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ABSTRACT

The distribution of 2,690 gold-silver-bearing occurrences in the Nevada Great Basin was
examined in terms of spatial association with various geological phenomena. Analysisof these
relationships, using GIS and weights of evidence modelling techniques, has predicted areas of
high mineral potential where little or no mining activity exists. Mineral potential maps for
sedimentary (“disseminated”) and vol canic (“ epithermal”) rock-hosted gol d-sil ver mineralization
reveal ed two distinct patternsthat highlight two setsof crustal-scale geologic featuresthat likely
control the regional distribution of these deposit types.

Theweights of evidence method is aprobability-based technique for mapping mineral potential
using the spatial distribution of known mineral occurrences. Mineral potential maps predicting
thedistribution of gold-silver-bearing occurrenceswere generated from structural, geochemical,
geomagnetic, gravimetric, lithologic, and lithotectonic-related deposit-indicator factors. The
maps successfully predicted nearly 70% of the total number of known occurrences, including
~83% of sedimentary and ~60% of vol canic rock-hosted types. Sedimentary and vol canic rock-
hosted mineral potential maps showed high spatial correlation (an area cross-tabulation
agreement of 85% and 73%, respectively) with expert-delineated mineral permissivetracts. In
blind tests, the sedimentary and vol canic rock-hosted mineral potential maps predicted 10 out
of 12 and 5 out of 5 occurrences, respectively. The key mineral predictor factors, in order of
importance, were determined to be: geology (including lithology, structure, and lithotectonic
terrane), geochemistry (indication of alteration), and geophysics.

Areas of elevated sedimentary rock-hosted mineral potential are generally confined to central,
north-central, and north-eastern Nevada. These areasform aconspicuous*V’ -shape pattern that
iscoincident with the Battle M ountain-Eureka (Cortez) and Carlin mineral trendsand asegment
of the Roberts M ountain thrust front, which bridgesthe southern ends of thetrends. Thispattern
appears to delineate two well-defined, sub-parallel, northwest—southeast-trending crustal-scale
structural zones. These features, here termed the “ Carlin” and “ Cortez’ structural zones, are
believed to control the regional-scale distribution of the sedimentary rock-hosted occurrences.
Mineralizing processes were focused along these structural zones and significant ore deposits
exist where they intersect other tectonic zones, favorable host rock-types, and (or) where
appropriate physio-chemical conditions were present. The origin and age of the Carlin and
Cortez structural zonesare not well constrained, however, they are considered to be transcurrent
features representing along-lived, deep-crustal or mantle-rooted zone of weakness.

Areas of elevated volcanic rock-hosted mineral potential are principally distributed along two
broad and diffuse belts that trend (1) northwest-southeast across southwestern Nevada, parallel
tothe SierraNevada, and (2) northeast-southwest across northern Nevada, extending diagonally
from the Sierra Nevadato southern Idaho. Thefirst belt correspondsto the Walker Lane shear
zone, awide region of complex strike-dlip faulting. The second, here termed the “ Humbol dt
shear(?) zone” , may represent astructural zone of transcurrent movement. Together, theWalker
Lane and Humboldt shear(?) zones are believed to control the regional-scale distribution of
volcanic rock-hosted occurrences. Vol canic rock-hosted mineralization was closely tied to the
southward and westward migration of Tertiary magmatism across the region (which may have
been mantle plume-driven). Both magmatic and mineralizing processes were localized and
concentrated along these structural zones. The Humbol dt shear(?) zone may have also affected



the distribution of sedimentary rock-hosted mineralization along the Battle Mountain—Eureka
(Cortez) and Carlin mineral trends. The Getchell trend and Independence group deposits are
believed to be the northeastward-displaced northern extensions of these minera trends
(respectively). Displacement wasachieved by post-mineralization right-lateral movement along
crustal segments within the Humboldt shear(?) zone. Latest movement along the Humbol dt
shear(?) zoneis constrained between ~42-30 Ma (sedimentary rock-hosted mineralization) and
~17-14 Ma (most recent igneous activity along the northern Nevadarift zone). However, this
structure likely has origins relating to the mid-Proterozoic assembly of the Laurentian
protocraton and/or late Proterozoic rifting.
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Chapter 1. Introduction

1.1 Overview

The Great Basin is a “classic’ modern extensional tectonic regime located in the central
Cordilleran interior of the southwestern United States. It has a long and complex geologic
history of crustal rifting, shortening, and accretion that can be traced back to the Archean. The
Great Basin is host to a large number and a variety of base- and precious-metal deposits. In
recent years, it has emerged as one of the more important gold-producing areas in the world,
especialy sincethe start-up of the Carlin open-pit minein 1965 and therisein gold priceto more
than $200US per ouncein 1978 (Mohide, 1981; Coope, 1991). The greater and richest part of
the Great Basinlieswithin the State of Nevada, and it isherethat thewell-known precious-metal
deposits occur. These include low-grade—high-tonnage sedimentary rock-hosted (Carlin-type)
deposits, such as Carlin and Getchell, and high-grade-low-tonnage volcanic rock-hosted
(epithermal) deposits, such as Comstock and Goldfield.

A high level of economic interest has stimulated much research into the genesis of precious-
metal mineralization in Nevada. As a result, a comprehensive collection of geological,
geophysical, and geochemical spatial data has been generated. In the mid-1980's, Babcock
(1984) and Cook (1986) predicted that the search for new gold environments would likely
accel erate with emphasi son more sophisticated application of databasesand conceptual models,
such as inference networks (artificial intelligence programs) used for computer assisted
prospecting. Since the early 1990’ s, computer-based Geographical Information Systems (GIS)
applicationshavebecomeanintegral part of many mineral resourceexploration programs. A GIS
isanintegrated system of hardware, software, and methodol ogies for the management of spatial
(georeferenced) data. It facilitates data compilation and synthesis, and permits exploratory data
analysisand modelling. Evaluation of geoscience datawith GIS can provide support for various
geol ogical investigationsand aid decision making processes, such asdetermining successful and
cost-effective exploration or management strategies.

The use of GIS-based techniques to explore geoscientific data may reveal insights not readily
obtained by moretraditional means of dataanalysisor representation. In thisstudy, quantitative
mineral potential modelling with a GIS has been used to investigate the regional-scale
distribution of precious-metal mineralization in the Nevada Great Basin. \Weights of evidence,
arecently developed mineral potential modelling method, hasbeen applied to thistask. Weights
of evidence is a data-driven, discrete multivariate statistical method that uses conditional
probabilities to determine the relative importance of mineralization “evidence” and Bayesian
principles for integrating multiple “layers of evidence’.

1.2 Study Area

The area of interest in the Great Basin is confined to the State of Nevada (Fig. 1.1). Nevada,
situated near the geographic center of the Great Basin, contains most of the basin's area and
precious-metal mineral occurrences. The political constraints of the study area extent is due to
the digital geological data available at the commencement of this study. A sound geology base
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map is essential to a study of thistype, and at the time, Nevada was the only region within the
confines of the Great Basin for which digital geology of suitable resolution and accuracy was
publicly available.

Basin-range structure is wide-spread and highly-developed across the region, and consists of
roughly north—south-trending, evenly spaced parallel mountain ranges with intervening broad,
flat, aluviated desert basins (Fig. 1.2). On aregional-scale, the Great Basin is characterized by:

¢ Uplift and extension—mean elevation of ~ 1.5 km and with an average extension of 100%, in excess of 300-
400 % in some areas (Stewart, 1978; Dewey, 1988; Wernicke, 1992; also see Harry et a., 1993).

¢ Thinned crust—Ilessthan 30 km over much of the region, in comparison to 40-50 km for surrounding regions
(Allenby and Schnetzler, 1983; Allmendinger et a., 1987; also see Harry et al., 1993).

¢ Anomalous upper mantle—regional Bouguer gravity low (Eaton et al., 1978), low seismic mantle velocities
(Stewart, 1978; Dewey, 1988; Smith et al., 1989; also see Harry et al., 1993), high heat flow (“ reduced” HFU
values 50 to 100% and up to 300% greater than in stable regions) (Blackwell, 1978; Morgan and Gosnold,
1989).

¢ Modern seismic activity—seismicity isconcentrated around the marginsof theregion (Christiansenand Y eats,
1992).

The Great Basin region has along and complex geologic history, involving major episodes of
crustal accretion, sedimentation, igneous activity, compressional deformation, and continental
rifting (Stewart, 1980). This includes at least three orogenies in the Precambrian, two
compressional orogeniesin the Paleozoic, three compressional orogenic phasesinthe Mesozoic
(to earliest Cenozoic), two extensional eventsin the middie and late Cenozoic, and the present-
day continued basin-range development (Stewart, 1980; Hoffman, 1989; Berger and Bonham,
1990; Burchfiel et a., 1992; Miller et al., 1992). The longevity, diversity, and intensity of
tectonomagmatic activity in this region has resulted in the formation of a distinctly unique and
rich geologic-metallogenic province.

1.3 Purpose and Objectives

The purpose of this study wasto produce maps of mineral potential that predict the distribution
of sedimentary and volcanic rock-hosted gold-silver-bearing occurrences across Nevada
Mineral potential modelling was carried out using weights of evidence method (Bonham-Carter
et a., 1989). The objectives were to:

» Determine and evaluate the spatial associations between the gold-silver-bearing occurrences and a variety of
regional-scal e geoscientific data.

» Produce predictive maps of mineral potential (favorability) for sedimentary and volcanic rock-hosted
occurrences, which include analyses of error and uncertainty associated with the mineral potential maps.

 Delineate promising regional-scal e expl oration targets for sedimentary and vol canic rock-hosted occurrences,
and determine the important mineral potential evidence in these areas.

¢ Determinethefirst-order geologic factorscontrolling theregional -scale spatial distribution of the sedimentary
and vol canic rock-hosted occurrences.

1.4 Methodology

Animportant goal of mineral potential modelling isto discover new deposits. Assuch, mineral
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potential mapping involves the use of predictive models, as opposed to prescriptive models,
which arebased on aset of criteriathat represent sound engineering practices, and/or someblend
of economic or socia factors (Bonham-Carter, 1994a).

In the geosciences, models can be classified into three types based upon the kinds of
relationships they represent: (1) theoretical, (2) hybrid, and (3) empirical (Table 1.1). Mineral
potential models based on statistical or heuristic relationships, such as weights of evidence, are
empirica models. Such models are usually augmented or constrained by relationships
formulated as conceptual models, as the geologic conditions and processes that lead to the
formation of mineral depositsistoo complex to expressmathematically (Bonham-Carter, 1994a).

Empirical mineral potential models can be further subdivided on the basis of how the relative
importance of adeposit-indicator (or predictor) map patternisdetermined: (1) data-driven or (2)
expert-driven (Table 1.2).Weights of evidence isdata-driven. In weights of evidence, mineral
potential iscal culated by weighting and combining multiple sources of evidence, whichtypically
includes multi-class “evidence maps’ of geologic, geochemical, geophysical, or other
geoscientific phenomena. The estimation of mineral potential consists of two main procedures:
(2) theapplication of conditional probabilitiesto measurethespatial associ ations between known
mineral occurrencesand variousevidence maps; and (2) the use of Bayesian updating techniques
to combine the evidence and produce a posterior probability map. Inthefirst step, multi-class
evidence maps are typically reduced to binary-class deposit-indicator or “predictor maps’ (the
“layers of evidence”) in order to maximize the spatial association (the weights) between the
evidence and mineral occurrences and to simplify map combination carried out in step two.
Weights of evidence attemptsto explain the spatial distribution of mineral occurrencesin terms
of the spatial distribution of evidence map patterns. The ultimate intent isto produce a map of
mineral potential that accurately models mineral occurrence distribution. Ideally, the mineral
potential map will highlight areas of yet undiscovered mineral occurrences.

In general, model building consists of three main stages (Chatfield, 1988):

1. Mode formulation or specification.
2. Parameter estimation, or model fitting.
3. Model validation.

As applied to weights of evidence mineral potential modelling conducted in this study, these
stages involved:

1. (a) Establishing and measuring the spatial associations between the gold-silver-bearing occurrences and
multi-class mineralization “ evidence maps”.
(b) Determining the significance of these relationships.
(c) The creation of binary-class minera “predictor maps’ from the mineralization-favorable units
composing multi-class evidence maps.
2. Generating mineral potential mapsfor sedimentary and vol canic rock-hosted occurrences by combining the
predictor maps in amulti-map overlay using aloglinear formulation of Bayes Rule.
3. Validationof themodels, including testing for conditional independenceamong theevidencelayers, analysis

of mineral potential estimation uncertainty, mineral favorability at known occurrence locations, and blind
tests.



1.5 Spatial Datasets

The geoscientific spatial data compiled for this study include:

1. Mineral deposits—various metallic mineral occurrence datasets, and mineral belts and trends.

2. Regional geology—bedrock and surficial geology, metamorphic rocks and core complex locations, volcanic
centers and cinder cone locations, Mesozoic pluton distribution, geosyncline facies boundaries, regions of
strong upper crustal extension, numerous fault and thrust fronts datasets, deep-seated fracture zones,
lithotectonic terranes, and Tertiary rock attitudes.

3. Physical geography—30 arc-second and 5 arc-minute gridded el evation, mountain peak heights, generalized
and detailed Great Basin physiographic province boundaries.

4. Geophysical—various gravity anomaly data (observed, isostatic, Bouguer, free air), geomagnetism,
geothermal heat flow, geothermal conductivity, geothermal heat production, geothermal well/hot spring
temperatures, and pal eothermal anomaly.

Seismic—depth to reflection Moho, earthquake depth and magnitude, and crustal stress data.
Geochemical—igneousrock radiometric age dates, base- and precious-metal mineralization radiometric age
dates, &Sr/®Sr initial values and 15=0.706 and 0.708 isopleths, and major and minor element data.

7. Remote sensing imagery—L ANDSAT linear features, AVHRR, and SLAR radar.

8. Hydrology—drainage divides, streams and water bodies.

9. Human/cultural-features—major cities, administrative boundaries, roads, highways, and railways.

o U

A seriesof mineral potential evidence mapswas prepared from these datasets. Some were used
for weights of evidence analysis and modelling while others served as supplementary material
for interpretation, exemplification, and referencing (see section 5.3.3).

The Mineral Resource Data System mineral occurrence database (MRDS; U.S. Geological
Survey, 1993) was used to model the distribution of precious-metal mineralization in Nevada.
From a population of 5572 metallic and semi-metal mineral occurrenceslisted in MRDS, 2690
gold-silver-bearing occurrences (containing gold and/or silver asthe primary commodity listed
in MRDS) were selected and subdivided into samples asindicated in Table 1.3:

The mineral occurrences in MRDS are classified according to the scheme of Cox and Singer
(1986). Occurrence size designation is based on precious-metal content (production plus
reserves), and isderived from the Metallogenic Map of North America (Guild, 1968). Modelling
was carried out using the three principal occurrence-type samples (training datasets). In some
instances, analysisand modelling was al so performed using thelarge, medium, and/or small size
sub-samples.

The sedimentary rock-hosted occurrences, which include® Carlin-type”, * carbonate-hosted”, or
“disseminated” deposittypes, arelargely situated in north-central and north-eastern Nevada. The
most important and greatest number are distributed along two regional-scale deposit alignments
known as the Carlin and the Battle M ountain—Eureka (Cortez) mineral trends (Fig. 1.3), which
are both oriented at acute angles to the regional structural grain (compare Figs. 1.3 and 1.2).
Sedimentary rock-hosted depositsaretypically low-grade-high-tonnage open-pit operations, and
generally defined as stratiform occurrences of sub-microscopic to microscopic gold coating
disseminated sulfidemineral sin carbonaceous cal careous sedimentary rocks (Bagby and Berger,
1985; Cox and Singer, 1986). The age of these deposits was poorly constrained until recently,
with ages ranging between 8-35 to ~120 Ma (see Arehart et al ., 1993, 1995; Christensen, 1995;
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Kuehn, 1989), but new research suggests that they formed between Late Eocene and Early
Oligocene time (42-30 Ma) (Maher et a., 1993; Emsbo et al., 1996; Groff et al., 1997; Hall et
a., 1997; Hofstra, 1997).

Most of the volcanic rock-hosted occurrences, which include “epithermal”, “hot springs’,
“vein/stockworks + disseminations’ deposit types, are located in southwestern and western
Nevada, and occur within a broad belt that parallels the Nevada-California border (Fig. 1.3).
Thisbelt, known asthe Walker Lane, isazone of strike-slip movement that trends northwest at
an acute angle to the regional structural grain of the central Great Basin (compare Figs. 1.3 and
1.2). Volcanicrock-hosted depositsare usually high-grade- ow-tonnage underground operations
(open-pit in the case of some disseminated mineralization). They are generaly defined as
“volcanic centered” vein and/or disseminated occurrences (often co-occurring) of goldzsilver-
bearing minerals in, or associated with, a variety of brittle deformation structures hosted by
vol canic and associated rock types (Cox and Singer, 1986; Panteleyev, 1986; Berger and Henley,
1989; Hedenquist et al., 1996). The volcanic rock-hosted deposits appear to be Upper
Oligocene, to Early to Middle Miocene and younger in age (most forming between 27 and 5Ma,
making them about 20 to 100 Ma younger than the sedimentary rock-hosted deposits) (Dreier,
1984; Cox et al., 1991; Hutchinson and Albers, 1992; Ludington et al., 1993).

1.6 Similar Studiesand Original Contribution

The application of GIS to minerals exploration, specifically mineral potential modelling, is
gaining an increasing amount of attention and has been shown to yield favorable results (see
Bonham-Carter et al., 1988; Bonham-Carter et al., 1989; George and Bonham-Carter, 1989;
Watson and Rencz, 1989; Agterberg et al., 1990; Braux et al., 1990; Moon, 1990; An et d.,
1991; Bonham-Carter, 1994a; Cheng et al., 1994). Much of thiswork was donein Canada, and
until recently, GIS-based quantitative mineral potential modelling studies in the United States,
specifically data-driven statistical approaches, have been limited in number. As of September
1997, nothing had been published on mineral potential modelling in the Great Basin, however,
the U.S. Geological Survey and various mining companies and private consultants are now
actively engaged in such research.

Gary L. Raines, of the U.S. Geological Survey, Reno Field Office, began weights of evidence
modelling in 1991. He produced a posterior probability mineral potential map for hot spring-
related gold, based upon proximity to volcanic rocks and vents, hydrothermal alteration, placer
deposits, faults, linear features, and anomalous U, Ag, As, Mn, Se and aeromagnetic values. Dr
Raines used expert-delineated maps of hot spring mineral permissibility to validate his model,
which showed a high degree of agreement (74%).

DeanD. Turner, aprivate consultant from Reno and former empl oyee of the Newmont and FMC
gold companies, began working on an M.Sc. thesis at the Colorado School of Minesin 1991 (a
paper summarizing hisresults, Turner, 1997, was presented at the Exploration ‘97 symposium
in Toronto, which was held in October of 1997). Mr. Turner produced agold favorability map,
based onwelghtsof spatial association with non-placer gold-bearing occurrences, using buffered
host-rock lithol ogy and granitoid pluton domains, structural domains(lineament intensity, based
oninterpretation of topography and aeromagnetic, i sostatic gravity, and radiometric anomalies),
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and geochemical domains (based on As-Sb-Zn-Ag-W and Cr-V-Fe-Co-Sc pathfinder element
groupings). The model was validated using 52 magjor sediment-hosted gold deposits, 88.5% of
which were identified by his favorability map.

The study undertaken here differs substantially from, and extends beyond, those conducted by
Raines and Turner. A fully-implemented application of weights of evidence mineral potential
modelling was undertaken, completewith weightsof spatial association analysisand assessment,
generation of posterior probability mapsof mineral potential (favorability), analysesof modelling
error and uncertainty, and blind testing of the models. Also, this study is broader in scope,
dealing not only with hot spring-related deposits and non-placer gold-bearing occurrences in
north-central Nevada, but also with other epithermal mineralization (collectively modelled as
“volcanicrock-hosted”), sedimentary rock-hosted occurrences State-wide, and with gold-silver-
bearing occurrences in general. For the mineral potential models produced here, the training
datasets and combinations of mineralization evidence are substantially different from those used
by Dr. Raines and Mr. Turner (as well as having been utilized and processed differently). In
addition, alarge number of supplementary datasets were used in this study for interpreting the
output of the models.

Theoriginal contribution of this research to the study of economic geology in the Nevada Great
Basin includes:

¢ Predictive maps of mineral potentia favorability for sedimentary and volcanic-rock hosted mineralization,
which highlight areas of elevated potential but no known deposits. Associated maps of error and uncertainty.

¢ Maps delineating regional -scale exploration targets for sedimentary and volcanic rock-hosted occurrences,
including areview of the important mineral potential evidence within the target area and alisting of specific
high mineral potential sites (at the mountain-range-scale) for further investigation.

e New, revised, and supporting hypotheses regarding the regional-scale controls over the distribution of
sedimentary and volcanic rock-hosted mineralization. It has been demonstrated that a data-driven approach
to mineral potential mapping can illuminate the understanding of mineral deposit distribution.

In addition, the work carried out here identifies new, potentially mineral-rich, regions for

research opportunity, as well as demonstrating the capacity to facilitate mineral resource
assessment in the Great Basin.

1.7 Layout

This study is subdivided into eight chapters and five appendices. The appendices are provided
as digital files on a CD-ROM located in the back cover pocket, and are available in Adobe
Acrobat (.pdf) version 4.

Chapter Contents

1 I ntroduction—An overview and of thisstudy. Includesthe purpose, scope, and objectives, aswell as
areview of the datasets and the analysis and modelling techniques.

2. Geology of the Great Basin—An overview of the geology of the Great Basin and its environs, with
emphasis placed on the features and time periods pertinent to the interpretation of the sedimentary and
volcanic rock-hosted weights of evidence mineral potential maps. Thisis a background chapter that
represents a summary literature review.
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3. Characteristicsand Distribution of Sedimentary and Vol canic Rock-H osted Deposits—An overview
of sedimentary and volcanic rock-hosted deposit types, with emphasis placed on their spatial
distribution. Thisis abackground chapter that represents a summary literature review.

4. Analysisand Modelling Technigues—An overview of preliminary GI S spatial dataanalysistechniques
and weights of evidence mineral potential modelling (an extended and detailed discussion is given in
Appendix B). Thisis abackground chapter that represents a summary literature review.

5. Spatial Datasets—An overview of the GI Sstudy area, training datasets, and mineral potential evidence.
Included is a discussion on gold-silver-bearing mineral occurrence selection criteria, evidence map
selection, and reviews on data coverage, collection, accuracy, and error issues.

6. Single Map Analysis, Interpretation, and Mineral Predictor Map Generation—Analysis of mineral
potential evidence. Each evidence map isexamined in relationto the distribution of gold-silver-bearing
occurrences (this chapter represents the first of two procedures that constitute the weights of evidence
modelling method; see Chapter 4). The distribution and basic statistical nature of the datasets are
described, and the spatial associations between the occurrences and the evidence maps are measured.
The significance of the spatial relationships is determined and an interpretive synthesis in light of
geology and metallogeny isgiven. Also discussed are generation of binary-classmineral predictor maps
and various assumptions, definitions, and selection criteria for the gold-silver-bearing occurrences.

7. Multi-Map Modelling and Gold-Silver Mineral Potential—Summary and discussion of theresultsand
output of mineral potential modelling. Theminera predictor mapsare combined to produce themineral
potential maps (this chapter represents the second of two procedures which constitute the weights of
evidencemethod; see Chapter 4). Analysesof mineral potential model conditional independence, error,
and uncertainty are reviewed. Validation of the models, including mineral favorability at known
occurrencelocationsand blind testsarediscussed. Regional-scal e sedimentary and vol canicrock-hosted
occurrence exploration targets are delineated.
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Chapter 2. Geology of the Great Basin

2.1 Introduction

The Great Basin is one of the most intensely studied regions on Earth. This chapter presents a
review of the geology of the Great Basin and its environs, with emphasis placed on the features
and time periods pertinent to the interpretation of the sedimentary and volcanic rock-hosted
weights of evidence mineral potential maps. An overview of physiographic and tectonic setting
and an outline of the geologic history are given in sections 2.2 and 2.3. The Precambrian and
Cenozoic time periods are reviewed in greater detail in sections 2.4 and 2.5. Strike-dlip
tectonism and related regional-scale crustal features are discussed in section 2.6. The
characteristics and structure of the present-day crust are reviewed in section 2.7.

Comprehensive reviews of the geologic, tectonic, magmatic, and geophysical nature of Great
Basin can be found in Atwater (1970, 1989), Axen et al. (1993), Bally and Palmer (1989), Best
and Christiansen (1991), Burchfiel et a., (1992), Coward et al., (1987), Crittenden et a. (1980),
Eaton (1982), Ernst (1988), Pakiser and Mooney (1989), Raines et al. (1991), Smith and Eaton
(1978), Stewart (1980), and Zoback et al. (1981).

2.2 Physiographic Setting

The Basin and Range Province of the southwestern United States and northern Mexico is an
extensional tectonic regime set in the southern North American Cordillera, part of the larger
Cordilleran orogenic belt that stretches from southwestern Alaskain North American to Chile
and Argentinaat the southern tip of South America(Fig. 2.1). Itispart of aregion known asthe
“continental interior” of the Cordilleran orogen (Christiansen and Y eats, 1992), also referred to
as the Intermontane System (Anderson, 1989). The Intermontane System covers avast region
in the western United States—it extends from the United States-Mexico border northward to
southeastern Oregon and southern Idaho; it is bound to the east by the Rocky Mountain System
and to the west by the Pacific Mountain System; and it encompasses the Basin and Range
Province, the Colorado Plateaus, and the high lava plains of the Snake River Plateau (Anderson,
1989; Thelin and Pike, 1991) (Fig. 2.2). The Cordilleran orogen in the western United Statesis
unusually wide, measuring approximately 1,500 km across (Guild, 1985), as compared to the
modern-day Andean orogen with awidth of 400-800 km (Dickinson and Snyder, 1978).

The Basin and Range Province of the southwestern United States may be subdivided into
northern, central, and southern regions, based upon contrasting geologic histories and structural
styles (Wernicke, 1992), and iscomposed of fiveindividua physiographic sub-provinces (Fig.
2.2) (Thelin and Pike, 1991):

Great Basin

Sonoran Desert, or the Mojave Block (Wilkins, 1984)

Salton Trough

MexicanHighland (whichincludesthe Rio Grande Rift zone), or the Porphyry Copper Block (Wilkins, 1984)
Sacramento section

agrWDNE
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The Great Basin, coincident in name and in expanse with the northern Basin and Range
Province, is the largest of the five physiographic provinces, covering ~452,000 km? (as
circumscribed by Thelin and Pike, 1991) and varying from 500 to 1000 km in width (see Harry
etal., 1993). It occupiesnearly al of the State of Nevada (~95%), much of western Utah, small
parts of southern Idaho and Oregon, and California east of the SierraNevadaRange. The Great
Basin is not a basin proper, but rather is acollection of over 200 small basinsthat form alarge
region of interior drainage that isbound to the east (Wasatch front, Utah) and to thewest (Sierra
Nevada, California) by marginal highlands rising 2-3 km above SML, approximately one
kilometer above the surrounding regions (Eaton et al., 1978; Mayer, 1986; Hendricks and
Plescia, 1991; Sherrod and Tosdal, 1991; Christiansen and Y eats, 1992; Wernicke, 1992). The
areawithinthe Great Basinisuniformly above onekilometer SML and has an average elevation
of 1.5 km, comparable to that of the Colorado Plateau (Christiansen and Y eats, 1992; also see
Wilkins, 1984; Harry et al., 1993). Basin—range-style topography is characteristic of the Basin
and Range Province asawhole, but isbest developed in the Great Basin sub-province (Fig. 1.2).

2.3 Tectonic Setting and Geologic History

The Cordilleran orogen is one of the longest-lived and extensive orogenic belts in the world
(Burchfiel et al., 1992). The major tectonic elements within and surrounding the Great Basin
date from the Archean through the present, and with the exception of the Precambrian elements,
are products of the interaction between the Pacific oceanic and the North American continental
tectonic plates (Atwater, 1970, 1989; Mutschler et al., 1987). The tectonic environments of the
western United States and the Great Basin are illustrated in Figures 2.3 and 2.4, respectively.
The major orogenic beltsin the Great Basin are shown in Figure 2.5.

Thegeologic history of the Great Basin region iscomplex, spanning at |east 600 to >800 Ma, and
involving major episodes of crustal accretion, sedimentation, igneous activity, compressional
deformation, and continental rifting and extension. Thishistory includesat |east three orogenies
in the Precambrian (Y avapai-Mazatzal, episodic Middle Proterozoic intracontinental rifting,
polyphase Late Proterozoic marginal rifting; Burchfiel et al., 1992; Hoffman, 1989), two in the
Paleozoic (Antler and Sonoma; three if the “Humboldt event” is included, see Stewart, 1980;
Miller et al., 1992), threeinthe Mesozoic (Nevadan-Elko, Sevier, and start of the Laramide; or
one, if considered as three pulses of the “Cordilleran orogeny”, see Miller et a., 1992), onein
the Cenozoic (initial local crustal extension and basin-range development; Laramide activity
wanes), and the present-day continued basin and range devel opment (Stewart, 1980; Berger and
Bonham, 1990). The current stage of basin-range devel opment represents only about 5% of its
total evolution (Stewart, 1980). Precambrian and Phanerozoic orogenic history are illustrated
inFigure 2.6, mid-Mesozoic through early Cenozoicin Figure2.7, and | atest Cretaceousthrough
present in Figure 2.8.

In broadest terms, the Phanerozoic geol ogic setting and history of the Great Basin region can be
summarized in terms of three contrasting regimes:

1. Latest Proterozoic to late Devonian passive margin regime—A tectonically quiescent stable Precambrian
continental passive margin alongwhich atwo-fold northerly-trending miogeoclinal -eugeoclinal depositional
regime developed (Stewart, 1980; Suppe, 1985).

2. LateDevonianto early Tertiary accretionary and compressional regime—Island-arc and oceanic terranes
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were accreted to the western edge of the continental margin. Eastward-directed compressional orogenic
events emplaced areally-extensive thrust sheets along and east of the margin, resulting in large-magnitude
crustal shortening and the juxtaposition of the coeval but contrasting miogeoclinal and eugeoclinal
sequences. Geosynclinal sedimentation was terminated in the Early Triassic. By Late Triassic or Early
Jurassic an “ Andean-type” continental-margin subduction regime was established. Widespread plutonism
and upper crustal thrusting followed, resulting in the development of aregionally extensive magmatic arc,
foreland fold and thrust belt and associated hinterland (Coney, 1978; Stewart, 1978, 1980; Suppe, 1985;
Mutschler et a., 1987; Berger and Bonham, 1990; Thorman et a., 1991).

Early Tertiary to Present extensional regime—The modern-day Great Basin developed east of a waning
Mesozoic magmatic arc in an intra-arc and back-arc setting within thrust belts formed from Paleozoic
miogeoclineand accreted terranes. A transitionfrom compressional to extensional tectonicsoccurred around
45-40 Ma, and after about 36 Ma, widespread volcanism and crustal extension prevailed (Stewart, 1978,
1980; Eaton, 1983; Lipman, 1983; Wernicke et al., 1987; Hamilton, 1988; Berger and Bonham, 1990).

The geologic eventsthat shaped thesethreeregimes, aswell asthe pre-Cordilleran settings, may
be subdivided into seven stages:

1

Archeanto Latest Proterozoic—Nucleation and configuration of the core of the North American crystalline
craton, including numerous episodes of collisional and extensional def ormation; polyphaserifting givesrise
to approximate shape of present-day North American continent and truncates Precambrian tectonic grain.
Latest Proterozoicto Late Devonian—Passive-divergent subsiding margin and sedimentation; inception and
main-stage deposition of the Cordilleran geosyncline; depositional framework consisted of a western
siliceous assemblage (the eugeosynclinal facies) and the eastern carbonate assemblage (the miogeoclinal
facies), separated by atransitional zone (the transitiona facies).

Late Devonian to Late Triassic—Passive, sub-island arc subduction, accretionary margin; addition of crust
to the western margin of the Precambrian crystalline craton core; initial deformation of the Cordilleran
geosyncline; two island-arc system's and their associated accretionary prism sequence's are welded to the
craton in two separate episodes during the Antler and Sonoma orogenies (emplacement of the Roberts
Mountain and Golconda allochthons, respectively); sedimentation in the Cordilleran geosyncline is
terminated at the start of the Sonoma orogeny inthe Early Triassic; global plate reorganization and tectonic
truncation of Paleozoic orogenic grain by Late Triassic; arc polarity reversal.

LateTriassicto Upper Cretaceous—A ctive margin sub-continental subduction (“ Andean-type” steepangle
plate descent mode); passive-to-active margintransition, andinitiation of sub-continental subduction; crustal
thickening and compressional deformation; devel opment of continental magmatic arc (Nevadan-Elko phase)
and“thin-skinned” fold and thrust belt and associated hinterland (Sevier phase); region of present-day Great
Basin undergoes contraction between acontinental arc onthewest and the craton in central Utah to the east.
Upper Cretaceousto Mid-Eocene—A ctive margin sub-continental subduction (shallow angle plate descent
mode, high rate of plate convergence); Cordilleran geosyncline depositional environment is wiped out;
intrapl ate def ormati on; compressiona orogenesismigratesinland toward thecraton during Laramideactivity;
arc magmatism shifts progressively eastward and wanes; transition from compressiona to extensional
orogenesi s occurs as active margin sub-continental subduction wanes.

Mid-Eoceneto Late-Lower Miocene—A ctive margin sub-continental subduction rapidly ending (steepangle
subduction plateroll-backsfrom east towest, decreasing plate convergencerate); Pacific oceanic platecloses
on North American continental plate; large-magnitude, pre-basin—range-style extension (early extensional
phase, ~36-17 M a), characterized by low angle shallow listric and detachment faulting in the upper crust and
in some places the emergence of mid-crustal metamorphic core complexes; regiona uplift; magmatism
resumesand sweepsgenerally west and southward (predominantly fel sic-intermediate cal c-alkalinevol canic
flowsand silicic ash-flow tuffs); inception and growth of San Andreastransform system; cessation of active
margin sub-continental subduction and transition to passive transform margin.

Late-L ower Mioceneto Present—Transform margin between North American continental plate and Pacific
oceanic plate devel ops as Mendocino triple junction migrates north; earlier extensional period wanes and
issuperseded by wide-spread basin—ange-style extension (later extensional phase, 17-6 Ma), characterized
by high angle deep-penetrating block faulting that producesthe modern Basin and Range Province structural
grain and topography; brief lull in felsic-intermediate and silicic calc-alkaline magmatism (20-17 Ma)
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followed by transition to bimodal rhyolite-basalt vol canismwhichischaracterized by increasing proportions
of basdlt; intensity of silicic volcanism progressively decreased during last 10 m.y.

These seven stages are based upon plate boundary interactions and orogenic styles, and reflect
coherent periods in the development of the Great Basin region and its environs. They are not
meant to suggest any implicit genetic relationship between the events within any one stage,
though in many instances this may be the case.

2.4 Craton Development

The Precambrian terrain of the western Cordillera of the United States is a poorly understood
collage of collided oceanic island arcs, overprinted by continental magmatic arcs, complicated
by rifts, and perhaps affected by anorogenic magmatism (Hamilton, 1987). For the most part,
the evolution and tectonic activity of the Precambrian have not been delineated in detail
(Dickinson, 1981), but recent work by Hoffman (1989) has added greatly to the understanding
of thiserain North America.

2.4.1 Assembly and Margin Formation

The evolutionary stages of the North American craton overlap in time, but can be roughly
outlinedas: (1) 1.98-1.83 Gainitia assembly of the Archean core of the Laurentian protocraton;
(2) 1.91-1.65 growth of the Laurentian protocraton by accretion of mainly proterozoic material;
(3) 1.65- 0.8 Laurentian supercontinental tectonic environment; and (4) 0.8-0.5 marginal rifting
of Laurentia (ages generalized from Hoffman, 1989). The fourth stage was particularly
important. During this stage, the edges of Laurentiawere carved away, forming the crystalline
cratonic core of North Americaand establishing the cratonic margin in the southwestern United
States (Stewart, 1980; Hoffman, 1989). This episode of continental margin rifting was to have
far reaching effects on the orientation, location, and style of subsequent Phanerozoic orogenic
elementsthat devel oped in the southwestern Cordilleraand northern Basin and Range Province.

Theinitial assembly of Laurentian protocratontook placeintheEarly Proterozoic (1.98-1.83 Ga)
when seven former microconti nents were wel ded together during collisional orogenesis, which
was characterized by deformed passive margin and foredeep sedimentary prisms, “ Andean-type”
magmatic arcs, hinterlands with compression-related fault tectonism, and foreland thrust-fold
belts (Hoffman, 1989). These microcontinents (or crustal provinces, in post-accretionary
parlance) are Late Archean crustal aggregates that contain variable proportions of Early and/or
Middle Archean rocks, and include the Superior, Wyoming, Slave, Nain, Hearne, Rae, and
Burwell provinces (Hoffman, 1989). In the Early Proterozoic, growth continued as crust
containing little or no Archean material was accreted along the western, southern, and
southeastern margins of the Archean core of the protocraton between about 1.91 and 1.65 Ga
(Hoffman, 1989). Along the southern and southwestern United States, more than 1,200 km of
juvenile crust was accreted between 1.80 and 1.65 Ga during the Central Plains and Y avapai-
Mazatzal orogenies, respectively (Hoffman, 1989). The construction of the Laurentian
supercontinent, within which the North American craton wasembedded, was coherent by 1.7 Ga
and assembled by 1.65 Ga (Dickinson, 1981; Hoffman, 1989; Burchfiel et al., 1992).

In the late Middle Proterozoic, sedimentary rocks now within the Cordilleran orogen were
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probably deposited during at |east three pre-Cordilleran intracontinental extensional eventsthat
took place around 1.5-1.3 Ga, 1.15-1.07 Ga, and 0.9-0.8 Ga, the first being the most extreme of
thethree (Burchfiel etal., 1992). Between 0.8 and 0.5 Ga, polyphaserifting took place along the
marginsof Laurentia, giving riseto the approximate shape of present-day North American craton
(Hoffman, 1989). RIifting along the present-day western margin of North America was
accompani ed by wide-spread maficigneousactivity and sedimentation, and marked theinitiation
of the throughgoing Cordilleran geosyncline, which was considered by Burchfiel et a. (1992)
to be the inception of the Cordillera orogen. Main-stage deposition of the Cordilleran
geosyncline dominated geologic activity from latest Precambrian through mid-Paleozoic. By
about 650-600 Ma, major rifting had subsided and the western edge of the North American
craton resembled a passive Atlantic-type margin (Stewart, 1980; Burchfiel et al., 1992). Strata
were deposited along and inland from the continental margin, resting unconformably on
structurally complex crystalline basement rocks consisting of gneiss, schist, quartzite, marble,
greenstone, and granite ranging in age from about 2.5 to 1.41 Ga, and on younger supracrustal
sedimentary and vol canic rocksrangingin agefrom about 1.45t0 0.9-0.8 Ga(Pooleet al ., 1992).
The pattern of deposition that wasto characterizethe early Paleozoic waswell definedin Nevada
by latest Precambrian time (Stewart, 1980) (Fig. 2.9). Clastic shelf sedimentation continued
through the Early Cambrian, but as the continent moved into lower latitudes, it was gradually
superseded in the Middle Cambrian by younger shallow-water carbonate stratathat transgressed
farther inland onto the cratonic basement (Hamilton, 1987). These conditions continued with
only minor changes in sedimentation patterns and with little disruption through the lower and
middle Paleozoic until stable-margin sedimentation ended in the late Devonian-early
Mississippian with the Antler compressional orogeny, during which the Roberts Mountain and
Golconda allochthons were emplaced, respectively (Stewart, 1980; Dickinson, 1981; Speed,
1983; Suppe, 1985;Hamilton, 1987; Hutchinson and Albers, 1992).

2.4.2 Western Edge and Crustal Provinces

The western edge of the Precambrian craton in the western United Statesis commonly believed
to correspond closely to aninitial value of #Sr/*Sr = 0.706 in Mesozoic and Tertiary granitoids
(Fig. 2.10), avalue considered to represent the boundary between magmas related to oceanic or
continental lithosphere (Kistler and Peterman, 1973; Stewart, 1980). In the Great Basin, the
87gr/%gr |, = 0.706 isopleth trends from the central SierraNevadato western Idaho in avariable
north or northeast orientation, which is dependant upon the datasets and interpretations used to
place the line (see Kistler and Peterman, 1973; Fleck and Criss, 1985; Kistler, 1990; Carlson et
al., 1991). Burchfiel et al. (1992) noted that the #Sr/*Sr I, = 0.706 isopleth is acomposite line
with alocation throughout the Cordilleracontrolled by different eventsof different ages. Strike-
dlip activity (late Paleozoic, mid- to late M esozoi ¢, and Cenozoi ¢) hasbeen the controlling factor
inthe position of thelinefrom the Mexican border to the central SierraNevada (Burchfiel et a.,
1992), hence the northwestward “spike” in the line along the California-Nevada border. In
central Nevada, its location may be close to the original site of the latest Precambrian rifting,
albeit modified by the effects of Paleozoic and Mesozoic shorting and Cenozoic extension
(Burchfiel et al., 1992; see Levy and Christie-Blick, 1989, for a Pre-Mesozoic palinspastically
restored 8Sr/®Sr |, = 0.706 isopleth). An aternative to the 8 Sr/%°Sr |, = 0.706 isopleth is the
875r/%5r 1, = 0.708 (g4 = -7) isopleth (Farmer and DePaolo, 1983), located as much as 100 km
to the east of the ®’Sr/*Sr I, = 0.706 isopleth (Levy and Christie-Blick, 1989). The #Sr/®Sr I,
= 0.708 (e\g = -7) isopleth, however, appears to be inconsistent with the distribution of
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Proterozoic and Lower Cambrian sedimentary rocks that occur near the #Sr/*Sr I, = 0.706
isopleth (Levy and Christie-Blick, 1989). Thewestern edge of the craton may also be delineated
by alate Paleozoic-early Mesozoic regional paleothermal anomaly that trends roughly north-
south across Nevada (Cunningham, 1988) (Fig. 2.10).

In addition to the craton edge, three or four Precambrian crustal formation provinces that
underlie the Great Basin have been delineated using (1) initial Sr and Nd isotopic ratiosin Late
Proterozoic, Mesozoic, and Tertiary granitoids and mafic rocks, (2) Pb isotopic compositions of
ores and M esozoic and Cenozoic igneousrocks, and (3) granitoid crystallization ages (Zartman,
1974; Farmer, 1988; Livaccari and Perry, 1993; and especially Bennett and DePaolo, 1987,
figures3and 6) (Fig. 2.11). These Precambrian crustal formation provincestrend roughly west-
southwest—east-northeast, at ahigh angleto thewestern edge of the craton, and decreasein age
from northwest to southeast, refl ecting abasement structurewhich suggests successiveaccretion
of increasingly younger Proterozoic-aged crust.

Thetectonic grain of the Precambrian North American craton in the southwestern United States
generally trends east-west to northeast-southwest, at a high angleto the generally north-south to
northwest-southeast tectonic grain of Cordilleran orogen, and was most probably truncated by
the Late Proterozoic (0.8-0.5 Ga) polyphase rifting event (Hamilton, 1987; Burchfiel et al.,
1992). The youngest rocks having the older tectonic grain include the Belt Supergroup in the
United States, and its Canadian correlative, the Purcell Supergroup. Estimatesfor the age of the
Belt/Purcell rocks range from alow of 1.5-0.9 Gato ahigh of 1.6-1.3 Ga, the better of the two
ranges being the latter (Burchfiel et al., 1992). In Nevada, Precambrian basement rocks occur
in the southernmost tip of the State and compose |ess than one-half of one percent (~0.4%) of
thetotal unit areamapped on the geol ogical map of Nevada (Stewart and Carlson, 1978; Stewart,
1980). These units include Precambrian Y (~1.5-1.4 Ga) granitic rocks and Precambrian X
(~1.74-1.70 Ga) metamorphic rocks, and are part of a metamorphic terrain developed from
stratified and vol canic geosynclinal rocks that is perforated by anorogenic porphyritic rapakivi
granites (Stewart, 1980). The severa known Precambrian tectonic events subsequent to the
formation of the crystalline basement rocks in the western United States are not recognized in
Nevada. Rocksthat would show the effects of these events (i.e.—rocksequivaent in ageto the
Belt/Purcell Supergroup) do not crop out in the State (Stewart, 1980).

2.5 Cenozoic Extensional Tectonism

The end of the Laramide orogenesis in the Cordillera of the western United States marked a
fundamental change in the style from compressional tectonism, which had dominated since the
Late Triassic, to local and regional extension and local strike-slip tectonism, which dominated
during the middle and late Cenozoic and is still ongoing today (Figs. 2.6, 2.7, and 2.8). Middle
and late Cenozoic extensional orogenesis and associated magmatism are responsible for the
present-day tectonomagmatic and structural configuration of the Great Basin, and developed in
two main stages: (1) an earlier (middle Tertiary, ~36-17 Ma) stage of cal c-alkaline-dominated
magmatic activity, and rapid, extreme, and localized extension characterized by “ thin-skinned-
style” low-angle fault structures, including Cordilleran metamorphic core complexes; and (2) a
later (late Tertiary, ~17-0 Ma) stage of predominantly basaltic magmatism, and slow, moderate,
and morewidespread extension characterized by high-angle block-fault structures(Zoback et al .,
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1981; Eaton, 1982, 1984; Stewart, 1983; Wernicke, 1985; Rehrig, 1986; Hamilton, 1987; Patino-
Douceand Humphreys, 1987). Inthehinterland of the Sevier orogen, wherethe Great Basinwas
to develop, magmatism and extension were time-transgressive, migrating southward and
westward across the region during the early through subsequent late stage of extensiona
tectonism (Armstrong et al ., 1969; Stewart 1980; Silberman 1985; White 1985; Ganset al, 1989;
Best and Christiansen, 1991; Seedorff, 1991).

25.1 Early Stage (Mid-Eoceneto Late-L ower Miocene)

The early stage of extensional orogenesis is characterized by: (1) the renewal of vigorous,
predominantly silicic to intermediate calc-alkaline tuff and lava volcanism, which swept
generally west and southward; and (2) crustal thinning in the form of discrete, relatively narrow
and elongate, localized domains of large-magnitude extension in the ductile lower crust, which
include low-angle shallow listric and detachment faults in the upper crust, and locally the
exhumation of mid-crustal rocks in the form of metamorphic core complexes (Stewart, 1983;
Wernickeet al., 1987; Ganset al., 1989; Best and Christiansen, 1991; Seedorff, 1991; Catchings,
1992; aso see Harry et a., 1993). The end of this stage of extensional orogenesis is
characterized by the waning of calc-alkaline magmatic activity, a decline in large-magnitude
extension, and by the transition to a passive transform continental margin, brought about by the
collision of the Pacific and North American platesin middle Oligocene and theinitiation of San
Andreas transform system.

25.1.1 Magmatic Activity—Distribution, Age, and Composition

The Sevier hinterland had been magmatically and tectonically quiescent throughout most of the
|ate Paleocene and early Eogene. Arc magmatism in this region, which had thrived until about
80 Ma, had been extinguished, and agap in the continuity of thearc created (L aramide magmatic
gap) as Laramide magmatism and deformation migrated eastward well onto the craton in
response to subhorizontal inboard subduction tectonics (Coney and Reynolds, 1977; Coney,
1978; Dickinson and Snyder, 1978; Keith, 1978; Dickinson, 1981; Berger and Bonham, 1990;
Armstrong and Ward, 1991; Hutchinson and Albers, 1992). Magmatism resumed in Idaho and
Montana north of the Sevier hinterland in earliest Eocene time, swept southward after 45 Ma
narrowing the Laramide magmatic gap, and entered the northern part of the Sevier hinterland in
Eocenetime, about 43 Ma(Ganset al, 1989; Armstrong and Ward, 1991; Best and Christiansen,
1991). Magmatic activity continued a southward transgression during the Oligocene into a
southern part of the region along an arcuate roughly east-west front that was at a high angleto
the continental margin and on the order of hundred kilometers long (Elston, 1983; Wernicke et
al., 1987; Best and Christiansen, 1991). Coeval with the southernly sweep of magmatism
through Nevadaand Utah, vol canism swept west and north out of southwest New Mexico across
southern Arizona, and by the beginning of Miocene time (~22 Ma), the northern and southern
magmatic fronts had merged, closing the Laramide magmatic gap, and a continuous arc trend
extended once again along the flank of the whole western Cordillera (Dickinson, 1981,
Dickinson and Snyder, 1978; Anderson, 1989; Armstrong and Ward, 1991). In southernmost
Nevada, the landward portions of the southerly- and northerly-migrating volcanic fronts
converged, but did not completely merge, resultingin an“amagmatic zone” extending from ~37°
to ~36° latitude trending nearly east-west (McKee, 1971; Blakely and Jachens, 1991).
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Inthe Sevier hinterland, magmatism was concentrated within the coreand interior regions of the
present-day Great Basin, first appearing in east-central Nevada, or the north-central part of the
basin in Late Eocene to Early Oligocene time (~43-35 Ma) then generally swept south and
westward toward the subduction zone (Armstrong et a., 1969; Noble, 1972; Stewart and
Carlson, 1976; McKee, 1977; Smith, 1978; Tweto, 1979; Leeman and Fitton, 1989; Zoback et
al., 1981; Elston, 1983; Stewart, 1983; Schermer, 1985; Best et al., 1989). Theinitial phases of
magmatic activity overlapped the final period of waning subduction (Leeman, 1982; McKee,
1995) and increased in intensity throughout the latest Eocene and Oligocene (Berger and
Bonham, 1990; Leeman and Harry, 1993) (Fig. 2.8). Magmatic activity peaked between 31-20
Ma (Best and Christiansen, 1991) in aregional event known asthe “ great ignimbrite flareup”

(Noble, 1972), which was characterized by a widespread and dramatic increase in the volume
of ash-flow tuffs and pyroclastics extruded (Best and Christiansen, 1991). During thisinterval,
great thicknesses of volcanic materials erupted from nested calderas and formed northwest- to
west-northwest-trending troughs or belts in central Nevada (Anderson, 1989). Magmatism
waned after the ignimbrite flareup and a short lull in igneous activity was experienced in the
Early Miocene (~20-17) (McKee, 1977; Wernicke et a ., 1987).

Magmatism was predominantly intermediate calc-alkaline in chemistry (McKee, 1995), also
referred to assilicic to intermediate in composition (Stewart and Carlson, 1978; Stewart, 1980;
Wernickeet al., 1987; Glazer and Ussler [11, 1989; Hamilton, 1989; Best and Christiansen, 1991,
Leeman and Harry, 1993). Minor basaltic variantsoccurredlocally (Leeman, 1982; Leeman and
Harry, 1993). Stewart and Carlson (1976, 1978) and Stewart (1980) categorized the Cenozoic
igneous rocks in Nevada into four broad temporal groups or “time-dlices’:

43-34 Ma Characterized by andesitic to rhyolitic lavaflowsand shallow intrusives, local
voluminous silicic ash-flow tuffs, and granitic plutons. These rocks are
distributed across the cental, north-cental, and east-central parts of the State.
The 34 Malower boundary marks the approximate middle of the transition
from dominantly andesitic and rhyolitic lavas of the 43-34 Matime period to
dominantly silicic tuffs of 34-17 Ma period (Stewart, 1980; Stewart and
Carlson, 1976; Thorman and Christensen, 1991).

34-17 Ma Characterized by voluminous quartz latitic to rhyolitic ash-flow tuffs, sparse
basalticlavas, andintermediateto granitic plutons. Theserocksaredistributed
in a broad arc, trending east-west across southern Nevada (just north of the
amagmatic zone) and southeast-northwest across central Nevada parallel to
the northeastern margin of the Walker Lane. The 17 Malower boundary falls
within a period of relatively little volcanic activity and marks a time of
significant tectonic changethat eventually led to the devel opment present-day
basin-rangestructure (Stewart, 1980; Stewart and Carlson, 1976; Thormanand
Christensen, 1991).

17-6 Ma Characterized by basalt, bimodal rhyolite-basalt, high silica rhyolite, and
andesite vol canism and the emplacement of intermediate to granitic plutons.
Theserocksaredistributed in a crescent-shaped pattern that surrounds central
and east-central Nevada, trending east-west acrosssouthern Nevada(just north
of the amagmatic zone), southeast-northwest along (within) the Walker Lane,
and southwest-northeast in a board belt across northern Nevada. The 6 Ma
lower boundary marks the approximate end of widespread ash-flow activity
(Stewart, 1980; Stewart and Carlson, 1976; Thorman and Christensen, 1991).

6-0 Ma  Characterized by scattered basaltic cinder cones and lava flows, and minor
rhyolite and andesite flows (Stewart, 1980; Stewart and Carlson, 1976;
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Thorman and Christensen, 1991). Theserocksoccur locally aong the Walker
Lane and in northwest, north-central, and south-central Nevada, but are
primarily distributed outside the borders of Nevada, around the margins of the
Great Basin (see Stewart and Carlson, 1976).

Thisschemeis based upon the gross composition, spatial distribution, and the time and tectonic
environment in which the igneous rocks were emplaced or extruded (see Stewart, 1980). Itis
a useful way of representing the space-time and geologic aspects of these rocks in a GIS
environment.

25.1.2 Extensional Activity—Distribution, Age, Character, Magnitude

Extensional activity inthe Cordillerabegan during thewaning stagesof the Laramide phase, well
before Laramide cal c-a kalineintermediate arc vol canism had ended (Eaton, 1983; Elston, 1986;
Wernickeet a., 1987). Contemporaneous with the renewal of magmatism (Gans et al., 1989),
or shortly thereafter (Best and Christiansen, 1991), a pattern of relatively localized tectonic
extension began to devel op throughout parts of the region in responseto relaxation of Laramide
contractional stresses (Mutschler et al., 1987; Dewey, 1988; Christiansen and Y eats, 1992).
Extension began in the Pacific Northwest, and probably swept southward in the wake of the
southern sweep of Eocene-Oligocene magmatism (Best et al., 1989) where it became best
developed within four subregions, that include from north to south: (1) the Omineca extended
belt in northeastern Washington State and southern British Columbia; (2) the Rocky Mountains
Basin and Range in southwestern Montana, eastern Idaho, and northwestern Wyoming; (3) the
northern and southern Basin and Range provinces; and (4) the Rio Grande rift zone, which
extends north-south across central New Mexico northinto Colorado (Wernicke, 1992, seefigure
1).

Extension can be traced from early Eocene time in southern British Columbia as it migrated
south into the northern Cordillera of Washington, Idaho, and Montana, and then asit continued
through the central Cordillera and further south (Tweto, 1979; Zoback et al., 1981; Mutschler
etal., 1987; Wernickeet al., 1987; Gans et a., 1989). Extensiona tectonismisfirst evidentin
the geologic record at ~52 Main southern British Columbia, northern Washington, Idaho and
Montana (Eaton, 1983 ,Wernicke et al., 1987). In the northern Basin and Range, extensiona
tectonism is recognized as early as the latest Eocene in southern Oregon and northern Nevada,
between about 38-35 Main the Great Basin, and at 29 Main the Rio Grande Rift (Eaton,1983;
Gans and Mahood, 1987; Wernicke et al., 1987; Gans et a, 1989). Extension in the Sevier
hinterland during the early stage of extension was concentrated within the core and interior
regions of the present-day Great Basin. The initial phases started in the middle to |ate Eocene
(=39 to 36 Ma) in east-central Nevada, or the north-central part of the present-day basin, and
migrated southwestward and slightly eastward into western Utah and central Nevadain early
Oligocene (Eaton, 1980, 1984; Rehrig, 1986; Wernicke et al., 1987; Gans et al., 1989; Hodges
and Walker, 1992). Extensional activity appears to have proceeded in two phases that were
separated by the great ignimbrite flareup, the period of peak volcanic activity that took place
from about 31 to 22-20 Ma (Best and Christiansen, 1991).

Extension wasnot uniformly distributed, rather, it occurred inrelatively localized, elongate, and
narrow corridorsor domains of high-magnitude rapid extension (Wernicke et a., 1987; Gans et
al., 1989; Seedorff, 1991; Catchings, 1992; Christiansen and Y eats, 1992; Wernicke, 1992).
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The domains are arranged in “patchwork pattern” of belts, trending roughly north to north-
northeast (Axen et al., 1993; Wernicke, 1990, 1992), and formed initially in a restricted region
within the Sevier fold-thrust belt, along the eastern margin of the then-developing Great Basin
(Eaton, 1982; Elston, 1984; Hamilton, 1987; Wernicke et a ., 1987; Hodges and Walker, 1992;
Miller et al., 1992). Known extensional domains occur primarily in the eastern half of the
present-day Great Basin, however, they are probably much more widespread than is generally
accepted, especialy in the north-central and western regions (Seedorff, 1991). The extensional
domainsat present are roughly 30-100 km wide (Seedorff, 1991), and are structurally complex,
composed of fields of low-angle normal and listric faults, surficial detachment faults, and
include, but are not limited to, Cordilleran metamorphic core complexes (Dickinson, 1981,
Eaton, 1982; Stewart, 1983; Seedorff, 1991). Metamorphic core complexes are considered to
be among the most extreme and visible effects of crustal attenuation, and may represent local
sites where thermal weakening of the crust and an unusually shallow brittle-ductile transition,
the result of intense magmatic activity and/or upwelling of subcrustal mafic material, allowed
the middle and lower continental crust to be dragged out from beneath a fracturing, extending
upper crust (Rehrig, 1986; Lister and Davis, 1989; Armstrong and Ward, 1991).

Widening of the Cordilleran orogen in the western United States, which had begun during
Laramide- time when orogenic activity migrated east onto the craton, continued throughout the
early and | ate stages of Cenozoic extensional orogenesis. Crustal extension occurred primarily
in the Basin and Range and Rio Grande provinces (Elston, 1986). Asawhole, the Basin and
Range Province approximately doubling in width (Hamilton, 1989), with the most dramatic
widening taking placein the Great Basin. Estimates of the average increase in width acrossthe
present-day Great Basin over that of the original width of the region prior to extension varies
greatly: 10-35% (Stewart, 1978); 50% (Proffett, 1977); 55% (Smith et a., 1991); 50-85%
(Hauser and Lundy, 1989); 65-75% (Oldow et a., 1989; Wernicke et al., 1982); and as great as
100% (Hamilton and Myers, 1966; Elston, 1986, 1987; Rehrig, 1986). An average amount of
extension for the Great Basin as a whole, however, is difficult to determine because of the
differences in extensiona style between the early or late stage of Cenozoic extensional
orogenesis(localized thin-skinned versuswidespread brittleextensional structures), and because
of complicationscreated by thestructural overprint of late Tertiary extension. Leemanand Harry
(1993) noted that the amount of extension decreases from south to north, from about 100% at
the latitude of Las Vegas, Nevada, to 75% in central Nevada, to probably less than 40% in
southern Oregon. In domains of extreme extension (“hyperextended” regions), the amount of
extension can bein excess of 250% to 300-400% (Hamilton, 1987; Ganset a., 1989; Oldow et
al., 1989; Spencer and Chase, 1989; Wernicke, 1992). In absolute distance, the above estimates
translate to extension at the surface ranging from alow of in excess of 10 km (Wernicke, 1990)
to 50-100 km (Hamilton and Myers, 1966), and up to 250 km in hyperextended domains
(Wernicke, 1992). Bogen and Schweickert (1985) estimated thetotal east-west extension across
the Great Basin at 40° latitude to be 178+33 km.

Isolating the amount of extension in the Great Basin due specifically to either the early or late
stage of Cenozoic extensiona orogenesis is also problematic (for the same reasons as stated
above). However, with the exception of the westernmost and southern Great Basin, the majority
of extension probably took place prior to the middle Miocene, during earlier * pre-basin and
range” extension, and was concentrated in local extensiona domains, which include
metamorphic core complexes (Zoback et a., 1981; Patino-Douce and Humphreys, 1987;
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Seedorff, 1991). Total middle Tertiary extension is estimated to be from 50%-80% to 100% on
average, and up to 200%, presumably in domains of hyperextension (Proffett, 1977; Wernicke,
1981; Zoback et al., 1981; Stewart, 1983; Speed et al., 1988). Speed et al. (1988) concluded that
most of the extension in the Great Basin took place in the eastern half, estimating 0-20%
extension for the western half of the basin, based upon an average elongation of 80%-100% for
the eastern half reported by Wernicke (1981) and corroborated by Phillip B. Gans in a 1986
personal communication (see Speed et al., 1988).

Strain rates were extremely high, on the order of 10“/sand locally higher (Zoback et al., 1981;
Eaton, 1982; Gans et al., 1989). Maximum strain rates occurred at about 22-17 Ma and have
declined exponentially through time since the Miocene, probably as a result of gravitational
potential dueto crustal thinning (Ganset al., 1989; Armstrong and Ward, 1991). Thedirection
of strain was generally normal to Laramide or older Cordilleran structural trends (Dickinson,
1981). Data based on preferentially orientated dike swarms and fault slip vectors indicate a
strikingly uniform west-southwest—east-northeast | east principal stressorientation (thedirection
of extensional movement) during the early stage of extension (Zoback et al., 1981).

2.5.2 Late Stage (Late-Lower Mioceneto Present)

Thelate stage of Cenozoic extensional orogenesis (17-0 Ma) affected a much broader areathan
did the earlier stage of orogenesis, developing over regions previously unaffected by extension
(Eaton, 1982; Stewart, 1983; Wernickeet al., 1987). During thisextensional stage, the present-
day Great Basin region experienced further widening and modern basin-range rift topography
(Fig. 1.2) was attained as the province was broken into blocks, generally 30 km across, where
continental sediments collected in the intermontane graben structures (Stewart, 1980 Eaton,
1982; Elston, 1986; Hamilton, 1987; Wernicke et a., 1987). The late stage of extensional
orogenesis is characterized by: (1) widespread and increasingly basalt-dominated bimodal
rhyolite-basalt lavavol canism (magmatism overall, however, was on the decline); (2) continued
regional uplift; and (3) crustal thinning in the form of upper crust brittle deformation by high-
angle, deep-penetrating block faulting, having moderate heaves and occurring at relatively slow
strain rates (Stewart, 1983, 1978; Zoback et al., 1981; Lipman, 1983; Eaton, 1982, 1984;
Mutschler et a., 1987; Wernicke, 1985, 1987; Hamilton, 1988). High-angle structures were
superimposed in part upon earlier low-angle extensiona structures, strongly distorting,
dismembering, and rotating many preexisting geol ogic features (Stewart, 1983; Wernickeet al.,
1987; Hamilton, 1988; Seedorff, 1991). Large-magnitude low-angle thin-skinned faulting,
though considered typical of the earlier stage of extensional orogenesis and not the later, was
nonethel ess not unusual (Proffett, 1977, 1989; Seedorff, 1991). Strike-dlip faultingwaslocally,
and possibly regionally, most active during the late Tertiary than at any other time in the
Phanerozoic (see section 2.7 below) (Stewart, 1983; Stewart and Crowell, 1992). In the latter
phase of this extensional stage, basalt-dominated volcanism became more prevalent, although
magmatic activity asawhole declined to the point of magmatic quiescence. Extensional block-
faulting continued, but at greatly reduced strain rates (Eaton, 1982; Wernicke et a ., 1987).

25.2.1 Magmatic Activity—Distribution, Age, and Composition

Inthe early Miocene (~22 Ma) the Laramide magmatic gap, which had been aprominent feature
in the central Cordillera since about 80-70 Ma, had closed as calc-akaline arc activity was
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renewed and volcanic fields to the north and south merged (Armstrong and Ward, 1991). Arc
volcanismwasshort lived, however, asthe Mendocino triplejunction migrated north and the San
Andreas transform evolved along the continental margin, progressively ending subduction
tectonics and extinguishing arc activity inland (Dickinson, 1981). By the Middle Miocene, the
northern and southern volcanic arcs were once again receding, as the southern end of the
Cascades arc retreated northward and the northern end of the Mexican arc withdrew southward
(Dickinson, 1981). At present, arc volcanismin theregion of the central Cordilleraisinactive,
but continues to the north in the Cascades range of Oregon and Washington states, flanking the
Juan de Fuca subduction trench, and to the south in the Trans-Mexico vol canic belt of the Sierra
Madre Del Sur in the southern Cordillera of Mexico, stretching along the middle America
subduction trench (Stewart, 1978; Dickinson, 1981).

Late Tertiary magmatism in the Great Basin was generally concentrated along the outer regions
of the present-day basin, surrounding a core of more felsic-intermediate calc-alkaline volcanic
rocks (Smith and Luedke, 1984; Wernickeet al., 1987). Thetransitionto fundamentally basaltic
and bimodal volcanisminthe Great Basin took place between approximately 22-15 Ma(Mellott
and Hart, 1987), beginning in the southeast, near the axis of the province in areas undergoing
activeextension, then moved northwest (Snyder et ., 1976; Wernickeet a ., 1987). Widespread
ash-flow volcanism had ceased by about 20 Ma throughout most of the Great Basin (Best and
Christiansen, 1991), except in westernmost Nevada, where andesiti c vol canism wasvoluminous
(Stewart, 1980), and wasfollowed by abrief lull in magmatic activity between about 20-17 Ma
(McKee, 1977; Smith, 1978; Wernicke et al., 1987). By about 15 Ma volcanism had resumed,
but with a distinct switch to bimodal basalt-rhyolite compositions, and marked bimodal
tendencies after 14 Ma (McKee, 1977; Smith, 1978; Stewart, 1980; Elston, 1986, 1987;
Wernicke et al., 1987; Axen et d., 1993). A well-developed bimodal compositional spectrum
and “true basalt” (IUGS classification) did not appear, however, until after the latest Miocene,
about 8-6 Ma (Best and Christiansen, 1991).

Late Tertiary magmatismin thewestern Cordillerawasmost intenseduringitsinitial phases, and
was most profound in the Great Basin and itsimmediate environs, but relative to earlier middle
Tertiary activity, magmatism asawholewas on the decline (Eaton, 1982, 1984; Mutschler et al.,
1987; Armstrong and Ward, 1991; Leeman and Harry, 1993). During the last 10 m.y., the
intensity of silicic volcanism progressively decreased (Armstrong et al., 1969), and since about
6-0 Ma, volcanic activity in general hasfallen sharply (Seedorff, 1991). Quaternary and present
day (1.5-0 Ma) magmatic activity islargely localized along the eastern and western edges of the
Great Basin, and in anorth-northeast-trending belt into central Nevada (Mutschler et a., 1987;
Wernickeet a., 1987; Christiansen and Y eats, 1992). At the eastern edge of the basin, basaltic
vol canism hasmigrated onto the margin of the Colorado Plateau (Christiansenand Y eats, 1992).
Along thewestern margin of the basin, withinthe zone at the Sierran front, along-lived vol canic
field climaxed in the Pleistocene with voluminous rhyolitic ash flows to form the Long Valley
caldera(Stewart, 1980; Christiansen and Y eats, 1992). In Nevada, only scattered volcanism has
occurred, mainly as basaltic cinder cones and lava flows with many local sources (Stewart,
1980). The present-day Great Basin is by and large magmatically quiescent (Seedorff, 1991).

25.2.2 Extensional Activity—Distribution, Age, Character, Magnitude

Basin-range bl ock faulting began to develop during theearlier stage of |ocalized large-magnitude
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thin-skinned extensional activity when extension and uplift rates were at their maximum in the
Great Basin (22-17 Ma), and continued as strain rates declined after 17 Ma (Eaton et a., 1978;
Elston, 1986). Modern block-faulting first appeared around 22 Main the Rio Grandeand Basin
and Range provinces (Elston, 1986) and probably entered the Great Basin around 20-17 Ma
(Eaton et a., 1978). Development of block-faulting in the Great Basin was erratic in space and
time, and probably not abrupt (Christiansen and Lipman, 1972; Zoback et al., 1981). Localy,
both large-magnitude low-angle thin-skinned faulting and high-angle block-faulting occurred
concurrently, and it isuncertain asto what degree the two structural styles represent differences
in, or acontinuum of, middle through late Cenozoic crustal extension processes (Proffett, 1977,
1989; Zoback et al., 1981; Seedorff, 1991)

Basin-range block-faulting was largely confined to, and best developed in, the Great Basin
(Hamilton, 1988). Extensiona deformation spread over a much broader region than it had
during middle Tertiary time, moving into regions that had not previously been affected by
extension, and widening areas that had already undergone extension (Stewart, 1983; Wernicke
et al., 1987). Basin-range-style faulting in the Great Basin began between 17-15 Ma with the
creation of local basinsin which erosional debris collected (Eaton, 1982; Wernicke et al., 1987
Best and Christiansen, 1991; Bohannon and Parsons, 1995). Block-faulting and regional uplift
weremost activefrom about 14-12to 6-4 Ma(Eaton, 1986, 1987; Elston, 1986), but the present-
day well-devel oped basi n-range physi ography and pronounced north-northeast—south southwest
structural and topographic grain (Fig. 1.2) wasnot attained before 10 M a, at the earliest (Stewart,
1978; Zoback et al., 1981). Since about 6-5 Ma, faulting has proceeded at a much slower rate
and continuesto the present-day (Zoback et al., 1981; Christiansenand Y eats, 1992). Quaternary
and present-day activity are largely localized along the eastern and western edges of the Great
Basin, in positions corresponding to the Walker Lane tectonic belt of western Nevada and the
Colorado Plateau transition zone (Smith, 1978; Mutschler et a., 1987; Wernicke et al., 1987,
Ganset a., 1989). On the western edge of the basin, the youngest initiation of extension was
westward from Desth Valley to the SierraNevadafront, where aPliocene erosion surfaceisnow
broken by fivemajor ranges (Christiansen and Y eats, 1992). The Great Basin may be expanding
eastward and westward at the expense of the Colorado Plateau and the SierraNevada (M utschler
et a., 1987; Wernicke et a., 1987) into the thicker and gravitationally unstable crust (Gans et
al., 1989).

Relative to the earlier middle Tertiary episode of extension, basin-range extension was much
more uniform in its distribution and fault structure. Late Tertiary crustal extension broke the
province into gently tilted blocks—horsts, grabens, and other tilted, rotated, and dismembered
units, generally 30 km across—bounded by steeply-dipping normal faults (Stewart, 1978; Zoback
etal., 1981). Block-faulting probably occurred in the upper 5-15 km of the crust (Eaton, 1980;
Zoback et a., 1981; Wernicke, 1985; Hamilton, 1987; Fitton et al., 1988) and took place on a
complex hierarchy of faults, including high-angle and listric faults (Zoback et al., 1981). Basin-
range “mountain blocks” were created by the vertical movement of adjacent blocksalong major
high-angle faults on one or both sides of the block, but faulting was not confined only to the
sides of mountain blocks, rather it was distributed throughout the mountain areas and in
suballuvial rocks of the valleys as well (Stewart, 1983). Mgor crustal blocks are aggregate
structural units, moving more or less in a uniform manner relative to adjacent structural units
(Stewart, 1983). Fault blocks may also have developed in groups of blocks. Shawe (1965)
observed that, surface faulting, related to seven major earthquakes in the past 60 years, is
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distributed along a coherent arcuate linear zone known as the “Churchill arc”, located in west-
central Nevada (see Shawe'sfigure 1). The Churchill arc transgresses several mountain ranges,
demonstrating that the basin-range fault-block mountainsin the Great Basin have probably not
grown independently of one another (Shawe, 1965).

Most of the widening of the Great Basin region took place during the later episode of slower
basin-range extension (Wernicke et al., 1987; Bohannon and Parsons, 1995), as opposed to
crustal extension, the majority of which was achieved during earlier middle Tertiary rapid
extension, and affected the whole of the Basin and Range Province (Zoback et al., 1981,
Seedorff, 1991). The amount of extension in the Great Basin due to late Tertiary basin-range
block-faulting has been difficult to determine because of the effects of earlier attenuation.
Stewart (1980) explained that, estimates on the amount of extension necessary to produce basin-
range structure are generally of order of 10 to 35 percent of the origina width of the region, but
variesconsiderably because of disagreementsabout the geometry of the high-anglenormal faults
at depth. If the structure is considered to be composed of relatively simple horsts and grabens,
then estimates of the amount of extension suggest about 10- to 20-percent increase in the width
of the region, whereas if the structure is considered to be composed of blocks tilted along
downward-flattening faults, estimates range from 30 to 50 percent, to as much as 100 percent
locally. In absolute ground distance, conservative estimates of extension range from 72 km
(13%) to 50-100 km (8-18%) (Hamilton and Myers, 1966; Stewart, 1978).

Therate of strain at which time basin-range deformation devel oped was generally much lower
than during the earlier stage of extensional orogenesis, and has been declining sincethe Miocene
(Eaton, 1982; Armstrong and Ward, 1991). Theregional stressfield orientation in which basin-
range strain initially took place (~17-15 Ma) was the same as that which had prevailed during
earlier extens on (west-southwest—east-northeast | east principal stressorientation) (Zoback etal.,
1981). By about 10 Ma, however, a 45° clockwise swing in the orientation of least principal
stress to west-westnorthwest—east-eastsoutheast occurred, at which point present-day “ classic”
basin-range block-faulting began and continues to develop (Zoback et al., 1981). The Late
Miocene rotation of the regional stress field was most likely in response to the northward
migration of the Pacific plate and growth of the San Andreas transform boundary along the
western margin of the continent (Atwater, 1970, 1989; Zoback et al., 1981; Eaton, 1982; Ward,
1991).

2.6 Strike-Slip and Related Features

Wrench tectonism has been amajor element in the development of the western Cordilleraof the
United States (Stewart and Crowell, 1992), and has probably played a significant role in the
evolution of the Great Basin. Regional- and |ocal-scale northwest-trending right-lateral and
northeast-trending | eft-lateral strike-slip faults are common in certain parts of the Great Basin,
and have offsetsonindividual faultsasgreat as80-100 km (Stewart and Crowell, 1992; also see
Stewart, 1983). Dip-dip faulting appears to be the predominant mode of deformation in the
Great Basin throughout the middle and late Tertiary stages of Cenozoic extensional orogenesis,
and is relatively well mapped and understood. Strike-dlip faulting, however, is neither well
understood nor sufficiently mapped across the whole of the Great Basin (Stewart and Crowell,
1992).
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Precambrian originshave been proposed for anumber of regional-scal estrike-dlip tectonic zones
in the western Cordillera (see Fig. 2.3), including the Great Falls tectonic zone (see Hoffman,
1989), the Louisand Clark zone (Marshak and Paulsen, 1996, seefigure 3; aso see Stewart and
Crowell, 1992), the Snake River plain (Christiansen and Y eats, 1992; Poole et al., 1992), the
Walker-Texas lineament (Brookfield, 1993; Marshak and Paulsen, 1996, see figure 3), the
M ojave-Sonaramegashear (Anderson, 1983; Dickinson, 1981; Marshak and Paulsen, 1996, see
figure 3, also see Stewart and Crowell, 1992, p. 624), and the Colorado lineament (Warner,
1978). However, evidence for such ancestry isusually circumstantial and conjectural, with the
possible exception of the Colorado lineament (Stewart and Crowell, 1992).

Paleozoic strike-slip systems in the western Cordillera are not well known, but those that have
been proposed are mostly right-lateral northwest-trending faults that are likely inland effects of
the collision of North America with South America-Africa during the Paleozoic Ouachita-
Marathon orogeny (see Stewart and Crowell, 1992). In the Rocky Mountains, 200 km of |eft-
lateral Paleozoic offset has been proposed on afault along the trend of the Snake River plainin
Idaho (see Fig. 2.3, however, Mesozoic displacement has also been suggested along the same
trend by other workers (Poole et al., 1977; Poole and Sandberg, 1977).

Inthe Upper Paleozoic and Early M esozoic, aregional-scal e strike-slip systemisthought to have
been in operation along the western and southwestern margin of North America, which had
formed in responseto achangein global patternsof continental drift and seafl oor spreading that
accompanied the breakup of Pangea—the splitting of North America-Europe from South
America-Africa, and the opening of the North Atlantic between Africaand North Americaand
the Gulf of Mexico (Caribbean ocean basin) between North and South America (Dickinson,
1981; Suppe, 1985). The transition from Paleozoic sub-island arc compressional orogenesis
(Antler and Sonoma orogenies) to sub-continental Andean-style compressional orogenesis
(Cordilleran orogeny) is distinguished by the tectonic truncation of the Paleozoic structural and
stratigraphic trends of the southwestern Cordillera against the newly developing Mesozoic
continental arc (Saleeby and Busby-Spera, 1992; see Fig. 2.6). This second and last major
tectonic truncation episode in the history of the Cordilleran region (the first being pre-
Cordilleran, occurring between 0.8-0.5 Ga) isknown asthe * Early Mesozoic truncation event”

(Hoffman, 1989; Suppe, 1985). This event represents the reorientation of continental margin
deformation along a northwest-southeast trend that acutely crosscuts the roughly northeast-
southwest Paleozoic orogenic grain, and marks the initiation Cordilleran tectonic activity that
was dominated by continental margin volcanic and plutonic activity (Suppe, 1985). Paleozoic
orogenic belts that might reasonably have been expected to continue on the western side (the
Pacific side) of the Cordilleran orogenic belt are nowhere to be found. They are postulated to
have been displaced southward across M exico al ong the Mojave-Sonora megashear (Silver and
Anderson, 1974), acontroversial strike-dlip system extending between southern Californiaand
the Gulf of Mexico, roughly along the U.S.-Mexican border (Dickinson, 1981, seefigures 4 and
5; aso see Saleeby and Busby-Spera, 1992; Suppe, 1985). Truncation, and presumably
movement on the megashear, appears to have begun in Pennsylvanian time, when a northwest-
trending left-lateral strike-slip zone formed across the Antler orogenic belt and adjacent
miogeocline along east-central and southern California. Rocks of the Antler belt weredisplaced
southward toward the Mojave region during Pennsylvanian-Permian time along a transcurrent
zone that may have extended through the M ojave region and into Sonora, Mexico, where other
miogeoclina strata are suspected to have been displaced southward (see Saleeby and Busby-
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Spera, 1992, figures 1 and 2). Movement of the megashear continued throughout mid-Early and
mid-Late Jurassic time, and by the late Jurassic, truncation of the Paleozoic tectonic grain was
well established (Dickinson, 1981; Suppe, 1985). Up to 800 km of left-lateral movement has
been postulated along the Mojave-Sonora megashear (Burchfiel et al., 1992).

A few Mesozoic or early Cenozoic strike-slip systems have been recognized inland of the
M esozoic western margin of North American, the most significant in the Great Basin being the
Wells fault of Nevada, along which 65 to 80 km of right-lateral offset has been proposed, and
the Tintic Prince, Inez, and Leamington right-lateral faults in western Utah (see Stewart and
Crowell, 1992). North of the Great Basin, the Olympic-Wallowa lineament (see Fig. 2.3),
manifest as a zone of discontinuous northwest-trending faults and folds in the overlying late
Cenozoiccover (i.e—ColumbiaRiver Plateau basalts), may beearly Mesozoicto early Cenozoic
in age, although it might have genetic connections with a Proterozoic or Mesozoic cratonal
margin (Mann and Meyer, 1993; also see Stewart and Crowell, 1992).

Most of the recognized strike-slip activity in the Great Basin appears to be late Cenozoic in age
(see Stewart and Crowell, 1992). After about 20 Ma, the central Cordilleran region became
progressively influenced by aright-lateral stressregimeasthe platetectonic setting changed from
aconvergent margin to acomplex margin characterized by convergenceinitsnorthern part and
transform faulting along the San Andreas system in its southern part (Atwater, 1970, 1989; also
see Stewart and Crowell, 1992). By 12.5-10 Ma, the old plate margin fell apart with the onset
of major strike-slip faulting and the opening of the Basin and Range (Ward, 1991). Five late
Cenozoic strike-slip systems have been recognized in the Great Basin (Stewart and Crowell,
1992, see references therein if not otherwise noted):

1. Srike- or oblique-slip reactivation—Inactive preexisting faults (or systems) that were reactivated with a
strike-slip component in response to changesin the orientation of local or regional stressfields.
2. Oblique-dip components on dip-slip faults—Oblique-slip faulting related to variations in strike of

extensiona faults, producing normal movement on segmentsperpendicular to aregional extensiondirections
and oblique-slip on segments oblique to extension direction.

3. Srike-slip accommodation-zone systems—Strike-slip faulting orientated parallel to extension direction that
occurred along a boundary between areas that differ in the amount, rate, or sense of normal faulting. Such
systems represent “zones of accommodation” between regions differing in kinematic behavior, and should
typically beexpected toformalong transverse zones separating regionswith different tilt directions of basin-
range blocks.

4. Walker Lane belt—A northwest-trending structural zone 700 km long and from 100 to 300 km wide
containing both right-lateral and left-lateral faults. Alsoknown asthe Walker Lane shear zone, thisregional-
scale strike-dlip system is acomplex zone composed of structural sections (large structural blocksaswell as
relatively narrow zones) that have undergone either right-lateral shear, left-lateral shear, or remained
relatively undeformed by shear. The Walker Lane separatesthe SierraNevada region to the west from areas
of typical basin-range topography on the east, and is far and away the largest and most significant known
strike-dlip feature in the Great Basin (see Fig. 2.3). The Walker Lane may have origins dating back to the
Mesozoic (Stewart, 1988), perhapsrel ated to the M ojave-Sonoramegashear (see Saleeby and Busby-Spera,
1992, figures 1 and 2), or to the Precambrian, perhaps related to late Proterozoic rifting (Blakely and
Jachens, 1991, also see section 2.4). Itiscurrently active.

5. Regional conjugate system—A widespread system of conjugate north- to northwest-trending right-lateral
faultsand northeast-trending | eft-lateral faults. Most arein thewestern, southern, and eastern regions of the
Great Basin, and, at least in southwestern Utah, the strike-slip faultsare great in number, but generally short
in length. This system of strike-dlip faults may be related to the same stress field that has produced
extensional basin-rangestructures, suggesting that normal faulting and strike-slipfaulting areintermixed and
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contemporaneous. Shawe (1965) proposed that this broad conjugate strike-slip system provides the
fundamental structural framework of the Great Basin, and that these strike-slip structuresin general probably
lie within the upper mantle, penetrating clear through the crust, although some might be blind. When
movement along these structures took place, near-surface rocks (the upper part of the crust) responded by
faulting into horstsand grabens, en echelon to the underlying or nearby shears. The orientation of the crustal
blocks were controlled by the established “grain” of northerly oriented folds and foliations, developed at
deeper structural level during earlier periodsof deformation (Shawe, 1965). Carey (1955, 1958, 1976, 1988)
and Livaccari (1979) have made similar proposals from the perspective of regional-scale tectonism. A
review of structural patternsand basinformationinrelationto strike-slip faultsby Christie-Blick and Biddle
(1985) details how such amechanism could produce basin-range structure as observed in the Great Basin.
Putnam and Henriques (1991) haveinterpreted structural relationships observedin the Pinon Rangeinterms
of strike-dlip tectonism, and have extended this interpretation to the regional-scal e suggesting the presence
of northwest-oriented wrench-fault system in northeastern Nevada.

In addition to these five systems, the circumference of the Great Basin is bound by what appear
to belate Cenozoic strike-slip zonesthat act to accommodate differential extension in amanner
analogous to oceanic transform faults (Christiansen and Y eats, 1992). The faults composing
these zones vary in trend and history, and their positioning may have been guided by older
preexisting structures (Christiansen and Y eats, 1992). The northern boundary iswide, diffuse,
and not well defined, and is mainly composed of structures related to the eastern Snake River
plain volcanic trend and Brothers fault zone (Fitton et al., 1991; Christiansen and Y eats, 1992).
Evidence for strike-slip movement on the fault, inferred to be under Miocene Snake River
volcanic cover, can be demonstrated by offset of the Sevier thrust system, and indicates|eft- and
right-lateral movements (Pooleet al., 1977; Poole and Sandberg, 1977; Pooleet al., 1992). The
western strike-dlip boundary of the Great Basin can be considered to be Walker Lane shear zone
(Stewart and Crowell, 1992). The southern Great Basin is bound by |eft-lateral features that
includethe Lake Mead fault zonein Nevadaand the Garlock fault in California, where thetrace
of the Garlock fault may in part follow an old rifted margin of Precambrian continental crust
(Kistler and Peterman, 1978). The eastern margin of the Great Basin is not well delineated by
strike-dlip features, although a conjugate system composed of many short strike-dlip faults does
occur in southwestern Utah (Stewart and Crowell, 1992).

2.7 Characteristics of the Present-Day Crust

Thecrustinthe Great Basinisacomplex collage of sedimentary and tectonomagmatic provinces
that were tectonically assembled, transformed, and molded together into a single geologic and
physiologic entity by a nearly continuous cycle of orogenesis dating from the Archean through
the Holocene. Virtualy every type of sedimentary, igneous, and metamorphic rock is
represented in the lithologic assemblages of crust in the Great Basin and its environs (King,
1969). The crust in Nevada and the Great Basin is relatively thin as compared to surrounding
regions, and is characterized by (1) low regional Bouguer gravity anomaly, (2) aroughly even
distribution of shallow- and deep-source magnetic anomalies, (3) high regional heat flow, (4)
high regional electrical conductivity, (5) low seismic velocities in the crust and upper mantle,
and (6) ongoing seismic activity (Blackwell, 1978; Eaton et al., 1978; Lachenbruch and Sass,
1978; Stewart, 1978; Eaton, 1982; Allmendinger et al., 1987; Dewey, 1988; Speed et al., 1988;
Wernickeet al., 1988; Morgan and Gosnold, 1989; Blakely and Jachens, 1991; Christiansen and
Y eats, 1992; Wernicke, 1992; also see Harry et a., 1993) (Fig. 2.12).
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2.7.1 Lithotectonic Framework and Tectonostratigraphy

The Great Basin straddles the edge of the Precambrian craton, and as such, can be subdivided
into two principal crustal provinces: (1) an eastern region of latest Proterozoicto Late Devonian
and younger sequences that are underlain by older supracrustal rocks and North American
Precambrian crystalline craton; and (2) a western Paleozoic and Mesozoic accretionary belt
(Burchfiel et a., 1992; Poole et al., 1992) (Figs. 2.4 and 2.10).

In the eastern region of the Great Basin, the Precambrian basement consists of two main crustal
blocks: (1) the Archean (>2.7 Ga) Wyoming province (a “core” province), underlying the
northeasternmost part of thebasin, and (2) juvenile2.3-2.0t0 1.8-1.7 Gaaccreted terranes of the
Y avapai-Mazatzal orogen, underlying the most of the eastern, southeastern, and southern areas
of the basin (Bennett and DePaolo, 1987; Hoffman, 1989) (Fig. 2.11). Precambrian basement
inthe Great Basin extendsasfar west ascentral Nevada. Supracrustal sedimentary and volcanic
rocks ranging in age from about 1.4 to 0.9-0.8 Ga, presumably related in part to Middle-Late
Proterozoic rifting that formed the western margin of the North American craton, occur locally,
and unconformably overly the crystalline basement rocks (Poole et al., 1992, see figure 2).
Latest Proterozoicto Late Devonian and younger miogeoclinal successionsunconformably onlap
both the supracrustal and basement rocks. In the Sevier hinterland and foreland fold-thrust belt
of east-central Nevadaand west-central Utah, mountai n ranges are underlain mostly by an upper
Precambrian to Triassi ¢ sequence of sandstones, shales, and carbonates, which include about 20
distinctive and regionally extensive formations with an aggregate thickness in excess of 13 km
(Stewart and Poole, 1974, also see Poole et al., 1992, figure 2).

Thewestern accretionary belt (Fig. 2.4) iscomposed of material that was successively obducted
on and accreted to the Precambrian craton margin from the Late Devonian through Middle-Late
Jurassic time, mainly during the Antler, Sonoma, and Nevadan orogenies (Fig. 2.5). This
material includes eugeoclinal-miogeoclina sequences flanking the continental margin, oceanic
island arc terranes and related forearc sequences, scraps of oceanic basins with ophiolitic
basement, fragments of continental margins (some with Precambrian basement), and other
adjoining oceanic and continental environments (Silberling, 1991; Burchfiel et al., 1992; Jones
et al., 1982). The terranes are mainly of oceanic affinity and most have somewhat uncertain
origins(Burchfiel eta., 1992). A few western accreted terranes have beenidentified as* native”
and can betied directly to North America, while asmall number of others appear to be“exotic”
and have travelled far from other parts of the Pacific Basin (Burchfiel et a., 1992). These
terranes were rafted into place, welded to the laterally expanding continental margin, modified
during younger accretionary events, and reworked in nonaccretionary plate-boundary systems
(Burchfiel et a., 1992).

TheFoothillssuturein the SierraNevadaisamajor accretionary structurethat separatesterranes
that attached to the passive margin of North America before Middle-Late Triassic time
(i.e—Antler and Sonoma accretionary activity) from those that arrived during the later active
margin phase (i.e—Nevadan and later accretions) (see Speed, 1983; Speed et al., 1988). East
of thefoothills suture in the Great Basin, three major accretionary terranes are exposed (Speed,
1983):

1. RobertsMountainsallochthon—A ccretionary prism of the Antler magmatic arc (formed asit converged on
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North America); consists of atectonic assemblage of pelagic, hemipelagic, turbiditic, and volcanic rocks
of early Paleozoic age and probable oceanic derivation; laps over lower Paleozoic strata of the North
American continental shelf at least 130 km from the sialic edge and was almost certainly emplaced fromthe
west early in Mississippian time,

2. Golconda allochthon—Accretionary prism of the Sonomiamagmatic arc (formed asit converged on North
America); possessessimilar rocksand architectureto the Roberts M ountainsall ochthon, except that therocks
are Mississippian to Permian age; emplaced in Early Triassic time at least 100 km inboard of the sialic edge
and above the earlier Roberts Mountains allochthon and the late Paleozoic and Early Triassic cover to the
Roberts Mountain.

3. Sonomia—Sonoma magmatic arc; believed to be a lithospheric fragment of Paleozoic arc-related
lithotectonic units, surmounted by a Permian magmatic arc; collided with the edge of sialic North America
early in the Triassic; the central regions of Sonomia are deeply buried below thick Triassic flysch and
continental arc volcanics that succeeded Sonomia.

A cryptic fourth terrane (Antleria) has been postulated, but is nowhere exposed (Dickinson,
1981; Speed, 1983).

In the western Great Basin, between the Sierra Nevada and Nevada-Utah border, rocks at the
surface can be assigned seven major lithotectonic units (Fig. 2.13), two of which are comprised
by the Roberts M ountains and Golconda allochthons, and Sonomia (Speed et al., 1988):

1. Precambrian crust plus parautochthonous cover—Cover may be as young as Triassic in the eastern Great
Basin; this unit has probably maintained near-coherency through Phanerozoic time athough probably
deformed by major extension in late Precambrian, contraction in Mesozoic, and extension in Cenozoictime.

2. Displaced Paleozoic oceanic terranes—Composed of the Roberts Mountains and Golconda allochthons;
overlies the western ~150 km of Precambrian sialic North America; Early Triassic and older attachment.

3. Displaced Paleozoic terranes—Sonomia; probably of arc and oceanic origin; probable Early Triassic
attachment to North America; overlain and intruded by Mesozoic arc rocks.

4, Parautochthonous Mesozoic cover to and intrusionsin displaced Paleozoic terranes—Triassic and Jurassic
strata of mainly basinal but locally shelfal affiliation; Mesozoic sedimentary and igneous rocks that were
deposited or intruded near their present sites; magmatic rocks, including the Sierra Nevada batholith, of
probably arc affinity and latest Triassic through L ate Cretaceous ages; everywhereallochthonouswith respect
to North America on the Fencemaker and Luning thrusts.

5. Mainly autochthonous Mesozoic cover to andintrusionsin Precambriansial, sial cover, and older displaced
terranes— Mainly autochthonous Mesozoic rocks that probably or certainly formed above or in the
Precambrian crust or its parautochthonous cover; chiefly contains shelfal strataand rhyolite of Triassic ages
that were deposited on the Golconda allochthon.

6. Other displaced terranes—Consists of displaced and suture-related terranes of Mesozoic melange or of arc
affiliation; Late Triassic or younger attachment.

7. Quaternaryto upper Cretaceouscover—Cover to all other units; consists of sedimentary and volcanic rocks
that are as old as Late Cretaceous in California and Oregon, and Tertiary farther east.

The terranes of unit 6 are separated from those of units 1-5 by the Sierra Nevadan Foothills
suture. The Sonoma magmatic arc terrane (lithotectonic unit 3) has recently been further
subdivided by Silberling (1991) into six or more subterranes based on various temporal,
compositional, depositional, deformational, and strati graphic rel ationships (see Silberling, 1991,
figure 1).

2.7.2 Crustal Thickness

The present-day thickness of thelithosphere (crust plusupper mantle) isat |east 65 km (probably
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closer to 80 to 100 km thick), as compared to 100-110 km thick beneath the Sierra Nevada and
Colorado Plateau, and approximately 80 km thick beneath the Col orado Plateau margintransition
zone (Thompson and Zoback, 1979; Eaton, 1980; Smith et al., 1989; Hendricks and Plescia,
1991; also seeLeeman and Harry, 1993). At40Ma, prior to extension, thelithosphere may have
been considerably thicker, possibly asthick as115to 175 km (assuming auniformvertical strain
distribution of a net 75% extension) (Leeman and Harry, 1993). The present-day crustal
thicknessin the Great Basin ranges from 25 to 35 kmin thickness (Fig. 2.12), averaging 30 km,
as compared to the 40-50 km thick crust beneath the adjacent Colorado Plateau and Sierra
Nevada, and especially in comparison toitsthicknessin the Cretaceous, when the crust may have
exceeded 60 km as a result of crustal shortening and thickening during Sevier and Laramide
compressional orogenies (Allenby and Schnetzler, 1983; Allmendinger et al., 1987; Dewey,
1988; Benz et a., 1990; Catchings and Mooney, 1991).

The crust isthickest in the center of the Great Basin, where the reflection Moho is encountered
at approximately 34 km (Allenby and Schnetzler, 1983; Allmendinger et al., 1987). Crustal
thickness generally decreases away from the central Great Basin, thinning eastward to
approximately 25 km at the Wasatch front in Utah (Allenby and Schnetzler, 1983), and westward
to < 30 km at the eastern front of the Sierra Nevada (Allenby and Schnetzler, 1983;
Allmendinger et al., 1987). The largest area of thin crust (~20-22 km) is in the northwestern
Great Basin, in the region of the “Battle Mountain heat high anomaly” (see section 2.7.5), near
the Carson Sink (Allenby and Schnetzler, 1983). Beyond thewestern and eastern marginsof the
Great Basin, crustal thickness increases rapidly to about 50 km under the Sierra Nevada and >
40 km under the Wasatch range (Allenby and Schnetzler, 1983; Allmendinger et a., 1987).
Most recent data, however, indicates that the thin crust of the southern Great Basinintheregion
of the Sierra Nevada eastern front may actually extend under the eastern High Sierra as well,
where it is estimated to be 30-40 km thick (Wernicke et al., 1996). North and northeast of the
Great Basin the crust thickens to >40 km towards the Idaho Batholith. In the northwestern
United States, an axis of crustal thinness (<30 or 25 km) extends roughly north from the Carson
Sink area to central Washington State (Allenby and Schnetzler, 1983). The axis of crustal
thinnessal so trends southeast from the Carson Sink area, following along the Walker Lane shear
zone where the crust is <30 km, and extends into southernmost Nevada (just northwest of Las
V egas) wherethe crust may approach only ~20-22 kmthick (Allenby and Schnetzler, 1983). The
~20-22 kmthick areaisrelatively small in geographic extent and occursinthe® amagmatic zone’
(see McKee, 1971, Blakely and Jachens, 1991).

2.7.3 Gravity Anomaly and Crustal Structure

The Great Basin isSituated in aregional gravity low (Eaton et a., 1978) (Fig. 2.12). Regional
Bouguer gravity at wavelengths greater than 1000 km indicate that the dominant, first-order
feature in the Great Basin and adjacent regionsto the east, is an enormous anomalous low (less
than-200 mGals), and reflect sourceswithinthe pre-Tertiary basement (Kaneand Godson, 1989,
see plate in back pocket; Blakely and Jachens, 1991).

At residual Bouguer gravity wavelengths of less than 250 km, the Great Basin is characterized
by predominantly northwest trending high-low-alternating anomalies, which extend roughly the
length of the State of Nevada, and are approximately 100 km wide with an approximate
amplitude of 200 km (Kane and Godson, 1989, see plate in back pocket). A series of four,
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possibly four and a half or five, high-low anomaly pairs are visible as standing-wave-sets that
“roll” across California, where they are very well defined, through Nevada, where they become
increasingly less defined as the anomalies enter the Great Basin, and into Utah, where the
anomalies break up and end abruptly against the Wasatch Range (eastern margin of the Great
Basin). The progressive degradation in the definition of these anomalies acrossthe Great Basin
is probably due to late Lower Miocene basin-range extension, characterized by block-faulting,
and may indicate that the anomalies were established at least before the onset of regional-scale
block-faulting (~10 Ma). Onthe scaleof Nevada, in the center of the Great Basin, oneand ahalf
cyclesof the 250 km wavelength anomaly hasbeenreferred to asan “ axis of bilateral symmetry”
or “the butterfly”, reflecting higher topography and thicker crust in this region (Eaton et al.,
1978).

Simple Bouguer gravity features in Nevada are bounded by an orthogonal system of mostly
northeast- and northwest-trending lines, suggesting that major crustal blocksof differing density
may bebounded by northeasterly and northwesterly structural zones. Some of these hypothetical
structural zones are also visiblein total field magnetic anomaly data in Nevada (Shawe, 1991,
seefigures2 and 3). Themajor negative anomaliesof the 250-km-filtered and 1000-km-filtered
Bouguer gravity data suggest that these anomalies represent low density material at depths
extending from the crust-mantle boundary to >125 km (Mutschler et al., 1992; Parsons et al .,
1994).

2.7.4 Geomagnetic Anomaly and Crustal-Scale Structures

The magnetic character of the Great Basinisvariable. On acontinent-wide scale, the magnetic
anomaly isrelatively fine-grained to flat. There are no conspicuous anomaliesin comparison to
areas north (Cascades Range, Oregon Plateaus, Snake River Plain), west (Sierra Nevada),
southeast (Colorado Plateau), or east (Laramide uplifts), with the exception of the Walker Lane
anomaly(-ies), which range from about 400 to -100 nT (Kane and Godson, 1989, see plate in
back pocket). On aregional-scale (Great Basin), the northern Nevadarift zone and the Walker
Lane are the most prominent features.

Thenorthern Nevadarift isvisible aslong, narrow, and well defined magnetic anomaly “ splays’
trending north-northwest, thelongest of which (the Northern Nevadarift proper) extendsat |east
280 km through the north-central part of the State (see Fig. 2.3). Therift is characterized by a
linear swarm of dikes and associated lavas (basalt and basaltic andesite) of 17 to 14 Maage, by
afault-bounded trough, and by a northwest-southeast topographic grain (most visible in shaded
relief) which cuts obliquely across the north-northeast—south-southwest basin-range structural
grain (seeFig. 1.2) (Christiansen and McKee, 1978; Zoback and Thompson, 1978; and Zoback
et al., 1994, also see Christiansen and Y eats, 1992). The anomaly source-depth of northern
Nevada rift zone appears to be both shallow and deep, possibly extending as deep as 15 km
(Blakely and Jachens, 1991; also see Christiansen and Yeats, 1992). Stewart et al. (1975)
suggested that thisfeature might represent the southern extension of the Brothersfault zone (see
Fig. 2.3), which is a 240 km long zone of short en echelon shears younger than 6 Ma (Stewart
eta., 1975; Christiansen and Y eats, 1992). Together, they form the Oregon-Nevada lineament
(or the Orvada rift), which has been interpreted to be the surface expression of a deep-seated
fracture zone that may have had a complex history of strike-slip and transcurrent movement
(Stewart et a., 1975; Smith, 1978; Livaccari, 1979). The northern Nevada rift, and the other
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mega-scale linear features in the western Cordillera (see Fig. 2.3), may be the surface
manifestations of deep crustal or mantle-rooted zones of weakness, and have been inferred by
Carey (1976, 1988), Shawe (1965), and Livaccari (1979) to be shear-related features.

The Walker Lane is marked by arcuate, northwesterly-trending anomalies. The width of the
anomaly pattern as a whole is considerably wider than that of the belt, and extends in some
places over 150 km north-northeast of the Walker Lane into topography with north to northeast
trends more typical of the Basin and Range province (Blakely and Jachens, 1991).

2.7.5 Heat Flow and Crustal Fluid Circulation

The Great Basin has anomalous heat flow (Fig. 2.12). The “reduced” heat flow values for the
Great Basin (those for which radiogenic heat production in the crust has been accounted for) are
greater than those for stable regions by as much as 50% to 100%, and in warmer regions of the
basin, by as much as 300% (Eaton, 1982). An average for the whole of Basin and Range
Provinceis given by Morgan and Gosnold (1989) as 2.7 HFU and is likely higher in the Great
Basin when taken alone. Mean heat flow values in the Sierra Nevada (1.3 HFU) and the
Colorado Plateau (1.6 HFU) provinces, which are marginal to the Great Basin (see Fig. 2.2), are
moretypical of stable continental lithosphere, indicating an unusually high geothermal gradient
beneath the basin (Morgan and Sass, 1984; Morgan and Gosnold, 1989). These heat flow
observations, together with the widespread and voluminous occurrence of Mesozoic and
Cenozoic igneous rocks, suggests that el evated temperatures have persisted within the crust for
at least 230 m.y. (Eaton, 1982; Elston, 1984). These conditions probably facilitated fluid
circulation at many crustal levelsin the Great Basin region, creating an environment favorable
for wide-spread mineralization.

Much of the present-day anomalous hest is believed to have been transferred into the crust by
convectionfrom below (Eaton, 1982). Heat flow appearsto behighest in north-central and west-
central Nevada, in aregion known asthe* Battle Mountain heat flow high” , coincident with an
areaof thin (<20 km) crust. In northern regions, heat flow averages about 2.8 HFU as opposed
to an average of approximately <1.7 HFU for the southeastern part of the State (Hittelman et al.,
1990; David D. Blackwell, 1994, personal communication). Thetemperatureof geothermal well
and spring waters is aso higher in the northern regions, averaging >60°C, as compared to an
average of <30°C in the southeastern part of the State (Trexler et al., 1983).

