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ABSTRACT 

The Arc t I c  Natlonal W l ld l l t e  Range Includes the rugged and remote north- 

eastern end of the Brooks Range I n  Alaska. Rocks exposed Include metamor- 

phic and sedimentary s t ra ta  of  v i r t u a l l y  every geologic age from pre- 

CambrIan t o  the present. Several cycles o f  defonnatlon and mountaln- 

building, modlfled by erosIon and g lac ia l  actton, have caused the complex 

geological s l tua t ton  of today, 

Gran l t l c  Intrusions accompanied deformatton of OevonIan age, and these 

in t rus lves have generated me ta l l l c  mlneral deposlts I n  the Runanzof 

Mountains and along the southern edge o f  the Brooks Range. Lon-grade 

phosphate deposits are abundant I n  the Shubllk'Formatlon o f  Tr lass lc  age. 

An enormous o l l  and gas reserve may be trapped I n  the Marsh Anticline, 

Just  south of  Camden Bay on the A r c t l c  coast. 

'Nom of these mlneral prospects have been thoroughly explored, and It 

I s  strongly urged tha t  t h i s  explorat lon be done before the w l l d l I f e  

range I s  wfthdrawn from a l l  such a c t l v f t l e s .  I t  I s  especial ly ream- 

mended t h a t  exploratlon f o r  o l l  and gas I n  the coastal p l a l n  be allowed, 

w l th  the posslble segregation of a narrow coastal s t r i p  as a trans- 
, , 

p o r t a t  l on cor r  l dor . 



INTRODUCTION 

Th I s  repor t  sumar l  zes the geology of t h a t  p a r t  o f  the eastern A rc t l  c 

emcompassed by the Arc t l c  Natlonal W l l d l l f e  Range, wl th  a speclal sect lon 

on potent la l  mlneral resources w l th ln  the subJect area. Also Included 

1s a geologlc map adapted from the most recent compllatlons o f  U.S. 

Geologlcal Survey work by W.P. Brosge:; H.N. Relser, J.T. Dutro, Jr., 

and R.L. Detterman. 
. - - - - - - - - - .- - 

Ea r l t es t  work I n  t h l s  reglon consisted of boundary and remnnalssance 

surveys by Schrader (19001, Mendenhall (19021, and Maddren (19121. 

Between 1906 and 19 14, a manumenta l task o f  topograph l c and g&log l c 

mapping and Invest lgat lon was carr led o u t  by Ernest de K. Leff lngwel l  I n  

the Cannlng Rlver, Frankl ln Mauntalns, and Romanzof Mountains. Commencing 

I n  1944, I n  cooperatlon w i t h  the U.S. Navy (1944-531, and contlnulng 

t o  the  present tlme, the U.S. Geologlcal Survey has complled deta i led 

geolog l ca l maps and reports on thls area through the e f f o r t s  of many 

workers (see b I  b l lography). 

TOPOGRAPHY AND DRAINAGE 

The domlnatlng feature o t  the refuge area I s  the  Brooks Range, here 

about 100 mlles wlde, t ha t  forms the Alaskan por t lon  o f  the Rocky 

Mountaln sysfem. Mounts Chamberlln (9020 fee t )  and Mlchelson (8855 feet) ,  

two o f  the  hlghest polnts I n  the Brooks Range, domlnate the Jagged land- 

scape o f  the  Frankl ln and Rananzot Mountalns. Thts reglon of the Brooks 



Range I s  fu r ther  subdlvl ded I n t o  the Sad leroch It, Shub l l k ,  B r l  tl sh, and 

Davldson Mountains. This mountainous t e r r a i n  has been extensively 

g lac ia ted by a t  least  SIX major I ce  advances and re t rea t s ,  and many a lp ine  

g lac le r s  and Ice f l e l d s  s t l l l  mantle the higher slopes desol te t he  present 

s t a t e  o f  I ce  re t rea t .  

Sloping gent ly northward from the abrupt mountaln f r on t  t o  the shore of 

the ~ r c t i  c Ocean I s  the A r c t l c  coastal  p la1 n, interrupted by occasional 

low r o l l i n g  h l l l s ,  and ranglng from 8 t o  45 miles wlde. Along t he  

southern edge of  the Brooks Range, near the  south boundary o f  t he  refuge 

area, ,the mountains-decrease I n  h e l g h t  end-give way t o  more Iso la ted  groups 

of mountains and h l l l s  r l s l n g  from marshy lowlands. 

