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ORGAN1 C GEOCHEMISTRY LITHOLOGY , AlJD PAL EONTOLOGY OF 
TERTIARY AllD MESOZOIC ROCKS FROM WELLS ON THE ALASKA PEIIINSULA 

Hugh McLean 
U .S . Geol ogi cal Survey 

345 Middlefield Road 
Men1 o Park, Cal i fornia  

ABSTRACT 

Core chips and d r i l l  cutt ings from eight  of the nine we1 1 s d r i l l  ed along 

the Bering Sea lowlands of the Alaska Peninsula were subjected to  l i thologic  

and pal eontologi c analyses. Resul t s  suggest t ha t  a t  l eas t  local 1 y ,  sedimentary 

rocks of Tertiary age contain o i l  and gas source and reservoir rocks capable 

of generating and accumulating 1 iqui d and gas hydrocarbons. 

Paleogene s t r a t a  rich i n  organic carbon are immature. However, s t r a t a  in 

offshore basins to  the north and south may have been subjected to  a more pro- 

ducti ve thermal envi ronment. Total organic carbon content of f ine  grained 

Neogene s t r a t a  appears to  be s igni f icant ly  lower than in Paleogene rocks, pos- 

s ib ly  ref lect ing nonmarine or brackish water environments of deposi tion. Neogene 

sandstone beds locally yield high values of porosity and permeabil i t y  t o  depths 

of about 8,000 fee t  (2,439 m ) .  Below th i s  depth, reservoir potential rapidly 

decl i nes . 
The Genera1 Petroleum, Great Basins No. 1 we1 1 d r i l l ed  along the shore of 

Bristol Bay reached grani t ic  rocks. Other we1 1s dr i l led  closer to the axis of 

the present volcanic arc  indicate tha t  both Tertiary and Mesozoic sedimentary 

rocks have been intruded by dikes and s i l l s  of andesi t e  and basalt .  Although 

the Alaska Peninsula has been the locus of igneous ac t iv i ty  throughout much of 

Mesozoic and Tertiary time, thermal maturity indicators such as vi t r i n i  t e  re- 

flectance and coal rank suggest, t h a t  on a regional sca le ,  sedimentary rocks 

have not been subjected to  abnormally h i g h  geothermal gradients. 



I NTRODUCTION 

Core chips and washed cuttings from several wells dri , l led on the Alaska 

Peninsula were studied to  determine the petrol eum potent ial ,  1 i thology, and 

age relat ions of subsurface rocks on the peninsula and i n  adjacent offshore 

sedimentary basins. The Bristol basin i s  t o  the north and the Shumagin Shelf 

i s  to the south. This study reports on the paleontology, and 1 ithology of 

rock samples from wells dr i l led  mainly along the Bristol Bay coastal lowlands 

from Lake Becharof t o  the Black Hil ls  (Fig. 1 ) .  

The f i r s t  part  of the study investigated the o i l  and gas source rock 

potential of t h i s  area. Three wells were selected fo r  detailed source rock 

analyses, b u t  cutt ings from the AMOCO Cathedral River 140. 1 we1 1 were found 

to  be contaminated from 8,600 f e e t  to  T.D. with a petroleum based mud additive 

tha t  could not be removed. The contaminated part of the well was eliminated 

from the study. Supplemental data (thermal analysis/pyrolysis-FID) on coal 

and black shale from f ive  we1 1s was provided by George Cl aypool of the U.S. 

Geological Survey in Denver, Colorado. 

The second part  of the study involved petrographic examination of se l -  

ected intervals  i n  seven we1 l s .  Fi fty-one grain mount  t h i n  sections were made 

where sandstone or crystal1 i ne rocks were observed in the washed cuttings.  

Eight thin sections of sandstone from selected core chips were cut fo r  petro- 

graphi c examination. Thi n sections were s tudi ed to  determi ne sands tone texture,  

composition, and degree of a l te ra t ion ,  as these parameters can be helpful in 

predicting reservoi r characteri s t i  cs . The ef fec ts  of i ntrusi ve i gneous ac t iv i ty  

on sedimentary rocks were noted to  determine the extent to  which petroleum 

potential has been affected by contact metamorphism. 

The third part of the study deals with paleontology, principally foram- 

in i f e ra ,  and the palynology of carbonaceous intervals .  I t  was hoped tha t  



E r p l a n a  t l o n  

0 Gwchomical data 

A Thorml analyrer of coal 
Petrography margin e l  Brirtol 

Tortiar y Province 0 Palynology 

Mlcro paloo. 

- 

WALL. 
L -  - - A 
0 00 Kllomelerr 

ALASKA PENINSULA 
INDEX MAP 

with 
Bristol Boy Basin 

Well  Localities - 
1 1 I I 1 1 I 

lee 162. 1 6 1  160 '  1 5 9 O  150° 1 5 T 0  156 
Flgur 



t h e  microfauna would p rov ide  a d d i t i o n a l  i n f o r m a t i o n  on t h e  ages o f  r ocks  wh ich  

now r e l y  ma in l y  on reconnaissance f i e l d  work by Burk (1965) and a  s t r a t i g r a p h i c  

s e c t i o n  pub1 i s h e d  by Brockway and o t h e r s  (1  975). U n f o r t u n a t e l y ,  f o s s i  1  recovery  

was poor,  p robab l y  because o n l y  washed c u t t i n g s  were a v a i l  a b l e  f r om most o f  t h e  

w e l l s .  B e t t e r  m i c ro fauna l  c o n t r o l  m i g h t  be p o s s i b l e  i f  ou t c rop  o r  core samples 

were a v a i l a b l e .  I n  T e r t i a r y  rocks  recovery  o f  palynomorphs was more encouraging 

and age c a l l s  were p o s s i b l e  i n  seve ra l  sequences. 
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O i l  and gas source rock  analyses o f  washed c u t t i n g s  were r u n  on two w e l l s  

f r om t h e  Alaska Peninsula.  C u t t i n g s  f rom t h e  General Pet ro leum Corpo ra t i on  

Great  Bas ins 140. 1  (2-27s-49W) were examined f r om a  depth o f  1,300 t o  11,080 

f e e t  ( t o t a l  dep th ) .  M a t e r i a l  f rom the  Pan American Hoodoo Lake No. 2  w e l l  (35-  

50s-76W) was analyzed between 227 and 11,243 f e e t  (T.D. ) . 
A t  GeoChem Labo ra to r i es ,  I n c .  i n  Houston, Texas, c u t t i n g s  were hand-picked 

by a  g e o l o g i s t  and a  smal l  sample (app rox ima te l y  5  grams) was c o l l e c t e d  a t  150 

f e e t  i n t e r v a l s .  Each sample was ar la lyzed f o r  o r g a n i c  carbon con ten t .  Based 

on these  r e s u l t s ,  va r i ous  s i n g l e ,  o r  composite samples were s e l e c t e d  f o r  more 

d e t a i l e d  study. The a n a l y t i c a l  da ta  f o r  t h i s  s tudy  a r e  documented i n  Appendix 

1  f o r  t h e  Great  Bas in  we1 1  and Appendix 2 f o r  t h e  Hoodoo Lake we1 1. 



Summary of Results 

General Petroleum Corporation, Great Basins No. 1 : The s t r a t i  graphi c 

i n t e rva l s  penetrated by the Great Basins No. 1 a r e  a s  follows: (Data from 

drockway and o the r s ,  1975). 

Geochemi cal 
!!E Forma t i  on Formation Top Subuni t 

Pl i ocene Mi 1 ky River ? 

Miocene Bear Lake 2,110 f e e t  a 1 

01 i gocene S tepovak 5,600 f e e t  a 2 

Ju r a s s i c  Grani t i  c basement 10,970 f e e t  

Total Depth 11,080 + f e e t  - 

In terms of organic r ichness ,  source rock maturi ty,  type of organic  mat ter ,  

and l i thology,  the Bear Lake and Stepovak formations can be summarized i n  the 

following manner. The Bear Lake Formation cons i s t s  of tuffaceous sha le ,  car-  

bonaceous sha le ,  and coal ,  w i t h  secondary amounts of s i l  t s tone and sandstone. 

Organic carbon averages 13X, ex t rac tab le  bitumen averages 5,000 ppm, and kerogen 

i s  predominantly woody w i t h  a minor amount of amorphous-sapropel. The h i g h  ex- 

t r a c t ab l e  bi tumen content  w i t h  a correspondingly 1 ow hydrocarbon f r ac t i on  i s 

in te rp re ted  t o  r e f l e c t  the coal - r ich  and/or woody character  of the  organic 

material i n  the  formation. 

Vi t r i n i  t e  ref1 ectance values ( R o )  average 0.29%, sugges ti n g  t h a t  the  Bear 

Lake Formation i s  immature. S ign i f i can t  amounts of s t e ranes  and terpanes ,  a 

pronounced odd carbon preference i n  t he  C22-C33 normal pa r a f f i n s ,  and a low 

paraf f in-naphthene la romat i  c hydrocarbon r a t i o  (average 0.55) a1 so suggest im- 

mature source rock. 

Source rocks i n  the underlying Stepovak Formation a r e  characterized by 

an average organic carbon content of 1 I% ,  a mean value of ex t rac tab le  bi tumen 



6,600 ppm, and a predominance of woody kerogen w i t h  minor  amounts o f  herbareous 

kerogen. 

Ma tu ra t i on  i n d i c e s  suggest irnrna t u r e  source rocks. Ro averages 0.51% and 

steranes and terpanes a r e  present  i n  s i g n i f i  cant  amounts. Odd-even carbon 

r a t i o s  and paraf f in-naphthene/aromat ic  hydrocarbon r a t i o s  a re  s i m i l a r  t o  those 

repo r ted  i n  t he  o v e r l y i n g  Bear Lake Formation. 

The hydrocarbon p o t e n t i a l  o f  t h e  Bear Lake and Stepovak format ions a r e  

s imi  l a r .  Organi c carbon i s  abundant b u t  immature. Presumably, if source rocks 

s i m i l a r  t o  those i n  t h e  Great Basins No. 1 w e l l  were present  i n  deeper o f f s h o r e  

p a r t s  of B r i s t o l  basin, probably a t  depths o f  15,000 f e e t  o r  g rea ter ,  then 

chances o f  petro leum genera t ion  would be g r e a t l y  improved because o f  h ighe r  

temperatures. 

