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Abstract 

The Federa lOuterCont inenta lShel f  (OCS) Beaufor t  Sea Planning 
Areaextendsapproximately 500 m i les  a long  t h e  n o r t h e r n  c o n t i n e n t a l  
marg ino fA laskaf romthe Canadianborder t o  162" west l ong i tude ,
where i t  meets t h e  Chukchi Sea OCS Planning Area. The planningarea 
i n c l u d e s  c o n t i n e n t a l  she1 f , slope, and abyssa lp la inphys iograph ic  
provinces. The B e a u f o r tc o n t i n e n t a ls h e l f  i s  r e l a t i v e l yn a r r o w ,  and 
most o ft h ep l a n n i n ga r e al i e si nt h ea b y s s a lp l a i no ft h eA r c t i c  
Ocean. Forgeo log ica l  and l o g i s t i c a lr e a s o n s ,o n l yt h ec o n t i n e n t a l  
s h e l f  i s  t h o u g h t  t o  haveany r e a l i s t i c  p o t e n t i a l  f o r  economic 
accumulationsofhydrocarbons.Leaseblocks on t h es h e l fa r e  
t e n t a t i v e l y  s c h e d u l e d  f o r  p u b l i c  o f f e r i n g  a t  l e a s e  S a l e  97. 

NorthernAlaska i s  d i v i s i b l e  i n t o  twomajorgeologicprov inces:  
(1) a landwardprov inceconta in ingPa leozo ic  andMesozoicrocks 
u n d e r l a i n  by c o n t i n e n t a lc r u s t  and (2)  an o f f s h o r ep r o v i n c ec o n t a i n i n g  
a t h i c k  c l a s t i c  wedge o f  CretaceousandTert iarysedimentsdeposited 
on thesubs id ingcon t inen ta lmarg inunder la in  by t r a n s i t i o n a l  t o  
oceaniccrust .  The g e n t l ys o u t h w a r d - d i p p i n gs u r f a c eo ft h ec o n t i n e n t a l  
basementcomplex, t e rmedthe"Arc t i cP la t fo rm, "  i s  separatedfrom 
the  pos t - Ju rass i c  cont inenta lmarg ina long a h i g h l yf a u l t e df l e x u r e  
termedthe"Hinge Line." 

Acoust ic  andeconomicbasement o f  t h e  A r c t i c  P l a t f o r m  c o n s i s t s  
o f  a metamorphiccomplex(theFrankl iniansequence)formed bya 
regionalorogeny i n  Devoniantime. The basementcomplex i s  o v e r l a i n  
by Middle(?)Devonian t o  LowerCretaceous s t r a t a( t h eE l l e s m e r i a n  
sequence)deposited i n  a s t a b l es h e l fs e t t i n g .  The El lesmer ian 
sequence genera l l y  t h ins  no r thward  toward  the  o rogen ic  te r rane  
w h i c h  e x i s t e d  b e f o r e  t h e  r i f t i n g  o f  t h e  B e a u f o r t  c o n t i n e n t a l  m a r g i n  
i n  E a r l y  Cretaceoustime. A s t r u c t u r a l l y  anomalous b a s i n( i n f o r m a l l y  
termedthe"Nor theastChukchiBasin")conta in inggreaterthan 
30,000 fee to fPa leozo icsed imen tsunder l i esthenor theas te rn  
Chukchi s h e l f .  These lowerEl lesmer iansedimentarydeposi tsare 
j ux taposedw i ththe  basementcomplex o f  t h e  A r c t i c  P l a t f o r m  a c r o s s  
a p o o r l yr e s o l v e df a u l t  zonetermedthe"Barrowfaul t . "El lesmerian 
sedimentat ionterminated i n  Early C r e t a c e o u s  t i m e  w i t h  t h e  u p l i f t  o f  
an i n c i p i e n t  r i f t  zone i n  t h e  v i c i n i t y  o f  t h e  p r e s e n t  c o n t i n e n t a l  
m a r g i n .T h i su p l i f t  andassociatederosionproduced a r e g i o n a l l y  
ex tens i ve  uncon fonn i t y  tha t  t runca ted  the  E l l esmer ian  sequenceon 



some onshoreandmosto f fshorepar tso ftheArc t icP la t fo rm.  

E x t e n s i o n a lt e c t o n i c se a r l yi nt h er i f t i n ge p i s o d ep r o d u c e dg r a b e n s  

whichwere f i l l e d  w i t h  LowerCretaceoussediments(the Rift 

sequence) de r i vedf romnearbyup l i f t edb locks .  A broad,SE-plunging 

s t r u c t u r a lh i g h ,t h e  "BarrowArch," was c rea ted  by thesubsidenceof  

f l a n k i n gb a s i n s( C o l v i l l e  and Nuwuk) fo l l ow ingcon t inen ta lb reakup .  

Subs idenceo ftheo f f sho recon t inen ta lmarg ininCre taceous  and 

T e r t i a r yt i m ec r e a t e d  deep s t r u c t u r a lb a s i n s  (Nuwuk andKaktovik 

Bas ins)beneaththepresentBeaufor tshe l f .  An immense c l a s t i c  wedge 

(theBrookiansequence)progradednorthwardfromtheBrooks Range 

orogen icbe l ti n tothesedepocen te rs .  


All N o r t hS l o p ep r o d u c i n go i lf i e l d so c c u rw i t h i nt h e  
E l l esmer ian  sequence,and any areaofnor thernA laska wherethese 
rocksoccur i s  cons ideredh igh lyprospec t ive .  The northernmost 
p a r t s  o f  t h e  A r c t i c  P l a t f o r m  a r e  c o n s i d e r e d  t o  be l e s s  p r o s p e c t i v e
becauseEl lesmerianrocksareabsent asa r e s u l t  o f  northward 
p inch-out  by onlap and e ros iona tove r l y inguncon fo rm i t i es .  
Paleozoic s t r a t a  i n  theNor theas t  ChukchiBasinareinvolved i n  
numerous f a u l t  and f o l ds t r u c t u r e s ,  and t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  
hydrocarbonaccumulations i sa c c o r d i n g l yh i g h .U n t e s t e d  Rift 
sequencerocksdeposited i n  i n f r a r i f t  grabens on t h e  n o r t h e r n  
A r c t i c  P l a t f o r m  havegood r e s e r v o i r  and sourcerockpoten t ia l .  
Numerous s t r u c t u r a l  and s t r a t i g r a p h i c  t r a p s  may e x i s t  w i t h i n  t h e  
deep basinsseaward.of t h e  HingeLine f i l l e d  w i t hB r o o k i a nc l a s t i c  
u n i t s .P o t e n t i a lr e s e r v o i r si nt h i sp r o g r a d i n gc l a s t i c  wedge a re  
l i k e l y  t o  be d e l t a i c  or  basinalsandstones,whichsuggeststhat 
i n d i v i d u a lr e s e r v o i r s  may be t h i n  and l e n t i c u l a r .R o t a t i o n a l  
f o l d s  a s s o c i a t e d  w i t h  l i s t r i c  f a u l t i n g  n e a r  t h e  b a s i n  m a r g i n s  a r e  
t h e  most a t t r a c t i v e  e x p l o r a t i o n  o b j e c t i v e s  i n  t h e  w e s t e r n  B e a u f o r t  
(Nuwuk Basin);  compressionalfo lds and f a u l t  t r a p s  form the most 
p r e v a l e n tp l a y s  i n  t h e  e a s t e r n  B e a u f o r t  (Kaktov ik  Basin). 

Geologicfeatures andprocesseswhich may a f fec tpe t ro leum­
r e l a t e d  a c t i v i t i e s  i n  thep lann ingareainc lude  a mobi le  and 
p e r v a s i v ei c ec o v e r ,a c t i v e  seabed scour ing by i c e  and cu r ren ts ,  
unstableseaf loorsediments,massiveslumps on t h e  o u t e r  s h e l f ,  
subseapermafrost,shal low gas accumulations,abnormalformation 
pressure,near-seaf l  oor f a u l t s  , andmodern s e i s m i c i t y . I c e  movement 
may exe r tg rea ts t resses  on p la t fo rms  as w e l l  as on t h e  seabed. I c e  
gouging on t h e  s h e l f  may n e c e s s i t a t e  b u r i a l  o f  p i p e l i n e s  andwellheads. 
S t r u d e ls c o u r i n go ft h es e a f l o o rn e a rt h em o u t h so fr i v e r si sa c t i v e  
d u r i n gs p r i n gf l o o dp e r i o d s .  Subsea permafrosthas been conf i rmed 
i n  severalnearshoreareas and presentsuniqueengineer ingproblems 
fo rfounda t ions ,g rave lexcava t ion ,  and p ipe l i nerou t i ng .Sha l l ow  
gas may be t rapped i n  several  ways and presents  a s e r i o u s  d r i l l i n g
h a z a r d ,p a r t i c u l a r l yi na r e a sd i s s e c t e d  bynear -sea f loo rfau l t s .  
Abnormallyhighformationpressureshave been encountered i n  Cenozoic 
sedimentarybasinsineasternAlaska and theBeaufor t  Sea. Earthquake 
a c t i v i t y  hasbeendocumented on theeas te rnBeau fo r tshe l f  and may 
b e  r e l a t e d  t o  o n g o i n g  t e c t o n i s m  i n  t h e  n o r t h e a s t e r n  B r o o k s  Range. 
Sur facefau l td isp lacements  andmassiveslumps on theou te rBeau fo r t  
s h e l f  may be t r i g g e r e d  by theseshal low-focus,moderate-magnitude 
earthquakes. 
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Introduction 

T h i s  r e p o r t  i s  a smmary o f  t h e  g e o l o g i c  framework,hydrocarbon 
p o t e n t i a l ,  and env i ronmenta lcondi t ions i n  t h e  B e a u f o r t  Sea Planning 
Area. It was preparedaspar tofthesuppor tdocumentat ionre la ted 
t o  Federal OCS LeaseSale 97, t e n t a t i v e l ys c h e d u l e df o r  1987. The 
r e p o r t  f o c u s e s  s p e c i f i c a l l y  on t h e  p e t r o l e u m  g e o l o g y  o f  t h i s  h i g h l y  
p rospec t i ve  area. The d i scuss ion  o f  o f f s h o r e  geology i s  based 
l a r g e l y  on seismic r e f l e c t i o n  d a t a  c o l l e c t e d  dur ingreg iona lsurveys  
byWesternGeophysical Company (WGC), whichhasgenerouslyal lowed 
us t o  u s e  s e l e c t e d  s e i s m i c  l i n e s  t o  i l l u s t r a t e  t h e  r e g i o n a l  g e o l o g y  
d i s c u s s e di nt h i sr e p o r t .  WGC and o the rindus t r y -acqu i redse ism ic  
da tagenera l l yd i sp layh ighe rreso lu t i on ,a re  more a c c u r a t e l y  
navigated, and a r e  f a r  denser i n  coveragethanexis t ing,  p u b l i c l y
a v a i l a b l e  surveys used i n  p r e v i o u sg e o l o g i cr e p o r t sf o r  t h i sp l a n n i n g  
area(Grantz and o thers ,1982b) .Pub l ic lyre leasedexp lora t ionwel ls  
a r e  f a i r l y  abundanton theNor thS lope  and o f f s h o r e  i n  Canadian 
waters, and t h e s ew e l l sp r o v i d er e g i o n a ls t r a t i g r a p h i cc o n t r o lf o r  
ou rse i sm icin te rp re ta t i on .  However, t heBeau fo r t  Sea P lann ing  Area 
i s  t r u l y  a f ron t i e rexp lo ra t i onp rov ince .Se ism icda tacoverage  i s  
sparse i n  some areas, andonshorestrat igraphy may varycons iderab ly  
f r o m  t h a t  o f f sho re .  The few of fshore e x p l o r a t o r y  w e l l s  d r i l l e d  i n  
prev ious sa leareas a r e  p r o p r i e t a r y  a t  thepresent  t ime,  and t h e r e  
a r e  nodeep s t r a t i g r a p h i c  t e s t  w e l l s  ( r e f e r r e d  t o  as COST w e l l s )  
on t h eB e a u f o r ts h e l f .  Our geo log icana lys is ,baseda lmosten t i re ly  
on seismicdata, i s  t h e r e f o r e  somewhat s p e c u l a t i v e  and will s u r e l y  
be mod i f i edaso f f sho rewe l li n fo rma t ioni sre leased .  

The Beaufor t  Sea Planning Area encompasses t h e  e n t i r e  c o n t i n e n t a l  
marg ino fnor thern  A laskaandpar to ftheabyssa l  Canada Bas in(p la te  
11). It s t r e t c h e s  i n  l o n g i t u d e  f o r  a p p r o x i m a t e l y  500 m i l e s  f r o m  j u s t  
e a s t  o f  141' west, t h e  d i s p u t e d  b o r d e r  w i t h  Canada, t o  162" west, 
where it meetstheChukchi Sea Planning Area. On t h eb a s i so f  
p ro jec tedindus t ryin te res t ,fu tu retechno logydeve lopment ,  and 
economic feas ib i l i t y ,theNat iona lPet ro leumCounc i l(1981)conc luded 
t h a t  o f f s h o r e  e x p l o r a t i o n  i n  t h e  A r c t i c  will be conf ined,  i n  t h e  
f o r e s e e a b l e  f u t u r e ,  t o  t h e  c o n t i n e n t a l  s h e l f  wherewaterdepths 
arelessthanabout  200 f e e t .  The s e r i o u sl o g i s t i c a ld i f f i c u l t i e s  
assoc ia tedwi ththeArc t icicepack ,wh ichcoverstheareamosto f  
theyear ,a reo fpr imaryconcern .S incegeo log ica l  and l o g i s t i c a l  
cons idera t ionssuggesttha ton lythecont inenta lshe l f  haseconomic 



hydroca rbonpo ten t ia l ,mos to fth i srepo r t  will focus on thegeology 
o ftheshe l fa rea .IntheChukch i  Sea, approximately 60 percent
o f  t h e  t o t a l  p l a n n i n g  a r e a  l i e s  on t h e  c o n t i n e n t a l  s h e l f ;  i n  t h e  
Beau fo r t  Sea, o n l y  25 p e r c e n t  o f  t h e  p l a n n i n g  a r e a  i s  l o c a t e d  on 
t h es h e l f .  The po ten t ia loccur rence andeconomic s i g n i f i c a n c eo f  
nonenergyminerals(gravelandmetalplacers)arenotaddressed. 

D e s p i t ei t sr e m o t e  s e t t i n g ,  h o s t i l e  c l ima te ,  and p o l i t i c a l l y
sens i t i ve  env i ronmenta l  issues, no r the rn  Alaskahasexperienced a 
g r e a td e a lo fp e t r o l e u m - r e l a t e da c t i v i t yf o rs e v e r a l  decades. The 
l a r g e s t  andsecond l a r g e s t  o i l  f i e l d s  i n  N o r t h  America(Prudhoe Bay 
andKuparuk, r e s p e c t i v e l y )  a r e  c u r r e n t l y  p r o d u c i n g  o v e r  1.5 m i l l i o n  
b a r r e l s  o f  o i l  p e r  day throughtheTrans-AlaskaPipel ineSystem 
(TAPS). Several p e r i p h e r a lf i e l d s  ( E n d i c o t t  andSealIs land)are 
c o n s i d e r e d  t o  be o f  commercials ize and may bedeveloped i n  t h e  n e a r  
future.Therehave been th reeFedera l  OCS leasesaleswhichhave 
rece ivedover  $4 b i l l i o n  i n  bonus b i d s .  A t  t hep resen tt ime ,the re  
areapprox imate ly  376 Federalleases i n  t h e  B e a u f o r t  Sea Planning 
Area. 
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1 

Geological Framework 

The nor thernA laskareg ion ,  i n c l u d i n g  t h e  o f f s h o r e  c o n t i n e n t a l  
margin, canbed iv idedin totwo mainpetroleum prov inces:  an o l d e r  

southernprov inceconta in ings t ra tadepos i tedon a c o n t i n e n t a l  

basementcomplex ( A r c t i cP l a t f o r m ,p r o v i n c e  I ) ,  and a younger 

nor the rn  p rov ince  con ta in ing  s t ra ta  depos i ted  i n  deep bas ins  on 

t hecon t inen ta lmarg in(B rook ianbas ins ,p rov ince  11) ( f i g .  1 ) .  

The d i v i d i n g  l i n e  betweenthesemainprovinces l i e s  o f f s h o r e  a l o n g  

a zone o f  down-to-the-north basement f a u l t s  t e r m e d  the"H ingeL ine"  

byGrantz and others(1982b).  The HingeLinemarks thesouthern  

edge o f  a major r i f t  zone tha t  deve loped i n  L a t e  J u r a s s i c  t o  E a r l y  

Cretaceoustime.South o ft h eH i n g eL i n e ,t h e  basement su r face  

forms a b r o a dp l a t f o r m( t h e" A r c t i cP l a t f o r m " )t h a td i p ss o u t h w a r d  

away f rom no r the rn  tec ton i c  h igh lands  wh ich  ex i s ted  be fo re  con t inen ta l  

r i f t i n g .  The p r e s e n t . s t r u c t u r a 1  r e l i e f  o f  t h i s  c o n t i n e n t a l  basement 

complex ( f i g .  2 )  i s  l a r g e l y  t h e  r e s u l t  o f  coeval  compressional 

t e c t o n i c s  i n  t h e  B r o o k s  Range and r i f t i n g  o f  t h e  A r c t i c  P l a t f o r m  

s inceLateJurass icorEar lyCre taceoust ime.  A p r o m i n e n ts t r u c t u r a l  

r i d g e  ( t h e  "BarrowArch")trends NW-SE a l o n g  t h e  B e a u f o r tc o a s t l i n e  

andacrosstheeasternChukch ishe l f( f ig .1 ) .Th isreg iona l 

fea ture ,fo rmedaf te rMesozo iccont inenta lr i f t ing ,separa tes  'a 

c o n t i n e n t a lf o r e d e e p( t h eC o l v i l l eB a s i n )f r o mb a s i n so nt h es u b s i d i n g  

con t inen ta lmarg in  (Nuwuk and Kaktov ikBasins) .  A t h i r dp e t r o l e u m  

prov ince  i s  l o c a t e d  seaward o f  t h e  p r e s e n t  c o n t i n e n t a l  she1 f (Canada 

Basin,prov ince 111). Thismodernoceanicbasinconta ins a r e l a t i v e l y  

youngsedimentary fill and i s  t h o u g h t  t o  h a v e  l i t t l e  economic 

p o t e n t i a lf o rh y d r o c a r b o n si nt h ef o r e s e e a b l ef u t u r e .  The general 

charac te r i s t i cs  o f  t hese  pe t ro leum p rov inces  a re  summarized i n  

t a b l e  1. 


The s t ra t i g raphyo fno r the rnA laskacan  be d i v i d e d  i n t o  f o u r  
mainsequencesbyprominentunconformit ieswhichmarkregional 
tec ton icep isodes .  From o ldes ttoyounges t ,t hesearethe  
Frank l in ian,El lesmer ian,  Rift, andBrookiansequences. Each o ft h e s e  
sedimentarysequenceshas a uniquesourcearea,deposi t ional  
env i ronment ,andst ructura lcharacter .Addi t ionalangular  
uncon fo rm i t i es  were i d e n t i f i e d  i n  t h e  s e i s m i c  d a t a ;  however,because 
theyrep resen tloca ltec ton i c  movements o rs e a - l e v e lf l u c t u a t i o n  
events, a f u r t h e rs u b d i v i s i o no ft h em a i nr e g i o n a lt e c t o n o s t r a t i g r a p h i c  
sequences i s  n o t  warranted. The mostprominent o ft h e s eu n c o n f o r m i t i e s  

G e o L o g i d  Ftramewohk, 7 
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Figure 1. 
Petroleumprovinces i n  t h e  B e a u f o r t  Sea PlanningArea.Arct icPlat formprov inces(Chukchishel f ,BarrowArch,  

andOuterArct icPlat form--prov ince I )  aregeologicbasinsformed i n  mid-Paleozoic t o  mid-Mesozoictime on a 

c o n t i n e n t a l  basementcomplex. The H ingeL ine  i s  t hec rus ta lf l exu rea longthecon t inen ta lmarg info rmeda f te r  

mid-Mesozoic r i f t i n g .  Post -breakupbasinsalongthesubsid ingcont inenta lmarg in (Nuwuk andKaktovikBasins-­ 

prov ince  11) c o n t a i nt h i c ks e c t i o n s  o fC r e t a c e o u st o  T e r t i a r y  c l a s t i c  s e d i m e n t sb e n e a t ht h ep r e s e n tB e a u f o r t  

she l f .  The Canada Basin(prov ince 111) i s  anocean icbas innor tho ftheBeaufor tshe l f  edge. These petroleum 

p r o v i n c e sa r ea l s od e s c r i b e di nt a b l e  1. 
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Flgure 2. 
Structurecontours on acoustic basement, representingthe t o p  of theFrankliniansequence.This basement complex
i s  composed of Middle Devonian and o lder  s t ra ta  tha t  were s t ruc tura l ly  deformed a n d  metamorphosed duringseveral 
earlyPaleozoictectonicepisodes. The basement rocks are separated from overlyingPaleozoicthroughTertiary 
s t r a t a  by a regionalangularunconformity. Onshore contours were taken, i n  p a r t ,  from a similar map presentedin 
Jackson and others (1981). Offshorecontours were derived from seismicdata. Contour linesarelabeledin 
thousands of f ee t  below sealevel.  Major f a u l t  zones are shown, withhachures toward the downthrown block. 
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Hinge  Nor th  Basin-   
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Table 1. Petroleumprovinces i n  t h e  B e a u f o r t  Sea P lann ing  Area. 

Set t ingMostPhysiographicProspect ive 

I .  	 ARCTIC PLATFORM 

A. BarrowArch 

B. A rc t i c  
P1depths  

C. South 

11. BROOKIAN BASINS 

toA. Nuwuk Beau fo r t  

B. Kaktov ikofL ine 

N o r t h e r n  A r c t i c  P l a t f o r m  
south of  E l lesmer ian depthzero water  
1ine. 

Between zeroEl lesmerian 

L i n e( n o r t h ) .  

o f  Chukchi 
west o f  20-100 
f a u l t .  

o f  shel f ;present  depthswater  
s h e l f  edge i n  western 
Beaufor t  Sea. 

and 

Inne r  Beau fo r t  she l f ;  
<20 m. 

t oB e a u f o r t  

20-100 m. 

she1f; water 
m. 

20-100 m. 

t oou te r  B rook ianBeau fo r t  

20-100 m. 

Sequence 

El lesmer ian 

Rift 

E l  1esmeri an 

Brookian 

Unknown 

Camden o fshe l fwaterdepths  
edge i n  eas ternBeaufor t  
Sea. 

o fEn t i re  B rook ianC.  Kak tov i kcon t inen ta l  
Demarcation and e a s t  o f  Barter depthsSector 	 edge water 10-100 m. 

I s l and .  

111. CANAOA BASIN N o r t h  o f  p r e s e n t  s h e l f  Cont inenta ls lope,  rise , 
edge. abyssalplain;waterdepths 

100-3,800 m. 



are  a Permian unconformity ( P U )  i n  the westernBeaufort and Chukchi 
sec tors ,  a Miocene unconformity ( M U )  intheeasternBeaufort ,  and 
a shelf-widePleistoceneunconformity ( Q U I .  A generalized
s t ra t igraphic  column of the majorrock units foundonshore and the i r  
relationshiptooffshoreseismicsequences i s  shown i n  f igure 3.  
The followingdescriptionsof rock u n i t  age and l i thology are  drawn 
from numerous previousstudies and publjclyavailable NorthSlope
wells (Brosgb and Tai l leur ,  1971; Brosge and Dutro,1973;Detterman 
and others,  1975; Carter and others ,  1977; TetraTech,Inc.,1982; 
Mol enaar, 1983). 

InArctic NorthAmerica,an earlyPaleozoicsedimentarysequence
( the  Franklinian sequence) was severely deformed and mildly
metamorphosed dur ing  a regional orogeny i n  Middle(?)toLate Devonian 
time. T h i s  metamorphic complex forms the present-daybasement. The 
Ellesmeriansequence (Middle(?)  Devonian t o  EarlyCretaceous)
unconformably over l ies  the Franklinian basement complex and represents
deposition on a s tableepicont inentalshelfthatpers is ted u n t i l  the 
onset of cont inenta l  r i f t ing  which began i n  la tes t  Jurassic  t ime 
(Grantz and May, 1982). The post-Jurassic developmentof the Beaufort 
continental margin generally f o l l  owed the r i f t  evolution model 
proposed by Falvey (1974). The "intracratonicbasin"(Ellesmerian
sequence) was upl i f ted  i n  the  i n c i p i e n t  r i f t  zone pr ior  to  cont inental  
breakup and truncated by a " r i f t -onse t  unconformity" ( the  Lower 
Cretaceousunconformity,or LCU) .  I n i t i a l  grabenformation and 
deposition of "r i f t  val ley" sediments  ( the  R i f t  sequence)before 
continentalfragmentation was followed by the progradation of a 
t h i ck  c l a s t i c  wedge (the Brookiansequence) intobasinsalong the 
newly formed continentalmargin. The Riftsequence(EarlyCretaceous)
and erosionalremnants of infrarifthighlandsareseparated from 
the overlying Brookian c l a s t i c  wedge by a "breakupunconformity"
( B U ,  f i g .3 ) .  The Brookiansequence(EarlyCretaceousthrough
Cenozoic) on the North Slopeconsists of c l a s t i c  sediments derived 
from a contemporaneous orogenic be l t  ( t h e  Brooks Range) t o  the south. 
These evolutionarystages and their associatedsedimentarydeposits 
a r e  i l l u s t r a t e d  by f igure 4 .  
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Stratigraphy 

FRANKLINIAN SEQUENCE 

A d i v e r s e  assemblage o f  h i g h l y  deformed,low-grademetamorphic 
rocks,predominant lysedimentaryandcarbonatel i tho log ies,genera l ly  
c o n s t i t u t e sa c o u s t i c  basement i nn o r t h e r nA l a s k a .T h i s  basement 
complex i s  composed o f  s teep ly  d ipp ing  M idd le  Devon ian  and o l d e r  r o c k s  
beneath a reg iona langu larunconformi ty  (EU, f i g .  3 ) .  LowerPaleozoic 
rocks i n  n o r t h e r n  A l a s k a  a r e  t h o u g h t  t o  r e p r e s e n t  s e d i m e n t a t i o n  i n  
a c i r c u m - A r c t i c  b a s i n  ( r e f e r r e d  t o  as theFrank l i n ianGeosync l i ne )  
t h a t  g e n e r a l l y  deepened t o  t h e  n o r t h  andhadbroadshelfareas t o  
thesouth(Churk in ,1973) .Thesedeposi tshavebeenreferredto 
as t h e  NeruokpukFormation i n  t h e  Brooks Range (Du t ro  andothers, 
1972)as w e l l  as t h e  F r a n k l i n i a n  sequence i n  t h e  Canadian A r c t i c  
Archipelago(Lerand,1973). We will r e f e r  t o  t h e  basementcomplex 
a s  t h e  F r a n k l i n i a n  sequence i n  c o n f o r m a n c e  w i t h  p r i o r  u s a g e  f o r  t h e  
AlaskanBeaufortarea(Grantzandothers,  1982a,1982b; Grantzand 
May, 1982, 1984). 

The i n t e r n a l  s t r a t i g r a p h y  o f  t h e  F r a n k l i n i a n  sequence i n  n o r t h e r n  
Alaska i s  p a r t i a l l y  known b o t h  f r o m  o u t c r o p s  i n  t h e  Brooks,Range 
andfrom we1 1 l o c a l i t i e s  t h r o u g h o u t  t h e  N o r t h  S l o p e  ( B r o s g e  and 
Dutro, 1973; Churk in ,1973) .Or ig ina ldepos i t iona lre la t ionsh ips  
a r e  u s u a l l y  o b s c u r e d  b y  l a t e r  t e c t o n i c  o v e r p r i n t i n g ,  and F r a n k l i n i a n  
r o c k s  a r e  b e t t e r  known i n  areas i n  n o r t h e r n  Canada o u t s i d e  t h e  
i n f l u e n c e  o f  C o r d i l l e r a n  t e c t o n i c s  (Cookand Aitken,1973;Churkin, 
1973; T r e t t i n ,  1973). T y p i c a l l y ,f o s s i l i f e r o u sl o w e rP a l e o z o i cs t r a t a  
l i e  unconformably on P r e c a m b r i a n  q u a r t z i t e  a n d  s c h i s t  i n  t h e  
nor theasternBrooks Range (Outroandothers,1972). The Cambrian 
a n dO r d o v i c i a nr o c k s ,p a r t i c u l a r l y i n  t h e  n o r t h e r n m o s tp a r t so f  
Canada andAlaska,arecharac ter izedbybas ina ldepos i ts ,inc lud ing
g r a p t o l i t i cs h a l e  and che r t .S i l u r i antoMidd leDevon ianrocks  
t y p i c a l l y  c o n s i s t  o f  p l a t f o r m  c a r b o n a t e s ,  p a r t i c u l a r l y  t o  t h e  s o u t h  
(Brosg6 and Dutro,1973) .MiddletoUpperDevonianrocksref lect  
a m a j o r  t e c t o n i c  e p i s o d e  ( p e r h a p s  c o r r e l a t i v e  t o  t h e  E l l e s m e r i a n  
orogeny)andare composed o f  c o a r s e  c l a s t i c  d e p o s i t s  and i n t r u s i v e  
plutons(Dutro,1981).Sedimentat ion i nt h eF r a n k l i n i a ng e o s y n c l i n e  
was terminatedbyth isorogeny,  and theselowerPaleozoicdeposi ts  
weresubsequentlydeformedandupli f ted. The t e c t o n i ch i g h l a n d  
formedby th ismid-Paleozoicepisodeserved as thesourceprov ince  
f o r  succeed ingE l lesmer iandepos i t sun t i lEa r l yCre taceoust ime .  
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Due t o  s i m i l a r i t i e s  of l i thology and regionalvariations i n  
tectonic  a l terat ion caused by themid-Paleozoicorogeny,the 
re la t ionship  of Devonian rock units to the Franklinian or Ellesmerian 
seismicsequences i s  ambiguous. Our broad divis ion of seismic units 
i s  intendedtoseparatethehighly deformed metamorphicbasement 
rock (theFranklinian sequence) from unconformably overlying
miogeosynclinalstrata (theEllesmeriansequence) withoutimplying
s t r i c tp rov inc ia l  age definit ions.Grantz and o thers  (1982b)
assignedallpre-Mississippian rock totheFrankliniansequence,
followingthestratigraphicnomenclaturedeveloped i n  the  Canadian 
Arctic by Lerand (1973). This i s  c l ea r lyva l idfo rthe  North 
Slope of Alaska where a Mississ ippian clast ic  u n i t  ( t h e  Kekiktuk 
Conglomerate) unconformably over1 i e s  metamorphic a rg i l  1i t e  of 
Ordovician toSi lur ianage(Car te r  and Laufeld,1975). On the  
northernArcticPlatform,acoustic basement i n  seismicdataclosely
coincides w i t h  highly deformed arg i l l i t e  encountered  i n  coastal  
wells.  However, i n  thecentral  and southwestern Brooks Range, a n  
allochthonoussectionof Upper Devonian marine and f luvial  rocks 
( H u n t  Fork Shale and KanayutConglomerate, r e spec t ive ly )  l i e s  w i t h  
angular unconformity on Middle Devonian and o l d e r  s t r a t a  (Brosg6 and 
Dutro, 1973, f ig .10) .  These allochthonous c l a s t i c  depos i t s  a r e  
conformably overlain by parautochthonousMississippianstrata of the 
Endicott Group (Brosg6 and Ta i l l eu r ,  1971; Nilsen andMoore, 1982b).
Clearly,  the e f f e c t s  of themid-Paleozoicorogenyareless pronounced 
on Devonian and older  rocks far ther  to  the south,  away from the 
northernfoldbelt ,  i n  Canada and Alaska (Bell,1973).Consequently,
the  d is t inc t ion  between theFranklinian and Ellesmeriansequences,
based on a c r i t e r ion  o f  deformed versus undeformed character ,  becomes 
lessapparent  i n  thesesouthernareas. In the Brooks Range, this 
d i s t inc t ion  i s  fu r the r  obscu red  by Mesozoic t o  Cenozoicorogenic
th rus t ing .  

Our preliminary conclusion is tha t  t he  unconformi ty  separat ing
the Franklinian basement complex and theEllesmerianmiogeosynclinal 
sequence is diachronous,ranging i n  possibleage from Middle Devonian 
t o  EarlyMississippian. T h i s  i s  based on thefollowingobservations i n  
northern Alaska: (1) theyoungestreportedagefortectonized rock 
below the regional basementunconformity ( E U )  i s  Middle Devonian o r  
older  from the metasedimentary s t r a t a  i n  the Topagoruk well (Col l ins ,
1961); and (2) the  o ldes t  repor ted  age  for  s t ra ta  unconformably
overlyinghighly deformed lowerPaleozoic rock i s  Middle(?) to Late 
Devonian i n  the Endicott Group (Dutro,1981). The hiatusrepresented
by this unconformity (EU)  and the tectonic  a l terat ion of  underlying
rock units generallyincreasetowards the northernfoldbelt .  The 
diachronousnature of the basementunconformity i s  fu r the r  enhanced 
by youngerunconformities which have exhumed basement surface i n  
northernparts of theArcticPlatform. In many places,strataranging
i n  age from Miss i ss ippian  to  Ter t ia ry  l ie  d i rec t ly  on thelower 
Paleozoic basement complex. Our broad divisionoftectonostratigraphic 
sequences i s  based on seismical lyrecognizablecharacter is t ics ,  and 
the bounding unconformities of these units arerecognized t o  be 
timetransgressive. The seismicsequences,therefore, may not coincide 
w i t h  s t r i c t  formationaldefinitionsbased on s t r a t ig raph ic  age. 
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ELLESMERIAN SEQUENCE 

The El lesmer ian sequence (Midd le (?)Devon iantoEar lyCre taceous)  
i s  bounded a t  i t s  base by an angular  unconformi ty  on t h e  F r a n k 1  i n i a n  
basementcomplex (ELI) and a t  i t s  t o p  b y  t h e  r i f t - o n s e t  u n c o n f o r m i t y  
(LCU, f i g .  3 ) .  El lesmeriansedimentswereder ivedfrom a t e r r a n e  
composed o f  d e f o r m e d  F r a n k l i n i a n  r o c k s  t h a t  e x i s t e d  n o r t h  o f  t h e  
presentBeaufor tcoast l ine.Coarse-gra ined,prox imalsediments 
deposi tedon an e p i c o n t i n e n t a ls h e l f( t h eA r c t i cP l a t f o r m )a d j a c e n t  
t ot h en o r t h e r ns o u r c et e r r a n eg e n e r a l l yg r a d es o u t h w a r di n t o  
f i n e - g r a i n e db a s i n a lf a c i e s .  The El lesmeriandepocenter(alsotermed 
the"Arc t i cA laskaBas in " )  deepened,to thesouthbeneaththepresent
l o c a t i o no ft h eB r o o k s  Range (BrosgeandTa i l leur ,1971)( f ig .4 ) .  
Sed imen ta t i onth roughou tth i spe r iodfo l l owed  a g e n e r a l  p a t t e r n  o f  
p rog ress i vemar ineon lap( t ransg ress ion )tothenor thin te r rup ted  
bybr ie fregress ivepu lseswhichprogradedsouth .Tec ton icac t iv i t y  
on t h e  A r c t i c  P l a t f o r m  was l a r g e l y  r e s t r i c t e d  t o  p o s t - o r o g e n i c  b l o c k  
f a u l t i n g  i n  La te  Devon ian  to  La te  M iss i ss ipp ian  t ime  (Te t ra  Tech, 
1982). E l lesmer ian sedimentat ionterminated i n  Ear lyCretaceous 
t imeas t h e  n o r t h e r n  sourceter rane was r i f t e d  away f romnor thern  
A laskadur ingthefo rma t ion  o f  t h e  modern Canada Basin(Grantzand 
May, 1982). I n  comnon w i t hr i f t i n ge p i s o d e s  on o t h e rc o n t i n e n t a l  
margins(Falvey,1974), a r e g i o n a l  u p l i f t  o f  t h e  i n c i p i e n t  r i ft zone 
i s  markedbyanextens iveeros ionalunconformi ty( the LCU) which 
t runcatedsouthward-d ipp ingEl lesmer ianformat ions.  The p resen t  
d i s t r i b u t i o n  o f  E l l e s m e r i a n  u n i t s  i s  c o n t r o l l e d  b y  n o r t h w a r d  
d e p o s i t i o n a lt h i n n i n g  as w e l l  aseros iona lt runcat ion .E l lesmer ian­
u n i t  z e r o - l i n e s  g e n e r a l l y  t r e n d  n o r t h w e s t - s o u t h e a s t  a l o n g  t h e  c o a s t a l  
and i n n e r  s h e l f  a r e a s  o f  t h e  B e a u f o r t  Sea ( f i g .  1 ) .  

E l l esmer ian  fo rma t ionscon ta in  much o f  t h e  known hydrocarbon 
reserves on the Nor th Slope and are consequent ly  the mostthoroughly 
s t u d i e dp a r to ft h e  g e o l o g i c  s e c t i o ni nn o r t h e r nA l a s k a( B r o s g 6  and 
T a i l l e u r ,  1971; Morgridgeand Smith, 1972; Dettermanandothers, 
1975; C a r t e r  andothers, 1977;Jamisonandothers, 1980; T e t r a  Tech, 
1982). Our b r i e fd e s c r i p t i o n  o f  t h e  l i t h o l o g y  and depos i t i ona l  
s e t t i n g  o f  t h e s e  f o r m a t i o n s  i s  b a s e d  l a r g e l y  on theseprev ious  
s tud ies.  

The first E l l e s m e r i a n  d e p o s i t i o n a l  c y c l e  o c c u r r e d  i n  L a t e  
Devonian t o  L a t e  M i s s i s s i p p i a n  t i m e ,  when coa rse  c las t i c  sed imen t  
was s h e df r o mt h eo r o g e n i cf o l d b e l tw h i c hl a yt ot h en o r t h( f i g .  4 ) .  
Fault-boundedbasins,suchastheNortheastChukchiandIkpikpuk 
B a s i n s ,  c o n t a i nt h i c ka c c u m u l a t i o n so ft h e s e  c o a r s e  c l a s t i c  d e p o s i t s .  
As a consequence o f  t h e  a c t i v e  t e c t o n i c  s e t t i n g ,  t h e  t h i c k n e s s  and 
r e g i o n a l  d i s t r i b u t i o n  o f  t h e s e  l o w e r  E l l e s m e r i a n  r o c k s  a r e  more 
i r regularthanthoseofMesozoic-ageupperEl lesmer ianuni ts .  The 
p o s t - o r o g e n i c  c l a s t i c  d e p o s i t s  i n c l u d e  b o t h  m a r i n e  u n i t s  ( f o r  example,
HuntForkand Kayak Shales)and f l u v i a l  u n i t s  ( K a n a y u t  and Kek ik tuk  
Conglomerates)assigned t o  t h e  E n d i c o t t  Group(Brosg6andTail leur, 
19711. Although somewhat obscured by l a t e r  n o r t h w a r d  t h r u s t i n g  i n  
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theBrooks Range, t h e  d e p o s i t i o n  o f  E n d i c o t t  c l a s t i c  u n i t s  seems t o  
f o l l o w  a genera lt ime- t ransg ress i vet rendinwh icho lde r(La teDevon ian )  
and t h i c k e r  u n i t s  o c c u r  t o  t h e  s o u t h ,  whereasyounger(Mississippian)
and t h i n n e r  u n i t s  o c c u r  on the  no r the rn  A rc t i c  P la t fo rm.  

An e x c e p t i o n  t o  t h i s  r e g i o n a l  s t r a t i g r a p h i c  t r e n d  i s  observed 
i n  seismicdatafromtheChukchishelfarea.There, a t h i c k  c l a s t i c  
wedge, t e n t a t i v e l y  c o r r e l a t e d  t o  t h e  E n d i c o t t  Group, i s  u n d e r l a i n  
bya s e i s m i c  u n i t  i n f e r r e d  f r o m  i n t e r v a l  v e l o c i t y  d a t a  t o  becomposed 
o f  carbonaterock.This i s  t h e  o n l y  known occu r renceo f  a t h i c k  
c a r b o n a t e  u n i t  s t r a t i g r a p h i c a l l y  i n t e r p o s e d  between t h e  E n d i c o t t  
Groupand acoustic(presumablymetamorphic) basement n o r t h  o f  t h e  
Brooks Range. The s t r a t i g r a p h i cr e l a t i o n s h i pt ot h eu n d e r l y i n g  
basementcomplex(assumed t o  beMiddleDevonianorolder)and 
o v e r l y i n g  E n d i c o t t - e q u i v a l e n t  c l a s t i c  wedge (La te  Devon ian  to  La te  
Miss iss ipp ian)suggests  t h a t  t h i s  l o c a l l y  r e s t r i c t e d  c a r b o n a t e  u n i t  
may beage-equiva lentto  carbonate rocks  o f  t h e  B a i r d  Groupdescribed 
inthesou thwes te rnBrooks  Range ( T a i l l e u r  andBrosg6,1970). We 
i n c l u d e  t h i s  c a r b o n a t e  u n i t  i n  t h e  l o w e r  E l l e s m e r i a n  sequence 
because it i s  r e l a t i v e l y  undeformedand i s  c l o s e l y  a s s o c i a t e d  w i t h  
i n f e r r e dE n d i c o t t - e q u i v a l e n ts t r a t a .  It mustbeemphasized t h a t  
t he  l ower  E l l esmer ian  sequenceobserved i n  t h e  N o r t h e a s t  Chukchi 
Basin i s  anomalous w i t h  r e s p e c t  t o  t h i c k n e s s  andapparent ageas 
compared w i t h  t r a d i t i o n a l  E l l e s m e r i a n  u n i t s  on t h e  A r c t i c  P l a t f o r m  
t o  t h e  e a s t .  

D e p o s i t i o n  o f  t h e  E n d i c o t t  Group was fo l lowed by  a s lowmarine 
t ransg ress ion  andsubsequentaccumulat ionofplat formcarbonates 
assigned t o  t h e  L i s b u r n e  Group. A d i ve rseasso r tmen to fsha l l ow  
mar ine  ca rbona te  fac ies  p rog ress i ve l y  on lapped  ex i s t i ng  basement 
h ighs ,w i tht ime- t ransg ress i vedepos i t i onp rog ress ingnor thwardf rom 
La te  M iss i ss ipp ian  to  Pennsy lvan ian  t ime  (A rms t rong  and Bi rd,1976) .  
A l thoughtheL isburne Group i s  w i d e r  i n  r e g i o n a l  d i s t r i b u t i o n  t h a n  
t h e  u n d e r l y i n g  E n d i c o t t  Group, i t s  o v e r a l l  t h i c k n e s s  i n c r e a s e s  
s i g n i f i c a n t l y  i n  f a u l t - b o u n d e d  b a s i n s  t h a t  c o n t i n u e d  t o  s u b s i d e  
th roughLa teMiss i ss ipp iant ime(Te t ra  Tech, 1982). 

I n  L a t e  P e n n s y l v a n i a n  t o  Early Permiant ime,erosion o f  
Carbon i fe rous  and  o lde r  s t ra ta  occu r red  i n  response t o  s e a - l e v e l  
l o w e r i n go re p e i r o g e n i ce l e v a t i o no ft h eA r c t i cP l a t f o r m .  The 
e f f e c t s  o f  t h i s  e p i s o d e  a r e  p a r t i c u l a r l y  p r o n o u n c e d  on p o s i t i v e  
basement features(ArmstrongandBird,  1976; Car terandothers,  
1977; Dutro, 1981; T e t r a  Tech, 1982)andon thenor thernChukch i  
s h e l f ,  where i t  d i v i d e s  t h e  E l l e s m e r i a n  s e c t i o n  i n t o  d i s t i n c t  u p p e r  
(Permian t o  E a r l y  Cretaceous) andlower(Midd le (?)  Devonian t o  Permian) 
seismic sequences. We r e f e r  t o  t h i s  u n c o n f o r m i t y  as thePermian 
unconformi ty  (PU, f i g .  3)  and b e l i e v e  it i s  c o r r e l a t i v e  t o  t h e  
"Echooka unconformity" as de f inedbyTe t ra  Tech(1982) i n  NPRA. 
Grantzandothers(1982a)a lsorecognizedth isunconformi ty  i n  t h e  
Chukchishel fregionandtermedtheunder ly ing,pre-Permiansect ion 
"Eo-Ellesmerian." 



The upperEllesmeriantransgressivecycle began i n  Late Permian 
time,withmarinesandstones and shales assigned to the Sadlerochi t 
Group onlappingstructural  h i g h s  from southtonorth. The basal 

transgressivesandstones of the Echooka Formation (LatePermian) . 

are  overlain by thedeepwatershales of the Kavik Formation(Early

Tr ia s s i c ) .  Inthe upper Sadlerochit  Group, f luv ia l -de l ta icdepos i t s 

of the IvishakFormation(Early t o  Middle Triassic)represent  a 

progradationalpulse from thesourceterranetothenortheast .  In 

thesoutherndistalportions of thebasin,time-equivalentrocksare 

composed of a deepwater f ac i e s  known as the S i k s i k p u k  Formation. 


InMiddle to Late Triassic t ime, a secondmarinetransgression
extendednorth of thepresentBeaufortcoastline.Limestone,
mudstone, sandstone, and phosphatic beds assignedtotheShublik 
Formation were deposited i n  a low-energy,moderatelydeepwater
environment(Detterman and others,1975). 

The Shublik Formation is overlain by well-sorted,fine-grained,
glauconitic sandstones and interbedded marine shales  of the Sag River 
Formation (LateTr iass ictoEar lyJurass ic ) .  Sag Riversandstone 
lensesprobablyrepresent a ba r r i e r  beach complex t h a t  prograded 
t o  the southoverdeeperwaterShubliksediments(Jones and Speers,
1976). 

The upper Ellesmeriantransgressionreached i t s  maximum extent  
i n  Ju ra s s i c  time when the Kingak Formation was deposited i n  a 
moderatelydeepwater setting throughoutnorthernAlaska and Canada 
(Poul ton, 1982). Lithologicstudies and organicchemistryanalyses 
suggest t h a t  the Kingak shelfshoaled t o  the northwest i n  Alaska,
resu l t ing  i n  an overallthinner and more sand-prone facies ,  while  
to  the  southeas t  a thick,organic-richshalefaciesaccumulated 
(Magoon and Claypool,1984). In western NPRA, transgressivemarine 
shelfsandstonesareinterbedded w i t h  Kingak shales. These lenses  
areshingled above one another,  progressively shift ing localized 
sandstonedeposition t o  the northwest i n  the Lower t o  Middle Ju ras s i c  
section(Tetra Tech, 1982). 

In Late Jurassic to Early Cretaceous t ime, the northern part
oftheArcticPlatform began toshoal,probably i n  response t o  
thermal u p l i f t  of t h e  i n c i p i e n t  r i f t  zone(byanalogy to  the  Falvey
model). Locallyderived,shallowmarinesandstonelensesarelocally 
common i n  the  uppermost Kingak Formation,particularly above basement 
h i g h s .  These discontinuoussandstonebodies have been informally
refer red  to  a s  "Kuparuk River sands.'' .In the type a rea( the  Kuparuk
o i lf i e l d ) ,  sandstone beds assignedto the  Kuparuk Formation (Carman 
and Hardwick, 1983) l i e  above and below the regionalr i f t -onset  
unconformity ( L C U ) .  Inthepresentreport ,  the usage of "Kuparuk
Riversands" isrestr ic tedtosandstonesimnediately below the LCU 
i n  theupperEllesmeriansequence. Lower Cretaceoussandstones 
above the regional unconformi t y  are included i n  ourRiftsequence. 



RIFT SEQUENCE 

Prev iousgeologicstud iesofnor thernAlaskahaveusual lyd iv ided 
thePhanerozo icsec t i onin toth reema in  sequences ( F r a n k l i n i a n ,
El lesmerian. and Brookian).  However, theses tud ies  have o f t e n  
disagreed on theboundarybetweentheEllesmerianandBrookian 
sequencesas w e l l  as theplacementofLowerCretaceous(genera l ly  
Neocomian) s t r a t a .  TheNeocomian s e c t i o n ,o f t e nr e f e r r e dt o  as t h e  
"PebbleShaleunit,"hasbeenincluded i n  theEl lesmer ian  sequence 
(Grantzand others,  1982b), t he  B rook ian  sequence ( T e t r a  Tech, 1982). 

orcons idered asa separate "Barrovian" sequence (Carman andHardwick, 

1983).Because t h e  Neocomian s e c t i o ni sd i s t i n c t l yb r a c k e t e d  by 

reg iona luncon fo rm i t i es  and, i n  t h e  o f f s h o r e  area, i t st h i c k n e s sa n d  

d e p o s i t i o n a l  s e t t i n g  a r e  u n i q u e l y  r e l a t e d  t o  t h e  rift zonewhich was 

l o c a t e d  on t h i s  p a r t  o f  t h e  A r c t i c  P l a t f o r m ,  we havedecided t o  

d is t ingu ishthesesed iments  asa separateseismicsequenceinformal ly 

termed t h e  "Rift sequence" ( f i g .3 ) .  We have notadoptedthe Carman 

andHardwick(1983)terminologyforseveralreasons:(1)their  

i n f r a r i f t  " B a r r o v i a n  sequence" includesKuparukRiversandstones 

and some upperKingakshaleswhicharec lear lybeneaththeregional  

r i f t - o n s e t  u n c o n f o r m i t y  (LCU); (2 )the  d e p o s i t i o n a l  s e t t i n g  f o r  

KuparukRiversediments on t h e  Barrow Arch i s  very d i f f e r e n t  from 

t h a t  o f  t h e  deep i n f r a r i f t  grabens t o  t h e  n o r t h ;  and (3 )the re  may 

be some confusionbetween a p r i o r  usage o f"Bar rov ia"(Brosg6 and 

T a i l l e u r ,  1971)as the  no r the rn  sou rce  te r rane  fo r  E l  lesmer ian 

sedimentsand"Barrovian" (CarmanandHardwick,1983) fo rsed iments  

d e r i v e d  f r o m  E l l e s m e r i a n  h i g h l a n d s  i n  t h e  rift zone. 


Two t ime- t ransg ress i vereg iona l  unconformi t iesfo rmthe 
boundaries o ft h e  Rift sequence. The lower unconfonni  ty i s  a 
sou thward-d ipp ingeros iona lsur facetha tprogress ive lyt runcates  
u n d e r l y i n g  E l l e s m e r i a n  r o c k s  u n t i l  it even tua l l yreachesFrank l i n ian  
basementon n o r t h e r n  p o r t i o n s  o ft h e  A r c t i c  P l a t f o r m .  T h i s  a n g u l a r
unconformityhasbeentermedthe"LowerCretaceousunconformity" 
(LCU) by Jamison and others(1980) and t h e  "Pebble Shaleunconformity" 
by B i r d  (1982). The LCU f o r m s  p a r t  o f  t h e  t r a p  f o r  petroleum pooled
i n  E l  l e s m e r i a n  s t r a t a  a t  t h e  Prudhoe Bay f i e l d .  The upperunconformity 
forms a southward-d ipp ingse ismiccoup le tw i ththe  LCU i n  t h e  
C o l v i l l e  B a s i n  but d ivergesf romthe LCU on  the  Beau fo r t  she l f ,  
becoming a gen t l yno r thward -d ipp ingdepos i t i ona ld i scon fo rm i t y  
t h a t  i s  downlappedbyprogradingBrookianhor izons.Thisunconformity 
hasbeentermedthe"breakupunconformity" (BU) byGrantzandothers 
(1982b)andcorresponds t o  t h e  t o p  o f  t h e  P e b b l e  S h a l e  u n i t  ( B i r d ,  
1982). 

