m t i o n  i s  r e l a t i v e l y  n i n o r ,  i n d i c z t e s  
a r e l a t i o n s k i p  between s lope  i n s t A i l i t y  and cez tcz ics .  Tte  -per c a n t i n e n t z l  sl=_rt 
is being t e c t o n i c a i l y  steepened i n  p laces  by g r c h ~ 5  of  s t r -dc tu ra l  a rches  near  
the  s h e l f  break. The t e c t o n i c  s t eesen ing  probaj ly  i s  t h e  u l t i m a t e  c o n t r o l  c l  
the  l a r g e  s l i d e s  i n  the  study a r e a ,  al though earthquakes a s s o c i a t e d  ?*-it?-. the  i e c t z ~ i s m  
might a c t u a l l y  be the  t r i g g e r i n g  rnechanisn. Huene (1972) a l s o  has sugges=ed 
a r e l a t i o n s h i p  between t e c t o n i c  s teepening and s l i d i ~ g . i n  t h i s  a r e a .  

Active t ec ton ic  s teepening i s  perhaps n o s t  convincingly demonstrated wtsre  
mul t i e l e  s h e l f b r e a k s  e x i s t .  The seaward she l f  break represen t s  t h e  h y s i o g r z 2 h i c  
e q r e s s i o n o f a  shallow a t i c l i n a l  fo ld .  A s  nos: c l e a r l y  si?own on l i n e s  77, ?i)l, 

and 175 (Fig. 8), t he  a x i s  of t h e  a n t i c l i n e  i s  inc l ined  gen t ly  towardti.= soczhwesz. 
On l i n e  77 the  a n t i c l i n e  apparent ly  once e x i s t e d  a s  a physiographic h i g i ,  wirh 
s lope  sediment onlapping it. Present-day s lope  sedinents  a r e  m a f f e z t e d  by =he 
a n t i c l i n e ,  suggesting t h a t  i t s  growth a t  c h i s  locayion i s  now slow o r  nonexLstenC. 
On l i n e s  601 and 175, t h e  a n t i c l i n e  has higher e l eva t ions  on c r o s s i n g s  successive:: 
t o  t h e  nor theas t  and a p e a r s  from i t s  p h y s i o g r q h i c  e ~ r e s s i o n  t o  be a c t i v e  st 
present .  A s i m i l a r  case  czn be cons t ructed  f o r  the  seawarl  a n t i c l i n e  azd s t e l f  
break on l i n e s  61 and 610 (Fig. 4 ) .  Seismic r e f l e c t i o n  records  of  a l l  c rossrngs  
of mul t ip le  she l f  Sreaks along t h e  Uadiak she l f  ( l i n e s  175, 601, and 610) skzw 
l a r g e  s l i d e s  on t h e  a c t i v e l y  s teepening seaward f lank of t h e  o u t e r  a n t i c l i n e .  

I r r e g u l a r  subsurface d e f o m t i o n  i s  comon i n  t h e  gene,-zl a r e a s  where Isrge-  
s c a l e  s l i d e s  occur. This  deformation (e.g., l i n e  60 on Fig. 4 and l i n e s  C, 37, 
6, Fig. 9) andoubtedly reg resen t s  buried s l i d e s  i n  sone ? laces ,  b n t  i n  o t k e r s  
it may be produced by cjravity fo id ing,  d i a p i r i s n ,  o r  m v e n e n t s  along deep s l i d e  
planes. A l l  of  these  processes  could be b a s i c a l l y  c o n t r o l l e d  by t e c t o n i c  s l s p e  
steepening,  and i n  t h i s  way t h e  complex d e f o m t i o n  might be g e n e t i c a l l y  r e l z t e d  
t o  t h e  l a r g e  s l i d e s .  

