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ADDENDUM

Two types of analyses for uranium in the stream-sediment samples are
presented. One split of the stream-sediment samples was sent to Resource
Associates of Alaska's laboratory, where they were analyzed for U by the
fluormetric method after acid extraction. This is the method emptoyed for
U by most laboratories. The completeness of uranium extraction unavoidably
varies with the particular type of uranium-bearing minerals present and
possibly with the amount of iron, manganese, and carbonaceous material pres-
ent, which can interfere with the extraction. Analyses by the method are
shown in the text and appendix columns with the designation ‘'RAA."

Splits of most of the stream-sediment samples were also analyzed by
Los Almos Scientific Laboratory's (LASL) under their ERDA-sponsored Hydro-
chemical and Stream-sediment Reconnaissance Program. Analyses at LASL were
performed by the delayed-neutron counting method, which gives total uranium.
This method can be used only if a reactor is available. Samples analyzed
by this method are prefaced by the designation '"LASL."

To provide as much information as possible and to illustrate what can
be expected by the two different analytical methods, results of both are
tabulated in the tables of analyses. It should be emphasized that the
chemical analyses were monitored and frequently checked. Differences
such as those shown between the chemical~fluormetric method and deltayed-
nedtron counting, according to LASL, are normal and to be expected.
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ABSTRACT

The Alaska Division of Geological and Geophysical Surveys (DGGS),
under ERDA contract AT(05-1)-1639, conducted a 6-week reconnaissance
program tn west-central Alaska and in the Copper River basin-Chitina
River valley area to aid in determining the uranium potential)l of the
state. Division personne!l also submitted samples from the Healy, Eagle,
and Charley River quadrangles.

DGGS personnel collected 916 stream-sediment samples and 427 bed-
rock samples for uranium, thorium, and potassium oxide determinations,
and 565 water samples for uranium analyses. A statistical analysis of
the determinations was made using a computer at the University of Alaska.
The means, thresholds, anomalies, and U:Th ratios were calcutated for
eight separate regions. A complete tabulation of the analyses is found
in appendix A; anomalous values are indicated on the maps and in the
tables.

A set of maps was constructed combining sampte locations, aerial
radiometric survey data, and the general geology. Isorad maps showing
radiometric values determined by hand-carried scintillometers on the
ground are included for the areas investigated in west-central Alaska.

The alkaline plutonic rocks in the west-central part of the state
contain unusual amounts of uranium and thorium and are believed to have
a potential for commercial uranium deposits. Stream-sediment samples
from this region contained up to 11l ppm uranium, 150 ppm thorium, and
7.3 percent potassium oxide. Bedrock samples contained as much as 258
ppm uranium, 290 ppm thorium, and 17.19 percent potassium oxide. The
U content of stream sediments was often higher than that of the sur-
rounding bedrock, indicating concentrating of U in the streams.

Water samples were found to generally be very low in uranium, but
several anomalies were determined. The highest uranium content in the
water samples was 3.95 ppb, obtained from a stream in the Zane Hi)ls.

Analyses of sediments, bedrock, and water samples from the Copper
River basin-Chitina River valley area, the Healy area, and the Eagle-
Charley River area yielded disappointingly low values for U. The
maximum U content of stream sediments was 10 ppm, rocks 2.5 ppm, and
water 3.5 ppb. More detailed investigations in most of these areas,
however, is recommended.

Petrographic studies of the plutonic rocks in west-central Alaska
were performed by Dr. R.B. Forbes and B.K. Jones (part !I of this report),
who found a correlation of certain minerals with U and Th within in-
dividual plutons, but no mineralogic quides to U and Th that could be
applied overall in the region. A limited number of catculations showed
that nepheline syenite contained the most U (mean J2.83 ppm) of the seven
most common igneous rock types. Granite was second (10.38 ppm U). The
highest concentrations of U were found in alkaiic dikes in the Darby
Mountains and Selawik Hills, and in a broad zone in the Selawik Lake
complex.



Radiometric readings taken with hand-carried scintillometers at
most sample sites and other locations yielded impressive values in the
plutonic rocks of west-central Alaska. Backgrounds were commonly 200
to 400 counts per second {cps). The maximum was 2,000 cps over a dike
in the Selawik Hills. In contrast with the plutonic belt in the western
part of the state, radiometric readings obtained in the Copper River
basin-Chitina River valley area were very low. The maximum reading in
a single point was 160 cps, and the usual values were under 60 cps.

Although specific targets for drilling were not defined, the DGGS
party concluded that all the plutons of west~central Alaska warrant de-
taited examination for potential uranium deposits. The Cretaceous
sediments in the upper part of the Chitina valley appear to deserve
further investigation. Too little work was done in the LCagle-Charley
River area to make any judgment, but the presence of a thick sequence of
rocks ranging in age from Precambrian to Tertiary will no doubt be
studied further by industry. Sampling results in the Healy D-1 quad-
rangle were not encouraging, but farther west the belt of Tertiary coal-
hearing rocks and granite intrusives has produced uranium anomalies
and js being explored by industry.

Anomalous values of the U, Th, and Ky0, and radiometric measure-
ments are discussed for the separate areas, and suggeslions are offered
for exploration. A combination of all uranium exploration techniques is
needed to locate potential uranium deposits in Alaska. For example, it
was frequently found that only one type of sample (striam sediment, bed-
rock, or water) would show an anomally at a particular Yocation, whereas
the others did not. Also, correlations between acrial and ground radio-
metric surveys and geochemical surveys were often lackina, indicating
that each method may or may not be effective, depending on local conditions.
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INTRODUCT FON

Reconnaissance sampling of stream sediments, water, and bedrock
was conducted during 1975 in widespread areas of Alaska as a part of the
National Uranium Resource Evaluation (NURE) program. The Alaska project
was conducted by the Alaska State Division of Geological and Geophysical
Surveys (DGGS) under a contract with the U.S. Energy Research and Develop-
ment Administration (ERDA), who is the administrator of the NURE program.
The sampling program is referred to as phase ||l by ERDA. Phase | con-
sisted of a summary of published and unpublished geological data and
uranium investigations within the state and construction of a 1:1,000,000-
scale map of Alaska showing the distribution and classification of the
alkaline intrusive rocks (Eakins and Forbes, 1975). The primary objec-
tive of phase t| was to collect geochemical and radiometric data to aid
industry in the search for new uranium deposits. Alaska is presently
of particular interest because it is a large region that is still) generally
untested for uranium. The correlations between the U, Th, and KZO con-
tents of water, stream sediments, and bedrock and radiometric surveys will
help determine the reliabitity of each with respect to uranium exploration
in the state.

Personnel consisted of G.R. Eakins, principal Investigator, Dr. R.B.
Forbes with the University of Alaska Geophysical Institute, and C.L. Carver
and B.K. Jones, graduate students at the University of Alaska who were
geological assistants in the field and office. Jones performed much of
the petrographic studies and Carver compiled the maps and geochemical data.

The field work was supported by a full~time helicopter during the
6 weeks in the field. Six separate base camps were occupied.

All the stream-sediment and bedrock samples were analyzed for Th
and K90 by the DGGS laboratory. Because of early problems with the
analytical equipment, the DGGS contracted Resource Associates of Alaska
(RAA) in Fairbanks to do the uranium analyses. L(Later in the program,
however, the DGGS laboratory perfected the U method by purchasing new
equipment and reanalyzed many of the samples.

The water samples were analyzed by the University of California
Los Alamos Scientific Laboratory (LASL) in Los Alamos, New Mexico in
conjunction with their geochemical survey of several western states and
Alaska under another ERDA contract. The Los Alamos work is being di-
rected by Dr. R.R. Sharp, Jr. Also, splits of most of the stream-
sediment samples were analyzed by Los Alamos Laboratory. Therefore,
two sets of U values---one marked "RAA" and one ‘'LASL''-~-are reported
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for most stream-sediment samples. Values reported by Los Alamos are
generally higher than those reported by RAA.

Alaska is about one-fifth the area of the entire U.S. and includes
a large variety of geologic settings that suggest many targets for the
prospector. A cross section between Anchorage and Point Barvow, Alaska,
has been shown to be generally simitar to a cross section between San
Francisco and Denver. However, mineral exploration in Alaska is faced
with numerous difficulties and high costs. Because of the general lack
of roads, the rugged terrain, and the remoteness of most of the state,
most programs require full-time helicopter support. Many questions are
unanswered regarding the behavior of uranium in arctic and subarctic
climates and in metamorphic terrains. Research programs are needed to
determine the most effective methods of exploring this vast region.
Field work on one such program was completed for ERDA during 1976. This
was an on-the~ground follow up of the aerial radiometric survey of the
Copper River basin concluded by Texas iInstruments during 1975. Al-
though uranium exploration in Alaska is far behind t¢hat of the conter-
minous states, the tempo is increasing and ERDA and industry have con-
ducted radiometric and geochemical programs during the past 3 years

(1974-76) .

Uraniuvm has been produced from only one locality in the state, the
Ross-Adams mine on Prince of Wales Island in southeastern Alaska. About
120,000 tons of ore averaging approximately 1 percent U30g were produced
from a small peralkaline granite stock of Late Triassic or Eariy Jurassic
age (Lanphere and others, 1964). A number of radioactive prospects are
present within a 70-square-mile area surrounding the stock (MacKevett,
1963; Stephens, 1971), but so far none of them has been found to be of
commercial grade. Exploration in this area again is intense. Brief
summaries of the history of uranium exploration in Alaska have been pub-
lished (Eakins, 1969, 1975a, 1975b; Cobb, 1970).

No effort has been made in this report to define land status or
ownerships. State land selections under the Alaska Statehood Act,
selections by Native groups under the Alaska Native Claims Settlement
Act, and Federal classifications are stitl pending. Present control and
prior claims should be determined for each specific area of interest be-
fore any surface activities are undertaken. Because of the diversity of
the geology among the several areas investigated, descriptions of the
geology and results of the investigation of each area are included in
separale sections.

AREAS OF INVESTIGATION

The two principal areas (fig. 1) investigated by the DGGS party
during the 1975 field season were: (1) west-central Alaska, including the
Darby Mountains, Granite Mountain~Clem Mountain area, Selawik Hills, and
Zane Hills, and (2) the southwest part of the Copper River basin and parts
of the Chitina River valley in the south-central part of the state.

These areas were chosen because the granitic rocks in west-central
Alaska were known tao be anomalously radioactive and to consist of alkaline
rock types favorable for uranium associations, and because the Copper River
basin contains nonmarine Tertiary sediments neatr granitic terrain which
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tndex map of areas investigated for uranium by DGGS, 1975.
Numbers refer to plates (in pocket).

Figure 1.



may be a setting similar to that of sandstone-type uranium districts in
the western U.S. The Chitina River valley was included because it con-
tains Mesozoic sandstones which have some of the characteristics of
uranium-bearing sandstones and because it is near the Copper River basin.
The investigation of one predominantly granitic area and one predominantly
sedimentary area provided the opportunity of testing the sampling methods
in both types of potential uranium provinces.

In addition to the two principal areas investigated, siream-sediment
samples were collected by DGGS field parties in two other regions and
analyzed for U, Th, and K. These areas are (1) the Healy D-1 guadrangle
and vicinity in the Healy coal district and (2) parts of (he Eagle and
Charley River guadrangles along the Yukon River and near the Canadian
border.

The north flank of the Alaska Range contains nonmarine coal-bearing
Tertiary deposits and has been investigated for uranium by industry; il
is stil) in an area of interest. The Kandik Basin has also been considered
to have a potential for uranium in sediments of Precambrian, Pateozoic, and
Tertiary ages.

Summaries of the general geology and previous investigations for vranium
in these areas have been published previously (Eakins, 1975). Portions of
that report are included in appendix E for reference.

The general areas that were investigated arc covered by the follawing
1.5. Geological Survey 1:250,000 (b miles-to~the-inch) topographic quad-
rangle sheets:

General area fQluadrangles
West-centra) Alaska
Darby Mountains Solomon, Bendeleben
Granite Mt. and Hunter Creek plutons Candle, Selawik
Selawik Hills Candle, Selawik
Zane Hills and Purcell Mts. Shungnak, Hughes

North flank Alaska Range
Healy district Healy

East-central Alaska
Eagle-Charley River area Eagle, Charley River

South~central Alaska

Southern Copper River basin Talkeetna Mountains, Gulkana,
Valdez, Anchorage
Chitina River valley Valdez, McCarthy

Greater detail is provided by the USGS 1:63,360 (1 inch-to-the-mile)
scale topographic sheets, which are available for all areas except the
Shungnak, the western part of Selawik, and most of the Hughes quadrangles.
All sample locations and field data were posted on a }1:63,360 scale. Maps
of the areis not covered by 1:63,3060 scale were obtained by enlarging the
1:250,000 topographic sheets. The results of the field work and sampling
by the DGRGS in each of the eight above areas are discussed separately.



Aerial photos of a 1:20,000 scale were obtained for the areas
sampled in west-central Alaska and these were examined for structural
features. Photos were not purchased for the Copper River region.

FIELD METHODS EMPLOYED
Stream-Sediment Sampling

Silt-size sediments were collected from beneath the water of streams
for U, Th, and K,0 analyses. Because of the large areas investigated
during a relatively short time in the field, the sampling was of a broad
reconnaissance nature. Most streams were in mountainous areas and were
very swift, but some sediments were also collected in streams in the low-
lands bordering the highlands. These areas were tundra- or muskeg-covered
and the water was sluggish or stagnant. These samples consisted mostly of
carbonaceous material because mud was generally scarce.

In addition to sediment sampling at each location, an effort was made
to collect a water sample for uranium analysis, make a radiometric measure-
ment with a hand-carried scintillometer, and note the type of bedrock and
stream float.

Sampling was done by two people working out of the helicopter. The
number of stream-sediment sampies collected during a working day was not
great---20 to 30--~because of the long distances to and from work areas,
time lost for refueling, difficulty in finding Yanding places, relocating
other members of the field party, and frequent difficulty in finding fine
materia) suitable for a sediment sample. Whenever possible, approximately
| cup of material was taken and placed in a cloth sample bag. The DGGS
lab handled their analyses for U, Th, and K;0. Sample splits were shipped
to the Los Alamos Scientific Laboratory for analysis to accompany the water
samples. Unfortunately, mislabeling of some of the splits of stream sedi-
ments and water shipped to Los Alamos caused many of the Los Alamos samples
to be discarded.

Water Sampling

Water samples were taken at most of the sediment-sample locations.
Plastic bottles were provided by Los Alamos, and the samples were shipped
to their laboratory for analysis by the neutron activation method. G&Gen-
erally, two water sampies were coliected at each sample site: a 25-ml
vial and a b-ounce vial. However, there were periods when the supply of
vials became exhausted in the field and no water samples were taken.

The total number of water samples taken was 565. The samples were
collected by simply dipping the vial into running water, avoiding car~
bonaceous and particulate matter as much as possible. Prior to taking
the sample the vial was rinsed in the water to be sampled and the sample
taken by moving it up and down in a clear part of the stream to obtain a
leross section'' of the flow. No special treatment was used except for
rinsing the vials in dilute HNO3 before taking them to the field and
adding 3 drops of concentrated HNOy to the sample collected. Much more
sophisticated techniques such as filtering and measuring the Eh and pH
of the waters are to be used in future water sampling by the Los Alamos
Laboratory and others engaged in the NURE program throughout Alaska and
the entire nation.
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In general, reports of water sampling for uranium in Alaska by
industry have been rather discouraging. The geology and topography in
Alaska are considerably different than those of the Canadian Shield
province, where some success with the method has been achieved. Re-
search is needed to construct models providing for the possible movement
of uranium in the arctic and subarctic basins. A paper by the Russian
V.P. Borovitskii (1975) touched on the effectiveness of geochemical
exploration of swamps and bogs in permafrost regions, but little infor-
mation on the geology and topography was included. Publications by the
USGS (Williams, 1970; Péwé, 1975) provide data on the ground water in
the permafrost regions of Alaska, and may be useful in any such studies.

8edrock Sampling

The extensive exposures of Cretaceous alkaline plutons in the south-
eastern Seward Peninsula and west-central Alaska have been described by
Miller (1970, 1972) and Miller and Bunker (1975). The rocks are unusually
potassic and subsilicic. The abnormally high uranium and thorium contents
of the Darby Mountains and the Hogatza plutonic belt suggest that they may
be favorable areas for economic concentrations of uranium and thorium,

Forbes and Jones conducted the sampling and petrographic study of
the granitic rocks. Their report on the mineralogy and U and Th associations
constitute a separate section of this report (part 1{) and should be re-
ferred to for descriptions of the rocks In each area.

Systematic sampling of bedrock along selected traverses across the
plutons was done to collect samples for U, Th, and K20 analysis and thin
sectioning. The traverses were made along ridges where the exposures were
best, and a sledge hammer was used to obtain samples as little weathered as
possible. Forbes and Jones discuss the findings in the section on petrology,
and tables and maps have been compiled to show the relatiors of the bedrock
characteristics to the radiometric surveys and to the stream-sediment and
water analyses. Of particular interest to a uranium potential study are
determining the average U, Th, and K20 contents of the various rock types,
learning where the radioactive elements are contained within the rocks,
and determining if lecaching of the uranium has occurred.

For comparison of the U and Th values obtained from analyses of rock
and water samples collected for this study with general averages, it will
help to keep the foltowing figures in mind.

Average uranium content of selected crustal rocks and major
rock types (W.I. Finch, 1967, p. 2)

Mean uranium

(ppm)
Crustal - ~ - = = = = = = = — — - — - — - = — 2.0
Mafic igneous - - - — — — = = = — = — - — ~ - 0.8
Intermediate igneous- — - — ~ — = = = - ~ - - 1.8
Felsic igneous- = — = ~ -~ — — = — =~ - — - - - 3.5
Volcanic glass— — = = ~ = = — = = = — w — ~ = 5.6
Clay and shale- - - = = = = - = — = - — - ~ - 3.2
Limestone ~ - = = = = = = = = = = = — - — - - 1.3
Sandstone - - - - — - - - - - — - - - - - ~ - 2.2



The value for felsic igneous rocks, around 4 ppm, is generally considered
normal. Thorium concentrations of granitic rocks (> 70% $i0,) average 18
ppm (Wedephol, 1969, p. 92-8-2), and about 2 ppm in plateau basalts. The
U:Th ratio in igneous rocks normally is about 1:4. The ratios of U to

Th and K;0 in bedrock are believed to be significant and an aid in defining
potential uranium-enriched districts. When the U content approaches or
exceeds the Th content, the ratio is anomalous and may indicate U enrich-
ment even though the actual level is relatively low. However, U is more
soluble than Th in the zone of weathering and oxidation, causing the two
elements to become separated and the ratio to change.

Weathering processes in the subarctic environment of west-central
Alaska rapidly produce an accumulation of talus and rubble at outcrops
because of the extreme temperature variations. Chemical weathering in
the region, however, is retarded by permanently frozen ground and low
rainfall, so that the rubble buildup is preserved. Because of the
accumulation of debris, there are few good outcrops where the bedrock
is exposed in place. Chemical weathering is more active in the Copper
River basin-Chitina River valley region, where the climate is warmer and
wetter.

Studies of the granitic rocks by Jones and Forbes show that no
general mineralogy quides can be applied to locate the most favorable
uranium-cich tocalities in all areas, but each pluton has its own
particular mineral assemblages associated with uraniuvm and thorium.

Ground Radiometric Survey

Portable Mount Sopris single~-channel scintillometers were carried
by each member of the field party. Radiocactivity measurements were
made at most sample sites and are reported in the tables along with the
analysis of each sample. All four instruments were calibrated to give
the same responses under identical conditions. The meters indicated the
radioactivity in counts per second (cps), which ranged from a low of 20
over tundra and some sediments to a maximum of 2,000 on a syenite dike
in the Selawik Hills.

The measurements were generally made by placing the instruments
directly on the ground or bedrock. The maximum reading obtained at each
station was the one reported. The readings have been used to construct
isorad maps of the areas examined in the southeastern part of the Seward
Peninsula and west-central Alaska. The added bulk of this extra set of
maps led to their reduction for inclusion within the text instead of
printing them at the same scale as the sample location maps.

The Copper River basin radiometric surveys were not contoured, which,
because of the consistently low values, would be of little use. The dif-
ference between the average radiometric measurements of the two regions
is extreme. VYhereas measurements of the bedrock in the Seward Peninsula—
west-central region averaged 200-300 cps and occasionally reached 1200-2000
cps, those in the Copper River basin region seldom were as high as 100 cps
and were usually less than 60 cps.

Because stream-sediment samples and corresponding radiometric measure-
ments were often obtained where no bedrock was exposed, readings were taken
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on the stream gravels. In some low areas neither bedrock nor float werc
present and readings were taken on tundra. Although correlations be-
tween particular radiometric measurements and U or Th content of stream
sediments and bedrock are often poor or nonexistent, they do exist for
general areas. A discussion of the correlations between counts per
second and U and Th contents of the igneous rocks ts included in the
section on igneous rocks by Forbes and Jones (p. 80).

Aerial Radiometric Survey Data

A highly sophisticated airborne radiometric and magneric survey of
the most of Copper River basin, the Seward Peninsula, and west-central
Alaska was conducted by Texas Instruments, Inc. (1975) for ERDA during
the summer of 1975. The aerial survey intentionally covered arcas bheing
investigated on the ground by the DGGS. A high-sensitivity multichamel
gamma-ray system was flown at a 6.25-mile {10~km) spacing al an average
altitude of LOO feet above the ground. The system scanned a 800-foot-
wide strip at this altitude.

The anomalies presented on the Texas Instruments anomaly maps wearce
determined statistically, and represent values in standard deviations
above or below the mean value for each particular rock unit. This method
depends on the accuracy of geologic mapping and rock classifications,
which is still uncertain in some area. ''Preferred' anomalies indicate
U enrichmient over Th or K (or both). The listings of the raw data, point
by point, are nceded for detailed study and interpretations, but these
hava not been made availablce in the Texas Instruments open-filed report

(GJO-1653) .

The Flight lines and the anomalies as determined by Texas Instrumenls
have been Lransferred to the sample location-geology maps accompanying this
report in an effort to correlate as many of the available data as possible.
For more information on these anomalies the reader is referred to GJO-1653.

The Texas Instruments report on the survey stated:

The principal problem cencountered wos low counting vates,
especially in the basin arcas ceused by watcr-shiclding by the
saturated surface materials. This may have effectively prevented
detection of any vraniferous provinces which might be present in
Fhose areas.

Because of the nalure of the intrusive rocks and relatively thin
strficial cover, anonalies are much more numerous in Lhe Scward Peninsula--
west-central Alaska region than in the Copper River basin region.

Follow-up ground studies to determine the cause and significance of
the aerial radiometric anomalies encountered in Alaska are being initiated
by ERDA. Field parties will make detailed examinations of the anomalics
wilh hand-carried multichannel spectrometers and by detailed mapping.

The first follow-up project, conducted in the Copper River basin during

the summer of 1976, will be an aid in interpreting the radiometric data
and determining if leaching and migration of uranium has occurred, and
will also be a general aid in uranium exploration of lowlands in Alaska.

Similar foliow-up studics are planned for other areas within the statco.



SUMMARY OF RESULTS

Summaries of the results of the program are discussed by principal
arecas. Plates showing sample locations and the aerial radiometric
anomal ies discussed accompany the report. Sample analyses and statistics
appear in appendixes A, B, and C. Correlation matrices are listed in ap-
pendix D . The general geologic setting of each arca is summarized in
appendix E.

Granite Mountain Areca

The fleld party was based at the Vhite Alice communications facility
located on the top of Granite Mountain in the western part of the Candle
quadrangle (pl. 1). Field work was possible only 5 of the 9 days at this
location because of the weather. The areas sampled include the Granite
Mountain pluton with its satellitic body on the northeast side, the Quartz
Creek pluron, and the Hunter Creek pluton. General Jocations of the plutons
of west-centra) Alaska are shown on figure 2.

Stream-Sediment Sampling

A total of 146 stream sediment samples were collected in this area.
Results of the analyses are:

Range Mean Threshold Anomatlies
Uppm (RAA) n-88 6. 4775 23.5104 3
Uppm (LASL) 0.14-9) 13.8012 Ly, 061 7
Th ppm 0~79 20.5366 51.404 7
K»0% 0.64-4.67 1.9384 3.432 5

The highest U valuc reported, 88 ppm (sample B137), was from near
the head of Doc Creek, a small north tributary to Sweepstakes Creek on
the south fiank of Granite Mountain. The Th value for this sample was
25.8 ppm, which results in a U:Th ratio of 3.41:1. However, the radio-
metric reading at this sample location was only 20 ¢ps, and the bedrock
is basall or andesite. Another sediment sample (B140) collected about 1
mile downstream from B137 yielded only 2.2 ppm U and 5.59 ppm Th.
Additional sampling is needed near the head of Doc Creek to determine
the source of the uranium in sample B137.

Six other unusually high values range between 18.0 and 28.0 ppm.
Three of these---B61, B62, and B71-~--were collected in the headwaters of
the Peace River on the northeast flank of Granite Mountain. Panned
concentrates from this area have previously been reported to contain
anomalously high radioactivity, uranium-bearing minerals, and a variety
of sulfides (Gault and others, 1953; Elliott and Miller, 1369; and Miller
and Elliott, 1969). Bedrock exposures are almost entirely lacking, but
four small pits dug in 1952 along the north fork of the northernmost
part of the Peace River revealed weathered granitic rock. A small stock
satellitic to Granite and consisting of monzonite, syenite, and nepheline
syenite has been mapped in this area by Miller and Elliott (1969, figs.
1, 7). The area is covered by tundra and several feet of soil, but is
well drained and completely free of brush so that further exploration
would be reiatively easy.
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Figure 2. Plutons of west-central Alaska.

A sediment sample (B30) from a stream 4 miles south of Clem Mountain
yielded 18.8 ppm U; sample BS5l, from near the south end of the Hunter Creek
pluton, produced 20.3 ppm U. The latter sample was collected near or on
a fault mapped by Patton (1967).

Numerous other sediment samples from the Granite Mountain-Hunter
Creek pluton area, i.e., Anzac, Boulder, Connally Creeks, and others,
contained above-average amounts of uranium {(10-15 ppm). Most were from
the Granite Mountain pluton. The west side of the Hunter Creek pluton is
anomalously high in thorium---up to 78 ppm, and uranium up to 12.5 ppm.
The highest Th and K70 values usually were from the samples having the
higher uranium values.



Water Sampling

A total of 134 water samples were taken in the Granite Mountain-
Hunter Creek pluton area:

Range Mean Threshold Anomalies
H20 (ppb) 0-2.15 0.7508 “1.5936 8

Four of the water anomalies were in samples B25, B27, B3}, and BLl,
collected over granitic rocks of the Hunter Creek pluton, between flight
lines 62 and 63. Three more (B62, B65, and B72) were from the headwaters
of Peace River on the northeast flank of Granite Mountain, and one (B}18)
was from Anzac Creek.

Bedrock Sampling

A total of 153 rock samples were collected in the Granite Mountain-
Hunter Creek pluton area for analysis and thin sectioning. The highest
uranium and thorium contents by chemical analysis and radiometric measure-
ments were obtained from the syenites or nephline syenites of Granite
Mountain. The ranges in the chemical analyses of the rock samples were:

Range Mean Threshold Anomal ies
U* ppm 0-258 3.6898 10.1592 5
Th ppm 0-290 25.5889 67.8015 10
K0 % 0.10-9.15 4. 0735 8.9503 3

“*B1h9R and B151R not used in calculating threshold because of extremely
high values.

The highest single U and Th values as shown above are highly
anomalous, and the second highest values were 29 ppm U and 93 ppm Th. The
sample containing 258 ppm U (B150R) was from nepheline syenite dikes on
the southwest flank of Granite Mountain, just a few hundred yards west of
the northern end of the landing field.

Most of the bedrock in the area has been reduced to rubble, but
boulders of the radioactive nepheline syenite are up to 3 feet long and
1 foot thick. The syenite occurs as banded dikes cutting a highly frac-
tured and veined diorite(?) porphyry. Scattered grains in the nepheline
syenite fluoresce a bright orange. The Th content was 32.8 ppm.

The highest thorium value (289 ppm) was From a sample (Bl152R) of a
radiocactive boulder found near the head of Granite Creek. The U content
was only 10.9 ppm, so the highest Th and highest U were not from the same
sample but were from the same general locality.

Two bedrock samplies collected at Granite Mountain which produced
very high radiometric readings and anomalous U or Th values were submitted
to the DGGS laboratory for mineralogical analyses. One sample (B149R) was
from the nepheline syenite dikes which contains 258 ppm U. It was found a
few hundred yards west of the northern end of the runway on Granite Moun-
tain. The second sample (B151R) was from a boulder near the head of Granite
Creek on the southwest flank of Granite Mountain. The analyses by size
fractions and their radioactivity are given in tables 1 and 2.
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Mesh Fraction
size number
80-200 IR-1
80-200 {R-2
80-200 1R-3
80-200 tR-11
80-200 IR=-12
80-200 {R-S
B0~-200 IR-10
80-200 IR-15
80-200 IR-16
80-200 TR-14
40-80
+4
-200

*Side slope at Franz magnetic separator.

Table 1. Mineral composition, SEIR

Het radia-
Weight~ tion count
percent (60 sec)

1.48 th
0.59 4
0.24 17
.02 10
0.14 8
0.03 26
0.6% 12
0.39 128
0.05 35
18.71 14
50.95 10
0.56 7
26.23 18

Magretic

at (amps):

{159) %
(158} =

(59)*
(50}*

Nonmag.
Nonmag.
Nonmag.

.0

0.b

1.2
1.2

Specific

M

3
2.87-3.

gravity

Mineralogy

Major

Hinar

Magnetite

Biotite, plagio,
clase, nepheline,
K-feldspar

Biotite, plagio-
clase, K-feldspar
Sphene

Plagioclase, K-
feldspar, aepheline
Zivcon, sphene
K-feldspar, plagio-
clase

Zircon

Zircon

Plagioclase, K-
feldspar, nephe-
line

K-feldspar, plagio-
clase, pepheline

Plagioclase,
K~feldspar

Hephel ine

Zircon

Nepheline

Plagioclase '

Biotite
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Aerial Radiometric Survey

The flight lines and radiometric anomalies from the Texas Instruments
survey are indicated on the accompanying sample location maps. Flight-
1ine 65 crosses 2 miles north of Granite Mountain summit in an east-west
direction and, fortunately, crosses the headwaters of Peace River. A
Ususpect'' anomaly is indicated at the Peace River locality, where stream-
sediment samplies and ground radiometric surveys also produced uranium and
thorium anomalies. Another aerial anomaly along flight-line 65 was found
6 miles west of the Peace River apomaly, over a nepheline syenite zone on
the western margin of the Granite Mountain pluton.

Two suspect anomalies appear on flight-tine 62 in the Hunter Creek
area of the Hunter Creek pluton, where anomalous Th values were obtained
from stream-sediment samples. One suspect anomaly is along flight-line
60, 10 miles southwest of Buckland.

Aerial radiometric anomalies east of the area investigated by the DGGS
suggest that the Cretaceous sediments should be investigated for their
uranium potential. These occur near the center of the Candle quadrangle
and contain some volcanic debris and plant remains (Patton, 1967).

Ground Radiometric Survey

Scintillometer readings in the Granite Mountain-Hunter Creek pluton
area ranged from a low of 17 cps over basalt to a maximum of 1,200 cps on
nepheline syenite dikes on the southwest side of Granite Mountain (figs.
3, 4, 5). Counts measured over lavas were generally less than 50 cps.
Counts over monzonite and quartz monzonite varied between 100 and 250
cps. Syenites usually produced between 200 and 300 cps.

An area of about | square mile at the head of Peace River is
particularly interesting because exceptionally high readings {up to 370
cps) were obtained over tundra and soil in the stream banks. Stream
gravels also produced vp to 300 cps. These levels of radiocactivity are
unusually high even for exposed granitic bedrock, and generally a thin
cover soil and tundra will completely mask radiation. But in this area
there are no bedrock exposures except in a few test pits along the stream
channel, and soil and tundra are several feet thick. Radicactive material
has been incorporated into the overburden. Thorium was found to be above
average in the sediment samples {(up to 35.3 ppm) and the uranlum was as
high as 28 ppm.

'"Contouring' ground radiometric measurements produced a broad high
over the central part of Granite Mountain. One pronounced anomaly appears
on the west side of the landing strip, where the radioactive nepheline
syenite dikes were found, and one centers in the headwaters of Peace River.

There was a general decrease in radiometric measurements northward
from Granite Mountain along the Hunter Creek pluton, but another '"'high"
appears at the head of Spruce Creek, a tributary to Hunter Creek.
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Suggestions for Exploration

The headwaters of Peace River have been known for many years to
contain radtoactive material, and it still appears to the writer to be
one of the most intriguing localities for exploration. Anomalous U and
Th have been found in stream gravel concentrates and stream-sediment
samples, and both ground and aerial radiometric surveys have shown the
area to be anomalous. Mineralization is believed to be associated with
a small monzonite-syenite stock. The area would be relatively easy to
explore by drilling. Uraninite or thorianite (or both) were identified
in 2 sample of a granitic boulder on the south side of Granite Mountain.

More detailed studies and sampling are needed to localize uranium
prospects in the Granite Mountain~Hunter Creek pluton area. Radiometric
and geochemical anomalies are rather widespread around the margins of
Granite Mountain and along the western side of the Hunter Creek pluton.
Forbes and Jones suggest that rocks of the Granite Mountain pluton most
favorable for uranium associations are those containing abundant nepheline
and garnet but little plagioclase and amphibole.

The Cretaceous sediments near the center of the Candle quadrangle
probably warrant investigation. Compositions of the sediments and aerial
radiometric anomalies indicate a favorable area for exploration.

The Darby Mountains

The field party was based at Moses Point, an abandoned FAA station on
Norton Bay, while conducting sampling of the Darby Mountains area {p}. 2).
The area is in the eastern Solomon quadrangle and the southeastern corner
of the Bendeleben quadrangle. Plutonic rocks and streams were sampled
from Cape Darby, on the southern end of the Darby Peninsula, northward
60 mites to Death Valley on the east side of the range. On the western
side, the northernmost point reached was the Omilak mine on Omilak Moun-
tatn. The geologic setting is described in appendix E.
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Stream-Sediment Sampling

A total of 163 stream~sediment samples were collected in the area.
Results of the analyses are:

Range Mean Threshold Anomalies
Uppm (RAA) O—gl 14.8669 49,2516 15
Uppm (LASL) 6.8-111 20.7463 60.1325 7
Th ppm L. 4-150 33.7210 87.3388 8
Kzoz 0.76-5.5 2.6492 44,3178 7

Agreement between the U analyses reported by RAA and LASL is reasonably
good for the sediment samples collected in the Darby Mountains area.
Average values for both U and Th are high in the stream sediments. A group
of sediment samples (J20-J65) from an area west of Vulcan and Clear Creeks
in the Solomon D-1 quadrangle are almost all unuswvally high, up to 81 ppm
Y and 99 ppm Th. .

Ground radiometric readings were consistently above average {(200-
600 cps) and the aerial radiometric survey also revealed an anomaly in

the D-1 quadrangle (flight-line 71).

The Dry Canyon stock on the west flank of the Darby Mountains pro-
duced a highly anomalous stream-sediment sample {77 ppm) and the highest
Th value produced in the Darby Mountain area (149.5 ppm).

Bedrock samples collected on the ridges in the same areas as the
stream-sediment samples were much lower in uranium content than were the
sediments. |t appears that uranium has been weathered from the granitic
rocks and concentrated in the fines in the streams (especially samples
J20-J65), whereas thorium has not migrated significantly. Another pos-
sibility for the great disparity in uranium values to consider is that
the U extraction from the bedrock by laboratory methods was much less
than from the stream sediments. |t may be that both the natural and
laboratory processes are factors. Since the Los Alamos Laboratory did
not do U analyses for bedrock samples, there are no delayed-neutron-
activation analyses for comparison.

Water Sampling

A total of 126 water samples was collected in the Darby Mountains
area, generally from stream-sediment sites. Results of the water analyses
for U are: :

Range Mean Threshold Anomalies
H,0 ppb 0.3-2.3 0.9352 1.98% 7

Overall there is some correlation of high U values in the waters to
those in corresponding sediment samples. Although the water values are
mostly in a low range, the higher ones may relate to anomalous amounts
of U in the bedrocks. Four of the anomalous values are 1 to 3 miles south
of the aerial radiometric anomaly on flight-line 77.
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Bedrock Sampling

A total of 117 bedrock samples were collected in the Darby Mountains
area, mostly along an east-west traverse near Vulcan Creek. Bedrock
analyses produced the following:

Range Mean Threshold Anomalies
U ppm 0-20.3 5. 107k 12.596 5
Th ppm 0-85.6 32.6709 74,9435 4
KZO% 0.02-11.18 5.4809 10.7727 8

The Darby Mountains are enriched in silica. Although the U content
of some rock samples is unusually high for granitic rocks, the values are
generally considerably lower than those of the stream sediments. Thorium,
on the other hand, is rather consistently high. Above-average U was
obtained from samples in the series JIR-J72R, from the northeast side of
the Darby Mountains in the Solomon D-1 quadranglie. The area is dnderlain
by quartz monzonite of the Darby pluton and is drained ltargely by Clear
and Vulcan Creeks.

The corresponding Th content of this series of samples is anomatously
high and in greater proportions than that normally found in igneous rocks;
this results in a relatively low U:Th ratio, suggesting a Th province.

Two smal) outcrop areas on the west side of the Darby Mountains are
exposures of the Ory Canyon Creek stock. It is predominantly a hornblende-
biotite-nepheline syenite consistently high in Th (to 76.0 ppm) and slightly
anomalous in U {up to 20.3 ppm). Forbes and Jones found that the samples
containing abundant accessary minerals and little nepheline were the best
hosts for uranium.

At the time of this writing, the U.%. Department of Interior issued
a news release on a uranium-thorium-rare earth find by the USGS in the
Kachauik pluton of the Darby Mountains. A 13-page USGS open-file report
(MilYer, Elliott, Finch, and Brooks, 1976) has been released to the public
(Sept. 27, 1976). The DGGS field party did not reach the particular sites
of the discoveries, but did conduct sampling within 4 miles of them.

The information in the USGS report is significant to this study and
a considerable portion is reproduced here with location maps (figs. 6 and

7).

Uranium-, thorium, and rare-earth bearing rocks were found by
a U.S5. Geological Survey field party 15 miles northeast of Golovin,
Alaska, in the southeastern Seward Peninsula (fig. 6) in June 1976.
The mineralized areas occur in syenite and appear to be concentrated
along the margins of alkaline dikes, with allanite tentatively
identified as the principal mineral containing the uranium-,
thorium-, and rare-earths. Samples contain as much as 0.15 percent
U30g and 1.05 percent ThO,, and over 2 percent rare-earth elements.
These mineralized rocks are closely associated with alkaline dikes
which are part of a dike swarm that crops out over at least 250 km?
(100 miz). This large dike swarm is thus of considerable economic
interest.
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The principal mineralized area occurs on top of a small flat
knoll shown as hill 2109 in the SW 1/4 of Sec. 18, T. 9 §., R. 20
W. on the Solomon C-2 1:63,360 quadrangle map, (fig. 7) located on
the crest of a north~south ridge bounded on three sides by Eagle
Creek (fig. 7). The mineralized rock consists of medium- to
coarse-grained syenite characterized by large (as much as 1.25 cm
or 0.5 in) brownish-black allanite crystals constituting 20 to 40
percent of the rock. Because of extensive frost-heaving, none of
the allanite-rich rock can be found actually in place; however,
abundant pieces of float of this material as much as 30 cm (12 in)
across occur scattered over a zone 9-14 m (30-45 ft) wide and ex-
tending some 60 m (200 ft) across the top of the knoll. This zone
lies near the east margin of a northeast-striking puleskite dike
which extends for some 900 m (3,000 ft) along the ridge crest.
Float of allanite-bearing syenite was found in several other
places over a distance of 450 m (1,500 ft) along the eastern margin
of the dike south of hill 2109 suggesting the mineralized zone may
have considerable strike length. The dike is off-seft as much as
15 m by faulting in at least two places.

The actual width of the mineralized zone is difficult to
determine owing to the lack of true outcrop. The larger talus
blocks of nonmineralized monzonite and sycnite tend to mask the
smaller blocks of allanite-hearing syenite on the slopes and on
the ridge crest away from the flat-topped knoll at hill 2109.

The allanite-bearing syenite is strongly radioactive with
a total count of up to 8,000 cps being recorded for pieces of
float up to 12 inches across. This is 20 to 25 times background
for the syenite and monzonite of the Kachauik pluton. In addition
to allanite, the mineralized rock contains K-feldspar, plagioclase,
and nepheline with minor hornblende and biotite. Zircon, apatite,
and sphene are present as accessories, Nepheline has been previously
noted at a few localities in the Kachaulik pluton, but it does not
appear to be widespread. Its occurrence next to a nepheline-bear-
ing dike suggest that it may have been metasomatically Iintroduced,
perhaps along with the allanite.

Other pulaskite dikes occur on the west side of hill 2109
and strongly radioactive allanite-bearing syenite float was found
along the margin of at least one of these dikes (sample 1, table 3).

Samples of the strongly radioactive allanite-bearing syenite
and of the pulaskite dike were analyzed for uranium and thorium.
These samples were selected as being typical of the most radio-
active material found and were taken from float blocks as much as
30 cm (12 in) across. The uranium content of the radioactive
allanite~bearing syenite averages 1,325 ppm (0.156 percent U;0g)
by neutron activation analysis and thorium averages 7,990 ppm
(0.91 percent ThO,). A sample of the pulaskite (sample 2) dike
yielded 34 ppm U (0.004 percent U3z0g) and 96 ppm Th (0.011 percent
ThO3), which is about 7 times the uranium content for the average
monzonite and syenite and about 4 times the thorium background.
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These same rocks were analyzed for rare-earth content. Tt
should be noted that these are semi-quantitative spectrographic
analyses and therefore are only approximate. The analyses, how-
ever, indicate that the rare-earth content, particularly that of
the cerium group of rare-earths, may exceed 2 percent in some
samples.

On a low flat-topped spur 1.5 mi to the north in the NW 1/4
of Sec. 7, T. 9 5., R. 20 W. (fig. 7), radicactivity readings of
600 cps were recorded on the bog and tundra-covered ridge crest
suggesting other mineralized areas may occur in this area.

Similar allanite-rich syenite was found occurring as isolated
boulders on a largely tundra-covered ridge 10 km (6 mi) to the east
in Sec. 12, T. 9 §., R. 20 W. north of Burnt Creek (fiy. 7). A
fist-sized sample (no. 6, table 3) taken from a large boulder
yielded 392 ppm U (0.059 percent U30g) and 9,200 ppm Th (1.05 per-
cent ThO3) .