As the  name i m p l i e s ,t h e  d e p o s i t i o n a l  s e t t i n g  f o r  t h e  Rift 
sequence i s  c l o s e l y  r e l a t e d  t o  t h e  l o c a l i t y ,  t i m e  i n t e r v a l ,  a n d  
s t r u c t u r a l  c h a r a c t e r  o f  t h e  M e s o z o i c  r i f t  zone whichdevelopedon 
t h e  n o r t h e r n  A r c t i c  P l a t f o r m  i n  l a t e s t  J u r a s s i c  t o  E a r l y  C r e t a c e o u s  
t i m e( f i g .  4 ) .  D u r i n gt h ee a r l y  rift s tage ,E l l esmer ianun i t s  
wereex tens ive lyerodedonup l i f tedb locks ,andc las t icsed iments  
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shed in toloca lfau l t -boundedbas ins .  The l a r g e s t  o f  t h e  i n f r a r i f t  
bas ins i s  t h e  Dinkumgraben(Grantzand May, 1982),whichcontains 
a s e d i m e n t a r ys e c t i o na tl e a s t  10,000 fee tth i ck .Severa lsma l le r ,  
b u t  g e n e t i c a l l y  r e l a t e d ,  i n f r a r i f t  b a s i n s  a r e  i d e n t i f i e d  f a r t h e r  t o  
t h ew e s t( f i g .9 ) .  As t h e  rift zoneevolvedthrough Neocomiantime, 
it subsided and t h e  s u p p l y  o f  c l a s t i c  m a t e r i a l  f r o m  h i g h l a n d s  t o  
i n f r a r i f t  b a s i n s  was e l im ina ted .  The u p p e rf a c i e so ft h e  Rift 
sequence may b e  c h a r a c t e r i z e d  a s  r e l a t i v e l y  deepwater,starved-basin 
d e p o s i t s  l i t h o l o g i c a l l y  s i m i l a r  andage-equiva lenttothePebbleShale 
u n i t  o n s h o r e .D u r i n gt h i st i m et e c t o n i ca c t i v i t y  began i n  t h e  Brooks 
Range t o  t h e  s o u t h ,  and t h i c k  f l y s c h  d e p o s i t s  o f  t h e  O k p i k r u a k  o r  
Kongakut  Format ions  were  shed nor thward  in to  the  Co lv i l le  fo re land 
bas in  f rom the  o rogen ic  be l t .  

BROOKIAN SEQUENCE 

The Brookian sequence (Ear lyCretaceous t o  Pl iocene)  i s  t h e  
t h i c k e s t  andmostwidespreadsedimentarysequence i n  t h e  p l a n n i n g  
areaaswel lasthemostcomplexs t ra t ig raph ica l l y  and s t r u c t u r a l l y .  
It i s  e s s e n t i a l l y  ahuge wedge o fc las t i csed imen ta ryrockwh ich  
progradednorthwardfromtheBrooks Range o r o g e n i c  b e l t  ( f i g .  4 ) .  
T h i s  wedge i n i t i a l l y  f i l l e d  t h e  C o l v i l l e  B a s i n  andthenprograded 
no r thac rossthenew lyfo rmedcon t inen ta lmarg inin tothe  Nuwuk 
and Kaktov ikBasins.  The Brookian sequence i s  bounded a t  i t s  base 
bythebreakupunconformity (BU), which i s  t y p i c a l l y  a d e p o s i t i o n a l  
d i s c o n t i n u i t y ,  and a t  i t s  t o p  bya low-angleunconformity(QU) a t  
t h e  base o ft h eP l e i s t o c e n e  sequence ( f i g .3 ) .  The t h i c k n e s so f  
t heBrook iansec t i onva r iesf romlessthan  3,000 f e e t  on theBarrow 
A r c h( f i g .2 )t og r e a t e rt h a n  35,000 fee t(6 -secondse ismicrecord  
l e n g t h )  i n  t h e  Nuwuk B a s i nn o r t ho ft h eH i n g eL i n e .I nt h eK a k t o v i k  
Bas intheBrook ian  sequence i s  over  8 seconds t h i c k  (CDP r e c o r d  . 
l eng th ) .  The l o w e rp o r t i o n( a p p r o x i m a t e l yh a l f )o ft h i sc l a s t i c  
wedge i s  composed o fs i g m o i d a lc l i n o f o r m  and hummocky ( f o r e s e t )  
r e f l e c t o r s  i n d i c a t i v e  o f  deepwater, prodel tamarineshales(Brown 
andF ishe r ,1977) .L i t ho log i cdesc r ip t i onso f  numerous Nor th  
S l o p ew e l l sc o n f i r mt h i si n t e r p r e t a t i o n .  The . lowerBrookianshale 
f a c i e s  i s  o v e r l a i n  b y  a s e r i e s  o f  p a r a l l e l ,  h i g h - a m p l i t u d e  ( t o p s e t )  
r e f l e c t o r st h a tg e n t l yd i pi n t ot h em a i nd e p o c e n t e r s .T h i ss e i s m i c  
f a c i e si st y p i c a lo fd e p o s i t i o n a le n v i r o n m e n t sr a n g i n gf r o mc o a s t a l  
p l a i nt om a r i n es h e l f  (BrownandFisher,1977).Welldataconfirm 
t h a tt h eu p p e rB r o o k i a nf a c i e si n c l u d e sf l u v i a l( n o n m a r i n e )  as 
w e l l  as n e r i t i c( m a r i n es h e l f )d e p o s i t s ,w i t h  a h i g hp r o p o r t i o no f  
sandstoneandabundantcoalbeds. 

Al though a v e r y  d e t a i l e d  l i t h o s t r a t i g r a p h i c  n o m e n c l a t u r e  has 
beendeveloped f o rB r o o k i a ns t r a t a( B r o s g 6  and T a i l l e u r ,  1971; 
Molenaar,1983),anabbreviatednomenclature i s  s u f f i c i e n t  f o r  o u r  
p u r p o s e s( f i g .3 ) .I nt h ew e s t e r np a r to ft h eN o r t hS l o p e  and 
ad jacento f fshoreareas ,thelower ,p rode l tasha lefac ies  i s  r e f e r r e d  
t o  as theTorokFormat ion(Apt iantoA lb ian)  and theupper,  
f l u v i a l - d e l t a i c  f a c i e s  i s  r e f e r r e d  t o  as the  NanushukGroup 
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( A l b i a n  t o  Cenomanian). I nt h ec e n t r a lp a r to ft h eN o r t hS l o p ea n d  
a d j a c e n t  o f f s h o r e  a r e a s ,  p r o g r a d i n g  B r o o k i a n  s t r a t a  a r e  i d e n t i f i e d  a s  
t h e  C o l v i l l e  Group(Cenomanian t o  M a e s t r i c h t i a n  age)and t h e  
Sagavani rk tokFormat ion(Ter t iary) .  

Beginning i n  L a t e  C r e t a c e o u s  t o  e a r l y  T e r t i a r yt i m e ,  Brook ian 
sedimentat ion was focused i n  t h e  Kaktov ik  B a s i n( f i g .  1). West o f  
B a r t e r  I s l a n d  ( t h e  Camden sec tor ) ,theBrook ian  sequence c o n s i s t s  
o f  a s ing lemajorprogradat iona lcyc le ,  wherePaleocene t o  Eocene 
mar ineshalesareoversteppedbyOl igoceneandMiocenef luv ia l -de l ta ic  
beds. Eas to fBar te rI s land( theDemarca t ionsec to r ) ,t heBrook ian  
sequence con ta ins  numerous major t ransg ress i ve  and r e g r e s s i v e  c y c l e s  
moreanalogous t o  theMackenzie D e l t a  r e g i o n  o f  Canada t h a n  t o  t h e  
Nor thS lopeofA laska.F luv ia l -de l ta icsed imentsdepos i teddur ing
r e g r e s s i v e  c y c l e s  i n  t h e  P a l e o c e n e  ( e q u i v a l e n t  t o  Moose Channel/Reindeer 
Format ion) ,O l igocenetomidd leMiocene(equ iva len ttoKugmal l i t /Pu l len  
sequence),and l a t e  Miocene t o  Pl iocene(Beaufor tFormat ion)are 
separated by l o c a lu n c o n f o r m i t i e s  and t ransgress ivemar inesha les  
(Youngandothers, 1981; WillumsenandCote,1982). The complex 
s t r a t i g r a p h yi nt h ee a s t e r nB e a u f o r ta r e ai sa p p a r e n t l yr e l a t e dt o  
contemporarytectonics i n  thenor theasternBrooks Range as w e l la s  
syndepos i t iona ltec ton icswi th intheeas ternKaktov ikBas in .  The 
Brook iandepos i t i ona lcyc le  was te rmina tedbysea- leve llower ing
a s s o c i a t e d  w i t h  P l e i s t o c e n e  g l a c i a l  p e r i o d s .  

PLEISTOCENE SEQUENCE 

The P l e i s t o c e n e  s e c t i o n  i s  i d e n t i f i e d  as a separateseismic 
sequencebecause it i s  boundedby reg iona luncon fo rm i t i es  and it 
accumulated i n  a d i s t i n c t l yd i f f e r e n td e p o s i t i o n a le n v i r o n m e n t  
thantheunder ly ingBrook ian  wedge. It canbeargued,however, 
t h a t  t h e s e  c o a s t a l  p l a i n  andglac iomar inedeposi tsshouldbeinc luded 
i n  t h e  B r o o k i a n  sequencebecausetheywere a l s o  p a r t i a l l y  d e r i v e d  

f romtheBrooks Range. A low-angle,regionalunconformity(QU) 

separa testheprogradat iona lBrook ian  sequencefroman o v e r l y i n g  

sequence o f  P l e i s t o c e n e  age ( C r a i g  and Thrasher, 1982). T h i s  

sequence i s  c o r r e l a t i v e  w i t h  t h e  Gubik Formation o f  t h e  A r c t i c  

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

marineandnonmar inerocksdeposi teddur ing numerous g l a c i a l  and 

i n t e r g l a c i a l  p e r i o d s  ( f u r t h e r  d i s c u s s i o n  i n  P a r t  3, Environmental 

Geology). The P l e i s t o c e n es e c t i o n  may besevera lhundredfeet  

t h i c k  on theou te rBeau fo r tshe l f ,bu ti sconsp icuous lyabsen t  on 

t h ec r e s t so fs h a l l o wf o l d si nt h eK a k t o v i k  B a s i n( D i n t e r ,1 9 8 2 )  

aswel las on much o ftheChukch ishe l f(Grantz  andothers,1982a). 

L i tho log iesrecoveredf romsha l lowboreho les  on t h e  i n n e r  s h e l f  

varyf rommass ives i l t s tonetocoarse-beddedgrave lswi thpeat layers  

(Harding-Lawson,1979).Onshore, t h eP l e i s t o c e n es e c t i o n  andupper 

p o r t i o n s  o f  theBrook ian  sequence t y p i c a l l y  c o n t a i n  a permafrost 

l a y e r  u p  t o  1,500 f e e tt h i c k .T h i sp e r m a f r o s t  zone i s  p r o j e c t e d  ( b y 

r e f r a c t i o n  ve loc i tys tud ies)nor thwardbeneaththe  p resen t  Beau fo r t  




shelf  where i t  grades la teral ly  into unfrozen s t ra ta  (Neave and 
Sellmann,1983). The permafrostlayerapparently does notoccur 
on the  Chukchi shelf(Grantz and others,1982a). 

HOLOCENE SEQUENCE 

The Holocenesequence l i e s  above a s t rong ,  of ten  i r regular
r e f l e c t o r  a t  t h e  t o p  of thePleistocenesequence and i s  generally
recognizedas a seaward-thickening,acousticallytransparentlayer
(Craig and Thrasher, 1982). I t sr e l a t i v e l y  uniformcomposition
(sandysi1 t) and unconsolidated state are probably responsible for 
i t s  acoustictransparency. The surface o f  the  Holocene sequence,
the seaf loor ,  i s  covered by i c e  gougesand small-scale bed forms, 
creat ing a very i r regularmicrorelief .  The overallthicknessof 
t h i s  u n i t  i s  uncer ta in  (Briggs, 1983), althoughthethickness of 
theacousticallytransparentlayerranges from zeronearshore,or 
above shallowfolds,toseveraltens of meters on theoutershelf  
(Dinter ,  1982;Craig and Thrasher,1982). 
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Seisr.lic Stratigraphy 

Th issec t i onp resen tsse ism icp ro f i l eswh ichrep resen tthe  
genera ls t ra t i g raphy  and s t r u c t u r a lc h a r a c t e ro ft h eB e a u f o r t  Sea 
Planning Area. Geophysical CompanyWestern (WGC) hasgenerously 
a l lowed MMS t o  re leasethesedataforourgenera lreg ionalanalys is .  
The nonexclusive WGC database i n  t h e  B e a u f o r t  Sea Planning Area 
i s  shown i n  f i g u r e  5. Where p o s s i b l e ,s e i s m i cp r o f i l e s  were t i e d  
t o  o n s h o r e ,p u b l i c l ya v a i l a b l ew e l l sp r o v i d i n gd i r e c tc o r r e l a t i o n s  
in too f fshoreprov inces .Format iontops  and reg iona luncon fo rm i t i es  
as  t a b u l a t e df o rN o r t h  Slope w e l l s  byWitmerand others(1981) and 
B i r d  (1982) wereused i n  c o n j u n c t i o n  w i t h  numerous Husky-NPR Geologic 
Reports. Thesedatumswere t i e dt os e i s m i ch o r i z o n su s i n gs y n t h e t i c  
seismograms t h a t  weregeneratedfrom d ig i t i zed5- inch ,l ong -spaced  
soniclogs. We der ivedthedepthconvers ionsca lesg iven on t h e  
se i sm icp ro f i l esf romtheD ixEqua t ionus ingtyp i ca lRoo t  Mean 
Square (RMS) v e l o c i t i e sp i c k e df r o m  WGC Velans. The r e g i o n a lt i m e ­
depthconversions shownon these ismicp la tesareon lyapprox imat ions  
because o f  t h e  complex s t r u c t u r e  and s t r a t i g r a p h y  o f  t h e  g e o l o g i c  
p r o v i n c e s .S i g n i f i c a n tl o c a lv e l o c i t yv a r i a t i o n s  canbeexpected 
w i t h i n  eachgeologicprovince. A reg ionalt ime-depthcurve,a l though 
p e r h a p sp r a c t i c a l i n  a r e p o r t  o fr e g i o n a l  scope, may n o t  bean 
a p p l i c a b l e  t o o l  f o r  d e t a i l e d  mapping. 

Our se i sm icin te rp re ta t i onfocuses  on t h es t r a t i g r a p h y  and 
s t r u c t u r a l  e v o l u t i o n  o f  t h e  m a j o r  t e c t o n o s t r a t i g r a p h i c  sequences
boundedby reg iona lunconformi t ies .  Maps o fse ismichor izons  
rep resen t ingp rospec t i verockun i t s  will n o t  be presented i n  o r d e r  
t o  p r o t e c t  t h e  p r o p r i e t a r y  i n t e r e s t s  o f  l e a s e - h o l d e r s  o f  F e d e r a l  
OCS t r a c t s .  

In o r d e rt od e s c r i b et h e  c o m p l e xg e o l o g i ch i s t o r yo ft h i sv e r y  
l a rgereg ion ,  we found i t  necessary t o  d i v i d e  t h e  p l a n n i n g  a r e a  
i n t ot h r e eg e o g r a p h i cs e c t o r s( f i g .  6) .  The sec to rs  may eachconta in  
one o r  more petroleumprovinces ( f i g .  1 )wh icha red is t i nc t  
s t r a t i g r a p h i c a l l y  as we l l  a s  s t r u c t u r a l l y .  

NORTHEASTERN CHUKCHI SHELF 

The Chukchi s h e l f  s e c t o r  i s  q u i t e  d i f f e r e n t  i n  s t r u c t u r a l  
cha rac te r  and Pa leozo ics t ra t ig raphyf romcont iguousareasofthe  
A r c t i cP l a t f o r m  on theNorthSlope. The w e l lc o n t r o li na d j a c e n t  

S e h m i c  SihaLLghaphq, 2 3  







Figure 7. 
Geologicframework o f  theChukchisector. Our g e o l o g i ci n t e r p r e t a t i o n  
i s  i l l u s t r a t e d  by t h r e er e g i o n a l l y  compressedseismic p r o f i l e s  ( p l a t e  1, 
2, and 3 )  c o n t r o l l e db yj u m p - t i e s  t o  o n s h o r ee x p l o r a t i o nw e l l si n  
western N P R A .  Basement b locks ,  l n a j o r  f a u l t  zones,dndsedimentarybasins 
arelabe led .  
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onshoreareas i s  i s o l a t e d  f r o m  a r e l a t i v e l ys p a r s es e i s m i cg r i d  on 

t henor theas te rnChukch ishe l f( f i g .  5 )  bycomplex s t r u c t u r a l  zones 

developed i n  Pa leozo ict ime .D i rec tse i sm icco r re la t i ono fthe  

P a l e o z o i cs t r a t i g r a p h ya c r o s st h e s es t r u c t u r a ld i s c o n t i n u i t i e si s  

imposs ib le ,therebyrender ingourana lys iso fthelowerpar tso fthe  

sei  smi c p r o f i  1es somewhat u n c e r t a i  n. 


The s t r u c t u r a l  frameworkandsedimentarybasins i n  t h e  
northeasternChukchi  Sea a r e  shown i n  f i g u r e  7 .  I n  c o n t r a s tt ot h e  
g e n t l y  s o u t h w a r d - d i p p i n g  s u r f a c e  o f  t h e  A r c t i c  P l a t f o r m  t o  t h e  e a s t ,  
t h e  Chukchi sec to r  hasan i r r e g u l a rn o r t h e a s t - t r e n d i n g" b a s i n  and 
range"s t ruc tu ra lcha rac te r ,  wheredeepsedimentarybasinsarebounded 
bycomplex f a u l t  zones. The la rges to fthesebas ins ,wh ich  we 
in formal lytermthe"Nor theastChukchiBasin, "  i s  s t r u c t u r a l l y  
i s o l a t e d  f r o m  t h e  A r c t i c  P l a t f o r m  t o  t h e  e a s t  by a poor lyreso lved,  
NE-SW-trending f a u l t  zone ( i n fo rma l l yte rmedthe"Bar rowfau l t " ) .
The NortheastChukchiBasin i s  a deep h a l f - g r a b e n  f i l l e d  w i t h  a 
c l a s t i c  wedge ofPaleozoic  age. The deepes tpa r to fth i sPa leozo ic  
b a s i n  l i e s  a l o n g  t h e  Barrow f a u l t ,  and t h eb a s i nf l o o rr i s e st o w a r d s  
thenor thwest  where it i s  deformedacross a h i g h l y  f a u l t e d  s t r u c t u r a l  
u p l i f tr e f e r r e dt o  as the"Nor th  Chukchi h i g h "( f i g .  2). This 
s t r u c t u r a l  u p l i f t  i s  c h a r a c t e r i z e d  by a dense a r r a yo fe x t e n s i o n a l  
b l o c k  f a u l t s  t h a t  o f f s e t  and tilt theBrookian sequence i n  t h e  
shal lowsubsurface. The broad,un fau l tedcres to ftheBar rowArch 
plunges tothesou theas tove rtheo lde rNor theas t  ChukchiBasin 
and i s  d i s r u p t e d  a t  i t s  no r thwes te rnc res t  by t h e  f a u l t e d  u p l i f t  
o ft h eN o r t h  Chukchihigh. The n o r t h e a s t e r np a r to ft h e  Chukchi 
sectorconta instheHingeLine,whicht rendsbeneaththeouter  
c o n t i n e n t a ls h e l f .  The Nuwuk Basin l i e sn o r t ho ft h e  HingeLine. 
The Chukchisector i s  f l a n k e d  t o  t h e  s o u t h  by t h e  C o l v i l l e  B a s i n ,  
whichconta insover  30,000 feetofsedimentaryrocksass igned t o  
theE l lesmer ian  andBrookiansequences(f ig. 2 ) .  The Nor theas t  
ChukchiBasin i s  s t r u c t u r a l l y  i s o l a t e d  f r o m  t h e  C o l v i l l e  B a s i n  by a 
complex lys t ruc tu red  basement r idge.  

P l a t e  1 i s  a s e i s m i c  " d i p "  l i n ew h i c h  i l l u s t r a t e s  t h es t r a t i g r a p h y  
o f  t h e  C o l v i l l e  andNortheastChukchiBasins, and t h e  s t r u c t u r a l  
cha rac te r  o f  t heBar rowArch( f i g .  7 shows s e i s m i c  p r o f i l e  l o c a t i o n s ) .  
S t r a t i g r a p h i cc o n t r o lf o rt h i ss e i s m i ci n t e r p r e t a t i o ni sp r o v i d e d 

byjump-t ies t o  c o a s t a l  e x p l o r a t i o n  w e l l s  i n  w e s t e r n  NPRA, i n  

p a r t i c u l a rt h eT u n a l i k  No. 1 we l l .Th i s  deep w e l l  (TD a t  20,335 

f e e t )p e n e t r a t e d  a near lycomple tesec t ionofE l lesmer ian  and 

Brook ians t ra ta ,rep resen t ingdepos i t i onf romla tePa leozo icto  

Mesozoictime. However, t h eT u n a l i k  No. 1 we l lbo t tomedin  

PennsylvaniancarbonatesoftheLisburne Group anddoes n o tp r o v i d e  

d i r e c t  c o n t r o l  f o r  o l d e r  ( E n d i c o t t  Group o r  F r a n k l i n i a n  basement]

seismichor izons. The c o r r e l a t i o no fp r e - L i s b u r n es t r a t i g r a p h y  

f r omtheCo lv i l l eBas inno r thwardin totheNor theas tChukch iBas in  

i s  a l s o  obscured byan i n t e r v e n i n gs t r u c t u r a l  zone w h i c he f f e c t i v e l y  

i so la testhesetwomajorbas ins.  As shown i n  f i g u r e  7, t h i ss t r u c t u r a l  

zone occurs a t  t h ep r o j e c t e di n t e r s e c t i o no fs e v e r a lm a j o rf a u l t  

t r ends  and may represent  a complex lyfau l ted  basement r i d g e  of 

pre-Li  sburne age. 
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The interpretat ion of the upper Ellesmerian and Brookian seismic 
sequences on p la te  1 i s  relatively simple because of direct  we1 1 
control and uncomplicatedstructure. The PU,  picked a t  the base 
of the Sadlerochi t Group, is  a smooth, unfaul t e d ,  angular unconformi t y  
which  d i p s  southward from the Barrow Arch. Thisunconformity 
represents the contact between the upper Ellesmerian and lower 
Ellesmerianseismicsequences(fig. 3 ) .  The Permian and Tr iass ic  units 
(Sadlerochit  Group and Shubl i k  Formation) i n  the upper El lesmerian 
sequence progressivelyonlapthe PU and t h i n  northward. The overlying
Tr iass ic  and Jurass ic  units (Sag River and Kingak Formations), which 
deposit ionally overstep the olderuni ts ,areprogressivelytruncated 
a t  the LCU northwardonto the BarrowArch. On the broad c r e s t  of 
the Barrow Arch, a l l  upper Ellesmerian and PebbleShale ( R i f t  
sequenceequivalent)strata have been removed by eros ion  a t  the  
LCU and B U ,  and a t h i n  layer  ofBrookian s t r a t a  l i e s  d i r e c t l y  on 
lowerEllesmeriandeposits. The Pebble Shaleunit(ageequivalent 
t o  the R i f t  sequence) i s  e a s i l y  i d e n t i f i e d  i n  the ColvilleBasin 
and on the southernflank of the Barrow Arch as  a distinctive seismic 
couplet formed by the LCU and BU. The Brookian sequence thins 
considerablynorthward from the Colvi l le  Basinover the Barrow Arch, 
and i s  reduced t o  a thickness of less than 3,000 f e e t  on the c r e s t  
of the arch. Brookian forese t  and bottomset beds,  c o r r e l a t i v e  t o  
the Torok Formation, downlap the  BU. Brookian topse t  beds, cor re la t ive  
t o  the NanushukGroup which originallyprogradednorthward,are 
progressivelytruncated a t  a shallowunconformity r e l a t ed  to  
post-Albian u p l i f t  of the Barrow Arch i n  the Chukchi sector .  

The s t ructuralcharacter  of the northernArcticPlatform i n  the 
Barrow area i s  i l l u s t r a t e d  by the seismicprofile presented i n  
p l a t e  2. Well controlfor this seismicinterpretation i s  provided
by the Walakpa No. 2 and the South Barrow No. 1 we l l s  ( f ig .  7 ) .
A t  the Wal akpa No. 2 well, the upper Ellesmerian andBrookian . 
sequences have t h i n n e d  considerably, and the ShublikFormation 
(Middle to Late Tr iass ic )  l i e s  d i r e c t l y  on Frankl in ian  a rg i l l i t e

1975). TheofOrdovician t o  Si lur ian age(Carter and Laufeld, 
lowerEllesmeriansequence(Endicott and LisburneGroups) i s  absent 
on t h i s  p a r t  of the Arctic Platformas a result of depositional
onlap(on the EU) and perhaps some erosionalt runcat ion(at  the 
PU).  Similarly,the upper Ellesmeriansequence i s  considerably
reducedin thickness a s  a consequence of depositionalonlap(on
the PU) and erosionalt runcat ion(at  the L C U ) .  Between the Walakpa
No. 2 and the South Barrow No. 1 wells ,  the upper Ellesmerian 
section i s  completelytruncated a t  the LCU,  and the Lower Cretaceous 
PebbleShale u n i t  l i e s  d i r e c t l y  on the basement complex (Haga and 
Mickey, 1982). The PebbleShale u n i t( R i f t  sequenceequivalent)
remains fairlyconstantinoverallthicknesssouth of the Barrow 
Arch and then abruptly thickens on the northflankof the basement 
ridge ( r i g h t  side of p la te  2 ) .  Plate  2 i l l u s t r a t e s  t h a t  the crest 
of the Barrow Arch defined by a Cretaceoushorizon (the B U )  l i e s  
south of the basement h i g h  i n  the Barrow area.  The Brookian sequence
t h i n s  t o  approximately 2,000 f e e t  on the Barrow Arch from over 
10,000 f e e t  i n  the ColvilleBasin(Bird,1982)largelyas the 
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result of erosion on the  Barrow h i g h .  North of the Hinge Line,
these CretaceousBrookian s t ra ta  thicken to  greater  than 35,000 
f e e t  (6-second CDP record l e n g t h )  in  the  Nuwuk Basinbeneath the 
Beaufort she1f .  

I t  i s  importantto inspect theseismiccharacter of the 
Frankliniansequenceinplate 2 which i s  typical of acoustic basement 
observedelsewhere on the  ArcticPlatform. The re f lec t ion  from the 
top of the basementcomplex i s  usuallymoderate t o  h i g h  amplitude,
and internal  ref lectors  general ly  1ackany la te ra l  cont inui ty .
Consequently, few attempts have been made to  resolve the seismic 
s t ra t igraphy of the Franklinian sequence beneaththeArctic Platform.  

The seismicprofile shown i n  p la te  3 extends from the Arctic 
Platform,across the Northeast Chukchi Basin,  and onto the eastern 
flank of the North Chukchi h i g h  ( f i g .  7 ) .  Subsurfacecontrolfor 
this in te rpre ta t ion  i s  provided by a jump-tie t o  the Walakpa No. 2 
well. This seismic prof i legenera l lypara l le l s  the SE-plunging axis  
of the Barrow Arch. In marked con t r a s tto  the acoustic basement 
beneath the PU on the ArcticPlatformto the e a s t  ( p l a t e  2 ) ,
pre-Permian rocks i n  the Northeast Chukchi  Basin e x h i b i t  l a t e r a l l y
continuoushorizons w i t h  a d i s t i n c t l y  bedded appearance.Primary
deposit ionalfeatures,  such as sigmoidalprogradingclinoforms,are 
comnon, asares t ruc tura lfea tures ,  such a sf a u l t s  and folds .  Two 
dis t inct  seismic units can be recognizedwithin the lowerEllesmerian 
sequence: an upper c l a s t i c  wedge characterized by numerous detached 
fo lds ,  and a lower u n i t ,  r e l a t ive ly  uniform in  thickness, characterized 
by parallel,high-amplitude,laterallycontinuoushorizons. These 
apparentsedimentary units l i e  unconformably on acousticbasement,
presumably co r re l a t ive  to  the Franklinian sequence. 

The rocks which we have ident i f ied  as  lower Ellesmerian i n  p la tes
1 and 3 areenigmatic:theyclearly have not experienced the same 
degree of tec tonic  a l te ra t ion  as  lowerPaleozoic(Frankliniansequence)
basement rocks of the Arctic Platform, b u t  they also are quite
d i f f e ren t  from Ellesmerian strata distributed throughout Arctic Alaska. 
Grantz and Eittriem (1979) f i r s t  recognized these rocks and iden t i f i ed  
them as"lowerEllesmerianorFranklinian and Pre-Cambrian(?)."
Grantz and May (1982) l a t e r  proposed t h a t  these s t r a t a  ( the i r  u n i t  
"SOf," p. 84) a re  co r re l a t ive  to  the Ordovician t o  S i l u r i a n  a r g i l l i t e
of the basement complex i n  the Barrow area.Subsequent maps depict  a 
shallowFranklinian basementhigh on the eastern C h u k c h i  shelf  
overlain by a t h i n  Brookian sect ion (Ehm, 1983). However, a comparison
of p la tes  1 and 3 ( o n  the Chukchi she l f )  w i t h  p la te  2 ( i n  the Barrow 
area) shows t h a t  i t  i s  unl ikely that  the metamorphic complex of the 
Arctic P1 atform i s  c o r r e l a t i v e  t o  t h e  sedimentary s t r a t a  i n  the 
Northeast Chukchi  Basin. We bel ievethat  a major f a u l t  zone ( the
"Barrow f a u l t , "  f i g .  7 )  must juxtapose the youngersedimentary
deposits i n  the  basinwith the basementrockof the ArcticPlatform. 
The seismicexpression of t h i s  f a u l t  zone i s  poorlyresolvedbecause 
of i t s  h i g h  (perhapsreverse)angle and the lackofavailableseismic 
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d a t ai ns t a t ew a t e r s .  A l a t e rp u b l i c a t i o n  by Grantzand May (1984) 
abandoned t h eF r a n k l i n i a nc o r r e l a t i o nt ot h e s e  P a l e o z o i cs e d i m e n t a r y  
rocksandprov is ional lyass igned them t o  an in formalgrouptermedthe 
"Eo-Ellesmeriansequence." Our work e s s e n t i a l l ya g r e e sw i t ht h i s  
conc lus ion ;  however, we r e f e rt ot h e s es e d i m e n t a r yu n i t sa st h el o w e r  
E l  1esmeri an sequence. 

Over ly ingthelowerE l lesmer ian  sequenceon t h i s  s e i s m i c  p r o f i l e  
i s  a h i g h l ya b b r e v i a t e ds e c t i o no f  Mesozoicrocks. The upper
Ellesmerian, Rift, andBrookiansequencesoccur a t  shal lowsubsurface 
depths (3,000 f e e t  o r  l e s s )  and a ret runca teda tseve ra le ros iona l  
u n c o n f o r m i t i e sr e l a t e dt ou p l i f to ft h e  BarrowArch. On theeas tern  
f l a n k  o f  t h e  N o r t h  Chukchihigh,theupperEl lesmeriansequenceand 
Pebb leSha leareent i re lyt runcated ,  and LowerCretaceousBrookian 
s t r a t a  l i e  unconformably on Paleozoicrock. 

On the  no r thwes t  end o f  t h i s  s e i s m i c  l i n e ,  thebroad,  e x t e n s i v e l y
f a u l t e d  Nor th  Chukchi h i g h  d i s s e c t s  t h e  c r e s t a l  p o r t i o n  o f  t h e  
Barrow Arch. T h i ss t r u c t u r a lu p l i f te x t e n d si n t ot h ea d j a c e n t  Chukchi 
Sea PlanningArea (D. Thurston,personal commun.). I nt h i s  
i n t e r p r e t a t i o n ,  we show Brook ians t ra taly ingunconformab ly  on t h e  
lowerE l lesmer ian  sequence. It i sa l s op o s s i b l et h a tF r a n k l i n i a n  
basement rocksoccuratshal lowsubsur facedepthsbeneaththeth in ,  
h igh l yfau l tedBrook iansec t i on .  An a c c u r a t ed e l i n e a t i o no f  
i n d i v i d u a l  f a u l t  t r a c e s  i s  d i f f i c u l t  becauseseismicdatacoverage 
i s  sparse,butthe s t r u c t u r a l  c h a r a c t e r  i s  one o fh igh -ang le ,  
basement-involved b l o c k' f a u l t i n g  on a nor th - to -nor theas tt rend.  The 
t i m i n g  and o r i g i n  o f  t h e  t e c t o n i c  a c t i v i t y  on t h eN o r t h  Chukchi h i g h  
i s  uncer ta in ;  however, 1argenear -sur facefau l td isp lacementso f  
Brookianbedssuggestthat i t  occurred i n  L a t e  Cretaceous t o  T e r t i a r y  
t ime. The b lock- fau l tpa t te rnc lear lyde formstheNW-SE- t rend ing  
BarrowArch. 

These s e i s m i c  p r o f i l e s  c l e a r l y  i l l u s t r a t e  t h a t  t h e  "BarrowArch" 
i n  t h e  Chukchisector i s  n o tc o i n c i d e n tw i t h  a reg iona l  basement 
r idge.  The BarrowArch,whicht rendsroughlypara l le l  t o  t h e  Hinge 
Line, i s  a s t r u c t u r a l  f l e x u r e  be tweentwomajorpos t - r i f t ingbas ins  
(Nuwuk and C o l v i l l e ;f i g .  2) .  Ear lyCretaceousandyoungerstrata 
e x h i b i tt h eb r o a d ,u n f a u l t e d  symmetry t y p i c a l  o f  an arch,whereas 
t h e  s t r u c t u r a l  r e l i e f  o f  t h e  basement rockhas a h i g h l y  i r r e g u l a r ,  
b lock - fau l tedcon f igu ra t i on .  On t h eA r c t i cP l a t f o r m( e a s to ft h e  
Barrow f a u l t ) ,  t h e  B a r r o w  Archcoinc idesapprox imate lywi th  a 
SE-plunging basement r i d g e  ( f i g .  2). West o ft h e  Barrow f a u l t ,  
however, theNortheastChukchiBasinandNorthChukchihightrend 
o b l i q u e l y  t o  t h e  Bar rowArchandrep resen ten t i re l yd i f f e ren ttec ton i c  
episodes. 

Thesese ismicdatahavei l lus t ra tedtha tMesozo ic  andyounger 
s t r a t a  l i e  a t  s h a l l o w  d e p t h s  o v e r  l a r g e  p o r t i o n s  o f  t h e  e a s t e r n  
Chukchishel f .  The geo logyo ftheunder l y ingsec t i oni s ,the re fo re ,  
o fp r imarycons ide ra t i onfo rthepe t ro leumpo ten t ia lo ftheChukch i  
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sector .  By tracingseismichorizons, i t  can be demonstrated t h a t  

the lowerEllesmeriansequence i n  theNortheast Chukchi  Basin i s  

pre-Permian i n  age. A lowerage l imi t  cannot be asaccuratelydefined, 

althoughthesesedimentaryrocksareapparentlyyoungerthanthe Upper

Ordovician t o  S i l u r i a na r g i l l i t e s  of the ArcticPlatform. These 

middle t o  upper Paleozoic deposits areseparatedinto two d i s t i n c t  

seismic units which unconformably overl ie  acoust ic  basement 

(presumably representing lower Paleozoic metamorphic rock). The lower 

seismic u n i t  consis ts  o f  paral le l ,high-ampli tude,la teral ly 

continuoushorizons and has a constantoverallthicknessthroughout

the basin(approximately 10,000 f e e t ) .  The upper seismic u n i t  appears 

t o  be a c l a s t i c  wedgewhich has beendeformed i n t o  a s e r i e s  offolds 

t h a t  roughly paral le l  the Barrow f a u l t  zone.These fo ldsare  

thousands of f e e t  i n  amplitude and aredetachedacross a d6collement 

from the underlyingseismic u n i t .  Restoration of azimuths (by  removal 

of regional d i p )  forprogradingclinoformhorizonsyields a primary

depositional strike of 45 degrees and an i n i t i a l  d i p  (beforebasin 

t i l t i n g )  of 2 degreestothesoutheast. The southeastwardaccretion 

of sigmoidalseismichorizonsalso suggests t h a t  this basinreceived 

c l a s t i c  sediment from the northwest. 


The li thology of theseseismic units can be inferred from 
their acousticvelocity.  Figure 8 sumar izes  a veloci tyanalysis
of the two lower E l  lesmerianseismic units and the Brooki an sequence
which unconformably overl ies  these depos i t s(p la te  3 ) .  Interval 
veloci t ies  calculated by u s i n g  WGC Velan data are plotted w i t h  sonic 
ve loc i t i e s  of known rock units from various North Slope wells. Group
A (Brookiansequence)velocitiesarecomparabletothoseobtainedfor 
Lower Cretaceousrocks(TorokFormation) a t  shallowburial depths.
Group B (lowerEllesmerianclastic wedge) ve loc i t i e s  a re  s imi l a r  t o  
intervalveloci t iesforEndicot t  Group rocks. The intervalveloci ty
f o r  Group B i s  somewhat higher than that  of the Torok Formation a t  
equivalentsubsurface depths. This differencecould be explained by 
a grea te r  abundanceofsandstone i n  t h i s  c l a s t i c  wedge (compared t o  
the Torok Shale)or a considerable amount of post-depositional up1 i f t .  
T h e  acoustic velocity of Group C (basallower Ellesmerian u n i t )  i s  
typicalofcarbonaterockscharacterized by the Lisburne Group. The 
seismic veloci t ies  of the Lisburne Group are  shown forcomparative 
purposesonly. 

Our preliminaryconclusions,based en t i r e ly  on seismic data ,  
a r e  t h a t  the lowerEllesmerian sequence in  the Northeast Chukchi 
Basinconsists of a lower carbonate u n i t  and anupper c l a s t i c  u n i t  of 
middle t o  l a t e  Paleozoicage. However, these units arenots imilar  
i n  thickness or in l i thologic succession to the lowerEllesmerian 
units known from the central  and eastern NorthSlope. There, the 
Endicott Group ofMississippianage(Kekiktuk and Kayak Formations)
i s  conformablyoverlain by MississippiantoPennsylvanianplatform
carbonates of the Lisburne Group ( f i g .  3 ) .  In the Northeast Chukchi 
Basin, the c l a s t i c  wedge and basalcarbonateunitsare much th icker ,  
and the  carbonate-clasticsuccession i s  reversed from the Endicott-
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Acous t i cve loc i t yana lys i so fse i sm ic  sequences i d e n t i f i e db e n e a t ht h e  
C h u k c h is h e l f .D i xi n t e r v a lv e l o c i t i e s  (shown as l i n e s )  were c a l c u l a t e d  
byus ing RMS p i c k s  fromWestern Geophysical Company Velans. Typica l
d c o u s t i c  v e l o c i t i e s  ( s o l i d  d o t s )  Herecomputedas t h e  i n v e r s e  o f  i n t e r v a l  
t r a n s i tt i m e si ns o n i c  logs f romonshorewel ls .Representat iverockuni ts  
i n  onshorewel lsarel i s ted .  Groups A, €3,and C co r respondtothese ism ic  
sequences l a b e l e d  i n  t h e  box on p l a t e  3. 
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Figure 9. 
Geologic frdmework o fthecent ra lBeaufor tshe l f .  The s t r u c t u r e  and s t r a t i g r a p h yo ft h eA r c t i cP l a t f o r m  and 
Nuwuk B a s i na r ei l l u s t r a t e d  by p l a t e  4, ex tend ingof fshoref romthe Husky J. W. Dal tonwel l .  The s t r u c t u r e  
and s t r a t i g r a p h y  o f  t h e  O u t e r  A r c t i c  P l a t f o r m  a r e  i l l u s t r a t e d  by p l a t e  5, extendingnorthwardfromtheSohio 
Niakuk No. 3 w e l l i n t ot h e  Dinkurngraben. 



the LCU. The overlying R i f t  sequence (Pebble  Shaleunit) and 
Brookiansequence (TorokFormation-NanushukGroup) a rere la t ive ly  
constantin thickness and unfaultedover the Barrow Arch. 

On the northernmostpart of the ArcticPlatform, the s t ra t igraphy
and s t ructuralcharacter  change rapidly.  Remnantsof the northward-
t h i n n i n g  upper Ellesmeriansequence may be preserved loca l ly  i n  
downdropped blocksbeneath the LCU. Block fau l t ing  i n  the  r i f t  zone 
prior to  the e ros ion  a t  the  LCU influencedthe present d i s t r ibu t ion  
of upper Ellesmerian units on the northernArctic P1 atform. The 
overlyingRiftsequence thickens grea t ly  in to  a grabentypicalof the 
Outer Arc t icPla t form.Thisinf ra r i f tdepocenteri sf i l l ed  w i t h  
severalthousands of f e e t  of well-stratified,high-amplitudehorizons. 

The Hinge Line (center of p l a t e  4 )  marks an abruptthickening
of the Brookiansequence i n t o  the  Nuwuk Basinand i s  i d e n t i f i e d  by
large-displacement,down-to-the-northbasement f a u l t s  and a l i s t r i c  
f a u l t  system i n  overlying Brookian s t r a t a .  The Hinge Line f a u l t s  
character is t ical ly  postdate  basement f a u l t s  t h a t  bound the i n f r a r i f t  
grabens;that i s ,  Brookian horizonsarenotusuallyfaulted above 
the i n f r a r i f t  grabens a s  theyarealong the Hinge Line and i n  the 
basinsfar thertothenorth.  The Hinge Line marks the northern edge
of theCretaceouscontinental margin. Pos t - r i f t  subsidence along
the continental margin i s  marked by the systemof l i s t r i c  growth
f a u l t s .  These growth faultsarenotnecessarilyconnectedwith the 
underlying basement faul ts ;  they seem t o  be detached from the 
underlying, pre-Brookiansequencesalong a d k o l  lement i n  the lower 
Brookian shale. The extensive growth f a u l t  systemcan be used t o  
t r ace  the approximatesouthernmargin of post-rif t ing depocenters
beneath the Beaufortshelf where the basement complex l i e s  below the 
6-secondseismicrecords. 

The Nuwuk Basin i s  located north of the Hinge Line and contains 
over 6 seconds(approximately 35,000 f e e t )  ofBrookian sediment. 
This CretaceoustoTertiarydepocenter i s  cut  by numerous l i s t r i c  
growth f au l t s  t r aceab le  from shallowsubsurface depths  t o  the base 
ofcoherentseismicdata. The upper Brookian seismic fac ies ,  
consis t ingofparal le ltosl ight ly  divergent, high-amplitude,
laterallycontinuous,"topset"horizons,  i s  a facies-equivalentto  
the f luv ia l -de l ta ic  s t ra ta  of  the Nanushuk (Lower Cretaceous) and 
Colv i l le  (Upper Cretaceous) Groups. The lowerBrookianseismic 
facies,consistingofvariable-amplitude,discontinuoustosigmoidal
"foreset"horizons, i s  a facies-equivalentto the deepwater,prodelta
shales of the Torok (Lower Cretaceous) and Seabee (Upper Cretaceous)
Formations. The R i f t  sequence may be present a tgrea tsubsur face  
depths  (below 20,000 f e e t )  beneath the Brookian f i l l  of the Nuwuk Basin. 

Plate  5 i s  a representative seismic l ine  across the Mikkelsen 
basement h i g h  and the Dinkum graben. Well control i s  provided by
the Sohio Niakuk No. 3 well, which contains a complete, b u t  reduced,
section of Ellesmerianunits, the Pebble Shale, and the Brookian 
sequence. The lower Ellesmerian sequence ( t h e  Endicott and Lisburne 
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Groups) i s  p r e s e n t  a t  t h e  w e l l  b u t  t h i n s  a b r u p t l y  on thesouthern  
f l a n ko ft h eM i k k e l s e nh i g h .  The ab rup tth i ckness  change i n  t h e  
lower  E l  lesmer iansect ionoccurs asa r e s u l t  o f  depos i t i ona l  on lap  
(onthe  EU) and p o s s i b l ee r o s i o na tt h e  PU. The n o r t h e r nf l a n ko f  
t h i s  l o c a l  basement h i g h  was formedby f a u l t i n g  a s s o c i a t e d  with 
t h e  Mesozoic r i f t  episode. Upper E l l e s m e r i a ns t r a t a( S a d l e r o c h i t
Group through K i  ngak Formation) overstepped lower E l  l e s m e r i a n  u n i t s  
on t h e  A r c t i c  P l a t f o r m  b u t  weresubsequent lytruncated a t  t h e  LCU. 
Near t h e  c r e s t  o f  t h e  M i k k e l s e n  h i g h ,  t h e  LCU l i e s  d i r e c t l y  on 
F r a n k l i n i a n  basementrockandEl lesmer ianuni tsareprobablyabsent  
f a r t h e r  n o r t h .  

I n  t h e  Dinkumgraben,twoseismicfaciescanbedist inguished
i n  t h e  Rift sequence. The l o w e rf a c i e si sc h a r a c t e r i z e d  by 
d iscont inuous,  hummocky, h i g h - a m p l i t u d er e f l e c t o r sa n da t t a i n s  a 

t h i c k n e s so fo v e r  10,000 f e e t  on t h i s  p r o f i l e .  It i s  i n f e r r e d  t o  

r e p r e s e n t  LowerCretaceous c l a s t i c  d e p o s i t s  composed ofreworked 

El lesmer ian  and Frank l in ianrockswhichrap id lyaccumula ted  i n  

i n f r a r i f t  depocenters. A p o s s i b l ea n a l o gf o rt h e s ec l a s t i c  

depos i t s  may be  the  Po in t  Thomson sandstonesfoundsouth o f  t h e  

Mikkelsenhigh. The upper Rift f a c i e sc o n s i s t so f  a r e l - a t i v e l y  

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

o n l a pt ot h es o u t h  on t helower  Rift f a c i e s  ( p l a t e  5). We i n f e r  

t h a t  t h e s e  h o r i z o n s  r e p r e s e n t  deep bas ina l  sha les  which a r e  age 

e q u i v a l e n t  t o  t h e  P e b b l e  S h a l e  u n i t  i n  o n s h o r e  N o r t h  S l o p e  w e l l s .  

I n  c o n t r a s t  t o  the r e l a t i v e l y  t h i n  PebbleShale onshore, the  upper  

Rift f a c i e s  reaches Over 1,000 f e e t  i n  th i ckness  i n  t h e  Dinkumgraben.

The t h i c k n e s s  o f  t h e  e n t i r e  R i f t  sequence i n  t h e  Dinkumgraben 

cannotbeaccuratelydeterminedbecauseFrankl in ianbasement i s  

d i f f i c u l t  t o  r e s o l v e  b e l o w  a b o u t  4 seconds(approximately 20,000 

f e e t ) .S i m i l a r l y ,t h ei n t e r p r e t a t i o no ft h en o r t hw a l lo ft h e  Dinkum 

grabenandtheb lock- fau l ted  basement r e l i e f  a l o n g  t h e  H i n g e  L i n e .  

i sa lsoverysub jec t ivea tthesesubsur facedepths ,perhapsbecause 

o f  t h e  l o w  a c o u s t i c  impedance c o n t r a s t  betweendeeplyburied 

sedimentary (Rift sequence)andmetasedimentary(Frank1 i n i a n  sequence) 

rocks.  


The Brookiansequence(plate 5) l i e s  above t h e  BU andrepresents 
a no r thward -p rog rad ing  c las t i c  wedge o f  C r e t a c e o u s  t o  T e r t i a r y  age. 
On t h e  M i k k e l s e n  h i g h ,  l o c a l  e r o s i o n  a t  t h e  BU o c c a s i o n a l l y  t r u n c a t e s  
thePebb leSha leun i t  andupperEl lesmerian sequence. In theseareas, 
t h e  B r o o k i a n  p r o d e l t a  s h a l e  l i e s  d i r e c t l y  on F r a n k l i n i a n  basement 
rock .Typ ica l l y ,  however, t h e  BU i s  a depos i t i ona luncon fo rm i t y  
between thes tarved-bas insha leo ftheupper  Rift f a c i e s  and t h e  
more rap id l y  depos i ted  p rode l tasha le  o f  t he  p rog rad ing  B rook ian  
sequence. 

As descr ibed i n  t h e  p r e v i o u s  p l a t e s ,  t h e  B r o o k i a n  sequence
c o n s i s t so f  twoseismicfacies:  a l o w e r" p r o d e l t af a c i e s "  composed 
o f  va r iab le -amp l i t ude ,s igmo ida lc l i no fo rmre f l ec to rs ;  andanupper 
" f l u v i a l - d e l t a i cf a c i e s "c o n s i s t i n go fp a r a l l e l ,h i g h - a m p l i t u d e ,  
l a te ra l l ycon t inuousse ism icho r i zons .  The l i t h o l o g yo ft h el o w e r  
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B r o o k i a n  f a c i e s  i s  i n f e r r e d  t o  bedeepwatershales,whereas t h e  

upperBrookianfac ies i s  i n f e r r e d  t o  r e p r e s e n t  f l u v i a l ,  d e l t a  p l a i n ,  

and  sha l l ow  mar ine  she l f  depos i t s  w i th  h igh  p ropor t i ons  o f  sand t o  

shale(Brownand' f isher,1977).  The Brookian sequence i ns o u t h - c e n t r a l  

p a r t s  o f  t h e  B e a u f o r t  she1 f i s  probably  age e q u i v a l e n t  t o  t h e  C o l v i  1l e  

Group (LateCretaceous)andSagavanirktokFormat ion(Tert iary) 

( f i g .  3 ) .  The t o p l a pc o n t a c tb e t w e e nt h ef l u v i a l - d e l t a i cf a c i e s  and 

prode l tafac iesp robab lyrep resen ts  a d e p o s i t i o n a ld i s c o n f o r m i t y 

where thesedimentsupplyexceededbasinsubsidenceandclast ic 

mater ia lbypassednearshoreshel fareastodeepwaterdepocenters  

f a r t h e rn o r t h .  On t h en o r t h e r n  end o ft h i ss e i s m i cp r o f i l e ,t h e  

i n t e r f i n g e r i n g  o f  h i  h ampl i tude" topset "hor izonswi thlow­ 

amp1 i t u d e  c l  i n o f o r m9 - 
sha le )  i n te rva l s  sugges ts  tempora ry  va r ia t i ons  
i nthera teo fbas insubs idenceorsed imen tsupp lyf romtheBrooks  
Range. Dec reas ingthera teo fsed imen tsupp ly(o rinc reas ingthe  
b a s i nc a p a c i t yb ys u b s i d e n c e )c o u l dr e s u l ti nl o c a lm a r i n e  
t ransg ress ionsbe tweensh i f t i ngde l talobes  on a r e g i o n a l l y  s t a t i o n a r y  
sho re l i ne .  