2.7.6 Electrical Conductivity and Crustal Permeability

Electrical conductivity is anomalously high in the Basin and Range Province in contrast to
regionseast and west. The extent of aprobable regional conductivity highisnearly centered on
the Great Basin (see Keller, 1989, figure 35), and is coextensive with the Great Basin regional
gravity low. Anomalously high values of conductivity are observed at depths as shallow as 10
km in the crust, and profound lateral changes in the electrical properties of the upper mantle
(very strong anomalies) are present at depths as much as 350 km—the roots of the Rocky
Mountains and the Wasatch Front in particular appear to be reflected by important electrical
structures extending to more than a depth of 300 km (Keller, 1989). These conductive zones
may be caused either by partial melting of crustal rocksin regions of high heat flow, or by the
presence of significant amounts of fluid in fractured rock (Keller, 1989). Partial melting is
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probablefor the deep-source anomalieswhereasdeeply circulating fluidislikely for the shallow
conductorsinthecrust. Intheupper crust, permeability isrelatively high and fluidsarenormally
at or near hydrostatic pressure (McCaig, 1988). Calculations indicate that with permeabilities
of 10" m? or greater, fluids can freely circulate under anormal geothermal gradient, suggesting
that fluid movement through upper crustal fault zones is common (Nesbitt and Muehlenbachs,
1989). Permeabilitiesontheorder of 10*° m? have been observed to depths of 10kmintheKola
deep drill holein the Soviet Union (Kozlovsky, 1987). Permeabilitiesin excess of 10" m? are
typical inthe upper crust, especialy in areasthat have undergone even minor amounts of strain,
such as the Great Basin (Brace, 1984). An increase in strain from 1% to 6% is capable of
producing an increase in permeability of five orders of magnitude or more (Spiers and Peach,
1989), suggesting deep circulating fluidsin the crust of the Great Basin are especially common
place. Thiswas probably critical to the metallogenic devel opment of Great Basin.

2.7.7 Selsmicity and Seismic Velocities

Seismic activity is ongoing in the Great Basin. It is generaly restricted to the eastern and
western marginsof the basin, and to an arcuate linear zone known asthe“ Churchill arc” located
inwest-central Nevada (Shawe, 1965, seefigure 1; Smith, 1978; Christiansen and Y eats, 1992).
Seismic data compiled by Hittelman et al. (1990), detailing earthquake activity over the past
century in the southwestern United States, indicate that the greatest amount of activity occurs
along the southwestern border of the State, which corresponds to the Walker Lane shear zone.
Although greatly concentrated, this activity is of relatively low magnitude (typically <3.5-3.0
Richter magnitude) and shallow depth (<8 km). Thehigher magnitude (>4.0 Richter magnitude)
and deeper (>20km) earthquakes occur inthe north-central and southeasternmost part of Nevada
where activity isless frequent and not as concentrated (or data are sparse).

As awhole, the crust and upper mantle in the Great Basin are characterized by relatively low
average seismicvelocitiesascompared to the eastern and mid-continental U.S., thenorthwestern
U.S,, and the adjacent Sierra Nevada to the west (Beghoul and Barazangi, 1989; Braile et a.,
1989, seefigures4 and 5; lyer and Hitchcock, 1989; Benz et al., 1990; Catchings and Mooney,
1991; Hearn et al., 1991). Seismic velocities show strong dependencies on temperature,
lithostatic pressure, and pore pressure (Christensen and Wepfer, 1989; Morgan and Gosnold,
1989). Ve ocities increase with increasing lithostatic pressure and decrease with increasing
temperature, pore pressure, and porosity. The greatest increases occur over the first 100 MPa
and are attributed to the closure of microcracks (Christensen, 1989; Christensen and Wepfer,
1989). Upper crustal seismic velocities are often lower than those predicted because the upper
crust is penetrated by regional-scalefractures. Datafrom the Soviet deep Kolahole suggest that,
at least locally, fractures and fluids may be pervasive throughout much of the upper crust,
indicating that velocities through such regions will tend to be lower than theoretical velocities
(Fountain and Christensen, 1989). As such, the low seismic velocitiesin the crust of the Great
Basin (for example, ~7.5 km/sec P-wave; Smithetal., 1989) may bedueto pervasivefluid-filled
fracture or shear systems at depth (see Catchings, 1992), which most likely are products of
crustal extension.
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Chapter 3. Characteristics and Distribution of
Sedimentary and Volcanic Rock-Hosted
Deposits

3.1 Introduction

Nevada is known as the “Silver State”, but is a major contributor to world gold production.
Nevada has along and varied history of gold mining. Much of the early gold production (pre-
1965) was related to volcanic rock-hosted “epithermal”, high-grade silver-gold vein deposits.
Since 1965, sedimentary rock-hosted “Carlin-type’, bulk-mined, lower-grade disseminated
deposits have become the principal gold producers. Nevadahasatotal historic gold production
(1849-1996) of approximately 95.4 million Troy ounces (derived from Elevatorski, 1981, and
Meeuwig, 1995, 1997). In 1995, the United States produced 10,170,000 troy ounces of gold,
second only to South Africa, which produced 16,800,000 ounces (Anonymous, 1997). Nevada
produced 6.8 million troy ounces of gold worth $2.6 billion in 1995, which amounted to 65%
of al gold produced in the United States and about 10% of all gold produced in the world
(Meeuwig, 1996). Just over 56% of this gold came from asmall number of sedimentary rock-
hosted open-pit minesthat occur along thewell known Carlin mineral trend (seeFig. 1.3). Total
published gold resources for Nevada, including mineable reserves and perhaps sub-economic
deposits, totalled 144,000,000 ounces at the end of 1995 (Meeuwig, 1996).

The Great BasinisaTertiary-age, sedimentary rock-hosted plusvol canic rock-hosted, precious-
metal deposit-type metallogenic province (Wilkins, 1984). Precious metalsare recovered from
awide variety of deposit-typesthat occur in nearly every rock type of any age (Koschmann and
Bergendahl, 1968; Thorman and Christensen, 1991; Ludington et a., 1993). The greatest
amount of gold and silver in Nevadais recovered as primary-products from sedimentary rock-
hosted disseminated, volcanic rock-hosted disseminated and vein, and a number of other
epithermal vein and brecciadeposit-types. By-product gold and silver are principally recovered
from porphyry-related, skarn- and mantos-related, and a few volcanogenic massive sulfide
deposit types (Wilkins, 1984; Thorman and Christensen, 1991, Ludington et al., 1993). Theage
of mineralization ranges from about middle Mesozoic to late Tertiary, with the bulk of the
primary- or co-product gold-silver mineralization having occurredinthe Tertiary (Wilkins, 1984;
Cox et al., 1991; Hutchinson and Albers, 1992; Ludington et al., 1993). The abundance of
precious metal occurrences in the Great Basin is attributed to its complex pre-Tertiary tectonic
history and unique Tertiary tectonomagmatic setting, both of which produced a variety of
favorabl e sedimentary and vol canic host lithol ogies, ahigh degree of structural permeability, and
widespread hydrothermal activity (Shaweand Stewart, 1976; Eaton, 1984; Barton, 1990; Berger
and Bonham, 1990; Seedorff, 1991; Hutchinson and Albers, 1992).

This chapter presents a summary of the sedimentary “ Carlin-type” and volcanic “epithermal”
rock-hosted deposits, with emphasis placed on their spatial distribution. The characteristicsand
distribution of sedimentary and vol canic rock-hosted occurrences are given in sections 3.2 and
3.3, respectively. Theregional-scaledistribution of mineral occurrenceswith respect to mineral
trends and crustal terranes is reviewed in sections 3.4 and 3.5, respectively. A number of
guantitative studies dealing with regional-scale distribution of mineral occurrencesin relation
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to mineral trends and crustal terranes are summarized in section 3.6.

Comprehensive reviewson minera depositsand metallogenesisinthe Great Basin can befound
in Berger and Bethke (1985, and paperstherein), Berger and Bonham (1990), Berger and Eimon
(1982), Berger and Henley (1989), Cox et al. (1991), Cunningham (1988), Eaton (1984), Heald
et a. (1987), Hedenquist et al. (1996), Hutchinson and Albers (1992), Ludington et al. (1993),
Percival et a. (1988), Raines et al. (1991, and paperstherein), Schafer et al. (1988, and papers
therein), Seedorff (1991), Singer (1996), Tooker (1985, and paperstherein), Vikre et a. (1997,
and papers therein), and Wilkins (1984).

3.2 Sedimentary Rock-Hosted Gold Deposits

3.2.1 Characteristics

The sedimentary rock-hosted deposits are variablein character and not well understood, but can
generally be defined as sub-microscopic or microscopic gold, generally much lessthan 1 micron
in size, that occurs within the crystal structure of pyrite, which is disseminated in variably
slicified, argillized, and decal cified thin-bedded, flaggy, mixed carbonate-siliciclastic rocks of
Paleozoic age (Cox and Singer, 1986; Peterset al., 1996; Romberger, 1986; Tooker, 1985).
M ost depositscontain both unoxidized (primary) and oxidized ores. Primary oresaresubdivided
into five gradational sub-types and constitute the bulk of ore a most of the deposits
(e.g—Carlin, Jerritt Canyon, Mercur, Getchell). Oxidized oresareeconomically moredesirable
than unoxidized ores and are mined at most deposits, but of principal importance at only afew
deposits (e.g—Alligator Ridge) (for more information on ore types, see Radtke et al., 1980;
Bagby and Berger, 1985; Romberger, 1986; Percival et al., 1988). The salient geol ogic features
of sedimentary rock-hosted depositsare summarized asasynoptic model presentedin Table 3.1.

3.2.2 Distribution

The sedimentary rock-hosted deposits are predominantly located in the northeastern quadrant of
Nevada, and are distributed in a roughly equant circular or ovoid pattern (Fig. 3.1). They are
conspicuously absent from the Walker Lane belt (see Figs. 1.3 and 2.3), which is host to many
volcanic rock-hosted deposits, and from the southern, western, and easternmost regions of
Nevada as well. As a deposit-type group, the sedimentary rock-hosted deposits form a
distribution “core”’ that liesinward of a semicircular “crescent-shaped” distribution of various
volcanicrock-hosted deposits, referred to by Ludington et al. (1993) asthe*” epithermal crescent”
(comparedistribution patternsin Fig. 3.1). Asagroup, the sedimentary rock-hosted depositsare
generally considered to be ol der than the vol canic rock-hosted (Fig. 3.2; Ludington et al., 1993).

Most of the sedimentary rock-hosted depositsin Nevadaoccur insix groupsor trends: theCarlin
trend, the Battle Mountain—Eureka (Cortez) trend, the Getchell trend, the Humboldt trend, the
Independence group, and the Alligator group (Fig. 3.3) (Roberts, 1966; Shawe and Stewart,
1976; Percival et a., 1988; Thorman and Christensen, 1991). A small number of other deposits
occur asisolated mineral concentrations. Well devel oped trends are geologically characterized
by alignments of igneous rocks, geophysical anomalies (or boundaries), and various structural
features (Bagby and Berger, 1985; Percival et al., 1988; Shawe, 1991). Thetwo most prominent
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trendsarethe Carlin and the Battle M ountain—Eureka (Cortez), which are defined by the greatest
number and the largest deposits. These trends are oriented north-northwest, oblique to the
northerly to north-northeasterly grain of Paleozoic, M esozoic and Cenozoic structures(Fig. 3.3).

The Carlin trend is 75 km long, and marked by sedimentary rock-hosted deposits (the “ Carlin”
type deposits) (Fig. 3.3). It extends from the Dee deposit in the northwest to the Emigrant
Springs, Gnome, and Trout Creek deposits in the southeast (Thorman and Christensen, 1991).
Thetrend isgeologically characterized by an alignment of (1) structural windows (or “fenster”)
eroded through overlying allochthonous units, (2) intrusive rocks (although they are relatively
sparse), (3) positive aeromagnetic anomalies, and (3) broad antiforms or synforms adjacent to
some deposits (Bagby and Berger, 1985; Madrid and Bagby, 1986; Shawe, 1991).

The Battle Mountain—Eureka belt (Cortez trend) is 235 km long, and marked by gold skarn
depositsassociated with hypabyssal stocks, vein and stockwork deposits, and disseminated types
(Fig. 3.3; Shawe, 1991). The trend was once identified by the alignment of the Gold Acres,
Cortez, Horse Canyon, and Tonkin Springs deposits (Bagby and Berger, 1985), but now extends
northwest to include the Lone Tree and Stonehouse deposits, and to the southeast to include the
Easy Junior-Night Hawk and Green Springs deposits (Thorman and Christensen, 1991; Singer,
1996). The trend was originally identified by Roberts (1966) as part of the Battle
Mountain—Eureka mineral belt. Itstrace is highlighted by a distinct linear feature visible on
LANDSAT imagery of north-central Nevada, and it isgeol ogically characterized by an alignment
of (1) several sets of northwest-striking en echelon high-angle faults, (2) structural windowsin
the Roberts Mountain allochthon, (3) Mesozoic and Tertiary intrusive rocks, (4) aeromagnetic
anomalies, and (4) northwest-directed regional foldsat anumber of deposits (Bagby and Berger,
1985; Shawe and Stewart, 1976; also see Percival et a., 1988). The Battle Mountain—Eureka
(Cortez) trend isal so subparallel to along, narrow, and well-defined geomagnetic anomaly high
that is believed to delineate the regional-scale northern Nevada rift zone (see Blakely and
Jachens, 1991; Christiansen and Y eats, 1992; also see section 2.7.4; Fig. 2.3).

The Getchell trend is 50 km long, but unlike the Carlin and Battle M ountain—Eureka (Cortez)
trends, it is oriented northeast-southwest, approximately parallel to the structural grain of the
Great Basin (Fig. 3.3). Itislargely localized along the eastern margin of the Osgood Mountains
and marked by disseminated and vein gold deposits. It was originally defined by the alignment
of Getchell, Pinson, and Preble deposits (Bagby and Berger, 1985), but now extends to the
northeast to include the Twin Creeks (Chimney Creek and Rabbit Creek) deposit, and to the
southwest to include the Kramer Hill deposit (Thorman and Christensen, 1991). The
southwestern end of the trend coincides with northwestern end of the Battle Mountain—Eureka
(Cortez) trend, at approximately the Marigold and Kramer Hill deposits. The depositsalong the
trend are characterized by intrusiverocks, and north—northeast-trending faultsand anti- and syn-
forms (Bagby and Berger, 1985; Kretschmer, 1991; Hall et al., 1997; aso see Tooker, 1985
Percival et a., 1988).

The Humboldt “trend” is 35 km long, and is delineated by the Standard and Relief Canyon
sedimentary rock-hosted deposits (Percival et a., 1988; Perciva aso included the Florida
Canyon deposit just north of the Standard deposit (Fig. 3.3). Intheversionof MRDSused inthis
study, FloridaCanyon isclassified as a sedimentary rock-hosted deposit, but Singer et al., 1996,
classify it as a hot spring deposit in pre-Tertiary sedimentary rocks). If the Fondaway Canyon
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depositsto the south in the Stillwater Range are included, the length of the trend increasesto 80
km. Percival et al. (1988) commented that the Humboldt trend is neither awell defined nor a
recognized linear feature, but is a convenient way to refer to the deposits that occur along the
Humboldt Range. The trend is characterized by thrusting, and antiformal structures occur at
some deposits, both of which are controls at a number of the deposits (Percival et a., 1988). In
addition, the Humboldt Range is dissected by numerous, predominantly north-trending, high-
angle faults, which are significant structural features with respect to the localization of
mineralization (Percival et al., 1988).

The Independence group is 40 km long, and marked by sedimentary rock-hosted deposits (Daly
et al., 1991) occurring throughout the Independence Mountains (Fig. 3.3). Thegroup isdefined
by the rough alignment of deposits extending from the Jerritt Canyon (Saval Canyon) and Burns
Basin deposits in the southern part of the range to the Wood Gulch deposit in the northern part
of therange (Thorman and Christensen, 1991). East—west- through north—south-trending faults,
the Roberts Mountain thrust fault, and regional east-west trending antiforms occur at some
deposits (Bagby and Berger, 1985). The deposits do not appear to have an obvious linear
controlling structure (Seedorff, 1991), and there are not enough datato determinehow, or if, they
arerelated (Thorman and Christensen, 1991). It has been suggested by Clark et al. (1985) that
the late Eocene Bull Run normal fault may extend under the Independence range.

The Alligator group is abroad region of sedimentary rock-hosted deposits that extends 60 km
northeast-southwest from the Bald Mountain district in the north to the Illipah district in the
south, and extends even further (up to 90) if the group overlaps with the deposits at the
southeastern end of the Battle Mountain—Eureka (Cortez) trend (Fig. 3.3; Thorman and
Christensen, 1991). There is no known or apparent structure that collectively controls the
distribution of these deposits. However, some of these deposits, particularly the Alligator Ridge
deposit, areassoci ated with gentle north—northwest-trending antiformal structuresand strike-slip
faults (Romberger, 1986; Nutt, 1997; also see Percival et al., 1988). Plutonic rocks occur in the
Bald Mountain district (Hitchborn et al., 1996; Nutt, 1997).

3.3 Volcanic Rock-Hosted Gold-Silver Deposits

3.3.1 Characteristics

V ol canic rock-hosted deposits have been extensively studied and aregeneral ly better understood
in comparison to sedimentary rock-hosted deposits (e.g.—Buchanan, 1981; Berger and Eimon,
1982; Dreier, 1984; Berger and Bethke, 1985, and papers therein; Hayba et al., 1985; Tooker,
1985, and papers therein; Mosier et a., 1986; Panteleyev, 1986; Bonham, 1988; Berger and
Henley, 1989; Berger and Bonham, 1990; Hedenquist et al., 1996). These deposits can be
generally defined as “volcanic centered” vein and/or disseminated gold-silver deposits that
formed at relatively shallow (within ~1 km) crustal levels. Volcanic rock-hosted deposits can
be broadly subdivided into two types: low-sulfidation (LS; “Adularia-sericite”) and high-
sulfidation (HS; “Acid-sulfate”). Hedenquist et al. (1996) and Hedenquist and Lowenstern
(1994) equate LS deposits to geothermal environments and HS to volcanic-hydrothermal. LS
deposits significantly outnumber and are generally more important than the HS in Nevada.
Examples of important LS deposits in Nevada include Comstock, Tonopah, and Round
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Mountain; HS include Paradise Peak and Goldfield. The salient geologic features of volcanic
rock-hosted deposits are summarized in Table 3.2.

3.3.2 Distribution

The volcanic rock-hosted deposits are distributed across Nevada in a distinctive semi-circular
“crescent-shaped” pattern, dubbed the “epithermal crescent” by Ludington et al. (1993), which
encompassestheroughly circular distribution pattern of the sedimentary rock-hosted occurrences
(Fig. 3.1; Ludington et a., 1993). The“epithermal crescent” trends northeast—southwest across
northern Nevada, arcs to the southeast in the vicinity of west-central Nevada, and extends
northwest—southeast parallel to the southwestern boarder of Nevada. The majority of the
vol canic rock-hosted depositsoccur within the northwesterly-trending portion of the* epithermal
crescent”, whichiscoincident with the Walker Lane shear zone (Blakely and Jachens, 1991; Cox
etal., 1991; Hutchinsonand Albers, 1992). Thevol canicrock-hosted depositsare conspicuously
absent from the roughly circular areain the northeast quadrant of Nevada that hosts nearly all
of the sedimentary rock-hosted deposits, and, with afew notabl e exceptionsin north-central and
northeastern Nevada (i.e—Getchell trend and Independence group deposits), the sedimentary
rock-hosted deposits do not occur within the region of the volcanic rock-hosted deposit
distribution pattern (Cox et a., 1991). As a group, the volcanic rock-hosted deposits are
generally considered to be younger than the sedimentary rock-hosted (Fig. 3.2; Ludington et al .,
1993).

In contrast to the well-defined linear mineral trends formed by the sedimentary rock-hosted
deposits, the volcanic rock-hosted deposits show only weak regional-scale continuous
alignments, and have been grouped together into broad mineral belts (Fig. 3.3; aso see Roberts,
1966; Shaweand Stewart, 1976). Thesevolcanic rock-hosted deposit mineral beltsaregenerally
not as clearly defined by geophysical, geochemical, or other geol ogic features asthe sedimentary
rock-hosted mineral trends. These beltscommonly contain deposit typesand districtsother than
volcanic rock-hosted (e.g.—polymetallic). With respect to mineral belts and trendsin general,
the best defined deposit alignments occur in eastern Nevada, and principally consist of
sedimentary rock-hosted deposits, whereas the least well-defined are al farther west, and these
are mainly defined by volcanic rock-hosted deposits (Shawe and Stewart, 1976). Like most of
the sedimentary rock-hosted deposit trends, the vol canic rock-hosted deposit belts are oriented
oblique to the structural grain of the Great Basin (Fig. 3.3). The main volcanic rock-hosted
mineral belts include the Beatty-Searchlight, Aurora, Walker Lane (Virginia City-Tonopah),
Fallon-Manhattan, Lovelock-Austin, and the northern extent of the Lynn-Railroad.

The Beatty-Searchlight belt is 325 km long, and marked by polymetallic-vein, Comstock-vein,
and quartz-vein epithermal gold-silver-bearing deposits (Fig. 3.3). It extends from about the
Tokop-Hornsilver district areasin the northwest to the Searchlight district in the southeast. The
belt lies en echelon to, and is subparallel with, the Walker Lane shear zone and presumably
follows arelated fracture system (Roberts, 1966).

TheAurorabeltis 75 km long, and marked by hot spring and Comstock-vein deposits (Fig. 3.3).
It extends from the Borealis and Aurora district areasin the northwest to the Tip Top depositin
the southeast. The belt issituated in and parallels the structure of Walker Lane shear zone, and
is associated with a northwest—southeast-trending alignment of geomagnetic highs.
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TheWalker Lane (Virginia City-Tonopah) belt is350 km long, and ismarked by quartz-alunite-
vein, Comstock-vein, and hot spring deposits (Fig. 3.3). It extends from Peavine-Wedekind-
Comstock district areasin the northwest, through the Camp Douglas and Gilbert districts, to the
Tonopah, Divide, and Goldfield districtsin the southeast (Fig. 3.1). Thisbeltisrather broad, but
it is one of the more productive and better defined volcanic rock-hosted deposit belts. The
mineral belt lies within the Walker Lane shear zone, and it is collinear with a northwest-
southeast alignment of geomagnetic highs, abroad isostatic gravity high, and aBouguer gravity
gradient “ridge’.

The Fallon-Manhattan belt is 200 km long, and is marked primarily by Comstock-vein deposits
(Fig. 3.3). It extendsfrom the Sandsprings-Fairview district areasin the northwest, through the
Broken Hills district, to the Round Mountain, Manhattan, and Tybo districts in the southeast.
The mineral belt is associated with a topographic discontinuity that coincides with the
northeastern margin of the Walker Lane shear zone (Shawe and Stewart, 1976; see Fig. 3.3).
Many of the ore depositsin thisbelt have been |ocalized by west—northwest-trending faults, and
regional aeromagnetic anomalies suggest the presence of west—northwest-oriented geologic
trends (Shawe and Stewart, 1976).

The Lovelock-Austin belt is 230 km long, and is marked by Comstock-vein and low-sulfide
guartz-gold-vein deposits to the north, and polymetallic-vein and sedimentary rock-hosted
deposits to the south (Fig. 3.3). It extends from about the Rosebud and Sulfur districtsin the
northwest, past the Farrel, Seven Troughs, and Trinity districts, through the Rochester district,
to the Reese River polymetallic district and the Birch Creek district in the southeast. The Birch
Creek districtishosttothe Austin Gold V entures sedimentary rock-hosted deposit. Thismineral
belt is sub-parallel with two long, narrow, and relatively well-defined geomagnetic anomaly
highs that flank to the west the geomagnetic expression of the Northern Nevada rift zone (see
Blakely and Jachens, 1991; Christiansen and Y eats, 1992; also see section 2.7.4; Fig. 2.3).

Lynn-Railroad belt is200 kmlong, and ismarked by the Comstock-vein and hot spring deposits
to the north, and by the Carlin trend sedimentary rock-hosted deposits to the south (Fig. 3.3).
It extendsfrom about the National district inthe northwest, through the Spring City, Gold Circle,
and Hollister-lvanhoe deposits, to the southeastern end of the Carlin trend deposits (Emigrant
Springs-Gnome-Trout Creek area). The northern part of the belt is sub-parallel to aregional-
scal e northwest—southeast-trending Bouguer gravity gradient that separatesan areaof low gravity
to the east from an area of higher gravity to thewest. The southern portion of the Lynn-Railroad
belt is addressed above in section 3.2.2 as the sedimentary rock-hosted deposit “Carlin trend”.

The Shoshone-Jarbidge and Tuscarora-Spruce M ountain mineral beltsarevery weak alignments
based on few widespread deposits. The Shoshone-Jarbidge belt, which isthe only mineral belt
that trendsroughly parallel tothestructural grain of the Great Basin, is220 kmlong, and extends
from the Jarbidge Comstock-vein district in the northeast to the Shoshone Range southeast of
the town of Battle Mountain, Nevada. Thisbelt ishost to major deposits of barite, and lies 15
km southeast of the northeast-striking Cambrian-Devonian Cordilleran geosynclinal depositional
trend (asidentified by Roberts, 1966, p. 50). The Shoshone-Jarbidge belt also hosts a number
of deposits where it intersects other northwest—southeast-trending mineral belts—the northern
Carlin trend deposits at the intersection of the Lynn-Railroad belt; the Lewis, Bullion, and Hill
Top district deposits (various deposit-types) at the intersection of the Battle Mountain-Eureka



37

(Cortez) trend. The Tuscarora-Spruce Mountain mineral belt is 180 km long, and extends from
the Good Hope and Tuscarora Comstock-vein districtsin the northwest, through several silver
and base-metal districts, to the Spruce Mountain polymetallic replacement deposit in the
southeast (Roberts, 1966).

3.4 Regional-Scale Distribution with Respect to Mineral
Trends and Belts

Minera trends are commonly defined as district-scale linear alignments of similar type and age
ore deposits, whereas mineral belts are broad regional-scale deposit alignments, which may
include deposits of various types and ages (Seedorff, 1991; also see Roberts, 1966; Shawe and
Stewart, 1976). In general, the sedimentary rock-hosted depositsare regarded in terms of trends
whereas volcanic rock-hosted deposits occur in belts (see section 3.2.2 and 3.3.2). For
sedimentary rock-hosted deposits, it is observed that:

» Themineral trendsaregenerally well developed and defined, and are geol ogically characterized by alignments
of igneous rocks, geophysical anomalies (or discontinuities), and various high- and low-angle dip-slip and
strike-dlip structural features.

» Thedepositsoccur in six trends or groups: the Carlin trend, the Battle M ountain—Eureka (Cortez) trend, the
Getchell trend, the Humboldt trend, the | ndependence group, and the Alligator group.

» The Carlin and the Battle Mountain—Eureka (Cortez) are the two most prominent trends, hosting the greatest
number and the largest deposits.

¢ The Carlin and the Battle Mountain—Eureka (Cortez) trends are oriented north-northwest, oblique to the
northerly to north-northeasterly grain of Paleozoic, Mesozoic and Cenozoic structures.

For volcanic rock-hosted deposits, it is observed that:

» The mineral belts are broad, show only weak regional-scale continuous linear alignments, and are generally
lackingindistinct alignmentsof geol ogic and geophysical features (with the exception of the Walker Lane shear
zone asawhole, which is characterized by northwest—southeast-trending strike-slip and normal faults, and by
arcuate, northwesterly-trending aeromagnetic anomalies.

» Thedeposits occur mainly in seven belts: Beatty-Searchlight, Aurora, Walker Lane (Virginia City-Tonopah),
Fallon-Manhattan, Lovel ock-Austin, and Lynn-Railroad (northern extension).

» Theprincipal deposits occur inthe Walker Lane shear zone (astructural and magmatic belt), which comprises
the Beatty-Searchlight, Aurora, Walker Lane (Virginia City-Tonopah), and Fallon-Manhattan mineral belts.

¢ Most of the mineral belts are oriented oblique to the structural grain of the Great Basin

Theterm “trend” will be used from here on as a general reference to alignments of any mineral
deposit types.

The mineral trends are not well understood. Some hypotheses suggest that the trends follow
zones of crustal weakness, such as deep-seated fracture, shear, or suture zones, which in some
cases might be tectonically reactivated structures inherited from the underlying Precambrian
basement (Roberts, 1966; Shawe and Stewart, 1976; Guild, 1985; Madrid and Bagby, 1986;
Hutchinson and Albers, 1992; Arehart et al., 1993; Maher et a., 1993; Grauch et a., 1995;
Rodriguez, 1997; Wooden et al., 1997). Othershave speculated that deposit alignments parallel
major lithotectonic and tectonomagmatic structures, such as terrane or facies boundaries and
volcanicfronts(Roberts, 1966; Shaweand Stewart, 1976; Woodward, 1984; Bryant and Nichals,
1988; Hutchinson and Albers, 1992; Grauch et al., 1995). Wallace (1991) proposed that some
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mineral trends in the Great Basin may be products of post-mineralization deformation. He
suggested that the Getchell trend deposits, for example, may have originally formed along
north—northwest-striking structures (parallel to the Battle M ountain-Eureka (Cortez) and Carlin
trends), but that the present-day northeast-southwest distribution of thedepositsreflectsexposure
by post-mineralization extension and movement along faults that strike oblique to the mineral
trend.

Although there hasbeen muchinterest in mineral trends, there hasonly recently been aconcerted
effort in northeastern Nevada to determine the physica nature of these apparent deposit
alignments (see numerous papersin Vikreet al., 1997). The paucity of studieson the origins of
mineral trendsin the Great Basin, or aconsensus asto what these features actually represent, has
not discouraged continued specul ation on the subject. Indeed, many researchershave argued for
the existence of deep-seated regional-scale crustal features, and frequently include such
structuresasan integral part of their metallogenic modelsto explain the distribution and genesis
of volcanic, and in particular, sedimentary rock-hosted deposits in the Nevada Great Basin.

Hutchinson and Albers (1992) noted that many latter Tertiary (22-0 Ma) gold and silver
epithermal veins appear to be lineament-controlled by regional cryptic fracture systems, which
isreflected by the linear alignment of numerous deposits or intrusions, often marked by parallel
veins systems within individual deposits, and is strongly indicative of throughgoing fracture
systems at the time of mineralization (also see Dreier, 1984; Berger and Bonham, 1990). This
is probably especially true for mineralization within the Walker Lane belt, where Cox et a.
(1991) suggested that mid-Tertiary and later shear zone deformation may have provided the
tectonic conditions that permitted the formation of volcanic-hosted epithermal deposits.

The Carlin trend sedimentary rock-hosted deposits are coincident with alignments of igneous
bodies and structural windows, and as a mineral trend, it transects the northerly trend of the
Paleozoictectonicfabric, suggesting that aregional, probably deep-seated, structural control was
important for the formation and spatial distribution of the these deposits (Madrid and Bagby,
1986; Shawe, 1991). Cunningham (1988) recognized that many of the major sedimentary rock-
hosted depositsarelocated along the eastern margin of the older regional paleothermal anomaly,
in close proximity to the western margin of the buried Precambrian craton and the Roberts
Mountain Thrust (see Cunningham, 1988, figure 1, 2, and 4). In addition, the Carlin trend and
the western limit of strongly extended domains in the Great Basin largely coincide with the
western margin of the buried Precambrian craton, and Seedorff (1991) commented that many
deposits, athough lying outside of domains of extreme extension, are proximal to these areas.

Evidencefor deep-crustal regional-scal e structural control for thealignment of sedimentary rock-
hosted and other types of deposits along the Battle Mountain-Eureka (Cortez) mineral trend
appearsto be much stronger than it isfor the Carlin trend (Christensen, 1995; also see Maher et
al., 1993; Grauch et al., 1995; Wooden et al., 1997). Percival et a. (1988) noted that, like the
Carlin trend, the Battle Mountain-Eureka (Cortez) trend is in part defined by an alignment of
structural windows devel oped within the Roberts Mountain allochthon and by Mesozoic and
Tertiary intrusiverocks, but in addition, it isfurther defined by aeromagnetic anomalies, several
sets of north—northwest-striking, en echelon, high-angle faults, which define a zone that
obliquely transectsthe pervasive north-northeast Basin-Range structural fabric, and by adistinct
linear featurethat isvisiblein Landsat imagery of north-central Nevada. Furthermore, the Battle



39

Mountain-Eureka (Cortez) mineral trend lies near-parallel and in close proximity to the central
northern Nevada Rift magnetic anomaly and to agradient ridge (or ageophysical discontinuity)
observed in the regional Bouguer and isostatic gravity anomalies (Shawe, 1991; Grauch et al.,
1995; also see Blakely and Jachens, 1991; Christiansen and Y eats, 1992; sections 2.7.3 and
2.7.4; Fig. 2.3). Collectively, these features have been interpreted to delineate a major crustal
discontinuity—a fundamental regional-scale crustal structure—which controls the linear
distribution of deposits aong the trend (Shawe, 1991; Arehart et al., 1993; Grauch et al., 1995).
Arehart et a. (1993) suggested that if such structures are responsible for the alignment of
sedimentary rock-hosted depositsal ong the Battle M ountai n—Eureka(Cortez) and Carlin mineral
trends, then they must represent fairly long-lived and deep featuresin the crust (possibly related
to the Precambrian craton margin) which controlled thermal and mineralizing processes on a
regiona scale through geological time (also see Roberts, 1966; Shawe, 1977; Speed, 1983;
Woodward, 1984; Madrid and Bagby, 1986; Bryant and Nichols, 1988; Armstrong and Ward,
1991, Hutchinson and Albers, 1992).

Given the complex pre-Cenozoic tectonomagmeatic history of the southwestern United States,
the development of an extensional regime in the Cenozoic, and widespread occurrence of
mineralizing processesthat led to the formation of precious- and base- metal deposits acrossthe
province, it is not unreasonable to consider that the geometries and component structures of the
Great Basin crust and its boundary regions may have had a bearing on the origin of the trends,
or apparent trends (if the structures do indeed exist) (Shawe and Stewart, 1976; Cunningham,
1988; Seedorff, 1991; Hutchinson and Albers, 1992; Arehart et al., 1993). The presence of
regional-scale crustal structures could facilitate ore deposit formation in anumber of ways (see
sections 2.7.6 and 2.7.7), some of which include:

» Increasing throughgoing fluid pathways, thereby promoting whole-crustal circulation of near-
surface and deep fluids (increasing lower crust/upper mantle permeability and allowing the
release and mixing of deep crustal fluids with upper crustal fluids).

» Assistinginthevertical andlateral transference of heat, whereby warmer lower crustal fluids
and melts could more easily penetrate and migrate to higher crustal levels.

* Increasing the country-rock surface area on which circulating fluids could react and leach
(scavenge) metals; occurs at many crustal levels.

« Contributing to shallow crustal ground preparation, whereby physical and chemical changes
increase the suitability of potential host rock for mineralization (an increasein permeability,
wallrock area, oretraps, etc.).

» Focusing, concentrating, and directing ore-bearing hydrothermal fluids, ultimately serving
to control the localization of intrusions, volcanic fields, high-level therma anomalies,
meteoric hydrothermal cells, and individual deposits.

Shawe (1991) commented that the great linear extent of the Battle M ountain-Eureka(Cortez) and
Carlin sedimentary rock-hosted mineral trends, the large number of depositsin each trend, and
the evidence for a large vertical range of gold deposition, indicate that extremely large
hydrothermal systemswere concentrated along these trends (al so see Thorman and Christensen,
1991). Shawe (1991) suggested that regional-scale (much larger than individual deposits),
deeply-penetrating crustal structures controlled emplacement of magmas into the upper crust,
guided dispersal of hydrothermal solutionsand gasesderived fromtheintrusionsor formed from
heated ground waters, and shattered upper crustal rocks along the extent of thetrends, providing
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local permeable zones favorable for solution flow and precipitation of gold ores (also see
Cunningham, 1988; Berger and Henley, 1989; Arehart et al., 1993; Maher et al., 1993; Grauch
eta., 1995). Thesameisprobably also truewith regard to theformation of vol canic rock-hosted
deposits. Berger and Bonham (1990) noted that deeply rooted rifting is a key element in the
genesis of epithermal systems within any volcanic terrane. In the western United States, they
suggested that M esozoi c and Cenozoi c epithermal depositswereformedinthenear-surfacezone
above through-going, deep-seated fracture systems, which were formed or reactivated in an
evolving plate tectonic framework, and that these fracture systems controlled the emplacement
of magmas and served as conduits for magmatic and meteoric fluids. It has been suggested by
Rowley (1996) that regional transverse zones of strike- and oblique-dlip in the Great Basin
controlled thelocalization of some Oligoceneto Early Miocenecaderas (e.g.—Caliente; also Big
Ten Peak, Jefferson (Toquima), and Round Mountain; Byron R. Berger, 1998, personal
communication), and in turn, the formation of epithermal gold districts (also see Shawe, 1995).
Inaddition, it islikely that the role which such crustal structures may have played in controlling
mineralizing processes and/or the distribution of ore deposits was enhanced by the Cenozoic
extensional setting of the Great Basin (Guild, 1985).

3.5 Regional-Scale Distribution with Respect to Crustal
Terranes

Roberts (1966) subdivided the Great Basin into two metallogenic provinces, consisting of an
eastern base-metal province, with peripheral gold-silver-bearing deposits, and a western
precious-metal province, with primary precious-metal producing deposits (see Fig. 1.3). The
east-west partiality observed in the distribution of precious- and base-metal deposits, whichis
defined best by the preference of primary-producing precious-metal depositsfor thewestern half
of thebasin, may in part berelated to thelithotectonic makeup of the crust, aswell asdifferences
in mantle composition (Roberts, 1966; Shawe and Stewart, 1976). The eastern base-metal sub-
province coincides with the eastern carbonate assemblage (the miogeoclina facies) of the
Cordilleran Geosyncline, and overlies the western flank and margin of the Precambrian
crystalline basement (see Figs. 2.4, 2.9, 2.10, and 2.11). The western precious-metal sub-
province coincides with the western siliceous assemblage (the eugeoclinal facies), and is
associated with predominantly Mesozoic basement crust composed of volcanic rocks and
accreted arc and oceanic terranes (Roberts, 1966; also see Shawe and Stewart, 1976; Albers,
1983; Tooker, 1985; Titley, 1991). A transitional zone, trending approximately north-south,
contains both base- and precious-metal occurrences, and roughly coincideswith the Cordilleran
geosyncline facies boundary (see Fig. 2.9).

The spatial correlation of broad kinds of ore deposit-types (e.g.—precious- versus base-metal)
with crustal segmentsof grossly different lithotectonic composition, such asobserved acrossthe
Great Basin metallogenic province, appears not to be merely coincidental. Indeed, Hodgson
(1995) commented that it is very difficult to explain most metal provinces without evoking a
control by chemical heterogeneity onthescaleof thecrust. Broad correl ations between the metal
contents of particular deposit types and the lithotectonic composition of the crust in which the
deposits formed, as well as spatial clustering within particular crustal segments of deposits of
differing ages and types that contain the same relative gold-silver content, suggest that the
makeup of the crust at the mining district and regional scales may exercise asignificant control
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on the formation and distribution of specific metallic deposit types (Wilkins, 1984; Hodgson,
1995; aso see Guild, 1985; Tooker, 1985; Hutchinson and Albers, 1992).

A number of studies have suggested that there is an association between mineral deposit metal
content and upper crustal lithotectonic composition, and for the Cordilleran region of thewestern
United States, these include Titley (1987, 1989, 1991), Albers (1981, 1983), and Campa and
Coney (1983).

Titley (1987, 1989, 1991) documented the ratios of silver to gold produced from epigenetic ore
districtsin the southwestern United States and observed that, in general, oresrelatively enriched
in gold lie above, or within, a Proterozoic basement dominated by mafic-felsic volcanic (arc)
successions (largely submarine volcanic and volcaniclastic strata, and devoid of Paleozoic
strata), whereas ores relatively enriched in silver occur in terranes floored by thick Proterozoic
clastic and Paleozoic marine successions (schists and metasedimentary rocks, formed from a
protolith of mostly clastic sedimentary rocks). It wasconcluded that the metall ogenic signatures
of oredistricts (regardless of the deposit type) are fundamentally related to the crust inwhich the
oresoccur, and do not appear to be related to subduction processes, wherein metalsand magmas
are directly derived from partial melting of a descending slab of oceanic rocks (Titley, 1987).

Albers (1981, 1983) examined thedistribution of mineral depositsin the metall ogenic provinces
of California, and in accreted terranes and cratonal rocks of the western United States. Albers
determined that: (1) most of the large deposits arein the craton (afew occur in accreted island-
arcterranes); (2) miogeoclinal terranesunderlain by craton are characterized by replacement and
vein-type Pb-Zn-Ag, skarn W deposits, Mo, and Sn, and in Nevada by Carlin-type disseminated
gold deposits, and (3) accreted terranes (mainly of Mesozoic age) contain al the known
vol canogenic massive sulfide deposits, al chromite and chert-associated Mn, all the large gold
guartz-vein deposits (except Goldfield, Nevada), and the greatest proportion of Hg and Sb
deposits (Sb aso forms important deposits in cratonal rocks). Hutchinson and Albers (1992),
inareview of the metallogenic evolution of the Cordilleran region of the western United States,
concluded that lode gold-producing mines and districts occur preferentially in accreted oceanic
and island-arc terranes, whereas silver-rich deposits exhibit an even stronger preference for the
craton, and that the terrane and cratonal rocks could have provided different suites of metalsfor
the deposits they host.

Campa and Coney (1983) examined the distribution of the principal gold-silver and Pb-Zn
producing mines in Mexico relative to the distribution of lithotectonic crustal terranes. They
determined that the distribution of these two broad types of metallic ore depositswas afunction
of the distribution of basement terranes: (1) most of Mexico's important gold and silver mines
(over 70%, perhaps up to 84%) are located within Late Jurassic (or older) to late middie
Cretaceous accreted basement terranes, which consists of submarine to partly continental
andesitic, and vol canic and associated vol caniclastic sequences of magmatic arc aspect; and (2)
most of the productive mines for Pb and Zn (over 61%) occur in late Precambrian through
Paleozoic age terranes, which are underlain by autochthonous Precambrian North American
craton, and are composed of thick sequences of sandstones, shales, and limestones that appear
to be correlative with miogeoclinal sequencesin southwestern Nevada and southern California
as well as well known sequences in Arizona and New Mexico. Overall, Campa and Coney
(1983) concluded that the distribution pattern of gold-silver and Pb-Zn deposits in Mexico
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appears to have a significant element of basement [terrane] control.

3.6 Quantitative Studies on Mineral Trends and Crustal
Terranes

Few studies have used quantitative methods to specifically examine the spatial distribution of
oredepositswith respect to mineral trendsor crustal terranes, but theresults of these suggest that
regional-scal e crustal structuresand/or lithotectonic terranesdo exercise somedegree of control.

Carlson (1991) used fractal modelling techniques to examine the spatia distribution of 4,775
hydrothermal precious-metal depositsin the Great Basin. He observed that faults and fractures,
and probably hydrothermal systems and igneous and tectonic heat sources as well, appear to be
similar at many different scales, which suggests that the features and/or processes controlling
mineral deposit distribution operate at scales other than those of amining district. The spatial
clustering of ore deposits was determined to be persistent at all scales between 1 and 1,000 km,
reflecting geologically significant controls on mineralization acting at al of these scales
(Carlson, 1991, p. 113 and 114). Carlson (1991) concluded that local-scale geologic controls,
such as calderas, local faults, and the availability of ground water, are not sufficient to explain
deposit clustering at theregional scale, and suggested that clustering onthe scale of metallogenic
provinces, lithotectonic terranes, or maor zones of crustal weakness take on additional
credibility (i.e—major zones of crustal weakness, or regional scale crustal structures, may be
inpart responsiblefor thelocalization/distribution of depositsaong mineral deposit trends; Carl
A. Carlson, 1997, personal communication).

Inthelndian Shield, Talapatraand Mukhopadhyay (1993) have performed amulti-variate cluster
analysis on Cu-Pb-Zn base-metal sulfide deposits occurring along three mineral trendsin order
to locate undiscovered or concealed mineralization. They compiled between 20 to 23 variables
relatingtolithological, structural, and ore-mineral attributesfor known deposits. Theseattributes
were examined over a 10 by 10 km cell-size grid that was superimposed on the study areas,
where each grid cell was evaluated for the “presence” or “absence” of each attribute. The
analysis revealed that a number of barren cells (regions thought to be devoid of mineralization)
clustered with control cells (regions containing known deposits) (see Talapatra and
Mukhopadhyay’ sfigures 3, 5, and 7). Thebarren cellsthat were predicted to have somemineral
potential occurred within the trends, bridging gaps between spatial clusters of deposits, and at
the ends of the trends, extending outward along trend (see Talapatra and Mukhopadhyay’s
figures 2, 3, and 6; particularly figure 2). These results suggest that the lithological, structural,
and ore-mineral attributes examined may exercise some control over the linear distribution of
the deposits in these trends.

In the northwestern United States (Oregon and environs), Tooker (1983) used an areal -pattern
recognition technique to investigate the spatial distribution rel ationships between lithotectonic
terranes and important metal occurrences (Co, Cr, Cu, F, Au, Fe, Pb, Mn, Hg, Ni, Pt-group, Sn,
Ti, V, Zn). Hecalculated and contoured therel ative areal -abundance of metal districts, deposits,
or subeconomic occurrences within a 15-minute quadrangle unit cell. Tooker found that (1) Pb,
Zn, Sn, and W metals are concentrated locally in the boundary zones along the edge and in the
interior of the craton, (2) Ni, Co, Cr, and the Pt-group metals predominate in accreted terranes,
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and (3) Cu and Au appear to be abundant in both accreted and cratonic terranes (read craton-
underlain terranes). He observed that the occurrence of metals on the regional-scale is not
random. Metals tend to occur along broad, linear, persistent zones that trend at sub-normal
angles to one another, paralel to the Cordilleran orogenic fabric and the fabric of the
Precambrian craton (see section 2.4; see Tooker, 1983, figure 1 and 2). West of the craton
margin, the metal -distribution patterns trend roughly northwest—north and seem to parallel axes
of accretion of lithotectonicterranes, with anotable correl ation to M esozoi ¢ terrane assembl ages.
East of the craton margin (on the craton), metal-distribution patterns trend northeast-southwest,
whichwasinterpreted by Tooker (1983) to coincide generally with boundaries between Archean
and Proterozoic crustal terranes or structural zones (this interpretation is consistent with the
orientation of a number of Precambrian tectonic zones and craton crustal province boundaries
to the south; see Fig. 2.11 and section 2.4). Highest metal occurrence density appears to be
coincident with intersections between the craton basement features and prominent, east-west to
northwest-trending, near-surface structural zones (e.g.—the Lewis and Clark line) or uplifts
(eg—VUintatrend). Tooker (1983) concluded overall that the metal occurrence distribution
patterns reflect primary sources of metalsin the deep crust, and that the patterns are controlled
by the location of fundamental channels (crustal flaws) which collected and distributed ore-
bearing fluids into receptive lithosphere structural traps and lithol ogies where the metals were
deposited in avariety of occurrence types.

The purpose of the above studies was to investigate the spatial distribution of ore depositsin
terms of minera trends and/or crustal terranes. The research conducted in this study also
considers these relationships (among other geologic associations), but not in such a direct
manner. Theprimary objective of weightsof evidence mineral potential modellingisto generate
amap that shows areas favorable for ore deposit formation. The favorability patterns on these
maps carry alarge amount of geological information, representing a synthesis or distillation of
various geol ogic phenomena associated with known areas of mineralization. The utility of the
mineral potential maps can be extended beyond just exploration target delineation by examining
the spatial distribution of the favorability patterns for trends, and interpreting these trends with
respect to regional-scal e geol ogic and metallogenic features. The trends can be inspected more
closely to determine the specific, or combination of geologic factors that contribute to the
favorability pattern, which in turn can shed some light on whether the favorability trend is
controlled by regional-scale structural zones or lithotectonic associations.



Chapter 4. Analysisand Modelling Techniques

4.1 Introduction

A GIS can facilitate data analysis and interpretation by revealing spatial associations which
might otherwise be obscure. Spatial data analysis can be preliminary in nature, involving non-
statistical or summary statistical approaches (e.g.—visua pattern recognition and simple map
reclassification, or, histogram generation and area analysis, respectively), or it can be more
sophisticated, involving statistical approaches with probabilistic components (e.g.—regression
analysis, weights of evidence).

This chapter presents a summary and overview of the preliminary and more sophisticated
analysis methods that were used to identify and measure the spatial associations between the
gold-silver-bearing occurrences and the various mineral potential evidence maps. Preliminary
methods are briefly mentioned in section 4.2. Section 4.3 covers the basics of the weights of
evidence minera potential modelling method. The theoretical framework, the assumption of
conditional independence, and error and uncertainty issues are reviewed. An extended and
detailed discussion of preliminary data analysis techniques and weights of evidence, including
equations and practical implementation of the method, is presented in Appendix B.

4.2 Preliminary Spatial Data Analysis

The modelling conducted in this study made use of many spatial datamanipulation and analysis
tools available in a standard GIS environment. The preliminary spatial data manipulation and
analysis techniques used here include: (1) map reclassification/generalization; (2) map
overlay/combination; (3) spatial and topological modelling; and (4) visual pattern recognition
and spatial query. All of these methods assist in clarifying and defining trends and patterns. A
comprehensive examination of these tools is beyond the scope of this study. GIS spatial data
manipulation and analysis methods are well known. For athorough and detailed treatment of
spatial modelling and GIS in general, see Bonham-Carter (1994a).

4.3 Weights of Evidence Mineral Potential Modelling

4.3.1 Introduction

Weights of evidence (WOE) provides a measure of spatial association (a “weight”) between
multi- and/or binary-class map patternsand known point or polygon objects, and usesaloglinear
formulation of Bayes' probability theorem to combinethemap patternsto predict thedistribution
of the point or polygon objects. As applied to mineral potential modelling, the point objects
represent known mineral deposits. The multi-class map patternsaretypically maps of particular
geologic phenomena, such as geology, geochemistry, geophysics, etc., which are likely to be
useful mineral deposit predictors. These maps arereferredto as* evidence maps’ , representing
geo-spatial evidencefor the occurrence of mineralization. In order to facilitate combination, the
evidence maps are usually reduced to deposit-indicator or mineral “ predictor maps’ of afew
discrete states (typically binary) wherethe spatial association between mineralization-favorable
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evidence and the occurrencesis optimized. The mineral predictor maps collectively constitute
the “ layers of evidence” for the minera potential model.

A layer of evidence need not completely cover the study area, asthe WOE modelling method can
easily accommodate missing data (incomplete coverage). This is an important and distinct
advantage of this method. Other advantages include uncomplicated calculations, an objective
procedure for weighting the evidence layers, relatively straightforward interpretation of the
weights, direct user involvement with optimization of the evidence maps, which isan important
inductive processthat providesinsight into the spatial datarelationships, and the ability to model
the error and uncertainty of the mineral potential map (Bonham-Carter, 1994a, 1994b).

4.3.2 Theoretical Framework

The weights of evidence mineral potential modelling method has been described by Agterberg
(1989a), Agterberg et al. (1990), Bonham-Carter (1994a, 1994b), Bonham-Carter (1991),
Bonham-Carter et a. (1988), Bonham-Carter et a. (1989), Wright and Bonham-Carter (1996),
and Wright (1996). WOE is a data-driven method, requiring data about the distribution of
knownmineral depositsto estimateweightsof spatial association for the mineralization evidence
layers. It isadiscrete, multivariate statistical method based on atechnique originally devel oped
inanon-spatial context for medical diagnosis(Spiegel halter and Knill-Jones, 1984) and hasbeen
modified by Bonham-Carter et al. (1989) to deal with spatial prediction—*diagnosing” mineral
depositsusing the* symptoms” of various geol ogic phenomena (Bonham-Carter, 1994b). WOE
evaluates the spatial distribution of known mineral deposits (the response variable) relative to
multi- or binary-class map patterns (the predictor variables), calculates weights of spatial
association (W* and W-) for each pattern, and produces amulti-map signaturefor mineralization
(Bonham-Carter et al., 1989). The evidence layers are combined using aloglinear formulation
of Bayes Rule in a multi-map overlay operation where the prior probability of an
occurrence—the probability of an occurrence given no information (random), equal to the
average density of known occurrences in the study area, and held constant over the whole
area—is updated by the addition of predictor variables and their weights to produce a single
posterior probability map of occurrence (Bonham-Carter et al., 1989; Bonham-Carter, 1991).
In this case, the posterior probability map is a map of minera potential, which reflects the
distribution of known occurrences and predicts the distribution of yet unidentified occurrences
(Bonham-Carter et a., 1988). The whole processis similar to that of an exploration geologist
manually integrating information and combining maps in order to delineate favorable areas of
mineralization (Agterberg et a., 1990).

Weights of evidence mineral potential modelling can be subdivided into two main procedures,
asillustrated in Figure 4.1:

i. Conditional probabilities that involve area proportions are used to calculate two weights of spatial
associ ation between the occurrences and each individual evidence map class: W* for aparticular map class
present, W~ for not present (the occurrence points are not themselves classified or weighted, and each point
istreated as equally important). Weights are relative, dimensionless values, which depend on the ratio of
occurrences that fall on a particular map class to the total number of occurrences, against, the ratio of the
particular map class areato thetotal map area. A positive correlation between occurrences and a map class
is represented by W* > 0 and W~ < 0O (there are more occurrences in a particular map class than would be
expected due to chance); a negative correlation by W* < 0 and W~ > 0. Where no spatial association exists
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(i.e—thetworatiosare equa), theweights are both zero. Where data are unknown or missing (incompl ete
evidence map coverage), the weights are assigned the value zero (Bonham-Carter, 1991). The weights can
be combined into asingle coefficient called the contrast (C = W* —W-), which provides a useful measure
of the strength of the spatial association between the occurrences and a particular map class. The weights
and C provide a guide for reducing the multi-class evidence map to a binary-class deposit-indicator (or
predictor) map pattern. For each evidence map, an individua map classthat ishighly correlated (spatially)
with the mineral occurrences may be selected as a deposit-indicator pattern, or multiple map classes may be
grouped in such a way as to maximize the spatial association between the occurrences and the map (see
Appendix B for additional details).

ii. Thebinary-classmineral predictor maps (layersof evidence) are combined in amulti-map overlay operation
where aloglinear formulation of Bayes Rule (based on an assumption of conditional independence) isused
to sumand update the wei ghts associ ated with each of the predictor map classesthat comeinto coincidence,
producing a posterior probability mineral potential map which closely exhibits the distribution of known
deposits and indicates areas where more deposits are expected than are observed. |n summary, the prior
probability of an occurrence for aunit areais successively “updated” by the addition of each new layer of
evidence (information) to produce a posterior probability. The prior probability is equal to the probability
of an occurrence within a unit area given no further information, which for this study is taken to be equal
to the density of known occurrencesin the study area (total number of occurrencesdivided by thetotal area
of the study region, assuming a 1 km? unit area of measure and where an occurrence point is represented by
oneunit ared). Bayes' Rule effectively revisesthe prior probability by incorporating the new evidenceinto
the model (Mendenhall and Reinmuth, 1974). The posterior probability reflects both the prior and the new
evidence, and with each subsequent addition of new evidence, the posterior is treated as the prior, thus
providing amore efficient model for prediction (Mendenhall and Reinmuth, 1974; Bonham-Carter, 1994a).
The posterior probability calculated after the addition of new evidence may be larger or smaller than the
prior probability, depending on the overlap combination of predictor maps and their weights (i.e—if
evidence of factors favorable to mineralization are added, the posterior probability rises, and vice versa)
(Agterberg, 1989a; Bonham-Carter et a, 1989). The mineral potential map is generated by grouping into
intervals the calculated posterior probabilities according to a user-defined classification scheme (“density
dicing”; often based on quantiles, an area-based percentiles classification where the posterior probability
interval break-pointsaredetermined in such away that eachinterval isroughly equal inarea). See Appendix
B for additional details.

In WOE modelling, no “training area'” is used to select mineralization evidence or to calcul ate
“initial baselineg” weights (i.e—to establish the “initial conditions’). The “initial conditions’
of the minera potential model are established using the mineral predictor maps, as indicated
abovein procedure“i”. A model may be further calibrated using other factors such as mineral
deposit size, wheredifferent schemesfor weighting thelayersof evidencearecal culated for each
deposit size subset (Wright and Bonham-Carter, 1996). The selection of evidence maps is
largely guided by an accepted or proven deposit or exploration conceptual model (thisis the
standard mode of implementation; see Bonham-Carter et a., 1989; Bonham-Carter, 1994a;
Wright, 1996; Wright and Bonham-Carter, 1996). The choice of evidence should reflect current
understanding onthe genesisof the particular deposit typebeing modelled aswell asthegeologic
features believed to control its spatial distribution. An evidence map should ideally provide
either universal coverage or coverage over the majority of the study area (Bonham-Carter et al.,
1989).

1 Asused here, theterm “training area” is defined as a sub-region of,, or aregion outside of, the study areathat
isdesignated an experimental control, where (1) the geologic conditions are similar to the prospecting region,
(2) al themineral depositsare known, and no more are expected to be discovered, (3) all of themineralization
evidence is present (i.e—full evidence map coverage), and (4) the quantitative relationships (the spatial
weights of association) between the mineral deposits and the evidence are established (Chung, 1995; Chung
and Maoon, 1990).
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4.3.3 Conditional Independence

An important assumption made in WOE modelling is that the mineralization evidence layers
included inamodel be conditionally independent (CI) of one another with respect to the mineral
deposits (see Bonham-Carter, 1994a, pp. 312-317). The mineral potential map is adversely
affected if, at the locations of the known mineral occurrences, the presence of amineralization-
favorable map patternin onelayer of evidenceis dependent on the presence of amineralization-
favorable map pattern in another layer of evidence. Violation of Cl results in either the over-
estimation or under-estimation of posterior probabilities during the combination of predictor
maps, and the expected mineral deposit frequencies either notably exceed or fall short of the
observed deposit frequencies in the most and | east favorable areas of the mineral potential map
(Agterberg et a., 1990). In practice, Cl is probably always violated to some degree, and the
possibility of the occurrenceof Cl generally increaseswith anincreasein the number of evidence
layersincluded in amodel (Bonham-Carter, 1991; Bonham-Carter, 1994a). Because of the Cl
assumption, calculation of the spatia weights of association are carried out independently
between the mineral depositsand each evidence layer, and as aresult, WOE hasthe opportunity
to examine bivariate relationships in some depth (Bonham-Carter, 1994b). The assumption of
Cl leads to a moddl that, like most models, does not fit the data perfectly, but provides a
simplification that is useful for prediction when applied carefully, and gives insight into the
relative contributions of the separate sources of evidence (Bonham-Carter, 1994a).

It isimportant to understand how serious the Cl violation is so that the appropriate action can
be taken to minimize the problem and so that proper judgments can be made when evaluating
areas of high mineral potential. Conditional independence can be checked visually or tested for
using pairwise and overall goodness-of-fit methods. If apredictor map isfound to bein serious
violation of the assumption of ClI, it can then be (1) rejected from the model, (2) combined with
another map in order to minimize the dependency, or (3) modified in some way to reduce the
problem (see Agterberg, 1989; Agterberg et a., 1990; Bonham-Carter, 1994a).

Both the pairwise and overall Cl tests make use of the observed versus the expected number of
observations (mineral occurrences). The pairwise goodness-of-fit test measures conditional
independence (Cl) between all possible pairings of binary-class predictor maps (with respect to
themineral deposits) by cal cul ating they? (chi-square) statistic for each map pair, and comparing
the cal cul ated val ue of y? to thetabled val ue of y? having one degree of freedom (Bonham-Carter,
19943a). CI may be present dueto three-way or multi-way interactions, and testing for these cases
isalso possible, but for practical purposes, pairwisetesting reveal sthemost seriousCl violations
(Bonham-Carter, 1994a). The results of the test are typically presented in the form of pairwise
cross-tabulation tables. The overall goodness-of-fit test is a measure of the conditional
independence (CI) among all of the layers of evidence in a model as a whole. The overall
method is a smple procedure involving the relative comparison of predicted versus observed
occurrences—if thetotal predicted number of occurrencesismuch larger than thetotal observed
number (greater than ~10-15%), it suggests that Cl is being violated, and may warrant a check
of the pairwisetests and some sort of remedial action (Bonham-Carter, 1994a). The overall test
can be evaluated using the Kolmogorov-Smirnov (K-S) statistic. The K-Stest is based on the
maximum deviation of the observed number of occurrences from the predicted number, and the
results are typically presented in graphic form. See Appendix B for additional details.



4.3.4 Posterior Probability Uncertainty

An important aspect to interpreting amineral potential map is recognizing and quantifying the
uncertainty inherent to the posterior probabilities. The two primary sources of uncertainty are:
(1) the uncertainty dueto variancesin weight estimates (W and W-); and (2) the uncertainty due
to one or more of the binary-class predictor maps having incomplete coverage (i.e—missing
data) (Bonham-Carter et al., 1989). The uncertainties due to weights and due to missing data
may be examined separately, or combined to produce a total uncertainty for a given unique
overlap combination of binary-class predictor maps, which is calculated as the variance due to
weights, plus, the sum of variances due to missing data (Bonham-Carter et al., 1989). The
uncertainty due to the weights, which includes the uncertainty of the prior probability, isin
general correlated to the posterior probability, and therefore maps of variance of weights have
the same trends as the posterior probability maps.

In addition to the uncertainties due to weights variances and missing data, arelative certainty
(variance) of the posterior probability can be determined by dividing the posterior probability by
its standard deviation (i.e—a “studentized” posterior probability), which, in effect, applies a
student t-test (based on anormal distribution) to determine whether the posterior probability is
greater than zero for agiven level of statistical significance (i.e—compared to atabled t-value)
(Bonham-Carter et a., 1989; Agterberg et a., 1993). The larger the t-value over the critical
tabled t-value cut-off, 1.645 for a significance of 95% for example, the greater the certainty of
the posterior probability. Therelative certainty is often more useful than the weights variances
or missing data uncertai nties becauseit indicates the degree of confidence to which the posterior
probabilities are “real”, as opposed to being an artifact of “chance” effects (or due to chance).
As compared to the uncertainty due to the weights variances or missing data, relative certainty
isgenerally not as highly correlated to the posterior probability.

Ideally, the four uncertainty factors (weight variances, missing data, total, and relative) may be
used to create classified uncertainty maps for comparison to the posterior probability mineral
potential map, or the uncertainty factors may be combined in various ways and reclassified to
a binary-class map which can be used to “ mask-out” areas of the mineral potential map that are
deemed to be too uncertain (Bonham-Carter et al., 1989; Bonham-Carter, 19944).

4.3.5 Practical mplementation of the M odelling Procedures

Weights of evidence modelling was implemented in a geographical information system (GIS)
environment. SPANSGIS(TY DAC Technologiesinc., 1993) wasused to compile, prepare, and
manage the spatial datasets, as well as perform most of the spatial data analysis and modelling
procedures. Preliminary procedures, such as visual appraisal and pattern recognition, distance
calculation, map reclassification and overlay operations, summary statistical anaysis
(histograms), and spatial and topol ogical modelling (point and line buffering, point-in-polygon,
area, and other coincidence analysis, and surface contouring and interpol ation) were carried out
using tools commonly available in aGIS. The calculation of W™, W-, weights variances, and
posterior probabilities for weights of evidence modelling was performed external to the GIS
using custom-made command-line FORTRAN utilities. The output of these utilities was
imported into the GIS as reclassification templates and used to generate posterior probability
mineral potential maps, aswell asvarious mapsof posterior probability uncertainty (error maps).
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Chapter 5. Spatial Datasets

5.1 Introduction

Theinitia stepsin developing any GIS database involve data collection and input. This phase
typically accounts for 70% to 80% of the time spent on a project. The data used for this study
are diverse, and characterize the nature of the lithosphere in the Nevada Great Basin from the
earth's surface to the upper mantle. The data are subdivided according to regional geology,
physical geography, geophysics, seismology, geochemistry, remote sensing imagery, economic
geology, hydrology, and human features. They arelistedin Table 5.1, at the end of this chapter.

Thischapter providesan overview of the GIS study area, training datasets, and mineral potential
evidence. The GIS study area parameters are given in section 5.2. In section 5.3.2, the criteria
used to select the gold-silver-bearing occurrences from the Mineral Resource Data System
(MRDS) database are reviewed. Definitionsfor “gold-silver-bearing occurrence” and various
occurrence-type samplesand sub-samples(i.e—* small” ,“ medium” ,“ large” , and“ sedimentary
rock-hosted occurrences’ and “ vol canic rock-hosted occurrences’ ) areaso given. The initial
examination and selection of the evidence maps is reviewed in section 5.3.3. An overview of
data accuracy, limitations, and error issuesis given in section 5.4.

5.2 GISStudy Area Parameters

5.2.1 Projection

The projection was adopted from Stewart and Carlson’s (1978) geological map of Nevada:

Projection: Lambert Conformal Conic
Ellipsoid: Clarke 1866

First Parallel: 33.0°

Second Parallel: 45.0°

Longitude of Origin: -117.0°

Latitude of Origin: 38.5°

X-Coordinate False Origin: 0.0
Y-Coordinate False Origin: 0.0

Coordinates west of the prime meridian (the Greenwich meridian) and south of the equator are
represented as negative values.
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5.2.2 Extents

The geographical coverage of the study areaincludestheregion of the Great Basin and environs:

45° N

122° W Study Area... 111° W

34°N
5.2.3 Resolution

The geological map of Nevada (Stewart and Carlson, 1978), which isthe geological “ base map”
layer for this study, was compiled at a scale of 1:500,000. The effective resolution of a
1:500,000 scale map is 250 m (~820.2 ft.), assuming a 0.5 mm line thickness (a conservative
thickness estimate) (Goodchild, 1995). The line width of the geological contacts on the
geological map of Nevada (Stewart and Carlson, 1978) is nearer 0.2 mm, yielding an effective
paper map resolution of 100 m (~328.1 ft.) for the position of the unit boundaries.

The resolution of the SPANS GIS study area for this analysisis 83.4 m (~273.6 ft.). In the
southwestern United States this translates to longitude-latitude positional accuracy of
approximately 3 seconds of arc, or 0.0008 decimal degrees. This therefore, is the theoretical
limit of positional accuracy for this study, although as stated above, the practical effective limit
to the accuracy of positional data ranges between ~4 and ~9 arc-seconds of longitude (~97-219
m) or latitude (~123-277 m), assuming that spatial objects were located and/or digitized in a
reliable manner.

5.3 Spatial Datasets—Selection Criteria and Terminology

5.3.1 Data Sources

Public domain data comprises nearly all of the information compiled here and comes from the
U.S. Geological Survey (USGS), the National Oceanic and Atmospheric Administration
(NOAA), or “theliterature”. Many of the digital datasets were obtained from the USGS and
NOAA while a significant portion of the analog data, especially point and attribute data, were
compiled from published documents. Most of the digital data and the analog datain map form
areavailablefrom the USGS Earth Science Information Centers (ES C), the USGS EROSData
Center, and the NOAA National Geophysical Data Center (NGDC). A small number of the
digital datasets obtained from the USGS and other academic institutions are currently in
preparation and are not yet available for genera public consumption. These datasets were
acquired through personal communi cations with the authors and were provided for the purposes
of academic research.
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5.3.2 Gold-Silver-Bearing Mineral Occurrences (Training Datasets)

A “gold-silver-bearing occurrence” isamineral concentration having particular attributes that
alow it to be classified as a specific deposit type, or can be said to have an anomalous
concentration of gold or silver (Ludington et al., 1993). Specifically, for the purposes of this
investigation, a gold-silver-bearing occurrence is any lode metallic ore minera, in any
concentration or deposit type, that is recorded in the Mineral Resource Data System mineral
occurrencesdatabase (MRDS, 1993 download) and meetswith any one of thefollowing criteria:

» Gold or silver is the primary commodity produced or that is in reserve (i.e—the first listed in the
“commodities’ field of the database).

» Gold or silver isasecondary commodity, where the primary commoadity is a platinum group element, such as
Pt or Pd.

» Gold or silver is a secondary commodity, where the primary commodity is a known precious-metal
mineralization “ path-finder” element (e.g.—Sb or As).

¢ Gold or silver is a secondary commodity, where the primary commodity is a non-metal, such as gem-quality
Semi-precious stones.

From a population of 5572 metallic and semi-metal mineral occurrenceslisted in MRDS, 2690
gold-silver-bearing occurrences were selected. Duplicate points (spatially the same) and
redundant points deemed to represent the same occurrence were discarded (e.g.—a district
having one large mine, but represented as a district point and a mine point). However, alarge
deposit, geologically and areally speaking, may be represented by one or more mines (points).

The occurrences matching the above criteriainclude past-producing mines, currently producing
mines, and ore in reserve associated with producing mines, as well as lean or sub-economic
mineral “showings’. Woodall (1984) has suggested that the geologic conditions and processes
responsiblefor the formation of large economic ore deposits may differ substantially from those
that produce lean ore deposits and sub-economic mineral occurrences. The implication is that
not much emphasis should be placed on the lean and sub-economic occurrences. However, it
has been recommended by Skinner (1979, p. 1) that exploration should be equally concerned
with the occurrence and genesisof sub-economic mineralization aswith economic deposits. The
rationale being that sub-economic mineralization indicates where deposit-forming processes,
albeit not economic ore-forming processes, have taken place (Ludington et al., 1993), and that
any precious-metal concentration therefore provides valuable spatial information useful for
delineating and refining mineral occurrence distribution patterns. The recognition of these
distribution patterns, theidentification of geologic features associated with the patterns, and the
investigation into what factors might control them, can provide guidance in delineating
exploration targets for economically viable deposits.

Of the 2690 gol d-silver-bearing occurrences sel ected, 1106 had aCox and Singer (1986) or Bliss
(1992) deposit type classification designation. The occurrenceswere subdivided by deposit type
into three “ occurrence-type samples’ according to the following criteria:
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¢ Gold-Siver-Bearing Occurrences of All Types—Any type of mineralization that has gold and/or silver asits
primary commodity (or asdefined above). Includes 1584 unclassified deposits and 1106 depositsthat include
the following Cox and Singer (1986) and Bliss (1992) deposit types:

Deposit Model Name Model Number ~ Count
W skarn 14a 7
Porphyry Cu 17 1
Cu skarn 18b 12
Zn-Pb skarn 18c 4
Au skarn 18f 2
Polymetallic replacement 19a 62
Replacement Mn 19b 5
Distal disseminated Ag-Au 19c 9
Porphyry Cu-Mo 2la 3
Porphyry Mo, low-F 21b 2
Polymetallic veins 22c 253
Besshi massive sulfide 24b 1
Hot spring Au-Ag 25a 49
Comstock epithermal veins 25¢c 328
Sado epithermal veins 25d 2
Epithermal quartz-alunite Au 25e 25
Epithermal Mn 259 3
Sediment-hosted Au-Ag 26a 89
Hot spring Hg 27a 4
Simple Sh 2rd 16
Kuroko massive sulfide 28a 2
Low-sulfide Au-quartz veins 36a 221
Auon flat faults 37b 4
Quartzite-hosted Au 37c 2

¢ Sedimentary Rock-Hosted Occurrences—Disseminated mineralization hosted by carbonate and/or clastic
sedimentary rocks, commonly referred to as“ Carlin-type” or “distal disseminated” deposits. Members of this
group include the following Cox and Singer (1986) and Bliss (1992) deposit types:

Deposit Model Name Model Number  Count
Distal disseminated Ag-Au 19c 9
Sediment-hosted Au-Ag 26a 89

The "distal-disseminated” type deposits were not well documented or understood at the
commencement of this research, and were included under the general category of
“sedimentary rock-hosted” deposit type. Present understanding may possibly warrant the
separation of these two deposit types, but based upon the expertise of the mine geologists at
the Cove deposit, thisisunclear. The Cove deposit, the largest known distal disseminated
type deposit in Nevada, is located along the Battle Mountain-Eureka mineral trend in the
Battle Mountain area. Currently operated by Echo Bay Mineras, the McCoy-Cove
exploration geol ogists believe that the di stal -di sseminated-style minerali zation at Cove may
be Carlin-style mineralization overprinted on preexisting skarn/porphyry base-metal
mineralization (Dave McLean, 1997, personal communication). Such a scenario could
account for some of the important geochemical traits typically associated with distal-
disseminated type deposits: (1) the high variability (Cox, 1992) or generally higher (Singer,
1996) Ag-Au ratio as compared to the Carlin-type deposits; and (2) Mn, Zn, Pb, As, Sbtrace
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element geochemistry for distal-disseminated-type versus As, Sb, Hg, Zn for Carlin-type
(Cox, 1992; Singer, 1996). With regard to mineral potential modelling, the inclusion of
distal disseminated occurrences in the sedimentary rock-hosted training sample, what is
being considered is the combined affect of the deposit types. Removal of the distal
disseminated occurrences has negligible to inconsequential affects on the model: the
differencein posterior probability valuesbetween amodel trained with just “ sediment-hosted
Au-Ag’ andamodel including“ Distal disseminated Ag-Au” islessthan theprior probability
(i.e—indistinguishablefrom background noise and representing aprobability of occurrence
no more than that due to chance).

¢ \olcanic Rock-Hosted Occurrences—Vein or disseminated epithermal mineralization hosted primarily by
volcanic rocks and less commonly by proximal volcaniclastic and sedimentary rocks. Members of this group
include the following Cox and Singer (1986) deposit types:

Deposit Model Name Model Number  Count
Hot spring Au-Ag 25a 44
Comstock epithermal veins 25¢c 333+
Sado epithermal veins 25d 2
Epithermal quartz-alunite Au 25e 25
Epithermal Mn 250 3
Hot spring Hg 27a 4
Auon flat faults 37b 4

* Note: Five occurrencesin this category are also classified in part as 25a.

The occurrenceswere further broken down into anumber of size categories (or “ sub-samples’)
based upon primary commaodity (gold or silver) metal content:

e Large

¢ Greater than 500 tonnes (16,075,373 Troy ounces) Au content (production plus reserves).

¢ Greater than 10,000 tonnes (321,507,465 Troy ounces) Ag content (production plus reserves).
e Medium

¢ 500-25 tonnes (16,075,373 to 803,768 Troy ounces) Au content (production plus reserves).

¢ 10,000-500 tonnes (321,507,465 to 16,075,375 Troy ounces) Ag content (production plus reserves).
o Small

¢ | essthan 25 tonnes (803,768 Troy ounces) Au content (production plus reserves).

¢ | essthan 500 tonnes (16,075,375 Troy ounces) Ag content (production plus reserves).
* Big

¢ | arge and medium size occurrences.
» Unknown

* Deposit size reported as “unknown” or not specified.

The size designations of large, medium, and small are coded into MRDS for 2,421 of the
occurrences, and are derived from Guild's (1968) Metallogenic Map of North America.

The gold-silver-bearing occurrences as subdivided above are summarized in Table 5.2:



The occurrence-type samples are referred to using the following terminology:

» Primary occurrences—Includes all occurrences of any size or any type (i.e—all 2,690
occurrences examined in this study), unless otherwise noted. Also referred to as "gold-
silver-bearing occurrences' or just "occurrences' if no reference to either sedimentary or
volcanic rock-hosted mineralization is made.

 Sedimentary rock-hosted occurrences—A subgroup of the primary occurrences. Includesall
sedimentary rock-hosted occurrence sizes, unless otherwise noted.

» Volcanic rock-hosted occurrences—A subgroup of the primary occurrences. Includes all
volcanic rock-hosted occurrence sizes, unless otherwise noted.

Occurrence size—big, large, medium, small, unknown—is usually explicitly stated. If itisnot
stated, then occurrences of all sizes should be assumed (as indicated in the points above).

5.3.3 Mineral Potential Modelling Evidence M aps
The following evidence maps were considered for mineral potential modelling:

1. Lithologic:
* Lithologic units (all 101 units considered separately; see Appendix A).
« Diversity of map lithologic units (per 2.5 km by 2.5 km neighborhood grid cell).
« Lithologic assemblage units (101 unitsgrouped into 20 as per general rock-type and age;
see Appendix A).
» Cenozoic igneous rock unit distance buffers.
» Cenozoic igneous rock time-slices.
» Cenozoic igneous rock composition-slices.
» Mesozoic pluton distance buffers.
» Mesozoic pluton density.
» Clastic and carbonate rock units.
» Clastic and carbonate rock unit distance buffers.
2. Sructural/tectonic:
» Cenozoic fault distance buffers.
 Cenozoic fault density.
» Thrust-front distance buffers (Luning-Fencemaker, Golconda, Roberts Mountain,
Sevier).
« Strike-dlip fault distance buffers.
» LANDSAT linear-features distance buffers
* LANDSAT linear-features density
» Highly extended upper crustal terrain.
 Deep-seated basement fracture system buffers.
* Lithotectonic terrane.
 Crustal thickness.
* Tertiary rock dip angle and direction.
* Late-Paleozoic—early Mesozoic paleothermal anomaly.
3. Geophysical:
» Bouguer gravity anomaly.
* |sostatic residua gravity anomaly.
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» Total residual field geomagnetic anomaly.

» Geothermal conductivity.

» Geothermal gradient.

 Crustal heat flow.

» Geothermal wells and springs temperature.
4. Geochemical (and related):

» K/Na,Ba/lNa, U/Th, Fe/Al, LalK, Sc/Fe, Sc/V, K, Al, As, geochemical anomaies(NURE

data).

* Igneous rock major element analyses (PETROS).

* Igneous rock radiometric age dates (RADB data).

» Mineralization (metallic deposits) radiometric age dates.
5. Geographic:

» Topographic elevation.

» Shaded relief of topography.

» Degree of topographic slope.

The suitability of each map as mineralization evidence was determined intwo steps. Inthefirst,
initial evaluation was carried out using standard GIS analysis techniques, such as point-in-
polygon analysis, interactive query and visual map inspection. Insomeinstances, multi-map area
cross-tabulation overlays and histogram generation were performed to investigate spatial
associations in greater detail (see Bonham-Carter, 1994a, p. 238-264, for a discussion of these
techniques). In the second step, the evidence maps that were found to be promising deposit
indicators in the first step were measured for their spatial associations with respect to the
occurrences (as described in chapter 4 and detailed in Appendix B). The maps that displayed
clear and strong spatial associations were selected for forma analysis and modelling, and
include:

* Lithologic.

« Diversity of lithologic units.

* Lithotectonic terrane.

» Mesozoic pluton distance buffers.

* Cenozoic fault distance buffers.

* |sostatic residua gravity anomaly.

» Total residual field geomagnetic anomaly.
» K/Nageochemical anomaly.

» Ba/Nageochemical anomaly.

The maps that were found unsuitable for weights of evidence mineral potential modelling were
rejected for one or more reasons:

1. Spatia correlations with the occurrences were either nonexistent (or not evident), poorly
developed, or not readily interpreted. Many maps were consequently rejected, including
the LANDSAT linear-features maps, the highly-extended terrains map, the deep-seated
basement fracture system distance buffer map, the thrust-front distance buffer maps, and
the Bouguer gravity anomaly map. Distance buffersaround certain lithol ogic unitsseemed
alogical choicefor modelling, but most of these maps had poorly devel oped or ambiguous
spatial correlations.
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2. Some layers of evidence carried broadly similar types of deposit predictor/indicator
information. These include the igneous composition-slice and time-slice maps, the
Mesozoic pluton density map, the mineralization radiometric age date map, and the
topographic slope map (which interestingly is spatially correlated with the fault distance
buffer and lithologic diversity maps).

3. Thespatial datadensity wasinsufficient or thedistributiontooirregular to produce awell-
constrained evidence map. In such instances, it was not possible to determine if the
inadequate data distribution was due to sampling bias or some other unknown controls.
Much of the geophysical data were rejected on this basis, in particular the heat flow and
other maps of geothermal measure, and the crustal thickness map. The PETROS major
element igneous rock geochemical data were also rejected because, while being fairly
uniform in distribution for the western United States, were not nearly dense enough.

4. Integrity problems with the source data. Most of the NURE geochemical data were
unuseabl e or rejected on this basis (see footnotes for section 6.7.1).

The evidence maps considered unsuitable for formal analysis and modelling provided essential
support for interpreting model output, developing metallogenic hypotheses, and illustrating
various geologic spatial associations. In particular, the shaded relief topographic map played a
critical role in delineating the crustal structures proposed in chapter 8 to control the regional-
scale distribution of sedimentary and volcanic rock-hosted occurrences in the Nevada Great
Basin.

5.4 Error, Data Accuracy and Limitations

5.4.1 Error Sources

Uncertainty of various types are inherent to spatial data, as well as its accompanying attribute
data. Error associated with spatial data may be subdivided into two broad categories: (1)
cartographic or positional error, and; (2) thematic or attribute error (Veregin, 1989; Chrisman,
1991). Aronoff (1989) cited six common sources of error encountered in using a GIS:

1. Data collection—errorsin field data collection, in existing maps used as source data, and
in the analysis of remotely sensed data.

2. Datainput—inaccuraciesin digitizing, and fuzziness inherent in the edges of geographic
features.

3. Data storage—insufficient numerical precision and spatial precision.

4. Data manipulation—inappropriate class intervals, boundary errors, error propagation as
multiple overlays are combined, and slivers due to polygon edge-matching problems.

5. Data output—scaling inaccuracies, error caused by inaccuracy of the output device and
caused in medium instability.

6. Use of results—the information may be incorrectly understood or inappropriately used.

Thematic, or attribute data are complementary to positional data, and describe something about
the spatial object or characterize some phenomena occurring at that location (i.e—an anomaly
inthe geomagnetic field) . These datamay be discrete or continuousin nature (Aronoff, 1989).
Error associated with attribute data can include (1) the misclassification of nominal data such
as a geologica unit, (2) incorrectly ranked ordinal data such as metamorphic grade, (3)
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incorrectly determined ratio data such as the length of a fault, (4) or the misrepresentation of
continuous data by imposing a classification scheme having too many intervals, thereby giving
the impression that the data are more numerous, well distributed, or robust than they might be
(Flowerdew, 1991). Many errorsof thistype may result from logical inconsistencies, such asin
the misclassification of ageological unit by afield mapper, or from interpolation and estimation
processes (Chrisman, 1991). For example, Morgan and Gosnold (1989) pointed out that making
geophysical heat flow determinationsis not aroutine procedure. Many local factors can affect
ameasurement, such astopography, variationsin ground-surface temperature, lateral variations
in thermal conductivity and conductivity anisotropy, ground-water flow in the measurement
interval, and a host of other conditions. With regard to gold-silver content of mineral deposits,
Wilkins (1984) indicated that the past methods and practices of determining and recording
production and reserves impact significantly on the accuracy of the figures.

5.4.2 DataLimitations

Dataquality and accuracy problemsof the nature outlined above are not unusual to many of the
datasets compiled for this study. Quality and accuracy metadata of some form should exist for
every GIS dataset, but, unfortunately, not every dataset compiled for this analysis was
accompanied with metadata. A good deal of caution was exercised when collecting datasets.
Error detection and correction was performed throughout all aspects of assembling and
compiling both digital and analog data. Where necessary, hard copy of the data or the dataset
author was consulted. The consegquences of mismatch between point and polygon locational
accuracy were also assessed (e.g—the proportion of volcanic or sedimentary rock-hosted
occurrences not falling within their respective rock-type map units; see discussion at the bottom
of section 6.4.3). It was not practical or possible to test the integrity of every aspect of every
dataset to the fullest extent. At some point in the quality control process, the data had to be
trusted and its overall quality understood. Despite such limitations and inherent errors, these
datasets present areasonabl e representation of the various geol ogic characteristics of thisregion.
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Chapter 6. Single Map Analysis, I nterpretation, and
Mineral Predictor Map Generation

6.1 Introduction

Chapter 6 isan analysis of the mineral potential evidence. It representsthefirst of three stages
of model building, the model formulation or specification stage (Chatfield, 1988; see section
1.4). The material reviewed in this chapter constitutes the first of two procedures that compose
theweightsof evidencemineral potential modelling method, graphicallyillustratedin Figure4.1
asprocedure”i”. The spatial associations between the gold-silver-bearing occurrences and the
multi-class mineralization evidence maps were established and measured, and the significance
of therelationshipswasdetermined. Binary-classminera predictor maps(“ layersof evidence”)
were created from the mineralization-favorabl e units composi ng the multi-class evidence maps.
The second and third stages of model building, parameter estimation or model fitting and model
validation, are addressed in chapter 7, where, in procedure ii of weights of evidence modelling,
the predictor maps were combined in a multi-map overlay using a loglinear formulation of
Bayes Rule to generate various mineral potential maps. In chapter 8, the results of the
modelling exercises carried out in chapters 6 and 7 are discussed and interpreted with respect to
geology and metallogenesis.

Most of the material presented in chapter 6 follows a standardized format. Datasets of like
character are grouped together and discussed in tandem. The general distribution of the gold-
silver-bearing occurrences is examined in section 6.2. In sections 6.3 through 6.7, the
distribution of the occurrences is analysed with respect to lithology, lithologic diversity and
lithotectonic terranes, proximity to faults and plutons, and geophysical and geochemical
anomalies. With the exception of 6.2, each section is consists of:

1. Introduction
» Summary overview of the dataset(s), its relevance to gold-silver-bearing occurrence
genesis and/or distribution.
* A short statement highlighting the main points of theanalysis carried out in that section.
2. Distribution and Spatial Association of gold-silver-bearing Occurrences
» Examination and analysis of occurrence distribution with respect to the evidence maps.
» Examination and analysis of the spatial associations between the occurrences and the
evidence maps.
» Reclassification of multi-class evidence map to binary-class mineral potential predictor
map.
3. Interpretive Synthesis
 Results from the previous section are interpreted and discussed in context of regional-
and local-scale geol ogy, tectonism, and magmatism.
« Significance of the evidence as amineral occurrence predictor is assessed.

Under each of these headings, analysis and discussion usually proceeds sequentially—firstly
from * primary occurrences’ (all sizes and types, as a group), secondly to “ sedimentary rock-
hosted occurrences’ , and thirdly to “ volcanic rock-hosted occurrences’ .
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The overall conclusion of the analyses carried out in this chapter is that the gold-silver-bearing
occurrencesin Nevadacan be subdivided into two broad mineral deposit types—sedimentary and
volcanic rock-hosted—as demonstrated by very different behavior in terms of their spatial
distributions and geologic associations. Collectively, the geologic features spatially associated
with the occurrences suggest that their respective regional-scale distributions are controlled in
large part by two separate and distinct fundamental crustal-scal e structures (or setsof structures).
These structures—the Walker Lane shear zone and presumed northeast—southwest-trending
regional-scal e structures in northern Nevada (appearing to control the distribution of volcanic
rock-hosted occurrences) and presumed northwest—southeast-trending regional-scal e structures
incentral-north-central Nevada (appearing to control thedistribution of sedimentary rock-hosted
occurrences)—areintroduced in thischapter. In chapter 8, these arefurther developed intofirst-
order constraints on the distribution of sedimentary and volcanic rock-hosted occurrences.

6.2 Gold-Silver-Bearing Occurrences

6.2.1 Introduction and Summary of Findings

Section 6.2 serves as ageneral introduction to the regional-scal e distribution of the gold-silver-
bearing occurrences in space. No formal analyses or comparisons are made with respect to
mineral potentia evidence.

Theprincipal findingsof theanalyses carried out in thissection include: (1) gold-silver-bearing
occurrences in general have an affinity for the western half of the Great Basin (the central and
western portions of Nevada); (2) the distribution of volcanic rock-hosted occurrences forms a
semi-circular pattern which stretches across northern, northwestern, western, and southwestern
Nevada; and (3) the sedimentary rock-hosted occurrences form a roughly ovoid distribution
pattern in the central and east-central region of northern Nevada, which “ cores’ the semi-
circular distribution pattern of the vol canic rock-hosted occurrences. Inaddition, spatial density
maps of the precious and base metal occurrences, as well as map patterns of a number of other
geological datasets, show an overall “ U” -shaped pattern to the distribution of precious metal
mineralization. Distributions (2), (3), and the “ U” -shaped pattern may reflect regional-scale
lithotectonic features and/or crustal structural zones.

6.2.2 Distribution of Gold-Silver-Bearing Occurrences

The spatial point distribution of the primary occurrences is shown in Figure 6.1. The point
distributions of the sedimentary and vol canic rock-hosted occurrences are shown in Figure 6.2.
The occurrences appear to be preferentially concentrated in the western half of the Great Basin
(western and central Nevada), especially the large and medium size occurrences. The volcanic
rock-hosted occurrences form a semi-circular distribution pattern along the northern, western,
and southwestern borders of Nevada. The distribution of the sedimentary rock-hosted
occurrencesformsaroughly ovoid pattern, which, by and large, is encompassed by the volcanic
rock-hosted occurrences, forming a sedimentary rock-hosted occurrence “ core” region in
relation to the semi-circular volcanic rock-hosted occurrence distribution. Sedimentary rock-
hosted occurrencesare a so notably scarcein theregion of the Walker Lane shear zone (seeFigs.
1.3 and 6.2), where vol canic rock-hosted occurrences tend to be concentrated.
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The density of gold-silver-bearing occurrencesis compared and contrasted to the density of all
types of metallic mineral occurrencesin Figure 6.3. Thefirst-order density distribution pattern
confirms the affinity of the occurrences for the western half of the Great Basin (central and
western Nevada), as observed in Figures 6.1 and 6.3. Many of the occurrences appearing in the
eastern half of the Great Basin (eastern Nevada and western Utah), in particular those in the
southeast along the border of Utah, represent base-metal deposits (e.g—Ph-Zn polymetallic
replacements) that are silver-rich, having “Ag” listed astheir primary commodity in MRDS. If
these were removed from the gold-silver-bearing occurrences density map, the western affinity
would be even stronger. A western affinity is also recognized for occurrences having:

» “Lighter metals’ listed as the primary commodity—*lighter” defined here as having a
density generally much less than 7 g/lcm?, and “metal” as classified on the periodic table of
elements. Theseinclude (in ascending order of density in g/cm®): Li, Na, Mg, Be, A., Ba,
Ti, As (asemi-metal), V, and Sb.

» Mo or W listed as the primary commodity.

» U or Th listed as the primary commodity (although this association does not appear to be
particularly strong).

Theeastern half of the stateisdominated by occurrences having base metals, in particular Pband
Zn, astheprimary listed commodity. Theoccurrencesinclude polymetallic replacements, which
haveastrong eastern affinity, and Pb-Zn skarns, which asadeposit type are not well represented,
but appear to have aweak eastern affinity aswell. Whileit appearsthat occurrences having base
metalslisted astheir primary commodity may be more common in the eastern half of the Great
Basin (eastern Nevada and western Utah) than those having precious or “lighter” metals listed
asprimary commodities, thedensity map for all metallic mineral occurrences(Fig. 6.3) indicates
that, in general, the western half of the Great Basin (central and western Nevada) is host to a
greater number.

Second-order density distribution patterns show that gold-silver-bearing occurrences are
noticeably concentrated in the central part of the Walker Lane shear zoneregion, andinaregion
in the northwestern quadrant of Nevada known asthe “ Battle Mountain heat high” (Fig. 6.3; see
sections 2.6 and 2.7). Based on the distributions of occurrences in Figure 6.3, the elevated
density intheWalker Laneregion probably representsaconcentration of predominantly volcanic
rock-hosted occurrences, while sedimentary rock-hosted occurrences contribute more to the
higher density regions in northern Nevada (Fig. 6.2). Hot-spring-type Au-Ag and Hg mineral
occurrences have strong affinity for the“heat high” region. Gold-silver-bearing occurrencesare
distinctly lacking al ong an axistrending northwest-southeast through the central part of thestate,
extending from amost conspicuous region in southernmost Nevada known as the * amagmatic
zone” (Fig. 6.4), afeature which is related to the closure of the “ Laramide magmatic gap”

around 22 Ma and represents the southern termination of the southwestward sweep of Tertiary
magmatismintheGreat Basin (McKee, 1971; Blakely and Jachens, 1991; also seesection 2.5.1).
This axis of occurrence-scarcity is better resolved in the density map of all metallic mineral
occurrences. Themetallic occurrencesform somewhat of a“U” -shaped or * hor se-shoe-shaped”

distribution around this axis, as illustrated in the inset in Figure 6.3, entitled “ Generalized
Distribution”.
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6.2.3 Correlationsand Interpretive Synthesis

Themost prevalent occurrencedistribution patternsthat emergefrom the observationsaboveare:
(1) the eastern versus western affinity for Au-Ag primary commodity (western) and base-metal
primary commodity (eastern) occurrences, and sedimentary rock-hosted (eastern) and volcanic
rock-hosted (western) occurrences; (2) the roughly ovoid sedimentary rock-hosted occurrence
distribution that “ cores’ asemi-circular volcanic rock-hosted occurrence distribution, and; (3)
the generally “ U” -shaped or “ horse-shoe-shaped” overall distribution pattern of occurrences
(includes al types of mineralization).

The east-west distribution character observed in the precious-metal-bearing and non-precious-
metal occurrencesis consistent with the observations of Roberts (1966), that Nevada contains
two distinct metallogenic provinces—an eastern base-metal province and a western precious-
metal province (see Fig. 1.3). The eastern province is characterized by deposits of Pb-Zn and
peripheral by-product precious metal producers, whereasthe western province hosts W, Hg, Sb,
and primary precious metal producing deposits (Roberts, 1966, Shaweand Stewart, 1976). This
regional east-west distribution has generally been ascribed to the compositional makeup of the
crust—theeastern base-metal sub-province coincideswith the eastern carbonate assemblage (the
miogeoclinal facies) of the Cordilleran Geosyncline, and may also be related to the presence of
Precambrian crystalline basement; the gol d-silver occurrencesof thewestern precious-metal sub-
province are located in the western siliceous assembl age (the eugeosynclina facies), and may
be related to crust composed of volcanic rocks and accreted arc and oceanic terranes (Roberts,
1966, Shawe and Stewart, 1976) (see section 3.5). In regional-scale investigations conducted
by Albers (1981, 1983) and Hutchinson and Albers (1992), it was found that non-placer gold-
producing mines and districts in the Cordillera occur preferentially in accreted oceanic and
island-arc terranes, whereas silver-rich deposits exhibit an even stronger preference for the
craton, with the exception of northwestern Nevada, where deposits of both metal s are common.
Tooker (1983, 1985) and Hutchinson and Albers (1992) concluded that the marked east-west
regional terrane preference of the precious-metal (Au) and base-metal (including Ag) deposits
isdueto different sourcerock which provide different metal sfor the two deposit-type suites (for
additional information, see sections 3.5 and 3.6).

The sedimentary rock-hosted and vol canic rock-hosted occurrence point distributions observed
here (Fig. 6.2) are the same as those described by Cox et al. (1991) and Ludington et a. (1993)
(seeFigs. 3.1 and 3.2). Ludington et al. (1993) referred to the semi-circular distribution of the
vol canic rock-hosted occurrences asthe “ epithermal crescent” , and noted that the sedimentary
rock-hosted occurrences are distributed in a roughly ovoid area inward from the crescent,
forming a circular “core’” of sedimentary rock-hosted deposits in north-central to eastern
Nevada. Thisarrangement, wrote Cox et al. (1991), suggests that the tectonic environment in
which the volcanic rock-hosted occurrences formed appears to preclude the simultaneous or
subsequent formation of the sedimentary rock-hosted occurrences, irrespective of the presence
of suitable host rocks. This observation led Cox et a. (1991) and Ludington et al. (1993) to
conclude that the sedimentary rock-hosted occurrences, as a group, are probably older than the
vol canic rock-hosted occurrences (>27 Maversus <27 Mafor the vol canic rock-hosted; seeFig.
3.2).

The “ U” -shaped or “ horse-shoe-shaped” distribution of the metallic occurrences (Fig. 6.3)
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represents the superpositioning of sedimentary and volcanic rock-hosted distribution patterns.
The southwestern limb of the“ U” is delineated by occurrences in the Walker Lane belt. The
northeastern limb is delineated by occurrences that lie primarily along the Battle Mountain-
Eureka (Cortez) and Carlin trends (sedimentary rock-hosted occurrences). The “hinge” region
of the“ U” is delineated by occurrences that cluster around the region of the Battle Mountain
heat high and extend northeastward across northern Nevada (vol canic rock-hosted occurrences,
including sedimentary rock-hosted occurrences in north-central Nevada). The “ U” -shaped
occurrence distribution pattern could be due to sampling bias, or it may be an artefact of the
technigues used to render the maps of the density distributions. However, this distribution
resembles (to varying degrees) map patterns that appear in a number of other regional-scale
geological datasets compiled for this study (Fig. 6.5), suggesting that the distribution may be
related to regional-scale lithotectonic and/or crustal features.

The* U” -shaped occurrence distribution appearsto follow prominent northwest-southeast and
northeast-southwest structural trends visible in shaded relief of topography (Fig. 6.6; also see
Fig. 1.2). The*hinge” region occurrencescoincidewiththeintersection of thesetrends (compare
Figs. 6.3, 6.5, and 6.6). Giventhesegeneral observations, itisnot unreasonableto consider that
the sedimentary rock-hosted occurrences may be controlled by regional-scale structural zones
that parallel the Battle Mountain-Eureka (Cortez) and Carlin mineral trends in north-central
Nevada, whereas the volcanic rock-hosted occurrences could be controlled by the
northwest—southeast-trending Walker Lane shear zonein western Nevadaand possibleregional -
scale structures trending northeast-southwest across northern Nevada. Similar proposals,
particularly for the control of mineralization along the Battle Mountain-Eureka (Cortez) and
Carlin trends, have been madein various studies, asreviewed in chapter 3 (section 3.4 and 3.6).
The control of the Walker Lane shear zone over the distribution of volcanic rock-hosted
occurrences is well recognized (see Cox et a., 1991). Of specia interest is the
northeast—southwest-trending distribution of volcanic rock-hosted occurrences across northern
Nevada. No structural zoneiscommonly cited or recognized as acontrol over thisdistribution.
The presence of a regional-scale structural feature may be reflected in the metallic minera
occurrence density maps (see Fig. 6.3), where a broad but clearly linear distribution of
occurrences extends northeastward and southwestward away from the region of the Battle
Mountain heat high (compare Fig. 6.3 to 6.5g and 6.5h). Along thistrend, in abelt similar in
width to the Walker Lane shear zone, sub-parallel linear features are visible in shaded relief of
topography (Figs. 6.6 and 1.2). The most readily recognized feature of comparable position,
orientation, and dimension is the “Humboldt gravity zone”, a broad and diffuse Bouguer and
isostatic gravity anomaly high (Mabey et al., 1983). The origin of this zone, or what it
represents, is controversial and uncertain (literature on this feature is sparse). If the Humbol dt
zone marks some type of broad crustal structure, it might exercise some degree of control over
the regional-scal e distribution of mineral occurrencesin northern Nevada. The Humbol dt zone,
and other possible controls over the regional-scale distribution sedimentary and vol canic rock-
hosted mineralization, are investigated in greater detail in subsequent sections in this chapter,
and chapters 7 and 8, where the occurrences are analysed with respect to various geologic
phenomena.
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6.3 Lithology

6.3.1 Introduction and Summary of Findings

The distribution and spatia association of the gold-silver-bearing occurrences in relation to
lithology is examined in this section.

Lithology isrepresented intwo maps, the geol ogical map of Nevada (Stewart and Carlson, 1978;
Turner and Bawiec, 1991; Fig. 6.7) and alithologic assemblage map (Fig. 6.8). The geological
map of Nevada contains 101 lithologic units. The assemblage map contains 20 units and is
generalized from the geological map (see Appendix A). Special treatment was given to the
lithology map. Single-layer-of-evidence (i.e—lithology) mineral potential maps, highlighting
thelithologic unitsthat have the highest posterior probability of hosting occurrences of various
sizesand types, wereprepared tofacilitateinterpretation and ill ustrate the geographi c component
of the distribution of the occurrences. Maps showing only the high-potential lithologic units
were created as well.

The principal resultsof the analyses conducted in thissectionindicatethat: (1) most of thegold-
silver-bearing occurrences are hosted by marine and/or shelf carbonates of |ate Precambrian to
late Paleozoic age, or by felsictointermediate and intermediateto mafic extrusiveand intrusive
rocksof early Mesozoicto late Cenozoic age; (2) most of the medium and large size sedimentary
rock-hosted occurrences are hosted by early to mid-Paleozoic marine and shelf assemblages,
whereas most of the medium and large size volcanic rock-hosted occurrences are hosted by late
Cenozoic felsic to intermediate extrusive and intrusive assembl ages; (3) sedimentary rock-type
lithol ogies display a stronger spatial association with occurrences of all sizes and types than do
volcanic rock-type lithologies, whereas for large and medium size occurrences of any type,
sedimentary and vol canic rock-typelithol ogies have about the same degree of spatial association
with the occurrences; (4) most of the units composing thefaciestransitional between the eastern
carbonate assemblage and western siliceous assembl age (specifically units St, Ot, Ct, CZS, Zw,
and OCt) have strong spatial associationswith the occurrences; (5) the sedimentary rock-hosted
occurrences have the strongest spatia association with lithologic units composing the western
siliceous and transitional assemblages (specifically units Os, Ch, Osv, &, and Ct); (6) the
volcanicrock unitscomposing the 6-17 Matime-slice of Stewart and Carlson (1976) arestrongly
correlated with the volcanic rock-hosted occurrences, and these units are broadly distributed
along the Walker Lane shear zone and Humboldt zone; (7) the volcanic unit Tmi (Tertiary
intrusive rocks of intermediate to mafic composition) has the strongest weight of spatial
association with vol canic rock-hosted occurrences; (8) lithologic units strongly correlated with
small size occurrences of any type are generally more widely distributed across Nevada, and are
located in the eastern (carbonate) assembl age and western (siliceous) assemblage, in the Walker
Lane shear belt, and along the trend of the transitional assemblage; (9) lithologic units strongly
correlated with large size occurrences of any type are generally less widely distributed across
Nevada, and are located in the eastern (carbonate) assemblage, and particularly, in the Walker
Lane shear zone belt; (10) the distribution of lithologic units strongly correlated with medium
Size occurrences of any type isweakly gradational between the distributions observed for units
correlated with small and large size occurrences, but bears slightly more similarity to the
distribution of the units correlated with large size occurrences; (11) spatial correlations suggest
that small size occurrences of all types are hosted by awider variety of lithologiesthan big size
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occurrences, and overall, that big size occurrences in general should form in units that show a
different geographic distribution, and to some degree, a different composition than those units
that would host small size occurrences.

