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Abstract -

Large granitic Cretaceous plutons are exposed along and adjacent to
an arcuate belt of igneous and high-grade metamorphic rocks in the south-
eastern Seward Peninsula of Alaska. Reconnalssance studies of these
plutons have shown that the Darby pluton has well above average amounts
of U and Th (11.2 ppm and 58.7 ppm respectively), the Kachauik pluton
ranges from average to above average U and Th (5.7 ppm and 22.5 ppm
respectively), and the Bendeleben pluton contains average amounts of
U and Th (3.4 ppm and 16.7 ppm respectively). The three plutons show
compositional and textural differences Indicative of different source
materials which may have controlled the distribution of U and Th.

The high U and Th contents of the Darby pluton, similar to that
of the Conway Granite of New Rampshire which has been mentioned as a
possible low grade Th resource, suggests that this pluton may be a

favorable area for economic concentrations of U and Th.

Introduction

Reconnaissance sampling and mapping of three large granitic masses,
the Bendeleben, Darby, and Kachaulk plutons, In the southeastern part of
the Seward Peninsula (fig. 1) has shown that the Darby pluton has above
average U and Th contents and that U and Th contents of the three plutons
are significantly different. Reconnaissance petrologfic studies of the
three plutons and analytical results reported herein provide a framework
for future studies of radiocactive materfals in the region and catl

attention to areas of anomalous concentrations of U and Th,



The southeastern Seward Peninsula is dominated physiographically
by the rugged Bendeleben and Darby Mountains which together form an
arcuate trend convex to the southwest. The Darby and Bendeleben plutons
underlfe the respectively named mountain ranges while thé Kachaulk pluton
lies in the uplands adjacent to the Darby Mountains. These plutons were
flrst noted by Mendenhall (1901) and Smith and Eakin (1911) during
reconnalssance traverses along and across the Darby Mountains. No other
studies of these plutons were done until West (1953) investigated the
radioactivity of pan concentrates taken from streams dralning the Darby
and Kachaulk plutons. More recently, the plutons were mapped at a scale
of 1:250,000 by Miller and others (1972) and much of this report is
based on that work. A preliminary geochemical report by Miller and
Grybeck (1973) mentioned the high U and Th values obtained from 3 rock
samples of the Darby pluton.

Approximately 70 modal analyses have been made of the plutonic rocks
and 28 chemical analyses were obtained along with the 31 gamma-ray
spectrometric analyses reported here. It is emphasized that much of
this study is based upon reconnaissance mapping and the number of samples
analyzed is too small to define in detail the total range of U and Th
contents in the plutons sampled. Smaller plutons in the general region
such as the Windy Creek stock and the Dry Canyon Creek alkaline complex
(f1g. 1) have not been sampled for U and Th.

We are indebted to D. G. Grybeck, R. L. Elliott, and T. L. Hudson
for assistance in the mapping and to M. H. Staatz for information on some
of the radloactive minerals. C. A. Bush asslisted with the analyses of the

radioeltement contents.



Geologic Setting

The Darby, Bendeleben, and Kachauik plutons are among the largest
bodies of granitic rock on the Seward Peninsula and form part of an
arcuate belt of plutonic and high-grade metamorphic rocks extending
for 270 km across the Peninsula through the Darby, Bendeleben, and
Kigluaik Mountains (fig. 1). The metamorphic rocks of this Tgneous-
metamorphic complex conslst chiefly of Precambrian pelitic schist and
gnelss with intercalated marble, calc-silicate gneiss, and minor
amphibolite; mineral assemblages suggest the rocks belong to the
almandine amphibolite facles. The plutonic rocks that intrude this
assemblage in the southeastern Seward Peninsula are chiefly Cretaceous
and range in composition from quartz monzonite and granodiorite to
monzonite and syenite. Assoclated with some of the syenite and mon=
zonite bodies are small intrusive compiexes and dikes of alkaline
subsllicic rocks which form part of a lithologically similar belt that
extends from west-central Akska through the southeastern Seward Peninsula
and St. Lawrence lsland iInto Slberia (Miller, 1972; Csejtey and Patton,
1974) . Bounding the igneous-metamorphic complex In the southeastern
Seward Peninsula are low-grade Precambrian greenschist facies rocks,
consisting chiefly of quartz-mica schist with lesser amounts of meta-
- volcanic rocks, graphitic schist, and marble. Paleozoic (chlefly
Devontan) carbonate rocks (Miller and others, 1972 are assocfated with
these low-grade metamorphic rocks and appear to be in fault contact with
them. The change In faclies between low- and high-grade metamorphic
rocks Is so abrupt in most places that it appears to mark a fault contact.
Cretaceous non-marine sedimentary rocks crop out east of the Darby

Mountains and Late Cenozoic basalts, which cover large areas to the north



and east, occur locally in the southeastern Seward Peninsula. Both the
Bendeleben and Darby Mountains were subjected to valley glaciation of
probable Il)inoian and Wisconsin age (Hopkins, 1963) which has resulted
in numerous U-shaped valleys and aretes.