Pan Am-Socal, Hoodoo Lake No. 2: The s t r a t i g r a p h i c  i n t e r v a l  penet ra ted  by t h e  

Hoodoo Lake do. 2 w e l l  i nc ludes  seven geo log ic  formations. Spec i f i c  tops of  

the  format ions repo r ted  by Brockway and o thers ,  (1975) are as f o l  lows: 

Age 
Geoc hemi ca l  

Formati on Formation t o p  Subuni t  

PI i ocene M i l k y  R ive r  

Miocene Bear Lake 1 , 0 0 O + f e e t  - A 200- 5 , 5 0 0 f e e t  

01 i gocene S tepo va k 2,160 f e e t  

Eocene To1 s t o i  

Upper Cretaceous Chi gni k 

5,780 f e e t  

7,700 f e e t  B 5,500- 7,700 f e e t  

Lower Cretaceous Herendeen L i  mestone 8,650 f e e t  C 7,700-11,243 f e e t  

Lower Cretaceous- 
Upper Jurass i  c S tan i  ukovi ch 9,670 f e e t  

To ta l  Depth 77,243 f e e t  



The s t r a t i g r a p h i c  s e c t i o n  o f  t h e  Hoodoo Lake No. 2 w e l l  can be subdiv ided 

i n t o  3 subun i ts  based on percentage of  t o t a l  o rgan ic  carbon, type o f  kerogen, 

abundance and composit ion o f  t he  e x t r a c t a b l e  bitumen. The zona t i on  i s  inde-  

pendent o f  fo rmat ion  tops and i s  as fo l l ows :  

Subuni t  A 200 - + t o  5,500 + f e e t  

Subuni t  B 5,500 + t o  7,700 - + f e e t  

Subuni t  C 7,700 - + t o  11,243 - + f e e t  ( T o t a l  Depth) 

Subuni t  A (200 - + t o  5,500 - + f e e t )  rougk ly  c o r r e l a t e s  w i t h  the  M i l k y  R iver ,  

Bear Lake, and Stepovak formations. The s e c t i o n  comprises 1 i g h t  co lo red  c lay -  

stone, shale, s i l t s t o n e  and sandstone. Near t h e  base, t he  l i g h t  co lo red  rocks  

grade downward i n t o  darker  s t r a t a  h ighe r  i n  o rgan ic  content .  Geochemical l y ,  

subun i t  A i s  cha rac te r i zed  by genera l l y  low o rgan ic  carbon contents (average 

0.26%) and low values of e x t r a c t a b l e  b i  turnen (average 36 ppm). Kerogen i s  pre- 

dominant ly  woody w i t h  1 esser  amounts o f  amorphous-sapropel and coal . M a t u r i t y  

i n d i c e s  i n d i c a t e  the  sequence i s  immature. Ro averages 0.65%. 

Compared w i t h  t h e  o rgan ic  r i chness  o f  the  Bear Lake and Stepovak formations 

i n  the  Great Basins No. 1 we1 1, subun i t  A has 1 i t t l e  p o t e n t i  a1 o f  generat ing 

s u b s t a n t i a l  q u a n t i t i e s  o f  petroleum. 

Subuni t  B occurs w i t h i n  the  T o l s t o i  Formation o f  Eocene age. The sec t i on  

cons i s t s  o f  carbonaceous, dark gray t o  b lack  s i l  ts tone,  shale, and mudstone 

w i t h  m i  nor  t h i  cknesses o f  coa l .  Zone B i s  charac ter ized by h i  gh organ ic  carbon 

content  (average 9.69%), a moderate amount o f  e x t r a c t a b l e  b i  turnen (average 469 

ppm) and an average hydrocarbon f r a c t i o n  o f  225 ppm. The kerogen type i s  pre- 

dominant ly  woody w i t h  some accessory amounts o f  amorphous-sapropel . 
M a t u r i t y  i n d i c a t o r s  i n  subun i t  B suggest t h a t  t he  rocks a re  mature. V i t -  

r i n i  t e  r e f l e c t a n c e  val  ues average 1.1 5%. Other  i n d i c a t o r s  i n c l u d e  an absence 

of  any apparent odd carbon dominance i n  t h e  C22-C33 normal p a r a f f i n s ,  and a 

7 
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para f f i  n-naphthene (P-N) hydrocarbon curve skewed toward more mature C1 5-CZ2 

hydrocarbons. Whether o r  not a s i g n i f i c a n t  amount of  petroleum has been gen- 

e ra ted  and entrapped i n  t h e  local  area i s  problematic. 

Subunit C includes the  C h i  gni k Formati on (Upper Cretaceous), Herendeen 

Limestone (Upper Jurass i  c-Lower Cretaceous),  and Stani ukovi ch Formation (Upper 

Ju r a s s i c ) .  S t r a t a  i n  subuni t C i ncl ude sandstone, conglomerate, carbonaceous 

sha l e ,  and limestone, a l l  l o c a l l y  cu t  by i n t ru s ive  rocks. This zone i s  char- 

ac te r ized  by a va r iab le  organic carbon content  averaging 4%,by low values of 

ex t rac tab le  bi  tumen (average 41 ppm), and by a low hydrocarbon f r ac t i on  averaging 

about 16 ppm. Kerogen type includes wood and coal w i t h  a minor cons t i tuen t  of 

amorphous-sapropel . 

Analyses i nd i ca t e  t h a t  organic matter  i n  s u b u n i t  C i s  mature. Ro  values 

average 1-76:;, and an odd carbon preference index i s  apparently absent .  Also, 

hydrocarbons i n  the CIS-CZ2 range a r e  more comon. The woody-coaly character  

of  s u b u n i t  C organic matter suggests t h a t  these rocks have not generated l iqu id  

hydrocarbons and very l i t t l e  gas. The ex ten t  t o  which nearby i n t ru s ive  bodies 

have affected maturity and rese rvo i r  rock proper t ies  is  unknown. 

AMOCO, Cathedral River No. 1 : A t h i  rd  we1 1 , the  AMOCO Cathedral R i  ver No. 1 

(Sec. 29-51s-83W) w i t h  a t o t a l  depth of 14,300 f e e t ,  was included i n  the  source 

rock and maturity study. Formation tops reported i n  the well h i s to ry  released 

by AMOCO a r e  as  follows: 
Geochemi ca 1 

Age Formati on Formation Tops Subunit 

Upper Ju rass ic  Naknek Fm.  surface  

Middle Ju r a s s i c  Shelikof Fm. 3,600 f e e t  0-8,600 f e e t  

Lower Jurass ic  K i  a1 agvi k Fm. 10,240 f e e t  -- 
Lower Jurass ic  11,980 f e e t  8,600 f e e t  

T r i a s s i c  14,200 f e e t  



f 

Due to  contamination (g i l son i t e ?  was added t o  the  d r i l l i n g  mud) r e l i a b l e  

data  could only be obtained from samples co l l ec ted  above 8,600 f e e t .  Only the  

percentage of organic carbon was measured on samples from 50 + f e e t  t o  T.D. 

Percentage of organic carbon between 50 - + and 8,600 f e e t  i s  low, averaging 

0.20%. Although contamination was present  from 8,600 - + t o  14,300 2 f e e t ,  per- 

centages of organic carbon remained low, averaging 0.68%. 

Detailed analyses of s i x  samples se lec ted  between 12,400 and 13,650 f e e t  

were made t o  determine t he  type of mud contaminant, and whether o r  not  t h e  

contamination could be washed from samples t o  permit f u r t he r  work. I t  was 

concluded t h a t  t he  contaminant could not be washed from the  samples and addi- 

t ional  analyses were suspended. 

Thermal Analyses of Coal and Black Shale 

Twenty hand picked samples of coal and black sha le  were analyzed from f i ve  

wel ls  t o  determine coal rank and level  of organic maturi ty.  Results of thermal 

analys is  and pyrolysi s-FID measurements a r e  1 i s t ed  i n  t abu la r  form i n  Appendix 

3. The following observations were made by George E. Claypool , Research Chemist 

with the  Branch of Oil and Gas Resources, U.S. Geological Survey, Denver, Colo- 

rado: (1 )  In t he  Pan Am Hoodoo Lake No. 1 well t he  samples a r e  immature through- 

out ;  coals  a r e  l i g n i t e  rank above 5,000 f e e t ,  and subbituminous below, ( 2 )  the 

Pan Am Hoodoo Lake No. 2 coal samples a r e  mature, ranging from medium t o  low- 

v o l a t i l e  bi tuminous rank. The two Hoodoo Lake we1 1 s a r e  separated by an eas t -  

west t rending f a u l t  with several thousand f e e t  of ve r t i ca l  displacement. The 

north s i de  has moved down with respect  to  the south s i de ,  ( 3 )  t h e  Pan Am David 

River 1-A has immature low rank (subbi tuminous) coal a t  4,250 and 7,230 f e e t ,  

and mature high-vola t i le  t o  low-volat i le  bituminous coals  between 8,500 and 

10,250 f e e t ,  ( 4 )  t he  s i ng l e  sample from the  C i t i e s  Service  Pa in te r  Creek we1 1 



(1,018-1,019 f e e t )  i s  a mature, medium-volati l e  bituminous coak, ( 5 )  samples 

from the AMOCO Cathedral Rive 140. 1 we1 1 are  contaminated with gi 1 soni t e ,  

but otherwise appear to  be mature coals of hi gh-volatile bituminous rank. 

L I THOLOGY 

Washed cuttings from several wells were examined to determine depths of 

major changes i n  l i thology and to  correlate  the  l i thologies  of the cuttings 

wi t h  the pub1 ished s t r a t i  graphic cross section of Brockway and others (1 975).  

Selected interval s containing sandstone and s i  1 tstone were sampled f o r  grain 

m o u n t  thin section petrography. Brief 1 i tho1 ogic descriptions of grain-mount 

and core chip t h i n  sections a re  included i n  Appendix 4. 

The following sumary discusses the major rock types observed i n  seven 

Alaska Peninsula wells. In some wells,  good correlations ex i s t  between pub- 

lished formation boundaries and 1 i thologic changes observed in cuttings.  In 

other cases however, there appears t o  be 1 i t t l e  or  no correlation. General 

s t ra t igraphic  relat ions a re  shown i n  Figure 2 .  

Mesozoic Rocks 

Sedimentary rocks of Mesozoic age were d r i l l ed  in only three wells out- 

s ide of the Wide Bay area on the Alaska Peninsula. The lithology of each 

well will be discussed below on a well-by-well basis. 

AMOCO Cathedra1 River No. 1: The oldest rocks dr i l led  south of Wide Bay on the 

Alaska Peninsula occur in the AMOCO Cathedral River No. 1 well tha t  spudded in 

the Upper Jurassic  Naknek Formation and reached total  depth i n  Triassic  age 

rocks. These rocks are  cal careous arkosi c sandstone i nterbedded with carbon- 

aceous s i  1 tstone , and f ine  grained calcarenite.  The Triassic  age i s  apparently 

based on a radiolarian fauna. Lithologies studied i n  thin section agree reason- 
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ably well with formation tops reported i n  the  well h i s to ry .  However, arkosic  

sandstone s im i l a r  t o  t h a t  of t he  Naknek Formation was observed a t  5,500 f e e t ,  

considerably deeper than the  base of the  formation reported i n  the  well h is tory  

a t  3,598 f ee t .  

Pan American-David River No. 1-A: Published data  on the  age of the  rocks in  

the  Pan American-David River No. 1-A well con f l i c t s  w i t h  palynological ages 

presented herein ( s ee  Appendix 5 ) .  Palynomorphs from 3,270 t o  11,300 f e e t  

suggest an ea r l y  t o  middle Eocene age, whereas Brockway and others  (1 975) 1 i s t  

the fo l  1 owing formation tops: 

Brockway and 
others (1 975) Thi s repor t  

Bear Lake Formation (Miocene) 2,430 f e e t  

Stepovak Formati on (01 i gocene) 4,400 f e e t  3,200 f e e t  

Tolstoi  Formation (Eocene) 7,240 f e e t  

Chigni k Formati on (Upper Cre t . )  12,200 f e e t  11,300 f e e t  

No change in l i tho logy  of cu t t ings  was noted a t  4,400 f e e t  although coal con- 

t e n t  increases i n  the  cu t t ings  downward i n  the  sect ion between 3,500 and 4,400 

f ee t .  A t  a depth of 7,200 f e e t  arkosic  sandstone i s  interbedded with carbon- 

aceous s i l  ts tone.  A major change i n  1 i tho1 ogy occurs a t  11,640 f e e t  where 

cher t  bearing arkosic  sandstone of probable Upper Cretaceous age becomes abun- 

dant. Sandstone of s im i l a r  composition occurs i n  the  Chignik Formation, d r i l l e d  

by the  Pan American Hoodoo Lake No. 2 well and in  the  Gulf Sandy River well 

between 13,003 and 13,110 f e e t  i n  rocks of uncertain age. 

