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REGIONAL DISTRIBUTION OF CRITICAL AND STRATEGIC MINERALS
IN THE KANTISHNA HILLS AREA, DENALI NATIONAL PARK
AND PRESERVE, ALASKA
by

Rodney E. Jeskel/

ABSTRACT

In 1984, the Bureau of Mines studied the abundance and distribution
of critical and strategic minerals in the Kantishna Hills study area
of the Dena]i National Park and Preserve, Alaska. This 1984 study is
a continuation of the 1983 mineral resource study of the area mandated
by Section 202(3)(b) of the Alaska National Interest Lands
Conservation Act. Several areas containing anomalous Cfitical and
strategic minerals were identified in the 1984 study.

Analytical results from reconnaissance placer, panned concentrate,
and stream sediment samples for the 1983 study were statistically
analyzed and anomalous samples and their distribution identified. The
elements evaluated were chromium, cobalt, gal)ium, germanium, man-
ganese, nickel, niobjum, palladium, platinum, tantalum, tin, titanium,
and tungsten. Anomalies exist within areas of known mining activity
and mineral occurrences as well as in areas with no previously known
mining activity or mineral occurrences. Ten main anomalous areas
identified for cobalt, germanium, nickel, niobjum, tantalum, tin,
titanium, and tungsten and can be considered target areas for future

critical and strategic mineral exploration.

1/Geologist, Alaska Field Operations Center, Bureau of Mines,
Anchorage, Alaska (now with Intermountain Field Operations Center,
Bureau of Mines, Denver, Colorado)




INTRODUCTION

The Bureau of Mines (Bureau) is conducting ongoing studies to help
identify critical and strategic mineral resources in Alaska. Critical
and strategic minerals are identified by law (Strategic and Critical
Materials Stock Piling Revision Act of 1979, Public Law 96-41), as
materials that (1) would be needed to supply the military, industrial,
and essential civilian needs of the United States during a national
defense emergency, and (2) are not found or produced in the United
States in sufficient quantities to meet such needs (31)3/_ The term
"minerals" as used here includes ores, metals, ﬁateria]s processed
from ores, and other naturally occurring inorganic substances.

In 1983, the Bureau carried out field studies in the Kantishna Hills
study area of the Denali National Park and Preserve, Alaska (fig. 1)
to assess the mineral resources and compile information related to the
mineral potential of the area. That study was mandated by Congress
under section 202(3)(b) Public Law 96-487 [Alaska National Interest
Lands Conservation Act (ANILCA), Title X, Section 1010.]. Parts of
that study were conducted for the Bureau by Salisbury & Dietz, Inc.
(30).

As part of the 1983 field studies, stream sediment, panned
concentrate, and reconnaissance placer samples were collected and
analyzed to determine the contént of various elements and minerals.

Time constraints precluded detailed analysis of all the geochemical

¢/Underlined numbers in parentheses reter to items in the 1ist of
references at the end of this report.




data in 1983. Only major elements and those of historic mining
interest, which included antimony and tungsten (critical and strategic
minerals) were evaluated by the contractor. The other critical and
strategic minerals were not addressed at that time.

This 1984 Bureau study evaluated the 1983 analytical results for the
mineral potential of other critical and strategic minerals in the
study area. Several areas with potential for critical and strategic
mineral occurrences were identified and the regional distribution of
the "anomalous" samples in the Kantishna Hills study area was
evaluated. .

The minerals studied for this report include cobalt (Co), chromium
(Cr), gallium (Ga), germanium (Ge), manganese (Mn), nickel (Ni),
niobium (Nb), palladium (Pd), platinum (Pt), tantalum (Ta), tin (Sn),
titanium (Ti), and tungsten (W).
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Colorado) and Bob Hoekzema (Supervisory Physical Scientist, Bureau of
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recommendations that were incorporated into this study.
LOCATION AND LAND STATUS
The Kantishna Hills study area is located in Denali National Park

and Preserve, Alaska and encompasses approximately 300 square miles

(fig. 1). It is in part adjacent to, and northwest of, the original
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McKinley National Park boundary. Land access is provided by one road,
the McKinley National Park road (originally the Kantishna Mine road).
Landing strips are present at Stampede and Kantishna. The Kantishna

mining area is currently closed to new mineral entry but contains 190

unpatented claims and 34 patented claims (30).
PREVIOUS STUDIES

Reports by Prindle (24), Brooks (4, 7), and Capps (12) of the U.S.
éeo1ogica1 Survey (USGS) describe deo]ogy and mining activity during
the original gold rush of the early 1900's. Bulletins entitled
"Mineral Resources of Alaska" (2-7) summarize mining activity during
the early years of the district. Additional geologic information was
provided by Capps (14), Reed (25), Bundtzen, Smith, and Tysdal (10),
Hawley (18), and Bundtzen and Turner (11). Tom Bundtzen of the Alaska
Department of Natural Resources (DNR), Division of Geological and
Geophysical Surveys (DGGS), did most of the recent geologic studies
prior to the 1983 Bureau study. Bundtzen (8) completed a Masters
thesis on the geology, including a regional geologic map in 1981. In
1983, Bundtzen (2) wrote a resource summary and discussion of possible
mineral development scenarios.

Detailed reports of individual mineral deposits are given by Davis
(16), Pilgrim (23), Moffit (22), Capps (13), Wells (33), White (34),
Ebbley and Wright (17), Seraphim (27-28), Barker (1), Saunders (26),
Chadwick (15), and Hawley (18). Regional geochemical sample sites and
anaTytica] results are in the 1974 reports by Bundtzen and Turner
(11), Van Eeckhout, Wahen, and Hi1l (32), and in the 1982 report by

Hinderman (lg).



- MINING HISTORY

Placer gold waS discovered in the Kantishna Hills area in 1903 by
Judge James Wickersham while enroute on his attempted c1imb of Mount
McKinley. A small gold rush followed involving several thousand
miners, most of whom had left by 1906 after the high grade pay streaks
had been mined out. Recovery of lead and antimony sulfide cobbles
from sluice box riffles instigated exploration for lode deposits.
Antimony was the first Tode deposit to be discovered; the first
shipment was made in 1905, Silver- and gold-bearing veins were
discovered soon after., Intermittent silver and gold production from
lodes occurred from 1919 to 1983.

Mines in the area have produced over 85,000 oz of gold, 265,000 oz
of silver, 504,000 1b of lead, 4,600,000 1b of antimony, and an
unknown amount of zinc. This area is the second largest antimony
producing district in the United States. Gold, silver, lead, and zinc
have been mined from several small high-grade vein deposits. 0ver 90%
of the gold was produced by small to medium-scale placer operations.

Mineral resource development of the district has been historically
affected by high development and transportation costs, metal price
fluctuations, and government policies. The gold price has increased
abruptly and drastically twice in the history of the district
resulting in the rejuvenation of gold mining interest; Antimony
prices have also varied considerably over short periods of time with
high prices and production corresponding to wartime demand. Three
government policies that have had an impact on mining are: (1) the

mandated closure of large gold mines early in 1942; (2) the withdrawal




of large areas from mineral Tocation by the Alaska Native Claims
Settlement Act in 1971; and (3) the passage of ANILCA which placed the

area under U.S. National Park Service jurisdiction in 1980.

1983 FIELD STUDIES

In 1983, Salisbury & Dietz, Inc., under contract to the Bureau,
conducted mineral resource studies in the Kantishna Hills study area,
as well as the Dunkle Mine area south of and adjacent to the old
McKinley Nat%ona] Park boundary. Field work iﬁc]uded geologic
mapping, geochemical and geophysical surveys, placer studies, and
drilling (30).

Sixty-seven square miles were geologically mapped and over 2,000
samples of various types were collected for chemical analysis. Over
100 deposits and mineral occurrences were mapped and sampled. Core
drilling, limited to patented claims, aggregated 4,909 ft in 22
holes. Over 400 core samples were assayed and drill logs prepared for
each hole. Placer deposits were evaluated at 202 sites with 227
samples analyzed. Approximdtely 200,000 1ine-ft of geophysical
surveys were conducted. Survey grids, drill holes, sample sites, and
mineral occurrences were surveyed at 380 locations.

