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H1COHKAISSABC! FOE HADIQACTIVE DEPOSITS

ALONG fSl UPPEE POBCUPIHZ HIYBB,

HORTHHASTEBN ALASKA

Max G. White 

ABSTRACT

The highest equiralent uranium content found in the sedimentary 

rocks on the tapper Porcupine Hirer, northeastern Alaska, is 0*003 

percent. Ihyolitic dikes associated with a granitic intrusire a 

few miles north of the Porcupine, along the international "boundary, 

contain about 0.006 percent equiralent uranium, which is attributed 

to small amounts of disseminated radioactive accessory minerals. 

The granite also is slightly radioactive.

LOCATION OF ASIA

The Porcupine Hirer, a major tributary of the Yukon Hirer, is

located in northeastern Alaska (index map of northeastern Alaska,
»

fig. 1). It enters the Yukon from the northeast, near the town of 

Tort Yukon, a short distance north of the Arctic Cirfele. , "fiMi . ~ - 

upper two-thirds of the Porcupine is in Yukon Territory, Canada. The 

rirer waters are narigable "by medium-sized rirer "boats and scows for 

280 miles aft ore its mouth. The rirer distance from the mouth of the



Porcupine to Hampert House on the Alaska-Yukon boundary is about 

miles. Only the area along the upper 80 miles of the Alaskan part of 

the river, from Burnt Pair to Hampert louse (fig. l), was examined in 

detail in the course of this investigation.

PURPOSE AHD SCOPS 07 IHVISMG4TIOI

In 19^8 a Geological Survey field party carried on a trace 

elements reconnaissance in the Porcupine Valley to obtain:

1) General information on possible radioactive deposits.

2) Specific information on the content of radioactive

material in black shale and other sedimentary roeks of 

pre-Cambrian and Paleozoic age.

3) Badiometric and geologic information on a granitic 

intrusive north of the Porcupine Valley along the 

international boundary.

Ho information on the occurrence of radioactive materials in the 

valley of the Porc'dpine Hirer was available prior to the 19^8 

investigation. Work in the field extended from late June to late 

August and was carried on by a party consisting of Max <J. White, 

geologist; Arthur Wahl and Glenn I. Fellows, camp assistants; and 

ISgil Salveson and Charlie Strom, boatmen.



3EHXRAL G10QBAPIIC IHTOfiMATIOI

In its lover 100 miles the Ptreupine River trarerses a "broad 

flat alluYium-filled "basin called the Yukon Hats. Many meanders 

and sloughs make the channel very tortuous and in places difficult 

to follow. The lowest exposure of "bedrock, a "bluff called Graphite 

Point, is 100 miles abore the river's mouth.

Between Graphite Point and the mouth of the Coleen Biver (fig. l), 

about 30 miles farther upstream, the Porcupine has cut its course 

through rocks that are principally limestone. The cliffs along this 

part of the river are 60 to 75 feet high and are known locally as the 

11 Lower Bamparts*. Trom the mouth of the Coleen Biver to Red Gate 

(fig. 1) the Porcupine occupies a wide meander loop across a small 

"basin. This basin is filled partly with Quaternary alluvium ant 

partly with gravels of Tertiary age. led Gate is a high, dark-reddish 

cliff, which rises abruptly a"bove the river to a height of 300 feet 

and marks the entrance to the "Upper Bamparts", where, for 52 miles, 

from Bed Gate to 12 miles east of the international "boundary, the 

Porcupine has cut a nearly continuous canyon 250 to 300 feet deep, 

with cliffs locally rising 500 feet aboTe the yalley floor.

Fo~ ^ttrther information on this region, "both geographic and 

historic, , the reader is directed to Fitzgerald's report (Fitzgerald, 

19^U) on a general topographic reconnaissance of the Porcupine 

Yalley.



FKITIOUS GEOLOGIC INTSSTI GATIONS

Four geologic investigations (Kindle, 1908; Maddren, 1912ft, 

191213; Cairns9, 191*}; and Mertie, 19*11) have been made of the rocks 

along the Porcupine EiTer and along the international boundary is 

northeastern Alaska.

