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Introduction
MORE than 11 percent of the current world’s gold production
is supplied by the state of Nevada (Nevada Bureau of Mines
and Geology, 1999), and most of this gold is mined from Car-
lin-type gold deposits These deposits were first recognized as
a new class of deposit following the discovery of Carlin in the
mid 1960s. Since then, more than 1,000 t of gold has been
produced (Christensen, 1995) from more than 100 Carlin-type
gold deposits in Nevada. In spite of this activity, there is no
widely accepted genetic model for these systems. It has been
difficult to relate gold precipitation to specific geologic events
and processes because the submicron size of the gold and
fine-grained ore and gangue minerals have made it hard to
determine the ore paragenesis, generally no minerals in the
gold ore assemblage are amenable to radiometric dating, and
deposit temperatures are sufficiently low so as not to thermally

perturb K-bearing phases in the country rocks (Folger et al.,
1996; Hofstra et al., 1999). As a result, geologic processes re-
sponsible for transporting and precipitating gold have not
been consistently identified. This study seeks to clarify ques-
tions concerning the sequence of mineral precipitation and
the timing of gold and arsenic sulfide mineral precipitation at
the Getchell deposit.

In previous studies of Carlin-type gold deposits, gold was
observed to be spatially associated with pyrite (Hausen and
Kerr, 1968; Wells and Mullens, 1973; Radtke, 1985; Bakken,
et al., 1989; Chryssoulis, 1990; Arehart et al., 1993a), quartz
(Bakken et al., 1989), clay minerals (Hausen and Kerr, 1968;
Bakken et al., 1989), and cinnabar and realgar (Bakken et al.,
1989). Recent studies using secondary ion mass spectrometry
(SIMS) show that submicron gold is present in arsenic-rich
zones in pyrite and marcasite at the Post-Betze, Gold Quarry,
Chimney Creek (Arehart et al., 1993a; Simon, et al., 1999),
and Meikle (Lamb, 1995) deposits.
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Abstract
Pregold mineralization at the Getchell Carlin-type gold deposit includes quartz and base metal vein miner-

alization associated with intrusion of a Cretaceous granodiorite stock. The veins contain minor pyrite and trace
chalcopyrite, arsenopyrite, galena, and sphalerite. The pyrite is moderately coarse and, in thin section, has high
relief, is well polished, and is fractured and locally cemented by the gold ore assemblage. White micas are as-
sociated with veins near the granodiorite intrusion. Gold was not observed or detected by fire assay analyses of
samples or electron microprobe analyses of pyrites. Microprobe analyses show that pregold pyrites have near-
stoichiometric compositions. Variable, low arsenic is present in pyrite in samples overprinted by gold mineral-
ization. Secondary ion mass spectrometry (SIMS) analyses detected trace gold in the coarse, near-stoichiomet-
ric pyrite in overprinted samples. The pregold vein assemblage was fractured and cemented by gold ore-stage
mineralization

The gold ore-stage assemblage consists of gold- and arsenic-enriched pyrite and marcasite encompassed by
jasperoid and drusy quartz, and local late fluorite, orpiment, and galkhaite. The consistent spatial association
of jasperoid and ore pyrite reflects their near-contemporaneous formation. The ore pyrite occurs as either fine,
irregularly shaped grains, or rims on earlier, gold-free pyrite. In thin section, the pyrite is visibly distinct and
has a low polishing relief and a poor polish. SIMS and electron microprobe analyses show that ore pyrites com-
monly contain 8 to 11 wt percent arsenic and as much as 2,400 ppm gold. Near the end of the ore stage, fluo-
rite, orpiment, and galkhaite precipitated locally in open space created by faulting or limestone dissolution. 

Late ore-stage mineralization consists dominantly of open space-filling realgar and calcite, with minor
quartz, stibnite, and framboidal pyrite. Realgar conforms to euhedral crystal faces of ore-stage quartz, fluorite,
and galkhaite. Calcite filled most remaining open space and conforms to euhedral crystal faces of quartz, fluo-
rite, and realgar. 

Significant textural observations argue against an earlier interpretation that the gold mineralization and ar-
senic minerals formed as two discrete events separated by 40 m.y. In a few areas where calcite and realgar are
in contact with ore-stage quartz containing gold-bearing pyrite, realgar and calcite enclose gold-bearing pyrite
grains. Massive realgar and calcite distal from these contacts do not contain the gold-bearing pyrite. The pres-
ence of ore pyrite in realgar, calcite, and jasperoid requires close timing of these minerals and shows that there
is no major time break separating ore-stage and late ore-stage mineral deposition. Textures indicate, instead,
that the ore stage and late ore stage formed as part of a single, evolving hydrothermal system. The consistent
successive overgrowth of younger minerals on perfectly preserved euhedral faces of older minerals supports
the continuous evolution of the gold ore stage into the late ore stage. These results are consistent with fluid in-
clusions that indicate that paragenetically successive minerals precipitated from an aqueous ore fluid with con-
sistent salinity and gas contents but at declining temperatures. Results show that, within error, the 34, 39, and
42 Ma ages determined for fluorite and galkhaite at Getchell and adularia at the nearby Twin Creeks mine, re-
spectively, most closely approximate the timing of gold deposition at Getchell.
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The association of gold with arsenic sulfide minerals is a
well-known characteristic of Carlin-type gold deposits (Are-
hart, 1996); however, gold and arsenic minerals generally did
not precipitate together. Paragenetic studies at Mercur (Jew-
ell and Parry, 1987), Jerritt Canyon (Hofstra et al., 1991),
Post-Betze (Arehart et al., 1993b), Carlin (Bakken and Ein-
audi, 1986; Kuehn and Rose, 1995), and Twin Creeks
(Stenger et al., 1998; Simon et al., 1999) indicate that precip-
itation of gold and gold-bearing pyrite typically preceded pre-
cipitation of realgar and orpiment.

