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ABSTRACT 

Sediment-hosted disseminated gold deposits in Nevada, western United States are major gold 

sources and contain reserves in excess of 1 500 metric tons of gold (Percival et aI. , 1988). 

Discovery of these deposit types continues at a pace, with Placer Dome announcing a mojor 

discovery, Pipeline, to the south of the Gold Acres Mine, along the Battle Mountain - Eureka 

Trend in 1994 (The Northern Miner , 1994). 

Host sediments favoured for disseminated gold mineralisation are thinly bedded silty 

limestones , carbonate debris flows and to a lesser extent shale, chert and sandstone. The 

distribution of mineralisation is controlled essentially by the intersection of high-angle faults , 

which acted as conduits for hydrothermal fluids , with favourable host lithologies, anticlines, 

low-angle faults and other high-angle faults. Geochemical signature for these deposits is 

simple being Au, Ag, As, Sb, Hg, Tl, Te, F and Ba, but individual element concentrations 

vary greatly between and within deposits. Age of mineralisation is cause for considerable 

debate, and ages ranging between isotopic dates of approximately 117 Ma to early to mid­

Tertiary (30-40 Ma) are proposed. 

Most of these deposits are situated along three major trends namely the Carlin, Battle 

Mountain - Eureka and Getchell trends. The Battle Mountain - Eureka trend and, to a lesser 

extent the Carlin trend, are defined by major linear aeromagnetic and gravity anomalies , 

which are believed to reflect deep-seated structures. Most deposits are hosted in 

autochthonous Devonian, thinly bedded, silty limestones that occur as windows through what 

is believed to be allochthonous Ordovician siliciclastic sediments, which were transported 

from west to east along the Roberts Mountains thrust during the late-Devonian Antler 

Orogeny. However, recent fossil dating of what were thought to be Ordivician siliciclastic 

sediments, gives a Devonian age. This questions the age of Ordivician sediments at the other 

deposits and the interpretation of the structural windows in which deposits are located. 

Fault-bounded, proximal, carbonate debris-flow breccias are now recognised as a major host 

to mineralisation. These debris flow breccias , together with interbedded carbonate and 

siliciclastic sediments , carbonaceous sediments and soft sediment deformation are all 

characteristics of lithologies in pull-apart basins which develop along a major strike slip 

faults. 
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It is proposed that sediment-hosted disseminated gold mineralisation is controlled by the 

distribution of deep-seated long-lived , predominantly right-lateral strike-slip faults. It is 

along these strike-slip faults that syn-sedimentary pull-apart basins developed, within which 

sediments favoured by epigenetic gold mineralisation were deposited . These pull-apart basins 

were then overprinted by post-depositional extensional structures, such as negative flower 

structures. Igneous intrusions and hydrothermal cells have exploited these extensional 

structures in both compressional and extensional regional tectonic regimes . This model 

explains the characteristics of the host sediment at many of the deposits , the spatial 

relationship between igneous intrusion and mineralisation, spanning the period Cretaceous 

through to mid-Tertiary, the distribution of deposits as districts along major regional trends 

and why hydrothermal activity is noted between deposit districts but with no complementary 

mineralisation. Mineralisation is controlled predominantly by high angle structures and 

although the recent age for mineralisation at the Betze/Post deposit is - 117 Ma (Arehart 

et aI. , 1993a) , placing it in the compressional Sevier Orogeny, these high-angle structures 

would be developed within local extensional tectonic domains as described above. This 

model can, and should , be applied to other areas of the world where similar geological 

features ex ist. 

In exploring for these deposits in Nevada the distribution of Ordovician siliciclastic sediments 

should be reviewed, especially where spatially associated with deep regional structures. 

Ordovician sediments have historically been regarded as unfavourable, hence large areas for 

potential exploration have been ignored but with new ages for these sediments this opens 

large areas for potential discoveries . 
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1. INTRODuCTlON 

Invisible, dispersed, bulk-minable, disseminated and Carlin-type gold deposits are all different 

names which have been given to the major gold deposits being developed predominantly in 

Nevada, US .A. Currently the favoured description of these deposits and what is used in this 

dissertation is "sediment-hosted disseminated gold deposits" . Although the bulk of the 

production from sediment-hosted dissemintated gold deposits comes out of Nevada, US.A., 

similar deposit types are now being recognised other states within the U S.A., Mexico, China 

and from around the Pacific Rim, specifically Irian J aya, Indonesia. 

Bagby and Berger (1985) and Tooker (1985) collated all existing data pertaining to sediment­

hosted dissemintated gold deposits and formulated descriptive empirical models that empasized 

the geologic-, geochemical- and geophysical-occurrence. However, these empirical models 

were based on data that was collected from the oxide ores which was the focus of mining in 

the 1970's to mid- to late 1980's. With advances in technology in treating low grade refractory 

ores, mining depths have increased to include unoxidised ore bodies. Current geological 

research as shifted to these unoxidised ores that have not been modified by supegene 

processes. This research is important in understanding the distribution and primary 

characteristics that control hydrothermal, sediment-hosted disseminated gold mineralisation. 

Exploration progarnmes for sediment-hosted disseminated gold mineralisation should be based 

on a sound ore-occurrence model that should be modified and updated as field and academic 

research data on both regional geological and deposit scale becomes available. The aim of this 

dissertation is to develop an ore-occurrence model for the sediment-hosted disseminated gold 

deposits based predominantly on recent literature and to a lesser extent older literature. 

Twenty three deposits were studied, ten, nine and four along the Carlin, Battle Mountain­

Eureka, Getchell trends respectively. The charactersitics of the deposits are summarised in 

Appendices A., B, and C, and from these characteristics an ore-occurrence model has been 

established. This ore-occurrence model should help in focussing an exploration programme to 

the most suitable areas likely to contain hydrothermal mineralisation and ultimately a deposit, 

not only in Nevada, U.S.A., but elsewhere in the world where similar setting are suspected .. 
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2. REGIO!'\AL GEOLOGY 

Sediment-hosted disseminated gold deposits occur throughout the U.S .A but the majority lie 

within the Great Basin which covers most of Nevada, southern California and Oregon, and 

western Utah (Fig. 1). The regional geology of Nevada is described in detail by Stewart (1980) 

and other workers and the following section serves only as an introduction and to put local 

deposit scale geology into perspective. 

Nevada lies almost entirely within the Great Basin regIon of the Basin and Range 

physiographic province, a region characterised by a series of generally north to northeast 

trending mountain ranges separated by deep alluvial valleys (Fig's 1 and 2). 

The oldest rocks exposed in Nevada are the Proterozoic shallow water sediments deposited on 

a continental shelf These thicken westwards along the then, western margin, of the American 

Precambrian craton (Fig's. 3 and 4), (Stewart, 1980). Although the Precambrian craton edge is 

not exposed in north central Nevada, it is inferred from the position of Mesozoic and Tertiary 

granitic intrusions which have initial "Sr/"Sr compositions of 0.708 (Farmer and Depaolo, 

1983) and 0.706 (Kistler, 1983), (Fig. 5). The inferred Precambrian craton edge, based on 

isotopic data, trends roughly north to north-northeast through central Nevada (Fig. 5). A 

paleothermal anomaly is roughly coincident with the 0.706 isotopic line (Cunningham, 1988), 

(Fig. 4). The Proterozoic rocks are divided into two depositional provinces, one of quartzite 

and the other of siltstone, carbonate and quartzite (Stewart, 1980). These rocks are not known 

to host mineralisation but have been inferred to be possible source rocks of gold and related 

metals for the Carlin-type deposits by Seedorf (1991). 

The Paleozoic stratigraphic section is defined by thick sequences of three facies equivalent 

sedimentary provinces which were deposited from the Ordovician to late Devonian (Fig's 3 and 

4). These provinces, from east to west, are; (1) the eastern, carbonate facies comprised 

predominantly oflimestone, dolomite and silty limestone deposited on the continental shelf, (2) 

transitional facies sediments comprising mixed siliceous, clastic and carbonate sequences 

deposited on the outside edge of the shelf margin to the slope (3) western facies, fine grained 
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siliciclastic sediments interbedded with intermediate to basic volcanics deposited in deep water 

(Fig. 4), (Stewart, 1980; Rota, 1991). 
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Figure 1. Location map of Nevada and the major physiographic features of the western United 
States (modified from Stewart, 1980 and Struhsacker, 1986). 

From the late Devonian through to late Tertiary, the Great Basin has undergone many different 

tectonic orogenies, intrusive and metamorphic cycles. In the late Devonian to early 
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Mississippian the western fac ies siliciclastic rocks were thrust over the eastern facies carbonate 

rocks along the Roberts Mountains Thrust (hereafter RMT) during the Antler orogeny (Fig. 4), 

(Roberts, 1966, Stewart, 1980). The transported western facies rocks are also described in the 

literature as eugeosync\inal rocks, the Roberts Mountains allochthron, allochthonous western 

facies sediments, upper plate rocks, while the carbonate rocks are referred to as 

miogeosynclinal rocks, autochthonous eastern facies and lower plate rocks. The western 

siliceous facies rocks are thought to have been transported as much as 145 kilometres over 

coeval carbonate lithologies (Stewart, 1980). The positive identification of the RMT is, in fact 

problematical in that it varies from a lithological contact to a breccia zone 15 metres thick in 

the Carlin trend (Rota and Hausen, 1991). On most regional maps the RMT is shown and 

regarded by many American geologists as a single thrust plane rather that a thrust fault zone 

comprised of many discrete thrust faults . Smith et. aI., (1991), in a palinspastic restoration of 

Cenozoic extension of central and eastern portions of the Basin and Range Province have 

shown that silicified and breccia fault zones previously mapped as the RMT are in fact 

moderate to high angle normal faults and are actually post- early Cretaceous in age. Thorman 

et. al., (1991) also believe that many of the faults previously mapped as RMT are actually 

representative of middle Mesosoic and younger tectonics and not the late Devonian - early 

Mississippian Antler orogeny. In the northern Simpson Park Range and in the Cortez Range, 

the RMT has been placed arbitrarily at the contact between carbonate and siliceous rock and 

subsequent drilling as revealed the contact to be high angle faults. Schull (1991) believes that 

the transition from carbonate to siliceous facies in the northern Carlin trend is part of a normal 

sedimentary cycle and not what is commonly believed and descibed to be a structural contact. 

Because of the competency contrast between siliceous and carbonate rocks, stress will be 

taken up along this plane, leading some workers to interpret movement as part of the RMT 

event, although the lithologies are part of a normal sedimentary sequence. The positive 

identification of the RMT thrust is important in exploration in that; (1) what was previously 

mapped as thrusts may actually be high faults which are known to be important controls on 

mineralisation and (2) what was thought to be Ordovician lithologies may actually be Devonian 

in age and the favoured host for mineralisation may only be buried at a shallow depth. 

The compressive Antler oregeny produced the Antler highland, which had a north-northeast 

trend through central Nevada, from which sediment was shed eastward into the Antler Flysh 
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Rota and Hausen, 1991), 
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Figure 5. Palinspastic map of Neyada showing distribution of 
Paleozoic rocks, the approximate distribution of the RMT, the 
approximate zone containing Mesozoic to Tertiary plutons 
thought to represent the western Precambrian craton edge, and 
the mineral trends. Dashed line \lith ticks = RMT, western 
plane dashed line = " Srl"'Sr = 0.706 isotopic line, eastern 
dashed line = "Srl"'Sr = 0.708 isotopic line, solid black lines 
C, BME and G the Carlin, Battle Mountain - Eureka and 
Getchell trends respectively (modified from Cunningham, 
1988 and Adams and Putman, 1992). 

Basin, up to 4 500 metres thick in places, during the Mississippian-Permian times on top of the 

Paleozoic carbonate platform sediments, (Fig. 4), (Poole et. al ., 1983). Sediment deposited 

during the Mississippian-Permian times is known as the Mississippian Permian Overlap 

Sequence (Stewart, 1980). Some rock units within the Mississippian Permian Overlap 

Sequence are important hosts of Carlin-type mineralisation. They include the Pilot shale, 

Joanna Limestone, Chainman shale, Havallah Sequence and the Etchard Formation (Table 1), 

(Appendices 1, 2 and 3). 
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Following the . .\ntler orogeny, Ketner (1977) describes the Pennsylvanian orogeny which 

essentially comprises further uplift of the . .\ntler highland (Stewart, 1980). There are no major 

structures associated with this orogeny, only major unconformities as sediment was shed to the 

west and east of this highland (Ketner, 1977; Stewart, 1980). 

During the late Permian to early Triassic, an east-verging thrust-and-fold belt formed during 

the Sonoma orogeny juxtaposing clastic terraines of the upper Havallah Sequence against 

rocks of the Roberts Mountains allochtron and Mississippian Permain Overlap Sequence along 

the Golconda thrust (Stewart, 1980). A south verging fold-and-thrusting belt has been 

described in the northern Independance Range by Daly et. aI., (J 991) and they believe that this 

southward directed tectonics is part of the Sonoma orogeny. Oldow et. aI., (J 989) believe that 

the tectonic events, from the Antler through to the Sonoma orogeny, all belong to the same 

extended event. 

Widespread plutonism, mid-crustal metamorphism and eastward as well as westward directed 

thrusting took place late Jurassic and early Tertiary (Fig. 6), (Thorman et. aI., 1991). Eastward 

directed thrusting, folding, crustal thickening and metamorphism took place during the Sevier 

orogeny in eastern Nevada and western Utah. Thrusting related to this orogeny has been 

described to span the period from the late Jurassic (Wiitschko and Dorr, 1983) to Paleocene 

(Villien and Kingfield, 1986), (Fig. 6). However, most workers date the Sevier orogeny as late 

Cretaceous (Fig. 6), (Thorman et. aI., 1991). 

A major plutonic event, comprising of granite to granodiorite, took place early- late Jurassic 

(Fig. 6), (Stewart, 1980; Morton et. a!., 1977; Thorton et. aI., 1991). Many of these intrusives 

are spatially associated with sediment-hosted deposits. Examples are the Goldstrike Stock at 

Betze!Post and Blue Star/Genesis and the Mill Stock at Cortez (Table 1). Intusives have been 

documented to occur in the early Cretaceous and in the late Cretaceous (Fig. 6), (Stewart, 

1980). Early Cretaceous dykes intrude the Carlin and Meikle deposits along the Carlin trend 

(Bettles and Lauha, 1993a; Myers, 1993). The Osgood Mountain (90 Ma) and a quartz 

monzonite stocks (150 Ma) along the Getchell and Battle Mountain - Eureka trends pre-date 

gold mineralisation but are spatially related to it (Hays and Foo, 1991; Bloomstein et. aI., 

1991). 



-9-

Three metamorphic e'·ents haye been documented by Thorman et. a!. , (1991) to occur in the 

Mesozoic, (1) a thermal event at ± 163 Ma, (2) a regional metamorphic event at ± 110 Ma and 

(3) a thermal event at ± 85 Ma (Fig. 6). The thermal metamorphic events have occurred prior 

to intrusives while there is no documention on intrusives accompanying the regional 

metamorphic event at ± 110 Ma for the ranges studied by Thorman et a!. , (1991), (Fig. 6). The 

thermal metamorphic event at ± 110 Ma may be important in the genesis of some of the 

deposits as recent dates for mineralisation span the period 110 Ma to 117 Ma (Arehart, 

1993a). 

The Cenozoic was dominated by two extensional tectonic regimes, the first initiated as early as 

45 Ma, culminating at ± 20 Ma and is characterised by high angle normal faults, normal listric 

faults, the second intitiated at ± 20 Ma with accelerated extension occurring after 10 Ma 

(Thorman et. a!., 1991; Daly et. a!., 1991; Stewart, 1980). The second extensional regime is 

dominated by fairly closely spaced high angle listric faults which account for the present day 

Basin and Range Province and the tilting of the strata (Fig. 2), (Stewart, 1980). 

Mid-crustal metamorphic core complexes, derived from depths of between 14 km and 15 km 

were juxtaposed against shallow crustal rocks in eastern Nevada during Cenozoic crustal 

extension (Stewart, 1980; Smith et. al., 1991). Smith et. al., (1991), in a palinspastic 

reconstruction across a 400 kilometer section of the central and eastern Basin and Range 

Province, determined that the Cenozoic extension averaged approximately 55% and was 

spread homogeneously over the whole section, although some basins did have slightly more or 

less extension than adjacent basins. Significant strike slip faulting accompanied the Cenozoic 

extension, the most prominent being the right lateral Walker Lane trend on the south western 

border of Nevada. This is thought to overprint an older structural zone and to have started at ± 

15 Ma (Stewart, 1980). Putnam and Hendriques (1991) believe that the Battle Mountain -

Eureka and Carlin trends are synthetic R, shears, part of the regional Walker Lane and San 

Andreas shear zones. 

During the Cenozoic, lacustrine and fluvial deposits and ashflow tuffs dominanted the first 

period of extension while alluvial fan gravels, rhyolite and basalt to basaltic andesite were 
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interpretations of the timing of events. Dashed vertical lines indicate the time span within which events most 

likely occurred (from Thorman et. aI., 1991). 

deposi.ted during the second extensional period (Stewart, 1980). A major Igneous event, 

responsible for ashfJow tuffs, occurred at ± 36.6 Ma (Fig. 6), (Mckee and Silberman, 1970). 
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Basalts and basaltic andesites where extruded along the north central Nevada Rift at ± 16 Ma 

(Stewart, 1980). In the process of exploration for sediment-hosted, disseminated deposits in 

Nevada it is important that the stratigraphic, intrusive and structural history be documented 

(Figure 6) for individual ranges because mineralised "trends" clearly cross cut stratigraphic, 

intrusive and tectonic provinces (Fig's. 2, & 5). It is only by systematically documenting the 

regional geological parameters that subtleties can be noted which may be important in localised 

control of mineralisation. 

3. DEPOSIT TRENDS 

Roberts (1966) was the first to recognise the north west alignment of mineralised windows of 

eastern facies carbonate rocks which he defined as the Carlin and the Battle Mountain - Eureka 

trends (Fig's. 7 & 8). Since then, exploration companies have focussed most of their 

exploration for Carlin type mineralisation along the Carlin and Battle Mountain - Eureka trends 

as well as the Getchell and Jerrit Canyon trends (Bagby and Berger, 1985; Percival et. al., 

1988). 

The Carlin trend is approximately 65 kilometres long, extending from Dee in the north to 

South Bullion in the south and is approximately 8 kilometres wide (Fig's, 7 & 8), (Christensen, 

1994). Some workers (Bagby and Berger, 1985) regard the Vantage deposits, at Alligator 

Ridge, as the southern extension of the Carlin trend (Fig's. 7 & 8). The trend is further defined 

by regional linear gravity and magnetic anomalies, interpreted as Mesozoic and Tertiary 

intrusions, while in the northern part of the trend by a north-west trending anticline (Fig's 9 & 

10). No single, near surface, through going structure has been located or is known to control 

mineralisation in the Carlin trend (Christensen, 1993). Most of the high angle faults that do 

control mineralisation are at a high angle to the trend (Rota, 1991; Rota 1994) (Table 1). 

Putnam and McFarlane (1990) have suggested that the trend is defined by a senes of 

en-echelon conjugate faults, components of a right lateral transcurrent fault system. Most 

workers have associated the Carlin trend with high angle faults which are Mesozoic and 

younger in age. Indirect evidence of structural activity, dates back to at least synsedimentary 

Devonian-Silurian age, and is given by, (1) Schull (1991), transition oflithologies from 
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Figure 7. Location of sediment-hosted deposits in Nevada (Adams and 

Putman, 1992), 

carbonate to siliciclastic in localised small basin controlled by synsedimentary faults, (2) 

Williams (1994) abundant carbonate debris flow breccias within deep water siliciclastic 

sediments in localised basins proximal to carbonate ledges, (3) Rota and Hausen (1991) soft 

sediment deformation indicating rapid loading in the Gold Quarry deposit and (4) Rota and 

Hansen (1991) who argue that the identification of the RMT depends on whether the Rodeo 

Creek is Ordovician or Devonian in age, These factors point to characteristics of varied and 
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thrust sheet along the Carlin and Battle Mountain - Eureka trends (Ekburg, 
1986). 

complex geology associated within small pull apart basins related to strike slip tectonics. This 

interpretation is not fully developed in existing literature. The Battle Mountain trend was 

originally defined by the Gold Acres, Cortez, Horse Canyon and Tonkin Springs deposits 

(Fig's. 7 & 8), (Bagby and Berger, 1985). The trend is now known to extend south-east to 

include Gold Bar, Easy Junior and Green-Spring deposits and to the north-west to include 

Hilltop, Marigold and Lone Tree deposits (Fig. 7). The trend is approximately 200 kilometres 

long and between 10 and 12 kilometres wide. The Battle Mountain - Eureka deposit trend is 

oblique to the Central Nevada Rift which is defined by an anomalous magnetic and gravity 
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zone manifest by Miocene basaltic rocks (Fig's 7, 8, 9 & 10). The deposits along the Battle 

Mountain - Eureka trend are a series of clusters within the trend and not as confined to a linear 

belt as those deposits along the Carlin trend (Fig's. 7 & 8). As in the Carlin trend, there is 

confusion as to the positive identification of the RMT and the age of siliciclastic lithologies in 

the Gold Acres deposit (Hays and Foo, 1991). Intrusives along the Battle Mountain trend 

have Mesozoic to Tertiary ages. 

The Getchell trend was originally defined by the NNE alignment of the Preble, Pinson-Mag, 

Getchell and Chimney Creek deposits (Fig. II), (Percival et aI., 1988; Bagby and Berger, 

1985). These mines lie along the northeastern flank of the Osgood Range and the Osgood 

stock (Fig II). Recently the Getchell trend as been "widened" to accommodate the Rabbit 

Creek deposit which lies directly south of Chimney Creek (Fig's 7 & 11), (Hoover et aI., 

1988). However, Rabbit Creek lies along a regional N-S trending structure, known as the 

Rabbit suture, along strike from the ChilIlI!ey deposit (Bloomstein et aI., 1991). Bloomstein et. 

aI., (1993) suggest that the Lone Tree deposit also lies along the N-S trending Rabbit Suture 

(Fig. 11). It appears that with continuing exploration success, the once well defined Getchell 

trend is slowly degenerating (Fig. 7 & II). Seedorf(1991) suggests that the trends are biased, 

created by limited exposure of bedrock and preservation of favourable host rocks and that the 

distribution of Carlin type deposits ranges from "seemingly well defined (though internally 

complex) trends to broad, almost arbitrary clusters, to practically isolated occurrences" (Fig. 

7). There is no denying that most of the sediment-hosted gold deposits lie within a trend 

controlled by some deep and most probably long lived structure. The seemingly isolated 

deposit may also lie within a yet undefined trend and regional exploration techniques such as 

detailed LANDSAT imagery, but more specifically airphoto interpretations, may help in 

defining regional structural controls in the location of a new unknown deposit This is clearly 

demonstrated in the discovery of the Rabbit Creek deposit which does not lie on the Getchell 

trend. The north-south Rabbit suture may become a new deposit trend in Nevada. Another 

important factor to consider in exploration is the removal of post deposit structural overprints 

in order to try to define regional mineralising controlling structures. Once a favourable target 

has been selected it must be remembered that structures controlling mineralisation are, in most 

cases, at high angles to the "trend". 
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An intriguing feature of the Carl in and Battle Mountain - Eureka trends is that they cross cut 

all described structural features from; (1) the isotopically inferred Precambrian craton margin, 

(2) the Antler orogeny tectonics as defined by the RMT, (3) the Sonoma orogeny tectonics as 

defined by the Golconda thrust and (4) the Tertiary Basin and Range extension (Fig's 2 and 5). 
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Figure 11. Location of mines along the Getchell 

trend and the northern part of the Battle 

Mountain - Eureka trend (Seedorf, 1991). 

Most earth scientists involved in studying and exploring the Great Basin believe that the high 

angle faults are Tertiary in age, formed at the onset of Tertiary extension (Rota pers. comm., 

1993). Historically, crustal shortening associated with compressional tectonics is taken up 

along thrust planes resulting in overthrust terrains (Oldow et. al., 1989). Recent advances in 

the understanding of kinematics of continental accretion reveal that there is a significant space 

problem with simple two dimensional reconstruction of accreted terrains (Oldow et. al., 1989). 

Paleomagnetic, biostratigraphic and statigraphic data and three dimensional modelling of 

accreted terraines in the Cordillera indicate that there has to be significant strike-slip 

displacement together with thrust faulting (Oldow et. aI. , 1989). Strike-slip displacement in 

accreted terraines also accounts for the space problems in the two dimensional reconstruction 

of accreted terraines. Oldow et. al., (1989) argue that contractional structures and coeval 

strike-slip systems are spatially segregated in most cases but are products of one displacement 

field (Fig. 12). Oldow et. al., (1989) believe that the thrust faults and coeval strike-slip fault 

share a common basal decollement ·and propose that the basal decollement is at the mid to deep 
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crust, maybe even up;,er-mantle levels (Fig. 12). Many workers believe that the Carlin and 

Battle Mountain - Eureka trends are along, long lived, deep structural features and the model 

proposed by Oldow et. aI., (1 989) accomodates all the features of these trends (e.g., long 

lived, deep) and the spatial relationship between thrust faults and high angle inferred strike-slip 

faults . These faults have been reactivated through time but the critical feature in understanding 

genesis of these deposits is the timing of mineralisation which on present data, occurs over a 

time span from late Mesozoic to late Tertiary. 

The Getchell trend is subparallel to the inferred western margin of the Precambrian craton and 

parallel to the Tertiary extensional tectonic fabric (Fig's 5 & II). Therefore it can be concluded 

that the primary first order structures controlling the distribution of deposit settings may have 

formed at different times throughout the evolution of the Great Basin and that some of the first 

order structures have had long repeated structural, intrusive and mineralisation history. 

I .I" .' ,>·-7 " I I / / 

Figure 12. Conceprual diagram of a Cordilleran-Iype transpressional orogenic float The top diagram 
shows major decoupling systems stripped of the rock units involved in the deformation. From a deep 
decoupling zone at the base of crust eminates a hierarchy of compressional decoupling levels within 
the basement, at the base of crust. Segments bound by strike-slip faults moved from out of the plane 
of section into the plane of section (from Oldow et aI., 1989). 

4. GEOLOGICAL CHARACTERISTICS OF DEPOSITS 

4. L Host Sediment Lithologies 

Gold mineralisation along the Carlin, Battle Mountain - Eureka and Getchell trends is hosted in 

a wide variety of sedimentary rocks types of varying Paleozoic ages. (Tables 1,2 and 3). They 

can be divided into three broad subgroups comprising of (1) autochthonous, miogeosynclinal 
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carbonate and carbonate - siliciclastic sequences, (2) allochthonous, eugeosynclinal siliciclastic 

sequences and (3) Antler Overlap Sequence (Tables 1,2 and 3). 

4.l.l. The Carlin Trend 

Along the Carlin trend, the autochthonous host rocks include the Silurian - Devonian Roberts 

Mountains, Popovich, Rodeo Creek and Bootstrap and Siliceous Sequence Fonnations (Fig's 

13 and 14; Table 1), (Baker, 1991 ; Lauha and Bettles, 1993a and b; Paul et . a!., 1993; Meyers, 

1993; Doyle-Kunkel, 1993; Rota, 1991 and 1993). The upper Roberts Mountains Fonnation 

consists of medium to thinly bedded, platy, carbonaceous, silty limestone, calcareous siltstones 

and minor interbedded chert (Rota 1991 and 1993; Meyers 1993). The Roberts Mountains 

Fonnation at the PostlBetze deposit is described as being dolomitic limestones and siltstones 

(Table I), (Lauha and Bettles;1993a). The mineralogy of the upper unaltered, laminated, 

Roberts Mountains Fonnation, based on 246 samples collected throughout north-central 

Nevada, is 30 to 50 percent calcite (by volume), 15 to 35 percent dolomite, 20 to 30 percent 

quartz silt, 5 to 15 percent illite, 2 to 4 percent K feldspar, 0.2 to I percent pyrite and 0.2 to 

0.45 percent organic matter (Mullens, 1979, 1980). 

The contact between the Roberts Mountains and Popovich Fonnations is gradational (Fig's 13 

and 14). Lithologies of the Popovich Fonnation are essentially similar to the underlying 

Roberts Mountains Fonnation in that they consist of thin to medium bedded, calcareous, 

carbonaceous siltstone, silty limestone, mudstone, minor calcarenites and minor to common 

noncalcareous siltstone (Table I), (Baker, 1991; Lauha and Bettles, 1993a and b; Paul et. a!., 

1993; Meyers, 1993; Doyle-Kunkel, 1993; Rota, 1991 and 1993). The Popovich Fonnation 

has a higher silt content than the underlying Roberts Mountains Fonnation and it increases up 

through the sequence (Rota, 1991; and 1993). Abundant coarse carbonate debris flows occur 

towards the base of the Popovich Fonnation at the BetzelPost, Meikle, GenesislBlue Star and 

Gold Quarry deposits (Lauha and Bettles, 1993a and b; Paul et. al., 1993; Doyle-Kunkel, 

1993; Rota, 1991 and 1993). The debris flows are important in the controls of mineralisation at 

these mines in that they are highly reactive (comprised predominantly of aragonite) to 
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mineralising hydrothermal fluids and have high primary porosities and permeabilities (Williams, 

1994). 

The contacts between Popovich and the Rodeo Creek Formations as seen in the field vary from 

stratigraphic to structural (Fig's 13 and 14), (Lauha and Bettles, 1993a and b; Paul et. aI., 

1993; Rota, 1991 and 1993). The Rodeo Creek Formation comprises interbedded siliceous 

mudstone, siltstone and fine grained sandstone at the BetzelPost deposit (Lauha and Bettles, 

1993a and b). At the Gold Quarry deposit, Rota (1991 and 1993) describes the Rodeo Creek 

Formation as interbedded silty limestone, chert and siltstone while at the Carlin deposit, Myers 

(1993) describes it as interbedded argillite, siltstone and mudstone. The age and sedimentary 

setting of the Rodeo Creek Formation is cause for considerable controversy. Geologists from 

America Barrick Gold Company, who own the Betze and Upper Post deposit, believe that the 

Rodeo Creek Formation, the Lower Argillite Member, is part of the allochthonous, 

eugeosynclinal sequence which was thrust over the miogeosynclinal carbonate rocks during the 

Antler Orogeny (Fig. 14), (Lauha and Bettles, 1993a and b). Newmont geologists on the 

otherhand, believe that the Rodeo Creek Formation is a transitional Devonian lithological 

sequence (Fig. 13) (Rota 1991 and 1993). Volk and Zimmerman (in Lauha and Bettles, 1993a) 

have described fossils which date the Rodeo Creek Formation, in the BetzelPoste deposit, as 

middle Ordovician, therefore indicating that it is of the allochthonous, eugeosynclinal 

sequence. Rota (pers. comm., 1993) suggested that Newmont has fossil evidence dating the 

Rodeo Creek Formation as Devonian. 

The major host of gold mineralisation in the Vantage deposit is autochthonous 

Devonian-Mississippian Pilot Shale, consisting of thinly laminated calcareous siltstone (Illchik 

et. al., 1986; Illchik 1990). 

Allochthonous, eugeosynclinal host rocks along the Carlin trend are the Ordovician Vinini and 

Valmy Formations which are a sequence of interbedded siliciclastic, carbonaceous siltstones, 

shales, cherts and minor limey silt ones (Rota, 1991 and 1993, Paul et. al., 1993). These 

siliciclastic rocks are the major host to mineralisation at Gold Quarry (Table 1), (Rota and 

Hausen, 1991; Rota, 1993). 
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(2) orrormation fau/ts AlBilli ~ation. t ~,ti lc dykC!lllnd sills 

8d7.dPort 136 MI @ 5.96g1t Room Creek (major) Imabedded silioe:ous mlllhtone, ~\stone and ""''''''''' RMT r)ominllnl NW trending Pre- mincralis.ation skanl md conlact Biotite fdo~I'1I porphyry:l() "Ia 
fine ~ nnd$tone. P05l.- Gold.~tike Intmsive thnlsting, alltidine, post seoond melamorphism tdated to Golthtike Idyke<. pilip:; ano ~ill.~ , . PO$t- Au 

Popovich (major) Inh:rbeddod cak:eroous, carbomla:ous siltstone, """""'" NW, N to NNW,NE higbangle thrusting evml IntruSIVe mincr~bsaticm. 

~lty !ime5tone anoabundant debri.~ nows. faults . f)cc(jlcilicotion, slliafic:llion, Qu~l1<: mOlll,rile pOlVhyl)' 110 ~ I ;) 

Rotxru MOWltain (major) [lila-bedded dolomitic siltslone and limeslone Silurian-Dcvonilill IllJ!illi.<Mioll, pyriti~all()n , oxidation ~III~ lind oykc-, 
<J) lsullCtgcoe IUld hYVOllcllc?) liokl.trikc Intnl<we [1!0.6 M" 

.-
CmttlsIBlut Sbr 67.58Mt@l.lgft Rodeo Creek Thinly bedded siltstones, carbonaceous Devonian RMT with 11I1ll1~ imbrimte NW trcndin~ Tusrora Pre-mmcnl Skanl tGoldstnke Altered Hiollte FcI(I~l'al l'orph)"l)" 

Jnudstones and IlfJjiUites. thru~tS in Vinnini Fonnalion. Spur IIlttifonn, pre· Au illtnl~lOn) dyr.:.~. 2H.J " · 0.7 Ma " iAr 
Popovich Thin bedded carbonaceous. slightly ce1t:8loous Devonian Vost· Gold.uike Intrusive minaalisation. i.X"CIici!ication. UoIII<rrikc ! lItm~i vc tliO.() ~In 

siltstone.. mudstone., acgillites and minor thrus~. Algilll~lI.tion. Lamprovhytc dyli.e;, agc IIl1kIlOWU . 

calcarmites N·S, NW. NE high angle faults SillCifieati.-.n, 
(4) Vl!bny nlin hedded 5iliciclasticsilt~tone and chat Orrl.ivk:i3n Oxidation (~llpcrg01e, hypogene?). --
Carli" [2.7Mt@9.2gf1.- Rodeo (:reek (minor) lula-bedded lIl,ll:iUite. ~i ltstone and mlld~tone. l>cvonirm RMT NW tlcndinR allticlJJl~ lb::llcifil";ltiml. lliRhly ~1t ... 'fcd dy~ C'< of dif1i.T.:rll'l 

8.27 Mt @ O.96gft Popovich (minor) Interbedded cak::8rcous siltstone, silty limestone Devonian NW, NE. WNW striking high !<ihciIiCRtiC'II, OO1n~ihflll. 111"1 crmL~<lll hllJ: .. and limestone. angle fBults. ArgillJ.atlOlI, rclation:o.hilJ5 ("Ih~'ed fOI IhcwlTercnt 
,~ Kohal~ Mountain (major) Thin bedded 5ilty. cnrbonaooou~ limestonc<; . Silurian-f)o;o;onillrl Oxidailon (~upcrgc:lle l .lykco; . Dillc 12J JI . f_ O.1M~ 

TUlc 12.1 Mt @2.l2 g1t Rodeo Cree\:: (minor) Intabedded mudstone, chert and silbtone Devonian RMTwith numerollS inlIJricale NW trending anticline. l)cu)lcilicntion. n.d 
Roberts Mountain (major) Thin bedded silty limestone and limestone. Silwian-Devonian thrusl5. AIRi Ui ~~ li ()l1, 

NW. NE high angle raults. SibcilicaUM, 
'6) Oxidation (~upctg.::JlCl. 

