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In t roduct ion  

I n  Apxil 1976, the  U . S .  Geological Survey, Office of Marine Geology 

conducted a geophysical and sediment sampling c r u i s e  i n  t h e  northern Gulf 

of Alaska between Sewaxd and Kayak I s l and  ( ~ i g .  1) t o  obtain data on s e a f l o o r  

hazards p e r t i n e n t  t o  t h e  OCS o i l  and gas l e a s e  s a l e s .  Stormy weather inter-  

rupted t h e  planned da ta  c o l l e c t i o n ,  dur ing  which time supplemental p r o f i l e s  

and samples were c o l l e c t e d  i n  Prince W i l l i a m  Sound inc luding Montague S t r a i t ,  

VaLdez Arm, Por t  Valdez, and Columbia Bay ( ~ i g .  1). High reso lu t ion  seismic 

p r o f i l e  records were m a d e  using a 600 Jou le   el Norte Minj.sparkcr along 1151. k m  

of t r ack  l i n e s  as shown on maps 1 and 2. Sediment samples co l l ec ted  with grab  

samplers ( 5 8 )  and g r a v i t y  core ( 3 )  and bottom camera s t a t i o n s  (14)  ace a l s o  

shown on t h e  t r a c k  l i n e  maps and on figures 2 and 3 .  

This report i n d i c a t e s  the  seismic r e f l e c t i o n  records and shipboard logs 

t h a t  a r e  publ ic ly  ava i l ab le  and includes t r a c k  l i n e  maps and a t e x t  t h a t ;  

(1) shows examples o f  c h a r a c t e r i s t i c  seismic p r o f i l e s ,  (2 )  descr ibes  geologic 

hazards observed on specific p r o f i l e s ,  and (3 )  inc ludes  summary descript iorls  

of sediment sanples and bottom photographs. 

Microfilm o r  paper p r i n t s  of t h e  seismic r e f l e c t i o n  records and shipboard 

logs a r e  ava i l ab le  f o r  viewing: 

(1) U.S.  Geological Survey 
Pacific-Arctic k ranch of Marine Geology 
Rm. 7169, Bldg. 7 
345 Middlefield Road 
Menlo Park, CA 94025 
Phone 415-323-8111, e x t ,  2074 

or for purchase: 

(2 )  National Geophysical and So la r  ~ e r r e s t r i a l  
Data Center 

EDS/NO~A 
~ o u l d e r  , Colorado 80302 
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Figure 2. Sample loca t ion  map - Montague S t r a i t  and Hinchinbrook Entrance. 
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Discussion of Data 

The c r u i s e  on t h e  Univers i ty  of Alaska ' s  n / V  ACONA was round- t r ip  from 

Seward A p r i l  9-19, 1976. The maps (1 and 2 )  show t h e  progress ion  of t h e  

c r u i s e ;  both samples and t rack l i n e s  a r e  numbered s e q u e n t i a l l y .  Radar and 

Loran A were used f o r  naviga t ion .  W e  e s t ima te  t h a t  our  t r ack  l i n e s  and sample 

s i t e s  have l o c a t i o n  accu rac i e s  of about  - + 0.5 km f o r  t h e  nearshore  p o s i t i o n s  

t o  - + 1-2 km f o r  t h e  o f f sho re  p o s i t i o n s .  

Examples of the high-reso lu t ion  se i smic  records  showing annota t ion  of 

t h e  l i n e s  are shown i n  f i g u r e  4. ~ i g u r e  5 is  an example of the shipboard 

Log f o r  t h e  s e i smic  system. The sequence of events  on t h e  c r u i s e  is summarized 

i n  Table 1, Table 2 l is ts  d e s c r i p t i o n s  and Locations of the  sediment samples,  

and Table 3 summarizes t h e  r e s u l t s  of  the bottom camera s t a t i o n s .  

A brief d i scuss ion  of t h e  major f e a t u r e s  observed wi th  seismic, sediment 

sampling o r  photographic techniques fo l lows  f o r  s e v e r a l  geographic a r e a s .  The 

a r e a s  will be d iscussed  i n  the approximate order sampled: Montague Strait, 

Hinchinbrmk Entrance,  Copper River pro -de l t a ,  Wessels Reef, Kayak Trough, 

Columbia Bay, Valdez Arm, P o r t  Valdez, and Hinchinbrook Sea Valley.  



