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GEOPRYSICAL AND PETROLOGIC STUDIES OF RADIOACTIVE CONTACT
ZONES OF PYROXENITE DIKES IN NEPHELINE SYENITE OF THE
EKIEK CREEK PLUTON, WESTERN ALASKA

By ALaN R. WaLLACE anp Joun W, Capny,
U,S. GeoLociCcAL Survey, Dewnver, CoLo.

A ground geophysical, petrographic, and petrophysicat
study was made of & subsilicic composite pluton, the Ekfek
Creek Complex of MiINer (1972), 1n westers Alaska to
determine the sources of cofncident total-count gawwa-ray
and aercmagnetic anomalies detected In aserial surveys. This
pluton is related to a serfes of subsflicic intrusive stocks
in wastern Alaska and the eastern Siberian peningula
{(M$1ar, 1972), (f1g. 1). Airborne radiometric studies of
saveral of the stocks 1n  Alaske indjcate uranfum
minaralization, and ground surveys have shown 10W-grade
ursnium concentrations of as much as 92 ppm (Jones. 1976).

Owing to the lack of outcrops, the morphology of these
stocks must be delineated by geophysical methods.

The project included data collection 1n the 3x5 km
study srea, and petrographic and petrophysical analyses of
representative samples. Field geophysics involvad nine
mjor gast-wast traverses, as wel) as 8 mumber of shorter
¢rossing traverses, and totaled 35 Yine km of magnetic, VLF.
and  four-channel gamma-ray spectrometer messurements.
Patrophys{cal work on the samptes included measuramants of
remanent magnetism and magnetic susceptibility, density, and
electrical res{stivity. Detailed petrographic studfes of
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raprasentative samples also wera mada.

Tha €kiek Creek pluton §s s composite stock of
Crataceous AQe which {ntruded Lower Crataceovs sflicie
stocks 4nd  voleanic  rocks. 1t Includes two mojor
silica-undersaturated rock types, fing-grained Ryroxenite
and medfum-grained nepheline syenite. Fleld relationships
between the two ure anomalous. The pyroxenite occurs a8
broad tabutar bodtes {n tha syanite, but contact zones show
veing of syenfte through pyroxanite, and syanite along
Joints {n pyroxenita, suggesting that the syenite fntruded
the pyroxenite. E£xtansiva fron oxide alteration wes onoted
along tha contact zonas, but no ore mingrals were cbserved.
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Figure 1

Petrographic studfes of tha samples collected {a the
fleld show & metsmorphosed contact zone in addition to
unaltared pyroxenita and nepheline syenite. The felsic
rocks contain major orthoclase and nepheline, and variata)
piotita, aegerine, and sphene. Melanite, 3 titdnium~-rich
andradita garnet, octurs in vartsble amounts 3as deep-brown
evhedral crystals of seamingly {gnecus erfgin. Zeolites,
saricite, and cancrinite ara common alteration products.
The felsic rocks grade taxtyurally from fine-gratned
hypidiomorphic-gramular rocks to  coarse porphyries
contatning orthoclase phenocrysts. The felsic roecks contain
lass than 15 percent mafic minaerals. not including melanita,
and orthociage 1§ much more common than nepheline.

The pyroxanites are fine to medium graingd in thin
section, and are composed of predominant aagerine-asugite and
blotfte, snd minor orthoclase, nepheifne, sphene, and
zeolites. Melanite, sitonificantly, {5 absene. Flow
taxtures sre presant In & few of the samples.

In contact zonas poikiloblastic mafie minarnls commonly
contain inclusfons of fine-grained melanita and orthociase.
The orthoclase and garnat become mora common near the
syenite, 8nd auhadral garnets &long tha contact are
polkiloblastic with {nclustons of aegerine-augita.

Microscopic cantact relattons batwesn the pyroxentte and
syenite show the syenite tronsacting preexisting flow
structures in tha pyroxenita.

