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ABSTRACT 

T h i c k  widespread sandstone beds, w i t h  an aggregate th ickness  up t o  500 
f e e t ,  c rop  ou t  near t he  coas t  o f  the  Gulf of  A laska,  ad jacen t  t o  state-owned 
acreage w i t h i n  the  t h ree -m i l e  l i m i t .  These sandstones a r e  i n  t he  basal  
Yakataga Format ion o f  Miocene age. Sandstone and conglomerate u n i t s  were 
deposi ted by channel c u t t i n g  and f i l l i n g ,  by longshore c u r r e n t  a c t i o n ,  and by 
wave a c t i o n .  

The sandstones have g e n e r a l l y  f a i r  p o r o s i t y  and p e r m e a b i l i t y ,  b u t  good 
r e s e r v o i r  c h a r a c t e r i s t i c s  were found i n  t he  midd le  and upper p a r t s  o f  t he  
fo rmat ion  i n  outcrops on t he  south f l a n k  o f  t he  S u l l i v a n  a n t i c l i n e .  P o r o s i t y  
values g rea te r  than 20 percen t  a long  w i t h  good pe rmeab i l i t y  were found i n  
moderately t h i c k  sandstone beds deposi ted i n  shoreface o r  sha l low marine, 
s t r a n d l i n e  depos i t i ona l  environments.  The channel sandstones g e n e r a l l y  have 
l e s s  p o r o s i t y  and p e r m e a b i l i t y  than the  mar ine shoreface depos i t s .  

l NTRODUCT l ON 

A  s t r a t i g r a p h i c  f i e l d  p r o j e c t  was conducted i n  the G u l f  o f  Alaska T e r t i a r y  
Prov ince ( f i g .  1) d u r i n g  a  30-day pe r i od  i n  June and J u l y  o f  1975 by t he  Alaska 
D i v i s i o n  o f  Geolog ica l  and Geophysical Surveys and the  Conservat ion D i v i s i o n  
o f  t he  U.S .  Geolog ica l  Survey, The USGS Geolog ic  D i v i s i o n  i n  Men10 Park, 
C a l i f . ,  was represented f o r  1 week. 

E i g h t  s t r a t i g r a p h i c  sec t i ons  t o t a l i n g  14,490 f ee t  were measured and 
sampled. F i v e  sandstone t raverses  were measured and sampled; they t o t a l e d  
26,990 f e e t .  Samples were ob ta ined  f o r  p o r o s i t y  and permeabi 1 i t y ,  m i c r o f o s s i  1 
and mac ro foss i l  p a l e o n t o l o g i c a l  age de te rmina t ions ,  hydrocarbon source-rock 
de te rmina t ions ,  stream-sediment geochemistry,  and seep-o i l  analyses.  Samples 
were a l s o  ob ta ined  f o r  se lec ted  spec ia l  analyses such as t he  pet rography o f  t he  
c l a s t s  on conglomerat ic  mudstone f o r  provenance and o r i e n t e d  sandstone t o  
supplement o t h e r  pa leocur ren t  data.  Measurements were ob ta ined  on s t r a t i g r a p h i c  
parameters and pa leocur ren ts ,  th icknesses,  r e s e r v o i r  parameters, stream-sediment 
p r o f i l e s ,  and g r a v i t y .  

Th i s  p r o j e c t ,  a  j o i n t  s t a te - f ede ra l  e f f o r t ,  was t he  r e s u l t  o f  in fo rma l  
d iscuss ions  between above agencies i n  the  f a l l  o f  1974. These d iscuss ions  
concerned mutual areas o f  i n t e r e s t  and o b j e c t i v e s ,  were formal ized i n  December, 
1974 w i t h  an exchange o f  l e t t e r s  recommending t h a t  t h i s  j o i n t  p r o j e c t  be 
accomplished i n  t he  summer o f  1975. 

S p e c i f i c  work areas and o b j e c t i v e s  were o u t l i n e d  t o  supplement e x i s t i n g  
pub l i shed  geo log ica l  da ta  and t o  p rov ide  new data on r e s e r v o i r  and source-rock 
p o t e n t i a l  o f  s p e c i f i c  s t r a t i g r a p h i c  sec t ions .  

The Alaska D i v i s i o n  o f  Geolog ica l  and Geophysical Surveys (DGGS) i s  charged 
w i t h  de te rmin ing  t he  s t a t e ' s  resource p o t e n t i a l  f o r  bo th  onshore s t a t e  lands 
and o f f sho re  s t a t e  submerged lands. The Conservat ion D i v i s i o n  o f  t h e  U . S .  





Geologica l  Survey (USGS) i s  charged w i t h  t h e  c l a s s i f i c a t i o n  and e v a l u a t i o n  o f  
resources and w i t h  lease-b lock e v a l u a t i o n  on a l l  f ede ra l  lands, i n c l u d i n g  t h e  
Outer Cont inen ta l  She l f  (OCS) ad jacen t  t o  t h e  onshore Gu l f  of  Alaska T e r t i a r y  
Prov ince.  The r e s e r v o i r  da ta  c o l l e c t e d  from coas ta l  exposures a r e  needed t o  
p rov ide  i npu t  f o r  parameter e x t r a p o l a t i o n  f o r  t he  submerged lands,  i n c l u d i n g  
the  O C S  area t h a t  i s  proposed f o r  l eas ing .  

Several meetings were he ld  over  the  nex t  few months t o  r e f i n e  work areas 
and t o  d iscuss  d i s p o s i t i o n  o f  samples, l a b o r a t o r y  analyses, cos t s ,  l o g i s t i c s ,  
and depar tu re  da te .  

PERSONNEL AND LOGISTICS 

The f i e l d  crew cons i s ted  o f  p a r t y  c h i e f s  W.M. L y l e  and I .F .  Palmer; 
g e o l o g i s t s  D.L. McGee, T.C. MacKinnon, G .R .  W ink le r ,  and J.C. W i l l s ;  f i e l d  
a s s i s t a n t  J.A. Morehouse; p i l o t  D.M.  Benesch; and mechanics E.A. Wica l ,  J r . ,  
and W.E. McNi f f .  

L y l e  arranged l o g i s t i c s  and suppor t ,  and Palmer checked da ta  q u a l i t y  
c o n t r o l .  Food and lodg ing  was purchased f rom Minn ie  and I r w i n  Eggebroten a t  
Cape Yakataga. 

The crew char te red  t o  Yakataga i n  a  Sea A i rmo t i ve  Twin O t t e r .  Fuel was 
handled by Reeve A l e u t i a n  Airways. An I n t e r n a t i o n a l  A i r  Tax i  FH-1100 was used 
f o r  f i e l d  t r a n s p o r t a t i o n .  Only one-ha l f  day was l o s t  because o f  mechanical 
down t ime.  Two and one-ha l f  days were l o s t  t o  weather. 

On June 8 ,  Wink ler  rep laced MacKinnon on the  p r o j e c t  f o r  1 week. W i l l s  
j o i n e d  the  f i e l d  p a r t y  on June 12 and McGee re tu rned  t o  Anchorage. Commissioner 
o f  Na tu ra l  Resources Guy R .  M a r t i n ,  P.L. Dobey, and T. McGinnes v i s i t e d  t h e  
f i e l d  ope ra t i ons  on June 16. McNi f f  rep laced Wical as mechanic on June 18. 

Because o f  the  mountainous and h i g h l y  g l a c i a t e d  t e r r a i n  i n  the area t o  
be i nves t i ga ted ,  f i e l d  personnel a t tended a mounta ineer ing s a f e t y  sess ion on 
t he  Eagle G l a c i e r  near Anchorage ( p .  H-4, H-5 ) .  

Approval t o  conduct the  j o i n t  program on a cos t - sha r i ng  bas is  was rece ived  
by bo th  agencies i n  t he  s p r i n g  o f  1975. A reconnaissance f l i g h t  was made t o  
the  area t o  determine snow l e v e l s  i n  t he  d i f f e r e n t  work ing areas and t o  a r range  
f o r  housing (p.  H - 1 )  and f u e l  s to rage  ( p .  H-17).  

F i e l d  personnel l e f t  Anchorage on June 3 and re tu rned  on J u l y  3 ,  1975 
a f t e r  complet ing a l l  proposed o b j e c t i v e s .  

F l ELD METHODS 

Measurements o f  S t r a t i g r a p h i c  Sect ions and Traverses 

S t r a t i g r a p h i c  sec t i ons  and sandstone t raverses  were measured p r i m a r i l y  
w i t h  Brunton compass and tape. Occas iona l l y  i t  was necessary t o  use the  



h e l i c o p t e r ,  a l t i m e t e r ,  o r  photographs t o  determine th ickness .  A l l  s t r a t i g r a p h i c  
th icknesses a r e  t r u e  th icknesses;  they were co r rec ted  f o r  d i p  and s lope  e i t h e r  
i n  t h e  f i e l d  o r  a t  t he  base camp p r i o r  t o  rough d r a f t i n g .  L a t e r a l - t r a v e r s e  
d i s tance  measurements were made by tape o r  topographic  map (or both)  by us ing  
p l o t t i n g  s t a t i o n s  and t he  map sca le .  

L i t h o l o g i c  Desc r i p t i ons  

L i t h o l o g i c  d e s c r i p t i o n s  g e n e r a l l y  f o l l o w  the  accepted format ,  l i s t e d  
below: 

Rock type,  d e s c r i p t i v e  m o d i f i e r ,  c o l o r  (from GSA Rock 
Color  c h a r t ) ,  g r a i n  s i z e  ( e i t h e r  Wentworth grade name o r  i n  
a c t u a l  m e t r i c  measurements), s o r t i n g ,  l i t h o l o g i c  c o n s t i t u e n t s ,  
statements concern ing degree o f  i ndu ra t i on ,  p o r o s i t y ,  and 
sedimentary s t r u c t u r e s .  

Abbrev ia t ions  were commonly used t o  save t ime and space; n o t a t i o n s  such 
as "as above" were f r e e l y  used i f  l i t t l e  obv ious d i f f e r e n c e  was noted.  

Sampl i ng  

Samples f rom s t r a t i g r a p h i c  sec t i ons  and sandstone t raverses  were c o l l e c t e d  
i n  7- by 12- inch sample bags i n  s u f f i c i e n t  q u a n t i t y  t o  p rov ide  m a t e r i a l  f o r  
l a b o r a t o r y  analyses and f o r  sample c u t s  f o r  bo th  agencies.  Whenever poss ib l e ,  
t he  f r e s h e s t  m a t e r i a l  a v a i l a b l e  was sampled by d i g g i n g  small p i t s  i n  the  
ou tc rop .  I n  some cases, where the  h i l l s i d e  was ext remely  p r e c i p i t o u s  o r  a t  
h e l i c o p t e r  hover-spot sample s i t e s ,  the  p i t  technique was no t  poss ib l e .  

SAMPLES 

S t a t i s t i c s  

A  t o t a l  o f  448 samples 2nd g r a v i t y  s t a t i o n s  were taken. They were: 
151 f o r  p o r o s i t y  de te rmina t ions ,  92 f o r  p a r t s  per  m i l l i o n  (ppm) hydrocarbon 
a n a l y s i s ,  22 f o r  mac ro foss i l  i d e n t i f i c a . t i o n ,  55 f o r  m i c r o f o s s i l  i d e n t i f i c a t i o n ,  
41 f o r  stream-sediment geochemical a n a l y s i s ,  2  f o r  o i l  a n a l y s i s ,  76 g r a v i t y  
s t a t i o n s ,  3 f o r  o r i e n t e d  sandstone, 1 f o r  c o a l ,  2  f o r  r ipp le -mark  o r i e n t a t i o n ,  
2  f o r  o f f i c e  examinat ion,  and 1 f o r  water a n a l y s i s .  

The p o r o s i t y ,  p e r m e a b i l i t y ,  and ppm-hydrocarbon de te rmina t ions  were made 
by Chemical and Geolog ica l  Labo ra to r i es  o f  Alaska, Inc .  The mac ro foss i l  
de te rmina t ions  were made by L. Mar incov ich  o f  t he  USGS.  Age o f  sediments, 
depos i t i ona l  environment,  and water  depth d u r i n g  d e p o s i t i o n  de te rmina t ions  
were made by Anderson, Warren, and Assoc ia tes Inc.  o f  San Diego, C a l i f .  The 



m i c r o f o s s i l s  a r e  on f i l e  a t  the  DGGS o f f i c e  a t  3001 Porcupine D r i ve ,  Anchorage, 
Alaska 99501, and a r e  a v a i l a b l e  f o r  examinat ion.  

The stream-sediments were analyzed f o r  p a r t s  per  m i l l i o n  o f  go ld ,  copper, 
lead and z i n c .  The g r a v i t y - s t a t i o n  data were f u rn i shed  t o  D.F. Barnes o f  t h e  
USGS f o r  c o m p i l a t i o n  and map p repa ra t i on .  Oil and water samples were examined 
by t he  German Geolog ica l  Survey a t  t h e  expense o f  Tenneco O i l  Company. 
Petrography was done by Wink ler  o f  t h e  USGS a t  Menlo Park, C a l i f .  

S a m ~ l e  Numberina Svstem 

Most samples were numbered by us ing  t he  c o l l e c t o r ' s  i n i t i a l s ,  a sequence 
number, and t h e  year ( f o r  example, WL 2 75 o r  3WL75 f o r  W i l l i a m  L y l e ,  samples 
2 and 3, 1975). We made an at tempt  t o  s tandard ize  our  work i n  the  l a t t e r  
manner. I n  some cases, an A, B, o r  C was used i f  t h ree  samples were taken a t  
t he  same l o c a t i o n  o r  a t  top,  midd le,  and bot tom l o c a t i o n s  on sandstone t r ave rses .  

The map number assigned t o  each sample i s  f o r  ease o f  l o c a t i n g  the  sample. 
They a r e  numbered from l e f t  t o  r i g h t  by township,  and s t a r t  i n  t he  nor thwest  
co rner  o f  each quadrangle.  The map numbers a r e  c ross  re ferenced t o  the  sample 
numbers on the  i n s e r t  on each quadrangle map. The reasons f o r  t a k i n g  t he  
samples a r e  a l s o  shown on t he  map. 

L i s t e d  below a r e  examples o f  sample numbers. 

1 P75 ( I rven Pa 1 mer) 1 WL75 ( ~ i  1 1  iam ~ y l e )  
1JM75 ( ~ e f f  Morehouse) 1 JCW75 (John W i  1 1 s )  
1 TM75  om M a c ~ i  nnon) 1 GW75 ( ~ a r y  Wink ler )  
1DM75  o on ~ c ~ e e )  

STRATIGRAPHY 

General Statement 

The geology and s t r a t i g r a p h y  o f  t h e  G u l f  o f  Alaska T e r t i a r y  Prov ince have 
been descr ibed i n  l i t e r a t u r e  by a number o f  persons. S i g n i f i c a n t  among these 
a r e  T a l i a f e r r o ,  1932; Spieker and o the rs ,  1945; M i l l e r ,  1953a, 1953b; M i l l e r ,  
1957; P la f ke r ,  1967, and Mi l . l e r ,  1971. Because a r e i t e r a t i o n  o f  the  genera l  
s t r a t i g r a p h y  would serve no use fu l  purpose, the i n t e r e s t e d  reader i s  r e f e r r e d  
t o  these au thors .  

The f o l l o w i n g  paragraphs p rov ide  a b r i e f  summary o f  t he  s t r a t i g r a p h i c  
sec t i ons  measured du r i ng  the  j o i n t  s t a te - f ede ra l  f i e l d  p r o j e c t  ( p l  . A ) .  De ta i  1 
d e s c r i p t i o n s ,  th ickness  o f  u n i t s ,  and l a b o r a t o r y  analyses appear on t h e  g raph i c  
d i s p l a y s  i n  t h e  map tube ( p a r t  two of  r e p o r t ) .  

A v e r t i c a l  sca le  o f  1 i nch  = 100 f e e t  was used on a l l  s t r a t i g r a p h i c  sec t i ons  
except West Watson Peak. T h i s  sca le  was chosen because i t  i s  commonly used on 
w e l l  l ogs  and o t h e r  s t r a t i g r a p h i c  logs.  



E igh t  s t r a t i g r a p h i c  sec t i ons  (below) were measured and sampled d u r i n g  
t h i s  p r o j e c t .  Measured foo tage  t o t a l e d  14,490 f e e t .  Several o f  t he  s t r a t i -  
g raph i c  sec t i ons  have no t  p r e v i o u s l y  been repor ted  i n  l i t e r a t u r e ,  they should 
f i l l  i n  gaps i n  r eg iona l  s t r a t i g r a p h i c  c o n t r o l .  

G r i n d l e  H i l l s  S t r a t i g r a p h i c  Sec t ion  

T h i s  s e c t i o n ,  l oca ted  i n  sec. 13,  T .  19 S . ,  R .  12-13 E . ,  Copper R i ve r  
Me r i d i an  (CRM) ,  was measured t o  e s t a b l i s h  t he  r e s e r v o i r  q u a l i t y  o f  t h e  M idd le -  
Upper Eocene Kul t h i e t h  f o rma t i on  ( p l .  I ) .  The s e c t i o n  i s  896 f e e t  t h i c k  and 
con ta i ns  642 f ee t  o f  sandstone. The sandstones a r e  massive, c ross  bedded, ve ry  
f i n e  t o  medium gra ined ,  and l a c k  any v i s i b l e  p o r o s i t y  o r  p e r m e a b i l i t y  (p.  H-8 ) .  

Labora to ry  a n a l y s i s  i n d i c a t e s  t he  maximum p o r o s i t y  i s  6.4 percen t  and 
t he  average p o r o s i t y  i s  3.9 percen t .  Maximum permeabi l  i t y  i s  0.48 m i  1 1  i d a r c i e s ;  
t h e  average p e r m e a b i l i t y  i s  0.06 m i l l i d a r c i e s .  

Hanna Lake S t r a t i a r a ~ h i c  Sec t ion  

Hanna Lake s t r a t i g r a p h i c  s e c t i o n  ( p l .  I I )  i s  l oca ted  i n  sec. 18, T. 19 S . ,  
R .  14 E . ,  CRM on t h e  eas te rn  s i d e  o f  Ber ing  G l a c i e r .  The s e c t i o n  begins a t  
t h e  f i r s t  massive sandstone i n  t h e  h i g h  g r a d i e n t  stream bed a t  t h e  n o r t h  end 
o f  Hanna Lake. I t  was measured and sampled t o  p r o v i d e  a d d i t i o n a l  Poul Creek 
Format ion s t r a t i g r a p h i c  c o n t r o l .  The sandstone u n i t s  a r e  w e l l  i ndura ted ,  
e x h i b i t  b i o t u r b a t i o n ,  convo lu te  bedding, and r i p - u p  fragments i n  p laces ,  and 
commonly c o n t a i n  we l l -deve loped  c ross  bedding. Some o f  t he  assoc ia ted  mudstone 
and s i l t s t o n e  beds a r e  f o s s i l i f e r o u s ,  and c o n t a i n  burrows, smal l  coa l  f ragments,  
r i p p l e  l am ina t i ons ,  b i o t u r b a t i o n s ,  and convo lu te  bedding. 

Mudstone and s i l t s t o n e  u n i t s  i n  t he  upper p a r t  o f  t he  s e c t i o n  c o n t a i n  
conc re t i on  zones w i t h  conc re t i ons  up t o  1 meter i n  d iameter .  I n  some cases, 
t h e  nuc leus o f  t he  c o n c r e t i o n  i s  a c o a l i f i e d  p i ece  o f  wood. Labora to ry  da ta  
suggest an Ol igocene and lower Miocene age f o r  these rocks.  Maximum sandstone 
p o r o s i t y  i s  4.6 percen t  and average p o r o s i t y  i s  3.1 percen t .  Maximum p e r m e a b i l i t y  
i s  0.01 m i l l i d a r c i e s ;  average p e r m e a b i l i t y  i s  0.01 m i l l i d a r c i e s .  

West Watson Peak S t r a t i g r a p h i c  Sec t ion  

The West Watson Peak s t r a t i g r a p h i c  s e c t i o n  ( p l .  V) i s  l o ca ted  i n  sec.  20, 
T. 21 S . ,  R .  18 E . ,  CRM on t h e  western p lunge o f  S u l l i v a n  a n t i c l i n e  near t he  
l o c a t i o n  where t he  s t r u c t u r a l  a x i s  t u r n s  sha rp l y  f rom eastwest t o  southwest a t  
Cape Yakataga ( p l .  A ) .  

T h i s  r e l a t i v e l y  smal l  s e c t i o n  was measured and inc luded  t o  i l l u s t r a t e  a 
d e p o s i t i o n a l  sequence which occurs  w i t h i n  t he  Yakataga Format ion a t  severa l  
p laces  (p. F-1)---namely, an upward coarsening o f  sediments w i t h  a cor responding 
i nc reas ing  o f  t h e  t o t a l  sandstone con ten t .  The two major a l t e r n a t i v e  d e p o s i t i o n a l  
environments suggested by an upward coarsening o f  sediments a re :  



1 .  De l t a  -- i n c l u d i n g  t he  p r o d e l t a ,  d e l t a  f r o n t ,  and d e l t a  p l a i n  fac ies .  
2. L i nea r  c l a s t i c  s h o r e l i n e  -- i n c l u d i n g  t h e  open-marine and sand- 

shoreface fac  i es    el l e y ,  1970) . 
Both types o f  depos i t i ona l  environments may occur  w i t h i n  the  Yakataga 

Formation. They may e x i s t  separa te ly  o r  i n  combinat ion,  where f l u v i a l  systems 
en te r  the  marine system and the  r e s u l t i n g  depos i t s  a r e  products  o f  mar ine 
c u r r e n t  and wave dominat ion fl is her, 1969). 

Pa leon to log i ca l  analyses i n d i c a t e s  an upper Miocene age f o r  rocks exposed 
i n  t h i s  sec t i on .  Maximum p o r o s i t y  i s  12.1 percent  and average p o r o s i t y  i s  10 
percen t ,  whereas maximum p e r m e a b i l i t y  i s  0.19 m i l l i d a r c i e s  and average permea- 
b i l i t y  i s  l ess  than 0.1 m i l l i d a r c i e s .  

Yaaa-Yakataaa S t r a t  i a r a ~ h i c  Sect ion  

Th i s  i s  t he  northernmost s t r a t i g r a p h i c  s e c t i o n  measured du r i ng  t he  1975 
f i e l d  season ( p l .  V I ) .  The s e c t i o n  i s  l oca ted  i n  secs. 17, 18, and 19, T. 20 S. ,  
R .  20 E . ,  CRM and i s  3,047 f e e t  t h i c k  (185 f e e t  o f  Poul Creek Format ion and 
2,862 f e e t  o f  Yakataga Format ion) .  About 756 f e e t  i s  sandstone, 15 f e e t  i s  
conglomerate, and 2,105 f e e t  i s  mudstone and s i l t s t o n e  t h a t  a r e  l o c a l l y  conglom- 
e r a t i c ;  t he  remain ing 171 f e e t  i s  covered. 

