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m S UMMA RY 

The p o t e n t i a l  f o r  d i scover ing  'large accumulations of petrole~m 

on t h e  Outer Cont inen ta l  She l f  of t h e  Gulf o f  Alaska T e r t i a r y  

Province cannot  b e  eva lua ted  wi th  much confidence a t  present because 

of t h e  inadequacies  o f  t h e  a v a i l a b l e  o f f sho re  geologica l  and geophysical 

da ta .  The 2 2  deep t e s t  w e l l s  t h a t  have been d r i l l e d  since 1954 have 

been unsuccessfuL because s t r u c t u r e  i s  camplex and because s u i t a b l e  

r e s e r v o i r  rocks have no t  been found i n  favorable  s t r u c t u r a l  p o s i t i o n s .  

Although i t  i s  p o s s i b l e  t h a t  t h e  f a c t o r s  c o n t r o l l i n g  accumulation of  

petroleum may improve o f f s h o r e ,  r eg iona l  s t r a t i g r a p h i c  and s t x u c t u r a l  

cons ide ra t ions  t o g e t h e r  w i th  t h e  limited geophysical  data sugges t  t h a t  

t h i s  i s  n o t  n e c e s s a r i l y  t h e  case .  Ex t r apo la t ion  o f  onshore. geology 

together with  t h e  l i m i t e d  amount o f  mar ine  geophysical  data, i n d i c a t e  

t h a t  t h e  e a s t e r n  Gulf o f  Alaska O u t e r  Cont inenta l  Shelf  is  gGologically 

complex and c o n s i s t s  o f  s e v e r a l  areas wi th  markedly d i f f e r i n g  s t r u c t u r a l  

s t y l e s  and petroleum p o t e n t i a l .  

Most o f  t h e  known i n d i c a t i o n s  o f  petroleum i n  the province  are i n  

bedded strata of Neogene age, which have a maximum composite t h i ckness  

i n  exces s  o f  25,000 f e e t  (7620 m). The exposed ea r ly  T e r t i a r y  sequence 

is  too indura t ed  and too i n t e n s e l y  deformed t o  have mare than  marginal 

p o t e n t i a l  for accumulation of petroleum i n  commercial quantities. 

Pre-Ter t ia ry  rocks are considered to  be e f f e c t i v e  basement f o r  petroleum. 

The most f avo rab le  prospective area l i es  gene ra l ly  between Icy Bay 

0 0 
on t h e  east and Middleton Island o n  t h e  west  (141 W. to 146 W . It 



2 2 includes roughly one-quarter of t h e  14,320 miles (37,135 km ) of the 

Outer Continental khelf with water depths l e s s  than 650 feet (200 m). 

This par t  of the shelf was t h e  s i t e  of especially rapid subsidence 

and c l a s t i c  deposition throughout much of middle and Late Tertiary 

time and includes organic-rich strata of middle Tertiary age that 

a r e  the most probable source rocks for  the one small o i l  f ie ld ,  

numerous seeps, and other indications of petroleum found along the  

adjacent coast. Large an t ic l ina l  structures occur i n  this segment of 

the Outer Continental Shelf tha t  could provide sui table  traps for 

petroleum. Hawever, there i s  a general scarci ty  of sui table  reservoir 

sandstones onshore and, barring unforeseen circumstances, reservoir 

qua l i t i e s  of  t h e  sandstones would normally tend to decrease offshore 

away from the northerly source areas. Additional unfavorable factors 

may be a )  t h e  extremely thick cover of Miocene and younger sediments 

over some structures  i n  the eastern par t  of the area tha t  could place 

t h e  best target horizons out  of prac t ica l  d r i l l i n g  range, b) excessive 

s t ruc tura l  complications tha t  appear t o  ex i s t  i n  the ant ic l ina l  cores, 

especially those i n  the western pa r t  of t h e  area, tha t  may make it 

impossible to  locate  su i tab le  s t ruc tura l  t raps a t  depth, and c) probable 

deep erosion of s t ruc tura l  highs i n  the western part of the area that 

may have truncated the ear ly  Miocene to  l a t e  Oligocene section, 

thereby allowing trapped oil to escape from former near-surface reservoirs. 

Most of the remainder of the Outer Continental Shelf i n  the Gulf 

of Alaska Tertiary Province i s  judged to have l e s s  potential  for large 



accumulations o f  petroleum. Sparse o f f  shore data suggest a scarcity 

o f  a n t i c l i n a l  traps i n  areas of Neogene sediments o r  the  presence of 

indura t ed  pre-Neogene rocks a t  shal low depths. 

Mineral r e sou rces  o t h e r  than petroleum are n o t  known to  be present 

on the Outer Con t inen ta l  Shelf of t h e  Gulf of Alaska. 

The seismic hazard i n  t h e  Gulf of  Alaska Tert iary Province i s  

extreme. A s  have occurred  i n  the past, g r e a t  earthquakes i n  the  

magnitude 8 c l a s s  are to  be expected i n  the fu tu re .  Although the 

t ime of occurrence of major ear thquakes is no t  c u r r e n t l y  p r e d i c t a b l e ,  

the gene ra l  location of impending shocks i s - -a t  least t o  some degree. 

Geologic and seismic evidence indicates t h a t  the c o n t i n e n t a l  margin 

between the focal r eg ions -o f  the 1964 Alaska and 1958 Lituya ear thquakes  

i s  a probable  s i t e  f o r  t h e  next major earthquake (poss ib ly  i n  the 

magnitude 8 class) i n  southern c o a s t a l  Alaska, or  for a series of l a r g e  

ear thquakes  ( i n  the magnitude 7 range). Current  knowledge i s  n o t  

s u f f i c i e n t  t o  define t h e  f a u l t  s t r u c t u r e s  t h a t  might generate such an 

event  or s e r i e s  of events .  Perhaps the  most d e s t r u c t i v e  earthquake 

i n  t h i s  r eg ion  would be an event  a s s o c i a t e d  with obl ique  unde r th rus t ing  

o f  the ocean. f l o o r  beneath t h e  c o n t i n e n t a l  shelf between Cross Sound 

and Cape St. E l i a s .  Such an event  would be i n  the ma.gnitude 8 range,  

would cause  l a r g e  u p l i f t  of the  shelf area and possible subsidiary 

faulting, would gene ra t e  a major sea wave, would severely shake man-made 

s t r u c t u r e s  i n  t h e  o f f sho re  and coastal areas, and would produce many 

types of ground f a i l u r e  on l and  and on t h e  s e a  f loo r .  



\ INTRODUCTION 

This xeport provides a pre l iminary  summary o f  the status of 

knowledge concerning petroleum potent ia l  and p o s s i b l e  earthquake- 

r e l a t e d  hazards i n  t h e  Gulf o f  Alaska T e r t i a r y  Province (GATP) . It 

w a s  transmitted as a n  in te ragency  report  t o  the Bureau of L a d  

Management (BLM) i n  January ,  1975, t o  a s s i s t  i n  w r i t i n g  an 

Environmental Impact Statement and i n  s e l e c t i o n  of tracts to  be 

l e a s e d  for  petroleum e x p l o r a t i o n  on the  Outer  Con t inen ta l  Shelf 

(02s). The present r e p o r t  i s  e s s e n t i a l l y  unchanged from the one 

submi t ted  to  BLM excep t  t h a t  r e f e rences  t o  non-seismic geologic  hazards 

have been d e l e t e d  because these have s i n c e  been d i scussed  more f u l l y  

elsewhere (Carlson and o t h e r s ,  19751, and minor a l t e r a t i o n s  have been 

made t o  i n c o r p o r a t e  data that has become a v a i l a b l e  since the report 

was prepared i n  December, 1974. 

As de f ined  h e r e i n ,  the GATP i nc ludes  a l l  Tertiary rocks a l o n g  the 

mainland c o a s t  i n  the  e a s t e r n  Gulf of Alaska and their presumed 

o f f s h o r e  ex t ens ions ,  extending 620 mi l e s  (1,000 km) from Cross Sound 

o n  t h e  east t o  about l a t i t u d e  5 9 O ~  on the west (fig. 1). Following 

p rev ious ly  established usage (Miller and o t h e r s ,  1959; PLafker, 1971) 

the onshore p a r t  of t h i s  province i s  f u r t h e r  subdivided i n t o  six 

d i s t r i c t s  f o r  convenience o f  d i scuss ion .  From west  to east these 

a r e  t he  P r ince  W i l l i a m  Sound, Kata l l a ,  Yakataga, Malaspina, Yakutat, 

and Li tuya  d i s t r i c t s  (fig. 1). 



2 The OCS por t ion  o f  t h e  GATP m v e r s  about 20,000 miles (52,000 km2) 
\ 

t o  a water depth o f  3280 feet (1000 m) . Within t h i s  province the  area 

o f  seafloor above spec i f i ed  depth ranges i s  approximately as follows: 

m p t h  Area - 
6 

0-650 Et 0-200 rn 1 11,320 m i  3 7 , 1 3 5 h 2  9 . 1 ~ 1 0  acres 

650-3280 f t  200-1000 m 1 5,900 m i  
6 * 15,320km2 3 . 8 ~ 1 0  ac res  

I 
Total 20,220 m i  

2 6 52,455 krn 12.9 x 10 ac res  

The p o r t i o n  of  the  OCS of current primary interest for l eas ing  by 

the Bureau of Land Managewnt inc ludes  about one-quarter of the above 

area mainly o f f  the Katalla and Yakataga d i s t r i c t s  (fig. 1 ) .  

Accordingly, t he  geology and p o t e n t i a l  of t h e  c e n t r a l  GATP is considered 

i n  more deta i l  than t h e  remainder o f  the province i n  t h i s  r epor t .  

V i r t u a l l y  t h e  only sources of  geologic and geophysical data used 

i n  prepara t ion  o f  t h i s  r e p o r t  f o r  both t h e  onshore and offshore  

p a r t s  o f  t he  GATP a r e  published and unpublished data by t h e  U.S. 

Geological Survey. The d i s t r i b u t i o n  of rocks and the  s t r u c t u r e s  of  

the mainland and i s l a n d s  shown on f i g u r e  2 are reasonably well known 

from surface geologic mapping and from study of the 22 deep wells 

and 4 core ho les  that have been d r i l l e d  for  o i l  along the  coast and 

on sta te  land offshore from Middleton Island. In the OCS parts of 

the province, the  only non-proprietary data a v a i l a b l e  f o r  prepara t ion  

of  t h i s  r e p o r t  are reconnaissance i n  s c a l e  and w e r e  generated 

primarily dur ing the  1974 c r u i s e  of  t h e  R.V. Thompson, These data 

include five reversed r e f r a c t i o n  p r o f i l e s  and 3550 line miles 



(5680 km) o f  s ingle-channel. seismic r e f l e c t i o n  profiles with one-way 

p e n e t r a t i o n  depths  t h a t  are  gene ra l ly  l e s s  than  1-second (Bruns and 

P l a f k e r ,  1975) . 
Organiza t ion  o f  t h i s  report inc ludes :  1) a d e s c r i p t i o n  of the 

physiography of t h e  OCS and review of  the  r e l a t i v e l y  well-kn~wn 

stratigraphy and structure of the mainland coast and offshore i s l a n d s  

of t h e  cont iguous c o n t i n e n t a l  s h e l f ,  2)  a resum4 of t h e  petroleum 

e x p l o r a t i o n  h i s t o r y  i n  t he  GATP, 3) i n f e rences  concerning petroleum 

potential w i t h  emphasis on t h e  OCS, and 4) i d e n t i f i c a t i o n  of p o t e n t i a l  

geologic  hazards. 

The r e a d e r  i s  urged t o  bea r  i n  mind t h a t  because of the rudimentary 

n a t u r e  of t h e  i n v e s t i g a t i o n s  c a r r i e d  out by t h e  U.S. Geological  Survey 

i n  t h e  OCS to  d a t e ,  geo log ica l  i n t e r p r e t a t i o n s  presented  h e r e i n  must 

b e  considered as t e n t a t i v e .  Our  understanding of the GATP OCS should 

be immeasurably improved by a thorough ana lys i s  o f  new OCS d a t a ,  

i nc lud ing  CDP seismic p r o f i l e s ,  t h a t  were acquired d u r i n g  1975. These 

shou ld  provide c r i t i c a l l y  needed data on t h e  deep b a s i n  s t r u c t u r e .  

PHYSIOGRAPHY OF THE OCS 

2 
There i s  a p p r o x i m a t e l y l 4 ~ 0 0  square  m i l e s  (37,000 km ).of 

c o n t i n e n t a l  s h e l f  with water depths  less than 650 feet (200 rn) i n  

t h e  e a s t e r n  Gulf of Alaska ( f i g .  1) . Shel f  widths range from as 

l i t t l e  as 8 m i l e s  ( 13  km) a t  the e a s t e r n  end of the area to  65 miles 

(105 km) i n  t he  west .  A r e l a t i v e l y  smooth and s t e e p  c o n t i n e n t a l  



s l o p e  descends t o  a g e n t l e  c o n t i n e n t a l  r ise a t  w a t e r  dep ths  of 6,600 I 
', ~ 

to  13,200 f e e t  (2,000 t o  4,000 m) t o  t h e  e a s t  of Kayak Island. West I 

of Kayak I s l a n d  the s l o p e  makes up t h e  inner w a l l  of t h e  e a s t e r n  i 
Aleu t i an  Trench, which has floor depths  in e x c e s s  of 14,800 feet 

(4,500 m) (von Huene and Shore, 1969).  The portion o f  the s l o p e  

ad jacen t  t o  t h e  t r e n c h  i s  wider,  and is considerably more i r r e g u l a r  

in topography than  the segment of s l o p e  to  the east of the end of 

the  Aleutian Trench. 

