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Preliminary report on the geology of the continental slope 

adjacent t o  OCS Lease Sale 55, eastern Gulf of Alaska: 

Petroleum resource impli cations 

By George Plafker, Gary R .  Winkler, Warren L. Coonrad, and George Claypool 

Abstract 

Forty samples of T e r t i  ary and Cretaceous outcrop or suspected outcrop 

were dredged a1 ong the 250-km-long northwest-trending continental slope 

between long 13a000' W .  and 142~30'  W. These samples, from water depths of 

3,150 m to 200 m, combined with seismic ref lec t ion data, identify seven rock 

units  i n  apparently normal s t ra t igraphic  position. From oldest  t o  youngest 

they are: Unit A: Hard graywacke, a r g i l l i t e ,  and possible intrusive rocks of 

inferred Late Cretaceous age that  crop out in the eastern part  of the slope 

and probably under l i e  much of the Fairweather Ground. Unit 6 :  A t  l eas t  900 m 

of sandstone, conglomerate, shale, and subordinate basal t ic  volcanic rocks 

west of Yakutat Seavalley between 142O W. and 143O W .  tha t  i s  not dated b u t  i s  

probably of l a t e  Paleocene to ear ly  Eocene age. Unit C: 1,300 m of basal t ic  

f l  ow and pyrocl a s t i c  rocks with associated cl a s t i c  marine sedimentary rocks 

tha t  makes up much of the rugged lower slope throughout the area. This 

sequence i s  largely,  or en t i re ly ,  of early Eocene age. Unit D: Up to 2,100 m 

of early and middle Eocene sandstone, conglomerate, s i l t s tone ,  and tuffaceous 

organ ic-rich shale tha t  part ly over l ies ,  and part ly intertongues with, the 

volcanic unit.  Unit E: 800 m o f  early to  l a t e  Eocene and ear ly  Oligocene(?) 

organic-rich shale, tuff aceous shale, si 1 ts tone,  and sandstone tha t  part ly 

intertongues with, and par t ly  overl ies u n f  t s  C and D. Unit F :  300+ m of 

s i l  ts tone,  a t  leas t  in part of l a te  Oligocene age, that  crops out locally 



along the upper s lope  where it unconformably o v e r l i e s  U n i t  E. U n i t  G: Up t o  

2,000 m o f  l a t e  Cenozoic (midd le Miocene? and younger) c l a s t i c  sedimentary 

rocks  i n c l u d i n g  abundant g lac iomar ine deposi ts  t h a t  unconformably o v e r l i e  a l l  

the  o l d e r  u n i t s .  

The e a r l y  T e r t i a r y  sequence sampled on the  con t i nen ta l  s lope d i f f e r s  

s t r i k i n g l y  i n  l i t h o l o g y  and s t r u c t u r e  f rom coeval rocks exposed onshore o r  

penetrated i n  unsuccessful exp lo ra to r y  w l l  s on the adjacent main1 and. U n i t s  

B, D, and E i nc l ude  abundant source rocks t h a t  have undergone a  thermal 

h i s t o r y  r e s u l t i n g  i n  l o c a l  generat ion o f  hydrocarbons. Sandstones f rom Un i t s  

D and E l o c a l l y  have secondary p o r o s i t i e s  up t o  31  percent  and permeabi l i t i e s  

t o  36 md. Seismic r e f l e c t i o n  data i n d i c a t e  t h a t  the sequence w i t h  t he  most 

favorable source and r e s e r v o i r  p o t e n t i a l  ( U n i t s  B y  D, E)  d ips  northeastward 

beneath OCS Lease Sale 55 where i t cou ld  be a favorab le  e x p l o r a t o r y  t a r g e t  if 

invo l ved  i n  s u i t a b l e  t raps.  Young a n t i c l i n a l  f o l d s  are no t  present,  bu t  o ther  

impor tant  t r a p s  are l i k e l y  t o  i nc l ude  drape s t ruc tu res ,  hors ts ,  and f a u l t s  

w i t h i n  t he  e a r l y  T e r t i a r y  sequence and p i  nchouts, f a u l t  t raps,  o r  combinat ion 

structural/stratigraphic t r a p s  along the nor theastern margin o f  the e a r l y  

T e r t i  a r y  basin. 



I n t r o d u c t i o n  

Bedrock outcrops along t h e  c o n t i n e n t a l  s lope  ad jacent  t o  t h e  Yakutat  

s h e l f  were sampled i n  1977, 1978, and 1979 as p a r t  o f  the  U.S. Geolog ica l  

Survey's program f o r  eva lua t i on  of t he  geo log ic  framework and pet ro leum 

p o t e n t i a l  of the ou te r  c o n t i n e n t a l  s h e l f  (OCS) i n  t he  eastern Gu l f  o f  A l a s k a  

( f  g  1 The samples were c o l l e c t e d  i n  water depths between 3,180 m and 250 

m t o  p rov ide  geo log ic  c o n t r o l  on the  seaward margin o f  the  Gu l f  o f  Alaska 

T e r t i a r y  Province, a major sedimentary bas in  on t h e  con t i nen ta l  margin t h a t  

has l o n g  been o f  i n t e r e s t  fo r  pet ro leum e x p l o r a t i o n  and t o  f u r t h e r  

understanding of t he  t e c t o n i c s  o f  t h i s  a c t i v e  p l a t e  margin. 

Between 1954 and 1961, 25 e x p l o r a t o r y  we l l s  were d r i l l e d  onshore and one 

unsuccessful  w e l l  was d r i  1  l e d  o f f s h o r e  i n  S ta te  o f  Alaska waters near 

M idd le ton  I s l a n d  (P la f ke r ,  1971). Pa r t  o f  t h i s  bas in  on the  ou te r  c o n t i n e n t a l  

s h e l f  (OCS)  , between Kayak I s 1  and and I c y  Bay, was leased i n  A p r i l  1976, 

f o l l o w i n g  which 10 dry, deep e x p l o r a t o r y  we l l s  were d r i l l e d  f o r  pet ro leum f rom 

1976 t o  e a r l y  1978 ( P l a f k e r  and others,  1978a; Bruns, 1979). A second lease 

s a l e  (Sale  55)  has been scheduled f o r  October 1980 i n  t he  segment o f  t he  

con t i nen ta l  s h e l f  l y i n g  between I c y  Bay and Alsek River ,  he re i n  r e fe r red  t o  as 

t h e  Yakutat  shel f  ( f i g .  1 ) .  

Th i s  paper o u t l i n e s  sample data der i ved  f rom the  segment o f  c o n t i n e n t a l  

s lope adjacent t o  t h e  area of proposed OCS Lease Sale 55 and presents  a 

p r e l i m i n a r y  eva lua t i on  o f  the sample data w i t h  respec t  t o  i t s  petroleum 

resource p o t e n t i a l .  Some o f  t he  data on samples c o l l e c t e d  i n  1977 and 1978 

were summarized i n  prev ious  r e p o r t s  by Plafker  and C l  aypool (1979) and P l a f k e r  

and o thers  (1978C, 1979). 





Met hods 

Outcrop samples on t h e  c o n t i n e n t a l  s lope  (and one on t h e  s h e l f )  were 

c o l l e c t e d  w i t h  a Benthos chain-bag dredge designed f o r  heavy-duty deep-sea 

work. The dredge mouth i s  r ec tangu la r  and i s  cons t ruc ted  o f  4.4-cm-thick 

s t e e l  p l a t e  jaws 22 cm wide by 70 cm long  connected a t  the  ends by 1.25 cm 

s t e e l  p l a t e  13 cm wide. The dredge mouth i s  46 cm by 61  cm a t  t he  top  and 

tapers  t o  an opening o f  25 cm by 6 1  cm a t  the  bottom. Samples are caught i n  a 

chain l i n k  bag approx imate ly  112 cm l ong  t h a t  i s  a t tached t o  t he  bottom o f  t h e  

r ec tangu la r  s t e e l  p l a t e  dredge mouth. L i nk  openings are approx imate ly  5 cm i n  

diameter, which permi ts  mud and smal ler  rock fragments t o  wash ou t  o f  t he  

bag. When f u l l ,  t h e  bag has a capac i t y  o f  about 1 /4  cub ic  meter or  r ough l y  

455 kg o f  broken sedimentary rocks,  The dredge i s  connected t o  t he  towing 

cab le  by a s t e e l  A-frame hinged yoke designed so t h a t  p u l l  on the  yoke causes 

whichever jaw i s  on t h e  bottom t o  d i g  i n t o  t h e  su r face  over which i t  i s  

dragged. The dredge was connected t o  a 1.4 cm cab le  (9/16 inch)  by a 1.1 cm 

(7/16 i nch )  weak l i n k  hav ing a b reak ing  s t r eng th  of about 8,200 kg. 

Sampling was accomplished by towing the dredge over the  bottom a t  speeds 

o f  approx imate ly  2.8 t o  3.7 km/hr (1-1/2 t o  2 kno t s )  w i t h  a cab le  l eng th  

r ough l y  25 t o  50 percent  g rea te r  than the  water depth. The p u l l  r e g i s t e r e d  by 

a dynamometer on t h e  cable  i n d i c a t e d  when t he  dredge was on bottom, t h e  

general  nature of the bottom, and when outcrop samples were being broken 

off. A t ime-depth recorder  was i n s t a l l e d  on the  cable  f o r  most hauls made 

du r i ng  the 1979 c r u i s e  i n  order  t o  b e t t e r  l oca te  the  outcrop " b i t e s "  and 

sarnpl es . 
The dredge attempts were comnon l y  loca ted  along seismic p r o f i  1 es obta ined 

s imul taneous ly  w i t h  t h e  R / V  Sea Sounder's s i  ngle-channel 160 k i  l o Jou le  sparker 

system as we l l  as 3.5 and 12 k i l o H e r t z  systems. Several of the samples and 

p r o f i l e  l i n e s  are a lso  loca ted  along 24 channel CDP r e f l e c t i o n  l i n e s  taken by 

5 



the  R/V - Lee o r  R / V  Cec i l  Green. The seismic p r o f i l e s  were used t o  f a c i l i t a t e  

c o r r e l a t i o n  of the  outcrop sampling w i t h  seismic r e f l e c t o r s .  

Locat ions were provided by a Magnavox in tegra ted  s a t e l l  i t e l l o r a n  

nav iga t ion  system and are normal ly accurate t o  w i t h i n  1/2 km. Problems w i t h  

the  system's Loran and t im ing  c lack i n  1978 probably resu l t ed  i n  increased 

sample l o c a t i o n  errors;  the  amount of these e r ro rs  i s  unknown, but  could be up 

t o  2 km i n  some cases. 

Dredge l o c a l i t i e s  are numbered consecut ive ly  for the 1977, 1978, and 1979 

hauls and samples are assigned the  dredge l o c a l i t y  number fo l lowed by 

l e t t e r s .  Pre f i xes  t h a t  i d e n t i f y  these c ru ises  are as fol lows: 1977, S2-77- 

EG; 1978, S5-78-EG; and 1979, 510-79-EG. "S" i nd i ca tes  R/V  Sea Sounder, t he  

numeral t h a t  fol lows ind ica tes  the c ru i se  leg, the two -d ig i t  number r e f e r s  t o  

the  year, and EG i nd i ca tes  the  area (Eastern Gu l f  o f  Alaska). For b r e v i t y  i n  

t h i s  paper the p r e f i x e s  have been shortened so t h a t  references t o  dredge 

1 oca 1 i t i  es and samples are r e f e r r e d  t o  on ly  by year and number ( i  . e., 1 oca 1 i t y  

78-44, sample 78-44A). 
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REGIONAL TECTONIC SETTING 

The segment o f  t h e  con t i nen ta l  s lope sampled i n  t h i s  study, toge ther  w i t h  

t he  adjacent OCS, i s  p a r t  o f  a  r e l a t i v e l y  small t r i a n g u l a r  c r u s t a l  p l a t e  t h a t  

has been i n f o r m a l l y  named t h e  Yakutat  b lock ( f i g .  2, P l a f k e r  and others,  

1978b; Rodgers , 1978). A v a i l  ab le  earthquake, geolog ic ,  and marine seismi c  

data suggest t h a t  most o f  t he  approx imate ly  5.8 cm/yr r e l a t i v e  mot ion between 

t h e  P a c i f i c  and Nor th  American p l a t e s  i s  p r e s e n t l y  be ing taken up along the  

Fai rweather  t rans fo rm f a u l t  and Pamplona zone o f  t h r u s t  f a u l t s  and f o l ds .  

R e l a t i v e  mot ion between t he  P a c i f i c  p l a t e  and Yakutat  b lock i s  smal l  --perhaps 

on t he  order  o f  0.4 cm/yr (Lahr and P la fke r ,  i n  press)  and occurs ma in l y  on a 

system o f  i n f e r r e d  f a u l t s  ( the  T r a n s i t i o n  f a u l t  zone) a t  o r  near t he  base o f  

the con t i nen ta l  s lope. Of fshore  p a r t s  o f  the Yakutat  b lock  are cha rac te r i zed  

by an asymmetric, deep shel f  bas in  con ta i n i ng  m idd le (? )  and l a t e  Cenozoic 

sedimentary rocks,  and a general  absence of compressional deformat ion i n  t h e  

post-Paleocene Cenozoic sec t ion  ( P l  a f ke r  and others,  1978a; Bruns, 1979). 

These f ea tu res  suggest t h a t  t h e  Yakutat con t i nen ta l  s lope has been a t r a i l i n g  

o r  s t r i k e - s l i p  marg in- - ra ther  than a zone o f  convergence--throughout much o f  

t h e  Cenozoic. I n  t h i s  respect,  the  c o n t i n e n t a l  s h e l f  and s lope o f  the  Yakutat  

b lock  d i f f e r  s t r i k i n g l y  from the  Yakataga area t o  the northwest where seaward- 

ve rg ing  t h r u s t  f a u l t s  and f o l d s  r e f  1 ec t  pervas ive  l a t e  Cenozoic compression 

due t o  h igh  r a t e s  o f  unde r t h rus t i ng  along t he  A leu t i an  Trench and Pamplona 

zone. 

ROCK UNITS 

The approximate d i s t r i b u t i o n  o f  rock u n i t s  along t he  con t i nen ta l  s lope i s  

shown i n  f i g u r e s  3 and 4 .  Also shown i n  f i g u r e  3 are the  s t u c t u r a l  boundar ies 

o f  t h e  Yakutat  b lock,  the  l i m i t s  o f  p r e - T e r t i a r y  outcrop along t he  coast, t h e  

l o c a t i o n  o f  e x p l o r a t o r y  we l l s ,  the  ax is  o f  the l a t e  Cenozoic basin,  and t h e  



Figure 2.--Model showing inferred relationship o f  the Yakutat block (YB) 

to other crustal blocks in southern Alaska (Lahr and Plafker, in 

press). Circled numbers give rate of motion (cm/yr) of the Yakutat 

block, Pacific plate, Saint Elias block (SE), and Wrangell block (WB) 

relative to the North American plate. Numbers next to paired vectors 

give rate of motion across indicated zone. PZ, Pamplona zone; TZ, 

Transition fault zone; F, Fairweather fault; Q, Queen Charlotte fault; 

AT, Aleutian Trench. 



Figure 3.--Generalized geologic map showing bedrock outcrop  distribution on t h e  Yakutat con t inen ta l  s lope  and 
s h e l f ,  the outcrop a r ea  of pre-Ter t ia ry  rocks onshore,  areas of thicker unconsol idated d e p o s i t s ,  major 
s t r u c t u r a l  f e a t u r e s ,  onshore w e l l s ,  and proposed OCS Lease S a l e  N o .  55. See text fo r  d e s c r i p t i o n  of map units. 





distribution of thick unconsolidated Quaternary deposits. Dredge samples on 

which the map and section are largely based are described in table 1 and their  

locations are shown in figure 1. Figures 6 through 20 are marine seismic 

prof i les oriented approximately perpendicular t o  the slope that show the 

topographic and structural sett ings for many of the dredge samples. Profile 

locations are shown on figure 5. 

Because the geologic map and section ( f igs .  3 and 4 )  were constructed 

from dredge samples whose precise depth is  unknown and because the seismic 

profiles are widely spaced, the exact location of contacts i s  generally 

uncertain. Bedded clast ic  sequences of Eocene and younger age commonly show 

well-defined continuous interval reflections i n  areas o f  gentle slope, b u t  

these are invariably masked by diffractions in the more topographical ly rugged 

areas. Eocene volcanic rocks and the Late Cretaceous "basement" rocks lack 

coherent ref1 ectors and cannot be differentiated on our seismic prof i les. 

Stratiqraphic Sumnary 

Seven rock units o f  pre-Quaternary age have been tentatively delineated 

on the continental slope and adjacent shelf i n  the Yakutat block. From oldest 

to youngest they are: 

Unit A )  llBasernent" rocks probably correl a t i  ve with the Late Cretaceous 

Yakutat Group onshore. 

Unit B )  900 mi+ of clast ic  sedimentary rocks and basalt of unknown, b u t  

probable la te  Paleocene or early Eocene age. 

Unit C )  1,300+ m of basalt and probably minor sedimentary rocks of la te  

early t o  middle Eocene (Penutian and Ulatisian stages) age. 

Unit D )  Up t o  2,100 m of heterogeneous sedimentary and pyroclastic rocks 

with some basalt of middle to la te  Eocene (Penutian and Narizian stages) age. 



