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Abstract

Darasun, Teremkyn, and Talatui are neighboring deposits in the Darasun gold district of Transbaikalia (Rus-
sia) that are hosted by Middle-Late Jurassic subduction-related porphyry intrusions and dikes. Darasun con-
sists of vertically extensive, steeply dipping Au mineralized veins and zones, spatially related to a K-rich gran-
odiorite-porphyry intrusion. Within the deposit are also pipelike bodies of tourmaline sulfide hydrothermal
breccias. Teremkyn consists of gently and steeply dipping veins and zones, always associated with felsic dikes
comagmatic with the Darasun intrusion. Talatui consists of variably shaped mineralized zones systematically
associated with dikes of different compositions and with the host Middle-Late Jurassic granite porphyry. A
large proportion of both veins and mineralized zones in these deposits consists of sulfide and oxide minerals,
with pyrite and arsenopyrite mostly present at Darasun and Teremkyn and pyrite, magnetite, and hematite pre-
sent at Talaui. The three deposits host also a large number of sulfosalt, bismuth, oxide, and telluride minerals.
Gold of variable purity occurs as free nuggets or hosted by opaque phases. The gangue mineralogy is similar in
the three deposits and includes commonly quartz, tourmaline, and calcite.

Microthermometry and microchemical analyses of fluid inclusions with petrographic and compositional data
on ore minerals constrain the stages of ore deposition in the district. At room temperature, the entrapped fluids
are of four compositional types: (1) multiphase, with a vapor bubble, liquid, and one or more solids; (2) liquid-
vapor aqueous; (3a) vapor-rich with a small proportion of liquid and rare solids, and also (3b) vapor-rich with a
small proportion of aqueous liquid and carbonic liquid. Types (1) and (3) or (2) and (3) coexist within the same
assemblages and are present mostly in paragenetically early quartz, whereas the type (2) fluid within later
quartz, sphalerite, and calcite shows consistent phase proportions. At Darasun and Teremkyn, type (2) fluid is
the main ore fluid, but all fluid types are associated with gold deposition at Talatui.

Microthermometric measurements from all fluid types show a range of phase transitions that vary systemat-
ically at the deposit scale. At Darasun and Teremkyn, coexisting types (1) and (3) and types (2) and (3) ho-
mogenize into the vapor and liquid states, respectively, within the same 290° to 460°C range. The correspond-
ing bulk salinities vary between 0.7 and 44.8 wt percent NaCl equiv. In contrast, at Talatui coexisting types
(1) and (3) and types (2) and (3) homogenize into the vapor and liquid phases and show a distribution of Thotal)
and bulk salinities between about 300° and 610°C and 0.9 and 48 wt % NaCl equiv, respectively. Mass spec-
trometric and chromatographic data from bulk samples show that the main-stage ore fluid in the three deposits
varies compositionally according to location within the district. In detail, Cl, Na, K, Cs, Br, Sr, Rb, Mn, and Tl
are relatively enriched in the Talatui fluid, whereas CO2, CH4, HCO, Cu, Pb, Sb, Fe, Hg, and REE are
enriched at Darasun and Teremkyn or show no systematic variations. Au concentrations vary within the 0.01-
to 3-g/t range at Darasun and Teremkyn, whereas at Talatui values do not exceed 0.4 g/t

The salinities and homogenization temperatures of the main-stage ore fluids types (1), (2), and (3) are typical
of the intrusion-related class of gold deposits. This suggests a dominant magmatic component of the ore fluid
during the first stages of mineral precipitation and a magmatic derivation of gold itself in the district. Phase
separation was active during the early stages of ore deposition and took place between about 600° to 400°C at
Talatui and 450° to 300°C at Teremkyn and Darasun at pressures of 10 to 160 MPa (i.e., 1- to 2.5-km depth).
This explains the systematic distribution of ore minerals and fluid chemistry within and around the orebodies.
Gold precipitation took place within the three deposits during both early-stage phase separation (Talatui and
Darasun) and main-stage ore formation. Microchemical data of fluid inclusions show that the ore fluid was
characterized by Aw/Cu ratios between 15 and 35 (units: g/t vs. wt %). This range is five orders of magnitude
higher than that determined for porphyry Cu deposits (~1-10, Ulrich et al., 1999) and compares well with the
range of Au/Cu ratios measured in the most fractionated melt hosting the Timbarra intrusion-related deposit
of Australia (20-200, Mustard et al., 2006). Hence, similar to porphyry Cu systems, the Au/Cu ratios of the ore
fluid at Darasun could have been controlled by the fundamental Au/Cu ratio of the magmatic source rock.
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The petrographic evidence for an association between gold and galena and the evidence for consistently high
concentrations of Pb, Zn, and Fe in the fluid inclusions suggest that a fraction of the fluid that deposited the
orebodies did not always reach saturation in gold and other ore minerals during the early magmatic-hy-
drothermal stage. We speculate that a fraction of the ore fluid was transported through the orebodies and dis-
persed at lower temperatures into the outer fringes of the deposits, where they formed the documented galena-

sphalerite halo around the Darasun stock.

Introduction

THE DARASUN goldfield is a mining district in Transbaikalia,
Russia, that is of relevant geologic and economic importance
(Sakharova, 1968, 1969, 1972; Timofeyevsky, 1972; Lyakhov
and Dmitriev, 1975; Zorina et al., 1991; Yurgenson and Yur-
genson, 1995; Prokof’ev et al., 2000, 2004, 2007; Bortnikov,
2006). The district is named after the largest deposit of the re-
gion, the Darasun gold mine that has been productive for
more than a century (Timofeyevsky, 1972; Safonov, 1997;
Bortnikov, 2006). Darasun was discovered in 1861 and pro-
duced 118 metric tons (t) from underground operations and
an additional 40 t from surface (gold placer) operations. Pro-
duction stopped between 1996 and 2002 and restarted with
higher gold prices in 2003.

The most recent classification schemes identify Darasun as
a greenstone-hosted, quartz-carbonate Au vein deposit (Gos-
selin and Dubé, 2005; Yakubchuk et al., 2005). Such schemes
do not consider, however, recent data gathered at Darasun
and on companion deposits of the district; therefore, they do
not consider possible genetic links with the granitoid intru-
sions that occur in the region. The Darasun goldfield hosts lit-
erally hundreds of economic and subeconomic Au-bearing
occurrences, all of which show spatial and temporal associa-
tions with rocks of calc-alkaline affinity (Prokof’ev et al.,
2000). Here, we present a set of petrographic, microchemi-
cal, and fluid inclusion data on three deposits of the goldfield,
namely Darasun, Talatui, and Teremkyn (Fig. 1). Darasun
and Teremkyn are companion deposits hosted by the same
granodiorite porphyry intrusion, whereas Talatui is located 12
km northwest of Darasun and shares with them several geo-
logical and geochemical similarities. Given the overall dimen-
sions of this mineralized system, knowledge of the genesis of
these three deposits provides valuable insight into the nature
of transport and deposition of gold within the district. From
the record presented here, we propose that gold in the three
deposits was provided by a common magmatic source whose
Aw/Cu ratio was comparable to that of the ore fluid.

Geologic Background

The Darasun, Teremkyn, and Talatui gold mines are lo-
cated in the Chita area of the eastern Transbaikal region, 70
km southwest of the Mongolian-Okhotsk suture zone gener-
ated by the collision between the Mongolian and Siberian
continents at the end of the Mesozoic. The tectonic evolution
of the region is complicated by a sequence of thrusting, fold-
ing, and magmatism that lasted for about 50 m.y., from the
Early and/or Middle Jurassic to the end of the Jurassic. This
region hosts more than 30 identified gold deposits of variable
economic relevance (Zorin et al., 1998, 2001), half of which
have characteristics similar to Darasun and occur close to, or
along, structural lineaments of various order. A detailed ac-
count of the tectonic history of eastern Transbaikalia and its

relationships with the regional minerogenesis is provided by
Zorin et al. (2001), and an account of the geologic history of
the Darasun area and of the geochemical features of its de-
posits is found in literature that is summarized in the para-
graphs below.

The Darasun goldfield is located within a block having a
complex tectonic structure and consisting of Paleozoic mag-
matic rocks. The ultramafic and mafic rocks of the Early Pa-
leozoic Kruchinsky Complex (Pz;) are the oldest of such rocks
(Fig. 1). They consist mainly of pyroxene-hornblende, horn-
blende and olivine gabbros, and minor serpentinitic pyroxen-
ites, plagioclase dunites, peridotites, and anorthosites. Ac-
cording to some authors (Kazimirovsky et al., 1992) these
rocks formed after fractional crystallization of a single mafic-
ultramafic melt of mantle derivation, whose composition was
similar to that of a subalkaline picrite. These rocks differ from
ophiolites due to their high alkalinity, their relatively high
concentrations of K, Ti, Rb, Sr, and the depletion of MgO,
CaO and FeO. They are similar to rift basalts (Kuzmin, 1985;
Kazimirovsky et al., 1992) and may be remnants of the Early
Paleozoic oceanic crust that formed the Mongolian-Okhotsk
ocean 462 + 110 Ma ago (Fedorov et al., 1980; whole-rock
Rb-Sr age).

These gabbroic rocks are intruded to the south and south-
east by the Middle Paleozoic Krestovsky Complex (Pz), con-
sisting of diorites, quartz diorites, granodiorites, granites, and
aplites dated at 320 to 316 Ma (Kazimirovsky et al., 1992;
whole-rock Rb-Sr dating). The Late Paleozoic-early Mesozoic
leucogranites, granodiorites, syenites, and granosyenites of
the Olyokminsky Complex (Pz3) represent an extension to the
northeast and southeast of the Krestovsky Complex (Fig. 1).
Leucogranites are depleted in the majority of metals except
for Pb, Rb, Th, and U and are similar to the palingenic gran-
ites of the Russian literature (Kazimirovsky et al., 1998).

