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Geologic  and Opera t iona l  Summary 

Norton Sound COST No. 1  We1 1 

Nor ton Sound, A1 aska 

Ronald F. Turner,  E d i t o r  

INTRODUCTION 

T i t l e  30, Code o f  Federal  Regul a t i o n s  ( C F R )  , paragraph 251 - 1 4  s t i  pu l  a tes  

t h a t  g e o l o g i c a l  da ta  and processed geo log i ca l  i n f o r m a t i o n  ob ta ined  froin Deep 

S t r a t i g r a p h i c  Test  w e l l s  d r i l l e d  on t h e  Outer Con t i nen ta l  She1 f (OCS) be  made 

a v a i l  a b l e  f o r  pub1 i c  i n s p e c t i o n  60 ca lendar  days a f t e r  t h e  issuance o f  t h e  

f i r s t  Federal  l ease  w i t h i n  50 n a u t i c a l  m i l e s  o f  t h e  w e l l s i t e  o r  1 0  years  a f t e r  

comple t ion  o f  t h e  w e l l  i f  no leases  a r e  issued. T rac t s  w i t h i n  t h i s  d i s t a n c e  

o f  t h e  f i r s t  Norton Sound Deep S t r a t i g r a p h i c  Test we1 1  (des igna ted  t h e  ARC0 

Nor ton  Sound COST No. 1  Well by  t h e  o p e r a t o r  and h e r e a f t e r  r e f e r r e d  t o  as t h e  

w e l l  o r  t h e  No. 1 we1 1  ) were o f f e r e d  f o r  1  ease i n  Sale 57 on March 15, 1983. 

N i n e t y - e i g h t  b i d s  on 64 t r a c t s  were rece i ved  w i t h  t h e  t o t a l  h i gh  b i d s  amounting 

t o  $325 m i l l  ion.  F i f t y - n i n e  b i d s  were accepted and f i v e  r e j e c t e d .  The e f f e c t i v e  

issuance da te  o f  t h e  leases  i s  June 1  , 1983. 

Th is  o p e n - f i l e  r e p o r t  i s  presented i n  accordance w i t h  t h e  requi rements o f  

30 CFR 251.14. The i n t e r p r e t a t i o n s  con ta ined  h e r e i n  a re  c h i e f l y  t h e  work o f  

M ine ra l s  Management Serv ice  personnel ,  a l though s u b s t a n t i a l  c o n t r i h u t i o n s  were 

e made by geoscience c o n s u l t i n g  companies. 



The ARC0 Nor ton  Sound COST No. 1 w e l l  was completed on September 16, 1980, 

on OCS Lease B lock  197, l o c a t e d  app rox ima te l y  54 m i l e s  sou th  o f  Nome, A l a s k a  

( f i g .  1 )  The w e l l  da ta  i s  a v a i l a b l e  f o r  p u b l i c  i n s p e c t i o n  a t  t h e  M i n e r a l s  

Management Serv ice,  Offshore Field Opera t ions  o f f i c e ,  l o c a t e d  a t  800 " A "  Street ,  

Anchorage, A1 aska , 99501 . 

A l l  measurements a r e  g i v e n  as measured depths i n  f e e t  f r o m  t h e  K e l l y  

Bushing (KB)  which was 98 f e e t  above sea l e v e l .  For  t h e  most p a r t ,  measurements 

a r e  g i v e n  i n  U.S. Customary U n i t s  except  where s c i e n t i f i c  conven t ion  d i c t a t e s  

m e t r i c  usage. A conve rs i on  c h a r t  i s  prov ided.  





EQUIVALENT MEASUREMENT U N I T S  

U.S. Customary t o  S I  M e t r i c  U n i t s :  

1 i n c h  = 2.54 cen t ime te r s  

1 f o o t  = 0.3048 meter  

1 s t a t u t e  m i l e  = 1.61 k i l o m e t e r s  

1 n a u t i c a l  m i l  e = 1.85 k i l  ometers 

1 pound = 0.45 k i  1 ogram 

1 pound/gal l o n  = 11 9.83 k i l  ograms/cubic mete r  

1 pound/square i n c h  = 0.07 k i  1 ograms/square c e n t i m e t e r s  

1 g a l  1 on = 3.75 1 i t e r s  ( c u b i c  dec i rneters)  

1 b a r r e l  = (42 U.S. g a l s . )  = 0.16 cub i c  meters 

Temperature i n  degrees Fah renhe i t  = "F l e s s  32, d i v i d e d  b y  1.8 f o r  degrees 

Cel s ius .  

O ther  Convers ions:  1 k n o t  = 1 n a u t i c a l  m i l e / hou r  

1 n a u t i c a l  m i l e  = 1.1 5 s t a t u t e  m i l e s  o r  6,080 f ee t  



OPERATIONAL SUMMARY 

by 

Col 1 een McCarthy 

The jackup  r i g  Dan P r i n c e  a r r i v e d  on l o c a t i o n  i n  Nor ton Sound on June 12, 

1980, 1800 hours  A.S.T. and t h e  t io r ton  Sound Con t i nen ta l  O f f sho re  S t r a t i g r a p h i c  

Test  (COST) No. 1  we1 1  was spudded June 14, 1980. D r i l l  i n g  was completed 

94 days l a t e r  on September 16, 1983, a t  a  measured dep th  o f  14,683 f e e t .  

A f t e r  w i  r e1  i n e  l ogg ing ,  s i d e w a l l  c o r i n g ,  and d r i l l  -stem t e s t i n g ,  t h e  we1 1 was 

p lugged and abandoned and t h e  r i g  under tow by September 30, 1980. 

The d r i l l i n g  r i g  Dan P r i n c e  i s  a  s e l  f - e l e v a t i n g  d r i l l i n g  u n i t  owned by DAN- 

a TEX, Inc .  The r i g  i s  r a t e d  f o r  d r i l l i n g  up t o  25,000 f e e t  deep i n  water  up t o  

300 f e e t  deep, 109-knot winds, and 50 - f oo t  waves. The r i g  has a s t o rage  c a p a c i t y  

o f  1500 tons.  The p r e d r i l l  i n s p e c t i o n  and m o b i l i z a t i o n  took  p l a c e  a t  Homer, 

Alaska, b e f o r e  t h e  r i g  was towed t o  t h e  d r i l l i n g  l o c a t i o n  i n  t h e  Piorton Sound. 

There were no ma jo r  acc i den t s  o r  i n c i d e n t s  on t h e  Dan P r i n c e  d u r i n g  t h e  d r i l l i n g  

o f  t h e  w e l l .  

Nome, which i s  approx imate ly  54 m i l e s  NNE f rom t h e  w e l l  l o c a t i o n ,  served 

as t h e  shore base f o r  sea- and a i r - s u p p o r t  ope ra t i ons ,  and Kenai was an occas iona l  

source  o f  n o n r o u t i  ne equipment and m a t e r i  a1 s  supply.  Two sea-goi  ng supp ly  

vesse ls  t r a n s p o r t e d  d r i l l  i n g  m a t e r i a l s  and s u p p l i e s ,  i n c l u d i n g  f u e l  , t o  t h e  

r i g .  They opera ted  o u t  o f  e x i s t i n g  dock f a c i l i t i e s  a t  Nome and Kenai ,  o r ,  



depending upon weather and a v a i l  a b i l  i t y  o f  suppl i e s  and suppor t  f a c i l  i t i e s ,  

i n t e r m i t t e n t l y  f rom each o f  these  po in t s .  A l a r g e  sea-going s to rage  barge was 

a l s o  used t o  t r a n s p o r t  some m a t e r i a l s  from Kenai and was anchored near  t h e  

l o c a t i o n .  He1 i c o p t e r s  c e r t i f i e d  f o r  i ns t rumen t  f l i g h t  were used t o  t r a n s p o r t  

personnel ,  g roce r i es ,  and l i g h t  weight  equipment between t h e  r i g  and t h e  p r ima ry  

shore base a t  Nome. A t  t imes  personnel ,  equipment, and s u p p l i e s  were a l s o  

t r a n s p o r t e d  t o  and f rom t h e  shore base by  b o t h  cha r te red  and commercial a i r  

c a r r i e r s .  

ARC0 O i l  and Gas Company ac ted  as  t h e  ope ra to r  f o r  i t s e l  f and t h e  s i x t e e n  

p a r t i c i p a t i n g  pe t ro leum companies l i s t e d  below t h a t  shared expenses f o r  t h e  

we1 1 : 

American Petroleum Company o f  Texas 

AMOCO Produc t ion  Co. 

Chevron, U.S.A., Inc .  

C i t i e s  Serv ice  Co. 

Con t i nen ta l  O i l  Co. 

El f -Aqu i tane  E x p l o r a t i o n  Ltd. 

Getty O i l  Co. 

G u l f  O i l  E x p l o r a t i o n  and P roduc t i on  Co. 

Marathon O i l  Co. 

Mobi! Expl o r a t i o n  and Producing Serv ices,  Inc .  

Pennzoi l  Co. 

P h i l  1 i p s  Petroleum Co. 

She1 1 O i l  Co. 

Sohio Petroleum Co. 

Sunmark Expl o r a t i o n  Co. 

Union O i l  Company o f  Cal i f o r n i a  

6 



Norton Sound COST No. 1  we1 1  was 1  ocated a t  1  a t  63' 46 f t  48.97" N. ; l o n g  

166" 05 f t  10.40" k l . ,  o r  UTM c o o r d i n a t e s  (zone 3 )  X = 446,453.5 rn and Y = 

7,072,787.9 rn. The survey p l a t  f o r  t he  f i n a l  w e l l  s i t e  l o c a t i o n  i s  shown i n  

F i g u r e  2. Water dep th  a t  l o c a t i o n  i s  90 f e e t .  A l l  measurements were made 

f rom t h e  K e l l y  Bushing which was 98 f e e t  above sea l e v e l  and 188 f e e t  above 

mud1 ine.  The w e l l  was d r i l l e d  t o  t o t a l  dep th  w i t h  no more t han  1"  dev i  3 t i o n  

f rom v e r t i c a l  . 

Dril l i n g  s t i p u l a t i o n s  r e q u i r e d  t he  o p e r a t o r  t o  p r o v i d e  t h e  M ine ra l  s 

Management Se rv i ce  ( f o r m e r l y  USGS, Conservat ion D i v i s i o n )  w i t h  a l l  we1 1 1 ogs, 

samples, c o r e  s l abs ,  geo log i c  i n f o rma t i on ,  and o p e r a t i o n a l  r e p o r t s .  

Pack i c e ,  sea - i ce  coverage, and i c e  breakup da ta  showed t h a t  t h e  e a r l i e s t  

t h a t  o p e r a t i o n s  c o u l d  be i n i t i a t e d  i n  Nor ton Sound was mid-June, and t h e  l a t e s t  

t h a t  o p e r a t i o n s  c o u l d  c o n t i n u e  was mid-October. 

An a d d i t i o n a l  c o n s i d e r a t i o n  f o r  i n i t i a t i n g  and t e r m i n a t i n g  o p e r a t i o n s  w i t h  

a j ackup  r i g  was s to rm occurrence. In Norton Sound storms occur  l e s s  f r e q u e n t l y  

i n  June, J u l y ,  and August t han  i n  o t h e r  months. A good wind and wave f o r e c a s t  

program was e s s e n t i a l  t o  s e t  up a j ackup  r i g .  More f r equen t  s to rm occur rence  

and rougher  sea c o n d i t i o n s  i n  t h e  l a t t e r  p a r t  o f  t h e  o p e r a t i n g  season made 

r e l i a b l e  wind and wave f o r e c a s t s  v i t a l  t o  d e m o b i l i z a t i o n ;  l o w e r i n g  t h e  h u l l  

and f l o a t i n g  t h e  j ackup  r i g  away f rom l o c a t i o n .  The Dan P r i n c e  was l a t e r  l o s t  

t o  a s to rm i n  t h e  G u l f  o f  Alaska d u r i n g  r e t u r n  tow t o  t h e  n e x t  c o n t r a c t  l o c a t i o n .  
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C O S T  No. I we1 I .  



D r i l l  i n g  Programs 

The Norton Sound COST No. 1  w e l l  was d r i l l e d  u s i n g  one 26- inch  d r i l l  b i t  

and one 17 1 /2 - i nch  b i t  t o  d r i l l  t h e  26- inch  h o l e  t o  a depth o f  1235 f e e t .  

Four teen 12  1 /4 - inch  b i t s  were used t o  d r i l l  t o  a dep th  o f  12,175 f e e t  and t h e  

w e l l  was deepened f u r t h e r  w i t h  s i x  8 1 /2 - inch  d r i l l  b i t s  t o  t o t a l  depth (TD). 

A d d i t i o n a l  b i t s  were used f o r  c lean-ou t  t r i p s ,  t o  d r i l l  th rough  cement, and f o r  

conven t iona l  co r i ng .  The d a i l y  d r i l l  i n g  progress f o r  t h e  we1 1 i s  shown i n  

F i g u r e  3. 

D r i l  l i n g  r a t e s  ranged froin 3 t o  1295 feet /hour ,  The d r i l l  i n g  r a t e  averaged 

100 f ee t / hou r  down t o  1250 f ee t  where very s o f t  sandstone was encountered 

r e s u l t i n g  i n  t h e  maximum r a t e  of  p e n e t r a t i o n  f o r  t h i s  w e l l .  Harder sedirnents 

w e r e p e n e t r a t e d a f t e r 3 5 0 0 f e e t a n d t h e d r i l l  r a t e d e c r e a s e d t o 1 0 0 f e e t / h o u r  

a t  7900 f e e t ,  25 fee t /hour  a t  9000 f e e t ,  and remained between 10 and 20 f e e t / h o u r  

f o r  t h e  remainder o f  t h i s  w e l l .  

Four s t r i n g s  of  cas ing  were cemented i n  t h e  w e l l  as  shown i n  F i g u r e  4. 

The 30- inch  cas ing  was s e t  a t  294 f e e t  KB and cemented. A t  1206 f e e t ,  2040 

sacks o f  C lass  G cement were used t o  canent t he  20- inch cas ing.  Two thousand 

and t e n  sacks o f  Class G cement were used t o  cement t h e  '13 3 /8 - inch  cas ing  a t  

4667 f e e t .  The 9 5 /8 - inch  c a s i n g  was s e t  a t  12,170 f e e t  w i t h  1300 sacks o f  

Class G cement, and t h e  w e l l  was open h o l e  below t h i s  p o i n t .  
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Figure 3. Graph showing daily drilling progress for  the Nor ton Sound C O S T  

No. 1 well.  



D r i l l i n g  Mud 

Selected d r i l l i n g  mud p r o p e r t i e s  and t h e i r  changes w i t h  dep th  a r e  shown i n  

F i g u r e  5. Sea water  was used as d r i l l  i n g  f l u i d  f o r  t h e  we1 1  t o  450 f e e t  where 

i t  was rep laced  by ge l  and water  mud. The i n i t i a l  mud weight  was 8.9 

pounds/gal 1 on, i nc reas i  ng t o  10.0 pounds/gal 1 on a t  6250 f e e t ,  and remain ing a t  

10.4 pounds/ga l lon f rom 12,200 fee t  t o  TD. V i s c o s i t y  v a r i e d  between 35 and 60 

seconds, averag ing  about 46 seconds. C h l o r i d e  c o n c e n t r a t i o n s  began h i g h  w i t h  

4000 ppm a t  450 fee t  and decreased t o  a s  1  ow a s  1500 ppm a t  5050 f ee t ,  wh i l  e 

rernaini ng around 2000 ppm f o r  most o f  t h e  we1 1  . Mud pH ranged from 8.5 t o  

10.8, averaging 10.0. Mud-logging s e r v i c e s  were p rov ided  by The Ana1,ysts  from 

188 f e e t  t o  TD. 

A breakdown o f  t i m e  spent on va r i ous  a c t i v i t i e s  i n  t h e  d r i l l i n g  o p e r a t i o n  

i s  g iven  below: 

Opera t ion  Hours 

R i g  Up/Tear Down 9 8 

To w i  ng 446.0 

D r i l l i n g  801 .5 

Mud C i  r c u l  a t i o n  94.5 

Pickup & Lay Down 

Bottom Hol e  Assembly 17.0 

Hole opening 53.5 

Percent of  T o t a l  



Ooera t ion  Hours Percent  o f  T o t a l  

a 
Reaming 

Washing 

Shor t  T r i p s  

Work Stuck P i  pe 

Co r i  ng 

D e v i a t i o n  Surveys 

F i  s h i  nq 

L o s t  C i  r c u l  at ion 

Well Con t ro l  

N i p p l e  BOP & Rams 

Test  BOP 

Tes t  Casing 

@ Loggj ng 

Run & Cement Casing 

P lug  8 Abandon 

Orill Cement 

D r i l l  Stem Test 

R i g  Repa i r  and Maintenance 

Cut D r i l l  L i n e  

Wait  on Orders 

Wa i t  on Weather 

W a i t  on Crew 

M i  s c e l l  aneous 

Una l l oca ted  T r i p  

TOTAL 
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8,000 

F i g u r e  5. C h a n g e s  w i t h  d e p t h  o f  d r i l l i ng  mud p roper t i es ,  N o r t o n  Sound COST 

No. I well, including mud weight, viscosity, t o t a l  chlorides, and pH. 

MUD WEIGHT 

(Ibs /gal)  

MUD VISCOSITY CHLORIDES MUD pH 

(seconds) ( X 1000 ppm)  
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Samples and Tests 

D r i l l  c u t t i n g s  were c o l l e c t e d  th roughout  t h e  w e l l  and analyzed f o r  m ine ra l  

compos i t ion  and pal  e o n t o l o g i c a l  con ten t .  Twelve convent iona l  cores were c u t  

and analyzed f o r  p o r o s i t y ,  p e r m e a b i l i t y ,  and g r a i n  dens i t y .  Core recovery  i s  a s  

f o l  1 ows : 

Core No. I n t e r v a l  ( f t )  Recovered ( f t )  

Three s e r i e s  o f  percuss ion  s i d e w a l l  cores were c o l l e c t e d  p r o v i d i n g  a 

t o t a l  o f  533 samples. I n  the  f i r s t  s e r i e s ,  117 cores  were recovered from 135 

a t tempts  a t  4670 feet .  A t  1 2 , 1 7 5  fee t ,  330 cores were c o l l e c t e d  i n  360 



@ 
attempts ,  and a t  TD, 86 cores  were taken  i n  90 at tempts .  The recove ry  r a t e  

was 91 percent .  

Logging runs  were made a t  dep ths  o f  4670, 12,175, and 14,683 f e e t .  The 

Borehol  e Compensated Sonic Log (BHC) , Compensated Format i o n  D e n s i t y  Loq (FDC) 

Compensated Neutron Log (CNL) w i t h  Neutron Gamma Tool (NGT), Long Spaced 

Sonic Log (LSS) w i t h  I n t e g r a t e d  Trave l  Time ( I T T )  , P r o x i m i t y  Log-Micro1 og 

(MPL) Cal i p e r  Log, V e l o c i t y  Survey, and t h e  H igh-Reso lu t ion  Cont inuous flipmeter 

(HRT) were recorded  on a l l  runs. On t h e  second and t h i r d  runs, a Dual 

I n d u c t i o n  L a t e r l o g  ( D I L )  was run ,  and Repeat Format ion Tests  (RFT) r e s u l t i n g  

i n  seven p ressu re  samples were r u n  a t  12,175 f e ~ t .  On t h e  f i n a l  l o g g i n q  

s e r i e s ,  t h r e e  a d d i t i o n a l  l o g s  were run ;  a Cement bond Log (CBL), a Temperature 

Survey, and a M ic ro -La te r01  og (MLL) . 

Two fa rmat ion  t e s t s  were made. The f i r s t  p e r f o r a t e d  t e s t  i n t e r v a l  was 

11 ,180-11 ,220 f e e t  and no f o rma t i on  f l u i d  was recovered. Three samples o f  

f o r m a t i o n  f l u i d  were recovered on t h e  second t e s t  done th rough  t h e  p e r f o r a t e d  

i n t e r v a l  4360-4364 f e e t .  

Weather 

R i g  down t i m e  owing t o  weather c o n s i s t e d  o f  a  t o t a l  o f  3 hours ,  o n l y  

0.1 percent o f  t o t a l  r i g  t ime. 



SHALLOW GEOLOGIC SETTING 

NORTON SOUND COST NO. 1 WELL 

By Dav id  S t e f f y  

Shal low geo log i c  c h a r a c t e r i s t i c s  o f  t h e  d r i l l  s i t e  were i d e n t i f i e d  i n  a  

su rvey  conducted by  T e t r a  Tech, I n c . ,  i n  1979. The survey,  p a r t  o f  t h e  p e r m i t  

t o  d r i l l  a p p l i c a t i o n ,  i n c l u d e d  a  geo techn ica l  s t udy  o f  t h e  upper  2 5  f e e t  o f  

sediment and a h i g h - r e s o l u t i o n  s e i s m i c - r e f l e c t i o n  survey o f  t h e  s e a f l o o r  and 

i t s  nea r - su r f ace  f ea tu res .  The r e g i o n a l  d e s c r i p t i o n  of Norton Sound i s  based 

on f i v e  U.S. Geo log ica l  Survey maps prepared as p a r t  o f  the  p re l ease  i n v e s t i g a -  

t i o n  o f  t h e  s u r f a c e  and nea r - su r f ace  g e o l o g i c  environment o f  Nor ton Sound 

(Hoose, S t e f f y ,  and Lybeck, 1981; S t e f f y  and Hoose, 1981 ; S t ~ f f y  and Lybeck, 

1981 ; S t e f f y ,  Turner ,  and Lybeck, 1981 ; S t e f f y ,  Turner,  Lybeck, and Roe, 1981 ) .  

Bat hymetry 

Nor ton Sound i s  a f l a t - bo t t omed  embayment o f  t h e  n o r t h e a s t e r n  B e r i n g  Sea 

e p i c o n t i n e n t a l  s h e l f .  Water depths i n  t h e  OCS Sa le  57  area range f rom 16 t o  89 

feet ,  The sa l e  area covers  p a r t  o f  t h e  Yukon R i v e r  d e l t a  f r o n t  and p r o d e l t a ,  

which a r e  separated from t h e  p rograd ing  shore1 i n e  by  a sub ice  p l a t f o r m  (Larsen,  

Nelson, and Thor, 1980). Th is  p l a t f o r m  i s  3 t o  12 m i l e s  wide a l ong  t h e  sou thern  

boundary o f  t h e  s a l e  a r e a  and occurs  i n  water  depths o f  l e s s  than  32  f e e t .  COST 



No. 1  w e l l  i s l o c a t e d  i n  t h e  Y u k o n p r o d e l t a  i n 9 0 f e e t  o f w a t e r .  T h e d e l t a  f r o n t  

i s  t h e  seaward ex tens ion  o f  Holocene, nearshore  sand d e p o s i t s  and i s  c h a r a c t e r i z e d  

by a  1 - t o  2-degree seaward s l o p i n g  s e a f l  oor.  Seaward, t h e  f r o n t  becomes t h e  

p rode l  t a ,  a  v e r y  g e n t l y  s l o p i n g  area t h a t  rnarks t h e  edge o f  d e l t a i c  sed imenta t ion .  

I n  t h e  s a l e  area t h e  p r o d e l t a  s lopes  l e s s  than  1 degree and i s  52 t o  89 f e e t  

deep. 

S e a - f l  o o r  Geol ogy 

The s e a - f l o o r  topography o f  t h e  Norton Sound area i s  t h e  r e s u l t  o f  i n t e r -  

a c t i o n s  o f  wind, wa te r ,  i c e ,  and sed imenta t ion  processes. Sur face  sediments 

range i n  s i z e  f rom f i n e  sand a t  t h e  d e l t a  f r o n t  t o  sandy s i l t  and s i l t  i n  t he  

p r o d e l t a  area. These unconso l i da ted  sediments a r e  c o n t i n u a l l y  reworked hy 

i c e  gouging, c u r r e n t  scour ,  s to rm su rg i ng ,  and r e l e a s e  o f  b i o g e n i c  gas. The 

s e a f l o o r  i n  t h e  v i c i n i t y  o f  t h e  number 1  and number 2 w e l l s  i s  e s s e n t i a l l y  

s i m i l a r  and b o t h  a r e  d iscussed  i n  t h i s  sec t i on .  

Sing1 e-keel  ed and mu1 t i  kee led  i c e  f l o e s  d r i v e n  by wind and wate r  c u r r e n t s  

fu r row t h e  s e a f l o o r  p a r a l l e l  t o  t h e  b a t h y m e t r i c  contours .  These f u r rows  occur  

i n  water  depths down t o  79 f ee t ,  and a r e  most dense between depths o f  32 and 56 

fee t .  The No. 2 w e l l  i s  l o c a t e d  i n  a r e l a t i v e l y  i n t e n s e  i ce -goug ing  zone caused 

by t h e  westward-moving i c e  pack o f  Nor ton Sound shear ing  a g a i n s t  t h e  s h o r e f a s t  

i c e  t h a t  extends o f f s h o r e  from t h e  d e l t a .  The s i ng le - kee led  i c e  gouges i d e n t i f i e d  

by s ide-scan sonar range i n  w i d t h  f rom 16 t o  164 f e e t  and a r e  seldom g r e a t e r  

a t h a n  3 f e e t  deep. A c t i v e  sed imenta t ion  i n f i l l s  t h e  gouges i n  t h e  r i ve r -dom ina ted  

months o f  summer. 



Trans ien t  f ea tu res  such as c u r r e n t  scour,  megarippl  es, and l o n g i t u d i n a l  

c u r r e n t  1 i n e a t i o n s  were n o t  found a t  t h e  d r i l l  s i t e s ,  b u t  were found i n  a  

1  i m i t e d  e x t e n t  eas t  o f  t h e  No. 2 we1 1 and j u s t  west o f  t h e  d e l t a .  Cur ren t  scour 

i s  c h a r a c t e r i z e d  by e longa ted  depress ions 330 t o  490 f e e t  l ong ,  115 t o  330 f e e t  

wide, and l e s s  than  6 f e e t  deep. They p a r a l l e l  t h e  dominant bo t tom-cur ren t  

d i r e c t i o n  and rework t h e  unconso l ida ted  s i l t y  f i n e  sand compr is ing  t h e  l o c a l  

s u r f a c e  sediments. Megar ipp les occur a s  a  s e r i e s  o f  r i p p l e s  w i t h  a wavelength 

of 65 t o  165 feet and an ampl i tude  o f  l e s s  than  1.5 feet. They occur  i n  a s u b t l e  

ba thyme t r i c  t rough  n o r t h  of t h e  No. 2 w e l l ,  and t h e i r  c r e s t s  a r e  normal t o  the 

dominant westward bo t tom-cur ren t  d i r e c t i o n .  L o n g i t u d i n a l  c u r r e n t  1  i n e a t i o n s  

occur  as a s e r i e s  o f  fur rows w i t h  wavelengths o f  30 t o  100 f e e t  and depths o f  

1 ess t han  1.5 fee t .  These 1 i n e a t i o n s  p a r a l l  el t h e  dominant bo t tom-cur ren t  

d i r e c t i o n  and occur j u s t  south o f  t h e  megar ipp l  es. 

• Degassing o f  b i o g e n i c  gas generated by b u r i e d  Holocene peat  l a y e r s  results 

i n  gas c r a t e r i n g  i n  t h e  eas te rn  h a l f  o f  Norton Sound. The c r a t e r i n g  i s  u s u a l l y  

l e s s  than  1.5 f e e t  i n  r e l i e f  and on s ide-scan sonograms appears a s  a  patchy 

t e x t u r a l  f ea tu re .  

Quate rnary  Geology 

Norton Sound was s u b a e r i a l l y  exposed i n  t h e  l a t e  P le i s tocene  owing t o  a  

1 owered sea 1 eve1 . Quaternary  sediments c o n s i s t  o f  f l  u v i a l  d e p o s i t s  o f  c l a y e y  

s i l t  t o  s i l t y  sand w i t h  v a r y i n g  amounts o f  wood fragments,  she1 l s ,  and o rgan i c  



mat te r .  About 10,000 t o  9500 yr B.P., t h e  sea t ransgressed  ove r  Nor ton Sound 

and began rewo rk i ng  and b u r y i n g  t u n d r a  pea t  d e p o s i t s  (Nel son, 1980). These 

o r g a n i c  d e p o s i t s  r ep resen t  a  sea- leve l  s t i l  l s t a n d  60 t o  80 f e e t  be low p resen t  

sea 1  eve1 and a r e  t h e  base o f  the Holocene, T ransgress ion  r e s u l t e d  i n  Holocene 

d e p o s i t s  r ang ing  from f i n e  sand i n  t h e  n o r t h e r n  h a l f  o f  t h e  s a l e  area t o  c l a y e y  

s i l t  near  t h e  Yukon De l ta .  Approx imate ly  3 2  t o  40  f e e t  be low p resen t  sea 

l e v e l  , a younger,  l e s s  ex tens i ve ,  o r g a n i c - r i c h  l a y e r  extends seaward from t h e  

Yukon De l ta .  Th i s  r ep resen t s  a l a t e r  s t i l l  s tand  t h a t  a l lowed t h e  development 

o f  t und ra  peat. Subsequent t r a n s g r e s s i o n  ove r  t h e  area reworked and b u r i e d  

t h e  pea t  r e s u l t i n g  i n  an o r g a n i c - r i c h  s i l t  depos i t .  Th i s  d e p o s i t  grades upward 

i n t o  c l ayey  s i l t  i n  t h e  west and s i l t y  sand i n  t h e  e a s t .  The b u r i e d  o r g a n i c - r i c h  

d e p o s i t s  a r e  c u r r e n t l y  g e n e r a t i n g  gas a s  i n d i c a t e d  by t h e  gas c r a t e r i n g  and by 

ex tens i ve ,  s h a l l o w  a c o u s t i c  anomal ies t h a t  occur on b o t h  t h e  processed and 

ana log  reco rds  o f  t h e  m i n i s p a r k e r  and watergun systems. 



SEISMIC REFLECTION CORRELATION 

AND 

VELOCITY ANALYSIS 

by David S t e f f y  

By t h e  use o f  v e l o c i t y  i n f o r m a t i o n  froin t h e  Norton Sound COST Nos. 1  and 

2 w e l l s  and a 1978 se ismic r e f l e c t i o n  survey  by t h e  IJ.5. Geolog ica l  Survey 

( f i g .  6 ) ,  se ismic  c o r r e l a t i o n s  and v e l o c i t i e s  f rom the  two w e l l s  were compared 

t o  each o t h e r  and t o  those from t h e  nearby se ismic l i n e s .  The s t a c k i n g  

ve l  o c i t i e s  used on t h e  common-depth-point (CDP) t r a c e s  were eval  uated b e f o r e  

s t a c k i n g  t h e  gathers .  These comparisons were used t o  assign geologic 

s i g n i f i c a n c e  t o  f e a t u r e s  i d e n t i f i e d  on t h e  p r o f i l e s ,  and t h e  s i g n i f i c a n t  f ea tu res  

were used t o  e s t a b l i s h  t h e  geo log i c  h i s t o r y  o f  t h e  Norton Basin i n  t h e  conc lud ing  

s e c t i o n  of  t h i s  r e p o r t .  

Se i sn i c  Ref1 e c t i o n  C o r r e l a t i o n  

A s y n t h e t i c  seismogram was produced by use o f  t h e  borehole-compensated, 

i n t e r v a l - t r a n s i t - t i m e  l o g  o f  t h e  No. 1 w e l l  ( f i g .  7 ) .  The son ic  l o g  was 

v i s u a l l y  averaged w h i l e  be ing  stream d i g i t i z e d  and was measured t o  t h e  neares t  

f o o t  i n  depth and t h e  neares t  ~n i c rosecond / f oo t  i n  t r a n s i t  tirne. Th i s  r e s u l t e d  

i n  l o g  samples be ing  t aken  a t  i r r e g u l a r  i n t e r v a l s .  However, t h e  sampl ing was 

f requent  enough t o  p reven t  a l i a s i n g  i n  t h e  seismogram. The d i g i t i z e d  da ta  

were t hen  en te red  i n t o  a computer program t h a t  produced a  s y n t h e t i c  seismogram 





@ w i t h o u t  mu1 t i p 1  es. Constant d e n s i t y  was assumed, t h e r e f o r e  d e n s i t y  was n o t  

i nco rpo ra ted  i n t o  t h e  c a l c u l a t i o n  o f  t h e  r e f l e c t i o n  c o e f f i c i e n t s .  Th i s  assumption 

a p p a r e n t l y  does n o t  adverse ly  a f f e c t  t h e  resu l  t s  o f  t h e  s y n t h e t i c  seismogram 

i n  a s imp le  geo log i c  s e t t i n g  ( S h e r i f f ,  1978). The computer program a l s o  assumes 

a  s e r i e s  o f  h o r i z o n t a l  , para1 l e l  e a r t h  l a y e r s  w i t h  an e l  a s t i c  cons tan t ,  and 

assumes t h a t  t h e  i n c i d e n t  waves a r e  normal t o  t h e  r e f l e c t i n g  s u r f a c e  and have 

p l a n a r  wavefronts.  The c a l c u l a t e d  r e f 1  e c t i o n  c o e f f i c i e n t s  were then  convolved 

w i t h  a  s tandard  r i c k e r  wavelet  hav ing  a f requency range o f  8-55 Hz. This 

c o n v o l u t i o n  r e s u l t s  i n  a seismogram t h a t  i s  d i sp layed  w i t h  b o t h  normal and 

reve rse  po l  a r i t y .  

The s y n t h e t i c  seismogram was then  c o r r e l a t e d  t o  t h e  1977 Western Geoph.ysica1 

se ismic l i n e  WNS-38 which p r o f i l e s  th rough t h e  l o c a t i o n  o f  t h e  No. 1 w e l l  

@ ( f i g .  7 ) .  By use o f  t h i s  c o r r e l a t i o n ,  f ou r  d i s t i n c t  ho r i zons  a r e  i d e n t i f i e d  

i n  o r d e r  t o  represen t  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  c o n f i g u r a t i o n  o f  t h e  

bas in .  Three o f  t he  f o u r  ho r i zons  a r e  cont inuous t o  t h e  No. 2 we1 1 , where a  

s i m i l a r l y  d e r i v e d  s y n t h e t i c  seismogram was used. F igu res  8, 9, and 10 a r e  

USGS se ismic  l i n e s  807, 813, and 802, r e s p e c t i v e l y ,  which were surveyed near 

t h e  w e l l s  and d i s p l a y  these hor izons.  L i n e  807 i s  a no r t h - sou th  p r o f i l e  th rough  

t h e  S t u a r t  subbasin. The l i n e  p r o f i l e s  w i t h i n  one m i l e  o f  t h e  No. 2 w e l l  a t  

COP ga the r  1004. L i n e  802 i s  a no r t h - sou th  p r o f i l e  th rough  t h e  S t .  Lawrence 

subbasin. The l i n e  p r o f i l e s  w i t h i n  one m i l e  o f  t h e  No. 1  w e l l  a t  CDP ga the r  

2240. L i n e  81 3 i s  an east-west p r o f i t  e ac ross  t h e  S t u a r t  subbasin,  t h e  Yukon 

h o r s t ,  and t h e  S t .  Lawrence subbasin. The 1  i n e  p r o f i l e s  w i t h i n  4 m i l e s  o f  

t h e  No. 2 w e l l  and w i t h i n  16 m i l e s  o f  t h e  No. 1  w e l l  a t  COP ga the rs  1740 and 

120, r e s p e c t i v e l y .  F i g u r e  11 d i  sp l  ays t h e  t i m e - s t r a t i g r a p h i c  column o f  t h e  



No. 1  we1 1  based on t h e  i n t e r p r e t a t i o n  descr ibed  i n  t h e  Pa leon to logy  and B io -  

S t r a t i g r a p h y  s e c t i o n  o f  t h i s  r e p o r t .  L i t h o l o g i c  c o r r e l a t i o n s  o f  t h e  ho r i zons  

a r e  based on t h e  d e s c r i p t i o n s  i n  t h e  L i t h o l o g y  and Geophysical Log I n t e r p r e t a t i o n  

sec t ion .  

Hor izon  A occurs  a t  3.10 seconds o r  12,550 f e e t  i n  t h e  No. 1  w e l l ,  and a t  

3.57 seconds o r  14,460 f e e t  i n  t h e  No. 2 w e l l .  The h o r i  zon i s  c h a r a c t e r i  zed 

by  1  arge amp1 i tude, 1  ow f requency r e f l  e c t i o n s  t h a t  a r e  mos t l y  d iscon t inuous .  

Below t h e  ho r i zon  t h e r e  a r e  few areas i n  t h e  b a s i n  where r e f l e c t i o n s  occur .  

Above t h e  h o r i z o n  t h e  r e f l  e c t i o n s  d i s p l  ay an on1 ap re1 a t i onsh ip .  The h o r i z o n  

represents  an uncon fo rmi ty  t h a t  separates t h e  base o f  t h e  b a s i n  fill from the 

u n d e r l y i n g  Pal eozoic  ( ? )  metamorphic basement rock. Hor izon A i s  c o r r e l a t e d  

between t h e  w e l l s  and d i s p l a y s  major  s t r u c t u r a l  deformat ion o f  an e a r l y  T e r t i a r y  

t o  l a t e  Mesozoic e ros iond l  sur face.  Th i s  de fo rmat ion  i n i t i a t e d  t he  subsidence o f  

t h e  S t .  Lawrence and S t u a r t  subbasins. Dur ing  t h e  subsidence, t h e i r  common 

border ,  t h e  no r th - sou th  t r e n d i n g  Yukon h o r s t  , was a  re1 a t i v e l y  h i g h  basement 

f e a t u r e  ( f i g .  9) .  Normal f a u l  t i  ng de l  i n e a t e s  t h e  s t r u c t u r a l  depress ions w i t h i n  

t h e  subbasins,  and t h e  Yukon ho rs t .  Some o f  these  f a u l t s  were a c t i v e  i n t o  t h e  

Pl e i  s tocene and p robab l y  t h e  Hol ocene (Hoose , Ste f fy  , and Lybeck , 1981 ) , 

Normal f a u l t s  w i t h  d i s p l  acements of  ove r  4500 f e e t  o f f s e t  h o r i z o n  A. Downwarping 

o f  t he  ho r i zon  a l lowed over  14,000 f e e t  o f  sedimentary f i l l  t o  accumulate i n  

t h e  S t u a r t  subbasin. 

Hor izon  B-1 occurs  a t  3.12 seconds o r  12,700 f e e t  i n  t h e  No. 2 we? 1. 

The ho r i zon  i s  c h a r a c t e r i z e d  by  l a r g e  ampl i tude,  low f requency r e f l e c t i o n s .  

a There a r e  few r e f l e c t i o n s  j u s t  below t h e  ho r i zon ,  and those t h a t  do occur  have 



v a r i a b l e  amp1 i tude and a r e  d iscon t inuous .  Th is  ho r i zon  i s  an apparent unconformable 

s u r f a c e  t h a t  on laps ho r i zon  A a t  s t r u c t u r a l  h i ghs  and r e f l  e c t s  syndepos i t i ona l  

subsidence and f a u l t i n g .  Hor izon  B-1 i s  n e i t h e r  con t inuous  th roughout  t h e  S t u a r t  

subbasin n o r  c o r r e l a t e d  t o  any s p e c i f i c  ho r i zon  i n  t h e  No. 1 we l l .  A t  t h e  No, 

2 w e l l ,  t h e  ho r i zon  de f ines  t h e  t o p  o f  an Eocene coal -sandstone sequence t h a t  

i s  bounded a t  t h e  bo t tom by ho r i zon  A. 