A channel s e r i e s  more than 220 f e e t  t h i c k  was examined i n  d e t a i l  (p.  F-8).  
Channel c u t  and f i l l  i s  w e l l  documented i n  t he  f i e l d .  Graded beds, l o c a l  
conglomerate pods, and p o o r l y  so r ted  sandstones a r e  i n  sharp con tac t  w i t h  t h e  
unde r l y i ng  well-bedded f o s s i l i f e r o u s  mudstones and s i l t s t o n e s .  Coal f ragments 
and " r ipped up" sha le  fragments a r e  present  i n  t he  sec t i on .  Some o f  the  p resen t  
g l a c i a l  v a l l e y s  c u r r e n t l y  be ing f i l l e d  w i t h  sandstones, mudstones, and conglom- 
e ra tes  may be recen t  models f o r  t h i s  type o f  depos i t i on .  Channels may a l s o  
represent  submarine f a n - v a l l e y  o r  g l a c i a l - f i o r d  f i l l  d e p o s i t i o n .  A 131- foot -  
t h i c k  mudstone con ta ins  conc re t i ons  up t o  4 f e e t  i n  d iameter .  The mudstone has 
a "sw i r led"  appearance, p o s s i b l y  i n d i c a t i n g  i n t r a f o r m a t i o n a l  slump. 

The Poul Creek p o r t i o n  o f  the  s e c t i o n  i s  composed o f  g ray ,  green, and red 
weather ing conc re t i ona ry  s i l t s t o n e  (p. F -7 ) .  

Maximum p o r o s i t y  i n  these sands ( ~ a k a t a ~ a  m or mat i on )  i s  15.7 percent  and 
average p o r o s i t y  i s  6.8 percen t .  The maximum p e r m e a b i l i t y  i s  2.6 m i l l i d a r c i e s  
and average p e r m e a b i l i t y  i s  1.7 m i l l i d a r c i e s .  

Mount Ebe r l y  S t r a t i g r a p h i c  Sect ion 

Th i s  s e c t i o n  i s  loca ted  i n  sec. 35, T. 20 S . ,  R .  20 E . ,  CRM, and was 
sampled f rom near the  a x i s  o f  Yakataga a n t i c l i n e ,  about 200 f ee t  above t he  
lower Miocene-Oligocene Poul Creek Format ion, t o  t he  massive conglomerat ic  
mudstone t h a t  caps the  top o f  the  mountain ( p l .  V I l ) .  A 75- foo t  base l i n e  was 
se t  and photographed t o  es t ima te  t he  basal  unmeasured 200+ - f e e t  o f  Yakataga 
Format ion. Thickness was measured w i t h  a 100-foot tape, and each u n i t  was 
sampled. Samples were taken f o r  m i c r o f o s s i l  and mac ro foss i l  age de te rmina t ions ,  
p o r o s i t y ,  p e r m e a b i l i t y ,  and hydrocarbon source-rock p o t e n t i a l .  



The measured s e c t i o n  i s  6,094 f e e t  t h i c k  and con ta ins  990 f e e t  o f  sandstone. 
Several environments o f  d e p o s i t i o n  appear t o  be represented, ranging f rom 
f l u v i a l  (coal  and stream depos i t s )  t o  marg ina l  marine - inner  n e r i t i c  (asymmetrical 
r i p p l e  marks, f l u t e  cas t s ,  burrows, and f o s s i l s ) .  Some shales were deposi ted i n  
an o u t e r - n e r i t i c  environment.  

The maximum p o r o s i t y  i n  t he  Mount Eber ly  sandstones i s  19.2 percent  and 
average p o r o s i t y  i s  11.6 percen t .  Maximum p e r m e a b i l i t y  i s  6.1 m i l l i d a r c i e s  and 
t he  average p e r m e a b i l i t y  i s  1.7 m i l l i d a r c i e s .  

Umbrel la Reef S t r a t i a r a ~ h i c  Sect ion 

The Umbrel la Reef s t r a t i g r a p h i c  s e c t i o n  i s  loca ted  i n  sec. 7 ,  T. 22 S . ,  
R .  20 E. ,  CRM ( p l .  I X ) .  Th i s  s t r a t i g r a p h i c  s e c t i o n  i s  s i t u a t e d  on t he  south 
f l a n k  o f  S u l l i v a n  a n t i c l i n e  and i s  exposed o n l y  a t  low t i d e .  The beds s t r i k e  
N. 75" W. and a r e  v e r t i c a l .  The s e c t i o n  i s  s t r a t i g r a p h i c a l l y  h i ghe r  than the  
over tu rned  Munday Creek sec t i on ,  loca ted  about 4 m i l e s  eas t .  Together,  these 
two sec t i ons  p rov ide  the  o n l y  s t r a t i g r a p h i c  c o n t r o l  t h a t  i s  r e a d i l y  access ib l e  
and uncovered on the  south f l a n k  o f  t h e  S u l l i v a n  a n t i c l i n e .  The e x t r a p o l a t i o n  
o f  s t r a t i g r a p h i c  parameters o f f s h o r e  must draw h e a v i l y  on these ou tc rops  
because o f  t h i s  s h o r e l i n e  p o s i t i o n .  

Pa leon to log i ca l  analyses da te  these rocks as upper Miocene age. Maximum 
p o r o s i t y  i s  25.8 percen t  and average p o r o s i t y  i s  24.5 percen t .  Maximum 
p e r m e a b i l i t y  i s  597 m i l l i d a r c i e s  and average p e r m e a b i l i t y  i s  261 m i l l i d a r c i e s .  

Munday Creek S t r a t i g r a p h i c  Sec t ion  

Munday Creek s t r a t i g r a p h i c  s e c t i o n  i s  loca ted  i n  sec. 2, T. 22 S . ,  R .  20 E . ,  
CRM ( p l  . X I ) .  The Yakataga Format ion  i s  exposed i n  t he  Munday Creek stream 
v a l l e y  about one-ha l f  m i l e  i n l and  f rom the  p resen t  beach. The Munday Creek 
s t r a t i g r a p h i c  s e c t i o n  i s  s i g n i f i c a n t  i n  t h a t  i t  p rov ides  the  data t o  document 
the  ex i s tence  o f  t h i c k  p o t e n t i a l  r e s e r v o i r  sandstones on t he  south f l a n k  o f  S u l l i v a n  
a n t i c l i n e ,  and a t  a  p o s i t i o n  where t he re  i s  l i t t l e  doubt about t he  p o s s i b i l i t y  o f  
e x t r a p o l a t i o n  o f  t h i c k  p o t e n t i a l  r e s e r v o i r  sandstones i n t o  t he  nearby o f f s h o r e  
area (p.  F-4) .  The sandstones a r e  medium gray ,  f i n e  t o  medium gra ined ,  we1 1 
so r ted  and c o n s i s t  o f  g r a i n s  t h a t  a r e  sub-rounded c o n t a i n i n g  45 percen t  qua r t z ,  
45 percent  f e l dspa r ,  and 10 percen t  1 i t h i c  f iagments as determined f rom f i e l d  
examinat ion. 

Pa leon to log i ca l  analyses show the  s e c t i o n  t o  be upper Miocene i n  age. 
Maximum sandstone p o r o s i t y  i s  20.8 percent  and average p o r o s i t y  i s  17.9 percent .  
Maximum p e r m e a b i l i t y  i s  70 m i l l i d a r c i e s  and average p e r m e a b i l i t y  i s  25.7 m i l l i -  
da r c i es .  

Guyot Glacier-Nunatak S t r a t i g r a p h i c  Sec t ion  

Th i s  Yakataga Format ion s e c t i o n  was measured and sampled f o r  r e s e r v o i r  and 
source rock  p o t e n t i a l  ( p l .  X I I ) .  The s e c t i o n  i s  loca ted  near t he  White R i ve r  
s y n c l i n a l  a x i s  a t  t he  head o f  I c y  Bay i n  secs. 16-21, T. 21 S.,  R .  23 E. ,  CRM. 
The s e c t i o n  i s  862 f e e t  t h i c k  (175 f e e t  o f  conglomerat ic  s i l t s t o n e ,  80 f e e t  o f  
sandstone and conglomerate, 30 f e e t  o f  sandstone and mudstone, 100 f e e t  o f  
sandstone and mudstone, 237 f e e t  o f  mudstone, and 240 f e e t  o f  th in-bedded s i l t -  
s tone c o n t a i n i n g  i c e - r a f t e d  pebbles and cobbles)  . 

Three sand bodies a r e  p resen t  w i t h i n  one o f  t he  major u n i t s .  (see ske tch  on p.  
9.) I n  about 1,000 l a t e r a l  f e e t ,  t he  sand bodies t h i n  f rom 6  f e e t ,  10 f e e t ,  and 12 



f e e t  t o  a few inches o f  s i l t s t o n e  w i t h  asymmetr ical  r i p p l e  marks. The l e n t i c u l a r  
shape, t he  en echelon p a t t e r n ,  and t he  encasement i n  mudstone imp l i es  t h a t  each 
sand body i s  a small sandbar complex. The r i p p l e  marks s t r i k e  N. 25" W. They 
have 1/2- inch ampl i tude  and cover an area about 60 f ee t  ac ross .  
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SEDIMENTARY STRUCTURES AND DEPOSITIONAL FEATURES IN THE YAKATAGA FORMATION 

Many o f  t h e  s t r u c t u r e s  o f  the Yakataga Format ion a r e  p r imary  features;  
whereas o the rs  a r e  t he  r e s u l t  o f  resed imenta t ion  mechanisms. Because o f  t h e  v a s t  
area covered by t h e  Yakataga Format ion and t he  unusual g l a c i a l  marine d e p o s i t i o n a l  
environment,  i t  i s  n o t  s u r p r i s i n g  t h a t  t he re  i s  a wide v a r i e t y  o f  sedimentary 
s t r u c t u r e s  observed i n  these rocks.  

F l u v i a l  systems, d e l t a i c  systems, and g l a c i a l  f i o r d  o r  e s t u a r i n e  systems must 
have been act ive---sometimes i n  combinat ion w i t h  s t r ong  marine processes. Along 
w i t h  these sedimentat ion mechanisms was a h i g h  l e v e l  o f  bo th  t e c t o n i c  a c t i v i t y  
(evidenced by t he  many i n t r a f o r m a t  iona l  angu la r  unconformi t ies )  , and se ismic 
a c t i v i t y  (which probably  served as the t r i g g e r i n g  agent t h a t  i n i t i a t e d  t he  slump 
fea tu res  ev iden t  i n  many outcrops)  . 

Cons t ruc t ion  o f  a s a t i s f a c t o r y  d e p o s i t i o n a l  model must i nc l ude  a l l  o f  t h e  
aforement ioned systems; u n f o r t u n a t e l y ,  t h i s  i s  beyond the  scope o f  t h i s  r e p o r t .  
To f a c i l i t a t e  e f f o r t s  by o t h e r s  towards c o n s t r u c t i o n  o f  depos i t i ona l  models, 
photographic  documentation o f  many Yakataga Format ion d e p o s i t i o n a l  f ea tu res  a r e  
inc luded i n  t h i s  r e p o r t  (app. F ) .  

Many o f  t he  photographs i n  appendix F show penecontemporaneous s t r u c t u r e s  
which a r e  the  r e s u l t s  o f  s l i d e  masses. O l i s tos t romes,  melanges, o r  massive 
slump fea tu res  a r e  o f t e n  discussed i n  l i t e r a t u r e  w i t h  re fe rence  t o  deep-water 
depos i t s  ( l t s u ,  1975; Nelson and N i l sen ,  1975; and Abbate and Sagr i ,  1970). 

Probably many o f  the  f ea tu res  represented by t he  photographs a r e  t h e  r e s u l t  
o f  processes very  s i m i l a r  t o  contemporary sedimentat ion processes a c t i v e  a long  
t he  present-day G u l f  o f  Alaska c o a s t l i n e .  Another s e c t i o n  o f  t h i s  r e p o r t  w i l l  
deal  w i t h  these contemporary sedimentat ion f ea tu res .  

Most Yakataga Format ion fauna i s  cons idered t o  be i n d i c a t i v e  o f  r e l a t i v e l y  
shal low water ( n e r i t i c  zone).  There fo re ,  t he  slump f e a t u r e s  e x h i b i t e d  i n  t h e  
Yakataga Format ion were produced under somewhat d i f f e r e n t  water-depth c o n d i t i o n s  
than t he  deep-water types discussed i n  l i t e r a t u r e .  I n  many o f  t he  Yakataga 
Format ion depos i t i ona l  environments,  channe l ing  i n t o  laminated sediments r e s u l t e d  
i n  f i l l s  o f  massive sandstone t h a t  a r e  l a c k i n g  i n  g rad ing  and o t h e r  t u r b i d i t e  
f ea tu res     hi taker, 1975) . A d d i t i o n a l  l y ,  the  many penecontemporaneous s t r u c t u r e s  
p robab ly  r e s u l t e d  f rom mass s l i d i n g  o f  semiconsol idated sediments, p o s s i b l y  
t r i g g e r e d  by se ismic a c t i v i t y .  S l i d i n g  o f  supersaturated m a t e r i a l  can t ake  p l a c e  
f rom the  shoreface downward i n  va r i ous  water depths. Areas d i r e c t l y  ad jacen t  t o  
f i o r d - t y p e  coas ta l  r e e n t r a n t s  would be e s p e c i a l l y  sub jec t  t o  slumping. 



The photos i n  appendix F  may lead one t o  b e l i e v e  t h a t  these "exo t i c "  
s t r u c t u r e s  a r e  more common than even-bedded, und is tu rbed  s t r a t i g r a p h i c  sec t i ons .  
Th i s  i s  n o t  t h e  case. I n  many p laces a l ong  t h e  S u l l i v a n  a n t i c l i n e ,  t he  
s t r a t i g r a p h i c  s e c t i o n  i s  r e l a t i v e l y  und is tu rbed  f o r  thousands o f  f e e t ;  t h e  
excep t ions  a r e  a  few minor s l i d e  f e a t u r e s ,  which a r e  r e s t r i c t e d  t o  j u s t  a  few 
beds. 

I n  t h e  Yakataga Format ion,  1 i nea r ,  even-bedded, sandy shoreface depos i t s  
and t h e i r  down-dip e q u i v a l e n t  s i l t s t o n e  and mudstone f a c i e s  ( A l l e n ,  1970) a re  
much more common than "channel " o r  "s 1 ump" f ea tu res  . 

CONTEMPORARY SEDIMENTATION FEATURES 

The g l a c i a t i o n  i n  t he  G u l f  o f  Alaska has long  had a  major i n f l u e n c e  on 
contemporary sed imentat ion.  Large g l a c i a l  f i o r d s  such as I c y  Bay and Yakutat  
Bay a r e  s i t e s  o f  massive i ceberg  c a l v i n g .  G l a c i e r s  e n t e r  these f i o r d s  h e a v i l y  
laden w i t h  supe rg l ac i a l  d e b r i s  rang ing  f rom mud t o  l a r g e  bou lders .  Th i s  
c l a s t i c  d e b r i s  i s  i c e  r a f t e d  i n t o  t he  f i o r d s  (and i n  some cases, t o  t h e  open 
sea), where i t  i s  dumped. The cons tan t  " r a i n "  o f  mud, a long  w i t h  t h e  s p o r a t i c  
d ropp ing  o f  coarser  c l a s t i c  m a t e r i a l ,  forms a  cong lomera t i c  mudstone (p.  G-10, 
G - 1 1  These same types o f  depos i t s  a r e  common i n  t h e  Yakataga Format ion.  

I n  p laces  where t he  t e rm ina l  p a r t s  o f  g l a c i e r s  a r e  h e a v i l y  laden w i t h  
coarse c l a s t i c s ,  g r e a t  q u a n t i t i e s  o f  sand-sized m a t e r i a l  a r e  c a r r i e d  t o  the  
sea by b ra i ded  streams d u r i n g  h i g h  m e l t i n g  stages (P.  G - 7 ,  G -8 ) .  The sand 
i s  moved a l ong  shore by l i t t o r a l  d r i f t  and by t h e  Alaskan Gyral  mar ine c u r r e n t  
system, w i t h  contemporary d e p o s i t s  be ing man i fes ted  i n  s p i t s  (p. G -9 ) ,  bay 
mouth bars ,  longshore bars ,  and beach depos i t s  (p. G - 1  , G-5) . I f  these depos i t s  
were preserved i n  t he  subsur face,  they would p robab ly  make good r e s e r v o i r s .  

I n  t he  Copper R i ve r  d e l t a  area,  f l u v i a l l y  de r i ved  m a t e r i a l  has been reworked 
by t i d e s  and waves t o  form a  massive shoreface depos i t  o f  sand 4 t o  5 m i l e s  
wide and n e a r l y  50 m i l e s  long  (p.  G - 3 ) .  I n  o t h e r  p laces ,  s i m i l a r  l a r g e  r i v e r s  
(such as t h e  ~ l s e k )  a l s o  b r i n g  g r e a t  q u a n t i t i e s  o f  sand-sized m a t e r i a l  t o  t he  
sea, where i t  i s  comp le te ly  r e d i s t r i b u t e d  by mar ine processes w i t h  no r e s u l t a n t  
d e l t a  b u i l d u p .  

Dunes a r e  be ing  formed i n  severa l  areas a l ong  t he  c o a s t l i n e .  Dune 
o r i e n t a t i o n s  a r e  i n  response t o  a  domina te ly  sou theas te r l y  p r e v a i l i n g  wind 
(except i n  t he  Copper R i ve r  d e l t a  area,  where dunes a r e  o r i e n t e d  no r t h - sou th ) .  

Near t h e  terminus o f  Malaspina and Ber ing  G l a c i e r s ,  l a r g e  g l a c i a l  lakes 
serve as i n i t i a l  dumping s i t e s  f o r  much supe rg l ac i a l  d e b r i s .  Depos i t i on  o f  
g l a c i a l  varved mud i n  these lakes has a l s o  been documented (p.  G-6) . 

Present-day s teep g r a d i e n t  streams a r e  c a r r y i n g  pebble- t o  cobb le -s ized  
c l a s t s  i n t o  s t r a n d l i n e  beach depos i t s .  Many o f  t h e  sandstone-encased con- 
g lomerates i n  t he  Yakataga Format ion were p robab ly  formed i n  t h i s  manner. 



Evidence suggests t h a t  many o f  t he  contemporary sedimentat ion processes 
a r e  e x a c t l y  t he  same as those t h a t  produced t he  Yakataga Formation. I n  suppor t  
o f  t h i s  concept,  photographic  documentation o f  many contemporary depos i t s  a r e  
inc luded as appendix G .  

GULF OF ALASKA GLACIATION 

I n  c e r t a i n  p a r t s  o f  mountainous No r th  Amer ica - - -espec ia l l y  A laska - - -g l ac i a t i on  
was n o t  r e s t r i c t e d  t o  the  P le is tocene,  b u t  dates back t o  upper Miocene. Th i s  does 
n o t  imply the  ex i s tence  o f  widespread c o n t i n e n t a l  p re -P le is tocene g l a c i a t i o n - - -  
o n l y  t he  ex i s tence  o f  l a rge -sca le  reg iona l  mountainous and piedmont g l a c i a t i o n .  
The sedimentary depos i t s  produced by these l a r g e  g l a c i e r s  a r e  no d i f f e r e n t  
than those produced by c o n t i n e n t a l  g l a c i a t i o n .  

The Yakataga Format ion con ta ins  an uncommon rock  type r e f e r r e d  t o  by 
M i l l e r  (1953a) as a marine t i l l i t e  o r  conglomerat ic  sandy mudstone (p.  F-5, F-21).  
Th i s  rock  forms massive beds v a r y i n g  i n  shape f rom un i f o rm  t o  l enso id  (p. F-10) 
and has a l a r g e  l a t e r a l  e x t e n t ,  resembles t y p i c a l  t i l l i t e  o f  t e r r e s t r i a l  o r i g i n ,  
bu t  d i f f e r s  i n  t h a t  i t  con ta ins  f o s s i l  remains o f  mar ine i nve r teb ra tes  and t h a t  
i t  i s  interbedded w i t h  normal mar ine sedimentary rocks.  

The conglomerat ic  sandy mudstones occur  a t  a l l  s t r a t i g r a p h i c  p o s i t i o n s  
t h i n  t he  Yakataga Format ion, which has a t ime span f rom upper Miocene th rough 
e is tocene.  These beds have been dated w i t h  macrofauna and microfauna. 

Exce l l en t  exposures occur on Cape Yakataga r e e f  and a t  a s t r a t i g r a p h i c  p o s i t i o n  
a few tens o f  meters above t he  Poul Creek-Yakataga fo rmat iona l  con tac t .  There- 
f o r e ,  an upper Miocene age i s  es tab l i shed  f o r  these g l a c i a l  depos i ts .  

The Wrangell Mountains l i e  n o r t h  o f  t he  j u n c t u r e  o f  t he  Chugach and S t .  
E l i a s  Ranges. The White R i ve r  v a l l e y ,  on t he  n o r t h  f l a n k  o f  t he  Wrangel ls,  
con ta ins  t h i c k  s t r a t i g r a p h i c  sequences o f  interbedded t i l l i t e s ,  f l u v i a l  u n i t s ,  
and lava f l ows .  Potassium-argon dates o f  t he  interbedded lava f l ows  i n d i c a t e  
t h a t  the  t i l l i t e s  range f rom 10 t o  3.6 m.y. o l d .  The t i l l i t e s  a r e  thus Miocene 
and Pl  iocene i n  age  ento ton , 1969) . 

These two l i n e s  o f  evidence, faunal  and rad iome t r i c ,  e s t a b l i s h  beyond a l l  
doubt t h a t  g l a c i a t i o n  i n  the  Gu l f  o f  Alaska began i n  upper Miocene, con t inued  
through t h e  P l iocene  and P le is tocene and, con t inues  t o  t h i s  day. Many con- 
temporary d e p o s i t i o n a l  processes and t h e i r  r e s u l t i n g  depos i t s  c u r r e n t l y  be ing  
formed i n  t he  Gu l f  o f  Alaska a r e  ve ry  s i m i l a r  t o  t he  depos i t i ona l  processes 
and sediments which c h a r a c t e r i z e  t he  Yakataga Formation. 

PALEOCURRENT DATA 

l n t r o d u c t  i on  

Pa leocur ren t  i n d i c a t o r s  a r e  d i r e c t i o n a l  features t h a t  permi t  t he  sedimen- 
t o l o g i s t  t o  r econs t ruc t  d i f f e r e n t  l i t h o f a c i e s  o r  t o  determine s p a t i a l  r e l a t i o n s h i p s  



o f  d i f f e r e n t  d e p o s i t i o n a l  env i ronments .  These pa leocu r ren t  i n d i c a t o r s  a r e  
e s p e c i a l l y  u s e f u l  when t he  major o b j e c t i v e  i s  t o  determine sandstone t rends .  
Recogn i t i on  o f  t h e  d e p o s i t i o n a l  environment i n  which a sand body was depos i ted  
i s  necessary i n  r e l a t i n g  cross-bed a t t i t u d e s ,  g r a i n  o r i e n t a t i o n ,  o r  o t h e r  
d i r e c t i o n a l  f e a t u r e s  t o  sandstone t rends .  Sometimes, f e a t u r e s  such as g r a i n  
o r i e n t a t i o n  a r e  p a r a l l e l  t o  t he  s t r i k e  o f  an a l l u v i a l  sand; a t  o t h e r  t imes, 
they  a r e  p a r a l l e l  t o  t h e  d i p  o f  a mar ine shoreface sand. 