A Triassic granitoid intrusion (234 =+ 8 Ma, biotite K-Ar age)
forms the Amanansky Complex to the northwest of Darasun
(Rublev et al., 1985). The dominant lithology is a subalkaline
granodiorite, with minor biotite-amphibole-two feldspar dior-
ite, granosyenite, granites, alaskite granite. The Middle Juras-
sic-Early Cretaceous Amudzhikan-Sretensky Complex (Jo-K1)
is the youngest magmatic suite of the region and includes
subvolcanic and effusive high potassium rocks showing a large
range of compositions: dikes and stocks of porphyritic dior-
ites, granosyenite, syenite, and granite porphyries, plagiopor-
phyry dikes, felsites, felsite porphyries, trachybasalts, trachy-
andesites, latites, trachydacites, rhyodacites, quartz porphyries,
and rhyolites. This suite occurs in close spatial association
with the orebodies and is volumetrically small (Fig. 1). Within
the Darasun deposit, it forms a high K, calc-alkaline series,
characterized by the occurrence of magnetite inclusions
within plagioclase and biotite, variable total Fe (Zp. = 3.32-
8.12), high LILE contents, and by anomalous enrichments in
Ag, Au, Mo, and W.
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F1c. 1. Location of the Darasun goldfield (D) and geologic sketch of the district. The dotted lines mark the extent of the
mine properties. 1 = Darasun, 2 = Teremkyn, 3 = Talatui. Modified after Prokof’ev et al. (2006).

Orebodies and subvolcanic rocks are located in the same
brittle and ductile structures, showing that structural control
was important for both emplacement of the magmatic suite
and the Au mineralization. The deposits are located within and
around the porphyry stocks and associated apophyses and can
be traced from hundreds of meters to kilometers downdip or
along strike. At Darasun and Teremkyn, veins and ore shoots
are found within a system of northeast to northwest trending
faults (Fig. 1) with sharp walls and alteration haloes. At Tala-
tui, the orebodies are represented by northwest-trending ore
shoots with transitional boundaries and spatially irregular
(with an en echelon arrangement) alteration zones. In all de-
posits, gold grades are clearly controlled by local pinch-swell
structures and fractures. We have not observed clear cross-
cutting relationships between orebodies and host rocks in the
district; therefore, we cannot provide geologic evidence for

relative timing of the hydrothermal event. K-Ar isotope and
Rb-Sr dating of biotite, plagioclase, and whole rock, respec-
tively (Table 1), shows, however, that hydrothermal alteration
of the wall rocks took place between 165 and 145 Ma (Timo-
feyevsky, 1972; Pakhol’chenko et al., 1987), which is consistent
with the Middle Jurassic-Early Cretaceous age of the granodi-
orite porphyries of the Amudzhikan-Sretensky Complex in the
region (193-109 Ma, Rublev et al., 1985, biotite K-Ar age).
More recent Sm-Nd dating of vein tourmaline, arsenopyrite,
and calcite from Darasun constrained gold deposition at 100 +
18 Ma (Prokof’ev et al., 2006), i.e., to the final stages of em-
placement of the granodiorite porphyries.

The Darasun deposit

Darasun includes more than 200 steeply dipping gold-miner-
alized quartz veins spatially related to the K-rich granodiorite
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TABLE 1. Isotopic Ages Determined for the Amudzhikan-Sretensky Complex

Sample Method Age (Ma) Reference

Quartz diorite porphyries, pipelike K-Ar 174 + 10 Timofeevskii (1972)
Granodiorite porphyries, stocklike K-Ar 170 + 10 Timofeevskii (1972)
Syenite porphyries, central dikelike body K-Ar 169 £ 5 Prokof’ev et al. (2000)
Effusive analogues of granodiotite porphyries K-Ar 165 + 7 Timofeevskii (1972)
Volcanic glass, pipelike K-Ar 162 + 5 Prokof’ev et al. (2000)
Pekhstein, nappe K-Ar 160 + 10 Timofeevskii (1972)
Granite porphyries, stocklike K-Ar 160 + 5 Prokof’ev et al. (2000)
Diorite porphyries, dike K-Ar 156 + 5 Prokof’ev et al. (2000)
Quartz diorite porphyries, dike K-Ar 145 + 4 Prokof’ev et al. (2000)
Hydrothermally altered rocks, near arsenopyrite-rich vein K-Ar 165 + 7 Timofeevskii (1972)
Propylitic alteration, near apy-rich vein Rb-Sr 150 + 8 Pakholchenko et al. (1987)
Quartz-muscovite-carbonate alteration halo, near arsenopyrite vein Rb-Sr 144 + 10 Pakholchenko et al. (1987)
Granodiorite porphyries, stocklike and dike K-Ar 193-109 Rublev et al. (1985)
Tourmaline-arsenopyrite-calcite vein Sm-Nd 100 + 18 Prokof’ev et al. (2006)

porphyry intrusion of the Amudzhikan-Sretensky Complex
(Jo-Ki, Fig. 2). Besides explosive breccias (Timofeyevsky,
1972), a disseminated ore generated by a high-temperature
and highly saline ore fluid has been recently documented
(Prokof’ev et al., 2008). The host rocks are the Early Paleo-
zoic gabbroids and Middle to Early Paleozoic granitoids. In-
tense propylitic alteration predates ore formation, whereas a
sericite-chlorite-quartz-pyrite-carbonate ~ alteration  coeval
with ore deposition is observed close to the veins. The actual
shape of the Darasun stock at the present day erosional sur-
face is extremely irregular, marked by a large number of
apophyses (Fig. 2). The rocks that form this stock derived
from a high K, calc-alkaline magma of latitic composition
(Tauson et al., 1987). The orebodies are located within and
around the granodiorite porphyries and their dikelike
apophyses. Timofeyevsky (1972) was the first to document
the local concentric zoning of the Darasun orebodies and
their regular distribution relative to the stocks (Fig. 2). He
found a quartz-tourmaline assemblage in the center of the
bodies and a more distal pyrite-arsenopyrite assemblage.
Veins with average As content equal to 0.5 wt percent are typ-
ical of the central part, whereas those containing 10 wt per-
cent or more As are located away from the center. A galena-
sphalerite assemblage is distributed in variable amounts
within the distal parts of the orebodies and forms a halo
around the stock. The geochemical anomalies of B and other
ore elements form a series of concentric zones around the
stock (Timofeyevsky, 1972; Tauson et al., 1987).

A set of quartz sulfide veins and mineralized zones are
located in a system of northeast- and northwest-trending frac-
tures, although postmineralization displacements and pinch-
ing and swelling complicate this setting. Vein length is up to
2 km along strike and 1.0 to 1.2 km along dip, with a width
that varies from 5 to 20 cm. The length of the ore shoots
ranges from about 100 to 1,000 m, and variable textures and
fabrics are typical for ores in this deposit (Timofeyevsky,
1972). Textures vary from fine to coarse grained and the crys-
tals are predominantly euhedral. Massive, lenticular, lenslike,
crustlike, and brecciated textures were documented. Ores con-
tain 40 to 60 vol percent of sulfides (Sakharova, 1968, 1969,
1972; Timofeyevsky, 1972) and contain more than 100 min-
eral species. Main phases are pyrite, arsenopyrite, chalcopy-
rite, pyrrhotite, tennantite-tetrahedrite, bournonite, galena,

sphalerite, native gold, quartz, carbonates, and tourmaline. A
notable feature of the deposit is the widespread occurrence of
Pb, Cu, Sb, Bi, Ag, and As sulfosalts and telluride minerals.
The assemblages chalcopyrite, tetrahedrite-tennantite; chal-
copyrite, pyrrhotite, gold (Au grade: 20-300 g/t); pyrite, arse-
nopyrite, gold (Au grade: 25-35 g/t); as well as the Ag-Cu-Te-
Bi-bearing assemblage are of major commercial interest and
occur mainly in ore shoots.

Paragenetic studies (Sakharova, 1968, 1969; Timofeyevsky,
1972) show that the Darasun deposit formed during three
stages of mineral precipitation (Fig. 3). During the early
stage, a tourmaline, pyrite, quartz assemblage, and a pyrite,
arsenopyrite, quartz, siderite, chalcopyrite (with sphalerite
and anhydrite inclusion), and native gold assemblage formed.
The following main stage includes pyrite, chalcopyrite, galena,
sphalerite, quartz, dolomite, Bi tellurides, pyrrhotite, Cu, Pb,
Sb, Bi, Ag, and As sulfosalts, Bi and Ag tellurides, most native
gold, and Pb and Ag sulfoantimonides, stibnite, and calcite.
During a late (postore) stage, the quartz-calcite veins formed.

The Teremkyn deposit

Located 5 km northwest of Darasun, the Teremkyn deposit
consists of a series of Au-bearing tourmaline-quartz sulfide
veins and zones of disseminated ore (Fig. 4). Gold is visible in
the orebodies and occurs as inclusions with volumetrically
minor Ag, Cu, Bi, Pb, Zn, and Sb minerals. Host rocks are the
Early Paleozoic gabbroids of the Kruchinsky Complex (Pz;)
and the Late Paleozoic-early Mesozoic granitoids of the
Olyokminsky Complex (Pzs). The deposit itself is defined by
the intersection between a system of faults and the granodi-
orite porphyry of the Amudzhikan-Sretensky Complex (Jo-
Kj), which is in turn part of the Darasun Suite. The different
types of volcanic glass within the dikes and the felsites are
characterized by anomalously high B contents (i.e., up to 295
and 325 g/t, respectively) compared to other volcanic rocks of
the Transbaikal region (Antipin et al., 1985). Dikes and Au
mineralized veins occur together in three levels of the de-
posit, forming an important association. Another relevant as-
sociation is that between mineralization and hydrothermal
breccias (Kulikova et al., 1996).