The southeastern Seward Peninsula is structurally complex and Its
dominant structural graln changes from east-west in the Bendeleben
Mountains to north-south in the Darby Mountains. Parts of the area have
been subjected to east-directed thrust-faulting (Sainsbury, 1969b) and
both mountain ranges appear to be at least partly bounded by range-
front faults. A narrow but continuous north-south belt of ophiolite
rocks of probable Permian age crops out east of the Darby and Bendeleben
Mountains (Miller and others, 1972); these rocks are locally glaucophane-

bearing and may mark an old suture zone.

Petrology

The Darby and Bendeleben plutons are composed of relatively homo-
geneous quartz monzonite that is similar in gross composition but differs
in grain sizé and texture. The Kachauik pluton Is a much more heter-
ogeneous composite pluton composed of rocks ranging from granodiorite
to syenite. Plots of felsic modal components based on polnt counts of
stained slabs (fig. 2) show the compositional character of the plutons.
Because the sampling density of these large plutons is relatively low,
the modes shown in figure 2 only approximately represent the range In
composition. The same is true for the average chemical analyses given
in Table 1.

The Darby pluton underlies the eastern Darby Mountains and has a

rather unusual shape - a long thin body extending for over 80 km



ina N 18° E direction and only 3 to 8 km wide covering an area of

about 400 km?. Exposures are good in thelglaciated northern part of

the pluton, particularly in the higher cirque walls, and along the
southern sea coast; elsewhere in the pluton, frost actlon has reduced
many outcrops to frost-riven blocks. Enough tor-like plnnacle outcrops
remain, however, to give a fair outcrop pattern. The rocks are generally
fresh although commonly somewhat friable in the pinnacle outcrops. The
Darby granitic rocks have a distinct and characteristic coarse-grained
and porphyritic texture with large tabular pink K-feldspar phenocrysts
(up to 50 mm long) in a gray to cream colored, medium- to coarse-grained
groundmass of feldspar and quartz mottled with 5 to 10 percent dark
minerals. Follation and lineation are almost totally lacking except
locally along the western contact north of the headwaters of Dry Canyon
Creek. Large (>30 ctm in length) mafic ellipsoidal inclusions are
locally very abundant in the sea cliff exposures at the southern

tip of the pluton just east of Cape Darby (fig. 1)}.

The Darby granltic rocks are chiefly guartz monzonite consisting
essentlally of perthitic K-feldspar and plagioclase (An20_34) in
approximately equal amounts with slightly less quartz. Varletal mafib
minerals are biotite and hornblende with hornblende always less abundant
than biotite and almost totally absent in the northern third of the
pluton. Ublquitous accessory minerals are abundant magnetite and
allanite with lesser amounts of sphene, apatite, zircon, and a little
fluorite and rutlle. Alteration effects are weak with only minor amounts
of sericite after plagloclase, chlorite after biotite, and goethite and

lepidocrocite after magnetite.



Although megascopically the pluton appears to show little change
In composition over its entire 80 km length, the modes show a slight
and gradual decrease in maflic mineral and plagioclase content from south
to north and a corresponding Increase in quartz and K-feldspar Indicating
lateral zoning. This lateral zoning is illustrated in Figure 3 where
mafic mineral content Is plotted along the axis of the pluton.

Aplite dikes, commonly tourmaline-bearing and generally less than
40 cm thick, are common throughout the pluton, and a swarm of lamprophyre
dikes occurs near the south end of the pluton,

The most distinguishing characteristics of the Darby piuton are
Its uniform coarse-grained and porphyritic texture, consistent mineralogy,
relatively homogeneous composition, and relative abundance of magnetite
and allanite. Chemically the Darby granftic rocks are 5109- and Ky0-rich
wlith a high Fe203/Fe0 ratio. This high Fe;03/Fe0 ratio is reflected In
the abundant magnetite in the Darby pluton which In turn results in a
high magnetic intensity for the pluton particularly as compared to the
Bendeleben pluton (Alaska Div. Geol. and Geophys. Surveys, 1973a, b).

