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INTRODUCTION AND EXECUTIVE SUMMARY
SCOPE

This report describes research contracted by the U.S. Geological Survey with the
University of Arizona (1434-92-C-30041) to evaluate the U.S. Geological Survey’s Three-
Step assessment methodology. Specifically, solicitation 7881 provided the following
statement of work:

"Provide assistance to the USGS by preparing a report that reviews and analyzes the
agency’s undiscovered mineral-resource assessment methodology and offers recommendations
for future method development and applications. The review should (1) examine the legal
and administrative obligations of the USGS to provide mineral-resource assessments; (2)
examine the evolution and description of current methodologies; (3) include a critique of the
presentation of results with respect to sensitivity analysis of the variability of input data and
perceived bias of analytical methods; (4) include a comparison of the methods used by USGS
with procedures in other organizations; and (5) include logistical requirements of the various
assessment methodologies. The report will provide recommendations which the USGS can
use in planning future research and product development.”

EVALUATION PANEL

Because of the interdisciplinary and predictive nature of assessment, the panel to evaluate
the methodology consists of eminent scientists from relevant disciplines or specialties:
economic geologists and explorationists, mineral economists, an exploration geophysicist, a
geologist with expertise in remote sensing and GIS, and a geostatistician (mathematician).
Members of the panel are Brian Skinner, Douglas Cook, Richard Nielsen, Larry Meinert,
Spence Titley, DeVerle Harris, Michael Rieber, John Sumner, Stuart Marsh, and Don Myers.

ARIZONA CONFERENCE

Subsequent to contracting for this study and in response to a planning meeting with Chief
Geologist Benjamin Morgan, the work was extended to provide a forum for controversies and
conflicts concerning resource assessment. This modification reflects the severity of some
controversies and the need for resolutions. Accordingly, a conference was held to provide
that forum and to inform the evaluation panel on the controversies and issues that relate to the
methodology.

INTRODUCTION AND EXECUTIVE SUMMARY 4



STRUCTURE OF REPORT

The report consists of five major parts. The first one examines the USGS assessment
program; accordingly, it begins with a description of the legal and administrative requirements
for assessments. This is followed by an overview of the Three-Step assessment methodology,
which is the primary subject of the study. This part concludes with a survey of users’
opinions about the quality of and usefulness of USGS assessments and about perceived bias
in assessments.

The second part, which consists of Chapter II, describes the objectives and agenda of the
Arizona Conference and summarizes proceedings of the conference by selected
methodological- or program-related controversy.

The third part (Chapter III) describes the evolution of assessment concepts and methods,
showing where the USGS Three-step method fits historically and conceptually. Moreover,
assessment methodologies used by other organizations are described generally, and the USGS
methodology is compared and contrasted with them.

The fourth part (chapters IV through IX) investigates selected technical topics that are
involved in assessment: a value measure for land use decisions, deposit models, tonnage and
grade distributions, geoinformation other than geology, subjective probability in general, and
assessment methodology and subjective probability. Each of these can be read independently,
however, the foundations for some elements of Chapter IX, Assessment Methodology and
Subjective Probability, are established in Chapter VIII, Subjective Probability.

The fifth part consists of Chapter X, Summary and Recommendations. This chapter
includes general comments about the assessment program, a description of positive elements
of the USGS methodology, and recommendations for modifications of assessment
methodology. Recommendations are separated into short-run (those that can or should be
initiated immediately) and long-run, those that are major modifications or require a major
effort to implement. Although this part stands alone and can be read separately, foundations
for evaluations and recommendations are laid in the foregoing chapters, especially those that
deal with technical topics.

Appendices to the report include the evolution of recent controversies and unresolved

questions or issues of the Arizona Conference (Appendix I), individual reports by some Panel
members (Appendix II), vitae of Panel members (Appendix III).
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EXECUTIVE SUMMARY |
|
STRUCTURE [
This brief summary consists of two major subjects: {) the USGS assessment program and

2) the USGS assessment methodology. l
A more complete summary and discussion of recommendations is provided in Chapter X.

Assessment program topics include administrative responsibilities of the USGS for
mineral resource assessment, guiding principlies, elementb of the three-step methodology, and
opinions of users about USGS assessments. ‘

A brief evaluation of the methodology overall follows the discussion of the program. A
brief discussion then is presented of major short-run mog;.ﬁcations that are recommended to
improve assessments. This is followed by summary statements about other specific short-run
modifications. The section concludes with a brief listing of long-run modifications.

Short-run modifications are those that either should be made immediately or that could be
made without a major effort. Long-run modifications are those that are either major kinds of
changes or require considerable time to develop and imlflement.

|
THE ASSESSMENT PROGRAM /

\
ADMINISTRATIVE RESPONSIBILITIES

Administrative responsibilities for mineral resource assessments derive from authorizing
legislation (U.S. Code) and memoranda of understanding of the USGS with the U.S. Bureau
of Mines, U.S. Bureau of Land Management, and the U.S. Forest Service. Authorizing
legislation deals with the following mineral surveys: Public Lands, Wilderness Lands, Alaska
Lands, National Security Purposes and on Mineral Lands, and National Forest Lands
Administered by the Department of Agriculture. i

The demands for and the requirements of mineral résource assessments are expected to
increase as requirements for optimum land use increase|in importance and complexity,
reflecting the evolution of societal preferences. Mceting these demands will require
improvements in programmatic support and management. As the institution responsible for
mineral resources, the USGS needs a dramatic change from a reluctant participant to an
enthusiastic supporter and leader of assessment activities and methods. In particular, USGS
management needs to 1) send a strong signal that mineral resource assessment is an important
professional activity, for many USGS geologists believe otherwise, and 2) take an active role
in directing USGS geologists to become involved in assessment activities. Finally,
institutional support of research and development of i ved assessment methodologies and
information support should be increased in magnitude and have greater continuity.