Bureau personnel monitored field activities, conducted independent
placer gold reconnaissance studies, participated in regional and local

geologic studies, and assisted with other project activities.




GEOLOGIC SETTING

The Kantishna Hills study‘area is underlain by metamorphic schists
and gneisses of probable Precambrian age containing thrust slices of
Paleozoic sedimentary and volcanic rocks. The area is part of the
Yukon-Tanana tectonostratigraphic terrane of Jones, Silberling, Berg,
and Plafker (20) which is a contiguous geologic assemblage underlying
much of the region between the Alaska Range and the Yukon River, and
extending eéster]y into Canada's Yukon Territory. Tertiary dikes and
small stocks intrude the basement rocks. Tertiary and Quaternary
continental sediments occur in structural basins and stream valleys.
The geology of the region was summarized recently by Bundtzen (§) and
Salisbury & Dietz, Inc. (30)(fig. 2).

Four major groups of rocks, all with at least some economic
significance, exist in the Kantishna Hills study area. From the
oldest to youngest they are: (1) Precambrian (early Paleozoic?) Birch
Creek Schist, mainly a metamorphosed continental shelf sequence; (2)
Paleozoic Spruce Creek Sequence, metamorphosed sediments and felsic
Vo]canics; (3) Devonian Keevy Peak Formation, metamorphosed deep-water
marine and submarine fan deposits; and (4) Quaternary alluvial,
colluvial, and glacial deposits.

The Spruce Creek Sequence hosts the majority of the known lode
mineralization which consists of gold, silver, lead, and zinc in vein
and stratiform deposits and is the probable source of most of the

placer gold. Quaternary sediments host the gold placers (30).
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The graphitic schist of the Birch Creek Schist and the black slate
of the Keevy Peak Formation are both shown to be potential hosts for
massive sulfide deposits (30). The Birch Creek Schist hosts the

majority of the known antimony deposits (30).

STRUCTURE

The Kantishna Hills area is structurally complex, containing
northeasterly-trending wé11-deve10ped foliations and crenulations in
some of the metamorphic rocks, folds of varying amplitude, thrust
faults, and high-angle faults. Bundtzen (8) recognized five
deformational episodes in the region.

The structuhal relationships are important in understanding the
mineral distribution of the region. Thrust faulting superimposed the
less mineralized Birch Creek Schist over the younger mineralized
Spruce Creek Sequence. Warping of the area into the Kantishna
Anticline and subsequent erosion resulted in the long, narrow exposure
of the Spruce Creek Sequence. Additional unrecognized windows may
exist in the Birch Creek Schist thrust plate exposing the underlying
Spruce Creek Sequence (30).

The Kantishna Anticline fold axis is a possible control for gold and
silver vein mineralization. Many veins are in fractures that appear
related to tensional forces created during formation of the Kantishna
Anticline. The anticline axis has been displaced by subsequent
folding and faulting which has complicated the structural continuity
of mineralized areas. Mineralization occurs in structurally
controlled environments in both the Spruce Creek Sequence and Birch

Creek Schist.
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Shear zones of various magnitudes appear to have localized many of
the mineral deposits. 0Other shears may be favorable sites for

undiscovered lode deposits (30).

MINERAL DEPOSITS

The Kantishna Hills study area contains precious-metal lode and
placer deposits, antimony deposits, stratabound massive sulfide
deposits, and other deposits (30). Reserves of gold-bearing gravel
exist both on and off existing c1aim§. Studies during the 1983 season
indicate the presence of geologic environments favorable for base and
precious-metal massive sulfide deposits. The precious/base metal
veins characteristically are limited in tonnage but high in dollar
value per ton of ore. Several of the deposits probably could support

small-scale mining (30).

PLACER DEPOSITS

The Kantishna Hills area is one of about 37 produting gold districts
in Alaska. It contains an estimated resource of 688,000 oz of placer
gold in 43 million yd3 of gravels (30). In 1983, seventeen placer

operators mined at 21 locations and produced an estimated 7,500 oz of

gold (30).
PRECIOUS-METAL LODE DEPOSITS

Precious-metal lode production has come from several small

high-grade vein deposits located in the vicinity of Quigley Ridge.

1



The Banjo Mine was the largest, producing 13,693 tons of ore averaging
0.50 oz gold/ton and 0.52 oz silver/ton (30). Scheelite is present at
the Banjo Mine and samples containing up to 19% tungsten were
collected (30). Several other prospects in the area have a
mineralization similar to the Banjo Mine (30). The Little Annie Mine
was the largest silver producer in the area with a production of
115,945 ounces of silver from 715 tons of ore.

In 1983, the only precious-metal lode production came from the
Wieler Prospect located near the head of Eureka Creek. Approximately
156 tons of ore averaging 2.8 oz gold/ton and 65.3 oz silver/ton were

mined (gg).

ANTIMONY LODE DEPOSITS

Antimony, a critical and strategic mineral, occurs as vein deposits
in the southern and northeastern parts of the study area.
Historically, production came mostly from high-grade (>55% Sb)
deposits. The Stampede Mine, currently idle, produced 3,700,000 1b of
antimony to make it the lérgest producer in the district and the
second largest producer among domestic mines. The Slate Creek Mine
produced 800,000 1b of antimony including about 26,000 1b of hand
sorted material shipped in 1983, The Last Chance Mine, which had the
first lode antimony production, produced approximately 74,000 1b,
Antimony oxide minerals are present, but stibnite (antimony sulfide,
Sb233) is the major ore mineral at all deposits.

Known antimony mines and prospects in the area contain modest proven

reserves. Additional deposits could be discovered and additional ore

12



developed at extensions of known deposits. Antimony production could
be significant in terms of U.S. production but to date has not been

significant in terms of annual domestic consumption (30).
STRATABOUND MASSIVE SULFIDE DEPOSITS

The Kantishna Hills study area is underlain by rocks with potential
for the occurrence of stratabound massive sulfide deposits containing
lead, zinc, copper, silver, gold, germanium, and gallium. Three
potential host environments were identified by the 1983 study (30):
(1) Quartzite units within the Precambrian Birch Creek Schist; (2)
black slate/schist terranes in the Birch Creek Schist and the Devonian
Keevy Peak Formation; and (3) volcanogenic environments in the lower
Paleozoic (?) Spruce Creek Sequence. Geologic similarities to known
mines suggest that several prospects and occurrences in the study
area, including the Lloyd Prospect, Red Dirt, and Canyon Creek
occurrences, are broadly analogous to major massive sulfide deposits

elsewhere in North America (30).
OTHER DEPOSITS AND OCCURRENCES

Other deposits include skarn mineralization in the Iron Dome-
Eldorado Creek areas and garnet-bearing amphibolites containing minor
free gold in the Birch Creek Schist (30). Tungsten anomalies
identified in the Canyon Creek area are related to an unknown deposit
type. Rhodochrosite boulders of unknown orgin were found in the east
fork of Glen Creek.
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SAMPLING PROCEDURES AND SAMPLE DISTRIBUTION

Reconnaissance placer concentrates, panned concentrates, and stream
sediments were collected in 1983. Reconnaissance placer concentrates
were collected by digging a pit or trench and processing 0.1 yd3 of
floodplain or bench gravels through a 10-in.-wide by 34-in.-long
sluice box or a hydraulic concentrator. Samples were collected from
major drainages and their principal tributaries which had not recently
been mined. When possible, channel samples were taken of gravels from
surface td, and including, bedrock. The concentrated material was
panned to retain only the gold and other heavy minerals (approximately
2 to 7 0z)(30). This type of sampling results in about a 900-fold
concentration of heavy minerals.

Panned concentrate samples consisted of collecting one heaped 16-in.
gold pan of sand and gravel from active stream channels and panning it
down to get a sample of approximately 2 to 7 oz (30). This type of
sampling produces about a 60-fold concentration of heavy mineral
content.