The David River 1-A well contains volcanic derived s i l  t s tone and sandstone 

w i t h  t h i n  coal s t r i n g e r s  from about 2,540 f e e t  down t o  11,640 f e e t  where ea r l y  

t o  middle Eocene s t r a t a  appear t o  e i t h e r  unconformably over1 i e ,  o r  be in f a u l t  



c o n t a c t  with a r k o s i c  sands tone  and mudstone of  t h e  Chignik Formation. 

Pan American Hoodoo Lake No. 2: Rocks of  Mesozoic age were a l s o  d r i l l e d  i n  

t h e  Pan American Hoodoo Lake No. 2 we1 1 .  Arkosic sands tone  and 1 imy si 1 t s t o n e  

presumably c o r r e l a t e  wi th  t h e  Staniukovich Formation from 9,670 t o  11,250 f e e t  

(T.D.). This  s e c t i o n  is  c u t  by seve ra l  d i abase  i n t r u s i o n s  and appears  t o  have 

minimal p o r o s i t y  and permeabi 1 i  ty .  The Herendeen Limestone (8,650-9,670 f e e t )  

conformably over1 i e s  t he  Staniukovich Formation. I t  c o n s i s t s  of  gray ,  si  1 t y  

1 imestone w i  t h  l o c a l  l y  abundant Inoceramus prisms and con ta i  ns numerous cal  c i t e  

f i l l e d  v e i n l e t s .  Herendeen s t r a t a  a r e  i n  t u r n  o v e r l a i n  by t h e  Chigni k Formation 

(7,770-8,650 f e e t ) ,  which c o n s i s t s  of i  nterbedded s i l  t s t o n e ,  c o a l ,  and vo1 can ic  

d e r i  ved sands tone  and pebble congl omerate. 

C i t i e s  Se rv i ce ,  Pa in t e r  Creek No. 1 : Conglomerate and sands tone  o f  t h e  Chignik 

Formation was d r i l l e d  i n  t h e  C i t i e s  Se rv i ce -Pa in t e r  Creek No. 1 well from approxi- 

mately 200 t o  1,260 f e e t .  Sandstone framework g r a i n s  c o n s i s t  mainly o f  c h l o r i t i c  

b a s a l t  and andesi  t e .  F rac tu re s  a r e  f i l l e d  wi th  a z e o l i t e  mineral t h a t  i s  probably 

laumon t i  t e .  

The Staniukovich Formation (1,260 t o  2,040 f e e t )  c o n s i s t s  mainly o f  polymict 

conglomerate conta i  ni ng cl a s  ts  o f  metachert  , daci  t e  porphyry, g ranod io r i  t e ,  a1- 

t e r ed  mafic vo lcan ic  porphyry, and pyroxene d iabase .  Sandstone i n  t h i s  i n t e r v a l  

c o n s i s t s  o f  f i n e -  t o  medium-grained, poorly s o r t e d  quartz-1 i t h i  c subwacke. Some 

ch ips  a r e  well s o r t e d  and t i g h t l y  packed whereas o t h e r s  a r e  poorly so r t ed  and 

have abundant matr ix.  

The Naknek Formation (2,040 t o  6,510 f e e t )  c o n s i s t s  p r imar i ly  of  po lymic t ic  

conglomerate t h a t  con ta ins  an abundance o f  g r a n i t i c  and g r a n u l i t i c  metamorphic 

rocks.  Much of  t h e  g r a n i t i c  ma te r i a l  i s  presumably derived from nearby J u r a s s i c  



plutonic  rocks (Idaknek Lake Bath01 i t h ) .  IJaknek congl omerate over1 i e s  congl om- 

e r a t e  of the  Shelikof Formation (6,750 f e e t  t o  T.D.). Clasts  i n  the  Shelikof 

conglomerate sequence contain a s i gn i f i c an t l y  higher percentage of porpnyri t i  c 

volcanic rocks than in the liaknek Formation, pa r t i cu l a r l y  epidote and ch lo r i t e -  

prehni t e  bearing andesi t e s .  A t  7,800 f e e t ,  vol cani c c l a s t s  cons i s t  of a1 t e red  

diabase,  g r a n i t i c  fragments a r e  highly s e r i c i  t i zed  and a va r ie ty  of metarnorphi c 

c l a s t s  includes amphibol i  t e ,  q u a r t z i t e ,  and j ade i t e  bearing g ranu l i t e .  I t  

should be noted t h a t  palynomorphs from coal beds between 1,800 and 2,300 f e e t  

a r e  reported t o  be Pal eocene o r  Eocene ( see  Appendi x 5 ) .  Thi s age confl i  c t s  

with the  Late Cretaceous (Chignik Formation) age assignment of Brockway and 

others  (1  975). 

Gul f ,  Sandy Ri ver Federal No. 1 : 

A pronounced change i n  sandstone composi t ion  and a 30' increase  i n  the  

angle d ip  suggests t h a t  rocks below about 12,525 f e e t  i n  t h e  Sandy River well 

may be co r r e l a t i ve  with the Upper Cretaceous Chigni k Formation i n  the  David 

River 1-A well.  A core sample a t  13,003-13,009 f e e t  cons i s t s  of medium t o  

coarse grai  ,led pebbly sandstone containing grains of quar tz ,  pl agiocl a se ,  

dac i t e ,  porphery, and ra re  g r a n i t i c  rock fragments. Quar tz  and daci t e  a r e  

more abundant, giving the  rock a l i g h t  color .  Core desc r ip t ions  i n  the well 

h i s to ry  describe t h e  rocks as  "gran i te  wash sandstone" which i s  a misnomer. 

Te r t i a ry  Rocks 

Thin sec t ions  from grain mounts and core chips of Ter t i a ry  rocks were 

studied petrographically from the  fol  1 owing f i ve  we1 1 s :  

C i t i e s  Service,  Pa in te r  Creek No. 1 

Gulf-Alaskco, Port Heiden No. 1 



Gul f ,  Sandy R iver  Federal 140. 1  

Pan American, Hoodoo Lake No. 1 

Pan American, David R i v e r  No. 1A 

B r i e f  d e s c r i p t i o n s  o f  each t h i n  s e c t i o n  a r e  1 i s t e d  i n  Appendix 4. T e r t i a r y  

s t r a t a  i n  t he  fi ve we1 1 s consi s t  of  tu f faceous and/or carbonaceous s i  1  ts tone,  

a rkos i c  and volcano1 i t h i  c  sandstone, and coal s t r i n g e r s .  I n  t he  s e c t i o n  be1 ow 

the general l i t h o l o g y  o f  t h e  T o l s t o i ,  Stepovak, and Bear Lake format ions i s  

descr ibed f o l  low ing the  c o r r e l a t i o n s  o f  Brockway and o the rs  ( 1  975). 

T o l s t o i  Formation: The T o l s t o i  Formation (Eocene) conta ins  abundant coal  

s t r i  ngers and disseminated carbonaceous mater i  a1 i n  s i  1 t s tone  1 aminae. Sand- 

s tone framework g ra ins  cons i s t  o f  andes i te  and b a s a l t i c  r o c k  fragments w i t h  

n e a r l y  equal amounts o f  qua r t z  and p lag ioc lase .  P o r o s i t y  values appear t o  be 

q u i t e  low, p r i m a r i l y  because of  g r a i n  i n t e r p e n e t r a t i o n  o r  an abundance o f  zeo- 

l i t e  cement. 

Stepovak Formation: L i  t h o l o g i c a l  l y  t h e  Stepovak Formation (Ol igocene) i s  sim- 

i l a r  t o  t he  To1 s t o i  Formation; a t  l e a s t ,  i n  t h e  P o r t  Mol l e r  area where the  two 

format ions may i n t e r f i  nger. Stepovak s t r a t a  appear t o  grade impercep t i b l y  i n t o  

the  o v e r l y i n g  Bear Lake Formation. This  g rada t i on  i s  i n d i c a t e d  by e l e c t r i c  logs  

and c u t t i n g s  which show no observable changes a t  fo rmat ion  boundaries shown i n  

F igure  2. The Bear Lake and Stepovak format ions are  genera l l y  l i g h t e r  co lo red 

and con ta in  l e s s  carbonaceous m a t e r i a l  than t h e  To1 s t o i  Formation. 

Bear Lake Formation: P o r o s i t y  and permeabil i t y  data repo r ted  i n  t h e  we1 1 h i s t o r y  

of t h e  G u l f  Sandy R ive r  w e l l  i n d i c a t e  the  upper p a r t  o f  t h e  Bear Lake Formation 

(Miocene) has t h e  b e s t  r e s e r v o i r  c h a r a c t e r i s t i c s  o f  t h e  t h r e e  p r i n c i p a l  sed i -  



mentary formations of Ter t iary  age on the  Alaska Peninsula. In t he  Gulf Sandy 

River No. 1 wel1,Bear Lake sandstone above 6,300 f e e t  has porosity values a s  

high a s  36.5% and permeability as high as  1,268 mds. Below 6,300 f e e t ,  high 

values f o r  porosity and permeability a r e  29% and 43  mds, respect ively .  

The Bear Lake Formation contains an abundance of tuffaceous s i l t s t o n e  and 

the  r a t i o  of quar tz  and fe ldspar  gra ins  t o  volcanic rock fragments i n  sandstone 

i s  higher than i n  the  Tolstoi  and Stepovak formations. This d i f ference i n  

l i thology was f i r s t  noted by B u r k  (1 965). 

Igneous Rocks 

Dr i l l ing  logs from the Gulf-Alaskco, Port Heiden No. 1 and Pan Am Hoodoo 

Lake No. 2 ind ica te  t h a t  igneous rocks were d r i l l e d  i n  each well.  

Gulf-Alaskco Port Heiden No. 1: Data from the Gulf-Alaskco, Port Heiden No. 

1 well ind ica tes  t h a t  volcanic rocks were d r i l l e d  from approximately 9,300 t o  

15,000 f ee t .  Thin sect ions  of core samples from 11,833-11,834 f e e t  and 11,955- 

11,956 f e e t  consi s t  of mildly a1 tered daci t e  mi crobrecci a ,  sandy t u f f ,  and por- 

phyri t i  c daci t e  flow rocks. Hornblende phenocrysts i n the  daci t e  a r e  rep1 aced 

by c h l o r i t e  and epidote. Plagioclase i s  pa r t l y  a1 tered t o  c a l c i t e  and s e r i c i  t e .  

Radiometric dates  reported by Brockway and others  (1975) i n  the  volcanic sect ion 

of the  Port Heiden well a r e  42 2 4 m.y. (11,832-11,850 f e e t )  and 36 2 8 m.y. 

(1 3,980 f e e t ) .  