INTRODUCTION AND EXECUTIVE SUMMARY 6



The needs for consistency and accountability suggest that the responsibilities for research
and development of methodology, the training of assessors, the monitoring of the assessment
process, and the review of assessments should be institutionally centralized, with provision
made for oversight of the unit. Moreover, to ensure that the unit remains progressive and
opportunities exist for involvement, it is recommended that interested USGS scientists from
other units be rotated into the "central" unit for a limited, but appropriate period of time.

As methodology for improved assessments evolves, every effort should be made to apply it in
a uniform and consistent manner.

Experience has shown that when no mineral resources assessment is available at the time
that a decision on land use is made, the value of the land for its mineral resources is
considered to be zero. Thus, in order for the USGS to fulfill its administrative obligations,
assessments often must be made quickly, with existing geological information, even when the
information is much less than that desired for thorough scientific analysis. Naturally, such
assessments are highly uncertain and easily criticized. Often, these criticisms fail to recognize
that although the best assessment possible for the given circumstances may be uncertain, it is
better than no assessment, provided, of course, that the assessment is unbiased.

GUIDING PRINCIPLES

Uncertainty can, of course, be decreased if the decision can be deferred and funds are
made available for the acquisition of additional information. Although delay to acquire more
informatior is always better from the scientific point of view, it may not always be in the
best interest of society.

Geological maps and data and mineral resource assessments are information which, like
all information, has a cost as well as a benefit. At least in concept, there is an optimum level
of geological and mineral resource information, one for which the marginal cost to society
equals the marginal benefit. Thus, while scientists may always desire more geological
information for better assessments of mineral resources, efforts to acquire such must
ultimately be bounded by their value to society. On the one hand, this principle constrains
the pursuit of ever greater amounts of geological information. On the other hand, it dictates
that some level of geological and resource information should be acquired and that
geoscientists who understand the geology and genesis of mineral deposits should participate in
the use of available or augmented information to provide society with their best estimates of
undiscovered mineral resources. :

So far, the benefits and costs of resource information for land use decisions have dictated
a level of geological information that leaves the true state of undiscovered resources quite
uncertain. This will probably continue to be the case for the foreseeable future, at least for
those areas typically involved in land use decisions. Therefore, assessment methodologies
must be designed that can use meager or incomplete geological information and that quantify
uncertainty about the true magnitudes of number of deposits and resources. Accordingly, it

INTRODUCTION AND EXECUTIVE SUMMARY 7



is not useful to speak of "accurate assessments" or of "knowing" the number of undiscovered
deposits. We can know the number of economically exploitable deposits in an area if we
choose to simply by drilling at the required density. But, generally, the cost of that
knowledge is far greater than its value for the making of land use decisions.

Similarly, it is not useful to denigrate a methodology because of the meager geological
information used when neither time nor funding permit the acquisition of adequate
information. Unbiased scientific estimates based upon meager information will always be

better for land use decisions than simply assigning a mineral-use value of zero, except of
course when the actual value is zero.

THE THREE-STEP METHODOLOGY |

The USGS Three-Step assessment methodology conLists of the following major activities
|
|

(steps or parts):

Step 1
Delineation of geologically permissive areas by geologic environment and deposit type;

Step 2

Elicitation of quantiles ( at 'east probability format)| for number of deposits by deposit
type and permissive area;

Step 3

The computation of the cumulative probability distributions for GIPV (gross-in-place
value) and total amount of metal by permissive area and deposit type using Monte Carlo
methods to simulate number of deposits and to simulate deposit tonnages and deposit
grades for simulated deposits. This is performed by the computer program referred to as
MARK3.

Typically, the assessment is reported as a single value and as selected values from an
estimated probability distribution. The single value reparted is an estimate of the expected
GIPV and is computed as an arithmetic average. The estimated probability distribution for
GIPV is represented by 90, 50, and 10 percentile GIPVs (GIPV,,, GIPV,, , GIPV,, ) i.e. those
GIPVs for which the probabilities are 0.90, 0.50, and 0.10 that the true GIPV is at least as
large as GIPV,, , GIPV,, GIPV,,, respectively.

INTRODUCTION AND EXECUTIVE SUMMARY ‘ 8



OPINIONS OF USERS OF USGS ASSESSMENTS

A telephone survey of thirty-five users of USGS assessments revealed that the work of
the USGS and the USBOM generally is well regarded, although there are a few detractors.
The USGS is not viewed as an advocate of mining or anything else; the USGS is generally
perceived as unbiased'.

Based upon this survey, users, with very few exceptions, consider GIPV to be much
better than favorability ratings, i.e. high, medium, and low, and some criticize favorability
ratings as being useless for land use decisions, especially when multiple uses or multiple
commodities must be considered.

When critical remarks were encountered in the survey of users, they usually were that the
assessed quantities (metal or GIPV) are too low; the USGS is too conservative; or, that the
USGS is too risk averse, i.e., "afraid to stick its neck out". Other criticisms are that the
USGS is too academic, that it is too slow in responding to user’s needs, that assessments are
based upon too little data, and that it should do more to describe and interpret assessed
quantities so that they are more easily understood and more useful in making land use
decisions. Essentially, the message is that although the USGS earns high marks for
professional work, it earns low marks in education of the users, in instruction about the use of
its assessment product, and in the geoinformation used in assessments. Of course, the level
of geoinformation used in assessments often is beyond the control of the USGS.

OTHER BROAD CRITICISMS

Other broad criticisms are that assessments often are incomplete in that some relevant
deposit types are not considered and that sometimes not all available information is used by
the USGS. Nonmetallic or industrial minerals usually are excluded, as also are those metal
deposits for which tonnage and grade models are not available. In some instances, surveys
and evaluations by other federal or state agencies seem to have been ignored. Greater effort
should be made to assemble and use all available information when compiling the data base
for assessment.

METHODOLOGY OVERALL

When compared with the many techniques and methods that have been developed and
employed in some aspect of mineral resource assessment, the USGS three-step methodology

! Note that the meaning of "unbiased" here differs from its

technical use as a property of a statistical estimator, e.g. the
arithmetic average, although there is a connection between the two
meanings.

