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Petroleum source rock potential of rocks dredged from the 

continental slope in the eastern Gulf of Alaska 

By George Plafker and George Claypool 

Abstract 

A bedrock dredging program by the R / V  Sea Sounder in 1977 and 1978 

along the continental slope in the eastern Gulf of Alaska revealed a 

previously unknown Eocene sedimentary sequence tha t  includes argillaceous 

rocks with favorable petroleum source rock character is t ics .  Seven of 36 

dredge hauls tha t  sampl ed outcrop contain argillaceous rocks with more 

than 1 percent and as much a s  1 . 6 4  percent organic carbon. Some of  the 

rocks in samples of probable ear ly Eocene age have undergone a thermal 

history t h a t  has resulted i n  generation of hydrocarbons. The organic 

matter appears t o  be hydrogen deficient ,  however, which could indicate 

tha t  t h e  rocks are more l ike ly  to  be a source of gas rather than l iquid 

hydrocarbon, unless the hydrogen loss i s  due t o  weathering. 

The Eocene rocks  are  associated with sandstone and conglomerate on 

the continental slope. They dip northward beneath younger Tertiary 

s t r a t a  in the outer continental shelf where they could be an  important 

petroleum source a n d  exploratory target .  



INTRODUCTION 

As part of the U.S. Geological Survey's program of evaluating the 

regional geologic framework and petroleum potential of the outer conti- 

nental shelf (OCS) in the eastern Gulf of Alaska, outcrop samples were 

dredged from the continental slope between the eastern end of the Aleutian 

Trench and the area offshore from Chichagof Island ( f i g .  1 ) .  The dredge 

program,carried out by the R / V  - Sea Sounder from June 5 to  15,  1977 and 

June 29 to  July 10, 1978, sampled outcrop or  probable outcrop, a t  the 

l o c a l i t i e s  shown on figure 1 .  

Because the availabil  i t y  of source rocks adequate fo r  generation of 

o i l  or gas i s  a major factor  in assessing the petroleum potential of 

the OCS, we have evaluated selected argillaceous rocks from the dredge 

hauls for  hydrocarbon generation potential using standard analytical 

techniques. The purpose of th i s  report i s  to summarize our data and 

interpretations o n  the source rock potential and s t rat igraphic occurrence 

of the analyzed samples. Because the samples are  adjacent to  the area 

of the proposed OCS Lease Sale 55 scheduled for  June 1980 ( f i g .  1 ) ,  these 

data should help in evaluating the prospects of the area and in planning 

pre-sale exploration. 

Ac know1 edgrnen t s  

Collection of the samples was made possible by the outstanding coop- 

eration and seamanship of the of f icers  and crew o f  the R / V  Sea Sounder 

and the dedicated e f fo r t s  of the sc i en t i f i c  and technical s t a f f  tha t  

participated in both of the eastern Gulf of Alaska cruises .  Plafker was 



co-chief scientist with Gary Winkler in 1977 and with Paul Carlson in 

1978. Age assignments for the dredged samples are based largely on 

studies of the contained nannoplankton by David Bukry, the Foraminifera 

by Weldon W. Rau, and the siliceous microorganisms by John Barron. 

GEOLOGY 

Methods 

O f  the dredge hauls that are believed to have sampled outcrop, 

seven contained argillaceous rocks with organic carbon contents in 

excess o f  0.5 percent, or within the general range of shaly source 

rocks (Tissot and We1 te, 1978, p. 430). These localities, which are 

between Alsek Canyon and Yakutat Sea valley, are indicated by sample 

numbers in figure 1. Their location, lithology, and age are summarized 

in table 1. The 1977 sample numbers are preceded by the  cruise locator 

code S2-77-EG and those for 1978 are preceded by S5-78-EG. 

The samples were collected in water depths between 3,180 m and 

250 rn using a standard chain dredge having a bag capacity of about 300 

kg. Positioning was by satellite navigation. To facilitate correlation 

of the outcrop geology with seismic reflectors, dredge sites were located 

as close as navigation would permit to single-channel seismic reflection 

lines made with the R/V - Sea Sounder's 160 KJ Sparker system or along CDP 

reflection lines by the R/V - Lee or R/V Cecil Greene. 



Table 1 . - -L i tho logy ,  age, and location o f  rocks from the  eas te rn  Gulf of 
A1 as ka t h a t  were analyzed for hydrocarbon source potential. 

[Locat ions shown on f i g u r e  1 ;  analytical data in tables 2 and 31 

Lithology 

Yl t o r  

Fors l l s  &* depth 1 Lat i tuda 1 Longitude 

(4 

S-77-€6-118 u - - L i g h t - o l i v e  gray. d e r r t t l y  w l l  Sf l iceour microfossfls. 14 tb 890 S.39.16' 140'36.89' 

twlurrtcd, w l  th s l l t - s f z e  mica, orgbnic nannoplbnkton, f o r d -  Eocmc 5W 58'39.69' 140'36.03' 

u t e r i r l ,  ra re  g lauonf te .  and pyr l to .  n l fe ra .  