Athough msny of the contact ralations betwaan tha twe
major rock types suggest that the syenita, as tha younger
rock. intruded the pyroxenite. tha tabular pyroxenite fin the
syenite points to tha pyrowanite datng the youagest rock.
The increasing predominanca of garmet and orthoclssa in the
pyroxenite near the contsct indicates an Interaction between
the twWo rock types. It deas not seem likely that the
syenite, with a relatively Jow so)lidus temperature. could
fon{cally diffuse through the pyroxenite to produce the
garnet aad orthoclagse, The reverse situation 1s more
probabla, with the pyrosenite assimilatfng the componants of
the syanita along tha contact. The pyroxenite intruded the
fetsic crystallina mush, with some assimilation, and. owing
to {ts highar solidus temparatura, crystallized in the mush.
Cool1ny producad shrinkage crecks into which tha falsfc mush
was drawn. forming what now appear to be dikes of gyenita In
pyroxeriia.

As of this writing, tha ground magnateuetar, VYLF, and
gemma-ray dats awatlt position-recovery, and, in the ¢ase of
mognatic data, smoothing before they can ba contoured.
Semples collected at about 45 rubble-crop exposures yfeld a
genaralized geologic mep.  However, a much more detuilad
geologicsl map shoyld result when geophysical contour maps
become availabla.

Figure 2 shows ground megnatic. VLF, and gamma-ray
proffles collected on 6&n @ast-wast traverse »scross the
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pluton. Mapnetic highs labeled A and B coincide with zones
of high conductivity, fndfcated by the "tangent tilt angle"
VLF profije.

Magnetic and YLF anomalies A and B colncide with
oceurrances of pyroxenite. Anomaly 8 was traced in detail
and found to be cantinuous for 500 m south and 1,600 m north
of the east-west traverse. It ts belleved to mark &
north~south-striking tabular body of pyroxenite &t lsast
2,100 m Yong. Magnetfc end VLF anomalies ‘labeled A also
occur -on Several east-west profiles, suggesting the presence
of a second north-south tabular body, but the anomalies were
not traced with the detail of anomaly B. Anomaly C did not
show B clear VLF expression. Its appearance on several
profiles suggests a possible third north-south-trending
tabuler body. Remanent magnetism and susceptibBity
oapsurements of samples show that the pyroxenite fIs more
magnetic than the nepheline syenite.

The good correlation between the magnetic and VLF
snomalies may occur because the ground is permanently
frozen. Under ordinary temperature conditions VYLF
massurements are domfnated by 1{onic conduction in water
filled fractures. In frozen ground, however, fce-filled
fractures would be mon~conductive, and the VLF technique may
be sensitive to changes in tithalogy.

The ogamma-ray spectrometer traverses show zones of
highest radioactivity along contacts between pyroxenite and

nepheline syenite. TYotal counts measured over the contacts
are 6 to 10 times those of the background over the muskeg,
and 1.5 to 2.5 times those measured over the rubble-crops of
the plutor as a whote. Iron-oxide stafning, otrhaps
indicating hydrothermal alteration., is prominent dlong the
contect zones, Detailed proftlfng by gammz-ray spectrometer
shows that 1{ron oxide-stained rocks are more radfosctive
than average, but the higkest readings were obtainad over a
sharp, unoxidized contact of pyroxenite against napheline
syenfte.

On 2 scale of kilometers, aeromagnetic highs of the
Ekiek Creek pluton and of other atkalic plutons north of the
Selawik Rills correlate with radioactivity anomalfas. On a
scale of 10 to 100 m, radivactivity anomalies corralave with
contact zones between pyroxenite and nephelinpe syenite. The
pyroxenite 1s distinguished by megnetic arnd VLF conductivity

nighs. Thus magonetic and electrical measurements, an either
scale, may be tools for locating possible eran{um
mineralization.

Jones, B. K., 1976, Uranium and thorium 1in granitic and
aikaline rocks in western Alaska: Master’s thesis,
University of Alaska, 123 p.

Miller, T. P., 1972, Potassium-rich aitkaline intrusive rocks
of western Alaska: Geol. Soc. America Bull., v. 83,

p. 2111-2128.




The dystridbutfon of uranium 4n potential host rocks may
fndicate whether the uranium was
source rocks and concentrated in the host rocks in the Cook
Inlet area, including the Susftna lowlands and the lower end
Suitable uranium source rocks in
the form of granite and tuff are present in the surrounding

of the Matanuska valley.

