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EXECUTIVE SUMMARY

The U.S. Geological Survey (USGS), in cooperation with the U.S. Bureau of Mines
(USBM), is conducting a resource assessment of the Bureau of Land Management's (BLM)
Winnemucca District and Surprise Resource Area, an area covering 13.5 million acres in
northwest Nevada and northeast California. This resource assessment will assist the BLM in
meeting inventory and evaluation, resource-management planning, and other management
requirements of the Federal Land Policy and Management Act of 1976 (FLPMA). Land
management issues that could impact or could be impacted by resource development in the
project area include the presence of threatened and endangered species (for example, the
Lahontan Cutthroat trout, raptor habitats, and the Desert Dace fish), the withdrawal of public
lands from mineral entry (for example, the proposed 1.2 million acre High Rock/Black Rock
National Conservation Area), and the impact of mine dewatering on drainage basin groundwater
resources (for example, the Humboldt River drainage basin).

Primary objectives of this assessment include 1) identifying areas in which significant
deposits of mineral, oil and gas, and geothermal resources may be present, and 2) providing
probabilistic estimates of the number of undiscovered mineral deposits and the quantity of metal
contained in those undiscovered deposits. The latter information will be used by the BLM, after
economic analysis by the USBM, in their construction of Reasonable and Foreseeable
Development scenarios as part of their Resource Management Plan for the District/Resource
Area or for other planning units such as drainage basins or identified ecosytems.

The assessment is being conducted in two stages. The compilation and synthesis of
existing data pertinent to conducting a resource assessment (stage I) has resulted in the
identification of data and (or) knowledge deficiencies that are guiding stage II field studies. This
report describes stage I accomplishments, documents data and knowledge deficiencies identified
during stage I compilations, outlines stage II work plans, and presents preliminary interpretations
of data. Though it is unrealistic that all identified data and knowledge deficiencies will be
addressed in the time frame of this project, this will serve as a record for those who follow to
address in future assessments.

An assessment for non-fuel mineral resources is being conducted both qualitatively and
quantitatively. This includes metallic mineral resources, industrial rock and mineral resources,
and sand and gravel resources. Qualitative assessment consists of preparation of mineral
potential tract maps that outline the likelihood of occurrence of specific mineral deposits types at
three levels of potential (low/permissive, moderate/favorable, high/prospective). Preliminary
1:250,000 scale working copies of mineral potential tract maps have been prepared for the
project area. Stage Il activities include field studies to define geologic and structural features
controlling mineral deposit distributions and examinations of poorly characterized or
controversial mineral occurrences to ensure proper deposit classification. A quantitative
assessment for metallic mineral resources (and some industrial mineral resources) will result in a
probabilistic estimation of the number of undiscovered mineral deposits (by deposit type) and the
quantity of metal contained in them.

An assessment for fuel resources includes assessments for geothermal and oil and gas
resources. Several recently constructed geothermal power plants are within and very near the
project area. The Great Basin is currently the principal domestic target area for commercial
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exploration and this assessment will aid in identifying new sites with potential to generate
electricity. Geothermal resources appropriate for non-electric applications also are fairly
abundant in the project area, and some of these resources are already developed (e.g., alfalfa
drying at Gerlach, onion drying at Nightingale). The USGS has completed three national
geothermal-resource assessments during the past two decades. The general methodology and
much of the data base used for those assessments will be employed for the project area. Stage I
activities have included working with personnel of the Nevada Bureau of Mines and Geology
who are currently reassessing geothermal resources for the entire state. Stage II studies, and
future assessments, should focus on improving our understanding of subsurface hydrology, both
locally and regionally. Oil and gas assessment of the project area is being conducted as part of
the 1995 National Petroleum Assessment. Stage I activities have included compilation of all
existing data on known hydrocarbon plays in the area and the identification and description of
speculative or conceptual oil and gas plays. Conceptual plays are of three types: 1) Permian-
Triassic source rocks, 2) Cretaceous source rocks , and 3) Neogene source rocks. Stage II studies
and any future oil and gas assessment in the WSRA project area should include: 1)
documentation of the origin of and natural gases by isotopic analysis; 2) determination of the
extent of Triassic source rocks in west central Nevada; and, 3) better documentation of depth of
fill, potential traps, and areal extent of source rocks in the Late Cenozoic basins.

Supporting data bases are a critical component of any assessment, without which the
assessments could not be conducted. Because the BLM is working toward automation of
resource management planning, all spatial data pertinent to conducting a resource assessment of
the project area are being compiled and archived in digital form in an Arc/Info GIS. Supporting
data bases include geology, geochemistry, geophysyics, hydrothermal alteration, and mineral
locality data (MRDS, MILS, etc.). Stage I activities have resulted in preliminary interpretations
of existing supporting data and are presented here. Stage II activities include 1) examination of
important geologic and structural features that influence the distribution of resources, 2)
compilation and interpretation of new geochemical data from the reanalysis of NURE samples
and incorporation of this new information into the mineral resource assessment, 3) classification
of hydrothermally alterered areas identified by color-ratio composite Landsat Thematic Mapper
imagery, and 4) examination of mineral localities for which deposit type classification are
unknown or uncertain.



INTRODUCTION

The U.S. Geological Survey (USGS) is a party to joint interagency Memorandum of
Understandings (MOUs) with the Bureau of Land Management (BLM) and the U.S. Bureau of
Mines (USBM) to coordinate resource assessments and evaluations of BLM administered lands.
Resource assessments of BLM Resource Areas (RAs), that are conducted by the USGS under
these MOUs, assist the BLM in meeting inventory and evaluation, resource-management
planning, and other management requirements of the Federal Land Policy and Management Act
of 1976 (FLPMA).

Location of Project Area and Land Management Issues

The project area is composed of three contiguous BLM RAs, totalling 13.5 million acres,
in northwest Nevada and northeast California (figs. 1, 2). The Sonoma-Gerlach and Paradise-
Denio RAs in northwest Nevada together comprise the BLM's Winnemucca District. The
Surprise RA is located in extreme northwest Nevada and northeast California and is part of the
BLM's Susanville District, which is administered by the BLM's California state office.
Henceforth, the project area will be referred to as the Winnemucca-Surprise Resource
Assessment (WSRA) project area.

There are several land management issues that could impact or could be impacted by
resource development in the project area. These include the presence of threatened and
endangered species, the withdrawal of public lands from mineral entry, and the impact of mine
dewatering on drainage basin groundwater resources. The Lahontan Cutthroat trout (primarily in
the Paradise-Denio RA), raptor habitats (primarily in the Surprise RA), and the Desert Dace fish
(Soldier Meadows area, Surprise RA) are examples of species and habitats in the project area that
are listed as threatened or endangered by the U.S. Fish and Wildlife Service. The 1.2 million
acre High Rock/Black Rock National Conservation Area (NCA) (fig. 2) is part of the historic
Applegate-Lassen Emigrant Trail that branched off the Humboldt River near Rye Patch
Reservoir and continued across the Black Rock Desert through High Rock Canyon (fig. 2). The
High Rock NCA is being proposed for withdrawl from mineral entry (a 20 year administrative
withdrawal) to protect the historic and scenic value of the area. The discovery and development
of large gold deposits in north-central and northeast Nevada over the past decade has created
concern about the impact of mine dewatering on groundwater resources in this region. The
Humboldt River drainage basin, which extends into the southeast part of the project area is
currently the focus of impact studies by the USGS, the BLM, and the USBM.

Objectives

The principal goals of this project are to provide other federal agencies, particularly the
BLM, with 1) maps (with interpretive text) showing geology, geophysics, geochemistry,
hydrothermal alteration, and most importantly, the location of tracts in which significant deposits
of mineral, oil and gas, and geothermal resources may be present in the three BLM Resource
Areas (Sonoma-Gerlach, Paradise-Denio, and Surprise), and 2) probabilistic estimates of the
number of undiscovered mineral deposits and the quantity of metal contained in those
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undiscovered deposits. The latter information will be used by the BLM, after economic analysis
by the U.S. Bureau of Mines (USBM), in their construction of Reasonable and Foreseeable
Development scenarios as part of their Resource Management Plan (RMP) for the Resource
Areas or possibly an RMP for drainage basins or identified ecosytems in the study area.