Kindle 1 s observations were made during a three weeks 1 round 

trip by canoe in 1^06 from Fort Yukon to Bampart louse. His paper 

includes a geologic map of the rocks adjacent to the Porcupine 

Biver from the ''Lover Bamparts 11 to the international boundary.

In 1911 and 1912 Maddren accompanied the International Boundary 

Surrey, mapping the geology of a strip ^ miles wide straddling the 

"boundary from the Porcupine Biver north to the Arctic Coast, fhe 

results of his 1911 field work (Maddren, 1912a), the study of the 

Porcupine-Firth Biver sector, were published without a map. Hotes 

and maps for the area north of the Firth remain unpublished in the 

Geological Survey files (Maddren, 1912b).

Cairnes 1 studies along the international boundary south of the 

Porcupine paralleled the work of Maddren. fhe final published report 

includes geologic strip maps of the boundary from the Porcupine south 

to the Yukon Biver (Gairnes, 191*0.

Mertie (19^1) conducted a geologic investigation on the Porcupine 

Biver in 19*11, but his material is unpublished.



TBACK ELUOBHfS BICOHHUSSMIGI II

Geologic data and maps from the investigations described above 

served as the 'basis for the trace elements reconnaissance in 19^8. 

Much of this reconnaissance consisted in radiometric tests on outcrops 

of Silurian, Devonian, and Carboniferous black shale. All the pre- 

Cambrian rocks were also examined in some detail. Concentrates were 

taken from the gravels of most of the streams entering the Porcupine, 

as a check on the possible presence of radioactive materials in the 

areas drained by these streams* A granite mass along the international 

boundary 6 to 23 miles north of the Porcupine was investigated both 

radi©metrically and geologically. Tery little previous information was 

available about this intrusive.

The geologic maps in this report are modifications and expansions 

of maps already in existence, figure 1 is modified from a map by 

Kindle (1908, p. 321), and figure 2 from one "by Maddren (1912b).

Tictoreen and leckman counters with conventional low-count 

beta-gamma tubes were used for field radioactivity measurements. 

Continuous radiometric traverses were made on foot along most of the 

outcrops of the various rock types. Where counting rates seemed 

appreciably higher than background, stationary counts were taken on 

the outcrops and significant samples were taken. These samples were 

crushed and tested in the field with either the leckman or a modified 

OS--type counter. ^Representative samples from outcrops that showed 

the presence of radioactive material were examined in the laboratory for 

a final check on the field results.
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GEOLOGY AHD RAP I PACT 17 ITT INVESTIGATIONS

Brief descriptions of the rocks of the various geologic systems 

of the tipper Porcupine area are given separately "below. Badioactirity 

studies, where made, are included with the separate descriptions.

SIDIMETOURT BOCKS 

Pre-Cambrian rocks

The oldest rocks on the Porcupine Biver are those on the upper 

6 miles of the river in Alaska, near the international "boundary.

Cairnes (l9lU, pp. H*M>8) assigned them to the pre~Cambrian (actually
•

pre-Middle Cambrian) and correlates them with the Tindir group farther 

south along the "boundary. Mertie (1930, pp. 369-392) presents an 

excellent description of the Tindir group in the area of its type 

locality.

•The Tindir group on the Porcupine Biver consists of quartzite, 

usually light gray, some sandstone and siltstone, and bedded dolomite 

and shale. Most of this shale is black, but some red and yellow beds 

also are present. The quartzite is apparently more abundant in the upper 

and lower parts of the sequence than in the middle. The quart zite forms 

the cliffs 300 to 300 feet high in the vicinity of Bampart House. 

Weathering of the exposed surfaces of the quartzite gires this rock 

the appearance of massive chalky limestone. The more protected surfaces, 

howerer, are usually corered with a li^bit-yellow film of sulfur that has 

accumulated from the oxidation of pyrite disseminated in the quartzite.
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The sandstone and silt stone, interbedded in the quart zite, commonly 

are highly ferruginous, deep chocolate to yellow, and hare brown spots 

due to weathering of enclosed iron sulf ide. The dolomite and "black shale 

each account for approximately 25 percent of the total sequence. The 

dolomite is cream to white and very dense; the black shale in places 

is highly contorted "between the more competent beds of quartzite and 

dolomite and locally exhibits a slaty cleavage.

