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ABSTRACT

Several low-level radiometric anomalies had been detected in an

airborne survey of the Copper River Basin. This report presents the

results of field and laboratory research on the origin of the anomalies,

and the low radiometric background of the Copper River Basin.

Intrusive igneous and sedimentary rock types in the study area are

relatively depleted in uranium, as compared to worldwide averages; and

the lowlands and foothills are covered by muskeg-mantled less derived

from glaciofluvial deposits. Therefore, most outcrop or rubble crop has

a higher radiometric signature than the surrounding silt-covered terrane.

In at least one case, terrace gravels also have a higher radiometric

signature than the adjacent tundra.

The highest radiometric values were obtained for altered tuffs in

the Sanona Creek area, and quartz monzonite on Flat Top Mountain. In

both cases, however, actual uranium concentrations were lower than

worldwide averages for similar rocks.

The Geometrics GR-410 gamma spectrometer gave poor reproducibility

on successive counting runs on uranium/thorium-poor rocks. When K40 was

the major source of radiation, counts recorded on this channel were

frequently greater than those recorded on the total channel; a disparity

which indicates that the GR-410 may have been operating at uranium/thorium

concentrations which were lower than reliable detectability and counting

thresholds for this particular instrument.

Replicate uranium analyses indicate that neutron activation is

superior to standard wet analytical techniques, and that the latter

values tend to be consistently low as compared to neutron activation
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determinations. Analytical error also increases with grain size, where

sample heterogeneity becomes increasingly troublesome.

Uranium depletion in the Copper River Basin appears to be a primary

phenomenon, and there is no evidence of large-scale uranium loss by

leaching. Uranium depletion in the Copper River Basin is in dramatic

contrast to relative enrichment in analogous plutonic rock types in the

Seward-Selawik-Zane Hills Belt, in northwestern Alaska. At present, we

do not have a rational geological explanation and/or tectonic excuse for

this contrast. When found, the explanation will no doubt be extremely

important to Alaskan uranium exploration concepts.
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INTRODUCTION

Study Objectives

Several low-level radiometric anomalies had been detected by ERDA

geologists in the Copper River Basin, Alaska, from Texas Instrument Com-

pany airborne survey data. From the outset, however, radiometric values

in the Copper River region had been anomalously low, including back-

ground and measured variation between bedrock and tundra-covered terrain.

Our assignment was to relocate and investigate the cause of the

anomalies, with...

(1) An evaluation of the effects of topographic, surficial, vege-

tative, and bedrock variation on the low-level background and

anomalies in the study areas;

(2) Consideration of environmental differences between arid and

subarctic Alaskan environments, in data interpretation;

(3) Recognition that the investigation was not primarily concerned

with locating new uranium deposits per se; and that the

highest priorities were to be assigned to the verification of

the airborne radiometric anomalies and the identification of

the cause of the pervasively low radiometric background and

variation; and

(4) The understanding that the conclusions contained in the final

report would include information and recommendations that

would be useful in assessing similar airborne radiometric data

acquired in arctic and subarctic areas.
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Study Areas

Six reas were investigated, based on the location of the low-level

radibmetric anomalies, including;

(1}. Cardtocexas Creek Area

C2) Sanona Creek Area

(3) YABM Laren Area

(4) VABM Brown Area

(51 Coal Creek Area

(6) Flat Top Mountain Area

These areas are shown on 'Figure 1, a regional location map.

Organization of Field Work

Field work was accomplished by helicopter-supported ground studies

and traverses from three base camps established at Eureka, Susitna, and

Paxson Lodges. Jet fuel was transported to the operating base site by

truck, via arrangements with Standard Oil in Anchorage. The field party

was composed of Robert B. Forbes, geologist and party chief; John R.

Carden, geologist; Mark Zdepski, geologist, and Rena McFarlane and June

Ruben, field assistants.

The field work started on July 5, and terminated in late July.

Laboratory and office work started in August and has continued to the

present.

Thorium and uranium analyses were done by the Alaska State Division

of Geological and Geophysical Surveys (ADGGS) laboratories.

Data processing wa4 done in the University of Alaska computer

facility, and petrographic and supplementary geochemical work was com-

pleted in the Geophysical Institute laboratories.
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Field Methods

Within each study area, the original flight line traverse described

in the work statement was relocated and reflown in the helicopter, with

an attempt to fly approximately 30 meters above the terrain. Radiometric

data were obtained for each traverse with a Mt. Sopris model SC-131A

counter and one-channel recorder. Additionally, other flight lines were

flown which transected good outcrops and/or representative cross sec-

tions of the geology in each area. In some cases, flight lines were

flown at several altitudes, in the shielded versus unshielded mode.

In addition to mapping, bedrock sampling, and airborne scintil-

lometer traverses, water and stream sediment samples were also collected,

in a cooperative program with Mr. Robert Sharp and the Los Alamos

Scientific Laboratory (LASL).

Foot traverses along representative sections were conducted for

detailed mapping and for collecting rock samples for thin section, K, U,

and Th analyses.

Ground-based radiometric measurements were made with a Mt. Sopris

SC-131A counter, and a Geometrics GR-410 gamma ray spectrometer. The

GR-410 detects gamma radiation between 0.04 to 5.0 M.E.V. (total counts)

and specifically views three channels centered at 2.62 M.E.V., 1.76

M.E.V., and 1.43 M.E.V. that are indicative of Tl208, Bi214, and K40

respectively. Four-minute readings on representative rock, soil, and

sand units within each area were recorded. Several measurements were

made on outcrop versus the same rock unit as mantled by muskeg or soil

cover, to detect the dampening effect of covering materials.
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Analytical Techniques

Samples were prepared for chemical analysis by first evaluating all

samples, and selecting the least altered material. Samples were split,

and one-half of each sample was prepared for chemical analysis, while

the remaining half was kept for thin sections and future reference.

Uranium analyses: A 1.0 g sample is digested in concentrated HF/HNO3,

and uranyl salts are formed. Ten ml of this solution are extracted into

ethyl acetate using a saturated aluminum nitrate solution.

0.1 ml of the ethyl acetate layer is extracted and placed on a

mixed carbonate-fluoride pellet in a platinum crucible. The ethyl

acetate is evaporated under a quartz heat lamp. The pellets and ethyl

acetate residue are then fused at a temperature of 650C for exactly 15

minutes.

The fluorescence of the fused pellet is then determined using a

Turner Model 110 fluorometer.

The sorption solution is passed through the ion-exchange column

containing 10 g of resin in the chloride form. The resin is washed, in

portions, with a total of 100 ml of 8 M nitric acid in order to remove

all elements accompanying the thorium, including those which are weakly

retained by the resin. The absorbed thorium is then eluted with 100 ml

of 6 M hydrochloric acid and the eluate is evaporated to dryness on a

hot plate. To the residue, 5 ml each of 1 M hydrochloric acid and 2%

potassium permangante solution are added and the solution is evaporated

on the hot plate to destroy organic matter. The residue (which may

contain manganese dioxide) is taken up to 10 ml of concentrated hydro-

chloric acid and the solution is evaporated to dryness on the hot plate.
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Ten ml of hydrochloric acid plus 5 drops of formic acid are added to

eliminate all nitrates and the solution is evaporated again.

The residue containing manganese (II) chloride and the thorium is

dissolved in 5 ml of concentrated hydrochloric acid and after the

addition of 1 ml of 0.2% arsenazo, the solution is diluted with water to

10 ml in a standard flask. The thorium content is obtained by measuring

the resulting color of the solution, using a Beckman 25 spectrophotometer.

Potassium analyses: Potassium concentrations were determined by fusing

powdered splits of each sample with an anhydrons LiBO2 flux at 950*C in

a graphite crucible for 15 minutes. The molten bead was then quenched

and dissolved in 50 ml of 4% HNO3 and brought up to volume and analyzed

on a Perkin Elmer atomic absorption spectrophotometer.

