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Geologic and Operat ional  Summary 

Norton Sound COST No. 2 Well 

Ber ing  Sea Area,Alaska 

Ronald F. Tu rne r ,Ed i to r  

INTRODUCTION 

T i t l e  30, Code o fFedera lRegu la t i ons  (CFR), paragraph 251.14 s t i p u l a t e s  

t h a tg e o l o g i c a ld a t a  and processedgeologica lin format ionobta inedfrom Deep 

S t r a t i g r a p h i c  T e s t  w e l l s  d r i l l e d  on theOuterCont inenta lShe l f  (OCS) be made 

a v a i l a b l ef o rp u b l i ci n s p e c t i o n6 0c a l e n d a r  days a f t e r  t h e  i s s u a n c e  o f  t h e  f i r s t  

F e d e r a l l e a s ew 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  y e a r s  a f t e r  c o m p l e t i o n  

o ft h ew e l l  i f  noleasesarei ssued .T rac tsw i th inth i sd i s tanceo fthef i r s t  

Norton Sound Deep S t ra t i g raph icTes twe l l(des igna tedthe  ARC0 Norton Sound 

COST No. 2 Wellby t h eo 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. 2 w e l l )  were o f f e r e df o rl e a s ei nS a l e  57 onMarch15, 1983. N ine ty -e igh t  

b i d s  on 6 4  t r a c t s  wererece ivedw i ththeto ta lh ighb idsamoun t ingto  $325 

m i l l i on .F i f t y -n ineb idswereaccep ted  and f i v er e j e c t e d .  The e f f e c t i v e  

i s s u a n c e  d a t e  o f  t h e  l e a s e s  i s  June1, 1983. 

T h i s  o p e n - f i l e  r e p o r t i s  p r e s e n t e di na c c o r d a n c ew i t ht h er e q u i r e m e n t so f  

30 CFR 251.14. The i n t e r p r e t a t i o n sc o n t a i n e dh e r e i na r ec h i e f l yt h e  work o f  

Minera ls  Management Servicepersonnel ,  a1though  subs tan t i a l  con t r i bu t i ons  were 

made bygeoscienceconsultingcompanies. 
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~~ 

The ARC0 Norton Sound No. 2 we1 1 was c m p l  e t e d  on August 27, 1982, on 

OCS LeaseBlock 273, l oca tedapprox ima te l y68mi lessou tho f  Nome, Alaska 

( f ig .1 ) .  The w e l ld a t ai sa v a i l a b l ef o rp u b l i ci n s p e c t i o na tt h eM i n e r a l s  
.~ 

Management Serv i ce ,O f f sho reF ie ldOpera t i onso f f i ce ,l oca teda t800  "A"  S t ree t ,  

Anchorage, A1 aska, 99501. 

.~. All measurements a re  f e e t  t h eg iven as measured.depths i n  f r o m  K e l l y  

Bushing ( K B ) ,  which was 105 f e e t  above sea leve l .Forthemostpar t ,  measurements 
~. 

a r e  g i v e n  i n  U.S. CustomaryUnit'sexceptwhere s c i e n t i f i c  c o n v e n t i o n  d i c t a t e s  

m e t r i c  usage. A convers ionchar t  i s  provided. 
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~ ~~ EQUIVALENT MEASUREMENT UNITS 

.-

U.S. Customary t o  SI Me! t r i c  Un it s :  

1 i n c h  = 2.54 cent imeters  


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 omete rs  


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


1 pound = 0.45 k i l og ram 


1 pound/gal lon = 119.83 k i lograms/cubicmeter  


1 pound/squareinch = 0.07 k i lograms/squarecent imeters 


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


1 b a r r e l  = (42 U.S. gals.) = 0.16 cubicmeters 


Temperature i n  degreesFahrenheit = OF l e s s  32, d i v idedby  1.8 f o r  degrees 


Cels ius.  


OtherConversions: 	 1 knot  = 1 nau t i ca lm i le /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  

4 




OPERATIONAL SUMMARY 


by 


ColleenMcCarthy 


The j a c k u p  d r i l l i n g  r ig ,  Key S ingapore ,ar r i vedonloca t ion  i n  Norton Sound 

onJune 3, 1982,1630hours A.S.T. and theNor ton  Sound Cont inenta lOf fshore  

S t r a t i g r a p h i cT e s t  No. 2 w e l l  was spuddedJune 7 ,  1982. D r i l l i n g  was completed 

81 days l a t e r  on August 27, 1982 a t  a t r u ev e r t i c a l  d e p t ho f  14,889 fee t .  

A f t e r  w i r e l i n e  l o g g i n g ,  r u n n i n g  v e l o c i t y  andtemperaturesurveys,sidewal l  

cor ing ,  and d r i l l - s t e m  t e s t i n g  wereaccomplished, t h e  w e l l  was plugged and 

abandoned, and t h e  r i g  was undertowby September 20, 1982. 

The c o n s t r u c t i o n  o f  t h e  Key Singapore, owned byKeydr i l  Company,was 

completed i n  March o f  1982and t h e  r i g  was g i v e n  t h e  c l a s s i f i c a t i o n .  ABS 1-A. 

M ine ra l s  Management S e r v i c er e p r e s e n t a t i v e si n s p e c t e dt h er i g  March15, 1982. 

The Key Singapore i s  a Le Tourneau 116-C design and 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 .  It was designed t ow i t h s t a n d3 5 - f o o t  waves and 115-knotwinds 

i n  300 f e e t  o f  water. The r i g  was r a t e da ta na i rt e m p e r a t u r eo f  - I O o  and f o r  

a d r i l l i n g  d e p t h  o f  30,000 f e e t  i n  300 feetwaterdepth.  The Key Singapore 

was p r o p e r l y  w i n t e r i z e d  f o r  a r c t i c  use,and therewerenomajoracc identsor  

i n c i d e n t sd u r i n gt h ed r i l l i n go ft h ew e l l .W h i l et h er i gh a sb e i n gt o w e do u t  

o f  Alaskanwaters,however, it c o l l i d e d  w i t h  r o c k s  o f f  t h e  A l e u t i a n  C h a i n  and 

a l l  personnelwereevacuated. The Key Singapore was recove redw i th  no major 

damage t o  t h e  r i g .  
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A s tudy wasmade byWoodward-Clyde C o n s u l t a n t s  t o  o b t a i n  i n f o r m a t i o n  on 

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

and,recommendations f o r  j a c k u p  r i g  s i t i n g ,  d e s i g n ,  and i n s t a l l a t i o n  o f  t h e  

p l a t f o r mp i l e s  andconductors.This was accomplishedby d r i l l i n g  t h r e e  b o r i n g s ;  

one300- footpenetrat ion and two50- footpenetrat ions.  The samplesrecovered 
~ 

were thentested,bothonboardtheresearchvesseland i n  t h e  l a b o r a t o r y ,  t o  

d e t e r m i n et h ed e s i g ns t r e n g t hp r o p e r t i e so ft h ef o u n d a t i o ns o i l s .  

Nome, which i s  approx imate ly  68 m i l e s  NW o f  t h e  l o c a t i o n ,  was theshore 

base f o r  seaand a i r  supportoperations.KenaiandDutchHarborwereoccasional 

sources ofnonrout ineequipment  and mater ia lssupply .  All majo rmate r ia l s  

needed f o r  t h e  e n t i r e  w e l l  werestored on a largesupplybargeanchored 

approx imate ly  one m i l ef r o mt h ed r i l l i n gl o c a t i o n .  Two sea-goingsupplyboats 

shut t ledmater ia lbetweenthebarge and t h er i g .  These supp lyboatsa lso  

supp l iedfue l ,water ,  andmiscel laneouscargovial ighteragebargefrom Nome. 

H e l i c o p t e r sc e r t i f i e df o ri n s t r u m e n tf l i g h tt r a n s p o r t e dp e r s o n n e l ,g r o c e r i e s ,  

and l i gh twe igh tequ ipmen tbe tweenther ig  and thepr imaryshorebaseat  Nome. 

Personnel,equipment,andsuppliedweretransported t o  and f romtheshorebase 

bybothchar te red  andcommercial a i r  c a r r i e r s .  

-
ARC0 Alaskaacted as t h e  o p e r a t o r  f o r  i t s e l f  and t h ef o l l o w i n gn i n e t e e n  

companies tha tsharedexpensesforthewel l .  
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AMOCO Produc t ion  Co. 


Chevron, U.S.A., Inc.  


C i t i e s  S e r v i c e  Co. 


CONOCO, Inc. 


E l  f -Aqui  tane Co. 


Exxon Company, U.S.A. 


Get ty  Oil Co. 


Gul f  Oil Corp. 


Marathon Oil Co. 


Mob i lExp lo ra t i on  and Produc t ionServ ice  


Murphy Oil Corp. 

Pennzoi l  Oil and G a s ,  

P h i l l i p s  P e t r o l e u m  Co. 

S h e l l  Oil Co. 

SohioAlaskaPetroleum 

Sun Oil Co. 

Tenneco Oil Co. 

Texaco, Inc. 

Inc. 

Co. 

Union Oil Company o f  C a l i f o r n i a  

Norton Sound COST No. 2 w e l l  was l o c a t e d  a t  l a t  63O 41' 49.43" N; l o n g  164O 11 '  

03.38" W, o r  UTM coordinates(zone3) X = 540,331.3 m and Y = 7,063,318.2 m. 

The s u r v e yp l a tf o rt h ef i n a lw e l ls i t el o c a t i o ni s  shown i n  F i g u r e  2. Water 

depth a t  t h e  l o c a t i o n  i s  49 fee t .  All measurementswere made f romthe' :e l l y
-

Bushing (KB)  which was 1 0 5f e e t  abovesea l e v e l  and 154 f e e t  above t h es e a f l o o r .  
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GEODETIC POSIT ION 

LAT. 63°41'49.43"N 
LONG. 1 6 4 O 1  I' 03.38"W. 

I= 7,060,800 

UNIVERSALTRANSVERSE MERCATOR 
COORDINATES, ZONE 3, in METERS. 

y =  7,063,318.2 
x =  540,331.3 

Figure2. Final location plat  showing the posit ion o f  Norton Sound 
COST No. 2 well in OCS Prot rac t ion  D iagram " S t .  Michael, 
NP 3-2." 



The we!11 was d r ii l l e d  t o  a depth of 110.25 4 f E:et w i t h  l e s s  than 4" d e v i a t  i o nf r o m  

v e r t i c a l ;t h ea n g l ei n c r e a s e dt o  6' by 12,020 f e e t ;  and a t  t o t a l  t r u e  v e r t i c a l  

depth, 14,889 f e e t ,  d e v i a t i o n  was 10". 

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 r e d  t h e  o p e r a t o r  t o  p r o v i d e  t h e  M i n e r a l s  

Management S e r v i c ew i t ha l lw e l ll o g s ,  samples,coreslabs,operationaland 

techn ica lrepo r t s ,  and geo log icin fo rmat ion .  

Owing t o  t h e  i c e  season i n  Norton Sound t h e  d r i l l i n g  window is fromJune 

t o  October. 

D r i l l i n g  Program 

~~ The No. 2 w e l l  was d r i l l e d  s i x t e e nl / 4 - i n c h  b i t su s i n g  1 2  d r i l l  t o  a depth 

o f  11,555 f e e t  anddeepened w i t h  f o u r t e e n  3 1 / 2 - i n c h  b i t s  t o  14,889 f e e t .  

A d d i t i o n a l  b i t s  wereused t o  open t h e  h o l e  b e f o r e  s e t t i n g  t h e  l a r g e r  c a s i n g  

s t r i n g s ,  t o  d r i l l  t h r o u g h  cement, f o r  c l e a n - o u t  t r i p s ,  and f o rt h ec o n v e n t i o n a l  
~~ 

c o r i n g  program. D r i l l i n gr a t e sr a n g e d  from 3 t o  250feet/hour,andaveraged 

100feet /hour  down t o  3900 f e e t ,  75 f e e t / h o u r  t o  7400 f e e t ,  35 f e e t / h o u r  t o  

11,400 f e e t ,  and14fee t /hourfo rtheremaindero fthewel l .  The d a i l y  d r i l l i n g  
-

p r o g r e s sf o rt h ew e l l  i s  shown onFigure 3. 

Fours t r i ngso fcas ingwere  cemented i n  t h e  w e l l ,  a s  shown i n  F i g u r e  4. 

.- The 30- inchconductorcas ing  was s e ta t  416 f e e t ,w i t h  950sacks o f  Class G 

cement. A t  1181 fee t ,  2200sacks o fC lass  G cementwereused t o  cement t h e  20-

9 
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Figure 3. Graph 3howingdailydrillingprogress for  Nor ton  Sound COST No. 2 well, 1982. 
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30"Cut at 175' 

20" Cut a t  350' 

13%'' Cut et 3 6 9 '  

9Yo/," Cut a t  380' 

Surf aco Plug 
200'- 460' 

Plug 13yo"I 9 
Annulus 4,181'-9,671' 
Perforation8 at 4,371'-4,37$ 
Retainer at 4,321 

Plug 7 ,948 ' -8 ,264 '  
Retainer at 8,086' 
Perforations 8,116'-8,124' 

Plug 10,675'-11,225' 
Aolainer at 10,859' 
Perforattons 10,9Ot'-10,909' 

Plug 11,651'- 12,000' 
Retainer a t  11,810' 

Plug 12,600'-12,900' 

Depth below K e 
Sea Floor at 154' 

- 30" Caring a t  416' 

- 20"Caring a t  I 181' 

\ - 13%'' Coring at 4673' 

- 9 y/ Casing at 11,862' 

Figure 4. 	Schematicdiagramshowingcasingstrings,plugging,and 
abandonment program, Norton Sound COST No. 2 well. 



inchcasing.Whi lecement ingthe20- inchcasing,lostc i rcu la t ionproblems 

wereencountered and t h e r e  werenoreturns t o  the surface.Twenty-fourhundred 

sacks o fC lass  G cementwereused t o  cement the133 /8 - inchcas ing ,a t  4673 

fee t .  The 9 5/8- inchcasing was s e t  a t  11,862 f e e t  w i t h  255 sacks o fC l a s s  G 

cementandbelow t h i s  c a s i n g  p o i n t  t h e  w e l l  was open hole. 

D r i l l i n g  Mud 

S e l e c t e d  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  d e p t h  a r e  shown i n  

F igu re  5. D r i l l i n g  f l u i d  f o r  t h e  w e l l  was seawater t o  1,231 f e e t ,  and 

l i g n o s u l f a n a t e  mud f o rt h er e m a i n d e ro ft h eh o l e .  Mud weight  was kep ta tabou t  

9.0 p o u n d s / g a l l o n  t o  5100 fee t ,10pounds/ga l lonat  11,100 f e e t  and i n c r e a s i n g  

t o  12pounds/ga l lonatto ta ldepth .V iscos i tyvar iedbetween35to46 seconds 

throughoutthewel l ,averagingaround 38 seconds. Ch lor ideconcent ra t ions  

ranged from 600 ppm t o  5700 ppm, genera l lydecreas ingwi thdepth.Calc ium 

c o n c e n t r a t i o n s  w e r e  g e n e r a l l y  l i m i t e d  t o  c o n c e n t r a t i o n s  n e a r  z e r o ,  a l t h o u g h  

valueswere as h igh  as 500 ppm a t  14,750 fee t .  Mud pH rangedfrom 8.0 t o  

12.0, s t a y i n ga ta b o u t  10.0 th roughoutmosto fthewel l .  Between12,212and 

13.71 7 f e e t ,  gasassociated with coalbeds was encountered. Mud weight was 

increasedfrom 10.0 ppg t o  11.5 p p gt h r o u g h o u tt h i si n t e r v a l  and w e l lc o n t r o l  

was main ta inedata l lt imes.Mud- logg ingserv ices  were prov idedbyExp lora t ion  

Logging fr.om 154 f e e t  t o  t o t a l  depth. 

12 




El 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Samplesand Tests  

Drill c u t t i n g s  far  l i t h o l o g i c  and pa leonto log icana lyseswereco l lec ted  

from 436 f e e t  t o  t o t a l  depth.Thir teenconvent ionalcoreswerecut and analyzed 

f o rp o r o s i t y ,p e r m e a b i l i t y ,  

Core No. 

and g ra indens i t y .  

I n t e r v a l  ( f t  1 

4623-4636 


5793-5802 


701 8-7049 


7993-8023 


8702-8737 


10,233-10,263 


11,170-11,178 


11,901 -1 1,907 


12,212-12,242 


12,958-12,983 


13,395-13,425.6 


14,483-14,495 


14,859-14,889 
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The f o l l o w i n ga r et h er e s u l t s :  

Recovered 

11.1 

9 

31 

29.5 

30 

30 

8 

5.5 

30 

16 

30.6 

11.9 

30 
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Attempted  Recovered  

Dur ings i xruns ,s idewa l lco reswereco l l ec tedw i ththefo l l ow ingresu l t s :  

DepthNumber Number Percent 

RunNo. 0 Recovered 

115 4,700 153 

11,907 438 282 64 

33 14,889 45 

4 14,889 51 20 39 

1 5 4,889 45 21 4 1  

6 14,88928 -45 - -62 

TOTAL 777 499 64 

Loggingrunswere made a td e p t h so f  4700, 11,907, and 14,889 f e e t .  The Dual 
-

Induct ion-Later log(DIL) ,Borehole Compensated SonicLog (BHC), andSpontaneous 

P o t e n t i a l  (SP), Gamma Ray (GR), Long Spaced SonicLog (LSS) w i t hI n t e g r a t e d  
~ 

T ravel  Time ( I T T ) ,  RepeatFormationTest (RFT),and t h e  Four-arm,HighResolution 

Dipmeter (HRD), were~ Continuous recorded on a l l  runs. The Compensated Neutron 

Log (CNL) wi thNeutron Gamma Tool (NGT) wererecordedonthe f i r s t  andsecond 
~ 

runs. On t h e  secondand t h i r dr u n s  a V e r t i c a lS e i s m i cP r o f i l e  (VSP) ,  L i t h o d e n s i t y  

NeutronLogandProximityLog-Microlog (MPL) wererecorded.Addit ionallogs
-

runwerea Compensated Format ionDensi ty  (FDC) anda Veloc i tySurveyonthe 

- f i r s t  run, a Temperatureand Cement Bond Log (CBL) and Log on t h el a s t  run. A 

Gamma Ray Cas ingCo l la rLoca to r  was r u n  a t  11,651 f e e t .  

15 
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~ 

Two d r i l l  stem t e s t s  f o r  w a t e r  a n a l y s i s  were made t h r o u g h  p e r f o r a t i o n s  i n  

casing. To m i n i m i z er i s k ,t e s t i n g  was conducted the- t h e  9 5/8- inch through 

3 1 / 2 - i n c ht u b i n gr a t h e rt h a nd r i l lp i p e .  The f i r s t  t e s t  wasmade between 

- 10,901 between andand 10,909 f e e t  and t h e  second 8116 8124 fee t .  

The c u m u l a t i v e  c o s t  f o r  t h e  w e l l  was$32.2 m i l l i o n .  
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SHALLOWGEOLOGIC SETTING 

NORTON SOUND COST NO. 2 WELL 

By D a v i d  S t e f f y  

~~ S h a l l o w  c h a r a c t e r i s t i c sd r i l l  i n  ag e o l o g i c  t h e  s i t e  were i d e n t i f i e d  

surveyconductedbyNekton, Inc., i n  1980.The su rvey ,pa r to ftheperm 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 geotechnica ls tudy o f  theupper  300 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  s u r v e y  o f  t h e  s e a f l o o r  and 
~~ 

i t s  near-sur facefeatures.  The r e g i o n a ld e s c r i p t i o no fN o r t o n  Sound i s  based 

~ .~ on f i v e  U.S. GeologicalSurvey maps prepared as p a r to ft h ep r e l e a s ei 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 near-sur facegeologicenvi ronmentofNor ton Sound 
-

(Hoose, S t e f f y ,  andLybeck,1981; S t e f f y  and Hoose, 1981; S t e f f y  andLybeck, 

1981 ; Steffy,Turner,andLybeck, 1981 ; Steffy,Turner,Lybeck,and Roe, 1981). 

Bathymetry 

Norton Sound i s  a f la t -bo t tomed 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 ls h e l f .W a t e rd e p t h si nt h e  OCS Sale  57 arearangefrom16 t o  89 

- feet .  The s a l e  c o v e r s  o f  d e l t aa r e a  p a r tt h e  Yukon R i v e r  f r o n t  and p rode l ta ,  

wh icharesepara tedf romtheprograd ingshore l ineby  a subiceplat form(Larsen,  
-

Nelson,andThor,1980). T h i s  p l a t f o r m  i s  3 to12mi lesw idea longthesou the rn  

boundary o ft h es a l e  a r e a  and occurs i nw a t e rd e p t h s  o f  l e s s  t h a n  32feet.  The 
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No. 2 w e l l  i s  l o c a t e d  a t  t h e  base o fthenor thwards lop ing  Yukon d e l t a  f r o n t  i n  

49 f e e t  ofwater. The d e l t a  f r o n t  i s  t h e  seawardextensionofHolocene,nearshore 

sand depos i ts  and i s  c h a r a c t e r i z e d  by a 1- t o  2-degreeseawardslopingseafloor. 
~~ 

Seaward, t h e  f r o n t  becomes thep rode l ta ,  a ve rygen t l ys lop inga reatha t  marks 

t h e  edge o fd e l t a i cs e d i m e n t a t i o n .I nt h es a l ea r e at h ep r o d e l t as l o p e sl e s s  
~ 

t han  1 degreeand i s  52 t o  89 f e e t  deep. 

Sea-f loorGeology 

The sea- f loortopographyoftheNor ton  Sound area i s  t h e  r e s u l t  o f  t h e  

o f  wind, ice,sedimentation Surface.~ i n t e r a c t i o n s  water,and processes. sediments 

range i n  s i z e  f r o m  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  
~ 

prodel taarea.Theseunconsol idatedsedimentsarecont inual lyreworkedby 

i c e  gouging,currentscour ,s tormsurg ing,andre leaseofb iogenic  gas. __ 

S ing le-keeled and m u l t i k e e l e d  i c e  f l o e s  d r i v e n  b y  w i n d  and wa te r  cu r ren ts  

fu r rowthesea f loo rpa ra l l e lt otheba thymet r i ccon tou rs .  These fur rowsoccur  
-

i n  waterdepths down t o  79 f e e t ,  and aremostdensebetweendepthsof32 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 yi n t e n s ei c e - g o u g i n g  zone caused-
bythewestward-moving i c e  pack o fN o r t o n  Sound shear ingaga ins ttheshore fas t  

t h a t  o f f s h o r e  t h e  i c e  gouges i d e n t i f i e d- i c e  e x t e n d s  f r o m  d e l t a .  The s i n g l e - k e e l e d  

byside-scansonarrange i n  w i d t h  f r o m  1 6  t o  1 6 4  f e e t  and areseldomgreater 
-

than 3 f e e t  deep. A c t i v es e d i m e n t a t i o ni n f i l l st h e  gouges i nt h er i v e r - d o m i n a t e d  

months o f  summer. 
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i n   

T rans ien tfea turessuchascur ren tscour ,megar ipp les ,andlong i tud ina l  

~~ c u r r e n tl i n e a t i o n s  w e r en o tf o u n da tt h ed r i l ls i t e ,b u t  werefound i n  a 

l i m i t e de x t e n tn o r t ho ft h ew e l ls i t e  and j u s t  west o fthede l ta .Cur ren tscour  
~ 

i s  c h a r a c t e r i z e d  byelongateddepressions330 t o  490 f e e t  l o n g ,  1 1 5  t o  330 f e e t  

wide, and lessthan  6 f e e t  deep. They pa ra l l e lt hedominan tbo t tom-cu r ren t  

d i r e c t i o n  andrework t h e  u n c o n s o l i d a t e d  s i l t y  f i n e  sandcompr is ingthelocal  

surfacesediments.Megaripplesoccuras a s e r i e so fr i p p l e sh a v i n g  a wavelength 

o f  65 t o  165 f e e t  andan a m p l i t u d eo fl e s st h a n  1.5 fee t .  They occur  i n  a s u b t l e  

b a t h y m e t r i ct r o u g hn o r t ho ft h ew e l ls i t e ,  and t h e i r  c r e s t s  a r e  normal t o  t h e  

dominantwestwardbot tom-currentd i rect ion.Longi tud ina lcurrentl ineat ions 

occur  as a ser ieso ffu r rowshav ing  a wavelengthof30 t o  100 f e e t  and depthsof  

l essthan  1.5 fee t .  The l i n e a t i o n sp a r a l l e lt h ed o m i n a n tb o t t o m - c u r r e n td i r e c t i o n  

and occu r  j us tsou th  o f  t hemegar ipp les .  

Degassingofb iogenic  gas genera tedbybur iedHolocenepeatlayersresu l ts  

i n  gas c r a t e r i n gi nt h ee a s t e r nh a l fo fN o r t o n  Sound. The c r a t e r i n g  i s  u s u a l l y  

- l e s st h a n  1.5 f e e ti nr e l i e f  and on side-scan sonograms appearsas a patchy 

t e x t u r a lf e a t u r e .  

QuaternaryGeology-

e x p o s e dl a t e  o w i n g- Norton Sound was s u b a e r i a l l y  t h e  P l e i s t o c e n e  t o  a 

loweredsealeve l .Quaternarysed imeqtscons is to ff luv ia ldepos i tso fc layey  
-

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,shel ls,  and organ ic  

matter.About 10,000 t o  9,500 y r  B.P., t h e  seatransgressedoverNorton Sound 
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andbegan rework ing and bury ingtundrapeatdeposi ts(Nelson,1980) .  These 

organ icdepos i tsrepresent  a s e a - l e v e l  s t i l l s t a n d  60 t o  80 fee tbe lowpresent  
~~ 

sea l e v e l  and arethebaseoftheHolocene.Transgress ionresul ted i n  Holocene 

depos i tsrang ingf rom a 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  a r e a  t o  

c l a y e y  s i l t  n e a r  t h e  Yukon Del ta .Approx imate ly  32 t o  40 fee tbe lowpresent  

sea l e v e l ,  a younger ,l essex tens i ve ,o rgan ic - r i chlaye ri sfoundex tend ing  

seawardfromthe Yukon Del ta .Thisrepresents  a l a t e r  s t i l l s t a n d  t h a t  a l l o w e d  

thedevelopmentoftundrapeat.Subsequenttransgressionovertheareareworked 

~~ and b u r i e dt h ep e a tr e s u l t i n gi n  an o r g a n i c - r i c h  d e p o s i t .  d e p o s i ts i l t  T h i s  

gradesupward i n t o  c l a y e y  s i l t  i n  t h e  westand a s i l t y  sand i n  t h e  east. The 
__ 

b u r i e do r g a n i c - r i c hd e p o s i t sa r ec u r r e n t l yg e n e r a t i n g  gasas i nd i ca tedbythe  

gas c r a t e r i n g  andbyextensive,shal lowacoust icanomal iesthatoccur on b o t h  
~~ 

theprocessed and a n a l o g  r e c o r d s  o f  t h e  m i n i s p a r k e r  and watergunsystems. 
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SEISMIC REFLECTION CORRELATION 

AN0 

VELOCITYANALYSIS 

b y  D a v i d  S t e f f y  

By t h e  use o fv e l o c i t yi n f o r m a t i o nf r o mt h eN o r t o n  Sound COST Nos. 1 and 

2 w e l l s  and a 1978 USGS s e i s m i cr e f l e c t i o ns u r v e y( f i g .  6), s e i s m i cc o r r e l a t i o n s  

compared t o  each~~ 	 and v e l o c i t i e sf r o mt h e  2 w e l l s  were other and tothosef rom 

thenearbyseismicl ines.  The stackingveloci t iesusedonthecommon-depth-point  
~ (COP) t raceswereevaluatedbeforestack ingthegathers.  These comparisons 

wereused t o  a s s i g n  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 e a t u r e s  wereused 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  

NortonBasin 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 .  

__  Se i sm icRe f lec t i onCor re la t i on  

A syntheticseismogram was producedbyuse o f  borehole-compensated, i n t e r v a l ­

- t r a n s i t - t i m el o go ft h e  No. 2 w e l l ,( f i g .  7) .  The s o n i cl o g  was v i s u a l l y  

ave raged  wh i l e  be ing  s t reamd ig i t i zed  and was measured t o  t h e  n e a r e s t  f o o t  i n  
- depth and t h en e a r e s tm i c r o s e c o n d s / f o o ti nt r a n s i tt i m e .T h i sr e s u l t e di nl o g  

samples b e i n gt a k e na ti r r e g u l a ri n t e r v a l s .  However, thesampl ing  was f requent  

enough t op r e v e n ta l i a s i n gi nt h e  seismogram. The d i g i t i z e dd a t a  werethen 

- e n t e r e di n t o  a computer that seismogramprogram produced a synthet ic wi thout 

mu l t ip les .Constan tdens i ty  was assumed, t h e r e f o r ed e n s i t y  was no tincorpora ted  
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i n t ot h ec a l c u l a t i o no ft h er e f l e c t i o nc o e f f i c i e n t s .T h i sa s s u m p t i o na p p a r e n t l y  

does n o t  a d v e r s e l y  a f f e c t  t h e  r e s u l t s  o f  t h e  s y n t h e t i c  seismogram i n  a s imp le  

g e o l o g i cs e t t i n g( S h e r i f f ,  1978). The computerprogramalso assumes a s e r i e s  

o fh o r i z o n t a l ,p a r a l l e le a r t hl a y e r sw i t h  an e l a s t i cc o n s t a n t ,  and assumes 

t h a t  t h e  i n c i d e n t  waves arenormal t o  t h e  r e f l e c t i n g  s u r f a c e  and haveplanar 

wavefronts; The c a l c u l a t e dr e f l e c t i o nc o e f f i c i e n t s  werethenconvolvedwi th  a 

s tandardr i cke rwave le thav ing  a frequencyrangeof8-55 Hz. Th isconvo lu t i on  

r e s u l t s  i n  a seismogram t h a t  i s  d i s p l a y e d  w i t h  b o t h  normal and r e v e r s ep o l a r i t y .  