Figure 4. Example o f  annotations on h igh  r e s o l u t i o n  seismic records. Minis-parker p r o f i l e  c o l l e c t e d  
from Columbia Bay ( ~ i n e  571).  Date i s  J u l i a n  Day and tire i s  Greenwich. Record i s  one 
second sweep, 2-way t r a v e l ,  thus 0-750 m. Other  records were obta ined using 314, 112 and 
114 second sweeps, depending on the  water  depths. 





Table 1. Cruise Summary April 1976 

Date JD Time (0) TrackLine  s Comments - 
' A p r i l  9 100 

101  
101  
101 
102 
102 
102 
102 
103 
103 
104 
104 
104 
104 
105 
105 
105 
105 
105 
105 
106 
106 
106 
106 
106 
L 06 
107 
107 

- 107 
107 

107 
108 
1 08 
110 

A p r i l  19 110 

Abbreviations: 
SOL - S t a r t  o f  l i n e  
EOL - End of l i n e  
SOS - S t a r t  o f  sampling 
EOS - End o f  sampling 
(504-540) - Sample no. 504-540 

LV. Scward 
SOL Montague S t r .  
EOL 
SOL Hinchinbrook Is. 
EOL t o  Kayak Trough 
SOL) Kayak Trough 
EOL) 
SOS) Kayak Is. 
EOS) Pla t fo rm 
SOL Kayak Trough 
EOL 
SOS Kayak Trough 
EOS 
SOL Kayak Trough t o  
EOL Hinchinbrook Is. 

Hinchinbrook Entrance 
EOS ) 
SOL 
EOL 
SOL 
EOL 
AR . 
LV. 
S 0s 
EOS 
SOL) 
EOL) 
SOS 
EOS 

SOS 
LV . 
SOL 
EOL 

Columbia 
Bay 

Va1de.z Arm 
and Port 

Valdez 
Val.dez 
Valdez Arm 

Wessels R e e f  

Wessels Reef 
LV Wesscls R e e f  
Anchor P o r t  Etches 

Stormy weather 
Por t  Etches 
P o r t  Etches 

Hinchinbrook Sea Val ley  
t o  R e s u r r e c t i o n  B a y  

AR, Seward 
End of Cru i se  



Table 2. Sample Summary R/V ACONA A p r i l  1976 

Water Equip. , 

Sta. No. L a t .  Long. Depth ( M )  Type Sample Description 

Muddy s a n d  w/shells 
1.3 m of olive gray mud 
Mud, sand, g r a v e l ,  s h e l l s  
Pebbly mud 
V. f i n e  micaccous sand  

II 

V. f i n e  sand ,  mud 
V. Eine sand 
Gravel, sand, sElclls 
Gravel, sand ,  mud, shells 
Kud, v. Eine sand 
Fine sand, mud 

II 

Fine sand, shells 
F i n e  sand 
Fine sand 
Fine  sand ,  s h e l l s  
Coarse sand ,  shells 
C o a r s e  sand, shells 

'I 

Coarse sand ,  b e n t h i c  organism5 
G r a v e l ,  benthic organisms 
Bedrock,  b e n t h i c  o rgan i sms  
G r a v e l ,  s a n d ,  shells 
Small r e c o v e r y ,  o rgan i sms  
Grey mud 
V. f i n e  s a n d ,  mud 
Sand, mud, benthic organ i sms  



Table 2. (cont' d )  Sample Summary R/V ACONA Apxil 1976 

Water Equip. 
S t a .  No. Lat. Long. Depth (M) Type Sample Descript ion 

Mud, sand 
11 

Grey-green mud 
11 

Gravel, shells, benthic orgs. 
Pebbly mud 
Grey mud 

II 

Pebbly mud 
Grey mud 
Pebbly mud, shell, benthic orc 
Pebbly mud 

11 

W - Van Veen grab sampler 
S ~ K  - Shi.pek grab sampler 
GC - Gravity corer 



Table 3 .  Summary of bottom camera photographs obtained a t  each camera station. 

(R/V ACONA, April 1976) 

Camera 
(sediment) 

S t a .  N o .  L a t .  
Water No. of 

Long - .  Depth (m) frames 
Photo 

Desc r ip t i ons  - 

A l l  undcrcxposed. Sur face  
almost completely barren 
of f l o r a  and fauna. No 
primary s u r f a c e  s t r u c t u r e s  
Numerous burrow h o l e s .  

