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HEAVY BINCHAL AMNALYSES CF SEDLUFEI Y ROCES

OF HORFIEIN ALADSA

The Yoy GIL Undt of ho Unlted Sisbes Geclogiesl furvey has buen
dnvecldzating the gcuﬁ,o;-;‘;: I Revel celroloun Heserve Mo, L nosthevn
Rizslz,  As povy of thils progran, heamvg-rdneral paoplos wers progored
from cvres of the Lest wells ond core hodes end studicd do deleralio
stretipriphile corpedetions, Usin: the follosing crlierias (L) presence
of diagnuatic mimrals or minersl sulics; (2) relidive sbundence of
spocific wivereds; (3) dogreo of rounling of npinorad grainsy (L) dioe
tirctions oo to grein formg eipht Iu wyndrered. wunes have boen rocog-
nised in fricesic, Jurassic, Crutacsoun, end Quarternary sudisontary
rocks. Correlations based on these aunos are ghoun, Source ereas and

rocks arc discussad in rolebion te gedlozlc hislory anl gencsis of the

¥esonole and Quorterivey sodimentary rocks,



IHIRODUCTICK

Raval Polrolewns Resceyve Hoe, Ly Alaske, 3s an erea of 37,000 squarc

dles, the boundades of whideh are shoeun In platle k. In 1923, under the

o

Eerding 2ddndisiyration tha Nesceve vas withdeawn fz‘u; publiic entronce
In ik, the (Ilice of Haval Petrdloun hooorves, Ul 8, Havy, Legen drves-
tigitions of p@:t,mlt:»m:; pummia}fﬁ;ﬁ.ws. The Luvy G Undil of the L. &,
Cecloglenl. Burvey vas anclipgnad the teck of studring the geolely of the
arva, Subcontraets were et for the geophysicsl work ast drilling,
During tho pash Lo yoors momrwus core teots and tost wells have
been Sriiled in Maval Petrolcum Resorve No, Lo This papor presents the
resulis of @ sludy to corrdlate, by use of heavy ninerids, slraligrarbic
horisons In soar of thy core tests end {est wells in the Rorrus, Caps
tj;xsm.“, Uidoed, Fish Crosl Topmsuruly, Meade, end Guralik Rivers &roas.
In addidicn theose corvelalicony oy heldp o clarify stratizrashic rela-
tionships :z«_xz,i the geodo te histoery ©f Navald Polrlewsn Roserve Ko, 4 &g

a whole,.

RCKIF LY TGRS

Prior to 19:9 qualitatlive heovy-wdneral studics had bean done by
Frnest He Lethran of the Mavy 041 Unit. Thraugh his cooporation, and
with the pornissSon of Ralph L., Millor, Chief of tho avy 03l Unit,
Urdted States Ceolosleed Durvey, saple materisd wes made avm} able for
& detoiled quantitalive sludy to Lo ueicd o 8 Masterts thesis, Unpub-
dished peolojic reporis, well logs, geophysiced date, p:ueonwlo Ao date,
and a1l portincnt inforaution were mide avallabln to the atmwr. Grateful
sppreclation is extawded to klsa W, H. Fckstedin, Unlted States Gealogical

Survey, for editing the manuscript.



PHISTIOGRAPHY AN GUESAL QGEOLOCIC JLLSTCRY

Physlo rophy.—Northora Alaska iy bo divided inbo threo physio-
L 4
greghle provinees fros north to swabic t“ s Aycbic Conslal Plain prowvinco,

tho Arctic Peothille province, and the jrooks Kengje mpravincs., (oo PL. 1.)
Ths Aretic Coasteld Plain is & Oob tundra ares with thausunis of
sl lor Inken, Aoy dts soulhova bovlor ave & feu hills, none of which
ercead 1,000 feot An additude, The o) painfell dis 5-7 dnches, oy
P

sl s dhedn tho polon bub 221 ere sivgdoh ond meandoriog, with broidsd

channgds,  Peot o the slreca weber is derlived fron the liing of winlor

-]

In the Avctic Foolhills province the lincar arrengensnd of hills is
conteodled Yy ihe slructures in the unledydng foldod and feulled siz':sc»;z'e)ic
sodnmenbery roshs, ‘T."'he:;a; strusture:s v penerel slrils eosl, She Colviltls
River with its tributeries ds the nojor drddeege gysten, IV fiews ofst
thragh most of t! o Arotic Foothiiils belare 34 turss north to eply irdo
the Avctic Ceean. %he main channel of the Colville idver is breided, as
are sone of the tritutaries, but nany of the sualler strezas hove sloop
gradicntg. In tho norihera section of the provirce the maxi.;:z;szfa altituds
of hille and ridges 4s 2,000 focd; in the suuthern soetion the madiiun 1s
mere than 3,000 foct,

The moeddiua altitude in the Jrooks Fango provivcs 39 over 8,000 feot.
Tho crest of the castetrealing Preoks Rango is the divids between drainage

to the Arctic an end the salh-fleudng waters of the Tuken ¥Yalley,



Yajor folds end Jarge thrust faults with reswltmd displacesonts to the
norih produce a camplex structure within the mountains, %The contact of
the ovaruust Palecagic rocks of the broda Hange with MHesozole roois

3

in tha foothllls celnchdes with the northera boundsry of the Proclhs Hange
province,  The slrike of major slrveiurss is casi,

Geolo Ac history . —Durin, the Palecsoie ore the wwa cabrecod by the
Drocls kanje provinoe, Arctic Foolhills provinee, tnd the scullicrn po
oP the Zretic Coccted Plain provinee wes occuplod by & prjur eastetrending
goosyrayine, AL dts easborn end, Sis axde suung cwulh to Join the Cordild-
leren geosyneline,  Alds geosyneiine reeclved scdinonts primerily frua e
northerly sourco throughout the Palcozoic, A thick seclion of Dovonian
end Corboniferous selimsntary rucks consbiwules the major part of the
L’Iu\f”i Rangcs

Mpdng the eirly Mecosole ere sedinints accundated dn consldershle
thichness dn the freiie Foolhilllls x'o«,iovx Lt in lossor thickness neer
‘Poin{u Bayrawd,  Daring this tlms complex folds and thrust foults were
forund, dmwecus pesses wplaced, and uplify occurred in the Procks Hange
a5 lote as Yarly Creteceais. This uplifted srca becaws the gource for
youn or Cretucoous end Terilary sedbenls thet vere deposd ted north of the
tz@unt&ins. Thevs yourger rocks consish of nonrarine formations um’o grade
rorthverd into nuriro facles in the Coastal Plein reglon.

