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FORFWORD

Mineral-resource assessments should provide useful information on the
quantities and potential values of mireral resources in selected areas., Such
information can be used by land managers, policymakers, and administrative
agencies ag a basis for land-use decisions. Of particular interest is the
use of guch assessments for economic forecasting at local, state, and federal
levels and for analysis of national concerns, such as the avallability of
critical and strategic minerals.

The ability to make quantitative resource assessments was developed
largely for application to oil-and-gas resources. These assessments are now
used routinely by industrv and local, state, and federal agenciles. Quantita-
tive assessment of metallic minerals in an analogous fashion 1s a relatively
new technique, particularly when applied Iin areas where exploration has been
minimal. The Kantishna Hills assessment——-using a computer simulation model
known as ROCKVAL---1is the first application of this technique in Alaska.

Alaska has a wealth of minerals, but the questions of 'where' and 'how
much' must be answered to determine the role and importance of that mineral
wealth to the future of the State and the Nation, Thus, knowledge of the
mineral potential of relatively unexplored areas of the United States, parti=-
cularly Alaska, 1s critical. ROCKVAL represents the initial effort to obtain
such knowledge.

AY Q’f T

Ross G. Schaff
State Geologist and Director
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EXFCUTTIVFE SUMMARY

The ultimate goal of miperal-resource assessment is to provide useful,
decision-oriented information concerning the quantities and values of
potentially valuable mineral resources within an area, Experts such as
Zwartendyk (3) and decisionmakers in industry and at the state and federal
level have pointed out the {importance of explicitlv including economic
factors in such assessments. Furthermore, assessment resultrs must be pre-
sented in a format suitable for use by public resource analvsts, Tand-use
planners, decisionmakers, and others not trained in Interpreting geologic
maps, mine plans, and other technicsl information.

Driven by rtrequirements to make mineral assessments for major land-use
decigions in a state with a vast land area and considerable mineral-resource
promise, the Division of Geologlical and Geophysical Surveys (DNR/DGGS) of the
Department of Natural Resources, Alaska, and the U.S. Bureau of Mines (BOM)
jointly developed a methodology to quantitativelv assess the potential for
undiscovered, ecanomically recoverable minerals within a mineralized terrane
or region. The ROCKVAL* methodology bridges the gap between the qualitative
assessment of an area's favorability for mineral-deposit occurrence and a
mineral-commodity inventory for the area bv explicitlv considering the
engineering and economic processes that are necessary to transform the
mineral resources of a particular region into mineral products---a logical
final step in the mineral-resgurce~assessment process.

ROCKVAL 1is conceptually based upon the analytical approach developed 1in
1879 by the Office of Minerals Policy and Research Analysis in the U.S.
Department of the Interior to evaluate the oil-and-gas resources of the
National Petroleum Reserve in Alaska and the Arctic National Wildlife Range.
Like the oll-and-gas model, ROCKVAL provides a rigorous procedure for dis-
aggregating the assessment problem into a set of technical fudgments that
focus on and capture the important geologlc, engineeripg, and economic
factors that affect the ocecurrence and economic viabilityv of mineral
resources. This procedure requires geologists and engineers to express what
they know about an area in terms of standard geologic and engineering para-
meters, which are then combined in a simple prade-tonnage format o generate
quantitative estimates of regional resource potential. The methodology
further provides for the explicit incorporation of uncertainty in the values
of these geologic and engineering parameters; thus the assessments resulfring
from application of the methodology are also expressed as prohabilitv dis-
tributions and directly indicate the limitations in the dats hase and knowl-
edge of the region. Similar geologic and engineering parameters have often
been estimated In quantitative form. In fact, similar resource-assessment
methodologies incorporating expert estimation of geologic parameters have
been developed and utilized 1n the U.S5. public and private sectors (4, 10,
11, 12) and in Canada.

*This acronym was based on a conversatlon with the Alaska's State Geologist,
Dr. Ross Schaff, during which time he commented "z2ll rocks have value, it's
just that some are more valuable than others."



Application of ROCKVAL draws on all available data for the region being
assessed, as well as other information that may be relevant, such as general
grade-tonnage relationships. Geologic, mineral-terrain, and mineral-
potential maps, for example, are all extremely useful in reducing the
uncertainty surrounding the geologic and engineering values, as are geo-
chemical and geophysical studies. Indeed, a maior advantage of ROCKVAL {s
its capability to synthesize all of the assorted technical data and informa-
tion from maps and studles that, by themselves, tell onlv part of the story
and are often difficult for decisionmakers to interpret. Substantial ex-
perlence since 1979 with petroleum assegsments has demonstrated the
analytical merit of this type of disaggregrated-process modeling, especially
for areas with limited data availability. A distinct advantage of this
approach over other, more aggregate or qualitative approaches (for example,
mineral-potential maps) is that anv technical disagreements, confusions, or
implicit assumptions are much more likely to surface, a)llowirg for their
reconciliation or, at a minimum, their recognition.

Furthermore, by explicitly capturing the best current understanding
of the Important factors affecting resource viabilitv, excellent documenta-
tion of the resource-assessment process results-——a major determinant of
credibilitv., When new data become availlable, explicit changes in the
appropriate factor values may be estimated and a new resource assessment
generated. An important side benefit of such 'updating' 1s that the
reduction in uncertainty resulting from Improved informatlon provides an
excellent demonstration of the value of collecting additional information,

Tt must be emphasized that the ROCKVAL methodologyv 18 not a substitute
for field work and other data-gathering efforts, Rather, 1t provides a gulde
for fleld work by establishing a model that geologists and engineers will
keep in mind as they conduct their field work and other investigations.

In conclusion, the ROCKVAL approach to mineral assessment provides a
vehicle that permits a subhstantial increase in the utilitv of the information
that geologists, economlsts, and engineers can make availahle to others
interested in the mineral potential of an area. ROCKVAL represents a maior
advance toward a more sound assessment process that begins with field work
and data collection, proceeds to technical studies and the compilation of
reports and maps, and finally results in an assessment of potentiallyv
recoverable resources, which integrates all available information into a
useful decision-oriented product. Without this last step, a true resource
assessment has not been provided, a fact that decisionmakers are becoming
increasingly aware of.

Kantishna Hills Application

In November 1983, the ROCKVAL methodologv was applied to an assessment
of the mineral resources of the Kantisbna Hills, an area of approximately
200,000 acres within the Denali National Park and Preserve in Alaska. The
Kantishna Hills contalns recognized mineralization (gold, silver, lead, and
zinc) and 1s a historic mining district. After fts inclusion within the
expanded boundaries of the park, the National Park Service was charged with
the responsibility of developing a management plan for the area and preparing



the requisite Environmental TImpact Statement (ETS). The key policv issue in
the future management of the Kantishna Hills area was the tradenff between
allowing continued access to the mineral resources and protecting the
wildlife and scenic resources also present in the area,

To assess the undiscovered mineral potential of the area, DGGS and the
BOM assembled a team of 10 experts familiar with the Kantishna Hills,
including geologists and engineers from DGGS, the BOM, the U.S. Geological
Survey (USGS), C.C. Hawley and Associates, and Salisbury and Dietz, Inc. The
assessment process consisted of six basic steps: 1) compilation of the
geologic data base for the area; 2) Inspection of all existing geologic and
engineering data relevant to the formation and production of mineral deposits
within the Kantishna Hills area; 3) 1dentification of the tvpes of
undiscovered deposits expected to exist within the area; 4) estimation of the
geologic, engineering, and economic factors appropriate to each ifdentified
deposit type; 5) use of a computer simulation to provlide probabilityv
distributions for the major outputs of the assessment; and 6) review of the
results by the experts.

