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ABSTRACT

Radioactivity in the southern and eastern parts
of the Darby Mountains, Seward Perinsula, Alaska,
appears to be directly related to the occurrence of
granite. Concentrates from placers derived from areas
containing granite are more radicactive than concen-
trates from placers not derived from the granite ang,
generally, contain from 0.01 to 0.05 percent equivalent
vranlum. The radicacUivity of these concentrates is
largely due to radioactive elements in ¢common acces-
gsory minerals in granite, such as sphene, allanite,
zircon, and, locally, monazite, Locally, In the Clear
Creek-Vulcan Creek area, the neadwaters of the
Kwinfuk River, and on Golovnin Bay near McKinley
Creek, concentrates {rom placers derived from granitic
terrain contain as much as 0.1 percenl equivalent
uranium, The higher radicactivity of the concentrates

from the Clear Creek area and on Golovain Bay is que
chiefly to an unidentified uranium-titanium niobate,
whereas the higher radicactivity at the headwaters of
the Kwiniuk River is due to thorianite..

INTRODUCTION

‘The Darby Mountains are situated in the south-
eastern part of the Seward Peninsula, Alaska (pl. 1).
The range has a general north-south trend and extends
from Cape Darby on the scuth to the southeastern
portion of the Bendeleben Mountains on the north, a
distance of zpproximately 75 miles. The area is
bounded on the west by Golovnin Lagoon, Golovnin Bey,
and the Fish River and in general on the east by Norton
Bay and the Tubutultk River, although the upper half of
the Jatter river dissects the eastern flank of the mountains.



The area is accessible from Nome, approximately
70 miles tc the west, by air to two small airstrips, one
located at Golovin on the western side of the Darby
Peninsula and the other at White Mountain on the Fish
River (outside of area shown on pl. 1) and the Moses
Point Civil Aeronautics Authority airfield near the
mouth of the Kwiniuk River, 46 miles northeast of
Golovin. There are no good harbors along the entire
coast. Transportation of supplies within the area must
be accomplished by tractor or in part by small boats,
as there are no roads.

The Darby Mountains are a relatively low range
with the highest peaks seldom rising {0 more than
3,000 feet sbove sea level. In the heart of the range,
glaciation has produced cirques and steep-sided,
U-shaped velleys. Someé sireams have cul deep valleys.
Wave action along the south coast of the Darby Peninsnla
has produced a rugged coast with high cliffs and abeach
so narrow that It Is impossible to walk along the shore
in many places.

The greater part of the Darby Mountains districtis
made vp of well-rounded tundra- or vegetation-covered
hills and mountains. Rock pianacles, talus, and rock
fragments occur on and near the tops of many moun-
tains, but bedrock outerops are surprisingly scarce,

Previous investigations (Gault, Killeen, West,
and others, 1863) in the northeastern part of the Seward
Peninsula to the northeast of the Darby Mountains re-
vealed the presence of uranothorianite and several
other less radioactive minerals widely distributed, but
locally concentrated, in areas underlain by felsic
igneo' s rocks. The purpose of the 1848 reconnaissance
in the Darby Mountains was to determine whether slm-
ilar radioactive minerals also occur in the felsic igneous
rocks of this district, and, if present, attempt to dis-
cover any sites of high concentration and the bedrock
source of such minerals. The reconnalssance was
conducted during the summer of 1948 by a fleld party
consijsting of W. 8. West, geologist, and A, E. Nessett,
J. J. Otoyuk, and J. M, Ikleasik, camp assistants.
Time permitted only the investigation of tae southarn
and eastern parts of the district, The route followed
is tndicated by the location of camps, numbered in
thronolegic order starting at Golovin, on plate 1.

GEOLOGY

The only work of the Geolagical Survey in the
Darby Mountalns prior to this investigation was done
by two parties; that of Mendenhal) (1901), who in 1900
mapped both topographically and geologicaily the Xoyuk
River valley and parts of the Darby Mountains on an
exploration-reconnaissance scale; and that of Smith
and Eakin (1911), who in 1809 mapped the area between
Nulato and Council on a similar scale.

The geologic features of the Darby Mountaing

district as described by Mendenhail (1801) and Smith
and Eakin (1011), are discussed briefly below.

