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INTRODUCTION 
This report summarizes published information for offshore sedimentary 

basins of Alaska and adjacent regions (Figures 1 and 2) including: ( 1  
onshore extensions of offshore basins and ( 2 )  several basins of western Canada 
and eastern U.S.S .R.  

For each basin there is an isopach or structure-contour map (where 
available), a basin history diagram, and descriptive text. Other authors' 
original isopach and structure-contour maps are presented as figures with the 
text (See Figure 2 for a list of contributors to this compilation). These 
maps have also been compiled on an Ubers equal area projection at a scale of 
1 ~2,500 ,000 with a 1 kilometer contour interval (Plate 1 ) . Where more than 
one horizon has been mapped, Plate 1 shows the oldest or most representative 
horizon; maps of other horizons may appear as figures with the text. For 
some areas seismic profiles, line drawings of seismic profiles, or cross 
sections are shown. 

Other authors1 stratigraphic columns have been compiled onto basin 
history diagrams that show time vertically along a left-side column (time 
scale of Harlan and others, 1983) and thickness and lithology (See Appendix 
for key to symbols) vertically along a right-side column. Most of the basin 
history diagrams are drawn at the same scale, allawing direct visual 
comparisons of sedimentation rates, age and duration of unconfodties, 
distribution of lithologies, and other parameters, 

The subjects covered in the text--where the information is available--are 
listed below: 

1. General information--including the basin's location, area, maximum 
thickness of sedimentary rocks, age of basin fill, and water depth. 

2. Geologic and geographic boundaries. 
3, Basin shape. 
4. Structural Geology. 
5. Basement. 
6. Basin type. 
7. Stratigraphy--including textural trends, coarse-grained units, shapes 

of sedimentary units, volcanism, plutonism, deformation, and 
metamorphism. 

8. Prominent seismic horizons. 
9, Gravity. . 
10. Magnetics. 
11. Petroleum geology--including geothermal gradient, source rocks, 

maturation, diagenesis, and oil and gas bearing rocks. 
12. Availability of m p s  and other illustrations--including location, 

thickness, isopaeh, and structure contour maps; seismic profiles and 
line drawings; cross sections; and stratigraphic columns. 

13, Degree of coverage. 
14. Other informtion. 
15. Recent references. 

The basins are listed in rough geographical order from north to south, 
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b A L A S K A  

BAS INS 

K -- Kaktov ik  Basin 
DG -- Dinkurn Graben 
Nu -- Nwuk Basin 
CF -- Co lv i  l l e  Foredeep (Nor th Slope) 
SC -- South Chukchi Basin 
NC -- North Chukchi Basin 

H -- Hope Basin 

N -- Norton Basin 
CS -- Cook-She1 i k o f  Basin 

T -- Tugidak Basin 
A -- Albatross Basin 
S -- Stevenson Basin 

An -- Anadyr Basin 
Na -- Navar in  B a s l n  
A1 -- A l e u t i a n  Basin 
BD -- B u l d i r  Depression 
PD -- P r a t t  Depression 
SG -- Sa in t  George Basin 
Am -- Amak Basin 
AA -- Amlia-Amukta Basin 
BB -- B r i s t o l  Bay Bastn 
At  -- Atka Basin and A l e u t i a n  Terrace 
T r  -- A l e u t i a n  Trench 

CONTRIBUTORS 

Ar thur  Grantz 

M.A. F isher  

D.W, Schol l .  M.S. garlow, 
T.L. V a l l i e r ,  A.K. Cooper, 
and A. J. Stevenson 

Sa -- Sanak Basin T.R. Bruns 
Sh -- Shmragin L s i n  
MS -- Middleton Segment 
Yg -- Yakataga Segment 
Ya -- Yakutat Segment 
SE -- Southeastern Alaska Segment 
PO -- Pac i f f c  Ocean Basin 

QC -- Queen Char lo t te  Basin Parke Snavely Jr. 

Figure 2 .  I ndex  map t o  basins described in t h i s  report and a l i s t  of the 
geologists  contributing t o  i t s  preparation, 



atzrtcmvIK BASIN 
Oeneral Infoxmation-- Kaktovik basin is located off the Arctic coast of 

Alaska at lat. 70mN., long. 141-145'~. It has an area estimated at 14,000 
square b and, offshore, reaches water depths of up to 2800 m. More than 12.5 
km of Jurassic and younger sedimentary rocks fill the basin. Kaktovik basin 
lies within the Diapir Field planning area. 

Geologic and 13%ographic Boundaries-- North of Kaktovik basin lie the 
shelf break, a field of diapirs, and Canada Basin (Figure 3). To the west is 
Nuwuk basin. Barter ~sland- lies along the southern boundary of the basin and 
Demarcation Point is to the southeast. The Alaska-Canada Border and MacKenzie 
River delta are east of the basin. 

B.8in $ h a p -  Kaktovik basin is elongate in an east-west direction, It 
is deepest to the east and open to the north. East of Barter Island the 
middle to upper Tertiary sequence occurs in two subbasins, Demarcation 
subbasin (thickness 7.2 Ian) in the southeast and Barter Island subbasin in the 
northwest. 

Structural Oaola-- Diapirie shale ridges and associated diapir-driven 
normal faults occur east of Barter Island (Grantz and May, 1983). These 
ridges are 40 to 75 )ma long by 5 to 10 km wide and show as much as 6.5 Ian of 
upward penetration. Jurassic, Cretaceous, and Paleogene fine-grained 
sedimentary rocks are inferred to form the diapir cores. Flanking units dip 
away from ridges. There is evidence for three epieodes of diapiric movement 
(Grantz and others, 1982a). A regional subsurface horizon of possible middle 
Eocene age i~ present in the area of the diapiric ridges. One of these ridges 
separates the two subbasins. 

Northeast-striking linear folds 40 to 90 laa long by 20 km wide are 
Quaternary detachment folds. lhese include the Camden detachment anticline 
and parallel folds west of Barter Island which are active today (Grantz and 
others 1982a; Grantz and May, 1983). North-dipping growth faults lie west of 
Barter Island (Grantz and other, 1982a). Kaktovik basin fill is underlain by 
Dinkurn Graben in the west. 

Base3ent- A gently sloping surface at the top of the Franklinian 
sequence (pre-Mississippian) forms the basement beneath most of the basin. 
The northern parts of the basin may be underlain by transitional or oceanic 
crust. 

Basin 'Pyge-- Kaktovik basin is a progradational continental margin prism 
terrace. 

Stratiqraph~ Prior to the Jurassic, the sediment source lay to the 
north; throughout Brookian time (Jurassic and younger), the sediment source 
lay to the south. Rocks of the Brookian sequence form a northward-thinning 
wedge of clastic strata. Incally,  the presence of several northward-thinning 
wedges of Zllesmerian strata (Mississippian thru ~urassic) has been 
extrapolated from onshore exposures. Texturally mture sandstone and 
conglomerate are common in strata of the Ellesmerian sequence in adjacent 
onshore areas. 

&oarincat 8si-c BDrirons- In Demarcation subbasin, three angular 
unconformities are present in the Brookian sequence (Figure 4). The uppermost 
of these ( U - 3 )  separates Neogene marine and nonmarine sedimentary rocks from 
mibTertiary (~ocene and Oligocene?) rocks. The second unconformity (u-2) 
lies within the mid-Wrtiary section. The oldest unconformity, the "middle 
Eocenen unconformity (U-11, ia overlain by the mid-Tertiary section and is 
underlain by lower Tertiary, Cretaceous, and Jurassic marine sedimentary 
rocks. Where an acoustic-basement horizon is present, it is inferred to 
represent the top of the Ranklinian sequence or possibly wedges of the 
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Figure 3.  Structural geologic map of Kaktovik basin and Dinkum graben. 
All l ines  dashed where inferred or projected. Inset shows generalized 
average seismic-reflection time as a function of depth f o r  Beaufort 
shelf.  From Grantz and others, 1982a, Figures 4 and 5. 



Figure 4 KAKTOV I K BAS 1 N Data froln Grantx and May, 1983 



E l l e m e r i a n  sequence i n  southern p a r t s  of t h e  basin, and an unknown, 
t r a n s i t i o n a l  o r  oceanic basement beneath t h e  northern p a r t s  of t h e  basin. 

Gravity- See Ruppel and McHendrie, 1976. 
Patrolmm molocty-- Basin f i l l i n g  s t r a t a  buried a t  depths from 3 t o  6 km 

are wi th in  t h e  o i l  generat ion window. This  includes the upper p a r t s  of the  
d i a p i r s  and t h e  deep p a r t s  of t h e  subbaains. Some young f o l d s  probably post- 
d a t e  t h e  migrat ion of o i l .  

mgrr atkd Other I l l u 8 t r a t i ~ - -  Inca t ion  and thickness maps are included 
w i t h  seismic p r o f i l e s  i n  Grantz and May, 1983. Location, isopach, and 
s t r u c t u r e  contour maps along with seismic p r o f i l e s ,  c ross  sec t ions ,  and 
s t r a t i g r a p h i c  columns appear i n  Grantz and o thers ,  1982a. 

DegrmO N Ooveracm-- A mlt i -channe l  seismic g r i d  with 30 km spacing 
covers Kaktovik basin. 

mh9Z Info=ti~n-- Ju raos ic  and Cretaceous s t r a t a  a r e  t h i n  o r  absent  
w e s t  Of Barter Island. Diap i r i c  structures under l i e  t h e  adjacent  cont inenta l  
s lope  and rise. 

Rmf~Qn~es-- For more d e t a i l e d  information see Grantz and o thers ,  1982a; 
Grantz and May, 1983, 1984b; and-Ruppel and McHendrie, 1976. 

DIuKad GRABELS 
Oeneral -forration-- Dinkum graben is located at lat. 70°30 '~ . ,  long. 

1 4 8 ' ~ .  (Figure 3 ) .  Its a r e a  is  estimated a s  4250 square km. Water 25 t o  100 
m deep covers t h e  basin. Of t h e  10.6 km t o t a l  th ickness  of sedimentary rocks 
(Figure  51, 4.7 Ian are J u r a s s i c  and Early Cretaceous graben f i l l  and 5.9 km 
are younger rocks of Kaktovik basin which o v e r l i e  t h e  graben. ~ i n k u m  Graben 
l ies  wi th in  t h e  Diapir  F ie ld  planning area. 

mologic and Cbographic Boundaries-- The northern boundary of t h e  graben 
is formed by a south-dipping normal f a u l t  with 2 t o  4.7 lan displacement. The 
southern boundary is formed by a northward-dipping normal f a u l t  o r  f au l t ed  
f lexure.  Displacement on t h e  bounding f a u l t s  decreases t o  near zero i n  t h e  
w e s t .  The graben i s  cannot be resolved beneath Kaktovik basin i n  t h e  eas t .  

Basin Shape--- Dinkum graben is e longate  along an east-southeast  t o  west- 
northwest trend. It i s  170 Ian long by 10 t o  40 km wide and is deeper t o  t h e  
east. In north-south c ross  sec t ion  t h e  graben is asymmetric, deeper t o  t h e  
north. 

8truoturr l  Osolortv-- Normal and a n t j t h e t i c  f a u l t s  p a r a l l e l  t h e  basin 
trend. Graben formation stopped by Turonian time (89 Ma);  it probably began 
i n  t h e  J u r a s s i c  (Grantz and May, 1983). 

Base~ent-- Basement of Franklinian (pre-Mississippian) rocks forms a 
north-dipping s lope  beneath the graben's southern side (Grantz and May, 
1983). Crus ta l  basement i s  probably con t inen ta l  beneath t h e  southern s i d e  of 
Dinkum Graben, and may be t r a n s i t i o n a l  o r  oceanic under t h e  northern aide. 

Blain Typa-- Dinkum graben i s  an asymmetric graben o r  half-graben, a r i f t  
v a l l e y  basin. It is underlain by t h e  o lde r  Elleamerian (Mississippian th ru  
Ju rass ic )  Arct ic  Alaska bas in  (an i n t r a c r a t o n i c  b a s i n ) ,  and is over la in  by t h e  
sedimentary f i l l  of Kaktovik basin ( a  con t inen ta l  margin prism t e r r a c e ) .  

Stratigraphy- Within t h e  basin,  bedding diverges t o  t h e  north. 
Northward d i p s  of 2.5 t o  12 degrees a r e  common throughout most of t h e  basin;  
southward dips occur near  t h e  northern boundary f a u l t .  The bas in  is  over la in  
by t h e  northward prograding c l a s t i c  sequence of Kaktovik bas in  (Figure 5) .  

R d a e n t  m i d c  BPrgxons-- Two prominent seismic horizons probably 
rep resen t  ( 1  ) t h e  "breakup unconf ormity" a t  t h e  base of t h e  Cretaceous Pebble 
Shale and ( 2 )  t h e  unconfonaity above t h e  Franklinian aequence (basement) on 
t h e  southern s i d e  of t h e  graben (Grantz and May, 1983). 



Figure 5 
DIh'KUM GRABEN Data from Grantz and My. 1923 



Petrolem Geolacsy-- I a w e s t  T e r t i a r y  and Cretaceous rocks are es t imated  t o  
l i e  w i t h i n  t h e  oil gene ra t ion  window, pre-Cretaceous rocks a r e  probably 
ovennature,  but may have been source  rocks  i n  t h e  pas t .  

Mps and Other Illu8trations-- Maps i n  Grantz and May (1983) show t h e  
graben ' s  l o c a t i o n  and th ickness .  Location, isopach, and s t ructure-contour  
maps appear  wi th  se i smic  p r o f i l e s  and s t r a t i g r a p h i c  columns i n  Grantz and 
o t h e r s ,  1982a. 

Other Information- The younger sediments t h a t  o v e r l i e  Dinkum Graben 
(Kaktovik bas in )  ex tend  l a t e r a l l y  i n t o  t h e  T e r t i a r y  s e c t i o n  onshore. 

Referenclrar-- For more d e t a i l e d  information see Grantz and o t h e r s ,  1982a; 
and Grantz and May, 1983, 1984b. 

Olneral Inforrution-- Nuwuk bas in  i s  loca t ed  between l a t .  7 2 ' ~ . ,  long. 
156'W. and lat. 7 1 ° 2 0 ' ~ . ,  long. 1 5 1 ' ~  (F igure  6 ) .  Its a r e a  i s  about 15,000 
square  km. Water depths  range up t o  4000 m. More than  12.6 hn of e a r l y  
Cretaceous and younger sedimentary rocks  f i l l  t h e  basin. Nuwuk bas in  lies i n  
t h e  ~ i a p i r  F i e l d  plann-ing area. 

O.ologio .ad OIoptrphie Boundaries- North of Nuwuk bas in  is t h e  she l f  
break and, beyond t h a t ,  Canada Basin. Nuwuk b a s i n ' s  northwestern boundary 
probably lies a l o n g  t h e  Northwind f r a c t u r e  zone. In  t h e  southwest,  a f a u l t e d  
hinge l i n e  and Barrow a r c h  bound t h e  basin.  Smith Bay i s  loca t ed  near  t h e  
southern  boundary of t h e  bas in  and Harr ison Bay is  near  t h e  sou theas t e rn  
boundary. I n  t h e  east, t h e  b a s i n  ex tends  t o  about  long. 151'W. 

Basin Shape-- The bas in  i s  e longate ,  300 kn long by 50 km wide. The 
wes tern  ha l f  of t h e  bas in  t r e n d s  north-northwest, and t h e  e a s t e r n  ha l f  t r ends  
west-northwest. The b a s i n  i s  open t o  t he  north.  

Structural Oeology-- The most i n t e n s e  per iod  of deformation accompanied 
b a s i n  formation i n  t h e  J u r a s s i c  and Far ly  Cretaceous. Down-to-the-northeast 
l istric growth f a u l t s  formed a mult i -s t rand system i n  t h e  Late  Cretaceous o r  
e a r l y  Tertiary, p a r t s  of which a r e  s t i l l  a c t i v e  (Grantz and May, 1983; Grantz 
and o t h e r s ,  1982a). Large a n t i c l i n e s  have formed a s  a r e s u l t  of backward 
r o t a t i o n  along t h e s e  grcwth f a u l t s .  The a n t i c l i n e s  are b e s t  developed i n  
Albian and Upper Cretaceous s t r a t a  on t h e  o u t e r  s h e l f  and s lope .  

Basemant-- Basement i s  i n f e r r e d  t o  change from c o n t i n e n t a l  crust--the 
pre-Mississ ippian Frankl in ian  sequence o f - t h e  A r c t i c  Platform--in t h e  south 
and southwest t o  t r a n s i t i o n a l  o r  oceanic  crust i n  t h e  n o r t h  and n o r t h e a s t  
(Grantz and o t h e r s ,  1982a). The "breakup" unconformity, thought  t o  r ep re sen t  
r i f t i n g  a s s o c i a t e d  wi th  opening of  t h e  k c t i c  Ocean, l ies  on a c o u s t i c  basement 
under t h e  southern  s i d e  of t h e  basin,  a long a down-to-the-north normal f a u l t .  

h a i n  'pyprt-- Nuwuk b a s i n  i s  a p rog rada t iona l  c o n t i n e n t a l  terrace sediment 
p r i m .  X t  is under la in  i n  t h e  south  by an o l d e r  bas in ,  t h e  El lesmerian 
(Miss i ss ippian  t h r u  J u r a s s i c )  Arc t i c  Alaska bas in ,  a n  i n t r a c r a t o n i c  r i f t  
basin.  

Sttrticrraphp- The sou rce  of b a s i n - f i l l i n g  sediment has  been t o  t h e  south  
and southwest s i n c e  J u r a s s i c  t i m e  but,  p r i o r  t o  t h e  J u r a s s i c ,  t h e  source 
t e r r a n e  f o r  El lesmerian s t r a t a  l a y  t o  t h e  north.  

Coarse-grained u n i t s ,  i nc lud ing  t e x t u r a l l y  mature sandstone and 
conglomerate,  occur  i n  t h e  El lesmerian sequence. 

The Brookian sequence ( J u r a s s i c  and younger) c o n s i s t s  of northward- 
prograding clastics showing f o r e s e t  and t o p s e t  beds, numerous l a r g e  e r o s i o n a l  
channels ,  and channel f i l l s  (Grantz and May, 1983; Erantz  and o t h e r s ,  1982a). 

Prominrat 8 r i d . o  Ebrisonr-- Three prominent seismic horizons have been 
i n t e r p r e t e d  as t h e  base  of Neogene(?) s t r a t a ,  t h e  base of Senonian(O1 s t r a t a ,  





and t h e  t o p  of Neocomian s t r a t a  (Grantz and May, 1983). The horizon a t  t h e  
t o p  of t h e  Neocomian--the "breakup unconformitya--lies a t  t h e  t o p  of a c o u s t i c  
basement throughout@uch of t h e  bas in  (F igu re  7 ) .  

Petrolem Qbolopy-- The o i l  gene ra t ion  windm lies between 3 and 6 km f o r  
t h e  Brookian sequence. - 

IC.w and Other flluatratilons-- Location, th ickness ,  isopach, and 
s t r u c t u r e  nraps are included with seismic p r o f i l e s ,  cross sec t ions ,  and 
s t r a t i g r a p h i c  columns i n  Grantz and o the r s ,  1982a. S t r a t i g r a p h i c  columns 
appear  i n  Grantz and May, 1983. 

hgrem of Oovarage-- About 600 )an of 24 channel seismic, wi th  30 lun l i n e  
spac ing ,  cover  Nuwuk basin.  

Other fnforpratioa-- Seaward prograda t ion  of a h inge l ine  formed t h e  
sediment prism of Nuwuk bas in  (Grantz and May, 1983). A submarine canyon cut 
more than  1.4 Ian i n t o  seaward prograded Albian marine clastic d e p o s i t s  between 
Barrow and EIarrison Bay and w a s  then  f i l l e d  wi th  Turonian marine sediments 
(Grantz,  Eittreim, and Whitney, 1981) 

Referenwas-- For more d e t a i l e d  information see Grantz and May, 1983, 
1984a, b; Grantz and o t h e r s ,  1982a; and Grantz,  E i t t r e im ,  and Whitney, 1981. 

CH[JIECHI BASIN 
Olnual mf-tim-- North Chukchi bas in  i~ loca ted  a t  Lat. 7 3 ' ~ . ,  long. 

1 6 7 ' ~ .  It has  a n  area of more than  15,000 square km. The bas in  f i l l  of 11.6 
km of Brookian strata (pos t  mid-Lower Cretaceous)  i nc ludes  up t o  7 )un of upper 
Brookian ( T e r t i a r y )  s t r a t a .  As rmch a s  2.5 km of El lesmerian (Miss i ss ippian  
to mid-lower Cretaceous) s t r a t a  u n d e r l i e  t h e  e a s t e r n  p a r t  of t h e  b a s i n  
( F i g u r e s  8, 9, and 10). Water depths  are less than  100 m throughout the 
bas in .  Those p a r t s  of  North Chukchi bas in  t h a t  are e a s t  of t h e  U.S.-l?ussia 
convent ion l i n e  of 1867 (long. 169'W.) and south of l a t .  73'N. l ie  i n  the 
Barrow Arch planning area. 

Gfaologfe a d  Oaogr4ghic BDundaries-- North of t h e  bas in  is t h e  Chukchi 
c o n t i n e n t a l  borderland. The sou theas t e rn  boundary of North Chukchi bas in  i s  
formed by a t e c t o n i c  hinge l i n e  loca t ed  where the dip of t h e  El lesmerian 
strata and t h e  d i p  and th i ckness  of t h e  lower Brookian s t r a t a  i n c r e a s e  t o  t h e  
n o r t h  and w e s t  (Grantz and May, 1984a) . A t  lat.  7 2 ' ~ .  , m r t h  Chukchi b a s i n ' s  
e a s t e r n  boundary lies a t  about long. 1 6 4 ' ~ ;  f a r t h e r  nor th ,  t h e  b a s i n ' s  e a s t e r n  
boundary pxobably lies along t h e  Chukchi-Northwind f r a c t u r e  zone (long. 
1 6 1 ° ~ . ) .  Canada Basin lies n o r t h e a s t  of North Chukchi bas in ,  

Basin Shape-- The bas in  has  an  asymmetric north-south c r o s s  s ec t ion ,  open 
and deeper t o  t h e  nor th .  

8kructUal Qsology-- Listric normal f a u l t s  c u t  lower Brookian and, i n  
p l a c e s ,  pre-Brookian strata. They p a r a l l e l  t h e  she l f  break and hinge zone, 
t r end ing  east-west i n  t h e  southern  p a r t  of t h e  bas in  and northeast-southwest 
i n  t h e  e a s t e r n  p a r t  of t h e  basin. Along wi th  a n t i t h e t i c  f a u l t s ,  t h e  l i s t r i c  
normal faults bound back-rotated f a u l t  blocks (Grantz and o t h e r s ,  1982b; 
Grantz and May, 1984a). L i s t r i c  normal f a u l t i n g  w a s  probably induced by 
c r u s t a l  s t r e t c h i n g  r e l a t e d  t o  i n i t i a t i o n  of sea-floor spreading (Grantz and 
o t h e r s ,  1982b). 