INTRODUCTION AND EXECUTIVE SUMMARY 9



is based upon sound geological principles in that assessment is performed through the
"windows" of geologic environment and geologic deposit model.  That others, e.g. British
Columbia and the East-West Center, are replacing previous methodologies with new ones that
are very similar to the three-step methodology is a kind of certification of the basic soundness
of the USGS methodology. Even so, as land use issues become more complex and decisions
become more difficult, assessments must continue to improve. Accordingly, there are
modifications in methodology that have the potential for improved assessments. These are
summarized in a subsequent section, after brief comments are presented on the existing
methodology and recent criticisms of it.

Many of the recent criticisms of the methodology are either fundamentally incorrect or
exaggerated in terms of their technical merit. Contrary to recent, widely circulated
claims, the three-step methodology does not lead to biased or grossly exaggerated
assessments, provided that it is properly applied, the assessors are unbiased” and that
the product is properly understood:

* The use of geologic analogy (including exploration or assessment experience) is
appropriate, as it currently is the only feasible method for resource assessment
using the expertise of geologists; |

* Tonnage and grade models constructed from discovered deposits are appropriate
when the assessment objective is to support land use decisions, given current or
recent prices;

* When tonnage and grade models are properly constructed, their use to
constrain/support the estimation of number of deposits is basically a good idea,
as it ensures that all geologists assess the same thing;

* The notion that the number- of- deposits distribution generally should always be
exponential is fundamentally incorrect when probabilities are conditioned on geology
and size of permissive area;

* The current elicitation of quantiles is disn'ibutiol-frce, meaning that it does not
assume or impose any distribution form or imply anything about clustering;

* The combining of number of deposits and tonna%e and grade distributions by Monte
Carlo simulation in MARKS3 is basically sound;

* Improper operations within MARK3 are not the cause of large GIPV values;

* Although GIPV is not a good measure of social value, its use by the USGS is
consistent with other assessed values, e.g. timber, recreation;

INTRODUCTION AND EXECUTIVE SUMMARY ‘ 10



SHORT-RUN MODIFICATIONS TO IMPROVE ASSESSMENTS
REPLACE GIPV WITH RGIPV

The panel recommends that the USGS modify GIPV to RGIPV (restricted gross in-place
value). Essentially, computing a probability distribution for RGIPV requires extending
MARKS3 to filter all simulated deposits and to compute GIPV using only those deposits
whose simulated tonnages, grades, and depths indicate potential for economic exploitation,
given current and recent prices.

Since many users seem to be satisfied with GIPV, this recommendation requires some
explanation. First, some of the user satisfaction with GIPV is relative: when compared to
high, medium, and low favorability ratings, GIPV generally is seen as a significant
improvement. Second, some users take GIPV only as a starting point and perform their own
economic analyses. Third, many users may be unaware of the great variation across deposit
types of the economic viability of the deposits that comprise the tonnage and grade
distributions. Because of this variation, GIPV, as currently computed for a given region,
means something different for, say, simulated porphyry copper deposits than it does for, say,
simulated podiform chromite deposits.

REPORTING OF ASSESSMENTS

As indicated above, users generally are not satisfied with the reporting of assessments.
The Panel concurs with some criticisms made by users and recommends that the USGS
provide graphic as well as numerical presentations of the relative frequency histogram (or, a
smoothed version) of simulated results (RGIPV). This would replace the reporting of the
mean GIPV and the GIPVs for the 0.9, 0.5, 0.10 cumulative (at least) probabilities.
Moreover, selected statistics, e.g. arithmetic mean, mode, and 95% confidence limits, should
be depicted on this histogram. Each reported assessment should contain "boiler plate” for the
interpretation of reported results, both in technical and layman’s terms. So that users are
aware of uncertainties about assessed values, a histogram for each assessor should be
reported, as well as the average (across assessors) histogram. This should be done separately
for each deposit type and for the aggregate of deposit types. Finally, reporting of results
should be consistent across assessments.

SUMMARIES OF OTHER SPECIFIC SHORT-RUN MODIFICATIONS

The Panel recommends that the following short-run modifications or extensions be made
in the USGS methodology for the assessment of undiscovered mineral resources:

* Comprehensive guidelines should be established for:
the construction of deposit models,

INTRODUCTION AND EXECUTIVE SUMMARY 11



the identification of deposit types,
the delineation of permissive areas, and
the elicitation of subjective probabilities.

* These guidelines should be made easily available to any interested party, and they
should be consistently applied;

* Make a permanent (computerized) record for each assessment of the important
geological rationale for the identification of deposit types, the delineation of permissive
areas, and the assessed number of deposits; |

* The number-of-deposits distribution should be elicited as probabilities for specific
numbers or for intervals of numbers of deposits, the intervals being specified by the
individual providing the subjective probabilities.

* Whenever data and knowledge permit and a specific assessment requires it, the global
tonnage and grade distributions should be tailored to account for terrane effects or
regional gradients and for differences in economiq circumstances.

* Direct elicitation of subjective probabilities shoulJ stress extreme events (numbers of
deposits) or intervals of events. ’

* A revised MARK3 should be designed to include uncertainties about deposit type.

* Much greater care must be given to a consistent application of methodology as it
pertains to the following:

* delineation of permissive areas

« number of assessors

 composition of assessment team (group)
« clicitation and encoding procedure.

* The minimum composition of an assessment lmrﬁ is the following:
« aregional geologist who is very familiar with the geology of the assessment area,
< an economic geologist who is very knowledgeable
about deposit types and models,
«+ a geophysicist with some exploration experience,
+ a remote-sensing/GIS geoscientist, |
+ an assessment methodology specialist. |

* There should be a minimum of three assessors on each team; thus, if the assessment
methodology specialist-also assesses, the assessment team would have a minimum of 7,
with the above composition.

INTRODUCTION AND EXECUTIVE SUMMARY 12



* The primary purpose of the assessment team (group) is to ensure that the necessary
. expertise is available and to facilitate a thorough discussion of relevant science, data,
experience, and analogue areas.