A l l  extremely undcrexposcd. 
N o t  u sab l e .  

S l i g h t l y  underexposed. 
B o t t o r n  character v a r i e s  
f r o m  smooth s u r f a c e  wi th  
burrow h o l e s  t o  uneven 
surface wi th  cobble  cover, 
p l a n t  growth and moderate 
t o  dense b r i t t l e  s t a r  
e n c r u s t a t i o n .  

Mostly good exposures  with 
good c o n t r a s t .  Low ampli- 
tude siriusoidaL ripple 
marks-para l le l  c r e s  ts . 
No benthos f lo ra  o r  fauna. 

S l i g h t l y  underexposed w i t h  
low c o n t r a s t .  Low ampli- 
tude  sinusoidal r i p p l e  
marks. Longer wave l e n g t h  
than 4, s u b p a r a l l e l  c r e s t s  . 
N o  benthos f l o r a  o r  fauna.  

Underexposed. Minor surface 
undu la t i ons .  No su r face ,  
no benthos f l o r a  or  fauna. 

S l i g h t l y  underexposed wi th  
moderate c o n t r a s t  . Low 
ampli tude r ipple  marks. 
Many with discont inuous  
c r e s t s - s u b p a r a l l e l  w i th  
varying wave l eng ths .  N o  
benthos f l o r a  o r  fauna. 



Table 3 ( c o n t ' d )  

8 (533) 59O53.9' 144O30.2' Good exposure, moderate con- 
trast. Low amplitude 
ripple marks. Crests 
most d i s con t i nuous .  Sub- 
para l l e l  with varying 
wave lengths.  

Good exposure,   node rate con- 
t r a s t .  N o  surface sedi- 
mentary s t r u c t u r e s .  Some 
burrow holes. No ben th ic  
organisms. 

S l i g h t l y  overexposed with 
poor contrast. Mottled 
s t r u c t u r e  on su r face  with 
f e w  benthic  organism?. 

Good exposures with high  con- 
trast. Dense su r face  
cover of e n c r u s t i n g  
organisms. Many large 
s h e l l s  and s h e l l  fragment> 
a n d  cobbles a l so  cover 
surf ace. 

Overexposed, low contrast. 
No sur face  sedimentary 
s t r u c t u r e s .  Some burrow 
holes. No b e n t h i c  
organisms. 

Overexposed, moderate con- 
t r a s t .  Mottled structure, 
cobbled s u r f  ace. Many 
shell fragments and 
benthic organisms. 



Montague S t r a i t  (lines 550-552; samples  500-503; camera s t a t i o n s  1-3). 

T h i s  c o n n e c t i n g  l i n k  between t h e  Gulf of A l a s k a  and P r i n c e  Wi l l i am Sound is 

7-11 km wide and  65 km long and i s  f l o o r e d  by numerous s m a l l  basins between v e r y  

i r x e g u l a r  bedrock knobs and c r a g s  ( f i g .  6) . The b a s i n s  c o n t a i n  from a f e w  meters 

t o  n e a r l y  100 m of r e l a t i v e l y  f l a t - l y i n g  Holocene sed iment  that varies from un- 

c o n s o l i d a t e d  mud i n  t h e  d e p r e s s i o n s  t o  gravel, s a n d  and s h e l l  d e b r i s  which can  

b e  s e e n  on photographs  taken on t h e  bedrock h i g h s .  The t h r e e  d imens iona l  a s p e c t  

of t h e s e  b a s i n s  o r  d e p r e s s i o n s  i s  in lposs ib le  to d e l i n e a t e  based  on t h e  few l i n e s .  

However, one b a s i n  c r o s s e d  by two n e a r l y  p e r p e n d i c u l a r  l i n e s  (550 and 552, Map11 

measured 7 km by 3 k m  and c o n t a i n e d  a t h i c k n e s s  of Holocene sediment up t o  55 m 

deep ,  and an a v e r a g e  t h i c k n e s s  of about 25  m. Other basins a r e  less  than 0.5 km 

a c r o s s  and  c o n t a i n  t h i c k n e s s e s  of less t h a n  1 0  m o f  unconsol ida- tcd sed iment .  

