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QUANTIFYING THE ECONOMIC POTENTIAL 
OF UNDISCOVERED MINERAL RESOURCES: 

A CASE STUDY OF KANTISHNA HILLS, ALASKA 

By Loring P. White, 1 Barbara A. White,2 and John T. Dillona · 

ABSTRACT 

The Bureau of Mines and the Alaskan Division of Geological and Geo
physical Surveys (ADGGS) jointly have developed a methodology to quanti
tatively assess the potential for undiscovered but economically recover
able minerals within a mineralized terrane or region. This methodology, 
ref erred to as ROCKVAL, provides a rigorous procedure for disaggregating 
the assessment problem into a set of technical judgments that focus on 
and capture the important geologic, engineering, and economic factors 
affecting the occurrence and economic viability of mineral resources. 
The procedure requires geologists and engineers to express their knowl
edge and opinions in terms of standard geologic and engineering param
eters, which are then combined in a simple grade-tonnage format to 
generate quantitative estimates of regional resource potential. The 
methodology further provides for the explicit incorporation of 
uncertainty in the values of the geologic parameters; thus the assess
ments are eKpressed as probability distributions and directly indicate 
the limitations in the data base and knowledge of the region. 

Assuming 1983 prices, the total gross recoverable value of mineral 
resources in the Kantis'hna Hills area was estimated to range from $375 
million to $1,260 million at the 90% confidence level. 

1R.esearch associate (na.tJ with Exxon Production Research Co., Houston, TX). 
1operations research analyst, Bureau of Mines, Washinqton, nc. 
3Geologist, A.laska Di vision of Geological and Geophysical Surveys, Fairbanks, AK. 
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INTRODUCTION 

The traditional approach to regional 
mineral assessment has been to first con
duct field work and collect data, then to 
perform technical studies on the col
lected samples (e.g., geochemical and 
geochronologic analyses), and finally to 
prepare reports and maps showing the 
qualitative or comparative mineral re
source potential of an area. This 
approach emphasizes collection of basic 
scientific data and qualitative inter
pretations and generally stops short of 
providing quantitative estimates of the 
mineral potential of an area. The prod
ucts of the report are typically techni
cal and include geologic base maps, maps 
of known deposits or occurrences, and 
tables and maps of anomalous geochemical 
samples. While of substantial utility to 
technical experts such as exploration 
geologists, such products are generally 
of limited use to most public resource 
analysts, planners, and decisionmakers 
who, because of broader responsibilities, 
can rarely afford to become experts in 
any one field. In some cases, deriv
ative products are developed such as 
"potential maps," which visually dis
play tracts having high, medium, or low 
favorability or potential, or comparative 
rankings by tract in the study area. 
However, because uniform criteria and 
rating procedures do not exi~t, an enor
mous latitude in interpretation is pos
sible. Consequently, definitions of 
high, medium, and low potential are not 
operationally defined, making these types 
of products difficult for decisionmakers 
to use. 

Central to a balanced consideration by 
decisionmakers of the resource tradeoffs 
in an area is an estimate of its mineral 
potential that they can understand and 
compare with other resource values. 
Given the limitations of traditional 
approaches to appraising the undiscovered 
mineral potential of an area, 'the Alaska 
Division of Geologic and Geophysical Sur
veys (ADGGS) and the Bureau of Mines 

jointly designed in 1983 a methodology 
called ROCKVAL4 to provide quantitative 
estimates of the mineral potential of an 
area. The approach explicitly takes into 
account the favorability of an area for 
mineral deposit occurrences as well as 
the engineering and economic processes 
necessary to transform those deposits 
into mineral products. Experts such as 
Zwartendyk (!_)5 and many decisionmakers 
have emphasized the importance of 
explicitly including eco.nomic factors in 
resource assess~ents. 

The procedures developed and applied to 
assess minerals were designed to achieve 
an analytical melding of geology, engi
neering, and econom~cs. The overall ob
jective was to develop a mineral assess
ment methodology for large areas, under 
conditions of substantial uncertainty, 
which integrated available information 
into a useful decision-oriented product. 
The disaggregated process approach taken 
is similar to that developed in 1979 by 
the Interior Department's former Office 
of Minerals Policy and Research Analysis 
(OMPRA) to quantitatively evaluate the 
petroleum resources of the National 
Petroleum Reserve in Alaska (~_). The 
OMPRA methodology was subsequently ap
plied to evaluate the petroleum potential 
of the Arctic National Wildlife Range 
(3) in response to a joint request by 
g;nators Henry M. Jackson and Mark O. 
Hatfield in May 1980 and, most recently, 
has been used by the State of Alaska to 
evaluate the petroleum potential of the 
Bristol Bay (_~) and Cook Inlet regions. 

This paper presents an overview of the 
ROCKVAL methodology and the application 
of this method to the Kantishna Hills 

---·-·-·-·------ ---·-·--·-·-·--------- .. -·-·-·-·----
4ROCKVAL was coined when Alaska State 

Geologist Ross G. Schaff commented, "All 
rocks have value; it's just that some are 
more valuahle than others." 

5underline<l numbers in parentheses re
f er to items in references preceding the 
appendixes. 

l 

I, 



area in Alaska. Selected summary results 
of that analysis are included. Appendix 
A presents a more detailed discussion of 
the Monte Carlo model developed to syn
thesize the various geologic, engineer
ing, and economic estimates provided 
by experts in the assessment process 
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and describes the required input files. 
Appendix B presents the alterna~ive man
agement options for the Kantishna Hills 
area. Appendix C presents a brief 
description of the geology of the Kan
tishna mining district. 

OVERVIEW OF ANALYTICAL APPROACH 

ROCKVAL provides a procedure for disag
gregating the assessment problem into a 
set of technlcal judgments that focus on 
and capture the important geologic, 
engineering, and economic factors that 
affect the occurrence and economic via
bility of mineral resources. The pro
cedure requires geologists and engineers 
to express their knowledge and opinions 
concerning an area in terms of standard 
geologic and engineering parameters, 
which are then combined in a simple 
grade-tonnage format to generate quanti
tative estimates of regional resource 
potential. The methodology further pro
vides for the explicit incorporation of 
uncertainty in the values of these geo
logic and engineering parameters through 
the use of probability distributions. 
Thus, limitations in the data base and 
knowledge of the region are directly 
indicated. Similar resource assessment 
methodologies, incorporating expert esti
mation of geologic parameters, have been 
suggested, developed, and utilized in the 
public and private sectors in• the United 
States (2_-l!_) and Canada. 

Figure 1 presents a schematic of the 
ROCKVAL approach. For the purposes of 
the analysis, resource endowment is de
fined as the sum of the physical quanti
ties of each mineral contained in undis
covered deposits of specified types, 
subject to limits on minimum grade and 
minimum tonnage. The proportion of the 
resource endowment that may be recover
able, assuming the region were fully 
explored, is estimated by using a series 
of engineering and economic constraints 
or "screens." 