Due t o  t he  t ime  c o n s t r a i n t s  imposed by t h e  major o b j e c t i v e s  o f  t he  j o i n t  
f i e l d  p r o j e c t - - - t h a t  i s ,  documentat ing t he  measuring and sampl ing o f  many 
s t r a t i g r a p h i c  sec t i ons  and sandstone t raverses- - -a  g rea t  deal  o f  t ime  was no t  
devoted t o  l o c a t i n g  o r  making d e t a i l e d  measurements o f  d i r e c t i o n a l  f e a t u r e s .  
However, when good c ross  beds were encountered, t h e i r  a t t i t u d e s  were recorded.  
T h i s  s e c t i o n  o f  t he  r e p o r t  con ta i ns  those cross-bed obse rva t i ons .  

Measurement and Ro ta t i on  Techniques 

Cross-bed a t t i t u d e s  were measured w i t h  a  Brunton compass and l e v e l  board.  
D ip  d i r e c t i o n s  and magnitude were ob ta ined  i n  t h e  down-current t r ough  a x i s  
where p o s s i b l e .  S t r u c t u r a l  a t t i t u d e s  were a l s o  recorded a t  each s i t e  t o  permi t  
removal o f  t he  s t r u c t u r e  a t  a  l a t e r  t ime .  Cross-bed a t t i t u d e s  were grouped 
i n t o  10-degree az imuth groups and averaged f o r  p l o t t i n g .  These va lues  were 
then  r o t a t e d  w i t h  t h e  s tandard me r i d i ona l  s t e reog raph i c  n e t  t o  remove t h e  
s t r u c t u r a l  a t t i t u d e  recorded a t  each cross-bed l o c a t i o n  s i t e .  The r o t a t e d  
va lues were then p l o t t e d  on t h e  rose diagrams t h a t  appear as appendix E .  

The rose-diagram p l o t s  a r e  exp la ined  on the  pa leocu r ren t  d i r e c t i o n  index. 
The s t r u c t u r a l  d i p  was always removed t o  a  ze ro  va lue ,  even though t h e r e  i s  
u s u a l l y  some i n i t i a l  d i p  i n  any d e p o s i t i o n a l  env i ronment .  An e r r o r  i s ,  t he re -  
f o r e ,  b u i l t  i n t o  each r o t a t i o n a l  procedure;  however, i t  i s  cons idered a smal l  
e r r o r .  

Conclusions 

Pa leocur ren t  d i r e c t i o n s  de r i ved  f rom 56 observa t ions  f rom e i g h t  d i f f e r e n t  
l o c a t i o n s  a r e  summarized i n  f i g u r e  2. 

Data a r e  t o o  sparse t o  make any meaningfu l  i n t e r p r e t a t i o n  f o r  pa leocu r ren t  
d i r e c t i o n s  d u r i n g  K u l t h i e t h  and Poul Creek t ime.  One t h i n g  i s  c e r t a i n :  t he  
pa leocu r ren t s  t h a t  depos i ted  t h e  sands represented i n  t h e  G r i n d l e  H i l l s  
( ~ u l  t h i e t h  Format ion)  and Hanna Lake (Poul Creek   or mat ion)  s t r a t i g r a p h i c  
sec t i ons  do n o t  conform t o  Yakataga Format ion da ta .  On t h e  bas i s  o f  l i m i t e d  
i n f o rma t i on ,  t h e  Yakataga Format ion mar ine sandstones were depos i ted  by 
pa leocu r ren t s  f l o w i n g  nor thwes t .  

Regional s t r i k e  i s  g e n e r a l l y  east-west a l ong  t he  S u l l i v a n  a n t i c l i n e  i n  
t he  coas ta l  Robinson Mountains;  t h e  excep t i on  i s  where t he  f o l d  a x i s  t u r n s  
sha rp l y  southwest a t  Cape Yakataga. Here t h e  s t r i k e  i s  toward t h e  n o r t h e s s t .  
There fo re ,  t o  p l ace  t he  Cape Yakataga rose  diagrams i n  proper  pe rspec t i ve  w i t h  





t h e  o t h e r  Yakataga Format ion da ta ,  t he  i nd i ca ted  w e s t e r l y  pa leocu r ren t s  a t  
Cape Yakataga must be r o t a t e d  c l ockw i se  t o  t he  n o r t h .  

Contemporary r i v e r -  and bay-mouth bars  and s p i t s  a r e  o f f s e t  westward a long  
t h e  coas t ,  appa ren t l y  i n  response t o  t he  coun te rc lockw ise  r o t a t i o n  o f  t h e  
Alaskan Gyral  marine c u r r e n t  system. Along t h e  Robinson Mountains coas t ,  t h e  
present-day c u r r e n t  v e l o c i t y  ranges f rom 5 t o  10 m i l e s  per day t o  t he  nor thwest  
 r raft Environmental  Impact Statement,  1975, Bureau o f  Land Management). 

The pa leocu r ren t  da ta  thus suggest t h a t  t h e  Alaskan Gyral  system has been 
a c t i v e  s i nce  Yakataga t ime (upper Miocene) . 

R E S E R V O I R  CHARACTERISTICS 

Genera 1 Statement 

Most pub l i shed  s t r a t i g r a p h i c  l i t e r a t u r e  on t h e  Gu l f  o f  Alaska T e r t i a r y  
Prov ince  dea ls  w i t h  t h e  s t r a t i g r a p h i c  succession as observed and measured a t  
l o c a l i t i e s  f rom K a t a l l a  and Midd le ton  I s l a n d  on t h e  west t o  I c y  P o i n t  on the  
eas t .  Sandstones a r e  g e n e r a l l y  desc r ibed  i n  terms o f  th i ckness ,  c o l o r ,  and 
g r a i n  s i z e ,  w i t h  perhaps some re fe rence  t o  genera l  l i t h o l o g i c  c o n s t i t u e n t s  
and sedimentary s t r u c t u r e s .  

One o f  t h e  major o b j e c t i v e s  o f  the  j o i n t  s t a t e - f e d e r a l  f i e l d  p r o j e c t  was 
t o  l oca te ,  sample, measure, and document p o t e n t i a l  sandstone r e s e r v o i r s  i n  
t h e  l a t e r a l  d imension. These da ta ,  when coupled w i t h  s t r a t i g r a p h i c  s e c t i o n  
v e r t i c a l  da ta ,  would pe rm i t  i n s i g h t  i n t o  sandstone geometry and s p a t i a l  
d i s t r i b u t i o n .  

Toward t h i s  end, severa l  sandstone t r ave rses  were completed. A t  many 
l a t e r a l  s t a t i o n s ,  samples o f  t h e  sandstone bedng measured were taken bo th  a t  
t h e  t o p  and bottom (o r  o t h e r  p laces  where cover  o r  i n a c c e s s i b i l i t y  d i c t a t e d  
t h e  need) f o r  p o r o s i t y ,  p e r m e a b i l i t y ,  and pe t rog raph i c  a n a l y s i s .  Samples were 
a l s o  taken above and below t h e  sandstone f o r  p a l e o n t o l o g i c  and hydrocarbon 
source-rock de te rm ina t i ons .  

The sandstone t r ave rses  (descr ibed  f rom west t o  eas t  i n  t h e  nex t  few 
paragraphs),  t oge the r  w i t h  t he  g raph i c  d i s p l a y s  o f  these t r ave rses  and r e l a t e d  
l a b o r a t o r y  de te rm ina t i ons ,  were made t o  e s t a b l i s h  n o t  o n l y  t h e  ex i s t ence  o f  bu t  
t h e  l a t e r a l  pe r s i s t ance  o f  p o t e n t i a l  r e s e r v o i r  sandstones w i t h i n  t he  Yakataga 
Format ion---considered t o  be t h e  p r imary  d r i l l i n g  o b j e c t i v e  i n  t he  G u l f  o f  
Alaska T e r t i a r y  Prov ince .  

WESTERN CAPE YAKATAGA TRAVERSE 

The area t r ave rsed  i s  l o ca ted  i n  sec. 36,  T. 21 S . ,  R .  17 E . ,  CRM, on 
Cape Yakataga r e e f .  I t  con ta i ns  t h e  nex t  sand u n i t  above t h e  3 0 - f o o t - t h i c k  
basal  Yakataga Format ion sand exposed on t h e  r e e f  ( p l .  I l l ) .  I t  i s  inc luded 



t o  show t h e  sandstone u n i t s  a r e  f i n i t e ,  n o t  u b i q u i t o u s .  The sandstone i s  
6 f e e t  t h i c k  a t  t he  south end a t  t he  w a t e r ' s  edge, and extends nor thward f o r  
more than 700 f e e t  be fo re  i t  pinches o u t .  Cursory  f i e l d  examinat ion i n d i c a t e s  
t h e  sandstone t o  be ve ry  f i n e  g ra ined .  T h i s  sandstone i s  p robab ly  t y p i c a l  o f  
t h e  sha le-out  edges o f  many o f  t he  t h i c k e r  sandstones descr ibed  below and 
observed i n  t h e  f i e l d .  

Pa leon to l og i ca l  da ta  i n d i c a t e  an upper Miocene age f o r  the  rocks  exposed 
i n  t h i s  t r ave rse .  P o r o s i t y  ranges f rom 3.9 t o  23.3 percent  and p e r m e a b i l i t y  
ranges f rom l e s s  than 0.01 t o  46.0 m i l l  i d a r c i e s .  

EASTERN CAPE YAKATAGA TRAVERSE 

The sandstone measured and sampled i n  t h i s  t r a v e r s e  i s  l oca ted  i n  sec.  36, 
T. 21 S . ,  R .  17 E . ,  CRM,  on Cape Yakataga r e e f  ( p l .  I V ) .  I t  i s  t he  s t r a t i g r a p h i -  
c a l l y  lowest and most e a s t e r l y  sandstone w i t h i n  the  Yakataga Format ion above 
t he  Poul Creek-Yakataga f o rma t i ona l  c o n t a c t  (p.  F-17).  Th i s  t r a v e r s e  p rov i des  
p o t e n t i a l  r e s e r v o i r  c o n t r o l  f o r  t he  western end o f  the  S u l l i v a n  a n t i c l i n e .  

The sandstone i s  a  massive u n i t  (30 f e e t  t h i c k )  and stands i n  prominent 
r e l i e f  a t  t h e  south end o f  the  r e e f  a t  t h e  ocean. The t h i ckness  v a r i e s  l i t t l e ,  
i f  any, over  t he  1,100 f e e t  o f  l a t e r a l  exposure;  i t  i s  p robab le  t h a t  i t  con t i nues  
severa l  thousand f e e t  south and n o r t h  f rom the  exposure. The sandstone appears 
t o  be f i n e  g ra ined ,  moderate ly  w e l l  so r ted ,  and moderate ly  f r i a b l e ,  c o n t a i n i n g  
subrounded t o  subangular g r a i n s  c o n s i s t i n g  o f  approx imate ly  equal amounts o f  
q u a r t z  and f e l d s p a r  and 10-15 percent  l i t h i c  f ragments w i t h  some c l a y  i n t e r s t i t i a l  
f i l l .  The t o p  and bot tom con tac t s  a r e  sharp and t h e  basal  p a r t  o f  t he  sand 
con ta i ns  a  f o s s i l i f e r o u s  zone composed o f  pelecypods and gast ropods.  The basal  
p a r t  a l s o  con ta i ns  abundant coa l  f ragments and smal l  f l e c k s  o f  carbonaceous 
d e b r i s  a long  most o f  t he  l a t e r a l  exposure. 

Most o f  t h e  bedding appears p l ana r ;  however, t h e r e  a r e  zones t h a t  c o n t a i n  
good broad c ross  beds w i t h  se ts  up t o  4 f e e t  l ong .  The c ross  beds occur  a t  
about m i d p o s i t i o n  v e r t i c a l l y  w i t h i n  t h e  sand body, a t  s t a t i o n s  4,  5 ,  and 6 
(app. E) . The sandstone was p robab ly  depos i ted  i n  a  1 inear  shoreface env i  ronment . 

Pa leon to l og i ca l  da ta  i n d i c a t e  an upper Miocene age f o r  these rocks .  
P o r o s i t y  ranges f rom 3.6 t o  21.6 percen t .  P e r m e a b i l i t y  ranges from 0.07 t o  
52.0 m i  1 1  i da r c  i es .  

WHITE R I V E R  GLACIER TRAVERSE 

The White R i ve r  G l a c i e r  was t r ave rsed  ( i n  sec. 29, T. 21 S . ,  R .  20 E . ,  
CRM) a t  t he  p o s i t i o n  where t he  g l a c i e r  t u r n s  a b r u p t l y  westward f rom i t s  
s o u t h e r l y  f l o w  d i r e c t i o n .  Th i s  sandstone t r a v e r s e  was inc luded  because i t  i s  
severa l  thousand f e e t  s t r a t i g r a p h i c a l l y  above t he  Yakataga-Poul Creek f o rma t i ona l  
c o n t a c t  and because o f  i t s  s t r u c t u r a l  p o s i t i o n  near t h e  White R ive r  G l a c i e r  
sync1 i n a l  a x i s .  



Two sandstones separated by a s i l t y  mudstone were measured i n  t h i s  t r ave rse .  
Samples were c o l l e c t e d  a t  e i g h t  s t a t i o n s  a long  t h e  800- foot  l a t e r a l  exposure 
f rom w i t h i n  t h e  upper sand and mudstone u n i t s  and a l s o  f rom above and below 
them ( p l .  V I I ) .  The upper sandstone t h i ckens  f rom 35 t o  62 f e e t  a long  i t s  
l eng th ,  whereas t h e  lower sandstone t h i n s  f rom 48 t o  41 f e e t .  The upper 
sandstone i s  l i g h t - b r o w n i s h  g ray ,  f i n e  g ra ined ,  w e l l  so r ted ,  moderate ly  f r i a b l e ,  
and c o n s i s t s  o f  about 40-45 percen t  each o f  qua r t z  and f e l d s p a r  and 15 percent  
l i t h i c  g r a i n s ,  w i t h  a t r a c e  o f  c l a y  and carbonaceous d e b r i s .  Both sandstones 
e x h i b i t  a massive conchoida l  weather ing h a b i t .  I n  a few p laces ,  t he  sandstone 
con ta i ns  f o s s i l i f e r o u s  lenses. The pebbly  mudstone above t he  upper sand and 
s i l t y  mudstone between the  two sands bo th  c o n t a i n  pelecypods and gastropods. 
Both sandstones e x h i b i t  sharp upper con tac t s  and g rada t i ona l  bases, and were 
p robab ly  depos i ted  i n  a l i n e a r  shoreface environment below the  a c t i v e  swash 
zone o f  t h e  beach. 

Pa leon to l og i ca l  da ta  i n d i c a t e  an upper Miocene age f o r  rocks exposed i n  
t h i s  t r a v e r s e .  P o r o s i t y  ranges f rom 10.0 t o  20.1 percen t .  P e r m e a b i l i t y  ranges 
f rom 0.15 t o  12.0 m i l l i d a r c i e s .  

MUNDAY GLACIER TRAVERSE 

The sandstone measured and sampled i n  t h i s  t r a v e r s e  i s  l oca ted  i n  secs. 25, 
26, and 34, and secs. 30-32, T. 21 S . ,  R .  20-21 E . ,  CRM.  The sandstone u n i t  
measured and sampled i n  t h i s  t r a v e r s e  i s  exposed i n  severa l  g l a c i a t e d  v a l l e y s  
t h a t  deeply  d i s e c t  t he  S u l l i v a n  a n t i c l i n e ,  exposing t h e  beds on t he  n o r t h  
f l a n k  o f  t he  s t r u c t u r e  (p. F -3 ) .  L a t e r a l  measurement was by topograph ic  map. 
V e r t i c a l  measurements were made w i t h  t h e  Brunton compass and h e l i c o p t e r  
a1 t i m e t e r  ( p l .  X ) .  

The sandstone i s  u n i f o r m  i n  bo th  c o l o r  and c o n s t i t u e n t s  wherever sampled. 
I t  i s  l i g h t - o l i v e  g ray ,  f i n e  g ra ined ,  moderate ly  w e l l  so r ted ,  moderate ly  
f r i a b l e  a t  t h e  t o p  (becoming w e l l  i ndura ted  downward), and c o n s i s t s  o f  about 
35 percen t  q u a r t z ,  40 percen t  f e l d s p a r ,  and 25 percen t  l i t h i c  g r a i n s .  I t  i s  a 
massive u n i t  t h a t  e x h i b i t s  no obv ious bedding except f a i n t  p l ana r  l am ina t i ons  
i n  a few p laces .  The sand con ta i ns  a conchoida l  weather ing h a b i t ,  and l a r g e  
spa11 sheets appear a t  t h e  base o f  t he  exposures. 

The basal  c o n t a c t  i s  g r a d a t i o n a l  downward t o  s i l t s t o n e  and mudstone. The 
upper c o n t a c t  i s  sharp and t he  upper p a r t  o f  t h e  sandstone con ta i ns  cong lomera t i c  
zones. 

T h i s  sandstone and severa l  o t h e r s  can be seen i n  t he  sou th - fac ing  c l i f f  
o f  S u l l i v a n  a n t i c l i n e .  The t h i ckness  o f  these sands ranges f rom 20 f e e t  t o  
over  100 f e e t .  The t r ave rsed  sand extends f o r  over  4 m i  l e s  f rom the  v i c i n i t y  
o f  Munday G l a c i e r ;  i t  may extend much f a r t h e r .  Cursory f i e l d  examinat ion 
i n d i c a t e s  t h e  sand has poor t o  f a i r  p o r o s i t y  and p e r m e a b i l i t y .  I f  areas e x i s t  
where such l a r g e  sands a r e  o n l y  s l i g h t l y  c l eane r ,  they  would s u r e l y  be p o t e n t i a l  
r ese rvo i  r s .  

The sand was p robab ly  depos i ted  i n  a mar ine l i n e a r  shoreface environment 
below t h e  a c t i v e  swash zone o f  t h e  beach. Due t o  t h e  g r a d a t i o n a l  base and s i l t  
con ten t ,  t he  environment was p robab ly  lower shoreface.  



Pa leon to l og i ca l  da ta  i n d i c a t e  the  age o f  rocks  i n  t h i s  t r a v e r s e  t o  be 
upper Miocene. P o r o s i t y  ranges f rom 6.2 t o  14.5 pe rcen t .  Pe rmeab i l i t y  ranges 
f rom 0.09 t o  13.0 m i l l i d a r c i e s .  

I C Y  BAY TRAVERSE 

T h i s  t r a v e r s e  was made i n  sec. 12, T. 22 S . ,  R .  23 E . ,  CRM, on the  extreme 
eas te rn  end o f  S u l l i v a n  a n t i c l i n e ,  ad jacen t  t o  I c y  Bay. The Cape Yakataga 
sandstones ( p l s .  I l l ,  IV) p rov i de  p o t e n t i a l  r e s e r v o i r  c o n t r o l  on t he  S u l l i v a n  
s t r u c t u r e  on t he  western end (p. F-6) ,  t h e  I c y  Bay sandstone p rov i des  p o t e n t i a l  
r e s e r v o i r  c o n t r o l  on t he  eas te rn  end. 

Samples were c o l l e c t e d  a t  12 s t a t i o n s  a long  t h e  2,990 f e e t  o f  measured 
exposure. The main sand body o f  t h e  t r a v e r s e  t h i ckens  westward t o  30 f e e t  
f rom i t s  p inchou t  edge ( p l .  X I  I I ) .  

I n  genera l ,  t he  sandstone weathers i n  shades o f  brown, i s  f i n e  t o  medium 
gra ined ,  f r i a b l e ,  and con ta i ns  about 40-50 percen t  each o f  q u a r t z  and f e l d s p a r  
and 10-15 percen t  l i t h i c  g r a i n s .  There i s  no obv ious bedding w i t h i n  t he  sand 
body. The c o n t a c t  a t  t he  t o p  i s  sharp.  The basal  con tac t  i s  ma in l y  obscured. 
The main weather ing h a b i t  i s  subconchoida l .  Large sheets o f  t h e  sandstone spa11 
o f f  and accumulate as t a l u s  a t  t he  base o f  t he  exposure. 

Mudstone u n i t s  above and below c o n t a i n  pelecypods and gastropods. The 
sandstones i n  t h i s  t r a v e r s e  were most l i k e l y  depos i ted  i n  a mar ine,  l i n e a r  
shoreface environment below t h e  a c t i v e  swash zone o f  the  beach. 

Pa leon to l og i ca l  da ta  i n d i c a t e  an upper Miocene age f o r  rocks exposed i n  
t h i s  t r ave rse .  P o r o s i t y  ranges f rom 17.0 t o  27.1 percen t .  P e r m e a b i l i t y  
ranges f rom 23.0 t o  308 m i l l i d a r c i e s .  The p r o b a b i l i t y  i s  h i g h  t h a t  sand bod ies  
such as those exposed i n  t h i s  t r a v e r s e  would make e x c e l l e n t  r e s e r v o i r s  i f  
preserved i n  t he  subsur face.  

R E S E R V O I R  GEOMETRY AND SIZE 

Examinat ion o f  p o t e n t i a l  r e s e r v o i r  sandstones i n  Yakataga Format ion o u t -  
c rops suggest two main d e p o s i t i o n a l  systems f o r  these sand bodies:  l i n e a r  
shoreface depos i t s  and channel depos i t s .  The former sands cou ld  have been 
depos i ted  i n  one o f  severa l  marine d e p o s i t i o n a l  s e t t i n g s  such as b a r r i e r  i s l a n d s ,  
bay-mouth bars ,  s p i t s ,  and beaches (Sel l e y ,  1970). The upper p a r t  o f  a beach 
shoreface i s  seldom preserved i n  t h e  geo log i ca l  record .  Most o f  Yakataga 
Format ion sandstones o f  t he  l i n e a r  c l a s t i c  t ype  e x h i b i t  t r a n s i t i o n a l  bases 
t h a t  grade downward t o  s i l t y ,  muddy sediment beneath. These sands were p robab l y  
depos i ted  i n  t h e  m idd le  t o  lower shoreface regime. Mar ine faunas assoc ia ted  
w i t h  these sands a r e  sha l low-water  types;  t h i s  s u b s t a n t i a t e s  t he  shoreface 
d e p o s i t i o n a l  environment.  