The age of Carlin-type gold deposition has been a con-
tentious issue, and a wide range of ages from Jurassic to Ter-
tiary has been reported. The oldest ages for some deposits
have been obtained from sericite and illite interpreted to be
genetically associated with gold. These ages range from ~150
Ma at Mercur, Utah (Wilson and Parry, 1995) to ~117 Ma at
Post-Betze (Arehart et al., 1993c), ~95 Ma at Genesis and
Blue Star (Drewes-Armitage et al., 1996), and 90 to 83 Ma at
Getchell (Silberman et al., 1974; Groff et al., 1997). These
ages may be much older than the gold deposits as they are
generally from incompletely reset preore micas or from mix-
tures of preore and ore-stage mica (Folger et al., 1996; Hofs-
tra et al., 1999). Crosscutting relationships between gold min-
eralization and dated igneous rocks suggest that at least some
gold mineralization is Tertiary in age. For example, mineral-
ization is younger than a 37.3 Ma rhyolite dike at the Beast
deposit (Ressel et al., 1998, 2000), a 40.8 Ma basalt dike at
Jerritt Canyon (Hofstra, 1994; Hofstra et al., 1999), and a 39.3
Ma biotite-feldspar porphyry dike (Arehart et al., 1993c) at
the Betze-Post deposit (Emsbo et al., 1996). Following a rig-
orous evaluation of ages available for Jerritt Canyon and other
Carlin-type gold deposits, Hofstra et al. (1999) concluded

that the most reliable ages constrain mineralization to the
mid-Tertiary, between 42 and 30 Ma.

The Getchell deposit in north-central Nevada (Fig. 1) is a
typical Carlin-type gold deposit; however, the main stage of
gold mineralization has been determined to be about 40 m.y.
older than spatially associated arsenic minerals (Groff et al.,
1997). The earliest paragenetic study of this deposit was con-
ducted by Joralemon (1951), who reported that early sulfide
minerals, including pyrite, arsenopyrite, chalcopyrite, and
pyrrhotite, were followed by late orpiment, realgar, and mar-
casite. Sparse, visible disseminated gold particles were ob-
served on both early and late sulfide minerals, but early
porous pyrite was coincident with the richest ore. Joralemon
(1951) concluded that submicroscopic gold had precipitated
with the late minerals but that most gold had precipitated on
the early porous pyrite. Gold mineralization was interpreted
to have accompanied Tertiary volcanism.

Silberman et al. (1974) used conventional K-Ar methods to
date igneous rocks and sericite spatially associated with gold
at Getchell. They interpreted that emplacement of a granodi-
orite stock and related andesite porphyry dikes, sericite alter-
ation, and gold mineralization were all part of a magmatic-hy-
drothermal event that occurred approximately 90 Ma.

In a recent study at Getchell and the nearby Twin Creeks
deposit, Groff et al. (1997) concluded that approximately 40
m.y. elapsed between the main stage of gold mineralization
and deposition of the arsenic sulfide mineral assemblage.
They described five stages of mineralization, several of which
they dated using 40Ar/39Ar step-heating techniques. Stages 1
and 2 formed at 95 and 92 Ma and include pyrrhotite skarn
and garnet skarn, and base metal vein mineralization, respec-
tively, related to emplacement of the Osgood granodiorite
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FIG. 1.  Location of the Getchell deposit and other mines in the Getchell Trend (modified from Pitkin, 1991). Dashed box
shows location of Figure 2.



stock and related dikes. Stage 4 consists of 75 Ma low-grade
gold mineralization in a breccia pipe. Stages 3 and 5 are de-
scribed as Carlin-type mineralization and both stages exhibit
multiple fracturing and mineral precipitation events. Stage 3,
at ~ 83 Ma, is the major gold event and comprises quartz,
pyrite, arsenopyrite, kaolinite, K feldspar, sericite, and gold.
Visible gold was not observed and its location was not deter-
mined, but gold is described as closely associated with pyrite-
rich quartz in the matrix of breccias. Two samples of sericite
in chlorite from a dacite dike and the Osgood granodiorite
stock, collected from the North and Main pits, respectively,
and a third sample of secondary K feldspar from a granodior-
ite plug located 3 km east of the Main pit, gave ages ranging
from 81.2 to 84.3 Ma. Stage 5 mineralization forms a matrix
for stage 3 clasts, an open-space assemblage in structures, and
veins crosscutting stage 3. The assemblage contains realgar,
quartz, pyrite, stibnite, orpiment, gold, and calcite. Gold was
not observed but based on assay information, seemed to be
most closely associated with orpiment and pyrite. The assem-
blage is interpreted to have formed at 42 Ma, approximately

40 m.y. after the main gold event, based on dating of adularia
from an assemblage similar to stage 5 at the nearby Twin
Creeks deposit.

The current study was conducted to examine the temporal
relationships between gold and gangue minerals, including
arsenian pyrite, quartz, fluorite, and arsenic sulfide minerals
at Getchell. Gangue minerals reflect both replacement and
precipitation in open space, in and adjacent to the Getchell
fault zone. This mineralization displays significant crosscut-
ting and overgrowth textures not observed in most Carlin-
type gold deposits. Ion probe and electron microprobe tech-
niques were used to locate and quantify gold mineralization
and were combined with petrography to identify ore-stage,
preore, and postore minerals. The results of this study are
used to constrain the timing of gold deposition at Getchell.

Geology
The Getchell deposit is located in the northern Osgood

Mountains in north-central Nevada, in a region of complexly
folded and faulted Paleozoic sedimentary rocks (Fig. 2). This
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part of Nevada coincided with the western margin of the
North American craton during the early Paleozoic. To the
east, an early Paleozoic shallow-water, continental-shelf car-
bonate facies of limestone and dolomite with minor shale and
sandstone was deposited. An assemblage of offshore, deep-
water siliceous chert, shale, quartzite, and mafic volcanic
rocks interbedded with thin calcareous units was deposited to
the west (Stewart, 1980). Three contractional orogenies jux-
taposed these sedimentary units. Thrusting of western assem-
blage rocks over eastern assemblage rocks during the Late
Devonian and Early Mississippian Antler orogeny formed the
Roberts Mountain thrust fault (Hotz and Willden, 1964;
Stewart, 1980). Post-Antler siliciclastic rocks were trans-
ported eastward over the Roberts Mountain allochthon dur-
ing the Late Permian and Early Triassic Sonoma orogeny (Sil-
berling and Roberts, 1962; Stewart, 1980). Thrust faults
developed near the old Paleozoic shelf-slope hinge line dur-
ing the Middle Jurassic as part of the Luning-Fencemaker
belt (Oldow, 1984; Burchfiel et al., 1992) and during the Late
Cretaceous Sevier orogeny (Armstrong, 1968). Windows de-
veloped in the upper plate of the Roberts Mountain thrust
fault during subsequent uplift, extension, and erosion (Hotz
and Willden, 1964; Stewart, 1980). Locally, exposed carbon-
ate rocks of the lower plate of the Roberts Mountains thrust
host the Getchell deposit and most other Carlin systems.