Application of ROCKVAL 
available data for the 

draws on all 
region being 

Intuition and 
experience 

RANGE 

Geophysics 

Worldwide 
distributions 

DISTRIBUTIONS 
• Prospects 
• Tonnage 
• Grade 
Engineering screens 
Economic screens 
Prices 

Monte Carlo 
process 

~L· ~ . 
~ . 

RANGE 

DISTRIBUTIONS 

Physical endowment 
Recoverable resources 
Gross economic value 

FIGURE 1.-Schematic of ROCKVAL resource assessment 
approach. 
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assessed, as well as other information 
that may be relevant, such as general 
grade-tonnage relationships. Geologic, 
mineral terrane, and mineral potential 
maps, for example, are all extremely 
useful in reducing the uncertainty 
surrounding the geologic and engineering 
values, as are geochemical and geophys
ical studies. A major advantage of 
ROCKVAL is its ability to synthesize all 
of the assorted technical data and infor
mation from maps and studies which, by 
themselves, tell only part of the story, 
and are often difficult for decision
makers to interpret. 

The basic unit of analysis in the 
assessment is the deposit type. Several 
deposit types, such as shale-hosted 
stratiform deposits, alluvial placer de
posits, skarn deposits, and porphyry 
copper deposits, may be present within a 
particular region. Any number of deposit 
types can be considered. 

The critical factors affecting the 
endowment of a particular region and 
its potential for economic recoverability 
include the likelihood that all the geo
logic controls necessary for the forma
tion of deposits of specific types are 
present in the region (geologic f avora
bili ty), the number of drillable pros
pects, the likelihood that prospects are 
indeed deposits (i.e., satisfies minimum
grade and minimum-tonnage conditions), 
and their sizes. Additional critical 
factors include the speci/ic minerals 
likely to be present above specified 
grade thresholds within deposits of a 
particular type, the average grades of 
the minerals, the efficiency with which 
minerals can be recovered during benef i
ciat ion, the expenditures necessary to 
establish a mining operation, and the 
variable costs and rate of return neces
sary to mine, beneficiate, and transport 
the mineral products. 

Direct measures of many of these fac
tors can be obtained only by using ex
pensive exploration techniques such as 
drilling or bulk sampling. Th.us, mineral 
resource estimation often depends on 

quantitative estimation of the factor 
values by experts. Such estimates are 
based upon indirect data derived from 
local surface geologic, geochemical, geo
physical, and engineering investigations, 
as well as analysis of subsurface data 
derived from contiguous and analogous 
areas. Experience with a similar chal
lenge of estimating undiscovered oil and 
gas resources in large areas (9) has 
shown that these estimates may be made 
most efficiently by expert geologists, 
mining engineers, and mineral economists 
familiar with the region and the pre
dicted deposit types, using a technique 
that elicits their estimates of the 
range of possible value~ and associated 
probabilities for those factors relevant 
to the formation and economic recovera
bility of mineral deposits in the region. 

Once the possible Danges of these fac
tors have been assessed, the estimates 
may be used in 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 incorpo
rated in a simple grade-tonnage model to 
estimate the number, size, composition 
and grades of deposits likely to exist. 
The characteristics of each simulated 
deposit then can be compared against 
engineering and economic screens to de
termine if its resources may be con
sidered economically recoverable. This 
process can be repeated many times, se
lecting values for the geologic factors 
with a frequency that reflects the ex
perts' estimated probabilities that the 
values do occur. 

The products of such an appraisal pro
cess will include quantitative estimates 
of the mineral endowment and the re
coverable resources within a region as 
well as the distribution of these 
resources in terms of physical quantities 
and gross values measured in dollars. 
The following section presents a more 
detailed description of the appraisal 
methodology. 

' ' 
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APPRAISAL METHODOLOGY 

The conceptual framework for the eco
nomic appraisal of undiscovered but 
potentially valuable minerals within a 
region consists of four components: a 
geologic model of endowment, a set of 
engineering screens, a set of economic 
screens, and a statistical process to 
express the major geologic and economic 
results as probability distributions. 

GEOLOGICAL ENDOWMENT MODEL 

The geologic model of endowment divides 
the geologic characteristics of a par
ticular deposit type into four sets of 
physical factors or parameters: regional 
parameters, endowment thresholds, deposit 
parameters, and commodity parameters. 
Probability judgments of the values or 
range of values associated with each of 
the parameters are developed by experts 
familiar with the geology of the region 
of interest and are entered on the min
eral resource appraisal form (fig. 2). 
A separate form is prepared for each 
deposit type considered. Figure 3 pro
vides an example of a completed form for 
a hypothetical deposit type. 

The first set of factors, the regional 
parameters, address the geologic factors 
or processes required for a specified 
type of deposit (e.g., skarn deposits) to 
occur within the region. Two regional 
factors are assessed: (1) th_~ regional 
favorability, or the likelihood that all 
geologic controls necessary for a spe
cific deposit type to form have occurred 
within the region of interest, and 
(2) the number of drillable prospects, 
that is, the number of prospects, occur
rences, or anomalies likely to be present 
within the region which are of sufficient 
interest to cause a prudent exploration 
geologist to commit to a drilling pro
gram. The regional favorability factor 
incorporates a number of basic geologic 
characteristics of the region, includ
ing evidence of a source, transport or 

migration of mineralizing fluids, a fa
vorable depositional site, the actual 
formation of ore concentrations, and pre
servation of concentrations. This factor 
may, in fact, be disaggregated into its 
component parts, if considered necessary 
or useful. The simultaneous occurrence 
of these attributes is a necessary but 
not a sufficient condition for a drill
able prospect to' be considered an actual 
deposit. 

The second set of para~eters, the en
dowment thresholds, establish lower bound 
conditions for estimates, of the mineral 

I 

endowment contributed by each deposit 
type. The endowment thresholds are set 
by the appraisers and provide a minimum 
tonnage and minimum grade level to dis
tinguish deposits whi~h may be of poten
tial economic interest from anomalies. 
These threshold values are set well below 
the current engineering and economic cut
off points to allow for future technolog
ical advances. 

The third set of factors, the deposit 
parameters, address the geologic 
factors required for a specific prospect 
to actually be an ore deposit. The two 
parameters assessed are deposit likeli
hood and deposit size. The deposit like
lihood is a point probability estimate of 
the likelihood that a randomly selected 
prospect will contain mineralized ore in 
excess of the endowment tonnage threshold 
and contain at least one primary commod
ity above its grade threshold. Deposit 
size is the estimated range in size of a 
particular type of deposit for a specific 
region. 