Allanite appears to be the principal uranium-, thorium-, and
rare-earth-bearing mineral in the several samples examined in thin-
section. A detailed study of the mineralogy has not been made, how-
ever, and other uranium minerals may be present. The allanite occurs
as evhedra as much as 1.25 cm (0.5 in) long, 1s strongly metamict,
and cut by numerous anastomosing fractures. A characteristic bright
reddish-~brown weathered crust 1is found on the weathered surfaces of
many of the allanite crystals: according to Hata (1939), this material
consists mainly of ferric hydroxide, alumina, silica, and carbon
dioxide. Zircon, while moderately abundant, occurs only as an ac-
cessory.

The mineralized areas and much of the area of alkaline dike
occurrence are Iin lands presently withdrawn for native village and/
or regional corportation selections under the Alaska Native Claims
Settlement Act (ANCSA) of 1971; the remainder of the area of alkaline
dike occurrence is withdrawn under section D~2 of ANCSA for possible
inclusion in national systems lands (Parks, Wildlife Refuges, etc.}.

The extent and value of the mineralized areas described here is
unknown owing to the relatively poor exposures and the brief time
spent in the area. The width of the mineralized zones are unknown
and could be quite narrow; their strike length, however, could be
considerable. The uranium, thorium, and rare-earth contents of
samples are sufficiently high as to indicate further study of the
economic potential of the deposits 1s warranted.

Of perhaps equal importance is the fact that similar mineralized
material was found assoclated with alkaline dikes in two other
localities, one of which is 6 miles away from the hill 2109 locality.
These dikes are enriched In uranium and thorium as compared to the
average monzonite~syenite of the pluton and may represent a lith-
ologic and/or structural control of the uranium, thorium, and rare-
earth mineralization. Since the alkaline dikes are part of a dike
swarm that crops out over at least 250 Kkm? (100 mi?), this entire
area appears worthy of more detailed exploration foy uranium, thorium,
and rare-earth elements.



Table 3. Uranium and thorium analyses in parts per million (ppm)
of samples from the Kachauik pluton. Map number refers to
Figure 7 (Miller, Elliott, Finds, Brooks, 1976.)

Map no. Field no. v ppwl U ppm? Th ppml Th ppm?
1 76 AMml12 1107 1000 6619 5700
2 76 AMmll2C 34 - - 36 -~
3 76 AEr23 1162 1050 7692 6400
4 76 AM112B 1486 -~ -~ 9240 - -
5 76 AEr23B 1545 1500 8408 7000
6 76 AMml1i0 - - 392 - - 9200

I-Delag)edwneut:ron determination. The coefficient of variation of uranium
and thorium is more than 1% for all samples. Analysts A.J. Bartel and
R.J. Vinnola.

2Gamma-ray spectrometric analysis. The coefficient of variation of
uranium and thorium is more than 2% for all samples. Analysts C.M.
ey oand CLUA L Prash.

Aerial Radiometric Survey

The aerial radiometric survey produced a 'perferred' anomaly over
the quartz monzonite of the Darby pluton in the northern part of the
Solomon A-1 quadrangle (flight-line 71), and over the granodiorite of
the Kachauik pluton (flight-line 73). Three suspect anomalies were
calculated from the survey: one each over the Kachiauk and Darby plutons
and one over (Cretaceous conglomerate on the northeast flank of the Darby
Mountains,

Ground Radiometric Survey

Results of the ground radiometric survey are shown in figures 8 and
9. The readings were high even for alkaline intrusive rocks: 200 to 600
cps over most of the upland area, compared to about 50 ¢ps in the sur-
rounding lowlands. The maximum reading, !,200 cps, was obtained at
stream-sediment sample location 492 in one of the uppermost reaches of
the Kwiniuk River. The 1,200-cps count was obtained at a point in sandy
and gravely loam on the bank of a small stream. A soil sample at the
point yielded 9 ppm U and 90.8 ppm Th. Bedrock was not exposed, but the
area is underlain by granodiorite of the Kachauik pluton.

The Dry Canyon pluton on the west flank of the Darby Mountains in
the Solomon D-2 quadrangle is anomalously radiocactive - 400 to 700 cps.
The radiometric survey was supported by unusually high U and Th in bed-
rock and stream-sediment samples. A flight line of the aerial radiometric
survey passed over the northern end of the pluton. Three consecutive
data points recorded only 1-2 standard deviations and an aerial radio-
metric anomaly was not reported.

Suggestions for Exploration

Above-average U and Th in stream-sediment and water samples, and a
broad radiometric anomaly in the headwaters of Vulcan and Clear Creeks of
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the centrat and east-central Darby Mountains may indicate a favorable
area for uranium exploration. Follow-up work is also suggested in the
vicinity of sediment sample J92 and in the headwaters of the Kwinik
River, where a scintillometer reading of 1,200 cps was obtained. Ex-
amination of the Dry Canyon pluton is considered warranted on the basis
of sediment samples and the ground radiometric survey.

The highly radiocactive alkaline dikes in the western part of the
area, which contain up to 0.5 percent U;0q and 1.05 percent Th as re-
ported by the USGS, are very encouraging finds in this region and in-
dicate the need for detailed investigations. ‘

Selawik Hills Area

The Selawik Hills (pi. 3) lie in the southern part of the Selawik
quadrangie and along the northern edge of the Candle quadrangle. The
field party was based at the Native village of Buckland on the Buckland
River during the 1 week in the vicinity. Sampling and radiometric
surveys were concentrated on the alkaline rocks of the Selawik Hills
pluton and the small Inland lLake and Selawik Lake plutons that lie a
short distance north of the Selawik Hills (fig. 2). The geologic
setting is described in appendix E under "Hogatza Plutonic Belt of West-
central Alaska.'' The Selawik Hills area has already attracted uranium
explorationists. During the summers of 1975 and 1976, the Wyoming
Minerals Corporation, a subsidiary of Westinghouse, conducted a drilling
program in the central part of the Selawik Hills in the Selawik A-3
quadrangle. Results are not available to the writer, but it was rumored
that deep holes were drilled to test the pluton for secondary enrichment
at depth.

Stream-Sediment Samp!ing

A total of BL4 stream-sediment samples were collected. Results of
the analyses are:

Range Mean Threshold Anomal ies
Uppm (RAA) 0.0-27.h 5.3963 13.8971 3
Uppm (LASL) }1.80-100 13.3966 44 6608 3
Th ppm 1.0-96.9 31.9267 79.8525 2
Ky 0% 0.93-7.23 2.6755 4.8203 2

There is a considerable descrepancy between the RAA and LASL analyses.
tos Alamos did not receive all the samples, but those they did analyze
were nearly all notably above the average for U in alkaline intrusive
rocks. Except for samples G66-G81, most of the uranium values reported
by RAA were not unusual. These 15 samples were collected in the Selawik
A-4 quadrangle, in the western part of the Selawik Hills. However, the
analyses by Los Alamos showed above normal U to be much more widespread;

28 samples contained over 10 ppm. The higher U values reported by Los
Alamos seem more consistent with the high radiometric background and
high Th values.

Water Sampling

Uranium values from 57 water samples collected in the Selawik Hills
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ranged from 0.00 to 1.75 ppb. The results are surprisingly low for an
area of known high radioactivity:

Max imum Mean Threshold Anomal ies
H.0 (ppb) 1.7000 0.4962 1.2276 5

2

Only six of the water samples exceeded | ppb. Four of these (G75-
G78) were collected from the southwestern flank of the Selawik Hills,
south of the center of the Selawik A-Y4 quadrangle. The corresponding
stream-sediment samples are above average for both U and Th.

Bedrock Sampling

A total of 66 bedrock samples from the Selawik area were analyzed.
Results are:

Range Mean Threshold Anomalies
U ppm 0.0-139 10.8833 60.3041 3
Th ppm 0.0-618 46.0958 239.2816 3
K,0% 0.0-17.05 7.73H1 15.3131 3

Rock samples GIR-G1OR, collected from the Inland Lake pluton in the
Setawik B-3 quadrangle, suggest a potentia) uranium area. This poorly ex-
posed alkaline complex underlies a group of low hills located 6 to 10
miles north of the Selawik Hills. The rocks, according to Miller (1972,
table 2) include pulaskite, malignite, foyaite, nepheline syenite, and
alaskite. Two samples of the group, G8R and GIOR, contained unusual
amounts of U, 86.0 and 92.0 ppm, respectively. The corresponding Th
values are 70.3 and 37.0 ppm, respectively. An outstanding character-
istic of the pluton is the exceptionally high K90 content, 10.65 to 17.19
percent.

Two other bedrock samples with unusual U and Th contents are samples
G53R and G54R, which contain 139.0 and 44.0 ppm U, and 613.0 and 277.5
ppm Th, respectively. These samples were obtained from an altered felsic
dike that is poorly exposed on the southeast side of a low spur {hill 860)
in sec. 30, R. 8 N., T. 9 W. near the center of Selawilk A-4 quadrangle.
The dike, possibly a syenite, was found to be highly radicactive and pro-
duced up to 2,000 cps on the outcrop. One radioactive mineral was i}
identified by the DGGS laboratory as tantalian rutile (struverite; Fe |Ta,
Nb] Ti0) which occurs in small (1 mm) crystals. The dike is about 3 feet
wide and is exposed at three points within a distance of 200 feet. The
strike is northwest. Radioactivity of adjacent igneous rocks along the
crest of the spur to the west is also high (400 to 600 cps).

White an extension of the radioactive dike was sought along a pro-
jection of the strike to the southeast, it was not found. However, a
highly anomalous stream-sediment sample (G73) collected 1.1 miles south~
east of the dike outcrop and possibly on strike was found by the Los
Alamos laboratory to contain 100 ppm U. RAA reported 27.4 ppm U.

The group of four anomalous water samples described under ''Water
Sampling," above, were collected about 3 miles to the southwest of these
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bedrock and sediment samples. Atthough the samples were found in dif-
ferent drainages, their near proximity may be significant and add evidence
for a possible U concentration in the general area.

Aerial Radiometric Survey

Texas Instruments rveported two preferred anomalies over the
Setawik Hills: one on the north slope on flight-iine 57 in the Selawik
A-3 quadrangle and one on flight-1ine 58 over the southeastern part of
the Selawik A-2 quadrangle. A suspect anomaly was shown at the inter-
section of flight-lines 57 and 457 in the southwest part of A-U4 quad-
rangle. Spacing of the flight lines does not permit covrrelations with
sampling results.

Ground Radiometric Survey

Results of ground radiometric investigations in the Selawik Hills
area are shown in figures 10, 11, and 12. The general background was
found to be relatively high over the plutonic rocks, averaging possibiy
300 cps (compared with a low of 30 cps encountered at the edge of the
Selawik Hills). Two radiometric highs are conspicious in the A-4 quad-
rangle: one shows a maximum value of 700 cps near the summit of a 1,360-
foot hill in the north-central part, and one surrounding the radioactive
dike mentioned under ''Bedrock Sampiing,'' above. Another high appears as
a broad anomaly in the centra) part of the Selawik A-3 quadrangle.

Suggestions for Exploration

Much of the Selawik Hills area could not be sampled or examined even
in a cursory manner within the time allowed for this part of the program.
In tight of the VU and Th values found in the samples and the anomalous
radiocactivity, however, it is believed that more complete investigations
can produce additional anomalies and define drilling tavgets. Forbes and
Jones found that uranium is associated with biotite in this area.

The radioactive dike and adjacent bedrock in the central part of
the Selawik A-4 quadrangle, the nearby sediment-sample containing 100
ppm U, and the relatively high U content in water samples 3-4 miles to
the south suggest a several~sguare-mile area that warrants detailed
study. The broad radiometric anomaly and moderately high stream-sedi-
ment samples in Selawik A-3 quadrangle also indicate a favorable area for
exploration; this area includes Wyoming Minerals' claims. Wyoming
Minerals reportedly has drilled the intrusive rocks to depths of severai
hundred feet in an effort to determine if there has been secondary en-~
richment of U, but no data are available to the writer.

The highly potassic stocks in the Selawik lowlands contain as much
as 92 ppm U in dikes; this suggest that detailed study in this locality
Is warranted.

The Zane Hills Area

The DGGS field party was based near UV ladustries' gold dredge camp
at Hogatza on Bear Creek while conducting field work in the Zane Hills
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and Purcell Mountains (pt. L4). The area lies in the Hughes and Shungnak
quadrangles {flg. 2). There Is a good landing strip at Hogatza, but it
is privately owned and permission must be obtained prior to use.

Anomalous amounts of U in the quartz monzonite border phase of the
Zane Hills and mineral occurrences in both the Zane Hills and Purcell
Mountains have been known for some time (Mil)ler and Ferrians, 1968) and
the region is considered favorable for uranium exploration. A summary
of the geology is included in appendix E, under "Hogatza plutonic belt
of west-central Alaska,' and the petrology is discussed by Forbes and
Jones in the section on granitic rocks.

Parts of the Cretaceous Zane Hills and Wheeler Creek plutons were
sampled (pl. 4). The Zane Hills pluton is predominantly granodiorite,
but monzonite and quartz monzonite constitute about 10 percent of the
rocks. The Wheeler {reek pluton, which forms a large part of the Pur-
cell Mountains, is composed of granodiorite, quartz monzonite, and
alaskite,

Stream-Sediment Sampling

A total of 96 stream sediments were collected in the. Zane Hills
area. The values from the analyses are:
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Range Mean Threshold Anomaties

Uppm (RAA) 0.8-57.0 11.7126 35.3198 6
Uppm (LASL) 3.3-77.0 22.3518 59.0502 7
Th ppm 4.5-120.0 30.2095 72.6465 5
K20% 0.97-3.69 2.0772 3.245 4

The U analyses reported by Los Alamos average over 50 percent ahove
those reported by RAA, but both sets of analyses contain numerous re-
Jatively high values.

The border zones along the southeastern-southwestern edges of the
Zane Hills yielded stream sediments with contents higher than those found
in other parts of the pluton, U up to 60 ppm, Th up to 98 ppm. These
areas have been described by Miller and Ferrians (1968).

A second particularly anomalous area is the western part of the
Wheeler Creek pluton (samples H33-H33 and H52-H57) in the Purcell
Mountains. The area lies in the Shungnak A-3 and B-3 quadrangles.
Uranium was as much as 77.0 ppm and Th as much as 120.0 ppm. The
anomalous area lies across the contact of alaskite on the west and mon-
zonite and quartz monzonite on the east.

Water Sampling

A total of 84 water samples from the Zane Hills and Purcell Moun-
tain were analyzed for U.

Max imum Mean Threshold Anomalies
Hy0 ppb 3.95 1.1220 2.669 5

The nine samples in the series D30-038 compose an anomalous group.
These samples were collected from the Caribou Creek drainage in the
southern part of the Zane Hills. Sometimes they support the U values
reported from stream sediments and bedrock, but in other cases there is
no correlation. The U value of 3.95 ppb is the highest obtained from
any water samples collected during the entire 1975 DGGS project.

Bedrock Sampling

A total of 49 bedrock samples were coliected from the Zane Hills and
Purcell Mountains. Their analyses produced the following values:

Range Mean Threshold Anomaliies
U ppm 0.60-49.0 6.6872 24637 2
Th ppm 2.08-126.3 27.5588 73.9118 2
Ko 0% 0.75-8.15 4.,1629 7.3887 1

£leven of the 43 rock samples were noticeably above average for
granitic rocks (over 6 ppm), but the remaining seem low for this area.
This may be partly due to incomplete extraction of U from silicate
accessory minerals. None of the calculated anomalies for the three
eiements is for the same sample. The U:Th ratio exceeds 3.6 in one
sample, H4R.
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Anomalous U was found in pegmatite dikes. Two samples, H4R and H5R,
yielded 49.0 and 19.4 ppm U, respectively. These are from the east side
of Zane Hills near the contact with the volcanic rocks on a spur 4.5
miles northwest of Hogatza.

Samples H30R-H38R are noticeably high in U. These samples represent
alaskite from the western end of the Wheeler Creek pluton in the Purcell
Mountains. The U values for six rocks of this group range from 9.0 to
32.7 ppm.

Aerial Radiometric Survey

The aerial survey by Texas Instruments produced a preferred anomaly
over Caribou Mountain on the east side of the Zane Hills, 4 to 8 miles
west of Hogatza. Five bedrock samples from this locality (D5R-DSR) were
collected by the DGGS party, but none was anomalous in U, Th, or K,0. A
ground radiometric anomaly of 600 cps, however, was measured on the east
side of Caribou Mountain peak.

A broad aerial radiometric anomaly was produced over the central
part of the Purcell Mountains at the junction of flight-lines 56 and 461.
No samples were collected within the anomalous area, but anomalous stream
sediments (H42, H53) were obtained about 3 miles to the west.

Several suspect anomalies were calculated in the Hughes and Shungnak
quadrangles, but their significance is questionable. Some appear over

tundra-covered lowlands.

Ground Radiometric Survey

The radiometric background of the Zane Hills pluton is generally high
(Figs. 13, 14, and 15); the average was found to be 200 cps or more.
Radiometric highs are present on Caribou Mountain (600 cps) and across
the southern end of the Zane Hills south of Caribou Creek, where radio-
metric readings were as much as 3,000 cps. A broad area in the central
patt of the Purcell Moutains is a radiometric high where counts are 400
to 500 cps.

Correlation of radiometric readings with the U and Th contents of
stream sediments and rock samples is usually good, but sometimes poor.
Again, the incomplete extraction from some of the bedrock samples is a
possibility. )

Suggestions for Exploration

Anomalous U and Th values were obtained from stream-sediment, bed-
rock, and water samples in the Zane Hills and Purce!l Mountalns, and
radiometric highs are present. The anomalous localities warrant more
detailed sampiing, and the areas not sampled by the DGGS should also
be investigated. The broad geochemical and radiometric anomalous part
of the Purcell Mountains alaskite seems to offer promise for a uranium
deposit. Forbes and Jones recommend concentrating on the augen gneiss
unit which they discovered.

The adjacent lowlands of the Pah River Flats and the Selawik and

Koyukuk Rivers may deserve study for possible sedimentary-type uranium
deposits.
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Copper River Basin

The Copper River basin is a confined area about 80 miles across
with narrow outlets. It is filled with a variety of glacial and fluvial
sediments of Cretaceous and Tertiary ages that are considered possible
hosts for sedimentary U. The area lies in the Gulkana and eastern part
of the Talkeetna Mountains quadrangtes (fig. 16). The Cretaceous and
Tertiary sediments are poorly exposed, but samples of Tertiary sandstones
were obtained along the Richardson Highway in the northwestern part of the
basin and near the Glenn Highway in the southeastern part. Areas of in-
trusive rocks in the Talkeetna Mountains along the western margin of the
basin were sampled to determine their favorability as host to vein deposits
or sources for sedimentary deposits. The geology is discussed in appendix
E under the section on the Copper River basin-Chitina River valley. Minor
exploration activity for petroleum and uranium by industry was still being
conducted during 1975 and 1976.

Field work was conducted from a lodge on the Glenn Highway with heli-
copter support during a 5-day period. Sample location sites appear on

plates 5, 7, and 10.

Stream-Sediment Sampling

In the Copper River basin area, 96 stream-sediment samples were
collected. Statistics of their analyses are:

Range Mean Threshold Anomalies
Uppm (RAA) 0.30-2.80 1.30 2° 45
Uppm (LASL) 0.15-3.30 1. 44 2.80 3
Th ppm 0.50-16.0 4.29 9.71 5
Ko0% 0.20-2.00 0.97 1.60 2

U and Th values in all samples were consistently tow, especially
when compared with those collected in west-central Alaska. One anomalous
sample (C5) was from Cache Creek in the southern part of Gulkana A-6 quad-
rangle in an area underlain by Tertiary or Mesozoic sediments. The other
three anomalous sediment samples were from scattered locations in the
headwaters of the Susitna River (Talkeetna Mountains B-2 and C-2 quad-
rangles) in areas underlain by Mesozoic and older volcanic and sedi-
mentary rocks. The low values and a lack of clustering of the anomalous
results prevent the outlining of good target areas.

Water Sampling

Water samples were collected from 74 locations in the Copper River
basin:

Range Mean Threshold Anomalies
HZO ppb 0.25-1.95 0.91 .74 3
The three U anomalies are from scattered locations. One of the
three anomalies (C6) is from an anomalous stream-sediment location at
Slide Mountain and may be significant. Anomalous sample K82 was from
the headwaters of Tyone Creek in the northeast part of the Talkeetna
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Mountains A-1 quadrangle. This locality is underlain by Cretaceous and
Tertiary sediments. The third sample (K88) was collected on a tributary
to Mazuma Creek In the socuthwestern corper of Talkeetna Mountains A-2
quadvangle. This is in an area of Tertiary volcanics.

Bedrock Sampling

Fifteen intrusive rock samples from the Copper River basin were
analyzed for U, Th, and K,0. These included a variety of granites and
quartz diorite. The values obtained from the analyses are:

Max I mum Mean Threshold Anomalies
Y ppm 1.20 0.76 V.46 0
Th ppm 26.0 3.77 17.45 !
K20% 2.70 1.07 2.56 1

The unusually low U and Th values are disappointing and seem abnormally
low for the types of rocks sampled. No U anomalies were found in this group
and only one each for Th and K,0. The low radiometric responses produced
by rocks in the area was the reason so few were submitted for chemical
analyses.

Aerial Radiometric Survey

The aerial radiometric survey conducted during 1975 covered the Gul-
kana quadrangle and the eastern part of the Talkeetna Mountains guadrangle.
On piate 5, one preferred and two suspect anomalies appear on flight-1line
93, two preferred anomalies on flight-line 85, and one on flight-line 578.

Sampling by the DGGS party, preliminary results of the ERDA follow-up
study In 1976, and a lack of U or Th anomalies from ground surveys indicate
that these weak aerial radiometric anomalies have little significance in
this area. It Is reported that at jeast one industry exploration party
also examined the aerial radiometric anomalies produced by the Texas In-
struments survey in the Copper River basin, with negative results.

Ground Radiometric Survey

Radiocactivity of all types of rocks in the area examined by the DGGS
party was at a very low ievel. Readings taken at numerous intrusive and
sedimentary bedrock exposures and sample sites with hand-carried scintillo-
meters ranged from a low of 20 to a maximum of 70 cps. The highest count
was detected on Tertiary sediments on Slide Mountain in the Gulkana A-6
quadrangle. These readings are lower than those generally found to be
average backgrounds in most regions, and they showed so little variation
that no radiometric maps are included in this report.

Suggestions for Exploration

No targets for U exploration were found in the limited areas examined
in the Copper River basin or eastern Talkeetna Mountains by either the
DGGS party or the aerial radiometric survey. Possibly the most anomalous
area was that on the east and notrth flanks of Slide Mountain in the Gulkana
A-6 quadrangle (samples C1-C6é). The area is underlain by Tertiary and
Mesozoic sediments.
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Mesozoic and Tertiary nonmarine sediments in the subsurface may
possibly be hosts for epigenitic uranium, but so far there is no evidence
for this. The Wrangell Mountains on the east and the Alaska Range on
the north side of the basin seem to contain better source rocks than the
Talkeetna and Chugach Mountains on the west and south, respectively. Fur-
ther study of these possible source rocks and the depositional history of
the basin may suggest the best locations for exploratory drilling.

Some plutonic rocks in the Talkeetna Mountains that were not examined
by the DGGS party but mapped during 1972 and 1973 by Division personnel
may be favorable for . Felsic intrusives (map unit Jms) of Mesozoic age
in the Xings-Kashwitna Rivers area extend in a northeast belt for at least
10 miles (DGGS Annual Report for 1973, p. 14-16). This unit and other
granitic and gneissic rocks in the area have not been examined for their
vranium potential.

The Chitina River Valley

The Chitina River valley area is of interest for its U potential be-
cause of the presence of probable nonmarine (retaceous sandstones and the
rich Kennecotit copper mines. Reconnaissance sampling by helicopter was
conducted during a b-day period from a base in the town of Chitina. The
Chitira River valley is within the Valdez and McCarthy quadrangles and
opens into the southeastern part of the Copper River basin (fig. 16).

The Mesozoic sediments exposed in the valley provide some information on
the subsurface of ithe Copper River basin, where bedrock is not exposed.
Summaries of the geologic setting are included in appendix E under 'Copper
River basin-Chitina Valley' section and in a DGGS open-file report
(Renning, 1973).

Stream-Sediment Sampling

Stream-sediment sampltes were collected from 105 locations in the
Chitina River valley area (pls. 6 & 7):

Range Mean Threshold Anomalies
Uppm {(RAA) 0.30-3.20 1.38 2.77 5
Uppm (LASL) 0.46-6.30 2.1 3.86 k
Th ppm 0.80-11.80 5.78 9.16 5
K, 0% 0.31-2.10 1.2k 1.94 2

The U contents of the sediments for the area are low, but the results
may reflect subtle anomalies in the bedrock. Two of the stream sediment
anomalies (E28 and E239) were found in the northwest part of the McCarthy
C-U4 quadrangle and one (E14-LASL) was from a tributary to the Kotsina
River in the northwest part of the McCarthy C-4 quadrangle. Bedrock in
the areas of these samples is Triassic Nikolai Greenstone or Triassic-
Jurassic limestone.

Three anomalous U samples (L22, L24, and L28) were collected in
granitic rock terrain. 122 and L24 are from the northwest corner of
Valdez B-1 quadrangle; L28 is from the south-central part of the Valdez
C~2 quadrangle.

Four of the five Th anomalies are from tributaries to Young Creek,
an area underlain by Cretaceous sediments. While no U anomalies were
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found in the stream sediments in the area, two water-sample and four of
the five Ko0 anomalies were produced. The combined Th and K,0 and the U
In water anomalies suggest that the Cretaceous sediments should be in-
vestigated more thoroughly.

Water Sampling

Three of the 74 water samples from the Chitina Valley area were
anomatous:

Range Mean Threshold Anomalies
Hzo ppb 0.20-3.50 0.8) 2.01 3

Two of the anomalous samples were rather closely spaced, on
tributaries to Young Creek that drain Cretaceous sedimentary bedrock.
The other anomaly was from a tributary to McCarthy Creek that drains
from Cretaceous sediments in the McCarthy B-5 quadrangle. Considering
the generally low values of U found in water samples, these appear to
be relatively strong anomalies (2.10, 2.75, and 3.50 ppb).

Bedrock Sampling

Thirty-seven rock samples from the Chitina River valley were analyzed:

Range Mean Threshold Anomalies
U ppm 0.450-2.50 1.23 2.65 0
Th ppm 0.20-11.30 3,14 8.53 2
K9 0% 0.05-3.00 ].55 3.18 0

The above summary inciudes the results of analyses of both granitic
and sedimentary rocks. Two possible anomalous samples, €16R and E17R,
contained 2.5 ppm U. Both of these were from the western part of Macloll
Ridge. Sample E16R is from a small fine-grained felsic intrusive body,
and sample EI7R is of Cretaceous siltstone.

Aerial Radiometric Survey

No aerial radiometric survey had been flown by ERDA at the time of
the investigation. A single radiometric anomaly was reported by the USGS
from a flight up the Chitistone River valley. Bates (1953) recorded an
aerial scintillometer reading of 1.0 mr/hr at one point with a background
of only 0.15 mr/hr. This area was not reached by the DGGS party.

Ground Radiometric Survey

Radiometric responses measured with hand-carried scintillometers were
unimpressive, and generally were below 70 cps on all types of bedrock;
counts of 40 to 50 cps were usual. Inspectlon of the ores at several
mines in the Kennecott copper area did not yield any detectable radio-
activity. No radiometric survey map was constrocted for this region.

The strongest radiometric reading encountered {160 cps) was in the

soil bank of a small gully on the east side of a north-flowing tributary
to Elliott Creek in the Valdez €C-1 quadrangle. This site is on the north-
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west flank of tron Mountain and is underlain by Triassic limestone and
argillite. The spot with the high radioactivity is very smal), but is
interesting because it is four times the background in the area and is

in soil rather than an exposed rock. Stream-sediment samples from near
this location were almost anomalous---3.40 ppm by Los Alamos' determination.
The site seems to warrant some digging to expose the bedrock.

Above-average radiometric readings for the area (90 cps) were found on
MacColl Ridge, over Cretaceous sedimeats. A value of 100 cps was recorded
for the granite pluton south of the Chitina River in Valdez B-1 quadrangle.

Suggestions for Exploration

The cursory investigatlion of the Chitina River valley area indicated
two areas deserving additional work: the Cretaceous sediments on both
sides of Young Creek and the site of a radiometric anomaly on a tributary
to Elliott Creek.

The combination of slightly anomalous Th and K70 in sediment samples
and U in water samples may be significant in areas of Cretaceous sediments.
The writer suggests that the lower parts of the section on the south side
of Castle Bluffs be investigated because these beds are difficult to reach
and were not examined.

The importance of the radioactive anomaly on Etliott Creek is unknown;
although not very strong, it was quite pronounced for that area. Little
work would be required to test this site below the soil cover.

The aerial radiometric anomaly reported in the Chitistone Canyon by
the USGS in 1953 is of unknown significance, but adds to the interest of
the region.

Eagle-Charley River Area

A brief investigation of the Eagle-Circle district in the Yukon River
drainage in east-central (fig. 17) Alaska was conducted by the DGGS during
1975. P.L. Dobey and R.M. Klein spent approximately 1 week coltecting
samples to aid in determining the potential for oil shale and petroleum
in the region. €Eighteen of their stream-sediment samples and 16 water
samples from a 70~mile-long northwest~trending belt in the northeast
corner of the Eagle quadrangle and the southern part of the Charley River
quadrangle were submitted for U, Th, and K,0 analyses. These were col-
lected from areas occupied by sedimentary units ranging in age from
Devonian to Tertiary {pl. 8). A general description of the geology is
included in appendix E. Map numbers and general locations are shown in
table 4.

Table 4. Sample locations, Eagle-Charley River area

Map No. Location
Ml Sediment and water sample,
Trib. Coal Creek
M2 Sediment and water sampte,
Sam Creek
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Table 4. (Cont.)

Map No.
M3

Mh
M5
M6
M7
M8
M9
M10
MTI
M12
M13

M14

Mt6

M17

M18

Stream-Sediment Sampling

Location

Sediment and water sample,
Sam Creek

Sediment and water sample,
Michigan Creek

Sediment and water sample,
mouth of Nation River
Sediment and water samples,
Trout Creek

Sediment and watey samples,
Trout Creek

Sediment and water samptles,
Trout Creek

Sediment and water sample,
Tutonduk River

Sediment and water sample,
Bryant Creek

Sediment and water sample,
Bryant Creek

Sediment and water sample,
American Creek

Sediment and water sample,
Bluff Creek and Taylor Highway
Sediment and H,0 sample,
American Creek

Sediment and H,0 sample,
American Creek

Sediment and Hy0 sample,
American Creek

Water sample, Marion Creek
and Taylor Highway

Sediment and H20 sample,
American Creek campground
and Taylor ilighway

A summary of analyses of 18 stream-sediment samples from the Eagle

and Charley River quadrangles is given below:

Range Mean
Uppm (RAA) 0.6-2.50 1.30
Th ppm 1.3-1.7 1.54
Ko 0% 4.0-22.5 10.69

Threshold Anomalies
2.36 !
1.8) 0

22.83 0

The one anomalous stream-sediment sample was collected along the
Totanduk River in the southeast corner of the Charley River quadrangle.
The area is underlain by a series of Precambrian and lower Paleozoic beds.
It appears the sample in question was taken near an outcrop of Road River

shale.
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Water Sampling

Results of analyses of 16 water samples collected at the above-
listed sediment sample sites are as follows:

Range Mean Threshold Anomalies
H,0 ppb 0.1-2.2 0.81 2.07 '

The computer analyses produced one anomaly (2.1 ppb) from American
Creek, just outside the town of Eagle (map MI2). This area is pre-
dominantly underlain by Tertiary sandstones, tuffs, and siltstones.

Bedrock Sawmpling

No bedrock samples were submitted for U analyses.
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Aerial Radiometric Survey

An aerial radiometric survey was not conducted in this region, but
wil) be flown during 1977, according to a Texas Instruments proposal.

Ground Radiometric Survey

Readings taken with hand-carried scintillometers at the water and
sediment sample locations vary from 80 to 400 cps. The three 400-cps
readings were at sample locations M6, M7, and M8, closely spaced sites
on Mesozoic Glenn Shale. This unit is predominantly a carbonaceous shale
which includes siltstone, quartzite, }imestone, and oil shale.

Radiometric readings on a number of scattered outcrops of Glenn
Shale yielded values of 120 cps. Tertiary shales and sandstones pro-
duced between 75 and 165 cps.

Suggestions for Exploration

The east-central Alaska region has had a limited amount of re-
connaissance Investigations for uranium. Samples from the Mississippian
Calico Bluff formation, however, contain up to 0.02 percent eU (Wedow,
White, and Moxham, 1951, p. 106; Wedow, 1954, p. 3, 4), and recent re-
ports (Jonasson and Goodfellow, 1976) describing U discoveries in
northern Yukon Territory suggest that the favorable trend may extend in-
ro Alaska north of the Yukon River. The writers {p. 72) concluded the
following environments to be favorable for exploration:

(1) Proterozolc sedimentary and volcanic rocks which are hosts
to known occurrences of uranium and copper mineralization.

(2) Ordovician Road River shales which have shown potential as
a Jlow-grade high-tonnage source of uranium.

(3) Cretaceous (or younger) alkali granites, syenites, and
quartz monzonites which were shown to contain areas of high uranium
and fluorine concentrations within a glven stock.

(4) Major stratigraphical and structural breaks (i.e. uncon-
formities, faults) betwcen Helikian rocks and younger Proterozoic
and Paleozoic rocks.

Sediments of Precambrian through Tertiary in age in the region (in-
cluding the Kandik basin) may have a potential for U, and more extensive
investigations are certain to follow.

Healy D-1 Quadrangie and Vicinity

A DGGS party headed by W.G. Gilbert conducted a sampling program in
the Healy D-) guadrangle (fig. 18) in conjunction with detailed geologic
mapping of the north flank of the central Alaska Range. Submitted for
U, Th, and K0 analyses were 208 stream-sediment samples collected during
the 1975 field season. No water or bedrock samples were analyzed for
these materials, and neither aerial nor ground radiometric surveys have
been conducted over the area.
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The areca occupies the foothills and mountains on the north flank of
the central part of the Alaska Range, where altitudes in the southern
part reach 8,159 feet. Bedrock includes the Precambrian or Early
Paleozoic Birch Creek Schist, Keevy Peak Formation, and the Totatlanika
Schist. Granitic rocks of Mesozoic age are exposed in the southern
hatf of the D-1 quadrangle, and Tertiary {oal-Bearing Group sediments
are present in the northeastern part. The Tertiary sediments are of
interest to uranium prospectors because they display characteristics
similar to those that are U hosts in Wyoming, and industry explora-
tionists have found U anomalies in stream sediments and water about
50 miles west in this group. The granitic rocks were also considered
to warrant study for their U potential. A discussion of the Tertiary
Coal~-Bearing group is included in appendix E.

Stream-Sediment Sampling

Location of 208 stream-sediment samples from the Healy D-1 area
appears on plate 9. Results of the computer analysis are summarized
below; analyses were done by Resource Associates of Ataska only; none
were submitted to Los Alamos.



Range Mean Threshold Anomalies

Uppm (RAA) 0.3-10.0 2.13 5.540 10
Th ppm 2.0-72.5 19.28 40.56 8
Ky 0% 1.4-5.2 3.08 4.70 9

There are a number of anomalies, but none is particularly high. All
the U anomalies are over or near (2 miles or less) outcrops of granitic
rock. Th and K,0 anomalies are scattered, but Th appears to be relatively
high overall for the rock types in the area.

Suggestions for Exploration

On the basis of the stream-sediment sampling alone it is difficult
to judge the potentialt for U in the Healy D-1 quadrangle. Statistically,
there are a number of anomalies, but none is high enough to be especially
interesting. It appears the anomalies are associated with the granitic
bodies in the southern part of the guadrangle.

The granitic rocks and the Tertiary Coal-Bearing Group, however,
should not be condemned, because both have reportedly yielded U anomalies
at other locations on the north flank of the Alaska Range and remain
underexplored. The Tertiary Coal-Bearing Group is also present up to
200 miles west in the Minchumina basin area, where Tt is favorably
situated structurally and near possible source rocks, bul as far as the
writer knows, it remains untested for U.

CONCLUSIONS

Uranium exploration in Alaska is still in a preliminary stage. Know-
ledge of the geology of much of the state is inadequate and the best methods
to use for uranium exploration in this region demand more research. Field
methods to date indicate that stream-sediment sampling and ground radio-
metric surveys are suitable in areas of bedrock exposures. Water sampling
results are erratic, and results of this type of sampling are still being
evaluated by ERDA-sponsored programs. Work by the Geological Survey of
Canada (Jonassen and Goodfellow, 1976) indicates that fluorine shows a
close relation to U in stream waters and should be used as an indicator.
The aerial radiometric survey of Alaska being conducted on a wide-spaced
pattern by ERDA may help define general areas favorable for uranium, or
by chance may locate a concentration of radioactive minerals; but because
of the wide spacing of flight lines and manner of calculating and reporting
anomalies, the results may be misleading and the survey can miss local
anomalous areas.

Geologic studies could include interpreting the tectonic and depositional
history of the basinal areas, a study of major unconformities, and study of
lTineaments on Landsat (ERTS) images and their relation to U anomalies.

Discoveries of vein-type uranium deposits will probably precede dis-
coveries of sedimentary types, simply because there are considerabte areas
of exposed alkaline plutonic rocks, and the basins are masked by tundra
and water. Most current exploration is directed towards intrusive rock
terrains in southeastern Alaska, the Seward Peninsula, the Hogatza plutonic
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belt, and to a lesser extent the central Alaska Range and the Yukon-
Koykuk regions. Late-stage differentiates generally are the most favor-
able phases for uranium.

Some exploration for sedimentary-type uranium deposits has been con-
ducted in the Tertiary Coal-Bearing Group on the north flank of the Alaska
Range, in the Susitna lowland, and in the Tertiary and Cretaceous sediments
on the central part of the North Slope. Recent discoveries of uranium
associated with copper mineralization in Precambrian sedimentary rocks in
northern Yukon Territory, Canada, suggest that similar occurrences could
exist in north-central Alaska. Lacking good exposures of sandstones like
those in the rimrock country of the Colorado Plateau, evaluation of the
uranium potential of the basins in Alaska can be expected to be slow and
expensive. Drilling may be the only adequate method, but such tools as
track etch, radon-gas sampling, geobotanical prospecting, and geophysics
may be useful in some areas. A preliminary project to test the application
of radiometric, magnetic, gravimetric, induced polarization, and very low
frequency electromagnetic methods to locating roll fronts was conducted
in the Selawik lowlands in Alaska during the 1976 field season by J.W.

Cady of the UsGS! and S.W. Hackett of the DGGS. Ear)y results suggest
these methods may prove helpful.

The writer considers atl the plutons that were examined by the DGQRS
party in west-central Alaska to be favorable areas for uranium exploration.
Rock types, radiometric surveys, and high U and Th contents of numerous
stream-sediment and rock samples indicate U and Th enrichment. The head-
waters of the Peace River on the northeast flank of Granite Mountain was
thought to be one of the most positive target aveas for radioactive
materials. This area was restaked during the summer of 1976. Alkalic
dikes in the Darby Mountains and Zane Hills contain anomalous amounts of
U and Th and offer encouragement for exploration. Other localities within
the region believed to be more favorable than others are discussed in the
text of both parts | and 1l. More comprehensive investigations are
surely needed.

The Copper River basin and its margins produced little encouragement
in the areas that were examined. But the nonmarine sediments in the sub-
surface, which could not be evaluated because of tack of exposures, may
warrant exploratory drilling.

The Chitina River valley did not yield strong anomalies, but the
Cretaceous sediments at MacColl Ridge appear to have characteristics
similar to sedimentary uranium host rocks in the western U.S., and a
more comprehensive study is suggested. A radioactive anomaly on the
northwest flank of lron Mountain, though very local, is interesting.
The source of the radioactivity was not identified.

TBranch of Theoretical and Applied Physics, Denver, CO.
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Appendix A

STREAM-SEDIMENT-, ROCK-, AND WATER-SAMPLE ANALYSES WITH RADIOMETRIC DATA

Sediment~, rock-, and water-sample data collected and analyzed were
categorized into seven groups according to geologic and geographic setting.
The groups are: (1) Granite Mountain area (Candle quadrangle), (2) the Darby
Mountains (Solomon and Bendeleben quadrangles) and the Selawik Hills area
(Selawik quadrangle), (3) the Zane Hills and Purcell Mountains area (Hughes
and Shungnak quadrangles), (&) the Copper River basin area (Talkeetna Moun-
tains, Mount Hayes, and Gulkana quadrangles), (5) the Chitina River valley
area the {McCarthy and Valdez quadrangles), (6) the £agle-Charley River area

(Eagle and Charley River quadrangles), and (7) the Healy area {Healy quad-
rangle).

Means, standard deviations, and threshold values of concentrations of
uranium, thorijum, and potassium oxide were calculated for samples in each of
the above-mentioned areas. Threshold values, above which sample concentrations
are considered to be anomalously high and therefore of special interest, are
concentrations two standard deviations above the sample mean. Samples con-
taining concentrations considered anomalous have been underlined in the fol-
lowing table.

Correlation coefficients were calculated to see if there was a relation-
ship between the stream-sediment analyses for uranium by Resource Associates,
sediment analyses for the uranium by Los Alamos Scientific Laboratories, and
the uranium in water samples. The histograms included in appendix B plot the
concentrations of uranium in these three categories.

Correlation coefficients were also catculated to discern any relationship

between the uranium concentrations reported by Resource Associates and the
thorium and potassium oxide concentrations reported by the DGGS laboratory.
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Table A-1. Stream-sediment, bedrock, and water analyses and radiometric data.
Concentrations considered anomalous are underlined; those near anomalous are dashed.