The most important result of thisinvestigation with respect to training datasets and the analyses
carried out in the remainder of this chapter, isthat (1) the large and medium size occurrences
exhibit similar lithologic affinities and map patterns and, therefore, may be treated as a group
(the sample of “big” occurrences), rather than astwo separate samples, and (2) the sedimentary
rock-hosted and vol cani c rock-hosted samplesare better treated astwo single samplescomposed
of all sizes of their respective occurrences, rather than being subdivided into their respective
large, medium, and small sub-samples(in part because of thelow number of occurrencesmaking
up both the large or medium samples).

6.3.2 Distribution and Spatial Association of Gold-Silver-Bearing
Occurrences

Thereview of occurrence distribution presented bel ow excludes occurrencesthat are apparently
“hosted” by unconsolidated or semi-consolidated Quaternary cover units(valley fill), suchasQa
(a@luvium), Qp (playa, etc.), Qls (landslide), Qm (moraine), and QToa (older alluvium) (see
Appendix A for adescription of theseunits). Therelatively high number of occurrencesfalling
within Quaternary cover unitsis discussed in the interpretations section below.

The most common group of like-lithologic assemblages hosting all sizes and types of
occurrencesare themarineand/or shelf carbonatesof |ate Precambrianto late Paleozoic age (Fig.
6.9, dashed box). Approximately 34% of all occurrences, and ~29 % of the medium and large
size occurrences, fall within these four assemblage units. Of these four units, the greatest
number of large and medium size occurrences (~20%) are hosted by the early to mid-Paleozoic
marine and shelf assemblage. The single lithologic assemblage unit with the greatest number
of occurrencesisthelate Cenozoicfelsictointermediate extrusiveand intrusive assemblage unit,
hosting nearly 15% of all and nearly 32% of the large and medium size. Therank of individual
lithologies relative to the number of occurrences hosted is shown in Figure 6.10. Unit Tt2
(Tertiary silicic ash-flow tuffs) hasthe greatest number of occurrences, hosting over 11%. Most
of thelarge and medium size occurrences (almost 20%) are hosted by unit Ta3 (Tertiary andesite
and intermediate volcanic rocks). Thelithologic unit having the highest spatial association with
the occurrences is Pzsp* (Paleozoic serpentinite), due to the fact that it covers only 6 km? but,
hosts 8 occurrences (2 small, 2 medium, 4 of unreported sizein the Candel ariadistrict within the
Walker Lane shear zone; occurrence locations are believed to be accurate) (Fig. 6.11). The
majority of lithologic units with higher W* values (10th percentile and greater W* values;
i.e—W" values ranging from ~0.5 to 5) for spatial association with the occurrences are

! Very limited and local occurrences of serpentinite (unit Pzsp) occur within the Walker Lane belt and in
northern Nevadawithin the region of the Humbol dt zone (asindicated on the 1:500,000 scal e geological map
of Stewart and Carlson, 1978). The limited presence of serpentinite may be genetically significant, possibly
indicating mantleuplift and upward thrusting of mantleslicesthat werestructurally emplaced at shallow crustal
levelsasaresult of alternating compressional -extensional transcurrent movement along the Walker Lane shear
zone (see Vielzeuf and Kornprobst, 1984; Cameron, 1993). Because of Pzsp'ssmall areal coverage, however,
it isrecognized as a highly rated unit but treated as an outlier.
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predominantly sedimentary-type (~40% sedimentary; ~32% volcanic), andisevenmoresoif the
unitsof “mixed” rock typeareincluded (~56% sedimentary; 38% volcanic). Thetopfivehighest
rated units, excluding of Pzsp!, consist of mainly sedimentary rock-type units. For large and
medium occurrences as a group, more volcanic lithologies have strong W* and the lithologies
are split nearly 50%-50% between sedimentary units and volcanic units.

The most common group of like-lithologic assemblages hosting the sedimentary rock-hosted
occurrencetypesarethe marine and/or shelf carbonates of | ate Precambrian to | ate Pal eozoic age
(Fig. 6.12, dashed box). Approximately 51% of all sedimentary rock-hosted occurrences and
~58 % of the medium and large sizefall within these four assemblage units. Of these four units,
aswell asany of the assemblage units, the greatest number of large and medium size sedimentary
rock-hosted occurrences are hosted by the early to mid-Paleozoic marine and shelf assemblage
(50%). The single lithologic assemblage unit having the greatest number of sedimentary rock-
hosted occurrences is the early to mid-Paleozoic marine and shelf assemblage, hosting nearly
34% of all and 50% of thelarge and medium size. Therank of individual lithologiesrelativeto
the number of sedimentary rock-hosted occurrences hosted is shown in Figure 6.13. Units Os
(Ordovician clastics, metamorphics, carbonates) and St (Silurian limestone, limy clastics, cherts)
have the greatest number of sedimentary rock-hosted occurrences, hosting over 29%. The
lithologic unit having the highest weight of spatial association with sedimentary rock-hosted
occurrences is St (Silurian limestone, limy clastics, cherts) (Fig. 6.14), part of the facies
transitional between the eastern carbonate assembl age and western siliceous assembl age (seeFig.
2.9). Most of the other units composing the transitional assemblage (i.e—Ot, Ct, CZs, Zw, and
OCt) also have strong associ ations with the gol d-silver-bearing occurrences in general (seeFig.
6.11).

The most common group of like-lithologic assemblages hosting the volcanic rock-hosted
occurrencesarethefelsictointermediate and intermediate to mafic extrusive andintrusiverocks
of early Mesozoic to late Cenozoic age (Fig. 6.15, dashed box). Approximately 49% of all
vol canic rock-hosted occurrences and ~66 % of the medium and large sizefall within thesethree
assemblage units. Of these three units, as well as any of the assemblage units, the greatest
number of large and medium size volcanic rock-hosted occurrences is hosted by the late
Cenozoicfelsictointermediate extrusiveand intrusiveassemblage (~60%). Thesinglelithologic
assembl age having the greatest number of vol canic rock-hosted occurrencesisthelate Cenozoic
felsic to intermediate extrusive and intrusive assemblage, hosting 40% of all and over 60% of
thelarge and medium size. Therank of individual lithologiesrelative to the number of volcanic
rock-hosted occurrences hosted is shown in Figure 6.16. Units Tt2 (Tertiary silicic ash-flow
tuffs), Ta3 (Tertiary andesite, intermediate rocks), and Tr3 (Tertiary rhyolite flows and shallow
intrusives) havethegreatest number of vol canic rock-hosted occurrences, hosting approximately
50% of all and over 50% of the large and medium size. The lithologic unit having the highest
weight of spatial association with volcanic rock-hosted occurrencesis Tmi (Tertiary intrusive
rocks of intermediate to mafic composition) (Fig. 6.17). Other related intrusive rocks (Tri and
Ti) also haverelatively strong associations with all occurrences, aswell as some plutonic rocks
of Triassic (Tgr and TJgr) and upper Cretaceous age (Jgr, KJd, Mzgr, and Kgr).

Based on the above relationships, three lithology mineral potential predictor maps were
produced: (1) aternary-class map composed of low, medium, and high units of favorability for
hosting primary occurrences (Fig. 6.18); (2) a binary-class map of favorable units for hosting
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sedimentary rock-hosted occurrences (Fig. 6.19); and, (3) abinary-class map of favorable units
for hosting vol canic rock-hosted occurrences (Fig. 6.19). The high number of units composing
the lithology map (101), and the minuscul e area covered by the most favorable units (e.g.—the
four highest rated units cover 202 km? ~0.07 % the area of Nevada), necessitated the
combination of groups of high favorability lithologic units (typically 7-15 units) into single
favorability units for the predictor maps.

6.3.3 Correlationsand Interpretive Synthesis

Thespatia associationsfor the occurrence samplesdiscussed abovewere used to create posterior
probability mapsfor the small, medium, and large size occurrences, and are presented in Figure
6.20. These maps highlight in bulk lithologic units that are most highly correlated with the
occurrences, and those unitswhich host more occurrencesthan would be expected due to chance
(that chance being the prior probability, see chapter 4 for moreinformation). Thesesingle-layer-
of-evidence posterior probability mapsare used to detail and interpret the geographic component
of the distribution of the spatial association data with regard to the lithologic units, which is
lacking in the histograms presented above. The maps subdivide the lithologic unit posterior
probabilitiesinto six intervals—the lower valuesinto larger and roughly equal areas (white and
grey), and the higher values into smaller and roughly equal areas (blue, green, yellow, and
red)—so as to highlight the distribution of those units with higher potential.

Thedistribution of lithol ogies having high posterior probabilities of hosting small, medium, and
large size occurrences forms acontinuum in map pattern between the small and large occurrence
end members (Figs. 6.20a and 6.20c). Relative to the medium and large size occurrence
posterior probability maps, the lithol ogies having a high posterior probability of hosting small
size occurrences (Fig. 6.20a) are in general more widely distributed across the region, and
displays a posterior probability high (red) which is both smaller in area coverage and different
in geographical extent than the highs of the medium and large maps (Figs. 6.20b and 6.20c). The
small occurrences map highlights units of the eastern (carbonate) assemblage and western
(siliceous) assemblage, unitsin the Walker Lane shear belt, and especially unitsthat parallel the
trend of the transitional assemblage (see Figs. 1.3, 2.3, and 2.9). Lithologies having a high
posterior probability of hosting large size occurrences (Fig. 6.20c) are generally lesswidespread
compared to the small occurrences map, and are preferentially located in the Walker Lane and
eastern (carbonate) assemblage. Lithologic unitsintheWalker Lane shear zone haveparticularly
high (red) posterior probabilities for hosting large size occurrences. The distribution of
lithol ogies having a high posterior probability of hosting medium size occurrences (Fig. 6.20b)
isweakly gradational between the distributions of the small and large occurrences maps (Figs.
6.20aand 6.20c), displaying highsin the Walker Lane (similar tolarge occurrencesmap), aswell
asmore highsin central and northwestern Nevada than does the large occurrences map (similar
tothesmall occurrencesmap). Overall, however, the medium occurrences posterior probability
map shares more characteristics with the large occurrences map than it doeswith thesmall. All
three small, medium, and |arge occurrence maps taken together, the lithologic units having the
highest posterior probabilities (red and yellow) are roughly coincident to the aforementioned
“U” -shaped distribution (see section 6.2) of the occurrences—the highest posterior probability
lithologic unitsin the medium and large occurrences map delineating the southwestern limb of
the “U”, the second highest (yellow) posterior probability lithologic units in the large and
(especially) and medium occurrences map delineating the northeastern limb, and the “hinge”
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region of the*U” delineated by the high posterior probability (red and yellow) unitsin the small
occurrences map (compare Fig. 6.20 to Figs. 6.3 and 6.6).

The specific lithologies making up the higher posterior probability unitsfor the small, medium,
and large size occurrences are shown in Figure 6.21. These lithologic units represent those
having an“ elevated” posterior probability.? These mapsshow essentially the samedistribution
patterns as the posterior probability maps above (Fig. 6.20), except that they highlight the
lithologies with the highest posterior probabilities. Asaresult, the lithologies shown in these
maps correspond with those having the highest posterior probability (red) on the posterior
probability maps (Fig. 6.20), but are probably morerepresentative of the unitshaving anomal ous
or significant spatial associations with the occurrences. The elevated posterior probability
lithologic unit maps (Fig. 6.21) suggest that the small size occurrences would tend to occur in
a greater number of lithologies (a wider variety) than the medium or larger deposits, but this
observation, though it may be true, isin part seen because of the far greater number of small
(n=2269) occurrences as compared to the medium (n=118) or large (n=59) occurrences.
Therefore, because of their greater number and wider distribution, the small size occurrences
would be expected to be hosted by a greater number (variety) of lithologies. One point which
isof interest istherelative proportion of sedimentary rock-type lithologies versus igneous rock-
type lithologies making up the respective small-medium-large elevated posterior probability
units. The number of sedimentary rock-type lithologies units composing the elevated posterior
probability units hosting small occurrencesisgreater than the number of igneousrock-type units
(10to 7), asopposed to the medium and large occurrence el evated posterior probability lithology
maps which have a greater number of igneous rock-type units (5 to 4 and 5 to 3, respectively;
these countsinclude unit Pzsp, serpentinite). Thisis probably duein part to the greater number
of large and medium occurrences represented in the vol canic rock-hosted sample as compared
to the sedimentary rock-hosted sample.

Thedistribution patternsfor medium and large size occurrences displayed by both the posterior
probability (Fig. 6.20) and elevated posterior probability lithology (Fig. 6.21) maps suggest that
these two occurrence samples may be treated as one sample—the sample of “big” occurrences.
All subsequent analyses were carried out on this one big sample, rather than the two separate
medium and large samples. In addition the lower cutoff for medium-sized occurrences,
~803,768 Troy ounces Au content (and/or ~16,075,375 Troy ounces Ag content), iscloseto the
informal demarcationfor “ giant” “ millionouncer” gold camps. Thelithologieshaving el evated
posterior probabilitiesfor hosting big occurrencesiscompared to thosehaving el evated posterior
probabilities for hosting small occurrences in Figure 6.22. The distribution of lithologies
between these two samples is noticeably different. For the units having an elevated posterior
probability of hosting small size occurrences, the number of sedimentary versus igneous rock-
typelithologiesis 10 to 7 (respectively; ~60% versus ~40% of the total number of lithologies),
whereas for the units having an elevated posterior probability of hosting big size occurrences,
the proportionsare equal (5 sedimentary and 5 igneouslithologies). Only four elevated posterior
probability lithol ogies are shared between the small and big occurrence samples (Tmi, Trk, Zw,

2 For agiven occurrence type or size sample, an elevated posterior probability is defined asthose valueswhich
are greater than (and equal to) the value at the most pronounced upward inflection point on asorted frequency
distribution curve of the posterior probabilities. If more than one inflection point was prominent, the value
closest to the upper ~20-25% fraction of the data sample was chosen.
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and Pzsp; all less than 420 km? in area, and together totalling ~700 km?, or <0.25% of the total
area of Nevada). The lithologies having elevated posterior probability of hosting small
occurrences form a pattern trending roughly north-northeast, and correspond to the trend and
some of the lithologies of the transitional assemblage (Fig. 6.23). Note also that the lithologies
and thetrend correspond to thegeneral north-south occurrencedensity trend, whichispositioned
along the border separating the eastern base metal metallogenic province from the western
precious metal metallogenic province (seeFigs. 1.3, 6.1, and 6.3). Thedistribution of lithologic
units having an elevated posterior probability for hosting big occurrences is correlative to
regionsknownto host larger deposits, such asthe Carlin and Battle M ountain-Eurekatrends, and
inthe Independence group in northeastern and north central Nevada, and along the Walker Lane
(Virginia City-Tonopah), Aurora, and Beatty-Search Light trends (see Fig. 3.3). Overdl, the
elevated posterior probability lithology maps suggest that the lithologies that host big
occurrencesaredifferent intheir geographic distribution, and possibly in their composition, than
those that host smaller size occurrences.

The particular lithologies having elevated posterior probabilities for hosting sedimentary rock-
and volcanic rock-hosted occurrences are shown in Figure 6.24. The distribution patterns for
both of these elevated posterior probability lithologic unit maps reflect the distribution pattern
of the occurrences (compare Fig. 6.2) and represent suitable host-rocks. For the sedimentary
rock-hosted occurrences, the lithologic units of elevated posterior probability (Fig. 6.24a) are
composed of nearly equal proportionsof western (siliceous) and eastern (carbonate) assemblage
lithol ogies (~45% and ~48% respectively; compare Fig. 6.24ato 6.23a). However, asindicated
above in section 6.3.2, the sedimentary rock-hosted occurrences have the strongest spatial
association with lithologic units composing the western siliceous and transitional assemblages
(specifically units Os, Ch, Osv, St, and Ct). The western and transitional assemblages are
coincident with the western edge of the Precambrian craton and the Roberts Mountain and
Golcondathrust fronts, which are regional-scale crustal features that may have served to focus
and concentrate mineralizing processes, and is further discussed in sections 6.4.3, 6.5.3, 6.6.3,
and 6.7.3.

For the vol canic rock-hosted occurrences, the lithologic units of elevated posterior probability
(Fig. 6.24b) are particularly correlative to the volcanic units making up the 34-17 Maand 17-6
Maage unitsin Stewart and Carlson's (1976) time-slice maps, as compared in Figure 6.25. The
elevated posterior probability lithol ogies map for vol cani ¢ rock-hosted occurrences presentedin
Figure 6.25ais modified (lower threshold W* value decreased) to include more volcanic units.
Thiswasdonefor the purpose of highlighting the correl ation, but even without thismodification,
Figure 6.24b can still be seen to correlate well with the 17-6 Ma time-dlice volcanic unit of
Figure 6.25b (also see Fig. 6.4). This correlation indicates that the volcanic rock-hosted
occurrences were closely tied to the space-time migration of magmatism across Nevada (as
depicted in time-slice maps of Stewart and Carlson, 1976; Fig. 6.4). Theregiona distribution
trend of the 17-6 Ma time-slice volcanic units parallel the Walker Lane shear zone and the
Humboldt zone (compare Fig. 6.4 to 1.3 and 6.6). Asindicated above and in section 6.2, the
Walker Lane belt and the region of the Humboldt zone region are host to a large number of
important volcanic rock-hosted occurrences (see Figs. 1.3, 3.3, and 6.2). Cox et a. (1991)
suggested that Walker Lane-style (strike-slip) deformation provided the tectonic conditionsthat
permitted the formation of volcanic rock-hosted deposits. In the Humboldt zone, the broad,
linear distribution of volcanic rocks and their associated mineral occurrences suggests that
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similar conditions and regional-scal e structures may have focused magmatic and mineralizing
activity. The high degree of spatial association between the volcanic rock-hosted occurrences
and the vol canic units of the 34-17 Maand 17-6 Matime-sliceimpliesthat mineralization along
the Walker Lane belt and Humbol dt zone took place between 34-6 Ma, with the possibility that
many (most?) formed between 17-6 Ma. The age of volcanic rock-hosted mineralization is
generally within one to several million years of that of the host rocks (see Hutchinson and
Albers, 1992) or less (possibly as little as 50,000 years at Round Mountain; see Henry et al.,
1997).

The Quaternary cover units, especially unit Qa, were “apparently” host to a significant number
of occurrences’. Because of the relatively large areal coverage of these units (139,103 km?
combined, or ~49% of the total area of Nevada), they (particularly Qa) were rated as having a
low spatial association with the occurrences (with the exception of those cover units having
relatively small areas, such asthelandslide or moraineunits). Occurrenceshosted by Quaternary
cover or by unitsother than expected (e.g.—Vvol canic rock-hosted mineralization in sedimentary
rocks, or vice versa) can be explained by (1) mineralization in pediments that are covered by
Quaternary erosional materials, the real host rock possibly being that which lies range-ward of
thevalley-fill sequence, (2) mineralization in sedimentary host-rocks that were later covered by
volcanic sequences (e.g—a mineralized sedimentary unit is stratigraphically below a post-
mineralization volcanic unit, or vice versa), or (3) volcanic rock-hosted mineraization in
sediments or gravel sassoci ated with the geothermal environment (see Table 3.2). Alternatively,
the occurrence points and/or the mapped unit boundaries might be misplotted.

6.4 Lithologic Diversity and Lithotectonic Terranes

6.4.1 Introduction and Summary of Findings

The distribution and spatial association of the gold-silver-bearing occurrencesin relation to the
diversity of lithology (Fig. 6.26) and lithotectonic terranes (Fig. 6.27) isreviewed in this section.
The diversity map measures the spatial complexity of lithology, and was prepared from the
geological map of Nevada (Stewart and Carlson, 1978). The lithotectonic terranes map is a
representation of tectonically juxtaposed accreted terranes, and was prepared primarily from the
maps of Silberling et al. (1987) and Silberling (1991).

In the Great Basin, lithologic complexity, at least in the plan view of amap, isin part a product
of the structural, stratigraphic, and intrusive relationships within a given neighborhood area of
measurement. For example, faults distort, dismember, and rotate structural blocks, disrupt the
continuity of units, juxtapose unrel ated rocks, and expose, end-up, once-horizontal stratigraphic
units. Thegreater thenumber and moreintricate these relationships, the more spatially complex
an area should appear. The purpose of creating a lithologic diversity map is to determine the
degreeof spatial association between mineral occurrencesand such areas, therational ebeing that
structure, stratigraphy, and intrusive activity are important factors contolling mineralization

3 A tota of 226 occurrences, incl uding 5 large and 10 medium size occurrences. Of the total number of
sedimentary rock-hosted deposits, ~13% fall in alluvium and 8% in igneous rock types. Of the total number
of volcanic rock-hosted occurrences, ~9% fall in alluvium and 13% in sedimentary rock types.
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and/or exposing ore bodies (see sections 3.4 and 3.6). Itislikely, therefore, that lithologically
diverse regions should show a high degree of spatial association with the occurrences. This
proposition is supported by the research of Griffithsand Smith (1992), whereit isdemonstrated
that there is a simple linear relationship between geologic diversity and the mineral-resource
diversity. They found that sample units with relatively high diversity are favorable hosts for
metallic ores, as demonstrated by most of the countiesin Nevada (12 of 17) which have ahigh
diversity and are prolific producers of base- and precious-metals. Geologically, Griffiths and
Smith (1992) interpreted this as “ reflecting the complex mixture of igneous, metamorphic, and
sedimentary rocks that accompany metallic ores which, in turn, serves to emphasize the
complexity of processes necessary to provide a good potential for metallic ores and a high
geologic diversity.”

Thelithotectonic terranesin Nevada are composed of Paleozoic and lower M esozoic rocks, and
each have a distinctive geologic history (see Silberling, 1991). The Mesozoic rocks represent
fringing-arc, back-arc basin, and shelf environments with respect to North America (see Fig.
2.4). The Paeozoic rocks are incorporated and remobilized in the Mesozoic terranes, some of
these having pre-Mesozoic emplacement histories (i.e—Roberts Mountain and Golconda
allochthons) (Silberling, 1991). Theterranesarefault-bounded, and the present-day map pattern
is primarily the result of Middle Jurassic to Early Cretaceous thrust and strike-slip faulting,
further modified by faulting, rotation, and tilting in response to Cenozoic extensional tectonics
(Silberling, 1991). See Figure 6.27 for more information.

The principal results of the analyses conducted in this section indicate that occurrences in
Nevada have a strong spatia association with: (1) areas of moderate lithologic complexity,
where the strength of the spatial association generally increases with increasing lithologic
diversity, but declines sharply in areas of moderately-high to high lithologic complexity (an
effect related to lack of occurrences in very small areas of high complexity); and (2) accreted
lithotectonic terranes that may possibly have an intrinsically high gold content (i.e—potential
gold source rocks) and that may also be proximal to possible deep-seated regional-scale crustal
tectonic zones, which could have facilitated the movement of mineralizing fluids and formation
of ore deposits (e.g.—the Walker Lane shear zone, the north—northeast-trending mid-Paleozoic
to mid-Mesozoic overthrust zones of the Roberts M ountain, Golconda, and L uning-Fencemaker
allochthons, and the western margin of the North American Precambrian craton).

6.4.2 Distribution and Spatial Association of Gold-Silver-Bearing
Occurrences

Diversity units#2, #3, and #4 contain the most occurrences (76.5%), and the greatest number of
sedimentary rock-hosted occurrences (nearly 83%) and vol canic rock-hosted occurrences (over
80%) (Figs. 6.28 and 6.29). Thisis becausethey collectively represent 65% of the total area of
Nevada (see solid and dashed linesin Figs. 6.28 and 6.29). Of these three units, #3 containsthe
greatest number of primary occurrences (nearly 31%) and the largest number of big occurrences
(nearly 33%). Unit #4 contains the greatest number of sedimentary rock-hosted occurrences
(nearly 32%). Units #2 and #3 contain most of the volcanic-rock-hosted occurrences (32%
each). Overall, sedimentary rock-hosted occurrences tend toward areas of dlightly greater
lithologic diversity than do the big, small, or volcanic rock-hosted occurrences. The spatial
association between occurrences and lithologic diversity increases with increasing diversity.
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Figure 6.30 shows the strength of spatial association (contrast of W* and W-) between all
occurrences and successive (non-area-cumulative) units of lithologic diversity. Collectively,
diversity units #4-#7 account for ~40% of all occurrences, ~35% of big occurrences, ~44% of
sedimentary rock-hosted occurrences, and ~26% of volcanic rock-hosted occurrences, but have
a combined area of only ~15% of the total area of Nevada. At higher degrees of lithologic
diversity, units #8 to #11, the strength in spatial association between the occurrences and
lithol ogic diversity tapersoff quickly, whichisprobably dueto thefact that these diversity units,
representing ~0.06% of the total area of Nevada, are highly scattered and account for only 3
occurrences (see Figs. 6.26 and 6.28).

The North American miogeocline (NAm) lithotectonic terrane contains the greatest number of
occurrences (35%), primarily by virtue of its large extent (~48% of the total area of Nevada),
followed by the Roberts Mountain allochthon (RM) hosting 16%, and the Jungo (JO, includes
the Fencemaker allochthon) and the Golconda allochthon (GC), which collectively host about
10% of the occurrences each (Fig. 6.31). Most of the big size occurrences are hosted by the
NAmM (~27%) and RM (~26%) terranes, RM consisting of only ~11% of thetotal areaof Nevada.
Thelargest number of sedimentary rock-hosted occurrencesishosted by the RM terrane (~62%)
and by NAm (~23.5%) (Fig. 6.32). Thelargest number of volcanic rock-hosted occurrencesare
hosted by the Cenozoic cover deposits (Cz), JO, and NAm terranes, containing each about 20%
of the occurrences (Fig. 6.32). The lithotectonic units having the overall greatest spatial
association with the primary occurrences samplearethe Paradise (PD), PineNut (PN), RM, and
Sand Sorings (SS) terranes (Fig. 6.33). Big size occurrences show a strong spatia association
for SSand RM, and in particular the PN terrane (accounting of ~13%). The RM terrane shows
the strongest spatial association for sedimentary rock-hosted occurrences, hosting ~62%, while
vol canic rock-hosted occurrences are most strongly associated with the JO (~19%), PN (~14%),
and SS (~8%) terranes.

Based on the above relationships, four binary mineral potential predictor maps were produced;
onefromthediversity of lithology map, and threefrom thelithotectonic terranesmap (Figs. 6.34
and 6.35). Thelithologic diversity binary predictor map is composed of diversity units#4-#11,
representing units favorable for hosting primary occurrences, sedimentary rock-hosted
occurrences, and volcanic rock-hosted occurrences. The lithotectonic terranes map was
reclassified into three separate binary predictor maps, one for each of the three occurrence
samples (primary, sedimentary rock-hosted, and volcanic rock-hosted). All three of the maps
are combinations of two or more lithotectonic terranes.

6.4.3 Correlationsand Interpretive Synthesis

Theincreasein spatial association between occurrences and lithologic diversity with increasing
diversity may reflect ahigher density of structuresthat are thought to control, focus, localize, or
expose mineraization (as expressed at the present-day erosional surface). If the proposition
stated in the introduction to section 6.4 is reasonable—that the lithologic diversity of amap is
dependent on the degree to which various structural, stratigraphic, and intrusive features are
present at the surface within aregion—then areas of higher lithol ogic diversity should represent
(1) areas of post-mineralization exposure, where faulting and other tectonic activity have
revealed crustal sections which host mineral occurrences, and/or (2) regions of “structurally
prepared” host rocks that might facilitate ore formation if mineralizing processes have taken
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place. Thedegreetowhich either one (or acombination) of these possibilitiesisresponsiblefor
thepositivespatia association between lithol ogic diversity and mineral occurrenceswouldlikely
be contingent on the age of mineralization relative to the features or events resulting in higher
diversities. Where mineralization post- (or syn-) dates the events and features responsible for
lithologic diversity, a higher density of faults and intrusives could provide “plumbing” for
mineralizing fluids. If the faults (fault zones?) are presumed to continue at depth, they might
promote upper crust permeability, acting as conduits and pathways for ascending deep-crustal
fluids and magmas, which could contribute heat, metal's, and/or agentsfor gold complexing and
transport (also see sections 2.7.6, 2.7.7, and 3.4). Regions of “structurally prepared” ground
might also expose geochemically favorable stratigraphic units. If mineralization pre-dates
diversity, then the spatial correlation might largely exist by virtue of exposure and exhumation
of ore-bearing units (see for example Wallace, 1991).

In the western United States and Mexico, a number of studies have found correl ations between
the lithotectonic composition of the crust and ore deposit type and metal content (see Roberts,
1966; Albers, 1981, 1983; Campa and Coney, 1983; Tooker, 1983; Titley, 1987, 1989, 1991;
Hutchinson and Albers, 1992; see reviews in sections 3.5 and 3.6). In summary, these studies
indicatethat base-metal, silver, and ferro-alloy mineralization ismorecommonly rel ated to crust
composed of, or underlain by, Precambrian craton, whereas precious-metal mineralization
(particularly gold) ismore often associated with geosynclinal terranes accreted to the craton. In
Nevada, the lithotectonic terranes that have stronger spatial associations with the occurrences
may be composed of country-rocks that could have gold content above that of typical
“background” values. Country-rocks (and rocks at depth) with higher than normal gold content
may be potential source rocks for gold and other ore fluid components, and include mafic
extrusive and intrusive igneous rocks and, in particular, pelitic geosynclinal sequences. Thisis
investigated below.

The RM, GC, and JO terranes (spatially associated with the sedimentary rock-hosted
occurrences) are composed of deep oceanic pelitic (RM and GC) and terrigenous-clastic (JO)
sedimentary sequences(Silberling, 1991). Thegold content of unaltered (sulfide-freeor sulfide-
poor) sedimentary rocksisreported to berestricted to arel atively narrow range, rarely exceeding
5 ppb and generally below 2 ppb (see K orobeynikov and Goncharenko, 1986; Krauskopf, 1979;
Rose et a., 1979; Govett, 1983; Korobeynikov, 1985). In a geosynclina depositional
environment, however, pelitic rocks and terrigenous sequences that have undergone any
alteration, even if only diagenetic, may have comparatively higher gold contents, and could
potentially be a source for gold, especialy if any degree of pyritization has taken place.
K orobeynikov (1985) determined that the gol d content of miogeoclinal -eugeoclinal carbonaceous
black-shales, with respect to associated carbonate, clastic, and volcanic sequences, is el evated
by afactor of 5-10 (6.7-65 ppb), having an estimated average gold content of 14.7 ppb. Pyrite
was found to be the main concentrator of gold in carbonaceous shales and other pelitic rocks,
containing 27-1360 ppb gold (Korobeynikov, 1985). Aureoles of elevated gold content were
controlled by jointing zones, which allowed for influx of diagenetic and other solutions. Given
the depositional and deformational history of the Cordilleran geosyncline, it is not unreasonable
that assume that the geosynclinal sequences, especially those at greater depths, were affected by
a certain amount of alteration, even if only diagenesis (in central Nevada, these units have
attained great thickness, perhaps as much as 15 km at time of deposition; Stewart, 1980;
Dickinson, 1981; also see Fig. 2.9). In Nevada, Nelson (1991) observed that many Carlin-type
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deposits are spatially associated with rock units reported to contain metalliferous marine black
shales, particularly the Vinini, Vamy, Woodruff, and Comusformations. In thisstudy, three of
these units—Vinini (Os), Valmy (Osv), and Chainman (MDs)—are found to host ~30% of the
sedimentary rock-hosted occurrences (Fig. 6.13) and have especially strong weights of spatial
association (Fig. 6.14; also seelegend in Fig. 6.24a). The Vinini formation (Os), in particular,
is highly correlated with the sedimentary rock-hosted occurrences. The pelitic rocks of the
Cordilleran geosynclinemay constitute potential pre-enriched sourcerocksfromwhich, withthe
aid of induced permeability (i.e—faults, fractures, stockworks, breccias), gold and other metals
werescavenged. Thisisconsistent with thefindingsof Hofstra(1997) and Hofstraet a. (1991),
where new and existing sulfur isotope data from various Carlin-type gold deposits were
examined (deposits include Jerritt Canyon, Getchell and Twin Creeks, Carlin, Post-Betze,
Alligator Ridge, Gold Pick, Chert Cliff, Mercur, Melco, and the Lone Tree distal -disseminated
deposit). Hofstra(1997) concluded that the bulk of §**Svaluesindicatethat H,Sintheorefluids
wasderived from avariety of sedimentary sources (valuesfrom Jerritt Canyon, Carlin, and Gold
Pick are high enough to effectively exclude amagmatic source). Gold and sulfur may have been
scavenged from the Cordilleran geosyncline sedimentary pile by deeply circulating meteoric
fluids (Hofstra, 1994, 1997; Ilchik and Barton, 1997) or from ascending fluids derived from
metamorphic devolatilization at depth (Seedorff, 1991).

The PD, SS, and PN terranes (associated with the volcanic rock-hosted occurrences) are all
mainly volcanogenic, with varying degrees of intermediate-mafic rocks and basinal strata
(Silberling, 1991). Tilling et al. (1973) reported that unaltered igneous rocks, particularly rocks
of intermediate or silicic composition, have a rather restricted range in gold content, rarely
exceeding 10 ppb and generally well below 5 ppb, but that mafic rocks tend to have more gold
than felsic and intermediate rocks in both plutonic and vol canic suites (al so see Gottfried et al .,
1972; Korobeynikov, 1986; Korobeynikov and Goncharenko, 1986). The presence of basalt or
gabbro might have acted as a pre-enriched source rock, from which circulating hydrothermal
fluids could have scavenged gold. However, Tilling et a. (1973) concluded that the
concentration of gold in apotential sourcerock isatrivia factor, and that the differencesin gold
content among common rock types is too small to consider any particular rock type a more
favorable source of gold than another (also see Keays and Scott, 1976).

The lithotectonic terranes that have stronger spatial associations with the occurrences are also
coincident with deep-seated regional-scale crustal tectonic zones. As previously discussed in
chapter 3 (section 3.4) and earlier in this section, zones of structural deformation could facilitate
vertical and lateral fluid movement, as well as promote fluid-wall rock interactions. The RM,
GC, and JO terranes represent north—northeast-trending mid-Paleozoic to mid-Mesozoic
allochthons, emplaced along the Roberts Mountain, Golconda, and Luning-Fencemaker thrust
faults, respectively (see Figs. 2.4, 2.5, and 2.13; section 2.7.1; also see Hardyman and Oldow,
1991, Silberling, 1991). The orientation and location of the overthrusts coincide with the Late
Proterozoic rifted margin of the North American craton, asdelineated by 8 Sr/%°Sr |, = 0.706 and
alate Paleozoic or early Mesozoic regional-scale paleothermal anomaly (Figs. 2.10 and 2.11).
Therifted craton margin, azone of crustal weakness and a suture al ong which terrane accretion
took place, could have focused and localized mineralizing processes (see Cunningham, 1988;
also seesections2.4 and 3.4). ThePD, SS, and PN terranes are located within the Walker Lane
shear zone (see section 2.6). TheWalker Lane crosscutsthe ol der northeast-southwest Paleozoic
orogenic grain that istectonically truncated against the younger northwest-southeast M esozoic
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orogenic grain, and may berelated torifting and/or transl ational activity whichtook placeduring
the early Mesozoic (the “ Early Mesozoic truncation event”; Silver and Anderson, 1974,
Dickinson, 1981; Suppe, 1985; also see section 2.6). The Walker Lane aso has an extensive
history of Cenozoic strike-slip movement (see Stewart and Crowell, 1992) and may coincide
with a possible mgjor crustal flaw zone, perhaps dating back to the Precambrian (Blakely and
Jachens, 1991). As noted above, such a regional-scale structure could have focused and
localized mineralizing processes and provided the tectonic conditions that permitted the
formation of volcanic rock-hosted deposits (Cox et a., 1991).

From the spatial analyses carried out in this section, it is not possible to isolate exactly why
lithotectonic terranes are important to the formation of gold-silver-bearing occurrences in
Nevada. However, it would seem that an association with lithotectonic terranes composed of
pre-enriched source rock could be a significant factor for sedimentary rock-hosted
mineralization, whereas it may not be critical for the formation of volcanic rock-hosted
occurrences. Oredepositing fluidsin volcanic rock-hosted mineralizing systems appear to have
important magmatic-derived components (see Rock and Groves, 1988; Rock et a., 1989;
Giggenbach, 1992a, 1992b, 1992c; Muffler et a., 1992; Hedenquist and Lowenstern, 1994,
Hedenquist et al., 1996; Taylor, 1996; Norman et al., 1996). For both sedimentary and volcanic
rock-hosted mineralization, it seems that proximity to regional-scale structural features could
facilitate mineralization. Perhaps of more importance to the formation of gold-silver-bearing
occurrencesin Nevadaisthe focusing of mineralizing processes by crustal structures associated
with thelithotectonic terranes, which serve only to provide physiochemically suitable host rocks
rather than pre-enriched source rocks.

6.5 Distance Buffers Around Plutons and Faults

6.5.1 Introduction and Summary of Findings

The distribution and spatial association of the gold-silver-bearing occurrences in relation to
distance from plutonic bodies (Fig. 6.36) and faults (Fig. 6.37) are reviewed in this section.
Mapsof distance buffersfrom plutonic bodies (Fig. 6.36b) and faults (Fig. 6.37b) were prepared
using data from the geological map of Nevada (Stewart and Carlson, 1978).

The plutonic rocks examined here range in age from Late Triassic to Late Miocene, but with
respect to total areacovered, are predominantly Mesozoic (Fig. 6.36a). Strictly Mesozoic rocks
(Mzgr, Kgr, KJd, Jgr, Trgr) make up ~81% of the total area of all the plutonic rocks combined,
and range in composition from granitic to dioritic and quartz-monzonitic. Rocks transitional
between Cretaceousand Tertiary ageinclude only one unit, TJgr, which makesup lessthan 3.6%
of the combined total area, and is granitic in composition. The Cenozoic rocks (Tgr, Tri, Tmi,
Ti) are Tertiary (~43-6 Ma) intrusions, ranging in composition from felsic to intermediate, with
some mafic units, and make up nearly 20% of the combined total area. Conventional wisdom
indicates that, for whatever the reason, genetic or otherwise, metallic mineralization is often
found proximal to plutonic and intrusive igneous rocks. A map of relative spatial-density of
plutons was constructed for Nevada (Fig. 6.36c), and the density distribution map pattern was
found to bear a close resemblance to the map pattern for the density distribution of occurrences
(Fig. 6.36d) (even more so to the density distribution map pattern for precious and base metal
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mineralization; compare to Fig. 6.3). It is therefore reasonable to investigate the spatia
association between occurrences and plutonic rocks in the Great Basin. Plutonic and intrusive
bodieswerebuffered at intervalsof 0.0-0.5,0.5-1.0, 1.0-1.5,1.5-2.5, 2.5-5.0, and 5.0-10.0 km.

Thefaults examined here are those which appear on the geol ogical map of Nevada (Stewart and
Carlson, 1978) (Fig. 6.37a), and includefaultsthat aremapped assolid lines, dashed lines, dotted
lines, or otherwise inferred (see Turner and Bawiec, 1991). The faults are of all ages, but
predominantly Cenozoic, and include thrust, strike-slip, normal and reverse. No differentiation
was made between fault type, age, or orientation®. On the deposit and district level, faults are
known to beimportant ore controls and conduits for mineralizing fluids, and play alargepartin
“ground preparation”, which make the potential host rocks more receptive or more reactive to
ore-bearing solutions (Guilbert and Park, 1986). Berger (1996) indicated that, empirically, it
may be inferred that epithermal orebodies form preferentially in constraining structural
environments within active faults. Fluid flow systems always show coupled mechanical,
thermal, and hydraulic phenomena(Byron R. Berger, 1998, personal communication). Therate
of change of synhydrothermal deformation may be a key aspect of focusing fluids and
establishing environmentsfavorableto efficient ore-depositing processes (Berger, 1996). Given
the tectonic history of the Great Basin, it would therefore seem probable that a spatial
relationship between faults and occurrences should exist, and the coupling of stress and fluid
flow isthe plausible argument (Byron R. Berger, 1998, personal communication). An analysis
of fault distance buffers with respect to the location of mineral occurrences is one manner by
which thisrelationship can be quantified in order to help predict precious metal mineralization.
The fault dataset was buffered at intervals of 0.0-0.5, 0.5-1.0, 1.0-1.5, 1.5-2.5, 2.5-5.0, and
5.0-10.0 km (Fig. 6.37b). The relative concentration of faults per unit areais shown in Figure
6.37c.

The most significant results of the analyses carried out in this section suggest that gold-silver-
bearing occurrencesin Nevadahave a strong spatial association with areas of close to moderate
proximity (1.0-2.5 km) to plutons, and close proximity (1.0-1.5km) tofaults. Sedimentary rock-
hosted occurrences also show a moderate spatial association with distance (2.5-5.0 km to 5.0-
10.0 km) from plutonic and intrusive bodies. These results indicate that fault zones and
structural deformation related to regional-scal e plutonism may have facilitated formation of the
gold-silver-bearing occurrences.

6.5.2 Distribution and Spatial Association of Gold-Silver-Bearing
Occurrences

Thedistribution of occurrences, relative to pluton buffers, indicates that anearly equal number
fall within 0.5 km of (or in) plutonic bodies (22.2%) as do outside the outermost buffer zone
(>10.0 km, 23.7%) (Fig. 6.38). However, only ~12% of the big occurrencesfall within 0.5 km

4 Azimuthal filtering of the fault dataset by the application of a binomial probability distribution technique
(Donald. L. Sawatzky, 1994, personal communication) determined that statistically significant fault orientations
lie between N35W and N29E, forming an envel ope of approximately 30° either side of north. A comparison
of the strength of spatial correlation (contrast, C) between the occurrences and the azimuthally filtered datasets
was found to be not as strong as the spatial relationship between the occurrences and the unfiltered dataset,
hence the filtered fault dataset was not used for this analysis.
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of (or in) plutonic bodies, the maority (48.6%) lie 5-10 km (19.2%) and >10 km (29.4%) away.
Approximately 45% of all occurrencesfall inor within 2.5 km of plutons, and just over 50% of
the big depositsliein or within 5 km of plutonic bodies. The volcanic rock-hosted occurrences
have a distribution trend across the buffer zones that is somewhat similar to the primary
occurrences, however, the greatest number of occurrences (~41%) fall 5-10 km (~20%) and >10
km (~21%) away from plutonic bodies, where as only ~11% occur in or within 0.5 km of a
pluton (Fig. 6.39). Approximately 60% of all volcanic rock-hosted occurrencesliein or within
5 km of apluton. Thedistribution of sedimentary rock-hosted occurrences differs substantially
from the distribution trends of both the primary occurrences and the volcanic rock-hosted
occurrences. The highest number of sedimentary rock-hosted occurrences are located at a
distance from plutonic bodies (Fig. 6.39). Approximately 23.5% of all occurrences lie in or
within 2.5 km of plutonic bodies, whereas ~76.5% lie further than 2.5 km away from a pluton,
the greatest number of occurrences (nearly 37%) lying >10 km away. The spatial association
between occurrences and the proximity to plutonic bodiesis strongest for primary occurrences
within 1 km, strongest for sedimentary rock-hosted occurrences within 1.5 km, and strongest
for big size and volcanic rock-hosted occurrences within 2.5 km of aplutonic or intrusive body
(Fig. 6.40).

Approximately half of al the occurrences, of any of the occurrence type or big or small size
samples, fall within 1 km of afault (or fault zone)—greater than 50% of the primary occurrences,
>64% of the big size occurrences, ~57% of the sedimentary rock-hosted occurrences, and >49%
of the volcanic rock-hosted occurrences (Fig. 6.41 and 6.42). The 1 km buffer for al of the
faults collectively represents ~27% of thetotal areaof Nevada. The majority of occurrencesin
each of the occurrence-type or size samplesfall within 0.5 km of afault—just over 32% of the
primary occurrences, >41% of the big size occurrences, >28% of the sedimentary rock-hosted
occurrences, and ~31% of the vol canic rock-hosted occurrences. The 0.5 km buffer for all of the
faults collectively represents ~16% of thetotal areaof Nevada. Therearealso arelatively large
proportion of occurrences beyond 2.5 km of a fault (~10% for any occurrence-type or size
sample) and asignificant number (about 8% for any occurrence-typeor size sample) farther than
5 km from afault. Outside of 10 km, only about 1% of the small size and volcanic rock-hosted
occurrences are found, but none of the big size or sedimentary rock-hosted occurrences. The
distribution of sedimentary versus volcanic rock-hosted occurrences shown in Figure 6.42
suggests that sedimentary rock-hosted occurrences (as agroup) may be somewhat more closely
distributed around faults than are volcanic rock-hosted occurrences. The spatial association
between occurrences and the proximity to faults is strongest for primary occurrences within 5
km, strongest for big size, sedimentary and vol cani c rock-hosted occurrenceswithin 1.5km (Fig.
6.43).

Based on the above relationships, two binary mineral potential predictor maps were produced,
one from the pluton buffer map and a second from the faults buffer map (Fig. 6.44). Both maps
are a combination of distance buffers that have high spatial associations with primary
occurrences, sedimentary rock-hosted occurrences, and vol canic rock-hosted occurrences. The
binary predictor map based on distance buffers from plutonic and intrusive bodies is a
combination of buffer zones 1 and 2 (0.0-0.5 and 0.5-1.0 km), a 1.0 km threshold. The binary
predictor map based on distance buffers from faults is a combination of buffer zones 1 and 2
(0.0-0.5 and 0.5-1.0 km), a 1.0 km threshold.
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6.5.3 Correlationsand Interpretive Synthesis

The strong spatial correlation between the occurrences and the plutonic and intrusive rocks may
berelated to structural modifications made to the country rocks during emplacement, which may
have affected the crust at deeper levels and on aregional scale, and could be a product of older
pre-Cenozoic events. Most of the plutonic rocks in western Nevada were emplaced in the
Mesozoic during the Nevada-Elko phase of the Cordilleran orogeny when the continental
magmatic arc was developing. Thiswaswell before most of the sedimentary and vol canic rock-
hosted occurrences formed, 42-30 Ma (Hofstra, 1997) and 27-5 Ma (Ludington et a., 1993),
respectively (see Fig. 3.2).

The emplacement of plutonic rocks is often accompanied by a high degree of structural
modification to the surrounding country rocks (see Billings, 1972, chapter 17). Atintermediate
crustal depths, surrounding material is heated and compressed and transported laterally away
from the zone of emplacement (Gastil, 1979; a so see Paterson and Fowler, 1993). Upper crustal
rocks respond by undergoing lateral extension along brittle high- and low-angle and strike-slip
structures, while lower crustal rocks are thought to move laterally by ductile flow (Gastil, 1979;
also see Christie-Blick and Biddle, 1985; Sonder and England, 1986; Gans et al., 1989;
Thompson et al., 1989; Armstrong and Ward, 1991; Buck, 1991). Shearing at depth may also
act toaccommodate mid-crustal masstransfer (see Allmendinger etal., 1987; Haugeet al ., 1987,
Potter et al., 1987; Kusznir and Matthews, 1988; Malavieille and Taboada, 1991; Snyder et al.,
1997). Strainrelated to pluton emplacement can result in an overall increase in permeability at
both the upper and lower crustal levels (an increase in strain from 1% to 6% is capable of
producing afive order of magnitude or greater increase in permeability; Spiersand Peach, 1989;
seediscussioninsections2.7.6, 2.7.7, and 3.4). Hence, ductileflow and shear structuresat depth
could facilitate the transfer of heat and fluids from the lower crust and increase fluid-wall rock
reaction-surface areas from which circulating fluids could scavenge metals. Brittle structures
in the shallow crust could promote near-surface fluid circulation, focusing and localizing
mineralizing processes, as well as creating favorable environments for mineral deposition
(e.g—structural traps). Cenozoic magmas and deeply circulating ore fluids may have taken
advantage of the structural pathways and reaction-surface areas that the M esozoic plutons could
have provided, thus perhapsexplaining in part the strong spatial association between the plutons
and the occurrences.

The high degree of spatial association between the occurrences and close proximity to faultsis
not unexpected. Fault and shear zones have long been recognized asimportant conduits for the
movement of fluids within the crust. This is well established from geochemical studies of
alteration and mineralization in ancient structures and from contemporary observations related
to seismic events (Kerrich, 1986). Crustal fluids play mechanical and chemical rolesin a host
of geol ogi c phenomenawhichincludefaulting and shearing, magmageneration, metamorphism,
hydrocarbon migration, and transport of minerals (Kerrich, 1986; Oliver, 1986; Sibson, 1987).
In the North American Cordillera, Eaton (1984) suggested that the circulation of hydrothermal
fluids through extensional structures was the most important process responsible for Cenozoic
ore formation. Similar associations are observed in Precambrian mid-crustal mesothermal
deposits within compressional shear zones, such as those of the Canadian greenstone
metamorphicbelts(e.g.—Y ellowknife, Larder Lake, Timmins, and many other shear zone hosted
gold deposits). The degree and extent of mineralization associated with highly faulted and
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sheared regions demonstrates how important these structures are to focusing fluid movement.

Inthe Great Basin, faults, fault zones, rift zones, and rel ated structures areimportant to precious
metal mineralization at the province-wide, regional, andlocal levels. Attheprovince-widescae
(deep crustal), structural zones could provide throughgoing |ower-crust—upper-mantle
permeability, promoting whole-crust fluid circulation, and assisting in the transference of heat
by allowing warmer lower-crustal fluidsand meltsto moreeasily penetrate and migrateto higher
crustal levels. At the regional scale (shallow crustal and mineral belt), structures may control
localization of intrusions, vol canic fields, high-level thermal anomalies, meteoric hydrothermal
convection cells, and individual gold deposits (see Rowley, 1996, for example; al so see section
3.4). Linear alignments of igneous features and possible basement flaws are believed to be
present at several Cretaceous and Cenozoic gold deposits (see Bagby and Berger, 1985; Madrid
and Bagby, 1986; Berger and Bonham, 1990; Shawe, 1991; Rodriguez, 1997; a so see sections
3.2.2,3.3.2, and 3.4) . In many volcanic rock-hosted and pluton-centered deposits, intrusions
acted as heat engines driving hydrothermal convection. Brittle faulting of upper crust provides
“plumbing”, which promotes permeability and facilitatesnear surfaceand deep fluid circul ation.
Regional-scale shear and fault zones form fluid pathways that serve to concentrate and direct
hydrothermal gold-bearing solutions (Bagby and Berger, 1985), aswell as* structurally prepare”
potential source rocks by effectively increasing the fluid-wall rock reaction-surface area,
enhancing theleaching of metalsfromtherocks. Atthelocal scale(deposit and orebody), faults
may control theloci of mineral deposition, aswell as determine the orientation of various fault-
related structural traps, such as veins, fractures, stockworks, breccia pipes, and shatter zones.
Faultsand related secondary permeability structuresfacilitate physiochemical reactionsthat may
induce mineral precipitation (e.g.—"fluid throttling”), and expose geochemically favorable
environments to precious metal-bearing fluids where mineral precipitation may take place.
Along the Carlin-trend, for example, sedimentary rock-hosted deposits and ore bodies are
localized within favorable stratigraphic intervals near controlling local faults (see Bagby and
Berger, 1985; Bakken and Einaudi, 1986; Percival et al., 1988).

6.6 Geophysics—Geomagnetic and Gravity Anomalies

6.6.1 Introduction and Summary of Findings

The distribution and spatial association of the gold-silver-bearing occurrencesin relation to the
total residual field geomagnetic and isostatic residual gravity anomalies are reviewed in this
section (Fig. 6.45). The maps were prepared from data obtained from the National Oceanic and
Atmospheric Administration.

Gravity and geomagnetic studies are complementary methods that are very valuable to mineral
exploration (for comprehensivereviews, see Overstreet and Marsh, 1981; Blakely and Connard,
1989; Simpson and Jachens, 1989). They provide information about local- and regional-scale
subsurface crustal structures and igneous rocks important to mineralization and ore formation,
and contribute to the delineation and interpretation of the geologic development of a region.
Geomagnetic anomalies are produced by contrasts in the magnetic properties of various rock
types (primarily at shallow crustal levels, and in particular, igneous rocks). Magnetite (Fe,O,)
and its solid solutions with ulvospinel (Fe,TiO,), and in some situations afew other Fe-bearing
minerals and compounds (usually hematite and pyrrhotite), are the most important magnetic
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minerals, hence basalts and their intrusive equival ents are usually more magnetic than rhyolites
and their equivalents (Mabey, 1983; Blakely and Connard, 1989). Anomalies originating from
shallow (<1 km) sources (local) are higher in amplitude and shorter in wavel ength, and appear
“sharp” and well-defined, whereas anomalies originating from deeper sources (regiona) are
generaly lower in amplitude and longer in wavelength, and appear broad and “smoother”
(Blakely and Jachens, 1991; Saltus, 1988). Gravity anomalies (Bouguer or isostatic) are the
result of lateral and vertical variations in rock density. Bouguer gravity anomaly maps
emphasizeregional signatures, originating as deep asthelower crust and upper mantle, whereas
isostatic anomaly maps, the data being corrected for the regional effect of topographic
compensation, isolateand emphasizesmall but broad intracrustal gravity anomalies, moreclearly
reflecting the shallow density distributions of the upper crust (Mabey et al., 1983; Saltus, 1988;
Blakely and Jachens, 1991). Someof the more prominent magnetic and gravity anomaly features
in Nevada are listed in Figure 6.45.

Theanaysisin this section focuses on thetotal residual field geomagnetic and isostatic residual
gravity anomalies, both of which emphasize somewhat different geologic structuresand features
in the shallow and upper crust. The Bouguer anomaly map is used to facilitate interpretations
and for visual comparisons. Initia trials using the Bouguer and isostatic gravity datasets
revedled that the isostatic gravity anomaly possessed a significantly better overall spatial
correlation with the occurrencesthan did the Bouguer anomaly. In addition, theisostatic gravity
dataset is a derivation of the Bouguer dataset, and as such, displays spatial patterns similar to
those of the Bouguer anomaly.

The most significant results of the analyses carried out in this section suggest that sedimentary
rock-hosted occurrencestend to occur inregionsof lower intensity geomagnetic anomalies(OnT
and less) and higher intensity isostatic gravity anomalies (O mG and greater), whereas vol canic
rock-hosted occurrences tend to occur in regions of higher intensity geomagnetic anomalies
(greater than 50 nT) and lower intensity gravity anomalies (-10 mG and less). On aregional
scale, the geophysical character of these two deposit types suggest that: (1) sedimentary rock-
hosted occurrencesare associ ated with tectoni cally over-thickened crust, whichispredominantly
sedimentary in nature, generally lacking in late Cenozoic volcanism, and proximal to possible
deep-seated structural features (e.g.—northern Nevadarift zone); and (2) vol canic rock-hosted
occurrences are associated with crustal segments that lie along (or within) broad and diffuse
structural zones, which have been subjected to wide-spread felsic vol canic activity and intruded
by mafic and intermediate magmas (e.g.—Walker Lane belt; Humboldt zone). The occurrences
are associated with contrastsin magnetic and gravity anomaly intensities, which aretransitional
between high and low values, suggesting a close spatial relationship to structural features that
might act to facilitate fluid movement and/or host ore deposits.

6.6.2 Distribution and Spatial Association of Gold-Silver-Bearing
Occurrences

The freguency of occurrences display afairly normal distribution across the magnetic intensity
spectrum (Fig. 6.46), centered slightly to the negative side of thezero value, and correlateclosely
with the map area represented by each anomaly interval. Most of the occurrences (~39%) fall
between -75 to +25 nanoteslas (nT), representing ~38% of the total area of Nevada, with the
greatest number of occurrences (~11%) falling in the-50to -25 nT range, representing ~11% of
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thetotal area of the Nevada. The sedimentary and vol canic rock-hosted occurrences a so show
near-normal distributions (Fig. 6.47), but the distribution peaks of the occurrence samples are
significantly offset—the distribution peak of the volcanic rock-hosted occurrences is offset
toward the positive anomaly values (centered on 0 to +25 nT), whereas the sedimentary rock-
hosted occurrence sample is offset more toward the negative anomaly values (centered on -75
to-50). The volcanic rock-hosted occurrences are aso found over abroader range of magnetic
anomaly values. This relationship indicates that sedimentary rock-hosted occurrences are
preferentially located in areas of generally lower intensity magnetic anomalies, while volcanic
rock-hosted occurrences are located in regions having generally higher values. The spatial
association between the occurrences and the magnetic anomaly reaches its maximum strength
in the low positive anomaly values (peaking at 0 nT) for the primary and vol canic rock-hosted
occurrences. The>+4501t0-200 nT intensity range accountsfor about 55% of the vol canic rock-
hosted and ~42.5% of the primary occurrences, and for both occurrence samples represents
~29% of thetotal areaof Nevada. The big size and sedimentary rock-hosted occurrencesreach
maximum strength of spatial association with the magnetic anomaly in the middle range of
anomaly intensity (peaking at -200 and -175 nT, respectively) (Fig. 6.48). The>+450—-175t0
-200 nT intensity range accounts for virtually all (>98%) of the big size and sedimentary rock-
hosted occurrences, and represents nearly 95% of the total area of Nevada. The sedimentary
rock-hosted occurrenceshaveastrong spatial association (non-area-cumulative) witharelatively
narrow range of lower intensity magnetic anomalies (-100 to 0 nT), as shown in Figure 6.48 by
the heavy black line segment of the non-area-cumulative contrast (C) curve.

The distribution of primary occurrences is near normal across the isostatic gravity intensity
spectrum (Fig. 6.49), the peak slightly offset toward the negative values (centered on -10to 0
milligals), and correlates to the area of each anomaly interval. Most of the occurrences (~34%)
fall in the -10 to O milligal (mG) interval, representing ~28% of the total area of Nevada, with
the greatest number (nearly 29%) falling in the 0 to +10 mG interval, representing ~18% of the
total areaof Nevada. Thedistributionsof the sedimentary and vol canic rock-hosted occurrences
are skewed—the sedimentary rock-hosted occurrence toward positive values, and the volcanic
rock-hosted occurrences toward negative values (Fig. 6.50, seetrend lines). Sedimentary rock-
hosted occurrences clearly have a preference for regions having higher isostatic gravity levels,
whereasthevol canic rock-hosted occurrencestend toward regionsof lower isostatic gravity. The
non-area-cumulative C curves for the isostatic gravity anomaly (Fig. 6.51) indicate that the big
size and sedimentary rock-hosted occurrences have positive spatial associationswith 0to >+10
mG intensities, cumulatively representing ~25% of the total areaof Nevada, and accounting for
~43.5% of the big size and ~69% of the sedimentary rock-hosted occurrences. The sedimentary
rock-hosted occurrences show an especially strong association with the highest isostatic gravity
anomaly intensity interval (>10 mG), representing ~7% of the total area of Nevada, but
accounting for nearly 41% of the occurrences—arather notable correlation. Thevolcanic rock-
hosted occurrences show the highest degree of spatial association with anomaly intensity values
of -20 to -10, representing ~26% of the total area of Nevada and ~36% of these occurrences.
Once again, the volcanic rock-hosted occurrences display a partiality for the lower end of the
isostatic gravity anomaly spectrum, while the sedimentary rock-hosted occurrences show abias
for the higher end of the spectrum.

Based on the above rel ationships, two sets of three binary-classmineral potential predictor maps
were produced from the magnetic and isostatic gravity geophysical anomaly maps, onefor each
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of thethree occurrence sampl es (primary occurrences, sedimentary rock-hosted occurrences, and
volcanic rock-hosted occurrences) (Fig. 6.52). For the magnetic anomaly map, the 19 highest
intensity interval s were combined for the primary occurrences binary predictor map, and the 17
highest interval s were combined for the vol canic rock-hosted occurrence binary predictor map.
In both cases, thethreshold intensity interval was determined using the area-cumul ative contrast
(C) maximum. The volcanic rock-hosted occurrences binary predictor map excludes the two
intensity intervalswith the highest C values (hence combining 17 rather than 19 map successive
classes) in order to emphasize the rel ation between the occurrences and the vol canic rocks that
the anomalies represent. The sedimentary rock-hosted binary predictor map was produced by
combining agroup of four successive map classesthat had the highest non-cumulative C values
(Fig. 6.48, black segment of dashed curve). The magnetic binary predictor map for primary
occurrences accounts for ~42.5% of the occurrences, and represents ~29% of the total area of
Nevada. For the isostatic gravity anomaly map, the three highest intensity intervals were
combined for the primary occurrences binary predictor map, and the highest intensity interval
was used for the sedimentary rock-hosted occurrence binary predictor map. The volcanic rock-
hosted occurrences binary predictor map is a combination of two successive map classes
(intensity intervals 0 to -10 and -10 to -20) that, in combination, displayed the strongest weights
of association with the occurrence, but especially important, yielded a more geologically
meaningful binary map pattern than did other combinations of gravity map classes.

6.6.3 Correlationsand Interpretive Synthesis

The gold-silver-bearing occurrences display two distinct frequency distribution trends with
respect to the magnetic and isostatic gravity anomalies. (1) the sedimentary rock-hosted
occurrence sample distribution mode is offset from zero toward negative magnetic anomaly
values, and toward positive gravity anomaly values; and (2) the vol canic rock-hosted occurrence
sample distribution mode is offset from zero toward positive magnetic anomaly values, and
toward negativegravity anomaly values, aninverserelationship rel ativeto the sedimentary rock-
hosted occurrences sample (see Figs. 6.47 and 6.50).

Thefollowingtwo sectionsdiscussthe spatial rel ationship between variousregional-scalecrustal
features interpreted from the geophysical data and the distribution of the sedimentary and
volcanic rock-hosted occurrences. This material is expanded upon and the ideas further
developed in chapter 8.

6.6.3.1 Sedimentary Rock-Hosted Occurrences. Geomagnetic L ows—Isostatic Gravity
Highs

The frequency distributions for sedimentary rock-hosted occurrences, skewed toward negative
magnetic values and positive isostatic gravity values, indicate that these occurrencestend to be
found in regions characterized by less magnetic and higher density rocks (i.e—regions having
lower magnetic anomaliesand higher isostatic gravity anomalies). Figures6.53aand 6.54ashow
the spatial distribution of magnetic and isostatic gravity anomalies associated with these
occurrences. The geographic regions that these geophysical anomalies cover, especialy the
magnetic anomaly, are broadly correlative in extent with the circul ar-shape distribution pattern
of the sedimentary rock-hosted occurrences, which forma* core” lying inward of the crescent-
shape vol canic rock-hosted occurrences (compareto Fig. 6.2).
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M agneticanomaly lowsin Nevadaaregenerally associated with rhyolitic and rel ated tuffaceous
rocks, granitic rocks, and other non-igneous rock-types which are deficient (relative to mafic
rocks) in magnetic minerals. The most prominent low-amplitude negative anomaly is the
“magnetic quiet zone” (Figs. 6.45a, feature #3, and 6.53a). The magnetic quiet zone forms a
north-trending zone along eastern Nevada that extends from a broad, low-amplitude, regional -
scale magnetic low in the northeastern quadrant of Nevadato asmaller, circular region of very
low magnetic intensity in southernmost Nevada, known as the “amagmatic zone.” The
amagmatic zone marks the southern termination of the southwestward sweep of Tertiary
volcanism (McKee, 1971; see Fig. 6.4), and may be non-magnetic simply because it was not
affected by magmatism that occurred prior to 17 Ma (Blakely and Jachens, 1991). The broad
portion of the magnetic quiet zone in northern Nevada corresponds to widespread coverage of
thick sections of sedimentary rocks produced by late Paleozoic and Mesozoic overthrusting
(Berger and Henley, 1989; see Figs. 2.4, 2.5, and 2.6), which may in part be responsible for the
regiona low (sedimentary rocks are commonly less magnetic than igneous rocks). The origin
of magnetic quiet zone in northern Nevada may be quite complex, and is perhaps a product of
regional-scale hydrothermal ateration, which effectively reduced the magnetic qualities of the
quiet zonerocks, or isrelated to abelt of granitoids of |ow magnetic susceptibilitiesand remnant
magnetizations, which are localized along the western edge of the craton margin (see Blakely,
1988, for full discussion).

| sostatic gravity anomaly highsin Nevadaare related to rocks, or packages of rocks, of higher
density. On aloca level, gravity highs generally correlate with ranges where pre-Tertiary
basement rocks are near the surface (Blakely and Jachens, 1991). On amuch broader regional -
scale, particularly in northern and northeastern Nevada, gravity highs correlate with the
tectonically over-thickened crust (Berger and Henley, 1989; see Figs. 2.4, 2.5, and 2.6), which
representsupward thrust empl acement of deeper-origin, higher density packagesof rock (Blakely
and Jachens, 1991; Saltus, 1988). The two isostatic gravity anomalies of principal concernin
Nevada are a“ gradient ridge” associated with the possible southern extension of the northern
Nevadarift and the Humbol dt zone gravity high (Figs. 6.45b, feature #1; 6.45b, feature #5; and
6.544).

TheHumboldt zoneisostatic gravity high stretches northeast-southwest acrossnorthern Nevada,
andiswell distinguished inthe northwestern quadrant of Nevadaby aBouguer gravity high, and,
of particular interest, is correlative in broad extent with the magmatic quiet zone in the
northeastern quadrant of Nevada (Figs. 6.45a, feature #3; 6.45b, feature #5; and 6.53a). As
indicated above, the northeastern portion of this anomaly is coincident with tectonically over-
thickened crust. TheHumboldt zoneisalso correlative with awide band of Cenozoic volcanism
that trends northeast-southwest across northern Nevada (compare Figs. 6.45b and 6.4). The
delineation, character, origin, and the relationship of the Humboldt zone to the distribution of
the sedimentary and vol canic rock-hosted occurrences is further discussed in chapter 8.

The northern Nevada rift is most readily recognized by its geomagnetic signature (Fig. 6.45a,
feature #1; also see section 2.7.4). Associated with the geomagnetic trace of therift zoneisa
well-definedisostatic gravity “gradient-ridge”, which bordersthe magnetic anomaly on thewest
for ~250 km of its length, and continues south beyond the terminus of the magnetic anomaly,
extending nearly as far as the amagmatic zone (see Figs. 6.45b, feature #1, and 6.54). The
gravity gradient-ridge anomaly indicates that the northern Nevada rift may be at least 600 km
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long in Nevada alone (Blakely, 1988; Blakely and Jachens, 1991). The origin of the anomaly
may be related to, for example, the fault juxtaposition of low-density vol canic and sedimentary
rocksfilling down-thrown structures, and higher-density basement rocks composing up-thrown
blocks. The gradient ridge may aso reflect density increases or decreases related to complex
structural features associated with the rift zone (e.g.—decreasesin bulk rock density caused by
wide-spread fracturing related to fault or shear zones, or increases in bulk rock density caused
by igneousrocksthat may haveintruded along therift zone). Theisostatic gravity gradient ridge
isa so coincident with an axisof bilateral symmetry in the Bouguer gravity anomaly (Fig. 6.45c,
axisof the*butterfly-shaped” low, centered just southeast under thenumber “ 1), suggesting that
theisostatic gravity anomaly associated with therift may originatein the basement (Blakely and
Jachens, 1991). The northern Nevada rift, including its southeastern extension as imaged by
gravity anomaly, runs subparallel to the Battle Mountain—Eureka (Cortez) and Carlin
sedimentary rock-hosted mineral trends, and is particularly well correlated to the southern half
of the Battle M ountain—Eureka (Cortez) trend (compareFigs. 1.3and 6.2 to Figs. 6.53 and 6.54).
As indicated numerous times previously, proximity to a regional-scale structure may serve to
focus mineralizing processes.

In summary, the lower magnetic and higher isostatic gravity anomalies (Figs. 6.53a and 6.54a)
suggest that, on aregional scale, the sedimentary rock-hosted occurrences are associated with
shallow crust that is:

» Tectonically over-thickened (see Fig. 6.5d).

» Predominantly sedimentary in character (Fig. 6.56a).

* Relative to surrounding areas, generally lacking in late Cenozoic mafic volcanism and,
relative to other regions of Nevada, generaly less affected by post—43-34 Ma volcanism
(Figs. 6.55, 6.56b, and 6.4).

» Associated with numerous possible deep-seated and upper crustal structural features,
including the western craton margin (see Fig. 2.11), the northern Nevada rift zone and its
possi ble extension southeastward, and major thrust faultsand thrust root zones (specifically
the Roberts Mountain and Golconda thrusts; see Fig. 2.5).

6.6.3.2 VolcanicRock-Hosted Occurrences. Geomagnetic Highs—I sostatic Gravity L ows

The frequency distributions for volcanic rock-hosted occurrences, offset toward positive
magnetic values and skewed toward negative isostatic gravity values, indicate that they tend to
be found in regions characterized by more magnetic and less dense rocks. The spatial
distribution of the magnetic and isostatic gravity anomalies associated with these occurrences
isshownin Figures 6.53b and 6.54b. The regional distribution of these geophysical anomalies
share broadly similar patterns with the crescent-shaped distribution of the vol canic rock-hosted
occurrences, especialy in the region of the Walker Lane shear zone (compareto Fig. 6.2).

M agnetic anomaly highsin Nevada are primarily associated with basaltic and gabbroic rocks,
which contain arelative abundance of magnetic minerals. Threemost prominent high-amplitude
positive magnetic anomalies (or anomalous regions) are (1) the northern Nevadarrift zone, (2)
the Walker Lane shear zone, and (3) northwestern Nevada, just northwest of a regional
geomagnetic low and isostatic gravity high associated with the Humboldt zone (Figs. 6.45a,
features #1, #1a, #2, and #5; 6.53, and 6.54).
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The northern Nevada rift zone is most prominently recognized as a long, narrow, and well-
defined regional magnetic high, trending north-northwest for 280 km through north-central
Nevada, the source of which may extend to adepth of 15 km (Blakely and Jachens, 1991; also
see Christiansen and Y eats, 1992). The rift zone is characterized by linear dike swarms and
associated lavas (basalt and basaltic andesite) of 17 to 14 Maage, by afault-bounded trough, and
by anorthwest-southeast topographic grain, and hasbeeninterpreted to bethe surface expression
of a deep-seated fracture zone that may have had a complex history of transcurrent movement
(see section 2.7.4). The magnetic signature of the rift suggests that the structure extends only
as far south as central Nevada (~N 39° 20" to N 39° 40'), but gravity data suggest that it may
extend further southeast into southern Nevada (see previous section). Blakely and Jachens
(1991) suggested that the basaltic and andesitic extrusive and intrusive rocks associated with the
northern portion of therift zone might also befound along its southeastern extension, but if such
rocks are present, they remain conceal ed.

The Walker Lane shear zone is a northwest-trending structural zone 700 km long and from 100
to 300 km wide containing both right-lateral and left-lateral faults. Itiscurrently active, but may
have devel oped primarily during the late Cenozoic, though it may have older origins (seesection
2.6). TheWaker Laneismagnetically characterized by a pattern of arcuate anomaliesthat trend
northwestward, generally parallel to the shear zone. Blakely and Jachens (1991) noted that the
width of the magnetic anomalies is considerably wider than the structural or topographic
expression of the shear zone, extending in some places more than 150 km north-northeast of the
Walker Lane and into (under?) basin-range topography characterized by north to northeast
structural trends. Further, Blakely and Jachens (1991) suggested that the magnetic anomalies
may indicate an underlying tectonic fabric older than modern topography and exposed geology
that is perhaps related to the Precambrian breakup of North America. The greater number of
higher magnetic anomaliesintheWalker Lane belt may al so berel ated tointermediateand mafic
rocks, which aremore common in western and southwestern Nevada, and more abundant around
the margin of the Great Basin in general (see Fig. 6.55). As with the possible southeastern
extension of thenorthern Nevadarift, mafic andintermediaterocks may intrudethe Walker Lane
at depth, but are nowhere exposed at the surface.

In northwestern Nevada, abroad belt of patchy geomagnetic highs extends northeast-southwest
across the region (Figs. 6.45a, feature #5, and 6.53b). This band is delineated in part by a
similarly oriented band of magnetic anomaly lows to the southeast, which is prominently
transected by the northern Nevada rift anomaly and west-flanking rift anomalies (Fig. 6.45a,
features#1 and#1a). Attheregional scale, thejuxtaposition of the these two magnetic high-low
anomaly bands corresponds to the Humboldt zone gravity anomaly high, which stretches
northeast-southwest across northern Nevada (Fig. 6.54a). The magnetic anomaly highs across
northwestern Nevada probably reflect the outpourings of Tertiary and younger mafic volcanics
intheregion and possibly their presence at depth (unitssuch asQTb, Th, Tha, Thg, and Tob; see
Appendix A).

Gravity anomaly lows in Nevada are related to rocks of lower density, or attributes which
effectively lower the density of rocks, such as wide-spread fracturing related to fault and shear
zones (Telford et a., 1976; also see Jachens et al., 1989). In Nevada, isostatic gravity lows
generally correlate with sediment and volcanic rock-filled inter-range basins, and with the
presenceof felsicintrusions(Mabey et al., 1983; Saltus, 1988; Blakely and Jachens, 1991). The
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dominant feature, visible in both the isostatic and Bouguer anomalies, is aregional-size gravity
low that stretches from the Nevada-Utah border across the center of the state into the Walker
Lane region (Figs. 6.45b, 6.45c, 6,54b). Thislow, flanked to the north and south by gravity
highs, reflects sources in the pre-Tertiary basement, but its strongest correlation is with the
distribution of thick accumulations of Cenozoic volcanic rocks (Blakely and Jachens, 1991;
Mabey et a., 1983). Theisostatic gravity lows are reasonably well correlated with (1) volcanic
rocks erupted during the 34-17 Matime-sliceintervals (see Fig. 6.54b and compareto Fig. 6.4),
and (2) a possible east—west-trending structural zone that extends across southern Nevada (the
south-central Nevadastructural zone; seeKepper et al., 1991, figure1). Theisostatic gravity low
is aso visible in the Bouguer gravity anomaly, where it is characterized by gross bilateral
symmetry that is best developed in east-central Nevada. The axisof symmetry trends northwest
and is generally coincident with the northern Nevada rift zone. The Nevada gravity low may
actually be part of a larger aternating pattern of northwest-southeast-trending high-low
anomalies that stretches from California, across the Great Basin and into Utah (see Jachens et
al., 1989, plate 1; Kane and Godson, 1989, plate in back pocket). Thislarger gravity patternis
probably related to features at the crust-mantle boundary, and is reviewed in greater detail in
section 2.7.3.

In summary, the relationship between the vol canic rock-hosted occurrences and regional-scale
geologic features, asinterpreted through the geophysical anomalies, is not as well-defined as it
isfor the sedimentary rock-hosted occurrences, however, it appearslikely that the vol canic rock-
hosted occurrences are associated with shallow crust that:

» Has been affected by widespread felsic volcanic activity. The regional distribution of
magmatism between 34-6 Ma (particularly between 6-17 Ma) parallels (1) the distribution
of volcanic rock-hosted deposits (compare Fig. 6.4 to 6.2 and 6.3) and (2) the Walker Lane
shear zone and the Humboldt zone (compare Fig. 6.4 to 1.3, 6.6, and 6.45).

» |sassociated with broad and diffuse structural zonesthat visibly affect basin-range structure,
suggestive of regional-scale shear, and may have late Cenozoic movement (Walker Lane
shear zone; possibly the Humboldt zone a so, as suggested in shaded relief of topography;
Figs. 6.6 and 1.2; the Humbol dt zoneis discussed and illustrated in greater detail in chapter
8).

» Has been intruded by mafic and intermediate magmas, particularly along structural zones
(e.g—figure 4.3 in Smith and Luedke, 1984).

6.7 Geochemistry—K/Na and Ba/Na Anomalies

6.7.1 Introduction and Summary of Findings

Thedistributionand spatial association of thegold-silver-bearing occurrencesinrelationto K/Na
(Fig. 6.57b) and Ba/Na (Fig. 6.57c) anomalies are reviewed in this section. The maps were
prepared using geochemical data collected as part of the National Uranium Reconnaissance
Evaluation (NURE) program in the conterminouswestern United States between 1976 and 1980,
and are depicted as K/Naand Ba/Naratios, rather than the absolute concentrations of K, Ba, or



86
Na?b.

Alteration of aluminosilicate wall-rocks accompanies precious metal mineralization in the
sedimentary and volcanic rock-hosted deposits of the Great Basin. In sedimentary rock-hosted
deposits, alteration assemblages are characterized by decarbonatization, silicification,
argillization and ateration of aluminosilicate minerals to a host of other clay minerals,
pyritization, deposition of aluniteand barite, oxidation and acid | eaching near the surface, aswell
astheintroduction and redistribution of carbon (Bagby and Berger, 1985; Radtke, 1985; Bakken
and Einaudi, 1986; Cox and Singer, 1986; Kuehn, 1989; Hofstra, 1994; also see Table 3.1).
Alteration facies do not usually form regional haloes (Christensen, 1995). In general, for
sedimentary rock-hosted mineralization, the ratios of K/Naand Ba/Nashouldincreaseas (1) Ba
isintroduced, (2) Nais depleted, and (3) K is either immobile or not as commonly depleted as
Na (see Hofstra, 1994). Volcanic rock-hosted deposits may be subdivided into high- and low-
sulfidation systems, associated with volcanic-hydrotherma and geothermal environments,
respectively (Hedenquist et al., 1996). High-sulfidation systemsare characterized by acid-sulfate
alteration, whereas |ow-sulfidation systems are characterized by adul aria-sericite ateration (see
Table 3.2). The acid-sulfate (high sulfidation) assemblage shows silicification and advanced
argillic alteration near ore bodies and grades outwards to an argillic zone. The adularia-sericite
(low sulfidation) assembl age showsK -metasomatism (adul aria) and silicification near orebodies
and grades outward to a sericitic-argillic zone. Both ateration assemblages are surrounded by
an outermost zone of propylitic alteration, which may form halos hundreds of meters wide
around veins (Buchanan, 1981; Hedenquist et al., 1996). In general, for volcanic rock-hosted
mineralization, the ratios of K/Na and Ba/Na should increase as (1) Ba (particularly in high-
sulfidation systems) and K areintroduced, and (2) Naisremoved (Sillitoe, 1995; Hedenquist et
al., 1996) (Barnes and Rose, 1998, indicate that Na is removed to become a major solute in
hydrothermal fluids).

The most significant results of the analyses carried out in this section suggest that occurrences
in Nevada, particularly the sedimentary rock-hosted occurrences found aong the Battle
M ountai n—Eureka(Cortez) and Carlinmineral trends, haveastrong spatial associationwith high
K/Naand Ba/Na anomalies (no genetic link is suggested or implied, although one may exist).
Asreviewed in chapter 3 (sections 3.4 and 3.6), anumber of proposals have been put forth that
mineralization along the Battle Mountain-Eureka (Cortez) and Carlin trendsis controlled by a
regional-scale crustal structure(s) (e.g—Madrid and Bagby, 1986; Cunningham, 1988; Shawe,
1991; Arehart et al., 1993; Maher et a., 1993; Grauch et al., 1995). The distribution pattern of

® Sampleswere selected that contained concentrationsfor Baand Na, or K and Na—6,390 sampleswere chosen
for K/Naand 6,460 for Ba/Na, and include mostly (~90%) soil and other sediment samples. The NURE data
have a number of well-recognized errors, omissions, and biases, which made regional-scale analysis and
comparison of single elements prohibitive. The NURE geochemical data, as published on the USGSDDS-1
CD-ROM (1991), contains a number of inconsistencies which render the data difficult to work with for a
regional-scale analysis. Overal, the basic problem with the NURE data is the lack of quality control
proceduresin both the sampling and laboratory analysis programs. In regional-scale compilations, thisled to
various “boundary” effects between individual collection-analysis regions. Maps prepared directly from
uncorrected Ba, K, or Na concentrations produced maps showing erratic anomaly patterns with no continuity
of the patterns across 1° by 2° map sheet blocks. It was determined that by cal cul ating rati os between elements
that were analysed using the same techniques, and from samples processed by the samelaboratory, therelative
magnitude of the geochemical anomaly could be preserved.
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the K/Na-Ba/Na anomaly clearly delineates the Battle Mountain—Eureka (Cortez) and Carlin
mineral trends, and it is suggested that the geochemical anomalies might also be related to
presumed crustal structure(s), which control the regional-scal e distribution of sedimentary rock-
hosted occurrences along the trends.

6.7.2 Distribution and Spatial Association of Gold-Silver-Bearing
Occurrences

As shown in Figure 6.57, the geochemical evidence layers do not completely cover the study
area: they cover only about 50% of the total area of Nevada, however, nearly 70% of the gold-
silver-bearing occurrences fal on the K/Na and Ba/lNa anomaly maps. Because of the
distribution of these data, the results of spatial analysis performed on the sedimentary rock-
hosted occurrences is considerably more reliable and stable than for volcanic rock-hosted
(compareFig. 6.57t0 6.2). With respect to weights of evidence modelling, the areas of missing
data contribute no weight (W* = W~ = 0) and the mineral potential (the posterior probability
value) is neither up-weighted nor down-weighted (Bonham-Carter, 1994a, p. 327).

Of the total number of primary occurrences (2690), 1840 are located on the K/Na and Ba/Na
maps, and of these 1840, the greatest number fall within the lowest geochemical ratio interval
(~38%for the K/Na map; ~67% for the Ba/lNamap) (Figs. 6.58 and 6.59). Of the total number
of sedimentary rock-hosted occurrences (98), 61 are located on the K/Naand Ba/Na maps, and
of these 61, over half fall in thetop eight K/Naratio intervals (*6-7" through “ >50") and in the
top five Ba/lNaratio intervals (“0.30-0.35" through “ >0.50") (Figs. 6.60 and 6.61). Of thetotal
number of vol canic rock-hosted occurrences(415), 270 arel ocated on the K/Naand Ba/lNamaps,
and of these 270, about 85% fall in the three lowest K/Naratio intervals (“<1” through “2-3")
and nearly 90% in the lowest Ba/Naratio interval (“<0.10”) (Figs. 6.60 and 6.61). Keepingin
mind that the volcanic rock-hosted occurrences are not well represented with respect to the
coverage of the K/Na and Ba/Na geochemical anomaly maps, the most notable difference
between the sedimentary and volcanic rock-hosted occurrence frequency distributions is the
affinity of sedimentary rock-hosted occurrencesfor higher geochemical ratio values, especialy
in the case of Ba/Na.

The spatial association between the K/Na anomaly and both the primary and volcanic rock-
hosted occurrences is strongest when the areas of the top five highest ratio intervals are
combined (“9-10” through “>50") (Fig. 6.62). The spatial association between the K/Na
anomaly and sedimentary rock-hosted occurrences is strongest when the areas of the top three
highest ratio intervals are combined (“15-25" through “>50") (Fig. 6.62). In genera, the
sedimentary rock-hosted and big size primary occurrences show the strongest spatial association
with higher K/Naanomalies, while the vol canic rock-hosted occurrences show only amoderate
gpatial association for mid-range K/Navalues. The sedimentary rock-hosted occurrences show
the strongest spatial association with the higher Ba/lNaanomaly values (Fig. 6.63). Aswith the
K/Na anomaly, the volcanic rock-hosted occurrences show aweak and even a negative spatial
association with BalNaanomalies. Again, theserelationshipsreflect the poor distribution of the
NURE dataset with respect to the volcanic rock-hosted occurrences.

Three binary-class mineral potential predictor maps were produced from each of the K/Naand
Ba/Na geochemical anomaly maps, one for each of the three occurrence samples (primary,
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sedimentary and volcanic rock-hosted) (Fig. 6.64). For the K/Naanomaly maps, the six highest
ratio intervals (“8-9” through “>50") were combined for the primary occurrences binary
predictor map, the three highest intervals (“15-25" through “>50") were combined for the
sedimentary rock-hosted occurrence binary predictor map, and thefive highest intervals (¥ 9-10”
through “ >50") were combined to create the vol cani c rock-hosted binary predictor map. For the
Ba/Na anomaly maps, the eight highest ratio intervals (“0.15-0.20” through “>0.50") were
combined for the primary occurrences binary predictor map, the five highest intervals (*0.30-
0.35” through “>0.50") were combined to produce the binary predictor maps for both the
sedimentary and volcanic rock-hosted occurrence binary predictor maps.

6.7.3 Correlationsand Interpretive Synthesis

The K/Na and Ba/Na anomalies are mainly associated with the sedimentary rock-hosted
occurrences, although geochemical coverage extends only over part of the Walker Lane, which
istheprincipal localefor vol canic rock-hosted occurrences. Thisrestricted coveragereducesthe
utility of the statistical correlations. The K/Na and Ba/Na anomaly maps display a distinctive
“V’ -shaped pattern in north-central Nevada that correlate with the Battle Mountain—Eureka
(Cortez) and Carlin sedimentary rock-hosted mineral trends (Fig. 6.65). The western northwest-
southeast arm of the® V"' delineatesthe Battle M ountain-Eureka (Cortez) trend. Theeasternarm
of the* V" isnorth-south from the base of the“ V" , then bends northwest along the Carlin trend.
The north-south eastern arm extends south of the Carlin trend, near the Emigrant Springs and
Rain mines, along aline of mainly small silver-bearing polymetallic occurrencesto intersect the
westernarm of the* V"’ near alarge number of polymetallic replacement and some disseminated
deposits around the Eureka district. This north-south section of the eastern arm traces the
leading edge of the Roberts Mountain thrust (see Figs. 6.65 and 2.5), but it is not implied here
that this forms a connection (structural or otherwise) between the Carlin and Battle Mountain-
Eureka (Cortez) mineral trends.

The spatial correlation between Ba/Na and the sedimentary rock-hosted occurrences, which is
strongest for the Battle Mountain-Eureka (Cortez) trend, is related to the presence of vein and
bedded baritein the stratigraphic sequences of the rock package(s) hosting gold mineralization.
Most sedimentary rock-hosted occurrences along the Battle Mountain-Eureka (Cortez) and
Carlintrends are associated with structural windows in the upper plate of the Roberts Mountain
allochthon (Bagby and Berger, 1985). Paleozoic submarine exhalative bedded barite deposits
occur intheupper plate of the Roberts Mountain alochthon, particul arly within the units Os and
Osv® (Papke, 1984), and barium is anomalous in the cherts and argillites of the upper plate
(Shaweet al., 1967; Papke, 1984; Byron R. Berger, 1998, personal communication). Structural
windows expose the units containing the bedded barite deposits, the barite-enriched cherts and
argillites, aswell asthe units hosting sedimentary rock-hosted gold mineralization. Assuch, the
Ba/Naanomaly should be spatially associated with the occurrences. However, it should also be
noted that geochemical anomalies of As, U/Th, Al, Sc/V, K, LalK, and Sc/Fe show varying
degrees of continuity with, and similarity to, the regional-scale extent of the sedimentary rock-
hosted mineral deposit trends and K/Na and Ba/Na anomaly patterns:

® Theunits Osand Osv, from the geological map of Nevada (Stewart and Carlson, 1978), have been identified
in this study as having a high spatial association with sedimentary rock-hosted occurrences, as illustrated in
Figures 6.14 and 6.24.
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¢ The northern Carlin trend (particularly the northern terminus) and the northern Battle Mountain—Eureka
(Cortez) trend are well delineated by a linear distribution of anomalous As, in comparison to the region
between the trends, which is characterized by |ess anomalous values.

* The northern Carlin trend (particularly the northern terminus) and the southern Battle Mountain—Eureka
(Cortez) trend are relatively well delineated by alinear distribution of anomalous U/Th, in comparison to the
region between the trends, which is characterized by less anomal ous values.

¢ TheBattle Mountain—Eureka (Cortez) and Carlin trends are delineated by anomalously low Al in comparison
to the region between the trends, which is characterized by anomal ous values.

¢ Sc/V and K show moderately-defined anomaly gradient changes along the Battle M ountai n—Eureka (Cortez)
trend and along the Carlin trend (which is more weakly defined).

¢ La/K and Sc/Fe show aweak anomaly between the Battle M ountain—Eureka (Cortez) and Carlin trends.

Most of these anomalies are linear and continuous over large distances (at least 240 km for the
western arm of the “V") and trend across and oblique to most mountain ranges and drainages
(except along the northernmost portion of Battle Mountain—Eureka (Cortez) trend).

The spatial association of K/Na-Ba/Na anomaly to the Battle Mountain-Eureka (Cortez) and
Carlin mineral trends is clear. Any genetic link is, however, inferred. Many samples from
bedded barite deposits have been analysed for gold and none found (Byron R. Berger, 1998,
personal communication). One possible indirect link is regional-scale structural features
associated with the western margin of the Precambrian craton. Cunningham (1988) recognized
that a number of important sedimentary rock-hosted deposits are located near the edge of the
buried craton (compare Fig. 6.2 to 2.10; see figure 1 in Cunningham). He proposed that deep
crustal structures developed along ol der reactivated zones of weakness at the cratonic boundary,
which had a localizing effect on sedimentary rock-hosted mineralization. Papke (1984)
interpreted the barite deposits to be exhal ative, favoring amagmatic source for the heat and the
barium. He suggested that the depositsformed in submarine basins scattered along a500 km belt,
thelength and linearity of which suggests amajor zone of rifting parallel to the axis of the lower
Paleozoic eugeosyncline (see Fig. 2.9; Papke, 1984, figure 1). Structural zones associated with
the craton edge may have provided aconduit for the passage of fluidsthat contained barium, and
along different structures and at alater time, gold.

Regardless of thelink between the K/Naand Ba/Naanomalies and the Battle M ountain—Eureka
(Cortez) and Carlin mineral trends, they are spatially associated with sedimentary rock-hosted
mineralization along the trends and do provide reasonably good exploration guides (given the
existing dataset). These matters are further discussed in chapter 8.
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Chapter 7. Multi-Map Modelling and Gold-Silver
Mineral Potential

7.1 Introduction

Chapter 7 isasummary and discussion of theresults of mineral potential modelling. In part, the
material below represents the second and third of three stages of model building, the parameter
estimation or model fitting and model validation stages, respectively (Chatfield, 1988; see
section 1.4). It constitutes the second of the two procedures that compose the weights of
evidence mineral potential modelling method, graphically illustrated in Figure 4.1 as procedure
“1i” . Thefirst stage of model building, model formulation or specification, was addressed in
chapter 6, where, in procedure “i” of weights of evidence modelling, (1) spatial associations
between the gold-silver-bearing occurrences and the multi-class mineralization evidence maps
were established and measured, (2) the significance of the relationshi pswas determined, and (3)
the binary-class minera predictor maps (“layers of evidence”) were created from the
mineralization-favorabl e units composing multi-class evidence maps. Theimplementation and
theoretical aspects of the modelling procedures carried out here are addressed in Appendix B
(summarized in chapter 4).

Theformer part of thischapter (section 7.2) reviewsthe combination of the binary-classmineral
predictor maps (“layers of evidence”) generated in chapter 6. The sedimentary and volcanic
rock-hosted mineral potential maps are presented in section 7.3. Validation of the mineral
potential models, including analysis of conditional independence and error, mineral favorability
at known occurrence locations, and blind tests, are discussed in section 7.4. Inthelatter portion
of this chapter (section 7.5), regional-scale sedimentary and volcanic rock-hosted occurrence
exploration targets are delineated, and the important mineral potential evidence within each
target regionisreviewed. Specific sitesfor more detailed investigation and further exploration
are also suggested. In chapter 8, the mineral potential evidence presented here and the spatial
rel ationshipsand interpretati ons presented in chapter 6 areused to identify geol ogic featuresthat
may control the first-order regional-scale distribution of sedimentary and volcanic rock-hosted
occurrencesin the Great Basin.

Themain conclusions of this chapter arethat (1) the most significant mineral potentia evidence
layers examined in this study for predicting sedimentary and vol canic rock-hosted are, in order
of importance, geology-related, geochemistry, and geophysics, (2) the sedimentary and vol canic
rock-hosted occurrence posterior probability maps have ahigh degree of statistical certainty and
arereliableindicatorsof mineral potential, despite known conditional dependence problems, and
(3) the mineral potential models arevalid, asindicated by the prediction of approximately %3 to
% of al occurrences for any given occurrence-type used to train the models, the successful
prediction of 15 out of 17 newly discovered occurrences, and by high areacross-correlation with
expert-delineated areas of mineral occurrence permissibility. Areasfavorable for sedimentary
and vol canic rock-hosted mineralization werereadily recognized on the mineral potential maps,
and promising regional-scale exploration targets were readily identified.
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7.2 Combination of Mineral Potential Evidence

7.2.1 Introduction

The posterior probabilitiesfor predicting mineralization were estimated by combining thelayers
of evidence for each of the primary, sedimentary and volcanic rock-hosted occurrence-type
mineral potential modelsin two ways: (1) acombination using all of the evidence layers, and
(2) acombination using fewer layers, where one or more predictor mapswere removed from the
model in an attempt to mitigate conditional dependency (Cl) violationsand posterior probability
uncertainty. A total of six posterior probability mineral potential maps were produced.

The weighting factors used to combine the layers of evidence are reviewed in section 7.2.2
below. A review of Cl and uncertainty, with respect to mineral potential model validation, is
presented later insection 7.4.2. Appendix C givesdetailed examinationsof (1) thepredictor map
combinations, (2) a pair-wise comparison between the two posterior probability maps created
for each occurrence-type mineral potential model, and (3) analysis of Cl and uncertainty.

7.2.2 Combination Weighting Factors

The predictor maps for each of the three mineral occurrence-types were combined using the
spatial weights of association (W* and W-) listed in Table 7.1. The relative significance,
correlation, or “influence’, that a particular layer of evidence has on a posterior probability
mineral potential map for a given mineral potential model is taken to be the contrast
(C=W" — W), which is the measure of spatial association between the occurrences and a
predictor map pattern. The relative influence of the various evidence layers in the mineral
potential models is summarized in Figures. 7.1, 7.2, and 7.3. In each of these Figures, the
evidenceis ordered from most influential to least influential layer (i.e—sorted by “C”).

A collective examination of the Figures reveadls that lithology or lithology-related
(e.g—lithotectonic terranes and buffersaround plutons) factorsrank highly among thetop three
or four most influential evidence layers, along with geochemical evidence (particularly in the
case of sedimentary rock-hosted occurrences). Overall, it appearsthat geol ogy-rel ated evidence
has the highest degree of spatial correlation to the gold-silver-bearing occurrences, followed by
geochemical-related evidence and then geophysical-related evidence. These correlations are
consistent with those observed by Wright (1996), in a study that compared the merits of four
different methods for combining geoscientific spatial data related to volcanic-hosted massive
sulfide (VMYS) deposits (weights of evidence, weighted logistic regression, fuzzy logic, and
Dempster-Shafer belief theory). Hefoundthat, in general, stratigraphicevidence (read lithologic
here) has the highest degree of correlation to the VM S occurrences, followed by alteration and
geochemical evidence, heat-source evidence, and lastly, geophysical evidence (VLF
electromagnetics, gravity, and geomagnetics). Another interesting conclusion of Wright (1996)
is that the type of evidence used in a model is more critical than the method by which it is
combined (see Wright and Bonham-Carter, 1996, for further details).
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7.3 Sedimentary and Volcanic Rock-Hosted Mineral
Potential M aps

7.3.1 Introduction

The gold-silver mineral potential maps of Nevada represent areas that are ranked according to
their favorability for hosting gold-silver-bearing mineral occurrences (both economic and sub-
economic). These areas are the result of unique combinations of overlap among the various
binary-class predictor maps. An areaisranked according to its associated posterior probability
value, which is based on the degree of spatial association between mineral occurrences and an
evidence layer, and on the overlap combinations between the evidence layers (i.e—the
geological attributebinary-classpredictor patterns). Areashaving posterior probabilitiesgreater
than the prior probability, asindicated in the legend for each map, represent a combination of
evidence layers that is favorable for the occurrence of gold-silver-bearing mineralization. In
these areas, the favorability of finding an occurrence is greater than that which issimply due to
chance (the “simply due to chance” condition is represented by the prior probability).
Conversely, areas having posterior probabilities equal to or less than the prior probability
represent evidence layer combinations that are not favorable for mineralization. In this study,
the favorable areas contain greater than 70% of the large and medium size primary, sedimentary
and vol canic rock-hosted gol d-sil ver-bearing occurrences (see section 7.4.3 and Appendix D for
details). It is implicit in the weights of modelling technique that this is based upon the
distribution of known occurrencesand acombination of geological, geophysical or geochemical
features spatially associated with these occurrences.

In this and the remaining sections of this study, only two of the six mineral potential maps
generated inthisstudy are considered: (1) the 8-layer sedimentary rock-hosted and (2) the 7-layer
volcanic rock-hosted (the evidence layers making up these mapsaregivenin Table 7.1; also see
Appendix C for adetailed discussion on these and other mineral potential maps). These maps
are presented in sections 7.3.2 and 7.3.3, respectively. The mineral potential maps reflect the
distribution of known occurrences, but more importantly, they identify areas where yet
undiscovered occurrences may exist.

These maps serve as the basis for delineating regional-scale exploration targets, reviewed
separately in section 7.5, and for determining the geologic characteristics of high mineral
potential areas, which are interpreted with respect to geologic features that may control the
regional-scale distribution of the gold-silver-bearing occurrences (the subject of chapter 8).

7.3.2 Favorability for Sedimentary Rock-Hosted Occurrences

The sedimentary rock-hosted occurrence-type posterior probability map isshownin Figure 7.4.
This map is based on the 8-layer mineral potential model (see Table 7.1) and overlain on the
shaded relief of topography. Elevated mineral potential areas (light greens, yellow, orange, red)
aregenerally confined to central, north-central, and north-eastern Nevada. The areas of highest
mineral potential (yellow-orange-red) form a conspicuous “V’-shape trend of posterior
probability values that is largely coincident with the major sedimentary rock-hosted deposit
trends (Battle M ountain—Eureka(Cortez), Carlin, Getchell, and Independence group), and which
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may paralel possible regional-scale structures, as defined by geophysical (and possibly
geochemical) anomalies (see sections 3.4, 3.6, 6.6, and 6.7; further discussed in chapter 8).
These areas represent instances where nearly all of the layers of evidence come into spatial
agreement. A typical combination of evidence consists of lithology, the Ba/lNa geochemical
anomaly, lithotectonic terrane, the geomagnetic anomaly, and distance buffer zones surrounding
faults (a more detailed review is presented in section 8.2.1).

7.3.3 Favorability for Volcanic Rock-Hosted Occurrences

Thevolcanicrock-hosted occurrence-type posterior probability mapisshowninFigure7.5. This
map is based on the 7-layer mineral potential model (see Table 7.1) and overlain on the shaded
relief of topography. Elevated mineral potentia areas (light greens, yellow, orange, red) are
principally distributed along two broad belts: (1) a north-west-trending belt that extends along
the southwestern border of Nevada (the Walker Lanebelt); and (2) anorth-east-trending belt that
extendsdiagonal ly across northern and northwestern Nevada (correl ative to Humbol dt zone; see
chapter 8). The two belts intersect in the vicinity of Reno and Carson City, Nevada, between
approximately N 39°—40° and W 119°-120°, where the 9-layer posterior probability map shows
arelatively strong region of volcanic rock-hosted mineral potential (see Fig. 7.8abelow). The
two broad belts of elevated volcanic rock-hosted mineral potential roughly envelop the main
region of elevated sedimentary rock-hosted mineral potential (compare Figs. 7.4 and 7.5 to the
point distribution of known occurrences in Fig. 6.2) In comparison to the sedimentary rock-
hosted el evated mineral potentia areas, thevol canic rock-hosted el evated mineral potential areas
are patchy and discontinuous, and generally more evenly distributed across the state. Like the
sedimentary rock-hosted mineral potential “highs’, the volcanic rock-hosted “highs” represent
instances where nearly all of the layers of evidence come into spatial agreement. A typical
combination of evidence consists of lithology, distance buffer zones surrounding plutons, the
geomagnetic anomaly, distance buffer zones surrounding faults, lithologic diversity, and the
K/Na geochemical anomaly (amore detailed review is presented in section 8.2.2).

7.4 Validation of Mineral Potential Models

7.4.1 Introduction

Model validation isthethird of the three stages of model building (Chatfield, 1988). Validation
may be carried out using the same data from which the models were built, where the output of
amodel istypically analysed for goodness-of-fit and error, and istested for the ability to predict
the distribution of the data from which it was built and specified (training point prediction).
Goodness-of-fit and error test are reviewed in section 7.4.2, “ Conditional 1ndependence and
Uncertainty of the Mineral Potential Maps’, and examined in detail in Appendix C. The
capacity of the mineral potential models to predict known occurrences is reviewed in section
7.4.3 and detailed in Appendix D. But perhaps more important is the ability of a model to
predict the distribution of data which were not used to construct the model. Validation of this
typeisusually referredtoasa“blindtest”. A blindtest of themineral potential modelsbuilt here
was performed using (1) expert-delineated tracts permissible for sedimentary-rock hosted and
epithermal mineralization (in essence an informal blind test; section 7.4.4), and (2) newly
discovered gold occurrences (atrue blind test; section 7.4.5).
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The results of the model validation analyses indicate that the posterior probability maps output
from the mineral potential models are within acceptable limits. Generally speaking, weights of
evidence mineral potential modelling is successful if the resulting mineral potential maps (1)
predict the distribution of known mineral occurrences, and/or (2) are useful for delineating or
targeting regions of elevated mineral potential for follow-up exploration (Bonham-Carter,
1994Db). Both of these criteriawere met. Thefirst isdiscussed in section 7.4.3. The second is
discussed in section 7.4.4, and is the subject of section 7.5.

7.4.2 Conditional Independence and Uncertainty of the Mineral Potential
Maps

The results of Cl testing suggest that the mineral potential maps should be considered in terms
of relative favorability” , rather than strictly as“ probabilistic” maps. Both they? pairwiseand
K-Soveral testsindicate that the layers of evidence composing these mineral potential models
are not conditionally independent with respect to the mineral occurrences, and that this lack of
Cl isred, in both the statistical and the geological sense. The violation of Cl in the mineral
potential modelsis not unexpected, as Cl in WOE modelling is always viol ated to some degree
(Bonham-Carter, 1994a; see chapter 4 and Appendix B for details). The greater the number of
evidence maps used in amodel, especially if those maps have similar distribution patterns and
represent similar typesof evidence, thegreater the possibility isthat conditional dependency will
exist.

The sedimentary rock-hosted occurrence mineral potential models have a high discrepancy
between the number of observed and predicted occurrences. The volcanic rock-hosted
occurrences mineral potential models show a lesser amount of CI violation. The lack of ClI
occurs most notably in the mineral potential models where all of the available binary-class
predictor mapswere combined. To mitigate some of this Cl, the evidencelayersthat caused the
greatest ClI violations were rejected from the models. The sedimentary rock-hosted model was
reduced from 9 to 8 evidence layers by removing the pluton buffer binary-class predictor map
(rgjection of 2 or 3 additional combination predictor maps had relatively little additional
corrective value). The volcanic rock-hosted model was reduced from 9 to 7 evidence layers by
removing the BaylNageochemica anomaly and lithotectonic terranesbinary-class predictor maps
(while not remedying all of the CI problems, removal of these two maps reduced CI violations
substantially; see Appendix C for further explanation). In addition, it was determined that
increasingly large numbersof training pointsresult inincreasingly larger magnitude and agreater
number of Cl violations. Therefore, the Cl violation exhibited by these mineral potential models
may in part be related to the relatively large number of mineral occurrences modelled.