Stream sediment samples consisted of 10 to 15 oz of silt-sized
material collected from active stream channels (30). Panned
concentrate and stream sediment sample sites were selected to obtain
fi11-in or follow-up data to previous geochemical sampling performed

by Bundtzen (8) and Hawley (18).

SAMPLE PREPARATION AND ANALYTICAL PROCEDURES

Reconnaissance placer concentrates were processed at the field

placer laboratory in Kantishna (§9). Gold particles coarser than

14



approximately 60 mesh were separated from the concentrate using a
spiral concentrating whee], magnet, and blower, and then weighed

(30). Samples of this’go1d were assayed for fineness at the Bureau's
laboratory in Juneau, Alaska. The resulting concentrate from each
sample was amalgamated to recover as much free gold as possible. The
remaining heavy mineral fraction was sent to Skyline Labs, Inc., Wheat
Ridge, Colorado, for quantitative analysis of selected elements
including gold, silver, tungsten, tin, and platinum and/or 31 element
semi-quantitative emission spectrographic analysis (30).

Panned concentrates and stream sediment samples were ana1yied at
Skyline Labs, Inc. using atomic absorption (AA), fire assay,
colorimetric, Induced Coupled Argon Plasma (ICAP), and Fire Assay ICAP
methods. The detection 1imits for each element are summarized on
tables 1, 2, and 3. The individual analytical results are not
reproduced here, but are available in the 1983 Kantishna Hills study

area report (30).

STATISTICAL ANALYSIS OF ANALYTICAL RESULTS

Critical and strategic element content of reconnaissance placer,
panned concentrates, and stream sediment samples from the Kantishna
Hills study area collected in 1983, were analyzed statistically. Data
was available for 139 reconnaissance placer, 53 panned concentrate,
and 217 stream sediment samples (30). For reconnaissance placer
concentrates analytical results were available for cobalt, chromium,
gallium, germanium, manganese, niobium, nickel, tin, tantalum,
titanium, and tungsten; for panned concentrates cobalt, chromium,

gallium, manganese, nickel, and tungsten; and for stream sediment
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TABLE 1. - Statistical summary of reconnaissance placer
concentrates, Kantishna Hills study area

(Values in ppm)

] Frequency [ CumuTative firequency distribution T ] I ]
|  distribution | I | Samples | I
] ] ] | [AnomaTous] | below | Total |
| | Std.1/ | 2/ |Anomalous| sample [Detection|detection] samples]|
Element | Mean | dev. |Background|Threshold| samples | range | limit | limit Janalyzed| Comments
I | | I I I | 1 | I :
Co | 25 | 31 | 21 | 41 | 16 |  45-300] 5 | 3 | 139 |Two lognormal populations.
1 I [ [ I | I I I I
Cr | 185 | 174 | 110 | 640 | 4 | 700-1000] 10 | 1 | 139 [Lognormal population.
I [ [ ] I ] I | I B
Ga |17 | 9 | 15 | 32 % 4 | 50] 1 I 22 | 139 |Lognormal population.
| I | [ I I I I [
Ge | ND | ND | ND | 1 | 17 | 20| 1 | 122 | 139 |17 samples at 20 ppm.
| | | | | | | | | |Detection limit is
l | I | I | | | | | threshold.
= I I I [ I I | | I |
o Mn | 5744 | 3532 | 5000 | 11,000 | 5 111,500~ | 10 ] 1 | 139 |Three populations,
| I I I I [14,000 | l | |
I T I I ! I T I | I
Nb | 28 | 20 | 28 | 38 | 13 | 40-160]| 10 | 33 | 139 |[Excess of high values in
| | | | | I l | | |population,
I T I I | I I I ] |
NP | 43 | 50 | 3 | 120 | 4 | 130-500] 5 | 1 | 139 |Lognormal population.
| | I | : I I | | | I
Sn | 164 | 277 I ND I 1 | 76 | 3-2000] 1T | 63 | 139 |Lognormal upper population,
| | | | | | | | | IDetection limit is
| | l | | I | | l | threshold.
| | | I I I | ] I [
Ta | 49 | 3 | ND | 1 | 15 | 20-120] 1 | 124 | 139 |Lognormal upper population.
| | | | | I | | ‘ | [Detection 1imit is
| | | I | | | I | | threshold.
H I | I [ I | | I |
Ti 111262 | 13392 | 9000 | 12,800 | 17 {13,000~ - | 1 | 3 | 139 JExcess of high values in
I I | ' l I 110,000 | l | |population.

See footnotes at end of table



TABLE 1. - Statistical summary of reconnaissance placer
concentrates, Kantishna Hills study area - continued

| Frequency [ CumuTative frequency distribution | | ] |
| distribution [ , I | Samples | [
] | | | [AnomaTous] | below | Total |
| | Std. | |Anomalous| sample |Detection|detection| samples]|

Element | Mean | dev. |Background|Threshold| samples | range | 1imit | 1imit |analyzed]| Comments
I I I I I [ I I [ |

W | 93 | 105 | ND | 2 | 60 [ 4-500]| 2 | 717 | 139 |Lognormal upper population.

| | | | | [ | | | |8 samples with high values
I | | | I | | | | |ranging from 1,000-17,850
| | | | | | | | | |ppm omitted from statisti-
| | | | I I | I | Ical processing. Detection
I | | | | I | | I |Timit is threshold,
I [ I | ] I I I I [
| I | I | | I | | |
I I | | | | | I I |
| | | | I I | | I I

. | | | | | I l I | I

~ | I | | | I l | I I
I I | | | | I I | |
I | | | | | I | I |
I | | | [ | I I | |
I | | | I I | I I I
| | I I I | | I | |
I | | | | | I I | |
I I I | | | | | | !
| | | | | | | I | |
| | | I I I | I | I
| | | I | I | | I |
| | | | | ! I | | |
I | | | | I I I I I
I I | | I I | | I I
| I | | | | | | | |

ND No data

1/ Standard deviation
; Z] Background - Mode, median, and geometric mean on

"idealized" Tognormal cumulative frequency distribution curve



TABLE 2. - Statistical summary of panned concentrates,

Kantishna Hills study area

s

(Values in ppm)

|frequency distribution,
|Detection 1imit taken as
| threshold.

| | | [ |
| Frequency Distribution | | Samples | |
I ] I | [AnomaTous] | below | Total |
| | std.1/ | | |Anomalous| sample |[Detection|detection| samples]
Element | Mean | dev IBackground|Threshold| samples | range | 1limit | 1imit Janalyzed| Comments

[ | ] | | [ ] ] ! :

Co | ND | ND ] ND | <5 | 12 | 10-45| 5 | & | 53 |Insufficient data for
| | | | | | | | | | frequency distribution.
| | | | | | | | | |[Detection Timit taken as
| I | | | | I | | | threshold.
I | ] ] i | | ] I |

Cr | ND | ND | ND | 10 | 9 | 40-130] 10 | 44 | 53 [|Insufficient data for
| | | | | | I [ | | frequency distribution,
| | | | | | | | | |Detection 1imit taken as
| I | | | | | | | | threshold.
! | [ I I | f I ] I

Ga | ND | ND | ND | 1 | 10 | 6-10] 1 [ 40 | 53 |Insufficient data for

) | | | | | | | | | |frequency distribution.

| | | | I | | | | IDetection 1imit taken as
| | | | | | l I I | threshold,
| I I | I | | | | ]

Mn | ND | ND | ND | 10 ] 10 11550-7850] 10 | 43 | 53 | Insufficient data for
| | | I | | I | | | frequency distribution.
| | | | | | | | | |Detection 1imit taken as
| | | | | | | | | | threshold.
[ | [ I | [ I | ] |

Nb { ND } ND l ND , 10 ! 4 ‘ 10-20} 10 { 51 ! 53  |Insufficient data for
| | | | | | | | |
I | | | | | | | |
| [ ! ] | | l ] I
| | | | | | | | |
| | | | | [ | | |
| | | | | | | | |

See footnotes at end of table.