Summary results of the Kantishna Hills evaluation are presented in
tables 1, 2, and 3. The maior products of the appraisal process included
estimates of the area's resource endowment, the proportion of that phvsical
endowment that mav be economicallv recoverable assuming the area was fully
explored, and the gross dollar value of the potentially recoverable com-—
modities within the region (table 1), Based on the analysis, six commodities
are potentially economicallyv recoverable from undiscovered deposits of
various types in the Kantishna Hills area: gold, silver, tungsten, lead,
zinc, and copper. The tetal gross recoverahle value of undiscovered mineral
resources in the area was estimated to range from $375 million to $1,260
million at the 95-percent and S-percent confidence levels, respectivelv. The
results of this and other resource studies of the area were instrumental in
the decision by the joint Federal-State Alaska Land Use Council to recommend
the expansion of mineral-development opportunities in the Kantishna Hills by
institucting a locatabhle mineral-leasing svstem on unclaimed land in a portion
of the study area.

Implementation Requirements

There are at least two requirements for future successful applicactions
of the ROCKVAL methodologv. First, the methodologv may be unfamiliar to most
individuals participating directly in the assessment process, Because many
individuals will not have had experience in assessing quanticative
probabilities, a subjective probability tutorial should be provided at the
beginning of each assessment seszion. The tutorial should 1include a
discussion of basic statistics and potential bilases that can enter into the
judgmental process and feedback concerning the accuracy of the iudgments of
the experts for a number of sample exercises. This orientation will provide
exposure, education, and training 1in the technique being used and increase
the credibility of the assessments.

Second, efficient implementatlon of this methodology requires a strong
multidisciplinary approach. A major challenge in implementation 1s to put
together a smooth, functionally integrated technical team for each appraisal.
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Table 1. Summary results of the Kantishna Hills area assessment.
1
Resource endowment

Fractiles

Average 95% 50% 57
Commodity
Gold (lOE3 oz) 82t.6 399.4 752.4 1,423.9
Silver (10E3 oz) 34,215.1 16,3R8.1 30,637.0 62,318.0
Tungsten (10E3 tons) 0.8 0.1 0.5 2.3
Lead (10E3 tons) 167.6 53.9 118.3 328.0
Zine (10E3 tons) [86.5 27.3 64.1 253.7
Copper (10E3 tons) 4,0 0 0 3.9
Recoverable resources2
Fractiles

Average 957 507 57
Gold (10E3 o2) 551.3 213.4 479.3 1,112,4
Silver (10E3 oz) 31,349.1 14,304,0 28,597.6 58,022.9
Tungsten (10E3 tons) 0.6 0 0.3 2.1
Lead (10F3 tons) 115.0 39.1 95.5 259.4
Zinc (10E3 taons) 139.4 19.8 51.7 151.8
Copper (l0E3 ctons) 1.8 0 n 0

Gross recoverable value3
(in million dollars)
Fractiles

Average 957 507 57
Gold ($416.25/ton) 229.5 88.8 199.5 463.0
Silver ($12.10/0z) 379.3 173.1 346.0 702.1
Tungsten ($13.50/1b) 16.1 0 9.1 56.5
J.,ead ($0.19/1b) 43,7 4.8 36.3 38.6
Zinc ($0.41/1b) 114.3 6.2 42.8 124.5
Copper ($0.80/1b) 2.9 0 0 0
Aggregate Value 785.8 374.5 6824 1,261.3

lThe resource endowment consists of those resources in the ground subhiect to
mode of occurrence and limits on minimum grade and tonmnage (lOE3 = one
thousand) .

Recoverable resources are those portions of the resource endowment amenable
to exploitation within certaip engineering and cost limits (10E3 = one
,thousand).

Gross recoverable value 1s calculated using Septemher 1983 E&M Journal
prices,



Table 2. Definitions for mineral resource appraisal data.

Regional parameters

Factors 1-5:

Regional favorahility:

Drillable prospect:

Fndowment Thresholds

Cutoff tonnage:

Cutoff depth:

Cutoff grade:

Deposit Parameters

Deposits:

Probability prospect 2 cutoff
tonnage:

Deposit size:

A point estimate of the likelihood
that geologic control necessarv for
the formation of deposits of a
specific type fs regionally present.
Up to five Independent controls may be
assessed for each deposit type,

A point estimate of the likelihood
that all the geologic controls
necessary for the formation of
deposits of a specific tvpe are

regionally present (RF = P__ * Pey *
o ¥ £1 >

P *

F3 7 ey T Prs
A prospect, occurrence, or snomaly of
sufficlient interest to cause a prudent

exploration geologist to commit to a
drilling program.

A threshold tonnage level set to
distinguish between anomalies and
deposits to be included in estimates
of resource endowment.

A threshold depth level set to define
a lower boundarv on the assessment.

A threshold grade level associated
with each mineral contained in a
prospect set to distinguish between
anomalies and deposits to be included
in estimates of resource endownment.

A mineral prospect exceeding a
specific (cutoff) ore tonnage, grade,
and depth.

A point probability estimate of the
1ikelihood that a randomlv selected
prospect will cortain ore 1n excess of
the cutoff tonnage.

The estimated range in deposit sizes
above the cutoff tonnage for the
terrane.
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Table 2.

Probability prospect = cutoff
depth:

Probability deposit can be
surface wined:

Commodity Parameters

Commodity:

P or S:

Occurrence probability:

Recovery factor:

Average grade:

(con.)

A point probability estimate of the
lJikelihood that a randomlv selected
prospect will lie above the cutoff
depth.

A point probability estimate of the
likelihood that a deposit would be
surface minable,

A mineral of potential economic
interest that mav be present in 3
deposit.

P = primary commodity.
) secondary commodity.

[1f

A point probabilitv estimate of the
1ikelihood that the particular
commodity is pre=sent in a randomlv
selected prospect above the cutoff
grade level.

The percent of a contained commedity
in a deposit that mav be efficiently
recovered from the ore during
benefication.

The estimated range 1n average grade
for each commodltv present above the
cutoff grade.
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Ideally, such a team would include geologists, geochemists, geophvsicists,
and englneers familiar with the area to be appraised as wel) as economists,
computer sclentists, decision scientists, and users of the assessment,
Because no single agency has the required expertise (expertise resides In the
BOM, che USGS, the Bureau of lLand Management, the (i,S. Forest Service and
state agencies), the most efficient way of orpanizing the assessments at this
time may be to form task forces composed of representatives of agencies that
contain the necessary expertise. The head of the task force would be the
primary user of the assessment results,

INTRODUCTION

This paper presents an overview of the ROCKVAI, method of quantitatively
estimating the undiscovered, potentially recoverahle resources within a
mineralized terrain or region and the application of this method to the
Kantishna Hills area in Alaska, including selected summary results of that
analysis. Appendix A presents a more detalled discussion of the Monte Carlo
model developed to syntheslze the various geologic, engineering, and economic
estimates provided by experts in the assessment process and describes the
required data. Appendix B presents the alternative management options for
the Kantishna Hills area.