We will gain additional insight into factors that control the distribution of mineral, oil and
gas, and geothermal resources in the region through topical studies of regional geology,
geophysics, geochemistry, hydrothermal alteration, and more detailed studies of mineral
deposits. ‘

Strategy

The assessment project is being conducted in two stages, following the guidelines for
mineral-resource studies of public lands (appendix 1). Stage I activities have involved the
gathering and compilation of all existing data pertinent to conducting a resource assessment of
the project area and the preparation of GIS-compatible digital data bases. Selected
multidisciplinary interpretations using existing data have been made, and include a preliminary
qualitative assessment (mineral potential tract maps) for metallic mineral deposits. Stage I
activities have resulted in the identification of both data and knowledge deficiencies that will
help focus stage II studies. This report summarizes accomplishments to date, presents
preliminary interpretations of data, and outlines strategy for stage II activities.

Stage II will emphasize field-based studies of high-priority items identified during stage I
data compilation and synthesis. These studies will aid in refining resource potential tract
boundaries and resource deposit models. Stage II will conclude with the release of a resource
assessment report that will include the results of qualitative assessments (tract maps showing
resource potential) for all resources and a quantitative assessment (estimation of numbers of
undiscovered deposits and the quantity of metal contained in them) for metallic and industrial
mineral resources, as well as all supporting data. The assessments will be published at 1:500,000
scale.

Previous Assessments and Concurrent Projects

Previous resource assessments of all or parts of the area have included resource potential
surveys of wilderness study areas (table 1, fig. 2), a mineral resource assessment of the Reno 1°
by 2° quadrangle (John and others, 1993) which covered the project area south of latitude 40°N,
and a statewide mineral assessment of Nevada (Cox and others, 1989, 1991; Blakely and
Jachens, 1991; Ludington and others, 1994). The USBM recently completed a resource
inventory for the proposed High Rock/Black Rock NCA (Miller, 1993), a 1.2 million acre area
located in the western part of the project area (fig. 2). Mineral inventories of the Winnemucca
District (Bonham and others, 1985) and the Nevada part of the Surprise Resource Area (Garside
and Davis, 1992) were conducted by the Nevada Bureau of Mines and Geology.

The USBM is concurrently conducting a mineral land assessment (MLA) of the project
area. This work is largely analytical and inventorial in nature and concentrated around areas of
significant impact, including areas of critical environmental concern (ACECs), proposed national
conservation areas (NCAs), wilderness study areas (WSAs), Nevada State and United States
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wildlife refuges, and populated area. Areas of development interest (ADIs) will be classified as
having high, moderate, or low significance. Socioeconomic and(or) potential supply analyses
will be conducted by the USBM using USGS probabilistic ore-deposit estimates.

Aknowledgments

Several USGS personnel, though not officially attached to the project, are contributing
their time and expertise to various aspects of the project and are listed as consultants to the
project in appendix 2. In particular, Tom Nash, Ted Theodore, and David John are
acknowledged for their participation in a preliminary quantitative assessment for metallic
mineral resources of the project area and for their field investigations in the High Rock/Black
Rock NCA. Harley King assisted in the collection of new stream sediment samples in the project
area and is currently compiling analytical data from the reanalysis of NURE samples. Kathy
Connors has been instrumental in the preparation of maps and figures from the project GIS data
bases.
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Map of Great Basin showing state and county boundaries and location of Winnemucca-Surprise

Figure 1.
Resource Assessment project area (stippled).
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Map of project area. Stippled area is proposed High Rock/Black Rock National Conservation
Area. Numbers refer to Wilderness Study Areas listed in table 1. Heavy lines are BLM Resource
Area (RA) boundaries. S - Surprise RA, PD - Paradise-Denio RA, SG - Sonoma-Gerlach RA.
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ACCOMPLISHMENTS AND WORK PLANS

The Winnemucca-Surprise Resource Assessment (WSRA) project commenced in April
1993 and is scheduled to be completed in April 1996. Stage I activities have been conducted
during the first year of the project and stage II studies are being conducted over the final two
years of the project. A timeline chart illustrating the schedule for specific activities is presented
in table 2.

The compilation and synthesis of existing data pertinent to conducting a resource
assessment (stage I) has resulted in the identification of data and(or) knowledge deficiencies that
will guide stage II field studies. Presented below is a short description of stage I
accomplishments and documentation of data and knowledge deficiencies. Though it is
unrealistic that all deficiencies will be addressed in the time frame of this project, this will serve
as a record for those who follow to address in the future assessments; resource assessments are
and should be dynamic.

Assessment for Metallic Mineral Resources

A wide variety of metallic mineral deposit types occur throughout the project area. The
most common and historically most economically important metallic commodities produced
from the area include gold, silver, and tungsten. Presently, gold accounts for most mining in the
project area, with annual production of more than one million ounces of gold. Gold is produced
mainly from 1) sediment-hosted (Carlin-type), 2) hot-spring and vein-type gold-silver deposits,
and 3) distal disseminated Ag-Au deposits (appendix 3). Some additional gold and silver
production is derived from a variety of less important mineral deposit types. Discoveries of new
mineral deposits made since 1985 have included some of the largest deposits in the WSRA area
(for example, deposits at the Twin Creeks, Marigold, and Lone Tree mines) and has encouraged
exploration throughout the region.

An assessment for metallic mineral resources is being conducted both qualitatively and
quantitatively. Qualitative assessment consists of preparation of mineral potential tract maps that
outline the likelihood of occurrence of specific mineral deposits types at four levels of potential
(no/nonpermissive, low/permissive, moderate/favorable, high/prospective). These are defined as
follows:

Non-permissive - This is equivalent to No mineral resource potential (Taylor and
Stevens, 1983). There is only an infinitesimal chance of a given deposit type present. This
ranking can be depth-dependent, where a 1 km depth limit determines all areas where
alluvium or other lithologic types exceeds 1 km cover for a deposit model type.

Permissive - This ranking is equivalent mineral to Low mineral potential (Taylor and
Stevens, 1983) and is applied to areas where no geological feature prohibits the presence
of a given deposit model type, but where there is no or scant positive indication that
mineralizing processes were operative within the tract, so there is a low likelihood of a
deposit existing. In many cases this classification is given to large areas or the entire
resource area, where cover is less than 1 km. This classification also covers areas where
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levels of uncertainty may be very high and is therefore sometimes equivalent to the
"Unknown" classification.

Favorable - This classification is similar to Moderate mineral potential (Taylor and
Stevens, 1983) and favorable tracts are a sub-set of permissive tracts. This ranking
applies to tracts where evidence of a mineralizing process for deposit model types is
known or can be extrapolated into adjacent covered (but <1 km) or poorly documented
areas. These tracts are considered to have a significant likelihood of hosting one or more
deposits and are equivalent to 'mineral belts', or tracts defined by geological features, or
alignments, or grouping of mineral occurrences. Evidence of a mineralizing process
includes more than deposits themselves, such as genetically related deposit model types,
areas of hydrothermal alteration, or geophysical or geochemical anomalies.

Prospective - This classification is equivalent to High mineral potential (Taylor and
Stevens, 1983) in areas and is a sub-set of favorable tracts. The probability of
discovering deposits in these tracts is high. They are small tracts where strong indications
of mineralizing processes are documented, and in most cases have a history of mineral
production.

Mineral deposit types that are known or suspected to exist in the project area, and for
which preliminary mineral potential tract maps have been prepared, are listed in table 3.
Descriptive models for all pertinent mineral deposit types, outlining defining characteristics, are
presented in appendix 3. Preliminary 1:250,000 scale working copies of mineral potential tract
maps have been prepared for the project area. Figures 3, 4, and 5 are page-size examples of
mineral potential tract maps for Carlin-type gold deposits, low-sulfide Au-Ag quartz vein
deposits, and hot-spring and epithermal Au-Ag deposits, respectively.

A quantitative assessment for metallic mineral resources (and some industrial mineral
resources) in the project area will follow the methodology outlined in Singer (1993). This will
result in a probabilistic estimation of the number of undiscovered mineral deposits (by deposit
type) and the quantity of metal contained in such undiscovered deposits. A separate quantitative
assessment for mineral resources in the High Rock/Black Rock NCA (fig. 2) may be conducted
should such an assessment be required before completion of the project. Field work was
conducted in the NCA during June 1994 in prepartion for an assessment.

Stage II includes field studies to define stratigraphic units or structural features
controlling mineral deposit distributions and examinations of poorly characterized or
controversial mineral occurrences to ensure proper deposit classification. Geochronologic,
petrographic, and geochemical studies will be used to verify field observations when necessary.