* A short-run strategy for group assessment is the following:
+ maintain at least the established minimum composition and number of assessors;
+ provide a forum for thorough discussion, as described above;
+ subsequent to discussion of science and the delineation of permissive areas, obtain
separately and privately an initial assessment of the probability distribution for
number of deposits by deposit type and permissive area;

« prior to reconvening the group, each assessor identifies those geological or
informational issues to which his assessment is most sensitive by permissive area;

+ In group session, each of the geological and informational issues identified
collectively is thoroughly discussed, and relevant information is introduced;

+ there is no discussion in the reconvened group of number of deposits in the
permissive areas;

 subsequent to the thorough discussion of science and informational issues, each
assessor privately makes a final assessment of the probability distribution for
number of deposits;
. + there is no attempt to reach group consensus;
+ each assessor’s subjective probabilities are submitted to the simulation program
(revised MARK3) which produces a relative frequency approximation to the
probability density function for RGIPV.

* Increase the emphasis on geophysical and remote-sensing information in assessment.

LONG-RUN MODIFICATIONS OR EXTENSIONS OF METHODOLOGY

Long-run modifications are by definition either major in kind or changes that need time to
develop, test, and implement. Here, only the major ideas of these long-run modifications are
briefly noted, the reader being referred to Chapter X and relevant specific chapters for a
development and rationalization of the ideas:

* redo and add to the deposit models of Bulletin 1693 and provide in computerized
format;

* expand the deposit modeling effort to include expertise outside of the USGS;

. INTRODUCTION AND EXECUTIVE SUMMARY 13



* explicitly include exploration information in assessments by either developing an
exploration data base when requisite information is available or a methodology to
estimate (using expert explorationists) intensity of exploration when requisite data are .
not available;

* develop a formal and structured process for ehc1tat10n of judgement and the encoding
of probabilities for number of deposits; ‘

|

* investigate influence allocation by the RCON or similar system as a means for
optimum weighting and integrating of different expertise, e.g. geophysics and
economic geology, for a group assessment;

* increase the use of geophysical and remote sensing information and their formal
integration with geological information in assessmient;

* increase the formal representation of all geoinformation with GIS;

* implement formal pattern analysis to support the c#ehncanon of assessment areas and

the assessment of number of deposits; |
|

* expand applied geologic research on ore deposits,
to regional structures, terranes, and rock types; |

* cortinue research for a "metric" for occurrence probabilities; .
* selectively integrate objective quantitative methods into assessment methodology;

* continue research and development of PROSPECTOR I and III for the identification
of deposit types and the delineation of assessment areas.

INTRODUCTION AND EXECUTIVE SUMMARY ‘ 14 .
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AUTHORIZING LEGISLATION AND MEMORANDA

PERSPECTIVE

This section identifies the legal and some administrative obligations to assess mineral
resources. It is not, nor is it meant to be, a legal document. It is meant to be descriptive of
the current requirements. For this reason the U.S. Code (USC) was relied upon throughout.
This section further, by mention, indicates the needs of several government agencies for
mineral resource information to fulfill their stewardships and mandated programs.

As the legislation is not always explicit concerning which agency is to do what
specific tasks, memoranda of understanding have been signed among those directly affected:
the U.S. Geological Survey (GS), the U.S. Bureau of Mines (BOM), the U.S. Bureau of Land
Management (BLM), and the U.S. Forest Service (FS). A review of these memoranda
follows. They should be recalled in the context of the subsequent code review.

MEMORANDA

The U.S.Geological Survey (GS) has signed a Memorandum of Understanding (MOU)
with the Bureau of Mines (BOM)(June 1987) and both the Bureau of Land Management and
the Bureau of Mines (January 1991). An Interagency Agreement between G.S., the BOM
and the U.S. Department of Agriculture, Forest Service (FS) was signed January 1987. In
general, it is the GS that is to assess the mineral endowment of areas and commodities in
such form that the BOM can develop economic resource evaluations from these data on
undiscovered resources. As the BOM is to conduct mineability and metallurgical studies as
well as conducting economic studies and forecasts of needs, it is at least implied that the GS
is to provide the data in gross terms to the BOM while the BOM is to use such data as the
basis for their own net value estimations. Jointly, their work is to provide the bases for
resource considerations in land-use or commodity-related decisions by policy makers.

The 1991 MOU reports a goal of the three agencies to jointly provide current minerals
information to support or supplement BLM’s existing mineral resource inventory and
evaluation responsibilities, especially where 1) land withdrawal from mineral entry is
contemplated, 2) the market value of a known or suspected commodity in an area has
significantly increased, 3) mineral development is an identified planning issue or, 4) the
current mineral inventory is incomplete. This MOU, however, requires only that
undiscovered resources are to be: (1) delineated by significant commodity; (2) rated as high,
moderate, low, or unknowr:; and 3) reported as quantitative probabilistic estimates where
possible.

The MOU derives its authority from the Federal Land Policy and Management Act
(FLPMA) of 1976 (Section 102(a)). Of particular interest here is the assertion that "the
national interest will be best realized if the public lands and their resources are periodically
and systematically inventoried and their present and future use is projected through a land-use
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planning process coordinated with other Federal and State planning efforts;" and also that "the
public lands be managed in a manner which recognizes the Nation’s need for domestic
sources of minerals, food, timber, and fiber from the public lands ..." Congress declared
specifically that: "when considering public interest the Secretary concerned shall give full
consideration to better Federal land management and the needs of State and local people,
including needs for lands for the economy, community expansion, recreation areas, food,
fiber, minerals, and fish and wildlife ..." (section 206(a)); "the Secretary shall prepare and
maintain on a continuing basis an inventory of all public lands and their resource and other
values ... This inventory shall be kept current so as to reflect changes in conditions and to
identify new and emerging resources and other values." (section 201(a)); and "land-use plans
shall be developed for the public lands regardless of whether such lands previously have been
classified, withdrawn, set aside, or otherwise designated from one or more uses" (section
202(a)). BLM is responsible for these actions on the public lands, as described in FLPMA
and Secretarial Order Number 3087."