OVERVIEW OF THE ANALYTICAL, APPROACH

The traditional approach to regional mineral assessment has been to
first conduct field work and collect data, then to perform technical studies
on the samples collected (for example, geochewlcal and geochronologice
analyses), and finally to prepare reports and maps that show the qualitative or
comparative miperal-rescurce potential of an area. This approach emphasizes
collection of hasic scientific data and qualitative Interpretations and
generally stops short of providing quantitative estimates of an area's
mineral potential. Tts products are typically technical in nature and
include geologlc base maps, maps of known deposits or occurrences, and tahles
and maps of anomalous geochemical samplezs. While of substantial utility to
technical experts such as exploration geologists, technical geclogic data are
generally of limited use to most public resource amalysts, planners, and
decisionmakers who, because of broader responsibilities, can rarelv afford to
become experts in ary one particular field. In some cases, derivative
products are developed such as 'potential maps,' which visually display
tracts having high, medium, or low faverability or potential. However,
hecause of a lack of uniform criteria and rating procedures, an enormous
latitude in Interpretation is possible. As a result, there Js confusion and
inconsistency regarding definitions of high potential, medium potential, and
low potential, and this tvpe of product is alse often difficult for
decisionmakers to use,

Central to a balanced consideration by decisionmakers of the resource
trade-offs in an area is an estimate of its mineral potential that thev can
underatand and compare to other resource values, To meet this need, given
the lim{tations of traditional approaches to apprailsing the undiscovered
mineral potenttal of an area, DGGS and BOM jointly designed a methodologv
called ROCKVAIL to provide gquantitative mineral-resource estimates in a format

-9 -



amenable to further economic and policy analysis. The ROCKVAL methodologv
bridges the gap between a qualitative assessment of an area's favorability
for mineral-deposit occurrences and a mineral-commodity inventory by
explicitly c¢onsidering the engineering and economic processes necessary to
transform the mineral endowmeunt of a particular region into mineral products.
Experts such as Zwartendvk (3) and many decisionmakers have pointed out the
importance of explicitly dncluding economic factors 1In resource assessments.

The procedures developed and applied to assess minerals were designed to
achieve an analytical melding of geology, engineering, and economics; the
obiective was to develop a2 mineral-assessment methodology for a large area
(under conditions of substantial uncertaintv) that integrated all available
information into a useful decision-ovriented product. The approach taken is a
disaggregated-process approach conceptualtly similar to that developed in 1979
by the Office of Minerals Policy and Research Analysis (OMPRA) of the U.S.
Department of the Interior to quantitatively evaluate the petroleum resources
of the National Petroleum Reserve in Alaska (10). The OMPRA methodology was
subsequently applied to avaluate the petroleum potential of the Arctic
National Wildlife Range (14) in response to a joint request by U.S. Senators
Jackson and Hatfield in May 1980,

The disaggregated-process appreach developed by DGGS and BOM to evaluate
the undiscovered wmineral potential of a reglon directly Iincorporates expert
geologic, engineering, and economic judgments in a probahilistic format, and
therefore explicitly reflects the substantial uncertainty inherent in
mineral-resource appraisals of large areas with limited data. Figure |
presents an overview of the analytical approach. The basic unit of analvsis
in the assessments 1s the deposit type, that 1is one or more prospects in a
common or relatively homogeneous geologic =setting that can be explored by
using geological, geochemical, and geophvsical techniques. Several deposit
types, such as shale-hosted stratiform deposits, alluvial placer deposits,
skarn deposits, and porphyry-copper deposits, will usually be present within
a particular region. Any number of deposit tvpes can be considered. For the
purposes of the analytical approach, resource endowment is defined as the sum
of the phvsical quantities of each mineral contained irn undiscovered deposits
of specified types subject to limits on minimum grade and minimum tonnage.
The proportion of the resource endowment that would be potentially
recoverahle 1f the region were fullv explored is estimated by overlaying a
series of engineering and economic constraints, or 'screens,' on the
endowment potential.

The critical factors affecting the endowment potential of a region and
its potential for economic recoverability include the number of deposit types
likely to occur, the likelihood that all the geologic controls necessarv for
the formation of deposits of a specific type are present in the region
(geologic favorabilicy), the number of drillable prospects of a specified
type, the likelihood that a prospect is indeed a deposit (that is, satisfies
minimum-grade, minimum-tonnage, and maximum-depth conditions), and the
deposit size, Additional critical factors include the assorted minerals
likely to be present above specified grade thresholds within a deposit of a
particular eype, the average grades of the minerals, the efflciencv of the
recovery of the minerals during heneficiation, the expenditures necessary to

- 10 -
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establish a mining operation, and the varlable costs and rate of return
necessary to mine, beneficiate, and transport the ore.

Because direct measures of many of these critical factors can, at hest,
be obtained only by using expensive exploration techniques such as drilling
or bulk sampling, mineral-resource estimation often depends on quantitative
estimation of the factor values by experts based upon indirect data derived
from local surface geologic, geochemical, geophysical, and engineering
investigations, as well as analysis of subsurface data derived frow
contiguous and analogous areas. FExperience with a similar challenge of
estimating undiscovered oil-and-gas resources in larpe areas (10) has shown
that these estimates may be made most efficiently by expert geologists,
mining engineers, and mineral economists familiar with the region and the
deposit types using a technique that elicits theilr estimates of the range of
possible values and assoclated probabilities for these factors relevant to
the formation and economic recoverability of mineral deposits in the repion.

Once the possible vanges of these factors have been assessed, the
estimates may be used Iin a Monte Carlo sampling process to simulate the
quantities of potentially recoverable resources in an area. Repeated samples
from the factor ranges (distributions) can be incorporated in a simple
grade—-tonnage model to estimate the number, slze, composition, and grades of
deposits likely to exist. The characteristics of each simulated deposit can
then be compared against engineering and economic screens to estimate 1f {ts
resources may be considered economically recoverable. This process can he
repeated many times by selecting values for the geologic factors with a
frequency that reflects the experts estimated probabilities that the values
do occur. The products of such an appraisal process will include
quantitative estimates of both the mineral endowment and the recoverable
resources within the reglon of Interest as well as the distribution of these
resources in terms of both physical quantities and gross values measured in
dollars. The following section presents a more detailed picture of the
appraisal methodology.

APPRATSAL METHODOLOGY

The conceptual framework for the economic appraisal of undiscovered hut
potentially valuable mineral~deposit types predicted to exist within a region
conslsts of four components: 1) a geologic model of endowment, 2) a set of
engineering screens, 3) a set of economic screens, and 4) a statistical
process to express the major geologic and economic results as probability
distributions.

Geologic Model

The geologic model of endowment divides the geologic characteristics of
a particular deposit type into four sets of physical factors or parameters:
1) regional parameters, 2) endowment thresholds, 3) deposit parameters, and
4) commodity parameters. Definitions of these parameters are presented in
table 2.
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The first set of factors, the regional parameters, address the geologic
factors or processes required for a particular tvpe of deposit (for example,
skarn deposits) to occur within the region. The reglonal factors assessed
are the regional-favorability and the number of drillable prospects. The
regional~favorability factor incorporates a number of basic geologic
characteristics of the region, including evidence of a source, transport, or
migration of mineralizing fluids; a favorable depositional site; the actual
formation of ore concentrations; and preservation of concentrations. This
factor may, in fact, be disagpregated into its component parts, if considered
necessary or useful. The simultaneous occurrence of these attributes 1s a
necessary but not sufficient condition for a drillable prospect ro he
considered an actual deposit,

The second set of parameters, the endowment thresholds, establishes
lower boundary conditions for estimates of the mineral endowment contributed
by each deposit type. The endowment thresholds are set by the appraisers and
provide minimum-tonnage and minimum~grade levels to distinguigh deposits
that may be of potential economilc interest from anomalies, These threshold
values are set well below the current engineering and economic cutoff points
to allow for future technological advances.