In order to determine whether the violations of Cl severely affected the mineral potential maps,
comparisons were made between the CI- mitigated and -unmitigated maps, as well as between
mineral potential maps generated using the weights of evidence (WOE) and weighted logistic
regression (WLR) methods. Maps of absolute differencein posterior probability value between
Cl- mitigated and -unmitigated mineral potential maps show relatively small discrepancies(Fig.
7.6). The comparison between the WOE-derived and WLR-derived posterior probability maps
for sedimentary and volcanic rock-hosted mineralization shows only minor differencesin the
distribution of favorable mineral potential areas at the local-scale (Figs. 7.7 and 7.8). At the
regional scale, no significant differences are visible in the overall map patterns, although the
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WOE mineral potential maps appear to be somewhat “warmer”. The WOE-WLR comparison
was chiefly made because the WLR method does not require the assumption of Cl. In genera,
the results of the WLR method appear to be consistent with those of the WOE method, and
suggest that, for this study, the results of the WOE method are within acceptable and expected
bounds.

Analysis of the “certainty” of the posterior probability estimates also suggests that the mineral
potential maps are within acceptable limits. Maps of posterior probability uncertainty for the
sedimentary and vol canic rock-hosted mineral potential mapsare showninFigures7.9and 7.10,
respectively (see Appendix C for complete analysis). Uncertainty may be due to the variances
inweight estimates (W and W-) and/or to one or more of the predictor maps having incomplete
coverage (i.e.—missing data) (Bonham-Carter et a., 1989). Uncertainty dueto variancein the
weights estimates is usually correlated to the posterior probability values, and when mapped,
resultsin an uncertainty map pattern similar to that of the posterior probability map. A measure
of relative certainty, consisting of the posterior probability divided by its standard deviation (in
effect, a student t-test), indicates the degree of confidence to which the posterior probability
mineral potential map patternsare“rea”, as opposed to being an artifact of “chance” effects (or
due to chance). Thet-test isuseful for identifying gross violations of the model assumptions.
In general, the maps of uncertainty dueto variance in weights estimates and due to missing data
reflect thelarge overall variationin thedata(i.e—"noiseinthesystem”). However, therelative
certainty maps suggest that, despite this high degree of variability, the mineral potential map
favorability patterns are reliable (i.e—areas of elevated t-value are spatially coincident with
areas of high mineral potential).

7.4.3 Favorability at Known Gold-Silver-Bearing Occurrence Areas

The mineral potential favorability at known primary, sedimentary and volcanic rock-hosted
occurrence locations was determined as follows:

1. Appending the probability calculated with WOE to each occurrence point.

2. Countingthenumber of occurrences (subdivided by size) having posterior probabilitiesgreater thantheprior
probability.

3. Comparing the distribution pattern of the point occurrences (as classified by their appended posterior
probability) to the distribution pattern of the mineral potential posterior probability map.

Approximately 2 to % of al occurrences, for any given occurrence-type, have posterior
probabilitiesgreater than the prior probability (see Appendix D for completelisting of data). For
the primary occurrences, ~76% of the big (large and medium size) and ~69% of the small size
occurrences have posterior probabilities larger than the prior probability, with atotal of ~69%
of all of the primary occurrenceshaving ahigher posterior probability. For the sedimentary rock-
hosted occurrences, ~84% of the big and ~82% of the small size occurrences have posterior
probabilitieslarger than the prior probability, with atotal of ~83% of all of the sedimentary rock-
hosted occurrences having a higher posterior probability (Fig. 7.11). For the volcanic rock-
hosted occurrences, ~72% of the big and ~60% of the small size occurrences have posterior
probabilities larger than the prior probability, with atotal of ~60% of all of the volcanic rock-
hosted occurrences having a higher posterior probability (Fig. 7.12). The proportion of
occurrenceswith posterior probabilities higher than the prior isroughly the samefor the primary
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asitisfor thevolcanic rock-hosted occurrence-type. The sedimentary rock-hosted occurrences,
however, show markedly higher proportions, which is mainly due to the greater degree of
conditional dependencein the sedimentary rock-hosted occurrence-type mineral potential model.

In additionto alarge proportion of the gold-silver-bearing occurrences having el evated posterior
probabilities, the spatial distribution of occurrences having elevated posterior probability values
is coincident with areas of elevated mineral potential favorability, as predicted by the posterior
probability maps. This correlation is particularly noticeable for the sedimentary and volcanic
rock-hosted occurrences, as shown in Figures 7.13 and 7.14. In both of these Figures, a
conspicuous pattern of occurrences is highlighted with a dashed line, and is shown to have a
spatially associated and corresponding pattern of areas of elevated posterior probability. The
dashed lineson these Figures merely delineate the spatial distribution of the occurrences, and do
not necessarily reflect any geologic, structural, or other genetic-related trends.

These observations indicate that (1) arelatively large proportion of occurrences have posterior
probability values higher than that of the prior probability, and (2) the distribution of this
relatively large proportion of occurrencesiscorrelativeto areasof elevated posterior probability.
Based upon Bonham-Carter’'s (1994b) first criterion for successful mineral potential
modelling—the resulting mineral potential maps predict the distribution of known mineral
occurrences—the modelling carried out here, despite known CI problems, was successful.

7.4.4 Comparison to Expert-Delineated Mineral Potential Areas

In 1996 two regional-scale mineral resource assessment studies were published by the U.S.
Geological Survey: (1) OFR-96-96, “ Data Base for a National Mineral Resource Assessment
of Undiscovered Deposits of Gold, Slver, Copper, Lead, and Zinc in the Conterminous United
Sates’ (Ludington et a., 1996); and (2) OFR-96-2, “ An Analysis of Nevada's Metal-bearing
Mineral Resources’ (Singer, 1996). These assessmentswere conducted over anumber of years
with the assistance and expert knowledge of a fairly large team of experts from various
geological sub-disciplines. Thegoal of these projectswasto provide an analysis of the mineral
resources in Nevada and the United States for the purposes of facilitating economic
devel opment, land-use and management, and mineralsexploration. Aspart of these surveys, an
assessment for undiscovered gold and silver depositsfor the Nevada Great Basin was made and
deposit “tract maps’ delineating regions permissible® for various types of sedimentary and
volcanic rock-hosted mineralization were produced. For the sediment-hosted gold tract map,

Yine permissive” areas, the lithologic and/or structural features necessary for ore deposition are present. In
“favorable” areas, permissive lithologic and/or structural features are present, as well as other features
indicating that potential mineralizing processes have taken place. The term “favorable” used in this study
includes mainly exposed (not covered by Cenozoic alluvium) “ permissive” areas delineated in OFR-96-96 and
OFR-96-2, and perhaps indicates a higher degree of mineral potential than “permissive”.
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only Carlin-style disseminated gold deposits were considered?. Tract delineation was based on
the distribution of the Roberts Mountain, Golconda, and several other allochthons, and, in the
Sevier orogenic belt in eastern Nevada, by patterns of folding and thrust faulting shown on the
Stewart and Carlson (1978) geological map of Nevada (Ludington et al., 1996; Singer, 1996).
For the epithermal gold-silver tract map, anumber of different deposit types were considered®.
Tract delineation was based on distribution of volcanic rocks, of epithermal mineral deposits,
prospects, and occurrences, on the distribution of synvolcanic faults, and on the magnetic
anomaly patterns associated with the Walker Lane and northern Nevada rift (Ludington et al.,
1996; Singer, 1996). Ludington et al. (1996) and Singer (1996) should be consulted for further
details on the mineral assessment methodol ogy, assumptions, and rational.

Using area cross-correlation analysis, comparisons were made between permissible tracts for
sedimentary-hosted gold and epithermal gold-silver mineralization as delineated by the expert
mineral assessments and the sedimentary and volcanic rock-hosted mineral potential maps as
delineated in this study with weights of evidence (Figs. 7.15 and 7.16). The analysisindicated
that:

¢ Approximately 85% of the favorable and ~95% of the elevated favorable areas for sedimentary rock-hosted
gold mineralization lie within the expert-defined permissive tracts for such deposits.

e Approximately 73% of the favorable and ~91% of the elevated favorable areas for volcanic rock-hosted
mineralization (epithermal), lie within the expert-defined permissive tracts for such deposits.

Both the sedimentary and vol canic rock-hosted occurrence posterior probability maps display
regionsof strong mineral potential that are coincident with permissivetractsasdelineated by the
experts, aswell as coinciding with areas hosting important and/or many occurrences. But more
important, the mineral potential maps produced in this study highlight regions of strong mineral
potential where known occurrences are absent or few in number. Based upon Bonham-Carter’s
(1994b) second criterion for successful mineral potential modelling—the resulting mineral
potential maps are useful for delineating or targeting regions of elevated mineral potential for
follow-up exploration—the maps created here have successfully outlined areas that might be
interesting regional-scale exploration targets. These targets are presented in section 7.5.

7.4.5 Blind Test of Mineral Potential Model Predictability

The posterior probability maps produced in this study were built from mineral potential models
calibrated (trained) usinga1993 download of Mineral Resource Data System (MRDS) database

2 Thedepositsconsideredinclude: (1) an eastern group, exemplified by Bald Mountain, Golden Butte, Alligator
Ridge, Illipah, Night Hawk, and Green Springs; (2) a central group, exemplified by deposits in the Jerritt
Canyon (Burns Basin) district, the Carlin trend, Marigold, deposits around Cortez, Tonkin Springs, and
Northumberland; and (3) a western group, exemplified by deposits in the Getchell trend, Standard, and
Fondaway Canyon. Ludington et a. (1996) and Singer (1996) should be consulted for the complete list.

Thedeposit typesconsidered include: (1) Comstock epithermal vein, exemplified by the Comstock, Tonopah,
Jarbidge, National, and Tuscarora districts, (2) quartz-alunite vein, exemplified by the Goldfield district, (3)
hot spring gold-silver, exemplified by the Round Mountain, Borealis, Paradise Peak, Hog Ranch, and Lewis
deposits, and other epithermal deposits, including hot spring Hg, simple S, epithermal Mn, and rhyolite-hosted
Sn. Ludington et al. (1996) and Singer (1996) should be consulted for the complete list.
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(with some modifications from a 1995 download; see chapter 5). A list of newly discovered
occurrences (or at least newly tabulated or reported since the 1993/95 MRDS occurrences used
for this study) was compiled from Ludington et a. (1996), the NevadaMinera Industry reports
for 1994, 1995, and 1996 (Nevada Bureau of Mines and Geology staff, 1995-1997), and from
Joe V. Tingley of the Nevada Bureau of Mines and Geology (1998, personal communication).
Thesediscoveriesconsist of 12 sediment-hosted occurrences (Gold Canyon, Golden Butte, Pan,
Pinon Range—Cord Ranch, Pipeline, Reona, Saddle, South Pipeline, Treasure Hill, Trenton-
Vamy, Winters Creek, and Wright Window) and 5 epithermal occurrences (Gemfield, Golden
Arrow, Hydra-Hercules, Midway, Mule Canyon).

The blind test was carried out by appending the posterior probability value calculated using the
appropriate mineral potential model to the 12 new sedimentary and 5 new vol canic rock-hosted
occurrences. Ten of the twelve sedimentary rock-hosted occurrences were estimated to have
posterior probabilities higher than the prior probability, where four have notably high posterior
probabilities (Fig. 7.17). Five of five epithermal occurrences were estimated to have posterior
probabilities higher than the prior probability, where two have notably high posterior
probabilities(Fig. 7.18). Theseresultsclearly validate the sedimentary and vol canic rock-hosted
mineral potential models built in this study and indicate that they have a significant predictive

capacity.

7.5 GeologicCharacterization and Delineation of Regional-
Scale Sedimentary and Volcanic Rock-Hosted
Occurrence Exploration Targets

7.5.1 Introduction

A couple of the main purposes of modelling mineral potential are (1) to predict areas where
geol ogic conditions conduciveto mineralization exist and where processesresul ting in economic
ore concentrations are likely to have taken place, and (2) to target regions of high mineral
potential for further investigation using the predicted areas as an exploration guide.

Theselection of favorableregionsfor explorationinvolvesidentifying areas of elevated posterior
probability that have few or no known gold-silver-bearing occurrences. This is most easily
accomplished by first superimposing a“mask” of known occurrences over the mineral potential
map, and | ocating those areaswithin aregion of elevated posterior probability that show through
the mask. For this study, a mask consisting of a 10 km radius buffer around all known
occurrences was used. Ten kilometers is a subjective estimate representing the extent of a
mining lease, which may or may not include peripheral “backyard” claims, prospects, or other
exploration areas. A radiusof 10 km around an ore deposit may also be afair approximation for
the extent of (or at least encompasses) the mineralizing system (i.e—the extent of district or
local-scal e hydrothermal circulation; see Nesbitt and M uehlenbachs, 1989; Sillitoeand Bonham,
1990). Thisestimate may not be appropriate in all instances—10 km may be an overstatement
with regard to mineral “showings’ or an understatement in cases such asthe Comstock or Carlin
deposits—but, for all practical purposes, itisconsidered reasonablefor revealing sitesof interest.

Using the mineral potential models, promising target sites can be interactively queried “on-
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screen” with the GIS in order to investigate which of the evidence layers (or combination of
layers) isresponsiblefor thefavorability highsinagivenregion. Thisprovidesa“feel” for what
geologic factors (according to the data-driven, weights of evidence mineral potential model)
might be important for mineralization at a particular site. Such information (supplementing
knowledge and experience) can be used to judge whether or not the siteisviable. The ability to
isolate clearly and understandably which of the evidencelayers produce amineral potential high
is one of the important advantages that weights of evidence has over other methods for
combining geoscientific spatial data.

Thissection outlinesregional -scal eexpl oration targetsfor sedimentary and vol canic rock-hosted
occurrences. In total, 10 prospective target regions were selected (five for sedimentary rock-
hosted occurrences and five for volcanic rock-hosted occurrences). The target regions are
presented in as a series of maps:

1. Regional-Scale Exploration Target | ndex Maps—Two Figuresthat show the sedimentary and vol canic rock-
hosted occurrence posterior probability maps overlain with amask consisting of all three occurrence-type
samples (primary, sedimentary and vol canic rock-hosted occurrences). The purpose of applying thismask,
rather than amask consisting only of one or another occurrence-type, isto isolate those regionswhere there
is an absence of occurrences of any type.

2. Close-upMapsof Individual Regional-Scale Exploration Targets—Threeor four Figures, whereeach Figure
consists of: (1) amap showing known occurrences relative to predicted favorable areas within the region
(some of the more prominent depositsarelabelled); (2) the sedimentary or vol cani ¢ rock-hosted occurrences
posterior probability map shown with respect to regional- and local-scale structures, against shaded relief
of topography; and (3) the geol ogi cal assemblage map for thetarget region shown with primary occurrences.
The occurrences shown on these maps are displayed with aradius of 2 km, rather than 10 km. Thiswasdone
to reveal more of the area of interest.

The prospectiveregional -scal e exploration targets shown on the two index maps (item #1 above)
have a number code that is used to link them to a close-up map (item #2 above) and a detailed
description of the lithologic, structural, and tectonomagmatic mineral potential evidence each
target region (presented below in sections 7.5.2 and 7.5.3 below). For each target region, the
following material is reviewed:

General location.

Significant deposits hosted by the target region.

The main mineral potential evidence that qualifies the area as atarget region.
Other significant geologic features conducive to mineralization.

Potential host lithologies.

Specific sites (at the mountain-range-scale) for further investigation.

The mineral potential maps presented below are intended to help define regional-scale
exploration targets for detailed data collection and further investigation—they are not intended
for delineating drilling targets. The scale of the data compiled here is too small (not “fine”
enough) to provide the resolution and information needed to delimit a drilling target. The
mineral potential maps are, however, effective for selecting areas that have the proper geologic
conditions favorable for gold-silver mineralization. The prospective regional-scale exploration
targets presented below are not ranked in any particular order of importance. Geographic
references (names of mountain ranges, valleys, creeks, highways, etc.) are from the geological
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map of Nevada (Stewart and Carlson, 1978).

7.5.2 Sedimentary Rock-Hosted Mineral Potential Regions

The sedimentary rock-hosted occurrence-type regional-scale exploration target index map is
shownin Figure 7.19. Theindividual target regions are shown in Figures 7.20, 7.21, and 7.22.
They consist primarily of elevated mineral potential areasthat are not immediately surrounded
by sedimentary rock-hosted or other types of occurrences, and areas that are proximal to afew
lone scattered occurrences (i.e—target region #5). Thetarget regions are mainly located along
a“V’ -shaped trend located in northern Nevada. The individual target regions are described
below. A summary of the important geologic mineral potentia evidence associated with areas
of elevated favorability in the target regionsis given in section 8.2.1.

Region #1—Located in the northeastern corner of the state, there are no known sedimentary rock-hosted
occurrencesin thistarget region (or at least no known occurrenceslisted inthe MRDS database) (Fig. 7.20a). The
Jarbidge district (volcanic rock-hosted deposits) is the most important known gold-silver mineraization in the
region. The most significant mineral potential evidence for this region consists of lithology, lithotectonic terrane,
and theisostatic gravity anomaly, aswell as possi bl e deep-seated structures (Fig. 7.20b). Thisregionistransected
by a number of crustal-scale structural features, which include the ¥Sr/%Sr |, = 0.706 isopleth (presumed to
delineate the western edge of the North American Precambrian craton, and may represent a zone of crustal
weakness), the Golconda and Roberts Mountain thrust fronts, and several possible deep-seated basement and/or
strike-slip features (see Shawe, 1965; Blakely, 1988; Putnam and Henriques, 1991; also see Figs. 2.5, 2.10, and
2.11). Thenortheastern segment of the Nevada pal eothermal anomaly, trending roughly northwest—southeast, also
extends across this region (see Fig. 2.10). The areas of highest posterior probability are located proximal to the
intersection of many of these features, which could providefluid pathways for mineralizing fluids at upper crustal
levels and facilitate the movement of deep-crustal fluids to higher crustal levels. Thecrust inthisregionisalso
characterized by high present-day heat flow. Lithologies permissive for mineraization include the “Marine and
Shelf—Early-Mid PZ” and“ Siliceous Rocks-Mid PZ-PC” lithologic assemblages (Fig. 7.20c). Theseassemblages
were most likely thrust into place, which effectively tectonicaly over-thickened the crust in this region (as
suggested by geophysi cal anomalies; see section 6.6.3). These assemblage units havethe highest weights of spatial
association (W*) with the sedimentary rock-hosted occurrences (see Fig. 6.12). While the lithology is favorable
for ore deposition, the relative fault density over most of the region is not particularly high, although the areas of
elevated mineral potential favorability do show moderate lithologic diversity. Itisinteresting to notethat the area
of highest relative fault density corresponds the location of the Jarbidge district. Suitable sites for further
investigation might include: (1) areas east and southeast of the Arizona mine, along the northeast—southwest-
trending length of Knoll Mountain, and the areajust north of Jake's Creek, in the westward range acrossthe valley
adjacent to (west of) the Arizona mine; (2) in the mountains surrounding the town of Melanoco (Antelope Peak
tothewest, and Black Mountain to the east), in the vicinity of N 41.28°—W 114.85°; (3) the northernmost Pequop
Mountains, just west of the town of Oasis, around N 41.06° —W 114.85° in the vicinity of the Pequop district; (4)
theareadue-southeast of the Silver Giant Claim Group and Norman mines (Jarbidgedistrict), between MarysRiver
Peak and the source of Anderson Creek; and (5) in the immediate vicinity south of the Coleman and Foss mines
(Island Mountain district ared), in the mountains just northeast of the town of Wild Horse, and on Cornwall
Mountain.

Region #2—1 ocated in northern-most central Nevada, just west of target region #1, this target region is host to
anumber of world-class deposits that include the Independence group and Carlin-trend sedimentary rock-hosted
deposits, aswell asthe Tuscaroradistrict (vol cani ¢ rock-hosted deposits), and the Auraand Edgemont polymetallic
vein districts (Fig. 7.2048). Thisis one of the richest precious metal producing mining regionsin the world. The
most significant mineral potential evidence for thisregion consists of lithology, the Ba/Naand K/Nageochemical
anomalies, lithotectonic terrane, the isostatic gravity anomaly, as well as many deep-seated and crustal structures
(Fig. 7.20b). Many crustal-scale structural elements come together in thisregion, al of which may have provided
lateral and vertical pathways for fluid movement: the favorable areas are (1) adjacent to the northern Nevadarift
zone (see sections 2.7.4, 6.6.3, 8.2.1, and 8.5.1); (2) flanked to the W-NW by Roberts Mountain thrust and E-SE
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by the Golconda thrust fronts (see Fig. 2.5); (3) collateral with the eastern margin of the Nevada paleothermal
anomaly (see Fig. 2.10); (4) intersected by a number of possible deep-seated basement structures; and (5) they
straddle, at right-angles, the #Sr/®*Sr |, = 0.706 isopleth, presumed to be the western edge of the North American
Precambrian craton (see Figs. 2.10 and 2.11). Other regional characteristics conducive to ore formation include
moderatelithologic diversity and ahigh relativefault density. Thisregion isalso characterized by moderately high
modern-day heat flow. Aswith target region #1, the two most permissivelithol ogic assemblagesinclude“Marine
and Shelf-Early-Mid PZ” and “ Siliceous Rocks-Mid PZ-PC” (Fig. 7.20c; also see Fig. 6.12). Promising sitesfor
further investigation include: (1) the southern Tuscarora Mountains, on a southerly traverse between the Carlin
deposit and the Marys Mountain/Carlin Peaks area (Carlin trend); (2) the hills on the northeastern side of Maggie
Creek (the stream), approximately northeast of the Tusc, Gold Quarry, and Maggie Creek deposits (Carlin trend);
(3) aong atraverse northwest of the Rain and Emigrant Springs deposits to about N 40.70°—W 116.07°; (4) the
region along a northeast-southwest traverse through the mountains connecting the northern Carlin trend deposits
(i.e—Post and Meikle area) and the and the southern Independence group deposits (i.e—Mill Creek and Burns
Basin), especially inthevicinity of Wheeler Mountain; (5) in the southern Independence Mountains, in thevicinity
surrounding Swales Mountain, especialy areas to the northeast; (6) in the central Independence Mountains,
between the Generator Hill and Sammy Creek deposits (Independence group), in the areas west of McAfee and
Jacks peaks (possibly under some of the moraina deposits in this area); (7) in the northern (north central?)
Independence M ountains, the areaimmediately southeast of Rocky Bluff and north—northeast of the Sammy Creek
deposits (Independence group); and (8) isolated spots in the northern Tuscarora Mountains, in the region
surrounded by the Toe Jam Mountain—-Dry Creek Mountain—M ount Blitzen—Castile Mountain, and especialy the
areadown-hill to the south of Toe Jam and Castile mountains. It seemsthat “backyard” prospecting might still be
very worthwhile in this region.

Region #3—Located in central Nevada, just south of target region #2, this target region is south of the Carlin
trend deposits and east of the Battle M ountain—Eureka (Cortez) trend deposits. The Rain, Emigrant Springs, Trout
Creek, and South Bullion deposits (Carlin trend) are located in the northern portion of the region, and the Tonkin
Springs, Gold Pick, and Gold Bar deposits (Battle Mountain—Eureka trend) are found in the south-southwestern
part of theregion (Fig. 7.21a). Like region #2, the northern and south-southwestern areas of thistarget region are
very richin gold. The most significant mineral potential evidence for thisregion consists of lithology, the Ba/lNa
or K/Nageochemical anomalies, theisostatic gravity anomaly, aswell asnumerouscrustal-scal e structural features
(Fig. 7.21b). Of particular interest is a narrow zone of high mineral potential that trends north-south across the
target region, and a circular area in the south-central part of the region. The narrow north-south trending
favorability zoneis collateral with the Roberts Mountain thrust, and isintersected at acute angles by a number of
deep-seated basement structures, which are parallel and proximal to the northern Nevadarift zone. The circular
zone of favorability is approximately located where the northern Nevadarift zone geomagnetic anomaly intersects
the trace of the Roberts Mountain thrust front. These structural arrangements, similar to those found in target
region #2, could facilitate fluid passage and mineralizing processes. Both of the favorable zoneslieto the east of
the eastern margin of the Nevada paleotherma anomaly (see Fig. 2.10). The favorability zones are also
characterized by moderate relative fault density, moderate lithologic diversity, and they trend along the eastern-
southeastern margin of the present-day Battle Mountain heat high. Thetwo most permissivelithologic assemblage
unitsinclude “Marine and Shelf-Late PZ” and “Marine and Shelf-Early-Mid PZ” (Fig. 7.21c), dightly different
fromthosefoundinregions#1 and #2, but also highly rated with respect to their weightsof spatial association (W*)
with the sedimentary rock-hosted occurrences (see Fig. 6.12). Locdlities that might warrant further exploration
include: (1) areasin the northern Sulphur Spring Range (the Pinon Range), between and west of Buckskin, Spring
Canyon, and Pine mountains, proximal and west-northwest of the Rain and Emigrant Springs deposits (Carlin
trend); (2) areas in the Pinon Range, east of Pine Mountain, the region between the Rain and Emigrant Springs
depositsand the Trout Creek and South Bullion deposits (Carlintrend), inthevicinity of Web Foot (Cu-skarn), Last
Chance (polymetallic replacement), and Sylvania mines; (3) the entire length of the narrow north-south-trending
zone of mineral potential highs, along the Sul phur Springs Range, roughly extending along Pine M ountain—Coffin
Mountai n—Union Mountain-Mineral Hill-Bald Mountain—Baily Pass (thistarget is especialy interesting because
thereisonly one deposit of any significance, Mineral Hills, alarge polymetallic replacement deposit, located along
thisrange); (4) areas in the Roberts Mountains, immediately surrounding, and to the northeast and southwest of
the Gold Pick, Gold Ridge, and Goldstone deposits (Battle M ountain-Eurekatrend), and especially north and east
of Roberts Creek Mountain.

Region #4—Located in central Nevada, west of region #3, the targets in this region are just southwest of, and
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parallel to, the Battle Mountain—Eureka (Cortez) trend deposits. The Cove mineislocated in the northwest part
of this region, and the Hilltop mine, Gold Acres deposit, Cortez deposit, and Horse Canyon mine (Battle
Mountain—Eureka trend) occur in the northeastern portion of the region (Fig. 7.21a). The Tonkin Springs, Gold
Pick, Gold Bar, Gold Ridge, and Gol dstone deposits (Battle M ountain—Eurekatrend) are found in the southeastern
part of the region, and were addressed above in the description of region #3. Thisregion, asareregions#2 and #3,
isrichin precious metals. The most significant mineral potential evidence in thisregion consists of lithology, the
Ba/Na geochemical anomaly, and lithotectonic terrane, in addition to some crustal-scale structures (Fig. 7.21b).
The mineral potential areas of interest are parallel to and bound by the northern Nevada rift zone to the northeast
and the Golcondathrust front to the southwest (see Figs. 2.3, 2.5, and 6.45). Further west, the favorable areas are
flanked by the ¥Sr/%Sr |, = 0.706 isopleth, presumed to be the western edge of the North American Precambrian
craton (seeFigs. 2.10 and 2.11), and by ashorter and smaller geomagnetic anomaly related to the northern Nevada
rift, presumed to represent a crustal-scal e fracture or structural zone (see Fig. 6.45a, feature#1, and sections 2.7.4,
6.6.3, and 8.5.1). In addition, the favorable areas lie largely within and aong the eastern margin of the Nevada
pal eothermal anomaly (seeFig. 2.10). Theparallel alignment and proximity of these regional-scalefeaturesto one
another could have provided through going upper-crust—ower-crust permeability for mineralizing fluids and heat.
The areas of high mineral potential are also characterized by moderate relative fault density, moderate to
moderately-high lithologic diversity, and anomalously high present-day heat flow (this target region is situated
nearly in the center of the Battle Mountain heat high). The most permissive lithol ogic assemblages are once again
the “Marine and Shelf—Early-Mid PZ” and “ Siliceous Rocks-Mid PZ-PC”, which have the highest weights of
spatial association (W) with the sedimentary rock-hosted occurrences (Fig. 7.21c; also see Fig. 6.12). Sitesthat
might be considered for further investigationinclude: (1) areasinthegeneral vicinity of the Shoshone Range, near
Mt. Lewis and Goat Peak, especialy around and immediately to the southwest of the Elder Creek mine (Battle
Mountain—Eureka trend); (2) areas further southwest of the Elder Creek mine in the Shoshone Range, just to the
northwest of the central and southern end of Carico Lake Valley, around N 40.05° — W 117.10°% (3) areasin the
northern Toiyabe Range, along the eastern margin of Carico Lake Valley, west of Bald Mountain, around N 40.00°
—W 116.85°% (4) areasin the northern Toiyabe Range—southern Cortez Mountains, in thevicinity of Bald Mountain
along the northwestern margin of the northern end of Grass Valley, around N 40.04° — W 116.67°; (5) areasin the
northern Toiyabe Range, immediately southwest of Mt. Callaghan; and (6) areas in the Simpson Park Mountains,
just southeast of Twin Peaks and parallel to the Battle M ountain—Eureka trend (northwest—southeast), and along
the ridge-line connecting M cClusky Peak, Buck Mountain, and Fagin Mountain (trending approximately north-
northeast—south-southwest).

Region #5—L ocated in south-central and southwestern Nevada, the principal target areas in this region are
located near the Austin Gold Ventures (Quito) mine and the Northumberland mine, in the north-central portion of
the region, and near the Candelaria mine in the southwestern part of the region (Fig. 7.22a). Other targets are
located just south of the Ratto Canyon mine, in the extreme northeast corner of theregion, and north of the Tonopah
district (volcanic rock-hosted deposits). With the exception of afew other widely scattered deposits, this target
region is generally lacking in sedimentary rock-hosted occurrences, although this region is host to a number of
medium- and large-size vol canic rock-hosted deposits and other types of mineralization (seeFig. 7.22a). Themost
significant mineral potential evidencein thistarget region consists of the K/Naand Ba/Na geochemical anomalies
(where present), lithology, and lithotectonic terrane, as well as the presence of several regional-scale structural
features (Fig. 7.22b). The principal mineral potential favorability areas are crossed by the Golconda thrust front
and the ¥Sr/®Sr |1, = 0.706 isopleth (presumed to represent the western edge of the North American Precambrian
craton; seeFigs. 2.10 and 2.11), or are proximal to thesefeatures. Thefavorable areasal so correspond to locations
along the Golconda thrust and #Sr/%Sr 1, = 0.706 isopleth that are intersected at acute angles or parallel to
presumed deep-seated structural features, some of which may berelated to transcurrent movement along the Wal ker
Lane belt. In addition, the principal high mineral potential areas lie along the eastern or western margin of the
Nevada paleothermal high. The spatial coincidence of these structural zones and the paleothermal heat high may
have promoted fluid circulation and facilitated precious metal mineralization. Therelativedensity of faults across
the region is variable, but most of the favorable mineral potential targets lie within areas of moderate to slightly
higher relative fault densities, and moderatelithologic diversity. Modern-day crustal heat flow inthistarget region
isvariable: very highinthe western half, which corresponds to the Walker Lane shear zone, and very low in the
eastern half, which corresponds to the highlands of central—south-central Nevada. The most permissive lithologic
assemblagesfor hosting occurrencesinthisregion arethe” marineand shelf” assemblages, particularly the“Marine
and Shelf-Early-Mid PZ” assemblage, which has the second highest weight of spatial association (W*) with
sedimentary rock-hosted occurrences (see Fig. 6.12). In general, the areas of interest in thisregion are fewer and
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smaller in extent, as compared to target regions #1-#4, however, the following sites may warrant some
consideration: (1) the central Toiyabe Range, along Toiyabe Range Peak—Bunker Hill-T oiyabe Peak—Bob Scotts
Summit, especially north and west of Bunker Hill, and in the vicinity of the Austin Gold Ventures (Quito) mine;
(2) the central Toquima Range, around Petes Summit, Wildcat Peak, and especially south of Wildcat Peak in the
vicinity of the Northumberland deposit, but well short of Mount Jefferson; (3) the southernmost Fish Creek Range,
well south of Dave Keane Mountain (no known depositsin this area); (4) the northern Hot Creek Range, north of
Morey Peak and northwest of Morey district; (5) the Candelaria Hills, in southeastern Mineral County, north and
northeast of Miller Mountain, and especialy the region west of the Lucky Hill mine and the Candelaria district;
and (6) the southwestern Monte Cristo Range, in central northwest Esmeralda county, southwest of the Charley
claims along the eastern margin of the Columbus Salt Marsh.

Other Regions—In addition to the targets noted above, a number of other promising exploration sitesin the
Pershing—L ander—Humbol dt countiesregion, whicharenot reviewed in detail here, include: (1) thenorthernTobin
Range, north of the Needle Peak and Mount Tobin area, south of the Iron Hat polymetallic vein district and north
of the Mount Tobin hot springs deposit; (2) the western (northwestern) half of Battle Mountain, north and
northwest of Antler and North peaks; (3) the mountains northwest of the northeastern opening of Pumpernickel
Valley, especidly in the area surrounding the Golconda Summit; (4) the northwestern Osgood Mountains, to the
west and north of the Getchell trend deposits; (5) the Hot Springs Range (west of the Osgood Mountains), the
whole of the range but particularly north of Hot Springs Peak in the vicinity of the fault-bound Paleozoic
serpentinite units (this lithol ogic unit, Pzsp, has ahigh spatial association with distal disseminated occurrencesin
the Candelariadistrict in southeastern Mineral County). All of these siteshave similar geologic characteristicsand
attributes to those mentioned in the target regions above.

7.5.3 Volcanic Rock-Hosted Mineral Potential Regions

Thevolcanic rock-hosted occurrence-type regional-scale exploration target index map is shown
in Figure 7.23. Theindividual target regions are shown in Figures 7.24, 7.25, 7.26, and 7.27.
They consist primarily of elevated mineral potential areas that are not immediately surrounded
by volcanic rock-hosted or other types of occurrences. The target regions are mainly located
within the Walker Lane belt and the Humboldt zone, which trends northeast—southwest across
northern Nevada. Theindividual target regionsare described below. A summary of theimportant
geologic mineral potentia evidence associated with areas of elevated favorability in the target
regionsisgiven in section 8.2.2.

Region #1—L ocated in the extreme northwestern corner of Nevada, the main targetsin thisregion are associated
with acluster of Au-Ag hot spring deposits (Virgin Valley district) that occur in the northern portion of thisregion,
and the Western Hog Ranch Au-Ag hot spring mine, which islocated in the central part of theregion (Fig. 7.244).
The Crofoot and Lewis mines (Sulphur district) are found in the southeastern part of this target region. The
occurrencesin thisregion are principally Au-Ag hot-spring-type. The most significant mineral potential evidence
for this region consists of lithology, the geomagnetic anomaly, fault distance buffers, and the isostatic gravity
anomaly, aswell as numerous possibl e deep-seated basement structuresthat trend through the eastern and southern
halves of the region (Fig. 7.24b). In some cases the mineral potential regions of interest are aligned along some
of these deep-seated basement structures, while in other instances the favorable areas are proximal to the
intersection of the structures. Thefavorable areasare also characterized by moderateto high relative fault density,
and are flanked to the east, southeast, and south by Mesozoic plutons. These structural arrangements could
facilitate fluid flow, aswell as provide structural traps and the appropriate physio-chemical conditions conducive
to ore deposition (see discussion in sections 3.4, 6.4.3, and 6.5.3). In addition, this region is marginal to the
present-day Battle Mountain heat high, and may have arelatively thin crust (~20 km; see Allenby and Schnetzler,
1983; Pakiser, 1989; and sections 2.7.2 and 2.7.5). If these conditions were present around 27-5 Ma, they most
likely contributed heat to the region, promoting magmatic activity and the convection of crustal fluids. The most
permissible lithologic assemblagein thisregion is* Felsic-Intermediate Extrusive & Intrusive-Late CZ”, whichis
the volcanic assemblage having the highest weight of spatia association (W*) with the volcanic rock-hosted
occurrences (Fig. 7.24c; aso seeFig. 6.15). Thetwo principal areas of interested are located in the north-central
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and west-central portions of the region, with other areaslocated in the northwest and the east. Thefollowing sites
may warrant further investigation: (1) north and south of the Western Hog Ranch mine, in the vicinity and north
of Fox and Hog Ranch mountains; (2) the hillswest and north of Cottonwood Creek (just west of the Western Hog
Ranch mine), and especialy in the areas northwest and west of High Rock Canyon (no known minesin thisarea);
(3) the Hays Canyon Range, in the vicinity of Hays Canyon Peak (no known minesin thisared); (4) the mountains
located in northwesternmost Nevada, around -118.80° longitude—41.40° latitude (no known minesinthisarea); (5)
the general areaaround the Virgin Valley district, in the vicinity of Catnip, Fish Creek, and Blow Out mountains;
(6) northeast of the Virgin Valley district area, in the vicinity of McGee and Big mountains (no known minesin
this areq); and (7) the Pine Forest Range, along atraverse following Bartlett Peak, Duffer Peak, and extending to
the northern part of the range (this area has a large number of small low-sulfide gold-quartz vein deposits).

Region #2—L ocated in northernmost central Nevada, east of target region #1, the principal targetsin thisregion
border the southwestern and southeastern margin of relatively broad late Tertiary volcanic plateau, consisting of
basalt and associated gravels, known as the Banbury formation (Fig. 7.25aand 7.25¢). The most prominent area
of mineral potential favorability islocated in the northwestern portion of thisregion, and trends roughly northwest-
southeast. ItishosttotheNational district, the Golden Circle (Midas) district, and the Hollister (Ivanhoe) deposits
(Fig. 7.25a). Other large volcanic rock-hosted deposits occur in the eastern part of the region, and include the
deposits of the Good Hope and Tuscarora districts. This target region also hosts a number of very significant
sedimentary rock-hosted deposits, including the Getchell trend, Carlintrend, and Independence group occurrences,
making it one of therichest gold-producing areasin theworld. The most significant mineral potential evidencefor
this region consists of lithology, the geomagnetic anomaly, fault distance buffers, and lithologic diversity. In
addition, this target region, and in particular the prominent northwest—southeast-trending mineral potential
favorability area, isintersected by many crustal-scal elithotectonic features, including: (1) thenorthern Nevadarift
zone, which is roughly coincident with the most significant mineral potential “high” in thisregion; (2) numerous
proposed deep-seated basement structures (Fig. 7.25b); and (3) severa strike-dlip faultsthat parallel the Humbol dt
zone (see Shawe, 1965; Putnam and Henriques, 1991). Themain mineral potential favorability areaa sointersects
the®Sr/®Sr |, = 0.706 i sopl eth, presumed to represent thewestern edge of the North American Precambrian craton
(seeFigs. 2.10 and 2.11), the Golcondathrust front, and the Nevada pal eothermal high. Furthermore, the areas of
high mineral potential are characterized by relatively thin crust (~20-28 km), high present-day heat flow (marginal
to the Battle Mountain heat high), and moderate to high relative fault density. Like target region #1, as well as
sedimentary rock-hosted target regions#2-4, the configuration of tectonic elements observed in this region could
facilitate mineralization processes. The most permissible lithologic assemblages in this region include “Felsic-
Intermediate Extrusive& Intrusive-LateCZ” and“ I ntermediate-Mafic Extrusive& Intrusive-LateCZ”, theformer
being the vol canic assembl age having the highest weight of spatial association (W*) with the vol canic rock-hosted
occurrences, the latter having a moderate weight (Fig. 7.25c; also see Fig. 6.15). Possible exploration sites for
further investigation include: (1) the Santa Rosa Range, aong atraverse connecting McConnell Peak—Buckskin
Mountai n—Granite Peak—Santa Rosa Peak—Paradise Peak, but particularly in the vicinity and north of McConnell
Peak; (2) the mountains al ong the southwestern margin of the Banbury formation, along atraverse extending from
the McConnell Peak—Capital Peak vicinity to the Gold Circle district, and particularly south of the south fork of
the Little Humboldt River and north of the town of Midas; (3) directly east of the town of Red House, the
mountains on the far side of the valley, forming the eastern border of the valey; (4) the mountains along the
southeastern margin of the Banbury formation, along a traverse extending northeast from the Gold Circle district
area to the Cornucopia deposit; (5) the northern Tuscarora Mountains, a small area just southeast of Toe Jam
Mountain and southwest of Castile Mountain; and (6) the eastern margin of the Banbury formation, immediately
in the vicinity of Hat Peak.

Region #3—Located in northeastern corner of Nevada, east of target region #2, this target region is nearly the
same in extent as sedimentary rock-hosted target region #1 (Figs. 7.25 and 7.20). The Jarbidge district deposits
(mainly Comstock epithermal veins) occur in the northwestern portion of the region, and the principal areas of
favorable mineral potentia are located in the west and east (Fig. 7.2538). The Independence group sedimentary
rock-hosted deposits also occur aong the western boundary of theregion. The most significant mineral potential
evidencefor thisregion consists of lithology, and in varying degrees of frequency and combination, fault distance
buffers, pluton distance buffers, the geomagnetic anomaly, lithologic diversity, and theisostatic gravity anomaly,
in additionto anumber of deep-seated and crustal-scale structures (Fig. 7.25b). Thisregionistransected by severa
crustal-scalestructural features, asisnoted for sedimentary rock-hosted explorationtarget region#1 (seediscussion
above). Theminera potential favorability areain the western part of theregion islocated at the intersection of the
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87Sr/%Sr |, = 0.706 isopleth, the Golcondathrust front, a possible deep-seated basement structure, and the Nevada
pal eothermal high. Thetwo principal favorability areas are associated with crust that has moderateto high relative
fault density, and are proximal to Mesozoic plutons. Theregionisalso characterized by high present-day heat flow
and athick crust (30-38 km). The most permissive lithologic assemblage in this region is “Felsic-Intermediate
Extrusive & Intrusive-Late CZ”, whichisthevol canic assemblage having the highest weight of spatial association
(W)* with vol canic rock-hosted occurrences (Fig. 7.25c¢; also see Fig. 6.15). Potential sitesfor further exploration
include: (1) northeast of the northern Independence Mountains, in “ The Mahoganies’, along atraverse extending
northeast from the Maggie Summit—Rock BIuff vicinity, through to Haystack and Rough mountains, and up to Hot
Springs Buitte; (2) the mountains al ong the eastern side of State Highway 43, between thetowns of Wild Horseand
North Fork; (3) alongthe eastern fork of Beaver Creek, withinthe areaof Wild Horse-Mason—L ookout mountains,
aswell asthe areaimmediately south of the confluence of Beaver Creek and the Humbol dt River; (4) the Jarbidge
Mountains, in the area between Marys River—Gods Pocket peaks and Twin Buttes (to the northwest), the areas
immediately surrounding Marys River—Gods Pocket peaks, and areas further south of Marys River—Gods Pocket
peaks; (5) aong the northeast—southwest-trending highlands southwest of L&D Mountain; (6) in the immediate
vicinity of TijuanaJohn Peak (in northeastern Nevada); (7) south and southwest of Gollaher Peak (in northeastern
Nevada); (8) in the immediate vicinity of White Rock Mountain, and immediately south of Bald Mountain (both
in northeastern Nevada); and (8) in the immediate vicinity of China Jim Mountain (in northeastern Nevada).

Region #4—1L ocated in central western Nevada, this region is host to some of the largest volcanic rock-hosted
depositsin Nevada, including the Buster mines, the Comstock district, and the Como district in thewestern portion
of the region, the Aurora district in the south, and the Wonder district, the Sand Springs district, the Fairview
district, the Rawhide deposit, and the Paradi se Peak minein the eastern part of the region (most are Comstock-type
epithermal vein deposits) (Fig. 7.26a). The areas of elevated minera potential are distributed in a semi-uniform
manner as a broad belt that trends northwest-southeast across the region. The most significant mineral potential
evidence for this region consists of lithology, pluton distance buffers, the geomagnetic anomaly, faults distance
buffers, lithologic diversity, and the isostatic gravity anomaly, in addition to numerous possible deep-seated and
strike-dlip structures (Fig. 7.26b). Clearly, the most important structural featurein thisregion isthe Walker Lane
shear zone, along which extends the belt of elevated mineral potential areas. Possibly equally important are a
number of linear features, trending northeast-southwest along the Humbol dt zone (see Figs. 1.2 and 6.6), which
intersect the Walker Lane shear zone in the vicinity of Comstock district (the Humboldt zone and these linear
features are discussed in greater detail in sections 8.3.2 and 8.4). Theregion isin general transected by a number
of crustal-scale possible deep-seated basement structures and strike-dlip faults (see Shawe, 1965 Blakely, 1988;
Putnam and Henriques, 1991). The crust is presumed to be thin (<30 km; see Allenby and Schnetzler, 1983;
Allmendinger et al., 1987; Wernicke et al., 1996, and section 2.7.2), and characterized by avariable relative fault
density (although the relative density of small linear featuresinterpreted from LANDSAT imagery is moderate to
high) and by a density of plutons greater than any other areain Nevada. Present-day heat flow across the region
is variable, with a distinct high in the area around Reno, Nevada (Steamboat hot springs), approximately where
linear features that parallel the Humboldt zone intersect the Walker Lane shear zone. The structural and crustal
conditions in this region appear to have been near-optimal for ore deposition—enhanced fracture and fault
permeability, as well as structura traps for mineralization, provided by shearing along the Walker Lane
deformational belt, and heat input from widespread volcanism to drive hydrothermal convection. The most
permissivelithol ogic assemblagesin thisregion include“ Felsic-Intermediate Extrusive & Intrusive-Late CZ" and
“Breccia and Tuffs-Late CZ", the former being the volcanic assemblage having the highest weight of spatial
association (W*) with the vol canic rock-hosted occurrences, thel atter having arelatively high weight aswell (Fig.
7.26¢; also see Fig. 6.15). Sitesfor further investigation in this region are numerous, and there are far more than
canbereviewed here. Thefollowingisalist of general areasor groups of sitesthat have good potential for hosting
volcanic rock-hosted precious metal occurrences: (1) the northern Carson Range, the area north of Mount Rose;
(2) the Virginia Range, the areanorth of the Comstock district and south of Interstate Highway 80; (3) the northern
Pine Nut Mountains, along atraverse connecting Table Mountain—-Rawe Peak—L yon Peak—Bismark Peak; (4) the
southern Pine Nut M ountains, al ong atraverse connecting M ount Como—Mount Siegel—Eagle Mountain—Wild Oat
Mountain; (5) the Wellington Hills, in the vicinity of Desert Creek Peak; (6) the Pine GroveHills, along atraverse
extending north from Bald Mountain through Mount Etna—Mount Wilson—-Shamrock Hill to Carson Hill; (7) the
Desert Mountains, between Cleaver Peak and Brown Knob; (8) the Gabbs Valley Range, from the northernmost
reaches southeast to Table Mountain and south to Pilot Peak; (9) the southernmost Clan Alpine Mountains, south
and east of Big Kasock and Slate mountains; (10) the southwestern, central, and northeastern Excelsior Mountains,
aswell as southeast of the northern end of Huntoon Valley; and (11) the central Monte Cristo Range.
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Region #5—L ocated in southeastern Nevada, thisregionisgeneral ly lackingin vol canic rock-hosted occurrences
as compared to the other target regions, but despitethis, it does have anumber of elevated mineral potential aress.
The notable deposits in the region include the Eagle Valley district deposits (Comstock epithermal veins) in the
northeast, the Delamar (Ferguson) district deposits (Comstock epithermal veins) in the east-central part of the
region, the Golden Arrow district deposits (Comstock epithermal veins) in the northwest, and in the southwest, the
Mother Lode mine, whichisjust east of the Bullfrog district, host to anumber of larger Comstock epithermal vein
deposits (Fig. 7.274). Other deposit types of interest in this region include the Pioche and Highland districtsin the
northeast (polymetalli c replacement deposits), and the Sterling minein the southwest (sedimentary rock-hosted Au-
AgQ). Theareasof elevated minera potential are mainly distributed throughout the western half of thisregion, and
concentratedintheeast. Themost significant mineral potentia evidencefor thisregion consistsof lithology, pluton
distance buffers, the geomagnetic anomaly, faults distance buffers, lithologic diversity, and to some degree, the
isostatic gravity anomaly, aswell asanumber of regional-scalestructures(Fig. 7.27b). Theareaof elevated mineral
potential occurring in the eastern part of the region islocated along the Sevier thrust front, where it isintersected
by severa possible deep-seated basement structures and proximal to a number of strike-slip faults (see Shawe,
1965; Blakely, 1988; Putnam and Henriques, 1991). Minera potential “highs’ in the eastern part of the region
occur along possible deep-seated basement and/or strike-slip structures and in areas proximal to the intersection
of thesefeatures. The areas of elevated mineral potential in the east are also marginal to the Nevada pal eothermal
anomaly. Itisalso interesting to note that the proposed southeastern extension of the northern Nevadarift zone,
asinterpreted fromtheisostatic gravity anomaly (see section 6.6.3), roughly bisectsthistarget region, thetwo main
areas of high mineral potential occurring to either side of the inferred rift structure (also see Figs. 6.45, 6.53, and
6.54). Thecrustinthisregion ischaracterized by moderate to low present-day heat flow, presumed thinning from
east towest (~32-34 kmto < 30 km; see Allenby and Schnetzler, 1983; Allmendinger et a., 1987; Wernickeet al.,
1996, and sections 2.7.2 and 2.7.5), and by variable relative fault density (although the relative density of small
linear features interpreted from LANDSAT imagery is moderate to high in favorable areas). Such structural
conditions should be conduciveto ore formation provided that aheat source(s) wasavailableto drive hydrothermal
circulation. The most permissive lithologic assemblage in thisregion is*Brecciaand Tuffs-Late CZ”, which has
arelatively high weight of spatial association (W*) with the vol canic rock-hosted occurrences (Fig. 7.27c; also see
Fig. 6.15). A number of deposits are also hosted by the “Felsic-Intermediate Extrusive & Intrusive-Late CZ”
lithologic assemblage, which has the highest weight of spatial association (W*) with the volcanic rock-hosted
occurrences. Possible sitesfor follow-up exploration include: (1) the whole of the Cactus Range, and east of the
southern end of the Cactus Range in the vicinity of Gold Mountain; (2) immediately in the vicinity of Black
Mountain on Pahute Mesg; (3) the Kawich Range, south of Kawich Peak to Quartzite Mountain; (4) Shoshone
Mountain, immediately northwest-west-southwest of Shoshone Peak; (5) the North Pahroc Range, from Pahroc
Summit Passnorthto Silver King Mountain; (6) the central Delamar Mountains, just east and southeast of Delamar
(Ferguson) district area; (7) northeast of the Cedar Range, along atraverse extending to the Eagle Valley district
area; and (8) the eastern Clover Mountains, west and northwest of the Vigo district area.

Other Regions—In addition to the targets noted above, a number of other promising exploration sitesin the
Pershing, northern Nye, and western Nye counties regions, which are not reviewed in detail here, include: (1) the
whole of the Seven Troughs Range and Trinity Range (Pershing county); (2) the southern Eugene Mountains
(Pershing county); (3) the northern East Range, particularly around Dun Glen Peak (Pershing county); (4) the
southern East Range—northern Stillwater Range, between Logan Peak and Granite Mountain (Pershing county);
(5) the southern Tobin Range, just south of Mount Tobin (Pershing county); (6) the central Monitor Range, south
of Savory Mountain (northern Nye county); (7) the Antelope Range, south of Nine Mile Peak (northern Nye
county); (8) Moody Mountain, around Moody Peak, and southeast of M oody Peak to the northern Pancake Range
(northern Nye county); (9) the whole of the San Antonio Mountains (western Nye county); and (10) the northern
Goldfield Hills, in the vicinity of Blackcap Mountain. The geologic characteristics of these sites vary from area
to area, but they are generally consistent with those described in the target regions above.
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Chapter 8. Controls on Sedimentary and Volcanic
Rock-Hosted Occurrence Distribution

8.1 Introduction

Chapter 8 is a discussion and summary of the geologic and metallogenic interpretation of the
mineral potential maps. It bringstogether thelithologic, structural, and tectonomagmeatic mineral
potential evidence observed in the target regions reviewed section 7.5 and the spatial
relationships and interpretations presented in chapter 6.

The results of minera potential modelling suggest that there are two distinct and separate sets
of crustal structuresthat control thefirst-order regional-scal e distributions of the sedimentary and
volcanic rock-hosted occurrencesin the Great Basin:

¢ Sedimentary rock-hosted (Carlin-type) mineralization in northern Nevada appears to be constrained by two,
well-defined, sub-parallel, northwest—southeast-trending structural zones, here termed the “Carlin” and
“Cortez” structural zones (Fig. 8.1a, red lines).

¢ \/olcanic rock-hosted (epithermal) mineralization in northern, western, and southwestern Nevada appearsto
be constrained by two broad and diffuse structural zones: the Walker Lane shear zonein southwestern Nevada,
and awide belt of possible transcurrent movement that trends northeast—southwest across northern Nevada,
here termed the “Humboldt shear(?) zone” (Fig. 8.2a, red transparency).

The presence of these structural zonesisin large part suggested by patterns of elevated mineral
potential delineated in the sedimentary and vol canic rock-hosted occurrence posterior probability
maps (Figs. 7.4, 7.5, 7.13, and 7.14).

Important mineral potential evidence within the regional-scale exploration target areas is
summarized in section 8.2. This evidence helped to recognize and delineate the Humbol dt
shear(?) zone and the Carlin and Cortez structural zones, which are reviewed section 8.3. The
remainder of this chapter discusses geologic evidence for the existence, character, and possible
origins of these features (sections 8.4 and 8.5).

8.2 Mineral Potential Evidence Associated with the Gold-
Silver-Bearing Occurrences

8.2.1 Sedimentary-Rock Hosted Occurrences

In the sedimentary rock-hosted occurrence regional -scal e expl oration targets (section 7.5.2) the
areas of elevated mineral potential are most commonly associated with the “Marine and
Sheli—Early-Mid PZ”, “Sliceous Rocks-Mid PZ-PC”, and “Marine and Shelf-Late PZ”
lithologic assemblages (see Fig. 6.12). Within these assemblages, the lithologic units hosting
most of the sedimentary rock-hosted occurrences include Os, St, Dc, and MDs (see Fig. 6.13;
note that most of the occurrences apparently “hosted” by the Quaternary cover unit are possibly
hosted by units Os, Dc, or MDs, which lierange-ward of the occurrences). TheunitsOs, St, Dc,
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and MDsarevariably composed of shale(Os, MDs), limestone and dolostone (Os, St, Dc, MDs),
silty-limestones-imy-siltstones (St), siltstone (MDs, St), sandstone (Dc, MDs), chert (Os, St),
and minor amounts of other detrital and metamorphosed rocks(Os, Dc, MDs) (see Appendix A).
These units in part constitute the “ Sliceous (Western) Assemblage” (Os), the “Transitional
Assemblage’ (St), the” Carbonate (Eastern) Assemblage” (Dc), and the* Carbonate-Detrital Belt
Along Eastern Margin of Antler Orogenic Belt or Western Part of Foreland Basin” (MDs), as
classified by Stewart and Carlson (1978) (see Appendix A). Thetargets areas are a so proximal
to, or related to the intersection of, a number of regional-scale structures, which include the
87gr/%gr 1, = 0.706 isopleth, presumed to represent the western edge of the Precambrian craton
(seeFigs. 2.10 and 2.11), the northern Nevadarift zone (see sections 2.7.4 and 6.6.3; Fig. 6.45a,
feature#1), theRoberts M ountain and Gol condathrust fronts(Fig. 2.5), and possi bl e deep-seated
basement structures interpreted from aeromagnetic data. The nature of the crust in the
sedimentary rock-hosted exploration target regions is variable, but in the vicinity of Battle
M ountain—Eureka (Cortez) and Carlin mineral trends, the present-day crust is characterized by:

¢ Thicknesses of greater than 30 km, particularly to the east and northeast of the mineral trends (Fig. 6.5d).

¢ Moderate to low relative fault density (Fig. 6.37c), although LANDSAT linear feature density is high to
moderate. and lithologic diversity is moderate to high (Fig. 6.34).

¢ General lack of widespread magmatism in relation to surrounding regions (Figs. 6.4 and 6.56).

¢ Variable heat flow (areas of moderate to high heat flow are proximal to the mineral trends; Fig. 6.5g). Heat
flow may have been higher in the Pal eozoic or M esozoic as evidenced by apal eothermal anomaly (Fig. 2.10).

The prominent association of elevated sedimentary rock-hosted mineral potential areaswith the
lithologic and structural features indicated above suggests that, collectively, they probably
exercised strong controlson sedimentary rock-hosted precious metal mineralizationinthe Great
Basin. Thelithologic associations suggest that certain sedimentary assemblages (1) could have
acted as potential source rocks for gold and/or (2) were more suitable host rocks for ore
deposition (see sections 3.5, 3.6, 6.3.3, and 6.4.3 for more detailed discussions). The structural
associations indicate the importance of local- and regional-scale deformational features to
mineralization. Such structuresmost likely facilitated mineralization by preparing potential host
and/or source rocks, concentrating and directing hydrothermal gold-bearing solutions, and
increasing permeability, thereby promoting near-surface and deep fluid circul ation, vertical and
lateral hesat transfer, aswell asenhancing fluid-wall rock interactions (see discussion in sections
2.7.6,2.7.7,3.4, 3.6,6.4.3, and 6.5.3).

8.2.2 Volcanic Rock-Hosted Occurrences

Inthevolcanicrock-hosted occurrenceregional -scal e exploration targets (section 7.5.3) theareas
of elevated vol canic rock-hosted preciousmetal mineral potential aremost commonly associated
withthe“Felsic-Intermediate Extrusive& Intrusive-Late CZ” and “ Brecciaand Tuffs-Late CZ”
lithol ogic assemblages (see Fig. 6.15). Within these assemblages, the lithologic units hosting
most of thevol canicrock-hosted occurrencesinclude Tt2, Ta3, Tr3, Ta2, and Tha(seeFig. 6.16).
Theseunitsareprimarily andesite(Ta3, Tba), silicicash-flow tuffs(Tt2), rhyolite(Tr3, Ta2), and
other intermediate rocks, with varying amounts of basalt, and range in age from 34-6 Ma and
younger for some basalt units (see Appendix A). Theserocksare generally distributed in semi-
circular fashion along the northern—western—southwestern borders of Nevada, and composein
part the 34-17 Maand 17-6 Ma age units of Stewart and Carlson's (1976) time-slice maps (see
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Figs. 6.4, 6.24, and 6.25; section 6.3.3). Asobserved by Ludington et a. (1993), and shown in
Figures 3.1 and 6.2, the volcanic rock-hosted occurrences are distributed in a crescent-shape
pattern that coincides with the semi-circular distribution of these units. In particular, they have
ahigh degree of spatial correlation with igneous rocks comprising the 17-6 Matime-slice (see
section 6.3.3; compare Fig. 6.2 t0 6.4 and 6.24). Igneous rock composition-slice maps derived
from the geological map of Nevada (Stewart and Carlson, 1978) reveal that nearly all units of
mafic to intermediate composition are a so distributed in asemi-circular manner (see Fig. 6.55),
whichiscoincident in space and time with the 34-17-17-6 Maigneous rock time-slice ages and
with the volcanic rock-hosted occurrence distribution pattern (see Figs. 6.4 and 6.25). The
targets areas are also proximal to, aligned along, or located at the intersection of possible deep-
seated basement structures, strike-dlip faults, thrust fronts, and crustal-scal e features, including
the ¥Sr/*Sr |, = 0.706 isopleth (presumed to represent the western limit of the North American
Precambrian craton; see Figs. 2.10 and 2.11) and in some instances, the northern Nevada rift
zone or the Nevada paleothermal anomaly (see sections 2.7.4 and 6.6.3; Figs. 2.10 and 6.45a,
feature #1). The nature of the crust in the volcanic rock-hosted exploration target regions is
variable, but in regions known to host deposits of significant number and size, the present-day
crust is characterized by:

Thicknesses of less than 30 km (Fig. 6.5d).

Moderate to high relative fault density and/or LANDSAT linear feature density (Fig. 6.37¢).
High relative density of intrusives (primarily Mesozoic in age; Fig. 6.36¢).

Moderate to high present-day heat flow (Fig. 6.5g).

Theclose spatial association of elevated mineral potential areaswiththelithotectonic and crustal
features described above indicates that they probably exercised a great deal of control over the
distribution and devel opment of volcanic rock-hosted precious metal mineralizationin Nevada.
The strong spatial and temporal coincidence between the occurrences (formed mostly between
27 and 5Ma; Ludington et al., 1993) and the vol canic units composing the 34-17-17-6 Matime-
slice age unitsindicates that mineralization was closely tied to the migration of the inception of
magmatism (and extension) across the Nevada Great Basin (see sections 2.5.1.1, 2.5.2.1, and
6.3.3). This coincidence suggeststhat the 34-17—-17-6 Matime-dlice volcanic rocks could have
provided heat and contributed gold to volcanic rock-hosted mineral systems (either as source
rock to be scavenged or by the input of magmatic ore-bearing fluids into the mineralizing
hydrothermal system; seediscussionsin sections 3.5, 3.6, 6.4.3, and 6.5.3). Thereisalso spatial
correlation between the volcanic rock-hosted occurrence distribution pattern and: (1) the
intermediate to mafic composition-glice units (see Fig. 6.55); (2) the Walker Lane, which may
be intruded by mafic and intermediate rocks at depth, asindicated by a high density of positive
geomagnetic anomaliesalongthe Walker Lane(seeFig. 6.45a, feature#2); and (3) the Humbol dt
shear(?) zone, which may also beintruded by mafic andintermediate rocks at depth, asindicated
by a broad belt of high density of positive geomagnetic anomalies north and northwest of the
zone (as defined here), as well as at least three prominent cross-cutting anomalies (northern
Nevada rift and subordinate rifts to the west) (see Fig. 6.53b and 6.45a, feature #5). These
intrusiverocks, whichinthe Walker Lane are nowhere exposed at the surface, could presumably
have contributed gold aswell. The structural and crustal features associated with vol canic rock-
hosted mineralization could have facilitated the movement of mineralizing fluids and heat, as
stated in the preceding section on sedimentary rock-hosted deposits, and as summarized in
sections 3.4, 3.6, 6.4.3, and 6.5.3.
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8.3 Delineation of the Regional-Scale Control Structures

8.3.1 Sedimentary Rock-Hosted Mineralization

Theregional-scalealignment of sedimentary rock-hosted occurrencesalongthe Carlin and Battle
Mountain—Eureka (Cortez) mineral trends strongly suggests the presence of a sub-parallel pair
of northwest—southeast-trending crustal-scale structural zones (or segments of zones). Two
linear features, heretermedthe” Carlin” and* Cortez” structural zones(Fig. 8.1a, redlines), have
been delineated on the basis of:

» Thedistribution trend of elevated sedimentary rock-hosted mineral potential (Figs. 7.4 and 7.13).

» Thelinear distribution of known occurrences, including volcanic rock-hosted occurrences, along two well-
defined minera trends (Figs. 1.3, 3.3, 6.2, 6.65, 7.13b, 8.1b).

» Thelinear arrangement of structural elementsvisibleinthe shaded relief of topography (Figs. 1.2, 6.6, and 8.1;
also see Thelin and Pike, 1991).

» Thedistribution pattern of isostatic and Bouguer anomalies and geomagnetic anomalies (Figs. 6.45, feature
#1; 6.53, and 6.54).

» Thedistinctive" V" -shaped distributiontrend of K/Naand Ba/Nageochemical anomalies, although any genetic
connection of these anomalies with the Carlin and Cortez structural zones is unclear (see discussion section
6.7.3; Figs. 6.57 and 6.65).

The Carlin and Cortez structural zones may have acted as fundamental controls over the
regional -scal edistribution of sedimentary rock-hosted mineralizationinnorthern Nevada. Along
these zones, ore-bearing fluids could have been focused and circulated, forming particularly
significant depositsat intersectionswith other structural zoneswherefavorable host-rocksand/or
the appropriate physio-chemical conditionswerepresent (Fig. 8.1). Theextentsof theCarlinand
Cortez structural zones, and the other intersecting linear features depicted in Figure 8.1 (blue
lines), are exaggerated in order to highlight structural and mineral trends (i.e.—presented for the
purposes of illustration). Assuming that these structural zonesand linear features arereal, they
most likely have a complex history of movement involving more intricate crosscutting
relationships than the smple non-offset linear intersections illustrated here.

Sedimentary rock-hosted mineralization is considered to be 42-30 Main age (Hofstra, 1997).
The Carlin and Cortez structural zones are thought to be mid-Mesozoic or older in age, perhaps
dating back to late Proterozoic rifting along the western edge of the North American craton
(Grauch, 1995). The most significant recent geologic activity related to these structural zones
could be the formation of the northern Nevadarift zone in the mid-Miocene. Thesetopics are
further discussed in section 8.5.

8.3.2 Volcanic Rock-Hosted Mineralization

The* crescent-shaped” pattern of vol canic rock-hosted occurrencesin Nevada suggeststhat two
broad, crustal-scale, structural zones control the regional-scale distribution of epithermal
mineralizationin northern and southwestern Nevada. The northwest—southeast-trending Walker
Lane shear zone in southwestern Nevada, and a belt trending northeast-southwest in northern
Nevada, here termed the “ Humboldt shear(?) zone” , have been delineated on the basis of:

» Thedistribution trend of elevated volcanic rock-hosted mineral potentia (Figs. 7.5 and 7.14).
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» The distribution of known occurrences along two broad and diffuse belts across northern and southwestern
Nevada (Figs. 3.1, 6.2, 7.14b, and 8.2b).

» Thelinear arrangements of structural elements visible in the shaded relief of topography (Figs. 1.2, 6.6, 8.1,
and 8.2; also see Thelin and Pike, 1991; used particularly to identify the Humboldt shear(?) zone).

» The broad distributions of 6-17 Ma volcanic rocks (Figs. 6.4 and 6.25).

 Thedistribution of lithologic unitshaving el evated posterior probabilitiesfor vol canic rock-hosted occurrences
(Fig. 6.24b).

» Thegeneral distribution of warmer geothermal well and spring waters (Fig. 6.5h; used particularly to identify
the Humboldt shear(?) zone).

» The general distribution of areas of higher heat flow (Fig. 6.5g; used particularly to identify the Humboldt
shear(?) zone).

» Thedigtribution trend of relative density of plutons (Fig. 6.36¢; used particularly to identify the Humboldt
shear(?) zone).

» The distribution of higher isostatic and Bouguer gravity anomalies (Figs. 6.45b and 6.45c, feature #5, and

6.54a; used particularly to identify the Humbol dt shear(?) zone).

A moderately defined, bilaterally symmetric, northeast-southwest-trending corridor of geomagnetic lows,

juxtaposed along length by highs (Fig. 6.45a, feature #5; 6.53b).

The Walker Lane shear zone and the Humboldt shear(?) zone may have acted as fundamental
controls over the regional-scale distribution of the volcanic rock-hosted mineralization in
northern, western, and southwestern Nevada (Fig. 8.2; also see Fig. 6.6). The southward sweep
of Eocene-Oligocene magmatism across the Nevada Great Basin could have exploited these
zones, where heat and mineralizing processes were focused and ore deposits formed.
Furthermore, it is suggested that Cenozoic activity along the Humbol dt shear(?) zone may have
had anincidental affect onthe post-mineralization distribution sedimentary rock-hosted deposits
along the northern termini of the Battle Mountain—Eureka (Cortez) and Carlin trends (as
discussed below in section 8.5.4).

The majority of volcanic rock-hosted deposits are considered to have formed between 27 and 5
Ma (Ludington et al., 1993; also see Fig. 3.2). The Walker Lane is thought to be at least
Mesozoic in age (Stewart, 1988; Saleeby and Busby-Spera, 1992), or perhaps Precambrian
(Blakely and Jachens, 1991), with recent activity documented in the Oligocene or Miocene
(Dillesand Gans, 1995) and ongoing today. The Humboldt shear(?) zoneis considered to be at
least mid-Paleozoic in age (Poole et al., 1992), with possible origins dating back to the mid-
Proterozoic assembly of the Laurentian protocraton and/or late Proterozoic rifting (see section
2.4). Latest activity along the Humbol dt shear(?) zoneisbelieved to be between mid-Oligocene
and mid-Miocenetime. The Humboldt shear(?) zone is further discussed in section 8.4.

The Walker Lane shear zone has been the focus of much research (for areview, see sections 2.6
and 6.6.3). Correlations between the Walker Lane and the distribution pattern of epithermal
volcanic rock-hosted deposits and the Walker Lane have been proposed by Cox et al. (1991),
wherethey stated “...northwest-trending Walker Lane-styl e deformation began asearly as27 Ma
and provided the tectonic conditions that permitted the formation of volcanic-hosted deposits.”
Furthermore, the Walker Lane forms the southwestern portion of Ludington et al. (1993)’'s
“epithermal crescent” (seeFig. 6.2). It seemswell established that the Walker Lane shear zone
wasanimportant control over theregional-scal edistribution of vol canic rock-hosted occurrences
in western and southwestern Nevada. This is further verified by the observations and
correlations made in this study in previous sections (6.2, 6.3.3, 6.4.3, 6.5.3, and 6.6.3) and will
therefore not be further expanded upon here.
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8.4 TheHumboldt Shear(?) Zone

8.4.1 Geologic and Other Evidence

Themaodelling exercisesconducted here suggest that the Humbol dt shear(?) zonewas potentially
asimportant to vol canic rock-hosted mineralization in the Great Basin as was the Walker Lane
shear zone. Control over the regional-scal e distribution of volcanic rock-hosted occurrences by
the Humbol dt shear(?) zone has not been discussed in the literature, other than afew references
made to possible northeast—southwest-oriented strike-slip movement across northern Nevada

The Humboldt shear(?) zone is a controversial feature, and the few comments found in the
literature suggest that it may possibly be related to another debatable structure, the northeast-
southwest-trending Snake River fault in southern Idaho. The Snake River fault may be part of
a broader zone of transcurrent movement, which appears to show latest activity in the mid-
Miocene, but could have origins dating back to the mid-Paleozoic or later (seePooleet dl., 1977;
Pooleand Sandberg, 1977; Christiansenand Y eats, 1992, p. 362; Pooleet al., 1992, figure 1, text
p. 16). Such aninterpretation is based on the premise that the northern Nevadarift, the western
Snake River graben structure, and the Chief Joseph dike swarm (see Fig. 2.3) are tectonically
related (Taubeneck, 1970; al so see Zoback and Thompson, 1978), and once formed acontinuous
700-plus km long rift zone. A 70 to 100 km right-lateral offset between the northern terminus
of the northern Nevada rift and western Snake River graben now exists, and a southward
extrapolation along the Humboldt shear(?) zone of the N5S5°E Snake River Plain trend is an
appropriate orientation for atranscurrent structure (Christiansen and Y eats, 1992). In addition,
Mabey et al. (1983, p. 314) observed that, in northwest Nevada, the northeast structural grain of
the Humboldt gravity zone influenced the trend of the faults, which are generally northeasterly
rather than normal to the direction of extension, and thus involve considerable strike-slip
movement. Transcurrent movement across northern Nevada would be in accord with a
northeastern shift in trend or offset seen in a number of generally north-trending geologic
features, including (1) the ¥Sr/%Sr I, = 0.706 isopleth, (2) the Wasatch or hinge line, (3) the
eugeocline-miogeocline transitional facies, (4) the Roberts Mountain, Golconda, and Sevier
thrust fronts, and (5) northeast bend in the trend of the Cordilleran Mesozoic batholith belt (see
Figs. 2.3, 2.5, 2.9, 2.10, 2.11, and 6.233). In addition, Smith and Luedke (1984) delineated a
northeast-southwest trend of 16-10 Mavol canic loci that may defineabroad structure extending
from southern Idaho across northern Nevada (see Smith and Luedke’ sfigure 4.4, and comments
on p. 58). Most recently, Wooden et al. (1997) have presented *®Phb/?*Pb isotopic data that
suggest the existence of amajor crustal fault or suture north of the Carlin trend (seefigure1lin
Woodenetal., 1997). They describetwo isopleths (*®*Pb/?*Pb>39 and *®Pb/***Pb<38.8) that are
southwest of, and paralle to, the Battle Mountain—Eureka (Cortez) trend. At the northern
termination of the mineral trend, the isopleths swing acutely to the northeast, which may reflect
the presence of the Humboldt shear(?) zone.

8.4.2 Topographic Expression
The Humboldt shear(?) zone is most readily recognized as a broad and diffuse Bouguer and

isostatic gravity high zonethat stretches northeast-southwest acrossnorthern Nevada(Fig. 6.45b,
feature#5, and 6.54a). Of themany datasets compiled and examined for the study, the Humbol dt
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shear(?) zone is best resolved in shaded relief of topography (based on ~800 meter pixel
resolution) (see Figs. 1.2, 6.6, and 8.2; also see Thelin and Pike, 1991). The shaded relief of
topography reveals anumber of unique structural features and some subtle, but clearly visible,
differences in the tectonic grain of the crust between the Humbol dt shear(?) zone, the Walker
Lane shear zone, and the central—east-central interior of Nevada (these differencesare primarily
visible northwest of aline that extends from the northeastern corner of the state to Reno, and
represents the approximate southeastern limit of the Humboldt shear(?) zone). Some of these
features and differencesinclude: (1) the gross orientation of mountain ranges changes between
central and northwestern Nevada, from northeast-trending to north-trending inarel atively abrupt
manner asthe southeastern limit of the Humboldt shear(?) zoneis crossed (asdelineated in Fig.
8.2a); (2) on closer inspection, some ranges display domino-style east-west lateral offsets
(e.g—thelndependence M ountains, the Osgood M ountains, the Sel enite Range, among others);
(3) severd continuousand segmented linear featurestraverse northeast-southwest acrossNevada,
the most prominent of which are seen to cut the topographic expression of the northern Nevada
rift zone; and (4) the northern and/or southern ends of afew ranges appear to have a decidedly
“sheared” aspect to their morphology (the West Humboldt Range is the most prominent
example). All of thefeatures pointed out above either trend roughly northeast-southwest, or are
indicative of movement along this direction.

An additional point of interest is the broad and open semi-continuous “ S’ -shaped curvilinear
alignment of rangesvisibleintheshadedrelief (Figs. 1.2 and 8.2). Thenorthern terminusof this
feature, which arcsto the northeast, is presumed to mark the southeastern limit of the Humboldt
shear(?) zone (asexpressed in basin-range morphol ogy), whilethe southernterminus, which arcs
to the southwest, could indicate the approximate northeastern limit of the Walker Lane shear
zone (Fig. 8.28). This feature is further discussed in connection with the Carlin and Cortez
structural zones in section 8.5.3 below.

8.4.3 Origin, Age, and Character of the Humboldt Shear (?) Zone

Inaddition tothefeaturesdelineated in shaded relief of topography, avariety of other compelling
geological observationsand correl ations suggest that abroad northeast—southwest-trending zone
of transcurrent movement, with possibleancestral heritage, extendsacrossnorthern Nevada. The
following material, presented in point form, further details, characterizes, and demonstrates the
existence of the proposed Humboldt shear(?) zone:

Pointsthat generally contend for the origin, orientation, and age of the Humboldt shear (?)
zone include:

* Northern Nevada is characterized by an isostatic residual gravity anomaly high that stretches northeast-
southwest across the region, and by a Bouguer gravity anomaly high located in the northwestern part of the
State that appears to be elongated along a northeast—southwest-orientated axis (see Figs. 6.45b and 6.45c,
feature #5, and 6.544a; sections 2.7.3 and 6.6.3). Referred to asthe Humboldt gravity anomaly or zone (see
Mabey et al., 1983), the anomaly is believed to roughly delineate the limits of the Humbol dt shear(?) zone.

¢ At residual Bouguer gravity wavelengths of less than 250 km, the Great Basin is characterized by
predominantly northwest trending hi gh-low-al ternating anomalies, which extend about thelength of the State
of Nevada (Kane and Godson, 1989, see plate in back pocket). These anomalies are truncated and severely
disrupted by the Humboldt gravity anomaly in northern Nevada, forming acrustal gravity zone boundary with
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anomalies of different character to the north. The boundary extends northeast-southwest from the
southeastern | daho—central Wyoming border, across northern Nevada, to the Mendocino triplejunction, and
may be interpreted as the juxtaposition of major crustal blocks of differing densities, along which a crustal
flaw zone or suture zone might exist.

The Walker Laneis magnetically characterized by a pattern of arcuate anomaliesthat trend northwestward,
generally parallel to the shear zone (Blakely and Jachens, 1991; see section 6.6.3; Figs. 6.45a, feature #2,
and 6.53b). Thispattern of anomaliesisdisrupted by adiffuse, northeast—southwest-trending, total residual
field geomagnetic low, forming a crustal geomagnetic zone boundary, northwest and north of which
geomagnetic highs once again resume (Kane and Godson, 1989, figure 2). The boundary, as delineated by
Kane and Godson (1989), pardlels the southern limit of a group of magnetic highs that extend
southwestward along the southern Snake River Plain, into northern Nevada, and across California to the
Mendocino triple junction. This magnetic zone boundary, aswell as the gravity zone boundary mentioned
above, may be the expression of the primary structural framework of the continental crust (Kane and
Godson, 1989), and as such, could represent a crustal flaw-zone or suture zone.

Neodymium isotopi ¢ datathat delineate a Precambrian crustal province boundary, which separatesthe >2.7
GaWyoming province from 2.3-2.0 Gacrust, appearsto coincide with the Humbol dt shear(?) zone (see Fig.
2.11; section 2.4.2). During the Central Plainsand Y avapai-Mazatzal orogenies, between 1.80 and 1.65 Ga,
juvenile crust was accreted to the Laurentian protocraton, and if the Humbol dt shear(?) zoneisrelated to this
suture, then its ultimate age and origin are Middle Proterozoic. Note also that the northeast-southwest trend
of the Humboldt shear(?) zone parallelsthe trend of the 8Sr/%Sr I, = 0.706 isopleth (presumed to represent
the western margin of the North American Precambrian craton) in northern Nevada—either the Humbol dt
shear(?) zone controls the trace of the ¥Sr/®*Sr I, = 0.706 isopleth (has offset it), or the western margin of
the Precambrian craton control sthelocation of the shear zone. Whichever the case, an argument can be made
that, if atranscurrent structureispresent, it might trend northeast-southwest parallel to the® Sr/®Sr I, = 0.706
isopleth in northeastern Nevada.

The southwestern segment of the Humbol dt shear(?) zone may coincidewith aregion of crustal thinning (~20
km) in northwestern Nevada (Fig. 6.5d; also see Allenby and Schnetzler, 1983, figure 2, Braile et al., 1989,
figure 3, and Pakiser, 1989, figure 2). In addition, recent work by Wernicke et al. (1996) suggested that the
thin crust of the western Great Basin may extend under the southern Sierra Nevada region. Should this be
the casefor the northern SierraNevada aswell, then the zone of thin crust observed in northwestern Nevada
would extend farther southwestward along an axis parallel to the Humbol dt shear(?) zone. COCORP studies
support limited Moho relief in the east-west direction in thisarea, but do not suggest that the northern Sierra
Nevadais much lessthan 35 kmthick (Allmendinger et al., 1987; Knuepfer et al., 1987). There are no data
to suggest that the zone of crustal thinning extends northeast under northern Nevadainto southern Idaho and
western Wyoming, although aridge in the reflection-surface of the Moho does trend northeast—southwest
from northeastern Nevada to east-central Idaho (see Allenby and Schnetzler, 1983, figure 2; Braile et al.,
1989, figure 3).

Northern Nevada is thermally characterized by a northeast—southwest-trending zone of anomalously high
present-day heat flow, which extends from the region southwest of the Battle Mountain heat high in
northwestern Nevada, across northeastern-Nevada—southeastern-1daho along the Snake River Plain, to the
Y ellowstone hot spot (see Fig. 6.5g; also see Blakely, 1988, figure 2; Eaton et a., 1978, figure 3-12;
Lachenbruch and Sass, 1978, figure 9-1; Morgan and Gosnold, 1989, figure 12). Present-day anomalous
thermal activity along the northeast—southwest extent of the Humboldt shear(?) zone is also expressed by
elevated water temperatures in hot springs and geothermal wells (Fig. 6.5h). It is presumed that thermal
activity would be preferentially focused in regions of thinner crust and/or along crustal segments of higher
permeability, such as zones of induced permeability that would result from fault or shear activity.

In addition to the alignment of volcanic rock-hosted occurrences along the Humboldt shear(?) zone (Figs.
6.2, 6.3, 7.14b, and 8.2b), a map of the relative density of Mesozoic age plutons (see Fig. 6.36¢) shows a
broad zone of high pluton density extending northeast-southwest across the northern part of the state.
Presumably, both mineralizing fluids and magmas would have taken advantage of the greater permeability
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associated with a preexisting structure (i.e—path of least resistance). Should this be the case, than the
Humbol dt shear(?) zone could be at least Mesozoic in age.

¢ Smith and Luedke (1984) delineated anortheast-southwest trend of 16-10 Mavolcanicloci (the Snake River
and Humboldt River zones) extending from southern|daho acrossnorthern Nevada(see Smithand Luedke's
figure 4.4, and comments on p. 58). The trend of these loci may define a broad zone of crustal weakness,
and as stated in the two previous points, it is presumed that heat flow and magmatism would have exploited
apreexisting structure such as the Humbol dt shear(?) zone.

Points that generally contend for the transcurrent movement, orientation, and age of the
Humboldt shear(?) zone include:

* The Bouguer gravity anomaly in central—east-central Nevada is characterized by gross bilateral symmetry,
the axisof bilateral symmetry trending northwest-southeast and being generally coincident with the northern
Nevada rift zone (see Fig. 6.45c, feature #1; sections 2.7.3 and 6.6.3; Eaton et al., 1978, figure 3-8). In
northern Nevada, the axis of symmetry disappears, but Eaton et al. (1978) proposed that the axis has been
offset eastward and may extend into central 1daho (see Eaton et al., 1978, figure 3-11). Theimplicationis
that offset of the axis to the east was achieved along a broad structure characterized by lateral movement.
It is also interesting to note that, in Eaton et a.'s (1978) figure 3-11, the dotted line trending
northeast—southwest that offsets the axis in central Nevada is coincident to the lower boundary of the
Humboldt shear(?) zone, which has been delineated independently in this study from shaded relief of
topography (Figs. 8.24).

¢ The Humboldt shear(?) zone is parallel to the northeast-southwest-trending inferred Snake River fault in
southern Idaho, which is suspected to be a strike-dlip fault (Poole et al., 1977; Poole and Sandberg, 1977;
Pooleetal., 1992, figure1). Pooleet al. (1992, p. 16) noted that evidence for the Snake River fault can be
demonstrated by offset of the Sevier thrust system across the Snake River Plain (see Figs. 2.4 and 2.5, and
Pooleet al., 1992, figure 1), and evidence for both left- and right-lateral movements can be demonstrated by
significantly different amounts of offset of thickness trends of Devonian and Mississippian rocks (Poole et
a., 1977, have proposed 200 km of Paleozoic |eft-lateral offset on afault along the trend of the Snake River
plain). The Snake River faultis morethan likely to berelated to, or is an element of, the Humbol dt shear(?)
zone, and assuming thisto betrue, the evidence provided by Poole et al. (1992) indicates that the Humbol dt
shear(?) zone could be at least mid-Paleozoic in age.

* The presence of a transcurrent feature extending along the trend of the Humboldt shear(?) zone can be
inferred based upon the premise that the northern Nevadarift, the western Snake River graben structure, and
the Chief Joseph dike swarm (see Fig. 2.3) are tectonically related, and once formed a continuous 700-plus
km long rift zone (Taubeneck, 1970; also see Zoback and Thompson, 1978). A 70 to 100 km right-lateral
offset between the northern terminus of the northern Nevadarift and western Snake River graben now exists,
and a southward extrapol ation along the Humbol dt shear(?) zone of the N55°E Snake River Plaintrendisan
appropriate orientation for atranscurrent structure (see Christiansenand Y eats, 1992, p. 362-363). Assuming
this premiseis correct, and that the lateral displacement between these features is the result of transcurrent
movement along the Humbol dt shear(?) zone, then the time of latest movement al ong the shear zone would
be at least mid-Miocene.

¢ Severa generally north-trending crustal-scale structures and features of varying ages and types show an
eastward deflection, right-lateral offset, or discontinuity acrossthe Humbol dt shear(?) zone, whichwould be
consistent with transcurrent movement along a northeast-southwest trend, and include: (1) the ¥Sr/®Sr I,
= 0.706 isopleth, presumed to represent the western margin of the North American Precambrian craton (see
Figs. 2.3, 2.10, 2.11); (2) the Wasatch or “hinge” line (see Fig. 2.3); (3) the Cordilleran Mesozoic batholith
belt (seeFig. 2.3); (4) the Roberts M ountain, Gol conda, L uning-Fencemaker(?), and Sevier thrust fronts (see
Figs. 2.4 and 2.5; also see Poole et a., 1992, p. 16); (5) the Nevada paleothermal anomaly (see Fig. 2.10);
and (6) the northern Nevadarift zone and its postul ated northern extension (either the Brothers fault zone or
the Snake River graben structure; see Fig. 2.3, and section 2.6; also see Christiansen and Y eats, 1992, p. 362-
363, 367).
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The material presented above argues strongly in favor of the existence of Humboldt shear(?)
zone, and that it may have exercised afundamental control over the distribution and formation
of volcanic rock-hosted occurrences. The Humboldt shear(?) zone may also have had an
incidental affect on the distribution of the sedimentary rock-hosted occurrences. Right-lateral,
post-mineralization transcurrent movement along the Humboldt shear(?) zone may have
displaced the Getchell trend and Independence group deposits northeastward of the northern
termini of the Battle Mountain-Eureka (Cortez) and Carlin mineral trends (respectively). This
issuggested by abend to the northeast of Asand U/Th geochemical anomalies, believed to have
some spatial association with the mineral trends, and by eastward lateral offsetsin Basin-Range
structure, that are visiblein shaded relief of topography. Thisproposal isinvestigated in greater
detail below in section 8.5.4, where it is suggested that the Getchell trend represents the
northeastward-sheared extension of the Battle Mountain—Eureka (Cortez) trend and that the
Independence group deposits (trend) represent the northeastward-sheared extension of the Carlin
trend.

8.5 The Carlin and Cortez Structural Zones

8.5.1 Geophysical and Geochemical Evidence

Theisostatic gravity and geomagnetic anomalies examined in section 6.6 provide some support
for the existence of the Carlin and Cortez structural zones. The K/Na and Ba/Na geochemical
anomalies show strong spatial association with the sedimentary rock-hosted occurrences and
clearly delineatethe Battle M ountain—Eureka(Cortez) and Carlinmineral trends, butitisunclear
whether or not the anomalies have any genetic association with mineralization (see section
6.7.3). The geochemical anomalies, however, may provide some additiona insight by
augmenting the interpretations made from the geophysical data.

In section 6.6 (“Geophysics-Geomagnetic and Gravity Anomalies’), it was shown that the
frequency distribution of gold-silver-bearing occurrences with respect to the geophysical
anomalies is approximately normal, with the distribution modes located in the ranges that are
transitional between the high-end and low-end of the magnetic and gravity anomaly intensity
spectrums (mode lies slightly negative of the zero value, see Figs. 6.46, 6.47, 6.49, and 6.50).
The near-zero-centered distribution modes for the occurrences indicate that the majority are
located in regions that are transitiona between rocks that are more highly and less highly
magnetized, and transitional between rocks of higher and lower density. In general, anomaly
gradient contrasts are thought to indicative of crustal structures, such as terrane boundaries,
structural trends, and fault and shear zones. Such structures could facilitate the convection of
hydrothermal fluids at shallow crustal levels and the vertical movement of heat and deep-seated
fluids from lower crustal levels (see sections 3.4, 3.6, 6.4.3, and 6.5.3 for additional details).
Kutinaand Hildenbrand (1987) reported that some of the principal endogenic oredepositsof the
western United States cluster in or adjacent to regions of gravity lows (e.g.—the majority of
deposits of the Colorado mineral belt). Gold-silver-bearing occurrences in Nevada possess
similar characteristics not only in relation to gravity anomalies but also in relation to magnetic
anomalies. Grauchetal. (1995, p. 206) found an overall statistical tendency for gold occurrences
to be spatially related to major density boundaries, which they explained as either (1) a major
changein lithology of the crust associated with aterrane boundary or strike-dlip fault, or (2) as
aregional-scale structure that juxtaposes high-density basement material against low-density.
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Examples of large and medium size sedimentary rock-hosted occurrences within transition
regions between (1) low and high magnetic anomalies include the Goldstrike mine and the
northern Carlin trend deposits, (2) low and high gravity anomalies include the Atlanta, Cortez
Gold, Gold Acres, Florida Canyon, Gold Bar depositsmines, and the deposits of the northern
Carlintrend, and (3) low and high magnetic and gravity anomalies include the Gold Bar mine
and northern Carlin trend deposits.

Shallow-source magnetic and pre-Tertiary basement gravity anomaliesin north-central Nevada,
particularly along the Battle M ountai n—Eureka (Cortez) mineral trend, and thedistribution of the
K/Na-Ba/Nageochemical anomaly, may reflect the Cortez and Carlin structural zones. Figure
8.3illustratesthespatial rel ationship between the sedimentary rock-hosted occurrencesand these
geophysical and geochemical anomalies.

Figures 8.3e and 8.3f show the trend of the K/Naanomaly (and the occurrences) relative to the
isostatic and Bouguer gravity anomaly (respectively), which in Nevada, reflects sourcesin the
pre-Tertiary basement as well as representing the density distribution of late Cenozoic masses
intheupper (5-10km) crust (Mabey et al., 1983; Blakely and Jachens, 1991; Shawe, 1991, figure
3; aso see section 6.6.3). The gravity anomalies show close alignment with the mineral and
geochemical trends (the “V”), expressed by a relatively sharp and well-defined changes in
gradient between regions of gravity lows and adjacent areas of moderate to high intensities
(particularly for the isostatic gravity anomaly). The gravity gradient parallelling the Eureka-
Battle Mountain (Cortez) arm of the“V” isbelieved to be the northern extension of the gravity-
low bilateral axis of symmetry in Nevada, and represents the northern segment of a linear
isostatic gravitational gradient ridge that may delineate the southern extension of the northern
Nevada rift zone (Blakely, 1988; also see sections 2.7.4 and 6.6.3; Figs. 6.45b, feature #1, and
6.54).

Figures 8.3b and 8.3c show thetrend of the K/Naanomaly relativeto thetotal residual magnetic
anomaly, and Figure 8.3d showsthe K/Naanomaly highs against ashaded relief rendition of the
magnetic data. The magnetic anomaly highs depicted in the Figure 8.3 (lighter, brighter colors)
are believed to represent shallow magnetic sources (~1 km, Blakely and Jachens, 1991; also see
section 6.6.3). The northern Nevadarift is the main magnetic anomaly featurein Figure 8.3 (a
long, narrow, arcuate, magnetic high trending roughly NW-SE; see sections2.7.4and 6.6.3), and
has been interpreted as a mid-Miocene (~17-14 Ma) rift zone (Zoback et al., 1994; also see
Mabey et a., 1983). Two smaller rift systems can al so be seen flanking the northern Nevadarift
to thewest. The northern Nevadarift zone magnetic anomaly is not as closely aligned with the
mineral and geochemical trends asthe gravity anomalies, and can clearly be seen to extend sub-
paralel aong the Eureka-Battle Mountain (Cortez) arm of the trends between the K/Na
anomalies (Fig. 8.3d; also see 8.1, green line), forming an aternating geochemical-
anomaly—magnetic-anomaly pattern. There appearsto be a conspicuous lack of Ba/lNaor K/Na
geochemical anomalies or mineral occurrences (either sedimentary or volcanic rock-hosted)
along much of the length of the northern Nevada rift—neither the Battle Mountain—Eureka
(Cortez) trend nor the Carlin trend deposits, or their associated K/Na-Ba/Na geochemical
anomaly, show close spatial coincidence with the axisof therift zone. Rather, they envelop the
rift to the west and the east. However, this may be due to sampling bias, although, given the
large amount of mineral exploration activity in northern Nevada, this seems unlikely.
Alternatively, the absence of K/Naor Ba/Naanomalies may reflect the distribution of Cenozoic
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volcanic cover in the area, where the geochemical anomalies are concentrated along the eroded
or flow-edges of the units (see section 6.7.3)

The deeper basement features imaged by the gravity anomalies show much better spatia

correlation with the Battle Mountain—Eureka (Cortez) and Carlin mineral trends and the K/Na
anomaly pattern than does the shallow feature revealed by the geomagnetic anomaly. This
correlation, aswell astherelative “sharpness’ and linearity and of the gravity and geochemical

anomalies (and of the geomagnetic anomaly too), suggest the presence of a crustal-scale
structural feature, such as a suture zone, terrane boundary, or dip- and/or strike-slip fault zone.
Thisis supported by recent work by Tosdal and Wooden (1997) and Wooden et al. (1997), who
have been able to subdivide the northern Great Basin into four crustal provinces based on Pb
206/204 and 208/204 i sotopi c rations. western, central, and eastern provinces, flanked to the east
by Archean crust. The boundary between the central and eastern provinces (**Pb/**Pb >39.5
isopleth) is coincident with the Carlin trend. The sharpness of this boundary suggest to Tosdal

and Wooden (1997) and Wooden et al. (1997) that it representsamajor crustal fault. Inaddition,
the results of a magnetotelluric survey across the Battle Mountain—Eureka (Cortez) and Carlin
mineral trends (Rodriguez, 1997) have revealed deep-penetrating regiona structures which
appear to be major structural breaksin the crust. The presence of regional-scale structural zones
along the Battle Mountain—Eureka (Cortez) and Carlin mineral trends is also consistent with
proposals made by Arehart et al. (1993), Grauch et a. (1995), Madrid and Bagby (1986), Maher
et a. (1993), and Shawe (1965, 1991) (further discussed below, and previously in sections 3.4
and 3.6).

8.5.2 Ageand Origin of the Carlin and Cortez Structural Zones

Assuming that the Carlin and Cortez structural zones do exist, and that they did exercise strong
control over the distribution of sedimentary rock-hosted depositsin north-central Nevada, then
theinferred crustal structureswould had to have beenin place prior to ore-deposition, or formed
as aresult of (and during) the processes that led to mineralization. Sedimentary rock-hosted
mineralization along the Battle Mountain—Eureka (Cortez) and Carlin trends is generaly
considered to be Upper Eocene—Early Oligocene (42-30 Ma) in age (Bagby and Berger, 1985;
Maher et al., 1993; Hofstra, 1994, 1997; llchik, 1995; Thorman et al., 1995; Emsbo et al., 1996;
Hofstra, 1994, 1997; lIchik and Barton, 1997), but agesasold asL ower—Upper Cretaceous have
been suggested (see Kuehn, 1989; Arehart et al., 1993, 1995). The northern Nevadarift trends
sub-parallel to the Battle M ountain—Eureka (Cortez) trend (Fig. 8.3c). The age of the northern
Nevada rifting event has been determined by Zoback et al. (1994) to be ~17-14 Ma, which is
based on new radiometric dating of north-northwest-trending dikes and flows occurring within
therift. The authors also pointed out that, the northern Nevadarift is equivalent in age, trend,
and composition to feeder dikes that fed the main eruptive pulse of the Columbia River flood
basaltsin northern Oregon ~15.5-16.5 Ma(Zoback et al ., 1994) (seeFig. 2.3). Assumingtheage
estimates of mineralization and rifting arecorrect, the sedimentary rock-hosted depositsare some
20-100 m.y. or so older than the rift structure, suggesting that the rift, in its present
manifestation, did not play akey role in mineralization.

Alternatively, the dikes and flows associated with the northern Nevadarift, which arethe source
of the magnetic anomaly delineating the rift zone, may be the product of magmas that were
focused along and ascended through a zone of preexisting weaknessin the crust, in effect using
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the crustal flaw zone as a conduit (see, for example, Cameron and Hattori, 1995). This,
contended Zoback et al. (1994), was not the case. Zoback et al. (1994) observed that the
orientations of the magnetic anomaly, exposed basaltic feeder dike swarms, and structural
troughs associated with therift zone, al trend uniformly N20°—25°W, and this consistency, they
argued, indicatesthat the northern Nevadarift zone devel oped in responseto the prevailing least
principal stress at the time of formation (horizontal and oriented N65°~70°W), rather than by
exploiting apre-existing zone of crustal weakness. Whilelatest activity may in fact have taken
place in this environment (i.e—rifting), the observations and spatial relationships among the
geophysical and geochemical anomaliesand themineral trends presented in section 8.5.1 suggest
that a pre-existing crustal weakness may indeed exist. This proposal isin accord with Grauch
et a. (1995). They suggested that a pre-existing basement structure played a major rolein the
formation and/or location of other nearby geologic features of similar trend (i.e—the northern
Nevadarift), as well as having focused magmatism (heat) and the flow of deep-seated and/or
high-level convecting orerelated fluids, which resulted in the formation of Battle
Mountain—Eureka (Cortez) and Carlin mineral trends. Furthermore, Grauch et al. (1995)
suggested that the basement feature must have developed during or prior to Jurassic time, as
determined by the oldest alignment of geologic features along itstrend (Jurassic intrusive rocks
and probable mid-Jurassicfolds). Thenortherly orientation of thebasement gravity gradient, and
its location proximal to tectonic activity directed at the continental margin, led Grauch et al.
(1995) to conclude that this feature may be associated with the rifted Precambrian continental
margin. This interpretation places the inferred structural feature in an acceptable geologic
environment and chronological order with respect to Upper Eocene-Early Oligocene
mineralization and mid-Miocene rifting:

1. Development of aJurassic or older crustal-scale structural feature, which may represent (1) anormal fault
related to the Precambrian rifting event that acted asabuttress against | ater tectonic compression, producing
ramped thrust plates and parallel fold belts, or (2) just one manifestation of ageneral structural grainin the
Precambrian continent (Grauch et a., 1995).

2. Focusing of heat and mineralizing fluids along the crustal-scale structural feature to produce the alignment

of Upper Eocene-Early Oligocene age sedimentary rock-hosted occurrences along the Battle
Mountain—Eureka (Cortez) mineral trend and possibly the Carlin trend.

3. Formation of the northern Nevadarift zone proximal to the crustal-scale structural feature during the mid-

Miocene in an extensional tectonic regime, where the preexisting Jurassic or older structural feature
influenced the location of rifting and associated magmatism.

These findings are also consistent with Maher et al. (1993), where it was suggested that the
northern Nevadarift is the most recent manifestation of activity related to an “older” Paleozoic
or pre-Late Cretaceous fundamental structure in the crust.

The observations made in this study, in addition to those mentioned above, further support the
possibility that mineralization along the Battle-Mountain—Eureka (Cortez) and Carlin trends
could be the result of heat and mineralizing fluids distributed laterally along regional-scale
crustal structural zones of mid-Jurassic or older origin.

8.5.3 Transcurrent Movement

The presence of sedimentary rock-hosted occurrences in east-central Nevada suggests that the
Carlin and Cortez structural zones may be extrapolated along trend to the southeast of the
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northerly-trending Roberts Mountain thrust front (see Figs. 8.1a, dashed red lines). This notion
isbased on anumber of structural elementsvisiblein shaded relief of topography (derived from
~800 meter pixel resolution), aswell as by isostatic gravity data, which showsalinear gradient
ridge running sub-parallel to, and south of, the northern Nevadarift zone, and may represent the
northern extension of the Bouguer gravity-low bilateral axis of symmetry in Nevada (Blakely,
1988; also see sections 6.6.3 and 2.7.3; Figs. 6.45b and 6.45c, feature #1, and 6.54). The Bald
Mountain district, Alligator areadeposits, and Illipah deposit occur approximately along strike
of the southeastern extension of the Carlin mineral trend, and roughly on the eastern side of the
bilateral axisof symmetry. The Eurekadistrict and the Ratto Canyon deposit occur along strike
of the southeastern extension of the Battle M ountain—Eureka (Cortez) mineral trend, and to the
west of the bilateral axis of symmetry. In between the Carlin and Battle Mountain—Eureka
(Cortez) minera trends, and roughly within the bilateral axiszone, the Easy Junior-Night Hawk
and Green Springs deposits are found.

Shaded relief of topography may give some indications of transcurrent movement along (or
between) the Carlin and Cortez structural zones. The southeastern extensions of the Carlin and
Cortez structural zones, as delineated in Figures 8.1a (dashed red lines), roughly bisect a broad
and open semi-continuous “ S’ -shaped topographic curvature. This feature, which is clearly
visible in shaded relief (located just east of center in Fig. 8.1), is formed by the curvilinear
alignment of (from north to south) the Ruby Mountainsand the White Pine-Horse-Grant—Quinn
Canyon ranges. Left- or right-lateral movement, widely distributed between the southeastern
extensions of the Carlin and Cortez structural zones, could have produced this topographic
feature:

 Assuming that thistopographic featurewas originally continuous, | eft-lateral movement could have displaced
thenortheast—southwest-trending northern and southern segments, and during theprocess, realigned theranges
in the zone of transcurrent movement along a more northerly orientation (central segment of the“ S’ , area
between dashed red linesin Fig. 8.1a).

« Assuming that this topographic feature was not originally continuous, right-lateral movement could have
realigned the ranges in the central portion of the “S’ from roughly northeast—southwest-trending to
north—northwest—south—southeast-trending, effectively “joining” the northern and southern segments of the
“S'.