D i a p i r s  are probably aha l e  cored; up t o  2 hn i n  diameter,  they form 
piercement s t r u c t u r e s  which r i s e  t o  wi th in  a few t e n s  of meters of t h e  
seabed. Five  have been recognized, but t h e r e  are probably 30 t o  40 i n  the 
bas in .  They are i n t e r p r e t e d  t o  o r i g i n a t e  i n  lower E r w k i a n  o r  upper 
El leamerian s t r a t a  (Grantz and May, 1984a). 

Block f a u l t i n g  occurs  wi th in  t h e  bas in  (Grantz and o the r s ,  1976). Small 
normal f a u l t s  and a few very low ampli tude f o l d s  are p re sen t  (Grantz and May, 



Figure 7 MWUK BASIN Data from Grantz and hay. 1983 
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1984a). 
In the southern part of the basin the strata dip to the north as much as 

15 degrees, dips decrease to less than one degree farther north. 
Baseaent-- Oceanic or thinned continental crust underlies the basin 

(Grantz and others, 1981). Acoustic basement is pre-Ellesmerian but may not 
be typical of the Franklinian sequence (Grantz and others, 1982b). 

Basin Type-- North Chukchi basin is a passive margin basin that 
originally formed as a rift basin. Two rifting events, one in late Neocomian 
(ca. 125-130 Ma) and the other in the latest Cretaceous or earliest Tertiary 
(ca. 65 Ma) resulted in the formation of a hinge line along the basin's 
southeastern margin. The basin fill prograded northward from the edge of the 
Arctic Platform into the deep basin. 

Prdaurt 8riraie  lori it--- As many as four stratigraphic packets are 
present (Figure 10); these probably represent Neogene, Paleogene, Cretaceous, 
and pre-Cretacous units (Grantz and others, 1981). 

Nagneties-- A discussion of paleomagnetic results for the Brooks Range 
and Arctic Slope appears in Newman and others (1979). 

mtrolmu Qsol-- Marine source beds are inferred to be present in the 
Brookian sequence (Grantz and May, 1984a) . Strong seismic reflectors in the 
Brookian sequence are suggestive of sandstone and possibly conglanerate beds 
that may be potential reservoirs. Listric normal faults and rotated fault 
blocks in the lower Brookian sequence are overlain by either (1) a seismic 
unit containig relatively weak reflectors (fine-grained clastic strata?) or 
( 2 )  the base of the upper Brookian unconfodty; in both cases there is 
potential for seal and source beds adjacent to reservoir beds. Favorable 
trap/seal/reservoir/source relationships may be associated with shale diapirs. 

No thermal data is available from the basin. However, several thermal 
models based on analogies with other rift basins have been proposed by Grantz 
and May (1984b1, and all predict large volumes of Brookian strata lie within 
the oil generation window. 

mp8 and Other Lllu8tratiOns- Maps showing the location of the basin and 
basin structure ap ear with strati raphic columns and seismic rofiles in 
Grant= and others, 5982b. Grantz, %lmes, and Kososki (1 976)  an%~rantz and 
May ( 1  984b) present seismic profiles from North Chukchi basin. A cross 
section based on wells in the National Petrolem Reserve in Alaska (NPRA), 
located 200 laa to the east, is presented in Grantz and May (1984a). 

Degree of QDverage- Both multichannel and high-resolution seismic grids 
with 50 km line spacing, some single-channel seismic data, and several seismic 
refraction lines cover the basin. well data is available from onshore wells 
in NPRA. 

0th- Znfomtioa-qorth Chukchi basin is inferred to contain 
substantially or dominantly marine rocks (Grantz and others, 1982b). 

hfermceu-- por more detailed information see Grantz and others 1982b; 
Grantz, Eittreim, and Whitney, 1981; Grantz, Eblmes, and Kososki, 1976; 
Grantz, Eittreim, and Dinter, 1 979: mlenaar, 1 983 ; mppel and McHendrie, 
1976, and Grantz and May, 1984a, 1984b. 

8- CErmrCHf BASIN MID THE AXASKAN SWPg 
Qmnmral Plfomtion-- Located between lat. 68' and 72'~. and between 

long. 140' and 17O0w., the South Chukchi basin and Alaska North Slope have a 
combined area of more than 240,000 square kilometers, 75,000 of which lie 
offshore. The offshore area north of Berald-Wrangel arch, south of North 
Chukchi basin, and south of Barrow arch is referred to here as South Chukchi 
basin (Plate 1) and is treated as an offshore continuation of the North 



Slope. I n  p l aces  the sedimentary s e c t i o n s  of South Chukchi bas in  and t h e  
North Slope inc lude  more than  7 )an of rocks  of t h e  Brookian sequence ( J u r a s s i c  
and younger),  t h e  Cretaceous sequence a lone  may be 7 km t h i ck .  In  add i t i on ,  4 
t o  8 Ian of sedimentary rocks of t h e  ~0-ElleSmerian ( J u r a s s i c  and e a r l y  
Cretaceous;  Barrovian sequence of Carman and Bardwick, 1983) and Ellesmerian 
sequences a r e  l o c a l l y  present .  

-0logic md aographie Bouadaxiea-- Barrcrw Arch forms the northern 
boundary of t h e  province,  o l d e r  s t r a t a  onlap t h e  a r c h  and younger s t r a t a  
o v e r s t e p  it. North Chukchi bas in  lies t o  the northwest. I n  t h e  west, 
o f f sho re ,  t h r u s t  f a u l t s  of t h e  Herald f a u l t  zone bound t h e  province. Thrust 
f a u l t s  and f o l d s  of t h e  Brooks Range form t h e  southern  boundary onshore. 

I n  t h e  no r theas t ,  t h e  bas in  narrows toward t h e  Alaska-Canada border as 
t h e  Brooks Range and t h e  coast (Barraw Arch) converge. The t h i c k  T e r t i a r y  
s e c t i o n  t h e r e  i s  known va r ious ly  as Sagavanirktok, Camden, or Umiat basin.  
Th i s  W r t i a r y  s e c t i o n  extends o f f sho re  t o  form t h e  prograda t iona l  sediment 
pr i sm of Kaktovik bas in .  

BI8in &&pa-- The North Slope i s  e longate  i n  an east-west d i r e c t i o n  
( P l a t e  1).  The Cretaceous sequence is th ickens  t o  t h e  south. The main 
T e r t i a r y  depocenter  i s  i n  t h e  no r theas t .  

S ~ ~ U & U P ~  Ot0lWr.Y- East-west t r end ing  fore land  f o l d s  occur i n  the 
sou the rn  p a r t  of t h e  area.  These f o l d s  are 50 t o  100 Ian long, wi th  
wavelengths of 20 t o  25 Ian and amplitudes t o  1.2 )an (Grantz and o t h e r s ,  
1976). On t h e  Chukchi c o a s t  amplitude and t i g h t n e s s  of f o l d i n g  (d ips  range 
from 1 t o  15 degrees)  i nc rease  southward from Icy Cape. Detachment i s  
i n f e r r e d  t o  be i n  t h e  Albian Torok s h a l e  (Grant2 and o t h e r s ,  1981). The f o l d s  
are a s s o c i a t e d  wi th  n o r t h  verg ing  t h r u s t  f a u l t s  and i n c i p i e n t  c o r e  
d iap i r i sm.  Deformation t h a t  r e s u l t e d  i n  t h e  formation of fore land  f o l d s  
probably occurred i n  t h e  Late Cretaceous or e a r l y  T e r t i a r y  (Laramide 
orogeny?).  North of t h e  zone of f o l d i n g  r eg iona l  d i p s  a r e  t o  t h e  south. 

Bas-t-- Acoust ic  basement i s  i n  t h e  El lesmerian sequence, except  near  
Barrow Arch where se i smic  p e n e t r a t e s  t o  t h e  t o p  of t h e  Frankl in ian  sequence 
(Grantz and o t h e r s ,  1976 1.  c r u s t a l  basement is  c o n t i n e n t a l ,  p r imar i ly  rocks  
of t h e  F rank l in i an  sequence. 

Basin e- The b a s i n  i s  a southward-deepening asymmetric fo re l and  bas in  
o r  foredeep. C o l v i l l e  foredeep i s  under la in  by rocks of Ulesmer i an  age 
(Miss i ss ippian  t h r u  J u r a s s i c )  t h a t  a r e  p a r t  of t h e  A r c t i c  Alaska bas in ,  a n  
i n t r a c r a t o n i c  basin.  

Stratigraph..- (F igures  11, 12, 13, 14, and 15) The source  a r e a  for 
sediment f i l l i n g  C o l v i l l e  foredeep l a y  t o  t h e  south. P r i o r  t o  t h e  J u r a s s i c  
(El lesmerian time) t he  source  was probably t o  t h e  north.  La te  Cretaceous and 
T e r t i a r y  nonmarine sandstones and conglomerates form t h e  t h i c k e s t  sequences of 
coarse-rained un i t s .  Cretaceous u n i t s  are t h i c k e s t  i n  t h e  sou th  and t h i n  t o  
t h e  north.  P r e d e l t a  and i n t r a d e l t a  d e p o s i t s  o v e r l i e  deep-marine un i t s .  

Volcanic rocks  i n  t h e  bas in  inc lude  Middle J u r a s s i c  t u f f s  and Turonian 
(90  Ma) ash beds i n  the Seabee Formation. P lu ton ic  rocks a r e  represented  by 
J u r a s s i c  d i abase  i n  NPRA. 

P r d ~ 6 t n t  a i d e  m~iaons--- Many horizons have been mapped wi th in  the 
NPRA (See Bruynzeel and o t h e r s ,  1982) and i n  a l a r g e  area surrounding Prudhoe 
Bay (See U.S. Geological Survey Misc. F i l e  Map S e r i e s  MF-928). Prominent 
ho r i zons  inc lude  t h e  base of t h e  T e r t i a r y  and t h e  Inwer cre taceous  r eg iona l  
unconfonuity. 

Gravity- See a r t i c l e  by May (1985) and Ostenso (1968).  
Hapnetics-- Paleomagnetics of nor thern  Alaska are d iscussed  by Newman and 

o t h e r s  (1979). 



Figure 11 SOUTH CHUKCHI BASIN Data f r o m  Grantz and others, 1981; 1982b 
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Figure 12 ONSHORE 
POINT IIARROU TO I C Y  CAPE Data from Grrntx and others. 1931; 1982b 



WESTERN NORTH SLOPE Data f rom Grantt and others .  1981; 
Nor th  Slope B f o s t r a t .  c h a r t ,  1981 





Figure 15 EASTERN WORTH SLOPE Data from Ucirner and others, 1980 



Petrolem -01oqy-- On t h e  North Slope, t h e  geothermal g rad ien t  ranges 
from 25 t o  40°c/km and is  h ighes t  near  Prudhoe Bay ( T a i l l e u r  and Engwicht, 
1978).  

Prudhoe Bay and Kuparuk River  hydrocarbons accumulated i n  combined 
s t r a t i g r a p h i c  and s t r u c t u r a l  t r a p s .  Closure i s  provided by s t r u c t u r a l  d ip ,  an  
unconformity, and high-angle f a u l t s .  Cretaceous s h a l e s  ( source  rocks?)  
commonly seal t h e  r e s e r v o i r s  and a r e  p re sen t  i n  l a r g e  amounts south ,  east, and 
poss ib ly  no r th  of t h e  two f i e l d s .  Other source beds inc lude  T r i a s s i c  and 
J u r a s s i c  s h a l e s  (Carman and Hardwick, 1983; Jones and Speers,  1976). O i l  and 
g a s  bear ing  rocks  are d i scussed  i n  Jones and Speers (1976).  

Map8 and Other Uluastratiaas-- I n c a t i o n  maps and s t r a t i g r a p h i c  columns 
are included i n  Grantz and o the r s ,  1981. Isopach and s t ruc ture-contour  maps, 
a s  w e l l  as e e i w i c  p r o f i l e s ,  c r o s s  s e c t i o n s ,  and s t r a t i g r a p h i c  c o l m s ,  appear  
i n  Bruynzeel and o t h e r s ,  1982. Isopach, s t r u c t u r e  contour,  l oca t ion ,  and 
geothermal g r a d i e n t  maps are included i n  U.S. Geological Survey Misc. F i l e  Map 
S e r i e s  MF-928. See a l s o  t h e  Ataskan North Slope General ized Subsurface 
B i o s t r a t i g r a p h i c  Chart  ( B i o s t r a t i g r a p h i c s ,  1981). 

Degree of Ooverage- This  l a r g e  area ranges from w e l l  covered near 
Prudhoe Bay t o  moderately w e l l  covered i n  NPRA t o  poorly covered i n  t h e  Alaska 
National  W i l d l i f e  Refuge. 

Other Informtion-- Nonmarine Qretaceous and T e r t i a r y  s t r a t a  crop out  
a long  t h e  no r the rn  s i d e  of  t h e  basin.  

The bas in  connects  wi th  North Chukchi bas in  over Barrow Arch i n  the 
northwest  and wi th  t h e  Beaufort  Shelf (Nukm and Kaktovik b a s i n s )  i n  t h e  
no r theas t .  

Arfermca+-- For more d e t a i l e d  information see Grantz and o the r s ,  1976, 
1981; plblenaar, 1983; mrman and Hardwick, 1983; Jones and Speers,  1976; 
Newman and o t h e r s ,  1979; Ostenso, 1968; Bruynzeel and o t h e r s ,  1982; U.S. 
Geological  Survey Misc. F i e l d  Map S e r i e s  MF-928; and B i o s t r a t i g r a p h i c s ,  1981. 

HOPE BASIN 
General Inforration- Hope bas in  is  l oca t ed  a t  lat.  66-30' t o  7 9 * ~ . ,  

long. 165- t o  1 7 2 ' ~ .  X t  has  an area i n  excess  of 63,000 square  km. The 
maximum th i ckness  of t h e  bas in  f i l l  i s  5.6 km (Grantz and May, 1984a).  
Sedimentary rocks  f i l l i n g  Elope bas in  are mainly T e r t i a r y  and younger, but  t h e  
b a s i n  may inc lude  s t r a t a  of Late  Cretaceous age. Water depths  are less than  
100 m throughout t h e  area. Most of t h e  bas in  lies i n  t h e  Hope planning area ,  
t h e  no r theas t e rn  corner  of t h e  b a s i n  ( e a s t  of long 1 6 9 ' ~ .  and no r th  of Po in t  
Hope) i s  p a r t  of t h e  Barrow Arch planning area.  

QIolwic .ad O.ograBhic ~~undar ies i -  Herald Arch, an  u p l i f t e d  basement 
a r c h  extending northwest  from Cape Lisburne, and t h r u s t  f a u l t s  of t h e  Herald 
f a u l t  zone form t h e  no r the rn  -boundary of t h e  basin.  Wrangel Arch, a 
northwestern ex tens ion  of Herald Arch, forms t h e  northwest boundary of t h e  
basin.  I n  t h e  southwest, sedimentary rocks onlap basement a t  t h e  Chukotsk 
Peninsula  (U.S.S.R. ). Acoustic basement shal lows south  of t h e  bas in  a t  
Kotzebue Arch where t h e  bas in  f i l l  onlaps o l d e r  high-veloci ty  racks  of t h e  
Seward and Chukotsk Peninsulas .  Selawik lowland, an  onshore ex tens ion  of t h e  
basin, lies along t h e  no r the rn  s i d e  of Seward Peninsula  and may connect wi th  
t h e  Cretaceous Kobuk b a s i n  t o  t h e  east. Down-to-basin nonnal faults p a r a l l e l  
t h e  coast on t h e  e a s t e r n  s i d e  of t h e  bas in  ad j acen t  t o  t h e  DeLong Mountains. 
The Lisburne Elills u p l i f t  l ies n o r t h e a s t  of Hope basin.  

Barin Shape- Hope bas in  is  e longa te  i n  an east-west d i r e c t i o n  ( ~ i g u r e  
16) ;  t h e  bas in  is  deeper i n  t h e  east, wi th  a more s t e e p l y  dipping basement 
s u r f a c e  t o  t h e  north.  During t h e  T e r t i a r y  t h e  depocenter  migrated from t h e  



THICKNESS OF SEflION ABOVE ACOUSTIC BASEMENT 

Figure 16. Isopach map o f  Hope bas in .  Contour i n t e r v a l  0.2 k i l ome te rs .  
From E i t t r e i r n  and others,  1978. 



south or southwest to the north or northeast through the Tertiary. In the 
Neogene the depocenter was north of Kotzebue Arch, northwest of Cape 
Krusenetern and adjacent to the DeLong Mountains. The main depocenter during 
the Paleogene (possibly Late Cretaceous) was west of Point Hope, sedimentary 
rocks were also deposited south of what is now Kotzebue Arch. Paleogene rocks 
are more uniformly distributed than Neogene rocks (Grantz and others, 
1982b). A series of buried basement ridges divide Hope basin into elongate 
troughs or subbasins (Eittreim and others, 1977). 

$truatural Obolow-- Eastward-trending elongate troughs and ridges occur 
throughout the basin. Some ridges are asymmetrical, resembling rotated fault 
blocks, others are symmetrical and seem to be horsts. 

Kotzebue Arch is a major east-west trending mid-Tertiary tectonic warp in 
the southern part of the basin. It is older than seismic horizon "K" and may 
connect with the southern Brooks Range (Baird Mountains, ~gichuk Hills). A 
down-to-the-north normal fault with up to 2.5 km displacanent forms the arch's 
northern flank, creating an east-west trending half graben. The arch formed 
the hingeline for subsidence of the Neogene basin. Active uplift of the ridge 
took place in the Late Tertiary (Eittriem and others, 1977). 

There are amall, deeply buried, east-west trending anticlines that are 
older than (or coevil with) the formation of Kotzebue Arch. Some of these 
seem to be offshore extensions of topographic features in western Alaska 
(Eittreim and others, 1977). 

Thrust faults, high-angle reverse faults, and high-angle normal faults 
are all present in Hope basin (Grantz and others, 1982b). 

Bas-nt-- The basin formed on continental crust. Some basement ridges 
are offshore extensions of topographic features in western Alaska. seismic 
reflections show strong basement relief, faulting, and warping (Grantz and 
others, 1982b). Acoustic basement is probably strongly deformed lower 
Cretaceous and older rocks of the Brooks Range orogen (Grantz and others, 
1981). 

Basin Typb- Hope basin is an extensional (north-south extension) 
intracontinental basin (Grantz and others, 1981) analogous to Norton basin 
(Grant2 and othere, 1982b). 

Stratigraphy-- The major source area for sediment filling the basin is 
probably east of the basin (Alaeka); the amount of sediment derived from the 
west (Siberia) is unknown. Sediment distribution is controlled by basement 
ridges (Eittreim and others, 1977). 

Coarsegrained units were penetrated *in two wells at Kotzebue Sound at 
600 and 1100 m (Eittreim and others, 1977). B e l o w  1100 m the occurrence of 
coarse-grained units increased in both wells. 

In the area north of Kotzebue Arch reflectors younger than seismic 
horizon "K" diverge to the north. 

Basaltic volcanism on the Seward Peninsula began in the late Miocene and 
continued into the Pliocene and Pleistocene. 

Deformation that resulted in the formation of Kotzebue arch and related 
structures took place in the middle Tertiary. ktive uplift continued in the 
late late Tertiary (Eittreim and others, 1977). 

Prdneat Sbisric Ekritoas-- Reflector "K" is of unknown age but is 
probably late Tertiary and possibly represents the Paleogene-Neogene boundary 
(Figure 17). It divides the basin fill into twro sequences and may be an 
unconformity. Reflections in the upper sequence show continuous bedding and 
no channeling, this sequence is inferred to have been deposited in a quiet 
marine (estuarine or shelf) environment. The acoustic basement surface forms 
another prominent seismic horizon. 





Gxavitr- A positive anomaly has been recognized along Kotzebue Arch 
(Barnes, 1976; Ostenso, 1968). 

Petrolem Qeolw-- The geothermal gradient has been inferred to be 35 to 
40°C/km, analogous to Norton basin. Source rocks may be gas prone. 

Napfa and *her Illustrations-- Ucation and isopach rrraps, along with 
seismic profiles and cross sections, appear in Eittreirn and others, 1977. 
cross sections and seismic profiles are included in Grantz and others, 1976. 

lkgrss of oovmraq+- A single-channel seismic grid with 25 km spacing and 
four seismic refraction lines cover the basin. There are two wells onshore in 
the southeastern part of the basin. 

Other Infomtioo-- Nonmarine rocks are prominent (possibly dominant) in 
marginal outcrops and Kotzebue test wells. Tertiary mrine faunas were, 
however, able to migrate across the Bering Straits. 

Refarenma-- par more information see Grantz and others, 1976, 1979, 
1981, 1982b; Eittreim and others, 1977, 1978; Barnes, 1976; Ostenso, 1968; and 
Grantz and May, 1984a, b. 

Oenaral Infarration-- Norton basin has an area of 34,000 square )an. 

Water depths range up to 50 m. As m c h  as 6.5 )un of mcene (Paleocene or 
Cretaceous?) and younger sedimentary rocks fill the basin. It forms the 
Norton Basin planning area. 

aoloqic and Oeographic Boundaries-- The basin lies south and southwest 
of Seward Peninsula (Figure 18 1. Along the western part of the peninsula the 
basin fill onlaps a shallow basement platform. To the east lies the east-west 
trending North Boundary fault, a down-to-basin normal fault with up to 4 Ian of 
offset. The Bering Straits (shallow basement), Chukotsk Peninsula (basement 
outcrops), and U.S. - Russia convention line lie northwest and west of Norton 
basin. Saint Lawrence Island, and the north-northwest trending South Boundary 
fault--a down-to-basin normal fault with up to 2.5 )an throw-lie southwest of 
the basin. South of the basin are the Yukon Delta, Bering Shelf, and the 1 to 
2 km thick sedimentary section of Saint Matthew basin. East and southeast of 
the basin is a possible crustal suture where Precambrian rocks are in fault 
contact with Cretaceous sedimentary rocks of the Lower Yukon basin (Yukon- 
Koyukuk province). 

Basin Shape-- The basin is elongate in an east-west direction, 350 lun 
long by 50 to 120 Ian wide. It is divided into three structural areas: ( 1 )  an 
area with basin fill thinner than 2 km that'is located north of Saint Lawrence 
Island and west of long. 168' W., (2) Saint Lawrence subbasin, located south 
and west of Yukon Horst, contains up to 5 )an of sedimentary fill, and (3) 
Stuart subbasin, located north and east of Yukon EIorst, contains up to 6.5 lan 
of sedimentary fill. 

Structural Qeoloqy-- Yukon Horst has up to 3 km of relief, the northern 
side of the horst is steepest and has the most relief. The horst separates 
the eastern part of Norton basin into Saint Lawrence and Stuart subbasins. 
Strata overlying Yukon horat are folded. The horst probably formed early in 
the basin's history, preventing the movement of sediment between the two 
subbasins. 

West of long. 1 6 8 ' ~ .  northwest-trending grabens shoal to the northwest. 
Northwest-trending antiforms may be anticlines or horsts. 

