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ABSTRACT

The Arctic National Wildllte Range Includes the rugged and remote north-
eastern end of the Brooks Range In Alaska., Rocks exposed Include metamor-
phlc and sedimentary strata of virtually every geologlc age from pre-
Cambrian to the present. Several cycles of deformatlion and mountaln-
bulld[pg, mod|fled by qro;[qn and glac}al action, have caused the complex

geologlical slituation of today.

Granitlic Intrusions accompanled deformation of Devonlan age, and these
Intrusives have generated metalllc mineral depostts In the Rcm;nzof
Mountalns and along the southern edge of the Brooks Range. Low-grade
phosphate deposits are abundant In the Shubllk Formation of Triasslc age.
An enormous ol | and gas reserve may be trepped In the Marsh Anticlline,

Just south of Camden Bay on the Arctlc coast.

‘Nore of These-mlneral prospects have been thoroughly explored, and |+

is strongly urged that this axploration be done before the wlldlife
range !s withdrawn from all such activities. [+ Is especlally recom-
mended that exploration for oll and gas In the coastat plain be allowed,
with the possible segregation of a narrow coasni strip as a trans-

portation corridor.
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INTRODUCT 1ON

Thls report summarlzes the gaology of that part of the eastern Arctic
emcompassed by the Arctlc Natlonal Witdllfe Range, with a spaclal section

on potential mineral resources wlthin the subject area. Also Included
Is a geologlc map adapted from the most racgn? compl latlons of U.S.
Geologlical Survey work by W.P, Brosge; H.N. Relser, -J.T. Dutro, Jr.,

and R.L. Datterman.

Ear{lest work In this reglon conslsted of boundary and reconnalssance
surveys by Schrader (1900), Mendenhall (1902), and Maddren (1912).
Between 1906 and 1914, a monumental task of topographlc and gecloglc
mapping and Investigation was carrled out by Ernest de K. Leffingwell {n
the Canning Rlver, Frank|in Mountalns, and Romanzof Mountalns. Commencing
lnll944. In cooperation with the U.S. Navy (1944-53), and continuling

to the present *time, the U.S. Geologleal Survey has complled detal led
geotoglcal maps and reports on thls area through the eftorts of many

workers (sea bibllography).

TOPOGRAPHY AND DRAINAGE

The domlnating feature of the refuge area Is the Brooks Range, here

about 100 mlles wlde, that forms the Aiaskan portton of the Rocky
Mountaln system. Mounts Chamberiin (9020 feet) and Michelson (BB55 feet),
two of tha highest polnts In the Brooks Rsnge, dominate the Jagged land-

scape of the Frankitn and Romanzof Mountains. This reglon of the Brooks
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Range !s further subdivided into the Sadlerochit, Shubllk, Britlsh, and
Davidson Mountalns. Thls mountalnous terrain has been extensl|vely
glacliated by at least six major lce advances and retreats, and many alplne
glacliers and tce #lelds st!t! mantle the hlgher slopes desplte the present

state of lce retreat.

Sloping gentily northward from the abrupt mountaln front to the shore of

the Arctic Ocean |s the Arctlc coastal plain, Interrupted by occaslonal

low rolling hills, and ranglng from 8 to 45 mlles wide. Along the

southern edge of the Brooks Range, near the south boundary of the refuge
area, ~the mountains - decremse in helght and-glve way-to more Isclated- groups

ot mountalns and hllls risltng from marshy low{ands.

Dralnage to the Arctlc Ocean Is dlvided among a dozen or so streams, the
largest belng the Canning, Hulahuta, Kongakut, and Firth Rivars. Oraining
to the south are thea Sheenjek and Coleen River systems, which connect with

tha Porcuplne and Yukon dralnages.

Permafrost underlles the entlire regton, probably reaching a maximum depth
of about 2000 feet on the tundra-covered coastal plaln, as this depth of
frost has been pengstrated by wells drilied a few ml{es to the west of the

Cannling Rlver,
GEOLOGY
General

Badrock conslsts of diverse types of metamorphic and sedimentary sirata

ranging tn age from pre-Cambrian to Recent, wlith mlnor volcanic and
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Intrusive Igneous rocks. Several eplsodes of uplltt, deformation, and
Intruston have produced complax patterns of tfolding, fracturing, and super-

Imposed thrust-fault blocks, modttled by Quaternary and Recent glaclation

and stream eroslon.