Cold Quar-ry 16JMt @ IAgft Rodeo Cleek (majOI) Interbedded silty limestone, chert. shale and Devonian Rt.rr (problematic R.< it variCl NE tralding anticline. nccald lication, Alterccl ~lId miucmh~oo qllar17 
~ilt~lone. from lilholo¢cnl oootlle! 10 breccia Silicif,cah(lll, llOll'h}"fy dyke in MaAAie ('leek 

Popovich (major) Massive bedded dolomitic limestone, silt ""''''''''' zone I j m thiek. Aluniti~~tinn. Bchcved to be JU{o-C rctllCCOu.~ In n~ 

inaCL~ upwards. NW and HE !liRh anRlc faults. AIJlillwlhnn, 
RobaU Mount.m{major) Thin, platy,ruty limestone Silurian-Devonian NumaOll5 ill-definoo hi~ nllgle BRnticarie">n. 
Vannini (major) Siliciclastic interbedded carbonaOOOU5 shales, Ordi\licif\ll faults t!loujZht to be related 10 Oxidation (ll)'pOgme ~nd SUpagOlC) 

siltstones and minor limey 5ill$tonC$ decalcifica tion. formed a.~ a result 
m of volume 10 . .'1$. .... )5.1 Mt @ 15g/1 Kinoa-hooban Webb Weakly esleareous "l\id~tone gradinll upwards Mississippian NE, NW. WNW, E-W high angle N-S !raIding dante DocaJdlic:arioll, AIRiIIl!'<.'ti ,!unrtl: llOl]lhyTY dyke IIl1d 

(llUIjor) into silllitones, sandstones Md quartzites faults. I lclomlri~~ tion, (jIlRrl1: lalile clyke<. 
Devils Gate (minor) Medi\lln bedded micritic limestone Devonian Silicification, Nearby Uulhon grnnodiontc ~tod)c, 

Ilarili'-drion, M • . 
'8) ArJ(il!i.!;ation 

South BulUon 18.1 Mt@O.89gft Chairunan (minor) Interbedded sanostone. siltstone and ~h.re. Miuis..qppian NW. WNW,N·S, NNWhi&h N 10 NNW anticline Docalcilic:abOn. Wcak!y altaO(llhyo!i!c'l oykC'l an<i 
Webb (major) Thin bedded c:&Jbonaooous silistonc, siliceous MiMissippian IUlgie raults. Silidfica~on. ~tll$. Fine Al1Iincd di~~Clnillarcd pynte 

and/or calcareous mudslone. Debris !lows Ar¢JI~~ation. ano m:UCl\.~itc in intT\lslvC'l. 
(9) oommon towards bue or 5CquenCleiil OxKIatiou (~upergel1l:). 

VaDb!!:! .5.8 Mt @ 4.9w'1 Pilot Sbale (major) Thinly laminated calcaroous siltstone. """"""'" N to NE;md HE striking high BIOlio Mtidine para1Ids N Dec!lcificarion, "d , 

Mis~sirpian angle raults. to NE 5Iriking fault. !<itidficnlion 

(10) Devi1s Gale (trace) Lower dolostone and upper limestone. Devonian Oxidabon thypoj{enc '" SUIICT.ItCIle) _J 
Source: (I) Baker, 1991. (2) Lauha and Bettles, 1993. (3) Lauha and Bellies, 1993a; Lauha and lieUles, I 993b; "l1lOreson, 1993. (4) Paul , Jr and KWlkel, 1993. (5) Myers, 1993; KeulUl ill)d 

Rose, 1992. (6) Doyle-Kunkel , J 993. (7) Ro<O, 199 1 & J 993; Ro<o and Hausen, J 991 . (8) lory, J 992. (9) PU~llan and Henriques, J 99 J. (10) llchik, J 99 J and 1986 . 
• Mined out reserves. ** CWTcnt reserves. 



Table 2. PRINCIPLE CHARACTERISTICS OF MINES ON THE BATTLE MOUNTAIN - EUREKA TREND, NEVADA 
Depos" TODJllls"rvade lion Rocks Faulll Fold. Ahentlon Icneoul Roclu 

FormaUon Lithology Ag' 

'-T_ 47,63MI @ 2.l gIt Ho,.,.. d1a1, basalt, shale, cakateQU$ sandstone, sandy Pcrlll5ylvanian- RMT Ihnl$\ - Antler N-S east verging fo~ in PIe- Au Sum Pb-ln4Cut Zn. TeI1Wy rdcl~pM dykes in NE, N-S 
h.ndstone """'" Goloonda Ihm.t - Sonoma ValmyFm Silici flC3 rion pre-, 1)"\- faltlls (KlAr 36-39 Ma) 
cong\o/Tll::ntes" sandstone, siltstone. Dominant N-S hi.Rh anjtle. minor Pola.<sic ~yn-. post 

Overlap Sequence qUaI1rites. chert, basalis, argillites Pmnsylvanirul NE &. NW higb angle faults Argillic. COfIlincd to slluc!u.res. 
Valmy interbedded quartzite, chert, minor basalt & 

(I) arsillites OJdivician -
IUlHop 5.23Mt @l.7.Wt valmy (major) predominantly chert interbedded .... ith shale, Ordivician RMT thm~t· Antic:f, nnmerous .d Silicification (I) d1Blocrlonie ql~·ul1 . ... or~>a:lle()J. J~ Mft llhy"blc plllP:< 

quartzite, greenstone and minor Iimest.onc imbricate thl\lSI parallel RMT quartz vcininR: (2) c:n:mdy ~talJioe ~nd dyke<. cut d~dle 1'or"h)'I)' 
High angle N-S, WoE faulls quartz + major sulph.ides "occne (~. l Mal I!~ ale porphYf)" 

(2) drka;, ~ill~ ano plugs 

GeldA(~s 1.99 MI@3.67sft Slaven chert (minor) lhick bedded dU~1 Devonian RMT N30WI20·30SW, imbrieale NNE In:1.dillg antifQrm Prc-ore Cu·Mc>Pb·7.n ~kam Tertiary {<'66 Mal ' ll ~"\rt7. por'Ihyry 
Valmy (minot") lhin 10 medium interbedded quartzile, ~e, Ordivician?? paraI.IeI sole thrust. Ore body lies OeI;:aIcilic:arion in carbonate rocks. 311m:<1 dy~a; 

sl1Ale. sUlslone (Devonian?) withirl imbriaJle thrnst. (·arhoni.o;.ntion. domlllan! type. QII,1rt7. mononlc ~l fId: 120 m be\ov.' I 

Wmban (minOI) medium to thk:k bedded silty to crystalline """"'~ N-S, HE high angle raull!; Fnl(iUlc A. beddinR cOIIl/olled. dq lOSit OV'Ar9K.9'/, 2 Ma). 
lime'ltone. l'iJialic:ation. in uPller It. lower plate, 

Rabat! Mountain (major) thin to medium bcddod, carbonaceous silty Silurian-Devonian Jlcriphemlto Au lOne in upper plate. 
Limestones Argillisation 

(Ja., b) -
Conn 3.2 Mt@9.8sft Wenhan (minor) lhick bedded limC&ton~ I)CYOni1ll1 R"rr NW trendinR anticline I)c(::aJciflC3UolI, I'lioocnc (10-16 Mil) u:t.'>llItic and(!:\,tc 

Roberta MounOOn (major) thin 10 medium bedded, carbooaooous tilty Silurian·Devonian Low anp:lc ~Imdural oontRd NW ore trend ~1'iciflClll im. &. rhyolile nows 
limeslones between WClban &. Roberts c:albnni~lion. Olil!ncctlc 0·' M~lllrc·ore 'llIni1l 

MOlU1laiJ\? argilli5lltion offesic intrusiye:-; porllhyry rlykC'l &. ~lll ." C~dano hIlT. 
N·$lo NNW, NW, ENE high Mill 'IU ~i1 l mnno1.onile ~tock tKlAr 

(') angle faulls. I~ 1/· JMal 
-1 

lIon~ Can,.on 2.99 Mt@.4.91g/l WCllbm (major) thin - medlum bedded limestone lkvonian NW striking JU,ff Large ~ smaU ICCUlllbant Ilee:Ilcific:ltioo in carbonates Alterod Q!JgOCOlC" dykes and slIl~ 
VaimyNIllfIini (major) thin bedded cherty ,i1tslooe, Ordivicim NNW, N·S, E-W &. NW hil!h folds . RMT recumbanlly ~ilici.fiClltion. 

argillaooous-carbonacoous siltstone angle faults, NNW dominant foldcd,u:ia1 plane N·S lIIJ[illi!;ation, 
(5) C81bonisalion, 

Tollk.lQSprinp • . d Nevada (minor) MIIMIvc limestone l)evonilUl RMT and num~ous lmIalIo" n.d . 1lcc1lcifiC3tion, Numerous allered porJlhyribc 
Vilmy (major) interbedded chert, UIaIe, 6i.11y limestones Ordivician """" ~ilici lication, lIltcrmct'li~lcdykC' IlIrI ~ill$ 1"h .... lr.hl 

N to HW, N-S. NE, E-W high C&l"bonis3tiOl1., 10 be lale MCS050IC CIlly Tcrtiary ill 
(6 .. b) angle faults ~IlC. 

GeldBaJ' 436 MI @ 2.87g11 Denay Limestone i.nlerbcdded limestonCi'i &. cnIearoous 5i1L~tones Devonian NW, E-W, NE. N·S high an8le NW trending antifonn, ole dCCllcifiC3tj,>n, 
faull!;, NW & N-S dominant trm'" ~i1iClfiCtltion tfaull-bedding 

ja~jlCfOi<u), 

alrhonl"<lltion, 
(7) argiHisation, 

RalloCaIQ'OP • . d [lunda-berg (major) Fissile claystone interbedded willllimet!lone Cambri.'JI E-W tear fn ullsldaled 10 E·W N-S henning foln a."(i~ Sandillwdccalci6Ct1tion, No IJ.(l\con~ rocks He:\!" nuncraJ 
HambUf8 (!nice) MlS5iYe dolomite, minor lenses of limestone Cambrian oompIC'I.'ion, 18t~ folded hy f.-W follb silificatinn, OOCUlTalee 

N to NW, E-W, NE ItigllMlg!e rcsultill~ in doubly Rrjtitli53Uon reslriCloo 10 OtUldClbcl~ 
(I) fault! plunging fold IIXCS ~h."lIe\ 

Nighthawk Ridge 6.33 MI@0.81sft OIainman (75% host) Clfbortaceous "\3Ie into-bedded with ,Lily &. Carboniferous Thlml NI5E N I ~EopcnfoJIb Dec:Jlcific:ation No IIPltlOUS roeb nC\r deposit 
limey Ien!.es NE, WNW·ESE hi~h angle faults ~lbcifiCiltioo, 

J01\ll1l1 (25% host) IOlYa orthoquan.ite. middle ,ill~tone and shale, I .... te Devonian· NE dominant, fceder ~,gillii<3lion, 

uppa limestone willl chert interbc:(b =1, aubonisation 
(') Carbonifo-ou.~ 

(I) Bloomstein eL at, 1993. (2) Lisle eL at, 1988. (33) Hays eL at, 1991. (3b) Cartwright, 1988. (4) Erikson, 1985. (5) Foo et at, 1987. (Ga) Gesick. 1987. (6b) Hardis(y. 
1983. (7) Broili eL at, 1988. (8) Stciniger cL at, 1987. (9) Carden eL at, 1991. 
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Table 3. PRINCIPLE CHARACTERISTICS OF DEPOSITS ON THE GETCHELL TREND. NEVADA , 

~pOJlt Tonnar/&nde lIonRodu Faulls Fold. Allrntlon 
FormatiOtl (ho~) Lllltolog)' A,. 

Chlmnq Crfd{ 53Mt@1.8gft (North pit) Pennsylvanian- ~N()rthPit) (North Pit) 
Etchard Fomlllbon Permian Complo: ~tntctuml M:lting Deadci ficalion4Silici6cation ..... 
t.1Jpper member) dolomitic !iJ~looc, argillite nnd calcareolls FaL~ts N-tO'"-6ifFJ6O"-IIO"E 00111.-01 Ngillisatioll 

(Middle member) (minor) m,"lve doIOlTl;Ie., caJCIIfO)US sandstones, sandy minenlisalkm • left ialera1 

(Lower Member) (major) 5af1dstone., minot conglomO"Ble displao;mcnt 
bftsal conglomerate., interbedded dolomite, Faull N IO~ -left latO'Jl 
calcareolls sandstone and sandy limestone, disp\aocmoot 

(South Pit) cappe:t by rnrwive limestone 

Volmy OrdQ\lician faulls N~0"·6O"E oontJoU 
Dominated by ovcrtumoo Silicilication ..... Argillisation 

(Upper member) thin bedded chert, MIlle and minor minen1isation 
greenstondvolcania Cut by Nn"E and E-Wtrcnding anticline · ~ N20"-3W\V 

faults 
plunge S·.lO"NW 

(Lower merolla) ql.WtZile, chert. WJe, abundant greenstone 

"I 
Rabbh Creek 53 MI@2.4SI1 Comus (l1\8jor) Early Ordovician Prominant fee.h.Ue is the: ~ N·S!\biking 1Jco;tIc:i6cation in M¢llly CIlct.rCOUi 

{Upper Mcmba) (major) in terbedded bMaits. hydoclastic tutrs and north·south nllht llIterlll RaOllit anticline with nwncrous lilholo,llico; 
broociu, siltstone, ellen and shale Sulurewilll relelcd Mti· IIIIU parasitic folds Silicirleation· nwnerou.~ siliciJication 

5ynthctic radd shears C\.·cnl~ 

(Lotr.'a- merolla) (major) inlerbodded volcanic and YWes and mudrod; r>olnmiti!<lltion· IQ;X)Il\plnics early 
~ilicir.c:a'ion 
ArgiIlL~~'ion· v.-io:bpread but 

,tl oonfil1ed to volcanic rocks 

""""" S.43 MI @5.82g11 ComUl inlerbedded carbonaoeous 5iltslone, shale and Ordovician Major N10"- 1S'W14J'-75"E r.ult I.llhologies highly folded Pfe-{)fe proxima.! tun~~'cn·gamd· 
tim ...... that Ilanks the Osgood Porph)'fY betwo=lthemajor NW diop!'ide 5b,m and I distal 

thaI host minemJisation trmding fault and the woUulonile skarn. 
Preble FOlmation inlob"eJ,:hrl earbonaoeous 5i115tOne, lhale and Cambrian Paragenesis E-W:;. NW :;. NW + Osgood Stock Doc:IIcification in cwUolUlte rocks 

thin bedded limcstone NE Cmhomution, domiMnt type. 
Silicification numoou~ vha.~o; with 
j~ being devdoped in rocder 
faults 
Argil~~~tion illite .fta- biotite + 
knolinite 
Para~o;i~ [)ecak:i6cation :;. 
deallbconisalion :;' nwnerOll.5 phase! 

(Ja, b) of5ilicificalion > IrgiUL~ation 

P"'~ n.d. Valmy Fonnation (none) ~halc IlI1d chert OrdoviciAA Pa.!oor.oic c-W directed thrusting n.d. i're-gold mil1eralisation skarn 
Comus thin betided carbonate, male, dolomite, sill5tone., """"""" N E ~triking hiJfh angle fault dcvelnpment 

minorcliert flankinll p;ranorliorile stock • SilidrlO\tion, very subtle 
Preble (Upper manber) phyllitic shale and minor sandy ~ and c.m""", primary oontro\ on mineralisation DccuboniSfilion 

carbonaocous beds A1Billic confined to decile ~ill5 
(Middle member) (Major lime.o; tonc., carbonaoeous and calQIJOOUS shale., Lower Casnlnillll 
h"Q phyllitic shale and sand..tone 
(Lower member) I&f1dy sha1e., quartzitic shale., phyllitic shale 

"1 

Source: (Ia) Atkin, 1992, (lb), Thomas 1992. (2) Bloomstein ct. aI., 1991. (3a) Nanna ct. aI. , 1987, (3b) Tooker, 1985. (4) Krelschmer, 1987. 

(major) - major hosl to gold mineralisalion. n.d. - no data. 

~ .~ 

IgnfOUf ROfU 

(North PLt) 

~llalial\y rclarc:tlto OSRood Monnta1l1 
f'nrphyr)' ('IQO Mal 
f)acitc ~m~ il1 ll1l1led he.wocn 1 .... 1'0-"0 

and MickUc Mt::Inbcr~ (lho ullh, to I~ 
rdatcd 10 O:l,kood Mmmtnin 
Porph)'T)" which ~fJrilli5Cd and 
minemli!lod in pbocs 
QrdoviciaJl b&~JJls 

n.d. 

{"re!JlCO:)U~ (QjiI .~'/2 Mal /tllUlO!Il('lltlc 
stock /lOll rl.1alC dyke< inlnKti'I,ll ak'n! 
hiJlh IUlllle r~lIlt.~ whidl arc asgiJlisod 
and mincraUsOO 

('relnOOOIl5 gmnodJorilc stock (9!:1.R·/ 
2 M~) 
Olivine ha..\."lIls CI 17 Mal 
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T~r\J .. ry 

Carli ll 

forlJ'aLl"1l 

OrdOVIC Ia n 
Vinio..i 

f .. rmaLloll 

cCO' .. :" .... (?) 

R .. d*o Cruk 

I.loil 

.. ,... 

DeODoi.n 

Po,.,";cb 

f Drm. WDn ...... 

Oeoo " i.o Sih.ri.D 

Rllbtrlll lI IIWll.aiJl.ll 

FD.m.UDD 

Tc u.::r t o -~:'O' ) 

Tc C ...... ~l~ (O-200'~ ) 

0'< cbut, m .. IinoD' (~::!OOO ·) 
BJ.d, .Dd Cr.y cb .. rt ."d m .. d, lon" . Iol .. ",u to poody brd.,j.d . W.y 
,, :<hlbil • dlJtmct l>o .. d-m-likc hbr,c or ll,\>t .IId dark compo.,tioD 
bo."d'Dl p .... aUrl t .. b .. ddIII C. B.uk. iDI.o lITe,ul .. .... ry r",~"na. 
I ... f ... 11 C .... act wHob POP""'''\> r On:n.LlDD .... :I Rod"o C", ,,k ..... ,t. 

0.. li m ... toll .. CO-liD ' ) 
Bt-ck 1.0 \l cb! fT. ' . i1t,. I".,.,.t .. n " In no.lb·.,.l PD. l p it. Cra,.­
fTc .. n . m .. ", . " cal c.reDU. "ll .... U 10 ,,&5\ ? ?l pi t. COllform.b.l~ 
~ \· ;lIioi m"d-.t .. n .. and ;0 (."\ ,-,, d cooacl "WIth Ilodeo Crull. 'HU\" 

Dre b .. Dd .. d . lIle .... wo m .. d.l .. ne , fl]ln .. oe ••• Ild~ont (3~0-~OO·) 
Batl< • • " .,. lbu, t o l.hiD l> .. ddcd " "ccou, m .. d. I.oOc . ..,lh . 
lolerl . ... IIIHcd C .. ,. .ilutone, DllUllcl bDr lt ool ot ,tI)' to ... blte 
or bT'''''1I lb iD lO medl"m ~dd .. d ",1\Stone .Dd ho .. to co ..... , 
.aDdstooe . 

Dp(ll Um"s\ope (300-~OO·) . . ..' 
Cra,. m icri tic liJDUlOO" . ...,th mllloT lnu,bt'dd .. d biomIcrite. d .. b". 
flo ••• Dd "i)bloll", Oiu"I"UDD or co.rbonat.c b • • c .... ed eoll.pu 
brecdialion III lh ia "Ill\.. r.ei .. ,r.dn i ll~ SDrm b .. low. 

SDnn .iIt, 1;'" ... l.Dlle (thickn .... UDkDO"W1!.) .. 
Lit:bt ,r'" laminded I.D thil)ly bedded plat,.. eI"IOIDIUC .iluI.oDe. 
CODtllol mioor borl:zool of bilK'lan!e Umutollt, 

11d ,noodiorlU: (l5l!1 m, ) _ . luron,e diOrite 1lI ,rallo4iTile .. f the CDIds1fib UI~IIOII. 
CnDiUc tulun. cOD\prhed or fille-Cry"lulhoe pl ."od .. u • 
• lnpbibol •• oel bioW ... "lUI lIlotenUU.1 qu.rU, (:McComb, JIll/I) 

Qmp q"'ru mOIl~o .. He pO,!,bJ'TJ (J 10 ,:",.) . 
Dj!.; ... DeI .iIl" Cb .... ctenud. b, p l&.1loclnUc pheDocry . .... 

~r.c b~r~~l:/::~~~r:(el';"~"'J, .. (3:0::',.;."tt :ZoOt. Cbo.Taeurhed b,. 
porpbyrlt!e biotite .nd/Dr ,.o!alliuJn , .. ldsplr 10 .0 .pbanltlc 
rro .. Dd",.U. 

Figure 13. Generalised stratigraphic column for mines along the northern part of the Carlin Trend 
(Thoreson, 1993). 

Formations of the Antler Overlap Sequence which host gold mineralisation, include the 

Chainman and the Kinderhookian Webb Formations (Table 1) (Jory, 1992; Putnam and 

Henriques, 1991). The Kinderhookian Webb Formation is a sequence of thinly bedded 

carbonaceous, siltstone, sandstones and siliceous and calcareous mudstones (lory, 1992; 
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QUATERNARY ALLUVIUM 

TERTIARY CARLIN FIo4 
We ld eCi Iv! I. , locu .. tr., .. . ~olcon J c I O' I' C seel , mlln lS. 
Qrove l. O~ col luvium 

TERTIARY VOLCANICS 
RhyOlit e to ,hroooell e Il ows 

id - TERT IARY DIKES 
Quart z monton" e , monZO", I~ Dnd iO! ;l e d' ~tl 

ORDOVICIA N VINtNI FM 
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Figure 14. Stratigraphic column for the American Barrick Goldstrike Mines along the Carlin Trend (Bettles 
and Lauha, 1993). 

Putnam and Henriques, 1991). At the Rain and South Bullion deposits, debris flows are 

common towards the base of the Kinderhookian Webb Formation (lory, 1992; Putnam and 

Henriques, 1991; Williams, 1994). 
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In summary, formations which host gold m:neralisation in the Carlin trend are predominantly 

thin bedded, carbonaceous and calcareous and silty rocks (Table 1). Carbonate debris flows are 

now recognised as a major host lithology (Table 1). 

4.1.2. Battle Mountain - Eureka Trend 

A generalised stratigraphic column for deposits along the Battle Mountain - Eureka trend is 

shown in figure 15. Autochthonous, miogeosynclinal host rocks along the Battle Mountain -

Eureka trend include the Cambrian Hamburg and Dunderburg Formations, Silurian-Devonian 

Roberts Mountains Formation, Devonian Wenban and Denay Formations, late Devonian- early 

Carboniferous Joanna and the Carboniferous Chainman Formations (Table 2) (Hays and Foo, 

1991; Cartwright, 1988; Erikson, 1985; Radtke et. aI., 1987; Broilli et. aI., 1988; Steinberger 

et. aI., 1987; Carden, 1991). The Roberts Mountains Formation is similar to that described for 

the Carlin trend (Table 1 and 2). The Wenban Formation consists of thin to massive bedded 

limestone (Table 2). A thin bedded, carbonaceous limestone, in the Wenban Formation at 

Horse Canyon deposit is the major host, while the thick bedded, indurated, limestone at Cortez 

is a minor host, acting more as an impermeable cap to gold bearing hydrothermal fluids (Table 

2), (Radtke et. aI., 1987; Erikson, 1985). The Chainman, Joanna, Dunderberg Formations are 

comprised predominantly of thin shale and claystone with minor silty and limey lenses (Table 

2), (Steinberger et. aI., 1987; Carden et. aI., 1991). 

Allochthonous, eugeosync\inal host rocks included the Ordovician Valmy and Vinini 

Formations, which consists of thin to medium bedded chert, quartzite, sandstone, minor 

basalts, siltstone and shale (Table 2), (Bloomstein et. aI ., 1993; Lisle et. at., 1988; Hays and 

Foo, 1991; Cartwright, 1988; Erikson, 1985; Foo et. aI., 1987; Gesick, 1987; Hardisty, 1983). 

Minor limestone beds are common towards the base of many of the Ordovician lithologies 

exposed at the various mines. The Devonian Slaven Chert at the Gold Acres Deposit overlies 

the Ordovician Valmy Formation. However, recent fossil dating of the lithologies historically 

described as Ordovician Valmy Formation, are actually Devonian in age (Wrucke, in Hays and 

Foo, 1991). This age discrepancy, like that observed in the Carlin trend, is a crucial element in 

understanding the regional setting, and more importantly, the genesis of sediment hosted 
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deposits. It therefore has important implications m regional exploration for hydrothermal 

deposits in Nevada ( See Sections 9 & 10). 

Antler Overlap Sequence host rocks induded the Havallah, and Overlap Sequence at the Lone 

Tree Mine (Table 2), (Bloomstein et. aI., 1993). These rocks are comprised of interbedded 

conglomerate, sandstone, shale, chert, argillites and minor basalts (Table 2), (Bloomstein et. 

aI., 1993). Mineralisation, like that along the Carlin trend, is hosted in thin to medium bedded 

lithologies of calcareous, carbonaceous siltstone and shale as well as silty limestone. 

4.1.3. The Getchell trend 

Host rocks along the Getchell trend are predominantly the deep water "eugeosynclinal" 

Cambrian Preble Formation, Ordovician Comus, Valmy Formations (Table 3). These 

formations are dominated by shales, cherts sandstones and basalts (Table 3). Carbonates form 

only a minor portion of the lithological host sequence. 

The lower member of the Pennsylvanian-Permian Etchard Formation, which is part of the 

Overlap Sequence deposited during the erosion of the Antler highland formed during the 

Antler orogeny contains significant carbonate host rocks (Table 3), (Atkin, 1992). 

Most of the deep water sediments of the Ordovician formations are not regarded as ideal host 

rocks in Nevada but there has been intense structural deformation flanking the Osgood and 

other Cretaceous granodiorite stocks, creating a favourable sites for gold deposition. The 

volcanic lithologies have acted as caps to gold-bearing hydrothermal fluids an important 

control in the localisation of gold mineralisation. 

4.2. Igneous Rocks 

Igneous intrusive rocks are clearly associated with fourteen of the nineteen deposits studied 

along the Carlin and Battle Mountain - Eureka Trends (Tables 1 and 2). Most of the intrusives 

are dykes and sills, intruded along high and low angle faults (Table 1 and 2). One of the major 

problems in understanding the genetic relationship between the igneous intrusives and gold 
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mineralisation is the lack of suitable minerals to date, as hydrothermal alteration affects both 

intrusives and country rock. Further complicating the subject is the extensive supergene 

oxidation overprint (Arehart et. ai, 1992; Keuhn and Rose, 1992). 

4.2.1. The Carlin Trend 

In the Carlin trend intrusives which have been dated fall into three broad age groups, (1) 

middle- late to late Jurassic (± 160 Ma), (2) early Cretaceous (± 90 toll0 Ma) and (3), mid­

Tertiary (28 to 39 Ma), (Table 1). The oldest intrusive spatially related to gold mineralisation is 

the Goldstrike stock, dated 160 ± 2.1 Ma: Ki Ar and 165 Ma (Arehart et . aI., 1989; Arehart et. 

aI., 1992). The BetzelPost and GenesislBlue Star deposits occur immediately adjacent to it 

(Thoreson, 1993; Bettles and Lauha, 1993a and b; Paul et. aI., 1993). The stock is diorite to 

granodiorite in composition and is responsible for extensive skarn and hornfels development 

which extends several thousand metres from the intrusive (Thoreson, 1993; Bettles and Lauha, 

1993a and b; Paul et aI., 1993). The stock is only weakly mineralised by the younger gold 

bearing hydrothermal system but is responsible for pre-gold base metal mineralisation (Bettles 

and Lauha, 1993a and b). At the BetzelPost deposit numerous dykes and sills extend from the 

Goldstrike stock and formed impermeable barriers for hydrothermal solutions (Bettles and 

Lauha, 1993a and b). The development ofskams by the older intrusive event may have played 

a critical part, in this case, in developing a very permissive host. 

A later intrusive event of quartz monzonite dykes and sills occurs at both the Meikle deposit, 

dated 147 ± 4.0 Ma, and the BetzeIPost deposit, dated 110 Ma (Arehart et. aI., 1992). The 

quartz monzonite dykes and sills have suffered varying degrees of alteration and are only 

weakly mineralised (Thoreson, 1993; Bettles and Lauha, 1993a and b; Paul et. aI., 1993). 

Highly altered dykes of varying composition, but with no known cross-cutting relationships 

have been observed at the Carlin deposit, with a single age date of 123.31 ± 0.7 Ma: KiAr 

(Keuhn, 1989). At the Maggie Creek deposit, adjacent to the Gold Quarry deposit, there is a 

highly altered and mineralised quartz porphyry dyke, believed to be late Jurassic - early 

Cretaceous in age (Rota, 1991). 
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Highly brecciated quartz monzonite dykes, 36.4 ± 1.8 Ma: KIM (Arehart et. aI., 1992), 

intrude in the Meikle deposit and host up to 15 percent of the mineralisation (Bettles and 

Lauha, 1993a and b). Biotite quartz porphyry dykes and sills, dated 39 Ma (Arehart, 1992) 

intrude in the BetzelPost Deposit (Bettles and Lauha, 1993a and b). These biotite quartz 

porphyry dykes crosscut and, thereby, post date mineralisation (Bettles and Lauha, 1993a and 

b; Arehart et. aI., 1992). A granodiorite stock, dated 36 Ma, intrudes within one kilometer of 

the Rain Deposit (Smith and Ketner, 1975). 

Biotite feldspar porphyry dykes and sills, dated 28.3 ± 0.7 Ma: KlAr, intrude the GenesislBlue 

Star deposit (Paul et. aI., 1993). 

4.2.2. Battle Mountain - Eureka Trend 

Along the Battle Mountain - Eureka trend, the oldest intrusive spatially related to gold 

mineralisation is the Mill quartz monzonite stock at the Cortez Mine, dated 150 ± 3 Ma: KI Ar 

(Armstrong, 1970). A quartz monozite stock, dated 98 .9 ± 2 Ma: KlAr (Wrucke and 

Armbrustmacher, 1975) occurs 120 m below the Gold Acres Deposit and is responsible for 

pre- gold Cu-Mo-Pb-Zn skarn mineralisation (Hays et. aI. , 1991). 

A major intrusive episode occurred during the late- Eocene - Oligocene period (Table 2). 

These intrusives have been documented at Lone Tree Deposit (feldspar dykes, 36 - 39 Ma: 

KlAr), Hilltop Deposit (dacite porphyry dykes and sills, 38.1 Ma and rhyolite plugs and dykes, 

33 - 35 Ma), Cortez Deposit (quartz porphyry dykes and sills, 34 Ma), Tonkin Springs and 

Horse Canyon Deposit (Bloomstein et. a!., 1993; Lisle et. aI., 1988; Hays et. al., 1991; 

Erikson, 1985; Radtke et. al., 1987; Hardisty, 1983). The younger felsic intrusives (33 - 35 

Ma) are most likely related to the thick sequence of welded and water-laid rhyolitic tuffs, the 

Caetano Tuff, which has been dated 31 .5 Ma (Gilluly and Masursky), 32. 3 Ma (Naeser and 

McKee, 1970) and 33.6-31.0 Ma (McKee and Silberman, 1970). The quartz porhyry dykes 

and sills are weakly altered and mineralised at the edges and mineralisation is thought to be 

related to this igneous event (Erikson, 1985). 
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4.2.3 . Getchell Trend 

The deposits along the Getchell trend are spatially related to the Osgood Mountain 

granodiorite stock dated 98.8 ± 2 Ma: KJAr (Silberman et . aI., 1974). The Osgood Mountain 

granodiorite stock is responsible for ell.1ensive skarn and hornfels development which extends 

up to 3 000 m from the intrusive and minor pre-gold base metal mineralisation (Kretschmer, 

1987; Nanna et . aI., 1987). The Twin Creek deposit consists of the Rabbit and Chimney Creek 

deposits. These are the only known deposits which occur outside the contact metamorphic 

aureole of the Osgood Mountain stock (Atkin, 1992; Thomas, 1992; Bloomstein et. aI., 1991). 

A dacite sill intrudes the Chimney Creek deposit and is thought to be related to the Osgood 

Mountain stock (Atkin, 1992). Highly altered Ordovician basalts and basaltic andesites occur 

in the Chimney and Rabbit Creek Deposits and act as impermeable caps to hydrothermal fluids 

(Bloomstein et. al ., 1991; Atkin, 1992). 

4.3. STRUCTURE 

4.3 . L Thrust Faults 

The (RMT) has been spatially linked to twelve of the twenty three deposits studied (Tables 1, 

2 and 3). It is the oldest major structure described for the Carlin, Battle Mountain - Eureka and 

Getchell trends (Rota, 1991; Radtke, et. aI., 1987; Atkin, 1992). 

It is along discrete thrust planes, which make up the RMT, that Palaeozoic siliciclastic 

eugeosynclinal sediments were thrust eastwards over Palaeozoic carbonate - siliciclastic 

miogeosynclinal sediments during the late Devonian - early Mississippian Antler Orogeny 

(Stewart, 1980). Subsequent erosion of the over thrusted siliciclastic eugeosynclinal sediments 

has exposed numerous windows of mineralised and non-mineralised miogeosynclinal carbonate 

sediments along the Carlin and Battle Mountain trends through the RMT (Fig's. 4 & 8). 

The RMT in the Carlin trend varies from a lithological contact to a breccia zone 15 m wide so 

that current field evidence indicating large scale transposition is unequivocal (Rota, 1991). The 

uncertainty surrounding the age of siliciclastic rocks (Devonian or Ordovician) at Gold Acres 
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deposit, along the Battle Mountain - Eureka trend, also cast uncertainity on the positive 

identification of the RMT (Hays et aI., 1991). 

The Golconda thrust, related to the late Permian - early Triassic Sonoma, is spatially related to 

gold mineralisation at the Lone Tree deposit (Bloomstein et ai, 1993). 

Lauha and Bettles (1993 a, b) have described a thrust which post dates the RMT and the 160 

Ma old Goldstrike stock. This compressional phase has not been assigned to an orogenic 

event Although not described in the literature, abundant bedding parallel faults occur in the 

deposits in the Carlin and Battle Mountain - Eureka trends visited during 1993 . 

4.3.2. High Angle Faults 

High angle faults, pre-, syn- and post-hydrothermal mineralisation, occur in all twenty three 

deposits studied (Tables 1,2 and 3). The orientation of pre-ore high angle faults in the various 

deposits is consistent, generally being NW, N to NNW, NE and E-W (Tables 1,2 and 3). Of 

these orientations the NW and NE trending high angle faults are the predominant faults in 

many of the deposits (Table I, 2 and 3). 

The relative ages of faults controlling mineralising have been difficult to interpret. Most of the 

high angle faults have many episodes of movement with the extensive Tertiary Basin and 

Range event being the last structural overprint . Extensive hydrothermal alteration, especially 

silificification, has obliterated many fault traces. At Carlin and BetzelPost, the age sequence of 

high angle faults is NW -) NE + NNW (Lauha and Bettles, 1993a and b; Meyers, 1993). The 

high angle fault sequence at Genesis!Blue Star deposit is N-S -) NW -) NE (paul et aI., 

Kunkel, 1993). Along the Battle Mountain - Eureka trend, high angle fault paragenesis varies 

greatly from deposit to deposit (Appendix 2). The pre-ore, high angle fault paragenesis for 

some of the mines along the Battle Mountain - Eureka trend are (1) Horse Canyon, N to NNW 

-> E-W, (2) Tonkin Springs, N to NNW -) N-S -) NE -) E-W, (3) Gold Bar, E-W -) N to 

NNW -) NE -) N-S and (4) Ratto Canyon, N to NNW -) E-W -) NE (Radtke et aI., 1987; 

Gesick, 1987; Broili et a1., 1988; Steinberger et a1., 1987). The apparent multiplicity of events 
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for the Battle ".10untain trend is greater than that fo r the Carlin trend. However this may be a 

function of more detailed structural interpretation rather than greater structural complexity. 

Most of the high angle faults have been described as being normal and reverse (Appendices 1 -

3). However, the Chimney and Rabbit Creek deposits on the Getchell trend and the Lone Tree 

deposit on the Battle Mountain trend all occur within a large right lateral shear zone, known as 

the Rabbit suture (Bloomstein et. aI., 1991, 1993). Numerous anastomosing faults (rei del 

shears) within the N-S trending structure control mineralisation (Bloomstein et. aI., 1991, 

1993). High angle faults at the Gold Quarry deposit are related to two structural events. The 

earliest are translational and the later, extensional (Cole in Rota, 1993). The translation event is 

driven by a NNE principle stress direction and is responsible for a large right lateral shearing 

along the Carlin trend (Rota, 1993; Putnam and McFarlane, 1990). The NE and NW trending 

faults have 60 degree angular separation which conforms to the angular separation of synthetic 

and antithetic shears within a strike-slip fault (Rota, 1993). The translation event is pre-gold 

mineralisation (Rota, 1993). Extensional tectonics reactivated the earlier high and low angle 

faults during the Basin and Range event (Rota, 1993). 

