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ABSTRACT 

The application of trace element geochemistry and carbonate alteration 

mapping has the potential to identify and target gold mineralized rock in the Carlin -trend 

as well as in other trends in northern Nevada. At the Cortez Hills deposit, located in the 

Battle Mountain- Eureka trend, trace element geochemistry and carbonate zonation 

mapping was done using drill core from areas within, proximal, and outside of 

mineralization to determine if a "footprint" for mineralization exists. 

1018 composite samples from 23 selected drillholes within the Cortez Hills 

deposit, as well as numerous surface and outcrop samples representing the Wenban 

Formation were analyzed and interpreted for statistical and spatial significance and 

distribution of trace elements around gold mineralization. The 1018 composite samples 

from the 28600 section line were analyzed using the ALS CHEMEX ME -MS41 package. 

This approach was based upon an aqua regia digestion followed by element estimation 

via ICP -MS and ICP -AES instrumentation. Detailed geochemical overlays of 

statistically and spatially coherent elements were combined into suites of elements 

representing original stratigraphy, W event, base -metal (skarn),Carlin -type 

mineralization, and supergene alteration. 

Trace element geochemistry highlighted anomalous concentrations of elements 

associated with black shales. These elements (Mo, Ni, Fe, P, V, and U) have strong 

spatial and statistical correlation to the silty -shaley horizons that host gold mineralization 

at the Cortez Hills deposit. 

The statistical analysis of the composite data illustrates that the highest correlation 

for gold mineralization is the Carlin -type mineralization suite (Tl, Hg, As, Sb, and Ag). 

Specifically thallium and mercury have the strongest correlation followed by arsenic, 

antimony and silver. Outside of the Carlin -type mineralization suite of elements, 

tungsten, tellurium, bismuth, and tin have the strongest correlation to gold mineralization. 

The tungsten mineralization suite has strong correlation and spatial coherence whereas 

the base -metal suite does not. Within the supergene suite of elements, some of the 

elements have distributions that coincide with mineralization as well as oxidation 

iii 



boundary and supergene alteration effects. The iron -aluminum ratio of the data set along 

the 28600 section line illustrates strong association to elevated gold values. 

A carbonate staining technique was applied to asses carbonate mineral zonation at 

the Cortez Hills deposit. Carbonate speciation other than calcite (ferroan calcite, ferroan 

dolomite, and dolomite) at the Cortez Hills deposit was not identified using this 

technique. 

Interpretation of the results of the study supports the hypothesis that typical 

Carlin -type mineralization elements as well as other elements associated with skarn (Ag, 

Bi, and Cu), and tungsten mineralization have an expression that outlines mineralization 

and that alteration element zonation (Al, Ga, Ca, Mg, and Li) illustrates the effects of 

mineralization as well as supergene alteration and that no carbonate mineral zonation was 

detected using staining techniques. 
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CHAPTER 1: INTRODUCTION 

1.0 Introduction 

The Cortez Hills deposit is located in Lander County, Nevada, approximately 130 

km southwest of Elko, Nevada (Figure 1.1). The deposit is centrally located within a 

northwest to southeast trending zone of sedimentary rock -hosted disseminated gold 

deposits designated as the Battle Mountain -Eureka Trend. The deposit is approximately 

15 km east of the Pipeline / South Pipeline deposits (Figure 1.2) and is part of the Cortez 

Joint Venture (CJV). The district area (Cortez West Window) is bounded on the east by 

the Cortez Range and on the west by Crescent Valley (Figure 1.2). 

The Cortez Hills area has several significant structural features, the most 

prominent being the Cortez Fault to the east and the Roberts Mountain Thrust to the west. 

The Roberts Mountains Thrust places Paleozoic upper plate siliceous rocks of the Roberts 

Mountains allochthon over lower plate Paleozoic continental shelf and platform 

carbonate rocks. Other prominent structures in the Cortez district are the Crescent Fault 

(Figure 1.2) and a gently southeast plunging northwest trending antiform. The Cortez 

Fault strikes northwest and was previously considered to be the type structure of the 

Northern Nevada Rift (Stewart et al., 1975). Although the Cortez Fault is approximately 

parallel to the Northern Nevada Rift, it does not control the emplacement of igneous 

rocks linked to the bimodal volcanism of the rift. The Crescent Fault is a basin bounding 

fault north of the Cortez Hills area that strikes northeast along the southwest end of the 

Crescent Valley along the Cortez Range. The Cortez Hills area is illustrated in greater 

detail in Figure 1.3. 

1.1 Purpose 

The Cortez Hills gold deposit in Lander County Nevada represents one of the 

largest gold discoveries within the United States in the past several decades. To better 

understand the deposit, in 2003 Placer Dome USA proposed a study to determine the 

geochemical footprint of mineralization through an investigation of the distribution of 

selected trace element geochemical data and the zonation and alteration of carbonate 
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minerals within, proximal to, and distal from the deposit. Barrick Gold Company, who 

took control of Placer Dome USA in 2006, has continued support for the study. The data 

set utilized for this study includes hand samples and 1,018 ICP -MS geochemical data 

samples from 20 to 30 foot composite samples generated from reverse circulation and 

diamond drill holes (HQ size) completed between 1996 and 2006. 

The hypotheses for this study are that there is a significant alteration zonation 

displayed by carbonate minerals around the deposit, and that the trace element 

geochemistry defines a distinctive geochemical "footprint ". Definition of such alteration 

and geochemical zonation around the Cortez Hills deposit could significantly aid future 

mineral exploration. 

Independence Trend 

Getchell 
Trend a Carlin 

Trend 
Battle Mtn 
Eureka Trend 

NEVADA 

E V A DA 

Figure 1.1 Location maps of the Cortez Hills deposit relative to major cities and gold 
deposit trends. Red dot denotes approximate location of the Cortez Hills deposit. 
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Figure 1.2. The location of the Cortez Hills deposit relative to other deposits in the Cortez 
district. Modified from Stewart and Carlson (1984). 
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Figure 1.3. Regional geology map of the Cortez Hills area, yellow circle denotes 
location of study area. 
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1.2 Exploration History 

The Cortez mining district developed following the 1863 discovery of the Cortez 

Silver deposit. It has been estimated that this deposit produced 4.5 million ounces of 

silver, as well as lesser amounts of lead, copper, zinc, and minor gold (Gilluly and 

Masursky, 1965). The silver deposits are typically situated within or adjacent to the 

lower plate windows and proximal to intrusive stocks (McCormack and Hays, 1995). A 

smaller silver deposit, Mill Canyon, is located to the north. 

The Cortez Gold deposit discovered in 1968 to the north of the Cortez Hills 

deposit consists of the main Cortez deposit, and several smaller satellite ore bodies, 

including the ADA 50, ADA 52, and the Fox Canyon deposits (Figure 1.2). Together 

they have produced approximately one million ounces of gold (CJV, pers comm.) with 

average grades ranging from 0.05 to 0.26 ounces per ton. There are other gold deposits 

located in the Cortez district; these are the Gold Acres discovered in 1935, the Horse 

Canyon deposit discovered in 1982, and the Pipeline / South Pipeline deposits containing 

approximately 20 M oz of gold, discovered in March and November of 1991. The 

Cortez Hills deposit was discovered in April of 2003. 

The precious metal deposits of the Cortez window are localized at the intersection 

of east -west faults with north- northwest -trending faults, and exist predominantly in lower 

plate rocks. The largest and highest -grade deposits develop where fault intersections 

coincide with low -angle faults within lower plate sedimentary rocks. 

This study is described in the following chapters. Chapter one, entails a brief 

introduction with study purpose and exploration history. In chapter two, the 

methodology of the study details the development of the study using existing and new 

drill data from Placer Dome USA and Barrick Gold. Chapter three illustrates deposit 

geology, models, and previous work on trace element geochemical zonation and 

carbonate alteration and zonation. Chapter four details local geology and tectonics as 

well as deposit stratigraphy and mineralization. In chapter five, the results of the study 

are presented and interpreted. Chapter six discusses the results of the study and presents 

the conclusions of the study, with suggestions for future work. Supportive data from the 

study can be found in the Appendix. 
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CHAPTER 2: METHODOLOGY 

2.0 Introduction 

The Cortez Hills deposit lies along a zone of north -northwest trending deep 

basement faults intersected by east -west faults located within the Battle Mountain Eureka 

Trend. This zone of structural intersections resulted in favorable conditions for ore 

bearing fluids to permeate carbonate sedimentary rocks and deposit sub -micron gold. 

Drill core and reverse circulation (RC) drill holes were selected along an east -west 

transect that represented unmineralized, weakly mineralized and mineralized intervals 

across the Cortez Hills deposit. Twenty two (22) drill holes, consisting of eight (8) 

reverse circulation drill holes and fourteen (14) diamond core holes were examined 

across the deposit (Table 2.1). 

Table 2.1 Drill hole database. 
Reverse Circulation drill holes Diamond Core drill holes (HQ size) 
CH04 -007 DC -025 
CH04 -017 DC -041 

CH04 -069 DC -042 
CH04 -085 DC -043 
CH05 -091 DC -089 
CH05 -109 DC -093 
CH05 -129 DC -107 
CH05 -136 DC -108 

DC -131 
DC -132 
DC -151 
DC -168 
DC -191 
DC -192 
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2.1 Sampling 

Drill holes were logged and sampled and limited field work was undertaken with 

focus on the Devonian Wenban Formation. This work was carried out from the summer 

of 2004 through the summer of 2006. Care was taken to select samples from both 

oxidized and unoxidized areas of the deposit. Sampling was also conducted to obtain a 

wide variety of different carbonate minerals above and below known ore zones. Drill 

core samples were taken and set aside for carbonate staining. During the acquisition of 

data, ongoing metallurgical testing and resampling of intervals of core for assay 

occasionally limited sample availability. When this occurred, samples were taken from 

available core proximal to the selected section line or from nearby core holes (Table 2.2). 

2.2 28600 Type Section 

A type section (28600, mine coordinates) from the Cortez Gold Mines drill 

database was created that intersected unmineralized, weakly mineralized, and strongly 

mineralized rock (Figure 2.1). This section line has an east -west orientation and is 

supported by extensive drill coverage. The section line allows comparison of trace 

element geochemistry, carbonate mineralogy, and distribution of textural fabrics of the 

deposit from a high grade zone to unmineralized rock. The drill holes for the 28600 

section line were chosen on 200 to 500 foot spacing where drill coverage was dense. 

When the coverage was sparse 500 to 1000 foot spacing was used. This type section was 

also chosen to represent the lower plate stratigraphy as well as the overburden above 

bedrock. 
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Table 2.2 Carbonate Samples Collected for Analysis. 
Sample 
Number 

Terraspec 
Number 

Sample 
Name 

Footage (feet) Sample 
Number 

Terraspec 
Number 

Sample 
Name 

Footage 
(feet) 

Mineralized Wall Rock Unaltered Dike 

1 A DC -089 1336 14 N ODC- 
035 

998.3 

2 B DC -151 2016.2 15 0 DC- 
217 

1997 

3 C DC -151 2083 Mineralized Altered Dike 

4 D DC -151 2103.3 16 P DC- 
151 

2021 

5 E DC -217 1794 17 Q DC- 
197 

2489 

Unmineralized Wall Rock Unmineralized Altered Dike 

6 F DC -131 1878 18 R ODC- 
035 

742.7 

7 G DC -131 1917.3 19 S ODC- 
035 

1302.2 

8 H DC -208 2172 Strongly Altered Wall Rock 

9 I DC -217 1581 20 T DC- 
206 

2500 

Strongly Altered Dike Thin- section chips: Mineralized Dike 
Samples 

10 J ODC- 
035 

730.9 21 U DC- 
043 

1088.3 

11 K ODC- 
035 

1546 22 V DC- 
151 

2024.8 

12 L ODC- 
046 

1705.8 23 W DC- 
151 

2026 

Weakly Altered Dike 

13 I M DC -089 1 2099 
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Figure 2.1 28600 section line showing location of drill holes. 
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2.3 Logging 

Eight (8) reverse circulation (RC) drill holes along the 28600 type section were 

selected for study (Figure 2.1). The RC chips were collected in ten foot intervals during 

the drilling process. Upon completion of the drill hole, the chip trays were taken to the 

logging facility and carefully logged. Logging of the chips recovered from the RC drill 

focused mainly on identifying formation, lithology, alteration, and metallurgical 

characteristics. The reverse circulation drilling method reduced the amount of fine 

material and clays from competent rock. Additional data collected included the 

abundance of carbonate veins related to carbonate dissolution, formational contacts, 

presence of igneous rocks, degree of brecciation, degree of oxidation, and degree of 

metamorphism. 

Fourteen (14) diamond drill core holes (DDH) were selected on or within a 300 

foot buffer zone north and south of the 28600 type section (Figure 2.1). Diamond core 

drilling employed HQ (-2.25 inch) diameter equipment. The length of each of the drill 

core holes was predetermined by project geologists and drill holes were cut off when 

mineralization or alteration was no longer present. Following completion of each drill 

hole the core was transported to the core logging facility, where the core was 

geotechnically and geologically logged according to Placer Dome / Barrick production 

standards. Upon completion of logging techniques, the core was sawn in half and 

selected sections sent for gold assay by fire assay- atomic absorption analysis. Chip 

sampling on a 10 foot interval was used to identify mineralized zones more accurately 

and reduce the amount of analyses of unmineralized rock. 

The selected diamond drill core holes were logged in greater detail than the RC 

drill holes. Logging focused on lithology, alteration and texture, and the presence and 

orientation of structures. The position of formational contacts, rock type and contacts, 

oxidation boundary, and metamorphism could be more accurately identified in drill core 

than with RC chips. 
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2.4 Carbonate Staining 

The principal carbonate minerals found in Carlin -type gold deposits are calcite, 

ferroan calcite, ferroan dolomite, and dolomite (Cline et al., 2005). A solution of dilute 

hydrochloric acid ( -4 -6 %) and equal parts potassium ferricyanide and Alizarin Red S 

was applied to identify carbonate mineralogy. Calcite, ferroan calcite, and ferroan 

dolomite (ankerite) are easily identifiable with this method. Calcite stains pink to red 

while ferroan calcite stains blue to deep purple. Dolomite does not stain whereas ferroan 

dolomite stains light to dark turquoise (Hitzman, 1999). 

Samples taken from Cortez Hills were washed and dried to ensure no dilution of 

the stain solution and to remove any fine material that could alter the stain coloration. 

While logging core, the core was washed thoroughly and allowed to air dry. When the 

core was sufficiently dry, a light coating of stain solution was applied using a foam brush. 

One half of the sample was stained to determine carbonate mineralogy and the other side 

was left unstained for more detailed logging if needed. Should the presence of a 

carbonate zonation be indicated, a closer inspection and detailed logging would follow. 

The stain solution worked very well and one batch (-i liter) would last for several core 

holes. However, the solution is sensitive to sunlight and will degrade over time, so time 

was of the essence. Figure 2.2 shows carbonate stain on half of the core sampled and 

stain on a hand sample. 

2.5 Geochemical Data 

Samples for trace element geochemical analysis were selected on the basis of 

previous fire assay gold data. Twenty and thirty foot composite samples were taken from 

the selected drill holes starting 100 feet above mineralized intercepts, through 

mineralization and extending another 100 feet into unmineralized rock. Reverse 

circulation drilling was emplaced to drill through overburden. Diamond core drilling was 

employed once bedrock was encountered. Thus, near surface samples were obtained 

from reverse circulation drilling whereas deeper samples were obtained from diamond 

core drilling. The samples were analyzed for 50 elements by ALS CHEMEX using ICP- 

MS and ICP -AES instrumentation based upon an aqua regia digestion. The limits of 

detection are listed in Table 2.3. 
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The data were integrated into the company database. Most drill holes had 

complete drill hole geochemistry, but when only short intervals of mineralization were 

encountered, the geochemistry coverage was limited. 