"Subsequently, these directives were re-emphasized when the Secretary was directed
by Congress in the "National Materials and Minerals Policy, Research, and Development Act
of 1980" (30 U.S.C. 1604(e)) to initiate actions to improve the availability and analysis of
mineral data in Federal land-use decision making." \

(In particular), "The GS is assigned the responsibility to examine, assess, and
otherwise survey the mineral resources of the United States. This responsibility is defined
under, or results from, a variety of legislative actions and associated documents and
agreements, including the: Organic Act of (43 U.S.C. 31(a)); Strategic and Critical Materials
Stock Piling Act of 1946 (50 U.S.C. 98); Transfer of Functions From Secretary of Interior to
Secretary of Agriculture with respect to exchanges of non-Federal lands for national forest
lands or timber (7 U.S.C. 2201(note)); Wilderness Act of 1964 (16 U.S.C. 1131); Mining and
Minerals Policy Act of 1970 (30 U.S.C. 21(a)); Materials and Minerals Policy, Research and
Development Act of 1980 (30 U.S.C. 1601 et seg.); Forest and Rangeland Renewable
Resources Planning Act of 1974 as amended by the National Forest Act of 1976 (16 U.S.C.
1600 et seq.); Federal Land Policy and Management Act of 1976 (43 U.S.C. 1701); and
Alaska National Interest Lands Conservation Act of 1980 (16 U.S.C. 3141-3150, 3161).

The Interagency Agreement referred to above adds public lands administered by the
Forest Service to those administered by BLM to be surveyed for mineral resource values by
the USGS. The objective, authorized in the National Materials and Minerals Policy,
Research, and Development Act of 1980 (30 U.S.C. 1 (e)), is to initiate actions and
improve the availability and analysis of mineral data in Federal land decision making. The
Forest Service is to recognize and consider the relationship of the mineral resources to
renewable resources in the forest planning process. As in the 1991 MOU, the USGS assesses
the favorability for the occurrence of undiscovered mineral and energy resources, delineated
by significant commodities, as high, moderate, low, or unknown; where possible, resources
are to be reported as statistical estimates.
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LEGISLATION
MINERAL SURVEYS OF THE PUBLIC LANDS

The traditional tasks of the United States Geological Survey (USGS), those most
closely associated with resource identification and quantification (i.e., mapping, geologic,
geophysical and mineral surveys and investigations), derive their authority both within the
United States and beyond its borders from Title 43 United States Code. The Organic Act of
1879, which established the USGS under the Department of the Interior, directed the USGS to
classify the public lands and examine the geological structure, mineral resources, and products
of the national domain. [43 U.S.C. 31(a)] Over time Congress extended the authority of the
USGS to undertake geological surveys and conduct investigations relating to mineral
resources outside the boundaries of the fifty States. Authority to survey and investigate
Puerto Rico is granted by 43 U.S.C. 49. The Secretary of the Interior is permitted under 43
U.S.C. 1457 to direct the USGS, or any other entity under his authority, to perform surveys,
investigations, and research in geology, biology, minerals and water resources, and mapping
in Antarctica and the Trust Territories of the Pacific Islands. The Secretary of the Interior is
authorized by 43 U.S.C. 31(b) to direct the USGS to examine the geological structure,
mineral resources, and products outside the national domain when the Secretary determines
that such actions would be in the national interest. The importance of international surveys
and investigations for national security purposes is indicated by the requirement that the
Secretary report annually to Congress on the USGS’s activities pertaining to areas outside the
national domain. [43 U.S.C. 31(c)]

The information obtained from activities of the USGS are important to mining and
mineral exploration, geological, geophysical, and other scientific research, and public policy.
Therefore, Congress has directed that the publications of the USGS "shall consist of
geological and economic maps, illustrating the resources and classification of the lands, and
reports upon general and economic geology and paleontology.” [43 U.S.C. 41]

The importance of geologic mapping by USGS has been recently noted by Congress.
The National Geologic Mapping Act of 1992 [43 U.S.C. 31a et seq.] authorized a federal
geologic mapping program "whose objective shall be determining the geologic framework of
areas determined to be vital to the economic, social, or scientific welfare of the Nation." [43
U.S.C. 31c(d)(1)] It is the finding of Congress that "geologic maps are the primary data base
for virtually all applied and basic earth-science investigations,” including "exploration for and
development of mineral, energy, and water resources” and "land-use evaluation and planning
for environmental protection.” {43 U.S.C. 31a(a)(2)] Under this Act, the USGS is required to
establish a national geologic-map data base, or archive, containing the results from the
geologic mapping program and other maps and data as the USGS deems appropriate. States
that participate in the geologic mapping program will be required to pay for half the costs in
that State. The "State geologic mapping component” will be integrated with other national
priorities. [43 U.S.C. 31a(a)(5)] The Secretary of the Interior is required under the Act to
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report annually to Congress on the status of the program, with recommendations for further
legislative actions. [43 U.S.C. 31g]

The integration of land-use evaluation and planning for environmental protection into
the framework of the geologic mapping program is a continuation of the public policy
objectives that have evolved since enactment of the Wilderness Act of 1964 [16 U.S.C. 1131
et seq.] and the National Environmental Policy Act of 1%29. Since the enactment of the
Federal Land Policy and Management Act of 1976 [43 U.S.C. 1701 et seq.], the USGS has
become much more involved in issues of land-use planning. Between October 1976 and
October 1991, the Secretary of the Interior was required under the "Bureau of Land
Management Wilderness Study" to determine the suitabiiity or nonsuitability of areas with
wilderness characteristics under the authority of the Secretary’' for wilderness designation.
Prior to making his recommendation for each area to the President, he was required by statute
to direct the USGS to conduct mineral surveys and the United States Bureau of Mines
(USBOM) to determine the mineral values, if any, that may be present in such areas. [43
U.S.C. 1782(a)] ;
|