Granite Mountain Area
Sediment and Water

Map U ppm U ppm H20 pp%

No. Field No. (RAA)' Th ppm  U/Th %Ko0  (LASL)Z  ({ASL)Z  cps
) SE1688 8,40 13,80 0.62 0,92

R U145 5.80 1540 0.38 1.20 Q.14 010 90
R3 SEL&63S 3.60 13,50 0.27 0.32 S.640 0,25 S0
R4 OE16%S 270 23,20 0.12 158 74+90 Q. éJ

RS DELASS 4,40 10.70 0.41 1,35 5.80 0.3% 4%
B& SELA2S 2610 11.00 0,19 1,212 2.30 O.”'~

"7 SELGLS 1,50 3.63 O.41 0.98 Z.3%0 0.40 30
B GELSRS 240 1770 014 1.84 8,50 0.3 4¢]
9 OEL14608 270 1&+70 016 L.93 6,00 125 %0
BLO SEL1S8S 2400 32.80 006 1.80 17490 0,00 100
K1 SELS7ES X.70 27410 0,14 170 1O 40 0.15 100
g2 uE1qAJ 620 2920 0421 1.72 13.30 0430 100
GL3 GELHHS b4 20 16440 0.38 1.49 10.40 0,035 100
KlA SCLY8Y 710 18.30 GO39 1.3 ¥+40 035 100
BLS 501978 9,20 30,00 0.31 1.82 172.70 1,10 100
Rl A 501948 6,60 L1350 057 1.43 9.70 100
7 SCLYIE 4,460 10.00 0.46 1,48 7.60 1.00 100
(g SC1LY1S 11.70 1% .50 0.7% 1.25 12.80 0.40 20
w19 01928 6050 1%.350 0,35 1,72 10.00 0 90
R20 GGLROG 1090 24.00 045 2418 15,10 100
21 WIS RHAR T.H0 10,350 0.34 1.61 ?.00 0,75 100
R GC1LeRS 441G 20,00 0431 246 10660 0460 100
B2Z HC1L878 8,80 17,80 050 2433 17410 1,30 100
B4 G778 IR Y] 3. 80 147 2.62 12,10 0.50 250
Qs D728 210 L1220 0,19 1.4 2015 40
R2E& HE7 3% 0.70 2.50 Q.28 0ch2 7410 20
Ra7 GE?68 0. 306 0. 0,464 1.40 1.50 20
828 SET7AS 0.30 2424 G013 079 1+80 1.00 20
R29 SE7GS 1.0 000 082 1.90 L e4E 20
KZO 506886 18.80 825 228 1,45 4,30 0.4% 100
B3 SC678 2,90 37.50 0.08 2.46 35.00 1.65\ 250
A2 L4698 2.10 15,80 0.14 1.2ﬁ 400 ' 150
K33 GEZZS 1.76G I‘JO 0,468 1.01 4.10 0465

R34 SE718 10.20 32.70 0.31 1.98 24,00 0.83 200
B3 SE708 10.80 750 1.44 L.43 20.00 Qe 250
134 SE LS 11.30 SQ.50  0.22 1.73 85,00 1.10 300
R3I7 SE688 &,80 93490 O+16 2.34 8.10 0,50 350
B38 SE64S 7.%0 24,30 0,33 3.07 14.70 0.78 200
R3% SES3S 2440 37460 0.06 D056 14,70 108 100
Q4O GEEHS 4490 25850 Ol 3.01 3.70 0.8%
B4l SEALS 9420 50,90 0.10 2.97  10.80 0355 250
B4z 50459 4,90 L350 0.36 2,29 680  0.30

B4 5C618 4.50 16,80  0.27  1.93  6.30  0.5%

E44 H5C628 4,30 21.30 0,20 2.37 10,10 )P 40
K45 SEL1S .60 21.00 0.46 2.01 14,350 0.30

R44 BES0S 760 16.50 0,46 2.08 14,60 1.20 200

1Analyses performed by Resource Associates of Alaska, Inc.
Analyses performed by Los Alamos Scientific Laboratory.,
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B4AH
Bae
BS0O
RE
B2
%3

B4
REY
ETT)
BS7
BE8
pEy
B&HO
B&
B&2
B&3
B&4
B&E
Béé
B&7
JEEYE
B&Y
B70
i
B2
B3
B’74
B7%
B76
B77
B78
B79
BEO
B8
BE2
Bra3
B4
REYS
k84
ka7
Bes
BEY
RY0
Bel
B2
BY3X
Bo4
BoY
RBY4L
RY7
B8

I see p.

U ppm
(RAA)
11,90
1250
b 50
e 20
2030
120

GESES
GEA28
HCIPH e 40
G408 260
418 3,10
383 3.00
1.50
270
850
Y 6O
2. 40

Th ppm

2630
A7 G0
19,30
3.00
146.60
775
690
GPH7
3,30
760
24 .50
34,80
2A. 50

21.20
1070
.00
@ H0
Y70
P40
7410
720
1050
28.00
7430
240
7 60
G S0
740
860
&0
X80
X700
a0
330
G20
8.70
290
230
320
2400

HCals

SCa8s
SLHOS
SCYHLS 270
GEA499 2400
GCE28 170
S5CH48 270
2400
1+%0
2.00
270
2.90
L.00

283+ 60
f ;:S [ gz
20,00
2700
1220
1140
33,00
13,90
24,90
2230
20,00
16.30
A5.30
F7.40
26.30
47 .00
X600
2730
2,30
17.80
23.00
33.80
13,50
14.80

4.00
10,00

7.00
11.00
11,60

8.00
10.50

9.00
34,50

920
1150

Ge7%

10.40

U/Th
053
0.48
0.08
0,19
1.0%
0.+40
O.14
034
Q.45
031
0. 45
036
0.35
001({)
0.33
Q27
0.1
.45
0+.36
0.80
0.82
0,22
052
0.42
Ledé
0.37
L
0,22
O+17
0.28
0.18
Q.17
014
Q.17
(.29
0.14
0.18
044
0.20
0.58
0.32
0.30
0.25
0.17
021
00:3(.()
022
0.06
0,22
0.23
04+50
0.10

%Kq0
2.81
288
2eb3
DeSd
L.94
3.03
L0
1.0%9
240
1.29
1+00
134
172
2e74
4.14

U ppm
(LASL) !
18.40
18,00
14.90
2160

1.60
2030
4,00
%90
e O
2440
4,90
1350
1070
w3, 00

S22

49,00

H20 ppb
(LasL),!
1o1%
0,50
ST

1.30

1.00
Q.50
080
Q.50
035
Q.55
1.00
0055
0.70
1O
1.70

G 89
Sl 4
2400
L83
AP,
1,78
200
267G
2517
2. 60
Lebds
4 + é)/l
1L+0OX
131
De7é
2040
2,08
1.89
2.00
Le?d

.72
.71

29.00

- 1430

18,10
14.90

L1450
1% .60
44,00
L1220

39.00
17.40
14,00
22,00
12,90
LH.30
B 20
10.30
10.80
14,90
6o A0
940
.00
3,90

1070
3,30

G20

e 20

2440

L«40
. S
Lo

130

Q.70
100
1,00
0.95
1. 85

045
0. 4%
1.30
050
125
130
0.85
090
080
0.50
040
L33
Q.50
080
0.40
0.40
Q.35

1O

cps

140
140
230

200

40

40
40
40
w0
50




Map U ppm U ppm H20 pp?
No. Field No. (RAA)Y  Th ppm  U/Th  %K90 (LAsL) ' (fasL) b eps
RS9 BESES F,R0 0 10,40 0.32  1.84  4.00 0030 20
B100 HC43G 1.20 .50 0,34 0,87 LS50 0.95 2
B10O 5C4%5S 1,90 3,00 0.63  0.87 1.40  0.60 24
R102 50448 1,70 4,50 0.38  0.86 150 0,50 24
R10O3 50478 .30 20,00 0.17 2,06 40
R104 SEA6S 1,70 1%.,40  0.13  1.13 115 40
R10% 5 2,41 0.75 200
B10G 6,70  BI.E0 0,20 2.47 19,70 0,40 250
B1O7 53D 7090 H50.00 0.16 2,46 17,60 0,45 275
B108 50158 16,80  16.80 1,00 2,25 24,00 0.5 190
R109 50148 6480 16,50 0,41 2,77 12.60 0,40 240
B110 5036 9,80 18,30  0.54 2,49  21.00 0,35 190
B111 .30 19,80 0,17 2.87 0. 30 230
B1l2 7010 26450 0.27  3.20 1.00 2550
K113 .70 DOJEO 0,23 2,71 14.10 0,35 200
R4 18,00 20,20  0.89 2,30 28,00  0.65 200
R11% F.70 14,30 0.26 2.4 120
R11é F.70  16.80  0.22 2,64 8,00  0.90 150
R117 G.40  21.30  0.30 2,80 12.70  0.60 160
B8 15,50 HE.H0  0.27 3,20 41,00  1.20 192
R119 14,60 FOEE 4011 2,23 F0.00 L5 8%
B120 37,0 4., 0% 0,40 250
Bi2l G020 27,50 0,19 2,30 0.90 200
B122 4,90 19.60 0.25 2,48 0440 250
R123 2050 10.90  0.23 2,17 H,.20 0,30 110
K124 2,50 25,50 0,10 1.03 0.70 80
R 25 0. 10,30 0. 2,41 0460 40
K126 2,50 10,40 0.24 2,22 5,40 0,35 80
R12Y .70 bl.2 0. 11 2,63 0455 200
K128 1,30 6,50 0.20 0.94 DUEO 0,35 50
B129 340 1X.60  0.26 1.6 6,90  0.50 105
K150 4,00 26.70 0,15 2,39 9,20 0.50 160
B131 4050 1210 0.37 .52 640 0,65 50
R1AD 4,00 11.80  0.34  1.6% .20 0,15 50
R133 3,70 12,00 0.31 1.5V 5000 0.5% 40
R34 1,20 .35 0,36 1.39 .40 085 34
1135 2,70 14.80  0.18  1.43 o8O 095 50
R134 5 F.10 9,00  0.34  1.48 4,00 0.45 50
B137 5078 88,00  25.80  3.41 2.30 91,00  0.3% 20
138 5065 0.90  20.70  0.04  1.06 2070 0,35 30
R139 SE10S 2,00 15.30  0.14  1.45 3,30 0,60 %0
E140 5086 2,20 5,59 0,39 1.2% 60,00 0,90 30
B141 5096 1,40 4,73 0,30  1.06 4,40 0.5 36
R142 SE 135 1,40 11,00 0,13  1.40 3,40 075 160
B143 GE 6 7W 0. 4% 80
R144 E 620 0460
145 506 AW 1.40
R146 SToR
5147

1. See p, A-2.
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Granite Mountain Area
Rock Samples

Map
No. Field No. U ppm Th ppm U/Th %K20 cps
B R CMP0 1260 A%, 50 0. 28 G886 400

B2R OMY -1 4,20 51,30 0,08  8.90 400
F3 K LMY -2 540 B1.50 0017 8,34 30
B4k oML 0. 28O 0. 0,10 50
BRSO CMil-1 0. 280 0. 0.2y 18
&R CML1-2 O 0.80 0. 0.3 14
BE7R OMLO- 0. 1.80 0, 0.2 17
BER CM1O-2 0. 1.30 0, G2 17
BYR Ml 0. 0.0 DL AE 30
BLOR CMR- 1 .00 86,00  0.09 2,09 110
B 1R GMR-2 070 0,10 7,00 0,40 110
B12R CMR- 3 GeE0 70,00 0.08 525 110
B3R CME- 1 210 .30 0.2% 370

B 4F CMF-2 A B0 FP.HO 0.42 4,88

KL SR CME-~3 0440 050 0.80  0.18

1SR CMA4h 4,50 4080 0.12  H,.93 280
R 7R CMa- 1 B30 Z3.00 0 0.1l 7.3% &O0
B8R [MA-3 G0 AB.BO 0.ls 4,00 SO0
R19k M- 420 BR0 0 0.05  H.60 270
(M52 DeG0 LE.B0 0 0.15 4,90 270
Ol 4030 RRGBO 0.19 EmLER 200
: M1 4 20RO RAGEO 0,09 4.65 220
BR2ER CMLS 2eh0 BH00 0 0,10 4,70 220
B4k CML& DOBRO 19030 GllS 4,54 260
RRsR LMLy 1,00  17.80  0.06 4,99 220
BRoR CMLE L300 24,00 0,05 4.9% 240
B2 7R CM&- 1, XeBO 2150 0.18 4,15 420
B8R CME- A.50  ATHG 0.0l H.UF 420
RR9R CMb-1 ELO00 ZX.E0 0 0.1%  6.40 300
B3Ok O FeAD  B0LB0 012 4.27 300
B3R GM20 2ed0 Z1LE0 0412 450 250
B2 CM2L D000 18.50  0.11 A.66 165
B3R Gy 1e20 TOHO 0.6 200 74
B3AR w4 0. beB0 0. 135 40
BR5R 5046 & o B0 150 453 0.21 20
B3 6K w06 A 0490 080 1.13 0.2V 20
B37R 506 3R S,00 3250 0.1E Z.R0 150
RAER 50 b2 2,40 13,00 0418 H.20 0 200
BIOR SCELRA 4.40 19,30 0.23  B.66 200
B4OR  HOSLRE 2.0 ARJE0 0422 6425 200
Ba1R M F o, 1610 7.80 0 0.14  2.0% 150
B4R M e 52 1e%50 Pe30 0416 2.40 150
Ra 3R M5 % 8,00 45,50 0.18 7,00 150
Fd AL 5EO0R 290 10,50 0.28 3.2

R4ER BCOORA Lm0 SLB0 0 0021 589

BabF 55 R 2,40 12,50 0419 8B.70 200
B4R 505 6 R 4,00  3B.00 0 0.11 4.34 250
RABK ML 260 R7.B0 0 0.0 4.0 335
BA4PR M - 4,90 .30 053 3.8%

ESOR o .00 62,50 0,08 2,86

B 1R HE 4] 790 21.B0 0,37 540 390
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Map

No.
BS2KR
BS3R
BSGR
héﬁ
RS 7R
REBR
RETR
R&LOR
R&LR
BHIR
R&IR
R&6AR
B&SR
R&E6H
B&7R
R6ER
R&PR
H70KR
B71R
{ ‘-’\
H/Jh
[B74R
B73R
R7&K
R77K
B78R
R79K
RBOR
BEI1LR
HE2R
BE3R
ISR N
HESR
RBLER
RE87K
R8GIe
RYYR
ROOR
BRYIKR
BO2R
RYIR
R 4R
RYSR
RYSR
BY 7R
HoBR
BYIR
RLOOR
BLOLR
B1OZR
BLO3R
E1LOAR

Field No.

HFA4—2
H#4-3
HE3
HF2-1
HF2-2
HF2-3
HF2-4
HE7~1
HP7-2
HFE&-~1
HEG-2
HF 10O
HPLL
SELSRA
SELSRB
SC71R
SELARA
SELORR
HF 12
HF 13X
HF 14
QC1
QCc?2
QC3

Q4
QCS
RCH
Qcy
QRCHB
QCY
QRC1LO-1
Q102
QCLO-3
QCLO-4
QCLit
QRC1L2
QCl4a
QRC1L4-2
H5CS7R
GM1l
GMY
GM2A
GM3A
GM3R
GMIC
GM3D
GM3E
GM3F
GM3G
5M4
GME
GM6
GM7

U ppm
({)050
4,00
6350
6060
720
6400
4,70
4.50
28,00
B.40
5470
330
2.40
4.0
4.00
1. .60
7«30
0.90
370
3,50
2,60
0,70
1,00
3.100
1.3
0.90
1.50
1.90
0.40
0.40
2.00
Le70
2,70
Je10
K00
.00
OC
0.
4.10
1.50
1.80
24350
1 070
1.70
2,30
LSO
d) > }.’O
6420
6480
1.70
0.80
0.460
1.60

Th ppm
.30
21 .80
31,50
3850
36.50
33,80
38,80
39430
34,50
32,50
40.50
3250
43,80
23,50
2150

? OO

6 80
23,30
25,00
22.80

1.50

L:00
16,50

0.

330

6,00

.30

180

1,80

X330

7+ 80
1% .00

.80
22,80
20.80

3.00

1.20
27 .50

0.48

0.78

L.&7

063

2.60

3.65

4.4
41,10
45,80
42,70
30,20
22.60
17.40
50,50

U/Th
0.12
0.18
0,21
0.19
0.20
0.18
0.12
0011
0.91
026
0.14
0.10
0.0%
0.18
0.19
0,33
.28
0,13
001({)
O.14
.11
0.47
1.00
O.16

0,27
0.25
.98

"

4 A A

O.A.-A.-
05()[.
0,22
0.18
0.32
Q.13
0.14
OO
00
0.0
221
2.31
1.38
2,70
0.6%5
0063
0.34
0.1%
0,14
0:16
0.06
0.04
0.03
0.03

%K20

?.15

7400
6485
8,75
b 121
b o B
7473
8.21
4,00
S92
G020
3443
3.40
2.80
6 b({>4
i.41
6.80
7470
4.20
4449
4,75
0.68
2441
0.3
O
0.50
0.350
0.30
035
0.27
0.75
3,40

9472

3.06
4.87
4,30
0.63
0.26
G625
0.63
0.02
1.08
0.23
0.37
020
0.7%
7.00
7471
7. 350
%.02

120
A..n.JO

)“‘0
250
350



Map

No.

BLOSR
BLO&R
BLO7R
B1Q8R
BLOYR
BILLOR
RLILIR
BLL2R
B1L3R
BL14R
B11ISR
BL1LSR
BLLI7R
BRI L8R
BL19R

Bl1AGR
Bilalr
BLAZR
BE1L43R
144K
B145R
BlasR
Bl47R
IR 31
B1a9R
BLEOR
BLSIR
LG

K
R1EG3IR

Field No. U ppm

GMa
GM9
GM10O
GMll
GM12
GM13
GML4
GM1LE
GMl &
(iMlén
GMlan
GMIL7
GMLS
GMLEN
GMLYM
GMLYR
GiMaG
GMION

GM27
LMY
SC33R
GM3Q
GM2Y
GMEYA
GM3E
GMIA
GM34n
GM3IAnR
HELR

2,00
1.00
0.90
1.20
L+90
1.60
290
1+90
240
2 G0
Q.90
A 00
Q.50
320
150
2,70
G40
450
A d0
3 b0
2400
250
L
a0
&4 EHO
O

Qe

Q.

1.90
D20
4,90
770
HL.50

2,00

Th ppm
8.9
G010
19.80
G0.00
38.00
19.20
18.40
1é4.10
Pell
10,40
26,10
e 30
15.00
44 .80
B2.10
1760
&2 G0
6770
£6,70
27006
20,80

2860
X230

e 30
Qe
100
E7 00
A9 .80
ALY
Al 30
U430
P?3.00

4,00
F00
4,20
.10
A.80
X &0
X80
3,40
230
4450
258,00

27460

8. 8%
B HO
2190

1,235
1 \'{"l ¢ l 0
20,30
26.60
1770
156,00

0.
10.90

0080
290.00

Q.
.60

200
14.30

A-7

U/Th
0,02
Q.02
O 0%
0.02
Q0%
0.08
0 o L (.[)
012
Q.26
Q.24
Q.03
0.06
0.06
Q.Q7
Q.04
0135
Q.09
Q.07
Q.05
0.13
0+10
011
0.09
Q.07
Q.21
Q.

(O

005
0.04
015
Q2%
Q.10
0.19
0.14
0.34
0.07
O.14
3.04
022
O.14
0.13
0.12
0. 0({)
0.

0.04
0,

025

.49

e 20

/§(()/.
039

4,058

445
G990
e Al
H013
0,68
4,82
Q.27

DY

cps
420
375
280
330
320
196
245
320
250
250
250

450

400
400
400
4600
500
250
190
240
320
00
200
160

40
160
300
200
270
300
F&8
300
124
110
200
200
200
200
220
200
200

40
200
S50
1850



Map
No.
Al
a2
A3
A4
(49
As
A7

Field No.
301686
5C1L7085
HCLZ/18
SC1728
1738
FC1E673
SC1668
Gh1ahss
SC14638
SCL&28
BCL6LS
501918
301908
GELASS
aCl149s%
5€1489
SE1478
SE1465

GCLB78
GBC1688

91608

S01548
GE1408
GE1396
GC1458
SE1418
GEL141A
S5C14468
SE14285
SEL1A3S
GG147S
51438
SG1428
QE1388
GCL396
C1418
S5C1408
L1388
GEL3AS
SE1338
GE134%
oG1348
513586
SE1358
1308
BCLILS

1. See p. A-2.

U ppm
(RAA)!
1. X0
250
1.20
2.10
2.00
0,80
2.80
24,00
8.50
17,10
7,00
12,00
3.30
13,40
28.00
10,30
53,00
53,00
Lde 40
11.40
21.00
2,20
4.30
5, 490
11,30

The Darby Mountains
Sediment and Water Samples

Th ppm
13.50
10.20
9.44
‘?644
LO.70
6.38
L5, 60
16410
28,80
20,40
33,20
36450
146,10
28.60
27,00
41 .20
61 .20
28,00
84,70
19.10
29,30
20,40
P70
2630
14,20
773
9.8
.12
43,90
&7 .80
114.00
6250
28,10
130.00

21440
24.00
A6 40
246.90

15,40
49 .00
20.00
15.90
36.00
40,00
19.10

74,00
41,30
96.00
33.50
4b .50
37410
28.10

2550

192.90
44.50
79,50
40,30
H53.10

72,00

U/Th
0.10

0.25
013

22
0.19
0.13
0.18
1.49

Q.30
0.84

0.21
0,33
0.20
0.47
1,04
0.17
0.87
2,04
019
061
072
0.1
0«44
0.21
0.80
1.46
O.17

2.58

132
0.75
0.71
0.07
2.78
0.45
0.32
035
0.52
0.66
0.+27
0+%4
0.63
0597
1.01
0+68
0.75
0.60
2.46
0.43
0.20
0.89
0,73
G.27

A-8

%Kzo

1.&7
1«31
LS
1.75
2.57
1.37
1.82
2867
2.87
2.47
2,94
2.4
1.72
2413
2410
2.3
2498
2.69
J.45
2474
1.49
373
171
2.99
1,47
1.42
1.92
2.80
2eb4
274
2.78
1.99
2e37
SR
1,38
1.93
2470
2+77
299
3,33
3.08

2.9%

2.94
3.45
2.10
1.88
2.10
3,25
3,31
3.27
2.3

»
A:! e Q)

U ppm1
(LASL)
5 .20

420

280
3,90
30.00
18,00
25,00
12.80
18.30
4.50
L3.90
49.00
21.00
X000
47,00
332,00
13%3.90
43.00
7420
\6060
?.90
3.20
3.+60
.00
25.00
9100
73,00

1.11.00

73.00

6470

.)200

78.090

:

22.00
50,00
13.70

34.00
30.00
20.00
49 .00
29.00
37.00
22,00
37.00
36.00

Hy0 pp
2
(LASL)r
0.80

0.30
0.50
2.00
0.%20

0.60
0.40
1.83
1405
0,40

1,00

1:.05
0.80

1.25
0.45
1,05
1.1S

0.60

1:.45
1.35
1.35
Oy
D.80

0.60
1,65

cps
80

4600
4600
450
400
400
300
120
200
300
300
300

240
300
300
200
300
200
350
300
300
300



No. FiehiNo

ant

L EEG

11848
J68  EC L83

SIE S \”

ST I )’ O ‘E.;
i HCYLG
SR 50875
J8G HCEas
SCees
GERYE
GEPO0H
SCHES
H0848
G868
SESLS

rf P45
oG

1:( 748

U ppm
(RAA) !
17,00
K600
1730
41 .00
2086
QX500

5,00
29,00

9% Q0

23,00
E0.00
5850
2900
33,00
13,90
Fé. 00

b 00

L2 60
G 00
A% 00
2E.00
XE,00
APRLY;
b 70
L4860
e A0
9,90
N
ST 00

Th ppm
40 8O
46 .90
&1 .00
H4.00
41 .30
I7.80
18.90
(‘) 2 (‘30
..... 20
4 'i) 00
11 .00
4250
DY, 00
8600
G600
46 .00
P7LHQ
1,80
3030

28l

&% 30
L4% 50
18320
J‘!’ B0
G 10

1 A.? L.20

570
3.70
RS 18]
370
e B0
7 A0
&30
Pl G
& 70
VEYAY,
P20
8.10
730
8.20
8. %0
.90
&L, 80
3. 80
8.%0
e 30
8,50
&, 90
4,950
270

J0.40
14 .40
17 %0
15400
Fl L0
26,30
20.20
LO %O
14,80
2 "‘5? o 10
24630
, \.l ¢ 1)0
S2.00
24,50
&0 50
28,30
37,00
F2.70
G B0
20+ 80
346400
3%.40
14.00
AE.90

A-9

U/Th
G.a2
G727
0.28
Q.76
Q.49
O
G.28
Q.44
0.80
0,58
273
023
0.2
038
021
Q.73
Q.72
.25
211
1e37
Q.44
Q.83
Q.46
.10
0,10
0.30
Ol
Q.
Dei3
0.08
ey
0.5
00» \J
0,19
0,28
0.31
O.468
045
0.33
Q.35
Q.33
0,33
0,33
Q.4
Q.21
Q.18
012
D.14
Q.10
0.4
0,21
0.32
0.08

ZK20
215
2449
2480
2o Ad
:}3 » 30
e ld
f . Ju
2 .40
2.3
234
Le23
1.+.92
2448
288
.06
deb4
1.87
’) 2
s 4
1« 8é
X5y
18%

A.83
e 4

L.8%5
271
2B
;’K + 30
A3
1. 8%
:\:.. + 4c3

2418

ﬂxLé

4 70

Fe2G
1 +\3\)
L i

s‘ . '\)(.()
2091

") A
e

Je11
F. 20
J. A9
Fe b
4,03
D l7
2o 7Y

432,00
43,00

33,00
33,00
FG5.00

38,00
43500
35,00
40.00
45.00

41,00
32,00
91,00

108,00

(.(J‘q [ O .)
37200

750
1100
L. 20

@40

.00
1& 10
18,30

7070
L& .40

14.10
13.60

. B0
1 O + 20
1220
2600
11,50

Y. 30

10.80

(LAsL)!
130

09
0. 40

L A \'
1415
1,65
L.00
048

130
l + () )

195

Lold

0,90
]

1.00
Q.45
Ol

0.8%
035
Q.35
Q.75
0.80

L4l
Q.25
0.80
0.+40
0350

0,70
0.0
1.80
Q.9

cps

H00
500
400
400
4285
300
200
300
300
4430
400
400
300
250
J00
400
280
300
HOO
400
a&00
&HOO
&500
HOO
H00
&00
HOO
&0

H00

150
150
200
150
150
200
200
150
160
200
300
300
D0
250
250

1200

X00
200
200



Map U ppm] . U ppm ] Ho0 pp?
Ny Figld No.  (RAA)T Thoeem  B/TH %KD, (WAS) (LASLYT g,
98 BT 6E 5,40 20,60 0,18  3.98 9,00 0.80 200
J59 BETHEG 8,30 60,50  0.14 3,90 0. 9% 300
J100 PTG 1,80 43,00 0.04 4,60 11,70 250
J101 BOTOE 6,00 X200 0.18  3.84  10.50 0.40 250
J102 BOROS 6070 36,00 0,19 Z.E0 11,20 0,35 300
J103 50016 6.30 32,00 0,20  Z.90  9.80 1.75 2550
104 BOBRE 5,00 78,80 0,07 .04 200
JL0% ECREG 5RO A7.20  0.14  AJ18  9.60 0.3% 290
J106 SEREE 4,20 20,20 0,21 4.60 5,70 0,30 175
J1o7 2,90 12,30 0.24 3.5 7,30 0,00 200
J108 B0 26,50 0019 3.59 6,80 0.20 200
J109 0,40 24,920 0,00 5.0 7.40 0,05 200
J110 0. 18,10 0, EL00 7,90 0,08
Ji11 5,40 10,60 051 2.00  11.10  1.2% 200
S X450 4,43 0,79 2,09 B8.40  1.30 120
J113 5,60 18.80 0.30 2,05 9.20 0.40
Ji14 2,10 660 0,32 D294 7,60 1,05
J115 4,00 TUES O 0.E5E 2,20 8,90 1.25
J114 4,70 11,20 0,42 2,05  8.40 0,45
NEE: 6040 1450 0446 F.13 11.90  0.40
J118 50500 15,00 0.36 2.25  9.40 0.9%5
ML 8,50 21,70 0.39  1.82 13,00  1.1%
J120 G.60 84,00 0,08  2.16  37.00 1,35
1o 4,80 19.60 0,24 2.63  8.10  1.B5
4,60 10,50  0.44 2,18 200
3¢ 3,00 G 18 Q.33 2ol 200
501748 4,90  13.30 0,37 1.67 200
B0 7EG 4050 10,20 0.44 2.0 200
B0 768 %070 8,42  0.44 2,37 200
T NEL T80 8,16 0.47 2,10 200
RN X070 9,70 0,38 2.8Y 6,90 1.6%5 80
B G HG D070 24,70 0.1l 1.8 5,70 0,35
LG G 4,70 12.50  0.38  1.94 10,20  0.60 150
SO 5,40 60,00 0,09 2.34 12,00 0,50 200
BEGOE 5,90 60.50 0,10 2,38 14.40 180
EEG 65 0. 0,30 0, 2,45 14,80
5E1008 5,00 26,00 0.19  2.74 475
EEO 4G 20,00 4,70 4,26 1.69 23,00 0.5 200
4,00 21,20 0419 3469 740 Q.95 100
.60 14,40 0,25  0.76 8410 0.6%
00 13,80 0,22 2.34 5.80  0.6%5 100
0,90 ELEG 0016 2068 BeA0 055 100
2, 60 5.4% 0,48 2.83  5.80  0.90 160
14y E 2, 00 Tol4 0.98 3,73 4,40 1.9% 100
J142  BC1068 Fo60  17.90  0.20 2.75 990 1.60 200
J14% BCLO7S ToBO 25,80 0415 4,08  10.20 0.90 200
J144  BEL11S G660 10,70 0.62 2.64 10,40  1.35
J14%  SE1108 94 00 655 1.7 B.24 12,40 0,25
1146 BELO8S 5,00 10,70 0,49 2045 7,00 0,65 200
Ji47  BELOSS 4,40 12.90  0.34  2.49 7,10 0.30
J148  S01048 1.70 20,40 0.08  2.93  £.90  0.90 150
149 BELO7S 4,80 12,50 0.54  2.44 9,00 0.40 160

1. See p. A-2.




Map

No.

J15G0
J1H1
J1352
JLS 3
J154
J1SS
J156
JEH7
J168
J1EY
J1L60
J1é1
J162
JILER

U ppm

Field No. (RAA) !

HSELOAS
HE1038
SE104E
SE1028
GELOLS
SE1048
SCLO28
501036
SC1018
SCo9s
GL68
HLess
aC978
G956

1. See p. A-2,

Map
No.
JILR
JR2RK
JII
JARK
JER
Jak
J7 R
JER
SO
JLOR
JLIR
JL2R
JLI3R
J1 AR
JLER
J16K
JIL7R
J18R
JI9R
J20R
J21IR
JR22R
J23IR
J24RK
JRGR
JAER
JR27K
J28R
J29R
JEOR
JILR

7510
1220
5450
406’)0
3.90
1170
?.30
9.60
9.00
7+30
.10
8,10
8.00
Ve 60

The Darby Mountains

Field No.
BEZYR
143
BA43~2
NA43-3
NAa3-4
na42
646
haay-1
DA4Y -2
HUA40
A4l
nAa4E-1
naag-2
a4
DA49 -2
OASO
[(FA3/AN
SE3I7RA
LAax4--1
(a34 -0
a3
0a3y
DAZ3A
Inas
N&a44
nAa3y
a3y
NA27A
 ATAVARE]
IA29N
NnA30

35 50
12.00
9,20
13,50
13,20
13,40
26 .80
33.70
20.20
174100
27 .80
18610
21 .40
18,70

U/Th
024

L.02
00({)0
0,34
045
0.86
0.35
0.28
Oo4d
043
O.18
0.4
0.37
0«30

Rock Samples

U ppm
15,70
0.
050
0.
0.90
2.60
WA
Q.20
3,00
4,50
2 80
e 80
oo 70
8.80
8.80
4,80
2.90
13,50
14,90
910
7 .30
2.80
9.80
?b‘?o
5400
16.90
1.30
2:10
4,50
4. 60
2430

Th ppm

531,00
3.00

L1.90
G670
3330
51.00
19.20
35,90
48 .40
64 .30
57 .80
24 .50
1660
4830
44,20
32,80
53,10
32.30
44,20
19.80
19.70
13.50
2760
14,460
44 .80
2%5.850
29.70
28,40
28.10

U ppm}
{bA%
11.80
.70
10.30
10.00
270
14.90
13.90
1270

8.30
11.20
?.00

0.47
0.7
2040
450
4.43
Ao X7
4,94
4e43
4. 42
4,92
56 X9
SG.08
S.17
4.,3%2
S.08
433
Gel b
TR
0,62
.76
470
4 .04
4,84
4,07
4,01
4,839
4.82
4,96

Hy0 ppb

ghgs)!

0.00
029
O+00
0,19
1.05
020
Ot(()S
0,70

0.60
0,85
070

cps
X00
160
1460
160
160
400
4660

59
GO0
410

340
4600
629
520
520
3500
460
420
330
47%
480
w80
375
420
325

375



Map

"o
JIIR
JRAK
JBER
JEER
JI7R
J38R
JIR
JA4OR
J41LR
JB2R
J43R
JAAR
JA5R
JasKk
JA7R
JA8R
JAIR
J50R
JGIR
JO2R
JEGER
JEAR
JEER
JEER
JE R
JEER
JEIR
JOOR
JEIR
JEDR
JEIR
JOAR
JAHR
JEHR
JO7R
JEAR
JEYR
J70OR
J71R
JI2R
J73R
J7AR
J75R
J76R
J77R
J78R
J79R
JBOR
JBIR
J82R
JB3R
JB4R

g e % FEE
NAZL -2 1.70
SC129R 10.00
5C120R 5460
5C121R 6.70
SEZBR .00
neg—1 4.40
nCg-2 5,40
0C8-3 5. 40
DCH~-1 5,40
DCS-2 4,50
nc4 ?.00
nC1 7 .50
nC2-1 4.80
nea-7 11.00
DE2-3 £0.30
ne3-—l 7,40
NCc3-2 540
NC&—1 .30
[Cé—2 5,90
Lcs—3 K90
nec7-1 9,00
[ 70 10.00
73 2. %0
5E 23R
A7 5,10
DA7A 150
[Ag-1 7,40
aAg-2 2.50
nAg-3 2.80
HAB-4 4.30
DA~ 9. 60
AYA He 70
UAY R 2,70
HALO-1 .20
[A10-2 8.00
DAL10O-3 680
NALO-—4 7,10
Dad il (60
nAaé 2430
IASA1 4.30
IASAD I.00
NA5A3 .20
DAG- 2.00
[IAS-D 5. 20
DAaS—-3% 2.10
LAl 2.0
1AL 2A 0.
HALRZK 0.
SED4R 4.00
na24 0.
A2 0.%0
Da20 2.30

T‘s‘ & %gn
Gl
48 .5
4%,50
42,50
070
34,90
42,70
%4430
72440
31.50
44,80
&67.70
71.40
82.30
66.10
446.90
41.10
462.50
34,90
64.10
76,00
64 .60
HEL.30

14,00
10.680
46500
72.50
HY 50
26 .00
885 .60
43,50
1350
97«80
64.00
&7 .00
4798

8.00
26.10
47,00
21,00
26.850
2700
42,00
37.00
J0.00
7¢30
21 .00
34.00

7.00
10.80
13.30

A-12

8{ék
0,33
0:21
013
0.14
10.00
0.18
0,13
0,10
0.07
0.14
0620
O.11
0.07
0.13
0.31
0.16
0.13
0.07
0.17
0.06
0.12
0.15
0.13

0,13
0.18
0.11
0.09
0.05
0417
0.11
0,13
0.20
0.13
0.13
0.10
0009
0.

0,09
0,09
0.14
0,09
0407
0012
0.06
0.07
0.

0.

0.11

0.08
0.17

H2y
0.70
4,58

ey
52y

4,805
0.08

-~

11.83

E

11.92

7o
40
500
500
400

580
580
570
570
700
700
700
600
500



Map

wOHUI Field No. U ppm Th ppm U/Th %Ko0 cps
JEER nA3 15.3 140
JBLR HUAY 100 1Z.80 007 .13 200
JB87R SE3IR 780 10.30 076 4,12 200
JB8R SE32R 4,00 8.00 .50 225

JO?R DAZ4 .10 12,30 025 8,00 150
JPOR na2o-1 0. 8,350 o 4,10 120
JOILR DAR22--2 0,90 29.80 0.03 6.87 120
JP2R nAZL 1.5 19.30 0.08 1+37 100
JO3R DAR0 J.00 23.30 0,13 4.8%5 150
JPAR nnz23 1.30 S5.30 0.25 S.81

SJPER DAZZ~L 1.30 29 .80 Q.0n 440 120
JPER HCLOSK 210 1%5.80 013 4.80 200
JP7R SC1O07K 2,30 259,00 0.09 G.07 200
JPBR OER26R 2410 11.00 019 44,49

JOPR SERBR 2480 22,30 G.13 5.20 250
JLOOR SEXLR 1.80 20.30 0,09 9.40 160
J101K SEJOR 1420 14,80 0,08 4,320 140
J102R nAatL4 600 53,950 0,11 G168 180
J10O3R IA L3N 2.90 2930 0.10 4469 220
J104R RALS-1 6480 28,30 0.27 G222 250
J1LOGH nAaLs--2 G570 14.80 0.39 G222 250
WH106R DALS~3 19.00 18.00 1.06 4.83 250
J107K NAE- 7440 26 20 0.28 .21 250
J108R natz L350 8450 0,18 S22

JLOPR 0A16-~1 Lel0 18.80 0.06 4.74 180
JLLIOR NAa1é-2 .70 3+ 00 L.,06 %90 180
JLLIR LAl &3 2470 &80 0.40 4,79 180
JLLE2R DALs—-4 b5¢30 11.50 0.85 1.20 180
JLTAR SCLOOR 1.00 19.30 0.05 5,00 250
J114R JCP9R 74350 22.80 033 3,08 275
JLLER SCP3R 390 31.00 Ol 5.00 225
JLL6R OALSIN 2430 20.80 O.11 3.80 200
JL1I7R DA 8--2 240 Y30 0.28 5. 09 200

Selawik Hills Area
Sediment and Water Samples

Map U ppm U ppm U ppb

No. Field No. (RAAYT  Th ppm U/Th %K20 (LASL)!  (LASL)!  ¢ps
Gl SE2428 1,70 10.00 0,17  1.48 3.90  0.20

G2 SE2408 1,50 3,50 0.43 1,20 3,30 0.35

63 SE2416 1.80 5.00  0.346  2.00 .80 0.59

G4 SE2448 0.90 5.00  0.18  1.73 4,00  0.20

35 SER2438 2420 1.50 1.47 1.20 4,90 0,00

B4 SER48S 140 1.00 1.40  0.98 D10 0,65 60
37 SERA9E 1,50 14.50  0.10  0.93 1.80 0,25

G  BE247% 2.50  14.50  0.17  1.2% 3,60 0.5%

69  SE2348 1,30 6400 eI W1 2,460  0.45
G1O  BER3IHS 1,20 7.50  0.15  1.83 I.20 0.%50

1. See p. A-2.



U ppm U ppm U ppb
(RAA) T Th ppm  U/Th %K, 0 (Last) T o(uasL) ' eps
4470 13,50 0. 3% 4.39 0. 50 300
4,00 10,00 0.40 Ve 1000 120
1.10 20.50 0.05 1eX1 Zo10 0,50 50
1410 8.00 0,149 Le72 Fo 50 040
250 5,00 0,50 1o 4.80 015
100 15,00 007 1ol 4,20 0. 40
1e30 1.00 1430 1.43 270 0. 15
1e70 2050 0. 68 L¢3 010
150 1100 0,14 1420 3,00 Q.45
3,10 20,60 0,15 2.76 5 50 0,35
3. 80 30,70 0.12  3.38 7,00 0.+ 80 140
HE 7 e 50 F2.70  0.08 3,79 37,00 0,45 150
BELR2G &4 50 26,90 0,07 4,00 31,00 060
1?17@3 %, 50 35, 70 015 3.84 21.00 0.00 400
GE1759 760 41410 018 3.28 11,00 0,05 400
74 5 70 48, 40 0.1 kSN 18.00 O ls
SE1 778 7. A0 27,10 Qo7 X0 $3.,00  0.10
SE L7889 5,70 35, 40 0.6 Fe80 1150 0. 55
3 8.00 37,00 0,22 2B 1060 0.00
6. 80 &2 350 Ol kel ) 1 G0 Q.15 200
185 5L 50 B &0 0.0 3,39 10.90 0. 60 450
51898 4,60 74 50 0.06  4.85 25,00 400
LA SE1B8S 7 A0 5 o 30 0,13 2.98 L9 .90 0,00 500
(34 BE1915 g RO 67520 0,09 2,86 16,20 0.5 A00
G 51908 7. 40 ST RELY O.l4 2L 88 2700 400
G3a GEL 928 5 50 7140 008 3 bd 17.00 0. 15 150
R BEL9EE 3,80 1660 O.2% 2. 600 1s0%5 200
G3a BEL S 3G 2430 Db 50 009 248 7410 0. 4% 20
G3Y BEROTS 4440 P00 0.06 2.80
52085 8,70 48,00 0,18 X
2098 4. 80 H2 .00 0.0 KR
: 9,30 &9 0 50 Ol 3ens
10410 41,00 0,25 4,00
0. 50 17450 0,03 3en7
700 i o 50 0,12 3.7
0.50 22,00 0.0 350
30 29,00 0,12 D40 720 0.40 200
0. 18,00 0. 200 150
1490 44,50 0,04 3.44 250
2,70 1150 0,32 2,20 150
140 13,50 0.10 1471 150
3430 47,00 0.07 347 150

(33 220 2700 0.08 "’S 1é 120
35 3.80 2250 0.17 230 950 O, 3%
3 2620 32.00 Q.07 ‘5 12 8350

640 &G 50 Q.10 3,19 L1620 Q.40

4.+ 30 7450 Q.57 2430 6. 70 0.40

270 8,50 0,32 2.20 670 0.70

: Gt : G050 1300 041 1.83 1350
G&O S I YOI 500 4"5 2 G0 0.1 208

idl SEL98R 4. 490 26 .30 O.17 LA )

G622 qLdOlB 11.80 P50 0412 .28 250

1. See p. A-2.



Map

NO.

Gé3
G4
G&s
Géé
Cé&7
G668
G&9
G70
G71
672
G73
(374
G75
G76
G77
G/8
G779
G80o
G811
Ga2
L83
584

]. See

U ppm
Field No. (RAA) !
HER2028 0.
HSE2O&R 550
SEZ204R 6.00
SER205 10.70
9E2198 19,00
SEZ218 730
SEQ22S 10:.10
BHER2188 7430
SER2238 4.50
JF:34Q 15,90
SE2258 27 .40
SE209B 11.50
SE2128 LOEO
BE2138 11.70
SE2158 9. 40
SE2149 7 70
S5EQ1L7S 2050
HE214686 10.20
GE2071 .10
SE14678 2430
SE14698 2:40
5E1708 3,30
p. A~2.
Map
No. Field No.
Gk [EY a1
GRAR Al 4
G3R AF3
GAR AP 2~
GHR Al 22
GoR APL-1
G7R AFL-2
GBR AF&A
GYR AFSK
610K aPrsec
Gl1IR AP8
G12R AFP7
G1IR ARlL1
GlaR AP Y
G1L3R AF10-1
GlaR AF10~2
Gi7R SF27
GlBR GF28
G1YR SP29-1
HA0R EF29-2

G211k

SF29-3

Th ppm
11,00
32.00
35,00
4dc\.

