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Introduction

A geochemical reconnaissance study was undertaken in the northern
parts of the Misheguk Mountains and Howard Pass quadrangle, Alaska,
during the summer of 1977 to aid in the evaluation of the mineral-resource
potential of the National Petroleum Reserve, Alaska (NPRA). Presented
herein are the results of the first phase of this study--the planning
and data acquisition phase. The choice of samples, sampling plan, sample
collection, location of samples, preparation of samples, and raw
analytical results are included.

The results presented were accumulated between June 1 and July 30,
1977 in the laboratory in Anchorage, Alaska, and the field base camp at
Driftwood in the northwest part of the Misheguk Mountain quadrangle,
Alaska. Data handling organization was accomplished in Denver, Colorado
during August and September. The field crew, consisting of M. S. Allen,
H. N. Barton, J. G. Frisken, P. K. Theobald, and R. L. Turner occupied
585 sites, collecting 1755 samples. A1l site access was by helicopter
under the expert control of Robert Shandley. Field logistic arrangements
were provided by I. L. Tailleur, R. G. Tysdal, and Michael Churkin.
The 1755 samples were split and prepared in the Anchorage laboratories
of the USGS by M. S. Allen, J. L. Theobald, M. E. Theobald, P. K. Theobald,
and R. L. Turner to yield 4095 subsamples. Chemical and mineralogical
analyses performed in the Anchorage laboratories on 1170 of the
subsamples by H. N. Barton, E. F. Cooley, J. G. Frisken, and R. L. Turner

yield 35,000 elemental determinations. These data have been transcribed



and edited for storage in the USGS Rock Analysis Storage System (RASS)

by P. A. Svendsen in Anchorage, and S. K. McDanal and C. M McDougal in
Denver, Colorado. Data organizaion and manipulation have been facilitated
by Theodore Billings, J. W. Rozelle, P. K. Theobald, and George VanTrump

using the USGS Statpac system.



Sample Selection

Stream sediment was chosen as the sample media because the large size
of the area, the general lack of knowledge of possible mineralization,
and the time available for reconnaissance sampling dictated regional
coverage with widely spaced samples. The processes of weathering, mass
transport and fluvial transport in a drainage basin provide an optimum
collection and compositing mechanism for the averaging of 10 or more
square kilometers into what is essentially a point sample site.

Three sample media from the stream sediment were chosen to afford
maximum coverage of the major geochemical components of the drainage
basin. These are: (1) the medium to fine fraction of the active
sediment in the bed load of the stream; (2) the heavy mineral incorporated
in the bed load of the stream; and (3) the mixture of fine sediment,
organic debris and chemical precipitates derived from the suspended and
dissolved Toad of the stream and trapped in the mat of roots beneath the
tundra pad at the stream edge, referred to as stream bank sod.

The first of these samples provides a typical geochemical cross
section of the mechanically transported components of the drainage basin.
Its composition is controlled predominantly by the major geologic units
of the drainage basin. Minor components of the drainage basin, such as
a deposit of potentially economic minerals, are usually reflected in
this sample media, but the influence of such a minor component on the
overall composition of the sediment is often subdued because of dilution

by the large bulk of material derived from the major components of the basin.



The second sample media, in essence a subsample of the first,
is used to enhance the influence of minor components on the bulk
composition of the sample. Most of the sediment in this media is composed
of minerals such as quartz, feldspar, and the clays which are both of Tow
specific gravity and of 1ittle or no interest in the search for mineralization.
By contrast, many of the elements of a mineral deposit are transported as
components of minerals that are mechancially resistant and of high specific
gravity. These minerals may be concentrated by a simple gravity separation,
usually in a gold pan.

The third sample media provides access to two forms of stream
transport not concentrated in the bed 1oad. The small or brittle
minerals form silt- or clay-sized particles that travel in the suspended
load of the stram and can be mechanically trapped in the root mats at
the stream edge. Some of the ore minerals, such as molybdenite, are
transported in this way as are many of the soft oxides that are formed
at the surface over a mineral deposit. Elements dissolved in the stream
water are also collected in the chemically active zone at the base of the
root mat either by precipitation and coprecipitation or by sorbtion on
the organic- and clay-rich material. Climatic factors in the arctic
suggested, during the planning stage of this program, that chemical
transport of dissolved metals would be the least important of transport
mechanisms because (1) water has only a seasonal appearance in the
drainage basins (ice would require solid state reactions) and (2) water
and ground temperatures are sufficiently low to significantly retard the
rate of chemical destruction of ore minerals., For these reasons, it was

decided to collect the third sample media, but to give it a low priority



for preparation and analysis. In retrospect, the validity of this

is questionable. Although there is clear evidence of mineralization
in the first two sample media, it is equally evident that the rate of
chemical reaction and solution in the surface environment is far
greater than expected, and that many of the more subtle reflections of
mineralization have been ovér]ooked.