EASTERN BEAUFORTSHELF 

The geologicframework o f  t h e  e a s t e r n  B e a u f o r t  s e c t o r  i s  shown 
i n  f i g u r e  10. T h i sp a r to f  thep lann ingareaconta insthe  Kak tov i k  
Bas in ,nor tho fthe .H ingeL ine ,  and a n a r r o w  p o r t i o n  o f  t h e  A r c t i c  
P lat form.  Onshore, t h ea c t i v et e c t o n i cf r o n to ft h eB r o o k s  Range 
orogenandthesoutheastward-plungingBarrowArchformprominent
s t ruc tu ra le lements .  The eas ternBeaufor tsec tor  may b ef u r t h e r  
subd iv idedin totwogeo log ica l l yd i s t i nc tsub -p rov inces :  a western, 
o r  Camden, s e c t o r( p r o v i n c eI I B )a n d  an eastern,orDemarcat ion,  
sec to r(p rov ince  IIC)(Grantzandothers,1982b). As  shown i n  f i g u r e s  
2 and 10, t h e  A r c t i c  P l a t f o r m  e x t e n d s  o n l y  a s h o r t  d i s t a n c e  o f f s h o r e  
benea th  the  p resen t  Beau fo r t  she l f  be fo re  it i s  i n t e r s e c t e d  b y  'the 
H inge  L ine  and i s  abrup t lyfau l tedbe lowthe6-second CDP records 
( p l a t e  6 ) .  The Kaktov ikBas in  i s  youngerthanthe Nuwuk Basin i n  
t h a t  i t  i s  f i l l e d  l a r g e l y  w i t h  T e r t i a r y  sediment,whereas t h e  Nuwuk 

sediment. The t ime-Basin i s  f i l l e d  p r i m a r i l y  with Cretaceous 

t ransgress iveprogradat ionoftheBrook iande l tasys temtowardsthe  

nor theas tac rosstheBeau fo r tcon t inen ta lmarg in  i s  r e s p o n s i b l e  f o r  

t h i s  age d is t r ibu t ion .Botho fthesepost -b reakupdepocentersconta in  

over  6 seconds(approximately 35,000 f e e t )  o f  B r o o k i a n  s t r a t a  andan 

ex tens i ve  NW-SE-trendinggrowth f a u l t  system r e l a t e d  t o  a c t i v e  b a s i n a l  

subs idencenor tho ftheHingeL ine .  In theKaktov ikBas in ,thegrowth  

f a u l t  system which formed contemporaneously  wi th  ear ly  Ter t iary  bas in 

subsidence i s  o b l i q u e l y  i n t e r s e c t e d  b y  a s e r i e s  o f  NE-SW-trending

compress ionalfo lds o f  l a t eT e r t i a r yt oQ u a t e r n a r y  age. These 

s t r u c t u r e s  p o s t d a t e  t h e  d e p o s i t i o n  o f  t h e  B r o o k i a n  c l a s t i c  wedge. 


W e l l  c o n t r o l  f o r  t h e  Camden s e c t o r  i s  p r o v i d e d  by t h e  Exxon 
AlaskaState A - 1  w e l l  on t h ee a s t e r n  end o ftheMikke lsenh igh .Th is  
w e l l  d i s c o v e r e d  o i l  i n  P a l e o c e n e  t u r b i d i t e  sands a t  t h e  base o f  t h e  
Brookiansequence(Wharton,1981). These o i l  sands a r es i l i c e o u s  



w
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Figure 10. 
Geologic framework o ft h ee a s t e r nB e a u f o r ts h e l f  and adjacentonshoreareas.Majorfaultzones,prominent 
a n t i c l i n e s ,r i d g eu p l i f t s ,s u b b a s i n s ,  and t h e  Brooks Range f o l d b e l ta r el a b e l e d .  The E x x o n  Alas!ta S t a t e  



i n  compos i t ionandc lear lyno t  an e x t e n s i o n  o f  t h e  LowerCretaceous 
P o i n t  Thomson carbonatesands.found i n  w e l l s  on thesouths ideof  
t h eM i k k e l s e nh i g h  ( d i s c u s s e df u r t h e r i n  c h a p t e r  7, P o t e n t i a lR e s e r v o i r  
Format ions).  The F r a n k l i n i a n  basementcomplexon theeas te rn  end 
o f  t h e  M i k k e l s e n  h i g h  i s  n o t  t h e  m a s s i v e  a r g i l l i t e  u s u a l l y  e n c o u n t e r e d  
i n  mos twe l l s  on t h e  A r c t i c  P l a t f o r m ;  i n s t e a d ,  basement r o c k  c o n s i s t s  
o fin te rbeddedquar tz i te ,marb le ,  and p h y l l i t i cs h a l e .  Oil shows i n  
thesef rac turedmetased imentaryrockssuggesttha tmigra t ionhas  
occur redf romover ly ing(Brook ian)sourcesin tothe  basementcomplex. 

P l a t e  6 i s  a r e p r e s e n t a t i v e  s e i s m i c  " d i p "  l i n e  i l l u s t r a t i n g  t h e  
s t r a t i g r a p h y  and s t r u c t u r a l f e a t u r e s  f o u n di n  t h e  Camden s e c t o r  
( subprov inceI IB ) .  The Brookian sequence i n  t h e  Camden sec to r  i s  
s i m i l a r  t o  a r e a s  o f  t h e  B e a u f o r t  m a r g i n  f a r t h e r  w e s t  i n  t h a t  it 
c o n s i s t s  o f  a l owerse ism icfac ieso fp rog rad ing" fo rese t "c l i no fo rms  
andanupperseismicfaciesofcont inuous,high-ampl i tude"topset"  
hor izons. A t  theA laskaSta te  A - 1  w e l l ,t h el o w e rs e i s m i cf a c i e s  
i s  c o r r e l a t e d  t o  a mass ivesha lein te rva lo fPa leoceneto  Eocene 
age (Wharton,1981) i n f e r r e d  t o  r e p r e s e n t  d e p o s i t i o n  i n  a p r o d e l t a  
marineenvironment. The upperseismicfac ies i s  c o r r e l a t e d  t o  a 
predominant ly sandy i n t e r v a l  i n f e r r e d  t o  r e p r e s e n t  a nonmarine t o  
marginalmarine she1 f envi ronment. 

Southo ftheHingeL ine ,theBrook ian  sequence i s  approximately
12,000 t o  15,000 f e e t  t h i c k  on t h e  n e a r l y  f l a t - l y i n g  A r c t i c  P l a t f o r m ;  
l a r g e  f a u l t s  o f f s e t t i n g  b o t h  B r o o k i a n  and F r a n k l i n i a n  r o c k s  a r er a r e .  
On t h i s  p o r t i o n  o f  t h e  A r c t i c  P l a t f o r m ,  t h e  E l l e s m e r i a n  sequence i s  
absent asa r e s u l t  o f  e x t e n s i v e  e r o s i o n ,  and thebreakup 
u n c o n f o r m i t y  l i e s  d i r e c t l y  on F r a n k l i n i a n  basement, r e p r e s e n t i n g  
a h i a t u s  between ea r l yPa leozo ic  and e a r l y  Cenozoictime.Local 
o u t l i e r s  o f  t h e  Rift sequence may occur i n  small  i n f r a r i f t  grabens. 

N o r t h  o f  t h e  H i n g e  L i n e ,  F r a n k l i n i a n  basement b locks  a re  
abrupt lydownfau l tedin totheKaktov ikBas in .  A t  t hebaseo fthe  
Brookian sequence, we i d e n t i f y  a group o fh igh-ampl i tudehor izons  
p o s s i b l yc o r r e l a t e dt ot h e  Rift sequence. The Rift sequence may 
occure lsewherebeneaththeth ickBrookian wedge i n  faul t -bounded 
b a s i n sg e n e t i c a l l yr e l a t e dt ot h e  Dinkumgraben. A NW-trending
growthfau l tsys tem i s  r e c o g n i z e d  p a r a l l e l  t o  and n o r t h  o f  t h e  
basementHingeLine,and l i s t r i c  f a u l t s  o f t e n  o f f s e t  s t r a t a  t h r o u g h o u t  
t h e  e n t i r e  B r o o k i a n  sequence tosha l lowdepths  i n  thesubsurface. 
These l a r g eg r o w t hf a u l t sa p p a r e n t l y  h a v ei n f l u e n c e dd e l t a i c  
sedimentat ion i n  T e r t i a r y  t i m e ,  asev idencedbys ign i f i can tth i cken ing  
o f  t h e  T e r t i a r y  t o p s e t  beds i n  downthrown f a u l t  b l o c k s .  

The Camden a n t i c l i n e  r i s e s  as a large-ampl i  tude compressional  
f o l d  t h a t  i s  a p p a r e n t l y  d e t a c h e d  f r o m  t h e  e x t e n s i o n a l  basement 
s t r u c t u r en o r t ho ft h eH i n g eL i n e .  The NE-SW t r e n d  o f  t h i s  a n t i c l i n e  
i s  s t r u c t u r a l l y  anomalous i n  t h a t  it i s  o b l i q u e  t o  t h e  r e g i o n a l  NW-SE­
t r e n d i n gm a r g i no ft h ew e s t e r nK a k t o v i kB a s i n( f i g .  10). R o l l o v e r  
an t ic1  ines  fo rmed contemporaneous ly  w i th  g rowth  fau l ts  a long a 
p a s s i v eb a s i nm a r g i ns h o u l dg e n e r a l l yt r e n dp a r a l l e l t ot h eb a s i n  



margin. The la teralcont inui ty  and constantoverall thickness of 
the upper Brookian faciesacross the Camden an t i c l ine  ind ica t e  tha t  
these f luv ia l -de l t a i c  s t r a t a  were depositedpriorto the formation 
of th i s  compressionalfold.Seismic evidence suggests t h a t  the 
Camden an t i c l ine  i s  a la teTert iary,possiblyQuaternary,feature  
whose or igin i s  related to external or deep-seated tectonic mechanisms 
and notto growth faul t ingwithin the western KaktovikBasin. On the 
c r e s t  of the Camden an t i c l ine  many of the l i s t r i c  f a u l t s  extend upward
intoPleistocene and perhapsHolocene s t r a t a .  The extensive 
unconformity which truncates the top of the Camden an t i c l ine  and other  
shallow anticlines i n  the Camden sector  i s  probablyPleistocene i n  age. 

The regional structure of the Demarcation sector(subprovince
IIC) i s  i l l u s t r a t e d  i n  figure10. The Beaufortshelfeast  of 
Barter Island contains two 1arge structural  up1 i f t s  ( t he  Jag0 and 
Demarcation ridges) and two intervening depressions ( the  Barter 
and Demarcation subbasins). The NW-SE-trending growth f a u l t  system
that  typical ly  occurs  seaward of and pa ra l l e l  t o  the Hinge Line is 
obscured by the structuralcomplexitybeneath the easternBeaufort 
shelf .  The Brookiansequence i n  the Demarcation sector  i s  composed
ofseveraldistincttransgressive and regressive depositionalcycles,
and a t t a i n s  a thickness of greater than 8 seconds on seismic prof i les .
Prominent unconformitiesarerecognizedwithin and between these 
cycles.  This i s  i n  con t r a s tto  the Camden sector  and a reasto  the 
west, where a single major regressive cycle  character izes  the Brookian 
sequence. The contemporaneous tec tonicac t iv i ty  i n  the Demarcation 
sector  hasobviouslymodified the generalnortheastwardprogradation
o f  the Brookian c l a s t i c  wedge. The nearestpubliclyavailable 
well cont ro lforth isareais  the Dome Natsek E-56 well d r i l l e d  
northwest of HerschelIsland on a s t ructural  h i g h  which may be an 
easternextensionof the Demarcation ridge. The stratigraphyof 
this controlwell is summarized inf igure 31. 

The seismicinterpretation shown i n  p l a t e  7 i l l u s t r a t e s  the 
s t ra t igraphy and structuralfeaturesof the Demarcation sector  
(subprovince IIC). Acousticbasementprobably consistsof a lower 
Paleozoicmetasedimentary complex ident i f ied  as  the Frankl inian 
sequence.Incontrastto the f la t - ly ing  Arctic Platform of the 
Camden s e c t o r  ( p l a t e  6 ) ,  the Frankl inian basement complex i s  t i l t ed  
s teeplyto  the north. The Demarcationsubbasin i s  floored by
Franklinian basementrock and apparently formed a s  a s t ructural  sag
between a majorbasement u p l i f t  t o  the south(onshore) and the 
Demarcation r idgeto  the north(offshore).Ellesmerian units were 
not identified i n  th is  offshoreareabeneath an extremely thick 
Brookian section, b u t  some Ellesmerianformations may occursouthof 
the Hinge Line i n  the easternArcticNationalWildlife Refuge ( A N W R )
(discussed furtherinchapter 8 ,  Play Concepts). Likewise, the R i f t  
sequence was not  ident i f ied i n  seismic data i n  the Demarcation sector.  

The s t ra t igraphy o f  the Brookian sequence i s  inferred from 
published reports on Canadian geology and on the surface geologyof 
ANWR (Palmer and others ,  1979;Molenaar,1983). The o ldes t  Brookian 
u n i t  i s  infer redto  be a thickshale of Cretaceousage.Thisunit i s  
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represented as  a seismically homogeneous in te rva l ,  and i t  i s  
identifiedonlyin the cores ofdeep folds  or as  possible  diapir ic
spines within the Demarcation ridge ( p l a t e  7 ) .  An overlying
s t r a t i f i e d  uni t  i s  provisionally correlated with the Cretaceous t o  
Paleocene fluvial-deltaicrocks which were penetrated by the Natsek 
well. The pa ra l l e l ,  high-amplitudehorizons which comprise t h i s  
u n i t  a r e  most apparentin deep, possiblythrust-coredfoldswithin 
the s t ructural  ridges. We ten ta t ive lycor re la te  this seismicunit 
t o  the Moose Channel and Reindeer Formations (Youngand others ,
1981) i n  the Mackenzie Deltaorto the Sabbath Creek Formation 
(Molenaar,1983) i n  ANWR. The "CretaceoustoPaleocene(?)deltaic 
u n i t "  ( p l a t e  7 )  i s  overlain by a second seismically homogeneous
in te rva linfer redto  represent a massiveshale. T h i s  seismic u n i t  
variesgreatly i n  thicknessover the deep folds  and possiblediapir ic
spines w i t h i n  the s t ruc tura l  ridges. This "Eocene(?)mobileshale 
un i t "  (p l a t e  7 )  i s  thought t o  be ageequivalentto the Brookian 
prodeltashale i n  the Camden sector  and t o  a massivePaleoceneto 
Eocene shalepenetrated by the Natsek well. We ten ta t ive lycor re la te  
i t  t o  the RichardsFormation i n  the Mackenzie Deltaarea (Youngand 
others,1981). 

A prominentlocalunconformityseparates the lower Tert iary
seismic units, which form the s t ruc tura l  ridges, from the middle 
t o  upper Te r t i a ry  s t r a t a ,  which onlap the ridges and f i l l  the Barter 

andDemarcation subbasins.Strata which f i l l  the Demarcationsubbasin 

a re  represented by divergent, high-amplitudeseismichorizons 

presumably deposited irl a shelf environment (Brown and Fisher, 1977).

These horizonsare downwarped i n t o  the Demarcation subbasin and 

t h i n  by onlap,aswellas by erosionaltruncation,onto the 

Demarcation ridge. Numerous localunconformities on the flanks of 

the Demarcation ridge suggest episodicupliftthroughmid-Tertiary 

time. Continuous,high-amplitudehorizons were traced between these 

localsubbasins and westward i n t o  the upperBrookian f luv ia l -de l ta ic  

f ac i e s  i n  the Camden sector.  We ten ta t ive lycor re la te  these inferred 

Oligocene t o  Miocene s t r a t a  t o  the Kugmallit and Mackenzie Bay

Formations (Young and others,1981)or the Pullen and Akpak Formations 

(WillumsenandCote,1982) i n  the Mackenzie Deltaarea. 


An upper Tert iary seismic u n i t  l i e s  above a prominent erosional 
unconformity t h a t  has been dated i n  the Mackenzie Deltaas middle 
t o  l a t e  Miocene (Young and others,1981).Inferredfluvial-deltaic 
s t ra ta  overlying this regionalunconformity(designated M U  i n  p l a t e  7 )  
are  tentat ively correlated to  the Beaufort and Nuktak Formations 
(Young and others,  1981;Willumsenand Cote,1982) of l a t e  Miocene 
to  Pl iocene age. 

The internals t ructure  of the Demarcation ridge, althoughhighly
deformed, can be par t ia l ly  resolved i n  some seismic prof i les  which 
cross  this feature .  We of fe r  the in te rpre ta t ion  shown i n  p la te  7 
t o  i l l u s t r a t e  a possible model fo r  the complex internal  structure. 
According to  our  prel iminary interpretat ion,  par ts  of the Demarcation 
ridge may be composed of en echelon(possiblythrust-cored)folds 

Seismic SLuLLgtraphy, 41 



i 

which i n v o l v e  Cretaceous t o  Paleocene s t r a t a  andwhichgenera l lyt rend 
NE-SW, n e a r l y  orthogonal  t o  t h e  NW-SE t r e n d  o ft h ec o m p o s i t er i d g e  
mass ( f i g .2 8 ) .  Deep-seated t h r u s tf a u l t s  ( i f  p r e s e n t )t r e n dp a r a l l e l  
t o  t h e s e  e n  e c h e l o n  f o l d s ,  w i t h  f a u l t  p l a n e s  d i p p i n g  t o  t h e  s o u t h e a s t .  
The"Eocene m o b i l e  s h a l e  u n i t "  ( p l a t e  7 )  was apparent lymob i l i zedby
flowageabovethedeeperfolds. The Demarcat ionr idge,inc lud ing  
t h r u s t - c o r e d ( ? )  a n t i c l i n e s  and d i a p i r i c  i n t r u s i o n s  ( i f  p resen t ) ,  was 
weldedtogether and u p l i f t e d  asaNW-SE-trending s t r u c t u r a l  mass 
r o u g h l yp a r a l l e lt ot h em a r g i no ft h ee a s t e r nK a k t o v i kB a s i n .  The 
s h a l l o w ,  h i g h l y  f a u l t e d  c r e s t  o f  t h e  D e m a r c a t i o n  r i d g e  c o v e r s  a wide 
a r e a  o f  t h e  e a s t e r n  B e a u f o r t  s h e l f  ( f i g .  101, and t h e  l o w  r e l i e f  o f  
sha l low unconformi t ies  c o n t r a s t s  g r e a t l y  w i t h  t h e  u n d e r l y i n g  s t r u c t u r a l  
comp lex i t yw i th inthe  r i dge .  

A1 thoughthe mechanism r e s p o n s i b l e  f o r  t h i s  u p l i f t  i s  u n c e r t a i n ,  
we b e l i e v e  t h e  t i m i n g  f o r  t h e  e v e n t  i s  contemporaneous w i t h  t h e  l o c a l  
subs idence  and  depos i t i on  o f  s t ra ta  i n the  ad jacen t  Demarca t ion  and 
Bar tersubbasins.  Assuming t h a to u r  age co r re la t i onsa reapprox ima te l y  
c o r r e c t ,  t h i s  s t r u c t u r a l  e v e n t  i s  b r a c k e t e d  between ea r l yO l igocene  
(depos i t iona lon laponthe  "Eocene m o b i l e  s h a l e  u n i t " )  and l a t e  Miocene 
t ime(ex tens iveeros ionrepresentedbythe  MU). We hypo thes i zetha t  
t h e  s t r u c t u r a l  mechanisms r e s p o n s i b l e  f o r  t h e  u p l i f t  o f  t h e  D e m a r c a t i o n  
r i d g e  a r e  r e l a t e d  t o ,  b u t  do n o t  e x t e n d  f r o m ,  t h e  t h r u s t  t e c t o n i c s  o f  
thenor theasternBrooks Range. T h i sp r e l i m i n a r yc o n c l u s i o ni sb a s e d  
on thefo l l ow ingobserva t i ons :  

1. 	 The i n t e r n a lf o l d sw i t h i nt h eo f f s h o r er i d g e  wereformed i n  m idd le  
T e r t i a r y  t i m e ,  with the massive u p l i f t  ending by 1a t e  Miocene 
t i m e .I nc o n t r a s t ,t h r u s t - f o l dt e c t o n i s mo n s h o r ei n  ANWR has 
apparent lybeenact ivethroughoutCenozoict ime. We b e l i e v et h a t  
it i s  u n l i k e l y  t h a t  t h e  e f f e c t s  o f  a r e l a t i v e l y  l o c a l i z e d ,  o l d e r  
th rus t ing  ep isode wou ld  be  preserved beyond the  present ly  ac t i ve  
t e c t o n i cf r o n t .  

2.The a x i a lt r a c e so ft h ei n t e r n a lf o l d si nt h eo f f s h o r er i d g ea r e  
o r i e n t e d  NE-SW, o b l i q u e  t o  t h e  more e a s t e r l y  t r e n d s  i n  t h e  t h r u s t  
b e l t  onshore. The o r i e n t a t i o no ft h ei n t e r n a lf o l d s  and 
a s s o c i a t e d  t h r u s t  f a u l t s  w i t h i n  t h e  D e m a r c a t i o n  r i d g e  s u g g e s t  a 
more northwestward-directedcompressionoffshorecomparedtothe 
nor thward  th rus t ing  onshore  i n  ANWR. 

We do, however, c l e a r l y  f a v o r  a t e c t o n i c  mechanism over a 
s y n d e p o s i t i o n a l( d i a p i r i c )  modelasproposed f o rt h eg e n e s i so ft h e s e  
r i d g e s  by WillumsenandCote(1982). The s t r u c t u r a lf e a t u r e sw i t h i n  
t h e  D e m a r c a t i o n  r i d g e  c l e a r l y  t r e n d  o r t h o g o n a l l y  t o  t h e  m a r g i n  o f  t h e  
eas ternKaktov ikBas in( f ig .28) .Growthfau l tsys temsa longbas in  
m a r g i n s  t y p i c a l l y  c o n t r o l  t h e  o r i e n t a t i o n  o f  l o c a l  d i a p i r i c  s p i n e s  
and u s u a l l yt r e n dp a r a 1l e 1t ot h eb a s i nm a r g i n .  A wrench f a u l t  
mechanism may exp la intheeneche loncompress iona lfo ld  assemblage 
w i th intheDemarca t ionr idge .  However, t h e  e x a c t  l o c a t i o n  o f  
h y p o t h e t i c a l  wrenchzonesand t h e i rs t r u c t u r a lr e l a t i o n s h i p  t o  t h e  
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thrust b e l t  i n  ANWR or theKaltagshear zone which trends i n t o  
th i s  area from the Canadian continental margin (Jones, 1982) have 
y e t  t o  be defined.Substantially more mapping, bothonshore and 
offshore,coupled w i t h  biostrat igraphic  control ,  i s  requiredbefore 
a comprehensive model fo r  the s t ructural  e v o l u t i o n  of the Beaufort 
margincan be developed. 
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Part 2 

Petroleum Geology 




4 

Exploration History 

The followingsection on petroleumexploration i n  the northern 
Alaska and Beaufort Sea regions i s  extracted from summaries by Jamison 
and others(1980),  Lynch and others(1985),  Young and o thers  (1981),
Meyerhoff(19821,Tetra Tech (19821, Husky Oil NPR Operations,Inc. 
(1983c), and numerous issuesofPetroleumInformation's"Alaska 
Report." 

Geologicinvestigations of northernAlaskawere f i r s t  conducted 
in  the early1900's by USGS-sponsored f i e ldpa r t i e s .  The f i r s t  
descriptionofoiloccurrence along t h e  northernAlaskacoast was 
madeby Leffingwell,ofthe USGS, who reportedoilseepsinthe Cape
Simpson area i n  1917. Based on the presence of these seeps and 
conjecturedestimates of resource potent ia l ,  President  Harding
establ ished the Naval PetroleumReserve No. 4 (NPR-4) i n  1923. 
Deta i led  f ie ld  mapping by the USGS was begun a t  t h e  r e q u e s t  of the 
Navy Deparment and continues i n  NPR-4 (now termed theNational 
PetroleumReserveinAlaska, or NPRA) t o  thepresenttime. In 1944,
the Navy, i n  cooperation w i t h  the  USGS, 1aunched a majorexploratory
d r i l l i n g  program and by 1953 had d r i l l e d  81 holes (45 core tests and 
36 test wel l s ) .  Oil f i e l d s  were discovered a t  Umiat, Simpson,and 
F i s h  Creek,and gas  f ie lds  were found a t  Gubik, South Barrow, Meade, 
SquareLake, Oumal i k ,  and Wolf Creek. The l a r g e s t  of these 
discoveries ,  30 t o  100 mi l l i on  ba r re l s  o f  o i l  a t  Umiat and 370 t o  
900 b i l l i o n  cubic f e e t  of gas a t  Gubik were, and s t i l l  a r e ,  uneconomic 
t o  produce. The gasf ie ld  a t  Barrowwas used t o  supply the Naval 
Arctic Research Laboratory and v i l l age  of Barrow. In 1953, t h e  
Federal Government ceased funding the exploration of NPR-4. 

In 1959,Alaskachanged from t e r r i t o r i a l  s t a t u s  t o  s t a t e h o o d  
and, under provisions of the statehoodact,selected as s t a t e  l a n d  
the central portion of  the North Slope between NPR-4 and the Arctic 
NationalWildlife Refuge (ANWR).  Explorationactivity was centered 
inth i s"co r r ido r"fo r  t h e  next few years.  By the mid-1960's 
explora t ion  ac t iv i ty  had largely shif ted from surface mapping i n  
the f o o t h i l l s  of the Brooks Range toseismicsurveys on the  coastal 
plain.  In 1964, t heS ta t e  of Alaska he ld  t hef i r s tcompe t i t i ve
1ease s a l e  on the North Slope. A secondcompetitivelease sal e 
was he ld  i n  1965, w i t h  interestfocused on a l a rge  an t i c l ina l  
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structure south of Prudhoe Bay.In 1968, AtlanticRichfield Company
and Humble Oil d r i l l ed  the Prudhoe Bay Sta te  No. 1 welland, a f t e r  
d r i l l i n g  an additionalconfirmationwell, announced the discovery of 
what soon proved t o  be the l a rges t  o i l  and gas f i e l d  found i n  North 
America. Recoverablereserves from the IvishakFormation(Triassic)
and Lisburne Group (Carboniferous) range upwards of 10 bi l l  ion barrels  
of  o i l  and 26 t r i l l i on  cub ic  f ee t  ofgas. 

A period of intense d r i l l i n g  a c t i v i t y  and seismic exploration
i n  the coastal a r ea  a f t e r  the Prudhoe discovery led t o  discoveries 
of o i l ,  gas, and condensate i n  ad jacentf ie lds( f ig .11) .Poss ib le  
commercial f i e lds  were d e l i n e a t e d  a t  Kuparuk (1969;1.5 b i l l i o n  
barrelsrecoverable) ,  Milne Point and GwydyrBay (1970; 120 mill ion 
barrelsrecoverable),  andPoint Thomson (1977; 350 mi l l ion  bar re l s ,  
5 t r i l l i o n  cubic feetgas)f ie lds .Construct ionof  the Trans-Alaska 
Pipeline System (TAPS) from Prudhoe Bay t o  a tanker terminalin 
Valdez allowedproduction t o  begin  from the Triassic reservoi rs  in  
the Prudhoe Bay f i e l d  i n  1977,with Lower Cretaceousreservoirs i n  
the Kuparuk f i e l d  brought  on l ine  in  1981. 

Federallyfundedexploration i n  NPR-4 was resumed in  1975 under 
the direct ion of the Navy. T h i s  responsibi l i ty  was l a t e rt r ans fe r r ed  
t o  the Department of the  In te r ior ,  which renamed i t  the National 
PetroleumReserve i n  Alaska ( N P R A )  in  1977. A t o t a l  of 28 exploratory
wells were d r i l l e d  by the USGS contractor, Husky O i l ,  and 14,770 
milesofseismic da ta  were col lected over the 7-year l i f e  of the 
program. The s t ructural  and stratigraphicanomalies mapped by the 
USGS and their contractor,Tetra Tech, Inc.,yielded some o i l  
shows b u t  no commercial-sizediscoveries. In 1979, the USGS reduced 
i t s  e s t i m a t e  of recoverableoil i n  NPRA from 10 b i l l i o n  bar re l s  t o  
3 b i l l ionbar re l s .  The f i r s t  of a series of competitive o i l  and gas
lease  sales i n  the NPRA was he1 d i n  1981,and three addition.al 
leaseofferingsfollowed. The most recent leaseoffering(1984)
received no industrybids, and fu ture  lease sales a re  n o t  scheduled 
a t  the present time. Only one exploration well was d r i l l e d  by
industry on Federal NPRA acreage,’ and this well (ARCD’s Brontosaurus 
No. 1) was plugged and abandoned i n  ear ly  1985. . 

Explorationin the offshore area of Arctic Alaska began i n  t he  
early19601s,  and d u r i n g  the period of 1964 through 1984,over65,000 
line-miles of deep-penetration,multichannel CDP seismic data were 
col lected under permitinFederaloffshore areas. Government-sponsored
explorationincluded a reconnaissance survey by the USGS i n  1977 
(Grantz and others, 1982b) which collectedover5,600 km of24-channel 
CDP seismic data on the Beaufort and Chukchi shelves. 

The f i r s t  o f f shore  l ea se  sale (Sale  BF-79) was held joint ly  by
the S ta te  ofAlaska and the Federal Government i n  December 1979 
( f i g .1 1 ) .  A t o t a l  of $1.056 b i l l i on  was col lected i n  high b i d s  
f o r  86 of the 117 tracts offered, with the highest  b i d  of $143 
mil l ionfor  a t r ac tinthe  Sag Delta-Duck Islandarea.Sixteen 
wells were d r i l l ed  from natural and a r t i f ic ia lgrave li s landsin  



the next 3 yea r sto  tes t  severalprospects.Potentially commercial 
discoveries were announced a t  Sag Delta-Duck Island(1980;
approximately 350 mill ionbarrelsrecoverable from the Kek ik tuk  
Formation) and a t  Seal Island (1984; approximately 300 mill ion 
barrelsrecoverable from the Ivishak Formation) ( f i g .  11) .  

In the Alaskan OCS, the Minerals Management Service (MMS) he ld  
i t s  f i r s t  l e a s e  s a l e  ( S a l e  71)  i n  the Beaufort Sea i n  October1982. 
Twenty-fourcompanies par t ic ipated i n  activebiddingfor 125 of the 
338 t r ac t so f fe red( f ig .11 ) .  High bonus bidstotaled $2.067 b i l l i o n ,  
w i t h  the two h i g h e s t  bids of $227 and $219 mi l l i on  fo r  t r ac t s  on 
the Mukluk  structureinHarrison Bay. This 1argesubunconformity 
t r ap  on the Barrow Arch resembles the supergiant Prudhoe Bay f i e l d  
just  t o  the e a s t  ( f i g .  2 3 ) .  The most expensivewell i n  OCS his tory
(over $140 mill ion) was d r i l l ed  from an ar t i f ic ia lgrave li s land  
t o  t e s t  a group of t r a c t s  receiving over a b i l l i o n  dol la rs  in 
bonus b ids .  In ear ly  1984, the d r i l l i n g  par tners ,  led by Sohio,
announced t h a t  the Mukluk well was a dryhole and they would plug
and abandon the well.Additionalwells on the Mukluk s t ruc ture  
have not been proposed. Two t e s t  wells were d r i l l e d  f a r t h e r  t o  the 
northwest byExxon from a concrete i s l and  d r i l l i ng  system (Global
Marine’s CIOS) dur ing  the 1984-1985 winter. These wells on Exxon’s 
AntaresProspect were a l so  plugged and abandoned i n  ear ly  1985. 

The most recent OCS lease offer ing in  the Beaufort Sea (Sale 87) 
was he1 d in  August 1984 ( f i g .  11 ) . In con t r a s t  t o  the selected 
areasincluded i n  prev$ousleasesales,Sale 87 offered 1 ,477  t r a c t s  
covering the ent i re  cont inental  she1f from Point Barrow t o  the 
Canadianborder. Twenty-seven companies were awarded 232 t r a c t s  
w i t h  h i g h  bidsof $877 mill ion.  The highestbids ($55 and$53 
mil l ion)  and most competitivebidding were concentrated on faul ted 
an t i c l ine  structures i n  CamdenBay i n  water depths  less than 120 
f e e t .  New designs of mobilegravityplatformsorarctic dri!:ships
willprobably be used t o  test  these structures i n  waters beyond
the d e p t h  limitationforgravelislands(approximately 50 f e e t ) .
Site-specificshallow-hazardssurveysfor these h igh -b id  t r a c t s  
i n  CamdenBay were conducted i n  the f a l l  of1984, and a series of 
exploratory wells u s i n g  the Canmar d r i l l s h i p  Explorer I1 began t o  
t e s t  these prospects d u r i n g  the summer of1985. 

The r e s u l t s  of explorat ion act ivi ty  in  the Mackenzie Delta 
region of Canada a re  re levant  to  the petroleumpotential of the 
AlaskanBeaufortshelfbecausebothregionscontain thick sequences
of Brooki an s t ra ta  equiva len t  i n  age, l i t ho fac i e s ,  and s t ructural  
s ty le .  Although the largefieldspresentlyproducingoil  on the 
NorthSlopeoccur i n  the Ellesmerian sequence, the discovery of 
o i l  i n  turbidi tesandsat  Flaxman Island(AlaskaState A-1,  1975),
the vas t  heavy oildeposits i n  the West Sakand Ugnu sands(Jamison
and others,1980),  and well-known o i l  seeps along the Alaskan coast  
indicatethathydrocarbons do occur i n  the  Brookian sequence aswell .  
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Given the longlead time required for  dr i l l ing platform design
and construction,exploratory and delineationdrilling,environmental 
studies, regulatory and productionpermits, and inf ras t ruc ture  
development, i t  i s  estimatedthat 10 yearswillelapse between a 
lease  sa le  and f i r s t  production from the sa l e  area--assuming t h a t  
discoveries  of  giant  oi l  f ie lds  can' be found by a l imited number of 
very expensive explorationwells. However, the Beaufort Sea Planning
Area i s  highly complex s t ruc tura l ly  and s t ra t igraphica l ly .  Although
i t  may frustratepreliminarygeologicanalyses, the polycyclic
tectonic  his tory of this region may eventuallyproveto be favorable 
forla rge  hydrocarbon fields.Explorationplaysareabundant, and 
offshoreprovincescontain untested potent ia lreservoir  and source 
rocksranging i n  age from Devonian toTer t ia ry .  All of the offshore 
petroleumprovincescontainhydrocarbonplays which d i f f e r  from those 
tested by previousexplorationonshore.Subsequentsectionsofthis 
reportwill  summarize what i s  presently known aboutpotentialsource 
and reservoirrocks on the NorthSlope and their re la t ionship t o  
significant plays and recognizedtraptypes i n  the  offshorepetroleum
provinces. 
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5 

Source Rocks on the Beaufort Shelf 

ELLESMERIAN AND RIFTSEQUENCES 

The hydrocarbons which occur i n  the Prudhoe Bay and adjacent
fields are generally regarded a s  having been derived from organic-rich
shales  in  the E l  1 esmerian sequence or Rift sequence ( t h e  Pebble 
Shale)orboth(fig.  1 2 ) .  The Lower Cretaceous Pebble Shalecontains 
an averagetotalorganiccarboncontent (TOC) of5.4percent, w i t h  
C15+ hydrocarboncontent i n  excess of 3,000 par ts  per mil l ion (ppm)
(Morgridge and Smith,1972). I t  i s  thereforeconsidered a very
rich, oil-prone,potentialsource bed. The Jurass ic  Kingak Formation 
i s  consideredto be a very good potentialsourcerock,containing 
an average TOC of 1.9 percent and650 pprn of C 1  + (Morgridge and 
Smith,1972, f ig .16;  Magoon and Claypool, 19847. The dark-colored, 
phosphatic,highlyorganicshales and limestones of the Tr iass ic  
ShublikFormation arealsoregardedasrichpotentialoilsource 
beds ( S e i f e r t  and others,1980,table 11). The TriassicSadlerochi t  
Group (Kavik Formation)shales,Carboniferous L i  sburne Group shales,  
and MississippianEndicott Group shalesareregardedas somewhat 
"lean"(loworganiccarboncontent) and gasprone(Morgridge and 
Smith,1972, p. 500). Se i f e r t  and others(1980, p. 428) provide
data which suggest potentialsourceswithincertaindark-colored 
Endicott Group shales  (Kayak Formation),althoughthey do not 
co r re l a t e  any Prudhoe o i l s  t o  t h i s  source. 

Jones and Speers (1976)suggested from crudeoilanalysesthat 
a l l  o i l s  i n  the Prudhoe areaaccumulationsaregeochemicallyalike 
and were derived from a common source or common set of multiple 
sources. Young and others  (1977., p .  594, table10; p. 596, tab le  12)
obtained a set o f  calculated ages for Prudhoe o i l s  which varied 
depending on thereservoirhorizon from which they were extracted.  
Oilsamplesobtained from Tr iass ic  and Pennsylvanianreservoirs 
yieldedgenerationages of 218 million years (m.y.), while o i l  
obtained from an Upper Cretaceousreservoir was found t o  have an 
apparentgenerationage o f  87 m.y.Magoon andClaypool (1981, p.
644) interpreted this data  as  indicat ing that  the Prudhoe o i l s  
were derived from b o t h  Cretaceous and Triassicsources. 

Magoon and Claypool(1981) ident i f ied  two principalfamilies of 
o i l s  on the NorthSlope: (1) a "Barrow-Prudhoe'' typefound i n  
accumulationsalongthe Barrow Arch and ( 2 )  a "Simpson-Umiat" type
found i n  the CapeSimpson area and the Umiat areain the northern 
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Figure 12. 
S t r a t i g r a p h i c  r e l a t i o n s h i p s  o f  s i g n i f i c a n t  sou rce  beds on t l i e  N o r t h  Slope 
o f  A l a s k a .  Shc?ded a reas  i n  source bed c o l  ulnn i n d i c a t e  presence and type 
o f  source beds. The source p o t e n t i a l  o f  t h e  lower E l l e s r n e r i a n  s t r a t a  
t h o u g h t  t o  occupythe Nor theas t  Chukchi Bas in  i s  unknown. The :netalnorphosed 
F r a n k l i n i a n  sequence on t h e  Nor th  Slope l o c a l l y  c o n t a i n s  o r y a n i c - r i c h  r o c k s ,  
b u t  i s  thermal ly  overmature .  
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f o o t h i l l so ft h e  Brooks Range. An informalresearchconsort ium 

conferencerecent lyconcluded (McCloy , 1983,p.14) tha tthe"Prudhoe"  

o i l s  were d e r i v e dp r i n c i p a l l yf r o mT r i a s s i c  and Jurassicsources, 

whereas the"Umia t "o i l s  were sourcedfromthe Lower Cretaceous 

PebbleShaleoryoungerBrookian sequence rocks.  The conceptof  a 

Pebble Shalesource f o r  Prudhoe o i l s  was discarded by some p a r t i c i p a n t s 

a t  t h e  conference on t h e  bas is  o f  t h e  apparentthermal immatur i t y 

o f  t h e s e  r o c k s  i n  t h e  v i c i n i t y  o f  t h e  Prudhoeareaaccumulations. 

However, Morgridge and Smith(1972, p. 500) have f o r c e f u l l y  argued 

fromgeochemical and geo log ica lda tatha tthe  Lower Cretaceous 

PebbleShaleformsthemostprobablemajorsourceforthePrudhoe 

Bay o i l s .  


Few o fthet rad i t iona l l yrecogn izedPrudhoe-prov incesource  
rocksareconsidered t o  be present i n  t h e  o f f s h o r e  a r e a s  n o r t h  o f  
t h e  Bar row Archprovince ( I A ,  f i g .  1 ) .  All El lesmer ian sequence 
source beds areprobablyabsent as  a consequence o f  d e p o s i t i o n a l  
on laporeros iona lt runcat ionf romareasnor tho fthezero-E l lesmer ian  
l i n e  t r a c e d  on f i g u r e  1, and, the re fo re ,  do no tfo rmpo ten t ia l  
sourcesover much o ft h e  OCS planningarea.Jurassic andLower 
Cretaceouspotent ia lsource beds arepresentbeneaththeArct ic  
c o a s t a l  p l a i n  o f  ANWR (Reiser  and others,1980),  and may extend 
o f f s h o r e  i n t o  t h a t  p a r t  o f  t h e  Demarcationsectorwhich i s  south 
o f  t h e  H ingeL ine(Nor r is  and Yorath, 1981, f i g .3 ) .J u r a s s i c  
shalesoftheKingakFormat ionincrease inorgan iccarbonconten t  
t o  t h e  e a s t  (Magoon and Claypool,1984,fig. 6 )  and may form an 
exce l len tpe t ro leumsource  bed i n  ANWR and adjacentof fshoreareas. 

The Pebble Shale, o r  i t s  s t r a t i g r a p h i c  equ iva len t ,  probably
ex tendsof fshore  ( f i g .  13)  as theupperpar t  o f  t h e  Rift sequence.
The geochemicalcharacterofthe Rift sequenceshaleswi th inof fshore 
grabens may d i f f e r  f rom tha t  o f  t ime-equ iva len t  rocks  to  the  sou th ,  
whichaccumulated i n  t h e  open marineenvironment o f  t h e  C o l v i l l e  
Basin. The Rift sequenceshales i no f f s h o r ea r e a s  may haveaccumulated 
i n  a more restr ictedenvironmentwithincontemporaneouslysubsiding 
i n f r a r i f t  grabens. Kerogencompositions o f  s h a l e s  w i t h i n  t h e  
i n f r a r i f t  grabens may b e  s i m i l a r  t o  t h e  geologica l lyanalogous
Nor th  Sea grabens,where h i g h l ys a p r o p e l i c( o i l - p r o n e )s h a l e si n  
t h e  c e n t r a l  p a r t s  o f  t h e  grabensareringed by leaner ,nonsapropel ic  
shalesalongbasinmargins(Reeder andScotchman,1985,p. 142).
The r e c e n t l y  announced d iscovery a t  Seal Is land(Petro leumInformat ion,  
1984) i s  p a r t i c u l a r l y  i n t e r e s t i n g  because t h e  o i l  i s  much l i g h t e r  
(40" A P I )  t h a nt y p i c a l  "Barrow-Prudhoe'' o i l s  (27" A P I ) .  These o i l s  
may havebeen der ivedf rom more matureorgeochemical lyd is t inct  
Rift sequencesource beds t o  t h e  n o r t h .  

Over much o f  t h e  Nuwuk and KaktovikBasins, Rift sequence s t r a t a  
l i e  a t  depthsexceeding 23,000 f e e t  and there foreareprobab ly  
overmature. Intheseremoteof fshorebasins,potent ia lsource 
bedsmustbesought w i th intheBrook ian  sequence. 
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BROOKIAN SEQUENCE 

Ear l y  Cre ta  ce'OUS and youngershaleshave t y p i  c a l l y  beenfound 
t o  be nonsourceor gas prone,al thoughthe A1 bianTorokshales 
( f i g .  1 2 )  havebeeninvokedas a po ten t ia lsourcefortheUmia t - type
o i l  (McCloy, 1983, p. 14). I nt h e  Prudhoe Bay area,an o rgan ic - r i ch ,  
tu f faceous,rad ioac t ivesha leo fCon iac ian-Turon ianage (Carman
andHardwick, 1983, f ig .4)d isconformablyover l iesthePebble 
Shale. An ana lys ispub l ishedbySe i fe r tandothers(1980,tab le  
I I , . p .  4 2 8 )i n d i c a t e st h a tt h i s  UpperCretaceousshale may be a 
r i c h  (TOC=3.44 percent ) ,o i l -p rone,po ten t ia lsourcerock .  These 
rocksapparent lyex tendnor thwardatthebaseoftheBrook ian  sequence 
i n t o  o f f s h o r e  a r e a s  and may the re  fo rm an  impor tan t  po ten t i a l  
source bed. 

UpperCretaceous sha leso ftheBrook ianprode l ta  f a c i e s  
d i scon fo rmab ly  ove r l i e  Coniacian-Turonianshalesabove thebreakup 
unconformi ty  (BU) i n  t h e  c e n t r a l  p a r t  o f  t h e  A r c t i c  P l a t f o r m .  
However, B rook ianp rode l tasha leso fA lb ian  age (TorokFormation) 

d i r e c t l y  o v e r l i e  t h e  P e b b l e  S h a l e  i n  t h e  w e s t e r n  p a r t  o f  t h e  A r c t i c  

Pla t fo rm.Incon t ras t ,t heBrook ian  sequence i nt h ee a s t e r nA r c t i c  

P l a t f o r m  c o n s i s t s  a l m o s t  e n t i r e l y  o f  T e r t i a r y  s t r a t a  w h i c h  o v e r l i e  

a r e l a t i v e l y  t h i n  sequence o f  UpperCretaceousrocks. The T e r t i a r y 

Brookiansequence i n  t h e  e a s t e r n  A r c t i c  P l a t f o r m ,  u n l i k e  t h e  much 

o l d e r  B r o o k i a n  s t r a t a  f o u n d  i n  more w e s t e r n  p a r t s  o f  t h e  p l a t f o r m ,  i s  

p r o b a b l y  t h e  m o s t  r e p r e s e n t a t i v e  o f  t h e  l a r g e l y  T e r t i a r y  B r o o k i a n  

sequence a n t i c i p a t e d  o f f s h o r ei n  t h e  B e a u f o r t  Sea P lann ing  Area. The 

f o l l ow ingd iscuss ion  will there forefocus  upon thegeochemist ryof  

B r o o k i a ns t r a t ai nt h ee a s t e r nA r c t i cP l a t f o r m .  The Brookian 

sequence i n  t h i s  areahasbeenpenetratedbyseveralexplorat ion 

wel ls .  These we l lsfo rmthedatabaseforourspecu la t ionsabout  

thesourcerockpoten t ia lo ftheBrook ian  sequence i n  o f f s h o r e  areas. 


Geochemicalanalyses o f  t h e  UpperCretaceous t o  T e r t i a r y  
s t r a t a  o f  t h e  B r o o k i a n  sequence i n  t h e  Camden Bay area(Union Oil, 
1983; Harwood, 1983)aresumnarized i n  a g r a p h i c a lf o r m a ti np l a t e s  
8, 9, and 10. Theseanalyseswereperformedoncutt ingsfrom 
t h r e e  w e l l s  i n  t h e  Camden B a s i n( f i g .1 8 ) :t h e  Exxon P o i n t  Thomson 
No.2, the Exxon P o i n t  Thomson No. 3, and theMobi l  West Sta ines 
No. 2 we l l s .  The geochemicaldata show t h a tt h eB r o o k i a ns h a l e si n  
t h i s  arearange from nonsource t o  f a i r  source po ten t ia l(based upon
TOC) and y i e l d  a low hydrogen index  cons is ten t  w i t h  a dominant 
p o p u l a t i o no f  gas-pronekerogens. However, i n  two o f  the th ree  
w e l l s ,  a n a l y s e s  o f  c e r t a i n  sample in te rva lsnearthecontac tbe tween 
themar ineprode l ta  and m a r g i n a l  m a r i n e  d e l t a i c  f a c i e s  i n d i c a t e  t h e  
presence o f  o r g a n i c  r i c h  beds w i t h  hydrogenindices i n  excess o f  
200 ( p l a t e s  9 and10) .Thissuggeststhepresenceofl iqu id-prone
po ten t i a lsou rce  beds. A t  p r e s e n tb u r i a ld e p t h so f  5,000 t o  7,000 
f e e t  and v i t r i n i t e  r e f l e c t a n c e  l e v e l s  o f  0.30 t o  0.55, these  po ten t i a l  
sourcebedsarethermallyimmatureor l i e  j u s t  w i t h i n  the  lower  limit 
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foroi lgenerat ion.  However, a tappropriateburialdepthsoffshore 
i n  the  Kaktovik and Nuwuk Basins,these beds or younger
facies-equivalent beds could have undergone s u f f i c i e n t  thermal 
maturationto have formed importantsourcesfor l i q u i d  hydrocarbons.
The discoveryofpotentialoilsource beds a t  this s t ra t igraphiclevel  
i s  very s ign i f i can t  becausethe Brookian sequence i s  generally
regardedasgasprone, and over most of theplanningareanorth of 
the Hinge Line, the potent ia loi lsource beds inthedeeperEllesmerian 
and Riftsequencesareeitherabsentor so deeplyburiedthattheyare 
probablyovermature. 

Figure 14 presents a s e r i e s  of modified Van Krevelendiagrams
which i l l u s t r a t e  t he  va r i a t ion  in  kerogencompositionforthethree 
formationsbelievedtoconsti tute the principalsourcesforthe 
hydrocarbonsinthe Prudhoe Bay f i e l d  (Morgridge and Smith, 1972; 
Magoon and Claypool.1981). All threeformations,includingthe 
PebbleShale,exhibit a broadspectrum of kerogencompositions,
ranging fromType 111 (gasprone)to Type I (oi lprone) .  For 
comparison, Van Krevelen p lo t s  fo r  Brookian s t r a t a  i n  the  Point 
ThomsonNo. 2 and West Staines  No. 2 wells arepresented i n  f igure  15. 
The compositional f i e l d  o f  the  "Prudhoe Bay" oilsource beds 
synopsized from f igure  14 i s  superimposedas a s t ipp led  a rea  upon
the Brookian da tase ts  i n  f igure  15. Severalanalyses i n  the  
Point Thomson No. 2 wellappear t o  document a strong Type 1/11 kerogen 
component t h a t  is quitecomparable t o  t h e  kerogen makeup o f  the 
Prudhoe oilsource beds. The depthsofoccurrence of theseliquid­
prone s t ra taareannota ted  on theplo t .  Most rangebetween6,030
and 6,570 f e e t ,  s t raddl ing the f luv ia l -de l t a i c  t o  prodelta fac ies  
boundary i n  the  Point Thomson No. 2 well. In both wells,  the  b u l k  
oftheBrookian s t r a t a  aboveand below this f ac i e s  boundary a r e  
compositionallydominated by Type 111 kerogens and are  therefore  
consideredto be unlikelypotentialsourcesforliquidpetroleum. 

Sample logs  for  the  in te rva ls  which contain these apparent oil  
source beds ind ica te  the presenceof l i v e ,  heavy hydrocarbons i n  
sandstonecuttings. I t  i s  t h e r e f o r e  p o s s i b l e  t h a t  t h e  geochemical
datareflectthepresence of migratedoilratherthanthepresence
ofactualoil-pronesourcebeds.Contaminationof this k ind  i s  
furthersuggested by h i g h  bitumen/TOC r a t i o s  i n  theintervalof 
i n t e r e s t  i n  thePoint  ThomsonNo. 3 well ( p l a t e  10). With  oniy
the geochemicaldata a t  hand, i t  i s  d i f f i c u l t  t o  assesstheextent  
and impact of a possiblecontamination problem i n  thesedata. 
Therefore,  as a means ofindependentlyevaluatingthepresence of 
potentialsource beds i n  this in te rva l ,  the  three  wel l s  were analyzed 
by using a wireline log method devised byMeyer and Nederlof (1984)
forsource bed ident i f ica t ion .  T h i s  method i s  based upon the 
observation that source shales typically exhibit  lower acoustic 
ve loc i ty ,  lower densi ty ,  and higherresist ivitythanmineralogically
similarnonsourceshales. TheMeyer and Nederloftechnique employs
b iva r i a t e  p lo t s  of these  proper t ies  as  a means ofdiscriminating
between conventionalnonsourceshales and potentialsourceshales. 