The Bendeleben pluton forms the core of the eastern Bendeleben
Mountains underlying an ellipsoldal-shaped area of about 300 km?2,
Exposures of rock actually in place are generally confined to the
higher cirque walls as frost-action has resulted in the destruction
of most outcrops to frost-riven blocks. Most of the Bendeleben granitic
rocks are fine- to medium-grained, pinkish-gray quartz monzonlte mottled
with up to 1! percent mafic minerals. The rock is generally masslve and
equligranular although porphyritic and follated varieties occur near

the border of the pluton.



In contrast to the abrupt country-rock contacts of the Darby
pluton, the Bendeleben body consists of a central core of granitic
rocks enclosed in a broad zone of alternating thin bands of granitic
and high-grade metamorphic rocks with the latter gradually increasling
away from the pluton. Aplite dikes cut both the pluton and country
rocks and pegmatites are also common In the country rock.

The Bendeleben quartz monzonite consists essentially of plagloclase
(An25_37) and siightly lesser amounts of perthltic K-feldspar and quartz.
The varietal mafic minerals, blotite and hornblende, make up about 7
percent of the rock. Both biotite and hornblende are present, but
biotite Is generally much more abundant as shown by a biotite/hornblende
ratio of over 9. Locally, In more mafic and perhaps contaminated phases,
hornblende s more abundant and clinopyroxene also occurs. Accessory
minerals are sphene, zircon, and apatite. Allanite and opaque minerals
are less common and much less abundant than in the Darby pluton; monazite
is a rare constituent.

Distinguishing characteristics of the Bendeleben pluton are its
relatively fine-grained and equigranular texture and its relative
paucity of magnetite and allanite as compared to the Darby pluton.
Chemically the Bendeleben quartz monzonite is a silicic quartz monzonite
with a low Fe203/Fe0 ratio.

The Kachautk pluton occupies the upland region west of the
Darby Mountains and has an aggregate area of about 530 km2 (fig. 1).

It is a composite Intrusion with granodlorite and quartz monzonite
forming most of the west half of the pluton and a monzonite-syenite
unit, subdivided by Miller and others (1972) into four sub-units,
forming the eastern part. An alkaline rock dike swarm consisting of

pulaskite and pseudoleucite porphyry has tntruded much of the northern
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half of the pluton (Miller and others, 1971); the dike set has a
consistent N 400 E strike. Exposures of rock actually in place are
confined chlefly to scattered tor-like outcrops that are commonest
in the coarse-grained monzonite-syenite unit.

The granodiorlite and quartz monzonite are porphyritic with large
cream colored plagioclase phenocrysts up to 25 cm long and abundant
mafic mlineral phenocrysts In a graylsh-cream colored medium-grained
groundmass of feldspar and quartz. Essential minerals are plagioclase
(Ang3_yz5), perthitic orthoclase, and less abundant quartz; varietal
mafic minerals which constitute up to 27 percent of the rock, are
biotite, hornblende, and clinopyroxene. The average modal composition
is approximately that of a granodiorite. Adjacent to the alkaline
rock dikes, the granodiorite has commonly been metasomatized with
inciplent development of aegirine and riebeckite. Accessory minerals
are ubiguitous sphene, zircon, and apatite; allanite is less common,
and magnetite is rare. Tourmaline 1s common in the form of thin
veinlets cutting feldspar.

Distinguishing characteristics of the granodiorite are the large
cream-colored plagioclase phenocrysts, relatively low quartz content,
the occurrence of clinopyroxene with hornblende and blotite, the almost
total lack of magnetite, the tourmaline veinlets, and the local atkali
metasomatized rocks.

The two chemical analyses reported in Table 1 are of granodiorite
in which little or no alkali metasomatism is apparent. They show the
unaltered rock to be a fairly mafic-rich granodlorite relatively low in
Si07 and high in Ky0. Metasomatized rocks show lTower Si0, but

hligher alkalles.




The monzonite-syenite unit is very héterogeneous and composed of

a variety of rocks including obvlious contaminated and hybrid

phases.

Rocks of thls unit are characteristically porphyritic with large pink

to cream-colored K-feldspar phenocrysts (up to 75 mm long) Ip a similar

colored medium-grained groundmass of feldspar; large hornblende and

pyroxene phenocrysts are also abundant. Trachytoid and gneissic textures

caused by alignment of K-feldspar phenocrysts and grains are

common .

Essential minerals are perthltic K-feldspar and subordinate

plagioclase (An30_45); quartz ranges from absent up to 5 percent.