All of the geochemical data for the 28600 type section were extracted from the 

company database, including gold assay results. In some cases the data for recently 

drilled holes were not available so other drill holes within 300 to 400 feet of the 28600 

section line were chosen to fill in the blank areas. The geochemical data were compiled 

into an easy to manage spreadsheet format that helped reduce errors and made it easy to 

find inconsistencies that were corrected (incomplete data extractions). The trace element 

geochemistry was then log base 10 transformed so that trends in the data set could be 

more easily interpreted. These data were compiled into Minitab 14 and descriptive 

statistics on log transformed data were completed (Appendix). This information was then 

analyzed for trends through the use of probability graphs and histograms to determine 

threshold levels for contoured geochemical crosssections. An "r" value of 10.41 was 

selected as a level at which a correlation is considered reliable. Preliminary statistics 

were completed using Minitab 14 to determine correlations between the trace elements 

and gold. The results aided in identification of the Carlin -type mineralization pathfinder 

elements for the deposit. The multi -element data provided a basis for distinguishing 

stratigraphy, tungsten mineralization, base -metals, Carlin -type mineralization, and 

alteration related geochemical events. 
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Figure 2.2 Stained core sample and stained hand sample. Core sample on left has red to 
light pink stain color indicating calcite as carbonate mineralogy (orange color is realgar). 
Hand sample on the right is decalcified and the only color seen is the color of the stain 
indicating no carbonate mineralogy. Cap for scale = 3/4" 

Table 2.3 ALS CHEMEX Detection Limits for the ICP -MS and ICP -AES techniques. 
Element Detection 

Range 
Element Detection 

Range 
Element Detection 

Range 
Element Detection 

Range 
Ag 0.01 -100 Cs* 0.05 -500 Mo 0.05- Sr* 0.2- 

10,000 10,000 
Al* 0.01 -25% Cu 0.2- Na* 0.01 % - Ta* 0.01 -500 

10,000 10% 
As 0.1- Fe 0.01 % - Nb* 0.05 -500 Te* 0.01 -500 

10,000 50% 
Au 0.2 -25 Ga* 0.05- Ni 0.2- Th* 0.2- 

10,000 10,000 10,000 
B* 10- Ge* 0.05 -500 P 10- Ti* 0.005 % - 

10,000 10,000 10% 
Ba* 10- Hf* 0.02 -500 Pb 0.2- T1* 0.02- 

10,000 10,000 10,000 
Be* 0.05- Hg 0.01- Rb* 0.1- U 0.05- 

1,000 10,000 10,000 10,000 
Bi 0.01- In* 0.005- Re* 0.001 -50 V 1- 10,000 

10,000 500 
Ca* 0.01 % - K 0.01 % - S* 0.01 % - W* 0.05- 

25% 10% 10% 10,000 
Cd 0.01- La* 0.2- Sb* 0.05- Y* 0.05 -500 

1,000 10,000 10,000 
Ce* 0.02 -500 Li* 0.1- Sc* 0.1- Zn 2- 10,000 

10,000 10,000 
Co 0.1- Mg* 0.01 % - Se 0.2- Zr* 0.5 -500 

10,000 25% 1,000 
Cr* 1- 10,000 Mn 5- 50,000 Sn* 0.2 -500 
* denotes elements that are resistant to digestion. 
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CHAPTER 3: GENERAL GEOLOGY 

3.0 Carlin -type Deposit Geology 

Over the past forty years, extensive mining and detailed studies have developed a 

geologic depiction for Carlin -type gold deposits. However, a widely accepted genetic 

model has yet to be developed. There are difficulties in identifying and analyzing the 

gold as it is volumetrically minor and extremely fine grained. In some instances there is 

evidence for multiple, overprinting mineralization events, consisting of base metals, 

silver, or mercury that are unrelated to the main Carlin -type gold mineralization (Cline et 

al., 2005). Virtually all the Carlin -type deposits have undergone post mineralization 

weathering and oxidation. 

Geochronological studies have lead to the concensus that the Nevada Carlin -type 

gold deposits were formed -42 to 36 million years ago. Prior to mineralization, 

continental rifting and deposition of a passive margin sequence followed by 

compressional tectonism established a premineral architecture of steeply dipping fluid 

conduits, shallow dipping traps, and reactive calcareous host rocks (Cline et al., 2005). 

The sedimentary rock sequences of shelf carbonates and foreland basin carbonates that 

formed following the continental margin rifting were commonly rich in reactive pyritic 

and carbonaceous silty limestones. These limestones are the primary host rocks in almost 

every deposit. The largest deposits reside in the lower plate of Paleozoic rocks relative to 

the Roberts Mountains Thrust. The Roberts Mountains Thrust placed nonreactive silica - 

rich rocks of Paleozoic age over the more permeable carbonate stratigraphy. This created 

a regional aquitard. Structurally, north -northwest and west -northwest striking basement 

and Paleozoic normal faults were inverted during post- rifting compressional events. 

These structural intersections served as pathways for mineralizing fluids. 

During the Eocene northwesterly to westerly extension reopened favorably 

oriented older structures as strike -slip, oblique -slip, and normal -slips faults. Fluid flow 

and mineral deposition appeared to be fairly passive with minimal evidence for 

overpressured hydrothermal fluids, complicated multistage vein dilatancy, or significant 

synmineralization slip (Cline et al., 2005). Geologic reconstructions and fluid inclusion 
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data indicate that deposits formed within a few kilometers of the surface from CO2 and 

H2S -rich fluids with moderate temperature ( -180 to 240 °C) and low salinity. The 

decalcification, argillization, and silicification of wall rock released iron that reacted with 

reduced sulfur in solution to bond with submicron gold and be deposited as disseminated 

pyrite and marcasite. 

Geochemical data indicate an association of gold with As, Sb, Tl, and Hg. These 

elements are added to host rocks in all the deposits. Elements that are variably 

introduced to host rocks dependent on location and /or deposit are Te, Cu, W, Mo, Se, Fe, 

Ag, Pb, Si, Ba, Cs, and Zn ( Cline et al., 2005). Base metals are typically not enriched 

within the deposits. Elements removed from wall rocks by ore fluids include organic 

carbon, Ca, Mg, Mn, Na, and Sc. Immobile elements include Al, Ti, Th, and Zr (Hofstra 

and Cline, 2000). Iron mobility or addition is important because it is a limiting factor for 

reducing sulfur and subsequent deposition of gold as disseminated pyrite. In some 

deposits iron was immobile (Jerritt Canyon, Twin Creeks and Goldbar, Meikle, most ore 

zones at Getchell, and Post -Betze). In other deposits iron was added (Screamer, some ore 

zones at Getchell, and in minor amounts at Alligator Ridge) (Stenger et al., 1998; Cail 

and Cline, 2001; Emsbo et al., 2003; Kesler et al., 2003a; Nutt and Hofstra, 2003; Yigit et 

al., 2003). 

Carlin -type ore is defined as "ore that is characterized by disseminated, Au- 

bearing, and trace element -rich pyrite or marcasite that occurs in replacement bodies in 

carbonate host rocks" (Cline et al., 2005). Ore bodies in the Carlin Trend vary in 

tonnage and deposit type. Typical deposit geometries include stratiform, tabular, carrot, 

t- shaped, and irregular forms. Ore tonnages of Carlin -type deposits vary from small 

satelite bodies ( <1 t Au) to giants like Post -Betze ( >1000 t Au). Late stage minerals are 

generally medium to coarse grained and precipitated in voids or crosscutting fractures as 

the hydrothermal systems cooled and collapsed. These late stage minerals are calcite, 

pyrite and/ or marcasite, quartz, orpiment, realgar, and stibnite, with realgar and calcite 

precipitating last (Hofstra et al., 1991). 

Lithologically, ore is present across a wide range of formations and rock types. 

Ore bodies can be found in upper plate siliciclastic rocks and in every formation in the 

lower plate carbonate rocks with dominance in the Devonian and Silurian carbonate 
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rocks. However, thin bedded impure carbonates are considered the most favorable host 

rock. Igneous rocks were important because they acted as aquitards due to clay alteration 

which focused mineralizing fluids into favorable porous lithologies (Teal and Jackson, 

2002). Heitt et al. (2003) found that where intrusive rocks are present at the Deep Star 

deposit, metals, ore minerals, and alteration assemblages lack zoning relationships with 

respect to the igneous rocks. The lack of zoning and high temperature assemblages 

(Eocene skarns and polymetallic replacement bodies) suggests that strong thermal or 

chemical gradients between Carlin -type deposits and proximal intrusions were absent. In 

essence, the lack of a high temperature signature points toward lower temperature 

mesothermal or cooler solutions which supports a mixture scenario for mineralizing 

fluids and cooler meteoric waters. 

3.1 Carlin Geologic Model 

Cline et al. (2005) discussed Carlin -type gold deposits in Nevada with regards to 

critical geologic characteristics and viable models. The discussion centered on the 

importance of structure that prepared favorable lithologies for mineralizing fluids and 

their characteristics such as alteration, fluid temperatures, depth of emplacement, salinity, 

and geochemistry. From these characteristics viable models were produced that ranged 

from magmatic, magmatic + metamorphic, metamorphic + meteoric waters, and a 

combination of all three. 

Cline et al. (2005) have proposed a model whereby the removal of the Farallon 

slab promoted deep crustal melting that led to prograde metamorphism and 

devolatilization, resulting in the generation of deep, primitive fluids. These fluids were 

likely incorporated into deep crustal melts that rose bouyantly and ultimately exsolved 

hydrothermal fluids possibly containing gold. In addition, metamorphism at mid crustal 

levels may have also contributed fluids. These fluids were collected into basement - 

penetrating rift faults, where they continued to rise and scavenge various components, 

evolving in composition to become ore fluids. The intersection of north- northwest 

trending paleo- normal faults and northeast trending paleo- transform faults, preferentially 

dialated during Eocene extension appear to control the regional position, orientation, and 

alignments of the deposits. Ore fluids eventually accumulated in areas of mean effective 
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stress, particularly at boundaries of older Jurassic and Cretaceous stocks and structural 

culminations. The ore fluids were diluted with meteoric water as structural extension 

increased fault permeability in the upper crust. A few kilometers from the surface, the 

fluids were diverted by structural and stratigraphic aquitards into reactive host rocks, 

where they sufidized host rock iron and deposited gold. 

3.2 Carlin -type Mineralization 

The interactions of many features over time have developed characteristics 

indicative of Carlin -type mineralization. These features are underlying crust type, 

basement faults, favorable host rocks, synsedimentary faulting, folds, inversion of normal 

faults, and preore Mesozoic igneous stocks (Cline et al., 2005). All of these features help 

to develop the architecture of Carlin -type mineralization. These features in whole or in 

part have been integral in the development and location of orebodies in trends across 

Nevada and possibly in other Carlin -like locations (China, Western Canada). 

Kesler et al. (2003a) addressed the role of sulfidation in the deposition of gold at 

the Screamer section of the Betze -Post Carlin -type deposit. At Screamer, veining is 

minor, but sulfide minerals do exist in the veins. Barren rocks were plotted (isocron) 

against the altered and mineralized rock data to identify the additions and depletions of 

elements. Two data sets were obtained relating to the removal or addition of Ca, Mg, and 

organic carbon. Host rocks that were stratiform and rocks that had strong tectonic 

brecciation showed depletion of Ca, Mg, and organic carbon. In contrast, rocks outside 

the ore zone showed an addition of these elements related to the presence of carbonate 

veins. Potassium depletion in the samples indicates leaching of that element and is 

consistent with the association of illite and kaolinite with gold mineralization in the 

Carlin -type deposits. Gains in gold, arsenic, tungsten, and antimony were observed in all 

samples. Barium is enriched in brecciated samples; this feature was interpreted to be 

related to postore depositional processes. The relationship between pyrite and gold at 

Screamer was identified from iron and sulfide sulfur contents of the samples. Samples 

were analyzed from both inside and outside the ore zone. Kesler et al. (2003a) 

normalized the S and Fe to Al contents based on the approaches of Hofstra and Cline 

(2000). They found that average S /Al and Fe /Al values of gold -rich samples were higher 
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than gold -poor samples using a Student's T -test at the 99% confidence level. They also 

found that average S /Al and Fe /Al values inside the ore zone were higher than samples 

outside the ore zone. Kesler et al. (2003a) defined these relations as the resultant addition 

of iron and sulfur in the form of pyrite inside the ore zone regardless of high gold content. 

Sulfidation has been found to be a significant part of Carlin -type mineralization 

and is the result of the interaction of sulfide -rich hydrothermal or diagenetic solutions 

with iron -rich wallrock to form pyrite, marcasite, or pyrrhotite (Kettler et al., 1992). 

Seward (1984) found that the deposition of iron sulfides decreases the activity of reduced 

sulfur in the hydrothermal solution, which destabilizes gold bisulfide complexes and 

causes the deposition of gold. The most common sulfides are pyrite and arsenical pyrite 

followed in order of decreasing abundance by realgar, orpiment, arsenopyrite, sphalerite, 

pyrrhotite, chalcopyrite, and galena. The degree of sulfidation (DOS) was calculated and 

a Student's T -test analysis of DOS values inside and outside the ore zone showed greater 

average DOS values inside the ore zone versus outside the ore zone at the 99% 

confidence level. The tests also showed that DOS values for samples with high or low 

gold content do not differ significantly. Kesler et al. (2003a), found that there was no 

correlation between gold values and degree of sulfidation, whereas there is a strong and 

highly significant correlation between pyrite abundance and gold content. This indicates 

that addition of pyrite is more closely related to gold deposition at Screamer than is direct 

sulfidation of adjacent wall rock. 

Sulfur isotope analyses were carried out to determine the types and sources of 

sulfur involved in sulfidation and pyritization at Screamer. Vein hosted sulfides and fine - 

grained sulfides were used. 6345 vales for disseminated sulfide range from -13.8 to 16.5 

per mil. The populations of 6345 values for disseminated pyrite from inside versus 

outside the ore zone are not distinguishable at the 99% confidence level, but the 

distributions of values within the populations differ. Disseminated pyrite from outside 

the ore zone has 634S values ranging from -10.6 to 16.6 per mil, which is interpreted to 

be the composition of diagenetic pyrite. Disseminated pyrite inside the ore zone has a 

similar range of 6345 but it also has a cluster of values between -1 and 5 per mil. A 

similar result is seen for the populations with high and low gold contents (Kesler et al. 

2003a). This implies that sulfur from another source was imposed on the original 
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diagenetic sulfur at Screamer within the ore zone and that sulfur was associated with the 

introduction of gold. 

3.3 Geochemical Zoning 

Theodore et al. (2003) analyzed stream sediment samples to provide an 

appropriate and effective technique for detecting geochemical signatures and to improve 

the understanding of the characteristics, signatures, and genesis of Nevada's world -class 

gold systems. Plots of analytical data in surface rocks indicate a strong correlation 

between As in stream sediments and As in rock. Based upon the data, As provides the 

best pathfinder to mineralized halos surrounding Carlin -type deposits. Silver, as well as 

gold, do not appear to be useful pathfinder elements at the district scale. Antimony 

distribution is more limited but has a strong correlation with the inferred limits of the 

Carlin Trend (Theodore et al., 2003). Theodore et al. (2003) concluded that arsenic is the 

best pathfinder for Carlin -type systems regardless of the media sampled. The distribution 

of antimony mimics that for arsenic. Antimony in rocks shows a lower correlation with 

arsenic. Factor scores which are correlated with As, Sb, Au, and Pb are high along the 

Carlin Trend and coincide with areas of known mineralized rock. 