Undlvided metamorphic roc¢ks

The oldesl rocks in the district, which occcur
mainly along the western flanks of the Darby Mountains,
are folded and sheared metamorphic rocks of pre-Stlurian

and possibly pre-Cambrian age (pl. 1), These rocks
consist of quartzose, calcareous, blotitic, chloritic,
feldspathic, and graphitic schist and thin limestones,
The schist has been cut by greenstons, granite, diorite,
and other igneous rocks which have had & share in the
metamorphism and obliteration of the original char-
acters of the schist.

Rocks of Paleozoic age

Carboniferous, Devonlan, and Silurian rocks are
best represented along the eastern flank of the Darby
Mountains and are well exposed along the sea coast
from the mouth of Iron Creek southwest nearly to
Carson Creek. This group of rocks, composed mainly
of llmestone with subordinate dolomite, black slate,
and schist, is complexly folded, faulted, metamorphosed,
and cut by intrusives of greenstone, granite, ang dlorite.

Greenstone and greenstone schist

The post~Carboniferous greenstone and greenstone
schist, which occur arlong the eastern flank of the Darby
Mountains, were not cbserved in place, although green-
stone cobbles and pebbles were seen on the bars along
the lower course of the Tubutulik River,

Undlvided igneous complex

An undivided igneous complex and the granjte
make up the central core of the Darby Mountains. The
undivided igneoug comaplex is believed to belong to one
geologie body of pre-Cretaceous age. It is composed
mainly of granite, which has undergone varying degrees
of metamorphism, but also includes some diorite,
greenstone, and several other types of igneous rocks
whose characteristics are pot sufficiently clear to allow
thelr identification and subdivision.

Granite

The granite, also pre-Cretaceous in age,
ranges ifrom even-gralned to porphyritic in texture
and exhiblts considerable variation in mineralogical
composition. In the area studied the porphyritic
granite {8 much more abundant than the even-
grained. OQutcrops usuelly take the form of kmobs
and pinnacles on the tops and sides of the moun-
taing. Inclusions of diorite in the porphyritic
granite noted especially along the east coast of
the Darby Peninsula indicate that the granite is
younger than some of the diorites in the undlvided
jgneous complex.

Ungalik conglomerate

The Ungalik conglomerate, the oldest formation
of the Cretaceous sedimentary sequence in west-central
Alaska, {8 made up of rounded debris derived from
older formalions including limesione, schlst, igneous
rocks, quartz veins, snd sandstone. It forms the firsl
mein divide east of the Tubutuiik River on the extrema
sastern flank of the Darby Mountains. One oulcrop of
this conglomerate was noted along the bank of thelower
Tubutulik River,

LAl



Basalt

Two isolated cutcrops of vesicular basalt of
Terifary age were observed in the area. One lies be-
tween the headwaters of Grouse Creek and the Tubutulik
River and the other between the third and fourth east
tributaries to the Right Branch of Kachauik Creek (pl. 1).

Unconsolidated deposits

The youngest deposits shown on plate 1 are marine
and nonraarine water-laid deposits of Quaternary age.
No attempt has been made to show the glaclal deposits
or the widespread deposits of unsorted waste rock that
cover practically all of the area not occupled by marine
and nonmarine gravels, sands, and silts.

Hot sprin

A hot spring, not mentioned in earlier Survey
literature, was discovered issuing from granite high
on a mountain slope above Clear Creek, a right tribu-
tary to the Tubutulik River. The stream formed by
this spring constitutes the seventh west tributary to
Clear Creek above the creek's mouth {pl. 1). There is
another hot spring on the north side of the Kwiniuk
River in the vieintty of the mouth ¢f Corral Creek., This
spring was not visiled, but it also probably isgues {rom
granite,

Veins

Quartz and ¢alcite veins and veinlets are abundant
in the schistose rocks, and calcite veins are common
in the limestoses. Quartz veins also occur in the granite
and granitoid rocks, but they are much less cornmon
than in the schists. Along the beach about 2 mlles
north of Golovin a large guartz lens 30 by 16 by 10 feat
may be seen, but this lens, like practically 21l the veins
and velnlets, contains no sulfides. Balf a mile north
of this lens vein quartz containing chalcopyrite was
found In float along the beach; and chalcopyrite-quarts
vein float, stained and incrusted with malachite, was
observed on the west bank of the Right Branch of
Kachauik Creek about 75 yards upstream from the
mouth of the second east tributary. Iron-stained quariz
and calcite veins were observed at other localities, and
some veins have been reported by prospectors to carry
small quantities of gold.