Varietal mafic minerals are dark green-brown hornblende and green

clinopyroxene; biotite is rare except in hybrid phases and melanite

garnet is locally present in contaminated border phases. Acfessory

minerals are ubiquitous sphene, apatite, and zircon, sporadi
distributed magnetite, and allanite.

Distinguishing characteristics of the monzonite-syenite
the high K-feldspar and mafic mineral content and the variat

composition and texture. The chemical analyses In Table | s

rally

unit are
fon in

how the

general low Si0y, high K,0 character of the rock as well as fts

generally more maflc character as indicated by relatively high Fe0,

Fe,03, Mg0 and Ca0 contents.

Age of plutons

The plutons of the southeast Seward Penlnsula intrude r

ncks of

probable Precambrian age and are not stratigraphically brackpted. Although

K-Ar dates have been obtained from the plutons fn the area,
Darby pluton has sufficient dating been done to be relativel

of the age. Two biotite samples from the northern part of t

only on the
y confident

his pluton




yield ages of 92,1+ 2.8 and 94.0+ 3 m.y. (table 2) and coexisting horn-

blende and blotite from a sample from the middle of the plutgn yield

ages of 92.8+ 2.6 and 88.3+ 1.5 m.y. respectively. These latter two ages,

although not quite within the range of analytical error, together with the

two blotite dates indicate, a Late Cretaceous age of 88 to 94 m.y. for

the pluton. A previously reported hornblende date of 81.4+ 3 m.y. for

the Darby pluton (Miller and others, 1972) appears to be in drror due

to an Incorrect K,0 analysis.
A date of 79.8+ 2.4 m.y. has been obtalned on biotite from the

Bendeleben pluton and a date of 97.5+ 3 m.y. has been obtained on

hornblende from the monzonite-syenite unit of the Kachauik pluton

(table 2). These dates should’only be regarded as preliminarmy until

supporting K-Ar age dataare obtained; however, they are similar to those

reported on plutons of similar composition elsewhere in westarn Alaska

(Miller, 1970a; Csejtey and others, 1971). Also, that part gf the

Kachauik pluton adjacent to the Darby pluton is intruded by dikes

similar in composition to the Darby granitic rocks indicating that

the Kachaulk rocks are older.
The absolute age of the granodlorite unit of the Kachaulk pluton

Is uncertain. Although an age of 86.1+ 3 m.y. has been reported on

hornblende from thls unlt (Mi)ller and others, 1972), a blotlte sample

from a nepheline syenite dike intruding this unit has since yielded

a 93.9+ 3 m.y. age. Additional age dating is currently being conducted

on this unit in an attempt to resolve this problem. K-Ar dates from

other atkallne rocks in the western Alaska alkaline rock province,

incltuding the nearby Dry Canyon Creek stock (fig. 1), have ylelded ages

of 105 to 107 m.y. (MIller, 1972).
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The K-Ar ages on these three large plutons range from 80 m.y. to

98 m.y. suggesting emplacement In Cretaceous time. The Kachauik pluton

is similar in composition to a sulte of plutons in western Al

aska that

has ylelded K-Ar ages of 98 to 110 m.y. (Miller, 1972) and the single

avallable date of 98 m.y. from the Kachauik pluton indicates

It belongs

to this suite. A Late Cretaceous time of emplacement of around 92 m.y.

for the Darby pluton appears to be fairly well documented by
K-Ar ages obtained from the pluton. Csejtey and others (1971
to a 93 m.y. age for a mineralized granitic pluton on St. Law
Istand and the Kugruk pluton {(Salnsbury, 1974) north of the 8
Mountains has likewise yielded a 93 m.y. age (T. P. Miller, U
data). The relationship of the Bendeieben pluton to other ne
rocks s uncertain since only a single date of 80 m.y. is avg
A suite of calc-alkaline granitic rocks has yielded ages of 7
m.y. In the Yukon-Koyukuk province to the east, (Miller, 1970
date of 75 m.y. has been reported on the Brooks Mountain gran

in the western Seward Peninsula (Sainsbury, 1969a).

Distribution of U and Th
Analytical Method
Uranium, thorium, and potassium analyses of 31 samples ¢

Darby, Bendeleben, and Kachaulk plutons are tabulated in Tab]

the four

) refer

rence
endeleben
npublished
arby plutonic
ilable.

8 to 82

b) and a

ftic stock

rom the

e 3.