The geometry o f  a  sand deposi ted i n  a  l i n e a r  environment p a r a l l e l  t o  the  
shore can be q u i t e  va r i ed .  I f  major r eg ress i ve  and t r ansg ress i ve  sea- leve l  
o r  t e c t o n i c  movements (o r  both)  were o c c u r r i n g  d u r i n g  Yakataga t ime,  a  t y p i c a l  
sand sheet should r e s u l t .  Evidence o f  t e c t o n i c  movement e x i s t s  a t  many p laces 
and i s  mani fested by i n t r a f o r m a t i o n a l  angular  uncon fo rm i t i es .  Many o f  the  
l i n e a r  bodies were p robab ly  deposi ted as reg ress i ve  sand sheets ad jacen t  t o  
t he  r i s i n g  land mass. The ex te rna l  morphology o f  these sand sheets o r  t a b u l a r  
bodies should have dimensions where the  w id th - t o - t h i ckness  r a t i o  i s  50-1,000 
t o  1 (Kryn ine,  1957). The exposures o f  the  Yakataga Format ion a long  t he  
S u l l i v a n  a n t i c l i n e  reveal  sandstones t h a t  f i t  t h i s  t a b u l a r  morphology. Th ick ,  
i n d i v i d u a l  sands a r e  v i s i b l e  f o r  severa l  m i l e s  and probably  cover many tens o f  
square m i l e s .  

Another t ype  o f  sand depos i t  t h a t  r e s u l t s  f rom d e p o s i t i o n  i n  a  l i n e a r  
c l a s t i c  environment i s  t he  so -ca l l ed  shoes t r i ng  b a r r i e r  sand. These depos i t s  
have a  w id th - t o - t h i ckness  r a t i o  o f  l e s s  than 5  t o  1 (Kryn ine,  1957). They would 
occur  as i s o l a t e d  bars ,  s p i t s ,  dunes, o r  channels.  I t  i s  n o t  known whether any 
o f  t he  observed Yakataga l i n e a r  sands a r e  o f  t h i s  t ype .  However, some probably  
do e x i s t .  

The channel sand depos i t s  w i t h i n  t h e  Yakataga Formation a r e  much more 
d i f f i c u l t  t o  deal  w i t h .  Where con to r t ed  beds a r e  i n  evidence, they  appear t o  
be t h e  product  o f  a  massive submarine slump. I n  o t h e r  p laces,  t he  sands c o n t a i n  
e ros iona l  bases w i t h  a  h i g h  conglomerat ic  con ten t  a t  the  base, bu t  become f i n e r  
g ra ined  near t he  t op ;  they a r e  p robab ly  o f  f l u v i a l  o r i g i n  (p.  F-8,  F-19, F-20). 

Bedded rocks t h a t  have been i nc i sed  by these channels (such as a t  Yaga- 
Yakataga) c o n t a i n  shal low-water  mar ine fauna. However, because t h e  channel 
depos i t s  may o r  may no t  c o n t a i n  f o s s i l s ,  some o f  them a r e  n o t  s t r i c t l y  f l u v i a l ,  
bu t  p robab ly  represent  submarine ex tens ions  o f  f l u v i a l  systems s i m i l a r  t o  
contemporary sedimentat ion i n  I c y  Bay. Some channels may have been assoc ia ted  
w i t h  d e l t a  complexes o r  loca ted  where f l u v i a l  systems entered e s t u a r i e s  o r  
f i o r d s .  Seismic a c t i v i t y  o r  l oad ing  p robab ly  t r i g g e r e d  massive slumps sporadi -  
c a l l y ,  t h a t  would a l l o w  the  l a r g e  "slug" o f  channel f i l l  t o  slump, c o n t o r t ,  
and c u t  ou t  unde r l y i ng  beds. The l eng th  o f  these channels i s  n o t  known; they 
should have a  w id th - t o - t h i ckness  r a t i o  o f  approx imate ly  5 t o  1 .  A l l  o f  t h e  
channel depos i t s  a r e  subord ina te  t o  t he  widespread marine l i n e a r  shoreface 
depos i ts ,  t h a t  o f f e r  t he  g rea tes t  r e s e r v o i r  p o t e n t i a l .  

RESERVO l R TH ICKNESS 

D i s c r e t e  th ickness  was ob ta ined  on 85 Yakataga Format ion sandstones du r i ng  
l a t e r a l  sandstone t r ave rse  and v e r t i c a l  s t r a t i g r a p h i c  s e c t i o n  measuring. When 
grouped i n t o  f o u r  th ickness  ranges, the  f o l l o w i n g  s t a t i s t i c s  were e v i d e n t :  
40 percent  o f  Yakataga Format ion sandstones a r e  l e s s  than 10 f e e t  t h i c k ;  36 
percent  a r e  between 10 and 50 f e e t  t h i c k ;  12 percen t  a r e  50 t o  100 f e e t  t h i c k ;  
and 12 percent  a r e  over  100 f e e t  t h i c k .  There a r e  s i g n i f i c a n t  numbers o f  
t h i c k  sandstones t h a t  cou ld  be p o t e n t i a l  r e s e r v o i r s .  



R E S E R V O I R  POROSITY AND PERMEABILITY 

P l a t e  I shows t he  maximum and average p o r o s i t y  and p e r m e a b i l i t y  o f  
sandstones w i t h i n  t h e  Yakataga Format ion t h a t  have been sampled i n  bo th  measured 
s t r a t i g r a p h i c  sect  ions and t raverses  i n  the  Robinson Mountains area.  Several 
observa t ions  can be made f rom the  data:  

1 .  Sandstones i n  the  Yakataga Format ion have h ighe r  average p o r o s i t i e s  
on t he  south s i d e  o f  S u l l i v a n  a n t i c l i n e ,  near the  present  coas t ,  
than i n  the  h i n t e r l a n d s  t o  the  n o r t h .  Examples from f i v e  S u l l i v a n  
a n t i c l i n e  l o c a t i o n s  a r e  l i s t e d  below. 

Average 
Average permeabi 1 i t y  

p o r o s i t y  (%) (mi 1 1  i da r c  ies )  

West Yakataga r e e f  t r ave rse  13.6 
East Yakataga r e e f  t r a v e r s e  16.9 
Munday Creek s t r a t i g r a p h i c  s e c t i o n  17.9 
Umbrel la Reef s t r a t i g r a p h i c  s e c t i o n  24.5 
I c y  Bay t r ave rse  23.7 

2. Shallow-water s t r a n d l i n e  sandstones e x h i b i t  the  bes t  p o r o s i t i e s  and 
p e r m e a b i l i t i e s  i n  the  Yakataga Format ion: 

Average 
Average p e r m e a b i l i t y  

p o r o s i t y  (%) (mi 1 1  i d a r c i e s )  

I c y  Bay t r ave rse  

3 .  P o r o s i t i e s  and p e r m e a b i l i t i e s  a r e  g e n e r a l l y  lower i n  channel f i l l  
depos i t s :  

Average 
Average permeabi 1 i t y  

p o r o s i t y  (%) ( m i l l  i d a r c i e s )  

Yaga-Yakataga g lac  i e r s  
s t r a t i g r a p h i c  sec t  ion  

4 .  The o l d e r  Poul Creek and K u l t h i e t h  Format ion samples have much lower 
p o r o s i t i e s  and p e r m e a b i l i t i e s  than those f rom the  Yakataga Format ion. 

RESERVOIR-STRUCTURE SPATIAL RELATIONSHIP 

One o f  t he  major goa ls  o f  t h i s  f i e l d  p r o j e c t  was documentation o f  p o t e n t i a l  
r e s e r v o i r s  i n  r e l a t i o n  t o  known s t r u c t u r e s .  S t r a t i g r a p h i c  sec t i on  and t r ave rse  



l o c a t i o n s  were se lec ted  t o  f a c i l i t a t e  t h i s  documentat ion.  Data f rom these 
l o c a t i o n s  were supplemented by v i s u a l  observa t ions  and photographs. P l a t e  A 
shows the  l o c a t i o n  o f  t he  s t r a t i g r a p h i c  sec t i ons  and sandstone t r ave rses  i n  
r e l a t i o n  t o  major  s t r u c t u r a l  axes. Readers aware o f  p r e v i o u s l y  pub l i shed  
s t r a t i g r a p h i c  s e c t i o n  l o c a t i o n s  w i l l  see t h a t  those sec t i ons  measured d u r i n g  
t he  1975 f i e l d  season supplement da ta  ob ta ined  from e a r l i e r  measured sec t i ons .  

Study o f  t h e  s t r a t i g r a p h i c  sec t i ons  and t r ave rses  a t  each map l o c a t i o n ,  
a l ong  w i t h  examinat ion o f  t h e  photographs (app. F, G ,  H ) ,  w i l l  show t h a t  
p o t e n t i a l  r e s e r v o i r  sandstones a r e  n o t  r e s t r i c t e d  t o  any p a r t i c u l a r  area o r  
s i d e  o f  a  s t r u c t u r e ;  they occur  on a l l  s i des  o f  bo th  t h e  Yakataga and S u l l i v a n  
a n t i c l i n e s ,  i n  t h e i r  downdip f l a n k  p o s i t i o n s ,  and w i t h i n  t h e  White R i ve r  and 
Yaga sync l i nes .  

Th i s  a lmost  u b i q u i t o u s  occurrence o f  p o t e n t i a l  r e s e r v o i r  sandstone over  
such a  l a r g e  area i s  most s i g n i f i c a n t  when thought o f  i n  terms o f  t h e  h i g h  
p r o b a b i l i t y  o f  s i m i l a r  sands c o n t i n u i n g  o f f s h o r e .  The no r t h - sou th  d i s t a n c e  
ove r  which p o t e n t i a l  r e s e r v o i r s  have been measured and observed f rom the  
con f luence  o f  Yakataga and Yaga G l a c i e r s  t o  Umbrel la Reef exceeds 10 m i l e s .  
Near shore eivdence appears t o  suppor t  t h e  idea t h a t  s i m i l a r  sandstone 
development should extend o f f s h o r e .  

The p r o b a b i l i t y  i s  h i g h  t h a t  s t r a n d l i n e  sandstones, such as those descr ibed  
a t  Munday Creek ( p l .  X I ) ,  on t he  south f l a n k  o f  S u l l i v a n  a n t i c 1  ine,  con t i nue  
some d i s t a n c e  o f f s h o r e .  

PETROGRAPHY OF TERTIARY SANDSTONES 

The da ta  i n  t h i s  s e c t i o n  were n o t  ready f o r  i n c l u s i o n  i n  t h e  r e p o r t  a t  
t he  t ime o f  p u b l i c a t i o n .  Data w i l l  be issued as an addendum i n  t h e  near f u t u r e .  

PETROGRAPHY OF CONGLOMERATIC MUDSTONE CLASTS 

The data i n  t h i s  s e c t i o n  were n o t  ready f o r  i n c l u s i o n  i n  t h e  r e p o r t  a t  
t h e  t ime o f  p u b l i c a t i o n .  Data w i l l  be issued as an addendum i n  t he  near f u t u r e .  

HYDROCARBON SOURCE ROCKS 

Ninety- two p o t e n t i a l  hydrocarbon source-rock samples were c o l l e c t e d  
ad jacen t  t o  p o t e n t i a l  r e s e r v o i r  sandstones d u r i n g  the  measuring and sampl ing 
o f  b o t h  s t r a t i g r a p h i c  sec t i ons  and t r ave rses .  P l a t e  H  shows a p l o t  o f  t h e  
range and average o f  t o t a l  hydrocarbons i n  p a r t s  per  m i l l i o n  f o r  t he  Yakataga 
Format ion as determined a t  t he  va r i ous  s e c t i o n  and t r a v e r s e  l o c a t i o n s .  
Appendix C shows t h e  raw l a b o r a t o r y  da ta .   h he ppm va lues  appear low; t h i s  
may be p a r t i a l l y  due t o  weather ing. )  



These da ta  should supplement w e l l - c o n t r o l  ana lyses and he lp  p rov i de  a  
t h i r d  dimension f o r  r eg iona l  source-rock e v a l u a t i o n s .  

I t  i s  i n a p p r o p r i a t e  t o  d iscuss  pet ro leum gene ra t i on  i n  terms o f  t h reshho ld  
l e v e l s  f o r  t he  Gu l f  o f  Alaska T e r t i a r y  Prov ince  i n  t h i s  r e p o r t .  The ex i s t ence  
o f  t h e  K a t a l l a  o i l  f i e l d  and t h e  many documented o i l  seeps from K a t a l l a  t o  
Samovar H i l l s  i s  ample p r o o f  o f  the  a b i l i t y  o f  t h e  d r i l l a b l e  s t r a t i g r a p h i c  
s e c t i o n  t o  generate  pet ro leum. More germane t o  t h e  o v e r a l l  hydrocarbon 
p o t e n t i a l  o f  t he  G u l f  o f  Alaska T e r t i a r y  Prov ince  i s  t h e  p r e s e r v a t i o n  o f  
o r i g i n a l  p o r o s i t y  and p e r m e a b i l i t y  and t he  t i m i n g  o f  pet ro leum genera t ion ,  
m i g r a t i o n ,  and s t r u c t u r a l  growth.  

O I L  SEEPS 

Seep o i l  f rom t h r e e  w i d e l y  separate  areas was sampled f o r  complete chemical 
ana lyses.  These areas a r e  the  k a t a l l a  o i l - f i e l d  seep (p .  H - 1 3 ,  H-14) ,  t h e  
Johnston Creek seep a t  S u l l i v a n  a n t i c l i n e  (p .  H-2 ) ,  and t he  Samovar H i l l s  seep 
(p. - 1 1  - 1 2 .  The analyses o f  two o f  these seep o i  1s appear i n  appendix D .  
The analyses were ob ta ined  by Tenneco a t  no c o s t  t o  e i t h e r  t he  S ta te  o f  Alaska 
o r  t h e  U.S. Geolog ica l  Survey. I t  i s  hope fu l  t h a t  these analyses w i l l  p rov i de  
a d d i t i o n a l  da ta  necessary f o r  t he  des ign  o f  t reatment  p l a n t s ,  p i p e l i n e s ,  
c o r r o s i o n  and p o l l u t i o n  c o n t r o l ,  and LNG and r e f i n e r y  i n s t a l l a t i o n .  

The seep o i l  was c o l l e c t e d  from a c t i v e  poo ls  o r  accumulat ion s i t e s  r a t h e r  
than s tagnant  areas.  Every e f f o r t  was made t o  p reven t  con tamina t ion  by 
vege ta t i on  o r  o t h e r  extraneous ma t t e r .  The seeps were sampled by b r i n g i n g  the  
o u t e r  su r f ace  o f  a  g l ass  b o t t l e  o r  can i n t o  c o n t a c t  w i t h  t he  o i l  su r face  and 
then l e t t i n g  t he  o i l  d r i p  i n t o  new po l ye thy l ene  b o t t l e s .  

GRAVITY CONTROL 

G r a v i t y  da ta  recorded d u r i n g  t h e  1975 f i e l d  season have been tu rned  over  
t o  D.F. Barnes o f  t h e  USGS i n  Menlo Park,  C a l i f .  These da ta  w i l l  be incorpora ted  
i n t o  r ev i sed  g r a v i t y  maps a s  t ime  pe rm i t s .  

GEOCHEMICAL CONTROL 

Stream-sediment geochemical de te rm ina t i ons  were n o t  ready f o r  i n c l u s i o n  
i n  t he  r e p o r t  a t  the  t ime o f  p u b l i c a t i o n .  Data w i l l  be issued as an addendum 
i n  t he  near f u t u r e .  



CONCLUS l ONS 

The a u t h o r s '  f e e l  t t l a t  t h e  s t r a t i g r a p h i c  d a t a  p r e s e n t e d  w i l l  f i l l  i n  
gaps i n  r e g i o n a l  s t r a t i g r a p h i c  c o n t r o l ,  and t h a t  t h e  r e s u l t s  o f  t h i s  s t u d y  
s h o u l d  be a  m a j o r  c o n t r i b u t i o n  t o  t h o s e  f e d e r a l  ar;d s t a t e  a g e n c i e s  cha rged  
w i t h  c l a s s i f y i n g  a ~ d  c v a l u a t i n g  p e t r o l e u m  r e s o u r c e s  on p u b , i c  l a n d s .  

S i g ~ i f i c a n t  d a t a  have  been o b t a i n e d  on  p o t e n t i a l  r e s e r v o i r  s i z e ,  geome t r y ,  
r e s e r v o i r - s t r u c t u r e  s p a t i a l  r e l a t i o n s h i p s ,  t h i c k n e s s ,  q u a l i t y ,  and  p e r c e n t  o f  
r e s e r v o i r  t o  t o t a l  s e c t i o n .  New d a t a  have been o b t a i n e d  on Yaka taga  F o r m a t i o n  
s e d i m e n t a r y  s t r u c t u r e s ,  c o n t e m p o r a r y  s e d i m e n t a t i o n  f e a t u r e s ,  p a l e o c u r r e n t s ,  
p e t r o g r a p h y ,  p rovenance ,  h y d r o c a r b o n  s o u r c e - r o c k  p o t e r ~ t  i a l  , s e e p - o i  1 a r ~ a  1 y s e s ,  
g r a v i t y ,  g e o c h e m i s t r y  o f  s t r e a m  s e d i m e n t s ,  and s t r a t i g r a p h i c  a g e .  S y ~ t h e s i s  
o f  t h e s c  d a t a  s h o u l d  a i d  i n d u s t r y  arid g o v e r n m e n t a l  agc rc  i e s  i r ,  mahi ng rrzal- i t  g f ~ ?  
o f f s h o r e  e x t r a p o l a l i o n s .  

The m a n u s c r i p t  was r e v i e w e d  b y  R . G .  S c h a f f ,  L . F .  L a r s o n ,  D . L .  McGee, 
W.M.  L y l e ,  I . F .  Pa lme r ,  R . H .  M c M u l l i n ,  and J . E .  C a l l a h a n .  

S e e p - o i l  and w a t e r  a n a l y s e s  we re  o b t a i n e d  t h r o u g h  Tenneco O i l  Company. 
S p e c i a l  t h a n k s  a r e  e x t e n d e d  t o  G . R .  W i n k l e r  and L .  M a r i n c o v i c h  o f  t h e  U.S. 
G e o l o g i c a l  Su rvey ,  G e o l o g i c  D i v i s i o n ,  f o r  t h e i r  c o n t r i b u t i o n s  o n  p e t r o g r a p h y ,  
p rovenance ,  and m e g a f o s s i l  d e t e r m i n a t i o n s .  We a l s o  t h a n k  H . S .  P o t w o r o w s k i  o f  
t h e  DGGS l a b o r a t o r y  f o r  p e r f o r m i n g  t h e  s t r e a m - s e d i m e n t  geochem ica l  a n a l y s e s .  
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POROSITY AND P E R M E A B I L I T Y  ANALYSES 

A P P E N D I X  A 



Sample No. 

GRINDLE HILLS STRATIGRAPHIC SECTION 

Sur face  Samples 

Poros i ty 
Percen t  

Permeability 
M i l l  i d a r c i e s  

H o r i z o n t a l  - 



Sample No. 

HANNA LAKE STRATIGRAPHIC S E C T I O N  

Sur face  Samples 

P o r o s i t y  
Pe rcen t  

P e r m e a b i l i t y  
Mi  1 1  i d a r c i e s  

H o r i z o n t a l  

40.01 
40.01 
<O.Ol 



Sample No. 

WEST YAKATAGA REEF TRAVERSE 

Sur face Samples 

P o r o s i t y  
Percent 

Permeab i 1 i t y  
M i l  1 i d a r c i e s  

Ho r i zon ta l  



S a m ~ l e  No. 

EAST YAKATAGA REEF TRAVERSE 

Sur face  Samples 

Poros i t y  
Pe rcen t  

P e r m e a b i l i t y  
M i l l i d a r c i e s  

Hor i zon ta  1 



WEST WATSON PEAK DETAILED STRATIGRAPHIC SECTION 

S u r f a c e  Samples 

Sample No. 
Poros i t y  
Pe rcen t  - 

Permeabi 1 i t y  
M i l  1 i d a r c i e s  

H o r i z o n t a l  

40.01 
0 . 3 6  



Sample No. 

YAGA-YAKATAGA STRATIGRAPHIC SECTION 

Sur face  Samples 

Poros i t y  
Percen t  

P e r m e a b i l i t y  
M i  1 1  i d a r c i e s  

H o r i z o n t a l  



S a m ~ l  e  No. 

MOUNT EBERLY STRATIGRAPHIC SECTION 

Sur face Samples 

Poros i t y  
Percent  

Permeab i 1 i t y  
M i l l i d a r c i e s  

Ho r i zon ta l  



Sample No. 

W H I T E  R I V E R  G L A C I E R  TRAVERSE 

Sur face Samples 

P o r o s i t y  
Percent  

Permeab i 1 i t y  
M i  1 1  i d a r c i e s  

Ho r i zon ta l  



S a m ~ l e  No. 

UMBRELLA R E E F  STRATIGRAPHIC S E C T I O N  

Sur face  Samples 

P e r m e a b i l i t y  
Poros i t y  M i  1 1  i d a r c i e s  
Percen t  H o r i z o n t a l  



Sample No. 

WL-92-75 
WL- 100-75 
WL-101-75 

MUNDAY GLACIER TRAVERSE 

Sur face  Samples 

Poros i t y  
Pe rcen t  

P e r m e a b i l i t y  
M i  1 1  i d a r c i e s  

H o r i z o n t a l  



Sample No. 

MUNDAY CREEK STRATIGRAPHIC SECTION -- 

S u r f a c e  Samples 

DLM- 1-75 
DLM-3-75 
DLM-5-75 
DLM-7-75 
D ~ ~ - 8 - 7 5  
DLM-3-75 
DLM-10-75 
DLM-l 1-75 
DLM-12-75 
DLM-14-75 
DLM-15-75 
16-DM-75 
19-DM-75 

P o r o s i t y  
P e r c e n t  

Pern~eab i 1 i t y  
M i  l l i d a r c i e s  

Hor i zon t a  l 



GUYOT GLACIER NUNATAK STRATIGRAPHIC SECTION 

Sarnpl e  No. 

Su r face  Samples 

Poros i t y  
Pe rcen t  

Perrneab i 1 i t y  
M i  1 1  i d a r c i e s  

H o r i z o n t a l  



I C Y  BAY TRAVERSE 

Sarn~ l  e No. 

Su r face  Samples 

Poros i t y  
Pe rcen t  

P e r m e a b i l i t y  
M i  1 1  i d a r c i e s  

Hor i z o n t a  1 



Sample No. 

WL-66B-75 

MISCELLANEOUS SAMPLE 

Sur face  Sampl es 

Poros i t y  
Percen t  

P e r m e a b i l i t y  
M i  1 1  i d a r c i e s  

H o r i z o n t a l  



P A L E 0  D E T E R M I N A T I O N S  

A P P E N D I X  B 



ANDERSON, WARREN & ASSOCIATES, INC. 

CONSULTING MICROPALEONTOLOGY 
11526 Sorrento Valley Road Suite G 
San Diego, California 92121 

(71 4) 755-1 524 

Cable: Micropaleo San Diego 

September 16, 1975 

TO: U.S.G.S. 

: State of Alaska - U.S.G.S. 
Gulf of Alaska Surface Samples 

FORAMINIFERA REPORT 

3-P-75 

Buccella frigida (R), B. tenerrima ? (F), Cassidulina 

californica (R), C. cf. teretis (F), Elphidium bartletti 

(R), E.  clavatum (A), Glandulina laevigata (R), Haplophrag- 

moides deformes (C), Lagena sp. (R), ~arginulina glabra ? 