Hor izon  B-2 occurs  a t  2.78 seconds o r  10,400 f e e t  i n  t h e  No. 1 well. A t  

t h e  w e l l ,  t h e  ho r i zon  i s  d e f i n e d  by l a r g e  ampl i tude,  low f requency r e f l e c t i o n s  

t h a t  a r e  l a t e r a l  l y  d iscon t inuous ,  The r e f l  e c t i o n s  e v e n t u a l l y  become u n d i s c e r n i b l e  

b u t  appear t o  on lap  Hor izon A. Th is  h o r i z o n  i s  n e i t h e r  con t inuous  th roughout  t h e  

S t .  Lawrence subbasin n o r  c o r r e l a t e d  t o  any s p e c i f i c  ho r i zon  i n  t h e  No. 2 we1 1. 

The h o r i z o n  does show evidence o f  contemporaneous subsidence and o f f s e t  by 

basement c o n t r o l l e d  f a u l t i n g .  A t  t h e  w e l l ,  t h e  ho r i zon  i s  c o r r e l a t i v e  w i t h  

an 01 igocene o r  o l d e r  b a s a l t  sequence ( f l ows  o r  hypabyssal ), L a t e r a l  changes 

i n  t h e  01 igocene o r  o l d e r  r e f l  e c t i o n s  t h a t  d e f i n e  t h e  t o p  o f  t h i s  igneous- 

sedimentary sequence i n d i c a t e  t h a t  these u n i t s  probab1.y grade i n t o  sedimentary 

d e p o s i t s  o f  e q u i v a l e n t  age. 

Hor izon  C occurs  a t  2.41 seconds o r  8620 f e e t  i n  t h e  No. 1 we1 1 , and a t  

2.33 seconds o r  5,500 f e e t  i n  t h e  No. 2 w e l l .  I n  t h i s  S t u a r t  subbasin,  t h i s  

h o r i z o n  i s  t h e  boundary between a deeper zone o f  sma l l e r  amp1 i t u d e ,  d i scon t i nuous  

r e f l e c t i o n s  and a sha l l owe r  zone o f  l a r g e r  ampl i tude,  con t inuous  r e f l e c t i o n s .  

Both zones o f  r e f l e c t i o n s  a r e  conformable t o  h o r i z o n  C i n  t h e  b a s i n  and t h i n  

towards s t r u c t u r a l  h i ghs  where t h e y  on lap  hor i zons  B-1, B-2, and A. Hor izon C 



i s  con t inuous  th roughout  t h e  b a s i n  and i s  c o r r e l a t e d  t o  t h e  No. 1  w e l l .  I n  

t h e  S t .  Lawrence subbasin,  t h i s  ho r i zon  i s  n o t  a s  d i s t i n c t  as i t  i s  i n  t h e  

S t u a r t  subbasin eas t  o f  t h e  Yukon ho rs t .  Both t h e  deep and sha l l ow  zones o f  

r e f l e c t i o n s  i n  t h e  S t .  Lawrence subbasin a r e  more d i scon t i nuous  and have sma l l e r  

and more v a r i a b l e  amp1 i t u d e s  than t h e i r  e q u i v a l e n t s  eas t  o f  t h e  Yukon h o r s t .  

Throughout t h e  bas in ,  t h e  ho r i zon  shows syndepos i t i ona l  subsidence and f a u l t i n g  

and p inches ou t  a t  some s t r u c t u r a l  h ighs,  i n c l u d i n g  t h e  Yukon h o r s t .  A t  t h e  

No, 1  w e l l  t h e  h o r i z o n  c o r r e l a t e s  w i t h  a  she1 fa1 mar ine mudstone, sha le ,  and 

in te rbedded sandstone sequence, A t  t h e  No. 2 we1 1 , t h i s  h o r i z o n  i s  c o r r e l  a ted 

t o  t h e  boundary between an o v e r l y i n g  mar ine  sandstone and an under1,ying c o a l -  

sandstone sequence, 

Hor izon  D occurs  a t  1.42 seconds o r  about 4,490 f e e t  i n  t h e  No. 1  we1 1  , 

and a t  1.18 seconds o r  3,490 f e e t  i n  t h e  No. 2 we l l .  Throughout t h e  bas in ,  

t h i s  h o r i z o n  separates a  deeper zone o f  l a r g e  ampl i t u d e ,  h i g h  frequency, 

con t inuous  r e f 1  e c t i o n s  f rom a sha l l owe r  zone o f  small ampl i t u d e ,  d i  scont inuous 

r e f l e c t i o n s .  The h o r i z o n  i s  a conformable su r f ace  throughout  t h e  b a s i n  and i s  

c o r r e l  a t  i v e  w i t h  a 1  a t e  01 igocene c o a l  -sandstone sequence. The h o r i  zon i s  

commonly o f f s e t  by normal f a u l  t s  t h a t  a r e  younger than  h o r i z o n  C. 

V e l o c i t y  A n a l v s i s  

RMS v e l o c i t i e s ,  i n t e r v a l  v e l o c i t i e s ,  and a t ime-depth cu rve  were c a l c u l  a ted  

( f i g s .  12  and 13) u s i n g  t h e  i n t e r v a l - t r a n s i t - t i m e  l o g  o f  t h e  No. 1  we l l .  A 
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Geologic  and Opera t iona l  Summary 

Norton Sound COST No. 1  Well 

Nor ton Sound, A1 aska 

Ronald F. Turner,  E d i t o r  

INTRODUCTION 

T i t l e  30, Code of Federal  Regu la t ions  (CFR) , paragraph 251 .14 s t i  pu l  a tes  

t h a t  geo log i ca l  da ta  and processed geo log i ca l  i n f o r m a t i o n  ob ta ined  froin Deep 

S t r a t i g r a p h i c  Test w e l l s  d r i l l e d  on t h e  Outer Con t i nen ta l  S h e l f  (OCS) be made 

a v a i l  ab le  f o r  pub1 i c  i n s p e c t i o n  60 ca lendar  days a f t e r  t h e  issuance o f  t h e  

f i r s t  Federal  l ease  w i t h i n  50 n a u t i c a l  m i l e s  o f  t h e  w e l l s i t e  o r  10 years  a f t e r  

comple t ion  o f  t h e  w e l l  i f  no leases  a r e  issued.  T rac t s  w i t h i n  t h i s  d i s t a n c e  

o f  t h e  f i r s t  Norton Sound Deep S t r a t i g r a p h i c  Test w e l l  (des igna ted  t h e  ARC0 

Nor ton Sound COST No. 1  Well by t h e  o p e r a t o r  and h e r e a f t e r  r e f e r r e d  t o  as t h e  

w e l l  o r  t h e  No. 1  w e l l )  were o f f e r e d  f o r  lease i n  Sa l e  57 on March 15, 1983. 

N i n e t y - e i g h t  b i d s  on 64 t r a c t s  were rece i ved  w i t h  t h e  t o t a l  h i gh  b i d s  amounting 

t o  $325 m i l l i o n .  F i f t y - n i n e  b i d s  were accepted and f i v e  r e j e c t e d .  The e f f e c t i v e  

issuance da te  o f  t h e  leases  i s  June 1  , 1983. 

Th i s  o p e n - f i l e  r e p o r t  i s  presented i n  accordance w i t h  t h e  requi rements o f  

30 CFR 251.14. The i n t e r p r e t a t i o n s  con ta ined  h e r e i n  a r e  c h i e f l y  t h e  work o f  

M ine ra l s  Management Serv ice  personnel ,  a l though s u b s t a n t i a l  c o n t r i b u t i o n s  were 

made by geoscience c o n s u l t i n g  companies. a 



The ARC0 Nor ton Sound COST No. 1 we1 l was compl eted on September 16, 1980, 

on OCS Lease Block 197, l oca ted  approx imate ly  54 m i l e s  south o f  Nome, A l a s k a  

( f i g .  1 ) .  The we l l  data i s  a v a i l a b l e  f o r  p u b l i c  i n s p e c t i o n  a t  t h e  Minera ls  

Management Service, Offshore F i e l d  Operat ions o f f i c e ,  l o c a t e d  a t  800 " A "  S t r e e t ,  

Anchorage, A1 aska  , 99501 . 

A1 1 measurements a re  g iven  as measured depths i n  f e e t  from t h e  K e l l y  

Bushing ( K R )  which was 98 fee t  above sea l e v e l .  For t h e  most p a r t ,  measurements 

a re  g iven  i n  U.S. Customary U n i t s  except where s c i e n t i f i c  convent ion d i c t a t e s  

m e t r i c  usage. A convers ion c h a r t  i s  provided. 





EQUIVALENT MEASUREMENT UNITS 

U.S. Customary t o  S I  M e t r i c  U n i t s :  

1 i n c h  = 2.54 c e n t i m e t e r s  

1 f o o t  = 0.3048 meter  

1 s t a t u t e  m i l  e = 1.61 k i l o m e t e r s  

1  n a u t i c a l  m i l  e = 1.85 k i l o m e t e r s  

1  pound = 0.45 k i l o g r a m  

1  pound /ga l lon  = 11 9.83 k i log ra rns /cub ic  mete r  

1 pound/square i n c h  = 0.07 k i  1  ograms/square cen t ime te r s  

1 g a l l o n  = 3.78 1 i t e r s  ( c u b i c  decimeters) 

1  b a r r e l  = (42 U.S. ga l  s.) = 0.16 cub i c  meters  

Temperature i n  degrees Fah renhe i t  = O F  l e s s  32, d i v i d e d  by 1.8 f o r  degrees 

Cel s ius .  

Other  Conversions: 1  k n o t  = 1  n a u t i c a l  m i l e / hou r  

1 n a u t i c a l  m i l e  = 1.15 s t a t u t e  m i l e s  o r  6,080 f e e t  



OPERAT 1 OVAL SUMMARY 

by 

Col 1 een McCarthy 

The jackup  r i g  Dan P r i n c e  a r r i v e d  on l o c a t i o n  i n  Nor ton Sound on June 12, 

1980, 1800 hours  A.S.T. and t h e  t, lorton Sound Con t i nen ta l  O f f sho re  S t r a t i g r a p h i c  

Test  (COST) No. 1 w e l l  was spudded June 14, 1980. D r i l l i n g  was completed 

94 days l a t e r  on September 16, 1983, a t  a measured depth of 14,683 f e e t .  

A f t e r  w i  re1  i n e  l ogg ing ,  s i d e w a l l  c o r i n g ,  and d r i l l  -stem t e s t i o g ,  t h e  we1 1  was 

p lugged and abandoned and t h e  r i g  under tow by September 30, 1980. 

The d r i l l i n g  r i g  Dan P r i n c e  i s  a s e l  f - e l e v a t i n g  d r i l l i n g  u n i t  owned by DAN- 

a TEX, I nc .  The r i g  i s  r a t e d  f o r  d r i l l i n g  up t o  25,000 f e e t  deep i n  water  up t o  

300 f e e t  deep, 109-knot winds, and 50- foo t  waves. The r i g  has a s t o rage  c a p a c i t y  

of 1500 tons.  The p r e d r i l l  i n s p e c t i o n  and m o b i l i z a t i o n  t ook  p l a c e  a t  Homer, 

Alaska, b e f o r e  t h e  r i g  was towed t o  t h e  d r i l l i n g  l o c a t i o n  i n  t h e  Florton Sound. 

There were no ma jo r  acc i den t s  o r  i n c i d e n t s  on t h e  Dan P r i n c e  d u r i n g  t h e  d r i l l i n g  

o f  t h e  we1 1. 

Nome, which i s  approx imate ly  54  m i l e s  NNE f rom the w e l l  l o c a t i o n ,  served 

as the shore base f o r  sea- and a i r - s u p p o r t  ope ra t i ons ,  and Kenai was an occas iona l  

source of non rou t i ne  equipment and m a t e r i a l s  supply .  Two sea-going supp ly  

vesse ls  t r a n s p o r t e d  d r i l l i n g  m a t e r i a l s  and supp l i es ,  i n c l u d i n g  f u e l ,  t o  t h e  

r i g .  They opera ted  ou t  o f  e x i s t i n g  dock f a c i l i t i e s  a t  Nome and Kenai ,  o r ,  



depending upon weather and a v a i l a b i l i t y  o f  s u p p l i e s  and suppor t  f a c i l i t i e s ,  

i n t e r m i t t e n t l y  f rom each o f  t hese  po in t s .  A l a r g e  sea-going s to rage  barge was 

a l s o  used t o  t r a n s p o r t  some m a t e r i a l s  from Kenai and was anchored near  t h e  

l o c a t i o n .  He1 i c o p t e r s  c e r t i f i e d  f o r  i ns t r umen t  fl i g h t  were used t o  t r a n s p o r t  

pe rsonne l ,  g r o c e r i e s ,  and l i g h t  we igh t  equipment between t h e  r i g  and t h e  p r ima ry  

shore base a t  Nome. A t  t imes  personne l ,  equipment, and s u p p l i e s  were a l s o  

t r a n s p o r t e d  t o  and frorn t h e  shore base by  b o t h  c h a r t e r e d  and commercial a i r  

c a r r i e r s .  

ARC0 O i l  and Gas Company ac ted  as  t h e  o p e r a t o r  f o r  i t s e l  f and t h e  s i x t e e n  

p a r t i c i p a t i n g  petroleum companies l i s t e d  be low t h a t  shared expenses f o r  t h e  

we1 1  : 

American Pet ro leum Company o f  Texas 

AMOCO Produc t ion  Co. 

Chevron, U.S.A., I n c .  

C i t i e s  Se rv i ce  Co. 

Con t i nen ta l  O i l  Co. 

E l  f -Aqu i  tane  E x p l o r a t i o n  L td .  

G e t t y  O i l  Co. 

G u l f  O i l  E x p l o r a t i o n  and P roduc t i on  Co. 

Marathon O i l  Co. 

Mobi! Expl o r a t i o n  and Produc ing Serv ices ,  I n c .  

Pennzoi l  Co. 

P h i l l i p s  Pet ro leum Co. 

She l l  O i l  Co. 

Sohio Pet ro leum Co. 

Sunmark E x p l o r a t i o n  Co. 

Union O i l  Company o f  Ca l  i f o r n i a  

6 



Norton Sound COST No. 1  w e l l  was l o c a t e d  a t  l a t  63"  46 f t  48.97" N.; l o n g  

166" 05 f t  10.40" W . ,  o r  UTM c o o r d i n a t e s  (zone 3 )  X = 446,453.5 m and Y = 

7,072,787.9 m. The survey p l a t  f o r  t h e  f i n a l  w e l l  s i t e  l o c a t i o n  i s  shown i n  

F i g u r e  2. Water dep th  a t  l o c a t i o n  i s  90 f e e t .  A l l  measurements were made 

f rom t h e  Kelly Bushing which was 98 f e e t  above sea l e v e l  and 188 f e e t  above 

mud1 ine.  The we l l  was d r i l l e d  t o  t o t a l  dep th  w i t h  no more t han  lo d e v i a t i o n  

from v e r t i c a l  . 

D r i l l  i n g  s t i p u l  a t i o n s  r e q u i  red  t h e  o p e r a t o r  t o  p r o v i d e  t h e  M ine ra l  s 

Management Se rv i ce  ( f o r m e r l y  USGS, Conserva t ion  D i v i s i o n )  w i t h  a l l  w e l l  l o g s ,  

samples, c o r e  s l abs ,  geo log i c  i n f o rma t i on ,  and o p e r a t i o n a l  r epo r t s .  

Pack i c e ,  sea- i ce  coverage, and i c e  breakup da ta  showed t h a t  t h e  e a r l i e s t  

t h a t  o p e r a t i o n s  c o u l d  be i n i t i a t e d  i n  Nor ton Sound was mid-June, and t h e  l a t e s t  

t h a t  o p e r a t i o n s  c o u l d  c o n t i n u e  was mid-October. 

An a d d i t i o n a l  c o n s i d e r a t i o n  f o r  i n i t i a t i n g  and t e r m i n a t i n g  o p e r a t i o n s  w i  t h  

a j ackup  r i g  was s to rm occurrence. I n  Nor ton Sound storms occur  l e s s  f r e q u e n t l y  

i n  June, J u l y ,  and August than  i n  o t h e r  months. A good wind and wave f o r e c a s t  

program was e s s e n t i a l  t o  s e t  up a jackup  r i g .  More f r equen t  s to rm occur rence  

and rougher  sea c o n d i t i o n s  i n  t h e  l a t t e r  p a r t  o f  t h e  o p e r a t i n g  season made 

re1  i a b l e  wind and wave f o r e c a s t s  v i t a l  t o  d e m o b i l i z a t i o n ;  l o w e r i n g  t h e  h u l l  

and f l o a t i n g  t h e  j ackup  r i g  away f rom l o c a t i o n .  The nan P r i n c e  was 1  a t e r  l o s t  

t o  a  storrn i n  t h e  G u l f  o f  Alaska d u r i n g  r e t u r n  tow t o  t h e  n e x t  c o n t r a c t  l o c a t i o n .  



LONG. 166O 05' 10.40" W. x = 446,453.5 

Figure2. Final locotlon plat showing the posit ion o f  Norton Sound 
C O S T  No. I we1 I. 
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D r i l l i n g  Programs 

The Nor ton Sound COST No. 1  w e l l  was d r i l l e d  u s i n g  one 26- inch  d r i l l  h i t  

and one 17 l / 2 - i n c h  b i t  t o  d r i l l  t h e  26- inch  h o l e  t o  a dep th  o f  1235 f e e t .  

Four teen  12 1 /4 - i nch  b i t s  were used t o  d r i l l  t o  a dep th  o f  12,175 f e e t  and t h e  

w e l l  was deepened f u r t h e r  w i t h  s i x  8 1 /2 - i nch  d r i l l  b i t s  t o  t o t a l  dep th  (TD). 

A d d i t i o n a l  b i t s  were used f o r  c l ean -ou t  t r i p s ,  t o  d r i l l  t h rough  cement, and f o r  

conven t i ona l  c o r i n g .  The d a i l y  d r i l l  i n g  p rogress  f o r  t h e  we1 1 i s  shown i n  

F i g u r e  3. 

D r i l l i n g  r a t e s  ranged f rom 3 t o  1295 f ee t / hou r .  The d r i l l i n g  r a t e  averaged 

100 f e e t / h o u r  down t o  1250 f e e t  where ve r y  s o f t  sandstone was encountered 

r e s u l  t i n g  i n  t h e  maximum r a t e  o f  p e n e t r a t i o n  f o r  t h i s  we1 1. Harder sediments 

w e r e p e n e t r a t e d a f t e r 3 5 0 0 f e e t a n d t h e d r i l l  r a t e d e c r e a s e d t o l O O f e e t / h o u r  

a t  7900 f e e t ,  25 f e e t / h o u r  a t  9000 f e e t ,  and remained between 10 and 20 f e e t / h o u r  

f o r  t h e  remainder  o f  t h i s  w e l l .  

Four s t r i n g s  o f  c a s i n g  were cemented i n  t h e  w e l l  as shown i n  F i g u r e  4. 

The 30- inch  cas ing  was s e t  a t  294 f e e t  KB and cemented. A t  1206 f e e t ,  2040 

sacks o f  C l  ass  G cement were used t o  cement t h e  20- inch cas ing .  Two thousand 

arid t e n  sacks o f  Class G cement were used t o  cement t h e  13 3 /8 - inch  c a s i n g  a t  

4667 f e e t .  The 9 5 /8 - inch  c a s i n g  was s e t  a t  12,170 f e e t  w i t h  1300 sacks o f  

Class G cement, and t h e  w e l l  was open h o l e  be low t h i s  p o i n t .  



Day  of  Month 

10 20 30 10 20 3 1 10 20 3 1 10 20 30 

Figure 3. Graph showing daily drilling progress for  the Norton Sound C O S T  
No. I we1 I .  
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D e p t h  below KB 

Bridga Plug w/ SO' 
cammt plug a t  4,140' 

P ~ r f o r o t l o n s  4,360'- 4,364' 
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95/8'' Casing at 12,170' 

Figure 4. Schematic diagram showing casing strings, plugging, and 
abandonment program, Norton Sound C O S T  No. I we1 I .  



D r i l l i n g  Mud 

Selected d r i l l i n g  mud p r o p e r t i e s  and t h e i r  changes w i t h  depth a r e  shown i n  

F i g u r e  5. Sea water  was used a s  d r i l l i n g  f l u i d  f o r  t h e  w e l l  t o  450 f e e t  where 

i t  was rep laced  by ge l  and water  mud. The i n i t i a l  mud weight  was 8.9 

pounds/gal l o n ,  i n c r e a s i n g  t o  10.0 pounds/gal l o n  a t  6250 f e e t ,  and remain ing a t  

10.4 pounds/ga l lon f rom 12,200 f e e t  t o  TD. V i s c o s i t y  v a r i e d  between 35 and 60 

seconds, averag ing  about 46 seconds. Chl o r i d e  concen t ra t i ons  began h i g h  w i t h  

4000 ppm a t  450 f e e t  and decreased t o  as l o w  a s  1500 ppm a t  5050 f e e t ,  w h i l e  

rema in i  ng around 2000 ppm f o r  most o f  t h e  we1 1 . Mud pH ranged from 3.5 t o  

10.8, averag ing  10.0. Mud-logging s e r v i c e s  were p rov ided  by The Ana1,ysts f rom 

188 f e e t  t o  TD. 

A breakdown o f  t i m e  spent on va r i ous  a c t i v i t i e s  i n  t h e  d r i l l i n g  o p e r a t i o n  

i s  g i ven  below: 

Opera t ion  Hours Percent o f  T o t a l  

R i g  Up/Tear Down 9 8 

To w i  ng 446.0 

D r i l l i n g  801.5 

Mud C i  r c u l  a t i o n  94.5 

Pickup & Lay Down 

Bottom Hole Assembly 17.0 

Hole Opening 53.5 



Operat ion Hours Percent o f  T o t a l  

Reami ng 

Washing 

Short  T r i ps  

Work Stuck Pipe 

Cor i  ng 

D e v i a t i o n  Surveys 

L o s t  Ci r c u l  a t i o n  

Well C o n t r o l  

N i p p l e  BOP & Rams 

Tes t  BOP 

Tes t  Casing 

Run & Cement Casing 

P l u g  & Abandon 

Drill Cement 

D r i l l  S tem T e s t  

R i g  Repair  and Maintenance 

Cut D r i l l  L i n e  

W a i t  on Orders 

Wait on Weather 

Wait  on Crew 

M i  scell aneous 

Una l  l o c a t e d  T r i p  

TOTAL 



F i g u r e  5. C h a n g e s  w i t h  d e p t h  o f  d r i l l i ng  mud p r o p e r t i e s ,  N o r t o n  Sound COST 

No. I well, including mud weight, viscosity, t o t a l  chlorides, and pH. 
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Sampl es and Tests 

D r i l l  c u t t i n g s  were c o l l e c t e d  th roughout  t h e  we l l  and analyzed f o r  m ine ra l  

compos i t ion  and pa l  eon to l  o g i c a l  con ten t .  Twel ve convent iona l  co res  were c u t  

and analyzed f o r  p o r o s i t y ,  p e r m e a b i l i t y ,  and g r a i n  dens i t y .  Core recovery  i s  as 

f o l  1 ows : 

Core No. I n t e r v a l  ( f t )  Recovered ( f t  ) 

Three s e r i e s  o f  percuss ion  s i d e w a l l  cores were c o l l e c t e d  p r o v i d i n g  a 

t o t a l  o f  533 samples. I n  t he  f i r s t  s e r i e s ,  117 cores were recovered f rom 135 

a t tempts  a t  4670 f e e t .  A t  12,175 f e e t ,  330 cores were c o l l e c t e d  i n  360 



a t t e ~ n p t s ,  and a t  TD, 86 co res  were taken  i n  90 at tempts .  The recove ry  r a t e  

was 91 percent .  

Logging runs  were made a t  depths o f  4670, 12,175, and 14,683 f e e t .  The 

Borehole  Compensated Sonic Log (BHC),  Compensated Format ion Dens i t y  Loq (FDC) 

Compensated Neutron Log (CNL) w i t h  Neutron Gamma Tool (NGT),  Long Spaced 

Sonic Log (LSS) w i t h  I n t e g r a t e d  Trave l  Time ( I T T ) ,  P r o x i m i t y  Log-Micro log 

(MPL) C a l i p e r  Log, V e l o c i t y  Survey, and t h e  H igh-Reso lu t ion  Cont inuous Dipmeter  

(HRT) were recorded  on a l l  runs.  On t h e  second and t h i r d  r uns ,  a  nua l  

I n d u c t i o n  L a t e r 1  og (D I L )  was run,  and Repeat Format ion Tests  (RFT) r e s u l  t i n g  

i n  seven p ressu re  samples were r u n  a t  12,175 f ee t .  On t h e  f i n a l  l o g g i n g  

s e r i e s ,  t h r e e  a d d i t i o n a l  l o g s  were run ;  a Cement bond Log (CBL), a Temperature 

Survey, and a M ic ro -La te r01  og (MLL ) . 

Two f o r m a t i o n  t e s t s  were made. The f i r s t  pe r f o ra ted  t e s t  i n t e r v a l  was 

11 ,180-11 ,220 f e e t  and no f o r m a t i o n  f l u i d  was recovered. Three samples o f  

f o r m a t i o n  f l u i d  were recovered on t h e  second t e s t  done th rough  t h e  p e r f o r a t e d  

i n t e r v a l  4360-4364 f ee t .  

R i g  down t i m e  owing t o  weather c o n s i s t e d  o f  a t o t a l  o f  3 hours ,  o n l y  

0.1 percen t  o f  t o t a l  r i g  t ime. 



SHALLOW GEOLOGIC SETTING 

NORTON SOUND COST NO. 1 WELL 

By David  S t e f f y  

Sha l low g e o l o g i c  c h a r a c t e r i s t i c s  o f  t h e  d r i l l  s i t e  were i d e n t i f i e d  i n  a 

su rvey  conducted by  T e t r a  Tech, Inc. ,  i n  1979. The survey,  p a r t  o f  t h e  p e r m i t  

t o  d r i l l  a p p l i c a t i o n ,  i n c l u d e d  a geo techn i ca l  s t udy  o f  t h e  upper  2 5  f ee t  o f  

sediment and a h i g h - r e s o l u t i o n  s e i s m i c - r e f l e c t i o n  survey of  t he  s e a f l o o r  and 

i t s  nea r - su r f ace  f ea tu res .  The r e g i o n a l  d e s c r i p t i o n  o f  Nor ton Sound i s based 

on f i v e  U.S. Geolog ica l  Survey maps prepared as  p a r t  o f  t h e  p re l ease  i n v e s t i g a -  

a t i o n  o f  t h e  s u r f a c e  and near -su r face  g e o l o g i c  environment o f  Norton Sound 

(Hoose, S te f f y ,  and Lybeck, 1981 ; S t e f f y  and Hoose, 1981 ; S t e f f y  and Lybeck, 

1981 ; S t e f f y ,  Turner ,  and Lybeck, 1981 ; S t e f f y ,  Turner,  Lybeck, and Roe, 1981 ) .  

Bathymetry  

Nor ton Sound i s  a  f l a t - b o t t o m e d  embayment o f  t h e  n o r t h e a s t e r n  B e r i n g  Sea 

e p i c o n t i n e n t a l  s h e l f .  Water depths i n  t h e  OCS S a l e  57  area range f rom 16 t o  89 

f e e t .  The s a l e  area covers  p a r t  o f  t h e  Yukon R i v e r  d e l t a  f r o n t  and p r o d e l t a ,  

which a r e  separa ted  f rom the  p rog rad ing  s h o r e l i n e  b y  a sub i ce  p l a t f o r m  (Larsen,  

Nelson, and Thor, 1980). Th is  p l a t f o r m  i s  3 t o  12 m i l e s  wide a l ong  t h e  sou thern  

boundary o f  t h e  s a l e  area and occurs  i n  water  depths o f  l e s s  than  32 f e e t .  COST 



@ No. 1 w e l l  i s  l o c a t e d  i n  t h e  Yukon p r o d e l t a  i n  90 f e e t  o f  water.  The d e l t a  f r o n t  

i s  t h e  seaward ex tens ion  o f  Holocene, nearshore sand d e p o s i t s  and i s  c h a r a c t e r i z e d  

by a  1- t o  2-degree seaward s l o p i n g  seaf l  oor.  Seaward, t h e  f r o n t  beco~nes t h e  

p r o d e l t a ,  a  v e r y  g e n t l y  s l o p i n g  area t h a t  marks t h e  edge o f  d e l t a i c  sedimentat ion.  

In t h e  s a l e  area t h e  p r o d e l t a  s lopes l e s s  than  1 degree and i s  52 t o  89 f e e t  

deep. 

Sea- f l  oo r  Geology 

The s e a - f l o o r  topography o f  t h e  Norton Sound area i s  t h e  r e s u l t  o f  i n t e r -  

a c t i o n s  o f  wind, wa te r ,  i c e ,  and sed imenta t ion  processes. Sur face sediments 

range i n  s i z e  from f i n e  sand a t  t h e  d e l t a  f r o n t  t o  sandy s i l t  and s i l t  i n  t h e  

p rode l  r a  area. These uncansol i d a t e d  sediments a r e  c o n t i n u a l  l y  reworked by 

i c e  gouging, c u r r e n t  scour,  s to rm su rg ing ,  and re l ease  o f  b i ogen i c  gas. The 

s e a f l o o r  i n  t h e  v i c i n i t y  o f  t h e  number 1  and number 2 w e l l s  i s  e s s e n t i a l l y  

s i m i l a r  and bo th  a r e  d iscussed i n  t h i s  sec t i on .  

S ing le -kee l  ed and mu1 t i k e e l e d  i c e  f l o e s  d r i v e n  by wind and water  c u r r e n t s  

f u r r o w  t h e  s e a f l o o r  p a r a l l e l  t o  t h e  ba thyme t r i c  contours ,  These fur rows occur  

i n  water  depths down t o  79 f e e t ,  and a r e  most dense between depths o f  32 and 56 

f ee t .  The No. 2 w e l l  i s  l o c a t e d  i n  a  r e l a t i v e l y  i n t e n s e  ice-gouging zone caused 

by t h e  westward-moving i c e  pack o f  Nor ton Sound shear ing  aga ins t  t h e  shore fas t  

i c e  t h a t  extends o f f s h o r e  f rom t h e  d e l t a .  The s i ng le - kee led  i c e  gouges i d e n t i f i e d  

by s ide-scan sonar range i n  w i d t h  f rom 16 t o  164 f e e t  and a re  seldom g r e a t e r  

a t h a n  3 f e e t  deep. A c t i v e  sed imenta t ion  i n f i l l s  t h e  gouges i n  t h e  r i ve r -dom ina ted  

months o f  summer, 



Trans ien t  f ea tu res  such as  c u r r e n t  scour,  megarippl  es, and 1 ong i  t u d i n a l  

c u r r e n t  l i n e a t i o n s  were n o t  found a t  t h e  d r i l l  s i t e s ,  b u t  were found i n  a 

1  i m i t e d  e x t e n t  eas t  of  t h e  No. 2 we1 1 and j u s t  west o f  t h e  d e l t a .  Cur ren t  scour 

i s  c h a r a c t e r i z e d  by e longa ted  depress ions 330 t o  490 f e e t  long ,  115 t o  330 f e e t  

wide, and less  than  6 f e e t  deep. They para1 l e l  t h e  dominant bo t tom-cur ren t  

d i r e c t i o n  and rework t h e  unconso l ida ted  s i l t y  f i n e  sand compr is ing  t h e  l o c a l  

s u r f a c e  sediments. Megar ipp les occur a s  a s e r i e s  o f  r i p p l e s  w i t h  a wavelength 

o f  65 t o  165 f e e t  and an amp1 i t u d e  o f  l e s s  than  1.5 f ee t .  They occur  i n  a  s u b t l e  

ba thyme t r i c  t r ough  n o r t h  o f  t h e  No. 2 w e l l ,  and t h e i r  c r e s t s  a r e  normal t o  t h e  

dominant westward bo t tom-cur ren t  d i r e c t i o n .  L o n g i t u d i n a l  c u r r e n t  1  i n e a t i o n s  

occur  as a  s e r i e s  o f  fur rows w i t h  wavelengths o f  30 t o  100 f e e t  and depths o f  

l e s s  than  1.5 f ee t .  These 1  i n e a t i o n s  p a r a l l e l  t h e  dominant bo t tom-cur ren t  

d i r e c t i o n  and occur j u s t  south o f  t h e  megarippl  es. 

Degassing o f  b i o g e n i c  gas generated by b u r i e d  Holocene p e a t  l a y e r s  r e s u l t s  

i n  gas c r a t e r i n g  i n  t h e  eas te rn  h a l f  of  Norton Sound. The c r a t e r i n g  i s  u s u a l l y  

l e s s  than  1.5 f e e t  i n  r e l i e f  and on s ide-scan sonograms appears as  a  patchy 

t e x t u r a l  f ea tu re .  

Quate rnary  Geol ogy 

Norton Sound was s u b a e r i a l l y  exposed i n  t h e  l a t e  P le i s tocene  owing t o  a 

1 owered sea l e v e l .  Quate rnary  sediments c o n s i s t  o f  f l  u v i a l  depos i t s  o f  c l a y e y  

s i l t  t o  s i l t y  sand w i t h  v a r y i n g  amounts o f  wood fragments,  s h e l l s ,  and o rgan i c  



mat te r .  About 10,000 t o  9500 yr B.P., t h e  sea t ransgressed  over  Norton Sound 

and began rework ing  and b u r y i n g  t und ra  pea t  d e p o s i t s  (Nelson, 1980). These 

o rgan i c  depos i t s  r ep resen t  a sea-1 evel  s t i l l  s tand 60 t o  80 f e e t  be1 ow p resen t  

sea 1 evel and a r e  t h e  base o f  t h e  Holocene. Transgress ion r e s u l t e d  i n  Holocene 

d e p o s i t s  rang ing  f rom f i n e  sand i n  t h e  n o r t h e r n  h a l f  o f  t h e  s a l e  area t o  c l a y e y  

s i l t  near  t h e  Yukon De l ta .  Approx imate ly  32  t o  40 f e e t  below presen t  sea 

1  evel  , a younger, 1 ess ex tens i ve ,  o r g a n i c - r i c h  l a y e r  extends seaward froin t h e  

Yukon De l ta .  Th is  represen ts  a l a t e r  s t i l l  s tand t h a t  a l lowed t h e  development 

of t und ra  peat.  Subsequent t r a n s g r e s s i o n  over  t h e  a rea  reworked and b u r i e d  

t h e  peat  r e s u l t i n g  i n  an o r g a n i c - r i c h  s i l t  depos i t .  Th i s  d e p o s i t  grades upward 

i n t o  c l a y e y  s i l t  i n  t h e  west and s i l t y  sand i n  t h e  east .  The b u r i e d  o r g a n i c - r i c h  

d e p o s i t s  a r e  c u r r e n t l y  gene ra t i ng  gas a s  i n d i c a t e d  by t h e  gas c r a t e r i n g  a n d  b y  

ex tens i ve ,  sha l l ow  a c o u s t i c  anomalies t h a t  occur on b o t h  t h e  processed and 

analog records  o f  t h e  m i n i s p a r k e r  and watergun systems. 



SEISMIC R E F L E C T I O N  CORRELATION 

AND 

V E L O C I T Y  ANALYSIS 

by David  S t e f f y  

By t h e  use o f  v e l o c i t y  i n f o r m a t i o n  f rom t h e  Nor ton Sound COST Nos. 1 and 

2 w e l l s  and a 1978 se ismic  r e f l e c t i o n  su r vey  b y  t h e  U.S. Geolog ica l  Survey 

( f i g .  6 ) ,  se i sm ic  c o r r e l a t i o n s  and v e l o c i t i e s  f rom t h e  two w e l l s  were compared 

t o  each o t h e r  and t o  those  f rom t h e  nearby se ismic  l i n e s .  The s t a c k i n g  

v e l o c i t i e s  used on t h e  common-depth-point (CDP) t r a c e s  were eva lua ted  b e f o r e  

s t a c k i n g  t h e  gathers .  These comparisons were used t o  ass i gn  g e o l o g i c  

s i g n i f i c a n c e  t o  f e a t u r e s  i d e n t i f i e d  on t h e  p r o f i l e s ,  and t h e  s i g n i f i c a n t  f ea tu res  

were used t o  e s t a b l i s h  t h e  g e o l o g i c  h i s t o r y  o f  t h e  Norton Bas in  i n  t h e  c o n c l u d i n g  

s e c t i o n  o f  t h i s  r e p o r t .  

Seisrnic Ref1 e c t i o n  C o r r e l a t i o n  

A s y n t h e t i c  seismogram was produced by use o f  t h e  borehole-compensated, 

i n t e r v a l - t r a n s i t - t i m e  l o g  o f  t h e  No. 1  w e l l  ( f i g .  7).  The son ic  l o g  was 

v i s u a l l y  averaged w h i l e  b e i n g  s t ream d i g i t i z e d  and was measured t o  t h e  nea res t  

f o o t  i n  dep th  and t h e  nea res t  microsecond/ foot  i n  t r a n s i t  t ime.  Th i s  r e s u l t e d  

i n  l o g  samples b e i n g  t aken  a t  i r r e g u l a r  i n t e r v a l s .  However, the sampl i n g  was 

f r e q u e n t  enough t o  p reven t  a1 i a s i n g  i n  t h e  seismogram. The d i g i t i z e d  da ta  

were t hen  en te red  i n t o  a  computer program t h a t  produced a s y n t h e t i c  seismogram 



Figure  6 .  L o c a t i o n  map o f  N o r t o n  B a s i n ,  COST W e l l s ,  a n d  USGS seismic tines. 
A d o p t e d  f r o m  Fisher a n d  o t h e r s  ( 1  980). 



w i  t h o u t  mu1 t i p 1  es. Constant densi ty was assumed, t h e r e f o r e  d e n s i t y  was n o t  

i nco rpo ra ted  i n t o  t h e  c a l c u l a t i o n  o f  t h e  r e f l e c t i o n  c o e f f i c i e n t s .  Th i s  assumption 

appa ren t l y  does n o t  adverse ly  a f f e c t  t h e  r e s u l t s  o f  the s y n t h e t i c  seismogram 

i n  a s imp le  geo log i c  s e t t i n g  ( S h e r i f f ,  1978). The computer program a l s o  assumes 

a s e r i e s  o f  h o r i z o n t a l ,  p a r a l l e l  e a r t h  l a y e r s  w i t h  an e l a s t i c  cons tan t ,  and 

assumes t h a t  t h e  i n c i d e n t  waves a r e  normal t o  t h e  r e f l e c t i n g  su r f ace  and have 

p l  anar wavefronts .  The c a l  c u l  a ted  re f1  e c t i o n  c o e f f i c i e n t s  were then convolved 

w i t h  a  s tandard  r i c k e r  w a v e l e t  hav ing  a f requency range of 8-55 Hz. Th is  

c o n v o l u t i o n  r e s u l t s  i n  a seismogram t h a t  i s  d i sp layed  w i t h  b o t h  normal and 

reve rse  po l  a r i t y .  