These analyses were done by gamma-ray spectrometry and the basic

operational procedures and calibration techniques are described by

Bunker and Bush (1966).
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Uranlum concentrations are determined indirectly by meas
the radium daughters to obtain radium equivalent uranium (Rae
Radium equivalent uranfum is the amount of uranium, under the
of radiocactive equilibrium, required to support the amount off
products that emit the radioactivity measured in a sample. T
the report where '"'U'" and !'uranium'’ are used ''radium equivalen
Is implicit. Although thorium is also measured from daughter
disequilibrium is improbable because of short half-Tlves; the
the concentrations are considered to be a direct measurement
thorium. Potassium Is determined from its K40 content, which
portional to the total potassium. The coefficlents of varlat
the accuracy of the data Included In this report (table 3) ar
3 percent for uranium and thorium and | percent for potassiun
compared to standards analyzed by isotope dilutlion and flame
meter methods.

The Darby pluton has the highest U and Th content of thg
plutons wlith an average of 11,2 and 58.7 ppm respectively or
2 to 3 times various reported averages (Rodgers and Adams, 19
The U and Th content appears to be high ovep

granltlic rocks.

entire 80 km length of the pluton; samples D! and D13 (fig.

example, are about 75 km apart, yet show 7.92 ppm U and 55.1%

Th and 14.61 ppm U and 52.92 ppm Th respectlvely. The consi;
of high values is also indicated by the range in U and Th wh
6.18 to 19.83 ppm for U and 40.84 to 83.75 ppm Th. The numbs
samples is too small to definltely pinpoint any local areas {
the pluton with significantly higher U and Th; however, samp

D4, and D5 Just west of Vulean Creek in the northern part of
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include some of the highest amounts of U and Th reported. Interestingly
enough, this is the same general area where West (1953) reported the
occurrence of an unidentifled "uranium-titanium niobate'' mineral in

pan concentrates. Heavy mineral fractions (spec. gr. >2.89) of a few

of the pan concentrates contained as much as 5 to 10 percent of a mineral
that consists chiefly of Nb, U, Ti, and Ca with traces of Si, fe, and

Th (West, 1953). The comblnation of these elements suggests that the
mineral is a multiple oxide mineral, such as euxenite or samarskite.
Euxenite-bearing granitic rocks are rare but have been reported in the
Idaho batholith (Mackin and Schmidt, 1956) where they are the source
material for U- and Th-bearing placer deposits.

With one exception the analyzed samples from Bendeleben pluton
contain approximately average U and Th contents with 5 of the 6 analyzed
samples showing a range of 1.8 to 4.4 ppm U with an average of 3.4 ppm
and a range in Th of 11.7 to 21.4 ppm with an average of 16.7 ppm.

Sample B4 (fig. 1) contains much higher U and Th, 9.5 ppm and 50.8 ppm
respectively,'which is similar to amounts encountered in the Darby pluton;
the K content, however, is simlilar to the other Bendeleben samples and less
than any value of K reported for the Darby pluton. The reason for the
high U and Th content in sample B4 is not known.

The granodiorite and monzonite-syenite of the Kachauik pluton
show a conslderable but roughly similar range in U and Th content. The
Kachauik rocks generally have more U and Th than the Bendeleben pluton
but less than the Darby pluton. The small number of analyzed samples
makes generalizations difficult, but the two samples of relatively fresh
granodiorfte, K1 and K2, both have above average amounts of Th (36 and

34 ppm) and K2 has above average U (12.5 ppm). The samples with lower
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quartz content and visible signs of K- and Na-metasomatism contain lesser
amounts of U and Th.
Variation dlagrams indicating the relationshlp between U, Th, and

K are given In Figs. 4 and 5 and show that for the Bendeleben

pluton and for the granodiorite of the Kachauik pluton, Th generally
Increases as K Increases. Such an increase is common for igneous rock
series as Th and U generally increase as differentlation proceeds and

the K content in silicic rocks such as these serves as a. differentiation
index. For the K-rich monzonite-syenite of the Kachaulk pluton, however,
the trend is anomalous in that Th decreases as K increases. The range

of K for the Darby pluton is so small that no trend relative to Th Is
discernable.

fndividual units show little or no relationship between U and K
but, excluding the monzonite-syenite of the Kachauik pluton, the plutons
as a whole show a general increase of U with respect to K. The|Kachauik
monzonite-syenite shows little variation of U with respect to K.