A distinguishing feature of the orebodies at Teremkyn is
the extremely irregular distribution of gold but within clearly
defined ore shoots. The highest gold grades are found within



FLUID INCLUSION CONSTRAINTS ON THE GENESIS OF GOLD IN THE DARASUN DISTRICT, RUSSIA

399

‘ Iii_"\‘-rl\\r‘-r'-rl-r‘

TN T T T

T
b

T T
TT'E_T\T

Amudzhikan-Sretensky Complex (J2-Kj)

Dikes of felsites, quartz porphyry
I:I Central subvolcanic stock porphyritic

Olekminsky Complex (Pzs)

Breccia of granodiorite-porphyry

diorite, granodiorite and granite porphyries

0 500 m
-]

Dikes of lamprophyre, gabbro-porphyry, diabase
Leucogranite, syenite, granosyenite, and quartz syenite

Krestovsky Complex (Pzy)

<] Diorite, quartz diorite
|:| Biotite and hornblende granodiorite

Kruchininsky Complex (Pz1)
Granitized gabbro

For Gabbro, gabbrodiorite

Olivine gabbro, pyroxenite, troctolite

Tectonic faults
Ore vein

The mine

PINE

F1G. 2. Geologic map of the Darasun deposit. Based on unpublished data of Yu.A. Aferov, N.M. Kalinichenko, R.A.

Amosov, and I.B. Semerkov.

northeast-trending veins dipping 50° to the south, as well as
in south- and northeast-trending veins dipping 10° to 30° to
the south. Ore shoots occur in areas of pinch and swell, where

vein density is the highest. This feature is so characteristic of

Teremkyn that accurate reserve evaluations have been carried
out along the east-, northeast-, and north-trending structures,
especially at their intersections.

The vein paragenesis of Teremkyn is not defined with the
same detail as for Darasun, although preliminary reports
show the presence of quartz, tourmaline, pyrite, arsenopyrite,

chalcopyrite, sphalerite, galena, marcasite, pyrrhotite, native
gold, electrum, bismuth minerals (native bismuth, bismuthine,
aikinite, cosalite, matildite, and tetradymite), bournonite, lead
sulfoantimonites, carbonate, chalcedony, zeolite, and fluorite
(Zorina et al., 1991; Yurgenson and Yurgenson, 1995; Prokof’ev
et al., 2004). Such association is essentially undistinguishable
from that of Darasun. Textural relationships show that massive
quartz and rare molybdenite predate gold precipitation within
the veins (Zorina et al., 1991). Coeval with this stage of preci-
pitation is the intense propylitic alteration of the host rocks.
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Alluvium

Amudznikan-Sretensky Complex (J2-Kj)
Dikes of dioritic porphyrites
Dikes of K-rich granodiorite porphyry
and felsite porphyry
Olyokminsky Complex (Pz3)
[ ] Leucocratic granite (a) and its
dike facies (b)
Syenite (a) and its dike facies (b)

Microgabbro dike /Il

o/
Kruchininsky Complex (Pz1) “, A
Gabbro and gabbro- }
diabase { -
Ore veins =7 ~7 /) r_
“‘“"

Zones of
disseminated ores ‘ )
Tectonic faults "‘“‘" <Y

y
v

N BN

FIG. 4. Geologic map of the Teremkyn deposit. Modified after Prokofiev et al. (2004).
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Fic. 5. Generalized sequence of ore mineral formation at Teremkyn.

with the main stage of mineral precipitation and were dated
at 144 + 10 Ma (Pakhol’chenko et al., 1987), which is appre-
ciably younger than that of the corresponding alteration at
Darasun (i.e., 165 + 7 Ma; Timofeyevsky, 1972).

The Talatui gold deposit

The Talatui deposit is located 8 km northwest of Darasun
(Fig. 6). Its orebodies are hosted by the hydrothermally al-
tered gabbro, gabbro-monzonite, gabbrodiorite, and diorite
of the Early Kruchininsky Complex (Pz;), which are in turn
crosscut by Middle Jurassic-Early Cretaceous dikes and
stocklike intrusions of porphyritic diorite, granite porphyry,
granodiorite porphyry, quartz porphyry, and lamprophyres
compositions of the Amudzhikan-Sretensky Complex (J2-Ki;
Fig. 6). The host rocks are in contact with the Triassic grani-
toids of the Amanansky Complex (T) to the northwest and
with the Late Paleozoic (Pzs) leucogranite, syenite, and gra-
nosyenite of the Olyokminsky Complex to the northeast. To
the south, they are in contact with Middle Paleozoic diorite
and granodiorite of the Krestovsky Complex (Pzy).

The gabbroic host rocks show high concentrations of alkali
metals (ZK20 + NagO = 4-5 wt %) owing to their hydrother-
mal alteration. Textural analysis shows clear evidence for this
outer alteration, which generated the outer orthoclase, quartz,
epidote, magnetite, rutile, phlogopite, and tourmaline; the in-
termediate orthoclase, actinolite, phlogopite, pyrite, anhy-
drite, barite, and quartz; and the inner adularia, chlorite,
sericite, quartz, and calcite mineral assemblages (Prokof’ev et
al., 2007). The alteration zones are arranged in an en echelon
fashion around the orebodies, although they are complicated
by numerous faults. The orebodies are northwest trending,
mostly vein shaped with subordinate lenticular zones (Fig. 6).
Their thickness varies from 0.25 to 20 m and their contacts
with the host rocks are transitional (they were identified by
detailed sampling). Underground data allow the orebodies to
be traced for 2,000 m along strike and for 200 to 500 m
downdip. They are characterized by alternations of 4- to 20-
m-long pinches and 40- to 120-m-long swells. The latter are
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controlled by the local geometry of the tectonic contacts or by
the presence of transverse faults extending to the northwest.
The highest gold grades occur where the orebodies intersect
these transverse faults.

With an average grade of 9.5 g/t, gold is the main ore com-
ponent of Talatui (Benevolskiy, 2002), although it occurs as-
sociated with a suite of other commodities like Ag (6.4 g/t),
Cu (0.16 wt %), W (0.084 wt %), and Bi (0.014 wt %). The
major vein minerals are K-feldspar, magnetite, and quartz,
which sum up to more than 50 vol percent (Prokof’ev et al.,
2007). The sulfides are represented mainly by pyrite and
chalcopyrite and make up more than 15 percent of the vein
volume, whereas epidote, chlorite, tourmaline, and phlogopite
are minor phases. Scheelite, sphalerite, titanite, hematite,
goethite, and hercynite are all trace vein phases, and galena,
siegenite, matildite, pilsenite, hessite, wittichenite, anhydrite,
barite, wolframite, and zircon (but also gypsum and pyrrhotite)
are found as small inclusions within the sulfides. Replace-
ment of magnetite after hematite (i.e., magnetite pseudo-
morph over platy hematite) is a typical ore texture. The
gangue minerals include K-feldspar, quartz, epidote, tourma-
line, biotite, phlogopite, sericite, actinolite, tremolite,
clinochlore, chalcedony, and carbonates. By analogy with the
Darasun deposit, we identify three stages of vein formation at
Talatui (Fig. 7): an early stage during which the assemblage
orthoclase, quartz, epidote, magnetite, tourmaline, phlogo-
pite, scheelite, native gold, pyrite, molybdenite formed; a
main stage coincident with precipitation of quartz, tourma-
line, muscovite, pyrite, anhydrite, barite, hematite, chalcopy-
rite, native gold, molybdenite, sphalerite, and quartz; and a
late (postore) stage with chalcopyrite, bornite, pilsenite, hes-
site, matildite, quartz, and calcite.

Association between gold and ore minerals in the district

District-scale observations show that at Darasun the high-
est Au grades occur with the main-stage mineral assemblage
(range: 20-300 g/t) and microchemical data (Table 2) show a
variable degree of gold purity (fineness: 590-997%o), with Ag
contents in the 0.9 to 40.8 wt percent range and Hg, Sb, and
Te forming important minor constituents. At Darasun, gold is
typically found in association with pyrite, arsenopyrite, chal-
copyrite, galena, tellurides of Bi and Hg, and quartz (Fig. 8a-
d), whereas at Teremkyn gold occurs in association with
pyrite, pyrrotite, Bi sulfosalts, and quartz (Fig. 8e-h). At Tala-
tui, a paragenetically early, high-purity gold (fineness: 964—
997%o) is associated with rutile, magnetite, scheelite, and K-
feldspar (Fig. 8i-1), whereas a paragenetically late gold (fine-
ness: 777-874%o) occurs as small inclusions (up to 10 ym in
size) within magnetite, pyrite, and chalcopyrite. These minerals
are in turn cut by thin veinlets of electrum (fineness: 440%o).

Another typical feature of Darasun, Teremkyn, and Talatui
is the relative abundance and variety of tellurium minerals in
textural equilibrium with pyrite, chalcopyrite, and gold (Table
3). At Darasun (Fig. 9) the assemblage is represented by pet-
zite (AuAgsTey), pilsenite (BisTes), tsumoite (BizTes), telluro-
bismuthite (BisTes), tetradymite (BixTesS), alexite (PbBizTes
S2), hessite (AgsTe), and volynskite (AgBiTes). At Teremkyn,
minor pilsenite, hessite, matildite (AgBiSs), hedleyite (TesBi),
tetradymite, sulphotellurides of Bi, joseite-A and -B (A: BisTeSs;
B: BisTesS), and vikingite (AgsPbsBii3Ss0) make a peculiar
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FIG. 6. Geologic sketch of the Talatui deposit. Modified after Prokofiev et al. (2007).

aggregate of small-grained crystals in textural equilibrium. At
Talatui, minor pilsenite, hessite, and matildite make an ag-
gregate of small-grained crystals in textural equilibrium.