Dralnage t o  the A rc t l c  Ocean I s  d lv lded among a dozen o r  so streams, the 

la rges t  belng the Canning, Hulahula, Kongakut, and F l r t h  Rivers. Oralnlng 

t o  the  south are the SheenJek and Coleen Rlver systems, whlch connect w i t h  
. . 

t he  Porcup I ne and Yukon d ra l  nages . 

Permafrost underl ies the e n t l r e  reglon, probably reaching a maximum depth 

of about 2000 fee t  on the tundra-covered coastal p la ln ,  as t h l s  depth of 

f r o s t  has been penetrated- by wel ls  d r l l l e d  a few miles to the west o f  the  

Cannlng Rlver. 

Genera I 

Bedrock conslsts o f  dlverse types o f  metamorphic and sedimentary s t r a t a  

ranglng I n  age from pre-Cambrian t o  Recent, w l th  mlnor vo lcan ic  and 



I ntrus 1 ve I gneous rocks. Severa l ep I sodes of up l I f t, def omat  I on, and 

In t rus ion  have produced complex patterns o f  fo ld fng,  fracturfng, and super- 

Imposed th rus t - fau l t  blocks, modtffed by Quaternary and Recent g lac la t l on  

and stream eroslon, 

s t r a t  f graphy 

Neruokpuk Fonnatlon 

"- . --- --- - - - - --- 

The o ldes t  rocks exposed comprise the Neruokpuk Formatton, an extremely 

var led assemblage o f  al tered sedimentary and volcanic s t ra ta  a t  leas t  

6,000 f e e t  th ick.  These wcks crop ou t  I n  a broad east-west band across 

the northern por t lon  of the Brooks Range. 

The f ormatl on I s  composed of sandstone, quartz1 te, arg l l l l t e e  phy I l I te, 

slate, and chert, wi th subordinate limestone and volcanlc rocks. Based 

on f o s s l l  evidence, ages of pre-Cambrian, Cambrian, Ordovlclan, and 

Sf  l u r l  an are ,represented. 

Balrd Group 

The Balrd Group I s  represented I n  the  Sadlerochtt and Shubllk Mountains 

by the  Katakturuk Doloml te, bf probab 18 S l  l u r i  an age, and the Nanook 

Limestone o f  mfdd l e  Devontan age. To the south, conslderab l e  areas o f  

undl f ferent la ted Ilmestone, slate, conglomerate, and sandstone are p a r t  

of  t he  Bal rd  Group rocks, whl ch may a t t a l  n a th lckness of about 6,000 

f e e t  . 



End l c o t t  Group 

Formatlons maklng up the Endlcott Group are the ear ly  Misslsslpplan 

Koklktuk Conglomarets, aarly t o  lato Mlrrtsstpptsn Ksysk Shale and 

red beds of the l t k l  lyar lak Formatton. Overlytng these rocks are the 

pervaslve doloml t lc  limestones of the Llsburne Group, from late 

Misslsslpplan t o  Pennsylvantan age, The Llsburne carbonates form the 

bulk of  the eastern Brooks Range, and contaln dolomite and limestone 

w l t h  some 01 l and gas-clesecvol r potentf a1 , 8s.-proved by the Llsburne 

o l l  pool a t  Prudhoe Bay. Comblned thickness o f  Endicott Group rocks 

approaches 5,000 feet. This group I s  shown on the gemlogic map by 

the s ing le u n l t  "PM". 

Sad leroch I t Format l on 

The sandstone, s l l t s tone,  and shale o f  the Sadlerochlt contain nearly 

a l l  the calculated reserves of the Prudhoe Bay o l t  f l e l d .  I n  the wlld- 

l I f e  range, up to 1,800 fee t  o f  Sadlerochlt are exposed loca l l y  from 

- -- the Sadlerochlt Mountains southward t o  the  upper reaches o f  the Coleen 

Rlver. I n  outcrop the sandstones are hard and lmpervlous, but as 

the A rc t i c  platform- I s  approached (approximating the  seacoast), porosl ty 

and permeabll l ty seems to be markedly Increased, making It a prlme ta rge t  

f o r  o l l  and gas exploration. Age o f  the Sadlerodrt t  I s  PermIan and ear ly  

T r l  ass I c. 

Shubllk Formatton 

From 300 t o  800 f e e t  o f  black phosphatrc shale and shaly limestone o f  the 



Shubllk Formatton crop out  across the northern p a r t  of the rnountalns, 

but I s  seldom seen to the south. Fossf I s  date the formatton a t  la te  

Tr iassic.  A persistent 40 - foo t  sand a t  the top of the Shubllk I s  

named the  Sag Rlver Sand a t  Prudhoe Bay, and forms an Important hydro- 

carbon reservol r . 