Data and knowledge deficiencies that need to be addressed in order to conduct a more
accurate mineral resource assessment of the area include:

> Characterization of mesothermal polymetallic vein (a variety of low-sulfide gold-
quartz veins) deposits and belts. How do they differ from the published descriptive



Table 3. Metallic mineral deposit types known or suspected to exist in the WSRA project area. For
descriptive models see appendix 3.

Porphyry copper-gold deposits
Porphyry copper-molybdenum deposits

Porphyry copper, skarn-related deposits
Copper skarn deposits

Iron skarn deposits

Volcanic-hosted magnetite deposits
Polymetallic vein deposits

Polymetallic replacement deposits
Zinc-lead skarn

Replacement manganese deposits

Gold skarn deposits

Distal disseminated silver-gold deposits

Climax molybdenum deposits

Porphyry molybdenum, low-fluorine deposits
Tungsten skarn deposits

Tungsten vein deposits

Epithermal gold-silver deposits
Hot-spring gold-silver deposits
Hot-spring mercury deposits

Hot-spring manganese deposits

Sediment-hosted (Carlin-type) gold deposits
Low sulfide gold-quartz vein deposits

Kuroko massive sulfide deposits

Besshi massive sulfide deposits

Cyprus massive sulfide deposits

Franciscan-type volcanogenic manganese deposits
Exhalative sedimentary lead-zinc deposits

Volcanogenic uranium deposits
Sediment-hosted uranium deposits

Gold placer deposits
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model? What tectonothermal event are they related to?

Tertiary stratigraphy in the Jessup-Sulphur region. Documentation of stratigraphic
successions and regional stratigraphic correlations are needed to better understand
timing of hot-spring and epithermal Au-Ag mineralizing events and thus identify
prospective stratigraphic intervals.

What surficial or other features delineate the northwest end of the northwest-trending
Battle Mountain-Eureka mineral belt, which transects the northeast part of the project
area? Can these or other features be used to extend the trend to the northwest?

What, if any, correspondence exists between regional geophysical data and ore
deposits? Features that need better understanding are probably crustal ones. There
needs to be more modelling of geophysical data and a comparison of modelling with
available isotopic data.

Tertiary volcanic stratigraphy in the Osgood Mountains area. This is needed to
understand the magmatic history of the area, help unravel extensional history, and
provide constraints on the relative ages and amounts of movement. For example,
aeromagnetic signatures of basaltic andesite indicate that some were formed during a
period of reversal in the Earth's field and some were not; thus what are now lumped
together as one unit clearly represent at least two units of different age.

Interpretation of bedrock geology in Neogene basins. Geologic extrapolation and
geophysical modeling and data interpretation (e.g., shallow magnetic source data)
need to be applied to basin areas to aid in delineating mineral resource potential of
basin areas. Other remote sensing techniques must be developed and applied to
basin areas.

Definition and delineation of tectonic domains. How are individual tectonic domains
defined in terms of geologic, structural, geochemical, and geophysical
characteristics? What is the nature of tectonic domain boundaries? What correlation
exists between tectonic domains or domain boundaries and the distribution of
different types of mineral deposits?

Assessment for Non-Metallic Mineral Resources

Assessment for non-metallic mineral resources will include a qualitative assessment
(preparation of mineral potential tract maps) for industrial rocks and mineral commodities and
sand and gravel resources in the project area and a probabalistic estimate of undiscoverd deposits
(quantitative assessment) for deposits types or commaodities for which adequate descriptive and
grade/quality and tonnage models exist. This activity began in April 1994 (table 2). Few
descriptive and grade/quality and tonnage models currently exist for these commodities. Those
that do are presented in Orris and Bliss (1989, 1991). The USGS is actively involved in
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developing additional models for industrial rock and mineral commodities for use in mineral
resource assessments.

The USGS Mineral Resources Data System (MRDS) and USBM Mineral Inventory
Location System (MILS) data bases show that about 16 non-metallic commodities have been
reported in the WSRA project area. Industrial rock and mineral commodities known and
suspected to exist in the project area are listed in table 4. Geologic occurrence models will be
developed from synthesis of the computer data and from available literature and data files at the
Nevada Bureau of Mines and Geology. Tract maps of permissive areas for each commodity are
being prepared based on occurrence models.

Selected location and desciptive fields in the MRDS data base have been imported
into an ARC/INFO data base for the project area. Information on host lithology has been added
to this information by combining or intersecting localities with the Nevada Geology Map digital
data base. This information is being synthesized to help define geologic occurrence models and
ultimately predict the locations of specific commodities. Additional, more general occurrence
information will be added from literature and commodities experts. Occurrence maps are being
produced for commodities showing locations and host lithologies of non-metallic mineral sites.
These maps will be first-cuts at mineral potential tract maps for non-metallic commodities.
Figures 6 shows the distribution of all industrial rock and mineral localities in the WSRA
project area and figure 7 shows the distribution of selected industrial mineral commodities.

An assessment for sand and gravel resources will be qualitative, outlining areas of sand
and gravel potential and classifying areas based on principles outlined by Bliss (1993, 1994).
Locations of sand and gravel quarries and pits in the project area are shown in figure 8 and are
concentrated along major transportation corridors (see fig. 2).

Assessment for Geothermal Resources

Geothermal energy is the thermal energy of the Earth, and thus geothermal resource
assessment is the estimation of what fraction of the Earth's heat might be extracted economically
at some reasonable future time. Though relatively intangible compared to such "hard" resources
as minerals and petroleum, geothermal energy can be thought of as representing many deposits
over a broad spectrum of tonnage (volume) and grade (base temperature). For example, a
large-volume, high-temperature, hydrothermal-convection system is a very desirable resource
economically, whereas a small-volume, low-temperature aquifer is of far less economic value
even though it may be a developable resource. The only geothermal environment that can be
considered a resource, in the restricted sense of this word noted above, is a high-temperature
hydrothermal system.

The USGS has completed three national geothermal-resource assessments during the past
two decades (White and Williams, 1975; Muffler, 1979; Reed, 1983). The general methodology
and much of the data base used for those assessments will be employed to assess the geothermal
resources of the WSRA project area.

Agencies of state governments, especially in the western United States, have also
assessed their geothermal resources. The Nevada Bureau of Mines and Geology (NBMG) is
currently reassessing geothermal resources for the entire state, as part of a Department of Energy
supported program. The NBMG is willing to share information and the timing is such that the

9



Table 4. Industrial rock and mineral commodities known or suspected to exist in the WSRA project
area.

Diatomite

Barite

Perlite

Gypsum

Zeolite

Sulphur

Pumice

Clays

Gemstones
Semi-precious Stone
Beryl

Lithium

Limestone
Ornamental/Facing Stone
Phosphate ?

Borates ?

Potash

Dumorterite
Wollastonite

Silica

Oa
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Figure 6.

Distribution of all industrial mineral sites in the WSRA project area reported in the MRDS and
MILS data bases.
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Figure 10. Oil and gas potential tract map for the WSRA project area and vicinity. Conceptual plays are

defined as follows: 1803 - areas with Permian and Triassic source rocks; 1804 - areas with
Cretaceous source rocks; 1805 - area with Tertiary source rocks.
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perhaps genetically related to contact or hydrothermal metamorphism. All of the major plays
have been tested by drilling but no commercial production has been established in the
Winnemucca-Surprise area. The major traps and reservoir rocks are thought to be formed by: 1)
folding and fault truncation related to Mesozoic thrusts of Paleozoic and Mesozoic carbonate
and clastic rocks; 2) fault truncation at the basin margins of reservoirs formed by fracture
enhanced permeability in Paleozoic and Mesozoic carbonate and clastic rocks or interbedded
Cenozoic lacustrine, fluvial and alluvial rocks; 3) sand bodies or pockets of primary or secondary
porosity encased in low permeability volcanigenic or lacustrine sediments; and 4) fractured tuffs
and volcanic flows.

Conceptual Play Definition Technique
The technique to define the conceptual play boundaries in the Neogene basins was to use

a series of overlays that: 1) outline areas of Tertiary-Quaternary fill in basins (usually grabens)
from the Nevada 1:500,000 geologic map; 2) use gravity data (Jachens and Moring, 1990 or
other gravity data) to reduce the play area to where the Tertiary fill is deep (>1-2 km or so; based
on the conclusions of Barker and Peterson, 1991) ; and 3) extend the play into shallower
portions of the basin or where hydrocarbon shows or seeps are known (Brady, 1984; Garside and
others, 1988; Schalla et al., 1994; unpublished reports).