Table I. --Location and descr ip t ion  of dredged prc-Quaternary outcrop o r  probable outcrop samples 

[Fossi l  1dant i f i ca t ions  4nd age a s s i g m n t s  by 0 .  Bukry (nannofossl ls),  W .  Y. Rdu and R .  2 .  Poore (foraminifers),  
Anderson-Yarren Associates ( p a l y n m r p h s ) .  J .  A. Barron and 0. Bukry (diatoms and s i l i c o f l a g e l l a t e s ]  

-- - -" 
Locd t i o n  Sam0 1 e 

~p O r ~ d ~ e  (Depth and c o o r ~ i n a t e r  are ~ r t i r n t c d  De'i9n'ti0n ~ i t h o ~ o g y  
No. NO, glven for  s t a r t  and f i n i s h  (L is ted i n  arder of r e l a t i v e  abundance 

of dredge casts) 
Foss i ls  Comnents 

(Fig. 1) i n  dredge sample) 

Uater avd l lab le)  
depth Lat i tude Longitude 

( m )  ( N . )  ( Y . )  

Sandstona. fe ldSpatho l i th ic .  h igh ly  mica- None 
cwus.  hard. nrd iun- l igh t -gray  t o  maturn- 

79-16A 168 da~k-gray .  f lne- t o  n d i m - g r a i n e d .  m d -  
1 6 r i ~ b ; - '  e ra te ly  wel l  sorted, i n  p r r t  calcareous 
mE and c u t  by c a l c i t e  ve in le ts ,  loca l  lami- 

3105- 59*04.58' 142'33.37' nae of c a r b n i z t d  p lant  mntertal ,  i n  p a r t  

"-I6 2650 54'05.78' 142"34.22' rhcrred, and brecctated. 
Shale. s l l t y ,  hard. brownish-black w i th  
T i T i r b r a d e d  sandstow and par t ings  of 

79-16F 166 wispy black plant7 l u t e r i a l .  Sandstone 
1 6 ~ k ~ ; - '  laminae 2 nm t o  35 cm th ick ,  medium-gray 
T6J t o  ~ e l l o w - g r a y ,  vary f i n e  t o  medium- 

gralned, I n  par t  graded and cross-lami- 
nated . 

~ 

78-41A, 418, Pebbly and sandy mudstone, hard. l i g h t -  Pl iotene-Quaternary Mudstone-matrix 

PIC gray, rusty-brown-weath~ring, attached foramtnifers conglomerate or 
t o  cobble-size gabbro c l a s t .  T e r t i a r y  palynomrphs d iamrc t i te  i n  

3110- 59c02.94' 142'26.51 ' Late Miocene to nolo- Yakataga Farma- 
78-41 2700 59"05.02' 142"24.17' 20 ccne d i a t m s  t i o n ?  

Cobbles and boulders, loose, p o l ~ i c t i c .  O i o r i t e  c l a s t  

1B.41D subdngular t o  rounded. la rgest  i s  l a x  15 minimum age i s  
t n r o u s ~ 4 1 z  x I 2  cm. l ~ c l u d o s  grgwacke, gabbro, 33.3t2 .5  m . y .  

gneiss, sch is t ,  a l t e r e d  basalt ,  quartz based on wnole 
d i o r l t e ,  granodiori te, a p l i t e ,  etc. - rock U A r  date 

2890- 58'55.96' 142"10,7E' Sandstone. f e l d r p a t h o l i t h i c ,  hard, dense. 
right-gray, medim-grained, subangular to  

3010 58'54.66' 142'14.41' subrounded. ~ o r l v  Sorted. t i s h t l v  cum- 
---  

k y  be e r r a t i c  o r  
Eocene? outcrop 

Sandstone, fe ldspatno l i tn tc .  hard, l i g h t -  
gray to  gray and greenish-gray, very 
f i n # -  t o  coorre-qrarned, i n  p a r t  Iamr- - nated and graded, h i g h l y  mtcaceaus, veins 
of p rehn i te  and carbonate. 

S i l  tstons. hard, b l a c k  carbonaceous. i n  
78-2282 par w h laminae of greenish-gray. 
2 2 ~ '  gra;edltand channeled very f l n e  grained - 

sandstone. 

78-2201. Shale, medium-gray, l ight-brownish-gray. Pre-Pliocene foraminl- 
2202, 2203, anddark-brown.  waxy. oradnlc-r ich. nus- fers . . 
22M r i v e .  b a l l  pelecypods 

2470- 59'00.44' 142"08.55' 

' 2430 58O57.63' 142'W.39' 78-z2Al Basalt  and diabase, angular t o  subangular 
oc s poss y t a l u s ) ,  very hard, green, 

i iaybgr jen,  % dark-green. I n  par t  por- 
I 

22A8 - p h y r i t l c ,  amygdaloidal. veined. i n  p a r t  
agg loner i t i c .  

Basalt ,  hard, dark-green, hya lop i l  i t t c ,  
78-Z2A5 c h l o r t t e  and S l i g h t l y  a l t a r e d  p la-  

gloclase la ths .  abundant dusty i r o n  ores. 

Basalt. hard, dark-green, f ine-grainM. 
78-22A7 I n t c r g r a n u l a r .  fvesh plagtoclase and 

augite, abundant i r o n  ore. 

Basalt  minimum 
age 55.2t7.1 
m.y. based on 
wnole rock K/Ar 
date 

Basalt  minimm 
age 33 .613 .9  
m.y. based on 
whole rock K/Ar 
date 

2760- 58'56.16' 142'05.94' Sandstone. m d e r a t e l y  indurated. f r i a b l e .  
m s s l v e ,  pale-yell--bmm-aathering. 

j 79-28 2225 58'55.20' 142'06.78' 25 79-tBA w d t m -  ta coarse-grained w i t h  scr t te red 
very coarse grains, micaweus. 

Sandstone-rdtrix cong lmrate ,hard ,  fresh, 
po lymic t ic ,  c l a s t  size frwn pebbles t o  

3180- 58'53.17' 142'03.21 ' 71-zon 
blocks (35x 2 5 x 2 0  cm). p#Dbles re11 
rounded and s m t h ,  coarser c l a s t s  round- 

"-" 3080 58'54.28' 142'02.90' 75 ed t o  subrounded, n n t r i x  d i r t y ,  calcarc- 
ous. medium grained. I l tho fe ldspath ic .  

77-208 
Shale. hard. dark-gray. s l  i g h t l y  calcarm- - 
our, abundant f l n e l y  dlv1d.d p y r i t e .  

Sandstone, f e l d ~ p r t h o l i t h ~ c ,  i lodcrately 
hard t o  hard. sheared, mss ive .  l i g h t -  

70-2104 gray t o  gray. a a i w  t o  cob*St+gr4Ified. 
2600- 58'55.83' 142'06.57' 2 1 0 5 '  very m o r l y  sorted. angular to  subangu- 

77-21 2610 58"52.31' 142"03.39' 14' 
l a r .  i n  p a r t  pmbbly w i th  abundant s h a l ~  
chips. 

Shalt. m d e r a t e l y  hard. black. carbona- 78-21A* 21s*  x s ,  I n  $mil fragments w i t h i n  sand- 
ZIC -"-. stone. 
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Est imsted Sample 
--- -- 

b p  Drcagc Loca t ion  
I----. lpcoverY 

A .  Oepth L a t ~ t u d e  L o n q i t u j e  (ku)  DcLignatlo" L i tho logy   fossil^ Comnents - 
Sandstone, fmdcrately hard. f r i a b l e ,  mas- T e r t i a r y  arcndceour 

Sive, s l i g h t l y  weatheved. pa le -ye l low ish-  foraminifers 

2575- 58'58.60' 141a59.68' 7 7 - 2 3  gray, f inc-grained. micaceous, sparse 
g l a u c o n ~ t e ,  very dirty w i t h  m d e r a t e  

a 77-22 2300 58'59.77' 141'58.46' secondary p o m s i  t y .  

Shale. s o f t  t o  m d c r a t e l y  hard. mtdlum- 
77-2zs m t - g r a y ,  mlcaceous and carbonaceous, - 

Sandstone, f c l d s w t h o l i t h i c ,  s l i g h t l y  Middle Eocene t o  e a r l y  
indura ted  and f n a b l e ,  I n  p a r t  calcareous Oligocene nannofos- 
and hard, medium-gray, nudim-grained, s i l s  

2600- 58'47.10' 141'12.25' 7 9 - c .  428 nmdsrately we l l  sorted, angular t o  sub- Eocene? fo ramin i fe rs  
rounded. micbcwus, c m n l y  nuss ive  bu t  Eoccne p a l y n m r p h s  

79-42 2160 58'48.44' 141"10.71' 25 i n  p a r t  w i t h  dark-gray l m i n a c  of carbo- 
naceous and micacmus s i l  t s tone .  

Shale, m d e r a t e l y  indura ted  t o  hard. 
79-42C, 420, b r o n n l s h - g r a y  to dusky-bmm, nussive. 
4ZE abundant kerogcn, m i c r o f o s s i l r ,  and 

carbonized p l a n t  renuins. 

Shale s o f t  l o c a l l y  calcareous and nuder- 
- a x ;  induiatud, masslvr, g ray ish-brom 

t o  browmish-gray, abundant kerogen and 
mic ro foss i l s ,  h i g n l y  n icacwus,  l o c a l  
+Sky-yellow-brown very  hard calcareous 

cannonbal l"  concr t t ions .  

Ear ly  Eocene nannofos- 
s i l s  

Late e a r l y  t o  e a r l y  
middle Eocene IPenu- 
t i a n  t o  u l a t i s i a n )  
fo ramin i fe rs  

Late Eocene palyno- 
m r p h s  

Sandstone. l i t h o f e l d s ~ t h l c ,  hard, nus- - 
79-% slve. d i m - g r a y ,  m d e r a t e l y  rpll sortad, angular tO subangular. abundant 

carbonate and minor c l a y  c m e n t .  

1450- 58'51 .11' 141°07.81' 79-44A. Shale. s l i g h t l y  indura ted ,  nusaive, dusky- Probable l a t e  Eocene 

l1 79-44 1312 5B052.48' 141'06.23' lo 44C -Gin, abundant kerogen, minor mic ro fo r -  palynanorphs 
s i1s .  

60% Shale. s l i g h t l y  t o  m d e r a t e l y  indu- Middle Eocene t o  e s r l y  
79-37A, 378. rat-ssive. gny ish-brown t o  dusky- 01 igocene ( p o s s i b l y  

31C brown. i n  p a r t  carD~naceous. c m n  e a r l y  o r  m idd le  Ea- 
m i c r o f o s s i l s .  l a r g e  calcareous concre- cen t )  nannofosai ls 
t i o n s .  Late Eocene (Nar iz ian)  

fo ramin i fe rs  
Eocene palynanorphs 

35% Sandstone. feldspatnol  i t n i c .  hard, 
massive, m d i w - l i g h t - g r a y .  medium. 

79-VJ grained. angular t o  subrounded, we l l  

2870- 58'44.91' 141'12.33' sorted. 30%-351 c a l c i t e  cement, mica- 
CWUS. 

l2 j9-j7 25M] 58'16.80' 141'10.20' 375 
Pa lagon i t i c  v i t r i c  c r y s t a l  t u f f ,  masrlve. 

hard, grayish-blue. very f i n e  grained 
w i t h  angular t o  rounded preen, gray, and 

79-37D u i o \ R t  s l a s t s  t o  1 cm acmss o f  palagon- 
i t e  con ta in ing  plagioclase, opaque c ~ y s -  
t a l s ,  and minor c l e a r  glass f r a w n t s .  
Vesicles and v e i n l e t s  i n f i l l e d  w i t h  zeo- 
l i t e s  and minor h w t i t e .  

S i l t s t o n e ,  s l i g h t l y  indurated. massive, 
79-37E -ark-gray, h i g h l y  micacmus. abun- 

dant coarse carbonized p l a n t  n u t e r i a l  . 
Shale. s l i g h t l y  indura ted  to m d e r a t e l y  Midd le  Eocene t o  e a r l y  

79-38A' qoc 38B' I n d u r a t e d .  mass~ve, g r a y i s h - b r w n  t o  Oligocene nannofos- 
Jmb . . 

2510- 58'46.69' l 4 l ' W  .99'  dusky-brmn. s i l ;  
Late Eocene (Upper 

l3 79-38 1700 58'47.90' 141'08.44' ~ r i z i a n )  f o r m i n i t e r s  
Eocene b i y n a m r p h s  
F ish  scales, one small 
q a s t r o w d  

Shale. s l i g h t l y  indurated t o  hard, massive R idd le  Eocene t o  e a r l y  
fq -390 ,  39E. t O a m i n a t c a ,  rmd~un-gray  r o  m a i m - d a r t -  O l~goccne ( w s n b l y  

39F, 39t ?ray and dusky-bran .  i n  pr t  calcareous, m ldd le  Eocent?I nanno- 
Oca l l y  abundant carbonized p l a n t  m t e -  f o r s i l s  

r i a l .  Late Eocene ( N a r i z ~ a n i  
f o r a n n i  f e r s  

Eocene u a l y n m r D h s  
One rmll clam i n  shale 

Sandstone, b i o c l a s r i c  and v o l c a n i c l a s t l c .  T m p i c a l  reef assem- 
hard, beddcd, mrdim-gray. coarse- blage i n  sandstone rn- 

2125- 58'47.26' 141'09.70' soo 7 9 - 3 3  grained. C las ts  predominant ly a ca lcar -  c l u d i n g  MI h i s t o  Ina  

l4 79-39 1467 58'48.79' 141'07.62' eous reef hash ~ i t n  Subordinate rounded pe lag ic  &G&E: 
b a s a l t i c  rock f r a g n n t s  i n  b c a l c l t e  c o r a l ,  c o r a l l i n e  algae. 
m t r i a .  bryozoans, echinoids. 

e t c .  

Interbedded shale and SandStDnC, nmder- 
a t e l y  indura ted  laminated brownish-gray 

79-398 o r g a n i c - r i c h  shale and medium-light-gray. 
wedim-urained f e l d s ~ a t h o l i t h i c  sand- 
stone. 

S i  1 ts tone  moderately indurated, lami -  
79-39C -6dium-dark-gray, h i g h l y  micaceous 

and carbondceous. 
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s t imate  
--- 

MP k d 9 e  Loca t ion  ERctoveryd 
No- No. nnnth I .*rrS,rle Innnrt l lAn l r - l  Designation L i t h o l o g y  f 0 5 5 l l s  Conmmnts 

78.43E. 43F Si I tstonm. m a e r a t e l r  hard, massive, Ear ly  Eocene (D. Lodoerr Some s l  ~ c k e n r l a e s  
l igh t -g reen ish-gray .  s l i g h t l y  calcareous. s i s  zone) nanno-s i n  $11 ts tone  

~ z e  e a r l y  Eocene t o  
e a r l y  Eocene (Penu- 
t i a n - U l a t i s i a n )  fora. 
mtn i fe rs  

Late Eocene palyno- 
m r p h s  

Pa laqon i t i c  b a s a l t i c  t u f f ,  hard, dark- 
7 8 - 9  green w i t h  wh i te  s n a l c i t e  amygdule and 

pore f i l l i n g s .  

78+438 l imestone. very hard, m s s i v e .  l i g h t - g r a y  - 
concret ions  o r  beds. 

Shale. so f t  t o  imdera te ly  hard, f t n e l y  Middle o r  l a t e  Eocene 4bundant s l i cken-  
78-440. 44E. m n a t e d ,  dark-ol ive-gray t o  dusky-yel- nannofoss i l s  s ides 
44F towish-brown, abundant ~ 1 C r O f O ~ s 1 1 ~  and Middle t o  l a t e  Eocene 

f i s h  sca le r .  minor g laucon i te? .  (Nar iz ian)  fo ramin l -  
fe rs  

Eocene palynmorphs 
Rare th in -she l led  s m l l  

pelecyPOds and abun- 
dant f i s h  scales i n  
shale 

1415- 5E045.90' 141'08.49' Sandstone, l i t h o f e l d r p l t h l c .  m d e r a t e l y  
450 78-p4p. T r d ,  f r i a b l e .  gray, f ine-  t o  mediurn- 

l6 78-44 1270 18'46.84' 141'07.45' grained, angular t o  subangular, d i r t y .  

Sandstone, v o l c a n i c l a s t i c .  O m d ~ r a t e l y  
hard, grayish-green, very f l n e -  t o  me- 
d im-gra ined ,  angular t o  rounded. c l a s t s  

78 -48  n s t l y  a l tPreU b a s a l t i c  glass, p lag fo -  
c lase, g laucon i te ,  and z e o l i t e s ,  abundant 
carbonized p l a n t  m a t e r i a l  on beddlng 
planes. 

D e v i t r i f i e d  basa l t? .  hard, m o t t l e d  brown 

78-% and gray, ves icu la r ,  c h l o r i t t c  vo lcan i -  
c l a s t i c  M c k  w i t h  abundant disseminated 
o v r l t e .  

,,, b ~ i i k . - i u b a n ~ u i i i  t o  ro;nded v e s i c u l a r  
c h l o r i t i r e d  baS4 l t iC  q l a r s  c l a s t s  w i t h  
i n t e r s e r t a l  t e x t u r e  t o  12 cm maximum 
dramt te r  i n  v l t r i c  t u f f  wmtr ix.  

S i l t s t o n e ,  so f t ,  massive. waxy, gray. 