At Rain, Carlin, Betze/Post, GenesislBlue Star and Gold Quarry Deposits, there are many 

discontinous, randomly orientated, high angle faults which formed as a result of volume loss 

due to decalcification of the underlying host carbonate lithologies (Williams, 1994). 

Along the Getchell trend there are two important regional, high angle structures controlling 

gold mineralisation distribution, one flanking the north-east trending Cretaceous granodiorite 

stocks, and the other, the north-south trending Rabbit suture (Table 3). These are both major 

structures which can be traced with Lansat images and air photographs (Bloomstein et. aI ., 

1991). The Rabbit Suture is a large right lateral fault zone and in this shear zone gold 

mineralisation is controlled by anti- and synthetic reidel shears (Bloomstein et. aI., 1991). The 

Lone Tree, Rabbit and Chimney Creek deposits are located within the Rabbit Suture (Table 2 

and 3). Both these faults, the Rabbit Suture and the one flanking the north-east trending 

granodiorite stock, display the importance or'structure in hydrothermal systems as the host 

lithologies, predominantly shales and cherts, are not regarded as favourable for gold 
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mineralisation in Nevada yet adequate structural preparation created a favourable plumbing 

system thereby increasing secondary permeability. 

4.3.3 . Folds 

Many of the deposits, especially the mines along the Carlin trend, are spatially associated with 

large open NW, NE and N-S trending anticlines (Tables I, 2 and 3). The Tuscora Spur 

anticline, a large NW trending anticline with an undulatory axis, developed during deformation 

in the Late Triassic to Late Jurassic times. The BetzelPost, GenesislBlue Star, Carlin and Tusc 

deposits are spatially linked to the Tuscora anticline (Radtke, 1985; Madrid and Bagby, 1986a; 

Lauha and Betttles, 1993a and b; Thoreson, 1993, Paul et . aI., 1993; Meyers, 1993; 

Doyle-Kunkel, 1993). The orebodies of these various deposits have long dimensions which 

roughly parallel the axis of the anticlines, except for the Carlin deposit (Lauha and Betttles, 

1993a and b; Thoreson, 1993, Paul et. aI., 1993; Meyers, 1993; Doyle-Kunkel, 1993). The 

Gold Quarry deposit occurs within a large NE trending anticline and the orebody parallels the 

fold axis (Table I), (Rota, 1991 and 1993). The large NW trending antiform at the BetzeIPost 

deposit post date the second thrusting event (Lauha and Bettles, 1993a, b). The anticlines 

pre-date gold mineralisation and probably acted as petroleum traps prior to gold mineralisation 

(Poole et. al., 1983; Keuhn, 1989). 

Large anticlines are the dominant structural features in the Rabbit and Chimney Creek deposits, 

Getchell trend (Table 3). In Rabbit Creek, high grade ore is located in parasitic fold anticlines 

where host-sediment is capped by volcanics 

4.3.4. Breccias 

Breccia bodies are a common feature in most of the sediment hosted hydrothermal gold 

deposit in Nevada (Appendices, I, 2 annd 3). For continuity sake, all breccia types are 

discussed in this portion of the dissertation. Most of the information discussed here was 

presented by Cindy Williams in a talk to the Nevada Geological Society in Reno, Nevada in 

January, 1994, entitled, "Breccia bodies in the Carlin trend: Classification, interpretation and 

their role in ore formation". Understanding the genesis and distibution of breccias within a 
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hydrothermal >ystem appears critical In directing exploration to the heart of mineralisation 

within a hydrothermal system. 

Williams has documented four breccia types occurnng In the Carlin trend, namely: (1) 

carbonate debris flow breccias, (2) collapse breccias, (3) fault breccias and (4) fluidised 

hydrothermal breccias. 

4.3.4.1. Carbonate debris flow breccias 

Carbonare debris flow breccias are common towards the base of the Popovich Formation, 

minor in the upper Roberts Mountains and Rodeo Creek Formations (Fig. 13). Debris flows 

are characterised by: (1) being bedding conformable, (2) individual flows being encapsulated 

by thin bedded, deep water, siliciclastic facies sediments, (3) having scour bases and planar to 

undulatory tops, (4) base of flows having coarse fragments orientated subparallel to each other 

grading upwards into finer, less orientated, fragments and (5), heterolithic clasts comprised 

predominantly of carbonate. Individual debris flows vary from 30 centimetres to several metres 

in thickness and tend to occur in groups of flows. An important criterion in distinguishing 

debris flow breccias from other breccia types in the Carlin trend, is that both the matrix and the 

clasts are cut by stylolites. Williams describes the debris flows as being fault bounded and shed 

from carbonate platforms, which are common along the Carlin trend, into local deep basins 

adjacent to the platform. 

Carbonate debris flows are important in the control of mineralisation along the Carlin trend 

because they have higher initial permeability than surrounding rocks, and are essentially 

comprised of arogonite and magnesium carbonate which is highly susceptible to hydrothermal 

decalcification, thereby increasing secondary permeability. Carbonate debris flows have been 

described at the Meikle, BetzelPost, GenesislBlue Star, Rain and Rabbit Creek deposits (Lauha 

and Bettles, 1993a, b; Paul, Jr. and Kunkel, 1993; Rota and Hausen, 1991; Rota, 1993; Jory, 

1992; Bloomstein et. aI., 1991). At the BetzelPost deposit, debris flows at the Roberts 

Mountains - Popovich Formation contact are up to 213 metres thick (Williams, 1994). 
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4.3.4.2. Collapse breccias 

Collapse breccias are characterised by: (1) having a great variety of geometric forms, pipe to 

funnel shaped or irregular shaped branching bodies, (2) association with decalcified host rock, 

(3) very angular and delicate fragments, an indication of minimal transport, (3) monolithic 

fragments of the same composition as the surrounding host rocks, (4) matrix commonly 

comprised of insoluble residue of clay and silt and hydrothermal products such as quartz and 

barite, (5) commonly matrix supported. Bedding parallel collapse breccias can often be traced 

along strike into non-brecciated sediments and are commonly half the thickness of the original 

bedding, a result of volume loss due to decalcification. At the Gold Quarry deposit, Williams 

noted that the collapse breccias at the peripheries of the deposit had a higher percentage of 

hydrothermal cement and are indurated as opposed to those collapse breccias in the centre of 

the deposit which are unconsolidated with little or no hydrothermal cement. 

Collapse breccias are formed as a result of volume loss by carbonate dissolution. At Carlin and 

Gold Quarry deposits, between 50 and 60 percent volume loss is thought to have occurred 

during decalcification (Rota, pers comm., 1993; Bakken, 1990). During decalcification voids 

are created causing overlying host rocks to settle into these voids. The formation of collapse 

breccias in host rocks susceptable to decalcification enhances the secondary permeability 

thereby increasing the size of the orebody if the hydrothermal fluids are mineralised. The 

process of the overlying lithologies settling into voids created by decalcification of carbonate 

lithologies further increases structural preparation of the overlying rocks, in the form of many 

small, discontinuous, randomly orientated normal faults. This further increases secondary 

permeability. This is especially evident in the Gold Quarry deposit where large collapse 

breccias are formed in the carbonate lithologies underlying siliciclastic, unreactive, host rocks 

(Rota, 1993). The unreactive siliciclastic rocks, which host the Main orebody, have been 

structurally prepared by the formation of collapse breccia at depth, and are characterised by 

numerous small discontinuous, randomly orientated normal faults . Osterberg and Guilbert 

(1991), showed that by systematically measuring the density and orientation of fractures over 

the Chimney Creek deposit, the ore body can be successfully delineated. This could be a 

powerful tool in project scale exploration programs. 
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4 J .4. 3. Fault breccias 

Fault breccias are often silicified and are the most common surface expression of alteration 

and/or structure of hydrothermal systems (Appendices 1,2 and 3). Fault breccia characteristics 

are: (1) tabular geometry of any orientation, (2) planar to undulatory contacts, (3) steeply 

zoned from the edges towards the centre; edges of fault breccias have little matrix «3 per 

cent), this increases rapidly towards the centre; increase in rounding of fragments from the 

edges to the centre; decrease in fragment size from the edges to the centre. 

Fault breccias often show repeated movement, brecciation and silicification and host significant 

mineralisation especially at the intersection of faults (Appendices, 1, 2 and 3). Silicified fault 

breccias are commonly interpreted as relic conduits to hydrothermal fluids. 

4.3.4.4. Hydrothermal breccias 

Hydrothermal breccias are characterised by: (1) sub angular to well rounded fragments -

indication of transport, (2) many different shapes, (3) fragments varying from monolithic to 

heterolithic and (4) abundant quartz veins. Hydrothermal brecciation is believed to be caused 

by the sealing of the hydrothermal system, a buildup of pressure until over pressure causes an 

explosive hydrothermal brecciation event. Most deposits have been described to have had 

several phases of hydrothermal brecciation (Appendices I, 2 and 3). These repeated pulses of 

sealing, over pressuring and hydrothermal brecciation could be critical in the upgrading of the 

deposit with each event. 

4.3.4.5. Crackle breccias 

Crackle breccias are usually highly silicified host rock found on the peripheries of hydrothermal 

breccias. Crackle breccias are characterised by: (1) highly silicified host rock on the peripheries 

of hydrothermal brecciation, (2) minor movement of individual fragments which can be 

restored to the original setting, much like a slightly expanded jigsaw puzzle. 
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4.4. ALTERATlO~ 

The distribution and zonation of alteration associated with hydrothermal gold mineralisation in 

sediment hosted deposits is controlled primarily by the interplay between faults, the 

permeabilty of host rocks and the crest of folds. The most common types of hypogene 

alteration described for the various deposits are decalcification, silicification and argillisation 

(Tables I, 2 and 3). The intensities of these three alteration types varies dramatically between 

deposit to deposit and within individual deposits (Appendices 1,2,3). Paragenesis of alteration 

is commonly as follows; decalcification -> silicification -> argillisation -> oxidation (hypogene?) 

-> oxidation (supergene) (Appendices 1,2, and 3). 

Keuhn and Rose (1992), did a detailed study of alteration zonation in unoxidised ore at the 

Carlin deposit. Most of the previous studies of hydrothermal alteration at Carlin (Radtke, 

1985; Rye, 1985) had been based on oxidised exposures in the upper portions of the mine 

(Keuhn and Rose, 1992). The mineral assemblage zonation from distal, unaltered Roberts 

Mountains Formation to the proximal, jasperoid fault conduits is: (1) quartz + dolomite + 

calcite + illite + K-feldspar + pyrite -> (2) quartz + dolomite + calcite + illite + pyrite -> (3) 

quartz + dolomite + illite-K mica + pyrite -> (4) quartz + illite-K mica + pyrite -> (5) quartz + 

kaolinite-dickite + pyrite (Fig. 16). Gold mineralisation is associated with mineral assemblages 

three and four (Fig. 16), (Keuhn and Rose, 1992). 

4.4.1. Decalcification 

Decalcification, usually the first alteration phase, has been documented by chemical, 

mineralogical and petrographic data at Carlin (Radtke, 1985; Bakken and Einaudi, 1986, 

Bakken, 1990; Keuhn and Rose, 1992), at Cortez (Wells et. al., 1969) and at the Vantage 

deposits (Dchik, 1990). Decalcification is characterised by the removal of calcite, and to a 

lesser extent dolomite, by acidic hydrothermal fluids in the pyrite stability field (Bakken, 1990; 

Keuhn and Rose, 1992). The intensity of decalcification is usually greatest near high angle 

faults, which were conduits to hydrothermal fluids, and gradually decreasing away from them 

(Fig's. 16 & 17), (Keuhn and Rose, 1992). Carbonate host rocks which have been decalcified 

have a significant reduction in their bulk density (Fig. 16). 
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conduits of hydrothermal fluids (Keuhn and 
Rose, 1992). 

Decalcification fonns a large halo around gold mineralisation both proximal and distal to 

conduit faults, although the intensity differs, being greatest in proximal host rocks (Fig. 17). 

Above the orebody at Carlin, moderate decalcification extends up to 60 meters (200 feet), 

(Fig. 17). Calcite veining is minimal in the decalcified rocks, hosting mineralisation, proximal 

to structural conduits, while distal decalcified host rocks have abundant calcite veins 

throughout the ore zone (Fig. 17), (Keuhn and Rose, 1992). Calcite removed from the 

decalcified zone is precipitated on the peripheries of the hydrothennal system. This can be seen 

in the intensity of calcite veins above the main orebody in the Carlin deposit (Fig. 17), (Keuhn 

and Rose, 1992). The distibution of calCite veining can be a useful tool in exploration as a 

vector pointing to the heart of mineralisation and/or the hydrothennal system. At the Carlin 

deposit, between 50 and 60 percent volume loss in carbonate lithologies has beed attributed to 

decalcification (Bakken, 1990; Bakken and Einaudi, 1986). Rota and Hausen (1991) have 

described a similar volume losses to have occurred at the Gold Quarry deposit while Keuhn 

and Rose (1992) have inferred 30 to 40 percent volume loss at the Betze!Post deposit. 

Indicators of volume loss as a result of decalcification are collapse breccias, thickness changes 

of altered vs. unaltered beds and flattening of fossils and wonn burrows (Keuhn and Rose, 

1992; Williams, 1994). Volume loss as a result of decalcification can result in the fonnation of 

many, randomly orientated, nonnal faults and pervasive extensional fractures with random 
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Figure 17. Spatial relationships between typical proximal and distal 
alteration features and Au mineralisation in unoxidized ore intercepts 
at Carlin. Decalcification is based on reaction with dilute HCL: < I = 
slightly decalcified or dolomitic, I to 2 = mildly decalcified, 2 to 3 = 

moderately decalcified, 3 to 4 = vel)' decalcified, and >4 = total lack 
of reaction. "Excess carbon" indicates introduced organic matter and 
hydrocarbon veining. Dp-Srm = Devonian Popovich Formation­
Silurian Roberts Mountains Formation contact, Ov = Vinini 
Formatiom, RM. T. = Roberts Mountains thrust fault, K = kaolinite (Keuhn 

and Rose, 1992). 

orientation in the hanging wall to mineralisation (Williams, 1994, Bakkert, 1990; Rota, 1993; 

Keuhn and Rose, 1992). Keuhn and Rose (1992) describe calcite veins and microfaults, in the 

hangingwalJ to mineralisation, having slight normal displacement in response to structural 

adjustment to the volume loss. All the above features are valuable clues in directing exploration 
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geologists to mineralisation and should be systematically recorded during an exploration 

program. 

Carbonate units at the BetzefPost deposit having lesser amounts of detrital material had 

sufficiently low initial permeabilities to resist porosity increase due to decalcification, whereas 

porosities and permeabilities were enhanced in silty units with initially higher permeabilities 

(Arehart et. al ., \993). Lithologies that are preferentially decalcified are the thin to medium 

bedded, platy, calcareous, silty limestones, siltstones and mudrocks which host the majority of 

mineralisation in Nevada (Tables 1, 2, and 3). Carbonate debris flows, common in the lower 

Popovich Formation in deposits along the northern part of the Carlin trend, are strongly 

decalcified because of initial primary permeability and the highly reactive nature of these flows 

(Williams, 1994). At the BetzefPost deposit unaltered, stacked debris flow breccias which are 

213 metres thick at the peripheries of the deposit can be traced into the centre of the deposit. 

There the sequence is 96 metres thick, attribute to volume loss due to decalcification 

(Williams, 1994). 

4.4.2. Silicification 

Silicification is the most complex form of hypogene alteration in sediment hosted gold deposits 

as silica is deposited during different stages in the lifetime of a hydrothermal system (Fig. 16), 

(Appendices 1, 2, 3), (e.g. Rota, 1991 and 1993; Lisle et. aI., 1988; Lauha and Bettles, 1993a, 

b). Silicification is the most common alteration type observed in exploration programmes 

because silicified host rocks are resistant to weathering, forming low ridges and hills. 

Silicification occurs in a number of ways, including pervasive replacement of limestone and 

dolomite, known as jasperoids (Lovering, 1972), deposition of fine to coarse grained euhedral 

quartz, silica veins and veinlets and late stage drusy, chalcedonic and hyaline quartz (Pervival 

et. aI., 1988; Lauha and Bettles, \993). Although detailed paragenesis of silica deposition 

varies from deposit to deposit, a common thread runs throughout, this being: (I) an early 

pre-ore pervasive silicification, (2) silicification associated with gold mineralisation and usually 

accompanied by brecciation (this stage can have mUltiple events such as described in the Lone 

Tree, Rabbit Creek, Meikle, Gold Quarry and BetzefPost deposits), (3) quartz veins and 
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\'einlets accompanied by stibnite, realgar and cinnabar mineralisation and (4) late stage quartz 

veinlets/veins, drusy, chalcadonic and hyaline quartz lining fractures (Appendices I, 2, and 3). 

Gold and sulphide mineralisation is known to accompany all stages of mineralisation (Radtke, 

1985; Madrid and Bagby, 1986). 

Jasperoid bodies in sediment hosted gold deposits can be di\~ded into two types: (1) those 

restricted to pre-existing structural zones which are usually characterised by intense brecciation 

and (2) roughly stratabound jasperoids, controlled by host rock reactivity, porosity, 

permeability and impermeable lithological and/or structural barriers (Rota and Hausen, 1991). 

At most of the deposits studied structural jasperoids occur along high angle feeder faults and it 

is these jasperoids at surface which have directed exploration programmes and most deposits 

have a "discovery jasperoid" (e.g. Broili et. aI ., 1988; TIchik, 1990; Meyers, 1993; Rota and 

Hausen, 1991). 

At the Gold Quarry deposit, large stratabound jasperoids occur at the contact between the 

lower carbonate and upper siliciclastic lithologies, the latter acting as an impermeable cap, 

"ponding" ascending hydrothermal fluids (Rota and Hausen, 1991). At the South Bullion 

deposit, mineralisation is hosted in jasperoids which occur in the hinge of an anticline, at the 

unconformity between Devonian Devils Gate and Mississippian Webb Formations (Puntman 

and Henriques, 1991). On the other hand, stratabound jasperoids at the Gold Bar deposit along 

the Battle Mountain - Eureka trend, occur below the deposit at the contact between lower 

massive impermeable limestones and upper thinly interbedded limestones and siltstones 

(Appendix, 2), (Broili et. aI., 1988). A similar jasperoid to that described for Gold Bar occurs 

at the Vantage deposit (Appendix, I), (TIchik, 1990). 

Rota and Hausen (1991), describe seven phases of quartz vemmg with the following 

paragenesis; (I) quartz micro-veinlets -> (2) carbon-rich black quartz veinlets -> (3) 

quartz-vein microbreccia -> (4) quartz-alunite veins -> (5) quartz-barite veinlets and veins -> 

(6) vuggy quartz veins -> (7) milky-white quartz veins and fracture filling. All the vein stages 

contain some gold mineralisation, but stages 2 through to 5 accompany main stage gold 

deposition (Rota and Hausen, 1991). 
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Silification in the siliciclastic host rocks is generally more subtle, occumng as quartz 

overgrowths on sedimentary derived quartz, quartz veinlets/veins and coating fractures (Lisle, 

et. aI., 1988; Rota and Hausen, 1991; Rota, 1993). 

4.4.3. Argillisation 

Argillic alteration has been described for most deposits, varying from minor to pervasive 

(Tables 1,2 & 3), (Appendices 1,2, and 3). Argillic alteration in carbonate host rocks, such as 

those at Cortez, Gold Acres, Bootstrap/Capstone, Gold Quany deposits, is confined to 

fractures and faults (Hays et. aI., 1991 ; Erikson, 1985; Baker, 1991 ; Rota and Hausen, 1991). 

Minerals that fonn the argillic alteration suite are illite (sericite), kaolinite, montmorillonite and 

allophane. Argillisation is the most pervasive alteration type at the Tusc deposit 

(Doyle-Kunkel, 1993). Here kaolinite and illite occurs as veinlets and fracture coatings with 

kaolinite and sericite (illite), the dominant clay minerals, in the deeper and upper portions of 

the orebody respectively (Doyle-Kunkel, 1993). Although montmorillonite has been described 

to occur at the Carlin deposit (Bakken, 1990; Evans and Peterson, 1986), and Keuhn and 

Rose (1992) found no evidence of montmorillonite, based on XRD studies of 100 samples. 

Dickite was found to be a common phase in argillically altered dykes at Carlin (Keuhn and 

Rose, 1992). Keuhn and Rose (1992) noted that the kaolinite on fractures was greater 

proximal to structural conduits while distal mineralisation had only trace amounts of kaolinite 

lining fractures (Fig. 17). 

Illite occurs as a primary sedimentary mineral in unaltered host rocks, 5 to 15 percent in the 

upper Roberts Mountains Fonnation (Mullens, 1979, 1980) and as a product ofhydrothennal 

alteration (e.g. Bakken, 1990; Hauff et. al., 1991; Keuhn and Rose, 1992). Illite is temperature 

sensitive and occurs in a number of polytypes with the less ordered 1M and the ordered 2M 

polytypes being the most common (Hauff et. al., 1991). Hauff et. al .(l991), in a study at the 

Carlin and Preble deposits, showed that the structure of illite varied systematically from less 

ordered 1M on the peripheries of these deposits to the ordered 2M polytype within the 

deposits. X-ray diffraction is the most efficient way to analyse illite but Hauff et. aI. (1991) 

showed that visible/near infrared spectral measurements using a field-portable reflectance 

spectrometer identified the various illite polytypes. This technique could be an extremely 
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powerful component in guiding an exploration programme to hydrothermal gold 

mineralisation, particularly since clay alteration can be outlined by appropiate ratioing of TM 

data. 

Argillic alteration in deposits where carbonate rocks are the dominant host, has often been 

confused with intense decalcification, resulting in a friable rock comprised of residual, micron 

sized silt and dolomite (II chick, 1990). 

Argillic alteration is better developed in deposits where host rocks are shales, basalts and 

igneous intrusives as at Lone Tree, Rabbit and Chimney Creek and Meikle (Bloomstein et. al ., 

1993; Atkin, 1992; Bloomstein et. aI. , 1991 ; Lauha and Bettles, 1993a). Argillisation is usually 

peripheral to silicification. 

4.4.4. Carbonisation 

Carbonisation is defined by the presence of anomalous, mature hydrocarbon within the deposit 

related to rocks from surrounding regions (Edison and Hallager, 1986). Carbonisation occurs 

as black, sooty mature hydrocarbon (pyrobitumen) lining fracture, fault and bedding planes, 

and as carbon rich quartz veins and veinJets. Carbonisation has been reported from Betze!Post, 

GenesisIBlue Star, Carlin, Gold Quarry, Gold Acres, Horse Canyon, Tonkin Springs, Gold Bar 

and NightHawk Ridge deposits (Appendices, 1 and 2). 

Carbonisation is the dominant alteration at the Gold Acres deposit along the Battle Mountain -

Eureka trend (Hays, Jr. and Foo, 1991). Here, carbon occurs as black sooty material lining 

fracture, fault and bedding planes and in places occurs as much as 3 percent by volume. A 

significant amount of disseminated pyrite is associated with carbon at Gold Acres (Hays, J r. 

and Foo, 1991). At the Horse Canyon, Tonkin Springs, Gold Bar and Nighthawk Ridge 

deposits, carbonisation occurs as black, sooty material lining fracture and fault planes (Radtke, 

et. al., 1987; Gesick, 1987; Broili et. aI., 1988; Carden et. aI., 1991). At Gold Bar, carbon lined 

fault and fracture planes are greatest adjacent to the structural conduits to hydrothermal fluids 

whereas at Nighthawk Ridge these fracture and fault planes are peripheral to the deposit 

(Broili et. al., 1988; Carden et. al., 1991). 
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Figure 18. Spatial relationship between sediment-hosted dissemintated gold 
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It has been shown at the Carlin deposit that hydrocarbon maturation occurred under P-T 

conditions of approximately 155 ± 20"C and 0.6 to 1.4 kbars and was wholly a pre-ore event, 

unrelated to gold mineralisation (Keuhn and Rose, 1992). Hydrocarbons are thought to have 

been introduced into the NW trending Tuscora anticline which was formed during Late 

Triassic to Late Jurassic (Keuhn and Rose, 1992). Organic maturation culminated during the 

Mesozoic when granodiorite stocks and dykes where emplaced. Organic matter was 
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subsequently redistributed by the hydrothermal acti\;ty reponsible for gold mineralisation and 

later supergene oxidation (Keuhn and Rose, 1992). Rota and Hausen (1991) and Rota (1993) 

describe carbon rich quartz veins and veinlets accompaning the earlier stages of gold 

mineralisation. Nelson (1991) believes that hydrothermal gold mineralisation and hydro­

carbons have concentrated in the same lithological and/or structural traps. Cunningham (1987) 

showed that there is a clear relationship between thermal maturity of organic carbon in 

sediments that host disseminated gold deposits in Nevada (Fig. 18). Most of the deposits fall 

within sediments whose organic material is classified as supermature (>300'C) and a lesser 

number in the mature to supermature category (IOO-300'C) (Fig. 18). Thermal maturation of 

organic matter has been caused by several different geological events such as, deep burial of 

lower to middle Paleozoic sediments during early Mesozoic, late Jurassic intrusion, mid- and 

late-Cretaceous, metamorphic and thermal events respectively (Thorman et. a!., 1991) and 

Tertiary intrusive events and higher geothermal gradient related crustal thinning due to 

extensional tectonics. Although gold mineralisation is not related to all the thermal events, 

given the close spatial relationship of areas of increased thermal maturation and 

sediment-hosted disseminated gold deposits regional maturation studies could be an effective 

regional exploration tool (Fig. 18). 

Ilchik et a!., (1986), in a study of the organic matter at the Vantage deposits, concluded that 

the organic matter within the deposits was of a marine sedimentary origin and that the total 

organic carbon of mineralised and background material is similar. This indicates that no organic 

matter was introduced during hydrothermal activity and that hydrothermal activity increased 

the organic matter maturation (Ilchik, et. a!., 1986). Maturation studies can be a useful 

practical tool in prospect scale exploration providing quantitative vectoring. 

4.4.5. Oxidation 

Oxidation of sediment hosted, hydrothermal gold deposits has led to the characteristic buff-tan 

coloured rocks in the upper parts of many of the deposits (e.g. Broili et. a!., 1988; Rota and 

Hausen, 1991). In contrast, unoxidised rocks are grey-black in colour. 
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The question of whether or not oxidation is a result of hypogene and10r a supergene processes 

has raised considerable debate (Ilchik, 1990; Radtke, 1985; Rye, 1985; Rota and Hausen, 

1991; Rota, 1993; Keuhn and Rose, 1992). The argument centers around the mineral alunite, 

and whether it is formed from descending, supergene, secondary oxidized fluids, or from 

primary, ascending, oxidised hypogene, hydrothermal fluids . At the Vantage deposits both 

hypogene and supergene oxidation processes have been described to occur (Ilchik, 1990). 

Based on isotopic studies of alunite, and the fact that alunite occurs in veins intergrown with 

barite, Ilchik (1990) argues that alunite was deposited from ascending, oxidised hypogene, 

hydrothermal fluids. Hypogene oxidation at the Vantage deposits has resulted in the near 

complete destruction of the sulphides and organic matter and is confined to the orebody shell 

(Ilchik, 1990). Supergene oxidation is confined to the upper portions of the orebody with the 

oxidation front mimicking the erosional paleo surface (Ilchik, 1990). Ilchik (1990) also 

describes field relations where oxidised rocks underlie reduced rocks, interpreted as hypogene 

ascending oxidation. 
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Figure 19. Compilation of sulphur isotope data of sulphides and 
sulphates from various sediment-hosted micron gold deposits. (From 
Arehart et. aJ. , 1992). Chevron = primary sylphides, black = 

alunite/jarosite, grey = barite. 

Rota and Hausen (1991) and Rota (1993) cite the presence of alunite and hematite in the 

deeper portions of the Gold Quarry deposit as an indication that some of the oxidation is 

hypogene in origin. At Carlin, oxidised pyite encased by silica has been cited as evidence of 

hypogene oxidation (Radtke, 1985). 
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Sulphur, o>."ygen and hydrogen isotope studies of alunite, from deep within the Post deposit by 

Arehart et a!., (1992), indicate that the alunite was formed in a supergene environment 

Arehart et at., (1992) point out that the barite occurring in association with alunite in veins is 

enriched in "s relative to "s of alunite (Fig. 19). Therefore, although both minerals occupy the 

same vein, their isotopic differences indicate different origins and dates. Arehart et. a!., (1992) 

also point out that I1chik (1990) describes similar differences in the " S isotopic composition 

for barite and alunite occuring in the same vein (Fig. 19). They conclude that the arguement 

used by I1chik, that the occurrence of alunite and barite in the same vein is an indication of 

hypogene oxidation, is invalid. Alunite at both the Post and Vantage deposits has been 

described to overgrow barite (Arehart et . a!., 1992; llchik, 1990). 

5. ORE CONTROLS 

The shapes and sizes of sediment-hosted hydrothermal gold deposits are a result of a complex 

interplay between structures (high and low angle faults), nature of host lithologies, 

unconformities and anticlines. Table 4, is a summary of the controls on mineralisation of the 

23 deposits studied, as described by the various authors, in order to prioritise these controls in 

order to aid exploration. 

5.1. High angle faults 

High angle faults and reactive carbonate host lithologies are the prunary controls of 

mineralisation in 14 of the 23 deposits studied (Table 4). High angle faults are conduits to 

ascending hydrothermal fluids and it is at the intersection of high angle faults with low angle 

faults, suitable host rocks, unconformities and other high angle faults that are major controls to 

mineralisation on both a regional and local scale (Fig. 20). At the Carlin deposit, it is the 

intersection of high angle faults and favourable host rocks which forms the local high grade ore 

zone (Fig. 20a). At the Gold Quarry deposit, it is the intersection of major NE and N to NNW 

faults which is the major control, in that structural preparation has created a highly permeable 

plumbing system (Rota, 1993). The orebodies at the Meikle, Deep Post, Lone Tree, Preble, 

Getchell and Rabbit Creek deposits are all hosted within brittle shear zones which have 

undergone multiple episodes of movement creating a favourable plumbing system for 
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Preble P·SP,R&L,C S - SP, L R, m-L S· LP m-SP v" 

TOTAL P - 2;S - 2;m-1 P - 14;S - S; m - 4 P - 4;S",II;m - 4 p-, P ... 14;S - 4;m - 4 P "' 2;S - I;m - 4 , 10 

P - Primary Control; S . Secondary Control; m - minor Control; C . Conduit for hydrothermal fluids; SP . Structural Preparalion; LP . Lithological Preparalion; R . 
Regional Control; L • Local Dcposit Control. v" = Present in the minco 
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hydrothermal flu ids. Tertiary intrusiYe have intruded many of these high angle faults and the 

intrusives are mineralised and brecciated themselves (Fig. 20), (i.e. Bootstrap and Meikle 

deposits), (Baker, 1991; Bettles and Lauha, 1993b). 

5 .. 2 Thrust faults 

Although many deposits are spatially related to the RMT, only two deposits can be attributed 

to thrusts being the primary control of mineralisation., Hilltop and Tonkin Springs, both hosted 

in eugeosynclinal siliciclastic sediments (Table 4). At Hilltop the thrust fault has undergone 

multiple episodes of movement, creating a permeable breccia up to 15 metres thick (Fig. 21). 

(Lisle et. al., 1988). The ore bodies at Tonkin Springs, on the other hand, are thin stacked, flat 

lying, ellipsoidal bodies with local high grades occurring at the intersection of high angle and 

low angle faults (Gesick, 1987). Thrust faults are secondary or minor controls of mineralisation 

at 9 of the deposits studied, in that they provide varying degrees of structural preparation 

(Table 4). Thrust faults at Ratto Canyon and Tonkin Springs deposits are aquitards which 

impede the rise of hydrothermal fluids (Gesick, 1987; Steinberger et. aI., 1987). This could 

also be the case for the major mines along the Carlin trend depending on the intepretation of 

the position of the RMT, either at the base or the top of the Rodeo Creek Formation (Fig's 13 

and 14). Adams and Putnam (1992) suggest that with the spatial relationship between many 

deposits and thrust faults and the interpretation of fluid mixing as a major control of 

mineralisation., thrust faults could have been important in controlling meteoric fluid flow. 

However, thrust faults are defined as low angle faults «45°) and with lithostatic pressure 

being vertical, are not envisaged to be highly permeable, open spaced fractures conducive for 

circulating meteoric and or hydrothermal fluids . 

5.3. Folds 

Antiforms are spatially associated with 15 of the 23 deposits studied, suggesting a genetic 

relationship (Table 4). Betze/Post, GenesislBlue Star and Carlin deposits are all spatially 

related to the Tuscora antiform (Table. 4), (Christensen., 1993). The long axis of the Gold 

Quarry deposit is parallel to the axis of a large NE trending anticline with localised structurally 

controlled, high grade zone trending N to NNW (Rota, 1993). Controls which antiforms 
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invoke on hydrothermal systems are that they provide impermeable caps to mineralisation, 

especially where argillised igneous rocks or mudstone overlie penneable host rocks, doubly 

plunging fold axes restrict flow along the fold axis and axial planar cleavage in the hinges of 

folds enhance secondary penneability. Nelson (1991), Poole et. al., (1983) and Keuhn, (1989) 

suggest that the anticlines were petroleum traps prior to gold mineralisation and that both 

commodities favoured the same structural and/or lithological traps. In the Rabbit Creek 

deposit, hinges of antifonns are areas of localised high grade ore, especially where 

impermeable lithologies such as argillised basalts and mudrocks, overlie more penneable 

lithologies (Bloomstein et. al., 1991). 

Understanding the genetic relationship between antifonns and gold mineralisation is important 

in exploration, especially in extrapolating trends under younger cover. 

Hllliop IUdgo 

, .. 

o ..... ,u· U/""'UO~' .... "., - ,~"'d. ~,.ccl' 
(conU"'.nIJ 

, ,,, 

,. 
... , 

2.00 
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Figure 21. Mineralised concordant breccia in the hangingwall of a lo\v angle fault - Hilltop deposit, Battle 
Mountain - Eureka trend, Nevada (from Lisle and Desrochers, 1988). 

5.4. Unconformities 

Unconfonnities are the pnmary control on mineralisation at the Rain and South Bullion 

deposits (Table 4). At both of these deposits, fluids have ascended high angle faults before 

spreading out laterally into porous and penneable host rocks above the unconfonnity. If fluid 

mixing of ascending gold bearing hydrothermal fluids, with meteoric waters, is an important 

control on gold precipitation, then regional unconformities would be an important control on 

mineralisation as they could act as large scale aquifers. Regional unconformities could be 
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important controls on mineralisation if lithologies above the unconformity are impermeable to 

ascending fluids, ponding these fluids in underlying favourable host lithologies. 

5.5. Lithology 

Host lithologies playa critical role in the controls of mineralisation in sediment-hosted gold 

deposits. Although mineralisation is hosted in a variety of lithologies, the favoured lithologies 

are medium to predominantly thin, calcareous, carbonaceous silty limestone, siltstone and to a 

lesser extent limestone (Tables 1, 2, 3 & 4). At the Carlin deposit mineralisation has favoured 

bioclastic silty limestone beds (Fig. 17), (Keuhn and Rose, 1992). Lithologies such as silty 

limestones and calcareous siltstones which have higher primary porosities and permeabilities 

are more conducive to alteration by acidic hydrothermal fluids than those lithologies with low 

initial primary porosities (Keuhn and Rose, 1992). Nelson (1991) states that hinges of 

anticlines which were fossil petroleum reservoirs, are favourable sites for hydrothermal gold 

mineralisation while anticline hinges devoid of petroleum did not host gold mineralisation, 

although similar lithologies are encountered in both. Although hydrocarbons may have a role in 

the precipitation and/or buffering of gold from hydrothermal fluids, hence a genetic 

relationship, primary controls such as porosity and permeability, critical for both hydrocarbon 

and hydrothermal fluid flow, can just easily explain this sympathetic relationship. Hydrocarbons 

and hydrothermal gold-bearing fluids have therefore exploited the same porous and permeable 

aquifers and deposition sites. 

Carbonate debris flows are important controls on mineralisation because of their extremely 

high primary porosities and permeabilities. They are comprised, predominantly, of 

Mg-carbonate which is highly susceptable to alteration by acidic hydrothermal fluids 

(Williams, 1994). Debris flows are important hosts in Meikle, BetzelPost, GenesislBlue Star, 

Gold Quarry and Rain deposits (Table 4). 