The third set of factors, the deposit parameters, address the geologic
factors required for a specilic prospect to actually be an ore deposit. The
two parameters assessed are deposit likelihood and deposit size. The deposit
likelihood 1is the probabil{ity that a randomlv selected drillable prospect
will contain mineralized ore in excess of the endowment tonnage threshold and
contain at least one primary commodity above its grade threshold.

Finally, the commodity parameters provide estimates of the occurrence
and average grade of the minerals that mav be present in a deposit of a
specified type. Some of the minerals assessed mav be potential coproducts
with theilr production being dependent on the production of the primary
product., Many deposits would not, in fact, be economir 1f thev did not
contain valuable coproducts.

The disaggregation of geologic factors in the assessment process has
several advantages. Filrst, the separation of regional from site-specific
risk accounts for the fact that a favorable terrane will often contain many
prospects and more than one deposit; yet after exploration and evaluation,
not all prospects turn out to be actual deposits., Second, an explicit
statement of the threshold (or cutoff) tonnage, depth, and grade above which
a prospect, occurrence, or anomaly can be considered a deposit avoids much
confusion in defining endowment. Third, treating 'prospects' separatelv from
'deposits' greatly facilitates the analysis of exptoration behavior.
Finally, the disaggregation of factors explicitlv documents the fundamental
geologic characteristics that must be evaluated if the results of the
appraigal are to be amenable to further engineering and economic analyses.

Probability judgments conceruning the regional, deposit, and commodity
parameters are developed by experts familiar with the geologv of the region
of interest. The experts first review all existing data relevant to the
evaluation, including results of field work, analog grade-tonnage, or
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contained-metal distributions, geologic maps, geochemical! studies, and
evaluations of known deposits. Thev then ldentifv possible deposit types
within the region, and for each identified deposit type, they estahlish the
endowment thresholds and make subjective probability judegments concerning the
regicnal, deposgit, and commodity parameters., Collective judgments of the
parameter values for each of the potentlal deposit types that could exist in
could exist in the region under consideration are elicited, and these
judgments are entered by each expert on a mineral resource appraisal data
form. An attempt is made to reach a concensus, but where differences in
parameter estimates exist, estimates are averaged. An example nf a mineral
resource appraisal form is shown in figure 2., Cumulative probability
discributions are approximated for parameters such as deposit size and
deposit depth by seven points (probability fractiles): the 1.00 and 0.00
fractilee, that 1s, the minimum and maximum values by which the distribution
1s bounded, and the values for the 0.95, 0,75, 0,50, 0,25, and 0,05
fractiles. An example of a completed form is shown in figure 3.

Engineering Screens

A recovery factor or the percent of a contained commodity In a deposit
that may be efflclentlv recovered from the ore during beneficiarion is
employed to incorporate current technological }imitations on the proportion
of the mineral endowment that may be reasonably exploited. This factor takes
into account the likely mineralogy, grain size, and deposit geometrv as well
as available technology. The 1impacts of technological improvements in bhoth
beneficiation and wmining methods may be estimated simply by changing this
factor.

Economic Screens

Two economic screens are emploved to directly incorporate current (or
projected) economic limitations on the proportion of the mineral endowment
that may be reasonahly exploited. First, the minimum gross value of ore in a
deposit 1s estimated. This estimate takes into account the fixed costs
necessary to estabhlish a mining operation in the area under consideration.

Second, the minimum unilt value of ore in a deposit 1s estimated either
on a per-ton or a per—cubfc-yard basis. This estimate takes into account the
variable costs and rate of return necessary to mine a untit of ore. For the
mineral resources In a deposit to be considered potentfallv economically
recoverable rather than just part of the endowment, both the gross and the
unit cutoff values for the deposit must be equaled or exceeded.

Monte Carlo Simulation

Once the geologic factors and engineering and economic screens discussed
above have been assessed bv the experts, thev are synthesized in a Monte
Carlo simulation model to provide probahilistic estimates of mineral
endowment and recoverable resources in terms of both physical quantities and
values measured in dollars. 1In overview, the model simulates one possible
state of geologic nature by sampling from the probabilities assessed for each
of the basic geologic factors and uses the resulting values to compute an
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Assessor:

Deposit tvpe:

Bypothetical

Date: 10/24/84 Terrane: Hvpothetical
Region: Example Commodities: Zn, Pb, Ag
Known deposits: No
Parameter Assessed value Comments |
Endowment Cutoff tonnage (K tons) 1 X 106
thresholds Cutoff depth (feet) 1500
Regional-favorability prohability 0.4
Regional Probabilirv of 2z (%) ‘
parameters 100 [95 [ 7550 {25715 O j
Number of drillable prospects 0|0 1 1 203 7 i
Neposgit likelihood 0.25
Deposit Probabilitv of 2 (%)
lparameters 100 [95 [ 75 (50 (25| & 0
Deposit gize (R tons) 1 2| 510 [20] 50 ]100
Deposit depth (feet) 0 | 01025 |50][100 [500Q
Endowment
Cutoff | Occurrence Recovery Average grade
Commodity grade | probabilicy factor Probability of 2 (7)
Commodity % 7% A 100 95 75 50 25 5 0
pacameters Zn 1 1.0 .95 i 2 4 b 10 15 25
Pb 0.5 0.8 0.9 0.5 1 2 4 7 10 15
Ag (oz/ton) 0.01 0.2 0.75 0.0t 0.2 (0,75 [0.01 0.5 |0.9 1.0
, l y
ngineering/ Recoverahble depth cutoff (feet) 500
economic lGross deposit value cutoff (S) $100,000,000
screens Unit value cutoff (%) $1060/ton

Figure 3.

Completed mineral resource appraisal data form.



amount of ore and contained commodities for deposits of a particular tvpe,
The characteristics of each simulated deposit are then compared against the
engineering and economic screens to estimate if its resources may be
considered economically recoverable. This process of simulating a particular
state of nature, called a 'pass' 1s repeated many times, and the results are
stored, aggregated, and used to build a probability distribution for each of
the desired products. The model also aggregates the results across all
deposit types being assessed in a reglon to provide total estimates for each
commodity possible in rhe reglon. Appendix A provides a more detailed
description of the simulation model, and an example of the output for a vein
deposit is provided in tahle 3.

APPLICATTON: THE KANTISHNA HILT1.S ANATYSIS

As described by Bundtzen (1983), the Kantishna Hills is an area of
approximately 200,000 acres located within the expanded boundaries of the
Denali National Park and Preserve in Alaska. It contains recognized
mineralization and 1s a historic mining district, Placer gold was firat
discovered in the area in L903. A amall-scale gold rush followed, involving
several thousand miners, most of whom left by 1906, Discovery of lead,
antimony, and other sulfide cobhbles caught in placer-mining aluice-hox
riffles prompted exploration for hard-rock deposits and led to the first
shipment of antimony from the area in 1905. By 1919, numerous
mineralized-vein faults had heen discovered containing antimony, silver,
lead, zinc, gold, copper, arsenic, and tungsten. Silver production continued
in the 1920s, and base metals were extracted in the late 1930s, and earlv
1940s. Antimony has heen mined sporadically in the area, primarily during
wartime when prices were elevated. Placer-gold mining has continued since
the discovery of gold in 1903 and has increased substantiallv in recent
years. The total cumulative mineral production of the Kantishna Hilts i=s
estimated at B5,500 oz of gold, 270,000 oz of silver, 5 billion 1b of
antimony, and several milllion pounds of lead and zinc.

