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I n t r o d u c t i o n  

The con t i nen ta l  s h e l f  beneath the Beaufo r t  Sea, the  s i t e  o f  poss ib l e  o i l  

and gas lease sa le  71, i s  probably  the most promis ing untested t e r rane  f o r  

g i a n t  accumulations o f  o i l  and gas under the j u r i s d i c t i o n  o f  t he  Un i ted  

States, and env i ronmenta l l y  the  most d i f f i c u l t  area t o  exp lo re  and develop. 

Th is  r epo r t l l  presents  an overview o f  the  geolog ic  framework, petroleum poten- 

t i a l  , env i  ronmental cond i t ions ,  geol og ic  hazards and a n t i c i p a t e d  techno1 ogy 

f o r  development o f  t h i s  s h e l f .  I t s  purpose i s  t o  a s s i s t  t he  Bureau o f  Land 

Management i n  t he  s e l e c t i o n  o f  areas most a t t r a c t i v e  f o r  leas ing ,  t o  i d e n t i f y  

the geolog ic  environmental  c o n s t r a i n t s  and hazards, and t o  make p r o j e c t i o n s  

concerning the technology t h a t  w i l l  be r e q u i r e d  f o r  petroleum e x p l o r a t i o n  and 

development. 

The area o f  the  poss ib le  lease sa le  ( f i g .  1 )  extends from P o i n t  Barrow 

on the west t o  t he  mar i t ime boundary w i t h  Canada on t he  eas t  and f rom the  

t h ree  geographical  m i l e  l i n e  on the  south t o  approx imate ly  t h e  200-m i soba th  

on the  no r th .  The poss ib le  lease sa le  area i s  near  the  Nat iona l  Petroleum 

Reserve i n  Alaska (NPRA), t he  Trans-Alaska Pipe1 i n e  System (TAPS),  and a number 

o f  onshore o i l  and gas f i e l d s  and seeps ( f i g .  1 ) .  The t r a c t  i s  ad jacent  t o  

areas o f  a c t i v e  petroleum e x p l o r a t i o n  and development by i n d u s t r y  on s t a t e  

lands between NPRA and t he  A r c t i c  Na t iona l  W i l d l i f e  Range (ANWR), and by t he  

U.S. Geological  Survey i n  NPRA. 

The present  r e p o r t  i s  an expansion o f  U.S. Geological  Survey Open-File 

Report 76-830 (Grantz and o thers ,  1976), which summarizes t he  geolog ic  frame- 

work, petroleum p o t e n t i a l ,  geolog ic  environment and opera t iona l  cons idera t ions  

f o r  proposed o i l  and gas lease sa le  50 i n  t he  c e n t r a l  and western Beaufo r t  

Sea. The expansion inc ludes  the a d d i t i o n  o f  maps which de l i nea te  the  bathy- 

metry  and p r i n c i p a l  environmental geolog ic  fea tu res  and hazards o f  the  reg ion .  

A l i s t  o f  publ ished geolog ic  and geophysical surveys o f  the  Beaufo r t  She l f  i s  

presented as an Appendix. 

1 ' ~ r a n t z  and D i n t e r  prepared the sec t ions  on Geologic Framework and P e t r o l -  
eum P o t e n t i a l  , and the  Environmental Geology subsect ions from Unconsol i- 
dated Sediments and Tecton ic  I n s t a b i l i t y  t o  Overpressured Shale; Sco t t  
prepared the  Resource Apprai sa l  Est imate ; Barnes and Reimni t z  prepared 
the  Environmental Geology subsect ions from She l f  Deposi ts t o  Suspended 
Sediment; and Lynch prepared the  sec t i on  on Technology. 



Figure 1. Area of possible Beaufor t  Sea oi l  and gas lease sale no. 7 1 ,  showing 

the  p r o x i m i t y  of o i l  and gas f ields and seeps i n  nor thern Alaska  and the 

Trans-Alaska Pipe1 ine System ( T A P S ) .  



Geologic framework of potentially 

petrol i ferous rocks 

Possible 1 ease sale no .  71 , covering the enti re Beaufort Shel f north of 
Alaska, i s  conveniently divided into two sectors of contrasting geologic 

structure and generally dis t inct ive,  b u t  overlapping, sedimentary sequences. 
The western (Barrow) sector extends from Point Barrow to approximately 145' 
W .  1ong.and the eastern (Barter Island) sector from 145" W. long. to  the 
Canadian border. Figures 2 and 3 show the general geology and the s t rat igra-  

phy, lithology, and depositional and structural history of northern Alaska 

and the Beaufort Shelf. Typical cross-sections are presented in figures 4 
to 7.  Data for  th is  section and that on Petroleum Potential for  the offshore 

are mainly from Grantz and others, 1979, and Ei ttreim and Grantz, 1979. 

Data for the onshore a r e  from Alaska Geological Society, 1971 and 1972; Brosgc! 
and Tailleur, 1971; Jones and Speers, 1976; Grantz and Mull, 1978; and especi- 
a l ly  Tailleur and others, 1978. 

The sedimentary s t ra ta  of northern Alaska and the Beaufort Shelf are 

conveniently grouped into three regionally extensive sequences of contrasting 
1 i t h o 1  ogy, tectonic character and hydrocarbon potential summarized in figure 
3 .  The Cambrian t o  Devonian Franklinian sequence, consisting of mildly t o  
strangly metamorphosed sedimentary and some volcanic rocks, constitutes econ- 

omi c basement for the Beaufort Shel f ,  Fol 1 owing metamorphism and regional 
deformation, an extensive platform was cut across the Franklinian rocks in 
Late Devonian and Early Mississippian time. This, the Arctic Platform, was a 
surface of low rel ief  that was remarkably stable from Early Mississippian to 

Early Cretaceous time, an interval of more than 200 million years. During 

th is  time a l i  thological lydiverse sui te  of c las t ic  and carbonate sedimentary 

rocks, the Ellesmerian sequence, was deposited on the platform. This sequence 
contains both marine and nonmarine beds incl uding organic-rich shale, tex- 
turally mature sandstone and conglomerate, and some dolomitized limestone. 

Clastic components were derived from a northerly source terrane that then lay 
beneath and north of the present outer Beaufort Shel f .  

In Late Jurassic and Early Cretaceous time the northern part of the 
Arctic Platform, the source terrane for the Ellesmerian shelf sediments, was 

separated from northern Alaska by r i f t i ng  which created the present continental 

margin of northern Alaska. Concurrently, the Arctic Platform was t i  1 ted down 
to the south and overridden by nappes from newly formed tectonic highlands in 
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r o o k s  Range Omgeny. 

Figure 3. Stra t ig raphy  and depositional framework o f  northern Alaska and the 

Beaufart She1 f. 



the  area o f  the present  Brooks Range. An asymnetr ic f o r e l a n d  basin,  the  

C o l v i l l e  geosyncl ine, formed on the  southward t i l t e d  p l a t f o r m  n o r t h  o f  t he  

nascent mountain range. 

The C o l v i l l e  geosync l ine shoals northward toward the  s t r u c t u r a l  apex o f  

t he  southward t i l t e d  A r c t i c  P la t form,  the Barrow Arch, a basement h i gh  which 

t rends  para1 l e l  t o  the  coas t  i n  the  Barrow sec to r  o f  t he  Beaufo r t  She l f .  The 

south f l a n k  o f  t he  arch i s  t he  A r c t i c  P la t f o rm  under ly ing  t he  C o l v i l l e  geo- 

sync l ine ;  the  n o r t h  f l a n k  i s  the g r e a t l y  mod i f i ed  scarp c rea ted  by t h e  r i f t i n g  

episode which created t he  con t i nen ta l  margin t o  t he  no r th .  M o d i f i c a t i o n  was 

by  deep e ros ion  and subsidence. P o s t - r i f t  t i l t i n g ,  f o l d i n g  and f a u l t i n g  have 

created economical ly impor tan t  geolog ic  s t r u c t u r e s  over t he  arch.  

The C o l v i l l e  geosync l ine was f i l l e d  r a p i d l y  w i t h  Late Jurass ic ,  Creta- 

ceous and, on t h e  eas te rn  Nor th  Slope, T e r t i a r y  c l a s t i c  sediments o f  the 

Brookian sequence d e r i  ved f rom the proto-Brooks Range h i  gh1 ands t o  the south. 

They exceed 6,000 m i n  th ickness  i n  the  southern p a r t  o f  the  asymmetric 

C o l v i l l e  geosyncl ine, where they  c o n s i s t  ma in ly  o f  Late Jurass ic  and E a r l y  

Cretaceous f l y s c h  and mid- and L a t e  Cretaceous molasse, and t h i n  northward t o  

between 500 rn and 2,000 m where they over lap  the  Barrow Arch. Because the  

p rograda t ion  o f  t he  Brookian C o l v i l l e  sediments northward onto t he  Barrow 

Arch was gradual,  and because the waning nor thern  h igh lands were s t i l l  shedding 

El lesmer ian sediments southward du r i ng  t he  Brookian progradat ion,  the  boundary 

between t he  El lesmer ian and Brookian sequences i s  t ime t ransgress ive .  I t  l i e s  

w i t h i n  the  Middle o r  Upper Jurass ic  i n  the  Brooks Range, and r i s e s  i n t o  t he  

Lower Cretaceous over  t he  Barrow Arch and on the  Beaufo r t  She l f .  