Permian-Triassic source rocks, northwest Nevada -- A conceptual play based on deep burial and
effective sealing of Permian-Triassic source rocks in Basin and Range type basins and horsts in
Nevada (1803, fig. 10). Play based on speculation that on some fault blocks the Permian-Triassic
rocks may have petroleum generation potential that was preserved until now when they are
deeply buried and heated by burial, hydrothermal and contact metamorphism. Reservoir
formations include Permian to Triassic sandstones and limestones and overlying basin-margin
alluvial fans and fractured volcanic rocks. Traps are formed by drag folds and(or) truncation
related to imbricate thrust sheets in the Fencemaker and Willow Creek thrust systems and by
fault truncation within the Neogene basins or at their margins. Traps may also be formed by
fault-bounded subblocks within the horsts that form the ranges in the area. Seals are mudrocks
and(or) faults. It is also possible that fractured source rocks may form reservoirs. Source rocks
are marine Permian to Triassic shales containing oil-prone organic matter in west central Nevada.
Preservation of source rock potential is spotty. Conodont alteration index mapping by Harris et
al (1980), vitrinite reflectance measurements (McDaniels, 1982) and Rock-Eval analyses (Barker
et al., 1994) shows most of the Triassic of the western Great Basin is overmature. Organic
geochemistry suggests the Triassic source rocks in west central Nevada have a high TOC and
hydrogen content. The ranges, rather than the basins, where there may have been a lower degree
of contact, geothermal, or low-grade regional metamorphism, may represent areas where
Neogene oil generation and preservation has occurred. Fossils from the Augusta and Clan
Alpine Mountains contain live oil. No wells test the oil potential of the ranges in this play.
Neogene generation is considered important as any earlier hydrocarbon generation from these
rocks is presumed lost due to the ongoing disruption of traps by extensional tectonics or igneous
intrusions and contact metamorphism. Wells drilled into the basins next to the Augusta and Clan
Alpine ranges encountered overmature rocks and gas shows but no production (Garside et al.,
1988; Barker et al., 1994). A 1993 mineral exploration well in Buena Vista Valley near Kyle
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Hot Springs, west central Nevada, produced an oil show that is apparently generated from
Cenozoic lacustrine rocks and reservoired in fractured Triassic sedimentary rocks (Schalla et al.,
1994). Active geothermal systems are present near all of these wells and throughout the area and
may be the cause of the local maturation of the source rocks.

Cretaceous source rocks, NW Nevada -- A conceptual play based on Neogene to present deep
burial of Cretaceous source rocks in NW Nevada Neogene basins (1804, fig. 10). This play
considers any Neogene basins with deep valley fill to be conceptually prospective (based on
conclusions of Barker and Peterson, 1990). Reservoir formations include lacustrine beds
laterally interbedded with marginal alluvial fans or sandstones interbedded with the Cretaceous
lacustrine beds and fractured Tertiary volcanic rocks. Trapping mechanisms are fault truncation
of reservoir rocks, mudstone draped lenticular sandstones and Neogene lacustrine beds laterally
interbedded with marginal alluvial fans-- (overlying seal= continental evaporites, mudstones,
altered volcanic tuffs or flows, lateral seal= fault truncation). Cretaceous source rocks are locally
mature and have produced oil and gas shows but no discoveries. Thermal maturation may also
occur by heating of source rocks by geothermal convection, shallow intrusions, fluid flow up
basin faults especially near the graben boundaries. The source rocks in this play may be mature
to overmature in high heat flow and geothermal areas.

Neogene source rocks, NW Nevada -- A conceptual play based on deep Neogene to Recent
burial of Late Cenozoic source rocks in NW Nevada Neogene basins (1805, fig. 10). This play
considers any Cenozoic basins with deep valley fill to be conceptually prospective (based on
conclusions of Barker and Peterson, 1991). Reservoir formations include lacustrine beds
laterally interbedded with marginal alluvial fans and fractured Tertiary volcanic rocks. Trapping
mechanisms are fault truncation of reservoir rocks; mudstone draped lenticular sandstones and
Neogene lacustrine beds laterally interbedded with marginal alluvial fans-- (overlying seal=
continental evaporites, lateral seal= fault truncation). Tertiary source rocks are apparently locally
mature and have produced oil and gas shows but no discoveries. Tertiary to Recent lacustrine
rocks are immature when encountered at shallow depth in non-geothermal wells Barker et al.,
1994). Thermal maturation may also occur by heating of source rocks by geothermal convection,
shallow intrusions, fluid flow up basin faults especially near the graben boundaries. The source
rocks in this play may be mature to overmature in high heat flow and geothermal areas.

Recommendations
Stage II studies and any future oil and gas assessment in the WSRA project area should
include: 1) documentation of the origin of natural gases by isotopic analyses; 2) determination of
the extent of Triassic source rocks in west central Nevada; and, 3) better documentation of depth
of fill, potential traps, and areal extent of source rocks in the Late Cenozoic basins.
Supporting Databases
Digital Data Bases

The BLM is working toward automation of resource management planning and thus is in
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Table 5. Digital databases archived on CDROM Great Basin Geoscience Data Base (Raines

and others, in press).

Base Maps
Administrative boundaries

BLM Resource Areas
BLM administered land
Great Basin Outline
Geographic names
Public boundaries
Roads

Streams

Topo contours

Water bodies

Public Land System

California
Idaho
Nevada
Oregon

Geology
Great Basin lithology

Great Basin faults
Great Basin legend
Nevada geology
NV legend

Oregon geology
Oregon faults
Oregon legend
Faults from states
Cenozoic faults

Geophysics
Aeromagnetics

Bouguer gravity

Basement gravity anomally

Extent of plutons

Pluton legend

Shallow magnetic sources

Depth to basement

NURE radiometrics
uranium
thorium
potassium

12a

Geochemistry
NURE - mix
NURE - oes
NURE - naa
NURE - springs

Mineral Resource Sites
MRDS sites
BLM pemmits

Thematic

Pluvial lakes

Lithotectonic terranes
Extension terranes 0-6 ma
Extension terranes 6-17 ma
Extension terranes 17-34 ma
Extension terranes 34-43 ma
Cinder cones 0-6 ma

Cinder cones 6-17 ma
Cinder cones 17-34 ma
Calderas 6-17 ma

Calderas 17-34 ma N
Calderas 34-43 ma
Radiometric ages

Linear features

Limonite

Grids

Shaded relief

Aeromagnetics

Bouguer gravity

Basement gravity anomally

Depth to basement

Nure radiometrics
uraniam
thorium
potassium

Limonite

Western US topography



need of digital products from resource assessment projects. Much of the existing spatial data
used in the mineral resource assessment of the project area is now in digital form in an Arc/Info
GIS; that which is not will be added to the digital data base inventory during the course of the
project. Many of the digital data bases used in the assessment project are included on a Great
Basin Geoscience Data Base CDROM (Raines and others, in press). A listing of all data bases
included on the CDROM is presented in table 5.

Geology

As the final published assessment will be at 1:500,000 scale, geology, derived initially
from the Nevada and California state maps, will be used as a foundation for assessment work.
Much of the information on the Nevada state map was derived from 1:250,000-scale county
geologic maps. Since the publication of both state maps, selected areas have been remapped at
larger scales and, in some cases, changes even at 1:500,000 are warranted (e.g. Whitebread,
1994). These changes will be incorporated into the final geologic base map released with the
resource assessment. Furthermore, any changes in the existing geologic base that is warranted by
additional geologic mapping or geochronologic studies conducted as part of the assessment will
be made if such changes can be incorporated at 1:500,000 scale.