The s y n t h e t i c  seismogram was then  c o r r e l a t e d  t o  t h e  1977 Western Geoph.ysica1 

se ismic  l i n e  WNS-38 which p r o f i l e s  t h rough  t h e  l o c a t i o n  o f  t h e  No. 1  w e l l  

( f i g .  7). By use o f  t h i s  c o r r e l a t i o n ,  f o u r  d i s t i n c t  ho r i zons  a r e  i d e n t i f i e d  

i n  o r d e r  t o  represen t  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  c o n f i g u r a t i o n  o f  t h e  

bas in .  Three o f  t h e  f o u r  ho r i zons  a r e  cont inuous t o  t h e  No. 2 well ,  where a 

s i m i l a r l y  d e r i v e d  s y n t h e t i c  seismogram was used. F igu res  8, 9, and 10 a r e  

USGS se ismic  l i n e s  807, 813, and 802, r e s p e c t i v e l y ,  which were surveyed near 

t h e  w e l l s  and d i s p l a y  these  hor izons.  L i n e  807 i s  a no r t h - sou th  p r o f i l e  th rough  

t h e  S t u a r t  subbasin. The l i n e  p r o f i l e s  w i t h i n  one m i l e  o f  the  No. 2 w e l l  a t  

CDP ga the r  1004. L i n e  802 i s  a no r t h - sou th  p r o f i l e  th rough  t h e  S t .  Lawrence 

subbasin. The l i n e  p r o f i l e s  w i t h i n  one m i l e  o f  t h e  No. 1  w e l l  a t  CDP q a t k e r  

2240. L i n e  81 3 i s  an east -west  p r o f i l e  across t h e  S t u a r t  subbasin,  t h e  Yukon 

h o r s t ,  and t h e  S t .  Lawrence subbasin. The l i n e  p r o f i l e s  w i t h i n  4 m i l e s  o f  

t h e  No. 2 we l l  and w i t h i n  16 m i l e s  o f  t h e  No. 1 w e l l  a t  CDP ga the rs  1740 and 

120, r e s p e c t i v e l y .  F i g u r e  11 d i s p l a y s  t h e  t i m e - s t r a t i g r a p h i c  column o f  t h e  
0 .  



No. 1 w e l l  based on t h e  i n t e r p r e t a t i o n  desc r i bed  i n  t h e  Pa leon to logy  and Rio-  

S t r a t i g r a p h y  s e c t i o n  o f  t h i s  r e p o r t ,  L i t h o l o g i c  c o r r e l a t i o n s  o f  t h e  ho r i zons  

a r e  based on t h e  d e s c r i p t i o n s  i n  t h e  L i t h o l o g y  and Geophysical Log I n t e r p r e t a t i o n  

sec t ion .  

Ho r i zon  A occurs  a t  3.10 seconds o r  12,550 f e e t  i n  t h e  No. 1 we1 1 ,  and a t  

3.57 seconds o r  14,460 f e e t  i n  t h e  No. 2 w e l l .  The h o r i z o n  i s  c h a r a c t ~ r i z e d  

by  1  arge amp1 i tude,  1  ow frequency r e f l  e c t i o n s  t h a t  a r e  m o s t l y  d i scon t i nuous .  

Below t h e  h o r i z o n  t h e r e  a r e  few  areas i n  t h e  b a s i n  where r e f l e c t i o n s  occur .  

Above t h e  h o r i z o n  t h e  r e f l  e c t i o n s  d i s p l  ay an on1 ap re1 a t i o n s h i p .  The h o r i z o n  

rep resen t s  an uncon fo rm i t y  t h a t  separates t h e  base o f  t h e  b a s i n  f i l l  f rom t h e  

u n d e r l y i n g  Pa leozo ic  ( ? )  metamorphic basement rock.  Hor i zon  A i s  c o r r e l a t e d  

between t h e  w e l l s  and d i s p l a y s  ma jo r  s t r u c t u r a l  de fo rma t i on  o f  an e a r l y  T e r t i a r y  * t o  1 a t e  Mesozoic e r o s i o n a l  su r face .  Th i s  de fo rmat ion  i n i t i a t e d  t h e  subs idence o f  

t h e  S t .  Lawrence and S t u a r t  subbasins.  Du r i ng  t h e  subsidence, t h e i r  common 

bo rde r ,  t h e  n o r t h - s o u t h  t r e n d i n g  Yukon h o r s t ,  was a r e l a t i v e l y  h i g h  basement 

f e a t u r e  ( f i g .  9) .  Normal f a u l t i n g  de l  i n e a t e s  t h e  s t r u c t u r a l  depress ions  w i t h i n  

t h e  subbasins, and t h e  Yukon h o r s t .  Some of these  f a u l t s  were a c t i v e  i n t o  t h e  

Pl e i  s tocene and p robab l y  t h e  Hal ocene (Hoose, S t e f f y  , and Lybeck , 1981 ) . 
Normal f a u l t s  w i t h  d isp lacements  o f  o v e r  4500 f e e t  o f f s e t  h o r i z o n  A. Downwarping 

o f  t h e  h o r i z o n  a l lowed over  14,000 f e e t  o f  sed imentary  fill t o  accumulate i n  

t h e  S t u a r t  subbasin. 

Ho r i zon  B-1 occurs  a t  3.12 seconds o r  12,700 f e e t  i n  t h e  No. 2 we1 1. 

The h o r i z o n  i s  c h a r a c t e r i z e d  by l a r g e  amp l i tude ,  l ow  f requency r e f l e c t i o n s .  

There a r e  few r e f l e c t i o n s  j u s t  be low t h e  h o r i z o n ,  and those  t h a t  do occur  have 



v a r i a b l e  ampl i tude  and a r e  d iscon t inuous .  Th is  ho r i zon  i s  an apparent unconformable 

sur face t h a t  on laps ho r i zon  A a t  s t r u c t u r a l  h i ghs  and r e f l e c t s  syndepos i t i ona l  

subsidence and f a u l t i n g ,  Hor izon  B-1  i s  n e i t h e r  con t inuous  th roughout  t h e  S t u a r t  

subbasin n o r  c o r r e l a t e d  t o  any s p e c i f i c  ho r i zon  i n  t h e  No. 1  we l l .  A t  t h e  No. 

2 w e l l ,  t h e  ho r i zon  d e f i n e s  t h e  t op  o f  an Eocene coal -sandstone sequence t h a t  

i s  bounded a t  t h e  bo t tom by ho r i zon  A. 

Hor izon  B-2 occurs  a t  2.78 seconds o r  10,400 f e e t  i n  t h e  No. 1 we1 1 .  A t  

t h e  w e l l ,  t h e  ho r i zon  i s  d e f i n e d  by l a r g e  ampl i tude,  low f requency r e f l e c t i o n s  

t h a t  a r e  1  a t e r a l  l y  d iscon t inuous .  The r e f l  e c t i o n s  eventual  l y  become u n d i s c e r n i b l  e 

b u t  appear t o  on lap Hor izon A. Th is  h o r i z o n  i s  n e i t h e r  con t inuous  th roughout  t h e  

S t ,  Lawrence subbasin n o r  c o r r e l  a ted  t o  any s p e c i f i c  h o r i z o n  i n  t h e  No. 2 we1 1. 

The h o r i z o n  does show evidence o f  contemporaneous subsidence and o f f s e t  by  

e basement c o n t r o l l e d  f a u l t i n g .  A t  t h e  w e l l ,  t h e  ho r i zon  i s  c o r r e l a t i v e  w i t h  

an 01 igocene o r  o l d e r  b a s a l t  sequence ( f l ows  o r  hypabyssal ). L a t e r a l  changes 

i n  t h e  Ol igocene o r  o l d e r  r e f l e c t i o n s  t h a t  d e f i n e  t h e  t o p  o f  t h i s  igneous- 

sedimentary sequence i n d i c a t e  t h a t  these  u n i t s  p robab ly  grade i n t o  sedimentary 

d e p o s i t s  o f  e q u i v a l e n t  age. 

Hor izon  C occurs  a t  2.41 seconds o r  8620 f e e t  i n  t h e  No. 1  w e l l ,  and a t  

2.33 seconds o r  5,500 f e e t  i n  t h e  No. 2 we1 1. I n  t h i s  S t u a r t  subbasin,  t h i s  

h o r i z o n  i s  t h e  boundary between a deeper zone o f  smal l  e r  amp1 i t u d e ,  d i scon t i nuous  

r e f l e c t i o n s  and a sha l l owe r  zone o f  l a r g e r  amp1 i t u d e ,  con t inuous  r e f l e c t i o n s .  

Both zones o f  r e f l  e c t i o n s  a r e  conformable t o  h o r i z o n  C i n  t h e  b a s i n  and t h i n  

towards s t r u c t u r a l  h i ghs  where t h e y  on lap  hor i zons  B -1 ,  B-2, and A. Hor izon C 



S t u a r t  subbasin e a s t  of t h e  Yukon h o r s t .  Both t h e  deep and sha l l ow  zones o f  

r e f l e c t i o n s  i n  t h e  S t .  Lawrence subbasin a r e  more d i scon t i nuous  and have s m a l l e r  

and more v a r i a b l e  amp1 i t u d e s  than t h e i r  e q u i v a l e n t s  eas t  of  t h e  Yukon ho rs t .  

Throughout t h e  bas in ,  t h e  h o r i  zon shows syndeposi t i o n a l  subsidence and f a u l  t i  ng 

and p inches o u t  a t  some s t r u c t u r a l  h ighs,  i n c l u d i n g  t h e  Yukon h o r s t ,  A t  t h e  

No. 1  w e l l  t h e  ho r i zon  c o r r e l a t e s  w i t h  a s h e l f a l  mar ine  mudstone, sha le ,  and 

in te rbedded sandstone sequence. A t  t h e  No. 2  we1 1, t h i s  ho r i zon  i s  c o r r e l a t e d  

t o  t h e  boundary between an o v e r l y i n g  mar ine sandstone and an under1,ying c o a l -  

sandstone sequence. 

Hor izon  D occurs  a t  1.42 secorlds o r  about 4,490 f e e t  i n  t h e  No. 1  we1 1  , 

and a t  1  , I 8  seconds o r  3,490 f ee t  i n  t h e  No. 2 w e l l .  Throughout t h e  bas in ,  

t h i s  ho r i zon  separates a deeper zone o f  1  arge amp1 i tude, h i g h  f requency,  

con t inuous  re f1  e c t i o n s  f rom a sha l l owe r  zone o f  small amp1 i t u d e ,  d i  scont inuous 

r e f l e c t i o n s .  The h o r i z o n  i s  a conformable su r f ace  throughout  t h e  b a s i n  and i s  

carrel a t  i v e  w i t h  a 1  a t e  01 igocene c o a l  -sandstone sequence. The h o r i z o n  i s  

commonly o f f s e t  by normal f a u l t s  t h a t  a r e  younger than  h o r i z o n  C. 

V e l o c i t y  Ana l ys i s  

RMS v e l o c i t i e s ,  i n t e r v a l  v e l o c i t i e s ,  and a t ime-depth cu rve  were c a l c u l  a t e d  

( f i g s .  12 and 13) u s i n g  t h e  i n t e r v a l - t r a n s i t - t i m e  l o g  o f  t h e  No. 1  we l l .  A 
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comparison i s  made between these  and s i m i l  a r  v e l o c i t i e s  and a  t ime-dep th  cu rve  

t h a t  were c a l c u l a t e d  f rom nearby se ismic r e f l e c t i o n  data.  

I n  f l  a t - l y i n g  para1 l e l  -bedded s t r a t a ,  t h e  RMS v e l o c i t i e s  d e r i v e d  from a 

son i c  l o g  a r e  comparable t o  t h e  s t a c k i n g  v e l o c i t i e s  t h a t  a r e  used t o  c o r r e c t  

f o r  normal movement o f  CDP t r aces .  F i g u r e  12 d i s p l a y s  t h i s  comparison. S tack ing  

v e l o c i t i e s  f o r  USGS l i n e s  802 and 009 t h a t  were shot  w i t h i n  5 m i l e s  o f  t h e  w e l l  

were p i cked  and averaged. Down t o  1.85 seconds o r  6,100 f e e t ,  t h e  two types  o f  

v e l o c i t i e s  a r e  i n  good agreement. Below 1.85 seconds, t h e  s t a c k i n g  v e l o c i t i e s  

become i n c r e a s i n g l y  h i g h e r  than  t h e  RMS v e l o c i t i e s .  Anstey ( 1 9 7 7 )  p o i n t s  ou t  

t h a t  s t a c k i n g  v e l o c i t i e s  and borehol  e v e l o c i t y  f i n d i n g s  migh t  n o t  agree because 

o f  geometr ic  and nongeometr ic d i f f e rences  i n  t h e  da ta  c o l l e c t i o n  methods. I n  

t h i s  case, t h e  d i f f e r e n c e  below 1.85 seconds i s  p a r t i a l l y  exp la i ned  by d i p p i n g  

r e f l e c t o r s .  R e f l e c t i o n s  w i t h  d i p s  o f  up t o  1 9 O  a re  p resen t  where some o f  t h e  

v e l o c i t y  spec t ra  a r e  d isp layed .  

A f t e r  a d j u s t i n g  t he  s t a c k i n g  v e l o c i t i e s  f o r  d i p ,  i n t e r v a l  v e l o c i t i e s  and a 

t ime-dep th  cu rve  were c a l c u l a t e d  ( f i g .  14). Down t o  10,500 f ee t ,  these  i n t e r v a l  

v e l o c i t i e s  a r e  i n  c l o s e  agreement w i t h  those c a l c u l a t e d  from son ic  da ta  ( f i g .  13 ) .  

Below 10,500 f e e t ,  t h e  i n t e r v a l  v e l o c i t i e s  d e r i v e d  from se ismic  r e f l e c t i o n  da ta  

a r e  c o n s i s t e n t l y  h i g h e r  than those  d e r i v e d  from sonic  data.  Th is  d i f f e r e n c e  

i n  i n t e r v a l  v e l o c i t i e s  causes a d ive rgence  i n  t h e i r  co r respond ing  t ine-dep th  

curves  ( f i g .  15) .  The d i f f e r e n c e  i s  p robab l y  due t o  geometr ic and nongeometr ic 

d i f f e r e n c e s  i n  da ta  c o l l e c t i o n  methods. 
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FIGURE 14 -INTERVAL VELOCITIES AND TIME-DEPTH 
FROM SEISMIC DATA NEAR COST WELL NO. I 
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FIGURE 15 - COMPARISON BETWEEN TIME-DEPTH 
CURVE DERIVED FROM SEISMIC AND SONIC DATA 

FOR COST WELL NO. I 



a F i g u r e  16 i s  a comparison of  t h e  t ime-depth curves  d e r i v e d  from se ismic 

r e f l e c t i o n  da ta  c o l l e c t e d  near  t h e  we l l s .  Down t o  5,000 f e e t  t h e  curves a r e  

i n  good agreement. Below 5,000 f e e t ,  t h e  No. 2 wet 1  d i s p l a y s  a s teeper  t ime -  

dep th  curve. These h i g h e r  v e l o c i t i e s  a r e  p robab ly  due t o  1  i t h o l o g i c  differences 

i n  t h e  we1 1s between 5,000 and 10,000 fee t .  I n  this i n t e r v a l  , t h e  No. 2 we1 1  

pene t ra ted  a  coal -sandstone sequence t h a t  has a  h i g h e r  average i n t e r v a l  v e l o c i t y  

than  t h e  mar ine  sediments found i n  t h e  No. 1  we1 1. From 10,000 t o  about 12,550 

f e e t ,  t h e  i n t e r v a l  v e l o c i t i e s  a r e  approx imate ly  t h e  same. Below 12,550 f e e t ,  

i n t e r v a l  v e l o c i t i e s  i n  t h e  No. 1  w e l l  re f1  e c t  an acous t i c  basement o f  metalnorphic 

rock ,  whereas i n t e r v a l  v e l o c i t i e s  i n  t h e  No. 2 w e l l  r e f l e c t  a r e l a t i v e l y  

l owe r  v e l o c i t y  coa l  -sandstone sequence down t o  a  depth o f  14,460 f e e t ,  Below 

14,460 f e e t  t h e  i n t e r v a l  v e l o c i t i e s  r e f l e c t  the metamorphic r o c k  o f  acor ls t ic  

basement. Therefore,  any t i~ne-dep th  convers ions  shoul d cons ide r  t h e  1 i tho1 o g i c  

d i f f e r e n c e s i n t h e w e l l s b e l o w 5 , 0 0 0 f e e t .  T h e d i f f e r e n c e s p r o b a h l y r e f l e c t  

t h e  i n d i v i d u a l  subbasin h i s t o r i e s .  Be1 ow 5000 f e e t  v e l o c i t y  v a r i a t i o n s  w i t h i n  

each subbasin p robab ly  w i l l  n o t  be a s  g r e a t  a s  v e l o c i t y  v a r i a t i o n s  between t h e  

subbasins, 
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FIGURE 16 - COMPARISON BETWEEN TIME-DEPTH 
CURVES FOR COST WELLS I AND 2 



PALEONTOLOGY AND B IOSTRATIGRAPH Y 

b y  

Ronald F. Turner  

Pa leoeco log ic  and b i o s t r a t i g r a p h i c  de te rm ina t i ons  i n  t h e  A R C 0  Norton Sound 

COST No. 1  Well a r e  based on d e t a i l z d  analyses o f  m i c r o f o s s i l  asse~nblages 

c o n t a i n i n g  Fo ram in i f e ra ,  s i l i c o f l a g e l l a t e s  and d ia toms,  ca lca reous  nannoplankton,  

and mar ine  and t e r r e s t r i a l  palynomorphs. Ro ta r y  d r i l l  b i t  c u t t i n g s  were examined 

a t  30 - f oo t  i n t e r v a l s  f rom t h e  f i r s t  sample a t  180 f e e t  t o  the t o t a l  dep th  o f  

14,683 f e e t .  Data f ro in conven t iona l  and s i d e w a l l  co res  were a1 so examined 

and u t i l i z e d .  I n  a d d i t i o n ,  s l i d e s ,  processed samples, and r e p o r t s  prepared f o r  

t h e  p a r t i c i p a n t s  b y  c o n s u l t a n t s  were examined, i n t e r p r e t e d ,  and i n t e g r a t e d  i n t o  

t h i s  r e p o r t  (Appendix) .  D isc repanc ies  between Minera l  s  Management Se rv i ce  and 

c o n s u l t a n t  i n t e r p r e t a t i o n s ,  p r i n c i p a l l y  t h e  l o c a t i o n  o f  b i o s t r a t i g r a p h i c  tops ,  

f o r  t h e  most p a r t  can be a t t r i b u t e d  t o  sample c o n t e n t  v a r i a t i o n s  and d i f f e r e n c e s  

i n  sample p r e p a r a t i o n  techniques.  Fo ram in i f e ra1  a n a l y s i s ,  i n t e r p r e t a t i o n ,  and 

s y n t h e s i s  o f  o t h e r  da ta  were done b y  t h e  author .  S i l  i ceous  r n i c r o f o s s i l  a n a l y s i s  

was done by  Dona1 d  L. 01 son. 

S t r a t a  a r e  d iscussed  i n  t h e  o r d e r  t h a t  they were pene t ra ted .  T h e  

b i o s t r a t i g r a p h i c  u n i t s  d e l i n e a t e d  rep resen t  a s y n t h e s i s  o f  da ta  d e r i v e d  f rom 

v a r i o u s  s u b d i s c i p l i n e s  t h a t  do n o t  agree i n  every  p a r t i c u l a r .  F o l l o w i n g  

a conven t ion ,  f o s s i l  occurrences a r e  l i s t e d  as h i g h e s t  and l owes t  r a t h e r  than  



t h e  p o t e n t i a l l y  con fus ing  f i r s t  and l a s t .  Sample depths may d i sag ree  s l i g h t l y  

w i t h  measured depths. D a t a  ob ta ined  frorn cores a r e  g i ven  somewhat more weight  

than  those  from c u t t i n g s .  C o r r e l a t i o n  w i t h  t h e  o t h e r  Norton Sound COST w e l l  

i s  d iscussed  a t  t h e  conc lus ion  o f  t h i s  r e p o r t ,  

P a l  eoenvi  ronmental de te rm ina t i ons  a r e  based on t h e  e n t i  r e  m i c r o f o s s i l  and 

~ n a c r o f o s s i l  su i t es .  Paleocl  i m a t o l o g i c a l  i n t e r p r e t a t i o n s  a r e  based on spore 

and p o l l e n  assemblages and, t o  a  1  esser  e x t e n t ,  on diatoms, s i l  i c o f l  agel 1 a tes  

and Foramini  fera.  F l  u v i  a1 , 1 a c u s t r i n e  , and pal  udal  environments a r e  c l  a s s i  f i e d  

as c o n t i n e n t a l  o r  nonmarine. T r a n s i t i o n a l  environments i n c l u d e  b r a c k i s h  

e s t u a r i e s ,  marshes, and hypersa l  i n e  and hyposal i n e  1 agoons. For sediments 

depos i ted  i n  mar ine environments,  t h e  paleoenvironment i s  expressed i n  terms 

o f  bathymetry.  Paleobathymetr ic  de te rm ina t i ons  a r e  p r i m a r i l y  based on 

f o r a m i n i f e r a 1  c r i t e r i a ,  b u t  d i n o f l  agel l a t e s  and o t h e r  mar ine organisms such as 

bryozoans, ech ino ids ,  ophu ro ids ,  and c i r r i p e d s  a r e  a1 so u t i l  i zed. The mar ine 

environment i s  d i v i d e d  i n t o  i n n e r  n e r i t i c  (0-60 f e e t ) ,  m idd le  n e r i t i c  (60-300 

f e e t ) ,  o u t e r  n e r i t i c  (300-600 f e e t ) ,  and upper b a t h y a l  (600-1500 f e e t ) .  



Pl e i  stocene 

The i n t e r v a l  f rom 180 t o  1320 f e e t  i s  P le is tocene i n  age on t h e  b a s i s  o f  a 

f o r a m i n i f e r a 1  fauna c o n t a i n i n g  E lph id ium b a r t l e t t i  , Elph id ium clavaturn, E l  phidiurn 

incer tum,  P r o t o e l  ph id ium o r b i c u l  are,  E l  p h i d i e l l  a  gorbunovi  , E l  p h i d i e l l  a  oreqonense, 

E l p h i d i e l  l a  s i b i r i c a ,  Bucce l l a  f r i g i d a ,  Qu inque locu l i na  seminulum, and D e n t a l i n a  - 
baggi . 

A modera te ly  d i v e r s e ,  though sparse, os t racode fauna c o n t a i n i n g  specimens 

o f  Pa racyp r i de i  s pseudopunct i  11 a ta  , H e t e r o c y p r i d e i  s  sorbyana , Norrnanicythere 

1  e i  ode rma , Rabi 1  i m i  s  sep ten t  r i  onal  i s  , "Acanthocy there is "  dunelmensi s  , C y t h e r e t t a  

"edwardsi ," and E l  o f sone l  1 a concinna s u b s t a n t i a t e s  t h i s  age (E. Brouwers , 

personal  communicat ion).  

A1 though t h e  s i l  iceous m i c r o f o s s i l  assemblages i n  t h i s  i n t e r v a l  c o n t a i n  a 

h i g h  percentage o f  reworked m a t e r i  a1 , t h e  presence o f  t h e  diatoms Me1 o s i  r a  

s u l c a t a ,  Cosc inodiscus marg inatus,  Ac t i nocyc lus  c u r v a t u l u s ,  - and B iddu lph ia  a u r i t a  

i n  a s s o c i a t i o n  w i t h  t h e  s i l  i c o f l  age1 1  a t e s  Dis tephanus octangul  a tus  and Dis tephanus 

o c t a n a r i u s  a1 so i n d i c a t e  a P le i s t ocene  age. 

Envi  ronment 

The f o r a m i n i f e r a l  fauna and d ia tom f l o r a  i n d i c a t e  an i n n e r  n e r i t i c  

(0-60 f e e t )  c o l  d-water environment f o r  t h e  P le i s tocene  i n t e r v a l .  Abundant 

m o l l  uscan fragments,  b a r n a c l e  p l  a tes ,  e c h i n o i d  p l  a t e s  and sp ines,  and fragments 



of  e r e c t  bryozonn c o l o n i e s  (adeoni form and v i n c u l  a r i  i form) general  l y  suppor t  

t h i s  i n t e r p r e t a t i o n ,  a l though t h e  bryozoans suggest p o s s i b l e  m idd le  n e r i t i c  

wa te r  depths (60-300 f e e t ) .  The os t racode fauna i n d i c a t e s  t h a t  these environments 

were c h a r a c t e r i  zed by pe r i ods  o f  reduced o r  f l  u c t u a t i n g  sa l  i n i  t i e s ,  The admixture 

o f  s tenohal  i n e  and euryhal  i n e  forms can be expl  a ined by t h e  cornpl ex i n t e r p l  ay 

o f  g l  a c i o - e u s t a t i c a l  l y  c o n t r o l 1  ed f l  u v i  a1 and mar ine  processes. 

P1 i ocene 

The i n t e r v a l  f rom 1320 t o  2639 f ee t  i s  P l iocene  i n  age. Al though the 

Pl i ocene  s i l  iceous m i c r o f o s s i l  assembl age c o n t a i n s  a  s u b s t a n t i a l  number o f  

o l d e r ,  reworked forms as we l l  as P le i s tocene  spec ies caved from uphole,  t h e  

i n t e r v a l  can be p r o v i s i o n a l l y  subd iv ided  i n t o  l a t e ,  m idd le ,  and e a r l y  on t h e  

b a s i s  o f  d ia tom and s i 1  i c o f l  a g e l l a t e  d i s t r i b u t i o n s .  The l a t e  P1 iocene, 1320 

t o  1608 f e e t ,  i s  i d e n t i f i e d  by t h e  h i ghes t  occurrence o f  t h e  d ia toms Cosc inodiscus 

marg inatus f o s s i l  i s ,  Stephanopyxis i ne rm is ,  Ac t i nocyc lus  eh renbe rg i i  , T h a l a s s i o s i r a  

u s a t c h e v i i ,  and N i t z s c h i a  f o s s i l i s .  The m idd le  Pl iocene,  1608 t o  2327 f e e t ,  

i s  d e f i n e d  by t h e  f i r s t  occurrence o f  Thalassionema robusta,  Thalassionema 

convexa aspinosa, Cosrniodiscus i n t e r s e c t u s ,  D e n t i c u l o p s i s  kamtscha t i ca ,  and 

Dis tephanus b o l i v i e n s i s  b o l i v i e n s i s .  The e a r l y  P l iocene,  2327 t o  2639 f ee t ,  

i s  d e f i n e d  by t h e  lowes t  occurrences o f  Ac t i nocyc lus  ocho tens is  and Ammodochium 

rec tangu l  are. S i l  i ceous  l n i c r o f o s s i l  zona t ions  f o r  a l l  p a r t s  o f  t h e  we1 1  a r e  

based on Koizumi (1973),  Schrader (1973) ,  and Baron (1980). 



• The f o r a m i n i f e r a 1  fauna i s  e s s e n t i a l  l y  t h e  same as t h a t  o f  t he  o v e r l y i n g  

P le i s tocene  w i t h  t h e  excep t i on  o f  t h e  h i g h e s t  occurrence o f  Pseudopolymorphina 

c f .  - P, suboblonga a t  1500-30 f e e t .  

The os t racode fauna i s  a l s o  q u i t e  s i m i l a r  t o  t h a t  o f  t h e  o v e r l y i n g  

P le is tocene,  w i t h  t h e  a d d i t i o n  o f  R a b i l i m i s  p a r a m i r a b l i s ,  C y t h e r e t t a  

teshekpukensis ,  Rober tson i tes  t u b e r c u l a t a ,  and Eucyther idea p u n c t i l l a t a .  Most 

o f  these  spec ies have h e r e t o f o r e  been cons idered  P le i so t cene  w i t h  t h e  excep t ion  

o f  R a b i l i m i s  p a r a m i r a b l i s  (1380 t o  1410 f e e t ) ,  which has been repo r ted  o n l y  

f rom Be r i  ngian-age sediments (1  a t e  P l  i o cene -ea r l y  P le i s t ocene )  . 

The sparse t e r r e s t r i a l  p a l y n o f l  o ra  c o n t a i n s  A l n i p o l l  i n i t e s  sp. and r a r e  

e spec irnens o f  Bet u l  aceae, Polypodi aceae , Polmoni aceae , and Chenopodi aceae. 

The mar ine pa l  y n o f l  o r a  i s  c h a r a c t e r i z e d  by common specimens o f  Tasmanaceae 

and t h e  d i n o f l  age11 a t e s  Le jeun ia  spp., Pa ra lecan i ce l  l a  i nden ta ta ,  and 

Operculdiniurn sp. 2. The l a t t e r  spec ies  f i r s t  occurs  i n  a s i d e w a l l  co re  

taken  a t  1494 f e e t  and marks t h e  approx imate p o s i t i o n  o f  t h e  P l iocene-P le is tocene 

boundary i n  A1 aska accord ing  t o  t he  consul  t an t s .  

Environment 

The P l iocene  m i c r o f o s s i l  and macro foss i l  assemblages a r e  i n d i c a t i v e  o f  

c o l d  water,  i n n e r  n e r i  t i c  depos i t i on .  



Miocene 

The i n t e r v a l  f rom 2639 t o  4493 f ee t  i s  i n t e r p r e t e d  here  t o  represen t  t h e  

Miocene s e c t i o n  of  t h e  we1 1. Th i s  i n t e r v a l  can be  f u r t h e r  subd iv ided  i n t o  1 a t e  

and e a r l y  Miocene s e c t i o n s  on t h e  b a s i s  o f  s i l i c e o u s  m i c r o f o s s i l s .  The absence 

o f  In idd l  e  Miocene s i l  iceous m i c r o f o s s i l  t axa  i n  c o n j u n c t i o n  w i t h  t h e  re1 a t i v e l y  

good l a t e  and e a r l y  Miocene assemblages suggests t h a t  t h i s  t i m e  may be  

represen ted  by a h i a t u s ,  a1 though t h e  f o ram in i f e ra1  da ta  appears t o  c o n t r a d i c t  

t h i s  i n t e r p r e t a t i o n .  Several d i s t i n c t i v e  f o ram in i  f e r a l  spec ies p r e v i o u s l y  

r epo r ted  from t h e  Miocene o f  Sakhal i n  I s1  and, U.S.S.R. a r e  p resen t  i n  t h e  w e l l  

a t  3630-60 f e e t .  The s t r a t a  f rom which these forms were repo r ted  i n i t i a l l y  were 

cons idered  t o  be l a t e  Miocene i n  age (Voloshinova,  and o t h e r s  1970). More 

r e c e n t l y  these  s t r a t a  were ass igned t o  t h e  m idd le  Miocene (Serova, 1976; Menner, 

@ and o t h e r s  1977; Gladenkov, 1977). The ages o f  these  u n i t s  a r e  s t i l l  u n s e t t l e d ,  

and i t  i s  q u i t e  p o s s i b l e  t h a t  t h e y  may prove t o  be o l d e r  than  m idd le  Miocene 

(L. Mar incov ich ,  personal  communicat ion).  

The 1 a t e  Miocene i n t e r v a l  , d e f i n e d  by  s i l  i ceous m i c r o f o s s i l  assernbl ages 

recovered from s i d e w a l l  cores from 2639 t o  3464 f e e t ,  i s  recognized b.y 

t h e  lowes t  con t inuous  occurrence o f  Me1 o s i  r a  su l  ca ta  ; t h e  1 owes t occurrences 

o f  T h a l a s s i o s i r a  zabe l inae ,  T h a l a s s i o s i r a  convexa aspinosa, Pseudopyx i l l a  

americana, and E b r i o p s i s  an t i qua  an t i qua ;  t h e  h i ghes t  occurrences o f  Cosc inodiscus 

tempere i ,  Cosc inodiscus ve tus t i s s imus ,  and Goniothecum tenue; and t he  u b i q u i t o u s  

presence o f  A c t i n o c y c l u s  ingens. 



a The i n t e r v a l  from 3464 t o  4493 f e e t  i s  e a r l y  Miocene i n  age on t h e  b a s i s  o f  

t h e  lowes t  occurrence o f  Thalassionema n i t z s c h i o i d e s ,  Stephanopyxis t u r r i s ,  - 
Stephanopyxis schenck i i ,  and Ac t i nocyc lus  ingens. 

The Miocene f o r a m i n i f e r a 1  fauna f i r s t  encountered a t  3630-60 f e e t  i s  

c h a r a c t e r i z e d  by Porosoro ta l  i a  c l a r k i  , El  p h i d i e l l  a  ka tang l  i e n s i s ,  E l  p h i d i e l  l a  - 

c f .  - E. tenera ,  E l p h i d i e l l a  c f .  - E. crassorugosa, E l p h i d i e l l a  c f .  - E. nagaoi , 

C r i  b roe lph id iu rn  c f ,  - C, vu lga re ,  C r i b r o e l p h i d i u m  c f .  - C. paromaense, C r i b r o e l  ph id ium 

crassum, E l  1  i p s o g l  andul i n a  c f  . E. subobesa , Pseudogl andul i n a  sp. , G l  andul i n a  - 
c f .  - G. japon ica ,  Buccel l a  f r i g i d a ,  Buccel l a  af f .  - B. m a n s f i e l d i  , Bul i m i n e l  l a  c f .  - 8. 

c u r t a  , and Pyrgo w i  11 i amsoni . 

The t e r r e s t r i a l  p a l y n o f l  o r a  over  t h i s  i n t e r v a l  i s  q u i t e  s i m i l  a r  t o  t h a t  o f  

t h e  P l iocene  sec t ion .  New elements i n c l u d e  U l m i p o l l e n i t e s  sp., T i 1  i a e p o l l e n i t e s  

sp., J u g l a n s p o l l i n i t e s  sp., P t e r o c a r y a p o l l e n i t e s  sp., and B o s i d u v a l i n i a  sp. 

The d i n o f l  age11 a t e  assembl age i n c l  udes S p i n i f e r i t e s  c i n g u l a t u s ,  S p i n i f e r i t e s  

c f .  - S.. c r a s s i p e l l  i s ,  S p i n i f e r i t e s  c f .  - S. i nce r tus ,  Le jeun ia  spp., and 

Tubercu l  o d i n i  urn vancampoae, Both t h e  spore-pol  1  en and d i  n o f l  age1 1 a t e  assemhl ages 

suggest a Miocene age f o r  t h i s  i n t e r v a l .  

Envi  ronment 

Evidence from a l l  o f  t h e  n i c r o f o s s i l  groups suggests d e p o s i t i o n  i n  an 

i n n e r  t o  m idd le  n e r i  t i c  environment (0-300 f e e t ) .  Pal eotemperatures were 



c o l d e r  d u r i n g  t he  1  a t e  Miocene than  i n  t h e  s u b t r o p i c a l  t o  warm- tmpera te  e a r l y  

Miocene. 

01 i g  ocene 

The i n t e r v a l  f rom 4493 t o  9690 fee t  i s  cons idered t o  be 01 igocene i n  

age, The t o p  o f  t h e  01 igocene s e c t i o n  i s  marked by t h e  h i ghes t  occurrence o f  

t he  d i n o f l a g e l l a t e  Achomosphaera a f f .  - A ,  a l c i co rnu .  According t o  t h e  

p a l y n o l o g i c a l  c o n s u l t a n t ,  t h i s  spec ies has been p r e v i o u s l y  recorded i n  Ol igocene 

s t r a t a  i n  western A1 aska . Achomosphaera a l c i c o r n u  ranges f rom middl  e Eocene 

t o  m idd le  Miocene i n  Europe and froln 1  a t e  Pal eocene th rough t h e  Eocene i n  

eas te rn  Canada, Other d i n o f l a g e l l a t e s  assoc ia ted  w i t h  t h i s  spec ies ,  Tenua c f .  

T. decora ta ,  Systematophora p lacacantha ( e a r l y  Eocene th rough l a t e  Miocene), - 
and D i  s t a t o d i n i u m  e l  1  i p t i c u m  (middl  e Eocene th rough e a r l y  01 igocene) 1  end 

suppor t  t o  an 01 igocene age f o r  t h e  i n t e r v a l  . 

The ca lcareous  nannopl ankton recovered f rom t h e  we1 1  a re  r a r e ,  p o o r l y  

preserved,  and re1 a t i v e l y  nond iagnos t i c .  None occurs  above 5100 f ee t .  The 

i n t e r v a l  f rom 5101 t o  10,590 f e e t  i s  c h a r a c t e r i z e d  by sporad ic  appearances o f  

Braarudosphaera b i g e l o w i  assoc ia ted  w i t h  r a r e  coccol  i t h s  and p l  a c o l i t h s  o f  a 

sma l l ,  somewhat p rob lema t i ca l  form w i t h  a f f i n i t i e s  t o  spec ies i n  t h e  Coccol i t h u s  

miope lag icus  p l  exus. Whil e n o t  d e f i n i t i v e ,  these  forms suggest a m idd l  e Miocene 

t o  l a t e  01 igocene age. Somewhat more d e f i n i t i v e  i s  t h e  occurrence o f  

Thoracosphaera he imi  a t  9150-9240 f e e t ,  wh ich  i n d i c a t e s  an age no o l d e r  than  

m idd le  Oligocene, p o s s i b l y  w i t h i n  t h e  Spheno l i thus  c i p e r o e n s i s  zone. 



a The forarn in i  f e r a l  assemblage suppor ts  an 01 igocene age a1 though many o f  

t h e  spec ies p resen t  range i n t o  t h e  Miocene. The upper p a r t  o f  t h e  i n t e r v a l  

(4493 t o  5400 f e e t )  i s  c h a r a c t e r i z e d  by a fauna t h a t  c o n t a i n s  dominan t l y  sha l l ow  

water forms such a s  E l  p h i d i e l l  a  ka tang l  i e n s i s  , E l  p h i d i e l l  a  nagaoi , E l  ph id ium 

spp., C r i b r o e l p h i d i u m  spp. Bucce l l a  f r i g i d a ,  Mi l iammina fusca ,  R o t a l i a  c f .  + R. 

ka tang l  i e n s i s  , Ro ta l  i a  japon ica  , and Ro ta l  i a  j apon i ca  va r i an ta ,  A deeper 

wate r  assemblage, p resen t  from 5400 t o  9690 f e e t ,  c o n t a i n s  most o f  t h e  above 

l i s t e d  spec ies as w e l l  a s  Psammosphaera carna ta ,  Ammodiscus t e n u i s ,  Arnmodiscus 

sakhal i n i c u s ,  L i b u s e l  l a  1  aev iga ta ,  M a r t i n o t t i e l  l a  c f .  - M. communis, M a r t i n o t t i e l  l a  

bradyana, H i p p o c r e p i n e l l a  v a r i a b i l i s ,  Haplophraqmoides spp., Haplophragmoides 

t o r t u o s u s ,  Gaudryina quadrangu la r i s ,  P l e c t i n a  sp., Oo ro th i a  sp., Rhabdamminina 

aspera, Reophax spp., Bathys iphon edurus , Bathys iphon sp. , T r i t a x i l  i n a  a f f  . - T. 

c o l e i ,  P u l l e n i a  sp., Cyclammina c f .  - C. t um iens i s ,  Cyclammina c f .  - C. p a c i f i c a ,  

Cyclammina sp., Eponides c f .  - -  E. d o r f i ,  Eponides c f .  - E. gav io taens i s ,  

Pseudoglandul ina n a l l p e e n s i s ,  Sigmomorphina suspecta,  S igmo ide l l a  p a c i f i c a ,  

F i s s u r i n a  marq inata , Tr i chyohya l  us b a r t l e t t i  , S i l  i c o s i g m o i l  i n a  sp. , Buccel l a  

m a n s f i e l d i  , Porosoro ta l  i a  c l a r k i  , E l p h i d i e l l a  c f .  E. c a l i f o r n i c a ,  E l p h i d i e l l a  

c f  . - E. p rob lemat ica  , G l  obobul imina sp., Robulus c f  . - R. midwayensis, Lagena 

1  aev i  s , Qu i  nquel ocu l  i na sawanensi s  , Qu i  nquel ocu l  i na sachal i n i c a  , - E l  1  i psogl  andul i na 

subobesa , Bu l  i m i n e l l  a sub fus i f o rm is  , and severa l  spec ies o f  Caucasina. The 

l a t t e r  a r e  q u i t e  s i g n i f i c a n t .  Caucasina schwageri ( h i g h e s t  occurrence a t  

6570-6600 f e e t ) ,  Caucasina eocenica kamchat ica ( h i g h e s t  occurrence a t  6950-90 

f e e t ) ,  and Caucasina b u l l a t a  ( h i g h e s t  occurrence a t  8640-70 f e e t )  c h a r a c t e r i z e  

t h e  Caucasina eocenica kamchatica Zone i n  t h e  I l p i n s k y  and Kamchatka pen insu las  

i n  t h e  U.S.S.R. This  zone i s  thought  by Serova (1976) t o  d e f i n e  t h e  Eocene- 



Oligocene boundary. M i c r o f o s s i l  evidence obta ined from the  Norton Sound COST 

No. 1  Well, however, i n d i c a t e s  t h a t  t h e  aforementioned spec ies  o f  Caucasina 

range i n t o  01 igocene t ime, 

Envi ronment 

The 01 igocene sec t i on  o f  t he  we l l  i s  dominant ly  marine i n  aspect. The 

upper p a r t  o f  t h e  i n t e r v a l  (4493 t o  4740 f e e t )  was deposi ted i n  e s s e n t i a l l y  

t h e  same environment as the  o v e r l y i n g  Miocene, i n n e r  t o  midd le  n e r i t i c ,  A 

t r a n s i t i o n a l  t o  con t i nen ta l  coa l -bear ing  s e c t i o n  i s  present  between 

4740 and 4980 f e e t .  The i n t e r v a l  from 4980 t o  5400 f e e t  i s  i n n e r  t o  middle 

n e r i t i c  and represents a shoa l ing  event t r a n s i t i o n a l  between t h e  upper nonmarine 

s e c t i o n  and the deep water sec t i on  be low 5400 f e e t .  Outer n e r i t i c  t o  upper 

ba thya l  depths (300 t o  1500 f e e t )  p reva i l ed  over t h e  i n t e r v a l  f rom 5400 t o  

9690 f e e t .  The most d i ve rse  deep water m ic ro foss i l  assemblages a r e  oresent 

f rom 81 30 t o  9690 fee t .  The t e r r e s t r i  a1 1 y de r i ved  spore-pol 1 en assemhl  age 

i n d i c a t e s  t h a t  sub t rop i ca l  t o  warm temperate c l  imat i c  c o n d i t i o n s  p r e v a i l  ed 

d u r i n g  [nost o f  01 igocene t ime. 

