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Introduction

A reconnaissance study of background radiocactivity and uranium and
thorium content of seven early and middle Tertiary grapitic plutons in
the southern Alasks Range (McGrath and Lime Hills 1:250,000 quadrangles,
fig. 1) was conducted in 1979. Modal analyses, chemical data, a brief
petrographic description, and a discussion of the radicectivity and
uranium-thorium content of some of the plutons sampled are givean in this
report. Two areas ¢f anomalous uranium concentration and a uranium-
and thorium-rich peralkaline granite suggest the possibllity of dissewm-
inated uranium deposits or hydrothermal uranium enrichment.

Windy Fork Pluton

The elongate Windy Fork pluton underlies an area about 55 xm2
(figs. 1 and 2) eand is composed chiefly of hornblende peralkaline
granite with lesser amounts of hornblende~biotite granite. Biotite
and hornblende from two samples of the pluton yield potassium-argon
ages of 30.1 and 29.0 m.y. respectively (Reed and Lanphere, 1973). A
pyroxene alkali-feldaspar syenite and hornblende-biotite granite (sam-
ples 11 and 12, fig. 1) from an intrusive complex northwest of the
Windy Fork pluton may belong to the same plutonic event. Both plutons
lie northwest of the Alaska-Aleutian Range batholith, are post-tectonic
and intrude a terrane consisting of sandstone, phyllite, and limestone
of probabvle Paleozoic age. '

Modal analyses for the ten samples collected are given in table 1
and shown on the modal diagram in figure 3. Uranium and thorium analy-
ses are given in table 2. ©Seven of the ten samples are bhornblende
granlte and plot in the slkali-feldsper granite PTield. The remaining
three samples contain 7 to 16 volume percent albite, more yellow-brown
biotite than hornblende, and plot in the granite field. The age and
contact relations of the two rock types are not known.

The hornblende granite is medium-grained hypidiomorphic granular
with sub- to euhedral crystales of perthite that lie in a seriate watrix
of grey quartz. rerthite locally displays schiller effects. Albite,
as discrete finely albite-twinned crystals, mekes up less than 3 percent
of the rock, and ferromagnesian minerals comprise about 7 perceant.
Scda- and iron-rich hornblende is optically negative, has a 2V less
than 30°, and displays varied pleocaroism: X is generally dark bdlue
to black, Y is bluish-grey to greenish-brown, and 2 ranges from pale



yellow to yellowlsh-brown. Minor amounts of reddish-brown biotite are
generally presant. Opague minerals cluster near or within hornblende.
Interstitial pale vioclet fluorite 1is the most abundant accessory
mineral and 1s commonly observed in hand specimen. Other accessory
non-opaque minerals iaclude ubiquitous non-metamict zircon and lesser
amounts of apatite, interstitial calcite, and rare allanite. Eudialite,
a zirconium- and rare-earth-bearing silicate, that is commonly found
in silica-under-saturated rocks, 1s an abundant mineral in quartz-
amphibole-K-feldspar pegmatite veins that cut the granite and adjacent
sedimentary rocks near the north end of the pluton. The sample from a.
eudialyte-bearing dike (no. 1A, table 3) contains 33 ppm uranium.

The average and range of ten chemical analyses collected (table k&)
Lllustrate the alkaline character of the pluton. Five of the seven
hornblende granite samples are peralkaline granites, that is, they have
a peralkaline index (mol. amts. Ky0+Nap0/A1303) > 1 and are acmite
normetive. The f{luorine content of the samples averages about 0.22
percent (table 2).

Background radioactivity, determined by a hand-held scintillometer,
of the hornblende granite averages about 300 cps (counts per second)
with a range from 225 to 375 cps. The average uranium content of the
ten background samples ccllected is 9.2 ppm; the range is 5.63 to 12.1
ppo. Thorium sverages 33.6 ppm and has a rapge of 22.9 to 45.1 ppm
(table 2). The average Th/U ratio for the samples is 3.71.