Gold mineralization at Getchell occurs in the Cambrian
Preble and Ordovician Comus Formations within and adja-
cent to the north-northwest-trending, steeply dipping Getchell
fault system. The Osgood granodiorite stock and related an-
desite dikes intruded the Paleozoic sedimentary rocks ap-
proximately 92 to 90 Ma (Silberman et al., 1974; Groff et al.,
1997) and created a wide contact metamorphic aureole con-
taining localized scheelite and molybdenite mineralization
(Hotz and Willden, 1964). Phylitic shale in the mid-upper
parts of the Preble Formation near the deposit has been con-
tact metamorphosed to biotite hornfels (M. Gingrich, J. Cul-
ver, pers. commun., 1998). The unit crops out in the hanging
wall of the Getchell fault near the North and South pits (Fig.
2; M. Gingrich, pers. commun., 1998). The Comus Forma-
tion, originally limestone and shale, was metamorphosed to
black, carbonaceous hornfels; a large block forms the footwall
of the Getchell fault zone in all three pits (Fig. 2; M. Gin-
grich, pers. commun., 1998). The Valmy Formation was prob-
ably thrust from the west during the Antler orogeny. The unit
contains chert, siliceous shales, quartzite, and volcanic rocks
(Hotz and Willden, 1964) and crops out in the hanging wall of
the South pit. 

The Getchell fault zone trends N 10° to 15° W in the vicin-
ity of the Getchell deposit (Nanna et al., 1987) and cuts Pale-
ozoic sedimentary rocks and the northeast flank of the gran-
odiorite stock (Fig. 2). The fault zone consists of anastomosing
strands that coalesce at depth (Joralemon, 1951) and dip 40° to
75° NE (Nanna et al., 1987). The age of faulting is poorly con-
strained, but multiple periods of movement are indicated.
Andesite dikes follow the trend of the fault zone or occupy it,
indicating that fracture zones existed prior to 90 Ma. Highly
sheared andesite dikes in the North pit document postintrusion
movement. Postmineral movement is indicated by the devel-
opment of slickensides on the surfaces of altered rock and dis-
placement of Quaternary alluvium (Silberman et al., 1974).

Horizontal mullions and slickensides show that fault movement
was largely parallel to strike (Hobbs, 1948). Superimposed,
vertical slickensides indicate that dip-slip movement occurred
subsequent to strike-slip movement (Joralemon, 1951). 

Recent fluid inclusion studies (Groff, 1996; Cline and Hof-
stra, 2000) have provided information about fluids related to
quartz and base metal vein mineralization, which is probably
associated with the granodiorite intrusion and gangue miner-
als associated with gold. Inclusions associated with quartz and
base metal vein mineralization have a wide range of homoge-
nization temperatures, 120° to > 300°C, and inclusion fluids
have variable and gas-rich compositions and contain abun-
dant CO2, CH4, and lesser N2 (Cline and Hofstra, 2000).

Inclusions in gangue minerals associated with gold are dis-
tinctly different from inclusions in earlier vein quartz. Gold-
bearing jasperoid and drusy quartz precipitated over a tem-
perature range of 180° to 240°C from an aqueous fluid with a
salinity of about 4 to 6 wt percent NaCl equiv (Cline and Hof-
stra, 2000). Other gangue minerals precipitated at lower tem-
peratures. Primary inclusions in fluorite were trapped at
about 175°C; most secondary inclusions were trapped in flu-
orite and calcite at 115° to 155°C (Cline and Hofstra, 2000).
Salinities of inclusions in fluorite and calcite are consistently
4 to 5 wt percent NaCl equiv. Homogenization temperatures
of most fluid inclusions in orpiment ranged from 120° to
180°C (Groff, 1996). Applying the same pressure correction
used above (Cline and Hofstra, 2000), trapping temperatures
were approximately 135° to 200°C. Salinities of most inclu-
sions in orpiment varied from 4 to 6 wt percent NaCl equiv,
but a few salinities as high as 12 to 14 wt percent were
recorded (Groff, 1996). Quadrupole mass spectrometer
analyses of inclusion fluids in quartz and calcite (Cline and
Hofstra, 2000) and orpiment (Groff, 1996) indicate ore fluids
were dominantly aqueous but contained approximately 2 to 4
mole percent CO2, minor CH4, and trace H2S (Hofstra and
Cline, 2000). As the gases contribute to the freezing point de-
pression, the actual salinity of the fluid is probably about 2 to
4 wt percent NaCl equiv (Hofstra and Cline, 2000). 

Methods
Approximately 450 samples were collected from ore and

waste in the North, Center, and South pits (Fig. 3), core holes
drilled in and adjacent to the three open pits (Fig. 3), altered
and veined granodiorite west of the pits, skarn deposits lo-
cated at the contacts of the granodiorite and sedimentary
rocks, and selected ore horizons in the Northwest ore zone of
the Getchell underground mine. Most samples were col-
lected from surface outcrops in or near the open pits. Sam-
ples were collected from all lithologies and mineralization
and alteration assemblages. Sample transects into and out of
ore zones were collected from drill core. Duplicate samples,
other than drill core, were collected from most sites and were
analyzed for gold by fire assay. 

Polished sections for transmitted and reflected light pet-
rography and electron and ion microprobe studies were pre-
pared from about 200 samples selected on the basis of hand
specimen petrography, assays, and mapping of sample traverses.
Selected samples exhibited overgrowth and crosscutting tex-
tures and ranged from barren waste to ore containing greater
than 30 g/t gold. Ion microprobe and electron microprobe
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analyses were used to locate and quantify gold and arsenic in
pyrite and marcasite and formed the basis for the paragenetic
study. Some of the fine, gold-bearing iron sulfide grains can
be identified as marcasite rather than pyrite. Most, however,
are too fine, or too poorly polished to make this determina-
tion and are referred to as iron sulfide minerals. After gold-
bearing iron sulfide minerals were identified, crosscutting
and growth relationships permitted ore-stage and pre- and
postgold assemblages to be identified.