52-17-€6-178 5ar.d~ shale--Black. W e r a t e l y  nll Indu- O i m f l a p c l l r M .  

rated, and f l s s i l e  w i th  p r t l n q s  of f i n e  

grained. h igh ly  nlcaceous grryish-ofrnqe 

sudstone. *bund.nt orqrnic rtcrtr l .  

SZ-77-E6-l7C u - - W l m - g r y ,  wft to m d e r a t c l y  Poorly p r c s e n t d  rnd  py- 
l a t e  1.025 58'32.62' 140*%.66' 

vrll fndurated. minor s i l t - s i z e  orqrnic r l t i z e d  Forutnf ferm. 
Eocene (7)  925 YI.33.02' 140.06.19' 

u t e r i r l ,  s l i g h t l y  expbnriwe i n  ra te r .  O ino f l rpc l la tcs .  

52-77-EG-17E m - - V e t l o w i s h - g r a y .  sof t ,  w i t h  s i l t -  Cbundrnt s i l iceous micro- 

s ize  u t e r i r l  Includinq green horn- fossl ls.  t a r t  p y r l t l r d  

blende and b r m  to black organic F o r a r i n l f r r r .  

w t t r i a l .  

- 7 7 - 1  S l l g n t l ~  s i l t y  s h l t - + ~ e l l w i s h - q r a y ,  Abundant s i l i c c o u ~  micro- l r t c  51 0 58'34.72' 140'05.46' 

sof t .  ahnddnt green hornblende. mmd fossi ls.  h l l ~ .  Oligocene 250 9'35.92' 140.04.97' 

n r t h e r c d  pyr i te (7)  nodules, txpanrlv. 

i n  w t e r .  

52-l?-B-ZOB w - D a r k - g r a y ,  hrrd. very t l i g h t l y  -- E ~ m ( 7 )  3.180 58*53.17' 142'03.21' 

u lcareous. wtth f i n e l j  d l v i d t d  p y r i t r .  3.080 58'54.28' 142'02.90' 

Y-77-€6-228 Shr)P--Medlm- 1 ight-grey, waderattly --- E~ccnt(7) 2,515 58'58.60' 14lm59.M' 

soft, z t m r  s i l t - s i z e  mica rnd  o r w n l c  Z . J 0 0  59'59.77' 141'58.46' 

a t e r l a l .  

55-78-EG-2201 e - - M e d i m - g r a y .  f f id t ra te ly  wel l  in -  b r t  r r e n a c w s  F o r u i -  

durrted. * a r t .  minor organic mater ia l .  n t f r r a .  

SS78-€6-ZMt S i l t y  rhc!e--Light-brwni ih-grrr .  d e r -  Formlni f*ra,  m m  
Eocrrw 2.415 58.59.91' 142'01.55' 

n t e l y  u e l l  indurated. .Dderately sxprn- pelccypodr 0.6 a 
2,465 9'56.82' 142'10.38' 

slva I n  u t n r .  across. 

SC7&€6-tM3 S i l t y  s h l e - - n t d i r a g r a y ,  m d c r a t a l y  hrt F o r u i n i f a r r .  

w l l  indurated. r i c r c t w s .  

S5-78-€6-440 w - h r k - 0 1  ivt-gray, very s o f t .  *.y, Abmdrnt nanmplrnkton 

mdera te ty  abundant s i l t - s i r e  grains arid Forr.Int ferr, 

includlnq g r r t n  hornblende. s l i g h t l y  D t n o g l a g e l l r u l .  

exWnsire i n  water. 

55-78-EG-UE ghalc--Dark-olivt-gray, wft .  Iam1nat.d. Very rhrndant s l l i c s w %  

glruconl  t i c .  mrcrafossl ls,  nmno- 
l r t c  1.W 58'15.22' l4i'OB.B4' 

plankton, f o r u f n l f e r r .  
E o c m  1.270 5Bb47.53' \41*03.14' 

md f i s h  scaler. Ran 

rated, l m i n a t t d .  g lauroni t lc .  

kundant  f l s h  scr les , n a n ~ p l a n k m ,  

' k p t h  md coordlnrtes are given far r t b r t  and f f n i r h  o f  d r t d 9 c  casts. 



Structural and s t rat igraphic se t t ing  

The general 1  ithology and age of outcrop samples collected in 1977 

from the continental slope in the eastern Gulf of Alaska has been 

out1 ined by Plafker and others (1978a) and the 1978 sampling cruise  

tends t o  confirm and add detail  t o  the e a r l i e r  work. Data on the s t ruc-  

ture  and petroleum potential of the Outer Continental Shelf in t h i s  

region were summarized by Bruns and Plafker (Plafker and others,  1978b). 

I n  general, the continental slope i s  underlain by a  sequence of rocks 

tha t  appears to  be in normal s t rat igraphic superposition with the oldest  

rocks towards the base of the slope. Rocks from the outcrop are  charac- 

t e r i s t i c a l l y  bored by marine organisms and weathered,with oxidized rinds 

in some samples extending a s  much as 10 cm in from the surface. Many 

of the older outcrops are mantled by l a t e s t  Cenozoic marine glacial  mud 

and e r ra t i c s  which are  dis t r ibuted across t he  slope and into the deep 

ocean basin as slope-rise prism and trench f i l l .  Marked changes occur 

from east  t o  west in the bedrock lithology and s tructure of the  slope 

within the eastern Gulf of Alaska. 

