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That the  Prudhoe Bay f i e l d  and adjoining areas consti tute one of 

the major o i l  provinces, certainly of North America and possibly of t h e  

world, i s  now widely accepted. Most experts agree on reserres i n  terms 

of b i l l i ons  of barrels .  Some speak of 40, 50, ard even 100-150 b i l l i on  

bar re ls  of o i l  i n  a l l  of Arctic Alaska and l i k e  amounts i n  the Canadian 

Arctic Islands. The lover figures appear t o  be probable, the upper 

possible. These poss ib i l i t ies  added t o  the  known reserves of Cook 

In l e t ,  the prospects i n  the Gulf of ALaska, the  Alaska Peninsula, Br is to l  

Bey, the  Be r ing  Sea, and elsewhere have fixed worlddde at tention on 

Alaska. 

To those of us who have been act ive i n  accumulating the geologic 

data t ha t  generally precedes such discoveries and who have been 

continuously evaluating the potential  mineral resources of Alaska, 

these recent discoveries are not unexpected. However, the  magnitude 

of the possible reserves a t  Prudhoe Bay has surprised even the most 

optimist ic  o i l  searcher. 

Although there  i s  no need t o  introduce t h i s  audience t o  the geography 

of northern Alaska, (s l ide  1 - part of Tectonic Map of North America, 

P. B. King, U.S. Geol. Survey, 1969) t h i s  tectonic map i l l u s t r a t e s  

ra ther  well the  Arctic set t ing of the  Nor th  Slope and the close 

geologic relat ionship t o  the Arctic Basin and the nearby areas of 
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Canada and the U.S.S.R. Note, a lso,  the  l a rge  cont inental  shelf  a rea  

about equal t o  the land area  of Alaska. 

This map ( s l i d e  2 - modified from U.S. Geol. Survey Prof. Paper 

482, pl .  1 )  i l l u s t r a t e s  t h e  major physiographic fea tures  o f  the  North 

Slope t h a t  we k i l l  discuss: t h e  Brooks Range which cu ts  off the  slope 

from the r e s t  of Alaska; a b e l t  of f o o t h i l l s  general ly  divided i n t o  

a northern and southern sect ion;  and a coas ta l  plain,  t r e e l e s s  and 

dotted with l i t e r a l l y  thousands of lakes and marshes; and t h e  Arct ic  

Coast with low r e l i e f ,  shallow water, and prominent offshore bars. 

The initial discovery a t  Pmdhoe Bay i n  1967 wes the  i m e d i a t e  

r e s u l t  of a forward-looking, f i s c a l l y  courageous e f f o r t  by t h e  At lan t ic  

Richfield O i l  Cornpaw. But t h e  s t o r y  of o i l  on t h e  North Slope of 

Alaska begins a t  l e a s t  50 years  age and includes severa l  chapters 

of geographic and geologic explorat ion and an e a r l i e r  petroleum 

explorat ion program t h a t  showed the  way t o  the grea t  s t r i k e  a t  

Prudhoe Bay. It i s  important t o  t h e  broad purpose of this conference 

t o  review the  more s ign i f ican t  s teps  i n  t h i s  build-up of geologic knowledge 

and exploration "know how" and t o  review the  general  geologic framework 

and environment of the  North Slope. This will provide a h i s t o r i c a l  

perspective f o r  viewing the  present a c t i v i t y  and a geologic b a s i s  

f o r  a view t o  the future.  

O i l  seepages and o i l  sha les  i n  northern Alaska probably were known 

t o  the Eskimos long before recorded his tory.  The e a r l y  t r a d e r s  reported 

seepages along t h e  Arct ic  Coast and these were invest igated and reported 

by "San&yr' Smith and E. deK- Leffingwell i n  about 1916. I n  1901, 

Schrader, a geologist,  and Pe te rs ,  a topographel; made t h e  f irst  recorded 

geologic and topographic survey across  the  Bmoks Range and the  Arct ic  

Slope and i n  U.S. Geological Survey Prof. Paper 20 they described t h e  

s t r u c t u r e  and strat igraphy along the Anaktuvuk and Colvi l le  Rivers. 