Fluid Inclusion Data

Fluid inclusion types

In the three deposits, fluid inclusions have a regular or
negative crystal shape (sensu: Bakker and Diamond, 2006)
and are found within vein quartz from all stages of Au depo-
sition. In the most favorable early- and main-stage samples,
these inclusions mark the growth bands of euhedral quartz
(Fig. 10a), i.e., they identify stages of {luid entrapment co-
eval with quartz and gold precipitation (primary inclusions).

Less commonly, inclusions occur within microfractures not
exceeding the limits of quartz crystals (pseudosecondary in-
clusions) or within microfractures crosscutting all phases (sec-
ondary inclusions). We focused our work on the primary and
pseudosecondary fluid inclusions hosted in the early quartz
and also within stage (2) and (3) quartz, sphalerite, and calcite
in order to constrain all possible stages of ore deposition
(Table 4). The fluids found within these samples are de-
scribed by four compositional types: (1) multiphase inclusions
(solid-liquid-vapor, S-L-V) containing a vapor bubble, an
aqueous liquid, and one or more solids represented by cubic
crystals or occasional opaque ore minerals (Fig. 10d, f-g); (2)
liquid-vapor (L-V) aqueous inclusions (Fig. 10b-c, e, h-i); and
(3) vapor-rich (V-rich) inclusions with a thin rim of aqueous
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Minerals Hydrothermal stage

Main Late

Orthoclase
Quartz
Epidote
Magnetite
Tourmaline
Phlogopite
Scheelite

Native gold
Muscovite
Pyrite
Anhydrite
Barite
Hematite
Molybdenite
Chalcopyrite
Sphalerite
Bornite
Pilsenite
Hessite
Matildite
Calcite

F1G. 7. Generalized paragenetic sequence of the Talatui deposit.

liquid and occasional cubic crystals (Fig. 10d-e, k, type 3a), or
relatively rare, three-phase vapor inclusions (liquid-liquid-
vapor) made of an aqueous liquid, a carbonic liquid, and a
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carbonic vapor at room temperature (Fig. 101, type 3b). It is
quite common to find inclusion types (1) to (3) within the
same sample, within the same quartz crystal, or even within
the same growth band (Fig. 10a-b), which suggests, at least
locally, a heterogeneous state of the ore fluid at the time of Au
deposition. Inclusion types (1) to (3) are found also within the
quartz of the hydrothermal alteration haloes. Only type (2),
two-phase inclusions are observed in late-stage minerals.

Methods

The work was carried out on about 400 groups of inclu-
sions entrapped within quartz, sphalerite, anhydrite, and cal-
cite from 150 doubly polished plates of the three deposits,
which totals over 2,300 fluid inclusions documenting all
stages of ore deposition (Table 4). The host minerals record
the early and main stages of ore formation and are parage-
netically coeval with Au precipitation (Fig. 8c). Hence, our
fluid inclusion database provides some constraints but is lim-
ited relative to a study of groups of cogenetic inclusions
along individual growth planes or microfractures, i.e., of
“Fluid Inclusion Assemblages” (cf. Goldstein, 2003). As a re-
sult, our data do not provide a detailed reconstruction of the
changes of ore fluid properties as a function of time of en-
trapment within individual host minerals (e.g., from the be-
ginning to the end of early quartz precipitation). However,

TABLE 2. Chemical Composition of Au in the Darasun Goldfield (wt %)

Analysis Au Ag Cu Fe Bi Te Hg Sb Total Fineness (%o)
Darasun
1 89.82 10.28 - - - 0.06 - 0.11 100.27 896
2 89.33 11.30 0.06 - 0.15 0.20 0.01 0.17 101.22 883
3 89.01 11.36 0.30 - - 0.10 - 0.05 100.82 883
4 76.41 22.14 - 0.01 0.06 0.07 0.46 0.02 99.17 770
5 72.26 26.62 - 0.01 - 0.12 1.05 - 100.06 722
6 70.88 29.31 0.01 0.01 0.36 0.14 - - 100.71 704
7 59.78 40.82 0.06 0.25 - 0.14 0.35 B 101.40 590
Teremkyn
8 92.91 6.86 0.04 - 0.23 0.06 - - 100.10 928
9 91.26 8.35 0.04 - 0.35 0.05 - 0.15 100.20 911
10 90.14 8.51 0.08 - 0.46 - 0.19 - 99.38 907
11 88.64 11.62 - - 0.27 - - 0.02 100.55 882
12 83.76 16.90 0.13 - 0.06 0.03 100.88 830
13 79.57 20.44 0.45 - - 0.04 0.59 - 101.09 787
14 66.34 34.05 0.38 - 0.04 0.10 0.29 0.03 101.23 655
Talatui
15 99.22 0.09 0.12 0.03 0.01 0.05 - 0.03 99.55 997
16 97.83 1.92 0.15 0.27 0.35 0.13 - 0.02 100.67 972
17 95.76 2.95 0.09 0.52 - 0.10 0.13 0.17 99.72 960
18 96.29 2.31 0.19 1.65 0.11 B - 0.08 100.63 957
19 85.76 12.88 0.10 0.08 0.17 0.15 0.32 - 99.46 862
20 86.00 12.78 0.07 0.08 0.15 0.13 0.78 0.08 100.07 859
21 78.25 20.17 0.88 0.68 0.12 0.03 - - 100.13 781
22 78.00 20.79 0.50 0.86 0.16 0.04 - - 100.35 777

Notes: The chemical compositions of gold and other ore minerals (Table 3)

were determined at the Institute of Geochemistry and Analytical Chemistry,

RAS (analyst N.N. Kononkova) on a Camebax SX 100 X-ray microprobe (filament current: 30 nA; accelerating voltage: 20 kV; beam diameter: 2-5 m); mea-
surements were performed using the PbM , SK, BiM , AgL., AuL, ZnK, FeK, CdL, MnK, CuK, HgL, SeL analytical lines, and concentrations were calcu-
lated using PAP corrections; the limit of detection is 0.02 wt % for most elements, while measurement uncertainty is +2% and ~20% for major and trace el-
ements, respectively; - = below limit of detection; these analyses have been carried out following a preliminary petrographic study of polished thin sections
and in parallel with semiquantitative microanalysis of the associated silicate vein phases, which were carried out with a JSM5300 and JSM5610LV SEM
equipped with a LINK ISIS EDS (acceleration voltage: 25 kV; analyst: N.V. Trubkin)
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FIG. 8. Representative gold occurrences in the Darasun goldfield (all photomicrographs from polished blocks in reflected
light). Darasun deposit: gold associated with early-stage pyrite (ab) and arsenopyrite (b); gold associated with main-stage
chalcopyrite (c) and galena (d). Teremkyn deposit: gold associated with early-stage pyrite (e) and chalcopyrite (f); gold asso-
ciated with main-stage Bi minerals and cubanite (gh) and quartz (h). Talatui deposit: gold associated with early-stage mag-
netite, K-feldspar, and epidote (ij); gold associated with main-stage pyrite (k) and chalcopyrite (I). Length of the scale bar is
50 m in all panels. Abbreviations: Au = gold, Apy = arsenopyrite, Bi min = bismuth minerals, Cep = chalcopyrite, Cub =
cubanite, Ep = epidote, Fs = K-feldspar, Gn = galena, Py = pyrite, Q = quartz, Tur = tourmaline. All mineral abbreviations

follow Kretz (1983).

the data do allow discrimination between distinct ore fluids
from the same stage of vein formation (e.g., fluid types (1) and
(2) within early quartz) or between groups of inclusions hosting
the same fluid type but from distinct stages of vein formation
(e.g., type (2) inclusions from main- and late-stage quartz).

Fluid inclusion microthermometry was performed on a
Linkam THMSG-600 heating-freezing stage attached to an
Amplival microscope (Germany) and a monitoring video ap-
paratus. Samples were rapidly cooled to about —180°C to de-
tect the possible formation of clathrate, ice, salt hydrates, and

TABLE 3. Representative Compositions of Te-Bearing Minerals of the Darasun Goldfield (wt %)

Stoichiometric

Te S Pb Bi Ag Au Total composition Mineral
27.53 4.17 21.79 47.05 - - 100.54 PbBiyTesS2 Alexite
46.40 - - 52.07 0.42 0.39 99.28 BisTes Tellurobismutite
21.45 79.08 100.53 Bi7Te; Hedleyite
34.35 0.05 1.21 63.58 - - 99.19 BiTes Pilsenite
36.92 0.16 62.21 99.29 BisTeq Tsumoite
12.45 6.29 - 82.11 - - 100.85 BisTeS: Joseite A
21.48 2.92 0.40 74.34 0.05 - 99.19 BisTesS Joseite B
35.27 4.53 0.53 59.35 0.02 - 99.70 BisTesS Tetradymite
32.25 - - - 41.39 25.61 99.25 AuAg;Te; Petzite
37.25 - - - 62.58 0.17 100.00 AgoTe Hessite
40.67 - - 41.42 16.64 - 98.73 AgBiTes Volynskite

Note: - = below limit of detection
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Fic. 9. Photomicrographs of telluride minerals from the Darasun deposit. Images in (a) and (c) are from polished blocks
in reflected light, while (b) and (d-k) are BSE images. (a). Probable intergrowth between aleksite (Al) and chalcopyrite (Cep).
(b). Petzite (Pz), hessite (Hs), and tellurobismuthite (Th) associated with Au. Details of one aggregate of Te, Bi, Ag, and Pb
minerals (hedleyite, joseite-B, tetradymite, vikingite) associated with gold and sericite. (c). Reflected light, (d)-(e). BSE im-
ages. (1)-(k). Element maps. Other abbreviations: Cep = chalcopyrite, Gn = galena, Q = quartz.

carbonic solid phase. Upon progressive heating, up to seven
phase transitions were observed in the inclusions, namely eu-
tectic melting (T.), melting of the carbonic phase (Tw(co,)).
melting of the ice (Tm(ce)), clathrate melting (Tum(clathrate)), ho-
mogenization of the carbonic phase (Thco,)), melting of the
solid phase (Tusoli)), mainly halite, and total homogenization
(Thtotat)). The bulk salinity of the fluid was calculated from the
Tintice) OF Tsolid) (Bodnar and Vityk, 1994), or from the com-
bination of Ti(co,) and Tu(cathrate) (Brown, 1989). The identity
of the species in solutions was determined from eutectic tem-
peratures (Borisenko, 1977). The pressure of the heteroge-
neous fluid was estimated from petrographically associated
vapor- and liquid-rich inclusions as the sum of the partial
pressures of water vapor and COs, if present (Brown and
Lamb, 1989).