I n  gene ra l ,  t he  topography of t h e  s h e l f  i s  gen t ly  undula t ing  

except where it i s  broken by submarine valleys. Topographical ly  l o w  

and high a r e a s  on  the s h e l f  tend to  reflect Quaternary structural 

features, The most prominent named shaal areas a r e  Fairweather  

Ground, Middleton Platform, and Tarr Bank. Fairweather  Ground, 

lying near the s h e l f  edge 35 m i l e s  (56 km) southwest of L i tuya  Bay 

2 2 
has an  a r e a  of  about  250 miles (647 km ) within the 330-foot 

(100 rn) isobath and minimum water depths of  about 50 f e e t  (15 m) . 
Middleton Pla t form,  which i s  capped by Middleton Island, has an 

2 2 
a r e a  o f  about  50 mi l e s  ( 1 2 8  krn 1 w i t h i n  the  100 m isobath (330 ft). 

Rapid l a t e  Holocene u p l i f t  of t h e  p l a t fo rm is i n d i c a t e d  by 

a series of six wave-cut terraces on Middleton I s l and ,  t h e  youngest 

of which was formed during t h e  March 27, 1964 Alaska earthquake 

(P lafkex ,  1969). T a r r  Bank, l y i n g  between Middleton Platform and 
2 

the roast, has an area of about  2,000 miles2 (5,180 km ) . 
Water depths  over  t h e  bank are g e n e r a l l y  l e s s  t han  330 feet (100 m) 

and as little as 60 f e e t  (37 m) a t  the sha l lowes t  p a r t  (Wessels 



Reef) . Pamplona Ridge i s  a steep-sided f inger - l ike  projec t ion  of 

t h e  s h e l f  between the Yakutat Seavalley and Bering Trough that extends 

about 15 miles (24  km) southwestward onto the con t inen ta l  slope. 

Water depths over it a r e  between 408 and 650 feet (134 and 200 m). 

It i s  of particular geologic i n t e r e s t  because of speculation tha t  it 

foundered t o  its present depth from sea l e v e l  during t h e  p a s t  few 

hundred years  (Jordan, 1958) . 
Continuity of t h e  shelf within  the eas te rn  Gulf of Alaska is 

interrupted by six major submarine va l l eys  and a number of smaller  

ones. The more important v a l l e y s  include t h e  Alsek Canyon, Yakutat 

Seavalley,  and four  unnamed v a l l e y s  which w e  have informally named 

t h e  Cross Sound Canyon, Bering Trough, Hinchinbrook Seavalley, and the 

Amatuli Trough. The most e a s t e r l y  va l l ey ,  t h e  Cross Sound Canyon, 

t r ends  southwestward from Cross Sound, which is a prominent g l a c i a l l y -  

sculpted f i o r d .  A l s e k  Canyon i s  a prominent southwest-trending 

U-shaped submarine v a l l e y  that heads a t  the mouth of the Alsek ~ i v e r .  

I t  has an average wid th  of 10 miles (16 km) and depth of 240 f e e t  

(73  m) across the s h e l f ,  The Yakutat Seavalley i s  a l s o  a U-shaped 

v a l l e y  over 60 miles long and 7 t o  10 m i l e s  (11 t o  16 km) wide that 

trends in an arcuare west to southwest course across  t he  con t inen ta l  

margin from the vicinity of Malaspina Glacier  and Yakutat Bay. 

Bering Trough i s  a broad, poorly defined,  southeast- trending v a l l e y  

t h a t  probably heads a t  Bering Glacier .  It i s  roughly U-shaped i n  



s e c t i o n  with a f l q o r  up t o  1 0  mi les  (16 km) w i d e .  Hinchinbrook 

Seavalley i s  a major southward-trending, U-shapea trough t h a t  heads 

i n  t h e  g lac ia l ly-scoured Hinchinbxook Entrance. It averages about 

240 fee t  (73 m) i n  depth and ranges i n  width from 8 miles (13 km) 

at t h e  nor th  end t o  16 miles ( 2 6  km) a t  t h e  shelf break. The most 

wester ly  va l l ey ,  the  Amatuli Trough, i s  a broad depression up ta 

2 5  mi les  (40 km) wide that d r a i n s  e a s t e r l y  across the  shelf from near 

t he  gap between t h e  Kenai Peninsula and Kodiak I s l ands  group. It may 

have been a major drainage f o r  P l e i s t o c e n e  g l a c i e r s  that extended 

onto  t h e  s h e l f  from the  Cook I n l e t  Basin. 

REGIONAL STRATIGRAPHIC FRAMEWORK 

Geological ly,  the GATP i s  a compound cont inenta l  margin basin 

made up almost e n t i r e l y  o f  te r r igenous  c l a s t i c  rocks t h a t  are 

i n t e r c a l a t e d  wi th  subordinate mafic volcanic and volcanic las  t i c  

rocks and with minor coal. The bedded rocks of t he  onshore Gulf of 

Alaska T e r t i a r y  province, with a maximum thickness of tens of thousands 

o f  feet ,  inc lude  bo th  marine and nonmarine units. Three major 

subdivis ions  of ~ e r t i a r y  rocks a r e  recognized on the b a s i s  of f o s s i l s  

and gross l i t h o l o g i c  c h a r a c t e r i s t i c s  t h a t  are bel ieved to correspond 

to major changes i n  the  depos i t iona l  environment of the basin:  

(1) the Paleocene through lower ~ l i g o c e n e ,  (2) the miadle Oligocene 

through lower Miacene, and (3)  the middle Miocene through ~ l i o c e n e  



(and locally P l e i s t o c e n e ) .  The changes i n  d e p o s i t i o n a l  environment 
', 

are c h a r a c t e r i s t i c a l l y  g r a d a t i o n a l  and appear to  be t ime- t ransgress ive  

i n  d i f f e r e n t  p a r t s  o f  t h e  bas in .  General geologic  f e a t u r e s  of the 

T e r t i a r y  b a s i n  and its margins are shown by f i g u r e  2. Figure 3 is a 

t e n t a t i v e  c o r r e l a t i o n  c h a r t  of s t r a t i g r a p h i c  units i n  the basin; the 

approximate thickness and i n f e r r e d  c o r r e l a t i o n s  o f  s e l e c t e d  s u r f a c e  

and w e l l  s e c t i o n s  are shown i n  figure 4. 

The T e r t i a r y  r o c k s  are bordered on t he  no r th ,  and are under la in  

i n  t h e  e a s t e r n  p a r t  of t h e  b a s i n ,  by bedded rocks  of Cretaceous and 

o l d e r  age ( f i g u r e  2 ) .  These rocks are h igh ly  deformed, l o c a l l y  

metalrrorphosed and a r e  c o m n l y  in t ruded  by igneous p lu tons .  Because 

t h e  p re -Te r t i a ry  rocks  a r e  considered to  have no p o t e n t i a l  for 

petroleum, they  w i l l  n o t  b e  d i scussed  f u r t h e r  he re in .  

Lower T e r t i a r y  Sequence 

The o l d e s t  T e r t i a r y  rocks  c o n s i s t  of complexly in t e r tongu ing ,  

deep-water marine p i l l o w  lava, t u f f  , and sandstone and s i i t s t o n e  

t h a t  comprise t h e  Orca Group and i t s  equ iva l en t s  i n  the P r ince  

W i l l i a m  Sound and K a t a l l a  d i s t r i c t s  (Winkler, 1973; P l a fke r ,  1967, 

1974) , and t h e  "unnamed s i l t s t o n e "  u n i t  o f  t h e  Yakataga and Malaspina 

d i s t r i c t s .  These rocks  a r e  i n f e r r e d  t o  be  o f  Paleocene and Eocene 

age on t h e  b a s i s  of t h e i r  s t r a t i g r a p h i c  p o s i t i o n  and the few d i a g n o s t i c  

f o s s i l s  c o l l e c t e d  from them. 



The lower u n i t s  app&ar t o  grade upward and l a t e r a l l y  towards 

t h e  n o r t h e a s t  i n t o  rocks  c h a r a c t e r i z e d  by abundant i n t e r tongu ing  

a r k o s i c ,  pebbly,  and coal-bearing sandstone t h a t  i s  corrcnonly 

ca lcareous ;  the sands tone  a l s o  is zewl i t i zed  i n  many p laces .  These 

coa l -bear ing  rocks  a r e  o f  shallow-marine and nonmarine o r i g i n .  Their 

fauna and f l o r a  sugges t  t h a t  t h e y  were deposited dur ing  l a t e  Paleocene 

t o  late Eocene, and possibly early Oligocene, time i n  a s u b t r o p i c a l  

t o  temperate  environment. Rocks of t h i s  age inc lude  (1) the  Kushtaka ' 

Formation and perhaps t h e  lower Tokun Formation of t h e  K a t a l l a  

district and (2)  t h e  Ku l th i e th  Formation i n  t h e  Yakataga and Malaspina 

districts. 

A l l  the  lower T e r t i a r y  sedimentary racks  are c h a r a c t e r i s t i c a l l y  

hard, dense ,  and i n t e n s e l y  deformed. Although many of the c l eane r  

sands tones  appear  porous and f r i a b l e  i n  outcrop ,  su r f ace  samples t h a t  

have been examined microscopica l ly  have negligible p o r o s i t y .  These 

rocks  a r e  mi ld ly  metamorphosed and a r e  c u t  by lower Eocene t o  lower 

Oligocene g r a n i t i c  plutons i n  the Pr ince  William Sound, KatalLa, 

and Yakataga d i s t r i c t s ,  and by small hypabyssal mafic i n t r u s i v e s  

i n  the K a t a l l a ,  Yakataga, and Malaspina districts. 

A gene ra l  scarcity of age-d iagnos t ic  fossils and l i t h o l o g i c a l l y  

d i s t i n c t i v e  beds coupled w i t h  t h e  prevailing s t r u c t u r a l  complexity 

i n  a l l  t h e  lower ~ e r t i a r y  u n i t s  p rec ludes  a c c u r a t e  de te rmina t ion  of 

r e l a t i v e  s t r a t i g r a p h i c  positions and th i cknesses .  The e n t i r e  sequence 





The middle T e r t i a r y  sequence, which i nc ludes  the  Ka ta l l a ,  upper 

T o k ~ ( ? ) ,  Poul  Creek, Cenotaph, and Topsy Formations, w a s  depos i t ed  

du r ing  Oligocene and early Miocene t i m e  i n  temperate water.  Water 

dep ths  were moderately deep t o  deep i n  the southern  KatalLa d i s t r i c t  

and somewhat sha l lower  toward t h e  east. I n t e r m i t t e n t  submarine 

vo lcan ic  a c t i v i t y  i s  recorded by mafic f l o w  and p y r o c l a s t i c  rocks a t  

i n t e r v a l s  throughout  these u n i t s .  The mudstone and s i l t s t o n e  are 

r i c h l y  organic i n  the c e n t r a l  p a r t  of t h e  GATP, where the sequence 

con ta ins  many p e t x o l i f e r o u s  beds and oil and gas  seeps. The sandstone- 

"shale" ( a c t u a l l y  mainly s i l t s t o n e  and mudstone) r a t i o  of t h e s e  u n i t s  

is 20 percent or l e s s ;  most of  t h e  thicker sandstone beds are 

concent ra ted  near the base. 

The t h i c k n e s s  o f  t h e  middle T e r t i a r y  sequence i s  extremely varied, 

and t h e r e  a r e  a b r u p t  changes i n  short d i s t a n c e s .  Measured maximum 

ou tc rop  t h i c k n e s s  i s  o n l y  a f e w  hundred f e e t  i n  t h e  Malaspina d i s t r i c t ,  

6,100 f e e t  (1,859 n) i n  the Yakataga d i s t r i c t ,  and about 5,190 feet 

(1,581 rn) i n  t h e  c e n t r a l  K a t a l l a  d i s t r i c t  and 5,600 f e e t  (1700 ml on 

Kayak I s l and .  

The middle ~ e r t i a r y  sequence ex tends  offshore a t  l e a s t  t o  t h e  

c o n t i n e n t a l  margin where it may be on the o r d e r  of 7,000 feet (2,134 m) 

t h i c k  i n  t h e  Middleton Island w e l l ,  assuming no s t e e p  d i p s  or 

repetition by f a u l t i n g .  The sequence probably c rops  out on the .sea 

floor i n  t h e  p o r t i o n  o f  OCS between Kayak and Middleton I s l and ,  but 

is not known t o  be exposed elsewhere i n  the of f sho re  p a r t s  of t h e  basin, 



Upper T e r t i a r y  and Ple is tocene  Sequence 

Marine clastic rocks  o f  Miocene to e a r l y  Ple is tocene  age that 

l o c a l l y  a re  charac ter ized  by abundant g l a c i a l  detritus l i e  on the 

temperate-water middle Tertiary sequence with  l o c a l  unconfomity .  

They c o n s i s t  mainly o f  f a s s i l i f e r o u s  thick-bedded mudstone, muddy 

sandstone,  conglomeratic sandy mudstone (marine " t i l l i t e " ) ,  and minor 

conglomerate of t h e  Yakataga Formation. 