O l  igocene o r  01 der 

M i c r o f o s s i l  recovery and p rese rva t i on  f rom 9690 t o  12,235 f e e t  was q u i t e  

poor. Most o f  t he  r a r e  fo ramin i fe ra1  occurrences appear t o  represent  caved 

ma te r ia l .  The i n  s i t u  palynomorphs are t e r r e s t r i a l l y  der ived.  h u n d a n t  p l a n t  

ma te r i a l  i s  disseminated through the  massive sandstone u n i t s  and as subpara l l e l  

par t ings .  Mica f l akes  and p l a n t  ma te r i a l  a re  common i n  the  f i n e  gra ined laminae. 

Ne i the r  the  age nor  t he  environment can be unequ ivoca l ly  determined. I t  i s  



a p o s s i b l e  t h a t  t h i s  s e c t i o n  i s  i n  p a r t  e q u i v a l e n t  t o  t h e  l a t e  and m idd le  Eocene 

s e c t i o n s  o f  t he  Norton Sound COST No. 2 Wel l .  Sedimentary fea tu res  such as 

graded bedding and flame s t r u c t u r e s  seen i n  cores  e i g h t  and n i n e  (11,960-988 

and 12,071-091 f e e t )  suggest d e p o s i t i o n  by t u r b i d i t y  cu r ren t s .  B i o t u r b a t i o n  i s  

n o t  ex tens i ve  o r  d i a g n o s t i c .  The i n f r e q u e n t  burrows p resen t  i n  t h e  massive 

sandstone u n i t s  cannot be re1 a ted  t o  a p a r t i c u l a r  i chno fac ies .  However, r a r e  

t r a c e s  observed on bedding p l  anes i n  t h e  1  ami nated sequences o f  c o r e  e i g h t  

resemble t h e  ichnogenus Plan01 i t e s  and t h e  " s c r i b b l i n g  g r a z i n g  t r a c e s "  o f  a 

t r a c e  f o s s i l  assemblage t y p i c a l  o f  d i s t a l  t u r b i d i t e s .  These s t r a t a  c o u l d  have 

been depos i t ed  i n  e i t h e r  a  re1 a t i v e l y  deep water  mar ine environment o r  a 

r a p i d l y  subs id i ng  1  arge 1  a c u s t r i n e  env i  ronment. 

Poss ib l  e Eocene o r  01 de r  

No age d i a g n o s t i c  m i c r o f o s s i l  s were recovered from the  i n t e r v a l  between 

12,235 and 12,545 f e e t .  Rare, p o o r l y  preserved spores and p o l l e n  a re  present .  

The 3 1 0 - f o o t - t h i c k  s e c t i o n ,  bounded above and be1 ow b y  unconformi t i e s ,  anpears 

t o  be r o u g h l y  c o r r e l  a t i v e  w i t h  much t h i c k e r  Eocene o r  o l d e r  c o a l  - bea r i  ng sequences 

i n  t h e  nearby Nor ton Sound COST No. 2 Wel l .  

Envi  ronrnent 

The presence o f  t e r r e s t r i a l  spores and p o l l e n  i n  a s s o c i a t i o n  w i t h  abundant 

coa l  ind ica ' tes  t h a t  the sediments a r e  c o n t i n e n t a l  ( f l  u v i a l  and pa l  u d a l )  i n  

na tu re .  The pa l  eoc l  irnate was p robab l y  t r o p i c a l  t o  s u b t r o p i c a l  . 



Metamorphic Basement 

The w e l l  pene t ra ted  a 2135 - foo t - t h i ck  s e c t i o n  o f  c a t a c l  a s t i c a l l y  deformed 

pe l  i t  i c  and psammi t i c  metasedimentary rocks  o f  undetermined age. Several 

l i n e s  o f  evidence suggest t h a t  these  rocks  may be r e l a t e d  t o  rocks  from t h e  

York Mountains i n  t h e  western p a r t  o f  t h e  Suward Peninsula cons idered  t o  be 

Precambrian t o  Paleozoic  (Sainsbury,  and o t h e r s ,  1970; A. T i l l ,  3. Dumoul i n ,  

personal  cornmun i c a t  i o n ) ,  

C o r r e l a t i o n  

The s t r a t a  i d e n t i f i e d  i n  t h e  Norton Sound COST No. 1  and No, 2 Wel ls  can 

be b i o s t r a t i g r a p h i c a l  l y  c o r r e l a t e d  d e s p i t e  t h e  f a c t  t h a t  t h e y  a r e  l o c a t e d  

@ approx imate ly  49 n a u t i c a l  m i l e s  a p a r t  and were depos i ted  i n  g e o g r a p h i c a l l y  

d i s t i n c t  and t e c t o n i c a l  l y  independent subbasins ( f i g .  17) .  Depos i t i ona l  

environments a1 so d i f f e r e d .  Those o f  t h e  S t .  Lawrence subbasin,  t h e  s i t e  o f  

t h e  No. 1  w e l l  ( f i g .  1 8 ) ,  a r e  more mar ine  than those of  t h e  S t u a r t  subbasin,  

t h e  s i t e  o f  t h e  No. 2 w e l l  ( f i g  19). However, s i m i l a r i t i e s  between t h e  two 

we1 1 s  a r e  more pronounced than a r e  t h e  d i f f e r e n c e s ,  p a r t i c u l  a r l y  i n  t h e  mar ine 

sequences seen above 6800 f e e t  i n  both.  C o r r e l a t i o n s  a r e  somewhat more d i f f i c u l t  

be low 6800 f e e t  i n  t h a t  the  nonmarine and t r a n s i t i o n a l  s t r a t a  i n  t h e  No. 2 

w e l l  must be compared w i t h  t h e  p redominan t l y  she1 f and c o n t i n e n t a l  s lope  d e p o s i t s  

o f  t h e  No. 1  w e l l .  Wi th  t h e  excep t i on  o f  t h e  Eocene o r  o l d e r  s e c t i o n ,  which 

i s  f a r  t h i c k e r  i n  t h e  No. 2 w e l l ,  t i n e - e q u i v a l e n t  u n i t s  a r e  a l s o  rough1.y 

e q u i v a l e n t  i n  th ickness .  Sedimentat ion r a t e s  were n o t  c a l c u l a t e d  because o f  

a t h e  t e n t a t i v e  n a t u r e  of  some o f  t h e  b i o s t r a t i g r a p h i c  boundaries.  
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P l  e i  s tocene 

The f i r s t  sample i n  each w e l l  i s  P le i s t ocene  i n  age, a l t hough  i t  i s  a lmost  

c e r t a i n  t h a t  a t h i n  Holocene s e c t i o n  was penetrated.  Sample q u a l i t y  i s  poor. 

The base of  t h e  P le i s tocene  i s  p laced  a t  1320 f e e t  i n  both we1 1 s. M i c r o f o s s i l  

assembl ages, 1  i t h o l  ogy , and d e p o s i t i o n a l  environments a r e  e s s e n t i a l l y  i d e n t i c a l  . 
Sha l low se ismic ev idence suggests t h a t  t h e r e  may be a s l i g h t  uncon fo rmi ty  

between t h e  Pl iocene and t h e  P le is tocene.  

P I  iocene 

The t o p  o f  t h e  P l iocene  i s  a t  1320 f e e t  i n  each w e l l ,  t h e  base a t  2639 

f e e t  i n  t h e  No. 1  w e l l  and 2580 f e e t  i n  t h e  No. 2 we l l .  The P l iocene  was 

@ subd iv ided  i n t o  e a r l y ,  m idd le ,  and l a t e  i n  b o t h  w e l l s  on t h e  b a s i s  o f  s i l i c e o u s  

~ n i c r o f o s s i l  assemblages, b u t  t h e  c h a o t i c  m i x t u r e  o f  reworked and caved f o n s  

renders  such s u b d i v i s i o n  t e n t a t i v e  and p r o v i s i o n a l  a t  bes t .  I n  genera l ,  t h e  

~ n i c r o f o s s i l  assemblages i n  b o t h  w e l l s  r e f l e c t  s i m i l a r  pa l  eoenvironments. 

Miocene 

The t o p  o f  the Pliocene i s  a t  2639 f e e t  i n  t he  No. 1 w e l l ,  and a t  2580 f e e t  

i n  t h e  No. 2 w e l l .  There appears t o  be a m idd le  Miocene h i a t u s ,  perhaps a  

pa racon fo rm i t y ,  p resen t  i n  b o t h  we l l s .  Th i s  " su r f ace "  i s  d e f i n e d  i n  both w e l l s  

by t h e  t o p  o f  t h e  e a r l y  Miocene, 3464 f ee t  i n  t h e  No. 1  w e l l  and 3120 f ee t  i n  

t h e  No. 2 we1 1. The base of  t he  e a r l y  Miocene i s  a t  4493 f e e t  i n  the No. 1  



a we1 1  and a t  3524 f e e t  i n  t h e  No. 2 we1 1. M i c r o f o s s i l  assetnbl ages and 1  i t h o l o g i e s  

a r e  q u i t e  s i m i l a r  i n  b o t h  w e l l s ,  a1 though t h e r e  i s  some ev idence t h a t  d e p o s i t i o n  

was a t  sha l l owe r  depths i n  t h e  No. 2 w e l l .  

01 igocene 

S t r a t a  ass igned t o  t h e  01 igocene epoch account f o r  r o u g h l y  ha1 f o f  t h e  

sed imentary  s e c t i o n  pene t ra ted  by t h e  w e l l s ,  a 5197 - f oo t - t h i c k  sequence i n  t h e  

No. 1  we1 1  , 6644 f e e t  i n  t h e  No. 2 we1 1. I n  t h e  No. 1  we1 1  t h e  01 iqocene 

s e c t i o n  (4493-9690 f e e t )  i s  rep resen ted  almost e n t i  r e l y  by mar ine  d e p o s i t  i o n ,  

much o f  i t  o u t e r  she1 f and upper s lope.  By way o f  c o n t r a s t ,  i n  t h e  01 igocene 

s e c t i o n  o f  t h e  No. 2 we1 1  (3524-10,160 f e e t )  w e l l  over  ha1 f o f  t h e  sediments a r e  

coa l  bea r i ng  and were depos i t ed  under c o n t i n e n t a l  t o  t r a n s i t i o n a l  c o n d i t i o n s .  

There i s  a sma l l ,  b u t  pronounced, c o n t i n e n t a l  t o  t r a r l s i t i o n a l  environmerl t  

p resen t  near  t h e  t o p  o f  t h e  Ol igocene s e c t i o n  i n  t he  No. 1  w e l l  (4740-4980 

f e e t )  t h a t  i s  c o r r e l a t i v e  w i t h  t h e  coa l  beds seen i n  t h e  No. 2 w e l l  a t  3424 t o  

3930 f e e t  and a t  4250 t o  4440 f ~ e t .  The mar ine  t r a n s g r e s s i v e  s e c t i o n  a t  5360 

t o  6770 f e e t  i n  t h e  No. 2 w e l l  i s  c e r t a i n l y  i n  p a r t  c o r r e l a t i v e  w i t h  t h e  upper 

ba thya l  environments seen be low 8130 f e e t  i n  t h e  No. 1  we1 1. 



D e f i n i t e  l a t e  t o  m i d d l e  Eocene s t r a t a  a r e  p resen t  from 10,160 t o  12,700 

f e e t  i n  t h e  No. 2 we l l .  A1 though no Eocene f o s s i l s  were found i n  t h e  No. 1 

w e l l ,  i t  i s  p o s s i b l e  t h a t  t h e  p rob lema t i c  01 igocene o r  o l d e r  s e c t i o n  (9,690 t o  

12,235 f e e t )  i s  i n  p a r t  c o r r e l a t i v e  w i t h  t h e  Eocene s e c t i o n  i n  t h e  No. 2 w e l l .  

Eocene o r  O l d e r  

I n  b o t h  w e l l s  a  c o a l - b e a r i n g  s e c t i o n  unconformably o v e r l i e s  t h e  r e g i o n a l  

e a r l y  T e r t i a r y  t o  1  a t e  Mesozoic e r o s i o n a l  su r face .  Th i s  c o n t i n e n t a l  s e c t i o n ,  

310 f e e t  t h i c k  i n  t h e  No. 1 w e l l  and 1760 f e e t  t h i c k  i n  t h e  No. 2 w e l l ,  i s  

t r u n c a t e d  b y  an uncon fonn i t y  a t  12,235 f ee t  i n  t h e  No. 1  w e l l  and a t  12,700 

f e e t  i n  t h e  No. 2 we1 1  . Because b o t h  d e p o s i t i o n  and e r o s i o n  took  p l  ace i n  two 

subbasins separated by a p o s i t i v e  t e c t o n i c  element,  t h i s  u n c o n f o m i t y  i s  not: 

c h a r a c t e r i z e d  by a  con t inuous  se ismic  r e f1  e c t o r .  Never the l  ess, i t  i s  reasonab le  

t o  assume t h a t  t h e  unconfomni t i e s  a r e  app rox ima te l y  coeval .  L i kew i se ,  on t h e  

b a s i s  o f  1  i t h o l o g y ,  d e p o s i t i o n a l  env i ronment ,  s t r a t i g r a p h i c  p o s i t i o n ,  and t h e  

s i m i l  a r  p r e s e r v a t i o n a l  s t a t e  o f  t h e  palynomorphs , i t  seems probabl  e t h a t  t h e  

Eocene o r  o l d e r  s e c t i o n s  i n  t h e  two we1 1s a r e  i n  p a r t  c o r r e l a t i v e .  

Sasement Compl ex (Poss ib l e  Pa leozo i c )  

Bo th  we1 1  s  pene t ra ted  rnetasedimentary s e c t i o n s  be1 ow t h e  r e g i o n a l  

uncon fonn i t y  t h a t  marks a c o u s t i c  basement. The 2135 - f oo t - t h i c k  sequence 



o f  c a t a c l a s t i c  rocks i n  t h e  No, 1 well appears q u i t e  s i rn i l  a r  t o  s l a t e  o f  l a t e  

Precambrian t o  Paleozoic  age desc r i bed  from t h e  York Mountains o f  t h e  Seward 

Peninsula;  t h e  429 f e e t  o f  q u a r t z i t e ,  p h y l l i t e ,  and marb le  i d e n t i f i e d  i n  t h e  

No. 2 we l l  appears t o  be q u i t e  s i m i l a r  t o  ~netamorphic rocks  o f  p robab le  Paleozoic  

age descr ibed  from t h e  c e n t r a l  and eas te rn  p a r t s  o f  t h e  Seward Peninsula.  I t  

i s  n o t  p r e s e n t l y  p o s s i b l e  t o  more c l o s e l y  r e l a t e  t h e  metamorphic sec t i ons  o f  

t h e  two w e l l s  on t h e  b a s i s  of  e i t h e r  age o r  genesis. 



LITHOLOGY 

AND 

GEOPH YS ICAL LOG INTERPRETATION 

by  J. G. Bolm 

Examinat ion o f  c u t t i n g s ,  conven t i ona l  and s i dewa l l  co res ,  and geophys ica l  

l o g s  f rom t h e  Nor ton Sound No. 1  w e l l  p rov i ded  i n f o r m a t i o n  on t h e  l i t h o l o g y ,  

d e p o s i t i o n a l  environment,  r e s e r v o i r  c h a r a c t e r i s t i c s ,  and hydrocarbon source-rock 

p o t e n t i a l  o f  t h e  s t r a t a  pene t ra ted .  L i t h o l o g i e s  and r e s e r v o i r  c h a r a c t e r i s t i c s  

d iscussed  i n  t h i s  s e c t i o n  a r e  based on c o n s u l t a n t s '  r e p o r t s ,  e s p e c i a l l y  t h e  

p e t r o l o g i c  r e p o r t  by AGAT Consu l tan ts ,  Inc. ,  and on examina t ion  o f  samples and 

@ geophys ica l  l ogs .  The gamma-ray, spontaneous p o t e n t i a l  ( S P ) ,  deep r e s i s t i v i t y ,  

d e n s i t y ,  and son ic  l o g s  a r e  presented w i t h  o t h e r  g e o l o g i c a l  and geochemical 

da ta  i n  P l a t e  1. 

Geophysical l o g g i n g  o f  the  w e l l  began a t  1210 f e e t ,  and recove ry  o f  c u t t i n g s  

was poor  above 1230 f e e t  owing t o  p rob l  ems w i t h  l o s t  c i r c u l a t i o n .  The few c u t t i n g s  

recovered f rom t h i s  uppermost p a r t  o f  t h e  well a r e  p redominan t l y  s i l  t s t o n e  w i t h  

some ve ry  f i n e  sandstone and fragments o f  muscov i te ,  c h l o r i t e ,  and  b i o t i t e ,  

s c h i s t ,  and greenstone. Mo l luscan  she1 1 d e b r i s  i s  common. 

1210-1 900 feet 

The i n t e r v a l  froin 1210 t o  1900 f e e t  i s  c h a r a c t e r i z e d  by  d ia to~naceous sandy 

mudstone. Where b i o t u r b a t i o n  has n o t  been t o o  severe,  1  amina t ion ,  d e f i n e d  b y  



v a r y i n g  abundances o f  sand and mud and by o r i e n t a t i o n  o f  e l onga te  sand c l a s t s ,  

i s  seen. P y r i t e  cement i s  p resen t  i n  a few smal l  areas o f  sandy laminae,  b u t  

more colnmonly such 1  aminae a r e  t h e  s i t e s  o f  cons ide rab le  i n t e r g r a n u l  a r  p o r o s i t y .  

Sand c l a s t s  a r e  p redominan t l y  v e r y  f i n e  t o  f i n e  and subangular  t o  subrounded 

and c o n s i s t  o f  qua r t z ,  f e l d s p a r ,  and green hornblende w i t h  m inor  brown b i o t i t e ,  

c h l o r i t e ,  and muscovi te.  Q u a r t z  c1 a s t s  a r e  m o s t l y  monocrysta l  1  i n e  w i t h  undu la to r y  

e x t i n c t i o n ,  b u t  t h e r e  a r e  some p o l y c r y s t a l l  i n e  q u a r t z  c l  asts .  The f e l d s p a r  i s  

p r i n c i p a l l y  p l  ag ioc lase  w i t h  m inor  amounts o f  potass ium-fe ldspar  The m a t r i x  

c o n t a i n s  s c a t t e r e d  p y r i t e  f ramboids and minor  g l aucon i t e ,  

The gamma-ray and S P  l o g s  suggest t h i s  i n t e r v a l  i s  dominated by 25- t o  75- 

f o o t - t h i c k  beds o f  r e l a t i v e l y  coarse-g ra ined  sand w i t h  t h i n ,  f i n e r  g ra ined  

i n te rbeds .  R e s i s t i v i t i e s  a r e  l o w  w i t h  a  d i f f e r e n c e  o f  about 0.5 ohm-m common 

between t h e  deepest and sha l lowes t  measured r e s i s t i v i t i e s .  The d e n s i t y  l o g  

i n d i c a t e s  d e n s i t i e s  g e n e r a l l y  between 1.75 and 2 g/c~n3 f o r  t hese  rocks. The 

son i c  l o g  i s  i n v a l  i d  f rom 1680 t o  181 7 f ee t  owing t o  n o i s e ;  elsewhere i n t e r v a l  

t r a n s i t  t imes  average about 165 j .~s/ foot .  

The presence o f  abundant mar ine  f o s s i l  m a t e r i a l  and g l a u c o n i t o  i n d i c a t e  t h a t  

t h e  rocks  o f  t h i s  i n t e r v a l  were depos i t ed  i n  a  mar ine she1 f environment.  

1900-3 730 f e e t  

The i n t e r v a l  f rom 1900 t o  3730 f e e t  i s  c h a r a c t e r i z e d  b y  d i a t o m i t e s ,  muddy 

d i a t o m i t e s ,  and diatomaceous mudstones t h a t  a r e  s i m i l a r  t o  t h e  rocks  above 

except  f o r  t h e  g e n e r a l l y  g r e a t e r  abundance o f  diatoms. 



The gamma-ray and SP cu rves  1  ack d i s t i n c t i v e  c h a r a c t e r  th rough  t h i s  

i n t e r v a l .  R e s i s t i v i t i e s  remain l o w  as i n  t h e  p rev ious  i n t e r v a l .  Below 2500 

f e e t  a l l  t h r e e  r e s i s t i v i t y  t o o l s  g e n e r a l l y  read t h e  same va lue.  The d e n s i t y  

l o g  i n d i c a t e s  d e n s i t i e s  o f  about 1.75 g/cm3 f o r  these  rocks ,  and average 

i n t e r v a l  t r a n s i t  t imes  t aken  f rom t h e  son ic  l o g  decrease from about 160 u s / f o o t  

t o  about 150 p s / f o o t  downward through t h e  i n t e r v a l .  

The rocks  o f  t h i s  i n t e r v a l  a r e  q u i t e  s i m i l a r  t o  t h e  rocks  i n  t h e  i n t e r v a l  

above and were depos i ted  i n  t h e  same t ype  o f  mar ine  she? f environment. 

3730-4700 f e e t  

The i n t e r v a l  from 3730 t o  4700 f e e t  i s  c h a r a c t e r i z e d  by mudstone s i m i l a r  t o  

t h a t  i n  t h e  i n t e r v a l  above. There i s  a  sudden b u t  s l i g h t  i nc rease  i n  gamma-ray 

and SP va lues  a t  t h e  t o p  o f  t h i s  i n t e r v a l .  R e s i s t i v i t y  cu rves  con t i nue  s~noo th l y  

down i n t o  t h i s  i n t e r v a l ,  and r e t a i n  t h e  c h a r a c t e r  t h a t  t h e y  assumed a t  2500 f e e t  

alrnost t o  t h e  bot tom o f  t h e  i n t e r v a l ,  b u t  va lues  a r e  somewhat [more e r r a t i c  i n  

t h e  bo t tom 100 fee t .  The d e n s i t y  l o g  shows a r a p i d  i nc rease  i n  d e n s i t y  a t  t h e  

t o p  o f  t h i s  i n t e r v a l  such t h a t  d e n s i t y  exceeds 2 g/cm3 a t  3750 f e e t .  From 

3750 f e e t ,  d e n s i t y  inc reases  g r a d u a l l y  t o  t h e  b o t t o m  o f  t h e  i n t e r v a l  where i t  

averages about 2.2 g/crn3. The son ic  l o g  shows a s i m i l a r  sharp decrease i n  

i n t e r v a l  t r a n s i t  t i m e  from 150 t o  135 j ~ s l f o o t  a t  t h e  t o p  o f  t h e  i n t e r v a l  and 

a  gradual  decrease t o  an average i n t e r v a l  t r a n s i t  t ime  o f  about 130 y s / f o o t  a t  

t h e  base o f  t he  i n t e r v a l .  



The rocks  o f  t h i s  i n t e r v a l  were depos i t ed  i n  a  mar ine  s h e l f  environment 

as i n d i c a t e d  by t h e i r  con ten t  o f  mar ine f o s s i l s .  

4700-5005 f e e t  

The i n t e r v a l  froin 4700 t o  5005 f e e t  i s  c h a r a c t e r i z e d  by sha le ,  sandstone, 

and minor  coa l .  The sha le  c o n t a i n s  s c a t t e r e d  s i l t  and sand g ra i ns .  L o c a l l y  t h i n ,  

ve ry  f i n e  sandstone laminae p a r a l l e l  f i s s i l i t y  i n  t h e  sha le ,  as do t h e  o r i e n t e d  

p l a t e s  o f  muscov i te ,  which i s  abundant i n  t h e  sha le ,  and whisps of opaque 

ma te r i  a1 . The sandstone i s  p o o r l y  t o  moderate ly  s o r t e d  and c o n s i s t s  o f  ve r y  

f i n e  t o  medium sand g r a i n s  w i t h  v a r y i n g  amounts o f  d e t r i t a l  mud m a t r i x .  Q u a r t z  

i s  t h e  p r i n c i p a l  sand component and i s  p resen t  p r i m a r i l y  i n  subangular  mono- 

c r y s t a l  l i n e  g r a i n s  t h a t  show undu la to r y  e x t i n c t i o n .  P l ag ioc l ase ,  much of i t  

untwinned, i s  t h e  most common f e l d s p a r ,  b u t  po tass ium- fe ldspar  i s  a l s o  common. 

Most f e l d s p a r  g r a i n s  a r e  una l te red .  O e t r i t a l  muscov i te ,  d e t r i  t a l  brown b i o t i t e ,  

d e t r i t a l  c h e r t ,  v o l c a n i c  r ock  fragments, and f ramboida l  p y r i t e  a r e  p resen t  i n  

m inor  amounts l o c a l l y .  O e t r i t a l  mud m a t r i x  i s  p resen t  i n  s c a t t e r e d  areas o r  

i n  t h i n  l enses  and p a r t i n g s ,  and t h e  o r i e n t a t i o n  o f  e l onga te  c l a s t s  d e f i n e s  

l a m i n a t i o n  i n  places. 

Au th i gen i c  s m e c t i t i c  c l a y  and p y r i t e  a r e  p resen t  as cement i n  sandstones 

f rom t h i s  i n t e r v a l .  Where i n t e r g r a n u l a r  space i s  n o t  f i l l e d  by cement o r  mud, 

up t o  2 5  pe rcen t  i n t e r g r a n u l a r  p o r o s i t y  may be v i s i b l e .  P o r o s i t y  i s  i r r e g u l a r l y  



d i s t r i b u t e d  even on t h e  s c a l e  o f  a t h i n  s e c t i o n  and i s  most commonly p resen t  i n  

t h e  c l e a n e s t  sandstones, a l t hough  some p o r o s i t y  i s  p resen t  i n  muddy sandstones. 

Etched c l  a s t  boundar ies,  honeycombed c l  a s t s  ( espec ia l  l y  f e l d s p a r )  , and t h e  

presence o f  a few ove rs i zed  pores suggest t h a t  p o r o s i t y  i s  a t  l e a s t  p a r t l y  

secondary. A s i d e w a l l  c o r e  o f  sandstone frorn t h i s  i n t e r v a l  had 28.7 pe rcen t  

p o r o s i t y  and 9.41 mD permeabi l  i t y .  

The SP c u r v e  d i s p l a y s  severa l  s c a t t e r e d ,  t h i n ,  sharp  k i c k s  i n d i c a t i v e  o f  

m inor  sandstone beds i n  t h i s  i n t e r v a l .  Four 10- t o  59 - f oo t  sandstone beds 

w i t h  a  t o t a l  t h i c k n e s s  o f  110 f e e t  a r e  d e f i n e d  by t h e  qamma-ray and SP logs .  

Oeep and s h a l l o w  r e s i s t i v i t y  va lues  remain g e n e r a l l y  t $ e  same th rough  t h i s  

i n t e r v a l ,  b u t  r e s i s t i v i t y  va l ues  v a r y  more h e r e  t han  i n  t h e  i n t e r v a l  above. 

The d e n s i t y  and son i c  l o g s  a r e  q u i t e  v a r i a b l e  th rough  t h i s  sec t i on .  The 

@ d e n s i t y  l o g  i n d i c a t e s  average p o r o s i t i e s  o f  24 t o  27  pe rcen t  f o r  t h e  t h i c k e r  

sandstone beds and average son ic  p o r o s i t i e s  c o r r e c t e d  f o r  compact ion range 

froin 26  t o  29 pe rcen t  f o r  t h e  same beds. 

Coal i s  p resen t  i n  c u t t i n g s  from t h i s  i n t e r v a l .  Beds a r e  e v i d e n t l y  t h i n ,  

however, as they  cannot  be unarnbiguously l o c a t e d  on geophys ica l  l ogs .  

The a s s o c i a t i o n  o f  c o a l ,  sha le ,  and poor1.y s o r t e d  sandstone p resen t  i n  t h i s  

i n t e r v a l  suggests  d e p o s i t i o n  i n  a f l  u v i a l  o r  d e l t a i c  environment.  Recovery o f  

mar ine  f o s s i l s  (see  Pa leon to logy  and B i o s t r a t i g r a p h y  s e c t i o n  o f  t h i s  r e p o r t )  

i n d i c a t e s  t h a t  some o f  t h e  rocks  i n  t h e  i n t e r v a l  were depos i t ed  i n  a 



mar ine  environment,  and i t  i s  1  i k e l y  t h a t  d e p o s i t i o n  was near  a  coas t1  i n e  

where mar ine  and nonmarine env i ronments  a l t e r n a t e d  th rough  t ime.  

5005-9685 f e e t  

The i n t e r v a l  f rom 5005 t o  9685 f ee t  i s  c h a r a c t e r i z e d  by mudstone and s h a l e  

w i t h  some in te rbedded  sandstone. Convent iona l  co res  2, 3, and 4 a r e  f rom t h i s  

i n t e r v a l  and a r e  desc r i bed  i n  f i g u r e s  20, 21 , and 22. 

The sha les  and mudstones i n  t h i s  i n t e r v a l  a r e  genera l  l y  1  ess s i l t y  o r  

sandy than  those  f rom h i g h e r  i n  t h e  w e l l .  Mica, e s p e c i a l l y  muscov i te ,  i s  

common, and t h e  o r i e n t a t i o n  o f  mica p l a t e s  and whisps o f  opaque m a t e r i a l  p a r a l l e l  

f i s s i l i t y  i n  t h e  sha les  and d e f i n e  l a m i n a t i o n s  i n  many o f  t h e  mudstones. 

Surrows a r e  common i n  s h a l e  and mudstone i n  conven t iona l  co res  from t h i s  i n t e r v a l  , 

and b i v a l v e s  a r e  common i n  c o r e  2 near  t h e  t o p  o f  t h e  i n t e r v a l .  AGAT Consu l t an t s ,  

Inc., r e p o r t s  g l  aucon i t e  i n  one sample f rom 9440 f e e t ,  

The sandstone i s  s i m i l a r  t o  t h a t  o f  t h e  i n t e r v a l  above b u t  commonly c o n t a i n s  

m ino r  g l aucon i t e ,  Sparry  c a l c i t e ,  m i c r i t i c  s i d e r i t e ,  and kao l  i n i t i c  c l a y  a r e  

p resen t  i n  a d d i t i o n  t o  a u t h i g e n i c  s m e c t i t i c  c l a y  and p y r i t e  a s  cements i n  t h i s  

i n t e r v a l  . As i n  sha l  lower sandstones, up t o  25 pe rcen t  i n t e r g r a n u l  a r  p o r o s i t y  

i s  v i s i b l e  i n  t h e  c l e a n e r  p a r t s  o f  t h i s  sandstone, and e tched  c l a s t  boundar ies ,  

honeycombed c l a s t s ,  and ove rs i zed  pores  suggest t h a t  p o r o s i t y  he re  i s  a l s o  a t  

l e a s t  p a r t l y  secondary. P o r o s i t y  ranges f rom 16.7 t o  23.6 percen t  i n  n i n e  
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s i d e w a l l  and t h r e e  convent iona l  co re  samples o f  sandstone f rom t h i s  i n t e r v a l .  

P e r m e a b i l i t y  ranges f rom 0.3 t o  21 mD i n  t h e  same samples, b u t  t he  h i g h e r  

permeabi l  i t y  va lues  i n  t h i s  range may he caused by  d i s t u r b a n c e  o f  t h e  1 i t h i c  

f a b r i c  a t t endan t  on t h e  t a k i n g  o f  s i d e w a l l  cores. The h i g h e s t  p e r m e a b i l i t y  i n  

a  conven t iona l  co re  sample was 0.36 mD. Burrows and a gast ropod a re  p resen t  

i n  t h e  sandstone o f  conven t iona l  c o r e  4. 

Tile SP c u r v e  i s  g e n e r a l l y  f l a t  th rough  t h i s  i n t e r v a l  w i t h  s c a t t e r e d ,  

t h i n ,  sharp k i c k s  i n d i c a t i v e  o f  t h i n  sandstone beds. The gamma-ray cu rve  v a r i e s  

e r r a t i c a l l y  w i t h i n  a  l i m i t e d  range of  A P I  u n i t s .  A s i n g l e  6 0 - f o o t - t h i c k  

sandstone bed f rom 5315 t o  5375 f e e t  i s  i n d i c a t e d  by t h e  SP and gamma-ray logs ,  

Deep and shal l ow  r e s i s t i v i t y  measurements remain s i m i l  a r  th rough  t h i s  i n t e r v a l  , 

and r e s i s t i v i t y  va lues  r e t a i n  t h e  v a r i a b i l i t y  t h e y  d i s p l a y e d  i n  t h e  i n t e r v a l  

above. Average r e s i s t i v i t y  i s  between 1  and 2 ohm-in. D e n s i t i e s  range froin 

2.0 t o  2.5 g/cm3 th rough t h i s  i n t e r v a l ,  and t h e  d e n s i t y  l o g  i n d i c a t e s  an 

average p o r o s i t y  o f  25 pe rcen t  f o r  t h e  60 - foo t  sandstone bed. The son ic  l o g  

i n d i c a t e s  a genera l  decrease i n  i n t e r v a l  t r a n s i t  t i m e  f rom 155 t o  95 p s / f o o t  

downward th rough t h e  i n t e r v a l  , and t he  average son ic  p o r o s i t y  c o r r e c t e d  f o r  

compact ion i s  26  percen t  f o r  t h e  60 - foo t  sandstone bed. 

The presence o f  g l a u c o n i t e  and f o s s i l  fragments i n  t he  rocks  i n  t h i s  

i n t e r v a l  i n d i c a t e  d e p o s i t i o n  i n  a mar ine environment.  



9685-1 0,300 f e e t  

The i n t e r v a l  f rom 9685 t o  10,300 f e e t  i s  c h a r a c t e r i z e d  b y  in te rbedded 

sandstone and mudstone. Convent ional  co re  5 i s  f rom t h i s  i n t e r v a l  and i s  

desc r i bed  i n  f i g u r e  23. 

The sandstone i n  t h i s  i n t e r v a l  i s  modera te ly  t o  w e l l  so r t ed  and f i n e  t o  medium 

gra ined,  The sand g r a i n s  a r e  g e n e r a l l y  subrounded t o  rounded. P r i n c i p a l  frarnev~ork 

components a r e  qua r t z ,  muscov i te ,  p l  ag ioc lase ,  and metamorphic rock  fragments. 

Q u a r t z  comprises 50 t o  65  percen t  o f  t h e  framework c l a s t s  and i n c l u d e s  b o t h  

monocrysta l  1  i n e  and p o l y c r y s t a l l  i n e  g ra ins .  Muscov i te  comprises 1 5  t o  30 

percen t  o f  t h e  framework c l a s t s  and i s  p resen t  g e n e r a l l y  i n  l a r g e ,  unal t e r e d  

g ra ins .  P lag ioc lase  comprises 10 t o  20 pe rcen t  o f  t h e  framework c l a s t s  and i s  

commonly untwinned, una l t e red ,  and o f  a l b i t i c  composi t ion.  Metamorphic rock  

fragments comprise about 10 pe rcen t  o f  t he  framework c l a s t s  and c o n s i s t  

p redominan t l y  o f  p h y l l  i t e  and f i n e - g r a i n e d  mica s c h i s t  and quar tz-mica s c h i s t .  

M inor  amounts o f  v o l c a n i c  rock fragments,  p y r i t e ,  c h l o r i t e ,  and brown b i o t i t e  

a r e  commonly p resen t  i n  t h e  sandstone, and t h e  o r i e n t a t i o n  o f  mica f l a k e s  and 

o t h e r  e longa te  c l a s t s  colnmonly d e f i n e  l am ina t i on .  

D u c t i l e  g r a i n  defonna.t ion and postdeposi  t i o n a l  c r i n k l  ed mica a r e  common 

i n  t h e  sandstones o f  t h i s  i n t e r v a l  and have reduced i n t e r g r a n u l a r  p o r o s i t y .  

Au th igen ic  q u a r t z  cementat ion has f u r t h e r  reduced p o r o s i t y .  The combinat ion 

o f  syn t a x i  a1 q u a r t z  overgrowt  hs and duc t i  1 e g r a i n  de fo rmat ion  has colnmonl y 

produced a t i g h t  mosaic s t r u c t u r e  i n  these  q u a r t z - r i c h  rocks ,  and o t h e r  cements 

(desc r i bed  i n  s h a l l  ower sandstones) a r e  genera l  l y  r e s t r i c t e d  t o  i s 0 1  ated , 
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s c a t t e r e d  areas. Up t o  15 pe rcen t  v i s i b l e  i n t e r g r a n u l a r  p o r o s i t y  e x i s t s  i n  

some such areas w i t h o u t  q u a r t z  cement. Th is  p o r o s i t y  appears t o  be l a r g e l y  

secondary and t o  have been fonned by  t h e  d i s s o l u t i o n  o f  s p a r r y  c a l c i t e  cement. 

A s i n g l e  s i d e w a l l  c o r e  f rom a sandstone i n  t h i s  i n t e r v a l  has 23.9 percen t  

p o r o s i t y  and 18 mD penneabi l  i t y .  The h i g h  permeabi l  i t y  o f  t h i s  sample i s  

p robab l y  due t o  f a b r i c  d i s r u p t i o n  induced Sy sample c o l l e c t i o n .  Very l o w  

permeabi l  i t i e s  shou ld  be expected f o r  t h i s  sandstone i n  which smal l  porous 

areas a r e  i s o l a t e d  i n  g e n e r a l l y  v e r y  nonporous rock.  

The mudstone i s  massive o r  l am ina ted  w i t h  t h e  l a m i n a t i o n  d e f i n e d  by t h e  

o r i e n t a t i o n  o f  muscov i te  f l a k e s  o r  f l a t t e n e d  c o n c e n t r a t i o n s  o f  o rgan i c  i n a t e r i a l ,  

The mudstone i s  l o c a l l y  i n t e r l a m i n a t e d  w i t h  sandstone and c o n t a i n s  s c a t t e r e d  

patches o f  m i c r i t i c  s i d e r i t e .  Rare burrows a r e  p resen t  i n  c o r e  5 (9750-9759.6 

f e e t )  f rom near  t h e  t o p  o f  t h e  i n t e r v a l .  