Transitional lithologies, defined as interbedded carbonate and siliciclastic rocks, appear to be 

the favoured host rocks for mines in the Carlin trend and at Preble and Getchell deposits (Table 

4). Two reasons for these transitional lithologies being favoured host rocks are: (1) 

compentency contrast between many thinly interbedded carbonate and siliciclastic lithologies 
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proyide structural planes along which deformation can take place, hence, enhancing secondary, 

structurally induced permeability and (2), volume loss due to decalcification of carbonate beds 

results in collapse breccias, which in tum form high angle microfaults in the hangingv.'all 

lithologies, siliciclatic beds, increasing permeabilities in otherwise unreactive host rocks. Gold 

Quarry and BetzeIPost deposits are the biggest mines, tonnage and in situ gold respectively, 

and are both hosted in transitional lithologies with carbonate debris being a significant 

component of the transitional lithologies. Systematic and careful observations of lithologies, 

noting organic carbon content, primary porosity and sedimentary features of individual 

sedimentary units, are all features which are important to describe, both in the regional and 

project scale exploration. 

5.6. Igneous Rocks 

The spatial relationship between sediment-hosted gold deposits and intrusive igneous rocks is 

striking (Tables I, 2 and 3). Great controversy surrounds the genetic relationship between 

intrusive igneous rocks and gold deposits, and this is based in tum on the controversy 

surrounding the age of mineralisation. 

Pre-gold mineralisation intrusives such as the Osgood Mountain (90 Ma), Goldstrike (160.9 

Ma) and the Mill (150 Ma) stocks, associated with deposits along the Getchell, Carlin and 

Battle Mountains trends respectively are important controls to mineralisation. Accompaning 

these intrusion would have been a localised complex structural regime creating favourable 

plumbing systems for post-intrusion, ascending hydrothermal fluids. These large intrusives 

have also acted as rigid bodies in post intrusive tectonics resulting in complex structures 

further enhancing structural permeability in the vicinities of the intrusives (Bettles and Lauha, 

1993a, b; Nanna, et. al., 1987; Kretschmer, 1987). This is especially evident at the Getchell, 

Preble and BetzefPost deposits where localised high grade zones occur where major faults 

change orientation around intrusives and sediments are caught up between the intrusive and the 

stocks (Bettles and Lauha, 1993a, b; Nanna, et. al ., 1987; Kretschmer, 1987). 

Sillitoe and Bonham (1990) believe that intrusive are the source for gold and pathfinder 

elements and that the sediment-hosted diseminated gold deposits are distal products of 
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magmatic-hydrothermal fluids. They cite Bingham Canyon deposit in Utah as an example 

where the whole range of mineralisation from Cu-Mo porphyry through base metal skarn to 

distal sediment-hosted gold mineralisation can be observed. Many of the sediment-hosted 

disseminated gold deposits are associated with with intrusive that have base metal skarn 

mineralisation (Tables 1, 2 and 3). However, all mine geologist on mines where base metal 

skarn mineralisation is developed, told and showed the author that gold mineralisation post 

dates the skarn mineralisation based on cross-cutting mineralisation and structural 

relationships. 

At the Meikle deposit, an intrusive dyke, (36.4 Ma), along a high angle fault, which hosts 15 

per cent of mineralisation, has undergone repeated episodes of structural brecciation before 

mineralisation creating an ideal plumbing system (Bettles and Lauha, 1993b). Igneous sills and 

Ordovician volcanics are important controls in that they act as aquitards to rising gold bearing 

hydrothermal fluids forming localised high grade zones such at the Rabbit Creek and 

BetzelPost deposits (Bloomstein et aI., 1991; Bettles and Lauha, 1993a). 

6. Age of Mineralisation 

The age of sediment-hosted disseminated gold mineralisation in Nevada is controversial. 

Dating is frustrated by the lack of coarse grained hydrothermal minerals, lack of exposed, 

unoxidised ore and the controversy whether or not alunite, the mineral dated in many deposits, 

is hypogene or supergene in origin (Arehart et. aI., 1992; Arehart et. aI., 1993). Two 

approaches are used to date the various deposits; (1) direct isotopic dating of minerals 

(Silberman and McKee, 1971; Berger and Tylor, 1980; Bonham, 1985; Osterberg, 1990; 

Arehart et aI., 1992; Arehart et. aI., 1993; Ilchik, 1990) and (2) indirect methods based on 

cross-cutting geological relationships (Radtke, 1985; Rota and Hausen, 1991; Rota, 1993; 

Bakken and Enaudi, 1986; Seedorf, 1991; Putnam and Henriques, 1991). 

The author regards the resolution of the ages of these deposits as an important factor in 

understanding the genesis of these deposits and their tectonic setting in which they were 

formed. This in turn, it is hoped, will aid exploration models in the Great Basin. 
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Table 5, is a summary of the published isotopic dates of sediment-hosted disseminated gold 

deposits in this study. Ages of mineralisation range from 10 Ma for the Vantage deposits to 

123 Ma for the Carlin deposit (Table 5), (Ilchik, 1990; Morten et. aI, 1977). The younger 

Miocene dates for the Vantage and Rain deposits and the Oligocene date for Gold Quarry are 

all alunite dates (Table, 5), (Ilchik, 1990; Arehart et . aI, 1992; Rota and Hausen, 1991). 

Alunite dates from the Meikle mine vary from 8.48 to 9.58 Ma (Arehart in Bettles and Lauha, 

1993b). Alunite is believed to be hypogene in origin by Ilchik (1990) and Rota and Hausen 

(1991) and these authors feel that these ages represent the age of mineralisation. Arehart et. 

aI, (1992), based on isotopic studies of alunite showed that the alunite at BetzelPost and Gold 

Quarry deposits is supergene in origin and the age dates of alunite reflect an oxidising 

weathering event. Arehart et. aI., (1992) argues that the isotopic composition of alunite at the 

Vantage deposit, as described by I1chik (1990), is very similar to that at the BetzelPost and 

Gold Quarry deposits and, therefore, is most likely of supergene origin. The age date of 

between 10 and 12 Ma years is most likely reflect a weathering event related to the onset of 

Basin and Range extensional tectonic, and not a hydrothermal event (Arehart et. aI., 1992). 

These young dates do however place a minimum age on mineralisation. 

At the BetzelPost deposit, Arehart et. aI., (1993a) bracketed the age of mineralisation by 

dating an unaltered pre-ore Goldstrike stock and a post-ore sill at 158 and 39 Ma respectively. 

Dating sericite, apatite and zircon from high grade hydrothermally altered sediments and 

adjacent igneous intrusives using KJ Ar, 4<J Ar!'· Ar and fusion track techniques, Arehart et. aI, 

(1993) suggest that gold mineralisation is approximately 117 Ma (Table 5). If this age reflects 

the timing of gold mineralisation, mineralisation occurred during the compressional regime in 

the hinderland part of the Sevier overthrust belt (Stewart, 1980). Geologists at the American 

Barrick BetzelPost deposit believe mineralisation is much younger, probably mid-Tertiary, 

based on cross-cutting geological relationships (Larry Kornze, pers. comm., 1994). A pre-ore 

altered dyke has a sericite date of 134 Ma at the Carlin deposit giving a maximum age on 

mineralisation (Morton et. aI., 1977). 

The sericite date of between 95 and 101 Ma (Silberman and McKee, 1971) for the altered 

quartz monzonite stock 152 metres below the Gold Acres deposit, does not reflect the age of 

gold mineralisation (Foo pers. com., 1993). The stock is responsible for pre-gold Cu-Mo-Pb-
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Table 5. PUBLISHED ISOTOPIC AGES FOR SEDIMENT-HOSTED DISSEMINATED GOLD DEPOSITS 
ALONG THE CARLIN. BATTLE !\10Ul\TAl~ - EuREKA ."-,,\D GETCHELL TREl'<'DS (modified fTom 
Arehart et aI 1993a) " 

Deposit Age Description and comments 

(Ma) 

Betze/Post 117 KiAr and 40 Arl" Ar stepheating on sericite and fusion track on apatite and zircon 

(Arehart et. aI. , 1993a) 

Carlin 58 KiAr on sericite in dyke adjacent to main pit (Morton et. aI. , 1977) 

Carlin 123 "Ar/" Ar stepheating on sericite from altered dyke (Keuhn, 1989 in Arehart et. 

al., I993a) 

Carlin 134 KiAr on altered dyke, Carlin pit; most likely pre-ore - therefore maximum age of 

mineralisation (Morton et aI., 1977) 

Gold Quarry 25-30 KiAr on alunite considered to be hypogene (Rota and Hausen, 1991; Arehart 

et.al, 1992) 

Rain 20 KiAr on alunite considered to be hypogene (Arehart et. aI., 1992) 

Vantage 10-12 Ki Ar on alunite considered to be hypogene (llchik, 1990) 

Gold Acres 95-101 KiAr on sericite in altered quartz monzonite from core 152 m below the pit-

relationship with are uncertain; upper age is from biotite in main stock 

(Silberman and McKee, 1971) 

Cortez 36 Ki Ar on biotite and sanidine from altered, mineralised felsic porphyry (Morton, 

1977) 

Getchell 92 KiAr on sericite from altered, mineralised granodiorite from south pit (Berger 

and Taylor, 1980) 

Chimney 90-130 Ki Ar on sericite and alunite considered to be primary alteration minerals 

Creek (Osterberg, 1990 in Arehart et. aI., 1993a) 

Rabbit Creek 15 Alunite from fault zone (Bloomstein et. aI., 1992) 
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Zn skarn mineralisation (Table. 5), (Hays and Foo .. 1991). Altered and mineralised felsic 

porphyry dykes having a biotite/sandine KiAr date of36 Ma, occur at the Cortez deposit in the 

Battle Mountain - Eureka trend (Table 5). McKee and Silberman, (1970) have dated the 

extensive welded and water-laid rhyolitic Caetano Tuff at 33.6 Ma. Erikson (1 985) believes 

that the altered felsic porphyry dykes and sills, occurring in numerous deposits along the Battle 

Mountain - Eureka trend, are related to the sarne igneous event responsible for the Caetano 

Tuff. 

The Chimney Creek and Getchell deposits, along the Getchell trend, have sericite dates of 

between 90 and 130 Ma (Table. 5). The Rabbit Creek deposit has an alunite date of 15 Ma 

(Table 5), (Bloomstein et. al., 1992). However, dacite and other felsic dykes related to the 

Cretaceous granodiorite stock (98+1. 2 Ma) are altered and mineralised at the Getchell deposit 

(Nanna et. al., 1987). Again cross-cutting geological relationships suggest mineralisation is 

younger than that those based on isotopic dating. 

A B S JjJjF 

A B , , , IS mS lSlS~ 
O · 20 40 60 BO 100 120 

Age, Ma 

Figure 22. Histogram of published ages of minerals associated 
with sediment-hosted disseminated gold deposits. A = alunite, 
B = biotite, F = K feldspar, S = sericite. Shaded sericite 
blocks dates are from the Post and Carlin deposits, unshaded 
sericite blocks represent sericite that has an uncertain 
relationship with gold mineralisation (Arehart e1. aI. , 1993). 

Published isotope dates, cited as possible ages for hydrothermal mineralisation, plotted on a 

histogram, reveal two discrete age populations based on the minerals dated (Fig. 22), (Arehart 

et. al., 1993). Dates of alunite, feldspar and biotite range from 10 to 40 Ma while the sericite 

dates range from 80 to 130 Ma (Fig. 22). This age discrepency has serious implications for 

the tectonic setting at the time of mineralisation as the older date occurs within the 

compressive Sevier orogeny while the younger dates fall within the Tertiary extensional 

regime. 
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Because the deposits are located within the Basin and Range Province which experienced 

significant extension, igneous and hydrothermal activity during the Tertiary, researchers such 

as Rota and Hausen (1991), Radtke (1985) Seedorf (1991) and Putnam and Henriques (1991) 

believe mineralisation is Tertiary in age. In many of the deposits high angle faults, which 

post-date thrust faults, are primary controls of mineralisation and/or conduits for ascending 

hydrothermal mineralisation indicating that mineralisation is post Sevier compression 

(Appendices 1,2, and 3) (Rota and Foo pers. comm., 1993). 

Seedorf (1991) proposes a model whereby the hydrothermal systems responsible for 

sediment-hosted disseminated gold deposits were driven by regional crustal heating caused by 

thinning of the crust during early Eocene - Oligocene extension (30 - 40 Ma). High angle 

faults, formed as a result of this extension, were able to penetrate deep into Proterozoic and 

lower Palaeozoic sediments, the proposed source of Au, As, Sb, Ag and Hg, and acted as 

conduits to ascending mineralised hydrothermal fluids (Seedorf, 1991). 

Putnam and Henriques (1991) believe the age of mineralisation to be linked to the onset of 

wrench tectonics related to the San Andreas and Walker Lane right lateral fault systems. They 

propose that the NW trending Carlin and Battle Mountain - Eureka trends are synthetic, right 

lateral R, shears, related to the San Andreas and Walker Lane fault systems (Fig. 23). These 

synthetic R" shears are first order structures. The NW trending synthetic R, shears exert their 

own localised stress field with N to NNW and NE trending second order synthetic and 

antithetic R, and R, shears respectively (Fig. 24), (Putnam and Henriques, 1991). This is 

consistent with the paragenesis of high angle faults in many of the deposits, being, NW (1" 

order R, shear) ~ N to NNW (2nd order R, shears) + NE (2nd order R, shears), (Appendices, 

1,2 and 3). However, the onset of Walker Lane right lateral faulting is disputed, varying from 

late Jurassic (Speed, 1978) to as young as 15 Ma (Fleck, 1970). The favoured date is mid­

Tertiary (Stewart, 1980). 

Igneous activity related to the subduction along the western margin of the United States has 

migrated throughout the western United States with time (Fig. 25), (Oldow et. al., 1986). If 

igneous intrusions are heat sources driving hydrothermal systems, it is interesting to note that 

igneous activity in north-central Nevada was greatest during the 80 to 70 and 40 to 20 Ma 
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Figure 24. Map of Neyada showing strike-slip 
structures. Principle stress axis paraJlel to Battle 
Mountain - Eureka (Cortez) trend (After Putman 
and Hemiques, 1991) 

Figure 23. Map of Neyada sho\\ing transyerse 
lineaments. Walker Lane Lineament parallel to 
principle stress (After Putman and Hemiques, 1991) 

50 , ... , " " , , 
, '.,' 
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periods (Fig. 25). No published ages of mineralisation fall within the 80 to 70 Ma period while 

many deposits have been dated to fall within the 40 to 20 Ma, albeit alunite, biotite, feldspar or 

indirect dating methods. Note that there is no igneous activity in north-central Nevada for the 

period 120 to 80 Ma, the period Arehart et. aI. , (1 993a) proposed for mineralisation, based on 

sericite dates of ± 117 Ma. However the Mill quartz monzonite stock, dated 98.9 ± 2 Ma, 

below the Gold Acres deposit falls within the period, 80 to 120 Ma, of no igneous activity in 

north-central Nevada (Fig. 25). 

Arehart et. aI., (1 993a) believe that egional crustal heating could not have been the source of 

energy to drive the BetzelPost hydrothermal system dated ± 117 Ma . However, Thorton et 

aI., (1991) describe a major thermal metamorphic event at approximately 110 Ma (Fig. 6). 

From late Devonian through to the early Tertiary the Great Basin was undergoing crustal 

thickening as a result of the Antler and Sevier compressional orogenies. This would have been 

a period heating and dewatering of the lower to mid-Paleozoic sediments. Fluids derived from 

this dewatering event may have be responsible for mineralisation dating at approximately 117 

Ma. On the otherhand, there is abundant evidence that regional crustal heating was the energy 

source of hydrothermal, mineralised and unmineralised, systems during the Tertiary extensional 

tectonics (Seedorf, 1991 ; Struhsacker, 1986). 

7. GEOCHEMISTRY AND SULPHIDE PARAGENESIS 

7.1. Geochemistry 

The geochemical makeup of sediment-hosted disseminated gold deposits is a function of the 

interaction between host sediment and hydrothermal fluids . Hydrothermal systems responsible 

for gold mineralisation in Nevada have relatively simple geochemical makeup but there has 

often been confusion on the amounts of element introduced and removed from the system. 

Historically, it was thought that significant Si, Fe(IoUl)' K and AI were introduced and Ca, Mg 

and CO2 removed (percival et. al, 1988). Keuhn and Rose (1992), in a detailed geochemical 

study of the Carlin deposit, showed that by using ratios between relatively immobile elements 

such as AI and Ti, extensive amounts of Ca, Mg and CO2 were removed and Si, with trace 
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D 
60·50 "" ~ y o 

H 
20·\0 m.y 

Figure 25. Generalised distribution in the western United States of predominantly andesitic volcanic 

volcanic siutes, inferred to be related to subduction. Ruled fields represent the distribution of active 

volcanism during a particular time frame. From the north to south, the northeast trending lines mark 

the approximate traces of the Snake River - Yellowstone zone, the Colorado mineral belt, and the 

Springerville - Raton zone (Oldow, 1989). 
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elements such as Au, As, Sb, Hg, and Ea, ,,'ere introduced (Fig. 26). Figure 26 shows plots of 

TiO" K,O, SiO, and Fe,o, verses Al,o, of unaltered, altered and various mineralised rocks . 

Plots of K,0 and TiO, versus Al,o, have a strong linear relationship across the various 

sample types, indicating that these elements are relatively immobile in a hydrothermal system 

(Keuhn and Rose, 1992). Except for leached, barren, footwall rocks and pyritic ore which have 

low and high Fe,o,/Al,o3 ratios respectively, there is a strong linear correlation between Fe,o, 

and Al20, for most sample types, an indication that Fe is relatively immobile and that most Fe 

is pre-ore (Fig. 26), (Keuhn and Rose, 1992). Most of the pyritized samples are siliceous but 

can occur across the entire spectrum of carbonate removal, and are thought to be closely 

related to fluid conduits (Rose and Keuhn, 1992). Iron does appear to have been leached from 

the leached footwall rocks, being redistributed in the intermediate zones of alteration in the 

form of pyrite ± marcasite or ferro an rims on dolomite (Fig, 26), (Keuhn and Rose, 1992). 
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Figure 26. Plots of Ti, K, Si, "s. AI for 78 mineralised and altered, oxidised. and unoxidi2ed rocks at 
the Carlin deposits and 22 background samples "ithin the district. B = background samples, J = 
barren jasperoids, L = leached barren footwall rocks and leached ores including unoxidi2ed 
samples, M = leached, proximal ores, a = all other are types including "normal", "arsenical" and 
"carbonaceous". P = pyritic ores and interbeds and S = siliceous ores. Starred points "a" and "m" in 
C are average and median "a1ues for deep reduced ores (From Rose and Keuhn, 1992). 

There is a close association between Au and As, Sb, Hg, Tl, Ba and, to a lesser extent, Fl and 

Ba (Table 6). The abundances (in ppm) of trace elements associated with Au mineralisation 

are: As (0.1 - 1000), Sb (1 - 10000), Hg (0.1 - 1000), Ba (10 - 10000), Tl «1 - 1 500), Ag 
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«0.1 - J (0) and F (10 - 10 000) (Table 6), (Percival et . aI , J 988). Trace element 

geochemistry varies greatly between deposits, i.e ., Hg is low in both the Carlin and Gold 

Quarry deposits, restricted to the Genesis/Blue Star orebody and forms a big halo at the 

Nighthawk Ridge deposit (Table 6). It is therefore important in the evaluation of geochemical 

data that all the trace elements associated with gold mineralisation be used mutually as the 

large distribution differences between deposits of a single trace element are too great to be 

used in isolation in defining gold mineralisation. 

Arsenic occurs as arsenian pyrite, realgar and orpiment and, more rarely, as arsenopyrite. 

Native As has been described to occur at the Cortez, Carlin and BetzelPost deposit but is 

probably more widespread as it is difficult to recognise in carbonaceous ore (Radtke, 1985). 

Sb and Hg occur coating pyrite grains but more predominantly as stibnite and cinnabar 

respectively. Ba occurs as barite, which is a late stage hydrothermal mineral, and as bedded 

sedimentary barite. Minor amounts of base metals, Cu-Mo-Pb-Zn, have been described to 

occur with gold mineralisation but are more commonly associated With, pre-gold, skarn 

mineralisation accompanying intrusive events (Appendices I, 2, and 3). 

7.2. Sulphide and sulphate paragenesis 

Based on paragenetic sulphide studies of the Getchell, Chimney Creek, Rabbit Creek, Carlin, 

Cortez, and BetzelPost deposits, a generalised sequence is shown in figure 27, although 

varying slightly from deposit to deposit. Pre-ore minerals include pyrite, pyrrhotite and bedded 

sedimentary barite (Fig. 27). Based of Fe/AI ratios, Keuhn and Rose (1992) showed that a 

considerable amount of pre-ore pyrite is diagenetic in origin (Fig. 26). 

Main stage ore is arsenic rich and minerals include arsenian pyrite, marcasite and native gold, 

while late-main stage ore minerals are realgar and orpiment (Fig. 27). Post-ore, an antimony 

rich event, is dominated by stibnite and barite usually in the form of crosscutting veins and late 

stage calcite veins (Fig. 27). This is followed by a waning barren event comprising marcasite, 

pyrite and barite (Fig. 27). The paragenetic sequence described also reflects the gross aspect of 

mineral zoning from arsenopyrite in the deepest core of the hydrothermal system, outwards to 

arsenian pyrite to realgar and orpiment (Arehart et. aI, 1993b). 



Table 6. Trace Element Geochemistry of Sediment-Hosted Gold Deposits along the Carlin, Battle - Monntain and Getchell Trends, 
Nevada 

Deposit Au: Ag Ratio As(wm) 

il Bootstrapf n.d. n.d. 
Capstone 

Meikle 1:2.9 U·1684 

BclzdPos< 1:310 1:6 RXC - 336 - R50 

Genesis! n.d. 0 - + 1000 Jargeh:!lo 

Dlue Slar outward of Au mineral~Rtion 

Carlin n.d. Elevated 

Tu", n.d. D- + 500 halo 

Gold Quarry n.d Elevated 

Raitt 10:1 D - 500 = 0.34 Au 

SOUUI Bullion n.d. Max -:2 600 

Vantn gc 1:1 .: 5000 

loneTree 1350-7 130 

Hilltop n.d. n.d. 

Gold Acres n.d. Elevated 

Cortez n.d. Elevated 

Horse Canyon n.d. Elevated 

Tonkin Spring; 1:2 Elevated 

Gold Bar n.d. > 100 

Ratto Canyon n .d. Elevated 

NigJlthawk n.d. Elevaled 
Ridge 

Olimney Creek n.d. n.d. 

Rabbit Creek 

Gctdlcll n.d. Elevated 

Preble n.d. E1evaled 

D - Drilling data. 
RXC - Rock chip data 

Sb (ppm) 

n.d. 

D- 82 

RXC-12-114 

D - + \00 restricfedto 
orebody 

Elevated 

Elevated 

Elevated 

0-123 - 0.34 Au 

Max-l 190 

<' 700 

37 - t3l 

n.d. 

Elevated 

Elevated 

Elevated 

Elevated 

> 20 

Elevated 

Elevated, big halo 

n.d. 

Elevated 

Elevated 

Hg(ppm) TI (ppm) Sa (ppm) Tc (ppm) ilase Metals 

n.d. n,d. n.d. II .d. 

0- 0.34 - 6.7 n.d. D· elevated D • elevated Cu, l'b, lJI 

RXC - 0.34 - 6.7 RXC-5-19 n.d. Pre-Au Cu, In. Ph, Mo 

D - 1 • 30 restricted n.d. n.d. As Above 
to orebody 

Elevated Elcvntcd n.u, n.d. 

Very Low 0-0.5-25 n.d. 1) -0.5- 25 ell 100 - 400. i'n - 4% 

Low n.d lI.d. n.d. Elevated 7Jl, Ph. Cu. 

0-63 0 -12 n.d. n.d. n.d. 

Max- 7 Max - 14 n,d, n.d. Mo, Max-17 

<O. ! l1 .d. n.d. lI .d. n.d. 

0.3 - 10 Depicted n.d. Pte-Au l' h-7.n & CU-ZII Se.1 5-75 

n.d. n.d. n .d. n.d n.d. 

Elevated Elevated n.d. n.d. Pre-Au Cu, Ph, ZII. Mo 

Elevated Elevated n.d n.d. n.d. Elevated. Wand Ag 

Elevated Elevated n.d. n.d. n.d. 

Elevated E1evatcd Elcvated n.d. n.d. 

> 1000 ppb n.d. n.d. n.d. n.d. 

Elevated n.d. n.d. n.d. n.d. 

> 1 ppm, widcspl'cad :> 50, in oonduil n.d. n.d 0- trace 

o.d. n .d. n.d. n.d. Il .d. 

n.d. Elevated n.d. n.d. Elevated pre-Au Mo. W Elevated F1 

Elevated Elevated n.d. n.d n.d Elevated Fl 
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At the Hilltop deposit. two gold depositional events are described by Lisle and Desrochers 

(1988), (Fig. 28). The first gold depositional event was accompanied by weak base metal 

mineralisation (Fig. 28). The second, and major, gold depositional event is similar to that 

described for other sediment-hosted deposits. Gold is deposited initially with arsenic followed 

by antimony and subsequent barren events (Fig. 28). Major fault movement has been inferred 

to have occurred between the two gold depositional events while lesser fault movement is 

inferred to have occurred between the arsenic, antimony and barren events (Fig. 28). 

Porphyry eu-Mo mineralisation occurred prior to gold mineralisation (Lisle and Desrochers, 

1988), (Fig. 28). 

pyrite/pyrrhotite 

arsenopyrite 

native As 

As pyimc 

native Au 

Praors Hydrothermal 

~-- -

·as quartz 7---1---1 .... ~-

sericitelkaoli nita 

realgariorpiment 

barite 

stibnite • • calcite --- -1·-­

Fe oxide 

._------ . 
alunite 

jarosite 

Weathering 

As,SboxL-~ ______________________________ ~L-____ ~ 

Figure 27. Generalised paragenetic sequence for Chimney Creek, Rabbit Creek, 

Getchell, Carlin, BetzeiPost and Cortez deposits. Mineral abbre,~ations: As py/mc 

= arsenian pyrite/marcasite, As - Sb ox = arsenic and antimony oxides, jasp = 

jasperoidal quartz (from Arehart et. at., 1993b). 

7.3. Gold Distribution 

The distribution of gold within sediment-hosted disseminated gold deposits has been 

contentious because of the fine grained nature of gold and the earlier limited resolution of 

analytical equipment. Gold grains are generally < 5 microns in diameter (Percival et. al ., 1988). 
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Figure 28. Diagram temporally relating mineralising events in the formation of the Hilltop deposit. 
Abbreviations are qtz = quartz, py = pyrite, cpy = chalcopyrite, rno = molybdenite, sph = sphalerite, marc = 
marcasite, tet = tetrahedrite, ten = tennantite, gal = galena, bar = barite, CM = carbonaceous matter, asp = 
arsenopyrite and stib = stibnite (Lisle and Desrochers, 1988). 

Radtke (1985) believed that significant gold was present in organic matter but Hausen et aI., 

(1987) showed that there was no significant correlation between gold and organic matter 

which is a passive wallrock constituent (Kettler, 1990). 

Wells and Mullins (1973) were the first to recognise that a significant amount of Au and As 

occurs in rims of arsenian pyrite on cores of unmineralised pyrite. Microprobe, optical and 

scanning electron microscopy studies of ore samples from the Chimney Creek, Gold Quarry, 

Gold Acres, BetzelPost and Rain deposits by Arehart et. aI., (1993b) revealed that the majority 

of the gold occurs in arsenian rich rims overgrown on unrnineralised pre-ore pyrite. Minor gold 

is associated with realgar and orpiment (Arehart et aI., 1993b) and illite (Bakken, 1990). No 

gold was found to be associated with arsenopyrite, where found, although it is a pre-ore 

mineral (Arehart et aI., 1993b). The bulk of the arsenic within these deposits is associated with 

realgar and orpiment (Fig. 27), (Arehart et aI., 1993b). The auriferous arsenian rims vary in 

width from <1]J.m to a maximum of 25 ]J.m. It is interesting to note that the thicker arsenian 
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rims occur in the Gold Quarry, Chimney Creek and the BetzelPost deposits which are some of 

the largest deposits, tonnage wise. On the otherhand, the smaller tonnage deposits such as 

Rain. Carlin, Cortez and Gold Acres have arsenian rims $1 11m thick (Arehart et. aI. , 1993b). 

This variation in the width of arsenian pyrite rims could be a function of the size of the 

hydrothermal system responsible for gold mineralisation, and could be a useful tool in project 

scale exploration when trying to determine the size of the system, although more research is 

needed to validate this correlation. The thicker arsenian pyrite rims have both simple and 

complex zoning with As enriched on the inner zones, rapidly decreasing outwards. This 

zonation of As in auriferous arsenian pyrite rims from rich to poor with time, is in contrast to 

the As evolution within the hydrothermal system as a whole in that main arsenic bearing 

minerals, realgar and orpiment, although overlapping with main stage gold precipitation, 

generally post-date gold precipitation (Fig. 27). This relationship suggests that the pre-ore 

pyrite can be critical in the precipitation of Au and As. 

Gold content in the arsenian pyrite rims varies between 45 and 62 ppm while the pre-ore pyrite 

cores have Au contents varying between 2.5 and 4.8 ppm (Arehart et . aI., 1993b). Gold size in 

the arsenian pyrite rims varies between 20 to 200 A and only rarely is native Au observed. 

Arehart et. al (1993b) believe that due to the strong correlation between Au and As, these two 

elements enter the pyrite structure as coupled substitution in one of two forms: (1) 

(Au+30~As+o.,)S2 where Au and As substitute for the two Fe sites or (2) 

(Au+3,.Fe+"..)([AsS·3J.,[S·Z,ll.J, where Au and As substitute for the Fe and S sites respectively 

(Arehart et. aI., 1993a). Arehart et. aI., (1993b) favour the second form of substitution where 

Au in the +3 state is substituted in the Fe site and As in the S. Native gold seen in some 

samples is thought to be related to the exsolution of Au from metastable arsenian pyrite after 

deposition. 

Ainsworth (1982), in a study of the Vantage deposits, noted that optically visible gold in the 

oxidised ore appears to have been deposited very late in the evolution of the hydrothermal 

system as it is found to line the centre of still open veins/fractures. This is in direct conflict with 

most other sediment-hosted deposits where gold is usually deposited early in the evolution of 

the hydrothermal system (Fig. 27). This optically visible, late stage gold could be a result of 

gold remobilisation in a weathering, oxidised environment, hence the coarser nature. 
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Because of the direct correlation between As and Au, As is used as a pathfinder element in the 

exploration for sediment-hosted gold mineralisation. However, there are many hydrothermal 

systems in Nevada which have an anomalous As signature but no correlating Au anomaly 

(Taylor and Bowden pers. cornm, 1994). Anomalous As in these cases is most likely derived 

from realgar and orpiment which are known to have very little associated gold. Arehart et. a!., 

(1993b) have shown the strong correlation between As and Au in arsenian pyrite rims on 

pre-ore pyrite. Therefore, it may be critical, early in an exploration program, to try to identify 

whether or not there is pre-ore pyrite development, and if so, determine whether these pyrite 

grains have arsenian pyrite overgrowths or not. Systematic microscopic reflected light studies 

of alteration and mineralisation, especially during initial drilling programs of targets, is another 

exploration tool in determining whether the hydrothermal system is auriferous, or not. If the 

hydrothermal system is As rich but gold poor and is overprinted by a barren late stage pyrite 

mineralisation event, this late stage, pyrite mineralisation will not have any arsenian pyrite 

overgrowths. 

One of the mechanism cited for gold precipitation, if Au is transported as a bisulphide complex 

in a hydrothermal fluid, is the sulphidation of host rock (Hofstra et. a!. , 1991). Au will 

precipitate if the bisulphide ion reacts with Fe in the host rock to form pyrite. This process can 

be documented by measuring the degree of pyritisation (DOP) of fresh, unweathered rocks 

(Hofstra et. a!., 1991). DOP = Fep,,;./(Fep)ril< + Fe«<~ivJ Sources of reactive Fe are magnetite, 

hematite, ilmenite, oxyhydroxides, amorphous iron oxide, iron bearing phosphates, and 

montmorillonite (Hofstra et. a!., 1991). In a study at the Jerritt Canyon deposit Hofstra et. a!., 

(1991) were able to demonstrate that there is a positive correlation between Au, As and DOP. 

DOP values ofunoxidised mineralised samples at Jerritt Canyon ranged between 0.7 and 0.95 

whereas normal marine shales have values around 4. As the reaction front of the hydrothermal 

system moves through the host rock Au, As and pyrite will be precipitated until sulphur in the 

hydrothermal fluid is used up (Hofstra et. a!., 1991). Sulphidation ofhost rocks having a high 

reactive Fe content (>2%) will form a high grade narrow ore body while host rocks with low 

reactive Fe content «0.5%) will form broad low grade deposits (Hofstra et. a!., 1991). This 

may be one of several factors explaining why the Meikle deposit is a narrow high grade deposit 

while Betze/Post, Genesis/Blue Star and Gold Quarry are large low grade deposits, although 

these deposits are hosted in similar host rocks (Table 1). The downfall of applying DOP as an 
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exploration technique is that it has to be perfonned on fresh unweathered rocks. However, it 

can be applied in a drilling program, especially in the deeper holes and will help in tf)~ng to 

establish the size of the mineralised halo which in turn helps in defining drill spacmg. 

Systematic thin section microscopic studies of host rocks will help in trying to establish 

lithologies having a higher content of minerals which source reactive Fe. 

7.4. Source of gold and related metals 

The source of gold and related metals remains problematical, but an understanding of the likely 

provenance may be important in exploration if it can lead the program to new favourable areas. 

Two possible sources of gold and related metals have been cited, a magmatic source by Sillitoe 

and Bonham (1990), and a sedimentary source by Nelson (1991) and Seedorf(1991). 

Likely sediment sources are divided into two subgroups. Seedorf and Nelson respectively 

propose that, (1) the deeper Proterozoic and lower Cambrian sediments, and (2) siliciclastic 

rocks of the Ordovician Vinini and Valmy Fonnations which are spatially associated with many 

deposits, are sources of gold and related metals. 

Seedorf argues that there is no need for magmas to supply metals for sediment-hosted gold 

deposits. He cites isotopic evidence from Radtke et. aI., (1980), Rye, (1985), Hofstra et. aI., 

(1991) and I1chik, (1991), that sulphur in sediment-hosted deposits has a similar 8"'S signature 

to that found in Proterozoic and Palaeozoic sediments in Nevada. Average pelitic rocks have a 

moderate Au content and above average As, Sb, and Hg contents, the elements associated with 

gold mineralisation, and could be possible source rocks (Table 7), (Seedorf, 1991). Seedorf 

cites examples of ore-related, high angle, normal faults in the Egan and Cherry Creek ranges, 

which have penetrated Proterozoic and lower Cambrian source rocks in Navada (Fig. 29). All 

of the sediment-hosted deposits in Nevada and western Utah occur where Proterozoic 

sediments are thicker than 5 000 feet (1 524 m) with the majority occurring where these 

sediments are thicker than 20 000 feet (6095 m), (Fig. 30). Seedorf believes that these deposits 

were formed during Eocene to Oligocene (30 - 40 Ma) extension which affected Nevada, 

south-eastern California, western Utah, Arizona, New Mexico and Mexico (Fig. 30). However, 

sediment -hosted disseminated gold deposits are only located where Proterozoic and lower 
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Cambrian sediments rocks are thicker than 5 000 feet (1 524 m). Therefore, source sediment 

thickness could be regarded as another critical factor in the location of these deposits. There is 

abundant evidence of hydrothermal activity in western Utah., in similar hosts and with similar 

geochemical signatures, to those deposits in Nevada, yet no discovery has been made in this 

region despite extensive exploration (Seedorf, Bowden, Conway pers. cornm., 1994). Only a 

single sediment-hosted disseminated gold deposit, Amelia, has been found in Mexico, but the 

thickness of the Proterozoic sediments is uncertain in the Sonora due to structural complexities 

(Seedorf, 1991). 