Kt  nnak Shale 

The J urass I c perlock-k-fepresonted by-abwt -4000--feet of the b 1 ack 

KIngak shale I n  the v l c l n i t y  of  the Sadlerochtf, Shubl I k, and northern 

Romanzof Mountalns. 

Rocks of Cretaceous age are nearly a l l  assigned t o  the C o l v i l l e  Group I n  

t h I s  pa r t  of the Arct ic.  A t h l n  shaly section of ear ly  Cretaceous I s  

present, but has not been d l f ferent la ted o r  named a t  t h i s  tlme. Late 

Cretaceous sandstones and shales about 4,000 fee t  t h l c k  have been 

- named the lgnek Formatton I n  the Sadlerochlt Mountalns area, and these racks 

are correlated w 1  t h  the Seabee, Prince Creek, and Schrader Bluf f  Fona- 

t l o n  t o  the west. To the east, along the course of the  Jago Rlver, up 

to  15,000 fee t  o f  unnsmd muddy conglcnnrale i s expdsed, pmbab t y of  

l a te  Cretaceous age. 

West of the Canning Rlver, sandstones of the C o l v l l l e  Group form Important 

gas reservoirs a t  Square Lake and GubIk gas f le lds ,  and Include the 

Kuparuk 01 l zone o f  the Pwdhoe Bay area. 



Tert I ary Rocks 

A t  least 7,000 fee t  of s o f t  marine shale and sandstone are exposed on 

the  north tlank af the Marsh Creek antlellne just aou*h of Camden Bay. 

Fossils Indicate a l a t e  Tert iary age f o r  these sedlments. The outcrops a re  

very poorly consol I dated, and weather read I l y t o  s o f t  sand and clay . A t  

least one four-toot ledge of dark brown 011 sand crops ou t  along Marsh 

Creek, and a kerosene odor can be detected I n the Ter t ia ry  outcrop 

Quaternary Depos i t s  

Quaternary and Recent deposits as shown by "Q" on the  geologic map are 

a cmblnat ion of g lac ia l ,  a l l uv la l ,  and c o l l u v l a l  sediments. A t  least  

s i x  g lac la l  advances and ret reats  have been documented I n  t h i s  region. 

Glacial  advances never went f a r  beyond the present mountaln front,  so 

tha t  morainal debris has been concentrated I n  t h a t  area. 

Alluvium I s  f o r  the  most p a r t  frarh reworked g lac ia l  deposlts t h a t  have been 

eroded and spread along the north-sloplng coastal p l a i n  by stream action, 

resu l t lng  I n  the  present expanse of gravel, sand, and s l  It I n  stream 

beds, terraces, and f lood-plain deposlts. To the south, the same type of 

a l l uv lum f l l I s  the broad upper va l leys 'of the Coleen and Sheenjek 

Rivers. Permafrost has modified the a l l u v l a l  lowlands wl th  such features 

as patterned ground, stone rf ngs and st r lpes,  and Ice  lenses. 

Col luv la l  deposits consist  of ta lus cones, fans and mudflows and other 

resldual weathered products I n  the process of downslope migration. 

-6- 



Structure and History 

Following deposttlon of pre-CambrIan through Devonian rocks, a la te  

Devonlan orogeny formed a series of east-west folds, and was probably 

accompanied by ln t rus lon  of the Romanzof g r a n i t i c  ln t rus lon  and meta- 

morphlsm of the Neruokpuk sequence. Thls was followed by deposltfon of 

Kekfktuk, Kayak, Lfsburne, Sadlerochlt, and ShublIk racks. I n  ear ly  

Jurasslc tirim, a strong regional u p l i f t  generated the Broaks Range geantl- 

c l I ne. Late J urass I c through ear ly Cretaceous depos I t 1 on cont1 nued t o  
. -- -- - - . . - - - - 

the north of the Brooks Range, wlth the accumulatlon o f  several 

thousands of f e e t  of  sedlments eroded from the Brooks u p l l f t .  A l a te  

Cretaceous orogeny Imposed another set  of east-west fo lds  on the northern 

Brooks Range, accompanied by Igneous lntruslons and melamorphl6m I n  the 

southern par t  of the range. Up l I f  t of the mountal ns cont I nued through 

Cretaceous In to  ear ly  Tert lary,  during accumulatlon o f  sedlments t o  the 

north. A f l n a l  ear ly  Te r t l a ry  deformatlon reinforced east-west fo ld ing  

and caused the profuston o f  south-dlpplng lmbrlcate th rus ts  and over- 

turned folds t h a t  are evident today. 