TABLE 2. - Statistical summary of panned'concengrates,
Kantishna Hills study area - continued

(Values in ppm)

! [ | I |
| Frequency distribution | | Samples | |
I | | | [AnomaTous] | below | Total |
| | Std.1/ | | [Anomalous| sample |Detection|detection| samples|

Element | Mean | dev. |[Background|Threshold| samples | range | 1imit | limit Janalyzed| Comments
| I I I I | [ I I | :

Ni ] ND | ND | ND | 5 | 12 | 15-120] 5 | 41 | 53 |Insufficient data for

| | | | | | | | | | frequency distribution.
I | [ I | | | | | [Detection 1imit taken as
| | | | | | | | | {threshold,
| | | | | I | | [ [

W | ND | ND | ND | 8 | 8 | 3-75] 2 | 17 | 53 |0ne sample (940 ppm) was
| | I | | I | | I leliminated from statistical
| | I | I I I | [ Iprocessing. Anomalous
| | | | | | | | | | samples determined
| | | | I | | | | |graphically from histogram,
| I I [ I I [ [ | I

— | | | | | I I | ! |
© | | | | | I I I | |
| | | | | | | I | |
| | | I | | I | | |
| | | | | | | ! | |
| | | I | | I I I |
| | I | | | | | I |
| | | | | | | | | |
I | | | I | I | | |
| | | | | | | | | |
| | | | | I I | | |
| | | | | | | | | |
| | | | | | | | | |
| I | I ! | | | | |
| | | | | | I | | |
| | | | | | | I | |
I I ] I | I | I | I
ND Mo data

1/ Standard deviatidn



TABLE 3. - Statistical summary of stream sediment samples

Kantishna Hills study area

(Values in ppm)

I I I [ T
| Frequency distribution | | Samples | |
] I | [ [AnomaTous] | below | Total |
| | Std.1/ | 2/| |Anomalous| sample |Detection|detection| samples|
Element | Mean | dev., |Background|Threshold| samples | range | 1limit | 1imit |analyzed| Comments

I I ! P | I ' I |

Co | 24 |17 | ND I # | 3 I 50-80] 5 | 1 | 25 |Anomalous samples were
| I I I | | | | I |determined from histogram.
I | | I | | | | | I
| I I I I I I I I I

Ni | 55 | 40 | ND | 95 | 4 | 110-170} 5 1 ] | 26 |Anomalous samples were
| | I | I | | I | |determined from histogram.
| | | | . | | | | | |
I I I | I | | | | |

Sn | ND | ND | ND | 1 | 2 | 12-17| 1 | 27 | 29 |Two samples above

n I | l | | | | | | |detection 1imit were
| I ] | | | I | | |anomalous.
| | | | I | I | |
I I I I I [ [ [ I I
W | 5 | 2 | 4 | 9 I 4 | 9-19] 2 | 17 | 217 |Lognormal population from
| | I | | I | | | |cumulative frequency
| | | | | I | | | |distribution. One sample
| | | | | | | | | | (50 ppm) was eliminated
| | I | | | | | | |from statistical processing
| | | | | | | | I land six samples with 8 ppm
| | | | | | | | I Iwere considered anomalous
| | I | | | | | | lalso.
| | | | | | | | | |
ND No data

1/ Standard deviation

Z] Background - Mode, median, and geometric mean on “idealized" lognormal cumulative frequency distribution curve.



samples cobalt, nickel, tin, and tungsten. A1l analytical results for
palladium and platinum were below the detection T1imits (30). |

Mathematical statistics as well as graphical methods were used to
evaluate elements of interest. A frequency histogram and a cumulative
frequency histogram were plotted for the critical and strategic
elements that had sufficient analytical data (appendices A-C).

Only sample values above the detection 1imit were used in preparing
the histograms. Sample values that appeared to be highly anomalous
were eliminated pfior to determining statistical parameters.

The analytical data were processed (by Salisbury & Dietz, Inc.)
utilizing computer software applications contained in "EARTH SCIENCE
INFORMATION SYSTEM" (ESIS), a product of Control Data Corporation.
ESIS provides data base management, statistical processing, and data
presentation in a variety of formats.

Class intervals between one-quarter and one-half standard deviation
were chosen for constructing the histograms (29). This procedure
gives 10 to 20 intervals (or classes) for each set of values.
Frequencies were cumulated from the lowest values toward the highest.
Cumulative frequency curves (figs. 3-13) were constructed on
log-probability paper for the various elements which had sufficient
analytical data. Anomalous concentrations for the various elements
were determined from the cumulative frequency curves or the frequency
histogram,

A summary of the results of the statistical analyses is shown on

tables 1-3.
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GRAPHICAL ANALYSIS OF ANALYTICAL RESULTS

Anomalous concentrations of cobalt, chromium, gallium, manganese,
niobium, nickel, and titanium in reconnaissance placer samples and
tungsten in stream sediment samples were determined graphically from
the cumulative frequency curve.

Chromium, ga111um, and nickel values in reconnaissance placer
samples and tungsten in stream sediment samples are lognormally distri-
buted (figs. 3, 5, and 7). Anomalous values (tables 1 and 3), are
those equal to or greater than the threshold. The threshold level,
mean plus two standard deviations, is read directly on the cumulative
frequency curve at the 97.5% probability level (21).

The cumulative frequency curves for cobalt, manganese, niobium, and
titanium values in reconnaissance placer samples show non-homogenous
distribution (figs. 4, 6, 8, and 11). Anomalous values for these were
determined by the graphical technique described by Lepeltier (21).
The cobalt cumulative frequency curve suggests the existence of two
populations (fig. 4), assumed to be a main "background" population
mixed with a small anomalous one. The manganese cumulative frequency
curve suggests the existence of three populations (fig. 6), with the
"upper" population assumed anomalous. The niobium and titanium
cumulative frequency curve shows an excess of high values in the
population (figs. 8 and 11)(21).

Anomalous tungsten values in panned concentrates (table 2) and
cobalt and nickel in stream sediments (table 3) were determined
graphically from histograms (appendices B and C) because there were

insufficient analytical data for plotting cumulative frequency curves.
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For several elements, a large percentage of samples contained values
below the detection 1imit. Therefore, all values greater than the
detection 1imit were considered anomalous. Anomalous values were
determined this way for germanium, tantalum, tin, and tungsten in
reconnaissance placer samples (table 1); chromium, cobalt, gallium,
manganese, nickel, and niobium in panned concentrates (table 2); and
tin in stream sediments (table 3). Tantalum, tin, and tungsten values
in reconnaissance placer samples have lognormal distribution (figs. 9,
10, and 12) for thé values greater than their detection limit.

The locations of samples with anomalous element contents are shown
on figures 14-17,

Geochemically anomalous areas are shown on figures 18-23,

ANOMALOUS RECONNAISSANCE PLACER SAMPLES

Reconnaissance placer samples contained anomalously high chromium,
cobalt, gallium, germanium, manganese, nickel, niobium, tantalum, tin,

titanium, and tungsten.
CHROMIUM

The average chromium content in 138 samples is 110 ppm and the
threshold is 640 ppm (fig. 3).
Four samples contained anomalous chromium (fig. 14). Sample 35§/

(1,000 ppm) was taken on Myrtle creek which has no known prospects in

3/Sample numbers used in this report. Original field sample numbers
used in the 1983 Mineral Resources Studies by Salisbury & Dietz, Inc.
(30) are referenced in appendix D.

34




its drainage. Samples 36 (200 ppm) and 37 (1,000 ppm) on Moose Creek,
and 39 (940 ppm) on Eldorado Creek are from known mining areas.
Chromite was not identified in the concentrates, although a detailed
study of the mineralogy of the heavy mineral fraction has not been
done. The anomalous chromium samples may reflect the presence of
fuchsite (a chromium mica) which was identified in rock samples in the
Spruce Creek Sequence (30). Anomalous chromium values were not
obtained from samples collected in the western and northern portions

of the study area away from the Spruce Creek Sequence.

COBALT

The average cobalt content of 136 samples is 21 ppm and the
threshold is 41 ppm (fig. 4).