Generalized geology of the project area is shown in figure 11 and the geologic history of
the area, and its relation to resource development, is depicted in figures 12, 13, and 14.
Paleozoic rocks crop out mainly in the east part of the project area and consist of Cambrian and
Ordovician parautochthonous and autochthonous miogeoclinal rocks, Cambrian and Ordovician
allochthonous slope and basinal rocks of the Roberts Mountains allochthon( Silberling and
roberts, 1962; Hotz and Willden, 1964; Roberts, 1964; Erickson and Marsh, 1974f,g; Madrid,
1987), Mississippian to Permian autochthonous overlap assemblage rocks (for example, the
Antler sequence) (Roberts, 1964; Saller and Dickinson, 1982), and Mississippian to Permian
allochthonous slope, basinal and turbiditic rocks of the Golconda allochthon (Havallah sequence)
(Silberling and Roberts, 1962; Roberts and Thomasson, 1964; Stewart and others, 1977, 1986;
Murchey, 1990) (fig. 12). Minor mafic plutonism within the allochthonous assemblages was
associated with basaltic seafloor volcanism. Emplacement of the Roberts Mountains and
Golconda allochthons occurred during the Antler orogeny (Late Devonian to Early
Mississippian) and Sonoma Orogeny (Late Permian to Early Triassic), respectively (Roberts and
others, 1958; Silberling and Roberts, 1962; Roberts, 1964; Gabrielse and others, 1982) (fig. 12).
Mineral deposits formed during the Paleozoic were largely related to seafloor hydrothermal
processes that produced relatively minor volcanogenic deposits of base metals, manganese, and
barite (e.g., Snyder, 1978; Rye and others, 1984)

Mesozoic rocks are most abundant in the southwest, central, and northeast parts of the
project area and are divided into two primary lithotectonic terranes, the Jungo and Jackson/Black
Rock terranes (Silberling and Speed, 1981; Silberling and others, 1987, 1992) (figs. 11, 13)
Rocks of the Jungo terrane consist of a Triassic autochthonous shelf and platform sequence
(Koipato volcanics, Star Peak and Auld Lang Syne Groups) (Silberling and Roberts, 1962;
Silberling and Wallace, 1969; Burke and Silberling, 1973; Nichols and Silberling, 1977) and a
Late Triassic allochthonous basinal sequence of the Fencemaker allochthon (so-called mudpile
rocks) (Elison and Speed, 1988; Oldow and others, 1986,1990; Heck, 1991). Rocks of the
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Jackson/Black Rock terrane consist of Late Triassic to Early Cretaceous magmatic arc-related
volcanic and sedimentary rocks (Stewart, in press; Silberling and others, 1987, 1992). Mesozoic
plutonism was most prevalent during the period 105-70 Ma, during which granodioritic and
monzogranitic stocks related to the Sierra Nevada batholith were emplaced (Evernden and
Kistler, 1970; Silberman and McKee, 1971; Smith and others, 1971; John and others, 1993,
1994) (fig. 13). Plutonism also occurred in the Middle and Late Jurassic. The emplacement of
the Fencemaker allochthon during the Jurassic and formation of north-trending shear zones in the
Late Cretaceous represent two important Mesozoic tectonic events that occurred in the project
area (Oldow, 1984; Oldow and others, 1986). Resource development during the Mesozoic was
largely related to tectonic and plutonic events (fig. 13). Cretaceous plutonism resulted in
porphyry and porphyry-related deposits of molybdenum, tungsten and copper (for example,
Buckingham; Theodore and others, 1992). Late Cretaceous shear zones host low-sulfide Au-Ag
quartz veins. The age of Carlin-type gold deposits remains uncertain though evidence suggests
they formed either in the Middle to Late Jurassic (S.G. Peters, unpub. data) and (or) during the
early Cretaceous (Arehart and others, 1993). Favorable petroleum source rocks were deposited
in the Triassic and heat for hydrocarbon generation was produced throughout the Mesozoic
during accretionary and plutonic events .

Cenozoic rocks are found primarily in the northwest and northern margins of the project
area (fig. 11). These rocks consist of Oligocene to early Miocene calc-alkaline magmatic-arc-
related volcanic rocks of the interior andesite-rhyolite assemblage (McKee, 1971; Noble, 1972;
Cox and others, 1991), middle Miocene to Pleistocene subalkaline to peralkaline extension-
related volcanic rocks of the bimodal basalt-rhyolite assemblage (Noble, and others, 1970;
McKee and Noble, 1986; Rytuba and McKee, 1984; Noble, 1988; Cox and others, 1991), and
late Miocene to Holocene lacustrine sedimentary rocks (fig. 14). Tertiary plutonism was most
prevalent during the latest Eocene and Oligocene and associated with volcanic rocks of the
interior andesite-rhyolite assemblage (McKee and Silberman, 1970; Cox and others, 1991).
Extensional tectonics and block faulting dominated during the Tertiary. Northeast-southwest
extension in the middle Miocene created the Northern Nevada Rift (Stewart and others, 1975;
Zoback and Thompson, 1978; Zoback and others, 1994). At about 9 Ma extension direction
changed to Northwest-southeast and resulted in the formation of the Midas Trough (fig. 11) and
related structures (Zoback and Thonpson, 1978; Wallace, 1991). This extension has continued
to the present and has been responsible for the present-day Basin and Range horst and graben
structures. Resource development during the Tertiary was largely related to plutonism during the
late Eocene and Oligocene and high regional heat flow during Miocene to Holocene extensional
tectonism (fig. 14). Large deposits of copper, gold, and silver, related-to late Eocene to early
Oligocene plutonism, have been and continue to be mined in the Battle Mountain area (Roberts
and Arnold, 1965; Theodore and Blake, 1975, 1978; Wotruba and others, 1988; Theodore and
others, 1990). The change from calc-alkaline intermediate volcanism in the Oligocene to early
Miocene to subalkaline and peralkaline bimodal volcanism in the middle Miocene is mimicked
by a corresponding change in the type of epithermal gold-silver deposits produced; subvolcanic
quartz-adularia-type (Comstock-type) deposits are associated with the former whereas higher-
level hot-spring and sub-hot-spring type deposits are associated with the latter (Noble and others,
1988; Cox and others, 1991). Neogene block faulting resulted in burial of Triassic petroleum
source rocks and hydrocarbon generation. Elevated regional heat flow created by Neogene

14



120° 119° 118° 17°

3 QBT PrasEnr
g R 42"
:: Ay AR
4 A=
41°
=
;t =
oA =
40°
Quaternary Sediment 0 15 50 75 100 125 150 175
Kilomerers
Terﬁary Rock 0 15 30 45 60 75 90 105
Wiles
Mesozoic Rock
Paleozoic Rock
Figure 11. Generalized geologic map of the WSRA project area and vicinity. Geology generalized from

Stewart and Carlson (1978). Solid thick line is approximate boundary of WSRA project area.
Dashed thick lines are the approximate locations of geologic and structural features referred to in
the text. GT - Golconda thrust; FT - Fencemaker thrust; JT - Jungo terrane; JBT - Jackson/Black
Rock terrane; CC - Cottonwood Canyon volcanic complex; MC - McDermitt caldera complex;

NNR - Northern Nevada rift; MT - Midas trough.
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Figure 12. Chart summarizing Paleozoic geology and resource development for the WSRA project area.
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extensional tectonics has also resulted in geothermal resource generation to the present day.
Geochemistry

Available Geochemical Data

Geochemical data are available from the following sources: the National Geochemical
Data Base of the U.S. Geological Survey; the Bureau of Land Management's geochemical
evaluation of the Winnemucca District, which was conducted by Barringer Resources (Barringer
Resources, 1982); the Nevada State mineral inventory of the Winnemucca District (Bonham and
others, 1985); and studies of mine sites in the Winnemucca-Surprise Resource Area, conducted
by the U.S. Bureau of Mines during the early 1990's (Miller, 1993). The USGS National
Geochemical Data Base includes useful regional stream-sediment geochemical data from the
NURE HSSR (National Uranium Resource Evaluation Hydrogeochemical and Stream Sediment
Reconnaissance) program of 1976-1980, and rock and stream-sediment data from the National
Wilderness Program (1965 to present) and from numerous smaller mineral-resource assements
and geologic and geochemical studies with data in RASS (Rock Analysis Storage System),
within the National Geochemical Data Base. Figure 15 illustrates sources of available
geochemical data for the project area. The U.S. Geological Survey has recently completed the
reanalysis of approximately 3,500 NURE stream-sediment samples from the project area by
using multi-element inductively coupled plasma (ICP) and low-level (parts per billion) gold
analytical techniques (AAS). This new data will be used to refine mineral potential tract
boundaries and focus activities for stage II (and future) follow-up studies.