The Darby pluton has the highest U/K and Th/K ratios (table 3) which
is to be expected since it is composed of the most sillcic,and presumably
thg most highly differentiated rock of the three plutons,and U/K and Th/K
characteristically increase as rocks become more differentiated K (Rodgers
and Adams, 1969). A fairly good positive correlatlon exists between U and
Th in the Darby pluton (fig. 5); The U/Th ratio s the highest of the
three plutons and relatively high for granitic rocks in general. A
simitar relatlonship appears to exist for the Kachaulk monzonite-syenlte
whereas no clear trend is apparent for the Kachaulk gFanodlorlte or the

Bendeleben quartz monzonite.
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Radiogenic heat produced by the plutonic rocks from the southeast
Seward Peninsula has been calculated (table 3) from the U, Th, and K
contents (table 3) on the basis of Birch's estimates (1954) of heat
generation (1 ppm Th = 0,20 ycal/g yr [micro calories per gram per year};
1 ppm U = 0.73 ucal/g yr; 1 percent K = 0,27 ucal/g yr). The Darby pluton,
as is to be expected from its high U, Th, and K content has the greatest
heat production. The heat yield from this pluton ranged from 16.0 to
32.4 pcal/g yr and averages 21. This range is considerably above
typical values reported for granitlc rocks from the western U. S. by
Tilling and Gottfried (1969). For example, the Boulder batholith has
a reported average heat production of 6.8 ucal/g yr, and the southern
Callifornia batholith of 2.7 ucal/g yr. The Kachaulk pluton has a
Tower average heat production of about 10 ucal/g yr and the Bendeleben
pluton has an average heat productlon of 8.67 ucal/g yr (6.7 ucal/g
yr excluding sample BL4), which Is more typical of granitic rocks.

All three plutons contain common accessory minerals such as
allanite, sphene, and zircon that are typically host minerals for U
and Th. West (1953) reported that the radioactivity of the concentrates
taken from streams draining the Kachauik and Darby plutons was largely
due to these accesﬁory minerals. The Darby pluton has a much higher
U and Th content than the Bendeleben and Kachauik plutons, and allanite
is certalnly more abundant In the Darby pluton than In either of the
other two plutons. A quantitatlve spectrographic analysis of allanite
from sample D10 showed 12,000 ppm Th.

Assuming an average Th content for the remaining accessory minerals
as well as the major minerals present, a total of 0.4 to 0.5 percent

allanite would have to be present in order to account for the 67 ppm



Th reported for sample DI0. Point counts of the amount of allanite

In the rock range from 0.15 to 0.21 percent. This estimate of the

amount of allanlte may be too low since accurate estimates of modal
abundance of accessory minerals based on thin section study are difficult
to obtain. This would be particularly true in regard to the coarse-
grained Darby rocks. Other possibllities are that one of the major
minerals in the rock contains much more Th than is typically the case,

or an as yet unidentifled U- and Th-bearing mineral is present. X-ray
studies of heavy mineral concentrates from this sample do not reveal

any suph minerals, however, nor has West (1953) reported any, other

than the euxenite-like mineral, in the pan concentrates.

Discussion

The present study has shown that the Darby pluton has well above
average U and Th, the Kachaulk pluton varles from average to slightly
above average, and the Bendeleben pluton has only average U and Th
content. The reason for the variatlon in U and Th among plutors as
close togethe} as these is not readily apparent but may be a reflection
of a difference in U and Th content of the pre-granitic source rocks
of the three plutons.

It has been suggested, for example, that the decrease In the U
content and radioactivity from east to west across the Sierra Nevada
batholith, noted by Dodge (1972) and Wollenberg and Smith (1968) among
others, reflects a regional distribution of U and Th that predates the
Intrusion of the granitlc rocks (Wollenberg and Smith, 1968). In the
southeastgrn Seward Peninsula, however, the same sillimanite-bearing
high-grade metamorphic rock unit occurs in the country rock surrounding

all three plutons. The plutons, underlying an aggregate area of over
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1200 sq km, occur within a relatively small area of 7000 km? and

vary in composition from highly silicic quartz monzonite to subsilicic
nepheline syenite and in age from 105 m.y. to 80 m.y. This close
Juxtaposition of plutonic rocks that differ considerably In major

or minor element composition but cover a time interval of only

25 m.,y. and Intrude the same country rock makes it unlikely that their
composition results from lateral variation in the pre-granitic source
rocks. A more likely posslbility is a vertical variation in the com-
position of the pre-granitic source rocks coupled with the formation
of magma at different levels. The high potassiumulow silica, and
general more mafic character of the Kachauik pluton, for example,
suggests that the source material for the Kachauik pluton, be it
crustal materlal, deep-seated magma, or a combination of the two,

was considerably dlfferent from the other two plutons. The close
association In time and space of the large monzonite-syenlte plutons
(Kachauik-type rocks) in western Alaska with a regional belt of
alkaline substlicic rocks has lead to the suggestlon (Miller, 1972)
that the composition of the farmer is due at least partly to deep-
seated alkaline magmas.