Integrated SIMS and electron microprobe analyses (EMPA)
were used to locate and quantify gold. SIMS analyses were
obtained using a CAMECA model IMS-3f ion microprobe at
the University of Western Ontario. The ion probe provides
quantitative gold analyses with low detection limits (0.32
ppm; Chryssoulis, pers. commun., 1995), but the spot size
(30-µm diam) is large relative to the size of the analyzed
pyrite grains. Elba pyrite with implanted gold was used for
standardization (Chryssoulis et al., 1987). EMPA have signif-
icantly higher detection limits (Table 1) than the ion probe,
but the small analyzed spot size (~2-µm diam) minimizes
analysis of material adjacent to the grain of interest. EMPA
for iron, sulfur, and trace metals were obtained using Cameca
SX-50 electron microprobes at Virginia Polytechnic Institute

and State University and the University of Arizona and using
a JOEL JXA733 microprobe at the University of New Mexico.
Analyses at Virginia Polytechnic Institute and State University
and the University of Arizona quantified Fe, S, and As in
pyrites in five samples and were collected at 15 kV with a
beam current of 20 nA. X-ray maps were produced at 30 kV
with a beam current of 600 nA (Virginia Polytechnic Institute
and State University). Standards included troilite and GaAs
(University of Arizona) and two pyrites containing trace As
(Virginia Polytechnic Institute and State University). Ten
samples were analyzed at the University of New Mexico for a
larger suite of trace metals, including gold, at 25kV using a 50
nA beam current. Natural pyrite, galena, cinnabar, and spha-
lerite were used to standardize Fe, S, Pb, Ag, Hg, and Zn.
Pure elements were used to standardize Co, Ni, Cu, Au, and
Mo. Synthetic GaAs, TlCl, and Sb2Te3 were used to stan-
dardize As, Tl, and Sb and Te, respectively. 

Mineral Paragenesis
Integrated petrography, SIMS, and EMPA show that mul-

tiple discrete hydrothermal events occurred in the vicinity of
the Getchell deposit. Temporally related gold ore and late
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gold ore stages (Fig. 4) were also identified during these stud-
ies. Pregold quartz veins containing minor pyrite are com-
monly fractured and locally cemented by later gold ore-stage
minerals. Gold occurs in fine-grained, arsenic-enriched pyrite
associated with jasperoid and minor orpiment, fluorite, and
galkhaite. Gold deposition was followed by a gold-poor or
gold-free, but arsenic-enriched, late ore stage. Micas were
not present in most ore samples from the open pits and,
where identified, were associated with quartz veins in the gra-
nodiorite. Minor translucent, euhedral calcite precipitated,
probably after the gold-bearing hydrothermal event.

Preore mineralization

Preore quartz veins, containing minor disseminated pyrite
and trace sphalerite, chalcopyrite, galena, and arsenopyrite (Fig.
4), crosscut sedimentary rocks, cement brecciated granodior-
ite, and are spatially associated with the northeast perimeter
of the Osgood stock. Gold was not observed and analyses in-
dicate that veins contain nil to very low gold. Milky white vein
quartz is typically coarse, anhedral, fractured, and commonly
exhibits undulatory extinction. Trails of abundant, small, sec-
ondary fluid inclusions give the quartz a wispy appearance in
thin section and the milky white color observed in hand spec-
imen. Both vein quartz and pyrite are commonly fractured
and locally cemented by ore- and late ore-stage minerals.
Minor, fine-grained white mica, probably sericite, occurs in
granodiorite near quartz veins or along vein selvages. Clays
and micas, observed in a only few samples collected from the
open pits, are more abundant in the Getchell Underground
deposit, probably reflecting an increased abundance of igneous
rocks at depth (Cail, 1999; K. Weaver, pers. commun., 1999).
Remnant calcite masses in some veins are small, medium
gray, mottled, and fine to medium grained and are most likely
remnants of limestone or early calcite mineralization. 

Pyrite disseminated in the milky quartz veins is relatively
coarse, anhedral to euhedral, and, in thin section, exhibits
high relief and a smooth polish (Fig. 5A). Ion probe analyses
of 6 grains (Table 2, analyses 1–6) indicate that gold concen-
trations vary from 0.55 to 17 ppm (mean = 6.1 ppm); arsenic
varies from 0.18 to 1.1 wt percent (mean = 0.45 wt %). The
analyzed spot size is large and detected gold may reside in
gold-bearing, ore-stage pyrite grains included in the analysis.
The correlation between low gold and arsenic in pyrite deter-
mined by SIMS is illustrated in Figure 6.

These quartz plus minor pyrite veins are clearly pregold
ore, as both quartz and pyrite are commonly fractured and lo-
cally cemented by ore-stage minerals, including quartz, real-
gar, and gold- and arsenic-enriched pyrite. At least some of
the coarse pyrite forms gold-free pyrite cores on which gold-
bearing iron sulfide minerals were deposited (Fig. 5B).
EMPA of these pyrites show near-stoichiometric concentra-
tions of iron and sulfur (Table 1). The pyrites generally con-
tain <1.0 wt percent arsenic; however, as much as 3 wt per-
cent may be present. Gold in all EMPA was below the
detection limit (Table 1). As a result, in a plot of gold versus
arsenic (Fig. 6), these gold-poor pyrites plot at the origin or at
low arsenic values and nil gold. Pyrite cores are free of most
other trace elements, but ~0.05 wt percent cobalt, a common
substitute for iron, is typically present. EMPA analyses are
consistent with SIMS analyses.
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Fluid inclusion characteristics determined by Groff (1996)
for his stage 3 quartz associated with major gold mineraliza-
tion are very similar to fluid inclusion characteristics deter-
mined by Cline and Hofstra (2000) for preore vein quartz.
Characteristics identified in both studies include the pres-
ence of liquid- and vapor-rich aqueous inclusions, homoge-
nization to liquid at temperatures ranging from 100° to
>300°C, with most inclusions homogenizing between ~150°
and 230°C, salinities of 0 to about 20 wt percent NaCl equiv,
with most salinities between 3 and 9 wt percent, decrepitation
of some inclusions prior to liquid-vapor homogenization at
temperatures of 200° to >300°C, the presence of three-phase
inclusions with small, translucent daughter crystals, probably
calcite, that did not melt during heating, the presence of
abundant but variable CO2 and CH4 identified during mi-
crothermometry and by quadruple mass spectrometer gas
analyses, and the presence of lesser N2, identified by quadru-
ple mass spectrometer analyses. These observations suggest
that the stage 3 quartz of Groff (1996) may be the same as, or
similar to the preore vein quartz described above. At the very
least, stage 3 quartz is quite different from jasperoid that con-
tains a single population of two-phase aqueous inclusions
(Cline and Hofstra, 2000) and which was determined by
SIMS and EMPA, described below, to be the primary host for
gold at Getchell. As a result, it appears unlikely that sericite

and adularia associated with stage 3 quartz and dated at ~83
Ma are temporally associated with gold mineralization.