The Yakataga Formation was deposi ted i n  shallow t o  moderately 

deep water dur ing a t i m e  interval when she l f  ice or  t idal  g l a c i e r s  

were i n t e r m i t t e n t l y  present along the  landward margin of the basin. 

An abundant megafauna suggests cold-water condi t ions  throughout most  

of t h e  i n t e r v a l ,  except  for a t r a n s i t i o n a l  lower part i n  which 

progress ive  cooling i s  ind ica ted  by a l t e r n a t i o n  of cold- and temperate- 

water f o s s i l s .  O n  the basis of the megafauna, the base o f  the sequence 

i s  probably of  e a r l y  middle Miocene age i n  the Yakataga and Malaspina 

d i s t r i c t s  and poss ib ly  a s  o l d  a s  l a t e  Oligocene i n  the Kata l l a  district 

(Plafker , 1974) , Stud ies  of p lanktonic  foramini fers ,  however, 

i n d i c a t e  that it could be as  young as l a t e  Miocene (Bandy e t  a l . ,  1969). 

The composite onsbre outcrop th ickness  of the Yakataga Formation 

i s  about 16,500 feet (5,030 m) . The sandstone content of the formation 

ranges f r o m  as much a s  55 percent  i n  s e c t i o n s  on the mainland near 

the northern margin of the bas in  t o  as l i t t l e  a s  9 percent at Middleton 



I s l a n d  near  the  ed>ge o f  the c o n t i n e n t a l  shelf. Middleton I s l a n d  

i s  unde r l a in  by t h e  uppermost part of the Yakataga Formation, which 

has a measured t h i c k n e s s  o f  3,875 f e e t  (1 ,181 rn) . About 2,000 feet  

(610 m) of  the  formation was pene t r a t ed  a t  the top of the Middleton 

I s l a n d  wel l .  

Based on i t s  onshore d i s t r i b u t i o n  and the c h a r a c t e r  o f  i ts  near- 

s u r f a c e  r e f l e c t o r s  o v e r  ad j acen t  o f f s h o r e  a r e a s ,  t h e  Yakataga Formation 

i s  i n f e r r e d  to u n d e r l i e  mst of the c o n t i n e n t a l  shelf. The major 

except ions  are a r e a s  of a c o u s t i c  basement and a c o u s t i c a l l y  t r a n s p a r e n t ,  

unconsol ida ted  deposits.  Seismic r e f l e c t i o n  d a t a  i n d i c a t e  that the 

Yakataga Formation l a p s  on to  s t r u c t u r a l  h ighs  a t  t h e  Fairweather Ground 

and t h e  Middleton Platform. Ex t r apo la t ion  of data from onshore s e c t i o n s  

and w e l l s  suggests t h a t  t h e  deposit ional  axis of t h e  Yakataga Formation 

i n  t h e  area e a s t  of  the Kayak-Middleton t r e n d  i s  probably of f sho re  and 

w i t h i n  1 0  t o  20 m i l e s  (16 -to 32  km) of t he  coast. Maximum o f f s h a r e  

thickness of t h e  sequence along t h e  d e p s i t i o n a l  ax is  is  at l e a s t  

15,000 feet (4,572 m) and could be as much as 25,000 f e e t  (7,620 rn). 

The se ismic  d a t a  suggest that i n  t h e  p a r t  of t h e  OCS wwst of the Kayak- 

Middleton t r e n d ,  t h e  d i s t r i b u t i o n  of the  Yakataga Formation is  probably 

cons iderably  more v a r i a b l e  than t o  the e a s t .  

Unconsolidated ~eposits 

The Gulf of Alaska margin e a s t  of P r ince  William Sound has a 

discontinuous c o a s t a l  p l a i n  a s  much as 20 mi l e s  (32 km) wide t h a t  is 

under la in  by unconsol ida ted  d e p o s i t s ,  i c e ,  o r  water.  In t h i s  s t r e t c h  



much of t h e  c o a s t l i n e  i s  remarkably even, the water  i s  shal low for  a 

cons iderable  d i s t a n c e  o f f s h o r e ,  and t h e  shore  is, i n  genera l ,  

p rograding  seaward a s  a r e s u l t  of combined extremely r a p i d  

sed imenta t ion  and t e c t o n i c  u p l i f t  r e l a t i v e  to  s e a  l eve l .  This  i s  i n  

s t r i k i n g  c o n t r a s t  t o  t h e  i r r e g u l a r  r i a  c o a s t  from Pr ince  William 

Sound westward, which c h a r a c t e r i s t i c a l l y  has deep water c l o s e  t o  shore  

and no c o a s t a l  lowland o f  unconsol ida ted  depos i t s .  

The sediments  compris ing t h e  c o a s t a l  lowland c o n s i s t  of Holocene 

sand, g r a v e l ,  mud, and till depos i t ed  by t h e  sea, streams, and glaciers 

on a wave- and stream-planed s u r f a c e  of T e r t i a r y  and o l d e r  rocks.  The 

Copper and A l s e k  Rive r s  a r e  the  o n l y  d ra inages  wi th  headwaters i n  the 

i n t e r i o r  t o  t h e  n o r t h  o f  t h e  c o a s t a l  mountains, The remaining s t reams 

e n t e r i n g  t h e  Gulf o f  Alaska are short and most of them o r i g i n a t e  at 

g l a c i e r s .  The s t reams and r i v e r s  a r e  muddy and s w i f t  dur ing  t h e  summer, 

but dur ing  t h e  w i n t e r  t hey  a r e  g r e a t l y  reduced i n  volume. 

The Copper R i v e r  has  b u i l t  an asymmetrical l a t e  Holocene d e l t a  

i n t o  the Gulf o f  Alaska and t h e  p r e v a i l i n g  westward c u r r e n t  set has 

caused Copper Rive r  sediments  t o  f i l l  f i o r d s  i n  t h e  e a s t e r n  part of 

P r i n c e  William Sound ( R e i r n n i t z ,  1966).  S i m i l a r l y ,  sediment from the 

Alsek River  probably has c o n t r i b u t e d  t o  formation o f  the broad Yakutat 

Foreland w e s t  of t h e  river mouth, a l though p a r t  o f  t he  ALsek ~ i v e r  

sediment has probably been l o s t  t o  t h e  c o a s t a l  regime through mvement 

down t h e  Alsek Canyon. On t h e  open c o a s t ,  sand b a r s  b u i l t  by the 

prevailing s t r o n g  westward longshore d r i f t  c o m n l y  cause  the 



r i v e r  mouths to  go through cycles o f  westward migration followed by 

breakthrough a t  t h e i r  o r i g i n a l  s i t e s  during periods o f  high runoff. 

I c y  Bay, Yakutat Bay, and Lituya Bay, t h e  only ma-jor indenta t ions  

i n  t h e  coas t ,  were formed by l a t e  Holocene retreat of the Guyot, 

Hubbard, and La Perouse-Cri l lon ~ l a c i e r s ,  r e spec t ive ly ,  These bays 

have one o r  more arcuate  r idges  of g l a c i a l  moraine across t h e i r  

mouths and along t h e i r  margins t h a t  mark t h e  approximate maximum 

la te  Holocene e x t e n t  of the g l a c i e r s  t h a t  depas i ted  them (PlafXer, 

Much of the con t inen ta l  shelf i s  mantled with a veneer of 

unconsolidated ~ o l o c e n e ,  and possibly l a t e  ~ l e i s t o c e k e ,  deposi t s .  

Sediment d i s t r i b u t i o n  o f f  t h e  Copper River Delta was discussed by 

Reimnitz (1966) and western Yakutat, ~ l a l a s p i n a ,  and eas te rn  Yakataga 

districts by Wright (1972). Bottom sediments on the shelf include 

submarine moraines of poorly s o r t e d  till and t h e i r  c lose ly  a s soc ia ted  

f l u v i o g l a c i a l  outwash fans of sand and gravel near the p resen t  major 

g l a c i e r s .  I n  add i t ion ,  mud and s i l t  t h a t  w e r e  discharged i n t o  the 

sea by streams have been widely d ispersed  offshore  by c u r r e n t  and 

wave ac t ion .  Dropstones ranging in size up to boulders and blocks  

have been deposited over the e n t i r e  shelf  and out onto t h e  deep ocean 

f l o o r  from icebergs  calved i n t o  t h e  sea a t  the fronts of t i d a l  glaciers 

(Gershanovich, 1968). On t h e  OCS, unconsolidated deposits a r e  

generally concentrated i n  topographic depressions whereas topographical ly 



high areas tend t o  be swept bare of a l l  bu t  the  coarsest sediment 

by t h e  p r e v a i l i n g  s t r o n g  c u r r e n t s  and storm waves. Soms of t h e  

h ighs  t h a t  were planed o f f  by surf zone e r o s i o n  may be surrounded by 

l a g  gravel  aprons s i m i l a r  t o  those thzt  are now forming on the leeward 

s ide of Miadleton Island (Mil ler ,  1953). 

STRUCTURE 

Onshore 

The T e r t i a r y  rocks a long the Gulf of Alaska r i m  are bordered on 

t h e  n o r t h  and a r e  i n  part underlain by h ighly  deformed, metamorphosed, 

and in t ruded  Cretaceous a n d  o l d e r  bedded sedimentary and volcanic rocks. 

I n  most places west o f  t h e  Malaspina Glacier  where the  con tac t  between 

the T e r t i a r y  and pre-Tert iary sequences has been studied i n  detail, 

it c o n s i s t s  of a system of  major s t e e p  faults o r  north-dipping t h x u s t  

f a u l t s  a long which t h e r e  has been r e l a t i v e  u p l i f t  of the o l d e r  rocks. 

I n  t h e  cas te rn  part of the Malaspina District, i n  the subsurface o f  

t h e  Yakutat d i s t r i c t ,  and i n  t h e  western par t  of the  Lituya d i s t r i c t ,  

T e r t i a r y  rocks ranging i n  age from probahle Paleocene to Pl iocene  

unconformably overlie the  pre-Tert iary rocks. The r e s u l t i n g  structural 

s t y l e  along selected sec t ions  across the onshore parts of  t h e  basin is 

i l l u s t r a t e d  i n  f i g u r e  5a. 

Deformation i n  varying degrees o f  i n t e n s i t y  a f fec ted  the basin 

throughout much of  ~ e n o z o i c  time. The fo ld - fau l t  p a t t e r n  and 

s t r a t i g r a p h y  sugges ts ,  however, that the  deformation i n  onshore areas 



occurred primarily during two orogenic episodes t h a t  culminated i n  

e a r l y  and la te  Cenozoic time. Lower T e r t i a r y  rocks t h a t  have been 

involved i n  both major orogenies a r e  markedly more deformed than, 

and l o c a l l y  d i f f e r  i n  t rend from, t h e  younger sequence. Complex  

structural t r ends  i n  the region r e s u l t  from mul t ip le  deformation and 

from superimposed g r a v i t a t i o n a l  t e c t o n i c s ,  which followed omgenic  

u p l i f t  o f  the b a s i n  margins. 

The o l d e r  orogenic episode, which may have begun as early as 

Cretaceous time and probably culminated i n  e a r l y  Eocene time, r e s u l t e d  

i n  complex fo ld ing  and f a u l t i n g  o f  the lower T e r t i a r y  sequence with 

l o c a l  emplacement of g r a n i t i c  s tocks  and zeo l i t e - fac ies  metamrphisrn 

of the in t ruded bedded sequences. Folds commonly a r e  of s h o r t  wave- 

length and are tightly appressed, having f lank dips greater than 50°; 

l o c a l l y  fo lds  are overturned toward both the n o r t h  and south (fig. 5A, 

A - A ' ) .  The s t r i k e  of bedding planes and f o l d  axes tends to p a r a l l e l  

t he  s t r u c t u r a l  t r e n d  of t h e  bounding f a u l t s ,  bu t  there are numerous 

exceptions.  The t r ends  a r e  most notably divergent  i n  the nor theas tern  

p a r t  of the Prince  William Sound d i s t r i c t  and i n  the western Katal la  

d i s t r i c t .  The s t r u c t u r a l  complexity of the Prince  W i l l i a m  Sound- 

Katalla a r e a  i s  r e l a t e d  to i t s  p o s i t i o n  near  an axis of o r o c l i n a l  

bending (Carey, 1958), where t h e r e  must have been a s i g n i f i c a n t  local 

east-west c o m n e n t  of compressive s t r e s s  dur ing  e a r l y  T e r t i a r y  

orogeny. 