Rogers and Adams (1969) give an average uranium content of U4 ppm
for granites world-wide, which 1s considerably below the 9 pom average
uranium content of the Windy ¥Fork pluton. Many granitic bodies, how-
ever, contain an average uranium content of 10 ppm or more (Nishimori
and others, 1977), and these are commonly alkaline or alkali-rich
varieties. The average uranium content for the Windy Fork pluton,
therefore, while high for granites in general, is not necessarily
unusual for a peralkaline granite.

An area of above-average radicactivity was noted while flying over
talus boulders in a2 300 m wide cirqQue near the northern border of the
pluton (locality 3, £fig. 2). On-the-ground total radioactivity of
over 500 cps was measured with as much as 2500 c¢ps recorded locally on
individual boulders. The uranium content of five anomalously radioac-
tive grab samples (3A, 3C-F, table 3) of peralkaline granite from this
area asverages 5.5 ppm with a range of 19.9-29.1 ppm. The average
thorium content is 295 ppm, with a range from 159-404 ppm; this com-
pares to a range of 10-20 ppm Th for most granites (Rodgers and Adans,
1969). Uranium and thorium content of a typical sample from this
area are 12.1 and 45.1 respectively (no. 3, table 2). The anomalously
radiogenic samples sghow about a three-fold increase in uranium and an
eightfold increase in thorium over the ten background samples (tabdble
2) for the Windy Fork pluton. In addition, the average Th/U ratio is
11.4, or about three times that of the background semples.

The radiogenic samples show no apparent megescopic difference
in composition or texture compared to peralkaline granite elsewhere



in the pluton. In thin section, the mafic minerals appesar to be more
altered with development of deuteric biotite and wmscovite. It 1is
assumed from thin section study that the urgnium and thorium in these
rocks and in the Windy Fork pluton in general is releated to the acces-
gory mineralogy. In addition to fluorite, other ubiguitous accessgory
minerals in the radiosctive samples are zircon and opaque minerals.
Point counts were therefore msde on thin sections (2000 points counted
in each thin section) to determine if the abundance of zircon or opague
minerals in this more radiogenic part of the pluton differed from
the rest of the body. WNo cbvious correlation exists between the abund-~
ance of zircon Or opague minerals and the uranium content (fig. U4),
with the possible exception of sample 3B (not shown on fig. k4) which
contains 5.5 percent zircon. The limited data suggests that the higher
uranium content of the radicactive samples is not due to an increase
in zircon, nor is the wide range (0.5 to 4.95 volume percent) in the
opaque mineral content of the radiocactive samples convincingly related
to their uranium content.

The increased uranium and thorium content in the more radiogenic
samples appears due to scattered subhedral to euhedral crystals of a
yellow-green, isotropic (metamict?) mineral present in all thin-sections
of the radicactive samples. Iron-stained radiation(?) fractures extend
awvay from the mineral. The mineral was found only Iin the radiocactive
rocks and not in thin sectiong from the remsinder of the pluton. The
high Th/U ratio (1l.h4) of the radiogenic rocks together with the optical
characteristics of the unknowvn mineral suggest that it may be uranotho-
rite or thorianite.

The strongest radioactivity (2500 cps) was noted along an iron-
stained feldspar-rich face of a large talus block. An analysis of
this material (sample 3B, table 3) ylelded 490 ppm uranium and less
than 150 ppm thorium. A thin section of the granite taken perpendi-
cular to this face shows an abundance (5.5 percent) of large euhedral
zircon crystals and at least ten grains of the aforementioned yellow—
green mineral. The high uranium content and corresponding low Th/U
ratio, however, suggest that st least some uUranium has been mobilized
and redeposited along Joint surfaces- It 1is possible that deuteric
alteration released uranium {rom uranium-bearing 4accessory minerals
such as uranothorite(?), thorianite(?) or zircon.