E. deK. Leffingwell began h i s  c l a s s i c  work along the Arctic Coast 

and the Cannlng River i n  1M. I n  U.S. Geological Survey Prof. Paper 

109, he named and described t h e  Sadlerochi t  Sandstone, the main o i l -bear ing  

formation a t  Prudhoe Bay and he described the occurrence and or ig in  of 

permafrost, a unique geologic fea ture  of p o l a r  regions t h a t  poses new 

and d i f f i c u l t  problems t o  engineering development. 

I n  1921 the  Standard O i l  Company explored t h e  seepages i n  the 

Cape Simpson a rea  and made an e f f o r t  t o  s take  claims under the o ld  

mining laws. However, about t h i s  time o i l  was discovered i n  Oklahoma 

and Texas and o i l  i n  the remote Arct ic  was forgot ten.  

Based on the work of Schrader, Leffingwell,  and pr iva te  geologists ,  

President  Harding i n  1923 s e t  aside 37,000 square miles of the North 

Slope a s  Naval Petroleum Reserve No. 4. The U.S. Navy then asked the  

Geological Survey t o  explore t h e  a r e a  and i n  t h r e e  years  several  

t r a v e r s e s  were made across t h e  slope. The r e s u l t s ,  published i n  

U.S. Geological Survey Bullet in  815 i n  1930, describe possible source 

beds including o i l  shales, possible  rese rvo i r  beds, and reported that 

'Ts t ruc tura l  features  favorable f o r  re ta in ing  petroleum were wisespread." 

I n  1944, a s  p a r t  of the  World War I1 e f f o r t ,  the U.S. Navy began 

an explorat ion program t o  f u r t h e r  evaluate  the petroleum p o s s i b i l i t i e s  

of NPR-4 and again the Geological Survey was asked t o  par t i c ipa te  i n  

the  geologic aspects .  The program was recessed i n  1953 and the  r e s u l t s  

a r e  recorded i n  a s e r i e s  of U.S. Geological Survey Prof. Papers. Many 

of you a r e  familiar with these reports  and the  "pet-4" e f f o r t  and I 
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won't t ake  t h e  time t o  review it i n  any d e t a i l .  However, it should 

be emphasized t h a t  the  pet-4 program pointed t h e  way and the  f e a s i b i l i t y  

of modern o i l  explorat ion i n  the  Arct ic  using a l l  of t h e  l a t e s t  

o i l - f i n d i n g  techniques, including surface and subsurface geology, 

r e f r a c t i o n  and re f lec t ion  seismic surueys, airbourne magnetic and 

g r a v i t y  surveys and d r i l l i n g  by experienced o i l  indus t ry  personnel. 

It should be emphasized, a l so ,  t h a t  o i l  and gas deposi ts  were discovered 

and although not  of s u f f i c i e n t  s i z e  t o  warrant development because of 

t h e  remoteness, these cliscoveries provided pos i t ive  evidence t h a t  there  

was a major o i l  province i n  northern Alaska. The program was suspended 

with t h e  f u l l  knowledge t h a t  t h e  explorat ion was not  complete and t h a t  

all prospects  had not been tes ted  within and t o  the  e a s t  of NPB-4. 

Since 1953 t h e  Geological Survey, a s  part of i t s  long-range 

ob jec t ives  and respons ib i l i t i es ,  has been mapping the  geology and studying 

t h e  s t r a t i g r a p h y  of the  Brooks Range and adjacent  f o o t h i l l s  and has 

continued t o  provide new geologic information and a periodic review of 

the  petroleum p o s s i b i l i t i e s  of Arct ic  Alaska. The l a t e s t  review, t h e  

MFG repor t  on t h e  po ten t ia l  gas resources of the United S ta tes ,  was 

prepared i n  1964 and f i n a l l y  published i n  1968. The po ten t ia l  of 

Alaska was assessed by U.S. Geological Survey geologists  and f o r  

northern Alaska e a s t  of the  Colvi l le  , Patton reported "Facies s tud ies  

of t h e  T r i a s s i c  and Permian s t r a t a  i n  the  f o o t h i l l s  suggest t h a t  these 

rocks, which a r e  mainly shale and chert  i n  outcrop, nay contain f a i r l y  

clean sandstone beneath the  Coastal plain."  Thus he accurately described 

i n  1964 t h e  upper o i l  horizon discovered a t  Prudhoe Bsy i n  1967. 