Saint Lawrence subbasin contains northwest-trending faults that have been 
most active near the Yukon mlta. Drape or compaction structures form broad 
anticlines (with 2' to 9' dips on the flanks) that show decreasing relief 
upsection. 'Ifiese may overlie volcanic mounds in the basement (Fisher and 
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o the r s ,  1982). 
S t u a r t  aubbasin includes t h e  east-west t rending mme hors t  and t h e  eas t -  

west t rending North Boundary fault--a down-to-the-south normal f a u l t  t h a t  i s  
loca ted  along t h e  subbasin 's  northern side.  Other s t r u c t u r e s  have northeast  
t rends .  

Few onshore s t r u t u r e s  extend offshore. Major f a u l t s  were most a c t i v e  
e a r l y  i n  t h e  b a s i n ' s  h is tory .  I n  general ,  d i p s  shallow upsection. 

Baseaent-- Precambrian c r y s t a l l i n e  rocks and Paleozoic rocks ( including 
carbonates)  under l ie  most of t h e  basin. Cretaceous rocks of t h e  L o w e r  Yukon 
basin (Yukon-Koyukuk province) may under l ie  t h e  southwestern p a r t  of t h e  bas in  
nea r  t h e  Yukon Delta. Basement was metamorphosed and deformed i n  t h e  late 
J u r a  si d Cretaceo but  basement s t r u c t u r e  observed foday probably 
resuy tez  ?!!tram an eaxy' Ter t i a ry  event. Cretaceous sil ceous plutons 
(magnetic) and poss ib ly  ca lc-a lkal ine  plutons (non-magnetic) under l ie  p a r t s  of 
t h e  northwestern Bering Sea including Norton basin (Fisher  and o thers ,  1982). 

Barin m r i n g  t h e  Neogene t h e  basin underwent i s o s t a t i c  regional  
subsidence. m t h e  Paleogene it was an extens ional  r i f t  basin which i n i t i a l l y  
subsided by block fau l t ing .  

Stratiqragbp- Ihe mtamorphic t e r r a n e  on Seward Peninsula has been a 
major source f o r  bas in - f i l l ing  sediments. Coarse-grained u n i t s  include 
Paleogene con t inen ta l  deposi t s .  

I n  t h e  northern Bering Sea, ca lc-a lkal ine  volcanism occurred from 108 t o  
92 Ma, 85 t o  70 Ma, and 70 t o  55 Ma. Flood basa l t8  erupted i n  t h e  Miocene and 
Pliocene. G r a n i t i c  i n t r u s t i o n s  have been dated a t  110 t o  85 Ma and calc- 
a l k a l i n e  i n t r u s i o n s  85 t o  70 Ma (Figure 19).  - 

P r d n e n t  S e i d c  m+i+ons-- The "A* horizon of Fisher  and o the r s  (1  982) 
l ies on t o p  of t h e  acous t i c  basement surface  and is  probably Paleozoic o r  
o l d e r  (Figure 19).  A discontinuous horizon i n  t h e  Paleogene sect ion--local ly 
an  unconformity on cont inenta l  deposi ts-- is  t h e  "Bm horizon of Fisher  and 
o t h e r s  (1982) and t h e  "B-In horizon of Turner and o the r s  (1983b). Throughout 
t h e  bas in  a zone of continuous, moderately s t rong r e f l e c t o r s  o v e r l i e s  a zone 
of discontinous,  weak r e f l e c t o r s ;  the horizon separa t ing  these  two sequences 
has  been designated t h e  "C* horizon (Fisher  and others ,  1982). In  Norton 
bas in  COST we11  no. 2, horizon C occurs i n  t h e  Oligocene sec t ion  and 
represen t s  a marine t ransgress ion (Turner and o thers ,  1983b). Horizon "D" of 
Turner and o the r s  (1983b) represents  t h e  t o p  of a conformable sequence 
throughout t h e  basin and is c o r r e l a t i v e  with a l a t e  Oligocene coal-sandstone 
sequence a t  t h e  COST well. However, horizon *Dm of Fisher  and o t h e r s  (1982)  
i s  i n t e r p r e t e d  as an unconformity a t  t h e  base of t h e  Pliocene o r  a s  a Bottom- 
Simulating Reflector  (BSR) produced by a dens i ty  c o n t r a s t  associa ted  with 
s i l i c a  diagenesis .  

Gravitp- Strength  of anomalies is propra t ional  t o  basement depth (Fisher  
and o thers ,  1982). A g r a v i t y  map i n  Fisher  and o the r s  (1  982) shows Bouguer 
g r a v i t y  onshore on t h e  Seward Peninsula and f ree -a i r  g rav i ty  of fshore  i n  
Norton basin. 

IhgnetiCa-- Anomalies i n  t h e  bas in  a r e  probably associa ted  with 
Cretaceous s i l ic ic  p lu ton ic  rocks (Fisher  and o thers ,  1982). 

h t t 0 l e ~  Qeolocrv-- The geothermal g rad ien t  i n  Norton basin w a s  estimated 
by Fisher  (1982) t o  be 35 t o  40*C/km. The gradient  i n  COST #1 was 36.5'~/km 
from 608 t o  2745 m and, 36 hours a f t e r  c i r c u l a t i o n  ceased, w a s  44.5'C/b from 
2896 t o  4468 m (Turner and o thers ,  1983a). The gradient  i n  COST C2 was 
37'C/h from 305 t o  3353 m and, 48.5 hours after c i r c u l a t i o n  ceased, was 
45.6'~/km from 3353 t o  4267 m (Turner and o the r s ,  1983b). 

V i t r i n i t e  r e f l ec tance  values range from 1.88 t o  3.45% i n  eas te rn  Norton 
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Sound, from 0.86 to 0.92% on Seward Peninsula, from 0.22 to 0.39% on Saint 
Lawrence Island (Fisher, 19821, from 0.2 to 8% (average 0.5%) in COST #1 
(Turner and others, 1983a) , and from 0.3 to 1.4% (average 0.5%) in COST #2 
(Turner and others, 1983b). Best hydrocarbon generation is associated with 
vitrinite reflectance values of 0.6%<x<1.4%. These values were encountered 
between 2957 and 4206 m in COST #I (Turner and others, 1983a) and between 3261 
and 4359 m in COST 42 (Turner and others, 1983b). 

Organic carbon in onshore rocks ranges from 0.16 to 2.1% (Fisher, 
1982). Organic carbon in the COST wells ranges from 0.2 to 52% (coal beds 
give high values) and is commonly between 0.2 and 2%. Organic matter in COST 
#2 is predominantly type I11 humic kerogen (Turner and others, 1983b). 

Evidence for diagenesis of the basin fill includes laumontite filling 
voids and the possibility that Fisher and others' (1982) seismic horizon D 
represents a diagenetic front (opal A to opal CT?). 

Numerous faults cut potential hydrocarbon migration paths in Norton 
basin. A gas seep has been observed on the northern end of Yukon Borst 
(Fisher, 1982) . 

mp6 and Otha Illustrations-- Structure-contour and location maps appear 
along with seismic profiles in Fisher and others, 1982. 

Degree of cowaqe-- coverage includes two COST wells, a 24 channel 
seismic net and a single channel seismic net at 20 krn spacing, and 33 seismic 
refraction lines. 

Otha Ihforration-- Subsidence exceeded sedimentation early in the 
basin's history. An uneonformity in the uppermost nonmarine beds (late 
Paleogene?) also beveled horst tops flat. 

kferences-- For more detailed information see Fisher and others, 1982; 
Fisher, 1982; and Turner and others, 1983a and b. 

m Y R  BASXW 
mnaral Inf-tion-- Anadyr basin is located at lat. 64'~. , long. 1 7 8 ' ~  

(Figure 20). It has a total area of 75,000 square b, 35,000 square km 
onshore in the U.S.S.R. and 40,000 square Ian offshore. The maximum thickness 
of basin fill is greater than 9 km, and is 12 km in Oomyousik basin. Rocks in 
the basin are thought to be Cretaceous and younger in age. Water depths are 
less than 200 m. 

O.ologio and QIogtaphie Boundaries-- North and east of the basin is the 
Okhotsk-Chukotsk volcanic belt, a broad bedrock high of predominantly igneous 
composition. In the north and northwest the Anaut uplift, a bedrock high, 
separates Anadyr basin from the smaller Kresta basin. To the west, Anadyr 
basin extends onshore into the U.S.S.R. The southern boundaries of the basin 
are formed by the Koryak melange belt, the Koryak Range, and Anadyr Ridge--a 
northwest-trending, partly igneous, faulted-bedrock high that shows gravity 
and magnetic anomalies and may be the offshore extension of the Koryak melange 
belt. 

h 8 i a  m a w  The offshore part of the basin is elongate and curved, 
trending north-south in the eastern part ( ~ a s t  Anadyr Trough) to northwest- 
southeast in the area west of long. 177.w. me onshore and nearshore parts of 
the basin trend east-west. 

Structural -0logy- Anaut uplit, located at the northeast corner of the 
Gulf of Anadyr, is a basement uplift associated with gravity and lnagnetic 
highs. The overlying sediments are faulted. 

Paleogene and older units are broadly folded in the onshore section, and 
are cut by reverse and normal faults. More than 50 northeast-trending 
anticlines occur onehore. Offshore, these ridges swing around to trend 



Figure  20.  Isopach contours i n  Anadyr b a s i n .  Thickness o f  Cenozoic ( ? )  
s e c t i o n  d e r i v e d  from seismic  da ta  i s  shown on t h e  r i g h t  s i d e  o f  t h e  
f i g u r e  and th ickness of t h e  L a t e  Cretaceous and younger s e c t i o n  d e r i v e d  
from seismic and w e l l  da ta  i s  shown on t h e  l e f t  s i d e  o f  t h e  f i g u r e .  
From Marlow and o t h e r s ,  1983. 



northwest. 
Basmmnt-- mshore, economic basement is in Lower Cretaceous tuff, 

sandstone, andesite, and basalt beds. Acouetic basement is not well defined; 
terminal reflectors are not visible on some seismic profiles. Basement may be 
folded and broken blocks of Upper Jurassic and Lower Cretaceous rocks. 

Beneath the northern parts of the basin, crustal basement is formed by 
the Okhotsk-Chukotsk magmatic arc. The rest of the basin is inferred to be 
underlain by transitional or oceanic crust. 

Basin wpe-- Anadyr basin is a broad crustal sag, possibly a Cretaceous 
forearc basin. 

8tratigraghr- The source of basin filling sediment is in the Koryak and 
Chukotsk ranges to the north. Onshore, coarse-grained units include up to 80 
m of high-porosity sandstone in the Miocene section (Figure 21). Some 
sandstone beds are lenticular. 

Volcanism and plutonism include Cretaceous and early Tertiary calc- 
alkaline sequences of the Okhotsk-Chukotsk volcanic belt and diabaee sills of 
Senonian age (88-65 Ma). 

Two distinct periods of deformation include one that accompanied basin 
formation in the ksozoic, concurrent with developnent of the 0kotsk-Chukotsk 
volcanic arc and the Koryak melange belt, and one in the late Cenozoic that 
caused uplift near the Anaut uplift and east of Cape Navarin (Marlow and 
others, 1983a). 

P r d ! M U I t  Seismic Bori+ons-- There are two prominent seismic horizons, 
alpha and beta (Figure 22) .  The alpha horizon underlies a sequence of flat or 
gently dipping, laterally continuous reflectors and is interpreted as the 
Neogene-Paleogene boundary. Velocities at the alpha horizon range from 3590 
to 3950 m/sec. lhe beta horizon underlies a more steeply dipping or folded 
sequence of short, discontinuous reflectors, and is interpreted as the 
Cenozoic-Mesozoic boundary. Velocities at the beta horizon range from 5340 to 
4780 m/see. Alpha and beta are is-velocity horizons and may be time 
transgressive (Marlow and others, 1983a). In general, at a given depth, 
seismic velocities onshore are higher than seismic velocities offshore. 

Qavitp- See Marlow and others (1983a) for a free-air gravity map. 
&kgmti=-- See Marlckl and others (1983a) for magnetic profiles and a 

discussion of magnetics. 
Petroleu @kolw~-- Vitrinite reflectance values show a weak to moderate 

thermal history (McLean, 1979a). Potential oil and gas bearing rocks (Miocene 
sandstone) show up to 26% effective porosity and 560 md permesblility. Gas 
shows occur in Cretaceous and Miocene sandstone beds and in Eocene and 
Oligocene rocks onshore. 

Naplr and Oth= Illu8trations- See Warlaw and others (1 983a) for 
location, isopach, structuxe, and thickness maps and also for seismic - 
profiles, line drawings of profiles, and cross sections. Structure-contour 
maps and stratigraphic columns appear in McLean, 1979a. 

D.gEw of covsraq8-- Coverage includes thirty Soviet wells onshore, 1800 
km of offshore geophysical data, 17 seismic refraction lines offshore, and 
line drawings of 300 h of Soviet geophysical data, 

- Other Infomtiore- The history of Anadyr basin is similar to that of 
Navarin basin. 

Oomyousik basin, lat. 72*20'~., long. 178'W., is a normal-fault-bound 
basin containing more than 12 Ian of southeast-dipping post-beta-horizon fill. 

Refatsnclt8- For more information see mrlow and others, 1983a; Cooper 
and others, 1979; and Mcllean, 1979a. 
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Qaneral Inforration-- Navaxin basin is located on the Bering Shelf at 

lat. 60.~. , long. 177'W (Plate 1). It has an area of about 62,000 square 
km. Throughout the basin water depths are shallower than 800 m, usually 
between 100 and 200 m. Cretaceous ( ? )  and younger sediments that fill the 
basin axe in places more than 10 h thick. Navarin basin forms the ~avarin 
Basin planning area. 

Q.0lOQio and Osopraphic Boundaries- Anadyr ridge--probably an offshore 
extension of the Koryak uplift and Koryak melange belt of eastern Siberia-- 
forms the northern boundary of the basin and separates it from Anadyr basin. 
The U.S.-U.S.S.R. convention line forms a political boundary on the northern 
and northwestern sides of the basin near lat. 6 3 ' ~ .  Navarin Ridge and an 
acoustic-basement high form the western and southwestern boundaries of the 
basin. The southern nrargin of the basin is near lat. 5 8 ' ~ .  The Okhotsk- 
Chukotsk volcanic belt bounds the basin near long. 174'~. 

Baain Shape-- Navarin basin is elongate along a north-south trend, 400 laa 
long by 190 km wide. The thickest sedimentary sections (>I0 Ian) lie in three 
filled subbasins. The northern subbasin, Navarinsky, has an area of about 
7000 square km. The central subbasin, Pervenets, has an area of about 4000 
square km. me southern subbasin, Pinnacle Islands subbasin, has an area of 
8000 square b. 

Structural Qeolwv-- Strata in the Navarinsky subbasin are arched into 
anticlines 10 to 15 Ian across. On seismic records the anticlines appear to 
have diapiric cores. mlding occurred during late Miocene thru Pliocene, in 
response to deformation and uplift of the Koryak range (and presumably of 
Anadyr Ridge). Pervenets subbasin shows several kilometers of thickening in 
the mid-lwer part of the upper reflective sequence. In the northeastern part 
of the basin, in an area underlain by a gravity high, the upper part of the 
section (late Miocene t h r u  Pliocene?) shows southwesterly dips. Elongate 
grabens in the southern part of the basin create a series of northwest- 
trending basins and ridges that parallel the basin margin (Marlaw and others, 
1981). Growth faults parallel the basin margin in the two southern subbasins. 

Baserent-- Basement beneath the northeast side of the basin is volcanic 
and plutonic rocks of the Okhotsk-Chukotsk magmatic arc. Acoustic basement is 
formed by a folded U t e  Cretaceous sequence cut by a wave-base unconformity of 
early rrertiary age (and may locally include an early Tertiary volcanic 
sequence like that drilled in St. George basin. Crustal basement is inferred 
to be intermediate or oceanic crust. 

Barin Navarin basin is probably a transform basin (inferred from 
en echelon nature of the subbasins and intervening ridges, and from plate 
motions). 

Source areas for Navarin basin sediments lie in Alaska and 
Siberia. The ancestral Yukon, Kuskokwim, and Anadyr Rivers probably provided 
most of the terrigenous basin fill. 

Cretaceous and early Tertiary calc-alkaline volcanic and intrusive rocks 
occur in the Okhotsk-Chukotsk volcanic belt and were drilled in St. George 
basin to the south. Tuf faceous sediments of U t e  Cretaceous age (campanian) 
were encountered in the Navarin COST No. 1 well. Dredge hauls on the Navarin 
continental slope recovered tuffaceous sandstones of late Oligocene age 
(Turner and others, 1984~). The COST well also drilled through Miocene 
diabase sills intruded into the Late Cretaceous sequence (Turner and others, 
1984~). Young basaltic volcanic rocks crop out on the Pribilof Islands and on 
the Bering Shelf (Marlaw and others, 1983b). 

Prominent mimic Ekritons-- The following is summarized from Turner and 



others (1984~). Four seismic horizons (A through D) divide the section into 
five sequences (I through V) .  Sequence I (Figure 23) lies between the 
seafloor and horizon A, it forms a basin-wide zone of continuous, parallel, 
flat-lying reflectors (equivalent to the late Miocene and younger section 
above 957 m in the COST well). Horizon A is locally an unconformity, but at 
the COST well it represents a boundary between two lithologic zones and may be 
a depositional hiatus. Horizon A may also represent a bottomsimulating 
reflector (BSR) related to diagenetic alteration of opal A to clinoptilolite 
and clay (at the COST well) or opal A to opal CT. Sequence I1 (late Oligocene 
through late Miocene, 2127-957 m in the COST well) consists of laterally 
continuous bedding and apparently represents continuous deposition; these 
strata are the first to extend beyond the structurally controlled limits of 
all the subbaeins. Horizon B, at the base of sequence 11, is locally an 
unconformity, in the subbasins it is at most a depositional hiatus. Sequence 
I11 (between 3225 and 2127 m in the COST well; late Oligocene) consists of 
discontinuous, parallel, variable-amplitude reflectors at shallow levels and 
more continuous, higher amplitude reflectors in deeper parts of the basin. 
Locally, sequence 111 strata are interpreted as proximal turbidite deposits 
that onlap local structural highs. Horizon C is an indistinct (discontinuous 
and variable amplitude at shallow levels) to distinct (continuous and high 
amplitude in deeper parts of the subbasins) reflector that is locally an 
unconformity. Sequence IV (3743 to 3225 m in the COST well; late middle (7) 
Eocene to early Oligocene) consists of laterally discontinuous reflectors 
deposited in an apparently continuous vertical sequence. At the shelf break 
sequence IV is locally interpreted as proximal turbidite deposits flanking 
basement highs. Dredge samples suggest sequence IV may contain early Eocene 
and Paleocene rocks not present in the COST well. Seismic horizon D is a 
distinct angular unconfodty that separates acoustic basement from Navarin 
basin fill. Sequence V (acoustic basement) shows variable amplitudes, 
discordant reflections, diffractions, and incoherent noise; it occurs below 
3743 m in the COST well where it includes hastrichtian and Campanian or older 
strata. 

Qavitp- Anomalies are associated with diapiric structures and also 
occur along the basin margin, bordering the igneous ( 7 )  rocks of Nunivak Arch 
(Marlow and others, 1983b). 

mgnettica-- An anomaly along the east' side of the basin may represent a 
change in the basement type (Marlcw and others, 1983b). 

Petroleu G3olow-- The follming is summarized from Turner and others, 
1984c. The diagenetic alteration of opal A to clinoptilolite and clay is 
observed in cores from the COST well from 929-1019 m. Dredge samples include 
opal CT, so diagenesis of opal A to opal CT to quartz may occur in other parts 
of the basin. These diagenetic fronts are likely the cause of bottonr 
~imulating reflectors (BSR9) seen on seismic profiles. Authigenic minerals 
present in the COST well include pyrite (31 1-4841 m), clinoptilolite or 
heulandite (311-4841 m), chlorite (311-4841 m), siderite (1019-4841 m), 
amectite (1 01 9-2723 m) , analcite (101 9-1 369 m), calcite (1019-4841 m) , gypsum 
(2015-3134 m), quartz (2015-4841 m), feldspar (2015-4841 m), mixed layer clays 
(2015-4841 m),  chert (3134-4506 m), and kaolinite (3134-4841 m). 

One interpretation of interval velocities between 900 and 1020 m suggests 
the porosity drops from about 58% to about 38% through the diagenetic zone 
beneath the BSR (estimates from well logs, these porosity values are probably 
5 to 15% high). The best potential reservoirs encountered in the COST well 
occur in Miocene to Oligocene rocks between 1019 and 2016 m. Permeabilities 
greater than 100 md and porosities greater than 34% were not measured below 



Figure 23 NAVARIN BASIN Data from Turner, 1984~; 1985. 



1785 m. 
Overpressured zones occur from 604 t o  101 9 m and from 2723 t o  4841 m i n  

t h e  COST w e l l .  
O i l  shows and r e l a t i v e l y  high background gas were recorded between 3585 

and 3738 m (middle- late  Bocene). Fbssils, dark  c o l o r ,  and high o rgan ic  carbon 
v a l u e s  sugges t  sediments i n  t h i s  zone were depos i ted  i n  an anaerobic outer  
s h e l f  t o  upper s lope  environment. Bright  s p o t s  and wipeout zones on se i smic  
p r o f i l e s  c o l l e c t e d  over  t h e  c e n t r a l  a r c h  may be caused by shal law gas. 

V i t r i n i t e  r e f l e c t a n c e  (Ro) exceeds 0.6% below 2890 m and 1.35% below 
4414111. Anomalously high Fb values  (4.0%) are as soc ia t ed  wi th  sills that 
i n t r u d e  t h e  s e c t i o n  below 3737 m. Nearby dredge samples show v i t r i n i t e  
r e f l e c t a n c e  va lues  of 0.31 t o  1.14%. Spore c o l o r a t i o n  index reached 3.5 
( th re sho ld  f o r  peak o i l  gene ra t ion )  a t  about  1824 m and 7.0 i n  t h e  
unmetamorphosed p a r t  of t h e  s e c t i o n  below 4110 m. Py ro lys i s  suggest  t h e  o i l  
gene ra t ion  window (435'C < ~ 2 m a x  ~ 4 7 0 ' ~ )  i s  between 3664 and 4396 m. 

T o t a l  o rgan ic   carbon-(^^^) va lues  range up t o  50% (coal),  and are as high 
as 2% i n  t h e  i n t e r v a l  between 3585 and 3738 m. A p l o t  of hydrogen index vs.  
oxygen index (Van Krevelen diagram) sugges ts  type  I, X I ,  and 111 a r e  a l l  
p r e s e n t  i n  t h e  well .  Four samples from t h e  cored i n t e r v a l  between 3715 and 
3726 m have hydrogen i n d i c e s  (mg hydrocarbons pe r  gram TOC) of 290 t o  370 and 
oxygen i n d i c e s  (mg carbon d iox ide  per gram TOC) of 0 t o  7.5. 

I n  t h e  COST w e l l  t h e  geothermal g r a d i e n t  is  repor ted  as 45.58*c/km i n  t h e  
upper 1000 m and 32.44'~/lan from 1000 t o  4841 m, an  average of 35.47*C/km. 
The basinwide geothermal g r a d i e n t  is  es t imated  a t  40°~/km based on t h e  depth 
t o  t h e  BSR (asstrming t h e  BSR r e p r e s e n t s  a n  opa l  A t o  opa l  CT Uiagenet ic  
f r o n t )  . 