Finally, the commodity parameters pro
vide estimates of the occurrence and 
average grade of the potentially recover
able minerals that may be present in 
deposits of the specified type. Some 
of the minerals assessed may be potential 
coproducts, with their production being 
dependent on that of the primary product. 
Many deposits would not, in fact, be 

I 
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I 
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Assessor: Deposit type: 

Date: Temme: 

Region: Commodities: 

Known deposits: 

Parameter Assessed value Comments I 
Regional favorability probability 

(ii ~ 
c2 Prooability of ~, % 
0 Q) 
'Ci E 
Q) lll 
a: (ij 100 95 75 50 25 5 0 

a. 

Number of drillable prospects 
Cutoff 

Deposit likelihood 
tonnage 

(/) ......... 
·- Q) 
(/) .... 
0 Q) Probability of ~, % a. E 
Q) lll 
0 ..... 

lll 100 95 75 60 25 5 0 a. 

Deposit size ( 1 x 106 tons) 

Average grade 
Cutoff Occur. Rcvry. Probability of ? , % 

Commodity grade, prob., fctr., 
% % % 

(/) 100 95 75 50 25 5 0 Gi 
a; 
E 
lll 
(ij 
a. 
~ 
'6 
0 
E .. E 
0 
0 

(.) ·- (/) Gross deposit value cutoff ($) E c 
0 Q) 
c Q) 
0 '--
(.) (.) Unit value cutoff ($) UJ (/) 

FIGURE 2.-Mineral resource appraisal data form . 



Assessor: Deposit type: Hypothetical 

Date: Terrane: Hypothetical 

Region: Example Commodities: Zn Pb Ag 

Known deposits: No 

Parameter Assessed value Comments 

Regional favorability probability .4 ! 
- ['! ro (]) Probability ot ~ , % c...., ; 
0 (]) 
'6> E 
(]) (tj 

er: @ 100 95 75 50 25 5 0 
0. 

Number of drillable prospects 0 0 1 1 2 3 7 
ICutoffl : 

tonnage 

r/l 
Deposit likelihood .25 

1 x10' 
:t= CD 
r/l...., 
0 (]) Probability of ~ , % o. E 
(]) (tj 
0 .... 

(tj 100 95 75 60 25 5 0 0. 

Deposit size ( 1 x10 6 tons) 1 2 5 10 20 50 100 

Average grade 
Cutoff Occur. Rcvry. Probability of l!; , % 

Commodity grade. prob., fctr., 
% % % 

r/l 100 95 75 50 25 5 0 Qi 
a; 
E Zn 1 1.0 .95 1 
(tj 

2 4 6 10 15 25 
@ 
0. Pb .5 .8 .9 .5 1 2 4 7 10 15 
.?:' • '6 Ag .01 .2 .75 .01 .05 .1 .25 .5 .9 1.0 0 
E 
E 
0 
0 

u 
.E ~ 
0 (]) 

Gross deposit value cutoff ($) 100,000,000 
c (]) 
0 .... 
u u 
w r/l Unit value cutoff ($) 100/ton 

FIGURE 3.-Completed mineral resource appraisal data form for hypothetical deposit type and terrane. 
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economic if they did not contain valuable 
coproducts. 

The disaggregation of geologic factors 
in the assessment process has several 
advantages. First, the separation of 
regional from site-specific risk accounts 
for the fact that a favorable mineral 
terrane will of ten contain many prospects 
and more than one deposit, yet after 
exploration and evaluation, not all pros
pects turn out to be actual deposits. 
Second, an explicit statement of the 
threshold (or cutoff) tonnage and grade 
above which a prospect can be considered 
a deposit avoids much confusion in de
fining endowment. Third, treating '~ros
pects" and "deposits" as separate enti
ties greatly facilitates the analysis 
of exploration behavior. Finally, the 
disaggregation of factors explicitly 
documents the fundamental geologic char
acteristics that must be evaluated if the 
results of the appraisal are to be amen
able to further engineering and economic 
analysis. 

ENGINEERING SCREENS 

Recovery factors or the percent of each 
contained commodity in a deposit type 
that may be efficiently recovered from 
the ore during beneficiation are employed 
to reflect current technological limita
tions on the proportion of the mineral 
endowment that may be r'easonably ex
ploited. These factors are assessed for 
each deposit type and take into account 
the likely mineralology, grain size, and 
deposit geometry as well as available 
technology. The impacts of technological 
improvements in both benef iciation and 
mining methods may be estimated by chang
ing the factor values. 

ECONOMIC SCREENS 

Two economic screens are used to re
flect current (or projected) economic 
limitations on the proportion of the 
mineral endowment that may be reasonably 

exploited. First, a minimum total gross 
value for the ore in a potentially eco
nomic deposit is estimated for each pros
pective deposit type. These estimates 
take into account the fixed costs neces
sary to establish mining operations for 
particular types of deposits in the area 
under consideration. Second, a minimum 
value per unit of ore in a potentially 
economic deposit is estimated either on a 
per ton or a per cubic yard basis for 
each prospective deposit type. These 
estimates take into ac~ount the variable 
costs and rate of return necessary to 
mine a unit of ore fro~ deposits of vari
ous types. Fbr the ~ineral resources 
in a particular deposit to be considered 
potentially economically recoverable, 
rather than just part of the endowment, 
both the gross and ~he unit cutoff values 
for the deposit type must be met or 
exceeded. 

MONTE CARLO SIMULATION 

After the geologic factors and engi
neering and economic screens have been 
assessed by the experts, they are com
bined in a Monte Carlo simulation model 
to provide probabilistic estimates of 
mineral endowment and recoverable re
sources in terms of physical quantities 
and gross dollar values. The model simu
lates one possible state of geologic 
nature by sampling the probabilities 
assessed for each deposit type. The 
resulting values are used to compute an 
amount of ore, contained commodities, and 
recoverable commodities for deposits of 
various types. The recoverable gross and 
unit values for each simulated deposit 
are then computed and compared against 
the economic screens to determine if its 
resources may be considered economically 
recoverable. This process of simulating 
and evaluating a particular state of 
nature, called a "pass," is repeated many 
times and the results stored, aggregated, 
and used to build probability distribu
tions for each deposit type assessed. 



The model 
from all 
region to 

also aggregates the results 
deposit types assessed in a 

provide total estimates for 
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each contained commodity. Appendix A 
provides a more detailed description of 
the simulation model. 

APPLICATION OF ROCKVAL METHODOLOGY TO KANTISHNA HILLS ANALYSIS 

The Kantishna Hills, shown in figure 4, 
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 mineral
ization and is a historic mining dis
trict. Placer gold was first discovered 
in the area in 1903. A small-scale gold 
rush followed that involved several thou
sand miners, most of whom left by 1906. 
Discovery of lead, antimony, and other 
sulfide cobbles recovered from placer 
mining sluice-box riffles prompted explo
ration for hard-rock deposits and led to 
the first shipment of antimony from the 
area in 1905. By 1919, numerous mineral
ized veins had been discovered containing 
antimony, silver, lead, zinc, gold, cop
per, arsenic, and tungsten. Silver pro
duction continued in the 1920's, and base 
metals were extracted in the late 1930's 
and early 1940's. Antimony has been 
mined sporadically in the area, primarily 
during wartime when prices increased sig
nificantly. Placer gold mining has con
tinued since the discovery of gold in 
1903 and has increased substantially in 
recent years. The total cumulative min
eral production of the Kantishna Hills is 
estimated at 85,500 oz of gold, 270,000 
oz of silver, 5 million lb of antimony 
and several million pounds of lead and 
zinc <l.1). 