,
A Tertiory orogery further deforasd the hrooks Hange.  Pensplanabion,

Quatcernary uplift, end erosion by sirca:s and glasiers follored, The

Brooks Dange was the site of alpine glacicrs during the Pleistocens,



whoroas the zic:rthern pard of the Arctic Foolhilils end the Arctic Coastul
Piadin provinces wore nob covercd by gleclers. The mantle of unconsoli--
daled gravel thad covers nest of the conslazl plaln dn part vy reprorent
plecicl dobrds,

kv dzrecus Wiy of dicritic corponition abrout 30 miles lony ds expoaud

<

Q. =0 . oy A s
4 157° .. Yooz, 600 N, Yat,, tnihor of {;}'.‘«.-?ﬁ%.a.":,(.; cunpusitlon eoours el

1k ’s° te Jonoe, GCC200 e dat. A third frtracive rass, eleo of grarditic
compUsition il pornlily of batholylic divencicn: da expusced in tho lalird
IMowrtains,  Fefic sitde end dikes e Antraded alung rajour fouldts end

frectures  throughoel the Jaudls Range, The Jefrd Mounteln grenite, the
diorite, &nd the pafic sills epd ko ave of ixsonole 8o
SUHATIGRAPHY

A boserent corplen of pro-Doverdan plyd vine end ergilidte wdlerlios
Raw ‘.3, Polrotawn Feoerve Foe ke In Uhe lereos crez, &3 ghoon in drill cores;
rocks of Trisssic age overlis the boswent corple; gouth in Topagorui Test
%ell Ho, 1 date Paleozofe rocie lie ebove the bLesement cosplex. In tost
wolls ab Farrue, Cspo Sirpson, end Topagorulr, the Xingek shale of Jurassic
a:0 hus been fdontified imamcdialbely obuve the Triassic, This unlt s
entirely mardne, end eunolsts of black shale, sflty layers, arnd cildearsous
ironstons lowses,

Uncenforisbly ebowve the Jurassic rocks ere Crutacsous intertonguing
marine and noagaring sandston: end shule.  The aands tones are ncderainly
to woll-irdurated low-rank grapvackes; the grains ere anguler, and range
frua vory fins 40 very coarse. The Crotlacoous ayzste:g has a rmaximua known

thickncss of about 13,000 feet 60 miles south of Fish Creck Test Well Ko,
l. At Point Darrow the system is about 2,000 feot thick.



Restin: on the eroded’s .rfeco of the Crebrcoous rocks is tho Gubik

foraction of Pleistocere age. The Cubik fouetion ranges in thickness

s 3 ow ”~

Lron very bhin 4o a maduana of 125 feob end cunn’sis of pravel and sard,

The greine ave predadinantly woll roandeds The top of this foraation in

e present lend surface, Peloontolo Je dmvestigations Luve boen exbinsive
end ages of the undis in Yavel Petrolsun fescrve Ko, L ere well estalliched,
Talde 1, prze g ol e stratizre hic nescncleivre.
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Swule prapivabion
Becouse the meJordly of ecdinwntory rocls in Moval Petrolewa Hecervo
Hoo L fron vhdch the bieavy—siverdd seplan ere obtadned are grayvwackes, the

punpling Yochinieue 45 @ dupovtant feeler dn detoridsg regults.,  The greye-

]

-~ .Y
wiinies yepresent poorly sorld

eodinantay Yrerelore oo spot saplo wuuld dr-

- :

clute oily thuse riye ol depocited undor the partienler hydraddice condi-
tlong represonted by the th.icknuss-of the su;a,;l;:. & cozposite of soeveral
spot sasples, hosever, would include a larger varicly of mimorals depomited
vnder varying hydroulic conditions, A sinildar nob recult is abteined if &
loength of drill core is disageregated and o heavy-niceral fraction separated
froa 1t. Heavy mineral core samples fron the test wells and core test vere
therefore propared in the following memner. A 10-foot section of sindstone
wag cored; fron this about 6 feet of core wes the average recovery. Several
Bzall sectioné of this 6-foot core were taken, in effcct & canposite of the
cored dnterval., The cumosite saaple wes thon disazaegated as shoun in the
fiow gheel on pace g. |

An adequate heavy-uineral fraction could be obtaincd from these com-
posite samples. The fraction was quartered axd mounted in & suitable
slide with Canada balsaa (N=1.54) or aroclor (}=1.66).
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o ,ofrrples were obtnined from the following wills and core tests:  Soulh
rereow Tesb Lells Rus. 1, 2, &nd 33 Ldups.n Tosb Leld Ro. 1y Simpson Curc
Tects Hou, e, G210, 13-17, 23-25, eud 205 Lridod Test wells tos. 1 owd 25
Fish Cre & Yeot wodd Moo 13 TopojereX dend beld Moo 3y Geniliin Tesl 1di

2'5'\}0 l; irtpi"jﬁ. 'J.t"«-fiev ‘!‘a";‘l}. fide lo

]
E

The gliden fron wiioh the follenlng dita vero coopmbed vore e fod

bad . Ry of M . -~y
Foeroh vkl were o

3 H % S E e s - R L T
U Y & DOWOLTrannin pCrosedt,

& eulfficiont raador of gradrg had veon coundsed, Uraverses wore mode by

-

eteriing in the covnar of the slide, progressin; seress Ve elide 4y &

slveighv ine and counting el of i grelns Lol pasend through Lhy £icid

PR | . pe ey, - . P | S T TS T yE eLr
ach troverns Gas Zplosd oo thel one Fiedd Torder waes bengent to

~

¢l view,

e

: .
the border of the provious Lreverios. In e OF the plides the greins were

. . sy e r NS 5 - BT 15 5 e ye -
thol the enlare slide wos coviadld, dn Othuvs, this whihed

resulted dn coverong &b least hall of 4he slide,

he coabination of lenses bosl sulied for this procedure was found to
be one in whleh the wegnificotion was 200 dimaolirs, using aa Gy, 20x
objective and o 10x eye picco. fhwn Ib boeccus necassary 0 observe intor-

-

fercnce flopres, a lpsa., L5x objestive with & nuwarical aperiure of 0,35
wes urccd,
Urain cuunts

For cech seople the nonopaque hewvy-rdnerel greins wers counted,

Erunbein and Pettijohn Y/ shiov that a count of U0 grelins per sauple is
‘l

vy

Krumbein, Y, C. and Petiijohn, F, J,, ¥anual of sedimsntary petrdlo;y,
pr.. WT0-L72, Appletorn—~Century-Crofts, 1934,



- gulisble for heavy-alvornd analysls, Counbls of this menilods will huve
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Zom Abbreviation

oo g

Rounled tourinling ¥
Frisialic tourialine T
hugite~mmscovite Al
£orned gircen : 25
Puhedral gircon ¥
Cirucophana=hornblende Gi~i!
Blotite B
Rounded grain R



Table 2.
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Tuble 2. Heavy mineral composition of well smples by percent
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well ¥ame - fouth Rarros Test jiell Ko, 2 (conbtd)
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fable 2, Heavy mineral composition in well sesples by percent
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Table 2. Heavy minercl composition in'well smyples by percent
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fable 2, Heavy sireval composition in well seugles by percent
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© Table 2. Hoavy mineral cosposition in well samples by porcent |
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Table 2. Hoavy minoral coa%aéaition in weld samples by porcent
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Tablo 2. Heavy mineral composition in well samplos by percent
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Table 2. Hoavy mineral composition in well samples by percent
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Table 2. Heavy mineral composition in well eamples hy pércént.
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Description of mirorals

Tho eccessory minerals of the sedbxnbary rocks studied show some
intoresting minoralogie features. Soma Of thess foaturcs aro used to dis~
tinguish particulsr heavy-nineral nanos » therafore doscriptions of the
rirerads are given bolou,

| ‘ Dotrdial m;p;\qu«:e minerals

In praciically aJ.:‘,. the saaples opaque ninerals were presond, lecsuse
of this ublquitous occurrence thoy wore found to be nondiagnostic as cri-
t&fi& for gonas oz' corrvelsiion ;mrposc‘s. The opaque uinerals are lucoxei,
zcnite, and wagnetite.

‘DC‘{J’ital nonopaque nincrals

fhe suite of detrilsl nonopaque heavy mincrals typified an zssesblaje
dcrszved Ifroa ;;etmacrphic rocks end iu @ lesser extendt from ignoous rocks.