Barrow sec to r :  The geo log ic  s t r u c t u r e  o f  the  Barrow sec to r  i s  dominated 

by t he  broad c r e s t  o f  the  Barrow Arch near the  coast  and by the  g e n t l y  d i pp ing  

n o r t h  f l a n k  o f  t he  arch between t he  c r e s t  and the  ou te r  s h e l f .  The g e n t l y  
i n n  r nd ce t r a l  

nor th -d ipp ing  beds o f  the /sRe l f  a re  !,srupted o n l y  by down-to-the-north normal 

f a u l t s  o f  smal l  displacement and by a broad f o l d  on the  ou te r  s h e l f  nor theas t  

o f  P o i n t  Barrow. The outermost s h e l f ,  i n  con t ras t ,  i s  the  s i t e  o f  l a r g e  

r o t a t i o n a l  f a u l t  b locks  bounded by normal f a u l t s ,  some o f  them growth f a u l t s ,  

w i t h  l a r g e  displacement. The t e r rane  o f  f a u l t e d  and r o t a t e d  b locks  i s  10 t o  

25  km wide and more than 300 km long  i n  the  Barrow sec to r  ( f i g s .  2,4 and 5 ) .  

Of fshore o f  Prudhoe Bay the ou te r  s h e l f  i s  unde r l a i n  by a broad e ros iona l  

remnant ( f i g .  5 ) .  Both t h e  l a r g e  r o t a t e d  f a u l t  b locks  and the e r o s i o n a l  remnant 
a re  i n  p a r t  onlapped, b u t  ma in ly  b u r i e d ,  by Brookian s t r a t a .  
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Figure 4.  Cross-section based on seismic r e f l e c t i o n  profi le  near Poin t  Barrow. 
See Figure 1 for location. 
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Figure 5. Cross-section based on seismic reflection profi le  near Prudhoe Bay. 

See Figure 1 for location. 



Ellesmerian s t r a t a ,  due t o  original depositional patterns and to  Early 

Cretaceous and older erosion, occur only in the southern part of the Barrow 

sector ( f ig .  2 ) ,  where their  thickness ranges from 0 t o  perhaps several 

hundred meters. These beds, and the Franklinian rocks that l i e  beneath and 

north of them, are overlain unconformably by Brookian c las t ic  rocks of 

A1 bian (1 ate Early Cretaceous) t o  Tertiary age, Brookian s t ra ta  constitute 

most o f  the sedimentary volume of the Beaufort She1 f . 
The Cretaceous beds of the Brookian sequence are both marine and non- 

marine beneath the Arctic coastal plain of northern Alaska, b u t  appear on 
seismic sections to become dominantly or ent i rely marine on the outer shelf. 
The Tertiary beds are nonmarine onshore, b u t  appear to  also contain marine 
facies offshore. The ent i re  sequence i s  500 to 2,000 m thick over Barrow 

Arch, b u t  thickens northward to  more than 6,000 m on the outer shelf. 

Barter Island sector: Structurally, the Barter Island sector i s  dominated 

by two anticlines and an intervening syncline developed in l a t e  Cenozoic 

sedimentary rocks. The antic1 ines have amp1 i tudes exceeding 1 km, widths 

exceeding 10 km, and are more than 150 km long ( f igs .  2 and 7 ) .  A deep 

synclinal basin on the south side of the folded terrane appears t o  trend 
southwest beneath the Arctic coastal plain near the Canadian border. The 

folded terrane of the Barter Island sector i s  transitional to the monoclinal 

terrane of the Barrow sector through a zone of numerous down-to-the-basin 

normal fau l t s  north of the western part of Camden Bay. 

Brookian s t ra ta  resting on Franklinian rocks, and perhaps locally on 

oceanic crust ,  underlie the Barter Island sector. Regional trends indicate 
that El lesmerian s t ra ta  are probably absent (Grantz and Mu1 1 , 1978). In the 

western part of the Barter Island sector the Brookian sequence consists o f  a 
thick section of Tertiary s t rata  underlain by a thin section of Cretaceous 
beds ( f ig .  6 )  and by Franklinian rocks. In the eastern part of the sector 

( f ig .  7 ) ,  the Tertiary rocks are inferred, from regional trends and from seis- 
mic reflection profiles,  to  rest  on a thick section of Jurassic and Cretaceous 

clast ic  sedimentary rocks of southern (Brookian) origin. The Jurassic and 

Cretaceous beds are predominantly marine onshore, and probably become mainly 

or entirely marine offshore. The Tertiary sequence i s  mainly nonmarine beneath 
the Arctic coastal plain, b u t  contains beds of shallow marine origin in a t  

least  i t s  upper part. The sequence presumably becomes increasingly marine 
seaward. The Tertiary rocks are locally a s  much as 4,000 m thick a t  the coast 
and may thicken in places to 6,000 m or more offshore. 
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Petroleum p o t e n t i a l  

The area o f  poss ib l e  lease sa le  no. 71 i s  almost u b i q u i t o u s l y  prospec- 

t i v e  f o r  petroleum. Unmetamorphosed sedimentary rocks  of adequate th ickness 

t o  con ta in  commercial depos i ts  u n d e r l i e  the e n t i r e  area, and o i l  o r  gas occur 

a t  many s t r a t i g r a p h i c  l e v e l s  beneath the ad jacen t  coas ta l  p l a i n  o f  nor thern  

Alaska. Ten o f  t he  t h i r t e e n  major  s t r a t i g r a p h i c  u n i t s  o f  t he  E l lesmer ian  

and Brookian sequences beneath the  coas ta l  p l a i n  con ta in  commercial pools  o r  

s t rong  shows o f  o i l  o r  gas ( f i g .  8 ) .  A g i a n t  and a  superg iant  o i l  f i e l d ,  a 

small produc ing gas f i e l d ,  s i x  undeveloped o i l  d i scove r i es  o f  unknown or 
unannounced economic p o t e n t i a l ,  and several  o i l  and gas seeps a re  known t o  

l i e  w i t h i n  10 km o f  the coast.  Exp lo ra t i on  on the  Canadian p o r t i o n  of t he  

Beaufo r t  She l f  has repo r ted l y  l e d  t o  t he  d iscovery o f  l a r g e  depos i ts  o f  o i l  

and gas i n  rocks t h a t  t r end  toward the  B a r t e r  I s l a n d  sec to r  o f  t he  Beaufort  

Shelf. The p r o l i f i c a l l y  p e t r o l  i f e r o u s  E l  lesmer ian beds, which con ta in  super- 

g i a n t  pools  o f  o i l  and gas a t  Prudhoe Bay, extend beneath t h e  southern p a r t  

o f  the  Barrow sec to r  t o  a s t r u c t u r a l l y  f avo rab le  p o s i t i o n  above t h e  c r e s t a l  

r e g i o n  o f  t h e  Barrow Arch. The Brookian beds, i n  which t he re  a re  many shows 

o f  o i l  and gas a long  t h e  coast ,  con ta in  promis ing accumulations o f  o i l  and 

gas a t  Flaxman I s l a n d  and P o i n t  Thompson. These rocks a l s o  extend northward 

beneath t h e  Beaufo r t  She1 f. 

The p e t r o l i f e r o u s  rocks  which t r e n d  beneath the Beaufo r t  She l f  f rom 

no r the rn  Alaska con ta in  a  number o f  s t r u c t u r e s  p o t e n t i a l l y  favorab le  f o r  

t r app ing  economic accumulations o f  o i  7 and gas. Seismic r e f l e c t i o n  p r o f i l e s  

show p a r t  o f  the c r e s t a l  r e g i o n  o f  the Barrow Arch, two l a rge ,  compound a n t i -  

c l  i n a l  arches o f  r eg iona l  ex ten t ,  a few broad fo lds ,  i n t e r f i n g e r i n g  1  i thofac ies ,  and 

g e n t l y  seaward-dipping sedimentary rocks broken by numerous down-to-the-basin 

normal and growth f a u l t s  o f  small t o  moderate displacement. The presence o f  

a t h i c k  sec t i on  o f  o i l -  and gas-bearing rocks w i t h  many p o t e n t i a l  t r app ing  

s t r uc tu res ,  some of them very  la rge ,  suggests t h a t  the Beaufo r t  She l f  cou ld  

con ta in  l a r g e  accumulations o f  o i l  and gas. 

Resource appra isa l  est imate 

The area evaluated f o r  hydrocarbon resources extends f rom P o i n t  Bar row 

(approx imate ly  156'30'Y) eastward t o  the  mar i t ime boundary between the  Un i ted  

States and Canada and seaward from the shore l ine  t o  the 200-m isoba th .  Th is  

area i s  the  s h e l f  p o r t i o n  o f  the  Beaufo r t  Sea Province, and inc ludes  b o t h  federa l  

and s t a t e  acreage. 
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Figure  8. Generalized s t r a t i g r a p h i c  column beneath the  A r c t i c  coastal  p l a i n  o f  

northern Alaska,  showing p o s i t i o n  o f  o i l  and gas pools and of strong shows o f  

oil and gas encountered in test wells. (Data  f r o m  Alaska Geological Society, 
1971 , and 1972; BrosgC and T a i  1 leur, 1971 ; Jones and Speers, 1976; and 

i n d u s t r y  announcements). 



Estimates for  the Beaufort Sea Shelf are given in two ways. F i rs t ,  the 
conditional estimates represent those quantities of oi 1 and gas estimated to 
be present, given that cormercial quantities do exis t .  Second, the uncondi- 

tional estimates represent those quantities estimated to be present, b u t  

incorporating the risk of - no commercial accumulations. These 1 a t t e r  figures 

represent s t a t i  s t ical  expectations of undiscovered recoverable resources. 

The odds of finding commercial quantities of oil  and gas are uncertain 

in front ier  areas, and a marginal probability i s  assigned t o  express this  
risk.  The marginal probability assigned in th is  case i s  .81, or an 81 percent 

chance o f  finding a comnercial accumulation. This high figure i s  based upon 
the close proximity of onshore production to th is  offshore area. 