Quantitative chemical analyses of the inclusion fluid were
carried out at the Central Institute of Geological Exploration
for Base and Precious Metals of Moskow (analyst: Y.V.
Vasyuta), using the technique reported by Kryazhev et al.

(2006). This is a standardized technique that includes three
operations: cleaning of the sample, opening of the fluid in-
clusions, and element quantification. The analyzed samples
were 0.5- to 1.0-g aliquots of milled quartz (0.25- to 0.5-mm
sieved fraction), which were cleaned using concentrated (50
vol %) HNOs solutions and electrolytic streaming of HO
(Roedder, 1958). Additional cleansing was achieved with ul-
trasonic cleaners. Before analysis, samples were brought to
dryness and then placed in a single-shot reactor that was filled
with helium and preheated at 110°C. Subsequent heating to
400°C and milling with corundum beads (but at a T of about
120°C) allowed the complete opening of the inclusions. The
extracted gas phase was analyzed using a Tsvet-100 gas chro-
matograph to determine the concentration of water, COs,
methane, and other gases possibly present. The residual lig-
uid phase was analyzed by ion chromatography (Tsvet-3006,
for determination of Cl, F, SO4, and NOs, sensitivity 0.01
mg/l) and ICP-MS (Elan-6100) after centrifugation and addi-
tion of 7 ml of ultrapure deionized water. Measurements by
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Fic. 10. Fluid inclusions in quartz from the Darasun district deposits. (a). Zoned quartz with tens of growth bands marked
by primary FIAs (Darasun). (b). Detail of a growth band hosting both fluid types (1) and (2) (Darasun). (c). L-V, type (2) in
clusions from a growth band of early-stage quartz (Teremkyn). (d). Coexisting type (3) and type (1) inclusions within quartz
(Talatui). (e). Coexisting type (3) and type (2) inclusions (Darasun); details of multiphase type (1) inclusions from Talatui (f)
and Darasun (g); details of type (2) inclusions from Darasun (h) and Talatui (i); (k, 1) details of L-V FIAs (k: Teremkyn; 1 =
Talatui, note the presence of L and V COg). L = liquid, S = crystal phase of chloride (halite and others), V = vapor.

ion chromatography are accurate within about 5 percent,
whereas those carried out by ICP-MS show an accuracy that
varies from 0.5 to 2 percent, depending on elements present.

The 24 analyses presented here (Table 5) are all from
quartz and refer to 12 samples from Darasun, eight from
Teremkyn, and four from Talatui. The samples from Darasun
and Teremkyn contain only the main-stage ore fluid, whereas
those of Talatui contain mixed contributions of early- and
main-stage fluids. Because of this, these chemical data pro-
vide limited constraints on the evolution of the ore fluid com-
position with time. Despite these limitations, however, the
database provides important insights into the fluid composi-
tion; and hence into the minerogenetic history of the district.

Microthermometric data

Darasun deposit: From this deposit, we selected 962 fluid
inclusions hosted by early-stage quartz, main-stage sphalerite,
quartz, and anhydrite, and late-stage quartz and calcite (Table
4). Figures 11a, d, g and 12a-b report the most important re-
sults for the three paragenetic stages and for the three fluid
types, allowing the definition of fluid evolution with time.
Early-stage quartz contains fluid types (1), (2), and (3), which
have substantially different bulk properties (Fig 11a). Fluid

type (1) in particular shows a range of Te from —62° to -52°C
(Table 4), which suggests at least the presence of species like
NaCl and CaCl; in the inclusions. This is consistent with the
identification of halite crystals by petrographic observations
and with the identification of hydrohalite during the freezing
experiments. The Thot) of type (1) inclusions within early
quartz occurs in the 230° to 412°C range to the liquid state
(Figs. 11a, 12a), and its bulk salinity is 29.3 to 44.8 wt percent
NaCl equiv (Figs. 11a, 12b). The bulk density of such fluid
varies from 0.89 to 1.08 g/cm?. All type (2) inclusions within
early quartz homogenize also to the liquid state but in the
280° to 399°C range (Fig. 11a). They have a calculated bulk
salinity of 1.4 to 24.1 wt percent NaCl equiv and a bulk den-
sity of 0.88 to 1.04 g/cm?3. The COs-bearing, type (3) inclu-
sions within the early quartz show ranges of Thota that are
similar to those of fluid type (2), being equal to 290° to 429°C
(Figs. 11a, 12a), but homogenization here occurs exclusively
to the vapor state. The bulk salinity of type (3a) inclusions is
in the range 0.7 to 21.3 wt percent NaCl equiv (Figs. 11a,
12a). Some of these inclusions contain low-density COs (i.e.,
type 3b fluid, bulk p = 0.22-0.77 g/cm?) that homogenize be-
tween -40.0° and +24.7°C via bubble- or dew-point transi-
tion. In these inclusions, Tmcoy occurs from —-59.0° to
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TABLE 4. Summary of Microthermometric Data

Ty Tucoy Thicoy) Thcoy Tunclathratey - Wt % NaCl
Mineral Incl. type No.! Th (°C) (mode) Te (°C) (°C) (°C) (mode) (°C) equiv p (g/em?3)
Darasun
Early stage
Qtz (1) S-L-V 32 230-412 Liquid  -52to -62 29.3-44.8 1.08-0.89
Qtz (2) L-V 376 280-399 Liquid -22 to -52 1.4-241 1.04-0.88
Qtz (3a) V-rich 92 290-429 Vapor -27 to =31 0.7-21.3  0.35-0.20
Qtz (3b) V-rich 63 311-366 Vapor -28to -31 -56.6to -59.0 24.7to -40.0 Liq.toVap 9.1to5.1 26-159 0.77-0.03
Main stage
Sph @1V 17 160-383  Liquid  -27 to -54 0.7-168  098-0.70
Qtz (2) L-V 207 210-340 Liquid ~ -25to -63 2.2-22.0 0.97-0.66
Anh (2) L-V 18 214-247 Liquid -38 to -40 14.8-155 0.97-0.94
Late stage
Qtz (2) L-V 52 124-223 Liquid -25to -53 2.2-17.0  1.04-0.90
Calc (2) L-V 5 209 Liquid -38 10.9 0.94
Teremkyn
Early stage
Qtz (1)S-LV 23 295-466  Liquid  -55to -68 27.8-41.0 1.10-0.88
Qtz (2) L-V 507 300-438 Liquid  -22to -58 3.7-26.2  0.99-0.47
Qtz (3a) V-rich 270 320-443 Vapor -20 to -29 2.6-8.0 0.48-0.02
Qtz (3b) V-rich 63 343-432 Vapor -20to -29 -56.8to -58.2 11.5to -53.0 Vapor 8.6 to 8.0 1.2-8.1 0.14-0.02
Main stage
Qtz (2) L-V 120 216-298 Liquid -28to -58 4.2-26.3  0.99-0.82
Late stage
Qtz (2) L-V 61 118-195 Liquid -27 to -58 2.6-27.8 1.10-0.89
Talatui
Early stage
Qtz (1) S-L-V 41 402-611 Liquid  -35to -62 56.3-29.9 1.25-0.78
Qtz (2) L-V 6 469-495 Liquid -35 to -42 6.0-154 0.54-0.49
Qtz (3a) V-rich 12 431-589 Vapor -36 to -54 6.0-33.8  0.57-0.02
Qtz (3b) V-rich 16 440-502 Vapor -35to =55 -56.7to -58.9 31.0 to -49.3 Vapor -
Main stage
Qu (DS-LV 97 269-397  Liquid  -36to -61 30.3-47.1  121-097
Qtz (2) L-V 105 273-438 Liquid ~ -22to -61 0.7-23.2  0.91-0.47
Qtz (3a) V-rich 22 342-377 Vapor -30 to -38 6.6-13.6  0.22-0.20
Qtz (3b) V-rich 40 292-358 Vapor -26to =55 -56.6to -59.0 24.7 to -40.0 Vapor 86to79 09-17.6 0.42-0.03
Late stage
Qtz (2) L-V 18 133-251 Liquid -21 to -30 04-54 1.03-0.88
Calc (2) L-V 19 146-231 Liquid -28to -35 0.7-2.1 0.94-0.83

! = number of inclusions

—56.6°C and Tin(clathrate) between 9.1° and 5.1°C, indicating the
presence of a small fraction of other gas components in the
fluid (probably <5 mol %). The pressure of this fluid type is
estimated within the 11 to 156 MPa range.