It is apparent that the peralkaline granite here differs from
the rest of the pluton examined in the following weys: (1) uranium
and thorium have both been enriched, at least locally; (2) thorium has
been congiderably more enriched than uranium; and (3) uranjum has been
mobilized and redeposited along Jjoint surfaces. The reason for the
anomalous concentration of wuwranium and particularly thorium (> 10
times the normal Th content Of granites) in this part of the pluton
is unknown pending more detailed mapping.

Uraniferous peralxaline granite, hematite iron-staining, purple
fluorite (noted in float of fluorite-rich skarn in the cirque) aad a
post-tectonic setting is a cowmon association in plutonic rocks con-
taining either disseminated or hydrothermrl uranium deposits (Rodgers



and others, 1978). The occurrence of an apparent primary uranium- and
thorium-bearing mineral (uranothorite?) and at least some uranium
enrichment near the northern margin of the pluton suggests that uranium
deposits of either a disseminated or a nydrothermsl character, possibly
simpilar to those at the Bokan Mountain alkaline stock in southeastern
Alaska (MacKevett, 1963), could occur in the Windy Fork pluton.

Styx River pluton

Biotite granite forms the northern part of the Styx River batholith
(Reed and Elliott, 1970), part of the Merrill Pass sequence, which, in
this area, was emplaced between 34 and 37 m.y. ago (Reed and Lanphere,
1973). At locality 25 (fig. 1) 3 km southeast of Jimmy Lake, the
rocks are strongly fractured, 1light brownish-orange, medium~grained
alkali~feldspar granite porphyry. Up to 20 percent ovoid quartz
phenocrysts 0.5 to 1.5 cm acrogs and anhedral perthite phenocrysts up
to 2 ¢m in diameter llie in a seriate matrix of quartz and perthite.
Perthite shows patchy sericitization and biotite i1s altered to opaque
minerals, chlorite, and sericite. Purple fluorite, an abundant acces-
sory mineral, occurs hoth as dnterstitial fillings and aas a deuteric
replacement of quartz and perthite. Minor zircon i3 vresent.

A representative sample of the granite at this location, contains
0.35 percent fluorine, 14.8 ppm uranium, 38.3 ppm thorium, and has a
Th/U ratio of 2.6 (no. 25, table 2). High radlocectivity, up to 2000
cps, was noted along N. 4%0° W. trending verticsl Joints in granite
exposed along a creek. This is in contrast to background radiocactivity
of about 450 cps. Analysis of three grab samples (samples 25A-C, table
3) of granite with the radiogenic iron-stained joint surfaces show a
strong enrichment in uranium (101-882 ppm), although no secondary uran-
ium minerals were noted. Galena, arsenopyrite and sphalerite (?) were
also noted along Joint surfaces.

Jimmy Lake stock

Two float samples (nos. 23 and 24, table 2) are representative of
blotite granite porphyry from the Jimmy lLake stock (fig. 1). This
stock ig believed to be a satellite of the Merrill Pass sequence.
Sample 24 is a medium- to fine-grained granite porphyry thet contains
phenocrysts of smokey grey quartz (with abundant fluid inclusions) angd
of irregular perthite clots in a fine-grained mosalc of quartz, seri-
citized oligoclase, and ipterstitial perthite. Biotite, which mnakes
up about 10 percent of the rock, is characterized by many small opagque
pleochroic haloes. The nuclei of some haloes appear to be strongly
netanict zircon. 4ccessory minerals include intersticial and deutric
fluorite and rare allanite. This sample contains 35.4 ppm U and 42.3
ppm Th- The low Th/U ratio of 1.20 suggests uranium enrichment in at
least this sample. Background radiosctivity of granite talus is 350
to 400 cps.