Sixteen samples contained anomalous cobalt (fig. 14). Four of the
five highest cobalt values occur.in samples taken from drainages with
no known prospects. They include samples 2 (80 ppm) from Little Moose
Creek which is underlain by the Birch Creek Schist; 3 (300 ppm) from a
tributary to Stampede Creek; and 23 (110 ppm) from the mouth of
Moonlight Creek which are underlain by the Keevy Peak Formation; and
28 (100 ppm) from upper Canyon Creek which is underlain by the Spruce
Creek Sequence. Sample 38 (150 ppm) was taken from an area underlain
by the Spruce Creek Sequence on Eldorado Creek, a known mining area

with no previously reported cobalt occurrences.
GALLIUM
The average gallium content of 117 samples is 15 ppm and the

threshold is 32 ppm (fig. 5).
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Four samples (3, 29, 32, 37) contained anomalous gallium (fig. 14).
There appears to be no correlation of gallium values with rock type as
they occur in the Spruce Creek Sequence, Birch Creek Schist, and Keevy

Peak Formation.

GERMANIUM

Seventeen of 139 samples contained detectable germanium (fig. 14).
Each sample contained 20 ppm germanium and was considered anomalous.
The detection 1imit for germanium is 1 ppm (table 1). These anomalous
samples were from a large zone underlain by the Birch Creek Schist in
the northern part of the study area (figs. 14 and 20). Germanium was
not detected elsewhere in the study area. The source and significance

of this germanium occurrence is unknown.

MANGANE SE

The average manganese content of 138 samples is 5,000 ppm and the
threshold is 11,000 ppm (fig. 6).

Five samples contained anomalously high manganese concentrations
(fig. 14). These five samples range from 1.15% to 1.4% manganese and
occur within the Spruce Creek Sequence away from known mining areas.
The samples were collected on Little Moose Creek (2), a tributary to
North Fork of Canyon Creek (13), a tributary to Rock Creek (20)
Clearwater Fork (24), and Rock Creek (27).
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NICKEL

The average nickel content of 138 samples is 35 ppm and the
threshold is 120 ppm (fig. 7).

Four samples contained anomalous nickel (fig. 14). One sample, 38
(170 ppm) is from Eldorado Creek, a known mining area, but the other 3
are from the northeast corner of the study area in areas of no known
prospects. Two sahp]es, 3 (500 ppm) on a tributary to Stampede Creek
and 23 (200 ppm) on Moonlight Creek ére underlain by the Keevy Peak
Formation. Sample 24 (130 ppm) on the Clearwater Fork is underlain by

the Birch Creek Schist.
NIOBIUM

The average niobium content of 106 samples is 28 ppm and the
threshold is 38 ppm (fig. 8).

Thirteen samples contained anomalous (40-160 ppm) niobium (fig.
15). The samples with the highest values occur along Moose Creek.
The majority of the anomalous samples appear related to the Birch

Creek Schist.
TANTALUM

Fifteen samples, containing from 20 to 120 ppm tantalum, were
considered anomalous (fig. 15) because 124 samples (89%) contained
less than the detection 1imit (1 ppm)(table 1). The values in the
anomalous population are lognormally distributed (fig. 9). The
majority of the anomalous samples appear related to the Birch Creek

Schist.
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TIN

Sixty—fhree of 139 samples (45%) contained less than 1 ppm iin, the
detection 1imit (table 1). Seventy-four samples contained from 3 to
2,000 ppm and were classed as_anomalous (fig. 15). The values in this
anomalous population are lognormally distributed (fig. 10). Anomalous
tin values occur in samples from areas underlain by both the Spruce
Creek Sequence and the Birch Creek Schist. Several anomalous values
occur in samples from the northern half of the study area away from
known prospects and mining activity. In areas of mineralization,
cassiterite has been identified in vein deposits (8, 33). The highest
tin value (samp]g 96, 2,000 ppm) came from a stream draining easterly
from Spruce Peak where several prospects are located. Tin anomalies
also occur along Moose Creek, Rainy Creek, Myrtle Creek, Glen Creek,

and Eldorado Creek.
TITANIUM

The average titanium content of 136 samples is 9,000 ppm-and the
threshold is 12,800 ppm (fig. 11).

Seventeen samples containing from 1.3 to 11% titanium, are anomalous
(fig. 15). The majority of the high values were in samples obtained
along Moose Creek, This area is underlain mostly by the Birch Creek
Schist, with possibly some samples related to the Spruce Creek
Sequence. Sample 104, containing 11% titanium the highest value of
all samples, is located in the Upper Canyon of Moose Creek. Abundant
- ilmenite has been visually identified in Moose Creek placer samples

but the source of the ilmenite is unkncwn. Other possibly significant
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anomalous samples 42, with 2.6% titanium collected near the mouth of
Stampede Creek and include 111, with 6.9% titanium which was collected

from lower Moose Creek,
TUNGSTEN

Sixty-eight of 139 samples containing greater than 2 ppm tungsten
(the detection 1imit) were classed as anomalous (fig. 15). The
anomalous values ranged from 4 to 17,850 ppm tunjsten.

The values in the anomalous population are lognormally distributed
(fig. 12). The background value of this upper population is 60 ppm
with a threshold Tevel of 370 ppm (fig. 12). Eight highly anomalous
samples not included in this statistical evaluation contained 1,000 to
17,850 ppm tungsten.

Potentially significant anomalies were detected in the Canyon Creek
drainage. Anomalous samples collected from the middle fork of Canyon
Creek outline a 4-mile long anomalous tungsten zone. These samples
(63-70) contained from 200 to 17,850 ppm tungsten. Coarse-grained
scheelite (up to 1/4-in.) was visually identified with a black light
in sample 69 (30). This drainage basin is underlain by the Birch
Creek Schist. No intrusive rocks, calcareous rocks, or skarns,
indicative of common tungsten environments, are known to occur in the
area. An anomaly was also detected in the North Fork of Canyon Creek
(58, 375 ppm) and in a small south-flowing tributary (60, 265 ppm)
draining calcareous schist of the Birch Creek Schist. These anomalies

may be related to the projected trend of the Spruce Creek Sequence.
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Anomalies present in seQera] other stream drainages underlain by the
Birch Creek Schist include: Caribou Creek (77, 500 ppm); Rock Creek
(72, 55 ppm); and é fributary to the upper Bearpaw River (49, 50 ppm)
(fig. 15).

Five anomalies were detected in the northeast corner of the study
area, Three of these anomalies are in stream drainages underlain by
the Birch Creek Schist and include samples: 43 (240 ppm) from Little
Moose Creek; and 44 (2,000 ppm) and 45 (200 ppm) from Stampede Creek
and its tributary near the Stampede Mine. Anomalous sample 42 (17,500
ppm) was collected from near the mouth of Stampede Creek, where the
area is underlain by the Birch Creek Schist and Keevy Peak Formation.
An anomalous sample (46, 3,000 ppm) was collected from a northerly
flowing tributary of Stampede Creek which also contained high
concentrations of cobalt (300 ppm), nickel (500 ppm), gallium (50
ppm), gold (17.9 ppm), barium (1%), copper (1,000 ppm), Tead (2,000
ppm), and antimony (300 ppm). This tributary is underlain by the
Keevy Peak Formation. No prospects or mineral occurrences are known
to exist in this drainage.