URANIUM AND THORIUM DISTRIBUTION IR CONTINENTAL TERTIARY
ROCKS OF THE COOK INLET BASIN AND SOME ADJACENT AREAS, ALASKA

By XEnpeLL A, DickinsoN, U;S. GeoLoGicaL Survey,

teached from potential

Deaver, CoLo,

Table 1.--Sources of samples for uranium and thorium analysis

area, and a large” thickness of contineatal sedimentary rocks
containing carbonaceous matartal is found in the basin. The
important guestion 1s whether or not wuranfum has beep
leached from the potenttat
the potential hast rocks.
although not a proven technrique, {s to determine the present

source rocks and concentrated in
One approach to this problem,

Stratigraphic Area Age Rock description {n area of
unit samp) fng
Sterling McNeil Canyon, Ninilchik beach Pliocene- Sandstone, reddish-brown and gray;
Formation. and Southern Kenai Peninsula. Miocene. gray mudstone and shale; and coal.
Fluvial sequence.
Betuga Homer bluff, Miocene. Sandstone, gray and reddish-brown,
Formation. Southern Kenai Peninsula. fine- to medium-grained, some
calcitic cement; gray shale and
mudstone, and coal. Fluvial
seguence.
Tyonek Capps Glacier and Miocene- Sandstone, 1ight-brown, fine- to
Formation. Chuitna River, O0t{gocene. coarse-grained, conglomeratic;
20-30 km northwest of Tyonek. gray mudstone and coal. Fluvial
sequences.
West Foreland Beluga River, facene. Siltstone and shale, gray, hard,
Formation. Y7 km north of Tyonek. micaceous.
Kenaj Group Near Houston and PYiocene- Sandstone, brownish-gray, fine-
undifferentiated. Petersville. Oligocene. ' grained, hard and soft; and
shale, gray, hard, micaceous.
Chickaloon Premier coal mine, Pateocena. Sandstone and conglamerate, gray
Formation. Glenn Highway, and and light-brown, soft and hard,

Chickaloon River.

arkosic: shale and mudstone,
gray and brown; and coal.
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gistribution of uranium 3n the potential host rock to see 1f
1t has been mobllized by dissolution, transported, and
vedeposited. An edvantsge of this approach ts thet (¢
provides bsckground data that will aid 1n the recognition of
areas affected by wranium mineralization.

A total of 57 sémples of potentisl host rock were
collected from vartous localitias fn the Cook Inlet ares
(table 1). Thorium Band uranium were determined in these
samples by the delayed-neutron wmethod In the analytical
laboratorias of the U.S. Geplogfcal Survey at Lakewood,
Golo. One measure of the precision of the data 1s the
coefficient of varistion for the counting statistics, which
averaged 19 percent for thor{un determinations and 4.5
percent for uranium determinations.

The Cook Inlet basin fs & structura? fault-boundad
basin {n southern AJaska between the Alasks Range to the
west and the Chugach Mountains and Xenad Mountains to the
east. It 1s about 300 km long and 100 km wide. More than
half of the area {5 submerged in Cook Inlet, which opens
into the Gulf of Alaska to the southeast and the Shelikof
Strait to the southwest. Tha Cook Inlat basin contsfns
about 7,926 m of continental sedimentary rocks that compose
the Tertiary Xenal &roup and West Foreland Formation.
Catderwood and Facklar (1372) have divided the Xenai Group,
in ascending order, into the West Foreland Formation,
flem¥ock  Conglomerate, Tyonek, Beluga, and Starling
Formations (table 7). Later Magoon, Adkison, and Egbert
{1976) removed the West Foreland from the Kenai; and their
usage will be followed in this report. The Susitna
lowlands, which are separated from the Cook Inlet basin by
the Castle Mountain fiauit, may be a northern extension of
the bagin.

The Matanuske valley 15 a fault-bounded basin betwaan
the Talkeetna Mountains to the north and the Chugach
Mountaing to the south. The valley, which connects to tha
Cook Inlet hasin atong 1ts northeast margfn, contains about
2,135 m of Tertiary continental sedimentary rocks. These
rocks are divided into three Tormations, irn ascending order,
the Chickaloon, Wishbona, and Tsadaka (table 1; Magoan and
others, 1976).