3.4 Carbonate Alteration and Zonation 

Hydrothermal modification of carbonate minerals is common in Carlin -type 

deposits (Cline et al., 2005). Pre -gold mineralization dolomitization occurred in some 

portions of the Carlin Trend (Emsbo, 1999; Evans, 2000). Ferroan dolomitization was 

important for later gold mineralization due to ore -related sulfidation (Stenger et al., 

1998). 

Carbonate dissolution accompanied or immediately preceded gold mineralization 

in many Carlin -type systems (Cline et al., 2005). Carbonate dissolution prepared the 

host rocks for mineralization through volume loss and creation of increased permeability 

and porosity. Post mineralization carbonate precipitation, generally of calcite, is also 

common in many Carlin systems. Late calcite can either be a possible distal expression 

of mineralization (e.g. Gold Bar, Yigit et al., 2003) or may be unrelated to mineralizing 

processes. 
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Gold in Carlin deposits is generally concentrated in moderately silicified zones 

that have undergone varying degrees of carbonate dissolution and commonly display 

evidence of volume loss (Bakken and Einaudi, 1986; Kuehn and Rose 1992; and Hofstra 

et al. 1991). Carbonate dissolution initially results in calcite destruction and in more 

intense zones, dolomite dissolution. At Twin Creeks, both calcite and dolomite were 

removed through intense carbonate dissolution at the center of the ore body (Osterberg, 

1990). Bloomstein et al. (1990) noted that carbonate dissolution increased porosity and 

permeability in the host rock for mineralization. Stenger et al. (1998) noted that gold 

grades are highest in rocks that have the lowest carbonate content, though rocks with 

reduced carbonate contents display a wide range of gold grades. This suggested that the 

carbonate dissolution was more widespread than the gold deposition. 
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CHAPTER 4: CORTEZ HILLS GEOLOGY 

4.0 Regional Geology of Northern Nevada 

Northern Nevada is located in the Basin and Range province of the western 

United States (Figure 4.1). Expressions of tectonic events that started in Archean time 

and are still occurring today have produced geologic features common to all Nevada 

Carlin -type deposits. These events ranged from initial continental rifting to several 

compressional orogenies followed by numerous stages of extensional tectonics. The 

events as a whole facilitated in the development of a premineral architecture of steeply 

dipping faults and intersecting fault sets. Low angle faults combined with impermeable 

rock units formed aquitards, causing the steep faults to channel fluids into permeable and 

reactive calcareous host rocks (Cline et al., 2005). 

.ry 

Figure 4.1 Basin and Range Province denoted by dashed area. Red dot denotes 
approximate location of the Cortez Hills deposit. 
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4.1 Paleozoic Geology 

During the Ediacaran and Early Cambrian, extensional tectonics in the form of 

rifting formed the architecture for the development of a continental margin. Following 

the development of the continental margin, the movement of the plates facilitated the 

change from extensional to compressional tectonics. The resultant development of a 

subduction zone along the west coast of the North American Continent forced Paleozoic 

sedimentary rocks in thick wedges up on the accreted terrain. The Roberts Mountain 

Thrust was formed during the Late Devonian and Early Mississippian Antler Orogeny 

(Figure 4.2). This thrust package emplaced siliciclastic and basaltic rocks (upper plate) 

eastward up over the shelf -slope sequence (lower plate) along a fold and thrust fault. 

The subsequent loading of the allochton (several km thick) onto the continental 

margin, produced a foredeep basin in eastern Nevada that migrated eastward ahead of the 

thrust belt. The foredeep basin was then filled with synorogenic Mississippian and 

Pennsylvanian post -orogenic sediments (Poole et al., 1992). During the Pennsylvanian 

and into the Permian, intermittent shortening and extension were followed by the 

eastward emplacement of the Golconda allochton during the Sonoma Orogeny of the 

Early Triassic (Figure 4.3). 
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Figure 4.2 Antler Orogeny, Roberts Mountains Thrust. Modified from Burchfiel et al., 
1992. 
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Figure 4.3 Sonoma Orogeny, Golconda Thrust. Modified from Burchfiel et al., 1992. 
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4.2 Mesozoic Geology 

Following the Sonoma Orogeny of the Early Triassic, the compressional tectonic 

regime continued. By the middle Triassic, an east dipping subduction zone was 

established along the western margin of North America. During this time north central 

Nevada was located to the east of the main magmatic arc (Mesozoic batholiths of the 

Sierra Nevada Range). Magmatism in north central Nevada began with emplacement of 

middle Jurassic, backarc volcanic -plutonic complexes and lesser lamprophyre dikes. 

Coevolutionary shortening produced a north trending belt of east verging folds and 

thrusts in eastern Nevada called the Elko Orogenic belt (Thorman et al., 1991). Plutons 

evolved from I -type (igneous) granitoids in the early Cretaceous to S -type (sedimentary) 

peraluminous granites in the late Cretaceous as a result of the progressive thickening of 

the crust due to the Late Cretaceous Sevier and Laramide Orogenies (Barton, 1990). 

During this time the emplacement of tungsten bearing skarns along the margins of the 

Jurassic stocks was likely happening at depth within the continental orogenic belt with 

association to I -type magmas. According to Einaudi et al. (1981), tungsten skarn 

mineralization is strongly associated with granodiorite- quartz monzonite composition 

igneous rocks of I -type origin. The contact between the stocks and carbonaceous rocks 

develops skarn mineralization as function of depth and host rock composition. Two types 

of tungsten skarn deposits are possible. The first type suggests deeper emplacement and 

carbonaceous host rocks, whereas the other type suggests shallower emplacement with 

less carbonaceous or more hematitic host rocks. This in turn defines the oxidation state 

of the deposit as well, and the gangue mineral state (ex. native bismuth vs. bismuthinite). 

4.3 Cretaceous Geology 

From the early Mesozoic to the end of the Oligocene, the western margin of North 

America underwent near continuous easterly convergence (Engebretson et al., 1985). 

The Cretaceous Sevier -Laramide Orogeny was a product of that convergence. During 

this time, northeastern Nevada is thought to have occupied the thickened core of the 

Sevier hinterland (Coney and Harms, 1984). During the Late Cretaceous and through the 

middle Eocene, the Farallon and Kula Plates were moving toward the north and South 

poles respectively while being subducted further beneath the North American Plate. The 
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Farallon Plate is thought to have had a subhorizontal geometry while moving along the 

base of the western North American Plate (Dickinson and Snyder, 1978). Magmatism 

around 42 Ma resulted in the emplacement of high potassium calc- alkaline rocks within 

northern Nevada that peaked during the Oligocene- Miocene volcanic activity in central - 

southern Nevada (Seedorff, 1991). This volcanic activity is believed to be a result of the 

progressive removal or rollback of the subducted Farallon Plate and the reintroduction of 

hot asthenospheric mantle to the base of the North American lithosphere (Humphreys, 

1995). The development of broad depressions filled with fluvial -alluvial and lacustrian 

sediments and extrusive Eocene ash -flow tuffs, and lavas are thought to be the result of 

short-lived periods of upper crustal extension (Solomon et al., 1979). Extensional 

faulting of the upper crust over much of the western cordillera and midcrustal flow of 

magmatic material helped to localize the development of Oligocene and Miocene 

metamorphic core complexes (Foster and Fanning, 1997). During the middle Miocene, 

numerous regional extensional basins began to develop across northern Nevada and into 

western Utah. Some time after 39 Ma, explosive volcanism in northern Nevada ceased 

and pervasive rotational extension became the primary structural fabric into the late 

Oligocene. Late Eocene pervasive rotational extension faulting and folding was 

accompanied by shallow extrusions of intermediate composition volcanic rocks. 

Rotational extension continued to at least the late Oligocene with horst- graben faulting 

and en echelon alignment of faults oriented at approximately 280 to 330 °. The total 

extension is estimated to be approximately 15 to 40 %. The rotational extensional faulting 

became subparallel to the underlying Paleozoic fault fabrics and was favorably oriented 

to be reactivated as low -magnitude, strike -slip of oblique -slip faults with a NNW 

orientation. The northeast oriented pre -Jurassic fault fabrics that lie at high angles to the 

tensional stress were reactivated during extension and may have controlled the geometry 

of Eocene basins. Evidence for displacement during this time are en echelon alignment 

of ore -controlling faults and deposits, a change in strike of major ore -controlling faults 

within or proximal to deposits from west -northwest to more northerly, consistent 

northeast strikes of secondary faults, sinistral deflection of north- trending Mesozoic folds 

and thrusts, and the broad -scale deflection of older structural fabrics (Cline et al., 2005). 

Mineralization is believed to have occurred during this time with the movement of 
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hydrothermal fluids up older faults. The thrust faults created from the Antler and 

Sonoma Orogenies (Roberts Mountains Thrust and Golconda Thrust) kept mineralizing 

fluids from breaching the surface. 

4.4 Tertiary Geology 

At approximately 17 Ma, the extensional style in northern Nevada changed. This 

change in extensional style facilitated the regional development of widely spaced, deeply 

dipping normal faults that resulted in a series of variably tilted fault blocks separated by 

alluvial basins (Stewart, 1980). Basin and Range -style faulting was accompanied by 

bimodal volcanism and hydrothermal activity producing epithermal gold, silver and 

mercury deposits (John, 2001). 

4.5 Cortez Hills Stratigraphy 

In the Cortez Hills area mineralization can be found throughout the lower plate 

carbonate rocks. This study will focus primarily on the Devonian Wenban Formation 

(Dw) and the contact with the underlying Silurian- Devonian Roberts Mountain 

Formation (DSrm) (dashed line, Figure 4.4). Due to the degree of alteration, 

metamorphism, and structure in the vicinity of the deposit, the position of the contact 

between the Wenban and Roberts Mountains Formations was difficult to interpret. The 

contact was estimated from multiple drill logs and a synthesis of multiple interpretations 

by geologic staff. A stratigraphic type section (28600) compiled from the drill data 

shows where structure, intrusions, and overburden are located relative to the formational 

contact (Figure 4.5). 
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Figure 4.4 Simplified stratigraphic column of the Cortez district. Dashed line is inferred 
formation contact between the Devonian Wenban and the Roberts Mountains Formations. 
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Figure 4.5 Interpreted lithology of the 28600 section line, Cortez Hills deposit, Nevada. 

Lower Plate Carbonate Rocks 

At Cortez Hills, the Roberts Mountains Thrust separates lower plate (eastern 

facies) carbonate rocks from upper plate (western facies) siliciclastic rocks. The lower 

plate consists of rocks ranging from Cambrian to Devonian in age. The lower plate rocks 

consist of the Cambrian Hamburg Dolomite ( h) at the base followed by the Ordovician 

Eureka Quartzite (0e). Above the Eureka Quartzite lies the Ordovician Hanson Creek 

Dolomite (Oh) which is followed by the Silurian- Devonian Roberts Mountain Formation 

(DSrm), and the Devonian Wenban Formation (Dw) (Figure 4.4). 

Cambrian Hamburg Dolomite 

The Cambrian Hamburg Dolomite ( h), lies at the bottom of the Cortez Gold 

Mines stratigraphic section (Figure 4.4) and is not found in the 28600 type section 

(Figure 4.5). The type section for the Hamburg Dolomite is found at the Hamburg mine 

located in the Eureka mining district 50 miles southeast of Cortez. The Hamburg 

Dolomite is a cliff former in the Cortez Hills area and is found in the footwall of the 
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Cortez Fault exposed above the surface on the western side of Mt. Tenabo. The 

Hamburg Dolomite is a thick uniform sequence of gray parallel bedded dolomite 

sandstones (Gilluly and Masursky, 1965). Beds range from 6 to 10 inches in thickness 

with alternating dark, medium, and light gray colors. Sedimentary structures such as 

cross laminations, slumps, and mottling due to bioturbation or anoxic conditions can be 

found within the bedding. The Hamburg Dolomite has a distinct fetid odor on fresh 

fractured surfaces or when grinding fragments together. In the Cortez Hills area the 

dolomite has undergone extensive but variable alteration and metamorphism due to its 

proximity to the Mill Canyon Stock. Calc- silicate minerals, ranging from talc to 

tremolite, can be found sporadically throughout the unit. The dolomite becomes a white 

dolomitic marble as the Mill Canyon Stock is approached. The interpreted depositional 

environment for the Hamburg Dolomite is shallow marine, with either depositional or 

penecontemporaneous dolomitization (Gilluly and Masursky, 1965). The Hamburg 

Dolomite is estimated to be approximately 1200 feet thick. 

Ordovician Eureka Quartzite 

The Ordovician Eureka Quartzite (0e) lies above the Cambrian Hamburg 

Dolomite. The type section for the Eureka Quartzite can be found 15 miles to the 

northwest at Lone Mountain. At Cortez Hills, the Eureka Quartzite is the prominent cliff 

former near the top of Mt. Tenabo. The cliffs are nearly white and can be seen from a 

great distance. The contact between the Hamburg Dolomite and the Eureka Quartzite is 

knife sharp. There are three members in the Eureka Quartzite. Each member is marked 

by thin bed of shaley sandstone or dolomite cemented sandstone. Sedimentary structures 

can be found throughout the lower bench and they are generally large sweeping cross 

laminations. The depositional environment of the Eureka Quartzite has been interpreted 

to represent the deposition of polycyclic "mature" sediment on a shallow marine shelf 

(Gilluly and Masursky, 1965). The estimated total thickness of the Eureka Quartzite is 

400 feet. 



31 

Ordovician Hanson Creek Formation 

An unconformity separates the Ordovician Eureka Quartzite from the Ordovician 

Hanson Creek Formation (Ohc). The Hanson Creek Formation type locality is found in 

the Roberts Creek Mountains approximately 20 miles southeast of Cortez Hills. At 

Cortez Hills, the Hanson Creek Formation outcrops on Mt. Tenabo to the east of the 

deposit and on the surface as structurally transported blocks exposed sporadically along 

the Cortez Fault. The base of the Hanson Creek Formation consists of a thick sequence 

of dolomite with reworked rip -up clasts of the Eureka Quartzite. The dolomite beds are 

dark gray to black and range up to 10 feet in thickness. Chert nodules and fossils are 

abundant in the Hanson Creek Formation. Metamorphic zonation of calc- silicate 

minerals in the Hanson Creek Formation ranges from talc and tremolite needles distal to 

the Mill Canyon Stock to white calc- silicate marble with diopside at the contact. 

The Hanson Creek Formation is composed of three main sequences. These 

sequences consist of two dolomite members separated by a middle limestone unit. The 

limestone unit is very fossiliferous. The upper dolomite unit has some fossils and is dark 

gray to black in color. A sharp contact of the Hanson Creek Formation with the Silurian- 

Devonian Roberts Mountain Formation lies above this unit. The depositional 

environment of the Hanson Creek Formation is interpreted to be shallow marine (Gilluly 

and Masursky, 1965). The estimated thickness of the Hanson Creek Formation is 480 

feet. 