Evidencefor both | eft- and right-lateral motion sense are found along the Carlin structural zone.
TheAlligator group deposits occur near the southern extension of the Carlin structural zone, and
as a group, paralel the ranges in the central part of the “ S’ -shaped topographic structure
(compareFig. 8.1and 3.3). Recent mappingintheAlligator Ridge areahasdocumented Eocene,
left-lateral, transpressive deformation structures (Nutt, 1997; Nutt and Good, 1998). In
sedimentary rock-hosted depositsalong thenorthern Carlintrend, right-lateral strike-slipfaulting
has been recognized by a number of Newmont Exploration Ltd. geologists (1990, personal
communication), Putnam and Enriquez (1991), Teal and Jackson (1997), and Byron R. Berger
(1998, persona communication; e.g—Genesis and Post-Betze pits). Right-lateral movement
on a regional scale has been suggested by Carey (1955, 1958, 1976, 1988), Shawe (1965),
Atwater (1970), Livaccari (1979), and Ward (1988, 1991). In order to reconcile the conflicting
sense of kinematic motion, Tosdal and Nutt (1998) suggested that the Carlin minera trend
(which includes the “ southern extension” deposits of the Alligator group) delineates atransfer
or accommodation zone, linking geographic offset or steps in extending domains and thereby
allowing for opposing movement (see Faulds and Varga, 1998).
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Transcurrent movement between the Carlin and Cortez structures may also be supported by the
trend of Pb isotope values of Jurassic, Cretaceous, and Tertiary granitic rocks. Wooden et al.
(1997) have identified a number of Pb isotopic boundaries in northern Nevada, an eastern
boundary (*®Pb/**Pb >39.5) that coincides with the Carlin trend and a western boundary
(*®Pb/**Pb >39) that lies parallel but to the southwest of the Battle M ountain—Eureka (Cortez)
trend (see figure 1 in Wooden et al., 1997). They indicate that the westernmost Pb boundary
appears to swing northeast, possibly encountering the Humboldt shear(?) zone as suggested in
section 8.4.1, except at the Battle Mountain—Eureka (Cortez) trend, where there is a prominent
southeast deflection (Tosdal and Wooden, 1997). Theboundary then bendsback to the northeast
toward the Carlintrend whereit appearsto turn further northward (Wooden et al., 1997, figure 1,
Richard M. Tosdal, 1998, personal communication). The “jog” in the northeast-trending
208ph/ 2Pl >39 isopleth across the Carlin and Battle Mountai n—Eureka (Cortez) mineral trends
could have beentheresult of transcurrent movement along and/or between the Carlin and Cortez
structural zones.

Finally, the northern Nevadarift zone may provide some support for transcurrent activity along
the Carlin and Cortez structural zones. The rift zone trends between and sub-parallel to the
structural zones (Figs. 8.1a, green line; also see 8.3¢), suggesting that it could berelated to these
features (although they may differ in age; see discussion in sections 8.5.1 and 8.5.2). The
northern Nevadarift zone has been postul ated to be the southern extension of the Brothers fault
zone (seesections2.7.4 and 6.6.3; Fig. 2.3). Together, they form the Oregon-Nevadalineament
(Stewart et al., 1975), which has been interpreted to be the surface expression of a deep-seated
fracture zone (up 15 km deep) that may have had a complex history of strike-slip and
transcurrent movement (Stewart et a., 1975; Blakely and Jachens, 1991, also see Christiansen
and Y eats, 1992).

8.5.4 Truncation of the Battle Mountain—Eureka (Cortez) and Carlin
Mineral Trends by the Humboldt Shear(?) Zone

Asdiscussedin section 8.4, broad northeast—southwest-trending zone of transcurrent movement,
with possible ancestral heritage, is believed to extend across northern Nevada and to be
responsible for controlling the regional-scale distribution of volcanic rock-hosted occurrences
inthisarea. Termed the Humboldt shear(?) zone, it has, to alarge degree, been delineated inthis
study on thebasi sof topographic expression. Within thiszone, anumber of northeast—southwest-
trending linear features have been identified (see Fig. 8.13, features“A”, “B”, and “C”). The
intersection of these linear featureswith the proposed Carlin and Cortez structural zonesand the
northern Nevadarift zone correl atewith (1) some degree of deposit clustering (seetextin caption
of Fig. 8.1), (2) discontinuities along the geomagnetic signature of the northern Nevadarift zone
(particularly in theflanking rift signaturesto the west; see Figs. 6.45aand 6.53b), and (3) lateral
offsets and discontinuities in the K/Na—Ba/Na geochemical anomaly pattern (see Fig. 6.65).
Associated with these linear features is the abrupt termination of the Carlin and
Mountain—Eureka (Cortez) mineral trends in the vicinity of the Dee, Bootstrap, and Capstone
deposits, and the Lone Tree and Stone House deposits', respectively. In both instances, agroup

1 Or perhaps in the vicinity of the Preble deposit, if only the alignment of deposits with the Battle
Mountain—Eureka (Cortez) mineral trend is considered.
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of sedimentary rock-hosted deposits are encountered to the northeast of the northern termini of
themineral trends. the Independence group depositsto the northeast of the Carlintrend, and the
Getchell trend deposits to the northeast of the Battle Mountain—Eureka (Cortez) trend.

It is not unreasonable to assume that the Battle Mountain—Eureka (Cortez) and Carlin mineral
trends continue northwestward along the same approximate strike. As previously discussed
(section 6.7.3), the K/Na—Ba/Nageochemical anomaly isspatialy, if not genetically, associated
with the sedimentary rock-hosted occurrencesand clearly delineatesthe mineral trends. Assuch,
the K/Na—Ba/Nageochemical anomaly might al so extend further northwestward. Unfortunately,
the NURE K/Na and Ba/Na geochemical datasets examined for this study do not significantly
extend north of the northern termini of the Battle Mountain—Eureka (Cortez) or Carlin trends.
However, the NURE U/Th and As datasets do extend further north, and they show anomaly
distribution patterns that are very similar to the K/Na-Ba/Na anomaly pattern and to the
distribution of deposits along the northern reaches of the mineral trends (see section 6.7.3). It
appearsthat the U/Th and Asanomaly patterns do not extend northwestward, rather they appear
to bend to the northeast:

¢ Inthevicinity of the Kramer Hill and Preble deposits, the Asanomaly bendsto the northeast and extendsa ong
the Getchell trend deposits.

¢ North of the Dee, Bootstrap, and Capstone deposits, the As and U/Th anomalies bend to the northeast, then
northward to parallel the Independence group deposits.

It is uncertain whether the northeast bend observed in these anomaly patternsisreal, or if they
reflect the extent of Cenozoic volcanic cover of the Banbury formation, or perhaps a sampling
bias. Insupport of the northeast bend are the points presented in section 8.4.3, and in particular,
eastward lateral offsetsin basin-range structure visible (1) north of the northern terminus of the
Battle Mountain—Eureka (Cortez) trend along the Getchell trend deposits (in the Osgood
Mountains), and (2) north of the northern terminus of the Carlin trend, between the Dee deposit
(north Carlin trend) and the Burns Basin and Mill Creek deposits (southern end of the
Independence group deposits; southwestern spur of the Independence Mountains). The
implicationisthat the Getchell trend representsthe northeastward-di splaced (sheared?) extension
of the Battle Mountain—Eureka (Cortez) trend, and the Independence group deposits (trend)
represent the northeastward-displaced (sheared?) extension of the Carlin trend. Lateral
displacement of the Getchell and Independence trend deposits away from the Battle
Mountain—Eureka (Cortez) and Carlin trend deposits (respectively) could have been achieved
by right-lateral transcurrent movement within the Humboldt shear(?) zone, parald to the
northeast—southwest-trending linear features depicted in Figures 8.1a.

Such a scenario requiresthat certain age and kinemétic relationships along the structural zones
be satisfied: (1) the age of mineralization at the “ sheared-off” ends of the deposit trends should
be roughly the same—the deposits of the Carlin trend roughly equal in age to those in the
Independencegroup; the Battle M ountain—Eureka(Cortez) trend depositsroughly equal tothose
of the Getchell trend, and (2) mid-Miocene, right-lateral movement along the Humbol dt shear(?)
zone should be reconciled with right-lateral movement along the Cortez and Carlin structural
zones and the Walker Lane shear zone.

Hofstra (1997) commented that “ evidence continues to mount that Carlin-type deposits formed
in the mid-Tertiary (42 to 30 Ma)” (see references in Hofstra). For the Carlin trend deposits,
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Christensen (1995) reported two radiometric age date groupings of 95-117 Ma and 36-40 Ma,
with dates as young as 8-35 Ma, and as old as ~120 Ma (Kuehn, 1989; also see Arehart et al.,
1993, 1995). Thorman et al. (1995) proposed that the many of the Carlin trend deposits are
Eocene-Oligocene. llchik (1995), based on a reanalysis of data published by Arehart et al.
(1993), suggested that the most reasonable age for the formation of the Post-Betze deposit is
dightly younger than 39 Ma. Most recently, Emsbo et a. (1996) were able to constrain
mineralization at the Melkle and Post-Betze deposit to <38.8 Ma based upon relationships
among igneousdikesonthe Goldstrike property. At the southern end of the Independence group
deposits, recent work in the Jerritt Canyon district has produced mineralization age dates of ~40
Ma (Hofstra, 1994; also see Folger et al ., 1997; Hofstra, 1997; Wise and Gorman, 1997). Along
the length of the Battle M ountain—Eureka (Cortez) trend, Maher et a. (1993) bracketed the age
of the most economically significant Carlin-style gold producing mines to |ate-Eocene—early-
Oligocenetime (radiometric age dates compiled for hisstudy for thistime period rangefrom ~40
to ~34 Ma). These ages are comparable with recent Getchell trend mineralization age dates for
the Twin Creeks deposit (Rabbit and Chimney Creek deposits, ~42 Ma; Groff, 1996, Groff et
a., 1997; Hall et a., 1997) and Pinson (42.7£5 Ma; Byron R. Berger, 1998, personal
communication). These age databridgethetiming of mineralization acrossthe Carlin trend and
Independencegroup depositsand acrossthe Battle M ountai n—Eureka (Cortez) and Getchell trend
deposits.  This is consistent with the proposal made here that the Getchell trend and
Independence group of deposits represent the sheared-off northern extensions of the Battle
Mountain—Eureka (Cortez) and Carlin mineral trends. Furthermore, if this postulateis correct,
then it may be possibleto constrain the most recent movement a ong the Humbol dt shear(?) zone
to between the formation of the Carlin-type deposits (42 to 30 Ma; Hofstra, 1997) and the most
recent igneous activity along the northern Nevadarrift zone (~17-14 Ma; Zoback et al., 1994),
which transects the Humboldt shear(?) zone but shows no distinct lateral offsets in its
geomagnetic signature (i.e.—Ilatest appreci able movement occurred between 42-30t0 17-14 M a).

Questionsremain asto the tectonic origin of the Humbol dt shear(?) zone, itsactivity throughout
geologic history, and its relationship to other regional-scale features, such as the Carlin and
Cortez structural zones and the Walker Lane shear zone. Asindicated above, thereis evidence
as well as a plausible explanation for left-lateral movement along the Carlin structural zone.
Left-lateral motion-sense is kinematically consistent with right-lateral movement along the
Humbol dt shear(?) zone. However, given the proposal here that right-lateral movement within
the Humbol dt shear(?) zone may have taken place ten’ sof millions of years after mineralization
along the Cortez and Carlin structural zones, and presuming that movement al ong the Humbol dt
shear(?) and Carlin structural zones therefore was not concurrent, it is unclear whether or not
motion-sense relationshi ps between these features must or can be resolved. It is perhaps more
important to reconcile motion-sense between the Humbol dt shear(?) zone and the Walker Lane,
which has documented activity in the middle and late Tertiary (see Dilles and Gans, 1995;
section 2.6). Research conducted by Hardyman and Oldow (1991) may provide a possible
resolution. Based onfield work inthe central Walker Lane (Carson sink area, south to Tonopah,
Nevada), Hardyman and Oldow (1991) have outlined athree-stage tectonic history that involves
a 70° to 90° rotation in the extension direction since 19-15 Ma: an early 28-17 Ma stage of
extension that was oriented north-northeast—south-southwest, followed by east-west extension
between 17-11 Ma, and, after about 10 Ma, southeast-northwest oriented extension. The result
of thislast extensional stage (post-10 Mathrough present day) has been dominant right-lateral
movement on northwest-striking faults in the Walker Lane shear zone. To be kinematically
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correct, thissense of motion would require left-lateral movement along the Humbol dt shear(?)
zone, contrary to what is proposed here. However, during the period of early extension (28-17
Ma), Hardyman and Oldow (1991) indicate that extension was oriented north-northeasterly,
resulting in aleft-lateral strike-slip regime. Thistime period of |eft-lateral strike-slip along the
Walker Laneisinlarge part concurrent with | atest movement within the Humbol dt shear(?) zone
proposed here (42-30 to 17-14 Ma), and is kinematically consistent with the right-lateral
movement needed to displacethe Getchell and Independencetrend deposits northeastward away
from the northern termini of the Battle Mountain—Eureka (Cortez) and Carlin trend deposits
(respectively). Left-lateral motion within the Walker Lane shear zone between 28-17 Ma may
also be related to | eft-lateral motion aong the Carlin structural zone.

8.6 A Mantle Plume

There hasrecently been anoticeableincreasein the number of regional-scal e studies suggesting
that a mantle plume or upwelling asthenosphere could be responsible for the tectonomagmatic
evolution, metallogenesis, and present-day character of the Basin and Range Province and
surrounding environs (seefor example, Smith, 1978; Fitton and James, 1987; Mutschler et al.,
1987; Fitton et a., 1988; Leeman and Fitton, 1989; Westaway, 1989; Draper, 1991; Fitton
etal., 1991; Mutschler etal., 1992; Parsonset al., 1994, Saltusand Thompson, 1995; Oppliger
et a., 1997; Murphy et a, 1998; Murphy et a, 1999). Many of the researchers cited above
believe that a mantle plume fits the geographic, geologic, geophysical, and geochemical data
observed in the Great Basin, and that in fact the Great Basin is an example of a plume-related
orogenic processthat has been overlooked (Murphy et al., 1998; Murphy et al, 1999). A mantle
plume or diapiric activated/controlled mechanism for magma generation accommodates (1) the
chemistry and isotopic characteristics of mid- and late Cenozoic basalt (Fitton and James, 1987,
Fitton et al., 1988; Glazner and Ussler, 1989; Leeman and Fitton, 1989; Fitton et al., 1991;
Leeman and Harry, 1993), (2) the space-time magmeatic and extensional migration patternsacross
the region (Armstrong et a., 1969; Stewart 1980; Silberman 1985; White 1985; Seedorff,
1991), and (3) correlates well with the work on the physics and chemistry of mantle plumes
conducted by Courtney and White (1986), Richards et al. (1989), and DePaolo et al. (1991).

A number of datasets compiled for this study, some of which were not directly applied to the
mineral potential modelling performed here (see section 5.3.3), support the presence of aplume
or upwelling asthenosphere. These datasets include (1) igneous rock radiometric age dates
(RAD-B), (2) metallic mineral deposits rock radiometric age dates, (3) Cenozoic igneous rock
time-slices maps, (4) Cenozoic igneous rock composition-slices, (5) ¥Sr/%Sr initial values of
M esozoic and Cenozoic igneousrocks, (6) dip attitude of Tertiary rocks, and (7) mountain peak
elevation. In the Great Basin, magmatism and extension migrated southwestward, spreading
concentrically outward from the northeastern Nevada during the middle Tertiary early rapid
extension through subsequent late Tertiary slow extension stages (see Fig. 6.4 and section 2.5).
(Magmatism in the Great Basin completes only a portion of thisring, forming an arcuate band
in Nevadaas shown in Figure 6.4, but the remainder could be concealed under younger stratato
the north or northeast). This outward radiating ring of event inception times follows the time-
transgressive effectsthat amantle plume could have on magmatism as suggested by atheoretical
model proposed by Courtney and White (1986), where an outward-younging radial and
concentric trend of magmatic inception timesis produced above aplume. Maps generated from
the seven aforementioned datasets are all consistent with the time-transgressive effects that a
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mantle plume could have on regional-scale tectonomagmatism. The space-time migration of
inception times of magmatismisparticularly well devel oped in theigneousrock radiometric age
dates (RAD-B) dataset (Fig. 8.4), while the dip attitude of Tertiary rocks is suggestive of an
overall “doming” or “arching” to the region, as might be expected over a mantle plume or
upwelling asthenosphere.

A mantle plume, in conjunction with preexisting crustal-scal e structures such as the Carlin and
Cortez structural zones and the Walker Lane and Humboldt shear(?) zones, could have had
profound effects on the development of the Great Basin as a metallogenic province. The
southwesterly absolute motion of the North American plate suggests that the Basin and Range
province lies in the “wake” of the plume (Fitton et al., 1991). A mantle plume is believed to
have emerged (made contact with the lower crust?) in northernmost central Nevada, near the
borders of Oregon and Idaho, at thetriple-junction intersection of Brothersfault zone, the Snake
River Plain, and the northern Nevada rift zone (see Fig. 2.3) (Parsons et a., 1994; see also
Mutschler etal., 1992). Murphy et al. (1998, 1999) track the plumealittle farther south, through
Battle Mountain, Nevada, and along a path which paralels the Humboldt shear(?) zone, as
delineated in this study. However, if the RADB data (Fig. 8.4) and the Stewart and Carlson
(1978) volcanic rock time-slice maps (Fig. 6.4) are any indication of where initial Cenozoic
magmatism was centered in the Great Basin, then slightly north of east-central Nevadaiswhere
the plume may have made contact with the crust. The current location of the plume is thought
to be either under the southern Rocky Mountains, in the region of the Colorado Plateau (Fitton
et a., 1991; Parsons and McCarthy, 1993), or under the region of Yellowstone Park (the
“Y ellowstone hot spot”) (Smith, 1978; Westaway, 1989; Draper, 1991; Parsons et a., 1994,
Oppliger et a., 1997; Murphy et a., 1998; Murphy et al, 1999). Oppliger et a. (1997) have
suggested that the ancestral Y ellowstone hotspot may have been responsible for sedimentary
rock-hosted mineralization in north-central Nevada, having provided (1) a source for gold (ala
Rock and Groves, 1988), (2) amechanism for metamorphic devolatization inthelower crust (see
Seedorff, 1991, for metamorphic devolatization sedimentary rock-hosted model), and (3) a
regional-scale heat source that drove fluid convection in the upper crust.

The formation and distribution of the volcanic rock-hosted occurrences could also berelated to
plume activity. In context of the arcuate time-transgressive migration pattern of magmatism
across Nevada (Fig. 6.4), the generalized distribution pattern of the sedimentary rock-hosted
occurrencesis spatially coincident with the older “core” of the sequence, whereas the volcanic
rock-hosted* epithermal crescent”, which encompassesthe sedimentary rock-hosted occurrences,
is coincident with ayounger “ring” (see Fig. 6.2 and sections 6.2.2 and 6.2.3). Asindicatedin
section 8.1 and subsequent sections, the Walker Lane shear zone and the Humbol dt shear(?) zone
are believed to have acted as first-order controls over the regional-scale distribution of the
vol canic rock-hosted occurrences. Plume-driven magmatism may have acted as a second-order
control. As Eocene-Oligocene magmatism expanded in a arcuate time-transgressive manner
across the region, it encountered and exploited the Walker Lane shear zone and the Humbol dt
shear(?) zone, where together magmatism and preexisting tectonic conditions provided a
favorableenvironment for oredeposit formation (see, for example, sections8.2.2,8.2.1, 3.4, 3.6,
6.4.3, and 6.5.3).
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_ _ Examples
Class Type of Relationship .
Field Model
Theoretical  Physical/Chemical Principles  Groundwater Flow Equations of Motion
Hybrid Semi-Empirical Sediment Transport ~ Transport Equations
Empirical Heuristic or Statistical Mineral Prediction  Statistical Regression

Table 1.1. Types of models used in the geosciences (Bonham-Carter, 1994a).
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Type Model Parameters Examples
Weights of Evidence
Data-driven $ijprlﬁlr?teg;$ Logistic Regression
g Neural network
. Estimated Fuzzy Logic
Knowledge-driven by an Expert Dempster-Shafer Belief Theory

Table 1.2. Typesof mineral potential models (Bonham-Carter, 19944).
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Occurrence-

Type
Sample

Size Sub-
sample

Primary-Product
Gold-Siver-Bearing

Sedimentary Rock-
Hosted Gold-Silver-

Vol canic Rock-Hosted
Gold-Siver-Bearing

Occurrences (all types) | Bearing Occurrences Occurrences
(2690) (98) (415)

Lrg. | Med. | Sml. |Unkn. | Lrg. | Med. | Sml. |Unkn. | Lrg. | Med. | Sml. | Unkn.

(59) | (118) [(2269) [ (249 | ® | B0) | 57 | ®) | (33 | 43) [ @B | (22

Table 1.3. The gold-silver-bearing occurrences examined in this study.
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SEDIMENTARY ROCK-HOSTED DEPOSIT-TYPE SYNOPTIC MODEL

SYNONYMSAND DESCRIPTIONS

Carlin-type; carbonate rock-hosted Au; disseminated replacement-type Au; disseminated Au; invisible Au;
sediment-hosted micron Au (SHMG); erroneously referred to as" epithermal” disseminated aswell. Stratiform
deposits of sub-microscopic to microscopic Au coating disseminated sulfide minerals in carbonaceous
calcareous sedimentary rocks.

COMMODITIES (principal recovered products; by-productsin parentheses):
AuAg (Hg)

EXAMPLES (within the Great Basin)

In Nevada: Carlin trend deposits (Bootstrap, Dee, Carlin Gold mine, Genesis, Gold Strike, Pete, Post, Gold
Quarry, Maggie Creek, Rain, etc.), Cortez trend deposits (Gold Acres, Cortez, Horse Canyon, Pipeline, etc.),
Tonkin Springs, Gold Bar, Northumberland, Getchell trend deposits (Twin Creeks(Chimney Creek and Rabbit
Creek), Getchell, Pinson, Preble), Independence group deposits (Big Springs-Sammy Creek, Burns Basin,
Jerritt Canyon, Winters Creek, Wright Window, etc.), Alligator group deposits (Alligator Ridge, Bald
Mountain, Golden Buitte, Illipah, White Pine, Y ankee, etc.), Standard, Fondaway Canyon, Night Hawk, and
Green Springs. In Utah: Mercur, Barney’ s Canyon, Tecoma, and Melco.

TYPICAL GRADE AND TONNAGE (Troy ounces; U.S. short tons):
Gold: 0.015-0.3; up to 0.7-0.8 0z/t
Silver: data sparse; generally much lower than Au (0.02 oz/t Alligator; 0.7 oz/t Deg)
Tonnage: 2-8 to 50 to >500 million tons

ASSOCIATED DEPOST TYPES (other genetically related deposit types):
Veins containing stibnite, barite, realgar, and orpiment.

GEOLOGIC SETTING:
Deformed basin and/or platf orm sedimentsin mobile belt or stable craton settings. Carbonaceous, cal careous
rocks cut by high-angle normal faults. Many deposits in Nevada aligned along inferred regional-scale
structures, en echelon fault belts, belts of thrust faulting (including fensters in allochthonous plate), and/or
zones of crustal weakness?

MINERALIZED AND HOST ROCKS
Calcareous sedimentary rocks high in carbon (3-15% C). Rock types usually range from calcareous shale to
silty limestone or dolostone. Commonly thinly bedded. Coarse to fine clastic sedimentary rocks with high
carbon content occur ashostsin somedeposits (e.g—Getchell). Unitsof high permeability most favorablehost
rocks.

ASSOCIATED ROCKS (spatially associated non-mineralized igneous rocks):
Calc-alkaline and/or alkaline plutons and dikes occur at or near most deposits. Intrusives pre-ore or post-ore
at most deposits, although appear to be syn-ore at some. Hydrothermal breccias may be present in ore zones.
Genetic association unclear (may have acted as heat engine in some cases?).

Table 3.1. Synoptic mineral deposit model for sedimentary rock-hosted disseminated precious metal deposits.
Thismodel is derived from the attributes of North American "giant" deposits (> 1,000,000 Troy ounces Au
production and/or reserves) in the Great Basin.
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FORM OF DEPOST (ore body and gold mineralization):

Stratabound. Irregular to tabular ore bodies extending out from faultsintersecting favorable host rocks. Some
deposits may show vertical continuity of mineralization with no change in mineralogy over vertical intervals
inexcessof 700-1000 meters. Mineralizationisdisseminated, fine grained and decreases away fromfault zone
or heat source. Most Auis"invisible" (0.03-10 microns). Au content varies widely within ore zone. Ore may
be partially oxidized. Small veins and stockworks may occur within orebodies. Jasperoid replacement bodies
common and may be ore grade. Au-quartz veins rare.

ORE CONTROLS

Permeabl e carbonaceous cal careous sedimentary rocks. Geochemically favorabl e horizons. Proximity to high
anglefaults, thrust faults, and/or low-anglenormal or reversefaults. At some deposits brecciazones/pipesand
impermeable "capping" stratigraphy or structuresimportant (some units or structures may have acted aslocal
aquitards, blocking upward movement of fluidsand redirectingthem|aterally along permeableunits). Regional
antiformal doming and localized (minor) anticlinal folding ("structural domes") important at some deposits
(fracturing and brecciation along crest). Folding is Mesozoic in Nevada.

MINERALOGY (mode of gold occurrencein ore; other metallic, accessory and gangue minerals):

Native Au: exceedingly fine grained; sub-microscopic to microscopic, usualy less than one micron; rarely
visible. Occursasthin filmsand fracture fillings on pyrite which may be disseminated, encapsulated in quartz,
orinveins. Free Au aso occursasdisseminationsin quartz or barite, between quartz and clay grains, on grains
of amorphous carbon or hematite, and as inclusions in other sulfides. Veins contain barite, calcite, pyrite,
realgar, orpiment, other sulfides, sulfosalts, and carbonaceous material. Carbonaceous material may include
hydrocarbons, amorphous carbon, microcrystalline graphite, and humic acids. Mineralsin the unoxidized ore
zone include arsenopyrite, pyrrhotite, marcasite, cinnabar, realgar, orpiment, stibnite, lorandite, tennantite,
getchellite, jordanite, galkhaite, gratonite, christite, ellisite, weissbergite, boulangerite, tetrahedrite, carlinite,
galena, sphalerite, chalcopyrite, covellite, chalcocite and molybdenite. Other hydrothermal minerals include
guartz (often jasperoid), calcite, dolomite, barite, fluorite, jarosite, alunite, frankdicksonite, and clay minerals.
Oxidized ore zone may contain hematite, goethite, schuetteite, arsenolite, carminite, scorodite, arseniosiderite,
mimetite, stibiconite, valentinite, cervantite, avicennite, litharge, massicot, anglesite, cerussite, smithsonite,
malachite, azurite, chrysocolla and turquoise.

ALTERATION:

Decarbonatization, silicification, argillization, pyritization, and oxidation and acid leaching near surface.
Introduction and redistribution of carbon. At the Carlin deposit (Nevada), Au is generally associated with
intermediate alteration zonesof carbonateremoval. V olumelossrel ated to decarbonati zation produces apparent
enrichmentin Al, Fe, and K, but thereislittle change except for mgjor Ca, Mg, CO,and minor K loss, and SiO,
gain.

AGE RANGE:
Host: Cambrianto Tertiary (generally Cambrian through Pennsylvanian for depositsin north-central Nevada)
Ore: Tertiary (42-30 Main Nevada)

GENETIC MODEL:

Unresolved. For the Great Basin, threebasic modelshave been proposed: (1) Related to regional-scalecrustal
extension, where the southward sweep of Tertiary magmatism and the onset of extensional (and strike-dlip?)
tectonism facilitated deep fluid circulation by increasing the geothermal temperature gradient (thinning of the
crust) and crustal permeability via brittle faulting and fracturing in the upper crust. (2) Related to regional
metamorphism, where deep-seated, possibly mantle-derived magmatic activity, preceded crustal extensionand
provided fluids (by metamorphic devolatilization reactions at deeper levels) and created sufficient heat (a
regional “geothermal environment”) to circulate fluids. Deeply convecting unevolved meteoric fluids mix at
deep crustal levels with ascending gas-rich metal-bearing fluids that were released at the onset of extension.

Table 3.1, continued.
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(3) Igneous-related (distal disseminated), where depositsformin the distal portions of magmatic hydrothermal
systems. Magmas provided energy to drive hydrothermal circulation were the source for some fluid
components and metals. Deposits formed within approximately <3 to >5 km of the surface (as compared to
~1kmfor epithermal mineralization). Main-stage ore depositing fluids were evolved meteoric (mixed) waters,
with elevated CO, and H,S, low in salinity (<0.2-10 equivalent wt% NaCl; generally <5 wt%, but up to 18%
or higher at boiling), temperature (150-250°C; most deposits 190 to 225°C), and SO,. Several generations of
hydrothermal brecciation at some deposits suggest multi ple mineralizing events. Late-stage oreand/or post-ore
fluids may redistribute Au to some degree. Metals derived at depth from underlying sedimentary pile (Late
Proterozoic miogeoclinal pelitic rocks) or from magmatic sources. Bisulfide, thiosulfide, arsenic, and/or other
poorly documented complexes may transport Au.

COMPILED FROM:

Arehart et al. (1993), Bakken et al. (1987), Bakken and Einaudi (1986), Bakken (1990), Birak et al. (1987),
Birak (1986), Bonham (1985), Clineet al. (1997), Cox and Singer (1986), Cunningham (1988), Dickson et al.
(1979), Hall et al. (1997), Hausen et al. (1967), Henry and Boden (1997), Hitchborn et a. (1996), Hofstra et
a. (1988), Hofstra and Rowe (1987), Hofstra et al. (1987), Hofstra (1997), Hofstra (1994), Holland et al.
(1988), lIchik and Barton (1997), Ilchik and Barton (1996), Kuehn and Rose (1987), Kuehn (1989), Lamb and
Cline (1997), Leventhal et al. (1987), Lowe et al. (1985), Ludington et al. (1993), Ludington et al. (1996),
Maher et al. (1993), Norman et al. (1996), Northrop et al. (1987), Percival et a. (1988), Radtke (1981), Radtke
(1985), Radtke et al. (1980), Rodriguez (1997), Romberger (1986), Rose and Kuehn (1987), Rye (1985),
Seedorff (1991), Singer (1996), Teal and Jackson (1997), Tooker (1985), White (1985), and Wooden et al.
(1997).
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VOLCANIC ROCK-HOSTED DEPOSIT-TYPE SYNOPTIC MODEL

SYNONYMSAND DESCRIPTIONS

Epithermal veins; vol canic disseminated Au. Epithermal veinand/or disseminated deposits(often co-occurring)
of Au and Au-bearing mineralsin or associated with a variety of fault zones, breccia zones, fracture zones,
shear zones, and diatremesin vol canic and spatially associated rock types. Formed at rel atively shallow depths
(< 1 km) below paleosurface in geothermal system. May be divided into low-sulfidation systems (LS)
characterized by adularia-sericite ateration or (high-sulfidation systems (HS) characterized by acid-sulfate
ateration. Systems may be Au-dominated (LS or HS) or Ag-dominated (LS).

COMMODITIES (principal recovered products; by-productsin parentheses):
LS Au,Ag, Zn, Pb, (Cu, Sh, As, Hg, Se)
HS Cu, Au, Ag, As, (Pb, Hg, Sb, Te, Sn, Mo, Bi)

EXAMPLES (including notable deposits outside of the Great Basin):

Vein mineralization generally more common than disseminated:
Aurora (Nevada), Bullfrog (Nevada; Ag-dominated), Comstock (Nevada; Ag-dominated), Goldfield
(Nevada), Rawhide (Nevada), Rochester (Nevada; Ag-dominated), Sleeper (Nevada), Tonopah (Nevada;
Ag-dominated), Oatman (Arizona), Bodie (California), Zaca (California; Ag-dominated), Cripple Creek
(Colorado), Silverton-Telluride (Colorado), Summitville (Colorado), Silver City-Delamar (Idaho; Ag-
dominated), Republic (Washington), Guada upey Calvo (Chihuahua), Guanacevi (Durango; Ag-dominated),
Tayoltita (Durango; Ag-dominated), Guangjuato (Guangjuato; Ag-dominated), Pachuca (Hidalgo; Ag-
dominated), EI Oro (Michoacan), Abangares (Costa Rica), San Sebsatian (El Salvador), El Rosario
(Honduras; Ag-dominated), Coco mine (Nicaragua), and Pis Pis (Nicaragua).

Disseminated mineralization generally more common than vein:
Hollister-lvanhoe (Nevada), Paradise Peak (Nevada), Round Mountain (Nevada), Golden Sunlight
(Montana), Los Cacaos (Dominican Republic), Montana Tunnel s (Montana), and Pueblo Viejo (Dominican
Republic).

TYPICAL GRADE AND TONNAGE (Troy ounces; U.S short tons):

LSgenerally higher than HS
Vein deposits:

Gold: 0.06-0.79to 1.7; up to 2.24 oz/t

Silver: 0.047-0.3 to 3-30; up to 73 oz/t

Tonnage: 0.07-8.8 to 20-90; up to 118 million tons
Disseminated deposits:

Gold: 0.034-0.14 t0 0.55; up to 1.1 oz/t

Silver: 0.08-3.5t0 5 oz/t

Tonnage: 0.12to 12.3-86; up to 195 million tons

ASSOCIATED DEPOSIT TYPES (other genetically related deposit types):
V ol cani ¢ rock-hosted vein and disseminated mineralization commonly co-occur. Mantos and vein depositsin
sedimentary rocks may occur with vein deposits. Granite molybdenite systems may occur with vein and/or
disseminated deposits hosted by high-silica rhyolite. Sedimentary rock-hosted disseminated Au may be
spatially associated with vol canic rock-hosted disseminated Au mineralization.

Table 3.2. Synoptic mineral deposit model for volcanic rock-hosted gold-silver deposits. This model is derived
from the attributes of North American "giant" deposits (> 1,000,000 Troy ounces Au production and/or
reserves), and is primarily based on, but not limited to, depositsin the Great Basin.
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GEOLOGIC SETTING:
LS  Geotherma environment.
HS  Volcanic-hydrothermal environment, closer to volcanic centers.

V ol cani ¢ centersin tectonic mobile belts or in anorogenic or extensional tectonic regimes. Commonly, but not
necessarily, associated with volcanic collapse structures.

MINERALIZED AND HOST ROCKS
Felsic to intermediate cal c-alkaline vol canics most common; in some cases alkaline volcanics (e.g—Cripple
Creek, Colorado). Accompanying mafic volcanics, subvolcanic and epizona plutons, volcaniclastic, and
sedimentary rocks sometimesmineralized. Includesrhyolite, rhyodacite, latite, dacite, andesite, trachyandesite,
trachyte, phonolite, basalt, granite, shale, sandstone, conglomerate. Acid-altered rock, asilicaresidue termed
vuggy quartz, iscommonly theorehost in HS deposits. High-silicarhyolite sourcerockstypically produce Ag-
dominated deposits.

ASSOCIATED ROCKS (spatially associated non-mineralized igneous rocks):
Intermediate to felsic calc-alkaline or alkaline pre-ore vol canic, subvol canic, and plutonic rocks; mafic rocks
may bepresent. Includesrhyolite, rhyodacite, latite, dacite, andesite, trachyte, phonolite, monchiquite, vogesite,
basalt, olivine basalt, tonalite, granodiorite, diorite, monzonite, and syenite. Post-ore igneous rocks rare.

FORM OF DEPOST (ore body and gold mineralization):
LS  Open-spacevein fillings dominant, stockwork ore common. Disseminated and replacement ore minor.

HS Disseminated ore dominant, replacement ore common. Stockwork ore minor, veins commonly
subordinate.

Vein deposits:
Au-bearing quartz-carbonate-sulfideveinsin, or spatially associated with variousfaults (high-angle normal,
listric normal, detachment structures, and strike-slip), shear zones, breccia zones, fracture zones, and
diatremes. Formed at relatively shallow depths (< 1 km) bel ow pal eosurface by open-spacefilling. Includes
stringers, stockworks, sheeted veinlet systems, and single or multiple anastomosing, sygmoidal, and
bifurcating veins; rhythmic banding, crustification, and comb textures typical. Larger veins contain high-
grade ore shoots, and involve replacement mineralization. Disseminated mineralization surrounding veins
common. Except in akaline rock-related systems (e.g—Cripple Creek, Colorado), vein systems show
distinct vertical zoning; a"barren gap" occursbel ow bonanza Au and other Au-Ag mineralization, and above
deeper Ag-rich and base-metal mineralization. The productive horizon within a district is typically domal
and delimited by changes in grade and type of mineralization. Some systems Au-dominated near surface,
passing downward into Ag-dominated, grading into base-metal dominated at depth. Zonation may be
telescoped, or moregenerally expressed asaprecious-metal zoneoverlying abase-metal zone. Zonation may
not be consistent within an individual orebody, within a deposit, or between deposits within a district.
Volcanic rock-hosted disseminated deposits gradational with vein deposits.

Disseminated deposits:

Disseminations of medium- to fine-grained ore mineralsin diatremes, breccia zones, surrounding vein and
shear zones, and proximal to changes in attitude of major vein systems; usually within zones of pervasive
silicification. Disseminations may also occur as uniformly dispersed or wispy masses within large vein
systems. Quartz-carbonate veins commonly present. Most disseminated deposits show precious and base-
metal zonation as a function of depth; Au-dominated near paleosurface, passing downward into Ag-
dominated, grading into base-metal dominated at depth. Zoning may be telescoped, or more generally
expressed as a precious-metal zone overlying a base-metal zone. Zonation may not be consistent between
depositsin same district. Vol canic rock-hosted vein deposits gradational with disseminated deposits.
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ORE CONTROLS:
Vein deposits:
Structure; fracture, fault, breccia, and shear zones. Changesin pressure-temperature-composition conditions.
Disseminated deposits:
Usually structure, but may be concealed. Permeable zones; breccia pipes, shear and fracture zones. Areas
surrounding major bends or strike change of vein systems. Changes in pressure-temperature-composition
conditions.

MINERALOGY (mode of gold occurrencein ore; other metallic, accessory and gangue minerals):
Vein deposits:

Native Au: as microscopic to visible grains, plates, wires, clots, fracture fillings, and crystalline masses
interstitial to and replacing gangue; asinclusionsin, and asfinegrained coating on, pyrite and other sulfides.
Au-bearingtellurides (calaverite, krennerite, petzite, sylvanite, and nagyagite) major oreminerasinalkaline
rock-related systems. Other important ore minerals may include native Ag, argentite, and Ag-bearing As-Sh
sulfosaltsand selenides. Cinnabar, real gar, stibnite, and tetrahedrite may belocally important. Principal base-
metal sulfides and ferroalloy minerals include pyrite, arsenopyrite, chalcopyrite, galena, sphalerite, and
bornite. Main gangue minerals are quartz and calcite. Fluorite, barite, alunite, and adularialocally may be
main gangue minerals. Cryptocrystalline quartz, various carbonates, and sheet silicates also present in
gangue. Ag-dominated deposits are distinguished from Au-dominated deposits by relative abundance of
sulfosalts (especially ruby silvers) and base-metal sulfides, and by the general absence of As-, Sb-, and Hg-
bearing phases. Au-dominated deposits are relatively enriched in As- and Sh-bearing minerals and may be
depleted in base-metal sulfides. Ag-dominated deposits may be relatively enriched in Se-bearing phases
whereas Au-dominated deposits may show Te-bearing phases.

Disseminated deposits:

Native Au: as submicroscopic to microscopic grains of Au dispersed in gangue (sometimes encapsul ated
inquartz), asinclusionsin disseminated pyrite, andlesscommonly asfine-grained coatingson sulfidegrains.
Au-bearing tellurides (calaverite, krennerite, petzite, sylvanite, and nagyagite) locally major ore minerals.
Other important ore mineralsinclude native Ag, argentite, and Ag-bearing As-Sb sulfosalts and selenides.
Cinnabar, realgar, stibnite, and tetrahedrite may be locally important. Principal base-meta sulfides and
ferroalloy mineralsinclude pyrite, arsenopyrite, chalcopyrite, galena, sphalerite, and bornite. Main gangue
minerals are quartz and calcite. Fluorite, barite, alunite and adularialocally may be main gangue minerals.
Cryptocrystalline quartz, various carbonates, and sheet silicates also present in gangue. Ag-dominated
deposits are distinguished from Au-dominated deposits by rel ative abundance of sulfosalts (especialy ruby
silvers) and base-metal sulfides, and by the general absence of As-, Sb-, and Hg-bearing phases. Au-
dominated deposits are relatively enriched in As- and Sh-bearing minerals and depleted in base-metal
sulfides. Ag-dominated deposits may be relatively enriched in Se-bearing phases whereas A u-dominated
deposits may show Te-bearing phases.

LS  Low-sulfidation state minerals. Distinguished from HS by common occurrence of Zn-Pb minerals
(sphalerite and galena), and electrum. Ore mineralogy generally lessdiversethan HS, asreflected by
higher Ag/Au ratio.

HS High-sulfidation state sulfide minerals. Distinguished from LS by common occurrence of Cu-As
minerals (enargite-group minerals, chal copyrite, tennantite, covellite) and Au-Ag tellurides (usually
present but seldom in major amounts).

ALTERATION:

LS  Quartz-adularia-sericitetcarbonate assemblage shows silicification and K-metasomatism in or
immediately adjacent to veinsor near disseminated ore bodies, and grades outward to kaoliniteandillite
or sericite marginal to ore bodies, to outermost propylitic zone (possibly extensive). Adulariaisthe
characteristic alteration mineral, which does not occur in HS systems and indi cates near neutral pH and
reducing conditions.
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HS. Advanced argillic assemblages (quartz-alunitetsericitetkaolinitexStbaritex
pyrophyllitexzunyitetdiaspore) in and adjacent to veins or near disseminated ore bodies, and grades
outward to sericitic-argillic zone, to outermost propylitic zone. Outermost propylitic zone commonly
of regional extent. Aluniteisthe characteristic alteration mineral, which is not commonto LS systems
and indicates relatively acidic and oxidizing conditions.

AGE RANGE:
Host: Tertiary; few Paleozoic and Mesozoic (Tertiary in Nevada)
Ore: Same as host rock; most formed between 27 to 5 Main Nevada

GENETIC MODEL:

Au mineralization at shallow depths (within ~1 km) below paleosurface in geothermal or hot springs system
(LS) or volcanic hydrothermal system (HS). Mineralizing system forms during waning stages of magmatic
events, contemporaneousto extension, and during waning extensional activity. Formedinrel atively short order
(0.05-0.5to 3m.y.) under conditions of unrestricted flow (high-permeability). Deeply circulating fluids|each
metals at depth from volcano-sedimentary pile (underlying rocks) and exit along structural channel ways.
Mineralization is episodic, taking place when system ruptures, rapidly releasing confining pressure and
decreasing temperature. After physiochemical equilibrium is achieved, the system seals for another cycle of
mineralization. Oremineral sprecipitateasfluidsboil (effervesce) and/or mix (dilution) with cooler oxygenated
ground waters. Bisulfide, thiosulfide, or other complexes that are not well understood (e.g.—cyanide or
arsenide complexes) may transport Au in upper levels of system; chloride complexesinlower levels. Vertical
metal zoning common; base-metal zone often underlies precious metal zone.

LS  Formfromnear neutral-pH, reduced waters closeto equilibriumwith host rocks. Fluidsarelow-salinity
(<1 wt% NaCl equiv.), relatively gas-rich (1-2 wt% CO,, subordinate H,S), at 140 to 325°C (240°C
averageduring preciousmetal deposition), and aremeteoric-water dominant; however, thereisevidence
for an early magmatic component that may aso introduce ore metals to the system. Boiling is the
critical process to deposit high concentrations of Au.

HS. Processes responsible for Au deposition are not understood since the ore fluid has not been
characterized fully, though ore minerals, and hence ore fluid, evolve with time to less acidic and more
reduced conditions. Have a significant magmatic component throughout their history, particularly in
the early, leaching stage when the fluid is most acidic and oxidized. Meteoric-water involvement may
increase as magmatic plume collapses. A continuum may exist between hydrothermal processesrel ated
to mineralization in a porphyry to an epithermal environment (suggesting critical link to late magmatic
fluid input).

COMPILED FROM:

Berger and Eimon (1982), Berger and Henley (1989), Berger and Bonham (1990), Bonham (1988), Buchanan
(1981), Cox and Singer (1986), Cox et al. (1991), Dewelley (1984), Douglas et al. (1982), Durning and
Buchanan (1984), Gott et a. (1969), Haybaet al. (1985), Heald et al. (1987), Hedenquist (1997), Hedenquist
and Lowenstern (1994), Hedenquist et al. (1996), Henry et al. (1997), Henley (1983), John et al. (1991), Henry
eta. (1997), Keder et a. (1981), Krupp and Seward (1987), Lindgren and Ransome (1906), Ludington et al.
(1993), Mills (1984), Mosier et a. (1986), Nash et a. (1991), O'Neil et a. (1973), Panteleyev (1986), Porter
and Ripley (1985), Randall (1972), Russell et al. (1986), Seedorff (1991), Seward (1989), Silberman (1983),
Sillitoe et a. (1985), Sillitoe (1995), Smith et a. (1982), Stoffregen (1987), Swinden (1984), Taylor (1996),
Thompson et al. (1985), Thorman and Christensen (1991), Tingley and Berger (1985), White (1981), and
White and Heropoul os (1983).
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DATA SET DATA | OBJECT- | SOURCE NUMBER SIZE
“ TYPE TYPE DATA OF ENTITIES (bytes) COWIERAES DINTASET EQUIREE) “
REGIONAL GEOLOGY
Bedrock and Surficial Nominal Line, Area ARCINFO, 84,955 36,778,743 Nevada Turner and Bawiec (1991)
Geology Vectors
M etamor phic Rocks Nominal | Line, Area SPANS, 158 108,228 Nevada Ernst (1992)
' Digitized Lines ’
M etamor phic Core . . SPANS, .
Complex L ocations Binary Point Digitized Points 25 2,145 Great Basin Axen et a. (1993)
Corridor of Metamorphic SPANS
Cor e (_:omplex Binary Line, Area Digitized L}n&s 1 490 Great Basin Axen et al. (1993)
Distribution
Volcanic Cent Nominal | Line A SPANS, 77 46,629 Nevad Stewart (1980
olcanic Centers omin ine, Area Digitized Lines , evada ewart ( )
. . ) SPANS,
Cinder Cones Binary Point Digitized Points 19 757 Nevada Horton (1964)
. M.eSOZ.OiC Plutons Ordinal Line, Area . SPANS’. 3 3,456 Nevada Barton (1990)
Distribution Percentage Digitized Lines

Table5.1. The geoscience datasets composing the Nevada and Great Basin GI S database. The data are grouped by discipline and characterized by: DATASET-the
datacomposing adataset; DATA TYPE-the scale of measurement in which the dataare expressed; OBJECT-TYPE-the spatial object-type of the dataset asit exists after
processing with SPANS GIS; souRCE DATA-thefileformat, and/or spatial datamodel (raster or vector), and/or spatial object-type of the dataset asit was obtained,

before pre-processing and integration into the database; NUMBER OF ENTITIES-the number of sample points or arcs making up the dataset; SsIze-the approximate
sizein bytes of the source datafile; COVERAGE-the areal extent of the dataset and distribution of points where appropriate; DATASET SOURCE(S)-the origin of the
source dataset and/or source of the data composing the dataset.
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DATA SET DATA | OBJECT- | SOURCE NUMBER SIZE
COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
Cordlll.eran Geosyr.]dme Nominal Line . SPANS’. 3 18,052 Nevada Thorman and Christensen (1991)
Facies Boundaries Digitized Lines
Regions of Strong Upper . . SPANS, .
Crustal Extension Binary Line, Area Digitized Lines 24 33,300 Nevada Wernicke (1992)
Fault Coverage— . . ARC INFO, Sawatzky (1992, personal communication),
Nevada Binary Line Vectors 13,471 ~ 3,116,375 Nevada from Stewart and Carlson (1978)
Generic ASCII o
Fault_Covgr age— Binary Line Plotter Output 116 39 Nevada Dohrenwend (1995, pergonal communication),
Historical File from unpublished maps
Generic ASCII o
Fault Cover age— Binary Line Plotter Output 489 118242 Nevada Dohrenwend (1995, pergonal communication),
Holocene File from unpublished maps
Fault Coverage— Generic ASCII
. . Dohrenwend (1995, personal communication),
Hol oc_ene - Late Binary Line Plotter_ Output 860 209,004 Nevada from unpublished maps
Pleistocene File
Generic ASCII .
Fault Coyer age— Binary Line Plotter Output 1169 310,494 Nevada Dohrenwend (1995, personal communication),
L ate Pleistocene File from unpublished maps
Generic ASCII .
Fault_Cover age— Binary Line Plotter Output 2374 604,221 Nevada Dohrenwend (1995, personal communication),
Offsetting Volcanics File from unpublished maps
Generic ASCII .
FauIF Cover age— Binary Line Plotter Output 1979 500,379 Nevada Dohrenwend (1995, personal communication),
Undifferentiated File from unpublished maps

Table 5.1, continued.
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DATA SET

DATA

OBJECT-

SOURCE

NUMBER

SIZE

COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
Generic ASCII o
Fault Cover age— Binary Line Plotter Output 2778 773,232 Nevada Dohrenwend (1995, pergona] communication),
Undated File from unpublished maps
Fault quer age— Binary Line ARCINFO, 18,549 4,291,117 Great Basin Sawatzky (1992, personal communication)
Regional Vectors
. . . . SPANS, Putnam |11 and Henriques (1991);
Strike-Slip Faults Binary Line Digitized Lines 96 9,376 Nevada Modified from Shawe (1965)
Golconda Thrust Front Binary Line SPANS, 1 1,568 Great Basin Stewart (1980)
Digitized Lines '
Roberts Mountain Thrust . . SPANS, .
Front Binary Line Digitized Lines 1 1,247 Great Basin Stewart (1980)
Deep-Seated Basement
Fracture Systems Binary Line _ SPANS, 126 12,834 Nevada Blakely (1988)
(Interpreted from Digitized Lines
aeromagnetic data)
. . SPANS, . Poole et al. (1992)
Furnace Creek Fault Binary Line Digitized Lines 1 6,051 Great Basin
. . SPANS, Poole et al. (1992)
Garlock Fault Binary Line Digitized Lines 1 4,917 —
) ) SPANS, Poole et al. (1992)
LasVegas Fault Binary Line Digitized Lines 1 2,867 Nevada
. . SPANS, Poole et al. (1992)
San Andreas Fault Binary Line Digitized Lines 1 19,629 —

Table 5.1, continued.
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DATA SET DATA | OBJECT- | SOURCE NUMBER SIZE
COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) S
. . SPANS, _ Poole et al. (1992)
Stewart Valley Fault Binary Line Digitized Lines 1 3,056 Great Basin
. . . SPANS, Poole et al. (1992)
Snake River Fault Binary Line Digitized Lines 1 4,674 —
. . . SPANS, Great Basin Poole et al. (1992)
Antler Orogenic Belt Binary Line Digitized Lines 1 20,388
. . . . SPANS, Great Basin Poole et al. (1992)
Sevier Orogenic Belt Binary Line Digitized Lines 8 37,023
. . . SPANS, Great Basin
Sonoma Orogenic Belt Binary Line Digitized Lines 1 21,630 Poole et al. (1992)
Northeastgr n Snle River Binary Line ~ SPANS, 1 17.439 Great Basin Oppenheimer (1995, personal communication),
Plain Outline Digitized Lines source unknown
Lithotectonic Terranes ) ) ARC INFO, Great Basin Raines (1995, personal communication),
Nominal | Line, Area Vectors 145 222,475 from Silberling et . (1987): Silberling (1991)
. . . SPANS, Nevada, Irregular
Attitude of Tertiary Rocks | Interval | Point, Surface Digitized Points 392 13,695 Distribution Stewart (1978)
PHYSICAL
GEOGRAPHY
. Western US,
Elevation/ Topography | | 4 Surface Raster — 77,000,000 Great Basin U.S. Geological Survey (1996)
(30 Arc-Second Grid) ~ 801 m Grid
Elevation/ Topography | | erva | point, surface | ASCH FId 11,664 315,221 Great Basin Hittelman et al (1990)
(5 Arc-Minute Grid) File, Points ~ 8 km Grid

Table 5.1, continued.
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DATA SET DATA | OBJECT- | SOURCE NUMBER SIZE
COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
Mountain Peak Heights | Interval | Point, Surface | . SPANS M7 26,607 Nevada U.S. Geological Survey (1984)
’ Digitized Points ' >
Great Bgsm Physographlc Binary Line, Area . SPANS’. 1 4,421 Great Basin Wilkins (1984)
Province (Generalized) Digitized Lines
Great Bas.m Phys qgraphlc Binary Line, Area . SPANS’. 1 12,077 Great Basin Thelin and Pike (1991)
Province (Detailed) Digitized Lines
GEOPHYSICS
Gravity Anomaly - ASCI| Flat Nevada, Irregular
. . U .
Observed, Free A.| r, Interval | Point, Surface File, Points 79,704 8,156,456 Distribution Hittelman et al. (1992)
Bouguer, I sostatic
Geomagnetism - Total . ASCII Flat Nevada, 1 km .
. . Interval | Point, Surface . : 288,983 8,669,771 ; Buhmann (1992, personal communication
Residual Field Anomaly File, Points Grid ( P )
Great Basin —
. ASCII Flat ' Blackwell (1994, personal communication);
Geothermal Heat Flow Interval | Point, Surface File, Points 1,080 85,933 D:;‘rei?)li:t?{) ) Hittelman et . (1990)
L Great Basin,
Geothermal COI‘]dUCtIVIty Interval | Point, Surface ASC” I_:Iat 1,059 86,124 Irregular Blackwell (1994, personal communication)
(Gradient) File, Points Distribution
Geothermal Heat . ASCII Flat 1,059 86,124 Great Basin, Blackwell (1994, personal communication)
. Interval | Point, Surface File. Points Irregular
Production d Distribution
Geothermal Wellg/Springs . SPANS, Trexler et al. (1983);
Temperature Interval | Point, Surface Digitized Points 795 77,609 Nevada Berry et . (1980)

Table 5.1, continued.
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DATA SET DATA | OBJECT- SOURCE NUMBER SIZE
COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
Paleothermal Anomaly | Binary | Line, Surface | . SPANS 1 3,846 Nevada Cunningham (1988); Harris et al. (1980)
' Digitized Lines ' ' )
SEISMOLOGY
. Great Basin, e
Cr L;Stal 'Il'hl_ck ness interval | Point, Surtace | iiznglfé . - 3663 Irregular Allenby and Schne;tfgl)esrggl983), Smith et al.
(Depth to Reflection Moho) g Distribution
Seismicity . ASCII Flat . .
(Earthquake dengty., depthto focus, | Interval | Point, Surface File, Points 15,045 681,140 Great Basin Hittelman et al. (1990)
and magnitude)
Orientation of Minimum
L . SPANS, Nevada, Irregular .
Principal Crustal Stress Interval Line Digitized Lines 118 11,991 Distribution Eaton (1982); Zoback et a. (1981)
(0-5Ma, 5-38 Ma, 38-65 Ma)
GEOCHEMISTRY
; : oS Great Basin,
Radiometric Ag Ratio Point, Surface Sls(fllloﬂ]?ts 4,819 1,041,127 Irregular Ward (1991, personal communication)
I gneous Rocks (RAD-B) , Distribution
Bonham (1982); Buchanan (1981); Dreier (1984);
Jones (1989); Kuehn (1989); Nobel et al. (1988);
: : i al. (1986); Seedorff (1991); Silberman et
Radiometric Ages— . . ASCI| Flat Nevada, Irregular | 0SS &te ! )
M etallic Miner alization Ratio Point, Surface File, Points 157 59,644 Distribution al. (1976); Stager and Tingley (1988); Thorman

and Christensen (1991); Tooker (1985); Vikre et
al. (1988); White (1985); White and Heropoulos
(1983); Wilkins (1984)

Table 5.1, continued.
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DATA SET

DATA

OBJECT-

SOURCE

NUMBER

SIZE

COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
Bacon et al (1984); Edwardsand McLaughlin (1972);
) Great Basin Elison et a (1990); Farmer (1989); Ganset al (1989);
Strontium | sotope— Ratio | Point. Surface ASCII Flat 511 52 847 Irreqular ' Kistler (1993, personal communication); Kistler and
¥Sr /%sr Initial Values : File, Points ’ D.Ste.% ; Ross (1990); Kistler and Lee (1989); Leeet al (1986);
Istribution Leeman (1970); Ormerod (1988); Saleeby et a
(1987)
87y /86
Sr/7Sr 1 =0.706 . . SPANS, . Farmer and DePaolo (1983);
I sopleth Nomind Line 1 bigitized Lines 8 7,969 Great Basin Kistler and Ross (1990)
87y /86
S /7S 1 =0.706 . . SPANS, ) o
Nominal Line Lo ! 1 1,486 Great Basin Levy and Christie-Blick (1989
I sopleth, Restored Digitized Lines Y (1989)
87y /86
S /7S 1 =0.708 . . SPANS, . Farmer and DePaolo (1983);
I sopleth Nominal Line Digitized Lines ! 783 Great Basin Kistler and Ross (1990)
NURE ASCII Flat
(Major and Minor Element Ratio Point, Surface File. Points Varies by Element > 10,000 Nevada Hoffman et al. (1991)
Geochemistry) '
PETROS ASCII Flat
(Igneous Rock Major Ratio Point, Surface . . 37,300 8,196,802 Global Mutschler et al. (1981)
h File, Points
Element Geochemistry)
REMOTE SENSING
Linear Features From Binary Line ARC INFO, 6,398 1,410,596 Great Basin Sawatzky (1992, personal communication)
LANDSAT Imagery Vectors ’ T ’
L Portions .
Radar Imagery — — (on microfiche) — — of Nevada U.S. Geological Survey (1990a)

Table 5.1, continued.
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DATA SET DATA | OBJECT- | SOURCE NUMBER SIZE
“ TYPE TYPE DATA OF ENTITIES (bytes) COWIERAES DINTASET EQUIREE) “
A.VH RR Nominal Surface Raster — Variable Conterminous US U-S. Geological Survey (1990b)
Satellite Imagery
ECONOMIC GEOLOGY
; : Binary,
MRDSMaetallic Mineral Nominal, | Point, Surface A.SC” Flat 6,197 7,295,344 Nevada U. S. Geological Survey (1993; 1995)
Occurrences Ordinal File, Points
Mineralization Beltsand _ . AN
Trends Binary Line Digﬁlijz ed fl nes 22 4,816 Nevada Roberts (1966); Shawe and Stewart (1976)
; ; T Binary, ASCII
MASMinerals Availability Nominal, | (Attributes) Flat File 7,571 6,269,300 Nevada U. S. Bureau of Mines (1992)
System Ordinal
Million Ounce
Bi . ASCII FI .
Gold Camps F'g‘lrg Point Fiicpoi nf; 15 9,000 Nevada Mihalasky (1988)
(current through 1984) '
HYDROLOGY
. . ) . SPANS,
Drainage Divides Nominal | Line, Area Digitized Lines 46 108,489 Nevada Archbold (1972)
Streams Binary Line DLG, Vectors 2,363 2,780,800 Nevada U.S. Geological Survey (1990c)
Water Bodies Binary Line, Area DLG, Vectors 1,164 1,246,560 Nevada U.S. Geological Survey (1990c)
HUMAN FEATURES
Major Cities Binary Point Diqiiznglii nts 153 10,445 Nevada Nichols and Lutsey (1972)

Table 5.1, continued.
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“ DATA SET

DATA

OBJECT-

SOURCE

NUMBER

SIZE

COVERAGE DATASET SOURCE(S
TYPE TYPE DATA OF ENTITIES (bytes) (S)
County Borders Nominal Line DLG, Vectors 327 386,880 Nevada U.S. Geological Survey (1990c)
Neva_da Sate Bo_rder_ Binary Line, Area ARC INFO, 1 342,000 Nevada Turner and Bawiec (1991)
High Resolution Vectors
— U.S. Geologica Su 1990
Nevada State quder Binary Line DLG, Vectors 1 54,170 Nevada e00gie rvey ( )
L ow Resolution
U.S. Geologica Su 1990
. Borde_rs of Nominal Line DLG, Vectors 176 57,738 — 010gie rvey ( ©
Neighbouring States
Roads and Highways Binary Line DLG, Vectors 1,008 1,054,880 Nevada U.S. Geological Survey (1990c)
Railways Binary Line DLG, Vectors 397 449,920 Nevada U.S. Geological Survey (1990c)

Table 5.1, continued.
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Sample Primary | Sedimentary | Volcanic
P Gold-Silver | Rock-Host. | Rock-Host.
Large 59 8 33
Sub- Medium 118 30 43
Sample Small 2269 57 317
Unknown 244 3 22
Grand Totals: 2690 98 415

Table5.2. Total number of observationsinall gold-silver-bearing occurrence-type samples.
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Binary |Areaof | Occur-| W* |Stdev| W~ |Stdev| C | Stdev | Stud o ) )
Map | Patem | rences (W*) (W) (©) I Description of Binary-Class Predictor Map
Present CIStdev(C)
(km?)
P 2 O ences of a es and De eral Potentia ode dence Layers and Assoclated elg
BANABIPR 21740 445/ 0.7790| 0.0479| -0.1019| 0.0212| 0.8809| 0.0524| 16.8176| Ba/Na geochemical anomaly (mainly soil and sediment samples)
BFFTBIPR 77225 1361 0.6264| 0.0273| -0.3898| 0.0275| 1.0162| 0.0388 26.1929) Buffer zones surrounding faults(all types and ages; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
BFPLBIPR 21185 810| 1.4221| 0.0358| -0.2829| 0.0231| 1.7050| 0.0427| 39.9717| Buffer zones surrounding plutons (mainly Mesozoic; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
GEDVBIPR 43805 1070/ 0.9598| 0.0310| -0.3418| 0.0249| 1.3016| 0.0397| 32.7513| Diversity of lithology (units per 2.5 X 2.5 km neighbourhood cell; geologic map of Nevada)
GEOBIHI 2925 342| 2.6252| 0.0575| -0.1267| 0.0207| 2.7520| 0.0612| 44.9958| Lithology—higher W* (geologic map of Nevada)
GEOBILOW/| 11473 349| 1.1853| 0.0544| -0.0985| 0.0208| 1.2838| 0.0582| 22.0630| Lithology—lower W* (geologic map of Nevada)
GEOBIMED| 12761 709| 1.8140| 0.0386| -0.2620| 0.0226] 2.0760| 0.0447| 46.3991| | ithology—medium W* (geologic map of Nevada)
GISOBIPR | 152680 1792| 0.2139| 0.0238| -0.3252| 0.0335| 0.5391| 0.0411| 13.1306| sostatic gravity anomaly
KNABIPR 4398 153| 1.3241| 0.0823| -0.0433| 0.0199| 1.3674| 0.0847| 16.1493| K/Na geochemical anomaly (mainly soil and sediment samples)
MAGBIPR 81957 1145 0.3904| 0.0298| -0.2147| 0.0255 0.6052| 0.0392| 15.4309| Total residual field geomagnetic anomaly
TRRNBIPR 76290 1166 0.4816) 0.0295]| -0.2565| 0.0257| 0.7381] 0.0391] 18.8573] Lithotectonic (allochthonous) terranes

Sedimentary Rock-Hosted Mineral Potential Model Evidence Layers and Associated Weights

BANABISD 10604 34| 22292| 0.1718| -0.3880| 0.1250) 2.6173| 0.2125| 12.3195 Ba/Na geochemical anomaly (mainly soil and sediment samples)

BFFTBISD 77225 56| 0.7403| 0.1337| -0.5291| 0.1543| 1.2693| 0.2042| 6.2171| Buffer zones surrounding faults(all types and ages; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
BFPLBISD 21185 15| 0.7164| 0.2583| -0.0884| 0.1098| 0.8048| 0.2807| 2.8675| Buffer zones surrounding plutons (mainly Mesozoic; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
GEDVBISD 43805 43| 1.0433] 0.1526| -0.4097| 0.1349| 1.4531 0.2036| 7.1359 Diversity of lithology (units per 2.5 X 2.5 km neighbourhood cell; geologic map of Nevada)
GEOBISD 14367 64| 25593| 0.1253| -1.0068) 0.1715| 3.5661| 0.2124| 16.7901] Lithology (geologic map of Nevada)

GISOBISD 21401 40 1.6882| 0.1583| -0.4461| 0.1313| 2.1343| 0.2057| 10.3783| |sostatic gravity anomaly

KNABISD 923 12| 3.6390| 0.2906| -0.1274| 0.1078| 3.7664| 0.3099| 12.1521| K/Na geochemical anomaly (mainly soil and sediment samples)

MAGBISD 119721 71 0.5390| 0.1187| -0.7399| 0.1925 1.2789| 0.2261 5.6556 | Total residual field geomagnetic anomaly

TRRNBISD 50690 71| 1.3993| 0.1188] -1.0922| 0.1925| 2.4914| 0.2262| 11.0165]| Lithotectonic (allochthonous) terranes

Table7.1. Evidencelayersfor the primary and sedimentary rock-hosted occurrence-type mineral potential models. Light grey rowsrepresent predictor mapsremoved
fromthe modelsin an attempt to mitigate severe conditional dependence (see section 7.4.2 and Appendix C for details). White rowsrepresent predictor mapsincluded
in the primary 7-layer (top) and sedimentary rock-hosted 8-layer (bottom) mineral potential models. White and light grey rows represent predictor mapsincluded in
the primary 11-layer (top) and sedimentary rock-hosted 9-layer (bottom) mineral potential models (i.e.—conditional dependence was not mitigated). The weighting
factors used to combine binary-class predictor maps are highlighted in bold.
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Binary |Areaof | Occur-| W* |Stdev| W~ |Stdev| C | Stdev | Stud o ) )
Map | Patem | rences (W*) (W) (©) I Description of Binary-Class Predictor Map
Present CISev(C)
(km?)
olca RO osted eral Pote a ode dence Laye and A oclated elg
BANABIVL 10604 17| 0.0901| 0.2427| -0.0037| 0.0502| 0.0937| 0.2479| 0.3782| Ba/Na geochemical anomaly (mainly soil and sediment samples)
BFFTBIVL 77225 205| 0.5954| 0.0699| -0.3632| 0.0690| 0.9587| 0.0983| 9.7550| Buffer zones surrounding faults(all types and ages; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
BFPLBIVL 21185 81| 09615 0.1113| -0.1396| 0.0548 1.1010| 0.1241| 8.8751 Buffer zones surrounding plutons (mainly Mesozoic; 0.0, 0.5, 1.0, 1.5, 2.5, 5.0, 10.0 km)
GEDVBIVL 43805 110| 0.5397| 0.0955| -0.1401| 0.0573| 0.6799| 0.1113| 6.1061| Diversity of lithology (units per 2.5 X 2.5 km neighbourhood cell; geologic map of Nevada)
GEOBIVL 21955 194 1.8042| 0.0721| -0.5500| 0.0673| 2.3543| 0.0986| 23.8679| Lithology (geologic map of Nevada)
GISOBIVL 154093 260| 0.1413| 0.0621| -0.1997| 0.0804| 0.3410| 0.1015 3.3578| |sostatic gravity anomaly
KNABIVL 3274 9| 0.6304| 0.3338| -0.0103| 0.0497| 0.6408 0.3375| 1.8987| K/Na geochemical anomaly (mainly soil and sediment samples)
MAGBIVL 50725 136| 0.6054| 0.0859| -0.2000| 0.0599| 0.8054| 0.1047| 7.6925| Total residual field geomagnetic anomaly
TRRNBIVL 41229 191 1.1543| 0.0725| -0.4598| 0.0668 1.6141| 0.0986| 16.3648] Lithotectonic (allochthonous) terranes

Table7.1, continued. Evidencelayersfor the vol canic rock-hosted occurrence-type mineral potential model. Light grey rowsrepresent predictor mapsremoved from
the model in an attempt to mitigate severe conditional dependence (see section 7.4.2 and Appendix C for details). White rows represent predictor mapsincluded in
the volcanic rock-hosted 7-layer mineral potential model. White and light grey rows represent predictor maps included in the volcanic rock-hosted 9-layer mineral
potential model (i.e.—conditional dependence was not mitigated). The weighting factors used to combine binary-class predictor maps are highlighted in bold.

201



202

Great Basin Physiographic Province,
Southwestern United States
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Figure 1.1. Location map of the Great Basin (highlighted in darker grey). The State of Nevada is lighter grey
and outlined in black. For the purpose of this study, the "southwestern" United States encompasses the region
south and west of the grey dashed line, particularly the Great Basin, Colorado Plateau, and southern Basin and
Range provinces, as well as part of the Pacific Mountain System, and small portions of the Columbia and
Snake River Plateaus and the Rocky Mountain System. The "western" United States is herein defined as
those states composing this base; Washington, Idaho, Montana, Oregon, Wyoming, California, Nevada,
Utah, Colorado, Arizona, and New Mexico. The Great Basin covers ~ 452,340 km’ (as circumscribed by
Thelin and Pike, 1991). Nevada covers ~ 283,219 km’. The Great Basin occupies about 95% of Nevada.
Great Basin boundary from Thelin and Pike (1991).
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"Basin and Range" Topography

Figure 1.2. Shaded relief of the topography of the Great Basin, illuminated by an artificial light source
located at 290° azimuth and 45° zenith. "Basin and Range" topography consists of alternating, unusually
even-spaced, parallel mountain ranges and intervening broad, flat, alluviated desert basins. The ranges and
valleys trend roughly north-south (+10°) and are typically 15-20 to 50 km across, giving the Great Basin a
pronounced north-northeast—south-southwest structural grain. The ranges are large coherent tilted fault
blocks, bound on one or more sides by high-angle normal or reverse faults, and the basins are adjacent
grabens and half-grabens. The tilts of the fault blocks range from a few degrees to about 30 degrees from
horizontal. Basin-range topography was not attained before ~10 Ma (at the earliest), and formed as a result of
block-faulting during late (~17-0 Ma) brittle extension of the upper crust. Text modified from Stewart
(1978), Wilkins (1984), and Zoback et al., (1981). Great Basin outline from Thelin and Pike (1991). Digital
elevation data from U.S. Geological Survey (1996).
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Principal Metallogenic
Features of the Great Basin
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Figure 1.3. Principal precious-metal deposit trends, locations, and metallogenic subdivisions in the Great
Basin. I—The Great Basin metallogenic province can be divided into an eastern base-metal and a western
precious-metal metallogenic sub-province (dotted black line). The east-west sub-province division is mainly
defined by the preferential distribution of gold-bearing deposits for the western half of the basin. 2—The
main sedimentary rock hosted deposits are aligned along the Carlin and Battle Mountain-Eureka (Cortez)
mineral trends. 3—The main volcanic rock-hosted deposits occur within (or proximal to) the Walker Lane
belt, a broad zone of shear deformation (wavy fill pattern). Nevada in light gray shading. Great Basin in dark
gray shading. Metallogenic sub-provincial boundary adopted from Roberts (1966). Walker Lane belt from

Stewart (1988). Great Basin boundary from Thelin and Pike (1991).
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Cordilleran Orogenic Belt
North America

Northern
Cordillera

A\

Central
Cordillera

Southern
Cordillera

Figure 2.1. Generalized extent of the Cordilleran orogen in North America (darkest and lightest gray). The
Great Basin physiographic province (medium gray) lies in the "central” Cordillera, as opposed to regions
north and south. The Cordilleran orogenic belt proper (western hinterland and eastern foreland fold-thrust
belt) in darkest gray. The Cordilleran foreland (lightest gray, typically related to the Laramide phase of the
Cordilleran orogeny) lies northeast of and beneath the eastern foreland fold-thrust belt, and is assumed to be
external to the hinterland and the foreland fold-thrust belt because brittle deformation structures in the
foreland are probably not continuous with those of the orogenic belt proper. Dashed line indicates eastern
limit of foreland (thrust front may or may not be present). The Cordilleran orogenic belt is one of the two
largest orogenic belts in the world, and extends several thousands of kilometers from northern Alaska
(possibly even from Siberia), down through Canada, the United States, and Mexico, across the Bartlett
transform in Central America, southward along the western margin of South America into Chile, and ends(?)
on the Palmer Peninsula of Antarctica. Text and figure modified from Drewes (1991). Great Basin boundary
from Thelin and Pike (1991).
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The Great Basin and Environs

Figure 2.2. Major physiographic divisions (heavy weight lines), provinces (medium weight lines),
subprovinces (dotted lines), and State boundaries (light weight lines) of the western United States. Great
Basin physiographic province in dark gray shading. State of Nevada in light gray shading. Province
boundaries from Thelin and Pike (1991). Province names from Fenneman and Johnson (1946).
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Plate Tectonic Setting
and Selected
Tectonomagmatic Elements
of the
Western United States

Figure 2.3. Present-day tectonic setting of the western
United States showing the approximate locations and
extents of major Precambrian and Phanerozoic tectonic
and magmatic elements. The age ofatectonic feature, in
parentheses, represents the approximate time of initial
activity. Inthe case of trends (i.e.—Yellowstone hot spot
trend), the ages span the period of earliest to latest
activity. The dashed line labelled "0.706" is the initial
“Sr/*Sr isopleth = 0.706 for Mesozoic plutons, and
approximates the edge of the Precambrian crust (from
Mutschler et al., 1992; modified from Carlson et al.,
1991; Fleck and Criss, 1985; Kistler, 1990; Kistler and
Peterman, 1973; Farmer and DePaolo, 1983). The
dash-double-dot line labelled "0.708" is the eNd =-7 and
initial Sr/*Sr = 0.708 contour, which is interpreted as
the edge of the Precambrian crust by Farmer and
DePaolo (1983). Compiled from Armstrong and Ward
(1991); Atwater (1970); Axen etal. (1993); Burchfiel
et al. (1992); Christiansen and Yeats (1992); Cowan
and Bruhn (1992); Dilles and Gans (1995); Eaton
(1982); Hoffman (1989); Lipman (1992); Mann and
Meyer, (1993); Miller et al. (1992); Mutschler et al.
(1987); Reidel and Tolan, (1994); Stewart (1988);
Stewart et al. (1975); Stewart and Crowell (1992);
Suppe (1985); Thelin and Pike (1991); Thorman and
Christensen (1991); Warner (1978); Zoback et al.
(1981); and Zoback et al. (1994). Older age for
inception of Garlock fault from Craig Jones (1994,
personal communication). Trace of Snake River fault
from Poole etal. (1992).
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Primary Tectonic Subdivisions
of the Central Cordilleran Orogen

Figure 2.4. First-order tectonic subdivisions of the Cordilleran orogen in the western United States. The
descriptions below are keyed by number to the tectonic subdivisions illustrated on the next page.

#1—Paleozoic and Mesozoic accretionary belt (shaded light grey, slightly darker where subdivisions #1 and
#2 overlap; heavy line delimits approximate western edge of the Precambrian craton, dashed where inferred).
Composed of native and exotic terranes of deep-oceanic, shelf-slope, island-arc, and continental origin that
were accreted and obducted onto the margin of the Precambrian cratonal shelf in a passive-margin setting
(sub-island arc subduction) during the Paleozoic Antler orogeny and the Paleozoic-Mesozoic Sonoma
orogeny. Oceanic and displaced terranes of arc affiliation were again accreted during the Mesozoic Nevadan
orogeny in an active-margin setting (sub-continental subduction). The accretionary belt makes up from 20 to
50 percent of the width of the Cordillera at different latitudes (Burchfiel etal., 1992).

#2—Late Jurassic to Tertiary Sevier hinterland, also known as the central Cordilleran interior, and as the
western region of the Cordilleran orogen (shaded dark grey, slightly lighter where subdivisions #1 and #2
overlap). Defined as the region east of the Mesozoic Andean-type arc (stipple pattern, greatly generalized)
and west of the Sevier foreland fold-thrust belt (#3), and includes the Roberts Mountain, Golconda, and
Luning-Fencemaker thrust sheets (see Leventhal et al., 1995; Miller et al., 1992). Affected by: (1) middle
Paleozoic to earliest Mesozoic thin-skinned deformation of latest Proterozoic to Middle Paleozoic
continental shelf clastics and carbonates (miogeoclinal) strata during the Antler and Sonoma passive-margin
orogenies; and (2) Mesozoic thin-skinned thrusting and folding of earlier deformed terrain during the
Cordilleran active-margin orogeny (includes the Nevadan-Elko and Sevier phases, and possibly the
westernmost earliest Laramide phase deformation). This region was most active and initially established
during Mesozoic (Sevier) deformation and is in part underlain by subdivision #1. Itis within this region that
the Great Basin would develop in the Cenozoic.

#3—Latest Cretaceous to Tertiary Sevier foreland fold and thrust belt, includes the regions immediately west
and adjacent to the frontal Sevier foreland thrust (series of heavy and subparallel broken lines). Delineates the
eastern limit of the Sevier hinterland and the western limit of Laramide deformation in the Rocky Mountain
foreland region. Coeval and to the west of Sevier deformation, the pacific margin magmatic arc batholiths
were emplaced into accreted Paleozoic and Mesozoic continental crust (northern California), Cordilleran
miogeoclinal-eugeoclinal sequences (south-central California), and Paleozoic craton (southern California
and Arizona) (Suppe, 1985).

#4—Latest Cretaceous through middle-late Eocene Rocky Mountain foreland (Laramide deformational belt),
also referred to as the eastern region of the Cordilleran orogen. "Classic" Laramide deformational features
are fault-bounded, basement-cored, asymmetric anticlinal uplifts in the central Rocky Mountains (gradient-
filled polygons; approximate locations). The uplifts are adjacent to deep basins filled with marine and
continental clastic sediments, largely derived from the Sevier orogenic belt (Hamilton, 1987; Mutschler,
1987). The uplifts developed during the latest Cretaceous to Eocene, and are believed to be related to
basement contraction in response to a decrease in the dip of the subducted slab at depth beneath the southern
Cordillera (Dickinson, 1981).

#2 & #3—The Cordilleran orogenic belt proper, composed of a western hinterland region (#2) and an eastern
foreland fold and thrust belt (#3). In the southwestern United States, the Cordilleran orogenic belt is locally
referred to the Sevier orogenic belt (Cowan and Bruhn, 1992).

#2, #3, & #4—The "central" Cordilleran orogen of the western United States, relative to the "northern”
segment in Montana and British Columbia, and the "southern" segment in southeastern California, southern
Arizona, and southwestern New Mexico (Burchfiel etal., 1992; Cowan and Bruhn, 1992).

Figure based on Burchfiel et al. (1992). Accretionary belt from Burchfiel et al. (1992). Sevier thrust front from Pool et al. (1992). Sevier
hinterland (central Cordilleran interior) from Leventhal etal. (1995). Mesozoic magmatic arc from Suppe (1985). Laramide deformation
uplifts from Mutschler etal. (1987). Boundary of Great Basin from Thelin and Pike (1991).
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(Approximate width of the subdivisions along the traverse 1-2-3-4.)

Figure 2.4., continued.
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Major Orogenic Belts and Thrusts
of the Central Cordilleran Interior
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Figure2.5. The central

Cordilleran interior region

(the Sevier hinterland, darker

grey shadings) is the area east of the Mesozoic

magmatic arc (Nevadan orogenic belt) and west of the

Sevier foreland fold-thrust belt (Miller et al., 1992), and was most active during the Mesozoic (Sevier
activity). Great Basin in lighter gray shadings. Phanerozoic thrust fronts: R—Roberts Mountain (Antler
orogeny, Upper Devonian to Upper Mississippian); G—Golconda (Sonoma orogeny, mid- to Upper-
Permian); LF-Luning-Fencemaker (Nevadan-Elko activity, Middle-Late Jurassic to Early Cretaceous;
western counterpart to coeval "Elko orogeny" in northeastern Nevada and northwestern Utah, both probably
related to emplacement of the Sierra Nevadan magmatic arc); and S—Sevier (Sevier activity, eastern limit of
the Sevier foreland fold-thrust belt, western limit of Laramide deformation; thrusts are Sevier and earliest
Laramide in age, Late Jurassic to early Tertiary). The Nevadan orogenic belt is delineated by great batholitic
complexes (i.e.—Sierra Nevada and Idaho batholiths), emplaced during the Late Jurassic to Upper
Cretaceous. Laramide deformation (latest Cretaceous through mid- to Late-Eocene) delineates the Rocky
Mountain foreland region. Thrust fronts from Poole et al. (1992) and Hardyman and Oldow (1991). Central
Cordilleran interior (Sevier hinterland) from Leventhal et al. (1995). Boundary of Great Basin from Thelin
and Pike (1991).
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EVENT
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408.5 Ma
Silurian PALEOZOIC
Tectonic quiescence... 439 Ma
Development of the Cordilleran Geosyncline along the Ordovician
Precambrian craton margin, a northerly trending, westward-
thickening miogeoclinal-eugeoclinal depositional regime.
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Nevada in early and middle Paleozoic time. Continued in
various forms of disruption from Late Proterozoic to middle
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Figure 2.6. Time chart of orogenic events affecting the Great Basin. Compiled from Burchfiel etal. (1992),

Cowan and Bruhn,(1992), Eaton (1982), Hoffman (1989), Miller et al. (1992), Poole et al. (1992), Speed
(1983), Speed et al. (1988), Stewart (1980), Suppe (1985), Thorman and Christensen (1991), and Thorman et
al. (1991). Inset text modified from Thorman and Christensen (1991). Period bounding dates from Harland

etal. (1990). Lower Proterozoic boundary from Van Eysinga (1

975).



Phases of the Cordilleran Orogeny—
Space-Time Relationships
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Figure 2.7. Diagrammatic time and space relationships between Mesozoic and early Cenozoic orogenies in the Great Basin and adjoining areas. Figure from
Thorman and Christensen (1991), with modifications incorporated from Cowan and Bruhn (1992), Eaton (1982), Milleretal. (1992), and Speed et al. (1988).
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Geologic Events Affecting the Great Basin
and Environs During the Cenozoic
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...waning of granitic plutonism (~80 Ma igneous activity shuts down in the Sierra Nevada)
Magmatism: metamorphic core complex migmatitic nuclei emplaced "Great Ignimbrite Flareup" magmatism waning...
feleI.C intermed. "Laramide Magmatic Gap" (Paleogene magmatic lull) o brief magmatic lull...
mafic ? TR
. main phases of Sevier complete... culmination of ...bimodal rhyolite-basalt volcanism
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~30 Ma Pacific & N. A. plates collide in N. Mexico;
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...rapid decrease in rates

~29 Ma inception San Andreas & Mendocino triple junction
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Stewart and Carlson (1976) Time Slices: 43 Ma 34 Ma 17 Ma 6 Ma 0 Ma

Figure 2.8. Time-line summary of the major tectonomagmatic events affecting the Great Basin in Cenozoic time. The thickness of a time-line indicates the relative
intensity of an event. Compiled from Allmendinger (1992), Armstong et al. (1969), Armstrong and Ward (1991), Atwater (1970, 1989), Axen et al. (1993), Best and
Christiansen (1991), Berger and Bonham (1990), Christensen and Yeats (1992), Coney (1980), Dickinson (1992), Dickinson and Snyder (1978), Eaton (1982),
Elston (1986), Gans and Mahood (1987), Hamilton (1987), Harry et al. (1993), Humphreys (1995), Hutchinson and Albers (1992), Livaccari and Perry (1993),

Miller et al. (1992), Mutschler et al. (1987), Patino-Douce and Humphreys (1987), Rehrig (1986), Seedorff (1991), Speed et al. (1988), Stewart (1978), Stewart
(1980), Stewart and Carlson (1976), Suppe (1985), Thorman and Christensen (1991), Ward (1991), Wernicke et al. (1987), and Zoback etal. (1981).
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Depositional Framework
of the Cordilleran Geosyncline

Eugeoclinal Facies Il .
(western siliceous assemblage)

Miogeqclinal Facies
<7z  (eastern carbonate assemblage)

200 km

Figure2.9. Latest

Proterozoic through

Devonian depositional frame-

work of the Cordilleran geo-

syncline, a thick succession of continental

platform (shelf, slope, and rise) strata that accumulated

along the western margin of the craton in a broad northerly-trending two-fold miogeoclinal-eugeoclinal belt.
The miogeoclinal facies (eastern carbonate assemblage) was deposited on the continental shelf in a shallow-
water subtidal to supratidal environment, forming an apron of thin terrigenous siliciclastic detrital material, a
few hundred meters thick in cratonic areas in central Utah, that extended west across the craton margin,
thickening into a prism of siliciclastic carbonate sequences over 15 km thick in central Nevada. The
eugeoclinal facies (western siliceous assemblage) was deposited on the continental slope and rise in a deep-
water environment, coeval with miogeoclinal strata, and consisted of siliciclastic-chert-volcanic sequences,
shale, radiolarian chert, quartzite, and mafic pillow lavas. A transitional facies is recognized where the
miogeoclinal shelf facies interfingers with the eugeoclinal slope-rise facies. Facies boundary from Roberts
(1966), Stewart (1980), and Thorman and Christensen (1991). Great Basin boundary from Thelin and Pike
(1991). Great Basin in dark grey. Text from Dickinson (1981), Hamilton (1987), Hutchinson and Albers
(1992), Thorman et al. (1991), and Thorman and Christensen (1991).
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The Western Edge of
Precambrian North America

200 km

Figure 2.10. The western edge

ofthe North American Precambrian craton,

as delineated by isotopic and paleothermal data. The

heavy black line labelled "0.706" is the initial ° St/* Srisopleth = 0.706 for Mesozoic plutons, and is thought
to approximate the edge of the Precambrian crust (Kistler and Peterman, 1973). The dashed line labelled
"(.708" represents the initial * Sr/* Sr=0.708 and the eNd = -7 contours, and is interpreted as the edge of the
Precambrian crust by Farmer and DePaolo (1983). The gridded area outlines a regional paleothermal
anomaly, as defined by the distribution of Devonian rocks containing conodonts with a conodont color
alteration index over 4.5. The age of the anomaly is uncertain, but a major episode of regional heating took
place in the late Paleozoic and in the early Mesozoic. The eastern edge of the paleothermal anomaly may be
a sensitive indictor of the position of the edge of the buried craton. Nevada in light gray shading. Boundary
of Great Basin in dark gray shading. Paleothermal anomaly from Cunningham (1988). Boundary of Great
Basin from Thelin and Pike (1991). Text modified from Cunningham (1988).
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Crustal Formation Provinces
of the Western United States

>2.7Ga

(Wyoming Province)
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Figure 2.11. Approximate l - - -
boundaries of crustal formation ? > <1.4 Ga

provinces in the region of the Great Basin

(heavy dashed lines; ages asindicated). Provinces

are distinguished on the basis of regional differences in Nd isotopic evolution paths as determined by
measurements of crustally derived granitoids of various ages. The western edge of the Precambrian craton is
commonly thought to be approximated by the initial * Sr/* Sr I,= 0.706 isopleth for Mesozoic plutons (line
labelled "0.706"). The dashed line labelled "0.708" represents the initial * Sr/* Sr1,=0.708 (g,,=-7) isopleth,
which is interpreted as the edge of the Precambrian crust by Farmer and DePaolo (1983). Nevada in light
gray shading. Boundary of Great Basin in dark gray shading. Province boundaries based on Farmer et al.
(1988), with modifications from Bennett and Depaolo (1987) and Livaccari and Perry (1993). *Sr/* Sr 1,
isopleth based on Kistler and Peterman (1973) and Farmer and DePaolo (1983); this trace from Mutschler et
al. (1992), who had incorporated modifications from Carlson et al. (1991), Fleck and Criss (1985), and Kistler
(1990). Boundary of Great Basin from Thelin and Pike (1991). Text modified from Bennett and DePaolo
(1987).
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Variability of Selected Geologic Attributes
Across the Southern Great Basin
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Figure 2.12. Simplified profiles at 38° latitude showing the relationships between average elevation, crustal
thickness (Allenby and Schnetzler, 1983), long wavelength regional Bouguer gravity (Hildenbrand et al.,
1982), temperature at depth (Eaton et al., 1978; Eggler et al., 1988), and giant Cenozoic gold camps
(production and/or reserves of 1,000,000 Troy ounces or more Au). Redrawn from Mooney and Mutschler
(1990).




Phanerozoic Tectonostratigraphy of The Great Basin
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Figure 2.13. Stacking diagram of regional tectonostratigraphic units at the surface in the western Great Basin and surrounding environs. The stacking section trends
east-west approximately along 40° N between the Sierra Nevada and Elko, Nevada (see inset lower left). Heavy lines and sutures are tectonic
boundaries, light lines are depositional. Unit I constitutes Precambrian sialic North America plus parautochthonous cover, and probably
remained relatively coherent over Phanerozoic time. Unit 2 represents the eastward thrusting of eugeoclinal rocks (siliceous and volcanic
assemblages) over coeval miogeoclinal rocks (carbonate shelf-slope strata), during Antler (Roberts Mountains thrust) and Sonoma (Golconda
thrust) orogenies, respectively. Unit 3 is presumed to be a microplate, or collection of microplates, whose subsurface extent is unknown. Unit 4
formed as parautochthonous Mesozoic cover strata, mainly basinal, but locally shelfal, to unit 3 after it was accreted to North America. Unit 5 is
presumed to be the source region for the Jurassic-Triassic basinal sequences of unit 4. Unit 6 consists of displaced and suture-related terranes of
Mesozoic melange or of arc affiliation. The contact of unit 6 with units 3 and 4 is the Sierra Nevada Foothills suture, a major accretionary surface
that separates terranes that attached to the passive margin of North America before Middle Triassic time from those that arrived during the later
active margin phase of orogenesis (see figure 2.2, #1). The suture separating unit 3 from units 7 and 2 is presumed to exist, and is probably blind.

Quaternary and upper Cretaceous cover (Unit 7) not shown (see text). Figure redrawn from Speed et al. (1988). Text modified from Speed et al.
(1988) and Speed (1983).
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Distribution of Sedimentary Rock-Hosted and
Volcanic Rock-Hosted Gold-Silver Deposits
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Figure 3.1. Spatial distribution of sedimentary rock-hosted and volcanic rock-hosted gold-silver deposits. Volcanic rock-hosted deposits include disseminated,
vein, and other fracture-related (i.e.—breccia zones) epithermal mineralization which is hosted primarily by volcanic rocks, and less commonly by associated
volcaniclastic and sedimentary rocks closely associated with proximal subvolcanic intrusions. Solid circles represent quartz-adularia veins; open circles, quartz-
alunite veins; crosses, hot spring gold deposits. Note the crescent-shape distribution (the "epithermal crescent"), and conspicuous lack of volcanic rock-hosted
deposits in the central and eastern regions of Nevada. Sedimentary rock-hosted deposits include disseminated mineralization hosted by clastic as well as carbonate
sedimentary rocks, and by and large have no obvious association with volcanic centers. The sedimentary rock-hosted deposits lie mainly inward of the epithermal

crescent, forming a "core” to the epithermal crescent in central and eastern Nevada, and are older and formed deeper than the volcanic rock-hosted deposits. Figure
from Ludington etal. (1993). Textmodified from Ludington etal. (1993).
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Sedimentary and Volcanic Rock-
Hosted Deposit Age Boundary

Northern Nevada Rift zone, as
interpreted from aeromagnetic
data (northern segment), and
Bouguer and isostatic gravity

data (southern extension).

~ | e ot kowi
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Figure 3.2. The 27 Ma age boundary between sedimentary and volcanic rock-hosted deposits. The
sedimentary rock-hosted deposits are believed to be generally pre-27 Ma in age, whereas the volcanic rock-
hosted deposits are primarily post-27 Ma in age. The 27 Ma age boundary is based on the spatial coincidence
of: (1) the western extent of sedimentary rock-hosted deposits and the eastern extent of volcanic rock-hosted
deposits (line delimiting eastern extent of volcanic rock-hosted deposits in central Nevada, and shaded area
marking region of known sedimentary rock-hosted deposits); (2) the position of a volcanic time-line that
separates calderas and other volcanic source regions with ages that are pre- or post-27 Ma (dotted line); and
(3) the northeastern limit of Walker Lane shear zone deformation, as delineated by northwest-trending
geomagnetic anomalies (dashed line). Figure and text modified from Ludington et al. (1993) and Cox et al.
(1991).
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Mineral Trends and Belts of Nevada

Figure 3.3. Principal mineral trends and belts of Nevada. Trends and belts are labelled and illustrated as
dashed white lines (trends) and heavy white lines (belts) superimposed on a shaded relief map of topography.
Mineral belts commonly refer to regional-scale alignments of deposits, which may or may not be of the same
age or type, while mineral trends refer to district-scale deposit alignments (Seedorff, 1991). The topography
effectively shows the north-northeast trending structural grain of Nevada in contrast to most trends and belts,
which are oriented northwest-southeast. Mineral belts from Roberts (1966) and Shawe and Stewart (1976).
Trends from Sweeney (1990), with additions from Thorman and Christensen (1991) and Percival et al.
(1988).
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Mineral Potential Modelling Method
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Figure4.1. Flow chartillustrating the weights of evidence mineral potential modelling method.




B Gold-Silver Occurrences
Nevada, USA

Large: > 500 t Au and/or >10,000 t Ag

* Medium: 500-25 t Au and/or 10,000-500 t Ag

Small: <25t Auandfor < 500t Ag

Figure 6.1. Distribution of gold-silver-bearing occurrences in the Nevada Great Basin. These occurrences represent economic mineralization having gold and/or
silver as its primary commodity in production and/or reserve (i.e.—unknown size occurrences are not plotted). Large: n=59; Medium n=118; Small n=2269.
Weightunit (t) in metric tonnes. See text for discussion.
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Sedimentary Rock-Hosted Volcanic Rock-Hosted

Large: > 500 t Au and/or >10,000 t Ag
* Medium: 500-25 t Au and/or 10,000-500 t Ag
+ Small: <251tAuandfor <500t Ag

Generalized Distribution of
SedimentaryRock-Hosted Occurrences

"Crescent"

Generalized Distribution of
Volcanic Rock-Hosted Occurrences

Figure 6.2. Distribution of sedimentary rock-hosted (left) and volcanic rock-hosted (right) gold-silver-
bearing occurrences in the Nevada Great Basin. These occurrences represent economic mineralization
having gold and/or silver as their primary commodity in production and/or reserve (i.e.—unknown size
occurrences are not plotted). Note the "crescent-shaped" distribution of volcanic rock-hosted occurrences in
relation to the ovoid-shaped distribution of the sedimentary rock-hosted occurrences, which lie inward and
"core" the volcanic rock-hosted occurrence crescent distribution (see bottom inset; Ludington et al., 1993).
Sedimentary rock-hosted: Large n=8; Medium n=30; Small n=57. WVolcanic rock-hosted: Large n=33;
Medium n=43; Smalln=317. Weight units (t) in metric tonnes.




Gold-Silver-Bearing Precious and other
Mineral Occurrences . Metallic Mineral Occurrences
Mineral Occurrences 3 S0P g

per 10,000 square km

Density
10 or more

Generalized
Distribution

Figure 6.3. Density map of all gold-silver-bearing occurrences (left; n=2690) and all metallic mineral occurrences (right; n=5572). The density map of all metallic
mineral occurrences includes precious metal as well as base and other metallic mineralization (e.g.—Fe, Mo, W, etc.). The gold-silver-bearing occurrence density
map clearly shows that these occurrences are preferentially concentrated in the central and western half of the State (western Great Basin). A weak "U-shaped" or
"horse-shoe-shaped" pattern (see inset under right map) is also present in the gold-silver-bearing occurrence distribution, but is better resolved in the metallic
mineral occurrences density map.
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0-6 Ma

6-17 Ma

Legend

Legend

B Fyo Flows, Shallow Intrusives
Andazite Flows, Braccias
Wl Basalt Flows

Figure 6.4. Time-slice maps of Cenozoic igneous rocks in Nevada. Derived from information contained in the legend and correlation chart on the geological map of
Nevada (Stewart and Carlson, 1978). The "amagmatic zone" (noted on 6-17 and 17-34 Ma slices) marks the termination of the southwestward sweep of Tertiary
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magmatism (McKee, 1971). See text for discussion. Click on above image for animation.
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Figure 6.5. Map patterns of various geoscientific datasets reflecting the "U-shaped" or "horse-shoe-shaped" distribution pattern of the precious- and non-precious-
metal occurrences in Nevada (note line on each map highlighting "U-shaped" trend). Brighter "warmer" colors denote higher magnitudes of the phenomenon
mapped (i.e.—denser, higher, warmer, etc.), whereas darker "cooler" colors represent lower magnitudes (i.e.—less dense, lower, cooler, etc.), with the exception of
map "D" (crustal thickness), where darker greys indicate thicker crust. A—precious and non-precious metal occurrence density; B—density of Mesozoic plutonic

rocks; C—density of mapped faults; D—depth to reflection Moho; E—topography; F—Bouguer gravity; G—heat flow; H—temperature of geothermal wells and
springs.
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Figure 6.6. Shaded-relief image of topography in the southwestern United States highlighting regional-scale linear trends and features: WL—Walker Lane shear
zone (red); BME—Battle Mountain-Eureka (Cortez) mineral trend (yellow); HZ—trend of Humboldt gravity zone (blue). See text for discussion. Image from

Thelin and Pike (1991). An examination of Thelin and Pikes's (1991) wall-size map and accompanying information booklet is highly recommended, where these
features are much more prominent.
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Figure 6.7. Geological map of Nevada (Stewart and Carlson, 1978).
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See appendix A for full description of lithologic units.
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Geologic unit abbreviations appearing in legend are used throughout text.
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Figure 6.8. Lithologic assemblage map, derived by reclassification of the 101 lithologic units making up the geological map of Nevada (Stewart and Carlson, 1978).
Reclassification based on the reorganization of Stewart and Carlson's (1978) lithologic units by age and general rock type (see appendix A).
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Frequency of Primary Occurrences by Lithologic Assemblage:

Subdivided by Occurrence Size
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Figure 6.9. Number of primary occurrences (subdivided by size) per lithologic assemblage unit. W+ shown for units (highest in red).



Lithologic Units Hosting Over 90% of Primary Occurrences:
Subdivided by Occurrence Size
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Figure6.10. These 37 lithologic units (of 101) host over 90% of the primary occurrences (subdivided by size). See Appendix A for unit
abbreviations.




Lithologic Units Having a Strong Spatial Association with Primary Occurrences
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Figure6.11. Lithologic unitshaving a strong spatial association with primary occurrences. These units represent those in the 10th and higher percentile range
of W+. 233



Frequency of Sedimentary Rock-Hosted Occurrences by Lithologic Assemblage:

Subdivided by Occurrence Size
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Figure 6.12. Number of sedimentary rock-hosted occurrences (subdivided by size) per lithologic assemblage unit. W+ shown for units (highest in red).



Lithologic Units Hosting 100% of Sedimentary Rock-Hosted Occurrences:
Subdivided by Occurrence Size
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10,000-500 tonnes (~321,507,465 to ~16,075,375 Troy ounces) Ag content (production plus reserves)f
Small:
Less than 25 tonnes (~803,768 Troy ounces) Au content (production plus reserves). ||
Less than 500 tonnes (~16,075,375 Troy ounces) Ag content (production plus reserves).
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Figure6.13. These 22 lithologic units (of 101) host 100% of the sedimentary rock-hosted occurrences (subdivided by size). See Appendix A for unit

abbreviations.



Lithologic Units Having a Strong Spatial Association with Sedimentary Rock-Hosted Occurrences
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Figure6.14. Lithologic units having a strong spatial association with sedimentary rock-hosted occurrences. These units represent al of those having a positive
value for W+. 236



Frequency of Volcanic Rock-Hosted Occurrences by Lithologic Assemblage:

Subdivided by Occurrence Size
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Figure 6.15. Number of volcanic rock-hosted occurrences (subdivided by size) per lithol ogic assemblage unit. W+ shown for units (highest in red).



Lithologic Units Hosting 100% of Volcanic Rock-Hosted Occurrences:

Subdivided by Occurrence Size
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Figure6.16. These 33 lithologic units (of 101) host 100% of the volcanic rock-hosted occurrences (subdivided by size). See Appendix A for unit abbreviations.



Lithologic Units Having a Strong Spatial Association with Volcanic Rock-Hosted Occurrences
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Figure6.17. Lithologic units having a strong spatial association with volcanic rock-hosted occurrences. These units represent al of those having a positive value
for W+, 239
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Figure 6.18. (A) Lithology ternary-class predictor map for gold-silver-bearing occurrences of all sizes and deposit types. Derived from lithologic units shown in

map (B). Weights of spatial association for ternary-class predictor map indicated in legend. See text for discussion.
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spatial association for binary-class predictor maps indicated in legend. See text for discussion.

|A74



Posterior Prob.

| @ rs
2 TPy
:‘i"' T *,;.:'-nl'_

Wo.o7o =>
0.040 - 0.070
I 0.620 - 0.040
B 0.015 - 0.620
0.005 - 0.015
[]  <0.005

prior prob. = 0.0080

Pl - pr —
vk 4 : e

ﬂ . ;-:L j*_f fol
B ¥ A Ta s

%' ﬁi :E ’ Jﬁ !

G ;:. B M A, L
A BT ST F
|"I'F..z ’ I.I iy ¥ *h I'--, r{‘: '
iy T o :’% i
L r S N .
< ‘.-...éhk.‘- X f 'R .
g B .‘-f'-?,,. h .I s "-
b g e I
LR R I .él ‘_ﬁ 4 . |
§ 1 £ m
A
7 e 25, &
‘Il‘ e ‘-‘ﬂ}zfﬁ

Posterior Prob.

Po.oods =>
0.0028 - 0.0048

P 0.0018 - 0.0028

B0.0012 - 0.0018
0.0002 - 0.0012

[] < 0.0002
prior prob. = 0.0004

BT E - R
i H b T N SR
Vi IR
-5 L.‘"' ?.—L ]
: ! R
; . ‘;. i I r N
s.ﬁlﬁle BEa A ~
'.'qt,!_"'\'.:“{ . R ‘th
LR 'l

Posterior Prob.

Jo.0025 =>
0.0012 - 0.0025
I 0.0005 - 0.0012
I 0.6003 - 0.0005
0.0001 - 0.0003
[]  <0.6001

prior prob. =0.0002

Figure 6.20. Lithologic units reclassified by posterior probability of hosting (4) small, (B) medium, and (C) large primary-commodity gold-silver-bearing
occurrences of all deposit types. Note that maps (A) and (C) form "map-distribution" end-members between those units with potential to host small and large
occurrences. Map (B) is gradational to some degree between the two end-members, although its overall map pattern is more like map (C). See text for discussion.
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Figure 6.21. Lithologic units having elevated posterior probabilities for hosting (4) small, (B) medium, and (C) large primary-commodity gold-silver-bearing

occurrences of all deposit types. Note that the large and medium size occurrences, as a group, exhibit similar host-rock spatial associations relative to the small size
occurrences. "Elevated" posterior probability values are defined as those above a lower threshold delineated by the most pronounced increase in the slope of a

Serpentinite

posterior probability sorted frequency distribution curve. See text for discussion.
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Figure 6.22. Lithologic units having elevated posterior probabilities for hosting (4) small and (B) "big"
primary-commodity gold-silver-bearing occurrences of all deposit types.
occurrences are combined into a single sample ("big”) primarily because they exhibit similar host-rock
spatial associations, which are different from those of the small occurrences sample, but also to create a larger
statistical sample for the purposes of analysis. "Elevated" posterior probability values are defined as those
above a lower threshold delineated by the most pronounced increase in the slope of a posterior probability

B.