Haps and Other Illuutrations- m e a t i o n  and isopach maps appear with 
seismic p r o f i l e s  and c r o s s  s e c t i o n s  i n  Marlaw and o the r s ,  198333: and Turner 
and o t h e r s ,  1984e, 1985. A s t ruc ture-contour  map has been prepared by Cooper 
and o t h e r s ,  1979. 

Dmprea of cov~raqpe-- Coverage inc ludes  14  dredge s t a t i o n s  i n  o r  near t he  
bas in ,  14 se i smic  r e f r a c t i o n  l i n e s ,  a multi-channel e e i m i c  n e t  with 5 km l i n e  
spacing,  and 1000 lrm of  s i n g l e  channel  seismic data. 

Refrrsaam-- Por more information see Marlow and o t h e r s ,  1983a and b, 
1981, 1979, and 1976; m o p e r  and o the r s ,  1979; and Turner and o the r s ,  1984c, 
1985. 

SAImGmuGEBASm 
General Infmtion-- S a i n t  Oeorge bas in  is  loca t ed  on the southern 

Ber ing  Shelf  between lat. 55 .40 '~ .  , long. 165 '30 '~ .  and lat.  56 '40 '~ .  , long. 
1 6 9 ' ~ .  The bas in  covers  a n  a r e a  l a r g e r  t han  12,000 square  km. Water depths  
range from 100 t o  200 m. More than  10 km of Genozoic s t r a t a  f i l l  t h e  bas in  
(F igure  24).  It is p a r t  of t h e  S a i n t  George planning area. 

Qa010gia and Qsogxaphie Boundaries- Basement shal lows on t h e  nor thern  
s i d e  of t h e  basin. Southwest-dipping normal f a u l t s  form t h e  no r theas t e rn  
boundary of t h e  basin.  P r i b i l o f  Ridge, a s t r u c t u r a l  high i n  the basement 
complex, l ies  northwest  of the basin. Black Hills Ridge (an a n t i c l i n a l  
s t r u c t u r e ) ,  Unimak basin,  and h a k  bas in  l i e  south of t h e  basin. To t h e  
southwest,  P r i b i l o f  r i d g e  and a system of northeast-dipping normal f a u l t s  
bound t h e  basin. B r i s t o l  Bay bas in  lies east of S a i n t  George basin. 

Bash shape-- S a i n t  George bas in  is  e longate ,  300 )an long by 30 t o  50 kin 
w i d e ,  and p a r a l l e l s  t h e  northwest-southeast t r e n d  of t h e  nmrgin. Although 
seimic p r o f i l e s  a c r o s s  t h e  bas in  are roughly symmetrical, t hose  along t h e  
b a s i n  show two subbasins--northwest and southeast--separated by an in te rvening  
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horst. 
Structural aoloqy-- Normal faults and growth faults that parallel the 

basin axis have been active since the Late Cretaceous or early Tertiary (70 to 
50 Ma). These faults cut the section from near basement to the surface. 
Broad anticlines and some tighter folds are associated with normal faults and 
growth faults. Locally, strata drape over fault blocks in acoustic basement. 

Base~asnt-- Acoustic basement consists of folded Mesozoic sedimentary 
rocks (COST No. 2 well) and middle Eocene or older volcanic rocks (COST No. 1 
well). Upper Cretaceous rocks have been dredged near the basin. Basement may 
also include Upper Jurassic equivalents of the Naknek Formation exposed to the 
east (Figures 24, 25, and 26). 

Baain T y p e -  Saint George basin has been described as a graben, an 
extensional rift basin, and a rifted Wsozoic forearc basin (Marlow and 
others, 1977). 

Stratiqraphyc- Sedimentary units in the basin fill thicken across growth 
faults toward the basin center. 

Tertiary volcanism and plu tonism occurred nearby on the Alaska Peninsula 
and Aleutian arc. 

Praminent Ssismic BDrixons-- Acoustic basement appears to underlie an 
angular unconformity. Reflectors at the top of Oligocene strata and at the 
top of Miocene strata have been correlated across St. George basin by Turner 
and others (1 984a,b). 

Gravity- See Watts, 1975. The basin is outlined by a gravity low, m-- Total field magnetic anomalies are described in Bailey and 
others (1976). A residual magnetic map has been prepared by Childs and others 
(1981). 

Mtrolem Gsology-- organic carbon content of dredge samples exceeds 
0.25% in Tertiary mudstone, 1% in Cretaceous mudstone, and 0.27% in one U t e  
Jurassic sample. Eocene thru ~liocene age dredge samples have an average 
porosity of 48%. Neogene sandstone on the Alaska Peninsula has good reservoir 
characteristics to 2400 m (McLean, 1977). 

Authigenic pyrite is present throughout the wells. Other authigenic 
minerals common in the COST wells include smectite (1571-2336 m), chlorite 
(2139-3840 m), calcite (2578-4457 m), siderite (2327-4457 m), laumontite 
(3065-4457 m), and quartz (2825-3840 m). 

Porosity decreases downhole in COST No. 2 well from 40% to 3% at total 
depth (4458 m), and exceeds 10% to a least 3871 m. Permeability ranges from 
1 1 1  md to less than 0.01 md in conventional cores from the well. Average 
permeabilities 1_ 10 md are restricted to sandstone units with porosities >20% 
(shallwer than 2438 m). 

Total organic carbon in the two COST wells typically ranges from 0 to 1% 
and in a few instances exceed 1%. Kerogen averaged 50% vitrinite; four 
samples from tho COST No. 2 well exceed 35% amorphous kerogen. One coaly- 
siltstone sample from 3827 m in the COST No. 2 well has TOC of 2-38! 70% 
amorphous kerogen, and hydrogen/carbon ratio of 1.16 (Turner and others, 
1984a,b) Maturity sufficient for peak oil generation probably exists below 
about 3777 rn (Ro > 0.6%). 

The geothermal gradient reported by Turner and others (1984a,b) ranges 
from 26.8*~/km in COST No. 2 well to 35.5'C/h in COST No. 1 well. 
Recalculating these gradients using maximum bottomhole temperatures and 
assuming seabed temperatures of 4.c gives 32.g0c/km for COST No. 2 well and 
37.9'C/km for COST No. 1 well. 

~d OthU Illultr&tioas-- Seismic profiles and line drawings appear 
in Marlcrw and others, 1979b. A map shaving location and thickness appears in 
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Cooper and others, 1979. An isopach map has been prepared by Marlow and 
others, 1979a. 

Degree of coverage-- Six hundred kilometers of mlti-channel seismic 
data, dredge hauls, three seismic refraction lines (Marlaw and others, 1979b), 
and two COST wells (Tuner and others, 1984a,b) cover the basin. 

Other Pafororatioa-- Basin extension may have resulted from rebound 
follwing the cessation of subduction at the shelf edge and formation of the 
subduction zone along what is now the Aleutian Arc. 

References-- por more information see Marlaw and others, 1977, 1979a and 
b; Cooper and others, 1979; Bailey and others, 1976; Watts and others, 1975; 
Childs and others, 1981 ; Pratt and others, 1972; Watts, 1975; and Turner and 
others, 1984a,b. 

A m K  BASm 
General Xnfomatim- Amak basin is located on the Bering Shelf at lat. 

5 5 * ~ . ,  long. 1 6 5 ' ~ .  It has an area of 2400 square kin and lies in water 50 to 
200 m deep. Pour kilometers of Cenozoic sedimentary strata fill the basin. 
Amak basin is part of the North Aleutian planning area. 

Gologic md Oeographic Boundarias-- The basin fill onlaps Black Hills 
Ridge--an antiform cored by Jurassic sedimentary rocks--on the northern and 
northeastern sides of the basin. The sedimentary section thickens towards the - 

slope on the western and southwestern sides of the basin. Unimak ~sland and 
outcrops of igneous rocks lie south of the basin. Iate Cenozoic igneous rocks 
also crop out east of the basin on the Alaska Peninsula. 

Baaia Shape-- The western part of Amak basin is narrow and elongate along 
an east-west trend, the eastern end of the basin is wider, nearly circular in 
plan view. The basin fill is thicker to the east. In cross section, the 
acoustic basement surface on the northeast side of the basin, adjacent to 
Black Hills Ridge, is steeper than on the basin's southwest side. 

Structural Oeolq-- Flat or gentle southern dips predominate except 
where folding and high-angle faulting occur along the southwestern flank of 
the Black Hills Ridge. There is also minor faulting and folding in the 
northBNibnt-- Acoustic basement consists of a sequence of poor reflectors 
that lie below a major (early Tertiary?) unconformity. The basement sequence 
is probably Mesozoic in age, and may be equivalent to the Jurassic Naknek 
Formation. Crustal basement is probably continental rocks of the Peninsular 
Terrane. 

Basin Tvge-- Amak basin is a gentle crustal sag or depression, a shelf 
basin. 

SttIti~1:aph.-- Sedimentary units onlap Black Hills Ridge. They thicken 
basinward and thin southwest of the basin center. 

Throughout most of the Tertiary, volcanism and plutoniam occurred nearby 
on the Aleutian arc and Alaska Peninsula. 

Prorrinrat & i d c  ELPri8on8-- Up to 4 Ian of laterally continuous 
reflectors, interpreted to represent Cenozoic strata, are underlain by a major 
angular unconformity, possibly of early Tertiary age (~igure 27). This 4 km 
thick Cenozoic section is underlain by up to 3 )rm of discontinuous reflectors 
that form the Mesozoic (? )  acoustic basement. 

Qavitp- See Watts, 1975. 
Il;rgnetic8-- A regional magnetic map that includes Amak basin has been 

prepared by Childs and others, 1981. 
mg# md Othsr Illu8txati0nS-- See Marlow and others (1979a) for an 

isopach map of Amak basin. Structure-contour maps of Amak basin include those 



Figure 27 hMK BASIN Data from k r l o r  mnd Cooper, 1980 



by Cooper and others (1979) and Marl- and others (1979b). Seismic profiles 
crossing the basin appear in Marlow and Cooper (1980). 

Degr- of covers=- More than 110 km of 24 channel seismic reflection 
data at 100 km spacing is available for Amak basin. 

0th- Uformationr- For basin history diagrams derived from nearby 
onshore sections see Shumagin basin (Figure 39) and St. George basin (~igures 
25 and 26). 

miermeer-- F'or more detailed information see Marlaw and others, 1980, 
1979a and b; Cooper and others, 1979; Marlow and Cooper, 1980; Watts, 1975; 
Childs and others, 1981; and McLean, 1979b. 

BRISTOL BAY BAS- 
QBl~aral Infomtion-- Bristol Bay basin is located at lat. 5 6 ' ~ .  , long. 

162'~ (Figure 28) .  Offshore, the basin covers 18,900 square laa (sedimentary 
section more than 1.5 )an thick). Estimates of the total area of the basin, 
including onshore areas and those with sections less than 1.5 km thick, are as 
high as 256,000 square km. More than 7 Ian of Jurassic and younger strata are 
present. Water depths are less than 100 m. Bristol Bay basin is part of the 
North Aleutian planning area. 

aologic &d 0e6gxaphic bundaries-- t4eaozoic sedimentary , volcanic, 
metamorphic, and crystalline rocks crop out north of Bristol Bay basin. 
~univak Arch lies northwest of the basin. Black Bills Ridge, an antiformal 
structure containing Jurassic sedimentary rocks, lies south and southwest of 
the basin. Folded Jurassic rocks crop out on the Alaska Peninsula southeast 
of the basin. Bsistol Bay basin is bounded by deformed, intruded, and 
metamorphosed Paleozoic and Mesozoic rocks along its northeastern margin. 

Basin Sham-- Bristol Bay basin is elongate with an east-northeast trend 
(Figure 28). The basin fill is thickest near Port Moller on the Alaska 
Peninsula. It is asymmetric in cross section, with a eteeply inclined 
basement surface on the southeastern flank and a gently inclined basement 
surface on the northwestern flank. 

Structural Qaolw- Anticlines seem to have formed by differential 
compaction of Cenozoic sediments deposited over erosional and faulted basement 
highs. !he upper part of the basin fill is flat lying, the lower part is 
mildly folded or draped over basement blocks. 

Irrement-- Economic basement is formed by igneous rocks of the Alaskan 
Peninsula and by Mesozoic and Paleozoic sedimentary rocks. Acoustic basement 
is made up of deformed m t e  Cretaceous sedimentary rocks. Crustal basement is 
inferred to be rocks of a Mesozoic magmatic arc. Gravity and magnetics seem 
to define two different basement types. Ultramafic rocks are exposed on the 
nearby eribilof Islands. Basement subsidence began in the late Mesozoic and 
continued through the Cenozoic. 

Baain WPQ- Bristol Bay basin is a structural sag. 
8txatigraphy- Ihe source area for basin filling sediments was probably 

cratonic Alaska. 
Coarse-grained units include the Bear mke mrmation and Milky River 

Pormation. !the %ar m k e  Farmation has more than 1500 m of mid-late Miocene 
sandstone and conglomerate with lesser thicknesses of siltstone, mudstone, and 
coal; sandstone porosity ranges up to 36.5% and permeability to 1,286 
millidarcies. The Milky River Formation consists of more than 1000 m of late 
Miocene thru Pliocene shallow marine sandstone, conglomerate, and mudstone 
(Figures 29 and 30). Sedimentary units thin to the north. 

Prominent B i rP ic  ibrisons-- The basin fill is divided into a highly 
reflective unit, composed of many coherent reflectors, underlain by a poorly 





Figure 29 BRlSTOl BAY BASIN OFFSHORE Dab from Harlow and others. 1980 
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Figure 30 BRISTOL BAY BASIN ONSHORE Data  from Hclean. 1979b; Detteman. 19R5, 
(Alaska Peninsula) pers. corn.;  and Harlow and others, 1980 
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r e f l e c t i v e  u n i t  (F igu re  29) .  
Gtavitp- See Watts, 1975. 
Nagnetice-- See matt  and o t h e r s ,  1972. 
Prtlroleuaa malow-- Paleogene and younger s trata a r e  l a r g e l y  immature. 

However, t h e  Oligocene Stepovak Formation may have t h e  g r e a t e s t  p o t e n t i a l  as a 
source  rock. The t o t a l  o rganic  carbon content  of t h e  Mesozoic s e c t i o n  
p e n e t r a t e d  by t h e  Amoco Cathedra l  River Unit 1 w e l l  was c o n s i s t a n t l y  less than 
1% (Mckan,  1979b). 

Uns tab le  vo lcan ic  framework g r a i n s  and formation of au th igen ic  cements 
limit t h e  r e s e r v o i r  p o t e n t i a l  of t h e  coarse-rained T e r t i a r y  u n i t s  (McLean, 
1979b). The &sozoic s e c t i o n  a l s o  shows low poros i ty  (Marlow and o the r s ,  
1980). 

IEa- and Other Illu~ttratioas-- See Marlaw and o t h e r s  (1 980) for a 
l o c a t i o n  map and s t r a t i g r a p h i c  columns. A structure-contour  nrap, se i smic  
p r o f i l e s ,  and c r o s s  s e c t i o n s  appear i n  Marlow and Cooper, 1980. An isopach 
map has  been prepared by Marlow and o the r s ,  1979a. Cooper and o t h e r s  (1 979) 
have prepared a s t ruc ture-contour  map. 

D 8 g X H  of  oovuaga-- More than  6000 )aa of geophysical  da t a ,  inc luding  860 
km of 24 channel s e i smic - r e f l ec t ion  da t a ,  have been c o l l e c t e d  from the 
basin.  Nine wells have been d r i l l e d  on t h e  Alaska Peninsula.  

0th- Information-- For onshore geology see Shumagin onshore (F igure  391, 
St. George bas in  (F igures  25 and 2 6 ) ,  and McLean, 1979b. The Amoco Cathedral  
River Unit 1 w e l l  pene t r a t ed  m i a s s i c  s t r a t a  i n  t h e  Black H i l l s .  The 
Cretaceous unconfarfnity i n  t h e  Black H i l l s  becomes a disconformity i n  B r i s t o l  
Bay basin.  Subsidence and sedimentat ion rates seem t o  have been approximately 
equal .  

Referrnee#-- For more d e t a i l e d  information see Marlow and o the r s ,  1980, 
19798; Marlow and Cooper, 1980; Cooper and o the r s ,  1979b; BOX, 1985; Watts, 
1975; P s a t t  and o t h e r s ,  1972; MeLean, 1979b; and Hoare, 1961. 

A L W I T m  WII 
Osn-al Inforration-- The Aleut ian  Basin i s  l oca t ed  between lat.  5 1 * ~ .  

and lat.  63'~. , and between long. 171Cw. and 171'13. It covers  an  area of 
650,000 square  km i n  water depths  t h a t  average 3600 m. Aleutian Basin 
i n c l u d e s  t h r e e  major subbasins  t h a t  con ta in  as much as 10 km of post- 
Cretaceous sedimentary f i l l  ( P l a t e  1) .  

Qaologic md ~eiqrqphic Boundaries-- Aleut ian  Basin is  bordered by the 
Beringian margin t o  t h e  nor th ,  t h e  c o n t i n e n t a l  s h e l f  o f f  t h e  U.S.S.R. i n  t h e  
northwest ,  Shirshov Ridge i n  t h e  w e s t ,  Bowers Ridge i n  t h e  southwest,  t h e  
Aleut ian  Ridge i n  the south,  t h e  Aleut ian Ridge and Umnak P la t eau  i n  t h e  
sou theas t ,  and t h e  Bering Shelf  i n  t h e  east and nor theas t .  

Basin Sham- The bas in  shape is  i r r e g u l a r .  S t r a t i g r a p h i c  sequences are 
t h i c k e s t  nea r  source  areas. These inc lude  t h r e e  crescent-shaped ( f i l l e d -  
t r ench? )  subbasins.  'Ihe remainder of t h e  baa in  unde r l i e s  t h e  Bering abyssa l  
p l a i n  i n  t h e  c e n t r a l  p a r t  of t h e  Aleut ian  Basin. P r i o r  t o  t h e  middle ttiocene, 
depocenters  were i n  t roughs  n o r t h  of Bowers Ridge and southwest of t h e  Bering 
Shel f .  S ince  t h e  middle Miocene, the  main depocenter  has  been i n  t h e  
northwestern p a r t  of t h e  Aleut ian  Basin. 

Aleu t i an  Basin may have been open t o  t h e  south  p r i o r  t o  t h e  formation of 
t h e  Aleut ian  Ridge (-per and o t h e r s ,  1981). 

8truatur.l  ole- Younger s t r a t a  seem t o  be draped over basement 
r e l i e f .  Deformed and thickened sediments l i e  ad jacen t  t o  t h e  no r th  s i d e  of 
Bowers Ridge and t o  t h e  Beringian margin. D iap i r s  occur  i n  parts of t h e  b a s i n  
(Cooper and o the r s ,  1979b). S t r i k e - s l i p  or obl ique  f a u l t s  probably occur 
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along t h e  Beringian margin. 
Baaemant-- Oceanic c r u s t ,  probably of Cretaceous age (conta ins  north- 

south t rending magnetic l i n e a t i o n s ) ,  a t  subbottom depths of 4.5 t o  5.0 km is 
both c r u s t a l  and acous t i c  basement throughout most of t h e  bas in  (Cooper and 
others ,  1976). 

Younger r idges  have formed l o c a l l y  i n  t h e  acous t i c  basement. These 
r idges  have r e l i e f  up t o  1.5 seconds (3 km) and are up t o  15 km across.  
Normal f a u l t s  a r e  apparent i n  adjacent  basin f i l l .  Ridge growth occurred 
mainly i n  t h e  e a r l y  Ter t ia ry ,  but  renewed growth occurred i n  t h e  l a t e  
Cenozoic. These r idges  may form b a r r i e r s  t o  sediment d i s p e r s a l  (Cooper and 
o the r s ,  1979b). 

!Em@-- Aleutian Basin i s  an ocean basin with f i l l ed - t r ench  
subbasins on its southwestern, northeastern,  and eas te rn  margins, surrounding 
a deep ocean subbasin. 

St~atip~.phy-- Basin f i l l i n g  sediments presumably f i n e  toward the basin 
center .  A major post-middle Miocene sediment source i s  located  in t h e  Anadyr 
area. Throughout t h e  e a r l y  Ter t ia ry ,  and during later low s tands  of s e a  
l eve l ,  t h e  a n c e s t r a l  Yukon River was probably a major eediment source. 

marse-grained u n i t s  i n  t h e  basin f i l l  probably include t u r b i d i t e  sands 
and conglomerates. 

F l a t ,  p a r a l l e l  r e f l e c t o r s  cover most of t h e  basin. Deformed and 
thickened wedges of sediment occur i n  f i l l e d  t rench subbasins. 

Volcanism occurred on t h e  basin margins throughout most of the  Cretaceous 
and Cenozoic. 

P r d n t n t  W i a r i c  Ekrirons-- TWO Bottom Simulating ~ f l e c t o r a  (BSRS): (1 )  
i s  probably a t i m e  t r ansgress ive  horizon i n  post-middle Miocene s t r a t a  and is 
i n t e r p r e t e d  a s  t he  opal  A t o  opal  CT d iagenet ic  boundary ( ~ i g u r e  3 1 1; ( 2 )  i s  
probably a shallow gas hydrate BSR. 

Acoustic basement forms a second prominent seismic horizon. 
Gravity-- Gravity p r o f i l e s  are presented i n  Ben-Avsaham and Cooper, 

1 981. Gravity maps include those of Watts, 1975; and Childs, Magistrale and 
Cooper, 1985a,b,c. 

l@gnetic8- P r o f i l e s  are presented i n  Ben-Avraham and Cooper, 1981 ; 
Cooper and o the r s ,  1981; and Cooper and others ,  1979b. North-south trending 
magnetic l i n e a t i o n s  a r e  described i n  Cooper and o the r s ,  1976. 

P.troleu Qeolm-- Cooper and o the r s  (1979b) suggest  t h e  average 
geothermal g rad ien t  is  58'C/lun. Ben-Avraham and Cooper (1981) r e p o r t  1 t o  1.8 
heat flow un i t s .  There may be a thennal  anomaly beneath t h e  c e n t r a l  p a r t  of 
t h e  basin. 

Organic carbon measurements on samples from DSDP sites range from 0.2 t o  
0.8%. 

S i l i c a  diageneais ,  from opal  A t o  opal  CT (?), is  probably responsible 
f o r  t h e  BSR. Diatomaceous sediments above t h e  BSR show p o r o s i t i e s  which 
inc rease  with depth f r o m  58 t o  85% and permeabi l i t ies  which inc rease  from 10 
t o  35 mi l l ida rc ies .  Below t h e  BSR p o r o s i t i e s  decrease t o  32% and 
pe rmeab i l i t i e s  decrease  t o  0.1 m i l l i d a r c i e s  (Cooper and other ,  1979b). 