Basa l t  and o l i v i n e  b a s a l t ,  hard, massive, 
c m n l y  amygdalotdal . medium-bluish-gray 
t o  browncsn-gray; i n t e r s o r t a l .  hya lop i -  
l i t i c .  hya lo -oph i t i c ,  and i n t e r s e r t s l  
suboph i t i c  p o r p h y r i t f c  t c i t u r c s ;  glass 
c m n l y  a l t e r e d  t o  ch lo rophae i te  o r  non- 
t r o n l t e ;  p lag ioc lase ,  aug l te ,  i r o n  ore, 
a l t e r e d  o l i v i n e ,  abundant z e o l i t e -  and 

Ear ly  Eocene nannofor- 
s i l r  

~ i r l y  t o  midd le  Eocene 
(Penut ian-U ld t i s ian)  
fo ramin i fe rs  

Late Eocene palyno- 
m r p h s  

Basa l t  mlnimum 
age i s  2 9 . 7 ~  
3.6 m.y. based 
on whole rock 
K/Ar date 

c h l o r i t e - f i l l e d  aruygdules. 
2780- 58O42.61' 141°07.7P' V o l c a n i c l a s t i c  pebbly sandstone, hard, 

la 7g-40 1980 58'44.08' 141"05.90' lo m s s i v e ,  01 ive-gray, subangular t o  sub- 
79-408 rounded b a s a l t  and z a o l l t s  c lamts t o  

25 m m x i m m  diameter i n  tuf faceour 
mat r fx .  

7g-loE S; ;;;tz;;;;i_;;!;tly indurated, weathered 

74-POF Calcareous shale, n d e r a t e l y  hard. mas- E a r l y  Eaccne (L Lodo- 
r i v e .  l i g h t - y e l l a r t r h - b r o w n .  ens($  zone?) n a n x s -  

m r  
Late Eocene palyno- 
m r p h s  

One m a l l  gastroPOd 

Shale, moderately indurated. massive, Ear ly  Eocene nanno- 
79-4th. m t - b r o w n i s h - g r a y .  calcareous, abundant p lank ton  

kerogen and m t c r o f o s s i l s .  Ear ly  t o  midd le  Eocene 

. . . . - , - - . - . P i d d l e  t o  l a t e  Eocene 
palynomrPhs 

B a s a l t i c  l a v i l l i  t u f f ,  hard, m o t t l e d  y e l -  
low, gray, and pink. d e v i t r i f i e d  palagon- 

7 9 - 1 0  i t i z e d  lap i111  w i t h  p lag ioc lase  micro- 
l i t e s  and amygdules o f  c n l o r i t e  and c a l -  
c i t e  i n  t u f f  and c a l c l t e  m t r l x .  
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M p t h  L a t i t u d e  Longitude ( k g )  L l  tho logy  F o s s ~ l s  ----- C O ~ ~ C ~ Z S  

Pala o n i t i c  b a s a l t i c  l a  i l l 1  t u f f  hard. 
maszlve, greenish-blaci .  a m y & 5 f ~ i d d l ,  
m i c r o l i t i c  b a s a l t i c  glass e x t e n r i v e l y  

79-3311 
a l t e r e d  t o  palagonite.  c lay .  and ch lo ro -  
Qhae l te  w i t h  abundant z e o l i t e  i n  amyg- 
dv les  bnd i n t e r s t i c e s .  V i o l e t ,  pale- 
green, and pble-reddish-purple l a p i l l i  
t o  25 m maximum s ize .  I n  p a r t  veined 
w i t h  coarsely c r y s t a l  l i n e  c a l c i t e .  

Basa l t ,  very hard, massive. dark-gray, 
amygda lo ida l  i n t e r s e r r d l  w r p h y r l t i c  tex -  

t u r e .  Mlcrophenocrysts of c l inooyroxcne 

79-336 and p lag ioc lase ,  one a l t e r e d  Dlagioclase 
phenocryst, i n t t r s e r t a l  c l e a r  glass 
g r o u n b s s  w i t r  some replacmrent by ch lo -  
r i t e .  h y q d u l t s  have c n l o r i t e  ~ l m s  and 
are  f i l l e d  w i t h  z e o l i t e s  and minor m r c -  
t i t e .  

Basa l t ,  hard, massive, dbrk-gray. i n t e r -  - 
s e r t a l  p o r p h y r i t i c  t c i t u r e ,  phenocrysts 

: 25  7 9 - 3 3  of p lag ioc lase  and ch lomphae i te  a f t c r  
o l i v i n c ,  g~oundrass  o f  p lag ioc lase ,  
c l  inopyroxene, abundant i r o n  sul  f ides .  
and ch lomphae i te? .  

Banded c a l c i t e .  wavy bands o f  uuqgy, 
coarse ly  c r y s t a l l i n e ,  grayish-orange-pink 
t o  4mbtr-Brown r l t n  t h i n  lavers  o f  l i a h t -  

79-338. 33C greenish-gray. f i n e - g r a i n e d c a l c i t e  1; xrx~' massive chunks t o  35 1 3 0  1 22 on. Occurs 
33F - interbedded w i t h  t h i n  l a y e r s  of palagoni+ 

t i z e d  b a s a l t i c  t u f f  fm 3-15 mn t h i c k .  
as m a t r i x  c m n t l n g  b a s a l t i c  l a p i l l i ,  o r  
w i t h  inc luded b a s a l t i c  rock fragments 

Sandstone. l i t h o f r l d r p a t h i c .  hard, mas- - 
79-331 s ive ,  md iun-gray .  med im-gn ined .  dngu- 

l a r  t o  subrounded. w e l l  so r ted  w i t h  
aDpmximat t l y  40% pr imary c a l c i t e  mat r i x .  

G laucon i t i c  s i l t s t o n e ,  soft, m a i m - g r a y -  
w a t h e r i n g .  30% p e l l e t a l  g laucon i te .  

79-333.  33K abundant b i o t i t e .  f i n e l v  d i s s n i n a t e d  

Minimum basa l t  
age 26.2*$0 
n . y .  based on 
whole rock KiAr 
date 

Poss ib ly  miaale 
o r  l a t e  Ceno- 
z01c7 

p y r t  t t ? ,  r a r e  s a n d - s i z ~ q u a r t r  g ~ a l n s .  
abundant ODallne s k e l e t a l  f r s m e n t s .  - - - - - -  . - ~- 

O l i v i n e  basa l t ,  hard, f r a c t u r e d  and 
vcined, dusky-brown. p o r p h y r i t i c  var io -  
l i t i c  amygdaloidal tex tu re .  O l i v i n e  

79-34J p k n o c r y s t s  a l t e r e d  t o  s m c t i t e .  zeal i t e  
and $MY i d d i n p s i t e ;  m a t r i x  l s  p lag io -  
c lase  var io les .  opaoues, and greeniEh- 
b m u n  pa lagon i te  c u t  by ve ins  of green 
nont ron i te ,  z m l r t e .  and ye l low c l a y .  

Anygdaloidal  basa l t ,  hard, medium-bluish- 
gray, very f i n e  g ra ined  i n t e r s e r t a l  p r -  
p h y r i t i c  tex tu re .  P ldg ioc lasc  and or tho-  
pyroxene phenocrysts i n  groundnass of 
p l b g ~ o c l a s e ,  c h l o r i  t i z e d  c l  lncpyroxcne. 
and Opaques. h y g d u l e s  f i l l e d  w i t n  ch lo -  
r i t e  and zeo l i tes ;  

V o l c a n l c l a r t l c  ranastone, ver) hdra. mas- 
s ive ,  m a i m - g r a y ,  meaiom- t o  very Coarse 
grarned. moderbtal, r e l l  to r tea .  Ma in ly  
b b r a l t i c  rock f ragnents  and subordinate 
b i o c l a s t i c  d e t r i t u s  I n  a  calcareous 

Foramini fers and B l o  
i i i s t i c  detnt;s 
~ n c l u d i n g  l a r g e  fo ra -  
m in i fe rs  (him- 
-7 ) 

m a t r i x  

Pebbl nudrtnne, c r d l y ,  masttve, n d i m -  Utddle Eocene (upper 

79-34A darkrgray. waxy, w i t h  angular tn subangu- U l a t i s i a n )  foramini-  
I a r  vo lcan ic  c l a s t s  t o  6 cm i n  maximun f e r s  ' including m- 
s i z e .  Eocene a p a l y ~ ~ m r p h s  

and. z m l  l t e s .  

1300- 58"42.70' 140"56.50' Ba54 l t<c  I a p i l l i  t u f f ,  hard, m s s i v e ,  

' 2  79-35 560 58'44.37' 140'51.92'  75 
grayish-blue. o a l a g ~ n i t i z e d  b a s a l t i c  

7 9 - 3 3  l a o i l l i  t o  5f cm maximum s i z e  i n  m c r i x  
of m c t i t e .  non t ron i te ,  c a l c i t e .  and 
0WPU.S. 

S i l t  shalc, moderately indurated. nms- 
7g-35C + rmmish-gray, abundant kcrogen. 

S i l t s t o n e ,  m d s r a t c l y  indurated, nussive, Miadle t o  l a t e  Eocene 
79-350, 3$J bromish-gray ,  abundant m ic ro foss i l s  and palynomrphs 

kemqcn. i n  p a r t  calcareou5. 



Table 1.--Location and desc r i p t~on  of dredqed Pre-Quaternary outcrop or probable outcrop ramp& (Continued) 

Edp Dredge Location 

No' Depth Lati tude Longitude (kg) Lithology F O S S ~ I S  tomnen t r 
-- 

0rgdnlC.rlch snale. s l r gh t l y  to mae r r t e l y  Miaole or l a t e  Eocene 
indurated. !dminatea t o  mss lve,  O ~ S R Y -  nannofosri l r  
pllon~sn-3ro.n. abundant m l c r o f o ~ s l l s  an0 Late Eocene 4 p e r  
kerogen, mica and f i sh  scales c o m n l y  on Harrzian) fordminifers 

79-36A 368 bedding planer. one large piece of car- including 4n h i s to  ina 
36C. kb' bonired wood 15 cm long, I n  par t  calcare- and D i s c o c ~  

ous (concretions?). I n  part w i th  beds t o  ~ocen&enel) 
1 cm th ick  o f  fine-gralncd, greenish-gray palynomrphr 
vo lcan lc las t ic ,  h igh ly  foss i l i fe rous Si l iceous sponge ve- 
sandstone. mains 

Volcan ic las t~c sandstone, nard. masslue. h l s t o  in4 S D  dnd 
mott led g ray i sh -b l~e ,  m d i m -  t o  very -4 so 
coarse-gra~nta 12 cm). hurnly oasdl t ~ c  
rock f r a w n t s  and minarals, abundant 
megafosril fragments and large foramini- 
fer r ,  c a l ~ a r m u s  matr ix. 

Bdsa l t ic  I a p i l l i  tuff ,  hlrd. grayish- 
79-* purple angular l a o f l l i  t o  4 cm i n  green 

a l tered t u f f  matr ix. 

&mygdaloidal basalt ,  hard, mss ive,  gray- Some basalt 
black, Drown, d i m - d a r k - g r a y .  and blocks are 

79-26C 26E, olive-gray, very f i n e  grained i n te r se r t a l  sheared and 
26F;-;6G, porphyr i t ic  texture. Phenocrysts t o  0.7 fractured. 
m, nm include f resh cl inopyroxenl and fresh Minimum age 

t o  a l tered ulagioclase; qroundmdss i s  38.9+2.9 m . r .  
c l  inopyroxene.~plaqiocla&. and opaoucs 
wi th  i n t e r s t i t i a l  palagonitc o r  chloro- 
pnaeita; amygdules of zeo l i t e  ard chlo- 
r i t e .  

basea on basalt  
whole rock K/Ar 
date 

hygda lo i da l  o l i v i n e  basalt .  hard, mas- 
sive, maim-dark-gray. flne-grained, 
i n t t r s e r t a l  porphyri  t i c  texture. Pheno- 
crys ts  ( t o  5 m) plaqioclase pa r t l y  
a l tered t o  zeo l i tes  and clay, c l  lnopyror- 
ene, and Ol iv ine a l tered t o  ch lo r i t e?  and 
iddingsite. G r o u n h s r  i s  p a r t l y  a l tered 
plagioclase and pyroxene, i r on  ore avd 
i n t e r s t i t i a l  chlorophaeite a f ter  palagon- 
i t s .  Approximtely 25% zeol i te .  chlo- 
r i t e ,  and c l ay - f i l l ed  amygdules. 

B ioc las t ic  sandstone, very hard. white o r  Foraminifers. rncluding 
w a r  ere nm erate rbd. angular t o  Found- Eocene h h i s to  lna 
ed c:leadreou: c l as t s  t o  I 4  mu i n  nedlum- sp. and-a 
dark-gray o r  greenish-gray, f lne- t o  SD. 
mdim-gra ined n u t r i x  of calcite-ccrrmntsd 
b i oc l as t i c  material and basa l t ic  de t r l -  
tus. B ioc las t ic  de t r i t us  consists mainly 
o f  calcareous algae, coral,  bryozoans, 
la rge foraninlfers, and she l l  f raments .  

Btoc las t ic  vo lcdn ic las t ic  sandstone, v ~ r y  
hard. mssive. f ine- t o  m e d i ~ g r a l n e d ,  
angular t o  rounded reef det r i tus .  fora- 
mislfers. and m f i c  volcanic rock and 
mineral frargnnts i n  ca l c i t e  matr ix. 
Rare S l l t - s i ze  quartz grains. 

S p i l i t i z e d  t h o l e l i t i c  basalt ,  hard. dark- 
green. ca l c i  te-veined, very f ine grained 
i n t e r r o r t a l  p r p h y r l  t l c  amygdaloidal tex- 
ture. Zoned andesine pnenocryrts ( t o  1.5 
mn) i n  gmundmss o f  labrador i te  laths. 
opaques. and dar t  dav i t r i f l ed  glass. 
Chlor i te  occurs as replacancnts o f  f a i c  
minerals. ve in le ts .  and v e s i c l ~  f i l l i n g s ,  
abundant carbonate as veins, patches .in 
orounchnss. and vesiclm f i l l i n g s .  SaK 

Slickensided 
fractures 

iacondary opal ine? $41 ica. 

hygda lo i da l  s p i l ~ t i z o d  b a w l t ,  hard. Sheared 
dark-omen. s t rona lv  vesiculated and Pos- 
sibly~brecciated.~<horou9hly altered. 
Very f i ne  intergranular texture wi th  
abundant zeo l i t e  and c n l o r i t c - f i l l e d  
mvadulcs. - . ., > - - . - - . 

S i l  tstone, mde ra te l y  ell indurated, Eocene o r  01 igocene 
slabby. l ight -o l ive-gray t o  dark-gray. nannofossils 
abundant kerogm. mde ra te l y  abundant Late Eocene ( k f u g l a n )  

890- 58'39.16' 140'36.89' A -  

77-11A7 ''' m i c r o f o r ~ i l r .  sparse pyr i te ,  carbonaceous foraminifers 
--  -. .. plant  rwains,  and glauconite, i n  pa r t  Eocene p a l y n m r p h r  
27 7 7 - 1  1 500 58"39.69' 140'36.03' " sandy. 

Sandaton., feldspathol i th i c .  moderately 

77- l lC 
ne n urated slabby, gray. medium- 
gr::nLd angul;r t o  subrounded, wel l  
sorted, 234 ca rhna te  matr ix .  

s i l ts tone.  so f t  t o  rnderatCly indurated, Late Eocene t o  Oliqo- 
77.10A. 108 slabby, gray, greenish-gray, o r  dark- cene foramlnrfers 

1875- 58'37.39' 140'35.71 ' 
gray. waxy. minor py r i t e  bnd glauconite?. Eocene palynomorphs 

28 77-10 I400 58'38.11' 140°35.29' 75 
Sandstone. fe ldseatho l i th ic ,  f r iab le .  
blocky, gray. f ine- to mediun+gralned. 

77-1Oc angular to rubrounded. pervasive $1 1 i- 
CKLUS cement and trace of c a l c i t s  cemnt, 
k d t r a t e  secondary Wros i t y .  - 



Table I .---ion and d e s c r i p t i o n  of dredged pre-Quaternary outcrop o r  Probable outcrop rsmples (Cont~nuea)  

Nap Oredge Loca t ion  Estimated sample 
b. No. Depth La t l tude  Longitude "covery (kg) Oerignat ion Lithology Foss11s tcnments 

.- 
Shale, s l i g h t l y  Indurated, f i n e l y  lami- Late t o  l a t e  middle? - 

79-24A, nated, dusky-brown, abundant mlcrofos- Eocene nannoplackton 

24C,  240 s i l s .  keroqen, and mica. i n  p a r t  c a l c a r -  Late Eocene ( N a r i z i a n ? )  
1340- 58'35.70' 140621. 66' eous and nmderatcly indurated. r a r e  f ine-  foramini fers 

29 "-'' 480 58'38.33' 140'20.47' loo gra ined  sandstone laminae. Mlddle t o  l a t e  Eocene 
pa lyncmrphr  

Sandstone. f e l d s p a t h o l i t h l c  vcry hard. 

79-% masslve. l i g h t - g r a y ,  mcd ld -g ra ined  
clean, calcareous cement. abundant ;or- 
bonaceous p l a n t  f ragnents and mica. 

Shale, s o f t  t o  m d e r a t e l y  hard. laminated Late Eocene o r  Ol lgo- - 
t o  massive. p r a y t s h - ~ r a n g ~ .  bro*nish- ccne (Refugian o r  
gray, and medium-gray. waxy. abundant Z m r r i a n )  foramini-  

77-17s. 17L. m f c r o f o s s i l s ,  kcrogen. mica, carbonaceous fe rs  
17D. 17E Plan t  fragments. i n  Par t  s i l t y  and i n t e r -  Eocene palynomrphs 

1025- 58O32.62' 14OmO6.66' bedded w i t h  laminae o f  mdium-gray s i l t -  Eocene? diatoms and 

30 77-17 925 58'33.02' 140'06.49' 75 stone o r  f ine-grained h l g h l y  micaceous s i l i c o f l a g e l l a t e s  
Sandstone. 

Sandstone. l i t h o f e l d s p a t h i c .  m d e r a t e l y  
hard, f r i a b l e ,  l i gh t -g ray ,  medium- 

7 7 - f i  grained, subangular t o  subrounded. h i g h l y  
mlcaceoul, s i l i c s a u s  c m n t .  secondary 
w r o s i t y .  