In summary, trace to nil gold is present in coarse pyrite that
is associated with pregold, hydrothermal veining. These
pyrites contain minor to nil arsenic and generally lack other
trace metals. Vein quartz and pyrite are commonly fractured
and locally cemented by gold ore-stage minerals, and some of
these pyrite crystals probably form the barren cores on which
gold- and arsenic-enriched pyrite precipitated. This assem-
blage is spatially associated with the perimeter of the Osgood
stock and may be related to intrusion of the granodiorite. 

Gold ore mineralization

The gold ore-stage assemblage consists of gold-bearing ar-
senian pyrite and marcasite enclosed by jasperoid; minor or-
piment, fluorite, and rare galkhaite precipitated locally in
open space near the end of the gold ore stage (Fig. 4). Gold-
bearing pyrite and marcasite typically formed anhedral grains,
commonly less than 4 µm in diameter. In thin section they
have a fuzzy rim, low polishing relief, and a poor polish (Fig.
5B). Less commonly, gold-bearing iron sulfides form rims
around gold-free pyrite cores (Fig. 5B). These rims have the
same characteristics as the anhedral grains and are generally
<2 µm thick. In higher grade ore, grains and rims are coarser
and more abundant.
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SIMS analyses show that gold in the fine grains and rims
ranged from 54 to 600 ppm (mean = 167 ppm; Table 2, analy-
ses 7–14); arsenic ranged from 1.7 to 15 wt percent (mean =
6.0 wt %). As most gold-bearing grains or rims are much
smaller than the analyzed spot, arsenic and gold are diluted
by other phases in some analyses; however, results clearly
demonstrate that significant gold resides in fine-grained
pyrite and marcasite. In the remaining SIMS analyses (Table
2, analyses 15–23), mixtures of fine- and coarse-grained iron
sulfide minerals were analyzed, resulting in intermediate val-
ues for gold and arsenic. Gold ranged from 11 to 131 ppm
(mean = 52 ppm) and arsenic ranged from 0.5 to 3.5 wt per-
cent (mean = 2.1 wt %).

Figure 6 documents the positive correlation between ar-
senic and gold in SIMS analyses (open diamonds). Because
gold and arsenic correlate positively, X-ray maps of arsenic in
pyrites with a variety of morphologies were generated. Maps
show that small, ore-stage grains are unzoned and arsenic en-
riched. In rare instances, particularly where several grains co-
alesced, multiple arsenic-enriched zones were present. 

Ore-stage grains and rims in five samples were analyzed for
gold and other trace metals using EMPA (Table 1). Iron and
sulfur are significantly below stoichiometric concentrations
owing to substitution by other elements. Arsenic ranged from
3.1 to 11.3 wt percent and generally exceeded 5 wt percent;
gold concentrations reached 2,400 ppm and commonly ex-
ceeded 200 ppm. Ore-stage grains and rims are also distin-
guished by consistently elevated copper, 0.09 to greater than
1 wt percent, and highly variable antimony, mercury, and thal-
lium ranging from below detection limits to greater than 1 wt
percent. These grains contained no detectable molybdenum

or silver, and nickel, zinc, and tellurium varied from below to
just above detection limits. Lead values are quite variable and
ranged from below detection limits to, commonly, 0.2 wt per-
cent. Approximately 0.05 wt percent cobalt is present, similar
to preore pyrites. Arsenic and gold correlate positively, but
gold/arsenic ratios are variable (Fig. 6). Concentrations de-
termined by EMPA for both gold and arsenic extend to
higher values than concentrations determined using SIMS.
These results reflect decreased dilution by nonore pyrite in
the smaller spots analyzed by the electron microprobe. Four
analyses have unusually high gold/arsenic, with gold values
reaching ~1,500 to 2,500 ppm (Fig. 6). Other than these four
analyses, results are consistent with SIMS analyses.

Gold- and arsenic-bearing iron sulfide minerals are consis-
tently concentrated along jasperoid grain boundaries or en-
closed within jasperoid crystals (Fig. 5C). In rare instances,
euhedral quartz crystals with growth zones contain ore-stage
iron sulfide minerals indicating that the sulfide grains were
trapped during quartz crystal growth in open space. The con-
sistent association of gold-bearing pyrite and/or marcasite and
jasperoid (Fig. 5C) indicates that they are contemporaneous
minerals formed during a single stage of hydrothermal min-
eralization (Fig. 4).

Ore-stage jasperoid typically exhibits a reticulate texture,
variable grain size, and abundant calcite inclusions, all of which
indicate replacement of calcite (Fig. 5D; Lovering, 1972). Lo-
cally, where replacement was incomplete, calcite remains in-
terstitial to quartz. The presence of growth zones delineated
by solid calcite inclusions and the reticulate texture provide
evidence for the deposition of silica as crystalline quartz
rather than as silica gel and imply deposition at moderate,

TIMING OF MINERAL DEPOSITION, GETCHELL CARLIN-TYPE Au DEPOSIT, NV 83

0361-0128/98/000/000-00 $6.00 83

TABLE 2.  Secondary Ion Mass Spectrometry (SIMS) Analyses of Fine- and Coarse-Grained Pyrite and Marcasite

Analysis no. Sample no.1 Au (ppm) As (wt%) Description

1 G6-25-47 11 0.33 Coarse euhedral marcasite rimming fine-grained marcasite
2 G6-25-47 5.2 0.40 Coarse pyrite without visible rim or fractures
3 G7-16-14 17 1.10 Center of coarse pyrite with microcrystalline pyrite rim
4 G7-16-14 0.72 0.21 Coarse pyrite with no visible rim
5 G7-16-14 0.55 0.49 Coarse pyrite with no visible rim
6 G7-16-14 2 0.18 Coarse marcasite rim

6.1 0.45 Mean values for coarse-grained iron sulfide minerals
7 G6-25-47 73 2.0 Fine-grained marcasite
8 G6-25-47 600 15.0 Rim of marcasite aggregate
9 G6-25-47 99 9.2