26,00
70.00
32490
37,50
q‘?;uo

33.00
32,00
36.50
31.00
18,30
15,00
Y. 00
e 1o
3\.1 .OO

4»10

Selawik Hills Area

U/Th
O.

0.17
017
0.24
0.38
0.10
0.31
0.19
0.08
0.29
0.86
003({)
0.29
0.38
0.91
0.51
0.28
0.19
0.26
0‘5(‘.)
0.40
G.43

Rock Samptles

U ppm
2:70
7.80
b.60
1.30
2620
100
1.+30

86.00

960
22.00
8.,.60
({)040
3.40
Z.30
1&.20
15.70
0.
2.40
1.60
3.10
310

Th ppm
15,60
44,80
44 .80
4170
26,00
16.10
27.10
70.30
8,33
3700
45.80
42.70
20.80
l‘) I + 40
JA.OO
54420
PQoJO
24.3%0

20.30

31.50
31,50

%K50
%a

2 87
2,70
4.0%
1.6%
2.06
295
2048
3.84
.70
X.04
3,37
:) + 46)

’
2.2

345
2.30
133
3.20
322

1.20
0.90

1.09

U/Th
017
017
Q.15
0004
0.08
0.04
0. OA

U ppm
(LASL) !

2K20
14.7%
14.36
14,84
17.19
13¢50
« 4
10,465
11.467
11413
7477
6.48
H.99
8.37
744
8.20
4,00
4.17

u.;.’f.’

7.83
640

gﬁi
3

g

U ppb
(LASL)

0.10
0.70
0.13
0.3%5
0.50
0,00
0,30
020

&
G

08

200

300

200
200
200
200
200

30
30



Map

No.

GR2R
G23K
H24R
G2SR
G26R
GZ7R
G28R
G29K
GIOR
G31R
G3ZR
ENIIN
G348
G35K
GIEK
G37R
G3IBR
GIPR
G40R
G41R
(A2R
G43R
G444
GA45R
Ga6R
(347K
A8k
49K
GHOR
GSIR
GH2R
GO3AR
GHAR
G55SR
GE4R
GH7R
581K
GG
GOOK
G&IR
G&2R
G&6 3R
G&4R
G65R
G&4R

Field No.
SFES N, 8e

5F4
65F3
Sk1-1
SF1-2
SF1~3%
SF2
Sk
SF7~1
SF7-2
SEZPR
GC200R
HCL9PR
SE4LR
518
K9
SEA4ADR
SP12
SHl
S#10-1
SF13
Q24
5242
SH24
SE2S
HF23
519
5R20~1
SF20-2
SF21-1
Sl2L~-2
G e
SF22a2
S5P22K1
SH2282
5220
SPL18-1
Gr1g-2
SP18-~-3
SF17
SEAZR
SEAGR
SF14
SFLS
SF1é&

3.10
1.70
2400
2.00
1.10

3450
0.80
.10
0.60
O,

? .00
7.90
Xe20
6050
6.00
3,50
7+70
4440
({Sb?()
0.

350
1790
O,

B¢40
1460
0.

0.
0.
139,00
44,00
1.70
12,20
:)0()0
0.0
00
0.0
2,40
4,60
0.70
3.80
530
530

19 208
24 .50
10.00
4,50
25.80
17.30
5.80
21.30
3,00
2%.80
7.00
2:50
70.50
430.00
21,50
33,00
21,00
®.30
28,30
40.00
2% . 30
2550
B4 G0
33,30
780
21.30
27.30
1150
B .50
65:.00
650
618.00

277.50

8.80
17130
21.80
0.0
1.70
0.0
25.50
16.50
0.40
11400
27,80
27430

0.09
0.28
1.75
0,35
0.19
O1Y

L
8%
6053
765
5.18
4,53
6.39
5.84
H+65
%30
5430
7.83
Sebb
b 9(‘)
8,390
6.48
6+45
6037
4.7
7.08
6.80
944
777
2.28
7 ® \")0
11.00
1.34
1L+70
12.40
13.80
@14
9460
7.+20
7.10
8.48
6.03
10.:40

0.3
055
5.00
6444
0.

6.4+20
4.40
50({)0

8
240
240

265
250
230
230
425
400
400

200

230
230
700
600
400
310
310
22
220
300
270
210
210
260
260
780
780
780
780
580

30

30

30
250
250
300
275
300
300



Zane Hills-Purcell Mountains Area
Sediment and Water Samples

Map U ppm U ppm U ppb
No. Field No. (RAAY Y Th ppm  U/Th K90 (Last)  (rast) cps
Il BE3IBAES 0. $,00 0, 1.53
N2 5E3508 0.80 11,50 0.07 1.50
03 SEZ496 1.80 146,00 O+11 1462 9440 0.75
N4 SE289S 2400 15.30 0.13 1,42 100
0 BEA9AG 790 1750 0.45 2.33 13.30 0+65 250
né BERG3S 7. 50 42,00 0.18 2.30 14.40 200
7 52918 7420 15,00 0.48 2,18 10.40  0.55
Us  SE928 8,20 20,00 0.41 2,33 30,10 200
1o SE2908 10.20 44,00 0.23 N 4 0.75
010 SE286S 8.20  15.00 0.5 2.00 16,00  0.60 200
ol S5E2856 7.70 24,50 0.31 1,40 14.80 050 100
D12 SE2888 &:70 50,00 0.13 1.56 1720 0475
013 SE287S &+ 60 1150 0.57 1.46 11,10 0470
nia SE2Q26 7.90 48.50 0.1 2,07 16.10 200
0% SE283S 5,70 22,00 0.26  2.7%5 15410
14 SE284S %, 70 27.00 0,21 1,92 16410 0.35 1460
R17  SE257% 30,00 20,50 1,46  2.15 44,00  0.40 200
0ig BEDSSS 11.90 17,50 0.648 2,18 22,00 0.30
0is  SE2565 13,30 57.00 0.23 2,00 38.00 0,30 160
n20 SE3108 2.80 7.50 0.37 Le24 4. 50 1+ 00
D2l S5E3098 S.30 12.00  0.44  1.73 8.50  1.25
N2 SEI0RS 2.70 12,50 0.22 2,45 G430 0.45 180
nes SER%88 6490 61 .50 0.1 2.14 16.30 045
024 SERSG9S 17.80 18,00 0.99 1.99 046
nes SE2626 4. 60 1200 0.38 164 7¢60 1465
npé SER61S 7.50 20,00 0.38 1Lebé 15450 0.70
027 SE2608 18,00 18,40  0.98  1.79 94,00  0.85 200
DR BER71S 93,40 41.50 0.56 2,17 26,00 0,95 200
nas S5ER705 21.30  37.00 0.5%58 2,18 40.00  0.70 200
N30 S5E2489 5,10 42,00 0.12  2.62 13.80 3.2% 200
n33 5E2699 24450 B7.50  0.25 2,06 34.00 1935 200
03 SE2676 14.90 40.50 0.3%7 2.51 29.00 2,93 200
033 SER65S 1«40 7. 00 0.20 0.97 1.70
n34 BE2668 2,40 4,50 0.%3 1.09 3.30 2:7Q
03%  SE2638 7. 80 56,00 0.14 1,55 12.90 2,99
036 S5E26485 2,40 23.00 0.10 1.48 2.40
037 5E2748 35,00  47.00  0.52 2,70 60,00 1.%0 700
038 SEZV?3IS 15.90 78,00 0.20 2,06 44,00  2.18 300
L SEDTRE 2.50 7450 0,33 1,00 3.40  0.85 100
H1 5E3399 4,30 65450 0,46 1,41 4.90 020
H2  SE3415 2,90 6.50  0.45 1.06 . 3.60 1,30 80
H3 5EF405 2,90 12,50 0.23 1.37 0435 80
H4  SE3485 4,00 12,00 0.33  1.39 100
HS  SE3428 180 12.50 0.14  1.20 3.80 1.75 150
Héb $E34385 2.10 10.50 20 1.17 3.50 1.90 120
H7  SEZ448 4,30 12.50  0.34  1.40 6.00  2.40 200

1. See p. A-2.



Map U ppm U ppm U ppb

1
RAA) pm  U/Th %K20 LASL)! LASL 5
$¢HO 23.&0 040 1.460 };olg ( ) 5%3

8,30 P50 O.87 172 2470 200
7440 19,00 0.39  1.96 14,00 0,45 200
el 6610 21,00 0.29 2,00 .80 0.45 200
H1Z  BE354G .90 42,00  0.16 2,462 14,00  1.80 200
HI13  SERS5S 4,60 23,00  0.20 2,17 0420 200
14  BE3068 15,60 26,50  0.59 2,51 29,00 0,95
HIG  SE3076 13,30 27.00 0.49 1,32 23,00 0.5% 200
Hié  SE3058 8,80 4050 0.22 2,50 1e45
L7  SE3048 1070 28.50 0.38 2.7 18,00 0.50
HIS  SEI00S 13420 32,00 0.41  2.47 28,00  1.40 200
M9  SE3018 B, A0 42.00  0.09 2,30 19,20 0.85 200
M0 BEZORS 7.10  ZB.H0 0.18  1.91 13,90 200
MRl SE3038 5,90 35,00 0,17 2,18 17,40 0.65 200
MRD  BE299S .10 24,50 0.25 00 26,00 0,20 200
T 7e60 34,00 0,22 ~.~a 14,70 0,75 200
9,70 30.50 0.32 2,50 18.10 1.30 200
.60 32,00 0.24 2,49 12,00 1.3% 200
670 BEE0 0 0420 199 16.40 0.8% 300
FBO 13,00 0,29 2,02 0.4% 200
.50 28,00 0.30  2.25 18,40 1.55 200
12,90 50,00  0.26 2.13  31.00  1.80 200
10.90 30.50 0.36 1.%54 19,70 1.60 300
37,00 61.00 0.61 2.49 77.0 105 600
DE,00 23050 1.06  1.63 35,0 2460 600
PO 44,50 0,22 267 R2.O0 0.75 500
D900 Z3.00 0,40 3.4 35,00 0 0,70 400
26,00 75,00 0.3% R X2 52,00 0.6%5 400
: 12.90 19.50 0,66  2.17  LE.20 0 0,30
3F65 16.90  B0.00  0.21  3.08  31.00  1.80 300
FABG 30,00 120,00  0.2%  3.30 63,00  1.95
2100 65,00 0.32  2.78 40,00 1.70
B30 12,00 0,44 1.94 6.80 1.5%0 160
5,030 13,00 0.41 2.37 .40 0.75 160
F.80 10.50 0.36  1.88 .30 0.75 150
4050 16,00 0.28  1.98 470  1.00 150
7.00  18.50 0.38 2.74 12,80
L7.80 21,50 0.83 2,74 23,00  0.55
.50 17050 04031 Relé .90 0,20
4,70 15,00 0,31 2,53 10,10 0,70
5,050 13,50 0.41 1,90 .90 0,90 300
o660 17050 0,38 0 223 11.20 300
BE31 26 2.30 13,50 0417 1412 4050 1,35
HEL  SEZ138 2050 .00 0,28  1.17 4,40 1,05 400
HS2  SEZLES 57,00 A7.00  L.21 0 2,47 HY.00 0 0.5
HEE  SEBL4S 57,0 3,69  Z4.00  1.30
HE4  SE3168 16.10  37.00  0.44 2,89  27.00 0,20 450
; 3 22,70 54,00 0,42 3.14 39,00 0.4% A0
45,00 44,50 1,01 3,00  77.00  1.0%5 450
56.00 64,00  0.88 2,67  49.00  1.40 400




Zane Hills-Purcell Mountains Area
Rock Samples

Map
No . Field No. U ppm Th ppm U/Th %K20 cps
LR ZH14 2.10 40460 0.0% 6o bl 720
2K ZH13A 17.20 H& 470 0.30 b AT 000
DR ZH13 é .80 24,80 0,28 8135 000
DAk ZH32 3,60 63,00 0.04 715 745
&SR ZH11A 4650 11.40 057 4,50 285
4R ZHLT L350 15.190 0.10 J.37 22%
D7K ZHLO 170 11.40 0,19 327 230
er ZH9 2,30 12,00 021 4.03 235
IeR ZH8 4,80 44 .80 O.11 2.80 275
nLoR SESAR 180 10.30 0.17 1.68
N1k SESIR 1.10 4,00 0.18 LaLQ 70
MK ZH23 1.40 P37 0.1% O.7% 95
H2K ZHA2AL 3,49 1770 019 4.8 S00
HIR ZH2202 24320 20,30 O.11 4,44 300
HA4R ZH22K 49,00 13.50 .63 b+25 300
HER ZH2282 19.40 21.30 0.91 b1 300
H&R ZH21 Je20 11450 0.28 2,53 235
H7R ZH20 1.60 2,08 O.77 .14 210
HBR 21204 2.80 8.85 0.32 T.21 210
HYR ZH1% 1.40 12.850 0.13 Il 190
H1OR ZH18 1e40 ®.40 O LE J.04 230
Hilkr 2117 0.70 12,50 0.08 2099 210
H12K ZH 170 120 1100 O.11 I, 27 2160
H13R ZHL4 090 14,00 D.06 2,80 210
H14R VAR Le20 14,60 0.08 2.97 210
H1%5R LH7 2.50 18.80 O 13 3.4 J&60
H16R LHé 2440 13,50 0,14 3.21 250
M17R ZH6H 1.70 13,30 0.13 3,35 250
Hi8R ZHG 0. 14.10 0, .82 350
H19F ZHEH 2,30 7400 Q.03 S.68 500
H20RK ZHAA 3,10 98+ 30 0,09 o 7 G380
H21R ZHAR 9 e A0 1900 0.11 HeH2 80
H22R ZH4C 0. 11,50 0. b6.13 580
H23R ZH X.70 G990 0,06 Y88 450
H24K ZH2 G440 98.30 0.09 b2 6550
HR2GR Zi) 0.60 2,08 0.29 OL.55 475
H26R ZHIA 8.40 91,00 O.16 6,19 100
H27R SESIR I.650 126,30 0,03 G 4% @00
H28KR SESGDR G H0 21.00 0. X1 XeA%
HZ29KR W2 e 40 26,00 O.21 4.7% 400
H3OR WC1 18.40 31.00 0,59 4,49 %40
HI LR WGy .90 18.70 0.32 3.%4 380
H32R WGC3 3270 41.40 0.79 4,59 580
H3 XK W4 11,90 38,30 0.31 4,47 4620
HI4R Wwes 15,90 35.40 045 4,48 620
H3I SR WCS 15,50 25.00 0.462 3.83 G40
H36R WC&1 4.00 30,20 0,13 4.34 480
HNI7R WCé6-2 10.40 20.90 Q030 450 480
HIBR WC7 ?.00 35,40 0,25 358 300



Copper River Basin
Sediment and Water Samples

Map U ppm Uppm U ppb

No. Field No. (RAA)!  Th ppm  U/Th %K, 0 (LASLYY (LAsL)! cps
oy SEX668 1.40  10.00 0.14 1.20 1.70

Cw SE365S 1.30 7,00 0.1% 1,32 2,30 0.75

03 SE3648 2,00 11,50 0.17 1.34 2.70 60
C4 SE3638 1,80 14,50 0,12 1.5% 2440 0.85

C%  SE3L2G 2,50 8.00  0.31 120 2.20 1,30 70
Cé  SE3678 1,40 6,20  0.23 1.81 3.00 1,75

KJ SEIB06 2.00 5050 0034 1.02 1.90  0.40 60
K2 EBE3798 1.70 7.50 0.23 1,13 2,60  0.3% 460
K3 SE3IZ8S 2.5Q 5.70  0.44  0.84 2,50 1.10 A0
K4 GEZ77S 2,00 5,50  0.36 0.88 2,50 0,70 40
KL MRS5S 0.50 1.20 0.42 1,50 1.20 1.00 45
K6 SMR265 0, 2,79 0. 1.00 2,20 1,00 4%
K SM276 0. 3.7% 0, 1.43 1,20  0.35 4%
K6 GM298 1,60 5.7 0.28  1.15 0.85 ng
Ko 5M286 0. 16,00 0. 1.40 1e15 28
K10 SK178 280 3.80 0.74  0.75 3.30 38
K1t SM206 1.10 4,29  0.26 0.71 2.30 0.90 43
K1 SK148 2.10 4,00 0.53  0.89 1,00 0.60 30
K13 SK16S 1,90 3.30  0.58  0.7% 1.80 1.5 38
K34 BM228 0. 3.7% 0. 0.44 1.00 35
K% SK138 0,80 2,30 0.35  0.56 1430 1,55 38
KL & SM246 0. 3.00 0. 0.53 ks
K17 SM218 100 .00 0.33  0.62 35
K16 BK128 0. 2,80 0. 0.89 1.30 1455 40
K& 5K118 1.40 2.80 0.50 0.76 1.00 3,40 20
K20 5K108 1,00 1.80  0.56  0.7% 0.69  0.75 30
K21 BK9E 1,00 3,30 0.30 0.80 1,40 0,90 09
K20 5K8S 0.40 5.80 0,07 0.92 1,60 0075 40
geges 5K78 2,40 3.80 0.463  0.87 1.90  0.65 40
K24 BL2208 0.80 65,74 0,12 0.77 40
K2 502248 0. 3.49 0, 0.73 35
K26 SEZV66 2.50 2,70 0,93  0.95 1460 40
Ko7 SEI7ZHS 1.30 6,00  0.22  0.77 1.80 0.45%5 455
K28 BE3748 1.60 2.70 0.59  0.80 1.60  1.05 550
K29  SBE3IVIS 1,30 6,20  0.21 1,10 1.20 1.30 50
K30 5KSG 0. 0.50 0. 0.99 0,90 0.70 40
K3, 5K68 0,40 0.5%0 0.80 0.87 0.5 1.55 42
K32 SE3VLS 0,30 5.20  0.05 1.13 1.30 0.80 40
K33  SE3726 1,00 S5.70 0.18 1.24 1.90  0.640 60
K34 5M198 0. 5.50 0. 0.47 Q.28 0.%0 25
K35 M85 0. 4,50 0. 0.40 0.23  0.25 25
K364 5M168 0. 8.25 0. 0.44 0.31 0.55 30
NCYS 5M176 0. 2.75 0. 0,71 0.70 30
K36 5M158 0. 0.60 0. 0.82 0.15 0,55 30
[ 3 5M148 0. 7.50 0. 0.2 0.40 1,00 30
K40 5ML36 0.80 3.50 0.23 1.09 0.47 0.75 40

. See p. A-2.
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Map ) U pp?] X . U ppm ;Y ppb

93 Eieldghe: gﬁAA Shebpm YT 539 OARE) fLASL) %
K42 SM545 1,60 2,10 0,76 1.00 1,38 1.35 40
N43 5M&665 1,10 2,75 0,40 1.12 0.%0 1 .40

K44 SM6HS 1o 20 4.50 027 0. 90 1610 1430

Ka4% SME75 1.40 207G 0.51 0.90 0.93 1.55

K4 5Mé A8 1450 5, 2% 0.29 0,88 1.80 42
K47 5K318 080 4,30 0,19 0.9 1,60 0.40 2
K48 ERE2G 1.00 X350 0.30 0,80 1.40 0 .85 42
K43 5M&638 1.50 4,50 0.33 0,90 2.10 42
K50 SMe2S 0. 3.50 0, 0.88 1.60 40
K51 5ME 18 O Z.75 O 0.88 1.60 A4
N2 5K288 0. 2.50 0. 0.98 1.40 1410

K% SK258 0,70 2,80 025 0.76 1620 1.40

K9 5K248 0.40 6. 00 0.07 0.75

K53 GK248 2410 4030 0.4% 0.73 150 0.95

K5 & SK278 1,10 4,00 0.28 0,59 0,86

K& . 5K298 0.60 3.00 0.20 0.83 130 1,20

K503 5M59S 120 145 0.83 1.10 X, 20 1,10 40
1“\‘\—.‘ " :\;M(I)OS ()e ?o:]:} Ob 1 031 IA ® 30 0055 40
Kébo GM5ES (e 250 G, 0,90 0,94 0.55 40
K& 5M%78 080 X5 0.23 103 120 40
KA MGG 1,20 5, 25 0,23 1.13 0.95 1.4% 40
N&3 SMEG L2320 4,50 0.27 0,80 1430 0.70 40
Ké 1 5M45 1,20 3,08 0,37 0.82 170 0.4% 34
K60 BMBG 1420 2,04 0.53 1.00 140 1.10 3
Ké SM7G 130 3,00 0,40 0,94 1.60 0.65 30
K& ? 5M9S 0,90 2650 0.36 .86 160 115 34
K &R 5K38 0.70 %, 00 0.14 118 1.40 1+40 48
K& 5K26 1,30 2,30 0.5 1.40 1,20 0.75 55
K50 5E3688 1,40 65:00 0,23 0.87 1430

K71 5M1 LS 1430 4450 0,2 0,88 1,80 0,40

K72 SEZ708 2.10 12,00 0.17 1.24 2,10 &0
K7z BE3696 2,00 5 50 0.36 1.20 2,00 60
K578 5M528 1.10 450 0,20 1.07 1.50 0.60 30
K75 EM5A8 0. 650 0., 2,00 1.90 6
K74 SME3S 0.70 5,00 0.14 .29 190 32
K7 5M5085 1,00 3,00 0,33 1.36 1 .80 0.45 36
K74 $M515 0. 250 0. AN 1,40 0,55 34
K74 GM55S 0.5%0 2.50 0.20 L R0 0,52 0.7% 20
KGO 5M498 2.00 2450 0.80 1.30 1470 0.45 50
Ke L S5M4885 O. & .50 0. 1,40 1,40 0.55 50
K& 5K2386 0.50 2,00 0.25 1.33 0.70 1,95 45
K3 5K228 1,30 2,80 0.44 1.38 45
K84 5K205 1+40 2.00 0.70 1.32 0.468 1.40 45
K& 5K218 0. 1.80 0. 1 .40 45
N84 5M&8S 0.80 1.25 0.64 0439 069 0.45 50
K87 SM&696 1460 4,00 0.40 0.40 1450 0,35 50
K 5M708 0.80 2,75 0.29 072 0,39 1.90 5
8w 5M7 28 O 1.75 0. 0461 0.87 0.70 40
K50 EM718 120 1.75 0.69 G.72 0.69 1+40 40

1. See p. A-2.
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Map
No.
LR
C2K
(N AFEN
K2R
KAR
KaR
NER
N&R
K7R
K8R
KRR
N1IOR
K11R
K12k
K1 3R
1R

FR

Fteld MNo.
HELS
GE2S
SE3S
JE48
SESS
SEZH8S
BE3618
SE359S
GEZL08

Fisld No.
SESERA

GKLLR
SRR
SES7R
SK4R
SJESLR
wMER
SMILR
DMEBR
R

SEGHRR

1) ppm
0.50
Q.50
1.00

1.30
1,50
1.00

Th ppm
11.50
11.70
19.90
2.2
1208
14.5
3.00
13.00
780

B/Th
0,04

0.04
0,05

0.26
0412
0.13

Cnpper River Basin

Rock Samples

U ppm
110
0.40
0-
0,
1.10
0.90
0.
()é
0.0
0.40
06
040
0,460
1.20
Oo
1,00
L+.00

Th ppm
26,00
3,80
7430
64.50
010
0.30
0.10
0.20
0.0
0.0
0.20
0.70
3.50
200
200
0.70
2,30

U/Th
0.04
011
Qs
0.

1100
J.00
Ob
0.

4,00
Q.

057
017
0.40
00

1.43
0.43

%K, 0
2016
1.24
365
3.82
2,91

0.48
0.51
0.80

K0
0.98
1.+40
R

052
0 + 4&
1.10
Q.50
O + :’.‘{’
0.20
0.40
1,54
0.87
2026
1.468
1.2
0.34
0.53

cps

70
50

cps
4%

45
100

38

*Sample mean and standard deviation of samples collected in Mt. Hayes
quadrangle based on data from that quadrangle ontly.
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Nu. Field No.

I 1. J(§06)

50 5()8‘n
B3OS
SCRa7E
GCA28S
SRIL0OS
7??11”
BCARAG
(@l%‘
TF?J‘“b
HBOALZS
HC3R168
S03158
SC31485
SCE01LE
BC302S
SMLI0S
GML3IS
EML ARG
SML33G
SM13686
UM1348
SMlEEg
UM137G
HLR008
SM1418
SMLARs
HSMLAZS
SM1LAES
SM1408
M1 476
Gl as6s
GCE04%
MM14ﬁw

IM I ‘.: () ‘:S

GR&9E
SRIOSG
SMLOAR
GMLO7S
G088
SE3VIH
GM1LOPSE
ﬁﬁilﬁﬁ

Chitina Valley Area
Sediment and Water Samples

U ppm
(RAA) ! Th ppm U/Th %K20
0+ 30 4.74 Q.08 o446
0 b7 4 0. 0. 86
0460 e H0 0.0 1. 48
QX0 He24 0,06 133
0, 2.9 O 0,70
O 5.+00 0. 0.44
0. F25 Qo 050
Oo 40/4 Oo 1 v\JS\'()
0. ST Qo L 20
QeH0 X 7E Q.16 Q96
Q.70 2R 0,30 1,30
Q. 72 O 1320
0.80 500 O.16 0.79
L.60 S Q0 Q.32 0.94
Q. 1130 Qe Le.18
0,80 .80 0,23 057
1.20 G749 0.18 0,95
Q.70 G99 Q.10 1.00
Q.70 350 020 Le20
1+3X0 450 .37 1,30
1 .50 1.00 1+50 1.03
LG50 4,75 Q.32 Lsd4
190 e 0.84 1.40
0.80 3,25 0.25 1.27
S25 Qb 129
Le80 275 QS Lad
Q. b I 0, 132
i 450 Q60 Led?
Do 70 G 0.1 L2y
14850 F 850 0.43 1.36
e 50 ¢?W Qe 30 1.40
L0 2,50 Q.96 102
Q. 2400 Qs 210
0. 1.50 0. 1.70
120 boldd 0.9 1+40
Q.90 Q.76 Q.33 1.39
0,90 4,28 0.2l 1 .39
050 .00 017 L 20
Qe e B0 0. Lelé
0. 080 0. 1.1 4
¢ 30 4,00 0.33 L.6%
0. 50 425 Q.12 149
LedD 400 040 L33
1+80 1070 Qel? 140
L+l0 o0 O.16 1,60
0 e 2 0, 153
1+70 400 0.43 le&8
Lo &0 4,75 Q.34 1.81
1350 1O 30 0. 1% 169
1+60 475
150 Ll .80

0.13 1.44

A-23

0.34 1.93

U ppm
(LASL)!
140

D64
210
1.10
Q.47

1.20
0. '4({1
1.90
1.00
100
20460
L.00
L7270
1.90
Il{\

AOA

220

2040
1720
2 20

200

190

2620

170
260
Fe20
3.00
250

”O

3400
10
1.80
1.80
2o 40
2.00
240
2440
2.80
2040
2250
230
Ll
280
2.00

U
(LRQE)‘
0. 50
090
O + 6) O
70
0 .....
1. ()()
0. 90
0,45
0. 460
Q.60
Q070
125
0.95
1.4¢
Lel%
Q.60
1.10
050

0.0

0.20
020

L0
Q.75
1,725
Q78
0.40
0.+60
0.4%
Q50
0050

2.10

020
Q.20

Q3%

0050
0+30

340

L35

Led0

cps

7
&0

50



No. Field No.
152 '”M 1 1 65

] h:P1 ll’l;ii

SRR SM12485
25 & GM1285
7 GML29E
S5 UR&1S
58 SM1 235
A0 SML2E
wh 1 GM12Ls
R amMLL8s
&3 GM1LeS
264 HM1LZ08

8

L1 UMl o4h
L. SM1G3EE
4 ;Fﬂ 1oLs

) BM100S
BOECEIRS

£ 1[ ’5*(‘1)
! SC3E1S

20 HCIZAE

e GLEBES8

.23 \)Il \b 3

AN \!M ’5‘;’5)

.32 SMalLE

.33 uMﬂJi

1.

34 M ABG

35 Gpaan
XA SMI05
R SMAEHS

See p. A-2,

U ppm
(RAA) |
220
LS50
2600
150
Lol
200
(] +

2e20
1+ 50O
2400
1o 30
240
200
L0
L0
e

180
210
0.

(e

0.80
1+ 40
170
150
’ L3 (()O
0. 80
0. 60
Q.

0

Ge70
070
La 30
120

.40

1420
S350
G

Qe

0.350
3,20
070
0+60
0.350
1.20
L. 00
150
0.

D60
U

Th ppm

t; €A d
G20
4 "/ e
(’ o
2.7
S 00
230
8.2%
b7
8,00

11.00

8,250
8.00
S0 70
200
R 00
o0
920
Fe 50
4,00
4.,7%
‘I ¢ :\”\l
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Appendix B

HISTOGRAMS

Shown below are histograms of uranium values from sediment samples
analyzed by Resource Associates of Alaska (U RAA) and Los Alamos Scientific
taboratories (VY LASL) and water samples (Y H,0) analyzed by LASL.
number of samples is limited to those for which there are no data for these
categories. The printed interval designations are the lower limits of class

intervals.
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Appendix C

CORRELAT ION MATRIX

Variable | represents uranium, variable 2 represents thorium, and
variable 3 represents potassium oxide.

Granite Mountain Area
(Coefficient >.215 represents significant correlation.)

1 2 3
1. 1.00000 0.31092 0.30559
2. 0.31092 1.00000 0.63778
3. 0.30559 0.63778 ). 00000

Darby Mountains
(Coefficient ».208 represents significant correlation.)

] 2 3
1. 1.00000 0.5440% 0.00215
2. 0.5440h 1.00000 0.31250
3. 0.00215 0.31250 ). 00000

Selawik Hills Area
(Coefficient ».283 represents significant correlation.)

| 2 3
1. 1.00000 0.44735 0.33592
2. 0.44735 1.00000 0.54408
3. 0.33532 0.54408 1.00000

Zane Hills-Purcell Mountains Area
(Coefficient %.267 represents significant correlation.)

1 2 3
1. 1.00000 0.547h55 0.58899
2. 0.47455 1.00000 0.56517
3. 0.58899 0.56517 1.00000

Copper River Basin
(Coefficient \.267 represents significant correlation.)

] 2 3
1. 1.00000 0.218541 0.07743
2. 0.21841 1.00000 0.2932}
3. 0.07743 0.2932) 1.00000

Chitina Valley Area
(Coefficient ».254 represents significant correlation.)

1 2 3
1. 1.00000 0.17}75 0.16597
2. 0.17175 1.00000 0.27731
3. 0.16597 0.27791 1.00060
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Eagle-Charley River Area
(Coefficient >.561 represents significant correlation.)

1 2 3
1. 1.00000 -0.31310 -0.21625
2.-0.31310 1.00000 0.26562
3.-0.21625 0.26562 1.00000

Healy D-1 Quadrangle and Vicinity
(Coefficient >.181 represents significant correlation.)

1 2 3
1. 1.00000 0.25375 -0.0308%
2. 0.25375 1.00000 0.34538
3.-0.03084 0.34538 ) .00000



Appendix D

DETERMINATION OF THOR!UM, URANIUM, AND POTASSIUM OXIDE IN STREAM SEDIMENTS AND ROCKS

THORIUM
Digestion

Approximately 0.4 g of a -80 fraction is digested in a 1:1 mixture of hydro-
fluoric and nitric acids. The residue is then treated with excess boric acid to
remove all traces of fluoride, and the remaining residue is taken up into 50 ml
of a IN solution of HNO,; an equal) volume of concentrated HNO3 is then added to
make an approximate 8N-aN03 solution.

lon-Exchange Separation
The 8N—HN03 digestate is then passed through a 50-cm x 1.5-cm ion-exchange
column filled with Dowex 1XB Resin in the chloride form, which has been freshly
converted to the NOyx form by running through it 100 ml of 8N-HNO;. After all of
the digestate has b&en run through the column, it is washed with another 100 ml
8N—HN03. The column is then eluted with 100 m! 6N-HC] into a clean beaker. This

liberates all the thorium which has been complexed in the resin. The eluate is
then evaporated to dryness on a hot plate.

Colorimetry

1} To the dried residue, add 5 ml IN-HCl and 5 ml of 2-percent aquous solution
of KMnOy, and place on a hot place and evaporate.

2) To this, add 10 ml concentrated HCl and evaporate.
3) To the white dried residue, add another 10 ml concentrated HCl and 5 drops
formic acid and evaporate. This destroys all remaining traces of nitrates which

wouid interfer in the final step.

4) The residue is now treated with 5 ml concentrated HCl and transferred
quantitatively to a 10-ml vol. flask.

5) Add 1 ml of a 0.2-percent solution of Arsenazo |11 and bring to 10 ml with
H50.

6) Determine absorbance at 660 nanometers on a Beckman-25 spectrophotometer.

Thorium forms a purple complex with Arserazo I!1. The intensity of the complex
obeys Beer's law in the range 0.1 to 1.5 g Th/ml.

URAN I UM
Digestion
A 1-g sample is digested in V:1 HF/HN03. Fifteen m} of each are used three
times. The digestate is then filtered with a l-percent HNO3 solution and brought
to 100 ml.
Extraction

Five ml of sample, 5 ml of saturated aluminum nitrate, and 5 ml of ethyl
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acetate are placed into a 25-ml test tube and shaken for 3 minutes.

The organic
layer is allowed to separate.

Then a 0.1-ml aliquat is taken from the organic
layer and placed directly on a pellet made from 9 parts NaF, 45.5 parts potassium

carbonate, and 45.5 parts sodium carbonate, and allowed to dry on a Pt dish. It
is then placed into the oven for 25 minutes at 650°C.

Fluorescence

The pellets are then removed from the oven and their concentration is read
off the Turner-110,

POTASSIUM OXIDE

1) Take 0.2-g sample and 1.0 g lithium metaborate and fuse for 25 min. at
1000°C in graphite crucible.

2) Dissolve pellet in 150 ml of 15-percent HNO 3 using magnetic stirrer; bring
sotution to 200 ml with distilled water.

3) Determine K on atomic absorption unit as percent KyO0.
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APPEMDIX E-~GENERAL GEOLDGY OF AREAS INVEST!{GATED

GRANITE MOUNTAIN—HUNTER CREEK PLUTON AREA
Location

Granite Mountain is the southernmost intrusive in a belt of plutons
in the northwestern part of the Candle guadrangle, in the extreme eastern
part of the Seward Peninsula (fig. 2). The approximate center of the pluton
and summit of Granite Mountain is occupied by a White-Alice communications
station operated by ITT Arctic Services, which is scheduled for deactivation
in 1976. An Air Force runway, adequate for mbst any type of aircraft, is
located on the west side of the mountain. Permission is required for its
use. The nearest towns are Candle, 45 miles northwest; Buckland, 40 miles
north; and Koyuk, 40 miles south. The highest point is 2,344 feet in alti-
tude. The terrain is rather subdued and mostly tundra covered; there are
no trees. The Granite Mountain pluton is nearly circular and occupies
about 30 square miles.

General Setting

The geology of Granite Mountain has been mapped and discussed by
Miller and Elliott (1969), Miller (1970, 1972), Patton (1967), and Gault
and others (1853).

The Granite Mountain pluton is a mid-Cretaceous intrusive complex
that has intruded Jurassic(?) and early Cretaceous andesitic volcanic
rocks located on the western edge of a late Mesozoic mobile Yukon-Koyukuk
province {Patton, 1973). Tertiary and Quaternary flows are extensive in
the area surrounding Granite Mountain.

Two small plutons satellitic to Granite Mountain are the fishhook-
shaped Quartz Creek pluton to the northwest and an unnamed stock near the
northeastern part of the Granite Mountain pluton that occupies the head-
waters of Peace River. The Quartz Creek pluton is of fine-grained biotite-
hornblende quartz monzonite, and the small unnamed stock is composed of
several varieties of syenite. All three plutons have associated mineral
occurrences. The Granite Mountain pluton and the unnamed stock are anomalously
radioactive and are considered to be potential sources of uranium.

Igneous Rock Types

The alkaline intrusive complexes of west-central Alaska are typically
highly potassic and subsilicic. The surrounding country rock is Lower
Cretaceous andesitic volcanic rock, and a contact aureole facies of horn-
fels extends outward for about 300 m.

The Granite Mountain pluton is a zoned complex that has been divided
into four units (Miller, 1972, p. 2118-2121). It consists of a core of
equigranular quartz monzonites; an inner crescentric zone of massive to
porphyritic monzonite and quartz monzonite; an outer crescentric zone of
foyaite; and a unit of garnet-bearing nepheline syenite. Also, pseudo-
leucite porphyry as xenolithic-like blocks in the foyaite and as dikes in
the andesite country rock suggests early separation of leucite during
fractional crystallization of alkaline magma.



The Quartz Creek pluton is predominantly Tine~grained biotite~horn-
blende quartz monzonite that crops out along Quartz Creek and near the
headwaters of the Kiwalik River. The northeastern part of the pluton is
extensively altered.

The stock on the north flank of granite Mountain at the head of Peace
River is composed of several varieties of syenite. The most abundant are
a pink, medium-grained bornblende-biotite variety and a pink, fine~to
medium-grained, porphyritic syenite composed of over 90 percent perthitic
feldspar {Miller and Elliott, 1969, p. 12). Garnet-bearing nepheline
syenite is also present. Anomalous quantities of metals and high radio-
activity in the area make the stock particularly interesting from the stand-
point of uranium exploration.

Economic Geology

The mineralization at the Granite Mountain pluton offers strong en-
couragement to exploration for vein-type uranium deposits. Fourteen lode
deposits containing one or more minerals of lead, silver, gold, zinc,
copper, or tungsten, and about 20 gold deposits have been listed for the
area {Cobb, 1972). Placer gold deposits have been worked on a small scale
at several streams on the eastern and southern part of the mountain since
the early 1900's. A little platinum was reported as a by-product. Des-
criptions of new metaliferous deposits and stream-sediment analyses have
been published by the U.S. Geological Survey (Miller and Elliott, 1969; and
EllTiolt and Miller, 1969). Three areas were found to be of special in-
terest and recommended for additional exploration by the authors: lead, zinc,
and silver near Quartz Creek; molybdenum, bismuth, silver, copper, lead, and
uranium deposits in the upper Peace River drainage; and a lead, zinc, and
gold deposit at Bear Creek.

The Quartz Creek area contains numerous occurrences of argentiferous
galena, sphalerite, pyrite, and arsenopyrite in an alteved zone 18 miles
long and 2 to 5 miles wide. The association of the sulphides with tourma-
line is a striking feature. Siream-sediment samples yielded anomalous
amounts of copper, antimony, and tin in addition to the metals already
mentioned.

Anomalous concentrations of molybdenum, bismuth, gold, copper, and
iead were found over a 2-square-mile area in the soils, stream sediments,
and outcrops in the Peace River drainage basin. The metals are disseminated
in a syenitic stock satellitic to the main Granite Mountain pluton. Pan
concentrates collected during uranium investigations by the USGS {Gault and
others, 1953) showed anomalously high concentrations of uranothorianite and
a variety of other minerals, including gatena, chalcopyrite, bornite,
tetrahedrite, sphalerite, pyrite, and pyrrhotite. Gummite was also ob-
served in some mineral grains. The source of the uranothorianite was not
located, but West in Gault and others, 1953, p. 29-30) suggested the pos-
sibility of a lode at the head of Peace River.

Previous Investigations for Radioactivity
Ground investigations for radioactive materials were conducted in the

eastern part of the Seward Peninsula by the USGS in the late 1950's (Gault
and others, 1953). Significant amounts of radioactive minerals were found
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on the southern slope of Granite Mountain in placer concentrates from
Sweepstakes and Ruby Creeks. Gault and others (1953, p. 1) described the

findings:

4 significant content of radioactive materials was recognized
in a few placer concentrates from Sweepstakes and Ruby Creeks in
the northeastern part of the Seward Peninsula, Alaska, when old
collections were scanned for radioactivity in the spring of 1945.

The later field investigations indicate that syenite is the
only bedrock which has noticeable radioactivity, and stream con-
centrates that were radicactive were obtained only from creeks
containing syenite in the gravels or flowing in areas underlain
in part at least by the syenite. Crushed syenite samples from
14 localities show a content of radioactive material ranging
from 0.001 to 0.013 percent equivalent uranium. The most radio-
active unconcentrated material found is a l-inch pegmatite dike
cutting the syenite. The syenite stock is pre-Cretaceous and in-
trudes andesitic tuffs and flows that form the bhedrock over much
of the area.

Two radioactive minerals have been recognized from the photo-
graphic effects obtained on alpha-ray plates, and are tentatively
identified as uraninite-thorianite and hydrothorite. Almost all
of the radioactive grains are uraninite-thorianite and only a
few grains of hydrothorite were jdentified. Chemical analysis
of a concentrate collected in 1917 from Sweepstakes Creek shows
approximately equal amounts of vranium and thorium, and together
they form more than 80 percent of weight of the sample. Chemica.l
analyses of 5 of the samples collected in 1945 indicate a uranium
content of 0.008 to 2.17 percent. In the sample which has 2.17
percent uranium, beta counts show 14.20 percent equivalent uranium

and the difference 1s believed to be thorium.

The occurrence of uranium and thorium in the headwaters of the Peace
River on the southeast side of Granite Mountain has been described by
West (1953, p. 28-31). Reconnaissance investigations for uranium during

1947 and 1
sulfides,

952 revealed uranothorianite and gummite associated with copper
iron oxides, molybhdenite, gold, silver, bismuth, and thorite in

placers in a headwater tributary of the Peace River. Anomalous metal con-
centrations in stream sediments and outcrops occur over a 2-square-mile
area underlain by a small satellitic stock of the Granite Mountain pluton
(Miller and Ellioct, 1969, p. 12). The syenite locally contains purple

fluorite.

Concentrates from the placers contained between 0.2 and 0.8

percent el, or about 10 times the eU of the average uranothorianite-bear-
ing concentrates from other locations in the eastern part of the Seward

Peninsula.

The investigator of the Peace River locality concluded that

the most probable source of the uranothorianite and gummite was a vein
located in the rather restricted drainage area above the placer deposits.
The evidence for a vein source is the sulfides associated with the uranium
minerals disseminated within the granitic rock itself. Although metaliic

lodes are

kahown to occur in the general area, no uranium minerals were

found in place.

Herreid (1965, p. 1h) briefly visited the above mineralized area at
the head of Peace River and obtained 350 ppm lead from a panned sample,
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and copper, lead, and molybdenum from stream sediments downstream. Heavy
hematite staining of the creek gravels was reported.

After radioactive minerals had been found on the southern side of
Granite Mountain, the USGS continued investigations with a field study of
the north side, in the headwaters of Quartz Creek {Gault and others, 1953,
p. 15-20):

The area to the north of Granite Mountain has even more
uranothorianite (uraninite-thorianite of Gault, Black, and Lyons,
1946; and Frondel and Fleischer, 1959, p. 7) than the Sweepstakes
Creek area and in addition carries uranium-bearing thorite(?).