Hinchinhrook Ent rance  ( l i n e  553, samples 543-549).  This eastern e n t r a n c e  t o  

P r i n c e  William Sound which i s  a b o u t  9 km wide and >350 m deep,  is  l o c a t e d  between 

t w o  prominent  i s l a n d s  (r l inchinbrook and Montague) that c o n s i s t  l a r g e l y  of very 

r e s i s t a n t ,  ex t remely  w e l l - i n d u r a t e d ,  f l y s c h - l i k e  sedimentary r o c k s  and t h o l e i i t i c  

b a s a l t  of Pa leocene  age  (Winkler, 1976) .  These Orca group r o c k s  fozm t h e  a c o u s t i c  

basemerlt i n  I l inchinbrook Entrance, Montague S t r a i t  and p robab ly  under  much of  

P r i n c e  W i l l i a m  Sound. The s e i s m i c  r e f l e c t i o n s  from t h i s  s u r f a c e  show a v e r y  

rugged m ~ r p h o l o g y  ( f i g .  6 )  covered by v a r y i n g  t h i c k n e s s e s  of u n c o n s o l i d a t e d  c l a y e y  

s i l t  i n t e r s p e r s e d  w i t h  t h i n  l a y e r s  of sandy s i l t .  

The h i g h - r e s o l u t i o n  s e i s m i c  p r o f i l e  ( l i n e  5 5 3 )  shows a v e r y  thick (>200 m) 

wedge of Holocene sediment  accumula t ing  i n  t h e  e n t r a n c e  ( f i g .  7 ) .  Most o f  this 

sediment o z i g i n a t e s  from t h e  Copper River  and is transported westward by t h e  

coun te r -c lockwise  c i r c u l a t i o n  p a t t e r n  i n  t h e  Gulf of Alaska (Car l son ,  Molnia and 

Re i rnn i t z ,  1976). 
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Figure 7, Hinlsparker  p r o f i l e  o f  t h i c k  wedge o f  Holocene s e d i r n t  I n  H i n c h l n b m k  Entrance. 
L4ne 553 (V.E.  s l o x ) .  



Copper River Pro-Del ta  ( l i n e s  554, 555 and 569) and Tarr Bank ( l i n e  

576; sample 557; camera s t a t i o n  13)- Two m i n i s p a r k e r  l i n e s  were r u n  a c r o s s  

the  Copper River  p r o - d e l t a  betwecn Hinchinbrook E n t r a n c e  and Kayak Trough, 

a d i s t a n c e  of approx imate ly  100 km (Map 1 ) .  The n e a r s h o r e  l i n e  (554 and 555) 

i n  w a t e r  d e p t h s  of 50-100 m shows a s e r i e s  of cut and  f i l l e d  channe l s  a t  

depths i n  the sed iment  of 100-180 m. These channe l s  are up t o  1-2 km i n  

wid th  and  v a r y  i n  r e l i e f  from 10  t o  80 rn ( f i g .  8 ) .  T h i s  h i g h l y  e roded ,  

t r u n c a t e d  and c h a n n e l l e d  u n i t  i s  o v e r l a i n  by Holocene sed iment  t h a t  a v e r a g e s  

a b o u t  LOO m i n  t h i c k n e s s .  T h i s  a g r e e s  c l o s e l y  w i t h  a IIoloccne sediment 

t h i c k n e s s  i s o p a c h  map by C a r l s o n  and Molnia (1975) .  The Holocene sediment  h a s  

c o n t i n u o u s ,  p a r a l l e l  f l a t - l y i n g  r e f l e c t o r s  ( f i g .  8) i n  t h i s  r e g i o n  o f  r a p i d  sedi- 

ment accumulat ion (9-15 m/1,000 years, a c c o r d i n g  t o  Pb-210 d a t i n g  by C.  H o l m e s ,  

USGS and C.  N i t t r o u e r ,  U. of Wash., personal  corn .  1 9 7 7 ) .  S u r f a c e  scd imcnts  i n  

t h i s  water d e p t h  a r e  p r i m a r i l y  c l a y e y  s i l t  t r a n s p o r t e d  i n t o  t h e  Gulf of Alaska  

by t h c  Copper River. 

The o f f s h o r e  l i n e  (569) crosses t h e  n o r t h e r n  edge of Tarr  Bank, a bedrock 

h i g h  t h a t  is l a r g e l y  devo id  of Holocene sediment  (Molnia and C a r l s o n ,  1975). 