Devonian- Silurian Roberts Mountains Formation 

The Devonian -Silurian Roberts Mountains Formation occurs stratigraphically 

above the Ordovician Hanson Creek Formation (Figure 4.4). The type section for the 

Roberts Mountains Formation consists of dark slate -gray limestones approximately 1,900 

feet in thickness and contains abundant Silurian fossils. This type section is located 20 

miles southeast of Cortez Hills in the Roberts Creek Mountains. At Cortez Hills, the 

Roberts Mountains Formation is exposed on top of Mt. Tenabo and along the range front 

in the Cortez Window and is approximately 1,000 feet thick. The Roberts Mountains 

Formation forms smooth scree covered slopes between the Hanson Creek Dolomite and 

the blocky overlying Devonian Wenban Formation. The Roberts Mountains Formation is 
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the most homogeneous unit in the stratigraphic section, it is composed of black laminated 

silty graptolitic limestone. The formation shows an upward coarsening and increasing 

silt content. At the base the silt content is approximately 5% of the rock; whereas at the 

top the content is close to 20 %. In the upper part of the formation silty -shaley beds are 

present representing bioturbation and deeper anoxic conditions. In shaley beds, elevated 

trace elements such as Ag, Mo, Zn, Ni, Cu, Cr, U, V, Pb, and Tl are present (Vine and 

Tourtelot 1970). Authigenic cubic pyrite can be found disseminated throughout the 

formation. Organic carbon up to 3% is common in this unit as well. 

The contact between the Roberts Mountains Formation and the Wenban 

Formation is difficult to discern and is marked at the uppermost graptolite bearing bed. 

The depositional environment of the Roberts Mountains Formation based on fossil 

evidence points toward deeper water and near anaerobic conditions (Gilluly and 

Masursky, 1965). 

Devonian Wenban Formation 

The Devonian Wenban Formation (Dw) lies directly above the Roberts Mountains 

Formation (Figure 4.4). The type section for the Wenban Formation can be found south 

of the Cortez district at Wenban Peak. The Wenban Formation outcrops within the 

Cortez Window in the Cortez Hills area. The Wenban Formation has a gradational 

boundary with the Roberts Mountains Formation. Gilluly and Masursky (1965) placed 

the contact between the Wenban Formation and the Roberts Mountains Formation at the 

first bioclastic limestone bed above the thin bedded, gray, graptolitic bearing limestone. 

The Devonian Wenban Formation (Dw) has been described in the Cortez district to be 

approximately 2000 feet in total thickness and is gray to light gray in color. Thin beds of 

limestone with interbeded thinly bedded chert characterize the upper portion of the 

Wenban Formation. The Wenban Formation becomes lighter gray, more finer grained, 

and more massive upwards. The upper portion of the Wenban Formation is a variable 

sequence of micrite, silty micrite, silty limestone, and bioclastic /debris flow limestones. 

Common textural features include laterally discontinuous laminations, worm burrows, 

bioturbations that form whispy laminations, coarse bioclastic /debris flow horizons, and 

increased silt content with depth in the formation. Shaley -silty horizons representing 
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bioturbation and deeper anoxic conditions are present lower in the section. These shaley 

intervals are elevated in trace elements such as Ag, Mo, Zn, Ni, Cu, Cr, U, V, Pb, and Tl 

(Vine and Tourtelot 1970). The upper part of the formation is micrite dominant, whereas 

the lower portion is dominated by silty limestone. Debris flows are present throughout 

the formation. The depositional environment for the Wenban Formation has been 

interpreted to be shallow marine and possibly marine shelf. Pyrite in the Wenban 

Formation is found in a few different crystal habits. These shapes are authigenic, 

anhedral, and rarely framboidal. The authigenic cubic pyrite is the dominant crystal 

shape and constitutes the great majority of pyrite crystals. The anhedral crystals are 

generally found in areas of gold mineralization (Figures 4.6 and 4.7). Starting with 

Figure 4.6, each photomicrograph caption identifies the drill hole and the footage from 

where the sample was obtained. 

Figure 4.6 Authigenic cubic pyrite in 
carbonate rock in the Wenban Formation. 
DC -131 2016' 
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Figure 4.7 Anhedral pyrite in sulfide vein 
or realgar and orpiment in the Wenban 
Formation. DC -151 2117' 

The Ordovician Vininni Formation (Ovi) is the only upper plate (western facies) 

siliciclastic unit identified at Cortez Hills. However, in the Cortez district the Devonian 

Slaven Chert, Silurian Elder Sandstone, and the Ordovician Valmy Formation are present 

west and north of the Pipeline and South Pipeline deposits. 
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Ordovician Vininni Formation 

The Ordovician Vininni Formation in the Cortez Hills area is termed 

undifferentiated upper plate. The Vininni Formation is composed predominantly of 

mudstone, chert, shale, quartzite, and greenstone. Topographic expression of the Vininni 

Formation is rolling hills and a few inconspicuous ledges. The Vininni Formation rests 

upon a fault surface at the base and has erosional surfaces at the top. The Vininni is 

distinguishable from the other upper plate rocks by cherty sandstone and sporadic beds of 

clean quartzite. The true thickness of the formation is unknown. The depositional 

environment, based on fossil evidence, is that of a deep marine environment with some 

oceanic currents. The only identifiable fossils in the Vininni Formation are graptolites 

and phosphatic brachiopods which correlate the Vininni Formation to the middle 

Ordovician. 

Igneous Units 

Igneous units in the area of the Cortez Hills deposit include the 151 Ma (Wells et al., 

1971) Jurassic quartz monzonite Mill Canyon Stock (Jqm), Jurassic lamprophyre dikes, 

Cretaceous diorite dikes, the -35 Ma Tertiary quartz porphyry rhyolite dikes (Tgprd), and 

-16 Ma (Wells et al., 1971) basalt flows. 

Jurassic Mill Canyon Stock 

At Cortez Hills, the Mill Canyon Stock (Jqm) is located to the northeast of the 

deposit, in contact with lower plate rocks. The exposure of the stock is roughly 4 miles 

long and a mile and a half wide at its largest dimensions. The nature of the contact 

ranges from a thin chilled margin within the intrusion to a larger thermal aureole 

observed in the wall rocks further away. This thermal effect resulted in the development 

of hornfels and calc- silicate assemblages in sedimentary rocks of appropriate 

composition. The Mill Canyon Stock is a biotite -quartz monzonite that ranges from 

quartz diorite to alaskite in composition. 
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Other Intrusive Rocks 

A limited number of small diorite (Cretaceous) and Jurassic lamprophyre dikes 

strike roughly west -northwest to sub -parallel to faults in the deposit area. Their 

influence on mineralization, if any has yet to be properly determined. 

Tertiary Quartz Porphyry Rhyolite Dikes 

Tertiary age (-35 Ma) quartz porphyry rhyolite dikes are the most numerous 

igneous rock in the Cortez Hills area. The dikes display a limited range of variability in 

phenocryst composition. Most dikes have a quartz -biotite- feldspar composition in a 

compositionally similar ground mass. Other compositions are quartz- biotite- 

horneblende- feldspar, and quartz- horneblende- feldspar. Quartz phenocrysts are doubly 

terminated and range in size from sub millimeter to a few millimeters in size. The dikes 

have a north- northwest trend and dip to the east and are sub -parallel to parallel to faults. 

The dikes may have had several intrusional events based on composition, and may have 

been contemporaneous with mineralization. Crosscutting relationships were not apparent 

due to infrequency of dikes cutting each other and alteration of the dikes made it difficult 

to identify more than one intrusive event. 

In drill core the dikes range in color from white to light brown to pale green and 

have marginal chilled boundaries that range from glassy to completely clay altered. The 

phenocrysts are completely destroyed or recrystallized (quartz) in band -like ribbons with 

abundant white clay in areas where intense alteration has occurred. The resorbtion of 

quartz is seen in thin -section (Figure 4.8). Mineralized veins cut these dikes (Figure 4.9). 

Green nontronite, an iron smectite, is commonly found on fault surfaces located within 

dikes. 
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Figure 4.8 Resorbed quartz texture on 
quartz phenocryst in Tertiary dike. DC- 
043 1088'. 

Figure 4.9 Arsenic rich pyrite vein cuts 
quartz phenocryst in Tertiary dike in DC- 
206 2500'. 

4.6 Faults 

The Carlin -type deposits appear to be aligned with old basement faults established 

during Neoproterozoic rifting. These basement faults cut stratigraphy with a near vertical 

dip and a current strike of north- northwest. At Cortez Hills, the Cortez Fault and the 

High Grade Fault are interpreted to be basement -type faults and are therefore the oldest 

faults in the vicinity. At Cortez Hills, the Cortez Fault is interpreted to be a normal fault, 

and the High Grade Fault is interpreted to be a reverse fault or a dip -slip fault based on 

stratigraphic evidence from core logging and interpreted formation contacts (Figure 4.5) 

These faults and associated folds have orientations ranging from 330 to 350° and 290 to 

310° and have been interpreted to have been localized by the fault fabric established 

during continental rifting. 

The Paleozoic synsedimentary faults caused abrupt facies and thickness changes. 

These faults are likely parallel and probably linked to the underlying basement fault 

fabrics. Normal faulting during deposition of the miogeoclinal sequence led to local 

shallow water conditions, subaerial exposure, and dolomitization in a sabka environment. 

These events may have also caused karst formation and collapse breccias (Armstrong et 

al., 1998). The folding and inversion of normal faults due to Paleozoic shortening 

imbricated the thin -skinned fold and thrust belts. The inversion of normal faults resulted 

in the creation of doubly plunging antiforms and domal structures that acted as collection 
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points for gold rich fluids. The subsequent erosion of these folds and related tectonic 

structures created windows into the lower plate stratigraphy. 

4.7 Metamorphism, Oxidation Boundary, and Brecciation 

Contact metamorphism is locally present in the Cortez Hills and is related to the 

intrusion of the Mill Canyon Stock. Contact metamorphism is demonstrated by the 

presence of calc- silicate rich carbonate rocks. Metamorphic minerals identified ranged 

from talc to cordierite to tremolite to idocrase to diopside to garnet with increasing 

temperature. The interpreted metamorphic grades from core logging along the 28600 

section line are illustrated in Figure 4.10. The metamorphic grade ranges from weak 

through to strong, based on calc- silicate mineralogy. 

The oxidation boundary for the 28600 type section was determined from detailed 

core and RC logging (Figure 4.11). Oxidation was defined by the presence of hematite, 

limonite, and/ or goethite. A color -coded classification scheme was used in the core 

logging and through the use of core photos. In this scheme, red represents completely 

oxidized samples, yellow represents weakly oxidized or samples with strong oxidation on 

fractures or faults, and black represents unoxidized rock. 

Brecciation can be found throughout the Cortez Hills deposit. Types present 

range from crackle to matrix supported breccia. A detailed assessment of the breccia 

types was beyond the scope of this study. During the logging process, care was taken to 

look for Tertiary age breccias related to mineralization and intrusions, and old fabrics 

related to thrusting events during the Paleozoic, Mesozoic, and Cenozoic. Results of this 

breccia investigation are summarized in Figure 4.12. Due to the overlap of multiple 

brecciation types in the eastern portion of the type section, separating the old breccia 

fabrics from new breccia fabrics was not possible. Thus both fabric types were lumped 

together. 
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Figure 4.10 Distribution of interpreted metamorphic grades on the 28600 section line, 
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Figure 4.12 Distribution of breccia in section 28600, Cortez Hills deposit, Nevada. 

4.8 Mineralization and Alteration at Cortez Hills 

Mineralization at the Cortez Hills deposit is primarily hosted within the Devonian 

Wenban Formation. Some mineralization also occurs along the contact with this 

formation and the Devonian -Silurian Roberts Mountains Formation. The prime structural 

and lithologic features controlling the location of gold mineralization at Cortez Hills are 

the intersections of north -northwest faults and east -west faults, specific lithologies such 

as reactive silty pyrite rich calcareous limestones, and igneous dikes. At Cortez Hills 

most of the oxidized portion of the orebody occurs within a collapse breccia. Along the 

28600 section line utilized in this study, the mineralized zone extends from a breccia in 

the east to a zone of stratiform mineralization that extends outward from the base of the 

breccia body to the west. The High Grade Fault lies to the east of the orebody and 

appears to have acted as a fluid conduit for mineralizing fluids. Other small faults with 

north- northwest and east -west orientations can be found in the Cortez Hills area. 

Alteration at Cortez Hills ranges from decalcification, silicification, and 

argillization. Alteration was logged using a weak to strong scale. Petrographic analyses 

of thin -sections taken from various areas within and outside of mineralization illustrate 
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varying degrees of silicification and clay mineralogy associated with mineralization. In 

samples taken to identify skarn mineralization, silicification and clay halos can be seen 

(Figures 4.13 and 4.14). 

Carbonate and clay minerals (kaolinite, illite, and smectite) can be found 

throughout the Cortez Hills deposit. Carbonate minerals identified through hand sample 

and thin -section at Cortez Hills are mainly calcite and very trace dolomite. Carbonate 

dissolution and decalcification processes at Cortez Hills transported these minerals 

outward from mineralization. Carbonates were locally reprecipitated as breccia fill, as 

joint / fault fill and varying width carbonate veins away from the ore body. The varying 

degrees of clay alteration are difficult to determine due to supergene alteration. 

Silicification at Cortez Hills ranges from weak to strong. In several areas, intense 

silicification can be seen effecting carbonate and calc- silicate minerals (Figures 4.15 and 

4.16). Some veins and dike material show multiple episodes of silica and carbonate 

deposition as both fragmented crystals and well formed euhedral crystals (Figures 4.17 

and 4.18). Carlin -type silicification (very fine grained silica replacement), can be seen 

easily in oxidized samples. In Figure 4.19, a silicification front can be seen where 

carbonate minerals were replaced on the right. Little to no volume loss is observed. In 

refractory samples, silicification is difficult or impossible to see due to the present of 

organic carbon in the rock. In all cases a simple scratch test was done to determine 

degree of silicification. In Figure 4.20, silicification can be seen in refractory silty 

limestone/ micrite. Oxidized pyrite crystals are found at Cortez Hills. The main oxide in 

thin -sections is hematite, followed by other oxides of iron (limonite, goethite) not 

identified in thin -section (Figures 4.21 and 4.22). 

Sulfides can be found within silicified zones and in some cases along with clay 

alteration (Figures 4.23 and 4.24). This is likely due to a metamorphic skarn assemblage 

associated with the sulfide mineralogy of chalcopyrite, sphalerite, and pyrrhotite. From 

the thin -sections, the clay minerals appear to be "sericite" or muscovite due to their high 

birefringence and high order of color (Figures 4.25 and 4.26). Sulfides other than pyrite 

and marcasite are found in very minor quantity. Sphalerite, galena, pyrrhotite, 

molybdenite, realgar, orpiment, chalcopyrite, stibnite, and minor sulfosalts (Figures 4.27 

- 4.32) were identified. The most notable mineralizing event is the pyrite / marcasite 
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assemblage followed by the later arsenic and antimony sulfides (realgar, orpiment, and 

stibnite) associated with late stage Carlin -type mineralization. Molybdenite is the most 

difficult sulfide to correlate to a mineralizing event, because it could be related to black 

shale's and/ or tungsten -tin mineralization. 
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Figure 4.13 Clay zone outside of silica halo Figure 4.14 Reflected light image of contact 
in the Wenban Formation. DC -131 1844' between silicified carbonate rock and clay 
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Figure 4.15 Silica replacement of calc- 
silicate minerals in the Wenban Formation. 
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Figure 4.16 Silica replacement of carbonates 
in the Wenban Formation. DC -131 1844' 



 ./ ' iRoalli., aá1. \ 
I. 1' 

t N/ \ e :i/ 
r 

. 