This b r i e f  h i s t o r i c a l  review demonstrates how the  gradual build-up 

of geologic information sharpens the  focus on exploration t a r g e t s  and 

a l s o  demonstrates t h e  lead-time frequent ly required f o r  such discoveries .  

Turning now t o  t h e  geologic framework of the North Slope--we have 
/ 

generalized on t h i s  map ( s l i d e  3 ~ ' ~ e n e r a l i z e d  geologic map - a f t e r  

Brosg; and Ta i l l eur ,  1969, f i g .  10) t h e  major d i s t r i b u t i o n  of rock 

u n i t s  as  we know them from t h e  published work, l a rge ly  t h a t  of U. S. 

Geological Surrey geologists .  I n  the  broadest terms, t h e  geologic 

framework relevant t o  t h e  petroleum p o s s i b i l i t i e s  of  northern Alaska 

consis ts  of f o u r  maJor s t r u c t u r a l  b e l t s  and two major depos i t iona l  

cycles. The s t r u c t u r a l  b e l t s  include 1 )  the  Brooks Range g e m t i c l i n e  

o r  up l i f t ed  b e l t  of fau l ted  s t ruc tures ,  mainly involving th ick  competent 

Paleozoic rock un i t s ;  2 )  a dis turbed b e l t  of shallow t h r u s t s  involving 

incompetent Mesozoic rocks i n  t h e  Southern Footh i l l s  of the  Brooks Range 

and i n  the De Long Mountains; 3) the  deep Colvi l le  geosyncline consis t ing 

o f  Cretaceous rocks; and 4) a broad northern regional high comprising 

the  Barrow Arch, the  Arct ic  Platform, and the  Romanzof u p l i f t .  The 

f i r s t  deposi t ional  cycle  which Ta i l l eur  has ca l led  the  Arct ic  Alaska 

Basin began i n  the S i l u r i a n  o r  Devonian about 400 mi l l ion  years  ago, 

and continued t o  Jurassic ,  about 150 mil l ion years ago. The bas in  

extended across the  present  Brooks Range well  i n t o  c e n t r a l  Alaska. 

The northern shorel ine o s c i l l a t e d  from about the l a t i t u d e  of the present  
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Arctic  Coast t o  the  Range. Near t h i s  shorel ine,  sandstone and o ther  

well-sorted sediments were deposited c rea t ing  possible  reservoir  rocks. 

Organically r i c h  limestones m d  shales  including phosphatic beds were 

deposited offshore t o  form possible source beds of petroleum. 

E a r l y  Jurass ic  t o  Cretaceous u p l i f t ,  thrust ing,  and igneous 

a c t i v i t y  disrupted t h e  older  Alaska Arct ic  Basin and formed a f o l d  

b e l t  i n  t h e  a r e a  of t h e  present Brooks Range and a new deposi t ional  

trough, t h e  Colv i l l e  geosyncline, t o  the  north. Erosion of the  f o l d  

b e l t  proviaed a flood, f i r s t  of f l y s c h  o r  poorly sorted d i r t y  sediments 

t o  a foredeep along the  south edge of the  Colv i l l e  geosyncline and 

l a t e r  molasse o r  b e t t e r  sor ted cleaner  sediments to a succession of 

bas ins  progressively moving and f i l l i n g  north across  t h e  subsiding 

geosyncline. The source of sediments w a s  from t h e  south opposite to 

the  pr imari ly  northern source f o r  t h e  l a t e  Paleozoic and Tr iass ic  

sediments. 

These s t r u c t u r a l  b e l t s  and deposi t ional  cycles a r e  portrayed on 

t h i s  generalized map. Other pert inent  d e t a i l  p lo t ted  here includes t h e  

Meade Arch which separates the  Colvi l le  geosyncline i n t o  two minor 

basins, t h e  Umiat and Chukchi. The two major a n t i c l i n a l  alinernents 

shown i l l u s t r a t e  the continuous nature of these trends; t h e  one t o  

the  south i s  the  Carbon Creek-Ayiyak s t ruc ture  which can be readi ly 

t raced f o r  more than 200 miles and t h e  northern alinement i s  the  

Umiat-Ounalik-Meade t rend which some geologists  bel ieve i s  the  

northern l i m i t  of t h e  aecollement o r  decoupling i n  Cretaceous rocks. 