Following are both the conditional and unconditional oil  and gas resource 
estimates for  the Beaufort Sea Shelf: 

95% 
Probabi 1 i ty 

Conditional 

Oil ( B .  bbls) 2 . 2  
Gas (Tcf) 
AssoclDi ssol ved 3.1 

Non-Assoc . 5.4 

Unconditional 

Oil ( B .  bbls) 0.0 

Gas (Tcf) 
Assoc/Di ssol ved 0.0 
Non-Assoc. 0.0 

5% Stat is t ical  Marginal 
Probability Mean Probabi 1 i ty 

The above estima tes represent assessments of undiscovered recoverable 
oil  and gas. Much of the acreage within the assessed area i s  believed to be 

amenable t o  dri 11 ing and producing operations under present or foreseeable 

conditions of economy and techno1 ogy. These are qua1 i fying conditions for 
recoverable resources. 

The resource values and distributions shown in th is  report resul t  from 

the s t a t i s t i ca l  processing of original subjective probability estimates. These 
procedures incorporate computer curve f i t t i ng  techniques and computer random 

sampl ing (Monte Carlo) techniques. Both produce natural small variations in 

output values between successive runs, or in what might be theoretically 
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Figure 9. Probabil i ty distribution o f  undiscovered recoverable resources of 

oil and associated/dissolved gas for Beaufort Sea OCS Sale no. 71 (0.200 m ) .  
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F igure 10. Probability d i s t r i b u t i o n  o f  undiscovered recoverable resources o f  

non-associated and aggregated t o t a l  gas for  Beaufort Sea OCS Sale no. 71 

(0-200 rn). 
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ca l cu l a ted .  As a  consequence, values a re  shown which may occas iona l l y  appear 

i n c o n s i s t e n t  r e l a t i v e  t o  o the r  output ,  b u t  a re  v a l i d  and w e l l  w i t h i n  l i m i t s  

o f  accuracy of the  assessment. 

The est imates o f  undiscovered o i l  and gas were computer ized and processed 

as p r o b a b i l i t y  d i s t r i b u t i o n s ,  u t i l i z i n g  log-normal curves, as shown i n  f i g u r e s  

9 and 10. 

Environmental geology 

Sea i c e  and o t h e r  f a c t o r s  r e l a t e d  t o  t he  A r c t i c  c l i m a t e  a re  so i n f l u e n -  

t i a l  i n  shaping t h e  geo log ic  environment of t he  Beau fo r t  She l f  t h a t  i n f o rma t i on  

gained b y  s tudy ing  recen t  geo log ic  processes i n  temperate l a t i t u d e s  i s  o n l y  

p a r t l y  app l i cab le .  The she1 f i s  a l s o  unusual i n  t h a t ,  a1 though i t  over1 i e s  a  

pass ive  c o n t i n e n t a l  margin, i t  i s  be ing  deformed by  modern normal and t h r u s t  

f a u l t s ,  some of which generate  sha l low earthquakes. 

General d e s c r i p t i o n :  The bathymetry o f  t h e  western Beau fo r t  Sea i s  pre-  

sented i n  f i g u r e  11. The c o a s t l i n e  i s  cha rac te r i zed  by low tundra b l u f f s  and 

a complex o f  r i v e r  es tua r i es ,  bays, b a r r i e r  i s l a n d  chains and coas ta l  lagoons. 

The c o n t i n e n t a l  s h e l f  ranges i n  w i d t h  between 45 and 90 km and s lopes g e n t l y  t o  

t he  nor th ,  Most areas o f  t h e  i n n e r  and c e n t r a l  s h e l f  a re  e s s e n t i a l l y  f l a t  

except f o r  ex tens ive  m i c r o - r e l i e f  caused by the  p lowing and churn ing  a c t i o n  o f  

d r i f t i n g  i c e  i n  con tac t  w i t h  t h e  s e a f l o o r .  Landward of t h e  20 m i soba th  s u b t l e  

l i n e a r  topographic  highs p a r a l l e l  t he  coast .  Nearshore, a prominent bench 

i n s i d e  t he  2 m i s o b a t h  i s  apparen t l y  r e l a t e d  t o  the  seasonal growth o f  sea i c e .  

O f f  Camden Bay the  f l a t  seabed i s  d i s r u p t e d  by scarps as h i g h  as 6 m t h a t  mark 

Holocene f a u l t s .  Seaward o f  t he  50 t o  65 m i soba th  t h e  seabed i s  broken by  

scarps, sags and r o t a t e d  slump b locks  w i t h  l o c a l  r e l i e f  as g rea t  as 22 m. Th i s  

rough seabed i s  w i t h i n  the  headwall ex tens ion  zone o f  an ex tens i ve  bedding p lane 

s l i d e  t e r r ane  t h a t  unde r l i e s  the  o u t e r  s h e l f .  

Unconsol idated sediments and t e c t o n i c  i n s t a b i l i t y :  The most p o o r l y  c o n s o l i -  

dated sediments on t h e  Beau fo r t  She l f  are t he  Holocene marine muds and s i l t s  whose 

th ickness i s  contoured on f i g u r e  12 .  They have been i d e n t i f i e d  and measured on 

h igh- reso l  u t i o n  (Uniboom) seismic p r o f i l e s  on the  bas i s  o f  acous t i c  p r o p e r t i e s  

and geometric cons idera t ions .  Inshore d r i l l i n g  i n f o rma t i on  l o c a l l y  co r robora tes  

t he  acous t i c  data.  The Holocene depos i t s  apparen t l y  form a wedqe which th ickens  

o f f s h o r e  t o  a  maximum o f  about 40 t o  50 m near the  she l f -b reak ,  where the  wedge 

over laps  t he  shoreward boundary o f  t he  chao t i c  slump t e r rane .  The wedge i s  
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apparen t l y  t h i n n e r  on t he  western h a l f  of the  s h e l f  than i n  the  east,  b u t  records 

i n  t h e  west a re  much l e s s  d e f i n i t i v e .  Holocene deposi ts  are n o t a b l y  absent a long  

t he  coast.  L i t t l e  sediment appears t o  be accumulat ing i n  d e l t a s  and o f f sho re  

f rom r i v e r s .  

The Holocene sediments on the middle and ou te r  s h e l f  and probably  a substan- 

t i a l  th i ckness  o f  the  under ly ing  Ple is tocene sediments have low shear s t reng th ,  as 

i n d i c a t e d  by  the  development o f  very  low-angle bedding-plane s l i d e s ,  and they  may 

be suscep t i b l e  t o  1  ique fac t ion  as we1 1.  The i n s t a b i l i t y  o f  these depos i ts  poses 

the  g rea tes t  p o t e n t i a l  hazard t o  p i pe l i nes ,  p la t fo rms and a r t i f i c i a l  i s l ands  on 

the ou te r  she l f ,  where the  depos i ts  a re  t h i c k e s t  and have the s teepest  g rad ien t ,  

and near the  a c t i v e  seismic zone near  Camden Bay. A band o f  unknown w id th  shore- 

ward of the  bedding plane s l i d e  t e r rane  o f  the  o u t e r  s h e l f  ( f i g .  13) ,  where f a i l -  

u re  might  be t r i g g e r e d  by earthquakes o r  by the  re lease o f  l a r g e  slump masses i n  

the ad jacen t  s l i d e  te r rane ,  i s  a l s o  hazardous. 

Abrupt changes i n  th ickness o f  t he  Holocene sediment on the  she l f  n o r t h  of 

Camden Bay a re  i n t e r p r e t e d  t o  be the  r e s u l t  of 10 t o  25 m o f  Holocene u p l i f t  i n  

a  nor theas t - t rend ing  zone about 30 km wide and a t  l e a s t  60 km long.  Many h i s t o r -  

i c a l  earthquakes have ep icen te rs  i n  t h i s  zone ( f i g .  14) and the  seabed t he re  i s  

o f f se t  by  scarps as h i gh  as 6 m. S t ruc tu res  emplaced on the t h i c k  Holocene sedi-  

ments f l a n k i n g  t h i s  u p l i f t e d ,  seismic area w i l l  be sub jec t  t o  e s p e c i a l l y  s t r ong  

shaking du r i ng  earthquakes. T e c t o n i c a l l y  t r i g g e r e d  sediment i n s t a b i l i t y  appar- 

e n t l y  presents  no t h r e a t  t o  petroleum development on the i n n e r  she l f  landward o f  

the  20-m isobath,  where slopes a re  gen t l e  and Holocene deposi ts  t h i n .  
- - ----- - . -- - . - -  . - - -  

Earthquakes: The s e i s m i c i t y  o f  nor theas te rn  A1 aska and t he  ad jacent  

Beaufor t  Shel f ,  based on reg iona l  and l o c a l  network data from 1968-1977, has 

been summarized by Biswas and Gedney (1978). The l a r g e r  earthquakes of Alaska, 

i n c l u d i n g  t he  Beaufor t  She l f ,  as determined f rom the  worldwide network, a re  

repo r ted  by Meyers (1976). A l l  ep icen te rs  on and near the Beaufo r t  Shelf 

r epo r ted  i n  these sources a re  p l o t t e d  on f i g u r e  14. It i s  apparent t h a t  t he  

o n l y  area o f  the Beaufor t  She l f  w i t h  recordab le  seismic a c t i v i t y  s ince 1935 i s  

t he  area o f  young f a u l t i n g  and Holocene u p l i f t  o f f  Camden Bay. According t o  

Biswas and Gedney, these earthquakes a re  a l l  f rom shal low c r u s t a l  sources. 

The l a r g e s t  o f  them, t h a t  o f  January 22, 1968, had a magnitude o f  5.3. Th is  

earthquake and i t s  a f te rshocks  dominate t he  se ismic record  on the  she l f .  