At the time the Kantishna Hills study 
was initiated in 1983, there were 15 to 
20 placer gold operations and two small
scale lode mining operations active in 
the area. Other land uses of the Kan
tishna Hills included tourism, subsist
ence hunting and trapping, hiking, and 
fishing. 

In 1983, pursuant to Section 202(3)(b) 
of the Alaska National Interest Lands 

Conservation Act (ANILCA: P.L. 96-487) as 
enacted on December 2, 1980, the Alaska 
Land Use Council (ALUC) was charged with 
evaluating the resources of the Kantishna 
Hills area. The ALUC was directed to 
evaluate the resources of the area, 
including but not limitedi to fish and 
wildlife, public recreation opportuni
ties, wilderness poten~ial, historic 
resources, and minerals, and to include 
those recommendations respecting re
sources and other relevant matters that 
the Council determines ~re necessary. In 
addition, since the Kantishna Hills had 
been included within the expanded bound
aries of the Denali National Park, the 
National Park Service was charged with 
developing a plan for its management and 
preparing the requisite Environmental Im
pact Statement (EIS). Prerequisite to 
this was an evaluation of the benefits to 
be derived by allowing continued access 
to the mineral resources of the area and 
the impact on mining that various degrees 
of protection for the associated wildlife 
and scenic resources would entail. The 
ALUC designated the Alaska Department of 
Natural Resources and the National Park 
Service as co-leaders for the Kantishna 
Hills study project. Other member agen
cies of the study group included the 
Alaska Department of Fish and Game, the 
U.S. Bureau of Mines, the U.S. Geological 
Survey, and Fish and Wildlife Service. 

As directed by the ALUC and in con
junction with other State and Federal 
agencies, the group conducted studies 
during 1983 and formulated six alter
native management strategies: (1) main
tain status quo, (2) acquire all mining 
claims, (3) offer term operating rights, 
(4) allow additional time for perfecting 
claims, (5) expand mineral development 
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possibilities, and (6) remove mineralized 
areas from the park. These alternatives 
are briefly described in appendix B. 

Central to the ALUC's consideration 
of the above options was an estimate 
of the value of its undiscovered min
eral resources within the Kantishna Hills 
area. The ROCKVAL methodology was used 
to evaluate the undiscovered mineral 
potential of the area. The application 
of this methodology and selected summary 
results of the analysis are discussed 
below. 

ASSESSMENT PROCEDURE 

In November 1983, the ADGGS and the Bu
reau of Mines assembled a team of experts 
familiar with the Kantishna Hills area 
to appraise its undiscovered mineral re
sources. Ten geologists and engineers 
from ADGGS, the Bureau of Mines, the U.S. 
Geological Survey, C. C. Hawley and Asso
ciates, and Salisbury and Dietz, Inc. 
participated in the resource appraisal. 
Most of the appraisal team had just com
pleted a 16-month, $1.S million study of 
the Kantishna and Dunkle Preserves, which 
was funded by thP. Bureau of Mines and 
resulted in two major geologic reports. 
The assessment procedure consisted of 
five basic steps: 

1. Review of existing geologic and 
engineering data t'elevant to the forma
tion and production of mineral' deposits 
within the Kantishna Hills area. 

2. Identification of the major types 
of deposits expected to occur in the 
area. 

3. Estimation of the regional param
eters, endowment thresholds, deposit pa
rameters, commodity parameters, and engi
neering and economic screens appropriate 
to each type of deposit predicted to 
occur. 

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

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

During the initial step of the analy
sis, existing geologic and engineering 

11 

data relevant to the undiscovered mineral 
potential of the Kantishna Hills were 
compiled and presented to the assessment 
team. The data base included maps, sam
ples, and drill cores from field work 
conducted in the area in 1983 by the 
Bureau of Mines, existing geolgic maps 
(12-13), analog grade-tonnage and con
tained-metal distributions (_!i-_!_~_), eval
uations of known deposits, and results of 
geochemical and other studies in the area 
(~). The data were interpreted by the 
assessment team, and the favorable and 
unfavorable indications ' of mineral 
deposit occurrence were ~dentified and 
discussed. A brief desc~iption of the 
geology of the Kantishna mining district 
is presented in appendix C. 

Based on the interpretations of the 
I 

geologic data, undiscovered deposits of 
six geologic types were predicted to 
occur within the Kantishna Hills area: 

1. Alluvial placer - gold, silver, 
tungsten 

2. Bench placer - gold, silver 
3. Shale-hosted stratiform - lead, 

zinc, silver 
4. Spruce Creek stratiform - copper, 

lead, zinc, gold, silver 
5. Spruce Creek vein (gold) - gold, 

silver, tungsten 
6. Spruce Creek vein (silver) - gold, 

silver, lead, zinc 
During the third step in the analysis, 
the study team completed a Mineral 
Resource Appraisal Data Form (fig. 2) for 
each of the identified deposit types. 
Their collective judgment was elicited 
on the endowment thresholds, regional, 
deposit and commodity parameters, and 
engineering and economic screens for each 
of the six potential deposit types. The 
geologic, engineering, and economic data 
relevant to the particular deposit type 
being assessed were considered. In most 
instances, a consensus estimate was 
established quickly; in others, more dis
cussion was required. Where differences 
remained, the individual judgments were 
averaged. 

The fourth step in the analysis was to 
use the Monte Carlo simulation to provide 
probabilistic estimates of the physical 
quantities and gross dollar values of 
the mineral endowment and recoverable 
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resources of the Kantishna Hills area. 
Alternative states of geologic nature in 
the Kantishna Hills area were simulated 
by repeatedly sampling the probabilities 
assessed for each of the basic geologic 
factors. The resulting values were used 
to compute the amount of ore and con
tained commodities for deposits of a 
particular type (e.g., alluvial placer 
deposits). The characteristics of each 
simulated deposit were compared against 
the engineering and economic screens 
established for the particular deposit 
type to determine the feasibility of 
economic recovery. The value of the 
economically recoverable commodities was 
estimated by multiplying the recoverable 
quantity of each commodity by its 1983 
unit price. 