Granite of Tired Pup and Northeast Prong

There is little megascopic difference between the granites of
Tired Pup and northeast prong (fig. 1, table 1). Rocks from both
plutons are blotite granite and plot in the granite field (fig. 3).
Biotite granite 1in the nunortheast prong yields concordant biotite-
hornblende ages of about 26 m.y. - about 30 m.y. younger than the
granite of Tired Pup (Reed and Lanphere, 1973). 1In addition, there
are differences in the <chemistry and accessory wmineralogy of the
plutons. Granite in the northeast prong contains about 75 percent
8i0p, whereas the granite of Tired Pup contains about 72 percent.
Sparse miscovite is present in the granite of Tired Pup. GCreenish-
brown biotite oc¢curs in the northeast prong with rare hornblende.
Biotite in the Tired Pup pluton 1s characteristically reddish brown.
Accessory minerals in both granites are fluorite, slightly metamict
zircon, apatite, and allanite. A single grain of an opaque minersl,
cubic in outline and causing intense pleochroic haloes in adjacent
biotite, is present inr one thin section (sample 13) from the northeast
prong; it may be uranothorianite.

Two samples of granite from the northeast prong average 10.9 ppm
uranium and 35.1 ppm thorium - about twice the average uranium (5.65
ppm) and thorium (21.4) contents of seven samples from the granite of
Tired Pup (table 2). Background radicactivity of the northeast prong
averages about 350 cps. Background radioactivity of ths granite of
Tired Pup ranges between 150 and 350 cps and averages about 240 cps.

Suamary

Limited data suggest that the uranium eand thorium contents of
middle Tertiary granites in the northern part of the southern Alaska
Range are about twice those of a nearby early Tertiary granite. The
average uranium content of 17 granite samples from four middle Tertiary
plutons (Windy Fork, Styx River, Jimmy Lake stock and northeast prong)
is 11.9 ppm with a range of 3.6 to 35.4 ppm; thorium averages 35.9 ppm
with a range of 22.9 to 45.8 ppm. The average Th/U ratio for these
samples is 3.35 with a range of 1.2 to 4.3. Background radicactivity
for these plutons ranges between 300 and 450 ¢ps. The average uranium
content of the single early Tertiary granite sampled (Tired Pup pluton)
is 5.65 ppm with a range of 3.0 to 9.0 ppm; thorium averages 21.4 ppm
with a range of 12.3 to 36.0 ppm, and the Th/U ratio average is 3.8
with a rangs of 2.3 to 4.6. Background radicactivity ranges between
150 and 350 cps and averages adbout 250 cps.

Higher than average contents of uranium and thorium and low Th/U
ratios in some samples from the peralkaline Windy Fork pluton and the
northern part of the Styx River pluton suggest the possibility of
disseminated uraniuwn deposits or hydrothermal wuranium enrichment in
these plutons. The Windy Fork pluton 1is particularly interesting
because the cowmbination of veralkaline rocks, high uwranium background,
fluorite, and indications of rewobilized uranium are considered favor-
able criteria for granite with associated uranium devosits. An early
Tertiary post-tectonic peralkaline granite about 10 km in dismeter



underlies Telagquana Mountain 130 xm south of the Windy Fork pluton
(B« L. Reed end M. A, Lanphere, unpublished data), and other peral-
kaline plutonsg, possibly uraniferous, may be present in this part of
the southern Alaska Range.
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TABLE 1. Modal analyses (volume percent) of granitic rocks; southern Alaska Range {sample
locatlons are shown in figures 1 & 2, modal analyses from stalned rock slabs.

Mafic and
Sample opagque
no. Field no. Quartz Alkali feldspar Plagioclase minerals Unknown Unit
1 T9AR32 29.3 62.9 2.6 5.2 Windy Fork pluton
2 37 38.3 41.1 10.5 10.1 2 " "
3 33 29.3 63.4 0.3 T.1 n " "
4 36 29.9 62.7 - T.k " u "
5 1 33.8 57.2 - 9.0 u " "
6 2 28.5 66.2 0.3 5.0 " " "
T 5 29.4 53.2 T.7 9.7 " " "
8 3k 29.1 Lg.2 16.4 5.3 " " "
9 F 25.9 63.2 1.8 9.1 " I "
10 35 2k.s &8.4 - 7.1 " i "
11 6 2.6 82.6 2.} 2.6 9.8
12 7 24,9 L3.1 20,2 11.8
13 8 32.2 36.9 25.4 5.5 Northeast prong
1l 9 %0.8 39.8 16. 4 3.0 " "
15 28 26.3 35.7 28.5 T.5 Granite of Tired Pu
16 27 35.2 32.0 27.3 5.5 " r noom
17 26 32.0 Ls5.8 17.2 5.0 " d nooom
18 25 39.7 36.2 18.5 5.6 " " moon
19 23 29.3 20.7 38,2 11.8 " " noom
20 24 37.3 4.8 13.0 4.9 " " L
21 10 29.3 32.8 30.4 Te5 " " " "
22 22 22.2 16.1 42,1 19.6
23 11 32.6 35.2 27.6 4.6 Jimmy Lake stock
24 12 34.9 38.3 23k 3.4 " " "
25 39 35.3 60.8 12.0 Styx River pluton