Between Cross Sound and Alsek Canyon much of the continental slope 

and the topographically high Fairweather Ground along the shelf edge 

consists of pre-Tertiary outcrops of hard volcanogenic graywacke sand- 

stone, a rg i l l  i t e ,  and greenstone tha t  may be intruded by plutonic rocks 

of d i o r i t i c  composition. This assemblage of rocks, which i s  l i tholog- 

ica l ly  similar to  the Cretaceous Yakutat Group of the adjacent mainland, 

const i tutes  effect ive basement for  petroleum. Sedimentary rocks of l a t e  

Cenozoic age occur in isolated basins on the pre-Tertiary basement i n  



t h e  v i c i n i t y  of Fai rweather  Ground. To t h e  no r theas t ,  sedimentary rocks  

o f  probable midd le  t o  l a t e  T e r t i a r y  age l a p  on to  the  h i g h  from a broad 

bas in  w i t h  t he  a x i s  near  t he  coas t  and a th ickness  o f  a t  l e a s t  10,000 ft 

(3,000 m ) .  

From Alsek Canyon t o  a zone which extends f rom Pamplona Ridge south- 

westward t o  t h e  a x i s  o f  t he  A l e u t i a n  Trench (Pamplona zone), t h e  T e r t i a r y  

sec t i on  appears t o  t h i c k e n  markedly, and i nc ludes  rocks  rang ing  i n  age 

from e a r l y  Eocene and p o s s i b l y  o l d e r  through l a t e  01 igocene. Th i s  

sequence, rough l y  70,000 f t  (3,000 m) t h i c k ,  i s  exposed a long t h e  lower  

p a r t  o f  the  s lope and l o c a l l y  o v e r l i e s  i n f e r r e d  p r e - T e r t i a r y  basement 

which plunges northwestward from t h e  v i c i n i t y  o f  A lsek Canyon. The 

Eocene and probable Eocene sequence c o n s i s t s  o f  w e l l  i ndu ra ted  cobble- 

bou lder  conglomerate, q u a r t z o f e l d s p a t h i c  sandstone, s i l t s t o n e ,  shale, 

and p a l a g o n i t i z e d  mafic t u f f .  The a r g i l l a c e o u s  rocks  commonly c o n t a i n  

abundant m i c r o f o s s i l s  rang ing  i n  age f rom l a t e  e a r l y  Eocene t o  l a t e  

Eocene. The one 01 i gocene sampl e  (S2-77-EG-18) i s  l a r g e l y  sheared gray  

g l a u c o n i t i c  and p y r i t i c  s i l t s t o n e  c o n t a i n i n g  an abundant l a t e  Ol igocene 

s i l i c e o u s  m i c r o f l o r a .  The sequence i nc ludes  s t r a t a  t h a t  a re  coeval w i t h  

t h e  onshore Kul t h i e t h  Formation and an unnamed s i l  t s t o n e  sequence of 

Eocene age and the  Poul Creek Formation o f  Ol igocene and e a r l i e s t  Miocene 

age. Seismic r e f l e c t i o n  data i n d i c a t e  t h a t  t h e  e a r l y  T e r t i a r y  s t r a t a  

comprise a wedge t h a t  d i p s  and t h i n s  toward t h e  coast .  Ove r l y i ng  t h e  

o l d e r  rocks  i s  t he  Yakataga Formation o f  l a t e  Cenozoic age. The Yakataga 

i s  r e l a t i v e l y  undeformed, and f i l l s  a broad bas in  t h a t  i s  a t  l e a s t  20,000 

ft (6,000 m) deep near  t he  coast .  



The shelf and slope west of the zone extending from the Pamplona 

Ridge t o  the Aleutian Trench (Pamplona zone) are  characterized by numerous 

young ant icl inal  s t ructures ,  some of which were unsuccessfully d r i l l ed  

for  petroleum between 1976 and 1978. The easternmost folds of the 

Pamplona zone define the boundary between the re1 at ively undeformed 

Yakutat block to  the eas t  and the Yakataga shelf to the west (Plafker 

and others,  1978). This segment of the continental slope i s  characterized 

by l inear  ridges with as much as 3,300 f t  (1,000 m) topographic r e l i e f  

tha t  probably r e f l ec t  an t ic l ina l  s t ructures .  These ridges, in part a t  

l eas t ,  a re  underlain by rocks of early Tertiary age tha t  const i tute  acous- 

t i c  basement. They include s i l t s tone ,  calcareous s i l t s tone ,  concretionary 

s i l t s tone ,  and quartzofeldspathic sandstone, some of which contains diag- 

nostic l a t e  Eocene microfaunas. The older Tertiary s t r a t a  in t h i s  part  

of the slope are  generally mantled by Quaternary herni pelagic mud. Mod- 

erately folded to gently dipping s t r a t a  of the Yakataga Formation overlap 

the older s t r a t a  along the higher  parts of the continental slope and f i l l  

basins t h a t  a r e  ponded along the north flanks of some slope ridges. 