The sample preparation step, outlined subsequently, was used to
produce a total of seven subsamples from the original three samples
collected in the field. The additional subsamples were derived from
the stream sediment and heavy-mineral concentrates according to the
following logic.

The stream sediments were sieved to pass 30 mesh, rather than the
traditional 80 mesh, and a half split was ground for analysis. Experience
in adjacent areas (Curtin and Cathrall, oral communication, 1977) indicate
1little, if any, difference in analytical results between the two size
fractions of stream sediment. In the alpine streams anticipated, and
found, in this study area, fine sediment (clay)is often difficult to
obtain from the active stream bed. Indeed, it was often difficult to
obtain a sufficient quantity of material that would pass the 2-mm sieve.
The extremely slow rate of chemical weathering (sphalerite is commonly
seen with only a thin weathering rind) further favored the coarse
fraction. The metals of interest would most likely be contained in
discrete detrital particles rather than absorbed by fine clays or
chemical precipitates. The trade-off of complete compatibility with
adjacent study areas where 80-mesh sediment was used for the more rapid

collection of 30-mesh material was balanced in favor of the 30-mesh



The heavy-mineral concentrates were split into three subsamples
on a basis of the magnetic susceptibility of the minerals, as
described in the section on sample preparation. The logic for this
separation and for the choice of the least magnetic of these as the
highest priorty follows from the logic in choosing a heavy-mineral
concentrate in the first place. Many of the ore metals will
substitute readi]y for iron or magnesium in common rock-forming
minerals. These minerals are abundant but in themselves not of
economic importance. Less abundant minerals in which the metals
are major components are the ore minerals. Though some of the ore
minerals, such as chromite, columbite and wolframite, are somewhat
magnetic, the majority are not. By contrast, the majority of the iron
and magnesium minerals are magnetic. The magnetic separation, therefore,
allows further reduction of the interference from variations in the
quantity or composition of abundant minerals in which the ore metals
are minor constituents and hence accentuates variation resulting from
the abundance of the ore minerals.

The most common minerals in each of the magnetic splits are:

(1) the most magnetic split with magnetite, ilmenite, and chromite;
(2) the intermediate split with the amphiboles, pyroxenes, epidote and
olivine, and (3) the nonmagnetic split with barite, apatite, and minor
accessory minerals such as zircon and rutile.

Choice of the nonmagnetic split has allowed timely completion of the
preliminary phase of the appraisal, but the apparent greater influence
of solution chemistry on the dispersion of the metals suggests that

metal sorbed or coprecipitated with the iron oxides, in the intermediate
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split, will require considerable further work to allow comprehensive
understanding of the mineral resource potential.

A11 of the subsamples were retained for further work, in anticipation
of additional needs. In response solely to time constraints, only two
subsamples have been analyzed for use in the initial appraisal. These are
the ground fraction of the 30-mesh stream sediment and the nonmagnetic

fraction of the heavy-mineral concentrate.



Sampling Plan

The schedule and logistic constraints of this geochemical study of
NPRA precluded orientation surveys and operational flexibility. The
sample and analytical plan was defined before work began and was modified
only where time and Togistic contraints were not affected. Contingency
plans consisted almost entirely of unitizing operations so that termination
of the field operation at any time would leave a coherent block of data
even though all original design objectives had not been met.

Occupation of 500 to 600 sites in the field was considered the
optimistic objective on the assumption that 20 days of flying could be
expected during the 30 days of helicopter availability, assuming 25 to
30 sites per day. The area of interest was defined as those parts of the
Misheguk Mountain and Howard Pass quadrangles north of the Brooks Range
divide (NPRA) and about a two-township overlap to the south of this divide,
more than 200 townships. These constraints dictated an average sampling
density of 2 to 3 samples per township, which in turn dictated the principal
sample source as alluvium,

Available topographic and geologic informatipn allowed modification
of the average sampling density. More integrated drainage and more complex
geology is found in the Brooks Range, and less well integrated drainage and
simpler geology is found in the foothills to the north. There was no
obvious reason to expect mineralization in the northern part of the area.
Therefore, a sample net was defined on the 1:250,000 topographic maps

before departure for the field with from. 3 to 5 sites per township in the



Brooks Range and 1 to 2 sites per township north of the Range. Sites
were located on streams of 2 to 10 km length above the site with the
exception of a few larger streams devoid of significant tributaries where
a second site was occasionally spotted on a stream 10 to 15 km below its

head.