Two thin  sect ions  were cut  from core samples near t he  bottom of t he  well 

a t  15,001 and 15,015 fee t .  The textures  of these samples suggest a g r a n i t i c  

rock. Both are  medium grained,  s a l t  and pepper colored quartz d i o r i t e  o r  gran- 

od io r i t e .  Phenocrysts include pl agioclase and quartz w i t h  local graphic i n t e r -  

growths, green hornblende and b i o t i t e .  The age of the  g r a n i t i c  rocks in  the  



Por t  Heiden well i s  unknown, a s  i s  t h e i r  s t r a t i g r a p h i c  r e l a t i o n  t o  t h e  overlying 
' 

volcanic  sequence. Gran i t i c  and metamorphic rocks were a l s o  d r i l l e d  i n  the  bot- 

tom of t h e  General Petroleum Great  Basins Nos. 1 and 2 we1 1s .  The age of these  

g r a n i t i c  rocks i s  reported t o  be J u r a s s i c .  

Pan American Hoodoo Lake No. 2: Cut t ings  with c r y s t a l l i n e  t e x t u r e s  were s tud ied  

from two i n t e r v a l s  i n  t h e  Pan American Hoodoo Lake No. 2.  The l i t h o l o g i e s  from 

i n t e r v a l s  of 1,210 t o  10,220 f e e t  and 1,480 t o  10,490 f e e t  deep c o n s i s t s  of  

b a s a l t ,  d iabase ,  and coa r se r  grained fragments t h a t  may be gabbro. The rocks 

a r e  i n t e r p r e t e d  a s  hyabyssal bodies t h a t  have intuded t h e  Staniukovich Formation. 

I t  should be noted t h a t  d ikes  and s i l l s  c u t t i n g  rocks a s  young as  Miocene a r e  

widespread a l l  a long the  Alaska Peninsula,  e s p e c i a l l y  i n  t he  Por t  Moller a r e a ,  

a s  ind ica ted  on t h e  geologic map of B u r k  (1965). 

PALEONTOLOGY A N D  PALYNOLOGY 

I n  an a t tempt  t o  b e t t e r  document pub1 ished s t r a t i g r a p h i c  c o r r e l a t i o n s  of 

wel ls  d r i l l e d  on t h e  Alaska Peninsula,  samples of washed well c u t t i n g s  were 

analyzed f o r  foramini fera  by K r i s t i n  McDougall and palynomorphs by Jack Wolfe 

(Appendix 5 ) .  Forty-two samples from s i x  we1 1 s were se l ec ted  f o r  paleontological  

s t u d i e s .  Thi r ty-n ine  of  t h e s e  samples were found t o  be barren of foramini fera .  

F o s s i l s  of  probable e a r l y  T e r t i a r y  age were recovered from only one we l l ,  t h e  

Pan Am Hoodoo Lake No. 2 ,  where forams were found between 2,100 and 7,690 f e e t .  

Because of t h e  poor percentage of  foram recovery, add i t iona l  sample material  

was examined f o r  palynomorphs. A t o t a l  of 27 samples from f i v e  we l l s  were ana- 

lyzed.  Thi r teen  samples from four  we1 1s contained palynomorphs. 

The palynomorphs from t h e  Gulf Sandy River No. 1 (11,686-11,691 f e e t )  and 

those  from the  Pan Am Hoodoo Lake No. 1 (4,010-4,180 f e e t  and 2,590-2,840 f e e t )  

a r e  very s i m i l a r  t o  one another  and resemble t h e  Alaskan Neogene ( e s p e c i a l l y  



Miocene) reported from other  areas .  The s i m i l a r i t i e s  i n  t he  two wells  include 

(1 )  dominance of PICEA, ( 2 )  common representation of TSUGA, ( 3 )  low representa- 

t i o n  of broadleaved exot ics  (PTEROCARYA, ULMUSIZELKOVA), and (4) presence of 

some herbaceous types (Centrospermae, Cyperaceae) . These palynomorphs a re  of 

Neogene age and a r e  thus probably from the  Bear Lake Formation. 

However, palynomorphs i n  the  David River 1-A well from 3,200 t o  9,100 f e e t  

a re  dominated by broadleaved exot ics  while TSUGA i s  absent suggesting an Eocene 

age. I t  should be emphasized however, t h a t  there  i s  almost no palynological 

control material  avai l  able f o r  the Alaskan Eocene ( J .  A. Wolfe, wri t ten  commun., 

1977). 
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GeoChem 
Sampl e 
Number 

T a b l e  I 

Orqanic  Carbon and Lf tho loqy  Screen  Analyses  

We1 1 
Depth 

I n t e r v a l  D e s c r i p t i o n  

Pe rcen t  
Organic 
Carbon 

Composl t e .  0.18 
Composi t e .  1.52 
Dark gray  s h a l e .  0.25 
Dark gray s h a l e .  1 .40;  1.39 R 
Composite. 0.83 
Medium dark gray  s h a l e .  0.56 
Medium dark gray  s h a l e ,  chert ,  sand ,  sandstone.  0.29 
Cl ays  tone .  1.37; 1.36 R 
Dark gray sha l e .  1.32 
Dark gray s h a l e .  1.42 
Claystone. 1.06 
Coal . 52.74 
Coal . 50.58; 50.82 R 
Coal . 48.54 
Cl ays  tone.  1.23 
Coal . 80.74 
Coal. 47.82 
Claystone.  0.86; 0.83 R 
Clays tone .  0.70 
Sandstone. 0.34 
Claystone.  0.84 
Coal . 48.54 
S i l  t s t o n e .  1 .28;  1 .21 R 
Coal . 48.54 
Coal . 50.24 
S i l  t s t o n e .  1.25 
S i l  t s t o n e .  1.56 
S i l  t s t o n e .  1 .21;  1.21 R 
S i l  t s t o n e .  2.01 
Si  1 t s t o n e .  2.00 
S i l  t s t o n e .  
S i l  t s t o n e .  
S i l  t s t o n e .  



Table  I 

Orqanic Carbon and Lftholoqy Screen Analyses 

GeoChem We1 1 
Sampl e Depth 
Number I n t e r v a l  Descr ip t fon 

Percent  
Organ1 c 
Carbon 

S i l  t s tone .  
Si 1 t s tone .  
S i l t y  gray shale .  
S i l t y  gray shale .  
S i l t y  gray shale .  
Si 1 t y  gray sha le .  
Coal . 
S i l t y  gray sha le .  
Coal. 
Coal . 
S i l t y  gray sha le .  
Coal . 
Greenish gray s i l  t s tone .  
Medi um gray-medium 1 i g h t  gray s i l  t s tone .  
Medium 1 i g h t  gray s i l  t s tone .  
Medlum l i g h t  gray s i l t s t o n e .  
Medium l i g h t  gray s i l t s t o n e .  
Medium gray s i l t y  shale .  
Medium gray s i l t y  sha le .  
Medium gray s f1  t y  sha le .  
Medium gray s i l t y  shale .  
Medlum gray s i l t y  sha le .  
Coal . 
Medium gray s i l t y  sha le .  
Coal . 
Medlum gray s i l t y  shale .  
Medium gray s i l t y  shale .  
Coal . 
Medium dark gray s i l t y  shale .  
Medium dark gray s l l t y  shale .  
Medium dark gray s i l t y  shale .  
Medium dark gray s i l t y  shale .  
Medlum dark gray s i l t y  shale .  



Table 2 

Orqanic Carbon Analyses and Gross Li thological Description 

GeoC hem We1 1 Gross Li thological Description GSA Total Organic 
Sampl e Interval Color Carbon 
Number Code ( %  of Rock) 

788-004D 1760' 
Varied l i thology consisting of cher t ,  
reworked material ,  s i l  iceous shale,  
shale and sand. 

788-006D 2060' 
Varied 1 ithology consisting of chert ,  
reworked material ,  s i l iceous shale, 
shale and sand. 

788-008D 2360' 
-A 90% Shale, noncalcareous, very s i l t y ,  

blocky, so f t ,  l i g h t  gray. N7 
-B 10% Coal. 

788-010D 2660' 
Varied 1 i thology consisting of chert ,  
reworked material ,  s i l iceous shale,  
and sand. 

788-013D 3110' 
4 100% Shale, noncalcareous, s i l t y ,  very 

carbonaceous, blocky, black. N1 

3560 ' 
60% Shale, s l  ight ly  calcareous, very 

s i l t y ,  blocky, so f t ,  l i g h t  gray. N7 
30% Reworked material. 
10% Coal . 

4010' 
100% Shale, very s l igh t ly  calcareous, very 

s i l t y ,  blocky, so f t ,  1 ight gray. N7 
Trace of reworked material. 

4310' 
Varied l i thology consisting of chert ,  

' reworked material ,  shale and sand. 

4460 ' 
60% Shale, noncalcareous, very s i l t y ,  

blocky, so f t ,  l i g h t  gray. N7 
40% Coal. 



Table 2 

Organic Carbon Analyses and Gross Lithological 'Description 

GeoChem We1 1 Gross Li thological Description GSA Total Organic 
' Sample Interval  Color Carbon 

Number Code ( X  of Rock) 

50% Shale, noncalcareous, very s i l t y ,  
blocky, s o f t ,  l i g h t  gray. N7 

50% Coal . 

60% Shal e ,  noncal careous, very s i l  t y ,  
blocky, s o f t ,  l i g h t  gray. N7 

40% Coal. 

60% Coal and carbonaceous shale.  
40% Shale, noncalcareous, very s i l t y ,  

blocky, s o f t ,  l i g h t  gray. N 7 

100% Shale, noncalcareous, very s i l t y ,  
blocky, s o f t ,  l i g h t  gray. N7 
Coal associa ted.  

100% Shale, noncalcareous ,very s i l t y ,  
blocky, s o f t ,  l i g h t  gray. N 7 

100% Shale , noncalcareous, very sil t y  , 
blocky, s o f t ,  l i g h t  gray. N7 
Trace of coal . 

90% Shale, noncalcareous, s i l t y ,  blocky, 
s o f t ,  medium l i g h t  gray. N 6 

10% Coal . 

90% Shale, noncalcareous, s i l t y ,  blocky, 
s o f t ,  medium l i g h t  gray. N6 

10% Coal. 

100% Coal . 



Table 2 

Orqanic Carbon Analyses and Gross LI thologlcal Descr lp t~on  

GeoChem Uel 1 Gross 11 thologlcal  Descrlptlon GS A Total Organic 
Sample Interval  Color Carbon 
Numbe t Code ( X  of Rock) 

80% Shale, noncalcareous, s i l t y ,  blocky, 
s o f t ,  medium l i g h t  gray. N 6 

20% Shal e, noncalcareous, si 1 t y ,  carbonaceous, 
blocky, moderately hard, dark gray. N3 

90% Coal. 
10% Shale, noncalcareous, s i l t y ,  blocky, 

s o f t ,  medium l i g h t  gray. N6 

60% Shale, noncalcareous, s i l t y ,  blocky, . . 

s o f t ,  medium l i g h t  gray. N 6 
30% Coal. 
10% Bentonite. 

50% S i l  t s tone ,  noncalcareous, a rg i l  laceous, 
s o f t ,  f a i r  porosity,  no show, greenish 
gray 5GY 6/ 1 

30% Shale, noncalcareous, s i l t y ,  blocky, 
moderately hard, medium 1 igh t  gray. N6 

20% Coal. 
Trace of sandstone. 