A t  t h e  cdges of t h e  bank, the s e i s m i c  r e f l e c t i o n s  s u g g e s t  f o r e s e t  bedding ( f i g .  9 )  

These phenomena may have been formed hy t h e  d e p o s i t i o n  o f  sed iment  e roded  f r o m  

t h e  bank by t h e  f r e q u e n t ,  power fu l  s t o r m  waves that sweep th rough  the Gulf o f  

Alaska- -espec ia l ly  d u r i n g  t h e  w i n t e r  s e a s o n s .  

The s h o r t  nor th - sou th  l i n e  (576) n e a r t q e s s e l s  Reef ,  which i s  l o c a t e d  on  

T a r r  Bank, a l s o  i n d i c a t e s  t h e  scoured  n a t u r e  of Tarr Bank. T h i s  m i n i s p a r k e r  

l i n e  d e p i c t s  i n c l i n e d ,  t r u n c a t e d  units c r o p p i n g  o u t  a t  t h e  s e a f l o o r .  Molnia 

and Carlson (1975) concluded t h a t  t h e s e  bedded u n i t s  a r e  ~ e r e a r y  i n  age. A 

sediment sample (557) and camera s t a t i o n  (13) a l o n g  this Line showed pebbly 

mud as the sediment  type w i t h  s c a t t e r e d  l a r g e  c o b b l e s  and boulders (up to 50 
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Figure 8. Hlnlsparker  p r o f i l e  across the Copper R i v e r  prodel ta  shoutng the bur led channels 
and c u t  and f i l l  features, L ine 554 (Y.E. 1 l ox ) .  



Figure 9.  Minisparker profile across foreset beds on northern edge o f  Tarr Bank. 
Line 569 (V.E. 2 l o x ) .  



i n  length)  present on t h i s  storm scoured bank. Some of t h e  pebbles  c o l l e c t e d  

i n  the  grab sampler were encrus ted  wi th  bryozoans, i n d i c a t i n g  l a c k  of sedi- 

ment cover. 

Kayak Trough (lines 556-568; samples 504-542; camera s t a t i o n s  4-10). 

T h i s  ova l  shaped t rough of probable g l a c i a l  origin i s  t h e  s i t e  of a l a r g e  

3 
submarine s l i d e  (volume of 5.9 km 1 ,  first  descr ibed  by Carlson and Molnia 

(1975a).  On t h e  1976 c r u i s e  of t h e  R/V ACONA this s l i d e  was c a r e f u l l y  d e l i n e a t e d  

with twelve minisparker  l i n e s  (Map 1). These p r o f i l e s  have been descr ibed  i n  

cons iderable  d e t a i l  by  Molnia, Carlson and Bruns (1977)  and t h e r e f o r e  w i l l  n o t  

be f u r t h e r  analyzcd i n  this r e p o r t .  I n  additi-on t o  Ule se i smic  lines, t h i r t y -  

e i g h t  grab samples were colLected from the s h e l f  a d j a c e n t  to Kayak Trough on both  

t h e  nor th  and east  sides(F'ig. 3 ) .  Grain-size d a t a  from these  samples  were i n -  

corpora ted  i n  a map of t h e  d i s t r i b u t i o n  of bottom sediments of t h e  no r theas t e rn  

Gulf of Alaska ( ~ a r l s o n  and o t h e r s ,  1 9 7 7 ) .  S h i p h o ~ r d  descriptions of these  

samples are included i n  table 2 .  S i x  bottom camcra s t a t i o n s  w e r e  taken i n  t h i s  

a r ea ;  t h e s e  r e s u l t s  a r e  sununarized i n  t a b l e  3. 

Columbia Bay, Valdez Arm - and P o r t  Valdez (Lines 570-575;  samples 550-556 

and camera s t a t i o n s  11 &12) .  Thesc f j o r d s ,  l o c a t e d  a t  t h e  no r the rn  end of  

P r ince  William Sound, consist o f  a series of deep bas ins  o f  varying widths  

and depths  s epa ra t ed  by s i l l s  t h a t  probably vary f r o m  g l a c i a l  moraines t o  

g l a c i a l l y  scoured w e l l - l i t h i f i e d  bedrock of the Valdez Group. The l a t e  Cretaceous 

rocks of t h e  Valdez Group are p r i m a r i l y  in te rbedded  s l a t e s  and metagraywackes 

 offit it, 1954) .  The sediment f i l l ,  as measured from our  minisparker  records 

(assuming A sound speed of 1 ,500 m/sec) i s  up t o  300 m t h i c k  i n  Columbia Bay 

between F l e n t  P t .  and E l f  Pt. ( f i g .  lo), 185 m t h i c k  i n  ~ p p c r  Valdez A r m  south  

of Sawmill Bay ( f i g .  11) and 330 m t h i c k  along the south side of P o r t  Valdez 

northwest  of  Sawmill Creek ( f i g .  12). 