The gravels of Quartz Creek had formerly been mined for pltacer gold.
The radiometric readings on the syenite bedrock was two to four times
that of any of the surrounding rocks, and only the stream gravels derived
from the syenite were radioactive. Tracing the radioactive gravels up-
stream, uranothorianite and thorite(?) were found in wash on the bank of
a gqulch in the headwaters of the south fork on Quartz Creek. The heavy
fraction of two samples contained 0.06 and 0.038 percent eU (Killeen and
White, 1953, p. 17). Concentrates from 2t stream gravel samples averaged
0.026 percent el. Most of the radiocactivity was attribuyted to urano-
thorianite and thorite, but radioactive zircon and sphene also contributed.
The source of the uranium and thorium was thought to be either undiscovered
veins or disseminations in the syenite of Granite Mountain.

DARBY MOUNTAIN AREA
Location

The Darby Mountains are situated in the southeastern part of the Seward
Peninsula in the eastern half of the Solomon quadrangle and in the south-
ecastern corner of the Bendeleben quadrangle (figs. 2 &€ 6). The range extends
fFrom Cape Darby on the south end of the peninsula between Golovnin Bay and
Norton Bay to about 80 miles northward where it merges with the Bendeleben
Mountains. The low mountains in the southwest part of the area was called
the Kwiktalik Mountains, but there is no distinct separation from the Darby
Mountains.

The maximum altitude of the Darby Mountains is 3,169 feet. While this
is a relatively low range composed mostily of rounded, tundra-covered moun-
tains and hills, it has been glaciated and the higher parts display steep~
sided U-shaped valleys, cirques, and rock pinnacles.

There are no roads in the region, but short landing strips are present
at the small native villages of Elim and Golovin on the coast at Golovnin
and Norton Bays,respectively. A longer air strip and buildings at the
abandoned FAA station at Moses Point were used as a base for the work during
this investigation. Permission for its use is required from the Elim
Natives.

The weather in the Darby Mountains is similar to that of much of the
Seward Peninsula and is characterized by frequent fog, rain, and windstorms.
The average annual rainfall at Nome is 17.88 inches and the average tempera-
ture is 26.10F.
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General Geologic Setting

The general geology of the Darby Mountains area has been described by
Mendenhall {1901); Smith and Eakin (1911); West (1953); Miller and others
(1972); Miller and Bunker (1975) and Herreid (1965). The northern part of
the Darbys 1s also covered by Sainsbury's geologic map of the Bendeleben
quadrangle (1974). The most complete coverage is the reconnaissance geo-
logic map by Miller and others, and the following bedrock descriptions are
largely derived from the report accompanying that map. The petrology has
been discussed in cousiderable detail by Miller and Bunker (1975).

The core of the Darby Mountains consists predominantly of a Cretaceous
pluton that extends 50 miles from near Cape Darby northward to the south
side of Death Valley. The southwestern part of the Darby Mountains is
composed largely of the Kachauik pluton, which is separated from the Darby
pluton by a narrow (1-3 miles) migmatic zone (fig. 6). The plutons are
bordered by Precambrian metasediments and Devonian carbonates.

The Darby Mountain pluton is a relatively homogeneous quartz monzonite,
but Miller and Bunker found indications of lateral zoning. Modes show a
stight and gradual decrease in mafic minerals and plagioclase from south
o north and a corresponding increase in K-feldspar and quartz.

Miller and Bunker (1975, p. 1) have pointed out that the Darby plutons
contain well above average amounts of U and Th (11.2 ppm and 58.7 ppm,
respectively) and the Kachauik pluton ranges from average to above average
U and Th (5.7 ppm and 22.5 ppm, respectively),

The most characteristic features of the Darby pluton are its uniform
coarse-grained porphyritic texture, homogeneous composition, and relative
abundence of magnetite and allanite. Lesser amounts of sphene, apatite,
zircon, fluorite and rutile are present as accessory minerals.

The Kachauik pluton occupies about 205 sguare miles in the western
part of the Darby Mountains. 1t is a composite intrusion. The west half
is composed of granodiorite and quartz monzonite and the east half consists
of a monzonite-syenite unit which has been subdivided into four subunits
by Miller and others (1972).

A small stock on the western flank of the Darby Mountain about 6
miles north of the northern end of the Kachauik pluton is the Dry Canyon
pluton. This intrusive body is of interest because it is composed of
nepheline syenite and because of its highly anomalous radiocactivity.

investigations by DGGS did not extend northward to the Windy Creek
stock or the Bendeleben pluton. Their compositions and U and Th contents
reported earlier by Miller and Bunker (1975) indicated that time would be
more profitably spent in the Darby Mountains.

The K-Ar dates of the plutons reported by Miller and Bunker (1975,
p. 10) indicate a tate Cretaceous age of between 88 and 94 m.y. for the
Darby pluton. The age of the Kachauik pluton is less certain, but the
two dates reported are 86.1 + 3 my. and 93.9 + 3 m.y.
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The investigation by the Alaska State Division of Geological Survey
was directed at determining the uranium potential of the plutons in the
Darby Mountain area, and little attention was devoted to the surrounding
metamorphic or sedimentary rocks. However, investigations of the potential
of the basins or lowlands are needed. Little is known about the Cenozoic
sediment in the lowlands on either side of the Darby Mountains. Tundra,
muskeg, and lakes mask the sediments and no subsurface exploration has been
done. Detailed petrographic and radioelement studies of the plutonic rocks
are a part of this report prepared by Dr. R.B. Forbes and B. Jones.

A small interior basin west of the northern Darby Mountains is located
in the upper Fish River lowlands (McCarthy's Marsh), in the south-central
part of the Bendeleben quadrangle and the north-central part of the Solomon
quadrangle. Nothing is known about the sediments under the Quaternary de-
posits, but the confined shape of the basin and the composition of the
nearby bedrocks make it interesting to speculate on the possibility of
vranium being concentrated in the sediments. The curving Bendeleben Moun-
tains on the north, the Darby Mountains on the east, and unnamed hills to
the south and west form a bowl-shaped basin about 20 miles from east to
weslt and 10 to 15 miles from north to south. The basin is drained by
the Fish River, which flows southwest through a narrow valley.

West of the Kachauik Mountains the lowlands around Golovnin Lagoon
and along the lower Niukluk River may have received sediments from the
Darby and Kachauik Mountains. Although their presence is not known, non-
marine Tertiary sediments derived from the favorable source rocks may lie
beneath the Quaternary cover and have a potential for uranium.

Economic Geology

The Darby Mountains have not been found to be mineral-rich, but
numerous prospects and geochemical anomalies have been reported that suggest
a potential for several metals.

The one mine that has produced is the Omilak mine, located in Pre-
cambrian marble on the west side of Omilak Mountain near the northern end
of the Darby Mountains. |t produced a few hundred tons of lead-silver ore
prior to 1900 (Herreid, 1965). Additional lead and zinc occur at a prospect
on Ory Creek south of the Omilak Mine.

Placer tin has been reported from alluvium on Otter Creek on the east
side of the northern end of the Darby Mountains (Herreid, 1965, p. 5). A
lode gold prospect was explored in quartz-mica schist a half mile south of
the Otter Creek tin placer. Placer gold prospecting has been conducted on
several tributaries to the Tubutulik River.

Geochemical stream-sediment sampling (Miller and others, 197}; Miller
and Grybeck, 1973) has yielded highly anomalous copper, nickel, cobatt,
chromium, manganese, iron, boron, scandium, and vanadium from the eastern
side of the Darby Mountains. Gossan zones with high bismuth and molybdenum
are present in the northern part of the range.

Previous Investigations for Radioactivity

As early as 194B a reconnaissance for radioactive deposits revealed
high uranium and thorium contents in the Darby and Kachauik plutons {(West,
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1953). During the course of the investigation 248 panned concentrates
were collected from streams, beach gravels and slope wash. These were
further concentrated in the laboratory. Anomalous {over 0.02 percent
equivalent uranium) values were obtained over widespread areas, but
principally in the northeastern part of the Darby pluton and the south-
western side of the Kachauik pluton. The radiocactivity was essentially
in minecats derived from felsic igneous rocks. The most common radio-
active minerals were sphene, allanite, hematite, and zircon. A uranium-
bearing niobate mineral was found in slope wash near the shore on
Golovnin Bay. Thorianite was identified near the head of Kwiniuk River.
Anomalous niobtum was noted in the Clear Creek-VYulcan (reek ares.

More recent study of the Darby, Kachauik, and Bendeleben plutons by
the U.S. Geological Survey (Miller and Bunker, 1975) has provided con-
siderable data on the petrology and uranium and thorium contents. Re-~
sults of the investigation showed compositional and textural differences
indicating different sources for the three plutons and different average
amounts of uranium and thorium.

Thirteen samples from the Darby Pluton contained above average
amounts of U and Th (11.2 ppm and 58.7 ppm,respectively); the maximum
values were 19.89 ppm U and 83.75 ppm Th. The Bendeleben pluton was
found to conrain normal amounts of U and Th (4.38 ppm and 22.35, respectively).

While Lhe number of samples was too few to define the most anomalous
arcas for U and Th, the authors concluded that the Darby pluton is similar
to (he Conway Granite in New Hampshire, which has been considered a po-
tential low-grade U-Th resource and is definitely a U~Th rich province.

HOGATZA PLUTONIC BELT OF WEST-CENTRAL ALASKA

The following discussion of the Hogatza Piutonic Belt is from Eakins
(1975, p. 113-142).

Alkaline intrusive rocks occur in a belt extending 225 miles from the
Seward Peninsula and Kotzebue Sound eastward to Hughes on the Koyukuk River.
Patton (1970, p. 1; 1973, p. Ak) applied the name Hogatza Plutonic Belt to
this feature. The belt is roughly 20 miles wide and lies principally in
the western part of the Candle quadrangle and the southern parts of the
Selawik, Shungnak, and Hughes quadrangles (figs. D!, D2, D3). This region
is in the northern part of the Yukon-Koyukuk province, named after the
principal rivers. The compositions of the piutons and the associated
radioactivity anomalies make this one of the most interesting regions in
the state for vranium-potential study.

The mountains and hills in the region are generally low and rounded
and largely covered by soil and vegetation. Weathering has reduced most
outcrops to rubble, and good exposures of the bedrock are scarce. Summits
reach a maximum altitude of 3,300 feet in the Selawik Hills and 4,050 in
the Zane Hills. Elsewhere the altitudes are less than 3,000 feet. The
lowlands north of the plutonic belt are swampy, lake dotted, and masked by
alluvium and morainal deposits.

The region lies approximately on the boundary between the zones of
continuous and discontinuous permafrost. The average annual temperature
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at Kotzebue is 20.79F. The climate is arid; the average annual pre-
cipitation recorded for Kotzebue is 8.18 inches. Small, widely spaced
settlements exist at Hughes, Hog River, Gabolio and Selawik.

The region is relatively fnaccessible and has been little prospected.
However, geologic mapping, geochemical sampling, and radiometric surveys
by the U.5. Geological Survey since about 1966 have revealed interesting
possibilities for base metals and vranium in the intrusive rocks. Little
is known about the sediments underlying the lowlands flanking the uplift
or their potential for petroleum and uranium.

Early reconnaissance geology and mapping in the region was done by
Smith (1913) and Eakin (1916). Patton (1973) divided the sediments into
three general sequences: 1) a Lower Cretaceous volcanic-mudstone sequence;
2) a younger sequence of Lower to Upper Cretaceous age, which was sub-
divided into four onits; and 3) an Upper Cretaceous-lower Tertiary sequence.
Because of the poor exposures, the exact stratigraphic relationships of the
three sequences are not clear.

The oldest rocks of the basin are Lower Cretaceous in age and consist
mostly of volcaniclastics,including lithic tuffs, breccias, conglomerates,
and tuffaceous graywacke and mudstone which are believed to underlie the
entire province. The thickness near Hughes is 5,000 feet, but the total
may be scveral times this amount. Potassium-argon ages ranges from 134 +
5m.y. to 117 + 4.3 m.y.

Lower and Uppev Creltaceous rocks are present along the northern border
and northeastern part of the province. These were referred Lo by earlier
geologists as the Bergman Group (Schrader, 1904; Martin, 1926; Imlay and
Reeside, 1954). Patton, however, abandoned the name and divided the se-
quence into four units:

(1) Volcanic graywacke and mudstone, to 5,000 feet thick. It con-
tains an abundance of feldspar, some lithic tuff, and carbonized
plant debris.

(2) Calcareous graywacke and mudstone---possibly as much as 5,000
feet of shallow-water calcareous graywacke and mudstone. The
sediments coarsen westward, where they become conglomeratic and
coal-bearing.

(3) Sandstone, siltstone, shale, and coal. Portions of this unit
may be of interest to uranium potential studies, but its dis-
tribution is restricted to the lower Yukon-Koyukuk province.

(h) Marginal marine trough deposits. Nonmarine quartz conglomerate
can be traced by scattered outcrops for about 450 miles along
the northern and northeastern margins of the Yukon-Koyukuk
province. The thickness was found to be 3,000 feet along the
Jower Kobuk River. The unit is described as principally a
quartz conglomerate, but it contains minor amounts of quartz
sandstone, shale, thin bituminous coal beds, and ash~fall tuffs
in the northern part of the Selawik guadrangle.

Upper Cretaceous and Lower Tertiary rocks include felsic extrusive and
hypabyssal rocks. The flows are as much as 2,000 feet thick. The in-
trusives consist of swarms of dikes, sills, and plugs that cut the older
Cretaceous volcanic and sedimentary rocks.
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Paorly consolidated nonmarine coal-bearing beds of Tertiary age
have been found at two localities in the northwestern part of the
province. Sandstone and gravel are exposed in a 30-foot bluff on
the Mangoak River in the Selawik lowland (Patton and Miller, 1968);
iitgnitic coal was found at the base of the bluff. A 2-foat seam of
coal has been reported from a silt bluff near Liephant Point on Kotzebue
Sound. Both deposits are probably confined to small structural and topo-
araphic basins or fault zones.

Petroleum companies have done limited work in the province in an
effort to determine the petroleum possibilities. Subsurface data are
not available from industry, but it is rumored that seismic surveys
indicate several thousand feet of Tertiary and Mesozoic sediments with
a good potential for oil are present in Kotzebue Sound. Standard 0itl
of California is preparing to drill three wells in the area in a joint
venture with the Northwest Area Native Association, Inc.

The unexplored Selawik Basin immediately north of the belt of alkalic
plutons offers a setting warranting subsurface work to determine if pos-
sibie uranium host rocks are present. The south flank of the pluton belt
is covered by Tertiary and Quaternary volcanics and appears less likely to
have suitable sediments.

The Pah River Flats is a 20- by 30-mile topographic depression bounded
by the Lockwood Hiltls on the north, the Kokhila Hills on the east, and by
the Babantaltlin Hills on the southeast. The hills are underlain by Cre-
taceous graywacke and mudstone and Jurassic and Cretaceous volcanics. The
west and southwest edges of the depression are bordered by the Zane Hills
pluton, which has yielded showings of copper, silver, gold, and mo)ybdenum,
and anomalous radioactivity. Border phases of the pluton near Caribou Moun-
tain show radioactivity five to 10 times the background radioactivity of
the rest of the pluton, and 20 ppm uranium on analysis (Miller and Ferrians,

1968. p. 9).

The central part of the Pah River Flats is occupied by innumerable
small lakes and muskeg. The saucer shape and poor drainage of this basin,
which 1s adjacent to possible source rocks, suggest a favorable site for
uranium concentration in sediments. However, available geologic maps of
the area do not indicate the presence of a suitable host rock and drilling
wil) be required to determine if any Late Cretaceous or Tertiary sand-
stones are present beneath the surficial deposits. The village of Hogatza,
a few miles south of Pah River Flats, could serve as a base for exploration.

Plutonic Rocks

The 225-mile-long pluton belt extends from the eastern edge of the
Seward Peninsula eastward to a point about (5 miles east of Hughes on the
Kovukuk River. The belt trends east-west along the Hogatza uplift in the
southern parts of the Selawik, Shungnak, and Hughes quadrangles, and trends
north-south in the western half of the Candle quadrangle. The main part
of the uplift borders the south side of the Selawik basin and the Pah
River Flats.

Sixteen separate plutons ranging from 3 to 350 sguare miles have been
described and mapped (Miller and others, 1966, 1970; Patton, 1967; Patton
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and Milter, 1966, 1968; and Milter, Patton, and Lanphere, 1966). The
largest (table D1) is the Selawik Hills pluton, which is 40 miles long

and averages roughly 10 miles in width. The aggregate exposed area of

the plutons is about 1,200 square miles. Portions are overlain by

volcanic flows and welded tuffs of Late Cretaceous, Tertiary, or Quaternary
ages 30 that the actual size of the pluton is greater than the out-
croppings.

The alkaline nature of the plutonic rocks is discussed by Miller
(1972, p. 2122):

The field and analytical data show that the alkaline rocks of
western Alaska are epizonal plutonic rocks that are highly under-
saturated in silica and rich in alkalis. 7Total alkali content
ranges from a 1w of 5.5 percent in biot..te nryroxenite to 17.9 per-
cent in kalsilite-bearing juvite. These are not peralkaline rocks—-
with one exception, the molar ratio of total alkalis to aluminum is
less than one.

Many chemical cha.acteristics of the alkaline rocks of western
Alaska and Cape Dezhnev, while illustrating the alkaline nature of
the rocks, are similar to those found in many alkaline-rock provinces.
The western Alaska alkaline suite is unusual, however, in its high
K»0 content and high K,;0/Nay0 ratio. K,0 is over 6 percent by weight
in 14 out of 22 analyzed samples and is as high as 16.6 percent.

Tabie D1. Sizes of the plutons in the Hogatza pluton belt,
west-central Alaska

Area
Name (mi.2)
Late Cretaceous Suite
Zane Hills pluton 180
Wheeter Creek pluton 27}
Indian Mountain pluton 85
Mt. George pluton 6
McLanes Creek pluton 8
Total 550
Mid-Cretaceous Suite

Shiniliaok Creek pluton 30
Purcell Mountain pluton 4o
Hawk River slock 5
Ekiek Creel Complex 5
Selawik Hills pluton 354
Hunt Complex 5
Intand Lake Complex 12
Selawik Lake Complex 7
Hunter Creek pluton 165
Granite Mountain pluton 27
Quartz Creek pluton 3
Total 653

Totals for both suites 1,203
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The alkaline character, wide distribution, and reports of anomalous
radinactivity of the plutons in the Hogatza pluton beit suggest a highly
favorahle region for uranium investigations, especially in light of the
recent development of targe uranium reserves in alaskite at the Rossing
deposit in southwestern Africa. While the entire belt warrants careful
study, the alaskite occurrences may be of particular interest, and a
description of the Wheeler Creck pluton ataskite is quoted from Miller
(1970, po. 101 and 103):

Alaskite of the Wheeler Creek pluton--Coarse-grained alaskite
underlies the west end of thc Wheeler Creek pluton and intrudes
rocks ranging from Lower Cretacrous andesitic voleanics to the
Upper Cretaceous dacitic hypabyssal rocks. Alaskite outcrops are
characterized hy rounded pink-colored hills with littlc vegetation
and a mantle of grus. The alaskite itself is characterized mega-
scopically by large {(up to 1 ¢m) black smoky quartz anhedra in a
setting of pink feldspar anhedra. The rock is characteristically
coarse~grained with an allotriomorphic grannlar texture. The
abundance of the smoky quartz distinguishes this unit from the
minor alaskite and aplite dikes that Jocally cut tho Zane Hills
pluton. The rock is gencrally a true alaskite, with less than
1 percent mafic minerals, although locally th» mafic content
reaches as much as 8 percent ncar tho contact and in the alaskite
dikes cutting the quartz monzonito-granodiorite to the east.

Alaskite is present in other plutons in the Hogatza beclt either as
a major rock type or in dikes. The southern and western parts of the
Selawik Hills pluton has been mapped as predominantly gquartz monzonite
and alaskite (Patton and Miller, 1968). The rest is largely syenite and
monzonite. The composition, large size, and radioactivity anomalies of
the Selawik Hills pluton make this an attractive arca to explore for vein
or Rossing-type uranium deposilts. The present of purple fluorite associated
with pulaskite and perthosite in the alkaline complexes in the Selawik Jow-
lands (Milleyr, 1970, p. 46) may also be an indication of anomalous radio-
activity. The possibility that this large pluton and others in the pluton
belt have contributed significant amounts of uranium to concealed sediments
in the lowlands warrants careful investigation.

Structure

The northern Yukon-Koyukuk province is in a highly mobile region that
was subjected to repeated magmatism during Cretaceous and early Tertiary
times. The Hogatza uplift extends from the Seward Peninsula and follows
the east-west grain of the region. The Kobuk fault {(or trench) trends
along the morthern border of the province. Small faults are visible in
most bedrock exposures. WYhile the sedimentary rocks are moderately to
strongly deformed they have not been regiorally metamorphosed.

The Kobuk-Selawik Lowlands is a major feature of the region, but aero-
magnetic profiles suggest that igneous rocks are at shallow depth and it
seems unlikely that Cretaceous or Tertiary sedimentary rocks are very thick
beneath the Quaternary surficial deposits. Compilation of aravity surveys
in northwestern Alaska by D.F. Barnes of the USGS shows a belt of gravity
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highs that extends through the Selawik Basin and militates '"against the
presence of the sedimentary basin postulated in preliminary petroleum in-
vestigations'' (U.S. Geol. Survey, 1967, p. A91}. Farther west, however,
Cretaceous and younger sediments as much as 10,000 feet thick may underiie
Kotzebue Sound {(Patton, 1970, p. 1).

Economic Geology

Because certain mineral assemblages may be indicative of favorable
environments for uranium, brief summaries of known mineralization are
described below by areas. The areas will be mentioned in sequence, be-
ginning at the western end of the belt.

Selawik Hills Pluton

The Selawik Hills pluton extends 45 miles east-west and underlies most
of the Selawik Hills south of the Sefawik Lowland. It consists principally
of monzonite and syenite and is exposed over an area of about 350 square
miles. The only information on the economic geology is that provided by
stream-sediment sampling (Elliott and Miller, 1969, p. 6):

Many of the samples (1-38) from several small streams on the
north flank of the Selawik Hills have slightly anomalous concentrations
of lead (18 samples with 70 ppm and 6 samples with 100 ppm): and one
sample, locality 32, contained 300 ppm lead, 200 ppm zinc, and 3 ppm
silver. At bedrock locality X, near sediment locality 32, minor
amounts of disseminated galena, sphalerite, and pyrite were noted in
quartz-calcite veins and In pink syenite. Composite grab samples
of the sulfide-bearing rock contained uvp to 2 percent lead and up to
1 percent zinc, but the extent of the mineralized area could not be
determined due to poor exposure.

Beryllium was detected in concentrations of 10 and 15 ppm in
four sediment samples (44, 45, 48, 51). from small streams on either
side of the ridge south of Clem Mountain. One sediment sample (59)
from Hunter Creek, just above the Left Fork, contained 50 ppm tungsten
and 30 ppm molybdcnum.

Abnormal radioactivity of phonolite, fluorite-bearing nepheline syenite,
syenite, and trachyte was reported in the Selawik Hills pluton (Miller, 1968,
table 4). The high radicactivity of the rocks is probably due in part at
least to the high Ky0 content, which ranges from 4.8 to 8.4 percent and
averages 6.2 percent (Miller, 1970, p. 28).

Kobuk=-Selawik Lowlands Pluton

Two poorly exposed alkaline complexes crop out as low hills between
the Selawik Hills and Selawik Lake (fig. D3). These are designated as the
Selawik take and Inland Lake complexes (Miller and others, 1966, p. D159),
and are 7 and 12 square miles in area, respectively. The complexes consist
of a variety of unusual alkaline rock types. Chemical aralyses of the rocks
show that tead, strontium, lanthanum, and arsenic are relatively high (Miller,
1970, p. 57). Unusua) amounts of fluorine and zirconium are also present:
up to 0.57 percent F and 0.20 percent Zr0g. The only information on the
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economic geology is derived from two stream-sediment samples from the

west side of the Selawik Lake pluton. One samplc produced slightly
anomalous cobalt (50 ppm) and copper (70 ppm) (Elliott and Miller, 1969,

p. 10). Anomalous radioactivity of the piutons was reported from an aerial
radiometric survey (Milier and Anderson, 1969).

Ekizk Creck Complex

The Ekiek Creek pluton is a small intrusive, about 5 square miles in
area, located about halfway between the Selawik Hills and the Purcell
Mountains (fig. D3). It contains a wide variety of alkaline rocks, Two
stream-sedimrent samples from the east side of the pluton did not show any
anomalous metal values, but the aerial radiometric survey showed the
northern cnd of the pluton to be anomalous (600 counts per second).

Shiniliaok Creek Pluton

The Shiniliaok Creek pluton occupies about 30 square miles in the
north-central part of the Purcell Mountains (fig. D2). It is composed
chiefly of medium-grained monzonite and syenodiorite. Tourmaline occurs
as a widespread accessory and as massive vains in fault zones {(Miller,
1970, p. 39). Little is available concerning the economic geology. A
few widely spaced stream-sediment samples did not yield significant
anomalics (Miller, 1969).

Zane Hills Pluton

The Zane Hills pluton is 180 square miles in area and forms a large
part of the Zane Hills. The settlement of Hogatza (Hog River) is located
on the east flank of the Zane Hills. The highest point in the area is
Cone Mountain, 4,053 feet high. Granodiorite constitutes about 9 pcrcent
ol the pluton;monzonite and quartz monzonite compose most of the rest.
Alaskite and aplite dikes are common. Placer gold mining began at Bear
Creek, on the east side of the pluton, in the early 1900's. A gold dredge
was installed in 1957 and operated until 1975; it accounted for a sub-
stantial part of the state's gold producrion during that period. Un-
published reports indicate that cassiterite and platinum were also found
in the Bear Creek placers. B8edrock and stream-sediment sampling (Miller
and Ferrians, 1968, p. 6-10; Miller, 1969) revealed mineralization in the
Zane Hills pluton at several locations. Massive pyrite is associated with
silver and gold near the north end of the pluton. Zinc and molybdenum
anomalies were also Tound nearby. Uphill from the Hogatza placer mine on
Bear Creek, sediment samples were found to contain anomalous amounts of
silver, bismuth, copper, and molybdenum. Two strongly anmomalous areas of
radiocactivity were found in quartz monzonite: on the east side of Caribou
Mountain and at the southern end of the pluton. The radiometric anomalies
of these border phases were five to 10 times as high as readings over
most of the pluton.

Purcell Mountain Pluton
The Purcell Mountain pluton is chiefly quartz monzonite and crops out

over a h0-square-mile area in the Purce)} Mountains. The onty known mineral
deposit is a gold placer mine on Shovel Creek on the northwest slope of



Purcell Mountain. The mine was worked for about 10 years during the 1950's
and 1960's, but the production is unknown. The gold may have been de-
rived from quartz-tourmaline-sulfide veins near a contact between the
quartz monzonite pluton and andesitic volcantcs (Cobb, 1972, p. 35).

Hawk River Pluton

The Hawk River plutcon, loaczted 6 miles southeast of Purcell Mountain
peak and about 2 miles southwest of the Wheeler Creek pluton, occupies 5
square miles. The small Hawk River stock consists of olivine-bearing mon-
zonite cut by an east-west-trending fault {(Miller, 1970, p. 38). A quartz-
rich zone 6-3/2 miles long by 1-1/2 miles wide trends northeast between the
Hawk River, Purcell Mountain, and Wheceler {reek plutons. Grab samples from
this zone contained anomalous values of copper, arsenic, lead, and zinc.
Stream sediments indicated anomalous lead, copper, and silver (Miller and
Ferrians, 1968, p. 10-11).

Wheelter Creek Pluton

The Wheeler Creek pluton underties about 27} square miles of the Pur-
cell Mountains. It is separated from the Zane Hills on the east by a 6-
mile-wide valley. Most of the pluton is composed of porphyritic quartz
monzonite and granodiorite. The west end of the pluton consists of coarse-
grained alaskite which is characterized by smoky quartz. The alaskite
body is about 36 square miles in outcrop area. Stream-sediment sample
analyses did not reveal any mineralized areas (Miller, 1969), and no ore
deposits are known.

Previous Radioactivity investigations

Anomalous radioactivity has been reported from the plutons in west-
central Alaska as a result of aerial and ground radiometric surveys,
chemical analyses of the intrusive rocks, and testing of panned concentrates
from stream gravels. High background counts can be expected over much of
the pluton belt because of the unusually high potassium content of the rocks;
however, uranium and thorium minerals have definitely been identified.
Favorable mineral assembleges also are suggestive of possible vein-type
uranium deposits.

An airborne radioactivity survey in conjunction with an aerial magneto-
metey survey covered 1,320 square miles of the southern Kobuk-Selawik low-
land (Miller and Anderson, 1969). The background over the lowlands and
volcanic rocks was generally less than 100 cps (counts per second). The
highest count (700 cps) was obtained over granitic rocks at the northern
tip of the Selawik Hilis pluton. Counts of 500 cps were obtained over
both the nepheline syenite of the Selawik Lake, Inland Leke, and Ekiek Creek
plutons---a figure five to 10 times higher than that of the surroupding ter-
rain.

Another aerial radioactivity survey was a single flight line made from
near Kiwalik south of Kotzebue Sound eastward 80 miles, which covered the
southern edge of the above-mentioned survey and traversed the northern part
of the Selawik Hills. The survey was sponsored by the USGS. The maximum
count reported was 1,600 cps, registered over the northern tip of the Selawik
Hills pluton. Other anomalies of 800 to 1,000 cpm were obtained along with
flight line. The background was between 300 and 400 cpm.
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Two areas of the Zane Hills pluton near Carihouy Mountain have been
found to have stronqg radioactivity anomalies. These areas have been
described and mapped by Miller and Ferrians (1968, p. 9-10):

Bordoer phases of the Zana Nills pluton in two areas along
the routhrastorn marqgin of the pluton show anomalous radioactivity-
Tive to trn times the backqround radinactivity of the rest of the
piuvton. These border phasns are composed of medium- to coarse-
grained, trachytoid to gneissic, hornblende-bhiotite quartz monzonite
and monzonite readily distinguishable in the field from the typical
massive, granitic-textured granodiorite of the rest of the pluton.

An analysis of porphyritic guartz monzonite from this border
phase shows 20 ppm of uranium. This Is five to six times more than
the published averages for rocks of this composition (Smith, 1963,

p. 402). Examination of thin scctions of this rock shows that bio-
tite and hornblende contain numerous inclusions surrounded by
pleochroic halos indicative of radioactivity. Some of these halos
are obviously around zircon crystals, but other much more intense
halos arc around grains of a colorlcess to faintly yellow, isotropic
mineral of high relief. A thin section of thils porphyritic quarte
monzonite was exposed to a thermal neutron beam in a reactor in
order to cause the fission of U235. The fission cvents were recorded
in a piece of lexan which coveraed the section. Later, etching of
the lexan showed the anomalously occurring uranium in the sample to
be associated with the colorless isotropic mineral.

Although rthe uranim-bearing mineral Jis only a minor constituent
in the samples studied, it may be morc abundant clsehwere in the radio-
active horder phase-possibly in amounts large enough to be important
economically, or other uranium minerals may be present. A panned con-
centrate collected in 1964 from Caribou Creek on the southeastern side
of the Zane Hills contained 200 ppm of thorium, which was probably
derived from this more radioactive border phase of the pluton.

COPPER RIVER BASIN-CHITINA VALLEY
Location

The Copper River basin is a topographic and structural basin in
south-central Alaska. [t is bounded on the north by hills along the
southern flank of the Alaska Range, the Wrangell Mountains on the east,
the Chugach Mountains on the south, and the Talkeetna Mountains on the
west (fig. 16). Fringe areas considered inciude the upper end of Matanuska
Valley, the Gulkana upland along the southern flank of the Alaska Range,
and the Chitina River Valley, located between the Wrangell and Chugach
Mountains. The Copper River basin is roughly about 80 miles across from
east to west and is mostly within the Valdez and Gulkana quadrangles of
the U.S. Geological Survey topographic map series. The eastern and south-
ern parts of the Copper River area are accessible by the Richardson, Glenn,
and Edgerton Highways. The Denali Highway crosses the northern end. Small
landing fields are located at a number of the settlements along the highways.

The early history and development of the region are closely tied to
the famous Kennecott Copper Corporation mines located in the Wrangell Moun-
tains near McCarthy, on the north side of the Chitina Valley. Recent in-
terest in the region has been directed towards determining the petroleum
possibilities of the Mesozoic section of the Copper River basin.
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The altitude of the lowlands in the basin is between 2,000 and
3,000 feet above sea level. it is occupied by numerous lakes and is
draincd principally by the Copper River, which has its outlet in the
fult of Alaska; drainage is poorly developed over a large area, and
around travel is difficult. The mountains bordering the basin are
high and rugqged and have been the source of many glaciers which have
supplied drift coverage in the lowlands and created the innumerable
small qlacial lakes. Glaciers are still abundant in the Alaska,
Wrangell, and Chugach ranges. Mt. Blackburn and Mt. Sanford in the
Wranqclls are both over 16,000 feet high. The 14,000-foot-high Mt.
Wrangell volcano emits smoke and steam.

The climate is much more avid than in the coastal regions: at
Copper River townsite the average annual precipitation is barely 9
inches. The region is in the belt of discontinuous permafrost.

The geology of portions of the province has been described and
mapped by Chapin {1918), Mertie (1927), Moffit (1938), Capps (18k0),
and Andreason and others (1964).

Sedimentary Rocks

The Copper River Basin is Cenozoic but the southern part includes
a thick sequence of Mesozoic sediments of the Matapuska qeosyncline
(Payne, 1955). The deepest test well in the basin was drilled to
8,337 feet and was still) in Jurassic sediments. Most of the units
have been dated approximately by marine fossils but complicated
structure, rapid changes in lithology and thicknesses, and extensive
erosion make some corrclations doubtful and confusing. Although most
of the pre-Tertiary units are clearly marine or marainal marine, there
are several thick sandstone and conglomerate sections of interest ex-
posed in the Chitina valley area and to a lesser extent in the south-
western part of the basin in and north of the upper Matanuska Valley.
The siratigraphic units are remnants of the once-extensive deposits
which in part extend beneath the Quaternary cover in the Copper River
hasin. Some of the Mesozoic sandstones are arkosic and tuffaceous,
and contain a small amount of carbonaceous material, discussed in the
following summary of the stratigraphy. The Tertiary beds are of con-
tinental origin and are probahbly the most interesting rocks in the
region with respect Lo uranium potential, although outcrops are very
limited. Generalized stratigraphic sections for the east and west
sides of the basin are shown in fiqures D4 and D5.

Descriptions of much of the stratigraphy is necessarily based upon
work in the upper pari of the Chitina valley, as much as 100 miles from
the Copper River basin Jowlands, where outcrops are available for ex-
amination and where mining has been important. Grantz {(1965) produced
a detailed map and cross sections of the western flank of the basin that
show subdivisions of the Mesozoic units and illustrate the complex struc-
ture along the castern side of the Talkeetna Mountains. The intrusive
rocks and metamorphic complexes in the northern and northwestern paris
of the Copper River basin have most recently been mapped by T.E. Smith
(1973, p. 3-6). Limestone is dolomitic in part and the host for the
massive copper deposits necar Kennicott, where it is up to 3,000 feet
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vericod Epoch Formatlon Thickness
; Miocene-Plliocene Wrangell Lava 0-5,000"
&
5 Miocene Frederika Fm. 2, 000"
H
. MacCall Fm. 2,500’
2 Upper
g Cretaceous Chititu Fm. 5,500
a
o Schultz Fm. 225
5
Moonshine Creek Fn. 3,500
L_— Lower Cretaceous Kennrecott Fm. 1,500
= Upper Jurassic Root Glacier Fm. 0-4,00n"
0
fe]
5 Middle and Nazina Mountain Fm. 0-1,400"'
- Upper Jurassic
Kotsina Conglomerate 2,000-2,500"
v
Lower lurassic Lube Creek 300 |
= i
- v
2 Upr. Triass. & Lwr- McCarthy Shale 1,500-3,000
E Jurassic Nizina Limestone 1,100
Upr. Triasslc Chitistone Limestone 1,900°'
Mid. &/or Upr.
Triassic Nikolai Greenstone 5,000’
s
é Hansen Creek Fm. 500"
5 Lower Permian .
[« 9
Station Creek Fm. 6,500"
Bage not exposed
Figure EL. Generalized stratigraphic section--east side, Copper Niver Basin

(Chitina Valley area), Alaska.
Stratigraphic Committee, 1969-70.)

E-20

(Source: Alaska Geological Society



Lower Tertiary ronmarine conglomerate, sandstone, sillitone,
and lacal thin frads of coa)
ANGUILAR UNCONFORMITY

Mztanuskn formation; about 10,000
feet; marine. Besa) sandstone be-
comes progressively younger from
south to north. Overlaps onto Lower
Jurassie

UPPER CRETACEOUS
Canlacien Ya Cz2rpanien, A3asirehivent?)

|

ANBULAR UNCONFORMITY

Nelchina limestone (calcarenite) and
associated conglomerate, sandstone,
and shale; 780-1175 [eet: marine

S DISCONFORMITY.

N

LOWER
CRETACEOUS
eccomuan

Naknek formation; minimum 3000 feet:
ogsibly 3500 feel or mare; merine.
nglomerate units thicken to north

Oxtordian-Klmmesidgisn,
Portlandian(D

UNCONFORMITY: LOCALLY ANSULAR

UPPER JURASSIC

Chinitna formation; minimum 1250
feet; marine. Basal sandstone to
north. Overlaps onto Bajocian strata

Cstavien

ANGULAR UNCONFORMITY =~

Equivalent of upper part of Tuxedni
ormation; minimum 1200 feet;
marina

CONTACT RELATIONSNIP NOT XNOWN —

Equivalent of lower part of Tuxedni (or-
mation; minimum 1150 feet; marine

MIDDLE JURASSIC

Rajocion

— UNCONFORMNITY: LOCALLY ANGULAR

Lower Juraseic, Talkeetna formalion. mirimum several Lhou-
sand feet. Upper part marine sandstane and siltstone be-
coming more tuffaceous downward; lower parl nonmarine
and marine voleanic and sedimentary rocka

Figure E5. Generalized stratigraphic section--west side, Copper River
basin (Nelchina area), Alaska. Source: Grantz, 1965, U.S. Geo).
Survey Bull. 1094, pl. b.
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thick. A 300-foot-thick formation consisting of impure spiculite and
coquina overlics the McCarthy Shale in the McCarthy C-5 quadrangle
(MacKevett, 1971, p. 15).

Several thousand feet of altered marine pyroclastics rocks of the
Lower Jurassic Talkeetna Formation are present as lavas and tuffaceous
sediments in the Talkeetna and Chugach Mountains (Grantz, 1865). Marine
sedimentary rocks of Early Jurassic age occur in (he upper Chitina valley.
Thus the southeastern part of the Copper River basin may contain a Lower
Jurassic rock facies transitional between the lava-bearing Talkeetpa For-
mation and the sedimentary rocks of the upper Chitina valley (Andreason
and others, 1964, p. 138). Moffit (1938, p. 62) states that Middle and
Upper Jurassic rocks are widely distributed in the Chitina valley, but
occupy only a smal) total area. They include several thousand feet of
tuff, shale, limestone, sandstone, and conglomerate. While the Jurassic
sedimenlts are considered to be of marine origin, one unit of tuffaceous
conglomerate may be of interest with respect to possible uranium content.
This unilt, the Kotsina Conglomerate (Moffit, 1938, p. 62-64) unconformably
overlies the Nikolai Greenstone and Triassic shale and limestone on the
east side of the Copper River and north of the Chitina River between the
Kotsina and Cheshnina valleys. The unit is at least 1,500 feet thick, and
consists of pebbles of argillite, diorite, greenstone, and quartz in a
tuffaceous matrix, Moffit (1938, pl. 2) indicates the Kotsina Conglomerate
underlies about 50 square miles and forms steep cliffs in the mountains.

The Middle Jurassic is represented in the soulhwestern part of the
Copper River basin area by the Tuxedni Formation which overlies the Talkecetna
Formation (Chapin, 1918, pl. I1; Grantz, 1960, 1965). It is considered to
be entirely marine and to consist of buff sandstone, soft sandy shale, and
a smaller amount of dark-brown arkosic sandstone containing '‘hlack minerals"
(Chapin, 1918, p. 32). It may reach 1,000 feet in thickness in the Matanuska
Valtey.

Crelacenus marine sediments occupy a large part of the upper Chitina
vatley. The beds include black shale, sandstone, congtomerate, grit, and
sandy shale, but no limestone. Large masses of granite and quartz diorite
cut the beds. A distinct unconformity separates the Cretaceous from the
older sediments and it is notably less folded and faulted. The Cretaceous
sediments in the Chitina Valtey and adjacent area have been described by
Moffit (1938, p. 78) as forming a sequence with a total thickness of at
least 6,000 feet, but nowhere is there a complete Cretaceous section.

More recently, Jones and MacKevett (1969) divided the Cretaceous rocks
in the McCarthy quadrangle, north of (he Chitina Valley, into five for-
mations: the Kennicott, Moonshine, Schulze, Chititu, and McColl Ridge.

Following o general uplift at the close of the Cretaceous or at the
beginning of Tertiary time, a wide, ltow depression was developed in the
Copper River region. Tertiary continental sediments, which included sand-~
stone, conglomerate, siltstone, claystone, and locally, beds of coal, were
deposited over this area. YThe rocks are considered Lo be Eocene on the
basis of poorly preserved plant remains (Moffit, 1938, p. 97). Lava fiows
and pyroclastic deposits of Tertiary to Recent age are exlensive around the
volcanic centers in the Yrangell Mountains.
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Because glacial and alluvial deposits of Quaternary age now mask the
older sediments in the basin by thicknesses of 600 feet or more in places
and possibly as much as 1,000 feet (Andreason and others, 1964, p. 138),
the thickness and distribution of the Tertiary are not well known. A
limited amount of information is provided by seven electric togs lor
petroleum test wells, but detailed descriptions of the lithologies do not
seem to be available. The combined thickness of the Quaternary and Tertiary
sediments ranges from O to 2,630 feet, as shown by the top of the Cretaceous.
The thickest section was penetrated by Atlantic's Rainbow |, 30 miles north-~
west of Gulkana Junction.

Tertiary sediments can be seen in outcrop in two general areas in the
Copper River basin region: in the northeastern part between the Chistochina
River and the Richardson Highway, and in the southwestern part north of the
Glenn Highway and on the western side of the Talkeetna Mountains (Grantz,

1960a, 1960b, 1965).

Eocene sediments in the northeast part consist of more than 2,000 feet
of section, which has been named the Gakona Formation (Mendenhall, 1905,
p. 52-53). The largest outcrop lies adjacent to the eastern side of Gakona
Glacier and covers 20 Lo 25 square miles. A basal conglomerate here is not
less Lhan 500 feet thick and is made up of coarse, indurated iqneous rocks
that dip eastward and appear to pass bheneath soft, fissite or massive, gray
or buff-colored shales which, with interbedded gravel, sand, and lignite
beds, extend to the head of the west fork of the Chistochina River.