Mineral deposits

No lode mines were operating in the Darby
Mountains during 1848. There is evidence that lode
prospecting, probably for copper and gold, has been
carried on in the past along the coast of Norton Bay
between Carson and Walla Walla Creeks, but no deposits
of economic importance were discovered. The only lode
prospect of any significance in the entire Darby Moun-
tains is a silver-lead prospect on Omilak Creek, a
tributary to the Fish River, in the northwestern part
of the range. This prospect, which lies outside the
area covered in plate 1, was not visited.

A coal deposil, not previously mentioned in
Survey literature, was found to crop out on the right

heagwater fork of the left branch of Grouse Creek, a
\ributary to the Tubutulik River. This deposit appears
to have an east-west axtent of more than 1 mile, and
the outcrop from stream level to the top of the bank
varies from 10 to 15 feet {n thicknesas although the
depth of the coal below the level of the stream is not
known. The coal is probably a high-grade lignite and
may possibly rank as high as subbituminous C coal.

There is no evidence of any recent placer mining
in the district, and no one was prospecting during the
summer of 1948. The only old placer~gold operation
observed was on Grouse Creek. In the past, gold pros-
pecting has been done on Vulean, Chukajak, and Admiral
Creeks, all tributaries to the Tubutulik River.

RADICACTIVITY INVESTIGATIONS

The instrument vsed for f{ield radiometry in the
Darby Mountains in 1948 was a standard commercial
model of a portable survey meter with a 6-inch beta-
gamma probe. Because lhe greater part of the district
Is covered with vegetaiion—mostly tundra-and talus,
direct radiometric testing of oulerops was of necessity
limited in scope, and the low sensitivily of the probe
rendered the instrument ineffeciugl for traversing. To
study effectively distribution of radicactive minerals
in the district the greater part of the fleld work was
directed, therefore, to the collection of concentrates
from slopewash and the gravels of stream and beach
deposits in a effort to determine whether radicactive
minerals were being concentirated in placers formed
by the deposition of material eroded from rocks in the
various drainage areas. Thus, local concentrations
of radioactive minerals could be found, the nltimate
source of which could then be discovered by trenching
to bedrock at selected lacalities.

In the course of the season 248 concentrates were
collected from 215 sites of siream gravels, 20 sites of
beach gravels, and 13 sites {n slopewash. Each con-
centrate from stream and beach gravels was panned
from about 50 pounds of sand and gravel, and each
slopewash concentrate was paaned from approximately
100 pounds of disintegrated rock material. The locations
of these concentrates are shown on plale 1. Each of
these concentrates was tesled for radioactivity in the
tield to determine whether additional concentrates
should be taken in any given dralnage area. For con-
8}stency In expressing the radicactivity of \hese concen-
trates, each sample was further concentrated in the
laboratory by separating the light- and heavy-mineral
fractions with bromoform (sp gr 2.88). As preliminary
lests showed that essentlally all the radicactive minerals
occur in the heavy-mineral fraction, the equivalent
uranium content of each heavier-than-bromoform frac-
tion was then determined by radiometric gnalysis, To
concentrate further the radicactive minerals for
mineralogic study the hegvier-than-bromoform fractions
of selected concentrates were subdivided into light and
heavy subfractions by using methylene iodide (sp gr 3.3),
as agein preliminary scanning of the samples indicated
that essentially all the radloactive minerals have a
relatively high specific gravity,

In addition to the above technlque of lesting areas
by studying the heavy-minera) content ot iis placers,

the writer collected numerous rock samptes, mostly
fioat rock from talus slopes and Stream gravels.



However, as the radicactlvity of none of these samplas
was estimated to exceed 0. 003 percent equivalent ura-
nipm when tested with the poriable survey meter, they
were not examined in more detall,

The distribution of radicactivity in the southern

end eastern parts of the Darby Mountains is discussed
by area in the following pages.

Kachaulk Creek-Cheenik Creek area

The rocks Jn the drainage basins of Kachauik and
Cheenik Creeks (pl. 1) include two bodies of granite,
which appear to be the source rocks of the radioactive
minerals in the concentrales collected from the area.
The distribution of radicactivity in a total of 48 concen-
trate samples (nos. 2834-2888, plL. 1) obtained in the
area is as follows:

Range in equivalent-uranium content Number of
(percent) semples
< 0.0lermmevacrr-msacssmmamaasmsanmm—————— 25
D.0L £0 0.0Bc-amomcmscmmvosnmmmmmeammm—enan 1%
> 0,02 (maximum 0,028)--v-evwenmmmmmaaanan 7

All the concentrates containing 0.01 percent or more
equivalent uranium are from those parts of the two
main streams or thelr tributaries which drain the gran-
ite bodies. The concantrates that contain more than
0.02 percent equivalent wranfum have an average con-
centration ratlo of about 360 to 1.

