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Undiscovered Locatable Mineral Resources in the Bay
Resource Management Plan Area, Southwestern Alaska:

A Probabilistic Assessment

By J.M. Schmidt, T.D. Light, L.J. Drew, F.H. Wilson, M.L. Miller, and R.W. Saltus

Abstract

The Bay Resource Management Plan (RMP) areain
southwestern Alaska, north and northeast of Bristol Bay
contains significant potential for undiscovered locatable
mineral resources of base and precious metals, in addition
to metallic mineral deposits that are already known. A
guantitative probabilistic assessment has identified 24 tracts
of land that are permissive for 17 mineral deposit model types
likely to be explored for within the next 15 yearsin this region.
Commodities we discussin this report that have potential to
occur inthe Bay RMP areaare Ag, Au, Cr, Cu, Fe, Hg, Mo,
Pb, Sn, W, Zn, and platinum-group elements. Geoscience data
for the region are sufficient to make quantitative estimates of
the number of undiscovered deposits only for porphyry copper,
epithermal vein, copper skarn, iron skarn, hot-spring mercury,
placer gold, and placer platinum-deposit models. A description
of agroup of shallow- to intermediate-level intrusion-related
gold deposits is combined with grade and tonnage data from
13 deposits of this type to provide a quantitative estimate of
undiscovered deposits of this new type.

We estimate that significant resources of Ag, Au, Cu, Fe,
Hg, Mo, Pb, and Pt occur in the Bay Resource Management
Plan areain these deposit types. At the 10" percentile
probability level, the Bay RMP areais estimated to contain
10,067 metric tons silver, 1,485 metric tons gold, 12.66
million metric tons copper, 560 million metric tonsiron,

8,100 metric tons mercury, 500,000 metric tons molybdenum,
150 metric tons lead, and 17 metric tons of platinum in
undiscovered deposits of the eight quantified deposit types.

At the 90" percentile probability level, the Bay RMP areais
estimated to contain 89 metric tons silver, 14 metric tons gold,
911,215 metric tons copper, 330,000 metric tonsiron, 1 metric
ton mercury, 8,600 metric tons molybdenum and 1 metric ton
platinum in undiscovered deposits of the eight deposit types.

Other commodities, which may occur in the Bay RMP
area, include Cr, Sn, W, Zn, and other platinum-group
elements such as Ir, Os, and Pd. We define 13 permissive
tracts for 9 additional deposit model types. These are: Besshi-
and Cyprus, and Kuroko-volcanogenic massive sulfides, hot
spring gold, low sulfide gold veins, Mississippi-Valley Pb-Zn,
tin greisen, zinc skarn and Alaskan-type zoned ultramafic
platinum-group element deposits. Resources in undiscovered
deposits of these nine types have not been quantified, and
would be in addition to those in known deposits and the
undiscovered resources listed above. Additional minera
resources also may occur in the Bay RMP areain deposit
types, which were not considered here.

Introduction

Purpose and Scope

As part of itsland planning and management
responsibilities, the U.S. Bureau of Land Management
(BLM) is producing a series of resource management plans
(RMPs) for regions of Alaskain which it oversees Federal
lands. The U.S. Geological Survey, under the authority of
Interagency Agreement # L AI-05-0020, was asked to provide
a quantitative assessment of undiscovered locatable mineral
resources for inclusion in the Bay RMP areareport. The Bay
RMP area encompasses parts of eleven 1:250,000 quadrangles
in the southwestern part of Alaska (fig. 1). It stretches from
the Alaska Range on the East to Goodnews Bay on the west,
and includes Lake Iliamna, the Wood River Mountains, and
the headwaters of Bristol Bay (fig. 1).

This report and associated digital files are the summary
of that quantitative mineral assessment. This information
and additional data on known (discovered) deposits will
be incorporated by BLM, into the Mineral Occurrence and
Development Potential reports and Reasonably Foreseeable
Development alternatives in the RMP process.
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Figure 1.

Terminology

Throughout this report the term “BMPA” refersto the
Bay Resource Management Plan area, as defined and used
in the Bureau of Land Management’s Resource Management
Plan (RMP) process. Other terms used here are modified from
USGS assessment language (U.S. Geological Survey, 2000).