Biswas and Gedney (1978, p. 1  ) s t a t e  t h a t  one o f  the  design c r i t e r i a  f o r  s t r u c -  

t u res  b u i l t  f o r  the  e x p l o r a t i o n  and development o f  hydrocarbons i n  the  Ba r te r  

I s l a n d  area o f  t h e  Beaufort  She l f  should be the a b i l i t y  " . . . t o  w i t hs tand  ground 



v i b r a t i o n s  corresponding t o  those from a shal low earthquake ( l e s s  than 20 km) 

o f  a t  1 eas t  magnitude 6 -0.  " 
The Beaufo r t  She1 f eas t  of  the  seismic zone o f f  Camden Bay may a1 so be 

se ismica l  l y  a c t i v e  because l a t e  Cenozoic f o l d s  and l o c a l  Holocene warping, 

which a re  s p a t i a l l y  assoc ia ted w i t h  t h i s  seismic zone, extend eastward t o  the  

Canadian border.  However, o n l y  two earthquakes have been repor ted  from the 

Alaskan s h e l f  eas t  o f  the seismic zone o f f  Camden Bay, and t he  Holocene 

warping t h a t  i s  found t o  t he  eas t  i s  of  l e s s e r  ampl i tude and a rea l  e x t e n t  than 

i t  i s  o f f  Camden Bay. I f  the  area t o  t he  eas t  i s  seismic, i t  i s  apparen t l y  

o n l y  weakly so. 

Young t e c t o n i c  f a u l t s :  Normal and reverse f a u l t s ,  many o f  which o f f s e t  

Holocene deposi ts  and t h e  seabed, and monoclines o v e r l y i n g  such f a u l t s  a re  

abundant o f f  Camden Bay ( f i g .  14) .  The you th fu lness  and l o c a l  abundance o f  

these f ea tu res  and t h e i r  co inc idence w i t h  the area o f  Holocene u p l i f t  and 

shal low earthquakes, s t r o n g l y  suggest t h a t  a t  l e a s t  some o f  them a re  a c t i v e .  

The zone o f  abundant young f a u l t s  o f f  Camden Bay co inc ides  w i t h  t h e  west end 

o f  t h e  t e r rane  o f  l a r g e  l a t e  Cenozoic f o l d s  t h a t  cha rac te r i ze  t he  B a r t e r  I s l a n d  

sec to r  o f  the Beaufo r t  She l f  and appears t o  represent  a l o c a l l y  a c t i v e  f r o n t  

o f  t h e  t e c t o n i c  system t h a t  produced the  f o l d s .  The maximum observed o f f s e t  

o f  the  seabed on these f a u l t s  and monoclines i s  6 m. 

There a r e  i n s u f f i c i e n t  data from which t o  c a l c u l a t e  a d e f i n i t i v e  recur -  

rence i n t e r v a l  f o r  displacement events on the f a u l t s  o f f  Camden Bay. A rough 

est imate can be made, however, i f  the area i s  capable o f  genera t ing  shal low,  

magnitude 6 earthquakes, as suggested by B i  swas and Gedney (1978), and i f  we 

assume the comnon case t h a t  f a u l t  d isplacement events here a r e  ep i sod i c  and 

produce earthquakes. Surface f a u l  t o f f s e t s  accompanying h i s t o r i c  wor l  dwi de s h a l l  ow 

earthquakes o f  magnitude 5 t o  6, according t o  a compi la t ion  by  Slemmons (1977), 

have ranged f rom 0.015 t o  0.61 rn. A curve r e l a t i n g  the  Holocene r i s e  i n  sea 

l e v e l  o f f  nor thern  and western Alaska (Hopkins, 1979) t o  t ime  suggests t h a t  

inundat ion  of t he  sea f l o o r  o f f s e t  by the  f a u l t s ,  a l l o w i n g  f o r  10 t o  25 rn of 

observed Holocene t e c t o n i c  u p l i f t ,  occurred about 13,000 t o  16,000 years ago. 

As the  f a u l t - r e l a t e d  seabed morphology does n o t  appear t o  have been mod i f i ed  

by the  passage o f  a strand-1 ine ,  the o f f s e t  seabed i s  probably  younger than 
- ... - - -- . - -  . 

13,000-16,000 years.  From these observat ions and assumptions we c a l c u l a t e  

t h a t  t he  f a u l t s  which produced the  6-rn seabed o f f s e t s ,  which we assume 

from the  s e i s m i c i t y  o f  the  area t o  be s t i l l  a c t i v e ,  have a maximum recurrence 
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i n t e r v a l  f o r  displacement events and r e l a t e d  earthquakes o f  between 30 and 

- - --- -. . - 
1,600 years.  The 1 onger i n t e r v a l s  would p e r t a i n  i f  t y p i c a l  earthquakes 

a re  c l o s e r  t o  magnitude 6, and the  expected o f f s e t s  would be i n  t he  upper 

p a r t  o f  the range o f  o f f s e t s  compiled by Slemmons. I n  view o f  t he  sho r t  i n s t r u -  

mental seismic record,  t he  magnitude 5 .3  earthquake of 1968 should n o t  be con- 

s idered  t y p i c a l  f o r  Holocene earthquakes i n  t h i s  area. We suggest t h a t  a 

recurrence i n t e r v a l  o f  a few hundred years may be t he  most r e a l i s t i c  est imate 

t h a t  can be made a t  present  f o r  earthquake-generat ing displacement events on 

the  l a r g e s t  seabed-o f fse t t ing  f a u l t s  o f f  Camden Bay. 

Young g r a v i t y  f a u l t s :  Two types o f  down-to-the-basin, nor th -d ipp ing  

g r a v i t y  f a u l t s  a long which the  sedimentary p r i sm o f  the s h e l f  f a i l e d  and moved 

toward the " f r e e  face"  o f  t h e  con t i nen ta l  slope, under1 i e  the  western Beaufo r t  

She l f  ( f i g .  14) .  These f a u l t s  i nc l ude  a11 those shown ou t s i de  o f  t he  nor theas t -  

t r end ing  zone of s e i s m i c i t y  and Holocene up1 i f t  o f f  Camden Bay. The f i r s t  

t ype  o f  g r a v i t y  f a u l t ,  which i s  r e s t r i c t e d  t o  the  outermost s h e l f  and upper 

slope, has t o t a l  displacements as g rea t  as 1,055 m and bounds shal low s t r u c -  

t u r a l  b l ocks  t h a t  a r e  a k i n  t o  l a r g e  r o t a t i o n a l  slumps. Most o f  t he  o f f s e t s  

a long  these f a u l t s  may have occurred i n  one o r  a few l a r g e  displacement events.  

A d d i t i o n a l  features o f  t h i s  type a re  1 i k e l y  t o  d i s r u p t  t he  ad jacent  outermost 

s h e l f  i n  t he  f u t u r e .  

The second s e t  o f  g r a v i t y  f a u l t s ,  which occurs beneath t he  middle and 

ou te r  s h e l f ,  i s  charac te r i zed  by much sma l le r  o f f s e t s  o f  Quaternary depos i ts  

and the seabed than the  f i r s t  s e t  and inc ludes  many growth f a u l t s  w i t h  a l ong  

h i  s t o r y  o f  a c t i v i t y .  The ou te r  she1 f f a u l t s  o f  t h i s  s e t  d i sp lace  Holocene 

depos i ts  and the  seabed as much as 15 t o  20 m, and i n  one area poss ib l y  as  

much as 70 m. Those on t he  mid -she l f  d isp lace  sediments no younger than 

P l  e i  stocene o r  e a r l y  Holocene. 

The g r a v i t y  f a u l t s  a r e  a c t i v e  i n  t he  sense t h a t  they  fonned i n  t he  present  

t e c t o n i c  environment and d isp lace  Ple is tocene o r  Holocene sediments. However, 

they  have n o t  generated earthquakes o f  s u f f i c i e n t  magnitude t o  be detected by 

the reg iona l  and l o c a l  seismograph networks i n  p lace s ince  1968. The l a c k  o f  

s e i s m i c i t y  may be due t o  the f a c t  t h a t  low s t ress  drops a re  c h a r a c t e r i s t i c  o f  

movement along g r a v i t y  f a u l t s .  I n  the absence o f  earthquakes o r  d e t a i l e d  

phys ica l  s t r a t i g raphy ,  the  recurrence i n t e r v a l  o f  displacement events along 

t he  g r a v i t y  f a u l t s  i s  imposs ib le  t o  c a l c u l a t e .  We est imate,  however, t h a t  



t he  f a u l t s  beneath t he  o u t e r  shel f ,  which show l a r g e  Holocene o f f s e t s ,  may 

have recurrence i n t e r v a l s  i n  the  range o f  a  few hundred t o  several  thousand 

years.  Those on the mid -she l f ,  which show o n l y  P le is tocene o r  e a r l y  Holocene 

o f f s e t s ,  may be qu iescent  o r  have very  l ong  recurrence i n t e r v a l s .  

Slumping and s l i d i n g :  Most o f  t he  Beaufo r t  ou te r  s h e l f  and upper s lope 

seaward o f  the  50 t o  65 m i soba ths  i s  d i s rup ted  by a c t i v e  bedding-plane s l i d e s  

and massive slumps developed i n  unconsol idated o r  poo r l y  consol i d a t e d  Holo- 

cene and Ple is tocene sediments ( f i g .  13) .  High r e s o l u t i o n  seismic records 

( p r i n c i p a l l y  Uniboom) c o l l e c t e d  across t he  e n t i r e  western she1 f and s lope 

a t  15 t o  50 km i n t e r v a l s  have a l lowed the  d e l i n e a t i o n  o f  severa l  d i s t i n c t  

i n s t a b i l i t y  te r ranes .  These te r ranes  i nc l ude  sag zones a t  the heads o f  exten- 

s i ona l  ter ranes,  coherent bedding-plane s l  i d e  zones i n  which l a r g e  t a b u l a r  

b locks  t h a t  moved seaward a r e  separated by deep, open crevasses, r o t a t i o n a l  

slump te r ranes  i n  which l a r g e  slump masses broke a long l i s t r i c  sur faces and 

s l i d  downslope a t  h i g h  angles, and humnocky rubb le  p i l e s  a t  the  base o f  t h e  

s l i d e  t e r rane  where slump masses accumulated. 