Main-stage sphalerite, quartz, and anhydrite (Fig. 11d)
contain only fluid type (2). Within sphalerite, these inclusions
homogenize to the liquid state at 160° to 383°C, have a bulk
salinity that varies between 0.7 and 16.8 wt percent NaCl
equiv, and a bulk density of 0.70 to 0.98 g/cm?. Fluid inclu-
sions in quartz are very similar to those of sphalerite, as they
homogenize to the liquid state at 210° to 340°C, have bulk
salinities in the 2.2 to 22.0 wt percent NaCl equiv range, and

a fluid density from 0.66 to 0.97 g/cm?. Type (2) inclusions in
anhydrite show relatively well defined properties, character-
ized by Thwota) within the narrow 214° to 247°C range (ho-
mogenization to the liquid state), bulk salinity between 14.8
and 15.5 wt percent NaCl equiv, and the bulk density from
0.94 to 0.97 g/cm?.

Late-stage quartz and calcite host also type (2) inclusions
(Fig. 11g), which in quartz homogenize to the liquid state at
124° to 223°C, have a bulk salinity of 2.2 to 17.0 wt percent
NaCl equiv, and a bulk density of 0.90 to 1.04 g/cm?. The few
determinations we carried out with the late-stage calcite (Fig.
11g) showed type (2) fluid inclusions with a bulk salinity of
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TABLE 5. Physical-Chemical Properties and Some Component Concentrations of the Ore Fluid of the Darasun District (mol %, except as noted)

Darasun (12)

Teremkyn (8) Talatui (4)

Parameter Max-min Mean Max-min Mean Max-min Mean
Thuia (°C) 430-120 466-118 611-133

Pauia (MPa) 156-11 41-7 117-36

Wt % NaCl equiv 42.4-0.7 40.6-1.2 56.3-0.4

COq 4.04-0.10 1.72 1.23-0.26 0.88 1.68-0.40 0.82
CHy 0.78-0.01 0.26 0.33-5 10-3 0.069 0.03-2 10-3 0.02
Cl 0.80-0.08 0.51 1.32-0.19 0.585 6.99-3.37 4.40
HCO 12.29-0.09 2.9 7.1-0.07 2.43 2.04-0.01 1.29
Na 3.95-0.56 1.13 1.90-0.35 0.85 3.55-2.67 0.046
K 3.95-0.27 0.57 0.04-0.04 0.194 1.18-0.87 1.09
Ca 4.83-4 103 0.69 2.74-0.02 0.788 1.49-0.46 0.83
Mg 1.55-7 10-3 0.21 0.60-5 10-3 0.256 0.165-0.06 0.12
Br 0.01-2 10~ 510-3 910-3-2 104 610-3 0.03-4 10-3 0.015
As 0.06-5 10+ 9.9 10-3 0.02-5 10+ 6 10-3 0.01-3 10-3 810-3
B 0.21-1.7 10-3 0.055 0.71-0.013 0.17 0.21-0.02 0.08
Sr 0.01-2 10+ 410-3 0.014-1.8 10-* 3.910-3 0.02-0.01 0.015
Ba 510-3-310-5 6.4 10-3 410-3-310-5 1.510-3 0.01-2 10-3 74103
Cu 0.12-3 10-5 0.045 0.036-6 104 6 10-3 410-3-310-3 410-3
Zn 0.09-5 10-5 0.03 0.08-1 10-3 0.02 0.05-0.02 0.03
Mn 0.02-3 10+ 4103 0.04-3 10+ 0.01 0.16-0.06 0.105
Fe 0.17-1.6 10-3 0.04 0.19-1 10-3 0.035 0.03-8 10-3 0.02
Rb 210-3-110-5 410+ 6 10-4-4 10-5 2.5 104 0.003-0.001 210-3
Li 0.037-9 104 0.01 0.02-1.6 10-3 0.011 0.01-6 10-3 0.01
Cs 1.5 10-4-1 10-6 310-3 3.5 10-4-2 10-5 1104 110-4-2 104 5104
Mo 6.5 10-4-1 10-5 1104 110-3-510-5 3104 210-4-110-5 710-5
Ag 910-5-1 10-6 3 10-5 710-4-4 10-6 2104 410-5-1.5 10-6 1.510-5
Sb 0.07-1 10-5 7103 410-3-110-5 5104 410-4-7 10-5 110-3
cd 210-4-110-6 410-5 410-4-110- 1104 210-4-1 10+ 1104
Pb 0.001-1 10-6 3104 9 10-4-510-6 3104 4 10-4-6 10-5 3104
Bi 510-5-2 107 110-3 110-4-310-7 4 10-> 2 10-6-510-7 1.6 10-6
Co 710-5-6 10-6 510-3 310-4-510-6 6 10-3 910-5-2 10-5 510-3
Ni 910-4-2 10-5 7104 710-3-1 104 110-3 410-4-3 10# 3.6 104
Te 210-4-110-6 410-5 210-5-4 10-6 110-3 8 10-6-9 10-6 910-6
Au 110-5-110-7 310-6 2 10-5-7 10-7 6 10-6 3 10-6 310-6
Hg 410-6-2 10-6 510-6 810-6-3 10-7 510-6 110-5-2.510-6 610-6
Tl 110-5-510-7 410-6 810-6-2 10-6 510-6 510-5-1 10- 310-3
Na/K (wt %) 19.7-0.26 6.2 10.5-0.5 3.8 2.5-1.5 1.9
Na/K 16.8-0.22 5.3 9.0-0.4 3.2 2.1-1.3 1.6
Br/Cl (wt %) 0.059-0.003 0.073 0.064-0.006 0.036 0.011-0.002 0.006
Br/Cl 0.026-0.001 0.032 0.028 0.016 0.005-0.001 0.003

Note: Values in brackets in the first row report the number of analyzed samples

about 10.9 wt percent NaCl equiv, a Thota) at 209°C, and a
bulk density of about 0.94 g/cm?.

Teremkyn deposit: Our database on Teremkyn is based on
1,044 fluid inclusions from early-, main-, and late-stage
quartz (Table 4, Figs. 11b, e, h, 12c-d). Similar to the equiv-
alent samples from Darasun, early-stage quartz from
Teremkyn hosts fluid types (1), (2), and (3). The data show
a range of Te from —68° to —55°C and Tu(hydrohalite) between
-0.5° and 0.0°C for fluid type (1), which is compatible with
the presence of Mg, Na, and Ca chlorides. Such observation
is in agreement also with the petrographic evidence for sev-
eral cubic crystals with similar refractive index within the in-
clusions. During the freezing experiments, in some of these
inclusions we noticed also the appearance of a crystalline
phase (less than 1 #m in size) that melts between -6.1° to
15.2°C. We interpret this phase to be crystalline boric acid
(sassolite), and based on the measured T, and on solubility
data for the system H3BO3-NaCl-H2O (Smirnov et al., 2000)
we calculate the concentration of boric acid in the fluid to

be 40 to 20 g/kg H2O (or a B concentration of 3,000-7,000
g/t). Inclusion types (1) within early quartz show homoge-
nize into the liquid state in the 368° to 295°C range and
have a bulk salinity equal to 28.0 to 41.0 wt percent NaCl
equiv (but one inclusion shows Thiota) = 466°C and bulk
salinity = 34.0 wt percent NaCl equiv; Figs. 11b, 12¢). The
corresponding bulk density of this fluid varies between 0.88
and 1.10 g/cm?. The type (2) inclusions within early quartz
homogenize to the liquid state at 300° to 438°C (Fig. 11b),
their bulk salinity varies from 3.7 to 26.2 wt percent NaCl
equiv, and their bulk density from 0.47 to 0.99 g/cm?. The
type (3a) inclusions within the same quartz homogenize to
the vapor state at 320° to 443°C and contain a fluid with a
bulk salinity of 2.6 to 8.0 wt percent NaCl equiv (Fig. 11b).
Some groups of inclusions within the early quartz contain
also type (3b) fluid, which hosts low-density COz (0.02-0.48
g/cm?) and homogenize to the liquid or vapor state between
-53.0° and 11.5°C. The T (coy occurs between —58.2° and
-56.8°C, indicating the presence of a small fraction of other
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Fic. 11. Total homogenization temperatures vs. equivalent salinities (expressed as wt % NaCl equiv) for different fluid
inclusion types and vein minerals of Darasun, Teremkyn, and Talatui.

gases (<5 mol %). For this fluid, we estimate a fluid pressure
of 7 to 41 MPa.

Main-stage quartz hosts only type (2) inclusions (Fig. 11e),
which homogenize into the liquid state at 216° to 298°C, have
a bulk salinity of 4.2 to 26.3 wt percent NaCl equiv, and den-
sity of 0.82 to 0.99 g/em?. Late-stage quartz hosts also only
type (2) inclusions (Fig 11h), but their Thota) varies between

118° and 195°C, and all homogenization occurs into the lig-
uid state. For these inclusions, bulk salinities vary from 2.6 to
27.8 wt percent NaCl equiv and the bulk density from 0.89 to
1.10 g/cm?.

Talatui deposit: From this deposit we analyzed 376 fluid in-
clusions entrapped within early-, main-, and late-stage quartz,
and late-stage calcite (Table 4, Figs. 11c, f, I, 12e-f). Similar
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Fic. 12. Cumulative histograms of total homogenization temperatures and equivalent salinities of the different fluid

inclusion types of Darasun, Teremkyn, and Talatui.

to the corresponding samples from Darasun and Teremkyn,
early-stage quartz from Talatui hosts fluid types (1), (2), and
(3). The Te documented in type (1) inclusions range from
-62° to -35°C and Tu(ydrohalite) between —0.5° and 0°C, which
indicates the presence of Mg, Na, and Ca chlorides. Type (1)
inclusions within early-stage quartz homogenize into the lig-
uid state within the temperature range 402° to 611°C (Figs.
11c, 12e), and their bulk salinity amounts to 29.9 to 56.3 wt
percent NaCl equiv (Figs. 11c, 12f). The calculated bulk den-
sity varies from 0.78 to 1.25 g/cm?.