The process of simulating and evaluat
ing alternative states of nature in the 
Kantishna Hills was repeated many times 
(passes) for each assessed deposit type. 
The results of each pass were aggregated 
and used to build probability distribu
tions of the quantities and values of the 
commodities expected to be recoverable 
from each deposit type, and from the Kan
tishna Hills area as a whole. The range 
of values associated with each of the 
output distributions reflects the uncer
tainty regarding the physical quantities 
and gross dollar values of the resources 
that might be recovered from the Kan
t ishna Hills area--the wider the range of 
values, the greater the uncertainty. 

The fifth and final step in the analy
sis was to present the results of the 
Monte Carlo simulation to the members of 
the assessment panel for their review. 
For deposit types where the output dis
tributions did not appear to present a 
reasonable estimate of the mineral endow
ment or recoverable mineral potential, 
the data forms were revised and the Monte 
Carlo simulation was rerun with the modi
fied data set. 

RESULTS 

Summary results of the Kantishna Hills 
mineral appraisal are shown in tables 1 
and 2. Table l presents the aggregate 

resource endowment distributions and the 
aggregate recoverable quantity artd value 
distributions for each mineral predicted 
to occur in undiscovered deposits of var
ious types in the area. Table 2 de
scribes the quantity and value distri
butions for the minerais expected to be 
recovered from each of the six deposit 
types predicted to occur in the area. 
The statistics presented include the 
average value and the 9.5th, 50th (medi
an), and 5th fractile values for each 
distribution. The resi'.tlt,s indicate that 
copper, gold, lead, silv~r, tungsten, and 
zinc may be contained in [undiscovered de
posits of sufficient size and grades to 
stimulate development activities, assum
ing 1983 prices. Minerals are most like
ly to be recovered from gold vein and 
silver vein deposits,:and least likely to 
be recovered from shale-hosted stratiform 
and Spruce Creek stratiform deposits. 
There is a 95% chance that at least 
200,000 oz of gold are recoverable with a 
gross value of at least $90 million, and 
a 5% chance that at least 1,100,000 oz 
are recoverable at a value in exc.ess of 
$460 million. Similarly, there is a 95% 
chance that at least 14,300,000 oz of 
silver are recoverable with a gross value 
of at least $170 million. At the 90% 
confidence level, the range between the 
95% and 5% fractiles, the total combined 
gross value of potentially recoverable 
mineral resources in the Kantishna Hills 
area was estimated to range from $375 
million to $1,260 million, with an aver
age value of $780 million. 

The results of this study and other 
resource studies of the Kantishna Hills 
area were instrumental in the decision 
by the Kantishna Hills study group to 
recommend a modified "Expand Mineral 
Development Possibilities" land manage
ment strategy to the Al.UC. This "pre
ferred alternative" included implementing 
a locatable mineral leasing system for 
placer and lode mineral deposits on 
unclaimed land in certain portions of the 
Kantishna Hills Study Area (17). The 
ALUC accepted the recommendation of the 
study group. 
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TABLE 1. - Results of Kantishna Hills area assessment 

Commodity Average 95% 50% 5% 
fractile fractile fractile 

RESOURCE ENDOWMENT 
Copper •••.••..••.••••••• 105 st •• 4 0 0 3.9 
Gold •••••••••••••••••••• 103 oz •• 830 400 750 1,400 
Lead •••••••••••••••••••• 103 st •• 170 so 120 300 
Si 1 ve r • ••••••••••••••••. 1 Q3 oz •• 34,200 16,400 30,600 62,300 
Tungsten •••••••••••••••• 103 st •• 0.8 0.1 0.5 2.3 
Zinc •••••••••••••••••••• 103 st •• 180 30 60 250 

:z RECOVERABLE RESOURCES 
Copper •••••..•.•••.••••. 105 st •• 1. 8 0 01 0 
Gold •••••••••••••••••••• 103 oz •• 550 200 480 I 1,100 ; 

Lead •••••••••••••••••••• 103 st •• 100 40 90 
i 

260 
Silver •••••••••••••••••• 103 oz •• 31,300 14,300 28,600 58,000 
Tungsten •••••••••••••••• 103 st •• 0.6 0 0.3 ! 2.1 
Zinc •••••••••••••••••••• 103 st •• 140 20 50 150 

3 16 GROSS RECOVERABLE VALUE, 10 $ 
Copper ($0.80/lb) ••••••••••••••• 3 0 0 0 
Gold ($416.25/oz) ••••••••••••••• 230 90 ~o 460 
Lead ($0.19/lb) ••••••••••••••••• 40 15 40 100 
Silver ($12.10/oz) •••••••••••••• 380 170 350 700 
Tungsten ($13.50/lb) •••••••••••• 20 0 10 60 
Zinc ($0.41/lb) ................. 110 16 40 120 
Aggregate value .......•......... 780 375 680 1,260 

1 , Consists of those resources in the ground subject to mode of occur 
rence and limits on grade and tonnage. 

-
2 That part of the resource endowment amenable to exploitation within 

certaln engineering and cost limits. 
3Calculated using September 1983 prices, as listed in Engineering and 

Mining Journal. 

CONCLUSION 

This paper has presented an ~verview of 
a methodology jointly developed by the 
ADGGS and the Bureau of Mines that can be 
used to quantitatively assess the undis
covered mineral potential of a terrane 
or region under conditions of substan
tial uncertainty, and that integrates 
all available information into a useful 
decision-oriented product. The disaggre
gated process approach to mineral assess
ment for large regions or mineralized 
terranes was selected for several rea
sons. First, it provides a rigorous pro
cedure for decomposing the assessment 
problem into a set of technical judgments 
that capture the important geologic 
engineering, and economlc factors that 
affect the recoverability of mineral 

resources within a particular region. It 
thereby provides a mechanism for the 
various experts (geologists, engineers, 
economists) to focus directly on the 
fundamental factors that determine the 
presence or absence of potentially valua
ble resources. Second, it provides for 
direct incorporation of expert judgment 
on each important factor. While analogs 
are certainly of great use to the geolo
gist in judgments concerning the geologic 
characteristics of an area, final judg
ments in this assessment process are 
tailored explicitly to the information 
and perceptions of the target area. Be
cause the methodology provides for the 
explicit incorporation of uncertainty in 
the judgments, the outputs resulting from 
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TABLE 2. - Summary of economically recoverable resources 

Recoverable Aver- 95% 50% 5% Gross recover- Aver- 95% 50% 5% 
resources1 age frac- frac- frac- able value,2 age frac- frac- frac-

tile tile tile 106 $ tile tile tile 
Alluvial: Alluvial: 

Au ••••• 103 oz •• 35 0 19 120 Au •• •••••••• 15 0 8 so 
Ag ••••• 103 oz •• 10 0 4 40 Ag• • • • • • • • • • o. 1 0 0.1 o.s 
w •••••••••• st • . 12 0 0 70 w ••••••••••• 0.3 0 0 2 

Bench placer: Bench placer: 
Au ••••• 103 oz •• 100 0 4 560 Au • •••••• : ••• 40 0 1. 7 230 
Ag ••••• 103 oz •• 43 0 1 260 Ag• • • • • • • • • • o.s 0 0 3.1 