The bedding-plane masses a re  t a b u l a r  sheets up t o  38 km l ong  and t y p i -  

c a l l y  20 t o  230 m t h i c k  t h a t  move seaward a long  s l i p  planes which, s ince  they  

d i p  o n l y  0.5" t o  1.5', must i nc l ude  m a t e r i a l s  o f  very low shear s t reng th .  

Loca l l y ,  up t o  t h ree  generat ions o f  s l i d e  masses are superimposed, and r e a c t i -  

v a t i o n  o f  s l i d i n g  a long the o l d e r  s l i p  planes i s  apparen t l y  conmon. The 

sediments i nvo l ved  i n  s l i d i n g  have n o t  been dated p a l e o n t o l o g i c a l l y ;  however, 

t he  t h i n n e r  s l i d e s  and t h e  uppermost p a r t s  o f  t he  t h i c k e r  ones formed i n  a 

u n i t  o f  unconsol idated depos i ts  t h a t  i s  i n f e r r e d  from acous t i c  s t r a t i g r a p h y  

t o  be o f  Holocene age. These depos i ts  a re  t y p i c a l l y  30 t o  50 m t h i c k  near t h e  

head o f  the  s l i d e  t e r rane  ( f i g .  1 3 ) .  

I n  view o f  the  evidence f o r  repeated f a i l u r e  o f  broad, t h i c k  masses o f  

unconsol idated and poo r l y  consol idated sediment a t  as many as th ree  l e v e l s  i n  

t he  sediment column, much o f  the  lease area seaward o f  t h e  50 t o  65 m i soba ths  

i s  hazardous o r  p o t e n t i a l l y  hazardous t o  petroleum development s t r uc tu res .  
. .. -- 

Permafrost:  P r i o r  t o  about 10,000 years ago, du r i ng  t he  las t  g l a c i a l  sea- 

l e v e l  lowstand, the  present  Beaufor t  She l f  was exposed s u b a e r i a l l y  t o  f r i g i d  

temperatures and ice-bonded permafrost probably  aggraded downward i n  the  sed i -  

ments t o  depths exceeding 300 m. Ref looding o f  the s h e l f  exposed these sediments 

t o  s a l i n e  water a t  temperatures above the f r e e z i n g  p o i n t  and much o f  the  perma- 

f r o s t  t e r r a n e  has probably warmed and remelted. 
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Studies a re  underway t o  s e i s m i c a l l y  assess t h e  depth t o  and th ickness  o f  

r e l i c t  permafrost  over  t he  e n t i r e  Beau fo r t  She l f ;  however, o n l y  the  te r ranes  

inshore  of t h e  b a r r i e r  i s l a n d s  on t h e  i n n e r  s h e l f  have been cha rac te r i zed  thus 

f a r .  Sellman and Chamberlain (1979) r e p o r t  t h a t ,  i n  t h i s  area, t he re  a re  t h ree  

obvious groups of seismic v e l o c i t i e s  which a re  apparen t l y  r e l a t e d  t o  the  degree o f  

ice-bonding i n  t h e  sediments. F u l l y  ice-bonded permafrost  w i t h  i ce - sa tu ra ted  

pores and v e l o c i t i e s  g rea te r  than 4.0 km/sec. crops o u t  onshore and on the  b a r r i e r  

i s l a n d s  and i n  ad jacen t  wide zones landward o f  the  2-m i soba th  t h a t  a re  o v e r l a i n  

by bo t tom- fas t  i c e  i n  w in te r .  Between the  shore and t he  b a r r i e r  i s l ands  f u l l y  i c e -  

bonded permafrost  l i e s  a t  h i g h l y  v a r i a b l e  depths as g r e a t  as  severa l  hundred meters 

beneath t h e  sea f l oo r .  The ice-bonded permafrost  i s  o v e r l a i n  i n  t h i s  area mos t l y  

by  m a t e r i a l s  w i t h  v e l o c i t i e s  cen te red  around 2.7 kmlsec. which a re  taken t o  repre -  

sent  p a r t i a l l y  ice-bonded sediments con ta i n i ng  va ry i ng  p ropo r t i ons  o f  unf rozen 

pore water .  M a t e r i a l s  w i t h  v e l o c i t i e s  l e s s  than 2.2 km/sec. a re  sparse and 

assumed t o  be unbonded. 
-- - - - - - 

A1 though the  d i s t r i b u t i o n  o f  r e1  i c t  permafrost  - ieFwa7FoT t h e  - b a r r i e r -  

i s l a n d s  i s  unknown, t he  base of Holocene marine sediments on t h e  Beau fo r t  

She l f ,  contoured i n  f i g u r e  12, p rov ides  a probable  minimum depth t o  i t s  upper 

su r face  there .  Th is  i s  so because i t  i s  u n l i k e l y  t h a t  permafrost  aggraded 

upward i n t o  t h e  Holocene sa l  i ne mar ine muds deposi t e d  on t h e  she1 f a f t e r  t h e  

r i s e  i n  sea leve l .  By analogy w i t h  t h e  cond i t i ons  descr ibed nearshore, any 

permafrost  i n  t he  uppermost sediments beneath the  Holocene sediment "wedge" 

was probably  me1 t e d  o r  p a r t i a l l y  me1 t e d  down t o  unknown depths. Depending on 

such parameters as pore water ,  sa1 i n i  t y  , o r i g i n a l  th i ckness  and temperature 

of the  subaer ia l  permafrost ,  and t he  i n s u l a t i n g  e f f e c t  o f  t h e  Holocene muds, 

f u l l y  ice-bonded permafrost  may o r  may no t  be encountered a t  depth o f f sho re .  

Where i t  e x i s t s ,  ca re  must be taken t o  avo id  me1 t i n g  beneath p i p e l i n e s  and 

d r i l l  i ng p la t forms and w i t h i n  f rozen  i n t e r v a l s  encountered i n  d r i l l  ing. 

Shallow gas: Shallow gas may accumulate i n  t h r e e  d i s t i n c t  geo log ic  

environments beneath the  s h e l f  and s lope o f  t h e  western Beau fo r t  Sea. I t  

forms i s o l a t e d  pockets w i t h i n  and beneath permafrost ,  i s  i n f e r r e d  t o  u n d e r l i e  

sheets of s o l i d  gas hydra te  beneath the  s lope and deepest p a r t s  o f  t h e  o u t e r  

s h e l f ,  and may be present  i n  sca t te red ,  i s o l a t e d  concen t ra t ions  seeping 

through o r  generated w i t h i n  l o o s e l y  conso l ida ted  Quaternary  sediment ( f i g .  15 ) .  

These conc lus ions a re  based on the  i n t e r p r e t a t i o n  o f  h i g h  and low frequency 

se ismic  r e f l e c t i o n  p r o f i l e s  which d e l i n e a t e  t he  gas hydrates f a i r l y  we1 1, 

b u t  y i e l d  1 i t t l e  d i r e c t  i n fo rmat ion  p e r t a i n i n g  t o  permafrost  d i s t r i b u t i o n .  



The ex is tence  and e x t e n t  of shal low, f r e e  gas i s  on l y  nomina l l y  es tab l i shed ,  

due i n  p a r t  t o  the  r a t h e r  e r r a t i c  d i s t r i b u t i o n  o f  such gas and i n  p a r t  t o  

i n t e r m i t t e n t  degradat ion o f  ou r  h i gh - reso lu t i on  data du r i ng  storms. 

Gas hydrates ( s o l i d s  composed of 1  i g h t  gases caged i n  the  i n t e r s t i c e s  

of an expanded i c e  l a t t i c e )  a re  s t a b l e  under the  low temperature and r e l a -  

t i v e l y  h i gh  pressure cond i t i ons  p r e v a i l i n g  w i t h i n  the  uppermost 300 t o  700 m 

o f  sediment beneath the  con t i nen ta l  s lope of the  Beaufo r t  Sea. A1 though t h e  

hydrates probably  do not  extend i n t o  the lease area, the r a t h e r  comnon, 

l i n e a r  i r r e g u l a r i t i e s  a lcng  t he  base o f  t he  hydrate zone may form condu i ts  

a long which f r e e  gas t h a t  accumulated beneath the  hydrates cou ld  mig ra te  up- 

s lope t o  form pockets i n  sediment beneath t he  upper s lope and o u t e r  s h e l f .  

"Turb id"  zones on h i g h  r e s o l u t i o n  (Uniboom) seismic p r o f i l e s  i n  which 

s t rong,  cont inuous r e f l e c t o r s  a re  "wiped ou t "  f o r  sho r t  d is tances,  have been 

ascr ibed  t o  the presence o f  shal low gas, probably  predominant ly b iogen ic  

methane, i n  Quaternary sediments. The " t u r b i d "  i n t e r v a l s  are apparen t l y  res -  

t r i c t e d  mos t l y  t o  t he  i n n e r  s h e l f  and a re  most abundant i n  a  zone about 50 km 

n o r t h  and northwest o f  Prudhoe Bay ( f i g .  15).  