Stratlgraphy

Neruokpuk Formation

The oldest rocks exposed comprise the Neruokpuk Formation, an extremely
varied assemblage of altered sedImentary and volceanlic strata at least
6,000 feet thlick. These rocks crop out In a broad east-west band across

the northern portion of the Brooks Rangs.

The formation |s composed of sandsfone;'quarle?e. argllitte, phyttite,
slate, and chert, with subordinate {imestone and volcanic rocks. Based
on fossi!| evidence, ages of pre-Cambrtian, Cambrlan, Ordovician, and

~Sllurlan are represanted.

Balrd Group

The Balrd Group Is represented In the Sadlerochi+ and Shubllk Mountains
by the Katakturuk Dolomlta, of probable S!lurlan age, and the Nanook
Limestone of middle Devonlan age. To the south, conslderable areas of
und!fferenflafed Ilmestone, slate, conglomerate, and sandstone are part
of the Balrd Group rocks, which may attaln a thickness of about 6,000
teot.



Endicott Group

Formatlons maklng up the Endlcott Group are the sarly Mississipplan
Kekiktuk Congtomerate, early to late Misgisslipplan Kayak Shale end
red beds of the itkllyartak Formation. Overiylng these rocks are the
parvasive dolomi+ic lImestones ot the Lisburne Group, from late
Mississippian to Pennsylvanlan age. The Llsburne carbonates form the
bulk of the eastern Brooks Renge, and contaln dolomite and |Imestone
with some ol l. and gas reservolr potentlal, as.proved by the Llsburne
oll pool at Prudhoe Bay. Combined thlckness of Endlcott Group rocks
approaches 5,000 feet. Thls group ls shown on the géolog!c map by
the single unit "PM",

Sadlerochtt Formatlion

The sandstone, slttstone, and shale of the Sadierochit contaln nearly

all the calculated reserves of the Prudhoe Bay oll tleld. In the willd-
11fe range, up'fo 1,800 feet of Sadlerochlt are exposed locally from

the Sadterochlt Mounfaln§ southward to. tha upper reaches of the Coleen
River. In outcrop the sandstones are hard and impervious, but as

the Arctic platform |s approached (approximating the seacoast), porosity
and permeabl !ty seems to be merkedly Increased, making it 2 prime target

for ol| and gas exploration. Age ot the Sadlerochit Is Permian and earty

Trlassle.

Shubllk Formation

From 300 to 800 feet of black phosphatic shale and shaly IImestone of the



Shubltk Formation crop out across the northern part of 4+he mountalns,
but Is seldom seen to the south. Fosslls date the formatlion at late
Triassic. A persistent 40 - foot sand at the top ot the Shubllk Is
named the Sag Rlver Sand at Prudhoce Bay, and forms an Important hydro-

carbon reservolr.

Kl ngak Shale

The Jurasslc peﬂ)od~4s~ropreson+od-by-abou?WAOOOeref of +he black
Kingak shale In the vicinlty of the Sadlerochi+, Shublik, and northern

Romanzof Mountelns.

Colvlille Group

Rocks of Cretaceous age are nearly all assigned to the Colville Group In
th1s part of the Arctlc. A thin shaly sectlon of early Cretacecus Is .
present, but has not been dlfferentlated or named at this time. Late
Crataceous sandstones and shales about 4,000 feet thlck have been _
named the ignek Formation In the Sadlerochit Mountalns area, and these rocks
are correlated wi+th the Seabee, Prince Creek, and Schrader Bluff Forma-
tlon to the west. To the east, along the course of the Jago River, up

to 15,000 feet of unnamed muddy conglomerate Is expdséd, probabty of

late Cretaceous age.

West ot the Cannlng Rivaer, sandstones ot the Colville Group form Important
gas reservolrs at Square Lake and Gublk gas flelds, and Include the

Kuparuk ol | zone of the Prudhoe Bay area.
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Tertlary Rocks

At least 7,000 feet of sott marline shale and sandstone are exposed on

tha north flank of the Marsh Creeik antleitne just south of Camden Bay.
Fosslls Indicate a late Tertlary age for these sadiments. The outcrops are
very poorly consolidated, and weather readlly to soft sand and clay. At
least one four-foot ledge of dark brown ol | sand crops out along Marsh
Creek, and B kerosena odor can be detected In the Tefflary outcrop

ares nlong lower Carter-Greek: - - - w e oo

Quaternary Deposits

Quaternary and Recent deposlts as shown by '"Q" on the geologlc map are
a comblnation of glaclal, alluvial, and cofluvtal sediments. At least
six glaclal advances and retreats have'beon doeumen*t‘ed In thls reglon.
Glaclal advances never went far beyond the present mountaln front, so

that morainal debrits has been concentrated In that area.