A mineral “resource” (or deposit as used in this report) is
a concentration of naturally occurring mineralsin the Earth’'s
crust of sufficient size and grade that economic extraction of a
commodity from that concentration is currently or potentially
feasible (U.S. Bureau of Mines and U.S. Geological Survey,
1980). “Undiscovered” mineral resources are previously
unknown deposits postulated to exist 1 km or less below the
surface of the ground, and incompletely explored mineral
occurrences or prospects that could potentially be of asize
and grade to be classified as a deposit or resource. The
undiscovered category specifically excludes deposits already
known at the time of the assessment. Undiscovered resources
include those expected to be similar in type or model to
known deposits (hypothetical), and those in favorable geologic
settings but of uncertain type or model (speculative).

Location of the Bay Resource Management Plan area (inside gray line), Alaska.

A “permissive” tract is an areawithin which, using
current information, geologic conditions existed that would
permit the formation of deposits of a particular model type.
Conversely, areas outside of permissive tracts have anegligible
(<1 in 100,000) chance of containing a deposit of agiven
model type, assuming that the geologic conditions known
today are accurate, and the deposit model adequately describes
the conditions under which mineralization forms.

A “descriptive model” isaset of information that
describes a group of mineral deposits that have similar
geologic, mineralogical, and geochemical characteristics.

A “grade and tonnage model” is a series of frequency
distributions and associations of grades and sizes constructed
from data from well explored, often mined, individual mineral
deposits of agiven type. “EMINERS’ is a software program
(Duval, 2004) that is used to estimate the metal endowments
of specific commodities by combining grades, tonnages, and
number of deposit estimates at those same probabilities.



Probabilistic Assessment Methodology

The methodology used for this Bay RMP area study
was the three-part assessment commonly used by the U.S.
Geological Survey and other entities for mineral assessments
(Singer, 1993; Drew and others, 1999). In the first part of
the assessment, tracts are delineated as permissive for the
occurrence of specific mineral deposit types (models) based on
similar geological variables (host rocks, structural setting, etc.)
in the study area. In the second part, grade and tonnage models
are selected that best reflect the descriptive mineral-deposit
models selected and that are consistent with known deposits
and occurrencesin and near the area being assessed. These
grade and tonnage models describe the distributions of grades
(metal contents) and sizes of known examples of the deposit
model, and therefore indicate the grades and tonnages likely to
occur in the area being assessed.

Thethird part of the assessment estimates the number
of undiscovered deposits of each type, consistent with the
descriptive and grade and tonnage models. Mineral deposits
known to exist within the tract at the time the assessment
is carried out are specifically excluded from inclusion in
these “undiscovered” estimates. Each estimate is made
such that approximately one-half of the estimated number
of undiscovered deposits have tonnages larger than the
median tonnage, and such that one-half of the gradesin the
undiscovered deposits are greater than the median grade in
the grade and tonnage model identified for the deposit type.
The quantitative estimates produced here for the Bay RMP
areaindicate the likely number of undiscovered deposits
of amedian grade and median tonnage for the deposit
model in question, at the 90™, 50" and 10" percentile levels.
Uncertainties in the estimates are accounted for by the spread
in number of deposits between the 90" and 10" percentile
(probability) levels. Estimates of the number of deposits are
based on several factors, including (1) evaluation of deposit
densities from well-explored areas of similar geology (Singer
and others, 2001), (2) extrapolation from known deposits
or the frequency of related deposit types in the region,
(3) identifying geochemical anomalies of elements associated
with the deposit type, (4) identifying areas of similar geologic
settings or processes to known depositsin or near the region,
(5) identifying geophysical signatures similar to those of
the deposit model, and (6) statistical guides of the range of
uncertaintiesin the distribution of datathat can resultin a
given mean number of deposits (Singer, 1993, 1994; Singer
and Menzie, 2005).
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Following the three-part assessment, a simulation
analysis was used to estimate the total mineral endowment
(metal content) represented by undiscovered deposits of
each type. Probability distributions for the total contained
mineralized rock and metals are estimated using the USGS
EMINERS software program (Duval, 2004), derived from a
Monte Carlo ssimulator designed by Root and others (1992).
The EMINERS program uses piecewise linear approximations
of the number of deposits and the tonnages and grades of
metals in the simulations to avoid the effects of high values
due to skewed probahility distributions. A random number
generator is used to sample distributions similar to the grade
and tonnage distributions for each deposit type and estimate
of number of deposits. The simulation randomly samples the
distributions 4,999 times and cal culates an estimate of the
contained metals expected in the undiscovered deposits.