1 `- Ì ̀ ' J Anryedfal crysïBAéiìÇalcKáe;. + 
;+.g ,.. :¡ ` 

*"I 

. +1 
. n _.. J 

42 

Carbonate Rock 'Aft 

,I\ -III 21, Ilol beolh' cdcilc ..illr RcudGar and Quart/t n.lmm ,I\ -1125 silica replacement 

Figure 4.17 Carbonate and Calcite vein Figure 4.18 Silica halo around sulfide in 

crystals in the Wenban Formation. DC -151 carbonate rock in the Wenban Formation. 
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Figure 4.19 Carlin -type silica front in 
carbonate rock in the Wenban Formation. 
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Figure 4.20 Silicification in unoxidized 
carbonate rock in the Wenban Formation. 
DC -151 2031' 
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Figure 4.21 Hematite with pyrite in the 
Wenban Formation. ODC -044 1600' 
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Figure 4.23 Silica halo around sulfide in 
the Wenban Formation. DC -131 1844' 

Figure 4.22 Oxidized pyrite cubes in the 
Wenban Formation. DC -131 1849' 
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Figure 4.24 Reflected light image of pyrite 
within silicified zone in the Wenban 
Formation. DC -131 1844' 
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Figure 4.26 Clay alteration proximal to 
sulfides in the Wenban Formation. DC -131 
1844' 

Figure 4.27 Late stage carbonate and Figure 4.28 Realgar intergrown with silica 
realgar in the Wenban Formation. DC -151 and calcite in the Wenban Formation. DC- 
1985' 151 1985' 
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Figure 4.29 Reflected light image of 
sulfides and oxides together in the Wenban 
Formation. DC -131 1844' 

Figure 4.30 Reflected light image of 
intergrown chalcopyrite and pyrite 
representing contact metamorphic 
assemblage in the Wenban Formation. 
DC -131 1802' 

Figure 4.31 Pyrite and pyrrhotite 
representing contact metamorphic 
assemblage in the Wenban Formation. 
ODC -044 1600' 

Figure 4.32 Pyrite and sphalerite 
representing contact metamorphic 
assemblage in the Wenban Formation. 
ODC -044 1600' 

4.9 Carbonate Alteration and Staining 

The purpose of the carbonate mineralogy component of the study was to 

investigate whether carbonate mineralogy is zoned within the Cortez Hills deposit. In 

previous studies on Carlin -Trend deposits, carbonate differentiation has been identified at 

Getchel, Miekle, and Deep Star (Stenger et al., 1998; Evans, 2000; Emsbo et al., 1999; 
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Heitt et al., 2002) and in some of those deposits a distribution of Mn -rich ferroan 

dolomite to ferroan dolomite to iron rich calcite to calcite has been noted around the 

deposit. At Cortez Hills a similar course of study was carried out that looked for 

carbonate mineralogy through the use of carbonate staining of drill core. Geochemically, 

Ca, Sr, Mg, and Mn (known carbonate substitutions) distributions were mapped out in the 

28600 section line. 

Surface and oxidized samples were collected from the vicinity of Cortez Hills and 

the 28600 section line and stained; the dominant stain color was red to faint pink which 

indicates calcite. In zones where sooty sulfides were found the carbonate stain revealed 

deep blue to purple stain colors. This color change was attributed to an increase in iron 

bearing minerals like pyrite, sooty sulfides, and biotite (from Tgprd samples). Upon 

closer inspection with greater magnification, micro veins or micro fractures were found 

to have minute quantities of ferroan dolomite and or ferroan carbonate. However, the 

presence of a dark blue to purple stain related to sooty sulfides did highlight mineralized 

intervals in strongly refractory ore. The carbonate mineral zonation, described by 

Stenger et al., 1998; Emsbo et al., 1999; and Evans 2000, at Twin Creeks and Miekle, 

shows a range of carbonate zonation. At Cortez Hills, carbonate zonation was not found. 

This does not rule out that there may have been carbonate zonation at one time. Oxidized 

core from above and below the oxidation boundary showed similar stain characteristics. 

If the rock wasn't completely decalcified or silicified, the stain left a pink to red color 

indicative of calcite. In breccia zones above the ore body, staining reveals that a later 

carbonate deposition event (as cement for weak to strongly decalcified host rock and as 

void fill) occurred. This is seen in breccia samples where multiple calcite layers are 

found in breccia cavities. Staining of these cavities produced no differentiation of 

carbonates. 

Some stain color change was noted in samples from below the oxidation 

boundary, and from samples taken from core within the Cortez Hills deposit (Figure 

4.33). The color change was as a result of excess iron in the form of sulfides that caused 

the stain color to change to a dark blue / purple. In areas with elevated sulfide and iron 

content, the carbonate staining changed from red to purple to blue. Initially it was 

believed to be a transition from calcite to ferroan calcite to ferroan dolomite. After 
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further investigation, the cause of the change in the carbonate stain was the presence of 

iron sulfide minerals like pyrite, sooty sulfides, and biotite. The presence of iron in the 

rock will cause the stain to change color chemically. This chemical change reacts faster 

with the presence of particulate material. The zone of carbonate stain color change was 

preceded by a thin zone of thick carbonate veins containing stibnite which has been 

determined to be a late stage sulfide in the mineral system. Breccias within the refractory 

zone showed similar stain characteristics as breccias above the oxidation boundary. 

Staining of core was done on a production scale to determine the extent of the 

carbonate halo around Cortez Hills. In some drill core, 10 to 20 feet of solid calcite was 

logged. In the south wall of the ADA 52 pit, there are cracks with abundant carbonate 

infili showing a banded texture possibly indicating multiple deposition events. In the 

drill core around Cortez Hills, multiple carbonate veining events occurred having 

multiple cross cutting relationships making it impossible to determine timing. The 

amount of carbonate veining decreased significantly with distance and depth away from 

the intrusions. Carbonates were not the only mineral being deposited. Thin - section 

analysis of selected samples revealed that silica was deposited contemporaneously with 

the carbonate (Figure 4.34). In some veins (Figure 4.35) multiple deposition events of 

carbonate and silica can be seen. 
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Figure 4.33 Carbonate staining of unoxidized (refractory samples from the 
Wenban Formation. Left side:DC -151 2000.7' Au = 0.046 ppm Right side: 
DC -200 1460' Au: 0.001 ppm. 
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Figure 4.34 Calcite and silica deposition in Figure 4.35 Multinle deposition bands of 
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CHAPTER 5: GEOCHEMICAL PATTERNS AT CORTEZ HILLS 

5.0 Trace Element Geochemistry 

Geochemical relationships were assessed statistically through correlation analysis 

and spatially through the preparation and interpretation of geochemical sections. 

Statistical analysis of data collected from 22 drill holes was undertaken to determine 

which elements best correlated with mineralization (Figure 5.1). The geochemical 

sections were compared with interpreted lithologic, stratigraphic, and structural data to 

assist in establishing meaningful contouring intervals. An r value of 10.41 was chosen, 

based upon the number of samples (n = 1018) statistically analyzed, to highlight trace 

elements that have stronger correlation to gold. An "r" value of 10.41 was selected as a 

level at which a correlation is considered reliable. 

Five suites of elements were identified from correlations of gold to elements in 

the ALS CHEMEX ME -MS41 package (Table 5.1). They are presented in a 

chronological manner, based on the perceived sequences of processes from oldest to 

youngest: original stratigraphy, tungsten event, base metal, Carlin mineralization, and 

supergene alteration. There are elements that occur within more than one suite, reflecting 

their association with more than one process. Correlations outside of the Carlin -type 

mineralization suite were identified (r > 10.41). These elements are: tellurium, tungsten, 

tin, and bismuth. Correlation coefficients for tellurium and tungsten with gold are, 

respectively, 0.61 and 0.56 followed by 0.49 and 0.47 for tin and bismuth. The 

distribution of gold on the 28600 section line is shown in Figure 5.2. 
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Table 5.1 Element Correlations to gold r > 10.41 (n = 1018) 

Ag 0.48 Fe% 0.24 Nb 0.21 Te 0.61 

AI% 0.45 Ga 0.41 Ni 0.25 Th 0.05 

As 0.77 Ge 0.10 P 0.15 Ti% 0.49 

Ba 0.16 Hf 0.15 Pb 0.35 TI 0.81 

Be 0.26 Hg 0.81 Rb 0.19 U 0.36 

Bi 0.47 In 0.44 Re 0.10 V 0.18 

Ca% 0.14 K% 0.27 S% 0.07 W 0.55 

Cd 0.31 La 0.07 Sb 0.68 Y 0.16 

Ce 0.05 Li 0.51 Sc 0.27 Zn 0.23 

Co 0.09 Mg% 0.14 Se 0.35 Zr 0.10 

Cr 0.06 Mn 0.41 Sn 0.49 

Cs 0.03 Mo 0.31 Sr 0.31 

Cu 0.40 Na% 0.29 Ta 0.01 

5.1 Original Stratigraphy 

The elements chosen to represent the original stratigraphy were defined based 

upon finding by Vine and Tourtelot (1979) on black shale geochemistry. These elements 

are Mo, Ni, Fe, P, U, and V. Around the contact of the Wenban and Roberts Mountains 

Formations, there are silty - shaley carbonate horizons that have elevated anomalous 

concentrations of these elements. Within the horizons, there are phosphatic lenses and 

silty dolomitic beds. 

Statistically, these elements have high correlation to each other with exception of 

iron. Iron correlated poorly to uranium. Spatially, the elements have strong coherency 

and distributions within the interpreted silty -shaley horizons. The strongest coincidental 

occurrence is the molybdenum to vanadium, nickel, and uranium, followed by iron and 

phosphorous. The poor uranium and iron correlation and distribution is likely due to 

supergene effects and uranium geochemistry. Table 5.2 illustrates the relationship of the 

original stratigraphic elements to each other. The spatial distribution of the elements is 

illustrated in Figures 5.3 - 5.8. 
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Table 5.2 Correlation Coefficients (r) for the original stratigraphy elements (n= 1018, r 
significant at 95% Confidence level >10.41). 

Elements Molybdenum Nickel Phosphorous Iron Uranium 
Nickel 0.72 
Phosphorous 0.52 0.54 
Iron 0.55 0.64 0.45 
Uranium 0.64 0.47 0.41 0.26 
Vanadium 0.76 0.67 0.64 0.49 0.52 
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Figure 5.3 Distribution of molybdenum in section 28600, Cortez Hills deposit, Nevada. 
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Figure 5.4 Distribution of nickel in section 28600, Cortez Hills deposit, Nevada. 
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Figure 5.8 Distribution of vanadium in section 28600, Cortez Hills deposit, Nevada. 

5.2 Tungsten Event 

Elements characteristic of W (Sn ?) mineralization were defined as the tungsten 

event suite and consist of the following elements: Bi, Cu, Mo, Sn, Te, and W. Tungsten - 

tin deposits are found in Nevada, but not near Cortez Hills. The nearest Tungsten mine is 

the Minerva mine located southwest of Cortez hills over 160 kilometers away. Tungsten 

bearing skarns are located at or near the contacts between late Triassic to mid -Cretaceous 

calc- alkaline plutons and older carbonate -bearing metasedimentary rocks (Newberry, 

1982). The presence of elevated tungsten at Cortez Hills is supported by the closeness to 

the Mill Canyon Stock to the east. The tungsten mineral scheelite is found near the Gold 

Acres Stock on the Pipeline / South Pipeline side of the valley (pers comm., Cortez 

Geology Staff). The high statistical and spatial correlation between bismuth and tungsten 

suggests that tungsten skarn mineralization likely exists or did exist prior to later 

mineralization. Intrusive igneous rocks at Cortez Hills have a number of ages; however, 

no attempt was made to subset the tungsten event suite on the basis of age. The elements 

making up the suite have significant intercorrelations (r > 10.41) (Table 5.3). Gold is most 

strongly correlated with tellurium followed by tungsten and then tin. 
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Statistically, the tungsten event elements intercorrelate strongly with each other, 

with the exception of molybdenum. Bismuth has strong correlations with tungsten, 

tellurium and tin. Tellurium is strongly correlated with bismuth, molybdenum, and 

tungsten. Tin has strong intercorrelation to bismuth and tungsten. Tungsten has strong 

intercorrelation to all of the elements in the tungsten event suite. Statistically, all of the 

selected tungsten event elements, with the exception of molybdenum, have a strong 

correlation to gold. The statistical correlations of the tungsten event elements with gold 

are presented in Table 5.3. 

The spatial distributions of elevated concentrations of the tungsten event elements 

are coincident with the location of the High Grade Fault and silty intervals of sedimentary 

rock within the Devonian Wenban and Silurian Roberts Mountains Formations. These 

anomalous patterns also crosscut lithologic boundaries of the Wenban Formation, 

Roberts Mountains Formation, and Tertiary intrusive rocks. Bismuth, molybdenum, and 

tungsten have elevated distributions that encompass both favorable (silty -shaley) 

lithology in the Wenban Formation and elevated concentrations related to the High Grade 

Fault. Tellurium and tin have elevated spatial distributions that culminate around the 

High Grade Fault. All of these elements have elevated concentrations within the gold 

mineralized zone of the Cortez Hills deposit. 

Molybdenum enrichment patterns appear to be related to lithologic characteristics, 

specifically silty -shaley horizons within the Wenban and Roberts Mountains Formations. 

However, elevated concentrations of molybdenum have no relationship to the High Grade 

Fault. The spatial distributions of the tungsten event elements are presented in Figures 

5.9 - 5.14. 

Table 5.3 Correlation Coefficients (r) for the tungsten event elements with gold (n= 1018, 
r significant at 95% Confidence level > 0.4 . 

Element Gold Bismuth Copper Molybdenum Tin Tellurium 
Bismuth 0.47 
Copper 0.40 0.78 
Molybdenum 0.31 0.40 0.43 
Tin 0.49 0.52 0.52 0.20 
Tellurium 0.61 0.67 0.55 0.46 0.39 
Tungsten 0.55 0.70 0.70 0.41 0.44 0.54 
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5.3 Base -metal Associations 

The base -metal suite was chosen to define skarn mineralization related to the 

intrusion of the Jurassic age Mill Canyon Stock. Elements associated with the base -metal 

suite are Ag, Bi, Cu, Fe, Ni, Pb, and Zn. These elements were chosen because of their 

periodic table associations as well as their association to base -metal minerals such as 

chalcopyrite, pyrrhotite, tennantite, and sulfosalts. Bismuth and silver are members of 

both the tungsten and Carlin -type mineralization pathfinder suites. The elements making 

up this suite have significant intercorrelations (r >10.41) (Table 5.4). Gold is most 

strongly correlated with silver followed by bismuth and copper, this association is 

recognized in skarn deposits elsewhere in Nevada (Goldstrike, Heitt et al., 2002a). 

Statistically, members of the base -metal suite correlate strongly with each other with the 

exception of iron and nickel. Silver has a strong correlation with lead, bismuth, zinc, and 

copper. Bismuth has a strong correlation with copper, lead, silver, and zinc. Copper and 

zinc have strong positive correlation with all the elements in the base -metal suite. Iron, 

nickel, zinc, and copper are strongly correlated to one another. Lead, silver, bismuth, 

zinc, and copper form another strongly correlated group of elements. 