Point countingtechniques: Modes were determined for rock samples using

standard micrometric techniques. One thousand points were counted for

each sample. Rock slabs were counted with a transparent grid super-

imposed on the rock slab. The counting interval was approximately equal

to the diameter of the largest crystal.

According to Chayes (1956), the accuracy of the point counting

analysis can be estimated in terms of the grain size and area of the

rock that is counted. Approximate error is equal to 2%.

Staining techniques: To aid in modal analyses, rock slabs and thin

sections were stained for potassium feldspar, plagioclase feldspar, and

nepheline.

Potassium feldspar was stained with sodium cobaltinitrite after

etching in concentrated HF (Norman, 1974). Rock slabs were immersed in

hydrofluoric acid, whereas the thin sections were etched with HF
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vapor at room temperature. If there was some difficulty in discriminating

plagioclase from quartz, the sample was then dipped in a saturated BaC12

solution, which gives the plagioclase a powdery white appearance.

Whole rock chemical analyses: Whole rock chemical analyses were calcu-

lated for igneous rocks using a computer program which utilizes average

mineral compositions and modal data determined from thin sections and

stained slabs.
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CARDIOCERAS CREEK AREA

The reported anomaly was located along the north side of the valley

of Cardioceras Creek, a tributary of the Little Nelchina River (Figure 1).

Our relocation of the reported low-level anomaly was based on helicopter

scintillation counter traverses along the lines A-B, C-D and D-E, as

shown on the geologic map (Plate 0-I). Recordings from the airborne

traverses are shown on Plate 0-II, in the map pocket.

Geologic Setting

Tertiary volcanics_(Tv): The highest peaks in the area are composed of

Tertiary mafic volcanics dominated by basalt flows with occasional vent

breccias. The basalt flows are relatively flat lying, with well developed

columnar cooling joints normal to interflow contacts. Flow tops are

commonly vesicular, and filled with various zeolites including heulandite

(D. Hawkins, pers. comm.). Twelve to thirteen flow units were mapped in

several sections (Figure 2). In thin section, the basalts are composed

of phenocrysts of plagioclase and augite in a partially devitrified,

glassy matrix. Olivine is absent. The basalts appear to be tholeiites.

Steeply dipping basalt feeder dikes ranging from about one to ten

meters thick cut the Jurassic sediments in the map area (Figure 2).

Some of the dikes appear to be discontinuous, but one was traced for at

least 2 km. Vent breccias occur where the dikes feed into basalt flows.

The scintillometer readings for the basalts were among the lowest

of any rocks studied in the field program; averaging about 20 c.p.s.

Tertiaryconglomerate (Tfc): The basalts are underlain by a relatively

thin (5-20 meters), and somewhat discontinuous deposit of Tertiary

fluvial conglomerate. The conglomerate is poorly consolidated, and is
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PLATE 0-IT

SAMPLE LOCATION MAP OF THE CARDIOCERAS CREEK AREA
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Figure 2. Angular unconformity between Jurassic sedimentary
rocks and overlying Tertiary volcanics, as viewed
to the north from Cardioceras Creek. Note basaltic
dike cutting Jurassic sediments.

Figure 3. Angular unconformity between the Chinitna
formation and overlying Jurassic sedimentary
rocks, as exposed on Cardioceras Creek.
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composed of well-rounded, polished cobbles and pebbles in a matrix of

quartzose sand. The same unit crops out to the northeast, near Yacko

Creek, where it also contains coaly debris. The Tertiary conglomerate

is easily distinguished from the Jurassic pebble conglomerate, which

also occurs in the area, by its unconsolidated matrix and a higher

degree of sorting.

JurassicNaknek siltstone (Jns): The predominant rock type in the

Cardioceras Creek map area is a gray, highly fractured calcareous

siltstone, which contains abundant fossils and calcareous concretions.

Thin beds of brown to gray, fine-grained calcareous sandstone and arkose

are commonly interbedded with the siltstones.

The quartzose sandstones contain a calcareous cement, which includes

very finely divided authigenic plagioclase, magnetite and chlorite. The

sand-sized fraction of sample 3, a calcareous arkose, contains fresh

angular grains of zoned feldspar believed to have been derived from the

Kosina batholith, located 20 km to the west. Calcite veins are present

as fracture fillings up to 2 mm thick. Crinoid stems and trace fossils,

such as worm tubes, are found throughout the entire section.

The unit is cut by numerous high angle faults, which may explain

the highly fractured character of the siltstones in the section.

JurassicNaknek cobble conglomerate (Jcc): In some places, a massive

poorly sorted cobble conglomerate is inter-fingered with the Naknek

siltstones. The clasts are well-rounded to angular, however, the

granitic clasts are more angular than those composed of other rock

types. These granitic clasts are believed to have been derived from the

Kosina batholith (Grantz and others, 1963), and they yield K-Ar ages of
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160-165 m.y. (a minimum age for this unit). These rocks are especially

well-exposed in the valley of Conglomerate Creek.

Jurassic siltstone (Jns): Stratigraphically, the Chinitna formation are

the oldest rocks in the map area, as they underly the siltstones of the

Naknek formation. The two units are very similar in lithology. How-

ever, they can be distinguished by a very distinct and striking angular

unconformity which separates the two units (Figure 3, page _), and the

occurrence of belemnites and coiled ammonites which occur in the lower

unit.

Two fragments of fossil wood were found in terrace gravels in the

valley of Cardioceras Creek. The source of these fragments is uncertain.

Panned concentrates from sediments in the bed of Cardioceras Creek

contain almandine-rich garnets, which were not seen in any of the rocks

cropping out within the map area. These garnets may have been derived

from the Kosina batholith, which is known to have a garnet-bearing two-

mica phase.

Interpretation of Anomalies

Radiometric analyses of bedrock and surfi cial deposits in the

Cardioceras Creek section: In order to evaluate the variations in the

data from the airborne traverses, we completed a ground-truth scintil-

lometer traverse along a representative section on the north valley side

of Cardioceras Creek. The traverse stations are shown on the sample

location map (Plate 0-III), and the data are summarized in Table 1,

below:
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Table 1. Radiometric data from the Cardioceras Creek traverse

Total K U Th Residuals
Sta. No. Rock Type (cps) (cps) (cps) (cps) (Totcps-E K,U,Th)

1 basalt 47.3 11.1 3.6 2.3 (30.3)
2 conglomerate 66.0 32.9 8.0 5.5 (19.6)
3 calc-silstone 70.3 45.6 8.0 5.5 (11.2)
4 siltstone 67.2 38.5 8.1 5.7 (14.9)
5 siltstone 70.9 47.8 8.1 4.9 (10.1)
6 thin soil cover 64.9 25.0 6.0 3.7 (30.2)

over siltstone
7 thin soil cover 62.2 25.8 6.2 3.8 (26.4)

over silt and
shales

8 solifluction 67.2 35.9 7.5 4.6 (19.2)
lobe

9 calc-silstone 75.4 47.2 8.5 5.4 (14.3)
and shales

10 soil over 70.0 33.3 7.2 4.5 (25.0)
bedrock

11 shale 81.2 62.8 11.0 6.9 ( 0.5)
12 tundra mat with 54.0 15.0 5.8 3.5 (29.7)

standing water

Several conclusions can be derived from

proceeding to the interpretation of airborne

(1) K40 is responsible for most of the

units.

(2) Uranium concentrations are highest

the siltstones, conglomerates, and

that

side

the above table, before

data, including:

measured radiation in all

in the shales, followed by

lastly, basalts, which have

the lowest background of any of the rock units.

(3) Soil cover attentuates measured radiometric values, as increased

by water saturation.

Inspection of the helicopter radiometric traverses on Plate 0-I shows

traverse line A-B extends from basaltic volcanics through valley

colluvial deposits overlying Jurassic sediments and into
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tundra-mat covered glaciofluvial deposits in Horsepasture Pass. The

traverse also intersects two terrace remnants covered by water saturated

tundra-mat, which are shown on the profile as downward deflections in

measured c.p.s. This particular traverse most closely approximates the

flight line and anomaly in the work statement, and illustrates the

nature and cause of the apparent low-level anomaly.