Figure 10. Hinisparker profile tn Columbia Bay showing deep sediment filled basins cut i n  
rocks of the Orca Group. L ine 570 ( V . E .  2 lox). 

. - 
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Flgure 11. Minisparker p r o f l l e  i n  Valdez Arm showing i r r e  u l a r  acoustic b a s e r n t  (Orca Group?) 
and thlek, sediment f i l l .  Line 572 (Y.E.  4 10x7. 



Figure 12. Hintsparker p r o f i l e  I n  Port Valdez showing sediment fill up t o  330 m t h i c k  i n  g l a c i a l l y  
scoured trough. Llne 573 (V.E.  2 l o x ) .  . - 



Post (1975) has shown t h a t  t h e  terminus of Columbia Glacier  has been 

very near i t s  p resen t  pos i t ion  f o r  more than 70 years. Tar r  and Martin 

(1914) give  evidence t h a t  Columbia Glacier w a s  once a t r i b u t a r y  t o  the  g r e a t  

Pr ince  W i l l i a m  Sound g l a c i e r .  They f u r t h e r  suggest  t h a t  Columbia Glacier  

was a t  t h a t  time t h i c k  enough t o  completely cover Heather I s l and  ( >  300 m) 

and perhaps t o  have g l a c i a t e d  some of t h e  surrounding r idges  t o  a he igh t  of 

about 1,200 rn. Maximum scour depth below sea  l e v e l  i n  Columbia Bay (water 

depth p lus  unconsolidated sediment thickness ca lcu la ted  a t  sound veloci ty  

of 1,500 m/sec) reaches 480 m i n  the  middle p a r t  and 580 m a t  the  o u t e r  p a r t  

of the  bay. Seafloor i r r e g u l a r i t y  a t  t h e  upper end of t h e  bay suggests  t h a t  

slumping of the  most recent sediments may have occurred.  

A t  the time of maximum g l a c i a t i o n ,  Valdez Glacier  occuppied P o r t  Valdcz 

and VaLdcz A m  and covered the surrounding mountain slopes t o  e l eva t ions  of 

near ly  L,000 m ( ~ a r r  and Martin, 1914). Maximum depths of scour i n  these  

fjords are 520 m near the  middle of Valdez A r m  and 570 m near  the  middle of 

Por t  Valdez. 

B o t t o m  s a r ~ ~ p l e s  co l l ec ted  i n  Valdez A m  (Map 2 )  c o n s i s t  of gray mud and 

pebbly mud with s c a t t e r e d  s h e l l  fragments and  benthic  organisms. The pebbles 

are sub-angular t o  angular  s l a t e s  and meta-graywackes up t o  15 cm i n  l a r g e s t  

dimension. Between Valdez A r m  and P o r t  Valdez i s  a very r e s t r i c t e d  channcl,  

Valdez Narrows, t h a t  appears t o  be p r i n c i p a l l y  i r r e g u l a r ,  glacial ly-scoured 

bedrock knobs and wa l l s  with l i t t l e  o r  no sediment cover except i n  the depressions 

( f ig .  13). 

P o r t  Valdez, tanker loading spo t  f o r  Prudhoe Bay o i l ,  i s  a narrow s teep-  

walled f j o r d  whose east-west t rend i s  con t ro l l ed  by t h e  s t eep ly  dipping f o l i a t i o n  

of the metasedimentaq rocks of the Valdez Group (CouZter and Migliaccio,  1966) .  
, .. 

The VaLdez Glacier  a t  one time occuppied t h i s  f j o r d ,  but has s i n c c  r e t r e a t e d  

about 8 h from the eas te rn  end of the f jo rd .  An extens ive  outwash f an  and 

delta extends from t h e  glacier to t h e  fjord. . - . , 



Figure 13. Minisparker profi le  of irregular bedrock (Orca) morphology i n  Val ley Narrows. 
Line 572 ( V . E .  2 lox) .  