The spatial distribution of the base -metal suite elements relative to gold 

mineralization ranges from elevated concentrations related to metamorphic skarn 

mineralization associated with the Mill Canyon Stock, elevated concentrations along the 

High Grade Fault, and anomalously high concentrations in silty -shaley sedimentary rocks 

within the Devonian Wenban and Silurian Roberts Mountains Formations. Coincident 

elevated concentrations of silver, bismuth, copper, and lead are spatially associated with 

both the High Grade Fault and skarn mineralization. Iron, a major constituent, is 

concentrated locally within the Wenban Formation and may be related to oxidation 

boundary chemical controls. Silver and bismuth have the best spatial distribution related 

to the High Grade Fault, but elevated silver values are also spatially related to silty -shaley 

sedimentary rocks within the Wenban and Roberts Mountains Formations. Nickel and 

zinc have distributions that are strongly associated with sedimentary rocks and possibly 

supergene alteration (zinc) within the Upper Wenban Formation and silty - shaley 

sedimentary rocks in the Lower Wenban and Roberts Mountains Formations. The 

distributions of these elements are presented in Figures 5.15 - 5.21. 
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Table 5.4 Correlation Coefficients (r) for the base -metal elements with gold (n= 1018, r 
significant at 95% Confidence level >10.41). 

Element Gold Silver Bismuth Copper Iron Nickel Lead 
Silver 0.48 
Bismuth 0.47 0.66 
Copper 0.39 0.54 0.77 
Iron 0.24 0.23 0.28 0.43 
Nickel 0.25 0.35 0.34 0.49 0.64 
Lead 0.35 0.72 0.72 0.57 0.26 0.24 
Zinc 0.23 0.61 0.48 0.48 0.53 0.60 0.60 
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5.4 Carlin -type Mineralization Pathfinder Elements 

The overall Carlin -type mineralization pathfinder elements were chosen based on 

previous work that had defined the elements that best illustrate this mineralization type. 

The elements are Tl, Hg, As, Sb, and Ag. These elements were found to have the highest 

statistical correlation with gold (Table 5.5). All of the elements, with the exception of 

silver, have elevated correlation values greater than 0.67. The correlation of silver and 

gold is lower than the others but still statistically significant (r = 0.48). Thallium and 

mercury have the highest correlation value to gold at 0.81, followed by arsenic (0.77), 

antimony (0.68), and silver (0.48). 

The Carlin -type mineralization pathfinder elements form a statistically significant 

and coherent geochemical suite. All of the elements have intercorrelation values with 

each other greater than 0.48. The lower correlation value of silver is likely the result of 

the geochemical mobility of silver, or silver being introduced into the area in more than 

one mineralizing event. The average gold to silver ratio is 0.21 for the 28600 section 

line. 

Spatially, these elements fit well with the distribution of gold, the High Grade 

Fault, and changes in lithology within the Wenban and Roberts Mountains Formations. 

Thallium, mercury, arsenic, and antimony have distributions that strongly reflect the High 

Grade Fault. Silver, however, has a distribution that illustrates both High Grade Fault 

interaction and silty -shaley sedimentary rocks within the Devonian Wenban and Silurian 

Roberts Mountains Formations. The highest values for all of the Carlin -type 

mineralization pathfinder elements can be found on or proximal to the High Grade Fault 

and along the formational contact between the Wenban and Roberts Mountains 

Formations. Figures 5.22 - 5.26 show the spatial distribution of selected Carlin -type 

mineralization pathfinder elements. 
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Table 5.5 Correlation Coefficients (r) for the Carlin -type mineralization pathfinder 
elements with gold (n= 1018, r significant at 95% Confidence level > 10.41). 

Element Gold Silver Arsenic Mercury Antimony 
Silver 0.48 
Arsenic 0.77 0.49 
Mercury 0.81 0.53 0.88 
Antimony 0.68 0.56 0.74 0.71 
Thallium 0.81 0.50 0.84 0.80 0.71 
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Figure 5.22 Distribution of thallium in section 28600, Cortez Hills deposit, Nevada. 



67 

KEY 

Hg ppm 

0.01 - 0.25 

0.26 - 1.25 

1.26 - 11.50 

11.51 - 115.00 

115.01 - 1210.00 

Lithology - DSrm. Roberts Mountains Formatort 

JOw Wenben Formation - Tome- Rhyotne Dikes 

Des. Conglomeratic Sitstone 

Ocl Congbmeranc Limastore 

%j FIT High Grade Fault 

Interred Formation Contact 

1 

NINO 

Cortez HISS Geochamsay Hg ppm 
286(Á Section Line 

Suie By James veeemaaI 

15eo GS by James Sererdeal 

Figure 5.23 Distribution of mercury in section 28600, Cortez Hills deposit, Nevada. 

f ' 
KEY r/ As ppm 7 2.00-32.00 1 

_ r 32.01 - 210.00 
+ AM." 

'''sib 
;_; 210.01 - 1475.00 

í - ' 1475.01 - 9999.00 

/ 1 9999.01 - 50000.00 

1 

ed- , Lithology _ DSrm. Roberts Mountains Formaron 

Dw WenbanFOrmaron 

rgpd' Rhydtle Dikes -O 

Gcs ConglomerahcSìisfane 

Of Conglomeratic Limestone 

i,// Jll FLT High Gracie Fauh 

+ + + 4- + + 

mrur1l Interred Formation Contact 

-O 

feet 

a61 M. 31110. 

Cortez Hats Geochemistry As ppm 
28600 sectronum 

Scale By James venenGaai 

1.500 GIS by Jam esveiwnstaal 

Figure 5.24 Distribution of arsenic in section 28600, Cortez Hills deposit, Nevada. 



68 

- Y 

+ 

era- 

, . 

i - 

"K 

+ 

- 

- 

/ 

+ + 

KEY 

Sb ppm 
Ti 0.05 -2.00 

2.01 -6.00 

6.01 - 23.00 

23.01 - 40.00 

40.01 - 199.00 

LithobgY 

OSrm Roberts Mountains Formation 

1 

1 

-......a 

+ 

, 

at 
r 7 Dw W nban Forman. - Tapd Rhyane Dikes 

Ges. Conglomeratic Sttatone 

PRGcl 

7 
mien ... 

Conglomeratic Limestone 

rli Mph Grete Feit 

i, Hired Formation Canted 

, 14 250 PE 750 1.000 

a.00 axe Ewa saw raro 
Wra 

wtw 

Cotaz Hilb Geactmmeky Sb ppm 
MOO Section Line 

Brate 
t,gg 

By Jane Vawiw.i 
Gann Janavenen.al 

Figure 5.25 Distribution of antimony in section 28600, Cortez Hills deposit, Nevada. 

KEY 

Ag ppm 

1 + ' ... + __ note 
r {i 0.01 - 0.08 __ .. =_ ` r 0.09 0.40 

0.41 - 2.25 

An" w * 
2.26 - 13.50 

13.51 - 82.30 

OF 
gal 

Lithology 

DSrm Roberts Mountains Formation - 
De Wen gen Formation 

33 

g 

1 on ill stone 

,7 FIT High Grade Fauh 

.intuii Inferred Formation Contea 

1 
+ 

-á 

o 1.15 250 5E0 

MOO Jww nona ncm .mw Jr ware 

Cater Hills Geochem617 Ag PPM 
MOO Weald* 

tale ey lama Maenad 
ism 0.S by Jama &nane 

Figure 5.26 Distribution of silver in section 28600, Cortez Hills deposit, Nevada. 



69 

5.5 Supergene / Mineralization Related Alteration Elements 

The supergene / mineralization related alteration suite elements were chosen 

based on their geochemical association with clays and carbonates, as well as the 

alteration of wall rock and intrusive igneous rocks. These elements are Al, Ca, Fe, Ga, K, 

Mg, Mn, and Sr. The elements represent major components of these minerals / rocks 

and, in the case of gallium and strontium, trace elements that substitute for these major 

elements. 

Aluminum and gallium were chosen due their association with clay minerals. 

Calcium, magnesium, manganese, and strontium were chosen to characterize carbonate 

mineralogy. Potassium was chosen to show the alteration of feldspars in igneous dikes in 

the section. Aluminum, gallium, and manganese have statistical significant correlation to 

gold (r > 10.41). Iron and manganese were chosen to represent oxidation boundary 

elements due to their high statistical correlation and spatial distribution. Table 5.6 shows 

the correlation of the alteration elements to each other and gold. 

Statistical correlation of the alteration suite shows that some elements correlate 

well with each other as a consequence of element substitutions, mineral alteration, and 

potentially as mineralization related alteration. Intercorrelations of the supergene 

alteration elements have a wide range of high and low values. Gallium and potassium 

correlate strongly with aluminum and are likely associated with the alteration of rock into 

clays (illite, kaolinite, smectite). Magnesium, strontium and calcium correlate strongly 

and represent carbonate mineralogy. Iron is antipathetically related to carbonate mineral 

elements (Ca, Sr, and very weakly to Mg). This strong negative correlation is likely due 

to the carbonate dissolution, and decalcification within the oxidation boundary. Iron is 

positively correlated with clay alteration elements (Ga, and Al). Iron is also correlated to 

manganese, likely reflecting surficial oxidation processes. Figures 5.27 - 5.34 show the 

spatial distribution of selected alteration elements. 
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Table 5.6 Correlation Coefficients (r) for the supergene / mineralization related alteration 

elements with gold (n= 1018, r significant at 95% Confidence level > 10.41). 

Element Au AI Ca Fe Ga K Mg Mn 

Aluminum 0.45 
Calcium 0.14 0.17 
Iron 0.24 0.35 0.63 

Gallium 0.41 0.95 0.30 0.40 
Potassium 0.27 0.74 0.02 0.17 0.69 
Magnesium 0.14 0.14 0.61 0.38 0.02 0.35 

Manganese 0.41 0.19 0.08 0.40 0.16 0.25 0.17 

Strontium 0.32 0.03 0.78 0.65 0.21 0.14 0.56 0.34 
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Figure 5.34 Distribution of iron in section 28600, Cortez Hills deposit, Nevada. 

5.6 Relationships Between Geochemical Suites 

The correlation between the Carlin -type mineralization pathfinder elements and 

the alteration elements was assessed (Table 5.7); thallium and antimony correlate 

positively with iron, as well as manganese, and strontium with thallium. Arsenic and 

mercury correlate with aluminum. Manganese and aluminum have weak correlation with 

antimony. Clay related elements (Al, Ga, and K) are weakly correlated to gold, arsenic, 

mercury, and thallium. This may represent the associated processes of mineralization and 

attendant wallrock alteration. The spatial distribution of the alteration suite with the 

Carlin -type mineralization pathfinder suite has high coincident values outside of 

mineralization; however, there is some overlap likely due to brecciation and supergene 

weathering. 

The limited correlation of alteration elements to the base metal suite suggests the 

alteration process reflected is not related to the base metal mineralizing episode. The 

coincident elevated patterns for the base metal suite and the alteration suite are weakly 

related to stratigraphy and the High Grade Fault. Table 5.8 shows the correlations 

between base metals and alteration elements. Alteration and base metal suite correlation 
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coefficients indicate that there are weak associations between the two suites. Iron, has 

the greatest diversity with alteration elements, having weak correlation to Ga, Mn, and 

Sr. Iron has two possible associations, the base metal suite related to mineralization 

(sphalerite) and with oxidation above the oxidation boundary. Iron has stronger 

correlation to zinc than to manganese and gallium, and a strong negative correlation to 

strontium. This suggests that iron has a strong association to sphalerite in the base -metal 

suite. The distribution of iron above the oxidation boundary has coincident elevated 

levels with manganese which supports oxidation associations. A combination of 

processes involves the association of manganese, gallium, and strontium with iron. 

These combinations range from clay alteration (gallium and aluminum) mixing with 

oxidized fluids, manganese oxide from oxidation and carbonate mineralogy, and the 

large negative correlation of strontium associated with dissolution of carbonates and 

decalcification. Manganese has slight correlation with zinc, and strontium has weak 

correlation to nickel and zinc. 

The distribution of the alteration suite of elements has excellent spatial 

distribution surrounding mineralization and could be a good tool for exploring. The 

carbonate mineralogy elements (Ca, Mg, and Sr) have greater concentration and 

distribution away from the hydrothermal expression on the eastern side of the section line 

(approximately 1000 feet). However, the distribution of the carbonate elements is not 

defined enough to pick out zonation or contouring thresholds. Manganese, however, is 

strongly concentrated within mineralization. The clay elements (Al, Ga, K, and Li) have 

distributions that are stronger outside of the mineralized zone. The distribution of iron in 

the type section is concentrated primarily within the oxidized portion of the oxidation 

zone. Magnesium, manganese, and iron have distributions below the oxidation boundary 

that may illustrate carbonate mineralogy described in the carbonate section of this thesis 

(ferroan dolomite /manganese dolomite to ankerite to ankerite + dolomite to dolomite 

with varying degrees of ferroan calcite). 
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Table 5.7 Correlation Coefficients (r) for the alteration and Carlin -type mineralization 
athfinder elements with gold (n= 1018, r significant at 95% Confidence level >10.41). 

Element Au Ag Al As Ca Fe Ga Hg K Mg Mn Sb Sr 
Silver 0.48 

Aluminum 0.45 0.25 

Arsenic 0.77 0.49 0.40 

Calcium 0.14 0.13 0.17 0.20 

Iron 0.24 0.23 0.35 0.33 0.63 

Gallium 0.41 0.19 0.95 0.36 0.30 0.40 

Mercury 0.81 0.53 0.47 0.88 0.17 0.22 0.42 

Potassium 0.27 0.11 0.74 0.21 0.02 0.17 0.69 0.26 

Magnesium 0.14 0.05 0.14 0.14 0.61 0.38 0.02 0.09 0.35 

Manganese 0.41 0.23 0.19 0.41 0.08 0.40 0.16 0.40 0.25 0.17 

Antimony 0.68 0.56 0.37 0.74 0.28 0.44 0.33 0.71 0.30 0.21 0.37 

Strontium 0.32 0.26 0.03 0.32 0.78 0.65 0.21 0.30 0.14 0.56 0.34 0.36 

Thallium 0.81 0.50 0.24 0.84 0.34 0.51 0.19 0.80 0.06 0.24 0.49 0.71 0.48 

Table 5.8 Correlation Coefficients (r) for the alteration and base -metal elements with 
old (n= 1018, r significant at 95% Confidence level >10.41). 

Elements Ag Al Bi Ca Cu Fe Ga K Mg Mn Ni Pb Sr 
Aluminum 0.25 

Bismuth 0.66 0.16 

Calcium 0.13 0.17 0.13 

Copper 0.54 0.05 0.77 0.21 

Iron 0.23 0.35 0.28 0.63 0.43 

Gallium 0.19 0.95 0.11 0.30 0.02 0.40 

Potassium 0.11 0.74 0.08 0.02 0.01 0.17 0.69 

Magnesium 0.05 0.14 0.03 0.61 0.07 0.38 0.02 0.35 

Manganese 0.23 0.19 0.31 0.08 0.23 0.40 0.16 0.25 0.17 

Nickel 0.35 0.11 0.34 0.30 0.49 0.64 0.14 0.11 0.08 0.30 

Lead 0.72 0.21 0.72 0.16 0.57 0.26 0.17 0.19 0.10 0.37 0.24 

Strontium 0.26 0.03 0.26 0.48 0.26 0.65 0.21 0.14 0.56 0.34 0.41 0.20 

Zinc 0.61 0.01 0.48 0.32 0.48 0.53 0.07 0.03 0.11 0.49 0.60 0.60 0.42 

5.7 Substitution Elements 

The distribution of lithium displays enrichment proximal to mineralization but is 

depleted within mineralized zones. Lithium has strong negative correlations to gold and 

the Carlin -type mineralization pathfinder suite of elements with the exception of silver, 

which is still statistically viable. Lithium is most likely a substituting in major K and Na 
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silicate mineral sites. Lithium, potassium and sodium are all in the same group in the 

periodic table. Lithium has a similar distribution pattern to that of K and Na around the 

orebody. Lithium distribution is illustrated in Figures 5.35. 
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Figure 5.35 Distribution of lithium in section 28600, Cortez Hills deposit, Nevada. 