The gamma-ray l o g  m a i n t a i n s  t h e  same c h a r a c t e r  th rough  t h i s  i n t e r v a l  as i t  

had i n  t h e  i n t e r v a l  above b u t  inc reases  a b r u p t l y  20 A P I  u n i t s  i n  average v a l u e  

a t  t h e  upper boundary o f  t h e  i n t e r v a l .  The SP l o g  c o n t i n u e s  t h rouqh  t h i s  

i n t e r v a l  j u s t  as i t  was i n  t h e  i n t e r v a l  above. An average deep r e s i s t i v i t y  o f  

about  4 ohm-m c h a r a c t e r i z e s  t h i s  i n t e r v a l .  Shal low r e s i s t i v i t y  measurements 

a r e  g e n e r a l l y  1  ohm-ln h i g h e r  than deep  r e s i s t i v i t y  measurements, and deep and 

s h a l l o w  r e s i s t i v i t y  cu r ves  p a r a l l e l  each o t h e r  th rough  t h e  i n t e r v a l  w i t h  a few 

s c a t t e r e d ,  l a r g e  magnitude k i cks .  D e n s i t y  i s  q u i t e  v a r i a b l e  th rough  t h i s  

i n t e r v a l  w i t h  extreme va lues  o f  2 and 2.7 g/cm3, b u t  average d e n s i t y  va l ues  

range f r om 2.25 t o  2.55 g/cm3. The d e n s i t y  l o g  i n d i c a t e s  a p o r o s i t y  o f  6 



pe rcen t  i n  t h e  v i c i n i t y  o f  a  s i d e w a l l  c o r e  t h a t  has a measured p o r o s i t y  o f  

23.9 percent .  The son i c  l o g  i s  much l e s s  v a r i a b l e  than  t h e  d e n s i t y  l o g  th rough  

t h i s  i n t e r v a l  . I n t e r v a l  t r a n s i t  t ime  ranges f r om 7 6  t o  102 ) ~ s / f o o t  w i t h  average 

va lues  g e n e r a l l y  between 90 and 95 ) rs / foo t .  The son ic  l o g  i n d i c a t e s  a p o r o s i t y  

o f  22 p e r c e n t  i n  t h e  v i c i n i t y  o f  t h e  above ment ioned s i d e w a l l  core,  

A1 though n e i t h e r  mar ine  f o s s i l s  n o r  e n v i r o n m e n t a l l y  s p e c i f i c  sed imentary  

s t r u c t u r e s  have been observed i n  t h e  rocks  o f  t h i s  i n t e r v a l  , i t  i s  1 i k e l y  t h a t  

t h e  t h i c k  sequence o f  burrowed mudstone and sandstone was depos i t ed  i n  a mar ine  

e n v i  ronment. 

10,300-10,640 f e e t  

a The i n t e r v a l  f rom 10,300 t o  10,640 f e e t  i s  c h a r a c t e r i z e d  by i n t e rbedded  

sandstone, mudstone, and igneous rock.  Convent iona l  c o r e  6 i s  f rom t h i s  i n t e r v a l  

and i s  desc r i bed  i n  f i g u r e  24. 

The sedimentary  r ocks  o f  t h i s  i n t e r v a l  a r e  s i m i l a r  t o  those o f  t h e  i n t e r v a l  

above. The predominant igneous 1  i t h o l o g y  i s  b a s a l t ,  which i s  f i n e -  t o  medium- 

g ra ined  w i t h  a maximum g r a i n  s i z e  o f  about 2 mm. Most o f  t h i s  b a s a l t  d i s p l a y s  

an i n t e r s e r t a l  t e x t u r e  i n  which t h e  i n t e r s t i c e s  between t h e  p l  a g i o c l  ase 1  a t h s  

a r e  f i l l e d  w i t h  c a l c i t e ,  c l a y ,  and magnet i te .  Some ragged g r a i n s  o f  c l i nopy roxene  

a r e  p resen t  i n  t h e  i n t e r s t i t i a l  f i l l .  C a l c i t e ,  cha lcedony,  and c l a y  amygdules 



Mudstone, b l  ack (N-1)  w i  t h  some medi um- 
01 i ve-gray( 55Y 5/11 1 aminae, 
s l i sht ly   sand.^, few burrows,  
unmf n e r a l  f zed shears w i t h  s m a l l  
normal o f f s e t s .  
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Figure 24. Description o f  conventional core 6, Norton Sound COST No. I w e l l  
[Geochemical ana lyses  by D a t a  Core L a b o r a t o r i e s  , Inc. 1 



a r e  p resen t  i n  some samples. A s i d e w a l l - c o r e  sampl e from 10,332 f e e t  i s  a 

t r a c h y t e  t e x t u r a l l y  s i m i l a r  t o  t h e  b a s a l t  desc r i bed  above b u t  c o n t a i n s  potass ium 

f e l d s p a r  i n s t e a d  o f  p l a g i o c l a s e .  The i n t e r s t i c e s  between t h e  f e l d s p a r  l a t h s  

a r e  fill ed w i t h  c a l c i t e ,  c l a y  , and magne t i t e  w i t h  some remnants o f  cl inopyroxene 

and subhedral  a n a l c l  ime c r y s t a l  s. A t hircf igneous 1  i tho1og.y i s  represen ted  by  

a  s i d e w a l l - c o r e  sample f rom 10,346 f e e t  which c o n s i s t s  o f  a1 t e r e d  v i t r o p h y r e  

i n  ~ h i c h  c l  inopyroxene remnants and chalcedony amygdul es a r e  p resen t  i n  a  c l a y  

m a t r i x .  

Whole rock  chemical  ana lyses were run on two smal l  sampl es o f  f i n e - g r a i n e d  

b a s a l t  ob ta i ned  f rom c u t t i n g s  f rom 10,320 t o  10,350 and from 10,590 t o  10,620 

f e e t .  The analyses were made f o r  M i n e r a l s  Management Se rv i ce  by Chemical and 

Geo log ica l  L a b o r a t o r i e s  o f  Alaska, Inc., u s i n g  t h e  i n d u c t i v e l y  coup1 ed argon 

plasma method of  a tomic  emiss ion  spect roscopy.  Normal i z e d  r e s u l t s  o f  t h e  

analyses were used t o  c a l c u l a t e  C.I.P.W. norms f o r  t h e  samples. A n a l y t i c a l  

r e s u l t s  expressed i n  o x i d e  weight  pe rcen t ,  normal i z e d  ox ide-we igh t -percen t  

va l ues ,  and norms a r e  p resen ted  i n  Table  1  w i t h  o x i d e  compos i t i ons  o f  t h o l e i i t i c  

and a1 k a l i  b a s a l t .  To ta l  o x i d e  weight  percen ts  as determined i n  t h e  analyses 

d e v i a t e  s i g n i f i c a n t l y  from 100. Loss on i g n i t i o n  o f  v o l a t i l e s  was n o t  recorded,  

and g i v e n  t h e  l a r g e  atnounts o f  c a l c i t e  and c l a y  observed i n  t h i n  s e c t i o n s  o f  

t h e  b a s a l t ,  i t  i s  l i k e l y  t h a t  c o n s i d e r a b l e  carbon d i o x i d e  and water were so 

1 os t .  The basal  t salnpl es a r e  abnormal l y  1  ow i n  a1 ka l  i s ,  espec ia l  l y  sodium 

o x i d e  (Tab le  1 ) .  Based on M i y a s h i r o ' s  p l o t  o f  i r o n - o x i d e  t o  magnesium-oxide 

r a t i o  a g a i n s t  s i l i c a  (1974) ,  which i s  independent o f  a1 k a l  i c o n t e n t ,  t h e  samples 

a r e  c l a s s i f i e d  as t h o l e i i t i c .  



Tab1 e 1  .--BASALT CHEM I STR Y DATA 

[Analyses o f  samples 1  and 2 by Chemical and Geological L a b o r a t o r i e s  o f  Alaska,  Inc .  ] , 

Chemical Compositions (Oxide Ue igh t  Percents )  
M inera l  Sample 1 Sample 2 Cont inen ta l  Thole14 t i c  B a s a l t *  Oceanic Tho le i  i t i c  Basa l t *  A1 k a l  i B a s a l  t* 

Actua l  Normal ired Actual  Normalized Average Range Average Range Average Range 

SiO2 45.80 

Ti32 2.00 

A1203 13.60 

Fez03 3.50 

FeO 3 .34  

HnO 
P 

0.29 

MgO 2.71 

CaO 15.68 

Na2O 0.1  9 

K20 0.03 

P205 0.32 
- -  
T o t a l  87.47 

Normal i zed Minera l  
Composit ion 

(Ueight  Percent )  
Sample 1 Sample 2 

*frm Hyndman (1972, p .  171)  



The SP c u r v e  l a c k s  i n t e r p r e t a b l e  c h a r a c t e r  i n  t h i s  i n t e r v a l .  The gamma-ray 

cu rve ,  however, shows t h r e e  l a r g e ,  b l o c k y  excurs ions  t o  l o w e r  va lues  f rom a 

base s i m i l a r  i n  c h a r a c t e r  t o  t h e  i n t e r v a l  above. S idewa l l - co re  samples f rom 

w i t h i n  these  t h r e e  zones a r e  o f  igneous 1  i t h o l o g i e s ,  and i t  i s  1 i k e l y  t h a t  

each zone o f  1  ow gamma-ray f l  ux r ep resen t s  an igneous u n i t ,  

The r e s i s t i v i t y  l o g  i s  much more v a r i a b l e  i n  t h i s  i n t e r v a l  t han  i n  t h e  

i n t e r v a l  above, E s p e c i a l l y  1 arge v a r i a t i o n s  i n  r e s i s t i v i t y  a r e  p resen t  i n  a  

washed o u t  s e c t i o n  t h a t  c o i n c i d e s  w i t h  t h e  uppermost zone o f  l o w  gamma-ray f l u x .  

Ou ts ide  t h i s  s e c t i o n  d i f f e r e n c e s  between deep and sha l l ow  r e s i s t i v i t y  va l ues  

range f rom 0 t o  20 ohm-m. The d e n s i t y  1 og i n d i c a t e s  average d e n s i t i e s  o f  2.35 

t o  2.5 g/cm3. The son ic  l o g  i n d i c a t e s  average i n t e r v a l  t r a n s i t  t imes  o f  90 

t o  93 y s / f o o t  f o r  sed imentary  r ocks  i n  t h i s  i n t e r v a l  and 57 t o  7 7  p s / f o o t  f o r  

igneous rocks.  

No i n  s i  t u  f o s s i l  s m a t e r i a l  o r  e n v i r o n m e n t a l l y  d i a n o s t i c  sed imentary  s t r u c -  

t u r e s  were observed i n  t h i s  i n t e r v a l .  Th i s  i n t e r v a l  i s  t e n t a t i v e l y  cons ide red  

t o  have been depos i ted  i n  a mar ine  environment.  



Noth ing  i n  t h e  p e t r o l o g y  o f  t h e  igneous rocks  o f  t h i s  i n t e r v a l  enables a 

d e t e r m i n a t i o n  t o  be  made as t o  whether t h e y  were emplaced as  su r face  f l ows  o r  

hypabyssal  i n t r u s i o n s .  Yowever, t h e  ho l  o c r y s t a l  1 i n e  t e x t u r e s  t h a t  predominate 

i n  c u t t i n g s  and s i d e w a l l  c o r e  samples o f  t h e  igneous rocks  a r e  d i f f i c u l t  t o  

a s s o c i a t e  w i t h  submarine e r u p t i o n .  The sedimentary  r ocks  i n  t h i s  i n t e r v a l  a r e  

01 igocene o r  o l d e r  (see Pa leon to logy  and B i o s t r a t i q r a p h y  s e c t i o n  o f  t h i s  r e p o r t ) .  

I f  t h e  r a d i o m e t r i c  age o f  19.9 m.y. d e r i v e d  f rom an igneous sample i s  c o r r e c t ,  

t hen  t h e  v o l c a n i c  r ocks  must be i n t r u s i v e  (see r a d i o m e t r i c  age subsec t i on  

be1 ow). 

10,640 t o  12,235 f e e t  

0 The i n t e r v a l  f rom 10,640 t o  12,235 f e e t  i s  c h a r a c t e r i z e d  by sandstones and 

mudstones t h a t  a r e  l i t h o l o g i c a l l y  s i m i l a r  t o  t hose  o f  t h e  two u n i t s  above. 

Convent iona l  co res  7, 8, and 9 a r e  f rom t h i s  i n t e r v a l  and a r e  desc r i bed  i n  

f i g u r e s  25, 26, and 27. Much o f  t h e  sandstone i s  i n  t h i n ,  graded beds. Many 

o f  these  a r e  topped w i t h  s i l t s t o n e  o r  mudstone and may be desc r i bed  as Tbcd 

Bourna sequences (Bouma, 1962).  Th i cke r  sandstone beds assoc ia ted  w i t h  these  

Bourna sequences i n  co res  7 and 8 a r e  s i m i l a r  t o  those  o f  t h e  M u t t i - R i c c i  Lucch i  

f a c i e s  C ( M u t t i  and R i c c i  Lucch i ,  1972).  Some beds i n  c o r e  8 have f lame 

s t r u c t u r e  developed a long  t h e i r  bases. Shale r i p - u p  c l a s t s  and p a r t i n g s ,  and 

coa l  f ragments,  s t r i n g e r s ,  and l enses  a r e  s c a t t e r e d  i n  t h e  t h i c k e r ,  more mass ive 

sandstone beds. There a re  some burrows i n  c o r e  7. 



V i t r i n i t e  
#e)flr+la;rice 
'fPercent3 

~ o t  a3r'%gan i c 
- ?tr '  Garzbor!, 

7% weat 

C - -  mbc.)c)mmmmh WQ, - mr*) , . . . . . . . . . . . . . . . . . * . . . . .  m a . .  I 
7 c n r n r n l o c - m r ~  ic W%*P%e, p P @ q  1 b .*. - h -7. -.- . --m. . . * 0 -- . . *- rt. e -fib N\ -. 

. . . . . . . . 

dz 
cr * 
-r a J v  

zs 
W * O  
W W O  
uur- 
cer r 
c m  - 

* V ) W  

E, W X  
? c n  

7 

C 

7 * z  
> u  

v t  
rerw m 
F w 
n L a J  aJ crr 

U c 

' C r y .  
- 5 7  - & 

V E T  

7 - - - - 
i OLIGOCENE or OLDER 

O L I G O C E N E  or  OLDER 
I 

Porosity 
jt?emebt ) 
, D e r Z ? ? t  ' 

I 

r o:, m 
O O U  
U 7 m  
wn 

b o -  
o --* = n 
I=- 
0'72 VI .- C aJ x.s 
-- b7. * 
' - 0 -  
L) 

-2 e- n <, 

I 

TERTIARY 
T E R T I A R Y  I 



? 7 7 - - - 
PROBABLE EOCENE 

TERTIARY 

V i  t r i n i t e  Ref1 ectance 
(Percent ) 

T o t a l  Organic Carbon 
(Percent) 

Permeabil i t y  
( M i  11 i d a r c i e s )  

Porasi t y  
(Percent) 

C U -  E 
D C 
L U 
3 0 
0, aJ iTz 



The same cornbinat ion o f  d u c t i l e  g r a i n  de fo rmat ion  and a u t h i g e n i c  cementa t ion  

t h a t  a f f e c t e d  i n t e r g r a n u l a r  space i n  t h e  sandstone i n  t h e  two i n t e r v a l s  above 

o b t a i n s  i n  t h e  sandstone of  t h i s  i n t e r v a l  . I n t e r g r a n u l  a r  p o r o s i t y  i n  t h i s  

sandstone i s  a l s o  s i m i l a r  t o  t h a t  desc r i bed  f rom sandstones i n  t h e  sha l l owe r  

i n t e r v a l s .  P o r o s i t y  reaches 27.9 pe rcen t  and p e r m e a b i l i t y  0.38 mD i n  s i d e w a l l  

co res  from t h i s  i n t e r v a l .  However, i n  71 samples f rom conven t i ona l  co res ,  

where f a b r i c  d i s r u p t i o n  i n  sampl i n g  i s  1  ess 1  i k e l y  t han  i n  s i d e w a l l  co res ,  

p o r o s i t y  ranges from 2.9 t o  11.9 pe rcen t  ( w i t h  a l l  b u t  t h r e e  va lues  h i g h e r  

t han  5 p e r c e n t ) ,  and permeabi l  i t y  ranges f rom 0.02 t o  0.38 mD. 

The S P  l o g  c u r v e  i s  e r r a t i c  and cannot  be  m e a n i n q f u l l y  i n t e r p r e t e d .  The 

gamma-ray l o g  cu r ve  de f i nes  numerous sandstone beds from 10 t o  more t han  100 

f e e t  t h i c k .  There i s  app rox ima te l y  about 720 f e e t  o f  sandstone i n  t h i s  1595- foo t  

i n t e r v a l .  The r e s i s t i v i t y  1  og c o n t i n u e s  smooth ly  i n t o  t h i s  i n t e r v a l  from t h e  

i n t e r v a l  above. The o v e r a l l  b l o c k y  c h a r a c t e r  o f  t h e  r e s i s t i v i t y  cu r ves  r e f 1  e c t s  

t h e  presence of  t h e  t h i c k  sandstone beds i n d i c a t e d  on t h e  gamma-ray l o g ,  and a 

s e p a r a t i o n  o f  around 10 ohm-rn i s  common between t h e  deep and s h a l l o w  r e s i s t i v i t y  

cu r ves  i n  t h e  sandstone beds. The d e n s i t y  l o g  c u r v e  has t h e  same v a r i a b l e  

c h a r a c t e r  i t  had i n  sha l l owe r  i n t e r v a l s .  The extreme d e n s i t y  va lues  a r e  2.17 

and 2.87 g/cm3 and t h e  average va l  ues range froin 2.5 t o  2.8 g/cm3. The 

d e n s i t y  l o g  i n d i c a t e s  p o r o s i t i e s  o f  0 t o  9 pe rcen t  f o r  sandstone i n  t h i s  i n t e r v a l .  



The son ic  l o g  i s  l e s s  v a r i a b l e  t han  t h e  d e n s i t y  l o g  i n  t h i s  i n t e r v a l  and has r 

g e n e r a l l y  b l o c k y  cha rac te r .  Lower i n t e r v a l  t r a n s i t  t imes  a r e  assoc ia ted  w i t h  

sandstone beds. The t o t a l  range o f  i n t e r v a l  t r a n s i t  t imes  i s  55 t o  105 ~ s / f o o t ,  

b u t  t h e  average va lues  a r e  between 67 and 87 p s / f o o t .  The son ic  l o g  i n d i c a t e s  

p o r o s i t i e s  o f  6 t o  18 pe rcen t  f o r  sandstone i n  t h i s  i n t e r v a l .  

No mar ine  f o s s i l  s were recovered. However, t h e  presence o f  t h i n  Bouma 

sequences among t h i c k e r  massive sandstone beds and f lame s t r u c t u r e s  a t  t h e  

bases and p reserved  burrows a t  t h e  tops  o f  some beds i n d i c a t e  d e p o s i t i o n  o f  a t  

l e a s t  p a r t  o f  t h e  i n t e r v a l  by  t u r b i d i t y  c u r r e n t s  be low wave base i n  a  subaqueous 

env i  ronment. 

12,235-12,545 f e e t  

The i n t e r v a l  f rom 12,235 t o  12,545 f e e t  i s  c h a r a c t e r i z e d  by i n t e rbedded  

sandstone, s i l  t s t o n e ,  sha le ,  coa l  , and conglomerate,  Convent iona l  c o r e  10 i s  

f rom t h i s  i n t e r v a l  and i s  desc r i bed  i n  F i g u r e  28. 

Sandstone i s  v e r y  p o o r l y  so r t ed .  Coarser framework c l a s t s  c o n s i s t  

p redominan t l y  o f  p h y l l  i t e  and f i n e - g r a i n e d  quar tz -muscov i te  s c h i s t  fragments. 

Cons iderab le  d e t r i t a l  s p a r r y  d o l o m i t e  i s  p resen t  among t h e  f i n e r  framework 

c l a s t s .  Qua r t z ,  most o f  which i s  p o l y c r y s t a l l i n e ,  and c h e r t  a r e  a l s o  p resen t  

i n  t h e  sandstone framework. C l  a s t s  a r e  genera l  l y  subangul a r ,  and o r i e n t a t i o n  

o f  e l onga te  c l a s t s  commonly d e f i n e s  t h e  l a m i n a t i o n  i n  t h e  sandstone. The 

sandstone i n  c o r e  10  c o n t a i n s  some burrows. 
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There i s  no v i s i b l e  i n t e r g r a n u l  a r  p o r o s i t y  i n  sandstone sampl es from t h i s  

i n t e r v a l .  P o r o s i t y  r e d u c t i o n  has been accompl i shed  1  a r g e l y  by  d u c t i l e  g r a i n  

de fo rma t i on ,  and i n t e r g r a n u l  a r  space t h a t  has n o t  been des t royed  by d u c t i l e  

g r a i n  de fo rma t i on  i s  f i l l e d  w i t h  a u t h i g e n i c  kaol  i n i t e .  The o n l y  o t h e r  a u t h i g e n i c  

l n a t e r i a l  s observed i n  sandstone f rom t h i s  i n t e r v a l  a r e  m i c r i t i c  s i d e r i t e ,  which 

i s  l o c a l l y  p resen t  i n  r i m s  on d o l o m i t e  c l a s t s ,  and q u a r t z ,  which f i l l s  some 

t e n s i o n  f r a c t u r e s .  P o r o s i t y  i n  f i v e  samples from t h i s  i n t e r v a l ,  a l l  f rom c o r e  

10, ranges f rom 1.0 t o  2.6 percen t ,  and permeabi l  i t y  ranges f rom 0.02 t o  0.1 2 

mD i n t h e  same sampl es. 

S i l  t s t o n e  and conglomerate i n  t h i s  i n t e r v a l  d i f f e r  f rom the  sandstone o n l y  

i n  g r a i n  s i  ze. The congl  omerate c o n s i s t s  o f  p redominan t l y  metamorphic and 

q u a r t z  pebbles i n  a  sandstone m a t r i x .  The s h a l e  i s  micaceous and carbonaceous, 

and t h e  o r i e n t a t i o n  o f  mica f l a k e s  and carbonaceous d e b r i s  d e f i n e s  f i s s i l  i t y .  

Coal i s  abundant i n  c u t t i n g s .  

The SP c u r v e  i s  e r r a t i c  i n  t h i s  i n t e r v a l  and cannot  be mean ing fu l l y  

i n t e r p r e t e d .  The gamma-ray l o g  i n d i c a t e s  a maximum bed t h i c k n e s s  o f  about 10 

f e e t  f o r  t h e  v a r i o u s  1 i t h o l o g i e s  t h a t  a r e  i n t e rbedded  i n  t h i s  i n t e r v a l  . The 

r e s i s t i v i t y  l o g  cu r ve  i s  ex t r eme l y  v a r i a b l e  th rough  t h i s  i n t e r v a l .  The h i g h e s t  

r e s i s t i v i t y  va lues  a r e  a t  depths w i t h  1  ow measured gamma r a d i a t i o n  and a re  



a i n t e r p r e t e d  as coa l  beds. Depths w i t h  l o w  gamma r a d i a t i o n  and l owe r  r e s i s t i v i t y  

a r e  i n t e r p r e t e d  t o  be sandstone beds. The d e n s i t y  1  og c u r v e  i s  a1 so ex t reme ly  

v a r i a b l e  th rough  t h i s  i n t e r v a l  . Very 1  ow d e n s i t i e s  a r e  c o r r e l  a t i v e  w i t h  coa l  

beds. The d e n s i t y  l o g  i n d i c a t e s  p o r o s i t i e s  o f  f rom 0 t o  4 percen t  f o r  sandstones 

i n  t h e  i n t e r v a l .  Except i n  coa l  beds, where i n t e r v a l  t r a n s i t  tirrles a r e  h i gh ,  

t h e  son ic  l o g  shows a genera l  decrease o f  i n t e r v a l  t r a n s i t  t i m e  th rough  t h i s  

i n t e r v a l  from around 7 5  p s / f o o t  near  t h e  t o p  t o  around 5 5  p s / f o o t  near  t h e  

base. The son i c  l o g  i n d i c a t e s  p o r o s i t i e s  o f  1 t o  6 percen t  f o r  sandstone 

beds. 

T h i s  c o a l - b e a r i n g  sedimentary  sequence was depos i t ed  i n  a f l u v i a l  o r  

de l  t a i c  env i  ronment. 

12,545-14,683 ( T D )  

The i n t e r v a l  f rom 12,545 f e e t  t o  t h e  bo t tom o f  t h e  w e l l  i s  c h a r a c t e r i z e d  b y  

c a t a c l a s t i c a l l y  metamorphosed sedimentary  r ocks  w i t h  some c a t a c l a s t i c  marble.  

Convent iona l  co res  11 and 12 a r e  from t h i s  i n t e r v a l  and a r e  desc r i bed  i n  f i g u r e s  

29 and 30. 

The c a t a c l  a s t i c a l  l y  metamorphosed rocks i n c l u d e  my1 on i  t z  and c a t a c l  a s t i  t e  

i n  which t h e  m a t r i x  c o n s i s t s  o f  g r a n u l a t e d  rock.  P y r i t e  i s  commonly concen t ra ted  

a1 ong we1 1-devel  oped f l u x i o n  banding. W i t h i n  t h e  m a t r i x  t h e r e  a r e  a r e  s c a t t e r e d  

coarse-sand- t o  pebbl e - s i  ze angu la r  f ragments and fl asers  o f  sandstone, s i l  t s t o n e ,  

s c h i s t ,  phy l  1  i t e ,  q u a r t z ,  and c h e r t .  Very f i n e l y  c r y s t a l  1 i n e  ca rbona te  i s  

a p resen t  i n  t h e  m a t r i x  l o c a l l y ,  and s p a r r y  c a l c i t e  has p a r t l y  r ep laced  m a t r i x  
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p a r t l y  and rock  fragments o r  f l a s e r s .  A few s c a t t e r e d  p ressure  shadows a r e  

f i l l e d  w i t h  au th i gen i c  k a o l i n i t e .  There i s  no v i s i b l e  p o r o s i t y  i n  these  rocks. 

The c a t a c l a s t i c  marbles a r e  ve ry  f i n e l y  t o  c o a r s e l y  c r y s t a l l i n e .  Boundaries 

between carbonate  g r a i n s  a r e  commonly sutured.  The presence o f  q u a r t z  g r a i n s  

o r  a r g i l l a c e o u s  m a t e r i a l  l o c a l l y  d e f i n e s  a f o l i a t i o n  i n  t h e  the marble.  Yumerous 

de fo rma t i ona l  f ea tu res  i n c l u d i n g  f a u l t s ,  t e n s i o n  gashes, f o l d s ,  and boudins 

a r e  p resen t  i n  t h e  convent iona l  cores f rom t h i s  i n t e r v a l .  

The S P  cu rve  wanders and cannot be i n t e r p r e t e d .  The gamma-ray cu rve  i s  

b l o c k y  on a l a r g e  s c a l e  and suggests segrega t ion  of  sha l y  f rom nonshaly 

1 i t h o l o g i e s .  R e s i s t i v i t i e s  a r e  h i gh ,  and sha l l ow  r e s i s t i v i t y  i s  commonly f rom 

20 t o  severa l  100 ohm-m h ighe r  than  deep r e s i s t i v i t y .  The d e n s i t y  l o g  i n d i c a t e s  

d e n s i t i e s  o f  f r om 2.7 t o  2.75 g/cm3 th roughout  t h i s  i n t e r v a l ,  The son ic  l o g  

shows 1  i tt l e  v a r i a t i o n  and i n d i c a t e s  i n t e r v a l  t r a n s i t  t imes  o f  f rom 55  t o  

6 5  ps / foo t .  

P o r o s i t y  and Permeabil i ty  

P o r o s i t y  and permeabi l  i t y  de te rm ina t i ons  f o r  samples from s i d e w a l l  and 

convent iona l  cores a r e  presented i n  Table 2, and p o r o s i t y  and perrneabil i t y  

da ta  from sandstone samples a r e  presented g r a p h i c a l l y  i n  P l a t e  1. Because o f  



Table 2. POROSITY AND PERMEABILITY 
Norton 1 

[from Core Laboratories, Inc.] 

Oept h 
(feet) 

Porosity Permeabi 1 i ty 
Lithology (Percent) (Mi 1 1  idarcies) Remarks 

ss;vfgr slty sl calc 28.7 9.41 Sidewall 
ss;vf-mgr sl ty 22.5 10. Sidewall 
sl tst;sl sdy 10.0 0.60 Si dewall 
ss;vfgr shy sid 18.1 0.90 Sidewall 
ss;vf-fgr 19.1 2 1 Sidewall 

ss;vf-fgr slty 23.6 3.77 Si dewa 1 1 
same;sl calc 20.7 2.51 Sidewall 
s1tst;vsdy sid 16.7 0.90 Sidewall 
ss;vf-fgr shy 22.8 5.10 Si dewall 
same 19.2 2.60 Si dewall 

same;vcalc 19.2 0.80 Sidewall 
ss;vf-fgr sl calc sc pyr 22.3 0.30 Core 4 
s arne 21.7 0.36 Core 4 
same 21 .I 0.30 Core 4 
s1tst;sl sdy 14.8 <O. 01 Sidewall 

s alne 
s arne 
same 
sh 
same 

14.4 (0.01 Sidewall 
16.8 0.04 Sidewall 
16.8 0.06 Sidewall 
9.6 (0.01 S i  dewall 
10.6 <0.01 Sidewall 

s ame 13.9 (0.01 Si dewall 
ss;vfgr sl ty 23.9 18 Si dewall 
s1tst;sdy calc 20.4 1.70 Si dewall 
ss;vf-cgr cly 17.3 1.20 Sidewall 
ss;vf-mgr sl ty 19.2 27. Si dewall 

sh;carb lam 12.1 1 .01 Sidewall 
ss;vf-rngr fos 20.4 5.32 Si dewall 
sh;sdy mica 6.3 (0.01 Sidewall 
same;carb 2.7 (0.01 Sidewall 
ss;vf-mgr mica sl calc 10.0 0.22 Core 7 

same 
same 
s arne 
same 
same 

same 
s arne 
same 
s arne 
same 

10.6 0.24 Core 7 
10.4 0.24 Core 7 
10.9 0.29 Core 7 
11.7 0.38 Core 7 
10.9 0.31 Core 7 

9.1 0.1 3 Core 7 
10.1 0.18 Core 7 
8.6 0.11 Core 7 
7.4 0.07 Core 7 
9.5 0.1 3 Core 7 
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Depth 
( f e e t )  

Tab1 e 2. POROSITY AND PERMEABILITY 
Nor ton 1 

P o r o s i t y  Permeabi 1 i t y  
L i t h o l o g y  (Percen t )  ( M i  11 i d a r c i e s )  Remarks 

s ame 
same 
same 
s alne 
same 

same 
s arne 
same 
same 
same 

same 
s ame 
s arne 
same 
same 

10.9 0.21 Core 8 
11.9 0.23 Core 8 
10.5 0.16 Core 8 
10.6 0.21 Core 8 

9.8 0.16 Core 8 

11.1 0.28 Core 8 
9.2 0.14 Core 8 
8.8 0.1 2 Core 8 
8.6 0.07 Core 8 
7.3 0.05 Core 8 

9.2 0.09 Core 8 
8.0 0.07 Core 8 
9.8 0.09 Core 8 
9.8 0.09 Core 8 
4.9 0.02 Core 8 

same 7 . 9 0.05 Core 8 
same 8.7 0.07 Core 8 
same 8.6 0.05 Core 8 
same 7.6 0.07 Core 8 
ss ;v f -cg r  s l  c a l c  muddy 27.6 14 

s arne 
same 
s l  tst;vmuddy 
same 
s am 

27.9 8.43 Sldewal 1 
16.6 1.92 S idewa l l  
16.8 (0.01 Si  dewal l  
13.5 (0.01 S i  dewal l  
16.1 (0.01 S i  dewal l  

ss ; f -cg r  s l  c a l c  20.8 3 6 S idewa l l  
ss ; f -cg r  22.3 2 6 S idewa l l  
s l  t s t ; s l  sdy 12.9 (0.01 S idewa l l  
same 10.7 <0.01 Si dewal l  
ss ;vf-mgr m i c a  5.3 0.1 5 Core 9 

same 
sh 
s l  t s t  
same 
same 

s arne 
same 

4.6 0.13 Core 9 
4.8 <O. 01 
2.6 0.12 Core 10  
1.8 0.02 Core 10 
1.1 0.04 Core 10 

1.0 0.04 Core 10 
1,5 0.05 Core 10 



i r r e g u l a r  sample d i s t r i b u t i o n ,  p o r o s i t y  and permeabi l  i t y  va lues  have been 

i n t e g r a t e d  ove r  500- foot  th icknesses  and a r e  represen ted  by  symbols t h a t  show 

t h e  mean va lue  and range f o r  each such i n t e r v a l ,  The number o f  sandstone 

samples i n  each i n t e r v a l  i s  g i ven  under t h e  appl i c a b l e  symbol. Sandstone 

p o r o s i t i e s  f rom s i d e w a l l  co res  above 8000 f e e t  a r e  i n  good agreement p o r o s i t i e s  

f rom deeper s i d e w a l l  cores a r e  c o n s i d e r a b l y  h i g h e r  than from nearby conven t i ona l  

co res  and a r e  p robab ly  spur ious.  The decrease i n  p o r o s i t y  w i t h  dep th  f o r  

sandstone samples froin t h e  w e l l  i s  shown g r a p h i c a l l y  i n  F i g u r e  31. The cu rve  

i s  a v i s u a l l y  es t imated  bes t  f i t  based on a l l  sands tone-poros i t y  da ta  froin 

above 8000 f e e t  and a l l  conven t iona l  c o r e  sands tone-poros i t y  da ta  f rom below 

8000 f e e t  . 

Throughout t h e  we1 1  , sandstone permeabi l  i t i e s  froin s i dewa l l  co res  a r e  

commonly s i g n i  f i c a n t l y  h i g h e r  than from nearby convent iona l  cores. T h i s  

d isc repancy  i s  undoubtedly  a  r e s u l t  o f  f a b r i c  d i s r u p t i o n  a t t endan t  on t h e  

s i d e w a l l  - c o r i n g  process. The re1 a t i o n s h i  p between p o r o s i t y  and permeabi l  i t y  o f  

sandstone samples from convent iona l  co res ,  where such f a b r i c  d i s r u p t i o n  i s  n o t  

a  s i g n i f i c a n t  f a c t o r ,  i s  shown g r a p h i c a l l y  i n  F i gu re  32. Sandstone i n  t h i s >  

w e l l  must have a t  l e a s t  24 percent  p o r o s i t y  t o  have even 1  mD permeabi l  i t y  

( F i g u r e  32). F igure  31 shows t h a t  sandstone p o r o s i t i e s  o f  more than 24 percent  

a r e  r e s t r i c t e d  t o  depths o f  1  ess than 6000 f e e t  i n  t h e  we1 1. 

Pore r e d u c t i o n  i n  these rocks  i s  caused by  a  combinat ion o f  d u c t i l e  g r a i n  

de fo rmat ion  and au th igen i c  cementation. D u c t i l e  g r a i n  de fo rmat ion  i n v o l v e s  

t h e  squeezing o f  s o f t e r  c l a s t s  such as t h e  common metamorphic rock  fragments 



P o r o s i t y  C%) 

F i g u r e  3 1 ,  P l o t  o f  a v e r a g e  poros i ty  a g a i n s t  depth f o r  convent iona l  
core  sandstone  samples f r o m  N o r t o n  Sound COST No. I well. 
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Figure 32. Plot o f  average permeability against average porosity for 
conventional core sandstone samples from Norton Sound COST No.1 well. 



Kaol i n i t e  comprises no more than  2 pe rcen t  o f  any satnpl e and i s  p resen t  i n  

decussa te l y  a r rayed  ve rm icu la r  s tacks  which f i l l  o r  part ly  f i l l  i n t e r g r a n u l  a r  

spaces o r ,  l e s s  commonly, f r a c t u r e s .  Au th igen ic  qua r t z  was observed o n l y  i n  

samples f rom 9983 t o  12,200 f e e t ,  where i t  i s  p resen t  as  s y n t a x i a l  overgrowths 

on q u a r t z  c l a s t s .  Except f o r  t h e  f o rma t i on  o f  secondary p o r o s i t y  b y  c a l c i t e  

d i s s o l  u t i o n  , a1 1 d i a g e n e t i c  changes observed i n  sandstones from t h e  we1 1 have 

reduced r e s e r v o i r  p o t e n t i a l  . 

Rad iomet r i c  Age Dete rmina t ions  

T h i r t e e n  potassium-argon age de te rm ina t i ons  were made on rocks from 5012 

t o  14,671.8 f e e t  (Tab le  3 ) .  A1 1 bu t  one o f  t h e  age de tenn ina t i ons  were lndde 

on sedimentary and c a t a c l a s t i c  ~netasedi rnentary  rocks. O f  these ,  two  were made 

on whole rocks  and t e n  on c o n c e n t r a t i o n s  o f  d e t r i t a l  muscovi te.  The ages thus  

ob ta i ned  r e f l e c t  t h e  age o f  t h e  source a reas  r a t h e r  than t h e  d e p o s i t i o n a l  age. 

The ages were separated i n t o  two groups w i t h  a  break between 10,397 and 10,893 

f ee t .  Ages ob ta ined  f rom sedimentary  rocks  above 10,397 f ee t  range f rom 31 t o  

104 m.y., and ages frorn sedimentary and metasedimentary rocks  be1 ow 10,893 

f e e t  range f rom 125 t o  206 m.y. w i t h  most between 141 and 151 m.y. 

A s i n g l e  age de te rm ina t i on  was nade on a sampl e  o f  igneous rock  found 

l o o s e  and p robab ly  o u t  o f  p l ace  on t o p  o f  conven t iona l  c o r e  6. Th i s  d e t e r m i n a t i o n  

was made on a f e l d s p a r  concen t ra te ,  which y i e l d e d  measured con ten t s  o f  5,813 



i n t o  open spaces between harder  c l a s t s  as a  response t o  i n c r e a s i n g  b u r i a l  

pressure.  Growth o f  a u t h i g e n i c  cements i s  a response o f  t h e  s o l u t i o n - s o l i d  

system t o  changes i n  temperature,  p ressure ,  and f l  u i d  compos i t i on .  Au th i gen i c  

phases i n c l  ude p y r i t e ,  s i d e r i t e ,  smec t i t e ,  c a l c i t e ,  kaol  i n i t e ,  and qua r t z .  

P y r i t e ,  which i s  p resen t  l o c a l  l y  as smal l  frarnboids and i n t e r g r a n u l  a r  cement, 

and s i d e r i t e ,  which i s  commonly m i c r i t i c ,  a r e  t h e  e a r l  i e s t  a u t h i g e n i c  cements 

t o  have formed. The sha l l owes t  observed s i t e s  o f  these cements a r e  i n  samples 

f rom 1328 and 1537 f ee t  f o r  p y r i t e  and s i d e r i t e  r e s p e c t i v e l y .  The sha l l owes t  

observed a u t h i g e n i c  s m e c t i t e  i s  i n  a  sample f rom 4167 f e e t .  Th i s  c l a y  

comnonly forms r i m s  on framework c l a s t s  i n  sandstone, and t h e  c l a y  p l a t e l e t s  

i n  t h e  r i m s  a r e  commonly a r rayed  normal t o  c l a s t  su r faces .  Cons iderab le  a i c r o -  

p o r o s i t y  can e x i s t  among a u t h i g e n i c  c l a y  p l a t e l e t s .  Sandstones i n  which i n t z r -  

g r a n u l a r  spaces a r e  comp le te l y  f i l l e d  w i t h  c l a y  commonly d i s p l a y  f a i r l y ' h i g h  

p o r o s i t i e s  on t e s t i n g .  Permeabil i t y  i s  ex t r eme l y  l o w  i n  such rocks ,  however. 