The d e l t a  is  composed o f  a t h i c k  s e c t i o n  of p o o r l y  c o n s o l i d a t e d  g r a v e l s  

with t h i n  beds of s i l t  and sand d i s s e m i n a t e d  th roughout .  The town of Valdez 

was l o c a t e d  on t h i s  d e l t a  u n t i l  a c a t a s t r o p h i c  submarine  s l i d e ,  t r i g g e r e d  by the 

7 7 3 
1964 Alaska e a r t h q u a k e ,  moved an  e s t i m a t e d  9.8 x 10 yd3 (7.5 x 10 m ) o f  the 

delta f a c e  and o v e r l y i n g  dock a r e a  i n t o  t h e  f j o r d  ( C o u l t e r  and M i g l i a c c i o ,  1966). 

The e a s t e r n  0.7 h of rn in i sparkcr  l i n e  573 c r o s s e d  t h e  hummocky i r r e g u l a r  morphology 

t h a t  marks t h e  s u r f a c e  of t h i s  submarine s l i d e  ( f i g .  14). The t o e  of the s l i d e  

mass h a s  a r c l i e f . o f  about  5 m a.nd r e s t s  i n  w a t e r  d e p t h  o f  230 m .  The g r a d i e n t  of 

0 
t h e  s l i d e  s u r f a c e ,  t h e r e f o r e ,  i s  approx imate ly  1 8  , i f  we use  t h e  e x i s t i n g  s h o r e l i n e  

as our  datum. Two prominent  secondary  s c a r p s  and associ.atcd d e p r e s s i o n s  can b e  

s e e n  on t h e  s l i d e  s u r f a c e .  The f i r s t  h a s  a r e l i e f  of 10 m and i s  0 .2  km from t h e  

t o e  and t h e  second w i t h  a r e l i e f  o f  20  m i s  0 .5  krn e a s t  o f  t h e  t o e .  I t  i s  n o t  

p o s s i b l e  t o  de te rmine  with c e r t a i n t y  from our l i m i t e d  covcragc  i f  thcse s c a r p s  

r e p r e s e n t  secondary s l i d e s  subsequent  t o  t h e  main f a i l u r e  o r  i f  they are rncrcly 

r u p t u r e s  or s e p a r a t i o n s  t h a t  o c c u r r e d  as part of a s i n g l e  e p i s o d e  o f  m a s s  movement. 

Hinchinbrook Sea  V a l l e y  ( l i n e s  577-583). The p r i n c i p a l  purpose of l i n e s  

577 and 579 were t o  c r o s s  t h e  c o n t i n e n t a l  shelf-slope break a l o n g  t h e  path o f  

Bi l~chinbrook S e a  Val ley  t o  s c e  i f  a t e rmina l  moraine  could  be d e t e c t e d .  C a r l s o n  

and o t h e r s  (1977) have sugges ted  t h a t  t h i s  sea v a l l e y  w a s  c a r v e d  o r  a t  L e a s t  

modi f i ed  by P l e i s t o c e n e  g l a c i e r s  t h a t  may have covered  much of  the s h e l f .  Although 

t h e  r e s u l t s  of t h i s  p r o f i l i n g  are e q u i v i c a l ,  some e v i d e n c e  f o r  g l a c i a l  d e p o s i t i o n  

a t  t h e  s h e l f  edge can be s e e n  on t h e s e  p r o f i l e s  ( f i g .  1 5 ) .  The wedge o f  Holocene 

sediment  t h a t  b l a n k e t s  t h e  i n n e r  s h e l f  (Car l son  and Molnia,  1975; ~ a l n i a  and 

C a r l s o n ,  ip p r e s s )  p i n c h e s  o u t  a b o u t  2 0  from the s h e l f  b r e a k .  A t  t h i s  p o i n t ,  

t h e  c h a r a c t e r  o f  t h e  recorded  a c o u s t i c  s i g n a l  changes from t h e  well-bedded r e f l e c t o r s  

typ ica l  of the  Holocene t o  t h e  i r r e g u l a r ,  d i s c o n t i n u o u s  r e f l e c t o r s  more t y p i c a l  

of pebbly g l a c i a l  sed iments ,  p o s s i b l y  mora ina l .  Sediment samples  and underwater  
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Ftgure 14. Hlnjsparker  p r o f i l e  across the 1964 submarine s l i d e  s t  east  end o f  P o r t  Valdez.  
Llne 573 (V.E. 2 l o x ) .  , . 