The d e b r i s  s l i d e s  occur  i n  a d i f f e r e n t  environment from t h e  l a r g e r  s l i lfs  
and genera l ly  a r e  found on more g e n t l e  gradients .  The d e b r i s  s l i d e s  mst l i c e l y  
are n o t  a l l  p r i n c i p a l l y  c o n t r o l l e d  by s l o ~ e  steepening. O n  l i n e  601 (Figs. 3 ,  1 C .  
f o r  example, the  s l i d e s  occur near  t h e  landward she l f  break,  behind t h e  seawzrd 
break and i ts  associa ted  r o t a t i o n a l  slumps. The g rad ien t  on which t h e s e  smzLler 
s l i d e s  occur is probably decreas ing wi th  t i n e ,  because t h e  seaward s h e l f  break 
is apparent ly  being u p l i f t e d  f a s t e r  than t h e  landward break,  wi th  sed inen t s  ?ondk?  
in . the in terconnect ing  depression.  Where small  s l i d e s  occur a long l i n e  605 
(Figs. 6, 71, t h e  g rad ien t  probably is  no t  inc reas ing  s i g n i f i c a n t l y ,  because t h i s  
l i n e  is loca ted  i n  t h e  c e n t r a l  region of g e c t l e  deformation. The s n a l l  s l i d e s  



on l i n e  607 (Figs. 4 ,  5) a r e  nea r  a  zone of  r o t a t i o n a l  s 1 u . p ~  (see  l i n e  55, Fi9. 
41,  and t h i s  is one ins tance  where t h e  l o c a l  s lope  my be steepening.  In a l l  . 
of these  examples, t h e  mre -o r - l e s s  p lanar  geornetq of  t h e  s l i d e  plane i n d i c a t e s  
u l t imate  s t r a t i g r a p h i c  o f  t h e  i n s t a b i l i t y ,  whereby s l i d i n g  o c c - x s  aionc 
a weak l aye r  of sediment. F a i l u r e  of  the  weak l a y e r  might ke t r i g s e r e 5  3y a c c e l e r a t i o n s  
and/or abnormal p r e s s u r s s  r e l a t e d  t o  earthquakes, and i n  t h i s  way tecconisn 
probably does e x e r t  some inf luence .  

According t o  t h e  i d e a s  d e v e l o ~ e d  i n  t h i s  e a e e r ,  f~=-;-e l s r q e  ear=3q:s:<es 
and t h e  r e l a t e d  t e c t o n i c  s teepening w i l l  probably cont inue  t o  generate larqe-  
s c a l e  s l i d e s  i n  the  two a r e a s  where they occur todal- (i.e., t h e  u,-2er s lope o f f  
sou the rn -d6db  Albat ross  Bank and o f f  P o r t l o t k  Bank) . The t h i r d  a r e a ,  o f f  norrherr: 
Albat rossBr .k ,whicn does no t  con ta in  la rge-sca le  s l icies  seems ui i i ikely t o  e-erienze 
such slope i n s t a b i l i t y  as long a s  t e c t o n i c  s t e e ~ e n i n g  r e ~ a i n s  do -mnt .  .U1 =;?re@ 
a r e a s  contain smal ler ,  s t r a t i g r a p h i c a l l y  con t ro l l ed  d e b r i s ' s l i d e s  and a r e  'herefore 
suscep t ib le  t o  shallow i n s t a b i l i t y .  

* 
We a r e  g r a t e f u l  f o r  t h e  cooperat ion and a s s i s t a n c e  given by Cap=. Allan >:eClecaghan, 

o f f i c e r s  and crew of t h e  R/V Sea So-mder during o c r  c r u i s e  i n  1976. 3 l a n  vor. Hueze 
cont r ibuted  data  c o l l e c t e d  aboard ~ h e  R/V s.?. Lee and from e a r l i e r  c r x i s e s ,  end 
provided s t i n u l a t i n g  d i scuss ions  about t h i s  study. The n a n u s c r i p ~  was reviewe5 
by George Plafker  and Roland van Huene. Funding x a s  ~ a r = i s l l y  ---------- ----*A<-- q-'.' --- "^==  -.---a 

Outer Continental Shelf  Environmental Assessment Trocjrazi. 
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