Au th i gen i c  c a l c i t e  i s  p resen t  as s p a r r y  cement and l o c a l l y  r ep laces  d e t r i t a l  

dnd o t h e r  a u t h i g e n i c  m a t e r i a l s .  The sha l l owes t  observed s p a r r y  c a l c i t e  cement 

i s  f rom 7330 fee t .  Some samples c o n t a i n  up t o  20 pe rcen t  s p a r r y  c a l c i t e  cement. 

I n  some sampl es f rom 9983-1 2,200 f e e t ,  secondary p o r o s i t y  has formed b y  

d i s s o l u t i o n  o f  s p a r r y  c a l c i t e  cement. Au th i gen i c  q u a r t z  cement i s  p resen t  i n  

these  samples. The sha l l owes t  observed a u t h i g e n i c  kao l  i n i t e  i s  f rom 7562 feet .  



TABLE 3. Po tass i  um-argon age d e t e r ~ n i n a t i o n s  

[ f r o m  Geochron L a b o r a t o r i e s  D i v i s i o n  o f  Krueger E n t e r p r i s e s ,  Inc  ,] 

Depth ( f e e t )  L i tho1  ogy - M a t e r i a l  Tes ted  Age ( x  1  o6 y e a r s )  

501 2 sha le  v u s c o v i t e  concen t ra te  84.2 - + 3.6 

6220 shal  e muscov i te  concen t ra te  99.7 - t 4.1 

7942 s h a l e  muscov i te  concen t ra te  51.3 - + 3.4 

9750 s  ha1 e muscov i te  concen t ra te  104 - -t 4 

r u b b l e  found 
a t o p  Core 6 

v o l c a n i c  
rock  

sha le  

a r  kose 

arkose 

arkose 

shal  e 

sha le  

phy l  1 i t e  

f e l  dspar concen t ra te  

muscov i te  concen t ra te  

muscov i te  concen t ra te  

muscov i te  concen t ra te  

muscov i te  concen t ra te  

muscov i te  concen t ra te  

whol e rock  

whol e rock  

muscov i te  concen t ra te  



and 5.662 we igh t  pe rcen t  potass ium on dupl i c a t e  analyses. These ana lyses  

i n d i c a t e  t h e  presence o f  p o t a s s i  urn f e l d s p a r  d i l u t e d  w i t h  some o t h e r  m a t e r i a l  

i n  t h e  concen t ra te ,  Potassium-argon ages based on potass ium f e l s p a r  o t h e r  

t han  san id i ne ,  o r  on p l a g i o c l a s e  w i t h  more than  about 2 percen t  po tash  c o n t e n t ,  

a r e  g e n e r a l l y  cons idered  un re l  i a b l e  (F. H. W i l  son, o r a l  communicat ion) .  As 

n e i t h e r  t h e  t y p e  o f  potass ium f e l d s p a r  n o r  t h e  n a t u r e  o f  t h e  o t h e r  m a t e r i a l  

p r e s e n t  i n  the  da ted  concen t ra te  were determined, t h e  19.9 - t 0.8 m.y. age 

cannot  be cons idered  d e f i n i t i v e ,  Pa t ton  and Cse j t ey  (1971) have r e p o r t e d  

potassium-argon ages o f  62.8 - + 1.8 m.y. on hornb lende f rom a t r a c h y t e  f l o w  on 

S t ,  Lawrence Is1 and near  t h e  w e l l  s i t e .  



Geochemi s t r y  

Norton COST Well 1 

by Tabe 0. F l e t t  

Introduction 

The geocnen~istry program f o r  the No. 1 well was designed t o  

evaluate  the  petroleum potent ia l  of rocks i n  western dorton Sound and t o  

iden t i fy  , the  spec i f i c  source- roc^ in te rva l  s capable of producing 

nydrocaroons. T h e  operator  of the  well authorized Core Laboratories, 

Inc., of Dill 1 as ,  Texas, and Geochen Laboratories, Inc., of Houston, 

Texas, t o  perform geochemical analyses. 

Cutt ings were taken a t  6u-foot i n t e rva l s  from 240 t o  14,667 f ee t .  

The cu t t i ngs  were placed i n  one-quart cans w i t h  a bac te r ic ide  and sealed 

w i  t h  press-on 1 i ds.  F i f ty  n i  ne si dewall cores ,  e i  ght conventional 

cores ,  and twelve d r i  11 ing mud samples were a1 so co l lec ted  f o r  analys is .  

The f i na l  conventional core produced samples from 14,679 f e e t .  Analyses 

were performed f o r  visual kerogen, thermal a l t e r a t i o n  index, random 

v i  tri  ni  t e  ret 1 ectance,  organic cdrnon content ,  Cl - C7 nydrocarbons, 

CIS+ e x t r a c t  and hydrocarbon content ,  and carbon isotope content  of the 

exr rac t s .  Gas chromatography and rock-eval pyrolysis  were a l s o  



performed. The o r i g i n a l  data i s  on f i l e  a t  the Minerals Management 

Service, 800 A. Street ,  Anchorage, Alaska $9501, and i s  ava i lab le  f o r  

exami nation. 

Geothermal t i radi en t  

The apparent mean geothermal grad ient  f o r  the No, 1 we l l  was 

computed from raw data and i s  p l o t t e d  on Figure 33. Observed 

temperatures from 2 ,UW f e e t  t o  14 ,b6U fee t  (Bottom ho le  Temperature, 

ddT) were taken from tne h igh- reso lu t ion thermometer log. 

Total Organic Carbon Content 

Total organic carbon content (TOC) from cu t t ings ,  s i  dewall cores, 

and conventional cores analyzed by both Core Laboratories and Geochern 

a Laboratories are displayed on Pla te  1. The two labora to r ies  used 

essen t i a l l y  the same ana l y t i ca l  techniques. Samples were dr ied,  

pulverized, t rea ted  f i r s t  w i t h  co ld  and then w i  t n  hot  hydrocnlor ic acid, 

and analyzed i n  iECO carbon analysers. Blanks, standards, and dupl ica te  

samples were p e r i o d i c a l l y  analyzed. The two data sets are i n  good 

agreement. 

From 1,26u t o  approximately 4,5u0 feet ,  the TOC increases l i n e a r l y  

wi tn depth from s l i g h t l y  l ess  than U.5 percent t o  about 1.1 o r  1.2 

percent. k t  4,86u f e e t  the f i r s t  o f  several zones occur which e x h i b i t  

anomalously h igh TOC values ( 2  percent t o  52 percent).  Anomalies i n  

excess of two t o  three percent TOC are observed where coal i s  recovered 

i n  the cu t t i ngs  i n  anything from t race  amounts t o  15 percent o f  the 

t o t a l  l i t ho l ogy .  From about 5,~0U t o  9,50u feet ,  TOC values decrease 
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Depth f rmprrature 
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Figure  33. High-resolution the rmomete r  d a t a  from COST Wel l  I ,  

N o r t o n  Sound, 36 h r s  a f t e r  circu.lation ceased. 



gradual ly  from around one percent t o  approximately d . 8  percent. A t  

9,20u f e e t  there are t races o f  coal w i t h  associated TOC values o f  3 t o  4 

percent. Frorn 9,SuU t o  13,UUU feet ,  background organic carbon values 

are high, ranging general ly  between 1.0 and 2.U percent, w i t h  very high 

values where coal occurs i n  the cut t ings.  Between 13,000 f e e t  t o  the 

t o t a l  depth o f  tne wel l  (14,683 f ee t ) ,  TOC values range petween 0.2 and 

0.b percent w i t h  two exceptions which exceed 1.0 percent. It i s  

i r r~portant  t o  know i f  TOC content  has been in f luenced by the presence o f  

coal i n  the samples and t o  what ex tent  t n i s  i s  t r ue  i f  such 

conta~ni na t ion  has occurred. Samples were carefu l  l y  washed, and D r .  

Bayl i ss (personal cor~ununication) o f  Geochem Laboratories i s  conf ident  

t h a t  coal i s  no t  a s i g n i f i c a n t  i'actor i n  the  TOC analyses. However, the 

excessively h ign TOC values o f t en  appear when even t race amounts o f  coal 

occur i n  the cut t ings.  

Descri p t i  on o f  Kerogen 

Microscopic examination o f  the kerogen present i n  po ten t i a l  source 

rock was performed by both Core Laboratories and Geochem Laboratories. 

The former appl i e d  the coal petrographer's r e f  1 ected 1 i ght  technique and 

c l  assi f i c a t i o n  system. The l a t t e r  used t ransmi t ted 1 i gnt  and adopted 

tne palynol ogi s t ' s  c l a s s i f i c a t i o n .  Results from these studies are  

displayed i n  Figure 34 w i t h  the hydrogen t o  carbon r a t i o  (l-i /C).  

From the surface t o  about 12,20U feet ,  the organic matter  i s  

general l y  humic, being composed predo~ni nant ly  o f  herbaceous and woody o r  

v i t r i n i  t i c  and e x i n i t i c  kerogen. The H/C r a t i o s  from t h i s  i n t e r v a l  

range from 1.~67 t o  d.739 ,  which i s  cha rac te r i s t i c  o f  average values e 



Type o f  Kerogen Type o f  Kerogen H/C Ratio 

Predominant 
(60- 100%) 

Secondary 
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Trace 
( 1-20%) 

AL-I 

I 

I 

Am* 

I 

a Alginits 

Exinits 

( Vltrinite 

lnrrtinite 

(Geochem Laboratories, Ine.) 

AL - Algal 
Am - Amorphous-Sapropel 
H - Herbaceous 
H+ - Degraded Herbaceous 
W - woody material 
C - C o a l y  
U - unidentified material 
I - Inertinite 

Am+- Relic Amorphous 

- Core Laborator 
o - Geochem Labora 

Figure 34. Classification of  Organic Matter. 
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ooserved by Hunt (1979) f o r  these kerogens. The average H/C r a t i o s  Hunt 

nas pub l ished a re  approximately 1.2 for herbaceous kerogen and 3.72 f o r  

woody kerogen. 

Elemental analyses f o r  carbon, hydrogen, and oxygen a re  p l o t t e d  on 

t h e  Van Krevelen diagram, F igu re  35. The d i s t r i b u t i o n  o f  these data 

i n d i c a t e s  a kerogen sorilewhat r i c h e r  i n  hydrogen than normal type I11 

keroyen which i s  t h e  geochemical expression o f  woody, herbaceous, 

v i  tri n i  t i c  organic ma te r ia l .  Up t o  2U percent  o f  a1 gal , amorphous, and 

e x i n i t i c  kerogens a re  common t o  a depth o f  approximately 12,200 fee t ,  

and t n i  s p o t e n t i a l l y  1 i p i d - r i c h  md te r ia l  may have produced s l i g h t l y  

h igher  H/C r a t i o s .  However, an analogous p l o t  of the hydrogen ana 

oxygen i n a i c e s  from p y r o l y s i s  data y i e l d s  1 i t t l e  i n d i c a t i o n  of anomalous 

hyarogen content.  The kerogen's e v o l u t i o n  path  ( f i g .  36) i s  a textbook 

example o f  type 111 kerogen. Tne p y r o l y s i s  data i s  i n  b e t t e r  agreement 

w i t h  t h e  microscopic desc r ip t i ons  o f  the kerogen than a re  t h e  elemental 

analyses. Uow and O 'Connor ( 1981 ) warn t h a t  1 ow-rank coal  contami n a t i  on 

can cause anomalously h igh  H/C r a t i o s .  Two o f  t h e  p y r o l y s i s  analyses 

seem t o  have r e l a t i v e l y  h igher  hydrogen contents, which are  cnarac- 

t e r i s t i c  o f  type I1 kerogen. These analyses may r e f l e c t  the e x i n i  t e  

rr~i c roscop ica l  l y  observed. 

I3elow 12,2UI) f e e t  i n e r t i  n i  t e  becomes the  dorni nant  kerogen type w i  t h  

s i  yn i  f i c a n t  percentages o f  v i  tri n i  t e  occu r r i ng  1 ocal l y  . H/C r a t i o s  

decrease t o  a minimum o f  0.61 a t  12,420 feet .  Although t h i s  steady 

reauc t ion  i n  the t i /C r a t i o  p r o b a ~ l y  r e f 1  ec ts  normal thermal maturat ion,  
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Figure 36. Van Krevelen Diagram. 
(Selected pyrolysis analyses by Geochem Laboratories,  Inc.) 



tnese reduced values a re  n o t  i n c o n s i s t e n t  w i t h  measurements t h a t  Hunt 

(1979) considers t o  be rep resen ta t i ve  o f  woody kerOgen and i n e r t i  n i  t e  

(0.72 and u.47 respec t i ve l y ) .  On the  mod i f i ed  Van Krevelen diagram 

( f i g .  d b )  t h e  O/C l e v e l  has decreased t o  where i t  i s  no longer  poss ib le  

t o  d i s t i n g u i s h  among the th ree p r i n c i p a l  kerogen types on the  bas is  o f  a 

few i s o l a t e d  analyses a t  t h i s  l e v e l  o f  ma tu r i t y .  

The kerogen below 13,UUu f e e t  does n o t  con ta in  s i g n i f i c a n t  amounts 

o f  organic carbon ( p l a t e  1) and the  on ly  H/C r a t i o  observed a t  t h i s  

depth was U.5U4. It i s  u n l i k e l y  t h a t  any hydrocarbons o the r  than minor 

amounts o f  dry gas cou ld  be generated by t h i s  organic ma te r ia l .  

Matura t ion  

Thermal a1 t e r a t i  on index (TAI ) and random v i  tri n i  t e  r e f  1 ectance 

@ (KO), the  two most common measures o f  thermal a l t e r a t i o n ,  a re  d isp layed 

i n  F igu re  37, a1 ong w i t h  the carbon preference index (CPI) , and the  

T2-max "C values from the  second p y r o l y s i s  response. 

T A I  values assessed by Geochem Labora tor ies  a re  s l i g h t l y  l e s s  than 

Core Labora to r ies '  est imates. On the  scale adopted i n  t h i s  r e p o r t  a TAI 

o f  2.L  i s  "moderately mature" and approximately equ iva len t  t o  a random 

v i  t r i n i  t e  r e f  Iec tance o f  u.b percent. A TA I  o f  3.2 i s  "mature" and 

equal t o  an Ro of  1.3 o r  1.4 percent. Metayenesis begins a t  an Ro o f  

approximately 2.1, percent  ( T i s s o t  ana del t e  1978). This would be 

rough ly  equ iva len t  t o  a T A I  o f  3.8. 



Random v i t r i n i t e  re f lec tances measured by both labora to r ies  agree. 

The number o f  measurements ranged from 4 t o  l u5  w i t n  populat ions o f  20 

t o  4u ~ e i n g  most cornmon. Several measurements from c u t t i n g s  a t  1,267, 

1 ,dtiu, and 2,4bU f e e t  and a s idewal l  core a t  1,467 f e e t  are  anomalously 

t r iyn,  ou t  these averages were acquired from t i n y  populat ions w i t h  

e r r a t i c  d i s t r i b u t i o n s  and a re  bes t  discounted. A t  about 9,7W f e e t  

there i s  a d i scon t i nu i t y  i n  the t rend  o f  the  data. The Ro appears t o  

i ncrease stepwi se accross the thresh01 d f o r  major o i  1 generat i  on (u.6 

percent)  , and the  data exni  b i  t a broader sca t t e r  o f  values . The present  

temperature grad ient  a l so  increases from an average r a t e  o f  about 2.ul 

"FfluU t e e t  t o  2.44 O F / l W  f e e t  i n  t h i s  region. A t  approximately 11,WG 

fee t ,  tnere  i s  a second more pronounced d i scon t i nu i t y  i n  v i t r i n i  t e  

ref lectance.  Ro increases d i  scont i  nuously from 0.75 percent t o  1.0 

percent  and then t o  1.3 percent a t  12,200 feet.  From 12,LUU t o  13,980 

feet ,  Ho values range between 1.2 and 1.4 percent. A t  13,98u feet ,  Ro 

increases t o  2.44, wnicn i s  metagenic grade, and a t  g reater  depths, 

v i  t r i  n i  t e  r e f  1 ectances are h i  ghly e r r a t i c  and increase t o  metanlorphi c 

grade. These o f f  se ts  i n the random v i  tri n i  t e  r e f  1 ectance p ro f  i 1 e cou ld  

be r e l a t e d  t o  unconformaties. However, owing t o  the absence o f  a we l l  

def ined t rend  i n  the Ro values i n  the lower p a r t  of the we1 1 , i t  i s  

inadvisable t o  apply Uow's method (1977) t o  compute the amount o f  

s t r a t i g raph i c  sect ion t h a t  may have been deleted from the  record. It i s  

possib le,  however, t h a t  s i g n i f i c a n t  amounts o f  sediment i n  the most 

favoranl  e matu r i t y  range are  no t  represented i n  the  s t r a t i  graphic 

sect ion penetrated by t h i s  t e s t  we1 1 .  



Carbon preference indices  used by the two labora tor ies  d i f f e r  

s l i gh t l y .  That used by Core Laboratories i s  a s  follows: 

I 

and tieochem Laboratories defined i t  as: 

$5 + C27 + CZ9 + C3i 
CPI = 1/2 

c* - + c28 + c'Ju + c32 LLb C24 + C26 + $8 + c~~ J 

The computation used by Core Laboratories includes C33 and C34 

while the  beochem Laboratories calcula t ion does not. The amounts of C33 

and Cd4 regis tered on the  gas chromatograms a r e  neg l ig ib le ,  and the  two 

s e t s  of CPI values a r e  congruent a t  equivalent  depths. 

a I n i t i a l  C P I  values from immature C15+ ex t r ac t s  i n  the No. 1 well 

a r e  around 4.u. H u n t  (1979) s t a t e s  t h a t  nearshore sediments derived 

from continental  debr is  i n  oasins o f f  Southern Cal i fornia  produce C P I  

values between 2.5 and 5.1. I n  con t ras t ,  ext racted bitumen from an 

irnnature source would tend t o  produce a CPI of 1.0 t o  1.2, because 

marine organisrus tend t o  synthesize carbon chains i n  a lower molecular 

weight range. CPI values from the two l abora tor ies  agree favorably. 

They begin a t  approximately 4.U a t  a depth of 2,5W feet .  Maximum CPI 

values occur between 4,5w and 5,UuU f e e t  where coal i s  present i n  the 

cu t t i ngs  and then decrease asymptotically t o  the  bottom of the  hole. 

Below 9,Sud f e e t  t h e  CPI values remain nearly constant  a t  1.1 or  1.2. A 



slight scatter of the da ta  occurs in the metamorphic rocks a t  14,667 

f e e t  which i s  not as pronounced as t h a t  exhibited by the Ro values for 

the same depth. 

Barker (1914), Cl  aypool and Reed (19761, and Espi tal i 6 and others 

( 1977 ) , have suggested t h a t  T2-max, the temperature a t  which maxi~ilum 

evoluzion o f  tnermal hydrocarbons occurs during pyrolysis, can be used 

t o  characterize the degree o f  thermal maturation of kerogen. However, 

these measurements can vary from instrument t o  instrument, and are 

dependent upon the rate o f  heating and also upon  the type of kerogen 

being analyzea. Type 111 kerogen from a terrestrial source tends t o  

exhibit lower T2-max values tnan would lacustrine or marine types I and 

11. GsoChem Laboratories conducted the pyrolysis. Thei r interpretive 

charts imply that the most favorable range of T2-max values for oil 

generation l ies  between 435' and 46" OC. The TP-max values plotted on 

Figure 37 suggest t h a t  the threshold f o r  optimum petroleum generation 

occurs near 43L 'C, about  3,5uu feet .  A t  roughly 12,30U feet ,  Tz-max 

values increase sharply t o  greater than 4 5 ~ 1  "C and become erratic. A t  

13,6uU feet, T2-max has reachea 5uU "C and from this depth t o  14,400 

teet values are scattered from 352 t o  5U6 "C. 

Tnere seems t o  be a general agreement among maturity indicators 

implying t h a t  the onset of major oil generation should occur a t  

approximately Y , 5 W  f e e t  and t h a t  much of the oil generated would be 

preserved to a t  leas t  12,2UU f ee t .  Below 12,601.J fee t  vitr inite 

ref l ectances are h i  gn b u t  not  re1 i aol e ,  TZ-max values from pyrolysi s are 

erratic and very high in some cases, and TAI values indicate severely 



a l t e r e d  t o  metamorphosed sediments. Although the re  i s  no c l e a r  sense o f  

accord among m a t u r i t y  i n d i c a t o r s  a t  t h i s  depth ,  i t  i s  probable t h a t  

kerogens have reacheo metagenic grade and may have been metamorphosed 

below 13,dUU feet .  

Hydrocarbon Source Po ten t i  a1 

Tota l  organic carbon, l i g h t -  (C1 - C4)  and gasol ine-range (C5 - C7) 
hydrocaroons, C15+ hydrocarbon ex t rac t ,  and p y r o l y s i  s data from who1 e 

rock samples a re  d i  splayed i n  F i  gure 38. Geochem Labora tor ies  analyzed 

ooth c u t t i n g s  and a i rspace i n  the  sealed cans o f  samples f o r  1 i g h t  

hydrocarbons. The r e s u l t s  o t  the p a i r s  o f  analyses were then summed t o  

y i e l d  the C1 - C7 hydrocarbon content.  Core Labora tor ies  analyzed 

c u t t i n g s  f o r  C4 - C7 gasoline-range hydrocarbons. The C 4  content  o t  t he  

Core Labora tor ies  analyses i n  f i g u r e  38 was subt rac ted t o  make poss ib le  

the comparison o f  t h e i r  gasol i ne-range hydrocarbon values w i t h  those o f  

tieocnem Laborator ies.  Both 1 abora to r ies  a1 so analyzed s idewal l  cores 

ana convent ional  cores. 

C1 - Cq content  o f  samples from approximately 1,UuO t o  aDout 9,000 

f e e t  genera l l y  exceed lU,UUU volumes o f  gas pe r  m i l l i o n  volumes o f  rock 

(ppm) a t  normal atmospheric temperature and pressure, except f o r  t he  

i n t e r v a l  between 7,WU and 9,UUi) f e e t  i n  which i t  drops sl i y h t l y .  From 

1,UUu t o  9,OUO f ee t ,  bo th  C2 - C4 and Cg - C 7  hydrocarbons increase 

p rog ress i ve l y  two orders  o t  magnitude f rom between 1Ll and lUO ppm t o  

more than lu,Uuu ppm. Between 9,50U and 12,5W fee t ,  C 1  - C4 and C2 - 
C4 values a re  approximately 4U,UllU ppm and then decrease d ramat i ca l l y  

w i t h  f u r t h e r  depth. Anomalously h i g h  values occur where even t r a c e  



amounts o f  coal  a re  present. Cg - C7 values i n  t h i s  i n t e r v a l  remain 

approximately 10,Oi)U ppn and begin t o  drop sharply a t  12,2Uil fee t .  

Core Labora tor ies  and Geochem Labora tor ies  used s l i g h t l y  d i f f e r e n r  

procedures t o  o b t a i n  Clj+ e x t r a c t a b l e  organic mat ter  and heavy 

hydrocarbons. Core Labora tor ies  performed the  soxh le t  e x t r a c t i o n s  w i t h  

ch loro form and fo rced  evaporat ion o f  the so lven t  a t  40' C. The 

ex t rac ted  res idue was then separated i n t o  saturated,  aromatic,  and 

a s p h a l t i c  f r a c t i o n s  by s i l i c a  gel  chromatography. keochem Labora tor ies  

performed the  soxhl e t  e x t r a c t i o n s  w i  t h  a co-di s t i  11 ed to1  uene-methanol 

azeotrope solvent.  Asphaltenes were separated from so lub le  C l 5 f  

bitumens w i th  pentane. Adsorpt ion chromatography on a s i l i c a  

ge l  -alumina c o l  umn was performed us i  ng pentane, to1  uene and 

to1  uene-methanol azeotrope e l  uants. 

i la ta  produced by t h e  two l a b o r a t o r i e s  a re  i n  good agreement. 

Anomalous concent ra t ions  o f  CIS+ e x t r a c t a b l e  hydrocarbons occur a t  about 

the same aeptns as maximum values f o r  l i g h t -  and gasol ine-range 

hydrocarbons i n  the Ho. 1 we1 1. Various emp i r i ca l  thresh01 d vai ues have 

been suggested t o  d e f i n e  anomalous l e v e l s  o f  C15+ e x t r a c t a b l e  

nydrocarbons. t i ay l i  ss and Smith (198~) regard 2UU t o  4Uu ppm on a 

weight  t o  weight  ~ a s i  s  as a good anomaly. Hunt (1979) considers 50 t o  

l5u ppm t o  be adequate, b u t  P h i l l i p i  (1957) has p laced the  th resho ld  

l e v e l  of a good anomaly as h i g h  as 5uU ppm. deasured CIS+ e x t r a c t a b l e  

hydrocarbon values from t h i s  we l l  i n  excess of 2Ud ppm occur from 4,830 

t o  5,58b f e e t  and f rom 9,M0 t o  12,42d feet.  Observed CIS+ e x t r a c t a b l e  

hydrocarbon contents  i n  excess of 500 ppm occur a t  4,920 fee t ,  4,9W 



fee t ,  ana between 9,dOlJ and 12,42u fee t .  A t  depths greater than 12,420 

teet ,  the amount o f  t o t a l  ex t rac tab le  hydrocarbons decreases very 

r a p i d l y  as i n e r t i n i t e  content o f  the  kerogen increases and TOC 

decreases. 

Hunt (1979) c i t e s  a study o f  Mesozoic-Cenozoic rocks i n  the western 

C i  scaspi an region (Larskaya and Zhabrev, 1964), i n d i c a t i n g  t h a t  the 

"bi  tu~flen coe f f i c ien t , "  the r a t i o  between chloroform soluble carbon and 

t o t a l  organic carbon, i s  r e l a ted  t o  temperature. These inves t iga t ions  

concluded tha t  i n  the area where the rocks they studied contained 

predominantly coaly pa r t i c l es ,  the "oitumen c o e f f i c i e n t "  was very small 

ana changed very l i t t l e  w i t h  increasing temperature. Where amorphous 

matter  occurred, tne "bitumen c o e f f i c i e n t "  was h igh and increased 

rap id l y  w i t h  temperature. Their  studies imply t h a t  bitumen y i e l d s  o f  

f ine-grained rocks i n  sedimentary basins are r e l a t e d  t o  kerogen type. 

The ext rac tab l  e heavy nydrocarbon-total organic carbon r a t i o  

C ~ S +  HC's i n  Figure 38 i s  analogous t o  the "bitumen . c o e f f i c i e n t n  
- 

TJC 

d i  scussea by Hunt. 

These values are r e l a t i v e l y  low, general ly  less  than 2 o r  3 percent, 

and change 1 i t t l e  u n t i  1 the i n t e r v a l  between 9,6W and 12,420 feet. 

f~laximum C15+ HC's values o f  5.6 and 6.u percent occur a t  depths o f  

TOC 

9,6ub and 1Q,14~ f e e t  respect ive ly  and these depths correspond t o  a 

present day temperature range o f  240" t o  255OF. dean "bitumen 

coe f f i c i en t "  values f o r  o i l -bear ing  rocks o f  5 t o  6 percent were 



observed by Larskaya and Zhabrev (1964) a t  about 230°F. Since C15+ 

extractable hydrocarbons do not contain the nonhydrocarbon components 

tha t  are  normally present i n  bitumens, i t  i s  assumed tha t  "bitumen 

coefficients" f o r  the No. I we1 1 would actual ly be somewhat greater than 

the heavy hydrocarbon-organic carbon r a t i o  i n  Figure 38. 

The TOC, C15+ H C ' s ,  and gross 1 i thologic descriptions o f  cuttings 

TOC 

for  samples w i t h  anomalous C15+ extractable hydrocarbon contents 

mentioned above are  presented in Table 4. The samples a t  4,920 and 

4,980 fee t  are  suspect because of the presence of casing cement. The 

contrast  in TOC values measured by the two laboratories a t  4,980 f ee t  

probably occurred because each laboratory had separate and d i s t inc t  coal 

fragments i n  the samples tha t  i t  analyzed. Both measurements a re  f a r  

too high t o  have been produced by kerogen alone. The difference i n  the 

CIS+ extractable hydrocarbon measurements a t  4,920 f e e t  a re  most l ike ly  

the r e su l t  of the difference i n  the re la t ive  e f f ic ienc ies  of the t w o  

extraction techniques. TOC values a re  well above 2 percent, 

C15+ H C ' s  values are  l e s s  than 1 percent, and s ignif icant  amounts of 

TOC 

coal are recorded i n  the l i thologic  description. In the samples from 

9,600 and 10,140 f e e t ,  TOC i s  greater than 1 percent b u t  not much 

greater t h a n  2 percent. The CIS+ HC's i s  high, and no 

TOC 

coal appears i n  the 1 i tho1 ogi c descriptions. 



Tab1 e 4. Sel ected Geochemical Data From Sanpl es Ui t h  Anomolousl y Heavy Hydrocarbon Contents 

Depth Total Organlc Carbon ($1 Cis+ Extractable Hydrocarbons (PPM) Q5+ Ext rac tab le  Hydrocarbons Gross L i t h o l o g i c  Descr fp t ion  
Core Lab Geochem Lab Core Lab Geochem Lab 

4.920 2.85/2.87 no data 210 570 

no data 

no data 638 

no data 994 

0.7 no data 

no data 

no data 5.6 

no data 6.0 

Core Lab: 90% mdst; m-d brn. sl t mica. 
s l t  t a l c ,  s f t - f rm,  assoc w/cly; 
m-d brn. s l t  mica, s l t  calc ,  10% 
sh-coal; dk brn-b lk ,  v f t ss ,  s f t ,  
pres-py r 
Geochem Lab: 60% mudstone, very 
s l i g h t l y  calcareous, chunky, sof t .  
pale ye l l ow ish  brown: 25% shale, non- 
calcareous, p l a t y ,  f i s s l e ,  so f t ,  dk 
gray; 15% casing cement 

Core Lab: 80% sh-coal ; v carb, f i s s  
mica; 20% mdst; m-d brn spec, sl t 
mica, s f t - f rm ,  w/cly; m-d bm. s l t  ca l c  
Geochfm Lab: 80% coal bituminous 
20% casing cement 

Core Lab: S l t s t ;  gy, brn-gy, mica, 
m s t l y t y ,  occ mss,  fm, spec, n 
calc,  Pres-pyr; ss; wh, gy, gn. spec, 
calc,  f gr 
Geochem Lab: 100% shale. noncalcareous, 
sp l in tery ,  chunky, mod. s o f t  medlum gray  
t o  dk gray, t races o f  Ijmestone 

Core Lab: Sh; brn-gy dk gy, gy, mica, 
m t y ,  frm, occ s l ty ,  occ bladed, 
occ wxy, occ blk carb lala 
Geochm Lab: 100% shale. noncalcareous. 
s l i g h t l y  carbonaceous, m<caceous, occas- 
ionally p y r i t i z e d ,  chalky, f laky ,  
moderately s o f t ,  med. gray t o  brownish 
black, t r ace  o f  mudstone, ss and p y r i t e  



It appears from these data t h a t  heavy hydrocarbon ex t rac ts  a t  

deprhs greater than 9,50U f e e t  may be der ived from both moderately 

mature, o rgan ica l l y  r i c h  c l a s t i c  sediments and coal. However, 

re1 a t i  ve ly  sha l l  ow hydrocarbon anomal i es , where thermal matur i  t y  i s l ow 

ana TOC i s  approximately 3 percent, such as those a t  4,920 and 4,98U 

fee t ,  are r e l a ted  t o  1  i tho loy ies  r i c h  i n  coal. 

Geochem Laboratories produced chromatograms d i r e c t l y  a f t e r  

ex t rac t i on  o f  CIS+ bitumens and a f t e r  f i l t e r i n g  C15+ e x t r a c t  through a 

molecular sieve. Core Laboratories made chromatograms o f  C10+ saturated 

hydrocarbons. Ext ractab le  organic matter  was d i  sol ved i n chloroform and 

iso-octane used t o  remove the chloroform wi thout  loss  o f  the low b o i l i n g  

p o i n t  f r a c t i o n  o f  the saturated hydrocarbons. The concentrate was then 

separated by s i l i c a  gel column chromatography w i t h  a hexane eluant. The 

C P I  values computed by Core Lab were der ived from t h i s  data. 

The four  chroniatograms snown i n  Figure 39 are taken from Geochem 

Laborator ies data. The d i  $appearance o f  the bimodal i ty  o f  the n-a1 kane 

d i s t r i b u t i o n ,  the decrease i n  the C P I ,  and the s h i f t  toward 

lower-molecular-weight range n-paraf f ins  a l l  i nd i ca te  a progressive 

increase i n  mazurity w i t h  depth and suggest tha t  i f  o i l  i s  produced from 

these kerogens, i t  w i l l  probably have a p a r a f f i n i c  character. 

Two chromatograms from Core Laboratories representat ive o f  C10+ 

saturated ex t rac tab le  hydrocarbon content  a t  12,180 and 12,24U f e e t  are 

shown i n  Figure 40. The dramatic reduct ion i n  the content o f  the higher 

molecular weight p a r a f f i n  and napthene molecules i n  the ~i tumen probably 

r e f l e c t s  a coinbi nat ion o f  the sudden increase i n  the i n e r t i  n i  t e  content 



Standard 

.zip-Cl g-lsoprenoid Pristane 
b ~ i ~ - C ~ ~ - l s o p r e n o i d  Phytane 

Sample Number 108 
2' 

Depth 6,660 Ft 
CPl =2.90 

Sample Number 188 Sample Number 238 

Depth 11,280 Ft 
cplb =I22 

Depth 14,280 Ft 
CPI b = 1.27 

Figure 39.--Representative C l 5 +  Gas Chromatograms 
Beochem Laboratories, l n c l  



CIO+ Saturated Hydrocarbon Fraction 

I 
Depth 12,180 feet CPI = 1.24 

CI0+ Saturated Hydrocarbon Fraction 

Depth 12,240 feet CPI=1.11 

Figure 40.--Representative Cl o+Gas Chromatog~ams 

[core Laboratories,  1nc.l 



o f  the kerogen a t  the expense of v i t r i n i t e  and e x i n i t i c  kerogens, and a 

discontinuous increase i n  therinrl inaturi ty o f  the kerogen a t  t h i s  depth. 

The "molecular sieved" chromatograms o f  Geochein Laborator ies e x h i b i t  a 

sirnil a r  trend. 

The carbon isotope r a t i o s  from both saturated and aromatic heavy 

hydrocarbon ex t rac ts  were computed by Geochem Laborator ies f rom samples 

col lectea between 1,260 and 14,28U f e e t  using the Peedee belemni t e  

standard and the fo l lowing formula. 

(13 c / % )  sample 
g 1 3 ~  = - 1 X lOUO 

(13 c/12c) standard 

The r e s u l t s  are given i n  Table 5 .  



T u l e  5. Carbon Isotope R a t i o s  ( 9 13c) i n  p a r t s  per thousancl from heavy 
hyQrOCaru0II ex t racts .  

Uepth below Saturated Aromati c U i  f f erence 
Kel l y  bushing E x t r a c t s  E x t r a c t s  ( p e r  mil) 

( per  mi 1 ) (per  mi l  ) 

-26.8 1.8 
-27.5 U.2 
-27.0 Li.6 
-27 -1 0.8 
-27.3 0.d 
-27.7 0.9 
-27.2 ij, Y 
-27 .U 1.1 
-27.5 0.6 
-27 4 1.1 
-26.7 0.3 
-26 .d 1.2 
-27.4 L).b 
-26.8 2.b 
-2b.8 2.11 
-27 - 2  2.b 
-26.5 2.1 
-26.2 1.6 
-26.1 2.3 
-24.6 l i e 1  

I n s u f f i c i e n t  sample 
I n s u f f i c i e n t  sample 
I n s u f f i c i e n t  sample 



Fuex (1977) suggests t h a t  t he  carbon i s o t o p i c  composit ion o f  a 

hydrocarbon depends upon t h e  $ l3c  con ten t  o f  t h e  source mate r ia l ,  any 

f r a c t i o n a t i o n  a t tendant  upon i t s  formati  on, and any f r a c t i o n a t i o n  

sumequent t o  i t s  formation. However, t h e  13c values f r o ~ n  

n i  gn-nlolecul ar-wei g h t  hydrocarbon components o f  o i  1 and rock samples are 

r e l a t i v e l y  f r e e  f rom bo th  types o f  f r a c t i o n a t i o n s .  Therefore, carbon 

iso tope r a t i o s  from heavy hydrocarbon e x t r a c t s  can be use fu l  as 

i n d i c a t o r s  o f  t he  source o f  t he  m a t e r i a l s  t h a t  produced t h e  

hydrocarr>ons. However, Fuex warns t h a t  t he  presence of non-i  ndi  geneous 

o i  1 s coul  d be very m i  sl eadi ng . 
Samples o f  twenty-two sa tura ted hydrocarbons have a mean p ~ J c  

r a t i o  o f  -26.1 - + 0.42 pe r  m i l .  Samples o f  n ineteen aromatic 

nydrocaroons have a mean value o f  -27.u - + 0.41 per m i l .  Samples 

@ acqui red from below 12,420 f e e t  d i d  n o t  con ta in  s u f f i c i e n t  aromatic 

components t o  pe rm i t  i sotop ic  ana lys i  s. S i  1 verman (1964) and S i  1  verman 

and Epste in  (1958) s t a t e  t h a t  these i s o t o p i c a l l y  1 i g h t  bitumens are  

c h a r a c t e r i s t i c  o f  kerogens der ived from a t e r r e s t r i a l  source. 

One sample c o l l e c t e d  a t  12,420 f e e t  was n o t  inc luded i n  the 

popu la t ions  averaged above. The 13c va l  ues f o r  sa tu ra te  and aromatic 

hyarocarbons were -24.7 pe r  m i l  and -24.6 per  m i  1 respec t i ve l y .  Pgrk 

and Epste in (13bd) say t n a t  these heavier  carbon iso tope r a t i o s  are inore 

cha rac te r i  s t i  c o f  a mari ne o r i g i n .  Ne i the r  geoche~ni s t r y  nor 

pal  eooathymetry concl us i  ve ly  determined the  probable source o f  t he  

sediments a t  12,42U f e e t  b u t  the  Van Krevelen diagrams ( f i g s .  35 and 3b) 

i nd ica te  a type I I I kerogen , w i  t h  the predomi nant  kerogen ~naceral  s oe i  ng 



herbaceous mater ia l  and i n e r t i  n i  te. The H/C r a t i o  i s  low, and coal i s  

present i n  the cut t ings.  The con t rad ic to ry  nature o f  t h i s  9 13c value 

may ind ica te  t h a t  the bituminous ex t rac ts  sampled a t  t h i s  depth were no t  

produced by indigenous kerogen. 

ROCK-eval py ro l ys i s  i s  performed by heat ing whole rock samples i n  

an i n e r t  atmosphere a t  a predetermined rate.  Free o r  adsorbed 

hydrocarbons a1 ready present i n  the rocK are v o l a t i  1 i r e d  f i r s t  a t  a 

moderate temperature. As the temperature increases, py ro l ys i s  o f  

keroyen generates hydrocarbons and hydrocarbon-like compounds. F i n a l l y  

oxygen-beari ng vol  a t i  1 es such as carbon d i  ox i  de and water are evol ved. 

Rela t ive  amounts o f  the hydrocarbons are measured by a flame i on i za t i on  

detector  ana quan t i t i e s  o f  oxygen-bearing compounds by a thermal 

conduc t i v i t y  detector. The th ree parameters are f requent ly  reported i n  

weight t o  weight r a t i o s  o f  evolved gas t o  rock sample and a re  

abbreviated by the symool s Sl, S 2 ,  and S3 respect ively.  