(R) , ~uinqueloculina sp. (R) , shell fragments (F)  . 
AGE : Pliocene to Pleistocene 

ENVIRONMENT: Neritic, possible Inner 
to Middle Neritic 

Buccella sp. (R), Cassidulina cf. limbata ( R ) ,  C. cf. teretis 

(F), Elphidium clavatum (C), Haplophragmoides deformes ( F ) I  

Pulvinulinella pacifica (F) , coal (R) . 
AGE : Pliocene to Pleistocene 

ENVIRONMENT: Neritic to Upper Bathyal 

Buccella frigida (R), Cassidulina cf. teretis (R), Elphidium 

bartletti (R) , E. clavatum (F) , E . oregonense (R) , Pulvinu- 
linella pacifica (R) , shell fragments ( R )  , coal ( F )  . 

AGE : Pliocene to Pleistocene 

ENVIRONMENT: Neritic to Upper Bathyal 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

9-P-75 

Buccella ? sp. (R), Cassidulina cf. limbata (R), Cibicides 

fletcheri (R), Elphidium bartletti (R), E. clavatum ( C ) ,  

Haplophragmoides deformes (F), Polymorphina ? sp. (R), 

Pulvinulinella pacifica (F), Qu-inqueloculina sp. (R), 

shell fragments (R), coal (F). 

AGE : Pliocene to Pleistocene 

ENVIRONMENT: Possible Outer Neritic 
to Upper Bathyal 

21-P-75 

Cassidulina cf. translucens (R) , C. cf. teretis (R) , 
Elphidium bartletti (R), E. clavatum (F), E. oregonense 

(R), Glandulina laevigata (R), Haplophragmoides deformes 

(R) , Nonionella auricula ? (R) , Pulvinulinella pacif ica (R) . 
AGE : Pliocene to Pleistocene 

ENVIRONMENT: Neritic to Upper Bathyal 

34-P-75 

Haplophragmoides spp. reworked ? (R) . 
AGE : Indeterminate 

ENVIRONMENT: Indeterminate 

55-P-75 

Cassidulina cf . laevigata (C) , Elphi.dium cf. bartletti (R) , 
E. clavatum (R), ~landulina laevigata (R), Haplophragmoides 

cf. deformes (R), coal (R). 

AGE : Possible Late Miocene 
to Pliocene 

ENVIRONMENT: Possible Neritic 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

Bulimina auriculata ? ( F ) ,  Cassidulina californica (R), 

Cyclammina cf. pacifica (R) , Dentalina ? fragments ( R )  , 
Eilohedra levicula (R), Glandulina laevigata (R), Haplo- 

phragmoides deformes (A), H. cf, trullissata (R) , H. cf. 
obliquicameratus (F) , H. sp. ( F )  , Pullenia malkinae (R) , 
Pulvinulinella exigua (R), P. cf. pacifica (R), Uvigerina 

cushmani (C), Globigerina sp. (R) , echinoid remains (R) , 
shell fragments (R), coal (C) , pyrite (F). 

AGE : Probable Late ? Miocene 
to Pliocene 

ENVIRONMENT: Outer Neritic to Upper 
Bathyal 

Haplophragmoides spp. (R), ~alvulineria willapaensis (R), 

glauconite (A), pyrite (R) . 
AGE : Possible Refugian to 

Zemorrian 

ENVIRONMENT : Marine 

Haplophragmoides translucens (R), H.  SP. (R) I coal ( F )  

AGE : Probable Eocene to 
Oligocene 

ENVIRONMENT: Neritic ? 

~athysiphon sp. (R), Cassidulina crassipunctata (R), Cibicides 

elmaensis (F) , Elphidiella sp. ( C )  , Eggerella ? sp. ( R )  , 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

Gyroidina sp. (R), Haplophragmoides krishtafovitchae (R), 

H. translucens (F) , H. "excavata" (R) , H. spp. (C) , Nonion 
pompilioides (R), Pseudoglandulina inflata (R), Robulus sp. 

(R) , Sigmomorphina schencki (R) . 
AGE : Refugian to Zemorrian, 

possible Early Zemorrian 

ENVIRONMENT: Lower Bathyal to Abyssal 

Anomalina glabrata (R), ~athysiphon sp. (F), Cibicides elma- 

ensis (F) , Cyclammina pacifica (R) , ~lphidiella sp. (c )  , 
Gyroidina soldanii var. (R), Haplophragmoides cf. becki (R), 

H. translucens (F), H. cf. "excavata" (F), H. spp. (A) , 
pyrite (C). 

AGE : Refugian to Zemorrian, 
possible Early Zemorrian 

ENVIRONMENT : Middle to Lower Bathyal 

Bathysiphon sp. (F), ~assidulina crassipunctata ( R ) ,  

Chilostomella ? sp. (R) , Cibicides elmaensis (F) , ~ribrononion 
cf. roemeri (A), Cyclammina pacifica ( R ) ,  Guttulina irregularis 

? (R), Haplophragmoides krishtafovitchae (F), H. translucens 

(R), H. spp. (C), Nonion pompilioides (R), ~uinqueloculina ? 

sp. ( R )  , Robulus sp. (R) , Sigmomorphi.na ? sp. (R) , echinoid 
remains (F). 

AGE : Probable Early Zemorrian 

ENVIRONMENT: Lower Bathyal to Abyssal 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

76-P-75 

Ammodiscus sp. large (R), Bathysiphon sp. (R), Cassidulina 

crassipunctata (R), Cibicides elmaensis (R), ~yclarnmina 

pacifica (F), Dentalina sp. (R), Gyroidina soldanii var. 

(R) , Haplophragmoides becki (R) , H. translucens (F) , H. 
"excavata" (R) , H. spp. (A), Nonion cf. incisum (R) , N. 
pompilioides (R), Pseudoglandulina inflata (R), echinoid 

remains (R), pyrite (C). 

AGE : Refugian to Zemorrian, 
possibly the latter 

ENVIRONMENT: Lower Bathyal to Abyssal 

Guttulina sp. (R), Haplophragmoides sp. (R). 

AGE : Possible Refugian to 
Zemorrian 

ENVIRONMENT: Marine 

Arenaceous spp. crushed (A), Bathysiphon sp. (R), C~clammina 

pacifica (F), Haplophragmoides obliquicameratus (R), H. 

translucens (R) . 
AGE : Possible Eocene to 

Oligocene 

ENVIRONMENT: Bathyal 

83-P-75 

Buccella tenerrima ? (R), Cassidulina cf. translucens (R), 

Elphidium clavatum (C), ~landulina laevigata ? (R), shell 

fragments ( R )  . 
AGE : Late ? Miocene to 

Pleistocene 

ENVIRONMENT: Possible Neritic 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

85-P-75 

Cassidulina sp. (R), Elphidium clavatum (C), E. cf. frigidum 

(C), Eponides colurnbiensis ( R ) ,  Quinqueloculina stalkeri (R), 

bryozoans (R) , shell fragments (R) . 
AGE : Probable Pliocene to 

Pleistocene 

ENVIRONMENT: Neritic, possible Inner 
to Middle Neritic 

Buccella frigida (R) , B. tenerrima (R) , Cassidulina cf. 
limbata (R) , C. minuta (R) , C. cf. teretis (F) , Elphidium 
clavatum (A), Glandulina laevigata (R), Nonionella auricula 

(R), Pulvinulinella pacifica (F), Pyrgo sp. (R), shell £rag- 

ments ( F ) ,  coal (F). 

AGE : Probable Pliocene to 
Pleistocene 

ENVIRONMENT: Outer Neritic to Upper 
Bathyal 

Anomalina glabrata (F), Cassidulina laevigata (F), C. cf. 

teretis (R) , Cyclammina pacif ica (R) , Elphidium clavatum (F)  , 
Fissurina sp. (R) , ~landulina laevigata (R) , Haplophragmoides 
deformes (C), Pulvinulinella cf. pacifica (R), Uvigerina sp. 

(R), pyrite (C). 

AGE : Probable Miocene 

ENVIRONMENT: Bathyal 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

~nomalina glabrata (C), Cassidulina laevigata (A), C. minuta 

(F) , C. norvangi (R) , C. cf. translucens (R) , C. cf. teretis 
(F) , ~ibicides cf. evolutus (R), C. fletcheri (F) , Elphidium 
clavatum ( R ) ,  Glandulina laevigata (R), Haplophragmoides sp. 

(R) , Nonionella miocenica (R) , Pullenia cf. malkinae (R) , 
~uinqueloculina sp. (R), Virgulina sp. ( R ) ,  Globigerina 

pachyderrna ? (R) , shell fragments (R) . 
AGE : Probable Late ? Miocene 

to Pliocene 

ENVIRONMENT: Neritic to Upper Bathyal 

Barren of foraminifera. 

AGE : Indeterminate 

ENVIRONMENT: Indeterminate 

106-P-75 

~assidulina laevigata ? (R), Elphidium clavatum (R), shell 

fragments (R) . 
AGE : Late ? Miocene to 

Pleistocene 

ENVIRONMENT: Marine 

~olivina ? sp. (R), Buccella tenerrima ? (R), ~assidulina 

laevigata ? (A) , C. minuta (F) , Cibicides fletcheri (F) , 
~lphidium clavatum (A) , ~uinqueloculina sp. (R) , Virgulina ? 

sp. (R) , ostracods (R) , shell fragments (F) . 
AGE : Late ? Miocene to 

Pleistocene 

ENVIRONMENT: ~eritic to Upper Bathyal 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

Buccella tenerrima ( R ) ,  Cassidulina californica (R), C. cf. 

lirnbata (F)  , C. cf. translucens (R) , C. cf. teretis (F) , 
Elphidiella hannai (F), Elphidium bartletti (R), E. clavatum 

(A), Glandulina laevigata (F), ~aplophragmoides cf. deformes 

(A), Nonionella auricula (F), N. cf. labradorica (R), ~ullenia 

malkinae (R) , Globigerina bulloides (R) , G. pachyderma (F) , 
G. quadrilatera (C), G. quinqueloba (R), shell fragments (C), 

coal (F) . 
AGE : Pliocene to Pleistocene, 

possible Late Pliocene to 
Early Pleistocene 

ENVIRONMENT: Middle to Outer Neritic 

? Anomalina glabrata (R), Cassidulina laevigata ? (F), C. 

minuta (R) , C. cf, teretis (R) , Elphidium clavatum (R) , 
Glandulina laevigata (R), Haplophragmoides deformes (R). 

AGE : Late ? Miocene to 
Pliocene 

ENVIRONMENT: Neritic to Upper Bathyal 

Buccella frigida ? (R), Cassidulina laevigata ? (c), C. cf. 

translucens (R) , Cibicides evolutus (R) , ~entalina sp. (R) , 
Elphidium clavatum (F), Haplophragmoides cf. deformes (R), 

~ulvinulinella cf. pacifica. (R). 

AGE : Late ? Miocene to 
Pliocene 

ENVIRONMENT: Outer Neritic to Upper 
Bathyal ? 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

31-WL-75 

Buccella frigida ? (R), Cassidulina laevigata (C), C. cf. 

teretis (R) , Dentalina sp. (R) , Elphidium bartletti (R) , 
E. clavatum (R), Glandulina laevigata (R), Haplophragmoides 

deformes (C) , H. cf. obliquicameratus (R), H. sp. flat (R) , 
Pulvinulinella cf. pacifica (R), shell fragments (F). 

AGE : Late ? Miocene to 
Pliocene 

ENVIRONMENT: Outer Neritic ? to 
Upper Bathyal 

32-WL-75 

Cassidulina laevigata ( F ) ,  C. cf. teretis (R), Elphidium 

clavatum (F), E. sibiricum (R), Glandulina laevigata (R), 

Haplophragmoides deformes (F), H. sp. (R), Globigerina 

pachyderrna ? (R) , G. sp. (R) . 
AGE : Late Miocene to Pliocene, 

possibly the former 

ENVIRONMENT: Neritic to Upper Bathyal 

36-WL-75 

Glomospirella sp. reworked (R). 

AGE : Indeterminate 

ENVIRONMENT: Indeterminate 

Cibicides fletcheri (R), ~lphidium clavatum (F). 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Neritic ? 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

95-WL-75 

Cassidulina laevigata ? (C), C. minuta (A), Cibicides 

fletcheri (R) , Elphidium bartletti (R) , E. clavatum (F) , 
~aplophragmoides deformes (C), ~iliammina sp. (R),  onion- 

ella auricula (F), N. labradorica (R), Pullenia malkinae 

(R) , Virgulina sp. (R) , Globigerina pachyderma ? ( R )  , G. 
quadrilatera (R) , pyrite (F) . 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Middle Neritic to 
Upper Bathyal 

Buccella frigida ? (R), Cassidulina laevigata ? (F), C. 

minuta (C), Dentalina sp. ( R ) ,  Elphidium bartletti (R), E. 

clavatum (F), ~landulina laevigata (R), Haplophragmoides 

deformes (A), Pullenia ? sp. (R) , Pulvinulinella cf. pacifica 
(R) , Quinqueloculina sp. (R) , Globigerina quadrilatera (R) . 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Middle Neritic to 
Upper Bathyal 

104-WL-75 

Haplophragmoides deformes (C), H. cf. trullissata (R). 

AGE : ? Late Miocene to 
Pliocene ? 

ENVIRONMENT: Marine 

Bulimina auriculata ? (R), Cassidulina laevigata ? (A), 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

114-WL-75 (con't.) 

Cassidulina minuta (C), Elphidium clavatum (A), ~landulina 

laevigata (F), Haplophragmoides deformes (A), H. cf. 

trullissata (F), Nonionella auricula (F), N. miocenica (F), 

Pullenia malkinae (R), Pulvinulinella pacifica (R), Glo- 

bigerina quadrilatera (R) , echinoid remains (R) , fish 
remains (R), coal (C). 

AGE : Late ? Miocene to 
Pliocene 

ENVIRONMENT: Outer Neritic to Upper 
Bathyal 

Bolivina cf. obliqua (R), Buccella frigida ? (R), ~lphidium 

clavatum (A), Glandulina laevigata (R), Pulvinulinella cf. 

pacifica (R) , diatoms (R) , echinoid remains (R) , shell frag- 
ments (C). 

AGE : ? Late Miocene to 
Pliocene ? 

ENVIRONMENT: Neritic to Upper Bathyal 

126-WL-75 

Buccella frigida (R), Cibicides fletcheri (R), ~lphidium 

clavatum (C) , Nonionella ? sp. ( R )  , shell fragments (R) , 
coal (R). 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Inner to Middle Neritic 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

Arenaceous fragments (R), Haplophragmoides sp. (R). 

AGE : Indeterminate 

ENVIRONMENT: Marine 

132-WL-75 

Elphidium clavatum (R) , shell fragments (R), coal (R). 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT : Neritic ? 

Buccella tenerrima (R) , Elphidiella hannai ? (R) ,' Elphidium 
clavatum (R), coal (C) . 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Inner Neritic 

Buccella ? sp. (R), Cassidulina sp .  (R), Elphidium bartletti 

(F)  , E. clavatum (F) , E. discoidale ? (R) , E. oregonense (R)  , 
shell fragments (R), coal (F)  . 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Inner to Middle Neritic 

1-TM-75 - 

Buccella tenerrima (F), Cassidulina cf. limbata (F), C. cf. 

teretis (C) , Elphidiella hannai (F) , Elphidium bartletti (F)  , 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE': Gulf of Alaska Surface Samples 

1-TM-75 (con't.) 

Elphidium clavatum (A), Glandulina laevigata ( F ) ,  Haplophrag- 

moides cf. deformes (F), Nonionella auricula ( C ) ,  N. miocenica 

(C), Globigerina bulloides (R), G. pachyderma (F), G. quad- 

rilatera (C )  , coal (F) . 
AGE : Pliocene to Pleistocene, 

possible Late Pliocene to 
Pleistocene 

ENVIRONMENT: Inner to Middle Neritic 

2-TM-75 

Buccella tenerrima (R), Elphidiella hannai (F), ~lphidium 

bartletti (F) , E. clavatum (F) , Globigerina quadrilatera (R) . 
AGE : Pliocene to Pleistocene 

ENVIRONMENT: Inner Neritic 

3-TM-75 

Buccella frigida ? (R), B. tenerrima (F), Elphidiella hannai 

(F), Elphidium clavatum (C), E. oregonense (R), E. sibiricum 

(R) , coal (C) . 
AGE : Pliocene to Pleistocene 

ENVIRONMENT: Inner Neritic 

Buccella frigida ? (R), B. tenerrima (R), ~assidulina cf. 

lirnbata (R) , C. cf. teretis (R) , Elphidium clavatum (F)  , 
shell fragments (R), coal (F). 

AGE : Pliocene to Pleistocene 

ENVIRONMENT: Inner to Middle Neritic 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf of Alaska Surface Samples 

Buccella tenerrima (Rj, Elphidium clavatum ( R ) ,  shell frag- 

ments (C). 

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Inner ~eritic ? 

Buccella frigida (R), B. tenerrima (R), Elphidium clavatum 

(F), Haplophragmoides deformes (C), ~uinqueloculina sp. (R), 

Globigerina pachyderrna (R) , G. sp. (R) , diatoms (R) , fish 
remains (R), shell fragments (R), coal ( F ) .  

AGE : Late ? Miocene to 
Pleistocene 

ENVIRONMENT: Neritic 

Cyclamrnina pacifica (R), Haplophragmoides translucens (R), 

glauconite (R) . 
AGE : Indeterminate 

ENVIRONMENT : Bathyal 

Anomalina glabrata (F), Bulimina ovata (R), ~assidulina 

laevigata (C), Cibicides evolutus (R), C. fletcheri ? (R), 

Dentalina sp. (R), ~lphidiella sp. (R), Haplophragmoides cf. 

becki (R), H. deformes (C), H. obliquicameratus (F), H. sp. 

(F) , Nonion cf . barleeanum (C) , diatoms (R) . 
AGE : Probable Late ? Miocene 

to Early Pliocene 

ENVIRONMENT: Middle to Lower Bathyal 



ANDERSON, WARREN & ASSOCIATES, INC. 

RE: Gulf  of A l a s k a  Surface Samples 

34-JCW-75 

AGE : I n d e t e r m i n a t e  

ENVIRONMECNT : M a r i n e  

I n t e r p r e t e d  by : 

p ,  5; k33irAi. 
R. S. B o e t t c h e r  

ANDERSON, WARREN & ASSOCIATES,  I N C .  



SOURCE ROCK ANALYSES 

HYDROCARBON DETERMINATIONS (PPM) 

APPENDIX  C 



K A Y A K  I S L A N D  (POUL CREEK F O R M A T I O N )  ------ ----.-- 

S u r f a c e  Samples 

Hydt-oca rbons , pprii -- 

6 1 



GRINDLE HILLS STRATIGRAPHIC SECTION 

Sample No. 

Surface Samples 

Hydrocarbons , ppm_ 



HANNA LAKE STRATIGRAPHIC SECTION 

S u r f a c e  Samples 

Sample No. Hyd roca rbons ,  ppm 



WEST YAKATAGA REEF TRAVERSE 

S u r f a c e  Samples  

Sample No. 

JM- 3 4 A -  75 
J M - 3 5 A - 7 5  
JM- 3 6 A - 7 5  
J M - 3 7 A - 7 5  
JM- 3 8 A - 7 5  
J M - 3 9 A - 7 5  

Hydrocarbons,  ppm 



EAST YAKATAGA REEF TRAVERSE 

Sample No. -- 
JCW-,l C-75 
JCW-2C-75 
JM- 1 C-75 
JM-;!C-75 
JM-:1C-75 
JM-~IC-75 
JM-5C-75 
JM-6C-75 
JM-2F-75 

S u r f a c e  Samples 

Hyd roca  r bons , ppm 



YAGA-YAKATAGA STRATIGRAPHIC SECTION -- ----- 
Sur face  Samples 

Sample No. 

P-36-75 
p-57-75 
P-59-75 
p-79-75 
JCW-5-75 
JCW-7-75 
JCW-8-75 
JCW- 1 1-75 
WL- 18-75 
WL- 19-75 
WL-20-75 
WL-33-75 
WL-34-75 
wL-36-75 
WL-40-75 
WL-44-75 

Hydrocarbons,  ppm 



MOUNT EBERLY STRATIGRAPHIC -- SECTION 

S u r f a c e  Samples 

Sample No. 

JCW-25-75 
JCW-27-75 
JLW-23-75 
p -94-75  
P-96-75 
p-99-75 
P- 105-75 
P -  107-75 
WL-34-75 
WL-101-75 
WL- 105-75 
WL- 106-75 
WL-108-75 
WL- 109-75 
WL- 1 13-75 
WL- 1 15-75 
WL-116-75 
1JL- 1 19-75 
WL-121-75 
WL- 123-75 
WL-127-75 
WL- 129-75 
WL-131-75 

Hyd roca rbons ,  ppm 



WHITE RIVER GLACIER TRAVERSE 

Sample No. - 

S u r f a c e  Samples 

Hyd roca rbons ,  ppm - -- 



UMBRELLA REEF STRATIGRAPHIC SECTION ----- ---- - 

S u r f a c e  Samples 

Sarnpl e No. 
.- 

Hydrocarbons ,  ppm ---- 



MUNDAY G L A C I E R  T R A V E R S E  

S u r f a c e  S a m p l e s  

S a m o l  e No. Hydrocarbons , ppm 



MUNDAY CREEK S T R A T I G R A P H I C  S E C T I O N  

Surface  S a m p l e s  

Sarnpl e No. - 

DM- 16A- 75 
DM- 1 8 - 7 5  
D M - 2 0 - 7 5  

Hydrocarbons, ppm --- - 



GUYOT GLACIER NUNATAK STRATIGRAPHIC SECTION 

Sur face Samples 

Sample No. 

P-  1-75 
P-2-75 
TM-3-75 
TM-9-75 
TM- 1 3-75 
TM- 15-75 
WL- 1-75 
WL-4-75 
WL-5-75 
wL-6-75 
WL-7-75 
WL- 15-75 
wL- 16-75 

Hydrocarbons, ppm 



I C Y  BAY TRAVERSE 

Sur face  Samples 

S a m ~ l e  No. Hyd roca  rbon s , ppm 



SEEP O I L  ANALYSES AND WATER A N A L Y S I S  

A P P E N D I X  D 



Tenneco Oil 
ATenneco Company 

Tenneco Building 
P.O. Box 251 1 
Houston, Texas 77001 
(713) 229-2131 

TENNECO 0 
September 26, 1975 

M r .  W i l l i a m  L y l e  
S t a t e  o f  Alaska 
D i v i s i o n  o f  Geolog ica l  and Geophysical Surveys 
3001 Porcupine D r i v e  
Anchorage, A1 as ka , 99504 

Re: Crude O i l  and Water Samples 
G u l f  o f  Alaska 

Dear B i  11 : 

At tached you should f i n d  a comprehensive a n a l y s i s  o f  t he  G u l f  o f  
Alaska o i l  samples which you sen t  me f rom Johnson Creek and Samovar 
H i l l s  and a water  sample a n a l y s i s  f rom Monday Creek. 