Turbidi tes  may form s e a l s  over diatomaceous un i t s .  VAMP'S (ve loci ty-  
amplitude s t r u c t u r e s )  may be gas sa tu ra ted  zones t h a t  cause images on deep- 
water seismic p r o f i l e s  equivalent  t o  seismic b r i g h t  spots .  

mps aaB Other IllustratiOns-- See Cooper and o the r s  (1979b and 1981) f o r  
seismic p r o f i l e s  and c r o s s  sect ions.  Cooper and o the r s  (1979a) have prepared 
a s tructure-contour map which covers Aleutian Basin. Marlow and o t h e r s  
(1979a) have prepared an isopach map covering t h e  basin. 

Degree of coveraqe- The basin is covered by a multi-channel seismic 



grid, many dredge hauls, and two-ship and sonobuoy refraction seismic data. 
Deep Sea Drilling Project (DSDP) sites 188, 189, and 190 are in or near the 
basin. 

0th- mforartion-- Cretaceous sedimentary rocks may overlie basement. 
The most abundant lithologies in the basin fill are diatomaceous 

sediments and turbidites. 
The north and east sides of mwers Ridge and the Bringian margin are 

probably ancient convergent or transpressive margins. 
Two other large, deep water basins lie north of Aleutian Ridge: Bowers 

basin is south and west of Bowers Ridge and Komandorsky basin is west of 
Shirshov Ridge and east of the Kamchatka Peninsula (Plate 1). 

Rnfsrurcee-- For more detailed informtion see Scholl and others, 1982; 
Cooper and others, 1976, 1979a and b, and 1981 ; Childs and others, 1981 ; Ben- 
Avraham and Cooper, 1981; Watts, 1975; and Marlow and others, 1979a. 

General Inforration- matt depression is located at lat. 5 2 * ~ . ,  long. 
179'~. It has an area of 1000 square lan in water depths to 850 m. Up to 1.8 
Ian of post-middle Miocene sediment has been deposited in the basin. 

QIolOgie and aopraphic Boundaries-- The northern boundary of Pratt 
depression is poorly defined, it may be a northward-bowed ridge south of 
Bowers Ridge. Little Sitkin Island lies west of the depression. The southern 
boundary of the depression is formed by Prokhoda Scarp--a 385 m scarp thought 
to represent an east-west trending down-to-basin normal fault. Oglala sea 
Valley and Amchitka Island lie furthur south of the basin. semisopochnoi 
Island is east of the depression. Bowers Ridge and Kay Sea Cone are northeast 
of the depression. 

Bash S h a w  The depression is rectangular, 50 lun long by 20 )an wide, it 
is elongate parallel to the Aleutian Ridge crest, and lies near the northern 
edge of the ridge. 

Structural Oeolopy-- The Kay Sea Cone is a submerged volcanic center that 
disrupts the central and northeastern parts of the depression. 

Prokhda Scarp, a major down-to-basin normal fault, and related 
structures are located along the southern side of the depression. 

Bms-nt-- Acoustic basement is formed by middle and/or lower aeries 
rocks (Eocene thru middle Miocene?) of the Aleutian Ridge. Crustal basement 
is the early Tertiary Aleutian Arc massif. 

me depression is an elongate, intra-arc, summit basin on 
the Aleutian Ridge. 

Stratigraphy- Volcanism (middle Miocene and Pliocene thru recent over 
much of the Aleutian Arc) may have affected basin filling rsediments. 

Prods-t mil l ic  Borisona- Acoustic basement is the only well defined 
horizon. 

Gravity- Gravity profiles appear in Scholl and others, 1975. Maps 
include those of Watts, 1975; and Childs, Magistrale, and Cooper, 1985a. 

mgaekh8- Profiles appear in Scholl and others, 1975. 
h R 8  Uld 8 -  See Scholl and others (1975) for a 

location map and seismic profile. 
&gr-- of ==age- One reconnaissance multi-channel seiamic reflection 

l i n e  and one sonobuoy seismic refraction line cover the depression. 
Qthw Qaf-tion-- Tbe depression is aligned with loci of volcanic 

centers on the Aleutian Ridge. There are no gaps in the depression walls deep 
enough to serve aa sediment outlets from the basin. The depth of summit 
basins seems to be inversely proportional to the area of the adjacent summit 



platform. 
Reference.-- For more detailed information see Scholl and others, 1975; 

Watts, 1975; and Childs, Magistrale, and Cooper, 1985a. 

BULDIR DEPRESSIOW 
Oanexal Plfmtion--  Buldir depression is located at lat. 52*15'~., 

long. 176'45'~. The depression has an area of approximately 1000 square lan in 
water depths of up to 2000 m, Buldir depression contains up to 0.3 km of 
Pliocene thru Quaternary--mainly Pleistocene-sedimentary fill. 

Q l 0 k o g i ~  rad -0grrphic Bounduiea- Buldir Island, a volcanic cone, 
bounds the basin on the west. The Aleutian arc summit platform lies south of 
the basin. An unnamed volcano forms the eastern boundary of the depression. 
On the northeast side of the depression is a gap in the basin walls. The 
northern boundary of the basin is formed by a ridge whose origin is poorly 
understood; Bowers basin lies north of the ridge. 

Blain m a p -  Buldir depression is a northwest-trending, elongate, 
rectilinear, perched submarine basin. Its minor axis trends northeast, 
transverse to the Aleutian Ridge. 

Structural Ololwv-- Hydro Cone, probably a volcanic cone, intrudes the 
basin filling sediments. The floor of the depression is generally flat with 
minor relief--1 00 to 500 *-in the northwestern portion. Basin-filling 
sediments are generally undeformed except where they overlie normal faults in 
the basanent. In some places sediments seem to be draped over the basin 
walls. 

mamat-- High-angle normal faults in the acoustic basement dip towards 
the basin center, Crustal basement consists of the early Wrtiary Aleutian 
arc massif. Acoustic basement and the basin's walls are probably middle and 
lower series rocks of middle Eocene thru middle Miocene age. 

Basin -- Buldir depression is probably a graben formed by extensional 
rifting. ft is a volcan~tectonic depression, a tectonically controlled 
subsidence feature associated with volcanism and magma withdrawal. 

Skratiqraphy- Hydro Cone, Buldir Island, and an unnamed volcanic cone 
near the depression are representative of recent volcanism. Faixly continuous 
volcanism occurred throughout the history of the Aleutian Arc, with major 
pulses in the middle Eocene, middle Miocene, and Pliocene thru recent. 

PraJIWht &ti--- Seismic horizons include basement and 
reflectors in the thin sedimentary section, 

Gravity- Regional gravity data has been presented by Watts, 1975; and 
Childs, Magistrale, and Cooper, 1985a. 

Map and OLhu I l l u ~ t r ~ t i ~ ~ ~ ~ - -  See h r l m  and others (1970)  for a 
location map, line drawings of seismic profiles, and a strain-release map. 

P I O m  Of ~ 0 - a ~  COres and singlechannel seismic profiles provide 
the data base for Buldir depression. 

0th- Dforutioa-- 6 e  depression's major axis parallels the Aleutian 
Ridge and its volcanic centers. 

The basin flanks are steep (1 0 to 20 degree slopes) and straight, except 
in the northwest corner of the depression near Buldir ~sland. The 
depression's walls are up to 1300 rn high. 

Subsidence rates in the depression have been estimated at 200 to 700 
4 m . y .  

Southwest of Buldir depression, at Lat. ~O'N., long. 17S.S0~., is the 
filled half graben (normal fault along the northeast side) of Pennant basin 
which has an area of about 1500 square km and contains about 3 lon of upper 
series (Pliocene and younger) rocks (Scholl, in press). 



R.faSUluma-- For more detailed information see Marlaw and others, 1970; 
Scholl and others, 1975; Watts, 1975; and Childs, Magiatrale, and Cooper, 
1985a. 

m I A  AND -A BASINS 
Q.lkU.1 Xaf~mti~-- Amlia-Amukta basin is located at lat. 52'30'~., and 

f ram long. 1 7 2 ' ~ .  (Amukta) to 173'~. (Amlia) . It has an area of 5700 square 
km, 2700 square km in Amlia and 3000 square km in Amukta. More than 5 )an of 
upper ~eries rocks fill Amlia basin; and about 3.5 km of middle(?) and upper - - 

series rocks fill Amukta basin. Water depths range from 200 to 1100 m in 
Amlia and Amukta basins (Figure 32) .  

GologAe ca8 OlrOQ~aphie Bo~ndUies-- North of the basin are Amlia, Atka, 
and Sequam submarine canyons. Amukta and Amlia scarps, two aligned normal- 
fault ( ? )  scarps as high as 650 m, form part of the northern boundary of the 
basin. Southwest of the basin is Amlia Island. South of the Amukta part of 
the basin is Finch scarp (400 m high). Amukta Island is southeast of the 
basin. East of the Amukta basin is Chagulak shoal, an outlying segment of the 
Aleutian summit platform. - 

Basin Sham-- The basins are rectangular. Amlia basin is 85 km long by 
40 km wide and Amukta basin is 54 km long by 30 km wide. They are elongate 
parallel to the Aleutian Ridge and would form a single basin if they were not 
separated by Seguam volcano (and possibly a basement ridge beneath the 
volcano), Dips of flanking slopes average 2' to 3' except near Amlia, Amukta, 
and Finch scarps whexe they are steeper. The sea floor is deepest near scarps 
on the north side of the basin. 

Btr~Qt~ral Qlolwy-- Seguam Volcano, which has probably been active since 
the Pliocene, bisects the basin into two subbasins. 

Folding increases down section; folds are commonly flanked by high-angle 
growth faults, suggesting deformation contemporaneous with sedimentation. 
*Dragu folding occurs adjacent to the basin bounding scarps and associated 
with intra-basin faults. A horst or fault block (possibly an intrusive body) 
is associated with folded and faulted beds in Amlia basin. 

Bassr#nt-- Basement is the early Tertiary (Cretaceous?) transitional 
crust of the Aleutian Ridge massif (and underlying oceanic crust?). Lower and 
middle series rocks (middle Eocene thru middle Miocene) form the basins' 
structural basement. Magnetic basement probably consists of rocks of the 
lower series (middle thru late Eocene). A basement high beneath Sequam 
volcano may separate h l i a  and Amukta basins. The basin seems to have formed 
by late Cenozoic rifting of the Aleutian arc's crestal region. 

Basin Type-- Amlia and Pmukta basins are intra-arc summit basins 
associated with the axis of late Cenozoic volcanism on the Aleutian arc, The 
structural depressions that form the basins are grabens or half-grabens. 

Stratigraphy- fn mlia basin sedimentary units are lens shaped or form 
northwar6thickening wedges. In Amukta basin the units are mare severely 
deformed and may be older. 

Major pulses of volcanism occurred during early Tertiary arc building, in 
the middle Miocene, and from the late Miocene to the present. At other times, 
volcanism was more or less continuous but volumetrically less important. 
Plutons intruded the ridge sequence during the middle Miocene forming contact 
metamorphic aureoles. 

ProrinWht &i@c Ibrinonn- mere is one prominent horizon separating 
upper series (Pliocene and younger) basin fill from middle and lower series 
rocks (Figure 33). 

Qiravitp- See the maps by Childs, Magistrale, and Cooper, 1985a,b; and 



Figure 32 .  Map o f  A m l i a  c o r r i d o r  r e g i o n  o f  A l e u t i a n  Ridge and 
g e n e r a l i z e d  cross s e c t i o n  A - A ' .  From Scho l l  and o t h e r s ,  198 



Figure 33 AMLIA AND W K T A  BASINS Data from Geist ,  i n  prep. and 
Scholl  and others. 1982a. 

B. Isopach map of Upper Series rocks i n  Amlia and Amukta basins. 
Contour i n t e r v a l  1 km. Modi f ied from Geist, i n  prep. 



Watts (1 975) . 
Naqnetics-- Regional magnetic profiles appear in Scholl and others, 

1982; a residual magnetic map has been published by Childs, moper, and 
Wright, 1981. 

cad * h a  Ul~8tEati0ns-- See Scholl and others (1 9 8 2 )  for a 
location map, seiamic profiles, and stratigraphic columns. Line drawings of 
seismic profiles appear in Scholl and others, 1975. See Geist, Childs, and 
Scholl (in press) for isopach and structure maps. 

P.gta9 of coverag+- Coverage includes two hundred kilometers of multi- 
channel seismic reflection data in three crossing lines, 25 single channel 
lines, 15 dredge hauls, and 12 refraction seismic lines (sonobuoys) . 

Other aforutioa-- &tensional rifting of the summit platform to form 
Amlia-Amukta basin may be linked to initiation of late Cenozoic volcanism. 

Amlia scarp is broken by passes or gaps eroded almost to the top of the 
basin fill. These gaps lead to submarine canyons that have apparently been 
eroded by elastic debris funneling through them. The position of the canyons 
is probably structurally controlled (Scholl and others, 1975). 

Referrams-- For more detailed information see Scholl and others, 1982, 
1975; Cooper and others, 1980; Watts, 1975; and Geist, childs, and Scholl, in 
press. 

Gmn~al  Inforrwtionm- ~ t k a  basin is located at lat. 50'30'~. , long. 174'~ 
(Figure 32). It has an area of 6000 square lan. Up to 3.3 Ian of middle 
Miocene and younger basin fill (upper series) are underlain by Oligocene thru 
middle Miocene (middle series) strata that fill the Aleutian Terrace forearc 
basin. The combined thickness of middle and upper series strata is as much as 
5 lan. The oldest knavn sedimentary rocks on the Aleutian Arc (lower series) 
are middle Eocene age. The maximum combined thickness of upper, middle, and 
lower series rocks is 7 to 8 km. Water depths range from 4000 to 4700 m. 

mologic and 01opxaphi~ Bouadariea- On the north, a 5' to 6' incline 
leads to the crest of the Aleutian ridge and the Andreanof Ielands, Atka 
Island, and Pvnlia Bland. In the west is Hawley Ridge, a late Cenozoic 
antiform. The Aleutian terrace continues further west. To the south, a 
steeply inclined series of west-trending, steplike linear ridges or antiformal 
highs of late Cenozoic age descend to the floor of the Aleutian ~rench. The 
Aleutian Terrace forearc continues east of Atka basin. 

Ballin Ihe  basin is elongate in an east-west direction. Atka 
basin is about 160 Ian long by 50 Iun wide, but the Aleutian Terrace forease 
basin, which includes Atka basin, extends hundreds of kilameters to the east 
(to 164*~.) and to the west (to about 176*~.). 

Landward and seaward shifts of the basin's depocenter have been caused by 
basement warping. The principle ahift has been landward, in concert with 
uplift of outer terrace antiformal highs (Scholl and others, 1982). Since the 
Pleistocene, there have been two depocenters in Atka basin, an inner 
depocenter in the north and east and an outer depocenter in the southwest, 
separated by Hawley Ridge. 

8truQtutal Qlolwv-- Ute enozoic antiformal highs along the southern 
edge of the basin are associated with relative free-air gravity highs (Scholl 
and others, 19831, and include beds that dip as steeply as 40" (Stewart, 
1978) .  

Hawley Ridge, located on the southwestern side of the basin, is a large 
(200 long by 25 kn wide by 1500 m high) outer terrace antiform that 
separates the basin into two subbasins and forms the basin's western 



Figure 34 ATKA BASIN /ALEUTIAN TERWCE D a t a  from Stewart. 1978; 
Scholl and others. In Press 

n YL 

E- 
x LITHDLOGY z- 
F 

I 
I 



boundary. The ridge formed in the late Cenozoic. 
~igh-angle faults are associated with antiformal highs, including Bawley 

Ridge. 
B&rrrPant-- The undulating surface at the top of the middle series forms a 

base on which Atka basin sediments were deposited (Figure 34). Lower series 
rocks with "crustal" velocities seem to be the basement rocks for the Aleutian 
Terrace forearc basin. Crustal basement is inferred to be Aleutian arc 
transitional crust. 

Main *- Atka basin is a late Oenozoic depression in the Aleutian 
Terrace forearc basin. 

$tratigraay-- The coarsest sediment has been deposited on the northern 
side of the basin, towards the are. 

Upper series sediment was deposited in lens shaped packets (Scholl and 
others, 1982). There is a general seaward thinning of sedimentary units 
(Scholl and others, 1982).  

Volcanism and plutonism have occurred more or less continuously since the 
middle Eocene and possibly earlier. Volmetrically important periods of 
volcanism occurred from about 52 to 39 Ma, 33 to 31 Ma, and 6 ~a to present. 

Volmetrically important periods of plutonism occurred in the early ( ? I  
to middle Wcene and, north of the basin, at about 15 Ma. Contact 
metamorphism is associated with 15 Ma plutonism north of the basin. 

Deformation took place from about 12 to 10 Ma and during the Quaternary. 
P r d n a n t  Ebritons-- Reflections within Atka basin fill (upper 

series rocks) indicate large packets of lens shaped depositional units, 
laterally coherent, well-stratified sequences and massive sequences.   as in 
filling strata onlapped middle series rocks to form the terrace through 
continued deposition. A prominent undulatory reflection, which is at least 
locally an unconformity, occurs at the top of the middle series (base of Atka 
basin fill). Velocities in the basin fill range up to 3.2 km/sec. 

Reflections within the middle series do not show thickening under Atka 
basin, but do show thinning southward against basement cores of seaward 
antiformal highs. Velocities range from 3.5 to 4.5 km/sec in middle series 
rocks. 

A ref lector called the "Strong, Subbottom, Irregular Ref lector--Southn 
(SIR-S) is interpreted as an unconfodty at the base of the middle series 
(top of the lcrwer aeries), the surface is differentially warped with relief of 
1 to 2 km in a distance of 5 to 10 lan (Scholl and others, 1982). 

The few coherent internal reflectors within the lower series rocks are 
weak and broadly undulatory. They are interpreted as primarily slope forming, 
not basin filling, strata. Velocities in lwer series rocks range from 5.3 to 
7 *3 )Fm/sec. 

Gravitr- A gravity model appears in Marlow and others (1973), for 
regional maps see Watts (1975) and Childs, Magistrale, and Cooper, 1985a. 

Maqnetics-- Magnetic profiles appear in Scholl and others, 1982. 
Paleomagnetic results indicate the arc has not undergone significant changes 
in latitude since its formation (Elarbert, Cox, and McLean, 1984). 

mttolerm Oeology-- Atka basin and the Aleutian forearc have been 
underthrust by the Pacific plate to form the Aleutian accretionary wedge 
(McCarthy and others, 1984). These underplated sediments may have hydrocarbon 
potential and are included in this discussion. 

The geothermal gradient is probably high near the arc and low near the 
trench. On the southern side of the basin it is estimated at 20 to 2!i0C/km 
(Scholl and others, 1983). McCarthy and others (1984) estimate the geothermal 
gradient at 20.8 to 22.7'C/km based on the depth of a reflector presumed to 



represent gas hydrate. This places the present oil generation window at 
depths of 3.0 to 6.5 km. 

Potential hydrocarbon-trapping structures visible on seismic profiles of 
the accretionary wedge include antif o m ,  thrust and nonnal f aulta , and 
stratigraphic pinchouts with up to 2 km of closure. Porous diatomaceous units 
and turbidite sands are potential reservoirs. There is no recognizable 
alteration of post-Oligocene forearc strata outside areas of contact 
metamorphism. 

Dewatering of subducting units could provide fluid circulation for 
hydrocarbon migration (Mccarthy and others, 1984). The amount of organic 
carbon in dredge samples ranges from 0.5 to 1.0% (Scholl and others, 1983). 

Naps &- a h &  ~llurtiations- see Scholl and others (1 982) for a 
location map, structure map, and seismic profiles. Line drawings of seismic 
profiles appear in Marlow and othexs (1973). 

Dmgrma of co\nraga-- Six hundred km of multi-channel seismic lines at 50 
to 75 km line spacing, 20 dredge hauls, 20 refraction seismic lines, and DSDP 
sites 186 and 187 cover the basin. 

OthW Inforution-- At DSDP site 187 the sediment provenance is QFL = 
5,30,75. C/Q = 0.68. Lv/Lt = 0.96. Q/Ft = 0.97. Where Q is quartz, F is 
feldspar, L is lithic fragments, C is chert, v is volcanic, p is plagioclase, 
and t is total (Stewart, 1978). 

A displaced block of middle Miocene terrace sediments in the upper 
Pliocene section was drilled at DSDP site 186 (Stewart, 1978; Scholl and 
others, 1982). 

In the late enozoic there were intense episodes of canyon cutting 
(Scholl and others, 1982). 

Onshore exposures of middle series sedimentary rocks are rare in the 
Amlia Corridor. 

Refarences- For more detailed information see McCarthy and others, 1984: 
Stewart, 1978; Scholl and others, 1975, 1982, 1983; Marlow and others, 1973; 
and Watts, 1975. 

~ Z Z W  !mENcH 
QsaruFal Plforratiow- The Aleutian trench lies along a curve from lat. 

56'N., long. 150'~. to lat. 50'~. , long, 180' to lat. 53'~. , long. 169'E. The 
maximum measured thickness of the trench fill is 4 lrm in the Amlia corridor 
(Figure 35) .  The trench fill probably includes Late metaceous ( ? )  and 
Tertiary oceanic sediments (of unknown thickness) overlain by Quaternary 
sediments (Figure 36). Water depths are near 7300 m. 

O r ~ l ~ i ( 3  d Osopraehie Boundaries- The Aleutian Ridge lies north of the 
trench. To the west the trench continues to the Kamchatka Peninsula. South 
of the Aleutian trench lies the northern Pacific Ocean basin and Zodiac fan. 
To the east the trench continues to the Middleton segment of the Gulf of 
Alaska. 

Barin Sham-- The Aleutian Trench is elongate parallel to the Aleutian 
arc. The thickest part of the sedimentary section filling the trench is in 
the north, towards the arc. Trench fill is probably thicker near sediment 
eources at the trench ends--Alaska and Kamchatka source areas. 

SkmOtUt.1 Qlolw- The inner trench slope overlies a thrust thickened 
aequence of trench-floor deposits that thin twards the trench. Gently 
deformed, rotated masses or blocks within this sequence are probably no older 
than late Cenozoic. 

Within the trench, Quaternary sediments up to 0.5 million years old show 
northward dips which increase from 0.2 degrees at the seafloor to 5 to 6 



Figure 35 ALEUTIAN TRENCH I N  AMLIA CORRIDOR D a t a  from Scholl and others. 1982a 
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degrees  a d j a c e n t  t o  t h e  oceanic  basement. 
Subsurf ace a n t i f  orms and synf orms t r end  p a r a l l e l  o r  s l i g h t l y  obl ique  to 

t h e  a x i s  of t h e  trench. The f o l d s  are superimposed above r idges  and swales i n  
oceanic  basement and t h e i r  amplitudes inc rease  with depth,  sugges t ing  t h e  
s t r u c t u r e s  r e s u l t  from bending of t h e  P a c i f i c  p l a t e  i n t o  t h e  Aleut ian 
subduct ion zone. 

Near long. 173OW., west-trending r idges  and troughs are p re sen t  on the  
seaward (southern)  s lope  of t h e  t rench.  