The basalts and water-saturated tundra mat are among the lowest

level radiation emitters encountered. The data in Table 1 above show

that the Jurassic sediments including unmantled colluvium derived from

this formation, give the highest total count of any of the units along

the traverse. Soil and/or water saturated tundra-mat are characterized

by attenuated emission, including a reduction in K derived emission as

well as that derived from U and Th. The low level anomaly is therefore

due to an unusually low background caused by flanking tholeiitic basalts

which are characteristically depleted in K, U and Th, plus water-saturated

tundra, as contrasted with the signal emitted by Jurassic sediments.

Profile C-D accentuates the contrast in radiometric signals between

the volcanics versus the Jurassic sediments; and profile E-D illustrates

the effect of standing water in thick tundra-mat overlying basalt col-

luvium derived ridges on both sides of the saddle.

Chemicalanalyses: Table 2 below presents uranium, thorium and potassium

data for analyzed rocks from the Cardioceras Creek area.
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Table 2. U/Th/K analytical data for Cardioceras Creek rocks

Sample No. Rock Type U(ppm) Th(ppm) K20(wt.%) Th/U

la basalt 0.6 2.75 0.20 4.58
lb basalt 0.2 2.00 0.44 10.00
3 calcareous arkose 0.8 2.00 0.31 2.50
4 calcareous mudstone 0.5 1.50 0.58 3.00
13 mudstone 0.9 2.25 0.90 2.50
14 basalt 0.8 2.00 0.42 2.50
16 basalt 0.0 1.00 0.14 0.00

The chemical analyses reinforce the readings obtained from outcrops with

the scintillation counter, including the low concentrations of U and Th

in all of the rock types; the dominance of Th over U; the low K content

of the basalts, which is diagnostic for tholeiites; and a higher concen-

tration of K in the Jurassic sediments versus the basalts.
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SANONA CREEK AREA

Location of Airborne Anomalies

Several low level anomalies were detected in the Sanona Creek map

area, near Yacko Creek, in the vicinity of Big Bones Ridge, and near a

small tributary of Sanona Creek which is called Anomaly Creek in this

report (Figure 1).

Plates S-I and S-IIIA and S-IIIB show the location of helicopter

flight lines, and the resultant profiles which were obtained during our

attempts to relocate the reported anomalies.

Geologic Setting

Jurassic volcanic s_(Jtk: Bedrock in the Sanona Creek area is composed

of volcanic rocks ranging from basalt to rhyolite, including altered

welded tuffs.

The dominant rock type cropping out within the Sanona Creek map

area is a dense, black, blocky basalt. The basalt has a high magnetic

susceptibility, and small chips of the rock are attracted to a magnet.

These basalts have a relatively low signature (a maximum reading of 58

c.p.s.).

The basalts are dominantly composed of plagioclase and pyroxene in

a black glassy matrix. Plagioclase occurs as zoned euhedral phenocrysts

having an average anorthite content of 52. The calcic cores of these

crystals are often clouded by secondary clay minerals and sericite.

Pyroxene was observed in the matrix of one rock. Accessory minerals

include apatite, magnetite altering to hematite, and zeolites as amygda-

loidal fillings.
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Rhyolitic flows and silicic tuffs occur as dome-like masses over-

lying the basalt (see Plate S-II). Glass is still preserved in the more

silicic variants, and some of the tuffs have typical welded fabrics.

One outcrop of andesite (SYC-1) was observed in the vicinity of Yacko

Creek. Table 3 gives modal data for representative rock types in the

study area.

Interpretation of Anomalies

Radiometric profiles, shown on Plates S-IIIA and S-IIIB, failed to

delimit meaningful anomalies on Big Bones Ridge or along Yacko Creek.

However, a relatively strong signal is emitted by a weathered rhyolite

tuff southwest of Sellick Creek, which is believed to be the source of

the reported anomaly (Plate S-II). The altered tuff is distinctive in

outcrop due to mottled orange and purple staining and rubble which

occurs as slabby plates between 0.5 and 2.5 cm thick. Small pyrite

cubes can be seen on fresh fractures, and leached pyrite is the apparent

source of the staining on the weathered surfaces.

In thin section the rock is composed of a brownish devitrified

glass with radiating spherulites of cristobalite up to 2 mm in diameter.

High temperature, embayed beta quartz is also present. Other phases

include lithic fragments up to 1.5 mm in diameter, and complexly zoned

plagioclase feldspar. Pyrite is the dominant opaque accessory.

This rock unit is one of the most radioactive of those examined in

all of the map areas. However, most of the activity is due to decay of

K40 as shown in Table 4, below. Table 4 also illustrates the dampening

effect of approximately 8 inches of muskeg overlying the source rock.
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PLATE S-I

GEOLOGIC MAP OF THE SANONA CREEK MAP AREA
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PLATE S-II

INSET MAP FROM PLATE S-I
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PLATE S-IZ
SANONA CREEK AREA

WATER AND STREAM SEDIMENT SAMPLE LOCATIONS
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Table 3. Modal data for analyzed rocks from the Sanona Creek area (constituent minerals in vol.%)

Sample No.: SDZ-03 SDZ-3 SDC-06a SDC-06b SDC-06c SDC-06d SDC-7 SDC-09 SDC-18b SDC-21 SDC-25 SYC-1 SYC-03 SYC-06a AC-10

11T bas. S.T. S.T. S.T. S.T. W.T. W.T. C. W.T. bas. YET bas. and. R.

plagioc lasc
sanidin e
quirt

; c1mrtz

cristobalite
issS

p roxene

01 iv n p

horninlende
biotite
magnc:tite
pyrite
hematite
rutile
ap.tite
chlorite
sericize
calcite
lithic fragments
zeolites

= basalt; C = chert; R = rhyolite; and. = andesite.

Rock Type:

25

55

2

15

5

35

57

1

35

63

<1
3

70

15

<1

10
2

7

100

5

75

2

<1
<1

<1

3

10

85

2

5
7

7

75
5

--

20

70
<1

4

2

<1

7

15

75

3

<1

<1

10
1

7

77
2

1
<1

<1

65

7
20

3

<1

<1

2

12

7

30

5

<1

20

70

5

tr
5

<1

12

10

20
50

2

tr

<1

NT = welded tuff; ST = silicified tuff; Bas.



Table 4. Radiometric data for the Sanona Creek tuff

Welded Tuff #1
shielded
unshielded

Muskeg-covered
unshielded

% Dampening by
muskeg

Welded Tuff #2
unshielded

Damp colluvium-
covered
unshielded

% Dampening by
colluvium

TOTAL K U Th

128.3 141.2 11.7 6.3
142.9 182.9 12.8 6.8

89.3 62.3 8.1 4.5

37% 66% 37% 34%

174.0 232.6 14.3 7.1

109.9 104.2 7.9 4.7

37%

#1-average 20 readings

Chemical analyses of rocks:

55% 45% 34%

#2-average S readings

Table 5, below, gives U, Th, and K data for

rock types in the Sanona Creek area.

Table 5. U/Th/K analytical data for Sanona Creek rocks

Sample No. Rock Type U(ppm) Th(ppm) K 2 0(wt.%)

Welded tuff
Basalt
Silicified tuff
Silicified tuff
Silicified tuff
Silicified tuff
Welded tuff
Welded tuff
Silicified tuff
Welded tuff
Basalt
Welded tuff
Basalt
Andesite
Rhyolite (zeolitized)
Altered tuff
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Th/1

SDZ-03
SDC-03a
SDC-06a
SDC - 06b
SDC -06c
SDC-06d
SDC-07
SDC-09
SDC-18b
SDC-21
SDC-25
SYC-1
SYC-05
SYC-06a
AC-10
TC-01

1.0
0.4
0.7
0.7
0.8
1.6
1.3
1.3
1.6
1.2
0.6
0.5
0.0
1.2
1.8
0.4

6.50
1.50
5.75
6.25
6.50
5.00

13.80
4.25
1.50
2.50
1.25
4.00
1.00
3.50
2.00
1.50

0.97
1.68
6.23
3.00
8.50
7.81
5.93
2.00
0.52
4.41
0.82
3.00
0.14
2.00

11.54
6.33

6.50
3.75
8.21
8.92
8.12
3.12

10.61
3.26
0.93
2.08
2.08
8.00
0.00
2.91
1.11
3.75



The data in the above table highlight the high potassium content of

some of the tuffs, and increasing U-Th concentrations in the more

silicious volcanics. The K content of sample AC-10 (K20 = 11.54 wt.%)

is very high for a volcanic rock other than undersaturated leucite

phonolites and related rocks; but the matrix contains radial aggregates

of quartz after tridymite or cristobalite, indicating a high silicic

content. The K analysis has been repeated several times, and we are

confident that it is correct within 1%.