5.8 Carbonate Mineralogy and Ratios 

There is carbonate dissolution present at Cortez Hills. While logging core, 

noticeable changes in carbonate veining were observed with the amount of carbonate 

veining increasing toward intrusive contacts or structural discontinuities. In drill core, 

large amounts of carbonate were found proximal to and distant from decalcified zones. 

The dominant carbonate mineral identified was calcite. Calcite ranges from fine to 

coarse grained to massive and was found in brecciated rock as well as homogeneous 

rock. Rare thin ( <1 mm) dolomite veins were found in trace quantities. 

Reprecipitation textures, such as banding, and impurities (rock fragments, oxides, 

and dolomite fragments), were found in calcite veins ranging from millimeter to massive 

(several centimeters to decimeters in thickness) (Figures 5.36 and 5.37). The abundance 

of calcite also increased in breccia zones as void and fracture fill. A depletion of 
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carbonate elements (Ca and Mg) can be seen in the upper breccia body where dolomite 

and other carbonate minerals may have existed prior to the mineralizing event. The 

magnesium and calcium depletions show the "relict halo" of a hydrothermal event. This 

most likely was as a result of carbonate dissolution and remobilization due to acidic 

fluids moving through the carbonate rocks. 

Carbonate minerals can be found across the 28600 section line. Calcite and trace 

amounts of dolomite make up the majority of the carbonate minerals and are found in the 

rocks themselves, as void fill in breccias, or as replacement of phenocrysts in felsic dike 

material (Figures. 5.38 - 5.41). This is interpreted to be a late stage or post mineralization 

alteration (pers, comm., Cortez Geology Dept.). Within the veins and voids, calcite 

crystals range from rhombs to amorphous crystalline fills (Figure 5.42). A zonation in 

the "dog tooth" calcite can be seen in thin -section and suggests multiple deposition 

events (Figure 5.43). 

Following the Kesler et al. (2003a) and Hofstra and Cline, (2000) guidelines, the 

Fe /Al and S /Al ratios were analyzed. The Fe /Al and S /Al ratio overlays are illustrated 

in Figures 5.44 and 5.45. The Fe /Al ratio has strong statistical correlation and a strong 

linear relationship (r = 0.6) with gold, whereas the S /Al ratio has statistical significance 

but a weak linear relationship (r = 0.3) with gold. The high correlation of the Fe /Al ratio 

with gold suggests a connection with mineralization. The spatial distribution of the Fe /Al 

ratio has high concentrations parallel to the high gold values. There are also high 

concentrations below the oxidation boundary that likely represent iron sulfides in 

refractory (sulfide rich) rock. 

The S /Al ratio has little to no spatial correlation to gold mineralization. Spatially, 

the distribution has high concentrations below the oxidation boundary in refractory 

(sulfide rich) rock. Below the oxidation boundary the rock is enriched in arsenic sulfides, 

pyrite, and rare base -metal sulfides. The S /A1 and Fe /A1 ratios helped to define 

sulfidation and oxidation boundary interactions and distributions. The S /Al ratio appears 

to define refractory mineralization and the Fe /Al ratio appears to define the oxidized 

mineralization. Overlap of the two ratios can be interpreted to be areas that have an 

interaction of oxide and refractory mineralized rock. 
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CHAPTER 6: SUMMARY AND CONCLUSIONS 

6.0 Discussion 

This study examined the geology along an approximately west -east section 

(28600, mine coordinates) through the Cortez Hills gold deposit utilizing geochemical 

information from reverse circulation and diamond drill holes. Gold mineralization is 

centered along a steep dip -slip, normal fault (the High Grade Fault). In addition, it has a 

lithologic control with higher grades located along the contact between the Roberts 

Mountains Formation and the overlying Wenban Formation. Tertiary dikes occur 

throughout the section but are generally poorly mineralized. Examination of the drill 

core suggests this may be due to hydrothermal alteration whereby the dikes were largely 

converted to clay thereby making them relatively impermeable to mineralizing solutions. 

Oxidation extends down along the High Grade Fault to the limit of drilling, nearly 2000 

feet, and affects much of the Wenban Formation. Weak contact metamorphism was 

developed in the Wenban Formation carbonate rocks to the west of the High Grade Fault. 

The geochemistry along the 28600 section was also examined in this study 

through utilization of a database consisting of 1018 composite samples that were 

analyzed for trace element geochemistry using the ALS CEMEX ME -MS41 package 

using an aqua regia digestion. The data were examined statistically and spatially. 

Statistically, the data indicate five overlapping populations: a lithologically controlled 

suite, a tungsten- related suite, a base metals suite, a Carlin -type suite, and a suite of 

elements related to supergene oxidation. 

A number of elements are enriched at the approximate level of the Roberts 

Mountains - Wenban contact. These elements include Mo, Ni, Fe, P, U, and V. This 

suite of elements is typical of those enriched in black shales (Vine and Tourtelot 1970). 

P, U, and V are particularly concentrated along this contact in dark, silty dolomite beds. 

The data suggest that the upper Roberts Mountains Formation in the Cortez Hills area 

may represent deposition in a relatively anoxic environment. 

The tungsten suite of elements consists of W, Bi, Cu, Mo, Sn, and Te. They 

display common statistical and spatial correlation characteristics. This elemental suite is 
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typical of tungsten skarn deposits (Newberry, 1982). These elements are concentrated 

within the Wenban Formation along deep portions of the High Grade Fault; they do not 

show a spatial relationship to contact metamorphosed areas within the Wenban 

Formation. Tungsten deposits of Mesozoic age are known from central and northern 

Nevada (Newberry, 1982). However, none have been recognized in the immediate Cortez 

Hills area, though some tungsten minerals have been observed at the nearby Gold Acres 

deposit (personal communication, Cortez Geology Department). Tungsten deposits are 

commonly formed in relatively deep environments (Einaudi et al., 1981). The tungsten 

suite at Cortez Hills is focused along deep portions of the High Grade Fault indicating 

this fault was present at the time of the tungsten -mineralizing event. If the tungsten 

mineralization event in the Cortez Hills formed at the same time as other tungsten 

deposits in this portion of Nevada, it indicates that the High Grade Fault was in existence 

during the Mesozoic. The presence of the tungsten anomaly also suggests that the Cortez 

Hills deposit area was deeply buried at this time. 

Another suite of elements that shows reasonable statistical correlation but weaker 

spatial correlation is termed the base -metals association suite. These elements include 

Ag, Bi, Cu, Fe, Pb, and Zn. Such elements are typical of porphyry copper type systems 

(Seedorf et al. 2005). Like the tungsten -related suite these elements also show a spatial 

correlation with the High Grade Fault though the highest values tend to occur at 

structurally higher levels than the tungsten suite. The base metals are also not well 

correlated with contact metamorphosed zones in the Wenban Formation. 

A number of Carlin -type systems occur in proximity to weak porphyry- related 

systems of early Cretaceous to Mesozoic age (Gold Strike Stock; Deep Star, Betze /Post, 

Genesis, Heitt et al. 2002, Osgood Mountains: Twin Creeks, Turquoise Ridge -Getchell, 

Cline 2001). This relationship probably has to do with development and maintenance of 

good structural zones that can influence the location of igneous and hydrothermal activity 

over long periods of geological time. Porphyry systems generally form at higher 

structural levels than tungsten systems (Newberry, 1982) suggesting uplift of the Cortez 

Hills area during the Mesozoic. 

The Carlin -type mineralization pathfinder elements have strong spatial and 

statistical correlation to gold distribution. Thallium and mercury have highest correlation 
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followed by As, Sb, and silver. Silver has the lowest statistical correlation and weakest 

spatial correlation to gold. This may be because it was deposited in the Cortez Hills area 

by both the base metals event and the Carlin event. The elemental suite related to the gold 

mineralization at Cortez Hills is similar to that observed at a number of other Carlin -type 

systems (Cline et al., 2005). Once again, this element suite is concentrated along the 

High Grade Fault. However, significant amounts of these elements, including gold, are 

also found along the Roberts Mountains - Wenban contact. This relationship suggests 

that this contact may have provided a significant fluid pathway during this mineralizing 

event. The reasons for enhanced permeability of this zone during the Carlin mineralizing 

event are not fully understood, but are likely the result of the decalcification of silty 

carbonate rocks. Low angle faulting or a later thrust surface could be the reason for the 

enhanced permeability. In some drill holes, this contact was highly brecciated or had the 

appearance of being silica healed. The initial breccia investigation combined older 

breccia textures with Tertiary breccia textures. Support of a previously unidentified 

thrust surface is that there has been some repeating of stratigraphy in drill holes in the 

area unrelated to this study (pers comm., Cortez Geology Dept.). 

One of the original goals of the study was to investigate whether variations in 

carbonate mineralogy could be discerned in relation to gold mineralized areas, as has 

been successful in some other Carlin -type systems (e.g. Evans, 2000). Carbonate staining 

(Hitzman, 1999) was conducted on drill core to differentiate calcite, dolomite, and 

ferroan dolomite. The study revealed that calcite is the only important carbonate mineral 

within the area of the section. This may be due to later supergene oxidation that has 

destroyed an earlier record of dolomitization and subsequent decarbonization. 

The Cortez Hills area has undergone significant supergene oxidation. Drilling 

indicates that oxidation reached at least 2000 feet below the present ground surface in at 

least the area of the High Grade Fault and that oxidized fluids mimicked earlier 

hydrothermal fluids spreading out along the Roberts Mountains -Wenban Formations 

contact. A number of elements display mobility during supergene weathering especially 

Fe, Mn, Zn, U, and V. These elements are those known to be highly mobile in oxidized 

fluids (Krauskopf, 1979). The iron in these supergene zones was probably derived from 

both oxidation of pyrite and from dissolution of ferroan carbonates. Manganese was 
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probably largely derived from dissolution of slightly manganiferous carbonate minerals. 

The zinc was probably derived from oxidation of minor sphalerite from the base metal 

event and concentration and precipitation of minor zinc silicate (hemimorphite) (per 

comm., Cortez Geology Dept.). The absolute values of both uranium and vanadium are 

low. Their ultimate source is not known but they are undoubtedly being concentrated by 

supergene processes during weathering. 

Fe / Al and S / Al ratios along the 28600 section were examined to test previous 

studies suggesting that gold -rich zones display higher ratios than gold -poor zones 

(Hofstra and Cline, 2000; Kesler et al., 2003a). At Cortez Hills, elevated concentrations 

of gold do coincide with elevated Fe / Al ratio values with a correlation factor of 0.62. 

The S / Al versus gold correlation is lower at Cortez Hills and is not statistically 

significant. 

There is sulfur and iron enrichment deep in the Cortez Hills system below the zone of 

significant supergene oxidation. This enrichment appears to be due to the presence of 

diagenetic pyrite in silty - shaley horizons along the Roberts Mountains - Wenban 

Formation contact. 

The Cortez Hills deposit along the 28600 section is covered by surficial deposits 

(pediment) consisting of material shed from adjacent Mt. Tenabo. This pediment material 

represents a reverse of the stratigraphy of the Cortez Hills deposit. The Mt. Tenabo 

stratigraphy begins with the Roberts Mountains Formation at the top followed by the 

Hanson Creek Dolomite, Eureka Quartzite, and the Hamburg Dolomite. The 

accumulation of these different rock types has resulted in an overburden that masked 

geochemical expression of the surface bedrock thus making a surficial expression 

difficult to observe. 

Despite the presence of pediment over the deposit, there are some geochemical 

indicators of underlying mineralization. Slightly anomalous Bi, Te, W and Sn may be 

expressions of the early tungsten event. Likewise, weak Cu, Pb, and Zn indicate the base 

metal event. Antimony and thallium are the only Carlin -type mineralization pathfinder 

elements on the 28600 section line with a surface expression in the overburden material. 

The study indicates that the Cortez Hills deposit formed along a long -lived fault 

zone that guided hydrothermal fluids from the Mesozoic into the Tertiary. Further work 
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should examine the geochemistry along other gold -mineralized faults in the Gold Acres - 
Pipeline - Cortez Hills area to determine if they also show this prolonged hydrothermal 

history. Additional work in the district could also examine whether either the tungsten 

suite or base metal suite is particularly related to contact metamorphism and try and relate 

either of these events to specific intrusive events in the Mill Canyon intrusive suite. 

Clay alteration zonation has been documented at other Carlin -type deposits. 

Additional investigation of clay mineral zonation using higher resolution analytical 

methods such as PIMA, ASD or X -ray diffraction may prove beneficial at Cortez Hills. 

Though this work was initially planned as part of this study, the instruments were not 

available to complete this aspect of the study. 
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Statistical Correlations: 

ALS CHEMEX ME -MS41 Package (N = 1018) 