The Colv i l l e  geosyncline, as  shown i n  the  diagrammatic section, is  

overthrust  i n  the  orogenic b e l t ,  interrupted by a s i l l ,  then steepens 

t o  a t  l e a s t  20,000 f e e t  i n  the  v i c i n i t y  of Umiat and gradual ly r i s e s  

t o  within 2,500 f e e t  at Barrow and about 8,000 t o  10,000 f e e t  i n  t h e  

area of t h e  Colvi l le  Delta. 

The "basement" o r  pre-Cretaceous rocks i n  t h e  middle of t h e  trough 

remain somewhat of a nystery. But i n  the  area of the  Romanzof u p l i f t  

o r  posi t ive t ec ton ic  element and on the  Barrow Arch, the  Jura-Cretaceous 

rocks over l i e  Tr iass ic ,  Carboniferous, and Devonian i n  sequence and 

these rocks l i e  unconfomably on s c h i s t  and p b y l l i t e s  of Devonian and 

older  age shovn here i n  pink. 

The Submarine High shown just  off the  west coast i s  based on a 

magnetic anomsly at about 9,000-foot depth and may represent  a basement 

feature o r  a younger in t rus ive .  

The red l i n e  p a t t e r n  ou t l ines  the  major g r a n i t i c  masses and the  

so l id  red a r e  basic  igneous rocks. I n  general,  exposed igneous rocks 

and metal l izat ion a r e  r a r e  on the  North Slope. No extensive metal 

occurrences o r  depos i t s  are known. 

The blue l i n e s ,  a s  you have probably already noted, ou t l ine  

withdrawn federa l  lands, NPR-4, and the  Arctic Wildl i fe  Reserve, which 

make up about two-thirds of the po ten t ia l  petroleum province. 

Also p lo t ted  a r e  rnany of the  wells d r i l l e d  o r  announced t o  be 

d r i l l e d  a s  of about th ree  months ago. The wel l  symbols a r e  conventional, 

the  more important discoveries  i n c l ~ d e  Prudhoe Bay, Gubik and Umiat, 

Square Lake, Meade, and Barrow. Wny, but not a l l  o ther  t e s t s  i n  

NFR-4, a r e  shown by the  four-rayed dry hole symbol and t h e  open 

c i r c l e s  a r e  current  t e s t  wells.  Roughly these t e s t  wells and discoveries  

can be grouped i n t o  f i r s t ,  the  36 t e s t  and 45 core t e s t s  d r i l l e d  by t h e  

U.S. Navy within and adjacent t o  NPR-4 from 1945 through 1952; a second 



group of seven r e l a t i v e l y  shallow t e s t s  d r i l l e d  from 1563 t o  1$5 

prestuaably t o  explore f o r  other  Umiat-Gubik type deposi ts ,  and a t h i r d  

group began i n  1966 with ARCO's Susie No. 1, followed by two wells  

near t h e ' c o l v i l l e  Del ta  and climaxed by the  discovery of Prudhoe Bay. 

This chart  ( s l i d e  4) summarizes the  s t ra t ig raphic  sequences i n  

the  eas te rn  and c e n t r a l  a rea  but does not include t h e  f a r  western 

a r e a  where re la t ionsh ips  a r e  s imi la r  but not  iden t ica l .  m e  co lor  

codes a r e  blue f o r  carbonate, dark green f o r  chert-shale ,  green f o r  

sha le -s i l t s tone ,  yellow f o r  sandstone-conglomerate, and orange f o r  

graywacke. A l l  u n i t s  are shorn i n  proper s t ra t ig raphic  re la t ionsh ip  

except the  older  rocks of t h e  Neruokpuk Formation which i s  shown i n  

i t s  physical  re la t ionsh ip  t o  the  Baird Group. 