The younger orogenic episode, beginning perhaps i n  middle Miocene 

time i n  t h e  Yakataga d i s t r i c t  and continuing t o  t he  present ,  r e s u l t e d  

i n  pronounced d i f f e r e n t i a l  u p l i f t  and f a u l t i n g  throughout southern 

Alaska. During t h i s  orogeny, t he  P a c i f i c  Border Ranges were markedly 

u p l i f t e d ,  and i n  p laces  they were thrust r e l a t i v e l y  seaward along a 

system o f  major f a u l t s .  Local mul t ip le  angular  unconformities record 

a c t i v e  deformation i n  t h e  deposi t ional  bas in  during Yakataga t i m e  

Abundant glacial-marine d e t r i t u s  i n  s t r a t a  containing an e a r l y  middle 

Miocene megafauna a t t e s t s  t o  a mountainous a rea  along t h e  northern 

margin of the bas in  high enough t o  nourish g l a c i e r s  t h a t  reached t ide-  

water. Continuing a c t i v e  deformation i s  indicated  by 1) t i l t i n g ,  

f a u l t i n g ,  and u p l i f t  of marine rocks a s  young as middle Ple is tocene on 

Middleton I s l and ,  2) by a c t i v e  se i smic i ty  and earthquake-related 

deformation, and 3) by t h e  extreme topographic r e l i e f  along t h e  

northern margin of the basin (Plafker, 1969) . The fo ld-faul t  p a t t e r n  

on land ana on the  offshore  i s l a n d s  extending o u t  t o  the edge of 4he 

con t inen ta l  s h e l f ,  a s  wel l  as t h e  p a t t e r n  of deformation assoc ia ted  

with t h e  1964 Alaska earthquake (Plafker ,  1969) and 1958 Lituya 

earkhquake (Tocher, 1960) , suggest  predominant regional  NW-SE-oriented 

hor izon ta l  compressive deformation across t h e  con t inen ta l  margin during 

the l a t e  Cenozoic. The regional  fo ld - fau l t  p a t t e r n  may have been 

modified s i g n i f i c a n t l y  i n  the foothills b e l t  by g r a d t a t i o n a l  s l i d i n g  

o f f  t h e  markedly u p l i f t e d  coas ta l  mountains. 

Faults and fo lds  i n  t h e  upper Cenozoic sequence tend to p a r a l l e l  

t he  t r ends  o f  t h e  o lde r  s t r u c t u r e s ,  and the re  is  an apparent inc rease  



i n  the in t ens i ty  of  folding and magnitude of f au l t  displacercent from 

south t o  north across t h e  basin. Transverse trends are present i n  the 

structurally complex Katalla d i s t r i c t ,  where foLds involving Oliggcene  

and Miocene s t r a t a  are typical ly  of small amplitude, t i g h t l y  compressed 

and asymmetric o r  overturned, having axial planes inclined toward the 

west o r  north (fig. 5 ~ ,  B-B' ) . The or ig in  of the notably discordant 

trends i n  t h e  w e s t e r n  pa r t  of t he  Katalla d i s t r i c t  i s  uncertain. They 

may r e f l e c t  a combination of rejuvenated ear ly  Tert iary s t ruc tures  and 

loca l  deformation o f  the younger rocks against  more competent highs of 

older  Ter t iary rocks. On Kayak and Wingham Islands t he  post-Orca 

strata d i p  s teeply o r  are overturned with fops facing towards t h e  north- 

west and the  sequence i s  imbricated i n t o  narrow s l i c e s  by displacement 

on a t  least five large up-to-the-northwest reverse faults (Plafker, 

1974). On these i s lands ,  the bedded Neogene rocks do not include any 

major angular unconformities. They appear to have been deformed 

essen t ia l ly  as a packet against  a marginal high of Orca rocks t o  the 

northwest i n  post-middle Miocene time. N e t  displacement on the bounding 

fault between the  Orca t e r r a i n  and younger rocks at Wingham I s l and  i s  

probably on the  order of several  miles; displacement on several  of 

the l a rger  f a u l t s  within the Neogene sequence may be as much as 8,000- 

15,000 feet each (2,440-4,570 m) . 
East o f  the Katalla d i s t r i c t  the s t r u c t u r e  of the upper Cenozoic 

s t r a t a  is  dominated by broad synclines and t i g h t l y  appressed asymmetric 

an t ic l ines  c u t  by north-dipping overthrust f au l t s  that s t r i k e  roughly 



s t y l e  o f  some o f  t h e s e  long i tud ina l ly  faulted a n t i c l i n e s ,  p a r t i c u l a r l y  

i n  t h e  Yakataga, Malaspina, and Lituya d i s t r i c t s ,  suggests t h a t  they 

represen t  the leading edges of imbricate d&collement shee t s  that s l i d  

southward o f f  t h e  u p l i f t e d  northern margin of the basin. However, t h e  

degree to  which g r a v i t a t i o n a l  s l i d i n g  contr ibuted  to  t h e  development 

of t h e s e  s t r u c t u r e s  cannot: be asce r t a ined  without add i t iona l  subsurface 

con t ro l ,  Rooted compressional f o l d s  a r e  most l i k e l y  to  be found 

8 

seaward E m m  t h e  belt  of d&collement sheets where the re  i s  l e s s  

topographic and s t r u c t u r a l  r e l i e f ,  

The structural style, topography, bas in  a r c h i t e c t u r e ,  and seism- 

t e c t o n i c  a c t i v i t y  wi th in  the GATP, t o  a considerable extent, r e f l e c t  the 

i n t e r a c t i o n s  t h a t  have occured dur ing l a t e  Cenozoic time along t h e  

i n t e r f a c e  between t h e  North American cont inent  and the Pacific Ocean 

basin ( f i g  . 7) . As a consequence of t hese  movements, t h e  western part 

o f  t h e  GATP adjacent  t o  t h e  Aleutian Trench i s  essentially a zone of 

compressive deformation along which t h e  P a c i f i c  oceanic p l a t e  is 

under thrus t ing  t h e  con t inen ta l  margin, t h e  easternmost part of t he  

province i s  a zone o f  s h e a r  i n  which the oceanic plate is moving 

l a t e r a l l y  p a s t  t he  cont inent  along the Queen Char lo t te  and xe la ted  

s t r i k e - s l i p  faults, and t h e  c e n t r a l  p a r t  o f  t h e  province is a zone 

of combined compression and shear due t o  oblique under thrus t ing  of the 

con t inen ta l  margin. Both t h e  a v a i l a b i l i t y  of s t r u c t u r a l  traps for 

petroleum a c c m l a t i o n  and t h e  geologic hazards i n  the  GATP are a 

d i r e c t  r e s u l t  of i ts  unique t e c t o n i c  s e t t i n g .  



Off shore  

On t h e  GATP c o n t i n e n t a l  s h e l f  numerous f o l d s  have been located 

by se i smic  profiling. me larger,  mare continuous folds are concentrafxd 

mainly i n  the area o f f s h o r e  from the  Yakataga and K a t a l l a  districts,  

a l though more complex s t r u c t u r e  a l s o  are l o c a l l y  p r e s e n t  on the shelf 

of f  the eastern p a r t  of t h e  P r ince  William Sound district, O n e  of 

t h e  l a r g e  folds ,  t h e  S u l l i v a n  A n t i c l i n e ,  can be traced from onshore i n  

t h e  western Yakataga d i s t r i c t  southwestward onto the c o n t i n e n t a l  shelf; 

the  o t h e r s  a r e  known on ly  from marine geophysical data. I n  addition, 

t h e r e  a r e  discontinuous shelf-edge arches a long  the o u t e r  margin of  

t he  OCS t h a t  may a l s o  c o n s t i t u t e  s t r u c t u r a l  t r a p s .  General ized 

a n t i c l i n a l  axes  are shown on f i g u r e  2 ,  i n t e r p r e t e d  s e c t i o n s  a l o n g  four 

se i smic  p r o f i l e s  are shown on figure 5B; and areas o f  the shslf  having 

comon s t r u c t u r a l  c h a r a c t e r i s t i c s  a r e  shown on f igure  6. 
' 

I n t e r p r e t a t i o n  o f  offshore s t r u c t u r e  is derived mainly from 

pre l imina ry  examination of single t r a c e  a i r  gun seismic records with 

l i n e  spacings o f  between 5 and 8 mi l e s  (9 and 15 km) providing a 

r e l a t i v e l y  uniform d i s t r i b u t i o n  o f  data over the s h e l f .  I n t e r p r e t a t i o n  

i s  complicated by t h e  r e l a t i v e l y  sha l low p e n e t r a t i o n  achieved and by 

t h e  presence  of p e r s i s t e n t  water bottom mul t ip l e s ,  especially i n  areas 

of shallow dip.  Basic  data on which t he  fo l lowing  discussion is based 

have been pub l i shed  elsewhere (Bruns and Plafker, 1975). Gravi ty  

and magnetic data were t aken  concurrently with the seismic data, but 

a r e  s t i l l  be ing  processed  and were n o t  available for  u s e  i n  t h i s  pwe- 

l iminary  a n a l y s i s ;  t hey  s b u l d  prove valuable  f o r  i n t e r p r e t i n g  b a s i n  



conf igura t ion  of the GATP when they are available. 

Discussion of o f f shore  s t r u c t u r e  w i l l  be by area from e a s t  t o  

w e s t .  Emphasis i s  placed mainly on the segment of OCS between Icy 

Bay and Montague Is land;  most of the potential targets for 

exporatory d r i l l i n g  were  bel ieved to l i e  wi th in  this area, and most 

of t h e  data c o l l e c t i o n  was t he re fo re  concentrated between these two 

po in t s .  Data e a s t . o f  Icy Bay and southwest of Middleton Is land a r e  

sparse. 

Cross Sound to.Xcy Bay. The only s t r u c t u r a l  high i n  this a r e a  is the  

Pairweather  Ground. Fairweather Ground comprises a large s h e l f  edge 

arch  t h a t  roughly p a r a l l e l s  t h e  coast between Cross Sound Canyon and 

A l s e k  Canyon (f igs.  1 and 6 ) .  On seismic records it appears as a c o u s t i c  - 

basement, wi th  sedimentary strata dipping gent ly  t o  the northeast 

away f r o m  t h e  a x i s  o f  t h e  arch. High reso lu t ion  data show no 

unconsolidated sediments covering t h e  exposed core,  and no s t r u c t u r e  

can be resolved on t h e  seismic records.  The arch has a pronounced 

magnetic high assoc ia ted  wi th  it t h a t  i s  suggest ive of an igneous 

body (Taylor and O ' N e i l l ,  1974) . Sampling of the exposed basement 

was attempted dur ing  the cruise o f  t h e  R. V. THOMPSON, but no 

samples were recovered, apparent ly  due t o  t h e  hardness of t h e  rocks. 

The exposed core o f  t h e  arch  may be o f  Cretaceous o r  e a r l y  T e r t i a r y  

age. 

The remainder o f  t h i s  segment o f  OCS i s  charac ter ized  by a basin 

with  t h e  axis  near t h e  coast. Lines shot nor th  of Fairweather Ground 



i n d i c a t e  monoclinal dip t o  t he  nor theas t .  

I c y  Bay t o  Kayak Island. St ruc tu res  in this a rea  a r e  broadly 

divisable into two types on the basis of t r end  and amplitude. The 

f i r s t  type ,  which t r ends  roughly p a r a l l e l  t o  the coast, consists of 

gentle downwarps and arches  wi th  maximum d i p s  on the  order of 2-3", 

located mainly between t h e  eastern edge of t h e  Bering Trough and Kayak 

Island ( s e e  s e c t i o n  H-HI, f i g .  5~). In  t h i s  area there is a shelf  edge 

arch w i t h  a width on the order o f  6 mi les  (10 km) and l e n g t h  approaching 

30 miles (48 k m ) .  Local angular  unconformities are present a t  the c r e s t  

o f  t h i s  arch. Closure i s  present over at l e a s t  part of this s t r u c t u r e .  

I n t e r p r e t a t i o n  of t h e  seismic profiles, however, i s  complicated by the 

presence of mul t ip les  which blank o u t  r e f l e c t o r s  i n  t h i s  area of very 

gentle dip.  Between t he  a rch  and t he  coast  is  a broad downwaxp up to 

30 miles (48 km) wide with some minor upwarped areas within  it. 

A second type  o f  fo ld ing  t r ends  obliquely ac ross  t h e  shelf, 

roughly between nor theas t  t o  southwest and east-west,  he re in  termed 

the Icy Bay s t r u c t u r a l  trend ( f i g .  6). The Icy Bay trend consists of  

a series o f  asymmetric anticlines and syncl ines  t h a t  vary i n  tighfxess 

along s t r i k e  and are locally bounded on the south  by north-dipping 

reverse or thrust faul t s  (see section I-I', f ig.  5B). Width of 

i nd iv idua l  fo lds  ranges from 2.5 to 5 m i l e s  (4-8 km). Dips on the, 

flanks o f  t h e  a n t i c l i n e s  commonly range between 3-15" on the landward 



s i d e  and from 5-30" on the  seaward side. Apparent dips  of  g r e a t e r  

than 30' are genera l ly  not  resolvable on the seismic p r o f i l e s ;  

however, t h e r e  are very few places on t h e  Icy  Bay fo lds  where 

steeper  dips  might be found. I t  appears as if these s t r u c t u r e s  are 

more open and l e s s  complex than t h o s e  on t h e  adjacent  land areas 

(compare f i g s .  5 A  and 5B). Closure o f  s t r u c t u r a l  highs i n  the I cy  

Bay t r end  i s  inferred from some of the relatively f e w  strike l i n e s  

sho t ,  and i s  p resen t  along strike for d i s t ances  on  the order  of 10-25 

miles (16-40 km) . 
Between Icy Bay and Kayak Island,  poss ib le  unconformities a r e  

weakly developed on several lines and major unconformities may be 

expected i n  t h e  a r e a  based on geology of t he  l a t e  Cenozoic s e c t i o n  

on t h e  adjacent land. Well control  on land and seismic re f rac t ion  

d a t a  i n d i c a t e  t h a t  t h i s  area may have a very great thickness of upper 

Cenozoic sediments. Deep pene t ra t ion  r e f l e c t i o n  data a r e  requi red ,  

however, t o  determine t h e  depth t o  poss ib le  r e s e r v o i r  horizons i n  

t h e  an t i c l ina l .  s t r u c t u r e s  and t h e  degree of deformation at depth. 