Legend

Mafic-Intermediate Intrusives
Andesite, Intermediate Rocks
VYolcanoclastic, Tuff, Ryo Flow

[ Koipato Group - Volc & Clastic
Siliceous & Yolcanic Rocks
Limestone, Limy Clastic, Chert
Shale, Limestone, Chert
wyman Fm.- Phylite & Sed
Dolomite & Limestone, Clastics
Serpentinite

200 km

sorted frequency distribution curve. Seetext for discussion.

The large and medium size




245

Legend

B Siliceous Assm, Eugeoclinal
[l Transitional Assemblage
B E Carbonate Assm, Miogeoclinal

200 km

Legend

Mafic-Intermediate Intrusives
Qtz-Monzonite & Granodiorite
Dunlap Fm. - Clastics & Tuffs
[ Koipato Group - Volc & Clastic
Leucogranite & Ryo Porphyry
Epiclastic, Tuffs, Flows, Carb
Diablo & Candelaria Fm. - Sed
Clastics, Carb, Meta-Andesite
erpentinite
Ider Sandstone
Harmony Fm. - Clastics
Scott Canyon Fm. - Sed & Meta
Shale, Chert, Limestone
Phyllite, Shale, Limestone
Clastics, Meta, Carbonates
Wyman Fm.- Phylite & Sed
Granitic Rocks

Figure 6.23. Comparison between the extent and trend of (4) the Cordilleran geosyncline "transitional
assemblage" and (B) lithologic units having elevated posterior probability for hosting small size gold-silver-
bearing occurrences. Note the similar distribution of the units in map (B) to the red color units in map (A).
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Figure 6.24. Lithologic units having elevated posterior probabilities for (A) hosting sedimentary rock-
hosted and (B) volcanic rock-hosted gold-silver-bearing occurrences.
values are defined as those above a lower threshold delineated by the most pronounced increase in the slope of
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Figure 6.25. Lithologic units having "substantial" posterior probabilities for (4) hosting volcanic rock-
hosted gold-silver-bearing occurrences, compared to a map illustrating (B) the space-time distribution of
volcanic rocks in Nevada. Note the spatial coincidence between the units in map (A) to those of the 34-
17—17-6 Ma units in map (B). "Substantial" posterior probability values are defined as those equal to and
greater than the 25th percentile. See text for discussion.
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Figure 6.26. (A) Diversity of lithology and (B) a diagrammatic representation of the diversity neighborhood. The diversity map represents the number of lithologic
units occurring in a 2.585 by 2.585 km neighborhood cell (~6.684 km” area), and indicates areas where contacts between various surface lithology units might be
complicated by a greater occurrence of structural, stratigraphic, or intrusive features. See text for discussion.

5174



249

Legend

[l Black Rock
Cenozoic Cover Deposits

Bl Golconda Allochthon

Il Gold Range

I Jungo (Fencemaker allochthon)

[l sierra Nevada Batholith
North American Miogeocline
Paradise
Pine Nut

B Roberts Mountains Allochthon
Sand Springs

BllrC Crystalline Basement (?)

Figure 6.27. Lithotectonic terranes of Nevada. The terrane map coverage is a generalized representation of
allochthonous terranes, with particular focus on the area of the Great Basin. Most of this coverage is based on
the maps of N. J. Silberling (Silberling et al., 1987; Silberling, 1991), which should be consulted for a better
understanding of the lithotectonic units. In order to provide full map coverage for Nevada, an additional map
unit labelled "PC Crystalline Basement (?)" was added. It is approximate in extent and is derived from the
position of Precambrian rock outcrops on the geological map of Nevada (Stewart and Carlson, 1978). The
following information about this coverage was provided by G. L. Raines (1995, personal communication),
the source of which is N. J. Silberling. The area between the Sand Springs and Jungo terranes is an area of
controversial terrane assignment, belonging to either terrane. The lines bounding Cenozoic cover have a
convoluted nature that gives them an aspect of false precision, and should be treated as approximate contacts
only. An understanding of the distribution of the terranes in the third dimension is important to interpreting
the map pattern. For example, lines bounding the eastern sides of the Roberts Mountain and Golconda
allochthonous, unlike other terranes, simply indicate the easternmost exposures of these terranes—thus
within the area of the Roberts Mountain allochthon, there are "windows" of the North American
miogeocline, and within the area of the Golconda allochthon, there are windows of both the Roberts
Mountain terrane and the North American miogeocline. The configuration of the eastern-bounding lines for
these terranes reflect the present position of rocks whose exposures are controlled by a variety of
compressional and extensional structures ranging from Paleozoic to Cenozoic in age. Only a minor part (at
most) of the upper crustal thickness is actually composed of rocks characteristic of the named terranes. To
some degree this is also true of the younger, more westerly terranes, particularly when their bounding faults
were originally thin-skinned thrusts. In general, the boundaries of the terranes are discrete faults and, while
even in two dimensions their regional map pattern is not well constrained, the terrane pattern can be regarded
asasurface boundary. The crustal thickness of various terranes is variable and a matter of interpretation.




Frequency of Primary Occurrences by Lithologic Diversity Unit:

Subdivided by Occurrence Size
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Figure6.28 Number of primary occurrences per lithologic diversity unit (subdivided by size).
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Figure6.29 Number of sedimentary and volcanic rock-hosted occurrences per lithologic diversity unit.
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Strength of the Spatial Association Between Primary Occurrences and Lithologic Diversity Units
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Figure6.30 Strength of spatial association (C) between lithologic diversity units and primary occurrences (subdivided by type and size). Notethat (C) is
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Frequency of Primary Occurrences by Lithotectonic Terranes:

Subdivided by Occurrence Size
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Figure6.31 Number of primary occurrences per lithotectonic terrane unit (subdivided by size).



Frequency of Sedimentary and Volcanic Rock-Hosted by Lithotectonic Terrane
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Figure6.32 Number of sedimentary and volcanic rock-hosted occurrences per lithotectonic terrane unit.



Strength of the Spatial Association Between Primary Occurrences and Lithotectonic Terranes
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Figure6.33 Strength of spatial association (C) between lithotectonic terrane units and primary occurrences (subdivided by occurrence type and size).
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Figure 6.34. (A) Diversity of lithology map and (B) diversity binary-class predictor map for gold-silver-
bearing occurrences of all sizes and types, sedimentary rock-hosted occurrences, and volcanic rock-hosted
occurrences. The diversity map represents the number of lithologic units occurring in a ~2.5 by ~2.5 km
neighborhood cell (~6.684 km” area), and indicates areas where contacts between various surface lithology
units might be complicated by a greater occurrence of structural, stratigraphic, or intrusive features. Weights
of'spatial association for binary-class predictor map indicated in legend. See text for discussion.
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Figure 6.35. Lithologic terrane binary-class predictor maps for gold-silver-bearing occurrences of (4) all sizes and types, (B) sedimentary rock-hosted occurrences,
and (C) volcanic rock-hosted occurrences. Weights of spatial association for binary-class predictor maps indicated in legend. In descending order of contrast, the
terranes composing the binary predictor maps are as follows: map (A)—Paradise, Sand Springs, Golconda Allochthon, Pine Nut, Jungo (Fencemaker allochthon),
Roberts Mountain allochthon, and the Gold Range; map (B)—Roberts Mountain allochthon and Golconda allochthon; map (C)—Sand Springs, Pine Nut, Jungo
(Fencemaker allochthon), and Paradise. See text for discussion.
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Figure 6.36. (A) Plutonic rocks of Nevada, (B) buffered plutons, (C) pluton density, and (D) the density of all gold-silver-bearing occurrences. The plutonic rocks
are dominantly Mesozoic in age, the remainder are Cenozoic intrusive rocks. Pluton buffers do not extend into the plutonic bodies—the 0.0-0.5 km buffer represents
areas within and surrounding the plutonic body to a distance of 0.5 km. The pluton density map illustrates a relative measure of density. Note the broad similarity
between (C) the pluton density distribution pattern and (D) the gold-silver-bearing occurrences density distribution pattern. See text for discussion.
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Figure 6.37. (A) Faults from the geological map of Nevada, (B) fault distance buffers, and (C) density of faults. The faults are of all types (dip-slip, strike-slip, etc.)
and ages. The measure of concentration for the fault density map is the total length of faults within a grid cell (~ 8.6 by 8.6 km) in geographic data units (latitude and
longitude), normalized to the relative frequency per unit area of the grid (for further explanation, see Raines, 1978). A 10-times smoothing factor was applied to the
data to highlight regional-scale trends. For all practical purposes, the fault density map illustrates where there is a high concentration of faults per unit area, and is

shown here only for the purpose of visual comparison. See Sawatsky and Raines (1981) for additional details on the fault density mapping techniques. See text for
discussion
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Frequency of Primary Occurrences Within Buffer Zones Surrounding Plutonic Bodies:

Subdivided by Occurrence Size
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Figure6.38 Number of primary occurrences (subdivided by size) within buffer zones surrounding plutonic and intrusive bodies (predominantly Mesozoic).
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Figure6.39 Number of sedimentary and volcanic rock-hosted occurrences within buffer zones surrounding plutonic and intrusive bodies (predominantly

Mesozoic).
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Frequency of Primary Occurrences Within Buffer Zones Surrounding Faults:
Subdivided by Occurrence Size
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Figure6.41 Number of primary occurrences (subdivided by size) within buffer zones surrounding faults (predominantly Cenozoic).

0 , , , N s . B |

>10.0 km

1usdlisd



160

140

120

100

80

Number of Occurrences

Frequency of Sedimentary and Volcanic Rock-Hosted Occurrences Within Buffer Zones Surrounding Faults

113

Sedimentary Rock-Hosted Occurrences

- 100

Volcanic Rock-Hosted Occurrences
—— Cumulative % Area I

- 88

F 75

- 63

- 50

- 38

0.0-0.5km

F 25

0.5-1.0km 1.0-1.5km 1.5-2.5km 2.5-5.0km
Buffer Width and Distance from Fault

|

13

5.0-10.0 km

> 10.0 km

Figure6.42 Number of sedimentary and volcanic rock-hosted occurrences within buffer zones surrounding faults (predominantly Cenozoic).
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Figure 6.44. Pluton buffer and fault buffer binary-class predictor maps for primary, sedimentary rock-
hosted, and volcanic rock-hosted gold-silver-bearing occurrences. Based on (A4) distance buffer zone (0-1
km) surrounding Mesozoic plutons and Cenozoic intrusive rocks, and (B) distance buffer zone (0-1 km)
surrounding faults of all types and ages. Weights of spatial association for binary-class predictor maps

indicated inlegend. See text for discussion.
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Figure 6.45. (A) Thetotal residual field geomagnetic anomaly, (B) the isostatic residual gravity anomaly, and (C) the Bouguer gravity anomaly of Nevada. The total
residual field magnetic and isostatic residual gravity anomalies reflect geologic features in the shallow crust (~ 1 km), whereas the Bouguer gravity anomaly reflects
features in the pre-Tertiary basement (as well as density contrasts in the upper- and mid-crust and upper mantle). The main "local-scale" shallow crustal features
visible in these maps include: I—the northern Nevada rift zone, a narrow magnetic anomaly with a north-northwest trend extending 280 km through north-central
Nevada, which may continue south across the entire state as indicated by a "gradient ridge" in the isostatic gravity anomaly (increasing the total extent to 500-600
km; magnetic anomaly "splays” flanking the main anomaly to the west is indicated as a); 2—the Walker Lane shear zone belt, expressed by arcuate northwesterly-
trending magnetic anomalies over the broad region of the shear zone, generally trending parallel to the belt and at oblique angles to basin-range structure; 3—the
magnetic "quite zone", anorth-trending zone in the northeastern quadrant of Nevada characterized by a general lack of high-amplitude magnetic anomalies, which is
roughly aligned with the western margin of the Precambrian craton and thicker crust; 4—the southern Nevada "amagmatic zone", a magnetic "low" region of flat
response, which also marks a transition from low to high gravity values and a Bouguer gravity "gradient bow!"; and 5—the Humboldt gravity zone, a generally high
isostatic gravity zone trending northeast-southwest across northern Nevada. The regional-scale geophysical anomaly is dominated by an enormous Bouguer gravity
low in the central and east-central part of the state, and correlates with high regional topography and the distribution of thick accumulations of low-density Cenozoic
volcanic rocks (the anomaly is also believed to reflect density distributions within the pre-Tertiary basement ranging from 5-10 km in depth). The low is flanked to
the north and south by regional highs, and is characterized by bilateral symmetry. The axis of symmetry trends roughly northwest-southeast and is aligned with the
northern Nevada rift zone magnetic and isostatic gravity anomalies. Text modified from Blakely (1988), Blakely and Jachens (1991), Eaton et al. (1978), Maybe et
al. (1983), and Saltus (1988).
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Frequency of Primary Occurrences Relative to Strength of Total Residual Field Geomagnetic Anomaly:

Subdivided by Occurrence Size
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Figure6.46. Number of primary occurrences relative to total residual field geomagnetic anomaly strength (subdivided by size).
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Figure6.47. Number of sedimentary and volcanic rock-hosted occurrences relative to total residual field geomagnetic anomaly strength.



Variation in Contrast (C) with Successive Area-Cumulative Total Residual Field Geomagnetic Anomaly Values For
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Figure6.48 . Variation in contrast (C) across total residual field geomagnetic anomaly intervals for primary occurrences (subdivided by type and size).
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Strength of Isostatic Residual Gravity Anomaly:
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Figure6.49.  Number of primary occurrences relative to isostatic residua gravity anomaly strength (subdivided

by size).
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Figure6.50.  Number of sedimentary and volcanic rock-hosted occurrences relative to isostatic residual gravity
anomaly strength.
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Figure 6.52. Geophysical binary-class predictor maps derived from (4, B, C) total residual field
geomagnetic and (D, E, F) isostatic gravity geophysical anomaly data, for (4, D) primary, (B, E) sedimentary
rock-hosted, and (C, F) volcanic rock-hosted occurrences. See text for discussion.
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Figure 6.53. The total residual field geomagnetic anomaly intervals determined to have a strong spatial association with (4) sedimentary rock-hosted occurrences
and (B) volcanic rock-hosted occurrences. On a regional level, the generally round shape of the broad low-amplitude anomaly in the northeastern quadrant of
Nevada (map A) is coincident in extent with the distribution of sedimentary rock-hosted occurrences. This area is part of the "magnetic quite zone", a region of low-
amplitude anomalies that stretches along the eastern part of the state and into the "amagmatic zone" of the Laramide magmatic gap. In contrast, the high-amplitude
anomalies (map B) are most widespread in the Walker Lane shear zone (with the exception of the northern Nevada rift anomalies), and along an arcuate distribution
trend that mirrors the crescent-shape distribution of the volcanic rock-hosted occurrences. See text for discussion.
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Figure 6.54. The isostatic residual gravity anomaly intervals that are spatially associated with (4) sedimentary rock-hosted occurrences, and (B) volcanic rock-
hosted occurrences. The overall distribution of the isostatic gravity highs in the northeastern quadrant of Nevada (map A) is broadly coincident in extent with the
distribution of sedimentary rock-hosted gold-silver-bearing occurrences. This region of gravity high is referred to as the "Humboldt zone", and corresponds to the
"magnetic quite zone". The gravity lows (map B) reflect the presence of thick accumulations of low-density Cenozoic volcanic rocks (as well as sediments) within
basins and volcanotectonic depressions, and on a regional level, are broadly correlative to the crescent-shape distribution of volcanic rock-hosted occurrences. See
text for discussion.
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Figure 6.55. Composition-slice maps of Cenozoic igneous rocks in Nevada. Derived from information contained in the legend and correlation chart on the geologic
map of Nevada (Stewart and Carlson, 1978; see Appendix A). The "amagmatic zone" marks the termination of the southwestward sweep of Tertiary magmatism
(McKee, 1971). See text for discussion.
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Figure 6.56. (A) Sedimentary rocks and (B) Cenozoic volcanic, subvolcanic, and related intrusive rocks of Nevada. Maps do not include tuffaceous sedimentary
units, breccia units, lacustrine units, or Quaternary cover. Prepared from information contained in the legend and correlation chart on the geologic map of Nevada
(Stewart and Carlson, 1978; also see Appendix A). An "amagmatic zone" marks the termination of the southwestward sweep of Tertiary magmatism (McKee,
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Figure 6.57. (A) Geochemical sample coverage, (B) K/Na, and (C) Ba/Na element ratio maps derived from NURE (National Uranium Reconnaissance Evaluation)
data (concentrations of K, Na, and Ba were provided in ppb).
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Figure6.58. Number of primary occurrences per K/Na anomaly interval (subdivided by size).
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Figure6.59. Number of primary occurrences per Ba/lNa anomaly interval (subdivided by size).
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Figure6.60. Number of sedimentary and volcanic rock-hosted occurrences per K/Na anomaly interval.
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Variation of Contrast (C) with Successive Area-Cumulative K/Na Anomaly Intervalsfor
Primary Occurrences
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Figure6.62 Variation in contrast (C) across K/Naanomaly intervals (subdivided by type and size).
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Figure6.63. Variation in contrast (C) across Ba/Na anomaly intervals (subdivided by type and size).

-M pUe +/ 40 (D) 1senjuod



286

A.

KiNa

B Pattern Present

[ Pattern Absent
Pattern Unknown

W+ =1.3242 W-=-0.0433
All Size Occurrences

Ba/Na

M Pattern Present

[JPattern Absent
Pattern Unknown

W+=0.7794 W-=-0.1020
All Size Occurrences

200 km

K/Na Anomaly
(top row: A, B, C)

B.

K/Na

B Pattern Present
[IPattern Absent
Pattern Unknown
W+ =3.6379 W-=-0.1274
Sed. Rock-Hosted Occurrences

E.

Ba/Na

M Pattern Present
[]Pattern Absent
Pattern Unknown
W+=22292 W-=-0.3880
Sed. Rock-Hosted Occurrences

Ba/Na Anomaly

C.

Ki/Na

B Pattern Present

[ Pattern Absent
Pattern Unknown

W+=0.6301 W-=-0.0103

Vol. Rock-Hosted Occurrences

F.

Ba/Na

- Pattern Present
[CIPattern Absent
Pattern Unknown
W+=0.0901 W-=-0.0037
Vol. Rock-Hosted Occurrences

(bottom row: D, E, F)

Figure 6.64. Geochemical binary-class predictor maps derived from (4, B, C) K/Na and (D, E, F) Ba/Na
geochemical anomaly data for (4, D) primary, (B, E) sedimentary rock-hosted, and (C, F) volcanic rock-
hosted occurrences. See text for discussion.
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Figure 6.65. Spatial distribution of the (4) K/Na and (B) Ba/Na geochemical anomalies relative to the distribution of the sedimentary rock-hosted occurrences (light
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Figure 7.4. Sedimentary rock-hosted occurrence-type posterior probability map, overlain on shaded relief of
topography. The favorability map is based on the weights of evidence sedimentary rock-hosted 8-layer
mineral potential model. Latitude-longitude grid spacing is halfa degree.
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Figure 7.5. Volcanic rock-hosted occurrence-type posterior probability map, overlain on shaded relief of
topography. The favorability map is based on the weights of evidence volcanic rock-hosted 7-layer mineral
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potential model. Latitude-longitude grid spacing is halfa degree.
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Figure 7.6. Difference between mineral potential maps (in absolute magnitude of posterior probability). (4) Primary occurrence-type 11-layer and 7-layer mineral
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and 7-layer mineral potential models. Maps classified using "quantiles" method.
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Figure 7.7. Sedimentary rock-hosted occurrence-type mineral potential model results. Posterior probability maps for weights of evidence (WOE) (A4) 9-layer
evidence model, (B) 8-layer evidence model, and (C) weighted logistic regression (WLR) 9-layer evidence model. The 9-layer WLR-derived map is included for
comparison with the 9-layer WOE-derived map to determine if the WOE-derived mineral potential pattern was severely effected by conditional independence
violations. In general, the WOE- and WLR-derived maps show the same overall map patterns, except that the WOE-derived maps appear to be "warmer" and better
highlight favorable mineral potential areas. The WLR map combination method generally produces lower posterior probabilities than does the WOE method. The
WLR-derived posterior probability map was generated using the WOE-derived posterior probability classification scheme (to facilitate comparison between the two
methods), and is the reason for the overall "less-favorable" appearance ("cooler colors") of the WLR-derived map. If the WLR-derived map was reclassified using a
classification scheme based on the range of WLR-derived posterior probabilities, the resultant map would be very similar in appearance to the WOE-derived map.
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Figure 7.8. Volcanic rock-hosted occurrence-type mineral potential model results. Posterior probability maps for weights of evidence (WOE) (4) 9-layer evidence
model, (B) 7-layer evidence model, and (C) weighted logistic regression (WLR) 9-layer evidence model. The 9-layer WLR-derived map is included for comparison
with the 9-layer WOE-derived map to determine if the WOE-derived mineral potential pattern was severely effected by conditional independence violations. In
general, the WOE- and WLR-derived maps show the same overall map patterns, except that the WOE-derived maps appear to be "warmer" and better highlight
favorable mineral potential areas. The WLR map combination method generally produces lower posterior probabilities than does the WOE method. The WLR-
derived posterior probability map was generated using the WOE-derived posterior probability classification scheme (to facilitate comparison between the two
methods), and is the reason for the overall "less-favorable" appearance ("cooler colors") of the WLR-derived map. If the WLR-derived map was reclassified using a
classification scheme based on the range of WLR-derived posterior probabilities, the resultant map would be very similar in appearance to the WOE-derived map.
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Figure 7.9. Uncertainty of posterior probabilities used to generate sedimentary rock-hosted occurrence-type 8-layer mineral potential map. (4) Total uncertainty
(uncertainty due to variances of weights, plus, sum of uncertainty due to missing data) and (B) relative certainty of the posterior probability (posterior probability
divided by its standard deviation, in effect, the application of an approximate t-test).
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Figure 7.13. Sedimentary rock-hosted occurrence-type 8-layer mineral potential model—the distribution of (A4) elevated favorability mineral potential areas in
comparison to the distribution of (B) known sedimentary rock-hosted occurrences (n=98). In general, the distribution of occurrences with high posterior
probabilities (map B) is coincident with areas that are predicted by the model to have elevated mineral potential favorability (map A). Note, for example, the
coincident distribution highlighted by the dashed lines.
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Figure 7.15. Comparison between sedimentary rock-hosted mineral potential areas delineated in this study (center) and tracts permissible for Carlin-style sediment-
hosted gold mineralization as delineated by teams of experts in the OFR-96-2 (left) and OFR-96-96 (right) mineral assessment surveys (Ludington et al., 1996;
Singer, 1996). The sedimentary rock-hosted mineral potential map (center) is superimposed upon a the permissible tract delineated in the OFR-96-2 survey (grey
underlay; blue area on left-hand map). See text for discussion.
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Figure 7.16. Comparison between volcanic rock-hosted mineral potential areas delineated in this study (center) and tracts permissible for epithermal gold-silver
mineralization as delineated by teams of experts in the OFR-96-2 (left) and OFR-96-96 (right) mineral assessment surveys (Ludington et al., 1996; Singer, 1996).
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orange-grey-red area on left-hand map). See text for discussion.
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Figure 7.17. Blind test of the weights of evidence sedimentary rock-hosted 8-layer mineral potential model,
conducted with 12 newly discovered sediment-hosted gold occurrences that were not part of the dataset used
to calibrate (train) the model. The posterior probabilities were appended to the occurrence points (labled with
name and value) and color-coded according to the quantile-based classification scheme used to generate the
sedimentary rock-hosted mineral potential map in Figure 7.4. Latitude-longitude grid spacing is half a
degree.
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Figure 7.18. Blind test of the weights of evidence volcanic rock-hosted 7-layer mineral potential model,
conducted with 5 newly discovered epithermal gold-silver occurrences that were not part of the dataset used
to calibrate (train) the model. The posterior probabilities were appended to the occurrence points (labled with
name and value) and color-coded according to the quantile-based classification scheme used to generate the
volcanic rock-hosted mineral potential map in Figure 7.5. Latitude-longitude grid spacing is halfa degree.
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Figure 7.19. Regional-scale exploration target areas for sedimentary rock-hosted occurrence-types, as
predicted by the weights of evidence 8-layer mineral potential model. The mineral potential map is overlain
with a mask consisting of gold-silver-bearing occurrences (see legend above). Five regions of interest have
been identified for further investigation (delineated in red, and numbered), which are discussed in the text and
inFigures 7.20,7.21,and 7.22. Latitude-longitude grid spacing is halfa degree.
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Figure 7.20. Sedimentary rock-hosted occurrence-type regional exploration target areas #1 and #2:
A—mineral potential map overlain by known gold-silver-bearing occurrences (see legend), with selected
sites labelled; B—mineral potential map (favorable areas greater than prior probability) superimposed on
shaded relief of topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement
fracture systems interpreted from aeromagnetic data (Berger and Bonham, 1990; Blakely, 1988);
C—lithologic assemblage map overlain by known occurrences (see legend). Latitude-longitude grid spacing
ishalfadegree (see Fig. 7.20b above). See text for discussion.




308

Battle Mt.—Eureka (Cortez) Trend
Triplet
A \ Gulch

Project

Gold Acres deposit
Elder Creek mine

Cove Mine

Cortez gold mine —

Horse Canyon
mine —

Tonkin Springs
mine —|

Antelope dist. area ——

Gold Bar mine ——

4.

ishalfadegree (see figure 7.21b above). See text for discussion.

Post. Prob. (Prior = 0.0003)
> 0.20000
0.67000 - 0.20000
0.03000 - 0.07000 0
0.01300 - 0.03000
0.00700 - 0.01300
0.00400 - 0.00700 ®
[I0.00260 - 0.00400
[H0.00120 - 0.00170
[0.00065 - 0.00030 e}
[0.00040 - 0.00053
[0.00030 - 0.00040
Prior Prob. & Less

2 km radius circular buffers around known gold-
silver-bearing occurrences:

Sedimentary rock-hosted occurrences,
as classified in the MRDS database.

Volcanic rock-hosted occurrences,
as classified in the MRDS database.

Other primary gold-silver-bearing occur-
rences. Includes various occurrence types,
as well as sedimentary and volcanic rock-
hosted occurrences not identified as such
in the MRDS database.

20 km

I~— Rain mine & Emigrant Sprgs. (SE end of Carlin Trend)
[~ Trout Creek & South Bullion deposits (SE end of Carlin Trend)

= Mineral Hills mines (polymetallic replacements—Ag, Au, Cu, Pb, Zn)

— Alpha dist. area (polymetallic replacements—Ag, Pb, Zn, Cu, Au))

3.

Post. Prob. (Prior = 0.0003)
> 0.20000
0.67000 - 0.20000
0.03000 - 0.07000
0.01300 - 0.03000
0.00700 - 0.01300
0.00400 - 0.00700
[0.00260 - 0.00400
[H0.00120 - 0.00170
[I0.00065 - 0.00030
[I0.00040 - 0.00053
[0.60040 & < Prior

20 km

Figure 7.21. Sedimentary rock-hosted occurrence-type regional exploration target areas #3 and #4:
A—mineral potential map overlain by known gold-silver-bearing occurrences (see legend), with selected
sites labelled; B—mineral potential map (favorable areas greater than prior probability) superimposed on
shaded relief of topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement
fracture systems interpreted from aeromagnetic data (Berger and Bonham, 1990; Blakely, 1988);
C—lithologic assemblage map overlain by known occurrences (see legend). Latitude-longitude grid spacing
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Figure 7.22. Sedimentary rock-hosted occurrence-type regional exploration target area #5: A—mineral
potential map overlain by known gold-silver-bearing occurrences (see legend), with selected sites labelled;
B—mineral potential map (favorable areas greater than prior probability) superimposed on shaded relief of
topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement fracture systems
interpreted from aeromagnetic data (Berger and Bonham, 1990; Blakely, 1988); C—lithologic assemblage
map overlain by known occurrences (see legend). Latitude-longitude grid spacing is half a degree (see Fig.

7.22b above). See text for discussion.
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0 Other primary gold-silver-bearing occurrences. Includes
various occurrence types, as well as sedimentary and
volcanic rock-hosted occurrences not identified as such
in the MRDS database.
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2 km radius circular buffers around known gold-silver-bearing
oceurrences:

O Sedimentary rock-hosted occurrences, as classified in the
MRDS database.

® Volcanic rock-hosted occurrences, as classified in the
MRDS database.

0 Other primary gold-silver-bearing occurrences. Includes
various occurrence types, as well as sedimentary and
volcanic rock-hosted occurrences not identified as such
in the MRDS database.
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Figure 7.23. Regional-scale exploration target areas for volcanic rock-hosted occurrence-types, as predicted
by the weights of evidence 7-layer mineral potential model. The mineral potential map is overlain with a
mask consisting of gold-silver-bearing occurrences (see legend above). Five regions of interest have been
identified for further investigation (delineated in red, and numbered), which are discussed in the text and in

-117.0

10 km radius circular buffers around
known gold-silver-bearing occurrences:

Volcanic rock-hosted occurrences,
as classified in the MRDS database.

Sedimentary rock-hosted occurrences,
as classified in the MRDS database.

Other primary gold-silver-bearing occurrences.
Includes various occurrence types and sizes, as well
as sedimentary and volcanic rock-hosted occurrences
not identified as such in the MRDS database.

figures 7.24,7.25,7.26,and 7.27. Latitude-longitude grid spacing is halfa degree.
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Figure 7.24. Volcanic rock-hosted occurrence-type regional exploration target area #1: A—mineral potential map overlain by known gold-silver-bearing
occurrences (see legend), with selected sites labelled; B—mineral potential map (favorable areas greater than prior probability) superimposed on shaded relief of
topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement fracture systems interpreted from aeromagnetic data (Berger and Bonham,
1990; Blakely, 1988); C—lithologic assemblage map overlain by known gold-silver-bearing occurrences (see legend). Latitude-longitude grid spacing is half a
degree (see Fig. 7.24b above). See text for discussion.
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Figure 7.25. Volcanic rock-hosted occurrence-type regional exploration target areas #2 and #3: A—mineral
potential map overlain by known gold-silver-bearing occurrences (see legend), with selected sites labelled;
B—mineral potential map (favorable areas greater than prior probability) superimposed on shaded relief of
topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement fracture systems
interpreted from aeromagnetic data (Berger and Bonham, 1990; Blakely, 1988); C—lithologic assemblage
map overlain by known gold-silver-bearing occurrences (see legend). Latitude-longitude grid spacing is half

adegree (see Fig. 7.25b above). See text for discussion.
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Figure 7.26. Volcanic rock-hosted occurrence-type regional exploration target area #4: A—mineral potential map overlain by known gold-silver-bearing
occurrences (see legend), with selected occurrences and districts labelled; B—mineral potential map (favorable areas only; those greater than prior probability)
superimposed on shaded relief of topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement fracture systems interpreted from
aeromagnetic data (Berger and Bonham, 1990; Blakely, 1988); C—lithologic assemblage map overlain by known gold-silver-bearing occurrences (see legend).

Latitude-longitude grid spacing is halfa degree (see Fig. 7.26b above). See text for discussion.
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Figure 7.27. Volcanic rock-hosted occurrence-type regional exploration target area #5: A—mineral potential map overlain by known gold-silver-bearing
occurrences (see legend), with selected occurrences labelled; B—mineral potential map (favorable areas only; those greater than prior probability) superimposed on
shaded relief of topography, overlain by faults (Stewart and Carlson, 1978) and deep-seated basement fracture systems interpreted from aeromagnetic data (Berger
and Bonham, 1990; Blakely, 1988); C—lithologic assemblage map overlain by known gold-silver-bearing occurrences (see legend). Latitude-longitude grid
spacing is halfa degree (see Fig. 7.27b above). See text for discussion.
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en important to the localization of sedimentary rock-hosted occurrences.
(B) Distribution of sedimentary rock-hosted occurrences. The trace of all linear trends were fit to fault and fracture patterns visible in shaded relief as offsets in mountain
ranges and in smaller linear features, and to the distribution pattern of occurrences (red dots; Fig. 8.1b). The positioning and extent of the linear trends is approximate. NNR is
the northern Nevada rift zone, as interpreted from geomagnetics. The Cortez and Carlin structural zones are parallel to the Battle Mountain—Eureka (Cortez) and Carlin
mineral trends, and sub-parallel to the NNR. The linear features labelled "4"”, "B", and "C" are parallel to, and occur within, the proposed Humboldt shear(?) zone. Important
deposits and districts occur at the intersection of most of these linear features: the Preble and Kramer Hill mines (southern Getchell trend) at Cortez and "A4"; the Battle
Mountain district (Marigold mine) at Cortez and "B"; the Bullion district (Gold Acres deposit) at Cortez and "C"; the Cortez and Antelope districts in the vicinity where NNR,
Roberts Mountains thrust front, and Cortez intersect; the Windfall and Ratto Canyon deposits just south of where Cortez intersects the Roberts Mountain thrust front; the
northern Carlin trend deposits at Carlin and "B"; the southern Carlin trend deposits (Rain and Emigrant Springs) at Carlin, "C", and the Roberts Mountain thrust front.
Nevada border in green. Great Basin boundary in orange (from Thelin and Pike, 1991). Roberts Mountain thrust front in yellow (from Poole et al., 1992). The crosscutting
relationships between these linear features is not intended to denote relative age.
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calization of volcanic rock-hosted occurrences.
(B) Distribution of volcanic rock-hosted occurrences. The red transparency in (A) envelopes the NW—SE-trending Walker Lane shear zone in southwestern Nevada and the
proposed NE—SW-trending Humboldt shear(?) zone in northern Nevada. The extents of these two features were fit to fault and fracture patterns visible in shaded relief as
offsets in mountain ranges, significant changes in the orientation (trend) of mountain ranges, and to the distribution pattern of mineral deposits (red dots; Fig. 8.2b). The
positioning and extent of these boundaries is approximate. The northern boundary of the Humboldt shear(?) zone and the northeastern boundary of the northern Walker Lane
shear zone is convoluted in the shaded relief, and is probably greatly complicated by the intersection of these features and concealed beneath late Cenozoic volcanic cover.
This boundary, provisionally denoted with a dashed red line, may be represented in the shaded relief by any of a myriad of faults or fracture zones, or may be a broad zone that
is gradational with adjacent tectonic elements. A rough boundary might consist of the postulated Snake River fault zone, which underlies the Snake River volcanic plateau,
and the Brothers fault zone in Oregon, which has been proposed as a northern extension of northern Nevada rift zone (see Pool et al., 1992; Christiansen and Yeats, 1992).
Irrespective, nearly all of the volcanic rock-hosted occurrences lie within the Walker Lane and Humboldt(?) shear zones. Nevada border in green. Great Basin boundary in
orange (from Thelin and Pike, 1991).
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geomagnetic anomaly, (D) K/Na anomaly highs overlain on shaded relief of geomagnetic anomaly, (E) isostatic gravity anomaly, and (F) Bouguer gravity anomaly.
The distribution of the occurrences and K/Na anomaly highs is coincident, as delineated by the "V"-shaped line. Also see Fig. 6.65.
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Figure 8.4. Kriged surface map of RADB radiometric age dates for Cenozoic igneous rocks in the Great
Basin region. Note that the approximate center of low age in Nevada is coincident with distribution of
igneous rocks in the 34-43 Ma from Stewart and Carlson (1978) (compare to Fig. 6.4). RADB data from
Ward (1991, personal communication). Great Basin boundary in dashed black (from Thelin and Pike, 1991).
State borders in black. See text for discussion.
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APPENDIX A

Stratigraphy And Description
Of Lithologic Units—

Geologic Map of Nevada

Section Contents:

A.1 Correlation Chart of Geologic Map Units with Accompanying Table of Unit Descriptions

A.2 Keyto GIS Geological Map Legend and Lithologic Unit Abbreviations A ppearing of
Digital Maps

A.3 Key to Lithologic Units Composing Assemblage Map Units



A2

A.1 Correlation of Geologic Unitsin Nevada

FigureA.1 Correlation of geologic map units. Thisfigureisderived from the“correlation of map
units’ shown on Stewart and Carlson’s (1978) geologic map of Nevada, and includes
additional description of the units and assemblages from various sources (seeFig. A.1
caption).

Table A1l Description of map units for the geologic map of Nevada. This table contains
descriptions of the 101 geologic map units making up Stewart and Carlson’s (1978)
geologic map of Nevada, and is derived from information contained in the legend of
the geologic map.

A.2 Digital Geologic Map Key

TableA.2 Keytolithologic unit acronyms. Thistable containsthe abbreviated unit descriptions
used on the various digital renderings of the geologic map of Nevada and their
correlative unit legend acronyms as they appear on Stewart and Carlson’s (1978)
geologic map.

A.3 Digital Lithologic Assemblage Map Key

Table A3 Key to the makeup of the lithologic assemblage map units. This table contains the
geologic units, ascoded on Stewart and Carl son’ s (1978) geol ogic map of Nevada, that
were combined to create the 20 lithologic assemblage units making up the digital
lithol ogic assemblage map.
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Quaternary

Tertiary

~6-0my.

~17- ~6m.y.
~34- ~17 m.y.
~43- ~34 m.y.

Cretaceous

Jurassic

Triassic

Permian

Pennsylvanian

Mississippian
Devonian
Ultramafic Rocks
Silurian
Ordovician
) Upper & Middle
Cambrian
Lower
z
Precambrian
Y
X

Plutonic Rocks

Western Nevada

Siliceous and volcanic assemblage

West

DE€sv

Se
Osv
€h
€sc

Quaternary Cover Deposits

Qa

Qp | Qls | Qm

QToa

Siliceous (Western) Assemblage

Intrusive Rocks

Igneous and
Metamorphic Rocks

KJim

Volcanic and Shallow Intrusive Rocks

z

Trl

Western and Central Nevada

Conglomerate, siltstone, and limestone
sequences within Antler orogenic belt

Carbonate-detrital belt
along eastern margin
of Antler orogenic belt
or western part of
foreland basin

PPcd

Pcd

MDs

Transitional Assemblage

Sedimentary Rocks

Qts

Ts3

Tts

TKsu

Eastern Nevada

Eastern Nevada

Carbonate rocks deposited in
foreland basin or on shelf

Carbonate (Eastern) Assemblage & Related

Ygr

Xm

Units of Uncertain
Age or Classification

Metamorphic and Granitic Rocks

East

Stratigraphy
of Nevada:

Correlation of
Geologic Map Units

Figure Al. Correlation of map units for the
geologic map of Nevada (Stewart and Carlson,
1978). Theunitsare spatially arranged east to west
(right to left). Unit abbreviations and descriptions
aregivenin TablesA.1 and A.2. Cenozoic igneous
units are subdivided into a four interval age
classification (43-34Ma; 34-17 Ma; 17-6Ma; 6-0
Ma) and are delineated with dark dotted lines.
These age intervals appear to mark times of
significant change in the type and location of
volcanism, and these changes may reflect
fundamental stages in the tectonic evolution of the
Great Basin (Stewart, 1980). Such relationships
have been recognised by many researchersand have
been used to construct a series of time-slice mapsto
illustrate the time-transgressive nature of
magmatism in the Great Basin (Armstrong et al.,
1969; Stewart, 1980; Silberman, 1985; White,
1985; and Seedorff, 1991). Three maor
depositional provinces, as defined by Stewart
(1980), are highlighted in light gray. The Western
Nevada Sliceous and Volcanic Assemblage (upper
Paleozoic and Triassic) are eugeoclinal rocks
originaly deposited west of the Antler orogenic
belt. In most places, they are alochthonous and
thrust eastward as the upper plate of the Golconda
thrust.  The Transitional Assemblage is
parautochthonous or autochthonous with respect to
the RobertsM ountainsthrust. 1nplaces, theserocks
are interstratified with the eastern carbonate
assemblages. The Eastern Nevada Carbonate
Assemblage and Related Rocks are miogeoclina
rocks originally deposited east of the Antler
orogenic belt in shallow-marine, intertidal, and
supratidal environments. They are also
parautochthonous or autochthonous with respect to
the Roberts Mountains thrust. Figure and text
modified from Stewart and Carlson (1978). See
alsoPooleet al. (1992) for correlation chart.
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Quaternary Cover and Sedimentary, Volcanic, and Shallow I ntrusive Rocks
. . Localy includes lacustrine, shoreline, and
Qa Alluvial Deposits eolian sand dune deposits.
Forms widespread alluvial fan, stream terrace
. flood plain, valley flat, and playa deposits.
Qp gayg'siga[?éalardé cl)lcl;gc'jal Flat Grade from coarse gravel near mountians or
P ' y ranges to fine silt and clay in the valles and on
the playas.
Qls Lanaslide Deposits Occur primarily in the mountainous areas of
Qom Morainal Deposits northern and western Nevada.
QToa Older Alluvia Deposits Consist largely of dissected gravel and sand.
T Rhyalitic Flows and Shallow | Rhyolite flows and flow domes and andesite
QTr Intrusive Rocks flows occur in western Mineral and southern
Lyon Counties, and rhyolite domes occur in
QTa Andesite Flows and Breccias Storey and southern Washoe Counties.
Tb Basalt Flows Localy includes maar deposits and cinder
Q Ccones.
QTs Sedimentary Rocks Mostly Iake deposits.
Tri Rhyolitic Intrusive Rocks Range in age from about 43 to 6 Ma, acrossthe
. , 43-34 Ma, 34-17 Ma, 17-6 Ma time-dlice
Tmi :2::;\5 a?gg(:mcgoxiifr ad | tervals of Stewart and Carlson (1976).
Aphanitic, porphyritic, and coarsely granular
Ti Intrusive Rocks rocks ranging in composition from diorite to
granite. Clark County.
. Volcanic, thrust, and jasperoid breccia and
Tbr Breccia landslide mega-breccia.
Tt3 Welded and Non-Welded Silicic | Localy includes thin units of air-fall and tuff
Ash-Flow Tuffs and sedimentary rock.
Ash-Flow Tuffs, Rhyalitic : :
' . Range in age from 17-6 Ma. Coeva with
Trt Eovl\is and Shdlow Intrusive widespread eruption of maficlavasand bimodal
0CKS assemblages of rhyolite and basalt. Rhyolites
Rhyolitic Flows and Shallow include high-silica subakaline, as well as
Tr3 Intrusive Rocks peralkaline varieties.

TableA.1. Description of map unitsfor the Geologic Map of Nevada (Stewart and Carlson, 1978). SeeFigureA.1
for the stratigraphic correlation of the map units. See also table 1 in Stewart (1980), Precambrian Z and Lower

Paleozoic Assemblages and Provinces in the Great Basin.

Text from Stewart and Carlson (1978), with

supplemental material from Stewart (1980). Refer to Stewart and Carlson (1978) for references herein.
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Ta3 Andesite and Related Rocks of | Flowsand breccias.
Intermediate Composition
Mostly in ~17 to ~6 Ma age range. In
. Humboldt County, locally includesrocksasold
Tba Andesite and Basalt Flows as 21 Ma May include rocks younger than 6
Main places.
Th Basalt Flows Includes alkali-olivine and tholelitic basalts.
Basalt, gravel, and tuffaceoussedimentslocally.
Thg Banbury Formation Northeast Humbol dt County and northwest Elko
County.
Ash-Flow Tuffs and Tuffaceous .
Tts Sedimentary Rocks Range in age from 17-6 Ma.
Ts3 Tuffaceous Sedimentary Rocks | Locally includes minor amounts of tuff.
. . Tuffaceous sedimentary rocks, southern
Ths Horse Spring Formation Nevada.
TKsu Continental Sedimentary Rocks | Clark County.
Locally includes thin units of air-fall tuff and
Tt2 Welded and Non-Welded Silicic | sedimentary rock. In places form thick
Ash-Flow Tuffs sequences that congtitute virtualy entire
mountain ranges.
Generally far less voluminous that tuffs (Tt2)
Tr2 Rhyalitic Flows and Shallow | during this time period (34-17 Ma), but
Intrusive Rocks probably most voluminous in northwestern
Nevada.
Andesite and Related Rocks of .
Taz Intermediate Composition Flows and breccias.
Basdltic lavas are relatively sparse during this
Tob Older Basalt Rocks timeinterval (34-17 Ma).
Ts2 Tuffaceous Sedimentary Rocks | Locally includes minor amounts of tuff.
Tt1 Welded and Non-Welded Silicic | Locally includes thin units of air-fall tuff and
Ash-Flow Tuffs sedimentary rocks.
Tri Rhyalitic Flows and Shallow
r Intrusive Rocks Lavaflowsduring thistimeinterval (43-34 Ma)
_ include moderately to highly potassic andesite,
Andesite and Related Flows | |atite, quartz latite, and rhyolite. Tal is
Tal rocks of Intermediate | composed of flows and breccias.
Composition

Table A.1, continued.
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Includes Sheep Pass Formation (Eocene) and

Tsl Sedimentary Rocks related units and unnamed tuffaceous
sedimentary rocks.
Includes units such as Pansy L ee Conglomerate
in Humboldt County, part of Cretaceous(?) and
. i Tertiary rocks of Kleinhampl and Ziony (1967)
TKs Continental Sedimentary Rocks in northern Nye County, and part of "older
clasticrocks' of Tschanz and Pampeyan (1970)
in Lincoln County.
Continental Deposits of Includes units such as King Lear Formation in
Ks Siltstone. Shale Co?w lomerate Humboldt County, Newark Canyon Formation
and Li méﬂone ' 9 " | in Eureka County, Willow Tank Formation and
Baseline Sandstone in Clark County.
Plutonic Rocks
Granitic Rocks. Central and Mostly quartz monzonite and granodiorite.
TJdgr Eastern Nevada' Inconclusively dated or not dated
radiometricaly.
Taor Granitic Rocks Mostly quartz monzonite and granodiorite.
Granitic Rocks. Western Nevada Mostly quartz monzonite and granodiorite.
M zgr (Mesozoic) S Inconclusively dated or not dated
radiometrically.
Kagr Granitic Rocks Mostly quartz monzonite and granodiorite.
KJd Diorite
Jor Granitic Rocks Mostly quartz monzonite and granodiorite.
. Quartz monzonite in northern Esmeralda
Tror Granitic Rocks County.
Igneous and M etamor phic Rocks
Pegmatitic granite and other granitic rocks
complexly intermixed with metasedimentary
laneous and Metamorohic rocks. Considered to be Mesozoic igneous
KJim 9 P complex intruding lower Paleozoic and possibly

Complex

Precambrian Z sedimentary rocks. Grades into
units shown on map as lower Paleozoic. Ruby
Mountains and East Humboldt Range, Elko

Table A.1, continued.
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Jurassic and Triassic Rocksin Western and Central Nevada

JTrsv

Shale, Sandstone, Volcanogenic
Clastic Rocks, Andesite,
Rhyolite, and Localy Thick
Carbonate Units

Undivided sequence locally containing
recognizable equivalents of the Luning and
Dunlap Formations.

Jd

Dunlap Formation (Lower and
Middle Jurassic)

Conglomerate, sandstone, greenstone, felsite,
andtuff. Locally contemporaneouswithfolding
and thrusting. Mineral County and adjacent
parts of Esmeralda and Nye Counties.

Jgb

Gabbroic Complex (Lower and
Middle Jurassic)

Includesgabbro, basalt, and synorogenic quartz
sandstone (Boyer Ranch Formation). Churchill
and Pershing Counties.

Jv

Volcanic Sandstone, Felsic
Ash-Flow Tuffs, Rhyolite, and
Rhyodacite Flows (Upper?
Jurassic)

Pony Trail Group of Cortez Mountains, Eureka
County.

JTrs

Shale, Mudstone, Siltstone,
Sandstone, and Carbonate Rock;
Sparse Volcanic Rock (Upper
Triassic and Lower Jurassic)

Includes Auld Lang Syne Group, Nightingale
segquence on Bonham (1969), and Gabbs and
Sunrise Formations.

Trc

Limestone, Minor Amounts of
Dolomite, Shale, and Sandstone;
Locally Thick Conglomerate
Units (Lower, Middle, and
Upper Triassic)

Includes Tobin, Dixie Valley, Favret, Augusta
Mountain, and Cane Spring Formations and
Star Peak Group in centra Nevada and
Grantsville and Luning Formations in west-
central Nevada.

Trk

Koipato Group and Related
Rocks (Lower Triassic)

Altered andesitic flows, rhyalitic tuffs and
flows, and clastic rocks. Includes rocks mapped
by Silberling (1959) as Pablo Formation and
originally considered to be Permian in the
Shoshone Mountains, Nye County. Includes
Tallman Fanglomerate (Permian?) in Humbol dt
County.

Trigr

Leucogranite and Rhyolite
Porphyry

JTra

Aztec Sandstone (Triassic? and
Jurassic)

Friablefine- to medium- grained sandstonewith
conspicuouslarge-scalecrossstrata; considered
eolian. Age based on correlation with Navajo
Sandstone.

Table A.1, continued.
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Trch

Chinle Formation and
Associated Rocks (Upper
Triassic)

Continental deposits of variegated bentonitic
claystone, siltstone, and clayey sandstone;
ledge- forming sandstone; and red siltstone.

Trmt

Moenkopi Formation, Thaynes
Formation, and Related Rocks
(Lower Triassic)

Marine deposits of siltstone, limestone, and
sparse conglomerate.

JPu

Volcanogenic Sedimentary
Rocks, Tuff, Andesitic and
Felsitic Flows, and Carbonate
Rocks

Age uncertain. Minera, Esmeralda, and
northwest Nye Counties.

TrPs

Silty Limestone, Minor Amounts
of Shale, and Some Greenstone

Unnamed sequence in Adobe Range, northern
Elko County.

Western Nevada Siliceous and Volcanic Assemblage

(Upper Paleozoic and Triassic)

TrPvs

Volcanic Flows and Flow
Breccias, Chiefly of Andesitic
Composition, Tuffs, Sparse
Sandstone and Graywacke

Includes Happy Creek Volcanic Series and
related rocks in Humboldt County and similar
rocks in Washoe and Pershing Counties;
includes andesite breccias and volcanogenic
sedimentary rocks in Mineral County.

PMh

Havallah Sequence of Silberling
and Roberts (1962)

Chert, argillite, shale, greenstone, and minor
amounts of siltstone, sandstone, conglomerate,
and limestone. Includes Schoonover Formation
of Fagan (1962) and Reservation Hill
Formation in Elko County, Farrel Canyon
Formation in southwestern Humboldt County,
Havallah and Pumpernickel Formations in
Pershing, Lander, and parts of Humboldt
Counties, and rocksoriginally considered apart
of the Pablo and Excelsior Formations in
northern Nye, northern Esmeral da, and southern
Mineral Counties. Assignment of somerocksto
the Havallah sequence in the East Range,
Pershing County, is highly uncertain. Includes
rocksranging in agefrom Late Mississippian to
Early Permian.

Table A.1, continued.
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Msv

Siliceous and Volcanic Rocks

In Humboldt County, consists of altered pillow
lavas, coarse volcanic breccias, clastic
limestone, and minor amounts of sandstone,
shale, siliceous shale, and chert of the Goughs
Canyon Formation (Lower and Upper
Mississippian). In the East Range, Pershing
County, consists of quartzite, conglomerate,
date, limestone, chert, and greenstone of the
Inskip Formation (Mississippian?).

Ml

Massive Limestone

In the San Antonio Mountains, western Nye
County.

Conglomer ate, Siltstone, and Limestone Sequences within Antler Orogenic Belt
(each sequencerests unconformably on folded Paleozoic rocksin itsrespective

area of distribution)

TrPd

Conglomerate, Sandstone, Shale,
and Dolomite of Diablo
Formation Below and Shale,
Sandstone, and Conglomerate of
Candelaria Formation Above
(Lower or Upper Permian to
Lower Triassic)

Mineral, Esmeralda, and northwestern Nye
Counties.

PPa

Antler Sequence of Silberling
and Roberts (1962) (Middle
Pennsylvanian to Early or Late
Permian) (Guadal upian)

Conglomerate, sandy to conglomeratic
limestone, limestone, sandstone, and cal careous
shale. Thin detrital and carbonate sequence
within main part of Antler orogenic belt.
Includes units such as Sunflower Formation of
Bushnell (1967) in Elko County, Battle
Formation, Antler Peak Limestone, and Edna
Mountain Formation in Lander and western
Eureka Counties, and Wildcat Peak Formation
in northern Nye County.

MDmc

Conglomerate, Limestone, Meta-
Andesite, Phyllite, and Shale

Includes Grossman, Banner, Nelson, and
Mountain City Formations. Northern Elko
County.

Table A.1, continued.
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Carbonate-Detrital Belt Along Eastern Margin of Antler Orogenic Belt

or Western Part of Foreland Basin

Sandy and Silty Limestone,
Conglomerate, and Siltstone

Includes units such as Strathearn Formation of
Dott (1955) and Buckskin Mountain, Beacon

Limestone

PPcd : Flat, and Carlin Canyon Formations of Fails
I(Dlérprgie;nliennsylvanlan to Upper (1960) in Elko County and Carbon Ridge and
Garden Valley Formations in Eureka County.
Limestone, Cherty Limestone,
Sandy Limestone, and .
Pcd Chert-Pebble  Conglomerate Include_s units such as Moleen and Tomera
. Formations of Dott (1955).
(Lower and Middle
Pennsylvanian)
Includes units such as Pilot Shae, Joana
! Limestone, Chainman Shale, and Diamond Peak
Shale, Siltstone, Sandstone, o '
MDs Chert-Pebble Conglomerate, and Formation in northern and eastern Nevada and

Narrow Canyon Limestone, Mercury
Limestone, and Eleana Formation in southern
Nevada.

Carbonate Rocks Deposited in Foreland Basin or on Shelf, Eastern Nevada

Pc

Cherty Limestone and Sparse
Dolomite, Shale, and Sandstone
(Lower and Upper Permian)

Includes units such as Park City Group and
equivalent rocks in northern Nevada and
Toroweap Formation and Kaibab Limestonein
southern Nevada.

PMc

Limestone, Dolomite, and Shale
(Upper Paleozoic)

Includes Van Duzer Limestone of Decker
(1962).

Psc

Siltstone, Sandstone, Limestone
and Dolomite (Commonly Silty
or Sandy), and Gypsum (Lower
Permian)

Includes units such as Rib Hill Sandstone and
Pequop Formation of Steele (1959) in Elko
County, Rib Hill Sandstone and Arcturus
Formationin White Pine County, Queantoweap
Sandstone of McNair (1951), Hermit Shale, and
Coconino Sandstone in Clark and southern
Lincoln Counties.

Table A.1, continued.
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Limestoneand Sparse Dolomite,
Siltstone, and Sandstone (L ower

Includes units such as undivided Riepe Spring
Limestone of Steele (1960) and Ely Limestone
or their equivalent in Elko, White Pine, and
northern Lincoln Counties and most of the Bird

PPc Pennsylvanian to Lower | Spring Formation and Callville Limestone in
Permian) Clark and southern Lincoln Counties. Includes
some stratigraphically higher Permian rocksin
Leppy Peak, easternmost Elko County.
. Includes Ely Limestone (mostly Lower and
Pc Limestone Middle Pennsylvanian).
M Limestone and Minor Amounts | Includesunitssuch asRogers Spring and Monte
¢ of Dolomite and Shale Cristo Limestones.
Ultramafic Rocks
- : Mineral, northwestern Nye, and eastern
Pzsp Serpentinite (Paleozoic) Humboldt Counties.
Siliceous (Western) Assemblage (L ower Paleozoic)
DCsv Chert, Shale, Argillite, Siltstone, | Undivided siliceous assemblage.  Mostly
Quartzite, and Greenstone Ordovician.
Chert and sparse limy sandstone, siltstone, and
Dsl Slaven Chert limestone. Lander County.
Shale, SiliceousSiltstone, Chert, | Includes Cockalorum Wash Formation on
Ds and Minor Amounts of | northern Nye County and Woodruff Formation
Limestone and unnamed rocks in Elko County.
Feldspathic sandstone, siltstone, shale, and
Se Elder Sandstone chert. Lander County.
Includes Fourmile Canyon Formationin Eureka
Ss Shale and Chert County and Noh Formation of Riva (1970) and

unnamed rocksin Elko County.

Table A.1, continued.
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Osv

Siliceous and Volcanic Rocks

Chert, shale, quartzite, greenstone, and minor
amounts of limestone. Includes units such as
Vamy Formation of north- central Nevada and
some rocks mapped as Palmetto Formation in
northern part of Esmeralda County and adjacent
parts of Mineral and Nye Counties. Localy
includes rocks of Silurian and Devonian age.

Os

Shale, Chert, and Minor
Amounts of Quartzite,
Greenstone, and Limestone

Includes units such as Vinini Formation of
north- central Nevada, Palmetto Formation in
southernand central partsof EsmeraldaCounty,
and Comus Formation in Humboldt County.
Locallyincludesrocksof Silurianand Devonian

age.

Ch

Harmony Formation (Upper
Cambrian)

Feldspathic and arkosic sandstone and minor
amounts of shale, limestone, and chert.

Csc

Scott Canyon Formation (L ower
or Middle Cambrian)

Chert, shale, greenstone, and (Lower sparse
limestone and quartzite. Southeast Humbol dt
County and Northwest Lander County.

Transitional Assemblage

Dt

Argillaceous Limestone, Chert,
and Shale

Elko and Eureka Counties.

Platy Limestone and Limy
Siltstone, Chert at Base

Includes units such as Roberts Mountains
Formation, and Storff Formation and Chellis
Limestone of Decker (1962). Locally includes
rocks of Early Devonian age at top.

Ot

Shale, Chert, and Limestone

Includes Aura Formation of Decker (1962) in
north- west Elko County and Perkins Canyon
Formation of Kay and Crawford (1964) in
northern Nye County.

OCt

Phyllite, Shale, and Limestone

Locally includes chert and quartzite. Includes
Tennessee Mountain Formation of Bushnell
(1967) in western Elko County, Broad Canyon
sequence of Means (1962) in Lander County,
and rocks originally mapped as Palmetto
Formation in Toiyabe and Toquima Ranges,
northern Nye County.

Table A.1, continued.
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Shade and Thin-Bedded or
Ct Laminated Limestone; Also | Includes units such as Preble and Emigrant
Thinly Interbedded Limestone | Formations.
and Chert
Phyllitic Siltstone, Quartzite,and | IncludesReed Dolomite; Deep Sprint, Campito,
CZs Lesser Amounts of Limestone | Poleta, Harkless, and SalineValley Formations;
and Dolomite and Mule Spring Limestone.
. Phyllite and phyllitic siltstone and minor
Zw Wyman Formtion amounts of limestone, dolomite, and sandstone.
Carbonate (Eastern) Assemblage and Related Rocks
Dolomite, Limestone, andMinor | Includes units such as Sevy and Simonson
Dc Amounts of Sandstone and | Dolomites, Guilmette and Nevada Formations,
Quartzite and Devils Gate Limestone.
Dolomiteand Limestone (L ower
DCc Paleozoic)
Includes units such as Laketown and Lone
Sc Dolomite Mountain Dolomites. Locally includesrocks of
Early Devonian age at top.
Includes uppermost part of Ordovician System
SOc¢ Dolomite (Ely Springs Dolomite and equivalent rocks)
and all of Silurian System.
Includes units such as Pogonip Group, Eureka
Quartzite, and Ely Springs Dolomite. Where
Oc Limestone, Dolomite, Shale,and | Ely Springs Dolomite or equivalent rocks are
Quartzite included in SOc unit, thisunit includes only the
Pogonip Group and Eureka Quartzite or their
equivalents.
. . Undivided Cambrian and Ordovician rocks in
OCc Dolomite and Limestone part of Clark County; mostly Cambrian.
Includes units such as Pioche Shale, Eldorado
Limestone and Dolomite Dolomite, Geddes Limestone Secret Canyon
Cc Locally Thick Sequences Of’ Shale, Hamburg Dolomite, Dunderberg Shale,
Sh alegn d Siltstone and Windfall Formation of northern Nevadaand
Carrara, Bonanza King, and Nopah Formations
of southern Nevada.

Table A.1, continued.
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Quartzite and Minor Amounts of

Includes Prospect Mountain Quartzite, Osgood
Mountain Quartzite, and Gold Hill Formationin

Conglomerate, Phyllitic L .
CZq Siltstone, Limestone, and northern Nevadgand Stlrllng.Ql_Jartzne, V_\/oqd
) Canyon Formation, and Zabriskie Quartzite in
Dolomite
southern Nevada..
. Includes Tapeats Sandstone and related rocks.
Css Sandstone and Quartzite Rests on Precambrian metamorphic rocks.
. s ' IncludesMcCoy Creek Group (excluding Stella
7 ggr?rﬁﬂ:ﬁér atpgyllllitr:: &ct?r:foar:g Lake Quartzite) of Misch and Hazzard (1962)
gs 90 ' ’ in east- central Nevada and Johnnie Formation
Dolomite .
in southern Nevada.
Metamor phic and Granitic Rocks
Porphyritic rapakivi granite; 1,450 plus or
Ygr Granitic Rocks minus 25 Ma (L. T. Silver, oral
communication., 1973).
Gneissand schist and lesser amountsof gneissic
granite, pyroxenite, hornblendite, migmatite,
pegmatite, and marble. Includes highly folded
Xm Metamorphic Rocks granite lenses 1,740 plus or minus 25 m. y. old

(L. T. Silver, oral communication., 1973). In
southern Nye County, may be Precambrian Z
rocks metamorphosed during the Mesozoic.

Table A.1, continued.



# Legend Description Unit # Legend Description Unit
1 Alluvium Qa 51 | Leucogranite & Ryo. Porphyry | Trigr
2 Playa, Marsh, Alluvial-Flat Qp 52 | Aztec sandstone JTra
3 Landslide Qls 53 | Chinle Fm.-Clays & Clastics Trch
4 Moraine Qm 54 | Moenkopi & Thaynes Fm.-Sed. | Trmt
5 | Older Alluvium QToa 55 | Epiclastic, Tuffs, Flows, Carb. JPu

6 Ryo. Flows, Shallow Intrusives QTr 56 | Limestone, Clastic, Greenstone | TrPs
7 | Andesite Flows, Breccias Qta 57 | Andesite Flows, Tuff, Clastics TrPvs
8 Basalt Flows Qth 58 | Havallah Seq.-Clastics & Carb. | PMh
9 Lacustrine Sedimentary Rocks QTs 59 | Siliceous & Volcanic Rocks Msv
10 | Rhyolitic Intrusive Rocks Tri 60 | Massive Limestone mi

11 | Mafic-Intermediate Intrusives Tmi 61 | Diablo & Candelaria Fm.-Sed TrPd
12 | Dioritic-Granitic Intrusives Ti 62 | Antler Seq.-Clastics & Carb. PPa
13 | Breccia Thr 63 | Clastics, Carb., Meta-Andesite | MDmc
14 | Silicic Ash-Flow Tuffs Tt3 64 | Limestone, Clastics PPcd
15 | Tuffs, Ryo. Flows, Intrusives Trt 65 | Limestone, Cherty Clastics Pcd
16 | Ryo. Flows, Shallow Intrusives Tr3 66 | Clastics & Limestone MDs
17 | Andesite, Intermediate Rocks Ta3 67 | Cherty Carbonates, Clastics Pc

18 | Andesite & Basalt Flows Tha 68 | Carbonates & Shale PMc
19 | Basalt Flows Tb 69 | Clastics, Carbonates, Gypsum | Psc
20 | Banbury Formation Thg 70 | Carbonates, Clastics PPc
21 | Ash-Flow Tfs, Tfs Sed. Rocks Tts 71 | Limestone Pc

22 | Tuffaceous Sedimentary Rocks Ts3 72 | Limestone, Dolomite, Shale Mc
23 | Horse Spring Formation Ths 73 | Serpentinite Pzsp
24 | Continental Sedimentary Rocks TKsu 74 | Clastics, Metamorphic Rocks DCsv
25 | Silicic Ash-Flow Tuffs Tt2 75 | Slaven Chert Dsl
26 | Ryo. Flows, Shallow Intrusives Tr2 76 | Clastics, Chert, Limestone Ds

Table A.2. Key to lithologic units. "#'—map class ID number assigned to lithologic unit in maps;
Legend Name—brief unit description appearing in the map legends; Unit—unit abbreviation. From

Stewart and Carlson (1978).
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# Legend Description Unit # Legend Description Unit
27 | Andesite, Intermediate Rocks Ta2 77 | Elder Sandstone Se
28 | Older Basalt Rocks Tob 78 | Shale & Chert Ss
29 | Tuffaceous Sedimentary Rocks Ts2 79 | Siliceous & Volcanic Rocks Osv
30 | Silicic Ash-Flow Tuffs Tt1 80 | Clastics, Metamorphics, Carb. | Os
31 | Ryo. Flows, Shallow Intrusives Tr1 81 | Harmony Fm.-Clastics Ch
32 | Andesite, Intermediate Rocks Ta1 82 | Scott Canyon Fm.-Sed & Meta. | Csc
33 | Sedimentary Rocks Ts1 83 | Argillaceous Carb., Chert, Sed. | Dt
34 | Continental Sedimentary Rocks TKs 84 | Limestone, LimyClastic, Chert | St
35 | Continent Clastics, Limestone Ks 85 | Shale, Chert, Limestone ot
36 | Granitic Rocks, Central & East TJgr 86 | Phyllite, Shale, Limestone ocCt
37 | Monzonite & Granodiorite Tgr 87 | Shale, Limestone, Chert Ct
38 | Granitic Rocks, West Mzgr 88 | Clastics, Meta., Carbonates CZs
39 | Qtz-Monzonite & Granodiorite Kgr 89 | Wyman Fm.-Phyllite & Sed. Zw
40 | Diorite KJd 90 | Carbonate, Clastics, Quartzite | Dc
41 | Qtz-Monzonite & Granodiorite Jgr 91 | Dolomite & Limestone DCc
42 | Quartz Monzonite Trgr 92 | Dolomite Sc
43 | Igneous & Metamorphic Complex KJim 93 | Dolomite SOc
44 | Volcano- & Clastics, Carbonate JTrsv 94 | Carbonates, Shale, Quartzite Oc
45 | Dunlap Fm.-Clastics & Tuffs Jd 95 | Dolomite & Limestone OCc
46 | Gabbroic Complex Jgb 96 | Dolomite & Limestone, Clastics | Cc
47 | Volcaniclastic, Tuff, Ryo. Flow Jv 97 | Quartzite, Clastic, Carbonates | CZq
48 | Clastics, Carbonate, Volcanics JTrs 98 | Sandstone & Quartzite Css
49 | Limestone, Minor Clastics Trc 99 | Quartzite, Clastic, Carbonates | Zgs
50 Koipato Group - Volc. & Clastic Trk 100 | Granitic Rocks Ygr
101 | Metamorphic Rocks Xm

A16
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# Lithologic As_semblage Geologic Ma_p of Nevada Lithologic _Units
Map Unit Composing the Assemblage Unit

1| Quaternary Cover Qa, Qp, Qls, Qm, QToa, QTs

2 | Continental Clastics- CZ-MZ TKsu, TKs, Ks

3 | Continental Clastics- Mid MZ JTra, Trch

4 | Marine & Shelf- Early-Mid MZ JTrsv, Jd, JTrs, Trc, Trmt

5 | Marine & Shelf- Late PZ TrPs, Mi, TrPd, PPa, MDmc, PPcd, Pcd, MDs, Pc, PMc, Psc, PPc, Pc, Mc

6 | Marine & Shelf- Early-Mid PZ Dt, St, Ot, OCt, Ct, Dc, DCc, Sc, SOc, Oc, OCc, Cc

7 | Shelf & Marine- Early PZ-PC CZs, Zw, CZq, Css, Zqs

8 | Silicious Rocks- Late PZ TrPvs, PMh, Msv

9 | Silicious Rocks- Mid PZ-PC DCsv, Dsl, Ds, Se, Ss, Osv, Os, Ch, Csc

10 | Tuff & Sed Rocks- Late CZ Tts, Ts3, Ths, Ts2, Ts1

11 Breccia & Tuffs- Late CZ Thr, Tt3, Tt2, Tt1

12| Fel-Int Ex- & Intrus- Late CZ QTr, QTa, Tri, Ti, Trt, Tr3, Ta3, Tr2, Ta2, Tr1, Ta1

13| Fel-Int Extrus- Early-Mid MZ Jv, Trk, JPu

14| Int-Maf Ex- & Intrus- Late CZ QTb, Tmi, Tha, Th, Thg, Tob

15| Granitic Pluton- Late MZ-CZ TJgr, Tgr, Mzgr, Kgr, KJd, Jgr, Trgr, Trigr

16| Granitic Pluton- PC Ygr

17 | Gabbroic Pluton- Early-Mid MZ Jgb

18| Ultramafic Rocks- Late PZ Pzsp

19| Ign/Meta Complex- Early-Mid MZ | KJim

20| Ign/Meta Complex- PC Xm

Table A.3. Key to the makeup of the lithologic assemblage map units. "#'—map class ID number assigned to
assemblage unit in maps; Lithologic Assemblage Map Unit—brief unit description appearing in the map legends,
Geologic Map of Nevada Lithol ogic Units Composing the Assemblage Unit—the lithol ogic unitsfrom Stewart and
Carlson’s (1978) geologic map of Nevada that were grouped together to create the lithol ogic assemblage unit.
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Weights of Evidence Mineral Potential
Modelling Theory, I mplementation, and
FORTRAN Utilities:

Section Contents:
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B.1.2 Software Specifications
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B.2.2 Preliminary Spatial Data Analysis
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B.2.4 Weights of Evidence Mineral Potential Modelling—Theory
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B.2.4.2 Procedure ii—Multi-map overlay and weights combination using Bayes Rule

B.3  Conditional Independence

B.3.1 Introduction

B.3.2 Pairwise Test and the Chi-Sguare Statistic

B.3.3 Overdl Test and the Kolmogorov-Smirnov Statistic

B.4  Posterior Probability Uncertainty
B.4.1 Introduction
B.4.2 Source and Types of Uncertainty

B.5 Practica Implementation of the Modelling Procedures

B.5.1 Introduction
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B.5.3 Generation of Binary-Class Mineral Predictor Maps

B.5.4 Bayesian Map Overlay, and Generation of Mineral Potential and Posterior Probability
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B.5.5 Conditional Independence Testing
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Listing of FORTRAN Utilities:

Cl
CONTRAST
DLM2VEC
DELIMIT
KOLMOG
PREDICT
THINOUT
WEIGHTS

WTS

Conditiona Independence Contingency Table Utility.

Individual Case Weights of Spatial Association Estimation.

Convert Delimited List of Longitude and Latitude Coordinates to Spans
Vec./Veh. Hasabug: longitude must be in column one, latitude in two.
Example Input File for DLM2VEC.

Kolmogorov-Smirnov Calculation Utility.

Weights and Various Uncertainty Estimation Utility. Also Does Direct
Bayesian, Logistic Regression, Etc.

Utility for Deleting Points Nearer to One Another Than Some User Specified
Threshold.

Modified Weights Calculation Utility. Cosmetic Modifications to the Output
Tables, and Input Tables Can Be Wider.

Original Weights Calculation Utility.

For additional information about these utilities, consult the comments in the .for source code
files. These programs are written to run with output from SPANS 5.2.



B3
B.1 GIS Software and Workstation

B.1.1 Introduction

A GISis a database management system that links data items by geographical position as the
primary means by which to organize spatial information. It provides the functionality for
integrating, analysing, and displaying large volumes of data from many sources. Most
geoscience data can be readily managed and analysed by geographical criteria. Traditionally,
geoscientists have integrated data on paper and stable base maps using manual techniques.
Whereas conventional maps are not quickly or easily modified and manipul ated, digital datacan
readily be edited, manipulated, transformed, and processed in dynamic environments which
permit exploratory data analysis and modelling.

B.1.2 Software Specifications

SPANS (SPatial ANalysis System) version 5.4 by TYDAC Technologies Inc. is a quadtree-
based Gl Swhich usesaraster datastructurewith avariable pixel size(Fig. B.1). Themaximum
raster imageresolutionis 2™ by 2*° (32,768 by 32,768) pixels. Thequadtreeisahierarchical data
structure which differsfrom aconventional raster structurein that the pixel sizeisnot fixed, and
that the data items are spatially addressed using the Morton coordinate system rather than the
standard Cartesian coordinate system [x,y]. SPANS quadtreesallow arange of class (intensity)
values of 0-2% as compared to 0-2° or 0-2'° for standard raster images. In addition, the quadtree
equivalent of araster image requires considerably less storage space. SPANS also employs a
topological vector structure, with vertices defined in precise Morton coordinates, and a variety
of table structures for handling attribute data. Excellent reviews of GIS data structures may be
found in Aronoff (1989), Star and Estes (1990), Maguire et a. (1991), and Bonham-Carter
(19944).

SPANSisstructured to facilitate theintegration of datafrom various sources and accommodates
numerous spatial and non-spatial datastructures. Datamay bereadily exchanged between many
external statistical applications, database managers, spreadsheets, word processors, and drawing
packages using ASCII and other popular file formats. SPANS also provides a comprehensive
and powerful array of analytical and modelling tools which permits the user to perform
customi zed operations on multiple map layers. Up to 15 quadtree maps can be combined in one
step using amodelling language. A complementary digitizing package, TYDIG, alowsanalog
datato be directly captured in avector or point format.

FORTRAN command-line utilities used for implementing some of the mineral potential
modelling procedures carried out in this study are discussed separately in section B.5.

B.1.3 Hardware Specifications

This research was carried out on two IBM-compatible PC workstations. Most of the data
compilation and integration of datainto the GIS environment was carried out on an 80486 IBM
PC/AT compatible computer operating at aclock speed of 33 MHZ with | SA-16 bit businternal
architectureand 16 Mb of total system memory. Thissystemisequipped withaSCSI disk drive
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controller, a220 Mb hard disk drive, two high density floppy disk drives (5% and 3%2inch), a
Sony CDU-7101W external CD-ROM drive unit operating on MS-DOS CD-ROM Extensions
version 2.10, a3.5 by 2.5foot Gentian Thinlinedigitizing tablet, anon-interlaced SVGA 17 inch
color monitor powered by an ATI Technologiesinc. GraphicsV antage graphicsaccel erator video
card which provides 256 colors at amonitor resolution of 1024 by 768 pixels. Theworkstation
isrun under the OS/2 operating system (version 2.1) in Presentation Manager mode with abus
mouse, networked to a Novell 3.11 file server with 1 Gb storage capacity. Anaysis and
modelling of the spatial data were completed on asimilar computer operating at a clock speed
of 100 MHZ with ISA-32 bit local-businternal architecture, 48 Mb of total system memory, and
a2.7 Gb SCSI hard disk drive operating under OS2 2.11. SPANSwill also operate under DOS
and on avariety of UNIX platforms.

Thedatalistedin Table 5.1 occupy ailmost 600 Mb of hard disk space. Thevector datasetswhich
represent the geological map of Nevada, for instance, are nearly 38 Mb in size. After these
datasets were processed and converted into quadtree maps, the total storage space required for
vector and raster structures approached 85 Mb (this is for the highest resolution quadtree
structure at a quadlevel of 2'> which is equivalent to an ordinary raster of 32,768 by 32,768
cells). A high capacity hard disk is necessary. Computer processing of these data are memory
intensive, particularly for efficient spatial interpolation of large point datasets. Slight
modification of the default OS/2 CONFIG.SY S system file was necessary to successfully process
some of the data. System performance was enhanced by increasing the buffers and disk cache
size.

B.2 Data Analysisand Modelling M ethodology

B.2.1 Introduction

Spatial dataanalysiscan bepreliminary in nature, invol ving non-statistical or summary statistical
approaches (e.g.—visual pattern recognition and simple map reclassification, or, histogram
generation and area analysis, respectively), or it can be more sophisticated, involving statistical
approaches with probabilistic components (e.g.—regression analysis, weights of evidence).

Both preliminary and more sophisticated analysis methodswere used to identify and measurethe
gpatial associations between gold-silver-bearing occurrences and various geosci entific datasets.
Section B.2 reviews these techniques. The error and uncertainty associated with mineral
potential modelling are considered in sectionsB.3 and B.4. Practical implementation of minera
potential modelling and error analysisis reviewed in section B.5. For athorough and detailed
treatment of spatial modelling and GIS in general, see Bonham-Carter (19944).

B.2.2 Preliminary Spatial Data Analysis

Thisresearch was carried out using many spatial data manipulation and analysistoolsavailable
inastandard Gl Senvironment. A comprehensive examination of thesetool sisbeyond the scope
of thisstudy, however, agenera overview of the techniques useful for implementing weights of
evidence minera potential modelling is presented. For detailed reviews of basic spatial data
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manipulation and analysis methods, consult Antenucci et a. (1991), Aronoff (1989), Bonham-
Carter (1994a), and ESRI (1994).

The preliminary spatial data manipulation and analysis techniques used here include: (1) map
reclassification/generaization; (2) map overlay/combination; (3) spatial and topologica
modelling; and (4) visual pattern recognition and spatial query. All of these methods assist in
clarifying and defining trends and patterns.

Map reclassification is one of the most el ementary, yet most powerful techniques of analysisin
aGIS. Thistechniqueisapplicableto nominal, ordinal, interval, or ratio scale data. Map units
may be grouped and displayed to generalize and emphasize spatial relationships and highlight
variousattributes. Reclassification may beaccomplished using avariety of interactive and semi-
automated techniques. One of the most common methodsistablereclassification. Thismethod
makesuse of polygon or map classattributesthat arearranged in atable by rowsand columns—a
row (representing amap class) iscomposed of fields (the columns) which contain spatial or non-
gpatial attribute information relating to the map class (Table B.1). Each unique class of amap
is keyed to the table by the map class or polygon number. For a geological map, a typical
reclassification table might contain attribute information which categorizes the geologic units
by rock type, lithology, age, or by any characteristic that is desired. In the reclassification
operation, the geologica map units that do not satisfy the reclassification conditions are
reclassified to “0”, anull class. Those units that do satisfy these conditions either retain their
original map classvalues, or arere-coded to new values, and are incorporated into the new map.
In many instances, histograms were produced from the numeric data associated with the map
classes to determine breakpoints for map reclassification schemes.

The process of overlaying or combining two or more mapsinto a single map is fundamental to
weightsof evidence modelling, and to GISmodelling and analysisingeneral. Thisisapowerful
technique for examining the spatial patterns caused by the interaction of one or more maps
(Bonham-Carter, 1994a). Maps aretypically overlain or combined using a set of rules defined
by various arithmetic and Boolean operatorsin avariety of combinations (a*map model”). The
main map overlay operations areillustrated in Figure B.2, and include:

C Impose—Portions of one map are cut away based on the boundaries of asecond (the second istypically amap
consisting of oneclass). Thistechniqueisuseful for creatinga“ mask” to cover or remove partsof amap (Fig.
B.2a).

C Samp—A map is overlain (placed on top) of asecond. The map placed on top is reclassified by adding the
maximum class value of the bottom map to the class values of the top map. This technique is useful for
constructing complex maps from several simpler (or binary-class) maps (Fig. B.2b).

C Join—The classes of one map are merged with those of asecond. This operation is useful for joining two or
more overlapping map sheets together (Fig. B.2c).

C Compare—Two maps are combined so asto highlight where the maps are the same, different, or where map
classes show spatial coincidence. 1n more sophisticated applications of this technique, the output map class
values can be interactively assigned to each combination of classes of the two input maps (Fig. B.2d)

C Map/Class-Weighted—Two or more maps are combined using a user-specified relative weighting scheme
which ranks the importance of amap and/or map classunit. Thistechniqueisuseful for assessing therelative
suitability or risk associated with some factor (e.g.—"Given the relative importance of various geological
factors, isthisagood place to prospect for gold?’) (Fig. B.2e).

C Unique Conditions—Multiple maps are combined to create a single map composed of unequal-area polygons
that are assigned the same classvalueif they consist of the same overlap combination or characteristic of input
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maps (Fig. B.3). Thisoperation producesan associated (linked) attributetabl ethat containsthe unique overlay
combinations of input map classes that compose a particular unique conditions map class (Table B.2). This
isavery powerful map combination method that allowsmodelling or dataanalysisto be performed on thetable
(“table modelling™), rather than using the input maps directly (“map modelling”). The unique conditions map
can be reclassified according to the modelling or analysis results, which are directly linked to the unique
conditions map via the unique conditions table. This technique plays an especially important role in
implementing weights of evidence mineral potential modelling (for additional details on unique conditions
maps, see Bonham-Carter, 19944, p. 235-238; Bonham-Carter, 1991, p. 172).

The spatial and topological modelling techniques used for this analysis include geometric,
coincidence, and adjacency analysis. Thesetechniquesare applicableto point, line, and polygon
gpatial objects. Geometric modelling involves calculating polygon areas and perimeters, the
generation of point and line buffers, and cal cul ating the distance between objects. Coincidence
modelling includes polygon overlay operations and point-in-polygon analysis. Adjacency
modelling deals with spatial interpolation (e.g.—surface contouring or generation) and
neighbourhood operations, as well as network analysis and similar types of operations.
Coincidence and adjacency modelling use spatial and topological information, whereas
geometric analysis does not necessarily require such information (e.g.—map unit areaanaysis
and vector/point buffering). Most vector and point datasets were transformed to quadtree raster
maps by distance buffering the vector datasets and by surface interpolation of values associated
withthe point datasets. Some quadtree mapswerefurther processed using spatia neighbourhood
analysis to determine map complexity (e.g.—diversity of geology) and to examine the “grain”
of geographic/geol ogicfeatures(e.g.—angleof incidenceillumination of topography). Areaand
point-in-polygon analyseswere performed on most mapsto delineate the spatial extent occupied
by each map class, and to determine the number of points, in this case gold-silver-bearing
occurrences, associated with each class.

In addition to the quantitative analysis techniques described above, each map was also visually
inspected. A number of the datasets were also viewed in shaded-relief and as 3-dimensional
renderings to enhance textural, shape, and directional features. The human eye has an
extraordinary ability to distinguish subtle patterns within otherwise complex spatial
arrangements. Visua examination of the maps facilitated recognition and interpretation of
regional -scal etectonomagmatic trends and patternswhich might have otherwise be hidden from
area, point, or polygon-based analysismethods. A technique complementary to visual appraisa
isspatial query. Simpleinteractive spatial query techniques were used to examine concurrently
therelationshi psbetween multiple map layersand anindividual or group of mineral occurrences.
In this manner, any number of evidence maps were simultaneously queried so as to determine
their collective or unique properties and characteristics at specific occurrence locations.

B.2.3 Weights of Evidence Mineral Potential Modelling—An Overview

Weights of evidence (WOE) provides a measure of spatial association (a “weight”) between
multi- and/or binary-class map patterns and known point or polygon objects, and uses Bayes
probability theorem to combine the map patterns to predict the distribution of the point or
polygon objects. Asapplied to mineral potential modelling, the point objects represent known
mineral deposits. The multi-class map patterns are typically maps of particular geologic
phenomena, such as geology, geochemistry, geophysics, etc., which are likely to be useful as
mineral deposit predictors. These maps are referred to as* evidence maps’ , representing geo-
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gpatial evidence for the occurrence of mineralization. In order to facilitate combination, the
evidence maps are usually reduced to deposit-indicator or mineral “ predictor maps’ of afew
discrete states (typically binary) where the spatial association between mineralization-favorable
evidence and the occurrencesis optimized. The mineral predictor maps collectively constitute
the* layers of evidence” for the mineral potential model.

A layer of evidence need not completely cover the study area, asthe WOE model ling method can
easily accommodate missing data (incomplete coverage). This is an important and distinct
advantage of this method. Other advantages include uncomplicated cal culations, an objective
procedure for weighting the evidence layers, relatively straightforward interpretation of the
weights, direct user involvement with optimization of the evidence maps, which isan important
inductive processthat providesinsight into the spatial datarelationships, and theability to model
the uncertainty of the mineral potential map (Bonham-Carter, 19944, 199D).

The techniques employed by WOE were developed to model spatial data, and depart from
classical (non-spatial) statistical theory. The measure of spatial association and the combining
of spatial data must therefore be performed and evaluated with care because they are sensitive
to choice of the measurement domain, and because their statistical significance isnormally not
possibleto estimate by conventional means (Bonham-Carter, 1994a). Thefollowing paragraphs
describeandillustrate WOE, and are excerpted largely from Agterberg (1989a), Agterberg et al.
(1990), Bonham-Carter (19944, 1994b), Bonham-Carter (1991), Bonham-Carter et al. (1988),
and Bonham-Carter et al. (1989).

Weights of evidence (WOE) is a discrete, multivariate statistical method based on a technique
originally developed in a non-spatial context for medical diagnosis (Spiegelhalter and Knill-
Jones, 1984) and has been modified by Bonham-Carter et al. (1989) to dea with spatial
prediction—"diagnosing” minera deposits using the “symptoms’ of various geologic
phenomena (Bonham-Carter, 1994b). WOE eva uatesthe spatial distribution of known mineral
deposits (the response variable) relative to multi- or binary-class map patterns (the predictor
variables), calculatesweights of spatial association (W' and W-) for each pattern, and produces
amulti-map signature for mineralization (Bonham-Carter et al., 1989). Theevidencelayersare
combined using Bayes Rulein amulti-map overlay operation where the prior probability of an
occurrence—the probability of an occurrence given no information (random), equal to the
average density of known occurrences in the study area, and held constant over the whole
area—is updated by the addition of predictor variables and their weights to produce a single
posterior probability map of occurrence (Bonham-Carter et a., 1989; Bonham-Carter, 1991).
In this case, the posterior probability map is a map of mineral potential which reflects the
distribution of known occurrences and predicts the distribution of yet unidentified occurrences
(Bonham-Carter et al., 1988). The whole processis similar to that of an exploration geologist
manually integrating information and combining mapsin order to delineate favourable areas of
mineralization (Agterberg et al., 1990).

Weights of evidence is a data-driven method, requiring data about the distribution of known
mineral depositsto estimateweightsof spatial association for themineralization evidencelayers.
WOE is similar in some ways to logistic regression in that the distribution of mineral deposits
over the study area must be known, however, in regression modelling, calculation is complex,
the weighting factors are not so readily interpreted, and thereis no accommodation for missing
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data (Agterberg et a., 1990; Bonham-Carter, 1994b). Weights of evidence differs from
knowledge-driven methods which do not require deposit distribution dataand wheretheweights
are estimated by an expert, such asin the fuzzy logic method (Anet a., 1991; Bonham-Carter,
1994a; Wright and Bonham-Carter, 1996), Dempster-Shafer method (Moon, 1990; L everington
and Duguay, 1994; Wright and Bonham-Carter, 1996), or in the PROSPECTOR expert system
(see Bonham-Carter, 1994a, chapter 9).

In WOE modelling, no “training area™ is used to select the geo-spatial mineralization evidence
or to calculate “initial baseline” weights (i.e—to establish the “initial conditions’). The
selection of mineralization evidence mapsis largely guided by a conceptual model (thisisthe
norma mode of implementation; see Bonham-Carter et a., 1989; Bonham-Carter, 19943;
Wright, 1996; Wright and Bonham-Carter, 1996). The conceptual model isusualy asynopsis
that may contain elements of deposit models, which typically focus on characteristics at the
deposit scale, and/or exploration models, which include deposit model components that apply
to regional-scale exploration, in addition to geophysical, geochemical, remotely-sensed, and
other data useful for delimiting regions that may warrant further detailed investigation®>. The
choice of evidence should reflect current understanding on the genesis of the particular deposit
type being modelled as well as the geologic features believed to control its spatial distribution.
An evidence map should ideally provide either universal coverage or coverage over themajority
of the study area (Bonham-Carter et al., 1989).

The “initial conditions” of the mineral potential model are established using the optimized
mineralization evidence maps (the mineral predictor maps), where the weighting of each
individual layer of evidence is determined automatically using the locations of known minera
deposits over the entire study region for training (Wright and Bonham-Carter, 1996). A model
may be further calibrated using other factors such as mineral deposit size, where different
schemesfor weighting the layers of evidence are calculated for each deposit size subset (Wright
and Bonham-Carter, 1996). For Nevada, numerous maps of various geologic phenomena and
the distribution of known mineral occurrence types and sizes were used to design, train, and
calibrate the models used in this study. The selection of mineralization evidence maps and the
subdivision of themineral occurrencesconsidered inthisstudy are detailed in Chapter 5. Spatial
optimization of the evidence mapswith respect to the mineral occurrencesiscovered in Chapter
6.

An important assumption made in WOE modelling is that the mineralization evidence layers
included inamodel be conditionally independent (CI) of one another with respect to theminera

1 Asused here, the term “traini ng area’ is defined as a sub-region of, or aregion outside of, the study area
whichisdesignated an experimental control, where (1) the geol ogic conditionsare similar to the prospecting
region, (2) al themineral depositsare known, and no more are expected to be discovered, (3) al of thegeo-
spatial mineralization evidence is present (i.e—full evidence map coverage), and (4) the quantitative
relationships (the spatial weights of association) between the mineral deposits and the evidence are
established (Chung and Maoon, 1990; Chung, 1995).

Deposit models and modelling will not discussed here, as this topic is the focus of numerous authors,
including Babcock (1984), Barton (1986), Berger and Jefferson (1986), Bliss (1992), Bliss and Menzie
(1990), Cox and Singer (1986), Eckstrand (1984), Kirkham et a. (1993), Singer and Cox (1988), and Singer
(1993).
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deposits (see Bonham-Carter, 1994a, pp. 312-317). In practice, Cl is probably always violated
to some degree, and the possibility of the occurrence of Cl generally increases with an increase
in the number of evidence layersincluded in amodel (Bonham-Carter, 1991; Bonham-Carter,
1994a). Because of the Cl assumption, calculation of the spatial weights of association are
carried out independently between the mineral deposits and each evidence layer, and asaresult,
WOE has the opportunity to examine bivariate relationships in some depth (Bonham-Carter,
1994b). The assumption of CI leads to a model that, like most models, does not fit the data
perfectly, but providesasimplification that, when applied carefully, isuseful for prediction and
givesinsight into therel ative contributions of the separate sources of evidence (Bonham-Carter,
1994a). Conditional independence can be checked visually and with statistical tests (pairwise
or overall tests) to isolate the layers that clearly violate the assumption. The offending map
layers can then either be rejected from the analysis altogether or modified in some manner asto
lessen their affect, such as by combining maps using Boolean operators to form a new single
joint map (Bonham-Carter, 1991; Bonham-Carter, 1994b).

As applied in this study, the methodological framework for producing mineral potential maps
using the WOE modelling method consists of four main steps:

1. Determination of the deposit-type characteristics and development of a conceptual model. The
characteristics of the deposit types examined in this study are detailed in Chapter 3 and summarized as
synoptic models. Further geological and statistical evaluation of certain features which may be related to
the regional-scale distribution of the mineral occurrencesis reviewed in Chapter 6.

2. Development of themineral potential spatial database. This step involved the compilation, preparation, and
integration of numerous data sets from avariety of sources, and is reviewed in Chapter 5.

3. Development, design, and training of themodel, whereinformation critical to mineral occurrence prediction
was extracted from the mineralization evidence maps. Thisinvolved the selection of promising multi-class
evidence maps, the measurement of spatial association between the evidence maps and the mineral
occurrences, determination of the significance of these associations, and, based upon the strength and
importance of the spatial associations, the reclassification of the multi-class evidence maps to binary-class
mineral predictor maps (layers of evidence). This process is the subject of Chapter 6.

4. Application of themodel. Thisstep involved the combination of the mineral predictor mapsto generate the
mineral potential mapsand the examination and eval uation of uncertainty and error. Thisprocessiscovered
in Chapter 7 and Appendices C and D. Interpretation of the model output with respect to geology and
metallogeny is discussed in Chapter 8.

The theoretical aspects of these steps followsimmediately below. Practical implementation is
discussed in section B.5.

B.2.4 Weights of Evidence Mineral Potential Modelling—Theory

Theweightsof evidence method isillustrated in Figure B.4 and can be subdivided into two main
procedures:

I. Caculation of W*and W~ wei ghts of spatial association between the response variable and the predictor
variable(s), inthiscase point objectsrepresenting mineral depositsand multi-classmap patternsrepresenting
various geologic phenomena. Generation of the mineral predictor maps (the layers of evidence) by
reclassification of the multi-class predictor variables to binary-class predictor variables, using the weights
of spatial association for each predictor-response variable set as a guide, where: binary pattern present
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represents mineralization-favorable areas, and binary pattern absent represents mineralization-unfavorable
areas.

. 1 ntegration of predictor variablesin amulti-map overlay operation wherealoglinear version of Bayes Rule
is used to sum and update the weights associated with each of the map classes that come into coincidence,
producing a compound map which closely exhibits the distribution of known deposits and indicates areas
where more deposits are expected than are observed.

The goa of weights of evidence modelling is to estimate the posterior probability of the
occurrence of a mineral deposit, given the presence or absence of mineralization-favorable
evidence, which, depending on the evidence, may belarger or smaller than the prior probability.
Procedure ii typically involves conditional independencetesting. Thisissueisaddressed under
a separate heading below (section B.3).

B.2.4.1 Procedure i—Calculation of Weights of Spatial Association

In the first procedure, Figure B.4i, area analysisis performed on each of the predictor variable
map layers and point-in-polygon analysisis performed on each response/predictor variable set.
The output of the areaanalysisisatablethat contains: (1) the percent of the total area occupied
by each map class, (2) arunning total of areaby map class, and (3) areain km? occupied by each
map class (Table B.3). The point-in-polygon analysis appends the map class of the predictor
variableto the response variable point dataset. The output is atable containing the coordinates
of the response variable points and the predictor variable map classes into which the points fall
(Table B.4).

The area analysis (Table B.3) and point-in-polygon analysis (Table B.4) data characterize the
gpatial attributes of the response and predictor variables, and are used to calculate a pair of
weights, W* and W-, for each predictor variable map class (see section B.5.2 for implementation
procedure). Thevalueof theweightsrepresent aratio of areaproportions, and isdependent upon
the ratio of the number of deposits that fall within a particular map class to the total number of
deposits, against, theratio of the particular map classareato thetotal map area (Bonham-Carter,
1991). Inthe case of a multi-class predictor variable, each map classistreated individually as
a binary-class map pattern (map class present or absent), and is composed of the area of the
particular map class being evaluated and the combined total area of the remaining map classes.
A minera deposit is assumed to occupy asmall unit area and is likewise regarded as a present
or absent binary pattern. Thereisno provision for modelling deposit size, grade, or tonnagein
WOE. All areavaluesareexpressed in unit cells, whereN isthe number of unit cellsand an area
is denoted as N( ). For the analyses carried out here, a1 km?unit cell was used to represent a
mineral deposit.

The coincidence between two binary patterns, a deposit distribution pattern (D) and a mineral
predictor pattern (B), yields four possible spatial overlap relationships:

Both patterns are present.

Pattern D is present, pattern B is absent.
Pattern D is absent, pattern B is present.
Both patterns are absent.

AWDNPRE
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The four overlap states are illustrated in Figure B.5. From these four mutually exclusive
response-predictor variable overlap states, four conditional probabilities can be estimated using
arearatios:

B D)

. N = . N(B_D) = « N(B_D) —= . D
P(DIB) NE) P(DIB) T(E , P(DIB) NE) , and P(D|B) = ——=— B.1

Using the conditional probabilities defined in equation B.1, the weights W* and W™ for each
predictor variable map class are calculated as log ratios in the following manner:

PED) g wt - | PED) o5

P(BID) P(BID)

W% " In

Detailed discussion and the derivation of these equations are found in Bonham-Carter et a.
(1989) and Bonham-Carter (19944), as well as Agterberg (1989a), Agterberg et a. (1988),
Bonham-Carter (1994b), Bonham-Carter (1991), Bonham-Carter et al. (1988).

W* isameasure of the presence of amap classrelative to the total number of deposits, whereas
W isameasure of absence of the map class (as distinct from unknown). W* and W- are always
oppositein sign, except when the proportion of depositsfallingin amap classto thetotal number
of depositsis the same as the proportion of the map class areato the total study area, then:

wh = wé "0 B.3

and no spatial association between the map class and the points exists. |If more deposits are
spatially associated with a map class than would be expected due to chance, W™ is positive and
W~ is negative, indicating a positive correlation. Where the presence of a map class “inhibits
deposits’, W* isnegative and W~ ispositive, indicating anegative or inverse correlation. Where
information ismissing (i.e—incomplete predictor variable coverage), W* and W~ are set to zero
(Bonham-Carter, 1994a).

The weights can be combined into a single coefficient called the contrast (C), where:

C " |W"& W& | B.4

and | | denotes absolute values. The contrast provides a useful measure of the strength of the
gpatial association between the mineral deposit pattern (response variable) and the mineral
predictor pattern (predictor variable).
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B.2.4.2 Procedure ii—M ulti-map overlay and weights combination using Bayes Rule

In the second procedure, Figure B.4ii, Bayes Ruleisused to combine the evidence represented
by the predictor variables (multiple binary- and/or multi-class predictor maps) to determine the
probability that the response variable is present (i.e—the probability that a mineral deposit is
present at a given location based upon the evidence). One of the main concepts of Bayes
probability law isthat of prior and posterior probabilities. Bayes Rulegivesthe probability that
some particular phenomena (B) is “the cause among many causes’ of a known end effect (D)
(Mendenhall and Reinmuth, 1974). In the case of mineral potential modelling, the preceding
“cause”’ phrase might be better replaced with “the most highly correlated geol ogic phenomena,
among many phenomena, that are spatially associated to known mineral deposits’.

From Bayes Rule, the conditiona probability that a unit cell contains a deposit, given the
presence of abinary mineral predictor pattern, is given as.

Deposit (D), given presence of binary mineral predictor pattern (B):

P(DB) * P(D) %

Deposit, given two binary mineral predictor patterns:

P(B,_ B,|D) P(D)

P(DB_ B, " I
P(B,_ B,ID) P(D) % P(B,_ B,ID) P(D) B.5

The effects of interaction between B, and B, can be ignored by making an

assumption of conditional independence, thus, the conditional
probability of a deposit, given two mineral predictor patterns:

P(B,ID) P(B,ID)
P(B) P(B)

P(D|B,_ B,) " P(D)

The key to combining binary mineral predictor maps in WOE is the third expression, which
permits multiplication of each predictor map’'s effect, independent of one another. The
computed probability P(D|B) is the posterior probability of known end effect (D) given the
information contained in phenomena (B). P(D) isthe simple, or prior probability of (D), and
does not take into account the information contained in (B). The value of the prior probability
isassumed to be the average density of known depositsin the region of interest and is constant
throughout. This can be calculated as:

P(D) " N(D)/N(A) B.6

where the area of deposits, D, and total area of the study area, A, are expressed as the count of
unit cells, N(). The posterior probability reflects both the prior and current information, and
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provides a more efficient model for prediction. Bayes Rule effectively updates or revises the
prior probability by incorporating the observed information contained within (B) into the model
(Mendenhall and Reinmuth, 1974). In this instance, the particular phenomena (B) is some
predictor variable, such as geology or ageochemistry anomaly, and the known end effect (D) is
the response variable (mineral deposits).

Theweightsfor each predictor variable map class are used to update the prior probability of the
occurrence of adeposit, producing arevised posterior probability with the introduction of each
subsequent layer of evidence (abinary- or multi-classmineral predictor map). Asnew evidence
isintroduced, the prior probability surfaceismodified, either increasing or decreasing according
to the evidence, to produce a posterior probability surface (Bonham-Carter et a., 1991). Where
the predictor variable map class is present, the value of W* is added. Where the predictor
variablemap classisabsent, W-isadded. Whereamap patternisunknown or incomplete, W=0,
so that the predictor variable map class neither causes an increase nor a decrease from the prior
probability (Agterberg, 1989a). Thus, given the presence of a favourable predictor variable
(i.e—amap class with ahigh W*, such as an associated geochemical anomaly), the posterior
probability of the occurrence is higher than the prior probability (Bonham-Carter, 1994a). The
posterior probability surface is output as a map which represents the incorporation of all layers
of evidence and predicts the distribution of the response variable.

In practice, WOE uses the natural logarithm of odds, aso known as log odds or logits,
formulation of Bayes Rule, which may possibly be more familiar in terms of probabilities and
multiplicative terms. In thisform, probabilities are expressed aslogits, which make the model
linear and additive, and is expressed as.

n .
In o(DB® B,® ..B™ ) " In O(D) % 3 W 8.7
[

where: O are odds, defined as O=P/(1-P); D is the number of unit cells containing a mineral
deposit; j =1,2,3... nbinary-class predictor map patterns, B, isthe area of the j-th predictor
variable map pattern; K(j) is(+) for presenceor (-) for absence of the j-th predictor variable map
pattern; W isthe spatial weight of association for the presence and absence of thej-th predictor
variable map pattern.

The posterior logit of acell containing amineral deposit is obtained by the adding appropriate
weights (W* or W") for presence or absence of the binary-class predictor mapsto the prior logit.
The order of the calculations are as follows:

Calculation prior logit from prior probability, using O =P/ (1-P).

Addition of the prior logit to the sum of the weights to derive the posterior logit.
Conversion of the posterior logits to posterior odds.

Conversion of posterior odds to posterior probability.

AWDNPRE

As the final step, a user-defined classification scheme is applied to the calculated posterior
probabilitiesto produce a thematic map of mineral potential. Each mineral potential map class
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represents aunique overlap condition between binary- and/or multi-class predictor maps (which
may consist of asingle polygon, or most often, anumber of polygonsthat collectively compose
amineral potential map class; see section B.2.2). In practice, this procedure can be carried out
on aunique conditions table associated with a unique conditions map. The implementation of
this procedure is described below in section B.5.4.

B.3 Conditional Independence

B.3.1 Introduction

The robustness of a posterior probability map is in part dependent on the conditional
independence (ClI) of the predictor variable map patterns to one another (binary-class mineral
predictor map patterns), with respect to the response variable (mineral deposit point
occurrences). The posterior probability map is adversely affected if, at the locations of the
known mineral occurrences, the presence of amineralization-favorable map patternin onelayer
of evidence is dependent on the presence of a mineralization-favorable map pattern in another
layer of evidence. Conditional independence (Cl) is assumed to exist, and is necessary if the
calculated posterior probabilitiesareto bestrictly accurate (Agterberg, 1989b; Bonham-Carter,
1994a). The degree to which this assumption is satisfied can be tested for, and the purpose of
such atest isto determinethe magnitude of any binary-class predictor map pattern dependencies
and to identify the map(s) that are responsible for the dependency. If amap isfound to bein
serious violation of the assumption of Cl, it can then be (1) rejected from the model, (2)
combined with another map in order to minimize the dependency, or (3) modified in some way
as to reduce the problem (for more information, see Agterberg et al., 1990; Bonham-Carter,
1994a). Violation of CI resultsin either the over-estimation or under-estimation of posterior
probabilities during the Bayesian map overlay procedure, and the expected mineral deposit
frequencies either notably exceed or fall short of the observed deposit frequencies in the most
and least favorable areas of the mineral potential map (Agterberg et al., 1990). In essence, the
most and | east favorabl e binary-class predictor map overlap areasare“ artificially” strengthened
or weakened in the posterior probability mineral potential map. Inpractice, Cl isalwaysviolated
to some degree (Bonham-Carter, 19944a), but it is important to understand how serious the
violation is so that the appropriate action can be taken to minimize the problem and so that
proper judgments can be made when evaluating areas of high mineral potential.