NURE Geochemical Data

Regional geochemical sampling was done during the NURE program, when samples of
stream sediment, soil, and water were collected in 1976-1979 from five of the six 1:250,000-
scale quadrangles in the Winnemucca-Surprise Resource Area ( Bennett, 1980; Grimes, 1982;
Puchlik, 1978; Qualheim, 1979; Thayer and Cook, 1980). Samples were not collected in the
Alturas quadrangle, California. Geochemical data from stream-sediment and soil samples are
discussed here. Elements were analyzed by different DOE (Department of Energy) -contracted
laboratories in sediment of different size fractions in the five quadrangles: Winnemucca and
Lovelock (Lawrence Livermore Laboratory, 500-1000 «m), and Reno, McDemitt, and Vya
(Savannah River and Oak Ridge, <149 um). The difference in size fractions and in laboratory
methods created differences in the structure of the geochemical data, such as differences in
means and ranges of values. Samples were collected primarily for uranium analyses at about 1
site per18 km? (about 1,000 samples per 1:250,000-scale quadrangle), but not all samples were
analyzed for elements other than uranium.

Because of interference during analyses, elements in the NURE data generally have
multiple lower detection limits and, therefore, multiple qualified values. Some qualified values
were higher than the minimum measured (unqualified) values. So, to preserve the measured
values, the qualified values (N's) were replaced with the minimum unqualified value for each
element before univariate statistical analysis and map plotting.

Elements were selected from the NURE database and plotted at 1:250,000. Geochemical
interpretations for the various elements were based on single-element plots of the 75th, 90th,
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Table 6.

Univariate statistics for NURE arsenic and antimony data for stream sediment
samples from the Nevada portion of the WSRA project area. Data is from neutron
activation analyses. N= number of samples. All other values are in parts per

million.
Quadrange N Minimum Maximum Geo. Mean Geo.Dev. 75% 90% 95% 97.5%
Lovelock
As 498 1.74 827 15.1 2.8 30.87 53.88 85.98 133.45
Sb 617 0.29 473.7 3.1 3.1 69 162 229 321
Winnemucca
As 489 2.15 587.3 20.19 24 32.19 62.67 1023 153.45
Sb 819 0.47 1,800 3.96 2.6 638 123 2546 3547
McDermitt
As 1373 1 44 4.12 1.68 6 9 10 12
Reno
As 953 1 50 5.5 1.96 8 13 17 22
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Areas containing anomalous concentrations of As, Sb, Ag, Au, and Hg in sediment within tracts
that are favorable and prospective for Carlin-type sediment-hosted gold deposits. Mineral
deposits: 1, Standard; 2, Relief Canyon; 3, Twin Creeks; 4, Getchell; 5, Pinson and Mag; 6,
Preble; 7, Kramer Hill; 8, Lone Tree; and 9, Marigold. Towns: L, Lovelock; MC, Mill City; W,
Winnemucca; BM, Battle Mountain. QRV, Quinn River Valley. Geochemical data are from the
National Geochemical Data Base of the USGS and from Barringer Resources (1982).
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Figure 18. Areas containing anomalous concentrations of As, Sb, Ag, Au, and Hg in sediment within tracts

that are favorable and prospective for hot-spring and epithermal deposits. Mineral deposits,
localities, and districts: 1, Virgin Valley opal district; 2, opalite;, 3, North Jackson Mountain;,
Hooker; 5, Wind Mountain; 6 Lewis-Crofoot; 7, Sulphur; 8, Rosebud; 9, Majuba Hill; 10 Seven
Troughs; 11, Trinity; 12, Velvet; 13, Truckee; 14, Desert; 15, Lake; 16, Willard; 17, Table
Mountain; 18, Antelope Springs; 19, Relief Canyon; 20, Muttleberry; 21, Rochester; 22 Florida
Canyon; 23, Goldbanks; 24, Dutch Flats; 25, Sleeper; 26, Rebel Creek; and 27, National. Towns:
L, Lovelock; MC, Mill City; W, Winnemucca; BM, Battle Mountain. Other labeled areas: CM,
Calico Mountains; QRV, Quinn River Valley. Geochemical data are from the National
Geochemical Data Base of the USGS (data from the NURE program and from Cathrall and
others, 1978, combined on the figure as NURE As and NURE Sb) and from Barringer Resources
(1982).
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95th, and 97.5th percentiles and on log and arithmetic probability plots. Areas outlined on the
percentile plots generally enclose sample localities enriched above the 90th percentile, but some
areas may include samples above the 75th percentile as well. Geochemical maps based on log-
probability plots were generated for a few elements by visual identification of inflection points
on log probability plots and subsequent computer-generated extrapolations of an upper few
percent of the population to pinpoint the areas of greatest element enrichment.

A number of the elements show some correspondance with mining districts: As, Sb, U,
U/Th, L1, K, Ag, Cu, Pb, and Zn. Of these elements, As and Sb were particularly useful in
delineating mineralization.

Arsenic and Antimony
Geochemical data from NURE stream-sediment samples show enrichments in As and/or

Sb, which correlate with known mineralization and delineate less-explored areas where
undiscoverd mineral deposits might exist. Arsenic is present in a variety of minerals in some of
the different types of mineral deposits in the project area. These minerals include arsenopyrite
and arsenian pyrite, and the arsenic sulfides orpiment and realgar. Antimony-bearing minerals
include stibnite, tetrahedrite, and lead-antimony and arsenic-antimony sulfosalts.

Geochemical interpretations for arsenic and antimony were based on quadrangle by
quadrangle study of single-element percentile maps (75th, 90th, 95th, and 97.5th percentiles) and
log probability maps. The data were plotted and interpreted separately by quadrangle because of
the differences in analytical procedures mentioned previously. For example, there are differences
in geometric means for As: 20 ppm and 15 ppm for the coarser size fractions analyzed in the
Winnemucca and Lovelock quadrangles, and 5.5 ppm and 4 ppm for the finer size fractions
analyzed in the Reno and McDermitt quadrangles, respectively (fig. 16, table 5).

To illustrate their value, maps of the highest As and Sb concentrations can be compared
with maps showing areas that are favorable and prospective for Carlin-type sediment-hosted gold
deposits (figs. 17) and hot-spring and epihermal deposits (fig. 18). Many areas of known, Carlin-
type gold mineralization are delineated in single-element geochemical maps of both arsenic- and
antimony-enriched stream sediments. Percentile maps of As show enrichments along and south
of the Getchell trend from the Chimney Creek and Rabbit Creek (Twin Creeks) mines to the
Marigold mine (with corresponding Sb enrichments where Sb was analyzed). Enrichments of As
and Sb also occur in the Humboldt Range, southward from the Imlay district to the Antelope
Springs district, within another area that is favorable for sediment-hosted gold deposits.
Geochemical maps based on log-probability plots of As and Sb show enrichments in areas that
are the same as, but much more restricted than, the percentile-based maps. The probability maps
were generated by visual identification of inflection points on log probability plots of As and Sb,
to visually identify and separate geochemical populations, and subsequent computer-generated
extrapolations of the upper 1-3 percent of the population. These maps pinpoint the most
significant element enrichments within the upper 25 percent of the data.

Geophysics
Data sources

Regional geophysical data primarily consists of aerial gamma-ray, gravity, and magnetic
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data. Aerial gamma-ray data will be obtained from reports published as part of the National
Uranium Resource Evaluation (NURE) program. A set of gravity data was obtained from data
points in ASCII format available in computer files of the U.S. Geological Survey. A set of
gridded magnetic data in binary format was obtained from computer files of the U.S. Geological
Survey.

Aerial gamma-ray data

Hill (1991) listed aerial gamma-ray data published in analog format. Gamma-ray and
aecromagnetic data for the entire study area are contained in reports by Aero Service Corporation
(19814, b) and GeoLife, Inc. (1978a, b; 1979a, b, c, d) along profiles spaced at intervals of about
4.8 km (3 mi). These data will be supplemented by gridded data in computer files of the U.S.
Geological Survey and by data from surveys flown near Getchell, Nevada (TerraSense, Inc.,
1989) and near McDermitt, Nevada, (McConnell and others, 1990).

Gravity data

An initial set of gravity data covering the study area and a band of at least 11 km (7 mi)
outside the study area was obtained from Saltus (1988b) in Nevada, C.R. Roberts (written
commun., 1990; Snyder and others, 1982) in California, and Plouff (1987, 1994). Data subsets
collected in the early 1950's --with inherently doubtful gravity meter calibrations, elevation
sources, and ties to local base stations--and data copied from previous data were deleted.
Redundant data points and data points plotted on maps at scales of 1:24,000 in California with
doubtful locations were deleted. Bouguer gravity anomalies that disagreed with the latitudes,
elevations, values of observed gravity, and terrain corrections of data points were corrected.
Data points with elevations that differed from linearly interpolated digital terrain elevations by
greater than 150 m (500 ft), and data points with Bouguer gravity anomalies that conspicuously
disagreed with nearby values were deleted, to obtain a preliminary data set of 7,320 data points
(fig. 19).