Pamplona Ridge i s  an i s o l a t e d  enigmatic southwesterly-trending 

s t r u c t u r e .  It juts out onto  t h e  con t inen ta l  s lope  and is  no t  on 

trend with any nearby onshare o r  o f f shore  s t r u c t u r a l  f e a t u r e s  (fig. 6) . 
P r o f i l e s  over  t h e  r idge  show an area o f  complex fo ld ing along an 

a x i s  t h a t  t r e n d s  roughly north-south.   he eastern s i d e  of the 

r idge  appears t o  be faul ted .  Two poss ible  a n t i c l i n a l  folds with  



widths of less than one  mi l e  (,I. 6 km) , a r e  s een  on a l i n e  perpendicular  

t o  t h e  ridge. Closure of any s t r u c t u r e s ,  and age o f  t h i s  f e a t u r e  

a r e  unknown. Jordan 0958) i n f e r r e d  from r e p o r t s  o f  early expedi t ions  

i n  t h e  Gulf of Alaska  t h a t  Pamplona Ridge may have been a shoa l  

area as r e c e n t l y  as 200 years ago, and t h a t  it subsequent ly has subsided 

t o  i ts  p r e s e n t  minimum depth of 408 f e e t  (134 m) . N o  evidence of 

submerged s h o r e l i n e s  or  t e r r a c e s  was found on t h e  a i rgun  o r  high 

r e s o l u t i o n  records t o  s u b s t a n t i a t e  t h i s  hypothesis, 

Kayak I s l a n d  t o  Montague Island. S t r u c t u r e s  on the c o n t i n e n t a l  

shelf between Kayak and Middleton I s l a n d s  are complicated and are 

d i f f i c u l t  to  i n t e r p r e t  with t h e  t ype  and amount o f  r e f l e c t i ~ n  p r o f i l i n g  

available. Pre l iminary  a n a l y s i s  i n d i c a t e s  a broad zone of complex 

s t r u c t u r e  t r end ing  between east-west  and northeast-southwest  between 

Kayak and Middleton I s l a n d s ,  and s u b p a r a l l e l  w i th  Kayak I s l a n d ,  t h e  

Aleutian Trench, and t h e  I c y  Bay s t r u c t u r a l  t r e n d  ( f ig .  2 and s e c t i o n  

GG', f i g .  5B). S t r u c t u r a l  highs t end  to  be assymetrical and t o  be 

bounded by  t h r u s t  f a u l t s  on t h e i r  southeast limbs. Amount of throw 

on these f a u l t s  i s  unknown but may be qu i t e  l a r g e  (see p. 2 7 ) .  The 

i n t e n s i t y  o f  f o l d i n g ,  i s  g e n e r a l l y  cons iderably  g r e a t e r  than i n  the 

I c y  Bay s t r u c t u r a l  t rend.  Flank d i p s  a t  shallow levels cornonly : 

range between LO0 t o  30° on t h e  northwest  limbs and from 15O to 

g r e a t e r  t han  30° o n  t h e  seaward limbs. There are l a r g e  areas on 

t h e  t o p s  of t h e  s t r u c t u r e s  where d i p  is not  reso lved  and i s  apparent ly  

much g r e a t e r  than 30°. Some of these structures are of the o r d e r  o f  



5 t o  10 m i l e s  ( 8  t o  1 6  krn) long  and between 2 znd 4 miles ( 3  t o  6 , 5  
1 

km) wide. C r e s t s  of many of t h e  h ighs  appear  t o  have undergone 

extensive erosion and t r u n c a t i o n ,  and r e l a t i v e l y  o l d  rocks may be 

exposed on t h e  s e a f l o o r  or covered by very young sediments.  Closure 

appears  t o  b e  p r e s e n t  on some of t h e s e  s t r u c t u r e s .  

Two large s t r u c t u r a l  h i g h s  t r e n d i n g  northwest-southeast  and 

sepa ra t ed  by a deep b a s i n  a r e  found northwest  of Middleton I s l a n a  on 

the Middleton Pla t form ( f i g s .  2 ,  6 ,  and section G-G', f ig .  5U). T h z s ~  

divergent structures show seve re  deformation w i t h  high dips  of lSO 

t o  g r e a t e r  than 30' on the f l anks .  Cen t r a l  cores of the structures, 

ranging  from 3 t o  5 mi les  (5 t o  8 km) i n  width on the l a r g e r  one  and 

up to 3 m i l e s  (5 km) on t h e  sma l l e r  a r e  r e l a t i v e l y  devoid of r e c e n t  

sediment,  and no s t r u c t u r e  i s  resolved on the a i rgun  data. Dips 

w i t h i n  t h i s  c o r e r a r e  beyond t h e  r e s o l v i n g  power o f  t h e  seismic 

r e f l e c t i o n  technique  (greater than 30'). Tota l  width o f  the larger 

s t r u c t u r e  i s  up to 6 mi l e s  (10 km) and a l e n g t h  of a t  l eas t  20 m i l e s  

(32 km) i s  i n f e r r e d  from the da ta .  Width o f  t h e  sma l l e r  s t r u c t u r e  

is 3 t o  5 m i l e s  (5 t o  8 km) and l e n g t h  of approximately 8 to 10 

miles (13 t o  16 km) is  i n f e r r e d ,  Smal le r  structural highs w i t h  the 

same t r e n d  are in fe r red  from meager d a t a  t o  t h e  southwest of 

these two large highs. Analys i s  i s  not s u f f i c i e n t  t o  c o ~ p l e t u l y  

define structural r e l a t i o n s  i n  t h i s  complex a rea .  However, Middleton 

I s l a n d  appea r s  t o  be on t h e  northwest  f l ank  of a large nor theas t -  

t r e n d i n g  s t r u c t u r a l  high and appears t o  be sepa ra t ed  from t h e s e  t w o  



structures by a r e l a t i v e l y  deep basin. 

Landward of the  Kayak-Middleton trend i s  an area, which inc ludes  

Tarr Bank, where basement appears high, and post O r c a  sed imsnt  cover 

may be t h i n  ( f i g .  6 ,  sect ion G-G',  f i g .  5B). Seismic data are i n  

general poor, and structure within much of the Hinchinbrook Seavalley, 

Tarr Bank, and the Copper River Delta area i s  not  well defined. 

Further study o f  the seismic records i s  needed; the gravity data may 

help indicate  areas o f  high basement. 

N o  new data were acquired south of  Middleton Island towards the 

Kodiak She l f .  Published widely-spaced sparker profiles across the 

western part o f  the OCS (von Huene and others, 1971) do not show any 

nearsurface a n t i c l i n a l  structures although the area is  mderate ly  

faulted.  



PETROLEUM EXPLORATION HISTORY 

Abundant o i l  and gas seeps i n  t h e  KataLla, Yakataga, and 

Malaspina d i s t r i c t s ,  discovered i n  about 1896, f i r s t  d i rected a t ten t ion  

t o  the  petroleum p o s s i b i l i t i e s  of the  Gulf of Alaska Tertiary province 

and have been a major factor  i n  encouraging exploration. In 1902, 

the  second of two wells d r i l l e d  near the  Katalla discovery seeps 

found o i l  a t  a depth of 366 feet (116 m). Between 1902 and 1931, 28 wells 

were d r i l l e d  i n  the  Katalla field and 16 wells were d r i l l e d  at nearby 

locations i n  the  d i s t r i c t .  A well a l so  w a s  d r i l l e d  near o i l  seeps on 

the  Sullivan Anticline i n  the  Yakataga d i s t r i c t .  The deepest of these 

wells was 2,350 f e e t  (716 m). I n  the period 1902-1933, the Katalla f i e l d  

produced about 154,000 bbl of paraffin-base o i l  with a gravi ty  of 

41-45O Baume a t  depths ranging from 360 t o  1,750 f e e t  (110 t o  533 m). 

The oil. accumulation was probably laxgely i n  f rac ture  porosity i n  a 

f a u l t  zone cu t t ing  steeply dipping, well-indurated sandstone and 

s i l t s t o n e  of the  Katalla Formation. Production ended i n  1933 when a 

f i r e  destroyed the  small ref inery a t  the  f i e ld .  

Between 1954 and 1963, 25 wells and core-holes were d r i l l e d  and 

abandoned on t h e  mainland i n  the  Gulf of Alaska Tert iary province. 

Data relevant t o  these wells and t o  one well d r i l l e d  i n  the  Yakataga 

d i s t r i c t  i n  the  period 1926-1927 are l i s t e d  i n  Table 1; information 

on the  44 shallow holes i n  the  Katalla d i s t r i c t  w a s  s m a r i z e d  by 

Miller,  e t  al .  (1959, Table 3 ) .  The t o t a l  drilled footage for  t he  -- 
wells l i s t ed  i n  Table 1 i s  237,090 feet (72,265 m), and the greatest 

depth reached is 14,699 f e e t  (4,480 m ) .  ~ e o l o g i c a l  and geophysical work 

has been renewed over the onshore and offshore parts of the entire basin 



Table 1.--Wells drilled tor petroleum in t>~Culf-~-~~as_ka Tertiary Province, Alalka, through year 1969 

[Does not include 44 shallov vollm (depths less than 2,350 feet) drilled I n  and near the Katalla oilfield between 1901 and 19321 

Location Company and nams Total depth 
Location Year 

No. on map of wall (feet) Lithit penetrated Result. 

45 Richfield Oil Corp. 

Bering River 1 

Bering Lake, Katalla Tokun and Kulthisth(?) 
1961 6,175 Abandoned 

din trict Formations 

46 Richfield Oil Corp. Bering River, Katslla Katalla and Tokun(?) 
1961-62 6,019 Abandoned 

Bering River 2 district Formztions 

47 Richfield Oil Corp. Near Tsivat River, Yakataga and Poul 
1959-60 14,699 Abandoned. Showm of 8.6 

Kaliakh River Unit 1 Yakataga district Creek(?) Formations 

48 Richfield Oil Corp. 
do. 

Kaliakh Itivtr Unit 2 

Yaketaga and Poul 
1960 9,575 Abandoned 

Creek(?) lorma t ions 

49 Richfield Oil Corp. 
do. 

Kaliakh River Unit 2, 
1960-61 12,135 do. Abandoned 

redrill 

Richfield Oil Corp. 

Duktoth River 1 

Richf ield Oil Corp. 

Whita Rivrr 1 

BP Exploration Co. 

(Alaska), Inc. 

White River 2 

BP Exploration Co. 

(Alaska) , Inc . 
White River 3 

Naar Kafiakh River, 
I961 

Yakataga distrfct 

Yakataga, Poul Creek, and 

Kulthieth(?) Formations 

Yakataga and Poul Creek 

Format ions 

Yakatapa. Poul Creek, and 

Xulthieth Formations 

Abandened. Shows of gaa 

Abandoned. Shovs of gas and 

strong flow of sal ine  water 

Naar Cape Yakataga, 
1961 

Takatala district 

White River, Yakataga 

district 1962 Abandenad 

Abandoned. Shows of uas do. 1913 6,984 do. 

Abandoned. Showa of o i l  

and gas 

General Petroleum Corp. 

Sullivan 1 

Phillips Petroleum Corp. 

Sullivan Unit I 

Johnston Creek, Yakataxa 
1926-27 2,005 

district 
Poul Creek Furmetion 

Yakataga, Poul Creek, and 

~ulthietb(?) Fornations 

Abandoned. Shows of oil 

and gar 

Little River, Yakataga 
1954-55  10,013 

district 



T a b l e  1 (Cont'd) 

Phillipr PotroLeum Corp. 

Sullivan Uni t  2 

Phillipr lettolaum Corp. 

Sullivan Strat. 1 

Standard Oil Co. of 

California 

Riou I4.y 1 

Standard Oil Co. of 

California 

Chaix Hill0 1 

Strndrrd Oil Co. of 

California 

Chain Hills lA. redrill 

Colorado Oil and Gas Co. 

Halampiea 1 

Colorado Oil and Gaa Co. 

Ualaspina 1A (redrill) 

Colorado Oil and Gas Co. 

Yakutat 1 

do. 1956-57 12,052 do. 
Abandoned. Shows of OIL 

and gar 

lip River, Yakatags 

dia trict 

Riou Bay, Malsspina 

d i r t r i c t  

Chaix Hills, Malarpina 

district 

do. 

Yakataga and Foul Abandoned. Strong flow of 
1951 4 , 8 3 7  

Creek(?) Formations rlilhtly saline water 

Yakatagn Formiltion 

Abandoned 

1961 10,015 Yakataga Formation Abandoned 

Yakataga and Poul Creek 

1961-82 10.121 Formations Abandoned 

Wemt shore of Yakutat Bay, 
1962 

Malaspina d i s t r i c t  
1,802 Yakataga Formation Abandonad 

do. 1962 
Yakatega and Kulthieth 

13.823 Abandoned 
Formations, and pre- 

Tertiary ( ? )  rocks 

Near Yakutat, Yakutat 
1957 

district 

Yakataga, Poul Creek. 
9,314 Abandoned 

and Kulthieth Formations 



Table 1 (Cont'd) 

68 Colorado Oil and Gas Co. 
do. 

Yakutat 3 

Colordo Oil and Car Co. 

Yakutat A-1 (2). 

Colorado Oil and Gsa Co. 

Cerm holm 1 

Colorado O i l  and Gar Go. 

Cors holm 2 

Colormlo Oil and Gar Co. 

D8wereus River 1 

do. 

do. 