HYDROCARBON SOURCE ROCK ANALYSES 

Methods 

Selected samples o f  argillaceous rocks from the dredge hauls were 

analyzed for  organic carbon content by a wet oxidation-gravirnetric method 

modified by Bush (1970). Two of the r ichest  samples were analyzed by 

conventional extraction and chromatography techniques (Claypool and others,  

1978). In addition, the hydrocarbon generating capacity of the organic 



m a t t e r  f o r  a l l  these  samples was eva lua ted  by thermal  a n a l y s i s  (Chroma- 

l y t i c s  MP-3 o r  Rock-Eva1 p y r o l y s i s )  u s i n g  t h e  genera l  procedures desc r i bed  

by Claypool  and Reed (1976) and Espi  t a l  i e  and o the rs  (1977) .  A n a l y t i c a l  

r e s u l t s  a r e  summarized i n  tab1 es 2 and 3. 

Thermal a n a l y s i s  o f  samples c o l l e c t e d  on t h e  1977 - Sea Sounder c r u i s e  

was conducted o n l y  on t he  MP-3 i ns t rumen t  (which i s  why LO2 y i e l d  i s  n o t  

r e p o r t e d ) ;  t h e  1978 samples were analyzed on bo th  t h e  MP-3 and t h e  Rock- 

Eva1 . Hydrocarbon y i e l d s  a r e  comparable f o r  t h e  two techniques,  b u t  t h e  

fu rnace  temperature a t  t h e  t ime  o f  maximum p y r o l y s i s  i s  s i g n i f i c a n t l y  

d i f f e r e n t  f o r  t h e  two i ns t rumen ts .  The temperature o f  maximum p y r o l y s i s  

y i e l d  ( T ( S 2 ) ,  " C )  r e p o r t e d  i n  t a b l e  2 i s  t h a t  measured by thermocouple 

d u r i n g  Rock-Eva1 p y r o l y s i s ,  excep t  f o r  t h e  S2-77-ser ies,  i n  which case 

i t  i s  t h e  MP-3 temperature minus 48 "C. The da ta  i n  t a b l e  2 a r e  r e p o r t e d  

i n  terms o f  t he  u n i t s ,  t e rm ino logy  and convent ions  of  Rock-Eva1 source 

r o c k  c h a r a c t e r i z a t i o n ,  as d iscussed by T i s s o t  and We1 t e  (1978).  S1 i s  

t h e  i n t e g r a l  o f  t h e  f i r s t  hydrocarbon peak produced by h e a t i n g  the r o c k  

sample i n  f l o w i n g  he l i um a t  250" C f o r  5 minutes ( o r  f rom 50" t o  325' C 

a t  40" C/min i n  t h e  case o f  t h e  MP-3 a n a l y s i s ) .  S1  i s  f r e e  o r  adsorbed 

hydrocarbons i n  t h e  rock .  S 2  i s  t h e  i n t e g r a l  o f  t h e  second hydrocarbon 

peak produced m a i n l y  by p y r o l y s i s  of  t he  s o l i d  o r g a n i c  m a t t e r  when t h e  

rock  i s  heated f rom 250" t o  550" C a t  25" C/min ( o r  325" t o  720" C a t  

40" C/min i n  t h e  case o f  t h e  MP-3 a n a l y s i s ) .  S 3  i s  t h e  i n t e g r a l  o f  t h e  

carbon d i o x i d e  peak, determined by  automated thermal c o n d u c t i v i t y  gas 

chromatography on a s p l i t  o f  t h e  gas t rapped d u r i n g  t h e  h e a t i n g  i n t e r v a l  

250" t o  390' C.  Th i s  C02 i s  m a i n l y  t h a t  produced by p y r o l y s i s  o f  o r g a n i c  

m a t t e r .  De tec to r  response i s  c a l i b r a t e d  by a n a l y s i s  o f  known we igh ts  



Table 2.--organic carbon content a n d  Rock-Eva1  pyrolysis d a t a  for selected d r e d g e  s a m p l e s  

from the e a s t e r n  G u l f  of Alaska 

[n.a. = no ana lys is ;  n.d. = no de terminat ion ]  
- - -  - -- - -- -- - - - 

Genetic Hydrogen Oxygen Trans forma - 
1/ 2 1  2 /  2/  C -  

2 /  
s1-  5 2  - S 3  - T(S2)  - P o t e n t i a l  Index Index t i o n  R a t i o  

Sample (per-  Img/g)  (mg/g) (mgjg) ("C) S1 + S 2  S 2 /  C S 3 / C  S I / S ,  + S 2  

number cent  ) ( P P ~  1 h g  HC/gC) (mg C C 2 / g C )  

l j ~ o t a l  o rgan ic  carbon analyses by R inehar t  Labora tor ies ,  Arvada, Colorado. 