The syntheticseismogram was t h e n  c o r r e l a t e d  t o  t h e  1977WesternGeophysical 

s e i s m i cl i n e  WNS-24 w h i c hp r o f i l e st h r o u g ht h ew e l ll o c a t i o n( 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  h o r i z o n s  a r e  i d e n t i f i e d  i n  o r d e r  t o  r e p r e s e n t  

t h es t r u c t u r a la n ds t r a t i g r a p h i cc o n f i g u r a t i o no ft h eb a s i n .T h r e eo ft h e  

fou rho r i zonsa recon t i ' nuoustothe  No. 1 well ,where a s i m i l a r l y  d e r i v e d  

syntheticseismogram was used. F igures  8, 9, and10are USGS s e i s m i cl i n e s  

807,813, and 802, respect ive ly ,whichweresurveyednearthewel ls  and t h a t  

d i sp laythesehor i zons .L ine  807 i s  a n o r t h - s o u t hp r o f i l et h r o u g ht h eS 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 la t  CDP ga ther  

1004. L i n e  802 i s  a n o r t h - s o u t hp r o f i l et h r o u g ht h e  S t .  Lawrencesubbasin. 

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 ther  2240. L i n e  

813 i s  an e a s t - w e s tp r o f i l ea c r o s st h eS t u a r ts u b b a s i n ,t h e  Yukon ho rs t ,  and 

t h e  S t .  Lawrencesubbasin. The l i n e  p r o f i l e s  w i t h i n  4 m i l e so ft h e  No. 2 

we l l  and w i t h i n1 6m i l e so ft h e  No. 1 w e l l  a t  CDP gathers1740and 120, 

respec t i ve l y .F igu re  11 d i s p l a y st h et i m e - s t r a t i g r a p h i c  column o ft h e  No. 2 

wel lbased on d e s c r i b e di nt h eP a l e o n t o l o g y  and B i o s t r a t i g r a p h ys e c t i o no f  

t h i sr e p o r t .  
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Hor izon A o c c u r s  a t  3.57 seconds o r  14,460 f e e t  i n  t h e  No. 2 w e l l ,  and 

a t  3.10 seconds o r  12,550 f e e t  i n  t h e  No. 1 we l l .  The h o r i z o ni sc h a r a c t e r i z e d  

byla rgeamp l i t ude ,lowf requencyre f l ec t i onstha ta remos t l yd i scon t inuous .  

Below t h e  h o r i z o n  t h e r e  a r e  f e w  a r e a s  i n  t h e  b a s i n  where r e f l e c t i o n s  o c c u r .  

Above t h eh o r i z o nt h er e f l e c t i o n sd i s p l a y  an on lapre la t i onsh ip .  The ho r i zon  

represents  an unconformi tytha tsepara testhebaseofthebas in  fill f r o mt h e  

underlyingmetamorphic basement rock.Horizon A i sc o r r e l a t e d  between t h e  

w e l l s  and d i sp laysma jo rs t ruc tu ra lde fo rma t iono f  an e a r l y  T e r t i a r y  t o  l a t e  

Mesozoiceros ionalsur face.Thisdeformat ionin i t ia tedthesubsidenceofthe 

S t .  LawrenceandStuartsubbasins.Duringthesubsidence, and t h e i r  commn 

bo rde r ,thenor th -sou tht rend ing  Yukon ho rs 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 gd e l i n e a t e st h es t r u c t u r a ld e p r e s s i o n sw i t h i n  

thesubbasins,andthe Yukon hors t .  Some o f  t h e s e  f a u l t s  were a c t i v e  i n t o  t h e  
~~ 

P le is tocene andprobablytheHolocene (Hoose, S t e f f y ,  andLybeck,1981). 

w i t h  o f  o f f s e t~~ 	 Normal f a u l t s  d i s p l a c e m e n t so v e r  4500 f e e t  h o r i z o n  A. Downwarping 

o ft h eh o r i z o na l l o w e do v e r  14,000 fee to fsed imen ta ry  fill t o  accumulate i n  

theStuar tsubbasin.  

Hor izon B-1 o c c u r sa t  3.12 seconds o r  12,700 f e e t  i n  t h e  No. 2 we l l .  The 

- h o r i z o ni s  ampl i tude,f requency Therec h a r a c t e r i z e d  by large low ref lect ions.  

a r e  f e w  r e f l e c t i o n s  j u s t  b e l o w  t h e  h o r i z o n ,  and thosetha tdooccurhavevar iab le  

ampl i tudeandarediscont inuous.Thishor izon i s  an apparentunconformable 

s u r f a c et h a to n l a p sh o r i z o n  A a t  s t r u c t u r a l  h i g h s  and re f lec tssyndepos i t io r -a1  

subsidenceandfaul t ing.Hor izon B-1 i sn e i z h e rc o n t i n u o u st h r o u g h o u tt h eS t u a r t  

s u b b a s i nn o rc o r r e l a t e dt o  any s p e c i f i c  h o r i z o n  i n  t h e  No. 1 well .  A t  t h e  No. 
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2 w e l l ,  t h e  h o r i z o n  d e f i n e s  t h e  t o p  o f  a n  Eocenecoal-sandstonesequencethat 

i s  bounded a t  t h e  b o t t o m  b y  h o r i z o n  A. 

Hor izon C occursa t  2.33 seconds o r  8,500 f e e t  i n  t h e  No. 2 wel l ,and a t  

2.41 seconds o r  8,620 f e e t  i n  t h e  No. 1 we l l .  I n  t h i sS t u a r ts u b b a s i n ,t h i s  

h o r i z o n  i s  t h e  boundarybetween a deeperzone o fsma l le ramp l i t ude ,d i scon t inuous  

r e f l e c t i o n s  and a sha l lower  zone o f  l a r g e r  a m p l i t u d e ,  c o n t i n u o u s  r e f l e c t i o n s .  

Bo thzoneso fre f l ec t i onsa recon fo rmab letohor i zon  C i n  t h e  b a s i n  and t h i n  

towardss t ruc tu ra lh ighs  where t h el o w e r  zone on lapshor izons  5-1and A. 

Hor izon C i s  con t inuousthroughoutthebas in  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 nt h e  St .  Lawrencesubbasin,thehorizon i s  n o t  as 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.Boththe deepand sha l low zones o f  r e f l e c t i o n s  i n  t h e  

S t .  Lawrencesubbasinare more d iscont inuous  andhavesmaller andmore v a r i a b l e  

a m p l i t u d e st h a nt h e i re q u i v a l e n t si nt h eS t u a r ts u b b a s i n .T h r o u g h o u tt h e  

bas in ,thehor izon  shows syndepos i t iona lwarp ingandfau l t ing  and p inchesout  

a t  some s t r u c t u r a lh i g h s ,i n c l u d i n gt h e  Yukon hors t .  A t  t h e  No. 1 w e l lt h e  

h o r i z o nc o r r e l a t e sw i t h  a s h e l f a lm a r i n e  mudstone,shale,andinterbedded 

sandstone sequence. A t  t h e  No. 2 w e l lt h i sh o r i z o n  i s  c o r r e l a t e dt ot h eb o u n d a r y  

betweenan over ly ingmarinesandstoneand an under ly ingcoal -sandstone sequence. 
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Hor izon D o c c u r sa t  1.18 seconds o r  3,490 f e e t  i n  t h e  No. 2 we l l ,  and 

~ ~~ 	 1.42 seconds o r  4,490 f e e ti nt h e  No. 1 we l l .Th roughou tthebas inth i sho r i zon  

separates a deeperzone o fl a rgeamp l i t ude ,h ighf requency ,con t inuousre f l ec t i ons  

f rom a sha l lower  zone o fsmal lampl i tude,d iscont inuousre f lec t ions .  The 

h o r i z o n  i s  a conformablesur facethroughoutthebasin and i s  c o r r e l a t i v e  w i t h  

a la teOl igocenecoal -sandstone sequence. The h o r i z o n  i s  commonly o f f s e tb y  

normal f a u l t s  t h a t  a r e  y o u n g e r  t h a n  h o r i z o n  C. 

Ve loc i t y  Ana lys 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-depthcurvewerecalcu lated 

( f i gs .12  a n d1 3 )u s i n gt h ei n t e r v a l - t r a n s i t - t i m el o go ft h e  No. 2 well. A 

comparison i s  made be tweentheseands imi la rve loc i t ies  and a t ime-depthcurve 

~ ~~ t h a t  were c a l c u l a t e df r o mn e a r b ys e i s m i cr e f l e c t i o nd a t a .I nf l a t - l y i n gp a r a l 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  f r o m  a son iclogarecomparab leto  

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 

F i g u r ed i s p l a y sc o m p a r i s o n .  v e l o c i t i e s~~ 	 t r a c e s .  1 2  t h i s  S t a c k i n g  f o r  USGS 

l i n e s  813and874 t h a t  wereshotwi th in  5 m i l e s  o f  t h e  w e l l  were p i cked  and 

averaged. Down t o  1.75 seconds o r  6,000 f e e t ,t h et w ot y p e so fv e l o c i t i e sa r e  

i n  goodagreement.Below 1.75 seconds, t h es t a c k i n gv 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 rt h a nt h e  RMS ve loc i t i es .Ans tey(1977)po in tedou ttha ts tack ingve loc i t i es  

ve loc i t y  m igh t  ag ree  o f-	 and bo reho le  f i nd ings  no t  becausegeomet r i c  and nongeometric 

d i f f e r e n c e si nt h ed a t ac o l l e c t i o n  methods. I n  t h i s  case, t h ed i f f e r e n c e  

- below 1.75 seconds i sp a r t i a l l ye x p l a i n e db yd i p p i n gr 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  25" arepresentwhere some o f  t h e  v e l o c i t y  s p e c t r a  w e r e  
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displayed.Also, a t  2.94 seconds o r  12,500 f e e t ,t h e  RMS v e l o c i t yc u r v e  becomes 


c o n s t a n ta t  8800 t o  8850feet/seconds.This i s  approximatelywherehor izon 


B-1 i s  l oca ted ,wh ichde f inesthetopo f  a coal-sandstone sequence.The low­ 


d e n s i t yc o a l s  andinterbeddedgaseoussandstonesreducedtheintervalveloci t ies 


o f  t h i s  sequence. T h e r e f o r e ,t h i s  sequencehas lower  RMS v e l o c i t i e s .  


A f t e r  a d j u s t i n g  t h e  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-depthcurvewerecalcu lated( f ig .14) .  Down t o  9200 f e e t ,t h e s ei 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 ththoseca lcu la tedf romson icda ta( f i g .13 ) .  

Be low9200fee t ,t hein te rva lve loc i t i esde r i ved  from s e i s m i c  r e f l e c t i o n  d a t a  

a recons is ten t l yh ighe rthanthoseder i vedf romson icda ta .Th isd i f f e rence  

i n  i n t e r v a l  v e l o c i t i e s  causes a divergence i n  t h e i r  c o r r e s p o n d i n g  t i m e - d e p t h  

curves( f ig .15) .  The d i f f e r e n c ei sp r o b a b l y  due t o  geometric and nongeometric 

d i f f e r e n c e s  i n  d a t a  c o l l e c t i o n  methods. 

F igure16 i s  a compar isonofthet ime-depthcurvesder ived  from seismic 

r e f l e c t i o nd a t ac o l l e c t e dn e a rt h ew e l l s .  Down t o  5,000 f e e tt h ec u r v e sa r e  

i n  goodagreement.Below 5,000 f e e t ,t h e  No. 2 w e l ld i s p l a y s  a s teepert ime­

depthcurve.Thesehigherveloc i t iesareprobably  due t o  l i t h o l 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  between 5,000 and 10,000 f e e t .  I n  t h i s  i n t e r v a l  t h e  No. 2 w e l l  

penet ra ted  a coal-sandstonesequence t h a t  has a h i g h e r  a v e r a g e  i n t e r v a l  v e l o c i t y  

thanthemarinesedimentsfound i n  t h e  No. 1 we l l .  From 10,000 t o  about 

12,550 f e e t ,t h ei n t e r v a lv e l o c i t i e sa r ea p p r o x i m a t e l yt h e  same. Below12,550 

f e e t ,t h e  No. 1 w e l l  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  anacousticbasementofmetamorphic 

rock,whereasthe No. 2 w e l l  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  a r e l a t i v e l yl o w e r  
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-
ve loc i t ycoa l - sands tone  sequence down t o  a d e p t ho f  14,460 fee t .  Below 14,460 

f e e tt h ei n t e r v a lv e l o c i t i e sr e f l e c tt h em e t a m o r p h i cr o c ko fa c o u s t i c  basement. 
-

Therefore,anyt ime-depthconvers ionsshouldconsiderthel i tho log icd i f ferences 

i nt h ew e l l sb e l o w  5,000 feet .  The d i f f e r e n c e sp r o b a b l yr e f l e c tt h ei n d i v i d u a l  

subbas inh is to r ies .  Below 5000 f e e tv e l o c i t yv a r i a t i o n sw i t h i ne a c hs u b b a s i n  
-

probably  will notbeasgreatasveloc i tyvar ia t ionsbetweenthesubbasins.  
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PALEONTOLOGY AND BIOSTRATIGRAPHY 


by 

Ronald F. Turner 

P a l e o e c o l o g i c  a n d  b i o s t r a t i g r a p h i c  d e t e r m i n a t i o n s  i n  t h e  ARC0 Norton Sound 

COST No. 2 Wel la rebasedondeta i ledana lysesofmic ro foss i lassemblages  

c o n t a i n i n g  F o r a m i n i f e r a ,  s i l i c o f l a g e l l a t e s  anddiatoms,calcareousnannoplankton, 

andmarine and t e r r e s t r i a l  palynomorphs.Rotary d r i l l  b i t  c u t t i n g s  wereexamined 

a t  3 0 - f o o t  i n t e r v a l s  f r o m  t h e  f i r s t  sample a t  450 f e e t  t o  t h e  t o t a l  d e p t h  o f  

14,889 feet .Dataf romconvent ional  and s idewal lcoreswerea lso  examined 

and u t i l i z e d .I na d d i t i o n ,s l i d e s ,p r o c e s s e d  samples,andreportspreparedfor 

t h ep a r t i c i p a n t sb yc o n s u l t a n t s( B i o s t r a t i g r a p h i c s ,  1982)wereexamined, 

i n t e r p r e t e d ,  and in teg ra tedin toth i srepo r t .D isc repanc iesbe tweenMine ra l s  

Management Serv 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  t o p s ,  f o r  t h e  most p a r t  c a n  b e  a t t r i b u t e d  t o  sample conten t  

v a r i a t i o n s  and d i f f e r e n c e si n  samplepreparat iontechniques.Foramini feral  

a n a l y s i s ,  i n t e r p r e t a t i o n ,  and syn thes i so fo the rda tawere  done bytheauthor .  

S i l i c e o u s  m i c r o f o s s i l  a n a l y s i s  was donebyDonald L. Olson. 

-

S t r a t aa r ed i s c u s s e di nt h eo r d e rt h a tt h e yw e r ep e n e t r a t e d .  The 

_ _  b i o s t r a t i g r a p h i c  d e l i n e a t e d  o f  de r i vedu n i t s  r e p r e s e n t  a syn thes i sda ta  f rom 

v a r i o u ss u b d i s c i p l i n e st h a td on o ta g r e ei ne v e r yp a r t i c u l a r .  Sample depths 
I 


may d i s a g r e es l i g h t l yw i t h  measureddepths.Fol lowingconvent ion,fossi l  
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occur rencesarel i s tedash ighes t  and l o w e s tr a t h e rt h a nt h ep o t e n t i a l l y  

c o n f u s i n g  f i r s t  and las t .Dataobta inedf romcoresareg iven somewhat more 

we igh tthanthosef romcu t t i ngs .Cor re la t i onw i ththeo the rNor ton  Sound 

COST w e l l  i s  d i s c u s s e d  a t  t h e  c o n c l u s i o n  o f  t h i s  r e p o r t .  

Paleoenvironmentaldeterminationsarebased on t h e  e n t i r e  and macro foss i l  

m i c r o f o s s i ls u i t e s .P a l e o c l i m a t o l o g i c a li n t e r p r e t a t i o n sa r eb a s e d  on spore 

and p o l l e n  assemblages and, t o  a l esse rex ten t ,ond ia toms ,s i l i co f l age l l a tes ,  

and Fo ramin i fe ra .F luv ia l ,l acus t r i ne ,  and pa luda lenv i ronmen tsa rec lass i f i ed  

ascont inenta l  o r  nonmarine. Trans i t ionalenv i ronmentsarebrack ishestuar ies,  

marshes,and hypersa l i ne  and hyposalinelagoons.Forsedimentsdeposited i n  

marineenvironments,thepaleoenvironment i s  expressed i n  terms ofbathymetry .  
~~ 

Pa leobathymetr icdeterminat ionsarepr imar i lybased on f o r a m i n i f e r a l  c r i t e r i a ,  

~ ~. b u td i n o f l a g e l l a t e s  and other organisms echinoids,marine such as bryozoans, 

ophuro ids ,andc i r r i pedsa rea lsou t i l i zed .  The marineenvironment 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 - 6 0f e e t ) ,m i d d l en e r i t i c( 6 0 - 3 0 0f e e t ) ,o u t e r n e r i t i c  

(300-600 feet) ,andupperbathyal(600-1500feet) .  
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P1e i  stocene 

The i n t e r v a l  f r o m  450 t o  1320 f e e t  i s  c o n s i d e r e d  t o  b e  P l e i s t o c e n e  i n  age 

on t h eb a s i so f  a fo ramin i fe ra lfaunacharac ter izedbyElph id iumc lavatum,  

E l p h i d i u mb a r t l e t t i ,P r o t o e l p h i d i u mo r b i c u l a r e ,E l p h i d i e l l ag o r b u n o v i ,  Elphidiella 

oregonense, E l p h i d i e l l ah a n n a i ,B u c c e l l af r i g i d a ,  and Quinquelcu l inaakner iana.  

Rare,poor lypreserved and brokenostracodesassignable t o  Paracypr ide is  

pseudopunct i l la ta ,"Acanthocy there is "dune lmens is ,andRab i l im issepten t r iona l i s  

s u b s t a n t i a t e  a P le is tocene age. 

The diatomassemblage i s  q u i t e  sparse,butthepresenceofMelos i rasulcata 
~~ 

t o  some degreesupports a P le is tocene age. Sporesand po l l ena rea lsora re ,bu t  

assemblage composed o f  Sphagnumsporites spp., A l n i p o l l e n i t e s  sp., and~~ an Betulaceae 

andCompositae(Helianthustype) i sc o n s i s t e n tw i t h  a P le is tocene age. No 
~­

ca lcareousnannop lank tonorrad io la r ians  wererecovered i n  t h i s  i n t e r v a l .  

Environment 

The m i c r o f o s s i l  assemblage ind ica testha tthePle is tocenesed imentswere  

deposi ted i nc o l dw a t e ra ti n n e rn e r i t i cd e p t h s  (0-60 f e e t ) .S a l i n i t yv a r i e d  

from normalmarine t ob r a c k i s h .-

41 




P1 iocene 

The i n t e r v a l  f r o m  1320 t o  2580 f e e t  i s  h e r e  c o n s i d e r e d  t o  r e p r e s e n t  t h e  

P l i o c e n es e c t i o no ft h ew e l l .  The b i o s t r a t i g r a p h i cs i l i c e o u sm i c r o f o s s i l  

zona t ionu t i l i zedherea f te rfo l l owstha to fKo izumi(1973) ,Sch rader(1973)  and 

Barron(1980). The P l i o c e n es e c t i o nc a nb eo n l yp r o v i s i o n a l l yf u r t h e rs u b d i v i d e d  

~~ owing t ot h ep o o r l y  known b i o s t r a t i g r a p h yo ft h ea r e a  and compl icat ionscaused 

byex tens iverework ing  anddownholecontamination. 

The l a t e  P l i o c e n e ,  1320 t o  1846feet,  i s  d e f i n e d  b y  t h eh i g h e s to c c u r r e n c e s  

o fthed ia tomsCosc inod iscusmarg ina tusfoss i l i s ,Cosc inod iscuspus tu la tus ,  

horr idus,Thalassiosira Rare of~ Stephanopyxis and zabel inae. specimens 

Dent icu lops iskamtschat icarecoveredfrom a s i d e w a l l  c o r e  a t  1846 f e e t  mark 

t o pt h e  P l i o c e n e .  The b a s et h i s  i s~~ t h e  o f  m i d d l e  o f  i n t e r v a lt e n t a t i v e l y  

p l a c e d  a t  2228 f e e t  on thebas iso ftheh ighes toccu r renceo ftheear l yP l i ocene  
-

formsCosmiodiscusinsignisandThalassiosirapunctata.  The e a r l yP l i o c e n e  

~~ sec t ion ,  2228 t o  2580 f e e t ,i s  based on the  occu r rencestheh ighes t  o f  a fo re ­

mentioneddiatomspeciesand anassemblage character izedbyCoscinodiscus 

~~ . temperei and t h es i l i c o f l a g e l l a t eE b r i o p s i sa n t i q u a .  

The t e r r e s t r i a l  p a l y n o f l o r a  c o n t a i n s  r e l a t i v e l y  abundantspecimens o f  

A l n i p o l l e n i t e s  sp., Osmundacites sp., and ra retof requen tBe tu laceae ,  

Polypodiaceae,Polemoniaceae,Compositae,andMalvaceae. 
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The marine component o f  t h e  p a l y n o f l o r a  i n c l u d e s  t h e  d i n o f l a g e l l a t e s  L e j u n i a  

spp., S p i n i f e r i t e s  spp., andCannosphaeropsis a f f .  5. sp. A Wil l iams and 

Br ideaux 1975.The h ighes toccu r renceo fthela t te rspec ies ,  2310 f e e t ,  i s  

cons idered a poss ib leMiocenemarkerbytheconsul tants  on t h e  b a s i s  o f  t h e  

occurrenceofCannosphaeropsis sp. A i n  t h e  Miocene o f  eas tern  Canada. 

The c o n s u l t a n t s  a l s o  i d e n t i f y  a Tasmanaceae zonulebetween 2040 and2670 f e e t  

t h a t  t h e y  c o n s i d e r  t o  b e  P l i o c e n e  t o  M i o c e n e  i n  age. 

The f o r a m i n i f e r a lf a u n ac o n t a i n sa l lo ft h es p e c i e sp r e s e n ti nt h e  

PleistocenesectionaswellasPseudopolymorphina sp., Den ta l i na  sp., 

Qu inque locu l ina  seminulum,Globobulimina sp., E l p h i d i e l l a  s i b i r i c a ,  E l p h i d i e l l a  

~~ c f  -E. brunescens,Elphidiumincertum,Cassidul inacf .  -C. m inu ta ,Pu l len ia  sp., 

and Oo l ina  melo. 
.~ 

Environment 

D e p o s i t i o n  t o o k  p l a c e  a t  i n n e r  n e r i t i c  d e p t h s  i n  a co ldwaterenv i ronment  

c h a r a c t e r i z e db yf l u c t u a t i n gs a l i n i t i e s .  The chei lostomebryozoanfragments 
-

recoveredinc ludebothencrus t ing  and erec tco lon ies .  The presenceof  

c e l l a r i i f o r m  and c a t e n i c e l l i f o r m  z o a r i a l  t y p e s  ( e r e c t  w i t h  f l e x i b l e  i n t e r n o d e s )-
suggests a depos i t iona lenv i ronmentcharac ter izedbymodera te lys t rongcur ren ts  

and a re la t i ve lyh ighsed imenta t ionra te .S t rong lys tenoha l ineformssuchas 

ech ino ids  and ophuro idsarepresentth roughoutthein te rva l ,bu tarene i ther  
-

d ive rse  no r  numerous. 
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Miocene 

The i n t e r v a lf r o m  2580 t o  3524 f e e t  i s  Miocene i n  age. The s e c t i o n  i s  

s u b d i v i d e d  i n t o  l a t e  and ear lyMiocene 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  

assemblages. The l a t e  Miocene,2580 t o  3120 f e e t ,  i s  basedonthelowest 

occu r rence  o f  Tha lass ios i ra  zabe l i nae  and thehighestoccurrencesofRhaphoneis 