Yakataga, Poul Creek(?). 
1958-59 10, I 9 C  Abandoned 

and Kulthieth Formations , 

and pre-Tertiary rocks 

Yakataga and Kulthieth Abandoned. Shows of oil 
1957-58 11,765 

Fm., and pre-Tertiary and gas 

Yakataga, Poul Creek(?), 
196 1 3,230 Abandoned 

and Kulthieth Formations 

Noar Dangerous River. Yakataga, Foul Creek. 
1961 5,690 Abandoned 

Yilrutat District and Kulthieth(7) 

do. 
Yahtaga. Peul Creek (7). 

8,634 Abandoned 
Ktllthiehh(?) Formations, 

and pre-Tertiary rocks 

Colorado O i l  and Gas Co. Akve River ,  Yakutnt Yakataga and P o d  Creek(?) 
1961 5,484 Abandoned 

Corr holr 3 district Formations 

Colerado Oil and Gas Co. 
Dry Bay, Yakutat district 1961 9,326 do. 

Core hole 4 
Abandoned 

Tenneee 
Yakataga, Katalla, Tokun, 

Middleton Island Hiddle ton Island 1969 12,002 Abandoned 
and Kushtaka(?) Formations 

State 1 - 

f' Inferred from lithology and aierofauna 



since 1963 i n  anticipation of state and federal lease sales  on t h e  

continental shelf .  

In the sale held July 19, 1966, bonuses paid t o  the S ta te  of 

Alaska fo r  leases i n  the Gulf of Alaska averaged $164 per acre; t h e  

highest bid was $761 per acre. During t h e  summer o f  1969, Tenneco 

d r i l l e d  the first well t o  test the offshore potential  of the basin 

near Middleton Island (Fig. 2 ,  Table 1, No.  71). The w e l l ,  which was 

d r i l l e d  t o  a depth of 12,002 f e e t  (3,658 m), bottomed i n  la te  Eocene'or 

older s t r a t a .  No o i l  shows, a t t r ac t ive  source rocks, or  suitable 

reservoir sands were encountered in the section dr i l led .  The hole 

was abandoned and Tenneco subsequently dropped i ts  Middleton Island 

leases. 



PETROLEUM POTENTIAL 

General considerations 

The occurrence of petroleum in comescially exploitable deposits 

requires a combination of: 1) suitable source rocks and burial history 

for generation of petroleum, 2) strata with permeability and porosity 

adequate to permit migration o f  the petroleum towards traps and to 

reservoir the petroleum, and 3) the presence of traps where the petroleum 

can accumulate in pools and be preserved against loss and destruction. 

~f any one of these essential elements is missing in a sedimentary 

basin, comercial petroleum deposits cannot occur. 

The critical factor for accumulation of cormercial petroleum 

deposits in the GATP OCS probably is the availability of adequate 

reservoir sandstone in close association with middle Tertiary petro- 

liferous mudstone and siltstone. The necessary conditions are most 

likely to be fulfilled along the flanks and over the crests of struc- 

tural highs that were growing synchronously with middle Tertiary sedi- 

mentation. Stratigraphic relations onshore suggest that some anti- 

clines in the Yakataga and Malaspina districts were growing inter- 

mittently throughout much of Miocene and probably all of Pliocene 

time. If comparable or older synchronous highs are present on the 

continental shelf, and were at or near sea level for sufficient 

periods of time, they could have been the loci for accumulation of 

winnowed sandstone wedges with better sorting than that of coeval 

sands laid down in the deeper water of the intervening areas. Further- 

more, early accumulation of hydrocarbons in such winnowed sandstone 



bodies could have inhibited the type of secondary cementation that 

in the outcrop has made the sandstone generally unsuitable for 

. . 
camercial reservoirs. 

Source ~ o c k s  and Surface Indications 

On the basis of the stratigraphic units in which most of the 

oil seeps and-other indications of petroleum are found, a probable 

source in the middle part of the Tertiary sequence is indicated. 

Bedded rocks of early Tertiary age are believed to have little 

petroleum potential because of their characteristically high degree 

of induration. The Orca Group and pre-Tertiary rocks in this region 

are effective basement for petroleum. 

In the Katalla and Yakataga districts, most of the known oil 

seeps, as well as indications of oil in wells and small production 

from the Katalla field, are in areas withafractured outcrops of the 

middle part of the Katalla Formation, the Poul Creek Formation, and 

the lower part of the Yakataga Formation. The Katalla and Poul Creek 

Formations contain thick units of predominantly brown, dark brown, 

brownish black and black argillaceous strata containing sufficient 

organic remains to suggest that they were probably good source rocks 

for petroleum. Organic-rich shale and claystone units as much as 

800 feet (244 m) thick occur within the upper Katalla Formation on 

Kayak Island, and similar thinner units of comparable lithology 

occur within the lower part of the formation. Such rocks commonly 

have petroliferous odors on freshly broken surfaces and in some 



places they produce oily films when ground and placed in water. 

Analysis of a typical sample of organic shale from the central 

Katalla district yielded 5.1 percent total organic matter and 

about 0.8 gallon of oil per ton (analysis of W. W. Brannock, U. S. 

Geological Survey). 

In the outcrop, potential source rocks are known only in the 

Katalla and Yakataga districts. Although source rocks are not exposed 

in the Malaspina district, the presence of numerous oil and gas seeps in the 

Samovar Wills suggests the possibility that organic-rich strata of 

the middle Tertiary sequence occur beneath the Malaspina Glacier and 

its fringe of unconsolidated deposits. Shows o f  oil and gas in the 

Yakutat A-1 (2) well (Table 1, No, 65) suggest that petroliferous rocks 

also are present beneath part of the ~akutat Foreland. 

The offshore distribution of the organic-rich facies is unknown. 

It does not occur in the Middleton Island well. Offshore seepages of 

oil or gas have not been reported despite heavy commercial fishing 

over much of the continental shelf and despite the known occurrence of numerous 

geologically young faults in the sub-bottom sequence along which 

petroleum could leak to the sea floor if it were present. 

Oil resembling that found elsewhere in the province seeps from 

hard siltstone and sandstone of probable early Tertiary age in struc- 

turally complex settings on the west side of Ragged Mountain in the 

western Katalla district and along the southern margin af.the Samovar 

Hills in the Malaspina district. It has been postulated that lower 

Tertiary rocks are the source of the oil at Ragged Mountain and the 



Samovar H i l l s  (Plafker and Miller, 1957; Miller and others, 1959, 

p. 4 3 ) .  However, the composition of the o i l  and the structural 

se t t ing  of the seeps suggest the alternative possibi l i ty t h a t  t h e  

o i l  is  derived from middle Tertiary rocks tha t  l i e  beneath t h r u s t  

sheets of the older rock units. For the lower Tertiary sequence t o  be 

a source of petroleum, its lithologic character would have t o  differ 

markedly from tha t  seen i n  outcrops. Although such changes con- 

ceivably could occur within the vast parts  of the basin tha t  a re  

covered by al luvial  deposits, ice ,  or  water, there is no geologic 

basis for believing tha t  source-xock characteristics should be sub- 

s tant ia l ly  improved i n  such areas. 

~e se rvo i r s  

' Sandstones i n  the GATP Tertiary sequence are the only l ikely 

potential reservoirs rocks with primary porosity and permeability. 

Outcrop samples of most sandstones i n  the lower ~ert iary  sequence 

are compositionally and texturally immature. Even the best-sorted 

sandstones appear t o  have poor reservoir characteristics because they 

are greatly compacted and t ight ly  cemented with authigenic silica, 

zeoli tes ,  and carbonates. Analyses show tha t  four of the cleanest 

upper Eocene sandstones sampled have between 4 and 7 percent porosity 

and less than 0.01 md permeability. Some well-sorted, shallow-water 

sandstone uni ts  tha t  appear t o  be porous and f r iable  i n  the outcrop 

wexe found t o  have l e s s  than 5 percent in texs t i t i a l  porosity when 

examined microscopically. 

Better sorted and less indurated sandstone is present Locally i n  



the middle and upper Tert iary  sequences, but  most of the  outcrop samples 

also have f a i r l y  low porosity and permeability, mainly because of a 

fine-grained matrix of rock f lour  and primary and authigenic phyl los i l i -  

cates. For example, 20 sandstone samples analyzed from the  Poul Creek 

and Katalla  orn nations have porosity ranging from 1.6 t o  18.34 percent, 

averaging around 9 percent; permeability ranges from l e s s  than 0.01 t o  

23 md in unfractured sandstones and averages about 4 md. The highest 

porosity and permeability measured are from th in  sandstone beds near the 

middle part of t h e  formation. Porosity and permeability of 35 sandstones 

from the lower, middle, and upper parts of the Yakataga Formation range 

from 2 t o  2 1  percent and from less than 0.01 to  15 md,  respectively. 

Most of the  outcropping Yakataga sandstone that has been examined micro- 

scopically shows interstices ef fec t ive ly  plugged by deformed d e t r i t a l  

lithic fragments that comprise an average of 23 percent of the  sandgrains. 

Locally, however, selected s t randl ine  sandstones have been found i n  

outcrops of the  lower Yakataga Formation of the western Yakataga District 

t h a t  have po ros i t i e s  over 20 percent and permeabilities of a few hundred 

rnil l idarcies (W. M. Lyle, pers. corn., 11/17/75). 

The source of the Neogene clastic s e d e n t s  i n  the basin was 

primarily on the north and northeast. Consequently, average grain  size 

and sorting of the sandstones normally would tend to decrease offshore 

with a concomitant reduction i n  porosi ty  and permeability. It is  conceiv- 

able, however, t h a t  sorted sands i n  large quantity could have been 

transpoxted well  ou t  i n t o  the basin by turbidity currents, o r  tha t  unsorted 

sands may have been reworked sometime after deposition within the basin. 



Traps 

In frontier basins such as the GATP, it is to be expected that 

initial exploxatory efforts will be directed towards finding and 

drilling large anticlinal structures rather than the more subtle 

stratigraphic, fault, and combination traps. The 22 deep test wells 

drilled since 1954 onshore and on State land offshore were located 

mainly on known or inferred anticlinal highs. The wells were 

unsuccessful, in large part, because structures are so complex that it 

has proven difficult to intersect suitable traps at depth. The 

prevailing intense deformation characteristic of some of the anticlinal 

cores may also have been a contributing factor in reducing the porosity 

and permeability of potential reservoir sandstones. All of the favorable 

accessible structures exposed along the coast have been tested adequately 

by the exploration carried out to date. Structures that are exposed 

onshore elsewhere along the G'ulf of Alaska coast have proven to be 

either inaccessible or too small and cornplex.to justify exploratory 

drilling. 

All of the large closed anticlinal structures that occur in the 

central part of the GATP on the OCS are potential targets for exploratory 

drilling. Most of the offshore folds detected on the continuous 

reflection seismic profiles appear to be more open and less complex 

than onshore stnictuxes (figs 5A and 5B). However, it is probable 

that structural levels visible on our single-channel records are 

significantly shallower than those that are exposed in most coastal anti- 



clines. For example, w e  may be comparing folds i n  the upper Yakataga 

 oma at ion offshore with onshore s t ructures  exposing lower Yakataga and 

underlying strata, strat igraphic levels  tha t  could differ by 10-15,000 

feet (3050 t o  4570 m). Indeed, the available geologic evidence f r o m  

the  mainland and offshore islands,suggests tha t  i n  the western par t  of 

the Province, a t  least, severe l a te  Cenozoic compressional deformation 

has affected the en t i r e  continental shelf.  

Relative petroleum potent ial  by area 

On f igure 6 we have subdivided areas of the GATP OCS t ha t  appear 

t o  have common geologic charac ter i s t ics  and i n  table  2 these areas 

are rated qual i ta t ive ly  on a scale of 1 t o  5 according t o  our best 

present judgment regarding t h e i r  r e l a t ive  petroleum potential .  T h i s  

evaluation w i l l  undoubtedly require revision when more and be t t e r  

offshore geophysical and geological. data are  obtained. Rankings are  

based primarily on 1) t h e  r e l a t ive  abundance of possible an t ic l ina l  

traps a s  determined from the seismic ref lect ion data,  and 2 )  the 

inferred offshore d is t r ibut ion  of source rocks as extrapolated from 

known onshore occurrences. To the extent possible, we have also 

t r i e d  to weigh more speculative factors affect ing petroleum potential  

such as the position of ant ic l ines  with respect t o  projected 

depocenters, the inferred thickness of overburden on the s t ructures ,  

and the possible d is t r ibut ion  of sui table  reservoir sands on the  OCS. 

The highest ranked area, the Icy Bay trend, contains numerous 

large s t ructures  and i s  underlain by a thick l a t e  Cenozoic sequence tha t  

includes good source rocks. Possible unfavorable factors may be 1) 

scarci ty  of sui table  reservoir bands near the  Poul Creek-Yakataga 



TABLE 2. Tentative rating of segments of the eastern Gulf of 

Alaska OCS according to inferred petroleum potential 

(1 highest, 5 lowest) 

RATING AREA - 
1 Icy Bay Trend 

2 Shelf-edge arch 

3 Bering basin 

3 Kayak-Middleton Trend 

3 Middleton Platform 

3 Pamplona Ridge 

4 Yakutat basin area 

5 Tarr Bank and vicinity 

5 Fairweather Ground 



unconfamity, 21 excessive drilling depths to potential target horizon 

near the basal Yakataga Farmation, and 3 )  structural complications.at 

depth. 