log Ag 
Log Au 
0.483 

log Ag Log Al log As Log Ba Log Be log Bi log Ca Log Cd 

Log Al -0.451 -0.268 
log As 0.770 0.492 -0.396 
Log Ba -0.161 -0.069 0.608 -0.129 
Log Be -0.259 -0.078 0.639 -0.134 0.496 
log Bi 0.473 0.661 -0.160 0.580 -0.050 -0.048 
log Ca -0.139 -0.154 -0.173 -0.210 -0.490 -0.349 -0.136 
Log Cd 0.306 0.714 -0.099 0.380 0.198 0.183 0.594 -0.311 
Log Ce -0.051 0.027 0.474 0.074 0.593 0.593 0.025 -0.513 0.219 
Log Co 0.087 0.213 0.331 0.204 0.533 0.484 0.261 -0.436 0.515 
log Cr 0.063 0.069 0.355 0.145 0.111 0.072 0.110 -0.085 0.024 
log Cs -0.033 -0.007 0.637 0.080 0.256 0.390 0.160 -0.068 -0.035 
log Cu 0.390 0.524 -0.043 0.557 0.115 -0.002 0.778 -0.237 0.571 
Log Fe 0.238 0.215 0.360 0.314 0.631 0.508 0.253 -0.656 0.461 
Log Ga -0.408 -0.194 0.955 -0.349 0.624 0.697 -0.094 -0.301 -0.027 
Log Ge -0.105 0.072 0.591 -0.023 0.559 0.482 0.154 -0.286 0.224 
Log Hf -0.154 -0.207 0.543 -0.211 0.633 0.522 -0.046 -0.354 0.062 
log Hg 0.807 0.538 -0.469 0.880 -0.182 -0.164 0.567 -0.176 0.390 
Log In 0.442 0.581 -0.052 0.471 0.181 0.145 0.572 -0.291 0.625 
Log K -0.268 -0.136 0.748 -0.199 0.347 0.345 -0.082 -0.001 -0.129 
log la -0.066 -0.066 0.333 0.073 0.445 0.340 -0.094 -0.264 0.055 
log li -0.509 -0.298 0.889 -0.464 0.442 0.594 -0.156 -0.124 -0.151 
log Mg -0.141 0.027 0.131 -0.141 -0.285 -0.050 -0.032 0.603 -0.142 
log mit 0.415 0.238 -0.195 0.407 0.075 0.244 0.298 -0.065 0.356 
log Mo 0.307 0.485 -0.029 0.339 0.236 0.278 0.396 -0.439 0.675 
Log Na -0.295 -0.282 0.548 -0.363 0.426 0.368 -0.125 -0.044 -0.118 
log Nb -0.213 -0.303 0.249 -0.376 0.059 0.226 -0.114 0.067 -0.252 
log Ni 0.255 0.321 0.110 0.330 0.316 0.311 0.329 -0.356 0.590 
log P 0.150 0.341 0.235 0.205 0.371 0.221 0.319 -0.215 0.485 
log Pb 0.349 0.722 -0.211 0.472 0.071 -0.043 0.724 -0.161 0.667 
log Rb -0.192 -0.106 0.742 -0.124 0.354 0.416 0.050 -0.078 -0.082 
log Re 0.097 0.288 0.068 0.046 -0.299 0.062 0.175 0.210 0.140 
Log S 0.073 0.185 0.193 0.037 -0.138 0.138 0.079 -0.014 0.044 
log Sb 0.677 0.552 -0.373 0.729 0.078 -0.080 0.447 -0.314 0.534 
Log Sc 0.272 0.202 0.216 0.382 0.471 0.426 0.204 -0.329 0.350 
Log Se 0.355 0.477 -0.031 0.466 0.129 0.089 0.419 -0.277 0.516 
log Sn 0.491 0.340 0.058 0.527 0.153 0.160 0.518 -0.279 0.291 
Log Sr -0.316 -0.286 -0.029 -0.327 -0.305 -0.370 -0.259 0.772 -0.427 
Log Ta -0.013 0.019 0.022 0.025 0.030 0.098 0.001 -0.042 0.067 
log Te 0.609 0.729 -0.275 0.607 -0.009 -0.078 0.666 -0.207 0.573 
log Th -0.055 0.020 0.614 0.046 0.463 0.718 0.150 -0.553 0.173 
Log Ti -0.488 -0.324 0.702 -0.557 0.383 0.345 -0.145 0.101 -0.154 
log TL 0.811 0.496 -0.245 0.842 0.077 -0.043 0.563 -0.349 0.432 
log U 0.365 0.509 -0.006 0.430 -0.063 0.251 0.470 -0.243 0.487 
log V 0.181 0.453 0.172 0.194 0.295 0.235 0.343 -0.262 0.644 
log W 0.555 0.504 -0.368 0.636 -0.138 -0.144 0.702 -0.191 0.454 
Log Y 0.163 0.124 0.196 0.274 0.210 0.309 0.186 -0.055 0.286 
log Zn 0.231 0.608 0.006 0.357 0.248 0.357 0.482 -0.326 0.877 
log Zr -0.098 -0.170 0.472 -0.162 0.665 0.451 -0.037 -0.347 0.112 
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Log Ce Log Co log Cr log Cs log Cu Log Fe Log Ga Log Ge Log Hf 
Log Co 0.495 
log Cr 0.038 0.254 
log Cs 0.223 0.194 0.439 
log Cu 0.133 0.444 0.151 0.202 
Log Fe 0.624 0.812 0.232 0.200 0.412 
Log Ga 0.518 0.365 0.303 0.626 0.016 0.431 
Log Ge 0.447 0.554 0.328 0.484 0.274 0.508 0.602 
Log Hf 0.542 0.325 -0.075 0.159 0.094 0.483 0.579 0.343 
log Hg -0.010 0.097 0.078 0.023 0.492 0.202 -0.410 -0.048 -0.210 
Log In 0.343 0.343 0.088 0.022 0.535 0.483 0.038 0.203 0.187 
Log K 0.158 0.198 0.539 0.796 -0.005 0.168 0.701 0.537 0.148 
log la 0.855 0.245 0.092 0.160 0.004 0.360 0.300 0.304 0.408 
log li 0.283 0.224 0.297 0.593 -0.053 0.196 0.886 0.466 0.482 
log Mg -0.209 -0.214 0.264 0.206 -0.104 -0.412 0.023 0.027 -0.244 
log mit 0.154 0.350 -0.183 -0.062 0.235 0.396 -0.162 0.017 0.140 
log Mo 0.212 0.568 0.040 0.006 0.427 0.555 0.070 0.262 0.090 
Log Na 0.230 0.182 -0.062 0.180 0.000 0.196 0.512 0.296 0.556 
log Nb -0.033 -0.119 -0.307 0.019 -0.111 -0.085 0.276 -0.027 0.443 
log Ni 0.270 0.732 0.207 0.113 0.466 0.642 0.163 0.406 0.174 
log P 0.268 0.579 0.267 0.203 0.450 0.450 0.251 0.478 0.173 
log Pb 0.128 0.197 -0.034 -0.057 0.573 0.249 -0.167 0.090 -0.012 
log Rb 0.196 0.208 0.454 0.871 0.139 0.214 0.735 0.555 0.294 
log Re -0.195 0.020 0.259 0.320 0.112 -0.114 0.076 0.125 -0.282 
Log S -0.016 0.140 0.320 0.302 0.058 0.080 0.196 0.193 -0.203 
log Sb 0.147 0.323 0.077 -0.146 0.460 0.425 -0.317 0.005 -0.024 
Log Sc 0.589 0.579 0.283 0.217 0.276 0.658 0.241 0.421 0.290 
Log Se 0.159 0.443 0.308 0.155 0.515 0.406 -0.009 0.419 -0.010 
log Sn 0.298 0.203 0.058 0.215 0.512 0.436 0.134 0.179 0.259 
Log Sr -0.430 -0.484 0.008 -0.020 -0.295 -0.682 -0.210 -0.187 -0.270 
Log Ta 0.057 0.089 -0.014 -0.010 0.035 0.086 0.021 0.085 -0.006 
log Te 0.134 0.278 0.122 -0.016 0.552 0.339 -0.199 0.092 -0.060 
log Th 0.701 0.455 0.110 0.424 0.223 0.600 0.714 0.460 0.531 
Log Ti 0.107 0.259 0.123 0.364 -0.023 0.126 0.669 0.437 0.492 
log TL 0.127 0.362 0.183 0.186 0.562 0.499 -0.174 0.122 -0.056 
log U 0.117 0.284 0.113 0.223 0.434 0.258 0.066 0.221 -0.119 
log V 0.184 0.602 0.339 0.148 0.398 0.496 0.212 0.388 0.065 
log W -0.059 0.235 -0.040 0.022 0.697 0.230 -0.259 0.019 -0.101 
Log Y 0.380 0.450 0.287 0.207 0.317 0.377 0.137 0.388 0.171 
log Zn 0.316 0.568 0.043 0.053 0.478 0.535 0.070 0.302 0.129 
log Zr 0.540 0.372 -0.045 0.098 0.114 0.521 0.487 0.341 0.964 
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log Hg Log In Log K log la log li log Mg log mit log Mo Log Na 
Log In 0.446 
Log K -0.256 -0.107 
log la -0.010 0.234 0.138 
log li -0.499 -0.151 0.674 0.123 
log Mg -0.093 -0.169 0.325 -0.071 0.151 
log mit 0.386 0.374 -0.240 0.077 -0.252 -0.153 
log Mo 0.351 0.386 -0.041 -0.079 -0.073 -0.214 0.240 
Log Na -0.407 -0.059 0.231 0.089 0.512 0.021 -0.044 -0.067 
log Nb -0.327 -0.183 -0.059 -0.195 0.399 -0.084 -0.009 -0.153 0.548 
log Ni 0.281 0.318 0.086 0.054 0.015 -0.139 0.325 0.721 0.014 
log P 0.186 0.282 0.205 0.108 0.153 0.057 0.052 0.520 0.125 
log Pb 0.465 0.628 -0.197 0.116 -0.279 -0.110 0.374 0.310 -0.155 
log Rb -0.159 -0.029 0.932 0.122 0.718 0.237 -0.141 0.004 0.291 
log Re 0.091 0.032 0.301 -0.309 0.139 0.429 -0.117 0.267 -0.083 
Log S 0.015 0.022 0.345 -0.196 0.225 0.296 -0.189 0.219 0.057 
log Sb 0.700 0.500 -0.308 0.115 -0.422 -0.239 0.374 0.470 -0.233 
Log Sc 0.326 0.484 0.161 0.535 0.035 -0.088 0.454 0.362 -0.024 
Log Se 0.508 0.407 0.086 0.073 -0.093 -0.039 0.092 0.485 -0.135 
log Sn 0.482 0.672 -0.039 0.159 -0.040 -0.221 0.429 0.203 0.054 
Log Sr -0.307 -0.426 0.119 -0.071 0.010 0.543 -0.325 -0.567 0.015 
Log Ta 0.000 0.042 0.005 0.076 0.017 -0.046 0.048 0.076 0.014 
log Te 0.617 0.631 -0.168 0.064 -0.323 -0.048 0.254 0.459 -0.204 
log Th -0.031 0.290 0.286 0.348 0.539 -0.217 0.104 0.319 0.370 
Log Ti -0.584 -0.199 0.501 -0.049 0.728 0.168 -0.211 -0.100 0.611 
log TL 0.803 0.520 -0.061 0.025 -0.326 -0.256 0.498 0.486 -0.272 
log U 0.446 0.357 0.071 -0.114 -0.027 0.069 0.134 0.643 -0.133 
log V 0.177 0.336 0.222 -0.016 0.096 0.041 0.095 0.766 0.015 
log W 0.656 0.421 -0.249 -0.200 -0.305 -0.176 0.332 0.414 -0.218 
Log Y 0.215 0.288 0.161 0.428 0.042 0.102 0.300 0.188 -0.011 
log Zn 0.335 0.593 -0.039 0.172 -0.076 -0.127 0.504 0.616 -0.111 
log Zr -0.170 0.230 0.103 0.457 0.378 -0.258 0.173 0.122 0.517 

log Nb log Ni log P log Pb log Rb log Re Log S log Sb Log Sc 
log Ni -0.190 
log P -0.123 0.543 
log Pb -0.243 0.235 0.203 
log Rb 0.097 0.112 0.218 -0.136 
log Re -0.020 0.154 0.225 -0.063 0.288 
Log S 0.044 0.157 0.169 -0.124 0.283 0.748 
log Sb -0.304 0.420 0.265 0.487 -0.258 -0.060 -0.041 
Log Sc -0.318 0.445 0.332 0.296 0.184 -0.108 -0.083 0.427 
Log Se -0.259 0.497 0.480 0.339 0.115 0.316 0.305 0.471 0.391 
log Sn 0.057 0.182 0.110 0.499 0.096 -0.029 0.016 0.344 0.383 
Log Sr 0.028 -0.469 -0.215 -0.200 0.010 0.072 -0.036 -0.393 -0.368 
Log Ta -0.014 0.073 0.057 0.033 0.007 -0.026 -0.011 0.043 0.069 
log Te -0.281 0.370 0.320 0.582 -0.113 0.173 0.128 0.671 0.350 
log Th 0.280 0.306 0.297 0.025 0.405 0.099 0.276 -0.011 0.346 
Log Ti 0.500 0.044 0.210 -0.296 0.525 0.124 0.176 -0.482 -0.125 
log TL -0.311 0.447 0.273 0.439 0.034 0.076 0.072 0.708 0.493 
log U -0.122 0.469 0.411 0.280 0.127 0.595 0.457 0.314 0.184 
log V -0.279 0.667 0.646 0.238 0.194 0.367 0.275 0.349 0.417 
log W -0.103 0.355 0.279 0.484 -0.089 0.103 -0.021 0.506 0.143 
Log Y -0.219 0.418 0.367 0.216 0.173 0.023 0.018 0.231 0.581 
log Zn -0.248 0.597 0.432 0.599 0.015 0.106 -0.023 0.458 0.462 
log Zr 0.328 0.207 0.206 0.042 0.228 -0.352 -0.275 0.067 0.368 
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Log Se log Sn Log Sr Log Ta log Te log Th Log Ti log TL log U 

log Sn 0.274 
Log Sr -0.256 -0.415 
Log Ta 0.055 0.006 -0.050 
log Te 0.463 0.389 -0.339 0.037 
log Th 0.166 0.436 -0.580 0.058 0.046 
Log Ti -0.134 -0.094 0.117 -0.008 -0.326 0.322 
log TL 0.465 0.571 -0.493 0.016 0.626 0.146 -0.402 
log U 0.494 0.309 -0.329 0.031 0.455 0.379 -0.167 0.446 
log V 0.519 0.084 -0.348 0.038 0.389 0.218 0.123 0.341 0.519 
log W 0.359 0.445 -0.361 0.015 0.537 0.082 -0.278 0.633 0.460 
Log Y 0.375 0.226 0.001 0.175 0.198 0.203 0.001 0.252 0.257 
log Zn 0.462 0.293 -0.433 0.105 0.471 0.245 -0.146 0.415 0.446 
log Zr 0.039 0.242 -0.253 0.004 0.007 0.423 0.433 -0.006 -0.166 

log V log W Log Y log Zn 
log W 0.268 
Log Y 0.298 0.149 
log Zn 0.560 0.366 0.359 
log Zr 0.119 -0.102 0.210 0.162 
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Graphs with Trace Element Statistics: 
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STATISTICS: 
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160- 

40- 

Histogram of Ag ppm 

0 

0.01 0 03 0 10 0 32 1 00 3.16 10.00 31.62 
Ag ppm 

0.9999 

Probability Plot of Ag ppm 
Normal - 95% CI 

0.99- 

0.9- 
.c 

0.5 

0 
á 0.1 - 

0.01 - 

0.0001 
.001 .01 .1 1 

Ag ppm 
10 100 

STATISTICS: 
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STATISTICS: 
Number: 
Std. Deli.: 
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Minimum: 
Lower Quartile: 

1018 Mean: 4.015 
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7.543 Maximum: 521 
.010 Upper Quartile: .4200 
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Histogram of Ca PCT 
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STATISTICS: 
Number: 
Std. Dev.: 
Coef. Of Var.: 
Minimum: 
Lower Quartile: 

1018 Mean: 17.26 
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.5299 Maximum: 37.3 
.040 Upper Quartile: 25.3 
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STATISTICS: 
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Std. Dey.: 
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STATISTICS: 
Number: 1018 Mean: 14.27 
Std. Dey.: 57.21 Median: .3900 
Coef. Of Var.. 4.008 Maximum: 1210 
Minimum: .010 Upper Quartile: 4.670 
Lower Quartile: .090 
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STATISTICS: 
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.6944 Maximum: 8.180 
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Histogram of N i ppm 
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STATISTICS: 
Number: 1018 Mean: 26.24 
Std. Dey.: 46.63 Median: 13.20 
Coef. Of Var.: 1.777 Maximum: 745 
Minimum: .200 Upper Quartile: 28.73 
Lower Quartile: 7.78 
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Histogram of Pb ppm 
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Histogram of Sb ppm 

80- 

20- 

0.9999 

17 
0.10 0.32 

-117 
1.00 3 16 10.00 31.62 100.00 

Sb ppm 

Probability Plot of Sb ppm 
Normal - 95% CI 

0.99- 

0.9- 

0.5- 
o 
á 0.1 - 

0.01- 

0.0001 , 

.01 .1 1 10 100 1000 
Sb ppm 

1018 Mean: 5.517 
11.848 Median: 1.730 
2.148 Maximum: 199 
.050 Upper Quartile: 5.525 
.778 

STATISTICS: 
Number: 
Std. Dey.: 
Coef. Of Var.: 
Minimum: 
Lower Quartile: 



110 

Histogram of Sn ppm 
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STATISTICS: 
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Histogram of TI ppm 
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STATISTICS: 
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Histogram of W ppm 
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STATISTICS: 
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