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A B S T R A C T

The Gunung Subang gold deposit is located in the Sunda arc volcanic belt in West Java, Indonesia. The ore
bodies are associated with volcanic rocks from the Miocene Koleberes and Bentang Formation. To constrain the
significance of the ore genesis and mineralization, this study was carried out with the aim of examining the
deposit using methods such as detailed field observation, petrography, petrochemistry, zircon U-Pb dating, Hf
isotope, fluid inclusion analysis, and sulfur and in-situ Pb isotope analyses. The results suggest the following. (1)
The volcanic rocks in Gunung Subang belong to the basalt-andesite group, with 48.66–79.17% (average 61.04%)
SiO2. The trace element patterns of the volcanic rocks exhibit relatively low HREE content, flat HREE patterns,
and weak negative or positive Eu anomalies, which are similar to those of typical arc magmatic rocks. (2) Most
zircons selected from the volcanic rocks are magmatic, and only a few are inherited. The magmatic zircons have
a weighted mean U-Pb age of 17.0 ± 0.4Ma, and the inherited zircons are from the Precambrian, dated at
887–2379Ma. The magmatic zircons have εHf(t) values ranging from −1.24 to 13.59, indicating that the
magmatism may be contaminated, predominantly with juvenile crust but also with a small percentage of ancient
crust. (3) The sulfur isotopic compositions are fairly uniform, and the δ34S values of pyrite, galena, and spha-
lerite range from 0.53 to 2.97‰, suggesting a magmatic origin. (4) The Pb isotopic compositions of pyrite and
galena are clustered, and some include relatively high amounts of radiogenic lead. The mean ratios of
206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb are 18.59 ± 0.007, 15.65 ± 0.007 and 38.89 ± 0.017, respec-
tively, indicating that the ore-forming material is highly related to Miocene to Pliocene volcanic rocks. (5) Fluid
inclusions in the quartz from the ores are liquid and vapor-liquid phases, with components of the NaCl-H2O
system with homogenization temperatures of 240–320 °C and salinities of 0.2–6.2 wt% NaCl. The coexistence of
vapor and liquid-rich fluid inclusions suggests that boiling occurred throughout the deposition of the ore. (6) The
results of Electron Probe Microanalysis (EPMA) indicate that pyrite is the major Au-bearing mineral. Combined
with the observation of scanning electron microscope (SEM), gold is primarily present as Au-Ag-telluride mi-
nerals, and there may also be native gold (Au0). Finally, we consider the Gunung Subang is an epithermal gold
deposit related to the Mid-Miocene magmatism.

1. Introduction

Java Island is endowed with a number of epithermal gold deposits
and porphyry deposits, owing to the geological setting of the Sunda Arc
which was formed by the subduction of the Indian-Australia Plate be-
neath the Eurasian Plate (Setijadji et al., 2006). In West Java, there are
two distinctive Cenozoic magmatic belts that become younger from the
south to the north. The younger is the Late Miocene-Pliocene magmatic
belt (12 to 2Ma), and the older is the Late Eocene-Early Miocene
magmatic belt (40 to 18Ma) (Fig. 1b) (Hall, 2007; Soeria et al., 1994).
In the Bayah Dome, low-sulfidation epithermal Au-Ag deposits with a

mineralization age from the Pliocene-Pleistocene, have historically
been mined and are known for the presence of substantial resources,
including Pongkor (Milési et al., 1999; c), Cikidang (Rosana and
Matsueda, 2002), and Cirotan (Genna et al., 1996). As for the Late
Eocene-Early Miocene magmatic belt, several gold prospects with
Miocene mineralization have been explored, including the Cijulang
(Myo et al., 2014), the Arinem Te-bearing Au-Ag metal deposit
(Yuningsih et al., 2012), and the Ciemas deposit (Wu et al., 2014; Zhang
et al., 2015). The ore deposits in the older magmatic rock belt can be
classified into low-sulfidation (Basuki et al., 1994; Sudana and Santosa,
1992; Angeles et al., 2002; Rosana and Matsueda, 2002), high-
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sulfidation (Myo et al., 2014; Widi and Matsueda, 1998), and low-sul-
fidation overprinted with high-sulfidation (Yuningsih et al., 2012), with
mineralization ages that are concentrated in the Middle to Late Mio-
cene. Therefore, Java is an ideal area to study arc magmatism and the
related porphyry-epithermal metallogenic mineralization (Marcoux and
Milési 1994; Zhang et al., 2015).