[gneous Rocks

A wide variety of intrusive and extrusive rocks are present in the
hills and mountains surrounding Lhe Copper River basin. These were emplaced
during numerous periods of activilty. Flow rocks are exposed over large areas,
but intrusive rocks, while widely distributed, crop ouvt in relatively Ffew
places.

Volcanic flows are present as a major part of Lhe Carboniferous and
older sequences extending across the northern margin of the Copper River
basin in the foothills of (he Alaska Range. Lavas are also constituents of
the Carboniferous sequences in the Chitina valley (Andreason and others,
1964, p). 2h; and Chapin, 1918, pl. 11). A 4,000-footl sequence of basaltic
lavas is present In the Wrangell Mountains as a part of the Permian Station
Creek Formation (Smith and MacKevett, 1970, p. Q6).

The Tatkeetna Mountains include a large core of quartz diorite and
granite to the west of the Copper River basin. The intrusives range in
age from Carboniferous to Cretaceous. Tuffs and flows, in general andesitic
but ranging in composition from rhyolite to basalt, are atso present in the
Talkeetna and Chugach Mountains as the lower part of the Talkeetna Formation.
In this general area numerous small light-colored granitic and porphyritic
intrusives are scattered hetween the Copper River and Klutina River. A
belt of felsic rocks trending northeast between the headwaters of the
Kashwitna River and the west fork of Kings River has been mapped by members
of the Alaska State Survey (ADGGS, 1974, p. 14-15). This belt has been
mapped for 8 miles, but its total extent is not known. Rocks range in com-
position from guartz monzonite to granite, and localtly may be classified as
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alaskite. These rocks may have a potential for vein-type uranium deposits.

Younger intrusives, Upper Jurassic to post-focene, occur in the Chitina
valley and adjacent areas. These include granodiorite, quartz latite, quartz
diorite, granite, and syenite (Moffit, 1938, p. 106-107}).

The Triassic Nikolai Greenstone overlies the Lower Permian lavas and
sediments and occupies numerous areas in the Wrangel] Mountains and along
on the north side of the Chitina valley for 100 miles. 1t is a thick se-
quence of basalitic flows, well known because of the associated copper de-
posits in the Kenpicott mines near McCarthy. The primary minerals in the
lava, in order of abundance, are augite, labradorite, iron ores, apatite,
olivine, and orthorhombic pryoxine (Moffit, 1938, p. 39). The lavas that
actually make up the bulk of the Wrangell Mountains are those of the \lrangell
Lava Formation of Focene and Quaternary age. Andesite is the chief trock
type, but some basalt and dacite are present. Basaltic lavas and minovr fel-
sic extrusives and pyroclastics, containing Eocene plants, possibly equivalent
to the Wrangell Java, are widespread in the southern Talkeetna Mountains.

The literature on the igneous rocks of the Copper River basin region
indicates that basic compositions, especially basaltic and andesitic, may
predominate. However, iIntermediate to acidic intrusives are present in a
large part of the Talkeetnha Mountains, and small amounts crop out in the
southern part of the basin west of the Copper River and in the Chitina valtey.
Many types of both sedimentary and igneous rocks were probably being evoded
during deposition of the Eocene nonmarine sediments in Lhe Copper River basin,
and it appears that intermediate to acidic types could have contributed sig~
nificant amounts.

Structure

The tower Jurassic Seldovia and Talkeetna geanticlines trend through
the northern part of the Chugach Mountains and the northern half of the
Copper River hasin, respectively (Payne, 1955). Between the geantictines
lie sedimentary rocks deposited in the Matanuska geosyncline during the
Mesozoic era. These sediments trend into the Matanuska Valley to the west
and into the Chitina valley to the southeast. The Mesozoic sediments form
a sequence having a thickness of at least 8,900 feet where the axis of the
narrow Matanuska geosyncline crosses the southern part of the Copper River
basin.

The Castle Mountain thrust fault,which is a major feature on the north
side of the Matanuska Valley, probably extends eastward into the Copper River
basin as a set of northeast-trending branch faults. Folding of the bedded
rocks in the region is pronounced in the Carboniferous rocks but becomes
progressively less so in the younger strata. Mesozoic beds on the western
edye of the basin next to the Talkeetna Mountains are generally flat lying,
except where faulted {Grantz, 1960). The Tertiary sediments are apparently
nearly horizontal wherever found in the basin.

Economic Geology
It is estimated that about 3,500 square miles of the Copper River basin

is undertain by Late Mesozoic marine rocks that correlate with the sequence
containing indications of petroteum in the ook Inlet. Sandstones of Middle
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Jurassic to lLate Cretaceous age arc believed to offer the best possibilities
for petroleum in the Copper River basin (USGS, 1964, p. 53). Evidence of
petroteum consists of a fetid odor in a few of the Cretaceous beds, gas shows
in test wells, and several gas scepages at the surface. As of 1969, eight
unsuccessful wells had been drilled to depths ranging from 2,793 to 8,837
feet.

The Tertiary sediments are not considered likely to be petroleum re-
servoirs, but they may thicken locally and contain some oil of Mesozoic
origin and methane gas. This possibility is of interest because petroleum
hydrocarbons are believed to sometimes provide a reducing environment for
uranium deposits (Taucher, 1971, p. 5).

Humerous publications include descriptions of the many ore deposits in
the region, which, if the McCarthy area i35 included, is one of the richest
mineralized parts of Alaska. Gold and copper have been most developed. Ex-
cerpts from Berg and Cobb (1967, p. 37-65) are given in an effort to summarize
the information on the geology and show the variety of minerals in the three
recognized mining districts within the study area.

Chistochinad District

The Mcsozolic¢ rocks are cconomically important in the Chisto-
china district because they Jinclude the Nikolal Greenstone and over-
lying Chitistone Limestone, which, in the Kotsina-Kuskulana area, are
host Lo numerous copper lodes.

Copper, gold, silver, and molybdenum lodes in the Chistochina
district were prospected from about 1898 to 1940; the greatest ex-
ploration activity was prior to 1930. Iron, lead, zinc, and bismuth
also occur in some of the lodes, but no attempt has been made to ex-
ploit these metals. Most of the prospects are between the Chitina
River and the crest of the Wrangell Mountains in an area drained by
the Kotsina and Kuskulana Rivers. A typical copper deposit in the
Nikolai Greenstone in the Copper Creek area is in sheared or brecciated
greenstone and consists of small irregqular veinlets of quartz, calcite,
and epidote, and subordinate bornite, chalcopyrite, chalcocite, enargite,
malachilte, azurite, pyrite, and limonite. It commonly is within a few
hundred feet of the top of the greenstone.

The most thoroughly explored copper deposit on Copper Creek Iis
the Mullen prospect where the lode consists of veins of calcite, py-
rite, bornite, chalcopyrite, covellite, limonite, malachite, and
azurite in brecciated limestone. Samples of the two principal veins
assayed J..55-5.82 percent copper, a trace of gold, and as much as 0.28
ounces of silver per ton. Total indicated resources of the two veins
is abonut 1,360 tons.

Other minerals reportedly present in the Chistochina district include
tetrahedrite and bismuthinite on the Kluvesna River; sphalerite and galena
with copper and iron minerals have been found in the Slana areas in the
northeastern part of the Copper River basin; molybdenum, mainty in a peg-
matitc dike., was found on Rock Creek, also in the Slana area.
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Nelchina District

The Nelchina district is the area drained by east-flowing
tributaries of the Copper River from Gulkana on the north to,
but excluding, the Tusnana River on the south.

Lodes in the Nelchina district have been prospected for gold,
silver, manganese, and chromite. The gold lodes, which also con-
tain a little copper, lead, and zinc, are mainly in an area south-
east of Tonsina Lake, the site of considerable exploration early
in the present century. On Dust Mountain, at the northeastern end
of the intrusive, a body of massive chromite as much as 10 feet
thick is exposed for a distance of 75 feet. Samples of the richest
material assay 36.0-57.7 percent chromite, with a chrome-iron raktio
of 1.20-3.06. Assays also show traces of nickel and platinum.

Nizina District

The district 1s dominated in the south by the Chugach Mountains,
in the northeast by the St. Elias Mountains, and in the northwest by
the Wrangell Mountains. Within these regions of high relief and large
fields of perennial ice and snow, the only larqge lowland area Is the
valley of the Chitina River.

Lodes containing copper, silver, gold, lead, zInc, molybdenan,
and nickel occur in the Nizina district, but only the lodes bearing
copper and precious metals have been the sources of substantial a-
mounts of ore. The period of greatest lode prospecting and mine de-
velopment was from 1300 to 1938, when more than a billion pounds of
copper was recovered, nearly all from the Kennicott mines. The group
of properties known as the Kennecott mines includes the Bonanza, Jumbo,
Erie, and Mother lode mines, located at altitudes of 4,000-6,000 feet
in the mountains about 7 miles north and north-northeast of McCarthy.
The underground workings in the four mines were interconnected and
totaled about 70 miles in length, the deepest workings reaching an
altitude of about 2,800 feet. The mines exploited several ore bodies,
the most important of which were the famous Bonanza and Jumbo veins—--
veins that were unique in that they constituted the largest masses of
almost pure copper ore that have ever been discovered. The Kennecott
mines were in almost continuous operation from 1911 to 1938, during
which time they yielded most of the copper produced from Alaska. The
Kennecott ore bodies were in Chitistone Limestone a little above the
contact with the Nikolai Greenstone. The ore occurred as veins,
irregular massive replacements, and stockworks, mostly in partly
dolomitic beds in the lowest 300 feet of the Chitistone Limestone.

About three-fourths of the ore mined at Kennecott consisted of
sulfide minerals, of which an estimated 95 percent was chalcocite.

The remaining sulfides were chiefly covellite and sparse to trace
amounts of enargite, bornite, chalcopyrite, luzonite, tennantite,
pyrite, sphalerite, and galena. Besides the Important copper deposits,
other lodes in the Nizina district have been explored for gold, silver,
lead, molybdenum, antimony, and nickel.

Previous Radioactivity Investigations

The USGS examined the southwestern part of the Wrangell Mountains on
the north side of the upper Chitina valley near McCarthy (Moxham and Nelson,
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1952, p. 1-3). Apparently littlc or no data on the mines and ores in
the district are available. Results of tests on nine samples collected
in the McCarthy area by Moxham and Nelson are given helow:

Radioactivity

Sample Location Type of material (in percent el)
10 Dan Creek Shale (Kennicott 0.002
formation)
11} Dan Creek tributary Panned concentrate 0.000
12 Rex Creek Shale (Kennicott 0.002
formation)
13 Young Creek Panned concentrate 0.00!
14 North of McCarthy Shale (McCarthy 0.000
formation)
15 North of McCarthy Greenstone (Nikolai 0.002
formation)
16 Near Kennicott Granite 0.001
25 0'Neill Mine, Dan Sluice-box concentrate 0.000
Creek
86 Chititu Mines, lnc. - - - - - do- - - - - - 0.000
Rex Creek
Spots (1) Shale (Kennicott Insignificant
checks formation

TSeveral localities.

A single sample of the heavy-mineral fraction of gravel from Golconda
Creek, a tributary to Chikina and Chitina Rivers, produced el of 0.004
percent.

The area in the Chuyach Mountains including the west tributaries to
the Copper River between the Tiekel and Gulkana Rivers has been called the
Klutima district. Twenty-seven radioactivity measurements of rocks and
stream concentrates from the area, taken from Moxham and Nelson (1952, p.
%), ranged between 0.001 and 0.003 percent el.

Severa} localities in the extreme northeastern part of the Copper River
basin, in the Chistochina district, were tested during 1953 and 1954:

fLocality Type of deposit Radioactivity References

Rock Creek Molybdenite~bear- 0.004 percent el Vledow and others, 1953,
ing permatite ot less p. 6, 7; Nelson and
others, 1954

Mineral Altered shear 0.001 percent Wedow and others, 1953,
Point area zone containing el p. 6, 8; Nelson and
copper, gold, others, 1954

silver, and traces
of nickel(?)

Glenn High-~ Tests of con- 0.003 percent Wedow, Killeen, and
way between  centrates from el or less others, 1954, p. 16-18
Stana and gravels of
Mineral Lake streams cross-

ing highway



Locality Type of deposit Radiocactivity References

Silver Creek Quartz veins, con- Veins contain Wedow, Killeen, and others,
area taining stlver- 0.001 percent el; 1954, p. 16-18; Wedow and
bearing galena diorite contains others 1953, p. 6, 8; Helson
and tetrahedrite as much as 0.005 and others, 1954
with some gold percent el

cutting diorite

Indian Quartz veins 0.00h4 percent Wedow and others, 1953,
group containing el p. 6, 7; Nelson and
silver-bearing others, 1954

galena and
tetrahedrite,
chalcopyrite,
malachite, and
azurite

An anomalous radiocactivity reading was reported from an airborne sur-
vey. R.G. Bates recorded in Trace Elements Preliminary Reconnaissance re-
port A-1726, December 3, 1953, a scintillometer reading of 1.0 mr/hr in the
canyon of the Chitistone River. The background was 0.15 mr/hr. No ground
investigation was made. Although only a single reading was reported, it
seems ta be significantly high and to warrant follow-up testing. The mouth
of the Chitistone River valley is 10 miles east of McCarthy.

TERTIARY DEPOSITS AND GRANITIC ROCKS
OF THE EAGLE-CHARLEY RIVER AREA

A belt of nonmarine sedimentary rocks of Upper Cretaceous to Pliocene(?)
age lies along the south side of the Yukon River from the international
houndary to Woodchopper and Webber Creeks, which are east of Circle (fig. 17).
The Upper Cretaceous-Tertiary sediments lie within a few miles of (and are
topographically lower than) the large Mesozaic, granitic Charley River bath-
olith to the south, which presents a favorable situation for the accumutation
of sedimentary-type uranium. The sediments of the belt are within the
1:250,000 Charley River and Eagle quadrangles.

The geology of the Charley River quadrangie has been mapped by Brabb
and Churkin (19698), and the geology of the Eagle quadrangle was compiled
by Foster (1972). The Upper Cretaceous-Tertiary deposits of the Eagle-Circle
area were specifically studied by Mertie (1942), who also published a report
on the general geology of the region (1330).

The Upper Cretaceous-Tertiary belt occupies a trough formed along the
Tintina fault zone (or Tintina Trench), which is an extension of the Rocky
Mountain Trench and a major structural feature in east-central Alaska. The
fFault zone is also referred to as the Eagle Trough. The area underiain by
Upper Cretaceous-Tertiary sediments along the trough is from 2 to 15 miles
wide and 80 miles long. The area is one of low, rounded ridges, and con-
tinues northwestward along the Yukon River valley into the loess-covered
terraces and }ake-dotted ptain of the southeastern part of the Yukon Flats,
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The hills are heavily wooded. South of the trough area, mountains of
the Yukon-Tanana Upland rise gradually to altitudes of over 5,000 feet.
On the north side of the trough and the Yukon River, the Ogilvie Moun-
tains form a rather rugged group with a maximum altizude of about 4,600
feet.

The Yukon-Tanana Upland is drained by north-flowing streams that rise
in the highland to the south and have superimposed courses to the Yukon
River in narrow valleys. The major tributaries to the Yukon River on the
north side of the trough are the MNation and Kandik Rivers.

The town of Eagle, on the Yukon, is near the southeastern end of the
trough and is accessible by the Taylor Highway. The northwestern end of
the trough is near VWoodchopper Creek, which is a southern tributary of the
Yukon. A short road connects the lower parts of Woodchopper and Coal Creeks.
The town of Circle is located a littie farther downstream on the Yukon and
is accessiblie by the Steese Highway. Other parts of the area can be reached
by boat on the Yukon River and its tributaries. Short landing fields are
located at Eagle and Circle, and at one time landing strips were used at
the Nation and VWoodchopper settlements,

The climate is similar to that of the Fairbanks area. The yearly
mean annual temperature is 25CF, and the average precipitation is 10 inches.
Permafrost is discontinuous throughout the area.

The Tertiary and Cretaceous sediments in the trough are in a synclinal
belt and they probably are in sedimentary contact with both the metamorphic
and granitic rocks of the Yukon-Tanana Upland on the south and the highty
indurated Precambrian, Paleozoic, and Mesozoic sediments of the Ogilvie
Mountains on the north. While the Tertiary belt closely follows the course
of the Yukon River, the contacts are separated by a narrow belt belonging
to the Precambrian-Tertiary sequence of the Ogilvie Mountains or the Kandik
Basin.

Sedimentary Rocks

A large number of geological formations and groups ranging in age from
Precambrian through Tertiary have been mapped in the area (Brabb and Churkin,
1969: Foster, 1972). The north side of the trough and Tintina Trench is
occupied by one of the most complete stratigraphic sections in Alaska. The
area north of the Yukon River is termed the Kandik Basin. The pre-Tertiary
rocks south of the Tintina fault do not correlate with those on the north
slde because of the great right-lateral displacement along the Tintina
fault, which may be as great as 260 miles (Davies, 1972). The rocks on
the south side of the trough are mostly metamorphosed sediments and green-
stones of Paleozoic age and Mesozoic granitic rocks. DOescriptions of most
older rocks do not seem to suggest that they would be favorable hosts for
uranium. However, one older sedimentary Tormation that may possibly be of
interest to uranium explorationists is the Nation River Formation, which
is exposed on both sides of the Yukon River from a short distance down-
stream from Eagle to about 6 miles below the mouth of the Nation River.
Early reports dated the Nation River Formation as probably Permian, but
Brabb and Churkin {(1967) have shown that it is most likely Late Devonian.
The Nation River Formation consists of up to 4,000 feet of nonmarine clay
shale, sandstone, and congiomerate which has been said to resemble Tertiary
sediments.



Study of the Upper Cretaceous-Tertiary sediments in the Eagle-Circle
district by Mertie (1942) was primarily for determining the source of the
placer gold which was mined from streams south of the Yukon River, most
notably at American, Coal, Woodchopper, and Fourth of July Creeks.

Mertie's conclusion was that the immediare source of the gold was the

Upper Cretaceous-Tertiary sandstones and conglomerates but the original
source was the granitic rocks to the south. The Upper Cretaceous-Tertiary
sediments were probably laid down in an alluvial basin which was originaliy
much more extensive than it is today.

Outcrops of the Upper Cretaceous-Tertiary rocks are not extensive be-
cause they are generally little indurated and nonresistant to weathering,
though some units are locally well indurated. Exposures can be found in
stream valleys. However, no complete section is exposed anywhere and
partial sections have not been combined to yield a composite section.

Generalized descriptions of the lithologies are taken from Mertie
(1942, p. 224-225):

The materials composing the Tertiary conglomeratic rocks and
sandstones tend to be fairly uniform in lithologic character, but
at some localities where these rocks lie close to the underlying
Paleozoic and Mesozoic rocks their composition varies markedly from
the usual composition. At most places the pebbles of the conglom-
eratic rocks consist of chert of various colors, quartzite, and vein
quartvz., which are the types of rocks that arec practically indestruc-
tible, except by abrasion. Locally, and especially near the base of
the formation, pebbles and cobbles of granitic rocks, greenstone,
schist, argil)lite, and cven limestone have been observed. In most
of the conglomeratic rocks, the pebbles are relatively small, the
maximum diamecter being 4 or 5 inches and the average between 1 and
2 Inches. But at certain horizons near the base of the sequence,
coarse conglomerate has been observed, as l[or example on American
and Crooked Crecks. The best example of coarse conglomerate, how-
over 1s along the ridge that separates Crooked Crcek from Trout
Creck. Here large residual cobbles and boulders of quartzite as
much as 2 feet or more in diameter lie at the surface and represent
the debris derived from the surficial alteration or slaking of
coarsc conglomerate. The sandstones of the series arc not materially
different from the conglomerates, except for the smaller size of the
component grains. Undevr the microscope the finer rock forming
minerals, both of the conglomerates and sandstones, are found to be
quartz, orthoclase, plagioclase, hornblende, and mica, together with
iron ores, zircon, garnet, and other heavy minerals derived from
granitic rocks and crystalline schists. At places the heavy minerals
are concentrated in stratified layers and In general appear to be more
plentiful than in their original parent rocks. Most of the shale is
sandy, but in the stratiqgraphic horizons where coal is found clay
shales are also found. The coal that occurs in these Tertiary rocks
was studied years ago by Collier and was found from numerous analyses
to be dominantly a high-grade lignite, with some subbituminous
varietics. At the present time, with ample wood for domestic use and
with cheap oil for larqe-scale mining operations, these low-grade
coals are of little economic importance.
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The base of an Upper Cretaceous-Tertiary conglomerate along the west
bank of Mission Creek appears to lie direcrly on pre-Upper Cretaceous
granite, and in other areas arkosic sandstone can be observed to have
been locally derived directly from granite, with which it is in contact.
Besides granite, other constituents of the conglomerate include chert,
schist, quartz, quartzite, and greenstone. Fragmental plant remains
are interbedded with sandstones at various localities. Gold was found to
be irregularly distributed in certain sandstone and conglomeratic beds
and almost certainly was derived from weathering of the granitic rocks.

Igneous Rocks

Several Paleozoic and possible Precambrian igneous rock units have
been mapped in the Eagle and Charley River quadrangies. A sequence of
basalts and sedimentary rocks believed by Mertie to be Early Mississipplan
are known as the Circle Volcanics. Mesozoic granite, including some diorite
and related rocks, form a large complex south of the Yukon River. Tertiary
lava flows, mainly rhyolite but including some dacite, are present. This
study is concerned principally with the Mesozoic granitic rocks which ap-
pear to have the greatest potential as uranium source rocks for the Upper
Cretaceous-Tertiary trough sediments and as possible hosts for vein-type
uranium.

The Mesozoic granitic rocks occupy a zone 80 miles long and from 10
to 50 miles wide with smailer outlying masses of similar rocks both north
and south of the main massi{. The total area is 1,900 square miles. The
main body, the Charley River batholith, is named from the Charley River,
which cuts the batholith about halfway between Eagle and Circle. Other
batholiths and smaller granitic bodies occupy much of the Yukon-Tanana Up-
land in east-central Alaska.

The felsic rocks identified by Mertie (1930, p. 150) consist of
muscovite yranite, alaskite, muscovite-biotite granite, amphibolite, epi-
dote granite, and quartz monzonite. Subsilicic types are granodiorite,
quartz diorite, and diorite. Basic rocks include gabbro, peridotite, and
pyroxenite. The granitic and dioritic rocks, however, are most typical of
the region. Locally, primary granite gneiss is developed along the contact
of the intrusives with the country rocks. Tertiary and Mesozoic dikes of
both felsic and mafic compositions are common near the intrusive rocks.
Ultramafic rocks of the Eagle quadrangle are described by Foster and Keith

(1574) .

The plutonic rocks of the main complex in the southwestern part of the
Charley River quadrangle are termed adamellite (quartz monzonite) by Brabb
and Churkin (19638). Their description follows:

Medium-to coarse-grained adamellite. Biotite is chief accessory
mineral. Hornblende less abundant. Muscovite and garnet occur
locally. Adamellite has zepoliths of schist and is cut by aplite
dikes. The adamellite forms generally structureless bodies dis-
cordant with surrounding schigt, but in some places the adamellite
seems to grade into guartz biotite gnelss.

The Mesozoic plutonic rocks in the Cagle quadrangle are described by
Foster (1972):
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UNDIFFLRRNTIATED GRANTIIC ROCKS--Primarily aquartz monrmonite
and aranodiorite, hut includes crapite to diorite with local aplite,
alaskitn, and pegmatlite. TFipe to coarse grained; cquiqranular to
coarse’ly porshyrytic.  Riotite-hornblende yranodiorite ahundant.
Conmon,y crops out in tors. Most 0% larger plutons probably
Mosoznic In age but includes Tertiary plutons.

HORNBI.LNDE GRANODIQRTTE--Primarily coarse-grained hornblende
granodiocrite and Guarts monzonite but includes some gabbro and syenite.
Probablu Maosoznic In age.

SYENTTE OF MOUNT VETA--Primarily hornblcnde syenite porphyry,
bit locally; equigranular. Inelundes hornblende quartz-monzonite
and Jioriyt~. Potassium-arqon age on hornblendr of 177 m.y. + 5 m.y.
(Potassium—argon report no. 54 (Monlo Park), 1969, by J. von Essen) .

While both Mount Veta and Mount Fairplay arc about 75 miles south of
the Yukon River in the Yukon-Tanana Upland and outside the Eagle-Circle
region, the syenitic rocks are of interest because of the possibility of
uranium associations (Foster, 1967). The Mount Fairplay area has long
been known to have a very high radicactivity background, and even though
it was the sitec of a uranium stakina "rush,'" no commercial uranium deposits

were found.

Another rock unit of possible interest because it may consist of Pre-
cambrian orthoqneiss is the Pelly Gneiss (Mertie, 1937, p. 201-202). This
unit occurs in scattered, rather ill-defined areas throughout much of the
Yukon-Tanana Upland of eastern Alaska.

Structure

The most significant structural feature of the Eagle-Circle district
is the Tintina Trench, extending 600 miles or more from Canada into east-
central Alaska. Right-lateral displacement has been calculated to be as
much as 260 miles. The trench forms & lowland now partly occupied by the
Upper Cretaceous-Tertiary sediments of the fagle-Circle district. Sub~
ordinate faults and folds related to movement in the fault zone are well
developed in Precambrian-Paleozoic rocks and Cretaceous granite. Displace~
ment of Quaternary alluvium shows Lhat movement has continued (Davies, 1972).

The Tertiary rocks have been deformed into appressed folds. Bedding,
though tocally dipping northward, dips dominantly southward and it is pre-
sumed that the Tertiary rocks lie in a belt of appressed folds overturned
to the north.

Economic Geology

Gold in placer workings have long been known in the region. All the
streams mined for gold lie south of the Yukon River, as do the granitic
intrusive bodies. The valleys of Coal and VWoodchopper Creeks contained
the most inportant placers in the Upper Cretaceous-Tertiary belt. While
mining has been dormant for a pumber of years, a dredaec of Coal Creek is
currently being treactivated.



The Upper Cretaceous-Tertiary deposits have acted as a proximate
spurce for the gold, which in turn was concentrated in various tribu-
taries of the Yukon River. The original source was the granitic plutons
south of the Upper Cretaceous~Tertiary belt. All the important placers
are on the valley floors, but less significant placers occur as bench de-
posits on higher and older erosional surfaces. Silver and platinum are
alloyed with the placer gold: up to 18 percent silver and 0.42 percent
platinum.

Lode deposits in the immediate vicinity of the Eagle Trough are
scarce. Mineralization was staked in 1948 on sulfide-bearing rock con-
taining cobalt bloom and a basaltic greenstone on Fagle Bluff just outside
the town of Eagle along Mission Creek (Saunders, 1952). Very little work
has been done on the prospects. A few lode prospects in the Circle district
were explored for gold, copper, and lead. A copper prospect 50 miles east
of Eagle on Copper Creek about 6 miles above its confluence with the Charley
River occurs in highly metamorphosed rocks which may be a roof pendant in
the Charley River batholith. Chalcopyrite, malachite, and azurite are the
chief metallic minerals (White and Tolbert, 1954, p. 7-9).

Some low-grade coal has been exposed at several stream valleys that
cut the Upper Cretaceous-Tertiary beds, but apparently it is not suitable
for exploitation. One site, believed to bhe in the Nation River Formation,
has been mined for coal, and about 2,000 tons were used to fuel river
streamers (U.S. Geol. Survey, 1964, p. 80). 0il shales, containing as
much as 28 gallons of oil per ton, within the Triassic-Lower Cretaceous
Glenn shale, are wel) known but relatively thin (Mertie, 1930, p. 132).

An occurrence of asbestos has been found near the center of the Eagle quad-
rangle in a serpentinized mass that appears to have intruded metamorphic
rocks (Foster, 1969).

Radioactivity Investigations

Several reconnaissance investigations for radiocactivity by the U.S.
Geological Survey and one by DGGS has been conducted in west-central Alaska.
Wedow (1954) investigated the Eagle area in 1948 on behalf of the U.S.
Atomic Energy Commission, and reported the following data:

Reconnaissance of radioactive deposits in sedimentary rocks
of Proterozoic and Paleozoic age, and granite of Mesozoic(?) age
together with its Tertiary sedimentary derivatives, was conducted
in the Eagle-Nation area, east-central Alaska In 1948. None of the
rocks examined contains more than 0.003 percent eguivalent uranium
except for black shale beds in the upper Mississippian Calico BIuff
formation and in granite of Mesozoic(?) age and its sedimentary de-
rivatives. The more radiocactive black shale beds In the Caljco Blufr
formation range in thickness from 1/2 to 7 feet. Two units near the
base of the formation appear to be persistent in the area: Radio-
active unit A, with an average thickness of 6.6 feet, contains an
average of ().007 percent equivalent uranium and 0.004 percent uranium;
radiocactive unit B, with an average thickness of 5.2 feet, contains
an average of 0.006 percent equivalent uranjum and 0.003 percent
uranium. Phosphatic pellets from unit B at one locality contain 0.022
percent equivalent uranium, 0.019 percent uranium, and 15 percent
Po0s5. Samples of granite of Mesozoic(?) age and its Tertiary sedi-
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meneart darivatives average 0.205 apd 0.004 parcent aquivalent

vransur, wesprctively. Bioribtc Jc rhe chie’ rpdioactive mincral
in the ~ranite and its redicachivitu i1a ascrikaed to &Lh» presence
af urerium aud thorium, which oooay

siither an Smpurifies or in
minntn Inclrsionsg of other, A5 u”Rt unidentifiod, minerals. Traces
nf yvraniam and thorium Jn zircen, sSphene, and monpazite also con-
cribite 4o thn total radioectivity of the gronifte. Zircon and
monazite are the mAajor uranium~and thorinm-bearing minerals ot

tho Tertiary sedimnntaru rocks devived from tho aranite.

The investiagators conctuded that the radioactivity at the Copper Creek
prospect was dur to uranjum as impurities in bornite and malachite. They
also noted that Lhe investigations were limited and that greater concentra-
tions may nccur in the area of the mineralized roof pendant in the batholith.

Results from other areas tested by DRGS in west-central Alaska (Eakins,
1969, p. 13-14) are given:

Povt.iary shale, sandstone, and coal beds exnosed along Chicken
Creoek at +he town of Chicken and in a aravel »it near Chicken Adid
not yield significant rcadings. The Silvey Ouoen Lode, 3ust below
the highwau about four miles north of Chicken nd pear Mile Post 71
did not show measureable radiocactivitry. Thae nrospect conzists of a
30~foot tunnel following a gounge zone with showings of galena.

Two feet of gouge in a fault zone In a <conspicuous oltcrop
of marble in a road cut at Mile Post 113 gave three times the back-
ground count , or between 0.03 and 0.04 Mr/liv. Tcrtiary sandstones
and shales exposed in borrow pits along the Taylor Highway from A
few miles south of Fagle to Fagle contain sandstone shales, and silt-
stones. The verv fine-grained silty sandsiones and siltstones were
noticeahly higher in radioactivity than the cleancr, coarser sand-
stones. Counts up to 0.03 Mr/Hr woere obtained.

A Foot traverse along American Creek from Eagle south for five
miles was made to examine Tertiarny sandstones and conqlomerates ox-
posed in bluffs along the creek. At three locakions localized anom-
alies were encountcred where raults cut thnse beds. The maximum
readings were 0.03 Mr/Hr. Mission Creek enters the Yukon just west
nf tho town of Eagle near the basc of Eaale Bluff. The prominent
Fagle RIUuff stands between Missicon Creek and the Yukon. In the 1940's
several claims covering showings nf qold, copper, nickel, and cobalt
were staked along a fault zone on the Mission Creck side of Eaagle
pluff. A foot traverse in this area Jdid not produce any radioactive
anomalies, but all seven claims werc not coxamined in detail. No
mining has been done on the claims.

Yrequent checks with counters along the Yukon River betwecn Eagle
and the ranadian border revealed nu anomalies in the Paleozoic rocks
exposed. The Nation River conglomerato exposnd no anomalons readings.
The Mississippian Calico Bluff formation exposed on Calico Bluff
about eight miles downriver from Fagle has heen reported to contari
radimactive black shales. The writer measnred readings up to 0.05
Mr/Hr in black shales near the bsse of the bhlnff. A climb from the
river to tho top of the binff produced lrsser readings. Tertiary
beds exposed on the south side of the Yukon from two to srven miles



west of the mouth of the Seventymile River produced only very
low radioactivity. A maximum reading of 0.05 Mr/Hr was obtained
from one narrow brecciated zone cutting the beds.

The Upper Cretaceous-Tertiary nonmarine sediments in the Eagle Trough
are essentlally untested for uranium. The beds extend 80 miles along the
porthern boundary of a region containing extensive granitic plutons which
have displayed radioactivity anomalies from the air and on the ground. For
the most part, the sandstones contain 0.002 percent eU. At least part of
the Upper Cretaceous-Tertiary sequence has been shown to have been derived
from the granitic bodies and to contain carbonaceous and coaly material.
However, beds are generally folded and dips frequently are between A45°% and
90°.

Many of the alkalic plutons in a bhroad region of the Yukon Tanana Up-
iand in east-central Alaska offer possibilities for nonsedimentary uranium
deposits. Scattered smatl areas have been investigated and eU contents of
up to 0.007 percent and averaging 0.005 percent have been found in the granite
and rejated rocks.

TERTIARY COAL-BEARING BASINS, NORTH FLANK OF THE ALASKA RANGE

Nonmarine coal-bearing sediments occur intermittently in a 250-mile-
long belt on the north flank of the Alaska Range from a point 25 miles
east of Farewell eastward to 20 miles east of Donnelly on the Richardson
Highway (see Geologic Map of Alaska: Dutro and Payne; 13957). These sedi-
ments lie mostly in the northern foothills of the Alaska Range physiographic
division of Wahrhaftig (1965, p. 35-36, pl. 1). The foothills consist of
flat-ropped, east-trending ridges 2,000 to 4,500 feet in altitude which
form a bel- reaching 20 miles in width along the Nenana River. Most of the
‘optnllis are unglaciated, but some valleys were widened during the Pleisto-
cene Epoch by glaciers from the Alaska Range. Streams draining the north
slope of the Alaska Range flow northward through the foot hills to the Tanana
River valley, except in the western part of the belt, where drainage is into
the headwaters of the Kuskokwim River. The Alaska Range forms a great arc
extending 600 miles from the Canadian border to Lake Clark in southwestern
Alaska, where it merges with the Aleutian Range. The crest of most of the
range is between 7,000 and 9,000 feet in altitude, but mountain masses are
higher.

Most of the Tertiary basins in the foothills are relatively accessible;
none are too remote from towns, and the terrain is not extremely rugged.
The belt is crossed by two north-south highways and a railroad: the Richard-
son Highway crosses the belt near the eastern end, and the Anchorage-Fair-
banks Highway and the Alaska Railroad cross the Alaska Range through the
Nenana River valley at the eastern edge of Mount McKinley Park. Precipi-
tation is less than 20 inches a year. Permafrost is extensive. The foot-
hills belt is covered by the Big Delta, Fairbanks, Kantishna River, Mount
Hayes, HKealy, and Mount McKinley 1:250,000 topographic maps. Geologic maps
of eight 15-minute quadrangles were recently issued and provide detailed
information on much of the Healy and Fairbanks quadrangles (Wahrhaftig,
1970a-h). The surficial geology of the central part of the Alaska Range
and Nenana River valley is covered by Wahrhaftig (13958).



The best known part of the Tertiary coal-bsaring belt is along Healy
Creek, where Usibelli Coal Mines, fnc. produces coal near the settlement
of Healv and Suntrana. The coal is uscd to fuel (wo power plants, which
sarve Fairbanks and the military bases in the region. Healy Creek is part
of the Menana coal field, which includes several separate but closely
grouped basins in a L0-mile-long area, mostly between the Nenana and Wood
Rivers. This group of basins includes Healy Creek, Lignite Creek, Rex Creek,
Tatlanika Creek, Mystic Creek, and Wood River coal bains. The Nenana coal
field has been described by Martin (1919), Barnes and others (1951), and
Warhhaftig and others (1969).

Another locality where coal has been mined from the Tertiary beds on
the north flank of the Alaska Range is the Jarvis coal field, located 100
miles east of Healy on the east side of the Richardson Highway near Donnelly.

Little detailed information is available on other Tertiary basins in
the beit, but it is hoped that the Tollowing discussion, which mostly de-
scribes the rocks in the Nenana coal field on the north flank of the central
part of the Alaska Range, will apply somewhat to all the Tertiary coal basins
in the belt.

Sedimentary Rocks

Rocks in the valley of Healy and Lignite Creeks include the Precambrian
(or Paleozoic Birch Creeck Schist), the Tertiary Coal-Bearing Group, and the
Tertiary Nenana gravels. For lack of a more up-to-date stratigraphic tabte,
the one below {(table €2) is reproduced from Barnes and others (1951) with
the understanding thal the Birch Creek Schist may be wholly or partiy
Paleozoic in age and that the Coal-Bearing Group has been revised upward
from a formation to group status and formally divided into five new for-
mations (Wahrhaftig and others, 1969).

Table E2. Generalized stratigraphy of the Nenana coal field,

Thlckness
AR Formatfon Description (feet)
Quaternnry Terrare gravels 0-200
- | Unconlormity —~——
Cunlzlo.‘mnrn(n. with boulderz of Biceh Creek 204
sehist,

Conglomerate, redrish-brown, with boalders
of green gphitic dforite, grantite, gruywacko,
ana olider conglomernte, and thin shalo beds.

2, 100
Conglomorate, brawn, with honlders of gray. ’
Nenaga gravel wacke, conglomerate, grean aphitle diorta,
granite, gmywacke, and conglomerato.

Conglomerste, brown, with houlders of gray«
wacks, eonglomeralg, groon ophilic dlscite, 1, 660
and duetee.

Canglomerate, brawn, with baulders of gray-

wocke, conglomsrato, snd daeita. 200
Tortiary - —
Upper member:
Sandstaae, s{llstone, claystona, and shele,
with a (i thin coal heds, Characterlzed &N —
by wbundunee of granite, valeadics, green M5
ophitie diozite fn prbbdle zones.
Middle wneiabir:
Sandlstone, silistons, cayslone, numerons
Conl-bearing thick conl bedk, Chargrterizcd by shon- 40—
formation danee of quartz, quartzite, ehert, andargil 1, 000
date, aned searcity of gmanite, voleanins, and
greén ophitic diovite in pebblr zones.
Lower member:
Sandstane, elystone, sillstone, and con-
lomerats, with numecous thick conl beds. 20—
t’«.mlscunt brown-wentherlng ¢lnystonae at 1,500
ap.
Unoonfyrmity——
Pte-Cumbrian Birch Crenk Qunrtz-nica scaist. 4

schise
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A discussion of the many Paleozoic and Mesozoic formations and in-
trusive rocks composing the Alaska Range is beyond the scope of this study,
which is concerned mostly with the Tertiary Coal-Bearing Group. The under-
lying Birch Creek Schist, however, is prominent in the Tertiary basins and
deserves mention. |t consists of highly contorted quartz-mica and quartz-
chlorite schist with scme interbedded phyllite, argiliite, and black car-
bonaceous schist. These are all cut by numerous veins of milky quartz.
When fresh, the schist is green. {t weathers to shades of gray, green, and
black, and becomes fissile.

Another unit that is exposed in the hills north of Healy is the Totat-
lanika Schist of pre-Devonian age. It consists of gray to black quartz
muscovite and araphitic schist with interbedded argillite and metamorphosed
volcanic rocks,

The Tertiary coal-bearing sequence lies unconformably on the Birch Creek
Schist in the Nenana coal field. The coal-bearing rocks are well exposed in
the Healy Creek valley and in the open-pit coal mines operated by Usibelli.
Figures E6 and E7 show the structure of the coal-bearing beds in the Healy
Creek valley and the relation to adjacent formations. Figure E6 shows the
structure of Lignite Creek. The geology has been mapped on the Healy D-7
quadrangle (Wahrhaftig, 1970c).

The Coal-Bearing Group is up to 2,000 feet thick and shows a wide
variation in thickness and lithelogy within short distances. Apparently it
was deposited in valleys or depressions in the Birch Creek Schist. Later
deformation tilted the beds and in places formed synclines. It is uncon-
formably overlain by up to 4,000 feet of the Tertiary Nenana Gravel. South
of the Healy Creek valley Lhe beds are fairly flat 1ying for a distance of
several miles.

Structure

The Birch Creek Schist basement is intensely deformed, tightly folded,
and crumpled. |In many places the bedding has been obliterated. The foliation
strikes east and northeast and dips to the south. The Totatlanika Schist is
generally less deformed than the Birch Creek Schist.

The uranium potential of the Tertiary Coal-B8earing Group is of principal
concern here, and a discussion of the structure of this sequence is repro-
duced from Barnes and others (1951, p. 180-182):

The north flank of the Alaska Range Is characterized by a series
of broad eastward-trending folds, formed in middle Tertiary time,
that are broken in places by both normal and reverse faults. The
Tertiary rocks, including the Nenana gravel and the coal-bearing
formation, are found in the troughs of the synclines, whereas schists
and intrusive rocks older than the coal-bearing formation crop out in
the cores of the anticlines. Through the center of the area under dis-
cussion passes a major syncline, which is bordered on the north by an
anticline and on the south by a tilted fault block that forms the
foothill range just south of the mapped area. The syncline, which is
10 to 15 miles wide at the Savage River, probably extends from the
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Muystic Creek coal hasin on the east to tho Toklat River on the
west, a distance of 80 miles.

Economic Geology

The Kantishna mining district is the area drained by the Kantishna
River and its tributaries. 1t lies mostiy in a group of foothills named
the Kantishna Hills, which are underiain by Birch Creek Schist. A number
of lodc deposits have produced small amounts of gold, silver, antimony, and
tead ores from quartz veins. About 1,700 tons of metallic antimony were
shipped from the Stampede Mine. Several deposits are within the boundaries
of Mount McKinley National Park. The largest of these is on the north
slopes of Mount Elelson, where massive aivgentiferous galena and other sul-
fides occur in limestone.

A locality of interest from the standpoint of uranium investigations
is the Purkey-Pite prospects, just outside the western boundary of Mount
McKinley National Park on the west side of the headwaters of Boulder Creek,
a small tributary of the Swift Fork of the Kantishna River. There are
three separatc prospects within about 3 miles of each other in metamorphosed
sedimentary rocks near a small granite stock. The prospects have showings
of silver, lead, zinc, and tungsten minerals {Maloney and Thomas, 1966).
Six samples from the Mespelt prospect yvielded anomalous el values from
0.037 percent to 0.14% percent.

A small deposit of tarry hituminous materia)l originally thought to be
a petroleum seep is located | mile above the mouth of Cripple Creek, which
flows northwest into Healy Creek. It is in gravels overlying the Tertiary
Coal-Bearina Group. Martin (1923, p. 137-147) concluded that the material
is actually & coal tar produced by distillation from burning coal.