Scheelite was visually identified in most reconnaissance placer :
samples using a black Tight. Scheelite is known to be associated with
veins in the Spruce Creek Sequence, Samples collected at the Banjo
Mine contained up to 19% tungsten (30). Sample 107 (1,950 ppm) was
collected from Lucky Gulch below the Banjo Mine. Other tungsten
anomalies were identified in proximity to mining areas. These include
those on Eldorado Creek (samples 124-127, 129-131), Slate Creek
(sample 132), Eureka Creek (sample 121), and Moose Creek (samples 104,
106, 111-115, 118-120).
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ANOMALOUS PANNED CONCENTRATE SAMPLES

Panned concentrate samples contained anomalously high chromium,

cobalt, gallium, manganese, nickel, niobium, and tungsten {fig. 16).
CHROMIUM

Nine of 53 samples containing greater thén 10 ppm chromium (the
detection 1imit) were classed as anomalous (fig. 16). The aﬁomalous
values ranged from 40 to 130 ppm chromium (samples 135, 138, 139, 141,
143, 144, 145, 146, 148, and 149). They occur throughout the
Kantishna Hills study area within areas underlain by the Birch Creek
Schist. The highest value, sample 138 (130 ppm), was taken from a
tributary of the Bearpaw River 1/4 mile below reconnaissance placer

sample 5 (fig. 14) which had a Tow (150 ppm) chromium content.
COBALT

Twelve of 53 samples containing greater than 5 ppm cobalt (the
detection 1imit) were classed as anomalous (fig. 16). The anomalous
values ranged from 10 to 45 ppm (samples 135, 138, 139, 141, 142, 143,
144, 145, 146, 148, 150, and 151). Al1 but one of the anomalous
sampies were collected from areas underlain by the Birch Creek
Schist. The exception (sample 150) is from Eldorado Creek and may be

related to the Spruce Creek Sequence. Most of the reconnaissance
placer samples taken at the same location as the panned concentrates

were not anomalous.

41



GALLIUM

Ten of 53 samples containing'gfeater than 1 ppm gallium (the
detection 1imit) were classed as anomalous (fig. 16). The anomalous
values rangéd from 6 to 10 ppm gallium (samples 135, 138, 139, 141,
142, 143, 144, 145, 146, and 148). All anomalous samples were

collected from areas underlain by the Birch Creek Schist.
MANGANE SE

Ten of 53 samples containing greater than 10 ppm manganese (the
detection Timit) were classed as anomalous (fig. 16). The anomalous
values ranged from 1,550 to 7,850 ppm manganese (samples 135, 138,
139, 141, 142, 143, 144, 145, 146, and 148). The anomalous samples
" were collected from areas underlain by the Birch Creek Schist. The
two highest anomalous values were from samples 143 (7,850 ppm) from
upper Canyon Creek and 135 (7,700 ppm) from the mouth of Little Moose

Creek.
NICKEL

Twelve of 53 samples containing greater than 5 ppm nickel (the
detection 1imit) were classed as anomalous (fig. 16). The anomalous
values ranged from 15 to 120 ppm nickel (samples 135, 138, 139, 141,
142, 143, 144, 145, 146, 148, 150, and 151). A1l but one of the
anomalous samples were collected from areas underlain by\the Birch
Creek Schist. The exception is sample, 150 (120 ppm), from Eldorado

Creek which is underlain by the Spruce Creek Sequence.
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NIOBIUM

Four of 53 samples containing greater than 10 ppm niobium (the

detection 1imit) were classed as anomalous (fig. 16). Two anomalous
samples, 138 and 141, contained 10 ppm and two anomalous samples, 143

and 148, contained 20 ppm. The four anomalous samples were collected

from an area underlain by the Birch Creek Schist.

TUNGSTEN

Nine of 35 samples containing greater than or equal to 8 ppm
tungsten were classed as anomalous as determined graphically from the
histogram (appendix B). One highly anomalous sample was not included
in the statistical evaluation. The anomalous values range from 8 to
940 ppm tungsten (samples 136, 137, 140, 142, 143, 146, 147, 149, and
151)(fig. 16). They were collected throughout the study area,
dominantly from areas underlain by the Birch Creek Schist. The sample

with the highest value, 151 (940 ppm) was taken on Slate Creek.

ANOMALOUS STREAM SEDIMENT SAMPLES

Stream sediment samples contained anomalously high cobalt, nickel,

tin, and tungsten (fig. 17).

COBALT

Three out of 25 samples containing greater than 41 ppm cobalt were

classed as anomalous (fig. 17) as determined graphically from the
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histogram (appendix C). Sample 163 (50 ppm) is frém a tributary of
Eldorado Creek. Sample 164 (60 ppm) is from upper Slate Creek near
the vicinity of the Slate Creek Mine. Both a}eas are underlain by the
Birch Creek Schist. Sample 167 (80 ppm) was collected from Eldorado

Creek within an area underlain by the Spruce Creek Sequence.
NICKEL

Four of 26 samples containing greater than 95 ppm nickel were
classed as anomalous as determined graphically from the histogram
(appendix C). The anomalous values ranged from 110 to 170 ppm nickel
and include sample 162 (170 ppm), 163 (120 ppm), 164 (130 ppm), and
167 (110 ppm)(fig. 17). Three of these (samples 163, 164, and 167)
were also anomalous in cobalt (see cobalt section). Sample 167 is
from a side tributary of upper Slate Creek near the vicinity of Slate

Creek Mine in an area underlain by the Birch Creek Schist.
TIN

Two of 29 samples containing greater than 1 ppm tin (the detection
1imit) were classed as anomalous (fig. 17). Samples 154 (17 ppm) and
155 (12 ppm) were collected from nearby tributaries to the Bearpaw

River within an area underlain by the Birch Creek Schist .
TUNGSTEN

The average tungsten content of 199 samples is 4 ppm and the

threshold is 9 ppm (fig. 13). Eleven samples contained anomalous
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tungsten values (fig. 17). The highest value, sample 166 (50 ppm),
was from the Slate Creek Mine area. Sample 152 (8 ppm) was from the
Stampede Mine area and sample 165 (8 ppm) was taken from the Slate
Creek area. Other anomalous samples occur in several areas unrelated
to previously identified mineralization. They include samples: 153 (9
ppm) from the headwaters of a south-flowing tributary into North Fork
of Canyon Creek below the Red Dirt occurrence (30); 154 (19 ppm) from
a north-flowing tributary to the Bearpaw River; 156 and No. 157 (8
ppm) from the North Fork of Canyon Creek drainage; 158 (9 ppm) from a
tributary of the Clearwater Fork, an area underlain by the Keevy Peak
Formation and the Birch Creek Schist; 159 (8 ppm) from the Middle Fork
of Canyon Creek drainage; 160 (8 ppm) from an upper tributary to Rock
Creek along a north trending fault; and 161 (10 ppm) from a tributary
near the headwaters of Rock Creek within a drainage underlain by the

Birch Creek Schist and Spruce Creek Sequence.

REGIONAL GEOCHEMICALLY ANOMALOUS AREAS

Eleven of 13 critical and strategic elements evaluated were present
in anomalous concentrations in various samples. Of the thirteen, only
palladium and platinum were not detected in any samples. Areas with
anomalous concentrations of cobalt, germanium, nickel, niobium,
tantalum, tin, titanium, and tungsten are shown on figures 18-23.
Isolated samples containing chromium and gallium are shown on figure
14,

Three areas anomalous in cobalt and nickel were identified (fig.
18). The areas include: (1) Eldorado Creek with possible source rocks

in the Spruce Creek Sequence; (2) Moonlight Creek with possible source
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rocks in the Keevy Peak Formation or Birch Creek Schist; and (3) a
tributary to lower Stampede Creek with possible source rocks in the
Keevy Peak Formation.

A large area anomalous in germanium (fig. 19) was identified in the
northern half of the study area. The area is underlain by the Birch
Creek Schist but the source of the germanium is unknown.

Anomalous tin and tungsten samples are widespread throughout the
study area (figs. 15-17). Usually tin and tungsten occur together in
the same sample and often in all three sample types (reconnaissance
placer concentrates, panned concentrates, and stream sediments)
collected at the same site.

Anomalous tin drainages (fig. 20) include: (1) Eldorado Creek; (2)
lower Moose Creek; (3) Rainy Creek; (4) West Fork of Glen Creek; (5)
Myrtle Creek; (6) Canyon Creek; and (7) two tributaries to the Bearpaw
River.

Anomalous tungsten drainages (fig. 21) include: (1) Eldorado Creek;
(2) lower Moose Creek; (3) Lucky Gulch (Banjo Mine); (4) Rainy Creek;
(5) a tributary to Caribou Creek; (6) Myrtle Creek; (7) Canyon Creek;
(8) a tributary to the Bearpaw River; (9) Little Moose Creek; and (10)
Stampede Creek including a newly identified area on a tributary to
Tower Stampede Creek.