The authority of the Secretary to direct the USGS$ to conduct mineral surveys in those
areas defined under 43 U.S.C. 1782 expired during Octaber 1991. The general land-use
planning ideas set forth in the Federal Land Policy and agement Act still remain in
effect, however. Congress has declared that "the national interest will be best realized if the
public lands and their resources are periodically and systematically inventoried and their
present and future use is projected through a land-use planning process coordinated with other
Federal and State planniag efforts,” and that "the public|lands be managed in a manner which
recognizes the Nation’s need for domestic sources of minerals, food, timber, and fiber from
the public lands including implementation of the Mining and Minerals Policy Act of 1970 (84
Stat. 1876, 30 U.S.C. 21a) as it pertains to the public lands.” [43 U.S.C. 1701(a)(2) and (12)]
A land-use planning process is to "use a systematic interdisciplinary approach to achieve
integrated consideration of physical, biological, economic, and other sciences." {43 U.S.C.
1712(c)(2)] Itis to "rely, to the extent it is available, on the inventory of the public lands,
their resources, and other values," and "consider present and potential uses of the public
lands." [43 U.S.C. 1712(c)(4) and (5)]

The Secretary of the Interior is required by statute to "prepare and maintain on a
continuing basis an inventory of all public lands and their resources and other values
* (including, but not limited to, outdoor recreation and scenic values), giving priority to areas of
critical environmental concern. This inventory shall be kept current so as to reflect changes
in conditions and to identify new and emerging resource and other values." [43 U.S.C.
1711(a)] The Secretary shall "provide State and local governments with data from the
inventory for the purpose of planning and regulating the uses of non-Federal lands in
proximity of such public lands.” [43 U.S.C. 1711(b)]

|
! The public lands administered by} the Secretary through the
Bureau of Land Management. ‘
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The Secretary, with public involvement, is required to develop, maintain, and, when
. appropriate, revise land-use plans which provide for the use of the public lands. [43 U.S.C.
1712(a)] Congress has declared that the goal and objectives for such plans be the
management of the public lands on the basis of multiple use and sustained yield unless
otherwise specified by law. [43 U.S.C. 1701(a)(7)] "Land-use plans shall be developed for
the public lands regardless of whether such lands previously have been classified, withdrawn,
set aside, or otherwise designated for one or more uses." [43 U.S.C. 1712(a)]

The Secretary may withdraw, exchange, or sell units of the public lands to facilitate
the land-use plans that have been developed. In executing land-use management decisions,
the Secretary, by his own motion or upon request by a department or agency head, may
authorize the withdrawal of units of the public lands from existing uses. [43 U.S.C. 1714(a)
and (c)] When evaluating the withdrawal of lands aggregating less than 5,000 acres, the
Secretary is authorized to make such withdrawals subject to a public hearing. Such
withdrawals may be for a period of time as the Secretary deems desirable, but shall not
exceed twenty years. [43 U.S.C. 1714(d)] For withdrawals involving 5,000 acres or more, the
Secretary must make his recommendation for withdrawal to the President and to Congress.
[43 US.C. 1714(c)] 43 U.S.C. 1714(c)(2) requires the Secretary to furnish to Congress:

1 a clear explanation of the proposed use of the land involved which led
to the withdrawal;

2) an inventory and evaluation of the current natural resource uses and
values of the site and adjacent public and non-public land and how it

. appears they will be affected by the proposed use, including particularly
aspects of use that might cause degradation of the environment, and also
the economic impact of the change in use on individuals, local
communities, and the Nation;

3) an identification of present users of the land involved, and how they
will be affected by the proposed use;

4) an analysis of the manner in which existing and potential resource uses
are incompatible with or in conflict with the proposed use, together with
a statement of the provisions to be made for continuation or termination
of existing uses, including an economic analysis of such continuation or
termination;

7 a statement of the consultation which has been or will be had with other
Federal departments and agencies, with regional, State, and local
government bodies, and with other appropriate individuals and groups;
and

12)  a report prepared by a qualified mining engineer, engineering geologist,
or geologist which shall include but not be limited to information on:
general geology, known mineral deposits, past and present mineral
production, mining claims, mineral leases, evaluation of future mineral
potential, present and potential market demands.
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Congress may terminate the withdrawal by passing a resolution disapproving of such a
withdrawal. If Congress does not disapprove, the Secretary may withdraw such lands from
current uses for a period of not more than twenty years.

Congress has declared that "land exchanges are a very important tool for Federal and
State land managers and private landowners to consolidate Federal, State, and private holdings
of lands or interests in land for purposes of more efficient management and to secure
important objectives including protection of fish and wildlife habitat and aesthetic values; the
enhancement of recreation opportunities; the consolidation of mineral and timber holdings for
more logical and efficient development; the expansion of communities; the promotion of
multiple-use values; and fulfillment of public needs." [Public Law 100-409, Sec. 2]
Therefore, Congress has authorized the Secretaries of Interior and Agriculture to acquire by
purchase, exchange, or donation, eminent domain lands or interests therein that shall become
additions to the public lands, or with respect to the Secretary of Agriculture additions to the
National Forest System. {43 U.S.C. 1715(a),(c) and (d)] .

"A tract of public land or interests therein may be disposed of by exchange by the
Secretary of the Interior ... and a tract of land or interest therein within the National Forest
System may be disposed of by exchange by the Secretary of Agriculture under applicable law
where the Secretary concerned determines that the public interest will be served by making
that exchange...." [43 U.S.C. 1716(a)] When considering the public interest the Secretary
concerned "shall give full consideration to better Federal land management and the needs of
State and local people, including needs for lands for the economy, community expansion,
recreation areas, food, fiber, minerals, and fish and wildlife anc the Secretary concerned finds
that the values and the objectives which Federal lands or interests to be conveyed may serve
if retained in Federal ownership are not more than the values of the non-Federal lands or
interests and the public objectives they could serve if acquired.” [43 U.S.C. 1716(a)]

The values of lands exchanged by the Secretaries either shall be equal® or the values
shall be equalized by the payment of money, provided that any payment of money by the
Secretary concerned does not exceed twenty-five percent of the total value of lands or
interests transferred from Federal ownership. [43 U.S.C. 1716(b)] For such exchanges an
appraisal of value must be made. The Secretaries of Interior and Agriculture were required
by 43 U.S.C. 1716(f) to promulgate comprehensive regulations governing exchanges of lands
and interest therein under this section and other applicable law by August 20, 1989. Congress
mandated that the rules and regulations reflect nationally recognized standards for appraisals
and the costs borne by each party associated with land surveys and appraisals, mineral
examinations, title searches, etc.