Consistently high K concentrations in the analyzed welded tuffs and

flow units indicate that the more silicious volcanic rocks are dacites

and ryholites. Both tholeiites and alkali basalts appear to be present

in the section, based on the range in K content (0.14-1.68 wt.% K20).

Chemicalanalyses of soils: Table 6, below, tabulates U/Th/K analytical

data for soil samples taken in the Sanona Creek area. Soil samples were

taken with the hope that analyses would show whether or not U and Th

were being leached from the underlying bedrock, and to provide a more

realistic estimate of whether or not radiation from soil cover was

similar to the bedrock source.

Generally, the range in U and Th concentration is similar to that

obtained from the bedrock analyses. K, however, varies within rather

narrow limits (0.90-1.80 wt.% K20), and there is no indication of the

large concentrations of K present in some of the underlying silicic

volcanics.

In the soil-making process, U and Th were apparently not trans-

ported away from the source, whereas K has either been depleted in the

soil mantle or removed to another site by solutionary transport(?).
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An alternate explanation is that the soil mantle is dominantly

composed of wind-transported silt and sand, from reworked glaciofluvial

deposits; a mechanism which would result in a rather homogenous soil

blanket derived from exterior sources. The averaging effect would

produce a similar bulk chemical composition regardless of underlying

bedrock chemistry.

Table 6. U/Th/K analytical data for soils from the Sanona and
Cardioceras Creek areas.

Sample No. U(ppm) Th(ppm) K2 0(wt.%) Th/U

Sanona Creek

SSC-l Under tundra mat 1.4 5.00 1.40 3.57

SSC-3 Under tundra mat 1.2 4.25 1.80 3.54
SSC-4 12" depth 1.2 4.50 1.05 3.75

SSC-5 Under tundra mat 0.8 5.00 0.87 6.25
SSC-6 14" depth 0.6 3.75 1.24 6.25
SSC-7 20" depth 0.6 5.75 1.37 9.58
SSC-8 30" depth 1.1 5.00 1.40 4.54

SSC-9 13" depth 1.1 6.25 1.41 5.68
SSC-10 24" depth 1.6 5.25 1.41 3.28

SSC-11 8" depth 1.4 3.50 0.90 2.50

in side bank deposits

Cardioceras Creek

SSZ-1 Horse Pasture Pass 1.3 4.75 1.06 3.65
(under tundra mat)

SSZ-2 Stream sediment, 0.9 3.00 1.00 3.33
Cardioceras Creek

SSZ-3 Stream sediment, 0.8 2.75 0.98 3.43
Cardioceras Creek

20



Inspection of the soil sample profile data in Table 6 fails to

indicate any firm evidence for leaching and chemical transport within

the soil profile other than a possible K20 and U depletion gradient in

the sample series SSC-4 to SSC-8.

Masking effect of the soil blanket: If the soil blanket in the Copper

River Basin is chiefly composed of wind-transported, reworked glaciofluvial

material similar to that of the Sanona Creek area, the radiometric

signal emitted by the soil cover will be less than that of most of the

bedrock types in the region, based on analytical data to be presented in

subsequent sections.

Stream sediment and water analyses: Stream sediment and water samples

from the Sanona Creek and other areas have been analyzed at the Los

Alamos Scientific Laboratory, under the direction of Mr. Robert Sharp.

These data and our interpretations will be discussed in a later report.

Recently, however, these data have been published by the Los Alamos

Scientific Laboratory as informal report no. LA-6730-MS entitled

"Uranium Concentrations in Lake and Stream Waters and Sediments from

Selected Sites in the Susitna River Basin, Alaska."
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VABM BROWN AREA

Location of Anomaly

The reported anomaly was located between VABM Jay and VABM Brown,

in the headwaters of Jay Creek (Figure 1; Plates BI, BII). Helicopter

traverse X-Y, Plate B-III, approximates the flight line heading and

location of the anomaly. We believe that the reported low-level anomaly

is due to contrasting radiometric signatures of tundra-covered terrain

and greenstone, versus the more highly radiometric granitic plutons

underlying the hills topped by VABM Brown and VABM Jay.

Geologic Setting

Diorite and quartz diorite of Jurassic to Cretaceous(?) age com-

pose most of the outcrop within the map area. These plutons are thought

to be a northern extension of the Kosina batholith (Csejtey, 1974).

Turner and Smith (1974) cite a K-Ar age of 172 million years for the

quartz diorite. However, there are no published radiometric ages for

the granodiorite and quartz diorite which crop out at VABM Jay (Smith,

per. com., 1976). These plutons appear to crosscut the Jurassic quartz

diorite and are, therefore, considered to be of Cretaceous(?) age.

Tertiary granodiorite plutons have been mapped to the west and north of

this area, however, and these plutons may be of Tertiary age.

North of Jay Creek a greenstone (metabasite) terrane is intruded by

diorites and quartz diorite. The metabasites are thought to be of

Paleozoic age, based on fossils found southwest of the study area in the

vicinity of Mt. Watana (Csejtey, 1974). These greenstones (greenschists)

are correlated with similar rocks to the east and west of the map area

(Smith, per. com.).
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Granodiorite (Gd): Three samples of medium- to coarse-grained biotite

granodiorite were collected west of VABM Jay for chemical and petrogra-

phic analyses. Contact relationships were obscured by vegetation and a

lack of good outcrop. However, Smith (unpublished data) mapped these

rocks as the core phase of a zoned pluton.

In thin section, the granodiorite is dominated by seriticized and

saussuritized plagioclase phenocrysts three to four millimeters long.

The plagioclase is filled with minute inclusions of secondary pistacitic

epidote. Albite and Carlsbad twin planes are occasionally bent, and

some grain boundaries are granulated and fractured. Twinned and altered

potassium feldspar is also a major constituent (ca 10-15%).

Quartz is present as anhedral polycrystalline aggregates two to

three millimeters across, which are strained and fractured. Brown to

green-brown biotite, intergrown with and altering to chlorite, is a

minor constituent. Small inclusions of apatite and zircon occur in

quartz and feldspar minerals.

quartz diorite_(id): Outcrops near VABM Brown (Plate BI) are composed

of a medium-grained biotite-hornblende quartz diorite, which has been

pervasively altered. Hornblende and biotite are chloritized, and

plagioclase has been saussuritized. No pleochroic halos were seen in

biotite. Some variants contain blue porphyroblasts of quartz, and some

samples collected near VABM Brown contain incipient garnet. Accessories

include titanomagnetite (altering to hematite), sphene, apatite, zircon,

and pyrite.

Diorite (Hd): Hornblende diorite crops out along Jay Creek and west of

VABM Jay (Plate BI). Although mapped as separate occurrences, the
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outcrops are thought to belong to the same intrusive phase. Plagioclase

phenocrysts up to 2 mm long dominate the fabric of the rock. Hornblende

is partially altered to actinolite, and chlorite has replaced biotite.

Highly altered pyroxene grains were also present in one sample. Plagioclase

has been pervasively altered, with the development of secondary epidote,

clay minerals, and sericite. Accessory minerals include titanomagnetite,

sphene, apatite, and zircon.