Ho evidence of significant faulting or folding was observed in the 

rocks of the Tindir group, which have a prevailing westerly dip of 

about H0°. A conservative estimate of the stratigraphic thickness of 

this group along the upper Porcupine Hirer is 18,000 feet.

Badioactivity studies

Badiometric readings were taken on outcrops in all traverses of the 

pre-Cambrian sedimentary rocks. Data on samples collected from locations 

with relatively hi^i field readings are listed below. The sample loca-» 

lities are shown on figure 2,

eU I/ content 
Sample no. (percent) Hock type and location

S-38 O.OOU Black slate, Sunaghun Creek 
8-39 0.002 do 
S-40 0.002 do

0.002 do
0.003 Black shale, Porcupine Hirer below

Bampart House
0.003 do
0.003 Black shale, Porcupine Biver in vicinity

of Fred Creek 
0.002 do 
0.001 do 

S~51 O.OOU Red shale, Porcupine Biver below Rampart
House

S-52 0.005 Yellowish shale, Porcupine Biver below
Bampart House

eU, equivalent uranitun
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In 19^7 the Geological Surrey received some samples of radioactire 

calcareous silt stone or argillite of pre-Cambrian age from Great Slave 

Lake, Horthwest Territories, Canada. Chemical analyses of the rock 

(Babbitt, 19^7) thow the presence of 0.17 percent thorium oxide and 

0.006 percent uranium. According to Lang (1950, p. 9) monasite and 

pitchblende or ^raainite hare been identified in these rocks. He 

also adds that these minerals are probably original constituents of 

the rocks. The lithol®glc similarity of the pre-Cambrian sedimentary 

rocks at Great Slave Lake (Stockwell, 1336) to the pre-Cambrian Tindir 

group on the international boundary (Cairnes, 191^? Mertie, 1932) 

led to the search for similar thorium-bearing strata in the course of 

this reconnaissance of radioactive materials, fhe search, however, 

disclosed no significantly radioactive rock of any type in the pre- 

Cambrian sequence.

OrdoTician and Silurian strata

Kindle (1908, p. 332) states that the section of rocks immediately 

overlying the pre-Cambrian 6 to 10 miles downstream from Rampart louse 

probably contains rocks of both Ordovician and Silurian age, but he 

was unable to separate the two systems. Cairnes (191*1, pp. 55, 59) 

found Middle Cambrian fossils in rocks, supposed to be no older than 

Ordovieian.that orerlie the Tindir group in its type area. He also 

states that the strata overlying the pre-Cambrian range in age from 

Cambrian to Silurian. As Kindle U geologic map was used as a base in 

this reconnaissance, his designation of these strata as Ordovician and



Silurian is used in this report. Biese Or dor i clan and Silurian rocks, 

at least sereral thousand feet thick, are "buff and "bluish-gray dolomite 

and limestone.

Badioactirity studies

The Ordorician and Silurian carbonate rocks were tested only 

hastily with a Geiger-counter trarerse on the way downstream at the 

end of the field season, fhese rocks appear to "be essentially non-* 

radioactive.

Silurian limestone and shale

The Silurian strata along the Porcupine Hirer comprise about 

3,000 feet of magnesian limestone or dolomite, mostly on the lower part 

of the rirer, and were not examined in this reconnaissance. At the top 

of the Silurian, within the area of the upper part of the rirer, is a 

minor amount of "black shale which was examined at two places, one 3 

miles abore Burnt Paw and the other a"bout a mile a"bore Old Hampart 

(fig. 1).

Badioactirity studies

A-oore Burnt Paw (fig. l) "black- an$ chocolate-colored fissile 

shale is inter"bedd«d with thin layers of dolomitic limestone and a few 

thin layers of sandstone. She highest radiometrie readings recorded in 

the field were obtained on outcrops of this shale. A"bout one mile above 

Old Bampart (fig. 1) approximately 300 feet of "black graptolitic fissile



shale with a few thin beds of "black lime a tone war© also tested for 

radioactivity. The equivalent uranium content of Silurian "black shale 

samples collected above Burnt Paw and near Old Baapart is as follows:

ett content 
Sample no. (percent) Bock type and location

8-15 0.005 Black shale interbedded with limestone,
about 3 stiles upstream frpn Burnt Paw

8-16 0.005 «®
8-1? 0.000 d©
8-18 0.002 do
S-19 0.001 dp
8-20 0.002 do
8*33 0.003 Black graptolitie shale, about 1 mile

upstream from Old Rampart
8-3^ 0.003 d©

Devonian rocks

She Devonian rocks along the upper Porcupine BiTer (fig. l) 

consist of siliceous limestone; "black, "brown, gray and red shale; and 

a small amount of interbedded "basalt.