Baseaent-- C r u s t a l  and a c o u s t i c  basement is U t e  Cretaceous t o  e a r l y  
T e r t i a r y  oceanic  c r u s t .  Basement i s  o f f s e t  by a  r i g h t - l a t e r a l  f r a c t u r e  zone 
i n  the Amlia c o r r i d o r  and i s  probably s i m i l a r l y  o f f s e t  i n  o t h e r  a r eas .  
Beneath t r ench  f i l l i n g  sediment, t he  basement su r f ace  d i p s  4 t o  10 degrees t o  
t h e  north.  It l i es  8 t o  10 km subsur face  beneath t h e  t rench-slope break. 

Basin Type-- !the bas in  is  a t rench;  however, t he  western p a r t s  of t he  
t r e n c h  are presen t ly  i n  obl ique  o r  s t r i k e - s l i p  regimes. 

Stratiqraay-- @ a t e n a r y  t u r b i d i t e s  t h a t  f i l l  t he  t rench  have a source 
a t  t h e  e a s t e r n  end of t h e  t rench  suggest ing an o v e r a l l  coarsening and 
th ickening  of t h e  bas in  f i l l  towards t h e - e a s t .  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  
t h e  w e s t  where t h e  Meij i  sediment tongue (S ibe r i an  source)  f i l l s  and overs teps  
t h e  t rench.  

Sedimentary u n i t s  on t h e  P a c i f i c  side of the  t rench  are wedge-shaped and 
th icken  toward t h e  t r ench  ax i s .  On t h e  landward slope, t ec tonica l ly- th ickened  
wedges t h i n  toward t h e  t r ench  f l o o r .  

Prominent aide Ebrirons-- P a r a l l e l  r e f l e c t o r s  below the  t rench  f l o o r  
are i n t e r p r e t e d  as a wedge of P l a t e rna ry  t u r b i d i t e s .  Landward of t h i s  
t u r b i d i t e  wedge i s  a wedge bf u p l i f t e d  t r ench  d e p o s i t s  of p o s t  middle Miocene 
age. Younger u n i t s  onlap oceanic  crust and the over ly ing  ocean bas in  
sediments ( ~ i g u r e  35). 

Gravity-- Gravity modeling based on seven g r a v i t y  p r o f i l e s  ac ros s  the 
t r e n c h  i s  presented i n  Marlow and o t h e r s  (1973).  Free-a i r  g r a v i t y  p r o f i l e s  
a r e  publ ished i n  Schol l  and o t h e r s  (1982a).  n e e - a i r  g r a v i t y  mapping i s  
publ i shed  by Chi l d s  , Magistrale ,  and Cooper, 1 985a. 

Magnetics-- mtal  f i e l d  r e s i d u a l  magnetic p r o f i l e s  appear i n  Schol l  and 
o t h e r s  (1 982a) . West-trending magnetic anomalies are p r e s e n t  i n  t h e  oceanic  
basement (Scho l l  and o t h e r s ,  1982b). 

Maw and Other I l 1 u s t r a t i ~ - -  Location, isopach, and s t ruc ture-contour  
maps, a long  with se i smic  p r o f i l e s  and c r o s s  s ec t ions ,  appear i n  Scho l l  and 
o t h e r s  (1982b) f o r  t h e  Amlia f r a c t u r e  zone s e c t o r  of  t h e   leut ti an trench.  

Dagree of =-rage-- Three DSDP core  holes  near t h e  t r ench  (si tes 183, 
1  86, 1 8 7 )  , dredge hauls ,  mult ichannel  seismic r e f l e c t i o n  data .  

References-- For more d e t a i l e d  information see Scho l l  and o t h e r s ,  1982a, 
b; Marlow and o the r s ,  1973; and McCarthy and o the r s ,  1984. 

SMUK BASIN 
Q.n*r&l Xnfotlation-- Sanak bas in  i s  loca ted  south  of t h e  Alaska 

Peninsula  a t  l a t .  54ON., long. 1 71°W. It has an a r e a  of about  7000 square km 
and l ies i n  water depths  of up t o  1200 rn ( l e s s  than  200 m i n  c e n t r a l  Sanak 
subbasin,  200 t o  1200 m i n  e a s t  Sanak subbasin) .  Sanak bas in  con ta ins  more 
than  8 km of Miocene and younger sedimentary f i l l  (F igures  37 and 38). I t  i s  
p a r t  of t h e  Shumagin planning area.  

Qaolo$ic and aoqtaphic Boundaries-- North of Sanak bas in  i s  t h e  Alaska 
Peninsula  and i t s  J u r a s s i c  t h r u  m a t e r n a r y  sedimentary sec t ion .  Deer I s l and  
and Sandman reefs are northwest of t h e  basin. Sanak I s l and ,  composed of 
i s o c l i n a l l y  fo lded  Cretaceous t u r b i d i t e s  with minor c h e r t  and rare p i l l o w  







Figure 39 Onshore Shumagin Shelf Data from McLean. 1979b; Detterman, 1935, 
pers. corn.;  and Harlow and others, 1980 



basalt (Moore, 1974) lies west of the basin. On the southwest, the basin 
boundary may be a fault. Down-to-basin normal faults form the southeastern 
and eastern boundaries of the basin. Shumagin Islands lie northwest of a 
fault that defines the northeastern edge of the basin. 

Baain Shape-- The basin is divided into three subbasins, east, central, 
and west. East and central Sanak subbasins are more than 7 kra deep, west 
Sanak is 5 km deep. The major depocenters of the eastern and western 
subbasins l i e  north of a faulted basement high. East and west Sanak subbasins 
are elongate along an east-northeast trend. East Sanak subbasin is 100 Ion 
long by 40 km wide and west Sanak is 40 km long by 25 h wide. Central Sanak 
subbasin is elongate along a northwest trend, 80 )an long by 25 Ian wide. 

8ttuetur.l &olopy-- Normal faults bound the central subbasin; there is 
evidence for up to 5 km of vertical displacement on these faults. Deformation 
increases with depth. There are broad anticlinal folds in the basin. 

Baaemant-- Acoustic basement is probably made up of deformed Mesozoic 
sedimentary rocks (Cretaceous Shumagin Formation) and early Tertiary granitic - - 

plutons (inferred from magnetic anomalies and nearby outcrops) . Crustal 
basement is probably transitional crust of the Chugach, Prince William, and 
Peninsular terranes underlain by subducted oceanic crust of early Tertiary 
age. 

8.8in T y p -  Sanak basin is a fault-bound, graben-like basin, a forearc 
(intra-arc?) ba~in. 

Stratigraphp- Arc volcanism occurred nearby on the Alaska Peninsula. 
Paleocene (ca. 60 Ma) granitic plutons crop out on Sanak Island (Figure 39). 

Rocks of the Shumagin Formation (acoustic basement) are metamorphosed to 
zeolite facies. There is probably contact metamorphism associated with the 
early Tertiary plutons. 

maariaeat S e i d c  Borbone- The top of the acoustic basement is a major 
unconfomity. 

Gravitr- Free-air gravity is discussed in Bruns and von Huene, 1977. 
Magnetico- See Bruns and von Huene (1977) for a discussion of magnetics. 
mtrolem Oeolm-- aganic carbon values from the Shumagin shelf area 

average 0.2 to 0.3%, maximum 0.7%. The geothermal gradient is probably 25- 
30'~/km (Bruns and others, in press). 

Map8 and =her I l 1 u s t r a t i ~ -  See gruns and von Huene (1 977) for 
location maps, seismic profiles, and cross sections. An isopach map is shown 
in Figure 37. 

-gram of covuacte-- 780 kilometers of geophysical data were collected in 
1975 and 1981. 4000 kilometers of multichannel seismic reflection profiles 
and 49 seismic refraction profiles are available for the entire Shumagin 
shelf. 

Othw mCorplt&o~-- West of west Sanak subbasin, south of Unimak Island, 
and west of a margin oblique dawn-tethewest fault (fault zone?) is unimak 
basin (Figure 37; Bruns and others, in press). The basin fill (4.5 Ian) is 
ponded behind Unimak ridge in the east, but forms a seaward prograding wedge 
to the west; the nature of the western boundary of the basin is unknown. 

R m f m r ~ ~ ~ c a s - -  For more detailed information see Bruns and von Huene, 1977; 
Burk, 1965; more, 1974; Moore and others, 1983; more, 1974; Bruns and 
others, in press3 and Plrnnley and others, 1983. 

-ILR BASm 
QInsral In int ion- -  Shumagin basin is located at lat. 55.30'~. , long. 

158'30'~. It has an area of 3800 square h in water depths less than 200 m. 
Shumagin basin contains up to 2.5 Ian of late Miocene and younger fill. The 
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bas in  is i n  t h e  Shumagin planning area. 
moloqic  and Oeographic BDundaries-- North and northwest of Shumagin 

bas in  i s  t h e  Alaska Peninsula and i ts  exposures of Mesozoic and T e r t i a r y  
sedimentary rocks. On t h e  Shumagin Is lands ,  w e s t  of t h e  basin,  W r t i a r y  
i n t r u s i v e  rocks and deformed Cretaceous t u r b i d i t e s  c rop  out .  South of t h e  
b a s i n  are t h e  she l f  edge and t h e  Aleut ian Trench. To t h e  east is  t h e  Kodiak 
s h e l f .  Northeast of t h e  bas in  are t h e  Semidi ~ s l a n d s ,  where T e r t i a r y  
i n t r u s i v e  rocks are exposed. 

Wain $naps-- Shumagin bas in  is "v* shaped i n  plan view. It has a 
s t e e p e r  basement s l o p e  and t h i c k e r  s t r a t i g r a p h i c  sequences i n  t h e  north,  east, 
and aoutheas t  ( ~ i g ~ r e  40) .  

Structural sol--- Within Shumagin basin,  s m a l l  near v e r t i c a l  f a u l t s  
c u t  a l l  but  t h e  youngest s t r a t i g r a p h i c  uni t s .  U p l i f t  has occurred i n  the 
sou theas t e rn  p a r t  of  t h e  basin.  

Baa-nt-- Acoust ic  basement c o n s i s t s  of deformed Mesozoic sediments, 
probably t h e  Cretaceous Shumagin Pormation, and e a r l y  m r t i a r y  i n t r u s i v e  rocks 
i n f e r r e d  from magnetic anomalies and observed i n  nearby outcrops.  

C r u s t a l  basement is i n f e r r e d  t o  inc lude  e a r l y  T e r t i a r y  g r a n i t i c  plutons,  
t r a n s i t i o n a l  ( ? )  c r u s t  of t h e  Prince W i l l i a m ,  Chugach, and Peninsular  
t e r r a n e s ,  and e a r l y  'Pertiary (53 t o  60 Ma) oceanic c r u s t  subducting beneath 
t h e  c o n t i n e n t a l  margin. 

Bash Type-- Shumagin bas in  is a sag o r  depression i n  a c o u s t i c  basement, 
a f o r e a r c  basin. 

P r d n e a t  miarric Ibrixoas- Acoustic basement lies beneath a major 
unconformity (F igure  4 1 ) .  

Gravity- Free-a i r  g r a v i t y  is discussed  i n  Bruns and von Huene, 1977. 
Magnetics-- See Bruns and von Huene ( 1 977 ) and Plumley and o t h e r s  ( 1 983 ) 

f o r  a d i scuss ion  of  magnetism. 
mtrOlS~ Oeolow-- Organic carbon va lues  as high as 0.7% have been 

recorded. Average organic  carbon is 0.2 t o  0.3%. Geothermal g rad ien t s  were 
probably 25-30a~/lan (Bruna and o t h e r s ,  i n  p r e s s )  

Z e o l i t e  f a c i e 8  metamorphism has  occurred i n  some p a r t s  of t h e  Upper 
Cretaceous Shumagin Formation. 

Napa and Othsr Illustrrti0~8- See m u n s  and von Huene (1 977) and Bruns 
and o t h e r s  ( i n  p res s )  f o r  l o c a t i o n  and structure-contour  maps and seismic 
p r o f i l e s .  

Ikg- of cover**- There is dredge d a t a  from Unimak Seamount and from 
o f f  t h e  Shumagin Is lands .  817 k i lometers  of geophysical d a t a  was co l l ec t ed  

- - 

over t h e  bas in  i n  1975 and 1981. 
mfarenms-- For more d e t a i l e d  information see Bruns and von Huene, 1977; 

Burk, 1965; M o r e  and o the r s ,  1983; Bruns and o the r s ,  i n  press ;  and Plumley 
and o t h e r s ,  1983. 

QInaal Uforrrtion-- Rlgidak basin is  loca ted  a t  lat. 5 6 " 1 ~ ~ ~ . ,  long, 
15S'301W. It has  an  area of 3000 square km i n  water depths  of less than  300 
m. !he bas in  i s  f i l l e d  wi th  up t o  5 Ian of upper Miocene and younger sediment 
( ~ i g u r e s  42 and 43). Tugidak bas in  is p a r t  of t h e  Kodiak planning area. 

Qsologic and Ch~rrpbic  Emundaries- Shelikof s t rai t ,  Kodiak I s l and ,  and 
t h e  Alaska Peninsula l i e  n o r t h  of the basin.  On t h e  northwest a magnetic 
anomaly has been c o r r e l a t e d  with t h e  Border Ranges f a u l t .  Semidi I s l ands  
( T e r t i a r y  i n t r u s i v e  rocks)  l i e  west of Tugidak basin.  

- 

The Shumagin she l f  and 
Shumagin bas in  l i e  southwest of Tugidak basin. Basin f i l l i n g  s t r a t a ,  along 
with Oligocene sedimentary rocks, c rop  o u t  on Chirikof I s l and  south of t h e  
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F i g u r e  42. Isopach maps of strata intervals in Tugidak b a s i n .  
Intervals shown on Figure 43. From Fisher, 1979. 





basin. Trinity basin and Tugidak uplift--an anticline that began to form in 
the early Pliocene--are located southeast of Tugidak basin. The northeast end 
of Tugidak uplift and a northwest-trending dm-to-the-southeast fault form 
the eastern boundary of the basin. A basement high, possibly an extension of 
Kenai-Kodiak ridge, is onlapped by Tugidak basin fill to the northeast; it is 
breached in places by channels and may have been subaerially exposed. Tugidak 
Island, with its exposures of Pliocene and younger sedimentary rocks, Lies 
northeast of the basin. 

main mapa-- Tugidak basin is circular in plan view The sedinentary 
section is thicker in the southeast. During seismic intervals 2 thru 5 
(Pliocene) the basin was elongate along a southwest-northeast trend. During 
seismic interval 1 (late Miocene) the basin was elongate northwest- 
southeast. The main depocenter has shifted landward with time (Figure 42). 

structural Qeolm-- Tugidak basin is broadly synclinal. Folds, 
including many that parallel the Tugidak uplift southeast of the basin, show - 
increasing deformation with depth and are at least partly contemporaneous with 
basin filling. There are small normal faults in the noxthwestern parts of the 
basin and mall reverse faults in the southeastern parts of the basin. These 
faults show increasing throw with depth, and are at least partly 
contemporaneous with basin filling. wformation of the basin-filling strata 
seems to be of Pliocene age. 

Ba-t-- Acoustic basement of deformed Tertiary and Cretaceous flysh is 
inferred from onshore outcrops, seismic reflection and refraction data, and 
magnetic data (Figure 4 4 ) .  Crustal basement is probably transitional or 
oceanic crust. Iacally, intrusive rocks of Paleocene age are exposed. 

Ba8b -- Tugidak basin is a forearc basin. Formed on a convergent 
margin, it is a slope basin that was later silled on its seaward side by the 
Tugidak uplift. 

St;r&tipraphp- Volcanism occurred nearby from 65 to 46 Ma (mafic), 44 to 
20 Ma, and 10 Ma to present. Quartz-diorite plutons exposed on Kodiak and 
Semidi Islands range in age from 65 to 55 Ma and granodiorite pluton~ on the 
Alaska Peninsula range in age from 40 to 27 Ma. 

REdnQnt $rillric Borisonc-- There are six prominent seismic horizons 
defining six seismic intervals (Figure 43). Interval 1 is interpreted as late 
Miocene. Intervals 2 thru 5 are interpreted as Pliocene. Interval 6 is 
interpreted as Pleistocene. 

OtavAty-- See Fisher, von Huene, and Steele, 1983. 
mgnetics-- Paleomagnetics puts the Chugach terrane at lat. 29' to 

38*~.(?) at 37 to 43 Ma and the Prince William terrane at lat. 16' to 34'N.(?) 
at 60 to 65 Ma (Moore and others, 1983; Gronnne and Hillhouse, 1981). See 
Fisher (1979) for magnetic profiles. 

Pltr01em Oeology-- The geothermal gradient for the Kodiak Shelf is 
estimated at 20' to 3O0c/km. 

N8pl and Othw IllumtEati-- See Fisher (1  979) for location, isopach, 
and structure maps and also for seismic profiles, and cross sections. A 
structure map and-stratigraphic columns appear in Fisher and von Huene, 1982. 

P.QrW of oowagO-- The basin is covered by a multichannel seismic grid 
with 60 Ian spacing, 

Ikf-w- For more detailed information see Fisher, 1979, 1980; Moore, 
1969: Nilson and more, 1979; Fisher and von Eiuene, 1980, 1982; more and 
others, 1983; and Plumley and others, 1983. 

-s BAsm 
a n ~ a l  mioartion-- Albatross basin is located at lat. 56' to 5 7 ' ~ . ,  



Figure 44 ODDIAK ISLAW ktr fm Fjsher. 1979; Moore, 1969; 

(Southern and eastern sjdes) and Ni  l s m  m d  Moore, 1979 
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Figure 45. S t r u c t u r e  map o f  A lba t ross  bas in ,  Contours on pre-middle ( ? )  Miocene 
unconformity.  Contour i n t e r v a l  0.25 km. Dashed 1 i nes a r e  seismic ref1 e c t i o n  
p r o f i l e s .  S o l i d  l i n e s  w i t h  f i l l e d  c i r c l e s  a r e  seismic r e f r a c t i o n  l i n e s .  
Tnc--mi ddl  e Miocene t o  upper 01 igocene ( ? )  Narrow Cape Fm., Ts i  --01 igocene 
S i t k i n a k  Fm., Tsa--Oligocene and Eocene S i t k a l i d a k  Fm., Tgr--Eocene and 
Paleocene Ghosts Rocks Fm., Tqd--Paleocene q u a r t z - d i o r i t e ,  Kk--upper 
Cretaceous Kodiak Fm. From F isher  and von Huene, 1982. 



ALMTWSS U I N  h t r  from Fisher 8nd van Huene, 1980; 
Fisher, pers. c-. , 1983 



and long. 152" to 1 5 4 ' ~ .  It has an area of 6000 square Ian, with most of the 
area in water depths less than 200 m (some parts are as deep as 1500 m). 
Albatross basin contains up to 5 km of late Miocene and younger fill. The 
basin is divided into two subbasins, eastern and western. The eastern 
subbasin contains 3 km of basin filling sediment and the western 5 km of 
fill. Albatross basin is in the Kodiak planning area. 

O.ologic and Osogxaphic Boundaries-- Kodiak Island, with its Paleocene 
intrusive rocks and Mesozoic and Tertiary sedimentary rocks (Figure 441, lies 
north and northwest of the basin. On the northwest side of the basin are u p  
to-the-northwest faults. The Tertiary sedimentary section of Sitkinak Island 
is exposed west of fibatroes basin. Albatxoss bank forms the southern and 
southwestern boundary of the basin. 13 the southeast there is an erosional 
truncation of the basin fill. The eastern edge of the basin rests along a 
northeast-trending anticline. Dangerous Cape High forms the northeastern 
boundary of the basin. 

~a8in Ghape-- The eastern and western subbasins are separated by 
Albatross Bank (Figure 4 5 ) .  The western subbasin is circular in map view (60 
km in diameter), but in cross section the basement surface is steeper beneath 
the basin's southern side. Originally the western subbasin's floor dipped to 
the southea~t, but the depocenter migrated landward as Albatross Bank grew. 
The eastern subbasin is *Yn shaped with the bottom of the "Yn to the 
southwest. The eastern subbasin is about 70 Ian long and 40 Ian wide; in cross 
section it is aymnretrical. 

8 t r u e t ~ a l -  Ololw-- Deformation has been fairly continuous since the 
late Miocene. Albatross Bank is a broad arch composed of four anticlines that 
have been uplifted more than three kilometers since Miocene or Pliocene 
time. The bank has been breached in several places by erosion. The east- 
trending part of Albatross Bank is older than the northeast-trending part. A 
complicated intersection of anticlinal structures, Albatross Bank curves 
around the southwestern, southern, and southeastern sides of the western 
subbasin. This is the most tectonically active area on the Kodiak Shelf 
(Fisher and von Huene, 1980). 

Within the basin is a system of open folds and faults, most of which 
strike northeast. Prominent among these is a set of high-angle reverse 
faults. 

The aea floor ahms relect topography, including glacial features. 
Baa-+-- Acoustic basement is formed by pre-Miocene deformed 

sedhnentary rocks. The presence of melange is inferred from high seismic 
velocities, lack of good reflectors, weak magnetic signatures, and lack of 
gravity anomlies. Basement is probably composed of rocks like those exposed 
on ~odiak Island. A difference in velocity between rocks near the shelf break 
and those near shore suggests two basement blocks may be present. 

Crustal basement includes the Prince William Terrane (underthrust by 
subducting oceanic crust and intruded by Paleocene plutons?). 

main -- Albatross basin is a shelf forearc basin with stxata ponded 
behind a seaward high. 

Stxatipraphy-- Quartz-diorite plutons were intruded from 65 to 55 Ma. 
Volcanism occurred from 45 to 20 Ma and from 10 Ma to present. 

Romineknt Slsidc Boritons-- Horizon "A" is interpreted as an erosional 
uncontormity at the base of the Pleistocene (Figure 46). Horizon "B" is a 
horizon of unknown nature that is probably ~liocene in age and related to the 
uplift of Albatross Bank. Horizon "Cn has been interpreted as an unconfomity 
at the base of the Pliocene or possibly upper Miocene. This smooth horizon 
may be a subaerial or shallm-marine erosional surface. 



ma'tritp- See Fisher ,  von Huene, and S tee l e ,  1983. 
Petrolem Oeoloqy-- The geothermal g rad ien t  f o r  t h e  Kodiak she l f  has  been 

e s t ima ted  a t  between 20 and 30mC/km (F i she r ,  1980). 
Mapr and #ha Itlluatratimas- por l o c a t i o n  and s tructure-contour  maps, 

as w e l l  as se ismic  p r o f i l e s  and s t r a t i g r a p h i c  columns, aee F i she r  and von 
Huene, 1980, 1982. 

Wprme of cowsrag+- m t a  inc lude  a seismic r e f r a c t i o n  s tudy and a 
mul t ichannel  seismic r e f l e c t i o n  g r i d  with 30 Ian spacing. Data has not  y e t  
been r e l e a s e d  from 6 COST wells on t h e  Kodiak s h e l f .  

Mfstenao-- For more d e t a i l e d  i n f o r m t i o n  see Fisher ,  1979, 1980; F isher  
and von Huene, 1980, 1982; Holmes and o the r s ,  1978; Moore and o the r s ,  1983; 
Hudson, 1979; and Plumley and o t h e r s ,  1983. 