Andalusiie Tw*,rxi\é&uaite grains are clongate prisss torainated by
fractures or in Bu cuascs & single termuinabion of a eaitplex pyrdadd,

The grains arc usually colorless, many have carbonaceous inclusions
sonally arvanged parellel to the crystellogreghic ¢ axis,

Juydte.—2ugite grains are pale-olive gr.imn. Yhe shapo is détémﬁxxtzd
Wrm by cleavage. Soas of the grains have thin laths protruding -i‘rm
the waln core of the grain, others have saw toothud edjes which sere etched
ot by dntrastratal solutions.

Biotite.—%we types of biotite wre presont, & li ht-rust-colored
varioty and a dark-brom tWranslucent varioty. $ho rust~colored biotite
gradns c.:fc‘quhcdral to subhiedral and contain gescwus (7) inclusions,

These grains arc particularly abundant in the bantonitic beds of the

L2



feabece mmﬁcr, and therefare sy be 1nterpm{;ed es belng a product of
volearde ac'tivit}" 3” o The dark-brown biotite grains are subhedraly thelr
edzes are lobets aad quite tatiered. Under crosecd nicols they exhibit e
' "birdzs'-ayé maple” @pnpesrunce, |

Chlorite.—~Chlorite plates are comton in o few of the sa:a;}.e.s. The
plates aro lizht green and have lobale sdges., Chlorite is not & charéc-
teristic heavy winerad end its presonce is probahly due to conteaination
dur.ing the separation of the heavy minerals,

Chloritoid,—Chloritold cccurs es euhsdral to sul;}zedral plates with
mneraas inclusions, probebly minute aninerals or carbonaceous material.
The birefringence is woax, Eost gralns arc plecchroic with x = olive grecn,
¥ = palo blue, v = ? (due to orientation no color for the $ ray dircction
can be Aobzsem'cd). kell~centersd Bxa interference fijurcs can be obt,ain:zd,
ﬁw”optic gign is positive ad t.hq angle of 2V is lwr, YThe 'reliaf is very
Righ. -
| Egidot,a.--}:;imow is present as.briaht to dull-grecn, rather closr
grains. Cuntered optic axds interference figures may be observed with
nost gra.'u-@ 2V 48 larpge, and the optic sign nogativoe,

| Garnet,—Both pink and colorless garnet ,grains gre present in Jurassic s

Crotaéaous » &nd Quaternary rocks, Although sope grains are froclured, the
surfaces of most arc etched by intrastratal solutions. Ba'th varietics
soenm equally susccptibla to atohing; friassic rocks of the Larrow wolls
ars bm'run of gernct; its absence here nay be attriluted in part to re-
moval by action of the intrestratal solutions. Buhedral greive are presont
| but vcry‘raro in heavy residues from the upper part of the Fopsgoruk member.

2/ Krynine, Peul D., Petrdlogy and gensais of the Third Bradford Sand;
The Pennaylvania State Callege Bulletin, Mineral Industries Zxperimental
Station Mull. No. 29, 1910. /

]
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OQlauc .»—-Olaucophanfa occurs as eluxzuate prisms the ahapa of
¥hich is detemi;(ﬁd by c Cuva, vu. Crains froquently yield Bxa interferemnce
figures; the o;)t.ir, sign mgatiw with 27 about 40, 2 s inclired to
. ¢ plus L%-6°, X 10 nine) fal is pleochroic with x = colorless, y= violet,
'and % = tlue. 'Lhe hlcm?o;)heua is uwnaltered and is easily idontified by
its forn zmd" ,»iuochraim.

g . i
! .

Hornblémiq. —fiornblends occurs in fwo varieties, ®comaon hormbiende™

[

and "blue?{;mén hurﬁbl{enda" as desceribdd by Zrumbein and Pettijohn 3/ .
Fach vari’iaty is iai«,.»ntjified Uy its chaructorisiic pleochrolsas, the blue-
green hornblenda 45 doep biuc to greej.x, comon hornbtlenda ds Lright greon
to greenish brom. The forus of eschli‘ are niailér and are deterndned by
cleavajge. AL orne hordzon in Uidat Tm;t. i'ell Hu. 1 ®coszon hornblendeis
extrozely sbunlut, Here the gralns are fresh cleavage 1at};s s BOuC having_
thin meedlelike projections. The hormblende gredins in the },}rismtic tour-
maline suno are Lleached aleng the ‘odges' and cleavaze traces,

kuscovite.—uscevite occurs as thin cleavage flekos which yleld good
Bxa interferonce figures with negative optdc sign. The udzés Vare lchate
and worn, Muscovite has a specific gravity which is sliphtly less than
thet of methylens fodide, but it 45 such & co.amon delrital mineral that it
froguenitly makes up a congiderableo pard of the heavy residus.  Its prescnce
in the heuavy portion is probally due to contanination.

Picotita.—~Picotits, the brown spincl, is distinguishoed by its deop
brom color, isctropisa, and very hizh relicf ia Ganads balsanm or in

mmbain, E. C. and Pettijohn, P. J., Bammal of sedinentary potro.raptw:
Appleton-Century-Crafts, Inc. 1933, page 415.
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sroclor. The grains are a.most Opaque in the thick central ports but

are translucent. on the thimmr edzos. All gralns are marked by concholdal

fractures. A few grains arve gree:ﬁsh brovm, -
Kutilo.—Hutile occurs sporadically in trecos in soms OF tho sagples.

The grains are generally elongete dee;—-reddi&hw- brovn subhedra. She reiinf

iz very high., fowe forus hove oblique aid lesziludingl strdations,

. Titauito.~Titanite grains ers very rare, ‘The birefringence is varj
high, therefore the minersl shows the saus color with crossed nicols &s
with ordinary 1light. Becauze of the hijh disparsion many grains fail to
extinguish with crossed nicols and white iight. |

fourmaline.--Yourialing: occurs In several veriotics distinguiahablc
by color end dichroisn., f$he varietics can seldos be classificd &8 to
Bpecies except indicolito, which is blue, The severad color varictdes are
iisted below with thelr Ac}@racteristic dichrolsn,
E roy - Q rag;

izhé browin - byrowy {dravite ?)

light green olive green

®mauve olive green

decp bluo bluc black (indicolito)

In the tables tho mm.we—'bliva groen and the green-olive greon varieties
are tatulated together. In the triessic sandstons and the Gubii; forna~
tion olive-greon and trown tournsdine grains are well-rounded; 1n a)l other
sandstonus thoy are prismetic with pyramid taréin&t.ians on one end and
cross fractureg on the othor. The blue grains are conchoidally fractured

" flst chips usually oriented parallel to (001)., YThese flat blue grains
yield interference figures, but the Isochromatic curves are masked by the
intense color of the grain, Authigenic overgrowths are cormmon on the
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brovn end olive~-mreon prains., Some gradns have ovold cores which have
been secondarily emlerged., %he cores are nol aiways the same color or
intergity as the surramnding wor};rmﬁlu;. A;);Mntly this enlargement
occurred before the grains were eroded and incorparated in the rocks from
“which the 5«5:::,‘:1&:3 wore taken. .
Zircon.—Several typus of sircon prains are prosent and ave uscful
in establighing heavy mincral sones. In Trlassic sandstones the sircon
grains are ovoild, %his may be the inherent form of the grain or it nny
be dué to rourding during transportetion. In the upper part of the Torok
forzation, the Tuktu menber and the lower part of tho Topagoruk menber
vmany ziroon crystels arc gsoned. The prescrice of these soned crystals‘ is
tho besis for estebiishing the soned gircon sone, Such zunsd &ircon crys— .
tals oro Iight yellow or lishi pink ard have Jength to widih ratios of
ebout 3:1. Xn the uppbr part of the Topopuruk momber long slender color-
less zircon crystals with first order prisms and pyramids are the charac-
teristic foru. The length to width ratios of these colorless crystsls
c;cceéd Lil. Shoy frequently have aclcular liquid (?) or gaseous (?)
E fincluz;ioné. Stuby colorless and pin}é gircon crystels arc else preéa}xt
throughout most of the Cretacedsus samistcﬁes. | , ‘
Auﬂti;';ezzic heévy mincrals
Anatase.—-Anataso occurs as 1light~ycllos subhedral tabuler grains,