S i l t  shale. s o f t  t o  moderately inauvated. Eocene p a l y n o m ~ p n s  Abundant s l  i c c  
510- 58'34.72' 160'05.46' +minsted i n  p a r t ,  tan t o  l i g h t -  Late Oligocene diatoms ensides and 

31 77-18 250 5863s,92n 140e04,67m 275 7 7 - i 8 ~ .  186 g ray  and yellowish-gray, abundant s i l l -  and 311 i c o f l a g e l l a t e s  l ron-oxide- 
Ceous In lc ro fOsSi~S and mica. s ~ a r s e  rnrted f r a r -  

Shale, s l i g h t l y  t o  m d e r a t e l y  Indurated. E a r l y ?  Eocene nanno- Abundant s l i c k -  - 
m s s i v e .  medium-dark-gray. l o c a l l y  abur- plankton ensiaes 

79-20s. 200. dent m ic ro foss i l s .  mica, camonaceour Ear ly  t o  midd le?  Eocene 
20E, 201 p l a n t  mater ia l .  and f i s h  scaler.  I n  p a r t  (upper Penutian t o  

w i t h  very  hard, l i g n t - g r a y  calcareous lower? U l a t i s i a n )  fo r -  
Concrct ions. amln j fe rs  

Eocene, poss ib ly  e a r l y  
Eocene palynomorphs 

Sandstone, v o l c a n i c l a s t i c  and b i o c l a s t i c ,  Abundant C p h i s t o q i n a  
very hard. nredim-gray, f ine-  t o  coarse- 
grained, angular t o  subrounded: c l a s t s  
are p r e d m i n a n t l y  b a s a l t i c  vo lcan ic  rock 
and minera l  fragments wi th  subordinate 
quartz,  potash fe ldspar ,  cher t ,  and o ther  
nonvolcanic d e t r i t u s ,  and minor s h e l l y  
m a t e r i a l ,  c a l c a r m u s  cenent. 

Sandstone and s i l t s t o n e .  hard. bedded. 
f i s s i l e ,  mcdlum-dark-gray. f ine-  t o  

79-ZOF, ZM; medim-grained. f e l d s p a t o o l i t h i c  sand- 
stone a l t e r n a t i n q  w i t h  dark-pray t o  
black, Inch- t o  m i l l i m e t e r - s c a l e  laminae 
of Carbonaceous and micaceous s i  l ts tone .  

Cla stone, s l i g h t l y  indura ted ,  I W ~ s l v e .  La te  Oligocene t o  + ow e n s l t y *  yel lowish-gray, abundant Recent diatoms 
7g-20A' s i l i c e o u s  mic ro foss i l s .  vc ry  f i n e  grained 

mica, cdrbanaceous p l a n t  f rapn*nts 

Sandstone. f c l a s o d t n o l ~ t h l c ,  M r a .  6 r r b -  
b le .  mdsslrc,  r rd lum-gra lned ,  anqbldr t o  
Subrounoeo, bounddnt bdsa l txc  a e t t ' t u s  

33 79-21 300 58"20.16' 139'27.10' Shale. s l i g h t l y  t o  moderately indurated, Late t o  l a t e  middle? 
7g-21B, 21c. F u n - d a r k - g r a y  t o  dark-gray* sparse Eocene nannofoss i l s  21r2,c micc ' foss i l s ,  d issamnated  carbonaceous La te  Eocene (Nar iz ian)  

21 F p l a n t  m t e r r a l ,  s m  mll t r a i l s ,  o r  fo ramjn i fe rs  
burrows; i n  p a r t  very hard and calcareous Middle t o  l a t e  Eocene 
(concre t ions?) .  pdlyrlomorphr 

Some b locks  are 
s l i ckcns lded  

-- -- 

hnyqdaloldal  basa l t ,  hard, nassive, green- 
i sh -b lack ,  d i m - u r a i n e d  i n t e r s e r t a l  

2480- 58'09.62' 13g006.91' w i t h  roughly 501 amyqdules; gmunmass i s  

38 79-1 i I 7 9 - 9  a l t e r e d  p lag ioc lase .  f rcsn  aogite.  m7nor 
710 58'13.10' 139'05.71' orthoovroxenc, and O M ~ U C S  i n  a brown 

palagohice r m t r i r ;  aiiygdulcs f i l l e d  w i t h  
Z e o l i t e  and b r o m  c l a y .  

Am d a l o i a a l  basa l t .  hard, m s s i v e ,  me- 
d:k-dark-gray t o  dark-gray, f ine-  t o  
med im-gra ined  hya lo -opn i t i c  amygaaloldal 

79-18C. @. t t r t u r e :  a l t e r e d  ~ \ a g l o c l a s e  la ths .  f r t t h  
I 8 T  - clinopyroaene. r a r e  orthopyroxene, and 

opaques i n  pa laqon i t i zed  glass o r  ch lo ro -  
phae i te  n r s t d x .  hnygdules f i l l e d  w i t h  

1220- 50'11.27'. 139'05.10' z e o l i t e .  c h l o r i t e ,  and minor c l a y .  

35 7g-18 930 58'11.94' 139"04.10' Basa l t  hard massive. medium-grained, 
79-180 t i c  tex tu re .  Fresh plagioclase, 

c l inopymxene and opeques i n  a l t e r e d  
glass mat r i x .  

Shale, moderately indurated. homogeneous. T e r t i a r y  p a l y n w r p h s  
"-lBA m u n - d a r t - g r a y  

A l l  basa l t  ex- 
cept fo r  two 
chunks of sedi-  
mentary rock 

PTObdbly e a r l y  
Eocene on bas is  
of 50 .73 .2  m.y. 
basa l t  K/Ar age 

Hay be l a t e  
Cenozoic 



Table I . - -Cocat ion  and d e s c r i p t i o n  o f  dredged pre-quaternary outcrop o m a b l e  outcrop samples (Cont inued) 

-. 
~ a p  Oredqe Loca t ion  Estimated sample 
No. No. Oepth Latl tude Lohgl tude ReTii;ry Dcsignat lon L i t h o l o g y  F o s s i l s  Conments -- 

700- 58'1 1.56'  139'04.09' S i l  tstone, c runb ly  t o  m d e r a t e l y  indu- Eocene palynomrphs 
125 79-19A. 19E. rated. masrive, rmdium-dark-gray, h i g h l y  

36 "-" 320 58"13.24' 139'02.40' 19C micacmus. sparse f i s h  scales and mll 
mesafosst ls 

F e l d s p a t h o l i t h i c  sandstone. vo lcan ic las -  
1250- 58"00.62' 138'28.04' 7 7 . 3  t i c ,  very hard, blocky, greenish-gray, 

37 7 7 - 3  750 58'00.92' 138'27.40' 250 i n  p a r t  pebbly. 
77-38 A r u .  nard. grayish-black. - - 
77-2A S i l  tStOnt, s l i g h t l y  indurated, dark-gray, Quaternary? nannofos- 

2090- 57'58.99' 138"28.76' sandy w i t h  f l o a t i n g  pebbles. s i l s  
Pleistocene o r  Holocene 

38 77-2  1500 57'59.59' 138'26.88' fo ramin i fe rs  

7 7 - 8  S i l  tstone. hard. 1 ight-gray, calcareous Ear ly  Pl iocene diatoms minor g l l u c o n i t e  T e r t i a r y  palynomorphs 

Sandstone, l i t h i c  wacke. hard. slabby. Sandstone in-  
78-E, medium-gray, medim-grained, angular t o  tense ly  sheared 

510- 57"54.31 ' 138'02.45' subangular, p o o r l y  sorted, micrceous. I n  

39 78-14 340- 57'54.57' 138'01.23' par t  w i t h  c a l c f t P  cement. 

78-llA S i l t s t o n e ,  so f t ,  weathered l ight-brown. Late Pl iocene t o  Holo- 
waxy. abundant b i o t i t e ,  d i a t w c e o u s .  cene w i t h  rcworked 

Uiocene diatoms 
- -  - 

Metasandstone. I i thofe ld rpa th ic ,  hard. 

157- 5Ee11.55' 138"23.44' g ray  t o  greenish-gray, f ine-  t o  medium- 
30 77-bA grained, angular t o  subangular, poor ly  

40 77-6 150 58'12.15' 138"23.12' sorted. laurnant i re i n  D4tChts and vein- 

None ROCXS in tense ly  
sneared 

l e t s .  
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Figure 7.--Sparker seismic line and true scale bathymetry across  the  continental  slope near dredge local- 
i t i e s  3 and 4. Ridges of Paleogene rocks (Unit 8) are partially buried by Yakataga Formation (Unit GI. 
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Figure 9.--Sparker seismic line and true scale bathymetry across the continental slope 

near &edge localities 9-11. 



Figure 10.--Sparker seismic line and true scale bathymetry across the 

continental  slope near dredge local it ies  12-14. 



Figure 11.--Multichannel seismic l i n e  and true scale profile across the continental  

slope near dredge localities 15-17. 



Figure 12.--Sparker seismic l ine and true scale bathymetry across 

the continental slope near dredge loca l i t i es  20-23. Dashed line 

indicates dredge cast with no bedrock recovery. 
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Figure 13.-Sparker seismic line and true scale bathymetry 

across the continental slope near dredge locality 24. 

Dashed line indicates dredge cast with no bedrock recovery. 
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Figure 17.--Sparker seismic line and true scale bathmetry across the 

continental slope near dredge local i t ies  32 and 3 3 .  
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Figure 18. Sparker seismic l i n e  and true scale bathmetry 

across the continental slope near dredge localities 34-36. 





Figure 20.--Sparker seismic l ine  and true scale bathymetry across the 

continental slope near dredge locality 39. 



U n i t  E)  Approx imate ly  800 m o f  c l a s t i c  sedimentary rocks o f  e a r l y  Eocene 

(Penu t i  an stage) t o  e a r l y  0 1 igocene(?)  (Refug i  an stage) age. 

U n i t  F )  300+ m o f  c l a s t i c  sedimentary rocks  a t  l e a s t  i n  p a r t  o f  l a t e  

Ol igocene (Zernorrian stage) age. 

U n i t  G) The Yakataga Formation, a sequence o f  c l a s t i c  sedimentary rocks 

i n c l u d i n g  much g l a c i a l l y - d e r i v e d  d e t r i t u s  o f  Miocene through P le is tocene  age 

t h a t  i s  as much as 2,000 m t h i c k  on the  c o n t i n e n t a l  slope. 

The u n i t s  de l inea ted  on t h e  c o n t i n e n t a l  s lope are e n t i r e l y  marine. 

Considerable i n t e r t o n g u i n g  may occur between U n i t s  B, C, and D o f  l a t e  

Paleocene(?) through e a r l y  0 1 igocene(?)  age. They are unconf orrnably over1 a i  n 

by Un i t s  E and F. 

Oceanic c r u s t  near the  base o f  the s lope  i s  o v e r l a i n  by hemipelagic 

sediments and t u r b i d i t e s  t o  6 km t h i c k  ( f i g s .  7 and 13; Bruns, 1979; von Huene 

and others ,  1979a, 1979b) and deep-sea depos i ts  l o c a l l y  l a p  up onto t he  

c o n t i n e n t a l  margin as a s lope r i s e  p r i sm  ( f i g .  19).  The deep-sea sediments 

are ma in ly  o f  Quaternary  age a t  the  su r face  al though probable  e a r l y  P l iocene 

depos i ts  were sampled a t  one l o c a l i t y  on t h e  s lope  r i s e  p r i s m  (38).  Th is  

t h i c k  ens imat i c  sedimentary sequence i s  i n f e r r e d  t o  be i n  p a r t  o f  pre-Pl iocene 

age based on c o r r e l a t i o n s  made w i t h  seismic r e f l e c t i o n  data (von Huene and 

others ,  1979a, 1979b) . Unconso li dated deposi ts,  presumably l a r g e l y  o f  

Qua te rnary  age, f i l l  t h e  broad Yakutat  Seaval ley,  Alsek Canyon, and Cross 

Sound Canyon, and occur as r e l a t i v e l y  t h i n  depos i ts  elsewhere on the  s h e l f  and 

slope. As t h e  deep-sea and Quate rnary  depos i ts  have no d i r e c t  re levance t o  

t he  pet ro leum p o t e n t i a l  of the area, they  are no t  discussed f u r t h e r  i n  t h i s  

r epo r t .  



U n i t  A: Pre-Tert i a r y  rocks. 

M i  1 d l y  metamorphosed ( z e o l i t e  f a c i e s )  metasandstone and a r g i l l  i t e  have 

been dredged from the  con t i nen ta l  s lope between Alsek Canyon and Cross Sound 

Canyon (37 and 39) and f rom the  Fairweather Ground topographic  h igh  on the  

adjacent con t i nen ta l  s h e l f  (40). Greenstone repor ted  from dredge l o c a l i t y  40 

( P l a f k e r  and others,  1978c) was determined t o  be greenschis t  i n  t h i n  sec t i on  

and i s  now be l ieved  t o  be an e r r a t i c .  These rocks are u n f o s s i l i f e r o u s  bu t  are 

l i t h o l o g i c a l l y  most s i m i l a r  t o  the  sedimentary p a r t  o f  the  Late Cretaceous 

Yakutat Group on t he  adjacent mainland ( P l a f k e r  and others ,  1978a). These 

p r e - T e r t i a r y  rocks  are considered t o  'be economic basement f o r  petroleum i n  t he  

Yakutat  block. 

A broad magnetic high rough ly  co inc ides  w i t h  the  Fai rweather  Ground 

outcrop area and extends northwestward t o  the  v i c i n i t y  o f  Alsek Canyon (Tay lo r  

and OINe i l l ,  1974). The anomaly, which i s  comparable i n  shape and ampl i tude 

t o  those r e l a t e d  t o  e a r l y  T e r t i a r y  g r a n i t i c  p lu tons  on t he  adjacent main1 and, 

suggests the presence o f  1 arge i n t r u s i v e  bodies i n  the  o f f sho re  p r e - T e r t i  a r y  

basement ter rane.  If so, the  anomalies de f i ne  the  minimum outcrop ex ten t  o f  

pre-Ter t  i a r y  rocks on the con t i nen ta l  she l f .  

U n i t  B: Eocene(?) and Paleocene(?) rocks west of Yakutat Seaval ley.  

Calcareous f e l d s p a t h o l i t i c  sandstone and conglomerate interbedded w i t h  

hard carbonaceous and o rgan ic - r i ch  shale o r  s i l t s t o n e  have been dredged f rom 

th ree  prominent l i n e a r  r i d g e s  t h a t  l i e  along t h e  lower s lope west o f  Yakutat  

Seaval ley ( f i g s .  3-7). I n  add i t ion ,  amygdaloidal b a s a l t i c  f l o w  and 

p y r o c l a s t i c  rocks and diabase d i k e ( ? )  rocks were recovered w i t h  a rg i l l a ceous  

rocks a t  dredge l o c a l i t i e s  4 and 6 ( f i gs .  7 and 8) .  To ta l  v e r t i c a l  ex ten t  o f  

t h i s  u n i t  i s  900 m w i t h  the  base not  exposed. 



The sedimentary rocks con ta i n  abundant carbonized p l a n t  fragments and 

some arenaceous f oramin i fe rs ,  bu t  no age-di agnost ic  f oss i  1s were found. One 

b a s a l t  sample has a whole-rock K/Ar age o f  55.2+7.1 - m.y. (sample 78-22A5, 

t a b l e  2 ) .  Two o ther  ma f i c  rock samples w i t h  younger whole-rock ages o f  about 

33 m.y. (samples 78-41K and 78-22A7, t a b l e  2 )  probably  represent  minimum ages 

f o r  these rocks. I f  t h e  o l d e r  date approximates the  t r u e  age o f  t h e  rock, i t  

would be c lose  t o  t he  Eocene-Paleocene boundary i n  age. The rad iome t r i c  data, 

together  w i t h  t h e  s i g n i f i c a n t l y  g rea te r  thermal m a t u r i t y  o f  t he  shales i n  U n i t  

B r e l a t i v e  t o  those of d e f i n i t e  e a r l y  t o  m idd le  Eocene age east  o f  Yakutat  

Seavalley, are t he  r a t i o n a l e  f o r  i n f e r r i n g  t h a t  U n i t  B i s  i n  p a r t ,  o r  

e n t i r e l y ,  o lde r  than U n i t  C and i s  probably  o f  l a t e  Paleocene t o  e a r l y  Eocene 

age. 

Rocks i n  t h i s  u n i t  appear as acous t i c  basement on seismic r e f l e c t i o n  

p r o f i l e s  so t h a t  t h e  i n t e r n a l  s t r a t i g r a p h y  cannot be worked out. The age da ta  

and l i t h o l o g y  suggest t h a t  U n i t  B i s  most p robab ly  c o r r e l a t i v e  w i t h  t h e  

onshore Paleocene Orca Group, o r  t he  "unnamed s i l  t s tone"  t h a t  l i e s  below t h e  

Kul  t h i e t h  Formation (P la fker ,  1971). The "unnamed s i l  tstone,"  however, i s  no t  

known t o  con ta i n  e i t h e r  t he  coarse c l a s t i c  rocks o r  b a s a l t i c  rocks t h a t  have 

been dredged from U n i t  B. 

U n i t  C: Eocene b a s a l t i c  rocks.  

B a s a l t i c  rocks were recovered a t  e i g h t  l o c a l i t i e s  along t he  c o n t i n e n t a l  

s lope between 138~30 '  W. and 141°15' W .  ( f i g .  4, t a b l e  1) and they  are 

i n f e r r e d  f rom the  se ismic  p r o f i l e s  t o  comprise much, if not  a l l ,  o f  t h e  lower 

p a r t  of t h i s  segment o f  t h e  con t i nen ta l  slope. 