Sowrce Rocfu, 5 9  
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Figure 16. 
Cross plotsfor source bed identificationinthe West Staines No. 2, Point 

No. 2, and Point ThomsonThomson No. 3 wells. Line separating source and 
and Nederlof (1984, f ig .  1 1 ) .  Normalizationnonsource f ie lds  af ter  Meyer 


ofshaleresistivityto 75  "F was done by use of Arp's formula (after 

Schlumberger, 1972, p. 9 ) .  
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Figure 17. 
Schemat i c  geo log i ca l  c ross  sec t i oni l l us t ra t i ng  poss ib le  t ime- t ransg ress i ve  na tu re  of Cenozoicpotent ia l  
sourcebedsandre la t ionsh iptotheo i l  window i nt h eK a k t o v i kB a s i n .  The p o t e n t i a l  Sourcebedsencountered 
a t  t h e  t o p  o f  theBrookianprodel tafac ies i n  t h e  Camden Basin may extendnorthwardas a faciesofthe 
nor thward-progradingBrookiandel ta ic  system. I n  t h e  v i c i n i t y  o f  t h e  Camden a n t i c l i n e ,t h e s ep o t e n t i a l  
sourcebedsprobably l i e  w i t h i n  t h e  o i l  windowand the re  may become ac t ivesourcesfor l iqu idhydrocarbons .  
Potent ia lsourcesdeeperwi th intheprodel tashale sequence o r in  o lde rCre taceous -Ju rass i c  s t ra ta  may be 
overmature i n  t h e  v i c i n i t y  o f  Camden a n t i c l i n e .  
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The r e s u l t s  of the analysis  of the Camden Basinwellsare 
presented i n  the cross  p l o t s  of f igure 16. The graphsdisplay
shaletravelt imeplot tedversusshaleresis t ivi ty .  The l i n e  
which separatessourceshales from nonsource s h a l e s  i s  the 
s ta t i s t ica l ly  der ived  d iscr iminant  l ine  obtained from worldwide 
data by Meyer and Nederlof (1984, f i g .  11). The p lo ts  show t h a t  a 
considerable number of shale  beds,  par t icular ly  i n  the Point Thomson 
No. 2 well ,qualifyaspotentialsources.  The analysisappearsto 
confirm thatpotentialsource beds a re  present in  th i s  i n t e rva l ,  
although i t  doesnotaddresswhetherthesesourcebedsareoil 
prone or gas prone. The aggregatethickness of a l l  beds iden t i f i ed  
by the graphs i n  f igure  16 aspotentialsource beds i s  postedwith 
each plotbeneath the well name.The depthintervalsofoccurrence 
of a l llog-ident i f iedsource beds arealsopostedin the "Si  + S2" 
columns o f  pla tes  8, 9 ,  and 10. As suggestedpreviously from 
geochemical data,  the log-identifiedsource beds areobservedto 
span the t rans i t ion  zone between the Brookian prodelta and overlying
f luvia l -de l ta icfac ies .  

The coincidence of the potentialsource beds w i t h  the marine 
t o  marginalmarine t r ans i t i on  in  the Brookian de l t a i c  system suggests
tha t  the  source  beds represent a spec i f ic  fac ies  sett ing w i t h i n  
t h i st r a n s i t i o n  zone. Dow (1977, p. D6-D8) notesthatareasof 
h i g h  marineorganicproductivityaretypicallyassociated w i t h  
areasof h i g h  nutrient supply ,  such a s  upwellingzones and the 
mouths of majorrivers. The source beds i n  the Camden Basin may
have formed i n  i n t e rd i s t r ibu ta ry  bays or  es tuar ine settings where 
moderatesedimentationrates and h i g h  nutrient supply were coupled 
w i t h  quiet water and anoxicbottomconditions. I f  so, then this 
organic facies m i g h t  have progradednorthward w i t h  the de l t a  complex 
a s  i t  spil ledintooffshoresedimentarybasins.This model, summarized 
i n  f igure 17 ,  impliesthat  the source bed fac ies  i s  timetransgressive
and becomes progressivelyyoungerto the north i n  offshore areas.  

As an a l t e rna t ive  model, we alsorecognizethatcertainglobal
conditions (e.g., climate,sea level,  oceaniccirculation) which 
canpromote the formationofpotentialsource beds may have prevailed 
a t  the specifictime(discussed below) t h a t  the Brookian sourceshales 
were deposited i n  the Point Thomson area. I t  i s  possiblethat  
potentialsource beds may haveaccumulatedsimultaneously i n  various 
env i ronen t s  (e.g., interdis t r ibutarybay,del tafront ,prodel ta ,  
abyssalplain) where the chiefsedimentary process was deposition
shale.of If a specific intervalof time and associated global

conditions,ratherthanlocalfacies settings, provided the dominant 
controlsforsource bed accumulation, then  source beds i n  the 
Brookian sequence may be found t o  be paleogeographicallywidespread, 
b u t  confinedto a cer ta in  in te rva l  of geologictime. 

The potentialsource bed zone inthePoint Thomson area wells 
roughlycoincides w i t h  an in te rva l  tha t  may be earlyOligocene i n  
age,based upon palynologicalevidence ( J .  Larson,personal commun., 
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June1985). The mid-Oligocene(30 m.y.1 i s  t h o u g h tt oc o i n c i d ew i t h  

t h e  e n d  o f  a wor ldwide  cyc le  o f  maximum mar ine  t ransgress ion  (Va i l  and 

others,  1977, f i g .2 )  and r e l a t i v eg l o b a l  warmth(KeigwinandKeller, 

1984,p.16; Keigwin, 1980,p.723). Ear lyOl igocenet ime may thus 

represent  a u n i q u ep e r i o di nt h e  d e p o s i t i o n a l  h i s t o r yo ft h eB r o o k i a n  

sequence.Demaison andMoore(1980,p.1204)haveemphasized t h a t  

known o i l  sourcebedsystems i n  t h e  s t r a t i g r a p h i c  r e c o r d  a r e  n o t  

randomly  d i s t r i bu ted ,  bu t  co inc ide  w i th  pe r iods  o f  wor ldw ide  

t ransgress ion  andoceanicanoxia.Nor thofthecontro lwel ls ,  

f ac ies -equ iva len t  bu t  younger  s t ra ta  may havebeendeposited i n  a 

c l i m a t i c  s e t t i n g  o r  s e a - l e v e l  s t a n d  much d i f f e r e n t  f r o m  t h a t  w h i c h  

preva i leddur ingear lyOl igocenet ime.Chang ingg loba lcond i t ions  

may haveprecludedtheformat ionofsourcebeds i n  t h e  t r a n s i t i o n  

zone f a c i e s  s e t t i n g  i n  y o u n g e r  T e r t i a r y  s h a l e s  i n  more n o r t h e r n  p a r t s  

o ft h eB r o o k i a nd e l t a i c  system. However, t h i shypo thes i scanno t  be 

evaluated i n  t h e  absence o fo f f sho rewe l lda ta .Fo rthep resen t ,  we 

assume n o r t h w a r d  c o n t i n u i t y  o f  t h e  s o u r c e  beds, e i t h e r  a s  

fac ies-equ iva len t ,youngers t ra ta ,o rast ime-equ iva len ts t ra tafo rmed 

i nd i f f e r e n te n v i r o n m e n t a ls e t t i n g s .I ne i t h e r  case, po ten t ia lsource  

beds a r e  presumed toex tendnor thwardwi th intheBrook ian  sequence 

i n t o  o f f s h o r e  a r e a s  o f  t h e  K a k t o v i k  and, poss ib ly ,  Nuwuk Basins. 


Sourcebedscapable o f  genera t ing  l iqu id  hydrocarbons  may be 
presentelsewhere i n  theCenozoicBrookiansedimentary sequence, 
bu tremainla rge lyundetec tedatpresentbyconvent iona lgeochemica l  
and v isualkerogenanalyses.Explorat ionwel ls  on theCanadian 
Beaufor tshe l fhavefoundapparent lyau tochthonousl igh to i land 
gascondensate i n  Cenozo icsed imentswh ichexh ib i tinsu f f i c ien t  
l e v e l s  o f  t he rma lma tu r i t y( l essthan  0.6% V R ~ )  f o r  o i l  g e n e r a t i o n .  
These l i q u i d  hydrocarbonsarealsoanomalousbecausetheyappear 
t o  havebeen der ived  f rom sed iments  conta in ing  pr imar i l y  Type I11 
(humic)organ icmat te r ,genera l l yassoc fa tedwi th  gas-phase . 
hydrocarbons. Snowdon (1980)and Snowdon and Powell(1982)suggest 
t h a t  t h e s e  anomalous l i g h t  o i l s  wereder ived f rom thermalmaturat ion 
o f  r e s i n i t e  ( a  macera lder ivedf romtreeresfns)  o r  f romdispersed 
r e s i n o u sm a t e r i a l .R e s i n i t ei s  a p rominen tcons t i t uen to fthe  
Eocenebrown c o a l s  o f  Germany and t h e  T e r t i a r y  c o a l s  o f  J a p a n  
(Stachandothers, 1982, p. 118-1191, b u t  i s  a l s o  f o u n d  i n  
CarboniferousandCretaceouscoals.Thisorganic component o f  t h e  
Brookiansediments may havebeenoverlooked i n  r o u t i n e  geochemical 
s tud ies.  I f  it occurs i n  s u f f i c i e n t  abundance i nt h eB r o o k i a n  
sequence, T e r t i a r y  r o c k s  a t  r e l a t i v e l y  s h a l l o w  d e p t h s  and low 
l e v e l s  o ft h e r m a lm a t u r i t y  may o f f e r  a much g r e a t e r  p o t e n t i a l  f o r  
generat ion o f  l i q u i d  hydrocarbonsthanpreviouslythought.  
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Geothermal Gradients on the Beaufort Shelf 

The geothermal gradients measured i n  wells acrosstheArctic 
coastal  plain of northernAlaskavary widely,as i l l u s t r a t e d  i n  
the  geothermal map presented i n  f igure  18. Between 148O and 154' 
westlongitude,theareas of h i g h  heatfluxgenerallyfollowthe 
ax is  of the BarrowArch.West of 154", thehighestgeothermal
gradien ts  l i e  south  of the BarrowArch (which pa ra l l e l s  t he  coas t l i ne )
and extendthrough the Husky-NPRA South MeadeNo. 1 well. T h i s  well 
measured the highest reported geothermal gradient (47 W k m )  on the  
North Slope of Alaska(Blanchard and Tai l leur ,  1982a, p. 47 ) .  East 
of 148" westlongitude,thenorthwest-trendingaxisofthe Barrow 
Arch i s  overprinted by thenortheast-trending Camden Basin. The 
Camden Basin i s  a LateCretaceous toTertiaryforedeepdeveloped
north of the Sadlerochit  Mountains tha t  con ta ins  a t  l ea s t  13 ,000  
f e e t  of Tertiarysedimentsonshore. As a r e s u l t  of rapidsubsidence 
and h i g h  sedimentationrates, geothermal grad ien tsare  somewhat 
lower i n  the  Camden Basin. The compositeaveragegradient from 
severalwells i n  thePoint Thomson area i s  33 O C / k m  ( f i g .  18). 

Geothermal gradients comparable to  those  measured alongthe 
presentcoastlineareinferredtoextendintothegeologicalTy
similarnearshoreareas o f  the Arct icPlatform(fig.18) .  An 
averagegradient of approximately 36 "C/km probably characterizes 
theseareas ,  w i t h  the possible exception of the easternmost pa r t s  of 
province IB i n  the Camden Basin, where, a s  noted above, the gradient  
may be a s  low as 33 O C / k m .  Lower geothermal grad ien tsareant ic ipa ted
north of the Hinge Line (f ig .  18)  i n  the Nuwuk and KaktovikBasins. 
Both of theseareas  were sites ofsubstantialbasinalsubsidence 
and sedimentationduringCretaceous andCenozoic time. The only
information on the  thermal s t ruc ture  of these remote provinces i s  
a well i n  Canadian waters a few tens of miles e a s t  of the  U.S.-Canadian 
border. The Dome Natsek E-56 wellmeasured an uncorrected geothermal
gradientof 26.7 "C/km ( f ig .  18). Although insuf f ic ien tda taare  
ava i lab le  for  the  appl ica t ion  of Horner-typecorrections t o  the 
thermaldata from this wel l ,re la t ivelylongresidencet imesfor  
uncirculated mud ( u p  t o  20 hours)precededmostloggingsurveys.
The temperaturedataobtained i n  routinelogging runs i n  the Natsek 
well arethereforeconsideredtoapproximatestatic(true)formation 
temperatures. 



Prov ince   

The geothermalgrad ien tsin fe r redaboveforthepr inc ipa l  
pe t ro leum p rov inces  o f  t he  Beau fo r t  she l f  can  be  used  to  es t ima te  
t h e  minimum bur ia ldep thsrequ i redtoach ievesu f f i c i en tthe rma l  
matura t ionoforgan icmat te rfo rhydrocarbongenera t ion .  These 
minimum d e p t h s  f o r  t h e  t o p  o f  t h e  ? o i l  window" aretabulatedbelow.  
The the rma lrangesfo ro i lgenera t i on  and dest ruct ionusedhere 
wereobtained from an o rgan ic  ma tu ra t i on  cha r t  pub l i shed  by Hunt 
(1979, f i g s .  7-42, 7-49) and t ime- tempera turere la t ionsh ipsdescr ibed 
by Oow (1977, f i g s .  13, 15).  Because o ft h ee f f e c to ft h e r m a l  
exposuretime on thematurat ionofkerogen,youngersedimentsmust 
beheatedtohighertemperaturesthanoldersediments i n  o r d e r  t o  
reach cor respond ing  leve ls  o f  thermal  m a t u r i t y ,  o re q u a lv a l u e so f  
v i t r i n i t er e f l e c t a n c e .  Subsidence i n  t h e  A r c t i c  P la t fo rm,the  
Camden Basin,andsouthernpar tsofthe Nuwuk B a s i n  o c c u r r e d  p r i m a r i l y
duringCretaceoustime,whereassubsidence i n  t h e  o u t e r  Nuwuk Basin 
andtheKaktov ikBas inoccur redpr imar i l y  i n  T e r t i a r y  time. Thus, 
t h e  m a t u r a t i o n  h i s t o r y  o f  t h e  A r c t i c  P l a t f o r m ,  Camden Basin,and 
perhaps thesouthernmostparts o f  t h e  Nuwuk Basin i s  c o n s i d e r e d  t o  

resemble tha t  o f  t he  Cre taceous  t r e n d  o f  t h e  Louis ianaGulfCoast,  

where t h e  o i l  window i s  found t o  l i e  between100and 136 'C (0.6 

t o  1.35 p e r c e n tv i t r i n i t er e f l e c t a n c e ) .  In c o n t r a s t ,a r e a so f  

Ter t ia ry  subs idence nor th  o f  the  H inge L ine  are  probab ly  more 

analogous, f o r  example, t o  t h e  l o w e r  t o  m i d d l  e MioceneGulfCoast 

t r e n d  (Dow, 1977, f i g .13 ) ,  where t h e  o i l  window i s  p r o j e c t e d  t o  

1i e  between131and198 "C (0.6 t o  1.35 p e r c e n t  v i t r i n i t e  r e f l e c t a n c e ) .  


Pred ic ted  
Geothermal 

Grad ien t  Oil Generat ion Oil D e s t r u c t i o n  

A r c t i c  P l a t f o r m  
(prov inces  I A ,  36 'Cjkm 9,200 f e e t  12,300 f e e t  
I B ,  I C )  (100 "C) (136 "C) 

Camden Basin 
( e a s t e r np a r t so f  
p rov inces  I A ,  19) 

33 'Cjkm 10,200 f e e t  
(100 "C) 

13,700 f e e t  
(136 "C) 

Kaktov ik  and 
o u t e r  Nuwuk Basins 
(p rov inces  IIA, 

27 "C/km 15,400 f e e t  
(131 "C) 

23,500 f e e t  
(198 "C) 

115, IIC) 

Southern Nuwuk27 
Basin ( p rov ince  I IA )  

'Cjkm 12,200 f e e t  
(100 "C) 

16,500 f e e t  
(136 "C) 
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The useof  a t e m p e r a t u r e  v a l u e  t o  d e f i n e  m a t u r i t y  i n  t h e  r o c k s  
o f  t h e  Nuwuk andKaktovikBasins i s  p r o b a b l y  j u s t i f i e d  because 
ma tu ra t i on  and o i l  g e n e r a t i o n  a r e  youngandareprobablyrelated 
t o  e q u a l l y  young, rap id  subs idencew i th in  the  depocen te rs(T i sso t
andWelte,1984,’~.619).Thisassumption may b el e s sv a l i df o r  
oldersourcebeds within the  E l l esmer ian  and Rift sequences o f  t h e  
A r c t i cP l a t f o r m .I nt h eP o i n t  Thomson area (Camden B a s i n ) ,  v i t r i n i t e  
r e f l e c t a n c e  v a l u e s  f o r  Rift sequencebedscompare f a v o r a b l y  w i t h  
m a t u r i t y  1eve ls  p red ic ted  f rom we l lbore  geothermal  da ta  (p la tes  8, 
9, and10). However, i nw e l l si nn o r t h w e s t e r n  NPRA, E l lesmer ian  
and Rift sequencesourcebeds e x h i b i t  l e v e l s  o f  t h e r m a l  m a t u r i t y  
(Magoon and B i rd ,  1986)whichexceedthosepredictedbypresent 
bu r ia ldep ths  andgeothermalregimes.Thissuggests a p r i o rh i s t o r y  
o f  deeper b u r i a lf o rt h e s er o c k s .  

Thermalmodels f o r  rift zones (Falvey,1974,p.96)predict  
elevatedgeothermalgradientsprecedingandaccompanyingtheactual 
r i f t  event .OldersedimentsontheArct icPlat form may haveaccordingly 
been s u b j e c t e d  t o  a thermalenvironmentdur ingthe rift eventwhich 
was much d i f f e r e n t  t h a n  t h a t  w h i c h  e x i s t s  a t  p r e s e n t .  V i t r i n i t e  
r e f l e c t a n c ed a t af o rt h eI n i g o k  No. 1 wel l(Lercheandothers,  
1984, f i g .  l ) ,  f o r  example, suggest a p a s th i s t o r yo fe l e v a t e d  
heatf low.  However, e x i s t i n gd a t a  (Magoon andBird,1986)from 
coas ta l  we1 1s along the southern marg in o f  t he  p lann ing  a rea  i nd i ca te  
t h e r m a l  i m m a t u r i t y  t o  e a r l y  p e a k - o i l  l e v e l s  o f  m a t u r i t y  f o r  Rift 
sequenceand oldersourcebeds (e.g., p l a t e s  8, 9, and 10).
I s o r e f l e c t a n c e  maps publ ishedby Magoon and B i r d  (1986, f i g s .  1 2  
and 18) f o r  r o c k  u n i t s  i n  NPRA document a p a t t e r n  o f  i n c r e a s i n g  
thermalmatur i t ytothesouth ,  away f romthe rift zone. Th is  does 
no t  suppor t  an  assoc ia t i on  o f  e leva ted  hea t  f l ow  w i th  the  rift 
a x i sd u r i n gt h e  r i f t  event. However, t h i s  map pa t te rnp robab ly  
more c l o s e l yr e f l e c t sp a t t e r n so fb u r i a lh i s t o r y ,r a t h e rt h a n  . 
a r e a lv a r i a t i o ni nh e a tf l o w .  Because pre-Brookianbeds were a t  
sha l lowbur ia ldepthsnearthe  r i f t  zone a t  t h e  t i m e  o f  r i f t i n g ,  
t h r e s h o l d  t e m p e r a t u r e s  f o r  t h e  i n i t i a t i o n  o f  v i t r i n i t e  m a t u r a t i o n  
wereprobablynotreached. The e a r l yh i s t o r y  o f  h ighhea tf l ow  
a s s o c i a t e d  w i t h  t h e  rift eventprobablyhad l i t t l e  or no e f f e c t  o n  
t h e  p r e s e n t  d i s t r i b u t i o n  o f  t h e r m a l  m a t u r i t y  w i t h i n  E l l e s m e r i a n  o r  
Rift sequencesourcebedson t h e  A r c t i c  P l a t f o r m .  
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Potential Reservoir Formations 

In thefo l lowingparagraphs,  a s y n o p t i c  d e s c r i p t i o n  i s  p r e s e n t e d  
f o r  each po ten t i a lrese rvo i rfo rma t ionwh ich  may occur i n  t h e  

Beaufor t  Sea P lann ing  Area ( f i g .  3 ) .  The desc r ip t i onsa reob ta ined  

fromanonshoredata base,and t h ed i s t r i b u t i o n ,  f a c i e ss e t t i n g ,  

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

canonly be conjectured.Mostoftheformat ionsdescr ibedarenot  

producinghydrocarbons a t  p r e s e n t ,  and i n  onshoreareas,severaldo 

notoccur i n  s u f f i c i e n t  t h i c k n e s s  o r  w i t h  adequate  reservo i r  p roper t ies  

t o  beevenconsideredcapableofsupport ing a development f a c i l i t y . 

It i s  recognized,however, t h a t  t h e  t h i c k n e s s  a n d  r e s e r v o i r  q u a l i t y  

o f  theserockun i ts  may i n c r e a s e  i n  d i f f e r e n t  f a c i e s  s e t t i n g s  o f f s h o r e .  


The most p r o l i f i c  r e s e r v o i r  f o r m a t i o n  o f  t h e  E l l e s m e r i a n  sequence 
i s  theIvishaksandstone,which i s  t h e  p r i n c i p a l  r e s e r v o i r  i n  t h e  
Prudhoe Bay f i e l d  ( f i g .  3 ) .  Development o fl e s sa t t r a c t i v er e s e r v o i r s  
i n  o t h e r  f i e l d s  n e a r  Prudhoe Bay has on ly  been made poss ib le  by  the  
i n f r a s t r u c t u r e  which was cons t ruc ted  t o  develop theIv i shakrese rvo i r  
i n  t h e  Prudhoe Bay f i e l d .  C lea r l y ,  t heIv i shak  Formationmust be 
cons idered the  pr imary  reservo i r  ob jec t ive  w i th in  the  Bar row Arch  
p r o v i n c e ,  w i t h  a l l  o t h e r  u n i t s  f o r m i n g  secondary ,lessa t t rac t i ve  
ob jec t ives .  

W i t h i n  t h e  Nuwuk and Kaktov ikBasins,El lesmer ianreservo i r  
s t r a t aa r ee i t h e ra b s e n to rl i ea td e p t h se x c e e d i n g  20,000 f e e t .  I n  
these  p rov inces ,  on l y  sands tones  o f  t heBrook ian  f l uv ia l -de l ta i c  
f a c i e s  may occur i n  s u f f i c i e n t  t h i c k n e s s e s  and w i th  adequate  reservo i r  
q u a l i t y  t o  becons ide reda t t rac t i veexp lo ra t i onob jec t i ves .  More 
deeplyburiedBrookiansandstonesthataccumulated i n  o t h e r  f a c i e s  
set t ings,such as t u r b i d i t e s  d e p o s i t e d  i n  submarinefancomplexes, 
a re  much more r i s k y  o b j e c t i v e s ,  andcan onlybeconsideredsecondary 
e x p l o r a t i o n  t a r g e t s .  

DEVONIAN CLASTIC ROCKS AND CARBONATES 

Clast icrocksandcarbonatesofDevonian age are  known onlyfrom 
sur faceoutc rops tud ieso fa l loch thonousthrus tsheetsintheBrooks  
Range f a rs o u t h  o f  theBeaufor t  Sea Planning Area. No age-equivalent,  
undeformedrocksare known t o  occur i n  any wel lswhichhavepenetrated 
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basementneartheArct iccoast.  However, s t r a t ap o s s i b l ye q u i v a l e n t  
tothea l loch thonousDevon ian  sequenceexposed i n  t h e  Brooks Range 
a r e  i n f e r r e d  t o  o c c u r  i n  t h e  N o r t h e a s t  ChukchiBasinbeneaththe 
Chukchi she l fp rov ince .  

The KanayutConglomerate(UpperDevonian)ranges i n  t h i c k n e s s  
f rom 2,600 meters i n  t h e  e a s t - c e n t r a l  B r o o k s  Range to  app rox ima te l y  
300meters i nthewes te rnBrooks  Range ( N i l s e n  andMoore,19B2b). 
InthewesternBrooks  Range, thelowerpar to ftheKanayut
Conglomerategrades i n t o  t h e  NoatakSandstone(Nilsenand Moore, 
1982b, p .9 ) ,es t imatedtoreach 1,000 meters i n  t h i c k n e s s  ( T a i l l e u r  
andothers,1967). The KanayutandNoatak sequences c o n s i s t  o f  
sandstones,conglomerates,andshalesdeposited i n  a f l u v i a l  t o  
nearshoremar ineset t ingwhichf lanked a h igh landsourceter raneto  
t h en o r t h  and e a s t( N i l s e n  and Moore, 1982b).Althoughtheserocks 
a r ew e l li n d u r a t e di ns u r f a c ee x p o s u r e s ,t h e i rp o t e n t i a lr e s e r v o i r  
q u a l i t yi nt h es u b s u r f a c e  i s  unknown. No p o r o s i t yo rp e r m e a b i l i t y  
da taarepresent lyava i lab le .  

TheUpperDevonian c l a s t i c  sequence (Endicot tGroup)conta in ing 
theKanayutConglomerate,NoatakSandstone,andHuntForkShale i s  

under la in  by  p la t fo rm ca rbona tes  o f  t he  Ba i rd  Group ( N i l s e n  and 

Moore, 1982b, p. 1 )  o f  M i d d l e  t o  LateDevonian age ( T a i l l e u r  and 

Brosge, 1970, p. E4). We speculatethattheseDevoniancarbonates 

may be e q u i v a l e n t  t o  t h e  b a s a l  c a r b o n a t e  u n i t  i d e n t i f i e d  i n  t h e  

NortheastChukchiBasin. No i n f o r m a t i o ni sp r e s e n t l ya v a i l a b l e  on 

t h er e s e r v o i rp o t e n t i a lo ft h eB a i r d  Group rocks.Deformedsequences

of  lower  Pa leozo ic  carbonates  (Katak turuk  Do lomi te  and Nanook 

Limestone)arealso known fromsurfaceexposures i n  t h e  n o r t h e a s t e r n  

Brooks.Range.Avai lab ledatasuggestthatthereservo i rqual i ty 

o f  t h e s e  r o c k s  i s  p o o r ,  w i t h  p o r o s i t i e s  no grea terthan 1.9 percent  

repo r ted  fo r  l imes tones  and  no grea terthan 5 p e r c e n t  r e p o r t e d  f o r  

dolomi tes(Dutro,  1970, p.  M2-M3). However, moderatelydeformed 

to  und is tu rbed Devon ian  carbonates  are  known t o  c o n t a i n  numerous 

petroleumaccumulations i nc e n t r a lA l b e r t aP r o v i n c e ,  Canada 

(Barssandothers, 1970; Hemphill and others,1970),and a t  t h e  Norman 

Wel l sf i e ld ,Nor thwes tTe r r i t o r i es ,  Canada (Meyerhoff, 1982, p. 525).  

Devoniancarbonates may, there fore ,beregardedaspoten t ia lreservo i r  

format ionswherevertheyarethoughttooccur  i n  subsurfacetraps. 


KEKIKTUKFORMATION (MISSISSIPPIAN) 

The Kek ik tukFormat ion ,par to ftheEnd ico t t  Group, i s  w i d e l y  
exposed i n  t h e  Brooks Range and i s  found inthesubsur faceac ross  
much o ft h eA r c t i cc o a s t a lp l a i n .W i t h i nt h eB e a u f o r t  Sea P lann ing  
AreaeastofBarrow,theKekiktukFormat ion i s  c o n f i n e d  t o  t h e  Barrow 
Archprovince. West o f  Barrow, i nt h eN o r t h e a s t  ChukchiBasin, many
thousands o f  f e e t  o f  s t r a t a  i n f e r r e d  t o  beage e q u i v a l e n t  t o  t h e  
E n d i c o t t  Group a rep resen t( f i g .7 ) .  These s t r a t a  may formthemost 
impor tan t  ob jec t i ve  i n  the  Chukch i  she l f  p rov ince .  

70 




A t  surfaceexposures and i n  most wel ls,  thepr imary p o r o s i t y '
ofKekiktuksandstonesand conglomerates i s  observed t o  be completely
o c c l u d e db ys i l i c a  cement.For t h i s  reason,theformation was n o t  
regardedas a s i g n i f i c a n t  p o t e n t i a l  r e s e r v o i r  u n t i l  t h e  d i s c o v e r y  

o f  t h e  E n d i c o t t  f i e l d .  A t  t h i s  l o c a t i o n  n o r t h e a s t  o f  Prudhoe Bay,

Kekiktuksandstonesare much lessthorough ly  cementedandformthe 

p r i n c i p a lr e s e r v o i rw i t h i nt h ef i e l d .R e s e r v o i ri n t e r v a l si nt h e  

E n d i c o t t  f i e l d  possess an average poros i ty  o f  20 percent  (A laska 

Oil and Gas Conservat ion Comnission, 1984, p. 57) and t h e  average

p e r m e a b i l i t y  o f  some zones may rangeup t o  1,100 millidarcys  (Behrman 

andothers, 1985, p. 656). The s t u d i e so f  Behrman and o thers  

(1985)suggestthattheporenetwork i n  t h e  K e k i k t u k  sandstones 

w i t h i n  t h e  E n d i c o t t  f i e l d  hasbeenenhancedbysecondaryleaching. 

However, even w i t h i n  t h e  f i e l d ,  a b r u p t  l a t e r a l  changes i n  sandstone 

th ickness  and n e t  sand conten t  a re  observed w i th in  the  Kek ik tuk  

Formation. I n  mostareasacrosstheArc t icP la t fo rmtheovera l l  

r e s e r v o i rq u a l i t yo ft h eK e k i k t u kF o r m a t i o ni sq u i t ep o o r .  The 

r e s e r v o i r  p o t e n t i a l  o f  t h i s  fo rmat ion  ( o r  i t s  s t r a t i g r a p h i c  

e q u i v a l e n t )i nt h e  Nor theas t  Chukchi Basin remains unknown. 


LISBURNE GROUP (MISSISSIPPIAN TO PENNSYLVANIAN) 

The L isburne Group i s  w ide ly  exposed a t  s u r f a c e  l o c a l i t i e s  
acrosstheBrooks Range andhasbeenpenetratedby many w e l l s  
a l o n gt h ec o a s t a lp l a i no fn o r t h e r nA l a s k a .  It i s  cons ide redto  
bepresentovermostoftheBarrowArchprov ince,but  it may p i n c h  
o u t  i n  t h e  southernmostpar to ftheChukchishel fprov ince.Beneath 
t h e  A r c t i c  c o a s t a l  p l a i n ,  t h e  L i s b u r n e  Group ranges up t o  4,000 
f e e t  i n  th icknessandcons is tsfundamenta l l yo f  two in formall imestone 
un i tssepara tedby  a d o l o m i t eu n i t( B i r d  andJordan,1977b). The 
d o l o m i t e  u n i t  hasbeenconsidered t o  formthepr imaryreservo i r  
o b j e c t i v e  w i t h i n  t h e  f o r m a t i o n ,  e x h i b i t i n g  p o r o s i t i e s  a v e r a g i n g  
from10 t o  15 pe rcen t  bu t  rang ing  as highas 27 p e r c e n t  l o c a l l y  
( B i r d  andJordan, 1977b, t a b l e  1). The L isburne Group conta ins  
o n l y  one known comnercialaccumulat ion and t h a t  i s  a t  t h e  Prudhoe 
Bay f i e l d .  There, t h eu p p e rl i m e s t o n eu n i tl i e sm a i n l yw i t h i nt h e  
Prudhoe o i l  column,whereas t h e  m a i n  d o l o m i t e  u n i t  l i e s  b e l o w  t h e  
o i l -watercontact .Never the less,theLisburnepool  i n  t h e  Prudhoe 
Bay f i e l d  i s  t h o u g h t  t o  c o n t a i n  2 t o  3 b i l l i o n  b a r r e l s  o f  o i l  i n  
p l a c e( E d r i c h ,1 9 8 5 ) .T e s t so fr e l a t i v e l yt h i nd o l o m i t e  beds i n  
t h e  u p p e r  l i m e s t o n e  u n i t  i n  t h e  P r u d h o e  o i l  columnhave y i e l d e d  
f l o w  r a t e s  o f  1,000 t o  1,500 b a r r e l s  o f  o i l  p e r  day (B i rd  and  
Jordan, 1977b, p .93 ) .S ign i f i can tde l i nea t ion  anddevelopment 
d r i l l i n g ,  however,has on ly  occu r red  w i th in  the  pas t  f ew  yea rs ,  
f o l l o w i n g  d e v e l o p m e n t  o f  t h e  i n f r a s t r u c t u r e  f o r  t h e  I v i s h a k  r e s e r v o i r  
i n  t h e  Prudhoe Bay f i e l d .  Oil hasbeen testedf romLisburnecarbonates 
a t  o t h e r  l o c a l i t i e s ,  b u t  no addi t ionalcomnercialaccumulat ions 
havebeenfound.Because o f  i t s  complex reservoirgeologyand 
genera l l y  poo r  rese rvo i r  qua l i t y ,  t he  L i sbu rne  Groupcan on ly  be 
considered a secondaryobject ive i n  theBarrowArchprovince. 



ECHOOKA FORMATION (PERMIAN) 

The Echooka Fo rmat ioncons is t s  o f  ve ry  f i ne - to  f i ne -g ra ined ,
muddy, g l a u c o n i t i c  sandstone. It i s  p r e s e n ti nt h es u b s u r f a c e  
a c r o s s  t h e  A r c t i c  c o a s t a l  p l a i n  b u t  t h i n s  d e p o s i t i o n a l l y  t o  t h e  
nor th .  It i s  probablyabsentovermostoftheBarrowArchprovince. 
The format ionreaches a t h i c k n e s s  o f  a t  l e a s t  250 fee t  ac ross  
c e n t r a l  NPRA, b u t  t h i n s  n o r t h w a r d  t o  a zero edge wh ichpro jec ts  
o f f s h o r ei n t ot h e  Chukchi s h e l fa tP e a r d  Bay. The Echooka Formation 
t h e r e f o r e  may no tex tendnor thwardin totheChukch ishe l fp rov ince( IC) .  
The fo rmat ion  i s  q u i t e  s h a l y  t o  t h e  s o u t h ,  b u t  becomes moresandy 
t ot h en o r t h( T e t r a  Tech,1982, f i g .  46) .  A t  t h e  USGS-Husky Peard 
No. 1 w e l l ,t h ef o r m a t i o nc o n s i s t so f  160 f e e t  o f  f i n e - g r a i n e d  
sands toneexh ib i t i ngco reporos i t i esrang ingf rom 10 t o  21 percent.  
However, r e s e r v o i rq u a l i t yi sq u i t ep o o r :p e r m e a b i l i t i e sr a n g e
from 0.0 t o  a maximum o f  2.5 m i l l i da rcys  (Husky  Oil NPR Operations, 
1982,p.E-1).Poor r e s e r v o i rq u a l i t yt y p i f i e st h e  Echooka Formation, 
andevenwhere it 1ies  w i th in  the  hydrocarbon co lumn a t  Prudhoe 
Bay, it does n o t  c o n s t i t u t e  an a t t r a c t i v e  r e s e r v o i r  ( J o n e s  a n d  
Speers, 1976,p.32). On thebas iso ftheseobserva t ions ,the  
Echooka Formation i s  c o n s i d e r e du n l i k e l yt of o r m  a p o t e n t i a l  r e s e r v o i r  
h o r i z o n  i n  any p a r t  o f  t h e  B e a u f o r t  Sea PlanningArea. 

IV ISHAK FORMATION (TRIASSIC) 

F luv ia l -de l  ta ic  sands tones  andconglomerates o f  t h e  I v i s h a k  
F o r m a t i o n  f o r m  t h e  m o s t  s i g n i f i c a n t  r e s e r v o i r  u n i t  on t h e  North 
Slope. The Iv ishakFormat ion i s  t h ep r i n c i p a lr e s e r v o i ri nt h e  
Prudhoe Bay f i e l d ,  where p o r o s i t i e s  c a n  r i s e  above 30 percentand 
p e r m e a b i l i t i e s  may exceedseveraldarcys(Morgridge and Smith, 
1972).These proper t iesaccount  i np a r tf o rt h ee x c e p t i o n a lr e s e r v e s  
a n d  p r o d u c t i v i t y  o f  t h i s  s u p e r - g i a n t  f i e l d .  

The d i s t r i b u t i o n  o f  t h e  I v i shak  Formation on t h e  Nor thSlope 
i s  i l l u s t r a t e d  i n  f i g u r e  19. In t h e  w e s t e r n  p a r t  o f  theBarrow 
Archprovince,theIvishakFormat ion i s  a b s e n tn o r t ho f  a depos i t i ona l  
limit shown asthe"ZeroIv i shakFormat ion "l i neinf i gu re  19. 
A longthecent ra lBeaufor tcoas t ,theIv ishakdepos i t iona l  edge i s  
t runca ted  by t h e  LCU. The Iv ishakFormat iont runcat ion  edge l i e s  
o f f s h o r e  and r o u g h l y  p a r a l l e l  t o  . t h e  p r e s e n t  c o a s t l i n e  ( f i g .  1 9 ) .  
In t h e  v i c i n i t y  o f  PrudhoeBay, it passessouthwardonshorebeneath 
theArc t iccoas ta lp la in .Innor theas ternA laska,sur facegeo logy  
(Re iser  andothers,1980)suggests a much more n o r t h e r n  p o s i t i o n
( n e a rt h ec o a s t l i n e )f o rt h i ss u b c r o pl i n e .  However, t h ed i s t r i b u t i o n  
o ftheIv i shakFormat ionbenea ththecoas ta lp la ino fno r theas te rn  
Alaskaremains unknown. The map i n  f i g u r e  19 i s  drawn t o  suggest 
t ha tno r theas te rnA laskaisunder la inby  a s u b t l e  s t r u c t u r a l  b a s i n  
o r  o u t l i e r  o f  E a r l y  Cretaceous age i n  wh ichEl lesmer ians t ra ta ,  
includingtheIvishakFormat ion,havebeenpreservedbeneaththe 
LCU. However, we r e c o g n i z et h a tt h e  map d i s t r i b u t i o n  o f  t h e  I v i s h a k  
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Formation and o t h e r  u n i t s  i n  n o r t h e a s t e r n  A l a s k a  may havebeen 
d i s tu rbed  by  no r thward -d i rec ted  th rus t  f au l t s  o f  C re taceous  and  
younger age. The p o s s i b l ei m p a c to f  such p o t e n t i a l l ys i g n i f i c a n t
s t ructura ld isp lacements,  however, cannot be eva lua tedw i ththe  
l i m i t e d  d a t a  a v a i l a b l e  a t  p r e s e n t .  

Eckelmannand others(1976)and McGowen and Bloch(1985)have 
recogn izedthepresenceof  a majorlobe i n  t h e  I v i s h a k  d e l t a i c  
system i n  t h e  v i c i n i t y  ofthePrudhoe Bay f i e l d .S i m i l a rc o n c l u s i o n s  
werereachedbyJonesandSpeers(1976, f i g s .1 4  and16).Figure 
19presents a n e t  sandisopach map fo rtheIv ishakFormat ion .  
Th is  map suggeststhat  maximum sand d e p o s i t i o n  i n  t h e  I v i s h a k  
system was focused a t  two p r i n c i p a l  l o c a l i t i e s  on theNorthSlope. 
The westernmostdepocenter(netsandgreaterthan 400 f e e t )  l i e s  
nearPrudhoe Bay and i s  designatedthe"Prudhoe Sand Maximum" i n  
f i g u r e  19. F inergra ined,d is ta l - fac iessandstonesandsi l ts tones 
possess ingpoorreservo i rcharacter is t icsgenera l lydominatethe 
Iv ishakFormat ion a t  any s i g n i f i c a n t  d i s t a n c e  f r o m  t h e  Prudhoe Bay 
area. A secondsanddepocenter o rd e l t a i cl o b ea p p e a r st o  be 
loca tedinnor theas ternA laskanearDemarcat ion  Bay, where su r face  
ou tc ropsconta in  390 f e e t  o f  sand i n  a s t r a t i g r a p h i c  s e c t i o n  
abbreviatedby an over ly ingunconfonni ty(Det terman,  1984, s e c t i o n  6). 
Thisexposure and o t h e r  measured sect ions a long the Egaksrak River  
publishedbyDetterman(1974;1984) show thatthesandstones o f  
theIv ishakFormat ionareth icker  andmore conglomerat ic i n  those 
areasthan i n  ou tc rops  fa r the r  sou th  andwest,where a more d i s t a l  
fac iesappearsto  be dominatedbyf ine-grainedsandstone,si l tstone, 
andshale. These observationspromptedDetterman(1981, p .  39) t o  
suggesttheex is tenceof  a secondmajordeltacomplex i n  t h e  I v i s h a k  
deposi t ionalsystem i nn o r t h e a s t e r nA l a s k a .T h i si sd e s i g n a t e d
the"Demarcation Sand Maximum" i n  f i g u r e  19. T h i se a s t e r nd e l t a i c  
lobe may be t imeequiva lent ,  as w e l l  asfac iesequiva lent ,  t o  t h e  
depocenternearPrudhoe Bay. The e x i s t e n c eo f  an e a s t e r nd e l t a i c  
lobewhich may have loca l i zed  the  accumu la t i on  o f  a r e s e r v o i r  
sequencecomparable t o  t h a t  f o u n d  a t  Prudhoe Bay i s  v e r y  s i g n i f i c a n t  
t othep rospec t i venesso fno r theas te rnA laska  (ANWR) aswel l  as 
OCS waters i n  t h e  e a s t e r n  B e a u f o r t  Sea. 

I n  t h e  K a v i k  gas f i e l d ,  80 m i les  sou thwes t  o f  Ba r te r  I s land ,  
Iv ishakFormat ionporos i t iesrangef rom 5 t o  12percent(Mastand 
others,  1980, f i g .  31. P o r o s i t i e so fo n l y  2 t o  10 percentare  
r e p o r t e d  f o r  o u t c r o p  specimens o f  I v i s h a k  s a n d s t o n e  i n  t h e  
northeasternBrooks Range (Palmerandothers,1979). However, on 
the  bas i s  o f  t he  pa leogeograph ic  model presented above, we speculate 
t h a t  t h e  r e s e r v o i r  q u a l i t y  o f  t h e  I v i s h a k  F o r m a t i o n  i n  n o r t h e a s t e r n  
Alaska may improve tothenor thbenea ththecoas ta lp la inconcomi tan t  
w i ththedeve lopmento f  a coarsergra inedf luv ia l -dominatedfac ies  
asfound a t  Prudhoe Bay. 

D is ta l  f ac ies  o f  t he  I v i shakFormat ion  wes t  andsouthofPrudhoe 
Bay are  composed la rge ly  o f  f i ne -g ra ined  sands tone  c lose ly  i n te rbedded  
w i t hs i l t s t o n e  and sha le .Acco rd ing l y ,therese rvo i rqua l i t yo fthe  
Iv ishakFormat ion i n  t h e  B e a u f o r t  Sea P lann ing  Area i s  probablypoor  
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west of 154O west longitude. Because of the pat tern of increasing
shal iness  to  the west, the IvishakFormation i s  not 1ike ly  to  form 
an attractivereservoirformationin the Chukchi shelfprovince of 
the Beaufort Sea Planning Area. 

SAG FORMATION (TRIASSIC TO JURASSIC)RIVER 

The Sag River Formation i s  i n f e r r e d  from geophysical mapping 
t o  be presentbeneath mostof the BarrowArch province. I t  i s  
a lso thought  to  be presentbeneath much of the southernhalfof 
the Chukchi shelfprovince. The Sag River Formationcontains 
highlybioturbated,glauconitic, muddy, veryfine-tofine-grained
sandstone(Jones and Speers,1976, p .  41). The formation ranges in  
thickness a l o n g  the BarrowArch from approximately 50 f e e t  a t  Prudhoe 
Bay t o  70 f e e t  nearPoint Barrow. The presence of abundant d e t r i t a l  
matrixcoupled w i t h  diagenetic cements and compaction have severely
impacted the reservoirqualityof the sandstones(Barnes,1985).
Jamison and others(1980, p.  304) r epor t  t ha t  an averageporosity
of 25 percent and permeabili t ies up  t o  270 millidarcys are observed 
where reservoi r  qua l i ty  i s  best developedin the north p a r t  ofthe 
Prudhoe Bay f i e l d .  The Sag Riversandstonecontainsoil shows a t  
numerous l o c a l i t i e s  and hasyieldedoi lindri l l  stem tests. 
However, because of the poor overal lreservoirqual i ty  of the 
formation and becauseof i t s  l i m i t e d  thickness, the  Sag River 
Formation i s  not generally considered an a t t rac t ive  objec t ive  on 
the North Slopeor i n  the Beaufort Sea Planning Area. 

SIMPSON AND BARROW SANDSTONES (JURASSIC) 

Sandstones interbedded w i t h  the shales of the Kingak Formation 
a re  found in  the subsurface i n  the northwesternQart of the North 
Slope.In con t r a s tto  the regionallywidespread Sag Riversandstone, 
these younger Jurassic sandstones are known only from wells i n  
western NPRA. The uppermost o f  the two majorsandstonebodies, 
informally termed the "Simpson" sand, i s  approximately130feet 
thick.  The lowersandstone,termed the "Barrow" sand, i s  approximately
120 fee tth ick .  The Simpson sand i s  found south and e a s t  ofBarrow, 
b u t  i s  truncated by the LCU i n  the v ic in i ty  of Barrow. The Barrow 
sands a r e  found i n  the  subsurface i n  the v i c in i ty  of Point Barrow. 
Similarfacies-equivalentsandstonesareprobably present throughout
the Jurass ic  section offshore southwest of Barrow in  the C h u k c h i  
shelfprovince. Because of their limitedeastward extent and 
because of the truncation of the entire Jurassic section to the 
north a t  the LCU, these sands are unl ikely to  be present offshore 
i n  the Barrow Arch province. 

The Simpson sand i s  a s i l t y ,  very f ine- t o  medium-grained
glauconiticsandstone. A coreof the most well-developedpartof 
the Simpson sand body i n  the USGS-Husky Peard No. 1 wellyielded
porositiesranging u p  t o  25 percent b u t  permeabili t ies no greater
than 0.5 mill idarcys (Husky Oil NPR Operations,1982, p. E - 1 ) .  



The Bar rowsands tonesaretyp i ca l l ys i l t y ,a rg i l l aceous ,ve ry  
f i n e -t o( l o c a l l y )c o a r s e - g r a i n e d ,  and commonly g l a u c o n i t i c  ( C o l l i n s ,
1961). I nt h e  SouthBarrowTest No. 2 wel l ,coresrecoveredfrom 
t h e  Barrowsand y i e l d e d  an averageporos i tyo f  17 percent and 
permeab i l i t iesrang ingf rom 8 t o  20 m i l l i d a r c y s  ( C o l l i n s ,  1961,p.603). 
I n  t h e  SouthBarrowTest No. 3 we1 1, twospecimens ofcoresrecovered 
f romtheBar rowsandy ie ldedporos i t ieso f10to  25 percent  and 
p e r m e a b i l i t i e so f  7.8 t o  9.0 m i l l i d a r c y s( C o l l i n s ,  1961). I nt h eE a s t  
Barrow gas f i e l d ,  a lowersandstone l e n s  w i t h i n  t h e  Barrowsandstones 
y i e l d e d  an average c o r e  p o r o s i t y  o f  21 percent and an average 
p e r m e a b i l i t yo f  552 m i l l i d a r c y s( G r u y  and Associates,1978, p. 7 ) .  
However, t h e  ave rageporos i t yo fthe  sands i n  t h e  SouthBarrow 
f i e l d  i s  16.8 percent  and theaveragepermeabi l i ty  i s  o n l y  24 
m i l l i d a r c y s  (GruyandAssociates,1979, p. 5). 

Gas i s  p r e s e n t l y  be ing produced from t h e  Barrowsandstones as 
a source o f  energy f o r  t h e  v i l l a g e  o f  Barrow andnearbygovernment
f a c i l i t i e s .  The p r o d u c t i o no ft h i s  gas i s  n o t  commercial lyviable,  
but  i s  made poss ib leth roughsubs id ies  by t h e  U.S. Government 
(Lantz,1981, p. 199). 

These d a t a  i n d i c a t e  t h a t  t h e  o v e r a l l  r e s e r v o i r  q u a l i t y  o f  t h e  
Jurassicsandstones i s  poor,apparent ly as a consequence o f  f i n e  
g r a i ns i z e ,h i g hi n i t i a lm a t r i xc o n t e n t ,  and t h e  i n t r o d u c t i o n  o f  
d iagenet ic  cements. Good r e s e r v o i rq u a l i t yi sl o c a l l yf o u n di n  
some minorsandbodies. Because o ft h el i m i t e dt h i c k n e s so ft h e s e  
sandstonesand t h e i r  e r r a t i c  r e s e r v o i r  q u a l i t y ,  t h e y  a r e  c o n s i d e r e d  
t o  r e p r e s e n t  o n l y  m a r g i n a l l y  a t t r a c t i v e  r e s e r v o i r  o b j e c t i v e s ,  
p r i m a r i l y  c o n f i n e d  t o  t h e  Chukchi she l fp rov ince .  

KUPARIJK FORMATION(EARLY CRETACEOUS) 

The KuparukFormationconsistsof a sequence o fi n te rbedded  
shales and veryf ine-tocoarse-gra ined,quar tzose,g laucon i t i c  
sandstoneswhichoverl iestheKingakShale (Carman andHardwick, 
1983).Sandstonesoccur i ni n d i v i d u a lb o d i e su pt o1 5 0f e e tt h i c k .  
The KuparukFormationoccursonly i n  onshoreareas and i n  nearshore 
par tso ftheBar rowArchprov ince  west and n o r t h  o f  Prudhoe Bay 
(Jamisonand others,  1980, f i g .  18). Because o fnor thward  
s t r a t i g r a p h i c  t h i n n i n g  and t r u n c a t i o n  a t  t h e  o v e r l y i n g  LCU, t h e  
KuparukFormationprobably does no tex tendfa rno r thwardin too f f sho re  
OCS waters. However, i t  may u n d e r l i e  some Federal OCS t r a c t s  
s o u t h  o f  t h e  b a r r i e r  i s l a n d s  between t h e  d e l t a s  o f  t h e  C o l v i l l e  
andSagavanirktokRivers. 

The KuparukFormation i s  g e n e r a l l y  d i v i d e d  i n t o  two memberson 
t h eb a s i s  o fd i s t i n c t i v e  l i t h o l o g i e s ,d e p o s i t i o n a l  s e t t i n g s ,  and 
r e s e r v o i rp r o p e r t i e s  (Carman and Hardwick,1983, f i g .8 ) .I nt h e  
upper member, poros i ty(most lyo fsecondaryor ig in )averages  23 
percent  and ranges l o c a l l y  up t o  33 percent ;permeab i l i t iesaverage 
130 m i l l i da rcys ,bu trange  up t o  1,500 mi l l idarcys(Egger t ,1985) .  
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I n  t h e  sandstones o ft h el o w e r  member, p o r o s i t y( c h i e f l yp r i m a r y )  
alsoaverages 23 percent,butranges up t o  30percent ;permeabi l i t ies  
average100 m i l l i d a r c y s ,  b u t  may range up t o  500 m i l l i d a r c y s  ( E g g e r t ,  
1985). 

Oil hasbeen recovered i nf o r m a t i o nt e s t sf r o mt h e  Kuparuk 
Formation a t  numerous onshore l o c a l i t i e s  n o r t h  andwest o f  t h e  
Prudhoe Bay f i e l d .  However, c u r r e n tp r o d u c t i o ni sl i m i t e dt o  an 
area10 t o  30 m i les  west o f  Prudhoe Bay. The p r e s e n t l y  mapped 
Kuparukpoolcovers 300 squaremiles(anareaapproximatelyequal 
t o  30 OCS t r a c t s ) ,  w i t h  a v e r t i c a l  c l o s u r e  o f  a b o u t  1,100 f e e t  
(Carman and Hardwick,1983, p. 1024).Ul t imaterecoverablereserves 
a r ee s t i m a t e dt o  be between 1.0 and 1.5 b i l l i o n  b a r r e l s  (Carman 
and Hardwick,1983, p. 1014),makingtheKuparuk f i e l d  t h e  second 
l a r g e s ti nt h eU n i t e dS t a t e s .A d d i t i o n a lp r o d u c t i o nf r o m  Kuparuk 
Formationsandstones a t  t h e  1 0 0 - m i l l i o n - b a r r e l  M i l n e  P o i n t  f i e l d  
i s  scheduled t o  b e g i n  d u r i n g  t h e  f i r s t  q u a r t e r  o f  1986 ( O i l  and Gas 
Journal,1985c, p. 55).  