s u r i r e l l a  andGoniothecumtenueassociatedwithCoscinodiscusvetustissimus, 

and Coscinodiscustemperei. No i n  s i t u  m i d d l e  Mioceneformsarepresent and 
~~~ 

it i s  p o s s i b l e  t h a t  t h i s  time i s  representedby a h ia tus .  The e a r l y  Miocene, 

3120 t o  3524 f e e t ,  i s  c h a r a c t e r i z e d  b y  T h a l a s s i o t h r i x  l o n g i s s i m a ,  Rhaphoneis 

miocenica, Rhaphoneis cf. -R. f o s s i l i s ,  and Act inocyclus ingens. 

The spore-pollenassemblage i s  q u i t e  s i m i l a r  t o  t h a t  i d e n t i f i e d  i n  t h e  

ove r l y ingP l iocenesec t i on .  The d i n o f l a g e l l a t e  assemblagecontainsLejunia 

~ p a r a t e n e l l a ,  c i n g u l a t u s ,L e j u n i a  spp., S p i n i f e r i t e s  S p i n i f e r i t e s  ramosus, 

Tuberculodinium vancampoe, andHystr ichosphaeropsis sp. The d i n o c y s ts t r a t i g r a p h y  
.~­

suppor t stha tde r i ved  from diatoms and s i l i c o f l a g e l l a t e s .  

The f o r a m i n i f e r a l  assemblage i s  s i m i l a r  t o  t h e  E l p h i d i u m - E l p h i d i e l l a  

dominatedfaunasseenhigher i n  t h e  w e l l  and c o n t a i n s  a l l  o f  t h e  same species. 

New taxa  i nc lude  Cr ib roe lph id ium crassum, Qu inque locu l i na  sacha l i n i ca ,  Den ta l i na  
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a f f .  -D.  n a s u t a ,  E l p h i d i e l l a  s i m p l e x ,  E l p h i d i e l l a  k a t a n g l i e n s i s ,  P s e u d o g l a n d u l i n a  


sp., Pseudoglandul inaaff .  E. n a l l p e e n s i s ,E l l i p s o g l a n d u l i n ac f .  E. subobesa, 


Sigmo ide l l apac i f i ca ,  and P o r o s o r o t a l i ac l a r k i .T h i s  assemblage,hereconsidered 


t o  r e p r e s e n t  m i d d l e  t o  e a r l y  Miocene, i sbes tdeve lopedf rom 3200 t o  3540 


f ee t .Spec iessuchasE lph id ie l l aka tang l i ens i s ,Po roso ro ta l i ac la rk i ,and  


Quinque locu l inasacha l in icaweredescr ibedf romdepos i tso fsupposedla te  


Miocene ageon Sakha l inIs land,  U.S.S.R. (Voloshinova,andothers,1970). 


Subsequent s t ra t i g raph icrev i s ions(Serova ,  1976;Gladenkov,1977; Menner, and 


others ,1977)p lacetheses t ra ta  i n  themiddleMiocene,and it i s  q u i t e  p o s s i b l e  


t h a tt h e y  may p rovetobeo lde r .Severa lo fthespec iesappeartorangeth rough  


t heO l igocenesec t i on  and may e x t e n d  i n t o  t h e  Eoceneas we l l .  


Environment 


The l a t e  Miocene i n t e r v a l  was d e p o s i t e d  i n  i n n e r  t o  m i d d l e  n e r i t i c  d e p t h s  

(0-300 f e e t )  i n  a c o l dc l i m a t e .  The ea r l yM iocenein te rva lrep resen ts  a 

s h a l l o w e r  ( i n n e r  n e r i t i c )  andwarmerenvironment(warm-temperate t o  s u b t r o p i c a l ) .  

01 igocene 

The i n t e r v a l  from 3524 t o  10,160 f e e t  i s  c o n s i d e r e d  t o  beOligocene i n  

age. The p a l y n o f l o r a so v e rt h i si n t e r v a la r ea b u n d a n t ,d i v e r s e ,  and r e l a t i v e l y  

d iagnos t ic .  The uppermostcoa l -bear ingpor t ionofthe  sequence,3524 t o  3930 

f e e t ,  i s  c h a r a c t e r i z e d  byanassemblage composed o f  A l n i p o l l e n i t e s  sp., 

Be tu laceae,andraretof requentU lmipo l len i tes  sp., P te roca ryapo l l en i tes  sp., 
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and Momipites sp. From3930 t o  6520 f e e t ,t h es p o r e - p o l l e n  and d inocys t  

assemblagesare much more d i ve rse  andage d i a g n o s t i c .A d d i t i o n a lt e r r e s t r i a l  

palynomorphsinclude common Caryapo l l en i tes  sp., Jug lanspo l l en i tes  sp., 

T i l i a e p o l l e n i t e s  sp., and lessabundantspecimens o fF a g u s p o l l e n i t e s  sp., 

I l e x p o l l e n i t e s  sp., andLiquidamberpol len i tes sp. The dinocystassemblage 

con ta ins  Tenua c f .  -T. deco ra ta ,  D is ta tod in ium e l l i p t i cum,  De f land rea  sp., and 

Para lecan ice l laindenta ta .Funga lpa lynomorphs ,par t i cu la r lyspec ies  o f  

S t r i a d i p o r i t e s ,  a r e  an i nc reas ing l yimpor tan tf l o ra le lemen tbe low 7900 fee t .  

The consu l tan tssuggesttha t  some ofthefungaltaxarecoveredbelow 9,300 

f e e t  may have Eocene a f f i n i t i e s .  

Calcareousnannoplanktonarerepresented i n  t h e  w e l l  by a s ing le ,incomple te  

p l a c o l i t ho fC o c c o l i t h u sp e l a g i c u sf r o m  7250-7340 fee t .  A morpho log ica lana lys is  

o f  t h e  specimensuggests t h a t  i t  i .so lderthan Miocene. 

.~ 

The f o r a m i n i f e r a l  a s s e m b l a g ec o n t a i n sE l p h i d i e l l ak a t a n g l i e n s i s ,E l p h i d i e l l a  

c f  -E. p r o b l e m a t i c a ,  E l p h i d i e l l a  c f .  -E. t e n e r a ,  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 ,  

C r ib roe lph id ium c f .  -C. crassum, Cr ib roe lph id ium c f .  -C. vu lgare,  Buccel la  
~~ 

m a n s f i e l d i ,P o r o s o r o t a l i ac l a r k i ,R o t a l i aj a p o n i c a ,R o t a l i aj a p o n i c av a r i a n t a ,  

~ ~~ Qu inque locu l i na  sp., Mi l iamnia Bul iminel la  Caucasinafusca,  cur ta ,  eocenica 

kamchatica,Caucasinabullata,Caucasinaschwageri, Reophax spp., P l e c t i n a  sp., 

Haplophragmoides spp., Cyclammina c f .  -C. p a c i f i c a ,  Sigmomorphina suspecta, 

S i g m o i d e l l ap a c i i i c a ,P s e u d o g l a n d u l i n ai n f l a t a ,M a r t i n o t t i e l l a  sp., 

w i l l i a m s o n i ,  T r i c h y o h y a l u s  b a r t l e t t i ,  Saccamnina sp., andPsamnosphaera carnata. 
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Shal lowwaterfo rmssuchasElph id ie l laka tang l iens isandPorosoro ta l ia  

c la rk idomina teove r  much oftheinterva l .Shel fformssuchasCaucasina and 

deeperwaterformssuch as Cyclamninaare f a r  l e s s  common. The Caucasina 

~~ eocenicakamchatica Zone i sr e s t r i c t e dt ot h el a t e  Eocene i nt h e  U.S.S.R. and 

definestheEocene-Oligoceneboundaryonthe Kamchatkaand I lpenskypen insu las  

(Serova,1976).However, thesevera lspec ieso fCaucas inarecoveredf romthe 

Norton Sound No. 2 wel lrangewel lupintotheOl igocene.  
~~ 

Environment 

The c l i m a t e  o f  t h e  O l i g o c e n e  was s u b t r o p i c a l  t o  warm-temperateand t h e  

ba thymet ryf luc tua tedf romas deepas p o s s i b l e  o u t e r  n e r i t i c  t o  c o n t i n e n t a l .  

Two coa lsec t i onsa rep resen tintheupperpa r to fthesec t i on ,  3424 t o  3930 

f e e t  and4250 t o  4440 fee t .  These c o n t i n e n t a lt ot r a n s i t i o n a li n t e r v a l sb r a c k e t  

a n  i n n e r  n e r i t i c  ( 0 - 6 0  f e e t )  s e c t i o n  c o n t a i n i n g  s h a l l o w  w a t e r  f o r a m i n i f e r s  

t h a ta r e  common inhyposa l i neenv i ronmen ts .Inne rtom idd lene r i t i c(0 -300  

f e e t )c o n d i t i o n sp r e v a i l e df r o m4 4 4 0t o  5150 f e e t .M i d d l et oo u t e rn e r i t i c  

(60-600 f e e t )c o n d i t i o n so b t a i n e df r o m  5150 t o  6770 fee t .Poss ib leouter  

n e r i t i c  (300-600 fee t )depos i t iona ldepthsaresuggestedbytheForamin i fe ra  

recoveredbetween6290and 6770 fee t .A l thoughrare ,iso la tedspec imensof  
~. 

Cyclammina c f .  -C. p a c i f i c a  and M a r t i n o t t i e l l a  sp. a re  p resen t ,  t hey  a re  no t  

~~ a s s o c i a t e d  faunal shal loww i t h  a t r u e  deep water assemblage. The dominant ly  

waterfauna and t h ep r e s e n c eo ft h i nc o a l  seams suggesttha tou tershe l f ,upper  

~~ s lopedepos i t iona ldepthswerenotob ta ineddur ingth ist ransgress ion .  Below 

6770 fee t ,t heenv i ronmen ti scha rac te r i zedby  numerous f l u c t u a t i o n s  f r o m  
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con t inen ta l  and t r a n s i t i o n a lt op o s s i b l ei n n e rn e r i t i c .O v e r a l l ,t h ei n t e r v a l  


from6770 t o  10,160 feetappearstorepresentthebayandmarshdeposi tsof  a 


t rans i t iona lenv i ronment .Thereare  numerous t h i nc o a l  seams aswel l  as coal  


beds g r e a t e r  t h a n  1 0  f e e t  t h i c k .  


Eocene 

The i n t e r v a lf r o m  10,160 t o  12,700 f e e t  i s  Eocene i n  age. A s u i t eo f  

d i s t i n c t i v e  and d iagnos t i cfunga lpa lynomorphs ,i nc lud ingS t r i ad ipo r i t es  sp., 

C tenospor i t eswo l fe i ,O ice l l aespor i t es  sp. A Rouse1977, andPesavistagluensis,  

i s  p resen t .Pub l i shedrangesind i ca tetha tthesespec iesgenera l l yoccu rea r l i e r  

i n  t h e  Canadian A r c t i ct h a ni n  B r i t i s h  Columbia.Presumably, theranges i n  

t h eN o r t o n  Sound areaare  somewhat in termediate.  On t h eb a s i s  o f  fungal  

palynomorphranges,theintervalabove 11,960 f e e t  i s  no o l d e r  t h a n  e a r l y  t o  

midd le  Eoceneand may b e  l a t e  Eocene i n  age. The spore-pol lenassemblage i s  

e s s e n t i a l l yt h e  same as tha tintheover ly ingOl igocene.Mar inepa lynomorphs  

a r e  r a r e  and mostareprobablycaved. 

F o r a m i n i f e r a  a r e  q u i t e  s p a r s e  o v e r  t h i s  e n t i r e  i n t e r v a l  andoccurmost 

f requent lybetween 10,160 and 12,000 feet .  Many areprobablycavedfromuphole.  

Theassemblage con ta insra respec imenso fPoroso ro ta l i ac la rk i ,E lph id ium 

spp., E l p h i d i e l l a  k a t a n g l i e n s i s ,  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 ,  Psamnospahaera 

c f .  -P. carnata,  Saccamina s p . ,  Amnodiscus sp., Loxostomum sp., and fragmentary 
.­

polymorphinids.  
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~~ 

A dermalscutefrom a j u v e n i l es t u r g e o n  was r e c o v e r e df r o mc u t t i n g sa t  

Comparisons mater ia l  i n  f o s s i l  o f~~ 10,160-170 feet.  wi th t h e  c o l l e c t i o n st h e  

U n i v e r s i t y  o f  C a l i f o r n i a  a t  B e r k e l e y  i n d i c a t e  t h a t  i t  i s  a speciesofAcipenser  

- t h a t  has a f f i n i t i e s  w i t h  an unnamed s p e c i e s  f r o m  t h e  e a r l y  T e r t i a r y  o f  Montana 

(P. McClel lan,personalcommunication). 

Environment 

~ TheEocene deposi t ionalenv i ronmentsf luctuatedbetweencont inenta l  

( p r e d o m i n a n t l yf l u v i a la n dp a l u d a l ) ,t r a n s i t i o n a l  (marshes,bays,and e s t u a r i e s )  

and inne rne r i t i c .Depos i t i ona lenv i ronmen tsintheupperpa r to fthesec t i on  

(10,160-12,000 f e e t )  may haveoccasional lybeenas deepas m i d d l e  n e r i t i c  

(0-300 fee t ) .Th i ckcoa l  beds arenotpresent  above12,700 fee t .  The presenceof 

e u r y h a l i n eF o r a m i n i f e r aa s s o c i a t e dw i t ht e r r e s t r i a lp o l l e n  andfungalpalynormorphs, 

pelecypodshards,sturgeonscutes,andscatteredcoalsuggests a t r a n s i t i o n a l  

environment.Al thoughsturgeonare anadromous, t h ej u v e n i l e s  commonly i n h a b i t  

~~ s l oughs  r i ve r  mouths. The i n t e r v a lnea r  f r o m  12,000 t o  12,700 f e e t  i s  dominant ly  

c o n t i n e n t a li na s p e c t .  The c l i m a t ei nt h e  Eocene was t r o p i c a lt os u b t r o p i c a l .  

Eocene o r  O l d e r  
~~~ 

- The i n t e r v a l  i s  Eocene older.f r o m  12,700 t o  14,460 f e e t  or Palynomorph 

r e c o v e r y  f r o m  c u t t i n g s  i s  p o o r  i n  t h i s  p a r t  o f  t h e  w e l l  and t h e  specimensare 

poor lypreserved.A l thoughgeochemica linves t iga t ionsind ica te  a zone of 

r e w o r k i n go r  a possibleunconformitybetween 11,960and 12,200 f e e t , t h e  
-

u n c o n f o r m i t y  i s  p l a c e d  a t  12,700 f e e t  on t h e  b a s i s  o f  l i t h o l o g i c  anddipmeter 

-	 c r i t e r i a .  
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Eocene fungalpalynomorphswererecoveredfromsidewallcoresbutnotfrom 

convent ionalcores.Thisleaves open t h ep o s s i b i l i t yt h a tt h es i d e w a l lc o r e s  

may havesampledcontaminated mud cake. 

Environment 

The t h i c kc o a l  sequences i n d i c a t e  a cont inentalenvironment.  The pa leoc l imate  

was probably  no c o o l e r  t h a n  t h a t  o f  t h e  o v e r l y i n g  t r o p i c a l  Eocene sect ion.  

Metamorphic Basement 

The i n t e r v a l  f r o m  14,460 t o  14,889 f e e t  c o n s i s t s  o f  p h y l l i t e ,  q u a r t z i t e ,  

andmarblesimi l a r  t o  r o c k s  o f  p r o b a b l e  P a l e o z o i c  ageexposed on t h e  Seward 

Peninsula. No i n  s i t u  f o s s i l s  w e r er e c o v e r e d  f r o mt h i sp a r to f  t h ew e l l .  

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  N o r t o n  Sound COST No. 1 and No. 2 Wellscan 

b e  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 ly49naut ica lmi lesapar t  andweredeposited 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 tec ton ica l l yindependentsubbas ins( f ig .17) .Depos i t iona l  

env i ronmentsa lsod i f fe red .Thoseofthe  St .  Lawrencesubbasin,the 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 i l ethanthoseo ftheS tua r tsubbas in ,  

t h e  s i t e  o f  t h e  No. 2 wel l( f ig .19) .  However, s i m i l a r i t i e s  between thetwo  

w e l l s  a r e  more  p ronounced  than  d i f f e rences ,  pa r t i cu la r l y  i n  the  mar ine  sequences 
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SOUND NORTON  

Figure 17. Bios t ra t ig raph ic  Cor re la t ion  o f  Norton S o u n d  COST Wells 

SOUND NORTON 
NO. COST 1 WELL COST NO. 2 WELL 

0 - - 0
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~~~~ ~~ 

Figure 18. STRATIGRAPHICSUMMARY o f  NORTONSOUND COST No. I WELL 

Pleistocene 
180'- 1.320' 

Pliocene 
late 1,320'-1.808' 
middle 1,608'-2,327' 
early 2.327'-2,639' 

Miocene 
late 2.839'-3.464' 
early 3,484'-4.493' 

Oligocene 
4.493'- 9,690' 

Oligocene or older 
9.690'-12.235' 

Possible Eocene or older 
12.235'-12.545' 

Probable Paleozoic 
12.545'-14,683' 

PALEOBATHYMETRY 
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Figure IS .  STRATIGRAPHICSUMMARY o f  NORTONSOUND COST No. 2 W E L L  

PALEOBATHYMETRY 

Pleistocene 
450'-1,320' 

Pliocene 
late 1.320'-1.846' 
middle 1,846'-2228' 
early 2.228'-2,580' 

Miocene 
late 2.580'-3.120' 
early 3,120'-3.524' 

Oligocene 
3.524'-10.160' 

Eocene 
10,160'- 12.700' 

Eocene or older 
12.700*-14,460' 

4 5 0  

1.ooo 

2.000 

3.000 

4.000 

5.000 

8.000 

7.000 

8,000 

s.000 

10.000 

11.000 

12.000 

13.000 

14.000 

ProbablePaleozoic 
14,460'-14.889' TD 14,889'- metamorphic -
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seenabove 6800 f e e t  i n  both.Corre la t ionsare somewhat more d i f f i c u l t  below 

6800 f e e t  i n  t h a t  t h e  p r e d o m i n a n t l y  n o n m a r i n e  s t r a t a  o f  t h e  No. 2 we l l  must be 

compared w i t ht h ep r e d o m i n a n t l ys h e l f  and s l o p e  d e p o s i t s  o f  t h e  No. 1 we l l .  

W i t h  t h e  e x c e p t i o n  o f  t h e  Eoceneand o ldersec t ion ,wh ich  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 m e - e q u i v a l e n tu n i t sa r ea l s or o u g h l ye q u i v a l e n ti nt h i c k n e s s .  

Sedimentat ionrateswerenotca lcu latedbecauseofthetentat ivenature o f  some 

o ft h eb i o s t r a t i g r a p h i cb o u n d a r i e s .  

P1e i  s t o c e n e  

The f i r s t  sample i n  eachwel l  i s  P l e i s t o c e n e  i n  age, a l though i t  i s  almost 

c e r t a i nt h a t  a t h i n  Holocenesect ion was penetrated. Sample q u a l i t y  i s  poor. 

The baseo ftheP le i s tocene  was p l a c e da t1 3 2 0f e e ti nb o t hw e l l s .M i c r o f o s s i l  

assemblages, l i t h o l o g y ,  and depos i t i ona lenv i ronmen tsa reessen t ia l l yi den t i ca l .  

Shal lowseismicev idenceindicatesthatthere may be a s l i g h tu n c o n f o r m i t y  

between t h e  P l i o c e n e  and theP le i s tocene .  

P1iocene 

The t o p  o f  t h e  P l i o c e n e  i s  a t  1320 f e e t  i n  eachwel l ,thebaseat  2639 

f e e t  i n  t h e  No. 1 wel land 2580 f e e t  i n  t h e  No. 2 we l l .  The P l iocene was 

subd iv idedin toea r l y ,m idd le ,  and l a t e  i n  b o t hw e l l 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  assemblages,butthechaot icmixtureofreworkedandcavedforms 

renderssuchsubd iv i s ionten ta t i ve  and p r o v i s i o n a la tb e s t .I ng e n e r a l ,t h e  

m i c r o f o s s i l  assemblages i nb o t hw e l l sr e f l e c ts i m i l a rp a l e o e n v i r o n m e n t s .  
.. 
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Miocene 

The t o p  o f  t h e  Miocene i s  a t  2639 f e e t  i n  t h e  No. 1 w e l l  and a t  2580 f e e t  

i n  t h e  No. 2 we11. Thereappears t o  be a middleMiocenehiatus,perhaps a 

paraconformi ty ,present  i nb o t hw e l l s .T h i s" s u r f a c e "i sd e f i n e di nb o t hw e l l s  

by t h e  t o p  o f  t h e  e a r l y  Miocene,3464 f e e t  i n  t h e  No. 1 w e l l ,  and3120 f e e t  i n  

t h e  No. 2 we l l .  The base o ft h ee a r l y  Miocene i s  a t  4493 f e e t  i n  t h e  No. 1 

w e l l  and a t  3524 f e e t  i n  t h e  No. 2 w e l l .M i c r o f o s s i l  assemblagesand l 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 ,  t h o u g h  t h e r e  i s  some ev idence  tha tdepos i t i on  

was a t  s h a l l o w e r  d e p t h s  i n  t h e  No. 2 wel l .  

01igocene 

S t ra taass ignedtotheOl igocene  epochaccount f o r  r o u g h l y  h a l f  o f  t h e  

sedimentarysect ionpenetratedbythewel ls ,  5197 f e e t  i n  t h e  No. 1 w e l l ,  

6644 f e e t  i n  t h e  No. 2 w e l l .I nt h e  No. 1 wel ltheOl igocenesect ion(4493­

9690 f e e t )  i s  representeda lmosten t i re lybymar inedepos i t ion ,  much o f  i t  

o u t e rs h e l f  and upperslope. By way o fc o n t r a s t ,i nt h eO l i g o c e n es e c t i o no f  

t h e  No. 2 w e l l  (3524-10,160 fee t ) ,we l love rha l fo fthesed imen tsa recoa l ­

bear ing  andweredepositedundercontinental 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 smal l ,bu tpronounced,cont inenta ltot rans i t iona lenv i ronment  

p resen tnearthetopo ftheO l igocenesec t i oninthe  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  c o a l  bedsseen i n  t h e  No. 2 w e l l  a t  3524 t o  
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3930 f e e t  and a t  4250 t o  4440 fee t .  The mar inet ransg ress i vesec t i onf rom 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  u p p e r  

bathyalenvironments seen below8130 f e e t  i n  t h e  No. 1 we l l .  

Eocene 

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 r e s e n t  from 10,160 t o  12,700 

f e e t  i n  t h e  No. 2 wel l .A l thoughno Eocene f o s s i l s  werefound i n  t h e  No. 1 

w e l l ,  it i s  p o s s i b l e  t h a t  _the p rob lemat i cO l igoceneoro lde rsec t i on  (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 we l l .  

Eocene o r  O l d e r  

I n  b o t hw e l l s  a coa l -bear ingsec t ionunconformab lyover l iesthereg iona l  

e a r l yT e r t i a r yt ol a t e  Mesozoicerosionalsurface.Thiscont inentalsect ion,  

310 f e e t  t h i c k  i n  t h e  No. 1 w e l l  and T760 f e e t  t h i c k  i n  t h e  No. 2 w e l l ,  i s  

t runcatedby  an uncon fo rm i t ya t  12,235 f e e t  i n  t h e  No. 1 wel l  and a t  12,700 

f e e t  i n  t h e  No. 2 we l l .  Because b o t hd e p o s i t i o n  and e ros iontookp laceintwo  

subbasinsseparatedby a p o s i t i v e  t e c t o n i c  e l e m e n t ,  t h i s  u n c o n f o r m i t y  i s  n o t  

charac ter izedby  a cont inuousse ismicre f lec to r .Never the less ,  it i s  reasonable 

t o  assume tha ttheunconformi t iesareapprox imate lycoeva l .L ikewise ,  on t h e  

b a s i so fl i t h o l o g y ,d e p o s i t i o n a le n v i r o n m e n t ,s t r a t i g r a p h i cp o s i t i o n ,  and t h e  

s i m i l a rp r e s e r v a t i o n a ls t a t eo ft h ep a l y n o m o r p h s ,  i t  seems h i g h l yl i k e l yt 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  t w o  w e l l s  a r e  i n  p a r t  c o r r e l a t i v e .  
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BasementComplex (Poss ib lePa leozo ic )  

Bothwel lspenetratedmetasedimentarysect ionsbelowtheregionalunconformi ty  

acoust ic basement. The 2135- foot - th ick catac last ic- t h a t  marks sequenceof  

rocks i n  t h e  No. 1 w e l l  a p p e a r s  q u i t e  s i m i l a r  t o  s l a t e  o f  P r e c a m b r i a n  t o  
... 

Paleozoic  age descr ibed from t h e  YorkMountainsofthe Seward Peninsula;the 

429 f e e t  o f  q u a r t z i t e ,  p h y l l i t e ,  a n d  m a r b l e  i d e n t i f i e d  i n  t h e  No. 2 w e l l  
-.-

appears t o  be q u i t e  s i m i l a r  t o  metamorphicrocks of probablePaleozoic  age 

c e n t r a l  and e a s t e r n  o f- descr ibed from t h e  p a r t st h e  Seward Peninsula. It 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  m e t a m o r p h i c  s e c t i o n s  o f  t h e  

twowel ls  on t h e  b a s i s  o f  e i t h e r  age o r  genesis. 
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.~ 
LITHOLOGY 

AND 

GEOPHYSICAL INTERPRETATIONLOG 
.-

by J. G. Bolm 

-

Examinat ionofcu t t ings ,convent iona l  and sidewal lcores,andgeophysical  

( e l e c t r i c )l o g sf r o mt h ew e l lp r o v i d e di n f o r m a t i o n  on l i t h o l o g i e s ,  ages, 

depos i t i ona lenv i ronmen ts ,rese rvo i rcha rac te r i s t i cs ,  andhydrocarbonsource-rock 

p o t e n t i a l so ft h es t r a t ap e n e t r a t e d .L i t h o l o g y  and r e s e r v o i rc h a r a c t e r i s t i c s  

discussed i n  t h i s  s e c t i o n  a r e  based p r i m a r i l y  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 ep e t r o l o g i cr e p o r tb y  AGAT Consultants,Inc., and theexamina t iono fgeophys ica l  

logs.  The gamma-ray, spontaneouspotent ia l  (SP),  deep r e s i s t i v i t y ,d e n s i t y ,  and 

son iclogsa rep resen tedw i tho the rgeo log ica l  andgeophysicalwelldata i n  

P l a t e  1. Framework c las tcompos i t ionsofsands tone samplesfromconventional 

coresarepresented i n  F i g u r e  20. 

0-1 180 f e e t  

Geophys ica llogg ingofthewel l  began a t  1180fee t ,andrecoveryo fcu t t ings  

was poorabove1230feet. The few cu t t i ngsrecovered  from t h i s  uppermostpart  

o f t h ew e l l  a r ep r e d o m i n a n t l yv e r yf i n e  t oc o a r s es a n d - s i z eg r a i n so fq u a r t z ,  
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Q-Quartz 

F-Feldspar 

L-L i  t h i c  

Q S=Sedimentary 

V=Vol cani c 

M=Metamorphic 

Figure20Ternarydiagrams of  framework c l a s t  composition o f  sandstone 
samples from conventionalcores from the Norton Sound COST No. 2 well. 
The largediagram shows the averageabundancesofquartz,feldspar, and 
l i thic( includingmica)  components, and the smalldiagram shows the 
average abundances o f  volcanic,sedimentary, and metamorphic (including 
mica) l i thologictypes l'n the l i t h i cf r a c t i o n .A f t e r  AGAT Consultants, 
Inc.  
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hornblende,epidote,muscovi te,andvar iousvolcanic,metamorphic,andsi l tstone 

fragments. A few s i l t y  o f  sandstoneswerecemented w i thi ronox ide .Fo ramin i fe ra  

and o t h e rm a r i n e  f o s s i l sa r ep r e s e n t  i nt h e s e  samples. 

1180-3535 f e e t  

The i n t e r v a l  f r o m  1180 t o  3535 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 a c e o u s  mudstone, 

s i l t s t o n e ,  and muddy sandstone. Sand c las tsrangef romveryf i ne  t o  coarseand 

c o n s i s tp r i m a r i l y  o f  quartz,feldspar,muscovite,androckfragments.Quartz 

c l a s t sa r es u b a n g u l a rt o  subrounded. The sand g r a i n sa r eg e n e r a l l yw e l ls o r t e d ,  

b u tt h e  muddy sandstonesthemselvesarepoorlysorted. Rocks i n  t h i s  i n t e r v a l  

a r e  l o c a l l y  c a l c a r e o u s  and con ta inm ino rep ido te ,py r i t e ,g laucon i te ,she l l  

deb r i s ,andForamin i fe ra .Poros i t i eso f19s idewa l l - co resamp lesf romth i s  

i n te rva lrangef rom 28.5 t o  53.6 pe rcen t .Pe rmeab i l i t i esfo rthese  same samples 

range from 1.06 t o  58 n0 with mostvaluesunder10 rr0. 

The gama-rayand SP logssuggestthepresence o f  severa l  25- t o  1 0 0 - f o o t -

t h i c k ,  r e l a t i v e l y  c o a r s e - g r a i n e d  bedsassoc ia tedw i thth inne r ,f i ne r -g ra ined  

i n t e r b e d si nt h eu p p e rp a r t  o f  t h i si n t e r v a l .  Below1685 f e e t  (gamma-ray) and 

1840fee t  (SP) t h el o gc u r v e sd on o td e f i n ei n d i v i d u a l  beds. R e s i s t i v i t i e sa r e  

l o ww i t h  a d i f f e r e n c eo fa b o u t  1 ohm-mcommon between thedeepest and sha l lowest  

measuredvaluesabove2200feet.Below 2200 f e e tt h e r e  i s  l i t t l e  d i f f e r e n c e  

between thedeepes tandsha l l owes tres i s t i v i t yva lues .  
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The d e n s i t y  and son iclogsd isp lay  numerous e r r a t i c  k i c k s  due t o  wash ou ts  

i n  t h i s  i n t e r v a l .  Where cav ing  was no t  a problem, t h ed e n s i t yl o gi n d i c a t e s  

averagedensi t iesofabout  1.75 g/cm3 fo rtheserocks ,  and t h es o n i cl o g  shows 

a generaldecrease i n  i n t e r v a l  t r a n s i t  t i m e  f r o m  205 t o  145ps / fee t  downward through 

t h ei n t e r v a l .  

The presenceofabundantmar inefoss i lmater ia l  and g l a u c o n i t e  i n  t h e  r o c k s  

o f  t h i s  i n t e r v a l  i n d i c a t e s  d e p o s i t i o n  i n  a marineshel fenvironment.  
~~ . 

3535-4570 f e e t  

The i n t e r v a l  f r o m  3535 t o  4570 f e e t  i s  c h a r a c t e r i z e d  byinterbeddedcoaland 

p o o r l yi n d u r a t e d  mudstone, s i l t s t o n e ,  andsandstone. The mudstoneand s i l t s t o n e  

a r e  commonly micaceousand c o n t a i ns c a t t e r e d  sandgrains. The sandstone i s  

compr isedofquar tz ,fe ldspar ,  and lesserrockf ragments and l o c a l l y  i s  micaceous. 

Q u a r t zc l a s t sa r es u b a n g u l a rt o  rounded. The sands tonerangesf romveryf i neto  

verycoarsegra ined and i s  modera te l ytowe l lso r ted .  The sandstone i s  l o c a l l y  

muddy o r  s i l t y .  P y r i t e  i s  common i n  t h i s  i n t e r v a l .  

P o r o s i t i e s  o f  9 s idewa l lco reso fsands tonesf romth i sin te rva lrangef rom 

26.1 t o  33.7 percent.Measuredpermeabil i tyrangesfrom 9.89 t o  976 mD. Most 
~~ 

o fthesandstonepermeab i l i t yva lues ,espec ia l l ytheh igher  ones, a reprobab ly  

t o o  l a r g e  due t o  r o c k  f a b r i c  d i s r u p t i o n  i n  t h e  c o r i n g  p r o c t s s .  
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The SP and gamma-ray l o g s  d i s p l a y  b l o c k y  c h a r a c t e r s  c o n s i s t e n t  w i t h  i n t e r -

bedded f i n e r - andcoarser-grainedrocks. Numerous sharpk ickstolowerva lues  
.~. 

on t h e  g a m a - r a y  l o g  t h a t  c o r r e s p o n d  w i t h  h i g h  r e s i s t i v i t i e s  and l o wd e n s i t i e s  

~~ ~ a ndson icve loc i t i es  on o t h e rl o g sa r ei n t e r p r e t e dt or e p r e s e n tc o a l  beds.The 

SP and gamma-ray l o g s  show a t o t a l  o f  260 f e e t  o f  s a n d s t o n e  i n  5 - t o  5 0 - f o o t  

beds 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 yc u r v ed i s p l a y s  a lesspronouncedblocky 

cha rac te rthanthe  SP and gamma-ray curves.Separat ionofabout  1 ohm-m i s  

common between t h e  s h a l l o w  anddeep r e s i s t i v i t y  c u r v e s  i n  c o a r s e r - g r a i n e d  beds. 

-~ The shal lowand deep r e s i s t i v i t yv a l u e sa r e  commonly t h e  same f o rf i n e r - g r a i n e d  

beds. Sharpkicks t oh i g h e rr e s i s t i v i t yv a l u e sa r ep r e s e n t  where t h e  gamma-ray 
.~~ 

l o g  i n d i c a t e sc o a l  beds.The d e n s i t yl o gi n d i c a t e sd e n s i t i e sr a n g i n gf r o m  2 t o  

2.25 g/cm3, bu tdens i t i esaslow as 1.3 mark t h el o c a t i o n so fc o a 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  r a n g i n g  f r o m  2 8  t o  39 p e r c e n t  f o r  s a n d s t o n e  i n  

~. t h i si n t e r v a l .  The s o n i cl o g  shows i n t e r v a l  t i m e st r a n s i t  g e n e r a l l yr a n g i n g  

from 130 t o  115ms/foot. The h i g h e ri n t e r v a lt r a n s i tt i m e sa r ea s s o c i a t e dw i t h  

coal  beds, al thoughthesecoalbedsarenotaswel ldef ined on t h es o n i cl o g  as 

on t h e  gamma-ray and dens i tylogs .  The soniclog,  when co r rec tedfo runder ­-
compact ion ,ind ica tessandstoneporos i t iesrang ingf rom 29 t o  34percent. 
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A t  l e a s tp a r t  o f  t h i sc o a l - b e a r i n gi n t e r v a l  was deposi ted i n  a f l u v i a l  o r  

de l ta i c  env i ronmen t ,  bu t  t he  recove ry  o f  mar ine foss i ls  (see Pal  eonto loqy 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 ft h er o c k s  were 

- deposi ted i n  a nearshore environment.marine 

4570-6000 f e e t  

The i n t e r v a l  f r o m  4570 t o  6000 f e e t  i s  charac ter izedbyin te rbedded mudstone, 

s i l t s t o n e ,  andsandstone with minor  amounts ofcoal .Convent ionalcores 1 and 2 

a r ef r o mt h i si n t e r v a l  and a r ed e s c r i b e di nf i g u r e s  21 and 22. The mudstone 

g e n e r a l l y  c o n t a i n s  v e r y  f i n e  sand, andsandstone i s  g e n e r a l l y  muddy o r  s i l t y .  

Sand c l a s t s  r a n g e  f r o m  v e r y  f i n e  t o  f i n e  g r a i n  and c o n s i s t  o f  b o t h  m o n o c r y s t a l l i n e  

and p o l y c r y s t a l l i n e  q u a r t z ,  p l a g i o c l a s e ,  andpotassiumfeldspar i n  g e n e r a l l y  

subequal amounts,as wellasvolcanic,metamorphic,andsedimentaryrockfragments 

M ino rg laucon i te  and f r a m b o i d a lp y r i t ea r ep r e s e n tl o c a l l yi nt h es a n d s t o n e .  

The sandstonecontainsscatteredbivalvefragmentsand i n  convent ionalcores i s  

seen t o  be laminatedorcross- laminated  and burrowed. 