Most gralns arv marked by gaomt.riq patierns. fhe interforence Ligure

is wdaxial negative. ¥hethor or not this minersl is authigenic &s
difficult to deteruine. The associsted grains sre fresh fractured frag-
ments with no obvious rounding or wear un the ed;,ragg Wxs, if the
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enatese groins are detritsl, no evidence of wear should be expacted and
the grains should have distinct bordors. KHowever if the grefns aré
suthigsnic, the bordurs would also be distinct. On the basis of grain
ghspe it is not pousible to detoraine shether the anctase grains ere
authigenic or detrital,

_ mu‘-&aall ‘aggregates and larger single esysials of pyrite are
~ubiquitous. Althouzh a few of the gralns my bs detrital the uajority
are authlgenic.

‘ v?ourxﬁalins.-—-‘&uthigmic overgruithe on toarsaline greins &ra des-
eribod on puge 45.

Heavy-nlneral sonoeg

o Reglonal sonation

1f thoe lateral persistence of heaiw—-:simra& gones throughout Haval
P}atroleuxa Hesorve Ko, li can be desonsirated, such a wsonetion ozn serve
a5 a usoful correlution device, }Seuvy-emim:;al sonation has been ested-
lished and correlations mado by using %ha fullowing eriteriar (1) pre-
sance of diagnostio minerals or mineral 8:&%83 (2) relative sbundance of
specific minerals; (3) dogroe of r;aunding o.f' rinoral graingy and (L) dis-
tinction as to grain fora, such as euhedrsl zircon crystals with & longth
to width ratio of L1l.  Bight dstinot sones can bo recojnised: rounded
tourzalinge sone, prismatic tournalino zone; sugite-imacovite zone, sonod
~sircon some, euhedral slrcon sune, glaucophans-horpblends zone, biotite
sone, and the rounded groin sone, Descriptions and characteristics of
the mineral somes are givon bolow,
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Rounded tourusline Eong.~4 Rone of subround $o round touraaline

grules macks the Triassic and probably the dower part of the Jurassie
sodinentary rocks in South Barros Testd %ell Ho. 3. Sevarad varictles

of tourualine are present——olive green, mauve, browa, and blue. Over 80
‘percent of the minercl puite is grains of tourmaline, Zircon greine make
‘up the rezainmder of the sulte, and are ovold, but tho roundnsis may be fn-
fluenced by tha originel crystal forn as wall as by weir durdng transporioe-
tion, |

Prismatic touriselin: zone.—In the Jurassic rocks of Barvow ond Cape

81mpson the characteristic houvy mincals are suscoviie, sircon, garnet,
hornblende, and toursalins, 2Zircoa grain: ars ovold, garnel grains ero
etched, end hornbleonde gradins are elon ela and prismatics. The hornblends
is bleached along edges and cleavaze tricss, Tourmaline grsins are olive-
green or Lruin prisss with fractured or pyrasid torainetious, oad consti-
tute over 30 percent o tho hesvy-zinersl sulte. Xuscovite end sircon
groins are ebundant., Hornblonde and gar mto. grains are rare.

Aupite-tmuscovite gone.—Tho augzite—mscovite zono occura in the Torok

forwation and 48 recognized 3In the Umiut, Cumalik, auwl Topagoruk test wells,
Ruscovite grains are particularly abundant; gircon and tourraline groins are
coson, arsl éugi‘c«s, andalusite, chloriteid, and garpod grains are c.:o;:mon to

- rare. Even though augite groains wra rare in soms samples, their presence is
significent. The shape of tho augite gralns is deterudned by cleavege; thin
delicate laths which have saffered little cbrasion during transportation
protrude frua sums of the grains. Intra stratal asclutions have otched a few
of the augite grains and most of the garmet grains., Zircun graims‘ &Te euhedral
and have a length to width ration of abaut 2.531. The tourmaliine grains are
prismatic,



Zonod sircon sono.—A tone chiractorised mairly by winerals derived

froa mtwaor;ﬂzic' rwks* but perticularly by the presence of soned iircon‘
erystsls, 48 prosent in pard of the Forok formation in the Barrww areca,
snd in the Tukiu menber and the lover part of the Topagoruk mesber, %he
goncd zircon grains are ususlly doubly terminated, have a lengﬂ; to width
rafip of 311, ard ere yellow or %ry light pink., Ovoid pink and color-
1&58 gircon greins ere elso proscnt. Other minerals are g';afmt; tourna-
line, ﬂcotite,_biotite, endalusite, and muscovite, A fow touzmlim
zx;aina consint of deoply culored ovoid corvo enclosed by féiétly cclbmd
overgroaths with prismstic foces. The coure and the overgrovth of an
Individual grain ey be the sam color ur different co.;tors. Many garnet
graing are etched, Other mineral grains are subhedral or snguler,

) Fuhedral gircon sulic,—-i 8une 'at‘ long euhedral sircon gruins occurs

in the upver port of the Topagoruk menbor in the Keade-Curalik-Topagorux
&rca, The ewméra.l gircon grains arc culerlézsa ard have longth to width
ratios which exceed hil; first ordsr Manw and pyrondds ero cownmon,
‘ Somﬁ piuk sireoxi gradns are pregent an& they heve pore couplex crystsl
. foras., Oarnet, t.wmﬂirm, biotite, muscovite, andelusite, picotite,
&nd chloritoid compplete the mireral &svemblage. Andelusitae ;p'aine sro
primat.ié, with single terainations of complex pyrecdde, and many con-
f.ad.n carbonaceous inclusiocns oriented porallel to the ¢ axis. The blo-
tite pla(t.es are colored deep brown or light-rust bruwn,
 Olaucophane-hornblendo gone,—Tho Bage of tho McOphaw-homblendé
lon§ is defined by tho greatest depth at which glaucophane 1: encountered’
(2,981 feet in Umiat Test Well Mo. 1). The top of the sune ‘S.a marked by
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the base of the blotite acne described bulow, The sone is present in the
upper psrt. of the Topajoruk member in the Barraw—-‘:’im;;aon»i’ish Creek-Undat
srez. Tho gleucophane—hornblende sons and the cuhedral sircon zono ere
therefore siratiprophic equivalents. The minoral suite of this zone in-
¢ludos gsrnet, touraaline, sircon, blotite, muscovite, andalusite, horn-
blendo, glaucophane, epidote, picotite, and chloritoid, Garnct grains ore
pink or colorless avd 8 majority of thea are otched, CGlaucophane greins
are blue to lavender pleochroic laths with good cleavage. The hornblende
laths ere pleochroic doep blue-zrecn to green end are rare to comon,
Both deop broen arst lizhi-rust bram plates 6!‘ biotite are comuocn to ‘abm.'»-
dant ‘but; never cm:.ﬁitute more thun 50 percent of the minersl suite.
Biotito fone.—-In the Cape Simbson area a sone containing dark and