Table 7. Average Element Abundances of Potential Source Rocks (from Seedorf, 1991) 

Average Elemental Abundances of Potentia! Sources Rocks 1,2 

Au Ag Iu Sb Hg TI S 

c"'" 0.003 0.07 1.8 0.2 0.02 0.8 300 

Granite 0.002 0.004 1.5 0.2 0.Q3 1.2 300 

Basalt 0.004 0.1 2. 0.2 om 0.2 300 

Shale 0.004 0.19 12. 1.5 0.3 1.2 400 

Sandstone 0.005 0.25 1.2 1.0 0.03 N.D.3 240 

1 Values in pam per million 
2 Sources of data; Rose et al. (1979) and Krawkopf(1979) 
3 N. D . • No data 

This deep source rock model of Seedorf is not unrealistic. Struhsacker (1986), in a study ofthe 

active Beowawe hydrothermal hot spring system which lies between the Carlin and Battle 

Mountain - Eureka trend, concludes that the heated fluids are being derived from a depth of 

approximately 7 kilometres. The Proterozoic and lower Cambrian source rocks lie between 3 

and 5 kilometres below ideal host rocks in Nevada, well within the limits of known 

hydrothermal cells (Fig. 29). 

Nelson (1991) believes that the Vinini and Valmy Formations, which are spatially associated 

with many of the deposits, are possible source rocks for gold and related metals (Fig. 31). The 

Vinini and Valmy Formations both have metalliferous black shales and are known sources of 

petroleum (poole et. aI., 1985). At the Rabbit Creek deposit, an 8 metre thick, pre-gold 

mineralisation lens of massive sulphide occurs in deep water siliciclastic sediments (Bloomstein 
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et. aI. , 1991). The Vinini and Valmy Formations therefore, contain ample source metals fo r 

sediment-hosted disseminated gold deposits. However, these rocks generally overlie host rocks 

at the various deposits in the Carlin, Battle Mountain - Eureka and Getchell trends (Table I). 

At these various deposits, alteration of the Vinini and Valmy is limited and is proximal to the 

deposits . If these rocks were the source, one would expect a larger halo of alteration. 
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Figure 29. Stratigraphic cross section of Devonian and older rocks across the central Great Basin, 
shm,ing occurrence of upper Proterozoic and clastic rocks that are the proposed source of sulphur, Au 
and related metals for Carlin-type deposits (modified from Seedorf, 1991). 

Sillitoe and Bonham (1990) propose that sediments-hosted disseminated gold deposits in 

Nevada are distal products of magmatic-hydrothermal systems. They cite examples such 

Bingham Canyon, Utah, and the Bau District, Sarawak in Malaysia as examples where one can 

observe the zonation from Cu-Mo porphyries outwards to distal sediment-hosted Au-As 

systems. Typical zonation around and intrusion-centered porphyry would be porphyry 

Cu-Mo-Au grading outwards through Cu-Au and/or W-Mo skams to Au- and/or Ag-bearing 

Zn-Pb skams to distal sediment-hosted Au deposits that are deficient in base metals but 

carrying abundant As and Sb (Fig 32), (Sillitoe and Bonham, 1990). Not all these 

mineralisation zones may be developed for a single intrusion and may also be telescoped. This 

zonation from porphyry to the distal sediment-hosted Au mineralisation may be up to five 

kilometres (Sillitoe and Bonhann, 1990). Associated with many of the sediment-hosted gold 

deposit cited by Sillitoe and Bonham are are porphyritic felsic intrusions. Many of the 

sediment-hosted disseminated gold deposits in Nevada have the characteristics cited by Sillitoe 
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TERTIARY EXTENSION, THICKNESS OF PROTEROZOIC ROCKS, AND CARLIN-TYPE DEPOSITS 
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Figure 30. Tertiary e>.1ension, thickness of possible source rocks for gold in Carlin-type deposits, 
inferred Precambrian basement from isotopic contours, and location of some sediment-hosted 
deposits (from Seedorf, 1991). 
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and Bonham being: (1) spatial relationship with large intrusive, (2) often located ,,~thin or 

adjacent to skarn mineralisation and (3) felsic dyke intrusions within the deposit. However, 

many of the mine geologist at the sediment-hosted gold deposit, \~sited in 1993/4 believe that 

the gold mineralisation event post-dates both eu-porphyry and skarn mineralisation based on 

cross-cutting geological relationships. 
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Figure 32. Schematic model to illustrate typical position of sediment-hosted gold deposits on 
peripheries of intrusion-<:entered base- and precious metal districts (after Sillitoe and Bonham, 
1990) 

8. TRANSPORT AND DEPOSITION OF GOLD AND RELATED METALS 

Understanding the chemical beha~our of gold and related metals in hydrothermal systems is 

critical to developing genetic models for the formation of hydrothermal deposits. Limits on 

geochemical en~ronment of ore formation mthin favourable structural and host rock settings 

can be established if the mechanisms of metal transport and deposition are understood. 

Processes controlling the transport and deposition of precious metals in hydrothermal systems 

involve a complex set of equilibrium relationships between minerals in the host rock aqueous 
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solutions and often the Yapour phase. These equilibrium relationships in turn are governed by 

variations in temperature, pressure, pH of the solution, the activities of o>;ygen, sulphur and 

other volatile components and the concentration of dissolved salts such as sodium chloride in 

solution. 

There are numerous ligands which form stable complexes with Au being, cr, Bi", 1", HS', S", 

S' O,'", SnOt, As3St, Sb3S.", Tet, l\'H3' OR, CN', SCN' (Seward, 1973). The most common 

complexes involved in the transport of Au in hydrothermal systems are chlorite and bisulphide 

complexes (Romberger, 1991; Schenberger). However, this may be a function of most 

experimental data being restricted to chloride and bisulphide complexes. Gold is known to be 

transported as a tellurium complex (Saunders, 1986), and as a thioarsenide complex 

(Grigoryeva and Sukneva, 1981). Gold transport as a thioarsenide is consistent with the 

common association of As and Au in many different hydrothermal settings. 

Although sediment-hosted gold deposits occur over a wide geographical area in Nevada, they 

all have a common geochemical and isotopic signature where studied. These are low to no base 

metal association, variable Au:Ag ratios (ranging from 1 to 20, but mostly above 10), low 

salinity (ranging from 1-6 equivalent weight percent NaCl), fluid inclusion homogenisation 

temperatures of 175°C±25°C, common geochemical signature of As, Sb, Hg and Te (Radtke 

et. al., 1980; Bagby and Berger, 1985; Keuhn and Rose, 1992). The hydrothermal fluids 

responsible for gold mineralisation in most of the sediment hosted deposits had to be slightly 

acidic to acidic to in order to remove carbonate from host lithologies. Oxidation of most of the 

deposits is supergene in origin rather than hypogene (See Section 4.4.5). Arehart et. aI., 

(1993b) showed that most of the Au is located together with As in arsenian pyrite rims on 

pre-mineralised pyrite. All the above mentioned parameters place constraint on the type of 

transport and deposition mechanisms of gold in hydrothermal systems. 

Romberger (1991) showed that gold is soluble as a chlorite or a bisulphide complex and that 

the parameters such as pH, salinity, chlorite activity, oxygen activity, sulphur activity, and 

temperature determine which ligand is the dominant in complex in transporting gold and 

related metals. Chlorite complexes are only important in the transport of gold at higher 

temperatures (>300°C), and if the hydrothermal fluid is oxidized. Because of the high Au:Ag 
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ratio, the general absence of base metals and that oxidation is regarded to be a supergene 

process in most sediment-hosted deposits in Nevada, chloride complexes are not believed to 

have contributed significantly to the transport of gold. Bisulphide complexing of Ag occurs in 

hydrothermal fluids under neutral to slightly alkaline conditions, conditions not believed to 

have prevailed in these deposits (Romberger, 1991). Ballyntyne and Moore (1988) believed 

that the fluids responsible for gold mineralisation in sediment-hosted deposits in Nevada were 

extremely reduced. Seward (1973) showed that under neutral to slightly acidic conditions, Au 

was transported as the bisulphide complex, Au(HS),· in hydrothermal fluids (reaction I). Under 

even lower pH and reducing conditions the bisulphide complex, HAu(HS),O, may be even more 

important (Hayashi and Ohmoto, 1991) (reaction 2): 

Au(HS),· + 05~,q) co> Au' + H,S(oq) + HS· (I) 

and 
HAU(HS)"2(oq) + 0.5H2(oq) co> Au' + 2H,S(.q) (2) 

Thioarsenide species such as HAsS, and/or H3AsS3 are thought to be responsible for transport 

of As under extreme reducing conditions (Ballyntyne and Moore, 1988). Sillitoe and Bonham 

(1990) suggest that sediment-hosted gold deposits are the distal products of a 

magmatic-hydrothermal system. They suggest that base matals, Cu, Mo, Zn, Pb and Ag which 

are deposted proximal to intrusions are carried as chloride complexes in fluids at higher 

temperatures. As the fluids cool and interact with meteoric fluids the chloride complexes 

become unstable, precipitation base metals. With increased mixing of magmatic and meteoric 

fluids and cooling bisulphide complexes become the important ligands transporting gold until 

coduit faults intersect favourable permeable horizons and precipitate gold and related 

pathfinder elements. 

Arehard et. aI., (1993b) clearly showed that gold is deposited together with arsenic in arsenian 

pyrite rims on pre-mineralised pyrite (See Section 7.3). Arehart et. aI., believe that gold and 

arsenic are transported in the + 1 and +3 states and, on deposition, are repectively oxidised to 

the +3 and reduced to +1 states. According to Arehart et. al ., (1993b) reactions which would 

precipitate gold and arsenic in arsenian pyrite are: 

H3As03 + Au(HS); +3H,S co> 2(Au,As)S, + 2H, + HS- + 3H,O (3) 
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and 

H, + H,As03(,q) + Au(HS)2· co AuAsS + HS- + 3H,o (4) 

In reaction three Au and As are both deposited in the Fe site of arsenian pyrite while in 

reaction four 4 Au and As are deposited in the Fe and S sites respectively. Arehart et. ai. , 

favour reaction four. 

Mechanisms which have been proposed for the deposition of metals from hydrothermal 

solutions are (1) pH changes, (2) reduction, (3) oxidation, (4) pressure changes, (5) 

temperature changes, and (6) decrease in the activity ofH,S. 

Seward (1973) and Shenberger and Barnes (1989) showed that the solubility of Au increased 

with increasing temperature for both chlorite and bisulphide complexes, hence cooling should 

be an adequate mechanism of precipitating Au. Romberger (1991) believes that it is difficult to 

determine the role of temperature in the deposition of Au in hydrothermal solutions because it 

affects other solution paramenters such as oxygen and sulphur activities and pH. He went on to 

show that temperature changes are not a viable mechanism of metal deposition at 200' C. At 

the Beowawe, water dominated, geothermal system which lies just to west of the town of 

Carlin, Nevada, Cole and Ravinsky (1984) demonstrated that gold was being deposited from 

non-boiling fluids at between 200' -250' C. Drill cuttings from a borehole down to a depth of 1 

750 m had all the geochemical signatures, Au, As, Sb, Te, of sediment-hosted disseminated 

gold deposits but not in significant quantities to form an ore deposit (Cole and Ravinsky, 

1984). A feature also noted at the Beowawe geothermal system, is the lack of hydrothermal 

brecciation which is common in sediment-hosted disseminated gold deposits. Hydrothermal 

brecciation (pressure loss) is thought to play a critical role in the upgrading of an ore deposit 

(Bakken, pers. com., 1994). Therefore it appears that the build up of pressure, followed by the 

subsequent sudden drop in pressure and boiling, are important factors in the deposition of gold 

where economic concentrations of gold are found. 

Oxidation and a decrease in H,S activity have been shown to be important controls in the 

deposition of Au from hydrothermal fluids where bisulphide complexes are the transporting 

agent (Romberger, 1991). Boiling, solution mixing and wall rock interaction are the three most 
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important factors in lowering the temperature, decreasing H,S activity and oxidizing the fluid 

(Romberger, 199 I) . 

9. DISCUSSION 

The two unresolved problems which are critical to exploration in Nevada, are the positive 

identification of the RMT and the age of the interbedded siliciclastic and carbonates rocks 

which occur in the hanging wall to the positively identified Devonian-Silurian carbonate 

lithologies such, as the Roberts Mountains Formation. The RMT has a very definitive genetic 

implication in that the RMT plane, or planes, is a plane whereby the deep water, Ordovician, 

siliciclastic lithologies were thrust over Silurian to Devonian platform shelf carbonates, during 

the late Devonian to early Mississipian Antler orogeny (Roberts, 1966). Rota (1991) points 

out that the RMT, in the northern section of the Carlin trend, varies from a lithological contact 

to a breccia zone more than 15m wide. In the author's experience, while carrying out field 

work in Nevada during 1993/4 and discussions with Rota (1993/4), the RMT has been 

arbitarily placed at the contact between siliciclatic and carbonate lithologies with little regard to 

sedimentary processes accounting for these facies changes. In most instances there is bedding 

parallel deformation at the contact between carbonate and siliciclatic lithologies, but it must be 

borne in mind that the Great Basin has been under compression from the late-Devonian 

through to the early Tertiary. Any deformation, due to compressional tectonics, is likely to 

take place along bedding planes, where a competency contrast exists between lithologies, 

(Ramsay and Huber, 1989). Therefore, not all bedding parallel structures and/or siliciclastic -

carbonate lithological contacts are necessarily the RMT. 

Recent palaeontological dating, of what was thought to be the allochthonous deep water, 

Ordovician siliciclastic sediments, at some of the deposits such as Gold Quarry and Gold 

Acres, indicate that these sediments are in fact autochthonous late Devonian sediments. Schull 

(1991) believes that the transition from carbonate to siliciclastic lithologies, along the northern 

part of the Carlin trend, is part of a normal sedimentary cycle and is not due to structural 

juxtapositioning. Williams (1994) describes carbonate, debris flow breccias, now recognised as 

an important and significant host in many of the deposits, as proximal to carbonate platforms 

shed into local second and third order deep water basins. This is further evidence of the deep 
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water sediments being autochthonous and not allochthonous and there appears to have been 

some structural control on the distribution of the carbonate debris flow breccias and Devonian 

siliciclastic lithologies. Rota (1991) describes soft sediment deformation features in the Gold 

Quarry deposit, within the Popovich Formation, and attributes these features to rapid loading. 

Many of the sediment-hosted deposits in Nevada have reduced, black shale horizons. All the 

above factors described can be interpreted as silicilatic sediments at many of these deposits 

being deposited in second and third order, often reducing, basins, which where subjected to 

periodic influxes of carbonate debris flows from nearby carbonate platforms. These 

characteristics, complex interplay between carbonate and siliciclastic sediments, proximal 

debris flows and reducing basins, are all hallmarks of a pull apart basins associated with a 

strike-slip fault system. The interbedded carbonate and siliciclastic lithologies, here proposed 

to have been deposited in syn-sedimentary second and third order basins, must not be confused 

with the Paleozoic transitional assemblages deposited on the continental slope (Fig's 4 & 8). 

Oldow et. aI., (1989) showed that in order to accommodate space problems in three 

dimensional reconstruction of accreted terraines, strike-slip faults are an intergral part of the 

tectonics in a compressional tectonic setting (Fig. 12). Oldow et. aI., propose that these 

strike-slip faults are derived from mid- to deep crustal, and possibly even upper mantle, levels. 

The Carlin and Battle Mountain - Eureka trends are possible examples of deep seated 

strike-slip faults situated near the craton edge which formed at the onset of the Antler orogeny 

during late-Devonian times. It is proposed that it is along these strike-slip faults that second 

and third order pull apart basins developed into which deep water Devonian siliciclastic 

sediments were deposited together with carbonate debris flows . Oldow et. aI., propose that the 

strike-slip faults developed in the western U.S.A, as a result of plate collision, are right lateral 

due to oblique east-north-east directed collision (Fig. 12). Putnam and Hendriques (1991) 

believe that the Carlin and Battle Mountain - Eureka trends are right lateral, R I , reidel shears 

which are part of a much larger right lateral shear couple related to the San Andreas and 

Walker Lane trends initiated at ± 15 Ma (Fig's. 23 & 24). Interpretation of the structural 

setting controlling mineralisation in many of the deposits, is attributed strike-slip faulting (See 

section 4.3.2). It is clear that the Carlin and Battle Mountain - Eureka trends are long lived, 

deep seated predominantly right lateral fault systems. These deep seated structures have also 

controlled the distribution of igneous intrusions and hydrothermal mineralisation from 
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Cretaceous through to present. There is e"eidence that pull-apart basins where developed 

during the waning phases of Paleozoic sedimentation. These paleao-pull apart most likely 

would have been overprinted by structures such as negative flower structures that develop in 

jog zone of strike-slip faults (Ramsay and Huber, 1989). Negative flower structures are 

essentially similar to those found in pull apart basins except that the former structures are 

developed in consolidated rock. 

The deposits along both the Carlin and Battle Mountain - Eureka trends tend to be grouped 

together in distinct areas along the respective trends (Fig. 8). This distinct grouping of deposits 

along the trends has been attributed to Devonian autochthonous, platform carbonate lithologies 

exposed as windows through Ordovician allochthonous, deep water siliciclastic sediments. 

However, as described above, the siliciclastic sediments at many of the deposits are in fact, 

Devonian in age. Therefore, the "windows" along the trends may be surface expressions of 

pull-apart basins and/or negative flower structures and not necessarily windows in the context 

of thrust tectonics and erosion thereof. However, this does not mean that the RMT and 

tectonic windows do not exist, but, rather that careful geological observation and 

interpretation should prevail before taking this for granted. 

In Nevada there is an abundance of silicified faults, which have anomalous Au, As, Hg, Sb, Tl 

and Ba geochemical signatures similar to those of known sediment-hosted disseminated gold 

deposits. These geochemically anomolous and silicified fault zones are interpreted as conduits 

to a hydrothermal system and are often the only surface expression of hydrothermal activity 

and/or mineralisation. Hence these silicified and geochemically anomalous fault zones attract 

considerable exploration activity. However, more often than not, drilling proves that these 

silicified fault zones prove to be nothing more than thin tabular silicified bodies, which one sees 

at surface. In a study of the Beowawe-White Canyon geothermal system, Struhsacker (1986) 

describes a hydrothermal system which is currently active, depositing anomalous Au, As, Ag, 

Hg, Sb and T1 at temperatures of approximately 215'C, conditions similar to those described 

for sediment-hosted disseminated gold deposits. The Beowawe-White Canyon geothermal 

system is situated between the Battle Mountain - Eureka and Carlin trends, and is active along 

Tertiary range front faults . This hydrothermal system has caused extensive silification of both 

the Tertiary volcanics and the siliciclastic Ordovician Valmy Formation (Struhsacker, 1986). I 
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Ex1ensive silicification extends for two and half kilometres along the range front fault which 

this hydrothermal system is exploiting (Struhsacker, 1986). The hydrothermal system is only 

active at one end of this zone of silicification (Struhsacker, 1986). This system has been drilled 

down to a depth of 2 915m for both gold mineralisation and geothermal energy. To date no 

hydrothermal brecciation has been intersected in drilling or noted in surface exposure 

(Struhsacker, 1986). Struhsacker believes that as silica is deposited and seals a portion of an 

open fault system the hydrothermal system simply follows the path of least resistance and 

moves along the fault, leaving a trail of silicification. Hydrothermal brecciation has been 

described in all the deposits studied (Appendices A, Band C) and is believed to playa critical 

role in upgrading the gold mineralisation. Therefore, a hydrothermal system has to have a 

plumbing system conducive to hydrothermal convection, but at same time must have the ability 

to seal itself with no possible route for migration. This will cause the build up of pressure 

resulting in overpressuring, hydrofracturing and precipitation of silica and metals before the 

process repeats itself As mentioned before, there are many anomalous, silicified fault zones 

within the Carlin and Battle Mountain trends which do not have associated deposits. This is 

especially the scenario between deposit districts along the Carlin and Battle mountain - Eureka 

trends (Rota pers. comm., 1994). Evidence indicates that mineralised hydrothermal cells 

migrated along strike-slip faults leaving a trail of silicification and anomalous geochemical 

signature. The migration of these hydrothermal cells is halted at the intersection offaults within 

local paleao-pull apart basins and/or negative flower structures developed along the major 

strike-slip faults. This allowed for overpressuring and hydro fracturing to take place, all critical 

factors in upgrading anomalous hydrothermal settings to economic ones. It is therefore critical 

to distinguish between tectonic and hydrothermal breccias, within a silicified fault zone, in 

order to determine if one is in the right area for the development of a sediment-hosted ore 

body. This raises the question as to whether geochemical studies could be applied when trying 

to determine in which direction a paleao-hydrothermal system has migrated? If so, this will 

help in vectoring an exploration program in the right direction. 

Although mineralisation occurs in a wide variety of sediments (Table I, 2 and 3) certain 

lithologies are favoured. Along the Carlin trend favourable host rocks are thinly bedded silty 

limestones, carbonate debris flow breccias and interbedded carbonate and siliciclatic lithologies 

(Table I). Carbonate lithologies are a minor host to mineralisation along both the Battle 
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Mountain - Eureka and Getchell trends while siliciclastic lithologies are the major host (Table 2 

and 3). It is interesting to note that deposits hosted in carbonate lithologies generally tend to 

form low grade - high tonnage deposits while those hosted in the siliciclastic lithologies are 

high grade -low tonnage deposits (Tables 1, 2 and 3). This relationship could be the result ofa 

number of factors. Carbonate lithologies, especially the thinly bedded silty carbonates, are 

prone to decalcification by slightly acidic fluids, thereby increasing secondary permeability. 

This allows for greater penetration of mineralised hydrothermal fluids from the feeder/conduit 

faults. On the other hand, siliciclastic rocks are not prone to decalcification, hence the 

secondary permeability is almost solely reliant on structurally induced permeability, as with, the 

deposits along the Getchell trend, especially the Rabbit and Getchell deposits. However, the 

Rabbit Creek deposit is a low grade - high tonnage deposit because it is located within a highly 

complex structural zone (Table 3). Hofstra et. aI., (1991) showed that the reactive Fe within 

the host rock is also important in determining the tonnage and grade of a deposit. Host 

lithologies with a high (>2%) or with a low «0.5%) reactive Fe content will form low tonnage 

- high grade and high tonnage - low grade deposits respectively. This may be one factor 

explaining the difference in tonnage and grade between the Betze!Post (136 Mt @ 5.96 glt) 

and Meikle (6.52 Mt @ 21.4 glt) deposits although hosted in the same lithologies. Shaw 

(1991) believes that the difference in tonnage between the Carlin and Battle Mountain - Eureka 

trends may may be a function of erosion. Tertiary volcanics and sediments as well as 

Ordovician siliciclastic sediments, are better developed along the Battle Mountain - Eureka 

trend than along the Carlin trend. Shaw (1991) believes that the level of erosion along the 

Carlin trend is deeper exposing Devonian-Silurian carbonate lithologies. There is, therefore, 

the potential for large tonnage gold deposits to exist, at depth, along the Battle Mountain -

Eureka trend (Shaw, 1991). The width ofarsenian pyrite rims on pre-ore pyrite, in which most 

of the gold is situated, appears to vary according to the tonnage of the deposit. In larger 

deposits such as the BetzelPost, Gold Quarry and Rabbit Creek the arsenian pyrite rims are 

>l±J.!m thick where as the in the smaller deposits the rims are <l±J.!m thick (See Section 7.3), 

(Arehart et. aI., 1993b). This may reflect the size of the hydrothermal system responsible for 

mineralisation, hence the differences in tonnage. 

Arehart et. aI., (1993b) showed conclusively that gold is situated in arsenian pyrite rims on 

unrnineralised pre-ore pyrite. One of the likely settings to form diagenetic pyrite is in a 
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reducing environment within second and third order basins. l\-fany of the deposits have reduced 

carbonaceous shale horizons which can be interpreted as sediments deposited in second and 

third order, basins under reducing conditions. 

Three sources for gold and related metals have been proposed, being: (1) Proterozoic 

sediments underlying the Paleozoic Great Basin (Seedorf, 1991), (2) allochthonous deep water 

Ordovician Vinini and Valmy Formations Nelson (1991) and (3) an igneous source (Sillitoe 

and Bonham, 1990). The allochthonous Ordovician sediments are not envisaged to be source 

rocks as most of these lithologies are not hydrothermally altered, which one would expect if 

the sediments were leached of possible source metals . Alteration of the Ordovician sediments 

is restricted to the immediate vicinity where these sediments host gold mineralisation (Foo 

pers. com. 1993). 

There is a spatial relationship between igneous intrusions and many of the sediment-hosted 

disseminated gold deposits and it is tempting to infer that igneous rocks were the source of 

gold and related metals (Tables 1, 2 and 3). Sillitoe and Bonham (1991) believe that the 

sediment-hosted disseminated gold deposits 10 Nevada are products of distal 

magmatic-hydrothermal systems. They cite the Bingham Canyon Cu-Mo porphyry as an 

example, where the whole range from Cu-Mo porphyry through Cu-Au, Pb-Zn skams to distal 

sediment-hosted gold, exists. Lone Tree and Gold Acres are two deposits where there is a 

spatial relationship between Cu-Mo porphyry, skarn, distal sediment-hosted gold mineralisation 

and porphyritic, 38 Ma old intrusions. However, isotopic and fluid inclusion data of Hofstra et. 

al., (1988) Keuhn, (1989) and IIIchik (1990) all indicates that the fluids responsible for 

mineralisation had isotopic characteristics of highly exchanged meteoric waters. The source of 

sulphur, based on sulphur isotope studies, is from Proterozoic and Paleozoic sediment and not 

igneous intrusions (Keuhn, 1989). However, an igneous source cannot be ruled out given the 

number of igneous events spanning from Cretaceous through to present day in Nevada. 

Seedorf (1991) considers that the most likely source is the Proterozoic and lower Paleozoic 

underlying the Great Basin (Fig's. 29 & 30). Seedorf points out that the sediment-hosted 

deposits occur where the Proterozoic sediments are greater than 20 000 feet (6 095 m) thick. 

Regionally produced "metamorphic" fluids were responsible for transporting the metals from 
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the source to the site of deposition (Seedorf, 1991). Seedorf believes that the fluids were 

transported along high angle faults which were formed during Tertiary extensional tectonics. 

Seedorf considers that sediment-hosted disseminated gold mineralisation is Tertiary (30-40 

Ma) in age because of the higher geothermal gradient during eX1ensional tectonics. This age of 

mineralisation agrees with the indirect age determinations based on geological cross-cutting 

relationships (See section 6). This model does not require an igneous source for the metals or 

to drive the hydrothermal system. Seedorfs deep source rock model is not unrealistic as 

Struhsacker (1986) has shown that at the Beowawe-White Canyon geothermal system, 

hydrothermal fluids at surface have temperatures of 215'C. Based on a geothermal gradient of 

30' C/km, these fluids have to be derived ITom a depth of 7 km in order to attain these surface 

temperatures. The vertical distance between the upper Proterozoic source rocks and host rocks 

is well within the limits of the Beowawe - White Canyon hydrothermal cell (Fig. 30). There 

does not appear to be any igneous intrusion at depth, based on geophysical interpretation, 

driving the Beowawe-White Canyon geothermal system (Struhsacker, 1986). However, 

Seedorfs model for the source of metals and origin of "metamorphic fluids" can be valid for 

the older (J 10 Ma) isotopic age of mineralisation, if the model where the Carlin and Battle 

Mountain - Eureka trends are regional right lateral strike slip faults which developed at the 

onset of the compessi\ie Antler Orogeny, during late Devonian, is correct. Dewatering of fluids 

from both the Proterozoic and Paleozoic sediments would commence at the onset of the 

compressional Antler Orogeny, and if the fluids have the right chemistry and temperature, 

would scavenge and transport gold and related metals. Fluids would then be channelled into 

and extensional structures, such as high angle structures within pull apart basins and/or 

negative flower structures, which occur within an overall compressive event. These fluids 

would rise until they encountered favourable host rocks and structural envirorunent whereby 

the system can seal itself, overpressure, leading to hydro fracturing. This combined model of 

Seedorf and the author does not require an igneous event to drive the hydrothermal system or 

to be a source for metals. This fits well with the regional picture as there was no igneous 

activity occurring in north central Nevada during the period 110 to 90 Ma (Fig. 25). However, 

the author is of the opinion, based on this literature research and field work carried out in 

1993/4, that sedimentary hosted gold mineralisation occurred episodically from 

mid-Cretaceous through to present day. All mineralisation appears to have been controlled by 



-85-

e:>..1ensional structures, be it localised or regionally, within a regional compressIve or 

extensional tectonic settings respectively. 

The age of mineralisation is divided into camps: being mid- to late-Cretaceous (90 to 117 Ma) 

and early- to mid- Tertiary (30 to 45 Ma), (See Section 6). It is interesting to note that it was 

during the late Cretaceous (80 Ma) that the Laramide Cu-porphyry mineralisation peaked in 

southern Arizona while at the other end of the spectrum, mid-Tertiary (38 Ma), the Bingham 

Canyon Cu-Mo- Au-Pb-Zn mineralisation in Utah occurred. Although there was no major 

igneous activity in the mid- to late Cretaceous (120 - 80 Ma) in north-central Nevada (Fig. 25) 

a regional metamorphic and thermal event occurred at 11 0 Ma and 85 Ma respectively 

(Thorton et. aI., 1991). This raises an interesting question as to whether sediment-hosted 

disseminated gold mineralisation in Nevada is linked to the mineralising events in Arizona and 

Utah? 

An interesting aspect of the Carlin and Battle Mountain trends, is that they cross-cut the 

Tertiary Basin and Range extensional tectonics (Fig. 2, 8 & 9). It can be argued, based on 

cross-cutting relationships, that mineralisation is younger than the 12 Ma old Basin and Range 

extensional tectonics. Effimoff and Pinezich (1986), based on seismic studies, showed that the 

basins within the Basin and Range Pro\~nce were asymetrical and that the ranges were the apex 

of tilted rotated blocks and the basins, the down tilted part (Fig's. 33 & 34). Most deposits are 

located in the ranges, areas that would have little lateral displacement, so the trend does not 

appear to be severly disturbed by Tertiary Basin and Range extensional tectonics. In a 

palinspastic reconstruction across the Cu-porphyry district in southern Arizona and New 

Mexico, Nielsen (1979), showed that the distribution of Laramide (± 80 Ma) porphyry copper 

intrusions in southern Arizona and New Mexico are aligned along regional fractures after 

removing Basin and Range extensional tectonics. This greater apparent displacement of the 

copper porphyries, as a result of Basin and Range, is a function of the level of erosion. The 

erosion level is deeper for the porphyry district, hence greater dislocation of pre-Basin and 

Range mineralisation trends, whereas for the sediment-hosted deposits in Nevada, erosion is 

not as deep therefore, dislocation of the trends is less apparent. 
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Cunningham (1987) showed that the larger sediment-hosted disseminated gold deposits are 

spatially relatedto the Precambrian craton edge (Fig. 18). The higher paleaothermal anomaly 

defihed by supermature (>300' C) organic material parallels the inferred Precrambrian craton 

edge (Fig. 18). The Precambrian craton edge together with other geological features discussed 

is important in the controlling the distribution of structures, hydrothermal systems and 

sediment-hosted gold mineralisation. 

Percival et. aI., (1987), Seedorf (1991) believe that the sediment-hosted disseminated gold 

deposits were formed in a mesothermal environment ranging between 500 m and 5 000 m. This 

is not enrealistic as the BetzelPost deposit has a vertical range of known mineralisation of over 

a kilometer (Seedorf pers. com., 1993/4). Mineralisation extends beyond the limits of current 

drilling. 

10. EXPLORATION 

10.1. Remote Sensing 

Nevada and the Great Basin is dominated by an arid to semi-arid environment, making this 

terrain amenable to remote sensing exploration techniques. LANDSAT imagery will be useful 

in delineating regional structural trends, structural domains and alteration patterns around 

hydrothermal systems. Although most argillic alteration has been attributed to supergene rather 

than hypogene processes, it is neverless spatially associated with the high density of 

fractures/faults occurring within mineralising hydrothermal systems (Rota, pers. com., 1994). 

Using band ratioing of LANDSAT data, argillic alteration can be enhanced. 

Aerial photography studies in conjunction with LANDSAT images, is a powerful tool in the 

construction of basic geological plans, especially in the ranges. The Rabbit Creek deposit was 

discovered by detailed interpretation of the Rabbit Suture from aerial photographs (Bloomstein 

et. aI., 1991). From aerial photograph studies, anticlines, high angle faults and distribution of 

carbonate lithologies should be noted as they are all important in the distribution of 

mineralisation. 
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Although ~e\"ada is a semi- to arid terrain, outcrop is generally poor. Infrared imagery could 

be a powerful tool in exploration in carbonate lithologies, delineating subsurface structures 

which contain meteoric water. Nevada winters are characterised by heavy snov,{alls and early 

spring runoff should enhance structures which are conduits to fluids, hence helping in 

determining the structural history of the area of interest. 

10.2. Geophysical Techniques 

Geophysical techniques, which are the direct detectors of sulphide mineralisation, have not 

been very successful in the location of sediment-hosted disseminated gold mineralisation due to 

the low content and disseminated nature of sulphides within the ore bodies. Indirect 

techniques, which respond to a geological environment rather than a particular mineral suite, 

are used more as a mapping too than an anomaly finder. Within a body of rock affected by a 

hydrothermal system, alteration and/or mineralisation assemblages may vary widely in intrinsic 

properties from silicic (high resistivity, low chargeability) to advanced argillic(?) (low 

resistivity, high chargeability. However, sulphide mineralisation is only sometimes a significant 

component of an anomaly. It is for these reasons that a geophysical program should be 

carefully planned, using a number of different geophysical techniques, but always intergrated 

with other geological techniques. 

Gravity surveys will help in locating subcropping stocks and plutons which have been shown to 

be an important control in the distribution of sediment-hosted disseminated gold deposits. 

Regional gravity data has been used to outline regional structures which have been intruded by 

various igneous bodies (Fig. 10). Many deposits, Betze/Post, Getchell, Cortez, are located at 

the edges of these Cretaceous intrusions. In the last five years, exploration has shifted towards 

targets buried by Tertiary pediment, developed in basins of the Tertiary Basin and Range 

Province. Gravity surveys have been used in attempt to determine the depth of pediment in the 

Tertiary basins. However, in the authors experience in drilling these buried targets, gravity has 

not proved to be a succesful technique because of the variability of the alluvium density due to 

compaction, grain size, water saturation and intercalated Tertiary volcanic flows. 
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Regional aeromagnetic surveys wi ll helping mapping the extent of the Tertiary volcanic cover, 

which covers large tracts of ground in Nevada, which is not conducive to locating low grade 

bulk tonnage deposits. Regional aeromagnetic surveys are useful in delineating regional deep 

structures along which plutonic and volcanic rocks have intruded and e),.1:ruded respectively 

(Fig. 9). Within limits, aeromagnetic surveys will help in locating depth and susceptibility 

contrast of buried intrusives. This has especially been successful at the BetzelPost deposit 

where there is a strong spatial relationship between mineralisation and intrusive (Bettles and 

Lauha, 1993b). Ground magnetic surveys are a logical follow up to regional magnetic 

anomalies. Ground magnetics has proven to be an extremely useful tool in delineating the 

distribution of volcanic units on exploration properties where outcrop is poor. Ground 

magnetic surveys were successful in defining structures which bound or offset the contact 

between Silurian-Devonian sediments and Tertiary pediment at the BetzelPost deposit (Bettles 

and Lauha, 1993b). 

Electrical geophysical techniques which have been proved to be useful in the search of 

sediment-hosted dissemintated gold deposits have been, (I) controlled source audio-frequency 

magnetotellurics (CSAMT), (2) induced polarization (IP) and (3) transient (or time-domain) 

electromagnetics (TEM, or TDEM), (Zonge and Hughes, 1990). CSAMT, an electromagnetic 

sounding technique measuring resistivity variations in the ground, has proved to be an excellent 

tool in mapping silicification, faults, argillic alteration, clay and graphite zones and 

structura\/\ithological relationships in precious metal exploration targets. 

Bettles and Lauha (1993b) found that interpretation of IP data with a pole-dipole array was 

complicated by the presence of diagenetic pyrite, barren hydrothermal pyrite and carbonaceous 

sediments. As a result, multi-frequency IP (complex resistivity) surveys are becoming popular 

in exploration programs as they are used to distinguish between sulphides, clays and graphite 

(Fritz, pers. com., 1993). 

10.3. Host Rock Studies 

Resolving the age of the siliciclastic lithologies spatially related to many of the deposits is 

important in understanding the distribution of sediment-hosted gold mineralisation. If the 
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siliciclastic li thologies are Devonian in age this supports the model that mineralisation may be 

controlled by paleao-pull apart basins. If this model is proved correct it opens up large areas of 

exploration, especially along regional, long lived structures. 