Some d u c t i l eg r a i n sh a v e  beendeformed i n  t h e  sandstone o f  t h i s  i n t e r v a l ,  

and a u t h i g e n i cc a l c i t eo r , l e s s  commonly, s i d e r i t e  cement i s  present  i n  i n t e r ­

g r a n u l a rs p a c e st h a ta r en o tf i l l e dw i t hm a t r i x .  Measured p o r o s i t i e sf r o m1 3  

s idewa l l  and conventionalcoresamples of sandstonerange from 1.5 t o  27.9 

percent .Permeabi l i t iesrangefrom 0.15 t o  173 mD. The l o w e s tv a l u e si nb o t h  

c a t e g o r i e sa r e  from calcite-cementedrocks,andmostsampleshaveporosit ies i n  

t h e2 0 - p e r c e n tr a n g ea n dp e r m e a b i l i t i e so fa tl e a s t  1 mD. The h i g h e s tp e r m e a b i l i t y  
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Sandstone - olive-gray(5Y 4/1) ,  very 
fine grained, muddy, ripple 
cross-laminated, burrowed. 

4627.7 


Explanation 

q-burrow 
U-b iva lve  

m-gastropod 
A- f lame structure 
p -pyrite 

L-cross-bedding 
I I 

Figure 21. Description of conventionalcore 1. NortonSound COST No. 2 w e l l  
(Porosltyandpermeabll i tydata from Core Laboratories. Inc.: 
geochemicaldata from Core Laboratories,inc.) 
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Sandstone - olive-gray (5Y 3/2), weakly 
mottled, very fine grained, 
silty, bivalve fragments common, 
massive with some laminated and 
cross-laminated zoneb. 

Sandstone - dark-olive gray(5Y 2 / 2 1  
very fine to fine grained, 
massive with uneven burrowed 
basal contact. 

Sandstone - olive-gray(5Y 3 / 1 1  weakly 
mottled, very fine grained, 
silty, massive with burrows 
filled with material from unit 
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Explanation 

0 - b i v a l v e  
a -gast ropod 
A- f lame structure 
p -pyrite 

z-cross-bedding 

Figure 22. Description ofconventlonalcore 2. Norton Sound COST No. 2 well 
(Porosity,permeability.andgeochemicaldatafrom Core Laboratories,inc.) 



frm anunfracturedconvent ionalcoresample i s  5.88 rr0. Many of t h eh i g h e r  

va luesf romsidewal lcoresprobablyresul tedf romfabr icd isrupt ionconsequent  

toshoo t ingtheco res .  

Coal i s  p r e s e n ti ns m a l lb u ts i g n i f i c a n t  amounts i n  some o ft h ec u t t i n g s  

sampledfrom t h i si n t e r v a l .T h i sc o a li si n t e r p r e t e d  as r e p r e s e n t i n gt h i n  beds 

s c a t t e r e d  t h r o u g ht h ei n t e r v a l .  

The SP c u r v e  i s  r e l a t i v e l y  f l a t  w i t h  some b l o c k y  e x c u r s i o n s  t h a t  a r e  i n t e r p r e t e d  

t o  besandstone beds. There i s  a 200 - foo tto ta lt h i cknesso fsands toneinbeds  

5 t o  65 f e e t  t h i c k  d e f i n e d  b y  t h e  SP l o g  i n  t h i s  i n t e r v a l ,  b u t  t h e  p r e s e n c e  o f  

sandstone i n  c o n v e n t i o n a l  and s idewal lcores  where t h e r e  i s  nosuch SP d e f l e c t i o n  

i n d i c a t e s  t h a t  t h e  i n t e r v a l  c o n t a i n s  moresandstonethanthe SP logsuggests .  

The gama-raycurve i s  f l a t  and 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  o v e r  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  i s  b l o c k y ,  andthere i s  g e n e r a l l y  n o  s e p a r a t i o n  between 

shal low anddeep r e s i s t i v i t y  v a l u e s  e x c e p t  i n  a 65-foot-thicksandstonebed 

(5710-5775 f e e t )  wherethere i s  a separat ionofabout  1.5 ohm-m. The dens i t y  

l o gi n d i c a t e sd e n s i t i e so ff r o m  2.1 t o  2.25 g/cm3. Densi ty-der ivedsandstone 

po ros i t i esrangef rom 25 t o  32percent .In te rva lt rans i tt imesasrecorded on 

theson iclogaregenera l l ybe tween150 and105ms/foot,andthesoniclog, when 

cor rec tedforundercompact ion ,ind ica tessandstoneporos i t iesrang ingf rom 26 t o  

30 percent.  
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~~~ 

The presence of mar inefoss i l s ,g laucon i te ,  and t h i n  c o a l  beds i n  t h i s  

i n t e r v a l  i n d i c a t e s  d e p o s i t i o n  i n  a m i x t u r eo fm a r i n e ,f l u v i a l ,o rd e l t a i ce n V i r O n ­

ments. 

6000-8425 f e e t  

The i n t e r v a l  f r o m  6000 t o  8425 f e e t  i s  c h a r a c t e r i z e d  byinterbedded mudstone, 

s i l t s tone,sands tone,  andcoal.Conventionalcores 3 and 4 a r ef r o mt h i si n t e r v a l  

and a r ed e s c r i b e di nf i g u r e s  23 and 24. The mudstoneand s i l t s t o n ea r eg e n e r a l l y  

laminated,carbonaceous,andarelocal ly sandy. The sandstonesaregenera l ly  

p o o r l y  s o r t e d  w i t h  v e r y  f i n e - t o  m e d i u m - s i z e  c l a s t s  o f  q u a r t z ,  f e l d s p a r ,  and 

rockfragments i n  a d e t r i t a lm a t r i x .B o t hm o n o c r y s t a l l i n e  and p o l y c r y s t a l l i n e  

q u a r t z  c l a s t s  a r e  p r e s e n t ,  andpotassiumfeldsparandplagioclasearepresent i n  

subequal amounts. Rock f ragmentsarea lmosten t i re lysch is tose ,bu t  a fewvolcanic  

andsedimentaryrockfragmentsarealsopresent.  The sandstone i s  commonly 

laminatedorcross- laminated ,  and s h a l ep a r t i n g s  and gradedbeddingwereobserved 

i nt h ec o n v e n t i o n a lc o r e sf r o mt h i si n t e r v a l .B u r r o w sa r ep r e s e n tl o c a l l yi n  

bothsandstone andmudstone. The sands tonehasbeenaf fec tedbyduct i legra in  

deformation,andwherethere i s  n o  m a t r i x ,  a u t h i g e n i c  k a o l i n i t e ,  s i d e r i t e ,  a n k e r i t e ,  

o rs y n t a x i a lq u a r t za r ep r e s e n t  ascements. Py r i t ef rambo idsa rea lso  common, 

b u tp y r i t e  cement was notobserved.Porosityrangesfrom 10.1 t o  31.2 percent  

and p e r m e a b i l i t y  from 0.22 t o  543 rr0 i n  37 s idewa l l  and conventionalcoresamples 

o fsands tonef romth i sin te rva l .Mos tpe rmeab i l i t yva luesf romconven t iona l  
.- co re  samples a relessthan10  n0. Threesamples from core  3 a r eb e t t e r  

sor tedthantheothersamples and havepermeab i l i t i eso f  40, 183, and 543 n0. 
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Sands tone  - grayis. l l-hlack (N2), v c r y  
f i n eg r a i n e d ,s i l t yn e a r  Lop, 
t ~ h i n l yl a m i n a t e d  wiLh cwaly 
l e n s e sa n dc a r b o n a c e o u ss t r i n g e r s ,  
burrowed i n  p l a c e s ;  a s m a l i ,  
open ,a symmet r i ca lfo ld  w i t h  
a x i a lp l a n es h e a r  is l o c a t e d  
n e a r  the b a s e  uf t h i s  b e d .  

Sandstoneandmudstone - s a n d s t o n e ,  
1 igl l t -ol  ive-gray ( 5 ~5/21 f i n e -
t o  medium-grained,gradesupward 
tomuds tone ,b l ack (Ni ) ,mot t l ed ,  
burrowed. 

-__S;lndstone and mudstune- s a n d s t o n e ,  
g r a y i s l ~ b l a c k ( N 2 ) ,  very f i n e  g r a i n e d ,  
gradesupward L o  mudstone,black (Nl).

CiIOl 
Sandstoneandmudstone - s a n d s t o n e ,-

brownish-gray(5 Y K  4/1), v e r y  
f i n eg r a i n e d ,b u r r o w e d ,c u tb y  
q u a r t z  v e i n s ,  g r a d e s  upward t o  
mudstone,  black (Ni). 

Sands tone  ;Ind mudstone - twograded 
beds.  

Sands tone  - medium-olive-gray(5Y 5/1), 
v e r yf i n eg r a i n e d ,l a m i n a t e d  
andc ross - l amina ted  w i t h  
c a r b o n a c e o u ss h a l ep a r t i n g s .  

Sandst-oneandmudstone - f i v eg r a d e d.~ ____ 
I1eds. 

Mudstone - g r a y i s h - b l a c k  (N21 ____ 
c a r b o n a c e o u s ,l a m i n a t e d .  

7 .3  

5.04 7997.6
11 .4  

110. 1 

5 . 2 6  8007.4 

1 1 . 6  

11.4i 0 .5  8016.5 

Coal~. -
Mudstone - g r a y i s h - b l a c k  (N2). c a rbonaceous ,  2 0" 

l a m i n a t e d .  . . m r lr ( o
D mC o a l  m P._- L l m  

S i l t s t o n e  - gray i s l l -b l ack  (N2) v e r y  vn w  
f in<-sandy,carbonaceous ,  
weaklylaminated .  

Figure 24. Descriptionofconventionalcore 4. NortonSoundCOST No. 2 well. 
(Porosity.permeability,andgeochemicaldatafromCoreLaboratories,Inc.) 



The h ighpermeab i l t i estha tcha rac te r i zemos to fthes idewa l lco re  samplesfrom 

t h i si n t e r v a lp r o b a b l yr e s u l t e da tl e a s ti np a r tf r o mf a b r i cd i s r u p t i o na t t e n d a n t  

on sampl ing. 

The SP curvehas a b l o c k y  c h a r a c t e r  c o n s i s t e n t  w i t h  i n t e r b e d d e d  f i n e r - and 

c o a r s e r - g r a i n e dl i t h o l o g i e s .  A t o t a l  o f  560 fee to fsands tone  i n  5- t o  5 0 - f o o t  

bedscanberecognizedonthe SP log.  The gamma-ray curve  i s  r a t h e r  f l a t  i n  t h e  

u p p e rp a r to ft h i si n t e r v a lb u t  becomes q u i t ee r r a t i cb e l o w  6700 fee t .  The 

gamma-ray l o g  i s  n o t  e a s i l y  i n t e r p r e t e d  t h r o u g h  t h i s  i n t e r v a l ,  w i t h  t h e  e x c e p t i o n  