Gold vein: Gold vein: 
Au ••••• 103 oz •• 190 36 150 460 Au • ••••••••• 30: 20 60 190 
Ag ••••• 103 oz •• 2,300 270 1,670 6,400 Ag• • • • • • • • • • 30 3.3 20 80 
w . •••.....• st . . 600 0 320 2,100 w •........... 15 0.6 8.8 56 

Shale-hosted Shale-hosted 
stratiform: strati form: 

Pb ••••• 103 st •• 0.4 0 0 0 Pb • ••••••••• o.s 0 0 0 
Zn ••••• 103 st •• 80 0 0 0 Zn • ••••••••• '.10 0 0 0 

Silver vein: Silver vein: 
Au ••••• 103 oz •• 220 70 180 480 Au • •••••••• ,• 90 30 80 200 
Pb ••••• 103 st •• 115 40 95 260 Pb• • • • • • • • • • 40 14 30 100 
Ag ••••• 103 oz •• 28,900 12,600 26,100 SS,300 Ag• • • • • • • • • • 3SO lSO 300 670 
Zn ••••• 103 st •• 60 20 so 130 Zn • ••••••••• so 16 40 100 

Spruce Creek Spruce Creek 
strati form: stratiform: 

Cu ••••• 103 st •• 2 0 0 0 Cu • ••••••••• 3 0 0 0 
Au ••••• 103 oz •• 6 0 0 0 Au • ••••••••• 2. s 0 0 0 
Ag ••••• 103 oz •• 40 0 0 0 Ag• • • • • • • • • • 0.4 0 0 0 
Zn ••••• 103 st •• 1 0 0 0 Zn • ••••••••• 1 0 0 0 
1That part of the resource endowment amenable 

neering and cost limits. 
to exploitation within certain engi-

2Calculated using September 1983 prices, as listed in Engineering and Mining 
Journal. ' 

application of the methodology to a par
ticular region directly indicate the 
limitations in the data base and knowl
edge of the regi.on. The methodology does 
not require actual discoveries in an area 
for assessment purposes; judgments may 
be based on whatever data exist and 
explicitly reflect the uncertainty in the 
data. When new data become available, 
explicit changes in the appropriate fac
tor values may be estimated and a new 
resource assessment generated. Finally, 
the separate geologic, engineering, and 
economic factors can be synthesized in a 
formal model that can be reviewed and 
improved. Improvements in the specifica
tion of the geologic, engineering, and 
economic processes that influence the 
formation and recoverability of mineral 

resources in a particular region can 
easily be incorporated in a disaggregated 
model structure. 

FUTURE WORK 

Analysis of the Kantishna Hills appli
cations suggests several ways that the 
ROCKVAL methodology can be improved. 
First, more geologic research i.s needed 
to develop background distributions re
lated to the occurrence specific deposit 
types. Second, the economic screens 
should be replaced by simple development, 
production, and transportation models. 
This will be facilitated by the fact 
that the geologic state of nature has 
been depicted in such a way that 
exploration, development, production, and 



transportation can be analyzed as a func
tion of the endowment characteristics 
of a particular region. Finally, the 
appraisal results should be integrated 
with a geoprocessing capability to pro
vide the results in geographic or map 
form. 

IMPLEMENTATION REQUIREMENTS 

There are at least two requirements 
for the successful implementation of the 
ROCKVAL methodology. First, for many 
appraisers the methodology is new and 
unfamiliar. Because most individuals 
will not have experience assessing quan
titative probabilities, a probability 
tutorial should be presented at the 
beginning of each assessment session. 
The tutorial should include (1) discus
sions of basic statistics and of poten
tial biases that can enter into the 
judgmental process, and (2) feedback to 
the experts concerning the accuracy of 
their judgments for a number of sample 
exercises. This orientation will provide 
exposure, education, and training in the 
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technique being used as well as increase 
the credibility of the assessments made. 

Secondly, efficient implementation of 
this methodology requires a strong multi
disciplinary approach. A major challenge 
in implementation is to put together a 
smooth, functionally iritegrated techni
cal team for each appraisal. Ideally, 
such a team would include geologists, 
geochemists, geophysicists, and engineers 
familiar with the area to be appraised as 
well as economists, comput,er scientists, 
decision scientists, arid users of the 
assessment. Finally, no isingle agency 
has the required exper~ise; portions 
reside in the Bureau of Mines, the U.S. 
Geological Survey, the Bureau of Land 
Management, the U.S. Forest Service, and 
in the State agencies. The most effi·
cient way of organizing the assessments 
at this time may be to form task forces 
composed of representatives of agencies 
that contain the necessary expertis~. 
The head of the task force would 
be the primary user of the assessment 
results. 
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APPENDIX A.--ROCKVAL MODEL AND INPUT DOCUMENTATION 

MODEL DESCRIPTION 

The objective of the (ROCKVAL) model 
for the economic appraisal of undis
covered minerals is to quantitatively 
estimate the mineral endowment, the po
tentially recoverable resources and the 
gross dollar value of recoverable 
resources within a mineralized terrane or 
region. ROCKVAL provides a structured, 
repeatable method of combining specific 
probability estimates of geologists, min
ing engineers and mineral economists in 
an automated Monte Carlo simulation. 
ROCKVAL was developed by the State of 
Alaska Department of Natural Resources 
Division of Geologic and Geophysical 
Surveys (ADGGS) and the U.S. Bureau of 
Mines. The model is programmed in 
FORTRAN 77 and currently runs on a Data 
General MV 80001 under the AOS/VS operat
ing system. 

In overview, ROCKVAL first selects a 
value for each of the geologic factors 
assessed by the experts and calculates 
an estimate of the undiscovered mineral 
endowment. Specific engineering and eco
nomic screens are then used to estimate 
the portion of the physical endowment 
that could be economically recoverable. 
Each repetition or "pass" of the model 
consists of establishing (1) the regional 
presence or absence of mineral resources 
for a particular deposit type", (2) the 
number of deposits (productive pros
pects), (3) the deposit ore tonnage and 
average grade of each contained mineral, 
and finally, (4) the mineral endowment 
and economically recoverable resources 
for each deposit. Quantity and value 
calculations are made only for those 
passes in which the deposit type is simu
lated as potentially productive. When 
the desired number of passes is com
pleted, the aggregate data for the 
deposit type are presented as probability 
distributions as well as statistically 
analyzed. This process is repeated for 

-i-;--------------------------
Reference to specific equipment does 

not imply endorsement by the Bureau of 
Mines. 

each assessed deposit type. The results 
are aggregated for all deposit types to 
provide probabilistic resource and gross 
value estimates for each commodity possi
ble in the region. 