Although sediment-hosted gold deposits in Nevada occur in a number of different lithological 

types the tonnage and grade vary considerably, depending on the geochemistry of the host rock 

(Tables 1, 2, and 3). Pre-ore pyrite and reactive Fe within host sediments appear to playa 

critical control in mineralisation. On a prospect which shows favourable signs of hydrothermal 

mineralisation, determining the quantity and distribution of both pre-ore pyrite and reactive Fe 

may help in determining the morphology and size of the mineralised envelope. This will help in 

determining sample parameters and drill hole spacing. 

Cunningham (1988) has shown that most of the sediment-hosted disseminated gold deposits 

are associated with Paleozoic lithologies are submature, 100-300' C, while the larger deposits 

are developed in supermature (>300 'C) sediments (Fig, 18). Regional scale organic matter 

maturation studies such as conodont colour alteration, pyrolysis, such as measured by 

Rock-Eval techniques, and vitrinite reflectance will help in determining regional paleothermal 

gradient. This should help in further delineating the areas of exploration interest. 

lllite occurs both as a primary sedimentary mineral and as a product of hydrottherma alteration. 

It is known to be temperature sensitive and XRD studies should help in vectoring in on the 

heart of the hydrothermal system. 

10.4. Structural Studies 

Structure is regarded as the first order control on the distribution of hydrothermal systems. 

Therefore, a good understanding of structural regimes, both on the regional and prospect scale, 

is paramount in exploration for sediment-hosted disseminated gold deposits. The first and most 

obvious structure which needs clarification is the RMT, which has often been arbitarily placed 

at contacts between carbonate and siliciclastic lithologies (See section 4.3.1). Where the RMT 

has been interpreted to occur, large areas of potential exploration have been written off simply 

because siliciclastic rocks have been lumped together as allochthonous Ordovician sediments, 
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(egarded as unfavourable host rocks . Recent dating of host rock is proving that the siliciclastic 

rocks, initially interpreted as allochthonous Ordivician rocks, are in fact autochthonous and 

Devonian in age. This opens up large areas for exploration, especially along regional, long 

lived, deep structures. 

Most of the deposits are associated with, and controlled by, high angle faults which are 

believed to be part of strike slip fault systems. It is proposed that the "windows" of 

mineralisation along both the Carlin and Battle Mountain - Eureka trends could represent 

paleao-pull-apart basins, that may be overprinted by negative flower strcutures associated with 

younger strike-slip tectonic events. These areas of paleao-pull apart and/or negative flower 

structures are favourable sites for hydrothermal systems and igneous activity because of 

localised extensional tectonics within both regional compressional and extensional tectonic 

environments. Whereas, between these "windows", faults are not conducive to hydrothermal 

systems as there are no open structures to be exploited. It is in the author's opinion that small 

pull-apart paleao-basins and/or nnegative flower structures are critical in stemming the 

migration of the hydrothermal system, resulting in overpressuring which leads to hydrothermal 

brecciation. This is regarded as critical in upgrading the mineralisation. 

On prospect scale exploration, detailed attention should be paid to mapping the density and 

orientation of micro-fractures and faults, especially where there is silicification in faults . A zone 

of of high density and randomly orientated micro-faults/fractures may indicate that 

decalcification has taken place in the underlying lithologies, resulting in volume loss and the 

formation of collapse breccias. This has been proved a useful technique in delineating the ore 

body at Rabbit Creek (Osterberg and Guilbert, 1991). 

In recent years, exploration for Paleozoic sediment-hosted disseminated gold mineralisation 

has shifted from the ranges to Paleozoic rocks buried beneath gravels in Tertiary basins. The 

Chimney Creek and Gold Quarry deposits are two examples of deposits buried beneath 

Tertiary gravels on the edges of basins (Bloomstein et. al ., 1991; Rota, 1991 and 1993). 

Recently, Placer Dome have announced a major discovery, the Pipeline deposit (34.21 Mt @ 

4.1 glt), situated south of the Gold Acres deposit that is buried beneath Tertiary gravels (Fig. 

7), (The Northern Miner, 1994). 
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Figure 32. Two general models for basin 

and range structural de\"elopment showing 

early and late stage de\"elopment (After 

Effimoff and Pinezich, 1986) . 
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Figure 33. Two-way time seismic sections across Railroad and Diamond Valleys showing listric nature of 
Basin and Range faulting (After Effimoff and Pinezich, 1986). 
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To explore for disseminated gold deposits beneath gravels in Tertiary basins it is critical to 

understand the structural development of the Tertiary Basin and Range tectonics. The two 

general models for basin and range structural development are; listric and horst and graben 

(Fig. 33), (Effimoff and Pinezich, 1986). Basins in northeastern Nevada have been extensively 

studied for oil plays and good quality seismic data exists across some of the valleys. Seismic 

dip profiles across the Diamond and Railroad Valleys (Fig. 34), clearly show that the basin has 

an asymmetrical profile (Fig. 34). The eastern margins of these valleys are bound by listric 

faults, which have displaced Paleozoic sediments between 3 000 and 4 500 metres, while the 

western flanks are defined by gentle east-dipping ramps (Fig. 34), (Effimoff and Pinezich, 

1986). The listric model is favoured for basin and range structural development, where the 

uplifted part of the blocks forms the ranges and the down tilted part forms the grabens (Fig. 

34), (Effimoff and Pinezich, 1986). 

The Gold Quarry, Chimney Creek and Pipeline deposits are all located on the edge of the 

basin, on gentle southeast-dipping ramps. It would be futile to explore for gold mineralisation 

in basins adjacent to listric, range front faults as these faults have displacements of 3 000 

metres or greater (Fig. 34). Airphotograph studies and regional mapping ofranges will quickly 

determine the direction of tilt and position of the range front faults, helping to determining the 

optimum position for exploration within the adjacent basin, if the adjacent ranges show 

indications of mineralised hydrothermal activity. 

10.5. Geochemical Technigues 

10.5.1. Lithogeochemical Technigues 

Rock chip sampling has been used extensively in sediment-hosted disseminated gold 

mineralisation in Nevada. Often, silicified fault zones are the only prominant outcrop on 

exploration properties, attracting considerable attention and rock chip sampling at the expense 

of surrounding outcrop. Because mineralisation and alteration is subtle, mineralised lithologies 

adjacent to silicified fault zones are often overlooked. At both Carlin and Chimney Creek 

deposits, mineralisation was detected in samples which were regarded as "background" 

samples for nearby silicified outcrop (Rota and Atkin, per comm., 1993). It is therefore 

important that a systematic rock chip sampling program be designed over the property of 
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interest In order to try to nullify visual biased data collection. The following pathfinder 

elements should be analysed for As, Ag, Hg, Sb, F and T1. However, gold is its own best 

pathfinder. 

10.5.2. Stream Sediment Technigues 

Stream sediment geochemistry has proved to be an excellent tool in delineating anomalous 

gold mineralisation. The bulk leach extractable gold (BLEG) sampling technique has proved to 

be the best technique for defining anomalous low grade gold mineralisation because of the 

large sample size (3-5 kg) and courser fraction (-I mm). BLEG sampling is used in regional 

surveys to sample streams (washes) at the base of ranges. This method quickly determines 

whether the ranges are anomalous in gold. Care should be taken in interpreting gold anomalies, 

in streams originating from ranges, as raised, preserved, pediments which often have placer 

gold mineralisation unrelated to hydrothermal sediment -hosted gold deposits. Cu and Au are 

the elements which are analysed in BLEG sampling program. An orientation study should be 

done in streams draining from known mineralisation, in order to determine the optimum sample 

size and mesh fraction on commencement of an exploration program. 

10.5.3. Soil Geochemical Surveys 

Soil geochemical surveys are important in exploration for sediment-hosted disseminated gold 

mineralisation in Nevada, because of the lack of outcrop and the subtle features of this type of 

mineralisation. Pathfinder elements, As, Ag, Sb, Hg, F, TI and Au should be analysed and 

should all be used in interpretation of data because of the great variability of individual 

elements within, and between" known deposits. 

10.5.4. Synthesis of Data 

Once all the regional structural, geophysical, host rock, igneous intrusion, geothermal and 

geochemical data has been collected it must be compiled into plans and tabulated as in figure 6. 

This will help in defining the geology of individual ranges and prioritise ranges for follow up 

exploration. 
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11. CO~CLUSJO~S A!\D SUMMARY 

The model proposed here is that sediment-hosted deposits are located within strike-slip basins 

located along regional, deep seated and long lived structures which define trends along which 

the deposits are located . Geological evidence indicates that these strike-slip faults and related 

pull apart basins were initiated at the onset of the eastward directed compressional Antler 

Orogeny, during the final stages of the sedimentary evolution of the Paleozoic Great Basin. 

Evidence includes proximal, fault bounded, carbonate debris flows enclosed in deep water, 

thinly bedded siliciclastic sediments, a complex relationship between thinly bedded carbonate 

and siliciclastic lithologies, soft sediment deformation interpreted to be a result of rapid loading 

and conjugate high angle faults which have the correct geometry perceived for pull apart 

basins. Putnam and Henriques (1991) believe that the Carlin and Battle Mountain - Eureka 

trends are right lateral, R}, synthetic reidel shears, related to the right lateral wrench faults of 

the Walker Lane and San Andreas fault systems. 

Sediment-hosted disseminated gold deposits tend to occur in groups along the trends. This 

was, and still is thought, to be a function of autochthonous Devonian-Silurian carbonate 

lithologies, exposed as windows through allochthonous Ordovician siliciclastic lithologies 

being transported along RMT. However, recent fossil dating indicates the once believed to be 

Ordovician siliciclastic sediments are actually Devonian in age. This is further evidence that 

deep water sediments were deposited in local second and third order basins, adjacent to 

carbonate platforms. If the positive identification of Devonian siliciclastic sediments, especially 

where spatially associated with long lived deep seated structures, can be established, this opens 

large areas for exploration in Nevada. 

Pull apart basins are favourable sites for igneous intrusions, hydrothermal activity and 

mineralisation as they are sites of extension within both regional compressional and extensional 

structural terraines. Pull apart basins are not only the structures conducive to circulating 

hydrothermal fluids, but also prevent the hydrothermal system from migrating along strike, 

resulting in sealing of the system, overpressuring and hydrofracturing, all critical factors in 

upgrading an anomalous occurrence to an economic one. Host rocks, carbonate debris flow 

breccias, thinly bedded silty limestones and interbedded silty carbonates and siliciclastic 
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lithologies, de\·eloped within these pull apart basins, are preferred host rocks for disseminated 

gold deposits. The reasons being: (1) thinly bedded, silty carbonates are susceptible to 

decalcification by slightly acidic to acidic fluids, increasing secondary porosity and permeability 

and (2) the competency contrast between thinly interbedded siliciclastic and carbonate 

lithologies is conducive to producing secondary structurally induced permeability. Stike-slips 

faults related to compressional tectonics according to Aldow et a!., (1986) are derived from 

deep within the crust and even possible the upper mantle (Fig. 12). These structure would be 

exploited by ingeous intrusion especially in jog zone where pull-apart basins and/or negative 

flower structure develop. 

The tonnage and grade of the individual deposits are a function of the type of host rock, 

geochemisty of the host rock, structural preparation, depth of erosion and size of the 

hydrothermal cell. 

Alteration types commonly described in sediment-hosted disseminated gold deposits are 

decalcification, silicification, carbonisation, argillisation, oxidation and, to a lesser extent, 

alunitisation and baritisation. Decalcification is usually the first alteration process to occur 

whereby calcite and dolomite are removed by slightly acidic fluids. Up to 60% of carbonate has 

been described to have been removed from deposits such Carlin and Gold Quarry (Rota, 1991; 

Bakken, 1990). Silicification is more complex and is deposited throughout the evolution of a 

hydrothermal system. Carbonisation occurs in varying amounts and is usually a late stage 

alteration feature. Carbon is thought to be remobilised from carbonaceous sediments in the 

immediate surrounds of a hydrothermal cell, or within structural and lithological traps which 

the hydrothermal fluids are exploiting. There are two schools of thought on the origin of 

argillisation and oxidation alteration types these being a supergene and/or a hypogene. Arehart 

et. a!., (1992) showed that oxidation and argillisation processes are a result of supergene 

weathering processes based on isotopic studies of alunite and barite. 

Geochemistry of these deposits is fairly simple comprising Au, As, Sb, Hg, TI. In evaluation of 

rock chip, soil and stream sediment geochemistry, all these geochemical variables must be 

taken into account due to the large variability of individual elements within and between 

deposits. Arehart et al, (1 993b ) showed that most of the gold is deposited together with 
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arsenic, in arsenian pyrite rims, on pre-ore diagenetic pyrite. Therefore, diagenetic pyri te is a 

critical component in the deposition of gold. This may explain why some hydrothermal systems 

with all the right pathfinder elements in anomalous quantities, have no gold mineralisation. 

Three sources for gold and pathfinder elements have been proposed, (1) Ordovician 

carbonaceous siliciclastic sediments (Nelson, 1991), (2) Proterozoic and lower Paleozoic 

sediments underlying the Great Basin (Seedorf, 1991) and (3) igneous intrusions (Sillitoe and 

Bonham, 1990). The Ordovician sediments are not regarded as a potential source, based on the 

lack of alteration which would accompany large scale scavenging of gold and pathfinder 

elements. Isotopic studies on sulphur indicate that the isotopic signatures of sulphur within the 

deposits, is similar to that of the sulphur within sediments in Nevada, hence no magmatic input 

of sulphur or related metals is required, but can, never the less, not be ruled out. Seedorf 

showed that the thickness of the Proterozoic rocks is critical in determining the distribution of 

the sediment-hosted disseminated gold deposits in Nevada and therefore proposes these 

sediments as a potential source. 

Age of mineralisation is divided into two camps based on direct and indirect dating techniques. 

Isotopic dates of mineralisation range between 95 and 123 Ma and between 25 and 38 Ma 

(Morton et. aI., 1977; Arehart et. aI., 1993; Keuhn, 1989). Isotopic dates of alunite are divided 

into two groups being: those dates younger than 15 Ma and those greater than 20 Ma (Table 

5). The younger dates, 10 to 15 Ma, probably represent the onset of supergene processes 

(Arehart et. al ., 1992) which accompanied the uplift associated with the Basin and Range 

extensional tectonics at ±12 Ma (Stewart, 1980). The alunite dates of between 20 and 30 Ma 

are consistent KlAr dates of 30 to 36 Ma of biotite and sanidine and is believed to reflect the 

younger age limit for mineralisation for sediment-hosted gold deposits in Nevada. Most of the 

Newmont and American Banick mine geologists believe that mineralisation is early- to 

mid-Tertiary, based on cross cutting geological features and because this period was 

dominated by crustal extension with an elevated geothermal gradient and igneous activity. The 

author believes that gold mineralisation spans the entire period from the early Cretaceous to 

mid-Tertiary, with two periods of intense mineralisation at either end of this period. 
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Fluid inclusion and isotopic studies indicate that the hydrothennal fluids were slightly saline 

and acidic and that metals were deposited at temperatures of 200 ±2S'C. Gold is transported 

predominantly as a bisulphide complex under these conditions and deposition occurs due to a 

number of processes, mixing of hydrothennal fluids with meteoric water, temperature and 

pressure changes, as well as pH oxygen and fugacity changes. 
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APPENDIX A 

Characteristics of Sediment-Hosted, Disseminated Gold Deposits 
along the Carlin Trend. 

Deposit Page No. 

Bootstrap/Capstone I 
Meikle 2 
BetzelPost 4 
GenesislBlue Star 7 
Carlin 9 
Tusc I I 
Gold Quany 13 
Rain 16 
South Bullion 19 
Vantage 21 

n.d. = not described 



A. Deposit: 

B. Tonnage/Grade: 

C. Shapc/Dimension: 

D. Deposit Attributes: 
I. StratigraphylHost Rocks: 

2. Igneous Rocks: 

3. Age of mineralisation: 

4. Structure: 

5. Alteration: 

BOOTSTRAP/CAPSTONE 

14.66 Mt @ 1.92 gil. 

n.d 

Devonian Siliceous Sequence; 
Calcareous sandy siltstone, siliceous 
mudstone. 
Devonian Bootstrall Limestonc; 
U I'per; thick beds of oolitic limestone, minor 
silly to sandy detritus, debris flow assemblages 
in upper limestone beds. 
Middle; thin, bedded and laminated calcareous 
siltstone to silly limestone. 
Lower; laminated, platy calcareous silty 
limestone, limestone. 
Silurian-De,'ouian Roberts Mountains 
Formation; 
Calcareous thinly bedded and laminated 
silty limestone. 

Highly allered dykes intruding high angle faults. 
Thought to be granodiorite - tonalite in 
composition. 

n.d. 

N-S dominant .... NW + NE .... E-W high angle 
faults, repeated movement on faults through 
time, all pre-mineral. 

Bootstra,,; Silicification along fault and joint 
planes grading outwards to argillic alteration. 

6. Ore Controls: 

7. Orc/Gangue Mineralogy: 

8. Sulphide Paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusions: 

12. Isotope: 

13. Source. 

14. Remarks: 

Cau!jtonc; Silicification of carbonate and 
siliciclastic sediments ..., argillic alteration 
accompanying Au mineralisation. 

Bootstrap; lens shape vein like orebodies in N-S 
striking faults. Repeated movement on fault 
incrcased permeability. 
Capstone; steep N25W and N35E, west dipping 
faulls intruded by igneous dykes, lesser extent 
lithological ore controls. 
llIlersection of faulls main structural control. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Baker, 1991. 

Was a stibnite producing arca prior to Au. 



A Dcposit: 

B. Tonnage/Grade: 

C. ShapelDimension: 

D. StratigraphylHost: 

MEIKLE 
(also known as Purple Vein) 

6.52 Mt @ 21.4 gil. 

Three Orebodies; 
1. Flat Sector 31 m thick, 250 to 345 m below 
surface, 
2. Central Dipping Scctor; 47 m thick, dips 70' , 
250 to 625 m below surfacc. 
3. Southcrn Sector, cquidimcnsional body, 2KI to 
656 m below surfacc. 

Devonian Rodeo Creek Formation; well bedded 
and bandcd siliccous mudstonc interlaminatcd 
with thin bedded siltstone and fine to medium­
grained sandstone. 
Contact structural, RMT ( Barrick) 
Devonian Popovich Formation; 
HOSTS orebody . 
Upper; medium-bedded siltstonc and silty 
limestone, clay-rich carbonaceous zonc in tllC 

upper Popovich Formation. 
Middle; massive-bedded siltstone and silty 
limestone, bioclastic beds common towards thc 
base. 
Lower; interbedded bioclastic limestone, dcbris 
flow and intcrbeddcd siltstonc. Debris now 
breccias common at base of Popovich Formation. 
Silurian-De,'onian Roberts Mountains 
Formation; thin bedded, platy dolomitic siltstonc 
with interbeds of bioclastic limcstone. 
Ordovician Viniui Formation; deformed 
siltstonc, chcrt, mudstone and limestone, abundant 
low-angle structures. 

2. Igneous Rocks: 

3. Agc of Mincralisation: 

4. Structurc: 

5. Alteration: 

Note; Barrick include the Rodeo Creek Formation 
into the Vinini Formation bascd on fossil 

evidcnce (Lauha cl. aI., 1993). 

Monzonite dykes along high anglc faults . In orc 
zone thc monzonitc dykcs havc becn brccciatcd 
altcrcd and mineraliscd. 
Scricitc datc of36.4 ±I.K Ma: KlAr. 
Monozite porphyry datcd; 147 ± 4.0 Ma: KlAr. 
Latite dykcs and predominantly sills which havc 
intrudcd along thrust faults. 
Monzonitc and latitc intrusives hOSl 15'Y., of thc 
orc. 

n.d. But > 36 Ma. 

RMT - Antlcr Orogcny; 
Lower imbricate thrust important in structural 
orc controls. A post- RMT thrust cvcnt importanl 
in structural orc cOlltrols cspecially in thc footwall 
portion of thc thrust sliccs. 
IIigh angle f'lUlts arc thc major control for 
dcvclopmcnt of sccondary penncability and dccp 
fcedcrs. 
Dominant trcnd N20-30W and N40-70E. 
Decalcification; important in creating secondary 
porosity and permcabilily. 
Silicification; tllC dominant altcration type, four 
stagcs of silicification rccogniscd: (I) barrcn carly 
stagc of silica nooding, (2) silicification associated 
with Au mineralisation, (3) latc stage chalccdonic 
quartz associated with mercury mineralisation 311d 

(4) vcry latc stagc hyalinc silica on fracturcs. 
Higher grades associated \vilh an increase in 
sulphides and whcrc mullistagc hydrothcrmal 
brccciation ovcrprinls othcr brcccia types. 

2 



6. Ore Controls: 

7. Ore/Gangue Mineralogy: 

9. Mineralisation: 

10. Geochemistry. 

HOST most of the Au mineralisation. 
Argillisation; minor in Meikle deposit and mostly 
confined to monzortite and latite intrusives and 
structural zones peripheral to silicification. 
Dominant clay mineral illite and minor kaolinte, 
montmorillortite and sericite. 

Dominant control high angle faults and 
intersection of these faults. Repeated brecciation 
along faults. 
Intersection of thrust faults and high angle faults. 
Intersection of high angle faults and the reactive 
permeable lithologies. 
Lithological controls less important, debris fiow 
breccias and decalcified carbonate lithologies. 
Breccias, debris fiow, fault and hydrothermal 
breccias very important in controlling most of 
mineralisation. 

Pre- Au mineralisation tennantite-tetrahcdrite. 
Syn- mineral pyrite, marcasite, stibnHc trace 
realgar and orpiment. Qaurtz, calcite, barite. 

Au (0.002-0.01 microns) is located in rims of 
arscnian pyrite rims on arscnian poor pyrile cores. 
Pyrite divided into equal portions of coarse (200 
micron) and fine (10-20 lrticrons) grains with the 
fine grained having higher Au- grades. 
Au grade increases with sulphide content, degree 
of brecciation and silicification. 
Mineralisation structural and vein controlled, 
minor replacement orebodies. 

Higher Au and Ag grades than PostIBetze deposit. 
Au:Ag ratio = I: 2.9. 
As- 1684 ppm (twice as high as Post/Betze), 
Sb- 82 ppm (half that ofPostlBetze), 

11. Fluid Inclusions: 

12. Isotope: 

13. Source: 

Hg same as Post/Belze, 
Ba is highly elevated, 
Elevated Cu, Pb and Zn. 

Lauha and BetUes, 1993. 
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A. Deposit: 

B. Tonnage/Grade: 

C. ShapclDimensions: 

D. Deposit Attributes: 
I. StratigraphylHost Rocks: 

BETZE, POST (UPPER, LOWER AND 
DEEP). 

Post; (Combined) 136 Mt@ 5.96 git. 

Devonian Rodeo Creek Formation; well bedded 
and banded siliceous mudstone interlaminated 
WiUI siltstone, thin bedded siltstone and fine to 
medium- grained sandstone. 
HOSTS Ule Upper Post Deposit. 
Contact transitional (Newmont); 
Structural, RMT (Barrick). 
Dcyonian Pouo\'ich Formatiun; 
UilIler; medium-bedded siltstone and silty 
limestone, clay-rich carbonaceous zone in the 
upper Popovich Formation. 
HOSTS Upper Post and Betze Deposits. 
Middle; massive-bedded siltstone and silty 
limestone, bioclastic beds common towards the 
base. 
HOSTS Lower Post Deposit (Refractory leach 
grade, 0.21- +1.71 gil). 
Lower; interbedded bioclastic limestone, debris 
flow and interbedded siltstone. Debris flow 
breccias conunon at base of Popovich Formation. 
HOSTS higher grade Lower Post Deposit (+3.42 
git) and higher grade Deep Post deposit (+6.85 
git). 
Transitional contact. 
Silurian-Devonian Roberts Mountains 
Formation; thin bedded, platy dolomitic siltstone 
with interbeds of bioclastic limestone. 
HOSTS Betze Deposit. 

2. Igneous Rocks: 

3. Age of Mineralisation: 

4 . Structure: 

5. AlteMion: 

Ordo\'ician Vinini Fomlation; deformed 
siltstone, chert, mudstone and Jimestone, abundant 
low-angle structures. 
Note; Barrick include the Rodeo Creek Formation 
into the Vinini Formation based on fossil 
evidence (Lauha et. aI. , 1993). 

Biotite Feidsilar PorIlhry dykes, porphyritic 
biotite and/or feldspar in aphanitic ground.l1lass. 
Dated 39 Ma (Arehart, 1992). Post-Illineral, cuts 
Deep Post orebody. 
Quartz Monozite Poq)hyry dykes and sills, 
quartz latite in composition with phenocryst of 
altered plagioclase, biotite and quaru. Dated 1 JI) 

Ma (Arehart, 1992). 
GohJstrikc Jnh1Jsivc. granodiorite Lo diorile in 
composition. weakly mineralised. Dated 160.6 ± 
2.1 Ma (Arehart and Kesler. 19X9). 

Pre- 39 Ma - Post- 110 Ma. 

Roberts Mountains Thrust - Antlcr Orogeny -
Vinini highly fractured and folded. 
Post- Goldstrike intrusive thrusting. 
Dominant struCLure NW anticline, plunges to SE. 
Post-second thrusting event. 
High angle N25W, N to NNW and NE [aults. 
Paragenesis; NW 4 NE + N to NNW. 

Pre-mineral skarn/hornfels alteration, skarn 
alteration extent 94ll m [rom Goldstrike lntrusi,·e. 
All Au-deposits within the contact metamorphic 
aureole. 
Decalcification; stratigraphically controlled by 
silty carbonate lithologies in Roberts Mountains. 
Popovich and to a lesser extent in the Rodeo Creek 
Formations. 
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6. Ore Controls: 

Silicification; early, sulphide- and Au-poor, 
pervasive silicification flooding of permcable 
decalcified sediments. Later silicification event 
accompanied hydrolhcnnal brecciation. numerous 
quartz veins, vcinlets and stockwork veinlets. Au 
and sulphide mineralisation accompanied tllis 
event. 
Al'gillisation; post dates silicification and is 
associated with faults and fractures.Kaolinite 
donlinant at PosllBetze deposit, illite thought to be 
sedimentary. 
Pyritisation; found in both silicified and argillised 
zones, up to 5% sulpllides in sulphide orebodies. 
Carbonisation; carbon (pyrobitumen) occurs in 
ore zone but more commonly peripheral to 
orcbodics. 
Oxidation: Supergene and possible hypegene 
oxidation, pyrite converted to Fe-oxides. Minerals 
gocthite, hematite, jarosite, alunite, jarosite. 
Oxidation deptll varies from 25 m in the stock to 
187 m in the sediments. Supergene alunite rultes 
8.48 to 9.58 Ma: KJAI (AIchart in Lauha et. aI., 
1993). 

Upper Post; Mineralisation and alteration 7. Ore/Gangue Mineralogy: 
stratigraphically controlled in blcached and 
argillised siltstones, sandstones. Structurally 
controlled mineralisation occurs as stockwork 
quartz veins and in silicified fault breccia. 
Lower Post; Stratigrapllically controlled forming 
a bedding-parallel body hosted in laminated, 8. Sulpllide paragenesis: 
carbonaceous, pyritic mudstones-siltstones and 
silly limestones of Popovich Formation and silty 9. Mineralisation: 
limestones of the Roberts Mountains Formation. 
The debris flow breccias, decalcified bioclastic 
limestones at base of Popovich host the high grade 
ore due to primary penueabity and reactive nature 

of the host rock. Average sulphide content 4 to 
5%. 
Dcep Post; A high grade (+6.85 glt) structurally 
controlled orebody at base of orebody within a 
N50W high angle fault along the margins of the 
Goldstrike intrusion. 
The goldstrike intrusion thought to have added in 
structural orc controls in crealing inilial fracture 
and faults at time of intrusion and more important 
acted as a rigid body within a structural regime 
creating complex faullinglrracluring around the 
edge of the depesit. 
The sills extending from the Goldstrike Intrusion 
acted as caps to the Au bearing fluid as did 
massive Jitncsloncs, marble and argillites crcatillg 
local high grade orebodies. 
Intersection of high angle NE and N to NNW 
faults mId the intersection of these faults with 
permeable lithologies arc major controls 011 

mineralisation distribution alld size of orebodies. 
Minor deposits are located ill low allgle fractures 
thought to be coolillgjoints. 

Pyrite, marcasite, realgar. orpimcnt. slibnilc. 
pyrrhotite, arsenopyrite and chaleopyrite. Trace 
earlier base metal sulphides, sphalerite. galena, 
molybdenum and slibnite. 
Quartz, ealeite, kaolinite and minor illite. 

n.d. 

Au is associated with Au bearing arsenian pyrite 
and marcasite and both sulphides arc divided into: 
(I) 50% coarse grained (' /- 200 micron in 
diameter) and (2), 50% fine grained (10 to 20 
microns in diameter). Au, 0.002 to (UII microns in 
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10. Geochemistry: 

ll. Fluid Inclusion: 

12. Isotope: 

13. Source: 

diameter, occurs as globules in arsenian pyrite and 
marcasite. 20 to 30 % of Au occurs in fine grained 
sulphides, 10 to 20% as free Au and the rest in 
coarse sulphides. Sulphides + Au 
m.ineralisation accompany second phase of 
silicification. 

PostlBetze deposit rock chip composites; 
Au- 0.23 - 0.33 ppm., 
As- 336 - 850 ppm, 
Sb- 12 - 114 ppm, 
Hg- 0.34 - 6.7 ppm, 
Tl- 5 - 19 ppm, 
Low levels of Ag. Au:Ag 1:3 (oxide) to 1:6 
(refractory). 
Trace base lUelals, Cu, Zn, Pb and Mo reiated to 
Goldstrike Intrusive. 

Beltles and Laul,", 1993a. 
Bettles and Laulla, I993b. 
Thoreson, 1993. 
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A. Deposit: 

B. TOImagc/Grade: 
SOLD 

C. ShapclDimension: 

D. Deposit Auributes: 
I. StratigraphylHost Rocks: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

GENESIS/BLUE STAR 

67.58 Mt @ 1.1 glt (Genesis, Blue Star, Beast & 
included in reserve). 

Elongated N to NNW (Genesis and Bluestar pits 
combine). 
1 875 m • 325 - 780 111. 

Devonian Rodeo Creek Formation; Tlunly 
bedded siltones, carbonaceous mudstone and 
argillite; minor calcareniLc at base; minor, 
medium bedded-calcareous siltstone higher in 
sequence. 
Conformable contacl. 
De,'onian Pop,,,,ich Formation; tlunly bedded 

4. Structure: 

carbonaceous mudstone and argillites, nunar 5. Alteration: 
calcarenites occur towards the base and medium 
bedded-calcareous siltstones higher in the section. 
Ordovician Vinini Formation; medium to thin 
bedded, lanunated, siltstone and chert, local 
interbeds of calcareous siltstone. 
In structural contact with both the Popovich and 
Rodeo Creek Formations. 

Biotite feldspar porphyry (28.3 iO.7: KJAr datc 
of biotite), biotite and to a lesser extent feldspar 
phenocryst, altered, blcached with kaolinte-sericite 
masses, occurs as dykes. 
Goldstrike Stock (158 Ma), fine to medium 
grained granodiorite, propylitieally altered and 
may contain abundant dissemintaed pyrite. 
Lampropbyre I to 1.5 m dykes, contain 6. Ore Controls: 
bomblende, biotite and feldspar, age uncertain. 

n.d. <158 Ma - >28.3 Ma. 

Paleozoic thrusting - RMT, numerous imbricate 
thrust in Vinini Formation, 
Post Goldstrike Stock age thrusting. 
NW trending Tuscarora Spur antiform -
pre-mineral, High-angle N-S -, NW _. NE ._. 
Basin and Range faulting. 
N-S faults. apparent reverse and normal offset -
strike slip?, pre-mineral and served (15 a conduit, 
NW fault sct, prom ina nt, southwest dipping 
normal. step faults, some control on 
mincraiisalion,NE fault set, dominant in places, 
biotite feldspar porphyry intrudes along this sct. 
mineralisation strongly controlled by lhis scl. 
Basin and Range fault, N to NW stccp dipping 
faults. 

Pre-mineralisation sl<arll alteration associated 
with the Goldstrikc Stock, orebody within the 
skarn; Skarn minerals diopsidc, quartz, calcite, 
montmorillonite. minor garnet, trcmolilc and 
wollastonite. Siliciclastic rocks undergone some 
hornfels dcvelopmenl. 
Argillisation; - scritisation and decalcification? 
spatially linked to Au mineralization. 
Silicification; - most common. quartz veins and 
veinlets and pervasive quarl/. flooding. quartz 
flooding commonly exceeds 70% in arebody. 
Dccalcification; seldom seen but regarded as 
importanl. 
Oxidation: supergene. possibly hypogene. jarosite 
and seorodite. 

Structural ore controls dominant control. 
intersection of NW and NE rauits, limb of the 
Tuscarora anticline, in low and high angle 
structures. Almost cxclusively within the 
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7. Ore/Gangue Mineralogy: 

8. Sulphide paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

i 1. Fluid Inclusion: 

12. Isotope: 

13. Source: 

14. Remarks: 

pre-mineralisation metamorph.ic 
rocks. 

Pyrite, As-pyrite. Quartz, calcite, cluorite. 

n.d. 

Au micron-size. Au together with As and Sb are 
concentrated in the auriferous pyrite rims. 

Large As halo, + 1000 ppm extent outward of Au 
mineralisation, 
Sb, + 100 ppm restricted to orebody, 
Hg 1-30 ppm restricted to orebody but does not 
correlat with Au. 

Paul, Jr. andKwlkcl, 1993. 

Hydrothermal breccia in southern Genesis Pit. 
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Deposi!: 

B, Tonnage/Grade: 

C. Shapc/Dimensions: 

D. Statigraphy/Hos!: 

2. Igneous Rocks: 

CARLIN 

Past Production; 12.7 Mt @ 9.2 glt. 
Current Reserves; 8.27 Mt @ 0.96 glt. 

Tabular orebody. 
3. Age of Mineralisation: 

Devonian Rodeo Creek Formation: interbedded 4. Structure: 
argillitle, mudstone, and siltstone. Minor thin 
sandstone interbeds. 
Minor HOST to structurally controlled 
mineralisation. 
Gradational to faulted contact. 
Devonian Po(}(wich Formation; 
Upper; interbedded calcarenite and massive 
bioclastic limestone. 
Middle; grades upwards from thin-medium 5. Alteration: 
bedded laminated silty limestone to massive beds 
of micrite and limestone. 
Lower; Massive beds of micrite and limestone with 
occasional silty limestone interbeds. 
Minor HOST to structurally controlled 
mineralisation. 
Gradational contact. 
De,'onian-Silurian Roberts Mountains 
Formation; interbedded thin, platy, carbonaceous, 
silty limestone, dolomitic limestone and calcareous 
siltstone. Grades downwards to medium to thick 
beds of coarse grained silty to sandy limestone. 
Major HOST to mineralisation in the upper 90 to 
130 m. 
Ordo,.ician Vinini Formation: interbedded 
mudstone, siltstone, chert and minor pillow 
basalts. 

Highly altered dykes intruding along high angle 
structures. No crosscutting relationship between 

dykes of diITerent compositions. Erratically 
mineralised. 
One age date of 123.31 ± 0.91 Ma (Kuehn, 1989) 

Not well constrained, post 123 Ma - pre- Tertiary 
Carlin Formation (5 Ma). 

RMT - Antler Orogeny, Ordovician Vinini 
Formation thrust over Popovich, Rodeo Creek and 
Roberts Mountains Formations. 
High angle structures, paragenesis NW -, NE _, 
WNW NW. Most high anglc faults arc normal 
faulls, WNW striking fault right lateral strike-slip 
fault. NE strike faults also have right latcral 
movement. 