Overpressured shale : Numerous d i a p i r s  d i s r u p t  t h e  sediments and, i n  

places, the  sea f l oo r  beneath t h e  con t i nen ta l  s lope and r i s e  eas t  of 146" W .  

long. ( f i g .  15) .  The source o f  these d i a p i r s  i s  i n t e r p r e t e d  f rom mu1 ti- 

channel seismic data t o  be a l a y e r  o f  low seismic i n t e r v a l  v e l o c i t i e s  (%2.7  

km/sec.) under ly ing  beds w i t h  somewhat h igher  i n t e r v a l  v e l o c i t i e s  about 3 km 

beneath t he  seabed. These source beds are i n t e r p r e t e d  t o  be overpressured 

shales t h a t  extend shoreward beneath t h e  upper s lope and o u t e r  s h e l f ,  where 

they may pose hazards t o  d r i l l i n g  i n  t he  lease area. 

Shelf deposi ts :  The s h e l f  o f  the  Beaufort  Sea i s  e s s e n t i a l l y  a seaward 

extens ion o f  t he  low, f l a t  coas ta l  p l a i n  of nor thern  Alaska, and l i k e  t he  - - - - - - -. - . - - 
coasta l  p l a i n  i s  probably  under la in  by shal low-water marine and t e r r e s t r i a l  

sediments o f  the  Gubik Formation. These sediments crop o u t  i n  i c e  gouges, i n  

cu r ren t -scour  depressions and where Holocene sediments a re  absent. S u r f i c i a l  

Holocene deposi ts  gene ra l l y  c o n s i s t  o f  5 t o  poss ib l y  more than 45 m o f  f i ne -  

gra ined marine mud and sand, The t e x t u r a l  charac te r  o f  the s u r f i c i a l  sediments 

i s  shown on f i g u r e  16. Local accumulations o f  gravel  and boulders,  ma in ly  a long  

the s h e l f  break, apparen t l y  represent  re1  i c t  i c e - r a f t e d  ma te r i a l s .  Modern i c e -  

r a f t i n g  does n o t  appear t o  be a s i g n i f i c a n t  modern process o f  sediment t r anspo r t  



f o r  coarse-gra ined m a t e r i a l s  i n  t h i s  area, b u t  may be impor tan t  i n  t r a n s p o r t i n g  

s i l t s  and c lays .  

The t h i n  veneer o f  Holocene sediments and t h e  low reg iona l  s lopes o f  t h e  

she l f  i n d i c a t e  t h a t  shoreward o f  t h e  50 t o  60 m  i soba th  t h e  m a t e r i a l s  a re  n o t  

sub jec t  t o  l a rge -sca le  slumping. The s u r f i c i a l  sediments are,  however, f r e -  

quen t l y  d i s rup ted  and reworked by kee ls  o f  deep-d ra f t  sea i c e .  The coas ta l  

b l u f f s  a re  slumping and mass wast ing,  due p r i m a r i l y  t o  t he  e ros i on  o f  ground 

i c e  and f rozen  s o i l  by su r face  water  du r i ng  t he  summer months. As a  r e s u l t ,  t h e  

coas ta l  b l u f f s  r e t r e a t  a t  average r a t e s  o f  1  t o  3 m pe r  year  a long t he  e n t i r e  

coas t  ( f i g .  17) .  Extreme r a t e s  o f  30 t o  50 m  have been recorded a t  coas ta l  

promontor ies du r i ng  major storms. 

Po la r  i c e  pack: The seasonal f reeze-thaw c y c l e  a long  the  coas t  s t a r t s  w i t h  

t he  fo rmat ion  o f  r i v e r  and sea i c e  du r i ng  l a t e  September. By t h e  end o f  December 

the  sea i c e  i s  commonly a meter t h i c k ,  and i t  th ickens  t o  a  maximum o f  about 2 
m  i n  May. I n  l a t e  May and e a r l y  June, 24-hour i n s o l a t i o n  a i d s  r a p i d  thawing 

i n  drainage bas ins and r i v e r  f l o w  i s  i n i t i a t e d ,  which f loods t he  as y e t  unmel t e d  

sea i c e  o f f  r i v e r  mouths. Much o f  t he  lagoonal  and open-shel f  f a s t  i c e  i n s i d e  

t he  10-m con tour  me l ts  w i t h  l i t t l e  movement by  t h e  midd le  o f  J u l y .  The i c e -  

m e l t  zone o f f  r i v e r  mouths can reach a w id th  o f  10 t o  15 km i n  response t o  t h e  

i n f l u x  of warm r i v e r  water.  The remain ing sea i c e  cont inues t o  me1 t and r e t r e a t  

o f f s h o r e  through t h e  complet ion o f  t he  c y c l e  i n  l a t e  J u l y ,  August and e a r l y  

September. 

The w i n t e r  i c e  canopy o v e r l y i n g  t he  she l f  can be d i v i d e d  ( f i g .  18) i n t o  

t h ree  broad ca tegor ies :  1 )  seasonal f l o a t i n g  and bo t tom- fas t  i c e  o f  t he  i n n e r  

s h e l f ,  2 )  a  b recc i a ted  shear (stamukhi)  zone c o n t a i n i n g  grounded i c e  r i d g e s  t h a t  

marks t he  zone o f  i n t e r a c t i o n  between t he  s t a t i o n a r y  f a s t  i c e  and the moving 

p o l a r  pack, and 3) t he  p o l a r  pack o f  new and mu1 t i - y e a r  f l o e s  on the  average 2 
t o  4 m  t h i c k ,  pressure r idges ,  and i c e - i s l a n d  fragments t h a t  a re  i n  almost con- 

s t a n t  mot ion.  The deepest p ressure - r idge  kee l  t h a t  has been measured had a  d r a f t  

o f  47 m. The general  d r i f t  of the  pack on t h e  Beau fo r t  She1 f i s  wes te r l y  under 

t h e  i n f l u e n c e  o f  the  c l ockw i se - ro ta t i ng  P a c i f i c  Gyre. 

The f a s t - i c e  zone i s  composed mos t l y  of seasonal f i r s t - y e a r  i ce ,  which, 

depending on t h e  coas ta l  con f i gu ra t i on  and she l f  morphology, extends o u t  t o  t he  

10 t o  20 m isobath.  By t h e  end of w i n t e r ,  i c e  i n s i d e  t h e  2 m i soba th  r e s t s  on 

the  bottom over ex tens ive  areas. I n  e a r l y  w i n t e r  the  l o c a t i o n  o f  t he  boundary 

between undeformed f a s t  i c e  and t he  wes twa rd -d r i f t i ng  p o l a r  pack i s  c o n t r o l  l e d  

predominant ly  by  t h e  l o c a t i o n  o f  major coas ta l  promontor ies and submerged shoals.  
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Pronounced l i n e a r  pressure and shear r i dges  form a long t h i s  boundary and a r e  

s t a b i l i z e d  by grounding. Sl ippage a long t h i s  boundary occurs i n t e r m i t t e n t l y  

du r i ng  t he  w i n t e r  forming new grounded r i dges  i n  a  widening zone ( t h e  stamukhi 

zone). A causal r e l a t i o n s h i p  appears t o  e x i s t  between major  r i d g e  systems o f  

the stamukhi zone and the  l o c a t i o n  o f  o f f sho re  shoals downd r i f t  o f  major coas ta l  

promontor ies.  These shoals,  which absorb a cons iderable amount o f  k i n e t i c  

energy du r i ng  t he  a r c t i c  w in te r ,  appear t o  have migrated shoreward up t o  400 m 

over  the l a s t  25 years.  

Grounded pressure-r idge kee ls  i n  t he  stamukhi zone w i l l  e x e r t  tremendous 

s t resses on t h e  seabottom and on any s t r u c t u r e s  present  i n  a  band o f  va ry ing  

w id th  between t he  10 and 40 m isobaths.  I n  some p laces the e x t e n t  o f  shorefast  

i c e  may be de f l ec ted  seaward by a r t i f i c i a l  s t r uc tu res .  

Ice gouging: I c e  moving i n  response t o  wind, cu r ren t ,  and pack i c e  press- 

ures o f t e n  plows through and d i s r u p t s  t he  s h e l f  sediments, forming seabed gouges 

from nearshore o u t  t o  water depths o f  a t  l e a s t  60 m ( f i g .  18).  Gouges a re  

gene ra l l y  o r i e n t e d  p a r a l l e l  t o  shore and commonly range f rom 0.5 t o  1  m deep. 

However, gouges c u t  t o  a  depth of 5 . 5  m have been measured on t he  ou te r  she l f .  

When f i r s t  formed, t he  gouges may be cons iderab ly  deeper. Regions o f  h i gh  gouge 

d e n s i t y  a re  common w i t h i n  t he  stamukhi zone and a long the  steep seaward f l a n k s  

o f  topographic h ighs.  Inshore of the  stamukhi zone, seascnal gouges may be 

abundant b u t  can be smoothed over du r i ng  a  s i n g l e  summer by wave and c u r r e n t  

a c t i v i t y .  Rates o f  gouging inshore o f  the p r o t e c t i v e  stamukhi zone have been 

measured a t  1  t o  2 percent  o f  the sea f l oo r  pe r  year .  

Oceanographic regime: The o v e r a l l  movement o f  water  on t h e  s h e l f  o f f  

nor thern  Alaska i s  toward the west. On t he  i nne r  s h e l f ,  the  oceanographic 

regime i s  s t r o n g l y  i n f l uenced  by winds and the  presence o r  absence o f  i c e .  I n  

most places, i nne r  s h e l f  sub- ice c u r r e n t  v e l o c i t i e s  a r e  l e s s  than 2 cmlsec. 

However, where the t i d a l  p r i sm i s  c o n s t r i c t e d  by i c e  growth and i n  i n l e t  chan- 

ne l s  v e l o c i t i e s  up t o  25 cmlsec. have been recorded. Offshore, s l ope -pa ra l l e l  

current  pulses w i t h  v e l o c i t i e s  up t o  50 cmlsec. and w i t h  bo th  e a s t e r l y  and west- 

e r l y  d i r e c t i o n s  have been observed near the  s h e l f  break. 