The mineral subfraction of sample 2839, greater
than 3. 3 speciiic gravily, selected as typical of the
radicactive concentrates from the Kachauik Creek-
Cheenik Craek area, conteins, in decreasing order of
abundance, hornblende, sphene, garnet, and zircon
and traces of magnetite, llmenite, and olivine. Al-
though the radiocactive minerals in this sample were
not specifically identified, it is likely that the radio-
active elements occur chiefly In the sphene and zircon.

McKinlgy Creek~Bryan Creek area

In the McKlinley Creek-Bryan Creek area (pt. 1)
a small body of granite occurs in the headwaters of
Bryan Creek and an even 3maller body appears in a
sea cliff on Golovnin Lagoon ebout midway between the
mouths of Cheenik and McXinley Creecks. Six concen-
trates (nos. 2893-2898) were taken in the vicinity of
the granite at the head of Bryan Creek. The radioac-
tivity of these concentrates, which have concentration
ratios of 500—1,000 to 1, ranges {rom 0.009100.015 per-
cent equivalent uranium. The radicactive minerals in
these samples were not identified but probably are one
or more of the common accessory minerals in the
granite. Sample 2880, a ¢oncentrate taken from a
small unnamed stream, not shown in plate 1, contains
0.018 percent equivalent uraniom. As this stream
probably heads {n the edge of Lhe granite on upper
Bryan Creek and the radioactivity and concentration
ratio is about the same as the samples from Bryan
Creek, it is likely that the radicactive minerals are
the same as those in the samples from Bryan Creek.

The wmaterlal in the slopewash concentrate
(sample 2891) laken at the granite on the coast between

Cheenik and McKinley Creeks probably is derivead
mostly from a mineralized zone near the contact be-
tween the granite and the older Igneous complex
{pl. 1). The heavier-than-bromoform fraction contains
0.074 percent equivalent uranium. The minerals of
specitle gravity greater than 3.3 are chiefly magnetite,
with lesser amounts of sphene and topez and minor
amounts of allanite, hematite, ilmenite, hornblende,
biotite, scheelite, and an unidentii{ied uranium-tiieniom
niobate mineral. The uraniferous nicbate is the chief
radicactive mineral, although radioactive elements.in
the allanite, hematite, and sphene doubtless contribute
to the total radicactivity of the sample.

Portage Creek-Cape Darby area

Between Portage Creek angd Cape Darby 24 con-
centrate samples (nos, 28698-2922, pl. 1) were collected
to determine whether radicactive minerals were being
eroded from the rocks along the punmierous short streams
and sea cliffs in the area, The distribution of radio-~
activity in these samples follows:

Range in equivalent-urenium content Number of
(percent) sampleas

17

2

>

Data on the concentrates from this area containing
0.01 percent or more equivalent uranium are given
as follows:

Parcent

Semple Concentra-
10- Location "q‘;;:if;t' tioo ratio
2899 Portage Creek, hear mouth--  0.022 63011
2900 Portuge Creek, right .034 4%01)
tributary.
2905 Golovain Iagoon beach near Rab 75:1
Miaginn Creek.
2909 -e-rlO-m-mm—m— e mma o - .015 1X0:1
2910 -vr—dQawemc-aes—ecasmanaua- 030 3011
2918 Umsmed stream entering .035 6,500:1
Golovein lagoen about
miles south of
Miseion Creek.
2621 Golovnin Lagoon sea cliff .09 X,200:)
ebout 4% miles south of
Miseion Creek.

The mineralogic composition of selected radio-
active samples from the Porizge Creek~Cape Darby
area {8 given in table 1. As in the Kachaulk Creek-
Cheenlk Creek area the more radioactive samples are
concentrates in which the material has been derived
chiefly from granite.