The b a s a l t  u n i t  i s  a t  l e a s t  i n  p a r t  o f  e a r l y  Eocene age and cou ld  range 

i n t o  t h e  midd le  Eocene based on m i c r o f o s s i l s  i n  sha le  interbedded w i t h  t he  

b a s a l t  or  immediately o v e r l y i n g  the u n i t .  K/Ar whole-rock ages o f  four  b a s a l t  



Table 2.--Potassium-argon age data for basaltic rocks 

[Analysis by Geochxon Laboratories Division, Krueger Enterprises, Inc. Constants used: 

u p  NO. sample NO. K20 4 0 
I/ Ave. K20 Ave. 4 0 ~ r m d  Arrad Calculated age 

hnaly zed material- 
(fig. 1) (table 1) (percent) (percent) (PP~) O A ~  

total (m.y.) 

Slightly altered 

2 78-413 diabase cobble or ,363 
-362 

-000871 .I65 
33.3  f 2.5 

outcrop 
,365 .229 

Fresh, glassy 
.0666 

4 78-22.95 .0639 .0670 .000268 
trachytic basalt .083 

55.2 * 7.1 
w i t h  abundant 

.0705 
.091 

iron ore 

Fresh, fine-grained 
-191 .176 4 78-22A7 holocrystalline .I93 .000468 33.6 + 3.9 

basalt 
.196 -164 

Slightly altered, 

18 79-4OD porphyritic, -095  .000203 .095 .lo4 29.7  i 3.6  

subophitic basalt 
.095 .lo9 

Slightly altered, 

2 0 
.256 .254 .000480 

,182 
79-33H porphyritic, 26.2 * 3.0 

-253 
intersertal basalt 

.144 

Slightly altered, 

amyqdaloidal, 

24 79-26L porphyritic, 
.354 .350 

intersertal basalt. 
.346 

Minor alteration 

Slightly altered 

3 5 79-18D 
hyalo-ophitic .164 

.163 .000598 .195 50.7 * 5 . 2  
amygdaloidal .162 .la6 

basalt 

l/Whole rock sample, crushed to -60/+200 mesh and treated with dilute HF and KN03 to remove alteration 

products prior to analysis. 



samples from the unit yield three Oligocene ( loca l i t ies  18, 20, 24) and one 

early Eocene ( loca l i ty  35) ages ( table  2 ) .  The Oligocene ages are considered 

to be minimum ages resulting from argon loss during alteration, whereas the 

Eocene age of 50.7+5.2 m.y. is  compatible with the paleontological data and 

probably approximates the actual age of the basalt sample. 

Basaltic rocks in the unit represent diverse conditions of emplacement 

ranging from flows to breccias and aquagene tuffs .  These rocks are inferred 

to be interbedded with minor sedimentary rocks based on the dredge results.  

A t  one locality (no. 3 5 ) ,  the occurrence of small amounts of shale with 

thermally overmature kerogen suggests that shallow basal t i c  intrusives have 

been empl aced in the sequence. 

I t  is not possible t o  accurately deduce the stratigraphic thickness of 

Unit C either from the scattered samples recovered or from the seismic 

reflection lines on which the basalt shows up as acoustic basement. The 

vertical extent through which dredge hauls of predominantly basaltic rocks 

have been recovered is 900 m. This thickness probably represents a minimum as 

the base is  not known. The upper contact i s  likely to be gradational judging 

from the comnon occurrence of tuff and one sample of lithologically similar 

basalt a t  locali ty 22, well above the inferred top o f  t h i s  unit. 

The igneous rocks comprising Unit C are entirely basaltic in 

composition. They exhibit a wide variety o f  textures ranging from glassy t o  

diabasic. Plagiocl ase phenocrysts are comnon and serpentinized olivine 

phenocrysts are local ly present. Augi t e  is the predominant ferromagnesian 

m i  neral and iron oxide mi neral s are locally extremely abundant. Most basal t s  

are amygdaloi dal and a1 tered t o  varyi ng degrees. 

Chemical analyses of major, minor, and rare earth elements are available 

for only one sample from locality 26, although a representative suite of 



samples co l l ec ted  i n  1979 are i n  the process of being analyzed. The one 

sample f o r  which analyses are completed i s  d i s t i n c t l y  more a l k a l i c  than 

p r i m i t i v e  oceanic t h o l e i i t i c  basa l t  and has a f f i n i i e s  t o  su i tes  t h a t  

character ize mature cont inenta l  margins or i n t r a p l  ate r idges  and seamounts 

(David Got t f r ied ,  o r a l  comnun., June 1980). 

Basal t  i n  Un i t  C has some o f  the  h ighest  magnetic s u s c e p t i b i l i t i e s  found 

anywhere onshore or o f fshore  i n  the Gulf  o f  Alaska region ( t a b l e  3 ) .  These 

rocks coinc ide remarkably c1 osely w i t h  a  pronounced 1  inear  magnetic anomaly o f  

+250 t o  +600 gamnas along the cont inenta l  slope t h a t  has been def ined by 

a i rborne and shipboard magnetic data (Nangler and Wageman, 1973; Schwab and 

Bruns, 1979). The anomaly i s  15 t o  60 km wide and extends from the Yakutat 

slope area i n  a  west-northwest d i r e c t i o n  f o r  about 500 km. The o r i g i n  o f  t h i s  

anomaly has been the subject  of considerable speculat ion and has been 

var ious ly  a t t r i b u t e d  t o  d ike  i n t rus ions  by Nangler and Wageman (1973), t o  

Mesozoic volcanic rocks extruded along the Queen Char lo t te  f a u l t  system by 

Taylor and O'Nei 11 (1974), and t o  an undefined pre-Cenozoic 1 inear  magnetic 

source by Schwab and Bruns (1980). Coincidence o f  t h i s  magnetic anomaly w i th  

the h i g h l y  magnetic rocks o f  U n i t  C i nd ica tes  t o  us t h a t  the anomaly i s  most 

probably caused by the Eocene and o lder  ( ? )  basa l t .  Pre l im i  nary model s tudies 

o f  the anomaly suggest t h a t  it could r e s u l t  from a  layered u n i t  having the  

approximate thickness and magnetic p roper t ies  o f  Un i t  C and a  down-dip width 

beneath the cont inenta l  s h e l f  o f  roughly 100 km (Andrew Griscom, o r a l  commun., 

Ju l y  1980). 

U n i t  C cannot be unequivocal ly cor re la ted  w i t h  u n i t s  e i t h e r  i n  outcrop or  

i n  wel ls  i n  the Gul f  o f  Alaska T e r t i a r y  Province. A sequence o f  b a s a l t i c  f low 

rocks and breccias t h a t  are l i t h o l o g i c a l l y  s i m i l a r  t o  some o f  the dredged 

samples occur i n  a  small fault-bounded block along upper Hubbs Creek i n  t he  



Table 3.--Magnetic susceptibility o f  volcanic rocks 

- - - -. 

USGS 

No. Sample Weight Weight Vol urne Density Bridge K~ 

( F i g .  1 )  Number in air i n  wate r  Reading 



Samovar Hi 11 s between Cretaceous f l y s c h  on the east and middle Eocene coal - 
bearing beds on the west (P la fker  and M i l l e r ,  1954; P la fker  and Addicott ,  

1971). A sample co l l ec ted  from these volcanics i n  1979 y ie lded an e a r l y  

Eocene whole-rock K/Ar age (Plafker ,  unpub. data, 1980). This age, together 

w i t h  the l i t h o l o g y  and s t r u c t u r a l  s e t t i n g  o f  the Samovar H i l l s  volcanics, 

suggests t h a t  they may be c o r r e l a t i v e  w i t h  the dredged basal ts  o f  U n i t  C. 

U n i t  D: Eocene sedimentary and volcanic rocks. 

U n i t  C i s  ove r la in  by a d iverse sequence o f  interbedded sedimentary and 

mafic py roc las t i c  rocks and minor basa l t  t h a t  i s  as much as 2,100 m t h i c k  east 

o f  Yakutat Seavalley bu t  appears t o  t h i n  out  eastward i n  the v i c i n i t y  o f  139' 

W. ( f i g s .  3 and 4 ) .  

A d iverse and abundant m i  c rob io ta  , i nc lud ing  cocco l i  ths,  benthonic and 

pe lag ic  fo ramin i fe rs ,  s i l i ceous  mic ro foss i l s ,  and palynomorphs i n  Un i t  D 

i nd i ca tes  an age range from ea r l y  Eocene (D. lodensis zone; Penutian Stage) t o  

probable l a t e  Eocene (Nar iz ian stage). Discrepancies between age assignments 

based on the d i f f e r e n t  m i  c ro foss i  1  assemblages present preclude deta i  1  ed 

d e l i  neat i on o f  Eocene stages. The pa l  eonto logical  data, however, are 

genera l l y  compatible w i th  a  normal s t r a t i g r a p h i c  sequence. Exceptions are the 

occurrence o f  l a t e  Eocene foramini fers i n  samples from l o c a l i t i e s  12 and 13 i n  

the lower pa r t  o f  t h i s  u n i t  which, if c o r r e c t l y  i d e n t i f i e d ,  could i nd i ca te  

large-scale slumping or s t r u c t u r a l  complications. 

Sedimentary rocks predominate i n  samples from Un i t  D and are l a r g e l y  

o rgan ic - r i ch  shale, calcareous and concret ionary shale, and tuffaceous 

shale. The arg i l laceous rocks are interbedded w i th  subordinate amounts o f  

f e l d s p a t h o l i t h i c  sandstone t h a t  commonly has a high percentage o f  c a l c i t e  

mat r ix  and m i  caceous and carbonaceous s i  1  tstone. The sequence a1 so includes 

minor pebbly mudstone, pa lagon i t i c  t u f f  and l a p i l l i  t u f f ,  v o l c a n i c l a s t i c  



sandstone composed largely of coarse beach-worn basalt grains, and coarse- 

grained to pebbly volcaniclastic and bioclastic sandstone. Biogenic 

components of the biocl ast i c  sandstone include a variety of organisms 

characteristic of shallow-water tropical carbonate reefs such as coralline 

algae, coral, bryozoans, echinoids, and 1 arge foraminifers such as 

Amphistogina s p .  

Paleontologic and lithologic data on the depositional environment suggest 

that there has been considerable transport of shallow marine sands into deeper 

marine sediments. Foraminifers in the non-sandy samples are predominantly 

warm water species that are interpreted t o  indicate bathyal, largely middle to  

upper bathyal environments. One sample ( local i ty  15) is  thought to be lower 

bathyal or deeper on the basis of the pelagic foraminifers i t  contains. Some 

of the pelagic foraminifers indicate deposition in an oxygen minimum zone. In 

contrast, the associated bi ocl as t ic  sandstones and some of the volcanogenic 

sandstones are interpreted as having formed in nearshore environments along a 

coast with fringing carbonate reefs on volcanic rocks compositional ly simi 1 ar 

to basalt in Unit C. This interpretation suggests that either Unit C was 

exposed t o  erosion along the basin margin or subaerial eruptions occurred 

during much of the time that Unit D was being deposited. 

Unit D does not correlate with any Eocene rocks known from outcrops or 

wells on the adjacent mainland. I t  could represent a deeper marine equivalent 

of the Kulthieth Formation and unnamed si l ts tone unit in the Malaspina 

Distr ic t  (Plafker and Miller, 1957). 

Unit E :  Eocene and Oligocene? sedimentary rocks. 

A sequence consisting of approximately 800 m of bedded sedimentary rocks 

underlies the upper part of the slope between about 13804St W. and 141° W. 

( f igs .  3 and 4 ) .  The sequence contains a rich biota of microfossils including 



cocco l i  ths ,  foramin i fers  , and palynomorphs, b u t  most o f  these f o s s i  1  s are 

1 ong-ranging f orms. Those f o s s i l s  t h a t  are age-di agnost ic i n d i c a t e  t h a t  t he  

u n i t  i s  predominantly o f  Eocene age, probably ranging from e a r l y  Eocene 

(Penutian stage) t o  l a t e  Eocene and poss ib l y  i n t o  the  e a r l y  Oligocene 

(Zemorr i an stage). 

Organic- r ich shale, calcareous shale, tu f faceous shale, s i  1 tstone, and 

f e l d s p a t h o l i t h i c  c a l c i  te-matr ix  sandstone charac ter ize  U n i t  E. The shale i s  

comnon l y  1 ami nated and contains abundant carbonized p l a n t  mater i a1 , mica, 

p y r i t e  micronodules, g l  auconite, and f i s h  scales. The s i l t s t o n e  i s  h i g h l y  

m i  caceou s. 

Deposi t ional  environment was outer  she l f  t o  middle bathyal based 1 a rge ly  

on data f rom benthonic foramin i fers .  The combined l i t h o l o g i c  and 

pa leonto log ic  data suggest t h a t  U n i t  E i s  a  somewhat nearer-shore fac ies  

equiva lent  of U n i t  D and t h a t  i n  p a r t  i t  i s  younger than U n i t  D. Cor re la t ions  

w i t h  onshore u n i t s  are the same as fo r  U n i t  D except t h a t  i f  the  upper age 

l i m i t  ranges i n t o  e a r l y  Oligocene, i t  could be temporal ly  equiva lent  t o  no t  

on l y  the K u l t h i e t h  Formation, and unnamed s i l t s t o n e  u n i t ,  bu t  also the lower 

Poul Creek Formation (P la f ke r  and others, 1978a). 

U n i t  F: Oligocene sedimentary rocks. 

S i l t y  shale conta in ing  a r i c h  diatom f l o r a  was sampled a t  one l o c a l i t y  

(31) on the uppermost slope near 1 4 0 ~ 1 5 '  W. ( f i g s .  3 and 4).  Thickness o f  

t h i s  u n i t  i s  estimated t o  be roughly  300 m based on i n t e r p r e t a t i o n  of seismic 

r e f l e c t i o n  data along the  dredge l i n e  ( f i g .  16).  

U n i t  F d i f f e r s  from the under ly ing s t r a t a  i n  t h a t  the shale i s  r e l a t i v e l y  

low i n  organic carbon content, i t contains abundant mica, i t  i s  r i c h  i n  

diatoms and s i  1  i c o f l  age11 ates, and calcareous m i  c ro foss i  1  s are absent. 



The s i l i c e o u s  m i c r o f o s s i l s  i n d i c a t e  a  l a t e  Oligocene age f o r  U n i t  F. 

Midd le  and e a r l y ( ? )  01  igocene t ime may be represented by an unconformi ty  

between Un i t s  E and F al though it does not  show up as an angular unconformi ty  

on the  seismic p r o f i l e s .  Eocene palynomorphs i n  the  shale are probably  

reworked f rom beneath the pos tu l  ated unconformi ty. 

U n i t  F i s  c o r r e l a t i v e  i n  age w i t h  the  marine Poul Creek Formation which 

crops ou t  on the mainland west o f  I c y  Bay and has been penetrated by we l l s  

onshore and i n  OCS lease sa le  b lock 39 on the  Yakataga s h e l f  (P la f ke r  and 

others ,  1975, 1978a). The dredged samples d i f f e r  f rom the  Poul Creek 

Formation i n  t h a t  they  do not  con ta in  t he  g lauconi te ,  maf i c  aquagene t u f f  o r  

f l o w  rocks, or the  c h a r a c t e r i s t i c  Poul Creek fo ramin i fe rs .  Presence o f  o n l y  

s i l i c e o u s  m i c r o f o s s i l s  i n  U n i t  F suggests t h a t  it may represent  a deeper water 

f a c i e s  than the Poul Creek Formation. 

U n i t  G: Miocene and younger sedimentary rocks. 

U n i t s  A through F are unconformably o v e r l a i n  along the  con t i nen ta l  s lope 

by a  l a t e  Cenozoic sequence o f  marine c l a s t i c  rocks. They are t h i n  and 

d iscont inuous along the  upper s lope and on t he  adjacent s h e l f  f rom 138O W. t o  

about 1 4 0 ~ 3 0 '  W. b u t  they th icken  r a p i d l y  westward t o  a t  l e a s t  2,000 m i n  the  

area west o f  Yakutat Seaval ley ( f i g s .  3 and 4) .  The u n i t  i s  charac te r i zed  by 

we1 1  -defined c l o s e l y  spaced r e f 1  ec to rs  on seisrni c p r o f i  1es t h a t  show shoreward 

t h i cken ing  o f  t he  sequence t o  form an asymmetric s h e l f  bas in  whose ax i s  l i e s  

c lose  t o  the  coast (Bruns, 1979; f i g .  3 ) .  

Marine mudstone, s i l t s t o n e ,  sandstone conglomerate, and conglomerat ic 

sandy mudstone o r  d i a m i c t i t e  cha rac te r i ze  the  l a t e  Cenozoic sequence i n  

outcrop and w e l l s  (P la f ke r  and Add ico t t ,  1976). Poor ly  consol idated mudstone 

and c l  asts  t h a t  are probably  i c e - r a f t e d  dropstones i n  d i  ami c t i t e  were 

recovered a t  l o c a l i t y  number 2 where t h i s  u n i t  over laps and p a r t i a l l y  bur ies  a  



ridge of Paleocene rocks ( f ig .  6 ) .  Strata of Unit G were not sampled 

elsewhere along the slope because emphasis in th is  study was on the pre- 

Y akataga stratigraphy and because the unconsolidated nature of the s t ra ta  

would have required sampling methods other than dredging. 