The o n l y  work which has n o t  been completed i s  a carbon i so tope  
ana l ys i s .  I w i l l  m a i l  t h i s  t o  you i n  t h e  near  f u t u r e .  

B i l l ,  thank you f o r  a l l o w i n g  Tenneco t o  do t h i s  work. 

S i n c e r e l y  , 

TENNECO OIL COMPANY 

A 

Don L. K i rksey  
Geolog ica l  S p e c i a l i s t  
F r o n t i e r  P r o j e c t s  - N. America 

DLK/l kb 
Attachment 



- TENNECO O I L  COMPANY 
( C O M P A N Y )  

INTEROFFICE COMMUNICATION 

,l-O : FRONTIER PROJECTS 

FOR: DON L. KIRKSEY 

FIXOM: B .  D.  CAREY, J R .  

R E :  CRUDE O I L  AND WATER SAMPLES - 
GULF' OF ALASKA 

Ana ly t i ca l  Met hods : 

Samples l a b e l e d  Johnson Creek crude o i l ,  Samovar H i l l s  crude o i l  and Monday 
Creek water  were s e n t  t o  our  l abo ra to ry  f o r  a n a l y s i s .  A p o r t i o n  of  t h e  
crude o i l s  were sen t  t o  Germany f o r  a n a l y s i s  by t h e  German Geological  
Survey. The remainder was analyzed i n  our  l a b o r a t o r y .  The water  sample 
( ~ o n d a ~  c reek )  was sen t  t o  Spectro-Chemical l a b s  f o r  water  a n a l y s i s .  

Resu l t s  of Analyses: 

O i l  g r a v i t y  was measured a f t e r  c e n t r i f u g i n g  t h e  samples t o  remove con tmina -  
t i o n .  API g r a v i t y  was determined by t h e  pycnometer method. The d e n s i t y  and 
g r a v i t y  of t h e  two o i l s  a r e :  

Johnson Sreek crude o i l  - d e n s i t y  = 0.9183 grns/cc 
API g r a v i t y  = 21.1' a t  60' F. 

Samovar H i l l s  c rude  o i l  - d e n s i t y  = 0.9699 gms/cc 
API g r a v i t y  = 13.2' a t  60' F.  

Both crude o i l s  were submit ted t o  Southern Petroleum Labora tor ies  and Saybolt  
Labora tor ies  f o r  ASTM d i s t i l l a t i o n s  ; t h e s e  l a b s  were unable t o  run distill-at ions 
due t o  sma l l  amount of  sample and mud and water  contaminat ion.  

Gas chromatograph a n a l y s i s  of  t h e  p a r a f f i n i c  and napthenic  f r a c t i o n s  showed 
both crude o i l s  t o  be  biodegraded and t o  have almost i d e n t i c a l  G . C .  p a t t e r n s .  
This  i n d i c a t e s  t hey  were from t h e  same o r  s i m i l a r  source rocks ( ~ i g u r e s  1 and 
2 ) .  

Most of t h e  a lkanes  t h a t  a r e  present  a r e  i n  t h e  C14-C20 range which sugges ts  
t h a t  t h e  crude o i l  p r i o r  t o  b iodegrada t ion  was f a l r l y  h igh  g r a v i t y  and ?robably 
from a mature o i l  source  rock s e c t i o n .  

The chemical ana lyses  by t h e  German Geological  Survey a r e  shown on Table I .  
This  d a t a  shows t h e  o i l s  a r e  very s i m i l a r  i n  composition a f t e r  t h e  asphal tene  
compounds a r e  removed. Th i s  confirms t h e  conclus ion  drawn from t h e  s i m i l a r i t y  
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of t h e  chromatographic ana lyses  of  t h e  two o i l s .  The e s s e n t i a l  d i f f e r e n c e s  
i n  t h e  o i l s  a r e  i n  t h e  amount of v o l a t i l e s  which exp la ins  t h e  g r a v i t y  d i f -  
fe rences  and i n  t h e  amount o f  asphal tene  compounds. The h ighe r  a spha l t ene  
content  probably r e p r e s e n t s  a h igher  s t a t e  of b iodegrada t ion .  

According t o  Connon and Van Der Weide, b a c t e r i a l l y  degraded o i l s  f r equen t ly  
resemble immature una l t e r ed  o i l s  a s  t o  t h e i r  phys i ca l  p r o p e r t i e s  and t h e i r  
g ros s  composition. 

Increas ing  ma tu r i t y  of  crude o i l s  and rock e x t r a c t s  i s  shown by t h e i r  in -  
c reas ing  s a t u r a t e  conten t  and t h e i r  decreas ing  A/S r a t i o .  Accordingly, 
p l o t t i n g  t h e s e  two parameters  f c r  va r ious  samples on an x-y diagram provides  
a  v i s u a l  a i d  f o r  comparison of r e l a t i v e  m a t u r i t i e s .  Such a  graph,  ob ta ined  
f o r  a  l a r g e  number of una l t e r ed  crudes and rock e x t r a c t s  o f  var ious  o r i g i n s  
and ma tu r i t y ,  inc luding  o i l s  r e s u l t i n g  from t h e  a r t i f i c i a l  thermal  evo lu t ion  
of kerogen i s  shown i n  F igure  3. The r e p r e s e n t a t i v e  p o i n t s  a r e  l o c a t e d  along 
t h e  upper,  l e f t -hand  h a l f  of an approximately hypobolic curve;  immature o i l s  
occupy t h e  c e n t r a l  p a r t  ( t h e  c i r c l e d  a r e a )  whi le ,  wi th  i n c r e a s i n g  m a t u r i t y ,  
t h e  p o i n t s  asymptot ica l ly  approach t h e  y-axis .  

Inc reas ing  a l t e r a t i o n  by con tac t  wi th  meteoric-type waters  ( i n d i c a t e d  by t h e  
composition of  t h e  water  a n a l y s i s  i n  Table 11; i . e .  m i ld ly  b r a c k i s h )  a long 
wi th  b a c t e r i a l  degrada t ion ,  l e a d s ,  i n v e r s e l y ,  t o  a  gradual  decrease  i n  s a tu -  
r a t e s  and t o  a  corresponding inc rease  of t h e  A/S r a t i o .  On t h e  x-y diagram, 
t h e  r e p r e s e n t a t i v e  p o i n t s  a r e  l oca t ed  along t h e  same hyperbola a s  i n  t h e  
previous case ;  however, with i nc reas ing  a l t e r a t i o n ,  t hey  move I n  a  d i r e c t i o n  
oppos i te  t o  t h a t  of i nc reas ing  diagene.sis ( ~ i g u r e  4 ) .  I n  c o n t r a s t  t o  una l t e r ed  
o i l s ,  t h e  p o i n t s  r ep re sen t ing  b a c t e r i a l l y  degraded o i l s  may be  l o c a t e d ,  i f  t h e  
a l t e r a t i o n  i s  severe  enough, beyond t h e  c e n t r a l  "immature" p a r t  o f  t h e  curve 
and asymptot ica l ly  t e n d  t o  the x-axis .  

I f  we p l o t  t h e  two o i l s   a able I )  on t h e  graphs ( r e d  d o t s ,  F igure  4), we s e e  
t h a t  t h e  low-gravi ty o i l  f a l l s  on t h e  curve of  t h e  a l t e r e d  mature o i l s ,  and 
t h e  h ighe r  g r a v i t y  o i l  has  been a l t e r e d  s o  much t h a t  it f a l l s  i n  t h e  range 
of t h e  una l t e r ed  immature o i l s .  Mildly b a c t e r i a l l y  degraded o i l s ,  a s  mentioned 
p rev ious ly ,  f r e q u e n t l y  resemble immature, una l t e r ed  o i l s  a s  t o  t h e i r  p h y s i c a l  
p r o p e r t i e s  and g ros s  composition. 

From t h i s  a n a l y s i s ,  it appears  t h a t  bo th  o i l s  were r e l a t i v l e y  mature and have 
been a l t e r e d  a s  shown by Figure  4. Paradox ica l ly ,  t h e  h igher  g r a v i t y  o i l  ap- 
pea r s  t o  be more a l t e r e d  than  t h e  low, but has somehow managed t o  r e t a i n  more 
of t h e  v o l a t i l e  f r a c t i o n s .  
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The carbon i s o t o p e  ana lyses  of t h e  o i l s  has  not  ye t  been f i n i s h e d .  S ince  
b iodegrada t ion  does no t  g e n e r a l l y  change t h e  i so tope  v a l u e s ,  t h i s  could 
g ive  us  u s e f u l  in format ion  a s  t o  whether t h e  o i l s  a r e  de r ived  from T e r t i a r y  
o r  Mesozoic source  rocks.  

B. D.  Carey, Jr. 

B D C J r  : ww 
Enclosures  



TABLE 11 

WATER SAMPLE ANALYSIS 
-DAY CREEK 

Paramet er Major I o n s ,  mg/l 

Sodium 
Calcium 
Magnesium 
Potassium 

Chlor ide  
Bicarbonate  
Carbonate 
S u l f a t e  

Hardness ( ~ a + +  + ~ g + + )  674 

T o t a l  S o l i d s  by Evaporation 1954 mg/l 

R e s i s t i v i t y  3.278 x l o 4  ohm-meter a t  77' F. 

% of  T o t a l  Major Ions  

pH 7.60 S p e c i f i c  Gravi ty .995 a t  77' F. 



a, CU 
r i m  
a 0  
El: 
rn 

f f  . . 





Figure 1. 

TEXAS INSTRUMENTS I *CORPORATED.  HOUSTON T E X A S  U S.L\ C H A m  W.3. "AD. I* U U  

3 9 0 0 - . ' -  



Fig. 3. x - y  d~ogram for unaltered oils from 
Aqui to~ne.  

x-oxis : oromotics/soturotes rotio. 

y-oxis : saturate content 

*Upper Jurassic 

 lower Cretoceous 

o Heat ing experiments 

(Boior et ol., 1969) 



UNALTERED IMMATURE 

CRUDE OILS 

0 7 - 7  r 
0 2 6 I 10 17 

Fig. 4. x-y dlagrom for altered 011s f rom 
A q u l t a ~ n e  

Upper Cretaceous 

Upper Jurass~c 

Lower Cretaceous 

Mississipplan (Saskatchewan, Conado : 
@Evans et al., 1971 ) 

Asphalt f rom V a l  de Travers, Switzerland. 
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West Watson Peak s t r a t i g r a p h i c  s e c t i o n  showing the  c o a r s e n i n g  
upward sequence. 



L i g h t - c o l o r e d  u n i t  i s  a  t h i c k ,  l i n e a r ,  c l a s t i c ,  sho re face  t y p e  
sandstone i n  t h e  Yakataga Fo rmat ion  exposed i n  t h e  s t e e p l y  
d i p p i n g ,  +70° ,  sou th  f a c e  o f  Yakataga Ridge a n t i c l i n e .  V i e w  
i s  west  l o o k i n g  down wes te rn  p l u n g e .  



N o r t h - l o o k i n g  v iew  o f  p a r t  o f  t h e  Munday Creek t r a v e r s e  
showi i ig  massive Yakataga Fo rmat ion  sandstone u n i t  measured 
and sampled. Exposure i s  p a r t  o f  t h e  n o r t h  f l a n k  o f  t h e  
S u l l i v a n  s t r u c t u r e .  Many a c t i v e  ava lanches make w o r k i n g  
i n  these g l a c i a l  chu tes  v e r y  hazardous.  



Munday Creek s t r a t i g r a p h i c  s e c t i o n  sandstone o v e r t u r n e d  i n  
d i r e c t i o n  o f  hammer h a n d l e .  Over 500 f e e t  o f  p o t e n t i a l  
r e s e r v o i r  sandstone i s  exposed here ,  a p p r o x i m a t e l y  one -ha l f  
m i l e  f r o m  t h e  p r e s e n t  beach. 



Boulder "drop stone" e x h i b i t i n g  g l a c i a l  s t r i a t i o n s  i n  
Yakataga Format ion cong lomera t i c  mudstone exposed a t  
Munday Creek. 



I c y  Bay T rave rse  sandstone.  T h i s  t a b u l a r ,  l i n e a r ,  c l a s t i c ,  
shore face sandbody i s  t y p i c a l  o f  many Yakataga Format i o n  
p o t e n t i a l  r e s e r v o i r s .  View i s  n o r t h .  Midphoto  sandstone 
t h i c k n e s s  i s  abou t  25 f e e t .  



Poul Creek ( red  weather ing)--Yakataga (gray weather ing)  
con tac t  a t  Yaga-Yakataga G l a c i e r s  s t r a t i g r a p h i c  sec t i on .  
View i s  toward t he  n o r t h  l ook i ng  up Yakataga G l a c i e r .  Note 
massive, planar-bedded, l i n e a r ,  c l a s t i c , s h o r e f a c e  sandstones 
c o n t a i n i n g  t h i n  in te rbeds  o f  mudstone near t h e  base o f  t he  
Yakataga Format i on .  



Close-up v iew  o f  p a r t  o f  t h e  massive Yakataga F o r h a t i o n  
channel  sand complex exposed i n  t h e  Yaga-Yakataga G l a c i e r s  
s t r a t i g r a p h i c  s e c t i o n .  T h i s  mass ive  sand body exceeds 
200 f e e t  i n  t h i c k n e s s .  



Penecontemporaneous s t r u c t u r e  i n  Yakataga Format ion mudstone 
e x h i b i t i n g  a  "sw i r led"  mass o f  mud c o n t a i n i n g  i r r e g u l a r l y  shaped 
ca lcareous conc re t i ona ry  lenses.  Undis turbed even-bedded 
s i l t s t o n e s  and mudstones occur  bo th  above and below. Exposure 
i s  p a r t  o f  Yaga-Yakataga G lac i e r s  s t r a t i g r a p h i c  s e c t i o n .  



Lens-shaped cong lomera t i c  mudstone un i t i n  Yakataga Format i on  
exposed i n  the White R ive r  G l a c i e r  a rea .  



Penecontemporaneous s t r u c t u r e s  i n  Yakataga Formation 
exposed i n  t he  White R i v e r  G l a c i e r  area.  



Two r e l a t i v e l y  und is tu rbed  20- t o  2 5 - f o o t - t h i c k  sandstones 
above and below a  h i g h l y  c o n t o r t e d  and o b v i o u s l y  much l e s s  
competent mudstone u n i t  exposed i n  t h e  Yakataga Format ion 
a t  t he  eas te rn  end o f  Brower Ridge near White R i ve r  G l a c i e r  
s y n c l i n e .  I t  appears t h a t  p o t e n t i a l  r e s e r v o i r  sandstones 
such as these "sandwiched" between t h i c k  mudstone u n i t s  
would have an adequate r e s e r v o i r  seal  i n  the  subsur face.  



Large "swi r l e d "  sand-pod deformat iona 1 fea tu res  i n  Yakataga 
Format ion exposed on sou th - fac ing  c l i f f  a l ong  Brower Ridge 
near White R ive r  G l a c i e r  sync l i ne .  



Penecontemporaneous s t r u c t u r e s  i n  Yakataga Format i on  near 
Beare G l a c i e r  on S u l l i v a n  a n t i c l i n e .  Both " load ing"  t ype  
f o l d s  (so l  i d  ar row)  and shear zones open (arrow) a r e  e v i d e n t .  
Note t h a t  t h e  deformat ion i s  1 i m i  t ed  t o  o n l y  a few beds. 



"Channel" sandstone complex i n  t h e  Yakataga Format ion exposed 
i n  t h e  Lare G l a c i e r  area o f  S u l l i v a n  a n t i c l i n e .  Th is  t y p e  o f  
depos i t  may represen t  a  prox imal  p a r t  o f  a  sha l low-water  
( n e r i t i c  depths) submarine fan. 



Penecontemporaneous s t r u c t u r e s  i n  Yakataga Fo rma t ion  n e a r  
L a r e  G l a c i e r  on S u l l i v a n  a n t i c l i n e .  Note t h a t  d e f o r m a t i o n  
i s  l a r g e l y  c o n f i n e d  t o  two beds.  



Eastern Cape Yakataga Traverse sandstone. View i s  south.  



Northeast  v iew i n  Munday G l a c i e r  area showing Yakataga 
Format ion .  L i g h t - c o l o r e d  beds a r e  sandstones. 



View showing broad "channel complex' '  i n  Yakataga Format i o n  
a t  n o r t h  end o f  Chaix H i l l s .  



View o f  channel ,  " cu t  and fi l l" d e p o s i t i o n  
Yakataga Format ion--Whi t e  R i ve r  G l a c i e r  area 

Close-up o f  above 

F-20 



Close-up view o f  Yakataga Format ion  cong lomera t i c  sandy 
mudstone exposed on Cape Yakataga Reef 
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Beach bar  west o f  Cape Yakataga. The Duktoth  R ive r  i s  de f l ec ted  
westward many m i l e s  be fo re  e n t e r i n g  t h e  sea. An o l d e r  beach 
berm i s  seen a t  m idd le  l e f t .  The lower p a r t s  o f  such shoreface 
depos i t s  would p robab ly  make e x c e l l e n t  r e s e r v o i r s  i f  preserved 
i n  t he  subsurface. 



Copper !',iver d e l t a  p l a i n  showing s t ream meanders and i s o l a t e d  
l a k e s .  View i s  s o u t h  toward  t h e  d e l t a  f r o n t .  



Copper R i v e r  d e l t a  sand b a r s  exposed a t  h i g h  t i d e .  View i s  
n o r t h .  



View of Copper River delta plain showing partially stabilized 
dunes. 



Gulf of Alaska 
Beach view t o  t he  west along Sullivan anticline 



G l a c i a l  l a k e  d e p o s i t s  d i s e c t e d  by m e l t - w a t e r  st reams a t  
Malasp ina G l a c i e r  t e rm inus  near  n o r t h e r n  I c y  Bay. 



B e r i n g  G l a c i e r  t e rm inus  (a r row)  and a s s o c i a t e d  b r a i d e d  s t ream 
complex. The te rm inus  o f  t h e  g l a c i e r  i s  h e a v i l y  loaded w i t h  
a l l  c l a s t i c - s i z e  grades.  T h i s  m a t e r i a l  i s  dumped a t  t h e  
t e r m i n u s  and i s  s u p p l i e d  t o  t h e  nearby  mar ine  env i ronment  f o r  
rework ing  by  waves and c u r r e n t s .  



T y p i c a l  g l a c i a l  m e l t - w a t e r  b r a i d e d  s t ream complex a s s o c i a t e d  
w i t h  many o f  t h e  a c t i v e  g l a c i e r s  a l o n g  t h e  n o r t h e r n  G u l f  o f  
A laska c o a s t l i n e .  View i s  sou theas t  f rom t h e  t r e e - c o v e r e d  
Malasp i n a  G l a c i e r  t e rm inus  toward Yaku ta t  , a c r o s s  t h e  bay. 



The 1:iol.l s p i t  a t  R iou  Bay.  S p i t  e l o n g a t i o n  is  toward  
n o r t h - n o r t h w e s t .  



Northeast view of White River Glacier showing heavy load o f  
superglacial material being carried by the glacier. 



Overhead v iew  o f  i c e b e r g s  i n  I c y  Bay. Note plumes o f  mud 
e n t e r i n g  bay f r o m  bergs .  Severa l  bergs  were observed as t h e y  
r o l l e d  o v e r ,  dumping a l l  s i z e  grades o f  s u p e r g l a c i a l  m a t e r i a l  
i n t o  t h e  bay. F i o r d s  such as  I c y  Bay were t h e  p r o b a b l e  
d e p o s i t i o n a l  s i t e s  o f  t h e  c o n g l o m e r a t i c  mudstones t y p i c a l  
o f  t h e  Yakataga Fo rmat ion .  
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T h i s  l o g  c a b i n  complex owned by Mr. & Mrs. Eggebro t ten  a t  
Cape Yakataga served as camps i te  f o r  f i e l d  o p e r a t i o n s .  



Johnston Creek o i l  seep. Rocks and v e g e t a t i o n  a r e  covered 
by a b l a c k  t a r r y  r e s i d u e .  The wa te r  s u r f a c e  i s  covered by 
an o i l  f i l m  and t h e r e  i s  a s l i g h t  odor  o f  kerosene.  No 
n o t i c e a b l e  e f f e c t s  a r e  e v i d e n t  a few hundred f e e t  downstream. 



Commissioner Guy M a r t i n  
S t a t e  o f  A laska,  Dept .  o f  N a t u r a l  Resources 

near  I c y  Bay, G u l f  o f  A laska 



S a f e t y  c l a s s  
p r i o r  t o  surnnier w o r k  on  g l a c i e r s  

Don McGee ( f o r e g r o u n d )  - - B  i 1 1 L y l e  ( backg round )  

S a f e t y  c l a s s  
p r i o r  t o  summer w o r k  o n  g l a c i e r s  

Don McGee ( f o r e g r o u n d )  



S a f e t y  c l a s s  
p r i o r  t o  summer work  on g l a c i e r s  



White R i v e r  sync1 i ne  ( fo reground)  
south f 1 ank o f  Yakataga an t  i c l  i ne  (background) 



I c y  Bay--v iew t o  t h e  e a s t  
M t .  S t .  E l i a s  

M t .  S t .  E l  i a s  

H - 7 



K u l t h i e t h  Format ion--sandstone ou tc rops  
G r i n d l e  H i  11s 



Wellhead o f  General Petroleum Co. - -Su l l i van  No. 1 .  Th i s  
w e l l  was d r i l l e d  near the  a c t i v e  Johnston Creek o i l  seep 
i n  1926-27 t o  a  depth o f  2,005 f ee t  and was t h e  f i r s t  w e l l  
t o  t e s t  t he  S u l l i v a n  s t r u c t u r e .  Small bubbles o f  methane 
gas issues from around the  cas ing ,  and a  smal l  q u a n t i t y  i s  
em i t t ed  f rom the  t u b i n g  o r i f i c e .  



K a t a l  l a  o i l  f i e l d ,  Well 7 



Samovar H i l l s  o i l  seep. Thermal water assoc ia ted  w i t h  the o i l  
keeps snow f rom accumulat ing a t  the  s i t e .  The grass growing on 
o i l - soaked  peat  m a t e r i a l  i s  about f o u r  t o  s i x  inches i n  l eng th .  

I r v  Palmer 
O i l  seep---upper end o f  Malaspina G l a c i e r  



Bil 1 Lyle 
Oil seep--Samovar Hills 



Don McGee, left, and Bill Lyle examining the oil seep at 
the Katalla oil field site. 



I rv  Palmer, l e f t ,  and B i l l  Lyle c o l l e c t i n g  seep o i l  a t  
Katal l a  Slough o i l  seep near Katal la  o i l  f i e l d  s i t e .  