Figure A-1 presents a flowchart of the 
ROCKVAL model. The model has the fol
lowing 15 basic steps: 

1. Select a deposit type. 
2. Sample against the regional favor

ability probability to simulate whether 
or not the selected deposi~ type exists. 

3. If the area is simulated as favor
able for this particular type of deposit, 
sample from the number of: prospects dis
tribution to determine the number of 
prospects to be tested. 

4. For each prospe,ct, sample against 
the deposit likelihood probability to 
determine if the prospect will be proven 
to be a deposit. 

5. If a prospect is a deposit, sample 
against the deposit size distribution to 
determine the tonnage of ore present. 

6. Sample against each primary and 
secondary commodity occurrence probabil
ity to determine which commodities are 
contained in the deposit. 

7. Sample from the average grade dis
tribution for each commodity present. 

8. Compute the endowment of each com
modity as tonnage times the associated 
grade. 

9. Compute the recoverable quantity 
of each commodity as endowment times the 
associated recovery factor. 

10. Compute the gross economic value 
of each commodity as the quantity of the 
recoverable commodity times 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 considered as economi
cally recoverable by comparing gross and 
unit values against the cutoff values. 

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

15. Calculate summary statistics and 
print results. 
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Stop 
ROCKVAL 

Form and print regional 
resource distributions -----<

statistics and 
summary tables 

Form and print deposit 
type distributions 

and statistics 

Sample regional 
favorbi\ity 
probability 

Sample number 
of prospects 
distribution 

Sample deposit 
size distribution 

Sample 
commodity 
occurrence 
probability 

Sample 
average 
grade 

distribution 

Compute 
cor:imodlty 
endowment 

Compute 
recoverable 

com1w1dity and 
gross value 

Accumulate 
endowment 

totals for 
deposit type 

and region 

Compute 
unit value 
of deposit 

Accumulate 
recoverable totals ___ _ 

for deposit 
type and region 

FIGURE A-1.-Flowchart of ROCKVAL computer model. 

ROCKVAL INPUT REQUIR~MENTS 

The following documentation is intended 
to provide the user with a description 
of the data ele:nents, model options, and 
thelr varL1ble names. Two data files are 
required. The Eirst file is a geologic 
dat;:i 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, which 
contains data specific to the commodities 
identified during the assessment process. 
This latter file is named PRICES. The 
variables for each data file are listed 
below in the order in which they must be 
read in.· 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 o. 

11. 

Variable Name 

I SEED 

NPLAYS 

N 

MP ASS 

NPFLAG 

NP FLAG 2 

NPRINT 
NPRINT negative 

NPRINT 0 

NPRINT 1 

IOUT Pass output switch 
IOUT 0 
IOUT 1 

NOTES 

IVPRINT 
IV PRINT 0 

IV PRINT 1 

TITLE 

FA (7) 
IFA (7) 

GEOLGIC DATA FILE 

Description 

Starting seed value for the 
random number generator 
(ISEED > O) 

Number of deposit types to be 
processed (NPLAYS " 10) 

Number of probability fractiles 
output for each deposit type 
and for the region (N " 7) 

Number of Monte Carlo passes 
(500 .;; MPASS .;; 3000) 

Marginal regional deposit type 
favorability probability 
switch. 

a. Read in marginal probability 

Input file print switch 
a. Stop after printing input 

file 
b. Print input file before 

simulation 
c. Do not print input file 

Integer 
a. None 
b. Print results of each pass 

Number of lines of comment 
to be read in (NOTES " 40) 

Value information print switch 
a. Do not print value 

information 
b. Print value information 

Title of Assessment 

Probability fractiles 
a. For deposit type and region 
b. For deposit type and region 

Type and Format 

Integer 
(line 1, 110) 

Integer 
(line 2, I4) 

Integel;' 
(line, 2, I4) 

I 
I 

i 
Integer 
(line 2, I4) 

Integer 
(Iine 2, I4) 

Integer 
(line 2, I4) 

(Line 2, 14) 

Integer 
(line 2, I4) 

Integer 
(line 2, 14) 

Alphanumeric 
(line 3, A80) 

19 

Real (line 4, 7Fl0.3) 
Integer (line 5, 714) 





--- -- ------~~---------~~~---~--~---=-=-~--~---~--=-==-~-=--~-,.._,...==..._..=='""""l'I 
r 

Variable name 

1. CNAME 

2. CSYMB 

3. CFCTR 

4. PRICE 

5. KOUNITS 
KOUNITS 
KOU NITS 
KOU NITS 

6. CFCTR 

7. OUTPRICE 

01 
02 
03 

PRICES FILE 

Description 

Commodity name 

Commodity symbol 

Grade conversion factor 

Commodity unit price 

Output units label indicator 
a. (10E3 tons) 
b. (10E3 oz) 
c. (Tons) 

Units conversion factor 

Output price label; e.g., 
$0.19/lb, $12.10/oz 

Type and format 

Alphanumeric 
(line 1, A20) 

Alphanumeric 
(line 1, A2) 

Real 
(line 1, F4.2) 

Real 
1 

(line 1 , F 10. 3) 

Integer 
(line 1, 12) 

Real 
(line 1 , F9 • 6) 

Alphanumeric 
(line 1, Al 2) 
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NOTE.--Items 1 through 7 are repeated once for each potentially recoverable commodity 
assessed. 
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APPENDIX B.--ALTERNATIVE MANAGEMENT OPTIONS FOR KANTISHNA HILLS 

To meet the legislative mandate of 
ANILCA and NEPA, six alternative manage
ment options were formulated by the Kan
tishna Hills study group to represent the 
full range of reasonable land use alter
natives for an area with mineral develop
ment potential and major park resource 
values. The alternatives address a spec
trum of reasonable possibilities, rang
ing from an option of precluding mining 
within the study area by purchasing all 
claims, to an option of reopening areas 
of significant mineralization to mineral 
development by removing these areas from 
the park. 

Considerations addressed :i.n the formu
lat:i.on of the management alternatives 
included the benefits of additional min
eral exploration and development, the 
mining regulations that apply to mineral 
dev,elopment in national parks, the vary
ing levels of environmental protection, 
and the determination of valid ex:i.st
ing rights. Brief summaries of the six 
alternative management options are pre
sented below. 

ALTERNATIVE 1--MAINTAIN STATUS QUO 
(NO ACTION) 

This alternative would allow mining 
operations and mining-related activities 
to continue on existing_ patented and 
valid unpatented placer and lode claims. 
In addition, subject to approved plans 
of operations, other mining activities 
could commence on previously undeveloped 
patented and valid unpatented claims. 
Actions under this alternative would 
apply to the 195 unpatented placer 
claims, 5 unpatented lode claims, and 34 
patented lode claims assumed to be valid 
in the Kantishna Hills study area. 