Studies by Claypool and Reed (1976) i nd i ca te  t h a t  the S1 peak i s  

d i  r e c t l y  propor t iona l  t o  the concentrat ion o f  ex t rac tab le  C i s +  

hydrocarbons and the S2 peak i s  approximately propor t iona l  t o  the 

organic carbon content o f  the rock. The sum S1 + S 2 ,  i s  termed the 

genetic po ten t i a l  by T i s s o t  and Welte (1978) because i t  accounts f o r  

both type and abunaance o f  organic matter. They suggest the fo l low ing  

tnreshold values f o r  eva luat ing the o i l  and gas po ten t i a l  o f  source 

rOCK. 



S + 5 2  Source Rock Potent i  a1 t ppm) 

Less than E , U W  

2,Uu t o  o,UUl 

Greater than 6,UUO 

No o i l .  Some gas. 

Moderate source rock. 

Good source rock. 

The teniperature T2-max, a1 ready re fe r red  t o  i n  the maturat ion 

sect ion of t h i s  repor t ,  i s  the temperature a t  which the maximum 

evo lu t ion of p y r o l y t i c  hydrocarbons ( the  S2 peak) occurs. The hydrogen 

index and oxygen index a re  def ined as Sz/organic carbon and S31organic 

carDon respect ive ly  i n  mi l l ig rams o f  gas per gram of organic carbon. 

These ind ices  are independent o f  the abundance o f  organic matter  and are 

c lose ly  r e l a tea  t o  the atomic H/C and O/C r a t i o s  ( T i  ssot  and Uel te ,  

1378). 

Sl ana S1 + S Z  data are displayed i n  Figure 38. S 1  + S2 val ues i n  

excess o f  Ldud stand ou t  between 4,98U and b,U60 t e e t  and between 9,72U 

and 12,54U feet. S1 + S2 values i n  excess o f  6,UOu ppm occur a t  4,980, 

9,720, 12,3W, 12,42u f e e t  i n  the cu t t i ngs  and a t  9,2U1 f e e t  i n  a 

sidewall  core and 9,758 f e e t  i n  a conventional core. Again, the very 

h ign values tend t o  occur where coal i s  present i n  the cut t ings.  



Sumnary and Concl usi ons 

Geochemical data from the No. 1 well indicate a predominantly type 

I I I  humic kerogen commonly found i n  what Oemaison (1981) has termed a 

"type C "  organic facies.  T h i s  facies  i s  typically the product of a 

rni 1 sly oxic  depositional environment and may contai n i nterf i ngeri ng 

marine and nonmarine sediments, slope and r i s e  deposits, and 

exinite-rich coals. I t  i s  characterized geochemically a t  an Ro o f  

approximately u.5 percent i n  the f 01 1 owing manner, 

Hydrogen Index (HI ) : 

Oxygen Index (01): 

25 to  125 mg H C ' s  

g TOC 

53 to 200 mg COY 

g TOC 

keasurements o f  these parameters a t  a depth of 9,6W f e e t  where Ro i s  

U.48 percent produced the following resu l t s ;  

64 mg HC' s 

g TOC 

105 mg CO? 

g TOC 



Hydrocaroons formed i n  a type C organic facies  tend t o  be gas 

prone, sometimes w i t h  condensate. Vi sual ident i f icat ion of kerogen and 

9 l ;r~ values aerived from heavy hydrocarbon ext rac ts  support the 

hypothesis t h a t  much of the organic matter i s  derived from t e r r e s t r i a l  

sources. 

No thicK coal uni ts  are present in the No. 1 we1 1 , b u t  there i s a 

correlation between coal in the samples and the anomalously high 

geocnemical values i n  t h i  s well . Two organi cal l y  rich zones are  

present from 4,4Uu t o  6,00u f e e t  and from Y,5W to  12,540 feet .  Their 

potential as source rocks are summarized in Table 6. 

Although the organic carbon content between 4,4uLJ and 6,000 f e e t  i s  

high, the v i  t r i  n i  t e  reflectance and bitumen ext rac t  imply thermal 

irflmaturi ty. The l ight  hydrocarbon fract ions a re  predominantly methane; 

only two samples exhibi t  extractable CIS+ hydrocarbon contents i n  excess 

of Suu ppm, and the amount of CIS+ hydrocarbon present in the two 

samples i s  not  extraordinary given the organic carbon content o f  the 

pair. Finally,  coal i s  present i n  the sample cut t ings and comprised 8U 

percent o t  one of the samples. The sediments i n  the interval from 

4 , W  t o  6 , ~ u  f e e t  exhibi t  high  51 + S2 values, which suggests t h a t  

t h i s  zone could produce hydrocaroons i n  a deeper thermally mature par t  

of the basi n. A1 t e rna t i  vely , the coal nearing 1 i tho1 ogy coul d generate 

hydrocarbons a t  the depth a t  whicn i t  presently occurs i f  suf f ic ien t  

anlounts o f  resi  n i  te  and other saprope1 i c maceral s were present. Powel 1 

ana 1~1cKirdy (1975) have pointed o u t  t ha t  paraffinic and 

paraffinic-napthenic crude o i l s  from Australia a re  thought t o  have been 
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der ived from the leaf ,  pol len,  and spore c u t i c l e s  o f  h igher p lants.  

Snowden and Powell (1982) describe naptilenic o i l s  and condensate i n  the 

Te r t i a r y  o f  the Beaufort-MacKenzie basin t h a t  they suggest have been 

generated f r om t e r r e s t r i a l l y  der ived organic matter  i n  source rocks 

juxtaposed w i t h  the reservoi  r a t  v i  tri n i  t e  r e f  1 ectance 1 eve1 s o f  only 

U.4 t o  0.0 percent. Snowden (198~) has suggested t h a t  r e s i n i t e  e x i s t i n g  

i n  coal fragments w i t h i n  the sediments i s  the source o f  these 

hyarocarbons. 

Seaiments t h a t  have been bur ied  t o  depths i n  excess o f  9,5W f e e t  

are s u f f i c i e n t l y  mature and r i c h  i n  organic carbon t o  produce hydro- 

carDon$. The base o f  the o i l  generation and preservat ion zone i s  

approximately 12,545 f e e t  where the rocks begin t o  assume a metamorphic 

character. The concentrat ions o f  1 i ght- and gas01 i ne-range hydro- 

@ carbons, C1tj+ ext ractab le  hydrocarbons, and py ro l ys i s  data are a1 1 

favorable fo r  o i l  generation though no f r ee  hydrocarbons were found 

dur ing d r i l l i n g  operations. A t  depths greater than 13,UU.l f e e t  there i s  

i n s u f f i c i e n t  organic carbon present t o  serve as a l i k e l y  source f o r  

commerci a1 quan t i t i e s  of hydrocarbons. 



ENVIRONMENTAL CONSIDERATIONS 

By Paul  Lowry 

ARC0 O i  1  and Gas Company, as ope ra to r  f o r  i t s e l f  and o t h e r  

p a r t i c i p a n t s ,  submi t ted  a  l e t t e r  da ted  August 3, 1979, f o r  t h e  proposed 

d r i l l i n g  o f  a  Deep S t r a t i g r a p h i c  T e s t  w e l l  i n  t h e  No r ton  Sound area o f  t h e  

A laska  Outer  C o n t i n e n t a l  She l f .  Documents i n  suppor t  o f  t h i s  p roposa l  

i n c l u d e d  a  D r i l l i n g  Plan, an Env i ronmenta l  Ana l ys i s ,  an O i l s p i l l  Cont ingency 

Plan, and Coasta l  Zone Cons is tency  C e r t i f i c a t i o n .  On t h e  bas i s  o f  

p r e l i m i n a r y  i n f o r m a t i o n  on t h e  proposed l o c a t i o n s ,  a  s i t e - s p e c i f i c  

b i o l o g i c a l  survey, a  geohazards survey, and a  geo techn i ca l  survey a t  t h e  

p r i m a r y  and a l t e r n a t e  s i t e s ,  t o  d e t a i l  env i ronmenta l  c o n d i t i o n s  were 

r e q u i r e d  b e f o r e  approva l  o f  t h e  Geo log ica l  and Geophysical  ( G & G )  Permi t  

a a p p l i c a t i o n  f o r  t h e  Deep S t r a t i g r a p h i c  Tes t  w e l l .  The a p p l i c a n t  f o l l o w e d  30 

CFR P a r t  251 i n  submiss ion o f  t h e  G&G Permi t  f o r  t h i s  w e l l .  

A Deep S t r a t i g r a p h i c  Tes t  w e l l  i s  i n tended  t o  acqu i r e  g e o l o g i c a l  and 

eng inee r i ng  d a t a  t o  determine t h e  p o t e n t i a l  f o r  hydrocarbon accumulat ion 

w i t h i n  a  proposed s a l e  area. It i s  commonly d r i  1  l e d  o f f  s t r u c t u r e ,  and i t  

i s  no t  i n t ended  t h a t  any hydrocarbon accumulat ions be found. A l though t h e  

r e v i s e d  r e g u l a t i o n s  do no t  f o r b i d  d r i l l i n g  on s t r u c t u r e ,  t he  Nor ton  Sound 

No. 1 w e l l  was d r i l l e d  o f f  s t r u c t u r e .  The i n f o rma t i on  gathered f rom t h i s  

t e s t  we1 1  was used t o  f u r t h e r  eva lua te  t h e  hydrocarbon p o t e n t i a l  o f  OCS 



Lease Sa le  No. 57 (Nor ton  Bas in )  h e l d  on March 15, 1983. 

As p a r t  o f  t h e  p e r m i t  a p p l i c a t i o n  r e v i e w  process, an Env i ronmenta l  

Assessment (EA) under t h e  N a t i o n a l  Environment a1 Pol  i c y  Act (NEPA) d i r e c t i v e  

was prepared.  An €A serves as a dec is ion-making document t o  determine i f  

t h e  proposed a c t i o n  i s  o r  i s  no t  a  major  Federa l  a c t i o n  s i g n i f i c a n t l y  

a f f e c t i n g  t h e  q u a l i t y  o f  t h e  human environment i n  t h e  sense of NEPA, S e c t i o n  

102 (2 ) (C ) .  An EA addresses and i n c l u d e s  t h e  f o l l o w i n g :  d e s c r i p t i o n  o f  t h e  

proposed ac t i on ,  d e s c r i p t i o n  o f  t h e  a f f e c t e d  environment,  env i ronmenta l  

consequences, a1 t e r n a t  i v e s  t o  t h e  proposed ac t  ion,  unavoidable  adverse 

env i ronmenta l  e f f e c t s ,  and c o n t r o v e r s i  a1 i ssues .  

On t h e  b a s i s  o f  e x i s t i n g  da ta  and r e g u l a t i o n s  i n  e f f e c t  a t  t h e  t ime  t h e  

p roposa l  was be ing  reviewed, t h e  f o l l o w i n g  s p e c i f i c  env i ronmenta l  

aspects  were cons idered  by  MMS b e f o r e  t h e  d r i l l i n g  p l a n  was approved. 

Geo log i ca l  Survey 

A s i t e - s p e c i f i c  sha l l ow  d r i  1 1  i n g  hazards survey ( T e t r a  Tech Inc . ,  

1979a) and a geo techn i ca l  su rvey  (Woodward-Clyde, 1979),  r e q u i r e d  by MMS, 

showed t h e  seaf l o o r  a t  t h e  proposed s i t e s  t o  be n e a r l y  f l a t  and re1  a t i v e l y  

f e a t u r e l e s s .  The s i t e s  l i e  w i t h i n  t h e  Nor ton  Basin, a geo log i c  depress ion  

f i l l e d  i n  w i t h  p redominan t l y  Cenozoic sed imentary  rocks .  The bot tom 

sediment c o n s i s t s  o f  very dense, sandy s i l t .  The b a s i n  s t r u c t u r e  i s  

dominated by west -nor thwest  t r e n d i n g  normal f a u l t s  t h a t  o f ten  occur as 

grabens. Many o f  t h e  f a u l t s  are growth f a u l t s  t h a t  e x h i b i t  i nc reased  



displacement on t h e  down-thrown s i de .  Few f a u l t s  i n  t h e  Nor ton Sound area 

d i s p l a c e  t h e  sea f loor ;  s e a - f l o o r  f a u l t  scarps have been repo r ted  i n  t h e  

p e r i p h e r y  o f  t h e  bas in ,  b u t  t h e r e  are none w i t h i n  t h e  v i c i n i t y  o f  t h e  

s u b j e c t  we1 1. 

Potent i  a l  hazards: 

Ice-gouging o f  bottom sediments by f l o a t i n g  pack i c e  has been 

r e p o r t e d  i n  Nor ton  Sound. The predominant movement o f  t h e  pack 

i c e  i s  t o  t h e  southwest.  Th i s  movement c rea tes  a zone o f  

convergence seaward of t h e  Yukon De l t a ,  caus ing p ressure  r i d g e s  t o  

form where t h e  d r i f t i n g  pack i c e  shears pas t  the  s t a t i o n a r y  

shore f  as t  i c e .  Both p ressu re - r i dqe  r a k i n g  and s o l  i t a r y  gouges 

occur,  and t hey  are most common between t h e  33- t o  65- foo t  

i soba ths  o f f  t h e  Yukon De l t a .  No gouges were r e p o r t e d  i n  t h e  

immediate v i c i n i t y  of t h e  w e l l .  

2. An area o f  i n t e n s e  c u r r e n t  scour has been r e p o r t e d  seaward o f  t h e  

Yukon De l t a .  These scour zones are assoc ia ted  w i t h  i c e  gouges and 

inc reased  bot tom steepness. A c t i v e l y  m i g r a t i n g  sand waves have 

been observed o f f  P o r t  Clarence near t h e  Be r i ng  S t r a i t s .  N e i t h e r  

scour zones no r  sand waves have been r e p o r t e d  i n  t h e  v i c i n i t y  o f  

t h e  No. 1 w e l l  l o c a t i o n .  

3. S e i s m i c i t y  i n  t h e  Nor ton  Sound r e g i o n  i s  g e n e r a l l y  low t o  

moderate. The 1  a rges t  recorded earthquake reached a magnitude o f  

6.5 R i c h t e r  and was l oca ted  on t h e  Seward Pen insu la  about 18.4 



m i l e s  i n 1  and f r om Nor ton  Sound. Most recorded  earthquakes i n  t h e  

area range f rom magnitude 1 t o  4.5 R i c h t e r .  

4. Numerous b i ogen i c  gas c r a t e r s  occur  i n  e a s t e r n  Nor ton  Sound; a 

thermogenic gas seep has been r e p o r t e d  25 m i  l e s  south of 

o f  Nome. No gas anomalies were i d e n t i f i e d  a t  t h e  w e l l  s i t e .  

No undue r e s t r a i n t s  were imposed on t h i s  Deep S t r a t i g r a p h i c  Tes t  we1 1 

program because o f  geo log i c  hazards, and no o p e r a t i o n a l  problems 

developed. 

Meteor01 o g i  c a l  and Oceanographic Data 

a Most o f  t h e  Be r i ng  Sea l i e s  i n  s u b a r c t i c  l a t i t u d e s ;  t h e r e f o r e ,  a  

c y c l o n i c  atmospher ic c i  r c u l  a t  i o n  predominates i n  t h i s  reg ion .  Cloudy sk i es ,  

modera te ly  heavy p r e c i p i t a t i o n ,  and s t r o n g  su r f ace  winds c h a r a c t e r i z e  t h e  

mar ine  weather. Storms are more f r equen t  i n  t h e  fa1 1  than  i n  t h e  summer. 

There a re  two dominant c u r r e n t  p a t t e r n s  i n  t h e  No r ton  Sound area; 

nor thward  f l o w i n g  c u r r e n t s  t h a t  pass e a s t  of S t .  Lawrence I s l a n d ,  and t h e  

coun te r c l ockw i se  c i r c u l a t i o n  system w i t h i n  No r t on  Sound. Wave h e i g h t s  

g r e a t e r  than  8 f e e t  are common l e s s  than  10 percen t  o f  t h e  t i m e  i n  August 

and September, and l e s s  than  20 percen t  of t h e  t i m e  i n  October.  A t  Norne, 

t h e  mean dates o f  sea- i ce  breakup and f reezeup  are May 29 and November 12, 

r e s p e c t i v e l y .  S u p e r s t r u c t u r e  i c i n g  i s  p o s s i b l e  i n  June and i s  p robab le  i n  

October.  



Sea i c e  c o n d i t i o n s  i n  Nor ton  Sound v a r y  f rom s i t e  t o  s i t e  and i c e  

movement i s  caused by  combinat i o n  of geography and p r e v a i  1  i ng n o r t h e a s t  

w i n t e r  winds. The p r e v a i l i n g  n o r t h e a s t  winds r e s u l t  i n  an almost con t inuous  

eas t -no r t heas t  t o  west-southwest evacua t ion  of i c e  f rom t h e  Sound t h roughou t  

t h e  w i n t e r .  Except f o r  t h e  sho re - f as t  ice ,  t h e  i c e  i n  t h i s  area i s  e n t i r e l y  

r ep laced  by t h i s  process seve ra l  t imes  d u r i n g  a  season. F i r s t - y e a r  i c e  

usual  l y  moves ou t  of t h e  area by  t h e  t i m e  i t  i s  about 18 inches t h i c k .  The 

s i t e  i s  c h a r a c t e r i z e d  by  r e l a t i v e l y  t h i n ,  weak i c e  i n  cons tan t  mo t i on  w i t h  

e x t e n s i v e  r a f t i n g .  

Pack i c e  g e n e r a l l y  begins t o  form i n  No r t on  Sound i n  mid- t o  l a t e  

October.  Some areas i n  and around t h e  Sound a re  comp le te l y  i c e  covered by  

mid-November. A f t e r  mid-December, pack i c e  g e n e r a l l y  comp le te ly  covers t h e  

Sound. 

By mid-March t h e  i c e  pack a t  t h e  head o f  t h e  Sound begins t o  t h i n ,  h u t  

does n o t  show app rec i ab le  m e l t i n g  u n t i l  mid-May. By mid-June t h e  Sound i s  

comp le te l y  i c e  f r e e .  The No. 1 well was d r i l l e d  d u r i n g  an open-water 

season. 

Because l i m i t e d  me teo ro l og i ca l  and oceanographic da ta  were a v a i l a b l e ,  

t h e  MMS issued  t h e  Gu ide l i nes  f o r  C o l l e c t i o n  o f  Me teo ro l og i ca l ,  

Oceanographic, and Performance Data (January  21, 1982) and r e q u i r e d  t h e  

o p e r a t o r  t o  c o l l e c t  m e t e o r o l o g i c a l  i n f o r m a t i o n  t o  a i d  i n  f u t u r e  o p e r a t i o n s  

w i t h i n  Nor ton  Sound. Du r i ng  se tup  and ope ra t i on ,  c l i m a t i c  and sea s t a t e  

c o n d i t i o n s  were mon i t o red  t o  ensure t h a t  l o c a l  c o n d i t i o n s  d i d  n o t  exceed r i g  

0 t o l e r a n c e s  o r  j eopa rd i ze  human sa fe ty .  Winds, ba rome t r i c  pressure,  a i r  and 



water  temperatures,  waves, c u r r e n t s ,  and i c e  c o n d i t i o n s  were moni tored.  

A l l  env i ronmenta l  d a t a  c o l l e c t e d  d u r i n g  t h e  d r i l l i n g  o f  t h i s  w e l l  a re  

a v a i l a b l e  t o  t h e  p u b l i c .  

B i o l o g i c a l  Survey 

B i o l o g i c a l  Survey R e s u l t s  

A s i t e - s p e c i f i c  mar ine  b i o l o g i c a l  survey was designed by MMS i n  concer t  

w i t h  o t h e r  Federa l  and S t a t e  agencies t o  p r o v i d e  b i o l o g i c a l  da ta  a t  t h e  

proposed Deep S t r a t i g r a p h i c  Tes t  s i t e s .  Through t h e  use of underwater v i deo  

and pho tograph ic  documentat ion,  p l ank ton  tows, i n f auna l  sampling, and 

t r a w l i n g ;  T e t r a  Tech Inc. ,  (1979b) determined t h e  re1  a t i v e  abundance and 

a t ypes  o f  organizms p resen t  i n  v a r i o u s  h a b i t a t s .  These s t u d i e s  were 

conducted d u r i n g  June and J u l y  1979 t o  determine b i o l o g i c a l  resources  a t  t he  

proposed d r i l l  s i t e s .  The r e s u l t s  a re  summarized as f o l l o w s :  

1. Underwater t e l e v i s i o n  and ba thmet ry  r eco rds  i n d i c a t e d  t h a t  t h e  

s e a f l o o r  a t  b o t h  s i t e s  i s  f l a t .  Sediments i n  bo th  areas c o n s i s t  o f  

sand (60 pe rcen t ) ,  s i l t  ( 3 5  pe rcen t ) ,  s h e l l  d e b r i s  and c l a y  ( l e s s  than  

5 pe rcen t  ) . 

2. The zooplankton i n  bo th  areas was docninated n u m e r i c a l l y  by  smal l  

j e l l y f i s h  and copepods. F i v e  f i s h  l a r v a e  were c o l l e c t e d  a t  t he  p r i m a r y  

s i t e  and 17 a t  t h e  a l t e r n a t e  s i t e ;  o f  t h e  t o t a l ,  11 were p l e u r o n e c t i d s  

( p r o b a b l y  Limanda sp.) and 9 were gad id  l a r v a e .  



3. Approx imate ly  900 f i s h  eggs were c o l l e c t e d  a t  t h e  two s i t e s ;  over  h a l f  

had n o t  developed s u f f i c i e n t l y  t o  be i d e n t i f i e d .  Approx imate ly  40 

pe rcen t  were p l eu ronec t  i d  eggs, p robab l y  Limanda sp. 

4. About 1,000 1 a r v a l  ma1 acost racans were c o l  1  ected, one - f ou r t h  o f  which 

were no t  i d e n t i f i a b l e .  About h a l f  were l a r v a e  of t h e  h e r m i t  c rab  

f a m i l y  ( P a r u r i d a e )  and 15 pe rcen t  were shr imp l a r v a e .  No l a r v a e  of 

k i n g  o r  Tanner crabs were c o l  l e c t e d .  

5. The i n f a u n a  a t  t h e  p r i m a r y  s i t e  averaged 38 t a x a  and 230 i n d i v i d u a l s  

pe r  0.1 rn21grab. Anne1 i d s  and a r th ropods  accounted f o r  85 percen t  o f  

a1 1  organisms c o l l e c t e d .  The t h r e e  most abundant organisms were t h e  

amphipod, Protomedei a sp., and t h e  po lychaetes,  My r i oche le  ocu l  a t a  and 

Hap losco lop los  e longa tus .  A t  t h e  a l t e r n a t e  s i t e ,  t h e  grab samples 

averaged 29 t a x a  and 346 i n d i v i d u a l s .  Anne l ids  alone comprised 80 

percen t  of a l l  organisms c o l l e c t e d ,  and t h e  t h r e e  most abundant 

organisms were t h e  po lychae tes  Tharyx parvus, Hap losco lop los  e longatus,  

and Mediomastus c a l i f o r n i e n s i s .  

6 .  Demersal t r a w l s  c o l l e c t e d  approx imate ly  3 pounds of f i s h  each 30-minute 

hau l .  O v e r a l l ,  P a c i f i c  tomcod (Microgadus prox imus)  and Ye1 l o w f  i n  s o l e  

(Limanda aspera) were most abundant. The i n v e r t e b r a t e  ca tch  i n  bo th  

areas was dominated n u m e r i c a l l y  by echinoderms. 

On t h e  b a s i s  o f  b i o l o g i c a l  surveys conducted by  T e t r a  Tech, Inc. ,  

n e i t h e r  s i t e  suppor ted un ique  h a b i t a t s  or spec ies  o f  spec i  a1 i n t e r e s t  t h a t  

@ r e q u i r e d  r e j e c t i o n  o r  m o d i f i c a t i o n  of t h e  t e s t  w e l l  program. The Reg iona l  



e Superv isor ,  O f f s h o r e  F i e l d  Operat ions,  concluded t h a t  normal d r i l l i n g  

o p e r a t i o n s  a t  e i t h e r  o f  t h e  two s i t e s  would no t  adverse ly  a f f e c t  t h e  

environment.  

Mar ine  Mammals/Endangered Species 

Mar ine  mammal d i s t r i b u t i o n  i n  t h e  n o r t h e r n  B e r i n g  Sea and Nor ton Sound 

i s  s t r o n g l y  i n f l u e n c e d  by t h e  presence of sea i c e .  Seasonal d i s t r i b u t i o n s  

o f  seve ra l  spec ies,  p a r t i c u l a r l y  bowhead and be1 uga whales, walrus,  and 

r inged ,  bearded, and s p o t t e d  sea l s  are c l o s e l y  assoc ia ted  w i t h  t h e  advancing 

and r e t r e a t i n g  edge o f  t h e  pack i c e .  These spec ies w i n t e r  i n  t h e  Nor ton  

Sound-north E e r i n g  Sea r e g i o n  a t  t h e  southern l i m i t  o f  t h e  pack i c e  and 

g e n e r a l l y  f o l l o w  i t s  r e t r e a t  nor thward d u r i n g  summer. However, no t  a l l  

a i n d i v i d u a l s  move n o r t h  t o  t h e  Chukchi and Beau fo r t  Seas a t  t h a t  t ime .  A few 

wal rus,  spo t t ed  and bearded seals ,  and be luga  and k i  1  l e r  whales may s t i l l  be 

A encountered i n  No r t on  Sound d u r i n g  summer. 

The o n l y  endangered mammal spec ies l i s t e d  f o r  t h e  Nor ton  Sound area 

were t h e  gray,  bowhead, f i n ,  and humpback whales. The endangered p e r e g r i n e  

f a l c o n  occurs a long t h e  coas t  i n  t h e  No r ton  Sound area. 

A f o rma l  c o n s u l t a t i o n  was reques ted  f r om U.S. F i s h  and W i l d l i f e  S e r v i c e  

(USF&WS) and N a t i o n a l  Mar ine  F i s h e r i e s  Se rv i ce  (NMFS) r e g a r d i n g  endangered 

spec ies f o r  t h e  No r ton  Sound area i n  a l e t t e r  da ted  August 7,  1979. NMFS 

conc luded t h a t  whales, which u t i l i z e  t h e  proposed lease  area i n  genera l ,  

p r i m a r i l y  occur  west o f  a  l i n e  between Nome and t h e  Yukon R i v e r  D e l t a  

a (166"W. l o n g i t u d e ) .  Because of t h e  l i m i t e d  area and d u r a t i o n  of t h e  



d r i l l i n g  program, i t  was concluded t h a t  t h e  a c t i v i t y  would no t  j e o p r a d i z e  

gray,  bowhead, f i n ,  o r  humpback whales o r  r e s u l t  i n  t h e  d e s t r u c t i o n  o r  

adverse m o d i f i c a t i o n  o f  c r i t i c a l  h a b i t a t .  The w e l l  s i t e  was o u t s i d e  t h e  

normal range f o r  t h e  p e r e g r i n e  fa l con .  

F i s h e r i e s  

The mar ine f i s h e r y  o f  Nor ton  Sound i s  no t  as p r o d u c t i v e  as t h a t  i n  

other  p o r t i o n s  of t h e  B e r i n g  Sea; however, t h e r e  i s  a  l i m i t e d  commercial 

u t i l i z a t i o n  o f  l o c a l  she l  l f i s h  and demersal f i s h .  Most abundant demersal 

f i s h  i n c l u d e  cod, f l a t f i s h ,  s cu lp i ns ,  h e r r i n g ,  and sme l t .  Shrimp, k i n g  and 

Tanner crab, and clams dominate t h e  shel  l f  i s h  resources .  

B i r d s  

The No r ton  Sound av i f auna  i s  dominated by t h e  summer wa te r fow l  and 

s h o r e b i r d  presence a t  t h e  Yukon De l t a .  Th i s  area i s  recogn ized  as one o f  

t h e  most p r o d u c t i v e  n e s t i n g  areas i n  A1 aska. Es t imates  of summer 

p o p u l a t i o n s  i n c l u d e  3 m i l l i o n  waterfowl and over  100 m i l l i o n  shoreb i rds ;  170 

d i f f e r e n t  spec ies have been recorded.  Coasta l  s a l t  marshes, which are t h e  

key t o  t h i s  a r e a ' s  p r o d u c t i v i t y ,  p r o v i d e  n e s t i n g  h a b i t a t  f o r  b i r d s  such as 

b l  ack b ran t ;  emperor, c a c k l  i ng, and whi t e - f r o n t e d  geese; common, spectac led,  

and S t e l l a r ' s  e i d e r s ;  w h i s t l i n g  swans; and numerous ducks and sho reb i r ds .  

These b i r d s  have a  s t r o n g  a f f i n i t y  f o r  c o a s t a l  h a b i t a t s  and do no t  occur 

more than  2 t o  3 m i  l e s  o f f sho re ,  except  d u r i n g  m i g r a t i o n s ,  



Nor ton  Sound a1 so suppor ts  severa l  mar ine  b i r d  r ooke r i es ,  a1 though t h e  

number of c o l o n i e s  and t h e i r  i n d i v i d u a l  s i z e s  (number o f  b i r d s )  do n o t  

compare w i t h  those  i n  o t h e r  B e r i n g  Sea r eg ions .  Murres, k i t t i w a k e s ,  

cormorants,  and p u f f i n s  a re  most common. 

C u l  tur a1 Resources 

C u l t u r a l  r esou rce  surveys may be r e q u i r e d  i n  o rde r  t o  assure t h a t  no 

d i  s tu rbance  o f  a r cheo log i ca l  o r  c u l t u r a l  resources  on t h e  seaf l o o r ,  A f t e r  

c o n s u l t a t i o n  w i t h  t h e  r esou rce  agencies, VMS determined t h a t  such surveys 

would no t  be r e q u i r e d  f o r  the Nor ton  Sound Deep S t r a t i g r a p h i c  Tes t  w e l l  

s i t e s  as t h e y  were l o c a t e d  i n  l o w - p r o b a b i l i t y  areas f o r  c u l t u r a l  resources .  

I f  t h e  TV t r a n s e c t s  and s ide-scan sonar taken  i n  c o n j u n c t i o n  w i t h  the  * b i o l o g i c a l  su rvey  had i n d i c a t e d  unexp la ined  anomalies, a r ev i ew  by a 

qua1 i f  i e d  mar ine  a r c h e o l o g i s t  would have been requ i r ed .  No such anomal i e s  

were de tec ted .  No c u l t u r a l  resources  were i d e n t i f i e d  d u r i n g  d r i l l i n g  

o p e r a t i o n s  . 

Discharges i n t o  t h e  Mar ine  Environment 

Some l i q u i d  wastes, i n c l u d i n g  o i l  f rom t h e  o i l l w a t e r  separa to r ,  were 

t r a n s p o r t e d  f rom t h e  d r i l l i n g  vesse l  by supp ly  boats  and d isposed o f  i n  

approved onshore l o c a t  i ons .  Sol i d  wastes were compacted and s im i  1 a r l y  

t r a n s p o r t e d  t o  an approved onshore d i sposa l  s i t e .  L i q u i d  wastes, i n c l u d i n g  

t r e a t e d  sewage, g r a y  water,  and some d r i l l i n g  by-products ,  were d ischarged  

on s i t e  i n t o  mar ine  waters  i n  accordance w i t h  r e g u l a t i o n s  se t  f o r t h  by  t h e  

U.S. Env i ronmenta l  P r o t e c t i o n  Agency ( E P A )  . 



The a p p l i c a n t  d isposed of d r i  11 c u t t i n g s  and waste d r i l l i n g  mud i n t o  

t h e  ocean i n  compl iance w i t h  e x i s t i n g  o rders .  Past s t u d i e s  on t h e  f a t e  and 

e f f e c t s  o f  r o u t i n e  d ischarges  f rom o f f s h o r e  o i l  and gas a c t i v i t i e s  i n t o  t h e  

mar ine  environment and t h e  known d i s p e r s i o n  r a t e s  o f  such d ischarges,  show 

t h a t  such ope ra t i ons  do n o t  s i g n i f i c a n t l y  a f fec t  on t h e  environment.  No 

o i l - b a s e d  d r i l l i n g  mud was used. B e n t o n i t e  i s  a  con t inuous  a d d i t i v e  t o  t h e  

d r i  1  l i n g  mud, whereas b a r i t e  i s  added as necessary  f o r  i n c r e a s i n g  mud 

weight .  B e n t o n i t e  and b a r i t e  are i n s o l u b l e ,  non tox i c ,  and i n e r t .  Other 

a d d i t i v e s  are used i n  minor  concen t ra t i ons ,  and most  are used o n l y  under 

spec i  a1 c o n d i t i o n s .  These o t h e r  a d d i t i v e s  a re  e i t h e r  non tox i c  o r  would 

c h e m i c a l l y  n e u t r a l i z e  i n  t h e  mud o r  upon c o n t a c t  w i t h  sea water ( i  .e . ,  

c a u s t i c  soda) .  Excess cement en te red  and was d i spe rsed  i n t o  t h e  ocean when 

t h e  sha l l ow  c a s i n g  s t r i n g s  were se t .  

Cont ingency P l a n  f o r  O i l s p i l l s  

P lans f o r  p reven t i ng ,  r e p o r t i n g ,  and c l e a n i n g  up o i  l s p i l l s  were 

addressed i n  t h e  O i l s p i l l  Cont ingency P lan  (OSCP) which was a  p a r t  o f  t h e  

d r i l l i n g  p l an .  The OSCP l i s t e d  t h e  equipment and m a t e r i a l  a v a i l a b l e  t o  t h e  

p e r m i t t e e  and desc r i bed  t h e  c a p a b i l i t i e s  of such equipment under d i f f e r e n t  

sea and weather c o n d i t i o n s .  The p l a n  a l so  i n c l u d e d  a  d i s c u s s i o n  of 

l o g i s t i c a l  suppor t  programs f o r  con t ingency  opera t  i ons ,  The probabi  1  i t y  o f  

encoun te r i ng  hydrocarbons t h a t  c o u l d  cause a  b lowout  a t  any depth was 

min im ized  b y  l o c a t i n g  t h e  w e l l  o f f - s t r u c t u r e .  The ope ra to r  d r i l l e d  t h e  w e l l  

accord ing  t o  t h e  OCS Orders and used s tandard  w e l l - c o n t r o l  equipment and 

procedures.  The cas ing  and cement ing programs and subsequent abandonment 



requ i rements  (as  o u t l i n e d  i n  OCS Order No. 3 )  were designed t o  p reven t  

leakage o r  con tam ina t i on  o f  f l u i d s  w i t h i n  a  permeable zone. 

Upon comp le t i on  o f  t h e  w e l l ,  t h e  s i t e  was c l e a r e d  o f  a l l  p i p e  and o t h e r  

m a t e r i a l  on o r  above the  ocean f l o o r .  

As p a r t  o f  t h e  EA process, t h e  proposed program was submi t ted  t o  t h e  

a p p r o p r i a t e  Federa l  and S t a t e  agencies, as w e l l  as i n t e r e s t e d  p a r t i e s ,  f o r  

comments. Responses were included as p a r t  o f  t h e  € A .  On the  bas i s  o f  EA 

No. AK-80-1, i t  was determined, on June 6, 1980, t h a t  ARCO's proposed a c t i o n  

c o n s t i t u t e d  a f i n d i n g  o f  no s i g n i f i c a n t  impact (FONSI), and t h a t  an 

Env i ronmenta l  Impact Statement was n o t  r e q u i r e d .  A N o t i c e  was issued t o  

t h a t  e f f e c t .  MMS consequen t l y  i ssued  a l e t t e r  t o  ARCO, d a t e d  June 13, 1980, 

a approv ing  t h e i r  proposed a c t i o n .  The EA and t h e  FONSI  documents are i n  t h e  

p u b l i c  f i l e  i n  t h e  o f f i c e  o f  t h e  Regional  Superv iso r ,  Offshore F i e l d  

Operat ions,  800 A S t r e e t ,  Anchorage, Alaska, 99501. 



SUMMARY AND CONCLUSIONS 

Ronald F. Turner  

P r i o r  t o  t h e  comp le t ion  o f  t h e  Nor ton Sound Deep S t r a t i g r a p h i c  Test  w e l l  

program, ve ry  l i t t l e  was known about t h e  pe t ro leum p o t e n t i a l  o f  t h i s  OCS f r o n t i e r  

area. The most w i d e l y  accepted b a s i n  e v o l u t i o n  model was t h e  comprehensive 

a n a l y s i s  o f  F i s h e r  and o t h e r s  (1 982). S ince t h e  comp le t i on  o f  t h e  second and 

f i n a l  t e s t  we1 1, however, t h e  number of models has appa ren t l y  inc reased  t o  near  

t h a t  o f  t h e  number o f  p a r t i c i p a n t s .  Wi th  t h e  p u b l i c  r e l e a s e  o f  these  da ta  i t  

i s  a lmost  c e r t a i n  t h a t  t h e  number w i l l  i n c rease  again,  Bas in  e v o l u t i o n  models 

based on subsur face  g e o l o g i c a l ,  geophys ica l ,  and geochemical da ta  a re  doub ly  

i n t e r p r e t i v e  owing t o  t h e  ve r y  n a t u r e  o f  t h e  data.  Th i s  i n t e r p r e t a t i o n  i s  no 

excep t ion ,  I t  i s ,  however, t h e  f i r s t  pub l i shed  i n t e r p r e t a t i o n  made w i t h  t h e  

b e n e f i t  o f  w e l l  data. A l though t ime  c o n s t r a i n t s  imposed by s t a t u t o r y  da ta  

r e l e a s e  da tes  have, t o  some e x t e n t ,  1  i m i t e d  va r i ous  aspects  o f  t h i s  ongoing 

i n v e s t i g a t i o n ,  i t  i s  s u b s t a n t i a l  l y  complete.  P r e l i m i n a r y  a n a l y s i s  o f  t h e  da ta  

frorn t h e  two w e l l s  suggests a  b a s i n  e v o l u t i o n  t h a t  d i f f e r s  f rom t h e  p r e d i c t e d  

model s  i n  severa l  aspects  of d e p o s i t i o n a l  and subs idence h i s t o r y .  I n  genera l  , 

t h e  b a s i n  f i l l  i s  younger and f a r  more mar ine t h a n  had been a n t i c i p a t e d ,  and 

t h e  t e c t o n o - e u s t a t i c  h i s t o r y  o f  t h e  b a s i n  i s  more complex. 

The sedimentary  b a s i n  f i l l  appears t o  he younger t han  p rev i ous  es t ima tes .  

The presence o f  Cretaceous sedimentary  r ocks  and coa l  a l ong  t h e  eas te rn  shore 

o f  Nor ton  Sound (Pa t ton ,  1973) l e d  F i s h e r  and o t h e r s  (1982) t o  p o s t u l a t e  t h a t  



0 t h e  Nor ton Bas in  m igh t  c o n t a i n  sedimentary rucks  as  o l d  as L a t e  Cretaceous. 

However, t h e  m idd le  t o  l a t e  Eocene s t r a t a  p resen t  i n  t h e  No. 2 w e l l  (10,160-12,700 

f e e t )  a r e  t h e  o l d e s t  sediments f o r  which t h e r e  i s  a  f i r m  age. Th i s  d e f i n i t e  

Eocene s e c t i o n  i s  u n d e r l a i n  by a 1 7 6 0 - f o o t - t h i c k  sequence o f  i n te rbedded sandstone, 

s i l  t s t one ,  mudstone, and coal  depos i ted  under f l  u v i  a1 and p a l  udal  c o n d i t i o n s .  