In this area the radioactivity is due to the pres-
ence of radioactive elements in allanite, hematile,
and monazite aswellas sphene and 2ircon. Of particolar
note is lhe stopewash concentrate (sample 2818) from
the small granite mass about 4 miles south of Mission
Creek which contains chiefly hematite and topaz. The
material frem which this concentrate was oblained
conslsted largely of disintegrated rock {rom a contact
zone between the younger granite and the clder intru-
sives, In this case a metamorphosed granitic rock.
The possibility that the radicactive elements, particularly

R V]



Table 1.-—Mloeraloglic composition of selected radicactlive heavy-mineral subfractlons (spocific grav-
ity greater than 3.3) of coucentrates from the Portege Cresk-Cape Daerby area

[X indicates prenence of minesal; Tr, indicaten presesec of only tracer of the minersl; rero indicaces minersl not peesent]

Sample no. Sample no.

Mineval 2500|2910(2918[2921 Mineval 0] 2910|2918 2951
Fluoorite-—---svmmmmmemmmeee X 0 O | Tr. | TopeB-==cm—-————m—mmmmememmm 0 0 X 0
Hepatite~------——ccocmoen-—- Tr.! X X X | Epldoto—---—--mm-—amoeam—naa . 0 X o | Tr.
Ilmenite-=-----mmmcme - Tr.| X 0 X |l Allepibe---——----omemmmm o X 0 0 | Tr.
Spine) ——memm e 0 X 0 0 [ Staurolite----—-—-——a=a=mmn-— 0 X 0] o]
Maegnetite--e=----cccecccanoa X X 0 X || Blotite----—--mmmmmmememmma 0 0 o | 'Tr.
Rutile-----wmmmmm e o] X 0 O || Sphenec------———-—m—mmmmmmm X X 0 0
Hornblendg~-~====cococmcwo—- X 0 0 0 ||Mon8ZitO=~-=m--mmmm e mmamaa o 0 0 0 X
Garnet-—-——-—--~mammm e X X 0 X || Scheelite——-—--—mmow—mommmnoo 0 0 0 | Tr.
Oliving-—---——wesmmm e 0| Tr. O | O |[[Powelllbte-—--——-—-—mmemmm—eeo 0| Tr. o] 0
Zircon---—-—--mmm e X X | Tr.| X

uranium, in this area were introduced hydrothermally
in alate stage of theconsclidation of the granite magmas
is suggested by the occurrence of fluorite and topaz.

Norton Bay coastal area between Cape Darby
and the Xwiniuk River

Twenty-seven concentrates (samples 2923- 2946 and

2983-2985, pl. 1) were taken inthe coastal area along Norton
Bay between Cape Darby and the mouth of the Kwintuk River,

These include three samples from the area of agraniteat
the head of the Kwiniuk River, which extends to within sev-
eral miies of the coast aboul 13 mlles north of Cape Darby
(pl. 1), Most of the concentrates were collected in the vi-
cinity of several small granite bodies that occur along the
coast Inthe vicinity of CarsonCreek, The radicactivity
data of the 27 concentrates are summarized as follows:

Range in equivalept-uranium content Number of
(percent) samples
€ 0.0l--——--—-—amiiermeemmmmm—mmm—mmmaaan 15
0.0 to 0,02r-cmammm e e camasrme—mmmm === 1
>0,0R-===mmcmmmecacmaummrr e 5

Partinent dats on the heavy-mineral fractions of samples
containing more than 0. 02 percent equivalenl uranium
follows:

Percent
S::{nle Location equivalent i?gge:::?;
urap{um
2927 Creek batvaen Norton Bay, 0.02) 410:)1
2.8 miles south of
Carson Creek,
2929 Creek between Norton Bay, .02k 560:1
0.6 mile south of
Caraon Creek.
2937 Carson Cr@eKe---s-o———uma- 02U 380:1
2963 Headwatars Xwinluk River, .09 350:1
gecond right tributary
below heedvater forks.
2963 Heedwatere of Kwiniuk .03% 410:1

River.

Although the radioactive mineralsinthe concentrates from
the Norton Bay coastal area were not identitied (except for
one concentrate {rom the head of the Kwiniuk River), the
fact that the locetions of the more radicactive samplesare
directly related to Jocation of the granites suggests that

the bulk of the radioactivity is due to common accessory
minerals of tha granite, suchas zirconand sphene.

However, because of the proximity of these granites to
those on the west side of Darby Penlnsula in the vicinity of
MisslonCreek, itisalsopossible that such minerals as
allantte and monazite mightalsobe found in these concen-
irales, Ifpresent,-these minerals would contribute Lo the
radicactivity of the samples.