Tha thorium and uran{um contents found 1 continental
sedfmentary yocks in the Cook Inlet area Are ramarkably
eniform (table 2). The ursnium content averaged about 2.4
ppm and the range was from about 0.5 to 4.3 ppm. The
thoriua:uranium ratio averaged about 2.3, Jow compared to

the general terrestrial ratip of 3-4, and low cumpared to
many  OoxYdlzed nonmar{ne sedimentary rocks that
cheracteristically have ratios of more than 7 {Adams and

Weaver, 1958). Shale, sildstone, and audstone samples
contain about 1 ppm mors uraniym than sardstone samples.
This difference may have rasuited from sliightly more
leaching of uranium from porous sandstorq or adsorption by
the clay, but it cou}d also have resulted from depositional
segragation of heavy uranium-beering minerals into placer

n

Tahtle 2.--Distribution of vranium and thorium in continental
Tertiary rocks of the Cook Inlet basin' Susitna basin, and
the souET\ern part of the Hatanuska Vallay as s y aver-
aqe vatues and ratios.
mes ara number of samples averzged. )

Thorium Urapium Urantum:
(ppm) (ppm) thorium
ratio
AYY sanples §.59 (57) 2.38 (86} 2.30 (57)
Sterting Formation 5.27 {15) 2.13 (21)  2.19 (15)
Belugs Forwmation §.22 (20) 2,26 (22) 2.38 (20)
Tyonek Formation §.14 (2) 4,00 (2) .81 (2)
West foreland
Formation 8,95 (2) 2.97 (2) 3.01 (2}
Xenad Group
und{fferentiated 4.69 (4) .97 (&) 2,37 (4)
Chickaloen Formation §.68 (7} 2.85 (7} 2.22 (7)
Reddish-brown sandstone  4.16 (37)  2.01 (17} 2.12 (17)
Gray sandstone 4.34 (18) 1.99 (38) 2.)8 (18)
Mudstona, siltstone,
and shale 6.84 (21)  2.88 (21} 2.42 (21)
deposits. Reddish-brown sandstone, which presumably was

subjectad to oxidation, hag npearly the same uranium content
as gray sandstone. indfcatfng that the oxidation was
insufficisnt to laach yranium from the sandstome.

The Jow uniform ursn{wn conteat and tha Iow
thorium:uranium rat{o found in Tertiary sedimentary racks of
the Cook Inlet ared way indicate that geochemical conditions
have not been favorsble for the formatfon of epfganatic
uranfum deposits 3In these rocks, but it 1s {mpartant to note
that the samples collected and analyzed for this report amay
not adequately represent the large amount of potential host
rocks. Not known yet, for {nstance, are the geochemical
conditions that existad 1n tha subsurface, especially around
petroleun accumsletions.  Hayes, Harms, and Wilson ‘(1978)
reportad rocks in the Sterling Formation that contain
montmorilionite and some from waich volcanic glass has beaa
dissolvad. None of thease sumples were evatuated in this
report.

Adams, J. A. S., and Weavar, C, £., 1958, Thorium-to-uranium
ratios as indicators of sadimentary processes--exemple
of concept of geochemfcal facies: Am, Assec. Patroleum
Geplogfsts Bull., v, 42, no, 2, p. 387-430,

Calderwood, X. W., and Fackler, W. C., 1872, Proposed stratf-
graphic nomencluture for Kenai Group, Cook Inlet basin,
Maska: Am. Assoc. Petroleum Geologists Bull., v. 58,
no. 4, p. 738-7%4.



Hayes, J. B., Harms, J. €., and wllison, T., Jr., 1976, Con-
trasts between braided and meandering stream deposits,
Beluga and Sterling Formatfons (Tertiary), Cook Inlet,
Alaske, in T. P. Miller, ed., Recent and ancient sadi-

mentary environments in Alaska: Proc. Alasks Beol. Soc,

Symposium, Anchorage, 1975, Proc., p. J-1-J-27.
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Magoon, L. 8., Adkison, W. L.. and Egbert, R. M., 1976, Map
shawing geolugy, wildcat wells, Tertiary plant fosstl
localitias. K-Ar age dates, and petroleum operatiors,
Cook Inlet area, Alaska: U.S. Geol. Survey Misc. Inv.
Map I-1019, scale 1:250,000.

PR i ]

iradia

E o~ v T

Byl

T AWwY 3 WO T RO -