Sample Collection

A 1:250,000;sca1e base map for the two quadrangles with these sample
sites identified was then used in the field to plan daily traverses and
for navigation. Small scale variations in topography, location of landing
sites or water, etc., required abandoning, substituting, or adding to
fewer than 10 percent of the original 575 sites. A total of 574 sites
were occupied in the original design area and time allowed additiqn of
eleven sites for comparative purposes, nine iﬁ the vicinity of the Red Dog
prospect southwest of the design area in the Delong Mountains quadrangle
(fig. 1) and two in the ultramafic complex along the Avan River in the
southwest corner of the Misheguk Mountain quadrangle. A total of 24 days

of flying from June 16 through July 14, netted 585 sample sites.



The Tow sample density, and the high cost of occupying a sample site
required optimum utilization of sampling time at the site. Three samples
were routinely collected (where possible) at each site: active stream
sediment, a stream-sediment heavy-mineral concentrate, and stream bank
sod.

Field notes taken at each site consisted of site lTatitude and

‘longitude and a description of rock types found in the stream bed.

Sample Locations
Maps at a scale of 1:250,000 maps (Plates A, B, and fig. 1) showing
sample site locations are the 1956 Misheguk Mountain, Howard Pass, and
the southeastern corner of Delong Mountains quadrangles. Only maps

with a scale of 1:125,000 were available for planning and field use.

Sample Preparation

The three sample media stream-sediment, heavy-mineral concentrate
from stream sediment, and stream bank sod, collected in the field were
further broken into seven subsamples in the laboratory. Mineralogic
analyses were performed on the nonmagnetic fraction of heavy-mineral
concentrates and semiquantitative spectrographic analyses for 30 elements
were performed on this fraction and on a ground split of the 30-mesh
fraction of the stream sediments in the field laboratory in Anchorage,
Alaska. Remaining sample media and subsamples are being held for further

work should it be deemed necessary.
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The stream sediment was collected and prepared as illustrated in
Figure 2. The samples were sieved to pass 30 mesh and a half split was
ground for analysis. The other half split, unground, has been saved for
reference. The majority of the samples were dried and sieved in the field.
The drying temperature is not known precisely, but was a maximum, based on
the feel of hand-held samples taken from the drying racks in the laboratory
. oven. The setting used in the laboratory was below that of extensive
volatilization of .mercury, so the samples should be suitable for the
determination of the volatile elements should this be desired.

Heavy-mineral concentrates were collected at each site and prepared
according to the scheme illustrated in Figure 2. This sample represents
a selected subset of the stream sediment sample. At most sites the initial
sample of 2-mm stream sediment was sufficient to fill at least two-thirds
of a 14-inch gold pan. Before panning the stream-sediment sample was
collected from the sediment in the gold pan and the remaining sediment was
panned down to approximately 200 gms, based almost entirely on sample
volume or on the first appearance of a marked reduction in the grain size
of the sample being panned. The usual mineralogic indicators of the state
of the concentrate were either not present in these samples or were masked
by black chert and shale fragments. The sieving step served to prevent
clogging of the separatory funnels during the bromoform separation and
the feeding funnel during electromagnetic separation. Because coarse
heavy-mineral particles are more difficult to retain during the panning
process, this separation also served to eliminate some operator variability

from the final concentrate.
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The major ﬁart of the operator variability was removed during the
bromoform separation. In these samples, the fraction that sank in the
bromoform normally was a half to one-tenth of the concentrate. The notable
exception to this generality is in the vicinity of the ultramafic complexes;
near Siniktanneyak Mountain, in the upper parts of Tumit and Trail Creeks,
and in the headwaters of the Avan River. In these areas the abundance of
pyroxene and olivine often led to overpanning of the concentrates, and
virtually all of the rough concentrate from the field was heavier than
bromoform.

The electromagnetic separation follows the pattern established by
the Alaska Mineral Resource Appraisal Program in adjacent quadrangles in
order to maintain compatibility with that work. A1l of the separations
were performed on the Frantz Isodynamic Separator in the
laboratory in Anchorage. Side slope was
15 degrees and forward tilt about 15 degrees. Nonmagnetic fractions were
recycled at each of the settings until only a small amount of magnetic
material could be removed. A single pass was often sufficient at 0.2 amp,
but three or four passes were often needed at 0.6 amp for samples taken in
the vicinity of ultramafic complexes. Although the 0.6-amp setting was
retained for compatibility with adjacent areas, it would appear from the
mineralogic examination of the nonmagnetic fractions of the concentrates
that a higher setting would have removed more of the ferromagnesian
silicates, and would have been more suited to this area.