This three-part assessment methodology yields results
that include probabilistic expressions of uncertainty. To
emphasize the extent of this uncertainty, results reported here
include the 95" and 5" percentiles (probabilities) for contained
metals, in addition to estimated mean values. The 95"
percentile probability indicates 19 in 20 chances, while the
5 percentile level refersto a1 in 20 chance that the amounts
shown will be at least that large. The 95" and 5" percentiles
are considered reasonable minimum and maximum values, and
the mean is the average, or expected value.

Undiscovered Mineral Resources in
the Bay RMP Area

For the Bay RMP area, an expert panel was convened in
Anchorage (November 15-16, 2005) to carry out a quantitative
assessment of undiscovered |ocatable mineral resources using
all available published and unpublished geologic, geophysical,
geochemical, and mineral occurrence information. This
panel (L. Drew, T.D. Light, M.L. Miller, R. Saltus, J. M.,
Schmidt, and F.H. Wilson), with input from B.M. Gamble and
A. Schulz, determined which mineral deposit models would be
included in the assessment and delineated all permissive tracts.
We included in this assessment only deposit model types that
we judged were reasonably likely to be actively explored for
or developed in the BMPA region within the next 15 years.
Using this criterion, permissive tracts were identified for 17
mineral deposit models (table 1); 24 tracts permissive for those
deposit types were outlined.
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Table 1. Permissive mineral deposit tracts within the Bay Resource Management Plan area.

[Deposit model: From Cox and Singer, 1986. Abbreviations: BC-AK, British Columbia-Alaska. Au, gold; Ag, silver; An, anorthite; Cu, Copper; Hg, mercury;
Mo, molybdenum; Pb, lead; PGE, Platinum-group elements; Pt, platinum; Zn, zinc. gpt, gram per metric ton; km?, square kilometer; ppb, parts per hillion;
%, percent; mt, metric ton; NA, not estimated)]

Estimated number of Mean .
iden.:-irfiilz;tion Area Deposit type Deposit mediar del-)|(-)s“|$ - Ithree number of tl\:::;:: Median grade
No (km?) model probability levels undiscovered (mt)
' 9% 50 10 deposits
Deposit models for which quantitative estimates were made

BCAK 37,480 Porphyry Cu, BC-AK type 17.1 3 6 17 81 86 0.37% Cu,

0.0025% Mo
CUSK1 11,020 Copper (Au) skarn 18b 1 2 10 41 0.56 1.7% Cu
CUSK2 1,950 Copper (Au) skarn 18b No estimate made NA
EPIV 43,470 Epithermal vein, generic 25d 3 7 20 9.5 0.3 6 gpt Au,

38 gpt Ag
FESK1 11,020 Iron Skarn 18d 1 2 10 4.1 7.2 50.0% Fe
FESK?2 1,950 Iron Skarn 18d No estimate made NA
HG 47,570 Mercury 27a 1 2 5 25 0.0095 0.35% Hg
IRG-SIL 42,260 Intrusion-Related Gold New 0 1 5 19 15 1gpt Au

(shallow to
intermediate level)

PGEP 11,770 Placer PGE (Au) 3% 3 7 20 9.5 0.11 2,500 ppb Pt
PLACER1 55,350 Placer Au 3% 1 2 7 31 11 0.2 gpt Au
PLACER2 15,260 Placer Au 3% No estimate made NA