Greenstone_(Pzgs): Massive greenstone crops out to the north and west

of the map area. This greenstone is believed to be equivalent to the

Paleozoic greenstones intercalated with fossiliferous limestones near

Mt. Watana, south of the map area as reported by Csejtey (1974). The

same greenstone unit also occurs near VABM Laren and in the Flat Top

Mountain area discussed in a later section of this study.

In outcrop, the greenstone is characterized by a lack of schistosity,

with the exception of contact zones where it has been intruded by

younger plutons in the map area. Several greenstone roof pendants were

also observed in the granodiorite. The greenstone is also characterized

by low radioactivity.

The mineralogy is dominated by green to blue-green actinolite, and

an abundance of epidote minerals. The feldspar is dominantly albite.

However, a few corroded relicts of primary plagioclase from the parent

basalt are still discernable. Chlorite is also a minor phase. Accessories

include apatite and magnetite which is partially altered to hematite.

Modal analyses of granitic rocks: Modal analyses of representative

specimens of granodiorite, quartz diorite, and diorite are listed in

Table 7. Compositions are also displayed on the quartz-feldspar diagram

shown as Figure 4.
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Table 7. Modal data for granitic rocks from the VABM Brown-VABM Jay area.

B-3 B-4 B-10

D D GD

B-11 B-12 B-13 B-1S B-18 B-21 B-23

QD QD D D QD QD GD

B-24

D

B-26 B-27 B-28 B-30

QD QD QD D

81.5 33.5 46.9

7.8 -- 28.8

-- -- 20.3

-- -- 3.8

54.1

35.0

5.1

5.7

67.2

52.9

19.6

51.2

1.7

27.7

-- 47.0

54.0

4.6

54.4 55.2 45.4

39.3 31.6 25.7

-- -- 14.3

6.7 13.2 14.4

41.4

50.7 38.7 58.8

-- 18.1 23.5

-- 10.8

49.2 32.4

17.5

50.3

32.3

17.0

36.2 44.1

-- 0.1

-- 45.9

63.8 10.0

79.7

15.0

56.9

16.2

5.1 22.0

-- 4.9

10.6

x x x x x x x x x

x x

x x x x

x x

x

x x x

x x

x

QD = quartz diorite; D = diorite; GD = granodiorite.

Sample No.

Rock Type:

Brown
A

QD

53.1

35.0

11.8

plagioclase

quartz

K-spar

biotite

hornblende

pyrite

Accessory

apatite

rutile

sphene

zircon

B-56

D

B-57 B-60

QD QD

:

- -Im - -!



Interpretation of Anomalies

Radiometric analyses of bedrock and surficial deposits: Radiometric

measurements of rock units and surficial materials in the VABM Brown-

VABM Jay area are shown in Table 8.

Chemical analyses: Table 9 lists uranium, thorium, and potassium data

for analyzed rocks from the VABM Brown-VABM Jay area.

All of the rocks in this area are characterized by low uranium and

thorium concentrations. The low radiometric activity shown in Table 9,

below, is also reinforced by the relatively low potassium content of the

granitic rocks in this suite.

Interpretation of the VABMBrown anomaly: The profiles shown on Plate B-

III show a small but significant increase in measured radioactivity over

granitic rubble crop (maximum = 45 c.p.s.) as contrasted with the

average background (ca. 35 c.p.s.) over tundra-covered terrain and

greenstone rubble and outcrop. Although the anomaly is of no direct

economic significance, the ground-truth information is of considerable

value to future interpretation of low-level anomalies in similar Alaskan

terrain.
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Table 8. Radiometric measurements of bedrock and
surficial cover in the VABM Brown-VABM
Jay area.

B-10 Mgd (granodiorite)

Tot

Shielded (c.p.s.)
Unshielded (c.p.s.)

64.2
67.9

K

38.3
45.0

U

4.0
4.9

B-100 Muskeg directly overlying anomaly detected by ERDA (Mgd basement?)

Shielded (c.p.s.)
Unshielded (c.p.s.)

% dampening
(not significant?)

B-9 Pzgs (greenstone)

Shielded (c.p.s.)
Unshielded (c.p.s.)

VABM Brown Jqd_ (quartz diorite)

Shielded (c.p.s.)
Unshielded (c.p.s.)

B-4 Jhd (hornblende diorite)

Shielded (c.p.s.)
Unshielded (c.p.s.)

Tot K U Th

51.2 15.6 3.1 2.3
53.6 20.6 2.6 2.2

Tot K U Th

48.1 9.8 4.8 3.1
48.9 10.8 4.9 3.2

Tot K U Th

49.8
49.5

9.8
12.3

3.9
4.1

3.0
2.6

B-12 Jqd (quartz diorite near flight line; large quartz eyes [coarse grained])

Tot K U Th

Shielded (c.p.s.) 66.1 33.7 7.8 4.9
Unshielded (c.p.s.) 70.7 38.3 7.5 4.7
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2.3
2.0

Tot

53.2
54.9

18.1

K

12.8
15.1

66.5

U

5.3
6.0

Th

3.3
3.7



Table 9. U/Th/K data for analyzed VABM Brown-VABM Jay rocks.

Sample No. Rock Type U(ppm) Th(ppm) K 2 0(wt.%) Th/U

Brown A Quartz diorite 1.5 6.25 1.03 4.16
B-3 Diorite 0.0 0.75 0.52 0.00
B-10 Granodiorite 0.6 2.00 2.41 3.33
B-11 Quartz diorite 0.3 8.25 1.11 27.50
B-12 Quartz diorite 0.6 3.00 1.48 5.00
B-13 Diorite 0.0 1.75 0.54 0.00
B-15 Diorite 0.0 7.50 0.37 0.00
B-17 Quartz diorite 1.4 2.75 0.17 1.96
8-18 Quartz diorite 0.7 3.25 0.84 4.64
B-19 Basalt 0.0 1.25 0.25 0.00
B-21 Quartz diorite 0.2 0.75 1.50 3.75
B-23 Granodiorite 1.5 5.25 2.44 3.50
B-24 Diorite 0.0 0.50 0.03 0.00
B-26 Quartz diorite 0.0 2.25 0.36 0.00
B-28 Quartz diorite 0.2 1.25 0.52 6.25
B-56 Porphyritic diorite 0.7 2.75 1.37 3.92
B-57 Banded rhyolite 0.2 1.25 1.09 6.25
B-60 Quartz diorite 0.3 4.25 1.09 14.16
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VABM LAREN AREA

Location of the Airborne Anomaly

The reported anomaly was centered on a low hill mass, south of VABM

Laren (Figure 1, Plates LI-III, incl.). Helicopter traverses T-T' and

U-U' were flown in an attempt to relocate the reported anomaly.

Although the differences in radiometric levels are very small (25

vs. 35-40 c.p.s.), the reported anomaly is seemingly due to contrasting

signatures of wet tundra vegetation versus bedrock, even though the

bedrock (greenstone and diorite complex) are characterized by relatively

low radioactivity.

Geological Setting

Greenstone_(Greenschist)_(Pzgs): VABM Laren and adjacent terrane is

composed of the same greenstone unit as that which crops out to the west

of VABM Jay (Plate L-I; Figure 6). The contact between the greenstone

and the diorite complex is concealed in the tundra-covered valley between

the two hills, but contact relations are believed to be similar to those

described to the west in the VABM BrownAVABM Jay area.

In thin section, the rock is chiefly composed of actinolite, occur-

ring in blades up to 0.25 mm in length, and subhedral to anhedral clino-

zoisite. Epidote is restricted to secondary fracture fillings in the

rock. Other minerals include minor albite, which is locally sericitized,

and rare quartz.

Abundant grains of sphene are often cored with illmenite or titano-

magnetite. Accessory quantities of magnetite are also present.