80% Shale, noncalcareous, very s i l t y ,  
blocky, s o f t ,  medium l i g h t  gray. N 6 

20% Coal . 

50% Shale, noncalcareous, very s i l t y ,  
blocky, s o f t ,  medium l i g h t  gray. N 6 

50% Sandstone, carbonate cement, s i l  t y ,  
a rg i l l aceous ,  very f i n e  t o  f i n e  
g ra in ,  subrounded t o  subangular, 
f ros ted t o  c l e a r ,  f a i r  porosity,  no show. 



" 
Table 2 

Organic Carbon Analyses and Gross Li tholoqical Description 

GeoChem We1 1 Gross Li thological Description GSA Total Organic 
Samp 1 e Interval  Color Carbon 
Number Code ( X  of Rock) 

50% Shale, noncalcareous, s i l t y ,  blocky, 
moderately hard, medium l i g h t  gray. N6 

30% S i l t s t one ,  noncalcareous, very 
a r g i l  laceous, blocky, moderately hard, 
poor porosity,  no show, medium l i g h t  

. gray. N 6 
20% Coal. 

Trace of sandstone. 

90% Shale,  noncalcareous, very s i l t y ,  
blocky, moderately hard, medium 1 igh t  
gray N 6 

10% Coal . 
Trace of sandstone. 

80% Coal. 
10% Shale, noncalcareous, very s i l t y ,  

blocky, moderately hard, medium l i g h t  
gray * N 6 

10% Sandstone, carbonate cement, s i l t y ,  
a rg i l l aceous ,  very f ine  t o  f i n e  grain ,  
subrounded t o  subangular, f ros ted t o  
c l e a r ,  good porosity,  no show. 

60% Shale, noncalcareous, s i l t y  t o  very 
s i l  t y ,  blocky, moderately hard, 
l i g h t  gray. N7 

40% Coal and very carbonaceous shale.  

70% Shale, noncalcareous, s i l t y ,  blocky, 
moderately hard, medium dark gray. N4 

20% Limestone, chal k ,  moderately hard, 
poor porosity,  no show, white. N9 

10% Coal . 



Table 2 

Organic Carbon Analyses and Gross L i  tho log ica l  Descr ip t ion 

GeoChem We1 1 Gross L i  tho log lca l  Descr ip t ion GSA Total  Organic 
Sample I n te r va l  Color Carbon 
Number Code ( X  of Rock) 

- 

4 

788-061D 10310' 23.48;23.5L 
-A 50% Coal. 
-B 30% S i l  tstone, noncalcareous, argi l laceous,  

hard, l i t t l e  poros i ty ,  no show, 
l i g h t  gray. N7 

-C 20% Shale, noncalcareous, s i l t y ,  blocky, 
hard, medium dark gray. N4 

788-062D 10450' 
-A 60% Shale, noncalcareous, s i l t y  t o  very 

s i l t y ,  blocky, hard, medium dark gray.N4 - B 20% Coal . 
-C 20% Limestone, chal k, moderately hard, poor 

porosi ty,  no show, white. N9 

788-064D 10750' 
Varied 1 i tho logy  cons is t ing  o f  shales, 
s i l  tstone, 1 imestone and coal.  



Table 3 

Summary of Organ ic  Carbon  and Visual  Kerogen Analyeis  

1 
GeoC h e m  Well Organic  Visual  Kerogen  
Sample  C a w  Type Alterat ion 

1 Number  Interval (% of Rock) (1-5 Scale) 

W;-;H-C 
W,Am-H;C 
W;Am;H (C) 
W;H;Am-C 
W;H;Am-C 
W;Am;H (C) 
W;Am-H;C 
W;H;Am-C 
W;H;Am-C 
W;Am;W (C) 
W;Am;H (C) 
W;H;Am-C 
W;H;Am-C 
W;H;Am-C 
W;H; Am-C 
W;H;Am (C) 
W;H-C;Am 
W;H;C 
W;H;Am-C 
W;H;C 
W;H;Am-C 
W;Am-H;C 
W;H-C;Am 
W;H;Am (C) 
W;H;Am-C 
W;H;Am-C 
W;H;Am-C 
W;H;Am-C 
W;H;Am-C 
W;H;C 
Am-W;H;C 
W;H;C (Am) 
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Table 5-A 

Saturate Hydrocarbon Analyses 

Sumnary of Paraff  In-Naphthene D i s t r l  butlon 

GeoChem 
Sample % % X C-P C-P 
Number We1 1 In terva l *  Paraff in Isoprenold Naphthene Index A Index B ip19/ip20 

* I n  f e e t  
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Table 7 

V i t r i n t t e  Reflectance Sumnary 

GeoChem Number 
Sampl e Depth o f  Mlnimum Maxi mum Average 
Number ( f e e t )  Readings Reflectance ( X  Ro) Reflectance ( X  Ro) Reflectance ( X  Ro) 

Note: * Insuf f lent  kerogen re tu rn  to  prepare plug. 



APPENDIX 2 

Geochemical Data f o r  Pan 

American Hoodoo Lake Uni t  No. 2 
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PAN AM - Socol USA HOODOO LAKE UNIT # 2 WELL 
SUMMARY OF ORGANIC ANALYSES 
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Tab le  8 

Orqanic  Carbon and L i t h o l o s v  Screen  Analyses  

GeoChem 
Sample 
Number 

We1 1 
Depth 

I n t e r v a l  D e s c r i p t i o n  

P e r c e n t  
Organic  
Carbon 

227 ' -  240' S i l t y  c l a y s t o n e ,  l i g h t  g ray .  0.76 
390 ' -  420 '  Composite, reworked m a t e r i a l .  0.21 
540 ' -  570'  Composite, reworked m a t e r i a l .  0.19 
690 ' -  720' Composite, sand and reworked. 0.10 
840 ' -  870 '  Composite, sand and reworked. 0.14; 0.10 R 

1050 ' -  1080'  Composite, sand and reworked. 0.14 
1170 ' -  1200'  S i l t y  c l a y s t o n e ,  l i g h t  o l i v e  gray .  0.37 
1290'-  1320' Clays tone ,  l i g h t  g ray .  0.49 
1440'-  1470'  Composite, c l a y ,  ca rbona te ,  sand,  s . s . ,  reworked. 0.14 
1590'-  1620' Composite, c l a y ,  ca rbona te ,  sand,  ss. reworked. 0.11; 0.13 R 
1740'-  1770' Composite, c l a y s t o n e ,  1 imestone, ss. sand,  rewkd. 0.11 
1890'-  1920'  Cl ays tone ,  very sandy w/gl auconi te  0.14 
2040'- 2070' Sandstone,  very c l ayey ,  l i g h t  o l i v e  gray.  0.11 
2190'- 2220' Composite, sands tone ,  c l ays tone ,  s i d e r i t e .  0.16 
2340'-  2370' Sandstone,  very c l ayey ,  l i g h t  o l i v e  gray.  0 .15;  0.20 R 
2490'- 2520' Composi t e ,  sands tone ,  c l  ays tone ,  s i d e r i t e .  0.14 
2640'- 2670' Sandstone,  very a r g i l l a c e o u s ,  l i g h t  o l i v e  gray.  0.22 
2790'- 2820' comp., Imst ,  sands tone ,  c a l c i t e ,  s i d e r i t e .  0.16 
2940'- 2970' Comp. s i l t s t o n e ,  s.s.,  I t .  o l i v e  gray ,  tr .  c a l c .  0.09 
3090'-  3120' Comp. s i l t s t o n e ,  s .s . ,  I t .  o l i v e  gray ,  t r .  c a l c .  0.10; 0.09 R 
3240'-  3270' Comp. s i l t s t o n e ,  s .s . ,  I t .  o l i v e  g ray ,  t r .  c a l c .  0.08 
3390' - 3420 ' Sands tone.  0.24 
3540'-  3570' Composite, sands tone ,  s i d e r i t e ,  t r a c e  c a l c i t e .  0.16 
3690'-  3720' Medium dark gray s i l  t s t o n e .  0.45 
3840'-  3870' Medium dark  gray  s i l t s t o n e .  0.38; 0.39 R 
3990'-  4020' Greenish gray  s i l t y  s h a l e  0.18 
4140'-  4160' S i l t y  s h a l e .  0.27 
4300'-  4320' S i l t y  s h a l e ,  medium dark gray.  0.29 
4440'- 4460' S i l t y  s h a l e ,  medium dark  gray.  0.30 
4600'-  4620' S i l t y  s h a l e ,  medium dark gray.  0.32; 0.34 R 
4740'- 4760' S i l t y  s h a l e ,  medium dark gray .  0.29 
4880'-  4900' S l q g h t l y  s i l t y  s h a l e ,  medium dark gray.  0.34 
5040'-  5060' S i l t y  s h a l e ,  medium dark gray.  0.39 
5200'-  5220' S i l t y  s h a l e ,  medium dark gray.  0.42 
5340'-  5360' S l i g h t l y  s i l t y  s h a l e ,  medium dark gray .  0 .38;  0.42 R 
5500'-  5520' Sha l e ,  medium dark gray .  0.45 
5610'-  5660' Sha l e ,  medium dark gray.  0.47 



GeoChem 
Sampl e 
Number 

Tab1 e 8 

Orqan ic  Carbon and L i tho loqy  Screen  Analyses  

We1 1 
Depth 

I n t e r v a l  D e s c r i p t i o n  

Pe rcen t  
Organic  
Carbon 

5800' - 5820' S i  1 t y  coal . 
5940'-  5960' S i l t s t o n e ,  medium gray.  
6100'-  6120' S i l t y  c o a l .  
6240'-  6260' Coal. 
6400'-  6420' S i l t y  c o a l .  
6540 ' -  6560' S i  1 t y  s h a l e ,  b lack ,  carbonaceous. 
6700'-  6720' S i  1 t y  s h a l e ,  b lack ,  carbonaceous. 
6840'-  6860' S i  1 t y  s h a l e ,  b lack ,  carbonaceous. 
7000'-  7020' S h a l e ,  b l ack ,  carbonaceous. 
7140' -  7160' Sha l e ,  b lack ,  carbonaceous. 
7300' - 7320' Shal e ,  b l ack ,  carbonaceous. 
7440' -  7460' Sandstone 
7600'-  7610' Sha l e ,  b l ack ,  carbonaceous. 
7750' -  7760' Sha l e ,  b lack .  
7900'-  7910' Sha l e ,  b lack ,  carbonaceous. 
8050'-  8060'  Sha l e ,  b lack ,  carbonaceous. 
8200' -  8210' Coal, 
8350' - 8360'  S h a l e ,  b l ack ,  s l i g h t l y  carbonaceous. 
8500' -  8510' Sha l e ,  s l i g h t l y  s i l t y ,  g r ay i sh  black.  
8660'-  8670' Sha l e ,  medium dark gray.  
8800'-  8810'  Sha l e ,  s l i g h t l y  s i l t y ,  dark gray.  
8950'-  8960' S h a l e ,  s l i g h t l y  s i l t y ,  dark gray.  
9100'-  9110' Sha l e ,  s l i g h t l y  s i l t y ,  dark gray.  
9250'-  9260' Limestone. 
9400'-  9410' Limestone. 
9550'-  9560' S h a l e ,  s i l t y ,  dark gray.  
9700'-  9710' S h a l e ,  s i l t y ,  dark gray.  
9860'- 9870' Sha l e ,  s i l t y ,  dark gray.  