1ight-rust brom biotite flskes is present in the Seaboe mewber.  The
biotite flekes are subhadral to enhad}a}. and praainand in the bontonitic
beds of this member, constituting wcr %0 perx;.eiit o.! the heavy-aineral
asscublsge. Tho sversge thickness ropresented by this gone is 100 feot.
1he subordinate minerals ere glaucophane, gircon, toumaiim, andalusite,
mscovite, and chlaritoid,

Rounded grain sone,~—-A gone charactorised by well-rounded grains of

andalusite, garnot, glaucophune, epldote, chloritoid, biotite, miscovite,
hornblende, tourmaling, and sircon is charscterisitc of the Cubik forua-
tion., fThe hig,h degroe of rouxding of the grains and the number of the
mincral spaecles present are the criteria for the differentistion froa el
other sones, Saples of this sono were obtainad only froa a few of the
84enaon c:oro tests, | .
Figure 1 lists the atl:atigra;hic nzﬂ.ﬁ, mineral 'apceies and their
persistence, and the ranges of the heavy-aineral sonce. '
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COMRBLATIONS ‘OF HEAVY-HITERAL ZONGS

Regional heavy-sdneral correlotions can be made mhen lmavj—:ﬁmral
gonss persist laterally throughout a sedimantery basin, %The persis'eem,;e
' “of sonce within the basin is dependent upon the source rocks and their
- areal extend, woathoring, trm;sspo&“ui'tim, deﬁ:oaition, Lacles p&ttoi‘rxs »
and diagenesis. Sae heavy-uineral sones in Heved Petrolews Kesorve No.
 k sre leterally extensivey others are known only in local arcas (primsrily
.'becaixse equivalont rock undts have nut becn sampled in snrrwnding, arvss).

" The rounded tourmaline zone is pt‘eseﬁt in South Barrow Test Tell No,
3 betveen 2,430 and 2,69 fect of dopth. Ho olher we.’!.ia panctrate Triassic
rocks in which this sone appesrs end frua which samples are avéilable.

The prisnetic tournoline gone occurs in South Barross Test ¥ell Kc, 2
at a depth of 2,333 feet, is probablj-presunt in South Iwrroa Test Well |
No, 3 betwcen 2,100 and 2,300 feut (no smples vere taken in this intervil),
and is ropresented by one sagple in Simpson Test Vell Mo. ) ab 6,173 feat,
Ko other wells havo pumtrated equivalent rocka.

The augite-nuscovite sone can be traced froa Veiat Test Well Ho. 1
at & depth of 5,995 foeb to Cuaalix Test Well Ho. ) betweon the depths
of 5,972 ard 6,493 feet. The full vertical limits of the zune ray be
grcater- than thoso stated, es those limits are controllod by the available
' ﬁxgplos. The northward thimdng and gredual pinching out of the beds in
which tﬁie Bone occurs, as repreéanwd in the sectdon from Quualik to
Topageruk, is probubly the reason for the absence of the gone in Simpson
Test Tell No. 1 and tho Bexrrow mallé. )



The most oxtensive sone is the soned sircon soney it is represented
in 8ll but one of the desp test wells, The depths in the various wolls
in which the sona occurs are tabulated belaow,

¥ame Dapthf) in feot

S8wth bBavrow Test Tell Ko, ) 1’90?“'3:330
Bouth Barroy Test Yell No. 2 );,299-2,330
South Berroew Test Viell Ko. 3 X, L05-2
Sinpson Test Well Ko. ) . 2,360-?
Binmpscn Core Test No. 20 2,502-?

Fish Croek Test Fell Ho, ) 55530-6,009
buiat Test Vell No, ) 3,934,188
Qumalik Test Yell Ko, ) : 2,152&‘3’755
Keads Test Well Ho. ) ' 1,223

The sone should also be present in Topagoruk Test ¥Well Ho. 1 betseen
2,000 and 4,000 fest, but no eanplce are aveilable within this inter-
val. Drilling in Simpson Core Test Ko. 14 was stopped belore this sune
¥zs encounbered; however, it wes penctrated by Sispson Core Test Mo, 23
at a depth of 2,502 feet. In order that Ligure 2 be more coiplete, the
saction from 2,502 fect in Sdmpson Core Test Ho, 20 is projected to Simpson
Core Test Ko, L. .

Two zunes are stratigraphic equiwlﬁnt& - the euhedral gircon Sone
and tho glauccphano-horntlende gone, e evhedral sircon sone occurs in
Meado Test YWall No. 1 &t a depth of 2,957 foet, in Cumelik Test Fell Ho,

1 fros & depth of 250 feut to 1,906 fect, ard in Topagoruk Test ¥Well Wo.

1 from a depth of 304 feet to 3,209 feot, NWorthwerd and castuard the sons

gredes into the glaucophane-hornbleide won in Simpson Yest Well Ro, 1 and
'Mat Tost ¥ell Koe ) reapectivgly. The gleucophaus-hornblendo sons is
present in South Barrow Tost ¥ell Ho. 1 at a depth of 165 fect, in s:.nps’on
' fost Fell No. 1 fraa & depth of 130 foot to 1,297 feot, in Simpson Core
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Test Ho, 14 frou a depth of 320 fect to 1,213 faat, Ain Fish Creck fest
Tell ¥o. 1 from 2,920 to 3,030 feet, axd fa Uaiat Tost Bell Fo. 1 frua
750 to 2,901 feat., Yhe mineralogical differences Letween these two
sonco are atiribuisd io differences in source rocks and ﬂ-seir contribution
to subsequent deposits within basing of more or less dofined liwmits,

The biotit;e gono has been ldontified only in tha Cepe Simpsun erva
“end is discuus:d dn the section dealing with lecal correlations.

The rounded grain sone occurs orly in Sirpsun Core Pest Koo, 1-10;
ixawe*mr, the Gubik foraaticn, in which this sore ay;)eérs, covera auch of
the Arctic cosstsl plain, Sanpies frm.x other wellw vore not taken. In
figure 2 the rounded grain zone has beun projected frum the Gimpson core

tests to Stepson Test Well No. .
Figure 2 illustrates the repionad distribution and currolations of
these heavy-alnaral soros,

Local distrilution and corrulation -

A In loesd ercas corrclstions asong wells can bo made by using the
wojor heavy-ninoral zunes, &nd in one cass, estullishing subzones within
the mojor Bunes. Cape Sirpson énd Uuiat are ereas where detailed curro~
lations are possible, ‘
| | | XCape Simpason area ' -

In Simpson Test Well' Ho. 1 end Shagpason Cure ?esﬁs Kus, 1;-1;, é-10,
the recopnixod mineral sones &re those of the rounded grain sene and the
#$lsucoghanc-hornblends zuns, h1'%o wells atart in the rounded grain gone
and ponstrate the glaucophane-harnhlonde sono baneath 4%, Recognition of
this contuct, basedmﬂmdemd’rmmiﬁag, hainplebut.m&w



%0 define tho base of the rounded grain sone (Cublk formation). Lack of
equivalent stratigraphic saxples precludes the possibility of a more detalled
correlztion within the glaucophane-hornblende sones The heavy-mineral gona-
tion of these holes is shown in figure 3.