Unit G is  correlated w i t h  the Yakataga Formation of middle Miocene 

through Pleistocene age which is  extensively exposed onshore and has been 

penetrated by wells both onshore and offshore i n  the Gulf of Alaska Tertiary 

Provi nce (Plafker and Addicott, 1976). Paleontologic data for the samples 

from local i ty  2 indicate a Pliocene or younger age, and i t  i s  likely that the 

near-surf ace exposures on the slope are mainly in this  age range. 

Discussion 

The dredge sample data do not permit detailed interpretations of the 

stratigraphy on the Yakutat slope. I t  must be emphasized that dredge hauls 

probably bias the samples in favor of moderately resistant ledge-formi ng 

slabby rock types that can be broken off by the dredge or can be sampled as 

talus. Very soft  or very hard and massive rock units are not as l ikely to be 

recovered readily. The nature of the sampling, together with the 

uncertainties regarding the exact location of a given sample, preclude 

detailed stratigraphic reconstructions. As a consequence, the 

l i thostratigraphic units delineated in this  paper should be considered as a 

working model t h a t  will undoubtedly require major modification when dri l l ing 

data  become available for the Yakutat OCS, 

The lower part  o f  the T e r t i a r y  sequence of la te  Paleocene to early 

Oligocene age (Units 6-E), with a m i n i m u m  thickness of 2,800 m, shows 

intertonguing relationships between Jithostratigraphic units. This sequence 

appears t o  be unconformably overlain by la te  Oligocene s t ra ta  (Unit F )  and the 

Miocene or younger Yakataga Formation (Unit G )  along the slope. This suggests 



s i g n i f i c a n t  u p l i f t  and eros ion o f  the con t i nen ta l  margin du r i ng  e a r l y ?  and 

middle Oligocene t ime as we l l  as i n  post-Oligocene t ime. The occurrence o f  an 

upper Oligocene u n i t ,  however, i s  based on one dredge sample and t he  age range 

o f  t he  u n i t  i s  no t  known. 

The Paleogene sequence laps up on, o r  abuts against ,  a  p re -Te r t i  a r y  

basement i n  t he  Fairweather Ground area ( U n i t  A) t h a t  i s  be l ieved  t o  be c lose  

t o  the e a r l y  T e r t i a r y  con t i nen ta l  margin. Although the  nature o f  the  basement 

beneath t h e  Paleogene sequence o f  t h e  Yakutat s lope i s  no t  known, r e f r a c t i o n  

data f rom the con t i nen ta l  s h e l f  south o f  I c y  Bay i n d i c a t e  t h a t  t he  bas in  i s  

f l o o r e d  by oceanic c r u s t  (Bayer and others,  1978). Thus, t he re  i s  a  basement 

t r a n s i t i o n  from p r e - T e r t i a r y  con t i nen ta l  margin rocks i n  the  Fairweather 

Ground area t o  oceanic c r u s t  in  t he  area south o f  I c y  Bay. 

SOURCE ROCKS 

U n i t s  0 ,  C, D, and E i nc l ude  a rg i l l a ceous  rocks w i t h  organic  carbon 

contents  h igh enough t o  be consi  dered potent  i a1 source rocks  f o r  

hydrocarbons. The hydrocarbon source p o t e n t i  a1 o f  se lected samples from these 

u n i t s  was evaluated by analyses o f  t o t a l  organic  carbon cotent ,  kerogen type, 

thermal a1 t e r a t i o n  index, v i  t r i n i  t e  re f lec tance ,  and thermal ana lys is  by Rock- 

Eva1 p y r o l y s i s  ( t a b l e s  4 ,  5, 6 ) .  I n  add i t ion ,  two samples were analyzed by 

convent ional  e x t r a c t i o n  and chromatography techniques. Resul ts  o f  analyses o f  

the  1977 and 1978 samples, w i t h  emphasis on the  Rock-Eval, ex t rac t i on ,  and 

chromatography data, have been pub1 ished p rev ious l y  ( P l a f k e r  and Claypool, 

1979). 

Organ i c  carbon and hydrocarbon content 

To ta l  organic  carbon contents o f  samples l i s t e d  i n  t ab les  4 and 6 range 

f rom 0.42 t o  1.87 percent and average more than 1 percent  carbon. Minor 

d i f fe rences  i n  o rgan ic  carbon contents f o r  some o f  the same samples listed i n  



Table 4.--Organic carbon and visual kerogen assessment 
[Analyses by Geochem Laboratories, Inc .] 

Total Visual Kerogen (R-34) Thermal 
organic % Distribution A1 teration 

Map Geochem. USGS carbon Index 
No. Sample No. Sarnpl e No. (WT % )  Amorphous Herbaceous Humic Inert (R-35) 

* Insufficient sample material 



Tab1 e 5. - - V i  t r i n i  t e  r e f l e c t a n c e  summary (R-33) 
[Analyses by Geochem Labora to r ies ,  I n c  . ] 

Ma P Geochem. USGS Number o f  Ref1 ectance ( % R o )  
No. Sample No. Sample No. Readings Minimum Maximum Average 

1 R219-002 79-1 6F 50 1.25 1.57 1.45 
003 16G 50 1.92 2.29 2.12 
0 04 16H 5 0 1 .90 2.37 2.16 

4 R201-008 78-2202 5 0 0.53 0.67 0.60 
009 22D3 9(Pop. 1 )  .37 .59 .49 

41 (Pop. 2 )  .79 1.03 .90 
01 0 22D4 4(Pop. 1 ) .45 .73 .59 

45(P0p. 2)  .86 1.09 - 9 7  
1 (Pop. 3 )  1.20 1.20 1.20 

6 006 77-20B 4(Pop. 1 ) 0.49 0.59 0.54 
 POP. 2 )  2.90 3.64 3.32 



fable 6.--0r*!imzc i-urhrln ~ . o i ~ t v r i t  ~ w k - E u a l  pymZysi t l  t h lo  f o r  cf l rc led dredge samplcs 

frvtrr the p n s t c r n  Gulf  of AZuskn 

1n.a. = no analysis;  n.d. = no determinat ion]  
- 

Genetic Hydrogen Oxygen T r a n s f o m -  

cil s?Y s3:/ T(S*)? P o t e n t i a l  Index Index t i o n  Hat10 

number Sample (per-  ( m g / g ~  (mg/g) (mg/g) ('c) 51+52 s2/c s 3 / C  51/51+s7 

( f i g .  1 )  number cent )  (PPJ (mgHC/gCJ (mgC02/gC) 

1 79-16F 0.b6 0.09 0 U.78 0 90 0 119 1 . O  

1 19-16GT 1.16 0.06 ,004 0.27 546 60 0.4 2 3 0.93 

1 79- 16H 1.04 0.12 0 0.54 0 120 0 52 1 . O  

4 78-2201 0.75 0.104 0.375 0.69 445 479 50 92 0.22 

4 78-2202 0.84 0.099 0.415 0.72 442 51 4 49 87 0.19 

4 78-2203 1.13 0,145 0.816 0.14 439 961 72 12 0.15 

6 77-208 1.03 0.030 0.100 n.a. n.d. 130 13  n.a. 0.23 

8 77-228 1.45 0.017 1.513 n.a. 426 1,530 105 n .a. 0.01 

9 79-420 1.44 0.08 0.60 0.43 437 680 42 30 0.12 

9 79-42E 1.21 0.09 0.63 0.26 432 720 52 22 0.12 

10 79-43A 1.37 0 . W  0.41 0.98 429 4 50 30 71 0.09 

10 79-43E 1.37 0.04 0.90 0.64 425 940 66 47 0.04 

l / t o t a l  organic carbon analyses by Rinehart  Laborator ies.  Arvada. Colorado. 

1 I ~ h e r m a l  analyses by T. Daws and J. P. Baysinger, U.S. Geological  Survey. 
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both  t a b l e s  4 and 6 r e f l e c t  analyses by d i f f e r e n t  l abo ra to r i es .  The carbon 

contents o f  almost a l l  samples 1 i s t e d  are above t he  general  l y  accepted minimum 

values o f  0.5 percent organ i c  carbon f o r  a r g i  11 aceous hydrocarbon source rocks 

(T i sso t  and We1 te, 1978). The e x t r a c t a b l e  hydrocarbon content  (gene t i c  

p o t e n t i a l )  as der ived from Rock-Eva1 p y r o l y s i s  ranges from 50 t o  2,270 ppm 

( t a b l e  6 ) .  A p l o t  o f  organic  carbon versus e x t r a c t a b l e  hydrocarbons suggests 

t h a t  the analyzed rocks are mos t l y  w e t  gas o r  o i l - p rone  ( f i g .  21). 

V isua l  keroqen assessment 

Organic mat ter  i n  the analyzed samples i s  dominant ly herbaceous w i t h  

subordinate humic and amorphous kerogen and minor i n e r t  ( coa l y )  components 

( t a b l e  4 ) .  The kerogen composit ion i s  o f  the  type  t h a t  can generate both 

1 i q u i d  hydrocarbons and gas (Dow, 1977) and i s  i n  agreement w i t h  the  data on 

o rgan ic  carbon and e x t r a c t a b l e  hydrocarbon contents.  

V i t r i n i t e  r e f l ec tance  and thermal a l t e r a t i o n  index 

V i  t r i n i  t e  re f lec tance  and thermal a1 t e r a t i o n  data show l a r g e  v a r i a t i o n s  

i n  m a t u r i t y  between u n i t s  as we l l  as w i t h i n  the  same u n i t .  The analyzed 

samples range from imnature i n  U n i t  F t o  very  mature o r  severe ly  a1 t e red  i n  

U n i t  B. Most samples from Un i t s  D and E are submature t o  moderately mature 

w i t h  o n l y  a  few t h a t  could be c l a s s i f i e d  as mature ( v i t r i n i t e  re f lec tance  

g rea te r  than 0.6 and thermal a1 t e r a t  i on index greater  than 2 ) .  

As i n d i c a t e d  by f i g u r e  22, t h e r e  are systematic v a r i a t i o n s  i n  m a t u r i t y  

l a t e r a l l y  along the  slope. In general, samples east  o f  Alsek Canyon and west 

o f  Yakutat Seaval l e y  are more mature than those i n  between. Samples from 

l o c a l i t i e s  32 and 33 east of Alsek Canyon are c lose  t o  optimum ma tu r i t y .  A 

t h i r d  sample from l o c a l i t y  35 i n  t h i s  area i s  c l e a r l y  anomalous i n  t h a t  i t  has 

a thermal a l t e r a t i o n  index of 4.0 and v i t r i n i t e  r e f l ec tance  o f  4.56 i n d i c a t i n g  

severe a l t e r a t i o n .  As the  analyzed sample was a s i n g l e  p iece o f  shale 



Figure 21.--Plot of to ta l  organic carbon (table 4 )  vs. extractable hydrocarbons (table 6) for shale 

samples dredged from the Yakutat continental s lope .  Classifications of organic richness and hydrocarbon 

potential are from Geochem Research, Inc.,  unpublished-data. 

8.0 

EXC 

4.0 

n V GOOD 
8 

2.0 

/ 

GAS 

--- 

- -- 

-- 

5 
u 

tj 
GOOD 

c!j 1.0 ' tT 
0 

FAlR 

0.5 

POOR 

0.0 

PRONE / 

- -- 
/ 

/' --- 

A 
/ 

/ ..* . 

BARREN 

/* 

/ 
/ 

0 V POOR 50 100 FAIR 200 GOOD 400 V GOODSOOEXC 

/* 

8 

. OIL PRONE 

- -- 

--- 

--- 



Figure 22.--Range of average v i t r i n i t e  reflectance of kerogen in  shale samples 

dredged from different segments of the Yakutat continental slope (table 5 )  

relat ive  to zones of  hydrocarbon generation. Vertical bars show range of 

values for different smples  in  the same dredge haul and numeral beside bar 

indicates number of analyzed samples; an "X" indicates average values for 

one sample. Hydrocarbon generation zones from Dow (1977). 
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recovered i n  a dredge haul  o therwise e n t i r e l y  o f  b a s a l t i c  rocks, it i s  

be l i eved  t o  have been "baked" by emplacement o f  t he  b a s a l t  o r  assoc ia ted 

s h a l l  ow i n t r u s i  ves. 

Analyzed shales f rom between Alsek Canyon and Yakutat Seaval ley are 

submature and imnature w i t h  o n l y  one sample ( f rom l o c a l i t y  14) t h a t  i s  mature. 

West o f  Yakutat  Seaval l  ey a1 1 samples analyzed have undergone thermal 

h i s t o r i e s  t h a t  have r e s u l t e d  i n  m a t u r i t y  o r  overmatur i t y .  The increase i n  

thermal m a t u r i t y  f rom east t o  west across Yakutat  Seaval ley was noted 

p r e v i o u s l y  f rom data on temperature o f  maximum Rock-Eva1 p y r o l y s i s  y i e l d  

(P la f ke r  and Claypool, 1979, f i g .  4 ) .  

E x t r a c t i o n  and chromatoqraphy 

Two shales c o l l e c t e d  i n  1978 a t  l o c a l i t i e s  4 (sample $5-78-EG-22D3) and 

16 (sample 55-78-EG-44D) were analyzed f o r  e x t r a c t a b l e  hydrocarbon content  by 

so lven t  ex t rac t i on ,  e l u t i on ,  chromatography, and gas chromatography ( P l  a fke r  

and Claypool,  1979). These r e s u l t s  are sumnarized below. 

The sample from l o c a l i t y  4 i s  e x c e p t i o n a l l y  r i c h  i n  e x t r a c t a b l e  

hydrocarbons (700 ppm) and t he  sa tu ra ted  hydrocarbons have a mature, waxy 

pe t ro leum- l i  k e  d i s t r i b u t i o n .  The sa tu ra ted  hydrocarbon f r a c t i o n  predominates 

over aromatic hydrocarbons ( S / A  = 1.36), e x t r a c t a b l e  bitumen i s  7 1  percent  

hydrocarbons, and the  hydrocarbon-to-organic carbon r a t i o  i s  6.2 percent.  

These c h a r a c t e r i s t i c s  o f  the  e x t r a c t a b l e  organic  ma t te r  (assuming it i s  

indigenous t o  the  rock)  i n  t h i s  sample i n d i c a t e  t h a t  petroleum hydrocarbons 

have been generated i n  s u f f i c i e n t  q u a n t i t i e s  t o  cons ider  t he  sample as a 

poss ib l e  source rock. I n  add i t ion ,  the  r e l a t i v e  amounts o f  hydrocarbons and 

t o t a l  organic  carbon i n d i c a t e  t h a t  t he  sampled rock has undergone c lose  t o  t he  

optimum thermal h i s t o r y  f o r  l i q u i d  hydrocarbon generat ion. However, the  

sa tu ra ted  hydrocarbon d i s t r i b u t i o n  s t i  11 r e t a i n s  s igns of s l i g h t  immatur i ty,  



such as a l a rge  predominance of p r i s t a n e  over - n-C17, and a carbon preference 

index ( C P I )  value o f  1.25, Rocks w i t h  s i m i l a r  organic  mat te r  i n  a downdip 

p o s i t i o n  which had undergone an a d d i t i o n a l  500 m o r  so o f  b u r i a l  should have 

even more favorable source rock p rope r t i es .  

The sample from l o c a l i t y  16 i s  l ess  r i c h  i n  e x t r a c t a b l e  organic  matter,  

bu t  i t  i s  s t i l l  above average f o r  immature shales. The content  o f  e x t r a c t a b l e  

hydrocarbons i s  101 ppm. Saturated hydrocarbons are subordinate t o  aromatics 

($/A = 0.55) and gas chromatographic ana lys is  i nd i ca tes  a m ix tu re  o f  sa tu ra ted  

hydrocarbons domi nated by compounds which have undergone on l y  s l i g h t ,  low- 

temperature mod i f  i c a t i o n  of t h e i r  b iochemical  l y -de r i ved  s t ruc tu res ,  These are 

the  sterane, d i -  and tr i te rpane  compounds. A 1 ower p ropor t  i o n  o f  hydrocarbons 

i n  t h e  bitumen (0.45) and a low hydrocarbon-to-organic carbon r a t i o  (0.61 

percent )  are a lso i n d i c a t i v e  o f  the low degree o f  thermal ma tu r i t y .  The 

sa tu ra ted  hydrocarbons are the  type u s u a l l y  associated w i t h  organic  mat te r  

der ived from aquat ic  p l an t s  under marine or 1 acus t r ine  cond i t ions ,  w i t h  

exc lus ion  o f  organic  mat te r  der ived f rom vascular  p lants .  Environments i n  

which t h i s  t ype  o f  organic  mat ter  i s  deposi ted and preserved u s u a l l y  r e s u l t  i n  

rocks w i t h  capac i t y  f o r  1 i q u i d  hydrocarbon generation. 

Thermal analys is  

The r e s u l t s  o f  thermal analys is  by Rock-Eva1 o r  MP-3 py ro l ys i s ,  

sumnarized i n  t a b l e  6, i n d i c a t e  t h a t  the  dredged samples have adequate organic  

mat te r  content b u t  not  o f  the chemical t ype  which generates l i q u i d  

hydrocarbons. These data suggest t h a t  t he  rocks are immature t o  m a r g i n a l l y  

mature w i t h  respec t  t o  the i n t e n s i t y  and du ra t i on  o f  geothermal exposure 

requ i red  f o r  generat ion o f  s i g n i f i c a n t  amounts o f  petroleum. 

The o r i g i n a l  hydrocarbon-generating capac i t y  o f  the rocks i s  i nd i ca ted  i n  

a semiquant i ta t i ve  fash ion  by the  t o t a l  hydrocarbon y i e l d  o r  genet ic  p o t e n t i a l  



(S1+S2, i n  ppm or k i logram of hydrocarbon per m e t r i c  ton o f  rock) .  The values 

shown f o r  the  dredged samples on t a b l e  6 range from 50 t o  2,270 ppm. A l l  bu t  

the  samples from l o c a l i t y  23 are less than the 2,000 ppm y i e l d  considered t o  

be a  minimum f o r  o i l  source rocks bu t  i n  the  range o f  y i e l d  f o r  rocks w i t h  

some p o t e n t i a l  fo r  gas generat ion (T i sso t  and Welte, 1978). 