10300'-10010' Sandstone. 
10150'-10160' Tuffaceous sands tone .  
10300'-10310' Tuffaceous sands tone .  
10450' -10460' Sandstone 
10600'-10610' S h a l e ,  s l l t y ,  medium dark gray.  
10750'-10760' Sandstone. 
10900'-10910' I n t r u s i v e s ,  igneous. 
11050'-11060' Composite, i n t r u s i v e s ,  igneous. 
11240'-11243' Composite, i n t r u s i v e s ,  igneous. 



/ 
Table 9 

GeoChem 
Samp l e 
Number 

Orqanic 'Carbon Analyses and Gross L i tho. logica1 Desc r ip t i on  

We1 1 Gross L i  t h o l o g i c a l  Desc r ip t i on  GSA To ta l  Organic 
I n t e r v a l  Color  Carbon 

Code ( %  of Rock) 

270 ' 
Var ied 1 i t h o l o g y  c o n s i s t i n g  o f  shale, 
reworked shale, cher t ,  and unconsloidated 
sand. 

1260' 1.27 
Var ied 1 i t h o l o g y  c o n s i s t i n g  o f  shale, 
reworked shale, che r t ,  and unconsol idated 
sand. 

1410' 
70% Shale, noncalcareous, s i l t y ,  blocky, 

moderately hard, 1 i g  h t  gray. N7 
30% Reworked c h e r t  and s i l i c e o u s  shale. 

Trace o f  sand gra ins .  

1950' 
50% Shale, noncalcareous, s i l t y ,  blocky, 

moderately hard, 1 i g h t  gray. N 7 
40% Sandstone, a r g i l l a c e o u s  cement, very  

f i n e  t o  f i n e  g ra in ,  subrounded t o  sub- 
angular,  f r o s t e d  t o  c l e a r ,  f a i r  po ros i t y ,  no show. 

10% Reworked c h e r t  and s i l  iceous shale. 

2670' 0.19; 0.19 
60% Shale, noncalcareous, very  s i l t y ,  

b locky,  moderate ly  hard, 07 i v e  gray. 5Y4/1 
30% Shale, noncalcareous, blocky, 

moderately hard, greenish gray. 5G6/ 1 
10% Bentoni te.  

3420' 
502 Shale, noncalcareous, s i l t y ,  blocky, 

moderately hard, medium dark gray. N4 
40% Shale, noncalcareous, s i l t y ,  very  

sandy, f i n e  g ra in ,  subrounded, 
f r o s t e d ;  b locky,  moderately hard, 
dark gray. N4 

10% Benton i te .  
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Table 9 

Organic Carbon Analyses and Gross L i  tho1 oqica l  Descr ip t ion  

GeoChem We1 1 Gross Li t ho log ica l  Descr ip t ion  GSA Total Organic 
Sampl e In t e rva l  Color Carbon 
Number Code ( %  of Rock) 

787-024D 3720 ' 0.28 
-A  70% Shale ,  noncal careous ,  s i l t y ,  blocky, 

moderately hard, medium dark gray .  N4 
-B 30% Sha le ,  noncalcareous,  s i l t y ,  very sandy; 

f i n e  g r a i n ,  subrounded, f r o s t e d ;  
blocky , moderately hard, medium dark  
gray  N4 

4180 ' 
50% Sha le ,  noncal careous ,  s i l t y ,  very 

sandy; f i n e  g r a i n ,  subrounded, 
f r o s t e d ;  blocky, moderately hard, 
medium dark  gray .  N4 

40% Shale ,  noncalcareous,  s i l t y ,  blocky, 
m o d e r a t e l y h a r d , m e d i u m d a r k g r a y .  N4 

10% Bentoni te .  

4640 ' 
60% Sha le ,  noncalcareous,  s i l t y ,  very 

sandy; f i n e  g r a i n ,  subrounded, 
f r o s t e d  ; bl ocky , moderately hard,  
medium dark  gray .  N4 

40% Shale ,  noncalcareous,  s i l t y ,  blocky, 
moderately hard,  medium dark gray.  N4 

5060 ' 
60% Shale ,  s l i g h t l y  ca l ca reous ,  s i l t y ,  

blocky, hard,  medium 1 i g h t  gray.  
40% Sha le ,  noncalcareous,  s i l t y ,  blocky, 

moderately hard,  medium dark gray .  N4 

5380' 6 0 % S h a l e ,  noncalcareous,  s i l t y ,  blocky, 
moderately hard,  medium dark gray .  N 4 

40% Igneous,? d i o r i t e ,  gabbro. 
Mud a d d i t i v e s  a s s o c i a t e d .  

5680 ' 
Varied 1 i tho logy c o n s i s t i n g  of s h a l e ,  
s i l t s t o n e ,  sandstone,  weathered igneous,  
coal and mud a d d i t i v e .  
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Table 9 

Orqanic Carbon Analyses and Gross Li thologica l  Descript ion 

GeoChem We1 1 Gross Li thologica l  Descript ion GSA Total Organic 
Sampl e In terva l  Color Carbon 
Number Code ( %  of Rock) 

787-039D 5980' 
Varied l i t h o l o g y  c o n s i s t i n g  of sha le ,  
carbonaceous sha le ,  c o a l ,  sandstone 
and s i l  t s tone .  

787-04OD 6140' 7.28 
-A 50% Shal e ,  noncal careous,  s i l t y ,  blocky, 

moderately hard, medium dark gray. N4 
-B 30% Sandstone, s i l  ica  cement, very 

a r g i l l a c e o u s ,  very f i n e  t o  f i n e  g r a i n ,  
subangular t o  subrounded, c l e a r  t o  
f r o s t e d ,  f a i r  po ros i ty ,  no show. 

-C 20% Coal . 
6440 ' 4.39; 4.44 F 

60% Shale ,  noncalcareous, s i l t y ,  blocky, 
hard, medium dark gray.  N4 

20% Sandstone, s i l i c a  cement, very 
a r g i l l a c e o u s ,  f i n e  g ra in ,  subangular 
t o  subrounded, c l e a r  t o  f r o s t e d ,  f a i r  
po ros i ty ,  no show. 

20% Coal . 
6560' 

60% Shal e ,  noncal careous , very carbon- 
aceous, grading i n t o  a c o a l ,  blocky, N3 t o  
hard, dark gray t o  black. N 1  

30% Shale,  noncalcareous, very s i l t y ,  
blocky, hard, medium dark gray.  N4 

10% Sandstone, carbonate cement, f i n e  
g r a i n ,  subrounded t o  subangul a r ,  
f r o s t e d  t o  c l e a r ,  good poros i ty ,  
no show. 

6740 ' 
60% Shale ,  same a s  787-043D-A. 
20% Shale ,  same a s  787-043DTB. 
20% Sandstone, same a s  787-043D-C. 



Tab le  9 

Organic Carbon Analyses and Gross L i  t h o l o g i c a l  D e s c r i p t i o n  

GeoChem 
Samp 1  e 
Number 

We1 1 Gross L i  t h o l o g i c a l  D e s c r i p t i o n  GSA T o t a l  Organic 
I n t e r v a l  Co lo r  Carbon 

Code ( %  of Rock) 

7040 ' 
60% Shale, noncalcareous, ve ry  carbonaceous, 

g rad ing  i n t o  a  coa l ,  b locky ,  hard, N3 t o  
dark  g ray  t o  b lack .  N 1 

40% Sandstone, carbonate cement, a r g i l l a c e o u s ,  
v e r y  f i n e  t o  f i n e  g r a i n ,  subrounded t o  
subangular,  f r o s t e d  t o  c l e a r ,  f a i r  
p o r o s i t y ,  no show. 
Mud a d d i t i v e s  assoc ia ted.  

7360' 
60% Sandstone, carbonate cement, v e r y  

f i n e  t o  f i n e  g r a i n ,  subrounded t o  
subangular,  f r o s t e d  t o  c l e a r ,  f a i r  
p o r o s i t y ,  no show. 

40% Shale,  noncalcareous, v e r y  carbonaceous, 
g rad ing  i n t o  a  coa l  , b locky ,  hard, N 3  t o  
dark  gray t o  b lack .  N1 
Mud a d d i t i v e s  assoc ia ted.  

7640 ' 
Va r i ed  l i t h o l o g y  c o n s i s t i n g  of shale,  coa l ,  
s i l t s t o n e ,  sandstone and mud a d d i t i v e s .  

7920' 
Va r i ed  1  i t h o l o g y  c o n s i s t i n g  o f  shale,  
s f l i c e o u s  shale,  sandstone, s i l t s t o n e ,  
igneous and mud a d d i t i v e s .  

Va r i ed  1  i t h o l o g y  c o n s i s t i n g  of shale,  
s i  1 i ceous sha le  , sandstone, coa l  , 
igneous and mud a d d i t i v e s .  

8220' 
80% Shale, noncal  careous, v e r y  carbon- 

aceous, g r a d i n g  i n t o  a  coa l ,  b locky ,  N 3  t o  
hard, dark  g ray  t o  b l ack .  N 1 

20% Sandstone, carbonate cement, a r g i l l a c e o u s ,  
f i n e  g r a i n ,  subrounded t o  subangular,  
f r o s t e d  t o  c l e a r ,  f a i r  p o r o s i t y ,  no 
show. 
Mud a d d i t i v e s  assoc ia ted .  
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Table 9 

Orqanic Carbon Analyses and Gross Li thologica l  Descr ip t ion  

GeoC hem We1 1 Gross L i tho log ica l  Descr ip t ion  GSA Total  Organic 
Sampl e In t e rva l  Color Carbon 
Number Code ( %  of Rock) 

787-055 8370 ' 
-A 50% Shale ,  same a s  787-054D-A. 
-B 30% Sandstone, same a s  787-054D-B. 
-C 20% Igneous. 

Mud a d d i t i v e s  a s s o c i a t e d .  

787-060D 9130' 
-A 60% Sandstone, carbonate  and s i l i c a  cement, 

l imy,  f i n e  g r a i n ,  subrounded t o  sub- 
angu la r ,  f r o s t e d  t o  c l e a r ,  f a i r  p o r o s i t y ,  no show. 

-B 30% Sha le ,  s l i g h t l y  ca l ca reous ,  s i l t y ,  
blocky, hard,  dark  gray.  N3 - C 10% C a l c i t e .  
Mud a d d i t i v e s  a s s o c i a t e d .  

80% Shale ,  noncalcareous,  very  s i l t y ,  
blocky, hard, dark  gray .  N 3 

20% Sandstone, carbonate  cement, very 
a r g i l l a c e o u s ,  f i n e  g r a i n ,  subrounded 
t o  subangular ,  f r o s t e d  t o  c l e a r ,  
no show. 
Mud a d d i t i v e s  a s s o c i a t e d .  

8820' 
50% Sandstone,  carbonate  cement, very f i n e  

t o  f i n e  g r a i n ,  subrounded t o  sub- 
angu la r ,  f r o s t e d  t o  c l e a r ,  good po ros i ty ,  
no show. 