o f  k i c k st ol o wv a l u e st h a tp r o b a b l yc o r r e s p o n dt oc o a l  beds.The r e s i s t i v i t y  
~~~ 

i s  s i m i l a r  i n  t h i s  i n t e r v a l  t o  t h e  i n t e r v a l  above b u t  hasnumeroussharp k i c k s  

t oh i g h e rv a l u e si n d i c a t i v eo fc o a l  beds. There i s  a l s o  a gradualincrease i n  

r e s i s t i v i t y  downward t h r o u g h  t h i s  i n t e r v a l ,  and separationsbetweenshallowand 

~~ deep r e s i s t i v i t yv a l u e so f  2 t o  4 ohm-m a r e  common f o r  sandstonebeds. The 

d e n s i t y  l o g  i n d i c a t e s  a g r a d u a li n c r e a s eo fd e n s i t yw i t hd e n s i t i e sg e n e r a l l y  

f rom 2.2 t o  2.5 g/cm3. Numerous sha rpk i ckstolowerva luesco r re la tew i th  

coa l  beds. The d e n s i t yl o gi n d i c a t e sp o r o s i t i e so ff r o m1 2t o  35percen tfo r  

sandstone i n  t h i si n t e r v a l .  The s o n i cl o g  shows a generaldecrease i n  i n t e r v a l  

t r a n s i t  time t h r o u g h  t h i s  i n t e r v a l ,  with valuesgeneral lybetween110and85 

)&/foot.Kicks t o  l o w e ri n t e r v a lt r a n s i tt i m e sc o r r e l a t ew i t hc o a l  beds. The 

soniclog,  when co r rec tedfo rundercompac t ion ,i nd i ca tesporos i t i eso ff rom 9 t o  

29 p e r c e n t  f o r  s a n d s t o n e  i n  t h i s  i n t e r v a l .  
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Mar inefoss i l shave beenrecoveredf romth i sin te rva l( seePa 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 ) ,  b u t  t h e  a s s o c i a t i o n  o f  c o a l  w i t h  

sandstone and mudstoneseen i n  cores and suggestedbygeophys ica llogin te rpre ta t ion  

i n d i c a t e sd e p o s i t i o ni nf l u v i a lo rd e l t a i ce n v i r o n m e n t .  The i n t e r v a l  as a whole 

was probablydeposi ted i n  a t rans i t ionalenv i ronmentwheremar ine and nonmarine 

cond i t ionsa l te rna ted .On ly  a few t h i nc o a l  beds a r ep r e s e n ti nt h eu p p e rp a r t  

o f  t h e  i n t e r v a l  ; i t  i s  l i k e l y  t h a t  more o f  t h e  r o c k  i n  t h e  u p p e r  p a r t  o f  t h e  

i n t e r v a l  was d e p o s i t e d  i n  a marineenvironmentthan was thecase i n  t h e  more 

c o a l y , l o w e rp a r to ft h es e c t i o n .  

8425-9230 f e e t  

The i n t e r v a l  f r o m  8425 t o  9230 f e e t  c o n s i s t s  o f  s i l t s t o n e  andmudstone w i t h  

minorsandstone.Conventionalcore 5 i s  from t h i s  i n t e r v a l  and i s  descr ibed i n  

f i g u r e  25. L i t h o l o g i e sa r es i m i l a rt ot h o s eo ft h ei n t e r v a l  aboveexceptthat 

volcanicrockfragmentspredominate among t h e  l i t h i c  sand c las ts .  Two s idewa l l  

coresandstonesampleshad 23.4 pe rcen tpo ros i t y  and p e r m e a b i l i t i e s  o f  1 6  and 40 

mD. Ten sandstonesamplesfromcore 5 had p o r o s i t i e sf r o m  8.5 t o  17.5 percent  

and pe rmeab i l i t i esf rom 0.07 t o  4.28 mD. The h i g h e rp o r o s i t i e so ft h es i d e w a l l  

coresamples may be  rea l ,  bu t  t he  h ighe rpe rmeab i l i t i es  a re  p robab ly  due  to  

f a b r i cd i s r u p t i o ni ns a m p l i n g .  
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The SP c u r v e  t h r o u g h  t h i s  i n t e r v a l  i s  smoothand s t r a i g h t  w i t h  a few g e n t l e  

undulat ions.  The lowerva lueundu la t i onsappearto  mark t h el o c a t i o n so ft h e  

sand ie rpa r t so fthes t ra t i g raph icsec t i on .  The gamma-ray l o gc u r v eg e n e r a l l y  

f o l l o w st h e  SP logcurve ,bu t  i s  jaggedra therthan smoothand d i sp layssevera l  

s h a r pk i c k st h a tc o r r e l a t ew i t hc o a l  beds. The r e s i s t i v i t y  c u r v e  i s  smoothand 

gent lyundu la t ingexcept  where seve ra lsha rpk i cksind i ca tecoa l  beds. There 

i s  l i t t l e  o r  no d i f f e r e n c e  between t h e  s h a l l o w e s t  anddeepestmeasured r e s i s t i v i t y  

values i n  t h i s  i n t e r v a l .  The d e n s i t y  and s o n i cl o gc u r v e sa r er e l a t i v e l y  smooth 

with some s h a r pk i c k si n d i c a t i v eo fc o a l  bedsand hardst reaks.  The d e n s i t yl o g  

i n d i c a t e sd e n s i t i e sg e n e r a l l yi nt h er a n g ef r o m  1.9 t o  2 g/cm3. The s o n i cl o g  

i n d i c a t e s  g e n e r a l  i n t e r v a l  t r a n s i t  t i m e s  o f  f r o m  85 t o  90 )s / foot .  

Th i sin te rva lcon ta insmar inefoss i l s( seePa 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 no ft h i sr e p o r t ) .T h e r ei sl e s ss a n d s t o n e  a n dc o a lt h a n ' t h ei n t e r v a l  

above,and d e p o s i t i o n  was p r o b a b l y  l a r g e l y  i n  a mar ineenvi ronmentcharacter ized 

b y  s h i f t s  t o  f l u v i a l  o r  d e l t a i c  c o n d i t i o n s .  
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6,  

9230-11,958 f e e t  

The i n t e r v a lf r o m  9230 t o  11,958 f e e t  i s  c h a r a c t e r i z e d  byinterbedded 

s i l t s tone,sands tone,  mudstone,andshale.Conventionalcores 7, and 8 a r e  

f r o mt h i si n t e r v a l  and aredescr ibed i n  F igures  26, 27,  and 28. The mudstone i s  

commmnlylaminated o r  i n t e r l a m i n a t e d  w i t h  s i l t s t o n e ,  and some i s  sandy o r  

micaceous. The sandstone i s  composed o fv e r yf i n eq u a r t z ,f e l d s p a r ,  and l i t h i c  

c l a s t s  i n  a d e t r i t a lm a t r i x .B o t hm o n o c r y s t a l l i n e  and p o l y c r y s t a l l i n eq u a r t z  

c las tsa rep resen t .  Rock f ragments-arepredominant lyvo lcanic ,butthereare 

s i g n i f i c a n t  metamorphic and s e d i m e n t a r y  c o n t r i b u t i o n s  i n  samples from core  6 i n  

theupperpar to ftheinterva l .Schis tosemetamorphicrockf ragmentspredominate 

t h e  l i t h i c  f r a c t i o n  i n  t h e  twodeepercores. The f e l d s p a ri sp r e d o m i n a n t l y  

p lag ioc lase.Locallaminat ion,cross- laminat ion,burrows,andsof tsediment  

structureswereobserved i nt h ec o n v e n t i o n a lc o r e s .  

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

m a t r i x  and au th igen ic  cements a f f e c t s  p o r o s i t y  and p e r m e a b i l i t yo fs a n d s t o n e si n  

t h i si n t e r v a l .  The a u t h i g e n i cc e m e n t si n c l u d es i d e r i t e ,p y r i t e ,q u a r t z ,c a l c i t e ,  

and k a o l i n i t e .P o r o s i t i e so f  10 sandstonesamplesrangefrom 2.9 t o  25.3 percent ,  

and permeab i l i t iesrangef rom 0.07 t o  147 mD. All p o r o s i t yv a l u e s  above 5.9 

percent  and pe tmeab i l i t yva lues  above 2.63 mD aref romsidewal lcores.  

The SP c u r v e  i s  smooth t h r o u g ht h i si n t e r v a l .  Above 10,450 f e e t  it i s  

s t ra igh t ,andbe lowtha tdep th  i t  undulatesgent ly .  The gamma-ray l o g  i s  j a g g e d  

anddoes n o t  c l e a r l y  d e f i n e  anybedded un i t s .  The r e s i s t i v i t yc u r v e sa r em o d e r a t e l y  
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S i l t s t o n ea n ds a n d s t o n e  - i n t e r l a m i n a t e d ;  
s i l t s t o n e ,g r a y i s h - b l a c k ( N 2 X  
s a n d s t o n e ,  medium-dark-gray(N4), 
v e r yf i n eg r a i n e d ;  small recumbent ,  
i s o c l i n a l ,  similar f o l d sb e l o w  
10235 f t ,  burrows n e a rb a s e .  

S i l t s t o n e  - grayish-black(N2).  muddy, 
c o n t a i n ss c a t t e r e dt h i ns a n d s t o n e  
laminaeand some burrows;  
n u m e r o u ss l i c k e n s i d e dc o n j u g a t e  
s h e a r  i n d i c a t e  1f r a c t u r e s  
s u b h o r i z o n t a lc o m p r e s s i o na f t e r  
l i t h i f i c a t i o n .  

S i l t s t o n ea n ds a n d s t o n e  - i n t e r l a m i n a t e d  
t ot h i n l yi n t e r b e d d e d ;s i l t s t o n e ,  
g r a y i s h - b l a c k  (N2); s a n d s t o n e ,  medium-
dark-gray (N4), v e r y  f i n e  g r a i n e d ;  
c o n t a i n s  asymnletrical and 
i s o c l i n a l ,r e c u m b e n tf o l d s ,  
some burrows.  

-Si1 t s t o n e  - g r a y i s h - b l a c k  (NZ), muddy. 
S i l t s t o n ea n ds a n d s t o n e  - i n t e r l a m i n a t e d-~ 

t o ~ h i n l y  i n t e r b e d d e d ;  s i l t s t o n e ,  
g r a y i s h - b l a c k  (N2); s a n d s t o n e ,  
medium-dark-gray (N4). v e r y  f i n e  
grained;deformedburrowsbelow 
1 0 2 5 5 . 5f e e t .  

S i l t s t o n e  - g r a y i s h - b l a c k  (NZ), muddy, 
c o n t a i n ss c a t t e r e dt h i ns a n d s t o n e  
laminaeand some burrows;  
c o n t a i n s  some i s o c l i n a l ,  
recumbentfo ldsands l icken­
s i d e df r a c t u r e s .  

- -
6.3 1.59 

10238.4 

4.4 I. 32 

10259.7 

v 

Figure 26. Description of conventionalcore 6 ,  Norton Sound COST No. 2 well 
(Porosity,permeabiilty,andgeochemicaldatafromCoreLaboratories,Inc.) 
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11170 S i l t s t o n e  and sandstone - normally 
gradedbeds 4 t o  30 cm thick; 
s i l t s t o n eg r a y i s b b l a c k ( N 2 ) ,  
muddy,, weaklylaminatedt,o , 
massive;sandstone. medium-
brownish-gray(5 YR 5/11 very

11175 	 f inegrained,laminatedto  
cross- laminatedinbeds  to 
2 cm t h i c k ;u n i tc o n t a i n s  

11177.5 burrows. 

q-burrow 
Q-bivalve 

/d-gastropod 
A- f lame s t ruc ture  
p -pyrite 

z-cross-bedding 

some 

2 . 9  0 . 2  

n c. 
w. nmu m 

v 

Flgure 27.Description of conventlonalcore 7, NortonSound COST No.2 w e l l  
(Poroslty,permeablllty.andgeochemlcaldatafromCoreLaboratories,Inc.) 
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Mudstone - grayish-black (N2)with 
scattered siltstone, medium-
gray(N51 laminae and thin 
interbeds; contains 1-cm 

11905 	 pyrite-rich layer at 11902.1 

and 2-cm calcaraceous siltstone 


11906.4 11903.2.layer at 


Explanation 

U-bivalve 
@-gastropod 
A-f lame structure 
p -pyrite 

L-cross-beddingi 

e 


n 

v 

Figure 28. Description o f  conventionalcore 8. NortonSoundCOST No. 2 well 
(Porosity,permeability,andgeochemicaldatafromCoreLaboratories,inc.) 
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~~ 

smooth t o  l o c a l l y  b l o c k y  and d i s p l a y  a d i f f e r e n c e  o f  about 2 ohm-mcommon between 

t h e  deep and shal lowvalues. 

The d e n s i t y  l o g  c u r v e  i s  q u i t e  j a g g e d  i n  t h e  u p p e r  p a r t  o f  t h i s  i n t e r v a l ,  

where cavinghasproduced an i r regularhole.Averagedensi tyva luesrangefrom 


2.4 t o  2.65 g/cm3, w i t h  a generalincrease downward. Below 10,650 f e e t ,h o l e  


cond i t i onswerebe t te r  and t h ed e n s i t yl o gi sl e s sv a r i a b l e .  Average d e n s i t i e s  


rang?from 2.65 t o  2.7 g/cm3 i n  t h e  l o w e r  p a r t  o f  t h e  i n t e r v a l .  The s o n i cl o g  


c u r v ei sj a g g e dw i t h i ng e n e r a l l yn a r r o wl i m i t si nt h i si n t e r v a l .  Average i n t e r v a l  


t r ans i t  t imes  range  f rom 98  to  80  ps / foo t .  


The r o c k s  o f  t h i s  i n t e r v a l  weredeposited i n  a mar ineshel fenv i ronment .  

Sedimentat ion was r a p i d  l o c a l l y ,  as i n d i c a t e d  by t h e  common so f tsed imen ts t ruc tu res  

i n  core  6. 

11,958-12,378 f e e t  

The i n t e r v a l  f r o m  11,958 t o  12,378 f e e t i sc h a r a c t e r i z e db y  s a n d s t o n ew i t h  

l e s s e r  amounts o fs i l t s t o n e ,  mudstone,conglomerate,andcoal.Conventionalcore 

~~ i s  f r o mt h i si n t e r v a l  and i s  descr ibed i nF i g u r e  29. 
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Sandstone - dark-olive-gray(5Y 3/1), 
very fine to fine grained, 
slightly calcareous locally, 
massive; small coal chips in 
top 2 feet dip 40"; subangular 
to rounded shale cips and 
pebbles common from 12215.5 to 
12223 feet, thence sparse to 
base of core;a 3-cm layer'with 
abundant granule-size, light 
colored, aphanitic volcanic 
rock fragments crosses the core 
at 12223.3 feet; similar 
volcanic rock fragments in coarse 
sand to pebble size appear again 

at 12224.4 feet and increase in 

abundance downward to constitute 

almost clast-supported conglomerate 

at base; sand grade increases 

gradually to fine at base of core. 


Explanation 

q-burrow 
U-bivriva 

(&gastropod 
A-flamr structure 
p -pyrite 

z-cross-bedding 

12241.5 


Figure 20. Description of conventionalcore 0, Norton Sound COST No. 2 well 
(Porosity,permeability,andgeochemicaldatafrom Core Laboratories,Inc.) 
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The sandstone i s  p o o r l y  s o r t e d  and c o n s i s t s  o f  v e r y  f i n e  t o  medium quar tz ,  

p lag ioc lase ,  and l i t h i c  c l a s t s  i n  an abundant d e t r i t a lm a t r i x .A n g u l a rt o  

subangularvo lcanicgranules and pebb lesa resca t te redinthesands tone ,  and 

l o c a l l yv o l c a n i cp e b b l e sa r e  so abundant as t o  make conglomerate.Subangular t o  

roundedshalegranules and pebb lesarea lsopresentinthesandstone.Quar tz  

sand c l a s t s  a r e  b o t h  m o n o c r y s t a l l i n e  and p o l y c r y s t a l l i n e ,  and vo lcan icrock  

f ragments and s h a l ed o m i n a t et h el i t h i cs a n d - g r a i n  component.Coal i s  present  

below 12,190 fee t .  

P o r o s i t i e s  of 8 sandstonesamplesfromcore 9 range from 7.2 t o  12.2 percent,  

and permeab i l i t iesrangef rom 0.02 t o  0.08 mD. P o r o s i t y  and p e r m e a b i l i t ya r e  

a d v e r s e l ya f f e c t e di nt h es a n d s t o n eb yd u c t i l eg r a i nd e f o r m a t i o n  and thepresence 

o f  abund-ant d e t r i t a l  m a t r i x  and a u t h i g e n i cs i d e r i t e ,p y r i t e ,q u a r t z ,s m e c t i t i c  

c l a y ,c h l o r i t e ,  and c a l c i t e  cements. A u t h i g e n i c  c a l c i t ei s  more commonly present  

as a rep lacementofvo lcanicrockf ragmentsthanas cement. 

~ The SP c u r v e  s m o o t h l y  t h i s  cannotu n d u l a t e s  t h r o u g hi n t e r v a l  and be 

mean ing fu l l yi n te rp re ted .Th is  

between t h ev a r i o u sl i t h o l o g i e s .  

u n i t sw i t h  a t o t a lt h i c k n e s so f  

m idd leo fthelowes to ftheseun i t s ,  

and simi lar~~ sandstone conglomerate 

r e t a i n st h ef i n e l yj a g g e dc h a r a c t e r  

~- more b l o c k yi no v e r a l la s p e c t .  

i s  probably  a r e s u l to fl o wp e r m e a b i l i t yc o n t r a s t s  

The gamma-ray l o gd e f i n e st h r e em a j o rb l o c k y  

390 feet.Convent ionalcore 9 i s  f romthe  

and a l l  t h r e e  u n i t s  a r e  i n t e r p r e t e d  t o  be 

t ot h a t  seen i nc o r e  9. The r e s i s t i v i t y  

i t  d i s p l a y e d  i n  t h e  i n t e r v a l  above, b u t  i s  

Deep and s h a l l o wr e s i s t i v i t yv a l u e sa r e  commonly 

2 t o  5 ohm-m apar t .  The d e n s i t yl o gc u r v e  i s  g e n e r a l l y  smooththroughth is  
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i n t e r v a le x c e p tf o rl a r g ek i c k si na r e a so fc a v i n g .D e n s i t i e sr a n g eg e n e r a l l y  


f rom 2.45 t o  2.65 g/cm3, and t h e  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  f r o m  0 t o  8 


p e r c e n tf o rs a n d s t o n ei nt h ei n t e r v a l .  The s o n i cl o gc u r v ei sj a g g e dt h r o u g h  


t h i s  i n t e r v a l ,  b u t  t h e  a v e r a g e  i n t e r v a l  t r a n s i t  t i m e s  r a n g e  o n l y  f r o m  8 0  t o  70 


ps/ foo t .Poros i t iesasind ica tedbytheson iclogrange from 11 t o  18percent. 


The la rgesca lecross-bedd ing ,poorsor t ing ,  andcoarsegra ins i zeo fthe  

sandstone seen i n  t h e  c o r e  f r o m  t h i s  c o a l - b e a r i n g  i n t e r v a l  s u g g e s t  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 ted  i n  a braidedstreamchannel.  

12,378-12,700 f e e t  

The i n t e r v a lf r o m  12,378 t o  12,700 f e e t  i s  charac ter izedbyin te rbedded 

~~ s i l t s t o n e ,  mudstone, and c o a l .  No s idewa l l  orsandstone, minor amounts o f  

convent iona lcoresweretakenf romth isin te rva l ,  and t h e  l i t h o l o g i e s  a r e  known 
~~ 

o n l y  from c u t t i n g s  and t h ei n t e r p r e t a t i o no fg e o p h y s i c a ll o g s .  

The SP c u r v e  c o n t i n u e s  t h r o u g h  t h i s  i n t e r v a l  w i t h  t h e  same smooth, u n d u l a t i n g  

~~ c h a r a c t e rd i s p l a y e di nt h ei n t e r v a l  above. The gamma-ray l o gc u r v ei sj a g g e d  


anddoes n o tc l e a r l yd e f i n ea n y  bedded un i t s .  The r e s i s t i v i t yc u r v e sa r em o d e r a t e l y  

~~ 

smooth w i t h  a genera l  d i f f e rence  o f  2 t o  5 ohm-m between deepand shal lowvalues. 

A f e w  s h a r p  k i c k s  t o  l o w e r  r e s i s t i v i t i e s ,  accompaniedbythelossof deep and 

s h a l l o ws e p a r a t i o n ,y i e l d  a weak b lockycharac ter .Dens i t iesgenera l l yrange 
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from 2.7 t o  2.75 g/cm3 i n  t h i s  i n t e r v a l .  The g r e a t e rv a r i a b i l i t yp r e s e n ti n  

t h eu p p e rp a r to ft h ei n t e r v a la p p e a r st o  be r e l a t e dt om i n o rc a v i n g .  The sonic  

l o g  i s  more v a r i a b l e  i n  t h e  u p p e r  p a r t  o f  t h e  i n t e r v a l  t h a n  i n  t h e  l o w e r ,  and 

i n d i c a t e s  g e n e r a l l y  l o w e r  i n t e r v a l  t r a n s i t  t i m e s  i n  t h e  u p p e r  p a r t  t h a n  i n  t h e  

lower. An e x a m i n a t i o no ft h ec u t t i n g si n d i c a t e dt h ep r e s e n c eo f  more sandstone 

above 12,500 fee tthanbe lowthatdepth ,  and t h e  change i n  s o n i c  v e l o c i t y  p r o b a b l y  

r e f l e c t st h i sl i t h o l o g i cd i f f e r e n c e .  Average i n t e r v a lt r a n s i tt i m e  above 12,500 

f e e t  i s  80 p s / f o o t ,  andbelow 12,500 f e e t  t h e  a v e r a g e  i n t e r v a l  t r a n s i t  t i m e  i s  

a7 ps / foo t .  

The p r e s e n c eo fc o a li n d i c a t e sd e p o s i t i o ni n  a nonmarineenvironment. 

12,700-14,460 f e e t  

The i n t e r v a l  f r o m  12,700 t o  14,460 f e e ti sc h a r a c t e r i z e db yi n t e r b e d d e d  

sands tone,s i l t s tone,  mudstone,andcoal.Conventionalcores10and 11 a ref rom 

t h i si n t e r v a l  and a redesc r ibed . inF igu res  30and 31. The sandstone i s  composed 

o f  a n g u l a r  t o  subrounded, f i n e - t o  c o a r s e - g r a i n e d  q u a r t z  and l i t h i c  c: l a s t s  i n  an 

abundant d e t r i t a lm a t r i x .  The quar t zc las tsa rep redominan t l ymonoc rys ta l l i ne ,  

and t h el i t h i cf r a c t i o nc o n s i s t sp r e d o m i n a n t l yo fs c h i s t o s em e t a m o r p h i cr o c k  

fragments(core11)ofsubequal amounts o fv o l c a n i c  and metamorphicrockfragments 

(core10). The sandstone i sl o c a l l yl a m i n a t e do rc r o s s - l a m i n a t e d  and con ta ins  

abundantcarbonaceousdebris and par t ings.Burrowsarepresent  i n  a s i l t s t o n e  

bed i n  c o r e  10.Open i n t e r g r a n u l a r  spacebetween t h e  framework c l a s t s  was reduced 
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Explanation 

9-burrow 
Q-bivalve 

m-gastropod 
A - f l a m e  structure 
p -pyrite 

z-cross-bedding 

S i l t s t o n e  - g r a y i s h - b l a c k  (N2) l a m i n a t e d ,  
some bur rows ;15 'appa ren td ip .  

Mudstone - brownish-black 5 Y K  2 / 1  )___ 
S i l t s t o n e  - g r a y i s h - b l a c k  L 2 )  

l a m i n a t e d .  
Coa 1 __ 
Sands tone  - dark-o l ivegray(5Y3/1  ) 

f i n e  t o  medium g r a i n e d ;c o n t a i n s  
2-cm c o a l  seam 3 inchesabove  
b a s e .  

S i l t s t o n e  - gray i sh -b lack (N2  ) 
l a m i n a t e d .  

- - -
3 . 8  

2.41 1.18 12962.3 
3 . 8  

3 .9  

7 . 5  
I .--38 1 .29  12973.6-

Figure 30. Description of conventlonalcore IO, NortonSound COST 
No.2 well (Porosity.permeability,andgeochemicaldata from Core 
Laboratorles, Inc.) 
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byde fo rma t iono fduc t i l ef rameworkc las ts  and t h e  p r e s e n c e  o f  d e t r i t a l  m a t r i x  

and a u t h i g e n i cs i d e r i t e ,a n k e r i t e ,s m e c t i t i cc l a y ,  and c h l o r i t e  cements. I n  35 

convent ional  and 7 s idewal lcoresofsands tonestheporos i t iesrangef rom 3.8 t o  

26.2 percentandpermeab i l i t iesf rom 0.02 t o  119 mD. The h ighes tpo ros i t yf rom 

a convent iona lcore  i s  12.8 percent ,however ,andthehighestpermeabi l i tyf rom 

a convent iona lcore  i s  3.47 mD. 

The SP c u r v e  w a n d e r s  e r r a t i c a l l y  andcannotbemeaningfu l lyin terpreted.  
~~ 

The gamma-ray l o g  c u r v e  d i s p l a y s  a b l o c k y  c h a r a c t e r  i n d i c a t i v e  o f  sandstonebeds 

t o  60 f e e t  t h i c k  and coalbeds t o2 0f e e tt h i c k .W i t ht h ee x c e p t i o no f  many 

e x t r e m ek i c k sc o r r e l a t i v ew i t hc o a l  beds, t h e  r e s i s t i v i t y  l o g  c u r v e  i s  r e l a t i v e l y  
~~ ~ 

smooth. Separa t i ono f  deepand s h a l l o w  r e s i s t i v i t y  v a l u e s  o f  2 t o  5 ohm-m a r e  


generalexcept i n  coal  beds. B o t ht h ed e n s i t y  and son iclogcurveshave many 


l a r g ek i c k sc o r r e l a t i v ew i t hc o a l  beds i n  t h i s  i n t e r v a l .  Except fo rtheex t reme 


va luesofsuchk icks ,dens i t iesgenera l l yrangef rom 2.5 t o  2.8 g/cm3, and 


i n t e r v a lt r a n s i tt i m e sf r o m8 2t o7 0 p s / f o o t .D e n s i t y - d e r i v e ds a n d s t o n ep o r o s i t i e s  


range from 0 t o  15percent ,andthesoniclogind icatessandstoneporos i t ies 


f rom 7 t o  11percent. 


of~~ ~ The associat ion sandstone,mudstone i n  i n t e r v a lcoal, and t h i s  i n d i c a t e s  

d e p o s i t i o ni n  a f l u v i a lo rd e l t a i ce n v i r o n m e n t .  The g rea t  abundance o fc o a l  
~~ 

t h r o u g h o u tt h ei n t e r v a lm k e s  i t  u n l i k e l y  t h e r e  was any mar inedeposi t ion.  
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14,460-14,889 f e e t  

The bottommost i n t e r v a l  o f  t h e  w e l l ,  f r o m  14,460 t o  14,889 f e e t ,  i s  

~~ character izedlow dynamothenal  coresby grade metamorphic rocks. Conventional 

12and13aref romth i sin te rva l  and a r e  d e s c r i b e d  i n  f i g u r e s  32and 33. 


L i tho log iesp resen tinc ludequar t z i t e ,marb le ,s i l i ceousmarb le ,  and p h y l l i t e .  


The q u a r t z i t e  andmarblehavemosaicfabr icsandthephyl l i te  i s  f o l i a t e d .  


Q u a r t z i t e  l a y e r s  with m o s a i c  s t r u c t u r e  a l t e r n a t e  w i t h  s c h i s t o s e  w h i t e  m i c a  l a y e r s .  


The q u a r t z i t e  i s  banded,and thebandinghasbeenisoc l ina l lyfo lded.Marb le i s  


l o c a l l y  f o l i a t e d  i n  t h e  cores. The q u a r t z i t e  and p h y l l i t e  o f  c o r e  1 2  havemeasured 


p o r o s i t i e s  o f  0.6 t o  3.0 pe rcen tandpermeab i l i t i eso f  0.01 t o  0.02 mD. 


The SP curvewanders and cannotbemean ing fu l l yin te rpre ted .  The gamma-ray 

curve  i s  jaggedabove 14,680 f e e t  b u t  r e l a t i v e l y  smooth b e l o w  t h i s  depth. 

There i s  a sudden decrease i n  t h e  average gamma-ray va lueofabout  45 A P I  u n i t s  

a t  14,680 fee t .  Thesechanges i n  t h e  c h a r a c t e r  o f  t h e  gamma-ray l o gc u r v ep r o b a b l y  

r e f l e c t  a changefrom q u a r t z i t e  t o  marble.There i s  a sharpincrease i n  r e s i s t i v 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 .  The r e s i s t i v i t y  c u r v e  i s  l a r g e l y  o f f  s c a l e  b e l o w  

14,640 feet,andtheabsenceofanygeneralincrease i n  r e s i s t i v i t y  above t h a t  

d e p t hi n d i c a t e st h er e s i s t i v i t yi n c r e a s ei s  sudden.The r e s i s t i v i t y  l o g  i s  

qu i tejaggedwhere i t  i s  on scale. The d e n s i t y  and son iclogsaremodera te ly  

smooth. The d e n s i t yl o gi n d i c a t e sd e n s i t i e sg e n e r a l l yf r o m  2.75 t o  2.8 g / c d  

above 14,680 f e e t  and o fabou t  2.72 g/cm3 b e l o wt h a td e p t h .I n t e r v a lt r a n s i t  

t i m e s  g e n e r a l l y  r a n g e  f r o m  6 0  t o  5 5 p s / f o o t  above14,680 f e e t  and s t a y  r i g h t  a t  

50 us/ footbelowthatdepth.  
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Poros i t y  and Permeab i l i t y  

~ 

Poros i tyandpermeab i l i t yde terminat ionsforsamplesf roms idewal l  and 
~~ 

convent ionalcores i nt h ew e l la r ep r e s e n t e di nT a b l e  1. S i d e w a l lc o r ep o r o s i t i e s  


aregenera l l yh igherthannearbyconvent iona lcoreporos i t ies ,  and t h i s  d i s p a r i t y  


i nc reaseswi thdepth .A lso ,s idewal lcoresamplesd isp layh igherpermeab i l i t ies  


than  do conven t iona lco resamp leso fs im i la rpo ros i t y .F igu re  34presents a p l o t  


o f  averageporos i tyaga ins tdepthforsands tone samples from convent ionalcores.  


F igu re  35presents a p l o t  o f  ave ragepermeab i l i t yaga ins tave rageporos i t yfo r  


t h e  same samples. There i s  c o n s i d e r a b l es c a t t e ri nt h ed a t a .  However i t  


canbe seen t h a t  t o  have 1 mD p e r m e a b i l i t y  a sandstonemusthave a t  l e a s t  1 3  


p e r c e n t  p o r o s i t y  and t h a t  a1 1 convent ionalcoresandstonesampleswi th13percent  


o r  more po ros i t ya ref romdep thssha l l owerthan  9000 f e e t .P o r o s i t y  and p e r m e a b i l i t y  


da ta  from sandstonesamplesarealsopresentedgraphical ly i n  P l a t e  1. Because 


o f  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 tyvalueshavebeen 


i n t e g r a t e do v e r  a 500- foo tth ickness  and arerepresentedbysymbolsthat show 


t h e  mean valuesandrangeforeachsuchinterval .  Thenumber o f  sandstonesamples 


i n  each i n t e r v a li sg i v e nu n d e rt h ea p p l i c a b l e  symbol. 
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Permeability Porosity  
Lithology  

-- 

-- 

Table 1. POROSITY AND PERMEABILITY 

Norton 2 


[from Core Laboratories, Inc.] 


Depth 

(Millidarcies)
(feet) (Percent) Remarks 

1331 
1390.0 same 33.8 15. Sidewall 

1548.0 volcanic ash? 42.6 2.24 Sidewall 

1594.0 same 41 .2 9.12 Sidewall 

1863.0 same 44.4 9.49 Sidewall 


1948.0 same 50.0 Sidewall 

21 55.0 
2228.0 

same;sdy
same;sdy 

46.7 
44.9 

21. 
58. 

Sidewal 

Sidewal 


.O s1tst;sdy 31.2 1.47 Sidewall 


2380.0 same 46.4 4.04 Sidewal 

2528.0 same 49.4 3.32 Sidewal 


2872.0 same 53.6 2.93 Sidewal 

2920.0 same 51 .O 1.06 Sidewal 1 

31 58.0 same 47.7 6.41 Sidewal1 

3254.0 same 45.7 1.99 Sidewal1 

3344.0 same 41.9 5.88 Sidewal1 


3390.0 same 47.1 7.66 Sidewall 

3420.0 
3482.0 
3514.0 

same;shy
sltst;sdy,ash?
sltst 

40.5 
35.5 
28.5 

18. 
6.72 
1.79 

Sidewall 

Sidewa1 1 

Sidewall 


3601 .O ss;vf-fgr,vslty 31.1 47. Sidewall 

3679.0 coal 32.0 19. Sidewall 

3718.0 
3724.0 

ss;f-cgr,slty 
same 

26.1 
27.2 

218. 
114. 

Sidewall 

Sidewall 


3751 .O coal 38.0 Sidewall 

3870.0 ss;f-mgr,vslty 29.5 46. Sidewall 


3900.0 
4053.0 
41 22.0 
4180.0 
4214.0 

ss;f-cgr,sl slty
ss;f-mgr,vshy
s1tst;sdy
ss;vf-fgr,vslty
s1tst;ss lam 

33.7 
26.2 
29.8 
30.1 
27.6 

976. 
88. 
2.22 

11. 
0.62 

Sidewall 

Sidewall 

Sidewall 

Sidewall 

Sidewall 


4285.0 
4378.0 
4510.0 
4623.9 
4629.5 

ss;f-cgr,slty
ss;vf-fgr,slty
s1tst;sl sdy
ss;vfgr 
same 

28.1 
29.5 
29.1 
25.4 
25.6 

162. 
9.89 
1.16 
73. 
1.60 

Si dewall 

Sidewall 

Sidewall 

Core 1 ;frac 

Core 1 


4633.9 sltst;sdy,sid 16.4 0.07 Core 1 

4983.0 s1tst;sid 25.7 136. frac 

5082.0 same 26.9 65. frac 

5127.O ss;vf-fgr 25.5 24. 

5323.0 same;fn carb incls 26.8 117. 
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Permeability Porosity  
Lithology  

s1tst;sl  

Table 1. POROSITY AN0 PERMEABILITY 

Depth 

(Millidarcies)
(feet) (Percent) Remarks 

sdy,sid
5452.0 27.8 

5536.0 ss;vf-mgr,mica sc carb 


i. ncls~. 

5626.0 sltst 
5720.0 ss;vf-fgr,mica
5780.0 same 

5794.5 ss;vf-mgr,sc
fos 
5796.5 same 
5799.5 ss;vf-fgr,shy,mica
5801.4 ss;vf-fgr,foss,vcalc
5836.0 ss;vf-fgr,mica,fn carb 

i ncls 


5890.0 ss;vf-mgr,fn carb incls 

5923.0 ss;vfgr,sl shy

6010.0 ss;vf-fgr

6020.0 same 

61 62.0 same;sltst inbd 


6224.0 ss;vf-mgr

6240.0 same 

6342.0 ss;vfgr

6370.0 ss;vf-mgr,mica

6466.0 ss;vf-fgr,mica,carb lams 28.2 


Norton 2 


0.90 Sidewall 

18.6 93. Sidewal 1 
27.5 173. frac 
23.9 2.52 Sidewal1 
23.7 17. Sidewal1 

20.5 1.29 Core 2 
23.2 5.88 Core 2 
7.8 0.54 Core 2 
1.5 0.15 Core 2 

25.3 12. Sidewall 

27.9 115. Sidewall 
22.3 2.97 Sidewall 
28.2 123. Sidewall 
30.8 33. Sidewall 
28.0 76. Sidewall 

31.2 321. Sidewall 
28.4 195. Sidewall 
22.9 5.24 Sidewall 
30.3 162. Sidewall 

98. Sidewall 


6637.0 same 

6730.0 ss;vfgr,mica


25.56750.0 sltst 

6792.0 ss;vfgr


30.8 ss;vf-fgr.mica
6859.0 


6876.0 same 

6909.0 same;carb
lams 

6952.0 same;carb
lams 
7020.6 ss;vf-fgr,mica.fn

i ncl s 
7026.0 s1tst;mica 

23.2 21. Sidewall 

20.2 2.56 Sidewall 


0.62 Sidewall 

23.3 16. Sidewall 


84. Sidewall 


30.7 242. Sidewall 
22.4 61 . Sidewall 
29.5 79. Sidewall 

carb 
15.3 0.61 Core 3 
20.3 0.78 Sidewall 

7030.7 ss;vf-mgr,mica,fn carb 

1 a m  20.5 11. Core 3 

7032.5 ss;vf-fgr,mica,carb lams 14.4 0.74 Core 3 
7034.3 ss;vf-fgr,mica 21 .o 7.64 Core 3 
7036.5 ss;f-mgr,mica 28.5 543. Core 3 
7038.6 ss;vf-mgr,mica,fn carb 

1 ams 17.7 1.27 Core 3 
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Permeab i l i t y  Poros i ty   

-- 

-- 

( P e r c e n t )   L i t h o l o g y   

Table 1. POROSITY AND PERMEABILITY 
Norton 2 

ss;vfgr,mica,sl tst  23. 22.5inbd 
ss;vf-mgr,mica, c a r bf n  

Depth  
( f e e t )( M i l l i d a r c i e s )  

7040.0 
7041.3 

20.0 
7044.4 
7047.5 
7232.0 

7370.0 
7448.0 
7546.0 
7626.0 
7657.0 

7690.0 
7833.0lams 

18.7	7925.0 
7955.0 
7995.3 

8000.3 
8001.6 
8012.5 
8072.0 
8089.0 

81 20.0 

8245.0 
8264.0 
8406 .O 
8703.6 

8715.7 
8719.3 
8721.4 
8725.5 
8727.6 

8728.8 
8729.4 
8730.3 
8731.3 
8735.0 

Remarks 

Sidewal l  

Core 3 
Core 3 
Core 3 

Sidewal l  
S idewal l  
S idewal l  
S idewal l  
S idewal l  

f rac 
Sidewal l  
f rac 
Sidewal l  
Core 4 

Core 4 
Core 4 
Core 4 
Sidewal l  
f rac  

Sidewal l  
S idewal l  
f r a c  
Sidewal l  
Core 5 

Core 5 
Core 5 

1ams 
ss;f-mgr,mica 
same;fnlams carb 
ss;vfgr,mica 

sltst;sdy,mica 6.03 

ss;vf-fgr,mica67. 

sh 

ss;vf-fgr,mica42. 

same 


s1tst;sdy 

ss;vfgr,fn 
carb 

same 

same 

sltst;sdy,mica 0.01 


ss;vf-fgr,mica 

ss;vfgr,mica,slty,shy 

s1ts t ;sdy 0.16 

ss;v fgr  

s1ts t ;vcarb  


26.3 183. 
40. 	 21.2 

25.3 

16.5 
24.4 
16.0 
24.1 
26.1 173. 

18.1 181. 
22. 22.5 

117. 
18.7 	 10. 

7.3 

11.4 0.22 
0.67 10.1 

11.6 
23.0 12. 
19.8 127. 

ss;vf-fgr,mica.fncarb 
lams 22.9 39. 

same 24.0 57. 
sh 16.6 _­
ss;vf-fgr,mica 25.8 13. 

lamsss;vfgr,carb 8.6 0.17 

ss;v f - fgr ,c ly  13.6 0.19 
same 14.6 0.51 
same 0.14 12.5 Core 5 
same 0.07 11.6 Core 5 
same 1.47 16.0 Core 5 

same 0.39 14.7 Core 5 
same 0.69 15.5 Core 5 
same 0.62 15.3 Core 5 
same 17.5 4.28 Core 5 

lams 23.4 40. S idewal lss;vf-fgr,mica,carb 
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-- 

-- 

-- 
-- 
-- 

E6 


E. 12 0'2882 1 
20'0 6'8 E' LPZZ 1 
80'0 2'1 8'6EZZ 1 
EO'O 2'L b'bEZ2 1 
90'0 E'6 8'0EZZ 1 

20'0 2-21 
9'b 1221

-_ 6'PZ O'b 1221 
L'LL O'E 1221 

SO'O 0'6 
2'2 1221 

EO'O 2'2 L 
2'2 1221 

*2E b'02 0'26 121 
6L'8 L'LL O'L8 12L 

'PE 	9' 12 O'b8 121 
b' 12 O'E902 1 
2-02 0'086 11 

5' 12 O'LS6 11 
OE'O 6's L'b06 
22'0 6'2 0'81 1 

-S12 L'E L'LL 1 
10'0 L'E 1'211 11 

20'0 O'E 9'LLlLL 
E9'2 P*E S'OLL 11 

'L 1 S'8 1 O'S20 11 
'8b E-SZ O'L 0601 
'Lb 1 Z'EZ 0'9060 1 

'92 L'EZ O'S060 1 
'b L 6'EZ O'b060 1 

00'01 l*SZ 0' 11801 
EO'O 8'E b'E920 1 
ZE'O b'b S'OSZO 1 

6s' 1 E'9 S'EEZO 1 -
'90 1 6-61 O'L9S6 
'9 1 P'EZ O'b226 
'S 1 E'8 1 O'SO 16 
'b 1 2'6 1 O'Ob88 



Permeab i l i t y  Poros i ty   
L i t h o l o g y   

-- 

-- 

( P e r c e n t )   

Table 1. POROSITY AND PERMEABILITY 

Norton2 


Depth  
( f e e t  ) ( M i l l i d a r c i e s )  Remarks 

12958.5 ss;vfgr,shy 

12963.1 same 

12964.5 same 

12972.9 ss;v f - fgr ,ca lc  

12980.0 ss;vf-mgr,mica,sl 


12984.0 same 

13015.0 ss;vfgr,shy,vmica 

13395.5 ss;f-mgr,mica 

13396.5 sa m  

13397.4 ss;f-cgr,mica 


~~ 13398.5 ss;f-mgr,mica 

13399.2 same 

13400.5 Same 

13401.6 same 

13402.4 same;mica 


13403.5 ss;f-cgr,mica
~- 13404.2 Sam 

13405.4 same 

13406.5 Same 

13407.4 same 


13408.6 ss;vf-mgr,mica 

13409.5 ss;f-cgr,mica 

13410.6 same 

13411.4 s ame 

13412.6 same 


13413.6 same 

13414.0 same 

13414.0 ss;vf-mgr,mica,sl 

13415.4 ss;f-cgr,mica 

13416.4 same 


13417.0 Same 

13418.5 same 

13419.4 S d l W  
_ _  13420.4 ss;f-mgr,mica,fn 


1ams 

13421.4 ss;f-mgr,mica 


. 
3.8 0.02 Core10 
3.8 0.10 Core10 
3.9 0.03 Core10 
7.5 0.24 Core10 

c a l c  26.2 119. S idewal l  

23.1 41. S idewal l  
15.6 Sidewal l  
11.2 0.14 Core11 
11.3 0.30 Core11 
11.7 0.23 Core11 

12.6 0.21 Core11 
6.8 0.1 7 Core 11 ;FD 

10.9 0.14 Core11 
11.1 0.14 Core11 

5.9 0.02 Core11 

12.0 0.32 Core11 
10.3 0.29 Core11 ;FD 
11.1 3.47 Core11 
11.8 0.16 Core11 
11.4 0.43 Core. 1 1;FO 

7.5 0.09 Core 11 
12.1 0.23 Core 11 
8.4 0.11 Core 11 

12.3 0.23 Core 11 
10.7 0.21 Core 11 

12.5 0.18 Core11 
9.4 2.43 Core11 ;FD 

c a l c  21.8 S i  dewal l  
11.1 0.14 Core11 

9.1 0.1 4 Core11 

8.1 0.12 Core11 ;FD 
12.8 0.37 Core11 

9.6 0.15 Core 11;FD 
carb  

10.6 0.96 Core11 
11.9 0.14 Core11 
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Permeab i l i t y  Poros i ty   
L i t h o l o g y   ( P e r c e n t )   

Table 1. POROSITYAN0 PERMEABILITY 

Norton 2 


( M i l l i d a r c i e s )  

same 7.1 0.05 

same 10.1 0.1 5 

same 0.11 11.7 

same;fn carblams 10.4 0.1 1 

ss;vf-mgr,mica,sl c a l c  19.5 _ _  


Depth  
( f e e t  ) 

13422.3 
13423.1 
13424.3 
13425.4 
13730.0 

Remarks 

Core11 
Core11 ;FO
Core11 
Core11 
Sidewal l  

Core 12 
14175.0same;fn 

14487.7 s l t s t  

14493.9 same 

14494.4 same 

14859.7 1s 


14869.3 same 

14871.6 same 

14888.3 same 

14889.2 same 


carb  lams, c a l c  17.2 38. 
0.6 0.02 

0.02 3.0 Core12 

<0.01 2.5 Core12 


0.9 <0.01 Core13 


0.01 0.6 Core13 

0.7 0.01 Core13 


2.01 0.8 Core13 

1.o 0.03 Core13 
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4 0 0 0  

s o 0 0  

8 0 0 0  

7 0 0 0  

a 0 0 0  ..--
z -
P 

a 

9000 

10000 
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12000 


13000 


P o r o s i t y  ( p a r c a n t )  

5 10 2 5  5 0  
I I I I 

a 1  


a 2  

a I O  

1 1  

F i g u r e  34. P lo t  o f  a v e r a g ep o r o 9 i t ya g a i n 3 td e p t h  for  convent ionalcore  
sand9tone¶ampl'e¶ f r o m  NortonSound COST No.2 we11 
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Pos tdepos i t i ona lpo ros i t y  and p e r m e a b i l i t yr e d u c t i o na r ep r i m a r i l y  due t o  

compact ionandduct i legra indeformat ioninthematr ix- r ichsandstonesencountered 

i nthewe l l .Au th igen iccemen ta t i onhasp layed  a s u b s i d i a r y  r o l ei n  t h e  

d e t e r i o r a t i o no fr e s e r v o i rq u a l i t y .P y r i t e ,s m e c t i t i cc l a y ,  and s i d e r i t ea r e  

presentasauthigeniccements i n  samples from core  1 (4623 t o  4634 f e e t ) .C a l c i t e  

cement i s  f i r s t  r e p o r t e d  i n  samplesfromcore 2 (5793 t o  5802 f e e t ) ,  and au th igen ic  

q u a r t z  a n d  k a o l i n i t e  a r e  f i r s t  r e p o r t e d  i n  samplesfromcore 3 (7018 t o  7049 

fee t ) .Anker i t e  cement i s  f i r s t  r e p o r t e d  i n  samplesfromcore 4 (7993 t o  8022 

f e e t ) ,  and a u t h i g e n i c  c h l o r i t e  i s  f i r s t  r e p o r t e d  i n  samples from core  9 (12,212 

t o  12,241.5 fee t ) .  

Hydrocarbons 

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 ,  good gas shows c o n s i s t i n g  o f  methane w i t h  

l e s s e r  amounts o f  ethane,propane,andbutanewereencounteredbetween 12,190and 

14,460 fee t .  An examinat ionofthegeophys ica llogs  shows neut ron-dens i ty  gas 
-

anomalies f o r  much of thesandstoneandinterbeddedcoalbetween 12,880 and 

13,942 fee t .  No t e s t s  wererun t oe v a l u a t et h ed e g r e eo f  gas s a t u r a t i o n  i n  t h e  

sandstone 	bedswithneutron-densitygasanomalies.Theseanomaliesprobably 

p a r t i a l  o f  s a n d s t o n e~ r e p r e s e n t  s a t u r a t i o nt h e  w i t h  gas generated i na d j a c e n t  

coalbeds and u n a b l et om i g r a t ef u r t h e r  because o flowpermeab i l i t y .Th is  sequence 

mightconceivablybeproduct iveelsewhere i n  t h e  b a s i n .  

98 




GEOCHEMISTRY 

NORTON SOUND COST WELL NO. 2 

by  


TABE 0. FLETT AND DAVID BLUNT 


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

The organ icgeochemis t ryfo rthe  COST No. 2 w e l l  was designed t o  e v a l u a t e  

t h ep e t r o l e u ms o u r c ep o t e n t i a lo fr o c k si nt h ee a s t e r nr e g i o no ft h eN o r t o n  

Sound lease  area. The ana ly t i ca lp rog ram was recommended andundertakenby 

RobertsonResearch (U.S.), Inc.,and was approved, w i thmod i f i ca t i ons ,by  

A t l a n t i c  R i c h f i e l d  Oil Company (ARCO) who actedasoperator  on b e h a l f  o f  a 

group o f  companies. All organicgeochemicalanalysesfromNortonbasin COST 

No. 2 wellsummarized i n  t h i s  r e p o r t  wereobtainedfromRobertsonResearch 

(U.S.), Inc., (Dow, 1982). All depthsweremeasured from theKel ly 'Bush ing  

which was l o c a t e d  104.7 f e e t  above mean sea l e v e l  and154 f e e t  above t h e  sea 

f l o o r .  

Samples wereselectedby ARCO and inc ludecut t ings(226samples) ,s idewal l  

cores(164samples)andthir teenconvent ionalcores(53samples).Cutt ing 

samples a t  6 0 - f o o t  i n t e r v a l s  werecannedandanalyzed f o r  headspace gas, washed, 

descr ibed,andarepresenta t ivesamplese lec tedforto ta lo rgan iccarbon (TOC) 

ana lys is .  Samples w i thabou t  0.3 we igh tpercent  TM: wereanalyzed with rock-eval  

p y r o l y s i s .  Samples from c u t t i n g s  and s i d e w a l lc o r e sa t3 0 0 - f o o ti n t e r v a l s  and 
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samples from eachconven t iona lco rewerese lec tedfo rke rogeniso la t i on ,v i t r i n i t e  

re f l ec tance ,spo reco lo ra t i onindex ,  andelementa lanalys is .Soxhletext ract ion,  

e lu t ionchromatography,  and s a t u r a t e  f r a c t i o n  gas chromatographywere r e s t r i c t e d  

t oc o n v e n t i o n a lc o r e  samples. The o r i g i n a ld a t ai s  on f i l ea tt h eM i n e r a l s  

Management Service,800 A S t ree t ,  Anchorage,Alaska,and i s  a v a i l a b l e  f o r  

examination. 

GeothermalGradient 

The apparent mean geo the rma lg rad ien tsfo rthe  No. 2 w e l l  werecomputed 

from rawdatap lo t tedonF igure  36. Observedtemperaturesfrom1000feetbelow 

t h e  K e l l y  B u s h i n g  t o  14,870 feet(BottomHoleTemperature [BHT]) a retaken 

f rwnthetempera turelog .  Two runswere made below 11,700 f e e tw h i c hr e s u l t e d  

i n  twodatasets. The mean t h e r m a lg r a d i e n tf o rt h i sp a r to ft h e  No:2 we l l  was 

computed from 275OF a t  11,000 f e e t  t o  t h e  maximum BHT o f  370" F a t  14,870 fee t .  

The geothermalgradientfrom1000feet t o  11,000 f e e t  may becomputedbytaking 

t h e  a r i t h m e t i c  mean o f  t h e  g r a d i e n t s  f o r  t h e  5 0 0 - f o o t  i n c r e m e n t s  w i t h i n  t h i s  

i n t e r v a l  o r  b y  c o m p u t i n g  t h e  mean va lue  fo r  t hetwo  ex t reme measurements a t  

1000  fee t  and11,000 fee t .  

OrganicRichness 

Tota lo rgan iccarbonconten tf romcut t ings ,s idewal lcores ,  andconventional 

coresared isp layed on P l a t e  1. From t h e  sea f l o o r  t o  3,540 fee tbe lowthe  

Kel lyBushing, TOC va luesf romsidewal lcoresaremargina l ,averaging 0.61 

percent.  From 3540 t o  4570 f e e t ,s i g n i f i c a n t  amounts o fcoa loccur  i n  t h e  

samplesand TOC va luesa reh igh l yva r iab lerang ingf romaround  1 percent  
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Tempera ture  F 

Depth 
( I t )  

I .ooo 
3,000 
5 . 0 0 0  
7 . 0 0 0  
9.000 

I 1,000 

Temperature 
( O F )  

7 3  
I 1 2  
151  
I 9 0  
2 3 3  
2 7 5  

14.870 BHT 3 7 0  

Meanthermalgradient  
1.000 t o  I 1.000 f t  :2.02 OF/ IO0 f t  

Meanthermalgradient  
I 1.000 t o  14,870 I t  CTD) :2.50 O F /  I O 0  ft 

B H T  

Figure 36. T e m p e r a t u r e  log d a t a  from COSTWell  2. 
.Norton Sound. 48.5 hrs aftercirculationceased. 

[Data f rom Schlumberger Limited 
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t o  a maximum o f  42percent. From 4570 t o  6410 f e e t ,  TOC va luesaregenera l l y  

l essthan  1 p e r c e n tw i t ht h ee x c e p t i o no f  a fewcoal -bear ing samples.Between 

6410and9200 fee t ,coa laga incausesh igh lye r ra t i c  TOC measurements w i t h  a 

maximum v a l u eo f  61.47 percent. Most s i d e w a l lc o r e si nt h i si n t e r v a l  do n o t  
~~ 

exceed 4 percent  TOC. Whi leh igh ,theyarenotnear ly  as h i g ha sc u t t i n g s  

~- samples ,  cou ld  tha twh ich  ind ica te  coa l  sequences a r et h i n  and i n t e r m i t t e n to r  

t h a t  c u t t i n g s  samplesarebeingcontaminatedbysuperadjacentcoallayers. 
-~ 

Good o r g a n i cv a l u e so c c u ri ns i l t s t o n e sf r o m  9773 t o  12,035 fee t .  TOC averages 

1.38 p e r c e n ti nt h i si n t e r v a l .E r r a t i co r g a n i cc a r b o nv a l u e so c c u rf r o m  12,152 
_. 

t o  14,318 f e e t ,  andvaluesareashighas54and 55 percentwherecoal i s  

present.  From 14,460 t o  14,885.3 f e e t ,  TOC valuesf romcoresamplesareless 

than 0.14 percent .Higherva luesf romcut t ingssamplesref lectcontaminat ion 

from superadjacentsediments. 

The C15+ t o t a lo r g a n i ce x t r a c ti sr e p o r t e df r o mc o n v e n t i o n a lc o r e sf o r  

~- depths from 4628 t o  14,861 f e e ti nt h e  No. 2 w e l l( F i g u r e  37). C15+ e x t r a c t a b l e  

bitumencontentofkerogen,basedupon GeoChem Laborator ies,Inc.exper ience 
-

(Bay1 iss and Smith,1980), i s  very  good t o  e x c e l  l e n t  (2000 ppm t o  4000 ppm+) 

f rom 7,020 t o  8,020 f e e t  andgood t o  v e r y  good(1000 ppm t o  4000 ppm) f rom 

11,170 t o  12,213 feet .Favorable C15+ ex t rac tab leb i tumenva luesa lso  seem 

- t o  occur f requent ly i n  zones con ta in ing  material.  C15+more coa l  and carbonaceous 

bitumen t o  o r g a n i c  c a r b o n  r a t i o s  a r e  i n  e x c e s s  o f  0.01, and maximum valuesare 

approx imate ly  0.11. Values f o rt h i sr a t i oc i t e db yA l b r e c h t ,  Vandenbroucke, 

andMandengG(1976) f o r  e x t r a c t s  f r o m  s i m i l a r  k e r o g e n  i n  C r e t a c e o u s  r o c k s  -
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Figure 37. OrganicRichness CIS+ E x t r a c t a b l e  O r g a n i c  M a t t e r  f rom 
~~ Conventional Cores. 
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~~ 

found i n  t h e  DoulaBasin, Camaroon, A f r i ca ,reach a maximum o f  0.11. T i s s o t  

andWel te(1978)ind icatethat  when t h e  b i t u m e n  t o  TOC r a t i o  exceeds 0.20, t h e  
~~~ 