Pl ()
= 3

26 17 8.6 49.1 17.9




PASLE 2, Urenfiuam, tbotium, fluorine and ¢chlorine content of graatbic racks, souttern Alaska Range (sample locacions are showva
in ?igures 1 and 2; wodsl analyges are xiven in table ).
Sarple Tield M T 3 cy
RO~ 204 2 le Latjtude longitude (vom) cvil (ppm) cvll Th/U _(percent) (parcant) Litholozy
Windy fork plutoa
1 TOAR32 MeGrath A-3  82°03733" L5L*06729" 9.1 2 3.2 6 3.53 .26 .029 horndlende granite
2 79AR3T 4cGrach A~3  GR402'29P 18L°pB'OG"  10.6 2 36-1 5 kRN .21 055 ttotite—hornblends
granite
3 79AR33 McGrath A=3  §2°02'30" 154°03°56" 12.1 2 k5.1 5 374 .29 02) sornbleads zrenita
3 T94R36 tieGrath A~3 620200 Ll3u"oyL'32" 3.56 2 30-4 5 3.39 .27 037 2ornblenda zraaite
5 TOARY  MeGrath A-3  §2°01'32" 13L°0L'OL"  10.3 2 38.7 S 378 2 .027 hornblende granits
5 TPAR2  Y=Crath A-3 §2°01'3hk™  Ask‘DitQr® LA 2 36.2 3 k.32 .23 «03L tornbleode granits
H T9ARS  MeGratb A-3  52°00°bQ"  :5u03'Ls” 379 2 28.3 S 4.20 .26 076 hornblande~biotite
granica
3 79AR3L  Lime Hills 61459056 Ls4°06ckr” 0.7 2 23.7 é 3.15 .12 .047 biécice granite
D=3
9 T9ARW  Lime 4ills 61°9927" 13hvok*23° 3.46 2 Jo.s 5 3.61 W21 078 nlotita-horablende
D=3 Zranite
10 TIAR3IS  Uime Hilis 81°5T'13" 154*05'31” 5.863 13 2.9 L 4,08 18 049 10rublende granits
p-7
RS TOAR6  MeGrath A-3 52037597 15k'21'1i8" 3.02 13 3.7 1 2.39 ol .008 pyroxene alkali-
feldspar syenite
i2 THART  HcCrmUi A-3  62°05'09" 1Su‘2oiu3” 2.5 2 L1.6 5 3,22 .09 .0%8 tornblenda-blotite
jranite
dorvhenat proog
23 TIARE  Ligm HAlla 6L°5273u"  183°h2'so"  10.4 2 37.3 5 3.%9 .08 L0k vdotite granits
3-2
1% T9AR9  Liome H4lls 61°34'13"  183°L53k" i1 2 32.4 é 2.52 ) .016 viorite granite
3-3
Crani{te o Tired Pup
15 TOAR28 Lime Hed1s EL 4LTS3" 154130k 3.42 3 13.4 3 3.93 .08 .ol biotite grapitas
S
15 TOAR2T Line Hidla 6LT3T 19" (5k*1h752" 6.55 2. 2%.9 3 3.96 A 008 biotits granits
o)
17 T9AR2E Lime Hills gL"3n'2u"  19h436"28" 6.36 2 1.6 é .39 .15 Ny blotite granitz
o)
18 TOAR2S Linme Hilla 6173143 14b°13793" 2.0% 2 16.0 5 3.97 .16 .00% blotite grmaits
o)
19 T9AR23 Lime Hills 817311k L8k p0r29" 3.03 4 1.3 T wST .09 -010 latite graaite
c-3
20 T9AR2Y  Line Hills 81°26'%0" L5k*i5'08" §8.38 2 26.7 [ 3.39 35 , 00k blotiza granite
S-u
2L TIALLO Lizme dills 31°25'53" 1535304 ¥2uh 3 2.3 El 2.90 .05 013 biorita granite
3-3
22 TOARR2 MeGracth A=l 32°5Q'u2®  133°28701" 323 3 T.i1 s 2,20 Lok 015 norablande-biotive
grancdiorite
Jimmy lake stock
23 TPARL1l Lime Hills 61°4kf20" (53 11'4¥7" 15.1 2 k5.3 b 3.0u 21 1901 tletite granite
&-i porghyry
24 T9ARL2  Lime 2ilils S17uh’0"  153711'W7" 35k 1 2.3 3 1.20 .23 <, 901 b{otite granite
-1 PorniyTy
Styx Q4iver pluron
2$ T6ARY9 Lime Ulls 31417487 153*12/20% w3 2 38.3 E] 2.359 .35 €201 sericitized alra
S-1 faldspar granice
PoTILYTY
25 TARLY “ine 2ivs 31729049 163%03'%2" 0.5 2 5.7 3 3.38 W2k ) 9lotize zramize