Inasmuch as different computer programs and different terrain models were used to
calculate the gravity effect of isostatic compensation, values of isostatic compensation were
re-calculated for all data points by using data from Kdrki and others (1961) and an unpublished
modification of a computer program written by Jachens and Roberts (1981) (fig. 20). Gravity
maps in the study area were published by Chapman and Bishop (1968), Erwin (1974), Oliver and
others (1975), Erwin and Berg (1977), Erwin and Bittleston (1977), Erwin and others (1985),
Wagini (1986), Saltus (1988a, c), and Plouff (1992).

To the extent that is practical, further deletion of redundant and erroneous gravity data
and correction of mis-located data will be done by analyzing data plotted on topographic maps
published at scales of 1:24,000. Field ties by the authors and redundant data will be analyzed to
evaluate errors and to improve the accuracy of datum shifts of observed gravity applied by
previous compilers (Snyder and others, 1982; National Geophysical Data Center, 1984; Saltus,
1988b) to values of observed gravity from original sources (Peterson and Dansereau, 1975;
Crewdson, 1976; Peterson and Hassemer, 1977; Plouff, 1976; Plouff and others, 1976; Robbins
and others, 1976; Chapman and others, 1977; Peterson and Hoover, 1977; Plouff, 1977a, b;
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Peterson and Kaufman, 1978a, b, ¢; Schaefer and Maurer, 1980; Erwin, 1982; Wagini, 1985;
Glen and others, 1987; Sikora, 1991). Digital gravity terrain corrections (Godson and Plouff,
1988), which were based on topography digitized at a scale of 1:250,000 in Nevada and a hand-
digitized topographic model in California (Robbins and others, 1973), will be evaluated for their
effect on data accuracy and will be corrected, to the extent that is practical, by hand calculations
(Hammer, 1939; Swick, 1942; and Campbell, 1980, for example) or may be improved by
developing a computer program (for example, Cogbill, 1990) to utilize available topographic
data digitized at a spacing of 30 m (98 ft). A total of 258 gravity stations collected by the authors
in 1993 in an area of about 2,000 km” (800 mi’) to the north and west of Winnemucca, Nevada
(1at41°58'N., long 117°44' W.) (fig. 19) will be merged with the data set. Data also will be
supplemented by current data releases by the National Geophysical Data Center.

Maps showing loci of maximum gravity gradients and estimated basement depths will be
prepared. Maps showing gravity gradients help to delineate the regional tectonic framework,
faults, edges of calderas, and steeply dipping intrusive contacts, for example. Maps showing
basement depths (Jachens and Moring, 1990) can be used to map the extent of pediments, to
limit the extent of mineral exploration, and to delineate deep Cenozoic basins for petroleum and
geothermal exploration. Modeling of possible sources of gravity anomalies will be done in
selected areas.

Magnetic data

An initial set of gridded aeromagnetic data covering the study area and a band of at least
11 km (7 mi) outside the study area was obtained from Kucks and Hildenbrand (1987) for
Nevada and unpublished data was obtained from C.R. Roberts (written commun., 1994) in
California and adjacent parts of Oregon (fig. 21). These data include digital data or aeromagnetic
maps published by Mabey (1964), the U.S. Geological Survey (1968a, b, c; 1970; 1972a, b;
1973a, b, c; 1981), Erickson and Marsh (1971a, b, ¢, d, e; 1973a, b, ¢; 1974a, b, ¢, d, €), Smith
(1971), the Nevada Bureau of Mines and Geology (1974), Davis (1976), Zietz and others (1977),
the California Division of Mines and Geology (1978), Kirchoff-Stein and Hildenbrand (1986),
Hildenbrand and Kuchs (1988), Kirchoff-Stein (1988), Youngs (1988), and Chase and Mattison
(1989). Data from the U.S. Geological Survey (1982b; 1985a, b, ¢) and McConnell and others
(1990), which are not part of the initial data set but are available in digital format from the
National Geophysical Data Center, will be digitally merged with the initial data set.

A map showing loci of maximum magnetic gradients (corrected for the inclination and
declination of the magnetic vector) will be prepared. Maps showing magnetic gradients help to
delineate faults, edges of calderas, and steeply dipping intrusive contacts (Grauch and others,
1988). Aeromagnetic profiles in analog format from the National Uranium Resource Evaluation
program (Aero Service Corporation, 1981a, b; GeoLife, Inc., 1978a, b; 1979a, b, c, d) will be
used to estimate the extent of and depth to shallow igneous sources concealed beneath sediments
in valleys. Modeling of possible sources of magnetic anomalies will be done in selected areas.

Current state of geophysical interpretation

Guidelines for geophysical classification of a selected set of mineral deposit models were
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provided by Hoover and others (1992). Corbett (1991) summarized methods of geophysical
exploration for precious metals in Nevada. Previous interpretations of geophysical data in the
study area were made by Willden (1963), Smith (1968), Crewdson (1976), Isherwood and Mabey
(1978), Cogbill (1979), Rytuba and others (1979), Willden (1979), Whelan (1980), Greene and
Plouff (1981), Schaefer and Maurer (1983), Wright (1983), Plouff (1984, 1985, 1986, and 1992),
Keith and others (1986, 1987), Peterson and others (1986), Ach and others (1987), Bergquist and
others (1987; 1988a, b), Calzia and others (1987), Nobel and others (1987a, b), Roback and
others (1987), Sorensen and others (1987), Grauch and others (1988), Minor and others (1988),
Turrin and others (1988), Wallace and others (1988), Blakely and Jachens (1991), Grauch and
Bankey (1991), Hoover and others (1991), Oliver and others (1991), Pitkin (1991), and Grauch
and Hoover (1993).

Prominent gravity lows closely follow trends of basin-range valleys because thick
sediments are less dense than basement rocks at the same elevation beneath adjacent mountains.
Therefore, the distribution of upper crustal densities reflected by lines connecting gravity lows
and highs (figs. 20 and 22) may depict basin-range deformation better than topography, which
also reflects complexities of differential erosion and uplift, or mapped faults, which occur
discontinuously and include faults of many ages. The northerly basin-range trend, which is
interpreted as a manifestation of crustal stretching and consequent extension (strain), in most of
the study area is absent within a broad gravity low in the northwest part of the study area (fig.
20). Plouff (1984) suggested that the gravity low of about 15 milligals reflects about a 2-km
(1-mi) thickness of Cenozoic rocks to the west of the Pine Forest Range where denser Cenozoic
rocks crop out. After applying an isostatic correction and extending the area of investigation to
California and Oregon, Plouff (1985) speculated that a piecewise continuous peripheral gravity
gradient (fig. 22) partly may reflect edges of an upper crustal plutonic source beneath the
Cenozoic. volcanic rocks and an inferred caldera (point A, fig. 22; Greene and Plouff, 1981). The
topographic expression of the Black Rock Desert and three inferred alignments of magnetic
highs and gradients are concentrically aligned to the southeast of the broad gravity low (fig. 22).
Blakely and Jachens (1990, p. 19,445 and pl. 2) interpreted the gravity low as part of a
structurally-bounded transverse segment of the Cascade arc, which includes upper crustal source
rocks with low densities and extends nearly 400 km (250 mi) northeastward from Lassen Peak,
California, to McDermitt, Nevada. Interpretation of seismic data (Callaway, 1978) by Lynn and
others (1981) was used to postulate a depth of 6.2 km (3.9 mi) to the strongly reflective base of
an inferred batholith beneath Trego, Nevada (fig. 22), which was assumed to be the same age as
preCenozoic rocks exposed at the surface.

The "Oregon-Nevada lineament" (Stewart and others, 1975) or the "northern Nevada
rift," which extends south-southeastward for at least 280 km (175 mi) from the study area, and
two postulated sub- parallel rifts (fig. 22) are sharply delineated by magnetic highs (Blakely,
1988, pl. 1). Although magnetic highs and associated gravity highs and gradients that delineate
the northern Nevada rift are narrow, geophysical modeling shows that igneous source
rocks--probably exposed as 14- to 17-Ma basalt and andesite--extend deep into the crust in a
dikelike form (Blakely, 1988). A transverse structure may be indicated to the west of lat 41 N.,
long 118 W., where gravity trends are truncated and the crest of a north-trending gravity high
that reflects basin-range structure is deflected in the right lateral sense about 25 km (15 mi)
between sub-parallel magnetic highs that reflect Miocene emplacement (fig. 22).
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Figure 19. Map showing distribution of gravity data points in preliminary data set for WSRA project area.