The red do ts  ind ica te  the  horizons i n  which o i l  and(or)  gas  has 

been discovered. From the top they a r e  the Gubik gas f i e l d  i n  the  

Tuluvak tongue, t h e  prospect ive Square Lake gas f i e l d  i n  the  sandstone 

of the  Seabee Formation, the  upper horizons i n  the  Gubik and Umiat 

f i e l d s  i n  the  Ninuluk Formation, a l l  upper Cretaceous, the  deeper 

Umiat and Meade gas horizons i n  the Grandstand and Kukpowruk Formations 

of the  lower Cretaceous, t h e  Barrow gas sands i n  the  Jurassic ,  and 

f i n a l l y  the  Pmdhoe Bay o i l  sands i n  the  Sadlerochit Formation and 

the lower o i l  horizon i n  t h e  Lisburne limestone. This i s  a good 

r e c o d  f o r  any bas in  and t h e r e  are other  p o s s i b i l i t i e s .  

It should be noted t h a t  the  sect ion of rocks i n  t h e  Brooks Range 

and southern f o o t h i l l s  d i f f e r  from t h a t  t o  t h e  north i n  t h a t :  

( 1 )  The Lisburne Group and underlying Kayak sha le  a r e  o lder  i n  

the  south where they appear t o  have been deposited on o lder  rocks 

without interrupt ion.  To the  north these  u n i t s  are younger and l i e  

unconfomably o r  a t  angular re la t ionsh ip  t o  a r g i l l i t e s  and p h y l l i t e s  

t h a t  were planed by erosion before t h e  sea  lapped northward. 

(2) Permian through J u r a s s i c  rocks are general ly  chert-shale 

i n  t h e  south but normal marine shale, sandstone, o r  limestone i n  t h e  

north. 

( 3 )  Jurassic  and Meocomian Cretaceous rocks a r e  graywacke f lysch  

o r  d i r t y  marine and mafic volcanics i n  the Range, very t h i n  shale, cher t ,  

and coquina i n  the f o o t h i l l s ,  and marine shale  and sandstone t o  t h e  

north. 

(4)  L m r  Albian Cretaceous rocks a r e  a l s o  rapidly deposited 

graymcke f lysch f a c i e s  composed of mafic and recognizable Paleozoic 

d e t r i t u s  i n  t h e  f o o t h i l l s  and shale  an2 s i l t s t o n e  t o  t h e  north. 

The s t ra t ig raphic  chart and cross  sect ion depict a h i s to ry  of basin 

f i l l i n g  beginning with overlap of Mississippian shale and limestone and 

ending with Upper Cretaceous and Ter t ia ry  nonmarine deposits.  There 

i s  some suggestion t h a t  the marine Ter t ia ry  deposi ts  exposed a t  Marsh 

Creek may extend sea& and westward and possibly thicken offshore. 

The next s e r i e s  of s l i d e s  summarize our  knowledge of t h e  thickness ,  

d i s t r i b u t i o n  and l i thology of these  several  s t ra t ig raphic  i n t e r v a l s  

beginning with t h e  Lisburne Group of carbonates, 300 t o  350 m.y. old 

( s l i d e  5, a f t e r  ~ r o s ~ ;  and Ta i l l eur ,  1969, f i g .  3 ) .  These maps were 
I 

prepared by W. P. Brosge f o r  a s p e c i a l  study by the  National Petroleum 

Council and a r e  avai lable  i n  the  U.S. Geological Survey open-file upon 

request. I w i l l  not discuss  these i n  any d e t a i l  but I would l i k e  you 

t o  see the  general s t a t e  of our knowledge on t h i s  subject .  The isopachs 
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o r  l i n e s  of equal thickness  a r e  i n  hundreds of f e e t  and the  thickness  

of t h e  Lisburne Group ranges from 0 t o  3,000. The ava i lab le  subsurface 

da ta  a r e  shorn by t h e  red c i r c l e s ;  Lisburne carbonate is  reported t o  

be t h e  lower o i l  horizon a t  Prudhoe Bay, carbonate a t  Colvi l le  T.W. 

No. 1, and red beds of about t h e  same age i n  t h e  Topagomk t e s t  wel l .  