10 G7-16-14 100 3.7 Fine-grained pyrite with rim of microcrystalline pyrite
11 G7-16-14 54 1.7 Fine-grained marcasite
12 G7-16-14 155 2.1 Fine-grained marcasite
13 G7-16-14 72 4.1 Fine-grained marcasite in center of oolith
14 G7-16-14 180 10.0 Fine-grained marcasite in center of oolith

167 6.0 Mean values for fine-grained iron sulfide minerals
15 G6-25-47 39 2.0 Fractured coarse pyrite with microcrystalline pyrite rim
16 G6-25-47 41 3.2 Coarse pyrite with visible rim of microcrystalline pyrite
17 G6-25-47 11 1.5 Fine-grained marcasite with euhedral marcasite rim
18 G6-25-47 35 1.5 Fine-grained marcasite with euhedral marcasite rim
19 G7-16-14 131 3.5 Medium-grained pyrite rimmed by microcrystalline pyrite
20 G7-16-14 28 1.9 Coarse pyrite with zoning
21 G7-16-14 35 0.5 Coarse pyrite with microcrystalline pyrite rim
22 G7-16-14 50 2.4 Factured coarse pyrite with microcrystalline pyrite rim and filling fractures
23 G7-16-14 98 2.3 Medium-grained euhedral pyrite with microcrystalline rim

52 2.1 Mean values for mixed coarse- and fine-grained iron sulfide minerals

1 G6-25-47 contains 6.7 g/mt (0.216 oz/t) gold; G7-16-14 contains 31.1 g/mt (1.002 oz/t) gold 



84 JEAN S. CLINE

0361-0128/98/000/000-00 $6.00 84

200 m�

py

A

200 m�

cc

cc
ap

ap

ap

D

50 m�
cc

ore py

py core

qtz

B

50 m�

orp

fl

fl inc

G

rlg

200 m�

fl

qtz

E 200 m�

fl

qtz

F

qtz
qtz

orp

orp

py

50 m�H

qtz

ore py

cc

200 m�C

jsp



TIMING OF MINERAL DEPOSITION, GETCHELL CARLIN-TYPE Au DEPOSIT, NV 85

0361-0128/98/000/000-00 $6.00 85

FIG. 5.  Photomicrographs of preore, gold ore, and late gold ore-stage minerals. A. Moderately coarse, high-relief, and
well-polished pregold vein pyrite. RPPL, sample GE 8304. B. Gold- and arsenic-enriched iron sulfide grains and rims on
gold-free cores. RPPL, sample 92-118 42, 33.7 g/mt (1.084 oz/t) gold over 5-ft core interval. C. Typical ore-stage jasperoid
with ore-stage iron sulfide minerals rimmed by euhedral quartz and overgrown by late ore calcite. Most iron sulfide miner-
als lie along jasperoid grain boundaries. Black regions are pore spaces. RPPL, sample 4820 186.5 5/6B, 30.1 g/mt (0.968 oz/t)
gold. D. Typical jasperoid with calcite inclusions and detrital apatite. TXPL, sample GQR4, ~7.8 to 16.0 g/mt (~0.25–0.5 oz/t)
gold. Transmitted plain (E) and crossed (F) polarized light images of intergrown cubic fluorite and fine euhedral quartz crys-
tals along fluorite growth zones, showing temporal overlap of precipitation in open space. Sample GEFL-1A. G. Growth zone
in euhedral fluorite crystal is defined by solid inclusions of orpiment, one of which is attached to a fluid inclusion. The fluo-
rite was enclosed by realgar. TPPL, sample GEFL-1C. H. Intergrowth of crystalline quartz (dark to light gray), ore-stage
pyrite (white, high relief), and orpiment (light gray, low relief) in lower part of photo is overgrown by massive orpiment.
Quartz shows a range of gray shades owing to underlying orpiment. Textures show that vugs interstitial to euhedral quartz
contain intergrown gold-bearing iron sulfide grains and orpiment. Massive orpiment is free of iron sulfide grains. RPPL, sam-
ple 92-196 231.8, 30.4 g/mt (0.978 oz/t) gold. I. Subhedral to euhedral realgar crystals encompassed by coarse calcite. TPPL,
sample G7. J. Intergrown realgar crystals and pyrite framboids; tip of long realgar crystal (left center) encompasses a fram-
boid crystallite as the framboid overgrows the realgar crystal, demonstrating contemporaneous precipitation. T and RPPL,
sample G6-23-27, ~7.8 to 16.0 g/mt (~0.25–0.50 oz/t) gold. K. Cross section of euhedral quartz crystal that rims jasperoid
mass. Core of crystal contains abundant primary fluid inclusions, which make the quartz appear dark and mottled. The crys-
tal rim is decorated with intergrown framboidal pyrite and euhedral quartz crystals. Intergrown pyrite and realgar in (J) are
from a similar rim. T and RPPL, sample G6-23-27, ~0.25 to 0.5 oz/t gold. L. Jasperoid rimmed by fine euhedral quartz crys-
tals and overgrown by late ore-stage calcite. Iron sulfide minerals are enclosed by calcite adjacent to the quartz-calcite con-
tact but diminish with distance from this contact. R and TPPL sample 92-118 42, 33.7 g/mt (1.084 oz/t) gold. Abbreviations:
ap = apatite, cc = calcite, fl = fluorite, fl inc = fluid inclusion, frmb = framboid, jsp = jasperoid, orp = orpiment, py = pyrite,
qtz = quartz, rlg = realgar, RPPL = reflected plane-polarized light, TXPL = transmitted crossed-polarized light, TPPL =
transmitted plane-polarized light. 
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rather than low, temperatures. The presence of open space
during jasperoid precipitation is indicated by the occurrence
of small vugs and rinds of fine euhedral quartz crystals on
masses of jasperoid and iron sulfide minerals (Fig. 5C). Al-
though abundant open space was generated by faulting, the
presence of small vugs with drusy quartz suggests that lime-
stone dissolution and silica deposition were not always simul-
taneous and that dissolution created open space, subse-
quently filled or partly filled by fine euhedral quartz.
Cathodoluminescence studies show that jasperoid crystals
display a range of degrees of luminescence, demonstrating at
least subtle changes in fluid composition as jasperoid was de-
posited.