40% Sha le ,  s l  i g h t l y  ca l ca reous ,  s i l t y ,  
blocky, hard,  dark  gray .  N 3  

10% C a l c i t e .  
Mud a d d i t i v e s  a s s o c i a t e d .  
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Table 9 

GeoChem 
Sampl e 
Number 

Organic Carbon Analyses and Gross L i t h o l o g i c a l  D e s c r i p t i o n  

We1 1 Gross L i  t h o l o g i c a l  D e s c r i p t i o n  GSA To ta l  Organic 
I n t e r v a l  Co lo r  Carbon 

Code ( %  o f  Rock) 

9270' 0.51 
80% Limestone, cha lk ,  sandy; ve ry  f i n e  t o  

f i n e  g ra in ,  subrounded t o  subangular, 
f r o s t e d  t o  c l e a r ;  good p o r o s i t y ,  no 
show, ve ry  1 i g h t  gray. N8 

20% Shale, noncalcareous, s i l t y ,  b locky,  
hard, dark gray. N 3 
Mud a d d i t i v e s  associated.  

9420 ' 
70% Limestone, same as 787-061D-A. 
30% Shale, same as 787-061D-B. 

Mud a d d i t i v e s  associated.  

9570' 
70% Limestone, cha l  k, a rg i l l aceous ,  

ve ry  f i n e  t o  f i n e  g r a i n ,  subrounded 
t o  subangular, f r o s t e d  t o  c l e a r ,  
b loc  ky ,moderately hard, 1 i g h t  gray. N7 

30% Shale, s l i g h t l y  calcareous, s i l t y ,  
b locky ,  hard, dark  gray. N3 
Mud a d d i t i v e s  associated.  

9720' 
Var ied l i t h o l o g y  c o n s i s t i n g  o f  
weathered igneous, shale, sandstone, 
and mud a d d i t i v e s .  

9890' 
Var ied  1 i t h o l o g y  c o n s i s t i n g  o f  igneous, 
shale, sandstone, and mud a d d i t i v e s .  

10610' 60% Shale, noncalcareous, ve ry  s i l t y ,  
b locky,  hard, dark  gray.  N 3 

40% S i l  t s tone,  noncalcareous, a r g i l l a c e o u s ,  
hard, l i t t l e  p o r o s i t y ,  no show, l i g h t  
g ray  N 7 

11060' 
Var ied  l i t h o l o g y  c o n s i s t i n g  o f  igneous, 
shale, sandstone and mud a d d i t i v e s .  
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Table 10 

Summa.ry of Organic Carbon  and  Visual  Kerogen Ana lys i s  

GeoChem Well  Organic Visual  Kerogen 
Sample Depth Carbon  Type Al te ra t ion  
Number  Interval @J of Rock) (1-5 Scale) 

W;H;Am (C) 
W;Am;H-C 
W;Am-H;C 
W;C;H (Am) 
W;H;Am (A1)-C 
W;C;H (Am) 
W;C;Am (A1)-H 
W-C;H;Am 
W-C$m-H;- 
W;Am (A1);H (C) 
W$m (A1);H (C) 
W$m (A1)-C;H 
W;Am;C (HI 
W$m(Al)-H-C;- 
Am-U7;-;H-C 
W;Am;H-C 
W;Am;C 
W;Am;H-C 
W$m-C;H 
W;C;Am 
W-C ;-;Am-H 
W-C;-;Am-H 
W-C;Am;H 
R-C ;-;Am-H 
W-C ;Am;H 
W-C ;Am;H 
W-C ;Am;H 
U?-C;Am;H 
W-C0Jm;H 
W-C ;Am;H 
W-C ;Am-H ;- 
U7-C;Am;- 
W-C;-;Am-H 
W-C ;Am;H 
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Table 11 

0. Concentratlon o f  Extracted Mater ia ls  i n  Rock 

--------Hydrocarbons-------- 
GeoC hem Total  Paraf f in-  
Samp 1 e Extract  Naphthene Aromatic Total  
Number We1 1 Interval*  (ppm) (PPm) ( P P ~ )  (PPm) 

------------ Nonhydrocarbons------------- 
Preciptd. Eluted Noneluted 
Asphal tene NSO'S NSO' S Tota l  

( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  
Sul fur  
( P P ~ )  

In f e e t  



Table 11 (Continued) 

C. Composition o f  Extracts 

--------Hydrocarbons-------- ------------Nonhydrocarbons------------ 
GeoChem Paraf f in-  Eluted Noneluted Precipi  td. 
Sample Naphthene Aromatic Sul f u r  NSO'S NSO'S Asphal tene HC'S 
Number Well I n t e r v a l  * % X PN/Arom % % X % Asph/NSO % HC/Non HC 



0 0 C 3  0 0 6 0 0 0 0 0 6 ~ 0 ~ 0 0 0 0 D C 3 ~ ~ 0 0 C 3 0 0 C 3 C , O ~ D ~  
w 

E -ha N ~ N u ~ o ~ ~ ~ ~ o N ~ ~ ~ ~ o N c ~ ~ v ) ~ ~ D o - N ~ ~ L ~ o ~  aJ 
'4- 

a J a J  L 0 0 0 ~ F N N N m m m m m ~ u u u u e m m m V ) m m L n a a ~ 9 ~ a h h  
.c- w 000 0000000000000000000000000000000 C 
U h O  I l l  I I l I l I I I l I I l I I l I I I I I I l I l l I l I I I I  u 

hhh hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh 

8 m L  hhh hhhhhhhhhhhhhhhhhhhhhhhhhhh hhhh C 



Tab le  12-8 

Saturate Hydrocarbon Analyses 

Normalized Paraf f  I n  D is t r ibu t ion  

GeoChem 
Sample 
Number 

% % % % % % % % % % % % % % % % % % % % % % %  
Well I n t e r v a l *  nC15 nC16 nC17 ip19  nC18 ip20  nC19 nC20 nC21 nC22 nC23 nC24 nC25 nC26 nC27 nC28 nC29 nC30 nC31 nC32 nC33 nC34 nC35 



/ 
Table 13 

Mineral  charcoal i n  sac 



Table 1 4  

V i t r i n i  t e  R e f l e c t a n c e  Sumnary 

GeoChem Number 
Samp 1 e Depth  o f  Minimum Maximum Average 
Number ( f e e t )  Readings Ref lec tance  ( %  Ro) R e f l e c t a n c e  ( %  Ro) Re f lec tance  ( %  R 

1260-1410 

3660-3720 

4580-4640 

5320-5380 

6080-6140 

6380-6440 

6640-6740 

6960-7040 

P o p u l a t i o n  1 

P o p u l a t i o n  2  

P o p u l a t i o n  3  

7240-7360 

7570-7640 

P o p u l a t i o n  1  

P o p u l a t i o n  2 

P o p u l a t i o n  3  

7870-7920 

81 90-8220 

8490-8520 

9080-91 30 

9540-9570 

9860-9890 

Note : 
I n s u f f i e n t  kerogen r e t u r n  t o  p repare  p l u g .  



APPENDIX 3 

Ana ly t i ca l  Data on Matur i ty  o f  Coal Samples 

A1 aska Peni nsul a Coal s 

Depth Fm. Organic 
I n t e r v a l  Carbon 

Item (ft.) w t .  % 

Pan Am Hoodoo Lake No. 1 

Pyrol y t i  c 
HC y i e l d  

w t .  % 

V o l a t i l e  HC 
con ten t  

ppm 

Pyro l .  HC 
Org. Carbon 

% 
Tmax 

O c - 

Pan Am Hoodoo Lake 140. 2 

8 5,620-40 40.1 6.96 4,230 17.4 490 

9 6,780-6,800 49.1 5.76 7,500 11.7 50 9 

1 0  7,580-90 76.6 7.79 5,250 10.17 51 1 

Pan Am David River  No. 1-A 

11 4,220-5 0 43.2 9.59 5,260 22.2 4 5 5 

12 7,220-30 63.0 14.97 9,090 23.4 453 

1 3  8,490-8500 13.4 0.39 200 2.9 4 81 

14  9,660-70 5 9.4 7.95 9,870 13.4 5 06 

15 10,240-40 13.8 2.66 1 ,830 19 .3  4 78 

C i t i e s  S e r v i c e  P a i n t e r  Creek No. 1 



APPENDIX 3 ( con t inued )  

Depth Fm. Organic  P y r o l y t i c  V o l a t i l e  H C  Pyrol .  HC 
I n t e r v a l  Carbon HC y i  e l  d con t e n t  Org. Carbon Trnax 

Item ( f t . )  w t .  % w t .  to pprn % 0 C o/ 

AMOCO Cathedral  River  No. 1 

*n.d. = no d a t a  

Data suppl i ed  by George Cl aypool , U.S. Geological Survey, Denver, Colorado. 



APPENDIX 4 ' 

Thin Sect ions  

A l l  t h i n  s e c t i o n s  a r e  g r a i n  mounts of  r ep resen ta t ive  g ra ins  s e l e c t e d  from bags 
of washed c u t t i n g s  except  core chips denoted by C a f t e r  depth. 

C i t i e s  Service  P a i n t e r  Creek No. 1 
500-530 SS & SLST., Volcan ic las t i c .  

1035-1036 Cgl. with c l a s t s  of  v fg  b a s a l t  and andes i t e .  
1037-1038 SS, Volcanol i th ic  subwacke, laumonti te? ve in  f i l l i n g .  
1310-1340 Cgl. - With a l t .  b a s a l t  & a n d e s i t e ,  g ranod io r i t e ,  s t r e t c h e d  

metachert. 
1700-1710 SS - Qtz. & c h e r t  & a p h a n i t i c  volcs.,SLST. 
2700-2 710 Cgl. - A l t .  b a s a l t ,  g ranod io r i t e ,  qtz-hbl .  s c h i s t ,  ep idote  

g ranu l i t e .  
3940-3950 Cgl. - a s  above. 
3980-3990 Cgl. - a s  above. 
5340-5350 Cgl. - a l t .  b a s a l t  6 diabase ,  g ranod io r i t e  & gabbro, volc.  SS 
6050-6060 Cgl. - c h e r t ,  q t z i t e ,  g ranod io r i t e ,  a l t .  mafics?,  r a r e  SS. 
6070-6080 Cgl. - a s  above: h igher  % of a l t .  mafic volcs .  
7000-7010 Cgl. - mafic volcs.  a l t .  t o  Ab-Ep; granod io r i t e ,  j a d e i t i z e d  

sed. rocks? 
7410-7420 Cgl. - A l t .  vo lcs . ; che r t ,  q t z i t e ,  l i t h i c  subwacke SS. 
7800-7810 Cgl. - A l t .  volcs.  & granod io r i t e ;  j a d e i t e  g r a n u l i t e ,  c h l o r i t  

p rehn i t e  bear ing  porphyry. 

Gulf-Alaskaco Por t  Heiden No. 1 
11,833-34 C Lt .  gray a l t .  d a c i t e  microbreccia o r  c r s .  sandy t u f f .  
11,955-56 C A l t .  vfg v e s . i ~ u l a r  d a c i t e  porphyry. 
15,000-01 C H b l .  - q tz .  d i o r i t e ,  med. grd. ,  equigranular .  
15,014-15 C Hbl. - Biot .  q t z .  d i o r i t e ,  s l i g h t l y  a l t e r e d .  

Gulf Sandy River Federal  No. 1 
11,681-11,686 C SS - Qtz. - l i t h i c  a r e n i t e  ( l i t h s .  = c h e r t ,  s l s t .  & volc.  

porph. ) . 
12,100-13,105 C SS - Qtz. l i t h i c  subwacke, heulandi te?  cement. 
13,003-13,009 C SS - med. grd. f e l d s p a t h i c  a r e n i t e ,  minor q t z .  & volc.  l i t h  
13,009-13,015 C Mudstone, v. dark gray,  sheared,  w/calc i te  ve ins .  