Two tests are applied to determine whether the assumption of conditional independence is
satisfied: a pairwise test and an overall goodness-of-fit test, both of which make use of the
observed versus the expected number of observations (mineral deposits). The pairwise method
determines Cl between all possible pairings of the binary-class predictor maps by calculating a
x? (chi-square) statistic for each map pair, and comparing the cal cul ated value of x? to the tabled
value of x? having one degree of freedom (Bonham-Carter, 19948). The overall method is a
simple procedure involving the relative comparison of predicted versus observed deposits—if
the total predicted number of depositsis much larger than the total observed number (greater
than ~10-15%), it suggests that Cl is being violated (Bonham-Carter, 1994a).

Theoverall goodness-of-fit can be eval uated using the K olmogorov-Smirnov (K-S) stetistic. The
K-S statistic is based on the maximum deviation of the observed number of deposits from the



B15

predicted number. The K-S statistic makes asfew assumptions about the distribution of the data
as possible (i.e—it is non-parametric: it does not depend upon any assumptions regarding the
normality or thedistribution of thedata), and generally has satisfactory efficiency and robustness
properties(Davis, 1973; Chatfield, 1988). Non-parametrictestsof model-fitting are usually used
for ordinal scale data or data from a skewed or otherwise non-normal distribution, which
therefore makes the K-S statistic particularly well suited for this mineral potential modelling
application. The implementation of the pairwise and overal testsis given in section B.5.5.

B.3.2 Pairwise Test and the Chi-Squar e Statistic

The pairwise goodness-of-fit test measures conditional independence (Cl) between all possible
pairings of binary-class predictor maps (with respect to the mineral deposits) by calculating the
x? (chi-square) statistic for each map pair. Cl may be present due to three-way or multi-way
interactions, and testing for these cases is also possible, but for practical purposes, pairwise
testing reveals the most serious Cl violations (Bonham-Carter, 1994a).

Normally, the pairwisetest is conducted befor e the binary-class predictor maps are combinedin
the Bayesian multi-map overlay procedure (procedureii, Fig. B.4ii), so that problematic maps
can be eliminated, combined, or modified as necessary. Thetest is performed using normal 2-
by-2 contingency tables of observed and expected values (i.e—number of deposits), and tests
the null hypothesis(H,) that “ rows and columns areindependent” (the assumption of Cl)—that
is, that the probability of an observation falling in any particular column does not depend on
which row the observation isin, and vice versa (Chatfield, 1988; the application of thistest to
mineral potential modelling isexplained in detail in Bonham-Carter, 19944, p. 313). Table B.5
shows the algebraic layout of the contingency table, and represents four overlap conditions
between two binary-class map patterns.

B1 Present B1 Absent Totals:
B2 Present NB,_ B, D) N(&, B, D) N(B, D)
B2 Absent NB, & D) N&, &, D) N(&, D)
Totals: N(B,_D) N(&,_D) N(D)

Table B.5. Contingency table for testing conditional independence, based on cells containing depositsonly. N is
the count of unit cells; B refersto the presence or absence of abinary pattern, which is numerically representedin
unit cells (subscript 1 or 2 denoting two different binary patterns); D refers to the presence of a deposit (a point
occurrence), whichisnumerically represented in unit cells. Thefour valueswithin the table are either the expected
values assuming independence, cal culated from the margin totals, or the observed values measured from the maps.
Thereis 1 degree of freedom. From Bonham-Carter (1994a).

Thex? statisticisapplied only wherethe mineral deposit binary patternis present and determines
if two binary-class predictor map patterns are conditionally dependent or independent. To
calculate the x? statistic, the observed and expected areas are required (i.e—the number of
deposits, represented in unit cells, where each deposit equals 1 if a1 km? unit cell was selected
for the analysis). Theterm N (B, _ B, _ D) in the contingency table represents the observed
number of deposits occurring in the overlap region where both B, and B, are present, and is
counted directly from amap or the deposit dataset (Bonham-Carter, 1994a). The predicted or
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expected number of deposits in the overlap region is calculated by multiplying the number of
deposits on B, times the number on B, divided by the total number of deposits, or as expressed
algebraically interms of the contingency table, N (B, D)« N (B, D) /N(D) (multiplying the
marginal frequencies and dividing by the total).

Once the observed and expected values have been determined, y? is calculated using the
expression:

=) B.8

N (Observed. — Expected, )?
i=1 EXpECtedl

which, for this example using the contingency table shown in Table B.5, N=4 and i refersto the
i-th binary-class predictor map pattern.

If conditional dependency exists, the predicted number of deposits in the overlap region of the
two predictor binary map patterns will be higher or lower than the observed number; if
conditional independency exists, the expected number of deposits should be equal to the number
of observed deposits.

The results of the pairwise test are typically presented in the form of cross-tabulation tables
consisting of a matrix-layout of * values for all pairings of binary-class predictor maps. The
value of ¥? indicates the degree of independency or dependency between predictor binary map
pairs—the larger the values, the greater the dependency. The values of y? are compared to a
“tabled” valueof y?with one degree of freedom (DF—number of rowsminusone, times, number
of columns minus one, therefore DF = 1) to determineif H, (the null hypothesisthat the binary-
class predictor map patterns are conditionally independent) isto be rejected or accepted, and at
what level of probability H, should berejected. For weightsof evidence modelling, aprobability
level threshold of 98% (x%es: = 5.41) or 95% (%05, = 3.84) is sufficient (usually one cutoff is
chosen). Test values of y? that are greater than either of these two tabled cutoff valuesindicate
that the null hypothesis (Cl) should be rejected.

B.3.3 Overall Test and the Kolmogor ov-Smirnov Statistic

The overall goodness-of-fit test is a measure of the conditional independence (CI) between all
of the layers of evidencein amodel asawhole. Itisnormally performed after the binary-class
predictor maps are combined in the Bayesian multi-map overlay procedure, where the posterior
probabilities are calculated for each unique overlap condition between binary-class predictor
maps (which collectively make up the mineral potential map).

The overall test isvery simple, consisting of acomparison of the predicted number of deposits
to the observed number of deposits. In weights of evidence modelling, the prior probability is
assumed to be the average known mineral deposit point density, therefore, the predicted number
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of deposits occurring within a unique overlap condition between binary-class predictor mapsis
determined by summing the areas of the polygons composing each unique overlap condition map
class(i.e—thetotal areafor aparticular unigque condition map class), multiplied by the posterior
probability of that map class (see Bonham-Carter, 1994a, p. 317).

The calculation may be expressed as:

m

N(D) ¢ -'kil P. N(A), B.9

where: N(D),,. isthe predicted (cal culated) number of deposits, which isdetermined by adding
together the product of the area in unit cells, N(A), times the posterior probability, P, for all
unique condition map classes (k=1,2,...m) derived from the overlapped binary-class predictor
maps that compose the mineral potential map.

A 10% to 15% difference in the number of predicted deposits over the number of observed
depositsindicates that some degree of redundancy existsin the predictor variables (the layers of
evidence), suggesting that Cl isbeing violated, and may warrant acheck of the pairwisetestsand
some sort of remedial action (Bonham-Carter, 1994a). Unlikethe pairwise goodness-of-fit test,
the overall test is not a formal test, and in practice, the predicted number of deposits for the
weights of evidence modelling method is always higher than the observed (Bonham-Carter,
19943).

The overall goodness-of-fit can al so be assessed using the Kolmogorov-Smirnov (K-S) statistic
(non-parametric). Normally, K-S test statistics is used when the expected model can be
completely specified (i.e—the total number of discrete events, or mineral deposits, is correctly
predicted), andlosesitsvalidity when the expected relativefrequency isnot approximately equal
to 1 at the largest value (Agterberg et a., 1993). For this study, an approximate K-S test is
applied, where the relative cumulative predicted and observed mineral deposit frequencies
(i.e—the cumulative occurrence proportions) are constrained to reach a maximum of 1.0 (see
Agterberget al., 1993; Bonham-Carter et al., 1989). Agterberg et al. (1993) pointed out that this
hasthe advantage of satisfying theassumptionsfor the K-Stest (that the expected roughly equals
the observed number of deposits), but the disadvantage of failing to recognize predicted
frequenciesthat may betoolarge. Another advantageisthat, becauseit isnot necessary to group
observationsinto arbitrary categories (binning thedata), the K-Stest ismore sensitiveto thetails
of the distribution, as compared with tests that require binning, such as with the pairwise test
which uses the x? statistic (Davis, 1986).

The K-S statistic is based on the maximum deviation of the observed frequencies from the
expected frequencies, and is expressed in Davis (1973, p. 276) as.

KS " maximum * O&E * B.10

where O and E are the observed and expected frequency of occurrences and | | denotes absolute
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values. In this instance, the K-S statistic is being applied to the observed and expected
distributions, not a theoretical Poisson distribution as given in Davis (1973). A more detailed
treatment is given by Davis (1986, p. 99) and Wright (1996, p. 114).

Thenull hypothesis(H,) for theK-Sstatistic statesthat thereisno significant difference between
the observed and predicted distributions. The null hypothesis is rejected if the absolute
difference between the relative cumulative predicted and the relative cumulative observed
frequency distributions (the “K-Sstatistic”) islarger than the tabled K-S statistic critical value
at aspecified level of significance. The null hypothesisis*two-tailed”, becauseit isrejected if
the observed series is either significantly too high or too low, as compared to the predicted
distribution (Davis, 1973). Wherethetotal number of observationsisgreater than 40, thecritical
K-Svaluefor the 5% (% = 0.05) level of significance can be computed as 1.36" /n, wherenis
the total number of observed series of events (Davis, 1973), which in this case is the total
number of unique condition map classes for a given mineral potential model, not the total
number of mineral deposits. If one or more of the binary-class predictor map patterns were
conditionally dependent with respect to the mineral deposits pattern (i.e—Cl is violated), the
expected frequencies would overestimate the observed frequencies where the posterior
probabilities are relatively large and would underestimate the observed frequencies where the
posterior probabilities are small (Agterberg, 1989b).

B.4 Posterior Probability Uncertainty

B.4.1 Introduction

The posterior probability mineral potential map may optionally be augmented with amap of the
posterior probability uncertainty. Agterberg et a. (1990) and Bonham-Carter et al. (1989)
pointed out that if one or more binary-class predictor map patternsis unknown or incompletein
a given area of the study region, the calculated posterior probability for that area has less
certainty than those based on more, or all, of the binary-class predictor map patterns. A map of
posterior probability uncertainty can be separately compared to a posterior probability map, or
the two can be combined so that the uncertainty map masks out regions of the posterior
probability map that have a high uncertainty factor.

B.4.2 Source and Types of Uncertainty

An important aspect to interpreting amineral potential map is recognizing and quantifying the
uncertainty inherent to the posterior probabilities. The two primary sources of uncertainty are:
(1) the uncertainty due to variances in weight estimates (W* and W-); and (2) the uncertainty
dueto oneor moreof the binary-class predictor maps havingincomplete coverage (i.e—missing
data) (Bonham-Carter et al., 1989).

Agterberg et al. (1990) showed that the variance of the weights (W* and W-) for each map can
be calculated as:

%y w - 1 1
SAW) % = and s3W") % B 11

NE _D) NGB _D)
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where N(B, _ D) is the number of unit cells where both deposits and the j-th binary-class
predictor map pattern are present, and the remaining terms are defined similarly. Inmost cases,
the second term in both expressionsisvery small, and approaches zero asthe unit cell becomes
infinitely small. The first term in both expressions, which involve the count of unit cells with
deposits, are unaffected by unit cell size. Bonham-Carter et a. (1989) noted that these
expressions use an asymptotic result which assumes that the number of depositsislarge. For
caseswithasmall number of deposits, the variances of theweightsbecomelarge (Wright, 1996).

The summed effect of uncertainty due to the variances of the weights for each unique overlap
condition of binary-class predictor maps was shown by Agterberg et al. (1990) to be:

2 . 1, " oAk 2
SP . [ W A)_J'l s° (W) ] C Ppog B.12

where the superscript kis (+) for presence and (—) for absence of the j-th binary-class predictor
map pattern, and the other terms are defined as before.

Agterberg et a. (1990) and Bonham-Carter et a. (1989) pointed out that if one or more of the
binary-class predictor map patternsis unknown or incomplete in a given region, the estimated
posterior probability for areas with missing data are more uncertain than those based on more,
or all, of the predictor variablemap patterns. Bonham-Carter et al. (1989) indicated that, in order
to estimate the uncertainty in posterior probability due to incomplete or missing datain the j-th
binary-class predictor map, the following variance component can be cal cul ated:

sf(Ppost) " {P(D*B)&P(D)}* P(B))%{ P(D*B)&P(D)}* P(B;) B.13

where, for any unique overlap condition between binary-class predictor maps, P(D) is the
posterior probability calculated from the non-missing binary-class predictor maps. The terms
P(D*B,) and P(D*&;) are the updated posterior probabilities assuming that the j-th binary-class
predictor map pattern is present and absent, respectively (Bonham-Carter et al., 1989).

The uncertainties due to weights and due to missing data may be examined separately, or
combined to produce atotal uncertainty for agiven unigque overlap combination of binary-class
predictor maps, whichiscal culated asthevariance dueto weights, plus, the sum of variancesdue
to missing data (Bonham-Carter et a., 1989), and is expressed as.

n
2 2
S (weights) % j Sj (missing) B.14
!

2
S (total)

where the terms are defined as before.
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The uncertainty due to the weights, which includes the uncertainty of the prior probability, isin
genera correlated to the posterior probability, and therefore maps of variance of weights have
the same trends as the posterior probability maps (Bonham-Carter et a., 1989).

In addition to the uncertainties due to weights variances and missing data, a relative certainty
(variance) of the posterior probability can be determined by dividing the posterior probability by
its standard deviation (i.e—a “studentized” posterior probability), which, in effect, applies a
student t-test (based on anormal distribution) to determine whether the posterior probability is
greater than zero for agiven level of statistical significance (i.e.—compared to atabled t-value)

(Bonham-Carter et a., 1989; Agterberg et a., 1993). The larger the t-value over the critica

tabled t-value cut-off, 1.645 for a significance of 95% for example, the greater the certainty of

the posterior probability. Therelative certainty is often more useful than the weights variances
or missing data uncertainties because it indicates the degree of confidence to which the posterior
probabilities are “real”, as opposed to being an artifact of “chance” effects (or due to chance).

As compared to the uncertainty due to the weights variances or missing data, relative certainty
isgeneraly not as highly correlated to the posterior probability.

Idedlly, the four uncertainty factors (weight variances, missing data, total, and relative) may be
used to create classified uncertainty maps for comparison to the posterior probability mineral
potential map, or the uncertainty factors may be combined in various ways and reclassified to
abinary-class map which can be used to “ mask-out” areas of the mineral potential map that are
deemed to be too uncertain (Bonham-Carter et a., 1989; Bonham-Carter, 1994a). This
procedure is discussed below in section B.5.4.

B.5 Practical Implementation of the M odelling Procedures

B.5.1 Introduction

Weights of evidence modelling may be implemented (1) internal to the GIS, using map and
“unique conditions” modelling techniques, or (2) external to the GI S environment, using unique
conditionsmodelling intandemwith DOS and OS/2 FORTRAN utilitiesto expeditethevarious
statistical proceduresdescribed inthe preceding sections. Themodelling carried out inthisstudy
used a combination of internal and external implementations. The FORTRAN utilities used to
calculate the spatial weights of association (W* and W-), the posterior probabilities, and the
uncertainty factors for weights of evidence modelling were provided by G.F. Bonham-Carter
(1996, personal communication) of the Geological Survey of Canada. Wright (1996) contains
detailed procedures for implementing weights of evidence both internally and externally to the
GIS (see Wright's appendix B-2), and gives a detailed history and summary of the FORTRAN
utilities (see Wright's appendix B-2, and p. 138). The FORTRAN utilities areincluded herein
Appendix B.

B.5.2 Estimation of the Spatial Weights of Association

The information presented under this heading represents weights of evidence procedure i, as
discussed in sections B.2.3 and B.2.4, and illustrated in Figure B.4.
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In order to generate binary-class mineral predictor maps, spatial weights of association (W* and
W") must be calculated between the deposits and each class of each multi-class evidence map
to determine which class(es) of an evidence map has the strongest correlation to the deposit
distribution. Thisisdone in part internally and externally to the GIS.

The calculation of the weights is done externally using athe FORTRAN utility WTS.EXE (or
any of its various incarnations). WTS.EXE requirestwo filesasinput: (1) an areaanalysis of
the multi-class evidence map to be processed (Table B.3), and (2) a point-in-polygon analysis
between the evidence map and the mineral deposits, where the evidence map classis appended
to the deposit point dataset (Table B.4). Thesetwo input filesare generated within the GI Sfirst,
then input into WTS.EXE. WTS.EXE outputs a file containing two area-cumulative and one
non-area-cumulative tabulation of the spatial weights of association and contrast (C) between
each multi-class evidence map unit with respect to the deposit distribution (Table B.6).

The non-area cumulative table is normally applied to nominal (or categorical) scale evidence
datasets, such asageol ogical map, to determinewhich map unitshave higher spatial associations
with the deposits (which aremore “favorable’). Thetwo area-cumulative tables, one ascending
and the other descending, are normally applied to ordinal (or ranked) or higher-scale evidence
datasets, such as distance from faults or geomagnetic anomaly, and are used to determine
optimum thresholdsor cut-offsbetween successivefavorable and not-so-favorable evidence map
units(i.e—aboundary between “ background” and “anomalous’; thisisfurther discussed inthe
following section). Theweight values (W and W-) should be evaluated in arelative sense, and
augmented with the contrast (C; strength of the spatial association) and with the variances of the
weights factors (standard deviations of W*, W-, and C, and “ studentized” C) when determining
the favorability of a particular evidence map unit.

B.5.3 Generation of Binary-Class Mineral Predictor M aps

The multi-class maps analysed above are reclassified to binary maps that serve as layers of
evidence to predict the pattern of mineral deposits. Multi-class maps can be used as layers of
evidence in weights of evidence modelling, but the number of possible overlap conditions
becomes increasingly large and unwieldy (see Bonham-Carter, 1994a, 1994b). The usage of
binary mapsal so yieldsmore stable and meani ngful weightsof spatial association, and facilitates
interpretation of the mineral potential map (Bonham-Carter, 1994a). The reclassification of
multi-class mapsinto binary mapsinvolves both objective and subjective methods. The spatial
weights of association (W* and W-) are calculated in order to quantify the spatia relationship
between the mineral deposit pattern and the pattern of a map that is used for prediction. The
weight estimates, the contrast between the weights (C = W* —W~, which gives auseful measure
of the strength of the spatial association), and the variances of the weights and the contrast, are
fundamental to isolating favorable unitsfrom the unfavorable or “background” units, and hence
for determining which map unitsare optimal for predicting the mineral deposit pattern. In many
cases, however, an optimum threshold between the favorabl e and not-so-favorable unit(s) isnot
always clearly defined, and subj ective techniques, tempered with agood amount of geologic and
other practical considerations, are necessary to determine the best cutoff(s).

Nominal (or categorical) scale multi-class maps, such as geological maps, are reclassified to
binary-classmaps by combining individual favorableunits, constrained only by what seemsboth
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geologically reasonable and numerically advantageous (Bonham-Carter, 1994b). The spatia
weights of association are recal culated to determine new values for W* and W- for the binary-
class predictor map. Weight estimates may even be recalculated on various groupings of
favorableunitsto determinewhich reclassifi cation combinati on optimisesthe spatial association
between the deposits and the map pattern.

For mapswithanordinal (or ranked), interval, or ratio level of measurement, such asgeophysical
or geochemical anomaly maps, or distance buffer maps, weights are cal cul ated using successive
cumulative map unit areas—weights are cal culated for each successive map classusing the area
of the map class being evaluated plus the area of the previously evaluated map classes.
Reclassification to a binary-class map respects the map class sequence, where the threshold
cutoff for the optimum number of unitstoincludeinthebinary-class predictor map isdetermined
by the number of successively combined units which collectively demonstrate the strongest
gpatial association (Bonham-Carter, 1994a, 1994b).

In practice, agraph is constructed which plots area-cumulative C along the y-axis and distance
buffers or anomaly intensities along the x-axis, as shown in Figure B.6. In this example, the
area-cumulative C peaks at the 3rd interval on the x-axis. For buffer zone distances, which are
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FigureB.6. Graph of area-cumulative contrast versus buffer zone distances
or anomaly intensity values.

area cumulative from the closest to the farthest distance interval from the buffered object (0 to
10), the combined map classes 0 to 3 show the highest strength of spatia association. For a
geophysical or geochemical anomaly, areacumulativefrom the highest anomaly valueto lowest
(10 to 0), the combined map classes 10 to 3 show the highest strength of spatial association.
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All binary-class minera predictor maps were coded as.

C 0 class—Predictor pattern missing (no data).
C 1 class—Predictor pattern absent (pattern not favorable).
C 2 class—Predictor pattern present (pattern favorable).

For additional information, see Bonham-Carter (1994a, p. 319-325), and Wright (1996, appendix
B-1).

B.5.4 Bayesan Map Overlay, and Generation of Mineral Potential and
Posterior Probability Uncertainty M aps

Once the binary-class predictor maps (layers of evidence) have been generated, the Bayesian
multi-map overlay procedure may be performed. Of all the weights of evidence modelling
procedures, the Bayesian map combination procedure is the most flexible in terms of
implementation. 1t may be carried out purely within the GIS using a map modelling technique,
or external to the GIS using a unique conditions map and table modelling technique in
conjunction with aFORTRAN utility to calcul ate the posterior probabilities. Both the internal
and external implementation methods of the Bayesian multi-map overlay procedure were
performed in this study.

Inthemap modelling approach, internal tothe GI S, the binary-class predictor mapsare combined
using an equation which specifies the weights associated with each layer of evidence and
evaluates the model at each pixel. Using a predetermined classification scheme, the posterior
probability values are grouped into numbered intervals which are assigned to the pixel (or in
other words, assigned as the output map class). A “quantiles’ approach to creating a
classification scheme is often used. This is an “area-based” percentiles scheme where the
posterior probability classintervals (the breakpoints) are determined so that each of the posterior
probability classes is roughly equal in area (see TYDAC Technologies Inc., 1993, Reference
Manual, p. 5-56, for more information). An example of aGIS map modelling equation used to
combinethelayersof evidenceisshowninTableB.7. A detailed review of theimplementation
of thistechnique is given by Wright (1996, appendix B-2(a)).

A morepowerful techniqueisunique conditionsmap and tablemodel ling, whichisimplemented
both internal and external to the GIS. The approach involves: (1) the generation of a unique
conditions map and associated (linked) attribute table; (2) the execution of an external
FORTRAN utility (PREDICT.EXE) which calculates probabilities and uncertainty factors for
various map combination methods, including weights of evidence, Bayesian (direct), ordinary
regression, logistic regression, and Dempster-Shafer; and (3) the reclassification of the unique
conditions map using the posterior probabilities and uncertainty factors calculated by
PREDICT.EXE. The main advantage of this method is calculation of the various posterior
probability uncertainty factors by PREDICT.EXE, which for each overlay operation includes
uncertainty due to weights variances, uncertainty due to missing data, the total uncertainty
(weight variances plus missing data), and relative certainty (t-values). PREDICT.EXE also
calculates the total number of expected deposits which are predicted by the model, as well as
generating a table of spatial weights of association (W" and W-) similar to WTS.EXE. Other
advantages of this method over the internal map modelling approach isthat it minimizes the
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number of times the model has to be evaluated, and PREDICT.EXE outputs all the datato an
ASCII table, which can be imported into any number of applications for further analysis (x-y
plots, etc.).

In the first step, a unique conditions overlay map is generated within the GIS from the binary-
class predictor maps which make up the “spatial framework” of mineral potential model. A
unique conditionsoverlay isamulti-map combination techniquethat produces: (1) asinglemap
composed of unequal-area polygons which are assigned the same class value if they consist of
the same overlap combination or characteristic of input maps, and (2) an associated (linked)
attribute table that contains the unique overlay combinations of map classes which compose a
particular unique conditions map class (see Fig. B.3; for additional details, see Bonham-Carter,
19943, p. 235-238; Bonham-Carter, 1991, p. 172). The objectiveisto perform the modelling
or data analysis on the table, rather than using the input maps directly, and to reclassify the
unigue conditionsmap according totheresults, which aredirectly linked to the unique conditions
map viathe unique conditions table (see Table B.2).

In the second step, two tables are exported from the GI Sand input into PREDICT.EXE: (1) the
unigue conditions attribute table (Table B.2), generated as a result of the unique conditions
overlay operation between the various binary-class mineral predictor maps (Fig. B.3); and (2)
atable contai ning the unique conditions map class val ue appended to the deposit point locations
(i.e—generated by a point-in-polygon analysi s between the deposits and the unigue conditions
map; see Table B.4 for an example). PREDICT.EXE performsthe overlay operation using the
information contained in the unique conditions and point-in-polygon attribute tables, and for
each unique conditions map class, it calculates a prior probability and the various uncertainty
factors (Table B.8).

In the third step, the output table from PREDICT.EXE (Table B.8) isimported into the GISand
used to reclassify the unique conditions map by posterior probability or any of the uncertainty
factors. The map reclassification schemeis created asindicated for the map modelling method
above. In this manner, a posterior probability mineral potential map, an uncertainty due to
welghts variances map, an uncertainty due to missing data map, atotal uncertainty map, and a
relative certainty map may be easily generated for a particular mineral potential model.

B.5.5 Conditional I ndependence Testing

Conditional independencetesting, both the pairwiseand overall tests, wasimplemented external
to the GIS. The FORTRAN utility ClI.EXE was used to conduct the pairwise test, whereas a
spreadsheet program was used to carry out a graphical solution (x-y plot) for the overall test.

For the pairwise test, the same tables that were input into PREDICT.EXE (see section B.5.4
above) were input into Cl.EXE (a unique conditions attribute table containing the area and a
listing of overlain map class combinations that compose each unique conditions map class, and
a table containing the unique conditions map class associated with every mineral deposit).
Example output is shown in Table B.9.
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The overal test was performed using data contained in the output table generated by
PREDICT.EXE (see Table B.8). The data were imported into the spreadsheet program and
processed as follows:

1

2.

Theexpected number of depositsfor each unique conditionsmap classwas cal cul ated by multiplying the map
class areaby its respective posterior probability.

Relative frequencies for the number of expected and the number of observed deposits were calculated by
normalizing the observed and predicted number of depositsto 1, respectively (i.e—for the observed deposit
frequency, the number of observed deposits associated with each unique condition map class is divided by
the total number of observed deposits; for the expected deposit frequency, the number of expected deposits
predicted for each unique condition map classis divided by the total number of expected deposits).

The observed and predicted rel ative frequencies were sorted in ascending order by the posterior probability
value. Notethat the observed and/or predicted frequencies may also be sorted on a second or third sort key,
but whether sorted or not, the absol ute maximum difference between the two frequencieswill not be affected
(e.g—1st sort key: posterior probability; 2nd sort key: observed relative frequency; 3rd sort key:
predicted relative frequency).

Theobserved and predi cted rel ativefrequencieswere cumul atively summed from lowest posterior probability
to highest (i.e—in ascending order).

Thecumulativerelative predicted frequency was subtracted from the cumul ative rel ative observed frequency
(observed minus predicted) to determine the absolute maximum difference between the observed and
predicted distributions.

The observed and expected cumulative relative frequencies were plotted against their common (shared)
posterior probabilities (the observed and expected cumul ativerel ative frequenciesare pl otted astwo separate
data series on the y-axis; the posterior probabilities are plotted as one data series on the x-axis).

The differences between the cumulative relative predicted frequency and the cumulative relative observed
freguency were plotted against their common (shared) posterior probabilities (the differences are plotted as
one data series on the y-axis; the posterior probabilities are plotted as one data series on the x-axis). The
absolute maximum datum point on this curve is the K-S statistic used for comparison to the critical tabled
K-Svalue.

An example of the graphical output for the overall test is shown in Agterberg (1989b, p. 81;
1993, p. 28), Davis (1986, p. 101), and Bonham-Carter et a. (1989, p. 180), aswell asin Chapter
7. Interpretation of the output for both conditional independencetestsisdiscussed in section B.3
above.
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| D geo-rc

TI TLE GEOLOGY. MAP Recl assification Table

TABTYPE 4
FTYPE free
KEYFI ELD 0
1 3 3.000000 O
2 50 30. 000000 O

geocl ass GEOLOGY. MAP map unit cl ass
name Map unit nane

3 25 5.000000 O code Map unit abbreviation code

4 1 3.200000 O area_% Area map unit covers in relative %

5 3 6.000000 O area_km Area map unit covers in Knt

6 3 1.000000 O 0-6ma | gneous units 0-6 Ma in age

7 3 2.000000 O 6-17ma | gneous units 0-6 Ma in age

8 3 2.000000 0O 17-34ma | gneous units 17-34 Ma in age

9 3 2.000000 O 34-43ma I gneous units 34-43 Ma in age

10 3 3. 000000 O felsic Igneous units felsic in conposition

11 3 2. 000000 O inter lgneous units internediate in conposition

12 3 2.000000 O mafic lgneous units mafic in conposition

13 3 3.000000 O i gneous | gneous rock units only

14 3 1. 000000 O rx_type Rock type reclass.--sed, ign, neta

15 3 2. 000000 O cnp/ age Rock conpositions/packages primary, age secondary
16 3 2.000000 O age/ cnp Age primary, rock conpositions/packages secondary
17 3 2.000000 0 sinple Sinplified according to major rock packages

DATA

1  "Aluvium "Qa " 43.22 12239500 0O O O O O
2 "Playa, Marsh, Alluvial-Flat ""Q " 4.61 13064 00 0 0O O O O
3 "Landslide ""Qs " 0.17 487 00 0 0O O O O
4  "Moraine " "Qm " 0.09 25000 0 0 0 0 O
5 "Oder Aluvium " "Qoa" 1.03 290700 0 O O O O
6 "Ryo Flows, Shallow Intrusives " "Qr " 0.00 560 0 0 6 0 O
7 "Andesite Fl ows, Breccias " "Qa" 0.09 26570 0 0 0 7 O
8 "Basalt Flows " "Qb" 0.58 164880 0 O O O 8
9 "Lacustrine Sedinentary Rocks " "Qs " 0.22 62300 0 0 0 O O
10 "Rhyolitic Intrusive Rocks " "Tri " 0.10 27500 0 0 100 O
11 "Mafic-Internediate Intrusives " "Tm " 0.05 13400 0 0 0 0 11
12 "Dioritic-Ganitic Intrusives " "Ti " 0.17 490 0 12 12 12 0 12 0
13 "Breccia " "Tbr " 0.03 8900 0 0O 0 O O
14 "Silicic Ash-Flow Tuffs " "Tt3 " 3.42 96750140 0 140 O
15 "Tuffs, Ryo Flows, Intrusives " "Trt " 0.14 38700 0 0 150 O
16 "Ryo Flows, Shallow Intrusives " "Tr3 " 3.28 9301 016 0 0 16 0 O
17 "Andesite, Internediate Rocks " "Ta3 " 1.59 4508 0170 0 0 17 0
18 "Andesite & Basalt Flows " "Tha " 2.54 7180018 0 0 0 180
19 "Basalt Flows " "Tb " 1.74 492500 0 O O O 19
20 "Banbury Fornation " "Thg " 1.33 377900 0 0 O 0O 20

O ~NOOOOOoOOoOOo

19
20

NNNNNMNNMNNENMNNMNNENNMNNRRPRRERPRE

R e

oo ook, OGO, RFPEFRRERPRE

NNNOOOOUUONDRNOOR R R R R

Table B.1. Example of an attribute table used for map reclassification. In SPANS GIS, atable consists of aheader
section (above and including the line “DATA™), which describes the contents and format of a table, and a data
section (below theline“DATA™). Polygon or map class attributes are arranged by row, one row for each polygon
or map class. Each row iscomposed of fields (columns) containing spatial or non-spatial attribute information for
aparticular polygon or map class. This example shows part of atable used to reclassify the digital representation
of the Stewart and Carlson’s (1978) geologic map of Nevada (Turner and Bawiec, 1991).
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I D uqpr7
TI TLE uqpr 7
MAPI D ugpr 7
WNDOWnv 0 0 0 O
TABTYPE 5
FTYPE fi xed
KEYFI ELD 2
KEYBASE 0
NRECORD 154
1 0 15.400000 O area area
2 4 7.000000 O uqpr7 uqpr7
3 4 7.000000 O bfftbipr bfftbipr
4 4 7.000000 O bfplbipr bfplbipr
5 4 7.000000 0 geobihi geobih
6 4 7.000000 0 geobil ow geobil ow
7 4 7.000000 O gisobipr gisobipr
8 4 7.000000 0 knabipr knabi pr
9 4 7.000000 0 naghipr nagbipr
DATA
35810. 4492 1 1 1 1 1 1 1 1
35414. 3555 2 1 1 1 1 2 0 1
32857. 1758 3 1 1 1 1 1 0 1
28826. 8594 4 1 1 1 1 2 1 1
17017. 4883 5 2 1 1 1 2 0 1
15845. 0723 6 1 1 1 1 2 0 2
12352. 0596 7 1 1 1 1 2 1 2
11994. 0527 8 1 1 1 1 1 1 2
11739. 1426 9 2 1 1 1 2 1 1
11134. 8115 10 1 1 1 1 1 0 2
9268. 6045 11 2 1 1 1 1 1 1
9218. 2227 12 2 1 1 1 1 0 1
5113. 7158 13 2 1 1 1 2 0 2
4804. 6558 14 2 1 1 1 2 1 2
4047.9116 15 2 1 1 1 1 0 2
3502. 2903 16 2 1 1 1 1 1 2
2172. 3958 17 1 2 1 1 2 1 1
1687. 9227 18 1 2 1 1 2 1 2
1501. 7610 19 1 2 1 1 2 0 2
1417. 7291 20 1 2 1 1 2 0 1
1397. 7980 21 1 2 1 1 1 1 1
1376. 5876 22 1 1 1 1 2 2 1
1198. 1527 23 2 2 1 1 2 1 1
997. 4451 24 1 1 1 2 2 1 1
899. 9293 25 2 2 1 1 1 1 1
876. 3833 26 2 2 1 1 2 0 2
842. 8678 27 1 2 1 1 1 0 1
821. 7247 28 1 2 1 1 1 1 2

Table B.2. Example of a unique conditions map attribute table output from SPANS GIS. The table consists of a
header section (above and including the line“DATA"), which describes the contents and format of the table, and
adatasection (below theline“DATA"). The data section showsthe area of aunique conditions map class (column
1), the unique conditions map class | D number (column 2; thelink to the map), and the unique combination of input
map classes that compose the unique conditions map class (columns 3-9; corresponding to the map names listed in
lines 3-9 of the header section). Thistable was created by a unique conditions overlay of seven binary-class maps,
where 1 and 2 represent amap class and 0 indicates no map classes present.




B28

SI NGLE MAP ANALYSI S

Map :  geol ogy - geol ogy

W ndow : nv - Wiole of Nevada - Full Screen

C ass Legend Area % Cumm %  Area (kn?)

(% Area (k)

1  Aluvium 43. 22 43. 22 122395
2 Pl aya, Marsh, Alluvial-Flat 61 47.83 13064
3 Landsl i de 17 48. 00 487
4 Mor ai ne 09 48. 09 250
5 dder Alluvium 03 49.12 2907
6 Ryo Flows, Shallow Intrusives 00 49.12 5
7 Andesite Fl ows, Breccias 09 49.21 265
8 Basal t Fl ows 58 49.79 1648
9 Lacustrine Sedi nentary Rocks 22 50. 01 623

10 50. 11 275
05 50. 16 134
17 50. 33 490
03 50. 36 89
42 53.78 9675
14 53.91 387

Rhyolitic Intrusive Rocks
Mafic-Internmedi ate I ntrusives
Dioritic-Granitic Intrusives
Brecci a

Silicic Ash-Flow Tuffs
Tuffs, Ryo Flows, Intrusives

e
[ENNS)

e
o b wN

4.

0.

0.

1.

0.

0.

0.

0.

0.

0.

0.

0.

3.

0.
16 Ryo Flows, Shallow Intrusives 3.28 57.20 9301
17 Andesite, Internedi ate Rocks 1.59 58. 79 4508
18 Andesite & Basalt Fl ows 2.54 61. 32 7180
19 Basalt Flows 1.74 63. 06 4925
20 Banbury Formation 1.33 64. 40 3779
21 Ash-Flow Tfs, Tfs Sed Rocks 0.96 65. 36 2713
22 Tuffaceous Sedi mentary Rocks 5.19 70. 55 14701
23 Horse Spring Formation 0. 09 70. 63 246
24 Continental Sedinmentary Rocks 0.14 70.77 399
25 Silicic Ash-Flow Tuffs 6.72 77.49 19026
26 Ryo Flows, Shallow Intrusives 0. 45 77.94 1278
27 Andesite, Internediate Rocks 1.18 79. 12 3347
28 (A der Basalt Rocks 0.03 79.15 85
29 Tuffaceous Sedi nentary Rocks 0.11 79. 26 298
30 Silicic Ash-Flow Tuffs 0.56 79. 82 1586
31 Ryo Flows, Shallow Intrusives 0.58 80. 40 1649
32 Andesite, Internedi ate Rocks 0.75 81. 16 2137
33 Sedinentary Rocks 0.19 81. 35 547
34 Continental Sedinmentary Rocks 0. 09 81. 44 254
35 Continent dastics, Linmestone 0. 05 81. 49 143
36 Ganitic Rocks, Central & East 0.11 81. 60 309
37 Monzonite & Granodiorite 0.15 81. 75 416
38 Ganitic Rocks, West 0.82 82.56 2312
39 Qz-Mnzonite & Ganodiorite 1.13 83.70 3211
40 Diorite 0.07 83.76 185
99 (Quartzite, dastic, Carbonates 0.13 99. 57 374
100 Granitic Rocks 0.08 99. 65 233
101 Met anor phi ¢ Rocks 0.35 100. 00 992
Total of 101 cl asses 100. 00 100. 00 283219

Table B.3. Map area analysis table output from SPANS GIS. Percent of total area, cumulative percent area, and
area in km? are given for each map class. This example shows part of the area analysis table for the digital
representation of the Stewart and Carlson’s (1978) geologic map of Nevada (Turner and Bawiec, 1991).
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| D geoar ea

TITLE All MRDS Au and Ag Contai ning Deposits

MAPI D geol ogy

TABTYPE 2

FTYPE free

NRECORD 2690
1 5 15.000000 0 norton Mrton Coordinate
2 3 1.000000 O size Size of Cccurrence (0-Unkn, 1-Large
3 4 6.000000 0 geol ogy GEOLOGY. MAP Map Cl ass Nunber

DATA
17ae6b8 1 101
17b0ec3 1 1
17b32ef 1 101
17b8057 1 1
17b85ae 1 101
17b88a2 1 101
17b8ad2 1 101
17b9391 1 101
17b9898 1 101
17ba27a 1 101
17ba880 1 101
17bd561 1 17
17c5al5 1 100
17c7ed6 1 100
17¢d78b 1 100
17¢d78b 1 100
17cf c4af 1 101
17d4873 1 100
17d48b1 1 17
17d8928 1 101
17e20b4 0 1
17e25f 8 0 1
17e29c7 1 5
17e2b94 0 5
17e2bdl 1 5
17e2c3c 2 17
17e2c8f 1 17
17e2ell 1 17
17e2ecl 3 17
17e3eld 1 101
17e3ec9 1 101
17e6a8e 1 101
17e8155 1 5
17e833d 0 17
17e8612 0 17
17e8683 1 17
17e8c09 1 17
17e8c5b 1 17
17e906d 1 12

2- Medi um 3-Smal |)

TableB.4. Point-in-polygon analysistable output from SPANS GIS. Thetable consists of aheader section (above
and including theline“DATA"), which describes the contents and format of atable, and a data section (below the
line“DATA"). Thegeographic position (column 1), the size (column 2), and the coincident map class (column 3)
are given for each gold-silver occurrence. This example shows part of the point-in-polygon analysis table for the
digital representation of the Stewart and Carlson’ s(1978) geol ogic map of Nevada (Turner and Bawiec, 1991). The
geographic positions of the gold-silver occurrences are given in Morton coordinates (for more information, see
TYDAC TechnologiesInc., 1993). Gold-silver occurrencesize classification schemeisfromthe Metallogenic Map

of North America (Guild, 1968).
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Name of file:

Total no of points: 26

Area of unit cell

Total area

geol pr. WI'S

90

1. 000000 sq. kmns

283219. 000000 unit cells
283219. 000000 sqg. kns.

The followi ng table is non-cunul ative
Areas in unit cells

d ass
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
28 28
29 29
30 30
31 31
32 32
33 33
34 34
35 35

Ar ea

122395
13064
487

Poi nts

198
4

2

6
16
0

0
26
0
12
14
12
0
44
2
113
128
47

30
28

300

-1.
-3

W Sdt (W)

7776
4435

. 8435

. 9421

. 5493

. 5142

. 5603
. 4991

. 9628

. 7410
. 6126

. 2492

. 1147
. 3748
. 7554

. 1540

. 6141

. 5136
. 9194
. 8988

. 0462
. 0039
. 7598

. 2507

. 2633
. 8859

. 0711
. 5001
. 7086
. 4132
. 2507

. 1977

. 2952
. 2824
. 2923

. 1511
. 7089
. 0946
. 0897
. 1463
. 5775

. 1836
. 1892

. 0582
. 1848
. 1153

1.0017
. 2594
1.0003
. 1973
. 5018
1.0020

W

. 4955
. 0462
. 0010
. 0014
. 0044

. 0039

. 0035
. 0048
. 0028

. 0184
. 0006
. 0096
. 0330
. 0081
. 0166

. 0016
. 0433

. 0492
. 0068
. 0173

. 0007
. 0000
. 0055
. 0022
. 0004
. 0005

Sdt (W)

. 0202
. 0194
. 0194
. 0194
. 0194

. 0195

. 0194
. 0194
. 0194

. 0195
. 0194
. 0198
. 0199
. 0195
. 0194

. 0195
. 0195

. 0206
. 0195
. 0197

. 0194
. 0194
. 0194
. 0195
. 0194
. 0194

- 2.
-3

C

2731
4897

. 8445

. 9435

. 5537

. 5181

. 5638
. 5039

. 9656

. 7595
. 6132

. 2589

. 1478
. 3830
L7719

. 1556

. 6573

. 5628
. 9262
. 9161

. 0469
. 0039
. 7653

. 2528

. 2638
. 8864

sdt (O

. 0739
. 5005
. 7088
. 4137
. 2514

. 1986

. 2958
. 2831
. 2929

. 1524
. 7092
. 0967
. 0918
. 1476
. 5779

. 1846
. 1902

. 0617
. 1858
. 1170

1.0019
. 2602
1. 0005
. 1983
. 5022
1.0022

Stud (O

-30
- 6.
-1.

2
- 2.

[e0]

-4,

12.
-2,
-4,

7446
9731
1914
2806
2019

. 6083

. 2862
. 8448
. 2964

9849

. 8647
. 6772

4972
5938
7970

. 8429

. 7152

. 1194
. 9853
. 8327

. 0450

-.0151

. 7640
. 2752
. 5252
. 8845

Table B.6. Output from the FORTRAN utility WTS.EXE for the weights of spatial association estimation
component of weights of evidence mineral potential modelling. The table consists of a header, which summarizes
the map and point dataset analysed, and adata section. The data section containsthefollowing for each map class:
the map class number (columns 1 and 2); areain unit cells (column 3); total number of coincident points (mineral
deposits, column 4); positive weight of association (W*, column 5); standard deviation of W* (column 6); negative
weight of association (W-, column 7); standard deviation of W~ (column 8); contrast or W* and W~ (C, column 9);
standard deviation of C (column 10); and studentized C (column 11). This example shows part of the weights of
spatial association measurements between the gol d-sil ver-bearing occurrences and the digital representation of the
Stewart and Carlson’s (1978) geologic map of Nevada (Turner and Bawiec, 1991). See text for discussion of
spatial association coefficients.
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;Wi ghts of evidence nodel |ing Bayesian multi-map overlay procedure.

: Response variabl e (point dataset) is the Nevada MRDS gol d-silver occurrences.
:Builds a posterior probability nmap based upon 11 | ayers of evidence.

:Begin cal culations...

:Define the prior probability...

:Prior probability = total # of points / total area of study region

(if aunit cell is defined as 1knf)
.or, also considered as...

# of unit cells with occurrences / total area in unit cells

:Nunmber of occurrences = 2,690 (all gold-silver occurrences)
:Total area of analysis = 283,219 knt
:Prior probability = 2690/283219 = 0.009498

priorp = 0.009498
:Cal culation of log of prior odds fromprior probability...
Iprioro = log(priorp / (1.0 - priorp))

:Assign the weights to binary-class mineral prediction maps nil to nil.
: The maps (nanes in quotes) are coded as:
0 class - predictor pattern missing (no data)
1 class - predictor pattern absent (pattern not favorable)
: 2 class - predictor pattern present (pattern favorable)
: The weights were deternm ned using WIS. EXE and are hard-wired into the equation.

W (predictor pattern present) W (predictor pattern absent
ml = { 0.4560 if class('banabipr') == 2, -0.1110 if class('banabipr') ==1, 0 };
nm2 = { 0.6264 if class('bfftbipr') == 2, -0.3898 if class('bfftbipr') ==1, 0 };
mB = { 1.4221 if class('bfplbipr') == 2, -0.2829 if class('bfplbipr') ==1, 0 };
m = { 2.6252 if class('geobihi') == 2, -0.1267 if class('geobihi') ==1, 0};
nb = { 1.1853 if class('geobilow) == 2, -0.0985 if class('geobilow) ==1, 0 };
nm6 = { 1.8140 if class('geobined ) == 2, -0.2620 if class('geobinmed') == 1, 0 };
nv = { 0.9598 if class('gedvbipr') == 2, -0.3418 if class('gedvbipr') ==1, 0 };
m = { 0.2139 if class('gisobipr') == 2, -0.3252 if class('gisobipr') ==1, 0 };
m = { 1.0010 if class('knabipr') == 2, -0.0560 if class('knabipr') ==1, 0};
ml0 = { 0.3904 if class('magbipr') == 2, -0.2147 if class('magbipr') ==1, 0 };
mll = { 0.4816 if class('trrnbipr') == 2, -0.2565 if class('trrnbipr') ==1, 0 };

;Total the weights...
wot =nml +n2 +nB +m +nb +nb +nV +nd + nl0 + nil;
;Add the log prior odds to the totalled weights to get |og of posterior odds...
| posto = I prioro + wtot;
;Convert | og odds to odds, but make O if all the weights are zero...
posto = {exp(lposto) if wtot <> 0, 0};
;Convert posterior odds to posterior probability...
postp = posto / (1.0 + posto);
;Build the posterior probability nap...

post p;

Table B.7. Example of weights of evidence Bayesian map overlay modelling equation implemented in SPANS
GIS. Colons":" indicate comment lines.
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I D ugpr 1l

TI TLE Wi ghts of Evi dence

MAPI D ugpr11 (uni que conditions overlay map of 11 binary-class m neral

TABTYPE 5
FTYPE fre
KEYFI ELD
NRECORD

W ~NOO UL WNE
OoooopM~MbdMO

DATA
28205.
25433
18652.
13665
12665.
11266.

9648
8824
7443
7103
6235
5949.
5257.
4657.
4400
4067.
3665.
3191.
2965
2938
2816.
2541.
2317.
2086.
2043
2023
1953

15
7
7

10

10

10

10.

10.

e

2

1144
400000
000000
000000
400000
400000
400000
400000
400000

3300
8100
4200
1100
0000
3000
6680
1040
1330
5460
7220
4050
2710
6000
3140
2670
3160
0030
6220
4030
4610
2050
4540
0970
0330
4960
3160

[eNeNeoNolNelNolNolNo

© oo ~NOO O WN -

NNNRNNNNNRPRRRRRERRERR
NOUBRWNRPRPOO®ONOUAWNLRO

area
uni g
depos
post p
t post
sdevw

area
uni que conditions map cl ass
nunber of deposits
posterior probability
Studenti zed post prob
Uncertainty (weights)

sdevm Uncertainty (m ssing)

st ot

32
36
41
34
14
27
33
23
23
59
18

8
45
39
29
19
16

8

N U1l oo~ wWoO

50
13

Total uncertainty

. 0010 3.1488 . 0001
. 0016 3. 1630 . 0001
. 0008 11.6187 . 0001
.0014  12.0878 . 0001
. 0030 3.1705 . 0002
. 0017 11. 4680 . 0001
. 0018 3. 1516 . 0001
. 0045 3. 1868 . 0003
. 0015 11. 4479 . 0001
. 0026 11.9010 . 0002
. 0029 11. 9252 . 0002
. 0027 3. 1626 . 0002
. 0165 3.2798 . 0012
. 0022 11.6428 . 0002
. 0038 12. 1258 . 0003
. 0060 3.1934 . 0005
. 0034 3.1743 . 0003
. 0031 11.3124 . 0003
. 0048 3. 1767 . 0004
. 0083 3. 2137 . 0006
. 0030 10. 4588 . 0003
. 0051 10. 8136 . 0005
. 0020 3. 1539 . 0002
. 0047 11. 5095 . 0004
. 0080 11. 9945 . 0007
. 0070 11. 9625 . 0006
. 0041 11. 4850 . 0004

. 0003
. 0005
. 0000
. 0000
. 0009
. 0000
. 0005
. 0014
. 0000
. 0000
. 0000
. 0008
. 0049
. 0000
. 0000
. 0018
. 0011
. 0000
. 0015
. 0025
. 0000
. 0000
. 0006
. 0000
. 0000
. 0000
. 0000

predi ctor nmaps)

. 0003
. 0005
. 0001
. 0001
. 0010
. 0001
. 0006
. 0014
. 0001
. 0002
. 0002
. 0008
. 0050
. 0002
. 0003
. 0019
. 0011
. 0003
. 0015
. 0026
. 0003
. 0005
. 0006
. 0004
. 0007
. 0006
. 0004

Table B.8. Output from the FORTRAN utility PREDICT.EXE for the Bayesian multi-map overlay component of
weights of evidence mineral potential modelling. The output tableisformatted for direct import into SPANS GIS,
and consists of a header section (above and including the line“DATA"), which describes the contents and format
of atable, and a data section (below the line “DATA"). For each unique conditions map class, the following is
given: area (column 1); unique conditions map class ID number (column 2); total number of coincident points
(mineral deposits, column 3); posterior probability (column 4); studentized posterior probability (relative
uncertainty, column 5); uncertainty due to variances in the weights (column 6); uncertainty due to missing data
(column7); and total uncertainty (column 8). Any of these attributes may be used to reclassify the unique conditions
map generated for this particular model (in thisinstance, all 2690 gold-silver-bearing occurrences and 11 binary-
class mineral predictor maps). See text for discussion.




map nunber 1 banabi pr. map (Ba/ Na geocheni cal anonal y)
map nunber 2 bfftbi pr.map (buffer zones around faults)
map nunber 3 bf pl bi pr. map (buffer zones around pl utons)
map nunber 4 geobi hi.map (lithol ogy)

map nunber 5 geobil ow. map (lithol ogy)

map nunber 6 geobi med. map (| ithol ogy)

map nunber 7 gedvbi pr.map (diversity of Ilithol ogy)

map nunber 8 gi sobi pr.map (isostatic gravity anonaly)
map nunber 9 knabi pr. map (K/ Na geocheni cal anonaly)
map nunber 10 maghbi pr. map (geonmagneti c anonal y)

map nunber 11 trrnbipr.map (lithotectonic terranes)

Chi - squared summary table

Upper triangle -- conditional independence (deposits only)
Lower triangle -- conditional independence (non-deposits only)
1 2 3 4 5 6 7 8 9 10 11
1 0. 00 35.73 32.57 15. 05 0.03 0. 85 93. 47 95.73  486. 34 6. 60 78.37
2 0.00 21.71 0. 66 0. 39 0.64 124.92 8. 46 31.21 14. 80 2.93
3 0. 00 31.13 44,13 1.19 39.81 45. 46 29.91 4.50 29.93
4 0.00 57.30  139.23 12. 67 8. 04 0.78 1.25 95.93
5 0. 00 142. 54 0. 00 5.70 12.39 21.01 49. 60
6 0. 00 4.32 18. 25 0.11 5. 82 0. 58
7 0. 00 23.44 43.94 1.56 0.19
8 0. 00 5.71 20. 37 1.81
9 0. 00 17.21 6.14
10 0. 00 4.51
11 0. 00

Table B.9. Output from FORTRAN utility CI.EXE for the error analysis component of weight of evidence mineral potential modelling. Pairwise conditional
independence test X? scoresfor 11 binary-class predictor map pair combinations. The predictor maps are denoted as numbers 1-11 along the left-hand and top margin
of the lower table, and are keyed to map names shown in a legend which appears over the table of X? scores. Note that only the upper right-hand triangular block

of X2 scores (bold italic numbers) shows the conditional independence between the 11 binary-class predictor map pairs with respect to the deposits. See text for
discussion.
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Standard and Quadtree Raster Data Structures

|

| i

A B

FigureB.1. Afull expanded uniform-sized pixel raster structure (A) and ahierarchical variablesized pixel quadtreedatastructure (B). Thevector outline of Nevada
issuperimposed onagridwhich representsthe pixel configuration of thedatastructures. Thegray highlight indicatestheraster equival ent of thevector datastructure
(cell sizesareexaggerated).
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Two- and Multi-Map Overlay
and Combination M ethods

Combined
Map A Map B Maps A & B

0 0 0
BE (1] 2
Impose i

o b L
0 0 0
| s 1L 2
1 5
| DA
3 4 3 ‘ 4
0 0
1 2
Join 1 I>
i m [
0 0 0
1 2 1
Compare 2 i>
T, 3
4
0 0
Map/Class- ﬂ [

Weighted
(map B is weighted i
heavier than A)

Figure B.2. Two-map and multi-map overlay and combination methods. Figure adopted from Bonham-
Carter (19944, p. 223, 225, 226, 229, and 230). Seetext for discussion.
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Entity and Unique Conditions Map

Overlays and Linked Attribute Tables
Map A 1 @ Map B
: (2)
2
Map {y
. 4 Operation 4 .
Unique 1 1 Unique
Polygons @ @ Conditions
(Entty) (2 (2) Map
Map p @ 3 @ AB
AB
6 8 5 6
Attribute Tables (below) Linked to Respective Maps (above) Via Map Class
Map Class Class Map | Class Class
Class| MapA Map B Class| MapA Map B
Unique 1 1 1 1 1 1 Unique
Polygons | 2 1 2 }/v 2 1 2 Conditions
(Entity) 3 1 2 3 1 3 Attribute
Attribute | 4 ; 2 4 2 j Table
Table > 7 > A-B
6 2 4 6 2 1
AB 7 2 4 }
8 2 1

Figure B.3. The generation of asingle map from overlaying multiple maps. There are two basic types of
map overlay operations: (1) an entities overlay, where each new polygon created by the intersection of
polygons composing theinput mapsisassigned aunique classvalue, or entity number (left side of diagram);
and (2) aunigue conditions overlay, where the new polygons are assigned the same class value (grouped) if
they consist of the same overlap combination or characteristic of input maps (a "unique condition"
intersection of input map classes; right side of diagram). The map overlay operation also produces an
associated (linked) attribute tablethat containsinformation detailing the overlay combinations of input maps
which congtituteeach overlay map class. Figureandtextmodified fromBonham-Carter (19944, p. 236). See
text for discussion.
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Weights of Evidence Multi-Map
Overlay Modelling Method

FigureB.4. The weights of evidence (WOE) mineral potential modelling
method isillustrated by the flow chart on the opposite page. WOE may be
subdividedinto twomain procedures:

i.  Caculation of W' and W~ weights of spatial association
between the response variable and the predictor variable(s),
which in this instance are point objects representing gold-
silver-bearing occurrences, and multi-class map patterns
representing various geologic phenomena. W' and W are
calculated for each of the predictor variable map classes. The
weights are then used as a guide to reclassify a multi-class
predictor variableto abinary-class predictor variable (abinary-
class deposit predictor map), where binary-class map pattern
present represents mineralization-favorable conditions, and
binary-class map pattern absent represents mineralization-
unfavorableconditions.

Ii.  Combination of predictor variables (the "layers of evidence")
in a multi-map overlay operation where a loglinear version of
Bayes Rule is used to sum and update the weights associated
with each of the map classes that come into coincidence,
producing a compound posterior probability mineral potential
map which closely exhibits the distribution of known
occurrences and indicates areas where more occurrences are
expected thanare observed.

Seethetext for amoredetail ed discussion.
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Response Predictor
Variable Variable
Point Point-in-Polygon Area
Density Analysis Analysis

Meagurem9nt of
Spatial‘Association

Bayesian

L , Map
Overlay
Modelling
Prior Predictor
Classification (layers of evidence)

Scheme

5

Posterior Probability Mineral Potential Map

Figure B.4, continued.
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Spatial Overlap Relationships

Distribution of Mineral Deposits
Relative to a Binary Mineral
Predictor Pattern Being Evaluated

&——— Mineral Deposits

Binary Mineral Predictor Pattern

Study Area

Venn Diagram Showing the Spatial

Overlap Relationships Between the

Binary Mineral Predictor Pattern and
the Deposit Distribution Pattern

A = Study Area

D = Mineral Deposit Distribution
Binary Pattern (either "present”

B or "absent")

B = Mineral Predictor Binary Pattern
(either "present” or "absent")

Four Spatial Overlap Combinations:

D1B—regions where both deposit and predictor patterns present.
D1B—regions where deposit pattern present, predictor pattern absent.
D1B—regions where deposit pattern absent, predictor pattern present.
D1B—regions where neither deposit nor predictor patterns present.

Figure B.5. Diagrams illustrating the spatial overlap relationships on which the weights of spatial

association (W" and W) are measured. The value of the weights depend on the ratio of depositsthat fall on
the binary mineral predictor pattern to the total number of deposits, againgt, the ratio of the binary mineral
predictor pattern areato thetotal study region area. Seetext for discussion. Modified from Bonham-Carter
(19944, p. 305, 311, and 316).
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APPENDIX C

Mineral Potential Map Generation,
Conditional Independence,
and Uncertainty:

Section Contents:
C.1  Genera Introduction (organization of materials presented)
C.2 Minera Potentia Maps Generated

C.3 Conditional Independence

C.3.1 Introduction

C.3.2 Resultsof the Pairwise Test

C.3.3 Resultsof the Overall Test

C.3.4 Mitigation of Conditional Dependence

C.3.5 Interpretation of Conditional Dependence

C.3.6 Comparison Between Cl-Mitigated and Unmitigated Mineral Potential Maps

C.3.7 Comparison Between Minera Potential M aps Generated by the Weightsof Evidenceand
Weighted Logistic Regression Methods

C.4  Uncertainty of the Mineral Potential Maps
C.4.1 Introduction
C.4.2 Maps of Mineral Potential Uncertainty



C2

C.1 General Introduction

Much of the material covered in here is organized in a 2-fold manner: for each of the three
occurrence-types(primary, sedimentary and vol cani c rock-hosted), two mineral potential models,
composed of adiffering number of evidencelayers, areexamined (making atotal of six models).
The first model is based on all of the binary-class mineral predictor maps, while the second
model isbased on afewer number of predictor maps, where one or more mapshave been rejected
in order to make the model more statistically sound and/or geologically robust. Assuch, apair
of tables, graphs, figures, or mapsis presented for each of the three occurrence-types (primary,
sedimentary and vol canic rock-hosted), resulting in atotal number of six tables, graphs, figures,
or maps necessary to characterize or illustrate any one point.

C.2 Mineral Potential M aps Generated

A total of six weights of evidence (WOE) mineral potential mapswere produced—two for each
of the primary, sedimentary and vol canic rock-hosted occurrence-types. Thefirst map is based
on all evidencelayers(Figs. C.1a, C.2a, and C.3a). The second map isbased on afewer number
of evidencelayers, where predictor mapswere removed from the model in an attempt to mitigate
conditional dependency violations (Figs. C.1b, C.2b, and C.3b). Conditional independence and
its mitigation are discussed below in section C.3.

In addition, three more mineral potential maps, generated using the weighted logistic regression
(WLR) method of predictor map combination, are presented for comparison with the “all-
evidence-layers” WOE-derived mineral potential maps for each occurrence-types (Figs. C.1c,
C.2c, and C.3c). Weighted logistic regression is covered below in section C.3.7.

All binary-class minera predictor maps were coded as.

C 0 class—Predictor pattern missing (no data).
C 1 class—Predictor pattern absent (pattern not favorable).
C 2 class—Predictor pattern present (pattern favorable).

Where data coverage was not complete for an predictor map (e.g—K/Na and Ba/Na
geochemical anomaly maps), theareawasassigned “ pattern unknown” and weighted as“0” for
the WOE-derived posterior probability mineral potential maps. For the WLR-derived maps,
where no way for representing missing datais possible, areas of incompl ete data coverage were
reclassified to “ pattern not present”, and was done so in order to facilitate the comparison
between the WOE and WLR map combination methods.

The WOE-derived mineral potential maps were classified using a “quantiles’ approach—an

“arearbased” percentilesschemewherethe posterior probability classintervals(the break points)

are determined so that each of the posterior probability classes is roughly equal in area (see
section B.5.4; also see TYDAC Technologies Inc., 1993, Reference Manual, p. 5-56, for more
information). The WLR-derived mineral potential maps were aso classified using the same
WOE-derived map classification schemes, so that an absol ute-scal e comparison could be made
between the WOE-derived and WL R-derived maps.
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C.3 Conditional Independence

C.3.1 Introduction

Conditional independence (Cl) between the binary-class mineral predictor map patterns, with
respect to the gold-silver-bearing occurrences, is assumed to exist and is necessary when adding
the weights of various types of evidence. For a mineral potential model and its resultant
posterior probability map to be robust, the presence of a mineralization-favorable map pattern
in one layer of evidence (a predictor map) should not be dependent on the presence of a
mineralization-favorable map pattern in another layer of evidence. Conditional independence
istested for using pairwise and overall goodness-of-fit methods. If apredictor map isfound to
be in serious violation of the assumption of ClI, it can then be (1) rejected from the model, (2)
combined with another map in order to minimize the dependency, or (3) modified in some way
to reduce the problem (for more information, see Agterberg et al., 1990; Bonham-Carter,
19943).

Both the pairwise and overall CI tests make use of the observed versus the expected number of
observations (gold-silver-bearing occurrences). The expected number of occurrences in this
instance is calculated by multiplying the total area of the predictor map pattern (in km?) by its
associ ated posterior probability (thisassumesthat thetotal region of the study areaisrepresented
in 1 km? size unit cells, where an occurrence is represented by one unit cell, or is 1 km?in size)
(see Bonham-Carter, 19944, p. 317). The theoretical aspects and the implementation of these
tests are described in the sections B.3 and B.5.

The principal points madein thissection are: (1) conditional dependency between the layers of
evidence for the mineral potential models does exist, however, the “predictive’ quality of the
mineral potential mapsisnot seriously affected; and (2) the posterior probability mapsgenerated
from the mineral potential models should be considered as “favorability” rather than
“probabilistic” mineral potential maps. The results of the pairwise and overall goodness-of -fit
testsare presented below in sections C.3.2 and C.3.3. Corrections madeto the mineral potential
modelsto mitigate Cl problemsarereviewed in section C.3.4. Interpretation of the pairwiseand
overall goodness-of-fit test resultsis reviewed in section C.3.5 and an evaluation of resultsis
presented in sections C.3.6 and C.3.7.

C.3.2 Results of the Pairwise Test

The pairwise goodness-of-fit test measures conditional independence (Cl) between all possible
pairings of the binary-class predictor maps by calculating the x? (chi-square) statistic for each
map pair, and comparing the calculated value of x? to the tabled value of x? having one degree
of freedom (Bonham-Carter, 1994a). Theresults of the test are typically presented in the form
of pairwise cross-tabulation tables (see sections B.3.2 and B.5.5).

The results of the pairwise x* test for the primary, sedimentary and volcanic rock-hosted
occurrence-typemineral potential modelsare presentedin summary forminTablesC.1, C.2, and
C.3. A probability level threshold of 98% (X7 5, = 5.41) was chosen asthe null hypothesis (that
Cl exists) rejection-acceptance cutoff. Two tablesof x?test resultsaregiven for each of thethree



Cc4

occurrence-types. Each table representsamineral potential model that isidentified with alabel
consisting of the occurrence-type (primary, sed-hosted, or vol-hosted) and the number of layers
of evidence composing the particular model (11, 9, etc.). Tables C.1a, C.2a, and C.3a show x?
scores for mineral potential models that combine all of the predictor maps for a given mineral
potential model. Tables C.1b, C.2b, and C.3b show x? scores for mineral potential models that
combine a fewer number of predictor maps, where some maps have been rejected from the
mineral potential model in an attempt to mitigate serious CI violations that appear in Tables
C.1a,C.23,and C.3a. Therespectivemineral potential model srepresented by TablesC.1b, C.2b,
and C.3b arenot fully optimized with respect to the x* test—al | map combinationsthat yield high
rejection-level x? values (> 5.41) have not been eliminated. Instead, these tables represent
mineral potential modelsthat are ageol ogically-sensible compromi se between two end-member
models. One end member mineral potential model is the combination of all predictor maps,
which yieldsmany highx? scores. The other end member model isacombination of fewer maps,
which yields x? scores all below 5.41, but consists of relatively few predictor maps (e.g.—to
eliminateal conditional dependency for the primary 11-layer mineral potential model, 8 of the
11 maps would have to be rejected from the model).

C.3.3 Reaultsof the Overall Test

The overall goodness-of-fit test is a measure of the conditional independence (Cl) among all of
the layers of evidence in a model as a whole. The overall method is a ssmple procedure
involving the relative comparison of predicted versus observed occurrences—if the total
predicted number of occurrences is much larger than the total observed number (greater than
~10-15%), it suggeststhat Cl isbeing violated, and may warrant acheck of the pairwisetestsand
some sort of remedial action (Bonham-Carter, 1994a). The overall goodness-of-fit can also be
evaluated using the Kolmogorov-Smirnov (K-S) statistic. The K-Stest isbased onthemaximum
deviation of the observed number of occurrencesfrom the predicted number, and theresults are
typically presented in graphic form (see sections B.3.3 and B.5.5).

Thetotal expected versustotal observed number of occurrencesfor the various occurrence-type
mineral potential models and other overall Cl test result data are given in Table C.4. The
graphical results of the K-S test are shown in Figures C.4, C.5, and C.6. For each of the three
occurrence-types, two mineral potential model sweretested (aswas performed with the pairwise
x*test). Figures C.44a, C.5a, and C.6ashow the K-Stest resultsfor the various mineral potential
models using al of the available layers of evidence. Figures C.4b, C.5b, and C.6b show the
results for mineral potential models that are composed of fewer layers of evidence, where an
attempt has been made to mitigate serious Cl violations (the“ a” and“ b” seriesK-Stest figures
are complementary to the“ a” and “ b” series x? test tables). The figures also show the critical
K-S statistic cut-off values and the K-S values calculated for each of the models.

C.3.4 Mitigation of Conditional Dependence

Both the x? pairwise tests and the overall tests indicate that a high degree of conditional
dependency exists between the various layers of evidence, with respect to the occurrences, for
al of the occurrence-type mineral potential models. The lack of Cl occurs most notably in the
mineral potential modelswhere al of the available binary-class predictor maps were combined
(the*a” seriesof TablesC.1, C.2, and C.3, and Figs. C.4, C.5, and C.6).
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The primary occurrences mineral potential models showed the greatest viol ations of pairwise Cl
of any of the gold-silver-bearing occurrence-types. The highest x* scores are found in the
primary occurrences 11-layer model (Table C.1a), between the lithologic diversity and fault
bufferspredictor maps, themedium-potential lithology with the high- andlow-potential lithology
predictor maps, and most notably, between the K/Naand Ba/Nageochemical anomaly predictor
maps (x? = 486.34). Many of these x? scores are an order of magnitude or two higher than most
of the other scores for any of the other sedimentary or volcanic rock-hosted mineral potential
models. The most severeinstances of Cl violationinthe primary 11-layer model wererectified
by removing the Ba/Na, lithology (medium W), lithologic diversity, and lithotectonic terranes
predictor maps (Table C.1b). Thismodification, while clearly not solving all of the pairwise CI
violations, did result in amarked decrease in the number of gold-silver-bearing occurrences of
all types and sizes predicted in the overall test (Fig. C.4b; also see Table C.4, the % expected
over observed’, “K-Scritical value”, and “K-Sstatistic for model” values).

The sedimentary rock-hosted occurrence mineral potential models have less pairwise ClI
violationsthan the primary occurrence models, and relativeto the primary 11-layer model, have
substantially lower x? scores (Tables C.2aand C.2b). The overall test, however, indicates the
highest discrepancy between the number of observed and predicted occurrences for any of the
occurrence-types (Table C.4). In order to correct al of the Cl violations observed in the
pairwisetest, the pluton buffers, lithologic diversity, and isostatic gravity predictor mapswould
have had to been removed from the mineral potential model (Ieaving only 6 predictor maps).
Even with such amodification, the overall test still predicts 452.57 occurrencesto the observed
98—from arelative standpoint, not much of an improvement (it is also interesting to note that
the number of unique conditions from the 9-layer to the 6-layer minera potential model
decreases from 598 to only 96). Therefore, only the pluton buffers map was removed from the
model (TableC.2band Fig. C.5b), asthe geol ogic factorsrepresentedin the other predictor maps
were deemed to be more important to the formation of sedimentary rock-hosted occurrences.
Theremoval of the pluton bufferspredictor map from the mineral potential model, while perhaps
being logical from a geologic perspective, resulted in a dight increase in the number of
sedimentary rock-hosted occurrences predicted in the overall test (Table C.4). Irrespective of
combination or number of predictor maps included, there is a large degree of conditional
dependence in the sedimentary rock-hosted mineral potential models.

Thevol canicrock-hosted occurrencesmineral potential models, in comparison to the other gol d-
silver-bearing occurrence-types, showed the least (yet still noticeable) amount of pairwise and
overall Cl violations, when considered together (Table C.4 and Fig. C.6). The Ba/Na
geochemical anomaly and lithotectonic terranes predictor maps were the source of the greatest
number and most severe pairwise Cl violations. Removal of these two maps from the mineral
potential model (Table C.3b and Fig. C.6b), while not remedying al of the pairwise ClI
violations, resulted in significantly closer agreement between observed and predicted occurrences
(see Table C.4).

C.3.5 Interpretation of Conditional Dependence

The violation of conditional independence in the mineral potential models is not unexpected.
Conditional independence in WOE modelling is always violated to some degree (Bonham-
Carter, 1994a; see section B.3). The greater the number of evidence maps used in a model,
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especialy if those maps have similar distribution patterns and represent similar types of
evidence, the greater the possibility is that conditional dependency will exist (that CI will be
violated). For example, the Ka/Naand Ba/Na geochemical anomaly maps are nearly coincident
in their spatial distribution, are derived from the same dataset, represent broadly similar
information, and are highly correlated spatially with gold-silver-bearing occurrences
(sedimentary rock-hosted occurrencesinparticular). Itisnot surprising, therefore, that thesetwo
layers of evidence show very high x? scores in the pairwise goodness-of-fit tests. In addition,
because these predictor maps have high W* values that are essentially compounded during the
Bayesian overlay procedure, the dependence between their predictor map patterns results in
inflated posterior probabilities, and the overestimation of predicted occurrences. The sameis
probably truefor some of the other dataset pairs, such asthe geomagnetic anomaly and lithology
datasets, and the fault buffers and lithologic diversity datasets. The failure of the overal
goodness-of -fit test also indicates alarge degree of interdependency that is probably due to the
multipleinteractions of many similar and highly mineral-occurrence-correlated predictor maps.

The high degree of Cl violation exhibited by these mineral potential models may also bein part
related to:

1. Modelling the distribution of arelatively large number of mineral occurrences (response variables).

2. Compounding effects of mineral occurrence point clustering, where morethan one point may fall within the
1 kn? unit cell size assigned to represent amineral occurrence.

To investigate these possibilities, two simple and non-rigorous empirical tests were performed
using the primary occurrences 11-layer mineral potential model datasets. These datasets were
chosen becausethey contain the greatest number of occurrence points(2690), the largest number
of predictor maps (11), and therefore, the highest number of minera potential map unique
condition classes.

In the case of possibility #1, six pairwise Cl test trials were performed on the primary 11-layer
model using six different “dummy” mineral occurrence datasets—consisting of variousnumbers
(139, 277, 565, 1127, 1565, and 2856) of gridded points—in place of the primary occurrences
point dataset. Theresultsof thetrials show aroughly proportional increasein the magnitude of
the highest x? scores with an increase in the number of dummy occurrence points (smaller x?
scores aso showed a general increase in magnitude, but not necessarily in proportion to the
number of dummy occurrence points). Given theincreasesinthe magnitude of the Cl violations,
increases in the number of violations also occur (the increase in the number of violations,
however, does not appear to be proportional to the number of dummy occurrence points). These
findings indicate that increasingly large response variable datasets (i.e—greater numbers of
mineral occurrences, or points) have increasingly larger magnitude and a greater number of Cl
violations (thisis intuitively what would be expected).

With regard to possibility #2, pairwise and overall Cl tests were performed on the primary 11-
layer model using aversion of the primary occurrences point dataset that was “weeded” so asto
removeany pointsthat lay lessthan 1 km from aneighbouring point. Inthismanner, the primary
occurrences point dataset was reduced from 2690 to 1625 points (it is interesting to note that
nearly 40% of gold-silver-bearing occurrences lie within 1 km of another). The results of the
pairwise Cl test indicate that the magnitudes of the higher x? scores for the weeded occurrence
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point dataset are proportionally just aslarge asthe x? scoresfor the non-weeded occurrence point
dataset (proportional relative to the total number of occurrence points, similar to the results
demonstrated above with the gridded dummy occurrence datasets). The number of total Cl
violations also decreased slightly, but this was directly attributable to the decrease in x* score
magnitudes “ across the board”, where borderline scores dropped below the tabled critical x?
value. Theoverall test results also indicate negligible differences between the weeded and non-
weeded datasets. Using the weeded occurrence point dataset, the overall test predicts
proportionately the samenumber of occurrencesasispredicted using the non-weeded occurrence
point dataset—for the non-weeded occurrence point dataset, 2690 occurrences observed and
4525.45 occurrences expected (predicted over observed by ~68%, see Table C.4); for the
weeded occurrence point dataset, 1625 occurrences observed and 2770.50 expected (predicted
over observed by ~70%).

Insummary, theresults of thisinvestigationinto theinfluence of large response variabl e datasets
on conditional independence in the WOE modelling method suggest: (1) mineral occurrence
point clustering (in this case where occurrence points are assigned a unit cell size of 1 km?) has
no causal effect on whether or not Cl between predictor maps, with respect to mineral
occurrences, exists; and (2) large occurrence point datasetsinfluence the cal culated x? scoresin
the pai rwise goodness-of -fit test, producing larger magnitude x? scores with greater numbers of
occurrence points.

The fundamental point to be made here is that the layers of evidence composing these mineral
potential models are not conditionally independent with respect to the mineral occurrences, and
that this lack of CI isreal, in both the statistical and the geological sense. Bonham-Carter
(19944) pointed out that the assumption of Cl inweights of evidenceresultsinamodel that, like
most models, does not perfectly represent the data, but does provide a working simplification,
which, when applied with care, can be useful for prediction and providesinsight into therelative
contributions of the separate sourcesof evidence. Itisthereforeimportant to be aware of, aswell
as understand, the degree and causes for the lack of Cl in the models. Given the CI violations
discussed in the preceding paragraphs, it is best to consider the mineral potential maps derived
from these models as relative “ favorability” maps, rather than as* probabilistic’ mapsin the
strict sense.

C.3.6 Comparison Between Cl-Mitigated and Unmitigated Miner al Potential
M aps

Thedifferences between thefirst and second mineral potential maps—the “all-evidence-layers’
WOE-derived mineral potential maps and the maps based on fewer evidencelayers—are shown
as maps of absolute difference in posterior probability in Figure C.7. These maps indicate that
the differences in the posterior probabilities are generally small (relative to the maximum
posterior probability for the two models compared for a given occurrence-type group). Where
the differenceislarger, the corresponding map areas are negligiblein size (e.g.—lessthan 0.5%
of thetotal areafor the primary and sedimentary rock-hosted occurrence mineral potential maps,
and less than 2.3% for volcanic rock-hosted, accounts for the top two red-and-yellow map-
difference classes shownin Fig. C.7).
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C.3.7 Comparison Between Mineral Potential Maps Generated by the
Weights of Evidence and Weighted L ogistic Regression M ethods

In order to help evaluate and measure the effects of conditional dependence in the minera
potential models, acomparison was made between the Bayesian statistical method for combining
layers of evidence used in weights of evidence (WOE) modelling and a weighted logistic
regression (WLR) method. This comparison was chiefly made because the WL R method does
not require statistical independence between the predictor variables (thelayersof evidence) with
respect to the response variable (the mineral occurrences). Logistic regression analysis
techniques for estimating mineral resource potential have been applied by Agterberg (1974,
19923, 1992h, 1993), Chung and Agterberg (1980), Reddy et al. (1991), and Wright (1996). A
detailed review of the WL R method and itstheoretical aspectsisgivenin Agterberg (1992a) and
an overview given in Wright (1996). The WLR map combination procedure was carried out in
asimilar manner to WOE (see section B.5.4).

The WLR method usually produces posterior probabilities that are smaller in magnitude than
those generated by the WOE method, which resultsin afewer number of predicted occurrences.
The simple overall goodness-of-fit test, when conducted with the WLR posterior probabilities,
resultsin apredicted number of occurrencesthat isvery closeto the observed. Table C.5 shows
that WLR expected frequencies generally fall a few percentage points or less short of the
observed frequencies, whereas the WOE expected frequencies over-shoot the expected
frequenciesby 10'sto 100's of percent. An examination of the posterior probabilities generated
by each method (Figs. C.8, C.9, and C.10) suggests that the large overestimation of predicted
occurrences based on the WOE method may, to a certain degree, be the result of anomalously
high posterior probability values associated with a small number of unique overlap conditions
between the predictor mapsfor aparticular mineral potential model. Thisisespecially apparent
for the volcanic rock-hosted 9-layer and sedimentary rock-hosted 9-layer mineral potential
models (Figs. C.9a and C.10a, respectively).

In addition, side-by-side visual comparisons were made between mineral potential maps
generated from WL R-derived and WOE-derived posterior probabilities. Thiswasdonein order
to determine if spatial distribution of the WOE-derived mineral potential map patterns were
significantly affected by CI violation. These comparisons show only minor differencesin the
distribution of favorable mineral potential areas at the local-scale, and at the regional scale, no
significant differences are visible in the overall map patterns, although the WOE mineral
potential maps appear to be somewhat “warmer” (Figs. C.1c, C.2c, and C.3c). In genera, the
results of the WL R method appear to be consistent with those of the WOE method, and suggest
that, for this study, the results of the WOE method are within acceptable and expected bounds.

C.4 Uncertainty of the Mineral Potential M aps

C.4.1 Introduction

It isimportant to recognize and understand the uncertainty inherent to the posterior probabilities
when examining a mineral potential map. Uncertainty may be due to the variances in weight
estimates (W* and W-) and/or to one or more of the predictor maps having incomplete coverage
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(i.e—missing data) (Bonham-Carter et al., 1989). As an aid for interpretation, a posterior
probability uncertainty map may be compared separately or combined with amineral potential
map to “mask-out” regions of high posterior probability uncertainty (see section B.4 for
additional information).

C.4.2 Mapsof Mineral Potential Uncertainty

Themineral potential uncertainty mapsarepresentedin FiguresC.11, C.12,C.13,and C.14. The
first series of uncertainty maps (Fig. C.11) illustrates al four types of uncertainties (weights
variance, missing data, total, and relative), and was generated using the primary occurrence-type
11-layer mineral potential model. The three remaining series of uncertainty maps (Figs. C.12,
C.13, and C.14) show only the total and relative uncertainties for the “ Cl-optimized” primary,
sedimentary and vol canic rock-hosted occurrence-typemineral potential models. Themapswere
classified using a quantiles technique, as described in section B.5.4, and edited so as to
emphasi ze the upper portion of the uncertainty values.

The maps of uncertainty due to variance in the weights estimates include the uncertainty of the
prior probability, andin general, are correl ated to the posterior probabilities. Hence, theweights
variance uncertainty maps tend to have a pattern similar to those of the posterior probability
maps. The maps of uncertainty due to missing data are (as is expected) strongly controlled by
the incomplete evidence map coverage, which in this case is clearly related to the K/Na and
Ba/Nageochemical anomaly evidence (note the “ blocky” uncertainty map patterns, particularly
in Fig. C11b). The relative certainty maps indicate the degree of confidence to which the
posterior probability mineral potential map patterns are “real”, as opposed to being an artifact
of “chance” effects (or dueto chance). Thelarger thet-value over the critical tabled t-value cut-
off (e.g.—1.645 for asignificance of 95%) the greater the certainty of the mineral potential map
pattern, although the high t-values in some of these relative certainty maps may be related to
violationsof CI. Ingeneral, themapsof uncertainty dueto variancein weightsestimatesand due
to missing data reflect the large overall variation in the data (i.e—"noise in the system”).
However, the relative certainty maps suggest that, despite this high degree of variability, the
mineral potential map favorability patterns are reliable.

The uncertainties discussed above are presented in the form of single-theme maps (only
uncertainty), however, the uncertainties may alternatively be presented in the form of 3-
dimensional illustrations that more discernably relate the degree of certainty to areas of high
mineral potential (i.e—to areas having high posterior probabilities). For example, Fig. C.15
showsa3-dimensional rendering of relative certainty draped over apseudo-DEM wire-frame of
posterior probabilities for the sedimentary rock-hosted 8-layer mineral potential model. Inthis
illustration, height represents posterior probability valuesthat are greater than the prior, and the
color represents the degree of relative certainty of the values, asindicated by t-value. Note that
theregionsof higher certainty (yellow and red) are spatially coincident to the* V" -shaped relief
of high mineral potential, suggesting that thisfavorability pattern has ahigh degree of certainty,
and is therefore probably not due to chance.



A. Primary (Occurrences of all Sizes and Types) 11-Layer Mineral Potential Model

Map Ba/Na fault pluton Iit_hology lithology | lithology Iit_hologic isoste_:ltic K/Na geo- Iitho-_

buffers buffers | (high W+) | (low W+) |(med. W+) | diversity | gravity magnetics | tectonic

Ba/Na 0.00 35.73 32.57 15.05 0.03 0.85 93.47 95.73 486.34 6.60 78.37
fault buffers 0.00 21.71 0.66 0.39 0.64 124.92 8.46 31.21 14.80 2.93
pluton buffers 0.00 31.13 44.13 1.19 39.81 45.46 29.91 4.50 29.93
lithology (high W+) 0.00 57.30 139.23 12.67 8.04 0.78 1.25 95.93
lithology (low W+) 0.00 142.54 0.00 5.70 12.39 21.01 49.60
lithology (med. W+) 0.00 4.32 18.25 0.11 5.82 0.58
lithologic diversity 0.00 23.44 43.94 1.56 0.19
isostatic gravity 0.00 5.71 20.37 1.81
K/Na 0.00 17.21 6.14
geomagnetics 0.00 451
lithotectonic terranes 0.00
B. Primary (Occurrences of all Sizes and Types) 7-Layer Mineral Potential Model

Ma fault pluton lithology | lithology | isostatic K/Na geo-

P buffers buffers | (high W+) | (low W+) | gravity magnetics

fault buffers 0.00 21.71 0.66 0.39 8.46 31.21 14.80
pluton buffers 0.00 31.13 44.13 45.46 29.91 4.50
lithology (high W+) 0.00 57.30 8.04 0.78 1.25
lithology (low W+) 0.00 5.70 12.39 21.01
isostatic gravity 0.00 5.71 20.37
K/Na 0.00 17.21
magnetics 0.00

Table C.1. Pairwise conditional independence (Cl) test X? scores for primary occurrence-type model. Table A. (upper) shows scores for the combination of all
(11) binary-class predictor maps. Table B. (lower) shows scores for the combination of those maps that have ~10th percentile and lower X? values relative to

the scores shown in the upper table. With 1 degree of freedom and a probability level of 98% (X% e, = 5.41), many X*valuesin table A exceed the acceptance
cutoff of the null hypothesis (that Cl exists) by one or two orders of magnitude, thereforeindicating asevere violation of conditional independencein those cases.
In table B, the most severe cases of conditional dependence have been mitigated by removing the Ba/Na, lithology (medium W+), lithologic diversity, and
lithotectonic terranes maps from the model.
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A. Sedimentary Rock-Hosted 9-Layer Mineral Potential Model

fault pluton | lithologic | |. isostatic geo- litho-

Map i buffers buffers | diversity Ml gravity A magnetics | tectonic
Ba/Na 0.00 0.84 0.53 1.08 0.82 0.80 6.11 1.99 0.14
fault buffers 0.00 0.28 0.03 1.58 1.20 0.07 0.24 0.04
pluton buffers 0.00 15.30 0.58 0.13 0.54 4.47 0.05
lithologic diversity 0.00 3.84 1.60 2.90 15.54 2.77
lithology 0.00 10.15 2.79 2.21 2.21
isostatic gravity 0.00 6.98 0.46 11.97
K/Na 0.00 0.92 1.33
geomagnetics 0.00 1.09
lithotectonic terranes 0.00
B. Sedimentary Rock-Hosted 8-Layer Mineral Potential Model
Map Ba/Na bfault Iit'hologic lithology isostgtic K/Na geo- Iitho—.

uffers | diversity gravity magnetics | tectonic
Ba/Na 0.00 0.84 1.08 0.82 0.80 6.11 1.99 0.14
fault buffers 0.00 0.03 1.58 1.20 0.07 0.24 0.04
lithologic diversity 0.00 3.84 1.60 2.90 15.54 2.77
lithology 0.00 10.15 2.79 2.21 2.21
isostatic gravity 0.00 6.98 0.46 11.97
K/Na 0.00 0.92 1.33
geomagnetics 0.00 1.09
lithotectonic terranes 0.00

Table C.2. Pairwise conditional independence (Cl) test X? scores for the sedimentary rock-hosted occurrence-type model. Table A. (upper) shows scores for
the combination of all (9) binary-class predictor maps. TableB. (lower) shows scoresfor the combination of eight maps after removal of the pluton buffers map
from the model. With 1 degree of freedom and a probability level of 99% (X% = 6.63), over 85% of the map pattern pairsin table B approximately satisfy
the assumption of conditional independence. Only the pluton buffer map was removed from the model because of its high degree of spatial correlation with the
distribution pattern of volcanic rock-hosted occurrences. The isostatic gravity, geomagnetics, and lithotectonic terranes maps, although responsible for a
significant amount of conditional dependency, were not eliminated from the model because of their spatial coincidence to the distribution pattern of the
sedimentary rock-hosted occurrences.
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A. Volcanic Rock-Hosted 9-Layer Mineral Potential Model
fault pluton | lithologic | |. isostatic geo- litho-
Ba/Na . : litholo : K/Na : .
Map buffers buffers | diversity 9y gravity magnetics | tectonic
Ba/Na 0.00 0.18 0.17 12.34 10.12 7.08 123.09 7.78 15.94
fault buffers 0.00 2.58 6.17 9.51 2.35 3.96 1.24 0.00
pluton buffers 0.00 13.37 5.72 6.47 0.78 13.56 1.10
lithologic diversity 0.00 0.83 6.21 12.50 3.20 0.85
lithology 0.00 1.70 2.16 11.14 9.02
isostatic gravity 0.00 3.05 0.02 15.40
K/Na 0.00 3.32 7.23
geomagnetics 0.00 0.05
lithotectonic terranes 0.00
B. Volcanic Rock-Hosted 7-Layer Mineral Potential Model
fault luton | lithologic | . isostatic eo-
Map b . 9 lithology . K/Na geo-
buffers buffers | diversity gravity magnetics
fault buffers 0.00 2.58 6.17 9.51 2.35 3.96 1.24
pluton buffers 0.00 13.37 5.72 6.47 0.78 13.56
lithologic diversity 0.00 0.83 6.21 12.50 3.20
lithology 0.00 1.70 2.16 11.14
isostatic gravity 0.00 3.05 0.02
K/Na 0.00 3.32
geomagnetics 0.00

Table C.3. Pairwise conditional independence (Cl) test X? scores for the volcanic rock-hosted occurrence-type model. Table A. (upper) shows scores for the
combination of all (9) binary-class predictor maps. TableB. (lower) shows scoresfor the combination of seven maps after removal of the Ba/Naand lithotectonic
terranes maps from the model. With 1 degree of freedom and a probability level of 99% (X% e, = 6.63), over 76% of the map pattern pairs in table B
approximately satisfy the assumption of conditional independence. The Ba/Na geochemical anomaly map was removed from the model because of the high
degree of association of Ba-bearing mineralization (primarily barite) with sedimentary rock-hosted occurrences. The lithotectonic terranes map was removed
from the model to eliminate the greatest number of conditional dependencies while rejecting the least humber of maps from the model. Other map pair
combinationsresponsiblefor asignificant degree of conditional dependency were not removed from the model because of the relativeimportance of thesefeatures
to mineralization (e.g.—fault buffers).
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Primary Sedimentary Volcanic
(all sizes and types) Rock-Hosted Rock-Hosted
Mineral Potential
Model 11-L ayer 7-Layer O-Layer 8-Layer O-Layer 7-Layer
Observed 2690 2690 08 8 415 415
Occurrences
Expected 4525.45 3261.11 721.99 733.36 654.31 507.21
Occurrences
0,
% Expected 68.23 21.23 636.72 648.33 57.67 22.22
> Observed
_Number of 1144 154 598 382 658 198
Unique Conditions
K-S Critical
Value (7 = 6.05) 0.0402 0.1096 0.0556 0.0696 0.0530 0.0966
K-S Statistic for 0.2737 0.1725 0.4254 0.4316 0.2547 0.1599
the Model

Table C.4. Summary information of the overall conditional independencetest for the various mineral potential

models.
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Primary Sedimentary Volcanic
(all sizes and types) Rock-Hosted Rock-Hosted
Mineral Potential
Model 11-L ayer 7-Layer O-Layer 8-Layer 9-Layer 7-Layer
Observed 2690 2690 08 8 415 415
Occurrences
WLR Expected | 00504 | 260654 96.42 96.46 411.35 412.07
Occurrences
% WLR Expected
Over Obesrvcd 4.35 3.10 161 157 0.88 0.71
WOE Expected | o0 15 | 306111 721.99 733.36 654.31 507.21
Occurrences
% WOE Expected
Over Oberved 68.23 21.23 636.72 648.33 57.67 2222

TableC.5. Comparison of expected versus observed occurrencesfor theweights of evidence (WOE) and weighted
logisticregression (WLR) methodsof evidencecombination. Ingeneral, thenumber of occurrencespredicted using
the WL R method isnearly equal to the number of occurrencesobserved. Minus percent valuesindicate the amount
that the predicted number of occurrences fall below (short of) the observed (the observed equalling 100%).
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A. B. C.
11-Layer Model, WOE 7-Layer Model, WOE 11-Layer Model, WLR

FigureC.1. Primary occurrence-typemineral potential model results. Posterior probability mapsfor weightsof evidence (WOE) (A) 11-layer evidence model, (B)
7-layer evidencemodel, and (C) weighted logistic regression (WLR) 11-layer evidencemodel. The 11-layerWL R-derived mapisincluded for comparisonwith the
11-layerWOE-derived map to help evaluate the effects of conditional dependencein the WOE-based model. Notethe regions of favorable mineral potential along
theNW-SE Walker L ane shear zonein southwestern Nevada, theBattleM ountain heat highin north-central Nevada, and theweak pattern al ong the BattleM ountain-
Eureka (Cortez) mineral trend. Ingeneral, theWOE- andWL R-derived maps show the same overall map patterns, except that theW OE-derived maps appear to be
"warmer" and better highlight favorablemineral potential areas. TheWL Rmapcombinationmethod generally produceslower posterior probabilitiesthan doesthe
WOE method. The WLR-derived posterior probability map was generated using the WOE-derived posterior probability classification scheme (to facilitate
comparison between the two methods), and isthereason for the overall "less-favorable" appearance (" cooler colors') of theWL R-derived map. If the WLR-derived
map was recl assified using aclassification scheme based ontherange of WL R-derived posterior probabilities, the resultant map would bevery similar in appearance
totheWOE-derived map.
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Figure C.2. Sedimentary rock-hosted occurrence-type mineral potential model results. Posterior probability maps for weights of evidence (WOE) (A) 9-layer
evidence mode, (B) 8-layer evidence model, and (C) weighted logistic regression (WLR) 9-layer evidence model. The 9-layer WLR-derived map isincluded for
comparison with the 9-layer WOE-derived map to help evaluate the effects of conditional dependence in theWOE-based model. Note the prominent "V"-shaped
mineral potential trendsin north-centralNevadathat parall el the BattleM ountain-Eureka (Cortez) (westernleg of the"V") and Carlin (northern portion of easternleg
of the"V")mineral trends.

91D



Prior Prob. =

1 > 0.04000
005600 -
Wo.01600-
Wo.01340-
Bo.01200-
o oog10-
0.00770-

0.00520 -

0.00510 -
[0.00400 -
[ 0.00340 -
[]0.00280 -
B 0.00z60 -
Wo.00z20-
o ooios-
o coi7o-
o o0150-
. Priot Prob

A.
9-Layer Model, WOE

FigureC.3. Volcanicrock-hosted occurrence-typemineral potentialmodelresults. Posterior probability mapsfor weightsof evidence (WOE) (A) 9-layer evidence
model, (B) 7-layer evidencemodel, and (C) weighted | ogistic regression 9-layer evidencemodel. The9-layerWL R-derived mapisincluded for comparison withthe
9-layerWOE-derived map to help eval uatethe effects of conditional dependenceintheWOE-based model. Notethefavorablemineral potential trendsthat parallel

0.0015

0.04000
0.03600
0.01600
0.01340
0.01200
0.00810
0.00770
0.00520
0.00510
0.00400
0.00340
0.00280
0.00260
0.00220
0.00195
0.00170
. & Less

> 0.03000
002100 - 0.03000
001500 - 0.02100
| [Wo.01100- 0.01500
B 0.00880 - 0.01100
11 0.007B0 - 0.00860
. 0.00650 - 0.00760
0.00500 - 0.00650
0.00430 - 0.00500
[0.00370 - D.00430
[0.00310 - 0.00370
[10.00280 - 0.00310
[ 0.00240 - 0.00260
[ 0.00230 - 0.00240
B 0.00213 - 0.00230
Wl o.c0z210-0.00213
W 0.00195 - 0.00210
Wo.00i73- 0.00195
W o.00180 - 0.00173
4 [l0.00150 - 0.00160
[ PriorProb. & Less

B.
7-Layer Model, WOE

Prior Prob. = 0.0015

C.
9-Layer Model, WLR

theN W—SE-trending Wal ker L ane shear zonein southwestern Nevadaand thebroad NE—SW-trending belt acrossnorthern Nevada.

0.00510 -
0.00400 -
[0.00340 -
1000280 -
[0 00260 -
o 00220 -
Mo 00195
Mo oi7o-
o oois0-
[ Prior Prob. & Less

=7 Prior Prob. = 0.0015
~ ' > 004000
| - 0.04000
001600 -
Wo.01340 -
Bo.01200 -
[0.00810-
[ 0.00770-
0.00520 -

0.03800
0.01800
0.01340
0.01200
0.00810
0.00770
0.00520
0.00510
0.00400
0.00340
0.00280
0.00260
0.00220
0.00195
0.00170

L1D



Overall Conditional Independence Using Kolmogorov-Smirnov Statistic
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Primary Occurrences 11-Layer Mineral Potential Model
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Figure C.4.  Overall goodness-of-fit test for all size and type occurrences, using the K-S statistic: (A) primary

11-layer model; (B) primary 7-layer model.



A. Overall Conditional Independence Using Kolmogorov-Smirnov Statistic
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A. Overall Conditional Independence Using Kolmogorov-Smirnov Statistic
Volcanic Rock-Hosted Occurrences 9-Layer Mineral Potential Model
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Figure C.6. Overall goodness-of-fit test for vol. rock-hosted occurrences, using the K-S statistic: (A) vol-host.
9-layer model; (B) vol-host. 7-layer model.
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FigureC.7. Differencebetween mineral potential favorability maps (in absolute magnitude of posterior probability). (A) Primary occurrence-type 11-layer and 7-
layer mineral potential models, (B) sedimentary rock-hosted occurrence-type 9-layer and 8-layer mineral potential models, and (C) volcanic rock-hosted

occurrence-type 9-layer and 7-layermineral potentialmodels. Mapsclassified using"quantiles'method.

12O



A. Comparison of WOE versus WLR Derived Posterior Probabilities C22

Primary Occurrences 11-Layer Mineral Potential Model
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Figure C.8 Posterior probability estimates derived from WOE and WLR methods for the primary 11-layer mineral
potential model. WOE estimates tend to be higher than WLR.
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A. Comparison of WOE versus WLR Derived Posterior Probabilities
Sedimentary Rock-Hosted 9-Layer Mineral Potential Model
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Figure C.9 Posterior probability estimates derived from WOE and WLR methods for sed. host. 9-layer mineral
potential model. WOE estimates tend to be higher than WLR estimates.
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A. Comparison of WOE versus WLR Derived Posterior Probabilities
Volcanic Rock-Hosted 9-Layer Mineral Potential Model
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Figure C.10 Posterior probability estimates derived from WOE and WLR methods for vol. host. 9-layer mineral
potential model. WOE estimates tend to be higher than WLR estimates.



Weights Uncertainty “as -

> 001600
0.01000 - 0.01660
0.00500 - 0.01000

[0.00400 - 0.00600

[0.00250 - 0.00400

090199 - 0.00250

[l0.90140 - 0.00190

090114 - 0.00140

090099 - 0.00114
< 6.00030

Figure C.11. Examples of various sources and types of uncertainty in the posterior probability estimates used to generate the primary occurrence-type 11-layer
mineral potential map. (A) Uncertainty dueto variancesinthe estimate of spatial weights of association, (B) uncertainty dueto missing data (primarily incomplete
coverage of K/Naand Ba/Na geochemical anomaly maps), (C) total uncertainty (uncertainty due to variances of weights, plus, sum of uncertainty due to missing
data), and (D) relative certainty of the posterior probability (posterior probability divided by its standard deviation; in effect, the application of an approximate t-
test). Allmapswereclassified usingaquantilesapproach. Withtheexception of therel ative certaintymap,themapshave been classified so asto accentuate the 50th
percentile of area associated with the higher magnitude uncertainty values. MapsA, B, and C have dimensionless units. Map D units represent t-values (at a
significancelevel of 95%, t-values great than 1.645 indi cate that the posterior probabilitiesare greater than 0). 1nmapD,themineral potential favorability estimates

A

Uncertainty Due
to Variances of
Weights Estimates

> 0.02000
0.06700 - 0.62000
0.00440 - 0.00700

[ ©.00300 - 0.80440

[0.00180 - 0.60300

[l0.00130 - 0.60180
< 0.00130

Missing Data Uncertainty

B

Uncertainty Due to
Incomplete Data
Coverage

arerelativelymore certaininregionsthat appear yell ow-orange-red.

> 0.02300
0.01600 - 0.62300
0.01000 - 0.01609

[li©.00700 - 0.91060

[0.00500 - 0.60760

[l©.00400 - 0.605600

000300 - 0.60400

[l©.00230 - 0.60300

[l©.00180 - 0.60230
< 0.00180

Total Uncertainty

C

Uncertainty Due to
Weights Variance and
Sum of Missing Data

t-ualue

> 20.000
12,130 -
11.960 -
11.560 -
11,670 -
11,500 -
11400 -
[11.008 -

=
o
=2

o
=5
=1

Do
SzIs5838

Bowwwwww

o~

160

20,808
12.138
11.960
11.608
11.678
11.500
11.408
- 11,000
- 168.608
- 8.008
- 5.000
- 3.608
- 3.300
- 3.230
- 3.208
- 3187
- 3.170

D.
Relative Certainty
of the Posterior
Probability

¢o



t-walue

> 16.000

15,248 -

. 15.1068 -

Total Uncertainty 14,700 -
B> 0.02000 — R
0.01000 - 0.02000 14,000 -
0.00600 - 0.01000 =ﬁggg B}
[l 0.00460 - 0.00600 B 7000 -
[l 0.00350 - 0.00460 B a.000 -
[ 0.00300 - 0.00350 = 3.am0 -
ll0.00270 - 0.00300 W 3250 -
[l 0.00200 - 0.00270 B 3.230 -
_ 3,214 -
l0.00150 - 0.00200 = 3214 -
< 000150 .< 3,207

FigureC.12. Uncertainty of posterior probabilities used to generate primary occurrence-type 7-layer mineral potential map. (A) Total uncertainty (uncertainty due
to variances of weights, plus, sum of uncertainty due to missing data) and (B) relative certainty of the posterior probability (posterior probability divided by its
standard deviation, ineffect, theapplication of an approximatet-test). SeeFigureC.11 captionfor additional information.

97O



t-uwalue

> 10.0000
Wz 4500 - 10.0000°

2.30680 - 2.4500

2.2480 - 2.3060

2.20080 - 2.2400

Total Uncertainty Emz.1780 - 2.2000

Bz 1308 - 2.1700

> 0.03000 [z2.1000 - 2.1300

0.01000 - 0.03000 - IR

.0.00300 - 0.01000 [o.5306 - 1,808

0.00100 - 0.00300 0. 4400 - ©.5300

_ 0.4260 - ©.4400

I 0.60050 - 0.00100 | g

B 0.00027 - 0.00050 Wi, 4140 - 10,4150

Il 0.00020 - 0.00027 =B.4133 - 0.4140

_ 0.4128 - ©.4133

000010 - 0.00015 | h
< 0.00010 B o0.4126

FigureC.13. Uncertainty of posterior probabilities used to generate sedimentary rock-hosted occurrence-type 8-layer mineral potential map. (A) Total uncertainty
(uncertainty due to variances of weights, plus, sum of uncertainty due to missing data) and (B) relative certainty of the posterior probability (posterior probability
divided by itsstandard deviation, in effect, theapplication of an approximatet-test). SeeFigureC.11captionfor additional information.