Selayad neutron Jranium sad thorium wmalyses Wy 4. M. ¥illard Jr., 4- Jougnlin, . 3. Taugan, 4. Schneidar.
S. 9, laster, 3. A, <sxten and Y. Stang. Clemical inalyses of ‘luorima and chloriae Sy o, Riviells and V. Mcelantel.

17 s
<OV = coerfiefent of variptico = ne standard leviamtion, “msed on counting araciscies, expressed ag dercent of
coacentration.
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TABLE 4. Average and range of ten chemical analyses of the Windy Fork pluton.

Oxides CIPWd norms
(weight percent) (weight percent)
Average Range Average Range
810p 13.5 70.9 -Th.T Q 27.28 21.26-30.15
Alp0y  12.65 11.8 -13.5 c 0.02 0.00 -0.19
Fep03 1.36 0.65 -2.1 or 29.05 26.66-32.85
Fel 1.61 1.2 2.3 ab 35.93 30.L0-40,72
Mg0 0.18 0-.06 -0.31 an 0.92 ' 0.00 -4.h2
ca0 0.84 0.59 -1.3 ac 1.23 0.00 ~6.1k
Na»0 bkl 3.7 4.8 ns 0.07 0.00 -0.66
K20 h.oo1 ko5 -5.5 wo 1.11 0.00 -2.45
Hp0+ 0.29 0.17 ~0.41 en 0. kk 0.15 ~0.77
T105 0.23 0.15 ~0.29 fs 1.93 0.78 ~2.99
Pp0s 0.05 0.02 -0.09 it 1.36 0.00 -2.26
MnO 0.07 0.03 -0.12 il 0. 44 0.29 ~0.55
COo 0.0k 0.03 -0.08 ap 0.11 0.05 -0.21

ce 0.10 0.07 -0.18
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Sedlmentary and volcanic rocks

of Paleozoic to Tertiary age

Figure l.--Generalized gecloglc map of part of the southern Alaska Range showlng locatlon of

Geology modified from Reed and Lanphere (1973) and Reed and Elllot (1970).

samples collected.
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Figure 3. Modal diagram of the granitic samples given in table l. Numbers adjacent
to open cirecles refer to sample locations shown on figure 1 and liscted in table 1.
Classificatlon system is that of the IUGS (Streckeisen, 1973).
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