va luesareabnormal lyh igh and may ind icatethepresenceofnonindigenousbi tumens.  

D e s c r i p t i o n  o f  Kerogen 

Kerogen was examined i n  r e f l e c t e d  and t r a n s m i t t e dl i g h t .R e s u l t s  o f  t h e  

r e f l e c t e d  l i g h t  p e t r o g r a p h y  and thehydrogen t o  carbon r a t i o  (H/C) o f  t h e  

kerogen from chemicalanalysesaredepicted i n  F i g u r e  38. 

~ 

Threepetrographicc lassesofkerogenplus amorphous ma te r ia l ,  a subgroup 

w i t h i n  t h e  e x i n i t e  o r  l i p t i n i t e  c a t a g o r y ,  a r e  r e p o r t e d  i n  t h i s  s t u d y  asfo l lows:  

~~ 1. Amorphous ( a l g a l  o r  d i s s o l v e d ,  m a t t e r )c o l l o i d a l  

2. E x i n i t e  (herbaceous, l i p i d - r i c h  r e l i c s )  
~~ 

3. V i t r i n i t e  (woody andhumiccomponents) 

~~ 4. I n e r t i n i t e  ( h a r d ,  n o n r e a c t i v ec a r b o n - r i c h ,  b r i t t l ep a r t i c l e s )  

Dow (1982)s ta testha t  it hasbeen theexper ienceofRober tsonResearch (U.S. ) ,  

Inc., t h a t  samples w i t h  l e s s  t h a n  35 percent  amorphous kerogen will y i e l d  p r i m a r i l y  
. 

d r y  gas and t h a t  o i l  s o u r c e  beds c o n t a i n  65 p e r c e n to r  more o f  t h e  o i l - g e n e r a t i n g  

~~ components i n te rmed ia te(amorphous + e x i n i t e ) .  He adds tha t  m ix tu res  will 

e x p e l  p r i m a r i l y  wet gas andcondensate,although a c o m p l e t et r a n s i t i o np r o b a b l y  

ex i s t s .  Amorphous kerogen i n  excess o f  35 percento ftheto ta lkerogenoccurs  

i n  a d o m i n a n t l y  s i l t s t o n e  u n i t  between2400and3200 f e e t  andbetween9200and 

104 




O 

nic Ratio 
0 0.5 

Type of  Kerogmn 

100% 80% 60% 40% 2 
0% 20% 40% 60% 8 

1 mT 
2 

3 

4 

5 

L 

L . 


4 

1 


0 0 

0 

0 

c 


- 7 

f 
0 
0 0 n 

10 

11  

12 

13 

14 

15 

X 



12,200 f e e t  i n  a s h a l ys i l t s t o n el i t h o l o g y .I nt h i sl o w e ru n i tt h e  amorphous 

contentofthekerogenexceeds65percent i n  severalinstances. I n  c o a l y  

i n t e r v a l s  and a td e p t h sg r e a t e rt h a n  12,200 f e e t ,v i t r i n i t em a c e r a l sd o m i n a t e d  

~~ 	 t h ek e r o g e nw i t hp e r c e n t a g e so fv i t r i n i t eg e n e r a l l yi ne x c e s so f  60 o r  65 

percent .  

E lementa lanalys isdataare i n  goodagreement w i t h  t h e  v i s u a l  i d e n t i f i ­

c a t i o n  o f  kerogen. The H/C r a t i o  rangesfromabout 1.2 nea rthesu r face  

t o  a minimum o f  0.57 a t  14,640 fee t .Hunt(1979)ind ica testha t  1.2 i s  a 

t y p i c a l  H/C valueforherbaceouskerogenand 0.72 c h a r a c t e r i s t i c  o f  woody 
~ kerogen. These a r ef o r m so fe x i n i t e  and v i t r i n i t e ,r e s p e c t i v e l y .  It 


appears t h a t  much o f  t h e  kerogen i n  t h e  sed imentspenet ra tedbyth is  


w e l l  i s  woody, herbaceousmater ia lder ived from a t e r r e s t r i a l  source.This 


~ i n t e r p r e t a t i o n  byi ss u p p o r t e d  pyro lys is .  

Thehydrogen andoxygen i n d i c e s  from p y r o l y s i so fs i d e w a l lc o r e  samples 

a r ep l o t t e d  on a mod i f i ed  Van Krevelendiagram,Figure 39. The d a t ap l o t s  

a l m o s tt o t a l l ya l o n gt h et y p e  111 maturat ioncurve.  Thosesamples wi thhydrogen 

i n d i c e s  g r e a t e r  t h a n  1 5 0  t h a t  p l o t  i n  t h e  v i c i n i t y  o f  t h e  t y p e  I and t y p e  I 1  

c u r v e sa tr e l a t i v e l yh i g hl e v e l so ft h e r m a lm a t u r i t ya r ed e r i v e dc o m p l e t e l y  

f r o mt h ec o a l y  sequences o f  t h e  1i tho logy .  The s i n g l e  h i g h l y  anomalous da ta  

p o i n t  ( H I  = 494) i s  from a s i d e w a l lc o r ea t  6630 fee t .  H/C f romelemental  

analyses i s  0.88, which i s  n o t  anomalouslyhigh for t h i s  kerogen.There i s  no 

apparentreasonto assume t h a t  any o ftheke rogenana lyzedrep resen tse i the r  

t y p e  I o r  t y p e  11. 
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-~. Matu ra t i on  

The l e v e l  o f  t h e r m a l  a l t e r a t i o n  a t t a i n e d  bycarbon-bearingsedimentscan 

~~~ be  4 0  w e l l  o fevaluated i n  a v a r i e t yo f  ways. F i g u r e  c o n t a i n s  p r o f i l e st h e  

random v i t r i n i t e  r e f l e c t a n c e  (Ro), t h es p o r ec o l o r a t i o ni n d e x  (SCI), kerogen 
~~ f l u o r e s c e n c e  i n t e n s i t y ,  T2-max f r o m  t h e  second pyro lys isresponse,  and t h e  

carbonpreferenceindex (CPI).  

RobertsonResearch (U.S.), Inc., (Append ix )repor tstha tthe  abundanceof 

t e r r e s t r i a l  k e r o g e n  i n  mostsamplesanalyzedproducedvery good v i t r i n i t e  
-~ 

r e f l e c t a n c e  d a t a  w i t h  t h e  r e s u l t  t h a t  t h e  Ro p r o f i l e  i s  t h e  most r e l i a b l e  

i n d i c a t o ro ft h e r m a lm a t u r i t yf o rt h e  No. 2 wel l .H is togramsof  Ro measurements 

aregenera l lyunimodal .  The on lys ign i f i can tp rob lemsrepor tedwereh igh  

rank,recyc ledorganicmat ter  i n  some shal lowsamples,occasionaloxidized 

v i t r i n i t e ,  s o l i d  b i t u m e n  and p s e u d o v i t r i n i t e ,  andminorcaving i n  a few o f  t h e  

c u t t i n g s  samples. 

Ro valuesreach 0.6 percent ,thelower  limit o f  peak o i lgenera t i on(Hun t ,  

~~~~ 1979), a t  be lowKel lyapprox ima te l y  10,700 fee t  the  Bush ing .  Ro increases  

c o n t i n u o u s l y  t o  a deptho fabout  12,100 f e e t  where t h e r e  i s  a d iscont inuous  
~~ 

i n c r e a s e  i n  Ro fromabout 0.7 t o  1.0 percent.  The Ro va luesthenincrease 

c o n t i n u o u s l y  t o  14,330 feetwhere a maximum v a l u e  o f  1.46 percent  was observed. 

Oil couldbegenerated and preservedfrom 10,700 f e e t  o r  a l i t t l e  l e s s  t o  a t  

. l e a s t  14,300 f e e t ,  and gas couldgenerated and preservedbe f rom 12,100 f e e t  

t o  t o t a l  d e p t h  o f  t h e  No. 2 w e l l  a t  t h i s  l o c a t i o n .  
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D O ~(1982) i n t e r p r e t s  t h e  Ro anomaly a t  12,100 f e e t  a sb e i n gt h er e s u l to f  

an unconformity.  By p r o j e c t i n gt h el o w e r  segment o f  t h e  Ro p r o f i l e  up h o l e  t o  

about 0.7 percent ,  i t  i sp o s s i b l et oe s t i m a t et h a ts e v e r a lt h o u s a n df e e to f  

erodedsect ionareunaccountedfor  i n  t h i s  w e l l  (Dow, 1977). The cont inuous 

n a t u r e  o f  t h e  Ro cu rve ,wh ichp ro jec tstonear l y  0.2 pe rcen ta tthep resen t  

s u r f a c e ,  i n d i c a t e s  t h a t  v e r y  l i t t l e  e r o s i o n  hasoccurredabovetheanomalyand 

tha tsed imen ta t i on  was e s s e n t i a l l yc o n t i n u o u st oa b o u t  12,000 fee t .  A 

c o r r e l a t i v e  anomalyappears t o  o c c u r  a t  a p p r o x i m a t e l y  11,900 f e e t  i n  t h e  SCI 

p r o f i l e .  

The s p o r ec o l o r a t i o ni n d e xi se s t i m a t e db ya s s i g n i n g  a value,on a sca le  

o f  1 t o  10, t o  t h e  c o l o r  o f  s p o r e s  and pol lenobserved i n  t r a n s m i t t e d  l i g h t .  

Th i stechn iqueismos tuse fu li nthelowermatu ra t i onrangesbecause ,asthe  

sporesandpol len become more mature,they become opaque,and it i s  d i f f i c u l t  

t oe v a l u a t es u b t l e  changes i n  c o l o r .  A co r re la t i onchar tp rov idedbyRober t son  

Research (U.S.), Inc., (Dow, 1982)sugges tstha tthelowerth resho ldo f  peak o i l  

g e n e r a t i o n  f o r  SCI values i s  approx imate ly  3.5 o r  3.6 and theuppervalue 

approx imate ly  7.4 o r  7.5. These l i m i t i n gv a l u e sa r ea p p r o x i m a t e l ye q u i v a l e n t  

t o  0.6 and 1.4 p e r c e n t  r e s p e c t i v e l y  o n  t h e  v i t r i n i t e  r e f l e c t a n c e  s c a l e .  

Dow (1982)s ta testha t  SCI da taf romthe  No. 2 we l la reo funusua l l ypoor  

q u a l i t y  o w i n g  t o  anabundance o f  r e c y c l e d  o r  o x i d i z e d  o r g a n i c  m a t t e r  andapparent 

d isco lo ra t ion ,poss ib lycausedbyb i tuminousmater ia l .  The d i s c o l o r a t i o n  was 

p a r t i c u l a r l yt r o u b l e s o m e  above8000 f e e t .N e v e r t h e l e s s ,t h em a t u r a t i o np r o f i l e  

developedfrom SCI va luesc lose lyresemb lesthematu ra t i onp ro f i l esf rom Ro 
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and T2-max values. SCI va luesimp lytha tadequa tematu r i t yfo rgenera t i ono f  

hydrocarbonsbeginsbetween 10,200 and10,600 f e e t  i n  t h e  No. 2 wel l .  A 

d i s c o n t i n u o u so f f s e ti nt h em a t u r a t i o np r o f i l eo c c u r sa ta b o u t  11,900 f e e t ,  and 

SCI values from t h i s  d e p t h  t o  t h e  b o t t o m  o f  t h e  w e l l  r a n g e  between 6 and 7, 

near maximum v a l u e sf o ro i lg e n e r a t i o n .  

The in tens i t yo fke rogenf luo rescenceinc reasesw i thinc reas ingmatu r i t y .  

A t  9230 f e e t  t h e  f l u o r e s c e n c e  i n t e n s i t y  a s s o c i a t e d  w i t h  t h e  opaque kerogen 

from sidewal lcores  i s  ve ryh igh  andremainsveryhigh t o  a d e p t h  o f  13,558 

fee t ,a twh ichpo in t  i t  decreasesrapidly.Thisdrop i n  kerogenf luorescence 

in tens i t yappearstoco r respondw i threducedleve lso fo rgan icr i chness  andan 

i n c r e a s e  i n  t h e  c o n t e n t  o f  v i t r i n i t i c  k e r o g e n  a t  t h e  expense o f  e x i n i t e  m a t e r i a l .  

The abruptness i n  t h e  r e d u c t i o n  o f  t h e  f l u o r e s c e n c e  i n t e n s i t y  s u g g e s t s  t h a t  i t  

i s  r e l a t e d  t o  a change i n  ke rogencompos i t i onra the rthantotheprog ress i ve  

inc rease i n  m a t u r i t y ,  t h o u g h  i n c r e a s i n g  t h e r m a l  m a t u r i t y  i s  p r o b a b l y  a c o n t r i b u t i n g  

f a c t o r .  

Barker(1974).Claypool and Reed (1976) ,andEspi ta l re  and others(1977), 

havesuggested t h a t  T2-"ax, t he  tempera tu re  a t  wh ich  maximum e v o l u t i o n  o f  

thermalhydrocarbonsoccursdur ingpyro lys is ,canbeusedtocharac ter izethe  

degree o fthermalmatura t ionofkerogen.  However, these measurements a r e  

i n f l u e n c e db yt h el a b o r a t o r y ' si n s t r u m e n t a t i o n  andtechn ique ,thera teo f  

heating,andbythetypeofkerogen.Type 111 kerogen, f o r  example,tends t o  

e x h i b i t  l o w e r  T2-max va luesthantypes I and X I  ( T i s s o t  andWelte,1978). 
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RobertsonResearch (U.S.), Inc. ,suggeststhatthe zone o f  peak o i l  

genera t ion  i s  r o u g h l y  d e f i n e d  b y  t h e  l i m i t i n g  T2-max va lues 435' and470° C. 

These va luesoccura tapprox imate ly  10,600 and 13,600 f e e t  r e s p e c t i v e l y  i n  t h e  

No. 2 we l l .  The r e l a t i v e l yh i g h  T2-max values i n  t h e  upperpa r to fthe  

l i t h o l o g i c  s e c t i o n  a r e  causedbyrecyc ledorganicmat terthatcannotbescreened 

f rompyro l ys i sana lyses ,a l though  i t  f requent lycanbe when Ro measurements a r e  

made. I ns p i t e  o f  t h i s ,  t h e  T2-max d a t ap l o t s  as a c o n t i n u o u sp r o f i l ev e r y  

s i m i l a r  t o  t h e  Ro p r o f i l e .  The Ro anomaly a t  12,100 f e e t  i s  n o t  a p p a r e n t  i n  

t h e  T2-max d a t a ,  p o s s i b l y  o w i n g  t o  t h e  g r e a t e r  s t a t i s t i c a l  v a r i a t i o n  i n h e r e n t  

i nt h i sa n a l y t i c a lt e c h n i q u e .  

C P I  v a l u e s  f o r  samplesfromconventionalcoreswerecomputedusingthe 

o r i g i n a lB r a y  andEvans formula (C24 th rough C34). The sha l lowestobserva t ion  

i s  1.79 f rom a sample a t  4528 fee t .Va luesinc reaseto  2.96 a t  8727 f e e t  and 

thendecreaseto  a minimum o f  1.07 a t  13,405 fee tbe lowtheKe l lyBush ing .  

C P I  valuesappear t o  approach 1.3 between 11,000 and12,000 feet.Valuesbelow 

12,000 f e e tp r o j e c tt o w a r d  an asymptot ic limit ofabout  1.1.Gas chromatograms 

f romconvent ionalcoresamplesat  11,170 and 12,213 f e e t  a r e  r e p r o d u c e d  i n  

F i g u r e  41. The change from a bimodal t o  a unimodal d i s t r i b u t i o n  o f  p a r a f f i n s  

w i t h  a r e d u c t i o n  o f  l o n g e r  p a r a f f i n  andnapthenemoleculesplusthereduct ion 

o f  t h e  C P I  valuesbelow 12,000 f e e t  a1 1 t e n d  t o  s u p p o r t  t h e  h y p o t h e s i s  t h a t  a 

s i g n i f i c a n ti n c r e a s ei nt h e r m a lm a t u r i t y  hasoccurred i n  t h i s  i n t e r v a l .  
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CPI - 1.30 
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CPI = 1.19 

Figure 4 I .  	 R e p r e s e n t a t i v e  C I  5 +  GasChromatogramsfromconventionalcoresamplesshowing 
Alkanedistribution. 
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There i s  goodgeneralagreement among t h ei n d i c a t o r so ft h e r m a lm a t u r i t y  

t h a t  t h e  o n s e t  o f  major o i lgenera t i onshou ldoccu ra tapprox ima te l y  10,700 f e e t  

a t  t h i s  l o c a t i o n  and t h a t  a s i g n i f i c a n t  m a t u r a t i o n  anomaly e x i s t s  a t  a b o u t  

~~ 12,100 fee t .  The base o ft h e  zone o f  peak o i lg e n e r a t i o ni sn o t  as d i s t i n c t  as 

theupperboundarybut  it appears t o  occur a t  14,000 t o  14,300 f e e t .  Gaseous 
~ 

hydrocarbonscouldbegeneratedandpreservedbelow 12,100 f e e t  i n  t h i s  w e l l  

and a tcons iderab lysha l lowerdepths  i f  generated from coalorbymicroorganisms. 

HydrocarbonSourcePotential 

Organicrichness,headspace gas andwetness,genet icpotent ia l  and 

p r o d u c t i v i t yi n d e xf r o mp y r o l y s i sa r ea l ld i s p l a y e d  onFigure 42. Wetness f o r  
~~ 

t h i s  r e p o r t  i s  de f inedas  [Cz + C3 + Cq] : [Cl+ C2 + C3 + Cq]. The 

~~ ~ 1a rger  headspacegasvaluesarerelated t o  anomalous organ iccarbonleve ls  

t h a tg e n e r a l l yo c c u ri nc o a l yl i t h o l o g i c  sequences. The wetness r a t i o  c l e a r l y  

i n d i c a t e s  t h a t  u n t i l  Ro exceeds 0.6 percent,theheadspacegas i s  a l m o s te n t i r e l y  

composed o f  methane. Dow (1982)notesthat  i f  p r i m a r i l yo i ls o u r c e  bedswere 

present ,espec ia l l ybe low 10,000 fee t ,  t he  we tness  ra t i o  shou ld  be  more than 

90percentandthatpentaneandheavieralkanesshouldbe more abundantthanthey 

are. 

The sumS1 + S2 from p y r o l y s i s  i s  te rmedthegenet icpo ten t ia lbyT isso t  

andWelte(1978)because it accounts f o r  b o t h  t y p e  andabundance of o rgan ic  

matter.  They s u g g e s tt h ef o l l o w i n gt h r e s h o l dv a l u e sf o re v a l u a t i n gt h eo i l  and 

gas po ten t i a lo fsou rcerock .  
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s1 s2 

(ppm) Source-Rock P o t e n t i a l  

Less than 2000 No o i l .  Some gas. 

2000 t o  6000 Moderatesourcerock. 

Greaterthan 6000 Good sourcerock. 

~~ . S1 
The q u o t i e n t  + s2 i s  t e r m e dt h et r a n s f o r m a t i o nr a t i ob yT i s s o t  and 

1 
Welte(1978). It i n d i c a t e st h ee x t e n tt ow h i c ht h eg e n e t i cp o t e n t i a lo f  a 

kerogenhasbeenrealizedprov idedthatvo lat i lehydrocarbons ( S i  ) evolvedfrom 

thekerogenareindigenous. 

Most o f  t h e  e r r a t i c  S1 t S2 v a l h s  i n  excessof  2000 ppm a r ed e r i v e d  

from c o a l y  l i t h o l o g i c  sequences.However, t hesec t i onf romabou t  10,000 t o  

12,250 f e e t  i s  l a r g e l y  s i l t s t o n e  and sha le  with on lyminor  amounts o f  c o a l .  

A s i n g l e  s i d e w a l l  c o r e .  sample a t  12,230 f e e t  y i e l d e d  i s 0  andnormal'pentanecontents 

o f  5487 and7634 ppm, respect ive ly .Below 10,600 f e e t ,t h e  S i  + S2 values 
s1 S1 

rangefrom2000 t o  8980 ppm and + s2 f rom 0.05 t o  0.56. The maximum + 

1 1

were  resu l tpyro lys is  upon core  9 a t-~ values  the  o f  per fo rmed convent iona l  

12,214 f e e t ;  a sample composed o f  a ve ryf i ne ,quar t zsands tonew i thf rac tu res  

f i l l e d  w i t h  b l a c k ,  s h i n e y ,  b i t u m i n o u s  m a t e r i a l ,  r e s e m b l i n g  c o a l .  
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RobertsonResearch (U.S.), Inc., i d e n t i f i e dt h es o l i d  b i t u m i n o u sm a t e r i a l  

asep i - impson i teonthebas iso f  Ro andelementalanalysis.Thissampleand a 

sample o f  g r a y ,  q u a r t z i t i c ,  andmicaceous s i l t s t o n e  f r o m  t h e  same c o r e  a t  

12,213 fee tconta ineda lmost  4000 ppm ex t rac tab leo rgan icmate r ia lt ha tp roduced  

gaschromatograms c lose lyresemb l ingc rudeo i l .  The b i tuminousmater ia l  

con ta ined some ext ran-a lkanes i n  t h e  C20 - C30 carbon number rangethatwere 

n o tp r e s e n ti nt h ep e n t a n e - r i c hs i l t s t o n e .  The C15+ ext ractsf romthesamples 
~ ~~ 

a t  12,213and 12,214 f e e t  y i e l d e d  p r i s t a n e  t o  p h y t a n e  r a t i o s  ( P r / P h )  o f  4.00 

and 4.33 respect ive ly .Pr /Phrat iosbetween 3.0 and 4.5 from theCarnarvon 

bas in(Jurass icsource) ,Per thbasin(centra lDandaragantrough) ,and Papuan bas in  

A u s t r a l i a  d e r i v e d  from p a r a f f i n i c - n a p t h e n i c  a s s o c i a t e d  m a r g i n a l ­-~ i n  a r e  o i l s  w i t h  

m a r i n e  c l a s t i c  s e d i m e n t a r y  r o c k s  o r  d e l t a i c  sequences w i t h  some mar inein f luence 

(Powel 1 and McKirdy,1975). 

The o rgan ic  ex t rac ts  f rom these  sampleswere c o r r e l a t e d  w i t h  e x t r a c t s  f r o m  

cores10 and11byRobertsonResearch (U.S.), Inc., on t h eb a s i so f" g r o s s  

c o m p o s i t i o n s ,s a t u r a t ef r a c t i o n  gaschromatograms,andkeyratios."Robertson 

Research (U.S.), Inc., (Appendix)concludesthattheext ractablemater ia l  i n  

co re  9 p r o b a b l y  o r i g i n a t e d  i n  t h e r m a l l y  m a t u r e  c l a s t i c  s e d i m e n t s  asdeepas 

14,000 fee t .  

Summary and Conclusions 

Geochemical da taf romthe  No. 2 w e l l  i n d i c a t e  a p redominant lytype 111 humic 

kerogen commonly found i n  whatDemaisson(1981)hastermed a " type  C"  o rgan ic  

f a c i e s .T h i sf a c i e si st y p i c a l l yt h ep r o d u c to f  a m i l d l yo x i cd e p o s i t i o n a l  



environment and may conta inmar ine  andnonmarinesediments,slope and r i s e  

d e p o s i t s ,a n de x i n i t er i c hc o a l s .  It i sc h a r a c t e r i z e dg e o c h e m i c a l l y  a t  an Ro o f  

approx imate ly  0.5 p e r c e n t  i n  t h e  f o l l o w i n g  manner: 

H/C: 0.8 t o  1.0 
. 