Mineral development and mining activi
ties would continue to be managed under 
existing NEPA authorities and regula
tions, general and specific park stipula
tions, and normal permitting and approval 
requirements of other regulatory 
agencies. These activities, including 
adequate and feasible access, would con
tinue to be 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 validity. 
Pursuant to standard claim validation 
procedures, those unpatented claims 
deemed invalid would revert to public 
park status and any mining operations and 
related activities associated with these 
claims would be terminated. 

Claim acquisition would occur only on a 
willing seller or donation basis except 
in those cases where it could be deter
mined that mining would result in a sig
nificant adverse effect on park lands. 
Acquisition of mining claims other than 
by donation would be subject to the 
appropriation of funds. 

ALTERNATIVE 2--ACQUIRE ALL 
MINING CLAIMS 

~11 patented and valid unpatented min
ing claims in the Kantishna Hills area 
would be acquired by the Federal Govern
ment under this alternative, subject to a 
formal determination of validity. 

This alternative assumes the claims 
presented in alternative 1 are determined 
to be legally valid through standard 
validation procedures. Therefore, imple
mentation of this alternative would 
nessitate purchasing a maximum of 190 
unpatented and 34 patented placer and 
lode claims in the Kantishna Hills. 

ALTERNATIVE 3--0FFER TERM 
OPERATING RIGHTS 

Under this alternative, the claimant 
holding an unpatented placer or lode 
claim or claim group, which had proven 
production on or before December 2, 1980, 
could elect the right to operate on the 
claim or claim group for 25 years. No 
validity determination would be made by 
the Federal Government on these claims. 
The right would expire at the end of the 
25-year period or upon the claimant's 
death, whichever occurred first. In 
addition, the right to operate would ter
minate if there were no proven production 
within 5 years following election of this 
right or if there were a lapse in proven 



production for two consecutive seasons 
thereafter. 

This right could apply to 13 claim
ants holding up to 185 unpatented placer 
claims and 5 unpatented lode claims in 
the Kantishna Hills area. 

ALTERNATIVE 4--ALLOW ADDITIONAL TIME 
FOR PERFECTING CLAIMS 

Under this alternative, all claimants 
holding unpatented placer and lode claims 
in the study areas that are unperf ected 
would be granted an additional 5 years 
to explore and achieve a valid mineral 
discovery within the meaning of the min
ing laws of the United States. 

If the claims are determined to be 
valid, mining operations could proceed, 
subject to NEPA regulations. If the 
claims cannot be perfected and are de
termined to be invalid, the claims 
would revert to ownership of the Federal 
Government. 

ALTERNATIVE 5--EXPAND MINERAL 
DEVELOPMENT POSSIBILITIES 

In 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 up under a leasing program for 
a set period for exploration and discov
ery. From the date of discovery, lessees 
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would have a set period of time to begin 
production. Production of minerals could 
continue on valid leasing until the min
eral resources were exhausted or the 
leases were relinquished. All leased 
lands would continue to be 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 unpat
ented and patented mining claims in the 
Kantishna Hills area. 

I 

ALTERNATIVE 6--REMOVE MINERALIZED 
AREA~ FROM PARK 

In this alternative, the existing park 
boundary in the Katishna Hills area would 
be adjusted to exclud~ mineralized por
tions of the study area from the park 
and administration of the National Park 
Service. This action could involve 
approximately 115,000 acres in the Kan
tishna Hills area. 

However, a condition of removing this 
area from the park could be that the land 
be exchanged for other areas of signifi
cant natural, cultural, or recreation 
values currently outside the park. Pend
ing final judgment on the value of the 
land, the National Park Service could 
exchange portions of the study areas for 
appropriate land that is contiguous with 
the present boundary, if such land were 
available. 

I 

I 
I 

lj 
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. APPENDIX C.--GEOLOGIC DESCRIPTION OF KANTISHNA MINING DISTRICT (Q)1 

The basement rocks north of the Hines 
Creek strand of the Denali fault system 
consist of four regionally metamorphosed 
rock units ranging in age from Precam
brian to late Paleozoic. These rocks are 
a small part of the large complex known 
as the Yukon Crystalline Terrane (18) 
that appear in eastern Alaska and Yukon 
Territory of Canada. The oldest type 
of rock is polymetamorphic Birch Creek 
Schist, which underlies about 85% of the 
Kantishna Hills study area and consists 
of variable amounts of quartzite, quartz
mica schist, marble, and greenstone. 
Protoliths of the course-grained schist 
were probably formed in shallow-water 
miogeosynclinal sedimentary environments 
on a continental shelf. The Birch Creek 
Schist hosts several high-grade antimony 
deposits and has geology favorable for 
the occurrence of stratiform lead-zinc 
deposits. · 

Chloritic and graphitic schist, marble, 
and felsic metavolcanic rocks of the 
Spruce Creek Sequence are mainly exposed 
in a tectonic window underlying Birch 
Creek Schist units from Eldorado Creek to 
Moonlight Creek. This volcano-sedimen
tary package probably represents an early 
Paleozoic rift environment formed on top 
of the shelf deposits now represented by 
the Birch Creek Schist. According to 
Bundtzen (19), a large majority of the 
structurally controlled vein ore deposits 
of gold, antimony, and silver in the 
Kantishna mining district are hosted in 
the Spruce Creek Sequence, and geochem
ical, geologic, and petrologic evidence 
suggests that precious metal enriched 
volcanogenic copper, lead, zinc deposits 
in the Spruce Creek Sequence constitute 
a "source bed" for much of the Kan
tishna district mineralization. Hence, 

1underlined numbers in parentheses re
fer to items in the list of references 
preceding appendix ~. 
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its evaluation has become a focal point 
of investigations. 

The youngest crystalline units in the 
Kantishna Hills study area are meta
sedimentary and metavolcanic rocks of the 
Keevy Peak and Totatlanika Schist Forma
tions of Late Devonian to Mississipian 
age. Although the Totatlanika Schist is 
mainly exposed in the northern Kantishna 
Hills outside tthe study area, geologic 
relationships suggest that the formations 
interfinger locally. Lithologies of sim
ilar age are exposed discontinuously 
from the Brooks Range to Nevada and may 
be part of an extensive orogenic belt 
that formed along the North American Con
tinent in response to the Antler and 
related Orogeny of ' the North American 
Cordillera. The total lanika schist has 
stratiform massive sulfide potential. 

Undeformed maf ic- to felsic-dike swarms 
of early Tertiary age intrude the meta
morphic stratigraphy preferentially along 
the crest of a major fold structure--the 
Kantishna anticl:lne. Middle to upper 
Tertiary coal-bearing sandstone and shale 
overlie older lithologies, often in 
structural grabens. The layered rocks 
have been successively deformed into iso
clinal to open folds and thrust- and 
high-angle faults. The region has been 
uplifted with the Alaska Range since mid
Tertiary time, and shallow gravel thick
nesses and steep bedrock canyons indicate 
that the region is still undergoing up
lift. Modern stream alluvium, some of it 
bearing placer gold, is being 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. 
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