Alluvium 1s for the mosf part froﬁ-reworkad glaclal déposlfs that have been
eroded and spread along the north-sloping coastal plaln by stream actlon,
resulting tn the present expanse of gravel, sand, and slit In stream-

beds, terraces, and flood-plain deposits. To the south, the same type of
aliuvium ¢111s the broad uppar>valleys’of the Coiean and Sheenjek

Rivers. Permatrost has modlfied the glluvlalllowiands wlth such features

as patterned ground, stone rings and stripes, and ice lenses.

Colluvial deposlts consist of tslus cones, fans and mudfiows and other

resldual weathered products In the process of downslope migration.
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Structure and Hlstory

Followlng deposltion of pre-Cambrlan through Devontan rocks, a late
Devonian orogeny formed a serles of sast-west folds, and was probably
accompanied by Intrusion of the Romanzof granltic Intrusion and meta-~
morphism of the Neruokpuk sequence. Thls was followed by depositton of
Kek!ktuk, Kayak, Lisburne, Sadlerochit, and Shubitk rocks. In early
Jurassic time, a strong reglonal uplift generated the Brooks Range geant!-
cline. Late Jurassic through early Cretaceous depos!tion contlinued to
+he north of fhé_g;gglguﬁgﬁge, wlth Thé accumulatlion of several

thousands of feet of sedIiments eroded from the Brooks upiift. A [ate
Cretaceocus orogeny Imposed another set of east-west folds on the northern
Brooks -Range, accompanied by lgneous Intruslons and maetamorphism In the
southern part of the range. Upllf+ of the mountalns contlinued through
Cratacecus Into early Tertlary, durlng accumulation of sediments to the
north. A final early Tertiary deformetion reinforced east-west folding
and caused the profuslion of south-dipping Imbricate thrusts and over-
turned fotds that are evident today,

Mlneral Resources

01l & Gas

The Marsh Creek antlicline Is a long, broad upllft+ near the mouths of
Carter Creek and Marsh Creek, expressad at the surface tn Tertlary
sedimantary rocks bordering Camden Bay. .Outcrops In the fold are cont-

Inuous for 20 miles, but stream-bank outecrops of Cretaceous rocks Indicate



that the fold axls continues southwestward tor at least another 16 miles.
!n addltlon, the northeast plunge of the structure amounts to 22 feat per
mlle. This means that extenslon ot +he fold for another ten mlles to
the northeast would fose only 220 feet of structural elevatlion. Thus,

a potentially ol {-bearing structure 48 miles Iin length |3 suggested at

Marsh Creek.

At least four formations are prospective tor ol| and gas In the Marsh
Creek structure. Hlghly permeable marine Tert!ary sands are present at
the surface, some-wlth-residual oll saturation, . and |t |s reasonable to

expect Tertlary ol sands at depth.

The Colvlille group wlth excellent reservolr sands should underlle the
Tertlary section. These sands have produced o!! and gas at the Gublk,
Square Lake and Kuparuk ftelds, and underlylng early Cretaceous sands

have produced at Umlat, Fish Creek, Simpson, Meade, and Wol¢ Creek.

Permeable delta-type sands of the Sad|erochlt Formation should be

developed at Marsh Creek simllar to those of the great Prudhoe Bay

reservolr, and the underlylng Lisburne {Imestones should also be -pros=--.. - .- -

pective.

Assuming a length of 40 miles and a width of three miles, assuming a
conservative recovery factor of 200 barrels of éll per acre-foot of
saturated reservolr rock, and asstgning 200 feet of safuraflon to the
Terf[ary, Colvllie, and Lisburne, and 300 feet to Sadlerochi+, a reserve
ot neariy 14 bllllon barrels of oll can be calculated, which exceeds the

potentlal of the super-glant Prudhoe Bay t1eld.
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In view of the enormity ot potential oll and gas reserves on thls struc-
tura aione, It !s recommended that the coastal st+rip north of {atitude
69° 45', or the aporoximate south line of township SN, U.M., be left open
to geophyslcal exploration of the Marsh Creek structure and for other

" antliclines which may be present In thls prospective terraln. Selsmlic
operations In the winter months should cause little or no damage elther
to the tundra or to wiidilfe. Drilling and production operatlons at
Marsh Creak or other flelds In this srea could be granted access by a
single, narrow coas+nl corrldor daslgnad ?o accomodafa bofh a roadway and