The o ther  wel l  shown i s  Kukpuk No. 1 and it can be assumed t h a t  the  

Lisburne i s  represented i n  t h a t  t e s t .  West of t h e  Colvi l le  River i n  

those areas  where on t h e  seismic p r o f i l e s  a pre-Triassic  i n t e r v a l  i s  

indicated,  we have in fe r red  t h e  presence of a f a c i e s  equivalent t o  

the Lisburne Group, but  not  necessar i ly  carbonate. The blank a r e a  t o  

the  west i s  so s h a m  because there  are no data .  The dis turbed b e l t  

bounded by t h r u s t  f a u l t s  i s  l e f t  blank f o r  the  most part because the  

b e l t  i s  not  w e l l  known, and the rocks are s t r u c t u r a l l y  complex. 

Phosphatic m c k s  reminiscent of the  Phosphoria formation a r e  

comon i n  t h i s  Lisburne u n i t  and i n  the  overlying Tr iass ic .  

I n  Canada on the  North Slope of t h e  B r i t i s h  Mountains, Tr iass ic  

and Jurassic  rocks rest d i r e c t l y  on pre-Hississ ippian a r g i l l i t e  and 

p h y l l i t e  and t h e  Lisburne carbonate i s  missing. This, then, i s  a n  

observed zero l i n e  of the  Lisburne Group and by using the few scat tered 

d a t a  i n  the  subsurface we have extended it along t h e  Arct ic  Coast t o  

Barmu. It i s  e i t h e r  an e m s i o n a l  edge o r  onlap edge extending along 

an ancient  shorel ine which follows roughly t h e  Arct ic  Coast. 
I 

The next s l i d e  ( s l i d e  6, a f t e r  Bmsge and Ta i l l eur ,  1969, f i g .  4) 

depic t s  t h e  Permian and t h a t  p a r t  of the  lower Tr iass ic  t h a t  makes up 

a c l a s t i c  l i t h o l o g i c  unit and the  upper o i l  zone a t  Prudhoe Bsy. 

The control  points  f o r  the  thickness and d i s t r ibu t ion  l i n e s  a r e  

t h e  unconformity i n  t h e  B r i t i s h  Mountains where t h e  Permian i s  missing, 

t h e  PIvahoe B y  f i e l d ,  the Colvi l le  and Topagoruk t e s t s ,  m d  the  

exposures i n  the  Brooks Range and Arct ic  Foothi l ls .  The subsurface 

t o  the  west is  inferred from seismic p r o f i l e s  within NPR-4 aod l e f t  

blank where we have no data. 

The l i thology of t h i s  i n t e r n a l  i s  f a i r l y  constant from west t o  

e a s t  but changes g r e a t l y  Prom south t o  north. In  the  Brooks Range 

t h e  Permian Siksikpuk Formation i s  consis tent ly about 500 f e e t  of red, 

green, and gray s i l t y  shale  and cher t  with b a r i t e  and pyr i te .  I n  t h e  

Romanzof Mountains the  Sadlerochi t  Formation i s  dark shale, s i l t s t o n e ,  

cherty s i l t s t o n e ,  and sandstone conglomerate. The Sadlerochi t  t h i n s  

t o  t h e  north and grades in to  fine-grained p y r i t i c  sandstone and 

quar tz i t e  interbedded with sha le  and conglomerate. Similar  f i n e  

sandstone, chert,  pebble conglomerate, s i l t s t o n e ,  and shale  a r e  present  

i n  the  subsurface a t  the Colvi l le  and Topagoruk t e s t s .  The sandy 

petrol i ferous fac ies  along the north edge of the  basin i s  on the 

in fe r red  coastal  high onto uhich the upper Triassic  and Jurassic  rocks 

overlap and l i k e  the Lisburne the Sadlemchit  may be t runcated o r  

overlapped by upper Tr iass ic  and Jurass ic  a l l  along the  coas ta l  high. 

No isopach maps were prepared f o r  the  upper Tr iass ic  Shublik 

Formation o r  f o r  the  Jurassic .  The Shublik forms an almost uniform 

blanket of dark shale, s i l t s t o n e ,  and thin-bedded limestone 203 t o  700 

f e e t  thick.  There i s  very scanty control  f o r  the  Jurass ic .  Jurass ic  

rocks i n  and j u s t  south of t h e  disturbed b e l t  are  thin,  d i f f i c u l t  t o  

recognize, and a r e  of several  fac ies ,  mixed tec ton ica l ly .  Rocks 

include in t rus ives  and flows, t u f f s ,  chert ,  shale, and o i l  shale. 