The shelf-edge arch is ranked second because it is a large, 

relatively simple structurally high area with well-developed flank 

unconformities. Deep structure is unknown and this area is probably 

less favorably situated for good reservoir sand development than areas 

closer to the northerly sediment source terrain. 

The third-ranked areas, the Kayak-Middleton trend, Middleton 

Platform, and Pamplona Ridge, all appear to have thick late Cenozoic 

bedded sequences and large structural highs. However, the seismic 

data suggests intense deformation in the cores of the highs. The 

geology of Kayak and Wingham Islands and the result of the Middleton 

Island well do not provide grounds for optimism regarding the 

availability of suitable reservoirs or the presence of liquid hydro- 

carbons. 

The Bering basin and Yakutat basin rankings of 3 and 4, respectively, 

are based on the occurrence of a thick sedimentary section but without 

known anticlinal traps. The Bering basin is ranked slightly higher . 

because it includes probable source rocks and indications of possible 

local structural highs. 

In the lowest-ranked categories, Tarr Bank and vicinity and the 

Fairweather Ground area, lower Tertiary or older "basement" rocks are 

either exposed at the surface in structural highs or are veneered with 

a thin cover of young sediments. 



I1Estimates of petroleum resources 

Oil and gas resource estimates, based upon volumetric and analog 

methods, are shown in Table 3. The indicated undiscovered commercially 

recoverable petroleum in the area considered ranges from zero up to 4.2 

billion barrels of oil and 4.8'trillion feet of gas, depending upon the 

assumptions made. The area for which estimates of petroleum potential 

are given lies within the segment of the Gulf of Alaska OCS roughly bounded 

on the east and west by long. 141° and 1 4 6 O  W respectively, and extends 

from the onshore xock outcrops to the edge o f  the continental shelf, 

about 30 miles (50 km) offshore. The area is treated as two subsidiary basins 

separated by a line connecting Kayak and Middleton Islands because of 

marked differences in the geology on either side of Kayak Island, as 

outlined in the previous section. The south and north limits of the 

area do not include the two basins in their entirety but reflect the 

limits of available offshore data that outline the geology with some 

degree of confidence. The western basin broadly includes the Kayak- 

Middleton trend, Middleton Platform, and Tarr Bank and vicinity blacks 

outlined in figure 6, and the eastern basin includes the Icy Bay Trend, 

Pamplona Ridge, and western part of the Yakutat basin. 

Highly optimistic estimates of OCS resources in the range of tens 

of billions of barrels of recoverable oil have been made by application 

of volumetric methods but do not seem to be realistic for the areas 

considered here in light of existing geologic data. For example, an 

estimate of up to 20 billion barrels of recoverable reserves in the total 

eastern Gulf of Alaska was made by the chairman of the Gulf of Alaska 

l/This section prepared in collaboration with Thane McCulloch, E. G. Sable, - 
Gordon L. Dalton, and Richard B. Powers. 



Table 3, O i l  and gas resource estimates i n  the central portion 
of the eastern Gulf of Alaska OCS based on 

analog and volumetric methods 

L'Analogs based upon exploration and production as of 1975. 

Undiscovered 
Recoverable 
Natural Gas 
(Trillions of 
Cubic Feet) 

0 

0.6 

1.1 

0 

2.0 

3.7 

0 - 4.8 

Undiscovered 
Recoverable 
Oil (Billions 
of Barrels) 

0 

0.1 

1.0 

0 

0.3 

3.2 

0 - 4.2 

Area 

West of 
Kayak Island 

East of 
Kayak Island 

k'Analog 

British Columbia, Wash., Oregon OCS 

Cook Inlet (Total Resources) 

San Joaquin Basin, Ca. 

B r i t i s h  Columbia, Wash., Oregon OCS 

Cook Inlet (Total Resources) 

San Joaquin Basin, Ca. 

TOTALS 



Operators Committee (Anchorage Daily Times, 9/26/73). This estimate 

was based upon a la rger  geographic area  and a greater  volume of sediments 

than used i n  Table 3. S t  was assumed i n  t h e i r  calculations and i n  one 

of our analogs t h a t  petroleum yield  per cubic mile of sediment i n  the  

GATP OCS would be comparable t o  t h a t  of the  San Joaquin Valley, an 

i n t e r i o r  basin i n  California with a t o t a l l y  d i f fe ren t  geologic s e t t i n g  

and history.  On geologic grounds, more reasonable comparisons might 

have been made with other  Ter t iary continental  margin c l a s t i c  basins such 

as offshore Br i t i sh  Columbia, Washington, and Oregon. These shelves have 

yet t o  yield comexcial petroleum despi te  pers i s ten t  exploratory e f fo r t s .  

The c r i t i c a l  values of sediment thickness and basin areas  used herein 

f o r  volume calculat ions  are conservative. The western basin is about 2700 

2 2 
m i l e s  (6,900 km ) i n  area  with a possible average thickness of 10,000 

f e e t  (3050m) for post-Eocene rocks, although they may be a s  much as 18,000 

f e e t  (5,500rn) i n  the deepest pa r t  of the  basin 2 0  t o  25 m i l e s  (23 t o  40 Ian) 

2 2 offshore. The eastern basin consists of about 3400 m i  (8,700 km ) with an 

average thickness of probable post-Eocene rocks of 16,500 feet (5,000m) or 

more. Calculated volume of sediment believed t o  be younger than Eocene 

3 
i n  age is conservatively estimated t o  exceed 3,200 miles3 (13,100 km ) i n  

the  western basin and 10,500 miles3 (43,000 h3) i n  the  eastern basin. 

The f igures  i n  Table 3 indicate  very l a rge  rahges for the estimated 

o i l  and gas poten t ia l  of this part of the  Gulf of Alaska   as in. W e  

f e e l  t h a t  the resource potent ia l '  of t h i s  area should f a l l  within these 

indicated ranges. However, because of sparse data  i n  t h i s  area ,  

uncer ta int ies  of proper analog select ion,  and because some of the  



selected analogs are also fxontier basins, any one of these estimates 

would be highly conjectural, a fact that cannot be overstressed. In 

evaluating these estimates, it should be borne in mind that the 

recent onshore exploration results have been unsuccessful. Further- 

more, although it is possible that the factors controlling accumulation 

o f  liquid hydrocarbons in coriunercial deposits may improve offshore, we 

have no reasons for assuming that this is actually the case. 

Undiscovered recoverable petroleum resources are those quantities 

of oil and gas that may be reasonably expected to exist in favorable 

settings, but which have not yet been identified by drilling. Such 

estimates, therefore, carry a high degree of uncertainty. In order 

to estimate the quantities of undiscovered recoverable oil and gas 

resources, it is necessaxy to make certain assumptions. In Table 3, 

it was assumed that 60% of the oil in place would be discovered (discovery 

factor), and of the oil discovered, 50% would be recovered (recovery 

factor). Therefore, it is estimated that 24% (the discovery factor 

multiplied by the recovery factor) of the oil in place in that prtion 

of the Gulf of Alaska Tertiary Province proposed for leasing by the 

Bureau of land Management will be found and produced. A discovery 

factor of 60% and a recovery factor of 80% was assumed for natural 

gas. Therefore, it is estimated t ha t  48% of gas in place would be 

found and produced. 

Other Mineral Resources 

Mineral resources other than petroleum are not known to occur 



on the continental shelf in the GATP. The potential of the region, 

however, cannot be adequately assessed at present because of the 

paucity of information on the bottom sediments. The one systematic 

study that was made of a segment of shelf lying generally between 

Yakataga and Icy Bay failed to locate any anomalous concentrations 

of metallic minerals (Wright, 1972). Nevertheless, the sporadic 

occurrence of gold, platinum, magnetite, ilmenite, and other heavy 

minerals as beach placers along the coast (Thomas and Berryhill, 

1962), suggests the possibility that these minerals might occur in 

commercially exploitable concentrations on the adjacent shelf. 

GE0LM;IC HAZARDS 

General Statement 

The geology and topography of the Gulf of Alaska Tertiary 

province record an extremely high level of tectonic activity during 

the late ~enozoic,.and the earthquake history of the region (see 

Table 4) clearly demonstrates that tectonism continues undiminished 

to the present. Judging from past experience, major earthquakes 

that could pose serious potential hazards to installations on the 

continental shelf or along the Gulf of Alaska coast may occur in the 

future. The hazard may be eithgr direct by ground shaking, fault 

displacement, and tectonic warping, or indirect through ground 

failure or generation of tsunami waves. The earthquake-related 

hazards are considered more fully in the sections that follow. 
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?.able 4 .--(continued) 
I 

4 
------.*- --- 

Date Origin Time L a t i t u d e  Long i tude  Depth Magnitude 
Day Month Year HrlMin G W  (Degrees N )  (Degrees W) (Ki lometzru)  ---------- 

Primary Sources of data: 

1. Table 2 in Seismicity of Alaska,in Wood, F.  J . ,  e d . ,  1966, Operational 
phases of the Coast and Geodetic Survey program in Alaska for the 
period March 27 to December 31, 1 9 6 4 ,  v. 1 of the Prince  William Sound, 
Alaska, earthquake of 1964 and aftershocks: U.S. Coast and Geodetic 
Survey, 236 p .  

2. [ U . S . ]  National Oceanic and Atmospheric Administration, Earthquake data 
file, 1900-1973, National Oceanic and Atmospheric Administration Environ- 
mental Data Service. 



Other potential non-seismic geolwic hazards that cannot be 

discaunted, but about which we have little data, are the possibilities 

of encountering overpressurized gas pockets at shallow depth during 

exploratory drilling and also possible instability of unconsolidated 

deposits on which structures may be sited. 

S e i s m i c  History 

The GATP is the most seismically active region in the United 

States apart from the Aleutian Islands. Five major earthquakes, 

equal to or larger than magnitude 7.8, have occurred in the province 

during the last 75 years (Table 4 ) .  The most recent of these 

shocks - the 1964 Alaska earthquake (magnitude 8.5) is one of 
the largest earthquakes ever recoxded. The main shock and most of 

i t s  aftershocks, as well as the maximum crustal deformation, occurred 

in remote uninhabited regions. Nevertheless, the earthquake and the 

resulting seismic sea waves killed 114 people and caused over $300 

million of damage in Alaska and along the coasts of British Columbia 

and the western United States. Uplift and subsidence as large as  38 feet 

(11 rn) and 7-1/2 f e e t  (2.3m) respectively, wexe measured in the GATP, 

and measurable uplift and subsidence were observed over an area of 

2 2 
77,000 miles (200,000 km ) extending along the coast from west of Cape 

Yakataga to Kodidk Island (Plafker, 1969). The approximate focal 

region of the earthquake and area of uplift along the continental 

margin are outlined in figure 7 .  

A t  the turn of the century, in 1899 and 1900, a remarkable 



series of four major earthquakes occurred i n  the v i c i n i t y  of 

Yakutat Bay and Icy  Bay. From the few instrumental  recordings 

a v a i l a b l e  for these  shocks, Richter  (1958) assigns magnitudes 

ranging from 7.8 t o  8.6 for  t h e  individual  events. N o  deaths nor 

s i g n i f i c a n t  damage r e s u l t e d  because of t h e  remote s e t t i n g  for  t h e  

shock and t h e  l ack  of seismic sea waves. The earthquakes resu l t ed  

i n  large changes i n  e levat ion with a maximum of 47-1/3 feet (14.4 m) 

of u p l i f t  observed on the  shore l ine  of Disenchantment Bay. T h i s  is 

the maximum change i n  e leva t ion  ever measured on land for an ear th-  

quake sequence. The ep icen te r s  derived from the few instrumental  

d a t a  a r e  uncer ta in  by a t  least 60 m i l e s  (100 km); t h e  post-earthquake 

f i e l d  studies are a b e t t e r  c o n s t r a i n t  on the  locus of energy xelease. 

The absence of damaging seismic sea waves indicates t h a t  the  s t r a i n  

energy re leased  dur ing t h e  earthquake was primarily on land, r a t h e r  

than on the  con t inen ta l  shelf. 

In 1958, a magnitude 7.9 earthquake ruptured the Fairweathex 

fault f o r  at least 190 miles (300 km) from t h e  vicinity of Yakutat 

Bay t o  Cross Sound. Evidence of surface rupture was mapped 

discontinuously from Icy Point  t o  Nunatak Fiord, a d i s t ance  of 

120  m i l e s  (200 km). The sense of f a u l t  movement was predominantly 

r i g h t - l a t e r i a l  s t r i k e - s l i p ,  and the maximum reported l a t e r a l  offset 

was 2 1  feet (7 m) (Tocher, '1960). Again because of t h e  lack  of 

permanent settlements in t h e  region, damage was s l i g h t  and t he  



death toll was limited to three. The most spectacular effect of 

the earthquake was.a giant water wave in Lituya Bay generated by 

a subaerial landslide that plunged into the inlet and caused water 

to surge to a maximum elevation of 1740 feet (520 rn) on the opposite 

wall of the inlet (Miller, 1960). 

Numerous smaller but potentially damaging earthqu$kes in the 

GATP have been recorded in this century. Shallow focus earthquakes 

of magnitude 6 or larger are potentially damaging to man-made 

structures, and earthquakes in the magnitude 5 class may also cause 

damage within several kilometres of the rupture surface. Table 4 

lists historic earthquakes with magnitudes equal to or greater than 

6.0 that have occurxed between latitudes 55O N and 6 2 O  N and 

longitudes 1 3 6 O . W  and 154' W during the interval 1899 through 1973. 