The type o f  organic mat te r  i s  i nd i ca ted  from Rock-Eva1 py ro l ys i s  by the  

hydrogen index and the oxygen index, which are the  p y r o l y t i c  hydrocarbon y i e l d  

(S2)  and the  p y r o l y t i c  organic  C02 y i e l d  (S3), respec t ive ly ,  each normalized 

by organic carbon content. Hydrogen ind ices  fo r  the analyzed 1977 samples, 

and both hydrogen and oxygen ind ices  f o r  t he  1978 and 1979 samples are 

ca lcu la ted  and shown i n  t a b l e  6. The genera l l y  low hydrogen index suggests 

t h a t  the  organic mat ter  i n  the  dredged samples i s  not  t he  type t h a t  would 

generate mainly l i q u i d  hydrocarbons. These r e s u l t s  are incompati b l e  w i t h  t he  

data f rom both v i s u a l  kerogen assessment and e x t r a c t i o n  and chromatography 

already c i ted .  This suggests t h a t  the hydrogen and oxygen ind ices  may no t  

r e f l e c t  t he  o r i g i n a l  nature o f  the  organic mat ter  because o f  secondary 

a l t e r a t i o n  due t o  the submarine weathering t h a t  has a f fec ted  the  samples. 

Thermal m a t u r i t y  i s  i n t e r p r e t e d  from the temperature o f  maximum p y r o l y s i s  

y i e l d  T(Sp) and the t ransformat ion r a t i o  (S1/S2+S2) given i n  t a b l e  6. I n  

general, the  t r a n s i t i o n  from imnature t o  mature w i t h  respect t o  o i l  generat ion 

i s  ind ica ted  t y  T(S2) values o f  about 440' C, and t ransformat ion r a t i o s  of 0.1 

(T isso t  and We1 te, 1978). Based on these c r i t e r i a ,  the  dredge samples east of 

Alsek Canyon and west o f  Yakutat Seavalley g ive  cons is ten t  i nd i ca t i ons  o f  

marginal thermal ma tu r i t y .  This agrees c l o s e l y  w i t h  the  independent r e s u l t s  

o f  v i sua l  kerogen assessment and v i t r i n i t e  re f l ec tance  analysis.  



Discussion 

A rg i l l aceous  rocks w i t h  favorable hydrocarbon source rock c h a r a c t e r i s t i c s  

are comnon i n  the  e a r l y  T e r t i a r y  sequence and some o f  these rocks have 

undergone a thermal h i s t o r y  t h a t  has r e s u l t e d  i n  generat ion o f  hydrocarbons. 

Th is  imp l ies  t h a t  t he  rocks now exposed on t he  lower p a r t  o f  the  con t i nen ta l  

s lope  were probably  bur ied  t o  depths o f  3,000 m o r  more a t  some t ime du r i ng  

t h e i r  h i s t o r y  i n  order t o  a t t a i n  the  degree o f  thermal m a t u r i t y  ind ica ted .  

Subsequently, they  were u p l i f t e d  and s t r i pped  o f  a t  l e a s t  3 km o f  sec t i on  t o  

expose t h e  mature rocks a t  the  surface. The t ime o f  t h i s  u p l i f t  may be 

recorded by the Oligocene unconformi ty  between Un i t s  E and F. F i n a l l y ,  the  

sequence had t o  subside t o  i t s  present  depths o f  2-4 km below sea l e v e l  along 

the  con t i nen ta l  slope, probably  du r i ng  the l a t e  Cenozoic. 

SANDSTONE RESERVOIR CHARACTERISTICS 

E a r l y  and middle T e r t i a r y  sandstones i n  the  area o f  OCS Lease Sale 55 are 

the  on l y  rocks w i t h  s u f f i c i e n t  p o r o s i t y  and pe rmeab i l i t y  t o  be considered as 

1 i k e l y  potent  i a1 rese rvo i r s  f o r  hydrocarbons. As no sandstone samples were 

recovered from the  upper T e r t i  a ry  and Quaternary u n i t s ,  t h e i r  r e s e r v o i r  

q u a l i t i e s  are not  known, b u t  judging from outcrop and we l l  data, these s t r a t a  

are no t  l i k e l y  t o  have h igh  p o r o s i t y  and permeab i l i t y .  

Composition 

Modal analyses were made o f  fourteen dredged samples f rom Un i t s  A, B, D, 

and E along the  Yakutat slope. Most o f  the  sandstones are l i t h o f e l d s p a t h i c  

( f i g .  23) - - tha t  i s ,  quartzose g ra ins  (Q) and f e l dspa r  ( F )  each comprise, on 

t he  average, two- f  i f t h s  o f  t o t a l  framework gra ins,  and d iverse  rock fragments 

( L )  comprise about o n e - f i f t h .  Rock fragments i n  sandstones f rom the  pre- 

T e r t i a r y  U n i t  A are dominantly vo lcan ic  whereas they are dominant ly p l u t o n i c  

i n  the  T e r t i a r y  sandstones. I n  general, composit ions o f  the sandstones are 
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Figure 23 . - -pF-L and rock fragment ternary diagrams comparing compositions of 

dredged samples (solid symbols) and the mean compositions of probably coeval 

onshore rocks (open symbols). 
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comparable t o  age-equivalent u n i t s  onshore. For reference, Q-F-L p l o t s  o f  

mean values f o r  onshore samples f rom u n i t s  be l ieved  t o  be c o r r e l a t i v e  w i t h  t h e  

o f f sho re  samples (Wi n k l e r  and others,  1976; W i  n k l e r  and P l  afker,  unpub. data)  

are p l o t t e d  on t he  t e rna ry  diagram ( f i g .  23). 

Heavy minera l  s u i t e s  o f  the offshore u n i t s  are charac te r i zed  by ( i n  order  

o f  abundance) b i o t i t e ,  epidote,  muscovite, amphibole, and garnet. P ropor t ions  

o f  the  heavy minera ls  vary  s l i g h t l y  f o r  the un i t s ,  however. Typ i ca l l y ,  

samples f rom U n i t  A have a s i g n i f i c a n t  increase i n  amphibole and ep ido te  and 

samples f rom Un i ts  B, D, and E are r i c h e r  i n  b i o t i t e ,  garnet,  muscovite, and 

z i rcon.  

Composit ional con t ras ts  between onshore and of fshore u n i t s  o f  the  same 

age do e x i s t .  I n  severa l  places, g l a u c o n i t i c  tu f faceous  sandstones o f  w e l l  

documented Eocene age (Un i t s  D and E, f i g s .  3 and 4 )  were dredged f rom the  

con t i nen ta l  slope. These samples cons i s t  1 a rge l y  o f  c l a s t s  o f  c h l o r i  t i z e d  

maf ic vo l can i c  rocks and are t o t a l l y  u n l i k e  any coeval rocks onshore, 

resembl ing i ns tead  samples f rom p a r t s  o f  t h e  Poul Creek Formation o f  Oligocene 

and e a r l y  Miocene age. Modal analyses were no t  made o f  these v o l c a n i c l a s t i c  

sandstones and they  are no t  inc luded  on the  t e r n a r y  diagram. 

Texture and phys ica l  p r o p e r t i e s  

The dredged sandstones are t e x t u r a l l y  immature and m i n e r a l o g i c a l l y  

unstable.  Mechanical and chemical d i  agenet ic e f f e c t s  are conspicuous i n  a1 1 

samples. Genera l ly  poor s o r t i n g  coupled w i t h  compaction and squeezing of 

l a b i l e  rock fragments and d e t r i t a l  mica has y i e l d e d  t i g h t  sandstones w i t h  few 

v i s i b l e  pores. I n  some samples, most no tab ly  i n  the  pre-Cretaceous rocks 

( U n i t  A, f i g s .  3 and 4 ) ,  deformat ion o f  l a b i l e  g ra i ns  has been so pronounced 

t ha t ,  i n  ef fect ,  the g ra ins  have become m a t r i x  (pseudomatrix o f  Dickinson, 

1970), and i t i s  d i f f i c u l t  t o  deduce t h e i r  o r i g i n a l  character.  Th is  phys i ca l  



reduct ion i n  p o r o s i t y  has been enhanced by chemical changes t h a t  have created 

a wide range i n  cements, i nc lud ing  carbonate, c h l o r i t e ,  zeo l i t e ,  and s i l i c a  

cements. I n  most cases, p a r t i a l  d i sso lu t i on  o f  framework gra ins has 

accompanied cementation. 

Carbonate cement i s  p a r t i c u l a r l y  abundant i n  sandstones from Uni ts  B, D, 

and E. It may have formed q u i t e  early,  inasmuch as framework de te r i o ra t i on  i n  

sandstones w i t h  abundant carbonate cement appears t o  be less advanced and 

l i t t l e  ma t r i x  or  noncarbonate cement i s  present. Thus, these sandstones may 

have been r e l a t i v e l y  clean when deposited w i t h  pr imary mat r ix  o f  j u s t  a few 

percent. However, compacti on, a1 t e r a t  i on o f  framework gra ins , and p l  uggi ng o f  

i n t e r s t i c e s  w i t h  c a l c i t e  cement and mat r ix  probably began soon a f t e r  

deposit ion. 

Simi 1 ar d iagenet ic  features have been observed throughout the 

s t r a t i g r a p h i c  sequence onshore (Galloway, 1971; Winkler and others, 1976). 

Such d iagenet ic  features genera l l y  have been ascribed t o  deep b u r i a l  and are 

s i m i l a r  t o  features t h a t  Galloway (1974) observed i n  we l l  samples from depths 

of 1,500 m or greater  i n  the Queen Char lo t te  Basin. 

Offshore i n  the eastern Gul f  o f  Alaska, chemical diagenesis i s  most 

pronounced i n  pre-Tert i ary  and e a r l y  Ter t  i ary  samples. I n  several pre-Tert  i ary 

samples, s i l i ceous  cement i s  abundant and, i n  fact, a few quartz-prehni te 

veins are present. I n  e a r l y  T e r t i a r y  samples, a sutured fab r i c  produced by 

complex i n te rpene t ra t i on  o f  many g ra in  boundaries i s  cha rac te r i s t i c .  I n  par t ,  

t h i s  f a b r i c  may r e s u l t  from compaction, bu t  it also i s  due t o  abundant g ra in  

overgrowths. Carbonate and z e o l i t e  cement occurs i n  the samples from Un i t s  B, 

D, and E, and one sample also has patches o f  prehnite. The diagenetic e f f e c t s  

i n  some e a r l y  T e r t i a r y  rocks offshore are analogous t o  effects observed i n  the  

coeval Kul t h i e t h  Formation onshore (Wi nk le r  and others, 1976). However, i n  



other  offshore samples o f  Eocene age and i n  those o f  Oligocene age ( U n i t  F) ,  

severe d i  agenesis i s  less  complete, a1 though s i  1  iceous cement and pseudomatrix 

are corrrnon and have reduced o r i g i n a l  p o r o s i t y  consi  derably  . 
Poros i ty ,  permeab i l i t y ,  and g r a i n  dens i t y  have been measured on 15 

sandstone samples dredged from the eastern Gu l f  o f  A1 aska ( t a b l e  7 ) .  

Measurements were made o n l y  on f resh- look ing  samples, some o f  which were f rom 

the  i n t e r i o r  po r t i ons  o f  b locks w i t h  ox id ized  weathering r i nds .  P o r o s i t y  and 

pe rmeab i l i t y  values gene ra l l y  are low and g r a i n  dens i t i es  are high, as they  

were f o r  50 samples f rom onshore l oca t i ons  (Wink ler  and others,  1976, Appendix 

4).  However, two samples o f  Eocene age f rom l o c a l i t i e s  16 and 28 have no tab le  

h igh  p o r o s i t y  and modest pe rmeab i l i t y  (sample nos. 78-44A, 77-10C, t a b l e  7 ) .  

Inasmuch as t h i n  sect ions o f  these two samples e x h i b i t  widespread framework 

a l t e r a t i o n  and pore-space reduc t ion  by compaction, fo rmat ion  o f  c l a y  r ims, and 

s i l i c a t e  overgrowths, s i m i l a r  t o  t he  o ther  samples from Un i t s  B, D, and E, i t 

seems l i k e l y  t h a t  p o r o s i t y  i s  secondary. I n  f a c t ,  severa l  pe t rograph ic  

c r i t e r i a  o f  secondary p o r o s i t y  descr ibed by Schmidt and MacDonald (1979) are 

present  i n  the samples: (1) a l t e r n a t i n g  areas o f  t i g h t  and open packing o f  

grains;  (2 )  p a r t i  a1 l y  d i sso l ved  and corroded gra ins;  ( 3 )  g ra ins  f r a c t u r e d  by 

co l l apse  i n t o  adjacent pores; and (4 )  elongate pores o f  compl icated shapes. 

D i r e c t  d i s s o l u t i o n  o f  d e t r i  t a l  and secondary s i  1  i c a t e  minera ls  probably  has 

created some of the secondary poros i t y ;  d i s s o l u t i o n  o f  e a r l y  carbonate cement 

may a lso  have created new pores, bu t  few remnants o f  carbonate cement remain 

t o  c e r t i f y  t h a t  carbonate d i s s o l u t i o n  has occurred. The necessary a c i d i c  

so lu t i ons  may have been created as byproducts o f  organic  reac t ions  i n  adjacent 

mudstone, some of which has as much as 1.86 percent organic  carbon and has 

undergone some thermal matura t ion  ( t a b l e s  4, 5, 6 ) .  



Table  7.--Sandstone r e s e r v o i r  c h a r a c t e r i s t i c s  

No. 

( F i g .  1 )  
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Sampl e 
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L i q u i d  
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( % I  
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Discussion 

Sandstones w i t h  a few t o  a few tens o f  m i  11 i darc ies o f  permeabi 1 i t y  and 

modest t o  h i gh  p o r o s i t i e s  were recovered f rom t h e  Paleocene? and Eocene rock  

u n i t s  (B, D, and E)  and comparable sandstones probably  comprise a s i g n i f i c a n t  

percentage o f  these un i t s .  Most of t he  sandstones recovered, however, have 

poor r e s e r v o i r  q u a l i t i e s  due t o  presence o f  abundant uns tab le  minera l  and rock 

fragments, common c a l c i t e  cement, and less  common s i l i ceous ,  z e o l i t i c ,  o r  c l a y  

pore f i l l  i ngs. High i n i t i  a1 p o r o s i t i e s  and e a r l y  c a l c i t e  cementation are 

suggested by the  textures.  Pe rmeab i l i t y  and p o r o s i t y  appear t o  be l a r g e l y  

secondary, and cou ld  be i n  p a r t  due t o  submarine leach ing  o f  c a l c i t e  m a t r i x  i n  

t he  outcrops. 

The composit ion o f  the sandstones suggests a predominant ly metamorphic- 

p l u t o n i c  source terrane, whereas t he  p r e - T e r t i a r y  sandstone has l i t h i c  and 

heavy minera l  components suggest ing c o n t r i b u t i o n s  f rom a vo lcan ic  arc 

terrane. Cornposi t i  onal and t e x t u r a l  data i n d i c a t e  t h e  T e r t i a r y  sandstones 

were we l l  washed when deposi ted and t h a t  depos i t ion  was r a p i d  and f rom a 

nearby source area. 

S u i t a b l e  source te r ranes  f o r  the  T e r t  i a r y  and pre-Ter t  i a r y  sandstones are 

not  known t o  occur adjacent t o  t he  Yakutat b lock i n  t he  Sa in t  E l i a s  Mountains 

o r  i n  the  Alexander Arch ipe lago o f  southeastern A1 aska and B r i t i s h  Columbia. 

The most probable provenance f o r  the  l a rge  volume o f  1 i tho fe ldspa th i c  

sandstone i n  the  Paleogene sequence o f  the  Yakutat s lope as w e l l  as the  

composi t ional  ly s i m i l a r  sandstone o f  the onshore Orca, Kul  t h i e t h ,  and Tokun 

Formations i n  the Gu l f  o f  Alaska area i s  the p l u t o n i c  and high-grade 

metamorphic complex o f  t h e  Coast Mountains o f  B r i t i s h  Columbia and Alaska. 

P e t r o l o g i c  and rad iome t r i c  s tud ies  o f  p a r t  o f  t h i s  complex by H o l l  i s t e r  (1979) 

demonstrate t h a t  10 t o  20 km of overburden was s t r i pped  o f f  these mountains 



dur ing  the e a r l y  Te r t i a r y .  As suggested by H o l l i s t e r  (1979), much o f  t h i s  

sediment, which was i n i t i a l l y  deposited along the cont inenta l  margin as slope 

and deep-sea fan deposits , was subsequently displaced northwestward t o  the  

Gul f  o f  Alaska by dex t ra l  t ransform f a u l t i n g  along the  margin o f  t he  Nor th 

American p l  ate. 

HYDROCARBON TRAPS 

There are no l a t e  Cenozoic a n t i c l i n a l  fo lds  on the  Yakutat OCS o f  t h e  

type  t h a t  were d r i l l e d  unsuccessful ly i n  the adjacent Yakataga area (Aud, 

1979). The most promising s i t u a t i o n s  f o r  hydrocarbon accumulations are 1 i k e l y  

t o  be drape folds, and s t ruc tu ra l ,  or combination s t r u c t u r a l  - s t r a t i g r a p h i c  

t raps i n  t he  sec t ion  of l a t e  Paleocene t o  e a r l y  Oligocene age (Un i t s  B, C, D, 

E ) .  This sect ion has the best p o t e n t i a l  for  hydrocarbon source and r e s e r v o i r  

s t r a t a  i n  c lose p r o x i m i t y  and i s  apparent ly  unconformably o v e r l a i n  by upper 

01 i gocene or younger s t r a t a  t h a t  could prov ide e f f e c t i v e  seals. 