Much jasperoid is unmineralized and lacks ore-stage iron
sulfide minerals. Localized zoning of barren jasperoid to
jasperoid plus ore-stage pyrite-marcasite is common. This
zoning suggests that jasperoid formed before and possibly
after gold and/or pyrite precipitation (Fig. 4). Some barren
jasperoid contains coarse, irregular masses of marcasite
grains. EMPA show that, although gold free, this marcasite
contains low but anomalous arsenic as well as copper, anti-
mony, and thallium (Table 1). 

Rare, small blades and masses of intersecting blades of
marcasite, which have high relief and are well polished, occur
locally in the ore assemblage. The grains appear to have pre-
cipitated in open space or replaced calcite and were encom-
passed by jasperoid. Realgar is commonly spatially associated
with this marcasite and overgrows jasperoid containing the
marcasite. This spatial association suggests that the marcasite

may have formed near the end of the ore stage and partially
filled space created by limestone dissolution or faulting (Fig.
4). Remaining vugs were filled by realgar during the late ore
stage. EMPA show that this bladed marcasite contains rela-
tively low arsenic, 1.8 to 4.4 wt percent, but gold values reach
900 ppm (Table 1; Fig. 6). The marcasite blades also contain
anomalous copper and variably anomalous antimony, mer-
cury, and thallium, documenting an affinity with ore-stage
mineralization.

Subhedral to euhedral fluorite is a rare component of the
ore assemblage but was locally abundant in the south wall of
the North pit (Fig. 2). More recently, minor fluorite has been
documented in the Getchell Underground and Turquoise
Ridge deposits (D. Tretbar and C. McAllister, pers. commun.,
2000). Fluorite from the North pit commonly encompassed
ore-stage jasperoid and drusy quartz and, less commonly, ore-
stage iron sulfide minerals and orpiment (Fig. 4). Fine quartz
crystals line growth zones in fluorite (Fig. 5E and F), indicat-
ing temporal overlap. The presence of euhedral fluorite crys-
tals and crystals that terminate in vugs shows that fluorite pre-
cipitated in open space. This fluorite was recently dated using
Th-Pb at 34 ± 11 Ma (Hofstra et al., 2000). The large error re-
sults from low thorium and the relatively young age of the flu-
orite, but, within the error, the age is consistent with ages de-
termined for adularia at Twin Creeks (Groff et al., 1997; Hall
et al., 1997).

Small, solid inclusions of orpiment locally define fluorite
growth zones (Fig. 5G) and indicate that orpiment was a sta-
ble phase at the time fluorite precipitated (Fig. 4). Orpiment
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FIG. 6.  Arsenic (wt %) and gold (ppm) in preore, gold ore, and late gold ore-stage iron sulfide minerals determined by
SIMS and EMPA. As EMPA have higher detection limits than SIMS analyses, there are no EMPA points at low gold values.
SIMS analyses indicating greater than about 50 ppm gold reflect analysis of fine-grained, gold ore-stage pyrite (see Table 2).



inclusions are rare in jasperoid, suggesting that most orpi-
ment precipitated after jasperoid encompassed most gold-
bearing iron sulfide minerals. In a few high-grade samples,
orpiment is intergrown with, or encompasses ore-stage iron
sulfide minerals and euhedral to anhedral quartz. These in-
tergrowths are locally rimmed by massive orpiment (Fig. 5H).
The presence of massive orpiment encompassing ore-stage
quartz and iron sulfide intergrowths, and fluorite and orpi-
ment encompassing euhedral quartz crystal faces, demon-
strates that fluorite and orpiment precipitated at the end of
the ore stage (Fig. 4). Massive orpiment encompassing euhe-
dral quartz crystals that rim jasperoid plus pyrite-bearing ore
is also observed at Twin Creeks (Simon et el., 1999, see their
fig. 4F).

Galkhaite, although not abundant, is locally common in un-
derground workings in the Northwest ore zone below the
North pit (D. Tretbar, pers. commun., 2000). Galkhaite ob-
served during this study occurs as fine, cubic crystals in par-
ticularly vuggy ore horizons. The mineral conforms to drusy
quartz crystals and terminates in vugs or is overgrown by late
ore-stage realgar, indicating a paragenetic position similar to
fluorite and orpiment. Galkhaite has recently been dated
using Rb-Sr and gave an age of 39.0 ± 2.1 Ma (Tretbar et al.,
2000), consistent with ages determined for fluorite at
Getchell (Hofstra et al., 2000) and adularia at Twin Creeks
(Groff et al., 1997; Hall et al., 1997). 

Minor apatite is present in the gold ore assemblage, com-
monly as <15 µm, roughly spherical grains enclosed in jasper-
oid (Fig. 5D). Much jasperoid is free of apatite; however, in
some high-grade zones, apatite may constitute as much as 5
vol percent of the assemblage. The erratic distribution and
spherical form indicate that apatite is likely detrital and in-
herited from the sedimentary host rocks. The increased con-
centration of apatite in ore may reflect increased decalcifica-
tion and concentration of insoluble materials, including both
apatite and gold-bearing pyrite and/or marcasite.

Late ore mineralization

Realgar and calcite fill or partly fill vugs and larger open
spaces and, with minor euhedral quartz, framboidal pyrite,
and rare stibnite, form a late ore mineral assemblage that pre-
cipitated in open space (Fig. 5I). Coarse realgar typically
forms overgrowths on or encompasses ore-stage minerals
(Fig. 5G). Rare sprays of stibnite are encompassed by realgar.
Significantly, in a few localities, realgar, in contact with ore-
stage quartz containing gold-bearing pyrite and/or marcasite,
encloses gold-bearing pyrite and/or marcasite. Realgar en-
closes iron sulfide grains only near quartz-realgar contacts;
massive realgar is free of iron sulfide grains. Ore-stage iron
sulfide minerals are locally enclosed by orpiment at Twin
Creeks (Simon et al., 1999).

Rare pyrite framboids, some of which are intergrown with
realgar (Fig. 5J), rim ore-stage euhedral quartz crystals or are
partly incorporated in quartz crystal rims (Fig. 5K). These
textures show that the outermost rims of some euhedral
quartz crystals formed during the late ore stage (Fig. 5K) and
also demonstrate a hydrothermal origin for the framboids.
Two framboids analyzed using EMPA contain variable gold,
arsenic, copper, thallium, and silver (Table 1), supporting

their hydrothermal origin. Interestingly, they constitute two
of only three iron sulfide grains that contain detectable silver.