The o i l  shales i n  the Jurass ic  and lower Cretaceous have been 

s tudied extensively by T a i l l e u r  and Tourtelot v i t h  generous support 

by the  U.S. Navy and Arct ic  Research Laboratory. Although no extensive 

tonnage can be i d e n t i f i e d  the  r i c h e r  shales  y ie ld  up t o  145 gal lons of 

o i l  per  ton and some of t h e  shales  contain anolnalous amounts of metals 

including zinc, vanadium, molybdenum, mercury, and gold, and l a r g e r  than 

ordinary amounts of arsenic ,  copper, nickel,  selenium, and s i l v e r .  

Th i s  map ( s l i d e  7, a f t e r  ~ m s &  and Ta i l l eur ,  1969, f i g .  6) shows 

t h e  thickness, d i s t r i b u t i o n ,  and general  l i t h o l o a  of a l l  of t h e  Lower 

Cretaceous and Cenomian  rocks--in t h e  orogenic b e l t  these include 

Okpikruak and Fortress  Mountain Formations and i n  t h e  basin t h e  

Okpikruak, end Torok Formations and the Nanushuk Group. m e  co lor  

code is  orange f o r  graywacke--conglomerate, dark green f o r  the  o l d e r  

shales  and s i l t s t o n e ,  and a l i g h t e r  green f o r  the predominantly 

sandstone and shale fac ies .  The thickness  i s  i n  thousands of f e e t .  

This s l i d e  and those t h a t  fol low i l l u s t r a t e  the  gradual f i l l i n g  

of the  basin t h a t  developed north of the  Brooks Rmge during the  

Late Jurassic-Cretaceous orogeny. I n i t i a l l y ,  the basin was deepest 

t o  t h e  south but a s  th rus t ing  progressed and the basin was f i l l e d  t h e  

axes of deposition moved northward. 

The next two s l i d e s  separa te  the  Nanushuk Gmup sandy f a c i e s  

from the r e s t  of t h e  equivalent and older  Torok and Okpikntak sha ly  

fac ies .  

This ( s l i d e  8, a f t e r  ~ r n s ~ b  and Tai l leur ,  1969, f ig .  7 )  i s  t h e  

predominantly shaly fac ies ,  Okpikruak, shown i n  o l ive  green end the  

Tomk i n  the  l i g h t e r  green. The Okpikruak underl ies  t h e  Torok and 

is  shown only where the  Torok i s  absent.  The thicknesses represent 

both formations. Note that i n  the sect ion and the  map, t h e  l i g h t  

a rea  represents  a change to a sandy f a c i e s  and thus  a thinning of 

the  Torok and t h e  darker a rea  a more shaly f a c i e s  and thus an 

apparent thickening of the  Torok l i tho log ic  un i t .  The wells shown 

on the  sect ion are f r o m  l e f t  to r igh t ,  the  Kaolak, Meade, Oumalik, 

and e a s t  Oumalik t e s t  wells. We have p lo t ted  the shal ing t rends i n  

the  southwest a s  determinedby mapping and t h e  i n i t i a l  d ips  as in te rpre ted  

from the  seismic prof i l es .  Near Earrow and probably i n  t h e  Colvi l le  

Del ta  area,  t h e  lower Tomk t h i n s  onto t h e  basement high. The upper 

Torok overlaps i n  f u l l  thickness onto the  high bu t  both upper a d  lower 

i s  then cu t  out by a pre-Turonian unconfomity Kith a r e l i e f  of a s  much 

as 4,000 f e e t .  Near the  Romanzof u p l i f t  r e la t ions  a r e  s imilar .  