RIFT SEQUENCESANDSTONES (EARLY CRETACEOUS) 

A t  w i d e l y  s c a t t e r e d  l o c a l i t i e s  on t h e  n o r t h e r n  Arc t i cP la t fo rm,  
e x p l o r a t i o nw e l l s  haveencountered sandstones l y i n g  d i r e c t l y  upon 
t h e  LCU. A mixednomenclaturehas been app l iedtothesesandstones ,  
g e n e r a l l y  r e f l e c t i n g  t h e  g e o g r a p h i c  l o c a l e  o r  p a r t i c u l a r  w e l l  i n  
whichthesandstones were encountered. Examples i n c l u d et h e  Walakpa, 
Kuyanak, PutRiver,Niakuk, and Po in t  Thomson sandstonesalongthe 
coast ,  and t h e  Kemi k sandstones i n  t h e  Brooks Range f o o t h i l l s .  These 
sandstonesrange i n  t h i c k n e s s  f r o m  a few t e n s  o f  f e e t  a t  most 
l o c a l i t i e s  up t o  330 f e e t  i n  t h e  P o i n t  Thomson area. 

A conceptual  model f o rt h ep a l e o g e o g r a p h i cs e t t i n go fP o i n t  
Thomson sandstonedeposition,asdeveloped i n  t h e  f o l l o w i n g  p a r a g r a p h s ,
i s  impor tan t  because i t  may p rov ide  an ana logfo rdepos i t i ona l  
se t t i ngsfounda longthemarg in (s )o fi n f ra r i f tg rabensdeve loped  
i n  t h e  Ou te r  A rc t i c  P la t fo rm p rov ince  du r ing  Early Cretaceous 
t i m e .S t r u c t u r a l l yl o c a l i z e dc l a s t i cf a c i e s ,  such as thePo in t  
Thomson sands tones ,assoc ia tedw i ththeevo lu t i ono fin f ra r i f tg rabens  
and h igh lands may form the b a s i s  f o r  t h e  most s i g n i f i c a n t  p l a y  i n  
t h e  O u t e r  A r c t i c  P la t fo rm prov ince.  

The Po in t  Thomson sandstones were first tes teda tExxon ’sPo in t  
Thomson No. 1 w e l li n  1977. A t  t h i s  l o c a l i t y ,  330 f e e to f  sandstone 
andconglomerate l i e  d i r e c t l y  upon metamorphic basement (F rank l i n ian )  
and a r ei nt u r no v e r l a i n  by t h e  Lower CretaceousPebble Shale. Age 
in fe rences  based s o l e l y  upon t h e  s t r a t i g r a p h i c  p o s i t i o n  o f  t h e s e  
c o a r s ec l a s t i c sa r e  somewhat equivocal .  TheLCU i n  t h e  P o i n t  Thomson 
area i s  commonly l o c a t e d  a t  t h e  base ofthePebbleShalesequence 
( f i g .  3) .Thisplacementoftheunconformity i n  t h e  P o i n t  Thomson 
No. 1 w e l lo n l yc o n s t r a i n st h es t r a t i g r a p h i c  age ofthesandstonesas 
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between Middle(?)Devonian (i.e., pos t -F rank l i n ian )  and EarlyCretaceous. 

However, cons idera t ionofthereg iona lgeo logy  and d e t a i l e d  c o r r e l a t i o n s  

between a group o f  w e l l s  i n  t h e  a r e a  ( f i g .  20)suggestthatthe LCU 

i n  t h e  P o i n t  Thomson area l i e s  i n s t e a d  a t  t h e  base o fthesandstone/  

conglomerate sequence. The t o po ft h eP o i n t  Thomson sandsequence

i s  t h e r e f o r e  probablynot  a major unconformi ty ,butrather  a conformable 

c o n t a c t  i n  a faciessuccession. The Early Cretaceous age assignment

t husob ta inedfo rthePo in t  Thomson sandstonessuggeststhatthey 

areequ iva len tto(bu tno tnecessa r i l ycon t inuousw i th )the  Kemik 

sandstonesexposed t o  t h e  s o u t h  i n  t h e  Brooks Range (Detterman and 

others ,  1975, f i g .  21). The Po in t  Thomson sandstones may thena lso  

be cons ideredcor re la t i vewi ththe"PutR iver "sands tones(Jamison 

and others,1980,f ig .  8) known fromthesubsurface i n  t h e  Prudhoe 

Bay area, and t h e  Walakpa andKuyanak sandstones i n  NPRA. All of 

theserocks,  as we l l  a s  thePebbleShale,areinc ludedwi th inthe 

Rift sequence. 


F a c i e sr e l a t i o n s h i p s  w i t h i nt h e  LowerCretaceousdepositional 
system i n  t h e  P o i n t  Thomson a r e a  a r e  i l l u s t r a t e d  i n  t h e  s t r a t i g r a p h i c  
c r o s ss e c t i o np r e s e n t e di nf i g u r e  20. The c r o s ss e c t i o ni sr e s t o r e d  
t o  p a l e o h o r i z o n t a l ,  o r  "hung,"on a t h i n ,  h i g h - r e s i s t i v i t y  bed w i t h  
e x c e l l e n t  l a t e r a l  t r a c e a b i l i t y  w h i c h  i s  f o u n d  w i t h i n  t h e  u p p e r  p a r t  
o fthePebb le  Shale. L i t h o l o g i cl o g so ft h ew e l l ss u g g e s tt h a tt h i s  
d i s t i n c t i v e  marker bed i s  a well-cementedcoquinoidl imestone.This 
bed, forreferencepurposes,occursat  a log-measureddepth o f  12,710 
f e e t  i n  t h e  Exxon Po in t  Thomson No. 1 we l l .  An isopach map f o rt h e  
s t r a t i g r a p h i c  i n t e r v a l  between t h i s  markerbedand t h e  LCU i s  presented 
i n  f i g u r e  21. 

As shown i n  f i g u r e  21, LowerCretaceous s t ra tabeneaththe  
markerbedth ickenin to  a bas inw i th  a nor thwest - t rend ingax iswh ich  
l i e sa to rn e a rt h eP o i n t  Thomson No. 1 we l l .  The c r o s ss e c t i o ni n  
f i g u r e  20 shows tha ttheses t ra tath insouthwestwardbyon laponto  
a s u b t l es t r u c t u r a lh i g h .  The w e l l si l l u s t r a t e di nf i g u r e  20 p r o j e c t  
i n t o  a l i n eo fc r o s ss e c t i o nw h i c hi so r i e n t e dn o r t h e a s t - s o u t h w e s t ,  
rough ly  p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  b a s i n  i n  whichthePoint  
Thomson sandstonesaccumulated. Wel lsa longthe nor theas tmarg ino f  
t h eP o i n t  Thomson basinhaveencounteredabundantcoarse-grained 
sandstones,conglomerates,andbreccias.Detai ledcorrelat ions 
( f i g .  20) show t h a t  w i t h i n  a few m i l e s  a c r o s s  d e p o s i t i o n a l  s t r i k e  t o  
thesouthwest ,thesecoarse-gra inedrocksgradeabrupt lyin tos i l t s tones  
andshalesmoretypicalofthePebbleShale sequence. W i t h i nt h e  
sandcomplex, a nor thernfac iescharac ter ized  by conglomerateand 
b recc ia  canbe separatedfrom a southernfaciesdominated by f i n e ­
grainedsandstone ( f i g .  20). Themap d i s t r i b u t i o no fg r a i ns i z e  
f a c i e s  w i t h i n  t h e  Lower Cretaceousdeposit ionalsystem i n  t h e  P o i n t  
Thomson area i s  superimposed upon theisopach map o f  f i g u r e  21. 
The f a c i e s  d i s t r i b u t i o n  i m p l i e s  t h a t  t h e  s o u r c e  t e r r a n e  f o r  t h e  
Po in t  Thomson d e t r i t u s  lay t o  t h e  n o r t h  o f  t h e  d e p o s i t i o n a l  b a s i n .  

Brecc ias and conglomerates i n  t h e  P o i n t  Thomson areawel lsare 
composed o f  angu la r  t o  roundedc las ts  o f  do lomi t i c  marb le  and 
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metaquartzite.Sandstones, and the  sand matrix of conglomeratic
rocks,  are  composed largely of .1 i g h t l y  abraded, subangular,
monocrystalline g r a i n s  of dolomiticcarbonate. Because suchpart ic les  
a re  h i g h l y  suscept ible  to  mechanical a t t r i t i o n  and chemical 
dissolut ion,theirpresenceimpliesrapiderosion,br ieft ransport ,
and deposition i n  a setting verynear thesourcearea.Dolomitic 
marbles and metaquartzites which a re  minera logica l ly  ident ica l  to  
the  major c las t  types  found  w i t h i n  thePoint Thomson sandstones 
have been encounteredwithin the basement complex penetrated by
severalwellsinthearea.  In concert  w i t h  the map d i s t r ibu t ion  
of  grain s ize  facies  w i t h i n  thePoint Thomson sandstones,these 
observations seem t o  document thepresenceof a s ign i f icant ,  nor thern  
sourcefor P o i n t  Thomson detr i tus  a t  subaerial  exposures  of the 
basement complex along the Mikkel sen h i g h  duringEarlyCretaceous 
time. 

The R i f t  sequence sandstones typical ly  exhibi t  fa i r  to  good
reservoirpropert ies .  A t  i t s  typelocal i ty ,theaverageporosi ty
of the  P u t  Riversandstone i s  about 12 percent.Permeabili t ies 
a r e  typ ica l ly  l e s s  t han  100 mil l idarcys,  b u t  may range u p  t o  404 
millidarcys(Jamison and others,1980, p .  304). A coreof a sandstone 
overlyingthe LCU inthe WalakpaNo. 1 well yielded an average
porosity of 18percent and an averagepermeability of 49 mi l l idarcys ,
w i t h  maximum values of 25 percent and 157 mil l idarcys (Husky Oil N P R  
Operations,1983a, p.  D-1). No coredataarepresent lyavai lablefor  
the Point Thomson sandstones, b u t  a flow t e s t  of 87 f e e t  of 
perforat ions i n  the  Exxon Point Thomson No. 1 well yielded 2,300
ba r re l s  of o i l  per day and 13 mill ion cubic f e e t  of gasper day
(Jamison and others,1980).  The Point Thomson pool i s  estimated 
tocontainrecoverablereserves of 350 mil l ion barrels  of condensate 
and 5 t r i l l i o n  c u b i c  f e e t  of gas ( S m i t h ,  1984, p. 4 ) .  

Inconclusion, w i t h  theexception of the Point Thomson 
sandstones,the t h i n  and discontinuousRiftsequencesandstones 
arenotconsideredto form signif icant  reservoir  formations i n  
mostonshore areas or within offshore parts of the BarrowArch or  
Chukchi shelfprovinces. However, we specu la t etha t  a s ign i f i can t ly
thicker  sand f ac i e s  w i t h  a t t rac t ive  reservoi r  proper t ies  may have 
formed i n  t h e  i n f r a r i f t  grabensoffshore i n  theOuterArcticPlatform 
province. In theseareas ,  Lower Cretaceoussandstonesoverlying
the LCU may eventually form the primary target  for  exploratory
d r i l l i n g .  



t 

BROOKIAN PRODELTA SANDSTONES (CRETACEOUS TO TERTIARY) 

Shalesand s i l t s t o n e s  a r e  presumedon thebas iso fonshoredata  
t o  compose thebu lko ftheRrook ianprode l tafac iesth roughout  a l l  
p rov incesw i th intheBeau fo r t  Sea Planning Area. I n  onshorewells, 
s a n d s t o n e s ,  i n t e r p r e t e d  t o  r e p r e s e n t  t u r b i d i t e  d e p o s i t s ,  o c c u r  
l o c a l l yw i t h i nt h i sp r i m a r i l ys h a l e  sequence. These sandstones 
occur i n  beds ranging from s e v e r a l f e e tt o  s e v e r a l t e n so ff e e t  i n  
th ickness.  The p rode l tasands tonesaref i neto  medium grained,
s i l t y ,  and commonly r i c hi nd e t r i t a lc l a ym a t r i x .L o g - d e r i v e d  
p o r o s i t i e s  a r e  t y p i c a l l y  h i g h  (25 t o  35 percent)becauseofthe 
combined e f f e c t so fm a t r i xc l a y  and undercompaction.Flow t e s t s  o f  
o i l - b e a r i n gi n t e r v a l sg e n e r a l l yr e p o r tl o wf l o wr a t e s ,a p p a r e n t l y  a 
consequence o fpoorfo rmat ionpermeab i l i t y .  However, Brookian 
prodeltasandstones i n  Exxon'sAlaskaState A-1 we l l  onFlaxman 
Is landform a noteworthyexception t o  t h i s  generalobservation. 
Inth iswel l ,sandstonesnearthebaseoftheBrookianprodel ta  
sha lefac ies  f l o w e d  o i l  w i t h  assoc iated gas a t  t h e  r a t e  o f  2,507 
ba r re l spe r  day(Jamison and others,1980, p. 298). 

Data from onshorewel lsind ica tetha tBrook ianprode l ta
sandstonesarenot l i k e l y  t o  f o r m  p r o s p e c t i v e  r e s e r v o i r s  w i t h i n  
provinceswhich l i e  southoftheHingeLine.  However, p rode l ta  
sands may havebeen d e p o s i t e d  i n  t h i c k e r  andmore extens ivebodies 
i n  submarinefancomplexesdeveloped a t  t h e  mouths o f  submarine 
canyonsystemswhere thenorthward-progradingBrookiandel ta icsystems 
metareas o f  ma jor  contemporary  subs idence nor th  o f  the  H inge L ine .  
S t ra t i g raph ic  t raps  assoc ia ted  w i th  such  sandaccumulationscould 
f o r m  s i g n i f i c a n t  e x p l o r a t i o n  o b j e c t i v e s .  

BROOKIAN FLUVIAL-DELTAIC SANDSTONES (CRETACEOUS TO TERTIARY) 

Sandstones,shales,and coa ls  o f the  B rook ian  f l u v i a l - d e l t a i c  
fac iesarepresentthroughout  a l lp r o v i n c e s  on t h e  Beaufor tshe l f .  
Sandstonesareveryf ine t o  coarsegrained, and conglomeratesare 
l o c a l l y  abundant. These c l a s t i cr o c k sa r e  commonly f r i a b l e  i n  
coas ta lwe l l s ,bu ta rewe l li ndu ra tedinsu r faceexposures  and i n  
wel lstothesouth.Marg ina lmar inetomar inesandstonesnearthe 
base o f  t h e  sequence i n  coas ta lwe l lsarelesscong lomera t ic  and 
occur i n  beds rang ingf romsevera lfee tto100fee ti nth i ckness .  
Fluvialsandstonecomplexeshigher i n  t h e  sequence a r e  t y p i c a l l y  
more conglomerat ic ,  and indiv idualsandstonebodies may rangeup 
t o  700 f e e t  i n  t h i c k n e s s .  

Poor t o  f a i r  r e s e r v o i r  q u a l i t y  i s  t y p i c a l l y  o b s e r v e d  i n  B r o o k i a n  
d e l t a i c  sandstones t ot h es o u t hn e a rt h e  Brooks Range. I n  t h e  
Umiatarea,averageporosit iesforBrookiansandstonesrange from 
1 2  t o  16percent, and averagepermeabi l i t iesrangefrom10to167 
m i l l i d a r c y s  (Fox,1979, p. 53).Diagenet ic cementsand deformat ion 
o fduc t i l ec las tsdu r ingcompac t ion  haveadverselyimpactedthe 
rese rvo i rqua l i t yo ftheserocks(Bar t sch -Wink le r ,  1979, p. 69). 
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Reservo i rqua l i t ygenera l l yappearstoimprove t o  t h e  n o r t h  and east 
infac ies-equ iva len tbu tyounger  s t r a t a  o f  t h e  B r o o k i a n  d e l t a i c  
complex.Along theArc t iccoas tf romHarr ison  Bay t o  t h e  Canning 
R ive r ,son ic - l og -de r i vedporos i t i esinthemarg ina lmar ineto  
marinesandstones a t  t h e  base o fthede l ta i cfac iesrangef rom 25 
t o  33 percent .Intheoi l -bear ingnearshore-mar ine West Sak sands, 
whichoccur a t  t h e  base o f  t h e  f l u v i a l - d e l t a i c  f a c i e s ,  c o r e s  have 
y i e l d e d  an averageporos i tyof  29 percent and an averagepermeabi l i ty  
o f  500 mi l l idarcys(Jamison and others,1980, p. 312).Log-derived 
p o r o s i t i e s  i n  t h e  f l u v i a l  sandstoneshigher i nt h eB r o o k i a n  d e l t a  
complex commonly exceed30percent,possibly due i n  p a r t  t o  
undercompaction. 

Oil shows havebeen encountered i n  B r o o k i a nf l u v i a l - d e l t a i c  
sandstones a t  numerous w e l ll o c a l i t i e s .  Mostcommonly, o i l  shows 
occur i nthelower ,marg ina lmar ine  sands nearthe  base o f  t h e  
f l u v i a l - d e l t a i cf a c i e s .  A t  p resent ,theon ly  known p o t e n t i a l  
p r o d u c t i o ni nB r o o k i a nd e l t a i c  sands i s  i n  s m a l l  a n t i c l i n a lt r a p s  
i n  t h e  Umia tarea(nor thernfoo th i l l so ftheBrooks  Range)and i n  
t h e  West Sak and Ugnu pools(westofPrudhoeBay). The Umiat 
s t r u c t u r e  i s  e s t i m a t e d  t o  c o n t a i n  30 t o  100 m i l l i o n  b a r r e l s  o f  o i l  
(Jamison and others,1980, p. 291) bu t  i s  n o tc o n s i d e r e dt o  be a 
commercialaccumulation. The known, p o t e n t i a l l yp r o d u c t i v ea r e a  
o ft h e  West Sak and Ugnu sands i sq u i t el a r g e .  The t o t a li n - p l a c e  
o i l  c o n t a i n e d  w i t h i n  t h e s e  a c c u m u l a t i o n s  i s  e s t i m a t e d  t o  beas 
l a r g e  a s  40 b i l l i o n  b a r r e l s  (Werner,1985),approximatelytwice 
t h ei n - p l a c e  volume o f  t h e  Prudhoe Bay f i e l d .  However,. t h er e s e r v o i r  
sands herearelessthan100fee tth ick(Jamison and others,  1980, 
f i g .  22) and con ta in  a heavy o i l  r a n g i n g  f r o m  8' t o  22" i n  A P I  
g r a v i t y  (Werner,1985).Because o f  theseunfavorab lereservo i r  
and f l u i dp r o p e r t i e s ,o i lr e c o v e r y ,s h o u l dp r o d u c t i o na c t u a l l y  
occur, i s  a n t i c i p a t e d  t o  be low. 

Sandstones o f  t h e  B r o o k i a n  f l u v i a l - d e l t a i c  f a c i e s  a r e  r e g a r d e d  
as t h e  p r i m a r y  r e s e r v o i r  o b j e c t i v e s  i n  t h e  Nuwuk andKaktovik 
Basins.Thick sequences o f  poroussandstone and conglomeratewith 
favo rab lerese rvo i rp roper t i es  have been encountered i n  t h i s  i n t e r v a l  
by many c o a s t a lw e l l s .S i g n i f i c a n tl o c a lt h i c k e n i n go ft h e s e  
d e l t a i c  sands may be a n t i c i p a t e d  on t h e  downthrown b locks  o f  g rowth  
f a u l t s  i n  a c t i v e l y  s u b s i d i n g  d e p o c e n t e r s  d i r e c t l y  n o r t h  o f  theHinge
L ine .Th isse t t ing  i s  t h e r e f o r en o to n l yf a v o r a b l ef o rt h es t r u c t u r a l  
entrapment o fmigrat inghydrocarbons,but  i s  a l s o  a 1i k e l y  a r e a  f o r  
t h e  l o c a l i z a t i o n  o f  t h i c k  sandstonereservoir  sequences. 
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Play Concepts and Hydrocarbon Trap Configurations 

The g r e a td i v e r s i t yo f  s t r u c t u r a l  s t y l e s  and s t r a t i g r a p h i c  
h i s t o r i e so ft h ev a r i o u sg e o l o g i c a lp r o v i n c e si nt h eB e a u f o r t  Sea 
Planning Area o f f e r s  a d i ve rse  array o fpo ten t ia lhydrocarbonp lay  
concepts.Although it may f r u s t r a t eg e o l o g i c a la n a l y s i s ,t h i s  
compl e x i t y  i s  viewed as favorab le  fo r  the  occur rence o f  commerc ia l  
accumulationsofhydrocarbons.Complexity and d i v e r s i t yi n c r e a s e  
theoppor tun i t iesfo rtheoccur renceoftheun iquecombinat ionof  
geolog ica leventsnecessaryfortheformat ionof  a majorhydrocarbon 
accumulation. 

The d i s c u s s i o no fp o t e n t i a lp l a yc o n c e p t si nt h ep l a n n i n ga r e a  
i s  o rgan izedpr imar i l yaroundthemajortec tonos t ra t ig raph icprov inces  
o u t l i n e d  i n  f i g u r e  1. The d i scuss iono fthepe t ro leumgeo logyo f  
t h e  Camden and Demarcat ionsectors,however,departsfromthisformat 
i n  t h a t  it i s  extended toinc ludeareaswhich  l i e  b o t h  n o r t h  and 

southoftheHingeLine.Al though,as i no t h e rp a r t so ft h ep l a n n i n g  

area,theHingeLineseparatesareasofcontrast inggeology,the 

i m p o r t a n c e  o f  t h e s e  d i s t i n c t i o n s  i s  d i m i n i s h e d  i n  t h e  e a s t e r n  B e a u f o r t  

Sea. I nt h e  Camden and Demarcation 
sectors, many impor tant  . 
s t r a t i g r a p h i c  and tecton ice lementsover lap o r  merge acrossthe 
HingeLine. Inthesesec tors ,thekeyaspectso fthepet ro leum 
geologyare more concise lyaddressedwi th in  an o rgan iza t i ona l  
formatbased upon geographicsectors. Synopt icdescr ip t ions  o f  
theplayconcepts and p o t e n t i a l  t r a p  typesassoc ia tedwi theachof  
thesemajorprov inces o r  sec torsare  g i v e n  i n  t a b l e s  2 through 7. 

BARROW ARCH ( I A )  

W i t h i nt h i sp a r to ft h eB e a u f o r ts h e l f ,E l l e s m e r i a nr o c k sa r e  
preserved, a t  l e a s t  i n  p a r t ,  beneath t h e  Lower Cretaceousunconformity 
(LCU). The onshoreextens ionofprov ince IA inc ludesmos to fthe  
m a j o rf i e l d sd i s c o v e r e dt od a t e  on theNorthSlope. Our concepts 
c o n c e r n i n gp o t e n t i a lp l a y so f f s h o r e( f i g .  22) ex tendch ie f l yf rom 
our knowledge o fthegeo loqyoftheseonshoref ie lds .  

Oil andgas c o n t a i n e di no n s h o r ef i e l d sa r ep o o l e di n  a v a r i e t y  
o f  t r a p  c o n f i g u r a t i o n s  i n v o l v i n g  numerous reservo i rfo rmat ions .  
However, mostshare one common f e a t u r e  i n  t h a t  t h e y  d i r e c t l y  o r  
i n d i r e c t l y  l i e  i n  c o n t a c t  w i t h  t h e  P e b b l e  Shale, a long-recognized 



Carboni ferous  
and  ?taceous  

Table 2. BarrowArch(province IA): Summary and p layana lys is .  

SEISMIC PROBABLE PROBABLE 
SEQUENCE TYPE OF TRAP RESERVOIR SOURCE BEDS AGE OF TRAP SIZE OF TRAP OILIGAS 

Strat igraphicBrookian Upper
Cretaceous 

Lower t o  Upper
Cretaceous 

Late 
Cretaceous 

Area l l yla rge .  
Po ten t i a l  pay
< loo ' .  

50150 L e  
Or 
( F  
sa 
hy
a1 
de 

Rift S t ra t i g raph ic  	 Lower Lower Ear ly  A rea l l y  smal 1. 60140 Loca l ly  develoDed, 
Cretaceous Cretaceous Cretaceous Po ten t i a l  pay r e l a t i v e l y  t h i n  sands 

<zoo . 	 i n  apparentshoalareas 
on Lower Cretaceous 
unconformity. Examples 
i n  onshorewellsinclude 
Walakpa,Kuyanak, PutRiver, 
andNiakuksandstones. 

El lesmerian f o l d s ,  Tr iassic E a r l y  t o  Area l l yla rge .  40160 Pr inc ipa lrese rvo i run i t sGentle 
f a u l t s ,  (End ico t t  Lower CrI Cretaceous Po ten t i a l  pay a t  Prudhoe Bay andKupafuk(Prudhoe s t y l e )  a tc l o s u r e  
and subunconformity L i rbu rne ) ,  ,100' depending f i e l d s  have pinchedout Or 
wedge-outs on T r iass i c  upon rese rvo i r  th inneds ign i f i can t lyover  

Arch Barrow ( I v i s h a k ) .  involved. much o f  theoffshoreareds 
Jurass ic  i n  the RarrowArch orovince. 
(Sag R ive r ) ,  
Cretaceous 
(Kuparuk R iver )  
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A 
Brookian d e l t a i c  sandstones o r  p r o d e l t a
t u r b i d i t e  sands chargedwi th  hydrocarbons
whichmigrated up fau l tsf romdeeperseated 
sources i n  Rift o rE l l esmer ian  sequences. 
Diagramadaptedfrom Carman andHardwick 
(1983, p. 1029). 

B I 1 

L a t e r a l l ys e a l e d  Rift sequence sandstones 
deve lopedloca l l yonthe  Lower Cretaceous 
unconformi ty  (LCU) overshoals p o s s i b l y
r e l a t e dt os t r u c t u r a lh i g h s .  

C 


S i m p l ea n t i c l i n ei nE l l e s m e r i a ns t r a t aw i t h  
hydrau l i caccessto .sourcebedatthe  LCU. 

D 

T i l t e dE l l e s m e r i a nr e s e r v o i rf o r m a t i o n  
t r u n c a t e d  u p d i p  a t  t h e  LCU and o v e r l a i n  by 
thePebbleShale. 

Folded o r  t i1t e d  E l  1esmeri an rese rvo i  r 
f o r m a t i o nt r u n c a t e du p d i pa tf a u l ti n  
hydraul iccommunication a t  d e p t h  w i t hEk. .  .. ., . . .  . .. .  . .  . . . .. .  . . .  SQC . . . .  po ten t ia lsource  beds i n  Rift o r  

. .  . E l lesmer ian sequences.
. . . .  . . . . .  . . .  Icu. .  . . . .  

Figure 22. 
Playconceptsand known o r  p o t e n t i a lt r a pc o n f i g u r a t i o n sd e v e l o p e di n  
El lesmerian, Rift, andBrook ians t ra taintheBar rowArchprov ince  (IA). 
Largear rowsdenotepoten t ia lmigra t ionpaths .  
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majorsourcebed sequence. It was t h i sn e a r l yu n i v e r s a lr e l a t i o n s h i p  
whichpromptedMorgridgeandSmith(1972,p.500-501) t o  suggest 
t h a t  most o f  t h e  o i l  i n  Prudhoe Bay and sa te l l i t eaccumu la t i ons  
was sourcedfromthePebbleShale.Structuresnot i n  d i r e c t  
communicationwiththePebbleShale,such as  t h e  immense C o l v i l l e  
a n t i c l i n e ,  were found t o  be dry .Thisre in forcedtheconceptof  a 
g e n e t i c  l i n k  betweencontactwi ththePebbleShale and access t o  
migrat inghydrocarbons. 

Known hydrocarbon accumulations on t h e  A r c t i c  c o a s t a lp l a i n  
t y p i c a l l y  combinetwo o r  more t r a p p i n g  mechanisms. The Prudhoe Bay 
f i e l d ,  f o r  example, i s  sealedalong i t s  n o r t h  m a r g i n  by a majornormal 
f a u l t .  It i s  sealedtothesouthbeneathsouth-d ipp ingshaleswhich 
o v e r l i et h er e s e r v o i r  sand. A s t r u c t u r a ls a d d l ei nt h eu p p e rs u r f a c eo f  
t h er e s e r v o i ru n i t  limits thewes te rnex ten to fthef i e ld .  The c r e s t  
a n d  e a s t e r n  f l a n k  o f  t h e  f i e l d  a r e  s e a l e d  where thereservo i rsandstones 
areunconformablytruncated by t h e  LCU and o v e r l a i n  by thePebbleShale. 
An e x c e l l e n t  summary o ft h eg e o l o g yo ft h e  Prudhoe Bay f i e l d  i s  found 
i n  MorgridgeandSmith(1972). Must o fthesmal leraccumulat ionsfound 
nearthePrudhoe Bay f i e ld  a re  a l so  compos i te  t raps  wh ich  i nco rpo ra te  
more than a s i n g l e  t r a p p i n g  mechanism. 

Potent ia lt rapswhichsharefundamentalpropert ieswiththePrudhoe 
Bay f i e l d  e x i s to f f s h o r e  i np r o v i n c e  I A .  The a r e a l l y  immense Mukluk 
s t r u c t u r e  i n  H a r r i s o n  Bay con ta insthe  same r e s e r v o i r  u n i t  and p a r t i a l
assemblage o f  t r a p p i n g  mechanismsas found a t  Prudhoe Bay ( f i g .  23). 
However, t h e  t r a p  hasbeen t e s t e d  and found t o  c o n t a i n  o n l y  r e s i d u a l  
o i l .  The t r a p  may havebeenbreached by leakagealong a system o fp o s t -
Brook ianfau l tswh ichcrosstheMuk luks t ruc ture .A l te rna t ive ly ,  a 
p r io raccumula t ionofhydrocarbons  may have s p i l l e d  i n t o  o t h e r  s t r u c t u r e s  
d u r i n g  r e g i o n a l  t i l t i n g  i n  C r e t a c e o u s  o r  Te r t i a ry  t ime .  

The most s i g n i f i c a n t  r e s e r v o i r  u n i t  w i t h i n  t h e  E l l e s m e r i a n  sequence 
i st h eI v i s h a kF o r m a t i o n ,  w h i c h  i st h ep r i n c i p a lr e s e r v o i ra t  Prudhoe 
Bay. I nt h e  Prudhoe Bay f i e l d ,I v i s h a kF o r m a t i o np o r o s i t i e s  may exceed 
30 pe rcen tandpermeab i l i t i esa reobservedtor i se  aboveseveraldarcys 
(JonesandSpeers,1976;MorgridgeandSmith,1972),accountingforthe 
tremendous p r o d u c t i v i t y  o f  t h i s  f i e l d .  Limestones and do lomi teso fthe  
L isburne Groupand sandstones o f  t h e  E n d i c o t t  Group f o r ml e s s  a t t r a c t i v e  
secondaryobject ives.Therefore,thepresenceandreservo i rqual i tyof  
theIv ishaksandstones a t  l o c a l i t i e s  w i t h i n  p r o v i n c e  IA a r e  c r i t i c a l  t o  
theovera l lp rospec t iveness  o f  s t r u c t u r e si nt h o s ea r e a s .  

As d iscussedprev ious ly ,thedeposi t ionofIv ishaksandstonesappears 
t o  havebeenfocused a t  twomajordel ta iclobes,ordepocenters ,located 
nearPrudhoe Bay and Demarcation Bay.Much o fwestern  NPRA, and presumably 
t h e  Chukchishel f(prov ince I C ) ,  i s  u n d e r l a i n  by a s h a l yf a c i e so ft h e  
Iv ishakFormat ion.WithintheBarrowArchprovince,theIvishakFormat ion 
occursalong a narrow s t r i p  o f  OCS t r a c t s  betweenSmith Bay and t h e  
SagavanirktokDelta ( f i g .  19) .A l thoughpoten t ia lt rapp ings t ruc tures  
a r e  p r e s e n t  w i t h i n  t h i s  a rea ,inc lud ingtherecent lyd iscovered Seal 
I s l a n d  f i e l d ,  t h e  l a r g e s t  and mostpromis ingfeature,theMuklukst ructure,  
hasbeen t e s t e d  and found t o  be dry .  
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OUTER ARCTIC PLATFORM ( IB)  

T h i s  province i s  geologicallyseparated from otherArcticPlatform 
provinces(IA and IC) on thebasis of the apparentabsenceofall 
Ellesmerianstrata due to  a combination of stratigraphiconlap and  
erosionaltruncation. The basic geologyof the Outer ArcticPlatform 
province i s  i l l u s t r a t e d  i n  p la tes  4 and  5 and the schematicgeological 
crosssect ion of f igure 24. Although s t ruc tura l lypar t  of the Arctic 
Platform,province IB possesses a d i s t inc ts t ra t igraphy and 
consequently a somewhat reducedpetroleum potent ia lre la t iveto  
provinces I A  and IC. 

The major s t ructuralfeature  of province IB i s  t h e  Dinkum graben,
f i r s ti d e n t i f i e d  by Grantz and others(1982b).Thisstructure,as 
i l l u s t r a t ed  in  p l a t e  5 and schematicallyportrayedinfigure 24,  i s  
an asymmetricsimplegraben. The graben was formed by northward 
t i l t i n g  and fau l t ing  on i t s  south  flank and by major normal fau l t ing  
on i t s  northflank, where i t  apparently a b u t s  a shelf-edgebasement 
h i g h .  Fault movement on  the margins of the grabenappears t o  have  
terminatedduringEarlyCretaceous time, and the breakup unconformity
( B U ) ,  wh ich  separates the overlying Brookiansequence from the 
underlyingstructural complex, i s  unfaultedover this f ea tu re(p la t e  5 ) .  

Grantz and May (1982,fig.  11)  suggested t h a t  the LCU extends 
across the topof the Dinkum graben and caps a Jurassic to Cretaceous 
graben f i l l  more or  less coeval to  the  El lesmerian Kingak and 
Kuparuk Formations. We o f fe r  an a l t e rna t ivein t e rp re t a t ion( f ig .  2 4 )
w h i c h  assumes t h a t  the formation of the grabenpostdates the regional
erosional event on the LCU. T h i s  modelimp1 ies t h a t  the graben i s  
f i l l ed  wi th  sediments of the R i f t  sequence w h i c h  a r e  time equivalent 
t o  the Pebble Shale and t o  basalsand units t h a t  over1 i e  the  LCU 
onshore. T h i s  in te rpre ta t ion  i s  more consistent w i t h  ourseismic 
mapping and w i t h  the r i f t  model advocated i n  this repor t  for  the 
development of the Beaufortcontinental margin. In accordancewith 
conceptsforr i f tevolut ion proposed by Falvey (1974), the  LCU ( " r i f t  
onsetunconformity") i s  t h o u g h t  t o  have formed i n  response t o  regional
thermal elevation of the crust in the v i c in i ty  of the i n c i p i e n t  r i f t .  
The subsequent onset of actual divergent movement ( F a l v e y ' s  " r i f t  
valleystage")apparently produced br i t t le  fractur ing and development
of i n f r a r i f t  g rabens  and horstswithin the ArcticPlatformadjacent 
t o  the major r i f t .  The s t ruc tura l ly  negative areas were subsequently
f i l l e d  w i t h  sedimentderived from flanking h i g h l a n d s .  

The Mikkelsen h i g h  i s  an in f r a r i f t  pos i t i ve  s t ruc tu ra l  block 
which intervenes between the Dinkum graben and the Arctic Platform 
t b  the south( f ig .  24) .  The Mikkelsen h i g h  i s  flankedalong 
p a r t s  o f  i t s  southern margin by a thickapron of coarse-grained
sandstones and conglomeratesofEarlyCretaceousage,informally
termed the P o i n t  Thomson sands. These sands have been tested by
Exxon a s  hydrocarbonproductive a t  several wells and may conta in  a 
commercial accumulation. 

&y Cuncepth and Thap Con&ph&Lonh, 8 9  
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S I 
L ,  

-1 


BROOKIANSEOUENCE . 
\ 
.. . 

\ \ \ 

SANDSTONES 

GRABEN-MARGIN 
CLASTIC WEDGE 

BU - BREAKUP UNCONFORMITY 

LCU -	LOWERCRETACEOUS LINE OF 
UNCONFORMITY E C T l O  

R - RIFT SEQUENCE 

E - ELLESMERIAN SEQUENCE 

F - FRANKLINIAN BASEMENT 

Ngure 24. 
Schematicgeologicalcrosssect ionacrosstheMikkelsen basement h igh  and 
Dinkulngraben.Thisdiagram i s  presented t o  i l l u s t r a t e  how s t r a t i g r a p h i c  
re la t i onsh ips  obse rved  w i th inthe  Po in t  Thomson sandstones may beextended 
i n t o  a broaderpaleogeographic model fo rsed imenta t iona longthemarg inso f  
t h e  Dinkumgraben, a m a j o r  i n f r a r i f t  b a s i n  u n d e r l y i n g  t h e  B e a u f o r t  s h e l f .  
The model suggeststhatcoarse-gra inedclast icdeposi ts  may have been 
l o c a l i z e d  a long  the  marg inso f  t h e  Dinkum graben andcontemporaneous 
features adjacent t o  h igh land sourceterranes. Hydrocarbontraps may 
occurwherethesepotent ia lreservo i rrocks l i e  w i t h i n  s t r u c t u r a l  c l o s u r e s  
aga ins tbas inmarg infau l t s ,  as i l l u s t r a t e d  above. I n t e r i o rp a r t so ft h e  
graben may con ta inh igh l yo rgan icsha less im i la rtotheequ iva len tPebb le  
Shale, known fromonshore l o c a l i t i e s .F a u l tt r a p sa l o n gt h e  edge o f  t h e  
Dinkum graben may have been chargedwithhydrocarbonssourcedfromsuch 
shales. 

my Canceph and Tnap Can~igrc . ta t iunh ,  9 1  
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As a r t i c u l a t e d  i n  a p reced ingsec t ion ,  we s u g g e s t  t h a tP o i n t  
Thomson sand d e p o s i t i o n  may form an ana logforEar lyCre taceous 
sed imenta t iona longthemarg inso fthe  Oinkum grabenaswellas 
o t h e r  i n f r a r i f t  grabens.This i s  s c h e m a t i c a l l yi l l u s t r a t e di n  
f i g u r e  24.The e s s e n t i a lf e a t u r eo ft h e  model i s  t h e  development 
o f  a h i g h l a n d - f l a n k i n g  c l a s t i c  wedge a l o n g  t h e  f a u l t e d  m a r g i n s  o f  
t h e  Dinkumgraben.Reservoir sandsand t rapsdevelopedalongthese 
s t r u c t u r a l  f e a t u r e s  c o u l d  haveeasyaccess t o  hydrocarbonsgenerated 
bythermal lymatureshales i n  t h e  i n t e r i o r  p a r t s  o f  t h e  g r a b e n  o r  
byon lapp ingsha lesfac iesequ iva len ttothePebb leSha le .  As noted 
byGrantz and others(1982b, p. 17) ,mosto fthesed imentary  fill 
i n  t h e  Dinkumgraben l i e s  a t  o r  b e n e a t h  t h e  o i l  window, est imated 
i n  t h i s  r e p o r t  t o  l i e  i n  t h e  d e p t h  i n t e r v a l  f r o m  9,200 t o  12,300 
f e e t  i n  t h e  westand from 10,200 t o  13,700 f e e t  i n  t h e  e a s t .  S t r a t a  
w i t h i n  t h e  deepernorthernandeasternpartsofthegrabenare 
probablythermal lyovermature.  

The model o u t l i n e d  aboveforms t h e  b a s i s  f o r  t h e  m o s t  a t t r a c t i v e  
p layw i th intheOute rArc t i cP la t fo rmprov ince .  The s t r u c t u r a l  
s e t t i n g  o f  t h i s  p l a y  i s  somewhat s i m i l a r  t o  t h a t  o f  t h e  h i g h l y  
f a u l t e d  H i b e r n i a  f i e l d ,  w h i c h  i s  l o d g e d  i n  LowerCretaceousstrata 
a longthesouthwestf lankoftheAva lonBas in  on t h e  c o n t i n e n t a l  
s h e l f  o f f  Newfoundland(McKenzie,1981). The H i b e r n i a  f i e l d  i s  
l e s st h a n  4 OCS t r a c t s  ( 2 4 , 0 0 0  a c r e s )  i n  a r e a l  e x t e n t  (McKenzie,1981) 
b u t  i s  e s t i m a t e d  t o  c o n t a i n  between 1.0 and 1.5 b i l l i o n  b a r r e l s  o f  
r e c o v e r a b l e  o i l  i n  m u l t i p l e  payzones ( O i l  and Gas Journal ,1985b) .  

, 	 It i sa l s op o s s i b l et h a ts a n d s t o n e so ft h e  LowerCretaceous Rift 
sequencealongthemargin(s) o f  t h e  Oinkum grabenweredeposited i n  
a submar inefanset t inganalogoustofansystemswhich l i e  a l o n g  t h e  
wes te rn  marg in  o f  t he  V ik ing  g raben  o f  t he  Nor th  Sea ( H e r i t i e r  and 
o the rs ,  1980, f igs.14,15) .Closure on t h e s el a t t e rf e a t u r e si s  
p rov ided  by i n h e r i t e dd e p o s i t i o n a lt o p o g r a p h yo rb yf a u l t i n g  and. 
d i pr e v e r s a l( H e r i t i e r  and o the rs ,  1980, f i g .1 8 ) .  The F o r t i e sf i e l d  
o f  t h e  N o r t h  Sea i s  s i t e d  i n  a Paleocenefansystemandcontains 
recove rab lerese rveso f  1.8 b i l l i o n  b a r r e l s  o f  o i l  ( H i l l  and Wood, 
1980,p.81) i n  a p r o d u c t i v ea r e ao f  90squareki lometers(3.9 OCS 
t r a c t s ) .  

Grabens s i m i l a r  t o  t h e  Dinkum s t r u c t u r e ,  b u t  much smal ler  i n  s i z e ,  
arefound i n  more westernpar tso ftheArc t icP la t fo rmneartheHinge 
L i n e  ( f i g .  9 and p la te4 ) .Nor thwes to fthe  Oinkum graben,other 
E a r l y  C r e t a c e o u s  i n f r a r i f t  b a s i n s  may havebeenoverpr intedbythe 
subsequent phase o f  f a u l t i n g  and p o s t - r i f t  subsidencealong the  
HingeLine i n  t h e  Nuwuk Basin ( f i g .2 6 ) .  There, d i s r u p t e d  i n f r a r i f t  
grabens may o c c u r  n o r t h  o f  t h e  H i n g e  L i n e  andperhapsbeneaththe 
deep p a r t so ft h e  Nuwuk Basin.Studies o fse ismicdatasuggest  
tha tthesed is rup tedgrabens may l o c a l l y  p r e s e r v e  t h i n  o u t l i e r s  o f  
E l l esmer ian  sequencerockswhichwerenotremovedfromtheseparts 
o f  t h e  A r c t i c  P l a t f o n  d u r i n g  t h e  e r o s i o n a l  e v e n t  r e p r e s e n t e d  by 
t h e  LowerCretaceousunconformity. 
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CHUKCHI SHELF ( I C )  

The eastern Chukchi shelf i s  i n  some ways a geologicalextension 
of the BarrowArch province, and some of the p lays  describedforthe 
BarrowArch provinceinvolving Mesozoic and Cenozoic rocksalsooccur 
i n  province IC. However, thestructural  and stratigraphicevolution 
of thePaleozoicrocks of the Chukchi shelfprovinceappearsto differ 
i n  severalsignificant ways from t h a t  of the BarrowArch province.
The s t ructural  blockwest of the Barrow f a u l t  zone contains a deep
basin,informally termed theNortheast Chukchi Basin, which contains 
s t r a t i f i e d  sediments u p  t o  30,000 f e e t  i n  thicknessbeneaththe 
axis  of the BarrowArch ( f i g .  2) .  Our work suggeststhat  this  
s t r a t i f i e d  sequenceranges i n  possible age from Middle(?) Devonian 
t o  Mississippian and may be co r re l a t ive ,  a t  l ea s t  i n  pa r t ,  w i t h  
rocks of the Endicott  Group and Baird(?) Group exposed i n  the  
western Brooks Range. T h i s  in terpretat ioncontrasts  w i t h  previously
pub1 ished models for  the geology of the Chukchi shelfprovince
(Grantz and others,  1982b; Ehm, 1983) which portraytheareaas a 
large s t ructural  h i g h  where "Franklinian" basement i s  mantled by a 
thinveneer of Mesozoic s t r a t a .  The f ac ttha tthe  Chukchi shelf 
province i s  underlain by a thick sequenceofmodestly deformed 
Paleozoicstrata makes t h i s  provinceone of the more a t t r ac t ive  
par t s  of theBeaufort Sea Planning Area i n  terms of overall hydrocarbon
potenti a1 . 

Seismic character and intervalvelocities(discussedpreviously
i n  chapter 3 ,  SeismicStratigraphy)suggestthat two dis t inct  seismic 
units are present w i t h i n  theNortheast Chukchi Basinbeneath the 
Permian unconformity ( P U ) .  The seismicsequence i s  composed of 
a lower carbonate u n i t  andan upper u n i t  consisting of c l a s t i c  
sedimentaryrocks. Thetwo seismic units arestructurallydetached 
i n  some par ts  of thebasin where the upper c l a s t i c  u n i t  contains 
large folds  which do not  pers is t  downward intotheunderlyingcarbonate 
u n i t  ( p l a t e s  1 and 3 ) .  The pre-Permian (lowerEllesmerian) sequence
i s  truncated a t  major fault-boundedbasement h i g h s  alongtheeastern 
and southernmarginsoftheNortheast Chukchi Basin.Potentialtrap
configurations i n  these 'Pa leozoic  s t ra ta  a re  found inthefollowing
se t t ings :  

1 .fo lds  i n  the upperdetached. c l a s t i c  u n i t  of the lowerEllesmerian 
sequence (p l a t e s  1 and 3);

2. 	 faulttrapsalongthenorthwesternflank of the basement ridge
(p la t e  1 )  thatseparatestheNortheast Chukchi and Colvil le 
Basins(fig.  7), where lower Ellesmerianstrataarejuxtaposed
against  basement; 

3 .  	 f au l tt r aps  or drapestructuresin lower Ellesmerianrocks i n  the 
downthrown blockalong the Barrow f a u l t  ( p l a t e  3 ) ;  

4 .  	 f au l tt r aps  and an t ic l ines  i n  lower Ellesmerianstrata along the 
c r e s t  and southeastflank o f  t he  North Chukchi h i g h  (p l a t e  3 ) .  

Play concepts and potentialtrapconfigurations i n  theNortheast 
Chukchi Basin areschematicallyil lustrated i n  thecrosssections 
of figure 25a and 25b. 

Teay Concepfi and Tmp Con&Lgigwratiam, 9 3  



S t r a t i g r a p h i c  

Local ly   

Table 4 .  Chukchishel f(prov inceIC) :  Summary andp layana lys i s  

S E I S M I C  PROBABLE 

SEQUENCE 

~ 

TYPE OF TRAP RESERVOIR SOURCE BEDS - AGE OF TRAP --___
S I Z E  OF TRAP 

CretaceousBrookian 	 C l o s u r ea t  Upper Middlel?) T e r t i a r y  Area l l ysmal l  
f a u l t s  t o  T e r t i a r y  Devonian t o  Lower 

PROBABLE 
OILIGAS REMARKS- __..-.. 

40160 Brookiansandstones i n  
f a u l tt r a p sa s s o c i a t e d  
w i thdeformat ion  on 
theNorthChukchihigh. 

5 0 1 5 ~  developed,  
r e l a t i v e l v  t h i n  
Sandstone; on LoNer 
Cretaceousunconformity. 
Examples includeUalakpa 
andKuyanak sandstones. 

50/50? S t r a t i g r a p h i ct r a p s  
w i t h i n  P e r n i a n  t o  J u r a s s i c  
stra.ta where t funcated  a t  
LowerCretaceous 
unconformity on f l a n ko f  
BarrowArch. 

todetached50/50? Conf ined fo lds 
i n  E n d i c o t t ( ? ) - e q u i v a l e n t  
c l a s t i c  wedge. 

50/50? 	 Traps w i t h i n  E n d i c o t t ( ? ) ­
e q u i v a l e n t  c l a s t i c  wedge 
and R a i r d ( ? ) - e q u i v a l e n t  
basa lcarbonateun i t  a t  
f a u l t  systems border ing 
NortheastChukchiBasin. 

Rift S t r a t i g r a p h i c  	 Lower 
Cretaceous 

Upper E a r l yM i d d l e ( ? )  t o  T r i a s s i c  
E l l e s m e r i a n  J u r a s s i c  

Lower Pre-Permian DetachedMiddle(?)  Middle(?)  
E l l e s m e r i a n  a n t i c l i n e s  Devonian t o  

Permian 

Lower C l o s u r e  a tM i d d l e l ? )  M i d d l e ( ? )  
E l lesmer ian  f a u l t s  Devonian t o  

Cretaceous Permian 

P o t e n t i a l  pay
Cretaceous <loo . 

M i d d l e ( ? )  E a r l y  A r e a l l y  l a r g e
Devonian t o  LowerCretaceous P o t e n t i a l  pay
Cretaceous < loo ' .  

May b e  a r e a l l y  
Devonian toCre taceous l a r q e .Loner  P o t e n t i a l  
Cretaceous pay < Z O O ' .  

A r e a l l y  smal 1 
Devonian t o  Lower P o t e n t i a l  pay
Cretaceous ,200 . 

Pre-Permian Yay b e  a r e a l l y
Devonian t o  L o v e r  l a r g e .P o t e n t i a l  

pay,200'. 

I I ~ 



CHUKCHISHELF ( IC )  


A UPPER ELLESMERIAN 

B 

c I  BROOKIAN I 

ELLESMERIAN I 

D l  BROOKIAN 

E 

Figure 25. 

NORTHEAST CHUKCHI BASIN :  LOWER ELLESMERIANSTRATA 

A n t i c l i n a lc l o s u r e si nd e t a c h e df o l d sw i t h i n  
c l a s t i c  wedge u n i t  abovebasalcarbonateUnit  
i n  NortheastChukchiBasin. 

F a u l tt r a p s  and a n t i c l i n a lc l o s u r e sa s s o c i a t e d  
wi thfau l t -bounded basement highswhichenclose 
theNortheastChukchiBasin. 

BARROW ARCH: UPPERELLESMERIANSTRATA-

S t r a t i g r a p h i c  t r a p s  wi th in  upperEl lesmer ian 
(Permian t o  J u r a s s i c )  s t r a t a  where t runca ted  
a t  t h e  LCU on t h e  s o u t h  f l a n k  o f  t h e  B a r r o w  
Arch. 

RIFT AND BRDOKIANSEQUENCES . 

La tera l l ysea ledsandstonelenses  i n  t h e  Rift 
sequence (e.g., Put R i v e ro r  Walakpasandstones) 
deve lopedloca l l yonthe  LCU. 

F a u l t  t r a p s  i n  C r e t a c e o u s  t o  T e r t i a r y ( ? )  
B r o o k i a ns t r a t ai nc r e s t a la r e a s  o f  t h eN o r t h  
Chukchihigh. 

P layconceptsandtrapconf igurat ionsdeveloped i n  lowerEl lesmer ian,upper  
El lesmerian, Rift, a n dB r o o k i a ns t r a t ao ft h e  Chukchi s h e l f( p r o v i n c e  I C ) .  
Largear rowsdenotepoten t ia lmigra t ionpaths .  

my C O M C C ~ ~ Aand T m p  Can6igrylat.ionn, 9 5  
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Acrossthesouthernpar tso ftheChukch ishe l fp rov ince ,upper  
E l lesmer ian(PermiantoJurass ic )s t ra taarepreservedbeneaththe  
LCU. These s t ra taa resuccess i ve l yt runca tednor thward(p la te  1) 
a t  t h e  o v e r l y i n g  LCU w i t h  i n c r e a s i n g  p r o x i m i t y  t o  t h e  c r e s t  o f  t h e  
BarrowArch. Where p o t e n t i a lr e s e r v o i ru n i t s ,  suchas t h eI v i s h a k  
sandstones, Sag Riversandstones,oryoungerJurassicsandstones 
(suchastheBarrowandSimpsonsands), a r e  s e a l e d  u p d i p  a t  t h e  
LCU, p o t e n t i a ls t r a t i g r a p h i ct r a p s  may befound( f ig .25c) .  