Deposit models for which no quantitative estimates were made

BESSHI 15,970 Besshi massive sulfide 24b No estimate made NA
CYPRUS 5,060 Cyprus massive sulfide 24a No estimate made NA
HSAU 43,470 Hot spring gold No estimate made NA
KUROKO1 6,650 Kuroko massive sulfide 28a No estimate made NA
KUROKO2 10,290 Kuroko massive sulfide 28a No estimate made NA
LOSAU 6,600 Low-sulfide Au-quartz 36a No estimate made NA
veins
MVT 1,720 Mississippi Valley Type 32a, 32b, 32c No estimate made NA
Pb-Zn and Kipshi Cu-
Pb-Zn
SNG 36,120 Sn Greisen 15¢ No estimate made NA
ZNSK1 11,020 Zinc (lead) skarn 18c No estimate made NA
ZNSK2 1,950 Zinc (lead) skarn 18c No estimate made NA
ZUM1 6,600 Alaskan (Zoned Ultra- 9 No estimate made NA
mafic Complex) PGE
ZUM2 2,720 Alaskan (Zoned Ultra- 9 No estimate made NA
mafic Complex) PGE
ZUM3 900 Alaskan (Zoned Ultra- 9 No estimate made NA

mafic Complex) PGE

Four members of the panel (Light, Miller, Schmidt, and calculations, and along with J. Duval (USGS retired) modified
Wilson) determined for which tracts an appropriate grade the published EMINERS program for use in the Bay RMP
and tonnage model, and adequate geologic information was area. T.D. Light carried out the final runs of the EMINERS
available. Both features were required to estimate the number program. Commaodities for which some quantitative estimates
of undiscovered deposits within atract. The four panel were made are: Ag, Au, Cu, Fe, Hg, Mo, and the platinum-
members made quantitative estimates of undiscovered deposits  group elements (PGES) Ir, Os, Pd, and Pt. Commodities
for 8 of the 24 permissive tracts outlined. L. Drew provided assessed as permissive, but not quantified are Cr, Pb, Sn, W,
guidance on use of the probability tables and expected value and Zn.



Probabilistic Assessment of Tracts for Deposit
Models with Quantitative Estimates

Tract Name: BCAK

Model Name: Porphyry copper (BC-AK type)
USGS Deposit Model: 17.1

Area: 37,480 km?

Mean undiscovered deposits: 8.1

Rationale for Model Choice and Tract Delineation

The eastern portion of the BMPA is permissive for
porphyry copper (Cox, 1986¢), BC-AK type porphyry copper
(Menzie and Singer, 1993), and porphyry copper-molybdenum
(Cox, 1986d) deposits.

Tract BCAK (fig. 2) is defined by the occurrence of
Jurassic, Cretaceous, and Tertiary stocks and plutons of
intermediate to felsic composition (Detterman and Reed, 1980;
Nelson and others, 1983; Riehle and others, 1993; Decker
and others, 1994; Wilson and others, 2003; F.H. Wilson,

U.S. Geological Survey, unpub. data, 2006) that are exposed

162° 159°
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at relatively deep erosional levels. These stocks and plutons
occur in abroad belt that includes the Alaskaand Aleutian
Ranges in the eastern part of the BMPA and lowlands and hills
west of the range front. The western boundary of the tract was
delineated based on regional aeromagnetic data, to encompass
alarge magnetic domain in the southeast part of the BMPA.
Thisdomain is characterized by abundant short wavelength,
high amplitude magnetic anomalies, most likely caused by
magnetite-bearing intrusive rocks at relatively shallow depths
in the subsurface. Oxidized (magnetite-bearing) intermediate-
to felsic- composition plutons are commonly associated with
porphyry copper systems (Cox, 1986¢). Tract BCAK alsois
characterized by high K/Th ratios where aeroradiometric data
are available. The high K/Th values indicate the presence of
felsic rocks, including granitic plutons, which may be hosts or
causative intrusions for porphyry copper deposits.

Permissive tract BCAK includes a number of known
deposits and several occurrences of the porphyry copper type
(Young and others, 1997), and is actively undergoing porphyry
exploration. Most reported occurrences contain molybdenum
and/or gold in addition to copper. Grade and geologic
information from most prospects is insufficient to determine if
they are porphyry copper, porphyry copper-gold, or porphyry
copper-molybdenum deposit types.

156° 153°

Bristol Bay

50 75
100 150 Kilometers

100 Miles

Figure 2.
type) deposits.