Decalcification: host most of mincwiisalion in the 
upper Roberts Mowllains Formation below the 
Popovich contact. Bakken (1990) showcd that 
decalcification resultcd in 40 to 60% volume 1005. 
This resulted in an increased permeabilty and 
porosity. 
Silicification; host minor Au mineralisation in 
fault zones and adjacent to feeder faults. Feeder 
faults arc defined by large brecciated jasperoids. 
Argillisation; localiscd within and adjacent to 
intrusive dykes. 
Alteration paragenesis: unoxidized unaltcred host 
rock (I) quartz + dolomite + calcite + illite + 
K-feldspar + pyrite . , (2) quartz + dolomite + 
calcite + illite + pyrite -, (3) quartz + dolomite + 
illite-K mica + pyrite -. (4) quartz + illite-K mica 
+ pyrite -. (5) quartz + kaolinite-dickitc + pyrite 
(adjacent to fceder faults) , 
(Keuhn and Rose, 1992). Au associated with 3 & 
4. 
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6. Ore Controls: 

Oxidation; Keulm and Rose (1992), show Utat 
oxidation is supergene 

Litbologieal; reaelive bost rock of tbe upper 

11. Fluid Inclusion: 

12. Isotopes: 

Roberts Mountains Formation subjccted to 13. Source: 
decalcification forming a tabular orebody. Massive 
limestones at base of Popovich acted as an 
impermeable cap. 
Structural control by bigb angle faults that served 
as feeder faults. Local higb grade lones at fault 
intersections and at fault - reactive litbology 
intersections. Mineralisation hosted in structures 
in the unreactive lithologies of the overlying 
Popovich, Rodeo Creek and Vinini Formations. 

7. Orc/Gangue Mineralogy: Pre-Au ore minor galena +/- sphalerite; Syn - Au 
ore Au + pyrite + realgar + orpiment + stibnite; 
Post- Au ore, stibnite + oxidation of pyrite. 
Pre- Au ore. barite, quartz; Syn- Au ore, carbonate 

removal ~ quartz jasperoids ~ quartz veillJets + 
calcite & dolomite veinlets + barite, calcite, quartz 
lining fractures and vugs injasperoids; Post- Au 
ore, travertine + hyaline opal + calcite veins. 

8. Mineralisation: 

9. Sulphide paragenesis: 

10. Geochemistry: 

Au occurs as micron to submieroll- sized particles 
associated wiU, quartz. pyrite and clays in 
siltstone. Au not found in contact with native 
arsenic, cinnabar, realgar, orpiment and stibnite. 
Au associated with outer rims of arsenian rich 
pyrite. 

Pre- Au- Pb-Zn ~ pyrite + native arsenic ~ realgar 
~ orpiment + realgar + stibnite ~ Post Au- stibni te 
stibiconite + native sulpher. 
Elevated As, Hg, Sb and have a strong spatial 
relationship with. Au. 

Myers, 1993 . 
Keuhn and Rose. 1992. 
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A. Deposit: 

B. Tonnage/Grade: 

C. Shapc/Dimension: 

D. Deposit Attributes: 
I. StratigraphyiHost Rocks: 

2. Igncous Rocks: 

3. Age of Mineralisation: 

4. Structure: 

TUSC 

12.15 Mt @ 2.12 glt 

Deyonian Limestone (Unnamed) Popovich 
equivalent? 
Laminated massive silty limestone and siltstone 
WiUl interbeds of massive micritic limestone. 
Devonian - MissisSill!lian Rodeo Creek 
Formation; siliceous, interbedded mudstone, chert 
and sillstone that is highly structurally disturbed. 
HOSTS 15% oftilC ore. 
Nature of contact not described. 
Silurian - Devonian Roberts Mountains 
Formation; 
laminated tilin beddcd silty limestone and 
interbedded limestone. 
HOSTS 85% of ore. 

n.d. 

35-40Ma. 

RMT and abundant imbricate thrust in the Rodeo 

5. Alteration: 

Creek Formation, tile unnamed Dcvonian 6. Ore Controls: 
Limestone and the Vinini Formation. 
NW striking Good Hope Faull (reverse fault, right 
latcral movement has been inferred), with three 
subparallel splays form the main feeder for 
hydrothermal fluids, intense zone of crushed and 
sheared rock exist between some of the splays with 
multiple episodes of brecciation. 
NE striking faults constrain mineralisation. 

7. Orc/Gangue Mineralogy: 

All faults thought to be pre-ore, with multiple 
episodes of movement pre-, syn- and post-ore 
deposition. 

Four principle alleration types 
Paragenesis; decalcification -+ silicification -t 

argillisation .... supergene oxidation (+alunite). 
Decalcification; principle all ration type, predate 
Au introduction, ncarly all of 50 to 60% of calcite 
removcd. 
Argillisation; second most pc.rvasivc <JltcraLion 
type, clay minerals predominantly kaolinite and 
illite occurring as clay ycinlets and fracture 
coatings, kaolinite in deeper portions or the 
orcbody while sericite (illite) in thc upper portions. 
Advanced argillic alteration spatially associated 
with decalcification and Au mineralisation. 
Silicification; limited to elongated pods and Icmcs 
wiUlin the alteration halo in the Good Hope Faull 
Zone. minor bedding replaccment jasperoids. 
Oxidation; complete destruction of organic maller 
and sulphides by descending acidic supergene 
fluids. Alunite appears to be related to advanced 
argillic and late supergene oxidation. 
A1unite±kaolinite±siliea deposited by descending 
fluids along open fractures and joints. 

Primary control is the structurally prepared Good 
Hope Fault Zone, intersections of NW and NE 
faulls. Fracture, joints and minor folds arc 
secondary structure controls especially in the 
siliciclastic Rodeo Creek Formation. 
Lithological control in the decalcification of 
carbonate lithologies in the Roberts Mountains and 
Rodeo Creek Formations. 

n.d. Barite - trace 
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8. Sulphide Paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusions: 

12. Isotope: 

13. Source: 

n.d. 

n.d. 

Three element association; (1) Au+As+Sb±Ag, (2) 
Cu+Bi+Mo+Se+Cd and (3) Te+Tl+Zn. 
Large As halo >500 ppm surrounds alteration and 
mineralisation, Tl & Te anomalies, 0.5 - 25 ppm, 
conformable and/or below are deposit, 
Good Hope Fault Zone has 100-400 ppm Cu and 
up to 4 wt% Zn. 
Hg very low. 

n.d. 

n.d. 

Doyle-Kunkel, 1993. 
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A. Deposit: 

B. Tonnage/Grade: 

C. ShapclDimension: 

D. Deposit Attributes: 
1. StratigraphyIHost Rocks: 

2. Igncous Rocks: 

GOLD QUARRY 3. Age of Mineralisation: 

163 Mt @ 1.4 glt 

Orebody strikes NE, 1845 mlong, 1200 m wide 
200 m deep. 

Ordovician Vinini Formation; 
interbedded carbonaceous shale, siliceous shale, 
chert, siltstone, quartzite, minor limy siltstone; 
mat belong to Transitional assemblage (Rota, 
1993). Lower part HOSTS Main orebody. 
Ordovician-Silurian-Devonian Transitional 
Assemblage (Rodeo Creek-Devonian); 
Interbedded siltstone, silty limestone, shale, chert. 
HOSTS Main Orebody. 
Structural? and/or transitional contact? 
Dc"oni~ln Popovich Formation; 
Massive bedded fossilliferous, dolomitic limestone, 
silt content increases upwards. HOSTS Decp West 
Orcbody. 
Transitional contact. 
Silurian-Devonian Roberts Mountains 

4. Structure: 

Formation; 5. Alteration: 
Platy, silty, dolomitic limestone, base 1 - 3 m thick 
dolomite & locally sandy limestone. Upper part 
HOST Deep West Orebody. 
Transitional contact. 
Silurian-Devonian Hanson Creek Formation; 
Grey-black dolomite with quartz veining. 

Andesite flows . 
Intrusive quartz porphyry dyke in Maggie Creck. 
Believed to be Juro-Cretaceous in age, altered and 
Au+As mineralised. 

Probable age, Oligocene (34-20 Ma) related to 
felsic extrusive volcanics. 
Alunite dates 28-30 Ma - late hypogene, early 
supergene; minimum age of deposit. 
Possible age: Cretaceous (140-110 Ma). 

Compressional tectonics; RMT: Antler Orogeny. 
However RMT is problematic as it varies from 
lithological contacts to 15 m wide breccia zoncs 
(Rota & Hausman, 1991). 
Post RMT pre-mineral large NE trending 
anticlines; ore trends NE. 
Pre-mineral translational tectonics: Major & 
minor, subsidiary NE and NW high angle [aults. 
Thought to be related to a large right lateral shear 
zone. Gold Quarry (R,) and Good Hope Faults (R,) 
arc the major NE and NW trending faults. 
Compression NNE. 
Syn-mineral high angle [aulting due to 
decalcification and collapse o[ Roberts Mountains 
& Popovich carbonate lithologies. 
Post-mineral extension teclonics; Basin & Range 
faulting. 

5 types o[ alteration; paragenesis; decalcification _. 
silicification + mineralisation --. alunitii'..ation _. 
argillisation -, baritization. 
Decalcification; in silty carbonate lithologies, 
increased permeability and porosit)" collapse 
breccia due to volume loss (50-60% volume loss). 
this lead to vertically vcctored fracturing and 
faulting furthcr increasing permeability. Fluids 
thought to be part of prograde expansion of 
hydrothermal system. Sha (in Rota, 1993) 
suggests, based on fluid inclusion studics that CO, 
rich fluids responsible for dccalcification as 
opposed to boiling. 

13 



Silicification; multiple events with 
multi-cpisodic veining and brecciation throughout 
mineralisation. Quartz found as (a) replacement of 

fine grained matrix, (b) overgrowths of detrital 
quartz, (c) vein.!ets, < hum wide, (d) veins, (e) 
subrounded fragments in hydrothermal breccia, (I) 
replacement of barite in hydrotilermal breccia 

matrix (g) late stage supergene, fibrous 
chaicedonic quartz in breccia matrix. 
Quartz veins paragencsis; 1- quartz micro-veinlets 
-, 2- carben-rich black quartz veinlets & veins ~ 3-
quartz-vein microbreecia ~ 4- quartz-alunite veins 
~ 5- quartz-barite veinlets & veins -, 6- vuggy 
quartz veins ~ 7- milky-white quartz veins and 
fracture filling. All vein stages contain some Au, 
stages 2, 3, 4 & 5 arc main stage Au deposition. 7. arc/Gangue Mineralogy: 
Structural jasperoids in the upper Main deposit 
and bcddingjasperoids in the Deep West deposit 
Alunitazation; controversy whether alunite is 
supergene andlor hypogene; Rota (pers. comms) 
found alunite in Deep, unoxidised orebody, it is 
not replaced by any other mineral and is believed 
to be the waning phase of hydrothennal activity. 
Arehart (1992) based on 0 , H, S isotope studies 
believes alunite in Main orebody is supergene. 8. Sulphide paragenesis: 
Argillisation; accompanies alunite in late stage 
hydrothermal phase, kaolinite associated with 
alunite, kaolinite & illite corrode quartz grains. 9. Geochemistry: 
Sericite along vein margins with pyrite, vein and 
breccia filling, in quartz veins with kaolinite, QSP 
alteration tilOught to pre-date Au mineralisation. 
Bariti7.ation; Barite throughout deposit, Ba 
transport occurred in reducing conditions in 
absence of sulphate. 
Oxidation; hydrothemlally related, extensive 
along main feeders, hematite abundant (unstable 
below 55'C). 10. Fluid Inclusion: 

SUlJcrgcnc oxidation; acid sulphate system. Ore 
Controls: Primary Control; Structure along NW 
and NE structures and the intersection of these 
structures. Intersection of high angle and low 
angle structures. Secondary high angle structurcs 
related to the volume loss and formation of 
collapse breccias in deeper carbonate lithologies. 
tilis lead to incrcased permeability in upper 
siliciclastic rocks. NE trcnding anticline. main 
orebody trends NE, local high grade zones trcnd 
NW. 
Secondary control; lithology (1) silty carbonates 
susceptiblc to decalcification, (2) impermcable 
siliciclasLic cap rocks creating panding. 

Au associated with pyrite & minor marcasite 
Arsenopyritc, stibnite, stibiconite - hydrothermal 
suite. 
Prc~l11incral suitc~ galena, sphalerite. cerussite, 
bindllcimiLc. Illonimolitc, pluillbogummitc. 
milllctitc, malachitc. 
Quartz, alunite, Fe-oxide, barite, illite. kaolinite. 
carbon, pyrite, calcite. 

n.d. a. Inferred - Base metals sulphides. pyrite + 
marcasite. 

As best correlates with Au. 
As, Sb, Hg elevatcd but generally confined to 
structures. 
Major trace elements: Ag. Pb, Zn. Cu. widesprcad 
but associated with struclures. no corrcJatiol1 with 
Au, these major tracc clements arc highcr (hall at 
Carlin Mine; 
Minor Trace elements, Mo, W, Y, Se, Cd. 
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A. Deposit: RAIN (only producing mine), 
EMIGRANT SPRINGS, 
GNOME, (too deep, uneconomic), 
SNOW PEAK, (too narrow, large strip ratios) 

SOUTIlERN MINERALISED ZONE (SMZ) (to 
be mined late 1994), 

B:Tonnage/Grade: 

C. Shapc/Dimensions: 

D. Deposit Attributes: 
I. StratigraphylHost Rocks: 

Rain - 35.1 Mt @ 1.5 glt. 
Emigrant Springs - 27 Mt @ 0.72 glt. 
SMZ - 1.44 Mt @ 0.65 glt. 
Gnome - 2.4 Mt @ 1.6 glt. 
Snow Pcak - 3.6 Mt @ 0.69 glt. 

Rain - 1 524 m • 183 III • 30 - 91m, 
Emigrant Springs - 3 000 m • 610 m • 15 m, 
SMZ - 183 m • 122 m • 30 m, 
Gnome - 244 m • 152 m • 30 m. 

Permian Diamond Peak 
Formation; quartz-pebble - quartz-chert 
conglomerate. 
Unconfomity. 
Mississiuuian - Chainman Fonnation ~ Coarsen 
upwards from siltstone - sandstone to sandstone -
quartzite - conglomerates. 
Transitional contact. 
Mississi]lpian - Kinderhookian Webb Fm; 
HOST Au mincralisation, 
Wcakly calcareous mudstones grading upwards 
into siltstone, sandstone and quartzites. 
Uneonfonnity. 
Devonian Devils Gate Formation; 
Medium bedded micritic limestone. 
Conformable contact. 

2. Igneous Rocks: 

3. Age of Mineralisation. 

4. Structure: 

[ceders. 

5. Altcration: 

Devonian Telegranh Formation; medium bedded 
dolomite. 
Ordo,.ician Woodl1lff Formation; interbeddcd 
cherts, shale quartzites. 
Note; no transitional lithologies of mixed 
carbonate and siliclastic as seen at Gold Quarry to 
the north. 

Argillised quartz porphyry dyke at Emigrant 
Springs and a quartz latite dyke at immigrant 
Rain. 
Both pre mine.'al dykes, 
Nearby Bullion granodiorite stock (36 Ma. Smith 
and Ketner, 1975). 

n.d. Favoured age 36 - 38 Ma bascd on age of 
Bullion stock and time o[ crustal extension. 

Two important features arc Palaeozoic carbonate 
windows thought to be stable bUllresses and major 
bounding high angle faults which served as 

Emigrant Springs window is a broad dOlllC with 
N-S axis. 
Rain window a NE trending dome. 
High angle faults NE and NW the most dominanl 
+ WNW. NNW and E-W slriking [aults. Mosl 
high angle faults have signifieanl horizonlal 
displacement. Faulls acted as conduits for 
hydrothermailluids. 

5 types in decreasing abundance; Silicificalion 
argillisalion -) baritisation ... dolomitisation ~ 

decalcification. 
Paragenesis; decalcification .) dolomitisalion -) 
silicification -t oorilisaLion -) argillisation 
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6. Ore Controls: 

Decalcification; dominant high grade alleration 
in Ule Main orcbody at Rain 
Silicification; most pervasive, superimposed on 
mudstone, siltstone & sandstone as quartz 7. Orc/Gangue Mineralogy: 
overgrowths, replacement of carbonate in lower 
Webb Formation. Au deposition is nearly always 
associated with weak to pervasivc silicification. 
Quartz veirting common, microscopic to 1 cm 8. Sulphide paragenesis: 
widths, vuggy quartz veins, milky quartz veins, 
quartz-barite veins, quartz vein microbrcccia. 9. Geochemistry: 
Argillisation; Penetrates several em's into 
silicified rocks, stongly developed in faulls zones. 
Baritisation; developed Ulroughout district but 
concentrated ncar faults, isotope evidence indicates 
hypogene origin. 
Dolomitisation; conunon in Devils Gate limestone 
adjacent to faults, calcite veirting is Ubiquitous, 
sandy texture. 
SUJlergene alteration; alunite dates betwecn 18 & 
22 Ma, strong acid lcaehing, argillic alteration 10. Ore Types at Rain: 
characterised by alunite, kaolinite and halloysite, 
best developed along NW & NE striking faults. 
Acidic fluids percolated downwards umil reaclung 
unconfomlity between Webb & Devils Gate 
Formations, limestone of Devil Gate bulTered 
acidic solutions forming a 3 m to 9 m thick clay 
zone at unconformity. Basal clay enriched in As 
(0.4%), Hg (5.6%), Co (122 ppm), Cu (54 ppm), 11. Genetic model at Rain: 
Fe (6%), Mn (5%), Ni (877 ppm ), Zn (0.45%) 

Structurally controlled by high angle faults 
especially at intersections, intersection of high 
angle and low angle faults, intersection of lugh 
angle faults and reactive lithologies of lowcr Webb 
Fonllation just above uneonfornuty. Unconformity 
is a horizontal stratigrapluc control. At Rain high 
grade at intersection orNE and NW striking faulls 

immediately above uncon.formity in the 
hangingwall. 

pyrite, marcasite, sphalerite. arsenopyrite, 
dussertite, realgar. orpiment, cinnabar. Quartz. 
barite. calcite, F-oxides. 

n.d. 

Elcvated As, Sb, Hg, Tl. 
Au :Ag ration> 10: I. 
As best patlllinder, average @ Rain 8U5 ppm. 5UO 
ppm As contour = 0.34 ppm Au. 
Sb average @ Rllin 123 ppm Sb contour = 0.34 
ppm Au. 
Hg average @l Rain 63 ppm, Hg 7 ppm contour = 
0.34 Au contour. 
TI average @ Rain = 12 ppm. 

Siliceous. quartz > 40%. barite <30%. 
Siliceouslbaritic, 30 to 40% bmite, 
Baritie, > 40% barite. 
Carbonaceous, high organic content. > O.S'X, 
pyrite, 
Argillaceous, clay content> 40%. 
Calcareous, predominantly carbonates, calcite. 

By Williams in Jory, 1992. 
Stage 1: Right lateral movement on Rain faull. 
stable carbonate buttress. Rain fault conduit for 
hydrothermal solutions, passive si licification. 
biotite, quartz, arscnian pyritc. sphalcrite. 
Stage 2. Boiling Ca) 29U' C, hydrothermal 
brecciation, multiple boiling and brecciation 
events, stage I veins. quarlz. arseniall pyrite. 
sphalerite, Au, calcite, barite. 
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12. Fluid Inclusions: 

13. Isotope: 

14. Source: 

Stage 3. Boiling focussed in conduits forming 
pipe-like accretionary lapilli crosscutting 
hydrothermal breccia. 
Stage 4. Post mineral faulting. 
Stage 5. Supergene leaching/collapse breccia 
formation. 

Jory, 1992. 
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A. Deposit: 

B. Tonnage/Grade: 

C. Shapc/Dimension: 

D. Deposit Attributes: 
1. Stratigraphy/lHost Rocks: 

2. Igneous Rocks: 

3. Age of mineralisation: 

4. Structure: 

SOUTH BULLION 

18.14 Mt @ 0.89 gil. 

Elongate NW trend. 5. Alteration: 
1435 m • 586 m "/- 20 m. 

Mississipnian Chainman Formation; 
"Flysh" and turbiditite sequences typical, 
interbedded sandstone, siltstone and shale, upward 
coarsening. 
HOSTS minor structurally controlled 
mineralisation. 
Conu,cttransitional to abrupl. 
MississipJ1ian Webb Formation; 
Thin bedded carbonaceous siltstone, siliceous and 
calcareous mudstone. calcareous mudstone 
dominant towards the base of sequence. 
Debris flow breccias common towards base of 
sequence. 
Major HOST to mincralisation at unconformity. 
Unconfomtity - Paleokarst surface. 
Devonian Devil Gate Formation; 
Dominantly tllick bedded massive limestone, 
minor tltin sandy limestone beds. 

Weakly altered rhyolite dykes and sills witl, 
disselltinated line grained pyrite and marcasite. 

n.d. Thought to be ntid-Tertiary. 

Most dominant fcature N to NNW anticline, 
plunges to SSE @ 300. 

6. Ore Controls: 

High angle faults; 7. Ore/Gangue Mineralogy: 
N700W - reverse; brecciated baritic jasperoid, one 
of several condiuts, N-S reverse faults with 

complex structural history N200W faulls (I) 10° -
30° dips, (2) 50° - 90° dips, both dip sets have 
oblique to strike slip and dip slip movement, 

Decalcification; Forms a halo around siilicificd 
orebody, 6 to 10 m thick zone above orebody, has 
numerous cross-cutting ca lcite vcinicls. 
SilicificiltiOIl; Au mineralisation is hosted in 
jasperiods that arc developed just above the 
unconformity belween Devils Gate and Webb 
Formations. 
Jasperiods arc stratabound within the anticline. 
strongly brecciated, varing amounts of 
hydrothermal barite, stibnite,' pyrite, hematite and 
calci te. 
Barite content increases with incrcasingjaspcroicJ 
thickness as docs Au. 
Silicification resulted in replacement of carbonate. 
development of quartz overgrowths, in filling 
fractures and vugs. pervasive flooding along zones 
of secondary porosity and permeability. 
Silieilied fault breccias in Chainman shales. 
Argillization; Wcak, dispersed hydrothermal 
clays, "not thought to be relatcd to Au 
hydrothermal event". 

Structural control along ltigh and low angle NN W. 
N to NNW and N-S faults. The intersection with 
basal calcareous shales of Webb Formation. 
Latcral spread just above unconformity. 
Lithological controls - decalcifieation - increaset! 
porosity and permeability - primary porosity + 
permcability in debris flow breccias. 

Pyrite. marcasite. quartz. barite, stibnite .. calcite, 
hematite. 
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8. Sulphidc Paragencsis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusion: 

12. Isotope: 

13. Sourcc: 

n.d. 

Gold accompanied pervasive silicification. 
Silicifica tion stratabound. Minor Au 
mineralisation in silicified high angle faults in 
hangingwall Chainman Shalcs. 

As - maximum - 2 600ppm, 
Hg - maximulll - 7 ppm, 
Ag - maximwn - 49 ppm, 
Sb - maximum - 1190 ppm, 
TI - maximum - 14 ppm, 
Mo - maximum - 17 ppm. 
An cnriched 2 to 7 m zonc of As, Sb & Hg 
bet wccn unsilicificd calcareous rocks and 
mincralised jasperoid. 

Putman and Henriques, 1991. 
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A. Deposil: 

B. Tonnage/Grade: 

C. Shape/Dimensions: 

D. Deposit Attributes: . 
I. StratigraphylHOSl: 

2. Igneous Rocks: 

VANTAGE I,ll & III 3. Age of Mineralisation: 
(also known as Alligator fudge) 

5.8 Mt @ 4.9 glt. 4. Structure: 

Vantage I and III are nearly circular in plan 120 
to 150 m in diameter and up to 75 m thick. 
Vantagc II is 120 m by 270 m in plan, elongated 
in a NW direction. 
All orebodies have a flat bottom. 

Mississipilian Chainman Shale~ lower thin 
bedded carbonaceous limestone and upper pyritic 
carbonaceous llludstone. 
MississiuJ)inn Joanna Limcstonc~ thin to medium 
bedded bioclastic limestone and chert. 
Minor disconformable contact. 
Mississippian - Devonian Pilot Shale; thinly 
laminated calcareous siltstone divided into, 
Upper, siltstone that as up to 55% calcite, 
Middle six meter thick chert band, 
Lower laminated, calcareous and carbonaceous 
siltstone, 
Siltstone composition, 30-45 wt % dolomite, 35-50 
wt % illite, 14 wI % detrital quartz, 5 ,,1 % pyritc, 
1.5"1 % organic matter, 0-3 wI % kaolinite. 
HOSTS mineralisation. 
Confommble contact. 
De,'onian Devils Gate Formlltion; comprised of 
lower dolostone and upper limestone. 
Devonian Nevada Formation; mediulll grey 
saccharoidal dolomite. 

n.d. 

5. Alteration : 

Based on "hypogene" alunite 11 .5 ± 0.7 Ma 
(Jlchik, 1990). 

Main structural feature the N to NE striking 
Vantage normal fault, a 20 to 30 m wide structural 
zone, feeder fault. 
Broad anticline parallel 10 the Vantage fault. 
NE striking, south dipping normal faults. 
Numerous breccias associated with faults. 

Three events; (I) decalcification and silicification. 
(2) hypogene oxidation and (3) supergcne 
oxidation. 
Decalcification: removal of calcite rrom lower 
Pilot shale and Dcvils Gate Limestone, contact 
between calcareous and noncalcalcous silistonc is 
sharp as is Au grade. Numerous hydrothermal 
caleite veins peripheral to the dcposit. 
Silicification: Underlying Devils Gate Limestonc 
and fault zones arc pervasively silicified forming 
jasperoids (>95 wt % quartz). Pilot shale passively 
silicified, ( 30-65 wt % illite. 5-lO wt % kaolinite. 
25-{iO% wt % quartz, 5 wt % pyrite. 1-5 wt % 
organic hydrocarbon, <5 wt % calci tc). 
Silicification occurs throughout the 
ore zone in the Pilot Shale. Veins of euhcdral 
quartz, kaolinite and stibnite accompany 
silicification. Dickite in some veins. 
HYIJogene oxill.ation ~ confined to the orcbody. 
complete destruction of sulphides and organic 
matter. accompanied by alunite and/or barite 
veins. hematite lines fractures in pluccs. 
Suncrgcnc oxidation. mimicks. ~lIld is up to 30 111 

below, erosional surface, locally deeper along 
fractures. 
Abundant goethite and jarosite. 

21 



6. Ore Controls: 

7. Ore/Gangue Intersections: 

8. Sulphide paragcnesis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusion: 

12. Isotope: 

High angle Vantage Fault Zone acted as feeder. 
Au- bearing hydrothermal fluids spread laterally at 
Devils Gate Limestone - Pilot Shale contact, 
altering both but mineralising Pilot Shale only. 
Local controls, fault and bedding intersections­
fracture intersections. 

Pyrite, arsenian pyrite, stibnite, orpiment, realgar. 
Quartz, kaolinite, barite, dickite, hematite, alunite. 

n.d. 

Mineralisation accompanies decalcification 
silicification. Minor low grade mineralisation 
associatcd with jasperoids. Most of Au 
mineralisation hosted in the Pilot Shale. 

Au:Ag ratio I: I - carbonaceous, unoxidised ore. 
Au:Ag ratio 5: I - oxidised ore. 
Au:Ag ratio 9.1 - oxidised ore (KJessig, 1994) 
Elevated As, Ag and Sb. 
As < 5 000 ppm, 
Sb < 700 ppm. 
Hg < 0.1 ppm. 

Calcite Veins; 
Homogenisation Temperature 205 to 230"C, 
average 215"C. 
Salinity, < I wt percent. 

Rock Type! Alteration 

Unaltered Pilot shale 

Unaltered Dcvils Gate 
Limestone 

Devils Gate Jasperoid 

Joanna Limestone Jasperoids 

Chainman Shale Jasperoid 

Vein quartz 

Background unaltered rock, 
whole-rock 

Altercd whole-rock averagc 

Stibnite 

Orpiment 

Barite (disseminated) 

Barite (vein) 

Alunite 

13. Source: 

6"0 ( per mil) 

+24.4 

+23.7 

+ 15.9 - + 18.2 

+ 15.6 - +20.2 

+ 17.7 - +23.2 

+1(>.1 - +20.1 

lIch.ik, 1990. 
lIchik, 1986. 

6"C (per mil) 

-1.3 

+0.7 

I\"S (per mil) ._-

+O.K (syn- g.l-'llc\ 

pyr !l~) 

<+ 11 
.-

+5.5 - + 10 

+2.5 -+12.3 

+25.Y - +47. 1 
Most samples 
>+35 

+21.0 - +2Y.2 

+3. 8 - +13 .4 
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APPENDIXB 

Characteristics of Sediment-Hosted, Disseminated Gold Deposits 
along the Battle Mountain - Eureka Trend. 

Deposit Page No. 

Lone Tree 1 
Hilltop 3 
Gold Acres 5 
Cortez 7 
Horse Canyon 8 
Tonkin Springs 9 
Gold Bar II 
Ratto Canyon 13 
Nighthawk Ridge 14 



A. Deposit: 

B. TOlUlage/Grade: 

C. ShapclDimensions: 

D. Deposit Attributes: 
1. StratigraphylHost Rocks: 

2. Igneous Rocks: 

LONE TREE GOLD DEPOSIT 3. Age of Mineralisation: 

47,638 Mt@ 2.1 gil. 4. Structure: 
Oxide Ore Heap Leach; 8.975Mt @ 3.5 glt 
Refractory Ore; 
(I) Sulphide Mill ore 8.355 Mt @ 5.3 glt 
(2) Run-of -mine reserves 30.307 Mt @ 
gil. 

Strikes N-S 
1250 m • 50 - 120 m • open. 

Pennsylvanian-Permian Havallah 
Sequence; 
Dccp water oceanic sequence of chert, 
basalt grading up through shale, 
mudstone, calcareous sandstone, sandy 
limestone; strueturally deformed by abundant 
low angle faults of Sonoma Oregeny Age? 
Pennsylvanian Antler Overlap Sequence; 
autochthonous sequence, basal I -6 m 
conglomerate overlain by coarse lithic arenite 5. Alteration: 
and siltstone and sandstone; structurally not 
disturbed. 
Ordovician Valmy Formation; 
Interbedded quartzites, chert, minor 
basalts, argillites. 
N-S, east verging folds; 
Bedding N-S/30-70W. 
Tertiary feldspar porphyry dykes intruded along 
NW & N structures. 
KJAr 36 - 39 Ma (Biotite & amphibole). 
Similar to age of intrusive responsible for the 
Fortitude Cu-skam deposit to south (Theodore & 
Hammerstrom, 1991) . 

< 38 Ma. Post dates skarn mineralisation. 

Paleozoic Antler thrusting in Vinini 
Formation. 
Sonoma Oregeny thrusting in Havallah 
Sequence. 
Main structural feature is N-S trending Wayncs 
Fault Zone, comprised of numerous 
anastomosing N-S, NW and to a lesser extent 
NE brittle faull. Thought to be a large strike slip 
fault with late dip slip component. Minor 
cast-west structures. WNW striking faults. 
All structures have multiple cpisodcs of 
movement. 
Most mineralisation hosted in N-S striking 
faults 3 to 30 m wide (Powerline fault) , local 
higher grade at intersection with NE & NW 
striking faults & at dilational jogs and bends 
within N-S fault. 
Mineralisation along NE & NW faults narrow. 

Intense Ilre-mineral skarn alteration. 

Pb, Zn outcr zone --+ Cu + Zn inner zone --+ 

36-40 Ma porphyry crops out south of 
deposit. 
Silicification (1): Pre-mineral silicification in 
sandy limestone and faults, scaled faults. 
Renewed faulting resulted in brittle failure of 
silica sealed faults increasing permeability. 
Silicification (2): vein filling and matrix 
alteration. 
Potassic alteration: Syn- to post 
silicification 
Argillic alteration: Upper Lone Tree deposit 
argillic alteration confined to fractures and faults 



6. Ore Control: 

7. Ore/Gangue Mineralogy: 

8. Sulphide paragenesis: 

9. Mineralisation: . 

10. Geochemistry: 

Minerals quartz, kaolinite, dickite, jarosite, 
alunite. Jarosite replaces kaolinite. Alunite 
(sulphur isotope data; o" S = +2.4 per mill) is 
of supergene variety. 
Paragenesis: Skarn alteration --t pre- mineral 
silicification --t silicification + late syn potassic 
alteration --t potassic alteration --t argillisation. 

Structural preparation. Complex and repeated 
movement along N-S faults aud to a lesser extent 
NW, NE and E-W striking faults. Pre- mineral 
silicification scaled N-S faults and subsequent 
brittle failllIe increased permeability. 

SIOlrn minerals; clinopyroxene, K-fcldspar, 
actinolite, sphene, c1inozoisitite. 
Ore: galena, sphalerite, chalcopyrite, 
pyrite. arsenopyrite, Cd-Co-Ni-rich pyrite. 
Silicification (1); massive silica flooding, 
Ore; galena-sphalerite. 
Silicification (2) + Potassic alteration; 
quartz, adularia, sericite, calcite, pyrite, 
rutile gold bearing pyrite arsenopyrite. 

n.d. 

Pre-Au mineralisatisation event of base metal 
lnineralisation ppt Pb-Zn & Cu-Zn. 
As correlates best with Au, ranges from 1350 to 
7130 ppm. As principle component in 
Au-hydrothermal fluid As highs at fault 
intersections. 
Sb moderately anomalous, 37 to 131 ppm. 
Hg ranges from 0.3 - 10 ppm. Hg poor system. 

II. Fluid Inclusions: 

12. Isotope: 

13. Source: 

Se ranges from 15 to 75 pplll. 
Ba depleted. 

n.d. 

Bloomstein el. aI. , 1993. 
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A. Deposit: 

B. Tonnage/Grade: 

C. ShapclDimcnsionsL 'B'T: 

D. Deposit Attributes: 
1. StratigraphylHost Rock: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

4. Structure: 

HILLTOP MINE 

5.23 Mt. @ 2.7 glt 

488 m • ? m • 2-59 m. 

Ordovician Valmy Formation; 
predominantly chert interbedded with 
noncaJcareous shale, quartzite, greenstone, 5. Alteration: 
minor limestone. 
HOST. 
Oligocene (33-35 My?) rhyolite plugs alld 
dykes that cut dacite porphyry. Breccia dykes 
with shale, chert and dacite porphyry fragments. 
Eocene (38.1 My?) dykes, sills and plugs of 
dacite porphyry. 6. Ore Control: 

<38.1 My. 

Compressive Antler Orogeny (RMT) 7. Ore/Gangue Mineralogy: 
Hilltop Fault (N-SI20o-30°W), varies from a 
fault plane to gouge zone 15 m thick. 
Slickenlines indicate nonnal movement. 
Concordant breccia in hanging wall to Hilltop 
fault. 
Saddle Fault (W-E/900) , north of saddle fault 
only hanging walllitllOlogies to the Hilltop 8. Sulpllide paragenesis: 
Fault altered whereas south of Saddle Fault both 
hanging and footwall lithologies to the Hilltop 
Fault are altered. 
Concordant Breccia; limited to hangingwall of 
Hilltop Faul~ 2-59 m thick, fragment to matrix 9. Mineralisation: 
supported, fragments comprised of shale, chert, 
dacite porphyry. 

Discordant Breccia: located in hangingwall to 
Hilltop Fault, located along N-S trending faults 
parallclto steep limbs of Antler Orogeny age 
isoclinal fold, angular to subangular fragments, 
fragments comprised of chert, shale, breccia 
dyke material. 
Fragments of discordant breccia occur in 
concordant breccia N-S normal faults 

Silicification; 1ST Phase - chalcedonic quartz + 
quartz veining with minor sulphidcs. 
2ND Phase - coarsely crystalline quartz with 
abundant sulphides. 
Quartz veins (N-S/steep dip to W), 2.5 em to 30 
cm thick, cockscomb texture. 

Structural ore control along low and to a lesser 
extent high angle faults. Gmde and orc 
thickness increase at structural intersections. 

Pyrite, chalcopyrite, galena, tetmhcdrite, Au. 
minor barite + rare fluorite occurs with quartz. 
Barite concentrated ncar the top of dcposit. 
Sulphides increase with increasing quartz crystal 
size. Sulphidcsintergrown with coarsely 
crystalline quartz. 

Pyrite psuedomorphing? marcasite 
chalcopyrite ~ sphalerite -. galena ~ 
tetrahcdrite. 
Au paragenesis not determincd. 