At rhe time the Kantishna Hills studv was initiated in 1983, there were
15 to 20 placer-gold-mining operations and two small~scale lode-mining
operations active 1n the area. Other land uses of the Kantishna Fills were
tourism, subsistence hunting and trapping, and hiking and fishing.

Farlv in 1983, pursuant to Section 202(3)(h) of the Altaska National
Tnterest Lands Conservaction Act (ANTLCA:P.I.. 96-487) as enacted on December
2, 1980, the Alaska Land Use Counci] (ALUC) was charged with evaluating the
Kantishna Hills area. The ALIC Kantlshna Hills studv and resultant report
were directed to "evaluate che resources of the area, inctuding but not
limited to fish and wildlife, public recreation opportunities, wilderness
potential, historic resources, and minerals, and to include those
recommendations respecting resources and other relevant matters which the
Council determines are necessary.'' Tr addition, because it had been included
within the expanded boundaries of the Denali National Park, the Narional Park
Service was charged with deverloplong a management pltan for the Kantishna H{lls
and preparing the requisite Fnvironmental Tmpact Statement (E7SY. A kev
issue in the foture management of the Kantishna Hi11s area was the benefits
of allowing continued access to the mineral resources and the 1mpact of
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mining on various degrees of protecting the wildlife and scenic resources
also present in the area. Tn fulfilling its ohligation to Congress, the ALU(C
designated the Alaska Department of Natural Resources and the National Park
Service as coleaders for the Kantishra Hills study project. Other member
agencles of the study group included the Alaska Department of Fish and Game,
the U.S. Bureau of Mines, the U.S, Geological Survey, and the U.S. Fish and
Wildlife Service.

As directed by the ALUC and in conjunction with other state and federal
agencles, the studv group conducted the appropriate studies during 1983, Six
alternative management strategies were formulated by the study group to
represent the full range of reasonable alternatives for mineral development
and protection of park resources as required hy ANILCA and NEPA. The
proposed alternatives covered the spectrum of reasonable land-use
possibilities: 1) maintaln status quo (no action), 2) acquire all mining
claims, 3) offer term operating rights, 4) allow additional time far
perfecting claims, 5) expand mineral-development possibllities, and 6) remove
mineralized areas from the park. Brlef summaries of these management options
are presented in Appendix B.

Central to a balanced consideration by land~use decisionmakers of the
resource tradeoffs within the Kantishna Hills area was an objective estimate
of 1its discovered and undiscovered mineral resources. An earlier estimate
had heen made by the DGGS of the economic potential for the area's discovered
mineral resources (1). The ROCKVAL methodology, developed during 1982 and
1983 by DGGS and the ROM, was used to evaluate the undiscovered mineral
resources of the area. The application of this methodology and selected
summary results of the analvsis are discussed helow.

Asgsessment Procedure

In November 1983, DGGS and the BOM assembled a team of experts familiar
with the Kantishna HYills area to appraise 1ts undiscovered mineral resources.
Ten geologists and engineers from DGGS, BOM, USGS, C.C. Hawley and
Assoclates, and Salishurv and Dietz, Inc., participated in the resource
appraisal. Most of the appraisal team had just completed a l6-month,
$].5-million study of the Kantishna and Dunkle Preserves, which was funded hv
the Bureau of Mines and resulted in two major geologlc reports, The
assessment procedure consisted of five baslc steps:

1. Ingpection of all existing geologic and engineering data relevant
to the formation and production of mineral deposits within the
Kantishna Hills area.

2. I[dentification of the major tvpes of deposits expected to occur in
the area.
3. Estimation of the regional parameters, endowment thresholds,

deposit parameters, commodity parameters, and engineering and
economic screens appropriate to each type of deposit predicted to
occur.



4, Use of a computer simulation to provide probahiliscic estimates of
the mineral endowment and the commodities that could be
economically produced from each deposit tvpe.

5. Review of simulation results by the experts, and revision of input
estimates, 1if necessary.

During the initial step of the analysis, all existing geologic and
engineering data vrelevant to rthe undiscovered mineral potential of cthe
Kantishna Hills were compiled and presented to the assessment team. The data
base included the vresults of substantial field work 1ncluding mapping,
sampling, and diamond drilling conducted in the area in 1983 by BOM, existing
geologic maps (1), analog grade-tonnage and contained-metal distributions
(16), evaluations of known deposits, and the results of geochemical and other
past studles in the area (1), The data were interpreted by the assessment
team, and the favorable and unfavorable indications of mineral-deposit
occurrences were 1dentified and discussed. A hrilef description of the geology
of the Kantishna mining district, summarized from Bundczen (1), follows.

The basement rocks north of the Hines Creek strand of the Denali fault
system consist of four regionallv metamorphosed rock units ranging in age
from Precambrian to late Paleozolc. These rocks avre a small part of the
large complex known as the Yukon Crystalline Terrane (Tempelman-Kluit, 1976)
that appear iIn eastern Alaska and Yukon Territorv of Canada. The oldest
rocks are the polymetamorphic Birch Creek Schist, which underlies about 85
percent of the Kantishna Hills studv area and consists of variable amounts of
quartzite, quartz-mica schist, marble, and greenstone. Protoliths of the
coarse~grained schist were probably formed in shallow-weter mlogeosynclinatl
sedimentarv environments on a continental shelf. The Birch Creek Schist
hosts several high-grade antimony deposits and has geologv favorable for the
occurrence of stratiform lead-zinc deposits.

Chloritic and graphitic schist, marble, and felsic metavolcanic rocks of
the Spruce (reek sequence are mainly exposed in a tectonlc window underlving
Birch Creek Schist units from Fldorado Creek to Moonlight Creek, This
volcano-sedimentary package probably represents an early Paleozoic rift
environment formed on top of the shelf deposits now representad by the Birch
Creek Schist., According to Bundtzen (1), a large maioritv of the
structurallyv controlled vein—-ore deposits of gold, antimony, and silver in
the Kantishna mining digtrict are hosted in the Spruce Creek sequence, and
geochemical, geologic, and petrologic evidence suggest that precious-metal-
enriched volcanogenic copper—-lead~zinc deposits In the Spruce Creek sequence
constitute a source bed for much of the Kantishna mining district mineraliza-
tion. Hence, its evaluation has become a focal point of fnvestigations.

The youngest crystalline units in the Kancishna Hills study area are
metasedimentary and metavolcanic rocks of the Keevy Tezk and Totatlanika
Schist Formations of Late Devonlan to Mississippilan age. Although the
Totatlanika Schist is mainly exposed in the northern Xantishna Hills outside
the studv area, geologic relationships suggest that the formatlons inter-
finger locally. Lithologies of similtar age are exposed discortinuousiv from
the Brooks Range to Nevada and may he part of an extensive orogenic belt that
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formed along the North American continent in response to the Antler Orogenv
and related ovogeny of the North American cordillera. The Totatlanika Schist
hag stratiform massive-sulfide potential.

Undeformed mafic- to felsic-dike swarms of early Tertiary age intrude
the metamorphic stratigraphy preferentially along the crest of a major fnld
structure, the Kantishna anticline. Middle to upper Tertiarv coal-bearing
sandstone and shale overlie older lithologies, often in structural grabens.
The layered rocks have been succegsively deformed into isoclinal to open
folds and thrust and high-angle faults. The region has been uplifted with
the Alaska Range since middle Tertiary time, and shallow gravel thickuesses
and steep bedrock canyons indicate that the region is st1ll undergoing
uplift. Modern stream alluvium, some of it bearing placer pold, is heing
deposited in many streams.