Eocene funga l  palynomorphs were recovered f rom s idewa l l  co res  taken  i n  t h i s  

s e c t i o n  b u t  n o t  f rom convent iona l  cores. The p r e s e r v a t i o n a l  s t a t e  o f  these  

palynomorphs matched t h a t  o f  i n  s i t u  elements o f  t h e  sparse and p o o r l y  preserved 

spo re -po l l en  assemblage. Because o f  t h e  somewhat equivocal  n a t u r e  o f  t h e  

evidence, t h i s  s e c t i o n ,  and a much t h i n n e r  c o r r e l a t i v e  s e c t i o n  i n  t h e  No. 1 

we1 1  (12,235-1 2,545 f e e t ) ,  was assigned an age o f  Eocene o r  o l de r .  I n  bo th  

Nor ton Sound w e l l s  these  s t r a t a  unconformably o v e r l i e  much o l d e r  metamorphic 

basement rocks. On t h e  bas i s  o f  t h e  p resen t  da ta  i t  appears l i k e l y  t h a t  t hey  

represen t  t h e  o l d e s t  sedimentary rocks  i n  t h e  b a s i n  and a r e  no o l d e r  than  

Paleocene, p robab ly  younger. 

Another l e s s  d i r e c t  l i n e  o f  evidence a l s o  suppor ts  an e a r l y  T e r t i a r y  age 

f o r  these sediments. The metamorphic t e r r a n e s  o f  t h e  Seward Peninsula a re  t h e  

source o f  much o f  t h e  sediment i n  t h e  Nor ton bas in ,  p a r t i c u l a r l y  t h e  S t .  Lawrer~ce 

subbasin. A potassium-argon da te  from a  muscovi te  concen t ra te  f rom one o f  t h e  

1  owermost sandstones i n  t h e  No. 1  we1 1  (1 2,398 f e e t ,  p o s s i b l e  Eocene o r  o l d e r  

s e c t i o n )  y i e l d e d  an age o f  approx imate ly  146 m.y. Th is  da te  represen ts  t h e  

L a t e  J u r a s s i c  t o  E a r l y  Cretaceous metamorphism of t h e  source t e r r a n e  and i s  i n  

agreement w i t h  potassium-argon ages ob ta ined  f r om whi te  micas f r om b l u e s c h i s t  

f a c i e s  metamorphic rocks  from t h e  Seward Pen insu la  (A. T i 1  1 ,  personal 

communicat ion),  I s o l a t e d  glaucophane-bearing rocks have l o n g  been known f rom 



t h e  Seward Pen insu la  (Smith,  1910; Sainsbury  and o t h e r s ,  1970),  b u t  more r e c e n t l y  

Forbes and o t h e r s  (1981 ), and T i 1  1  (1982) desc r i bed  an e x t e n s i v e  h igh- tempera tu re  

b l u e s c h i s t  f a c i e s  t e r r a n e  there .  These rocks  a r e  though t  t o  have formed a t  

8-10 kb p ressu re  a t  c r u s t a l  depths o f  a t  l e a s t  24 km (A. T i l l ,  personal  

communicat ion).  I n  t h e  L a t e  Cretaceous (68-69 m.y., K - A r  da te )  these  rocks  

were i n t r u d e d  by ep i zona l  g r a n i t e  s t ocks  ( t h e  " t i n  g r a n i t e s " )  a t  depths o f  

perhaps 9 krn (Hudson, 1979). The o v e r a l l  t h i c k n e s s  o f  t h e  b l u e s c h i s t  rocks  

cannot  be asce r t a i ned ,  n o r  can t h e  amount o f  s e c t i o n  removed a t  o r  b e f o r e  t h e  

t i m e  o f  g r a n i t e  implacement. Even so, i t  seems u n l i k e l y  t h a t  micas t h a t  

r e c r y s t a l i z e d  a t  b l u e s c h i s t  f a c i e s  depths i n  t h e  L a t e  J u r a s s i c - E a r l y  Cretaceous, 

t h e n  i n t r u d e d  i n  t h e  L a t e  Cretaceous w h i l e  s t i l l  a t  g r e a t  depth,  would be 

a v a i l a b l e  as sed imentary  b a s i n  f i l l  i n  t h e  L a t e  Cretaceous. I n  f a c t ,  i t  appears 

t h a t  t h e  basal  uncon fo rm i t y  and t h e  onset  o f  basement r i f t i n g  b o t h  may rep resen t  

e a r l y  T e r t i a r y  events. 

The St. Lawrence and S t u a r t  subbasins r e s u l t e d  from m u l t i p h a s i c  ex tens iona l  

t e c t o n i s m  expressed as d i f f e r e n t i a l ,  nonsynchronous subsidence a l ong  normal 

f a u l t s .  There appear t o  be s i g n i f i c a n t  i n t r a - f i l l  u n c o n f o r m i t i e s  p resen t  i n  

b o t h  subbasi  ns. L i  tho1  o g i c ,  d i  pmeter, geophys ica l  , and geochemical ev idence 

f o r  t h e  l owes t  uncon fo rmi ty  i s  b e s t  developed i n  t h e  No. 2 w e l l ,  Th i s  s u r f a c e  

may have formed contemporaneously w i t h  o r  preceded i n i t i a l  u p l i f t i n g  of t h e  h o r s t .  

The ambiguous ev idence f o r  a n g u l a r i t y  seen on one p u b l i c  se ismic  l i n e  suggests 

t h a t  t h e  uncon fo rm i t y  was i n  p a r t  t e c t o n i c a l l y  c o n t r o l l e d .  E u s t a t i c  changes 

t h a t  r e s u l t e d  i n  l owe r  base l e v e l  may be invoked as an a l t e r n a t i v e  o r  a n c i l l a r y  

t o  t e c t o n i  sm. Cal c u l  a t i o n s  made f rom v i  t r i  n i  t e  r e f 1  ectance va lues ( f o l l  owing 

t h e  method o f  Dow, 1977) suggest t h a t  perhaps 1000 f e e t  of s e c t i o n  may be  



miss ing  i n  t h e  No. 2 w e l l .  A more s u b t l e  m a t u r i t y  anomaly o f  l e s s  magnitude 

i s  p resen t  i n  t h e  No. 1  w e l l  f o r  which no m iss i ng  s e c t i o n  c o u l d  be c a l c u l a t e d .  

I f  t h i s  1  ower unconformi  t y  separates e a r l y  and m i d d l e  Eocene rocks,  t h e  e r o s i o n  

was r e l a t i v e l y  r ap id .  The uncon fo rm i t y  c o u l d  a l s o  be i n t e r p r e t e d  as a  mar ine  

t r a n s g r e s s i v e  event  i f  t h e  d e p o s i t i o n a l  n a t u r e  o f  t h e  Ol igocene o r  o l d e r  s e c t i o n  

o f  t h e  No. 1  w e l l  was l e s s  equ ivoca l  and t h e  p o s i t i o n  o f  t h e  u n c o n f o r ~ n i t y  i n  

t h e  No. 2 w e l l  was moved up t o  t h e  base o f  t h e  t r a n s i t i o n a l  i n t e r v a l  a t  11,960 

f e e t  ( a  b e t t e r  geochemical f i t ,  r a t h e r  t han  t h e  12,700 f e e t  d ipmete r  p i c k ) .  

Samples and o t h e r  da ta  f rom t h i s  i n t e r v a l  i n  b o t h  w e l l s  a r e  be ing  reprocessed 

and reeva lua ted  i n  hopes o f  c l e a r i n g  up these  amb igu i t i e s .  Aside f rom t h e  

ma jo r  uncon fo rm i t y  between Pa leozo ic  and Cenozoic rocks,  and t h e  mid-Eocene 

( ? )  unconformi ty  d iscussed  above, two o t h e r  unconformi t i e s  were i d e n t i  f i e d ,  a  

Pl  i ocene-Pl e i  s tocene unconformi ty  d i  s c e r n i  h l  e on s h a l l  ow se ismic  1  i nes and a mid- 

Miocene h i a t u s  based on s i l i c e o u s  m i c r o f o s s i l s .  

Perhaps t h e  most i n t r i g u i n g  d e v i a t i o n  f rom t h e  p r e d i c t e d  b a s i n  model 

concerns t h e  n a t u r e  o f  Paleogene depos i t i on .  On t h e  b a s i s  of s c a t t e r e d  ou tc rops  

o f  nonmarine Paleogene rocks around Nor ton  Sound, t h e  presumed nonmarine n a t u r e  

o f  sediments o f  t h i s  presumed age i n  t h e  Hope bas in ,  and re fe rence  t o  t h e  Anadyr 

b a s i n  as an analog, F i s h e r  and o the rs  (1982) specu la ted  t h a t  t h e  Paleogene 

s e c t i o n  o f  t h e  Nor ton bas in  con ta i ned  o n l y  nonmarine rocks.  I n  f a c t ,  b o t h  

w e l l s  c o n t a i n  s i g n i f i c a n t  th i cknesses  of Paleogene age mar ine  s t r a t a .  I f ,  as 

p o s t u l a t e d  by Herman and Hopkins (1980),  t h e  B e r i n g  Sea l a n d  b r i d g e  separated 

t h e  P a c i f i c  and A r c t i c  oceans u n t i l  3.5 m.y. ago, t h i s  Paleogene mar ine  

connec t i on  was p robab l y  an arm o f  t h e  P a c i f i c ,  and t h e  Nunivak a r ch  of  Scho l l  

and Hopkins (1969) and Marlow and o the rs  (1976) was n o t  t h e  b a r r i e r  t o  Paleogene 

a mar ine  i n c u r s i o n s  p o s t u l  a ted  by F i s h e r  and o t h e r s  (1 982). A1 t e r n a t i v e l y ,  t h e  



seaway between t h e  eastward ~nov i  ng S i b e r i a n  b l o c k  ( t h e  Chuktosk and Seward 

p e n i n s u l a s )  and main land Alaska may n o t  have been e n t i r e l y  c l osed  a t  t h e  end o f  

t h e  Cretaceous as p o s t u l a t e d  by Sachs and S t r e l k o v  (1961) and Hollnes and Creager 

1981). I t  i s  a l s o  conce i vab le  t h a t  an A r c t i c  connec t i on  c o u l d  have been 

r e e s t a b l i s h e d  t h rough  lows over  t h e  Seward Pen insu la  be fo re  ma jo r  l a t e  Cenozoic 

up1 i f t s .  The presence o f  Paleogene f o r a m i n i f e r a 1  faunas w i t h  s t r o n g  a f f i n i t i e s  

t o  those o f  Sakha l i n  I s l a n d  and t h e  Kamchatka Pen insu la  suppor ts  a P a c i f i c  

r a t h e r  t h a n  A r c t i c  connect ion.  I n  p a r t i c u l a r ,  t h e  presence o f  spec ies  

Po roso ro ta l  i a ,  a  p redominan t l y  a u s t r a l  P a c i f i c  Pal eogene fo rami  n i f e r a l  genus, 

l ends  f u r t h e r  credence t o  t h i s  i n t e r p r e t a t i o n .  

O f  t h e  two w e l l s ,  t h e  No. 1  i s  by f a r  t h e  most mar ine  i n  aspect,  Nea r l y  

5000 f e e t  o f  t h e  5197 f o o t  t h i c k  Ol igocene s e c t i o n  was depos i t ed  i n  o u t e r  

n e r i t i c  t o  upper ba thya l  depths. If t h e  apparent  t u r b i d i t e s  below i t  ( t e n t a t i v e l y  

c o r r e l a t e d  w i t h  t h e  m idd le  t o  l a t e  Eocene s e c t i o n  i n  t h e  No. 2 we1 1 )  a r e  a l s o  

mar ine,  t h e n  v i  r t u a l  l y  t h e  e n t i  r e  Paleogene s e c t i o n ,  w i t h  t h e  excep t i on  o f  310 

f e e t  of c o a l  - bea r i ng  sediments o f  p o s s i b l e  Eocene o r  o l d e r  age, i s  marine. 

More t han  h a l f  o f  t h e  6536 f o o t  01 igocene  s e c t i o n  i n  t h e  No. 2 w e l l  i s  made up 

o f  s h e l f a l  mar ine sediments;  t h e  remainder c o n s i s t s  o f  c o a l - b e a r i n g  t r a n s i t i o n a l  

sediments depos i t ed  i n  marsh and e s t u r i n e  env i ronments  under mar ine i n f l u e n c e s .  

The Eocene s e c t i o n  a l s o  r e f l e c t s  s i g n i f i c a n t  t r a n s i t i o n a l  c o n d i t i o n s ,  and 

d e f i n i t e  mar ine  f o s s i l s  a r e  p resen t  a s  deep as  11,200 f e e t .  A l l  i n  a l l ,  t h e r e  

i s  p robab l y  l e s s  than  2400 f e e t  cumu la t i ve  t h i c k n e s s  o f  p u r e l y  c o n t i n e n t a l  

Paleogene s e c t i o n  p resen t  i n  t h e  No. 2 w e l l .  The l a t e  Ol igocene coa l - bea r i ng  

sequence desc r i bed  i n  b o t h  we1 1s ( o u r  D seisrnic h o r i z o n )  i s  i n  p a r t  c o r r e l a t i v e  

w i t h  c o a l s  o f  t h e  same age r e p o r t e d  f rom near  Unal a k l e e t  (Pa t ton ,  1973; W. 



Pat ton ,  w r i t t e n  communication) and from S t .  Lawrence I s l a n d  by Cse j tey  and 

Pa t t on  (1974). These s t r a t a  appear t o  d e f i n e  a r e g i o n a l  r e g r e s s i v e  event  t h a t  

may have con t i nued  i n t o  t h e  e a r l i e s t  Miocene. 

The Yukon h o r s t  does n o t  appear t o  have been a major  b a r r i e r  between t h e  

two subbasins u n t i l  a f t e r  t h e  mid-Eocene ( ? )  e ros iona l  event  w i t h  which i t  rnay 

be c a u s a l l y  r e l a t e d .  The rea f t e r  t h e  subbasins had somewhat d i f f e r e n t  t e c t o n i c  

and d e p o s i t i o n a l  h i s t o r i e s  u n t i l  t h e  mid-01 igocene t r a n s g r e s s i v e  event  t h a t  

breached t h e  e longa te  no r th - sou th  s t r u c t u r e .  Subsidence a f t e r  t h i s  t ime  appears 

t o  have been a  bas in-wide i s o s t a t i c  reponse t o  sediment l oad ing ,  and f o r  t h e  

f i r s t  t i rne d e p o s i t i o n  extended beyond t h e  independent,  s t r u c t u r a l l y  d e l i n e a t e d  

subbasins. A l though d e p o s i t i o n  i n  t h e  S t .  Lawrence subbasin (No. 1  w e l l )  was 

always more mar ine than  i n  t h e  more e a s t e r l y  s i t u a t e d  S t u a r t  subbasin (No, 2 

we1 1 ) ,  t h e  Yukon h o r s t  was no t  an a l t o g e t h e r  e f f e c t i v e  phys i ca l  o r  faunal  

b a r r i e r  as evidenced by t h e  presence o f  f o s s i  1 i f e r o u s  mar ine s t r i n g e r s  i n t e r -  

c a l a t e d  w i t h  c o n t i n e n t a l  and t r a n s i t i o n a l  coa l s  th roughout  t h e  Eocene and 

Ol igocene s e c t i o n  o f  t h e  No. 2 w e l l .  

The most d i  f f i c u l t  equ iva lency  t o  e s t a b l i s h  i s  t h a t  between t h e  p rob lemat ic  

Ol igocene o r  o l d e r  n o n f o s s i l i f e r o u s  t u r b i d i t e s  ( ? )  o f  t h e  No. 1  well and t h e  

m idd le  t o  l a t e  Eocene t r a n s i t i o n a l  t o  c o n t i n e n t a l  coa l -bea r i ng  s e c t i o n  o f  t h e  

No. 2 w e l l  (as was no ted  i n  t h e  d i scuss ion  o f  t h e  unconformi ty  a t  t h e  base o f  

both) .  Small c h i p s  o f  unweathered glaucophane s c h i s t  i n  c u t t i n g s  f rom t h i s  

s e c t i o n  o f  t h e  No. 1  w e l l  i n d i c a t e  r a p i d  e ros ion  f rom a nearby source, p robab ly  

t h e  ho rs t .  If these  we1 1  sec t i ons  a r e  c o r r e l a t i v e ,  a s  we now b e l i e v e ,  then  t h e  



presence o f  Eocene mar ine  f o s s i l s  i n  t h e  No. 2 w e l l  makes a l a c u s t r i n e  o r i g i n  

@ f o r t h e t u r b i d i t e s e c t i o n o f t h e N o . l w e l 1  ( 9 6 9 0 - 1 2 , 2 3 5 f e e t ) d i f f i c u l t t o  

e x p l a i n  i n  terms o f  simp1 e  pa l  eogeography. Geochemical ev idence f o r  a 1  a c u s t r i n e  

environment i s  n o t  compel l ing.  The dominant o rgan i c  m a t e r i a l  p resen t  over  t h e  

i n t e r v a l  i s  t y p e  I11 kerogen assoc ia ted  w i t h  m inor  amounts o f  p o s s i b l e  t ype  11 

kerogen. Type I kerogen, e s p e c i a l l y  a1 gan i t e ,  i s  t h e  t y p e  of  o rgan ic  m a t e r i a l  

c h a r a c t e r i s t i c  o f  1  a rge  l a c u s t r i n e  d e p o s i t i o n a l  systems. Only one sample ( f r o m  

a conven t iona l  c o r e  a t  9758 f e e t )  y i e l d e d  an a n a l y s i s  t h a t  might  represen t  

t y p e  I kerogen. 

On t h e  b a s i s  o f  source, m a t u r i t y ,  s t r u c t u r e ,  and p o t e n t i a l  r e s e r v o i r s ,  t h e  

Paleogene s e c t i o n  o f  t h e  Norton bas in  i s  t h e  most p r o s p e c t i v e  f o r  petroleum. 

The Neogene s e c t i o n  penet ra ted  by t h e  two t e s t  w e l l s  conformed r a t h e r  w e l l  t o  

expec ta t i ons  o f  th ickness ,  cha rac te r ,  and hydrocarbon p o t e n t i a l .  Perhaps a 

t h i c k e r  Miocene s e c t i o n  elsewhere i n  t h e  b a s i n  might  have rnore p o t e n t i a l .  A t  

f i  r s t  g lance  i t  would appear t h a t  t h e  Pa leozo ic  s e c t i o n  c o n s i s t s  o f  nonprospec t i ve  

metamorphics. Noth ing seen i n  e i t h e r  we1 1  s t r o n g l y  c o n t r a d i c t s  t h a t  nega t i ve  

assessment. However, minor amounts o f  marb le  were cored  i n  t h e  lower  p a r t  o f  

t h e  No, 2 w e l l ,  and a t h i c k  sequence o f  Pa leozo ic  carbonates i s  p resen t  on t h e  

Seward Peninsula.  I t  i s  p o s s i b l e  t h a t  p o t e n t i a l  Pa leozo ic  carbonate r e s e r v o i r s ,  

perhaps enhanced by pre-mid-Ol igocene k a r s t i n g ,  a r e  p resen t  on the  h o r s t .  The 

c a t a c l a s t i c a l l y  sheared s l a t e  and marb le  seen i n  t h e  No. 1  w e l l  might  a l s o  

develop r e s e r v o i r  q u a l i t i e s  i n  some s e t t i n g s .  A much more thorough unders tand ing  

o f  t h e  age and s t r u c t u r a l  r e l a t i o n s h i p s  o f  t h e  rocks  o f  t h e  basement cocnplex i s  

necessary b e f o r e  i t s  p o t e n t i a l  as an e x p l o r a t i o n  p l a y  can be addressed. Al though 



t h e  p a t t e r n  observed on t h e  Seward Peninsula by Sainsbury and o the rs  (1970) o f  

i n c r e a s i n g  metamorphic grade eastward appears t o  h o l d  i n  t h e  Nor ton Sound we1 1s. 

i t  may be more perce ived  t h a n  r e a l .  S tud ies  on these rocks  c u r r e n t l y  underway 

should h e l p  e l u c i d a t e  t h e  complex geo log i c  h i s t o r y  o f  t h e  nearby Seward 

Peninsula,  a s  w e l l  as t h e  e v o l u t i o n  o f  t h e  Nor ton Basin. 

ARCO Nor ton  Sound COST No. 1  Well Summary 

The ARCO Norton Sound COST No, 1  w e l l  was d r i l l e d  t o  a measured depth o f  

14,683 f e e t .  The KB was 98 f e e t  above sea l e v e l  and 183 f e e t  above mudline. 

The wate r  depth was 90 f e e t .  The w e l l s i t e  was approximately 54 m i l e s  south o f  

Nome, Alaska. D r i l l i n g  commenced on June 14, 1980 and was completed i n  94 

days on September 16, 1980. The we1 1  was d r i l  l e d  f rom t h e  Dan Pr ince ,  a  s e l f -  

e l e v a t i n g  d r i l l i n g  r i g  t h a t  was l a t e r  l o s t  t o  a s to rm i n  t h e  G u l f  o f  Alaska 

w h i l e  en rou te  under tow t o  a new l o c a t i o n .  D r i l l i n g  r a t e s  ranged f rom 3 t o  

1296 f e e t  p e r  hour. Four s t r i n g s  o f  c a s i n g  were s e t  d u r i n g  d r i l l i n g :  30 i n c h  

t o  294 f e e t ,  20 i n c h  a t  1206 f e e t ,  13 3/8 i n c h  a t  4667 f e e t ,  and 9 5/8 i n c h  a t  

12,170 fee t .  The d r i l l i n g  f l u i d  program was as f o l l ows :  sea water  t o  450 

f e e t ,  8.9 pounds /ga l lon  ge l  and water  mud t o  6250 f e e t ,  10 pounds /ya l lon  f rom 

6250 t o  12,200 f ee t ,  and 10.4 pounds/ga l lon f rom 12,200 t o  14,683, t h e  t o t a l  

depth. 

Twel ve c o n v e r ~ t i o n a l  cores, 533 percuss ion  s i d e w a l l  cores,  and rnany we1 1  

c u t t i n g s  were analyzed f o r  p o r o s i t y ,  permeabi 1  i t y ,  1 i t h o l o g y ,  hydrocarbon 

con ten t ,  and pa leon to logy .  Rotary  d r i l l  b i t  c u t t i n g s  were c o l l e c t e d  f rom 180 

t o  14,683 f ee t .  



Logging runs were made a t  depths o f  4670, 12,175, and 14,683 f e e t .  A 

Compensated Neutron Log (CNL) w i t h  Neut ron Gamma Tool (NGT), Compensated Format ion 

D e n s i t y  Log (FDC), Rorehole Compensated Sonic Log (BHC), Long Spaced Sonic Log 

(LSS) w i t h  I n t e g r a t e d  T rave l  Time ( I T T )  , P r o x i ~ n i t y  Log-Micro1 og (MPL), Ca1 i p e r  

Log, H igh  R e s o l u t i o n  Cont inuous Dipmeter  (HRT), and V e l o c i t y  Survey were recorded 

on a l l  runs. On the second and t h i r d  runs t h e  Dual I n d u c t i o n  L a t e r l o g  (D IL )  

and Repeat Format ion Tes t  (RFT) were run, On t h e  f i n a l  run  t h r e e  l o g s  were added 

t o  t h e  s u i t e ,  a Temperature Survey, Cement Bond Log (CBL), and Mic ro -  

L a t e r o l o g  (MLL). Two fo rmat ion  t e s t s  were made. 

As r e q u i r e d  by 30 CFR 251, t h e  o p e r a t o r  (ARCO)  f i l e d  a  D r i  11 i n g  Plan, 

Envionmental  Ana lys is ,  O i l  s p i l l  Cont ingency Plan, and Coastal  Zone Management 

@ 
C e r t i f i c a t i o n .  I n  a d d i t i o n ,  geohazards, geo techn i ca l  , and s i  t e - spec i  f i c  b i o l o g i c a l  

surveys were requ i  red. The zoopl  ankton, i nfauna, e p i  fauna, vag i  1 e benthos, and 

pe l  a g i c  fauna were c o l l  ec ted  and analyzed. P a r t i  c u l  a r  emphasis was p l  aced on 

p r o t e c t i n g  1  oca l  and m i g r a t o r y  mar ine  mammals and a v i  fauna. Waste d i  scharges 

i n t o  t h e  env i ronment  were m in ima l ,  n o n t o x i c ,  and i n  compl iance w i t h  Federal  

env i ronmenta l  p r o t e c t i o n  r e g u l a t i o n s ,  

S t r a t i g r a p h i c  u n i t s  i n  t h e  No. 1  w e l l  were de f ined  on t h e  b a s i s  o f  

m i c r o f o s s i l  con ten t ,  1  i t h o l o g i c a l  and l o g  c h a r a c t e r i s t i c s ,  c o r r e l a t i o n  w i t h  t h e  

No. 2 w e l l ,  se ismic  cha rac te r ,  and a b s o l u t e  d a t i n g  techniques.  The s t r a t a  

pene t ra ted  by t h e  Nor ton  Sound COST No. 1  w e l l  were P le i s t ocene  f r om 180 t o  



a 1320 f e e t ,  P l i ocene  from 1320 t o  2637 f e e t ,  Miocene f rom 2637 t o  4493 f e e t ,  and 

Ol igocene f r om 4493 t o  9690 f e e t .  The i n t e r v a l  f r om  9690 t o  12,235 f e e t  i s  

Ol igocene o r  o l d e r  and i s  t e n t a t i v e l y  c o r r e l a t e d  w i t h  t h e  m idd le  t o  l a t e  Eocene 

s e c t i o n  o f  t h e  No. 2 we l l .  The i n t e r v a l  f rom 12,235 t o  12,545 f e e t  i s  cons idered  

c o r r e l a t i v e  w i t h  t h e  Eocene o r  o l d e r  s e c t i o n  o f  t h e  No. 2 w e l l .  The w e l l  

pene t ra ted  21 38 f e e t  o f  c a t a c l  a s t i c  metasedimentary rocks  s i r n i l  a r  t o  Precambrian ( ? )  

t o  Pa leozo ic  s l a t e s  exposed i n  t h e  York Mountains on t h e  Seward Peninsu la .  

D e p o s i t i o n  was a1 most e n t i  r e l y  mar ine th roughou t  except  approx imate ly  200 

f e e t  o f  t r a n s i t i o n a l  sediments i n  t h e  upper p a r t  o f  t h e  Ol igocene s e c t i o n ,  and 

31 0 f e e t  o f  c o n t i n e n t a l  ( f l  u v i a l  and p a l  uda l  ) i n  t h e  p o s s i b l e  Eocene o r  o l d e r  

sec t i on .  

Samples froin t h e  P l e i s t o c e n e  s e c t i o n  were sporad ic ,  o f  poor  qua1 i t y ,  and 

c o n s i s t e d  p r i m a r i l y  o f  unconso l ida ted  s h e l l y  sand, l i t h i c  f ragments ,  mud and 

s i l t .  The P l  i ocene sec t  i o n  i s  predomi n a n t l y  a  d i  atomaceous sandy mudstone 

w i t h  t h i n  s t r i n g e r s  t h a t  can be  c h a r a c t e r i z e d  as muddy d i a tom i t es .  The Pliocene 

s e c t i o n  c o n s i s t s  o f  sandy, diatomaceous mudstones s i m i l a r  t o  those  of t h e  

P l  iocene. The 01 igocene s e c t i o n  i s  c h a r a c t e r i z e d  by t h i n ,  t r a n s i t i o n a l  d e p o s i t s  

o f  sandstone, s i l t s t o n e ,  and coa l  near  t h e  t o p  o f  t h e  u n i t ,  and mar ine  mudstone, 

sha le ,  and sandstone f r om 4770 t o  9690 f e e t .  The Ol igocene o r  o l d e r  s e c t i o n  

c o n s i s t s  o f  mudstone and micaceous sandstone, o f t e n  ' d i  sp l  a y i  ng graded bedding. 

The i n t e r v a l  f rom 10,300 t o  10,640 f e e t  c o n t a i n s  tabu1 a r  igneous rocks  ( b a s a l t  

and t r a c h y t e )  t h a t  may rep resen t  e i t h e r  s i l l s  o r  f lows, The p o s s i b l e  Eocene 

o r  o l d e r  s e c t i o n  c o n s i s t s  of i n t e rbedded  sandstone, s i l t s t o n e ,  sha le ,  c o a l ,  

and conglomerate,  The s e c t i o n  f ro in 12,545 t o  14,683 f e e t  c o n s i s t s  o f  c a t a c l a s t -  

i c a l  l y  inetarnorphosed p e l 1  i t i c  r ock  ( s l a t e )  and minor  amounts o f  marb le  and i s  

t hough t  t o  be l a t e  Precambrian t o  Pa leozo ic  i n  age, 



Sandstone p o r o s i t i e s  o f  g r e a t e r  than  24 pe rcen t  a r e  r e s t r i c t e d  t o  depths 

o f  l e s s  than  6000 f e e t  i n  t h e  No. 1  we l l .  Sandstones i n  t h i s  w e l l  must have a t  

l e a s t  24 pe rcen t  p o r o s i t y  i n  o rde r  t o  have 1  mD p e r m e a b i l i t y .  Pore r e d u c t i o n  

was t h e  r e s u l t  o f  d u c t i l e  g r a i n  de fo rmat ion ,  a u t h i g e n i c  m inera l  growth, and 

cementat ion. 

Geochemical da ta  i n d i c a t e  t h a t  t h e  niost comlnon o rgan i c  m a t e r i a l  p resen t  

i s  Type I11  humic kerogen. S u f f i c i e n t  m a t u r i t y  f o r  t h e  genera t ion  o f  o i l  f rom 

t h i s  t ype  o f  kerogen e x i s t s  below 9500 f e e t .  Dry  gas and wet gas condensate 

a r e  inore 1  i k e l y ,  however. Below 13,000 f e e t  t h e r e  i s  i n s u f f i c i e n t  o rgan i c  

carbon t o  serve as a commercial hydrocarbon source, 

A thermal g r a d i e n t  o f  2.01" t o  2.44OF per  100 f e e t  was c a l c u l a t e d .  

Four se i  smic h o r i  zons were (napped and c o r r e l  ated: t h e  basement unconformi t y  

( A ) ,  igneous s i l l s  o r  f l ows  (B-2), mid-Ol igocene t r a n s g r e s s i v e  mar ine f a c i e s  

( C ) ,  and l a t e  Ol igocene reg ress i ve  f a c i e s  (D ) .  

I n t e r v a l  v e l o c i t i e s  c a l c u l a t e d  from t h e  son ic  l o g  a re  i n  agreement w i t h  

those  f rom nearby s t a c k i n g  v e l o c i t i e s  t o  a  depth o f  6100 f e e t .  Relow t h i s  

depth t h e  compara t i ve l y  h i g h e r  i n t e r v a l  v e l o c i t i e s  p robab ly  a r e  a f u n c t i o n  o f  

d i f f e r e n t  c o l l e c t i o n  methods. L i t h o l o g i c  d i f f e r e n c e s  between t h e  two subbasins 

p robab ly  account f o r  t h e  s teeper  t ime-depth cu rve  i n  t h e  No. 2 w e l l  than i n  t h e  



No. 1 w e l l .  Depth convers ions o f  se ismic da ta  should cons ide r  v e l o c i t y  v a r i a t i o n s  

between t h e  subbasins. Check sho t  d a t a  ( v e l o c i t y  su rvey)  c o u l d  n o t  be pub1 i shed  

o r  u t i l i z e d  i n  t h i s  s tudy because of i t s  l o n g e r  p r o p r i e t a r y  t e r m  (USGS, 

Conservat ion D i v i s i o n ,  Pol i c y  Paper, January 22, 1982). 
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APPENDIX 

Well D a t a  and Consu l t an t s  Repor ts  A v a i l a b l e  f o r  Pub1 i c  
I n s p e c t i o n ,  Nor ton  Sound COST No, 1 We1 1 

Schl umberger O f f sho re  Serv ices  
Anchoraue. A laska 

2 i n .  Boreho le  Compensated Sonic Log 
Runs 1, 2, 3 1210-14,676 f t  

5 i n .  Borehole  Compensated Sonic Log 
Runs 1, 2, 3 1210-14,676 f t  

5 i n .  Borehole  Geometry Log 
Run 1 121 0-4670 f t  

5 i n .  Borehole  Geometry Log 
Run 2 4666-12,172 f t  

5 i n .  Borehole  Geometry Log 
Run 2 4666-1 2,172 f t  

5 i n .  Borehole  Geometry Log 
Run 3 12,166-14,682 f t  

5 i n .  Cement Bond Log V a r i a b l e  D e n s i t y  
Run 3 10,166-12,166 f t  

2 i n .  Compensated Format ion D e n s i t y  Log Gamma-Gamma 
Runs 1, 2, 3 3575-14,682 f t  

5 i n .  Compensated Format ion D e n s i t y  Log Gamma-Gamma 
Runs 1, 2, 3 3575-14,682 f t  

2 i n .  Compensated Neutron Format ion D e n s i t y  
Runs 1, 2, 3 1206-14,682 f t  

5 in, Compensated Neutron Format ion D e n s i t y  
Runs 1, 2, 3 1206-14,682 f t  

5 i n .  Cont inuous Dipmeter  
Run 1 121 0-4670 f t  

5 i n .  Coot inuous Dipmeter  
Run 2 4666-1 2,172 f t  

5 i n .  Cyberd ip  
Run 1 121 0-4670 f t  



Schl umberger ( con t i nued )  

5 i n .  Cyberdip 
Run 2 4666-1 2,170 f t  

5 i n .  Cyberdip 
Run 3 12,166-14,676 f t  

2 i n ,  Cyberlook 
Run 1 1210-4670 ft 

5 i n .  Cyberlook 
Run 1 1210-4670 f t  

2 i n .  Cyberlook 
Pass 1 Run 2 4666-12,170 f t  

5 i n .  Cyberlook 
Pass 1 Run 3 12,166-14,682 f t  

2 i n .  Cyberlook 
Pass 1 Run 3 12,166-14,682 f t  

2 i n .  Dual I n d u c t i o n  - SFL 
Runs 1, 2, 3 1210-14,676 f t  

5 i n ,  Dual I n d u c t i o n  - SFL 
Runs 1, 2, 3 1210-14,676 f t  

2 i n .  Dual I n d u c t i o n  - SFL w/L inear  C o r r e l a t i o n  Log 
Runs 1, 2, 3 1210-14,676 f t  

5 i n .  H igh  Reso lu t i on  Thermometer 
Run 3 100-14,660 f t  

2 i n .  Long Spaced Sonic Log 
Runs 1, 2, 3 1210-14,660 f t  

5 i n .  Long Spaced Sonic Log 
Runs 1, 2, 3 1210-14,660 f t  

5 i n .  Long Spaced Sonic Waveforms 8 f t - 1 0  f t - 1 2  f t  
Run 1 121 0-4660 f t  

5 i n .  Long Spaced Sonic Waveforms 8 f t - 1 0  f t - 1 2  f t  
Run 3 12,166-14,660f t  

2 i n .  M i c r o l o g  
Run 1 1206-4670 f t  



Schlumberger ( con t i nued )  

e 
2 i n .  M i c r o l o g  

Run 2 4660-12,171 f t  

2 in .  M i c r o l o g  
Run 3 12,166-14,682 f t  

5 i n .  M i c r o l o g  
Run 1 1206-4670 f t  

5 i n .  M i c r o l o g  
Run 3 12,166-14,682 f t  

2 i n .  Na tu ra l  Gamma Ray Tool 
Runs 1,  2, 3 1210-13,000 f t  

5 i n .  Na tu ra l  Gamma Ray Tool 
Runs 1, 2, 3 1210-13,000 f t  

2 i n .  P r o x i m i t y  Log 
Run 1 1206-4670 f t  

2 i n .  P r o x i m i t y  Log 
Run 2 4666-12,172 f t  

5 i n .  P r o x i t n i t y  Log 
Run 1 1206-4670 f t  

5 i n .  P rox i r n i t y  Log 
Run 2 4660-1 2,172 f t  

5 i n .  P r o x i ~ n i t y  Log 
Run 3 12,166-14,682 f t  

Repeat Format ion Tes te r  
Run 2 Tes t  No. 1-13 8/14/80 

H igh  R e s o l u t i o n  D i  pmeter C l u s t e r  L i s t i n g  
Run 3 

Ana l ys t  Mud Log Sepia 
200-1 4,682 f t  

IDEL Log Sepia 
250-14,682 f t  

Sha le  D e n s i t y  Log Sepia 
200-14,682 f t  

n e l t a  C l o r i d e  Log Sepia  
300-14,682 f t  

A- 3 



Schl urnberger ( con t i nued )  

D Exponent Sepia 
294-1 4,682 f t 

C h r i s t i a n s o n  Diamond Products  Co. 
S a l t  Lake City, Utah 

S idewa l l  Core Run $2 
4700-1 2,155 f t  

Cor ing  Logs, 12 Repor ts  C 
Core 1-12 

ARC0 Alaska I nc .  
Anchorage, A1 aska 

Paleomagnetic Measurements on Diamond Core Samples f rom Nor ton Sound 
and S t .  George Basin A1 aska COST We1 1 s, 1 volume. 

W e l l s i t e  Core D e s c r i p t i o n s ,  13  p. 
Cores 2-12 

W e l l s i t e  S idewa l l  Sample D e s c r i p t i o n s ,  20 p. 
Run 1 121 4-4660 f t  
Run 2 1274-4660 f t  
Run 3 1223-4630 f t  

W e l l s i t e  S idewa l l  Sample D e s c r i p t i o n s ,  20 p ,  
Runs 1-7 4701-12,156.5 ft 

W e l l s i t e  S idewa l l  Sample n e s c r i p t i o n s ,  16 p. 
9 3 s h 0 t s  12,180-14,670 f t  

Log Qua1 i t y  Con t ro l  Survey 
Runs 1 , 2, 3 

APD, Sundry Not i ces ,  We1 1 Compl e t i o n  Repor t  
104 p. 

D r i l l  Stem Tes t  Procedures, 
1 and 2, 2 p, 



a Core L a b o r a t o r i e s .  I nc .  
D a l l  as, Texas 

Core A n a l y s i s  Repor ts  
Cores 4, 7, 8, 9, 10; 5 p. 

S i dewa l l  Core Ana l ys i  s Repor ts  
4736-12,140 f t ,  2 p. 

Core Photographs 
19 photos,  1 vo l .  

Core Samples Geochemical Data 
10,396, 10,887, 10,955, 12,399, 13,592 f t  

Hydrocarbon Source Bed E v a l u a t i o n  
F i n a l  Repor t  

AGAT Consu l tan ts ,  I nc .  
Denver, Colorado 

Reservo i  r Qua1 i ty  Ana l ys i  s 

L i  tho1  o g i  c Ana l ys i s  o f  Core and S idewa l l  Sampl e 
1  vo l .  

Pet rography of  Acous t i c  Vel o c i  t y  Sampl es 
1  vo l .  

B i r d w e l l  D i v i s i o n  
Seismograph S e r v i c e  Co rpo ra t i on  
Tu l  s a ,  Oklahoma 

Seismic Vel o c i  t y  Repor t  and Cal i b r a t i o n  
1  vo l .  

V e r t i c a l  Seismic P r o f i l e  Sepia 

Geochron L a b o r a t o r i e s  
Cambridge, MA 

K-AR Age Oete rmina t ions  
JM-0 - JM-10 and JM-I 3 and Phyl  li t e  Sample 
13 r e p o r t s  





a 
Geochem Labo ra to r y  
Houston. Texas 

Hydrocarbon Source F a c i e s  A n a l y s i s  

Management Summary Repor t  
Hydrocarbon Source Fac i  es A n a l y s i s  

Anderson, Warren Assoc ia tes  
San Diego, C a l i f o r n i a  

B i o s t r a t i g r a p h i c  Report  w /char ts  

Chemical and Geo log ica l  L a b o r a t o r i e s  o f  Alaska, Inc.  
Anchorage, A1 aska 

Water Ana l ys i s  Repor ts  ( 3 )  

M i  n e r a l  s Management Se rv i ce  
Anchorage, A1 aska 

Envi  roninental Assessment 