Badieactivity studies

The Devonian shale section at the mouth of the Bapid Biver (fig. 1) 

was traversed radiometrieally but proved "barren of significantly radio­ 

active "beds. Black shale samples (nos. S»35 and 8-36, fig. l) from two 

"beds with the highest field readings contain only 0.002 percent equivalent 

uranium. She "basalt and siliceous limestone are nonradioactive.

Carboniferous limestone and shale 

The Carboniferous strata exposed on the upper Porcupine Biver (fig. l)
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are interbedded limestone and shale. Some of the limestone beds are

gray- to cream-colored, semevhat massive, and contain seme chert; «eme
• 

are bluish-black to gray, and, locally, fissile or slaty, calcareous

or sandy, or graphitic. A-lthou^a no estimate of the thickness of the 

Carboniferous rocks has been made because these beds usually hare been 

highly disturbed, the Carboniferous section doubtless includes many 

hundreds of feet of sedimentary beds.

ladioactivity studies

Hadiometrie traverses on foot along all ejposures of Carboniferous 

redes on the upp«r Porcupine disclosed no beds of shale or ether reek 

that contained more than 0.003 percent equivalent uranium, fhe equivalent 

uranium values of samples taken from Carboniferous beds shoving the 

greatest radioactivity on the outcrop are listed below.

eU content 
Sample no Tl (per cent Jr * Rock type and location

S-2X O.OOJ Black shale, at east lid® of mouth
of Coleen River 

8-23 0.003 Black shale, north side of Porcupine
River upstream from C@l®en Biver 

$-2*1 0.001 d« 
8-25 0.001 . do 
8*26 0.002 Black shale, south side e"f Porcupine

River downstream from Salmontrout River 
8-27 0.002 • do 
S-2S 0.002 de 
8-29 0.002 do 
8-30 0.002 do 
8-31 0.003 Black shale, north side of Porcupine

River opposite mouth of Salmentrout
River

S-32 0.003 &» 
8-62 0.003 Black shale, south side of Perci^ine

River opposite mouth of Celeen River
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Tertiary sediment•

A. wide 'belt of Tertiary sediments "between Fish Creek and Red 

(fig. 1) is comprised of about HO feet of sand, gravel, and drab clay 

with 6- to 10-inch beds of low-grade lignite; underlain "by 50 feet 

of soft, finely laminated, drab*colored clay. Similar "beds occur on the 

north "bank of the Porcupine "below the Coleen Hirer.

Radioactivity studies

Several of the lignite "beds, cropping out "between Fish Creek and 

led Gate and "below the mouth of the Coleeen River, were tested radio- 

metrically in the field and found to "be nonradioactive.

Quaternary aHuvimm

Concentrates were taken from gravels (Quaternary alluvium) of 

streams draining into the Porcupine River in an attempt to determine 

whether heavy radioactive minerals were "being eroded from rocks in 

the watersheds of those streams. The locations of such concentrates 

are plotted on figures 1 and 2. Between ^0 and 100 pounds of stream 

gravels at each location were panned to semi concent rates in the field. 

Such semi concentrate s were further concentrated in the laboratory by 

the use of bromoform (sp. gr. 2.8).
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Eadieaetivity stmdles

Ik* equivalent uranium content of the heavier* thaa-bromoform 

mineral fractions of the semi concentrates of the stream gravels vat 

determined radiometritally in the laboratory. Io significant amounts of 

radioactive material were detected in any of these heavy mineral 

fractions. Data on these samples are shown in table 1.