Although i t i s  beyond the  scope o f  t h i s  study t o  discuss d e t a i l s  o f  

poss ib le  hydrocarbon t raps  on the OCS adjacent t o  the Yakutat slope, some 

general observat ions based on the  s t ra t i g raphy  and reg iona l  geology can be 

made as a guide t o  exp lo ra t ion  on the cont inenta l  she l f .  Pre l im inary  

s t r u c t u r a l  contours showing the  general form o f  the  l a t e  Cenozoic basin have 

been presented prev ious ly  (Plafker and others, 1978a; Bruns, 1979) and a more 

de ta i l ed  analys is  o f  the  seismic r e f l e c t i o n  data by Bruns i s  i n  progress. A t  

l e a s t  one l a rge  s t r u c t u r a l  h igh t h a t  i s  apparent ly an a n t i c l i n e  w i t h i n  the  

e a r l y  T e r t i a r y  sec t ion  has been recognized, bu t  ne i t he r  the  t rend or  c losure  

along s t r i k e  can be determined w i t h  the  ava i l ab le  mult ichannel data (Bruns, 

1979, f i g .  8).  



Drape s t r u c t u r e s  

The dredge data i n d i c a t e  t h a t  t he re  may be s u b s t a n t i a l  r e l i e f  on t h e  

upper sur face  o f  t he  b a s a l t  u n i t  ( U n i t  C, f i g .  4 )  along t he  slope. I f  t h i s  

r e l i e f  p e r s i s t s  beneath the  OCS, t he re  i s  a  p o s s i b i l i t y  f o r  hydrocarbon t r a p s  

i n  drape f o l d s  over vo lcan ic  highs. 

F a u l t  b locks and f a u l t s  

R e l a t i v e l y  abrupt l i t h o l o g i c  changes along the  s lope such as between pre-  

T e r t i a r y  and Paleogene u n i t s  and between Paleogene u n i t s  on opposi te  s ides o f  

Yakutat  Seaval ley ( f i gs .  3 and 4 )  suggest t h a t  b lock f a u l t i n g  has a f f ec ted  t he  

pre-upper Oligocene sequence. Th is  suggests t h a t  f a u l t  b locks could be 

present  i n  t he  area o f  Lease Sale 55 and t h a t  s t r u c t u r a l l y  h i gh  b locks  and 

associ ated f aul t s  may p rov ide  t r aps  f o r  hydrocarbons. 

Bas in  margin t r a p s  

Fau l t ,  s t r a t i g r a p h i c ,  and combination t r a p s  may be present along the  

nor theastern margin o f  the  e a r l y  T e r t i a r y  bas in  where the  e a r l y  T e r t i a r y  

marine rocks 1 ap up onto--or are f au l t ed  agai nst - -pre-Ter t  i a r y  basement 

rocks. Along t h i s  t r end  t he re  should be enhanced oppo r tun i t y  f o r  occurrence 

o f  coarse c l a s t i c  rocks, up-dip pinchouts,  poss ib l e  Eocene carbonate reefs, 

and down-to-the-basin f a u l t  seals. 

S t r a t i g r a p h i c  data from the Yakutat s lope suggest t h a t  some o f  the  e a r l y  

T e r t i a r y  u n i t s  t h i n  up-dip towards the  p r e - T e r t i a r y  bas in  margin and t h a t  t he  

con tac t  may be i n t e r p r e t e d  as a  down-to-the-basin f a u l t  ( f i g .  4 ) .  A s i m i l a r  

abrupt f a u l t  contact  e x i s t s  onshore i n  t he  Samovar H i l l s  between I c y  Bay and 

Yakutat  Bay ( f i g .  3 )  where the most wes te r l y  exposures o f  p r e - T e r t i a r y  rocks 

i n  t he  Yakutat b lock occur ( P l a f k e r  and M i l l e r ,  1957). Here the  p r e - T e r t i a r y  

Yakutat  Group i s  f a u l t e d  against coal -bear ing t e r r e s t r i a l  and shal low marine 



s t r a t a  of middle Eocene age (Addicott and Plafker, 1971) and basal t ic  volcanic 

rocks of possible ear ly  Eocene age. 

These re1 ationships suggest that  the ear ly  Tert iary basin margin extends 

from near the west side of Fairweather Ground a t  the continental slope i n  a N .  

30° W. direction through OCS Lease Sale 55 to the Samovar Hi l ls  area. This 

trend i s  markedly oblique to  the present continental margin and l a t e  Cenozoic 

basin axis. Between the continental slope and Samovar Hi l ls  the location of 

the basin margin i s  not known although i t  may be detectable w i t h  deep seismic 

ref1 ection or refraction data. The apparent absence of ear ly  Tert i  ary marine 

rocks in the onshore wells both eas t  and west of Yakutat Bay ( f i g .  3) suggests 

t ha t  the shoreline a t  that  time lay to the southwest of these wells, 

Discussion 

Hydrocarbon t raps  in the Yakutat OCS are l ikely  to be subtle,  and, if 

present, they will probably involve rocks below the postulated Oligocene 

unconformity. In t h i s  respect, the area di f fers  markedly from the Yakataga 

OCS and adjacent onshore where exploratory dr i  11 ing was largely confined t o  

large, shallow ant ic l ines  of l a te  Cenozoic age with targets  in the middle and 

1 a t e  Cenozoic section (Plafker and others, 1978a; Aud, 1979). That petroleum 

i s  present in the early Tert iary sequence i s  demonstrated by the unusually 

p ro l i f i c  o i l  seeps which issue from faulted middle Eocene s t r a t a  i n  the 

Samovar Hi l l s  (Plafker and Miller, 1957). A1 though the Samovar Hi l ls  seeps 

were formerly thought to come from middle Tert iary s t r a t a  overthrust by Eocene 

rocks (Plafker,  1971), the new offshore data indicate that  the o i l  undoubtedly 

i s  from the l a t e  Paleocene? t o  Eocene sequence. 



CONCLUSIONS 

Our geologic data do not permit predictions regarding the petroleum 

potential of the Tertiary sequence that  extends from the Yakutat slope beneath 

the adjacent continental shelf. They do indicate, however, that the best  

exploration targets are within the lower Tert i ary sequence beneath the 

01 igocene unconf ormity where there are potenti a1 source and reservoir rocks in 

close proximity. The upper Oligocene and younger units are judged to be less 

favorable for petroleum due t o  low kerogen content, thermal immaturity, and 

poor reservoir properties in the few sandstone samples recovered from this  

part o f  the section. The cr i t ica l  factors for accumulation of hydrocarbons in 

comnercial quantities will probably be the occurrence of adequate traps a t  

dri 1 lable depths. Traps in the early Tertiary sequence, if any, are likely t o  

be relatively subtle b u t  at  least one large apparent structural high is  

detectable on the available mu1 tichannel seismic data. A particularly 

interesting trend in which t o  prospect for structural or combination 

structural /stratigraphic traps is along the margin of the early Tertiary 

marine basin where i t  trends northeastward beneath OCS Lease Sale 55 f r o m  the 

west side of Fai rweather Ground. 

I t  i s  worth noting that the preferred early Tertiary objectives for the 

proposed OCS Lease Sale 55 bear l i t t l e  resemblance to the sections penetrated 

by exploratory wells in the nearby OCS Lease Sale 39 o r  along the coast in the 

Yakutat and Malaspina areas. Exploration in OCS Lease Sale 39 was focused on 

large, young anticli  nal structures where the principal target section, of 

Oligocene and Miocene age, turned out t o  have inadequate petroleum source 

properties and few potent i a1 reservoirs (Aud ,  1979). Onshore holes that 

penetrated the la te  Cenozoic Yakataga Formation encountered continental t o  



nears hore c l  ast i c  rocks o f  poor l y -de f  i ned Ter t  i ary  age ove r l y i ng  pre-Tert i ary  

basement (Plafker ,  1971). 

Geologic d i f fe rences between the areas already explored by d r i  11 i ng and 

the  Yakutat slope and she l f  suggest t h a t  a meaningful petroleum assessment o f  

t h i s  area must be based on i t s  awn mer i ts  ra the r  than by comparison w i t h  

b e t t e r  explored, but doubt fu l  l y  analogous areas e l  sewhere. We hope t h a t  the  

data on the Yakutat slope presented here w i l l  be usefu l  i n  evaluat ion o f  the 

resource p o t e n t i a l  of the adjacent OCS Lease Sale 55 and as a guide t o  

exp lora t ion  st rategy.  



References c i t ed  

Addicott, W. O., and Plafker,  George, 1971, Paleocene mollusks from the Gulf 

of A1 aska Ter t i a ry  Province--a s ign i f i can t  new occurrence on the north 

Paci f ic  rim: U.S. Geological Survey Professional Paper 750-B, p. B48-B52. 

Aud, B. W., 1979, Hydrocarbon potent ia l  in Gulf of Alaska--what happened?: 

Oil and Gas Journal,  v .  77, no. 5, p. 218-225. 

Bayer, K. C., Mattick, R .  E., Plafker ,  George, and Bruns, T. R. ,  1978, 

Refraction s tudies  between Icy Bay and Kayak Island, eastern Gulf of 

Alaska: U.S. Geological Survey Journal of Research, v .  6,  no. 5, p. 625- 

636. 

Bruns, T. R a y  1979, Late Cenozoic s t ruc tu re  of the continental margin, 

northern Gulf of Alaska, - in  Sisson, Alexander, ed., 1979, The r e l a t ionsh ip  

of p l a t e  t ec ton ics  t o  A1 askan geology and resources: Proceedings, Sixth 

Alaska Geological Society Symposium, Anchorage, 1977, P. 11-130. 

Bruns, T. R . ,  and Pl afker,  George, 1975, Preliminary s t ruc tu ra l  map of par t  of 

the offshore Gulf of Alaska Ter t i a ry  Province: U.S. Geological Survey 

Open-File Map 75-508, sca le  1:500,000. 

Dickinson, W. R . ,  1970, In terpre t ing  d e t r i t a l  modes of graywacke and arkose: 

Journal of Sedimentary Petrology, v. 40, p. 695-707. 

Dow, W. G.,  1977, Kerogen s tudies  and geological in terpre ta t ions :  Journal of 

Geochemical Exploration, v. 7 ,  p. 79-99. 

Galloway, W. E . ,  1972, Signif icance of reservoir  diagenetic  a l t e r a t i o n  f o r  

petroleum exploration, Gulf of A1 aska Ter t i a ry  basin Labs.]: American 

Association of Petroleum Geologists Bul le t in ,  v .  56, p. 1898. 

-, 1974, Deposition and diagenetic  a1 t e ra t ion  of sandstones in northeast 

Paci f ic  arc-re1 ated basins: imp1 ica t ions  for graywacke genesis: 

Geological Society of America Bullet in,  v.  85, p. 379-390. 



Hollister, L. S., 1979, Metamorphism and crustal displacements: new 

insights: Episodes, v. 1979, no. 3, p. 3-8. 

Lahr, J. C., and Pl afker, George, 1980, Holocene Pacif ic-North American plate 

interaction in southern Alaska: implications for the Yakataga seismic 

gap: Geology [in press]. 

Naugler, F. P., and Wageman, J. M., 1973, Gulf of Alaska: magnetic anomalies, 

fracture zones, and plate interactions: Geological Society of America 

Bulletin, v .  84, no. 5, p. 1575-1584. 

Plafker, George, 1971, Pacific margin Tertiary basin, - in Future petroleum 

provinces of North America: American Association of Petroleum Geologists 

Memoir 15, p. 120-135. 

Plafker, George, and Addicott, W. O., 1976, Glaciomarine deposits of Miocene 

through Holocene age in the Yakataga formation along the Gulf of Alaska 

margin, - in Miller, T. P., ed., Recent and ancient sedimentary environments 

in Alaska: Alaska Geological Society Symposium Proceedings, p.  Ql-023. 

Plafker, George, Bruns, T. R., Carlson, P. R. ,  Molnia, 8. F., Scott, E. W . ,  

Kahler, Roger, and Wilson, Charles, 1978a, Petroleum potenti a1 , geologic 

hazards, and technology for exploration in the outer continental shelf of 

the Gulf of Alaska Tertiary province: U.S. Geological Survey Open-File 

Report 78-490, 33 p. 

Plafker, George, Bruns, T. R., and Page, R. A., 1975, Interim report on the 

petroleum resource potential and geologic hazards in the outer continental 

shelf of the Gulf of Alaska Tertiary province: U.S. Geological Survey 

Open-File Report 75-592, 74 p. 



P la f ke r ,  George, Carlson, P. R., Coonrad, W. L., Hunt, S. J., and Quinterno,  

Paula, 1979, Geologic i m p l i c a t i o n s  o f  1978 outcrop sample data from the  

con t i nen ta l  s lope  i n  the eastern Gulf o f  Alaska, - i n  Johnson, K. M., and 

Wil l iams, J. R., eds., The Un i ted  States Geolog ica l  Survey i n  Alaska-- 

Accomplishments dur ing  1978: U.S. Geological  Survey C i r c u l a r  804-8, p. 

6143-8146. 

P l  a fker ,  George, and Claypool, George, 1979, Petroleum source p o t e n t i a l  o f  

rocks dredged from the  con t i nen ta l  s lope i n  t he  eastern Gu l f  o f  Alaska: 

U.S. Geolog ica l  Survey Open-File Report 79-295, 24 p. 

P la fker ,  George, Hudson, Trav is ,  Rubin, Meyer, and Bruns, T, R., 1978b, La te  

Quaternary o f f se t s  along the Fairweather f a u l t  and c r u s t a l  p l a t e  

i n t e r a c t i o n s  i n  southern Alaska: Canadian Journal  o f  Ear th  Sciences, v. 

15, no. 5 ,  p .  805-816. 

P la f ke r ,  George, and M i l l e r ,  D. J., 1957, Reconnaissance geology o f  the 

Malaspina D i s t r i c t ,  Alaska: U.S. Geolog ica l  Survey O i l  and Gas 

I n v e s t i g a t i o n s  Map OM-189. 

Plafker,  George, Winkler, G. R., Hunt, S. J., Bartsch-Winkler,  Susan, Coonrad, 

W. L., and Quinterno,  Paula, 1978c, Outcrop samples from the  con t i nen ta l  

s l ope  i n  the eastern Gulf of Alaska: U.S. Geolog ica l  Survey C i r c u l a r  772- 

B, p. B97-B99. 

Rogers, J. F., 1977, Imp l i ca t i ons  of p l a t e  t e c t o n i c s  f o r  o f fshore Gulf  o f  

Alaska petroleum exp lo ra t ion :  Proceedings, 9 t h  Annual Of fshore Technology 

Conference, p. 11-16. 

Schmidt, Volkmar, and MacDonald, D, A., 1979, Texture and recogn i t i on  o f  

secondary p o r o s i t y  i n  sandstone, in Schol le,  P. A., and Schluger, P. R., 

eds., Aspects o f  diagenesis : Soc ie t y  o f  Economic Pa leon to log is ts  and 

M ine ra log i s t s  Specia l  Pub1 i ca t i on ,  no. 26, p. 209-225. 



Schwab, W. C., and Bruns, T. R., 1979, Pre l im inary  res idua l  magnetic map o f  

the  nor thern Gul f  o f  Alaska: U.S. Geological  Survey M i s c e l l  aneous F i e l d  

Studies Map MF-1054. 

Schwab, W. C., Bruns, T. R., and von Huene, R. E., 1980, Maps showing 

s t r u c t u r a l  i n t e r p r e t a t i o n  o f  magnetic lineaments i n  t he  nor thern G u l f - o f  

A1 aska: U. S. Geological  Survey M isce l l  aneous F ie1  d Studies Map MF-1245 

Cin press 1. 

Taylor,  P. T., and OINe i l l ,  N. J., 1974, Results o f  an aeromagnetic survey i n  

t he  Gul f  o f  Alaska: Journal o f  Geophysical Research, v. 79, no. 5, p. 

719-723. 

Tisso t ,  0 .  P., and Welte, D. H., 1978, Petroleum format ion and occurrence: 

Spr i  nger-Ver 1 ag, 538 p. 

von Huene, R. E., Fisher,  M. A., Bruns, T. R., and Shor, G. G., Jr., 1979, 

Cont inental  margins o f  the  Gul f  of Alaska and l a t e  Cenozoic t ec ton i c  p l a t e  

boundaries, - i n  Sisson, Alexander, ed., 1979, The r e l a t i o n s h i p  of p l a t e  

tec ton ics  t o  Alaskan geology and resources: Proceedings, S i x t h  Alaska 

Geological  Soc ie ty  Symposium, Anchorage, 1977, p. 51-533. 

van Huene, R. E., Shor, G. G., Jr., and Wageman, J. M., 1979b, Cont inenta l  

margins o f  the eastern Gul f  o f  Alaska and boundaries o f  t ec ton i c  p lates,  

i n  Watkins, J. S., and Montadert, Luc i  en, eds., Geological  i nves t i ga t i ons  - 
o f  cont inenta l  margins: American Associat ion o f  Petroleum Geologists,  

Memoir 29, p. 273-290. 

Winkler, Gary, McLean, Hugh, and P la fker ,  George, 1976, Tex tura l  and 

minera log ica l  study o f  sandstones from the  onshore Gul f  o f  Alaska T e r t i a r y  

province, southern A1 aska: U. S. Geological  Survey Open-Fi l e  Report 76- 

198, 48 p. 