Correlation of Siupson Core Teats Nos, 13-17, 23-26, end 23 is possible
using the biotite sone and the gleucophans-hornblende zore » &8s shown in
figure L. %The contact defined Ly these two gones mrks the umonfénféty
between tha upuer part of the Topagorux momber and the base of the feabee
nezber,

~ Udat area

Subzones established within the major heavy-dnoral sones are used to
Lmaka daotailed correclations in the wo Umiadl test wells., Taeble 3 has boeen
construcled so that the sanples used for corrclation sre placed oppesite
their equivalents., The heavy-aineral au.bzonsas are dosiuted U-1, 2, 3,
otc., and are briefly described in teble 3. Saamples in subzm,;s U-ii, 6,
and 8 proved useful in correlating the tvo wells, Sazples from 32 feed
in Unict Test Woll Hu., 2 and from 1,733 fect in Uniat Test Tell Ho. 1 cone
tain 79-83 percent garnst, 7-16 percent sircon (length to width ratio, Y1),
=9 percent brown tournsline, 1-3 percenmt green tourasline, and Y-2 porcent
hornblendo., Sauples at 525 feet in Umiat Test Wall Ko. 2 &nd 1,43L feet
in Uizt Test ¥%ell No. 1 contain 69-71 percant garz'zet, 1-9 percent sircon
(length to width ratio, Lil), 7-9 percent brom tawraline, &nd 1-2 per-
cent green tourmaline, OSwgples frum Umiat Teat fiell Ho., 2 at LOO feed
and fron Uaiat Test “ell No, ) at 1,350 fect contain 19-29 percent garnst,
9-10 percent sircon, and 30-45 percent tourmsline, This accordance of
samples is the basis for correlation of Umiat Test Fell Nos., 1 and 2 illus-
trated in figure 5.
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Correlation of faulted section, Umiat Test Fells Fos. 1 and 25—A

reverso faul£ has been i*ecn);,mizsed in Urdat Test Vells Nos, 1 and é.
R. C. Reesc 14 has descrived the fault as cutiing Malat Test Fell No, 1
&t 2,0l5 feet, with a throw of 750 fect, and with the section from 1,300
to 1,500 feet being repeated in the scction from 2,045 to 2,700 fest, To
substantiate this correlation coparisons of heavy-ainersl sultes were
ﬁde. In fizure 5 and also in ta.de 3 the section below the fault is
gha&n §pgosito ita suppesodly equivalent section. On the basis of the
aya;la;ble saples té;e follusing heuvy-mineral correlations are apparent.
Seaples from 525 fect in Unlat Tost Vell Ko, 2 and from 1,134 feet in
U’miat, Test Well Hv. ) which are placed in subuone U-5 apparently belong
to the sanc subzone as the sawle frou 2,276 feetl in the projected fault
section of Umist Test bell Ho, 1. ‘he ﬁamplo at 756 ‘feot in Unmiat Test
Well Ko, 2 which is placed in subuone U=5 secns to corrolate with the
sample from 2,337 feol in the subfault scotion of Umlat Test Well No, 1.
$he subzone U-3 sample fron 1,792 feot in Tiat %ost Vell No, 1 seens to
correlate with the sumple froa 2,542 feet in the subfmult section in Umdat
Test Wall No. 1. %his cl?'ae accordance of hoaquainafal éamples éea;as to
pubstanticto the interprotation of the fauit in Uidat Tes: Vell XNo, 1.
Cormlati&xa of Umdat Teatl &alls Kos, 1 ard 2 end of the fault.e;d section
' 4n Undat Test ¥ell Ro, 1 are shoin in figure S. Souples were nﬁt avail-
sblo to chock the feult in Untat Teot Holl Mo, 2.

&/ Heeso, R. 0.3 Arctic Contregtars, Inc., porsonal commmication,
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THTERPRETATION OF WIAVY MINRALS OF SLRTMENPARY ROCKS OF
RORTHFRI ALASKA, IN RFLATION Y0 THZ GEOLOGIC HISTORY - |
Iriassic |

The Triassic sedinenbiry rocks of northern Alaska ere represented by
an sluost unifora thickwss of 8lightly less than 300 feot of black shale,
. 811ty sandstone lenges, limostone awl chert. %here rocks &re known in ithe
-subsurface at Point Barro, Cepe Siupson, and 'i’opagmmk Test Tell ¥o, 1,
aad in outcrops in discontimious exposures froa Cape Lishurne to the fad-
1 lmuphi\ti Mountains. ‘iha known scuthernmogf exposures oi‘ Triagaic rocks:'
in northern Alaska are gpproximataly elong 63° d. l&t.. s and my have bem
. more oxtensive bul are now renoved by erosion or buried by posb-'friaasic
thrust faulte, In tha Upper Triassuic (Noric) de;)osit.s, the pelecypod,
Eonotis subcircularis (Gabk) de the nost abundant fossil bub 18 nct reli-

sble s & criterion for Anterpreting tho dopth of the sea botioa. On the
basis of lithulogy and wdforulyy of th:j.cknaas ? Aﬂmsc rocks wWero p;'obably
deposited in a relatively quiet shallor sea, Unler thess conditious, the
Eajor agents of sediount t.rms;oriation and disteivutdon iould be né.ve
action and botton currents, The nct ei‘i‘éct o2 such activity uw‘;d bs the
eventual destruction ¢f less rosistant minersl gralns and ebrasion of the
more resistent winorsl gralus to rournded forus, Yhe prosence of rownded
twrmlma and gircon grains in the Trlasgic sandstons of Soath Berrow
Test Fiell No. 3 may be atiributed tu the sbove-sentioned processes. The
Tringsic doposits way ov.n be casposed of grains that had &lready gono
thfough at loast one cycle of doposition and were rounded prior to frisssic



Thus far, litdle cvidence regarding the source of Triassic rucks has
been fourl. Unforlunately facles patterns of known Triassic rocks, in
northern Alaska, do not indlcate the probable sources area or how far the
~ greina have traveled. One possible source rock, the Heruokpuk schist of
| possible pro-fambrian &ge, crops cubl 30 miles scuth of the Sudlerochit
_ nwnia;ns and contains rounded tLourialine end zircon pradns, The twria-
line graius are an olive-green vericty slidlar to those founxd in Yriessic
gardstione &b Point barros,  Ehether or not the Meruokpuk séhist ey X~
posed Lo erosion tiere or elsevhere during Triessic time is 'not. knoug carly’
Cretacecus and ywunger perdeds of faulting have brought 4t to its present
poaition at the surfece, The siwdlarity of tuwuraaline greins in tho Ner-—
uckpuk schist and the Triassic sxndstue ab Puind Barrow is the only
avid;qca that sugzests thal the Rerudokpux schist was one of the saurce
ro=ks of Triassic depdait.s. Petroloy of other pre-Triassic rocks which
should also be considored as possible saurces 15 too inadequataly known
to Justify discusalon. -