Type (2) inclusions within early-stage quartz show a range
of Thtota)) of 469° to 495°C, and homogenization takes place
exclusively into the liquid state. Bulk salinity varies from 6.0
to 15.4 wt percent NaCl equiv and fluid density from 0.49 to
0.54 g/cm?. The type (3a) inclusions within the same quartz
homogenize instead into the vapor state at 431° to 589°C and
have a bulk salinity ranging from 5.9 to 33.8 wt percent NaCl
equiv (Figs. 11c, 12e). Similar to Darasun and Teremkyn,
some of these inclusions host a low-density COz (fluid type
3b, p = 0.02-0.57 g/cm?), which homogenized into the vapor
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state over the interval —-49.3° to +31.0°C. These inclusions
show a Tw(co,) between —58.9° and —56.7°C, which indicates
also in this case a small fraction of other gases in the fluid (<5
mol %). The pressure estimates for these inclusions are in the
range 36 to 117 MPa.

A peculiarity of Talatui (Fig. 11f) is that the main-stage
quartz hosts the type (1) brine inclusions in addition to inclu-
sion types (2) and (3). The type (1) homogenizes only to the lig-
uid state within a temperature range of 269° to 397°C and has
a bulk salinity of 30.3 to 41.7 wt percent NaCl equiv. The cor-
responding bulk density varies from 0.97 to 1.21 g/cm?. The
type (2) inclusions homogenize also into the liquid state at 273°
to 438°C and their bulk salinity varies from 0.7 to 23.2 wt per-
cent NaCl equiv (p = 0.47-0.91 g/cm?). Type (3a) inclusions
homogenize into the vapor state at 342° to 377°C and have a
bulk salinity ranging from 6.6 to 13.6 wt percent NaCl equiv.
Some of these inclusions contain a low-density CO2 (fluid
type 3b, p = 0.03-0.42 g/cm?) and homogenize into the vapor
state between -40.0° and +24.7°C. The Tico,) ranges from
-59.0° to —56.6°C, indicating a small fraction of other gases.
The pressure estimates for these inclusions are 11 to 73 MPa.

The late-stage quartz and calcite of Talatui host only the
type (2) inclusions (Figs. 11i, 12e-f). Within quartz, these in-
clusions homogenize into the liquid state at 133° to 251°C
and have a bulk salinity varying from 0.4 to 5.4 wt percent
NaCl equiv (p = 0.88-1.03 g/cm?). Within calcite, these in-
clusions homogenize in a very similar range (Thot) -
146°-231°C) and have a similar bulk salinity (0.7-2.1 wt %
NaCl equiv, p = 0.83-0.94 g/cm?).

To summarize, petrographic and microthermometric data
show a range of fluid associations and phase transitions that
vary systematically within the district. While Talatui fluid types
(1), (2), and (3) were trapped together during both the early
and main stages of deposition, only fluid type (2) was present
at Darasun and Teremkyn during main-stage deposition. In
these deposits, the COs-bearing type (3) fluid occurs exclu-
sively in the early-stage quartz. The range of Thota) recorded
at Talatui for fluid type (1) (Fig. 11c) is at least 100°C higher
than that recorded at Darasun and Terem for the same
fluid type (equal to 230°-465°C, Table 4, Fig. 11a-b). A sim-
ilar comparison can be made between the properties of the
early-stage type (2) fluid of Talatui and the corresponding
ones in the other two deposits. Finally, the documented phase
transitions in the three deposits show a systematic distribu-
tion of modes of homogenization. Fluid types (1) and (2) en-
trapped within the early quartz of the three deposits homog-
enize systematically into the liquid state, whereas the coeval
type (3) fluid in the same samples homogenize consistently
into the vapor state. The same distribution of homogenization
modes is found in the main-stage quartz of Talatui, where the
type (3) fluid homogenizes consistently into the vapor state
(Thtotat) range: 290°-380°C) and type (1) and (2) fluids ho-
mogenize into the liquid state within a similar range of tem-
peratures (270°-440°C, Table 4). The late-stage, type (2) vein
fluid have ranges of Th ot and bulk salinities that are system-
atically lower from those of the paragenetically earlier fluids.

Chemical compositions of the ore-forming fluid

Mass spectrometric and chromatographic data show that
the ore fluid belonging to the early and main paragenetic
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stages of the three deposits is rich in Na and K chlorides, with
elevated (in places exceptional) concentrations of Mg, As, Cu,
Zn, Pb, Fe, Li, Sb, Te, and REEs (Table 5, Fig. 13). These
concentrations show however a peculiar spatial distribution,
as they vary systematically from one deposit to the other, i.e.,
they vary as a function of location within the district. In detail,
Cl, Na, K, Cs, Br, Sr, Rb, Mn, and Tl are relatively enriched
in the Talatui samples, whereas in contrast CO2, CHy, HCOg,
Cu, Pb, Fe, Co, and Hg are either enriched in the Darasun
and Teremkyn fluids or show no systematic variations. Au
concentrations vary between 1 10-7 and 2 10-5 mol percent
(0.01-3 g/t) at Darasun and Teremkyn, whereas at Talatui val-
ues do not exceed 3 10-6 mol percent (0.4 g/t, Table 5). Simi-
larly, Ag concentrations are systematically lower at Talatui, al-
though absolute values in some samples are very high. Br/Cl
ratios show systematic variations as well. At Talatui, a rela-
tively narrow range of Br/Cl ratios is coupled with relatively
large variations of chlorine concentration (Fig. 14), whereas
at Darasun and Teremkyn the large Br/Cl range is coupled
with relatively small variations of Cl concentration (Fig. 13).
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Fic. 13. Comparison between the chemical compositions of the ore-form-
ing fluids of the Darasun district.
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All these compositional ranges are primary compositional fea-
tures of the early- and main-stage ore fluids, as the samples
we selected contain no late-stage fluids. One peculiar compo-
sitional feature of the ore fluid is instead provided by the con-
centration ranges of Ni and Sb in the samples. These values
are so high (up to hundreds of g/t, Table 5) that they can only
be explained by the precipitation of submicroscopic mineral
aggregates from a supersaturated fluid within the inclusions.

Discussion and Conclusions

The data presented in this work show that the neighboring
Darasun, Teremkyn, and Talatui deposits share fundamental
characteristics. They are spatially and temporally related with
subduction-related, metal-rich, and oxidized (magnetite-
bearing) porphyry stocks and apophyses of dioritic to granitic
composition. Their orebodies form veins and ore shoots of
variable geometry, contain a Bi-Te-Cu-Ag-Sb-Pb-As-Fe-W
metal association, show a variable degree of Au purity, and
host a high-temperature, high-salinity ore fluid. The combi-
nation of these geological and geochemical characteristics,
which were partly discussed in a previous work by Zorin et al.
(2001), are consistent with the features described for the in-
trusion-related class of gold deposits (Sillitoe and Thompson,
1998; Thompson et al., 1999; Lang and Baker, 2001). It must
be emphasized that, taken individually, these characteristics
are not exclusive of a specific class of gold deposits and may
generate misclassifications between intrusion-related and
orogenic deposits (cf. Groves et al., 2003). A comprehensive
discussion of these features, and especially the extent to
which they may be misleading in characterizing intrusion-re-
lated gold deposits if considered individually, is not the object
of this work. However, we highlight the evidence that all
these characteristics are also present at Darasun, which rep-
resents a clear difference with respect to other classes of de-
posits (Table 6) and circumstantial evidence for an intrusion-
related affiliation. In the following paragraphs, we discuss our
fluid inclusion data and show how a magmatic derivation of
the early- and main-stage ore fluid is compatible with the data.

The halide-saturated fluid (type 1 inclusions) homogeniz-
ing up to 610°C in the Darasun district (Figs. 10b, d, {, g, 11a-
c) is entrapped within euhedral quartz crystals coeval with the
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first stage of gold precipitation. This paragenetically early ore
fluid is ubiquitous within the ore zones and is volumetrically
significant if compared with the proportion of the other fluid
types in the samples. Such a fluid is not typical of orogenic de-
posits (Table 6), where a low-salinity, mixed aqueous-carbonic
fluid with low to moderate CO2 contents dominates (Ridley
and Diamond, 2000). In the well-studied orogenic deposit of
Sigma (Abitibi belt, Canada), a volumetrically minor aqueous
fluid with variable bulk salinity (mostly in the range 5-20 wt
% NaCl equiv) and Thota) generally below 350°C was docu-
mented together with the typical aqueous-carbonic fluid
(Boullier et al., 1998), but this fluid was interpreted as a prod-
uct of occasional phase separation (from a parent aqueous-
carbonic fluid) and not an early-stage ore fluid. Preliminary
LA-ICP-MS data on inclusions hosting this Au-bearing aque-
ous fluid of Sigma (Garofalo, 2000; Garofalo et al., 2002)
show the predominance of Na (3,900-31,000 g/t) and K
(380-9,500 g/t) ions in the fluid, which is in strong contrast
with the data presented here on the high-temperature brines
of Darasun, Teremkyn, and Talatui (Table 5), showing alka-
line earth metals and transition metals in high concentrations
in the fluid together with alkaline metals. Aqueous chloride
brines (either super- or undersaturated with respect to
halides) with properties similar to those documented here are
considered typical of shallow intrusion-related Au deposits
(corresponding to pressures of 150 MPa or less: Lang and
Baker, 2001). Shallow conditions of mineralization are those
estimated for Darasun (10-160 MPa, Table 5).