? Exchanges can be made pursuant to this section if the
values of the lands involved are approximately equal and if the
Secretary determines that the exchange is in the public interest,
provided that the Secretary has set forth regulations that define
the meaning of "approximately equal value." [43 U.S.C. 1716(h)]
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The Secretary of the Interior is authorized to sell public lands if he determines that (1)
the location or characteristics of such lands make it difficult or uneconomic to manage such
lands and they are not suitable to be managed by another Federal department or agency, or
(2) the lands were acquired for a specific purpose and the lands are no longer required for
that or any other Federal purpose, or (3) disposal of such lands will serve important public
objectives.’ [43 U.S.C. 1713(a)] "Sales of public lands shall be made at a price not less than
their fair market value as determined by the Secretary.” [43 U.S.C. 1713(d)] All conveyances
of title to lands issued by the Secretary (except land exchanges pursuant to 43 U.S.C. 1716)
shall reserve to the United States all minerals in the lands, together with the right to prospect
for, mine, and remove the minerals under applicable law and such regulations as the Secretary
may prescribe, unless the Secretary, after consultation with the appropriate department or
agency head, determines that there are no known mineral values in the land or that the
reservation will interfere with or preclude non-mineral development of the lands and that such
development is a more beneficial use of the lands than mineral development. [43 U.S.C.
1719(a) and (b)]

Conveyance of mineral interests shall be made to the existing or proposed owner of
the surface rights upon payment of administrative costs and the fair market value of the
interests being conveyed. The Secretary shall require the buyer to deposit a sum of money to
cover the administrative costs associated with, but not limited to, the "costs of conducting an
exploratory program® to determine the character of the mineral deposits in the land, evaluating
the data obtained under the exploratory program to determine the fair market value of the
mineral interests to be conveyed, and preparing and issuing the documents of conveyance."
[43 U.S.C. 1719(b)(3)(i)]

MINERAL SURVEYS OF WILDERNESS LANDS

The Wilderness Act of 1964 established the National Wilderness Preservation System.
[16 U.S.C. 1131] As a special provision for the use of wilderness areas, surveys for
gathering information about mineral or other resources are authorized as long as such
activities are carried out in a manner compatible with the preservation of the wilderness
environment. The Secretary of the Interior, in consultation with the Secretary of Agriculture,
may conduct ongoing surveys consistent with the concept of wilderness preservation through
“the United States Geological Survey and the United States Bureau of Mines to determine the
mineral values, if any, that may be present” in such areas. [16 U.S.C. 1133(d)(2)] The

® Whenever a tract of land in excess of 2,500 acres has been
designated for sale, the Secretary must inform Congress of such a
recommendation. Within ninety days, the Congress may adopt a
concurrent resolution preventing the sale. [43 U.S.C. 1713 (c)]

* The exploratory program shall be undertaken in accordance
with standards promulgated by the Secretary. [43 U.S.C.
1719(b) (3) (ii)]
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"results of such surveys shall be made available to the public and submitted to the President

and Congress." [16 U.S.C. 1133(d)(2)] The Secretaries of the Interior and Agriculture are .
jointly required to report annually to Congress on the status and extent of the wilderness

system, regulations in effect, other pertinent information, and any recommendations they may

care to make. [16 U.S.C. 1136]

MINERAL SURVEYS OF ALASKAN LANDS r

Mineral surveys of Alaskan lands are subject to the authority given the Secretary of
the Interior under 16 U.S.C. 3141 through 3151. The Secretary is authorized to "assess the
oil and gas, and other mineral potential of all public lands in the State of Alaska in order to
expand the data base with respect to the mineral potential of such lands.” [16 U.S.C. 3150]
"The Secretary may enter into contracts with public or private entities to carry out all or any
portion of the mineral assessment program.” [16 U.S.C. 3150(a)] Although the USGS is not
directed by statute to perform such assessments, the Secretary is required to submit annually
to Congress "all pertinent public information relating to minerals in Alaska gathered by the
USGS, USBOM, and any other Federal agency." [16 U.$.C. 3151]

The Secretary of the Interior is required to provide a comprehensive and continuing
inventory and assessment of the fish and wildlife resources of the coastal plain of the Arctic
National Wildlife Refuge (ANWR). The Secretary is also allowed to authorize exploratory
activity within the coastal plain in a manner that avoids)}igniﬁcant adverse effects on the fish
and wildlife and other resources. [16 U.S.C. 3142(a)]
activities have been prescribed by the Secretary, "any person including the United States
Geological Survey may submit one or more plans for exploratory activity ... to the Secretary
for approval.” [16 U.S.C. 3142(e)(1)] The Secretary "shall not approve of any plan submitted
by the United States Geological Survey unless he de ines that (1) no other person has
submitted a plan for the area involved which meets established guidelines and (2) the
information which would be obtained is needed to make an adequate report under subsection
(h) of this section.” [16 U.S.C. 3142(e)(2)] The provisions of 16 U.S.C. 3142(h) required the
Secretary to submit a report containing any information that would have been obtained by
USGS under 16 U.S.C. 3142(e)(2) by August 1985. Therefore, the statutory authority of the
Secretary to allow exploratory surveys by the USGS has expired.

fter guidelines for exploratory .