HydrogenIndex ( H I ) :  25 t o  125 mg HC's 
B 

Oxygen Index (01): 50 t o  200 	= co2 
B mc 

Averagevaluesoftheseparametersat a d e p t h  o f  8000 f e e t  where Ro i s  

about 0.5 pe rcen tp roducedthefo l l ow ingresu l t s :  

H/C: 0.93 

The average HI from thesecut t ingssamples i s  s l i g h t l y  h i g h  b u t  it i s  f a r  

l e s st h a nt h e  minimum v a l u er e q u i r e df o r  an o i l - p r o n ef a c i e s  ( H I  = 450 HC's f o r  
B mc 
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~~ " type B," o rgan icfac ies ,  Oemaison, 1981).Hydrocarbonsformed i n  a t ype  C 

o r g a n i cf a c i e st e n dt ob e  gas prone,sometimes wi thcondensate.Visualindent i ­

f i c a t i o no ft h ek e r o g e n  and r e l a t i v e l y  h i g h  Pr/Phvalues(seeFigure41)support 

hypo thes i s  sugges t  f rom~ 	 t h i s  and  tha t  much o ft h eo r g a n i cm a t t e r  was der ived  

t e r r e s t r i a l  sources. 

~~~ 

Organicmatter i s  abundantthroughoutmostofthesedimentarysect ion 

encountered i n  t h i s  t e s t  w e l l  and i s  e s p e c i a l l y  h i g h  i n  c o a l - b e a r i n g  i n t e r v a l s  

between3500 t o  4600feet,6400 t o  8600&et,and 12,200 t o  14,400 fee t .  

.. S u f f i c i e n tt h e r m a lm a t u r i t yf o r  peak o i lg e n e r a t i o ne x i s t sb e l o w  10,600 

f e e t  and c r u d eo i lc o u l db ep r e s e r v e dt oa tl e a s t  14,000 f e e t .  V i t r i n i t e  

re f lec tance,suppor tedbyotherind ica torso fthermalmatur i t y ,suggeststha t  

depos i t i ono fsed imen thasbeenre la t i ve l ycon t inuousto  a deptho fabout  

12,100 f e e t  where a d i s t i n c t  anomaly may represent  a h i a t u s  i n  s e d i m e n t a t i o n  

~~ o fsevera lthousandfee t .  

~~ 

M inor  amounts o f  gasand l iqu idhydrocarbonsarepresentbe low 10,000 f e e t  

assoc ia tedwi thkerogenhav ing  a modera tegenet icpo ten t ia lfo rhydrocarbon 

generat ion.  The bes ts igns  of  f reehydrocarbonsp lusorgan icex t rac t  and s o l i d  

b i t u m i n o u sm a t e r i a lf i l l i n gf r a c t u r e s  wereobserved i nc o n v e n t i o n a lc o r e  

number 9, between 12,200 and 12,250 fee t .  
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A t  depthsgreaterthan14,000feet ,organiccarboncontent  andabundance 

ofsapropelickerogenarelow.Metamorphicrocksarepresent i n  a sidewal l  

corea t14 ,410fee t .  It i su n l i k e l yt h a t  hydrocarbonshavebeengenerated a t  

t h e s ed e p t h sa tt h i sl o c a t i o n( f i g .4 2 ) .  
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ENVIRONMENTAL CONSIDERATIONS 


By Paul Lowry 


ARC0 Exploration Company, as operator for itself and other 

participants, submitted a letter datedJune 18, 1981, for the proposed 

drilling of a Deep Stratigraphic Test w e l l  in the Norton Sound areaof the 

Alaska Outer Continental Shelf. Documents in support of this proposal 

included a Drilling Plan, an Environmental Report, an Oilspill Contingency 

Plan, and Coastal Zone Consistency Certification. On the basis of 

preliminary information on the proposed locations, a site-specific 

biological survey and a geohazards survey at the primary and alternate sites 

to detail environmental conditions were required before approval of the 

Geological and Geophysical (G&G) Permit application for the Deep 

Stratigraphic Test we l l .  The applicant followed 30 CFR Part 251 in 

submission o f  the G&G Permit for this well. 

A Deep Stratigraphic Test w e l l  is intended to acquire geological and 


engineering data to determine the potential for hydrocarbon accumulation 


within a proposed sale area. It is commonly drilled off structure, and it 


is not intended that any hydrocarbon accumulations be found. Although the 


revised regulations do not forbid drilling on structure, the Norton Sound 


No. 2 well was drilled off structure. The information gathered from this 


test w e l l  was used to further evaluate the hydrocarbon potential ofOCS 


Lease Sale No. 57 (Norton Basin) held on March 15, 1983. 
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As part of the permit application review process, an Environmental 


Assessment (EA) under the National Environmental Policy Act (NEPA) directive 


was prepared. An EA serves as a decision-making document to determine if 


the proposed action is or is not a major Federal action significantly 


affecting the quality of the human environment in the sense of NEPA, Section 


102(2)(C). An EA addresses and includes the following: Description of the 


proposed action, description of the affected environment, environmental 


consequences, alternatives to the proposed action, unavoidable adverse 


environmental effects, and controversial issues. 


On the basis of existing dataand regulations in effect at the time the 


proposal was being reviewed, specific environmental aspects were considered 


MMS before the drilling plan was approved. 


Geological Survey 


A site-specific shallow drilling hazards survey (Nekton, 1980b), 

required by MMS, showed the seafloor at the proposed sites to be nearly 

flat, with extensive evidence of shallow ice gouging. A thin veneer of soft 

Holocene clayey silt and clay covered both sites. Cyclic loading during 

storm conditions aids the normal dynamic tidal currents in resuspension and 

transportation of the upper several feet of sediment. This leads to 

redeposition and, in some cases, liquefaction of the sea bottom. These 

conditions permit periodic venting of biogenic gas that might form in 

pre-Holocene organic-rich peaty sediments. Video and still photographs 

taken in conjunction with the biological surveys indicated that the 
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subs t ra tumatbo ths i tes  was dominatedby sand and s i l t ,  w i t h  l i t t l e  

c l a y  and no g rave l .Sed imen td i s t r i bu t i on  may be r e l a t e dt ot h ed i s t a n c eo f  

thes i tesf romte r res t r i a lsed imen tsou rces  and s t rongcur ren ts .  

Geologichazards: 

1. 	 Shallowgas i n  t h e  v i c i n i t y  o f  t h e  o p e r a t i o n s  i s  r e s t r i c t e d  t o  

b iogen ic  gas nearthesur face.  It i se a s i l yv e n t e d  when t h e  

sedimentsaredisturbed and d i d  n o ta f f e c tt h e  d r i l l i n g  

operat ions.  

2. No s h a l l o wf a u l t s  werepresentattheproposedsi te.  

3. 	 S u r f i c i a ls e d i m e n t sa r es t a b l e ,e x c e p tf o rp o t e n t i a ll i q u e f a c t i o n  

o f  t h et o p  1-2 m. T h i sd i dn o ti n t e r f e r ew i t hd r i l l i n g  

operat ions.  

4 .  	 I c e  gouges i n  t h i s  areaareveryshal low and d i dn o ta f f e c t  

ope ra t i ons  . 

5. 	 Sand waves and sedimentscourcausedbyintensecurrentact iv i ty  

d i dn o to c c u ra tt h ew e l ls i t e .  

6. 	 Permafrost  was notencountered.Engineeringprocedures were 

a v a i l a b l et oc o n t r o l  any d i f f i c u l t i e st h a tm i g h ta r i s eh a d  

Dermafrost  been encountered. 
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7. Abnormalpressures and hydrogen s u l f i d e  gaswere notexpectedor 

encountered. 

Geologichazardsdidnot  imposeundue r e s t r a i n t s  on t h i s  Deep 

St ra t ig raph icTes twe l lp rogram.  

Meteoro log ica l  and OceanographicData 

Most o ft h eB e r i n g  Sea l i e s  in s u b a r c t i cl a t i t u d e s  and c y c l o n i c  

atmospher icc i rcu la t ionpredominates in theregion.Cloudyskies, 

modera te l yheavyp rec ip i t a t i on ,  and s t rongsur facewindscharacter izethe 

marineweather.Stormsare more f r e q u e n ti nt h ef a l lt h a ni nt h e  sumner. 

Therearetwodominantcur ren tpa t te rnsintheNor ton  Sound area; t h e  

no r thwardf l ow ingcu r ren tspass ingeas to f  S t .  Lawrence I s l a n d  and t h e  

coun te rc lockw isec i r cu la t i onsys temwi th inNor ton  Sound. Wave.heights 

g rea terthan 8 f e e ta r e  comnon lessthan 10 pe rcen to fthet imeinAugus t  

andSeptember, and lessthan  20 p e r c e n to ft h et i m ei nO c t o b e r .  A t  Nome, 

t h e  mean datesofsea- icebreakup and freezeupare 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 ei c i n gi sp o s s i b l e  in June and i s  p r o b a b l ei n  

October. 

Sea i c ec o n d i t i o n si nN o r t o n  Sound v a r yf r o ms i t et os i t e ,  and i c e  

movement i s  causedby a combinat ionofgeography and p r e v a i l i n gn o r t h e a s t  

winterwinds. The p r e v a i l i n gn o r t h e a s tw i n d sr e s u l ti n  an almostcontinuous 

eas t -nor theas ttowest -southwestevacuat ionofice  from t h e  Sound throughout  

t h ew i n t e r .E x c e p tf o rt h es h o r e f a s ti c e ,t h ei c ei nt h i sa r e ai se n t i r e l y  
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replaced by this process several times during a season. First-year ice 


usually moves out of the area by the time it is about 18 inches thick. The 


site is characterized by relatively thin, weak ice in constant motion with 


extensive rafting. 


Pack ice generally begins to form in Norton Sound in mid- to late 


October. Some areas in and around the Sound are completely ice covered by 


mid-November. After mid-December, pack ice generally completely covers the 


Sound. 


By mid-March the ice pack at the head of the Sound begins to thin, but 


does not show appreciable melting until mid-May. By mid-June the Sound is 


completely ice-free. The No. 2 well was drilled during an open-water 


season. 


Because limited meteorological and oceanographic data were available, 


the MMS issued the Guidelines for Collection of Meteorological, 


Oceanographic, and Performance Data (January 21, 1982) and required the 


operator to collect meteorological information to aid in future operations 


within Norton Sound. During setup and operation, climatic and sea state 


conditions were monitored to ensure that local conditions did not exceed rig 


tolerances or jeopardize human safety. Winds, barometric pressure, air and 


water temperatures, waves, currents, and ice conditions were monitored. All 


environmental data collected during the drilling of thisw e l l  are available 


to the public (800A Street, Anchorage, Alaska). 
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Bio log ica lSurvey  

Bio log ica lSurveyResul ts  

A s i t e - s p e c i f i cm a r i n eb i o l o g i c a ls u r v e y  was designedby MMS i n  concer t  

w i tho the rFedera l  and Stateagencies t op r o v i d eb i o l o g i c a ld a t aa tt h e  

proposed Deep St ra t ig raph icTes ts i tes .Throughthe  use ofunderwatervideo 

and photographicdocumentat ion,planktontows,infaunalsampl ing,  and 

t r a w l i n g ;  ARC0 (Nekton,1980a)determinedtherelat ive abundance and types 

o fo rgan ismspresentinvar ioushab i ta ts .  These s tud ies  were conducted on 

August 22-23, 1980, t od e t e r m i n eb i o l o g i c a lr e s o u r c e sa tt h ep r o p o s e dd r i l l  

s i t e s .  The r e s u l t sa r e  summarized as f o l l o w s :  

1. 	 I n v e r t e b r a t e s  were thedominant component o ft raw lca tches ,w i ththe  

seastar,Asteriasamurensis,themostabundanttaxon. 

2. 	 More f i s h  were c o l l e c t e da tt h ea l t e r n a t es i t et h a na tt h e . p r i m a r y  

s i t e ,b u tt h et o t a lw e i g h to ff i s h  was g r e a t e ra tt h ep r i m a r ys i t e .  

The s t a r r yf l o u n d e r ,P l a t i c h t h y ss t e l l a t u s ,  was t h e  m s t  abundant f l a t  

f i s ha tt h ep r i m a r ys i t e .  Few f l a t  f i s h  were t a k e na tt h ea l t e r n a t e  

s i t e .  The sa f f ron  cod, E l e g i n u sg r a c i l i s ,  and therainbowsmelt ,  

Osmerus mordaxdentex, were themostabundantround f i s ha tb o t h  

s i t e s .  

3. 	 Demersal f i s h  and ep ibenth icinver tebra tesobserved on v ideorecord ings  

were s i m i l a ra tb o t hs i t e s .  Sea s t a r s  were themost numerous 

i n v e r t e b r a t e sa tt h ea l t e r n a t es i t e .  The epibenthos and subs t ra te  

were s i m i l a ra tb o t hs i t e s .  
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4. 	 Taxanomic d i v e r s i t y  and d e n s i t y  were h i g h e ra tt h ea l t e r n a t es i t e .  

Polychaeteannelidswerenumerical lydominantatbothsites,fol lowed 

byechinoderms,molluscs, and arthropods. 

5. 	 The r e l a t i v e  abundance, t o t a l  number oforganismspercubicmeter and 

speciescomposi t ionoftheplankton,  was s i m i l a r  a t  t h e  two s i t e s .  

Copepods were themostabundantplanktonicorganismatbothsides. 

N e i t h e rs i t es u p p o r t e du n i q u eh a b i t a t so rs p e c i e so fs p e c i a li n t e r e s t  

t h a tr e q u i r e dr e j e c t i o no rm o d i f i c a t i o no ft h eN o r t o n  Sound No. 2 w e l l  

program. The Reg iona lSuperv isor ,Of fshoreF ie ldOpera t ions ,conc ludedtha t  

normal d r i l l i n go p e r a t i o n sa te i t h e r  o f  thetwosi teswouldnotadverse ly  

a f fec ttheenv i ronment .  

Marine Mammal s/Endangered Species 

Marine m m a l  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 Norton Sound 

i ss t rong lyin f l uencedbythepresenceo fseaice .Seasona ld i s t r i bu t i ons  

o fseve ra lspec ies ,pa r t i cu la r l y  bowhead and be lugaha les ,wa l rus ,  and 

ringed,bearded, and spot tedsea lsarec lose lyassoc ia tedwi ththeadvanc ing  

and r e t r e a t i n g  edge o ft h e  packice. These specieswinter  i n  theNor ton  

Sound-northBering Sea reg iona tthesou the rn  limit o ft h e  pack i c e  and 

g e n e r a l l yf o l l o wi t sr e t r e a tn o r t h w a r dd u r i n g  sumner. However, n o ta l l  

i n d i v i d u a l s  move n o r t h  t o  t h e  Chukchiand Beaufor t  Seas a tt h a t  time. A few 

walrus,spotted and beardedseals, and beluga and k i l l e r  whales may s t i l l  be 

encountered i n  Nor ton Sound du r ing  sumner. 
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Severalendangeredwhales ( t h e  gray, bowhead, f i n ,  and humpback) a re  

known t o  occur i nt h eN o r t o n  Sound area on a regu la ro r  an occasionalbas is .  

The endangeredperegr inefa lconoccursa longthecoastintheNorton Sound 

area. A f o rma lconsu l ta t i on  was requested from theNat iona lMar ine  

F i s h e r i e sS e r v i c e  (NMFS) pu rsuan ttoSec t ion  7 o f  t h e  EndangeredSpeciesAct 

o f  1973, and a responseprov id ing a nonjeopardyopin ion was issuedby NMFS 

onApri  1 28, 1981. 

Us ingthein fo rma t ionrece ivedf rom all i n t e r e s t e dp a r t i e s ,  as we l l  as 

our own in-houseevaluat ion,  it was determinedthatapprovaloftheproposed 

ac t i onwou ldno ta f fec t  an endangeredspeciesor i t s  c r i t i c a l  h a b i t a t .  

F i s h e r i e s  

The m a r i n ef i s h e r yo fN o r t o n  Sound i s  n o t  as p roduc t i ve  as t h a t  i n  

o t h e rp o r t i o n so ft h eB e r i n g  Sea; however, t h e r e  i s  a l im i tedcommerc ia l  

u t i l i z a t i o no fl o c a ls h e l l f i s h  and demersal f i s h .  Most demersalabundant 

f i s hi n c l u d e  cod, f l a t f i s h ,s c u l p i n s ,h e r r i n g ,  and smelt.Shrimp,king and 

Tannercrab, and c lamsdominatetheshel l f ishresources.  

B i r d s  

The Nor ton Sound av i faunaisdominatedbythe summer waterfowl and 

shoreb i rdpresenceatthe  Yukon De l ta .Th isa reaisrecogn ized  as one o f  

t h e  mostproduct ivenest ingareasinAlaska.Est imatesof  sumner 

popu la t i onsinc lude  3 m i l l i o nw a t e r f o w l  and over100mi l l ionshorebi rds;170 

d i f f e r e n ts p e c i e s  havebeenrecorded.Coastal s a l t  marshes, whicharethe 
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key to this area's productivity, provide nesting habitat for birds such as 


black brant, emperor, cackling, and white-fronted geese; common, spectacled, 


and Stellar's eiders; whistling swans; and numerous ducks and shorebirds. 


These birds have a strong affinity for coastal habitats and do not typically 


occur m r e  than 2 to 3 miles offshore, except during migrations. 


Norton Sound also supports several marine bird rookeries, although the 


number of colonies and their individual sizes (number of birds) do not 


compare with those in other Bering Sea regions. Murres, kittiwakes, 


cormorants, and puffins are most comnon. 


Cultural Resources 


Cultural resource surveys may be required in order to assure that no 

disturbance of archeological or cultural resources on the seafloor. After 

consultation with the resource agencies, MMS determined that such surveys 

would not be required for the Norton Sound well sites as they were located 

in low-probability areas for cultural resources. If the TV transects and 

side-scan sonar taken in conjunction with the biological survey had 

indicated unexplained anomalies, a review by a qualified marine archeologist 

would have been required. No such anomalies were detected. No cultural 

resources were identified during drilling operations. 

Discharges into the Marine Environment 


Some liquid wastes, including oil from the oil/water separator, were 


transported from the drilling vessel by supply boats and disposed of i n  
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approved onshore locations. Solid wastes were compacted and similarly 


transported to an approved onshore disposal site. Liquid wastes, including 


treated sewage, gray water, and some drilling by-products, were discharged 


on site into marine waters in accordance with regulations set forth by the 


U.S. Environmental Protection Agency (EPA). 


The applicant disposed of drill cuttings and waste drilling mud into 


the ocean in compliance with existing orders. No oil-based mud was used. 


Bentonite is a continuous additive to the drilling mud, whereas bariteis 


added as necessary for increasing mud weight. Bentonite and barite are 


insoluble, nontoxic, and inert. Other additives are used in minor 


concentrations, and most are used only under special conditions. These 


other additives are either nontoxic, or would chemically neutralize in the 


mud or upon contact with seawater (i .e., caustic soda). Excess cement 


entered and was dispersed into the ocean when the shallow casing strings 


were set. 


Past studies on the fate and effects of routine discharges from 


offshore oil and gas activities intothe marine environment and the known 


dispersion rates of such discharges, show that such operations do not 


significantly affect the environment. 


Contingency Plans for Oilspills 


Plans for preventing, reporting, and cleaning up oilspills were 


addressed in the Oilspill Contingency Plan (OSCP), which was a part of the 


drilling plan. The OSCP listed the equipment and material available to the 
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perm i t tee  and d e s c r i b e dt h ec a p a b i l i t i e so f  suchequipmentunder 

d i f f e r e n t  sea and weathercondi t ions.  The p lana lsoinc luded  a d i scuss ion  

o fl o g i s t i c a ls u p p o r t  programs fo rcon t ingencyopera t i ons .  The p r o b a b i l i t y  

ofencounter inghydrocarbonsthatcouldcause a blowoutat  any depth was 

m i n i m i z e di nt h i sc a s eb yl o c a t i n gt h e  well o f fs t r u c t u r e .  The opera tor  

d r i l l e dt h ew e l la c c o r d i n gt ot h e  OCS Orders and usedstandardwel lcont ro l  

equipment and procedures. The cas ing and cementingprograms and subsequent 

abandonment r e q u i r e m e n t s( a so u t l i n e di n  OCS Order No. 3 )  weredesigned t o  

p r e v e n tl e a k a g eo rc o n t a m i n a t i o no ff l u i d sw i t h i n  a permeable zone. 

Upon c o m p l e t i o no ft h ew e l l ,t h es i t e  was c l e a r e d  o f  a l l  p i p e  and o the r  

m a t e r i a l  on o r  above t h e  ocean f l o o r .  

As a p a r t  o f  t h e  E A  process,theproposedprogram was s u b m i t t e dt ot h e  

appropr ia teFedera l  and Stateagencies, as w e l l  as i n t e r e s t e dp a r t i e s ,f o r  

comments. Responseswere inc luded as p a r to ft h e  EA. On thebas iso f  EA 

No. AK-81-5, it was determined,onOctober 26, 1981, t h a t  ARCO'S proposed 

a c t i o nc 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 ti m p a c t  (FONSI), and an 

EnvironmentalImpactStatement was no trequ i red .  A No t i ce  was i s s u e dt o  

t h a te f f e c t .  MMS consequent lyissued a l e t t e r  t o  ARCO, datedJanuary 21, 

1982, approv ingthei rproposedact . ion.  The EA and t h e  FONSI documents a re  

i n  t h e  p u b l i c  f i l e  i nt h eo f f i c e  o ft h eR e g i o n a l  S u p e r v i s o r ,  O f f s h o r e  F i e l d  

Operations,800 A S t ree t ,  Anchorage,Alaska, 99501. 

131 




SUMMARY AND CONCLUSIONS 

By Ronald F. Turner 

P r i o r  t o  t h e  C o m p l e t i o n  o f  t he  Nor ton  SoundDeep S t r a t i g r a p h i c  T e s t  w e l l  

program,very l i t t l e  was known a b o u t  t h e  p e t r o l e u m  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 mostwidelyacceptedbasinevolut ion model was thecomprehensive 

a n a l y s i so fF i s h e r  and o the rs  (1982).Since the c o m p l e t i o no f  the secondand 

f i n a l  t e s t  w e l l ,  however, t h e  number o f  modelshasapparentlyincreased t o  near 

t h a t  o f  t h e  number o fp a r t i c i p a n t s .W i t ht h ep u b l i cr e l e a s eo ft h e s ed a t a ,  i t  

i s  a l m o s tc e r t a i nt h e  number will increaseagain.Basinevolut ionmodelsbased on 

subsurfacegeological ,geophysical ,andgeochemicaldataaredoublyinterpret ive 

owing t o  t h e  v e r y  n a t u r e  o f  t h e  d a t a .  T h i s  i n t e r p r e t a t i o n  i s  no except ion.  

It i s ,  however, t h e  f i r s t  p u b l i s h e d  i n t e r p r e t a t i o n  made with t h e  b e n e f i t  o f  

we l lda ta .A l thought imeconst ra in ts  imposedby s t a t u t o r yd a t ar e l e a s ed a t e s  

have, t o  some e x t e n t ,l i m i t e dv a r i o u sa s p e c t so ft h i so n g o i n gi n v e s t i g a t i o n ,  

it i s  s u b s t a n t i a l l y  complete.Pre l iminaryanalys is  o f  t heda ta  from thetwo  

wel lssuggests  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 r o m  t h e  p r e d i c t e d  models i n  

severalaspects o f  depos i t i ona l  and subs idenceh is to ry .Ingenera l ,t hebas in  

fill i s  youngerand f a r  more marinethanhadbeenant ic ipated, 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  morecomplex. 

The sedimentarybasin fill appears t o  beyoungerthanpreviousestimates. 

The presence o f  Cretaceoussedimentaryrocks and coa la longtheeasternshore  

o fNor ton  Sound (Pat ton,1973)ledFisher  and others(1982) t o  p o s t u l a t e  t h a t  

t heNor tonBas inmigh tcon ta insed imen ta ryrocksaso ld  as LateCretaceous. 
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However, t h e  m i d d l e  t o  l a t e  Eocene s t r a t a  p r e s e n t  i n  t h e  No. 2 w e l l  (10,160-12,700 


f ee t )a retheo ldes tsed imen tsfo rwh ich  we have a firm age. T h 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  b y  a 1760 f o o t  t h i c k  sequence of interbeddedsandstone, 


s i l t s t o n e ,  mudstone,andcoaldeposi tedunderf luvial  and pa luda lcond i t ions .  


Eocene fungalpalynanorphswererecovered from s i d e w a l l  c o r e s  t a k e n  i n  t h i s  


sect ionbutnotf romconvent ionalcores.  The p r e s e r v a t i o n a ls t a t eo ft h e s e  


palynomorphsmatched t h a t  o f  i n  s i t u  e l e m e n t s  o f  t h e  s p a r s e  and poor lypreserved 


spore-pol len assemblage.Because o f  t h e  somewhat equ ivoca lna tu reo fthe  


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 


well (12,235-12,545 f e e t ) ,  was assigned anage o f  

Norton Sound we l l s  t hese  s t ra ta  uncon fo rmab ly  ove r l i e  

basementrocks. On t h eb a s i so ft h ep r e s e n td a t a ,  

rep resen ttheo ldes tsed imen ta ryrocksinthebas in  

Paleocene,probablyyounger. 

A n o t h e r  l e s s  d i r e c t  l i n e  o f  e v i d e n c e  a l s o  s u p p o r t s  

Eocene o ro l d e r .I nb o t h  

much o l d e r  metamorphic 

it appears l i k e l y  t h a t  t h e y  

and a r e  no o l d e r  t h a n  

an e a r l y  T e r t i a r y  age 

f o r  thesesediments. The metamorph icte r ranesofthe  Seward Peninsulaarethe 


sourceof  much o fthesed iment  i n  t h eN o r t o nb a s i n ,p a r t i c u l a r l yt h e  S t .  Lawrence 


subbasin. A potassium-argondatefrom a muscovi teconcentratef rom one o f  t h e  


lowermostsandstones i n  t h e  No. 1 w e l l  (12,398 f e e t ,  Eocene o ro l d e rs e c t i o n )  


y i e l d e d  anage o fapprox ima te l y  146 m.y. Th isdaterepresentstheLateJurass ic  


t oEar l yCre taceous  metamorphism o fthesourcete r rane  and i s  i n  agreement w i t h  


potassium-argon ages obta inedfromwhi temicasf romblueschis t - fac iesmetamorphic  


rocks frm t h e  Seward Peninsula (A. Till, personalcommunicat ion).Isolated 


glaucophane-bearingrockshavelongbeen known f r o mt h e  Seward Peninsula(Smith, 
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1910; Sainsbury and others,1978),butmorerecent lyForbes and others(1981), 

and Till (1982)descr ibedanextens ivehigh- temperatureblueschis t - fac ies 

ter ranethere.  These r o c k sa r et h o u g h tt o  haveformed a t  8-10kbpressureat  

c r u s t a ld e p t h so fa tl e a s t  24 km (A. Till, personalcommunication). I nt h e  

l a t e  Cretaceous(68-69 my., K-Ar date) ,theserockswereint rudedbyepizonal  

g r a n i t e  s t o c k s  ( t h e  " t i n  g r a n i t e s " )  a t  d e p t h s  of perhaps 9 km (Hudson, 1979). 

The ove ra l lt h i cknesso ftheb luesch is trockscanno tbeasce r ta ined ,no rcanthe  

amount o fs e c t i o n  removed a t  o r  b e f o r et h et i m eo fg r a n i t e  implacement.Even 

so, i t  seems u n l i k e l y  t h a t  m i c a c e o u sr o c k st h a tr e c r y s t a l i z e da tb l u e s c h i s t -

fac iesdep thsintheLa teJu rass i c -Ear l yCre taceous  andwere l a t e r  i n t r u d e d  i n  

theLa teCre taceouswh i les t i l la tg rea tdep th ,wou ldbeava i l ab leassed imen ta ry  

bas in  fill i nt h eL a t e  Cretaceous. I nf a c t ,  i t  appearstha tthebasa lunconformi ty  

and the  onse t  o f  basement r i f t i n g  b o t h  may rep resen t  ea r l y  Te r t i a ryeven ts .  

The S t .  LawrenceandStuartsubbasinsresul tedfrommult iphasicextensional  

tectonismexpressedasdi f ferent ia l ,nonsynchronoussubsidencealongnormal 

f a u l t s .T h e r ea p p e a rt ob es i g n i f i c a n ti n t r a - f i l lu n c o n f o r m i t i e sp r e s e n ti n  

bothsubbasins.L i tho log ic ,d ipmeter ,geophysica l ,  and geochemicalevidence 

f o rt h el o w e s tu n c o n f o r m i t yi sb e s td e v e l o p e di nt h e  No. 2 wel l .Th issur face  

may haveformedcontemporaneouslywith o r  preceded i n i t i a l  u p l i f t i n g  o f  t h e  

horst .  The ambiguousevidence f o r  a n g u l a r i t y  seenonone nonpropr ie ta ryse ismic  

l i n e  suggeststha ttheunconformi ty  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 o w e r  b a s e  l e v e l  may beinvoked asan a l t e r n a t i v e  

o r  a n c i l l a r yt ot e c t o n i s m .C a l c u l a t i o n s  made f r o mv i t r i n i t er e f l e c t a n c ev a l u e s  

( f o l l o w i n g  t h e  method o f  Dow, 1977)suggestthatperhaps1000feetofsect ion 
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f r om  the   

may bemiss ing i n  t h e  No. 2 we l l .  A more s u b t l em a t u r i t y  anomaly o f  l e s s  


magnitude i s  p r e s e n t  i n  t h e  No. 1 we l lf o rwh ichnomiss ingsec t i oncou ldbe  


ca lcu la ted .  I f t h i sl o w e ru n c o n f o r m i t ys e p a r a t e se a r l y  and midd le  Eocene 


rocks ,thee ros ion  was r e l a t i v e l yr a p i d .  The u n c o n f o r m i t yc o u l da l s ob ei n t e r p r e t e d  


as a mar inet ransgress iveevent ,  i f  thedepos i t i ona lna tu reo ftheO l igoceneor  


o l d e r  s e c t i o n  o f  t h e  No. 1 we l l  was l essequ 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 m i t y  i n  t h e  No. 2 w e l l  was moved up t o  t h e  m a r i n e  i n t e r v a l  a t  12,200 


feet( thebestgeochemical  f i t ,  r a t h e rt h a nt h e  12,700 fee td ipmete rp i ck ) .  


Samplesand o the rda ta  from t h i si n t e r v a li nb o t hw e l l sa r eb e i n gr e p r o c e s s e d  


and reeva lua ted  i n  hopes o f  c l e a r i n g  up theseambigui t ies.As idef romthe 


majorunconformitybetweenPaleozoic and Cenozoicrocks,and t h e  mid-Eocene 


( ? )  unconformi tyd iscussed above,two o t h e ru n c o n f o r m i t i e sw e r ei d e n t i f i e d ,  a 


Pl io -P le i s toceneuncon fo rm i t yd i sce rn ib le  on sha l l owse ism icl i nes  and a mid-


Miocenehiatusbased on s i l i c e o u s  m i c r o f o s s i l s .  


~~ Pe rhaps  i n t r i gu ing  p red ic tedmos t  dev ia t i onthe  bas in 'mode l  

concernsthenatureo fPa leogenedepos i t ion .  On t h eb a s i so fs c a t t e r e do u t c r o p s  

o f  nonmarinePaleogenerocksaroundNorton Sound, t h e  presumed nonmarinenature 

ofsediments o f  t h i s  presumedage i n  t h e  Hope bas in ,andre ferencetotheAnadyr  

b a s i n  asan analog,Fisher and others(1982)speculatedthatthePaleogene 

~~ sec t ionthe  bas in  on ly  rocks .fac t ,o f  Nor ton  conta ined nonmar ine  In  bo th  

we l l scon ta ins ign i f i can tth i cknesseso fPa leogene  age mar ines t ra ta .  If, as 

pos tu la tedby  Herman andHopkins(1980),theBering Sea landbr idgesepara ted  

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. age, t h i s  Paleogenemarineconnection 
~~~~ 

was probably  anarm o f  t h e  P a c i f i c ,  and theNun ivaka rcho fScho l l  andHopkins 