Sample 2985 from the granite area near the head
of the Xwiniuk Rlver (pl. 1), contains, in decreasing
order of abundance, hornblende, sphene, gircon,
garnet, hematite, magnetite, epidote, olivine, and
thoriznite. The thorianite is the chief radicactive
mineral; however, the zircon and sphene are slightly
tadicecetive. Although the bedrock occurrence of the
thorianite is most likely as an accesgsory mineral in
the granite, the proximity of the contact between the
granite and metamorphosed sedimentary rocks,
including limestone, suggeststhat the thorianite may
well have been derived from altered rocks in the con-
tact zone.

Kwiniuk River

The Kwintuk River crosses a large belt of granite
about halfway to lts headwaters (pl. 1). Unfortunately
the investigation of this granite area could not be com-
pleted because of the onset of cold weather In the fall,
However, some 16 concentrates (samples 2947-29862)
were taken along the Kwiniuk, and a few of its tribu-
taries, between its mouth angd the belt of granite, The
equivalent-uranium content of the heavy-mineral frac-
tions (specific gravity greater than 2. 88) of these con-~
centrates are given as follows:

Percent

Sample Concentra-

o, eq‘ﬁﬁf;“ tion ratio Remaxies

2947 0,003 1,080:1

2948 008 120:1

2949 .008 230:1

2950 .015 180:1

2951 L0 310:1

29 018 210:1

2953 002 610:1 Right-limit tributary,
2954 012 240:1

2655 006 3350:1 Left-limit tridutary.
2956 .00 2h0:) Do.

2957 .015 180:1

2958 (011 250:1

2959 .013 210:1

2960 .0L5 230:1

2961 .07 230:1 Left-limit tributary.
2962 .OL7 180:1



Asseen Inlhe previous tabulationand on plate 1 the equiv-
alent uranium content of the samples has a fairly gen-
eral in¢rease in upstream order with the radloactivity
confined almost entirely to concentrates from the main
stream, Although the equivalent uranium contant of
the concentrates is not as relatively high when compared
to other concentrates from the district, the general in-
crease upsiream suggests that higher values might be
obtained in the granite belt, which is belleved to be the
chief source of the radicactive minerals. The heavy
minerals in sample 2961, which was obtained from &
small tributary draining a small part of the granite
along ils contact with adjacent sedimentary rocks of
Paleozoic age (pl. 1), are chiefly sphene, hornblende,
allanite, apatite, hematite, and garnet; also found were
traces of Spinel, scheelite, powellite, magnelite,
epidote, rutile, pyrite, and chalcopyrite. The radio-
activity of the sample is ascribed mostly to thorium in
the allanite, although it is likely that some of the other
minerals, Such as the sphene and hematite, are also
radiocactlve. The presence of traces of scheelite,
powellite, and chalcopyrite sugqests that at least some
of the minerals in the concentrate were derived from
some type of lode at or near the contact belween the
granite and the limestone and shale of Paleozoic age.

1t is possible, therefore, that soms, if not all, of the
radicsctive minerals might also have besn derived {rom
a lode source rather than have originated rs accessory
minerals In the granite.

Tubutulik River area

The drainage basin of the Tubutulik River is
underlain by a large variety of rock types {pt. 1). The
most significant feature, however, is a wide belt of
granite along the western side of the area that is a con-
tinuation of the granite belt crossing the Kwiniuk River
to the south. Of a total of 114 concentrates (samples
2066-2990, 2992-2898, and 3000-3002, 3004, 308l
(pl. 1), 41 contain between 0.01 and 0. 02 percent equiv-
alent uranium, and 34 contain more than 0, 02 percent
equivalent uranium up to a maximom of about 0.1 percent
equivalent uranium. The radioacuviiy of the concen-
trates from the Tubutulik River ang its tributaries is
confined entirely to samples in which at least part of
the original material concentraied was derived {rom
granitic roeks (pl. 1). In general, the equivalent-
uranium content of the concentrales increases as the
streamsareascended toandwithin the granite. The data
on the concentraties from the Tubutulik River ares that
contain more than 0. 02 percent equivalent wranium are
given below; .these samples are arranged in order of
location from south to north, rather than In upstream
order, in an attempt to show more precisely the rela-
tionship of the radicactivity of the cancéntrates to the
belt of granite.