Pan American Hoodoo Lake No. 1 
1040-1070 SS and SLST., tuf faceous  matr ix ,  angular  p l a g . ,  pumice and 

g l a s s  shards .  
3140-3170 SS and SLST., a s  above bu t  conta ins  r a r e  diatoms. 
4190-4220 Loose sand g r a i n s ;  Qtz.,  c h e r t ,  p l a g . ,  q t z i t e ,  volc.  porph., 

ga rne t ,  m 'c l ine ,  b i o t . ,  brn.- h b l . ,  s l s t .  

Pan American David River No. 1 A  
3270-3480 SLST. - Dark brown, r a r e  rounded sand-size q t z .  g ra ins .  
4410-4740 SLST. - A s  above, carbonaceous; r a r e  med. grd. volc.  l i t h .  SS 
6750-7100 SS - s i l t y ,  v.f.9. t o  med. grd . ;  some tuf faceous  matrix.  
7220-7500 . SLST. - sandy, abundant carbonaceous laminae. 
7950-8000 SS, f-med. g rd . ,  volc .  l i t h s . > Q t z . > c h e r t ,  (volc.  l i t h .  arenit6 
9320-9330 SS - Alb i t i zed ,  c h l o r i t i z e d  vo lcano- l i th ic  a r e n i t e .  



APPENDIX 4 (continued) 

Pan American David River No. 1A 
10,680-10690 SLST. - dark brown, laminated, carbonaceous. 
11,640-11,710 SS - med. - c r s .  grd.;  che r t>p lu ton ic  l i t h s . > q t z . ,  C03 cement 
11,740-11,750 SLST. - It. brn.,  carbonaceous>SS, fe ldspathic-volc .  l i t h .  Wac 
11,880-11,890 SS - crs. - v. c r s .  grd . ,  Qtz.>plag.>chert>volc.  l i t h s .  
11,980-11,990 SS - a s  above, r e c r y s t a l l i z e d  q t z .  cement & abundant z e o l i t e s  
12,120-12,130 Sandy SLST - carbonaceous; probably volc.  derived.  
12,210-12,220 SS crs. - v.crs .  grd. ,  p lag .>volc .  l i t h s p q t z . ,  c h l o r i t i c  ceme: 
12,870-12,880 SLST. - and f .  grd. SS; s t rong ly  s e r i c i t i z e d .  
13,350-13,360 Sandy SLST. - brownish green c h l o r i t e ? ,  volc. derived.  
13,430-13,440 SS, s i m i l a r  t o  12,210-12,220. 

AMOCO Cathedral  River No. 1 
690-700 Sandy SLST. - massive, quar tzofe ldspathic .  

2800-2810 SS - med. grd. ,  arkose w/grn. hb l .  laumontite ve ins  & cement. 
3700-3710 Sandy SLST. - same a s  690-700. 
4900-4910 SLST. - gray,  massive; SS-v.f.g., a rkos ic  wacke and a r e n i t e .  
5500-5510 SS - f .  g rd . ,  f e l d s p a t h i c  wacke, angular  g ra ins .  
7400-7410 SS - f. grd . ,  vo1c . - l i th i c  f e l d s p a t h i c  wacke, abund. hbl .  & C 

7600-7610 SS - same a s  7400-7410; l i t h i c s  a l t e r i n g  t o  c lay  minerals .  
8600-8610 Calcareous mudstn. - sandy, dark brown, carbonaceous. 

11,690-11,700 Sandy mudstn. - carbonaceous laminae. 
13,300-13,310 SS - v o l c a n o l i t h i c  subwacke & pebble cg l . ;  spa r ry  C03 veins .  
14,290-14,300 Mixed l i t h s .  - sandy c a l c a r e n i t e ,  l a m .  carbonaceous SLST., 

calcareous a rkos ic  SS. 

Pan Am Hoodoo Lake No. 2 
1980-2010 SS - wel l  s o r t e d ,  med. grd. ,  f ' s p a t h i c - v o l c ' l i t h i c  subwacke. 
4480-4680 SS - mostly b a s a l t i c  l i t h i c  f r ags . ,  var ious  g r a i n  s i z e s ,  

subwacke t ex tu re .  
7510-7600 SS - w e l l  s o r t e d ,  f .  grd. ,  v o l c a n o l i t h i c  wacke & subwacke. 
8100-8200 SS - v o l c a n i c l a s t i c ,  with abund. C03 matr ix ,  b a s a l t ,  diabase.  

10,210-10,220 Diabase & SS/med. t o  f .  grd . ,  q t z . - f e ldspar  a r e n i t e ,  SLST. 
10,480-10,490 Diabase, gabbro, r a r e  sandy SLST., and arkose SS. 
11,240-11,243 (T.D.) Tight ly  packed a rkos ic  SS, SLST., d iabase ,  r a r e  basal:  

Abbreviation Key 

A b  
a l t .  
b i o t .  
C 

c g l  . 
co3 
CPX 
crs. grd. 

EP 
hb l  . 
l i t h s .  
m'  c l i n e  
q t z .  
q t z i t e  
sed .  rxs .  
SLST. 
S S 
vfg.  

volc. ss 

a l b i t e  
a l t e r e d  
b i o t i t e  
core  sample 
conglomerate 
c a l c i t e  
clinopyroxene 
coarse  grained 
epidote  
hornblende 
l i t h i c  o r  rock fragments 
microcline 
q u a r t z  
q u a r t z i t e  
sedimentary 
s i l  t s t o n e  
sandstone 
very f i n e  grained 

v o l c a n i c l a s t i c  sandstone 
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APPENDIX 5 

Pa leonto logy  

Sample i n t e r v a l s  ( i n  f e e t )  Section-Township-Range (Seward ~ e r i d i a n )  

C i t i e s  S e r v i c e  P a i n t e r  Creek No. 1 14-35s-51W 
1800-1810 Barren 
2280-2310 Barren 

Gu l f ,  Sandy River  Fede ra l  No. 1 10-46s-70W 
11,686-11,691 Barren 

Pan Am, Hoodoo Lake No. 1 21-50s-76W 
2590-2840 Barren 
4010-4180 Barren 

Pan Am, Hoodoo Lake 
1519-1710 
1710-1830 
2100-2250 

Age : 
5400-5600 
5800-6000 
6600-6800 
7510-7700 
7680-7690 

Age : 
8350-8540 
8650-8660 
9480-9490 
9900-9910 

11,090-11,100 

NO. 2 35-50s-76W 
Barren 
Barren 
BATHYS IPHON s p  . 
Sponge S p i c u l e s  
ELPHIDIUM CALIFORNICUM Cook 
GLOBOBULIMINA PACIFICA? Cushrnan 
Probably E a r l y  T e r t i a r y  
Barren 
Barren 
Barren 
Barren 
ELPHIDIUM CALIFORNICUM Cook 
Diatom ( p y r i t i z e d )  
Probably E a r l y  T e r t i a r y  
Barren 
Barren 
Bar ren  
Barren 
Barren 

Pan Am David River  No. 1-A 12-50s-80W 
3270-3480 P l a n t  and wood d e b r i s  

Biva lve  fragments  
4410-4740 Coaly 
6750- 7100 Coaly 
72 70- 7500 Barren 
9000-9100 Barren 

11,290-11,300 Barren 
12,110-12,120 Barren 
12,370-12,380 Barren 
12,970-12,980 Barren 
13,180-13,190 Barren 
13,290-13,300 Barren 
13,360-13,370 Barren 
13,650-13,660 Barren 



APPENDIX 5 (continued) 

t ~ ~ 0 2 0  cathedral River  No .  1 2 d 5 1 ~ - 8 3 ~  
100-1000 Barren 

1100-1930 Barren 
3700-4700 Barren 
6500-7400 Barren 
8600-9600 Barren 
9700-10,600 Barren 

10,  700-11 , 700 Barren 
11 , 800-12,800 Barren 
1 2  , 900-14,000 Barren 
14,220-14,300 Barren 

C i t i e s  S e r v i c e  P a i n t e r  Creek No. 1 
1800-1810 

ALNUS 
MOMIP ITES 

2280-2330 
MOMIPITES 
NYSSAEPOLLENITES 

Age : Paleocene o r  Eocene 

Gulf Sandy River  Fede ra l  No. 1 
11,686-11, 691 

LARIX/PSEUDOTSUGA 
PICEA 
PINUS 
TSUGA 
ALNUS 
BETULA 
PTEROCARYA 

Age : Neogene, probably from Bear Lake Formation 

Pan Am Hoodoo Lake No. 1 
2590-2840 f e e t  

LARIX/PSEUDOTSUGA 
PICEA 
PINUS 
TSUGA 
Taxodiaceae/Cupressaceae 
ALNUS 
BETULA 
ULMUS/ZELKOVA 
CENTROSPERMAE 
LONICERA 
Cyperaceae 

4010-4180 f e e t  
PICEA 
PINUS 
~axiodiaceae/Cupressaceae 
TSUGA 
ALNUS 
BETULA 
PIEROCARYA ' 

Cypearaceae 



APPENDIX 5 (continued) 

b Pan Am David River 1-A (continued) 
! 

6750-7100 feet 
PICEA 
PINUS 
Taxodiaceae/Cupressaceae 
ALNUS 
BETULA 
FAGUS 
c f . QUERCUS 
PTE ROCARY A 
ILEX 

9000-9100 feet - Pollen sparse 
PINUS 
TSUGA? 
ALNUS 
CARYA 
cf. QUERCUS 

Age : 3270-9100 feet Eocene? Tolstoi or possibly Stepovak Formatic 

11,290-11,300 feet 
PI CEA 
ALNUS 
CARYA 
P TEROCARY A 

MOMIPITES 
TILIAEPOLLENITES 
PISTILIPOLLENITES 

Age : Early to middle Eocene 

12,110-12,120 Barren 
12,370-12,380 Barren 
12,970-12,980 Barren 
13,180-13,190 Barren 
13,290-13,300 Barren 
13,360-13,370 Barren 
13,650-13,660 Barren 



APPENDIX 5 (continued) 

.' 
Pan Am Hoodoo Lake No. 1 (continued) 

7460-7550 feet 
PICEA 
PINUS 
TSUGA 
ALNUS 
BETULA 
IIZX? 

- Ericales 

8000-8030 feet 
PICEA 
PINUS 
TSUGA 
ALNUS 
BETULA 
Ericales 

Age : Later half of Miocene 

Pan Am Hoodoo Lake No. 2 
7680-7690 feet 
8530-8540 
8650- 8660 
9480-9490 
9850-9860 
9900-9910 

11,090-11,100 
All barren, except for 7680-7690 that contained non-diagnostic rare 
palynomorphs. 

Pan Am David River 1A 
3270-3450 feet 

PICEA 
PINUS 
Taxodiceae/Cupressaceae 
ALNUS 
cf. QUERCUS 
PTEROCARYA 
ULMUS/ZELKOVA 
TILIA 
HALES IA? 

4410-4740 feet 
PICEA 
PINUS 
Taxodiaceae/Cupressaceae 
ALNUS 
cf. QUERCUS 
CARYA 
ULMUS/ZELKOVA 
Ericales 