Although at least four ages of late Pleistocene till and outwash blanket
much of the southern portion of the study area, most of the rugged upland was
not glaciated during Wisconsinan time (the last 100,000 yr). Outwash gravels
on the benches have potential for large-volume, low-grade placer deposits,

Based on Jinterpretations of the geologic data, undiscovered deposits of
the following six geologic types were predicted to occur within the rvegion:

. Alluvial placer deposits - Au, Ag, W

Bench placer deposits - Au, Ag

Shale-hosted sctratiform deposits - Pb, Zn, Ag

Spruce Creek stratiform deposits -~ Cu, Pb, Zn, Au, Ag
Spruce Creek vein (Au) deposits - Au, Ag, W

Spruce Creek vein (Ag) deposits - Au, Ag, Pb, 7n

(= R O S

Buring the third step In the analysis, the studv team completed a
'Mineral resource appraisal data form' (fig. 2), for each of the identified
deposit types. Their collective judgment on the endowment threshold,
regional, deposit, and commodity parameters, and engineering and economic
screens was elicited for each of the potential deposit types. All geologlc,
engineering, and economic data relevant to the various deposit tvpes being
asgsessed were carefully considered. Tn most Instances, a consensus estimate
was establighed quickly; in others, more discussinn was required. Where
differences remained, individual judgments were averaged.

The fourth step in the analysis was to use the Monte Carlo simulation
discussed earlier to provide probabilistic estimates of the mineral endowment
and recoverable resources of the Kantishna Hills atrea in terms of both
phyvsical quantities and gross values measured in dollars. Alternative states
nf geologic nature in the Kantishna Hills area were simulated by sampling
from probabilities assessed for each of the basic geologic factors and the
regsulting values were used to compute an amount of ore and contained
commodities for deposits of a particular type (for example, alluvial placer
deposits) as described in appeundix A. The characteristics of each simulated
deposit were compared against the engineering and economic screens
established for the particular deposit tvpe to determine the economic
feasibility of recovery. The dollar values of econom?cally recoverable
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commodities were estimated by multiplying the physical quantitv of each
recoverable commodity bv 1ts current unit price.

The process of simulating and evaluating a particular state of nature in
the Kantishna Hills was repeated 3,000 times (passes) for each of the six
deposit tvpes predicted to exiat in the area. The results of each pass were
aggregated anrd used to build probability distributions of the quantities and
gross dollar values for the commodities expected to be recoverable from each
deposit type and from the Kantishna Hills area as a whole. The range of
values assoclated with each of the output distributions provides an explicit
statement of the uncertainty regarding the physical guantities and gross
dollar values of the resources that might in fact be recovered from the
Kantishna Hills area~--the wider the range of values, the greater the
uncertainty. The uncertainty is a reflection of the quantity and quality of
the data avallable for the region and can be reduced by obtaining additional
data.

The fifth and final step 1in the analvsis was tc preseot the results of
the Monte Carlo simulation to the members of the assessment panel for their
review. For deposit types where the output distrihutions did not appear to
present a reasonable estimate of the mineral endowment or recoverable mineral
potential, the 'Mineral resource appraisal data forms' were revised, and the
Monte Carlo simulacion was revun with the modified data set.

Results

Table 3 presents the economically recoverable resources for the six
deposit types predicted to exlst within the Kantishna Hills area. The mast
potentially productive deposit types are the Spruce Creek vein deposits,
which are silver and gold deposits. Tn all casea, more than one commodilty 1is
expected to be produced from each of the six deposit types evaluated. The
results of this study indicate that the total gross recoverable value of the
undiscovered mineral resources within the Kantishna Hills study area ranges
from $375 million to $1,260 million at the 95-percent and the 5-percent
confidence levels, respectivelv. The results of this and of other resource
studies of the Kantishna H1lls area were instrumental in the decision by the
Kantishna Hills study group to recommend a modified 'Expand
mineral-development possibilities’ land-management strategy to the ALUC.

This 'preferred alternative' included the implementation of a locatable
mineral-leasing program for both placer and lode mineral deposits on
unclaimed land in those portions of the Kantishna Hills studv area designated
in figure 4. The ALUC accepted the recommendation of the study group.

CONCLUSTION

This paper has presented an overview of a methodology jointly developed
by the DGGS and the BOM that can be used to quantitativelv assess the
undiscovered mineral potential of a terrane or region under conditions of
substantial uncertainty; all available information is integrated into a
useful decision-oriented product. The disaggregated-process approach to
mineral assessment for large regions or mineralized rerranes was selected for
several reasons., First, it provides a rigorous procedure for decomposing the
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asgessment problem into a set of technical judgments that capture the
important geologic, engineering, and economic factors that affect the
economic viability of mineral resources within a particular region. Tt
thereby provides a mechanism for the various experts (geologists, engineers,
and economists) to focus directlv on the fundamenta) factors that determine
the presence or absence of potentially valuable resources. Second, it
provides for direct incorporation of expert judgment on each important
factor., While analogs are certainly of great use to the geologist in
judgments concerning the geologic characteristics of an area, final iudgments
in this assessment process are tallored explicitly to the information and
perceptions of the target area. Because the methodology provides for the
explicit incorporation of uncertainty in the judgments, the outputs resulting
from application of the methodology to a particular region directlv indicate
the limitations in the data base and knowledge of the region. The
methodology does not require actual discoveries in an area for assessment
purposes; fjudgments may be based on whatever data exist and explicitly
reflect the uncertaloty in the data. When new data become available,
explicit changes in the appropriate factor values may be estimated and a new
resource assessment generated. Finally, the separate geoclogic, engineering
and economic factors can be synthesized in a forma) model that can he
reviewed and improved. Improvements in the specification of the geologic,
engineering, and economlc processes that influence the formation and
recoverability of mineral resources in a parricular repgion can easilv be
incorporated 1in a disaggregated model structure.

Future Work

Analysis of the Kantishna Hills applications sugpests several ways that
the ROCKVAL methodology can be improved. First, more geologic research 1is
needed to develop background distributions related to the occurrence of
gspecific deponsit types. Second, the economic screens should be expanded to
include simple development, production, and transportation models. Such
refinements are factlitated by the fact that the geologic state of nature has
heen depicted in such a wav that expleration, development, production, and
transportation can be analyzed as a function of the endowment characteristiecs
of a particular reglon. Finally, the outputs of the appraisal could he
integrated with a geoprocessing capability to provide the results in
geographic or map form.