STEYEEJGOIJ BASIN 
Wnsral Inforpation-- Stevenson bas in  is  loca t ed  from lat.  57'30' t o  

5 9 ' ~ . ,  long. 148'30' t o  150 '30 '~ .  It has an  area of 7500 square h, a l l  of 
which is i n  water less t h a n  400 m deep. Stevenson bas in  i s  f i l l e d  wi th  more 
t h a n  7 iw of P l iocene  ( la te  Miocene?) and younger sediment. There are two 
subbasins  i n  Stevenson bas in ,  t h e  southwestern subbasin has a 7 )an t h i c k  
s e c t i o n  and t h e  no r theas t e rn  subbasin has  a 3.5 km t h i c k  sec t ion .  Stevenson 
bas in  is i n  t h e  Kodiak planning a rea ,  

Oaologic and magraphic Bourdarfets- The Kenai Penineula and Afognak 
I s l and  lie nor th  of Stevenson basin.  Cook I n l e t ,  t h e  Barren ~ s l a n d s ,  and 
Shuyak I s l a n d  are west of the  basin. Dangerous Cape High f o r m  t h e  b a s i n ' s  
southern  and southwestern boundaries,  A broad a n t i c l i n e  forms a shelf-edge 
u p l i f t  t h a t  l ies a long  t h e  e a s t e r n  and sou theas t e rn  margins of t h e  basin.  
There i s  no d a t a  f o r  t h e  area n o r t h e a s t  of Stevenson basin.  

Basin Shape-- The two subbasins  are separa ted  by Por t lock  a n t i c l i n e .  The 
southwestern subbasin is  e longate  along an east-west t r end  wi th  a steeper 
basement s u r f a c e  beneath i ts  southern  s i d e  (F igure  47).  The nor theas t e rn  
subbas in  i s  symmetrical a long a southwest-northeast l i n e  and is s l i g h t l y  
deeper i n  t h e  east. Northeastern c l o s u r e  of t h e  bas in  has n o t  y e t  been 
defined.  

Structural Qmo1~--  Por t lock  a n t i c l i n e  t r e n d s  eas t -no r theas t  and 
s e p a r a t e s  t h e  two subbasins.  A system of down-to- thesoutheast  normal f a u l t s  
has  a n o r t h e a s t e r l y  t r end .  

Bamemnt-- Acoust ic  basement probably comprises pre-Miocene deformed 
sedimentary rocks and melange ( i n f e r r e d  from seismic, g r a v i t y ,  and magnetic 
d a t a ) .  c r u s t a l  basement is t h e  Pr ince  W i l l i a m  t e r r a n e ,  unde r th rus t  Cretaceous 
o r  e a r l y  'Irertinry oceanic  c r u s t ,  and Paleocene i n t r u s i v e s .  

Stevenson b a s i n  is a f o r e a r c  bas in  wi th  a seaward high. 
Stratigraphy-- Paleocene q u a r t z - d i o r i t e  i n t r u s i v e s  are exposed on nearby 

Kodiak f sland. 
P r d n e n t  mirric Horizons-- Horizon "A" is  i n t e r p r e t e d  as r ep resen t ing  

t h e  base of t h e  P le i s tocene  (F igure  48 ) .  Horizon "C" i s  i n t e r p r e t e d  as t h e  
base of t h e  P l iocene ,  b u t  could  be late Miocene. 

htro leu  Q.o&m-- The geothermal g r a d i e n t  f o r  t h e  Kodiak Shelf has  been 
es t imated  a t  20 t o  30°C/km, 

Napm md Other Illu~trations- See F i she r  and von Huene (1 980, 1982 1 f o r  
l o c a t i o n  and s tructure-contour  maps and f o r  se i smic  p r o f i l e s  and s t r a t i g r a p h i c  
columns. 

mgree af COPQlCau+- Mast of t h e  bas in  is covered by a mult ichannel  
s e i smic  g r i d  wi th  30 k m  l i n e  spacing. 

Rlfst.acm8-- See Fisher ,  1980; F i she r  and von Huene, 1980, 1982; Plumley 
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F igure  47 .  S t r u c t u r e  map of  Stevenson b a s i n .  Contours on a pre-middle ( ? )  
Miocene unconformi t y .  Contour i n t e r v a l  0 -25 km. Dashed 1 ines  a r e  se ismic  
r e f l e c t i o n  p r o f i l e s .  Sol  i d  1 ines  w i t h  f i l l e d  c i r c l e s  a r e  se ismic  r e f r a c t i o n  
l ines.  From F i s h e r  and von Huene, 1982. 



Figure 46 STEVENSON BASIN h t a  from Firhtr m d  von Hucne, 
1980; 1982 



and o the r s ,  1983; and Moore and o the r s  (1983) f o r  more information. 

CWK-SHELIILOF BASIW 
Oeneral Infoxmktiox~- mok-Shelikof basin is located a t  l a t .  57' t o  

6 1 ' ~ .  , long. 149' t o  156'~. ft has an a r e a  of 40,000 square kn; water depths 
a r e  less than 300 m. Up t o  7 Ian of Ter t i a ry  and 12 Ian of Mesozoic sedimentary 
s t r a t a  f i l l  ( o r  under l ie )  t h e  basin. Cook-Shelikof basin is i n  t h e  Cook I n l e t  
planning area.  
- 

~ 6 l O g i o  uad Q.ogr-ic ~&uie8--  The Castle Mountain r i g h t - l a t e r a l  
f a u l t  and Susi tna bas in  l i e  nor th  of Cook-Shelikof basin. The Bruin Bay f a u l t  
(a high-angle r eve r se  f a u l t  with more than 3 Ian throw) and, beyond t h a t ,  
Alaska and Aleutian Ranges ba tho l i ths  form t h e  northwestern margin of t h e  
basin. Southwest and south of t h e  basin a r e  t h e  Semidi Is lands ,  Kodiak s h e l f ,  
Kodiak Is land,  and Tugidak basin. 'Ihe Border Ranges fault--a su tu re  zone-- 
bounds t h e  Mesozoic basin f i l l  on the southeastern s i d e  of Cook-Shelikof 
basin,  bu t  i s  overstepped by ~ e r t i a r y  s t r a t a  t h a t  onlap t h e  Chugach Mountain 
f ron t .  Deformed Cretaceous sedimentary rocks of t h e  Chugach t e r r a n e  crop out  
e a s t  of Cook-Shelikof basin i n  t h e  Kenai-~hugach b u n t a i n s .  To t h e  nor theas t ,  
a t h i n  co r r idor  of sedimentary rocks extends inland t o  t h e  Copper River basin. 

Bash S b a ~  In t h e  l a t e  Mzsozoic t h e  basin was elongate along a 
northeast-southwest t r end  and was open t o  t h e  southeast.  Near t h e  end of t h e  
Mesozoic t h e  depocenter s h i f t e d  along t h e  basin ax i s ,  from southwest t o  
northeast .  The Ter t i a ry  basin remained elongate along a northeast-southwest 
t r end  and symmetrical i n  c ross  sec t ion ,  but  was closed t o  t h e  southeast .  

Struotural Wology-- The main p a r t  of t h e  basin is  formed by two la rge ,  
northeast- trending syncl ines  t h a t  l i e  north and south of t h e  Augustine- 
Seldovia arch  (Figure 4 9 ) .  These may have o r i g i n a l l y  formed a s i n g l e  
s t r u c t u r e  t h a t  was later in te r rup ted  by formation of t h e  arch. The ~ y n c l i n e s  
are Late Cretaceous s t ruc tu res .  

Augustin-Seldovia a rch  is  a Late Cretaceous t o  Ter t i a ry  s t r u c t u r e  that 
t r ends  normal t o  t h e  bas in  a x i s  (~80.W a t  l a t .  59'201N., long. 1 5 3 * ~ ) .  

Small fo lds ,  t rending N 4 5 ' ~ . ,  p a r a l l e l  t h e  basin bounding f a u l t s .  In the 
extreme northern p a r t  of t h e  basin t h e  f o l d s  have a more nor ther ly  trend.  
Where t h e  fo lds  are asymmetrical, they have s teeper  western f lanks.  These 
f o l d s  a r e  mainly of Pliocene age. 

Two periods of f a u l t i n g  and fo ld ing (Maastrichtian-Paleocene and Eocene- 
Oligocene) d is rupted  t h e  Cook-Shelikof basin f i l l .  

Baserent-- Acoustic basement beneath t h e  southeastern s i d e  of Cook I n l e t  
i s  probably composed of upper T r i a s s i c  pillow basa l t ,  v o l c a n i c l a s t i c  rocks, 
and limestone. Beneath t h e  northwestern and c e n t r a l  p a r t s  of t h e  basin,  
acous t i c  basement is  thought t o  represent  ( 1 )  Permian limestone or ( 2 )  
i n t r u s i v e  rocks with enclosed remnants of Devonian and S i l u r i a n  sediments 
(exposed a s  roof pendants i n  t h e  Alaska-Aleutian range b a t h o l i t h ) .  

Crus ta l  basement c o n s i s t s  of con t inen ta l  c r u s t  northwest of t h e  Border 
Ranges f a u l t  (Peninsular  Terrane) and t r a n s i t i o n a l  o r  oceanic c r u s t  southeast  
of the Border Ranges f a u l t  (Chugach Wrrane) .  

Baain TYP- Cook-Shelikof basin has been a fo rea rc  basin throughout the  
Cenozoic. However, potassilrm oxide t rends  i n  t h e  Alaska Range ba tho l i th  
suggest it may have been a backarc bas in  a t  some time during t h e  Mesozoic. 

8trltiqrahp- Coarsegra ined  units in Cook-Shelikof basin (Figure 50) 
include: ( 1 )  S t e r l i n g  Fbrmation conglomerates of Pliocene-Pleistocene age, ( 2 )  
Beluga Formation conglomerates of la te  Miocene age, ( 3 )  Hemlock Conglwnerate 
of late Oligocene age, ( 4 )  West Foreland mrmation conglomerates of ea r ly  
Eocene age, and ( 5 )  t h e  Chisik Conglomerate of Late J u r a s s i c  age. 



Figure 49 ,  Maps and cross  sec t ion  of Cook-She1 i kof bas in .  A)  S t r u c t u r e  contours on 
Mesozoic s t r a t a .  Sol id  l i n e s  a re  on a Middle J u r a s s i c  horizon and dashed l i n e s  a r e  
on an Early Ju rass i c  horizon. From Fisher  and Magoon, 1978. B )  Isopach map of  t h e  
Kenai Group (Neogene) i n  upper Cook I n l e t .  Contour in t e rva l  5000 f e e t .  From 
Kirschner and Lyon, 1973. C )  S t r u c t u r e  sec t ion  across  Cook I n l e t .  See A f o r  t h e  
l oca t ion .  From Fisher and Magoon, 1979. 





Volcanism occurred in the area from 213 to 188 Ma, 65 to 50 Ma, 45 to 20 
Ma, and 10 Ma to present. Plutonism occurred from 190 to 154 Ma, 83 to 47 Ma, 
and 38 to 26 Ma. Most of the Alaska-Aleutian Range batholith was emplaced 
between about 176 and 154 Ma (Fisher and Magoon, 1978). 

PIEdnant 8.id~ fbrirona-- Three unconformities in Inwer Cook Inlet 
form prominent seismic horizons: ( 1 The Barremian-Maestrichtian unconf orrnity 
(ca. 119 to 73 Ma), (2) the Maestrichtian-late Paleocene unconformity (ca. 65 
to 60 Ma),  and ( 3 )  the early Eocene-Oligocene unconformity (ca. 51 to 33 Ma). 

Gravitr- See Fisher, von Huene, and Steele (1983) for gravity 
information. 

Magnetics-- There is a magnetic anomaly along the Border Ranges fault on 
the southeastern side of the basin that can be traced offshore (Fisher, 
1981). Results of an aeromagnetic survey are published in Grantz and others 
(1963). 

h-eu Qaology-- The Middle Jurassic Tuxedni Group are probably the 
source rocks for oil in Upper Cook Inlet. Vitrinite reflectance values from 
the Lower Cook Inlet COST well range up to a maximum of 0.65% at the base of 
the Late Jurassic (3776 m). Laumontite was encountered at 2145 m (Late 
Jurassic) in the Lower Cook Inlet COST well. 

Oil production in Upper Cook Inlet is from the West Foreland Formation 
( 2 % ) ,  the Hemlock Conglomerate (80%), and the rest of the Tyonek Formation 
(18%). Dry gas production comes from the Sterling and Beluga Formations 
(Kirschner and Lyon, 1973; Claypool and others, 1980). 

Maps and =hex Illust*atioae-- For location and structure-contour maps of 
Lower Cook Inlet, and for seismic profiles, cross sections, and stratigraphic 
c o l m s ,  see Fisher and Magoon, 1978. m r  an isopach map, cross sections, and 
stratigraphic columns for Upper Cook Inlet see Kirschner and Lyon, 1973. A 
geologic map of the area has been prepared by Magoon, Adkison, and Egbert 
(1976). 

WgrW of coveraqe- In Upper Cook Inlet there are large amounts of 
private data. In Lower Cook Inlet there is one COST well and a multichannel 
seismic grid with 30 h line spacing. A multichannel seismic grid with 50 km 
line spacing covers Shelikof Strait. 

Othtcr Imforrration-- The mok-Shelikof basin is divided politically into 
Upper Cook Inlet (State of Alaska), mwer Cook Inlet (largely ~ederal), and 
Shelikof Strait (largely Federal). 

Referenas-- Fox more detailed information see Fisher and Magoon, 1978; 
Kirschner and Lyon, 1973; Magoon and Claypool, 1981; Stone and others, 1982; 
Fisher, 1981; Magoon and others, 1980; Grantz and others, 1963; Claypool and 
others, 1980; Bruns, 1982a; and Magoon, Mkison, and Egbert, 1976. 

MIDDLETON S m r  GULF OF ALASKA TERTIARY PROVINCE 
General Jhfomtion-- e Middleton segment of the Gulf of Alaska 

Tertiary province is located at lat. 59' to 60'301~., long. 144* to 148'~. 
(Figure 5 1 ). It has an area of 16,000 square km. Water depths range from 0 
to 4000 m. There are up to 5.5 bn of middle Eocene and younger strata. The 
Middleton segment is in the Gulf of Alaska planning area. 

Q.0lOQio mopraphic Boundarise-- The Contact fault and anticlines of 
the central shelf bound the Middleton segment on the north. To the northwest, 
deformed lkxtiary rocks of the Prince William Wrrane crop out i n  Prince 
William Sound and on bntague Island. me continental slope bounds the basin 
on the south. In the east and southeast, the northeast-trending Kayak- 
Aleutian subduction zone (upper plate to the northwest) bounds the Middleton 
segment. The Pinnacle fault forms the northeastern boundary. 



Figure 51. Middleton segment structure contours and trends on a seismic 
hori ton in approximately Pl ei stocene strata.  Contour interval 0.5 km. 
From Eruns , 1982a. 



main Shape-- Offshore, four small subbasins combine to form a northeast 
trending, arcuate (convex to the southeast) basin that is deepest in the 
southwest and is truncated to the south and east (Plate 1). Before the 
subbasins developed there existed a single seaward-thickening basin. 

Structural Ckolosy-- Some of the anticlines and thrust faults separating 
the subbasins are oriented perpendicular to the northeast trends of the Kayak 
zone (thrust faults) and t h e  Aleutian subduction zone. This deformation k y  
have resulted from subduction of two blocks of different thicknesses, the 
Yakutat block (continental crust) in the east and oceanic crust in the west. 

Recently formed structures include young, growing, asymmetric anticlines 
that are fault bounded on their southern sides. 

The Ragged Mountain fault (a northeast- to north-trending thrust fault 
located along the northwest side of the basin) thrusts deformed early Tertiary 
rocks of the Orca Group over younger rocks to the south. 

The northwest-trending Pinnacle fault, located along the northeastern end 
of the basin, has 4 km of Neogene sediment on its southern side overthrust by 
poorly reflecting (early Tertiary Orca Group?) rocks on its northern aide. 

Baammmnt-- Acoustic basement is formed by the Paleocene Orca Gxoup and 
Eocene plutonic rocks. Crustal basement, inferred from tectonics, is the 
subducting (accreting?) Yakutat block, plutonic rocks, or oceanic crust 
(seaward of the Yakutat block). 

Basin Type-- The Middleton segment is part of a forearc basin. 
Strltipr@y-- Grain size in Paleocene Orca Group rocks decreases to the 

south. Coarse-grained units include Orca Group conglomerates. These 
conglomerates have been interpreted as submarine fan feeder-channel 
deposits. The upper part of the Oligocene Redwood Formation also includes 
coarse-grained units. 

Prior to the formation of the subbasins, a seaward-thickening section was 
present. Younger units that fill the subbasins are lens or wedge shaped. 

Submarine mafic volcanic rocks are present in the Poul Creek Formation 
(late Eocene-early Miocene) and in the Orca Group (Paleocene-early Eocene). 
Orca Group strata also include tuffaceous beds. 

Granitic rocks of Eocene age give K/Ar ages of 53.5 to 50.5 ~a (Winkler 
and Plafker, 1981). 

Deformation in many areas is contemporaneous with depositon. Late 
Pleistocene tilting, faulting, and uplift resulted in the formation of 
Middleton Island, a shelf edge high. 

In some areas, Orca Group rocks are metamorphosed to zeolite, prehnite- 
pumpellyite, and lower greenschist facies. 

Prorainat S e i d c  Ibrisons- Two prominent horizons present in the 
Middleton segment have been designated the "MIn and 'M2" horizons (Figure 
52). MI is a mid-upper ~leistocene(?) unconformity. M2 is an unconformity 
underlain by an early Miocene or Paleogene sequence and overlain by latest 
Miocene beds (ca. 6.5 Ma). 

Pleistocene rocks in the interval between M1 and the seafloor, equivalent 
to the Yakataga Formation onshore, have seismic velocities of 2.2 to 3.2 
km/sec. Velocities of 4.5 to 4.9 )an/see are recorded from rocks between the 
MI and M2 horizons. 

Gravity- Free-air gravity data is published in Burkhard and others, 
1 980ar b. 

rngnatiol-- A magnetic lineament map has been published by Schwab and 
others, 1980. 

P . t t O l m m  a o l w - -  Iate Eocene to early Miocene Poul Creek and Redwood 
Formations contain potential source rocks. The Orca Group (Paleocene-early 



Figure 52 Ml DDLETON SEGMNT Data  from 1. Bruns. I n  prep.,  1984 
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Figure 53 ONSHORE Data f r a  Uinklar and Plrfkcr, 1981 



Eocene) is highly deformed and has negligible resource potential. 
lhpa cnd #her Illu8trations-- Structure-contour and location maps, along 

with seismic profiles, appear in Bruns, 1982a. Stratigraphic columns are 
presented by Winkler and Plafker, 1981. 

Othw Infomtion-- The stratigraphy of adjacent onshore areas is complex 
(Figure 53). 

R8feraceu-- For more detailed information see Bruns, 1982a, 1985; 
Burkhard and others, 1980a, b; Naugler and Wageman, 1973; Schwab and others, 
1980; and Winkler and Plafker, 1981. 

XAKATAGA S m ,  G[ILIE OF ALASKA TERTIARY PROVINCE 
General mfornntion-- The Yakataga segment is located between lat. 59"  

and 60*30'~., long. 141 '  and 1 4 5 ' ~ .  It has an area of 15,000 square krn in 
water depths up to 4000 rn. This area contains up to 7 hn of -EOC~II~ and 
younger sedimentary fill. It is part of the Gulf of Alaska planning area. 

Q.ologie l ad  aographic Boundaries-- The northern margin of the Yakataga 
segment is formed by the east-trending Contact and Chugach-St. Elias thrust 
faults (Figure 5 4 ) .  Kayak Island and the northeast-trending Kayak thrust zone 
(upper plate to the northwest) border the segment in the northwest. The 
Middleton segment lies west of Yakataga, beyond the southwest-trending Kayak- 
Aleutian subduction zone. Khitrov ridge forms the southern boundary of the 
Yakataga segment. The Yakutat segment is east and southeast of the Yakataga 
segment; the two segments are separated by Pamplona spur, a northeast-trending 
zone of thrust faults that have upper plates to the northwest. Also located 
along the southeastern boundary of the segment is the pre-Pliocene, west- 
northwest trending, left-lateral Transition fault. Icy Bay is located 
northeast of the basin. 

Bash $haw- The segment consists of several small, elongate subbasins 
with thrust faults along their northwest sides. 

Structural t%olw-- Broad, doubly-plunging, northeast- or east-trending, 
asymmetric anticlines have high-angle thrust faults on their seaward sides, 
There are antithetic faults on the north or northwest flanks of the 
anticlines. Northwest-southeast compression has resulted in 2-4 km shortening 
in this segment (Bruns and Schwab, 1983). Deformation has been less intense 
offshore than it has onshore. Three structural zones are oriented parallel to 
the shoreline, Near shore there has been continuous deformation throughout 
the Cenozoic. me age and intensity of deformation decreases seaward. 

Sedimentation, subsidence, and uplift rates on the order of 1000 m/m.y. 
(locally as high as 10,000 m/m.y.) have been measured for the latest 4300 year 
period. 

There has been recent reactivation of some older structures. 
BI8mmnt-- Bocene (50-55 Ma) basaltic rocks form the acoustic basement. 

Crustal basement consists of mcene basaltic rocks of the northwest part of 
the Yakutat block. Ln the southwest, oceanic crust (36 to 42 Ma) underlies 
Khitrov Ridge. 

Rasb -- !the Yakataga segment is a transform margin basin located 
near the junction of transform and convergent margins. 

Stratigraphr- Coarse-grained units include conglomerates in the Yakutat 
Group, in unnamed Paleocen+Eocene rocks, in the Kulthieth Formation, and in 
the Yakataga Formation. 

Volcanism includes Bcene basalts of the Yakutat block (55 to 50 Ma). 
P r h e n t  8efWc B D r i t ~ - -  There are four prominent seismic horizons in 

the Yakataga segment: 'A", *Bn, *CW, and .Dm (Figure 55). Horizon A is a 
middle Pleistocene unconformity on the tops of the basin anticlines. Horizon 
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B is  an  e a r l y  P l e i s tocene  horizon. Horizon C is a late Pl iocene (about 3.5 
Ma) non-depos i t iona l  u n c o n f o d t y .  Horizon D (middle Miocene t o  e a r l y  
P l iocene?)  occurs  a t  t h e  base of t h e  Yakataga Formation. 

Gravity-- A map of f r e e - a i r  g r a v i t y  d a t a  has been publ ished by Burkhard 
and o t h e r s ,  1980b. 

l4ngaeticar-- Magnetic l ineaments  are d iscussed  i n  Bruns and Schwab (1983) 
and i n  Schwab and o t h e r s  (1980). Schwab and Bruns (1979) p re sen t  a r e s i d u a l  
magnetic map. Aeromagnetics are presented  by Taylor and 0' N e i l 1  (1 974 1 .  
Paleomagnetic r e s u l t s  a r e  d iscussed  i n  Gromrne and Hillhouse (1981) who l o c a t e  
t h e  Chugach t e r r a n e  a t  lat .  38'N. p l u s  o r  minus 10' between 39 and 43 Ma. 