Percent
Sfle Location equivelent S.?‘oier;:?i:
N vranium
3020 Seventh west tridutary 0,038 375:1
of Clear CreeX, near
hot apring.
3021 -ecad@v---remammcemcnma—aa- .022 200:1
3009 Third west tributary of .0p2 425:1

Clear Creek,

Percent

Bample Concentra-
no. Location eqﬁir::i;ic ticn ratio
2083 Second west tridbutary of 0.086 1,100:1
Cletr Creek.
023 hoo:1
027 1,750:1
067 2,200:1
.05k 1,050:1
027 475:1
104 1,850:1
079 1,430:1
060 750:1
066 1,900:1
065 1,550:1
.0kO 1,500:)
2982 Clear QreeK-~--=meveavunc .022 r.na
2974 First weet tridutary of .023 600:1
Clear Creek,
2975 ==-d0--=--m--na- vm—emevoa- 023 925:1
2079 ~~cdOm-mucammcucrcm e 023 k,000:1
2028 Vulean Creeke~- o8 275:1
2029 ----Agmm--es-=-- 027 127:1
2030 ~e=edOmmmmomemman amecemona- .02 8e5:1
3031 —---Q0mvmmmmmunemm e ame e .Chle 1,850:1
3032 --a-A0n-mmssmmcmaemmanann_a 0l 1,b50:1
3033 --ecdO=ms-vamaswonmmamsoman .067 1,050:1
105 S - VOO RO .023 125:1
3035 =am-Q0~srmmmmscmmnmmnmn——e .025 h50:1
2052 Rock Cragke----o- dmme e 036 2,250:)
3072 Firet south tributary of .02h 1,b50:1
Tubutulik River above
Rock Creek,
3075 Blg Creek--v--m-memacvcna- 023 1,200:1
3077 Firat noritheast tridutary 046 -a-
of Tubutulik River adove
Grouse Cresk.
3078 Secord corthesst trivutary 055 1,500:1L
of Tubutulik River above
Grouse Creek.
3064  Grouse Creek~waerwove--rea 076 2,750:1

From the above tabulation it is apparent that three
major centors of abnormal radioactivity occux in the
Tubutulik River area. These centers are on the second
west tributary of Clear Cresk, on Vulean Creek, and
in the area belween Grouse Creek and the Tubutulik
River. The mineral composition of representative’
concentrates from these areas are given in table 2,
For comparison, the mineral compasition for radio-
active concentrates of the seventh and first west tribu-
taries of Clear Creek, Rock Creek, and Big Creek are
also given.

Review of the above mineral lists suggests that
some of the radicactivily in all the concentrates is due
to radicactive elements {n such minerals as hematite,
allanite, and sphene. It is llkely that the zireon zalso
is radioactive. Of the more radicactive samples,
namely those containing more than 0.06 percent equiv-
alent uranium, only ona (that from Grouse Creek) is
not from the area between the second west tributary
of Clear Creelt and Vulcan Creek., The higher radioac-
tivity in the Clear Creek-Vulcan Creek samples is
attributed primarily to Lhe presence of an as yet uni-
dentified uraniferous titaniurn niobate mineral or min-
erals. The heavy~mineral fractions (specific gravity
greater than 2. 8%) of samples 2083, 29098, and 3033
were estimated o contain as much as 5 to 10 percent
of the niobate mineral or minerals, Qualitative spec-
trographic analyses of the nlobates from these three



Table 2.—Mineralcglc composition of heavy-miperal subfractions (specific.gravity greatevr than 3.3)
of concentrates from ths Tubutullk Rlver arvea

(X indicares peesence of mineral; Tr. indicatcs presence of only moces of the minersl; xero indicares minetal poc present]

Miveral gemple po.