Implementation Reauirements

There are at least two requirements for the successful implementation of
the ROCKVAL methodology. Fivst, for manv appraisers the methodologv 1s new
and unfamiliar., Because most individuals will not have assessed quantitative
probabilities, a probahility tutorial should be presented at the bheginning of
each assessment session. The tutorial should include discussions of bhasic
statistics and potential blases that can enter into the iudgmental
process and feedback to the experts concerning the accuracy of thelr
judgments for a number of sample exercises. This orientation will provide
exposure, education, and tralning in the technique being used as well as
increase the credibility of the assessments made.
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Second, efficient implementation of this methodology requires a strong
multidisciplinary approach. A major challenge in implementation is to put
together a smooth, functionally integrated technical team for each appraisal.
Ideally, such a team would include geologists, geochemists, geophysicists,
and engilneers famjliar with the area to be appraised as well as economists,
computer scientists, decision scientists, and users of the assessment.
Finally, no single apency has the reauired expertise; portions reside in the
BOM, the USGS, the Bureau of Land Management, the U.S, Forest Service, and
the state agencies. The most efficient way of organizing the assessments at
this time may be to form task forces composed of representatives of those
agencles that contain the necessary expertise, The head of the task force
would be the primary user of the assessment results.
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APPENDIX A
THFE FCONOMIC APPRAISAL OF UNDISCOVERED MINERALS MODEL

The objectlve of the (ROCKVAL) model is to quantitatively estimate the
mineral endowment and potentially recoverable resources within a mineralized
terrane or region and the distribution of these resources in terms of both
physical quantities and gross dollar values. ROCKVAIL provides explicit,
gtructured, repeatable methods of combining specific probability estimates of
geologists, mining engineers, and wmineral economists in the form of an
automated Monte Carlo simulation. Thils model has been developed through a
joint effort by the State of Alaska Department of Natural Resources' Division
of Geological and Geophysical Survevs (DGGS) and the U.S. Bureau of Mines
(BOM), The model (see fig. 5 for flowchart of ROCKVAL) has been programmed
jn Fortran 77 and currently ruuns on a Data General MV B000 under the AOS/VS
operating system,

In overview, ROCKVAL first selects a value for each of the gealogic
factors assessed by the experts and calculates an estimate of the undis-
covered mineral endowment. Specific engineering and economlc screens are
then used to estimate the portion of the physical endowment that could he
economically recoverable. Fach repetition or 'pass' of the model consists of
establishing the regional presence or absence of mineral resources for a
particular deposit type, the number of deposits (productive prospects), the
deposit ore tonnage and average grade of each mineral present, and the
mineral endowment and economically recoverable resources for each deposit.
Quantlty and value calculations are made onlv for those passes 1In which the
deposit type is simulated as potentially productive. When the desired
number of passes 1s completed, the aggregate data for the deposit type are
presented as probability distributions as well as statistically analyzed,
This process 1is repeated for each deposit type being assessed in a region
with the results aggregated to provide probabllistic resource and gross-value
estimates for each commodity possible in the region,

The basic steps In the model are as follows:
1. Select a deposit type.

2. Sample against the regional-favorability probability to simulate
whether or not deposits of this tvpe exist,

3, If the area is simulated as favorable for this particular tvpe of
deposit, sample from the number of prospects distributed to
determine the number of prospects to be simulated.

4. TFor each prospect simulated to exist, sample against the deposit-
likelihood probability to determine 1if the prospect will he
simulated as a deposit,

5. 1If a prospect is simulated as a deposit, sample against the deposit-
size distribution to determine the tonnage of ore to be simulated
as present.

- 26 -



SHH

@n|eA ssoib pue
SANINO0SAY A()PFANIE)
gy

an|ea <ssaib pue
dlumopuia
Aupowwos 3aindwod

I

uonaquns(p apest
afiesane ajdweg

uasard
Ayipowwa)

+

Anqiqeqod
33U3J1n330
Anpouinod agdureg

JAngou
iseq

al

t

01N QUISIP
jidap ajduseg

t

Vo NHgISIp
abeunol-a1n ardweg

\4

uey (o SNAPGR baninp pagpisued A lxa 10U 313m 53 jgPuea \ndag,

uoibe; pue adA) yisodap
10} 5)B101 33IN0531
-3|qBJAA0IY) 31R|NWNIYY

<AA

soA 4
uoifas pue adA} ysodap $9(Qe18A033)
10} 51210} luawmopua | | Apenwouods |
3lg|nWnaIdy s3anose) Yisodaq oN

snsnels

pue suolinginsIp
adA1-1is0dap

juud pue uoy

TIVANDUY 1o

@A

+

Anpgeqoid
IaHIES HRINVE] 1]
a)dweg

{19nd<0sd 15€7
S3A

¢

painQUIsIp s133dsosd
wenpobis jo
13QWInU 3idures

Aujvgeqosd

jruoibas a)diseg

;adAl
nsodap
158

nouw und
pue peay

4

JLLLEOIMNC] A ¢ oAanyT 4

s3(qe1 Asewwsns pue

‘SIS 1IQLS ‘SUOSINGINSIP
32Jnosa) (eua(Bei
yuird pue wio4

TVYANI0H
dolg

27



6. Sample against each primary-, and secondary-commodity occurrence
probability to determine which commodities will be simulated as
present in the deposit above the cutoff grade 1n the deposit.

7. Sample from the average grade distribution for each commodity
simulated as present.

8. Compute the commodity endowment as grade multiplied by tonnage.

9, Compute the recoverable commodity as endowment multiplied bv the
recovery factor.

10. Compute the gross economic value of each commodity as the quantity
of the recoverable commoditv multiplied by price.

11. Compute the gross deposit value as the sum of all the commodity
values.

12. Compute the deposit unit value as gross deposit value divided by
tonnage.

13, Determine whether the deposit resources will be consldered as
economically recoverahle hy comparing gross and unit values against
the cutoff values.

14, Accumulate totals across all deposits of each tvpe and all deposit
types.

15. <Calculate summary statistics and print results,

ROCKVAL Input Documentation
The following documentation is intended to provide the user with a
description of the data elements, model options, and their variable names,
Two data files are required. The first file is a geolopic-data file and
contains the model options and data entered on the 'Mineral resource
appraisal data forms.' The second data file is a commodity-price file and
contains data specific to the commodities ildentified during the assessment
process. This latter fi1le must be named PRICES. The variables for each data
file are listed below in the order in which they must be read in.
Geologic-data file
Variable name NDescription Tvpe & format
1. 1ISFED Starting seed value for the Integer
random-numher generator (line 1, 110)
(1ISEED >0).
2. NPLAYS Number of deposit tvpes to be Integer
processed (NPLAYS <10). (1ine 2, 14)
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Variable name

10.

11.

2.

13,

14,

N

MPASS

NPFLAG

NPFLAG =

NPRINT

NPRINT negative

NPRINT =

NPRINT =

IOUT Pass output switch

IOUT = 0
TouT L

NOTES

TVPRINT

TVPRINT =

IVPRINT =

TITLE

FA (7)

IFA (7)

MESSAGE

DTYPE (1)

TERR (T)

0

Number of probabilitv
fractiles output for each
deposit tvpe and for the
region (N £7).

Number of Monte Carlo passes
(500 sMPASS £3000).

Marginal regional deposit-
type~favorab11ity probabllity
switch.

a. Read in marginal proba-~
bilitv.

Input file print switch

a. Stop after printing input
file.

b. Print input f{le before
simulation.

¢. Do not print input file.

Integer
a. None.
b. Print results of each pass.

Number of lines of comment fo
he read {in (NOTFS s40).

Value Information print switch

a. Do not print value infor-
mation.

b. Print value information,

Title of assessment

Probabilitv fractiles

a. For deposit tvpe and
region.

b. For deposit tvpe and
region.

Comments to be printed

(if anv).

Deposit type.

Terrane.

- 20 -

Tvpe & format

Integer
(line 2, 14)

Integer
(1ine 2, 14)

Integer
(line 2, 14)

Integer
(l1ine 2, 14)

(ine 2, 14)
Tnteger
{11ne 2, 14)

Integer
(11ne 2, 14)

Alphanumeric
(Tine 3, ARM)

Real

(1ine 4, 7710.3)

Integer
(line 5, 774)

Alphapumeric
(lines A-46,
A80)

Alphanumeric
(line 47, A20)

Alphanumeric
(1ine 47, A20)



Variable name

15. MPROB (1)

16. CDPROB (I)

17. NCOMMODS (1)

18. CDEPM (1)

19, CTONM (T)

CTONM (T) = 0.0

CTONM (I) = 0.0
20, PLCR (I)

PLCR (I) =0

PLCR (1) =1

21. PROS (7,1)

22. CDTON (7,!)

23. CSYMB

24, OCCPROB (J,1)

25. PRCVR (J, T)

26, AVGGRD (7, J, T)

Description

Marginal regional~favora-
h1lity probability.