Petrolew Geolw-- The geothermal g rad ien t  ranges from 10 t o  30mC/km and 
i s  h i g h e s t  i n  t h e  no r the rn  and no r theas t e rn  p a r t s  of t h e  basin. 

- 

There i s  poor t o  n e g l i g i b l e  source p o t e n t i a l  i n  l a t e  ~ e n o z o i c  s t r a t a  
(Bruns, 1982a). The Oligocene-Miocene s e c t i o n  is  immature, an inadaquate 
source. 

E k c e l l e n t  t r a p  p o t e n t i a l  e x i s t s  i n  numerous l a r g e  a n t i c l i n e s  (Bruns, 
1982a),  p e t r o l e m  seeps  occur  i n  ad j acen t  onshore s t r u c t u r e s .  Reservoir  
p o t e n t i a l  i s  poor t o  neg l ig ib l e .  

lkp8 and @her Illustrations-- See m u n s  and Schwab (1  983) f o r  l o c a t i o n  
and s t ruc ture-contour  maps, seismic p r o f i l e s ,  and c r o s s  s ec t ions .  S t ruc ture-  
contour  maps and c r o s s  s e c t i o n s  a l s o  appear i n  Bruns, 1982a. See P l a f k e r  
(1971) f o r  s t r a t i g r a p h i c  columns. 

Degree of coverage-- There have been more than  t e n  w e l l s  d r i l l e d  o f f sho re  
and more than 50 w e l l s  d r i l l e d  onshore. There is complete coverage by 
mult ichannel  r e f l e c t i o n s  se i smic  data with 10 Ian l i n e  spacing. Seismic 
r e f r a c t i o n  d a t a  is  presented i n  Bayer and o the r s ,  1978. Sec t ions  from 
equ iva l en t  s t r a t a  onshore (F igure  5 6 )  have been descr ibed  by Stonely (1967) 
and P l a f k e r  (1971). 

Other Infor~ation-- There is  faunal  evidence f o r  o r i g i n  of t h e  Yakutat 
block a t  la t .  ~ O ' N . ,  near  t h e  p r e s e n t  l o c a t i o n  of C a l i f o r n i a  (Bruns, 1983). 

References-- For more d e t a i l e d  information see Bruns, 1985; Bruns and 
Schwab, 1983; Schwab and o the r s ,  1980; Naugler and Wageman, 1973; Schwab and 
Bruns, 1979; Burkhard and o t h e r s ,  1980b; P l a fke r ,  1971; Stonely,  1967; Winkler 
and P la fke r ,  1981; Taylor  and O ' N e i l l ,  1974; Gromme and Kil lhouse,  1981; and 
Bayer and o t h e r s ,  1978. 

-AT S m *  GULF OF &LWSKA TERTIARY PROVINCE 
meral Infomt%on- The Yakutat segment of t h e  Gulf of Alaska T e r t i a r y  

province  is loca t ed  a t  lat. 58' t o  6 0 * 3 0 ' ~ . ,  Long. 137' t o  1 4 3 ' ~  (Figure 
5 7 ) .  It has  an area of 35,000 square lun i n  water depths  of up t o  2800 m. 
More than  9 km of Oenozoic sedimentary strata unde r l i e  t h e  a r ea  ( P l a t e  1, 
F igure  58).  The Yakutat segment is  p a r t  of t h e  Gulf of Alaska planning area .  

QIo&opio ua8 Q l o g r w c  Boundaries- The eas t - t rending  Chugach-St. Elias 
t h r u s t  f a u l t  lies n o r t h  of t h e  Yakutat segment. In  t h e  northwest  and w e s t  are 
Icy Bay and t he  Parnplona zone, a nor theas t - t rending  zone of upper-plate-to- 
the-northwest t h r u s t  f a u l t s .  The P a c i f i c  Ocean bas in  lies t o  the  southwest 
and south. The west-northwest t r end ing  l e f t - l a t e r a l  T r a n s i t i o n  f a u l t  
t r u n c a t e s  t h e  Paleogene s e c t i o n  a t  t h e  c o n t i n e n t a l  s lope .  Southeast  of t h e  
Yakutat segment is  t h e  Southeastern Alaska segment of t h e  Gulf of Alaska 
T e r t i a r y  province. The Fairweather f a u l t ,  a northwest-trending r i g h t - l a t e r a l  
f a u l t ,  lies east and no r theas t  of t h e  Yakutat segment. 

Ik8in $ham-- There are two o f f sho re  bas ins ,  one i n  t he  e a s t e r n  p a r t  of 
t h e  segment and one i n  t h e  western p a r t ,  Thei r  major axes p a r a l l e l  the 
coast. The eastern bas in  is e longa te  along a northwest-southeast t r end  with 



F i g u r e  57. S t r u c t u r e - c o n t o u r  map o f  t h e  Y a k u t a t  segment o f  t h e  Gulf o f  A l a s k a  b a s i n .  Contours 
on a s e i s m i c  h o r i z o n  a t  approx imate ly  t he  base o f  Neogene s e d i m e n t a r y  s t r a t a .  From Bruns, 1782a. 



Dmtr frm Bruns, 1982b; and 
Plrfker and others, 1980. 



t h e  t h i c k e s t  s e c t i o n  i n  i ts  northern pa r t .  The western bas in  is  elongate  
along a west-northwest t o  eas t - southeas t  t r e n d  with t h e  t h i c k e s t  s e c t i o n  on 
t h e  landward s ide .  

Structural Qaolwv-- Fairweather  Ground i s  a west-northwest-trending 
s t r u c t u r a l  high a t  t h e  s h e l f  edge t h a t  i s  cored by rocks of Mesozoic t o  e a r l y  
~ e r t i a r y  age, Since "Dm t ime ( l a t e  Miocene o r  P l iocene)  it has been u p l i f t e d  
more than  2 km with  t h e  f a s t e s t  u p l i f t  occur r ing  i n  the Plio-Pleis tocene;  
Neogene sediments onlap  i t s  landward s ide .  

The north-northwest t rending  Dangerous River zone separates t h e  e a s t e r n  
add western basins .  Acoustic basement shal lows more than  2 km along t h e  
Dangerous River zone. Paleogene strata of t h e  western bas in  a r e  t runca ted  by, 
or onlap,  t h e  Dangerous River zone, Folding and f a u l t i n g  a r e  p re sen t  i n  bas in  
sediments  ad j acen t  t o  t h e  zone ' s  nor thern  end. 

In t h e  e a s t e r n  basin,  d i p s  are gene ra l ly  toward t h e  bas in  a x i s ,  The 
basin fill is deformed near  the upto- the-nor theas t  Li tuya f a u l t  zone t h a t  
p a r a l l e l s  t h e  c o a s t  near  Li tuya Bay. 

Minor deformation occurred p r i o r  t o  t h e  late Miocene o r  Pl iocene i n  t h e  
western basin.  

Baser~lent- Yakutat block b a s a l t i c  rocks (Eocene) wi th  sedimentary 
i n t e r b e d s  form t h e  a c o u s t i c  basement beneath t h e  western basin. Acoustic 
basement beneath t h e  e a s t e r n  bas in  i s  made up of rocks of t h e  Yakutat 
Formation, 

C r u s t a l  basement i s  i n f e r r e d  t o  be oceanic  w e s t  of t h e  Dangerous Kiver 
zone and t r a n s i t i o n a l  e a s t  of t h e  zone. 

Baain m- A t ransform margin during t h e  Neogene, t h e  Yakutat segment 
may be unde r l a in  by d i spe r sed  remnants of a ~ a l e o g e n e  pas s ive  margin sequence, 
t h e  "Yakutat block." 

Stratigraphy-- Coarse-grained u n i t s  inc lude  P l io-Ple i s tocene  t i l l i t e s  and 
g l a c i a l  marine d e p o s i t s  (F igure  5 9 ) .  

Paleogene u n i t s  i n  t h e  western bas in  th icken  t o  5 )an about 65 )an 

southwest of Yakutat and then  t h i n  f a r t h e r  t o  t h e  southwest. Neogene u n i t s  i n  
bo th  b a s i n s  t h i cken  shoreward. 

Prdamltt S s i a c  mritonl-- There are t h r e e  prominent se i smic  horizons,  
"D", "E", and "Fn, i n  t h e  Yakutat segment (F igure  58). Horizon D is  of l a t e  
( ? )  Miocene age and forms a widespread unconformity a t  t h e  base of t h e  
Yakataga Formt ion .  Horizon E i s  l o c a l l y  an u n c o n f o d t y  t h a t  i s  probably of 
middle Oligocene age, Horizon F, a t  t h e  t o p  of t h e  a c o u s t i c  basement, i s  
probably of e a r l y  Eocene age  and is  l o c a l l y  a n  unconformity. 

Sediments above horizon D t h i cken  landward and may onlap  D, The sequence 
between horizons D and E onlaps  horizon E i n  t h e  seaward p a r t s  of the bas ins ,  
b u t  t hey  are concordant c l o s e r  t o  shore.  The sequence between hor izons  E and 
F t h i ckens  seaward. 

Gravitp- See Bruns (1982b) and Burkhard and o t h e r s  (1980a, b) for 
g r a v i t y  d a t a ,  

l&gaetics-- See Bruns (1  982b) and Schwab and o t h e r s  ( 1  980) f o r  magnetics 
da ta .  

Petrolem Oeolm-- The geothermal g rad ien t  is  20 t o  3o0c/km. Values f o r  
v i t r i n i t e  r e f l e c t a n c e  range from 0.3 t o  0.6%. Paleogene dredge samples from 
the s l o p e  are margina l ly  mature. 

Diagenet ic  f e a t u r e s  i nc lude  deformation of so£ t sediment g r a i n s ,  
formation of carbonate, sil ica,  z e o l i t e ,  and c h l o r i t e  cements or g r a i n  
overgrowths. Some secondary porosity has  developed l o c a l l y .  

Haw and *her Illu8trations-- See Bruns (1982a, b) f o r  l oca t ion ,  
isopach,  and s t r u c t u r e  maps and f o r  se i smic  p r o f i l e s .  Cross  s e c t i o n s  and 



Data f r a n  P l a f k t r ,  1971; and 
Stonely. 1967 



stratigraphic columns are also shown in Ecuns, 1982b. Stratigraphic columns 
appear in Plafker, 1971. 

- - 

D I g a  of 00ver1ge- The area is covered by a grid of multichannel 
seismic reflection lines with 25 to 50 km spacing, Several wells penetrate 
Cretaceous units. There are dredge samples from rites spaced about-every 25 
km. Four core holes were drilled offshore. 

References-- For more detailed information see Bruns, 1982a, b, 1983, 
1985; Bruns and others, 1981; Burkhard and others, 1980a, b; Plafker, 1971; 
Plafker and others, 1980; Schwab and others, 1980; Stonely, 1967; and Keller 
and others, 1984. 

General Infoxmation-- The Southeastern segment of the Gulf of Alaska 
Tertiary province is located at lat. 54' to 58'~., long, 132' to 131'~ (Figure 
60). It has an area greater than 25,000 square Jan in water from 0 to 2400 m 
deep. The sedimentary section in this segment contains up to 5 km of Neogene 
strata. The Southeastern segment is part of the Gulf of Alaska Planning area. 

~ 0 l Q g i c  a d  Qeopraphic Boundaries-- Cross Sound is north of the 
Southeastern segment. The continental slope forms the northwestern, western, 
and southwestern boundaries of this segment. Dixon lmtrance and the U.S . -  
Canada border form a political boundary along the southern side of the 
basin. The northwest-trending, left-lateral Fairweather fault forms the 
southeastern margin of this segment. To the east is the Chatham Strait fault. 

Baain Shape-- Two north-south trending, elongate subbasins are separated 
by the Fairweather fault zone. The eastern subbasin thickens toward the 
Fairweather fault, the western subbasin thins seaward. 

Structural Olology-- Folds and faults are associated with splays of the 
Queen Charlotte-Fairweather fault system. These include two zones of en 
echelon structures. 

Folds at the base of the slope are probably Quaternary. The magnitude of 
folding decreases to the north. There is only minor deformation from Chatham 
Strait to Sitka; the strata are undeformed from Sitka north to Cross Sound. 

Abyssal strata onlap the margin near Cross Sound. 
Bas-t-- The acoustic basement is highly consolidated, probably similar 

to Mesozoic and Paleozoic rocks exposed onshore. 
Crustal basement is inferred to be oceanic crust outboard of the Queen 

Charlotte-Fairweather fault and Mesozoic and Paleozoic continental crust 
inboard of the fault. 

Basin w- The Southeastern segment of the Gulf of Alaska Tertiary 
province developed on a narrw transform margin. 

Stratiqraphy- In the eastern subbasin, the sedimentary units thicken 
towards the Fairweather fault. Sedimentary units thin seaward in the western 
subbasin. 

Quaternary volcanism onshore may be reflected in sedimentation offshore. 
P r d n e n t  Ebrixons-- There is a prominent seismic horizon at the 

top of the acoustic basement (Figure 61). 
Gravitr- See Bruns and others (1981) for gravity data. 
Cf.gn*tio+- See Bruns ( 1 982a) for a location map, seismic profiles, and 

cross sections. 
P.tX0lem aolm-- A reconnaissance multichannel seismic reflection grid 

with 25 to 50 h r ~  line spacing covers the area, 
Referanma-- For more detailed information see Ewuns, 1982a; and Bruns 

and others, 1981. 



Figure  60. Genera? i z e d  l o c a t i o n  o f  s t r u c t u r a l  t rends and 1 i n e  drawings o f  seismic p r o f i l e s  from t h e  
Southeastern Alaska segment. From Bruns, 1982a. 



F igurc 61 Data frm Brunr. 1982a 



PACIFIC OCEMi S m  IN THE GOLF OF ALWKA 
Oeneral Infomtioa-- Sediment filling the Pacific Ocean basin in the 

Gulf of Alaska is thickest along the base of the continental slope and thins 
seaward. The greatest thickness of sedimentary strata is 6 km, deposited 
seaward of the Yakutat segment. Off the Southeastern segment the section is 3 
to 4 lan thick and strata are 2 to 3 km thick seaward of the Middleton and 
Yakataga segments (~igure 6 2 ) .  These sections occur where water depths are 
1600 to 4000 m. 

Q I o ~ w ~ c  uhd ~Ographiu Boundaries-- The left-lateral Transition fault 
and the base of the slope lie north of the Pacific Ocean segment. To the west 
is the convergent margin of the Aleutian trench. In the south the section 
thins to 2 )an in the first 60 Irm seaward from the base of the slope. 

East of the Pacific Ocean segment is the right-lateral transform margin 
and the base of the slope. 

Baain S h m -  The main depocenter is elongate parallel to the coast and 
the strata thin seaward. 

#ruOt~ral -0logy-- Anticlines at the base of the slope developed during 
Pliocene and Pleistocene time. 

Basement-- Basement is Oligocene oceanic crust. 
Basin mpe-- The basin is a filled trough or trench. 
StxatigraMr- Strata filling the trough probably include turbidites and 

pelagic and hemipelagic sediments. Coarse-grained units include turbidite 
sands.  re-~liocene -strata are thickest at the base of the slope and thin 
seaward. 

Prdaent 8si-c HOrixonrs-- Three prominent horizons are designated 
"AI*, "A2*, and "A3" (Figure 63). Horizon A1 is lies at the base of the 
Pleistocene section. Horizon A2 is inferred to lie at the base of the 
Pliocene section. Horizon A3 is on oceanic crust (Bruns, 1982b). 

Gravity- See Bruns and others (1981) for gravity data. 
PltZolau Qlolwy-- The geothermal gradient is low (Bxuns, 1982a). 

Source rocks are probably immature (Bruns, 1982a). Traps are present at the 
base of the slope, but not seaward of the slope (Bruns, 1982a). 

Wgrm of averag- A few multichannel and several single-channel 
seismic lines cover the segment. 

*ha* Info~lra+ion-- Off southeastern Alaska, Raranof fan fills a trough 
(trench?) with 5 km of sediment. 

IWferences-- For more detailed information see Bruns, 1982a and b; Bruns 
and others, 1981; and Burkhard and others, 1980a and b. 

Gneral  Infmtion-- Queen Charlotte basin is located in Canadian 
territory at lat. 52'~. , long. 131'~ (Figure 64 ) .  It has an area of 35,000 
square km. The basin filling strata are exposed onshore and extend into water 
depths of 1000 m offshore. Water depths over most of the basin are less than 
200 m. The basin contains up to 5 lan of upper Tertiary fill and more than 5 
km of Mesozoic and middle Tertiary strata. 

Ol0lopic lad Ql~graDhic Emdariew- North of Queen Charlotte basin is 
Dixon mtrance and the U.S. - Canada border. m e  Queen Charlotte Islands and 
the right-lateral Sandspit fault lie northwest of the basin. West of the 
basin is the right-lateral Queen Charlotte fault. A ridge-transform-trench 
triple junction occurs southwest of the basin. Vancouver Island is south of 
Queen Charlotte basin. To the east lie the coast mountains metamorphic 
complex and the coastal crystalline belt of mainland British Columbia. 

Bash S b a p  me basin is elongate along a northwest-southeast trend, 





PACIFIC OCEAN BASIN In 
WLF OF AUSM 



400 Ian long by 100 km wide. A narrow s t r i p  of Ter t i a ry  sediment along the  
western margin of t h e  Queen Charlot te  Is lands  is  sometimes considered p a r t  of 
t h e  Ween Char lo t te  basin a s  it connects t o  t h e  main p a r t  of t h e  basin i n  the  
south. 

Structural aola~y--  There are th ree  l a r g e  northwest-trending zones of 
r i g h t - s l i p  f au l t ing :  ( 1 )  t h e  Sandspit f a u l t  was a c t i v e  mainly i n  the  
Cretaceous but  shows evidence fox mov-nt a s  recent  a s  1929, 

- 

(2 )  t h e  Rennell 
Sound-Louscoone f a u l t  zone was most a c t i v e  i n  t h e  ea r ly  Cretaceous, and ( 3 )  
t h e  Queen Char lo t te  f a u l t  zone t h a t  is  cur ren t ly  ac t ive .  Each of these  f a u l t s  
d i p s  s t eep ly  t o  t h e  nor theas t  and has a d i p s l i p  component t h a t  is  dawn t o  the  
e a s t .  Smaller f a u l t s  t h a t  c u t  upper Eocene and younger s t r a t a  t r end  
northeast .  Te r t i a ry  sediments have been gent ly  folded. 

Baaramntt- Acoustic and magnetic basement may be an early Ter t i a ry  
volcanic  uni t .  This u n i t  i s  probably underlain by o lder  sedimentary rocks i n  
some areas. Basement includes t h e  rocks of t h e  Mesozoic volcanic b e l t  and 
Paleozoic in t rus ives .  Crus ta l  basement i s  continental .  

Baain TyBe-- Queen Char lo t t e  basin is  a transform margin basin inboard of 
t h e  a c t i v e  transform f a u l t .  It may have been a fo rea rc  o r  in t ra-arc  basin 
earlier i n  its his tory .  

Stratigrwp Upper Ter t i a ry  f a c i e s  change from predominantly marine i n  
Queen Char lo t te  Sound t o  non-marine f a r t h e r  north (Figure 65) . Sediments on 
t h e  western s i d e  of Queen Charlot te  Is land thicken eastward. This eastward 
thickening is  p a r t i c u l a r l y  w e l l  developed i n  Miocene sediments t h a t  onlap t h e  
basement (Shouldice, 1971).  

Volcanic rocks includes those  of t h e  Early Cretaceous lrongarm Formation 
and 2 km of e a r l y  Ter t i a ry  subaer i a l  b a s a l t  and r h y o l i t e  of t h e  Masset 
Formation. Arc type volcanism ended i n  the  Pliocene. Plutonism occurred i n  
t h e  middle J u r a s s i c  and e a r l y  Ter t ia ry .  

Metamorphism i n  t h e  c o a s t a l  mountains of B r i t i s h  Columbia occurred during 
t h e  Cretaceous. 

Proriarat mimic lbrfxons-- prominent seismic horizons include a pre- 
upper Miocene unconformity and t h e  top  of t h e  W r t i a r y  volcanic sequence. 
There is  regional  evidence f o r  an unconformity a t  about t h e  base of t h e  
Pliocene. 

Gravity-. A grav i ty  model and cornparison of g rav i ty  derived thickness 
maps with isopach maps derived from seismic data is presented by Chase and 
others ,  1975. The model suggests  o lde r  sedimentary rocks under l ie  t h e  e a r l y  
T e r t i a r y  volcanic sequence. 

mgnetiea- An aeromagnetic map and regional  magnetic map appear i n  
Shouldice, 1973. Broad anomalies wi th in  t h e  basin r e l a t e  t o  t h e  depth of t h e  
e a r l y  Ter t i a ry  volcanic sequence (Shouldice, 19731, 

Mtrolem Ck0lou~- Numerous sandstone u n i t s  a r e  present  i n  the  Tertiary 
sequence. O i l  s t a ined  sandstone was d r i l l e d  i n  one w e l l  (Figure 65) .  

Shouldice (1973) says  it i s  not  poss ib le  t o  c o r r e l a t e  from one d r i l l  hole 
t o  another  on t h e  b a s i s  of l i t h o l o g i e s  o r  log c h a r a c t e r i s t i c s .  

mp8 md Othsr Illustrations-- See Shouldice (1973) f o r  loca t ion  and 
isopach maps, seismic p r o f i l e s ,  c ross  sec t ions ,  and s t r a t i g r a p h i c  columns. 

Smgres of m a g *  Coverage includes seismic r e f l e c t i o n  da ta  and w e l l  
data from 14 wells, Of these ,  6 are onshore on t h e  nor theas tern  Queen 
Char lo t te  Is lands  and 8 are of f shore  east and southeas t  of t h e  Queen Char lo t te  
Is lands.  

Other Inforratiow- Pronounced topograhic r e l i e f  e x i s t s  a t  t h e  top of t h e  
Ter t i a ry  volcanic sequence (Shouldice, 19731, 

hf.r.nem8-- For more d e t a i l e d  information see Chase and o the r s ,  1975; 



Figure 64. Isopach map o f  low velocity (Tertiary?) sediments, 
Queen Char1 o t t e  basin . Contour i nterval  5000 f e e t .  From 
Shouldice, 1973. 



WEEN CWLOTTE W I N  Datr f r a  Slmuldlsc. 1973; mnd 
Staccv. 1975 



Shouldice,  1971, 1973; and Stacey, 1975. 



APPENDIX 

KEY TO LITHOLOGIC SYMBOLS USED ON BASIN HISTORY DIAGRAMS 

Sedimentary rocks 

mudstone/cl aystone 

shal e 

carbonaceous s ha1 e 

s i l t s t o n e  

sandstone 

congl omerate 

b r e c c i a  

coal  

1 imestone 

sandy 1 imestone 

ool  i t i c  1 imestone 

c h e r t  

do1 omi t e  

Igneous rocks 

m a f i c  vo lcan ic  

f e l s i c  vo lcan ic  

t u f f  

i n t r u s i v e  

Metamorphic rocks 

h i g h  grade metamorphic 
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