Wellhead o f  f i r s t  w e l l  d r i l l e d  i n  t he  K a t a l l a  O i l  F i e l d  
near the  head o f  Ka ta l  l a  Slough. K a t a l l a  No. 1 was d r i l l e d  
i n  1902 by the  Alaska Steam Coal and Petroleum Syndicate 
t o  a depth o f  366 f e e t .  On pump i t  produced o i l  and 
cons iderab le  gas and helped ma in ta i n  the  K a t a l l a  r e f i n e r y ,  
completed i n  1912. 



Cape Yakataga Reef. The w e s t - t r e n d i n g  S u l l i v a n  s t r u c t u r e  t u r n s  
s h a r p l y  toward t h e  s o u t h  and t h e  G u l f  o f  A laska.  The c o n t a c t  
between Yakataga and Poul Creek Format ions  i s  exposed a t  low 
t i d e .  



Refue l i ng  h e l i c o p t e r  a t  f u e l  cache a t  Yakataga a i r s t r i p .  
A l l  f u e l  drums were removed f rom the  s i t e  by a i r  c h a r t e r  
upon complet ion o f  t he  f i e l d  p r o j e c t .  



SAMPLE LOCATIONS, NUMBERS AND PURPOSE 

APPENDIX I 



CORDOVA QUAD 
1 : 250,000 









i 
CT c 
W O  w .r- 

U + 
=l u 
2 al awl 

23.: 
4 1  

Wt- n. 
$9 1 

m 
n Z- 'r 

$2 
2 ;  

J 















Y 
Bering Glacier Quad 

1 : 250,000 

$ 338 TM1175 X 
Cx u u a 

TM1075 X 

TM975 X 

TM875 OFFICE 

TM775 X 

TM675 x 

TM575 X 

TI41175 X 

Hap No. 

316 

317  

318 

319 

320 

32 1 

322 

Sample No. 

DLM875 

DLM975 

~ ~ ~ 1 2 7 5  

DLHlDA75 

DLMI 3A75 

DLM1175 

DLM1375 

P o r o s i t y  

X 

X 

x 

X 

x 

Hydrocarbon 
Macro 

f o s s i l s  
M i c r o  

f o s s i l s  

X 

X 

G r a v i t y  
o r  

o t h e r  Geochem 011 





- 

Bering Glacier Ouad 





I Mt. S t .  E l i a s  
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REPORT ON R E F E R R E D  FOSSILS 

STh- (IGRAPHIC 
RANGE O l i g o c e n e  and  M i o c e n e  

GENERAL 
LOCALITY A l a s k a  

OUADRANGLE 
OR AREA Y a k a t a g a  D i s t r i c t  
KINDS OF 
FOSSILS M o l l u s k s  a n d  e c h i n o i d s  

REFERRED 
BY I r v e n  P a l m e r ,  C o n s e r v a t i o n  D i v i s i o n  
REPORT 
PREPARED BY L o u i e  N. M a r i n c o v i c h  

SHIPMENT 
NUMBER CD-75-IM 

REGION 
Y a k a t a g a  D i s t  

DATE 
RECEIVED 9 / 7  5 
STATUS 

OFWORK C o m p l e t e  
DATE 

1 2 / 1 5 / 7 5 

T h i s  r e p o r t  d e a l s  w i t h  1 9  c o l l e c t i o n s  o f  m i d d l e  T e r t i a r y  
m o l l u s k s  and e c h i n o i d s  f r o m  t h e  Y a k a t a g a  D i s t r i c t  o f  t h e  G u l f  o f  
A l a s k a  T e r t i a r y  P r o v i n c e ,  made a t  s i x  d i f f e r e n t  s i t e s .  The 
c o l  l e c t i o r l s  a r e  g r o u p e d  b e l o w  b y  s t r a t i g r a p h i c  s e c t i o n  and  l i s t e d  
by f i e l d  L o c a l i t y  number  and map number ( a s  g i v e n  o n  t h e  l o c a t i o n  
may a c c o m p a n y i n g  t h e  c o l l e c t i o n s ) .  M a t e r i a l  a s s i g n e d  U S G S  C e n o z o i c  
L o c a l i t y  numbers  i s  b e i n g  r e t a i n e d ,  o t h e r  m a t e r i a l  i s  b e i n g  d i s c a r d e d .  

HANNA LAKE STRATIGRAPHIC SECTION 

F i e l d  l o c .  72-P-75, map number I (USGS C e n o z o i c  l o c .  M 6 5 2 9 ) .  
L a t i t u d e :  60 d e y s .  1 6  m i n .  1 2  s e c .  N. ,  l o n g i t u d e :  1 4 3  d e g s .  1 7  min. 
4 2  s e c .  W ,  Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a l v e :  
?PORTLANDIA sp. 

Scaphopod:  
OENTALIUM c f .  D. NONUMAE Takeda  

F i e l d  l o c .  74-P-75, map number  2 .  L a t i t u d e :  60 degs .  1 6  m i n .  
1 2  s e c .  N . ,  l o n g i t u d e  143 d e g s .  1 7  m i n .  4 2  sec .  W ,  Y a k a t a g a  D i s t r i c t ,  
A l a s k a .  

I n o r g a n i c  ( p r o b a b l y  c h e r t )  f r a g m e n t s  i n  c e n t e r  o f  
c o n c r e t i o n  

Age: The  DENTALIUM s p e c i e s  i s  r e p o r t e d  i n  t h e  l o w e r  a n d  u p p e r  
P o u l  C r e e k  F o r m a t i o n ,  b u t  j t s  e x a c t  s t r a t i g r a p h i c  o c c u r r e n c e  i s  n o t  
d o c u m e n t e d  b e y o n d  O l i g o c e n e  t o  l o w e r  t l i o c e n e .  

E n v i r o n m e n t :  DENTALICM i n  t h e  m o d e r n  n o r t h e a s t e r n  P a c i f i c  h a s  
a  b a t h y n e t r i c  r a n g e  o f  5 t o  2,320 m e t r e s ,  s h a l l o w l y  b u r i e d  i n  s o f t  
s u b s t r a t e .  

YAKATAGA R E E F  STR,lTIGRAPHI C SECTION 

F i e l d  l o c .  20-JM-75, map number  3. L a t i t u d e :  60 degs.  @ 



REPORT ON REFERRED FOSSILS 

STRATIGRAPHIC 
RANGE 

GENERAL 
LOCALITY 

OUAORANGLE 
OR AREA 

KINDS OF 
FOSSILS 

REFERRED 
BY 

SHIPMENT 
NUMDER CD-75-IM 

REGION 

DATE 
RECEIVED 

STATUS 
OF WORK 

DATE 
REPORTED 

REPORT 
PREPARED BY 

F i e l d  Loc. 2D-JM-75 ( c o n t i n u e d )  

3 min. 5 0  sec .  N.I l o n g i t u d e :  1 4 2  degs .  2 5  min. 4 5  sec .  W . ,  
Y a k a t a y a  D i s t r i c t ,  A l a s k a .  

S h a l e  c h i p s  l a c k i n g  m e g a f o s s i l s  

F i e l d  l o c .  3E-JM-75( map number  4. Same c o o r d i n a t e s  a s  above .  

I n c o m p l e t e  i n t e r n a l  m o l d  o f  o n e  s p e c i m e n 1  s h o w i n g  b o t h  
v a l v e s ;  g e n u s  a n d  s p e c i e s  i n d e t e r m i n a t e .  

F i e l d  l o c .  4E-JM-75 ( c i t e d  a s  *4C-JM-75* o n  m a p ) r  map number  5 
(USGS C e n o z o i c  1 . 0 ~ .  M6530).  Same c o o r d i n a t e s  a s  a b o v e .  

B i v a l v e :  
M Y A  ( M Y A )  TRJNCATA L i n n a e u s  

F i e l d  Loc. 32C-JM-75 ( c i t e d  a s  *37C-JM-75* o n  map a n d  s a m p l e  
L i s t ) ,  map number  6. Same c o o r d i n a t e s  a s  a b o v e .  

B i v a l v e s :  
P a r t i a l  e x t e r n a l  m o l d s  o f  t w o  s p e c i m e n s r  b a d l y  w o r n  and 

b r o k e n ;  g e n u s  a n d  s p e c i e s  i n d e t e r m i n a t e .  

Age: The  M Y A  s p e c i e s  r a n g e s  f r o m  e a r l y  m i d d l e  M i o c e n e  t o  
H o l o c e n e  i n  t h e  N o r t h  P a c i f i c .  I t s  e a r l i e s t  known o c c u r r e n c e s  
a n y w h e r e  i s  i n  t h e  l o w e r  Y a k a t a g a  F o r m a t i o n .  

E n v i r o n m e n t :  M Y A  o c c u r s  f r o m  i n t e r t i d a l  t o  5 0  m e t r e s  d e p t h  i n  
s a n d y  mud i n  t h e  m o d e r n  n o r t h e a s t e r n  P a c i f i c .  The s p e c i m e n  h e r e  i s  
b r o k e n  b u t  n o t  w o r n r  a n d  t h e  v a l v e s  a r e  a r t i c u l a t e d  a n d  c l o s e d ,  
s u g g e s t i n g  t h a t  t h e  s p e c i m e n  was n o t  t r a n s p o r t e d  b e f o r e  b u r i a l .  @ 



REPORT ON REFERRED FOSSILS 

$1 GRAPHIC 
RANGE 

GENERAL 
LOCALITY 

QUADRANGLE 
OR AREA 

KINDS OF 
FOSSILS 

REFERRED 
BY 

SHIPMENT 
NUMBER 

REGION 

DATE 
RECEIVED 

STATUS 
OF WORK 

DATE 
REPORTED 

REPORT 
PREPARED BY 

YAGA-YAKATAGA GLACIERS STRATIGRAPHIC SECTION 

F i e l d  l o c .  WL-37-75# map number  7 (USGS C e n o z o i c  l o c .  M6531).  
L a t i t u d e :  60  d e g s .  1 0  m i n .  25 s e c .  N.I l o n g i t u d e  1 4 2  degs .  3 m i n .  
1 0  sec .  W.I Y a k a t a g a  D i s t r i c t 1  A l a s k a .  

B i v a l v e :  
I n d e t e r m i n a t e  f r a g m e n t  o f  an  e x t e r n a l  m o l d  o f  o n e  

v a l v e  

G a s t r o p o d  : 
TURRITELLA (NEOHAUSTATOR) H A M 1  LTONENSIS C l a r k  

F i e l d  l o c .  WL-39-75, map number  8 (US'GS C e n o z o i c  l o c .  M6532).  
Same c o o r d i n a t e s  a s  above .  

B i v a l v e s :  
M A C O M A  ARCTATA ( C o n r a d )  
SERRIPES HAMILTONENSIS ( C l a r k )  

G a s t r o p o d s :  
NATICA (CRYPTONATICA) CLAUSA B r o d e r i p  & Sowerby  
TURRITELLA (NEOHAUSTATOR) HAMILTONENSIS C l a r k  

Age: P r o b a b l e  e a r l y  t o  m i d d l e  M i o c e n e .  

E n v i r o n m e n t :  SERRIPES i n  t h e  m o d e r n  n o r t h e a s t e r n  P a c i f i c  h a s  
a  b a t h y m e t r i c  r a n g e  o f  0-135 m e t r e s l  w h e r e a s  TURRITELLA i s  known i n  

20-185 m e t r e s  d e p t h .  

MOUNT EBERLY STRATIGRAPHIC SECTION 

F i e l d  Loc. 93-P-75, map number  9 (USGS C e n o z o i c  l o c .  M6533). 
L a t i t u d e  60 degs .  7  m i n .  1 3  sec .  N . ,  l o n g i t u d e  1 4 1  d e g s .  5 8  min. 1 5  
sec.  W . ,  Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a l v e s :  
NUCULANA ( B O R I S S I A )  ALFEROVI SAKHALINENSIS K r i s h t o f o v i c h  
YOLDIA sp. 6l 



REPORT ON REFERRED FOSSILS 

STRATIGRAPHIC 
RANGE 

GENERAL 
LOCALITY 

QUADRANGLE 
OR AREA 

KINDS OF 
FOSSILS 

REFERRED 
BY 

SHIPMENT 
NUMBER 

REGION 

DATE 
RECEIVED 
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DATE 
REPORTED 

REPORT 
PREPARED BY 

F i e l d  l o c .  93-P-75 (USGS C e n o z o i c  l o c .  M6533) ( c o n t i n u e d )  

B i v a l v e s  ( c o n t i n u e d ) :  
?MACOMA sp.  - f r a g m e n t  

F i e l d  l o c .  98-P-75, map number  1 0  (USGS C e n o z o i c  l o c .  M6534).  
L a t i t u d e :  60  degs .  7 m i n .  1 5  sec .  N., l o n g i t u d e  1 4 1  d e g s .  5 8  m i n .  
1 5  sec.  W., Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a l v e :  
P e c t i n i d  f r a g m e n t s  

G a s t r o p o d :  
NATICA (CRYPTONATICA) CLAUSA B r o d e r i p  & Sowerby  

F i e l d  l o c .  110-P-75, map number 11. L a t i t u d e :  6 0  degs .  7  min. 
3 5  see.  N . ,  L o n g i t u d e :  1 4 1  degs .  5 8  m i n .  1 5  sec .  W., Y a k a t a g a  
D i s t r i c t ,  A l a s k a .  

B i v a l v e :  
CLINOCARDIUM sp. - s m a l l ,  w o r n  f r a g m e n t s  o f  e x t e r n a l  

m o l d s  

F i e l d  l o c .  30A-JCW-75, map number 1 2  (USGS C e n o z o i c  l o c .  M6535) .  
L a t i t u d e :  6 0  degs .  7 min. 3 7  sec .  N . ,  L o n g i t u d e :  1 4 1  degs .  58  m i n .  
1 5  see. W . ,  Y a k a t a g a  ~ i s t r i c t r  A l a s k a .  

B i v a l v e s :  
ACILA (TRUNCACILA) TALIAFERROI Schenck  
CONCHOCELE DISJUNCTA Gabb 
CLINOCARDIUM c f .  C. BROOKS1 ( C l a r k )  

F i e l d  l o c .  107-WL-75, map number  13. L a t i t u d e :  6 0  degs .  7 m i n .  
40  sec .  N. ,  l o n g i t u d e :  1 4 1  degs .  5 7  min. 5 5  sec.  W., Y a k a t a g a  
D i s t r i c t ,  A l a s k a .  Q 
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RATlGRAPHlC 
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SHIPMENT 
NUMBER CD-75-IM 

GENERAL 
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REPORT 
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F i e l d  Loc. 107-WL-75 ( c o n t i n u e d )  

B i v a l v e s :  
F r a g m e n t s  o f  e x t e r n a l  m o l d s  o f  sma li s p e c i m e n s ,  

b a d l y  w o r n  

E c h i n o i d :  
One f r a g m e n t  o f  a n  e c h i n o i d  t e s t  

F i e l d  l o c .  110-WL-75t map number 14.  L a t i t u d e :  60  d e g s .  7  m i n .  
4 5  sec .  N.t l o n g i t u d e  1 4 1  degs.  57 min. 5 0  sec.  W . #  Y a k a t a g a  D i s t r i c t t  
A l a s k a .  

Sample  n o t  i n c l u d e d  i n  s h i p m e n t  s e n t  t o  me. 

F i e l d  l o c .  112-WL-7St map number  15.  L a t i t u d e :  60 d e g s .  7  m i n .  
4 5  sec .  N., l o n g i t u d e :  1 4 1  d e g s .  57  min. 4 5  sec .  W . ,  Y a k a t a g a  D i s t r i c t t  
A l a s k a .  

B i v a l v e s :  
ACILA sp. - w o r n  f r a g m e n t s  
CYCLOCARDIA sp. - w o r n  f r a g m e n t s  

F i e l d  l o c .  118-WL-75t map number  1 6  (USGS C e n o z o i c  l o c .  M6536).  
L a t i t u d e :  6 0  degs .  8 rl i in. 9 sec .  N . t  l o n g i t u d e :  1 4 1  degs .  57 m in .  
45 sec. Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a l v e :  
CYCLOCARDIA sp.. - f r a g m e n t  

G a s t r o p o d  : 
NATICA (CRYPTONATICA) CLAUSA B r o d e r i p  & Sowerby  

F i e l d  l o c .  120-WL-75t map number 1 7  ( U S G S  C e n o z o i c  Loc. M6537).  
L a t i t u d e :  6 0  degs.  8 min .  6 sec .  N . @  l o n g i t u d e  1 4 1  degs .  5 7  min. 
37 sec.  W . ,  Y a k a t a g a  D i s t r i c t t  A l a s k a .  @ 



REPORT O N  R E F E R R E D  FOSSILS 

STRATIGRAPHIC 
RANGE 

GENERAL 
LOCALITY 

OUADRANGLE 
OR AREA 

KINDS OF 
FOSSILS 

REFERRED 
BY 

SHIPMENT 
NUMBER CD-75-1M 

REGION 

DATE 
RECEIVED 

STATUS 
OF WORK 

DATE 
REPORTED 

REPORT 
PREPARED BY 

F i e l d  l o c .  120-WL-75 (USGS C e n o z o i c  Loc. M6537) ( c o n t i n u e d )  

B i v a l v e :  
ACILA (TRUNCACILA) TALIAFERROI Schenck  

F i e l d  Loc. 125-WL-75, map number 18  (USGS C e n o z o i c  l o c .  M6538) .  
L a t i t u d e :  6 0  degs .  8 m i n .  9 sec .  N . #  l o n g i t u d e :  1 4 1  degs .  57 min .  
30 sec .  W . ,  Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a l v e s :  
ACILA (TRUNCACI LA) TALIAFERROI Sc henck  
CYCLOCARDIA sp. 
M A C O M A  sp. 

Age: Ear1.y t o  m i d d l e  M i o c e n e .  

E n v i r o n m e n t :  No s p e c i e s  w i t h  a  n a r r o w l y  l i m i t e d  b a t h y m e t r i c  
r a n g e  a r e  i n c l u d e d  h e r e 8  b e y o n d  s a y i n g  t h a t  t h e  f a u n a  r e p r e s e n t s  
d e p o s i t i o n  i n  n e r i t i c  (0 -200  m e t r e s )  d e p t h s .  

MUNDAY CREEK STRATIGRAPHIC SECTION 

F i e l d  Loc. 2-DM-7S8 map number  19  (USGS C e n o z o i c  l o c .  M6539).  
L a t i t u d e :  6 0  degs.  1 min. 28 sec .  N., l o n g i t u d e :  1 4 1  d e g s .  5 6  m in .  
40 sec.  W . #  Y a k a t a g a  D i s t r i c t ,  A l a s k a .  

B i v a b v e s :  
MACOMA c f .  M. INCONGRUA ( v o n  M a r t e n s )  
MACOMA sp. - i n t e r n a l  m o l d s  

F i e l d  Loc. 21-DM-7SR map number 208 L a t i t u d e :  60 degs.  1 min. 
17 sec.  t i . #  l o n g i t u d e :  1 4 1  degs.  5 6  m i n .  45 sec.  W . R  Y a k a t a g a  
D i s t r i c t ,  A l a s k a .  

B i v a l v e :  MACOMA sp. - w o r n  and  b r o k e n  v a l v e  

C o n t i n u e d  i n  C D - 7 5 - 1 M  p a r t  A a 



REPORT ON REF ERRED FOSSILS 

0 1  i g o c e n e  a n d  M i o c e n e  

GENERAL 
LOCALITY A l a s k a  

OUADRANGLE 
OR ARLA Y a k a t a g a  D i s t r i c t  

KINDS OF 
FOSSILS 

REFERRED 
BY 

M o l l u s k s  and e c h i n o i d s  
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PETROGRAPHY OF TERTIARY SANDSTONES 

General Statement 

Outcrop samples o f  sandstones o f  Paleocene through P le i s t ocene  age 
from the  onshore Gu l f  o f  Alaska T e r t i a r y  Prov ince c h a r a c t e r i s t i c a l l y  a re  
t e x t u r a l  l y  i rmatu re  and m ine ra l og i ca l  l y  uns tab le  ( ~ a l  loway, 1972; Wink le r ,  
McLean, and P l a f k e r ,  1976). Tex tu ra l  1 y ,  most sandstones a re  subwackes 
(Dapples, 1972); m ine ra l og i ca l  l y ,  t h e i r  average composi t ions a re  1 i t h o f e l d s -  
p a t h i c  ( ~ i c k i n s o n ,  1970). D iagene t i c  a l t e r a t i o n  o f  framework g ra i ns  through- 
o u t  t h e  s t r a t i g r a p h i c  sequence has produced widespread p h y l l o s i l i c a t e  g r a i n  
coa t ings ,  i n t e r s t i t i a l  cement, pseudomatr ix,  and even s c a t t e r e d  g r a i n  over -  
growths. These d i agene t i c  a l t e r a t i o n s  adverse ly  a f f e c t  sandstone p o r o s i t y  
and pe rmeab i l i t y ,  p a r t i c u l a r l y  i n  t he  o l d e r  T e r t i a r y  rocks.  I n  t he  younger 
T e r t i a r y  rocks,  a l t e r a t i o n  l o c a l l y  i s  l ess  pervas ive  and l ess  severe. 

Pre-Yakataga Formation Sandstones 

M u l t i p l e  deformat ion and deep b u r i a l  o f  Paleocene and Eocene s t r a t i g r a p h i c  
u n i t s - - t h e  Orca Group, the  sha le  o f  Haydon Peak, and the  Kushtaka, K u l t h i e t h ,  
and Tokun Formations--caused ex tens ive  a l t e r a t i o n  and i n t e r p e n e t r a t i o n  o f  
framework g ra i ns .  Vo lcan ic  l i t h i c  g ra i ns  and p l a g i o c l a s e  fe ldspar  a re  most 
severe ly  a f f e c t e d ,  be ing moderately t o  s t r o n g l y  a l t e r e d  t o  c h l o r i t e ,  s e r i c i t e ,  
and laumont i te .  I n  a  few cases, quar tz -p rehn i te -ca rbona te  ve ins  o r  even 
pumpe l l y i t e  i n  vo l can i c  l i t h i c  g r a i n s  a re  p resen t .  I n t e r s t i c e s  a re  f i l l e d  
w i t h  c h l o r i t e  o r  laumont i te .  Galloway (1974) has found t h a t  such changes 
begin  as sha l l ow l y  as 1500 m (5000 f t )  i n  the Queen C h a r l o t t e  Basin o f  B r i t i s h  
Columbia. I n  the  G u l f  o f  Alaska T e r t i a r y  Prov ince,  deeper b u r i a l  p robab ly  
i s  i nd i ca ted  by p a r t i a l  r e c r y s t a l l i z a t i o n  o f  some m a t r i x  m ine ra l s ,  advanced 
a l t e r a t i o n  o f  vo l can i c  rock fragments, and a  "welded" f a b r i c  produced by complex 
i n t e r p e n e t r a t i o n  o f  many g r a i n  boundar ies.  