Four areas anomalous in titanium, tantalum, and niobium occur in the
Kantishna Hills study area (fig. 22). The anomalous areas include:
(1) Slate Creek; (2) lower Moose Creek; (3) Moose Creek near the mouth
of Dry Creek; and (4) Clearwater Fork. The anomalous samples from the
Clearwater Fork possibly were from rocks of the Keevy Peak Formation.
The source rocks for the anomalous samples in the other areas could be

either the Spruce Creek Sequence or Birch Creek Schist.
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CONCLUSIONS AND RECOMMENDATIONS

Evaluation of the critical and strategic mineral content in
reconnaissance placer concentrates, panned concentrates, and stream
sediment samples and the distribution of the samples has led to the
identification of several anomalous zones in the Kantishna Hills study
area (figs. 18-22)., Several anomalies are in or near areas of known
mineral occurrences and mining activity. Others are located in areas
with no previous known mineral occurrences or mining activity.

Ten anomalous areas identified are shown on figure 23. They
include: (1) Eldorado Creek drainage for cobalt, nickel, niobium,
tantalum, tin, titanium, and tungsten; (2) lower Moose Creek drainage
for niobium, tantalum, tin, titanium, and tungsten; (3) Rainy Creek to
Glen Creek area for niobium, tanta]uﬁ, tin, titanium, and tungsten:
(4) Myrtle Creek drainage for tin and tungsten; (5) Moonlight Creek
drainage for cobalt and nickel; (6) Clearwater Fork drainage for.
niobium, tantalum, and titanium; (7) Canyon Creek drainage for tin and
tungsten; (8) two Bearpaw River tributaries for tin and tungsten; (9)
a tributary té Tower Stampede Creek for cobalt, nickel, and tungsten;
and (10) the northern part of study area for germanium.

Reconnaissance placer samples provided the best means to look for
critical and strategic elements in this study because of the number of
samples of this type that were collected and analyzed.

Insufficient analytical results for the stream sediment samples,
except tungsten, and an insufficient number of samples for panned
concentrates made the interpretation of their data tenuous.

Additional panned concentrate samples need to be collected and all

critical and strategic elements analyzed in the stream sediment
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samples to obtain a more thorough understanding of their source and
abundance. The entire study area needs to be uniformly sampled to
fi11 in the gaps where there is insufficient data and to obtain more
data on the identified anomalous areas.

Geochemical and statistical analysis of reconnaissance placer
concentrates, panned concentrates, and stream sediment samples
indicate several areas for critical and strategic mineral
exploration. Additional geological, geochemical, and geophysiqa] data
is needed to determine the significance and economic potential of the

anomalous zones.
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APPENDIX A

Histograms and cumulative histograms

for reconnaissance placer samples
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APPENDIX A. Histograms and cumulative histograms for reconnaissance

placer samples

Explanation:
N Number of samples
BARS Number of class intervals

- SD Standard deviation
y-axis  Shows number and percent (PCT) of samples
x-axis  Shows concentration of the element in parts per million

(Where there is more than one value for the class interval,

the Tow and high value within the class interval is shown).
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FIGURE A-6. Cumulative histogram and statistical parameters of gallium concentrations

in reocnaissance placer samples.
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FIGURE A-17. Histogram and statistical parameters of titanium ooncentratins in reconnaissance placer samples.
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Cumulative histogram and statistical parameters of tungsten ocncentratlms
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APPENDIX B

Histograms and cumulative histograms

* for panned concentrate samples
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APPENDIX B. Histograms and cumulative histograms for panned

concentrate placer samples

Explanation:
N Number of samples
BARS Number of class intervals

- SD Standard deviation

y-axis  Shows number and percent (PCT) of samples

x-axis  Shows concentration of the element in parts per million

(Where there is more than one value for the class interval,

the low and high value within the class interval is shown).
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FIGURE B-3,

Histogram and statistical parameters

of chramium oncentrations in panned concentrate
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Histogram and statistical parameters
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sanples.



- .
BRIV Y N EYEN

AAKS wLs ¢
c
‘k_.,‘FlL;E.-'gu"_. R PR i tme et e e i wn em Gam - em m— — e o ——— - R - - -
: N+ 32 FYLALIYY ALAN=40. 4167 S0+32.5050 !
] i Al [LT] g
Nl N PCT
Yol 12 Ye0004 +100,0
iy N ;_“‘ g — ———————— T - o "B &7 T mrmm————
BN e . ¢ 12 ¢
Y | . . L
U e o St R - TUTT O RBUBEY Bhedee BOEEER e 4sbed 4 91,7 -
' . . . .. LI TYITY I
| . L1 4 4 L1 ¢ 6 L1 ¢ seseee ¢
LR 2 E et S T e e - OO ETE TR TR eabese Ty T T T e e
;(3 . 10 o POOGHT D000 20000 S0H000 00000 S00040 SE0U00 SRR E SO0 000 PHIEEL 200000 ¢ 83.)
. . . 3 () e ‘e [ (] ) R T LY Y A Y YT T A Y YT Y Y I
(7S T S 1 lo"i t 10 5 1 167 3 0 RO ¥ FTLE F 4 LU B LD F FRebed BREEEE D00 00000 ¢ - -
i . ‘ 3 (3 () [ O BEONEO FEPNOE G0N0 G0b000 o
e 9 00 000 '00000 0"000 OOOOOO 0000‘0 COEOR0 HEOIO0 SH0060 CO0RLE S0P 400000 400000 o+ 15,0
I e T M A 1 X X I AR X A R A TR AR A 2 XYY AN T RSP R xS TR TR R X A Z AR Lo X T ZY R A SR 11X IRE Y 117 1 S S
) . €0 0 0 600000 000000 20000 SRIID 00000 CHINN SEOOIE SOOREE 00000 200000 Gasbbe o
i + L& O 00000 et d 000000 00000 SR 0N SH0000 FOOEE CEEEED 200000 FOEEES 200000
o] T 7 TOTTUTT URESREL TR SEUFFE AN T AR N0E SRR AR TINANEE SRR N0T RN RN T RN 0NE 200000 :
I 3 GO0 CIID SESONE SREE0 0 HOREE0 QOPREE DOCEEE HEPO0E SHUCED 00000 280000 200000
. T bl . COO000 FREQEP V00000 00000 SH000E 060008 D000 PHONIE F00006 200600 200000 000000 o
y s T LI A i R PR N A T e A YRR Y R XAt i A2 Y A R 2 A S 2N T Ru R X L2 B 2 L0 L e S iinng
e . CHO00t DOON00 BE0000 00005 CHP00 HHEOEE SEE0R0 UAREY POONE 00000 HHANNE V0000 o
: 0 CHOR00 ONEPO HD0000 S0eh00 SO0 COREED 00000 00PN FUOE0S 00N BOOEEE G000E0 o
n TR R b0 RN BUETON BRAETE BTENOD SRBGRE RSN RN TG TIEE SONRNTRNNNEE -
C i . COONND 0000 PEOINE SEINNG SRBUNE HOE000 0 ENET SEO000 FHOSEE FOOHES 40000 40000 o
e 13 PEOOBS SOCa P 0000 ¢ 00000 200000 00000 H20000 COC000 SHO00 PG ES G00000 240008
[ B S LR a2z A e A R am AR Tl e 2 A A A r e R S an T At e T 21t au YT AT AN R YA T 2 g T VI T o S ey
el . CO0000 P000EN P0eabl BRO000 SDNOPE BINEEE POOOEN HONNDE HE0000 600000 00000 bsbets
| . . COOOOE S0 000 G00abt 600008 4000 S0RFOG SR0000 GE000) 200040 B40000 He0tbe boosee
s TR T TTTTTUCETERRS FRERRETEEEB0N bbb RABNE MBI 20 NY IR ORI RO IS Mor - o
('n + o0 O Q00000 00000 S00000 200000 209000 JIDRL SO0H00 P00 PUIGET G000 F00000 S8 0 ¢
2] * 8 5 6 200000 S00000 POCEIC 00000 LIPS FUOB0E L0000 S0000F FO0000 20PONE 00800 B000 00
® . = ot aateennane X Munant A XV R A I AN X a2 AR S R X R e X FR L e T DAY an 2 a TR at A AT YL A LA AT A KR R LY ad 1 XTIL SN LI TY £ hat s e e
oo st 0 PO0000 S06000 FVI0N0 100000 FO0N 000060 0005 HEO000 G0N0 HI000E PEERES 00000 BeI0RY o
' S . BOOPa0 SH000 DOOISE G00UNE Fosebh SHOOD0 SUOINE FROOED GH0000 00008 E DHEODE HONONE 000N o
) o e e 1 1 1 Y e T R T r R R T R N T T e T T I Y R T A N I P A E Y Y S T Yy TA VY YT Y A Y YTV Y -
I o) . SUNEO0 G00000 00008 PHUCEE G0LEEE SEPENE SOOI FEOEE0 PUOE00 PONSIG SRENOE FEOENY S00000
HE. ™ T o HON000 FOUOHG SGSANE 00000 S0LE0S 6000 SOESEE PEONN GROOPE HOUNON GEENE SHIENE SONEE 200000 4 25,0
' " e A e X 22 22 A X X fham TIRZ Y D RRX LA A R TR XX A d 2 At an 122 R aen SRR TR am A2 R Y2 A Dol A R R ZY DY R AR Z T A L 11 L0 B e
v Cife € 00 D 0 SONE0N GCNN0 P00 N SOEIE S00EI0 S00000 00000 FEAUE0 D00000 e0nend 00000 S0E000 S40bbs
[ 00 0 PONNI0 G000 GOUNEE P00 0 S00N00 HONOES PONNNE SO0 SO 0NN SH0000 SU000d 00000 Sabber .
i W77 T RRERE BT e RN TO D GTREED TEED Ghe b ROBAND S0 0 0 RUB AR BUONNN BOEIE DRINOL GR0EN V0000 3 -t
oo e S RO0000 SONNO PP EOE POEOET COUO00 000000 OO0 ONIIO POOONN FHEITN FO0ONE CON000 BOI000 200000 o
i @] O PO INE 00000 FHCO00 PHEUOP SOOI 0 HRONED 00000 CRONOE 0P FRON0L SO 0000 00000 200000
- e DR IR e s e R e R A A R R T RV 22 SRR SR R 22 dum I Z AT R IY TR S Y URRL AR T2 L o X1 LL Y S
[ ™ 6 PPUONE SOOOEN C0000H SOOEE SOPOEE PEENID o Neel 00e0t GO0 0 FONEE PH000s S0 ees SEENEE eesbe
: o O 0N00E CORONE N EIE RN A00 BOAATE FO0NED SHNP00 HO0000 HHONNT EOAND S00EEE B00000 400000 S000e s
| H Wl T TOUBTFRIIINEET SV RE SAVE00 FUEObE TIEUEE B BN SHFINE T NINERECUIREEE SOV B AN R0E 06000 da0d ) :
: 8 o V00000 000004 0000y 000000 QO0P00 00000 40000 SF0000 S04200 CRHEE0 00608 200000 06000 200000 &
24 --——co----—oo-oc—-oo -
S RS I 1 ]ﬂ—"’" U"“‘""""“"" TTTrTmrorTTE T mme e T TT T
@ 20 3
' 13 FO .
L1571 P o -
IR=FSIAT LEF 4 JGE. O AND. ¥ JLE. 75, RETALM)
A (C %),
. s . . . .
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FIGURE B~7. Histogram and statistical parameters of
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APPENDIX C