3020 |2983 (2992 [2993 [2995[ 2996 2974] 3028] 3033 [3052[ 3075 [ 3077 | 3078 | 2064
PYrrhotite~e——e=mo-mmom—mmon 0 0 0 0 0 0 o} 0 o o Te.| O 0 0
Pyrlt@em—-m-mmmmmm e e Te.| O X 0 0 X | Tr.| Tr.| X Ol Te.| O 0 0
HOMAtLi e~ vmmmmmm———mvmmmmmnm 0 X 0 X[ x| x o| X X x| x 0 X 0
Tlmenlte—-=~-—cmemomnmmanann Tr.| X 0 X| x 0 X| X 0 X X x| x| X
MBENELILE-mmmmr e mm e vmmvmem X 0 0 x| x| x| x| X X| X 0 x| x| X
Casaiterlt®m e cuauoamcn = Q Tr. 4] Q0 0 0 0 s} [o} 0 0 0 0 0
RUt110-r-mmmm o e oo 0 0 0 0 0 o o ™.l o ol Tr.| O X 0
ANQLASS ~ -~ s mmm s mcnma Tr. 0 0 0 0| Tr.| Tr.| Tr.| Tr. X | Tr. 0 X 0
Hornblende-~-——c-ca-u R et 0 0 o] 0 0 0 X | Tr. 0 0 0 0 0 0
Cornet~e-——=~—- Cwmmmma—— e - 0 X | 0 0 0 0 ol Tr| O X X 0 0 X
021VING-——mmmmmmemmmew e m e 0 0 0 0 o 0 0 0 0 ) X 0 o) 0
ZArCON-r——mmr—mmwmmmm am - X o | Te.| O 0 X 0 X X o| T.| O 0 0
POPAZ = mrimm e m s mm e X b4 X 0 0 X X 0 0| X 0 0 0 0
Kyanite-~o-mrwmvmmccvnacomn 0 0 ) 0 0 o) o| T™.| o| X 0 0 0 0
Epldote--~smm—mevmmmmemmmeen 0 0 0 0 0 0 0 X ol x| X 0 X 0
ALLANIb@--~mrmmmammmmammmem X X X x| x| x|Te{ O T X| X 0 0 0
8tauroldte-veemssmmcmeam—unn 0 0 0 o 0 0 0 X 0 0 0 0 0 0
BLOLITE = vemmmmmmmcem e 0 0 o 0 0 0| Te.| © 0 0 0 0 ) 0
SpPhENO == —~mo——mma——mmme e X X X X | Te.| X X X| x| x| x| x| x X
Niobate minerals?---va-cceuc 0 X [ T.|Pe.| © X 0 0 X 0 0 0 ) 0
J3oTR A - Y 0 0 0 0 0 0 0 X 0 0 0 0 0 0
Scheellte-mmvmmmormmacmaan - 0O |Tr.| O 0 0 0 0 0 0 0 0 0 0 0
POWELL1tEE -~ memmmmm mmme o ma s 0 0 0 0 0 0 0 0 0 o| Tr.| O 0 0
Wulfenite-=veommrvommmvona- 0 0 0 0 0 0 0 0 0 0 0 O Tr.| O

1Unidentified minem)e thag concato chizily aiobium, titea{um, caléiom, and ucanium,

samplas Showed that the chief elements in the mineral
are niobjurm, uranium, titanivm, and calcium. Traces
of silicon and {ron were also found. In only one of the
samples was a nicbate mineral thorivm bearing.

The relatively high radicactivily of the sample
from Grouse Creek is ascribed to the occurrence of a
large amount of sphene and the relatively high concen-
tralion ratio.

SUMMARY AND CONCLUSIONS

The widespraad cover of vegetation, mostly
tundra and talus, in the Darby Mountains necessitated
the use of a placer-sampling technique to evaluake
adequately the potentialities of the district for radio-
aclive materials. Fleld stodies and the radiometric
analysis and mineralogic study of the heavy-mineral
fractions of numerous conceniretes from placers of
the district showed that essentially all the radivactive
minerals in the district occur in, or were derived from,
bodies of felsic igneous rocks, chiefly granite.

The most comnmon and widespread radicactive
minerals are sphene, allanite, hemalite, and zircon.
These minerals, with the possible exception of the
hematite, probably are all primary accessory minerals
in the granite. Locally in the Clear Creek~Vulcan
Creek area and near the routh of McKinley Creek,
abriormally high radicactivity of concentrates derived
from the granile appears to be due to the presence of
a uraniferous titanium nicbate mineral. Mopazile was
identified in one concentrate from the east shore of

Golovnin Bay between Cape Darby and Portage Creek.
Thorianile is the chief radicactive mineral {n a concen-
trate from the head of the Kwinluk River.

Although it is likely thal the uranium- and
thorium-bearing mlinerals in the southern and eastern
parts of the Darby Mountains are largely disseminated
in the granite, loca! concentrations of the radiocactive
elements may have formed through hydrothermal
activity in a late stage of consolidation of the granite
magmas. This is suagested by the common assoclation
of topaz and, locally, Tluorite with the radicactive
minerals. The asscciation of \opaz and traces of
caggiterite with the uraniferous niobate mineral in the
Clear Creex-Vulcan Creek area suggests alao that
these minerals may be gepetically related to lode tin
occurrences or pegmatitic phases of the granite.
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