Location of tract BCAK, delineating areas within the Bay RMP area that are permissive for porphyry copper (BC-AK
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The Pebble porphyry copper-gold-molybdenum system
(Bouley and others, 1995; Schrader, 2001; Tracy, 2001,
Hawley, 2004) is the best-known porphyry-type deposit in
the BMPA. The Pebble West deposit contains measured
and indicated resources of 569 million metric tons of ore
grading 0.46 weight percent copper, 0.50 gpt gold, and 0.021
weight percent molybdenum (using a 0.70 weight percent
copper-equivalent cutoff grade). The contained metal in those
resources was estimated to be 5.8 billion pounds of copper,
9.1 million Troy ounces of gold, and 265 million pounds
of molybdenum (Northern Dynasty Minerals, Ltd., 2005).
Using the same cutoff grade (0.70 weight percent copper-
equivalent), inferred resources from Pebble West and the
Pebble East deposit (still under exploration) add an additional
1.75 billion metric tons of mineralized rock with a contained
metal estimate of 23.9 hillion pounds of copper, 23.1 million
Troy ounces of gold, and 1.46 billion pounds of molybdenum
(Northern Dynasty Minerals, Ltd., 2006). The Kijik River
deposit, which also occursin tract BCAK, was estimated
(without drilling) to contain 91 million metric tons of
mineralized rock; grab samplesyield up to 0.25 weight percent
copper and 0.17 weight percent molybdenum (Bickerstaff,
1998).

Quantitative Estimates

The grade and tonnage model for BC-AK porphyry
deposits (model 17.1) was selected for the quantitative
estimates because the worldwide model (17) includes some
deposits that have large supergene enrichment zones, which
are unlikely to occur in Alaskan deposits, and because the
BC-AK typeincludes deposits in geologic conditions more
analogous to those in the BMP area. Under the three-part
scheme proposed by Cox and Singer (1992) to classify
porphyry deposit systems by their gold and molybdenum
content, the BC-AK type porphyry copper grade and tonnage
model (Menzie and Singer, 1993) used here includes deposits
representing all three of their groups.

Additional porphyry copper (xgold £molybdenum)
deposits beyond those currently known that have grades and
tonnages within the range of the BC-AK model are likely
in thistract. The number of additional deposits likely was
estimated based on typical spacing and densities of porphyry-
type deposits worldwide, on K/Th ratio similarities, and on
the percentage of the tract known to have suitable causative
plutonic rocks.

The number of undiscovered porphyry copper deposits,
consistent with the grade and tonnage curves of Menzie and
Singer (1993) (median 86 million metric tons, 0.37 weight
percent copper, 0.0025 weight percent molybdenum), was
estimated to be 3 at the 90" percentile, 6 at the 50" percentile
and 17 at the 10" percentile probability levels (table 1).

From these estimates, the EMINERS program
summarizes the mean number of undiscovered porphyry
copper deposits within tract BCAK to be 8.1 (table 2). The
possible amount of contained metals within the undiscovered
deposits at the mean and at five probability levels also
isshownin table 2. Figure 3 isavisual representation
of the uncertainty in the estimates of contained metal in
undiscovered deposits. The histogram shows the proportion of
the 4,999 randomly generated simulations that were produced
within EMINERS that yielded a given contained metal value.
Figure 4 illustrates the cumulative probability of a given
tonnage of any metal or mineralized rock. Tables and figures
presented for al the quantitatively estimated deposit modelsin
this assessment follow the same format.

Tract BCAK has a 95-percent probability of containing
at least 69 million metric tons (Mt) of mineralized rock, and a
5-percent probability of containing as much as 14 Mt copper;
0.66 Mt molybdenum; 850 metric tons gold or 6,200 metric
tons silver (table 2; figs. 3 and 4).