Histograms and cumulative histograms

for stream sediment samples
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APPENDIX C. Histograms and cumulative histograms for stream

sediment samples

Explanation:
N Number of samples
BARS Number of class intervals

- SD Standard deviation

y-axis  Shows number and percent (PCT) of samples

x-axis  Shows concentration of the element in parts per million

(Where there is more than one value for the class interval,

the Tow and high value within the class interval is shown).
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FIGURE C-1. Histogram and statistical parameters of ccbalt cncentrations in stream sediment samples,
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APPENDIX D

Cross r‘eferehce between original field sample numbers |
and map numbers used in this report
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APPENDIX D-1. Cross reference between original field sample
o numbers and map numbers used in this report

Map Numberl/ Field Numbené/,w‘_ Map Mumber = Field Number

1 A3029 _ 51 A989
2 ~ A3026 52 A1406

3 - A1416 X : A1402
4 A968 - 54 A1400
5 A986 55 . A1000

6 A989 . 56 ~ A999
7 ~ A1403 57 ... A3030

8 -~ A1406 -+ - 58 S A3031
9 A1401 . b9 . A3035
10 ~A1402 i 60 - A3036
11 - A1400 : - 61 : A3040
12 © A999 i 62 ... A3039
13 - A3036 63 .. A3037

14 ~Al404 64 ' A985

15 A998 ‘ . 65 . A977

16 . A981 : 66 .. A984

17 "~ A985 - 67 .. A982

18 ~~ A994 "~ 68 ‘ A981

19 -~ A995 69 .. A983

oo 20 A970 70 A976
23 21 - A969 ' 71 - A969
S 22 A983 - 72 A970
23 A3039 73 - A997

24 -~ A3040 - 74 A994

25 A975 h 75 © A993
26 - A992 : - 76 . A3065
27 "A3065 R ¥ - A1413

Tt 28 -A973 - 78 A1411
oot 29 - A1412 79 " A980
<= 30 - +A3048 - 80 .. A978
31 - A1411 S 81 - A3049
32 - A1409 82 .. A3048
33 . © A3083 "~ 83 ‘> A3087
34 ~A3086 0 84 = A3086
35 A3084 85 "~ A3085
36 A3100 86 ~ A3083
37 o~ " A3093 L - 87 - A3084
38 - v e o A3022 - 88 o A3080
39.. .7 .7 CA3057 0789 - - - A3077
40 A3051 90 A3076
41 A3027 91 A3078
42 A3029 92 A3079
43 A3026 93 A3075
44 Al414 94 A3074
45 A1415 95 A3073
46 A1416 96 A3072
47 A966 97 A3060
48 A967 98 A3066
49 A968 99 A3042
50 A987 100 A3043
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APPENDIX D-1. | Cross reference between original field sample
numbers and map numbers used in-this report

Map Numberl/ ™ Field Numberz/ ' 'Map Number F1e1d Number
101 A3044 . ;135 o A3008
102 . A3069 . 136 A3007
103 A3070 137 : A3009
104 . A3071 138 ’ A1509
105 A3046 139 = A3013
106 A3045 140 ' A3015
107 . A3023 ca 147 A3019
108 . A3032 e 142 . A2933
109 - A3021 <. 143 - A928
110 A3099 s L 144 . A2759
1M A961 = 145 ~~ A3016
112 . A962 - . 146 A2912
113 A958 147 - A1304
114 . A3058 . 148 A807
15 A3100 ... 149 - A1310
116 A961 - 150 - A951]
117 . A3033 .. 151 A945
118 A3094 - 152 ' A2918
119 A3093 ©. 153 A2923
120 A3020 . : 154 ’ A924
121 . . A963 155 A925
122 A960 ‘ 156 ‘ A1257
123 - A3022 ; 157 : A1260
24 ~ A3095 . 158 A913
125 A3096 159  A2932
-, 126 A3056 .. 160 ~ A2707
e 127 - A3053 © 161 . A2907
-, 128 ' . A3055 .. 162 A810
129 A3054 - 163 A950
130 . A3052 164 : A955
131 A3051 - .165 A946
o132 : . A3067 - 166 Z A940
< 133 - A3092 - 167 A939
134 - A3090 = :

1/Map number - number used in th1s report and on figures 14-17.
27F1e1d number - original sample number used in 1983 Mineral
Resources studies report by Salisbury &:Dietz, Inc. (30).
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