Sedimentary sequences o f  Ol igocene age t y p i c a l l y  have d i agene t i c  fea tu res  
t h a t  a re  suggest ive o f  sha l lower  b u r i a l ,  such as carbonate cement and au th i gen i c  
p h y l l o s i l i c a t e  coa t ings  around framework g ra i ns .  Carbonate cement c o n s t i t u t e s  
as much as 50 percent  o f  some sandstones i n  the  K a t a l l a  and Poul Creek Formations. 
Where carbonate cement i s  abundant, l i t t l e  o t h e r  cement and o n l y  minor g r a i n  
a l t e r a t i o n  and pseudomatr ix a re  present - -an i n d i c a t i o n  t h a t  e a r l y  fo rmat ion  
o f  carbonate cement may i n h i b i t  d e t e r i o r a t i o n  o f  the  t e x t u r e  and minera logy 
o f  framework g ra i ns .  Where carbonate cement i s  scanty o r  l ack i ng ,  the  
con t inued  presence o f  m ine ra l og i ca l  l y  uns tab le  framework g r a i n s  ( p a r t i c u l a r l y  
i n t r a f o r m a t i o n a l  vo l can i c  d e t r i t u s )  has a l lowed cons iderab le  a l t e r a t i o n  o f  
g ra i ns  and pore-space reduc t i on  by growth o f  p h y l l o s i l i c a t e  coa t i ngs  and 
m a t r i x .  Wink ler ,  McLean, and P l a f k e r  (1976, p. 15) have suggested t h a t  most 
m a t r i x  i n  pre-Yakataga Format ion sandstones from the  G u l f  o f  Alaska T e r t i a r y  
Prov ince i s  de r i ved  secondar i l y .  

Yakataga Format ion Sandstones 

Sandstones from the  Miocene-Pleistocene Yakataga Format ion a r e  t e x t u r a l l y  
more d i ve r se  than the  o l d e r  rocks.  F i gu re  1 shows h is tograms o f  f i v e  d i f f e r e n t  
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t e x t u r a l  f ea tu res  t h a t  were eva lua ted  i n  t h i n  sec t i ons  o f  54  sandstones from 
the  Yakataga Format ion between G r i n d l e  H i l l s  on the  west and I c y  Bay on the 
east .  

(1)  S o r t i n g  was est imated v i s u a l l y  by r e f e r r i n g  t o  s o r t i n g  images 
i l l u s t r a t e d  i n  P e t t i j o h n ,  P o t t e r ,  and S iever  (1972, p. 585).  

( 2 )  Packing Dens i t y  was est imated where "High" = framework g r a i n s  t i g h t l y  
packed w i t h  abundant i n t e r p e n e t r a t i o n  i n v o l v i n g  squeezing o f  r e l a t i v e l y  s o f t  
l i t h i c  fragments between and around more r e s i s t a n t  g r a i n s  such as quar tz  and 
f e l dspa r ;  "Moderate" = c l o s e l y  packed framework w i t h  minor g r a i n  i n t e rpene t ra -  
t i o n  and l i t t l e  o r  no deformat ion o f  l i t h i c  f ragments;  and "Low" = framework' 
separated by o r  f l o a t i n g  i n  m a t r i x  o r  au th i gen i c  cement w i t h  no observable  
q r a i n  i n t e r p e n e t r a t i o n .  - 

( 3 )  Type o f  Gra in  Contacts ( ~ a ~ l o r ,  1950) i nc l ude  a) su tu red  g ra i ns ,  
mutual s t y l o l i t i c  i n t e r p e n e t r a t i o n  o f  two o r  more q ra i ns ,  u s u a l l y  a t t r i b u t e d  
t o  much pressure s o l u t i o n ;  b )  concavo-convex con tac ts ,  u i u a l l y  a t t r i b u t e d  t o  
moderate pressure s o l u t i o n ;  c )  long o r  s t r a i g h t  con tac t s ,  i n d i c a t i v e  o f  o n l y  
minor compaction and pressure s o l u t i o n ;  d) p o i n t  o r  t a n g e n t i a l  con tac t s ,  
minor o r  no pressure s o l u t i o n ;  and e) f l o a t i n g  g r a i n s  which a re  no t  i n  con tac t  
w i t h  o t h e r  frameworl< c o n s t i t u e n t s .  Most samples e x h i b i t  more than m e  type 
o f  g r a i n  con tac t ;  occurrences were r e c a l c u l a t e d  so t h a t  t h e i r  summation equals 
100 percen t .  

(4)  Tex tu ra l  Components were determi ned by modal analyses ( "po in t  counts")  
o f  a  subset o f  seventeen t h i n  sec t i ons  se lec ted  a t  random. Modal pore space 
was c o n s i s t e n t l y  approx imate ly  one-ha l f  o f  the percent  p o r o s i t y  meesured' i n  
the l abo ra to r y .  

( 5 )  Percent M a t r i x  i s  a  somewhat s u b j e c t i v e  index t h a t  may i nc l ude  i n t e r -  
g ranu la r  m a t e r i a l  o f  d i ve r se  o r i g i n .  I n  sandstones such as these w i t h  moderate 
t o  advanced framework a l t e r a t i o n  and ub iqu i t ous  p h y l l o s i l i c a t e  coa t ings  and 
f i l l i n g ,  i t  may be d i f f i c u l t  t o  d i s t i n g u i s h  o r i g i n a l  m a t r i x  f rom a l t e r e d  roc I?" re 
fragments o r  pseudomatr ix.  Probably bo th  types o f  m a t r i x  occur  i n  these sand- 
stones; s i nce  t h e i r  i n f l uence  on u l t i m a t e  rock t e x t u r e  i s  the same, they have 
been combined f o r  t h i s  diagram. 

There i s  an obvious i n t e r r e l a t i o n s h i p  o f  t e x t u r a l  fea tu res  which w i l l  
have an impor tant  e f f e c t  on sandstone r e s e r v o i r  q u a l i t y .  There i s  a  s t r ong  
inverse  c o r r e l a t i o n  between pack ing d e n s i t y  and percentage o f  m a t r i x  o r  cement 
i n  each sample. Packing d e n s i t y  a l s o  norma l l y  w i l l  be r e l a t e d  i n d i r e c t l y  t o  
the type o f  g r a i n  con tac ts  and t o  p o r o s i t y ;  t i g h t l y  appressed g r a i n s  w i t h  sutured,  
concavo-convex, and long  con tac ts  u s u a l l y  occur i n  sandstones w i t h  a  h i gh  packing 
d e n s i t y  and low p o r o s i t y ,  un less f r a c t u r e  p o r o s i t y  i s  p resen t .  

Genera l l y  sandstones o f  the  Yakataga Formation tend t o  be b e t t e r  so r t ed  
and l ess  t i g h t l y  compacted than t he  o l d e r  T e r t i a r y  sandstones, w i t h  l ess  pressure 
s o l u t i o n  and pseudomatr ix.  Where m a t r i x  i s  abundant, i t  tends t o  be a  p r imary  
admixture,  a l though  commonly c h l o r i t e  and s e r i c i t e ,  and o c c a s i o n a l l y  laumont i te ,  
a re  present  as m a t r i x  m inera ls .  Carbonate cement a l s o  i s  common, but  seldom i s  
abundant i n  s i n g l e  samples. S u r p r i s i n g l y ,  some denst:, tho rough ly  a l t e r e d  samples 
w i t h  s t r ong  i n t e r p e n e t r a t i o n  o f  framework g r a i n s  and l aumon t i t e  o r  p h y l l o s i l i c a t e  
pore f i l l i n g s  a re  preserved i n  Yakataga sequences as young as P l iocene.  Thus, 
Yakataga Format ion sandstones a re  represented i n  almost every t e x t u r a l  category  on 
f i g u r e  1 .  The "average" Yakataga Format ion  sandstone cans i s t s  predominant ly  o f  
framework g r a i n s  t h a t  a re  p o o r l y  so r ted ,  moderately t o  t i g h t l y  packed, and i n  
long o r  concavo-convex con tac t .  The percent  o f  m a t r i x  m a t e r i a l  ranges from 1.5 



t o  17.5, w i t h  a  mean o f  7 . 5 ;  t h e  p e r c e n t  o f  cement ranges f rom 0 t o  18.5,  
w i t h  a  mean o f  3 .5.  

Sandstones o f  t h e  Yakataga Format i o n  a r e  subquar tzose ( i  . e . ,  t o t a l  o f  
qua r t zose  g r a i n s  i s  l e s s  than 50 ~ e r c e n t ) ;  a l t h o u g h  d e t r i t a l  modes va ry  
w i d e l y ,  t h e  average compos i t i on  o f  seventeen samples i s  l i t h o f e l d s p a t h i c  
( f i g .  2 ) .  P o l y c r y s t a l l i n e  q u a r t z  c o n s t i t u t e s  about  13 p e r c e n t  o f  t o t a l  
qua r t zose  g r a i n s ,  p l a g i o c l a s e  (much o f  i t  s t r o n g l y  a l t e r e d )  c o n s t i t u t e s  
about  89 p e r c e n t  o f  t o t a l  f e l d s p a r ,  and a l t e r e d  m a f i c  t o  i n t e r m e d i a t e  
v o l c a n i c  g r a i n s  c o n s t i t u t e  about  59 p e r c e n t  o f  t o t a l  l i t h i c  g r a i n s .  However, 
t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  p r o p o r t i o n s  o f ' t h e  t h r e e  l i t h i c  c o n s t i -  
t u e n t s  between samples (as expressed by t h e  w ide  range i n  t h e  V/L r a t i o ) .  

M i n e r a l o g i c a l  r e l a t i o n s  o f  t h e  Yakataga Format ion  sandstones a r e  s i m i l a r  
t o  those o f  c o n t i n e n t a l  marg in  T e r t i a r y  sandstones f rom t h e  Queen C h a r l o t t e  
Bas in  (Gal loway, 1974) and t h e  western  Olympic Pen insu la  and Vancouver 
I s l a n d  ( s t e w a r t ,  1974) ;  t hey  a r e  v e r y  d i f f e r e n t  f rom d e t r i t a l  modes o f  
sandstones d e p o s i t e d  i n  a r c - r e l a t e d  t r o u g h s ,  such as  t h e  T e r t i a r y  o f  t h e  
B r i s t o l  Bas in  o f  A laska and the  Grays Harbor -Cheha l is  Bas ins  o f  Washington 
( ~ a l  loway, 1974) o r  t h e  Upper Mesozoic o f  t h e  Kodiak She1 f ( ~ o o r e ,  1973),  
wh ich  have many more l i t h i c  g r a i n s  and p l o t  much c l o s e r  t o  t h e  r o c k  f r a g -  
ments apex o f  t h e  Q-F-L  d iagram ( f i g .  2 ) .  

Percentages o f  heavy m i n e r a l  assemblages and d e t r i t a l  b i o t i t e  f rom 
Yakataga Format ion  sandstones a r e  d e p i c t e d  i n  t h e  p i e  d iagram o f  f i g u r e  3 .  
Modes o f  heavy m i n e r a l s  range f rom 0 .5  t o  12.5 p e r c e n t ,  w i t h  a  mean o f  4 . 8  
p e r c e n t .  E p i d o t e  and amphibole f a m i l y  m i n e r a l s  and b i o t i t e  dominate a l l  
assemblages; b u t  g a r n e t ,  c l i n o p y r o x e n e ,  and sphene a r e  c o n s i s t e n t l y  p resen t  
i n  sma l l  amounts. Other  heavy m i n e r a l  s p e c i e s ,  i n c l u d i n g  z i r c o n ,  muscov i te ,  
t o u r m a l i n e ,  a l l a n i t e ,  p u m p e l l y i t e ,  o r thopy roxene ,  and s t a u r o l i t e  occu r  
s p o r a d i c a l l y  i n  t r a c e  amounts. 

Yakataga Format ion  sandstones w i t h  r e l a t i v e l y  h i g h e r  measured p o r o s i t i e s  
had lower  d e n s i t i e s  and s h o r t e r  g r a i n  c o n t a c t s .  However, no  o t h e r  c o n s i s t -  
e n t  d i f f e r e n c e s  i n  t e x t u r e  o r  m ine ra logy  were apparent  between sandstones 
w i t h  r e l a t i v e l y  h i g h e r  o r  lower  p o r o s i t i e s .  I n  p a r t i c u l a r ,  s o r t i n g  was n o t  
improved, m a t r i x  d i d  n o t  decrease,  and t h e  percentages o f  a l t e r e d  framework 
g r a i n s  d i d  n o t  decrease i n  more porous samples such as those f rom t h e  I c y  Bay 
t r a v e r s e .  These sandstones a r e  n o t  t e x t u r a l l y  mature o r  m i n e r a l o g i c a l l y  s t a b l e  

D e s p i t e  c o n s i d e r a b l e  s c a t t e r  i n  da ta ,  t h e r e  i s  a  genera l  i nc rease  i n  
p o r o s i t y  upward s t r a t i g r a p h i c a l l y  i n  t h e  Yakataga Format ion  ( ~ i n k l e r ,  McLean, 
and P l a f k e r ,  1976, p .  17-18),  sugges t ing  t h a t  dep th  o f  b u r i a l  may be an 
i m p o r t a n t  f a c t o r  i n  c o n t r o l  1 i n g  p o r o s i t y .  Fur thermore,  framework a l  t e r a t i o n  
and pore-space r e d u c t i o n  i n  some Yakataga Format ion  sandstones may have 
been he igh tened  by p r o x i m i t y  t o  sharp  a n t i c l i n a l  f l e x u r e s  o r  t o  ma jo r  f a u l t s .  
Thus, l o c a l  occu r rence  o f  sandstones w i t h  improved r e s e r v o i r  p r o p e r t i e s  may 
be a comb ina t ion  o f  s t r a t i g r a p h i c  and s t r u c t u r a l ,  as w e l l  as f a c i e s ,  c o n t r o l .  

Provenance 

Yakataga Format ion  sandstones appear t o  have been d e r i v e d  f rom mixed 
n o r t h e r l y  and e a s t e r l y  sources.  The moderate percentage o f  q u a r t z  and t h e  
presence o f  p o l y c r y s t a l l i n e  q u a r t z o s e  g r a i n s ,  f o l i a t e d  l i t h i c  g r a i n s ,  e p i d o t e ,  
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garnet ,  and comparat ive ly  abundant mica a re  c h a r a c t e r i  s t  i c s  o f  a  " t ec ton i c "  
provenance (Dick inson,  1970). I n  a d d i t i o n ,  h i g h  f e l d s p a r  and low 1 i t h i c  
percentages a re  suggest ive o f  some i npu t  from a  p l u t o n i c  provenance; because 
l i t t l e  potash fe ldspar  i s  present ,  the  p l u t o n i c  rocks probably  were o f  
i n te rmed ia te  composi t ion.  Recyc l ing o f  some d e t r i t u s  f rom a  composite 
sedimentary and vo l can i c  t e r r ane  i s  probable ,  because o f  the  abundance o f  
a l t e r e d  f e l dspa r  g ra i ns ,  the  f requen t  occurrence o f  s t r o n g l y  a l t e r e d  ma f i c  
vo l can i c  d e t r i t u s ,  and the  sporad ic  occurrence o f  qua r t z  g ra i ns  w i t h  over -  
growths t h a t  have been s l i g h t l y  rounded. 

These m ine ra l og i ca l  c h a r a c t e r i s t i c s  i n d i c a t e  t h a t  Yakataga d e t r i t u s  
apparen t l y  was de r i ved  from a  t ec ton i zed  and i n t r uded  sedimentary and vo l can i c  
te r rane .  The most l i k e l y  source was the  ad jacent  Chugach-Saint E l i a s -  
Fa i rweather  Mountains, which c o n s i s t  o f  low grade s l a t e ,  graywacke, and 

greenstone surrounding core  complexes o f  h i g h  grade c r y s t a l l i n e  s c h i s t ,  gne iss ,  
and p l u t o n i c  rocks ( t h e  Mesozoic "Chugach" and Paleozoic  "Taku-Skola i" and 
" A l  exander" t e r  ranes o f  Berg, Jones, and R i  c h t e r  , 1972) . 

PETROGRAPHY OF CONGLOMERATIC MUDSTONE CLASTS 

Marine g l a c i a l  conglomerat ic  mudstones ( d i a m i c t i t e s )  a re  bo th  abundant 
and widespread i n  the Yakataga Formation (P la f ke r  and Add i co t t ,  1976). 
Apparent ly  the  Yakataga bas in  had a  s t r u c t u r a l l y  p o s i t i v e  no r t he rn  margin 
s u f f i c i e n t l y  mountainous t o  nou r i sh  t i dewa te r  g l a c i e r s .  Minor uncon fo rmi t ies  
and t h i c k  beds o f  conglomerate i n  t he  lower p a r t  o f  the Yakataga Format ion 
i n d i c a t e  l o c a l  u p l i f t  and e ros i on  began i n  e a r l y  Miocene t ime;  m u l t i p l e  
angular  uncon fo rmi t ies  i n  the  upper p a r t  o f  the Yakataga Formation i n d i c a t e  
t h a t  s t r u c t u r e s  w i t h i n  the  bas in  were growing depos i t s  w i t h i n  the fo rmat ion  
and the absence o f  c o n t i n e n t a l  equ i va l en t s  a long the no r t he rn  margin o f  the 
bas in  suggest t h a t  the coast  was g e n e r a l l y  steep o r  i c e - f r o n t e d  du r i ng  much 
o f  Neogene t ime.  Thus, present  c o n d i t i o n s  a long the no r t he rn  Gu l f  o f  Alaska 
coast p rov ide  a  good analog f o r  cond i t i ons  t h a t  must have p r e v a i l e d  du r i ng  
depos i t i on  o f  the Yakataga Formation, a l though  the i c e - r a f t i n g  t h a t  cont inues 
today i n  p a r t s  o f  the reg ion  i s  a t  a  cons iderab ly  reduced r a t e  f rom i t s  P l i o -  
P le is tocene  maximum. 

Hand specimen and t h i n  sec t i on  examinat ion o f  many c l a s t s  f rom 
d i a m i c t i t e  i n  the  lower p a r t  o f  the Yakataga Formation a t  Yakataga Reef has 
conf i rmed t h a t  te r ranes  prox imal  t o  the  present  no r t he rn  and eas te rn  l i m i t s  
o f  t he  Yakataga Format ion were sources by Miocene t ime f o r  the  coarse 
d e t r i t u s .  C las t s  o f  m e t a - d i o r i t e ,  meta-andesi te,  and meta-andesi te t u f f  
m s t  l i k e l y  were de r i ved  from the Paleozoic  metamorphic t e r r ane  somewhat 
n o r t h  and eas t  o f  t he  present  a x i s  o f  the  Chugach, Sa in t  E l i a s ,  and F a i r -  
weather Mountains. I n  a d d i t i o n ,  l e sse r  q u a n t i t i e s  o f  s l a t e ,  yraywacke, 
ep ido te  amph ibo l i te ,  and f o l i a t e d  o r  n o n f o l i a t e d  hornblende o r  b i o t i t e  
g r a n o d i o r i t e  c e r t a i n l y  were de r i ved  from i n te r ven ing  Mesozoic and Lower 
T e r t i a r y  te r ranes .  Apparent ly  through-going g l a c i e r  drainages tapped 
d e t r i t u s  from the f u l l  b read th  o f  the  P a c i f i c  Border Ranges. Thus, d e t r i t a l  

minera logy o f  bo th  Yakataga Formation d i a m i c t i t e s  and sandstones i n d i c a t e s  
p r o v i n c i a l ,  i f no t  l o c a l ,  sources f o r  the  bu l k  o f  the  sediment. 
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Append ix - -L i s t  o f  t h i n  s e c t i o n s  examined f o r  t e x t u r a l  and m i n e r a l o g i c a l  
f e a t u r e s  bv l o c a l i t i e s  and f i e l d  numbers 

TEXTURE MINERALOGY 

Munday Creek S t r a t i g r a p h i c  S e c t i o n  

DM- 1-75 
DM-3-75  
DM-5-75 
DM- 10-75 
DM- 12-75 
DM- 15-75 

East  Yakataga Reef T rave rse  

JM- 1 A-75 
JM-2A-75 
JM-4A-75 
JM-5A-75 
JM-6A-75 
JM-8A- 75 
JCW-IA-75 
JCW-2A- 75 
JCW-4A-75 

West Yakataaa Reef T rave rse  

Munday G l a c i e r  T rave rse  

JM-40-75 
JCW-36-75 
WL-92-75 
WL- 101 -75 

DM-5-75 
DM- 10-75 

JM- 1 A-75 
JM-2A-75 

Yaga-Yakataga S t r a t i g r a p h i c  S e c t i o n  

JCW- 10-75 
WL-9-75 
WL-23-75 
WL-35-75 

G r i n d l e  H i l l s  S t r a t i g r a p h i c  S e c t i o n  

JCW- 16-75 
JCW- 18-75 
WL-53-75 

JCW- 18-75 
WL-53-75 



TEXTURE M l NERALOGY 

M t .  E b e r l y  S t r a t i g r a p h i c  Sect i o n  

JCW-26-75 
JCW-31-75 
P-102-75 
P- 103 -75 
WL-111-75 
WL-1 17-75 
WL- 122-75 
WL-130-75 

I c v  Bav T rave rse  

West Watson Peak S t r a t i g r a p h i c  S e c t i o n  

P-63-75 

Hanna Lake S t r a t i g r a p h i c  S e c t i o n  

Guyot G l a c i e r  T rave rse  

TM- 14- 75 
WL- l 1-75 WL- 1 1 -75  

Whi te  R i v e r  G l a c i e r  T rave rse  

T o t a l :  54 sandstones T o t a l :  17  sandstones 

West Yakataga Reef?: 

p-53-75 

+ ~ 8  d i a m i c t  i t e  c l a s t s  

-10- 
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ZINC 

10 15 20 
PARTS PER M I L L I O N  

20 
COPPER 

1 

5 0  
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F i e l d  # 

25 JM75 

26 JM75 

27 JM75 

28 JM75 

29 JM75 

30 JM75 

89 WL75 

32 JM75 

33 JM75 

31 JM75 

17 DM75 

50 P75 

71 WL75 

19 BJM75 

20 JM75 

26 p75 

51 JM75 

52 JM75 

53 JM75 

Tag # 

19 BL 

20 BL 

21 BL 

22 BL 

23 BL 

24 BL 

25 BL 

26 BL 

27 BL 

28 BL 

29 BL 

30 BL 

31 BL 

32 BL 

33 BL 

34 BL 

35 BL 

36 BL 

37 BL 

S i l v e r  

0.10 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

0.10 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

0.80 

0.10 

t i i  1 

Copper 

20 

2 0 

27 

29 

36 

37 

2 4 

27 

33 

34 

3 4 

34 

2 9 

3 1 

36 

2 1 

3 0 

2 5 

26 

Lead 

14 

13 

14 

13 

15 

14 

10 

1 1  

9 

12 

1 1  

10 

9 

12 

13 

1 1  

13 

13 

12 

Z i n c  

6 5 

64 

76 

73 

8 2 

8 4 

44 

5 6 

48 

73 

4 9 

42 

38 

40 

4 4 

40 

3 7 

3 4 

3 6 

Molybdenum 

N i  1 

N i  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

Antimony 

N i  1 

N i  l 

3 

N i  1 

1 

1 

1 

N i  1 

N i  1 

1 

N i  1 

N i  1 

2 

4 

3 

3 

N i  1 

4 

3 
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