Quartz diorite, diorite, and gabbro (Mgnc): Most of the granitic rocks

exposed in the VABM Laren map area crop out as frost-rived rubble

(Figure 9, page 38).
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PLATE L-1

GEOLOGIC MAP OF VABM LAREN AREA
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PLATE L-II

VABM LAREN
WATER AND STREAM SEDIMENT SAMPLE LOCATION MAP
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PLATE B-I

GEOLOGIC MAP OF THE VABM BROWN - VABM JAY AREA
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The rocks in the complex range in composition from hornblende

quartz diorite to rare gabbroic variants. The structure of the complex

ranges from massive near the center of the mass, grading to gneissose

toward the margins of the pluton (Figure 7). One of the more gneissic

samples of the quartz diorite had rather large (up to 1 cm) bluish

porphyroblasts ("quartz eyes") of quartz, similar to those seen in

quartz diorite near VABM Brown. The highest scintillometer reading

obtained from the complex was 65 c.p.s. at station L-10 (Plate L-II).

Plagioclase is the most abundant phase in the diorite and quartz

diorite phases of the complex. It generally occurs as euhedral to sub-

hedral grains 2-5 mm long and is usually sericitized or saussuritized.

An anorthite content of An52 was obtained for plagioclase in a quartz

diorite sample.

Quartz is present in amounts ranging from 4 to 28 modal %, and it

occurs as anhedral grains which are commonly strained with undulatory

extinction.

Major mafic minerals in the diorite and quartz diorite include

blue-green hornblende and biotite. The biotite has altered to chlorite

along the cleavage traces. Hornblende occurs as prisms up to 5 mm long,

and it is commonly rimmed by light green actinolite.

One sample of quartz diorite gneiss contained K-feldspar, and not

hornblende. Garnet is present in a few of the samples in trace amounts,

indicating that these rocks have a metamorphic history similar to the

quartz diorites near VABM Brown. Modal analyses of representative rock

types are shown in Table 10.
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Table 10. Modal analyses of analyzed rocks
from the VABM Laren area.

Sample r. L-9 L-12 L-17 L-18 L-19 L-23 76RF-1

Rock Type: QD QD D QD QD QD QI)

plagioclase 48.1 54.7 52.4 47.0 43.6 45.1 63.4

quartz 23.4 13.6 4.4 17.5 28.9 11.9 28.2

K-Spar -- -- -- -- -- -- 1.9

biotite 17.0 16.6 -- 8.8 8.2 7.2 6.4

hornblende 11.3 15.0 43.1 26.5 19.2 35.7 --

Accessories

apatite x x x x x x x

rutile x

QD = quartz diorite; D = diorite
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Interpretation of anomalies,_radiometric measurements andU/Th/K

Analyses of Bedrock: Radiometric measurements of the granitic rocks and

greenstone in the VABM Laren area are listed in Table 11, below.

Table 11. Radiometric data for VABM Laren area rocks

Rock Type

Quartz diorite
(shielded)
(unshielded)

Diorite
(shielded)
(unshielded)

Gabbro
(shielded)
(unshielded)

Greenstone
(unshielded traverse)

L-2, 5275'
4980'
4450'
4000'
3680'

Total

59.2
62.5

51.0
52.0

46.0
45.9

47.1
46.0
53.3
49.7
47.1

U Th K (c.p.s)

5.5 3.8 27.1
6.1 3.8 34.7

3.8 3.1 13.9
4.3 3.1 15.2

3.4 2.4
3.1 2.4

3.8
3.3
5.5
3.9
3.8

3.0
2.9
4.1
2.7
2.7

8.3
9.3

11.0
8.5

13.3
11.3
8.2

Table 12, below, summarizes the U/Th/K analytical data for VABM

Laren area rocks.
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Table 12. U/Th/K data for analyzed VABM Laren area rocks

Sample No.

L-2
L-9
L-l1
L- 12
L- 17
L-17a
L-18
L-19
L-23
76RF-1

Rock Type

Greenstone
Quartz Diorite
Diorite
Quartz Diorite
Diorite
Gabbro
Quartz Diorite
Quartz Diorite
Quartz Diorite
Quartz Diorite

The above data further document the relatively low U/Th/K concentra-

tions in this particular suite of rocks. The range in U and Th in the

rocks of the VABM Laren area is similar to that in the VABM Brown-VABM

Jay area.

Helicopter traverse data shown in Plate L-III show that granitic

and greenstone rubble and outcrop have slightly stronger radiometric

signature than adjacent tundra-covered terrane. The VABM Laren anomaly

is apparently caused by this contrast, although the measured radioactivity

in all materials is so low that the statistical significance of the

difference between the two signatures could be challenged.
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U(ppm)

0.4
0.5
0.6
0.2
0.5
0.5
0.4
1.3
0.2
0.6

Th(ppm)

1.25
2.75
1.00
8.25
0.75
1.25
1.75
2.75
1.00
1.25

K2 0(wt.%)

0.29
1.17
0.41
1.14
0.60
0.46
1.10
0.33
0.62
0.65

Th/U

3.12
5.50
1.66

41.25
1.50
2.50
4.37
2.11
5.00
2.08



COAL CREEK

Location of Airborne Anomalies

Several low-level anomalies were reported between Coal Lake and the

confluence of Coal Creek and the Susitna River (Figure 1). The terrain

is characterized by muskeg-covered glaciofluvial deposits, covered by

sparse vegetation. Both Coal Creek and the Susitna River have incised

their channels into the glaciofluvial deposits which are exposed in 30-

meter cutbanks (100 ft). The deposits are dominantly composed of sands,

gravels, and lenses of gray clay (Figure 8).

Geologic Setting

Bedrock exposures within the map area are restricted to low hills

around VABM Coal. Exposed rubble crop is derived from a sequence of

intercalated greenstones and carbonaceous sediments believed to be of

Paleozoic age (Plates CC-I, L-III). Due to low-level radioactivity

(max. 48 c.p.s.) and its characteristic massive appearance, the sequence

is believed to be correlative with the greenstone units mapped within

the VABM Laren, VABM Brown, and Flat Top Mountain areas. The VABM Coal

outcrop itself has been staked by Cities Service Mineral Exploration

Company for strata-bound copper deposits.

Interpretation of Anomalies

Radiometric data: The white, well-sorted sands exposed along the north

bank of Coal Creek (SU-6) gave a maximum reading of 81 c.p.s. The

dampening effect of the muskeg mat over the sands is very apparent and

explains the anomalies. The following table shows that dampening may be

up to 80% effective. Anomalies occur only where cutbanks have exposed

the sands (Figure 10).
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Table 13. Radiometric data for exposed and muskeg covered sands.

TOT. K U Th

Muskeg Mat Shielded 46.4 4.9 2.3 1.6
Unshielded 46.2 6.0 2.4 2.0

Underlying Shielded 68.0 32.1 9.9 5.8
Sands Unshielded 73.0 35.4 11.5 6.5

% Average Dampening by
the Muskeg Mat 34% 84% 78% 71%

A series of sand samples were collected vertically from a cut bank

on the Susitna River at locality SU-10 (Figure 8). Each fraction was

divided into 200 gram splits, and wet sieved to remove the clay and silt

size fraction (-200 mesh). The sands were then placed in heavy liquids

(Sp. Grav. 3.13) to separate quartz and feldspars from the heavy fractions

(hornblende, apatite, magntite, etc.). The sink fraction was placed in

heavy liquid of density 3.25. The 3.13-3.25 fraction contained hornblende

and apatite. The apatite was removed from this split using a Franz Isodynamic

separator. The 3.25 heavy fraction contained magnetite, illmenite, and

other heavy minerals of density > 3.25. Analytical results are listed

in Table 14, below.

The correlation matrix for these data is shown in Table 15. The

data in Table 15 show a positive correlation between quartz, feldspar, and apatite

and a negative correlation between U, hornblende, and heavy minerals.

This suggests that the U is concentrated in sands which have been

derived from a felsic source.

Plate L-III shows the radiometric data accumulated along helicopter

traverse V-V', which accents the drop in measured radioactivity over

Coal Creek and the Susitna River and the small increases related to

exposed sands.
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Table 14. U/Th/K and modal data for analyzed sands.