Jurassic

In the Point Barrwi-Capo Slupgon arca Jurassic rocks rest conforsshly
on Triussicy deposition epparently viey continuous. In the southern brooks
Rango arca (Bsird Mountains), however, orogendc movements began in carly
Jurassic time, Initial east~trending thrust faults end folds were developed
s a result of camprussional forces from the swth. Rocks involved in this
orozenic moveiwnd wero Trlassic clustics, limestone, end cherty Cerlonifer-
ous-Perudan linestone, chort, and clastiecs; Dovontan cdustics and limostone;
and Silurian and pre-tilurian grecnstono schist, mica schist, chlorite
schist, quartsite, calcareous schist, and carbunaceous schist, Mafic
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| igneous mtruéiveé and extrugsives were emplaced and the éma becawe & land-
gg’ss. During this time the shoreline regressed slowly northward but pro-
5#1;13 nover extended much farther north than lat, 68% Along the southern
littoral end neritic zéma, Jurassic sediments were depasi‘ﬁﬁ in angular
rélat-ionships with Triassic end odder rocks. That this orogeny, with its
developzent of a lithologically ‘co@lex source area, is recorded in the
-ﬁxfassic clastics in the Point Barrw-Cepe Simpaon erca 1s demonstrated
by the ‘minorals in the heavy-mhmral sulte—-hornblende, gurned, and musco-
vite. “The ona sample from 2,130 feot (sec fig. 2) 4n Soath Rarrow Test
: t&"eli Ko. 3 froa Jurassic sandstone, assigned on the dbasis of its mincral-
" ozic suiw. and grain shape, to the rounded towrualine gone, fmplies thet
| the earlier part of Jurassic sedimentation in the Barrov erea was eladlar
to Triassic deposition, The sandstones hisher in the Jurazsic scciion, as
in South Barrus Test vVell Ho. 2, thaf; contain a greater varietly of heavy
minerals refloct the deiawed, though normal; charnges in the source oren.
v"l’l"xmgh the grains probably traveled a Way dit;t.émcu of approdmately
‘300 miles they wore not subjected {o as Slxtfxnéa oscillntory action or
reworking as wero tho grains fros oldor Jurassic and friassic sandslone,
a8 shosn by the pricmatic tourmaline grains,
’ ‘ Crotoceous
In the arca of the present Irooks Renge snother orogeny that folded

and faulted older Jursgsic amd pre-Jurassic rocks Of.:curréd during the
ﬁnterval betwern Late Juraessic and Parly Crofacecus. Mafic intrusions
iere eapleced, Lower Cretaceous (Oxplicuak formation) graywacke-typn
clastics were deposited unconformably on this structural complex. HNorth-
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ward in Topagoruxk Jest Tiell Nu, 1 the Okpliicuak formation shows no eigni-
Licant anmda* discordance with the Zingek formation. In Quaalik Test
’u‘é.ll Lo, Y and Zopagerui Tesl ‘ell Yo, ) the Ulpdkiuak foruation is ropro-
sented by inlerlodied sfltstune and shale frum which no suiteble heavy-
mincral cuncontrutes cuuld bs propored,

~ AL the close of Chplloruak Sine mountain Lullding waes rencwved in e
Brooiks Raige arca., The Ladzd Houniaine granitic intrusives were foracd,
and major thrust fedis and dsoclingd. folds doveloped to the norih of thils
intrusive budy. The tup of iho Qipikruak forastion is marked by a sizxd--
ficani angular wiconfopsity in the northernu Hrovis Renge province and to
a desscr exteust in the Arciic Foothills pruvince. If Coikraak sediments
. were deposited in the Barow ez, they were probably thin and wero eroded
during this thix, inferring the positive nature of the Barroir hich, The
prossnt sspoct of the Barrow high is shown in the cress scction (fig. 2).

Tho Torok fornation, a& fypical greywaclks, was deposited on this irre-
guler surface, The Torok foraation consisis of a southern fecles of
lensing coursa sandsbonoe &xl conlouerabe thet grades nortlevard ii:bo iner-
bedded siltstons and shale and gradusily to predoninandly shele. Over-
lying the conlauwratic and sandstone facies is a shale unit (upporaost
Torok) that represonts a southward niaulion of the sea during upper Torok
tiize,

Heivy—ineral sa&ples from the basal gadstona of thoe Torok formation
in Cusslik Test Toll No. 1, Topagoruk Test Well No. 1, and Usdat Test hell
Eo. 1 indicate by the sppearance of aujlte, chloriteid, garnet, and snda-
lusite, thet Jurassic mafic igoeous rucks and earlier metamorphis rocks
wore cxpused o ervsion during early Torok time. 4s ervsion proceedad in
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the swtimr;’z Brooks Range area; the sca ot late Yarok the trensgressed
farther end farther south end covered at lcast muich of the area por repre—
sented by tho northern Brooks Ranga. Torok tinmp was tersinated by grodual “
uplift in the Brooks Ratge, which caused northward rezgreasian of the seva.

| This rogression initisted Nanushuk group dcporsit;{on in ths northern
part of the prosent’ foothills amd coastel plain arcas, Although contin-
ental facie:s of the lover part of the Karuahul group ere knwsn to the
south, the gection ropresented in 21l the doe) wolls 88 the marine Tukba
meber of the Urdai foruation. The base of the Tuktu manber (Leoel Same-
sghuk) and the top of the Torok fourastion is a gradationsl conlact, Vhere
litholo;y 1s eipilar and faunsl control dluwited or lacking, the precise
contect of theso to9 units cannot be oteted with certeinty. Likewise, the .
fukin merber is gradational upward into the Topegoruk mesber, The source
&von 01‘ the Fanushuk growp sist hove included, in sddition to carlier
Moeozolc and Jete Z’aleo&zoic. rocis s cunsiderable exposures of early Poleo-
zoic notemorphic rocks and more varied typ«s of dyncous yociiz, The zoned
gircon sonn, charccterietic of the upser pert of the Torok fur:sation; the
Tuktu member and the lawer pard of the Topagoruk rrmber, shoss 8 marked
increcso in the ocawrrence of chloritold, &pdaiusite, end garr;ot-—-—mimrals
cheracteristic of dynamically metemorphossd rocks, Picotite n&;"havé bean
derived fraa either the mafic igneous dikes ard sills or motamog;ﬂdc roGKs,
The towvualine grains thet heve ovold cores surrourded by ovvrg;'dwths with
fresh crystad facos suggest derivation from old sandsboncs and petaaorphosed
sedineniery rocks that had been mireralised, Yhe euhedral tourmaline
greins may have been derived frau those sams rocks as woll es froa granitic
intrusives in the Baird Mountains. The saned sircon ¢rystals were probably
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derived frem the large silicic igneau bodles and metemorphic rocks in the
Balrd Mountains. The influx of thesc various pdrcrels in the upper pert
“of the Torok foruation and lever part of the Nanushuk praup inplies ercelon
of the verlour metemorphic rocks of the Badrd Hountalns, particularly the
egltered zoncs adlocent to the lerge ignecus masses, end, ad lcust, border
facios of the Jgneovs misses.  These lerger dntiusive rocks, thercfore,
were first erposed fo erocion durdsy this episole. Contirmed relative
regional upiift in the Lalvd dountaling avea recudted dn furdher eroslion
during late Namwmshuk tie (upper Topagwruk), arxd the sherelire during thet
tire, thouph oscfAllatin;, woved northvord,  Homarin: (conl) deposits ore
present as fer north sz Cepe Simpoon. A3 cadinented facles are not precent
pore than 20 pfles pory. of Gedat, hewever, the chorcline trend changed Sron
west {0 ncarly norite.cst fran Uml:t to Cape Sinpson. Pactors te which this
change may be attributed fucludes (1) greaier relative uwplift in the source
arva west of liriat then in the castern arecey (2) grecter thicluesces of
depoaits end cousequent £1lling in of the westm"n purt of the trough;
(3) deposition of Cretececus sediments in basing scuth erd north of the
Fndicott ¥euntains., Capled with thie shif$ in the shorelire wes the de-
velopaent of 1xo sedirentary potrographic provinces in upper Topagoruk
tive. The Mesde-Qumalik-Topagoruk ares, which is predoatnantly nonmvaine,
is represented by the euhodral sircen zone, and the Uniat-Fish Creek-
Einpeon area, vhich is predumfnently merine, by the glavcophane-hornblende
goro. Although the geographic distribution of these gunes is pructically
coinciden® vith tho marine and nonmarire fucles patterns, there ie no
implication thet they are so linited; the glaucophamp-hornblende sone occurs
in nonmarine and maringe doposits where they intertongue, GFf grost signi-
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ficance is the evidence of & pew and predominant swrce rock in the
isstern part. of the Brooks Range as shown by the occurrence of glauco-
‘phanc and the "blue-gresn® bornblende. Directly south of Umiat $n the
Rrooks Range 1s a belt of wetamorpbic rocks widch include undifferentiated
Silurian and Devordan and older schists, In the 1951 field season this
area was studied by & Gocdogical Survey field purty. Yhe observations of
 this party and exmainahiona of ruck saspies by tha ﬁrittzx"rewaled Eblue—
green horablemde® but no PDaucophane-bearing rocks. Ihree hypotheses mey
' g.ré)lain the olsence .u}: guch rocks at the present surface; (1) the gleugo-
;ﬁmm rocks have been complotely resoved by ervsiony (2) the Eiauwp&:am
rocks bave not yeb been ddentified in the Irovke Rangey (3) the glauco-
phane rocks htve been buriod by overiluust sheels of different lithologic
cheracter during pest-Tupagoruk tise, 0Of thesa, the segond 18 the most
likely explanation, without this eritical dnformetion only broad gener-
alizations can be stated regarding 'éxe source rocks of the glaucophanes-
hornblande sonejp thot is, that the scurce area lies within the oastera
part of the Prooks hange and consists of metemorphic, ignecus, and in