Ipe!lne faclll#les. 'n +hls way mlnlmum dls+urbance of fhe Arcflc

Wild!lte Range shoutd ensue,

Metalilc Minerals

At least two areas within the wildl1fe refuge are signlficantly minerallized,
2s Indlcated by both direct observat!on and by geochemical sampling, as

foltows:

4. Romanzot Granits.

The Romanzof pluton is a |Ight gray gnelssoid granlte of probable
late Devonlan age, underiylng sbout 200 square mlles between the
Hulahula and Jago Rivers and culmlpaf!ng In the high, |ce-covered
mass of Mt. Michelson. Roughty half of the pluton Is exposed, the
other halt hidden by ice, snow, talus and alluvium, Many of the
higher elevattons are virtually lnacéasslble. so that detallad

exam|nation ot all potential mineratized contacts has not been

oo



made. However, exposures along the Okpllak and Jege Rlvers are
readlly accessible, and stream-sediment analysls has turned up
abnormally high values of various metals In dralnage systems from

the granitic outcrops.

Altered rocks such as tactites and hornfels are common slong the

- m——

western ;ﬁdmgggfarn ma;glns of the plufoﬁ, where the granlte has
Intruded metamorphles and |Imestones of the Neruokpuk Formation.
These altered zones contaln minor pyrlites and copper mlnerals,

wlth subordinate sulfldes of molybdenum, arsenic, lead, and zlinc.
Geochemical analysis of stream sediments from the granltlc terraln
show slgnt¢tcantly high amounts of copper, lead, zinc, mercury, tin,

berylifum, antimony, and nlckat.

The classlc elements of metalilc ore genesls are present In the
Intrusion of granite Into lime-bearing sedimentary rocks, and

turther detalled exaﬁina?!onhhAQ reveal locailzed deposits of high

value.

2., Bear Mountain

In +he southarn part of the refuge area, a minerallzed granite -
rhyollte Intruston Involves sbout 100 square m!les in and around
Bear Mountaln, Just east of the Colesn River. Here the granitic
body has Intruded schlstose rocks of undlfterentiated Misslssipplan-
- Devonlan age. Galena Creek |s one of the streams drainlng the area,

attesting to the consplcuous presence of metaliic sulflides. Some

-10-



prospecting has been done by Mr. Ed Owans, but the area lacks

driiilng or other detalled evaluatlon.

Sulflide minerulization 18 concantratad tn quartz velna along
rhyolitle dikes and aiong layering In greenstone sllls (W.P. Brosge,
personal communication). Geochemical analysis of rock samples,
residual soll, end streem sediments show very hligh asmounts of

copper, lead, zlnc, sllver, berylllum, and nloblum.

Miscellaneous Areas

A rock sample from the maftlic iIntrusive body of Double Mountaln, on the
Sheenjek Rliver, shows abnormaily high emounts of copper, leed, goid,
and sllver In geochemlical analysis. This Is another locallty that

deserves closer examinatton for mineral deposl+s.

Two unlts of altered Neruokpuk |Imestone are mapped In the Britfsh and
Romanzof Mountatns, characterlzed by reddish weathering typical of

‘ox|d) zed Iron; One body lles astride the upper middle course of the
Kongakut River, and the other Is Just esst ot the Egaksrak Rlver near the
north edge of the Romanzof Mountalns. Nalthear of these deposits have

been examlned In detall.

Several areas of maflc Intrusives are mapped along the southern part of ~
the Brooks Range, one of them covorlng 75 square ml fes near the con-
fluenéo of Monument Creek and the Sheenjek River. Apparentiy none of

them have been clossly examined or geochemlcalfy sampled.
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Non-Metalllc Minerals (Phosphate)

The Shubllk Formation of Triassic age Is a widespread and perslstent

unit seross the norhtern part of the Brooks Range, from 300 to 800 feet
thick., Most of the formation conslsts of sooty black shale and black
shaly' | Imestone contalning from 5% to 25% phosphate, with some thin

beds of up to 80% phosphate. The mineral occurs mostly as matrix, oolltes,
and nodules of carbonate fluorapatite resulting from alteration ot

lime muds. Phosphatic-outcrops are characterlzed by a blulsh-white

bloom or efflorescence. A |{ow-grade depostt such as this has no commercilal
value at thls t+ime, but may have some future value as & fertillzer with

Improved transportation and expanded agricuiture {n Interlor Alsska.
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