PPM U PPM Th % K 2 0 % QUARTZ &
FELDSPAR

% HORN-
BLENDE

% APA-
TITE

% HEAVY
MINERALS

SU-10a 0.6 2.40 1.20 89.2 5.8 0.4 4.6 8.9
SU-10b 0.5 2.40 1.05 89.1 5.9 0.3 , 4.7 11.3
SU-10c 1.2 7.8 1.38 92.2 4.3 1.4 2.1 68.6
SU-10d 1.0 13.0 1.31 90.1 5.3 1.4 4.2 43.7
SU-10e 0.7 2.60 1.06 80.3 6.8 0.2 23.4 7.9
SU-lOg 1.0 3.75 1.05 97.3 1.4 0.4 0.9 4.0
SU-10h 0.2 7.0 1.21 84.8 8.1 0.4 6.7 14. 6
SU-1 1.1 13.2 1.09 85.6 6.1 0.5 7.9 9.2

Table 15. Correlation matrix.

PPM U PPM Th K20 QUARTZ +
FELDSPAR

HORN-
BLENDE

APA-
TITE

HEAVY
MINERALS

PPM U 1.000
PPM Th 0.494
KO 0.264
Qtz.+ 0.439
Feld.
Horn- -0.637
blende
Apatite 0.600
Heavy -0.222
Min.
-200 0.492
Mesh

1.000
0.442

-0.022
1. 000
0.193

0.092 0.049

0.620
-0.207

0.873
-0.377

0.431 0.890

SAMPLE
NUMBER

% -200
MESH

1.000

-200
MESH

1.000u0. 880

0.370
-0.849

0.261

-0.234
0.520

-0.127

1.000
-0.429

0.933

1.000

-0.323 1.000

.....



FLAT TOP MOUNTAIN

Location of the Airborne Anomalies

Two low-level anomalies were reported in the Paxson Lake area. One

anomaly was centered on Flat Top Mountain, west of Paxson Lake (Figure 1);

and the second and smaller perturbation was encountered over the ridge

located east of Paxson Lake along the same flight line.

The Flat Top Mountain anomaly was successfully relocated (Plate FT-

I and III), but we were unable to find the smaller anomaly (Plate FT-

IV), even though repeated traverses and ground checks were made.

Geologic Setting

Flat Top Mountain is an intrusive complex located approximately

9 km west of Paxson Lake. The complex is of probable Jurassic age

(T. Smith, per. comm.), based on correlations with other hornblende-

bearing intrusives which crop ou&'in an east-west belt from Paxson to

VABM Brown (a distance of about 75 km).

Flat Top Mountain was originally mapped as a large gabbro body

(Smith, unpublished data). The pluton intrudes Paleozoic greenstones

which underlie a large area south of the Denali Highway. The greenstones

are probably correlative with the Paleozoic greenstones which are inter-

calated with limestones in the Mt. Watana area (Csejtey, 1974). Similar

greenstones were encountered in the VABM Laren and VABM Brown map areas.

The greenstones east of Paxson Lake gave a maximum reading of 52 c.p.s.

on the GR-410 gamma ray spectrometer.

The Flat Top Mountain complex ranges in composition from gabbro to

quartz monzonite. The intrusives have invaded the Paleozoic greenstone,

as evidenced by roof pendants and cognate xenoliths of greenstone within

the pluton. Outcrops consist mostly of frost-rived rubble, and the
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contacts were inferred from changes in the composition of rubble. The

complex is thought to be formed by multiple intrusion. The quartz

monzonite appears to be the youngest phase, with high angle contacts.

Several faults were mapped in the field, while others were inferred

from linears on air photos. Some linears seen on air photos proved to

be side glacial drainage channels, which were particularly common on the

east flank of the complex.

Greenstone_(Pzjs): Dense, fine-grained, green to black greenstones,

surround the complex. The same greenstone unit is exposed on the ridge

east of Paxson Lake. In outcrop, the greenstone is often veined with

stringers of both epidote and calcite.

In thin section, the mineralogy varies from slightly metamorphosed

basalts to thoroughly recrystallized greenstones. The metabasalts

contained relict plagioclase (An52) and pigeonitic pyroxene phenocrysts

set in a dark-colored glassy matrix. The greenstones are composed of

light green actinolite, iron-rich epidote, and albite in a matrix of

pennine chlorite. Magnetite is an ubiquitous accessory in the meta-

basites, and it is commonly altered to hematite. Layering or schistosity

is conspicuously absent in these greenstones.

Quartz monzonite_(Mqm): The quartz monzonite which crops out on the

summit of Flat Top Mountain is the cause of the anomaly. Readings of

about 100 c.p.s. (total) were recorded in the helicopter, which is

almost double that recorded for other rock units and tundra cover in the

area.

The quartz monzonite body is believed to form the core within a

larger gabbro-diorite complex and, therefore, is probably the youngest

intrusive in the complex.
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The dominant rock-forming mineral is plagioclase feldspar which

forms euhedral to subhedral phenocrysts up to 2 mm in length. Saussuritic

alteration is common. Perthitic microcline is the K-feldspar in the

rock, and it occurs as anhedral phenocrysts up to 3 mm in diameter. The

average plagioclase:microcline ratio in the rock is 36:25.

Quartz occurs as anhedral grains up to 2 mm in diameter making up

about 29% of the rock. It exhibits undulatory extinction, and commonly

has sutured boundaries with other mineral phases in the rock.

Mafics include biotite which is commonly altered to chlorite.

Sagenitic rutile is often present as inclusions within the biotite.

Accessories include magnetite, apatite, rutile, and sphene. All

accessories combined generally make up less than 1% of the rock.

Diorite and quartz diorite_(Jqd): Most of the complex is composed of

granitic rocks varying from diorite to quartz diorite, which give a

maximum reading of 65 c.p.s (total). Both variants have a similar

mineralogy. Both the diorite and quartz diorite are believed to be

related differentiates. In outcrop, the diorite-quartz diorite varies

in grain size from medium to coarse, with occasional inclusions of

greenstone.

Saussuritized plagioclase is the chief constituent of these rocks.

The saussuritization process is so complete that reliable anorthite

determinations of the plagioclase are not possible. Several plagioclase

grains contained clear albite overgrowths.

The dominant mafic in the diorites is a blue-green hornblende,

which is altered to light green actinolite along cleavage planes and

grain margins. In the quartz diorite phases of the pluton, biotite
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Table 16. Modal analyses of rocks from the Flat Top Mountain area.

Sample No.: F-la FF-lb F-2 FF-3 FF-5 FF-Sa FF-11 FF-26 FC-05 FC-06a FC-50 FC-51 FC-53 FC-54 FC-5S5 FC-58

Rock Type: QM QM QM QD D D D D D QD QD QM D D QM

plagioclase 33.2 39.5 36.6 50.4 44.3 52.0 66.6 48.S 52.9 57.4 56.3 41.7 55.4 68.6 36.1

quartz 29.7 31.6 27.3 25.9 9.8 9.6 7.6 3.1 6.2 34.5 33.1 21.5 3.8 6.6 33.1

K-Spar 25.8 23.4 27.3 1.0 -- -- -- -- -- -- -- 20.7 -- -- 22.1

biotite 11.1 9.0 8.5 22.4 12.0 -- -- -- 17.25 6.0 10.6 12.0 -- 8.4 8.6

hornblende -- -- -- -- 34.0 38.9 24.9 48.0 17.25 2.0 -- 4.0 40.7 16.6 --

Accessory

apatite x x x x x x x x x x x x x

zircon x x x x x x x

rutile x x x x x x x x x

sphene x x x x x x x x x

monazite x x

QM = quartz ionzonite; D = diorite; QD = quartz diorite.

D

50.5

8.1

41.4
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becomes the dominant mafic mineral, although hornblende is present as a

varietal phase. In addition, biotite is also present in the dioritic

phases of the pluton.