Numbers and letters indicate number of data points in 2.5-minute cells. Blank spaces indicate no
data. A indicates 10 data points, the letters I and O are not used, Y indicates 31 data points, and Z
indicated 32 or more data points. Solid line is approximate boundary of project area.
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Figure 20. Isostatic residual gravity map of the WSRA project area. Contour interval is 10 milligals.
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Figure 22. Tectonic framework of WSRA project area indicated by gravity and magnetic anomalies. Thick
line segments indicate troughs of gravity lows. Thin line segments indicate crests of gravity
highs. Thick dotted line in northwest part of area delineates gravity gradient that encloses area
discussed in text. Thin dotted lines connect apparently aligned magnetic highs adjacent to
prominent magnetic gradients. Continuous outer line is approximate boundary of project area. A -
prominent gravity and magnetic lows in Charles Sheldon Wildemess Study Area; M -
southernmost gravity low of McDermitt caldera complex; NR - northern Nevada rift; P -
northeast end of Pine Forest Range and southwest end of Pueblo Valley; Q - gravity low in Quinn

River Valley; SV - Surprise Valley; T - Trego, Nevada.
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Rapid lithospheric extension and heat sources related to the presently observed Battle
Mountain heat flow high (fig. 9), which covers a large part of the study area, have been attributed
to intrusion of basalt as dikes or underplating at the base of the crust (Lachenbruch and Sass,
1978). Blackwell (1983, p. 82-83) emphasized that the composite source of anomalous heat flow
primarily consists of intrusive magmas with basaltic compositions, and the role of consequent
extension, which is viewed as a manifestation of underlying crustal stretching, is to provide space
in which to transport and store magma and consequently heated fluids. Although extensive
geophysical studies have been made since major geothermal exploration began in the mid-1970's
in the study area (Callaway, 1978; Crewdson, 1978; Keller, Crewdson, and Daniels, 1978;
Keller, Grose, and Crewdson, 1978; Kumamoto, 1978; Morris, 1978; Zeisloft and Keller, 1978;
Goldstein and Paulsson, 1979; Benoit and Butler, 1983), upper crustal geophysical models
clearly associated with the Battle Mountain heat flow high have not yet been developed.

Hydrothermal Alteration

Two sources of regional hydrothermal alteration data and information (interpretation of
data) are being used to classify hydrothermally altered areas in the project area. Western Mining
Corporation has provided the project with an interpreted alteration map of the northwest part of
the project area, showing altered areas classified by alteration type. The BLM has processed
Landsat Thematic mapper data for the project and provided color ratio composite imagery that
are being used to classify hydrothermally altered areas for the entire project area. Field
examinations are being conducted to field check and adequately interpret this new information
and to qualify the previously interpreted data. This information will ultimayely be used to refine
mineral potential tract boundaries.

Mineral Resource Data System (MRDS)

The USGS MRDS data base for the project area is one of several data bases that are being
used to delineate mineral potential tracts. The data base will continually be cleaned and updated
such that by the end of the assessment project it represents an accurate mineral resource
inventory of the project area. Revision of the data base will emphasize deposit type classification
and accurate location information. Some MRDS localities were classified by deposit type as part
of the statewide Nevada mineral assessment (Cox and others, 1989, 1991). To date, more than
2000 localities have been preliminarily classified by deposit type. Stage II field studies will
confirm deposit type classifications where it remains uncertain; an understanding of the
distribution of deposit types is fundamental in conducting a mineral resource assessment.

Final Product

The final product is scheduled for release to the BLM as a USGS open-file report by
April 1996 (table 2). A preliminary outline of the analog product with lists of tables, figures and
plates is presented in appendix 4. All plates will be at 1:500,000 scale. It is anticipated that all
spatial data relevant to the resource assessment, and used in compiling the plates, will be
simultaneously released in digital form.
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APPENDIX 1

SUGGESTED GUIDELINES FOR MINERAL RESOURCE STUDIES OF PUBLIC
LANDS
(as proposed by Branch-level panel of the Office of Mineral Resources)
(modified from 26 April 93 memo from Ron Worl to BWMR Management Team)
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SUGGESTED GUIDELINES AND MINIMUM PRODUCTS FOR MINERAL-
RESOURCE STUDIES OF PUBLIC LANDS

Introduction

This memo provides some guidelines for content and procedures for conducting mineral-resource
assessments of public lands including Bureau of Land Management (BLM) Resource Areas and
National Forests. It is not meant to be a detailed cookbook of how to undertake a mineral-resource
assessment but merely to provide some general guidelines and a minimum set of items to be
included in all mineral- resource assessment reports for these studies.

General Procedures

Mineral resource-assessments of public lands will be conducted in two stages. The first stage, to
be completed during the first 6-12 months of the project, is a preliminary evaluation that results in a
planning document which identifies priority areas and/or types of deposits that need additional
study. The second stage is a field-based site-specific study of high-priority items identified during
stage 1, a mineral resource-assessment, and writing of a formal mineral-resource assessment
report. These stages are briefly described in the following paragraphs.

Stage 1. Stage 1 is a compilation of existing geologic, geophysical, geochemical, and mineral
occurrence data at a scale of 1:250,000, if possible, or at 1:500,000, of an area larger than the
target area for assessment. These compilations should build on data collections compiled as part of
the 2-year National Assessment. Regional descriptive mineral deposit models and sets of
diagnostic criteria for recognition of these deposit types should be developed. An important aspect
of stage 1 studies is early meetings between the USGS project coordinator and counterparts in the
land management agency and U. S. Bureau of Mines (BOM) to determine the needs and priorities
of these agencies. Stage 1 studies should resultina planmne docurqc_n} that can be released to the
planning document, parts of the study area and/or types of mineral deposits that nced additional
study should be identified and prioritized. These high priority items for additional study should be
a combination of items identified by USGS studies and needs expressed by the other agencies.

The information gathered in stage 1 studies will be presented to the land management agency and
BOM personnel at a meeting to be held in the study area. Field trips should be included in this
meeting. High priority items for stage 2 studies should also be presented at this time. In some
cases, the preliminary report may be sufficient to address client needs and no stage 2 studies may
be necessary except for writing the formal report. The best time for these meetings should be at the
beginning of the stage 2 field seasons. .

Stage 2. Stage 2 consists of field-based studies of high-priority items identified during stage 1, the
mineral-resource assessment, and report writing. Priority study items and the mineral-resource
assessment are only within the target area. Studies conducted during stage 2 may be larger scale
(1:100,000 or larger) studies of parts of the study area and/or of specific deposit types. Additional
geochemical and/or geophysical studies may not be part of these studies if they are deemed
unnecessary at the end of stage 1. The formal mineral resource-assessment report should follow
the general guidelines described in the next section.
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Content of Mineral Resource-Assessment Reports

Mineral resource-assessments should be contained in a single stand-alone product that contains the
following major elements. Additional sections and/or plates or maps may be included only if
warranted.

1. Summaries. Two are required: (1) one page-bullet surnmary written for Congress or other land
use decision makers, and (2) short (5-10 page) non-technical summary written for land use
planners (e.g., non-scientific personnel of the land management agencies).

2. Introduction. Should include:
a) statement of purpose and scope of study
b) geographic information
¢) brief summary of past and present studies

3. Main text (written in technical terms for use by peers). Should include:

a) geologic summary

b) geochemical summary

c) geophysical summary

d) discussion of known mineral resources (past and present mining activity)

e) discussion of mineral deposit occurrence models that are applicable to the study area
(both worldwide models and models developed specifically for the study area).
This discussion should include both known types of deposits and types of deposits
that might exist within the study area. It should also contain lists of diagnostic
criteria for each deposit type that can help non-economic geologists identify
possible types of deposits present.

f) evaluation of undiscovered mineral resources—this should be done by deposit type or by
groups of genetically related deposit types and include a summary of the
methodology used and definition of terms

g) recommendations for future studies

h) references

Figures and plates
1. Index map (page size)

2. Geologic and mineral resource assessment map(s) on topographic base. The type of geologic
map and its scale will vary by study area, but in most cases the map should either be a simplified
geologic map or a map based on lithologies or tectonostratigraphic terranes that are useful in
defining/delineating permissive terranes. This map should be used as a base for mineral-resource
assessment maps. A more detailed geologic map is not required in this report bu<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>