Deposit-likelihood
probabllity.

Number of minerals that mav
occur.

Gross deposit value cutoff.

Unit value cutoff

a. Endowment run.

b. Economicallv recoverable
run.

Placer-deposit switch
a. Not a placer deposit.
b. Placer deposit,

Number of drillable~
prospect distributions,

Conditional deposit-size

distribution for the terrane.

Commodity symbol (such as
Au for gold, Pb for lead).

Commodity-occurrence
probability.

Percentage recoverv of
commodicty from ore,

Average grade distribuction,

Tvpe & format

Real
(1ine 47, FS.3)

Real
(line 47, F5.3)

Toteger
(line 47, F5.3)

Real
(1ine 48, F10,0)

Real
(1ine 48&, F7.2)

Tnteger
(1ine 48, 11)

Real
(Tine 49, FI10.3)

Real (11ine
50, 7710.3)

Alphanumeric
(1ine 51, A2

Real
(line 51, FA.3)

Real
(line S1, F6.3)

Real
(lipe 51, 7F10.6)

Notes: (1) Ttems 23 through 26 are repeated NCOMMODS(I) (see item 17) times,
for example, once for each potentially recoverable commoditv.
(2) Ttems 173 through 26 are repeated NPLAYS (see ftem 2) times, for
example, once for each deposit tvpe.
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Variable name

Commodity-price file (must he named PRICES)

Description

Tvpe & format

. CNAME Commodity name Alphanumeric
(line 1, A20)
2. CSYMB Commodity symbo) Alphanumeric
(1ine 1, A?)
3. CFCTR Grade-conversion factor Real
(line 1, F4.2)
4. PRICE Commodity—unit price Real
(1ine 1, F10.3)
5. KOUNITS Output units label Integer
indlcator (1ine 1, 12)
KOUNITS = Ol a. (10 tons)
KOUNITS = 02 b. (107 oz)
KOUNTTS = 03 c. (tons)
6. CFCTR Unit-conversion factor Real

7. OUTPRICE

Output price label, for

(11ne 1, F9.6)

Alphanumeric

example $0.19/1b, $12.10/07z (11ne 1,A12)

Note: Items | through 7 are repeated for each potentially recoverahle
commodity assessed.
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APPENDTX R
ALTERNATIVE MANAGEMENT OPTIONS FOR THFE KANTTSHNA FILLS

Tn order to meet the legislative mandate of ANILCA and NEPA, gix
alternative management options were formulated bv the Kanftishna Hills studv
group to represent the full range of reasonable land-use alternatives for an
area with mineral-development potential and major park resource values. The
alternatives address a spectrum of reasonable possibilities that range from
an option of precluding mining within the study area bv purchasing all claims
to an option of reopening areas of significant mineralization to mineral
development by removing these areas from the park,

Considerations addressed in the formulation of the management alterna-
tives included the benefits of additional mineral exploration and develop-
ment, the mining regulations that apply to mineral development in national
parks, the varying levels of environmental protection, and the determination
of valid existing rights.

Brlief summaries of the six alternative management options are presented
below. The alternatives are discussed in greater deta3il in the Kantishna
Hills Environmental Impact Statement.

Alternative | - Maintain Status Quo (No Actian)

This atternative would allow mining operations and mining-related
activities to continue on exlsting patented and valid unpatented placer and
lode claims. In addition, subiect to approved plans of operations, other
mining activities could commence on previously undeveloped patented and valid
unpatented claims. Actions under this alternative would applv to the 195
unpatented placer claims, five unpatented lode claims, and 34 patented lode
claims assumed to be valid in the Kantishna Hills studv area.

Mineral development and wmining activities would continue to he managed
under existing NEPA authoritiles and regulations, general and specific park
stipulations, and normal permitting and approval requirements of other
regulatory agencies. These activities, including adequate and feasihle
access, would continue to he subject to approval of mining plans of
operations with regard to protection of significant natural and cultural
resources and other park values and to a determination of claim validitv.
Pursuant to standard claim-validation procedures, those unpatented claims
deemed invalid would revert to public-park status, and anv mining operations
and related activities assoclated with these claims would he terminated.

Claim acquisition would occur onlv on a willing-zeller or donation basis
except in those cases where 1t could be determined that mining would result
in a significant adverse effect on park lands. Acquisition of mining claims
other than by donation would he subject to the appropriation of funds.

Alternative 2 - Acquire All Mining Claims
All patented and valid unpatented mining claims in the Kantishna Hills
area would be acquired bv the federal government under this alternative,

subiect to a formal determination of validity.
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This alternative assumes the clailms presented in Alternative | are
determined to be legally valid through standard validation procedures.
Therefore, implementation of this alternative would necessitate purchasing a
maximum of 190 unpatented and 34 patented placer and lode claims in the
Kantishna Hills,

Alternative 3 - Offer Term Operating Rights

Under this alternative, the claimant holding an uppatented placer or
lode claim or claim group that had proven production ou or before December ?,
1980, could elect the right to operate on the claim or claim group for 25
yr. No validity determination would he made hy the government on these
claims, The right would expire at che end of the 25-yr period or upon the
claimant's death, whichever occurred first. In addition, the right to
operate would terminate if there were no proven production within 5 vr
following election of this right or 1f there were a lapse in proven
production for two consecutive seasons thereafter. This right could applv to
13 claimants holding up to 185 unpatented placer claims and five urpatenced
lode claims {n the Kantishna Hills area.

Alternative 4 - Allow Additional Time For Perfecting Claims

Under this alternative, all claimantg holding unpatented placer and lode
claims in the study areas that are unperfected would be granted an additional
5 yr to explore and achieve a valid wmineral! discoverv within the meaning of
the mining laws of the United States.

If the claims are determined to he valid, mining operations could
proceed, subject to NEPA regulations. Tf the claims cannot be perfected and
are determined to be invalid, the claims would revert to ownership of the
federal government.

Alternative 5 - Fxpland Mineral-development Possibilities

Under this alternative, those portions of the study area with
significant mineral resources would be opened to locatable-mineral leasing.
Those areas containing significant metalliferous minerals could be opened
under a leasing program for a set perlod for exploration and discovery. From
the date of discovery, lessees would have a set period of time to begin
production. Production of minerals could continue on valid leasing until the
mineral resources were exhausted or the leases weve relinquished. All leased
lands would continue to he administered by the National Park Service.

Prior valid rights would be protected during the leasing process, and
existing and future mining operations and related activities could continue
on valid unpatented and patented mining claims in the Kantishna Hills arvea.

Alternative 6 - Remove Mineralized Areas From The Park
Under thils alternative, the existing park boundary in the Kantishna
H1ills area would be adjusted to exclude mineralized portions of the study
area from the park and administration of the National Park Service. This

action could involve approximately 115,000 acres in the Kantishna Hllls area.
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However, a conditlon of removing this area from the park could he that
the land would be exchanged for other areas of significant natural, cultural,
or recreational values currentlv outside the park. Pending final iudgment on
the value of the land, the Naticnal Park Service could exchange portions of
the study areas for appropriate land that is centinguous with the present
boundary, if such land were available.
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