Included are events for which one of the three measurers .of magnitude 

(surface-wave magnitude (M ) body-wave magnitude (%) or Richter 
S 

local mapitude (5)) equal or exceed 6.0. There are a total of 83 

shocks of which 64 are in the magnitude range 6.0 - 6.0 and 15 in 

the ranges 7.0 - 7.9. 
Table 4 does not include all shocks as.sma11 as magnitude 6.0 

since 1899; many shocks in,the magnitude 6 range could not be 

located because of the lack of sensitive seismograph stations early 

in the century, Most likely the table is nearly complete for shacks 



l a r g e r  than magnitude 7 3/4, but  is  complete for  shocks as small  as 
s 

magnitude 7.0 only s ince  1918 and as small  as magnitude 6.0 only 

s ince  t h e  e a r l y  1930's (Gutenberg and Richter, 1954). 

Epicenters  of  h i s t o r i c  earthquakes occurring i n  and near the 

GATP ( taken from Table 4 )  a r e  p l o t t e d  i n  f i g u r e  7 .  The different 

symbols r epresen t  d i f f e r e n t  ranges of f o c a l  depth, whereas the  

increas ing symbol sizes correspond t o  increas ing magnitudes. The 

uncertainties assoc ia ted  with t h e  tabula ted  e p i c e n t r a l  coordinates 

generally decrease with time. P r i o r  t o  t h e  e a r l y  1930's u n c e r t a i n t i e s  

in excess of 60 miles (100 Ian) a r e  common as reflected i n  t h e  

repor t ing  of e p i c e n t r a l  coordinates  only t o  the nearest degree. 

From t h e  early 1930's t o  the  l a t e  1950's o r  t h e  early 1960's epicentral 

u n c e r t a i n t i e s  t y p i c a l l y  were on the  order of  30 miles (50 km). 

Since t h e  i n s t a l l a t i o n  of seismograph s t a t i o n s  i n  southern Alaska 

af ter  t h e  1964 earthquake, the  u n c e r t a i n t i e s  have been reduced t o  

15 miles (25 km) o r  less. For most earthquakes t h e  uncer ta in ty  i n  

f o c a l  depth i s  less than 30 miles (50 h). Recent d e t a i l e d  studies 

of se i smic i ty  i n  southern Alaska i n d i c a t e  t h a t  earthquakes with 

f o c a l  depths  greater than 30 m i l e s  (50 km) do no t  occur i n  the  GATP 

(Lahr and o the rs ,  1974; Page and other 1974; Lahr, 1975). Within 

the framework of e x i s t i n g  knowledge, it i s  reasonable to assume t h a t  . 

earthquakes i n  t h e  GATP occur i n  t h e  c r u s t  a t  depths of less than 

20 m i l e s  (30 km). 



Faulting and Warping 

The known coastal late Cenozoic faults or systems of faults, 

around the margin of the Gulf of Alaska tend to follow the arcuate 

grain of the mountain ranges and the coast (fig. 7) .  Two short 

north-south trending faults with Holocene movement cross the regional 

grain at large angles in the Controller Bay area ( ~ a g g e d  Mountain 

fault) and in the central Kenai Mountains (Kenai lineament). 

Fault displacements and large-scale vertical movements of the 

land relative to sea level are known to have occurred during three 

great earthquakes in the Gulf of Alaska Tertiary province which are 

described under the seismic history. The 1899 Yakutat Bay earthquake 

was accompanied by a complex pattern of tectonic warping and tilting 

2 2 
over an area of about 580 miles (1500 km ) centered on Yakutat Bay (Tarr and 

Martin, 1912). The 1958 Lituya earthquake was accompanied by right- 

lateral slip of up t o  2 1  feet (7 m) on the Fairweather fault (Tocher, 

1960); and the most recent and largest earthquake to affect the 

region, the 1964 Alaska event, is believed to have been generated 

by dip-slip displacement of 66 feet (20 m) or more on a segment of the 

Aleutian Aye megathrust system at least 500 miles (800 km) long 

(Plafker, 1969). Significant tectonic deformation.affected a minimum 

2 
area of 77,000 miles2 (200,000 hn ) and two subsidiaq reverse faults 

w i t h  up to 26 feet (7.9 m) dip slip broke the surface on Montague 

Island and extended offshore onto the continental shelf to the south- 

west (fig. 7). 



On the continental shelf of the GATP many subbottom faults hare 

been identified on the high-resolution seismic profiles, but few 

appear unequivocally to rupture the sea floor.  Nevertheless, ia 

view of the onshore record of active deformation and the distribution 

of shallow focus earthquake epicenters on the continental shelf, the 

likelihood of future fault displacement of the sea floor is a 

distinct probability. 

Because of the uncertainity in epicentral locations, the pattern 

of historic seismicity (fig. 7) cannot be used to identify seismically 

active faults. Some improvements in the precision of historic data 

can be achieved by relocating the old events on a digital computer 

with improved seismic velocity models (Page, 1975). For example, 

such techniques have been applied to the Pmplona Ridge earthquake 

sequence of April 1970 and the Cross Sound sequence of yuly 1973. 

The relocated epicenters for the two sequences clearly delineate 

seismically act ive faults (fig. 8). The Pamplona Ridge sequence 

trends about N 20° E, parallel to the submarine ridge; the Cross 

Sound epicenters align with the WNW trend of the continental 

slope at the edge of the Fairweather Ground. The absolute accuracy 

of the relocated epicenters may be no better than 7-10 miles (10-15 km), 

however, the relative accuracy among the different epicenters is 

probably 3 miles ( 5  laa) or better. Within the uncertainty of the data, 

the Pamplona Ridge earthquakes may be associated with movement on 

one of the faults interpreted from seismic reflection profiles to 



bound Pamplona Ridge on t h e  e a s t  and west. The Cross Sound earthquakes I 
a r e  i n f e r r e d  t o  mark the  e a s t e r n  extent of a zone of oblique under- 

t h r u s t i n g  along t he  con t inen ta l  she l f  edge i n  t h e  eas te rn  Gulf of 

Alaska (Gawthrop and others ,, 1973) . 
Onshore networks of s e n s i t i v e  seismographs with a s t a t i o n  spacing 

of 30 miles (50 h) have a l s o  proven use fu l  i n  t h e  de l inea t ion  of 

offshore  f a u l t  t r ends  (Page and Gawthrop, 1973; Gawthrop and o the rs ,  

I 
1973). I n  September 1974 t h e  U. S. Geological Survey i n s t a l l e d  t h i r t e e n  

new seismographs along the Gulf oE Alaska from Yakutat Bay t o  Montague 

I s l and  for the purpose of better loca t ing  earthquake e ~ i c e n t e r s  and 

def in ing  seismic hazards i n  t h e  GATP. Preliminary results from t h i s  

network for  the i n t e r v a l  September 1974 through May 1975 i n d i c a t e  

marked concentrat ions of earthquake a c t i v i t y  i n  t h e  v i c i n i t y  of ICY 

Bay and also offshore  i n  t h e  v i c i n i t y  of 5g0N, ,14g0W and sda t t e red  

earthquakes along the  con t inen ta l  she l f  edge between 144OW and 147OW 

and along t h e  southeas tern  shores of Montague and Hinchinbrook Islands.  

Refined analysis of t h e  e x i s t i n g  earthquake d a t a  w i l l  b e t t e r  r e so lve  

t h e  s t r u c t u r e s  responsible  for t h e  concentrated a c t i v i t y .  Continued 

d e l i n e a t e  additional. se ismical ly  active f a u l t s .  

, Tsunamis 

Most major earthquakes that involve v e r t i c a l  t e c t o n i c  displacements 

beneath t h e  s e a  are followed by tsunamis (seismic sea waves o r  " t i d a l "  

waves). The earthquake of March 27, 1964, generated one of the larger - 



seismic sea-wave t r a i n s  of modern times. These waves took 20 l i v e s  

and caused dest ruct ion all along the  Gulf of Alaska coast  between 

the southern tip of Kodiak Island and Kayak I s l and  (Plafker, 1969, 

P la fke r  and others, 1969 ) .  Damage and l o s s  of life were minimized 

because the i n i t i a l  waves s t ruck a t  low t i d e  and because much of t h e  

coastal belt was t ec ton ica l ly  uplifted during the  earthquake (fig. 7). 

The sea waves, which were recorded on tide gages throughout the Pac i f i c  

Ocean, caused 15 deaths and major damage in Br i t i sh  Columbia, Oregon, 

and California.  Recorded run-up heights  on steep, rocky coas t s  

along t h e  Gulf of Alaska were as much as 35-40 f e e t  (10.7-12.2 m) above 

maximum high t i de s ;  they were as much as 8 f e e t  12.4 m) above the high 

shoreline along the  gently sloping outer coast  i n  the area e a s t  of 

Cordova. Tsunami waves with an amplitude of'16-18 f e e t  (4.9-5.5 m) 

were recorded at Yakataga but the  h ighes t  of them did  not reach t o  the  

normal high t i d e  level of about 15 feet ( 4 .6  m). 

Future earthquakes involving tectonic deformation of the  cont inental  

shelf  i n  the eastern Gulf of Alaska may be expected t o  be accompanied by 

tsunami waves. Their damage po ten t i a l  will depend t o  a large degree 

upon the amount and r a t e  of deformation, the s tage of tide, and the  

e f f e c t  of bottom configuration on amplification and focusing of the 

waves. A tsunami comparable t o  t h e  one that accompanied the 1964 

earthquake is probably a reasonable maximum t h a t  should be anticipated.  

  here is no h i s t o r i c  record of inundation of the  eastern Gulf 

of Alaska coast by tsunami waves from d i s t a n t  earthquakes. 
/ 



Earthquake recurrence and seismic gaps 

Two general approaches are available for deducing the relative 

susceptibility to major tectonic earthquakes of a continental. margin 

such as the GATP. One is a geologic method in which radiometrically- 

data displaced shorelines are used to obtain qtuantitatjve infomation 

on past vertical displacement rates and the recurrence frequency of 

major tectonic movements which presumably accompany earthquakes. The 

other is a seisrnologic method in which the spatial distribution of 

historic seismicity is used to identify gaps along major tectonic * 

bundaries that are likely to be filled by future events. Both of these 

methods involve a number of assumptions and uncertainties and neither 

can predict when an earthquake will occur. However, it may be significant 

that the two methods independently identify portions of the GATP shelf 

and slope extending to the east of Middleton Island as a region where 

one or more major earthquakes are highly probable. 

Reconnaissance studies of emergent terraces and beaches along the 

G u l f  of Alaska Coast indicate that the long-term vertical movements 

occurred as a series of upward pulses that were separated by intervals 

of stability or even gradual submergence. These upward pulses 

presumably represent earthquake-related movements similar to the 

emergence that affected the same coasts during the 1964 event. 

The best record of successive uplifts is preserved in a steplike 

flight of marine terraces at Middleton Island, 50 miles (80 km) off 

the mainland coast near the edge of the continental shelf.  piso odic 

emerqence of the island is recorded by s ix  gently sloping marine 



terraces t h a t  a r e  separated by wave-cut c l i f f s  or rises with average 

beach-angle elevations of about 13, 45, 75, 98, 131 and 151 f e e t  

(4 ,  14, 23,  30, 40, and 46 m), The 13-foot (4-m) t e r race  is  a marine 

surface t h a t  was upl i f ted  quddenly during the 1964 earthquake. 

Radiocarbon ages f o r  four  of the  f i v e  older  t e r races  suggest tha t  (1) 

The l a s t  previous u p l i f t  was about 1400 years ago; (2)  sudden u p l i f t s  

have occurred a t  Middleton Island a t  in te rva l s  of 500 t o  1400 years 

(average 800 years) s ince the  is land emerged from the  sea  about 4500 

years ago; and (3)  the  average rate of u p l i f t  is about 1 cm/yr, but 

the  rate during the pas t  1400 years has been one-half t h a t  amount 

(Plafker and W i n ,  1969, and Plafkex, 1972). Thus, i f  the  deformation 

rate is constant, it follows that another tectonic earthquake involving 

u p l i f t  of Middleton Island on the  order of an addi t ional  13 feet  

- 
(4 m) is  overdue. Similar da ta  on t h e  displaced shorelines of the  

Katal la  d i s t r i c t  coast  support t he  conclusion t h a t  addi t ional  

t ec ton ic  u p l i f t  i n  t h a t  region is needed to keep pace with a long- 

term la te  Holocene u p l i f t  r a t e s .  

Sykes (1971) used a study of h i s t o r i c  seismicity along the 

Alaskan portion of the  boundary between the  Pac i f ic  and North 

American p l a t e s  to iden t i fy  the 125 t o  185 mile (200 t o  300 b) - 
long segment Lying between the  focal  regions of the  1964 Alaska and 

1958 Lituya earthquakes as a seismic gap t h a t  i s  l i ke ly  site for 
, 

a fu ture  earthquake l a rge r  than  magnitude 7.8. On the  other  hand, 

Kelleher (1970), using the same seismic da ta  concluded t h a t  the  gap 

was not a possible  site for  such a la rge  earthquake because it was 

too small and because of the poss ib i l i t y  t h a t  it could have been f i l l e d  

by the  1899 Yakutat Bay sequence; his data ,  however, do permit an 

earthquake as large as magnitude 7.7. 

68 (70 follows) 
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