Mlneral Resources 

The Marsh Creek a n t l c l l n e  I s  a long, broad u p l i f t  near the mouths o f  

Carter Creek and Marsh Creek, expressed a t  the surface I n  Ter t la ry  

sedimentary racks bordering Camden Bay. ,Outcrops I n  the f o l d  are cant- 

lnuous f o r  20 mlles, but  stream-bank outcrops of Cretaceats lDCks Indicate 



t ha t  the f o l d  axis continues southwestward f o r  a t  least another I 6  miles. 

I n  addit ion, the northeast plunge of the structure amounts t o  22 feet  per 

ml le.  This means tha t  extension of the fo ld  f o r  another ten mi les t o  

the northeast would lose only 220 fee t  of s t ructura l  elevat ion. Thus, 

a po tsn t l a l l y  al l-bearlng s t ructure 46 ml lss I n  length I s  suggested a t  

Marsh Creek. 

A t  least  four formations are prospectfve f o r  o i l  and gas I n  the Marsh 

Creek structure. Hlghly permeable marine Tert iary sands are present a t  

the surface, some wi th- res idual  o i l  saturatlon, and It I s  reasonable t o  

expect Tert iary o i l  sands a t  depth. 

The C o l v i l l e  group wl th  excel lent  reservol r  sands should under l ie  the 

Ter t la ry  section. These sands have produced o i l  and gas a t  the  Gublk, 

Square Lake and Kuparuk f le lds ,  and underlylng ear ly Cretaceous sands 

have produced a t  Umlat, Flsh Creek, Slmpson, Meade, and Wolf Creek. 

Permeable delta-type sands o f  the Sadlerochlt Formatlon should be 

developed a t  Marsh Creek s lm l l a r  t o  those of the great Prudhoe Bay 

reservoir ,  and the underlylng Llsburne limestones should a lso  be pros- - ----.- - 

pect 1 ve . 

Assuming a length of 40 mlles and a wldth of  three mlies, assumlng a 

conservatlve recovery f.actor of 200 barre ls  of  011 per acre-foot of 

saturated reservolr rock, and asslgnlng 200 fee t  of saturat lon t o  the 

Ter t lary ,  Co lv l l le ,  and Llsburne, and 300 fee t  t o  Sadlerochlt, a reserve 

o f  nearly I 4  b l l l l o n  barre ls  o f  o l l  can be calculated, whlch exceeds the 

potent la l  of the super-glanf Prudhoe Bay f l e ld .  



I n  vlew of the e n o n l t y  of potent ia l  01 l and gas reserves on t h l s  struc- 

t u re  alone, It 1s recommended tha t  the coastal s t r i p  north of l a t i t u d e  

6g0 4 5 ' ,  o r  the approximate south l Ine o f  townshlp 5N, U.M., be l e f t  open 

t o  geophysi cal  exp lorat lon o f  the Marsh Creek structure and' f o r  o ther  

an t l c l l nes  which may be present I n  t h l s  prospective terra ln,  Selsmlc 

operatlons I n  the winter months should cause l l t t l e  o r  no damage e i t h e r  

t o  the tundra o r  t o  w l l d l l f e .  D r l l l l n g  and production operatlons a t  

Marsh Creek o r  other f l e l d s  I n  t h l s  area could be granted access by a 

slngle, narrow coastal corr ldor  designed to acromadate both a roadway and 

p ipe l  Ine fac l  I I t l e s ,  I n  t h l s  way mfnlmum disturbance of '  the A rc t l c  

W l l d l l f e  Range should ensue, 

Me ta l l t c  Minerals 

A t  leas t  two areas w l th ln  the w l l d l l f e  refuge are s lgn l f l can t l y  minerallzed, 

as Indicated by both d l rec t  observation and by geochemical sampling, as 

f o l  Ions: 

I . Romanzof dranl te. . 