television are needed to verify t h i s  h y p o t h e s i s .  F o l d i n g  and truncation of t h e  

underlying Tertiary sed imenta ry  rock  can  a l s o  be s e e n  on t h e s e  o u t e r  shelf 

l i n e s .  These s t r u c t u r e s  have bccn mapped by Bruns and P l a f k e r  (1975). L i n e s  

580-583 c r o s s  Hinchinbrook Sea Val ley  a t  d i f f e r e n t  a n g l e s  p r o v i d i n g  a d d i t i o n a l  

i n f o r m a t i o n  a b o u t  sed iment  t h i c k n e s s  and morphology of t h i s  s t r a t h .  Line 581 

c r o s s e s  normal t o  t h e  axis  e a s t  o f  P a t t o n  Ray where t h e  s t r a t h  i s  20  k m  wide 

and c o n t a i n s  a l a y e r  of Holocene sediment c o n f i n e d  t o  the e a s t e r n  ha1.f o f  t h e  

v a l l e y .  T h i s  Layer r e a c h e s  a maximum t h i c k n e s s  of 50 m. On p r o f i l e  583, sou th-  

east  of P a t t o n  Bay, t h e  Holocene sediment  a l s o  r e a c h e s  a thickness of a b o u t  50 m, 

b u t  c o v e r s  t h e  e n t i r e  s t r a t h  f l o o r  t h a t  i s  about  15 km wide a t  t h i s  c r o s s i n g .  

West of Hinchinbrook Sea V a l l e y ,  l i n e  583 crosses t h e  s o u t h e r n  end of Montaguc 

I s l a n d  p l a t f o r m .  Three prominent  scarps and minor s u r f a c e  i r r e g u l a r i t i e s  a r c  

v i s i b l e  on t h i s  p r o f i l e .  The l a r g e s t  scarp has a r e l i e f  o f  40 m ( f i g .  16)  and 

s e p a r a t e s  t h e  w e l l - i n d u r a t e d  hcdrock p l a t f o r m  from s h e l f  sediment. Whether this 

s h e l f  sediment  i s  Holocene mud o r  t i l l - l i k e  g l a c i a l  debr i s  m u s t  be de te rmined  by 

sampling and underwater  t e l e v i s i o n  o b s e r v a t i o n s .  Two s c a r p s  10 m e t e r s  h i g h  c r e a t e  

t h e  h i g h e s t  bedrock bench on t h e  Montague pl.atForm, 1 2  km SSW of C a p e  Cl-earc. 

T h i s  bench s h o a l s  t o  less t h a n  50 m o f  water. W e  have no d i r e c t  e v i d e n c e  t h a t  

t h e s e  are  f a u l t  s c a r p s ;  however, vertical offsets of a b o u t  7 m and 5 m were 

measured on t h e  P a t t o n  Bay and Hanninq Bay f a u l t s  a f t e r  t h e  1964 Alaska e a r t h q u a k e  

( ~ l a f k c r ,  1967) .  In a d d i t i o n ,  MalLoy (1965) has compared d e t a i l c d  bot tom soundings  

taken sou thwes t  o f  Montague I s l a n d  i n  1927 w i t h  soundings  taken a f t e r  t h e  1964 

e a r t h q u a k e  and concluded t h a t  prominent  6 t o  30 meter s c a r p s  may r e p r e s e n t  the 

1964 movement. 

West of t h e  Montague I s l a n d  p l a t f o r m ,  l i n e  583 c r o s s e s  Montague Sea V a l l e y ,  

a p r o b a b l e  g l a c i a l  strath a b o u t  8 km wide i n  w a t e r  dep th  o f  175 rn. Although t h e  

b t t o m  of the s t r a t h  can n o t  be i d e n t i f i e d  with c e r t a i n t y  on the  m i n i s p a r k c r  pro- 

file, a thickness of >lo0 m of sediment i s  p r e s e n t .  
. - 
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Line 583 c o n t i n u e s  westward to the mouth of ~csurrect ion Bay (~ig. 17); 

line 584 c o n t i n u e s  up  t h e  bay t o  Seward where t h e  c r u i s e  ended. Resurrection 

Bay i s  a f j o r d  with deep basins between mora ina l  and bedrock highs .  Line 584 

crosses a basin in mid-hay where t h e  water is 300 m deep and t he  sediment 

f i l l .  about 150 m th i ck .  
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