LTO



t-ualue

W’ 5.5
5.500 - 5,
5,780 - &,
Total Uncertainty %EESE B 2:
5 5560 - 5,
B> 0.01000 M5 560 - 5.
0.00200 - 0.01000 e
9.00100 - 0.00200 5.240 - 5.
Il 2.00080 - 6.00100 5320 - 5.
I ©.00050 - 0.00080 —
l0.00037 - 0.00041 Wis. 150 - 5.
Il 0.00030 - 0.00037 5120 - 5.
I 0.00020 - 0.00022 A

< 0.00020 < 4,000

Figure C.14. Uncertainty of posterior probabilities used to generate vol canic rock-hosted occurrence-type 7-layer mineral potential map. (A) Tota uncertainty
(uncertainty due to variances of weights, plus, sum of uncertainty due to missing data) and (B) relative certainty of the posterior probability (posterior probability
divided by itsstandard deviation, in effect, theapplication of an approximatet-test). SeeFigureC.11 captionfor additional information.

8O



t-value

[112.4500 - 10.0000
2.3000 - 2.4500
2.2400 - 2.3000
2.2000 - 2.2400

_ : 2.2000
Viewed from southeast 112.1300 - 2.1700
at 45 degrees zenith. 12,1000 - 2.1300

1011.8000 - 2.1000
1.0000 - 1.8000
10.5300 - 1.0000
10,4400 - 05300
|10.4200 - 0.4400
I0.4150 - 0.4200
110.4140 - 0.4150
10,4133 - 0.4140
10,4129 - 0.4133
10.4126 - 0.4129
W< 0.4126

Figure C.15. Three-dimensional rendering of relative certainty of posterior probabilities used to generate the sedimentary rock-hosted occurrence-type 8-layer
mineral potential map. Height represents posterior probabilities greater than the prior. Color represents the degree of relative certainty, asindicated by t-value.
Relative certainties (t-values) are draped over mineral potential "relief" wire-frame created with posterior probabilitiesthat are greater than the prior probability (>
0.0003). T-values greater than 1.645 indicatethat, at asignificancelevel of 95%, the corresponding posterior probability isgreater than zero. Notethat the highest
relative certainties are coincident to the posterior probability "relief peaks' that delineate the "V -shaped distribution of the sedimentary rock-hosted occurrences,
suggesting that the posterior probabilitymappatternisrel atively certain (or "real"), rather than aresult of chance.

67D



D1

APPENDIX D

Mineral Potential at Known
Mineral Occurrence Areas:

Section Contents:

D.1 Summary Statement

D.2 Primary Gold-Silver-Bearing Occurrences

D.3 Sedimentary Rock-Hosted Gold-Silver-Bearing Occurrences
D.4 Volcanic Rock-Hosted Gold-Silver-Bearing Occurrences



D2

D.1 Summary Statement

Approximately %5 to %2 of all occurrences, for any given occurrence-type sample, have posterior
probabilities greater than the prior probability.

D.2 Primary Gold-Silver-Bearing Occurrences

FigureD.1

FigureD.2

TableD.1

Approximately 76% of the big (large and medium size) and ~69% of the small
Size occurrences have posterior probabilities larger than the prior probability,
with atotal of ~69% of all of the primary occurrences having a higher posterior
probability.

The spatial distribution of the primary gold-silver-bearing occurrences with
elevated posterior probability valuesis coincident with areas of elevated mineral
potential favorability, as predicted by the primary occurrence posterior
probability map. In this figure, a conspicuous pattern of occurrences is
highlighted with a dashed line (map “B”), and is shown to have a spatially
associated and corresponding pattern of areas of elevated posterior probability
(map “A”). The dashed line merely delineates the spatial distribution of the
occurrences, and does not necessarily reflect any geologic, structural, or other
genetic-related trends (particularly in the case of the primary occurrences).

Primary gold-silver-bearing occurrences of al sizes and types having posterior
probabilities $ 0.1000, as determined with the primary 7-layer mineral potential
model (seetable C.1b).

D.3 Sedimentary Rock-Hosted Gold-Silver-Bearing
Occurrences

FigureD.3

FigureD.4

Approximately 84% of the big and ~82% of the small size occurrences have
posterior probabilities larger than the prior probability, with atotal of ~83% of
al of the sedimentary rock-hosted occurrences having a higher posterior
probability.

The spatial distribution of the sedimentary rock-hosted gold-silver-bearing
occurrenceswith elevated posterior probability valuesis coincident with areas of
elevated mineral potential favorability, as predicted by the sedimentary rock-
hosted occurrence posterior probability map. Inthisfigure, aconspicuouspattern
of occurrencesishighlighted with adashed line (map “B”), and isshown to have
a spatially associated and corresponding pattern of areas of elevated posterior
probability (map“A”). Thedashed line merely delineatesthe spatial distribution
of the occurrences, and does not necessarily reflect any geologic, structural, or
other genetic-related trends, although one may exist..



TableD.2

D3

Posterior probabilities associated with gold-silver-bearing sedimentary rock-
hosted occurrences of al sizes, as determined with the sedimentary rock-hosted
8-layer mineral potential model (see table C.2b).

D.4 Volcanic Rock-Hosted Gold-Silver-Bearing
Occurrences

FigureD.5

FigureD.6

TableD.3

Approximately 72% of the big and ~60% of the small size occurrences have
posterior probabilities larger than the prior probability, with atotal of ~60% of
all of thevolcanic rock-hosted occurrences having ahigher posterior probability.

The gpatial distribution of the volcanic rock-hosted gold-silver-bearing
occurrenceswith elevated posterior probability valuesis coincident with areas of
elevated mineral potential favorability, as predicted by the vol canic rock-hosted
occurrence posterior probability map. In this figure, a conspicuous pattern of
occurrencesis highlighted with a dashed lines (map “B”), and is shown to have
a spatially associated and corresponding pattern of areas of elevated posterior
probability (map“A”). Thedashed linesmerely delineatethe spatial distribution
of the occurrences, and does not necessarily reflect any geologic, structural, or
other genetic-related trends, although one may exist.

Posterior probabilities associated with gold-silver-bearing vol canic rock-hosted
occurrences of al sizes, as determined with the volcanic rock-hosted 7-layer
mineral potential model (see table C.3b).
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Post.

County Site Name Size| p Commodities Deposit Type

ELKO HUNTER PROSPECT S |0.6300 |AG |PB|SB| -

ELKO PROSPECT NO. 4 S 106199 |AU| = | - | -

ESMERALDA |DUTCHESS PROSPECT S 06199 |AU | CU |AG| F

ESMERALDA |ENTERPRISE PROSPECT S | 06199 | AU |AG |CU |PB COPPER SKARN
LANDER GOLD TOP MINE ? 106199 | AU |AG | CU | 2N

LANDER BENTLEY MINE S | 0.6199 |AG | PB | CU |AU POLYMETALLIC VEINS
LANDER BIG FOUR MINE S 06199 |AG | AU |PB| -

LANDER BUZZARD MINE S 06199 | AU | CU | PB |AG POLYMETALLIC VEINS
LANDER FAIRVIEW PROPERTY S | 0.6199 | AU |AG | PB |CU

LANDER FULLER GROUP S | 06199 | AU | AG | FE |SB

LANDER INDEPENDENCE MINE S | 06199 |AG | AU |CU |ZN

LANDER LITTLE GIANT MINE S | 06199 | AU |AG |CU |PB POLYMETALLIC VEINS
LANDER MONITOR CLAIM S | 06199 | AU |AG | ZN |FE

LANDER PEGGY GROUP MINE S 06199 |AG|CU|AU | - POLYMETALLIC VEINS
LANDER SILVER KING MINE S 06199 |AU |AG| - | - GOLD SKARN

NYE NBMG SAMPLE SITE. 3174 S 06199 | AU - |-

NYE PHILLIPS MINE S 06199 |AG - |-

NYE SHAMROCK DIGGINGS S 106199 |AG| ~ | - | -

NYE SHAMROCK MINE S 06199 |AG AU | — | -

NYE UNNAMED PROSPECT (ELLSWORTH DISTRICT) S 06199 |AU |AG| - | -

PERSHING  |AGAMEMNON MINE ? 105378 | AU | AG | SB | -- | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |BLACK WARRIOR MINE S | 0.5378 | SB | AG | CU |ZN | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |ENTERPRISE MINE S | 05378 |AU|CU| - | — | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |PACIFIC MATCHLESS MINE S | 05378 |AG|PB | - | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |WHEELER MINE S | 0.5378 | AG | AU | CU |ZN | LOW-SULFIDE AU-QUARTZ VEINS
CHURCHILL |BLUFF MINE S ]0.4983 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
CHURCHILL |BUFF CLAIMS S ]0.4983 | AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
ESMERALDA |MAUD CLAIMS S | 04875 |AU| ~ | - | -

ESMERALDA [SILVER KING CLAIMS (TOKOP DISTRICT) S | 04875 | AU |AG | W |AS

NYE BAXTER SPRINGS PROSPECT ? 104875 |AU| - | ~ | ~

CHURCHILL |DROMEDARY HUMP MINE S 04818 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
ELKO HUMBOLDT MINE S | 04818 |AU | PB|CU| - POLYMETALLIC VEINS
ELKO JACKPOT S 04818 |AU |AG| - | -

NYE LOCKE MINE S 04818 |AU |AG| - | -

NYE SHOE - SHOE MINE S | 04818 | AU |AG | PB |ZN

ELKO EDGAR TURQUOISE MINE 2 | 04710 |GEM|AU | — | -

ESMERALDA |APRIL MINE S 104710 |AU| = | - | -

ESMERALDA |BLACK BEAUTY GROUP S | 04710 | AU |AG | PB |ZN

ESMERALDA |GOLD LEDGE CLAIM GROUP S | 04710 |AG |AU | PB | -

ESMERALDA |LAST CHANCE MINE S | 04710 | AU |AG | PB | -

ESMERALDA |MARY MINE S | 04710 | AU |AG | PB | - | LOW-SULFIDE AU-QUARTZ VEINS
ESMERALDA |MISSOURI PROSPECT S | 04710 |AU| = | - | -
ESMERALDA [NEW YORK AND SILVER PEAK MINING CO. MINES | S | 0.4710 |AG |AU | - | -

ESMERALDA |POCATELLO MINE S | 04710 |AG |AU | CU | - | LOW-SULFIDE AU-QUARTZ VEINS
ESMERALDA |SHIPPER GROUP S | 04710 |AG |AU |CU | -

ESMERALDA |TREASURE CLAIM S | 04710 |AU| 2 | - | -

ESMERALDA |VANDERBILT MINE S | 04710 |AG |AU |CU | -

LANDER CARISSA MINE S 104710 AU | CU |AG W GOLD SKARN

Table D1. Primary gold-silver-bearing occurrences of all sizes and types having posterior probabilities $
0.1000, as determined with the primary 7-layer mineral potential model (practical spacelimitationsrestrict the
listing of all 2960 occurrences, sorted in order of descending posterior probability). All data, with the
exception of posterior probabilities, from the MRDS mineral occurrences database. Occurrences size from
Guild (1968), and deposit types from Cox and Singer (1986). Prior probability = 0.0095.
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County Site Name Size ::’:;'_ Commodities Deposit Type
LANDER |EAGLE MINE S | 04710 |AU |AG | ~ | -

LANDER |GOLD DYKE MINE S | 04710 |AU |AG | ~ | -

LANDER | GOLD ROD S | 04710 |AU |AG | ~ | -

LANDER |LABRADOR DEPOSIT S | 04710 |AU |AG | — | - COPPER SKARN
LANDER |NORTHERN LIGHTS DEPOSIT S | 04710 | AU |AG |CU| ~ | SEDIMENT-HOSTED AU-AG
NYE GRIZZLY CLAIM S | 0.4710 | AU - |-

NYE KORF PROPERTY S | 04710 [AU| - | — | -

NYE WHITE HORSE CLAIM S | 04710 [AU | W | — | -
WHITE PINE_|ESSEX TUNNEL ? | 04710 |AU | FE | - | -
WHITE PINE_|GOLD KING GROUP ? | 04710 |AU | SB | - | -

NYE HALLER PROPERTY S | 0.3813 |AG |PB | ZN |

ELKO MOHAWK S | 0.3712 | AU |AG | FE | -

ELKO PITTSBURG SILVER S | 0.3712 | AU | AG | FE |CU

ESMERALDA |JACKSON/ELECTRIC CLAIMS S | 0.3712 | AU | CU |AG |

ESMERALDA |NBMG SAMPLE SITE 1377 S | 0.3712 | AU |AG |CU |

ESMERALDA [NORTHERN ALPINE PROSPECT S | 0.3712 |AG |AU | PB | -

ESMERALDA |SILVER TOP #2 CLAIM S 03712 |AG| ? | ~ | -

ESMERALDA | TREASURE HILL CLAIMS S 103712 |AU| 2 |~ | -

ESMERALDA |WEE CLAIM S 03712 |AU| - | — | -
ESMERALDA |WEEPAH MINE S | 03712 | AU | AG | PB |CU | LOW-SULFIDE AU-QUARTZ VEINS
LANDER |BLUE BIRD MINE S | 0.3712 | AU | AG | PB |CU POLYMETALLIC VEINS
NYE KRAMER-0SGOOD PROPERTY S | 0.3712 |AG | AU | CU |PB

NYE RAY RICKETTS GROUP S 03712 |AU| - | — | -

NYE RAY RICKETTS MINE S 03712 [AU | W | ~ | -

NYE SERGEANT PROPERTY S | 0.3712 | AG | AU | PB |ZN

NYE VALLEY GROUP S | 0.3712 |AG | PB | ZN |CU POLYMETALLIC VEINS
PERSHING | IMPERIAL GROUP S | 0.3712 | AU |AG | CU |PB POLYMETALLIC VEINS
PERSHING | KENNEDY CANYON PROSPECT S | 0.3712 | AU |AG |CU | PORPHYRY CU
PERSHING |RUSTY PICK PROSPECT S | 03712 |AU |AG | ~ | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING | SUNNYSIDE MINE S | 03712 |AU |AG| ~ | - POLYMETALLIC VEINS
CHURCHILL |FAIRVIEW EAGLE L | 03516 | AG | AU | MN |HG| COMSTOCK EPITHERMAL VEINS
CHURCHILL |NEVADA HILLS MINE L | 03516 | AU | AG | CU |PB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |HAILSTONE GROUP S | 0.3516 |AG |AU| ~ | ~ | COMSTOCK EPITHERMAL VEINS
CHURCHILL |LENA GROUP S 103516 |AG AU | — | -

CHURCHILL |NBMG SAMPLE SITE 3847 S | 0.3516 |AG |PB AU | ?

CHURCHILL |NBMG SAMPLE SITE 3849 S 103516 |AG | ~ | — | -

CHURCHILL |NBMG SAMPLE SITE 3850 S | 0.3516 |AG |CU |PB |

CHURCHILL |SEYMOUR FRACTION S 103516 |AG |AU| — | -

ESMERALDA |GRAND CENTRAL MINE S 103516 | AU |AG | — | -

ESMERALDA |GREAT WESTERN MINE S 103516 | AU |AG | — | -

ESMERALDA |JABONRIA CLAIMS S 103516 |[AU| - | — | -

ESMERALDA |OHIO MINES CORP. DUNFEE GROUP S | 0.3516 | AU |AG | — | -

ESMERALDA |BIG WEDGE CLAIMS S 103418 |AG |PB |CU | POLYMETALLIC VEINS
ESMERALDA |GYPSY CLAIMS S 103418 |AG| 2 |AU|?

ESMERALDA |MABLE MINE S 03418 [AU| U | — | -

ESMERALDA |OLD INGALLS MINE S | 0.3418 |AG |PB AU | U

NYE BARCELONA MINE S | 0.3418 | AG | AU | CU |PB POLYMETALLIC VEINS
NYE BEL CLAIMS S |0.3418 | AG | PB | SB |CU

NYE ED WELCH PROPERTY S 103418 [AU| - | — | -

NYE NBMG SAMPLE SITES 2076, 2077, 3183. S | 0.3418 | AG | AU | PB |CU

PERSHING |ROCHESTER L | 0.2064 | AG | AU | PB | ZN | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING _|LIMERICK GOLD MINE S 102964 | AU |AG | - | -- | LOW-SULFIDE AU-QUARTZ VEINS

Table D1, continued.
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Post.

County Site Name Size| p Commodities Deposit Type
PERSHING  |[NENZEL CROWN POINT MINES S |0.2964 | AU |AG | ZN | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |PLAINVIEW GROUP MINES S 02964 |AU| - | ~ | — | LOW-SULFIDE AU-QUARTZ VEINS
ELKO LAST CHANCE ? 10.2900 |AG |AU | -~ | -~ | POLYMETALLIC REPLACEMENT
ELKO HELEN M GROUP S ]0.2900 |AG |CU|PB| -

ELKO LEE S ]0.2900 | AG | AU | CU |PB

ELKO SYLVANIA MINE S ]0.2900 | AU |AG | CU |PB

ELKO WEB FOOT S ]0.2900 | AG | CU | PB |AU COPPER SKARN
CLARK WALL STREET MINE M | 0.2818 | AU |AG | — | — GOLD ON FLAT FAULTS
CLARK ELDORADO EMPIRE MINING CO. S | 02818 |AU| = | - | -
ESMERALDA [NBMG SAMPLE SITE 1952 S 102818 |[AU| ? |AG|?

HUMBOLDT _|HALL MINE S |0.2818 | AU | AG | FE |CU | LOW-SULFIDE AU-QUARTZ VEINS
HUMBOLDT _|NBMG SAMPLE SITE 2966, 2967 S |0.2818 | AU | AG | PB |CU | LOW-SULFIDE AU-QUARTZ VEINS
MINERAL  |LUNING GOLD CONSOLIDATED ? 10.2818 | AU |AG | PB |CU

MINERAL  [SILVER CHIEF WORKINGS ? 102818 |AG| ~ | ~ | ~

MINERAL  |DISPOZITCH MINE S |0.2818 |AG | PB | CU |AU

NYE SYLVANITE GROUP (HORN SILVER MINE) S 02818 |AG |AU| — | -
WHITE PINE_[MARY ANNE ? 10.2818 | AU |AG | PB |CU POLYMETALLIC VEINS
ELKO MEMPHIS S 02731 |AU |AG |CU | -

HUMBOLDT _|GOLD RUN NO. 23 CLAIM S 02731 |AG | CU MO | W POLYMETALLIC VEINS
HUMBOLDT _|RED BUTTE MINE S | 0.2731 | AU | CU | AG |PB POLYMETALLIC VEINS
LANDER BATTLE MOUNTAIN DISTRICT L |0.2731 | AG | AU | CU |PB | POLY MET VEIN;PORP CU;SKARN
LANDER FORTITUDE MINE M | 0.2731 | AU | AG | AS |CU COPPER SKARN
LANDER DEAD HORSE MINE S 102731 |AU |AG| — | -

LANDER JULIE SHAFT S | 0.2731 | AU |AG | ZN |PB ZINC-LEAD SKARN
LANDER TRENTON MINE S | 0.2731 |AG | CU | PB |ZN PORPHYRY CU-MO
LANDER WILSON-INDEPENDENCE MINE S | 0.2731 | AU | AG | AS [MO

LYON SECTION 30 PROSPECTS ? 102731 |AU |AG | - | ~

LYON CAMBRIDGE MINE S 02731 |AU |AG| U | -

NYE LIBERTY MINE (REPRESENTING SANANTONEDIST.)| S | 0.2731 | AG | AU | CU | - | COMSTOCK EPITHERMAL VEINS
NYE MILLETT MINE S 02731 |AU| = | - | -

NYE VIKEN CLAIM S 02731 |AU |AG |CU | -

NYE YELLOW GOLD CLAIMANDHOLE INTHEWALLGRP.| $ | 0.2731 | AU |AG | — | -

PERSHING  |EXCALIBER MINE ? 102731 |AU| - | ~ | ~ POLYMETALLIC VEINS
STOREY BEST & BELCHER MINE ? 102731 |AG |AU | -~ | - | COMSTOCK EPITHERMAL VEINS
STOREY C & C SHAFT L |0.2731 | AU | AG | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY CONSOLIDATED VIRGINIA MINE L | 0.2731 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY SAVAGE MINE L | 0.2731 | AG | AU | MN | FE | COMSTOCK EPITHERMAL VEINS
STOREY CALIFORNIA MINE M | 0.2731 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY HALE & NORCROSS MINE M | 0.2731 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY MONTE CRISTO MINE M | 0.2731 | AU | AG | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY ANDES MINE S | 0.2731 |AG | AU | PB |ZN | COMSTOCK EPITHERMAL VEINS
LANDER KINGSTON MINE ? 102704 |AU |AG | - | ~

CHURCHILL |NEVADA FAIRVIEW MINE M | 0.2645 | AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
ESMERALDA |BIG BLOSSOM MINE S 102561 |[AU | W | - | -

NYE BIG SPRINGS MINE S 102561 |AU| = | - |

NYE BLAKER-SLOANE PROPERTY S 02561 |[AG |AU| — | -

NYE JUMBO MINE. S 102561 |AU| = | - |

NYE KEYSTONE MINE S 102561 |AU| F |AG | - | COMSTOCK EPITHERMAL VEINS
MINERAL  |WAMSLEY MINE S | 02518 |[AG| ~ | - | -

NYE VANDERHOEF CLAIMS S 02518 |AG |PB | ZN | - POLYMETALLIC VEINS
CHURCHILL |MOTTINI MINE S |0.2437 | AU | AG | PB |CU COPPER SKARN

ELKO GOLDEN EAGLE MINE S 102437 AU PB| - | -
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ESMERALDA |MINERAL RIDGE DISTRICT L | 0.2437 |AU |AG | - | —

ESMERALDA |CROWNING GLORY MINE S 02437 |AU |AG| - | -

ESMERALDA |DRINKWATER MINE S |0.2437 | AU |AG | PB | -

ESMERALDA |ESMERALDA PROSPECT S |0.2437 |AU |AG | PB | -
ESMERALDA |GOLDEN EAGLE MINE S |0.2437 | AU |AG | PB | - | LOW-SULFIDE AU-QUARTZ VEINS
ESMERALDA |HOMESTAKE MINE S |0.2437 |AU - |-
ESMERALDA |SODA MINE S 102437 |AU| = | - | -

ESMERALDA |W.S. NO. 97 CLAIMS S 102437 |[AU| ? |AG|?

ESMERALDA |WESTERN SOLDIER MINE S |0.2437 | AU |AG | PB | -

LANDER GREY EAGLE MINE M | 0.2437 | AG | AU | CU | PB POLYMETALLIC VEINS
LANDER MUD SPRINGS MINE AND ADJACENT-

PROSPECTS, S | 0.2437 |AG |PB | CU |AU

LANDER PHOENIX S |0.2437 |AG | PB | AU |CU POLYMETALLIC VEINS
LANDER TRIPLET GULCH PROJECT S 02437 |AU| = | ~ | = | SEDIMENT-HOSTED AU-AG
LANDER TWO WIDOWS CLAIM S 02437 |AG |AU| - | -

NYE GREEN TOP CLAIM S 02437 |[AG|CU| U | -

NYE LAST CHANCE GROUP S 02437 |AU |AG| — | -
WHITE PINE |ANNA TUNNEL S 102437 |AU| = | - | -

ESMERALDA |THREE METALS PROSPECT S |0.2287 |AG |PB|CU| -

LANDER ACE OF DIAMONDS CLAIM S |0.2287 |AG |AU | PB | -

LANDER ANNIE BLAINE CLAIM S |0.2287 |AG | PB | FE | -

LANDER AVALANCHE PROSPECT S ]0.2287 |AG |PB | AU | - | POLYMETALLIC REPLACEMENT
LANDER BRYAN MINE S |0.2287 | AU |AG |CU | -

LANDER CLEVELAND CLAIM S 02287 |AU |AG| - | -

LANDER DRISCOL PROPERTY S |0.2287 |AG | PB | AU |CU POLYMETALLIC VEINS
LANDER EAGLE MINE (BLUE EAGLE, BLACK EAGLE...) S |0.2287 | AU |AG | PB |CU

LANDER GALENA MINE S |0.2287 |AG | PB | AU |CU

LANDER GOLD CASH MINE S | 0.2287 | AU |CU | AG |PB

LANDER HARD TIMES CLAIM S |0.2287 | AU |AG | CU |PB

LANDER HUMBUG-LUCKY CHANCE MINE S |0.2287 | AU |AG | CU |PB

LANDER IRISH ROSE MINE S |0.2287 |AG |CU | AU |PB POLYMETALLIC VEINS
LANDER MERCURY CLAIM S |0.2287 | AU |AG | FE | -

LANDER MINNIE MINE S |0.2287 | AU |AG | CU |PB COPPER SKARN
LANDER MOONLIGHT MINE S |0.2287 |AG | PB | AU |CU

LANDER NEPTUNE CLAIM S 02287 |AU |AG| - | -

LANDER PLUMAS MINE S |0.2287 |AG | PB | CU |AU

LANDER SPANISH VEIN PROSPECT S |0.2287 |AG | PB | AU |ZN

LANDER TOMBOY MINE S |0.2287 | AU |AG | CU |PB COPPER SKARN
LANDER TRINITY-ARMOR MINE S |0.2287 |AG | CU | PB |AU POLYMETALLIC VEINS
MINERAL  |HECLA MINE ? 10.2287 | AG - |-

MINERAL  |[UNKNOWN ADITS AND OPEN STOPES ? 10.2287 | AG - |-

MINERAL  |UNKNOWN SHAFTS AND PROSPECTS ? 102287 |AG| - | ~ | -

MINERAL  |RIP VAN WINKLE MINE S |0.2287 |AG |PB| - | -

MINERAL  [SILVER GULCH MINE S |0.2287 |AG |PB| - | -

NYE LIME DYKE CLAIMS S |0.2287 |AG | PB | ZN |AU

NYE THELMA MINE S 02287 |AG| F |MO| -

NYE UNNAMED GOLD PROPERTY S |0.2287 | AU - |-

NYE UNNAMED PROSPECT B. S 02287 |AU| = | - | -

PERSHING  |ALLIED TUNGSTEN PROSPECT ? 10.2287 |AG| W | PB | ? |LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |[NEVADA HUMBOLDT GROUP ? 10.2287 | AU | AG | PB | ZN | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |SHEBA MINE M | 0.2287 | AG | PB | SB | AU | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING _|AMERICAN CANYON DIVIDE PROSPECT S 102287 |[AG|PB | - | - | LOW-SULFIDE AU-QUARTZ VEINS
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PERSHING  [BLOODY CANYON MINE S | 0.2287 | SB | AG | FE |PB | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |FOUR SISTERS MINE S |0.2287 | AU | AG | CU | PB | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |[HUMBOLDT QUEEN S | 0.2287 | AG | PB | AU |CU | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |LUCKY DOG MINE S |0.2287 | AG | PB | ZN |CU | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |MARIGOLD MINE S |0.2287 | AU | AG | ZN |PB | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |MCGEE PROPERTY S [0.2287 | AU -~ | ~ | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |[NBMG SAMPLE SITE 2516 S 02287 |AU| - | ~ | — | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |[NBMG SAMPLE SITE 2517 S 02287 |[AU| ? | ~ | ~ | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |PQX CLAIMS S | 0.2287 | AG | AU | PB |ZN | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |TEHAMA MINE S |0.2287 | AU |AG | CU | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |TROY CANYON PROSPECT S 02287 |AU| - | ~ | — | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |WABASH MINE S | 0.2287 | AG | PB | AU |CU | LOW-SULFIDE AU-QUARTZ VEINS
ESMERALDA |BROUGHER-DIVIDE MINING CO. PROPERTY S 101924 |AG| ? |AU| -

ESMERALDA |DIVIDE EXTENSION MINE S 01924 |AG |AU| - | - HOT-SPRING AU-AG (?)
ESMERALDA |GOLD ZONE DIVIDE MINING CO. PROPERTY S ]0.1924 | AU | AG | CU |PB | COMSTOCK EPITHERMAL VEINS
ESMERALDA |HARMILL DIVIDE MINE S 101924 [AG| ? |AU|?

ESMERALDA |KNOX DIVIDE MINE S 101924 |AG| = | - | -

ESMERALDA [NEW ALTO DIVIDE MINING COMPANY PROPERTY. | S | 0.1924 |AG |AU | - | -

ESMERALDA |TONOPAH DIVIDE MINE S ]0.1924 | AU | AG |MO |CU| COMSTOCK EPITHERMAL VEINS
ESMERALDA |TONOPAH-DIVIDEND MINING COMPANY PROPERTY| S | 0.1924 |AG | ? |AU | —

PERSHING  |ABE LINCOLN MINE S |0.1870 |AG |AU | - | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |BUCK AND CHARLEY MINE S |0.1870 |AG | PB | ZN |AU | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |FORVILLY MINE S |0.1870 |AU |AG | - | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |LINCOLN HILL MINE S |0.1870 |AU |AG | U |ZN|LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  [LOONEY MINE S |0.1870 | AU | AG | PB |ZN | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |[NEVADA PACKARD MINES S | 0.1870 | AG | AU | CU | SB | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |OCTOPUS MINE S |0.1870 |AG | AU | PB | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |RAVEN PROSPECT S |0.1870 |AG |AU | - | - | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |SUMMIT MINE S [0.1870 | AU -~ | ~ | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING  |WEAVER CANYON MINE S 01870 |[AU| -~ | ~ | — | LOW-SULFIDE AU-QUARTZ VEINS
CLARK SEARCHLIGHT DISTRICT L |0.1862 | AU |AG |CU | W

MINERAL  |JAIME'S RIDGE S ]0.1862 | AU | AG |HG | - HOT-SPRING AU-AG
ESMERALDA |ORIENTAL MINE S 104797 |AU| = | - | -

LYON BUCKEYE MINE S 01797 |AG |AU | - | — | COMSTOCK EPITHERMAL VEINS
STOREY KENTUCK MINE ? 10.1797 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY MERI'S CON VIRGINIA #1 MINE ? 104797 |AU |AG | - | ~

STOREY CHOLLAR MINE L | 0.1797 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY CROWN POINT MINE L | 0.1797 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY POTOSI MINE L | 0.1797 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY YELLOW JACKET MINE L |0.1797 | AG | AU | CU | PB| COMSTOCK EPITHERMAL VEINS
STOREY CHALLENGE AND CONFIDENCE M | 01797 | AU |AG | - | -~ | COMSTOCK EPITHERMAL VEINS
STOREY ALPHA CLAIM S 01797 |AG |AU | - | — | COMSTOCK EPITHERMAL VEINS
STOREY EXCHEQUER CLAIM S |0.1797 |[AG |AU | ~ | — | COMSTOCK EPITHERMAL VEINS
CLARK SOUTHERN NEVADA MINE ? 1041764 | AU |AG | - | ~

CLARK BLOSSOM MINE S 01764 |AU |AG| - | -

CLARK JET. S 04764 |AU| = | - | -

CLARK POMPEII MINE S 01764 |AU |AG| - | -

WASHOE  |BLACK WARRIOR PEAK S 01764 | AU |AG | - | — | COMSTOCK EPITHERMAL VEINS
DOUGLAS  |WINTERS MINE S ]0.1702 | AG | AU | FE |CU POLYMETALLIC VEINS
ESMERALDA |RED LIGHT MINE S 04702 |AU [CU| - | -

ESMERALDA |SOLBERRY MINE S ]0.1702 | AU |AG | PB | -

ESMERALDA |VEGA MINE S 101702 |AU |AG | PB | -
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LANDER GOLD QUARTZ M | 0.1702 | AU | AG | PB | ZN
LANDER PAYMASTER & CHRISTOPER S |0.1702 | AU |AG | CU |PB
MINERAL  |GOLDEN MILE GROUP S 01702 | AU |AG |CU | -
CHURCHILL |GOLD COIN #2 MINE S 01641 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
ESMERALDA |ALBERT MINE S | 0.1641 |AG |AU | PB | -
ESMERALDA |HORNSILVER MAY CO. SHAFT S 01641 |AG |AU| - | -
ESMERALDA |NBMG SAMPLE SITE S | 0.1641 |AG | PB | AU |CU
MINERAL  |[ROCK CABIN MINE ? 101641 |AU |BA | — | —
ESMERALDA |BUCK BOARD CLAIM GROUP S 01582 |AG |AU | - | -
ESMERALDA |CALLISON PROPERTY S |0.1582 | AU |AG | PB | -
ESMERALDA |ENTERPRISE MINE S 01582 |AU| = | - | -
ESMERALDA |FESLER PROSPECT S |0.1582 | AG | AU | CU |PB
ESMERALDA |GOLD CREST CLAIMS S |0.1582 | AU | AG | PB |CU
ESMERALDA |GOOD HOPE MINE S |0.1582 |AG |PB |CU | -
ESMERALDA |HART SILVER MINE S |0.1582 |AG |PB | AU | ?
ESMERALDA [NORTH STAR CLAIMS S 01582 |AU |AG| ? | -
ESMERALDA |RUBY D CLAIMS S 01582 |AU |AG | — | -
ESMERALDA |SNAKE PIT S 01582 |AU| ? | - | -
ESMERALDA |SUNRISE CLAIMS S ] 0.1582 | AU |AG |CU | -
ESMERALDA |VICTORIA PROSPECT S |0.1582 | AU | AG | PB |CU
NYE ARIZONA CLAIM S |0.1582 | AG | CU | SB |AU
NYE COMBINATION MINE S 01582 |AG |SB| — | - POLYMETALLIC VEINS
NYE EL DORADO SOUTH MINE S |0.1582 |AG |CU | PB |SB POLYMETALLIC VEINS
NYE HIGHBRIDGE MINE S 01582 |AG |CU| — | -
NYE HOOPER MINE S ]0.1582 | AG - |-
NYE MOORE AND MARTIN PROPERTY S 01582 |AG| = | - | -
NYE NBMG SAMPLE SITE 2039 S |0.1582 | AG | PB | CU MO
NYE NBMG SAMPLE SITE 2040 S |0.1582 |AG | PB | CU |SB
NYE NBMG SAMPLE SITE 2079 S |0.1582 |AG |PB | CU |ZN
NYE SAN PEDRO MINE S | 0.1582 | AG |HG | ZN |PB
NYE WAR EAGLE MINE (BARCELONA DISTRICT) S |0.1582 | AU | AG | PB |CU POLYMETALLIC VEINS
MINERAL  |UNKNOWN PROSPECTS ? 101529 |AG| ? | ~ | -
MINERAL  |UNNAMED PROSPECT (CANDELARIADISTRICT) | ? | 01474 |AG| ? | — | —
MINERAL  |BIRDSONG MINE S |0.1474 | AU |AG | PB | -
MINERAL  |RIP VAN WINKLE PROSPECT S |0.1474 |AG |PB| — | -
MINERAL  |GRASSI MINE S |0.1446 |AU |AG| - | -
ESMERALDA |B.D. CLAIMS S ]0.1393 | AU |AG | PB | -
ESMERALDA |COYOTE MINE S 01393 |AG |PB| ? | -
ESMERALDA |CRESCENT MINE S ]0.1393 | AU |AG | PB | -
ESMERALDA |GOLD COIN MINE (TOKOP DIST.) S 01393 |AU| 2 | - | -
ESMERALDA |GOOD BUDDY CLAIMS S ]0.1393 |AG |PB|CU | -
ESMERALDA |GREAT GULCH MINE S 01393 |AU| = | - | -
ESMERALDA |[MONTEZUMA CAMP S ]0.1393 |AG | AU | CU |PB| POLYMETALLIC REPLACEMENT
ESMERALDA |MR LODE CLAIMS S ]0.1393 | AU |AG | PB | -
ESMERALDA [NBMG SAMPLE SITES 1287, 1288 S ]0.1393 |AG |PB|CU | -
ESMERALDA |OLDT CLAIM S ]0.1393 |AG |CU|PB | -
ESMERALDA |RADIO TOWER SHAFT S 01393 |AU |AG| ? | -
ESMERALDA |RED MONSTER MINE S 01393 |AU |AG| — | -
ESMERALDA [SILVER MOON MINE S 101393 [AU| ? |AG|?
ESMERALDA [TOMMY KNODAN CLAIMS S 01393 |AU| = | - | -
LANDER BULL DOG JACK MINE ? 101393 |AG |AU | - | —
LANDER BLUE DICK ANTIMONY MINE S 101393 | SB | AU | AG |SE SIMPLE ANTIMONY
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LANDER |LIMELIGHT MINE S 104393 |AG AU | ~ | -

LANDER |PITTSBURG MINE S | 0.1393 | AU |AG | CU |PB POLYMETALLIC VEINS
MINERAL |LUCKY HILL MINE ? |0.1393 | AG | AU | PB |FE| DISTAL DISSEMINATED AG-AU
MINERAL |MT. DIABLO MINE ? 101393 | AG | AU | PB | FE

MINERAL | PRINCESS SHAFT 2 101393 | AG - |-

MINERAL  |UNKNOWN PROSPECTS ? 101393 |AG| ~ | - | -

MINERAL  |UNKNOWN PROSPECTS ? 101393 |AG| ? | ~ |~

MINERAL  |CANDELARIA MINE M | 0.1393 |AG | AU | PB |SB| DISTAL DISSEMINATED AG-AU
MINERAL  |MOUNT DIABLO MINE M | 01393 |AG| ~ | ~ |~

MINERAL 1905 MINE S 104393 |AU |AG| ~ | -

MINERAL | ACKERMAN MINE S 104393 |AU |AG| ~ | -

MINERAL | BLUE DUMP MINE S 104393 |AU |AG| ~ | -

MINERAL | BOUNCE MINE S 104393 |AU |AG| ~ | -

MINERAL | BROWN MINE S 104393 |AU |AG| ~ | -

MINERAL | CHIEF MINE S 104393 |AU |AG| ~ | -

MINERAL  |FORTUNA MINE S 104393 |AU |AG| ~ | -

MINERAL  |FOTTLER MINE S 104393 |AU |AG| ~ | -

MINERAL |LUCKY HILLMINE S 104393 |AG| - | — | -

MINERAL | MARY MINE S 104393 |AU |AG| ~ | -

MINERAL  |NEW PARTY MINE S 104393 |AU |AG| ~ | -

MINERAL | ORPHAN BOY MINE S 104393 |AU |AG| ~ | -

MINERAL | SNOWBALL MINE S 104393 |AU |AG| ~ | -

MINERAL | SWASTIKA MINE S 104393 |AG| - | ~ | -

NYE BERLIN MINE S | 0.1393 | AG | AU | CU |PB POLYMETALLIC VEINS
NYE DOONAN PROPERTY S | 0.1393 | AU - |-

NYE LUCKY STRIKE MINE S 104393 [AU| - | — | -

NYE MURPHY MINE S | 0.1393 | AG | AU | CU|SB POLYMETALLIC VEINS
NYE SULLIVAN MINE S 104393 [AU| - | — | -

PERSHING | ALDRICH MINE S | 0.1393 |AG | PB | AU |CU POLYMETALLIC VEINS
NYE MONTANA - TONOPAH MINING CO. L |0.1352 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
NYE TONOPAH MINING CO. L | 0.1352 | AG | AU | CU |PB | COMSTOCK EPITHERMAL VEINS
NYE RESCUE EULA MINING CO. M | 01352 |AG| ~ | ~ |~

HUMBOLDT |QUICK GOLD CLAIMS S | 01277 |AG| 2 |AU| 2 POLYMETALLIC VEINS
HUMBOLDT | HUNTINGTON-WHITMAN GROUP S | 01243 |AU| ~ | ~ | - |LOW-SULFIDE AU-QUARTZ VEINS
HUMBOLDT _|PICK HANDLE MINE S | 01243 | AU |CU | PB | -- | LOW-SULFIDE AU-QUARTZ VEINS
HUMBOLDT _|SILVER STATE MINE S | 01243 | AU |AG | CU | - | LOW-SULFIDE AU-QUARTZ VEINS
MINERAL  |TODD MINE S | 0.1243 | AU |AG |PB |
WHITE PINE_|VICTORIUE CLAIMS S 1041243 | AU |AG | ~ |

CHURCHILL |NBMG SAMPLE SITE 3944 S | 0.1197 | AG | CU |MO|PB

CHURCHILL |NBMG SAMPLE SITE 3945 S | 0.4197 |AG |CU | BI |SB

ESMERALDA |BLUE DAISY CLAIM S 104197 [AU| 2 | — | -

HUMBOLDT | NBMG SAMPLE SITE 2423 S | 0.1197 | AU | CU | SB |AG | LOW-SULFIDE AU-QUARTZ VEINS
HUMBOLDT | SNOWDRIFT MINE S | 0.4197 | SB | AG | AS | FE SIMPLE ANTIMONY
MINERAL | BELLEVUE MINE S | 04197 | AU |HG | ZN |

NYE GRUSS MINE S | 0.4197 |AG |PB|CU |

NYE OPHIR CLAIMS (BLOCK) S 104197 |AU |AG | ~ | -

NYE SUMMIT GROUP S 04197 [AU| - | — | -

PERSHING |JERSEY VALLEY-REX GROUP S | 0.1197 | AG | PB | AU |CU

PERSHING | NBMG SAMPLE SITE 1483 S | 0.4197 |AG |AU| — | ~ | COMSTOCK EPITHERMAL VEINS
PERSHING | NBMG SAMPLE SITE 2356 S | 0.1197 |AU | ? | AG |PB | LOW-SULFIDE AU-QUARTZ VEINS
PERSHING | STONE HOUSE CANYON MINE S | 0.4197 | AU |AG | ~ | ~ | COMSTOCK EPITHERMAL VEINS
PERSHING | UNNAMED GOLD MINES S | 01197 | AU - | - | LOW-SULFIDE AU-QUARTZ VEINS
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NYE NORTHUMBERLAND MINE M | 0.1151 | AU |AG | AS |FE|  SEDIMENT-HOSTED AU-AG
NYE GOODING MINE S | 0.1151 |AG | AU | AS |SB

ESMERALDA [TIP TOP CLAIMS S | 0.1111 | AU | AG |HG | - | COMSTOCK EPITHERMAL VEINS
STOREY  |GOOSEBERRY MINE S |0.1111 | AU |AG | CU | - | COMSTOCK EPITHERMAL VEINS
MINERAL  [NORTH SECTION 31 PROSPECTS ? 101069 |AU|? | - |~
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EUREKA LANTERN DEPOSIT S 109972 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA BAZZA DEPOSIT ? 109881 | AU | — | -~ | — | SEDIMENT-HOSTED AU-AG
EUREKA BLUE STAR MINE M |0.9881 | AU | AG |GEM|CU | SEDIMENT-HOSTED AU-AG
EUREKA BOBCAT DEPOSIT S 109881 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA LONG LAC DEPOSIT ? 109881 | AU | — | -~ | —- | SEDIMENT-HOSTED AU-AG
EUREKA DEEP STAR DEPOSIT S 109588 | AU | — | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA CARLIN GOLD MINE M | 0.9073 | AU |HG |AG | ZN | SEDIMENT-HOSTED AU-AG
EUREKA GENESIS MINE M | 09073 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
EUREKA NORTH STAR DEPOSIT S 08662 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA BULLION-MONARCH OPEN PIT MINE S 107376 | AU |AG | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA PETE DEPOSIT S 07335 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA  |TUSC DEPOSIT M | 0.695 | AU |AG | AS |SB| SEDIMENT-HOSTED AU-AG
HUMBOLDT _|PREBLE MINE S 06293 | AU |BA |CU|-— | SEDIMENT-HOSTED AU-AG
LANDER GOLD ACRES DEPOSIT M | 04921 | AU | W |CU|SB| SEDIMENT-HOSTED AU-AG
EUREKA GOLD QUARRY MINE L |0.3904 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
ELKO MAC RIDGE DEPOSIT (BIG SPRINGS) S 03741 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO SOUTH SAMMY CREEK DEPOSIT (BIG SPRINGS) | S |0.3741 | AU | — | -~ | - |  SEDIMENT-HOSTED AU-AG
EUREKA GOLDSTRIKE MINE L 03498 | AU | — | -~ | —- | SEDIMENT-HOSTED AU-AG
EUREKA SCREAMER DEPOSIT S 03498 | AU | -~ | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA MAGGIE CREEK OPEN PIT GOLD MINE M |0.3477 | AU |AG | BA | AS | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|FELIX CANYON S 102179 | AU |AG | AS |HG | SEDIMENT-HOSTED AU-AG
HUMBOLDT |GETCHELL MINE M |0.2179 | AU |AG |AS | W | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|PINSON MINE S 02179 | AU | W | — | -~ | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|MARIGOLD MINE (BATTLE MT. DIST.) M | 0.214 | AU |AG |AS |SB| SEDIMENT-HOSTED AU-AG
LANDER TRIPLET GULCH PROJECT S | 0214 |AU | — | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO ALCHEM DEPOSIT M |0.1897 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
ELKO GENERATOR HILL DEPOSIT M |0.1897 | AU |AG |HG | SB | SEDIMENT-HOSTED AU-AG
ELKO MARLBORO CANYON DEPOSIT M |0.1897 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
ELKO NEW DEEP DEPOSIT M |0.1897 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
ELKO NORTH GENERATOR HILL DEPOSIT M |0.1897 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
ELKO SAVAL CANYON DEPOSIT (JERRITT CANYON) S 101897 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO WEST GENERATOR HILL DEPOSIT M |0.1897 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
LANDER BUFFALO VALLEY MINE S 10.1847 | AU |AG | CU | AS | SEDIMENT-HOSTED AU-AG (?)
ELKO EMIGRANT SPRINGS S 10.1368 | AU | AS | SB | BA | SEDIMENT-HOSTED AU-AG
ELKO NORTH SAMMY CREEK DEPOSIT (BIG SPRINGS) | S |0.1226 | AU | — | -~ | - |  SEDIMENT-HOSTED AU-AG
EUREKA GOLD RIDGE DEPOSIT S 101226 | AU | — | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA GOLDSTONE DEPOSIT S 101226 | AU | — | - | -~ | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|C-ZONE S 10.0726 | AU |AG | AS |HG | SEDIMENT-HOSTED AU-AG
LANDER NORTHERN LIGHTS DEPOSIT S 10.0661 | AU |AG |CU | -~ | SEDIMENT-HOSTED AU-AG
MINERAL  |CANDELARIA MINE M | 0.0661 | AG | AU | PB | SB | DISTAL DISSEMINATED AG-AU
MINERAL  |LUCKY HILL MINE ? 10.0661 | AG | AU | PB | FE | DISTAL DISSEMINATED AG-AU
ELKO PATTANI SPRINGS DEPOSIT S 100617 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO DEE GOLD MINE S 0.0599 | AU |AG | SB |AS | SEDIMENT-HOSTED AU-AG
LANDER ELDER CREEK MINE S 00599 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA HORSE CANYON MINE S 10.0447 | AU |BA | — | -~ | SEDIMENT-HOSTED AU-AG
ELKO RAIN MINE M |0.0426 | AU | BA | AS |HG | SEDIMENT-HOSTED AU-AG
EUREKA GOLD PICK DEPOSIT M |0.0375 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
ELKO STEER CANYON DEPOSIT S 100269 | AU |SB| - | -— | SEDIMENT-HOSTED AU-AG

TableD2. Posterior probabilities associated with gol d-silver-bearing sedimentary rock-hosted occurrences of
all sizes, as determined with the sedimentary rock-hosted 8-layer mineral potential model (sorted in order of
descending posterior probability). All data, with the exception of posterior probabilities, from the MRDS
mineral occurrences database. Occurrences size from Guild (1968), and deposit types from Cox and Singer
(1986). Prior probability = 0.0003.
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ELKO BOOTSTRAP MINE M |0.0267 | AU |AG |CU|PB| SEDIMENT-HOSTED AU-AG
ELKO CAPSTONE DEPOSIT S 00267 | AU | — | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO TROUT CREEK DEPOSIT S | 0022 | AU |AG|AS |SB| SEDIMENT-HOSTED AU-AG
ELKO WOOD GULCH MINE S 10.0163 | AU |AG | - | -~ | SEDIMENT-HOSTED AU-AG
LANDER CORTEZ GOLD MINE L |0.0163 | AU |HG | AS |SB| SEDIMENT-HOSTED AU-AG
HUMBOLDT _|CX DEPOSIT S 10.0078 | AU | AS |HG | SB | SEDIMENT-HOSTED AU-AG
ELKO BURNS BASIN GOLD DEPOSIT M |0.0077 | AU | — | -~ | - | SEDIMENT-HOSTED AU-AG
EUREKA POST DEPOSIT L |0.0076 | AU |AG |AS | — | SEDIMENT-HOSTED AU-AG
NYE NORTHUMBERLAND MINE M | 0.0076 | AU |AG | AS | FE | SEDIMENT-HOSTED AU-AG
LANDER AUSTIN GOLD VENTURES GOLD MINE (QUITOMINE)| S | 0.0055 | AU | AS | SB | - |  SEDIMENT-HOSTED AU-AG
ELKO SOUTH BULLION DEPOSIT M |0.0052 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
LANDER HILLTOP MINE S 10.0046 | AU |AG | CU | PB | DISTAL DISSEMINATED AG-AU
CHURCHILL |REED DEPOSIT (FONDAWAY CANYON MINE) S 100027 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
WHITEPINE |BULL TERRIER PATENTED MINES(HAMILTON MINE?), S | 0.0027 | AU |PB | -~ | -~ |  SEDIMENT-HOSTED AU-AG
WHITE PINE_|[NORTH SELOX CLAIMS. S 10.0027 | AU |BA | - | -~ | SEDIMENT-HOSTED AU-AG
WHITE PINE |[TAYLOR MINE (ARGUS PIT, BISHOP PIT) M |0.0027 | AG | AU | SB | CU | DISTAL DISSEMINATED AG-AU
WHITE PINE | WINROCK MINE S 100027 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
WHITE PINE |GREEN SPRINGS MINE S 100023 | AU |AG | - | -~ | SEDIMENT-HOSTED AU-AG
WHITE PINE |ILLIPAH MINE S 100023 | AU |AG | - | -~ | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|MAG DEPOSIT S 10.0022 | AU |HG | AS | SB | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|CHIMNEY CREEK MINE M |0.0019 | AU | AG |s0G | AS |  SEDIMENT-HOSTED AU-AG
HUMBOLDT _|RABBIT CREEK MINE L |0.0019 | AU |AG |PB|ZN | SEDIMENT-HOSTED AU-AG
ELKO MEIKLE MINE L |0.0018 | AU |AG |HG | ZN | SEDIMENT-HOSTED AU-AG
EUREKA GOLD BAR MINE M |0.0018 | AU |AG | SB | AS | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|LONE TREE MINE M |0.0018 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
HUMBOLDT _|STONEHOUSE DEPOSIT M |0.0018 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
WHITE PINE |CASINO MINE S 100014 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
ELKO MILL CREEK DEPOSIT S 10.0008 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
CHURCHILL |COLORADO DEPOSIT (FONDAWAY CANYON MINE)| S | 0.0007 | AU | AG | AS | SB |  SEDIMENT-HOSTED AU-AG
EUREKA  |TONKIN SPRINGS MINE S 10.0006 | AU |AG | AS |HG | SEDIMENT-HOSTED AU-AG
NYE STEIGMEYER PROPERTY (SHALE PIT MINE) S 10.0006 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
WHITE PINE |NIGHTHAWK RIDGE MINE (EASY JUNIOR) S 10.0006 | AU |AG |HG | TL | SEDIMENT-HOSTED AU-AG
WHITE PINE | YANKEE MINE S 10.0006 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
PERSHING  |STANDARD MINE (GOLD STANDARD) S 10.0005 | AU |AG | AS | BA | SEDIMENT-HOSTED AU-AG
MINERAL  |SANTA FE GOLD MINE S 10.0003 | AU |AG | AS | SB | SEDIMENT-HOSTED AU-AG
NYE STERLING MINE S 10.0003 | AU |AG | F | -~ | SEDIMENT-HOSTED AU-AG
WHITE PINE |LITTLE BALD MOUNTAIN MINE (LBM) S 10.0003 | AU |HG| - | -~ | SEDIMENT-HOSTED AU-AG
PERSHING |RELIEF CANYON MINE S 10.0002 | AU |AG | F |AS| SEDIMENT-HOSTED AU-AG
CHURCHILL |S. MOUTH DEPOSIT (FONDAWAY CANYONMINE) | S |0.0001 | AU | — | — | - |  SEDIMENT-HOSTED AU-AG
EUREKA NEW WINDFALL SHAFT L |0.0001 | AU |AG | PB | CU | DISTAL DISSEMINATED AG-AU
EUREKA RATTO CANYON DEPOSIT S 10.0001 | AU | = | - | -~ | SEDIMENT-HOSTED AU-AG
EUREKA  |WINDFALL MINE M | 0.0001 | AU | AG | PB | ZN | DISTAL DISSEMINATED AG-AU
HUMBOLDT _|KRAMER HILL MINE S 10.0001 | AU |AG | -~ | — | DISTAL DISSEMINATED AG-AU
LANDER COVE MINE M | 0.0001 | AU | AG | MN | AS | DISTAL DISSEMINATED AG-AU
LINCOLN  |ATLANTA MINE L |0.0001 | AU |AG| U | — | SEDIMENT-HOSTED AU-AG
PERSHING  |FLORIDA CANYON MINE M |0.0001 | AU | AG |HG |cLy| SEDIMENT-HOSTED AU-AG
WHITE PINE |ALLIGATOR RIDGE MINE S 10.0001 | AU |AG | SB |HG| SEDIMENT-HOSTED AU-AG
WHITE PINE |BALD MOUNTAIN MINE M | 0.0001 | AU | AG | CU | ZN | DISTAL DISSEMINATED AG-AU
WHITE PINE | DECKER FLATS DEPOSIT S 10.0001 | AU |AG | - | -~ | SEDIMENT-HOSTED AU-AG

STAR POINTER MINE (INCLUDES ROBINSON MINE
WHITE PINE |31/ bORPHYRY) ( S |0.0001 | AU |AG | - | - | SEDIMENT-HOSTED AU-AG (?)

Table D2, continued.
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LYON BUCKEYE MINE S [0.4316 | AG | AU | — [ — | COMSTOCK EPITHERMAL VEINS
STOREY  |KENTUCK MINE ? | 0.1316 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY |YELLOW JACKET MINE L | 0.1316 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |BLUFF MINE S | 0.0720 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |BUFF CLAIMS S | 0.0720 | AU | AG COMSTOCK EPITHERMAL VEINS
STOREY  |ALPHA CLAIM S | 0.0713 |AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
STOREY  |ANDES MINE S | 0.0713 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
STOREY  |CHALLENGE AND CONFIDENCE M | 00713 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
STOREY  |CHOLLAR MINE L | 0.0713 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY |CROWN POINT MINE L | 0.0713 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY  |EXCHEQUER CLAIM S | 00713 |AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
STOREY  |HALE & NORCROSS MINE M | 0.0713 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY  |MONTE CRISTO MINE M | 0.0713 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY |POTOSI MINE L | 0.0713 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY  |SAVAGE MINE L | 0.0713 | AG | AU |MN | FE | COMSTOCK EPITHERMAL VEINS
CHURCHILL |DROMEDARY HUMP MINE S | 0.0640 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |KINNEY PROSPECT S | 0.0640 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
ESMERALDA | GOLDFIELD DEEP MINES CO. S | 0.0634 | AU |AG | CU | SN | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |JUMBO EXTENSION MINING CO. (JUMBO GROUP) | S | 0.0634 | AU | AG | CU | SN | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |LAGUNA GROUP S | 0.0634 | AU |AG | ZN | PB | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |RED TOP MINE S | 0.0634 | AU |AG | PB | ZN | EPITHERMAL QTZ-ALUNITE AU
HUMBOLDT |RASER AND REEDER MINES S | 0.0549 | AU | AG HOT-SPRING AU-AG

CLARK WALL STREET MINE M | 00523 | AU |AG | — GOLD ON FLAT FAULTS

MINERAL  |JAIME'S RIDGE S | 0.0523 | AU | AG | HG HOT-SPRING AU-AG

STOREY  |BEST & BELCHER MINE ? 100518 |AG |AU | — | - | COMSTOCK EPITHERMAL VEINS
STOREY  |C&C SHAFT L | 0.0518 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY |CALIFORNIA MINE M | 0.0518 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY  |CONSOLIDATED VIRGINIA MINE L | 0.0518 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING | WOMENS RIGHT GROUP ? | 0.0480 | AU |AG | — | - | COMSTOCK EPITHERMAL VEINS
STOREY  |ALTA SHAFT S | 0.0480 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
STOREY |JUSTICE SHAFT L | 0.0480 | AG | AU | PB | CU | COMSTOCK EPITHERMAL VEINS
STOREY  |KEYSTONE SHAFT 2 10,0480 | AU | — COMSTOCK EPITHERMAL VEINS
STOREY |KNICKERBOCKER MINE S | 0.0480 | AU | AG COMSTOCK EPITHERMAL VEINS
STOREY |LADY WASHINGTON MINE. S | 0.0480 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY INEW YORK MINE S | 0.0480 | AU | — COMSTOCK EPITHERMAL VEINS
STOREY  |OVERMAN 2 MINE S | 0.0480 | AU |AG | — COMSTOCK EPITHERMAL VEINS
ESMERALDA |TIP TOP CLAIMS S | 0.0464 | AU | AG | HG COMSTOCK EPITHERMAL VEINS
HUMBOLDT |G U B CLAIMS S | 0.0464 | AG | AS | CU| — | COMSTOCK EPITHERMAL VEINS
HUMBOLDT | SILVER BUTTE MINE S | 0.0464 | AG | AU | ZN | FE | COMSTOCK EPITHERMAL VEINS
HUMBOLDT | WILD GOOSE VEIN S | 0.0464 | AG | AS COMSTOCK EPITHERMAL VEINS
NYE JIM BUTLER TONOPAH MINING CO. L | 0.0410 |AG | — COMSTOCK EPITHERMAL VEINS
NYE MAC NAMARA MINING CO. L | 0.0410 |AG | — COMSTOCK EPITHERMAL VEINS
HUMBOLDT |HERMIT GROUP S | 0.0397 | AU |AG | — | — HOT-SPRING AU-AG

WASHOE  |LEADVILLE MINE S | 0.0346 | AG | PB | ZN | CU | COMSTOCK EPITHERMAL VEINS
CHURCHILL |FAIRVIEW EAGLE L | 0.0335 | AG | AU | MN | HG | COMSTOCK EPITHERMAL VEINS
CHURCHILL |HAILSTONE GROUP S | 0.0335 |AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NEVADA HILLS MINE L | 0.0335 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY ___|GOOSEBERRY MINE S 10,0335 | AU |AG  CU COMSTOCK EPITHERMAL VEINS

Table D3. Posterior probabilities associated with gold-silver-bearing vol canic rock-hosted occurrences of all
sizes, as determined with the volcanic rock-hosted 7-layer mineral potential model (sorted in order of
descending posterior probability). All data, with the exception of posterior probabilities, from the MRDS
mineral occurrences database. Occurrences size from Guild (1968), and deposit types from Cox and Singer
(1986). Prior probability = 0.0015.
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CHURCHILL |NEVADA FAIRVIEW MINE M | 0.0289 | AU |AG | — COMSTOCK EPITHERMAL VEINS
MINERAL  |SUNNYSIDE CLAIMS S ]0.0289 | AU |AG | CU COMSTOCK EPITHERMAL VEINS

COMSTOCK OR HOT-SPRING
WASHOE  |PEAVINE PEAK GOLD MINE S 10.0289 |AU | — EPITHERVAL (7)
PERSHING  |AMERICAN FLAT CANYON MINE S 10.0286 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |WILDCAT MINE S 10.0286 | AU |AG | — COMSTOCK EPITHERMAL VEINS
STOREY COMSTOCK LODE DISTRICT, (SILVER CITY DIST.) | M | 0.0286 | AG | AU | CU COMSTOCK EPITHERMAL VEINS
STOREY KEYES MINE S 10.0286 |AG | AU | — COMSTOCK EPITHERMAL VEINS
PERSHING  |UNNAMED SILVER PROSPECT (GOLDBUTTEDIST.)| S | 0.0253 | AU |AG | W | — | COMSTOCK EPITHERMAL VEINS
WASHOE  |GOLDEN FLEECE S | 0.0251 | AU |AG |CU | PB | EPITHERMAL QTZ-ALUNITE AU
WASHOE  |PAYMASTER S |0.0251 | AU |AG |CU | PB | EPITHERMAL QTZ-ALUNITE AU
STOREY BELCHER CLAIM M | 0.0249 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
STOREY BULLION MINE S ]0.0249 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY CALEDONIA MINE S 10.0249 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY IMPERIAL MINE M | 0.0249 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY OVERLAND MINE M | 0.0249 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY OVERMAN CLAIM M | 0.0249 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY SCARPION SHAFT S 10.0249 | AU | AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |SUMMIT KING-DAN TUCKER MINE L |0.0222 | AU |AG | - | — | COMSTOCK EPITHERMAL VEINS
ESMERALDA |COMBINATION MINE M | 0.0220 | AU | AG | TE | CU | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |FLORENCE MINE M | 0.0220 | AU |AG | CU | BI | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |JANUARY MINE (JANUARY & FEBRUARY CLAIMS) | S | 0.0220 | AU | AG | CU | BI | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |MOHAWK MINE M | 0.0220 | AU | AG | CU | SB | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |SANGER MINE S ]0.0220 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
LYON SOUTH COMSTOCK MINE S 10.0220 | AU |AG | — COMSTOCK EPITHERMAL VEINS
MINERAL  |DOUGLAS GROUP (CAMP DOUGLAS ?) S ]0.0220 | AU |AG | PB COMSTOCK EPITHERMAL VEINS
STOREY BILLY THE KID PIT M | 0.0220 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY DRYSDALE MINE S 10.0220 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY LUCERNE PIT M | 0.0220 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |ROSE-DALE MINE S ]0.0205 |AU | = | = | — HOT-SPRING AU-AG
ESMERALDA |GOLDFIELD-BELMONT MINE S |0.0190 |AU [ZN |CU | TE | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |GREAT BEND MINE S |0.0190 |AU |AG |CU | ZN | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |LONE STAR GROUP (PATRICK CLAIM) S 00190 |AU | — | — | -~ | EPITHERMAL QTZ-ALUNITE AU
CHURCHILL |NBMG SAMPLE SITE 2882 (TRUCKEE, FIREBALL) | S |0.0180 |AU| ? |AG| ? | COMSTOCK EPITHERMAL VEINS
CLARK HOMESTAKE GROUP S 10.0180 | AU | AG GOLD ON FLAT FAULTS
ELKO ALPHA MINE S 1 0.0178 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO BOURNE MINE S 1 0.0178 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO BUSTER G.M. CO. S 1 0.0178 | AU |AG | — COMSTOCK EPITHERMAL VEINS
ELKO LONG HIKE S | 0.0178 | AU |AG | SE COMSTOCK EPITHERMAL VEINS
ELKO RIDDLE LEASE S 10.0178 |AU | = | — | -~ | COMSTOCK EPITHERMAL VEINS
STOREY OPHIR CLAIM L | 0.0178 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
STOREY SIERRA NEVADA MINE L | 0.0178 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
STOREY UNION MINE M | 0.0178 | AG | AU | PB | CU | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NEZELDA MINE S | 0.0159 | AU |AG | PB COMSTOCK EPITHERMAL VEINS
CHURCHILL |UNNAMED PROSPECT (TRUCKEE DISTRICT) S 100159 |AU | = | - | -~ | COMSTOCK EPITHERMAL VEINS
HUMBOLDT |NBMG SAMPLE SITE 2605 S ] 0.0159 |AG | CU | AU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING  |[FENCEMAKER MINE S ]0.0158 | SB | AG | HG | AU HOT-SPRING AU-AG
WASHOE  |S.E.D. CLAIMS S 100158 |AU| ? | — HOT-SPRING HG
CLARK QUO VADIS S |0.0143 |AU |AG | PB EPITHERMAL QTZ-ALUNITE AU
ESMERALDA E:&l\é’iﬁK')NG CLAIMS (SPECULATOR, SILVER S |0.0143 |AG | PB COMSTOCK EPITHERMAL VEINS
NYE HORN SILVER MINE S ]0.0143 | AG | AU | HG COMSTOCK EPITHERMAL VEINS
NYE LIBERTY MINE (REPRESENTING SANANTONEDIST)| S | 0.0142 | AG | AU | CU COMSTOCK EPITHERMAL VEINS

Table D3, continued.
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HUMBOLDT _|LUCKY JIM NOS. 1-8 AND APEX CLAIMS S ]0.0137 |AU |AG | U HOT-SPRING AU-AG
CHURCHILL |GOLD ORE CLAIMS S 10.0135 | AU | AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLD COIN #2 MINE S 1 0.0131 |AG | AU COMSTOCK EPITHERMAL VEINS
ESMERALDA |DIVIDE EXTENSION MINE S 00121 |AG |AU | — | — HOT-SPRING AU-AG (?)
ESMERALDA |GOLD ZONE DIVIDE MINING CO. PROPERTY S ]0.0121 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
ESMERALDA |TONOPAH DIVIDE MINE S ] 0.0121 | AU | AG |MO | CU | COMSTOCK EPITHERMAL VEINS
LYON TALAPOOSA DEPOSIT S ] 0.0114 | AU | AG | HG | CU | COMSTOCK EPITHERMAL VEINS
ELKO ALTITUDE MINE S | 0.0113 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO NEW HOPE GROUP S ]0.0113 |AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
ESMERALDA |ATLANTA MINES CO. CLAIMS S | 0.0113 | AU |AG | CU | SN | EPITHERMAL QTZ-ALUNITE AU
LYON SILVER HILL MINE L | 0.0113 | AG | AU | FE | MN | COMSTOCK EPITHERMAL VEINS
LYON VOLCANO MINE S | 0.0113 |AG | AU COMSTOCK EPITHERMAL VEINS
PERSHING  |FAIRVIEW MINE S | 0.0113 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING _ |J AND B MINE S ] 0.0113 |AU |AG | - | -~ | COMSTOCK EPITHERMAL VEINS
PERSHING  |KINDERGARTEN AND WIHUJA MINES S ] 0.0113 | AU | AG | PB | CU | COMSTOCK EPITHERMAL VEINS
PERSHING  |[MAZUMA HILLS MINE S ] 0.0113 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 2820 S | 0.0113 |AG | AU COMSTOCK EPITHERMAL VEINS
STOREY DONOUAN PROPERTY M | 0.0113 | AU | AG COMSTOCK EPITHERMAL VEINS
STOREY SUCCOR MINE M | 0.0113 | AG | AU COMSTOCK EPITHERMAL VEINS
STOREY UTAH SHAFT S ] 0.0113 |AU |AG | - | -~ | COMSTOCK EPITHERMAL VEINS
STOREY WOODVILLE SHAFT M | 0.0113 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
WASHOE  |[MAHONEY MINE S | 0.0113 | AU | AG COMSTOCK EPITHERMAL VEINS
WASHOE  |PANDORA S ] 0.0113 |AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
LINCOLN  |HOMESTAKE MINE S 10.0098 | AU | AG | HG | CU | COMSTOCK EPITHERMAL VEINS
LINCOLN  [IRIS84 09 84 09 S ]0.0098 | AU |AG | CU | - | COMSTOCK EPITHERMAL VEINS
LINCOLN  |KENO CLAIMS S 10.0098 |AU | ? | AG | BA | COMSTOCK EPITHERMAL VEINS
LYON COMO-EUREKA M | 0.0098 | AG | AU | CU COMSTOCK EPITHERMAL VEINS
ESMERALDA |JMP CLAIMS S |0.0097 |AU |AG | - | -~ | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |QUARTZITE AND BLACK BUTTE MINES S |0.0097 |AU |CU | SB | TE | EPITHERMAL QTZ-ALUNITE AU
PERSHING  |DEVANEY PROPERTY S 10.0097 |AU |AG| F COMSTOCK EPITHERMAL VEINS
PERSHING  |GOLD CROWN GROUP S 10.0097 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 1491 S 10.0097 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 2815 S 10.0097 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |SANTA MARIA PROSPECT S 10.0097 | AU |AG | — COMSTOCK EPITHERMAL VEINS
PERSHING  |SNOW SQUALL MINE S |0.0097 |AU [AG | F COMSTOCK EPITHERMAL VEINS
PERSHING  |STONE CLAIM SHAFT S 10.0097 |AU| ? | - | - | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|BUCKSKIN NATIONAL MINE S ]0.0094 | AU | AG | SB | FE | COMSTOCK EPITHERMAL VEINS
ESMERALDA |BLUE BULL MINE S |0.0086 | AU |AG |CU EPITHERMAL QTZ-ALUNITE AU
NYE LAND MARK MINE S 10.0086 | AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
PERSHING  |ANTIMONY IKE MINE S 10.0086 | SB | AU | AG | AS HOT-SPRING AU-AG
PERSHING  |BLACK BOY MINE S ]0.0086 | AG | PB | SB | ZN | COMSTOCK EPITHERMAL VEINS
PERSHING  |VELVET GOLD MINES S ]0.0086 | AU | AG COMSTOCK EPITHERMAL VEINS
CLARK JETCO CLAIMS S ]0.0081 |AU | CU | — | — GOLD ON FLAT FAULTS
ELKO CORNUCOPIA S ] 0.0081 | AU |AG | CU | ZN | COMSTOCK EPITHERMAL VEINS
ESMERALDA |TIP TOP MINE S ]0.0081 | AU |AG | — COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|LUCKY HORSESHOE GROUP S ]0.0081 |AU |AG| U | — HOT-SPRING AU-AG
WASHOE  |MAZY MINE S ] 0.0081 | AU |AG | PB | ZN | COMSTOCK EPITHERMAL VEINS
WASHOE  [RENO MAY S ] 0.0081 | AU |AG | ZN | PB | COMSTOCK EPITHERMAL VEINS
ELKO AJAX PROSPECT S ]0.0080 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO BEN HUR PROSPECT S ]0.0080 | AU | AG COMSTOCK EPITHERMAL VEINS

PAVLAK MINE JARBIDGE-PAVLAK
ELKO & M.COPROPERTIES S | 0.0080 | AU | AG COMSTOCK EPITHERMAL VEINS
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ELKO STARLIGHT GROUP S ]0.0080 | AU |AG | CU | - | COMSTOCK EPITHERMAL VEINS
ESMERALDA |MOHAWK MINE (ARGENTITE MINE) S ]0.0080 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
MINERAL  |AURORA DISTRICT (AURORA MINE AREA) L | 0.0080 | AU | AG | PB | SE | COMSTOCK EPITHERMAL VEINS
PERSHING  |PERSHING MINE 2 10.0080 |AU | — | = | - HOT-SPRING AU-AG
PERSHING  |WONDER METAL MINE S ]0.0080 | SB |AG | FE | Tl HOT-SPRING AU-AG
LINCOLN  |HORSESHOE MINE MINE S ]0.0070 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
PERSHING  |HOLLYWOOD MINE M | 0.0069 | SB |AG | AU | — HOT-SPRING AU-AG
WASHOE  |WESTERN HOG RANCH MINE M | 0.0069 | AU |AG |HG| U HOT-SPRING AU-AG
CHURCHILL |CYCLONE GROUP S ]0.0065 | AG | — COMSTOCK EPITHERMAL VEINS
CHURCHILL |NEVADA HILLS FLORENCE MINE S ] 0.0065 | AU | AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |OHIO GROUP S | 0.0065 | AU | AG COMSTOCK EPITHERMAL VEINS
WASHOE  |BLACK WARRIOR PEAK S 10.0065 | AU |AG | - | -~ | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|SLEEPER MINE M | 0.0062 | AU |AG | K | S | COMSTOCK EPITHERMAL VEINS
CHURCHILL |UNNAMED PROPERTY S ]0.0061 | AU |AG | - | - | COMSTOCK EPITHERMAL VEINS
PERSHING _ |TRINITY SILVER MINE S ] 0.0061 | AG | PB | SB | AU | COMSTOCK EPITHERMAL VEINS
ELKO GOOD HOPE ? 10.0048 | AG | AU | SB COMSTOCK EPITHERMAL VEINS
STOREY BALTIMORE SHAFT S 10.0048 |AG | AU | - | -~ | COMSTOCK EPITHERMAL VEINS
ESMERALDA |C.0.D. CONSOLIDATED MINING CO CLAIMS S | 0.0044 |AU |AG |CU | SB | EPITHERMAL QTZ-ALUNITE AU
HUMBOLDT _|KIM BLAIMS, NO.S 1-9 S ]0.0044 |AU |AG | U HOT-SPRING AU-AG
HUMBOLDT _|LUCKY STRIKE PROSPECT S ]0.0044 | AU |AG | — | — HOT-SPRING AU-AG
LINCOLN  |[FORTUNA AND HELEN CLAIMS S ]0.0044 | AU |AG | PB| ? | COMSTOCK EPITHERMAL VEINS
LINCOLN  |NBMG SAMPLE SITE 788 UNNAMED PROSPECT | S | 0.0044 |AU| ? |BA| ? EPITHERMAL MANGANESE
LYON HULLEY-LOGAN S ]0.0044 |AG | AU | CU COMSTOCK EPITHERMAL VEINS
LYON RAMSEY COMSTOCK MINE S ] 0.0044 | AU | AG COMSTOCK EPITHERMAL VEINS
LYON RAPIDAN M | 0.0044 | AG | AU COMSTOCK EPITHERMAL VEINS
LYON THE STONE CABIN CLAIMS S ]0.0044 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
MINERAL  |NEVADA RAND ? 10.0044 | AU | AG |MN | ZN | COMSTOCK EPITHERMAL VEINS
MINERAL  |RANDALL PROPERTY S ]0.0044 | AU |AG | CU | - | COMSTOCK EPITHERMAL VEINS
NYE KEY FLOWER MINE S ] 0.0044 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
NYE PARADISE PEAK MINE M | 0.0044 | AU | AG | HG | BA | EPITHERMAL QTZ-ALUNITE AU
PERSHING  |[NBMG SAMPLE SITE 2809 S 10.0044 |AU | ? COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 1480 S ] 0.0044 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 1481 S 10.0044 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 2836 S ] 0.0044 | AG | PB | AU | CU | COMSTOCK EPITHERMAL VEINS
PERSHING  |PORTLAND MINE S ]0.0044 | AU | AG | PB | ZN | COMSTOCK EPITHERMAL VEINS
PERSHING  |SEVEN TROUGHS DISTRICT S ] 0.0044 | AU | AG COMSTOCK EPITHERMAL VEINS
PERSHING _ |TRINITY SILVER PROSPECT M | 0.0044 | AG | — | - | — | COMSTOCK EPITHERMAL VEINS
PERSHING _ |TRINITY JOINT VENTURE S ]0.0044 |AG |PB | CU| W | COMSTOCK EPITHERMAL VEINS
STOREY FLOWERY MINE M | 0.0044 | AU | AG | PB | ZN | COMSTOCK EPITHERMAL VEINS
STOREY LODY BRYAN MINE ? 10.0044 | AU |AG | — COMSTOCK EPITHERMAL VEINS
STOREY NORTH BONANZA MINE S ]0.0044 | AU |AG | PB COMSTOCK EPITHERMAL VEINS
STOREY PET CLAIM S 10.0044 |AG | — COMSTOCK EPITHERMAL VEINS
NYE MIZPAH EXTENSION MINING CO. M | 0.0040 | AG | AU COMSTOCK EPITHERMAL VEINS
NYE MONTANA - TONOPAH MINING CO. L | 0.0040 | AG | AU | - | — | COMSTOCK EPITHERMAL VEINS
NYE TONOPAH MINING CO. L | 0.0040 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
LANDER ASPEN GROUP S 10.0039 | AU | MN COMSTOCK EPITHERMAL VEINS
NYE MONTGOMERY-SHOSHONE MINE S 10.0034 |AG | AU | — COMSTOCK EPITHERMAL VEINS
WASHOE  |GREEN HILL MINES S 10.0033 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLD KING CLAIM AND VALLEY KING CLAIMS S ]0.0031 | AU |AG | W COMSTOCK EPITHERMAL VEINS
CHURCHILL |UNNAMED PROSPECT (JESSUP DISTRICT) S ]0.0031 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO BLUSTER MINE S ]0.0031 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO FLAXIE MINE S 10.0031 | AU | AG COMSTOCK EPITHERMAL VEINS

Table D3, continued.



D18

County Site Name Size ::’:;'_ Commodities Deposit Type

ELKO JARBIDGE DISTRICT L |0.0031 | AU | AG HOT-SPRING AU-AG (?)
ELKO NEW STAR GROUP S | 0.0031 | AU |AG COMSTOCK EPITHERMAL VEINS
ELKO PAN CLAIM S | 0.0031 | AU |AG COMSTOCK EPITHERMAL VEINS
ELKO PICK AND SHOVEL MINE S | 0.0031 | AU |AG COMSTOCK EPITHERMAL VEINS

GOLDEN CASH; JACKPOT, BURIED TREASURE,

HUMBOLDT | v o8 2 100031 |AU|AG | U HOT-SPRING AU-AG
HUMBOLDT |NBMG SAMPLE SITE 2609 S | 0.0031 | AG | AS COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|SISKIYOU MINE S | 0.0031 |AU | — | — | — | COMSTOCK EPITHERMAL VEINS
PERSHING | BROWN PALACE GROUP 2 1 0.0031 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING | DREAMLAND MINE S | 0.0031 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING |ROSEBUD MINE S | 0.0031 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
PERSHING _|WILLARD GROUP (NORTH) S | 0.0031 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
LINCOLN | DELAMAR MINE (MAGNOLIA MINE) L | 0.0028 | AU | AG | CU | FE | COMSTOCK EPITHERMAL VEINS
PERSHING | NBMG SAMPLE SITE 1483 S | 0.0028 | AG | AU COMSTOCK EPITHERMAL VEINS
PERSHING | STONE HOUSE CANYON MINE S | 0.0028 | AU |AG COMSTOCK EPITHERMAL VEINS
NYE FAIRVIEW MINE S | 0.0025 | AU | — COMSTOCK EPITHERMAL VEINS
NYE FRANZ HAMMEL MINE S | 0.0025 | AU |AG | — COMSTOCK EPITHERMAL VEINS
NYE TROY MINE S | 0.0025 |AG |CU |MN| — | EPITHERMAL MANGANESE
NYE UNNAMED PROSPECTS #5 S | 0.0025 | AG | AU | CU | MN | COMSTOCK EPITHERMAL VEINS
PERSHING _|BELLE ETC. CLAIMS 2 100025 | AU | — COMSTOCK EPITHERMAL VEINS
CHURCHILL gmﬁg’éﬁfow” MINE (GOLD CROWN; PORTAND | o | § 0004 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
ELKO ARGENTA S | 0.0024 | AG | AU COMSTOCK EPITHERMAL VEINS
ELKO DEFREES M | 0.0024 |AG | AU | — | — | COMSTOCK EPITHERMAL VEINS
ESMERALDA |HASBROUCK MOUNTAIN S | 0.0024 | AG | AU | AS | HG HOT-SPRING AU-AG
LINCOLN | CULVERWELL MINE S | 0.0024 | AU |AG COMSTOCK EPITHERMAL VEINS
NYE KING TONOPAH MINE S | 0.0024 |AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
WASHOE | ARKELL MINE S | 0.0024 |AG | AU | PB | ZN | EPITHERMAL QTZ-ALUNITE AU
WASHOE  |BIG MOUTH S | 0.0024 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
WASHOE  |DESERT KING MINE S | 0.0024 |AG | AU | PB | ZN | EPITHERMAL QTZ-ALUNITE AU
WASHOE  |SECRET CANYON PROSPECT S | 0.0024 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
WASHOE | WEDEKIND MINE S | 0.0024 |AG | AU | PB | ZN | EPITHERMAL QTZ-ALUNITE AU
WASHOE  |BUSTER MINES M | 0.0022 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
ESMERALDA |GOLDFIELD DISTRICT L | 0.0021 | AU |AG| BI | K | EPITHERMAL QTZ-ALUNITE AU
ESMERALDA |NIVLOC MINE S | 0.0021 |AG | AU | PB COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|SILVER HILLS MINE 2 10,0021 | AU | AG HOT-SPRING AU-AG
LYON DAYTON MINE 2 10,0021 | AU | AG COMSTOCK EPITHERMAL VEINS
LYON KOSSUTH MINE S | 0.0021 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
NYE WARRIOR MINE S | 0.0021 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |FRED BRANCH PROPERTY S | 0.0020 | AU | AG | CU | MN | COMSTOCK EPITHERMAL VEINS
PERSHING _|STEINER MINE S | 0.0020 | AU | AG | PB | SB | COMSTOCK EPITHERMAL VEINS
CLARK CAMP DUPONT GROUP S 100018 | AU | — | — | — GOLD ON FLAT FAULTS
PERSHING | BLACK STAR CLAIM GROUP S | 0.0018 | AU | AG | SB | CU | COMSTOCK EPITHERMAL VEINS
ELKO COMMON WEALTH M | 0.0017 |AG | AU COMSTOCK EPITHERMAL VEINS
ELKO NORTH COMMONWEALTH M | 0.0017 |AG | AU COMSTOCK EPITHERMAL VEINS
ELKO OZARK GROUP ? 100017 | AU |AG | — | - | COMSTOCK EPITHERMAL VEINS
EUREKA  |BUCKHORN S | 0.0017 | AU | AG | AS | HG | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|BIGHORN GROUP S | 0.0017 |AG | U HOT-SPRING AU-AG
HUMBOLDT _|BLUE DRAGON NOS. 1-3 PROSPECT S | 0.0017 | AG | AU HOT-SPRING AU-AG
CHURCHILL |M. H. CLAIMS 2 10.0015 | AU | CU COMSTOCK EPITHERMAL VEINS
ELKO GOLD CIRCLE DISTRICT (MIDAS) L | 0.0015 | AU | AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |BIG LEDGE MINE S | 0.0013 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |JELINEK MINE S | 0.0013 | AG | AU COMSTOCK EPITHERMAL VEINS
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CHURCHILL |MIZPAH MINE S 10.0013 |AG |AU | — COMSTOCK EPITHERMAL VEINS
PERSHING  |YELLOWSTONE MINE S 1 0.0013 |AG |AU| ? HOT-SPRING AU-AG
WASHOE | TIGER GROUP S ]0.0013 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
NYE KEYSTONE MINE S 0.0012 |AU| F |AG | - | COMSTOCK EPITHERMAL VEINS
NYE ROUND MOUNTAIN GOLD MINE M | 0.0012 | AU | AG | AS | SB HOT-SPRING AU-AG
CHURCHILL |BLACK BUTTE MINE S ] 0.0011 | AU | AG | PB | FE | COMSTOCK EPITHERMAL VEINS
CHURCHILL |CENTURION PROSPECT S ]0.0011 |AG |AU | CU COMSTOCK EPITHERMAL VEINS
CHURCHILL |CIRAN PROSPECT S ] 0.0011 | AU | AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |CRIPPLE QUEEN MINE S | 0.0011 |AG |AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |LANSING PROSPECT S 1 0.0011 | AU |AG | — COMSTOCK EPITHERMAL VEINS
CHURCHILL |NBMG SAMPLE SITE 3941 S ]0.0011 |[AG|CU | PB COMSTOCK EPITHERMAL VEINS
CHURCHILL |PYRAMID MINE S ]0.0011 |AG | PB |MN COMSTOCK EPITHERMAL VEINS
CHURCHILL |REX CLAIM #6 S 10.0011 |AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |SCOTIA MINE S 10.0011 |AG | — COMSTOCK EPITHERMAL VEINS
CHURCHILL |WATER SHAFT MINE S 10.0011 |AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |WOLVERTON PROSPECT S ] 0.0011 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO APRIL FOOL GROUP S ]0.0011 |AG | AU COMSTOCK EPITHERMAL VEINS
ELKO GRAND PRIZE L |0.0011 |AG | — COMSTOCK EPITHERMAL VEINS
ELKO TUSCARORA MINE S ] 0.0011 | AU | AG COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|[ECHO GROUP S 10.0011 |AG| U HOT-SPRING AU-AG
LYON PONY MEADOWS CLAIMS S ] 0.0011 | AU | AG COMSTOCK EPITHERMAL VEINS
MINERAL  |OMCO MINE (OLYMPIC MINE; ROYAL GEORGE GRP.)| M | 0.0011 | AU | AG COMSTOCK EPITHERMAL VEINS
NYE AMALGAMATED MINE S 100011 |AU| F COMSTOCK EPITHERMAL VEINS
NYE QTBTE%\{V'HN%’}D MINE (ARROWHEAD SYNDICATE S |0.0011 |[AG | AU | SB COMSTOCK EPITHERMAL VEINS
NYE BULLFROG DISTRICT L | 0.0011 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
NYE ELLENDALE MINE S ]0.0011 | AU |AG | — COMSTOCK EPITHERMAL VEINS
NYE GOLD BAR GROUP (GOLDEN ARROW DISTRICT) | S | 0.0011 | AU |AG | CU | — | COMSTOCK EPITHERMAL VEINS
NYE MANHATTAN CONSOLIDATED MINE S ]0.0011 | AG | AU | SB | AS | COMSTOCK EPITHERMAL VEINS

COMSTOCK OR HOT-SPRING

NYE PIONEER MINE S |0.0011 |AU | — EPITHERVAL (7)

NYE SILVER GLANCE GROUP (SILVER BOW DIST.) S 10.0011 |AG | AU COMSTOCK EPITHERMAL VEINS
PERSHING  |CROFOOT PROJECT ? 100011 | AU | — HOT-SPRING AU-AG
STOREY GLOBE CONSOLIDATED MINE S 10.0011 | AU |AG | — COMSTOCK EPITHERMAL VEINS
WASHOE | TMB ASSOCIATES CLAIMS S | 0.0011 AU | ? %L HOT-SPRING AU-AG
WASHOE ~ |WIND MOUNTAIN MINE S | 0.0011 | AU | AG %L AS HOT-SPRING AU-AG
CHURCHILL |GRAND CENTRAL MINE S 10.0009 |AG |AU | - | - | COMSTOCK EPITHERMAL VEINS
CHURCHILL |LAST HOPE MINE S 10.0009 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NBMG SAMPLE SITE 3935 S 10.0009 |AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |TERRELL MINE S 10.0009 |AG | PB COMSTOCK EPITHERMAL VEINS
CHURCHILL |WINGFIELD MINE S ]0.0009 |AG | AU | — COMSTOCK EPITHERMAL VEINS
ELKO BUCKEYE AND OHIO L | 0.0009 | AG | SB | AS | — | COMSTOCK EPITHERMAL VEINS
LINCOLN  |POPE MINE S ]0.0009 | AU |AG |CU | ? | COMSTOCK EPITHERMAL VEINS
LINCOLN  |REDLITE CLAIMS S 10.0009 | AU | AG COMSTOCK EPITHERMAL VEINS
NYE GOLDEN CROWN GROUP 2 10.0009 | AG | — COMSTOCK EPITHERMAL VEINS
NYE OKEY DAVIS MINE S 10.0009 |AU | - | - COMSTOCK EPITHERMAL VEINS
PERSHING  |[NBMG SAMPLE SITE 2927 S ]0.0009 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
WASHOE  |WILD ROSE PROSPECT S 100009 |AU| U | = | — HOT-SPRING AU-AG
CHURCHILL |DIXIE COMSTOCK MINE S 10.0008 | AU |AG | CU | PB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLCONDA-GOLD WEDGE GROUP S ]0.0008 | AG | AU | CU | MO | COMSTOCK EPITHERMAL VEINS
CHURCHILL |LAST CHANCE AND TONY PAN PATENTED CLAIMS| S | 0.0008 | AG | AU COMSTOCK EPITHERMAL VEINS
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CHURCHILL |RUBY-JUNE ROSE GROUP S | 0.0008 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |SPIDER AND WASP PROSPECT S | 0.0008 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |TREASURE HILL CLAIM #1417 S | 0.0008 | AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |WEST JOB CANYON-NORTH 2 | 0.0008 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |WINDLASS MINE S | 0.0008 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO BANNER S | 0.0008 | AU |AG | — COMSTOCK EPITHERMAL VEINS
ELKO DEXTER L | 0.0008 | AU AG | TI COMSTOCK EPITHERMAL VEINS
ELKO EIRA M | 0.0008 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO ELKO PRINCE S | 0.0008 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
ELKO HOLLISTER (IVANHOE) M | 0.0008 | AU AG | HG |CU HOT-SPRING AU-AG
ELKO WATER WITCH MINE S | 0.0008 | AU |AG COMSTOCK EPITHERMAL VEINS

COMSTOCK OR HOT-SPRING
ESMERALDA |GILBERT MINE S | 0.0008 | AU | — EPITHERMAL (2
ESMERALDA |MAMMOTH PROSPECT S | 0.0008 | AG | AU | SB COMSTOCK EPITHERMAL VEINS
ESMERALDA |RED CLOUD CLAIMS S | 0.0008 | AU |AG | ? COMSTOCK EPITHERMAL VEINS
NYE AMERICAN EAGLE AND CEDAR VEIN S | 0.0008 | AG | AU | CU EPITHERMAL MANGANESE
NYE BIG PINE MINE S | 0.0008 | AU | — COMSTOCK EPITHERMAL VEINS
NYE BIG FOUR MINE S | 0.0008 | AU | — | — | — | COMSTOCK EPITHERMAL VEINS
NYE BOND GOLD BULLFROG MINE M | 0.0008 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
NYE BRUNER MINE S | 0.0008 | AU | — SADO EPITHERMAL VEINS
NYE LONGSTREET MINE S | 0.0008 | AU |AG | — COMSTOCK EPITHERMAL VEINS
NYE MAMMOTH 1-5 CLAIMS S | 0.0008 | AU | AG | HG HOT-SPRING HG
NYE MOTHER LODE MINE S | 0.0008 | AU | AG COMSTOCK EPITHERMAL VEINS
NYE MUSTANG MINE S | 0.0008 | AU | — COMSTOCK EPITHERMAL VEINS
NYE NATIONAL BANK MINE S | 0.0008 | AU |AG COMSTOCK EPITHERMAL VEINS
NYE UNION NO. 9 MINE S | 0.0008 | AU | — COMSTOCK EPITHERMAL VEINS
PERSHING | BUNCE PROSPECT S | 0.0008 | AU | — | — | — | COMSTOCK EPITHERMAL VEINS
PERSHING | GOLDBANKS MERGER MINES S | 0.0008 | AU | AG | PB | HG HOT-SPRING AU-AG
PERSHING | QUEENSTAKE'S NORTH STRUCTURE S | 0.0008 |AG |PB | 2N HOT-SPRING AU-AG
PERSHING | TRINITY MINE 2 10,0008 |AG | — COMSTOCK EPITHERMAL VEINS
STOREY  |OCCIDENTAL MINE S | 0.0008 | AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |WEST JOB CANYON-SOUTH 2 | 0.0007 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
ELKO BELLE ISLE S | 0.0007 | AG | AU | CU | ZN | COMSTOCK EPITHERMAL VEINS
ELKO INDEPENDENCE M | 0.0007 |AG | CU | PB COMSTOCK EPITHERMAL VEINS
EUREKA  |WEST SINTER DEPOSIT S | 0.0007 | AU |AG COMSTOCK EPITHERMAL VEINS
LANDER |DMB MINING PROPERTIES. S | 0.0007 | AG | AU HOT-SPRING AU-AG

COMSTOCK OR HOT-SPRING
LANDER |FIRE CREEK MINE S 100007 | AU | — EPITHERMAL (2
LINCOLN  |CHARLEY ROSS MINE S | 0.0007 | AU |AG COMSTOCK EPITHERMAL VEINS
LINCOLN |CONFIDENCE MINE S | 0.0007 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
LINCOLN |JENNIE MINE S | 0.0007 | AU | AG | PB | CU | COMSTOCK EPITHERMAL VEINS
LINCOLN | SNOWFLAKE MINE S | 0.0007 | AG | AU | CU | FE | COMSTOCK EPITHERMAL VEINS
LINCOLN | THOR MINE S | 0.0007 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
MINERAL  |BOREALIS MINE M | 0.0007 | AU AG | ZN |CU HOT-SPRING AU-AG
MINERAL  |FREEDOM FLATS DEPOSIT S | 0.0007 | AU |AG | AS | SB | EPITHERMAL QTZ-ALUNITE AU
PERSHING | SILVER PROSPECT (RAGGED TOP DISTRICT) 2 10,0007 |AG | — COMSTOCK EPITHERMAL VEINS
PERSHING | WILDHORSE GROUP S | 0.0007 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |BUFFALO HUMP MINE S | 0.0006 | AG | AU | CU | PB | COMSTOCK EPITHERMAL VEINS
ESMERALDA |16 TO 1 MINE (OLD SILVER PEAK DIST.) S | 0.0006 | AG | AU | PB | ZN | COMSTOCK EPITHERMAL VEINS
ESMERALDA |B.C.H. MINERALS CO. PROPERTY S | 0.0006 | AU |AG | PT | ? | COMSTOCK EPITHERMAL VEINS
HUMBOLDT | CROFOOT/LEWIS MINE S | 0.0006 | AU |AG |HG| S | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|LEWIS MINE (AND CROWFOOT?) S | 0.0006 | AU | AG | SB COMSTOCK EPITHERMAL VEINS
HUMBOLDT | YELLOW ROCK GROUP S | 0.0006 | AU AG | U HOT-SPRING AU-AG
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NYE ORIGINAL BULLFROG MINE S | 0.0006 | AG | AU | CU COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLD BASIN MINE S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLD BUG MINE S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |JACK POT MINE M | 0.0004 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NEVADA WONDER MINE L | 0.0004 | AU | AG |MO | CU | COMSTOCK EPITHERMAL VEINS
CHURCHILL |SILVER CENTER MINE S | 0.0004 |AG |AU| ? | BA | COMSTOCK EPITHERMAL VEINS
CHURCHILL |VULTURE MINE S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |WONDER MINE S | 0.0004 | AU |AG | — COMSTOCK EPITHERMAL VEINS
ELKO BULLION PROSPECT S | 0.0004 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
ELKO COEUR D'ALENE-JARBIDGE G.M.CO. S | 0.0004 | AU |AG | — COMSTOCK EPITHERMAL VEINS
ELKO EASTERN STAR MINE S | 0.0004 | AU |AG | CU COMSTOCK EPITHERMAL VEINS
ELKO MODOC S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
ELKO RED DIKE PROSPECT S | 0.0004 | AU | — | — | — | COMSTOCK EPITHERMAL VEINS
LANDER | GOLD BASIN GOLD MINING CO. S | 0.0004 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
LINCOLN  |SOLO JOKER CLAIM CLAIM S | 0.0004 | AG | AU | BA COMSTOCK EPITHERMAL VEINS
LINCOLN _|UTAH SPUR MINE S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
COMSTOCK OR HOT-SPRING
MINERAL  |BOVARD - RAND DISTRICT S | 0.0004 | AU |AG |CU | PB EPITHERMAL (2
MINERAL  |BROKEN HILLS MINE S | 0.0004 | AG | PB | ZN | AU | COMSTOCK EPITHERMAL VEINS
MINERAL  |RAWHIDE DEPOSIT L | 0.0004 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
NYE AJAX MINE S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
NYE APRIL FOOL MINE S | 0.0004 AU | F COMSTOCK EPITHERMAL VEINS
NYE CLIFFORD MINE S | 0.0004 | AG | AU COMSTOCK EPITHERMAL VEINS
NYE GOLD HILL MINE M | 0.0004 |AU| — | — COMSTOCK EPITHERMAL VEINS
NYE GOLDEN KING MINE S | 0.0004 | AU | AS | BE COMSTOCK EPITHERMAL VEINS
NYE HANNAPAH MINE S | 0.0004 |AG | — COMSTOCK EPITHERMAL VEINS
NYE JEEP GROUP S | 0.0004 | AG | AU COMSTOCK EPITHERMAL VEINS
NYE SAM JACK GROUP S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
PERSHING | AMONETT-FRANK CLAIMS S | 0.0004 | AU |AG | — | — HOT-SPRING AU-AG
PERSHING | DEER PROSPECT S | 0.0004 | AU | AS | SB | HG HOT-SPRING AU-AG
PERSHING | VENT CLAIM PROSPECT S | 0.0004 | AU |AG COMSTOCK EPITHERMAL VEINS
WASHOE  |KEYSTONE NEVADA MINE S | 0.0004 | AU |AG | — COMSTOCK EPITHERMAL VEINS
WASHOE  |PRETTY ROCK GROUP S | 0.0004 | AU |AG | U HOT-SPRING AU-AG
CHURCHILL |BELL MOUNTAIN MINE S | 0.0003 | AU |AG COMSTOCK EPITHERMAL VEINS
CHURCHILL |GEIGER SHAFT S | 0.0003 | AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |GOLD LEDGE MINE S | 0.0003 | AU | AG | PB | CU | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NBMG SAMPLE SITES 3927, 3928 S | 0.0003 | AG |AU | — | — | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NBMG SAMPLE SITES 3890, 3926 S | 0.0003 | AG | AU | PB | SB | COMSTOCK EPITHERMAL VEINS
CHURCHILL |NBMG SAMPLE SITE 3925 S | 0.0003 | AG | AU COMSTOCK EPITHERMAL VEINS
CHURCHILL |WILLIAMS MINE S | 0.0003 | AG | AU COMSTOCK EPITHERMAL VEINS
ELKO NAVAJO L | 0.0003 | AG | AU COMSTOCK EPITHERMAL VEINS
ELKO NORTH BELLE ISLE L | 0.0003 | AG | AU COMSTOCK EPITHERMAL VEINS
ELKO REX MINE (GOLD CIRCLE DIST.) M | 0.0003 | AU | AG COMSTOCK EPITHERMAL VEINS
ELKO ST. PAUL S | 0.0003 | AU |AG | — | — | COMSTOCK EPITHERMAL VEINS
HUMBOLDT |AUTO HILL PROSPECTS S | 0.0003 | AG | AU | SB | CU | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|BIRTHDAY MINE S | 0.0003 | AU | AG | PB | CU | COMSTOCK EPITHERMAL VEINS
HUMBOLDT |BLUM SHAFT S | 0.0003 | AG | AU |HG | PB | COMSTOCK EPITHERMAL VEINS
HUMBOLDT | CAUSTIN MINE S | 0.0003 | AG | FE | SB | AU HOT-SPRING AU-AG
HUMBOLDT |CHEFOO TUNNEL S | 0.0003 | AU | AG | CU | ZN | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|CRAWFORD MINE S 1 0.0003 |AU| ? |AG| ? | COMSTOCK EPITHERMAL VEINS
HUMBOLDT |HATCH MINE S | 0.0003 | AU |AG | — HOT-SPRING AU-AG
HUMBOLDT | INDIAN VALLEY MINE S 10,0003 | SB | AU | AG HOT-SPRING AU-AG

Table D3, continued.
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Post.

County Site Name Size| p Commodities Deposit Type
HUMBOLDT _|[MAMMOTH MINE S ]0.0003 | AU |AG | — | — HOT-SPRING HG
HUMBOLDT _|NATIONAL MINE L | 0.0003 | AU | AG | CU | PB | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|RADIATOR HILL S ]0.0003 | AU |AG | SB | -~ | COMSTOCK EPITHERMAL VEINS
HUMBOLDT _|SULPHUR DISTRICT S 10.0003 | S |AG |HG |AL3 HOT-SPRING HG
NYE BALD MOUNTAIN PROSPECT S ]0.0003 | AU | = | - | - | COMSTOCK EPITHERMAL VEINS
NYE DULUTH MINE S ]0.0003 |AU |AG | - | -~ |  SADO EPITHERMAL VEINS
NYE MANHATTAN DISTRICT L | 0.0003 | AU | AG | SB | AS | COMSTOCK EPITHERMAL VEINS
PERSHING  |COYOTE PROSPECT S ]0.0003 |AG | AU | = | — HOT-SPRING AU-AG
PERSHING _ |D.J. CLAIMS S ]0.0003 |AG | AU | - | — HOT-SPRING AU-AG
WASHOE  |OBSIDIAN GROUP S ]0.0003 |AU |AG | U | — HOT-SPRING AU-AG
WASHOE __|UNNAMED PROSPECT #2 2 100003 |AU AG| U | — HOT-SPRING AU-AG

Table D3, continued.



Posterior Probabilities Appended to Primary Gold-Sliver-Bearing Occurrences

Calculated Using Primary 7-Layer Mineral Potential Model
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FigureD.2. Primary occurrence-type 7-layer mineral potential model—the distribution of (A) elevated favorability mineral potential areasin comparisonto (B) the
distribution of known primary gold-silver-bearing occurrences(n=2690). Theoccurrencesareclassified (quantile-based) by their associated posterior probabilities,
whichwere calculated using theW OE7-layer mineral potential model and appended to thepoints. Thetop four posterior probability intervals of the point map (red,
oranges, and yellow) approximately correspond in value to the categories represented in the elevated favorability mineral potential map. The distribution of
occurrences with high posterior probabilities (map B) is generally coincident with areas that are predicted by the model to have elevated mineral potential
favorability (mapA). Note, for example, the coincident distribution highlighted by thedashed lines.
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Posterior Probabilities Appended to Sedimentary Rock-Hosted Gold-Sliver-Bearing Occurrences

Calculated Using Sedimentary Rock-Hosted 8-Layer Mineral Potential Model
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Figure D3. Distribution of posterior probabilities associated with big (large, medium), small, and unknown size sedimentary rock-hosted occurrences.
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Figure D.4. Sedimentary rock-hosted occurrence-type 8-layer mineral potential model—the distribution of (A) elevated favorability mineral potential areasin
comparison to the distribution of (B) known sedimentary rock-hosted occurrences (n=98). In general, the distribution of occurrences with high posterior
probabilities (map B) is coincident with areas that are predicted by the model to have elevated minera potential favorability (map A). Note, for example, the
coincident distribution highlighted by thedashedlines. SeeFigureD.2 captionfor additional information.
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Posterior Probabilities Appended to Volcanic Rock-Hosted Gold-Sliver-Bearing Occurrences

Calculated Using Volcanic Rock-Hosted 7-Layer Mineral Potential Model
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Figure D.5. Distribution of posterior probabilities associated with big (large and medium), small, and unknown size volcanic rock-hosted occurrences.
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Figure D.6. Volcanic rock-hosted occurrence-type 7-layer mineral potential model—the distribution of (A) elevated favorability mineral potential areas in
comparison to (B) thedistribution of known vol canic rock-hosted occurrences (n=415). Ingeneral, the distribution of occurrenceswith high posterior probabilities
(map B) is coincident with areas that are predicted by the model to have elevated mineral potential favorability (map A). Note, for example, the coincident
distribution highlighted by thedashed lines. SeeFigureD.2captionforadditionalinformation.
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