Three distinct and overlapping events. 
1ST Event:Quartz, carbonaceous matter. pyrite. 

arsenopyrite. tennatite/ terahedrite-Au (arsenic 
rich) phase that constitutes the majority of the 
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10. Geochemistry: 

II. Fluid Inclusion: 

12. Isotope: 

13. Source: 

ore, coats and fills fractures, rcplaces breccia 
matrix, pyrite-arsenopyrite veinlets. 
Paragcnesis; pyrite after marcasite + arsenopyrite + barite 
+ alunite~tel1l1antite + tetrahedrit~drusy 
quarlz~orpiment'l- realgar. 
Au micron to submicron inclusions in sulphides. 
2ND Phasc;Chalcedonic quartz, euhedral barite+ stibnite + 
Au & Ag form matrix of breccia. Barite and stibnite 
veinlets. 
3RD Phase; Marcasite, pyrite, barite cement breccia and 
contains fragments of the first two mineralisation phases. 
Coarsely crystalline pyrite and vugs lined with barite. 

n.d 

NaCI = 5.4 - 7.3%. Homogenisation Temperature = 160 
- 185 

n.d. 

Lisle et. aI. , 1988. 
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A. Deposit: 

B. Tonnage/ Grade: 

C. Shape! Dimensions (m): 

D. Deposit Attributes: 
1. Stratigraphy/Host: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

GOLD ACRES MINE 4. Structure: 

1.99 Mt. @ 3.67 glt 

n.d 

Devonian Slaven Chert; thick bedded chert 
Devonian Wenban Fomlationj medium to 5. Alteration: 
thick bedded silty to crystalline limestone. 
Tectonically interleaved with lenses of 
Ordovician Valmy Formations. 
Transitional contact. 
Devonian-Silurian Roberts Mountains 
Fonllation ~dark grey, carbonaceous, thin to 
medium bedded fincly laminated calcareous silty 
limestone. 
Major HOST 
Ordovician Valmy Formation; thin to medium 
bedded, interbedded,quartzite, sandstone, shale" 
siltstone, greenstone +/- limestone. Thick 
sequenccs of siltstone & sandstone horizons do 
not host mineralisation. 
Fossil evidence suggest that what is believed to 
be the Valmy Formation is actually Devonian in 6. Ore Control: 
age. 

Tertiary «66 My) quartz porphyry dykes 
intruding along high angle normal faults. 
Quartz monzonite stock 120 - 180 m below 
deposit. KJ Ar 98.8 +/- 2 My (Bt), I % pyrite + 
biotite 
No Au mineralisation in stock. 

Mid Cretaceous? < 66 Ma. 

7. Ore/Gangue Mineralogy: 

RMT N30oWI20o-30oSW, imbricate sole thrust 
parallel to RMT, orebody lies within the 
imbricate thrust. 
NE high angle faults 30 m throws 
smaller NE faults within the ore body, throws I 
- 6 m 
N-S faults local control on ore distribution. 

Decalcification - in carbonate lithologies of 
Snll, minor in Dw and limestones of the Ov, 
increase permeability. 
Carbonisation - dominant alteration type bolh 
in lower & upper plale lilhologies. Sooly malu re 
carbon concentrated along fractures & bedding 
planes. significant carbon and up to 3% pyrile 
associated with carbanisation . 
Silicification - in both upper & lower plate 
lithologies. peripheral to Au I.one in upper pia Ie 
rocks. wanes from N to S. 
Argillisation - Confined to Srm and to fraclures. 
illite the dominant clay. 
Skarn - two skarns associaled wilh intrusive. 
replace Dw and Srm. 

Structural ore conlrol by older imbricate Ihrusls 
and younger high angle faults. 
Penlleable interbedded silty limestones. 
Upper skarn acted as impermeable cap to 
hydrolhermal fluids. High angle faults aCled as 
conduits to porphyry and hydrothermal fluids 
which spread laterally into thrust fault and 
permeable lithologies. 

Skarn - chlorite, trelllolite, epidote. calcite. 
quartz, illite, nonlronile, smithsonitc, pyrite, 
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8. Sulphide paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

11. Fluid Inclusion: 

12. Isotope: 

13. Source: 

pyrrhotite, chalcocite, sphalerite, arsenopyrite, 
galena. 
Upper skarn - Pb-Zn+I-Cu, 
Lower Skarn - Cu-Mo. 
Hydrothermal suite - pyrite/calcite, quartz, 
melanteritc, azurite, jarosite, rcalgar 
Base metal suite-.pyrite+quartz 
veins ... calcitc veins. 

Earlier base metal mineralisation associated with 
Mesozoic intrusive and skarn development. 
Later hydrothermal Au mineralisation event. 

Base metal suite; Ag, Cu, Pb, Zn & Mo. 
Hydrothermal suite; Au, As, Sb, Hg, Tl. SO, , S,· 
, organic C. Au correlates best with TI. No 
correlation with base meLals and Au. 
Heat for skarn fonnation >500 C, at this 
temperature Tl and Hg would be driven oIT, 
therefore hydrothermal event later than porphyry 
mineralisation. 

Quartz veins - Homogenisation Temp = 150-
185C 

n.d. 

Hays ct. aI. , 1991. 
Cartwright, 1985. 
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A Deposit: 

B. Tonnage/Grade: 

C. Shape/Dimension: 

D. Deposit Attributes: 
1. StratigraphyIHost: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

4. Structure: 

5. Alteration: 

CORTEZ GOLD MINE 

3.2 Mt. @ 9.8 git 

Irregular to tabular, NW strike. 

De"onian Wen ban Formation; 
thick bedded limestones, minor ore host 
Silurian Roberts Mountain Formation; 
thin to medium bedded, finely laminated 
calcareous, moderately to strongly carbonaceous 
silty limestone. 
HOSTS mineralisation. 

6. Ore Control: 

Pliocene (10-16 My) basaltic andesites and 7. Ore/Gangue Mineralogy: 
rhyolite flows 
Oligocene (34 My) Caelano rhyolite tull' and 
felsic quartz porphyry dykes, sills that crosscut 
mineralisation and s!mctures 8. Sulphide paragenesis: 
Jurassic Mill quartz monozonite stock 
KlAr 150 +/- 3 My (BI). 9. Mineralisation: 

150 My > mineralisation < 34 My. 10. Geochemistry: 

NW30 - 40 SW oriented high angle nonnal II. Fluid Inclusion: 
faults, conduits to mineralising fluids, E-W high 
angle faults. 12. Isotope: 
Conlact between Dw and Srm structural (pers. 
C01ml1S Placer Dome geologists, 1992). 13. Source: 
Minor low angle faults. 
Large NW striking anticline. 14. Remarks: 
Abundant minor folds. 

Decalcification - removal of calcite in silty 
limestone, increased permeability. 

Silicification - weak to pervasive jaspcroids, 
mineralisation hosted in weak to moderatc 
silicification 
Argillic - argillisation of felsic porphyry dykcs 
to montmorillonite. 

Structural ore control by both high and low 
angle faults. Structural and lithological contact 
between Dw & Srm acted as an impermeable 
cap. 
Mineralisation in hinge of large scale antiform. 
High angle faults feeders and low angle faults 
and permeable lithologies lateral migmtion or 
Au bearing hydrothermal fluids. 

Pyrite, native Au, As-. Au-, Sb-, Hg-bearing 
pyrite. 
Quartz, calcite minor barite 

n.d. 

Au mineralisation accompanying silicificatioll. 

Elevated, As, Sb, Hg, Tl, W, Ag. 

n.d. 

Erikson, 1985. 

Old Ag-Pb-Zn vein hosted mineralisation. 
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A Deposit: 

B. Tonnage/grade: 
C. Shapc/Dimension: 

D. Deposit Attributes: 
1. StratigraphylHost: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

4. Structure: 

5. Alteration: 

HORSE CANYON MINE 

2.99 Mt @ 4 .91 Mt 
Strikes NW, irregular tabular body. 

Devonian Wenban Formation. 
Thin - medium bedded limestone, weak to 
moderately carbonaceous, calcite veins and 
euhedral pyrite throughout. 
HOSTS mineralisation in North Pit. 
Ordovician Valmy Formation; Thin bedded 
cherty siltstone and shaly interbeds 
shale + Uun to medium bedded laminated 
argillaceous, very caroonaccous silslonc. 
HOSTS mincralisation in South Pit. 

Altered and nrineralised Oligocene felsic dykes. 

Syn- post Oligocene «36 My). 

Roberts Mountains Thrust, NW strike. 
Large and small overturned recumbant folds, 
RMT has been recumbanLly folded. 
Recumbant fold axis strikes N-S, axial plane 
overturned to the cast. 
High angle normal faults; NNW to N-S ~ E-W ~ 
NW (post mineralisation). 
NNW dominant and were main conduits to 
hydrothennal fluids. 

Decalcification; preferential in silty limestones, 
very poorly developed in indurated limestones. 
Silicification: structurally controlled brecciated 
jasperoids in hjgh angle faults, stratiform in Ov 
and Ow, better developed in the latter, 

6. Preperation: 

7. Ore/Gangue Mincralogy: 

8. Sulphidc paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusion: 

12. Isotope: 
13. Source: 

sedimentary structures preserved, multi pic 
brecciation events and rcsilicification. 
Silicification pre- and post ore. 
Argillisation ; best developed along fault zoncs. 
Illite Ule dominant day, localised kaolinitc pods 
developed along structurcs. 
Carbonisation: sooty organic carbon 
conccntrated along fractures, bedding plancs and 
in fold hinges. 

Ore best developed at intersection of high angle 
NNW striking faults and permcable lithologies 
(Ow) and/or structurally prepared lithologies 
(Ov) adjacent to RMT. In siliciclastic Ov 
localliscd are in hinges of fold axis due to 
increased permeability. Higher grades and more 
oxidised ore at interscction of E-W to ENE and 
NNW striking faults. 

Epigenic line grained pyrite/calcitc.quartz, 
crystalline jarosite, hematite. rare ih'lrilc, 
alunite. 

n.d. 

Au mineralisation accompaning silicification. 
Au within epigenic pyritc, disseminated and 
within quartz veins. 

Elevated As, Sb, Hg & TI, Au & TI have the best 
correlation. 

n.d. 

n.d. 
Foo el. aI., 1987. 
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A. Deposit: 

B. Tonnagc!Grade: 

C. ShapclDimensions: 

D. Deposit Attributes: 
I. Stratigraphy/host: 

2. Igneous Rocks: 

3. Age of mineralisation: 

4. Structure: 

TONKIN SPRINGS 

n.d. 

Regional N to NNW strike" local N to NNE 
strike. 

Ordovician Valmy Formation;. 
Coils Member - pure quartzite, shale, siltstone, 
laminated shaley limestone. 
Rooster Member - interbedded shales, cherts, 
argillites, siltstones and laminated silty 
limestone, capped by Nevada Formation 
limestones that focm jaspcroids. structural 
contact (RMT). Host most of Au mineralisation. 
Telephone Member - Upper black, calcareous, 
carbon shales interbedded with thin slabby 

5. Alteration: 

limestones; Lower thin tomediWll bedded sandy 6. Ore Control: 
to silty carbonates. 

Oligocene basaltic andesites. 
Late Eocene - early Oligocene rhyolite welded 
and waterlain tuffs. 
Late Mesozoic - early Tertiary (7) porphyritic, 7. Orc!Gangue Mincralogy: 
propylitized intermediated dykes and sills. Most 
of ore mined has been adjaccnt to intrusive 
bodies. 

Decacification: Restricted to Nevada Fm 
limestones and the silty carbonates in the Ov; 
increasing permeability. 
Silicification: varies from weak to pervasive 
(jaspcroids in the Nevada Fmlimestones and Ov 
silty limestone beds); drusy quartz lining open 
voids~ quartz veining. 
Carbonisation: Sooty carbon lining fractures. 
Argillisation: minor - restricted to fractures ano 
fault planes. 
Paragenesis: decalcification ... silicification 
jaspcroid development -+ silicification. silica 
veinlets with sulphide and Au ... calcification 
with realgar. cinnabar and barite 
-+l1licrofracluring, carool1isation (Hardisty. 
1983). 

Predominantly structural ore control. At 
intersection of NW & NE structures and at 
intersection of high angle stuctures with thrust 
and low anglc structures and permeable 
lithologies. 

Pyrite. 
Realgar, cinnabar, barite, calcite. organic 
carbon. 

8. Sulphide Paragenesis: n.d. 
~ 66 My (?). 

9. Mineralisation: 
Roberts Mountains Thrust, 
Numerous smaller low angle faults and thrust 
witrun deposits. 10. Geochemistry: 
High angle structures; N to NW ... N-S ... NE ... 
E-W. 

Au mineralisation accompany the quartz 
veining and pyrilc. 

Elevated As , Hg, Sb, Ba, Tl. 
Au:Ag ratio = 1:2. 

9 
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A. Deposit: 

B. Tonnage/Grade: 

C. Shape! Dimension: 

D. Deposit Allributes: 
1. StratigraphylHost: 

2. Igneous Rocks: 

3. Age of mineralisation: 

4. Structure: 

GOLD BAR MINE 

4.36 Mt @ 2.87 gil. 

NW striking ore body, roughly tabular. 
910 m' 60 - 120 m' IS -76m. 

Tertiary Tuffaceous Aeglomerates. 
Unconformity. 
Deyoni .. n Neva~a Formation; 
Devonian Denny Limestone; 
Upper- Iluck to medium bedded limestone with 
local layers of silly limestone. 
Middle- a lIS m thick thin bedded intercalated 
limestone, calcareous siltstone and finely 
lanunatcd mudstone, HOST nuneralisation. 
Lower- basal medium to Iluck bedded 
fossiliferous limestone willI trace amounts of 
chert and cherty limestone. 

Rhyolite tulfaceous agglomerate (23.8 Ma) 
Volcanics are altered and nuneralised. 

S. Alleration. 

6. Ore Control: 

24 Ma or younger. 7. Ore/Gangue Minralogy: 

Paleozoic thrusting (RMT). 8. Sulplude paragcnesis: 
Large open NW striking anticline in carbonate 
lithologies; siliciclastic lithologies isoclinally 9. Mineralisation: 
folded. 
High angle faull paragenesis E-W .... N to NW .... 
NE .... N-S; NW and N-S faulls the dominant 
sel. 
Bcdding NW/ IS -30 NE. 

Dccalcificntion/smuJillg; caicilc and caroon 
removal .... increased penl1eability. 
Silicification; jasperoids and quartz veining. 
jasperoids devcloped in NW striking fccder fault 
and at base of deposit between impermeable 
massive limestones & interbedded limestones 
and siltysloncs. jasperoids commonly breccia ted. 
clast supporled, monolithic. Matrix and vugs 
composed of drusy quartz. Most altcration 
migrated up dip of feeder structure. 
Carltonisation; black sooty carbonaceous 
material lines fractures, greatest along fceder 
faull. 
Carltonate; Calcite veining periphcralto 
silicification. 
Argillisation; Rare, illite .... montmorillonite + 
allophane, confined to fractures. 

Structural ore control along NW striking faulls 
and at intersections ofNW and NE striking 
faults. 
Lithological ore control increascd permeability 
in silly limestone due to decalcification. 

See 9. 

n.d. 

Three types of ore: 
(I) Oxide ore: the major ore type. weak to 
pervasive decalcification/sanded, calcite. clay. 
quartz, relict pyrite, hematite psuedomorph aner 
pyrite, limonite, dissemintated frce Au, trace 
barite, Mn oxide mincrlas, stibiconite. 
Au I - JO microns. 

11 



10. Geochemistry: 

11. Fluid Inclusion: 

12. Isotope: 

13. Source: 

(2) Jasperoid ore: minor ore type, pyrite and 
calcite line fractures, Au occurs as frcc gold in 
quartz veinlets and on fractures. 
(3) Carbonaceous ore: Deeper part of orebody, 
authigenic pyrite, abundant carbon, realgar, 
orpiment, higher grade 6.1 g/I, Au micron size 
and occurs as frce Au. 
Paragenesis; Sanding/decalcification, earbon 
removal + calcite carbon veining --> Calcite 
removal + introduction of minor pyrite + quartz 
veining --> pyrite and quartz veining + 
silicification --> Au + arsenic mineral 
precipitation + calcite veining --> quartz 
veining. 

Hg largest halo (> 1000ppb), 
Hg increases above ore body, 
As (l00 ppm) & Sb (>20 ppm) haloes close to 
Au orcbody and elevated above ore body. 

n.d. 

n.d. 

Broili et. aI., 1988. 
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A. Deposit: 

B.Tonnagc/Grade: 

C. Shape/Dimensions: 

D. Deposit Attributes: 
1. StratigraphyiHost: 

2. Igneous Rocks: 

3. Age of Mineralisation: 

4. Structure: 

5. Alteration: 

RATTO CANYON GOLD 
OCCURRENCE 

n.d. 

n.d. 

Cambrian Dundcrberg Formation; 
Fissile claystone interbedded with limestone, 
limestone is medium grey, blue grey. 
HOST most of mineralisation. 
Cambrian Hamburg Formation; 
Massive dolomite with irregular lenses of 
limestone. 

Eocene intermediate tulfs, flows and minor 
porphyrotic dykes and sills (36 My). 

Thought to be related to the Eureka 
mineralisation. 

E-W compression resulting in N-S striking fold 
axis and thrust fault + E-W tear faults. 
N-S compression resulting in broadE-W folds 
wiUI fold striking E-W. N-S sliking fold axes 
plunge to the north and SOUUI. 
High angle faults; N to NW -t E-W -t NE. 
Feeder fault N-S. 

Sanding/decalcification; confined to dolomites, 
located in proximity to silicification, calcite 
matrix removed, minor Au. 
Silicification; concentrated along high angle 
normal faults and at intersections of high and 
low angle faults, destroys sedimentary features, 

6. Ore Control: 

7. Orc/Gangue Mineralogy: 

brecciated, late stage quartz veining, most of An 
hosted in silicified zone and/or in adjacent 
argillic alteration. 
Argillisation; restricted to the Dundcrberg 
shale, peripheral to silicification, illitc 
-tkaolinite + sericite. Au mineralisation present 
in argillic alteration but not always. 

Structural prepared lithologies along N to NW 
faults at intersection of NW and NE high angle 
structures, at inlcsccLioll of high and low angle 
structures, at intersection of high angle and 
permeable lithologies alld up dip illto allticlines. 
Contact betwcell Dunderberg shale and 
Hamburg dolomite. Thrust planes form cap to 
111incralisatioll. Carcarcous argillaceolls 
sediments. 

Au deposited as free gold in quartz veilets. 
quartz, rcalgar, pyrite. 

8. Sulphide paragenesis: n.d. 

9. Mineralisation: 

10. Geochemistry: 

11 . Fluid Inclusions: 
12. Isotope: 

11. Source: 

Oxide ore; remobilisation and deposition of 
Fe-oxide on fracurcs, realgar increases \\lith 
increasing Au, highest grade in argillic zone 
adjaccnt to silicification. 
Ulloxidiscd ore; Frce Au ill quartz vcinlcts. 

Positive correlatioll betwecn An & As. Hg & 
Sb form halo aronnd Au zonc. 

n.d. 
n.d. 

Steinigcr cl. aI. , 1987. 
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A. Deposit: 

B. Tonnage/Grade: 

C. Shapc/Dimensions: 

D. Deposit Attributes: 
I . StratigraphyiHost Rocks: 

2. Igneous Rocks: 

3. Age of mineralisation: 

4. Structure: 

5. Alteration: 

NIGHTHAWK RIDGE 

6.33 Mt @ 0.87 glt. 

n.d. 

Carboniferous Chainman Formation; 
Carbonaceous shale interbedded with silty and 
limey lenses. 
Host 75% of ore. 
Late Devonian - curly Carboniferous 
Joanna Formation. 
Host 25 % of ore. 
Upper - light grey, sparry crinoidal, porous, 6. Ore Control: 
permeable with lenses and nodules of chert, 
increasing interbeds of silt and shale up through 
the sequence. 
Lower - orthoquarzite. 

No igneous rocks near deposit. 
7. Ore/Gangue Mineralogy: 

n.d. 

Open style folding, axis NI5E, plunge SW 8. Sulphide paragenesis: 
Reverse faulls - Strike N 15E, 
NE/80W major shear zone on west limb of 9. Mineralisation: 
anticline, primary conduit. 
Ore thickness and grade closest to NElSOW fault 
and at intersection ofNE & WNW-ESE faulls, 10. Geochemistry: 
WNW-ESE faults minor but increase structural 
ore control dramatically. 

Decalcification - in silty limestones and 
caleareous shales. 

Silicification; Iicscgang banding in Chainman 
Formation; Jasperoid widespread in Joanna 
limestone, chaleedonic, matrix supported 
monolithic breccia, clay + barite cement + line 
fractures, limonite in upper portions while 
hematite common in lower silicified zone. 
Argillisation; 25% of ore body, near main 
feeder. 
Carbonisation; carbonaceous material driven 
from feeder to peripherics of dcposit. 

Silicification and oxidation cmulatethe 
anticline. 

Ore body hosted in anticline. 
NE faullmain condiu!. 
Structural ore control along NE fault and at 
intersection ofNE - WNW faults. 
Increase permeability in silly and calcareous 
shales. 

Frcc Au, pyrite/quartz, Iimonitc, hematite, 
anatase. 

n.d. 

Au grain size 1- 5 microns, inlcrgranular 
+ disseminated. 

Ag depleted, 
Hg > 5 ppm restricted to feeder faulL . 
Hg > I ppm widespread 
TI > 50 ppm in feeder zone, 
Sb - c1evated, good dispersion halo. 
As - elevated adjacent and lip dip of feeder 
Base metals - U to trace. 

14 
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APPENDIX C 

Characteristics of Sediment-Hosted, Disseminated Gold Deposits 
along the Getchell Trend. 

Deposit Page No. 

Chimney Creek 1 
Rabbit Creek 4 
Getchell 6 
Preble 8 



A. Deposit: 

B. Tonnage/Grade: 

C. ShapelDimcnsion: 

D. Deposit Attributes: 
I. SlratigraphylHost Rocks: 

CHIMNEY CREEK 

53 Mt @ 1.8 glt. 

Divided into three pits along a north south 
trend. 

North Pit; 

2. Igneous Rocks: 

Pennsylvanian to Permiltn Etchard 3. Age of Mineralisation: 
Formation, siliciclastic & carbonate units 
of a regressive shallow shelf sequence. 
Upper Member - dolomitic siltstone, 4. Structure: 
argillite & calcareous sandstone: 
Middle Member - minor HOST at base, 
upper massive dolomite and lower 
calcareous & sandy sandstones, minor 
conglomerate; 
Lower Member - major HOST, basal 
conglomerate overlain by interbedded 
dolomite, sandy dolomite, calcareous 
sandstone & sandy limestone, capped by 
U,ick massive limestone. 
Lower Mississipnian Coughs Canyon 
Formation; greenstone sequence of mafic 
volcanics. 

South Pit; 
Ordovician Valmy Formation: 
UPI)er unit; dark, thin bedded chert, shale 
and minor greenstone/volcanics. 
Lower unit; pure quartzite, dark chert, 
siliceous shale and abundant greenstone. 

Both upper and lower units structurally 
deformed and argilliscd. 

North Pit; Dacite siII intruded along 
contact between Lower and Middle 
Mcmix:rs. mineralised where in contact 
witi, Lower Member sandstone. Dacite 
porphyry thought to be relatcd to Osgood 
Mountain Porphyry cxposcd ncar Getchell 
Mine (Age '/- 90 Ma). 
South Pit; Ordovician basalts. 

North Pit: < 90 Ma. 
South Pit; n.d. 

North Pit; Extremely complex tectonic & 
structural setting: (I) Paleozoic 
overthrusting (2) Basin and Range 
extension. 
Regional joint set N40-60E/60-8UE, faulls 
that partially control mineralisation have 
same orientation with left lateral 
displacement (pre- & postct.tes 
mineralisation) -> Faliit striking N lOW 
(left lateral oblique slip); slllall weakly 
mineralised jasperoid development along 
fault -> N3UE range front fault. 
Bedding N6UE/2U-3UE. 

South pit; Domin,mt overturned anticlinal 
fold. fold axis - N20-30W, plunge 
8-IONW. asymmetrical. upper limb dip 
3USW, lower limb WSW, many small 
folds, soft sediment deformation abundant. 
Age of folding Devonian Antler Orogeny. 
Faults; dominant N-S set. steeply dipping: 
minor but important ore control N40-6UE 
set of faults: N75E to E-W set cut 
mineralisation. 



5. Alteration: North Pit; 
Decalcification; prior to mineralisation, 
developed in calcareous sandstone & 
sandy limestone, calcite leached -> 
collapse breccia -> increased permeability: 
decalcified sandstone extremely friable; 
fluids migrated updip. 
Silicification; bedded jasperoids, 
developed within ore zone at contacts 
between decalcified horizons and 
overlying non-<fccaleified rocks (dolomite, 
mudrocks, altered intrusives), at base of 
sedimentary horizon in contact with 
footwall greenstoncs. Cross-cutting 
jasperoids developed along faults, 
replacement of primary carbonates and as 
sugary grains in quarlz-hematite-limonite 
matrix. 
Argillisation; in argillaceous sediments 
and intrusives, illitc ->sericite + kaolinite 
+ dickite + alunite + natroalunite. Dacite 
intrusive have extensively sericitized and 
argilliscd, phyllie assemblage partially 
replaced by smectite & kaolinite. 

South Pit; Hypogene and supergene 
alteration. 
Argillisation the most common, clay and 
plagioclase altered to sericite. 
Supergene; kaolinisation of sericite, 
alunite common in vcinlct and repJacing 
kaolinite. Minor illite, smectite, goetlute, 
eeladonite, seorodite, arscnopyrite & 
francolite. 

6. Ore Controls: 

7. Ore! Gangue Mineralogy: 

8. Sulphide Paragenesis: 

9. Mineralisation: 

North Pit; decalcification of sandy 
limestones and calcareous sandstone 
primary control. Feeder N-S faults, NE 
faults local controls: dolomite, non­
calcareous claystone and siltstone and 
dacite intrusive acted as impermeable caps 
to hydrothermal fluids. 
Mineralisation stratiform. 

South Pit; Large overturncd anticlinal 
fold the most important stmetural ore 
control; fluids percolated into extensivcly 
strueturally prepared siliciclastic 
sediments and were trapped by argillised 
basall layers. Mineralisation stratiform. 
N-S faults second, less important control 
on mineralisation within the deposit 

Regionally the N-S stmcture the primary 
control on mineralisation occurrences -
Rabbit Structure. 

North Pit; n.d. 
South Pit; Pyrite, marcasite, stibnite, 
getchellite, orpiment. 

North Pit; n.d. 
South Pit; Syngenetic pyrite -> pyrite + 
Au + marcasite + orpimcnL 

NOJih Pit; n.d. 
South Pit; Au is within diffuse rims Of 

overgrowths of sulphide on carll' euhedral 
pyrite. Pyrite and marcasite contain Au. 
Sulphide ranges from massive coarse 
grained to ultra line disseminated, 
veinlets & agglomerates. 
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A. Deposit: 

B, Tonnage/Grade: 

C, Shapc/Dimension: 

D, Deposit Attributes: 
1. StratigraphyiHost Rocks: 

2, Igneous Rocks: 

RABBIT CREEK 
3, Age of Mineralisation: 

53 Mt @ 2.4 glt. 

There arc numerous zone within the 4, Structure: 
orebody; 
North Central area, n,d, 
HGO Zone, 340 m • 180 m • 6-37 m, 
stratiform, 
SWS Zone, 180 m * 6-30 mthick • 150 m 
downdip, 
Main Chert Zone, 90m thick, 
LGO Zone, 460 m • 2!O m • 80 m, 
Upper Sill Zone, 340 m' 150 m • 6-55 
Ill, 

DZ Zone, n,d, 

Tertiary alluvium, 12 to 200 m Ouck 5, Alteration: 
overlies the deposit. 
Early Ordovician Comus Formation; 
divided into upper and lower members, 
Upper Member; interbedded basalts, 
hydroclastic tuffs and breccias, coarse 
volcanoclastic rocks, siltstones, cherts and 
shales, Sedimentary - volcanic rock ratio 
I: 1. Sedimental)' rocks, tlunly 
bedded, slightly calcareous, dolomitic with 
up to 1,5% organic carbon, 
Lower Member; interbedded volcanic and 
sedimentary rocks, Sedimentary - volcanic 
rock ratio 2: 1. Sedimentary rocks 
comprised of thinly bedded, fissile, shales 6, Ore Controls: 
and lllUdrOCk. 
Both Upper and Lower Members HOST 
mineralisation. 
n,d, 

Alunite date IS, I +/- 0,6 Ma (Supergene), 
Post 90 Ma - Pre- 15, I Ma, 

Prominant fcature is the N-S striking 
Rabbit Suture along which Chimney 
Creek, Rabbit Creek and possibly Lone 
Tree deposits arc aligned, 
Rabbit Suture thought to be a right lateral 
shear zone. 
Large N-S striking anticline with 
numerous parasitic folds. 
Numerous high angle NE striking faults 
which in places form 90 m wide breccia 
zone, NE fault have dextral strike-slip 
displacement. Minor N-S to NNW high 
angle faults, 

Dccalcification~ prominant in the lower 
member slightly calcareous shales and 
siltstones. increased porosity and 
permeability, collapse breccias. 
Silicificnti()n ~ numerous silicification 
episodes, Main Chert Zone is an orebody 
hosted in a jasperoid, numerous 
quartz-orpi ment-pyri te, quartz-stibni te 
vcinlcls accompany massive silicificalion. 
Dolomitisation; accompanies early 
silification, 
Argillis41tion; widespread and confined 
essentially to volcanic rocks, 

Structural Control; First order control is 
OlC N-S Rabbit Suture, Orcbodies in 
hinges of anticlines especially where 
argillised volcanic rocks overlie permCllble 
sedimentary rocks, Large NE faults zones 
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7. Ore/Gangue Mineralogy: 

8. Sulphide paragenesis: 

9. Mineralisation: 

10. Geochemistry: 

II. Fluid Inclusion: 

12. Isotope: 

13. Source: 

wherc rocks have been intensely 
brecciated increasing permeability. 
Lithological control; decalcification of 
calcareous mudstones and siltstones, 
sedimentary breccias and argillised 
volcanics acting as an impermeable cap in 
thc hinges of anticlines - stratiform 
orebodies. 

Pyrite, arsenopyrite, stibnite, orpiment, 
cinnabar, minor sphalerite and getchellite 
(AsSb, S3). 
Quartz, barite, calcite. 

n.d. 

Au- 1nicron size adjacent to cubic pyrite 
surrounded by orpimcnt. 

See Table. 

n.d. 

n.d. 

Bloomstcin et. aI. , 1991. 
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A. Deposit: 

B. Tonnage/Grade: 

C. Shapc/Dimellsion: 

D. Deposit Attributes: 
1. StratigraphylHost Rocks: 

2. Igneous Rocks: 

3.Age of Mineralisation: 

4. Structure: 

GETCHELL DEPOSIT 

8.43 Mt @ 5.82 glt 

4 pits over a strike lenght of 4 km striking 
NIO-ISW. Individual deposits 300-400 m 
• 4 - 15 m • 300 - 600 m (open). 

Ordovician Comus Formation; Ulinly 
interbedded carbonaceous siltstone, shale 
and limestone. 
Cambrian Pl'cble Formation ; thirdy inter 
bedded carbonaceous siltstone, shales and 
thin bedded limestone. 
Transitional facies rocks, cherts, shales, 
and distal facies carbonate turbitites. 

Cretaceous granodiorite stock and 

5. Alteration: 

porphyritic dacite intruded along Getchell 6. Ore Controls: 
and other high angle faults. Dacite 
porphyry dykes altered and mineralised. 
Age 98.8 +/- 2 Ma. 

< 98Ma. 

Major NIO-15W/45-75E fault that flanks 
the eastern side of granodiorite stock host 
mineralisation. High angle fault 7. Ore/Gangue Mineralogy: 
paragenesis E-W ... NW ... NW + NE. 
Intersection of fault host high grade 
mineralisation as well as where main 
NIO-ISW striking fault bends around 
intrusive. Lithologies highly folded into 8. Sulphide paragenesis: 
tight folds. 

Prc-lluncral skarn proximal tungslen -
garnet - diopside skarn and distal 
wollastonite skarn and marble, AlIects 
boUI the hanging and footwall rock of 
main NE striking fault. 
DccarlJOnisatioll ~ 

Decalcification; minor in thin interbedded 
limestones. 
Silicification; numerous phases of 
silicifieation with each phase being 
brecciated prior to flooding. jasperoid 
development along feeder faults. 
Argillisation ; illite after biotite, kaolinite 
in argillaceous units. 
Paragenesis: decalcification + 
dccarbonasation --+ nUlllerous pulses of 
silicification and brecciation --+ 

argillisation. 

Structural prepared reactive host rocks 
especially where host rock forms wedges 
between main NE fault and granodiorite: 
at intersections of NE and NW faults . 
where NE faults bends around stock, in 
nose of folded host rock. Mainly confined 
to NE fault. Repeated silicification and 
brecciation increascd permeability. 

Native Au, realgar, orpiment. stibnite, 
minor cinnabar. Quartz, pyrite. marcasite, 
arsenopyrite, fluorite, calcite, dolomite, 
barite. 

Au + pyrite + arsenopyrite ... All + pyrite 
+ realgar + orpimcnt + calcite ... calcite + 
barite. 
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9. Mineralisation: 

10. Geochemistry: 

11. Fluid Inclusion: 

12. Isotope: 

13. Source: 

Au associated with in rims of pyrite and 
arsenopyrite, associated with quartz. 

Elevated As. Sb, Tl, F. Pre-mineral 
elevated Mo, W. 

n.d. 

n.d. 

Nanna ct. aI., 1987. 
Tooker, 1985. 
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A Deposit: 

B. Tonnage/Grade: 

Shapc/Dimension: 

C. Deposit Allributes: 
I . StratigraphylHost Rocks: 

2. Igneous Rocks: . 

PREBLE 

Strikes NE, irregular clogatcd deposit 
within Getchell Faull Zone with tongues 
of mineralisation into calcareous 
sedimenl. 

Anller Sequence (autochlllOnousJ 
Ordovician Valmy Formation. 
Ordovician Comus Formation; thin 

3. Age of Mineralisation: 

4. Structure: 

bedded carbonate, shale, dolomite 5. Alteration: 
sillstone, minor chert. 
Cambrian Preble Formation; 
Upper - phyllitie shale with minor sandy 
shale & carbonaceous beds. 
Middle - HOST, limestone, carbonaceous 
and calcareous shale, phyllitic shale, 
quartzitie sandstone. 6. are Controls: 
Lower - sandy shale, quartzilie shale, 
phyllitie shale. 
Lower Cambrian Osgood Mountain 
Quar1zite. 

Olivine basalt ' /- 17 Ma. 
Mid-Tertiary volcanic rocks. 

7. Ore/Gangue Mineralogy: 

Late Cretaceous Granodiorite Stock (98.8 
' /- 2 Ma, Silberman el. aI., 1974 J. 
Numerous dykes and sills of granodiorite, 
andesite porphyry. dacite porphyry and 
aplites related to the stock. Stock 8. Sulphide paragenesis: 

responsible for irregular skarn up to 3000 
m from intrusive. 9. Mineralisation: 

Pinson and Getchell Mines lie within 
skarn developmenl. 

n.d., but < 98.8 +/- Ma. 

Paleozoic thrusting. 
Getchell Fault flanks the eastern margin 
of the granodiori te stock. Getchell Fault 
is faull zone comprised of sub-parallel 
enechelon faults with NE strike/ easterly 
dip. 
Fault zone 15 - 30 m wide. 
Primary conduit for Au-hydrothermal 
fluids . 
Dykes intruded along Getchell fault zonc. 

Silicification; very sublle, quartz 
overgrowths 
Argillic; strongly altered sill. 
Dccarbonisation; thought to be by acidic 
solutions as a result of oxidizing 
sulphides. 

Structural ore controls in 15 - 30 m wide 
Getchell fault zone; mineralisation at 
intersection of Getchell fault and 
carbonaceous & calcareous sediments. 

Oxide ZOlle; Au + limonite + pyrite + 
quartz, limonite intergrowths of gocthile + 
lepidochrosite. 
Unoxidised ZOlle: quartz + pyrite + 
arsenopyrite + minor marcasite + 
chalcopyrite + sphalerite; 2 -3% sulphides. 

n.d. 

Au - 2 microns associaled with quartz and 
to lesser exlent rims of pyrite. Pyrite syn­
& epigenetic. 
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10. Geochemistry: 

11. Fluid Inclusions: 

12. Isotope: 

13. Source: 

Elevated As, Hg, Ba, Sb, Tl, F. 
Au correlates well with As. 

n.d 

n.d 

Kretschmer, 1987. 
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