Z j~he rma l  analyses by T. Daws and J. P .  Baysinger, U.S. Geological Survey. 



of  e icosane (c-C20H42) and carbon d i o x i d e .  Y i e l d s  a r e  r e p o r t e d  i n  r n i l l i -  

grams of substance p e r  gram o f  r o c k .  A lso  r e p o r t e d  i s  t h e  g e n e t i c  poten-  

t i a l  ( S 1  p l u s  S2 i n  pprn o r  k i log rams o f  hydrocarbon p e r  m e t r i c  t o n ) ,  t h e  

hydrogen index  ( S 1  p l u s  S 2  d i v i d e d  by o r g a n i c  carbon i n  m i l  1 igrams o f  

hydrocarbon p e r  gram o f  o r g a n i c  carbon) ,  t h e  oxygen index  ( S 3  d i v i d e d  by 

o rgan i c  carbon, i n  m i  11 igrams C02 p e r  gram o f  o rgan i c  carbon) ,  and t h e  

t r a n s f o r m a t i o n  r a t i o  ( S 1  d i v i d e d  by t h e  sum o f  S1  and S 2 ) .  

Organic  carbon c o n t e n t  

Organic carbon con ten t s  o f  samples l i s t e d  i n  t a b l e  2 range f rom 

0.56 t o  1.64 pe rcen t  and average a lmos t  1.1 pe rcen t  carbon. These carbon 

con ten t s  a r e  above t h e  g e n e r a l l y  accepted minimum values o f  0.5 pe rcen t  

o r g a n i c  carbon f o r  a r g i l l a c e o u s  hydrocarbon source rocks  ( T i s s o t  and 

We1 t e ,  1978, p. 430-431 ) .  However, they  a r e  w e l l  below t h e  concen t ra t i ons  

o f  up t o  7.6 pe rcen t  o rgan i c  carbon i n  t h e  r i c h e s t  shales f rom t h e  O l i g o -  

cene sequence t h a t  crops o u t  on Kayak I s l a n d  i n  a zone up t o  250 rn t h i c k  

( P l  a f k e r ,  1974).  

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

Resu l ts  o f  t h e  analyses of  samples 55-78-EG-22D3 and 44D f o r  e x t r a c t -  

a b l e  hydrocarbon c o n t e n t  by s o l  ven t  e x t r a c t i o n ,  e l u t i o n ,  chromatography, 

and gas chromatography a r e  presented i n  t a b l e  3. 

Sample 22D3 i s  excep t i ona l  l y  r i c h  i n  e x t r a c t a b l e  hydrocarbons (700 

ppm) . The s a t u r a t e d  hydrocarbons have a mature, waxy p e t r o l  eum-1 i ke 

d i s t r i b u t i o n  ( f i g .  2 ) .  The s a t u r a t e d  hydrocarbon f r a c t i o n  predominates 

ove r  a romat ic  hydrocarbons ( S / A  = 1.36),  t he  e x t r a c t a b l e  bi tumen i s  



TABLE 3.--~esults of solvent extraction, elution, and gas chromatographic  

a n a l y s e s  of selected samples, eastern Gulf of A l a s k a  

Sample number----------------------  55-78-EG-2203 S5-78-EG-44D 

Organic  Carbon, w t .  percent - - - - - - - -  1.13 

Bitumen, e x t r a c t a b l e  w i t h  

ch lo ro fo rm,  p a r t s  p e r  m i l l i o n - - - - -  98 0 

Total hydrocarbons, ppm------------ 700 

Hydrocarbon p r o p o r t i o n  of  

b i tumen-- - - - - - - - - - - - - - - - - - - - - - - - - -  0.71 

Hydrocarbon- to-organic  carbon 

r a t i o ,  in percent - - - - - - - - - - - - - - - - -  6.19  

Carbon p re fe rence  i ndex  ( C P I  ) - - - - - -  1.25 

0.61 

n o t  

determined 



71 pe rcen t  hydrocarbons, and t h e  hydrocarbon- to -o rgan ic  carbon r a t i o  i s  

6.2 percen t .  These c h a r a c t e r i s t i c s  o f  t h e  e x t r a c t a b l e  o rgan i c  m a t t e r  

(assuming i t  i s  ind igenous t o  t h e  r o c k )  i n  t h i s  sample i n d i c a t e  t h a t  

pe t ro leum 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 ide r  t h e  s t r a t a  represen ted  by sample 22D3 as p o s s i b l e  source rocks .  

I n  a d d i t i o n ,  t h e  r e l a t i v e  amounts of hydrocarbons and t o t a l  o r g a n i c  

carbon i n d i c a t e s  t h a t  t h e  sampled r o c k  has undergone c l o s e  t o  t h e  optimum 

thermal h i s t o r y  f o r  l i q u i d  hydrocarbon gene ra t i on .  However, t h e  s a t u r a t e d  

hydrocarbon d i s t r i b u t i o n  s t i l l  r e t a i n s  s i gns  o f  s l  i g h t  imma tu r i t y ,  such 

as t h e  l a r g e  predominance o f  p r i s t a n e  ove r  - n-CI7, and t h e  carbon p r e f e r -  

ence index  ( C P I )  va l ue  o f  1.25. Rocks w i t h  s i m i l a r  o rgan i c  m a t t e 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 f a v o r a b l e  source r o c k  p r o p e r t i e s .  