Storm surge e f f e c t s :  Al though the  l u n a r  t i d e  range a long the Beaufo r t  

coas t  i n  Alaska i s  l e s s  than 0.5 m, low barometr ic  pressures and very  s t rong  west- 

e r l y  winds p r e v a i l  i n g  du r i ng  except ional  storms can cause f l ood  t i d e s  up t o  3 'm 



h ighe r  than mean sealevel  ( f i g s .  17 and 18) .  Depending on l o c a l  topography 

b a r r i e r  i s lands ,  a r t i f i c i a l  i s 1  ands, s tandard o f f sho re  d r i l l  i n g  p la t fo rms,  and 

coasta l  f a c i l i t i e s  up t o  1  km i n l a n d  may be f looded du r i ng  such storms, which 

occur p r i m a r i l y  du r i ng  the  f a l l .  I n  add i t i on ,  t he  extremely s t r ong  cu r ren t s  

moving across the  i n n e r  s h e l f  du r i ng  t he  waxing and waning o f  these f l oods  w i l l  

deeply erode coas ta l  b l  u f f s ,  deepen t he  channels between b a r r i e r  i s 1  ands, and 

scour the  foundations o f  d r i l l i n g  p la t fo rms and t he  f l a n k s  o f  na tu ra l  and a r t i -  

f i c i a l  i s l ands .  Major  onshore i c e  movements may be assoc ia ted w i t h  the  storm- 

r e l a t e d  sealevel  changes and may a l so  be damaging t o  near shore s t r uc tu res .  

P e r s i s t e n t  nor theas t  winds and l a r g e  open-wate~areas .  can develop-i-n the  

Beaufo r t  Sea i n  l a t e  summer and e a r l y  F a l l .  Al though sea l e v e l  i s  lowered w i t h  

these winds, they  c rea te  l a r g e  seas and swe l l s  which r e s u l t  i n  coas ta l  e ros ion  

and r e t r e a t  o f  as much as 50 rn i n  one season. 

Eros ion:  Coastal thennokarst  e ros ion  and b a r r i e r  i s l a n d  m i g r a t i o n  w i l l  be 

a  s i g n i f i c a n t  f a c t o r  du r i ng  t he  1  i f e t i m e  o f  s t r u c t u r e s  b u i l t  i n  these areas. 

Const ruct ion o f  causeways and min ing  o f  b a r r i e r  i s l ands  f o r  sand and gravel  

w i l l  r e q u i r e  a  thorough p r i o r  understanding o f  nearshore sedimentary processes 

and the o r i g i n  of the sand and gravel  i n  the  i s lands .  

R i ve r  f l ood ing :  The i n i t i a l  snow m e l t  and r i v e r  f l o o d i n g  o f  the  sea i ce ,  

f o l l owed  by f lood-water  drainage has the  p o t e n t i a l  t o  t r a n s p o r t  and w ide l y  d i s -  

t r i b u t e  w i t h i n  a  few days any p o l l u t a n t s  and deb r i s  accumulated i n  the  drainage 

b a s i n  du r i ng  the  w in te r .  Scour a c t i v i t y  a t  drainage ho les  i n  sho re fas t  and 

bo t tomfas t  i c e  cou ld  be s i g n i f i c a n t .  A sudden impulse o f  r i v e r  water  i n t e r a c t i n g  

w i t h  an o f f sho re  (sub- ice)  o i l  s p i l l  would probably  en la rge  the  area a f f e c t e d  

by a  s p i l l .  

Suspended sediment: Water c l a r i t i e s ,  i n  the  pas t  thought  t o  be h i ghes t  i n  

w i n t e r ,  cou ld  be a l t e r e d  by cons t ruc t i on  a c t i v i t i e s ,  which may serve t o  resuspend 

p a r t i c u l a t e  mat te r .  Th is  would have a  d i r e c t  adverse e f f e c t  on t he  p r o d u c t i v i t y  

o f  ben th ic  communities on the  sea f l oo r  and sub- ice sur faces.  

Recent evidence shows t h a t  an i n t e r m i t t e n t l y  occu r r i ng  fa1 1 phenomenon, pos- 

s i b l y  i n v o l v i n g  the format ion of underwater i c e  o r  anchor i c e ,  i s  fo l lowed by 

l ong  per iods o f  h i g h l y  t u r b i d  water and a sediment-laden seasonal i c e  cover .  

Supercool ing o f  the  water  column i n  e a r l y  f a l l  may t r i g g e r  such events.  The con- 

sequences o f  the phenomenon on i c e  s t reng th ,  sediment t r anspo r t ,  m e l t i n g  r a t e s  

du r i ng  the f o l l o w i n g  season, and b i o l o g i c  p r o d u c t i v i t y  a re  poo r l y  understood. I t  



i s  poss ib le  t h a t  man's a c t i v i t i e s ,  i n c l u d i n g  t he  discharge o f  l a r g e  volumes o f  

b r i n e  du r i ng  i c e  i s l a n d  and i c e  road cons t ruc t ion ,  and the  discharge o f  d r i l l i n g  

muds cou ld  r e s u l t  i n  the fo rmat ion  o f  s lushy underwater i c e  capable o f  a f f e c t i n g  

the t r a n s p o r t  o f  po l  1  u tan ts .  

Techno1 ogy 

Est imated development t ime tab le :  Es t imat ion  o f  development t imes i n  r e -  

mote A r c t i c  reg ions i s  d i f f i c u l t .  Extremely low temperatures and darkness f o r  

much of the year,  environmental hazards and d i f f i c u l t  access c rea te  problems 

t h a t  may cause ex tens ive  delays w i t h  a t tendant  c o s t  increases.  Exp lo ra to r y  

d r i l l i n g  would probably  commence w i t h i n  th ree  years a f t e r  the  lease sa le .  I t  

may take a t  l e a s t  one year  and perhaps two t o  cons t ruc t  an exp lo ra to r y  d r i l l i n g  

p la t fo rm,  p o s s i b l y  a grounded i c e  i s l and ,  gravel  i s l and ,  o r  sunken barge. 

D r i l l s h i p s  may be used i n  deeper waters i n  a  sho r te r  t ime frame. Assuming 

exp lo ra to r y  s x c e s s  , produc t ion  p l a t f o r m  i n s t a l  l a t i o n  woul d begin du r i ng  the  

s i x t h  o r  seventh year  a f t e r  leases a re  issued and be completed by the  f i f t e e n t h  

year .  Subsea complet ions may be i nc luded  i n  t h i s  development phase. 

Peak o i l  product ion,  as 1  im i  t e d  by market ing f a c i l  i t i e s ,  would occur about 

t he  t e n t h  year  a f t e r  the  lease sa le .  I n d i v i d u a l  f i e l d s  would have approx imate ly  

a 25-year l i f e  and a l l  p l a t f o rms  w i l l  have been removed by  t he  f o r t i e t h  year  

a f t e r  p roduc t ion  begins. Based on A r c t i c  exper ience t o  date, i t  i s  est imated 

t h a t  o n l y  g i an t - c l ass  f i e l d s  o f  about 500,000,000 b b l ,  minimum s i z e  can be devel-  

oped economical ly;  however, the  r a p i d l y  e s c a l a t i n g  p r i c e  o f  o i l  and the  ex is tence  

o f  nearby processing and t r a n s p o r t a t i o n  f a c i l i t i e s  may a l l o w  development o f  

smal ler  f i e l d s  t o  be economical ly v i ab le .  Assuming 5 MM bb l .  recovery per  w e l l ,  

40 w e l l s  per p roduc t ion  p l a t f o r m  would g i ve  the f o l l o w i n g  f i g u r e s  f o r  the  number 

o f  we1 1s and d a i l y  p roduc t ion  of o i l  and qas f o r  t he  c o n d i t i o n a l  o r  unr i sked  

minimum, maximum, and most l i k e l y  cases: 

95% 5% S t a t i s t i c a l  
Probabi 1  i t y  P r o b a b i l i t y  Mean 

O i l  f i e l d s  (avg. 0.5 BBbl.)  5 2 1  11 
We1 1  s ( i n c l u d i n g  se rv i ce )  49 5  2,340 1,215 
Peak product ion,  MBD 258 1,219 6 33 
Peak gas, MMCFD (assuming 36 1  1  ,706 886 

gas -o i l  r a t i o  o f  1400 MCF 
gas per bb l  . o f  o i l  ) 

The nonassociated gas f i e 1  ds would have the f o l l o w i n g  c o n d i t i o n a l  , o r  un- 

r i s ked ,  resources and parameters a t  an average o f  about 2.5 TCF/ f ie ld  and a  20- 

year constant  product ion l i f e :  
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95% 5 % S t a t i s t i c a l  
Probab i 1 i ty  Probabi l  i t y  Mean 

Gas, TCF 
Gas f i e l d s  
Gas, MMCFD 
Gas w e l l s  

I n  the  event  t h a t  gas n o t  assoc ia ted w i t h  o i l  i s  found i n  c lose  p r o x i m i t y  

t o  o i l - assoc ia ted  gas ( i  .e., gas cap and d isso lved  gas), i t  may be f eas ib l e  t o  

use the same p i p e l i n e s  t o  t r a n s p o r t  them t o  sh ipp ing  f a c i l i t i e s  by i n s t a l l i n g  

l a r g e r  diameter o r  p a r a l l e l  sma l le r  p ipes.  Dur ing t he  f i r s t  years o f  p roduc t ion  

o f  an o i l  f i e l d  assoc ia ted o r  nearby non-associated gas i s  o f ten r e i n j e c t e d  i n t o  

the  r e s e r v o i r  t o  enhance recovery o f  o i l .  Depending on market cond i t i ons  and 

eng ineer ing  cons idera t ions ,  peak demand on t he  p i p e l i n e  system may be a t tenua ted  

so as t o  a l l o w  a smal ler ,  more economical system t o  t r a n s p o r t  bo th  assoc ia ted and 

non-associated gas t o  market. 