part older sedinentary rocks,

Thoe euhodral Mpht-rust-bram bioviite greins alse present in the
glaucophanc-Ylue-meen hornblends Bone uay be volcanic ejecla, Undiffer-
entiated Mesozole volcanics are known in the Seward Peninsula and in the
Alaska farge. Tha Seward Peninsula volcanics degerve mention ag a possible
socurue for the biotite nmm but no conciusive evidense can bo gbritted,

In the westorn area (Heade-Dunalik-Topagoruk Rivers &rea) sandstones
of the upper part of the Topagoruk momber aro characterised by ainerals
of the eubedral sircon sons. Euhedral calorlesa sircon grains with length
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i to wiatn Fatios of ) are distinctive of this Bohd nxew; wore most A4S

g probably derived fhm the Badrd Haountain grani

ﬂ#\n

£ somd nircon gone, Daeper crusim of t}xe graxﬂtic maaa in thorefore

Capo Sm;)son torainated Togawruk tisae A ahort. period -6f_eroaion'4 follwed
i after which the area was subz.;arg,ed. Yhe encrm:‘mg sod erbcnded 8 ahm |
distance south of Uidat ut px‘obably did not cover Point Bax‘m: 'or the vras’o-';
K ern part of Cape Shgpson. COlva.lle grmp scdiments were depceited north
and m)rtheast of Umiet, The weabeo m:abcr, oldest part or tho Schrader
Bluft‘ fcmaation, rests unconfomamy om tha Topagém mmber a:id is coa-
“poscd of black marine sha.la with same aandy bentﬁnitic beds near the base. | :

> r:»‘.'.".- g

S e i,

e Samglﬁa fras those bentorx!.tic boda contain an ahuniance 01‘ biotite grains
and are therefore umad the bicbito zom. 'me bd,otite gr«im are light— '
t'u.st énd dark—brmm ‘eiﬂiédra. ﬁeoame 03;' theh' intiwta nssoeintion‘ ‘vd.th |
bentonitic deposits they ware nost nmy derivad fron valcamie eJécb
‘I‘he unditfemntiated Kesozolc volcanics of the Semrd Peninsnla are, .again,l
s thu ‘only known volcanocs which could hm'e supplied the bentonitic naterisl
As these volcamxs are &bout 100 nilea distant and proof of their activity

(b.xring this exacb tine is lacking, a reasonable doubd mat bo mmtained

e abady ’OMMMN;.IQ e A

?

11' thay exe to be camd.dered as a. scmrce. :
If erosion of pa-e-Colvme group roam 18 poabulated as corxtrihxting

”‘9 biow.te 8"‘1"53 th" °"1¥ yoanible amrce would be ﬁwiluppor pm of i
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rocks sre scerce end not of identicul variety. Biotite greins in the
upper part of the Topagaruk member are not aa'abundant as in tho Seabee |
mouber, boing less than 50 percent of the heavy-uineral sulte, while 4n
the Seabeo m«:ﬁber they conpose over % percent of the heavy-idneral sulte.
' Concentration by seciimntary processes $s8 highly unlikaly. A volcanic
. origin is norve accepteble, even thaugh a definite scurce area cannot be
denonstrated,
. Yourger Cretucecus deposits, Tuluza member and the Sentinel Rill
- mewbor, overlie the feabes mader conforwebly and in the sreas sﬁu-died
are predovinantly shale. At the close of the Cretuceous period the Arctic
Slope was uplifted. fTertlary continenlel deposits are restricted to the
aroa east of the Colville Hiver north of Unlat and north and west of tho
-Sadlerochit dountains., A tertiary orogeny prodnoed broad gentle faulds 1!3,»
“tho Arctic Foothills and Arctic Coastgl Plain provinces, In part, these
folds waro superimposed on ¢dlder structures. )

" During the Flelstocene epocix of the Quabernary perlod glaciers occu-
plod the mrocks Range. Outwash gravels filled valleyn slong the mountein
front and most of the lowlmds of tha coastel plain arca, Locally morine
shallow-water deposits are present. In the coestal plain arca these marine
and nomsarine clastics, with some possible Recent deposits aro the Gubik
formation. Thoese deposils were dorived fras @)l older rocks. Heworking
proccsses were vigorous and grains are well-grounded. The heavy-minefal
suite of the Cublk formation includés Nunded grains of all mineral
varleties and specive found &n the older rocks,



SUIARY

Heavy mineral residues frus sandstonog of test wells and core

tests in MPR-L, porihera Alaska have becn exacdined, The following
eriteria have been used in delindting elght heavy mlioral sonos:

| (1) pressnce of diagnostic minerals or mincral ouites; (2) relative
abuﬁdaxzce of apauific airoralsy {5) degroe of roundfing of mireral
graina; (k) distincdions as to grain form. Triassie and Lower Jurasssic
gardstono beds are characterisod by & zonu of roundsd grains of tourva-
1ira’3 and ixcun. The prizastic icstzrmalim sone is characterlstic of the
upper part of the Jurassic $n the Barrow erea. In the Crotacoous sodi-
pentary rocks the asgite-muscoviie gone is representstive of the lower
‘part, of the Torok formation; the zoned sircon aone is represontative of
téze wyzer part of the Torck formetion, tha Tuliiu meshor and the lower
pc.rt of tho Topujgoruic muder; ths cuhedral gircon somo and the glouco- '
phano-blue groon hornblende sone are represontative of the uppor pard
of tho Topageruk meubery and thoe biotite zonw 18 roprescutative of the
Seaboo meaber. Tho Quatermary sedinents arc cheracterized bty the
rpviirvied grain zone,
/ Soao of these ron:s &s known omly in local aress, othershave beon
traced throughout the erea siudicd, and leca) end roglonal correlations
have Laan made, In Unalet Test Hell Ho. 1 heavy-udneral sones wers uscd
to carrclate & section ropaated by feulting.

The origin and goneslis of the various heavy miawrals and hoavy
aineral suites have been.int-érproted in relation to geologic history.
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