Sample 440 i s  l e s s  r i c h  i n  e x t r a c t a b l e  o r g a n i c  m a t t e r ,  b u t  i t  i s  

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

hydrocarbons i s  101 ppm. The s a t u r a t e d  hydrocarbons a r e  subo rd ina te  t o  

t he  a romat ics  (S /A  = 0.55) and t h e  gas chromatographic  a n a l y s i s  ( f i g .  2)  

i n d i c a t e s  a  m i x t u r e  of  s a t u r a t e d  hydrocarbons dominated by compounds which 

have undergone o n l y  s l i g h t ,  low- temperature m o d i f i c a t i o n  o f  t h e i r  biochem- 

i c a l l y - d e r i v e d  s t r u c t u r e s .  These a r e  t h e  s te rane ,  d i -  and t r i t e r p a n e  

compounds. The lower  p r o p o r t i o n  o f  hydrocarbons i n  the bi tumen (0.45)  

and t h e  low hydrocarbon- to-organic  carbon r a t i o  (0.61 pe rcen t )  a r e  a1 so 

i n d i c a t i v e  o f  t h e  low degree o f  thermal m a t u r i t y .  The s a t u r a t e d  hydro- 

carbons a r e  t h e  t ype  u s u a l l y  assoc ia ted  w i t h  o rgan i c  m a t t e r  d e r i v e d  f r om 

a q u a t i c  p l a n t s  under mar ine o r  l a c u s t r i n e  c o n d i t i o n s ,  w i t h  e x c l u s i o n  o f  



o rgan i c  m a t t e r  d e r i v e d  f rom vascu la r  p l a n t s .  Environments i n  which t h i s  

t ype  of  o rgan i c  m a t t e r  i s  depos i t ed  and preserved u s u a l l y  r e s u l t  i n  rocks  

w i t h  c a p a c i t y  f o r  l i q u i d  hydrocarbon gene ra t i on .  The i n d i c a t i o n  o f  t h i s  

t ype  of o rgan i c  ma t te r ,  however, i s  i n  c o n t r a s t  t o  t h e  p y r o l y s i s  r e s u l t s  

presented be1 ow. 

Thermal a n a l y s i s  

The r e s u l t s  o f  thermal a n a l y s i s  by Rock-Eva1 o r  MP-3 p y r o l y s i s ,  

summarized i n  t a b l e  2, suggest t h a t  t h e  dredged samples have adequate 

o r g a n i c  m a t t e r  con ten t  b u t  n o t  of t h e  chemical  t ype  which generates 

l i q u i d  hydrocarbons. A t  t h e  l o c a l i t i e s  sampled, t h e  rocks  a r e  immature 

t o  m a r g i n a l l y  mature w i t h  r e s p e c t  t o  t he  i n t e n s i t y  and d u r a t i o n  o f  geo- 

thermal exposure r e q u i r e d  f o r  gene ra t i on  o f  s i g n i f i c a n t  amounts o f  

p e t r o l  eum. 

The o r i g i n a l  hydrocarbon-generat ing c a p a c i t y  o f  t h e  rocks  i s  i n d i -  

ca ted  i n  a s e m i q u a n t i t a t i v e  f a s h i o n  by t h e  t o t a l  hydrocarbon y i e l d  o r  

g e n e t i c  p o t e n t i a l  (S1 + S2, i n  ppm o r  k i l og ram of hydrocarbon p e r  m e t r i c  

t o n  o f  r o c k ) .  The va lues shown f o r  t h e  dredged samples on t a b l e  2  range 

f rom 130 t o  1,530 ppm. T h i s  i s  l e s s  than  t h e  2,000 ppm y i e l d  cons idered  

t o  be a minimum f o r  o i l  source rocks  b u t  i n  t h e  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  f o r  gas gene ra t i on  ( T i s s o t  and Welte, p. 447) .  

The t ype  o f  o r g a n i c  m a t t e r  i s  i n d i c a t e d  f rom Rock-Eva1 p y r o l y s i s  by 

t h e  'hydrogen index  and t h e  oxygen index ,  which a r e  t h e  p y r o l y t i c  hydro- 

carbon y i e l d  ( S 2 )  and t h e  p y r o l y t i c  o rgan i c  C02 y i e l d  (S3), r e s p e c t i v e l y ,  

each norma l i zed  by o rgan i c  carbon con ten t .  Hydrogen i n d i c e s  f o r  t h e  

analyzed 1977 samples, and b o t h  hydrogen and oxygen i n d i c e s  f o r  t h e  1978 



samples a r e  c a l c u l a t e d  and shown i n  t a b l e  2. The 1978 da ta  a r e  p l o t t e d  

on t h e  s y n t h e t i c  van Krevelen diagram ( E s p i t a l  i e  and o the rs ,  1977; 

T i s s o t  and Welte, 1978, p.  445 f f . ) ,  which shows t he  t h r e e  main kerogen 

thermochemical e v o l u t i o n  paths ( f i g .  3 ) .  The genera l  l y  low hydrogen i ndex  

suggests t h a t  t h e  o r g a n i c  m a t t e r  i n  t h e  dredged samples i s  n o t  t h e  t ype  

t h a t  would generate ma in l y  l i q u i d  hydrocarbons. 