Est imated f a c i l i t i e s :  Exp lo ra t i on  bases would probably be a t  Prudhoe Bay 

and Barrow, which a re  about 340 km a p a r t  ( f i g ,  1  ) . Prudhoe Bay i s  we1 1  equipped 

t o  serve as an e x p l o r a t i o n  base, b u t  Barrow would r e q u i r e  the ex tens ive  con- 

s t r u c t i o n  o f  f a c i l i t i e s  t o  suppor t  la rge-sca le  operat ions.  I n s t i t u t i o n a l  fac -  

t o r s  a t  Barrow may be unfavorable.  

Techno1 ogy f o r  d r i  11 i ng and p roduc t ion  i n  o f f sho re  A r c t i c  environments 

i s  be ing  r a p i d l y  developed i n  nor thern  Canada and the Prudhoe Bay area. By t h e  

t ime o f  t h i s  sa le  (1  983), f u r t h e r  exper ience w i  11 have been accrued from develop- 

ment f o l l o w i n g  the  Beaufo r t  Sea o i l  and gas lease sa le  o f  December 1979. 

A t  present,  gravel  i s l ands ,  i c e  i s lands ,  and sunken barges a re  employed as 

d r i l l i n g  p la t forms where water depths a re  l e s s  than 20 m. Man-made gravel  

i s lands ,  which u s u a l l y  r e q u i r e  two summers t o  complete, a re  the  sa fes t  and most 

economical p la t fo rms i n  most l o c a t i o n s  w i t h  these water depths. Grounded i c e  

i s l ands  a re  be ing  t e s t e d  f o r  mu l t i - yea r  use and have been employed i n  very  shal low 

water depths f o r  one-season exp lo ra to r y  d r i  11 i n g  t o  moderate depths. I n  deeper 

water,  ice-s t rengthened d r i l l  sh ips a re  used, D r i l l  sh ips  t h a t  can be q u i c k l y  

disconnected from the  w e l l  a re  favored where moving i c e  i s  a  p o t e n t i a l  problem. 

Ba l l as ted  barges, which have served success fu l l y  as d r i l l i n g  p l a t f o rms  i n  up t o  

2.3 m o f  water,  have the  advantage o f  be ing  movable and reusable,  b u t  a re  1  i m i t e d  

t o  water  about 1.5 t o  5 m deep. 

Steel  monopods and monocones a re  be ing considered f o r  use as p roduc t ion  

p la t fo rms i n  waters deeper than 20 m, b u t  t h e i r  a b i l i t y  t o  w i t hs tand  moving 
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po la r  pack i c e  has n o t  y e t  been tes ted .  A monopod has been used success fu l l y  

i n  Cook I n l e t ,  b u t  the  ' i ce  forces t he re  a re  cons iderab ly  l e s s  than those ex- 

pected i n  the  Beaufort  Sea. A cone design f o r  which model t e s t i n g  has been 

conducted causes the  moving i c e  t o  r i d e  up and f a i l  by  tens ion  bending r a t h e r  

than by crushing.  Th is  p a r t i c u l a r  s t r u c t u r e ,  which cons i s t s  of a cone surround- 

i n g  a  monopod, i s  under cons idera t ion  f o r  year-round opera t ion  i n  water depths 

up t o  75 m i n  t he  Beaufo r t  Sea. 

The probable rou te  t o  market f o r  any o i l  found i n  t he  Beaufo r t  Sea w i l l  be 

t he  Trans-Alaska Pipe1 i n e  from Prudhoe Bay t o  Valdez and then by tanker  t o  t he  

West Coast. I n  t h e  event  o f  major  gas d iscover ies ,  a  planned gas p i p e l i n e  f rom 

Prudhoe Bay across Alaska and Canada t o  t he  Un i ted  States midwest may be a v a i l -  

ab le  t o  t r a n s p o r t  Beaufort  Sea gas. 

Pipe1 i nes  from o f f s h o r e  f i e 1  ds t o  onshore pipe1 i n e  te rmina ls  cou ld  f o l  low 

ma in ly  subsea rou tes  o r  combined subsea and sho re l i ne  rou tes ,  e i t h e r  o f  which 

w i l l  be e c o l o g i c a l l y  s e n s i t i v e .  Subsea p i p e l i n e s  would have t o  be b u r i e d  below 

the  l o c a l  depth o f  gouging by  sea- ice pressure-r idge kee ls .  

Dome O i l  Company o f  Canada has proposed a system t h a t  would l o a d  ice-break- 

i n g  o i l  o r  LNG tankers f rom a r t i f i c i a l  i s l a n d s  i n  the Canadian sec to r  of the  

Beaufort  Sea. They b e l i e v e  t h a t  t h i s  would be economica l ly  supe r i o r  t o  a cornbi- 

n a t i o n  o f  subsea p i p e l i n e s  t o  shore i n  t h e  Mackentie De l t a  r eg ion  and over land  

pipe1 ines from the re  south. More w i l l  be known o f  t h i s  scheme by the  t ime o f  the  

1983 Beaufort  Sea sale,  b u t  i t s  relevance t o  development on the  Alaskan Beaufo r t  

Shelf i s  unce r ta i n  because i c e  cond i t i ons  a re  very  d i f f e r e n t  i n  t he  Canadian and 

Alaskan sectors .  Another scenar io  would take western Beaufort  Sea petroleum 

ashore near Barrow, where i t  would en te r  an a d d i t i o n a l  p i p e l i n e  runn ing  over land  

t o  a tanker  te rmina l  a t  Nome. The f u t u r e  o f  t h i s  p lan  depends on whether owners 

o f  l a r g e  d iscover ies  i n  the Chukchi Sea, Kotzebue Sound, Norton Sound, o r  t he  

NPRA would share the  cons t ruc t i on  cos ts .  

I f  t he re  a r e  enough d iscover ies  t o  j u s t i f y  t he  cos t ,  a pipe1 i n e  cou ld  a l s o  

be b u i l t  f rom coas ta l  te rmina ls  i n  eastern no r the rn  Alaska t o  the  Mackenzie 

De l ta  i n  Canada, and thence t o  a  tanker  te rmina l  a t  Skagway. The A r c t i c  

Na t iona l  W i l d l i f e  Range may be a b a r r i e r  t o  t h i s  r ou te .  

Manpower: Approximately 80 percent  o f  t he  e x p l o r a t i o n  manpower would come 

f rom ou ts ide  Alaska. For p roduc t ion  and cons t ruc t ion ,  approx imate ly  80 percent  

o f  t he  workers would come from personnel a l ready  i n  Alaska. 



D r i l l i n g  equipment a v a i l a b i l i t y :  No shortage o f  d r i l l i n g  equipment i s  

a n t i c i p a t e d .  

Weather: Weather i s  co ld ,  windy, and dry. The mean temperatures a t  

Barrow a re  below f r eez ing  i n  a1 1 months except  June, July,  and August. S ix  

months have mean temperatures below 0°F. The lowes t  temperature recorded a t  

Barrow has been -56°F and t h e  h i ghes t  + 7 8 O F .  P r e v a i l i n g  winds a r e  from the  

west w i t h  b r i e f  storms, sometimes in tense,  moving q u i c k l y  i n  an e a s t e r l y  

d i r e c t i o n .  The mean annual wind speed has been 10.6 knots .  About 185 days 

a year  have fog, w i t h  more foggy days i n  sunmer than i n  w in te r .  Mean annual 

c loud  cover i s  seven-tenths. From May through September, fog  i s  common and 

sometimes i n t e r f e r e s  w i t h  f l i g h t  opera t ions .  The mean annual p r e c i p i t a t i o n  

has been 4.89 inches spread over  278 days. Mean annual snowfall  i s  29.3 

inches, f a l l i n g  on 193 days. 

Access: Ge t t i ng  t o  t h e  Beaufo r t  Sea i s  d i f f i c u l t  and expensive. There 

a r e  f o u r  major a i r f i e lds - -Bar row,  Deadhorse, Prudhoe Bay, and B a r t e r  I s land- -  

t h a t  r e g u l a r l y  handle Lockheed C-130 Hercules, E lec t ras ,  Boeing 727, and 

Boeing 737, as w e l l  as sma l l e r  a i r c r a f t .  Heavy t r ucks  operate t he  year  around 

on t he  P i p e l i n e  Highway northward from Fairbanks. Ships and barges a re  usua l l y ,  

b u t  n o t  always, ab le  t o  t r ave rse  t he  Beaufo r t  Sea nearshore du r i ng  a couple 

o f  months each summer, when t he  o i l  companies ope ra t i ng  a t  Prudhoe Bay send 

barges loaded w i t h  heavy equipment f rom the  U.S. West Coast. The a v a i l a b i l i t y  

o f  t h i s  r o u t e  t o  sh ipp ing  commonly depends on open water  around P o i n t  

Barrow. A t  the  nearby town o f  Barrow the average date  o f  breakup i s  J u l y  22, 

b u t  i t  ranges f rom June 15 t o  August 22. The average da te  o f  barge t r a f f i c  

pas t  Barrow i s  August 7.  The average date o f  f reezup a t  Barrow i s  Octbber 3, 

with--*range from-Uugust 31 t o  December '19. . - -- .- -. - 
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Figure 12. Holocene marine sedlment th ickness  on the Beaufort Shelf north o f  A l a s k a .  
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Figure 18. I c e  gouge zonat ion:  r a t e s ,  and densf ty  on t h e  Beaufort  S h e l f  north o f  

Alaska. 