The porphyry-epithermal metallogenic systems in Java have distinct
temporal and spatial zonation (Fig. 1b) (Wu et al., 2019). Low-sulfi-
dation and a minimal number of porphyry deposits tends to be con-
centrated in West Java (Marcoux and Milési 1994; Zhang et al., 2015),
while high-sulfidation and abundant porphyry deposits are found in
East Java (Maryono et al., 2018). Detailed research has been conducted
on the Pliocene to Pleistocene deposits in Bayah Dome, West Java, such
as the Pongkor Au-Ag (Milési et al., 1999; Basuki et al., 1994), the
Cikidang Au-Ag (Rosana and Matsueda, 2002), and Cirotan Au deposits
(Genna et al., 1996). In previous research, the oldest epithermal deposit
in West Java is the low-sulfidation Cibaliung Au-Ag deposit
(11.18–10.65Ma) (Sudana and Santosa, 1992). However, the discovery
of Ciemas (Wu et al., 2014; Zhang et al., 2015; Zheng et al., 2017) and
Gunung Subang, which are both Mid-Miocene (~17Ma) Au deposits,
has advanced the previous understanding of mineralization in West
Java.

The Gunung Subang deposit is located in Tanggeung, in the
southern part of Cianjur District, West Java, Indonesia (Fig. 1a). Ex-
ploration has been carried out by the Director of Mineral Resources
Inventory (DMRI) in cooperation with PT Aneka Tambang under the
assistance of France and PT Sangga Buana Minerals. Since 2003, Lee

and Kim (2003) and Ismayanto et al. (2009) have conducted miner-
alogical and geochemical studies, and have suggested that the genesis
of the deposit is closely related to the magmatic hydrothermal activity
whereby Tertiary andesite and dacites was intruded into the sediments,
from the perspective of the formation of ore in space and time. The
gold- and base-metal mineralization were formed by local boiling
throughout the deposition of the ore, and are associated with an NNE-
SSW trending quartz vein, However, the source of the mineralization-
related magmatism and the occurrence of gold are still not well-known.
To better constrain the ore genesis of the Gunung Subang gold deposit
and to further understand that of the epithermal gold deposits in West
Java, we conducted experiments concerning the major and trace ele-
ments, U-Pb age, the Hf isotopes, the S isotopes, the in-situ Pb isotopes,
fluid inclusions, and electron probe microanalysis.

2. Geological background

The Gunung Subang gold deposit is situated within West Java at the
southern margin of Sundaland which is the continental core of
Southeast Asia and was formed by the accretion of blocks at the
Eurasian margin at the Late Triassic (Fig. 1) (Hall, 2002). The Sunda-
Banda arc (Fig. 1b) is a typical convergent plate margin that was de-
veloped along the northern margin of the Indian-Australian plate sub-
duction following the collision with the Eurasian Plate that occurred
during the Cenozoic (Carlile and Mitchell, 1994), creating an active
continental margin magmatic belt. During the Early Miocene, an im-
portant episode of volcanism took place in south Java as a result of the

Fig. 1. Sketch of a geological map of West Java, Indonesia. (a) Map of Tectonic locations. (modified after Hall, 2002; Hall et al., 2008); (b) Distribution of regional
geology and gold deposits in West Java (modified after Milési et al., 1994; Yuningsih et al., 2012; Zhang, et al., 2015).
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northward subduction of the Indian-Australia Plate beneath the Eur-
asian Plate, which led to the development of a system of calderas
(Fig. 1) (Hall, 2007). Andesite and other plutons were generated in
sequence. Faults and fractures became important sites as channels or
spaces for the deposit of subsequent mineralization (Zhang et al., 2015).

The Sumatran-Java trench lies in a NW-EW direction, with a total
length of over 4880 km (Fig. 1a) (Hamilton, 1979). The faults in Java
mainly trend to the EW and NS, including the middle segment of the
Sumatra- Java fault, the western segment of the Bari fault, and the
southern segment of the Calianda fault (Fig. 1b) (Hamilton, 1979). The
regional structure in Gunung Subang has two sets of main fault or-
ientations: the NW strike and near E-W strike (Fig. 2).

The exposed strata in Java were predominantly formed during the
Tertiary and Quaternary (Fig. 1b) (Hamilton, 1979). Tertiary and
Quaternary pyroclastic rocks are mainly distributed in south and cen-
tral Java. These are mainly rhyolitic, dacitic-andesitic tuff, breccia, and
lava, and are partially intercalated with sandstone, shale, carbonaceous
tuff and mudstone. In northern Java, the Quaternary sediments are
dominant (Fig. 1b) (Hamilton, 1979; Wakita and Metcalfe, 2005).

The magmatism that occurred in Java was mainly during the

Cenozoic (Katili, 1974). Java Island contains two distinctive Cenozoic
magmatic belts (Fig. 1a) (Hall, 2007; Soreia et al., 1994) and the
Quaternary volcanic rocks are located in north-central Java (Fig. 1b)
(Nicholls et al., 1980; Soreia et al., 1994). Gunung Subang is located
within the late Eocene-early Miocene belt (Fig. 1b), with a number of
andesites that extend over several kilometers (Fig. 2).