Previous Investigations for Radioactivity

The writer examined the Tertiary coal-bearing group in the Healy Creek
valley with Geiger counrers (Eakins, 1969, p. 12-13). The area was crossed
at several points by walking up gqullies so that each bed in the sequence
was tested for radioactivity, and foolt traverses were made along the entire
12-mile~long area where rLhe coal-bearing beds were exposed. The maximum
radioactivity in sandstones, shales, and the Birch Creek Schist was about
0.04 mr/hr, or three times the normal background. No radiocactivity was
detected at the sitc of the Delta coal mine at the head of Ober Creek in
the Jarvis coal field (Eakins, 1969, p. 15). HNo other reports of in-
vestigations of the Tertiary coal-bearing group on the north flank of the
Alaska Range are available. However, it was rumored that a private company
was doing stream-sediment and water sampling for uranium in the Healy area
tast summer {(1974), and that uranium anomalies were located.

Radioactivity tests of 50 rock specimens collected by the 1947 Brad-

ford Washburcn Mount McKinley expedition produced 0.009 percent el in a
mangan: fercus vein quartz sample; granitic rocks produced as much as 0.004
percent el (Matzko, 1951; YWedow, 1956, p. 27). Veins in the Mount Eiclson
area and in the Kantishna Hiltls area did not produce over 0.001 percent el
{White and others, 1952, p. 7-9; Wedow, 1956, p. 28). Apalyses of samples
from the Purkey~Pile Mespelt prospect near the western border of Mount Mc-
Kinley National Park are listed (Maloney and Thomas, 1966, table 3):



Sample 0z/ton Percent
No. Description Ag  Au Pb Bi Eu Cu Sb Sn 1%
6T Thomas, 1959, grab of talus. 82.9) .0 k6.4 - - 0.42 2.52 -~ -
7T  Thomas, 1959, chip of talus. 25.22 Tr - - 0.075 .05 -~ 0.03 0.01
8T . . . . do. . . . .. .. 1.87 Tr - - 4 - - .06 .0k
9T Thomas, 1959, grab of talus. 1.75 Tr - - .073 - ~ .03 .02
107 Y To JUR R N ¢ A A B N o - - .039 - - .03 .03
VT . . . . .do. A8 Tr - - .037 - - .03 .02
The reported eU values justify an investigation of the area. There

has not been any production from the claims, though they have been held since
1921. An old 40-foot shaft on the Mespelt prospect is now caved in.
- by 15-foot shaft on the Jules-Knudson prospect was last reported full of

water. A little trenching and road work by bulldozer is the only other work

A 7~ by

that has been done. The prospects are in a remote area of very rugged terrain.
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ABSTRACT

One hundred eight rock samples were selected from traverses across
five plutons in western Alaska and analysed for uranium, thorium, and
potassium. Modes were determined using point-counting techniques. The
highest uranium concentrations detected were 86 and 92 ppm from a mineral-~
ized dike intrusion zone in the Selawik Lske Complex.

Correlation coefficients were calculated in an attempt to relate the
mineralogy to uranium and thorium content. Vhen the sample set is con-
sidered as a whole there is little significant correlation. However, the
analysis of individual plutons yields strong correlations between mineral-
ogy and radioactivity. The mineralogical variable thal correlates with
uranium or thorium varies from one pluton to the next.

Based on these correlations, mineralogical guidelines are offered
for the selection of uranium enriched variants in four of the five plutons.

INTRODUCT ION
Project Objectives

With increasing interest in the location and development of new
uraniumn reserves, the state of Alaska has become a prime tarqet areca
for exploration. Most of Alaska has been geologically mapped at the
reconnaissance level and to date uranium investiqations have been limited.
(ranitic and alkaline rocks on the eastern Seward Peninsula, and large
granitic plutons and alkaline stocks in the Hogatza Plutonic belt of
the Yukon-Koyukuk Basin have been known to contain high concentrations of
uranium and thorium, since early prospecting efforts (Gault et al., 1953,
West, 1953, and West and White, 1952).

In 1975 Gilbert R. Eakins of the State of Alaska Geological and Geo-
physical Surveys received a contract from the U.S. Energy Research and
Development Administration (ERDA) to conduct an extensive bedrock and
stream sediment sampling investigation of this region. This thesis re-
presents a significant portion of the hard rock section of the investiga-
tion headed by Dr. Robert B. Forbes of the Geology Department and Geo-
physical Institute, University of Alaska.

Previous Work

Moffit (1905) was the first to note the existence of large calc-
alkaline plutons and smalter stocks in western Alaska. He also documented
the occurrence of melanite garnet and aegerine at Granite Mountain. Smith
and Eakin (1911) reported nepheline-bearing veins in the Darby Mountains.
The alkaline complexes in the Kobuk-Setawik lowland were discovered and
first discussed by Patton and Miller (1963) (see also Patton and others,
1963; and Miller, 1972).

Uranium invastigations began in the area in the late 1940's, as
documented by the publication of a number of U.S. feological Survey Cir-
culars by West (1953), VWest and YWhite {(1952), and Gault and others {(1953).



More recent interest in the uranium potential of the region has re-
sulted in o number of hard-rock uranium investigations (Miller and
Bunker, 1975a and b; Willer, 1975; Staatz and Miller, 1976). A de-
finitive study of the petroloqy of the Hogatza Plutonic belt was con-
docted by Miller (1870), and a more specific study of the alkaline com-
plexes was also pubtished by Milter (1972).

Although the common association of anomalously high values of
uranium and thorium with rocks containing feldspathoids is wel) doc-
umented, high concentrations of the radioactive elements are not
limited to the atkaline variants atone. The Darby Pluton in the south-
eastern Seward Peninsula is an example of a particularly uraniferous
pluton (Miller and Bunker, 1975a, and Miller, 1975) although it is com-
posed chiefly of a silicic quartz monzonite. The occurrence of above
average amounts of uranium and thorium in plutonic rocks that range in
age over a period of at least 35 million years, that have a composi-
tional range from biotite granodiorite to nepheline syenite, and are
in significantly different geologic settings suqgests the existence of
a uranium-thorlum province (Miller, 1975).

Geologic Setting

Alkaline and calc-alkaline igneous rocks occur in a belt approximately
750 km long in western Alaska. This belt of plutons extends across the
northern Yukon-Koyukuk province from the Koyukuk River to Kotzebue Sound,
where it is called the Hogatza Plutonic Belt; cuts across the eastern
Seward Peninsula, and may include intrusives on St. Lawrence )sland and
eastern Siberia.

The rocks along this zone are predominantly granodiorite and quartz
monzonite, with some syenite, monzonite and granite (Miller, 1970). As-
sociated with the larger plutons are a number of small, highly potassic
alkaline stocks (Mitler, 1972). A number of these plutons have been
sampled in the past and were found to contain anomalous concentrations
of uranium and thorium, but little systematic expioralion has been done.

The Hogatza Plutonic Belt is intruded into the Yukon-Koyukuk pro-
vince, an area of late Mesozoic andesitic rocks, volcanic graywacke and
mudstone. 1t has been a highly mobile tectonic province which has been
subjected to repeated magmatism during Cretaceous and Tertiary time
(Patton, 1970a).

Precambrian rocks of the Seward Peninsula consist chiefly of gneiss,
pelitic and chloritic schists, and carbonate rocks. The Paleozoic Era
in Lthe Seward Peninsula is dominated by carbonates. These rocks have
been imbricately thrust faulted to the east and north during two periods
of faulting in Cretaceous time (Sainsbury, 13869). The boundary between
the Seward Peninsula and the Yukon-Koyukuk province appears to be a
Lhrust fault, with Paleozoic carbonate rocks thrust eastward over (Cre-
taceous volcanic rocks (Patton, 1967, Sainsbury, 1969). K/Ar age dates
indicate that crystallization of the plutons in the western Hogatza
Plutonic Belt occurred about 100 million years ago (Miller, 1970).
Radiogenic ages and spatial relations suggest that the atkaline rocks
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are co-magmatic with the larger monzonite, syenite, and quartz monzonite
plutons of the western Hogatza plutonic belt (Miller, 1970). Ages in
the eastern section of this helt appear to be much younger, ahout 86
million years.

Field Investigations

During the 1975 field season, 106 rock samples were collected from
two large plutons and three small stocks on the eastern Seward Peninsula,
and the Hogatza Plutonic Belt. These plutons include the Darby Pluton,
Zane Hills Pluton, Selawik Lake Complex, Dry Canyon Creek Stock, and the
Granite Mountain Pluton.

The plutons were seclected for sampling because of previously re~
ported occurrences of anomalously high concentrations of radioactive
elements. Locations maps for this study are shown in Figures | and 2.

»E°

Fiqure ). Location map, Seward Peninsula and Yukon-Koyukuk study
area.
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Figure 2. lLocations of plutonic rocks on the Seward Peninsuta and Yukon-

{oyukuk Basin which were examined in this study.

Granile Mountain

This small stock was selected for study because it is a zoned
alkaline intrusive (Miller, 1972). it seemed to be the best possible
locality within the thesis area to study the distribution of uranium
and thorium in rocks showing systematic variation in their modes. A}l-
though outcrops are sparse at Granite Mountain, near continuous rubble
crop occurs along the traverse line, and rock samples were collected
at intervals of approximately 300 meters.

Darby Pluton

The Darby Pluton is a long narrow guartz monzonite intrusive kpnown
to contain anomalous concentrations of uranium and thorium. Analyses
of 11 samples reported by Miller and Bunker (1975a) yielded average
values of 11 ppm uranium and 59 ppm thorium. Because of its large size,
and the available time, it was not possible to sample all of the pluton
at close intervals. As a result, a single east-west traverse was com-
pleted in an area of known high radioactivity. This area is in the
vicinity of Vulcan Creek, 33 km north of the village of Elim, where West
(1953) discovered high concentrations of uranium in pan concentrates,
and Miller and Bunker (1975a) collected three rock samples that averaged

16 ppm uranium. Outcrop and rubble crop are abundant along this traverse

and samples were taken at intervals of approximately .5 km.
Zane Hills

Two sample traverses were made through the Zane Hills. A northern
traverse was conducted through an area of granodiorite known to contain



rather low concentrations of uranium and thovium. The purpose of this
traverse was to determine the mineralogy associated with uranium poor

rocks and to examine the variability in such a pluton, where the mode

is consistent.

A second traverse was conducted in the southern Zane Hills, through
two zones of monzonite known to contain anomalously high concentrations
of uranium and thorium. OQutcrop was abundant in both of these traverses.
Samples were taken at intervals of about 1 km.

Selawik Lake

The Selawik Lake Complex is a small potassic stock located north of
the Setawik Hills. It was known to contain uranium concentrations as
high as 6. ppm and thorium concentrations of 22. ppm. Outcrop is poor
and most of the sampies collected came from the rubble crop.

Dry Canyon Creek

The Dry Canyon Creek Stock, located on the west side of the Darby
Mountains is a potassic stock containing high concentrations of thorium
but Jow uranium values. Most of the samples were taken from the rubble
crop.

Analyses from the Selawik Lake Complex and the Dry. Canyon Creek Stock
were taken to see where the uranium is concentrated in these rocks and with
what types of minerals it is associated.

RESEARCRH NBJECTIVES AND FINDINGS

Proposed Objectives

1. To gain additional information of the mineralogy and petrology of
the alkaline and alkalic rocks within the study area.

2. 7o examine carefully areas of anomalous radioactivity.
5. To determine which minerals in the rock contain uranium and thorium,
and the distribution of these elements between major, minor, and accessory

minerals.

;. To make correlations between mineralogy and the uranium concentrations
found in the rocks.

5. To predict which rock types would be expected to contain high con-
centrations of radioactive ninerals.

6. To compare airborne gamma-ray spectrometry data with analyses of
rock samples collected along traverses beneath the flight lines.

Findings

1. Petrographic analysis of alkaline rocks revealed a number of
minerals that had not been previously described in the thesis arca. In
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addition, the textures and structures of these rocks were described in
greater detail than they had been previously. Addittonal modal analyses
were determined from the plutons examined and a number of interesting
field relations and new plutonic units were discovered.

2. Areas of anomalous radioactivity were studied, and rocks were
collected that contained uranium valtues as high as 92 ppm.

3. Uranium analyses of mineral separates plus the careful study in
thin sections for those minerals showing pleochroic haloes, indicate
where uranium and thorium are concentrated in the rock.

4. Correlaticns between rock tvpes, major and minor minerals, and
uranium and thorium were made using graphical and basic statistical
techniques,

5. Predictions were made on the basis of the above determinations
and mineralogical guides suggested for the selection of samples that should
contain anomalous uranium and thorium,

6. Comparison between ground-truth and a‘rborne data could not be
made because of the coarse interval selected for the listing of the air-
borne analytical data published by Texas Instruments, the contractors for
the airborne study, and the assumptions made during the processinag of that
dacta concerning the geology. It appears that the techniques used, partic-
ularly che corrections for known geology are detrimental to the usefulness
of these surveys.

ROCK CLASS)FICATION

The classification scheme used for the alkaline rocks in this study
is shown in Figure 3. This comparatively simple scheme was presented by
Sorensen (1974) as taken from Sarantsina and Shinkarev {1967). Rock
names are assigned on the basis of three constituents; percent nepheline,
oercent alkali feldspar, and percent mafic minerals. The most significant
advantage of this particular chart is that it minimizes the number of
unusual names given to alkaline rocks. Abundant rock names greatiy re-
strict the audience that wouid be able to comprehend easily the subject
matter of a petrologic report. A large field of nepheline syenite exists
within the diagram. This is where most of the rock modes studied fall.
Mineralogical modifiers are used to describe the particular variety of
nepheline syenite.

The Plagioclase-K-feldspar-Quartz classification chart as used in
this study for name assignments for granitic rocks is shown in Figure 4.

THE ROCKS
Granite Mountain
As mapped by Miller (1972), the Granite Mountain Pluton covers an area

of approximately 70 km2. It is a zoned alkaline-calc-alkaline stock with
nepheline syenite and garnet syenite at the outer rim, surrounding a unit

2-6



Atkati gabbro Leucocralic nepheline -
bewting syenile

locupitangile / Meiocrotic nepheline - braring syenite

Melonocrotic nepheline -bearing tyenile

Figure 3., Classification of the alkaline rocks.
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Figure 4. Granitic rock classification.
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of medium-crained monzonite.
medivm-grained aquartz monzonite.
pluton is shown in Figure 5.
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In the figure, solid lines and rock names in large print represent
the geology as taken from Milter (1972). Meavy dots are sample localities
from the present investigation and the dashed lines and rock names shown in
smaller print are contacts and rock types as determined from petrographic
examination of these samples. Rock modes, as determined in this study, are
shown in Figure 6 (see Appendix A for point-counting techniques). There are
major differences between the geology as determined by Miller (1972) and
what we determined during our detailed traverse.

307 GQuavrtz

gﬂ

o oa ©
Plagioclase a0 eso B-g~a—Ap K-feldspar

30Z Nepheline
Monzonite

Quartz Monzonite
Nepheline Syenite
Carnet Syenite
Syenite

og»rp> eo

Figure 6. Rock modes from the Granite Mountain Pluton.

Contact Relatlions

As seen from aerial photographs a distinct lineament is coincident
with the west boundary of the Granite Mountain Intrusive. Andesite breccia
was found at tocation 2, Figure 5. There is little or no evidence of re-
crystalltization of the andesitic country rock adjacent to the intrusive.
These observations suggest that the western contact is a fault.

The eastern contact is covered by tundra and its nature in the
vicinity of the traverse was not determined.

The exact location of the western contact along the traverse was fixed
with the use of a scintillation counter (Figure 7). Although the area is
covered by tundra, the location at which the scintillation count begins to
increase is also marked by a distinct vegetation change. The contact has
been mapped at this vegetation change.
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Hephel ine Syenite

A newly recognized nepheline syenite unit is inferred at sample
locality 3 because of the discovery of relatively abundant nepheline
syenite float. This sample locality is located on a broad saddle, with
andesitic rocks to the west and syenite and monzonite to the ecast. The
only Yikely source for the nepheline syenite float is the bedrock be-
neath the tundra-covered saddle. Making this assumption we are able to
map a thin unit of nepheline syenite.

The modal composition of the nepheline syenite as determined by
point counting three rock samples is shown in Table 1.

Table 1

Modal Percentages of the Granite Mountain Nepheline Syenite

Minerai Mean Standard Deviation Range
Nepheline 18.6 15 16.5--21.2
Orthoclase 56.3 3.12 52.8--58.7
Aegerine 5.6 1.42 b4.3~=7.1
Biotite 4.3 .6 3.6--4.8
Garnet 1.3 5.9 7.5--18.3
Apatite trace
Orthite trace
Opaques trace
Zeolites trace
Cancrinite trace

The nepheline syenite has a medium-grained hypidiomorphic granular
texture with no mineral foliation. However, there is evidence of shearing
and cataclasis between large orthoclase grains.

200~
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© Andesite '° Nepheline Sycenite Cyu-
° s nite
S0~ e © 9 s ol |
§ 1 1 ] 1 i § | | ) ‘ |

10 20 30 40 50 60 70 o 920 100
Mcters

Figure 7. Scintillation counter readings across the
we<t margin of the firanite Mountain Pluton.
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Perthitic orthoclase occurs as subhedral arains up to 5 mm in tenqgth.
Mepheline (5 interstitial in the feldspar fabric, and can be distinguished
in the outcrop hrcause it develops negative relief on weathered surfaces.
In thin section, the nepheline can he distinguished by higher relief than
feldspar; most grains show some farm of altcration to cancrinite, clay
minerals or zeolites.

Aeqgerine is deep green, occurring in subhedral grains with an optic
angle of 60°(~). Euhedral dark-reddish brown melanite garnet, a titanium-
rich form of andradite, is also abundant.

The contact with the garnel syenite to the east cannot be observed
because of the tundra cover. Miller (1972) helieves that the contacts
within the zoned intrusive are sharply gradational. The existence of
similar looking malanite garnets in the two units suggests a genetic in-
terrelationship.

Garnet Syenite

The garnet syenite unit is characterized by porphyritic and gneissic
textures. Orthoclase feldspar, constituting as much as 60 percent of the
rock occurs in large dull-white colored crystatlts up to 5 c¢m in length.

The garnet syenite unit as shown in Figure 5 has been mapped more in terms
of texture than mineralogy. The mode varies substantially within the unit
and half of the rocks examined in this study were monzonites. The dis-
tinctive porphyrvitic and gneissic textures found in the unit are in sharp
contrast to the fine-to-medium-grained subhedral textures of the monzonite
and quartz monzonite to the east.

Miller's {1972) petrographic modal summary of this rock unit is given
in Table 2.

Table 2

Modal Percentages of the Granite Mountain
Garnet Syenite (after Miller, 1972)

Mineral Modal %
Quartz-----—=~=---—-"---e-~-—-n - absent
Nepheline~--=~----==---------—-~—- accessory
K~feldspar-----==----------muoommnn 31-60%
Plagioclase-=~~--=--=-------------—- 22-38%
Mafic minerals:-=-m~=---=~-=>-=---- 15-30%

(hornblende, garne( and
clinopyroxene)

In the petrographic examination of six samples from 4 localities
within the unit, the modal percentaqes fell within the limits deter-
mined by Miller, with the exception that quartz was found in all sections
in minor amounts.

Accessory mineratls include large euhedral sphene crystals, apatite,
and traces of secondary carbonate.
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The pleochroic scheme of the amphibole is: x=bluish green, y=deep
green to black, z=light yellowish green, suggesting high concentrations
of Na and Fe. The amphibole appears to be in the eckermannite-arvedsonite
family of amphiboles, a group of amphiboles characteristic of alkaline
igneous rocks and their associated pegmatites (Deer and others, 1963).

Monzonite

Table 3 shows percentages of mineralogy of 10 thin sections and rock
slabs from the monzonite unit at Granite Mountain.

Table 3

Modal Percentages of the Granite Mountain Monzonite

Mineral Average Mode Std. Dev. Range
Quartz A2 0.48 .1-2.9
Plagioclase 39.9 7.2 32.7-55.8
K-feldspar Ly 9 7.6 23.4-57.6
Amphibole 7.k h.2 2.5-13.4
Pyroxene 5.4 2.3 2.2-13.9
Sphene 0.5 3 1-1.2
Apatite 5 .2 .1-.9
Opaques 6 .3 =103

The monzonite is generally equigranular showing no distinctive planar
foliation. Grains average 1-3 mm in size and often show evidence of shear-
ing and cataclasis along their margins. Although this is the predominant
texture, a few samples of a coarser monzonite were collected in the unit
that showed gneissic and porphyritic lextures similar to those found in
the garnet syenite unit. The existence of rhese samples suggests that
the granitic texture in the monzonite is the result of grain size, and
that the monzonite may have been sheared by the same process that effected
the outer syenite unit.

Plagioclase An|s_pg occurs in zoned, largely untwinned crystals .5-3
mm in size with altered calcic cores. it is locally antiperthitic. K-
feldspar is very perthitic and occurs in subhedral crystals. Quartz is
not abundant and is interstitial to the feldspars.

Amphibole and aegerine-auglite are the major mafic constituents, com-
prising as much as 17% of the rock. Although chemical analyses are not
available for this rock unit the existence of aegerine-augite suggests
that the ratio of alkalies to silica may exceed 1/6, that necessary to
classify this rock as alkaline (see Appendix 2).

Sphene and apatite are abundant in most of the thin sections. Other
accessories include fluorite and zircon.

Syenite

East of the monzonite unit, a zone of pyroxene hornblende syenite,
similar texturally to the garnet syenite unit was discovered. The syenite
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unit was discovered. The syenite unit is .75 km wide along the traverse
iine. Although it was not mapped throughout the ptuton, our reconnais-

sance of the zone in a north and south direction revealed that the unit

persists for At jeast 500 meters.

The syenite unit as shown in Figures 5 and 6 consists of a number of
rock types exhibiting & characteristic gneissic and porphyritic texture,
dominated by coarse grains of K-feldspar in a matrix of plagioclase and
mafic minerals.

Df tne zix samples examined from four localities within the syenite
vnit, four of these rocks are actually syenite, the remaining two are
monzonite. Leucocratic quartz monzonite vein-rocks were also found.

Pertaitic orthocliase in subhedyal, aligned, grains {s the predominant
mineral within the syenite unit, constituting up to 91% of the rock.
Plagioclase Anyg-93 is subhedral and largely interstitial to the K-feldspar.
Much of it has been altered to sericite. Traces of fine-grained inter-
stitial quartz were found in all of the thin sections studied.

The composition of the amphibole is variable as indicated by a variety
of pleochroic schemes seen in different specimens. {n some of the variants
the amphtbole is & brown hornblende; other samples show the blue-green
pleochroism indicative of Na-rich amphiboles.

The pyroxene is zoned aegerine-augite, displayina a light greenish
color in the center of the crystals, the color growing more intense to-
wards the rim.

Some sactiions show indications of late stage introduction of silica
s~ athite " osmall veins of myrmekitic intergrowths. Cataclasis is evident,
23°i~..a" y s.ong the grain boundaries of the feldspar.

Titanium concentrations for the two syenite units in the firanite Moun-
tain Pluton are almost identical. A chemical analysis of a sample of the
garnet syenite yielded 0.59% Ti0, (Miller, 1972). The titanium content of
the syenite unit, as determined through point counting analysis, is 0.40%.
Additionai accessory minerals include apatite and zircon.

Although the contact between the monzonite and syenite units could
not be seen because of the absence of outcrop, the lithologic change was

observed Lo occur over an area of a few meters suggesting a sharp contact.

Quartz Monzonite

The contact between the syenite unit and the quartz monzonite occurs
in a tundra covered saddie (Figure 5), and the exact location was not pin
pointed. Texturally the quartz monzonite is quite different from the
syenite units, but is similar to the monzonite to the west.

Seven samples were collected rrom the quartz monzonite unit. The
modes of these samples are quite similar, as are their textura: features
(Fiqure 6).

o
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The quartz monzonite is medium-grained and roughly equigranular.
The texture is characterized by plagioclase mantled by large microctine
crystals in optical continuity. Presumably the liquid magma became de-
pieted in sodium and calcium during crystallization and the plagioclase
became unstable. The magma, now enriched in potassium began to crystallize
K-feldspar around the crystatlization sites initlated by the sodic plagio-
ciase. All of the granitic uranium~bearing rocks of the eastern Seward
Peninsula and northern Yukor-Koyukuk basin examined in this study display
this unusual texture.

The most abundant mineral phase is plagioclase, An25_32. It s
normally zoned with altered cores. Microcline is very perthitic. Inter-
stitial quartz corstitutes as much as 2).% of the rock. The abundance of
quarcz apyrears << increase towards the east.

‘ve armoi'hoile has a slight greenish tint, and in some cases is seen
rimming biotite crystals. A few small augite crystals were observed.
Biotite is found is some samples, partially altered to pennine. Accessory
mirerals include sphene, apatite, and traces of minute zircon crystals.

Although the quartz monzonite does not display a gneissic fabric in
hand specimen, on the microscopic scale there is definite evidence of
cataclastic deformation which occurred largely in the solid state. Granu-
lation as the result of shearing has occurred along feldspar boundaries.
in addition quartz grains commonly show wavy extinction. All of the zones
in the Granite Mountain Pluton appear to have been subjected to cataclastic
deformation, but because of their different average grain sizes during the
cataclastic event, each unit has responded differently. Examination of the
intergranular boundaries suggests that the quartz monzonite has been Ssub-
jected to shear stresses similar to those that deformed the syenite unit
to the west. The persistence of the granitic texture is a result of the
smaller grain size and the absence of elongated feldspar laths.

Alteration 'n the feldspars, pennine replacing biotite, and the

atcurrence o amphibole rimming biotite suggests that the quartz monzonite
has wsn gf*ac . ed by a perlod of thermal metamorphism.

Potassium Analyses

Whole rock potassium analyses were made of variants from the fGranite
Mountain Pluton using atomic absorption spectrometry. These data are shown
graphically in Figure 8. A general decrease in potassium occurs towards
the east, disturbed by a number of major fluctuations, particularly within
the syenite units.

Comments on the Genesis of the Granite Mountain Pluten

The existence of a similarly zoned alkaline complex at Cape Deshnev
in Siberia suggests that the zone is not the result of apatexis of the
country rock (Miller, 1972). Miller suggests that the zoning is the re-
sult of multiple injection by a magma, with the initial composition of a
leucite prophyry that has separated into two magmas and differentiated,
forming the four major rock types at Granite Mountain. Miller notes that
such a differentiation scheme has been suqggested by Fudali (1963) and Bowen
(1928) for similar zoned alkaline complexes.
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The oxistence of the additional syenite unit adjacent to the quartz
monzonite at Granite Mountain makes models for the origin of this stock
even more difficult. The study of the geology along this traverse in
detail suagests that the zoning is much more complex than was believed by
Miller (1972} during his initial reconnaissance. fin addition, the con-
Linuous increase in quartz From west Lo east suqggests (hat we are only
observing half of the pluton. Before the crystallization hi<tory can be
determined, detailed geologic mapping will have to be conducted over Lhe
entire pluton. At present the nature of the contacts is ltargely speculative.
The abscnce of actual outcrop makes the determination of contact relations
difficalt, and the complete lichen cover makes geoloqic investigations
tedious.

Darby Pluton

The Darby Mountains form a prominent north-trending mountain range
in the eastern Seward Peninsula, extending from Capce Darby to the
Bendeleben Mountains, a distance of about 85 km. The Darby Pluton, a
sinuous quartz monzonite body, comprises the cast side of this mountain
range. In sharp contrast to the Granite Mountain intrusive, the Darby
Bluter 1s enriched in silica and contains as much as 327/ quartz.

Hiur dranium values from (he Darby Mountains were discovered in pan
concentraies of strecam sediment samples by Gault and others (1953).
Miller and Bunker (1975a) conducted a hard rock sampling survey of the
Daroy Pluton, the adjacent Kachauik Pluton and the Bendeleben Pluton.

An east-west travcrse approximately 12 km in lenqth, was conducted
during Lhis study across Lhe Darby Pluton in the vicinity of Vulcan
Creek. In the area of the traverse, the western edge of the pluton is
in intrusive contact with low-to-medium-qrade metamorphic rocks of Pre-
cambrian age (Miller and others, 1972) On the cast side, the Darby
Pluton i< in faull contact with Devonian dolomite.

Thirty rock samples were collected from the 22 localities shown in
Figure 9. There is considerable variability in the mode across the
traverse as indicated by the scatter in Figure 10.

2-15



\
-\ e =Tt
-

o
,brian.-
\‘,Mctamo’r

.
- - d
r
/
:
Y
:~:>tt
LR\
N
Y
AY

"7
l}. ,/
, ';Ell.|'l
/’ [ T
; ” v o

\\ ' &)arby Plut’gri
ngrtz Monzonlte
TR i

& /Devon lan

)i Dolomite

~

Kilometers

Figure 9. Geologic and sample locality map of the Darby Pluton. eSample

localities.

2-16




Quartz

e 2% .0 ®
é o
4
o‘[ a ® a8
[ ]
r uow “Q
[
/ |
Plagioclare K-feldspar

Tioure 1IN, Rock modes from the Darby Pluton.

The gquartz monzonite of the Darby Mountains is a coarse-grained
hypidiomorphic granular rock showing no tendency towards foliation of
mineral grains. Orthoclase and plagioclase occur in approximately equal
amount>. K-teidspar crystals are typically the largest phase in the rock,
up 0o 2 cm in jength. The K-feldspar is perthitic and subhedral. Plagio-
clase An|8_27 occurs as interstitial anhedral grains and subhedral crystals
showing normal zoning and some aiteration of the more calcic cores.

Quartz occurs as interstitial grainc and occasionally as large crystals
n¥ suvbhedral nabit. Biotite is tne oniy mafic mineral and constitutes no
more than 5% of the rock. 1t is partially altered to chlorite in some speci-
men-s .

Potassium Analyses

Potassium analyses from the rock samptes collected from the Darby
2iuton are presented in graphical form in Figure 11. There appears to be
no «ignificani systematic change in the potassium content across the pluton.

Zane Hiils

The Zane Hills form a small mountain range trending N30W, jocated on
the Koyukuk River near the east end of the Hogatza Plutonic 8e!t. They
are cored by the Zane Hills pluton, a Cretacecus batholith consisting of
granodiorite, monzonite, hybrid aiorite, ana a previously undescribed unit
consisting of augen gneiss and dike rocks. A geologic and sample locality
map ts shown n figure t2. Modes are shown in Figure 13.
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Tranociorice

The major plutonic phase in the Zane Hills s an equigranular medium~
grained granodiorite, divided by Miller (1970) into a northern hornblende
aranodiorite zone and a souinern biotite granodiorite zone. Ten samples
were collected in a traverse through the hornblende biotite zone.

Plagioclase is the most zbundant mineral, occurring in subhedraf
grains with oscillatory zoning. Microcline is found as subhedral crystals
rimming the plagioclase in a similar texture to that seen at Granite Moun-
tain. Quartz constitutes as much as 20 percent of the rock and is found
as anhedral crystais. Bictite is the most abundant mafic mineral, com-

p-izing auproximately 2.5% of the rock. The biotite is often partiatly
Ay :rey e ctaovite.  Sphene and apatite are the main accessory minerals.
A striking chavecteristic of the Zane thills Granodiorite s 'ts

rexteral homegeneily.

Auger Gneiss
Along the east margin of the Zane Hills, an augen gneiss zone, ap-
proximateiy 1 km wide, was locaced along the north traverse.

Plagioclase occurs as large rounded augens, up to 1 cm ir size, in a
fine grained matrix of K-feldspar, plagioclase, and quartz. The mafic
minerals, hornblende and biotite, are banged and smeared arourd the large
plagioclase crystals in an unmistakable cataclastic texture. Petrographic
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Figure 12. Geologic and sample locality map of the Zane Hills (after
Mitter, 1570).
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analyses of stained rock slabs and thin sections from these samples show
that the mode within this zone is identical to the Zane Hills granodiorite
(Figure 13). The augen gneiss appears to be a recrystallized phase of the
granodiorite, subjected to inten .ive shearing. The existence of this
phase along the eastern margin o the Zane Hills pluton suggests a fault
contact with the andesitic country rock.

Within the augen gneiss zone other rock types were found, including
fine-grained gneissic dikes and aplite and pegmatite dikes.

Monzonite and Hybrid Diorite

Two zones of monzonite arc wwbrid diorite, containing anomalous con-
centrations of uranium and thorium are exposed along the southern margin
of the Zane Hills (Figure 12) (M''lter, 1970).

The monzonite is variable ‘n texture from roughly equigranular to
gneissic. Two stages of plagiociase crystallization are apparent. Plagio-
cfase Anjg_pg occurs in medium to Jarge subhedral grains and as fine-grained
late stage myrmekitic intergrowths with quartz. Perthitic microciine oc-
curs in large subhedral grains, up Lo 3 cm in size, or interstitially.
Interstitial quartz is present in minor amounts. A sea-green amphibole (s



the major mafic mineral, making up as much as 15% of the rock. Brown
biotite is abundant, whereas pyroxene is found only in minor amounts.
Accessory mirerals include sphene, apatite, zircon, and rutile.

The hybrid diorite is a contact metamorphic rock. |ts origin is
the result of the incorporation of xenoliths into the granodiorite magma
(Milier, 1970) and the composition of this phase is variable. Horn-
blende makes up as much as 70% of these rocks, often seen rimming pyroxenes.
The common texture is banded and porphyritic with large amphibole and plagio-
clase crystals in a fine-grained felsic matrix. Plagiocliase has altered
to sericite in some cases. This rock type contains few accessory minerals.

Miller (1970), in his investigation of the plutonic rocks of West-
Central Alaska, used the term alkaline rock in the sense of Turner and
Verhoogen (1960); 'a rock in which tne aikali content is sufficiently
hYiqh a< compared tc silica for specially alkaline minerals such as felds-
patho!ds ‘o appear.' Thus Miller's usage of the term is distinctively
Jifferent from the chemical classification used in this report (see Ap-
pendix 2). The Zane Hills monzonite does not contain feldspathoids. As
a resulc Mitler does not consider it to be part of the alkaline belt and
pltaces the eastward limit of this belt at the Ekiek Creek Pluton, 170 km
to the west. A chemical analysis of the monzonite from the Zane Hills is
shown in Table b.

Table 4

Chemical Analysis of Monzonite from the Zanc Hills taken
from Miller, (1970).

Oxides Ve, %
Si02 61.1
A}203 19.0
F6203 ].7
Fel 1.6
Magn 0.5
a0 2.8
Na20 5.3
K50 6.3
Hy0" 0.06
Hoy O+ 0.67
7105 0.39
P,0; 0.16
MnO 0.07
Co, 0.05
Total 100.00
Tota)l aikalies = 11.6, which is greater than 1/6 Si0,. According o

our classification (after Shand, 1922), this is an alkaline rock. The
difference in classification schemes extends tne belt of alkalire rocks
170 km east of the margin described by Miller (1972).
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The Dry Canyon Creek Stock

Located orn the west side of the Darby Pluton on the eastern Seward
Peninsula, the Dry Canyon Creek Stock is described by Miller and others
(1972) as a leucocratic to trachytoid foyaite (Figure 14). The stock is
cut by blue-gray pulaskite dikes and has been tentatively assigned a mid-
Cretaceous age pased on a K-Ar age of 105 + 3 m.y. (M.A. Lanphere, written
communication in Miller and others, 1972).

Modes of 17 rocks determined from examination of staiped thin sections
and rock slabs are shown in Figure 15. The predominant rock type is a
hornblende-biotite nepheline svenite. but other more mafic phases, such as
hornblende-aegerine-augite alkali gabbro were also found. One sample of
syenite containing less than one percent quartz was found in rubble crop.

Cretaceocus Quaternary
Kns~~Nepheline Sye~  Qm——--Morainal Deposit
nite and Alkali Qca--Colluvium and
Gabbro. Alluvium.

Precambrian
pCmc-Metamorphic Complex
pCm~-Marble

Figure 14. Ceologic and semnle locality map of
the Dry Canyon Creek Szock, as modified from
Miller and others (1972).
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Neplheline

Mafic Minexals K~feldspar

Liogre 15. Modes ¢V rocls from Lhe Dry Canyon Creek Stock.

The portassium feldspar is anorrthoclase which occurs as subhedral
crains, often showing a mottled scotch plain twinning, distinctively
Jifferent from that found in microcline. The maximum size of the
anorthoclase crystals is 5 mm. Hepheline, which makes up as much as
35% of the rock, is in interstitial crystals, which have been largely
altered to cancrinite. O0Often the anortnoclase and nepheline show
evidence of exsoiution structures including graphic and myrmekitic
intergrowths, and what Bower (1928) described as a fingerprint textrure.

Plagioclase occurs as a minor constituent in some of the samptles,
and a major rock forming mineral in one case where it makes up I4.7% of
the rock.

Biotite, hornblende, and pyroxene are found in varying proportions.
Bictits 4 lhe maior mineral in the leucocratic varieties where its
Aanil is giomeroporphyritic or in bands and streaks.

The pyroxene is most common in the alkali gabbros where it is
distinctively zoned, showing sodium enrichment towards the rim and a
stronger augite component towards the center. The pyroxene makes up as
muich as 25% of some of the rocks sampled.
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Brownish hornblende is found in both the leucocratic and mesocratic
varieties, sometimes as reaction rims around the pyroxene, and in other
cases rimmed by biotite. Hornblende anc biotite are interstitial to the
felsic minerals whetreas the pyroxenes are subbedral and appear to have
formed prior to crystallization of the light colored mineratis.

The predominant texture is one that appears to be glomeroporphyritic,
but is actually a relict texture resulting from the exsolution of large
subhedral leucite crystals, in a mattix of mafic minerals, predominantly
biotite. The texture appears as circular aggregates of nepheline and
anorthoclase, surrounded by bands o binstite and hornbltende. Upon care-
ful examination some of the round crass seclions appear Lo have eight
sides, a relict of the original crystallization history. Flow banding
or perhaps a minor shearing of the rnck during the latest stages of
crystallization have caused some distortion and elongation of the pseu-
doleucite cross-sections. This period of deformation could not have been
very severe because little evidence ~f cataclastic deformation is evident
along grain boundaries.

Much of the biotite has experienced severe radiation damage. There
are abundant pleochroic haloes which are the result of uranium and thorium
in zircon and apatite crystals. The apatite appears to contain a much
higher concentration of uranium and thorium than in other rocks examined
in this study, as evidenced by the width of the haloes. In one sampte,
the margins of the biotite crystals are black. These crystal margins
looked quite similar to the pleochrotr haloes caused by Lhe radioactive
accessories incorporated within the bhiotite. This distortion of the
pleochroiam along grain margins suggests that the adjacent minerals, in
this case hornblende. nepheline and anorthoclase, are high in uranium and
thorium,

A lignt colored garnet, perhaps andradite, is present in substantial
amounts (4%) in some of the samples. The garnet occurs as anhedral grains
in roughly circular swarms, suggesting zhat a number of these small equant
grains are part of a much larger garnev crystal.

Melilite, characterized by high re'ief, low birefringence, a uniaxiatl
negative sign and light yellowisn coior, is seen in three of the samples,
making up as much as 5.6% of the rock The mineral occurs as small inter-
stitial grains, and occasionally as eiongate subhedral crystals up to | mm
in length.

Carbonate is found in all of the samples in minor or accessory amounts.
it is difficult to tell whether the carbonate is the result of remobilization
of calcite or dolomite from the nearby metamorphic terrain, or if it is
primary. The carbonate grains are very smail, usually C.1 mm in size. They
are anhedral but do not appear to be restricted to vein areas, nor do they
appear to be replacing other minerals.

The fact that the carbonate minerals are found in so many of the sections
as disseminated grains, and the coexistence of melilite in these rocks
strongly supports a primary origin. The occurrence of carbonate-bearing vein
rocks of primary origin in the Selawik Hills (Eakins and others, in press)
also supports this conclusion.
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Nuartz occurs as an accessory mineral in one syenite sample. Other
accessorv minerals include sphene, apatite, and zircon.

Selawik Lake Complex

The Selawik lake Complex is a small (18 sq. km in area) alkaline pluton
located on the south shore of Selawik Lake in western Alaska. The northern
half of the complex is composed of massive leucocratic juvite (Miller, 1972).
Melanite garnet is abundant, constituting as much a2s 15 percent of the rock.
The southern half of the pluton is poorly exposed and consists of perthosite
and malignite. The atkaline stock is in fault contact with a syenite thatl
contains minor amounts of quartz (Miller 1972).

Modes of 10 rock sampies from the Selawik Lake Complex are shown in
Figure 17. A locarion and geologic map is shown in Fiqure 16. Sample
localities are restricted to the north side of the pluton because outcrops
are virtually absent in the southern half. Of particular interest are
samples AP-6A, B, and C, taken from a zone of dike intrusion and alteration
that contains uranium valyes as high as 22 ppm.

~

Kilometears

Explanacion
Cretaceous Quaternary _
Kne~Nepheline Syenite Qga-Undifferentiated Glacial

Kzi-Syenite and Monzonite Drift

Fiqure 16. Location and ceclogic map of the Selawik Lake Com-
plex.
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Nepheline

s Uranium less than 80 ppm,

9 Uranium greater than
80 ppm.

Mafic Minerals K-feldspatc

Cigure 17. Mades of rocks {rom the Selawi)k Lake Com-
plex.

The major rock type found in the samples collected during the 1975 field
season i3 a garnet and aegerine-bearing biotite nepheline syenite. The major
minerals include orthoclase, nepheline, cancrinite, aegerine, biotite, and
melanite garnet. Kalsilite has also been identified (Miller, 1972).

The predominant textures found in these samples are complex intergrowths
that are the result of exsolution. A fine-grained fingerpriant intergrowth is
found in most samples studied and less commonly, a medium-grained qraphic
exsolution texture. The complexity of the exsoclution made the determination
of the modes difficult and a large error is associated. Petrographic analysis
was aided by the use of a methylene blue nepheline stain (see Appendix 4).
The stain clearly defined the nepheline in the fingerprint intergrowths. A
number of intergrown crystals were first point counted separately at closely
spaced intervals to determine the average ratio of nepheline to K-feldspar
within the intergrowths. After the percentage was determined the intergrown
crystals could then be counted as one phase and the proper proportions of
the two felsic minerals determined after counting was completed.

The habit of the nepheline and K-Ffeldspar crystals seen in these rocks

is the result of these exsolution textures. K-feldspar is orthoclase, which
sometimes occurs as very large crysials, up to 10 em in size.In hand specimen
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the {cldspar is often rose colored. HNepheline is anhedral, in smaller
qgrain« that arc sometimes altered 10 cancrinite. Playioclase was not
found in any of the sections studied.