IGHEOUS BOCKS

Two main types of igneous rock are forad in the Porcwpi&e Biver 

area. One type if a graniti* iatrmsive of Mesozoie(T) age, which 

occurs along the international 'boundary 6 to 2J miles north of the 

Porcupine (figs* 1 and 2)s the other type consists of lava flows of 

fertiary age vhith fora the bulk of the "Upper Bamparts* of the 

Porcupine from lovlimg Bog Creek northeastvard to a point 10 miles vest 

of the international 'boundary (fig. l).

MesQgoieC?) graaitit rocks

She Mesozoit(f) j^anitie bady north of the Porcupine vas first 

lotated by the International Boundary Survey in 1911 (Maddren, 1912a). 

This bpdy is the westvard extension of a large granite mass in the 

Old Crov Mountains of Canada, and intrudes pre-Cam'brian sedimentary 

rotks consisting mainly of quartsite and black shale.
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Within the are* examined (fig. 2), the granite is aedfras*~ It 

coarss-grained, and contains small aaounts of bio bit® and herafcleade 

aad Tory tmall amounts of the accessories apatite, zircon, aad 

magnetite. Most of the erthoclase feldspar and much of the feietit® 

ia the graaite has fceea partly replaced fey minute serieitic aggregates.

Khyelitie dikes, loeally aplitie ia texture, appear ea the borders 

of the graaite, eat ting into the pr«-Cambrian sedimentary reeks, the 

largest of these dikes observed is at the head of White Mountain Creek 

(fig. 2).

field evideace iadiefttei that the granite mais aaderliet the thitk 

covering of Tertiary lava flows that appears a fev ailet to the vest. 

fhe granite eoataet probably veers gradually to the aerth and then aortb* 

east, to ere88 the interactional otuadary at a peiat apprsziaately 23 

ailes north of the ?OT*i2pine River.

fhe age of the graaite is mot yet known, Imt it is thoti^ht to "b® 

youager than Carboniferous aad older than tertiary, aad therefore 

Mesozeie(l).

ladioattivity studies

Although the graaitit reeks"t& the ixpper ?ort^ine area eoatala 

minor amotints of radioactive materials, as seaes of high eoateatratieas 

were found. She rhyolitis rotks are sli^tly more radioaetiv® tkaa Ike 

soarser-grained phases of the graaite. Comiequently, the field studies 

vere extend®* to all 'borders of the graaite where the rayeliflt dikes 

are located. Xhe equivalent urani^B eeateat aad other data of all samples 

collected by the author ia the area of the graaite are skeva ia table 2.
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Radioactive minerals

Z. S. Altschuler and ¥. Y. Sttrn ef the Geological Starve? 's frace 

Element* Laboratory examined six moderately radioactive samples 

(nos. toLWeS9, 90, 99, 100, 108 and 117, fig. 2 and taMe 2) from the 

granitic rack area en the international boundary in an attempt to 

determine which minerals cause the radioactivity. Sm'bseQoantly the 

author examined a seventh sample (^8AW«112, fig. 2 and table 2) for the 

same purpose. The radioactive minerals found in these samples are as 

follows:

Mo,tite. — fhe radioactivity of sample ^SAWell2 is restricted to
T

the MotiW part of the heavy mineral fraction. She sample is from a 

large rhyolitic dik» at the head of White Mountain Creek (fig. 2).

OJLarkeiteC?). — Beddish-*brown uraaiferous grains, tentatively 

identified as dark® its (UGyn^O) fcy its optical properties, appears to 

fee the only radioactive mineral in sample *!SAWeS9.

Hematite. — She hematite in sample *&A.Ve99 i* reported to contain 

some uranium as an impurity.

. — fluoresence tests of the heavy minerals in sample

indicate that pyrite grains, which are oxidised and altered 

euhedral, are radioactive, mostly on the surfaces and in minute 

fractures within the grains. Crushed fragments show minute amounts ©f 

quarts and another material within the fractures. Huorimetric analysis 

shows the presence of 0.02? percent uranium. Whole grains of pyrite were 

used in this analysis. A, second fluoresence test made on crashed grains 

disclosed no uranium, bearing out the hypothesis that the uranium is only
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in the surficial, weathered part of the pyrite.

Butile(T). — Jluoresenee tests indicate that material tentatively 

identified as altered rutile(T) is probably the only uranium-bearing 

mineral in sample *&&Well7. Skis mineral, however, is too altered and 

heterogeneous to yield a good X-ray pattern. It is called altered 

rutile(T) on the "basis of an incomplete speetrographie determination. 