The final bromoform separation was used only where the nonmagnetic
fractions contained abundant 1ight minerals. This step was necessary for

only a few samples.
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A1l of the nonmagnetic fractions of the heavy-mineral concentrates
larger than 0.2 gm were split in a microsplitter to 0.5 gm or less to
facilitate grinding. The samples from this splitting have been retained
in their coarse form to allow further mineralogic or chemical determinations
as necessary. Fractions smaller than 0.2 gm were ground in toto.

The preparation of the heavy-mineral concentrates is complex, tedious,
and time consuming. It suffers the drawbacks of such operations. One of
the concentrates was lost during the processing, and six of the nonmagnetic
fractions were similarly lost. Seven sites are, therefore, not represented
by data for this sample medium.

“Streambank sod" was collected at every locality where a suitable
sample could be obtained. The material collected was the mixture of live
roots, dead organic matter, silt and sand exposed in the stream bank
beneath the tundra mat that generally blanketed the floodplane of the
stream being sampled. The sample was usually collected at or near the
water level and was usually saturated with water. Late in the season the
extremely low level of the streams allowed some higher and dryer samples.
At some localities, the absence of a floodplane precluded collection of
this sample medium.

A11 of the sod samples were oven dried in the same manner as the
stream sediments. None of them have been further prepared or analyzed.

They are being held for further work should this be deemed necessary.
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Sample Nomenclature

The uniform sample nomenclature used throughout allows identification
of the sample type, preparation step, and location to be determined from
the "field number." An alphabetic prefix identifies the quadrangle from
which the sample comes; a three-digit number identifies the sample site;
and the alphabetic suffix identifies the sample type and preparation and
step. The prefixes are:

M--Misheguk Mountain quadrangle

H--Howard Pass quadrangle

D--Delong Mountains quadrangle
Only nine sites in the vicinity of the Red Dog Prospect are in the Delong
Mountains quadrangle. The numeric identifier for the sample site is
sequentiai in the order of sample collection from 1 to 585 regardiess of
the quadrangle. In general, these numbers begin on the west edge of
Misheguk Mountain quadrangle and increase eastward to the east edge of the
Howard Pass quadrangle. The e]e&en sites sampled for comparative purposes
in the vicinity of the Red Dog Prospect and in the Avan River complex are
the last samples in the sequence and should not be included with the others
for direct interpretive purposes. The first letter of the suffix defines
the type of sample and the second defines the preparation step as follows:

SC--30-mesh stream sediment, unground

SG--30-mesh stream sediment, ground

HC--Heavy-mineral concentrate, fraction coarser than 30 mesh

HM--Heavy-mineral concentrate, fraction magnetic at 0.2 amp

HG--Heavy-mineral concentrate, fraction not magnetic at 0.2 amp,
but magnetic at 0.6 amp

HN--Heavy-mineral concentrate, fraction not magnetic at 0.6 amp

M--Streambank sod, derived from the field term "muck"

14



For example, the nonmagnetic fraction of the heavy-mineral concentrate
at site 1 in the Misheguk Mountain quadrangle has the "field number"

MOOTHN.

Analytical Results

Element concentrations obtained by emission spectrographic analyses
are shown in Table 1 for the 30-mesh ground stream-sediment samples and
in Table 2 for the fraction of the heavy mineral concentrate not magnetic
at 0.6 amp. Both were analyzed for the elements shown in Table 3 with
their respective detection 1imits. Concentrations are reported in Tables
1 and 3 as percent for Fe, Mg, Ca, and Ti. Other element concentrations
are in parts per million. Symbols used are:

N--Not detectable at concentration shown

L--Detectable, but less than concentration shown

G--Greater than concentration shown

B--No data

Data are not presented for As, Au, Bi, Cd, Sb, Sn, and W in the
stream-sediment samples as those elements were not detected in any
samples. Similarly, data are not presented for Bi in nonmagnetic

heavy-mineral concentrates.
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FIGURE 1.--MAP of the southeast corner of the Delong Mountains quadrangle, Alaska,
showing the Tocation of sampling sites and the site numbers in the vicinity of
the Red Doa prospect.
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