Taken a t  face-va lue ,  t h e  r e s u l t s  o f  thermal  a n a l y s i s  i n d i c a t e  t h a t  

t h e  dredged samples f rom t h e  Eastern G u l f  o f  A laska a r e  n o t  p o t e n t i a l  

o i l  source rocks,  b u t  have l i m i t e d  p o t e n t i a l  f o r  gene ra t i ng  gas. However, 

t h e  more d e t a i l e d  e x t r a c t i o n  a n a l y s i s  o f  t h e  r i c h e s t  dredge samples f rom 

two l o c a l i t i e s  r evea led  s a t u r a t e d  hydrocarbon m i x t u r e s  which a r e  i n c o n s i s -  

t e n t  w i t h  a s s o c i a t i o n  w i t h  dominan t l y  humic, gas-prone t ype  o f  kerogen. 

T h i s  suggests t h a t  t h e  hydrogen and oxygen i n d i c e s  may n o t  r e f l e c t  t h e  

o r i g i n a l  n a t u r e  o f  t h e  o rgan i c  m a t t e r  because o f  secondary a l t e r a t i o n  due 

t o  submarine weather ing .  Weathering can i nc rease  t h e  oxygen c o n t e n t  o f  

o r g a n i c  ma t te r ,  and t h i s  i s  r e f l e c t e d  i n  lowered o i l  y i e l d s  and inc reased  

wate r  y i e l d s  i n  F i s c h e r  assay o f  weathered sha les  (Brown and Breger,  

1965) .  Rock-Eva1 p y r o l y s i s  o f  samples f rom weather ing  p r o f i l e s  ob ta i ned  

by sha l l ow  d r i l l i n g  i n t o  subae r i a l  ou t c rops  o f  u n i f o r m  sha le  l i t h o l o g y  

shows occas iona l  decrease o f  hydrogen i ndex  and i n c rease  o f  oxygen i ndex  

i n  near -sur face  ( c l  m )  samples. The d i r e c t i o n  and magnitude o f  such 

p o s s i b l e  e f f e c t s  a r e  i n d i c a t e d  by t h e  arrows on f i g u r e  3. 

Thermal m a t u r i t y  i s  i n t e r p r e t e d  f rom t h e  temperature o f  maximum 

p y r o l y s i s  y i e l d  [ T ( S 2 ) ]  and t h e  t r a n s f o r m a t i o n  r a t i o  (S1/Sl + S2 )  g i v e n  

i n  t a b l e  2. I n  genera l ,  t h e  t r a n s i t i o n  f rom immature t o  mature w i t h  



respect  t o  o i l  generation i s  indicated by T(Sp) values of about 440' C, 

and transformation r a t i o s  of about 0.1 (T i sso t  and We1 t e ,  1978, p .  454).  

Based on these  c r i t e r i a ,  only the dredge samples near the  western edge 

of the l ease  s a l e  area give cons i s ten t  indicat ions  of marginal thermal 

maturi ty.  When the temperature of maximum pyrolysis  y i e ld  i s  p lot ted  

as  a function of l a t i t u d e  ( f i g .  4 , the re  i s  a suggestion of a gradient  

i n  thermal maturity increasing from e a s t  t o  west across the area of 

sample co l l ec t ion .  However, because exceptionally r i ch  rocks with the  

r i g h t  type of kerogen can be e f f ec t i ve  source rocks a t  e a r l i e r  s tages  

of transformation, these c r i t e r i a  a r e  bes t  used as rough guides f o r  

in te rp re ta t ion  and confirmation by use of o ther  techniques i s  des i rab le .  

The Rock-Evalpyrolysis data f o r  the  1978 samples p lot ted  on the  

kerogen c l a s s i f i c a t i o n  diagram in  f i gu re  3 ind ica te  t h a t  these rocks 

c l a s s i f y  as  Type 111, o r  containing predominatly gas-prone organic 

matter .  The ex t rac tab le  organic matter may be l e s s  representa t ive  of 

the bulk of the organic matter in  the rock samples, because i t  con- 

s t i t u t e s  such a small f r a c t i on  of the  t o t a l  and because there  i s  always 

the pos s ib i l i t y  t h a t  i t  i s  not indigenous. On the other  hand, the 

pyrolysis  r e s u l t s  may r e f l e c t  the de le te r ious  e f f ec t s  o f  submarine 

weathering. Saturated hydrocarbons are known t o  be the  most r e s i s t a n t  

f r a c t i on  of the  organic matter t o  the e f f ec t s  of nonbiological second- 

ary  a l t e r a t i o n s  (Clayton and Swetland, 1978), and may be a be t t e r  

ind ica to r  of the or ig inal  qua l i ty  o f  the organic matter than the 

inference based on r e l a t i v e  pyrolysis  y ie lds  from weathered samples. 

In view of the pervasive oxidation of outcrop samples, with oxidized 

r inds t o  10 cm th ick ,  the l a t t e r  a1 t e rna t ive  seems more l i ke ly .  

However, the contradic t ion cannot be resolved un t i l  f r e sh ,  preferably 



subsurface, samples of the same rock units are available.  