The Romanzof pluton I s  a l l g h t  gray gnelssold granl te of probable 

l a t e  Devonlan age, underlying about 200 square mlles between the 

Hulahula and Jago Rlvers and culmlnatlng In  .the hlgh, Ice-covered 

mass o f  M t .  Mlchelson. Roughly ha1 f o f  the pluton I s  exposed, the  

other ha l f  hldden by Ice, snow, t a l u s  and alluvium. Many of the  

higher elevations are virtually Inaccessible, so t h a t  deta l led 

exmlnat lon  o f  a l l  potentla1 mlnerallzed contacts has not been 



made. However, exposures along the Okpf lak and Jega Rivers are 

read1 ly  accessible, and stream-sediment analysls has turned up 

abnormally hlgh values of various metals I n  dralnage systems fram 

the g r a n i t i c  outcrops, 

Altered rocks such as tact1 tes and hornfels are common along the 
- - - --- -- - 

western and eastern margins of  the luton, where the granl t e  has 

Intruded metamorphlcs and limestones o f  the Neruokpuk Fornation, 

These a l tered zones contain minor py r i t es  and copper minerals, 

wl th  subordinate sul f ides of molybdenum, arsenic, lead, and zlnc. 

Geochemical analysis of stream sediments from the g ran l t l c  t e r r a i n  

show s l g n l f t c a n t l y  hlgh amounts of  copper, lead, zlnc, mercury, t in,  

beryllium, antimony, and nlckel. 

The c lass lc  elements of  meta l l l c  ore genesis are present i n  the  

fn t rus lon o f  grani te  l n to  Idme-bearfng sedimentary rocks, and 
. .. - a-- -- . - - 

fu r ther  deta l led examlnatlon may reveal local ized deposits of  hlgh 

value. 

Bear Mountaf n 

I n  the southern pa r t  of the refuge area, a mineralized grani te - 
r h y o l l t e  ln t rus lon  Involves about 100 square ml les I n  and around 

Bear Mountafn, Just east of  the  olee en Rlver. Here the g r a n l t l c  

body has I ntruded sch l stose rocks o f  und I f f erent 1 ated M l  ss I ss l pp 1 an- 

. Oevonlan age. Galena Creek I s  one'of the  streams drainlng the area, 

a t tes t i ng  t o  the consplcuws presence o f  m e t a l l l c  sulf ldes. Some 



prospecting has been done by M r .  Ed Owens, bu t  the area lacks 

d r l l l l n g  o r  other deta i led evaluation, 

Sulf lde mlnerol faot lon l e  oonaentr@tad I n  quar tz  valnr eleng 

r h y o l l t l c  dlkes and along layerlng I n  greenstone s l l l s  (W.P. Brosge, 

personal comnunlcatlon). Geochemical analysts o f  rock samples, 

resldual s o i l ,  and stream sedlments show very htgh amounts of 

copper, lead, zlnc, s l l v e r ,  berylltum, and nloblum. 

- ---.-.. -- --  -- -- . -. - - 

M I  sce l l aneous Areas 

A rock sample from the  maflc ln t rus lve  body of Double Mountain, on the 

SheenJek Rlver, shows abnormal l y  hlgh amounts o f  copper, lead, gold, 

and s l l v e r  I n  geochemical ana.lysls. Thls I s  another l o c a l l t y  t h a t  

deserves closer examlnatlon f o r  mlneral deposlts. 

Two un i ts  of  a l tered Neruokpuk limestone are mapped I n  the  B r l t t s h  and 

Romanzof Mountalns, characterized by reddlsh weathering t yp i ca l  o f  

oxldlzed Iron, One body l I e s  ast r lde the upper mlddle course o f  the 

Kongakut Rlver, and the other I s  Just east of  the  Egaksrak Rlver near the 

north edge o f  the Romanzof Mountalns. Nelther o f  these deposlts have 

been exam1 ned I n detal  I. 

Several areas of maflc ln t rus lves are mapped along the southern pa r t  o f  " 

the B m k s  Range, one o f  them coverlng 75 square, m l  les near the con- 

fluence st Monument Creek and the SheenJek Rlver. Apparently none o f  

them have been c losely  examlned o r  geocfiemlcaily sampled. 



Non-Metallic Minerals (Phosphate) 

The Shublik Formatlon o f  Tr iasslc age I s  a widespread and persistent 

u n t t  aerass the nerhtern par t  of the Brooks Range, from 300 t o  800 f e e t  

thick.  Most o f  the formation consists of sooty black shale and black 

shaly'l lmestone contalnlng from 5% to 25% phosphate, wl th  some t h l n  

beds o f  up t o  80% phosphate. The mineral occurs mostly as matrix, ool  i tes ,  

and nodules of carbonate f luorapat l te  resulting from a l te ra t ion  o f  

llme muds. PhosphatFc-outcrops are characterized by a bluish-whlte 

bloom o r  efflorescence. A low-grade deposit such as t h i s  has no commercial 

value a t  t h l s  time, bu t  may have some fu tu re  value as a fertilizer wi th  

Improved t ranspor tat ion and expanded agriculture I n  I n t e r l o r  Alaska. 
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