D iscont inuoussandbod ieswhichgradela te ra l l yin tosha leare  
known t o  o c c u r  w i t h i n  t h e  Rift sequence i n  o n s h o r e  w e l l s  t o  t h e  
e a s to ft h e  Chukchi she l fp rov ince .  Examples i n c l u d et h e  Walakpa 
andKuyanaksandstones.Thesesandstones a r et y p i c a l l yl e s st h a n  
100 f e e t  t h i c k ,  however,and a r e  u n l i k e l y  t o  househydrocarbon
accumulat ionsofcommercials ize on t h e  Chukchi she l f .Never the less ,  
we recognizethatthesesandstonescouldthickenwestward andform 
widespreads t ra t ig raph ict rapsforhydrocarbonsintheChukch i  
s h e l fp r o v i n c e( f i g .  25d). 

The f o l d i n g  and f a u l t i n g  o f  l o w e r  E l l e s m e r i a n  s t r a t a  i n  t h e  
NortheastChukchiBasin and a l o n gf l a n k i n gs t r u c t u r a lh i g h st o o k  
p l a c e  i n  m o s t  a r e a s  p r i o r  t o  e r o s i o n  onthePermianunconfon i ty  
(PU) .  Except fo r  b road warp ing  on t h e  Barrow Arch,younger s t r a t a  
o f  t h e  upper El lesmer ian,  Rift, and Brookian sequences a re  v i r t u a l l y
undeformedacrossmost o f  t h e  Chukchi she l fp rov ince .  However, a 
y o u n g e r  ( L a t e  C r e t a c e o u s  t o  T e r t i a r y )  p h a s e  o f  u p l i f t  and f a u l t i n g
has a f fec tedbroadareasoftheNor thChukch ih ighinthenor thwestern  
p a r t  o f  t h e  Chukchi s h e l fp r o v i n c e( p l a t e3 ) .I nt h i sa r e a ,B r o o k i a n  
and o l d e r  s t r a t a  a r e  c u t  b y  a dense a r r a y  o f  n o r t h e a s t - t r e n d i n g  
n o r m a lf a u l t s .  Where thesefau l t sjux taposeBrook ianrese rvo i r  
bedsupdipagainstimpermeablestrataorbasement-complexrock, a 
p o t e n t i a lt r a pc o n f i g u r a t i o ni sf o r m e d( f i g .  25e).Althoughfound 
a t  r e l a t i v e l y  s h a l l o w  d e p t h s  andperhapsareal lysmallbecause o f  
t h e  c l o s e  s p a c i n g  o f  f a u l t s ,  many such t r a p s  appear t o  b e  p r e s e n t ,  
and  fo rm the  mos t  consp icuous  exp lo ra t i on  ob jec t i ve  i n  the  no r thwes te rn  
p a r to f  t h e  C h u k c h is h e l fp r o v i n c e .  

Po ten t i a lsou rce  beds i nt h eu p p e rE l l e s m e r i a n  sequence(Kingak
andShubl ikFormat ions)arepreservedbeneaththe LCU o n l y  i n  t h e  
sou the rnpar to ftheChukch ishe l fp rov ince .  Rift sequencesource 
beds(PebbleShale)arepresentover much o f  t h e  Chukchi s h e l f  
prov ince.  However, a l l  o f  t h e s e  u n i t s  l i e  a t  d e p t h s  nogreater  
t han  6,000 f e e tw i t h i nt h e  p l a n n i n g  area. On t h eb a s i so fg e o t h e r m a l  
da taf romadjacentonshoreareas ,theo i l  window i n  t h i s  area i s  
e s t i m a t e dt o  now l i e  between 9,200 and 12,300 f e e t .  However, 
upperEl lesmerianand Rift sequence sourcebeds i n  t h i s  a r e a  appear 
t o  havebeenprev ious lybur iedto  much greatersubsurfacedepthsthan 
a tp r e s e n t .D e s p i t et h e i rr e l a t i v e l ys h a l l o wd e p t h so fb u r i a l  
(2,000 t o  7,000 f e e t ) ,  i n  n e a r b y  w e l l s  i n  NPRA t h e s e  s t r a t a  y i e l d  
v i t r i n i t e  r e f l e c t a n c e  v a l u e s  r a n g i n g  from 0.6 t o  0.8 (Magoon and 
B i r d ,  1986, f i g s .  12and 1 8 ) ,  c o r r e s p o n d i n g  t o  t h e  t o p  o f  t h e  o i l  
window. O f f s h o r e( w e s t w a r d )p r o j e c t i o n so fi s o r e f l e c t a n c ec o n t o u r s  
mapped i n  NPRA by Magoon and B i r d( 1 9 8 6 )i n d i c a t et h a t  t h e s es o u r c e  
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bedsshou lden te rtheo i l  window a t  thesouthernboundaryo fthe  

Beau fo r t  Sea P lann ing  Areaon theChukchishelf.Onshoredata 

show t h a tt h et h e r m a lm a t u r i t y  anddepth o f  b u r i a l  o f  t h e s e  beds 

increasetothesouth.L iqu idhydrocarbonsgeneratedbythese 

s t ra tasou tho fthep lann ingareacou ldhaveread i l ym ig ra ted  

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

prov ince .Poten t ia lsource  beds may a l sooccu rw i th inthedeeper  

( lowerE l lesmer ian)  sequence w i t h i n  t h e  Chukchi she l fp rov ince . 

Hydrocarbonsgenera tedf romtheserockscou ldhavemigra tedver t i ca l l y  

i n t o  s t r u c t u r a l  t r a p s  w i t h i n  t h e  sequence o r  i n t o  s t r a t i g r a p h i c  

t r a p s  i n  t h e  o v e r l y i n g  u p p e r  E l l e s m e r i a n  and Rift sequences. 

However, t h e  complex h i s t o r y  o f  deep b u r i a l ,  f o l d i n g ,  t i l t i n g ,  a n d  

r e p e a t e d  p e r i o d s  o f  u p l i f t  andexhumation a t  m u l t i p l e  u n c o n f o r m i t i e s  

probab lyhasadverse lya f fec tedthesourcepo ten t i a lo fthelower  

El lesmer ian  sequence. I n  a d d i t i o n ,  l i t t l e  i s  known aboutthe 

s t r a t i g r a p h y  o f  t h e  l o w e r  E l  lesmer ian sequence as ide  f rom the  

o b s e r v a t i o n  t h a t  it apparen t l y  cons i s t s  o f  a sequence o f  ca rbona te  

rocksover la inby  a t h i c kc l a s t i cu n i t .  We s p e c u l a t et h a tp o t e n t i a l  

sourcebeds may be foundwi th inthelowerE l lesmer ian  sequence i f  

it conta insmar inesha les(equ iva len t  t o  theHuntForkShale?) 

wi thcompos i t ions  and m a t u r i t y  l e v e l s  a p p r o p r i a t e  f o r  h y d r o c a r b o n 

generat ion.  


NUWUK BASIN (IIA) 

The Nuwuk Basinbegan t o  develop i n  l a t e  E a r l y  C r e t a c e o u s  t i m e  
as a consequence o f  t h e  f r a g m e n t a t i o n  o f  t h e  A r c t i c  P l a t f o r m  and 
thesubs idenceofthenewlyfo rmedcont inenta lmarg intowardthe  
expanding Canada Basin.Subsidence o f  t h e  o u t e r  p a r t s  o f  t h e  
cont inenta lmarg inoccur reda long a system ofmajor ,nor thward-d ipp ing,  
l i s t r i c  g r o w t h  f a u l t s  w h i c h  o c c u r  w i t h i n  o r  p a r a l l e l  t o  t h e  H i n g e  
L i n e( p l a t e  4 ) .  The s t r u c t u r a l  s t y l e  o f  t h e  Nuwuk Basinresembles 
t h a t  o f  o t h e r  p a s s i v e  m a r g i n s ,  suchas theNorthAmericanmargin 
o f  t h e  G u l f  o f  Mexico.The Nuwuk Basin i s  f i l l e d  w i t h  Cretaceous 
andCenozo icdepos i tso ftheBrook ian  sequence. P o t e n t i a lr e s e r v o i r  
format ions i n  t h e  Nuwuk Basininc lude:  (1) f l u v i a l - d e l t a i c  sands 
i n  t h e  upperBrookian sequence; (2) prode l tas lope  andbase-of-slope
t u r b i d i t e so rs u b m a r i n ef a n  complexes i n  t h e  l o w e r  B r o o k i a n  sequence; 
and ( 3 )  Rift sequencesands i n  pre-Nuwukgrabens(analogous t o  t h e  
Dinkumgraben)which may l o c a l l y  f l o o r  t h e  Nuwuk Basin. 

The p r i n c i p a l  mappable t r a p  t y p e s  w i t h i n  t h e  Nuwuk Bas inare  
f a u l t  t r u n c a t i o n s  o f  i n c l i n e d  s t r a t a  o r  g e n t l e  f o l d s  a s s o c i a t e d  
with n o r t h w a r d - d i p p i n g  l i s t r i c  f a u l t s  a l o n g  and n o r t h  o f  t h e  H i n g e  
Line. The d i s r u p t e d  pre-Nuwukgrabens which may f l o o r  p a r t s  o f  
t h e  b a s i n  may besea ledbeneathover ly inglowerBrook ianprode l ta ic  
s h a l e s .P o t e n t i a ls t r a t i g r a p h i ct r a p si nt h eB r o o k i a n  sequence 
may be very common, b u t  a r e  d i f f i c u l t  t o  r e c o g n i z e  i n  s e i s m i c  d a t a  
w i t h o u tw e l lc o n t r o l .  The p r i n c i p a lt y p e so fs t r a t i g r a p h i ct r a p s
s h o u l d  c o n s i s t  o f  u p d i p  p i n c h - o u t s  o f  d e l t a i c  and p r o d e l t a i c  sands. 
T u r b i d i t e  s a n d s t o n e s  d e p o s i t e d  i n  t h e  p r o d e l  t a  s e t t i n g  may l o c a l l y  



E l l e s m e r i a n   

Table 5. Nuwuk Bas in(p rov ince  IIAl: Summary andp layana lys is .  

SE lSWlC PROBABLE PROBABLE 
SEQUENCE -.._ TYPE OF TRAP RESERVOIR SOURCE BEDS AGE OF TRAP S I Z E  OF TRAP OILIGAS -___....__ __ 
Brookian A. R o l l o v e r  CretaceousUpper Cretaceous LateCretaceous A r e a l l yl a r g e .  40160 

a n t i c l i n e s  and t o  T e r t i a r y  t o  T e r t i a r y  P o t e n t i a l  pay
c l o s u r e  a t  * loo ' .  
f a u l t s  

S t r a t i g r a p h i c  Lower8 .  	 Cretaceous Cretaceous EarlyCretaceous A r e a l l yl a r g e .  40160 
t o  T e r t i a r y  t o  T e r t i a r y  P o t e n t i a l  pay 

< l o o ' .  

R i f t  a t  C l o s u r e  Lo.rer Lower EarlyCretaceous Area l l y  smal l  . 50150 
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Figure 26. 
Schematicgeologicalcrosssect ionsummariz ingpotent ia lp layconcepts and 
t r a pc o n f i g u r a t i o n si nt h e  Nuwuk Basin. Shown are:  (1) t rapsdeveloped 
i n  f l u v i a l - d e l t a i c  sandsdeformedby r o t a t i o n a lf o l d sa s s o c i a t e dw i t h  
l i s t r i c  f a u l t s ;  (2)  t r a p s  w i t h i n  r e s e r v o i r  sands deposi ted i n  Ea r l y  
Cretaceous i n f r a r i f t  grabens now d i s r u p t e d  by f a u l t i n g  a s s o c i a t e d  w i t h  
Nuwuk Basinsubsidence; ( 3 )  a v a r i e t y  o f  s t r a t i g r a p h i c  t r a p s  i n v o l v i n g  
l e n t i c u l a rb o d i e so fs a n d s t o n ed e p o s i t e di nd e l t a i c ,p r o d e l t as l o p e ,o r  
abyssa lp la inse t t i ngs .E l l esmer ian  sequence rocks (shownas "E?") may 
be l o c a l l y  p r e s e r v e d  i n  t h e  s o u t h e r n  p a r t s  o f  i n f r a r i f t  grabensand may 
fo rmpotent ia lreservo i rob jec t ives .Largear rowsdenoteposs ib lemigra t ion  
pa thsforhydrocarbons ,pr imar i l ya longfdu l ts .  



composite  into  major  submarine  fan  complexes.  Major  northeast- 
t r e n d i n g  canyon  systems i n c i s e d   i n t o  Lower  Cretaceous  rocks  and 
f i l l e d   w i t h  Upper  Cretaceous  rocks  have  been i d e n t i f i e d   i n   s e i s m i c  
data  near  Barrow  and Oease I n l e t   s o u t h   o f   t h e   H i n g e   L i n e .  These 
canyons  probably  formed  major  submarine(?)  sediment  transport 

o f   m a j o r  submarine  fan complexes. I n  general,  however, most 
systems i n t o   t h e  Nuwuk Basin,  and may have l o c a l i z e d   t h e  d e p o s i t i o n  

s t r a t i g r a p h i c   t r a p s   i n   t h e  Nuwuk Basin may be   expec ted   to  be smal l  
i n   a r e a l   e x t e n t  and  volume. R o t a t i o n a l   f o l d s   a s s o c i a t e d   w i t h  
l i s t r i c   f a u l t s  w h i c h   d i s p l a c e   u p p e r   B r o o k i a n   f l u v i a l - d e l t a i c  
sandstones  remain  the  most   conspicuous  explorat ion  ob ject ive i n   t h e  

Bas in   a re  summarized i n   t h e  schemat i c   geo log i ca l   c ross   sec t i on   o f  
Nuwuk Basin.  Play  concepts and p o t e n t i a l   t r a p s   w i t h i n   t h e  Nuwuk 

f i g u r e  26. 

The s t ruc tu ra l   geo logy   o f   t he   H inge   L ine   f au l t   sys tem  a long   t he  

V i c k s b u r g   t r e n d   o f  Texas.  The V i c k s b u r g   f a u l t  zone i s  a complex 
sou the rn   marg in   o f   t he  Nuwuk Basin i s  o u t w a r d l y   s i m i l a r   t o   t h e  

system o f   l i s t r i c   f a u l t s  up t o  300 m i l e s   i n   l e n g t h   w h i c h   t r e n d s  
p a r a 1   l e 1   t o   t h e  modern  Gulf  Coast o f  Texas.  Displacements  resul t ing 

t h e   V i c k s b u r g   f a u l t  system. A host   o f   hydrocarbon  accumulat ions  are 
i n  severa l   thousand  fee t   o f   s t ra t ig raph ic   th row  have  occur red   across  

l o c a l i z e d   i n   r o t a t i o n a l   f o l d s  and f a u l t   t r a p s  on t h e  downdropped 

g i a n t   f i e l d s   a r e   p r e s e n t   i n   t h i s   s t r u c t u r a l   p r o v i n c e ,   a n d   t o t a l  
( s o u t h e a s t )   s i d e   o f   t h i s   f a u l t  system  (Stanley,  1970).  Several 

known recoverab le   reserves   fo r   O l igocene and  Miocene s t r a t a   i n   t h e  
V icksburg   t rend   a re   es t ima ted   t o   be  3 b i l l i o n   b a r r e l s   o f   o i l  and  20 
t r i l l i o n   c u b i c   f e e t   o f  gas  (Stanley,  1970,  p.  301). The l a r g e s t  
f i e l d ,   t h e  Tom O’Connor f i e l d ,   c o n t a i n s  500 m i l l i o n   b a r r e l s   ( M i l l s ,  
1970,  p.  292) w i t h i n  15,000 produc t ive   acres   (2 .5  OCS t r a c t s ) .  

The i n f e r r e d   g e o t h e r m a l   s t r u c t u r e   o f   t h e   o u t e r   ( n o r t h e r n )   p a r t  
o f  t h e  Nuwuk Basin  suggests a depth  range  of  15,400 t o  23,500 f e e t  
f o r   t h e   o i l  window.  The o i l  window may r i s e   t o   s h a l l o w e r   d e p t h s  

sedimentary wedge which f i l l s   t h e  sou the rnmos t   pa r t s   o f   t he  Nuwuk 
(12,200 t o  16,500 f e e t )   i n   t h e   o l d e r ,   p r i m a r i l y   C r e t a c e o u s ,  

Basin. A 1 arge  volume  of  Brookian  strata i n   t h e  Nuwuk Basin 1 i e s  
w i t h i n   e i t h e r   d e p t h   i n t e r v a l ,   b u t  much o f   t h e   b a s i n  fill a l s o   l i e s  
deeper  than 23,000 fee t   and   i s   p robab ly   ove rmatu re .  As discussed 
i n  a p rev ious   chap te r ,   B rook ian   p rode l ta   sha les   t yp i ca l l y   con ta in  
i n s u f f i c i e n t   q u a n t i t i e s   o f   a p p r o p r i a t e   k e r o g e n s   t o   b e   c o n s i d e r e d  
impor tan t   po ten t i a l   sou rces   f o r   l i qu id   hyd roca rbons .  However, 
geochemica l   s tud ies   o f   we l l  samples  f rom  the  Point  Thomson area  have 

T e r t i a r y   B r o o k i a n   p r o d e l t a  sequence. I f  comparably r i c h   s o u r c e  beds 
i d e n t i f i e d   p o t e n t i a l l y   i m p o r t a n t   s o u r c e  beds  near  the  top o f   t h e  

o c c u r   a t  a s i m i l a r   s t r a t i g r a p h i c   p o s i t i o n   i n   C r e t a c e o u s   o r   T e r t i a r y  

modera te   depths   where   tempera tures   a re   su i tab le   fo r   l i qu id   hydrocarbon 
rocks i n   t h e  Nuwuk Basin,  they  would now b e   b u r i e d   a t   r e l a t i v e l y  

generat ion.  The subs idence  o f   these  po ten t ia l   source  beds i n t o   t h e  
o i l  window may have  more o r   l e s s   c o i n c i d e d   w i t h   t h e   d e v e l o p m e n t   o f  
s t r u c t u r a l   t r a p s   i n   t h e   o v e r l y i n g   B r o o k i a n   f l u v i a l - d e l t a i c   f a c i e s .  
T h i s   s u g g e s t s   t h a t   t h e   m o s t   a t t r a c t i v e   p o t e n t i a l   t r a p s  were  formed 
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b e f o r e   o r   a t   t h e  same t i m e   a s   s i g n i f i c a n t   q u a n t i t i e s   o f   l i q u i d  
hydrocarbons  might  have  been  generated i n   u n d e r l y i n g   s o u r c e  beds. As 

migrat ion  paths  for   hydrocarbons  moving  f rom deep source  beds i n t o  
shown i n   f i g u r e  26, l i s t r i c   f a u l t s   p r o b a b l y   f o r m e d   t h e   p r i m a r y  

s h a l l o w e r   s t r u c t u r a l   t r a p s .  

KAKTOVIK BASIN:  CAMDEN SECTOR ( I I B )  AND DEMARCATION SECTOR ( I I C )  

I n  Camden Bay, t h e   H i n g e   L i n e   ( f i g s .  1 and  2)  t rends  southeast 
and  then  swings  eastward i n  a s igmoida l   con f igura t ion ,   pass ing   nor th  
o f   B a r t e r   I s l a n d .  Seaward o f   the   H inge  L ine ,   over  35,000 f e e t   o f  
Cretaceous(?)  and  Tert iary  sediments  have  accumulated.  This  great 
accumulation  has  been  termed  the  Kaktovik  Basin  by  Grantz and 

we f u r t h e r   s u b d i v i d e  t h e   b a s i n  and  contiguous  areas o f   t h e  A r c t i c  
o the rs  (19B2b, f i g .  4 ) .  As d i d  Grantz  and  others  (1982b, f i g .  16).  

P l a t f o r m   t o   t h e   s o u t h   o f   t h e   H i n g e   L i n e   i n t o  two s e c t o r s   ( f i g .  1) 
on t h e   b a s i s   o f   f u n d a m e n t a l   d i f f e r e n c e s   i n   s t r a t i g r a p h i c  and 
s t r u c t u r a l   h i s t o r i e s .  We in fo rmal ly   te rm  these  geograph ic   p rov inces  
t h e  Camden and  Demarcat ion  sectors  ( f ig.   28).  

t o   t h a t   o f   t h e  Camden Basin,  as known f r o m   e x p l o r a t o r y   d r i l l i n g  i n  
t h e   P o i n t  Thomson area. I n   c o n t r a s t ,   t h e   D e m a r c a t i o n   s e c t o r   i s  
hypo thes i zed   t o  be under la in   by  a s t r a t i g r a p h i c   s e c t i o n  more d i r e c t l y  
analogous t o   t h e   p o l y c y c l i c   C e n o z o i c  sequence known f rom  exp lo ra to ry  
d r i l l i n g   i n   t h e   c o n t i g u o u s  Canadian  Beaufort .   Furthermore,  unl ike 
t h e  Camden s e c t o r ,   t h e   p a r t   o f   t h e   D e m a r c a t i o n   s e c t o r   s o u t h   o f   t h e  
Hinge  L ine may con ta in   po ten t i a l   sou rce  and r e s e r v o i r   r o c k s   o f   t h e  
E l l esmer ian  sequence. I n   t h e  Camden sec tor ,   the   E l lesmer ian  sequence 
on   t he   A rc t i c   P la t fo rm  has  been  completely  removed  by  erosion a t  
t h e  LCU and BU. 

The s t r a t i g r a p h y   o f   t h e  Camden s e c t o r   i s   i n f e r r e d   t o  be s i m i l a r  

Camden S e c t o r   ( I I B )  

The p r i n c i p a l   s t r u c t u r a l   f e a t u r e   o f   t h e  Camden s e c t o r   ( I I B )   i s  
t h e  Camden a n t i c l i n e .   T h i s  immense f o l d   ( i l l u s t r a t e d   i n   f i g .  27 
and p l a t e  6) c a n   b e   t r a c e d   f o r   n e a r l y  60 m i l e s   a l o n g   i t s   n o r t h e a s t -  
t r e n d i n g   a x i s  and e x h i b i t s   u p   t o   s e v e r a l  seconds  (two-way t r a v e l  
t i m e )   o f   s t r u c t u r a l   r e l i e f  on some s e i s m i c   d i p   l i n e s .   D e t a i l e d  
examina t ion   o f   se i sm ic   da ta   revea ls   t ha t   t he  Camden a n t i c l i n e   i s  
n o t  a s imple  feature.   Seismic  panels   (p la te 6) show t h a t   t h e   f o l d  
i s   c u t  by  numerous f a u l t s ,   w h i c h   i n  some cases   ex tend  to   the   sea f loor .  
The m a j o r i t y   o f   t h e s e   f a u l t s   a r e   p a r t   o f   t h e   H i n g e   L i n e   f a u l t   s y s t e m  
and t rend   no r thwes t ,   o r   nea r l y   o r thogona l   t o   t he   ax i s   o f   t he  Camden 
a n t i c l i n e .   M i d d l e   T e r t i a r y   s t r a t a  do n o t   t h i n   t o w a r d   t h e   c r e s t   o f  
t h e   s t r u c t u r e  and a r e   t r u n c a t e d   a t   o r   n e a r   t h e   s e a f l o o r   a r o u n d   t h e  
p e r i m e t e r   o f   t h e   f o l d .   T h i s   s u g g e s t s   t h a t   t h e  Camden a n t i c l i n e   i s  
a ve ry   you th fu l   s t ruc tu re .  Modern s h a l l o w - c r u s t a l   s e i s m i c   a c t i v i t y  
s u g g e s t s   t h a t   t h e   f o l d   i s   s t i l l   g r o w i n g   ( B i s w a s  and Gedney, 1978). 
The Brookian  sequence  deformed  by  the f o l d   c o n t a i n s  two  seismic 
f a c i e s  as  recognized  onshore: a l o w e r   i n t e r v a l   o f   m a r i n e   p r o d e l t a  

%q Concepa and Ttrap Con,$igu~caLLo~, 101 



Tab le  6. Kaktov ik   Bas in ,  Camden Sector   (p rov ince   118) :  Summary and  p lay  analys is .  

SEISMIC 
SEQUENCE  TYPE OF TRAP RESERVOIR  SOURCE BEDS AGE OF TRAP SIZE OF TRAP 

PROBABLE  PROBABLE 
____  ._ __ - ._ - OILIGAS 

~ 

REMARKS 

Brookian A. Compressional 01 igocene t o  T e r t i a r y   L a t e   M i o c e n e   A r e a l l y   l a r g e .  
a n t i c l i n e s  P I   i o c e n e   t o   P l e i s t o c e n e   P o t e n t i a l  pay 

i l 0 0 ' .  

B. S t r a t i g r a p h i c  01 i g o c e n e   t o   T e r t i a r y  01 i g o c e n e   t o  A r e a l l y   m a l  1 . 
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Figure 27. 
Schematic  structure-contour map and g e o l o g i c a l   c r o s s   s e c t i o n s   i l l u s t r a t i n g  

appear t o   c o r e   t h e   a n t i c l i n e   a r e   b r e a c h e d  a t  a sha l low  P le is tocene(?)  
the  fundamental  geology o f   t h e  Camden a n t i c l i n e .  The prodel ta   shales  which 

unconformity  over much o f   t he   c res ta l .   a rea   o f   t he   s t ruc tu re .   T raps  
develaped  along  the  northwest and southeast   f lanks o f  t h e   f o l d ,  where 
po ten t i a l   rese rvo i r   sed imen ts   a re   t runca ted   a t   t he   sha l l ow   uncon fo rm i t y ,  
a re   p robab ly   t oo   sha l l ow   fo r  economic  production. The most a t t r a c t i v e  
p o t e n t i a l   t r a p s   ( a r e a  1 i n   s e c t i o n  8-B ' )  a re   p robab ly   found  a long  the  
southwestern   fau l ted   nose  o f   the  Camden a n t i c l i n e ,  where t h e   a x i s   o f   t h e  
f o l d   i n t e r s e c t s   t h e   n o r t h w e s t - t r e n d i n g   H i n g e   L i n e   f a u l t  system. Large 

m o b i l i z e d   o u t   o f   p r o d e l t a   s h a l e s   i n t o   f l u v i a l - d e l t a i c   r e s e r v o i r  sands. 
a r rows  suggest   po ten t ia l   m igra t ion   pa ths   a long  fau l ts   fo r   hydrocarbons  

Many f a u l t s  a?;" - t o  b e   a c t i v e   a t   p r e s e n t ,  and may n o t  f o r m  e f f e c t i v e  
seals  i n  some t raps .  
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c 
shales and  an  upper i n t e r v a l   o f   f l u v i a l - d e l t a i c   s e d i m e n t s .  The 
u p p e r   f l u v i a l - d e l t a i c   f a c i e s ,   w h i c h   p r o b a b l y   c o n t a i n s   m o s t   o f   t h e  

o f   t h e   a x i a l   r e g i o n   o f   t h e   f o l d .  A t  t h e   c r e s t   o f   t h e   f o l d ,   f a r  
p r o s p e c t i v e   r e s e r v o i r   r o c k s ,   i s   b r e a c h e d   a t   t h e   s e a f l o o r   o v e r   m o s t  

o f f s h o r e   t o   t h e   n o r t h e a s t ,   t h e   p r o d e l t a   s h a l e   l i e s   n e a r   t h e   s e a f l o o r ,  
as i l l u s t r a t e d   i n   f i g u r e  27. On the  southwestern  nose  o f   the 
Camden a n t i c l i n e ,   c o n t e m p o r a r y   f a u l t s   o f   t h e   H i n g e   L i n e   f a u l t  
s y s t e m   s t r u c t u r a l l y   i s o l a t e  numerous b locks   o f   B rook ian  
f l u v i a l - d e l t a i c   s e d i m e n t s .   P o t e n t i a l   r e s e r v o i r  sands i n   t h i s  

o f   t h e   a n t i c l i n e  ( f i g .   2 7 ) .  Many o f   t h e   f a u l t s  e x t e n d   t o   t h e  
sequence may be i n v o l v e d   i n  f a u l t  c l osu res   a long  t h e   f a u l t e d  nose 

sea f loo r ,  and t h e i r   a b i l i t y   t o   a c t  as  seals a t   s h a l l o w   s u b s u r f a c e  
depths may be  poor.  Nevertheless,  the  faulted  southwestern  nose 
o f   t h e  Camden a n t i c l i n e   i s   p r o b a b l y   t h e   m o s t   p r o s p e c t i v e   p a r t   o f  
t h e   s t r u c t u r e .  

Grantz and o t h e r s  (1982b, p. 18 )   have   s ta ted   t ha t   t he   you th fu l  
age ( l a t e   T e r t i a r y   t o   Q u a t e r n a r y )   o f   t h e  Camden s t ruc tu re   i nc reases  
t h e   r i s k   t h a t  it may n o t  have  been  present  as a p o t e n t i a l   t r a p  
when hydrocarbons  were  generated  and  expel led  f rom  deeper  strata.  
As noted i n  p reced ing   sec t i ons ,   r i ch   po ten t i a l   sou rce  beds  apparently 
occur   near   the   boundary   be tween  the   p rode l ta ic   and  f luv ia l -de l ta ic  

These po ten t i a l   sou rce  beds may e x t e n d   o f f s h o r e   a t   t h e  same 
f a c i e s   o f   t h e   T e r t i a r y   B r o o k i a n  sequence i n   t h e   P o i n t  Thomson area. 

d e l t a  complex. The a p p r o x i m a t e   b a s e   o f   t h e   f l u v i a l - d e l t a i c  sequence, 
s t r a t i g r a p h i c   l e v e l  as a con t inuous ,   p rog rad ing   f ac ies   w i th in   t he  

a s   i d e n t i f i e d  on se ismic  data,   l ies   a t   depths  between 6,000 and 
15,000 f e e t   ( f i g .   1 7 )   a l o n g   t h e   f l a n k s   o f   t h e  Camden f o l d   n o r t h   o f  
the   H inge  L ine .  It i s   p o s s i b l e   t h a t   p o t e n t i a l   s o u r c e  beds  near 
t h i s   s t r a t i g r a p h i c   l e v e l  began t o   s u b s i d e   i n t o   t h e   o i l  window 
( e s t i m a t e d   t o   l i e  between  15,400  and 23,500 f e e t )   o n l y   a f t e r  
s i g n i f i c a n t   u p l i f t  on t h e  Camden structure  had  occurred.  These. 
po ten t i a l   sou rce  beds i n  a r e a s   f l a n k i n g   t h e   f o l d   c o n t i n u e d   t o  move 
i n t o   t h e   o i l  window  as t h e   f o l d  grew. I f  source  beds  are  indeed 
p r e s e n t   o f f s h o r e   n e a r   t h e   b a s e   o f   t h e   f l u v i a l - d e l t a i c  sequence,  as 
appears t o  be the  case i n  onshore we1 1 s,  t h e i r   t h e r m a l   e v o l u t i o n  
may have  been i d e a l l y   t i m e d   f o r   e x p u l s i o n   o f   h y d r o c a r b o n s   i n t o   t h e  
Camden st ructure.   Source  beds  occurr ing  a t  much greater   depths 
w i t h i n   t h e   p r o d e l t a   f a c i e s  may have  reached  thermal  overmatur i ty 
b e f o r e   t h e   i n i t i a l   u p l i f t   o f   t h e  Camden a n t i c l i n e ,  and  hydrocarbons 
der ived   f rom them may have  been l o s t .  

t h a t   o f   t h e  Teak o i l   f i e l d   o f   T r i n i d a d ,  West Ind ies .  The  Teak 
accumulat ion  occurs  wi th in  a n o r t h e a s t - t r e n d i n g   a n t i c l i n e   o f  
P le is tocene  o r   younger  age d i ssec ted  by  a system o f   l i s t r i c  normal 
f a u l t s   w h i c h   t r e n d   a t   r i g h t   a n g l e s   t o   t h e   a n t i c l i n a l   a x i s .  Numerous 

b locks .   De l ta i c  sands i n   c o n t a c t  w i t h   t h e   f a u l t s  were  charged  wi th 
ind iv idual   pet ro leum  accumulat ions occur i n  s m a l l ,   i s o l a t e d   f a u l t  

Chanpong,  1980, p.  398).  Although t h e s e   f a u l t s ,   l i k e   t h o s e   w h i c h  
hydrocarbons  that   migrated  upward a l o n g   f a u l t   s u r f a c e s  (Bane  and 

c ross  Camden a n t i c l i n e ,   e x t e n d   a l l  t h e  way t o   t h e   s u r f a c e ,   i n   t h e  

The geo logy   o f  Camden a n t i c l i n e   i s  analogous i n  many ways t o  



Teak f i e l d   t h e y   p r o v i d e   s e a l s   f o r   h y d r o c a r b o n   a c c u m u l a t i o n s   l y i n g  
throughout  the  depth  range  f rom 1,000 t o  14,000 f e e t .  The  Teak 
a n t i c l i n e   i s  a much sma l le r   f ea tu re   t han  Camden a n t i c l i n e ,   w i t h  
a  known produc t ive   a rea  (Bane  and Chanpong,  1980, p.  387) o f  900 
a c r e s   ( o n e   s i x t h   o f  an OCS t r a c t )  and a to ta l   a rea   under   c losu re  
o f  10,000 acres (1.6 OCS t r a c t s ) .   N e v e r t h e l e s s ,   w i t h i n   t h e   f i r s t  
7 y e a r s   o f  development, t h e  Teak f i e l d  has  produced  101 m i l l i o n  
b a r r e l s   o f   o i l  and  107 b i l l i o n   c u b i c   f e e t   o f  gas  (Bane  and Chanpong, 
1980). 

Demarcat ion  Sector   ( I IC)  

The Demarcat ion  sector i s   d i v i d e d   i n t o  two d i s s i m i l a r   g e o l o g i c a l  
subprov inces   by   the   H inge  L ine   fau l t  system. A t  l e a s t   s e v e r a l  
thousand  fee t   o f   aggregate   s t ra t ig raph ic   th row,  down t o   t h e   n o r t h ,  

P re -Brook ian   s t ra ta   a re   genera l l y   cons ide red   t o  be a b s e n t   o r   t o  
has   occu r red   ac ross   t he   f au l t s   wh ich   cons t i t u te   t he   H inge   L ine .  

Brookian  sedimentary wedge i n   t h e   K a k t o v i k   B a s i n   n o r t h   o f   t h e   H i n g e  
l i e  below d r i l l a b l e   d e p t h s   n o r t h   o f   t h e   H i n g e   L i n e .  Much o f   t h e  

L i n e  may r e s t  upon  Mesozoic  oceanic  crust. I n   t h e   e a s t e r n   B e a u f o r t  
Sea, the   H inge  L ine   t rends   sou theas t   ac ross  Camden  Bay, c rosses   the  
Camden a n t i c l i n e ,  and pro jec ts   toward   the   p resent   coas t   o f   A laska 
southwest o f   K a k t o v i k   ( f i g .   2 8 ) .  However, maps o f   t h e   s u r f a c e   g e o l o g y  
(Re ise r  and o thers ,   1980)   o f   the   Arc t i c   Nat iona l   Wi ld l i fe   Refuge 
(ANWR) do no t   suppor t   t he   ex i s tence   o f   an   onshore   ex tens ion   o f   t he  
H i n g e   L i n e   f a u l t  system. I n   a d d i t i o n ,   K o s o s k i  and o t h e r s  (1978, 
p.  19-20)  argue t h a t  a g r a v i t y   h i g h   c e n t e r e d  20 m i l e s   s o u t h e a s t   o f  
K a k t o v i k   a l o n g   t h e   t r e n d   o f  Marsh a n t i c l i n e   ( f i g .   2 9 )  stems  from a 
s t r u c t u r a l   e l e v a t i o n   o f  dense A r c t i c   P l a t f o r m  basement rocks i n   t h a t  
area. The H i n g e   L i n e   m u s t   t h e r e f o r e   l i e   n o r t h   o f   t h i s   g r a v i t y  anomaly 
and no r th   o f   t he   p resen t   coas t   o f   A laska   nea r   Kak tov i k .  These 
observa t ions ,   coup led   w i th   s tud ies   o f   se ismic   da ta   conducted  by. t h e  
present   au thors ,   suggest   tha t   the   H inge  L ine   de f lec ts   eas tward   rough ly  
5 m i l e s   n o r t h   o f   K a k t o v i k  and  does no t   ex tend  onshore   in to  ANWR. As 
shown i n   f i g u r e  28, the   H inge  L ine   passes   a long  the   sou thern   marg in   o f  

p resent   A laska  coas t l ine .  The H inge  L ine   fau l t   sys tem  appears   to   pass  
the   Bar te r   subbas in  and   t hen   t u rns   sou theas t ,   t r end ing   pa ra l l e l   t o   t he  

beneath   un fau l ted   O l igocene  to   M iocene  depos i ts   (p la te  7 and  f ig .   28)  
o f   the  Demarcat ion  subbasin.  

The s t r u c t u r e   o f   t h e   D e m a r c a t i o n   s e c t o r   s o u t h   o f   t h e   H i n g e   L i n e  
i s  dominated   by   two  ma jor   an t ic l inor ia l   fea tures   in fo rmal ly   te rmed 
t h e  "Marsh a n t i c l i n e "   a n d   t h e  "Jago a n t i c l i n e . "  These s t ruc tu res ,  
and a h o s t   o f   m i n o r   f o l d s  and fau l t s ,   t r end   no r theas t ,   app rox ima te l y  
p a r a l l e l   t o   t h e   a x i s   o f   t h e  Camden a n t i c l i n e   ( f i g .   2 8 ) .   L i k e   t h e  
y o u t h f u l  Camden f o l d ,   t h e s e   s t r u c t u r e s   a p p e a r   t o   d e f o r m   l a t e   T e r t i a r y  

and  others,  1980). The Marsh  and  Jag0 a n t i c l i n o r i a   a p p e a r   t o   b e  
to   Quaternary   sed iments   (Grantz  and Mu l l ,  1978,  p.  9,  15; Reiser  

t r u n c a t e d   t o   t h e   n o r t h e a s t   a p p r o x i m a t e l y  10 m i l e s   o f f s h o r e ,  where 
t h e y   i n t e r s e c t   t h e   H i n g e   L i n e   f a u l t  system ( f i g .   2 8 ) .  
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Figure 28. 

M a j o r   s t r u c t u r a l   f e a t u r e s  o f  Camden and Demarcat ion  sectors   o f   Kaktov ik   Basin and ad jo in ing   a reas .  Map adapted 
from  Reiser  and  others  (1980) and  Grantz  and  Mull  (1978).  Line X - X '  i s   c r o s s   s e c t i o n  shown i n   f i g u r e  30. 



Figure 29. 
Bouguer g r a v i t y  map o f  t h e   n o r t h e r n   p a r t  o f  t h e   A r c t i c   N a t i o n a l   W i l d l i f e  Refuge,  adapted from Kososki and others 

and o the rs  (1978, p. 19-20)   suggest   tha t   the   g rav i ty   h igh   near   Kak tov ik   ind ica tes  an e leva ted  basement p la t fo rm 
(1978, p l a t e   1 ) .  The c o n t o u r   i n t e r v a l   i s   1 0   m i l l i g a l s ,  and a l l  contoured  grav i ty   va lues  are  negat ive.   Kososk i  

i n   t he   sha l l ow   subsur face .  



Demarcat ion  sector   south  o f   the  Hinge  L ine i s   t h a t   o b t a i n e d   f r o m  
sur face  outcrops i n   t h e   n o r t h e a s t e r n   B r o o k s  Range and t h e   A r c t i c  
coas ta l   p la in .   Foss i l -bea r ing   M idd le   Ju rass i c   sha les   (Re ise r   and  
others,  1980) of   the  K ingak  Format ion  are  exposed  a long  the  ax is  
o f  J a g 0   a n t i c l i n e   a t   t h e   l o c a l i t y   a n n o t a t e d  on f i g u r e  28.  The 
Midd le   Jurass ic   sha les   appear   to   be   d isconformab ly   over la in   by  Lower 
Cretaceous  shales  above  the  regional ly  widespread  Lower  Cretaceous 
unconformi ty  (LCU). As recognized  by  prev ious  authors  (Grantz  and 
Mu l l ,  1978; Mast  and  others, 19801, the   occu r rence   o f   Ju rass i c   rocks  
a t   t h i s   l o c a l i t y   i s   e x t r e m e l y   s i g n i f i c a n t .   R e g i o n a l   s t r a t i g r a p h i c  

Ju rass i c   rocks  have n o t  been s t r i pped   f rom t h e  n o r t h e r n   c o a s t a l  
r e l a t i o n s h i p s  documented i n  nearby  areas t o  t h e  w e s t   i m p l y   t h a t  i f  

p l a i n   o f  ANWR by  Ear ly   Cretaceous  eros ion,   then  the  under ly ing 
I v i s h a k   F o r m a t i o n   ( T r i a s s i c )   l o g i c a l l y   s h o u l d   a l s o  be preserved 
a t   d e p t h   w i t h i n   o r   b e n e a t h   t h e   m a j o r   f o l d  systems  south o f   t h e   H i n g e  
L ine.  

The o n l y   a v a i l a b l e   i n f o r m a t i o n  on t h e   s t r a t i g r a p h y   o f   t h e  

However, we recognize  that   severa l   processes may have  acted  to  
p rec lude   t he   impor tan t   I v i shak   s t ra ta   f rom  the  Marsh-Jag0 f o l d  
province. The exposure o f   J u r a s s i c   r o c k s   a l o n g   t h e   a x i s   o f   t h e  
J a g 0   s t r u c t u r e   i s  anomalous i n   t h a t  i t  l i e s  40 m i l e s   t o   t h e   n o r t h e a s t  
( f i g .   2 8 )   o f   t h e   r e g i o n a l l y  mapped nor thwest- t rending  zero edge 
where the  Kingak  Shale i s  comple te ly   t runcated   by   the  LCU. We 

a s u b t l e   s t r u c t u r a l   b a s i n   o r   o u t l i e r   o f  pre-LCU  age i n  which  E l lesmer ian 
have i n t e r p r e t e d   t h i s  anomalous  outcrop t o   i n d i c a t e   t h e   p r e s e n c e   o f  

o f   t h i s   h y p o t h e s i z e d   o u t l i e r   i s  unknown. As recognized  by  Grantz 
s t r a t a  have  been  preserved i n   n o r t h e r n  ANWR. The n o r t h e r n   e x t e n t  

and  Mul l  (1978, p. 81, both   the   K ingak  and o lde r   f o rma t ions  may 
have  been s t r i p p e d   b y   t h e  LCU f rom  prospect ive  areas a s h o r t   d i s t a n c e  

Canada, p re -K ingak   s t ra ta   a re   reg iona l l y   t runca ted   by  an unconformi ty  
n o r t h   o f   t h e   J a g 0   o u t c r o p .  We a l s o  acknowledge t h a t   i n   n o r t h w e s t e r n  

a t   t h e  base o f  the   K ingak   Format ion   (Nor r is  and  Yorath,  1981). It 

Jurass ic   e ros iona l   events  may have  removed the   Iv ishak   Format ion   f rom 
t h e r e f o G e m a i n s   p o s s i b l e   t h a t   e i t h e r   E a r l y   C r e t a c e o u s   o r   E a r l y  

pa r t s   o f   t he   Demarca t ion   sec to r   sou th   o f   t he   H inge   L ine ,   t he reby  
g r e a t l y   r e d u c i n g   t h e   o v e r a l l   h y d r o c a r b o n   p o t e n t i a l   o f   t h o s e   a r e a s .  
L a s t l y ,  it i s   n o t  known t o  wha t   ex ten t   t he  anomalous d i s t r i b u t i o n  o f  

post-LCU l a r g e - s c a l e   t e c t o n i c   t r a n s p o r t  and  emplacement  by t h r u s t  
exposures o f   E l l e s m e r i a n   r o c k s   i n   n o r t h e r n  ANWR may be   t he   p roduc t   o f  

f au l t s .   Fo r   t he   p resen t ,  however, we favor  the  most  simple  model, as 
o u t l i n e d  above, which  mainta ins  that   K ingak  shales  exposed i n   n o r t h e r n  

w i t h i n   w h i c h   t h e   p o t e n t i a l   r e s e r v o i r   s t r a t a   o f   t h e   I v i s h a k   F o r m a t i o n  
ANWR r e p r e s e n t   t h e   u p p e r m o s t   s t r a t a   i n  an o u t l i e r   o f   E l l e s m e r i a n   r o c k s  

are  preserved. 

The paleogeographic model f o r   t he   I v i shak   Fo rmat ion   p resen ted  
i n  p reced ing   sec t ions  and i n   f i g u r e  19   sugges ts   t ha t   rese rvo i r  
sands,  perhaps  deposited i n  a s e t t i n g   s i m i l a r   t o   t h a t   i n   w h i c h   t h e  
e x c e l l e n t   r e s e r v o i r   r o c k s   a t  Prudhoe Bay accumulated, may be found 
i n  the  subsur face  beneath  the  Marsh  and  Jag0  ant ic l inor ia  and 
r e l a t e d   o f f s h o r e   s t r u c t u r e s .  A t  t h e   m o s t   n o r t h e a s t e r l y   p o i n t   o f  



con t ro l   f o r   I v i shak   Fo rmat ion   t h i ckness ,  60 m i l e s   s o u t h e a s t   o f  
Kak tov ik ,   the   fo rmat ion  i s  390 f e e t   t h i c k ,   a l t h o u g h  somewhat 
abbrev iated by e r o s i o n a l   t r u n c a t i o n   a t   i t s   t o p   ( D e t t e r m a n  and 
others,  1975,  p. 12) .   Th icker   accumula t ions   migh t   be   an t ic ipa ted  
i n  the  subsurface  near  Kaktovik.  

The concep t   o f   t he   occu r rence   o f  a t h i c k  sequence o f   r e s e r v o i r -  
q u a l i t y   I v i s h a k   s a n d s t o n e   i n   s t r u c t u r e s   i n   t h e   p a r t   o f   t h e   D e m a r c a t i o n  
sec to r   sou th   o f   t he   H inge   L ine   s t rong ly   a f fec ts   t he   hyd roca rbon  
p o t e n t i a l   o f   t h o s e   s t r u c t u r e s .  I f  sandstones  possessing  excel lent  

Marsh  features,  then t h i s  area must be regarded  as one o f   t h e  most 
r e s e r v o i r   p r o p e r t i e s  c o u l d  be shown t o  be p resen t  i n   t h e   J a g 0  and 

p r o s p e c t i v e   w i t h i n   t h e   K a k t o v i k   a r e a .   I n  OCS Sale 87, h e l d   i n  
August 1984, i n d u s t r y   o b t a i n e d   e x p l o r a t i o n   r i g h t s   t o  9 t r a c t s   i n  
the  Demarcat ion  sector   south  o f   the  Hinge  L ine.   Chevron i s   p r e s e n t l y  
d r i l l i n g   a t  an  onshore  locat ion (K.I.C. No. 1 w e l l )   o n   K a k t o v i k  
V i l l a g e   c o r p o r a t e   l a n d s  5 m i l e s  WSW o f   t h i s  group o f   o f f s h o r e  
t r a c t s   ( f i g .   2 8 ) .   T h i s   w e l l  and t h e   n e a r b y   o f f s h o r e   t r a c t s  

will form a key   eva lua t i on   o f   t he   geo logy  and   hyd roca rbon   po ten t i a l   o f  
appear t o   l i e  on t h e   M a r s h   a n t i c l i n o r i a l   t r e n d .  The Chevron w e l l  

t h i s   a r e a .  However, the   da ta   ob ta ined  f rom  th is   we l l   a re   expec ted  
t o  rema in   con f iden t ia l   f o r   t he   f o reseeab le   f u tu re .  

The fundamenta l   s t ruc tu re   o f   t he   Demarca t ion   sec to r   no r th   o f  
the   H inge  L ine  was por t rayed  by  Grantz   and  o thers  (1982b,   f ig .  4 )  

h ighs ,   wh ich   they   te rmed  "d iap i r i c   sha le   r idges . "   Grantz   and 
as a se r ies   o f   bas ins   Separa ted   by   no r thwes t - t rend ing   s t ruc tu ra l  

o t h e r s  11982b) i d e n t i f i e d  two pr inc ipa l   bas ins ,   wh ich   they   te rmed 
the  Bar ter   Is land  and  Demarcat ion  subbasins.  These basins  appear 
t o  be f i l l e d   w i t h   s h e l f   o r   d e l t a i c   s e d i m e n t s   i n f e r r e d   t o   b e   O l i g o c e n e  
and  younger i n  age.  These s t r a t a   a r e   u p t u r n e d   o r   t i l t e d   a t   t h e  

bound t h e   b a s i n s   ( p l a t e  7 and f i g .  30). Shallow s t r a t a  w i t h i n   t h e  
b a s i n  margins,  and  deeper s t r a t a   a r e   t r u n c a t e d   a t  f a u l t s  which 

bas ins   a re   gent ly   up turned and t r u n c a t e d   a t  a shal low  unconformity 
i n f e r r e d   t o  be l a te   M iocene(? )  i n  age.  The m o s t   a t t r a c t i v e   p o t e n t i a l  
t r a p s   i d e n t i f i e d   w i t h i n   t h e s e   b a s i n s   a r e   f a u l t   t r a p s   a s s o c i a t e d  
w i t h   b a s i n - m a r g i n   f a u l t s . ( p l a t e  7 a n d   f i g .  30). The sedimentary 

th ickness. Geothermal data  f rom w e l l s  i n  ad jacent  areas p r e d i c t  
fill i n   t h e  deep p a r t s  o f  these bas ins may exceed 20,000 f e e t   i n  

that   sedimentary  rocks  be low 15,400 f e e t   i n   t h i s   p r o v i n c e   l i e  
w i t h i n   t h e   t h e r m a l  window f o r   o i l   g e n e r a t i o n .  The s t r u c t u r a l  
a n d   s t r a t i g r a p h i c   r e l a t i o n s h i p s   d e p i c t e d   i n   p l a t e  7 a n d   f i g u r e  30 
i n d i c a t e   t h a t  many bas in -marg in   f au l t   t r aps   f o rmed   ea r l y  i n  the  

have  had  na tura l   access   to   m igra t ing   hydrocarbons   expe l led   la te r  
subs idence   h i s to ry   o f   t he   bas ins .  These  ear ly- formed  t raps  would 

The seismic  panel  i n   p l a t e  7 and a record  publ ished  by  Grantz  and 
from  thermal ly  mature  sediments i n   t h e  deep i n t e r i o r s   o f   t h e   b a s i n s .  

May (1982, f i g .  14) show abundant  ampl i tude  anomal ies,   or   "br ight  
spo ts , "   and   phase   reve rsa l s   a long   f au l t s   a t   t he   no r the rn   marg in   o f  

p r e s e n c e   o f   r e s e r v o i r  beds, poss ib ly   charged with gas. The gas may 
the  Demarcation  subbasin.  These  amplitude  anomalies  suggest  the 

be   assoc ia ted   w i th   accumu la t i ons   o f   l i qu id   hyd roca rbons .  

Peay c a n u p &  and T m p  Cc- -  'igwL(Ltiolzd, 109  



S f  I S n K  
SEQUENCE 

Brook ian  A. 

B. 

C. 

E l l e s m e r i a n  

Table 7 .  Kaktov ik   Basin,   Demarcat ion  Sector   (prov ince  1 IC) :  Summary and   p lay   ana lys i s .  

TYPE  OF  TRRP RESERVOIR SOURCE BEDS AGE OF  TRAP SIZE OF  TRAP 
PROBRBLE 

F a u l t   t r a p s  01  igocene t o  Upper  Cretaceous  Oligocene t o   A r e a l l y   l a r g e .  
t o  Miocene  Miocene  Potential  pay Miocene 

,100'. 

Compressional  Upper  Cretaceous  Upper  Cretaceous  Eocene t o  
a n t i c l i n e s  

A r e a l l y   l a r g e .  