Discussion 

The resul ts  of analyses of argillaceous rocks o f  Eocene and Oligocene 

age dredged from the continental slope suggest tha t  a t  l e a s t  some of these 

rocks can be considered as  possible source rocks on the basis of organic 

richness and thermal maturity; Considering that  dredging i s  a random 

sampling technique, and tha t  only a small number of dredge samples 

recovered pre-Yakataga argillaceous rocks, i t  i s  l ike ly  that  rocks of 

comparable lithology are  widely distributed on the continental slope 

and beneath the adjacent continental shelf .  

The data indicate tha t  a t  l e a s t  one of the samples of probable 

early Eocene age from near the base of the slope (S5-78-EG-22D3) has 

generated petroleum hydrocarbons. A second sample of l a t e  Eocene age 

from about midway u p  the slope (S5-78-EG-44D) also contains extract-  

a b l e  hydrocarbons, b u t  of a type tha t  indicates a somewhat lower thermal 

history.  The Rock-Eva1 pyrolysis data,  however, for  a l l  the samples a re  

inconsistent with the extraction analysis in tha t  the relat ively low 

ra t ios  of hydrogen index to oxygen index suggest tha t  the organic matter 

present i s  predominantly of a chemical type which does not yield liquid 

hydrocarbons b u t  could be a source of gas. Because of the high total  

organic carbon contents and abundance of marine organisms tha t  should 

normally produce Type I kerogen in the samples ( f i g .  2 )  and the per- 

vasive surface a l te ra t ion  of the rocks, we suggest tha t  the discrepancy 

may be due to oxidation in the weathered z o n e g  

A ~ i s u a l  kerogen assessment (tab1 e 4 )  and vi t r i  ni t e  ref 1 ectance measure- 
ments ( t ab le  5 ) ,  which became available a f t e r  t h i s  paper was completed, 
tend t o  confirm our evaluation that  the organic matter i n  the samples i s  
of types tha t  can generate both l iquid hydrocarbons and gas b u t  i s  more 
l ikely t o  be gas-prone, and that  a t  l eas t  some of the organic matter i s  
thermally mature. 



11 Table G, V i s u a l  Kerogen - 

USGS Sample  V i s u a l  Kerogen Thermal A l t e r a t i o n  
Identificztion Percent  D i s t r i b u t f - o n  of Index  

Amorphoiis - l lerbnccous H u m i c  I n e r t  -- 

1/ Analyses by Geochern Research, I n c . )  



1 / Table  5. Vitrinite Reflectance - 

USGS Sample Number of Minimum Maximum Average 
I d e n t i f i c a t i o n  R e a d i n g s  Reflectance(%R,) Reflectance(%R,) Reflectance(XR& 

S2-77-EG- 11B 50 
1 7 B  50 
1 7 E  20 
1 8A 46 
20B (Pop.1) 4 

(Pop.  2)50 
22B 5 0 

S5-78-EG-22D2 50 
22D3(Pop.l) 9 

(Pop. 2 )4 1 

1' Analyses by Geochem Research, I n c . )  



On the basis  of the  s t r a t i g r aph i c  un i t s  in which most of the o i l  

seeps and other indicat ions  of petroleum were found onshore a probable 

source in  the middle par t  of the  Ter t iary  sequence (Poul Creek and Katal l a  

Formation) was inferred (P la fker ,  1971, 1974; Plafker and o thers ,  1975, 

1978 b )  . Overlying bedded rocks of Miocene and younger age (Yakataga 

Formation) charac te r i s  t i c a l  l y  have 1 ow organic carbon contents and 

poor source rock po ten t ia l .  Bedded rocks of Eocene age onshore 

(Kul t h i e th  and Tokun Formations and unnamed s i l  t s tone u n i t )  a r e  hard, 

complexly deformed, coal-bearing continental  and nearshore marine rocks 

be1 ieved t o  have 1 i  t t l e  petroleum potential  (Plafker  and others ,  1978b). 

However, the  coeval rocks t ha t  have been dredged from the  continental 

slope indicate  t ha t  a marked improvement i n  the petroleum potential  of 

the  sequence occurs offshore.  

The Eocene rocks sampled from the  continental  slope dip northward 

beneath thick sequences of younger s t r a t a  t ha t  under1 i e  much of the  

continental she l f .  The associa t ion in the dredge hauls of potential  source 

rocks with r e l a t i ve ly  clean sandstones and coarse conglomerates t ha t  could 

provide hydrocarbon reservoirs  suggests t h a t  t h e  Eocene sequence should be 

considered a possible petroleum source and exploratory t a rge t  in the eas tern  

Gulf of Alaska outer continental  she l f .  
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OXYGEN INDEX (mg CO /g org. C) 

Figure 3,--Classif icat ion of source rock type fo r  the 1978 samples using hydrogen 
and  oxygen indices ( ~ s p i t a l  i 6  and o the r s ,  1977). The evolutionary trends o f  
kerogen derived mainly from aquat ic  organisms (Type I ) ,  herbaceous p l a n t  rnate- 
r i a l  (Type 11) ,  and woody o r  coaly plant  material (Type 111) a re  shown by heavy 
dashed 1 ines .  Circled f i e l d  ind ica tes  possible or ig inal  composition, and arrows 
ind ica te  poss ible  s h i f t s  due t o  weathering of the  pyrolysis  response o f  the  
1978 samples. 
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