The early- and main-stage, COg-bearing fluid type (3) doc-
umented in the district (Fig. 101, Table 4) shows ranges of
COg concentrations (Xco, = 0.001-0.06), bulk salinities (1-35
wt % NaCl equiv), and Thota) (300°-590°C) that are consis-
tent with those described for intrusion-related deposits (Lang
and Baker, 2001). In orogenic deposits of demonstrated meta-
morphic origin, e.g., those of the Central Iberian zone of
Spain (Murphy and Roberts, 1997), the aqueous-carbonic
fluid that forms the deposit has in general a higher CO; con-
centration (X co, = 0.02-0.10), a much narrower range of
salinities (<6 wt % NaCl equiv), and a definitively lower range
of Thtotal) (250°-380°C). Thus, the overall compositional char-
acteristics of the ore fluids in the Darasun district suggest a
magmatic component during the early and main stages of
mineral precipitation and a magmatic derivation of gold itself.
This agrees with the magmatic 650 = 4.6 to 9.2 per mil of the
ore fluid calculated from the oxygen isotope composition of
paragenetically early tourmaline and carbonates from Dara-
sun (Prokof’ev et al., 2000).

Useful considerations on the mechanisms of Au deposition
in the three deposits can be made from the microthermo-
metric properties of type (1), (2), and (3) fluid inclusions
within the vein minerals. At the scale of individual deposits,
these fluid types show systematic distributions of Thota) and
bulk salinities. At Darasun all these fluid types occur together
within the early-stage quartz (Fig. 10b) and homogenize in a
common range between about 300° and 410°C (Fig. 11a).
The modes of homogenization and the salinity distributions
are however distinct, as the inclusions of fluid types (1) and
(2) homogenize into the liquid state, whereas those of fluid
type (3) homogenize only into the vapor state. Also, the
salinity range of the type (1) fluid (29-45 wt % NaCl equiv)
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contrasts with that of fluid types (2) and (3) (which are simi-
lar, equal to about 1-24 wt % NaCl equiv). Equivalent con-
siderations can be made on the data from type (1), (2), and (3)
inclusions of the early-stage quartz of Teremkyn and Talatui
(Figs. 10d, 11b-c), for type (1) and (2) inclusions of the main-
stage quartz, sphalerite, and anhydrite of Teremkyn and Tala-
tui (Fig. 11de), and also for type (1), (2), and (3) inclusions of
the main-stage quartz of Talatui (Fig. 11f).

The petrographic evidence for the contemporaneous en-
trapment of fluid types (1) and (3), and types (2) and (3)
within the same mineral growth zones during precipitation of
vein sulfides and gold, the evidence for opposite modes of ho-
mogenization of these fluid types within the same range of
temperatures, and the systematic distribution of the densities
of liquid- and vapor-rich fluid inclusions (Fig. 15) suggest that
phase separation (boiling) of the ore fluid could have been an
important process at Darasun and Teremkyn. These three
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FI1G 15. Total homogenization temperature vs. density of the type (2) fluid
inclusions entrapped within the main-stage quartz of the Darasun district de-
posits. Open symbols show the properties of V-rich inclusions, while filled
symbols show those of L-rich inclusions. Note that V-rich inclusions plot sys-
tematically along the low-density side of the diagram, and L-rich inclusions
along the high-density side. Fluid densities calculated using the equation of
state of Anderko and Pitzer (1993).
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types of observations are essential to demonstrate phase sep-
aration during a geologic process (Ramboz et al., 1982; Bod-
nar et al., 1985; Diamond, 2003); however, because we do not
report our results here at the scale of individual fluid inclu-
sion assemblages (see Method section), we cannot estimate
the exact starting conditions of this process and also how
much the properties of the three ore fluids changed as a re-
sult of this process. With these limitations, the circumstantial
evidence reported above indicates that the ore fluid of Dara-
sun and Teremkyn could have been trapped at various stages
within a range of phase separation conditions. Also, petro-
graphic evidence for little or no deformation of the host min-
erals (Fig. 8c, e, g-h) suggests that postentrapment reequili-
bration of fluid inclusions must have had a negligible effect
on the distribution of the fluid properties (cf. Bodnar, 2003);
therefore, our conclusion is not biased by a postentrapment
artifact. This is in agreement with the measured Br/Cl ratios
in the fluid inclusions (Fig. 14), which reflect a relatively
higher fractionation of bromine into the vapor phase at Dara-
sun and Teremkyn due to phase separation, and only a minor
fractionation at Talatui (cf. Bohlke and Irwin, 1992; Liebscher
et al., 2006).

From the cogenetic type (3) and type (1) early-stage inclu-
sions of the three deposits, we estimate that phase separation
took place at about 300° to 450°C and 10 to 160 MPa at Dara-
sun and Teremkyn, which corresponds to a depth of mineral-
ization of 1 to 2.5 km. These estimates are semiquantitative
evaluations of the entire range of phase separation tempera-
tures and not a record of a single, discrete event. Similarly,
the bulk salinities of fluid types (1) to (3) (Fig. 12b, d) provide
only a semiquantitative record of the fractionation of chemi-
cal species within the vapor and liquid phases of the ore fluid
during the entire phase separation stage in the district. Phase
separation is known to be very effective in precipitating Au in
several geologic environments, due to the fractionation of S
or ClI of the thio- and chloride complexes of gold into the
vapor phase and their consequent thermodynamic instability
(Seward, 1989). We suggest that in the Darasun district this
process controlled early gold precipitation, determining
therefore the properties of the ore fluid at the later cooling
and condensation stages. Gold transport in chloride com-
plexes was most probable at the early stages of the deposit
formation, whereas the Au hydrosulfide complexes prevailed
at the main stages. Another process that must have controlled
gold precipitation was the generation of a COs-bearing fluid
after the degassing of the magmatic source, which is now en-
trapped as a high-temperature, COs-bearing aqueous fluid
(type 3b inclusions). Degassing, which is common in intru-
sion-related deposits (Lowenstern, 2001), must have oc-
curred intermittently causing an expansion of the locus of the
immiscibility field of the ore fluid (cf. Diamond, 2003) and
hence affecting gold transport and precipitation at all stages
of deposit formation. In the fluid inclusions we studied, the
range of COs concentrations (Table 5) and the abundance of
other chemical components explain the range of inclusion
properties and the discrepancies with an H2O-NaCl model
fluid (Fig. 15).

The microchemical data based on bulk crushing do not re-
solve the role played by the individual fluid types and by their

liquid and vapor phases during metal transport but provide a
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set of first-order constraints in combination with other funda-
mental data. First, the concentrations of the major fluid com-
ponents in the analyzed inclusions, i.e., Cu, B, Sb, Bi, Te, and
in part As, show ranges of values that are systematically
higher at Darasun and Teremkyn (Fig. 13, Table 5). We in-
terpret this difference as a product of phase separation, which
occurred scarcely in the high-temperature Talatui ore body
hosting the most primitive fluid (Fig. 15) but relatively effec-
tively at the lower temperatures. Products of phase separation
could also include the higher proportion of chalcopyrite, tour-
maline, arsenopyrite, tellurides, and bismuth minerals in the
Darasun and Teremkyn orebodies and the range of Br/Cl ra-
tios in the fluid inclusions (Fig. 14).

Another first-order constraint provided by our dataset is
the Au/Cu ratio of the Darasun ore fluid, which can be esti-
mated from the range of gold concentrations in the high-tem-
perature inclusions (up to 0.4 g/t Au at Talatui) and from the
corresponding fractions of wt percent of Cu. This ratio (re-
ported as g/t vs. wt %) is equal to a range of values between
15 and 35 at Talatui, and if our interpretation of intrusion-re-
lated affiliation is correct, can be compared with the same
ratio determined for porphyry systems (~1-10-4, Ulrich et al.,
1999). Considering that the inclusions we studied are poorly
affected by postentrapment reequilibration, it is highly prob-
able that the five orders of magnitude difference we deter-
mine identify a true compositional characteristic of the ore
fluid of Darasun. Following the arguments of Ulrich et al.
(1999, 2002), we propose that these Auw/Cu ratios were con-
trolled by the fundamental properties of the magmatic source
rock of the Darasun district, in particular by its Au/Cu ratio.
This is in line with recent results from the most fractionated
melt hosting the intrusion-related deposit of Timbarra, Aus-
tralia (Mustard et al., 2006), which has a Au/Cu ratio of about
80 (range: 20-200). This surprising similarity suggests that
high Aw/Cu ratios in the ore fluid might be characteristic of
intrusion-related gold deposits in general and not just a pecu-
liar feature of the Transbaikal deposits.

Because microchemical data do not allow an exact discrim-
ination between early-, main-, and late-stage ore fluids of the
deposits, a detailed reconstruction of the ore fluid evolution
during and after the magmatic-hydrothermal stage is not pos-
sible here. Thus, the exact conditions at which the base metal
sulfide, sulfosalt, sulfoantimonite, adularia, and sericite assem-
blages formed within the orebodies up to the end of the main
stage (e.g., Darasun) cannot be identified, as well as the con-
ditions of precipitation of some sulfides and tellurides during
the late stage of ore formation (Talatui). The high concentra-
tions of Pb, Zn, and Fe in the fluid inclusions (from hundreds
to thousands of g/t, Table 5), as well as the petrographic evi-
dence for an association between gold and galena (Fig. S8d-e),
suggest however that base metals, gold, and probably other
ore minerals did not always reach saturation in the ore fluid
during the early magmatic-hydrothermal stage, and that a
fraction of this fluid was possibly transported through the ore-
bodies and dispersed at lower temperatures into the outer
fringes of the deposits. This hypothesis is consistent with the
presence of a large galena-sphalerite halo around the Darasun
stock and is demonstrated around porphyry copper deposits
for which a detailed fluid inclusion record is available (cf. Ul-
rich et al., 2002). Detailed knowledge of the physical-chemical
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properties of the Darasun ore fluid as a function of mineral
precipitation will constrain better the conditions of late trans-
port and precipitation of ore metals in the district. These fea-
tures could be used in the future as a strategic field indicator
of mineralization in the Darasun district as a whole.
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