The Secretary was directed by 16 U.S.C. 3141 to carry out a study of all Federal lands
(other than submerged lands on the Outer Continental Shelf) in Alaska north of 68 degrees
north latitude and east of the westemn boundary of the National Petroleum Reserve - Alaska,
other than lands included in the National Petroleum Reserve - Alaska and in conservation
systemn units established by the Alaska National Interest Lands Conservation Act (Public Law
96-487, December 2, 1980, 94 Stat. 2371). "As part of the study, the Secretary shall review
the suitability or nonsuitability for preservation as wildemess" of these North Slope Federal
lands and report his findings to the President, who shall make his recommendations to the
Congress. [16 U.S.C. 3144]
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The Secretary is also authorized to conduct studies or collect and analyze information
from permittees of the oil and gas potential of non-North Slope Federal lands. [16 U.S.C.
3148] Permits may be issued for geological, geophysical, and other assessment activities as
long as these activities are conducted in a manner that is consistent with the purposes for
which the affected area is managed. The Secretary shall encourage the State of Alaska to
undertake similar studies on its lands. The Secretary shall integrate information from any
State studies with Federal studies. The Secretary is required to report annually to Congress
on his efforts regarding the leasing of, and exploration and development activities on, such
lands.

MINERAL SURVEYS FOR NATIONAL SECURITY PURPOSES AND ON MINERAL
LANDS

The are no explicit statutory requirements concerning the responsibilities of the USGS
under the Strategic and Critical Materials Stock Piling Act of 1946 [50 U.S.C. 98], the
Mining and Minerals Policy Act of 1970 [30 U.S.C. 21a], and the National Materials and
Minerals Policy, Research and Development Act of 1980 [30 U.S.C. 1601 et seq.]. However,
either the President or the Secretary of the Interior is directed to perform functions pursuant
to each Act.

In enacting the Strategic and Critical Materials Stock Piling Act of 1946, the Congress
found that "the natural resources of the United States in certain strategic and critical materials
are deficient or insufficiently developed to supply the military, industrial, and essential
civilian needs of the United States for national defense.” [50 U.S.C. 98a] Congress directed
the President to "make scientific, technologic, and economic investigations conceming the
development, mining, preparation, treatment, and utilization of ores and other mineral
substances that (A) are found in the United States, or in its territories or possessions, (B) are
essential to the national defense, industrial, and essential civilian needs of the United States,
and (C) are found in known domestic sources of inadequate quantities or grades." [50 U.S.C.
98g(a)(1)] "Such investigations shall be carried out to determine and develop new domestic
sources of supply of such ores and mineral substances.” [50 U.S.C. 98g(a)(2)] The President
is required to submit to the Congress an annual report detailing the research and development
activities regarding strategic and critical materials within the United States. [50 U.S.C. 98h(a)]

In the Mining and Minerals Policy Act of 1970, Congress declared "that it is the
policy of the Federal Government in the national interest to foster and encourage private
enterprise in

(1)  the development of economically sound and stable domestic mining,
minerals, metal and mineral reclamation industries;

) the orderly and economic development of domestic mineral resources,
reserves, and reclamation of metals and minerals to help assure
satisfaction of industrial, security and environmental needs;
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mining, mineral, and metallurgical research, including the use and
recycling of scrap to promote the wise and efficient use of our natural
and reclaimable mineral resources; and

the study and development of methods for the disposal, control, and
reclamation of mineral waste products, and the reclamation of mined
land, so as to lessen any adverse impact of mineral extraction and
processing upon the physical environment that may result from mining
or mineral activities." [30 U.S.C. 21a]

The Secretary of the Interior shall "carry out this jpolicy when exercising his authority
under such programs as may be authorized by law other than this section.” [30 U.S.C. 21a]
In his annual report to the Congress, the Secretary "shall include a report on the state of the
domestic mining, minerals, and mineral reclamation industries, including a statement of the
trend in utilization and depletion of these resources, together with recommendations for
legislative programs as may be necessary to implement this policy." [30 U.S.C. 21a]

In enacting the National Materials and Minerals Policy, Research and Development
Act of 1980, Congress declared that "it is the continuing policy of the United States to
promote an adequate and stable supply of materials necessary to maintain national security,
economic well-being and industrial production with appropriate attention to a long-term
balance between resource production, energy use, a healthy environment, natural resources

conservation, and social needs.” [30 U.S.C. 1602] The
responsible departments and agencies to:

sident shall coordinate the

identify materials needs and assist in the pursuit of measures that would
assure the availability of materials critical to commerce, the economy,
and national security;
establish a mechanism for the coordination and evaluation of Federal
materials programs, including those involving research and development
so as to complement related efforts by the private sector as well as
other domestic and international agencies and organizations;

establish a long-range assessment capability concerning materials
demands, supply and needs, and provide for the policies and programs
necessary to meet those needs;

promote and encourage private enterprise in the development of
economically sound and stable domestic materials industries;

encourage Federal agencies to facilitate availability and development of

domestic resources t0 meet critical matcripls needs. [30 U.S.C. 1602]
|

Congress also directed the Secretary of the Inte ior to "collect, evaluate, and analyze
information concerning mineral occurrence, production, and use from industry, academia, and
Federal and State agencies. [30 U.S.C. 1604(f)]
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MINERAL SURVEYS OF NATIONAL FOREST LANDS ADMINISTERED BY THE
DEPARTMENT OF AGRICULTURE

The Transfer of Functions from the Secretary of the Interior to the Secretary of
Agriculture (Public Law 86-509, 74 Stat. 205) transferred the administration of certain public
lands in various states from the Secretary of the Interior to the Secretary of Agriculture. The
authority of the USGS to determine mineral values was not terminated for most of these
lands, however, since the Secretary of the Interior retained certain powers. Section 2 of the
Transfer Act required the Secretary of Agriculture to obtain the approval of the Secretary of
the Interior whenever the Secretary of Agriculture disposes of certain lands specified in the
Act. For an exchange, patent or sale of these lands to occur, the Secretary of the Interior
must determine that the lands are non-mineral or give his approval of the valuation and
disposition of the minerals in the lands.

In recognition of the vital importance of America’s renewable resources of the forest,
range and lands administered by the Forest Service, Congress enacted the Forest and
Rangeland Renewable Resources Planning Act of 1974 as amended by the National Forest
Management Act of 1976. [16 U.S.C. 1600 et seq.] This Act directed the Secretary of
Agriculture to prepare a Renewable Resource Assessment (a ten year long-term resources
management pla<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>