Late ore-stage, coarse-grained, clear calcite commonly en-
closes realgar (Fig. 5I) and locally encloses earlier ore-stage
minerals. This calcite precipitated last, conforms to euhedral
crystal faces of earlier phases, and commonly fills remaining
open space. Calcite is generally barren of gold mineralization;
however, in some localities where calcite is in contact with ore-
stage quartz, calcite contains ore-stage, iron sulfide minerals
and carries significant gold values (Fig. 5L). As observed with
realgar, ore-stage iron sulfide grains are only present in calcite
adjacent to the ore-stage assemblage; they are not present in
massive, coarse-grained calcite, distal from this contact.

Postore-stage(?) calcite

Coarse, translucent euhedral calcite crystals occur in frac-
ture zones that are not spatially or genetically associated with
earlier assemblages. The timing of this calcite is uncon-
strained, but it may be postore, similar to coarse calcite in
open fractures at Meikle, dated using U-Pb at ~2 Ma (Emsbo,
1999; Hofstra et al., 2000).

Temporal Significance of the Mineral Paragenesis
Secondary hydrothermal minerals in the Getchell deposit

document the occurrence of two or more hydrothermal
events. Early quartz, pyrite, and base metal vein mineraliza-
tion is spatially associated with the perimeter of the Late Cre-
taceous Osgood stock and is most likely associated with gran-
odiorite intrusion. SIMS and EMPA and fire assays indicate
that gold deposition did not accompany this event. Vein pyrite
and quartz were fractured by at least one deformational event
and cemented by ore-stage gold- and arsenic-enriched pyrite,
quartz, and realgar.

Textural relationships strongly support the interpretation
that gold mineralization and arsenic sulfide minerals precipi-
tated during a single, evolving hydrothermal system, and that
this hydrothermal event followed quartz and base metal vein
mineralization. Chemical analyses and textural relationships
indicate that gold was incorporated in arsenian pyrite and
marcasite that form fine discrete grains, or form rims on ear-
lier, gold-free pyrite. Gold-bearing iron sulfide grains are con-
sistently encompassed by jasperoid that replaced limestone.
This association indicates that either individual gold-bearing
iron sulfide grains nucleated and precipitated on jasperoid
and were encompassed by jasperoid as it continued to replace
limestone, or isolated ore-stage iron sulfide grains precipi-
tated, were present in the hydrothermal fluid, and were en-
closed by jasperoid and/or were concentrated along the
boundaries of jasperoid crystals as jasperoid precipitated. The
first option requires precipitation of sulfide grains and jasper-
oid at about the same time. The second option permits a time
lag between sulfide and jasperoid precipitation. In either
case, the consistent spatial and textural relationships between
arsenian, gold-bearing pyrite and jasperoid, lack of crosscut-
ting features, and limited occurrence of gold-bearing iron sul-
fide minerals in later phases support the near-contemporane-
ous precipitation of gold-bearing iron sulfide minerals and
jasperoid. The consistent presence of gold in pyrite or marc-
asite, ubiquitous presence of H2S in ore fluids (indicated by
quadruple mass spectrometer analyses), low salinities of ore
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fluids, low base metal concentrations in ore-stage iron sulfide
minerals (Table 1), and presence of gold-bearing pyrite
and/or marcasite in jasperoid formed by fluid-rock reaction
are consistent with gold deposition during sulfidation of reac-
tive iron in the host rocks. 

The presence of minor gold-bearing iron sulfide minerals
in realgar and calcite, where these minerals are in contact
with ore-stage jasperoid, is significant in that it shows that
there is no major time break separating ore-stage and late
ore-stage mineral deposition. The enclosure of fine, gold-
bearing pyrite and/or marcasite by jasperoid, realgar, and cal-
cite requires close timing for the precipitation of these min-
erals and contradicts an earlier interpretation that gold and
arsenic sulfide precipitation were separated by 40 m.y. (Groff
et al., 1997). It is conceivable that dissolution of jasperoid lib-
erated some of the iron sulfide grains for later enclosure by
realgar and calcite. However, this hypothesis is unsupported
by textural evidence at Getchell and at other Carlin-type gold
deposits (Hofstra and Cline, 2000). The lack of dissolution
textures and the preservation of euhedral, ore-stage drusy
quartz crystals separating jasperoid and calcite (Fig. 5L) or
realgar argue against this alternative. 

The continuous evolution of the gold ore stage to the late
ore stage is further supported by the consistent successive
overgrowth of younger minerals on perfectly preserved eu-
hedral faces of older minerals (Fig. 5C, E, F, G, H, I, K, and
L) and by fluid inclusion data that document a declining fluid
temperature at constant salinity and gas content, for parage-
netically successive minerals. The 180° to 240°C ore fluid
initially reacted with and dissolved the limestone host rock
and replaced the limestone with jasperoid and gold-bearing
pyrite (Cline and Hofstra, 2000). In regions of open space
generated by decalcification or earlier faulting, similar fluids
with the same temperature, salinity, and gas content precip-
itated drusy quartz (Cline and Hofstra, 2000; Hofstra and
Cline, 2000). Other minerals precipitated successively near
the end of the ore stage and during the late ore stage from
fluids with similar salinities and gas contents but at lower
temperatures. Temperatures of 135° to 200° and ~175°C are
indicated for precipitation of orpiment and fluorite, respec-
tively. Orpiment, fluorite, and realgar precipitated in open
space generated, primarily, by earlier movement on the
Getchell fault. The precipitation of these minerals in open
space and the documented lower temperatures are consis-
tent with the sensitivity of the solubilities of these minerals
to temperature (Hofstra et al., 1991; Hofstra, 1994) and
demonstrate that these minerals precipitated as spent ore
fluids cooled in open fractures. Late calcite probably precip-
itated at lower temperatures as near-surface fluids saturated
in calcium carbonate descended into former upflow zones of
the hydrothermal system during waning hydrothermal activ-
ity and became heated. 

Related deposition of gold mineralization and the arsenic-
rich, late ore stage is, finally, supported by the fact that these
two assemblages occupy exactly the same region, northeast of
the Osgood stock (Groff et al., 1997, their fig. 6). Gold min-
eralization is temporally related to the described ore- and late
ore-stage minerals, and the ages determined for fluorite and
galkhaite at Getchell and adularia at Twin Creeks indicate a
mid-Tertiary age for gold deposition.
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