The Darby and Bendeleben plutons also show some indications that
their respective magmas formed at different levels. The two plutons
are relatively similar in gross composition with the Darby pluton belng
slightly higher in K,0 and Naz0 and the Bendeleben slightly higher in
Ca0 and A1203 . Perhaps the most significant chemical difference
between the two plutons, however, is in their respective Fe,03/Fe0

ratios. 'Although their total Fe content is about the same, the Darby



pluton has an average Fe203/Fe0 ratio of 1.08 compared with 0.16 in

the Bendeleben pluton. Converting the Fe203/Fe0 ratio to the molecular
ratlio (2Fe203 x 100)/ (2Fe203 + FeD), termed the oxldation ratlo by
Chinner (1960}, gives some insight into the behavior of oxygen during
magmatic processes. The oxidat[on ratio appears to be dependent on

the magnetite content and the Darby pluton contains much more magnetite
than the Bendeleben pluton; this dependence is similar to that pointed
out by Dodge (1972) for the Sierra Nevada batholith. The average
oxidation ratio for the Darby pluton is 50 as compared to 13 for

the Bendeleben pluton which Indicates that the Darby pluton had a
higher oxygen pressure and thus a higher degree of water saturation,
although neither magma was probably water saturated. Thls difference
In water saturation of the magmas may be a reflection of the water
content of the pre-granitic source rocks. |f more anhydrous rocks are
to be expected at depth, for example, then the Bendeleben magma was
formed at depths greater than that of the Darby magma.

Alkaline rocks are commonly host rocks for U and Th deposlts, and
the western Alaska alkaline province wlith Its associated large
monzonlte and syenlte plutons were included withln a U-Th metal province
which extends 300 km north and east of the southeastern Seward Peninsula
(Clark and others, 1972). Uranothorianite and gummite were found
associated with copper sulfldes, molybdenite, gold, silver, bismuth
and thorite In placer deposits In the headwaters of the Peace River
within this province (Gault and others, 1953). The streams in this
area drain a mineralized alkallne stock (Miller and Elliott, 1969). U
and Th analysls of selected plutonlic rocks from plutons and alkaline
complexes located within this U-Th province are as great as 31 ppm U

and 179 ppm Th (Miller and Bunker, 1975).
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The occurrence of above average amounts of U and Th in the Darby
pluton shows that anomalous amounts of U and Th In this part of Alaska
are not necessarlly confined to alkaline and kindred Intrusive rocks.
The Darby pluton is slightly younger than the alkaline rocks and is
much more siticlic. This close spatial association of two different
rock types both with above average U and Th indicates that the area
Is indeed a U-Th province and that this part of the crust is enrliched
In U and Th.

Other occurrences of U and Th have been reported elsewhere In
the Seward Peninsula. Small stocks of pyroxene-bearing granlitic rocks
in the Kiglualk and western Bendeleben Mountains have been descrlbed
by Sainsbury (1974) as being unusually rich in Th and contalning
abundant allanite. West and Whlte (1952) reported the occurrence
of zeunerite, a secondary hydrous copper-uranium arsenate mineral,
in a small granitic stock at Brooks Mountain in the western Seward
Peninsula. Most of the zeunerite Is disseminated in hematite which
partly fills ‘openings in an oxidized pegmatitic phase of the intrusion.
The primary source of the uranium ls not known. Moxham and West
(1953) reported small amounts of radiocactive material In Serpentine
Hot Springs pluton of the northwest Seward Peninsula which result in
above average radioactivity. Sainsbury and others (1970) state that
the southeastern edge of the Serpentine Hot Springs pluton has the
highest radloactivity. Killeen and Ordway (1957) dlscussed a lode
deposlt contalning uranium in the nearby Ear Mountain pluton. The
primary uranium mineral was not identified but a secondary mineral

described as intermediate between metazeunerite and metatorbernite
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was found. The lode deposit was not considered to have economic potenttfal
by Killeen and Ordway. Anomalous radloactivity has been reported in
the Windy Creek stock (fig. 1) by Salnsbury (1974); the anomaly may be
related to a mineralized zone on the west side of the stock or to
alkaline subslilicic rocks known to occur In the pluton (Miller and
others, 1971). Whether these scattered occurrences of U and Th else-
where [n the Seward Peninsula means the U-Th province extends beyond
the area outlined in Clark and others (1972) is uncertain at present.