Table 2. Estimated amounts of contained metal and mineralized rock (metric tons) in porphyry copper deposits in

tract BCAK.
[EMINERS index: 68 (BC-AK porphyry Cu 17.1). Mean number of deposits = 8.1. Abbreviations: Cu, copper; Mo, molybdenum; Au,
gold; Ag, silver]
Quantile Cu Mo Au Ag Rock
0.95 260,000 190 0.1 0 69,000,000
0.90 910,000 8,600 9 48 240,000,000
0.50 4,500,000 140,000 210 1,400 1,300,000,000
0.10 12,000,000 500,000 684 4,900 3,400,000,000
0.05 14,000,000 660,000 850 6,200 3,900,000,000
Mean 5,500,000 210,000 290 2,000 1,600,000,000
Probability of mean 041 0.36 0.39 0.37 0.42
Probability of zero 0.03 0.05 0.06 0.09 0.03
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Tract Names: CUSK1/ CUSK2

Model Name: Copper-(Gold) Skarn
USGS Deposit Model: 18b
Area:
CUSK 1: 11,020 km?
Mean undiscovered deposits. 4.1
CUSK 2: 1,950 km?
Mean undiscovered deposits. n.a.

Rationale for Model Choice and Tract Delineation

Carbonate rocks and carbonate rock-bearing
lithostratigraphic units that have been intruded by Jurassic,
Cretaceous, and/or Tertiary plutons, may host copper-(gold)
skarn deposits that fit the model of Cox and Theodore (1986)
and Theodore and others (1991).

Tract CUSK 1 (fig. 5) is defined on the presence of
Triassic limestone of the Kamishak Formation (Detterman
and Reed, 1980; Decker and others, 1994), which crop out in
areas intruded by Jurassic, Cretaceous, and Tertiary plutons of
the Alaska-Aleutian Range batholith. Where aeroradiometric
data are available, tract CUSK1 is characterized by high K/Th
ratios, which indicate the presence of felsic rocks, including
granitic plutons associated with development of skarn
mineralization. Thistract also contains carbonate-rock bearing
roof pendants of unknown, but probable Triassic age, intruded
by stocksin the Lake Clark (Nelson and others, 1983) and
Iliamna quadrangles (Detterman and Reed, 1980). Numerous
small copper skarn occurrences are reported in carbonate
rocks in roof pendants in the northern Aleutian Range; another
occursin Kamishak Formation limestone west of the range
(Newberry and others, 1997; Bickerstaff, 1998; Hawley,
2004). The Kasna Creek deposit is a chalcopyrite- and
hematite-bearing skarn that contains an estimated 9 million
metric tons grading 1 percent copper. The deposit occursin
Upper Triassic dolomite and limestone near the contact of a
Jurassic tonalite (Bickerstaff, 1998).

Tract CUSK 2 (fig. 3) is defined by areas that include
blocks of Ordovician, Devonian, and Permian limestone
(Hoare and Coonrad, 1978), which are part of the Nukluk
subterrane of the Goodnews terrane (Decker and others, 1994).
Late Cretaceous and early Tertiary granitic plutons occur
within the Nukluk subterrane in this area, but none are known
to intrude limestone. Permissive tract CUSK2 includes no
known prospects or occurrences of copper skarn type, and was
not further assessed.

Quantitative Estimates

The grade and tonnage model of Jones and Menzie
(1986) was selected for the quantitative estimates for tract
CUSK 1 because of the presence of known copper skarn
occurrences within the tract. Additional copper skarn deposits
beyond those currently known that have grades and tonnages
consistent with the published model are likely in thistract. The
number of additional deposits was limited by the small volume
of carbonate rocks occurring within the tract. The number
of undiscovered copper skarn deposits, consistent with the
tonnage and grade curves of Jones and Menzie (1986) (median
0.56 million metric tons, 1.7 weight percent copper), was
estimated to be 1 at the 90" percentile, 2 at the 50" percentile
and 10 at the 10" percentile probability levels (table 1).

From these estimates, the EMINERS program
summarizes the mean number of undiscovered copper skarn
depositsin tract CUSK 1 to be 4.1 (table 3). Table 3 also
indicates the possible amount of contained metals within the
undiscovered deposits at the mean and at five probability
levels. Variability in the calculated contained metal estimates
isillustrated in figure 6. Cumulative probabilities of tonnage
of each metal and mineralized rock are shown infigure 7.

Tract CUSK 1 has a 95-percent probability of containing
no mineralized rock or metalsin median-sized deposits, a 90-
percent probability of conta