,400'. 
t o  Paleocene t o  Eocene  Miocene P o t e n t i a l  pay 

S t r a t i g r a p h i c  01 i gocene t o  Upper Cretaceous  Ol igocene  Areal ly smal 1. 
Miocene t o  Miocene t o  Miocene  Potevt ia l   pay 

<loo . 
Compressional T r i a s s i c ( ? )  Lower  Cretaceous  Tert iary 
a n t i c l i n e s  

A r e a l l y   l a r g e .  

,300 . P o t e n t i a l  pay t o   T e r t i a r y  

PROBRBLE 
0ILfG.U .... REMARKS 

40160 Fau l t   t raps   a long  marg ins  
of  Demarcation and B a r t e r  
subbasins. 

40160 
a n t i c l i n e s   i n  Cretaceous t o  
En echelon,  thrust-cored(!)  

Pa leocene(? )   f l uv ia l -de l ta i c  
sediments  within  Demarcation 
Ridge. 

. . . - . __. 

40160 L e n t i c u l a r   p r o d e l   t a i c  and 

sandstones. 
d e l t a i c   b o d i e s  o f  Grookian 

50150 
s t r a t a  on basement h igh  
Fo lds   i n   poss ib le   E l l es ine r ian  

t r e n d   v i t h   o n s h o r e   s t r u c t u r e s  
south   o f   the   H inge  L ine ,  on 

such  as  the  l larsh and Jag0 
a n t i c l i n e s .  
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Flgure 30. 
Schematic  geological   cross  sect ion  across  the  Demarcat ion  sector ( I I C )  o f  
the   Kak tov i k   Bas in   i l l us t ra t i ng   t he   on lapp ing   O l i gocene  and  younger fill 
of   t he   Ba r te r   subbas in  and some i n t e r n a l   f e a t u r e s   o f   a d j a c e n t   s t r u c t u r a l  
h ighs,   termed  "d iap i r ic   shale  r idges"   by  Grantz  and o t h e r s  (1982b, f i g .  4). 
P o t e n t i a l   t r a p s   e x i s t  where bas in  fill sed iments   a re   t runcated  a t  bas in  
l n a r g i n   f a u l t s   i n   a r e a  1 o f   t h e   c r o s s   s e c t i o n .  Deep f o l d s   i n v o l v i n g  a 

f l u v i a l - d e l t a i c   s a n d s t o n e  and s h a l e ( ? ) )   a r e   l o c a l l y   o b s e r v e d   w i t h i n   t h e  
sequence w i t h   s t r o n y   a c o u s t i c   s t r a t i f i c a t i o n   ( C r e t a c e o u s   t o   P a l e o c e n e ( ? )  

a t   t h e   c r e s t s   o f   t h e s e   f o l d s   ( a r e a  2).  Onshore  data  from t h e   A r c t i c  
i n t e r i o r   o f  Demarcation  r idge, and po ten t i a l   hyd roca rbon   t raps  may occur 

N a t i o n a l   W i l d l i f e  Refuge  suggest  that some Ellesmerian  sequence  rocks may 
be preserved  beneath  the Lower  Cretaceous  unconformity i n  some o f f s h o r e  
areas  south  o f   the  Hinge  L ine.  I f so, p o t e n t i a l   t r a p s  may e x i s t  where 
these s t r a t a  a r e   i n v o l v e d   i n   f o l d s   ( a r e a  3) which  antedate  the  format ion 
o f   t he   Ba r te r   subbas in .  The l o c a t i o n   o f   t h e   c r o s s   s e c t i o n   i s  shown i n  
f i g u r e  28. Large  arrows  suggest  possible  hydrocarbon  migrat ion  paths.  

Eay Concepf~ and Ttrslp C o l z ~ i g w i a t i o u m ,  I 1  I 



W i t h i n  the   in te r iors  of the major structural   r idges which separate 
the Oligocene-Miocene subbasins,  large,  poorly  defined  anticlines 
and synclines  are  observed i n  seismic  data. These structures  involve 
a  lower  seismic u n i t  of acoustically  stratif ied  sediments which i s  
overlain by  an interval of variable  thickness  characterized by 
discontinuous  acoustic  reflectors. These two seismic  units  are most 
clearly  defined w i t h i n  the Demarcation ridge. A t  present, no d i r ec t  
well control i s  avai lable   for   the  internal   s t ra t igraphy of the 
Demarcation ridge. However, some indirect   analogies may be drawn 
from strat igraphic   re la t ionships   es tabl ished by exploratory  dr i l l ing 
i n  contiguous  areas. 

The c loses t  p o i n t  of offshore  stratigraphic  control  for  the 

well, which was d r i l l ed  a t  a s i t e  roughly 30 miles e a s t  of the 
Demarcation sector  north of the Hinge Line is the Dome Natsek E-56 

U.S.-Canadian border  (location shown i n  f i g .  28). Two major 
s t ra t igraphic  sequences were penetrated by the Natsek well. The 
upper half of the well ( f i g .  31)  encountered monotonous marine 
shales  ranging i n  age from Paleocene t o  Eocene. These shales 

marine  sandstone,  conglomerate,  shale, and coal ranging i n  age 
over l ie  a  sequence of several  thousand  feet of nonmarine t o  marginal 

from Paleocene t o  Late  Cretaceous. The overlying  shale  sequence 
migh t  be expected t o  generate few coherent  reflections,  while  the 

would probably form an acoustically well s t r a t i f i ed   i n t e rva l  on 
underlying  sequence of interbedded  sandstone,  shale, and coal 

seismic  records. 

w i t h i n  the Demarcation ridge may be cor re la t ive  t o  the two major 
sequences  penetrated by the Natsek well.  This  correlation i s  
s ign i f icant ,  because i t  implies  the  possible  presence of substant ia l  

s t r a t i f i e d ,  folded  sequence w i t h i n  the Demarcation ridge. I n  the  
thicknesses of reservoir rock w i t h i n  the  lower,  acoustically . 

Natsek well,  sandstone  porosities i n  the lower  sequence  generally 
range from 10 t o  15  percent, and although no shows were encountered, 
a t   l e a s t   s e v e r a l  hundred f e e t  of potent ia l  reservoir  sands  are 
present  (f ig.   31).  Hydrocarbon t raps  may  be found along  the  crestal 
areas of folds i n  this presumed sandstone  sequence,  as  illustrated 
i n  f igure 30. 

We hypothesize t h a t  the two major seismic  sequences  observed 

Demarcation ridge  trend  northeasterly  (fig.  28). subparallel t o  the 
somewhat younger Camden, Marsh, and Jag0  folds, b u t  nearly 
perpendicular t o  the  conspicuous  northwesterly  structural  trend  of 
the  r idge  ( f igs .  10, 28). Northeast-trending  folds i n  deep 
Cretaceous and Paleocene(?)  strata w i t h i n  the Demarcation ridge 
are   concentr ic   in   s tyle ,   l inear  i n  axial  trend, and apparently 
largely  unfaulted. Some folds may be thwst-cored or related t o  
thrust fault  deformation, as suggested by the  interpretation i n  
p la te  7 .  Seismic r e f l ec to r s  do not   pers is t  upd ip  i n t o  the  axial 
regions of  some ant ic l ines  w i t h i n  the Demarcation ridge.  This may 
suggest  extreme disruption o f  s t r a t a  or d i a p i r i c  intrusion i n  the 

Geophysical mapping suggests t h a t  the folds  w i t h i n  the 

J J 2  
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a x i a l   r e g i o n s   o f   t h e s e   a n t i c l i n e s  as a consequence o f   t h r u s t   f a u l t i n g  
o r   l i q u e f a c t i o n   o f  an u n d e r l y i n g   s h a l e   u n i t .   I n   t h e   c a s e   o f   e i t h e r  
s t r u c t u r a l   d i s r u p t i o n   o r   d i a p i r i c   i n t r u s i o n ,   t h e   p r o s p e c t i v e n e s s   o f  
t he   c res ta l   pa r t s   o f   t hese   f o lds   wou ld   be   seve re l y   impac ted .   I n t rus ion  
o f   d i a p i r i c   s h a l e s   c o u l d   c o n f i n e   r e s e r v o i r  beds  (and  trapped 
hydrocarbons) t o   t h e   f l a n k s   o f   t h e   a n t i c l i n e s .  Severe  deformation o f  
s t r a t a   i n   t h e   a x i a l   r e g i o n s   c o u l d   e f f e c t i v e l y   e l i m i n a t e   p o r o s i t y   i n  
p o t e n t i a l   r e s e r v o i r  beds i n   t h e   c r e s t a l   p a r t s   o f   t h e   a n t i c l i n e s .  
A l t e r n a t i v e  mechanisms f o r   c r e s t a l   a t t e n u a t i o n   o f   r e f l e c t o r s ,   w h i c h  
may n o t   a l t e r   t h e   p r o s p e c t i v e n e s s   o f   t h e   c r e s t s   o f   t h e   a n t i c l i n e s ,  
i n c l u d e   t h e   f o l  1 owing: 

1 .   ax ia l   s teep   d ips ,   poss ib l y  due t o   t h e   e x i s t e n c e   o f  mappable 
r e f l e c t o r s   i n   t h e   f o l d   o n l y   a t   t h e   l e v e l  where s t r a t a   d e p a r t  
f rom open c o n c e n t r i c i t y  and  develop a c u s p a t e   p r o f i l e   o v e r  
a n t i c l i n a l   c r e s t s  (e.g., f i g .  3 2 ) ;  

2. gas-charging  or  overpressur ing  of   porous  sediments i n   t h e  
c r e s t a l   p a r t s   o f   t h e   f o l d s ,   t h e r e b y   r e d u c i n g   t h e   a c o u s t i c  

observed  beneath   the   c res ts   o f  some o f   t hese   f o lds   sugges ts  
impedance con t ras t   a t   sand-sha le   i n te r faces .  A p u l l d o w n   e f f e c t  

c res ta l   ve loc i t y   anoma l ies .  

have  responded i n  some areas t o   t h e   f o l d i n g  o f  the   subs t ra te   benea th  

were  governed  by  gravitat ional  processes. The t y p i c a l   r e s p o n s e   o f  
it as a n o n r i g i d   o r   f l u i d   m a t e r i a l   w i t h i n   w h i c h   d e f o r m a t i o n   p a t t e r n s  

t h e   s h a l e   t o   e l e v a t i o n   o f   t h e   c r e s t s   o f   m a j o r   s u b s t r a t e   f o l d s   a p p e a r s  
t o  ha:: been l i s t r i c  detachment  and mass movement t o w a r d   f l a n k i n g  
s y n c l i n a l  axes.  The  more cohesive  Ol igocene  to   Miocene  shel f (?)  
sedimentary  rocks  which  over l ie   the  mobi le   shale  on  the  Demarcat ion 

which r o t a t e d  and foundered  along l i s t r i c   f a u l t s   o r i g i n a t i n g  from t h e  
r i d g e  responded t o  t h i s  movement by f r a c t u r i n g   i n t o   d i s c r e t e  b locks  

deeper   sha le   sec t i on .   Grav i ta t i ona l   excava t ion   o f   mob i l e   sha le   f rom 
beneath  the  Ol igocene  to   Miocene  s t ra ta  has  produced a s e t   o f   m i n o r  
basins  and  graben  structures  which  are  superposed  above  the  axial  
t r a c e s   o f   d e e p e r   a n t i c l i n e s .  Numerous and d i v e r s e   p o t e n t i a l   t r a p  
c o n f i g u r a t i o n s   a r e   t h u s   a s s o c i a t e d   w i t h   t h e   c r e s t a l   a r e a s   o f   t h e s e  
deep f o l  ds. 

The  Eocene(?)  shale  which  over l ies  the deep fo lds   appears   t o  

Cretaceous t o  Paleocene(?) r e s e r v o i r  beds o r   i n  t h e   O l i g o c e n e   t o  
Hydrocarbons  generated i n  shales u n d e r l y i n g  o r   o v e r l y i n g   t h e  

M iocene   bas ins   f l ank ing   t he   ma jo r   s t ruc tu ra l   r i dges  may have  migrated 
t o   t h e   c r e s t s   o f   t h e  deep f o l d s   o r   o v e r l y i n g   f a u l t   t r a p s .  The 
Brookian  sequence of   the  nearby  Canadian  Beaufort   has been regarded 
as somewhat  gas prone.  However, new concep ts   f o r   o rgan ic   con ten t  
and  necessary   thermal   matur i t y   fo r   l i qu id   hydrocarbon  sources  

o i l   a t  Amauligak, N ip te rk ,  and P i t s i u l a k  (Oil and Gas Journal ,  1984; 
(Snowdon, 1980), coup led   w i th  t h e   r e c e n t  s i g n i f i c a n t  d i s c o v e r i e s   o f  

1985a;  1985d) i n   t h e  Mackenz ie   De l ta   reg ion ,   sugges t   t ha t   l i qu id  
h y d r o c a r b o n s   a r e   e q u a l l y   l i k e l y   t o  be present  i n   t h e   e a s t e r n   p a r t   o f  
t h e   B e a u f o r t  Sea P lann ing  Area. 

114  
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----- D A S H E D  HORIZON - n o t   r e s o l v e d   i n   s e i s m i c   d a t a   b e c a u s e  of l o w  
a c o u s t i c   i m p e d a n c e  

S O L I D  H O R I Z O N  - s t r a t i g r a p h i c   s u r f a c e   w i t h   h i g h   a c o u s t i c   i m p e d a n c e .  
w e l l   r e s o l v e d  on s e i s m i c   d a t a  

A r e a  o f  n o  s e i s m i c   s i g n a l   r e t u r n   d u e  t o  e x c e s s i v e l y   s t e e p   d i p s  

Figure 32. 
S k e t c h   o f   a n   i d e a l   t r a i n   o f   c o n c e n t r i c  o r  p a r a l l e l   f o l d s .   T h i s   . i l l u s t r a t i o n  
i s  p r e s e n t e d   t o  show one poss ib le   exp lanat ion   fo r   the   cuspate   and 

w i t h i n   t h e   s t r u c t u r a l  r i d g e  complexes. In  t h i s  model, t h e   o n l y  hor izons  
d i a p i r i c a l l y   i n t r u d e d  appearance o f   a n t i c l i n a l  c r e s t s  i n  some o f  t h e   f o l d s  

r e s o l v a b l e   i n   s e i s m i c   d a t a   a r e   t h e   s t r o n g   r e f l e c t o r s   a t   t h e  base  of t h e  
f o l d   t r a i n  b e l o w   t h e   s i n u s o i d a l   s u r f a c e   o f  maximum shor ten ing.  These 
r e f l e c t o r s   f o l l o w  a c u s p a t e   p r o f i l e ,   a n d   a n t i c l i n a l   c r e s t s   c o n t a i n   n o  
r e f l e c t o r s  because o f   e x c e s s i v e l y   s t e e p   d i p s   a n d   p o s s i b l e   d i f f r a c t i o n  
e f f e c t s .  The more  rounded a n t i c l i n a l   c r e s t s   h i g h e r   i n   t h e   f o l d   t r a i n  

very   low a c o u s t i c  impedance c o n t r a s t  and t h e r e f o r e  generate  poor   s ignal  
(dashed) may n o t  be  observed because t h e s e   s t r a t a  c o n t a i n   r e f l e c t o r s   w i t h  

r e t u r n .   S h o r t e n i n g   s t r a i n   i n   p a r a l l e l - f o l d  systems  decreases  upward  and 
downward f rom  the   S inuSOida l   sur face ,   and  the   fo lded  s t ra ta   a re   genera l l y  
detached  f rom  over ly ing and under ly ing  undeformed  strata  across  d6col lements.  
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Physical  Environment 

PHYSIOGRAPHY 

The Beaufort Sea Planning Area covers  the entire Alaskan  Beaufort 
continental  shelf and slope, the  northeastern Chukchi she l f ,  and 
par t  of the Arctic  continental   r ise and abyssal  plain. The Beaufort 
shelf  i s  narrow, typical ly  70 t o  120 km wide, w i t h  an average  gradient 
o f  I m/km. Large-scale  relief  features on the  surface o f  the Beaufort 
shelf  are  rare,  although on the inner she l f ,  the seabed i s  interrupted 
by shoals a few t o  several meters high and three sets of  barrier 
islands.  The northeastern Chukchi shelf  i s  a broad ,  f la t - ly ing  
platform,  generally 40 t o  80 m deep. In the f a r  northwestern end 
of the planning  area, Hanna Shoal r i s e s   t o  depths  of less than 20 m. 
T h i s  shoal  overlies  a.structura1 h i g h  ( the  North Chukchi h i g h ,  f i g .  2 )  
on which pre-Quaternary  bedrock i s  exposed a t  the  seafloor  (Grantz 
and E i  t t reim.  1979).  

The Beaufort and Chukchi shelves  are  separated by the Barrow 

erosion d u r i n g  Pleistocene  lowstands  of  sea  level and by marine 
Sea Valley, a re l ic t  Pleistocene  feature which was incised by f luvial  

currents  d u r i n g  interglacial   highstands of sea  level  (Grantz aod 
Eittreim, 1979). The valley i s  f l a t  bottomed, 200 km long, 2 t o  
B km wide, and  100 t o  250 m deep. The Barrow  Sea Valley  leads 

modern submarine canyons. that   incise  the continental  slope  off 
seaward t o  the Barrow  Sea Canyon, which i s  the l a rges t  of  several 

northern  Alaska. 

The Beaufort  shelf-slope  break i s  a complex zone of  bedding-plane 
s l ides  and slump blocks  (Grantz and Eittreim, 1979).  East of 147" 
west longitude,  both an inner and  an outer  shelf  break have  been 
ident i f ied .  The inner shelf  break  occurs a t  the 60-m water  depth 
and marks a sharp boundary between the f la t - lying shelf and the 
"Beaufort Ramp" (Grantz and Eittreim,  1979). The Beaufort Ramp i s  
an area w i t h  a typical  gradient  of 16 m/km characterized by bedding- 
plane  faults.  The outer  shelf  break l i es  seaward of the Beaufort 
Ramp a t  depths  of 600 t o  800 meters. T h i s  break marks the top of 
a chaotic zone of  large  rotational slumps. West of the Beaufort 
Ramp (147"  west longi tude) ,  the inner and outer  shelf  breaks merge 
t o  form a single steep  escarpment which drops  over  1,000 meters from 
the 60-m isobath  (plate  11). 



The Beaufor t   coas t   t rends   nor thwester ly   f rom  Demarcat ion  Bay 

bays  and b a r r i e r  i s l ands .  The beaches are  narrow and  o f ten  backed 
t o   P o i n t  Barrow ( p l a t e  11). It i s  punctuated  by numerous s h a l l  ow ~~ 

by a l o w ,   s t e e p   b l u f f   o f   f r o z e n   o r   p a r t i a l l y  thawed  Quaternary 
sediments  (Hopkins  and  Hartz,  1978a). The Chukchi   coast   t rends 
nor th -nor theas t   to   Po in t   Bar row and, u n l i k e  much o f   t h e   B e a u f o r t  
coas t ,  i s  unp ro tec ted   by   i s l ands   o r  bays. The Chukchi  beach 
c l i f f s   a r e   g e n e r a l l y   t a l l e r  and c o n t a i n  more  coarse  sediment  than 
t h e   B e a u f o r t   c l i f f s   ( L e w b e l ,   1 9 8 4 ) .  

c o a s t   i n t o   t h r e e   t y p e s :  (1) emergent   depos i t iona l   shoa ls   a t   the  
mou ths   o f   r i ve rs ;  ( 2 )  eros iona l   remnants   o f   the   coas ta l   p la in ;  and 

and a c t s   t o   p r o t e c t   t h e   c o a s t   f r o m  wave eros ion.  Gull I s l a n d ,   o f f  
( 3 )  r e c e n t   c o n s t r u c t i o n a l   i s l a n d s .  Type 1 i s  a s s o c i a t e d   w i t h   d e l t a s  

Prudhoe Bay, i s  an example o f   t h i s   t y p e .  Type 2 inc ludes   severa l  
l a r g e   i s 1  ands c lose  to   shore,   such  as F1  axman I s 1  and  and B a r t e r  
I s land .  The e leva t i on   o f   t hese   e ros iona l   remnan ts  i s  comnonly 
more than 4 m above  sea l e v e l  and they   a re   genera l l y   cove red   w i th  
peat,   thaw  lake  deposi ts,  and, i n  p laces ,   P le i s tocene   l ag   g rave ls .  
The c o n s t r u c t i o n a l   i s 1  ands ( t y p e  3)  r i s e   g e n e r a l l y   l e s s   t h a n  3 m 
above  sea l e v e l  and are   on ly   sparse ly   vegeta ted .  These i s 1  ands 
are   f requent ly   over r idden  by   s to rm  surges   and  a re   migra t ing   landward  
and t o   t h e  west. 

Hopkins  and  Hartz  (1978a)  d iv ided  the  is1  ands  along  the  Beaufort  

t h e   l a r g e s t   b e i n g   t h e   C o l v i l l e   R i v e r .  West o f  Prudhoe Bay, t h e  
r i v e r s   a r e   g e n e r a l l y   s l o w  and  meandering, with headwaters i n   t h e  

t y p i c a l l y   b r a i d e d  and f low  f rom  the  Brooks Range i t s e l f .  These 
f o o t h i l l s   o f   t h e  Brooks Range. E a s t   o f  Prudhoe Bay t h e   r i v e r s   a r e  

r i v e r s   t r a n s p o r t   p r e d o m i n a n t l y   f i n e  sand, s i l t ,  and c l a y   t o   t h e   s h e l f  
d u r i n g   s p r i n g   r u n o f f .  Coarse  sediment  remains i n   t h e   r i v e r   c h a n n e l s  

d e l t a s   a t   t h e  mouths o f   t h e   r i v e r s  may t r a p   m o s t   o f   t h e   f i n e   s e d i m e n t  
and 1 i t t l e  reaches  the  coast  (Hopkins  and  Hartz,   1978a).   Large 

(Reimnitz  and  Bruder, 19721, a1 though some i s   t r a n s p o r t e d   ( u s u a l l y  
t o   t h e   w e s t )  from the  de l tas   by   longshore   mar ine   cur ren ts .  

Numerous r i v e r s   c r o s s   t h e   c o a s t a l   p l a i n   t o   t h e   B e a u f o r t   s h e l f ,  

METEOROLOGY 

The B e a u f o r t  Sea P l a n n i n g   A r e a   l i e s   w i t h i n   t h e   A r c t i c   c l i m a t i c  
zone.  The mean annual   temperature  a long  the  Beaufort   coast i s  -12 "C 
(10 OF). Typ ica l  summer temperatures  range  from -1 "C (30 OF) t o  
4 "C (40 OF) w h i l e   w i n t e r   t e m p e r a t u r e s   a r e   t y p i c a l l y  -23 t o  -30 O C  

(-10 t o  -22 OF) wi th   ex t reme  tempera tures   to  -50 "C (-60 OF) (U.S. 
Bureau o f  Land Management, 1979).  Cloudy  weather  prevai ls  most o f  
t h e   y e a r   w i t h   c l e a r   c o n d i t i o n s   o c c u r r i n g  more o f t e n   d u r i n g   t h e   w i n t e r  
months. Fog i s  comnon a long  the   coas t  and o f f sho re   f rom May t o  
September. A rc t i c   A laska  i s  very   d ry .  The average  annual 
p r e c i p i t a t i o n   a t  Barrow i s  12.6 cm/yr (4.9 i n l y r ) .  Most o f   t h i s  
p r e c i p i t a t i o n   o c c u r s   a s   r a i n   i n   A u g u s t  and snow i n  September (U.S. 
Bureau o f  Land Management, 1979). I n   t h e   w e s t e r n   B e a u f o r t ,   t h e  
p r e v a i l i n g   w i n d s   a r e   p e r s i s t e n t   i n   b o t h   d i r e c t i o n  and  speed.  There, 



the wind blows from t h e   e a s t   a t  an average  velocity of 19 t o  2 1  km/hr 
( 1 2  t o  13 mph) (U .S .  Bureau of  Land Management, 1979). In the  eastern 
Beaufort,  the  prevailing wind blows from either  the  east-northeast  

west d u r i n g  fall  storms. 
or  the  west-southwest  (Aagaard, 1981). Winds usually blow  from the 

ICE ZONATION 

The Beaufort  continental she1 f i s  ice  covered much of the  year ,  
with a typical  ice-free  period  occurring  in Augus t  and September 
only. In t h e   f a l l ,   s e a   i c e   f i r s t  forms i n   l a t e  September to   ea r ly  
October and  becomes continuous  nearshore by mid-October. The shelf 

The f i r s t  movements  and openings  in  the  ice pack occur i n  l a t e  
remains i c e  covered  throughout  the  winter  (October  through  June). 

June and only by ear ly  August i s  the  nearshore  area  largely  ice 
f ree   (Barry,  1979, t ab le  1). 

During the winter months, the  offshore  ice can be divided  into 
three main zones: the  landfast  zone, the  shear zone ( o r  Stamukhi 

33). The landfas t   i ce   i s   seasonal ,  forming  along the  shore and 
zone), and the pack i c e  zone  (Reimnitz and Barnes,  1974) ( f i g .  

undisturbed  through  the  winter u n t i l  i t  begins to   me l t   i n   l a t e  
developing  seaward i n  t h e   e a r l y   f a l l .   I t  remains re la t ive ly  

June. Small movements re la ted   to  storm fronts  cause narrow leads 
and rubble   f ie lds   in  this zone.  In l a t e   w in te r ,   t he   f a s t   i ce  
frequently  extends  out  to  the 25- t o  30-m isobath. 

pack i c e  zone,  generally i n  18 t o  30 m of water ( f i g .   3 3 ) .   I t   i s  
a t rans i t ion  zone between the relat ively  s ta t ionary  landfast   ice  
and the highly  mobile pack ice.  Fragments of seasonal  ice,  multiyear 
ice ,  and ice  ridges  tens  of  meters h i g h  ( f i g .  34) are   typical ly  
found i n  t h i s  zone.  In the stamukhi  zone t h e r e   i s  an intense 
interact ion between the   i ce  and the seabed as  ice-ridge  keels plow 

During the  br ief  summer, t h i s  i s  an area of open leads i n  t he   i ce  
the seabed to  depths of  several  meters  (Reimnitz and Barnes, 1974) .  

whale migrations. On the  Beaufort  shelf,  the  constructional  islands 
pack and serves  both  as a s h i p p i n g  lane and as  a pathway f o r  seasonal 

and their   associated  shoals  appear  to be important  in  controlling 
the  location of the stamukhi  zone and the shoreward  advance  of the 
pack ice .  

The stamukhi zone i s  located between the  landfast   ice  and the  

edge of the permanent polar  ice  cap. I t   c o n s i s t s  of  multiyear  ice, 
The pack ice  zone, seaward of the stamukhi zone, i s  the shoreward 

ice   r idges,  and ice  island  fragments  that  migrate westward i n  response 
to  the  clockwise  circumpolar  gyre  (Reimnitz and Barnes,  1974). During 
the summer, i c e  movements i n  excess of 20 km/day are  common (Weeks, 
1978). Most of the  Beaufort Sea Planning Area i s  covered by the  ice  
pack year-round,  although  the  location of the  inner edge of the summer 
ice  pack var ies   great ly  from year  to  year  (f ig.   33).  During an 



a t y p i c a l  summer it may occu r   t ens   t o   hundreds   o f   k i l ane te rs   o f f sho re ,  
b u t  it genera l l y   occurs   ins ide   the   she l f   b reak   (Barnes   and  Re imni tz ,  
1974). 

On the   Chukch i   she l f ,   i ce   f ons ,be tween   the   m idd le   o f   Oc tober  and 
e a r l y  November. I n   c o n t r a s t   t o   t h e   B e a u f o r t  Sea, which  remains 
l a rge ly   i ce   cove red   a f te r   f reezeup ,   t he   Chukch i  Sea has a p e r s i s t e n t  
l e a d ,   o r   " p o l y n y a , "   w h i c h   f o r m s   j u s t   s e a w a r d   o f   t h e   f a s t   i c e   i n  
t h e   l a t e   w i n t e r  and  spr ing.   This  annual   lead i s  t h o u g h t   t o   f o r m   i n  
response t o   t h e   p r e v a i l i n g   e a s t e r l y   ( o f f s h o r e )   w i n d s .  The polynya 
i s   g e n e r a l l y   w i d e r   s o u t h   o f   t h e   B e a u f o r t  Sea Planning  Area,  a l though 
it p e r s i s t s  as f a r   n o r t h  as P o i n t  Barrow. A t  any t i m e   o f   t h e   y e a r ,  
however, it c a n   c l o s e   r a p i d l y   e i t h e r  by f r e e z i n g   o r  as a r e s u l t   o f  
i c e  movement i n  response t o   c h a n g i n g   w i n d   d i r e c t i o n s   ( S t r i n g e r ,  

and  waterfowl  (Lewbel,  1984). 
1982a). The polynya  acts  as a s p r i n g  pathway f o r   m i g r a t i n g   w h a l e s  

I c e   m o t i o n   i n   t h e   C h u k c h i  Sea i s   g e n e r a l l y   t o   t h e   n o r t h w e s t   i n  
response t o   p r e v a i l i n g   e a s t e r l y   w i n d s  and n o r t h - f l o w i n g   c u r r e n t s  
(Pr i t chard ,   1978) .  However, i n   t h e   e a s t e r n   C h u k c h i  Sea, approximately 
fou r   t imes  a year ,  a tongue o f   i c e ,  sometimes  extending  the  length 
o f   t h e  Chukchi Sea, moves i n  mass s o u t h   t h r o u g h   t h e   B e r i n g   S t r a i t .  
Th is   occurs i n  response to   seve ra l   poo r l y   unders tood   phys i ca l  
c o n d i t i o n s   w h i c h   i n c l u d e   c u r r e n t   r e v e r s a l s ,   i c e  damming a t   t h e  
B e r i n g   S t r a i t ,   a n d  weakening o f   t h e   i c e   a l o n g   t h e  Chukchi  coast 
(Reimer  and  others,  1981). I n   t h e   p l a n n i n g   a r e a ,   l a r g e - s c a l e   i c e  
movement and  t remendous  rubble  f lows  along  the  coast may r e s u l t  

about 4 days  (Lewbel , 1984). 
f rom  these  events.  These i c e   " b r e a k o u t   e v e n t s "   g e n e r a l l y   l a s t   f o r  
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ICE ZONATION 
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Ice  zonation i n  the Beaufort Sea Planning Area showing the location o f  the stamukhi zone ( s t ipp led ) .  Dashed 
l ines   ind ica te  the northernmost ( N ) ,  southernmost ( S ) ,  and median ( M )  position o f  the  southern edge of the Arctic 
pack ice during the period o f  maximum re t r ea t  (September 16 to  3 0 ) .  Based on data  collected from 1954 through 
1970 ( a f t e r  Grantz and others ,  1982b, and Brower and others,  1977). 
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Surficial  Geologic  Processes 

ICE GOUGING 

rework ing on A r c t i c  c o n t i n e n t a l  shelves. It i s   p a r t i c u l a r l y   i m p o r t a n t  
I c e  gouging i s  one o f   t h e  most   impor tant  agents o f  sediment 

a t   m i d - s h e l f  and inner -she l f   water   depths .  On t h e   m i d - s h e l f ,   i c e  
r i d g e s   w i t h  deep k e e l s   i n t e n s e l y   s c o u r   t h e   s e a f l o o r   t o   d e p t h s   o f  
seve ra l   me te rs   ( f i gs .  34 and  35).   Reimnitz and  Barnes  (1974)  found 
gouges  as  deep  as 5.5 m, w i t h   r i d g e s  2.7 m h i g h   ( t o t a l   r e l i e f   o f  
8.2 m),  i n  39 m o f   w a t e r   o f f   S m i t h  Bay.  The ave rage   i ce  gouge  on t h e  

wide  (Barnes, 1981). For   p lanning purposes, i c e  gouges o f  between 
B e a u f o r t   s h e l f  i s  50 cm deep,  plows a r i d g e  40 cm h igh ,  and i s  7.5 m 

1 and 10 m o f   r e l i e f - m a y   b e   e x p e c t e d .  The maximum i n c i s i o n   d e p t h  
o f   i c e  gouges t e n d s   t o   i n c r e a s e   w i t h   i n c r e a s i n g   w a t e r   d e p t h ,   a t  
l e a s t   t o  a wa te r   dep th   o f  45 m. 

The d i s t r i b u t i o n   o f   i c e  gouge d e n s i t y   i s  shown i n   f i g .  36. 
A l though   i ce  gouges a re   f ound   ac ross   t he   en t i re   she l f ,   t hey   a re  
concentrated i n   t h e  stamukhi  zone,  generally  between  the 18- and 30-m 
isobaths.  The h i g h e s t   i n t e n s i t y   g o u g i n g   o c c u r s  on t h e   u p - d r i f t ' s i d e  
o f   s h o a l s  and is lands   border ing   the   s tamukh i  zone. The shoa ls   o f ten  
show l i t t l e   o r  no ev idence   o f   i ce   goug ing  on t h e i r   d o w n - d r i f t   s i d e  

o f   h i g h - i n t e n s i t y   i c e  gouging i s   c o n t r o l l e d  by t h e   l o c a t i o n   o f   t h e  
(Reimnitz  and  others,  1982). O f f  Prudhoe  Bay, the  inner   boundary 

i s l a n d   c h a i n s ,   g e n e r a l l y  15 t o  20 km f rom  the   coas t .   I n   Har r i son  
Bay, where t h e r e   a r e  no b a r r i e r   i s l a n d s ,   t w o  zones o f   h i g h - i n t e n s i t y  
i ce   goug ing   occur :  one  near  the 10-m i s o b a t h  and t h e   o t h e r   i n  20 m 
o f  water  seaward o f   We l le r  Bank (Reimni tz  and others,   1978) .  These 
zones  correspond t o  a reas   o f   abundan t   i ce   r i dge   f o rma t ion   ( f i g .   346 ) .  

Inshore   o f   the   s tamukh i  zone (water   depth   less   than 18 m), i c e  
gouging i s  much less  severe.  An average  o f  1 o r  2 p e r c e n t   o f   t h e  
sea f loo r   pe r   yea r  i s  gouged  (Barnes  and  others,  19781,  and  current- 
re la ted   hyd rau l i c   bed fo rms   domina te   ove r   i ce  gouges  (Barnes  and 
Reimnitz,  1974). Any i c e  gouges  which  form  are  rapidly  bur ied  by 
sand waves or   sediment   sheets .   In   addi t ion,   nearshore  sediments 
t e n d   t o  be coarser   g ra ined  than  those  fa r ther   o f fshore ,  and i c e  
gouges  degrade  more r a p i d l y   i n   c o a r s e   s e d i m e n t s   t h a n   i n  more cohesive, 
f ine-grained  sediments  (Barnes  and  Reimnitz,  1979). 
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Figure 34A.  
Composite map o f   a l l   m a j o r   i c e   r i d g e s   o b s e r v e d   i n   t h e   e a s t e r n   B e a u f o r t  Sea 

S t r i n g e r ,  1982b.) 
(Herschel   Is land t o  Foggy I s l a n d )  between  1973  and  1981.  (Source: 

\ l 4 0 .  

Figure 348.  

western   Beaufor t  Sea (Smith Bay t o  Prudhoe  Bay)  between 
Composite map o f  a l l   m a j o r   i c e   r i d g e s   o b s e r v e d  i n  t h e  

1973  and  1977.  (Source:  Stringer, 1981.) 
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ICE GOUGE DENSITY 
NUMBER OF ICE  GOUGES  CROSSED 
PER KILOMETER OF TRACKLINE 