Optically, however, it resembles eschynite.

Unknown mineral Ho. I. — A mineral, herein designated "Unknown 

mineral So. 1", contains most of the radioactive material in the heavy 

mineral fraction of sample **SA,Ve99. Identification of this miaeral by 

optical or X-ray methods appears to be impossible. It is probably 

hexagonal, although pseudo«orthorhombic in appearance, and is orange 

and translucent vith a dull luster. In addition to uranium, this mineral 

contains calcium and phosphorus.

Unknown mineral Io. 2. — fhe only radioaqtive mineral in sample 

^S4V»90 has not yet been identified, for the purpose of this report 

it is called "Unknown mineral Ho. 2«. fhis altered mineral contains iron,
V-

titanium, aluminum, and silicon as determined by spectrographie analysis, 

and uranium by fluorese&ce test.

Unknown mineral Ho. 3, — Unknown mineral I©. 3 apparently is the 

only uranium-bearing mineral in sample HSAVslOS. It is black and opaque, 

and speetrographic analysis indicates that its major constituents are 

iron, manganese, aluminum, and silicon.
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gertiary lava flows

Sertiary lava flows, which fora the feulk of the "Upper Bwiparts 11 , 

•stand froB 10 miles watt of the international boundary westward to 

Howling Dog Greek, the flows are over 300 feet thick and are eaposed 

in the steep cliffs that rise abruptly froa river lerel. At one place 

above Old Baapart there are at least 15 different flows distinguishable 

in the canyon wall, the lava rests on a very irregular surface of 

Paleozoic rocks. Exposures of Paleozoic rooks such as those at the 

souths of Bapid and Caapfeell Hirers represent localities on the 

pre-lava erosion surface that were of sufficient relief to %• only 

thinly covered, if at all, fey the flows.

SUMMARY Of MATBRIALS CTSfBP

Shale, graf&itie rock, and concentrates froa gravels of streaas 

draiaing areas of granitic rocks are the only aaterials tested in the 

reconnaissance of the Porcupine Biver area that contained at least Binor 

amount § of radioactive material. She search did not reveal any deposit 

that would fee considered a commercial source of uraniun ore* A susmary 

of the results for the aaterial tested follows:
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Bock types and age of 
aatarial teetad

Sedimentary and other "bedded rocks? 

Pre-Cambrian (findir group)

Radioactivity 
(valuas given are in percent

Dolomite 
Black saala 
Bad saala 
Yellow shale

Or&oviclam and Silurian
Dolomite and limestone

Silurian
Magnesian limestone (dolomite) 
Black shale (above Burnt Paw) 
Black ah ale (above Old Bampart)

Devonian
Black shale
Basalt
Siliceous limestone

Carboniferous 
Black shale

fartiery
Ligait®

NasozoieC?)
Mediw- to coaraa-grainad granite 

Unconeantratad 
H«avy-iBin«ral fractions

fihyolit® dike rock 
Uaconeentr at a d 
H«aTy-miaeral fractions

lonradioactive 
Honradioac t iTa

0.005

Honradioact IT«

lonradioactive
0.000-0.005
0.003

0.002
Honradioactive 
MonradioaetiTe

C.001-0.003 
lonradioactive

Honradi oac t ive

0.001

0.006
0.002-0.ObO

tertiary 
Lara Honradioac tive



Bock types and Hadieaetivity
material tested (values giren are in -percent eg

Heary-mineral concentrates from stream gravels?

From gravels of Porcupine Hirer O.QOO~O.Q06 
tributaries which drain areas 
underlain mostly by sedimentary 
strata and basal tie rocks

From gravels of streams draining 0*010*0.052 
area of granitic rocks along 
the international "boundary

conclusions

Although this reconnaissance disclosed the presence of minor 

amounts of radioactive materials associated with shale bade of 

pre-Cambrian and Paleozoic age, and MesosoieO) granitic rocks, the 

equivalent-uranium contents are not of sufficient significance to 

warrant additional study. It is probable that the Porcupine River 

area of this report does not contain deposits that can be considered 

as a commercial source of uranium.
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