Mafic minerals are commonly found in glomeroporphyritic crystals
and in bhands, Biotite, the most common mafic mineral, is a dark brown
variety often showing distinct pleochroic haloes, as the result of
radiation damage from inciuded apatite and zircon crystals. The pyroxene
is a deep green aegerine, somelimes rimmed by biotite, in subhedral grains
approximately | mm in size. Melanite garnet is intimately associated with
the pyroxene in some sections, suggesting a genetic relationship. [t ap-
pears that the garnet has exsolved from the pyraxene. This could occur if
an atuminous pyroxene had crystallized initially at considerable depth and
then had exsolved the AY*T jon as the result of a decrease in pressure. The
eluminum could then go into the formatinn of anarnet, a melanite form of
andradite if enough Tild* was present. Sphene is also found in some of the
glomeroporphyritic crystals, suggesting that titanium was abundant.

A dark reddish-brown ampnibole occurs as a minor mineral. The accessory
minerals include apatite, zivcon, fluorite, and pyrochlore, a thorium-bearing
mineral associated with nephetine sycenite.

Twe: rock samples from the adjacent syenite were analysed for their
uran‘um ani thoriun contenl and their modes determined by petrographic
A tiys.os. The syenite s mediun~grained, with a gneissic texture, and
contains iess than 14 quartz. Vhereas plagioclase is absent in the alkaline
stock to Lhe west, in the syenite unit it makes up 6-8% of the rock.

Aegerine-auqite and an amphibole are the mafic minerals, making up as
much as 15% of the rock. The amphibole has a striking blue-green component
to its plezochroic scheme, suqggesting a high Na concentration.

As noted in the discussion of the monzonite at Gramite Mountain, and
in the monzonite in the Zane Hills, the classification as alkaline by Shand
11922) would probably include this rock type. Although quartz is present in
minor anounts, the presence of quartz is probably the result of abundant cal-
cium, magnesium, and iron, which alfowed the early formation of sodium-bearing
amphiboles and pyroxenes. The incorporation of sodium in these minerals de-
plteted the melt in this component during later stages of crystallization. As
a result, nepheline did notv form, and the percentage of Si0y in the rock was
sufficient to allow the crystatlization of quartz. Although there is a dis-
tinctior between the syenite and the nepheiine svenite in terms of their bulk
chemistry, trnis difference is enhanced minera'onically because of the abundance
of {ron. caicium, and magnesium in the syenite which removed the aikalies from
the meit ard did not atlow the {ormation of nepheline as a late state crystal-
lizeticn product.

This is an interesting conclusion because 1t suggests an additional model
for the formation of complexes that contain both alkaline and calc-alkaline
rocks. Perhaps the mechanism for the formation of zoned intrusives is based
on the fractionation and distribution of the mafic elements, which in turn
control the crystallization and distribution of the alkali elements.
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GENCHEMISTRY OF URANIUM AND THORIUM
tgneous Rocks

During most of the magmatic cycle, uranium and thorium are in the
tetravalent state and the crystallization paths of the two elements are
quite similar because of their similar Jjonic radii. The ionic radius of
uranium is approximately 0.97A in sixfold coordination and 1.0lA in eight-
fold coordination; that of thorium is 1.02A in 6 foid, and 1.06A in eight-
fold coordination. Plus 4 is the only stable valence state of the thorium
atom, whereas uranium, under oxidizing conditions, readily changes from +4
to a +6 valence state decreasing its ionic radius to .8A. This property
causes uranium and thorium to follow strikingly different paths during the
latest stages of crystallization, and during the weathering cycle.

During cxxstaliiz tion, when the water content of the melt is very iow,
part of the U and Th™* present enter host minerals, proxying for Zr in
zircon, and Ca in apatite and sphene. Coordination requirements prevent
uranium and thorium from substituting for calcium in plagioclase.

Almost all compounds of ui+ and Thl+ are known to be highly insoluble
in aqueous solutions in the laboratory. Late in the differentiation of a
magma, water may so reduce the solubility of both uranium and thorium that
sporadic precipitation of actual uranium and thorium minerals may occur
(Larsen and Phair, 1954).

At a very Jate magmatic stage, uranium is commonly oxlidized to the U+6
valence state, and forms a number of soiuble compounds particularly with
C05 and SOf anions. Thorium has only one stable valence state and it is
not affected by the shift to oxidizing conditions.

Uranium is associated with alkaline igneous rocks, and particularly
with the agpaitic or peralkaline group of atxaline rocks. Such rocks con-
tain more total alkalies than aluminum. Alt1ough the rocks examined in
this report are highiy potassic, because of their high aluminum content
none of them wouid fall in the agpaitic or neralkaline category of alkaline
rocks.

On the whole uranium concentrations in volcanic rocks appear to be

slightly higher than concentrations in their plutonic egquivalents. In
addition to uranium concentrated in accessorv minerals, the glass phase
often is enriched (Adams, 1954). Jn the glass phase uranium is easily

Jeached whereas only a smaill percentage.of the uranium in the common ac-
cessories can be mobilized during weatherince processes.

Sedimentary Rocks
By far the greatest quantity of uranium is found in sandstone-uranium-
vanadium-copper deposits (Stanton, 1972). The greatest development of these

ore bodies occurs in the western and southwestern United States where they
are be'!ieved to have formed in an arid or semi-arid environment.
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Tne usual host rocks of these "sandstone!' deposits are conglomerates,
sandstone, and siltstones Within (h2se rocks, the deposits are related (o
a variety of sedimeantary features: contacts of coarse sediment with mudstone,
thickness of the coarse unii, paleostream channels, and plant remains.

ft is generally agrzed that these deposits are epigenetic, but the
source of the uraniuwn-bearing fiuias is unknown. The uranium deposits are
the resul: of the reduction of uranium compounds, such as U(SOA) and U(602)3u
The genocit, wecur in uranium rolls, at the boundary between oxidized and re=
cL.EC Sk, The vaducing envicorment is produced by anaerobic bacterial de-
cav and ine formation of HpS from the breakdown of plant remains.

Thorium is not a major constitusnt in these deposits. It is not easily
mobiiized by the weaethering processes, and 15 not transported by oxidizing
teicthermal solutions.

Sea Water and Ocean Basins

Uranium wili combine in sea water with sulfate and carbonate ions Lo form
soluble compounds. As in the sedimentary deposits, it requires reduction in
arder for precipitation to occur. Such an environment is possible in peat bogs
and in lagoons and closed basins where circulation of the wacter does not occur.

in Alaska, where neat bogu are abundant and where sizeabie fluctuations
in sea level have occurred, particularly during Pieistocene time, offshore su':
merged peat deposits and associatad uranium concentrations deserve consideratlior.

Thoriumn would tend to concentrate in placer deposits offshore bhecause it
i~ Ye’rs behins during weathering processes in heavy accessory minerals.

CISCUSSION OF URANITUM AND THORIUM DATA
introduction

One hundred eight rock samples were anaiysed for uranium, tnorium and
potas=~ium during the course of this study. The results of the analysis plus
‘abuloied mineralogical data are located in Appendix 1. A discussicn of the
mechods used for anaiysis is given in Appendix b.

Average values and standard deviations for the analytical data are giver
in Tabie 5. HNislograns of the rclative apundances of uranium and thorium
are shown in Figure 8. With the exception of a few extreme values, the
yranium discribution closely approximates a straight (ine when plotted on
fog probabiiity paper, reflecting & log normai distribution {Figure 19).

Table 5

Mear;s, Standard Deviations, Maxima, and Minima for Uranium
and Thor.um Data for Five Plutons in Western Alaska.

Sraton . Uranium
T T Hean Sud. Dev. Max i mum Min’imum
Granite Mountain 2.9 N 6.8 0.8
Darby 5.3 3.4 b5 HE
Zane Hilis 5.2 . 49.0 0.3



Table 5 (Cont.)

Piuton Urar ium
Mean Std. Dev. Max imum Minimum
Dry Canyon 7.3 3.9 20.3 3.9
Selawik Lake 12.3 25.8 92.C 1.0
Total 5.8 9.6 92.0 0.3
P‘Uton Thorium ObservatiOnS
Mean Std. Dev.  Maximumr Minimum -
Granite Mountain 32.8 17.6 67.7 8.9 28
Darby 37.1 15.3 64.3 13.5 22
Zane Hills 25. 4 20.1 74.0 3.1 32
Dry Canyon 55.9 14.8 76.0 31.5 16
Setawik Lake 34,2 18.9 70.3 3.3 10
Totatl 35.0 19.9 76.0 3.1 108

Major Uranium Anomalies
As shown in Fiqure 18, seven samples lic distinctively above the
r'ustering of uranium concentrations. These anomalies are briefly dis-

cassed below.

Selawik Lake Complex

Granium values as high as 86 and 92 ppm were detected from an area
of dike intrusion along the east side of the Selawik Lake Complex (samples
AP-ba and c, Figure 16). The dike strikes approximately east-west, and in
composed of 71% K-feldspar, 18.6% nepheline, 8.6% biotite, 0.6% pyroxene,
and 1.8% accessories. The accessory minerals include fluorite, pyrochlore,
sphene, and apatite, and at least one other minor mineral that could not be
identificd using x-ray techniques. High concentrations of uranium are not
restricted to the dike phase alone. One sample of the adjacent pluton con-
tained 92 ppm dranium.

Zane Hills Augen Gneiss

Within the area of the Zane Hills augen gneiss unit, two pegmatite
dikes were found to contain uranium concentrations up to 49. ppm. The
highest value was determined from a peqmatiie having the composition of
2 guarty monzonite. The augen gneiss zone is characterized by abundant
veining, 2nd additional aplitic vein rocks were analysed. These, however,
did not show hiah concentrations of uranium. The fact that the pegmatite
and aplirte dikes are in large part restri.cred to the augen gneiss unit
suggesis that they are genetically interreiated to the augen gneiss or
that the zorz s an area of structural weakness and that the ¢ kes fitl
fractures within tne unit.

Dry Canyon Creek Stock

A samgle of hornblende-biotite-nepheiine syenite, containing abundant
accessory ninerals was found to contain 20.3 ppm uranium in a sample from
the Dry Canyon Creek Stock.
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Darby Mountains

A r-nium concentration of 1h.5 ppm was detected in a quartz monzonite
oo the Davby Mountains.  Although this vaiue is high in terms of this
cdy. Mivier and Bunker (1975%a} have analysed a number of samples from the
Jarby Mounctairs showing similar concentrations.

Asuessment of Yranium Anomalies

The above areas, particularly the locations in the Zane Hills and the
Selawik Lake Complex are of economic interest and serve as good target areas
for future exploration. Both areas drain into basins that may contain Tertiary
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sediments beneath the tundra cover. Recent uranium analyses from the
monzonite unit in the Zane Hills by Staatz and Miller (1876) have yielded
uranium concentrations as high as 130 ppm.

A uranium concentration of 160 ppm is not uncommon in alkaline rocks
in the rest of the world. |In the ll1limaussaq intrusive, at Greenland,
the average uranium concentration {s greater than 200 ppm. In Alaska the
Bokan Mountain alkali granite contains a range of 20-200 ppm uranium dis-
seminated throughout the pluton.

The price of U308 is negotiable and as a result is highly variabie.
Today's averaqe cost is about $20.00/1b. Price is dependent on the location
of the mine. and the nature of the deposit. The current minimum ore grade
is 0.°% Uq0g  although one mine “n West Africa, where labor costs are ex-
ceecing'y tow, consists of a 0.05% deposit, in pegmatites.

Because of the high transportation costs, the minimum current ore
grade in Alaska is about 0.2% U30g. Although 100 ppm is far from ore grade,
the abundance of plutons containing leachable uranium in the Selawik Basip
and Seward Peninsula, provide ample source areas for secondary Colorado-type
uranium deposits in the adjacent Tertiary Basins. In addition, with the
rapid growth in the cost of uranium, the United States will soon begin ex-
pioiting some of the lower grade deposits.

Uranium Analyses of Mineral Separates

Individual minerals were separated from five rock samples and analysed
for their uranlum concentrations. The results of these analyses are pre-
sented in Table 6. Uranium is highly concentrated in sphene, apatite, and
allanite. The highest concentration was detected in a small sample that
appeared to contain a few minute crystals of uranothorite.

Table 6

dranium Concentrations in Mineral Separates and Estimation of the
ontv:bution ¢f individual Mineral! Phases to the Whole Rock Uranium Content

Granite Mountain 2ane Hills
U-ppm x % U-ppm x %

Mineral UL-ppm % of rock _of rock U-ppm % of rock of rock
Quartz + -3 90.5 ? 12, 86.4 10.32

fetdsnar
Amphibole -2 2.5 7. 7.5 .53
Pyroxene -3 5.6 46, 0.6 0.28
Biotite - - 23. 1.1 0.25
Sphene 234 1.0 2.34  1520% 1.4 21.28%
Apatite 612% 0.4 2.45% 146> 0.h 4, 58%
Allanite - - - - - -
Urano- - - ~ 1780. 0.1 1.78

thorite



Table 6 (Cont.)

Granite Mountain

Whole rock analysis 1.2
Total due to rock forming minerals ?
Total due to accessory minerals 4.8

Zane Hills

17.2 ppm
1.4 ppm
ppm 27.6 ppm*

Darby Mountains

U-ppm x %

Mineral U-ppm % of rock of rock
Quartz + -3 97.6 ?

feldspar
Amphibotle - - -
Pyroxene - ~ -
Biotite 29. 2.3 0.61
Sphene 1512, 0.1 1.51
Apatite 646.% 0.1 0.65%
Altanite 948, 0.1 0.95
Urano- - ~ -

thorite

Darby Mountains

Whole rock analysis 2.8 ppm
Total due to rock forming minerals .6 ppm
Total due to accessory minerals 3.1 ppm*

Dry Canyon Creek Stock

Selawik Lake Complex

U-ppm x % U-ppm x %

Mineral U-ppm % of rock of rock U-ppm % of rock of rock

Nepheline + -3 49.8 ? 2. 89.2 18.7
feidspar

Amphipole 1. 23.8 2.6 - - -
Pyroxene 16. 27.2 k.5 - - -
Biotite - - - 80. 8.6 6.9
Sphene 259, 0.4 1.0h 363. 1.8 6.5
Apatite 623. 0.2 1.25 - - -
Fluorite - - B 160. 0.} 1.6
Sphene + - - - 519 0.1 5.2

Unknown

Dry Canyon Creek Stock

10.0 opm
7.1 ppm

2.3 ppm

% = minimum value due to incomplete
dissolution with HF/HNO,.
-3 = Uranium concentration below de-
tection limit
1 = also contained sphene and apatite.
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Selawik Lake Complex

86.0 ppm VWhole rock analysis
25.6 ppm Total due to rock forming
minerals
13.3 ppm Total due to accessory
minerals
? = value cannot be determined due
to low concentration of uranium.
~ = mineral not present in rock
sample.



An attempt was made to detevrmine the contribution of esach of the
mineral phases to the total concentration of uranium in the whole rock
sampie. The percentage of the mineral was multiplied by the concentration
of uranium in that mineral. The results of this calculation do not al-
ways closely approximate the uranium concentration as determined from the
analysis of the entire sample.

There are a number of errors that must be considered. Contamination
of the rock sample during mineral separation is a strong possibitity al-
though every precaution was taken in the laboratory to produce clean
separates. The samples, particulariy those containing the accessory
minerals, were often very small which reduces the accuracy of the analysis,
The point counting technique used in this study is good to approximately
+2.0% (see Appendix 4). Some of the concentrations of the minerals fall
below this limit.

The possibility of an error in the detected uranium value of a highly
urani ferous accessory mineral is much less than the possibility of an error
in the uranium concentration of the felsic minerals. The inclusion of |
grain of sphene for example, to every 100 grains of feldspar, would cause
a tremendous error in the calculated contribution of the felsic minerals
to the concentration in the whoie sample.

One or two grains of quartz or feldspar in a svhene or apatite sample
would have little effect on the analysed concentration of these minerals.
I f we have some confidencz in the uranium concentrations determined in the
accessory minerals we can draw an interesting conclusion. Assuming that
the percentage of these minerals in the individual rock samples is ap-
proximately correct as determined by point count analysis, we can account
for all of the uranium in the samples from Granite Mountain, the Zane
Hills, and the Darby Mountains, by the accessory minerals alone. How-
2ver, in the two nepheline-bearing rocks, if we make the same assumption
we can only account for a fraction of the total uranium concentration from
the accessory minerals.

Cur conclusion is that either the uranium is concentrated in the
felsic phases, in the latter {wo samples, or there are additional phases
that make up very minor proportions of the rock that contain very high
concentrations of uranium and are partly included in the rock-formina
minerals.

Corrzlatinns: U-Th-K-Mineralogy-CPS

A step-wise multiple linear regression analysis was performed on the
mineralogical and chemical data for the 108 rock samples in this study.
The objective of this analysis was to see if Lhere is some systematic
variation between the uranium and thorium concentrations, and the mineral-
ogy of the samples. The Honeywell program called SMLRP, was used. The
orogram relates a number of independent variables, in this case, potassium,
auartz, plagioclase, K-feldspar, amphibole, pyvroxene, biotite, nepheline,
garnet, accessory minerals, and counts per second (CPS from a scintillometer),
o either uranium or thorium as the dependent variable.
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In addition to performing the step~wise regression on the entire data
set, the program was also performed on individual plutons. This analysis
nrevides excellent mineralogical guides for the prospector, within in-
dividual plutons, and illustrates the wide variety of rock types that con-
tain anomalous concentrations of uranium and thorium.

Analysis of Total Sample Set

The correfation matrix for all of the samples analysed is shown in
Figure 20. A correlation of 1.000 represents a perfect correlation, i.e
all of the variance of one variable can be explained by the variance of
another. A correlation of 0.000 represents no linear relationship be-
tween the variables. Graphical examples of correlation coefficients are
shown in Appendix 3. |f a relationship between uranjum and one of the
variables existed and was of the form of a higher order polynomial equation,
the correlation coefficient would anot necessarily reflect this relation-
ship. Based on the correlation coefficients, the regression builds a linear
equation that explains how Y (uranium or thorium) is related to X {minerai-
ogy or potassium). WYhat we wish to determine is: How much of the vari-
ability of Y can we explain in terms of a number of independent variables,

X1, Xo, X3,...X]2.

-3

in Figure 20 columns one and two are of the greatest interest
economically. Uranium does not correlate well with any of the minerals
in the study area. The highest correlation coefficient is a negative re-
lationship with plagioclase, but a coefficient of -0.283, although sig-
nificant with this number of samples at the 90% confidence level, shows
only a weak relationship. In terms of the regression equation, plagio-
clase is the first variable considered: RZ is 0.0803.1 The addition of
four other variables, thorium, K-feldspar, quartz, and total accessories
only increases the Ré value to C.1468. We can say that there is very
iittle corvelation between any of the mineralogical constituents measired
and the uranium content of the rock, and thot we can explain very littie
of the variability of uranium in terms of the mineralogical data. This
is not a surprising result. As noted earlier, a wide variety of rocks in
the thesis area are known to contain anomalous concentrations of radio-
active elements. The regression reflects this observation.

The correlations between thorium and mineralogy are only slightly
better. After five variables have been added to the regression, we are
only able to describe 30% of the variance of Th in terms of the other
variables. The wide range in rock types in which high concentrations of
radiocactive elements are found throughout the thesis area 1s reflected
sy the regression equation for both uranium and thorium.

On a regiona! scale, in terms of the data available, the uranium
and thorium concentrations cannot be precicted in terms of mineralogy.
We cannot assist the pnrospecting geologist by suggesting rock types in

T RZ = goodness to fit of the |inear equation

_ sum of squares due to regression pe-“ect fit

N

i

total sum of squares 0 =no Tit
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Figure 20. Correlation matrix for 108

samples analyzed in this study.
*Underlined values are significant

corretations with uranium and tho-
rium at a 90% confidence level.
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the thesis area upon which he should concentrate his investigations. We
can suggest, from these data, that all of the plutons in the area, and
not only the alkaline varieties, should be studied in some detail.

We can look at the uranium and thorium data in a different way by
considering the means, standard deviations, and maxima and minima for each
rock type as tisted in Table 7.

Table 7

Maans, Standard Deviations, nnd laxima and Minima
of Uranium and Thorium Data, By Rock Type

Rock Type Uranium
Mean Std. Dev. Max i mum Minimum

Nepheline Syenite 12.83 23.24 92.0 1.0
Alkali Gabbro 8.77 1.37 10.0 7.3
Syenite 5.87 4. 64 17.2 1.6
Monzonite 3.03 1.98 8.4 0.8
fluartz Monzonite 5.47 8.10 k9.0 -0.3
Granite 10.38 6.23 19.4 5.1
Cranodiorite 2.19 1.14 L. 3 0.7

Rock Type Thor ium Observations

Mean Std. Dev. Max imum Minimuam

Nepheline Syenite  46.15 19.9 82.3 3.33 25
dlkali Gabbro 66.3 8.97 76.0 nd.3 3
Syenite L2.01 14,06 62.5 24.5 10
Monzonite 40.94 21.h5 76 .0 9.1 19
Nuartz Monzonite 28.71 16.65 64.3 8.85 36
Granite 32.3 13.3 51.0 21.3 4
franodiorite 17.5 12.38 44,8 2.1 ]

An analysis of variance was performed on these data to determine if
there is a significant difference between the means of the individual
aroups. The resutts of this analysis are listed in Table 8.

The analysis determined that at @= .05 there is no significant dif-
ference in the means of the uranium values. The F value = 1.78, whereas
the critical F at this confidence level is 2.20.

In accordance with the observation made earlier, that there were
significant correltations between thorium and mineraltogy, the analysis of
variance determined that there is a very significant difference between
the mean thorium concentrations of individual rock types. This reflects
the more predictable behavior of thorium during the differentiation pro-
cess. Calculated F at a 95% confidence level is 7.72, with the critical
¥ remaining the same value as above, 2.20.



Table 8

Summary Table for the Analysis of Variance-Uranium

Source of Sum of

Variation dF Squares Mean Squares
Between rock types 6 1,624 270.7
Within rock types 103 15,649 £51.93
Total 109 17,273 -

F=_270.7=1,78 dF = 6, 103 Critical F = 2.20

Summary Table for the Analysis of Variance-Thorium

Source of Sum of

Variation dF Squares Mean Squares
Between rock types 6 14,363 2,393
Within rock types 103 31,996 310
Total 111 46,359 - -

F=2,393 =7.7. dF = 6, 103 Critical F = 2.20

The Scintillation Counter as a Prospecting Tool

The hand-held scintillometer is standard prospecting equipment for
uranium. We can comment on the reliability of this device for recording
uranium values by computing the correlation coefficients (Figure 20).

The corretation between uranium and counts per second is 0.287. The
correlation coefficient for thorium and counts per second is 0.615, which
is highly significant. In most cases the scintillometer does not reflect
the uranium content of the rock. Thorium is much more abundant in most of
the rocks and the gamma radiation produced by the uranium is overshadowed
by that produced from thorium. The scintillometer fails to register minor
fluctuations in uranium content in an area predominantly enriched in
thorium. These minor fluctuations are of little interest to the exploration
geologist.

The standard deviation of an individual scintillometer reading is equal
to yn , where n = counting rate. The square root of 450 is 21. Therefore
the counting rate of 500 deviates significantly from 450 at the 95% con-
fidence level. 475 is not significant at this confidence level. There-
fore a considerable amount of variability in the counting rate can be
attributed to statistical variation within the counter.

The mean and standard deviation for all the scintillometer data = 414
CPS and 168 CPS, respectively. A reading greater than 582 is significant
at the 1o tevel, and a reading greater than 750 is significant at the 20



level. Individual scintillometer readings are listed in Appendix 1. The
only readings that exceed the 2 alpha limit are from the uraniferous rocks
of the Selawik Lake Complex, and the radioactive rocks of the alkaline
monzonite zone in the Zane Hills. When one considers individual readings
in terms of their variability from the mean, it is possible to discriminate
the more significant anomalies.

Admittedly the statistical information ohtained is based on a relatively
small sample size. Additional data in the Seiawik Basin and eastern Seward
Peninsula will aid in defining the overall background and variability of the
scintillations.

Although there is little correlation hetween the radioactivity and
mineralogy in the total sample set, examination of data for individual
ptutons revealed significant relationships that should aid the prospector.

Granite Mountain

Heans, standard deviations, minima, and maxima for uranium and thorium
analyses of 32 samples from the Granite Mountain pluton are shown in Table
5. The correlation matrix for Granite Mountain is shown in Figure 2}. fiood
correlations are apparent between uranium and potassium, r = 0,647, uranium
and pepheline, r = 0.742, and uranium and garnet, r = 0.697. The regression
determines that 55% of the variance of uranium can be explained by the single
variable nepheline. 65% of the variance can be explained by the variabies
nepheline and thorium, and 70% of the variance of uranium can be explained
by nepheline, thorium, and pyroxene.

Thorium does not correlate as well with any of the mineralogical
variables. In the regression, 22% of the variability of thorium can be
described by the variance of uranium. The combination of thorium and totat
accessories explains 34% of the variance of Th. The addition of other
variables does not appreciably improve the regression equation.

The variation in uranium, thorium, potassium, and CPS across the zones
of the Granite Mountain intrusive is shown graphically in Figure 22. There
is virtually no corretation at all between uranium and CPS. Thorium has
a distinct effect on the CPS reading, whereas potassium has no effect. [t
seems unlikely that the rest of the variability in CPS could be the result
of the general background produced by cosmic radiation. Another possibility
is that there is a great deal of within outcrop variability. Therefore the
scintillations, recorded over an area of about 25 square feet, do not cor-
relate well with individual samples, which vary a great deal across short
distances. However, within outcrop variability was determined to be small
at Granite Mountain (Figure 22). The poor correlation between thorium and
counts per second is probably the resuit of a number of variables including
cosmic radiation, analytical error, within outcrop variability, weathering
variations, and the effect of potassium, i.e. variability in background.

Darby Pluton

The average uranium content of the Darby Pluton is 11 ppm (Miller,
1975a). Along the traverse the value was significantly lower, averaqing
5.9 ppm for 22 observations (see Table 5). Thorium averages 27.} ppm.
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The correlation matrix for mineralogical and chemical data from the
Darby Mountains is shown in figure 23. Uranium is weakly corretative with
the presence of quartz, the absence of plagioclase, and the absence of
biotite. The regression shows that 33% of the variability in uranium can
be described by biotite and accessory minerals. Additional variables do
not improve the goodress of fit of the reqgression equation.

Thorium does not show significant correlation with apy of the vari-
ables at the 90% confidence level. |In the regression, 8 variables ac-
count for onlv 35% of the variabitity of thorium.

Uranium, thorium, potassium, and counts per second are graphically
represented in Figure 24. Data collected in the field with the use of a
scintil)lometer suggested uranium and thorium enrichment towards the west
margin of the ptuton. From Figure 24 it is apparent that this enrichment
does not include uranium. The increased (PS reflects a general increase
in thorium. The potassium content is roughly constant across the pluton.

The number of dikes present, and the number of samples displaying
the peculiar porphyritic texture described earlier, increase towards the
west edge of the pluton. These observations suggest that the western edge
of the Darby Pluton was an area enriched in volatiles or was more ex-
tensively fractured. The west contact of the pluton was mapped by Miller
and others (1972) as an intrusive contact, whereas the eastern margin is
fault bounded. Therefore the western zone represents the crystalline
edge of the Darby Pluton in agreement with the expected increase in con-
centration of volatiles.

Zane Hills Pluton

Means. standard deviations, minima, and maxima for uvranium and thorium
analyses from 32 samples from the Zane Hills are listed in Table 5. The
correlation matrix for the Zane Hills is shown in Fiqure 25. Of particular
interest, are the correlations between thorium and quartz, amphibole, and
K-feldspar. The relationship between thorium and quartz is shown graph-
ically in Figure 26.

Variation in quartz accounts for 62% of the variance of thorium.
Quartz, and plagioclase account for 66% of the variance of thorium, and
quartz, plagioclasz, and amphibole account for 68%. The addition of
pyroxene and biotite to fhe regression improves the approximation of the
lipear fit to 72%. The addition of other variables does not appreciably
improve the regression equation. Figure 26 and Fiqure i3 show Lthat the
good correlation between guartz and thorium is not a linear relationship,
but two populations; one containing little guartz and abundant thorium,
and another containing abundant quartz, which is thorium-poor.

Correlation between uranium and mineralogy are not as marked. Uranium
correlates with plagioclase, K-feldspar, and potassium.

The poor correlation between uranium and mineralogy is largely the
result of two samples which contain high concentrations of uranium in
granophyric dike rocks associated with the augen gneiss unit (Figure 27).
In addition, the alkali monzonite unit, although high in thorium, does not
show uranium enrichment within the samples analysed.
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Uranium, thorium, potassium, and CPS are shown graphically in Figure
27. Notice the strong correlation between thorium and potassium, and CPS
with thorium and potassium. The scintiliometer closely reflects the
thorium concentrations in the Zane Hills rocks. Uranium correlates poorly
with the scintillometer values. Although a few high concentrations of
uranium were found, they occurred in thin dike rocks that would have little
effect on a scintillometer held at waist level. The thorium appears to
be disseminated through the rock, contained in large part in minute grains
of uranothorite, monazite, apatite, and sphene.

The Dry Canyon Creek Stock

Means, standard deviations, minima, and maxima are given in Tabie §
for uranium and thorium analyses for |6 samples collecced from the Dry
Canyon Creek Stock.

Therium is particularly high at the Dry Canyon Creek Stock. Uranium
is slightly anomalous. Scintillometer readings from this stock were quite
high, up to 800 CPS5.

The correlation matrix for the Dry Caayon Creek Stock is shown in
Figure 28. Uranium correlates well with the percent accessory minerals.
Uraniur is largely concentrated in the accessory minersls. Thorium does
not show this same relationship. Although the data are not conclusive,
it is possible that the thorium is concentrated predominantly in other
mineral phases, or that the uranium originally located in the more
abundant and more easily weathered rock-forming minerals, has been leached.
The more resistant thorium compounds in the rock-forming minerals would re-
main behind.
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Both uranium and thorium show a moderate negative correlation with
nepheltine. The distribution of uranium and thorium during crystallization
of a magma usually shows a correlation between increase in alkalies and in-
crease in radioactivity. Perhaps the relationship between nepheline and
uraniovm can be explained by the oxidation of Thad during the latest stage
of crystallization of the stock. This would remove the uranium from the
intrusive into hydrothermal solutions, during the period when nepheline
was crystailtizing.

In the regression analysis, we are able to explain 45% of the
variance of uranium in terms of the percent of accessories. Sixty-seven
percent of the variance is explained in terms of accessories and nepheline,
72% in terms of accessories, nepheline, and amphibole. The addition of
thorium explains 79% of the variance, and finally the addition of quartz
explains 85% of the variance. Additional variables do not appreciably
improve the regression equation.

Uranium concentrations in the Dry Canyon Creek Stock can be explained
quite well! in terms of five variables, by far the most significant of
which is the % of total accessories. Uranium appears to be substituting
for Ca2+ in the accessory minerals sphene and apatite.

The relationships between thorium and the mineralogical variables
are not as clear. HNepheline and quartz (two mutually exclusive variables)
account for h1% of the total variance of thorium.

The scintillometer readings do not vary a great deal at the Dry Canyon
Creek Stock, and it is not surprising that there is almost no correlation

among uranium, thorium and total counts per second.

Selawik Lake Complex

Means, standard deviations, and minima and maxima for uranium and
thorium anatyses from 10 samplies from the Selawik Lake CTomplex are shown
in Table .

The correlation matrix for 13 variables is shown in Figure 29. Uranium
correlates rather strongly with biotite, thorium, and counts per second.
The correlation with the scintillometer reading is a result of much higher
concentrations of uranium, which allow the gamma radiation emitted from
the uranium to exceed that of thorium and cause a noticeable fluctuation
in the counting rate. In addition uranium and thorium are correlative,
and the gamma radiation that they emit is compounded in the scintillometer
reading. The combination of gamma ray emissions from both elements re-
duces the effect of cosmic radiation and the correlations with the scintil-
lometer are much improved.

The mineralized zone in the Selawik Lake Complex is not confined to
a dike rock but extends into the country rock for a few meters on either
side of the intruded arca. This broad concentration of uranium allows
for a larger area of radiocactive rock to affect the counter. This is dis-
tinctively different than the Zane Hills occurrence where the high con-
centrations of uranium were resiricted to thin dike rocks.
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Approximately 41% of the variance of uranium is explained by
variations in the biotite content. The addition of garnet to the equation
increases the R value to 0.69. Ninety-three percent of the variance
of uranium can be described by the variables potassium, garnet, biotite,
K~feldspar, and amphibole. Ffor this regression, the thorium variable
(because it could not be determined in the field) was not included.

We can describe the distribution of uranium suffictently in terms
of four mineralogical variables and potassium.

Seventy-two percent of the variance of thorium is explained by the
varjation in biotite and nepheline in the regression equation. There are
no other significant variables with the exception of uraniun which was not
included in the regression.

Certalnly the distribution of the radioactive elements in the Selawik
Lake Complex follows a much more systematic distribution than is observed
in other plutons in this study.

CONCLUS1ONS

The calculation of correlation coefficients and the step~wise multiple
linear regression breaks down a very complicated data set into a more con-
cise form. The apparent result of the step-wise analysis for all of the
samples within the thesis area, was that there was virtually no correlation
between mineralogy, and the uranium and thorium concentrations. This is
a misleading conclusion. The analysis of individual plutons shows that
there are strong correlations between mineralogy and radioactivity, but
that the independent variable that describes the greatest amount of variance
of uranium or thorium changes from one pluton to the next. Therefore when
one considers the entire picture, the correlations in the individual plutons
cance) each other and we are left with the apparently random distribution
of uranium and thorium within the province.

The correlations suggest that there Is some retationship between the
crystallization history of the rocks and the distribution of uranium and
thorium within individual plutons. The lack of correlation on a regional
scale is indicative of multiple origins for the plutons. This is not
surprisirg, because the age of the intrusives span a period of 20 million
years, and they vary in composition from highly oversaturated granodiorite
and quartz monzonite to highly alkaline nepheline syenite.

The results of this investigation are i(n some ways discouraging for
the exploration geologist who hopes to discover a uranium ore bedy based
on regional mineralogical associations. Had there been a strong corretation
on the broad scale between radioactivity and certain rock types, perbaps
the area of exploration in the Yukon-Koyukuk Basin and eastern Seward
Peninsula could be greatly reduced, and individua) target areas selected.
The broad variation of rock type in which high concentrations of uranium
are found does not allow the exploration geologist to leave any plutons
unexplored in this area.
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The poor correlation between uranijum and counts per second re:
gistered on the hand-held scintillometer is not as discouraging as it may
seem. Vhen high concentrations of uranium are present, as in the vein
deposits and associated mineralized zones of the Selawik Lake Complex,
scintillometer counts represent the concentrations of uranium very well,
It fails to register the small granophyre dikes of the Zane Hills, but
the fact that they are small makes them a much less significant deposit
than the Selawik Lake occurrence. What the scintillometer fails to re-
cord, appears to be minor variations in uranium concentration in rocks
that are predominantly thorium-rich. These minor variations -~~~ gt -
orimary interest to economic geo:og ::-, 3xc .nsefore the faiiure of the
scintillometer to register them is not a hindrance to exploration.

Uranium prospecting is in a state of infancy in Alaska when compared
to the rest of the Urnited States. The discovery of uranium concentrations
up to 92 ppm in the Selawik Lake Complex and additional high concentrations
in @ mineralized granophyric dike 7one in the Zane Hills encourages the
identification of this area as a uranium and thorium province. The ex-
istence of high concentrations of the radioactive elements in accessory
minerals, such as sphene and apatite, where they can be leached by
weathering processes, makes possible the deposition of large quantities
of uranium in the Tertiary basins believed to exist adjacent to the in-
vestigated plutons.

Recent work by the State of Alaska Geological and Geophysical Sur.e,s
in cooperation with the Los Alamos laboratory indicates that the con-
centration of uranium in surface water samples is exceedingly low. Al-
though this is discouraging, the paleo-environments of Alaska have changed
significantly through the Cenozoic Era, since the emplacement of these
plutons during Cretaceous time. Colorado-Piateau type conditions have
been described from cther localities (narouchout the world, lying at re-
tatively righr latitudes (Meyerhoff, 1972). It is a possibility that the
appropriate environment for leaching, distribution and precipitation of
uranium was present in the Yukor-Koyukuk Basin and the eastern Seward
Peninsula at some time since the emplacement of the Cretaceous Plutons.

Mineralogical Guidelines for Future Uranium Investigations

Granite Mountain

Concentrate investigations on rocks containing abundant nepheliine,
and garnet, and little plagioclase and amphibole.

Darby Mountains

Expliore the west margin of the Darby Pluton. It appears to be a
zone of abundant dike intrusion and is a likely area for uranium mineral-
ization.

Zane Hills
Concentrate investigations within the Augen Gneiss Unit, and determine
if it is continuous along the east margin of the pluton. Within the Mon~

zonite Unit select samples that contain little plagioclase.

Dry Canyon Creek Stock

Select samples that contain abundant accessory minerals, and that contain
tittlte nepheline.
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Selawik Lake Complex

Select samples containing abundant biotite. Use the scintillometer
to outline target areas. Because of the association of biotite with uranium,
magnetometer surveys of the pluton should be a useful exploration tool.
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APPENDIX 2

Alkaline lgneous Rocks

The term alkaline has not been used consistently in the past.
Sorensen (1974) summarizes the differing uses of this term.

1. lgneous rocks of Atlantic or Alkaline series (branch,
group, facies).

2. lgneous rocks with alkali feldspar as the predominant

feldspar, that is with more alkalies than average for

their clans.

lgneous rocks containing feldspathoids.

fgneous rocks with an alkali~lime index less than 5l.

{gneous rocks containing feldspathoids, and/or soda-

Pyroxenes and/or amphiboles.

AV 2 BN~ WV}

We have accepted Shand's definition of alkaline rocks. WNoting that
atkalies are chiefly contained in feldspar, he suggested the following:
If the ratio of alkalies to alumina, or the ratio of alkalies to silica
in the bulk composition exceeded the ratio found in K-feldspar or albite,
the rock is to be considered alkaline.
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APPENDIX 3

Examples of Correlation Coefficlents, as taken from Davis (1973).
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APPENDEX 4

Analytical Techniques

Uranium Determination

A 1.0g sample is digested in concentrated HF/HMNO,, and uranyl salts
are formed. 10 ml of this solution are extracted into ethyl acetate using
a saturated aluminum nitrate solution.

0.1 m1 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 650°C for exactly )15 minutes.

The resulting fluorescence of the fused pellet is determined using a
Turner model 110 fluorometer.

Thorium Determinations (Korkisch and Dimitriadis, 1973)

Thorium is separated from all matrix elements by means of anion exchange
using the strongly basic anion exchanger Dowex 1, X8 (100-200 mesh; chloride
form). After elution thorium is determined spectrophotometrically by using
arsenazo 1.

ton exchange separation

The sorption solution is passed through the ion-exchange coiumn con-
taining 10 g of resin in the chloride form. The resin is washed, in portionas,
with a total of 100 ml of 8 M nitric acid in order to remove al) 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 re-
sidue, 5 ml each of 1 M hydrochloric acid and 2% potassium permanganate
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 in 10 ml of concentrated hydrochloric acid and the solution is evaporated
to dryness on the hot plate. Ten ml of hydrochloric acid plus 5 drops of
formic acid are added 10 eliminate all nitrates and the solution is evaporated
again.

Arsenazo method

The residue containing manganese (l1) chloride and the thorium is dis-
solved in 5 ml of concentrated hydrochloric acid and after the addition of
} 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 Determination

Potassium concentrations were determined using the atomic absorption
method subsequent to fusion with LiBO;.
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Reproducibility of uranium analyses

To determine the variability in the uranium analyses performed by
Resource Associates of Alaska, six splits of the same sample were sub-
mitted. These results are shown below.

Table 9
Replicate Analyses of DC-5-1
Trial Y-ppm

)
.6
A
a
.2
B

ON U1 & N~
Ui~ O O

The reproducibility for this batch of check samples was quite good.
However, the resultslof random check samples occasionally produced drastic
differences in the analysed values. Some examples are listed below:

Table 10

Replicate Analyses of Mineral Separates

Sample Tria) U-ppm

Darby Mtns. Felsic minerals | 3k
A -3.*

Biotite 1 29.

2 17.

Dry Canyon Felsic minerals 1 19.
2 -3.%

Pyroxene 1 4o.

2 16.

*Uranium concentration is below the detection limit

The above samples were minerdi separates. One would expect a larger error
associated with these samples. However some of the results indicate a serious
technical) error. The unrealistically high values are believed to have been
caused by contamination of the sample from the previous analysis. This presents
a problem that must be considered when working with the uranium analyses in
this report. A uranium analysis succeeding a high value may sometimes show a
concentration of uranium where this concentration is the result of contamination.

The highest uranium values renorted in this paper were resubmitted to the
taboratory to check the validity of these results.

Point Counting Techniques

Modes were determined for 108 rock samples using point counting
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techniques. DNne thousand points were counted for each rock sample. Rock
slabs were counted by placing a grid system, on transparent acetate,
directliy onto the rock slab. The counting interval was approximately
equal to the Targest crystal diameter, except in the highly porphyritic
rocks.

Standard 1,000 2 thin sections were counted using a J. Swift and
Sons automatic mechanical stage. Two-inch by three-inch sections, equal
to 3,000 mm? in area were counted using & hand operated mechanical stage.

According to Chayes (1956), the accuracy of the point counting analysis
can be estimated in terms of the grain size and the area of the rock that
is counted. firain size is measured in this determination as '"the number
of major mineral identity changes along a unit length of line". The unit
length is %0 mm. This analysis yields a number that is called the IC
number .

Figure 31 shows the number of thin sections required for maintaining
average major mireral analytical error s1.4%, 2.0% and 2.5%. Based on the
determination of IC numbers of a number of rock samples in this study, the
analytical error is approximately <2.0%.

Staining Techniques

To aid in modal determinations, 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 II, 1974). Rock slabs were immersed in hydro-
fluoric acid, whereas the thin sections were etched with HF vapor at room
temperature. |If there was some difficulry in discriminating plagioclase
from quartz, the sample was then dipped in a saturated 8aCly solution,
which gives the plagioclase a powdery white appearance. Amaranth was not
used becavse the color produced on the etched plagioclase was quite similar
Lo the color of quartz in many of the samples.

Nephel ine was stained using methylene blue and concentrated phosphoric
acid, after Shand (1939). The syrupy phosphoric acid is spread onto the
thin section or rock slab using a glass rod. After about one minute the
sample is gently dipped in water. A siltica gel is formed as a result of
the decomposition of the nepheline by the acid. When dipped in a weak
methylere blue solution (0.25%) the silica gel is stained deep blue. Pre-
serving the stain is rather difficult. [If the sample is allowed to dry the
gel contracts and i{s easily removed in small dry flakes. A drop of water-
soluble glue placed on the wet surface and covered with a coverglass will
permanently preserve the stain.
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Figure 31. Number of thin sections required
to maintain major mineral analytical error
less than 1.41%, 2.0%, and 2.5%, based on
the area of the thin section and the I
number, after Chayes (1956).
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