The black beds i n  the  cross  sect ion a r e  coa l  which i s  widely 

d i s t r ibu ted  i n  the  west and cons t i tu tes  about 90 percent of the  coal  

reserve i n  Alaska. 
I 

The next map ( s l i d e  9,  a f t e r  Brosge and Tai l leur ,  1969, f i g .  8) 

shows the  Nanushuk which i s  the sandy fac ies  of t h e  upper Albian, the 

time equivalent of t h e  upper Tomk, and the  sandy rocks of Cenomanian 

age. The l i n e d  overprint  ind ica tes  the a rea  of in te r f inger ing  marine 

and nomar ine  and shoreline t rends Kith predominantly nonmarine rocks 

t o  the  west and south. The yellow indicates  the  30-50 percent sandstone 

f a c i e s .  The rea  l i n e  i s  the  pre-Turonian unconformity i n  the Romanzof 

u p l i f t  a r e a  and i n  the Barrow-Simpson area.  Note t h e  wells  and 



discoveries  i n  t h i s  un i t .  Note t h a t  the  U m i a t  f i e l d  i s  i n  the  sandy 

f a c i e s  on the  marine s ide  of the  in te r f inger ing  zone. 

The l a s t  isopach map ( s l i d e  10, a f t e r  ~ m s &  and Tai l leur ,  1969, 

f i g .  9) shows t h e  Colv i l l e  including the  Seabee Formation. This map 

again shows the  d iv i s ion  i n t o  two basins  by the  Meade Arch, t h e  

north-south shorel ine t rends  and t h e  apparent thickening t o  the  e a s t  

with t h e  t h i c k e s t  sec t ion  j u s t  e a s t  of the Colv i l l e  River and NPR-4. 

This map i s  d i f f e r e n t  than t h e  o ther  isopach because here we have shown 

the  t o t a l  thickness  by t i n t s  of green, each represent ing 1,000 f e e t .  

Because of t h e  l imi ted  exposure and the  regional  dip to the  northeast 

these may represent  s t r u c t u r e  ra ther  than thickness .  To get  a t  the  

thickness  d i s t r i b u t i o n  we contoured j u s t  t h e  Seabee Formation shown 

here i n  hundreds of f e e t .  As you car, see, these show a thickening 

t o  the  e a s t  and may be representat ive of t h e  e n t i r e  group. 

This i s  a very b r i e f  ard l i k e l y  a very t r a n s i e n t  look a t  t h e  

geology of t h e  North Slope. I hope I have l e f t  an impression of a 

large,  complex sedimentary basin t h a t  includes good source beds f o r  

petroleum-bearing zones i n  a t  l e a s t  f i v e  Cretaceous horizons, 

one i n  Jurassic ,  one i n  Tr iass ic  and one i n  Late Paleozoic. Prudhoe 

Bay may be the  only g ian t  f i e l d  on the  Esrth Slope but there  a r e  many 

other  p o s s i b i l i t i e s .  Major geologic s e t t i n g s  which a r e  favorable 

t a r g e t s  f o r  petroleum explorat ion include: 1 )  the buried ''high" 

or  she l f  along the  north edge of the  Colvi l le  geosyncline where s l i g h t l y  

deformed rocks of both t h e  older  and younger cycles  of sedimentation 

may include rese rvo i r s  comparable t o  those d r i l l e d  near Prudhoe E?ay; 

2 )  the eastern u p l i f t e d  end of the  Colvi l le  geosyncline and the  f lanks 

of the  Romanzof u p l i f t  where o lder  rocks m y  be within d r i l l a b l e  

6epths and extensive unconformities may provide t raps;  3) ancient  

Cretaceous shorelines within t h e  Colvi l le  geosyncline where winnowed 

sandstones form good reservoirs  on s t r u c t u r a l  t raps  such a s  a t  Umiat 

and Gubik; and 4) the  s t r u c t u r a l l y  complex southern edge of the  Colvi l le  

geosyncline where older  rocks a r e  present  a t  o r  near the surface. 

The geology of the  north Slope would be incomplete i f  I d idn ' t  

;i 
a t  l e a s t  mention again the  worp permafrost and i t s  re la ted  engineering 

problems. !The subject  deserves separate  treatment and some aspects  

o f  it w i l l  o r  have been discussed by other  speakers a t  t h i s  

conference. Realizing the  tremendous importance of p e r m f r o s t  t o  

North Slope o i l  development the  U.S. Geological Survey prepared a 

sunmrary report  which was published on Ju ly  15 of t h i s  year as U.S. 

Geological Survey Prof. Paper 678. The report is  wr i t t en  f o r  the  

layman as  well a s  the  engineer and I recommend it t o  you. 




