Figure 36. 
G e n e r a l i z e d   d i s t r i b u t i o n   o f   i c e  gouge d e n s i t y   i n   t h e   B e a u f o r t  Sea Planning  Area.  Data i n   t h e   B e a u f o r t  Sea 
c o l l e c t e d  by Barnes  (1981).   Data i n   t h e  Chukchi Sea a f t e r   G r a n t z  and o thers   (1982a) .  

~~~~ ~ 



Offshore  o f   the  s tamukhi  zone, water  depth  increases,  and  the 
number o f   i c e   k e e l s   l a r g e  enough to   reach  the  bot tom  decreases.  
However, i c e  gouges  have  been  'reported i n  water  as deep as 58 m 
(Reimni tz  and others,   1982).   Canadian  workers  est imate  that  a t   t h i s  
depth,   gouging  takes  place  only once every  few  hundred  years  (Peter 
Wadhams, personal commun., c i t e d   i n   R e i m n i t z  and others,   1982).  Near 
t h e   o u t e r   s h e l f  edge, s t rong  geost rophic   currents   probably   have  acted 
t o  erode  and fill o l d e r   i c e  gouges (Reimnitz  and  others,   1982).  

a l though on t h e   i n n e r   s h e l f  where  shoals  and  other  bottom  features 
d e f l e c t   t h e   i c e ,   o r i e n t a t i o n s   c a n   v a r y   c o n s i d e r a b l y .  The east-west 
o r i e n t a t i o n   r e f l e c t s   t h e   p r e v a i l i n g   w i n d  and s u r f a c e   c u r r e n t   d i r e c t i o n s .  

On t h e  Chukchi s h e l f ,   i c e  gouge d e n s i t y  and  dynamics  are  not as 

I c e  gouges on t h e   B e a u f o r t   s h e l f   a r e   g e n e r a l l y   o r i e n t e d   e a s t - w e s t ,  

wel l   understood as on t h e   B e a u f o r t  she1 f. From t h e   d a t a   a v a i l a b l e ,  
it i s  apparent   tha t   i ce-gouged 'a reas   a re   ex tens ive ,   bu t  more patchy 
than on t h e   B e a u f o r t   s h e l f .  The h i g h e s t   i n t e n s i t y   g o u g i n g   o c c u r s  on 
t h e   n o r t h e a s t e r n   f l a n k   o f   l a r g e   s h o a l s ,  such  as Hanna Shoal,  and i n  
areas  of  steep  bathymetric  gradient,  such  as  along  the  Barrow Sea 
V a l l e y   ( T o i m i l ,   1 9 7 8 )   ( f i g .  36) .  E lsewhere,   heavi ly  gouged  zones 
occur   ad jacent   to   a reas   on ly   sparse ly  gouged (Toimi l ,   1978) .  It i s  
c o n s e q u e n t l y   d i f f i c u l t   t o   p r e d i c t   t h e   e x p e c t e d   i n t e n s i t y   o f   i c e  
gouging a t  any g iven  spot  on t h e  Chukchi s h e l f .  On t h e  Chukchi s h e l f  

coast.  Elsewhere on t h e   s h e l f ,   i c e  gouge o r i e n t a t i o n s   a r e   h i g h l y  
near   Point   Barrow,  i c e  gouges g e n e r a l l y   a r e   o r i e n t e d   p a r a l l e l   t o   t h e  

v a r i a b l e .  No i c e  gouges  have  been  observed i n  water  deeper  than 58 m. 
However,  gouges i n  water 43 m deep show e v i d e n c e   o f   i n f i l l i n g  by 
recen t l y   t ranspor ted   sed imen t ,   sugges t ing   t ha t   t hese  gouges a re  modern 
f e a t u r e s   ( T o i m i l  , 1978). 

ICE PUSH 

On i s l a n d s  and coasta l   reg ions  throughout   the  Beaufor t   and  Chukchi  
Seas, i c e  push  and i c e   o v e r r i d e   e v e n t s   t r a n s p o r t  and  erode s i g n i f i c a n t  
amounts o f  sediment.  Ice  push i s   t h e   p r o c e s s  whereby i c e   b l o c k s ,  
forced  onshore  by  s t rong  winds  or   currents ,   push  sediment   f rom  the 
c o a s t   i n t o   r i d g e s   f a r t h e r   i n l a n d .   I c e  push i s  most   impor tan t  on 
t h e   o u t e r   b a r r i e r   i s l a n d s   ( N a r w h a l  and  Cross  Is lands).   There,   ice 

beach,  have  been i d e n t i f i e d   ( H o p k i n s  and  Hartz,  1978al.  Ice  push 
push r i d g e s  up t o  2.5 m high,  extending  100 m inshore   f rom  the  

r u b b l e   i s   f o u n d   a t   l e a s t  20 m i n l a n d   o v e r   m o s t   o f   t h e   A r c t i c   c o a s t  

on some o f   t hese   rubb le   p i l es .   The re   a re   seve ra l   h i s to r i c   accoun ts  
(Kovacs,  1984).  Boulders i n  excess o f  1.5 m i n  diameter  are  found 

o f   i c e  push  events  which  have damaged  man-made s t r u c t u r e s   a l o n g   t h e  
Beaufor t   coas t .  In January   o f  1984, i ce   p i l eup   ove r topped   the   Kad luk ,  
an   8 -m-h igh   ca i sson - re ta ined   d r i l l i ng   i s l and   l oca ted   i n   Mackenz ie  
Bay on t h e  Canadian  Beaufort  (Kovacs,  1984). 
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CURRENTS AND CURRENT SCOUR 

wind driven and strongly  regulated by the  presence  or  absence  of 
ice.  These currents  cause  longshore sediment transport   along  barrier 

open-water  season, the annual r a t e  of longshore  sediment  transport 
is lands and coastal  promontories. However, because of the short  

i s  re la t ive ly  low. Inner  shelf  currents  generally  flow  to the 
west in  response  to the prevailing  northeast wind ( f i g .  37) ,  although 
current   reversals   are  common close t o  shore and during  storms. On 
the open shelf ,   currents  average between 7 and 10 cm/s (0.2 knots) 
(Matthews,  1981). During storms,  east-flowing currents w i t h  peak 
velocit ies  of 95  cm/s ( 2  knots) have been measured,  although  typical 

During the winter, under-ice currents a re  generally weak ( l e s s  than 
storm cur ren t   ve loc i t ies   a re  an order of magnitude lower (Kozo, 1981). 

2 cm/s),  although some have been measured up t o  25 cm/s (0.5 k n o t s )  
in  restricted  passages around  grounded ice  blocks  (Matthews,  1981). 
Geostrophic currents w i t h  ve loc i t ies  of up t o  50 cm/s (1 knot)  occur 
on the outer  shelf,  flowing  parall el t o  the she1 f-slope  break. Both 

on the Beaufort  shelf i s  small (15 t o  30 cm), and except i n  confined 
easter ly  and westerly directed currents occur there. The tidal  range 

passages,  tidal currents exert  only a minor influence on the 
sedimentary regime (Matthews,  1981). They can be important  scouring 
agents, however, where water  flow on the she l f   i s   r e s t r i c t ed  by 
bottom-fast ice (Reimnitz and Kempema, 1982b) and by narrow passages 
between bar r ie r   i s1  ands and shoals. 

Marine currents  across  the inner shelf  of the Beaufort Sea a re  

erode and t ranspor t   s ign i f icant  amounts of  sediment.  Nearshore 
currents  are  predominantly wind generated,   while  farther  offshore,  
northeast-fl owing geostrophic  currents ( t he  Alaska Coastal Current) 
and storm-generated currents predominate.  Surface  velocities.of 
200 cm/s (approximately 4 knots) and mid-depth ve loc i t ies  of  70 
cm/s have been measured i n  the Alaska  Coastal Current north of 
Wainwright. A southwest-flowing  countercurrent  of 80 cm/s has 
been measured near the head  of the Barrow Sea Valley  northwest  of 
Wainwright (Hufford,  1977, a s   c i t e d  by Grantz and others,  1982a). 

On the Chukchi  shelf, northeastward-flowing  longshore currents 

WAVES AND COASTAL  EROSION 

Throughout  most  of the year the wave heights on the Beaufort 
shelf   are  low because of the short   fe tch  resul t ing from the pervasive 
ice  cover. However, considerable  fetch i s  developed both  seaward and 
shoreward  of the ba r r i e r   i s l ands   l a t e  i n  the f a l l  open-water  season. 
Ouring this time,  storm waves u p  t o  6 m h i g h  have been observed 
(Hopkins and Hartz,  1978a). These waves can become effect ive  erosive 
agents  both  onshore and along  the exposed faces  of the barr ier   i s lands.  
During storms,  wind-induced  storm surges force   i ce  and water  onshore 
and can ra i se   sea   l eve l   as  much a s  3 m (Hopkins and Hartz,  1978a). 
Low atmospheric pressures associated w i t h  the storms can raise   sea 



most  extreme  surges,  coastal  islands  are  completely  f looded,  and 
l e v e l  an addi t ional   meter  (Barnes  and  Reimnitz,   1974).   Dur ing  the 

major  changes i n   t h e   s i z e  and shape o f   t hese   i s l ands   can   occu r   du r ing  
very  short   t ime  per iods  (Reimnitz  and  Maurer,   1978b).  

a c t i o n ,   i n   c o m b i n a t i o n   w i t h   t h e   m e l t i n g   o f   c o a s t a l   p e r m a f r o s t ,  
causes   d ramat i c   ra tes   o f   coas ta l   e ros ion   ( f i g .   38 ) .   Ac ross   t he  

and s h o r t   t e r m   r a t e s   o f  30 m/yr have  been  measured  (Hopkins  and 
Beaufor t   coas t ,   average  ra tes   o f   e ros ion   vary   f rom 1.5 t o  4.7 m/yr 

one 2-week per iod  (Hopkins  and  Hartz,   1978a).  The h i g h e s t   r a t e s  
Hartz,  1978a). A t  01 i ktok  Point ,   the  coast   receded  by 11 m dur ing  

o f   e ros ion   occu r   a long   coas ta l   p romon to r ies  where t h e   b l u f f s   a r e  
composed o f   f ine-gra ined  sed iments   and  i ce   lenses   ( f ig .   38) .  Sand 
and  gravel  eroded from b l u f f s   c u t   i n   c o a r s e - g r a i n e d   d e p o s i t s   f o r m  
beaches  which p a r t i a l l y   i s o l a t e   t h o s e   b l u f f s   f r o m  wave ac t ion .  
B l u f f s   c u t   i n   f i n e  sediment  are  not   protected  by  beaches  and  tend 
t o  erode  more  rapidly.  Between Point   Barrow  and Cape H a l k e t t ,  
where  predominant ly  f ine-grained  sediments  crop  out i n   c o a s t a l  
b l u f f s ,   t h e   c o a s t   i s   r e c e d i n g   a t   a n   a v e r a g e   r a t e   o f  4.7 mlyr. East  
o f   H a r r i s o n  Bay, where coarser   gra ined  sediments  crop  out ,   the 
average  re t rea t   ra tes   a re   be tween 1.5 and  2.5 m/yr. 

Despi te  the  short   open-water  season i n   t h e   B e a u f o r t  Sea, wave 

Eros ion  ra tes  a long  the  Chukchi   coast   are an o rde r   o f   magn i tude  
1 ower than   ra tes   a long   t he   Beau fo r t   coas t   ( f i g .   38 )   (Hopk ins   and  
Hartz,  1978a).  This i s  probably   because  b lu f fs   a long  the  Chukchi  
coast   conta in   more  coarse-gra ined  sediment   and  the  bases  o f  many 
o f  t h e   b l u f f s   a r e   c u t   i n   l i t h i f i e d  Cretaceous  sediments. In a d d i t i o n ,  
w h i l e   b l u f f s   a l o n g   t h e   B e a u f o r t   c o a s t   a r e   t y p i c a l l y   l e s s   t h a n  3 m 
h i g h  and  are  h igh ly   suscept ib le   to   eros ion  and  thaw  by wave ac t i on ,  
b l u f f s  on t he   Chukch i   coas t   a re   genera l l y   h ighe r   (10   t o  30 m h i g h  
between  Peard Bay and  Barrow),  and  most o f   t h e   b l u f f   i s   n o t   a t t a c k e d  
d i r e c t l y   b y  wave act ion  (Hopkins  and  Har t r ,   1978a) .  

The on ly   p rograd ing   shore l ine   a reas   a long  the   Beaufor t   o r  
no r theas t   Chukch i   coas ts   occu r   o f f   t he   de l tas   o f   ma jo r   r i ve rs .  In 
those  a reas ,   the   ra te  o f  p rogradat ion  i s  s low  (averaging 0.4 m/yr 
on t h e   C o l v i l l e   R i v e r )   ( R e i m n i t z  and  others,  1985). 

BARRIER ISLAND MIGRATION 

The   cons t ruc t i ona l   ba r r i e r   i s l ands   on   t he   Beau fo r t   she l f   a re  
m ig ra t i ng   rap id l y   wes tward  and landward.  Hopkins  and  Hartz  (1978a) 

t o  7 m/yr landward. A t  these  ra tes ,  it takes   on l y  30 t o  40 years  
determined maximum m i g r a t i o n   r a t e s   o f  19 t o  30 m/yr westward and  3 

the  is lands  are  becoming  narrower  and  are  breaking up i n t o   s m a l l e r  
f o r  an i s l a n d   t o   c r o s s  a g i ven   po in t   on   t he   sea f loo r .   Genera l l y  

s p l i t   i n  two.  Cross,  Argo,  and  Narwhal I s l a n d s  have a1 so broken  up 
segments  as  they  migrate. Between  1950  and  1978,  Reindeer I s l a n d  

i n   t h e   r e c e n t   p a s t ,  and  channels  between  the  island  fragments  appear 
t o  be  deepening  (Reimnitz, Kempema, and others,   1979) .   Other   is lands 
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have gone through  marked  changes i n  morphology  s ince  studies  began 

i s  be ing  redeposi ted  as  shoals  and  sand r i dges .  Dinkum  sands, a 
i n   t h e  1950's.  Presumably  the  sediment  derived  from  these  islands 

shallow  shoal  between  Narwhal  and  Cross  Islands, i s  probably  a remnant 
o f  a b a r r i e r   i s l a n d .   I n  1950, it was exposed 1 m above mean h i g h  
water.  Because o f  subsequent  erosion, it has n o t  been  exposed 
s i n c e  1975 (Reimni tz ,  Ross,  and  Barnes,  1979). I c e  push,  storm 

c o n t r i b u t e  t o   t h e   r a p i d   m i g r a t i o n  and breakup o f   t h e   b a r r i e r  i s l a n d s .  
surges,  and l o n g s h o r e   d r i f t   o c c u r r i n g  d u r i n g  the  open-water season 

Gra in   s i ze   ana lys i s  and  cobble 1 i t h o l o g i e s  on t h e   c o n s t r u c t i o n a l  
i s 1  ands i n d i c a t e   t h a t   m o s t   a r e   i s o l a t e d   f r o m   t h e i r   o r i g i n a l  
deposi t ional   source  (Hopkins  and  Har tz ,   1978a) .   Th is   impl ies  that  
remov ing   mater ia l   f rom  these  i s lands  may p e r m a n e n t l y   a f f e c t   t h e i r  
s i z e  and i n f l u e n c e  on coastal  processes. 

STRUDEL  SCOUR 

r i v e r   f l o o d   w a t e r s .   E x t e n s i v e   a r e a s   o f   t h e   f a s t   i c e   a r e   c o v e r e d  as 
D u r i n g   s p r i n g   r u n o f f ,   t h e   l a n d f a s t  sea i c e   i s   i n u n d a t e d  by t h e  

f a r  as  30 km f r o m   t h e   r i v e r  mouths t o  depths o f  up t o  1.5 m. When 

w i t h  enough fo rce   t o   scou r   t he   bo t tom  to   dep ths   o f   seve ra l   me te rs  
t h e   f l o o d   w a t e r   r e a c h e s   h o l e s   o r   l e a d s   i n   t h e   i c e ,  it rushes  through 

by the   p rocess   o f   " s t rude l   scou r "   (Re imn i t z  and others,   1974).  On 
t h e   B e a u f o r t   s h e l f ,   s t r u d e l   s c o u r   c r a t e r s  6 m deep  and 20 m across 

o b s e r v a t i o n s   ( f i g .  37)  (Reimnitz and o thers ,   1974) .   She l te red  
have  been mapped by  shal low  bathymetric  surveys  and  scuba  diving 

coas ta l   a reas  and  bays o f f   m a j o r   r i v e r s ,   s u c h  as t h e   C o l v i l l e ,  
Sagavan i r k tok ,   and   Cann ing ,   a re   pa r t i cu la r l y   suscep t ib le   t o   s t rude l  
scour ing.  I n  these  a reas ,   de l tas   can   be   to ta l l y   reworked  by   s t rude l  
scour ing i n  several  thousand  years  (Reimnitz  and Kempema, 1982a). 
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1 1  

Quaternary  Geology 

known from 20 boreholes  collected i n  the BF-79 sale   area by the 
USGS (Harding-Lawson, 1979), from 8 boreholes  collected  in the 
Prudhoe Bay area by the USGS and the U.S.  Army Corp of Engineers 
Cold Regions  Research and Engineering Laboratory ( C R R E L )  (Hopkins 
and Hartz,  1978b3, and from surficial   geologic samples col lected 
across the Beaufort  shelf by the USGS between 1972 and 1983. The 

during numerous high-resolution  geophysical  cruises which occurred 
d is t r ibu t ion  of Quaternary sediments i s  inferred from data col lected 

between 1970 and 1980. These data  include 5,600 km of uniboom high- 
resolution seismic data  collected i n  1977 along  reconnaissance  lines 
on the shelf  and upper continental  slope by the USGS RV SP Lee 
(Dinter, 1982); a la rge  nunber of  high-resolution  seismiF-TiKs 
collected  nearshore by the USGS Geologic  Division  (over  7,000 km of 
uniboom, bathymetry, and sidescan  sonar  records were col lected on 
the RV Karluk between 1975 and 1978)  (Barnes and others,  1984); and 
a 1,600-km gr idded  high-resolution  seismic  survey  conducted i n  

Management Service)  (Craig and Thrasher,  1982). In addition  to these, 
Harrison Bay  by the USGS Conservation  Division (now U.S. Minerals 

proprietary  high-resolution  data  regionally on the Beaufort  shelf and 
industry  contractors have collected  over 6,000 km of  permitted 

numerous site-specific  gridded  surveys  over  proposed  drilling sites. 

The lithology  of  Quaternary sediments on the Beaufort she1 f i s  

ranges from near  zero  over  structural h i g h s  offshore of Barter 
On the Beaufort  shelf, the thickness  of  Quaternary sediments 

on the Chukchi she l f ,  the Quaternary  sequence i s  general ly   less  
I s l a n d   t o   a t   l e a s t  100 meters elsewhere (Dinter,   1985).   In  contrast ,  

than 5 meters thick and thickens  to a maximum of  only 15 meters 
nearshore  (Grantz and others,  1982a). 

SURFICIAL  SEDIMENTS 

The dis t r ibut ion  of  modern sediments on  the Beaufort and northern 
Chukchi shelves r e f l e c t s  the original  distribution  of  sediments on 
the subaerial  Pleistocene  coastal  plain,  the  depositional environment 
dur ing  the ear ly  Holocene period of continental   ice sheet breakup 
and sea-level rise, and the envi ronenta l  and oceanographic  conditions 
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on the modern Beaufort  shelf. I n  the  present  sedimentary  regime, the 

composition of sediment  delivered from r ivers  and from coastal   bluffs 
in tens i ty  of ice  gouging, the wave and cu r ren t   ac t iv i ty ,  and the 

a re  the most important  factors  affecting  sediment  composition and 
texture .  

Surface sediment  textures  reported by Barnes and Reimnitz (1974)  
and Rodeick (1979)  are shown in   f igure  39.  In general ,   surface 
sediments e a s t  of Oliktok  Point  contain a greater  coarse-grained 
fraction  than  those  to the west. Most of this  sediment i s  derived 
frcm coastal   bluffs and r e f l ec t s  the character of sediments on the 
adjacent  coastal  plain.  In the western  Arctic  slope, the coastal 
plain i s  broad ( the  Brooks Range sediment  source i s  over 150 km s o u t h  
of the present coas t ) ,  and r ivers   crossing the coastal   plain  are 
cha rac t e r i s t i ca l ly  slow and meandering. The coastal  plain  sediments 
a re  predominantly  fine-grained  fluvial and thaw lake  deposits.   East  
of Oliktok  Point, the coastal   p la in   is  narrower and higher in  average 
gradient.  There, coastal  plain  sediments  are composed of  coarse 
sediment derived from coalescing  alluvial  fans and braided river 
systems. 

Barnes and Reimnitz  (1974)  divided the she l f   in to  three zones 
based on su r f i c i a l  sediment  textures and the sedimentary  environment: 
the inner she l f ,  from the coas t   t o  the 20-m isobath; the central  
shel f ,  from the 20-m isobath  to  the shel f break ( the  60-m i sobath) ; 
and the shelf  break, between the 60-m and 200-m isobaths. The inner 
she l f   i s   charac te r ized  by moderately- t o   we l l - so r t ed   s i l t s  and f ine  
sand, which are   act ively  t ransported by waves and currents  during the 
open-water  season. T h i s  area l i es  i n  the f a s t   i c e  zone  and is 
relat ively  unaffected by ice gouging.  Hydraulic bed forms  dominate 
over  ice gouge features .  The sediments here a re  derived primarily 
from coastal  erosion and river e f f luents .  The central-shelf  sediments 
are  predominantly  gravelly muds. These sediments  are  highly disrupted 
by i c e  gouging and few sedimentary  structures  are preserved. The 
coa r se   c l a s t s  i n  the  muds are  angular and frequent ly   s t r ia ted,  
suggesting t h a t  they were  emplaced as   ice-raf ted  debris .  The shelf  
break f ac i e s  i s  characterized by a 5- t o  20-cm-thick u n i t  of muddy 
gravel  overlying a clayey s i l t  u n i t .  The surface u n i t  generally 
becomes coarser  grained  to the e a s t .   I t   c o n t a i n s  abundant  fauna and 
i s  bioturbated. In the lower u n i t ,  coarse  sediment and bioturbation 
a re  uncommon. Ice gouging i s   l e s s  pronounced here than on the midshelf 
because  water depths  exceed  the depth a t ta ined by a l l  b u t  the l a rges t  
i c e  keel s. 

of coarse-grained surface sediments on the Beaufort   shelf   (f ig.  40 ) .  
Superimposed on these general sediment zones  are numerous areas 

These are  generally  thin and discontinuous. However, 1 arge  bodies 
of  coarse  sediment  are  located on the shelf as  constructional  islands 
(discussed  above) and submerged shoals. The most  prominent of the 

kilometers northwest  of  Reindeer  Island  (located i n  the Midway Islands,  
shoals i s  the Reindeer-Cross  Islands  ridge, which extends several 

p la te  11) (Rodeick,  1979). Another prominent shoal,  between Spy 
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t o   c o n t a i n  10,000 m o f   c lean  g rave l   (Hopk ins ,   1981) .   In   Har r ison  
and T h e t i s   I s l a n d s   o f f s h o r e   o f   O l i k t o k  Pt. ,  p l a t e  ll), i s  es t imated 

Bay,  two  low  sandy  shoals o f   c o a l e s c i n g  sand  waves  occur.  These 

s e i s m i c   p r o f i l e s   i n d i c a t e   t h a t   a t   l e a s t  some o f   t h e s e   s h o a l s  and  sand 
each may c o n t a i n  100,000 m3 o f  sand  (Br iggs,   1983) .   H igh-resolut ion 

waves are   migra t ing   over   i ce-gouged  sed iments   ( f ig .   41) .  

$ 

water.  Located a t   t h e   s h o r e w a r d  edge o f   t h e  stamukhi  zone,  they  are 
I n   o u t e r   H a r r i s o n  Bay, a s e r i e s   o f   s h o a l s   l i e s   i n   1 5   t o  20 m o f  

e v i d e n t l y   r e l a t e d   t o   p h y s i c a l   p r o c e s s e s   w i t h i n   t h i s  zone  (Reimnitz 

Har r i son  Bay, and  Stamukhi  Shoal, n o r t h   o f   t h e  Jones  Islands. The 
and  Maurer,  1978a).  These  shoals  include  Weller Bank, i n   o u t e r  

However,  sandy mud found i n   r i p p l e   t r o u g h s   o n   W e l l e r  Bank (Barnes 
su r face   o f   t hese   f ea tu res   i s   cove red   by   coa rse   sand  and grave l .  

a n d   R e i s s ,   1 9 8 1 )   i n d i c a t e s   t h a t   f i n e r   m a t e r i a l  may u n d e r l i e   t h e  
s u r f a c e   o f   t h e s e   f e a t u r e s .  

G r a v e l   a n d   b o u l d e r   l a g   d e p o s i t s   a r e   p r e s e n t   a t   t h e   s u r f a c e   o f  
many o f   t h e   b a r r i e r   i s l a n d s  and i n  patches i n  Stefansson Sound. 
The l a r g e s t   o f   t h e s e ,  known as the  "Boulder   Patch,"   conta ins  boulders 
up t o  2 m i n  diameter and supports an abundant  fauna  (Reimnitz and 
Ross, 1979).  The  Boulder  Patch i s  p robab ly  a remnant  Pleistocene 
i s l a n d  or  c o a s t a l   p l a i n   f r a g m e n t ,   s i m i l a r   t o  Flaxman I s l a n d  o r  

and  Ross,  1979). 
Brownlow  Point ,   f rom  which  the  f ines  have been  winnowed (Re imni tz  

F ine-gra ined  sediments  on  the  Beaufor t   shel f   inc lude i l l i t e  
c l a y  and minor  amounts o f   s m e c t i t e ,   k a o l i n i t e ,  and c h l o r i t e .  The 
d i s t r i b u t i o n   o f   t h e s e   c l a y s   r e f l e c t s   t h e i r   d e t r i t a l   s o u r c e  and n o t  
i n   s i t u   d i a g e n e t i c   a l t e r a t i o n s   ( N a i d u  and  Mowatt,  1983). R e l a t i v e l y  
h i g h   c o n c e n t r a t i o n s  (20 t o  >30  percent )   o f   expandab le   c lays   (smect i te )  
o c c u r   a t   t h e  mouth o f   t h e   C o l v i l l e   R i v e r  and i n   i s o l a t e d   a r e a s  on 
t h e   o u t e r   s h e l f   ( f i g .  42).  The  expandable  clays a t   t h e  mouth o f   t h e  
C o l v i l l e   R i v e r   r e f l e c t   t h e   h i g h   c o n c e n t r a t i o n   o f   s m e c t i t e   i n   s e d i m e n t s  
t r a n s p o r t e d   b y   t h e   r i v e r .  Seaward o f   t h e   C o l v i l l e   D e l t a ,  a l i n e a r  
decrease i n   t h e   c o n c e n t r a t i o n   o f   s m e c t i t e   r e l a t i v e   t o   i l l i t e  has 
been repor ted   (Na idu  and  Mowatt,  1983). On t h e   o u t e r   s h e l f ,   t h e r e  
i s  no  obv ious  modern  source  for   the  smect i te .   These  c lays may b e  
r e l i c t ,   d e r i v e d   f r o m   P l e i s t o c e n e  or  older  sediments.  I f  so, t h i s  
i m p l i e s   t h a t   t h e r e  has  been l i t t l e  o r  no  modern  sedimentation  on  these 
p a r t s  of t h e   s h e l f .  

On the  nor theastern  Chukchi   shel f ,   sur face  sediments  are 
p r i m a r i l y  muds, a l t hough   i n   nea rsho re   a reas  and  on Hanna Shoal,  sandy 
sediments  predominate  ( f ig.   39).   Nearshore,  an ex tens i ve   g rave l  bed 
occurs  between  Wainwright  and  Barrow,  and  sandy  sediments  form 
m i g r a t i n g  sand wave f i e l d s  and  sand r i d g e s   u p   t o  0.5 m h igh.  The 

many o f  wh ich   con ta in   h igh   percentages   o f   coarse   mater ia l   (Lewbe l ,  
nearshore   sed iments   a re   p robab ly   der ived   f rom  coas ta l   beach  c l i f f s ,  

1984).  Toimil  and Grantz  (1976)  suggest  that   the  coarse  sediments  on 

tha t   have  been  winnowed  and concent ra ted   by   the   combined  ac t ion   o f  
c u r r e n t s  and i c e  gouging. 

_d Hanna Shoal a r e   p o s s i b l y   i c e - r a f t e d ,   g l a c i o m a r i n e   e r r a t i c s   ( d r o p s t o n e s )  
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beyond that  expected from present  overburden  pressure) i s  widespread 
Overconsolidated  surface  sediment  (sediment  that i s  consolidated 

on the  Beaufort  shelf  (Chamberlain, 1978; Reimnitz and others ,  1982). 
Overconsolidation  occurs i n  various  sedimentary  facies,  although 

mechanisms have been proposed which could  overconsolidate  submarine 
i t  is  most prominent  in  fine-grained  sediments. Two principal 

surface  sediments: (1) freeze-thaw  action  (Chamberlain, 1978) and 

former  necessitates  freezing of the  sediment   af ter   deposi t ion.   I t  
( 2 )  compaction by i ce  gouging  (Reimnitz and others,   1980).  The 

has  not been demonstrated, however, t h a t  bottom  water  temperatures 
on the   shelf   are  low  enough to  freeze  sediments  in  greater  than 1 t o  
2 meters  of  water (Hunter and Hobson, 1974) .  Evidence fo r  
overconsolidation by i ce  gouging i s  equivocal  (Reimnitz and o thers ,  
1982).  In tu i t i ve ly ,   i ce  gouging would remold rather  than  consolidate 
surface  sediments. Some other  mechanism may be responsible   for  this 
phenomenon. 

HOLOCENE SEQUENCE 

On high-resolution  seismic  profiles,   the Holocene sequence i s  
character ized  as  a t h i n  t ransparent   layer  which over l ies  a generally 

layer   indicates   that   coherent   beds,  which would produce r e f l ec to r s ,  
strong humnocky r e f l ec to r .  The transparent  nature  of the s u r f i c i a l  

are  generally  absent  in this layer .  Reimni t z  and others  (1982) 
concluded t h a t   i c e  gouging on the  shelf  has  destroyed most of the  
primary s t r a t i f i c a t i o n ' i n   t h e  Holocene sequence. The underlying 
hummocky horizon  has been in te rpre ted   to   represent  a l i t ho log ic  
change a t   t h e   t o p  o f  the  Pleistocene  sequence  or  other  changes i n  
the physical  properties of the  shallow  sediments,  such  as  the  surface 
of i ce  bonding (Craig and Thrasher, 1982). 

the   acous t ica l ly   t ransparent   l ayer   i s   genera l ly   l ess   than  10 m 

boreholes (Harding-Lawson,  1979) confirm this estimate  of  the 
th i ck   ( f ig .  38) (assuming a two-way veloci ty  of 1.6 km/s). USGS 

Holocene thickness on thi.s p a r t  of the  inner she1 f .  Dinter (1982) 
r epor t s   t ha t   t he  Holocene  sequence i s  e i t h e r  very t h i n  (bel ow the  
reso lu t ion   l imi t s  o f  the uniboom system)  or  absent  close  to  shore.  

On the   inner   she l f ,  between Harrison Bay and F1  axman Is1  and, 

2 m off   the  Colvil le  Delta  to  greater  than 20 m offshore  (Craig 
and Thrasher,  1982). I n  outer  Harrison Bay, i t  thickens  abruptly 
along a feature  suggested by Craig and Thrasher  (1982) t o  represent 
a Pleistocene  paleo-shoreline. I t  is possible  that   the  deeper 
sediment w i t h i n  the  transparent  layer  north of this boundary i s  
Pleistocene i n  age. I f  this i s   t he   ca se ,   t hen   t h i s  change i n  the  

depth to  the  surface  of  ice-bonding and not   to  a s ign i f i can t  
thickness of the  t ransparent   layer  may be due t o  a change in   the 

1 i thologic  break  between  Holocene  marine and P1 eistocene nonmarine 
sediments. 

In Harrison Bay, the  transparent  layer  thickens from less   than 



B e a u f o r t  Sea i s  unknown  due t o  a l a c k   o f   g e o l o g i c   d a t a   t h e r e .  
Uniboom l i n e s ,   i n t e r p r e t e d   b y   D i n t e r  (19821, i n d i c a t e   t h a t   t h e  
t ransparent  layer  (Holocene  sequence?) i s  wedge shaped, t h i c k e n i n g  
t o  over 45 m a t   t h e   s h e l f  edge o f f  Camden Bay ( f i g .   38 ) .   Re imn i t z  
and o thers   (1982)   co l lec ted   g rab  samples  f rom  the  outer  shel f  i n   t h e  
same a r e a   a n d   r e p o r t e d   t h e   o c c u r r e n c e   o f   r e l i c t   s u r f i c i a l   g r a v e l s .  
They s u g g e s t   t h a t  much o f  wha t   D in te r   (19821   i den t i f i ed   as   Ho locene  
i n  age i s   a c t u a l l y   P l e i s t o c e n e .  Because t h e   o u t e r   s h e l f  and  upper 
s lope  a re   charac ter ized   by   mass ive   s lump  b locks   and  g rav i ty   fau l ts ,  
data on t h e  age o f   t h e   s e d i m e n t   i n v o l v e d   i n   t h e s e  slumps a r e   i m p o r t a n t  

agree   tha t   the   Ho locene sequence i s   t h i n   o r  absen t   ove r   t he   an t i c l i nes  
i n  determining  whether o r   n o t   t h e y   a r e   p r e s e n t l y   a c t i v e .  Most  workers 

n o r t h   o f   B a r t e r   I s l a n d  where h i s t o r i c   s e i s m i c i t y  and   sha l l ow   fau l t s  
i nd i ca te   t he   occu r rence  o f   r e c e n t   t e c t o n i c   a c t i v i t y   ( f i g .   3 8 ) .  

The th ickness  o f   Holocene  sediments on t h e   o u t e r   s h e l f   o f   t h e  

On t h e  Chukchi she l f ,   unconso l ida ted   sed iments   a re   th in  

c u t   i n   p r e - P l e i s t o c e n e   u n i t s   ( G r a n t z  and  others,  1982a). These 
(averaging 2 t o  5 m t h i c k ) .  The th i ckes t   accumu la t i ons  fill channels 

sediments may i n c l u d e   b o t h   P l e i s t o c e n e  and  Holocene  mater ia l .  

PLEISTOCENE SEQUENCE 

The P l e i s t o c e n e   s t r a t i g r a p h y   o f   t h e   B e a u f o r t   s h e l f   i s  
ext rapolated  f rom  onshore  geolog ic   mapping  and  shal low  bor ings 

o u t s i d e   o f   t h e  BF-79 sale  area  (Harding-Lawson,  1979;  Hopkins  and 
o f f sho re .   Pub l i c l y   ava i l ab le   geo log i c   da ta   o f f sho re   a re   spa rse  

Hartz,  1978b).  There i s  one p u b l i c l y   a v a i l a b l e   b o r e h o l e   c o l l e c t e d  
w e s t   o f  Cape H a l k e t t   ( H a r r i s o n  and  Osterkamp,  1981). The P le i s tocene  
s t r a t i g r a p h y  on t h e   r e s t   o f   t h e   B e a u f o r t  Sea Planning  Area  has  been 
in fe r red   f rom  h igh- reso lu t ion   se ismic   surveys   on ly   (Barnes   and 
Re imni tz ,   var ious   repor ts ;   D in te r ,  1982,  1985; C r a i g  and  Thrasher, 
1 9 8 2 ) .   D a t a   q u a l i t y   v a r i e s   w i t h   t h e   d i f f e r e n t  systems  deployed,  but 
i s   g e n e r a l l y   b e t t e r   i n  deeper  water.  Unfortunately,  because o f  heavy 
i c e   c o v e r  and r a p i d   i c e   i n c u r s i o n s   d u r i n g   t h e   s h o r t  open-water  season, 
most   o f   these  h igh- reso lu t ion   da ta   have been c o l l e c t e d  on t h e   i n n e r  
she1 f on ly .  

The P le i s tocene  sequence  can  be  character ized  as  cyc les  o f   mar ine 
a n d   n o n m a r i n e   d e p o s i t i o n   r e l a t e d   t o   a l t e r n a t i n g   g l a c i a l  and 
i n t e r g l a c i a l   e p i s o d e s .  Onshore, P le is tocene  rocks   a re   g rouped  in to  
the  Gubik  Formation  (Black,  1964),  which s i t s  unconfonnably on 
Cre taceous  o r   Ter t ia ry   sed iments   o f   the   Brook ian  sequence. It 
c o n s i s t s   o f   s t i c k y   m a r i n e  muds, poo r l y   so r ted   mar ine  sands  and 

muds, e o l i a n   s i l t s  and f i n e  sands,  and f l u v i a l   g r a v e l s .   I c e   l o c a l l y  
cobb les ,   c lean  quar tz  beach  sands  and  gravels,  nonmarine  thaw  lake 

and  organic   mat ter  i s  abundant. 
c o n s t i t u t e s  more  than h a l f   o f   t h e  volume  of the  Gubik  sediments, 
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sequence i s  composed of s t i f f  s i l ty   c lay   over ly ing   coarse  sand and 

coarse-grained u n i t  vary from borehole  to  borehole. In several of  
gravel.  The thickness  of  the s i l t y   c l a y  and the  depth  to  the 

the  boreholes,  the  top  of  the  Pleistocene  sequence  occurs a t   o r  
near  the  seafloor.   Pollen  collected from this  uni t   g ive  dates  o f  
up t o  50,000  years B.P. (Mi l le r  and Bruggers,  1980).  indicating 
t h a t  1 i t t l e  or no Holocene  sediment  has  accumulated there.  Elsewhere 
i n  Stefansson Sound, the  Pleistocene  sequence  underlies up t o   1 3  m 
of Holocene sed iment   (genera l ly   sof t   s i l t  and c l ay ) .  The depth t o  
the  surface of the  coarse-grained  Pleistocene u n i t  general ly   increases  
offshore and to   the  east   in   Stefansson Sound. 

In  the  offshore  boreholes i n  Stefansson Sound, the  Pleis tocene 

and regressive  cycles on the  Beaufort   outer  shelf  from uniboom and 
Dinter (1985) has identified  several   Quaternary  transgressive 

3.5-kHz seismic  records.  These  cycles  consist  of  transparent  to  well- 
laminated units, i n t e rp re t ed   t o  be marine  transgressive  deposits,  
unconformably overlain by t h i n ,  hummocky-surfaced units, in te rpre ted  
t o  be nonmarine regress ive   depos i t s   ( f ig .  4 3 ) .  On the eastern 
Beaufort   shelf ,   these units form two northward-thickening  sedimentary 
wedges separated by the   s t ruc tura l  h i g h  offshore of Barter  Island 

regressive cycles and the  cycles  recorded i n  the  Gubik Formation 
( f i g .  38). The age  re la t ionship between these  t ransgressive and 

on the  adjacent  coastal   plain i s  uncertain. However, based on the 
depths below present   sea  level   to  each u n i t ,  Dinter  (1985)  has 
tentat ively  correlated  these  uni ts   wi th pub1 ished  sea-level  curves. 

may be preserved on parts  of the  Beaufort she l f .  The youngest 
His conclusions sugges t   tha t  a r e l a t ive ly  complete Pleistocene  section 

presumed nonmarine Pleistocene  sequence  terminates on the outer  
shelf   as  a ridge 8 t o  18 m h i g h  ( f ig .   43) .   This   r idge may represent 
the  northernmost  extent  of  the  latest  Wisconsin  marine regression 
on the  Beaufort  shelf  (Dinter,  1982). 

paleovalleys e x i s t  on the Beaufort and Chukchi shelves (Dinter ,  1985; 
Within the Pleistocene sec t ion ,  seismic  data suggest that   bur ied 

Grantz and o thers ,  19B2b). These paleochannels  occur  offshore  of  the 
Sagavanirktok  River  (Hartz  and Hopkins,  1980);the  Canning  River 
(Hopkins and Hartz,  1978a;  Ointer,  1982). and possibly  the  Colvi l le  
River (Hopkins,  19811. Some o f  the  Pleistocene  gravel  cored i n  
Stefansson Sound between Prudhoe Bay and Reindeer  Island may occur 
i n  the  Sagavanirktok  River  paleoval  ley. On the Chukchi shel f ,  where 
the  Quaternary  section i s  generally t h i n ,  paleoval leys   are   cut  i n  
Ter t ia ry  and older  bedrock. The thickest  accumulation  of  Quaternary 
sediment  occurs i n  those  val leys .  

Consolidated bedrock i s  probably  exposed a t   o r   n e a r  the seaf loor  
on the  Beaufort   shelf  n o r t h  of  Barter  Island where Dinter  (1982)  has 
out l ined an area  of  zero Holocene thickness. In th i s  a rea ,  CDP and 
uniboom seismic  records show shallow d i p p i n g  r e f l e c t o r s  of probable 
Tertiary  age  approaching  the  seafloor  (Reimnitz and o thers ,  1982) 
( p l a t e  6,  f i g .  44) .  On the northeast  Chukchi s h e l f ,  bedrock may 
crop  out i n  the   vicini ty   of  Hanna Shoal,  along  the  walls  of  the 
Barrow submarine  canyon, and i n  local   s i tes   across   the  inner   shel  f 
between  Wainwright  and Barrow (Grantz and others,   1982a).  
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Figure 44. 

p r o b a b l e   T e r t i a r y  age i n t e r s e c t i n g   o r   n e a r l y   i n t e r s e c t i n g   t h e   s e a f l o o r .  The rough  seaf loor   sur face may be 
E USGS uniboom l i n e  f rom  the   Ba r te r   I s l and   a rea   ( f o r   l oca t i on ,  see f i g u r e  50) showing  shal low  dipping  bedrock O f  

E caused by i c e   g o u g i n g   o r   d i f f e r e n t i a l   w e a t h e r i n g   o f   t h e   b e d r o c k   u n i t s .  
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12 

Subsurface  Geologic  Features 

PERMAFROST 

The B e a u f o r t   s h e l f  was s u b a e r i a l l y   e x p o s e d   t o   t h e   A r c t i c   c l i m a t e  
dur ing   severa l   P le is tocene  lowstands   o f  sea l e v e l  (Wang and  others, 
1982) .   Dur ing   th is   t ime,   we l l -bonded  permaf ros t   fo rmed  to   depths  
of   severa l   hundred  meters  beneath  the  exposed  shel f   (Hunter   and Hobson, 
1974).  During  subsequent  highstands o f  sea l e v e l ,   t h e   p e r m a f r o s t  
has i n   p a r t   m e l t e d  by sa l i ne   advec t i on  from the   seawate r   i n to   t he  
underlying  sediment  -and  by  geothermal  heating. Numerous r e f r a c t i o n ,  
borehole,  and c o n d u c t i v i t y   s u r v e y s   i n d i c a t e   t h a t   p e r m a f r o s t   i s  
w idespread  beneath   the   Beaufor t   inner   she l f   ( f ig .   45) .   Se ismic  

Morack  (1981)  and Neave  and Sel  lmann  (19831, i n  Simpson  Lagoon  by 
- r e f r a c t i o n   s u r v e y s  were performed i n   H a r r i s o n  Bay by  Rogers  and 

Morack  (19811,  and  on t h e  Canad ian   Beaufor t   she l f   by  Morack  and 
Neave and  Sellmann  (19831,  on t h e   b a r r i e r   i s l a n d s  by  Rogers  and 

others  (1983).   Further  data  have  been  obtained  f rom  boreholes 
(Harding-Lawson,  1979)  and  thermal  probes i n   t h e  BF-79 sa le   a rea  
(Rogers  and  Morack,  1981;  Hopkins  and  Hartz,  1978b)  and  offshore 
o f  Cape Simpson ( H a r r i s o n  and  Osterkamp,  1981). On the  Canadian '  

o f  Cape Ba thu rs t   (Hun te r  and Hobson, 19741. Seismic r e f r a c t i o n  
Beaufor t ,   permafrost   has been cored as f a r  o f f s h o r e  as  32 km n o r t h  

work  by  Sellmann  and o t h e r s   ( 1 9 8 1 )   i n d i c a t e s   t h a t  on the   A laskan 
B e a u f o r t   s h e l f ,  a h i g h - v e l o c i t y   l a y e r   i n t e r p r e t e d   t o   r e p r e s e n t  
permafrost  i s  present  a t   l e a s t  15 km n o r t h   o f   R e i n d e e r   I s l a n d   a n d  
a t   l e a s t  25 km o f f s h o r e   o f   H a r r i s o n  Bay ( f i g .   4 5 ) .  

The d e p t h   t o   t h e   s u r f a c e   o f  subsea  permafrost i s   h i g h l y   v a r i a b l e  

Holocene  marine  t ransgression as  wel l  as the  degree o f  subsequent 
( f i g .   4 6 ) ,   r e f l e c t i n g   v a r y i n g  degrees o f   i ce -bond ing  p r i o r   t o   t h e  

thawing due to   t he   advec t i on   o f   sa l i ne   g roundwate r .   I n   S te fansson  
Sound, USGS boreholes  (Harding-Lawson,  1979)  comnonly  encountered 
i c e  (presumed t o  be  permafrost)  a t  depths  shal lower  than 15 m. I n  
t h e s e   h o l e s ,   t h e   d e p t h   t o   t h e   s u r f a c e   o f  bonded  permafrost   var ies 
g r e a t l y  from l e s s   t h a n  9 m t o   g r e a t e r   t h a n  30 m over a d i s t a n c e   o f  
less   than  12  km (Harding-Lawson,  1979). Some o f   t h e   b o r e h o l e s  
encountered a t r a n s i t i o n  zone o f   p a r t i a l l y  bonded  sediments  between 
the  unf rozen  sur face  sediments and  deeper,  well-bonded  sediments 

d i f f i c u l t   t o   a c c u r a t e l y   i n t e r p r e t   t h e   d e p t h   t o   t h e   p e r m a f r o s t  
( H a r r i s o n  and  Osterkamp,  1981).  This  transit ion  zone makes it 

sur face   f rom  bo th   boreho le   logs  and  se ismic  re f ract ion  data.   Frozen 
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Figure 45. 

sediments   f rom  Harr ison Bay t o   t h e   C a n n i n g   R i v e r .   D a t a   e a s t   o f   t h e   C o l v i l l e  
Known d i s t r i b u t i o n s  o f  h i g h - v e l o c i t y   m a t e r i a l   i n f e r r e d   t o  be  ice-bonded 

are   f rom  Sel lmann  and  others  (1981). 
R i v e r   a r e   f r o m  Neave  and  Sellmann (1983). Data  west o f  t h e   C o l v i l l e   R i v e r  



0 Refraction  data (Rogers and Morack.1978) 
A Reflection data R q r s  and Morack, 1978) 

a Drilling, sampling, temperature and chemistry data (CRREL-USGS) 
b Drilling. sampling. temperature and chemistry  data  (Osterkav and HarrisOn.1976) 

Refraction  data (Rogers. in Barnes  and Hopkins,l978) 

Figure 46. 
Summary o f   t he   dep th   t o   i ce -bonded   pe rmaf ros t   a long  an OCSEAP s t u d y   l i n e   n e a r  Prudhoe Bay, as  repor ted by 
Sellmann  and  Chamberlain  (1979).  For  the  location o f   t h e   s t u d y   l i n e ,  see f i g u r e  45. The two  layers  o f  
permafrost   detected i n   t h e  Humble C - 1  w e l l  may a l t e r n a t i v e l y   b e   i n t e r p r e t e d   a s  a deep r e l i c t   p e r m a f r o s t  
l aye r   (be low 91 m) formed  dur ing a P le i s tocene   l ows tand   o f  sea l e v e l  and a s u r f i c i a l   p e r m a f r o s t   l a y e r  
(above  19 m) formed  under  modern A r c t i c   c o n d i t i o n s   s i n c e   R e i n d e e r   I s l a n d   m i g r a t e d   t o   i t s   p r e s e n t   s i t e .  

I t- 



sediment  encountered i n  boreholes and interpreted  to  be well-bonded 
permafrost, may i n  f a c t  be lenses of ice-bonded  material i n  the  
t r ans i t i on  zone. Similarly,   high-velocity  refractors may represent 
physical  changes i n  the permafrost  layer and may l i e  below the 
permafrost  surface i n  the   t ransi t ion zone. As a r e s u l t ,  i n  the 
BF-79 sa le   a rea ,   there   a re   d i f fe r ing   in te rpre ta t ions  of the depth  
t o  ice-bonded  material between the USGS boreholes (Harding-Lawson, 
1979) and the seismic  refraction  data of  Rogers  and Morack (1981). 

50 years  for well-bonded permafrost  to form i n  a subaerial a r c t i c  
Hopkins and Hartz  (1978a)  estimate t h a t  i t  takes  only 40 t o  

environment.  Permafrost is   therefore  expected  to  occur i n  the . 
core of some barr ier   i s lands which migrate  across  the  seafloor. 
On Reindeer  Island, the Humble Oil C - 1  well  encountered two layers  
of  permafrost a t  dep ths  of 0 t o  18.9 m and 91 t o  128 m (Sellmann 
and Chamberlain,  1979) ( f i g .  46) .  The deeper  layer i s  probably 
relict   Pleistocene  permafrost ,  while the  shallow  layer may have 
formed under modern arct ic   condi t ions  s ince the island  migrated  to 
i t s  present s i te .  

The thickness of permafrost on the Beaufort  shelf  cannot be 
determined from seismic refraction  data  or  shallow  boreholes. 
However, the thickness of the permafrost  layer  beneath the coastal 
plain has been measured from numerous onshore  wells  in  Arctic 
Alaska and Canada. Onshore wells  near  Harrison Bay indica te   tha t  
the permafrost  layer t h i n s  t o  the west. East  of  Oliktok  Point i t  
i s  500 m thick,  whereas  west of the Colville  River i t  i s  300 t o  400 m 
thick (Osterkamp and Payne, 1981). The d e p t h  t o  the surface and 
overall  thickness of permafrost on the eastern  Beaufort  (off ANWR) 
and northern Chukchi shelves i s  not known. I t  has been suggested 
t h a t  i n  areas   of   re la t ively slow coas ta l   re t rea t ,  such a s  the 

on a rapidly  re t reat ing  coast  such a s  the Beaufort  coast  (Grantz 
Chukchi coast,  permafrost would be degraded and found deeper than 

and others, 1982a). 

NATURAL-GAS HYDRATES 

the i n t e r s t i c e s  of an expanded i ce  crystal  l a t t i c e )  commonly occur 
Natural-gas hydrates   (sol ids  composed of l i g h t  gases  caged i n  

i n  deepwater  areas of continental  margins under low-temperature, 
high-pressure conditions  (Macleod,  1982). On Arctic  shelf   areas,  
gas  hydrates may form a t  shallow depths  associated w i t h  permafrost 
(Kvenvolden and McMenamin, 1980). In the Alaskan Arctic,  gas 
hydrates  are known t o  occur a t  shallow  depths  onshore a t  Prudhoe 
Bay (Kvenvolden and McMenamin, 19801, and hydrates may occur under 
similar  conditions  beneath the Beaufort  inner  shelf i n  areas  underlain 
by permafrost  (Sellmann and others,  1981). Beneath the Beaufort 
continental  slope, a gas  hydrate  horizon i s   i d e n t i f i e d  where water 
depths  exceed 300 m ( f i g .  47)  (Grantz and others,  1982b). 
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AREA  UNDERLAIN 8 1  GAS-ENHANCED  REFLECTOR 

HlGH SHALLOW GAS CONCENTRAITION INFERRED FROM 
ACOUSTlC  ATTENUATION ON UNl0OOU RECORDS 

-3 SElSUlC PROFILE  CROSSING OF 014PIRIC STRUCTURE 5&: L-AL 20 Na",,cill Mllar BATHVUETRV IN Em 

I 
Figure 47. 

n a t u r a l - g a s   h y d r a t e s ,   a n d   t h e   d i s t r i b u t i o n   o f   d i a p i r i c   s t r u c t u r e s   i n   t h e   B e a u f o r t  Sea Planning  Area 
Map s h o w i n g   t h e   d i s t r i b u t i o n  o f  s h a l l o w   g a s   c o n c e n t r a t i o n s ,   t h e  minimum a r e a   i n f e r r e d   t o  be u n d e r l a i n  by 

(modi f ied   f rom  Grantz   and   o thers ,   1982b) .  



FAULTING AND SEISMICITY 

Several  types  of  shallow  faults  are  identified on the  Beaufort 
shelf:  high-angle,  basement-involved normal f a u l t s  (mapped 
principally  along  the Barrow Arch in   Harr ison  Bay) ,   l i s t r ic  growth 
f a u l t s  (mapped seaward of the Hinge Line) ,  and  down-to-the-north 
g rav i ty   f au l t s  (mapped along  the  shelf-slope  break)  (f ig.   48)  (Grantz 
and others,  1982b).  Locally two or  more types may occur i n  c lose 
proximity . 

genet ical ly   re la ted t o  basement tectonics  of the  Arctic Platform. 
High-angle f a u l t s  occur along the Barrow Arch and are  

In Harrison Bay, they   of fse t   Ter t ia ry  and older units ( f i g .  49) 
(Craig and Thrasher,  1982).  There i s   l i t t l e  evidence of Quaternary 
movement  and no recent  seismicity  associated  with  these  faults.  
They may act  as  conduits  for  gas  migration, however, for   "br ight  
spot"  anomalies  are commonly ident i f ied  adjacent  t o  t he   f au l t   t r aces  
(Craig and Thrasher,  1982). 

extensions  of  detached l i s t r i c  growth f a u l t s  t h a t  so le  deep in  the 
Brookian sec t ion   (p la tes  4 and 6), some of which may have been 
react ivated i n  l a t e  Cenozoic time. The d i s t r ibu t ion  of these growth 
f a u l t s  i s  only p a r t i a l l y  known because of a lack  of  high-resolution 

These f a u l t s   a r e  mapped in   g rea t e s t   de t a i l  i n  the Camden Bay area 
seismic  coverage on the outer  Beaufort   shelf ,  especial ly  i n  the west. 

where the Hinge Line  aDproaches the  Beaufort   coast   ( f ig .  50) and  where 
USGS high-resolution  seismic  coverage i s   r e l a t i v e l y  dense.  Shallow 
f a u l t s  have a l so  been mapped beneath  the  outer  shelf  west  of Cape 
Halkett  and are   reported  to  show 3 t o  10 m of Quaternary  offset 
( f i g .  48) (Grantz and others, 1983). No seismicity has  been recorded 
in  this  area i n  10 years  of  monitoring  (fig.  51)  (Biswas and Gedney. 
1979). 

The shallow  faults seaward of the Hinge Line  include  upper 

of meters of   Quaternary   o f fse t   ( f ig .  52) (Grantz and others ,   1983) ,  
and, i n  cont ras t  t o  t h e   r e s t  of  the  Beaufort  shelf, Camden  Bay i s  

the northern end of a north-northeast-trending band of seismicity 
se i smica l ly   ac t ive   ( f ig .   51) .  T h i s  tectonic  area i s  l o c a t e d   a t  

t h a t  extends nor th  from e a s t   c e n t r a l  Alaska  (Biswas and  Gedney, 

magnitude  5.3 quake located 30 km (18 m i )  nor th  of Barter  Island 
1979) .  The largest  earthquake  recorded i n  northeast Alaska was a 

l a rge  number of  earthquakes, r a n g i n g  i n  magnitude from 1 t o  4 ,  have 
(Biswas and Gedney, 1979).  Since  monitoring began in 1978, a 

been recorded i n  this area.  These events  cluster  along  the  axis of 
the Camden a n t i c l i n e   ( f i g .  50). Tert iary and Quaternary  units d i p  
away from and a re  truncated a t   t h e  t o p  of this fo ld ,   ind ica t ing  
t h a t  i t  has been growing i n  recent  geologic  time. In c o n t r a s t   t o  
the northeast-southwest trend of the Camden an t i c l ine  and of the 
roughly  parallel zone o f  earthquake  epicenters, the f a u l t s  i n  
Camden  Bay trend  northwest-southeast ,   parallel   to  the Hinge Line 

In the Camden  Bay area,   near-surface  faul ts  have several   tens 
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Figure 48. 

d i s t r i b u t i o n   o f   e a r t h q u a k e   e p i c e n t e r s .  The Hinge  L ine  and  Barrow  Arch  are  p lo t ted t o  show t h e   r e l a t i o n s h i p  
Map showing  areas  where  shal low  faults  are  happed  or  expected i n   t h e   B e a u f o r t  Sea Planning  Area, and t h e  

and Thrasher (1982). 
between s h a l l o w   f a u l t s  and ma jo r   s t ruc tu ra l   t r ends .   Fau l t   da ta   a re   f rom Grant,?  and o the rs  (1982b) and  Craig 

, 





I .  >. 
Figure 4 4  . 

9;: 
9 SHALLOW 

. . . 
STRUCTURESANDEARTHQUAKE  ERCENTERS 

NEAR  CAMDEN  BAY 
Jt-" SHALLOW  FOLD 

x. SWLLOW FAULT (DASHED WHERE INFERRED) 

HEADWALL SCARP OF LARGE ROTATIONAL SLIDES 
.. 

. MAGNITUDE 3-5 EARTHQUAKE EPICENTER 

e MAGNITUDE 5.3 EARTHQUAKE EPICENTER 

i 

- 

Figure 50. 

t h e  Camden Bay area.   Note  the  nor theast   t rend o f  t h e   f o l d s  and earthquake 
D i s t r i b u t i o n  o f  s h a l l o w   f a u l t s ,   f o l d  axes,  and  earthquake  epicenters i n  

e p i c e n t e r s ,   i n   c o n t r a s t   t o   t h e   n o r t h w e s t   t r e n d   o f   t h e   f a u l t s .   F o r   t h e  
l o c a t i o n  o f  t h e  map, s e e   f i g u r e  48. 
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t hey   o f f se t   p rog ress i ve l y   younger   un i t s .   Th i s   re la t i onsh ip   sugges ts  
( f i g .  50). As t hey   app roach   and   i n te rsec t   t he   ax i s   o f   t he   f o ld ,  

t h a t   t h e s e   f a u l t s   a r e   o l d e r   H i n g e   L i n e - r e l a t e d   s t r u c t u r e s   t h a t  were 

t h e  Camden an t i c l i ne .   Gran tz  and Ointer   (1980)  mapped f a u l t   s c a r p s  
r e a c t i v a t e d   i n  1 a t e   T e r t i a r y  and  Quaternary  t ime  by  the up1 i f t  o f  

a long   two   f au l t  segments i n  Camden Bay, where  they  observed 6 m o f  

area i s  equivocal ,   however,   because  scarp  heights  are  of   the same 
seaf loor  d isplacement.  The evidence o f   s e a f l o o r   s c a r p s   i n   t h i s  

magnitude as i c e  gouge r e l i e f .  In add i t ion ,   the   i ce-goug ing   p rocess  
shou ld   qu i ck l y  smooth scarps  formed on the   sea f loor .   There fore ,  
a c t i v e   n e a r - s u r f a c e   f a u l t s  may be much more  numerous i n  Camden 
Bay than   i nd i ca ted   by   t he  number o f   s e a f l o o r   s c a r p s   p r e v i o u s l y  
repor ted.  

F a u l t s  on t h e   o u t e r   B e a u f o r t   s h e l f  and  upper  s lope  are  gravi ty 
f a u l t s   r e l a t e d   t o   l a r g e   r o t a t i o n a l  slump b locks   (Gran tz  and O i n t e r ,  

t h e  seaward  edge o f   t h e   B e a u f o r t  Ramp ( f i g s .  53B, 548).  Shoreward 
1980). On the   eas tern   A laskan  Beaufor t   she l f ,   these  s lumps bound 

o f   t h e  Ramp, f a u l t s  have   su r face   o f f se ts   t ha t   usua l l y   range   f rom 
15 t o  20 m and, a t  one s i t e ,   p o s s i b l y  as h i g h  as 70 m (Grantz  and 

block  which i s  bounded  by t h e s e   g r a v i t y   f a u l t s .  The  age o f   t h e   s h e l f  
others,  1982b). The B e a u f o r t  Ramp i t s e l f  may be a g i g a n t i c  slump 

edge f a u l t s   i s   u n c e r t a i n .  I f  Grantz   and  o thers  (1982b)   are  correct  
i n  assuming that   sediments on t he   ou te r   she l f   a re   Ho locene  i n  age, 
t hen   t hese   f au l t s   have   been   ac t i ve   i n   Recen t   geo log i c   t ime .  I f  
the  sur face  sediments on t h e   o u t e r   s h e l f   a r e   r e l i c t   P l e i s t o c e n e  

l a r g e   g r a v i t y  f a u l t s  may. have  heen quiescent  throughout  Holocene 
depos i t s ,  as suggested  by Reimni tz  and o t h e r s  (1982) ,   then  these 

t ime  (12,000  years B.P. t o   p r e s e n t ) .  These f a u l t s  pose  an  extreme 
hazard t o  bo t tom- founded   s t ruc tu res   on   t he   ou te r   Beau fo r t   she l f  
and s1 ope  because  they  could  resul t  i n   l a r g e  downslope  displacements. 
Even  though  there  has  been  no h i s t o r i c   s e i s m i c i t y   a s s o c i a t e d   w i t h  
t h i s   t y p e   o f   f a u l t  on t he   Beau fo r t   she l f ,   t hey  may be  moving  by 
slow,  asei smic  creep.   Large-scale  grav i ty   s lumping  o f   b locks  on  the 
o u t e r   s h e l f   c o u l d   b e   t r i g g e r e d  by shal low-focus  earthquakes  centered 
i n  Camden  Bay o r   i n   t h e  Brooks Range. 

SEDIMENT SLIDES 

A c h a o t i c   s e d i m e n t   s l i d e   t e r r a n e   o c c u r s   a l o n g   t h e   l e n g t h   o f   t h e  
B e a u f o r t   o u t e r   s h e l f  and  upper  slope  seaward o f   t h e  50- t o  60-m 
i s o b a t h   ( f i g s .  53, 54).  Grantz  and  others  (1982b)  have mapped 
seve ra l   d i s t i nc t   l ands1   i de   t ypes ,   i nc lud ing   l a rge   bedd ing -p lane  

bedding-p lane  s l ides  are  most   extens ive on t h e   B e a u f o r t  Ramp between 
s l i d e s   ( f i g s .  538,  54B) a n d   b l o c k   g l i d e s   ( f i g s .  53A, 54A). The 

148' wes t   l ong i tude  and the  Mackenzie Sea V a l l e y   ( f i g s .  538,  548) 

70 t o  230 m th i ck .   Pu l l -apa r t   g rabens  and  scarps  are comnon  on 
(Grantz  and E i t t re im,   1979) .  These s l i d e s   a r e  10 t o  43 km long  and 

the   landward   marg in   o f   the   s l ide   te r rane.   Hor izon ta l   d isp lacements  
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Figure  53A. 

w e s t e r n   p a r t   o f   t h e   B e a u f o r t  Sea Planning  Area  (Grantz 
B l o c k   g l i d e   t e r r a n e  on t h e   o u t e r   B e a u f o r t   s h e l f   i n   t h e  

and E i t t r e i m ,  1979). 

Figure 538. 
Zone o f   bedd ing -p lane   s l i des  on t h e   B e a u f o r t   s h e l f   e a s t  
of 14.7' west  longi tude  (Grantz  and  Ei t t re im,  1979).  



















maximum earthquake  to be ant ic ipated i n  engineering design i s  
Because of the  lack of  a long-term  data  base,  the  size of the 

uncertain. Modern earthquakes w i t h  magnitudes of 5.3 on the 

1979).   Seafloor  installations  constructed on the eastern  Beaufort 
Richter  scale have  been  measured i n  this area (Biswas and Gedney, 

shelf  s h o u l d  be designed  to  withstand  moderate t o  strong,  shallow- 
focus  earthquakes w i t h  s ign i f icant   sur face   o f fse t s   a long   fau l t s .  
Movement of slump blocks on the outer  Beaufort  shelf and  continental 
slope  could  result   in major damage to  exploration  or development 
s t ructures .  The age and a c t i v i t y  of the large,  easily  recognized 
slump features  on the outer  shelf  i s  unknown,  b u t  should be determined 
before  siting  exploration  or  production  platforms i n  this area. 

the physical  environment i n  the Beaufort Sea Planning Area. However, 
In 15 years  of extensive  studies,  much has been learned about 

i t  i s  s t i l l   l a r g e l y  a f ront ier   region,  and the or igin and d is t r ibu t ion  
of many of the physical  processes and fea tures   tha t  may a f f e c t  
offshore  petroleum development are  only  partially  understood. Most 
of our knowledge is  based on data   col lected on the inner   shelf ,  
particularly  in  Stefansson Sound  (BF-79 lease  sale   area)  and Harrison 
Bay (OCS Lease  Sale 7 1  a rea) .  Because  of severe  ice  conditions and 
the remoteness of the central  and ou te r   she l f ,   ve ry   l i t t l e  work has 
been  done i n  areas  included i n  OCS Sal e 87 or  proposed for   inclusion 
i n  OCS Sale 97. From data  collected  in  Stefansson Sound, i t  i s  

vary  greatly over very short   distances.  I t  i s ,  t he re fo re ,   d i f f i cu l t  
evident   that  the type and extent of shallow geologic  features 

to   p red ic t  the occurrence and dis t r ibut ion  of   features  such as 
shallow  gas  concentrations,  subsea  permafrost,  surficial  sediment 
type, and near-surface  faults on a s i te-specif ic   basis  from regional 
reconnaissance  surveys.  Detailed  high-resolution seismic surveys 
and shallow  coring  are now routinely  conducted a t  proposed d r i l l i n g  
l o c a t i o n s   t o   f i l l  th is  s i te -spec i f ic   da ta  gap. Integration  of .these 
data w i t h  regional  surveys  will expand our  data  base and great ly  
improve our  understanding of the Arctic offshore  environment. 
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Conclusion 

This report  summarizes our  observations and preliminary 
conclusions  concerning  the  environmental and petroleum  geology  of 
the Beaufort Sea Planning Area. I t  i s  the l a t e s t  i n  a series of 
regional  reports on the geology  of the Alaskan OCS published by the 
Minerals Management Service. This geologic  report was prepared a s  
pa r t  of the support  documentation  related  to  Federal OCS Lease Sale 
97. 

Sale  97 wil l  be the second  area-wide l ease   s a l e  i n  the Beaufort 
Sea and the fourth  Federal OCS sa l e  i n  this planning  area. Because 

376 t r a c t s   a r e  now under lease.  The most prospect ive  t racts   are  
of h i g h  industry interest in  the previous  lease  sales,  approximately 

located i n  relatively  shallow  water,  near  onshore we1 1 control ,  and 
over  large  structures.  Two possible commercial discoveries have 
been reported i n  the BF-79 sale  area  (Endicott   Field and Seal  Island). 
Unleased t r a c t s  which will be offered i n  Sale 97 gene ra l ly   l i e  i n  
deeper and more remote areas  of the Beaufort and northeastern Chukchi  
shelves. These t rac ts   wi l l  be more expensive and l o g i s t i c a l l y  
d i f f i cu l t   t o   exp lo re .  A t  present, well  control is absent and seismic 
data  coverage is sparse i n  these remote areas. 

Only t r a c t s  on the continental  shelf  are  thought t o  have any 
potent ia l   for  commercial hydrocarbon  development in the foreseeable 

untested t r a c t s  on the continental  shelf,  structural  traps  involving 
future based on geological and logistical   considerations.  Of the 

the central   Beaufort   shelf ,   structural   traps i n  Brookian s t r a t a   i n  
Brookian s t r a t a  i n  the Kaktovik  Basin a re  the most prospective. On 

the Nuwuk Basin and f a u l t   t r a p s  i n  R i f t  sequence  deposits i n  
i n f r a r i f t  grabens form less  prospective  plays.  Structural  traps 

objective  in the Northeast Chukchi  Basin.  Shallow,  areally  large 
involving lower El 1 esmerian  rocks form the most conspicuous  exploration 

the Chukchi sector form less   a t t ract ive  explorat ion  plays.  A 
s t ra t igraphic   t raps   in  the upper Ellesmerian and R i f t  sequences  in 

variety  of subtle s t ra t igraphic   t raps  may occur i n  a l l  of the 
offshore  provinces, b u t  they   a re   d i f f icu l t   to   ident i fy  i n  regional 
seismic  data. 
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