- (1969) and Marlowothersand (1976) was n o t  t h e  b a r r i e r  t o  Paleogenemarine 

incurs ionspos tu la tedbyF isher  and o the rs  (1982). A l t e r n a t i v e l y ,t h e  
-~ 
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seaway between theeastwardmovingSiber ianblock(theChuktosk andSeward 

pen insu las)  andmainlandAlaska may no t  have  been  en t i re l y  c losed  a t  t he  end o f  

theCretaceousaspostulatedby Sachsand Strelkov(1961) andHolmes andCreager 
~ 1981). It i sa l s oc o n c e i v a b l et h a ta nA r c t i cc o n n e c t i o nc o u l dh a v e  been 


rees tab l i shedthroughlowsoverthe  Seward Pen insu labeforemajorla teCenozo ic  


u p l i f t s .  The p resenceo fPa leogenefo ramin i fe ra lfaunasw i ths t ronga f f i n i t i es  


t o  t h o s e  o f  S a k h a l i n  I s l a n d  and t h e  Kamchatka Peninsulasuppor ts  a P a c i f i c  


ra the rthanArc t i cconnec t ion .Inpa r t i cu la r ,t hep resenceo fspec ieso f  


Poroso ro ta l i a ,  a predominan t l yaus t ra lPac i f i cPa leogenefo ramin i fe ra l  genus, 


l e n d s  f u r t h e r  c r e d e n c e  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  twowel ls ,the  No. 1 i s  by f a r  t h e  mostmarine i n  aspect.Nearly 

5000 f e e t  o f  t h e  5197 foo tth i ckO l igocenesec t i on  was deposi ted i n  o u t e r  

n e r i t i ct ou p p e rb a t h y a l  depths. I f  t heapparen ttu rb id i t esbe low 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 i d d l e  t o  l a t e  Eocene s e c t i o n  i n  t h e  No. 2 w e l l )a r e  a l s o  

m a r i n e ,  t h e n  v i r t u a l l y  t h e  e n t i r e  P a l e o g e n e  s e c t i o n ,  w i t h  t h e  e x c e p t i o n  o f  310 

~~~ f e e tc o a l - b e a r i n g  o fo f  s e d i m e n t sp o s s i b l e  Eocene o ro l d e r  age, i s  marine. 

M o r et h a nh a l fo f t h e  6536 f o o t  O l i g o c e n e  s e c t i o n  i n  t h e  No. 2 w e l l  i s  made up 

o fs h e l f a lm a r i n es e d i m e n t s ;t h er e m a i n d e rc o n s i s t so fc o a l - b e a r i n gt r a n s i t i o n a l  

sedimentsdeposi ted i n  marshand eStur ineenvironmentsundermarineinf luences. 

The Eocene s e c t i o na l s or e f l e c t ss i g n i f i c a n tt r a n s i t i o n a lc o n d i t i o n s ,a n d  


d e f i n i t em a r i n ef o s s i l sa r ep r e s e n t  as deepas 11,200 fee t .  All i n  a l l ,  t h e r e  


i s  p robab ly  l ess  than  2400 f e e t  c u m u l a t i v e  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  


Paleogenesect ionpresent i n  t h e  No. 2 we l l .  The l a t eO l i g o c e n ec o a l - b e a r i n g  


sequence d e s c r i b e d  i n  b o t h  w e l l s  ( o u r  0 s e i s m i c  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  
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w i t hc o a l so ft h e  same age repor tedf romnearUna lak lee t(Pat ton ,  1973; W. 

Patton,wri t tencommunicat ion)andfrom S t .  Lawrence I s landbyCse j tey  and 

Patton(1974). These s t r a t aa p p e a rt od e f i n e  a reg iona lreg ress i veeven ttha t  

may h a v e  c o n t i n u e d  i n t o  t h e  e a r l i e s t  Miocene. 

The Yukon h o r s t  does notappear t o  havebeen a m a j o r  b a r r i e r  between t h e  

twosubbasins u n t i l  a f t e r  t h e  mid-Eocene ( ? )  e ros iona leventw i thwh ich  i t  may 

becausa l lyre la ted .Thereaf te rthesubbas ins  had somewhat d i f f e r e n tt e c t o n i c  

~ ~~ and d e p o s i t i o n a l  u n t i l  m i d - O l i g o c e n e  e v e n th i s t o r i e s  t h e  t r a n s g r e s s i v e  t h a t  

b reachedthee longatenor th -souths t ruc ture .Subs idenceaf te rth ist imeappears  
-

t o  havebeen a bas in -w ideisos ta t i creponse t o  sedimentloading,andforthe 

t i m e  e x t e n d e d  beyond t h e  s t r u c t u r a l l y~~ f i r s t  d e p o s i t i o n  i n d e p e n d e n t ,  d e l i n e a t e d  

subbasins.Al thoughdeposi t ion i n  t h e  St. Lawrencesubbasin (No. 1 w e l l )  was 

more than i nt h e  more eas te r l y  S tua r t  t he~- always marine s i t ua ted  subbas in ,  

Yukon h o r s t  was n o t  an a l t o g e t h e re f f e c t i v ep h y s i c a lo rf a u n a lb a r r i e r  as 
-~ 

e v i d e n c e db yt h ep r e s e n c eo ff o s s i l i f e r o u sm a r i n es t r i n g e r si n t e r c a l a t e dw 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  t h r o u g h o u t  and Ol igocenec o a l s  t h e  Eocene sec t ion  

o f  t h e  No. 2 we11. 

The most d i f f i c u l t  e q u i v a l e n c y  t o  e s t a b l i s h  i s  t h a t  between the  p rob lemat i c  
~ 

O l i g o c e n eo ro l d e rn o n f o s s i l i f e r o u st u r b i d i t e s  (?)  o f  t h e  No. 1 we l l  and t h e  

m i d d l e  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  c o a l - b e a r i n g  s e c t i o n  o f  t h e  

No. 2 wel l(as was noted i n  t h e  d i s c u s s i o n  o f  t h e  u n c o n f o r m i t y  a t  t h e  b a s e  o f  

~~ both).Smallchipsofunweatheredglaucophaneschist i nc u t t i n g sf r o mt h i s  

s e c t i o n  o f  t h e  No. 1 w e l li n d i c a t er a p i de r o s i o nf r o m  a nearbysource,probably 

t h eh o r s t .  I f  thesewe l lsec t i onsa reco r re la t i ve ,as  we now be l i eve ,thenthe  
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presenceofEocenemarinefossi ls 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  No. 1 w e l l  (9690-12,235 f e e t )  d i f f i c u l t  t o  


exp la ininte rmsofs imp lepa leogeography .  Geochemicalevidence f o r  a l a c u s t r i n e  


environment i sn o tc o m p e l l i n g .  The dominantorganicmater ia lpresentoverthe 


i n t e r v a l  i s  t y p e  I 1 1  kerogenassociatedwi thminor  amounts o f  poss ib let ype  I1  


kerogen.Type I k e r o g e n ,e s p e c i a l l ya l g a n i t e ,i st h et y p e  o f  o rgan icmate r ia l  


c h a r a c t e r i s t i c  o f  l a r g el a c u s t r i n ed e p o s i t i o n a l  systems.Onlyonesample(from 


a c o n v e n t i o n a 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 ha t  migh trepresent  


t ype  I kerogen. 


On thebas iso fsou rce ,ma tu r i t y ,s t ruc tu re ,andpo ten t i a lrese rvo i r s ,the  

Paleogenesect ion o f  theNor tonbas in  i s  t h e  mostprospect iveforpet ro leum. 

TheNeogene sect ionpenetratedbythetwotestwel lsconformedrather  we1 1 t o  

expec ta t ions  o f  th ickness,character ,  and hydrocarbonpotential.Perhaps a 

t h i c k e r  Miocenesectionelsewhere i n  t h e  b a s i n  m i g h t  havemore p o t e n t i a l .  A t  

f i r s t  g l a n c e  it wouldappear t h a t  t h e  P a l e o z o i c  s e c t i o n  c o n s i s t s  o f  nonprospect ive 

metamorphics.Nothingseen i ne i t h e rw e l ls t r o n g l yc o n t r a d i c t st h a tn e g a t i v e  

assessment.However, minor amounts o f  marblewerecored i n  t h e  l o w e r  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  Paleozoiccarbonates i s  present  on t h e  

Seward Peninsula. It i sp o s s i b l et h a tp o t e n t i a lP a l e o z o i cc a r b o n a t er e s e r v o i r s ,  

perhapsenhancedbypre-mid-Oligocenekarsting,arepresent on t h eh o r s t .  The 

c a t a c l a s t i c a l l ys h e a r e ds l a t e  andmarbleseen i n  t h e  No. 1 we l lm igh ta l so  

d e v e l o pr e s e r v o i rq u a l i t i e si n  some se t t i ngs .  A much morethoroughunderstanding 

o f  t h e  ageand 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  r o c k s  o f  t h e  basement complex i s  

138 




necessarybefore i t s  p o t e n t i a l  as an explorat ionplaycanbeaddressed.Al though 

thepat te rnobserved on t h e  Seward PeninsulabySainsburyandothers(1970)of  

increasingmetamorphicgradeeastwardappears t o  h o l d  i n  t h e  N o r t o n  Sound we l ls ,  

i t  may bemoreperceivedthanreal .Studies on t h e s er o c k sc u r r e n t l y  underway 

s h o u l d  h e l p  e l u c i d a t e  t h e  comp lex  geo log ic  h i s to ry  o f  t he  nearby  Seward 

Peninsula,  and t h u st h ee v o l u t i o no f  t h eN o r t o nB a s i n .  

ARCO Norton Sound COSTNo. 2 Sumnary 

The ARCO Norton Sound COST No. 2 w e l l  was d r i l l e d  t o  a measureddepthof 

14,889 fee t .  The KB was 105 f e e t  abovesea l e v e l  and154 f e e t  abovemudline. 

~~ The water  and was comple! t eddepth was 49 f e e t .D r i l l i n g  commenced on June 7, 1982 

i n  81 days on August 27, 1982. D r i l l i n gr a t e sr a n g e df r o m  3 t 6  250 fee t /hour .  

Fou rs t r i ngso fcas ingwerese t :  30 i n c ha t  416 f e e t ,  20 i n c h  a t  1181 f e e t ,  

133 /8incha t  4673 f e e t ,  and 9 5 / 8i n c ha t  11,862 fee t .  The d r i l l i n g  f l u i d  
.-

program was: sea w a t e rt o  1231 f e e t ,  9 p o u n d s / g a l l o nl i g n o s u l f a t e  mud t o  5100 

f e e t ,1 0p o u n d s / g a l l o nt o  11,100 fee t ,12pounds /ga l l onto  14,889 fee t .  Gas 

assoc ia tedw i thcoa l  beds was encounteredfrom 12,212 t o  13,717 fee t .  
._ 

Thi r teenconvent iona lcores ,  499 s idewal lcores ,  and many w e l l  c u t t i n g  
~~ 

sampleswereanalyzed f o rp o r o s i t y ,p e r m e a b i l i t y , l i t h o l o g y ,h y d r o c a r b o nc o n t e n t ,  

andpaleontology.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 df r o m  450 t o  14,889 

f e e t .  
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Loggingrunswere made a td e p t h so f  4700, 11,907, and 14,889 fee t .  The 

DualInduct ion-Latero log(DIL) ,Borehole Compensated SonicLog (BHC), and 

SpontaneousPotential (SP), Gamma Ray (GR),  Long Spaced SonicLog (LSS) w i t h  

In teg ra tedTrave l  Time(ITT),RepeatFormationTest (RFT), and t h e  Four-arm, 

HighResolut ionCont inuousDipmeter (HRD), wererecorded on a l l  runs. The 

Compensated NeutronLog (CNL) w i thNeu t ron  Gamma Tool (NGT) wererecorded on 

t h e  f i r s t  andsecondruns. On t h e  secondand t h i r d  r u n s  a Ver t i ca lSe ismic  

P r o f i l e  (VSP),  L i thodensi tyNeutronLogandProx imi tyLog-Micro log (MPL) were 

recorded.Addi t ionallogsrunwere a Compensated Format ionDensi tyLog (FDC) 

and a Veloc i tySurvey,onthe first run; and a Cement Bond Log (CBL) and 

TemperatureLog on t h e  l a s t  run. A Gamma Ray Cas ingCo l la rLoca to r  was r u n  a t  

11,651 fee t .  

Two d r i l l  stem t e s t s  f o r  w a t e r  a n a l y s i s  were made t h r o u g h  p e r f o r a t i o n s  i n  

t h e  9 5/8inchcasing.  

The c u m u l a t i v e  c o s t  f o r  t h e  w e l l  was $32.2 m i l l i o n .  

.~ 
As requ i redby  30 CFR 251, t h e  o p e r a t o r  (ARCO) f i l e d  a D r i l l i n g  Plan, 

Envi ronmenta lAnalys is ,Oi lsp i l lCont ingencyPlan,andCoasta l  Zone Management 
~ 

C e r t i f i c a t i o n .I na d d i t i o n ,  geohazards,geotechnical, and s i t e - s p e c i f i cb i o l o g i c a l  


surveyswererequired. The zooplankton,infauna,epifauna,vagi lebenthos, 


and pelag icfauna were c o l l e c t e d  and analyzed.Par t icu laremphasis  was p laced 

.~ 

on p r o t e c t i n gl o c a l  and migra torymar ine  mammals andavifauna. Waste d ischarges 

in totheenvi ronmentweremin imal ,nontox ic ,  and i n  compl iancewithFederal  
~~ 

env i ronmen ta lp ro tec t i onregu la t i ons .  
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S t r a t i g r a p h i c  u n i t s  i n  t h e  No. 2 wel lweredef ined on t h eb a s i so f  

m i c r o f o s s i lc o n t e n t ,l 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. 1 w e l l ,  and se ismiccharacter .St ratapenetratedwerePle is tocenefrom450 

~ t o  1320 f e e t ,P l i o c e n ef r o m1 3 2 0t o  2580 feet,Miocenefrom 2580 t o  3524 f e e t ,  

Oligocenefrom3524 t o  10,160 f e e t ,  Eocenefrom 10,160 t o  12,700 f e e t ,  Eocene 

o r  o l d e r  f r o m  12,700 t o  14,460 f e e t ,  and probablePaleozoicf rom 14,460 t o  

14,889 fee t .  

Sample q u a l i t y  andrecovery was poor i n  much o f  t heP le i s tocenesec t i on  

and c o n s i s t e d  o f  f i n e  t o  medium gra ined,unconso l ida tedshe l lysandwi thabundant  

l i t h i cf r a g m e n t s  and organicdebr is .  The P l i ocenesec t i on  i s  charac ter izedby  

s i l t s t o n e ,  muddy sandstone, and diatomaceous mudstone.The Miocenesect ion 

consis tsofd ia tomaceousmudstones,s i l ts tone,and muddy sandstones. The 

Ol igocene i s  coal -bear ingovermostofthesect ion.  The c o a la tt h et o po f  

t h es e c t i o n  (3535-4570 f e e t )  i s  c o n t i n e n t a l  ( f l u v i a l  and pa luda l ) ,t ha tbe low 
_-

6300 f e e t  i s  more e s t u r i n e  and d e l t a i c  i n  aspect.Sandstone and s i l t s t o n ea r e  

morecommn i n  t h e  deepermar ineinterva ls(4570-6900feet ;  8000-8500 f e e t ) .  
~ 

The Eocene s e c t i o n  i s  t r a n s i s t i o n a l  t o  i n n e r  n e r i t i c  f r o m  10,160 t o  12,200 

by  s i l t s tone,  mudstone,shale.~~ ~~ f e e t  and i s  charac ter izedsandstone,  and Coal 

i s  present  i n  many samplesand may r e p r e s e n t  e i t h e r  c a v i n g  o r  p a r t i n g s  asno 
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coal  bedswere co redor  seenon e l e c t r i cl o g s .  The l o w e rp a r to ft h ei n t e r v a l  

(12,200-12,700 feet)containscoal ,conglomerate,sandstone, mudstone, s i l t s t o n e ,  

and was d e p o s i t e di n  a f luv ia lenv i ronment .  TheEocene o ro l d e rs e c t i o n  

(12,700-14,460 fee t )conta insin te rbeddedsandstone,s i l t s tone,  mudstone, 

andabundant, t h i c kc o a l  beds. The i n t e r v a lf r o m  14,460 t o  14,889 f e e tc o n t a i n s  

quar tz i te ,marb le ,  and p h y l l i t e  o f  p r o b a b l e  P a l e o z o i c  age. 

I n  o r d e r  t o  have a p e r m e a b i l i t y  o f  1 n0, a sandstone i n  t h e  No. 2 we l l  

musthave a tl e a s t1 3p e r c e n tp o r o s i t y .  On thebas iso fco reda ta ,sands tones  

occu r  above.~ 	 w i t h1 3p e r c e n to r  more po ros i t y  9000 f e e ti nt h ew e l l .P o r o s i t y  

andpermeab i l i t yreduc t ionare  a func t ionofcompact ion ,au th igen icminera l  

growth,andcementation. 

A t he rma lg rad ien to f  2.02°F/100 f e e t  was c a l c u l a t e d  f o r  t h e  s e c t i o n  

above 11,000 f e e t ;  b e l o w  t h i s  d e p t h  t h e  mean g r a d i e n t  i s  2.5O0F/1O0 fee t .  

The organ icmat te r  i s  predominantlyType 111, humic,gas-pronekerogen. 

S u f f i c i e n t  m a t u r i t y  f o r  peak o i l  g e n e r a t i o n  e x i s t s  b e l o w  10,600 f e e t  and crude 

o i l  c o u l d  bepreserved t o  about 14,000 feet .Minoroccurrences Of gasand 

hyd roca rbons  were obtained-~ 	 l i qu id  observed i n  samples below 10,000 feet.  

Methane, t h o u g h t  t o  b e  o f  b i o g e n i c  o r i g i n ,  i s  p r e s e n t  i n  a few sandsabove3000 
~ 

f ee t .  

Fourseismichorizonswere mapped and c o r r e l a t e d :t h e  basement unconformi ty  

( A ) ,  mid-Eocene ( ? )  unconformity(B-1),mid-Ol igocenetransgressivemarine 

f a c i e s  ( C ) ,  and l a t eO l i g o c e n er e g r e s s i v ef a c i e s  (D). 
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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  f r o m  t h e  s o n i c  l o g  a r e  i n  agreement w i t h  

t h o s ef r o mn e a r b ys t a c k i n gv e l o c i t i e st o  a d e p t ho f  6100 fee t .  Below t h i s  

d e p t ht h ec o m p a r a t i v e l yh i g h e ri n t e r v a lv e l o c i t i e sp r o b a b l ya r e  a f u n c t i o n  o f  

d i f f e r e n tc o l l e c t i o n  methods. L i t h o l o g i cd i f f e r e n c e s  between t h e  twosubbasins 

probab lyaccountfo r  a steepert ime-depthcurve i n  t h e  No. 2 w e l l  t h a n  i n  t h e  

No. 1 we l l .Depthconvers ionsofse ismicdata(ve loc i tysurvey)cou ldnotbe  

p u b l i s h e d  o r  u t i l i z e d  i n  t h i s  s t u d y  because o f  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, Conserva t i onD iv i s ion ,Po l i cy  Paper,January 22, 1982). 
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APPENDIX 1 

Wel lDataandConsul tantsRepor tsAvai lab leforPubl ic  
Inspect ion,Nor ton Sound COST No. 2 Well 

SchlumbergerOffshoreServices 
Anchorage, Alaska 

2 in.Borehole Compensated SonicLog 
3Runs 1, 2, 1180-14,836 f t  

5 in.Borehole Compensated SonicLog 
1, 3Runs 2, 1180-14,836 f t  

5 i n .  CementBond Log Var iab leDens i ty  
Run 1 

2 i n .  Compensated FormationDensityLog Gamma-Gamma 
Runs 1, 2, 3 1180-14,860 ft 

5 in .  Compensated FormationDensityLog Gamma-Gamma 
3Runs 1, 2, 1180-11,860 ft 

2 in .  Compensated NeutronFormationDensityLog 
Runs 1 , 2 1180-1 1,872 ft 

5 i n .  Compensated NeutronFormationDensityLog 
Runs 1, 1180-11,872 f t2 

5 in.Cyberdip 
Run 1 1180-4634 f t  

5 in.Cyberdip
Run 2 4666-1 1,875 f t  

2 in.Cyberdip 
run 2 4666-1 1,875 f t  

5 in.Dipmeter 
Run 1 1180-4634 f t  

5 in.Dipmeter 
Run 24666-1 1,875 

5 in .Dipmeter  
Run 311,854-14,870 

D i r e c t i o n a l  Log8-30-82 
Run 111,854-14,870 

f t  

f t  

f t  
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Schl umberger - cont  . 
2 i n .  DualInduct ion - SFL 

3Run 1, 2, 1180-14,870 f t  

5 in .DualInduct ion - SFL 
Run 1, 2, 3 1180-14,870 f t  

2 in .DualInduct ion - SFL w/LinearCorrelat ionLog 
3Runs 1, 2, 1180-14,870 f t  

1 in .DualInduct ion - SP-GR L inea r  
Run 2 4666-11,871 f t  

2 i n .  LDT-CNL-NGTLDT 
Run 311,874-14,860 

5 in .  LDT-CNL-NGTLTD 
Run 311,874-14,860 

2 i n .  LOT-CNL-NGTCNL 
Run 311,854-14,860 

5 i n .  LDT-CNL-NGT CNL 
Run 311,854-14,860 

2 in .  LOT BulkDenis ty  
Run 311,854-14,840 

5 in .  LDT BulkDensi ty  
Run 3 

Poros i t y  
ft-

Poros i t y  
f t  

Poros i t y  
f t  

Poros i t y  
ft 

CNL 	 Poros i t y  
ft 

CNL Poros i t y  
11,854-14,840 f t  

2 i n .  LongSpacedSonic 
3Runs 1, 2, 1180-14,860 f t  

5 i n .  Long Spaced Sonic 
3Runs 1, 2, 1180-14,860 f t  

5 i n .  LongSpacedSonic Waveforms 
Run 1 1180-4634 f t  

5 i n .  LongSpacedSonic Waveform 
Run 2 4666-11,864 f t  

5 in.Long Spaced Sonic Waveform 
Run 3 11,854-14,860 f t  

2 in.Micro-ProximityLog 
Run 2 4666-11,875 f t  
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1  
2 
3 
4 
5 
6 

Schlumberger - cont. 

5 in .Micro-Prox imi ty  Log 
Run 2 

2 i n .  NGT 
Run 1 

2 i n .  NGT 
Run 2 

2 i n .  NGT 
Run 3 

5 in .  NGT 
Run 1 

5 in .  NGT 
Run 2 

5 i n .  NGT 
Run 3 

4660-1 1,875 ft 

1180-4602 f t  

4666-1 1,840 f t  

11,854-14,830 f t  

1180-4602 ft 

4666-1 1,840 f t  

11,854-14,860 f t  

Repeat Format ionTester 

Repeat Format ionTester 

Repeat Format ionTester 

TemperatureLog 
Run 1 380-14,870 

Run 16-21-82 

Run 27-28-82 

Run 38-31-82 

ft 

Geodip Pat te rnRecogn i t ion  
6 Fo lde rsPr in tou t  
6 FoldersChartsSepia 
3500-5800 f t  

5800-7100 f t  
7100-8450 ft 
1Os4O0-11 ,500 f t  
11,900-1 3,800 f t  
13,800-14,600 f t  

Di rect ionalSurvey RunNo. 2 
P l o t  and P r i n t  Out4666-11,868 f t  

Di rect ionalSurvey RunNo. 3 
P l o t  and P r i n t  Out11,854-14,870 f t  

Logging Qual it y  C o n t r o l  Survey 
Runs 1 , 2, and 3 
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Schlumberger - cont. 

H igh  Reso lu t ion  D ipmeter  C lus ter  L is t ings  
Run 1,1202-4628 ft 
Run 2,4702-11,868 f t  
Run 3, 11,857-12,160 ft 

Explorat ionLoggingInc.(Exlog) 
Anchorage,Alaska 

DownholeLoggingWhile D r i l l i n g  Log 
450-11,220 ft, Sepia 

F i  nal Geochemi c a l  We1 1 Report 
V O l .  1 

OrganicCarbon and Py ro l ys i sDa ta  
1230-14,491 ft, 33 P. 

OrganicCarbonand Py ro l ys i sDa ta  
Cores 4, 5, 6,7, and 9, 4 P. 

Head 	Space Gas Ana lys is  
1230-4590.4 p -

TemperatureDataLog Raw Data 
Sepia 154-14.889 f t  

TemperatureDataLog End To End 
Sepia 154-14,889 ft 

PressureEvaluat ionLog 
Sepia 154-14,889 f t  

D r i l l i n g  D a t a  P r e s s u r e  L o g  
Sepia 154-14,889 f t  

Mud R e s i s t i v i t y  Log 
Sepia 154-14,889 ft 

Wirel ine Data Pressure Log 
Sepia 154-14,889 ft 

Format ionEvaluat ionLog 
Sepia 154-14,889 f t  

Geochemical Eva lua t ion  Log 
Sepia 1236-14,889 f t  

End ofWel lReport  
1 VOl. 
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1,875  

e t  

B i r d w e l lD i v i s i o n  
Seismograph Serv iceCorporat ion 
Tulsa, Oklahoma 

AirgunSeismicVeloci tySurvey 
6-21 -82 1180-4634 
7-26-82 4666-1 1,875 
7-26-82 4666-1 1,875 
7-28-82 4673-1 A-2 
7-28-824637-1 1,875 

V e r t i c a lS e i s m i cP r o f i l e  

A-U 
A-Z 
AA-AD 

AA-OD 

F ina l  Sei  smi c V e l o c i t y  Survey 
andLog C a l i b r a t i o n  

ARC0 AlaskaInc. 
Anchorage, Alaska 

Drill Stem Test  No. 1 Procedures 

Drill Stem Test No. 2 Procedures 

W e l l s i t e  Core Descr ip t ions 
Cores1-13,13reports 

S idewal lCoreDescr ip t ions 
1324-15,856 ft, 12 p. 

-~ 
L i  t h o 1ogy Log 

Sepia RKB-14,900 f t  

ADP SundryNoticesWellCompletionReport 

-~ CoreLaboratories,Inc. 
D a l l  as, Texas 

C o r r e l a t i o n  CoreGraphsSepia
4600-7100,7950-10,300, 11,150-13,000, 13,340-14,900 ft 

CorePhotos 
1-23 U1t r a v i  o l  1ig h t  
1-23White l i g h t  

Core 	Gamma Pre l im ina ry  Da ta  
Cores1-6, 6 p. 

F ina lPermeab i l i t y  and P o r o s i t y  
ReportonCores, 3 p. 
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Core Laborator ies,Inc.  - cont. 

F ina lPermeab i l i t y  and P o r o s i t y  
Report on SidewallCores, 

B i o s t r a t i g r a p h i c s ,I n c .  
San D i e g o ,  C a l i f o r n i a  

F i n a lB i o s t r a t i g r a p h i cR e p o r t  

B ios t ra t i g raph icChar t sSep ia  
Foramin i fe ra :  1230-13,850 
Spores,Pollen,Microplankton: 
Diatoms:1230-7070 f t  

PaleobotanyReport 
5 P. 

G1 obal Geochemistry Corporation 
Canoga Park, Cal if o r n i  a 

4 p. 

f t  
1230-13,850 f t  

Cation,Anion,andIsotope Oa ta  
7370. 10,300,. 14,850 f t  

Geochemical A n a l y s i so f  O.S.T. Samples1and2 
10-8-82 

Tel edyne Isotopes 
Westwood, New Jersey 

K-AR 	 Age Determinat ion  
Sample KA 82-595, 596, 597 

AGAT Consul tantsInc.  
Denver,Colorado 

AGAT Report, 5 vol .  

RobertsonResearch 
Houston, Texas 

Geochemical Ana lys isF ina lRepor t  
1 vol.  
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Chemical and GeologicalLaboratories 
Anchorage,Alaska 

Water 	AnalysisReports 
RFT Samples, 2 p. 

Water 	AnalysisReports 
14 p. 

Minera ls  Management Serv ice  
Anchorage,Alaska 

Environmental Assessment 

P B I ,  Inc. 

Go1den, Col orado 


CoreVelocityData 

o f  Alaska,Inc. 

.. 
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