Accessory phases include cuniform titano-magnetite, often altering

to hematite. Apatite generally occurs as inclusions in quartz, while

rutile is confined to needle-like inclusions in the biotite. Extremely

small, euhedral zircons (less than 0.01 mm) with pleochroic haloes occur

as inclusions in biotite. One grain of monazite was identified in thin

section.

Gabbro_(Jg): A dense greenish-black gabbro, which gives a maximum

reading of 50 c.p.s (total), crops out on the flanks of the Flat Top

Mountain complex. All samples of the gabbro, with one exception, contain

hornblende as the dominant mafic. One sample contained augite, to the

exclusion of hornblende. Plagioclase varies in composition from andesine-

labradorite to labradorite. Two generations of plagioclase were identi-

fied, with the older grains displaying a honeycomb texture.

The hornblende is commonly altered to actinolite, biotite, or

chlorite. Apatite and sphene are present in trace quantities.

Modal analyses of the major rock types in the area are shown in

Table 16 and Figure 11.

Interpretation of Anomalies

Profiles WW-WW' and XX-XX' (Plates FI-I, FT-III), and the data

shown in Table 17 and Figure 12, show that the quartz monzonite phase of

the complex is responsible for the Flat Top Mountain anomaly.

Although the radiometric signal (80-100 c.p.s.) and the measured U

and Th content were highest measured in this study, the radioactivity

48



is lower than that for so-called "average" quartz monzonites. Apparent

U/Th depletion seems to be involved; a topic which will be discussed in

the conclusions section of this report.

Figure 12 shows a significant correlation between K and Th in the

Flat Top Mountain complex; a relationship suggesting fractionation in a

magma series.

Table 17. U/Th/K data for analyzed rocks from
the Flat Top Mountain area.

Sample No. Rock Type U(ppm) Th(ppm) K2 0(wt.%) Th/U

F-la Aplite 1.1 2.75 1.55 2.50
F-la Quartz monzonite 1.1 2.70 4.00 2.18
FF-lb Quartz monzonite 1.1 9.0 3.66 8.18
F-2 Quartz monzonite 1.7 8.75 4.00 5.14
F-3 Basalt 0.6 1.00 0.22 1.66
FF-3 Quartz Diorite 0.4 1.25 1.84 3.12
FF-5 Diorite 0.9 1.75 1.08 1.94
FF-5a Diorite 0.0 1.50 0.73 0.00
FF-10 Gabbro 0.5 1.50 0.23 3.00
FF-ll Diorite 0.7 4.75 1.45 6.78
FF-13 Gabbro 0.6 1.25 0.25 2.08
FF-26 Diorite 0.0 3.50 0.75 0.00
FC-05 Diorite 0.3 2.25 1.53 7.50
FC-06a Quartz Diorite 0.2 3.25 1.14 16.25
FC-50 Quartz Diorite 0.1 5.25 0.59 52.50
FC-51 Quartz Monzonite 1.5 7.25 3.65 4.83
FC-53 Diorite 0.6 3.00 1.03 5.00
FC-54 Diorite 0.2 1.50 1.09 7.50
FC-55 Quartz Monzonite 0.6 6.50 3.45 10.83
FC-57 Gabbro 0.5 1.50 0.27 3.00
FC-58 Diorite 0.0 2.00 0.86 0.00
FR-01 Basalt 0.2 1.25 0.06 6.25
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Origin of the low-level airborne anomalies: The lowlands of the Copper

River Basin are characterized by a consistently low radiometric back-

ground, which appears to be related to the following controls:

(1) The bedrock exposed in the Copper River Basin and the surround-

ing highlands is depleted in uranium as compared to worldwide

concentrations in similar rock types.

(2) The lowlands and foothills are partially mantled by windblown

silt, chiefly derived from glaciofluvial deposits. This

blanket has a consistently low radiometric signature which

masks variations in radioactivity due to changing rock type in

the subsurface.

(3) Radiometric background is additionally attenuated by tundra

vegetation, which overlies the silt on the lowlands and foot-

hills.

The anomalies are caused by small but significant differences in

the radiometric signature of bedrock rubble and outcrop versus the very

low background. Basalts and greenstones have such low uranium concen-

trations, however, that no significant difference can be detected in the

radiometric signatures.

In one area, alluvial sands and gravels have higher radiometric

signatures than the surrounding terrane (e.g., upper Susitna terrace

deposits) and are the cause of a low-level airborne radiometric anomaly.

Possible leaching of uranium: Although the surface outcrops and sur-

ficial deposits appear to be relatively depleted in uranium, we found

little evidence of leaching and/or redeposition of uranium. A possible
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exception was the zeolitized rhyolite flows and tuffs near Sanona Creek,

which have been enriched in potassium and depleted in sodium and calcium.

Relionaljrimary uranium deplet ion_(?): Many of the granitic rock

specimens, which were taken from the outcrops in the study areas, were

relatively fresh and unaltered; yet the analytical data indicate that

they are somewhat depleted in uranium as compared to worldwide averages

for similar rock types. When compared to similar rock types in the

Seward-Selawik-Zane Hills Belt, for example, the Copper River Basin

rocks are indeed uranium-poor, which accents the relatively high uranium-

enrichment factor which characterizes the Seward-Selawik-Zane Hills

suite.

Comparative_ quality of fluorescence versus neutron activation

analyses for uranium: Figure 13 is a correlation plot of uranium

analyses of replicate sediment and rock samples by the LASL and ADGGS

laboratories, using neutron activation and fluorescence techniques.

Values obtained from the fluorescence technique are consistently lower

than those derived from neutron activation analyses of replicate sam-

ples. Plots of the comparative analyses of rock samples define a curve,

which suggests that there is a systematic error, perhaps instrumental,

in the fluorescence analytical technique. The excellent agreement

between the USGS and LASL-determined values for USGS standard G-2

reinforces the superior quality of neutron activation versus fluores-

cence analysis in homogenous samples.

The three plots showing greatest variance (SU-1, SU-10h, and 3) are

for coarse-grained sediments. In this case, sample heterogeneity

appears to be responsible for the large error in the ADGGS analyses.
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Larger samples are used in neutron activation analyses; a necessary

precaution, when uranium and thorium concentrations are chiefly contained

in heavy minerals such as sphene, zircon, and apatite in coarse aggregate

sample material.

Field evaluation of the GeometricsGR-410 gamma spectrometer: The GR-

410 gave seemingly inconsistent results in the low counting ranges

encountered in this study. Erratic counting behavior included the

following:

(1) Poor reproducibility in successive counting runs on the same

outcrop, even though counting times were extended to 15

minutes.

(2) Positive residuals, as expressed by total c.p.s.-K + Th + U,

with inverse correlation between total counts and residuals.

(3) Counting runs in which counts recorded in the potassium

channel exceeded total counts in potassium-rich rocks.

(4) Shielded runs yielding total counts greater than unshielded

runs.

Variation plots of both potassium/residuals and total counts/

residuals show that the apparent counting error decreases with increases

in counts/unit time.

Recommendations

(1) The Copper River Basin should be deleted from our list of

possible uranium provinces.

(2) A comparative study should be done on the geologic and tec-

tonic framework of the Copper River Basin and Seward-Selawik-

Zane Hills Belt, in an attempt to define the tectonic parameters
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which controlled the uranium enrichment/depletion trends of

the two provinces.

(3) The low-level counting precision and accuracy of the GR-410

gamma spectrometer should be improved, via the necessary

electronic improvements.
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Table 18.

Sample N

Comparative uranium assay data for replicate
samples submitted to State of Alaska and Los
Alamos Scientific (LASL) laboratories.

State
Lab

AG-lb
CC-4
CZ-5
F-la
G-2
L-23
SYC-05
SU-1
SU-1Oh
SSC-6
SSC-10

1.9
0.0
0.8
1.1

0.2
0.0
1.1
0.2
0.6
1.6

LASL

2.02
0.14
0.24
1.55
2.09
0.40
0.18
3.73
1.60
1.07
2.02

USGS

1.99
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