The Darby pluton has a U and Th content similar to that of the
Conway Granite of New Hampshire which has been cited as a low grade
U-Th resource (Adams and others, 1962), In addition to whatever
potential the Darby pluton might have as a low-grade resource, however,
Its high U and Th content plus the occurrence of the euxenite-like
mineral In the pan concentrates of some streams draining the north-
eastern part of the pluton suggest the possibility of local concentrations
of U and Th which could have more immed!ate economic potentlal. The

Darby pluton -is therefore a favorable area for future exploration.
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Table 1. Chemical compositions of the Darby, Bendeleben, and Kachaulk plutons.

Darby pluton

10 analyses

Avg,
71.5
14.6
1.05

0.53

1.5
3.55
4.97
0.50
0.15
0.24
0.10
.05
.02

Fe203/Fe0 1.08

Range
68.8-74.)

13.5-15.7

0.66-1.5

.60-1.7
.28-.90
1.1-2.2
3.1-3.9
8.7-5.4
.31-.75
.08-.23
o 14-.37
.Ot-,18
.00-.10

.01-,08

Bendeleben pluton

6 analyses
Av. Range
70.2 68.2-70.7
15.6°  -15.2-16.1
0.3  0.2-0.4
L9 1623
0.64 .58-.83
2.1 C1.8-2.6
3.3 3.0-4.1
3.85 2.6-4.4
0.70 .41-.80"
0.17 .10-.26
0.41 .35-.52
0.15 12-.19
.07, .07
.01 .01-.02
.16

Kacﬁauik pluton
Grancdiorite . Monzonite-gvenite
2 analyses 7 analyses
AVg. Range Avg, Range
64.4 64.1-64.8  57.0 54,4-60. 1
16.2 16.2 17.9 17.0-18.9
1.0 0.9-1.0 1.5 0.8-2.7
2.8 2.8 3.8 3.0-4.6
2.3 2,1-2,4 2.0 4.1-2.8
'3.7 3.1-4.2 5.0 3.8-6.6
3.2 3.0-3.3 3.2 2,3-4.1
k.6 h.6 6.6 5.2-8.8
| 47 .15-.80 0.34 .66-1.0
A7 J1-.24 0.139 .08-,24
.54 .54 -0.75 .65-.98
A7 .15-.18 0.36 23~ 44
.00 .00 0.11 .06-.18
.02 .02 .03 .01-.08
.36 0.39



Table 2. K-Ar* age dates of the Darby, Bendeleben, and Kachauik plutons,

oN V1 W

140
oo, rue  wmersi e i B eilim ol
68AMm280 Bendeleben biotite 8.14 9.799x10°10  0.82 79.8+ 2.4
2  68AMm28S Darby bilotite 3:32}8.94 I.Z’ﬂle"’9 | 0.73 92.]:_2;3 .

71AMm415A Darby biotfte 8.96 1.275x10"2 0.78 94.0+ 3
70AMm1588  Darky hornblende ;332 1.250x10"10 0.8} 92.8+ 2.6
70Anmyssa' Darby biotite * ;:gg' 1.042x10-%  0.93 88.11-1.5
70AMm150 ‘ Kachauik  hornblende :}:ggg}léﬂé 2?346x19'1° 0.89 97.5¢+ 3

Speclimen locatlons

(1) 1at.65°16'N., long. 162°55'W.
(2) lat.és°oI-N.. long. 162°11'W, |
(3) lat.64°57'N., long.162°20'W.

(4) 1a:.6§°h5.2'n., long.162°25.2'W.
(5) 1at.64°45.2'N., long.162°25.2'W.
(6) 1at.64°38'N., long. 162°H5°W.

x Ages.were caluculated using the following constants: K0 decay constants:
Ae = 0.585 x 107101, g = k.72 x 10710 r"1; abundance ratio: K4O/K =
1.19 x 10”" atom percent. Potassium analyses were done by L. Schlocker by
flame photometry using a llthium internal standard. Argon measurements using
standard I1sotope dllution techniques were made by J. Von Essen on samples 1,2,
and 6, by J. Von Essen and L. Alba on samples 3, and by J, Von Essen and S. J.

Kover on samples 4 and 5.
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Figure 1, Index map of Alaska showing
area of report

Detailed map of area shown of
following page (Figure 1. contipued)



EXPLANATION
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1. Distribution of plutonic rocks in southeastern Seward

Peninsula.
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Figure 4. U and Th content of Darby, Bendeleben, and Kachaulk plutonic rocks

plotted against X,
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