3. Deposit descriptions

Gunung Subang is associated with magmatic events that occurred in
the Mid-Miocene. The ore zone is dominated by sediments from the
Paleogene to the Neogene age in the west and from the Paleogene to the
Quaternary in the east (Table 1). The Tertiary volcanic rocks include
breccia, tuff, and andesite. The Quaternary volcanic rocks consist of a
variety of andesitic rocks, alluvial, and residual deposits (Fig. 2).

Volcanic tuff covers more than 65% of the area, which is char-
acterized by tuff, lapilli-tuff, breccia-tuff, reddish brown light grey to
pale green and medium to highly weathered (oxide), andesitic-dioritic
fragments, medium-highly fractured. This lithology unit has intense
argillic and silicified alteration, with slightly prophylitic (chlorite)

Fig. 2. Simplified geological map of the Gunung Subang area showing the location of the four veins of the deposit (modified after Widjaja, 2017).

Table 1
Sedimentary lithostratigraphy of the host rocks for the Au-Ag polymetallic deposits in the Gunung Subang area, West Java, Indonesia (modified after Ismayanto et al.,
2009; Widjaja, 2017).

Formation Member Lithological description

Miocene Koleberes Late Miocene in age, consists of well bedded, poorly consolidated tuff sandstone and crystal tuff with intercalation of tuff, pumiceous tuff
breccia and breccia. Grey or brownish-grey sandstone consists mainly of andesitic rock fragments with subordinate pumice.

Bentang Miocene in age, consists of alternated tubidites comprising well bedded, poorly consolidated tuff sandstone, crystal tuff and pumiceous tuff
with intercalations of globigerina claystone, siltstone, marly clay, and lentills of andesitic breccia, conglomerate, lapilli tuff, and tuff
breccia. In the upper sequence, claystone and siltstone predominate. Pumice breccia contains rock fragments as much as 5 cm in diameter.

Kadupandak Late Miocene in age, consists of plastic claystone, siltstone and tuffaceous claystone, usually grey to black, locally greenish. Intercalations of
alternating pumiceous tuff, lapilli and andesite breccia.
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alteration which is spotted over small areas. Tuff as host rock is located
in Cicelak, Cigadobras, Cibogo (Table 2). The tuff unit is equivalent to
the Late Miocene Koleberes Formation. Andesite with a gray color and
porphyritic texture covers the center north area, the SE region, and the
SW area, namely the Cilangkap and Celak areas. Andesite has intruded
into the Bentang and Koleberes Formation, and can be divided into
three major modes of occurrence within the district: boulder type an-
desite with an onion structure in the soil, massive type andesite, and
andesite with well-developed sheeting structure (Kim et al., 2002).
These structures consist of randomly oriented orthopyroxene, clin-
opyroxene, plagioclase, and matrix that is predominantly composed of
plagioclase (Fig. 5h). The ore mineralization in the district is likely to be
associated with andesite (Fig. 2) (Ismayanto et al., 2009; Lee and Kim,
2003; Widjaja, 2017).

Four ore blocks have been discovered (Fig. 2), known as Cicengal,
Cicadobras, Celak and Cilangkap. The inferred Au resources are 50 t
with 0.5 to 2 ppm grade (Ismayanto et al., 2009; Lee and Kim, 2003;
Widjaja, 2017). The most promising prospect is Celak and the samples
were therefore taken from this block. The exposed ore body is 6m thick
and is extended over 1–2 km (Widjaja, 2017). The two ore types in
Celak have been identified as quartz-sulfide veins and tuff breccia.
These orebodies are hosted within the relatively well explored Bentang
Formation in the Jampang Dome complex of the West Java Neogene
Magmatic Arc (Ismayanto et al., 2009; Lee and Kim, 2003; Widjaja,
2017).

Regional mapping suggests that the main local geological structures
have similar trends with W-E and NW-SE dextral strike slip faults at the
prospect scale. Brittle structures which are generally trending north to
the NE and WE and are found in the west tend to be obscured by
Quaternary volcanic cover. The secondary structure, which runs NNE-
SSW, trends perpendicularly with the main structures. This structure is
believed to be associated with mineralization (Ismayanto et al., 2009;
Lee and Kim, 2003; Widjaja, 2017).

The textures of the ores include euhedral-subhedral granular
(Fig. 5a–d), xenomorphic fine to micro-grand granular, and columnar
and pyrite framboid (Fig. 5k). The ore structures are mainly dis-
seminated, brecciated, comb, radiated, veinlet, and massive. The types
of alteration mainly consist of silicification, argillic alteration, and some
prophylitic alteration covering lilted areas (Figs. 2 and 3). The presence
of comb structures and drusy structures (Figs. 4e, g and 5e, g) indicate
the open-space filling of the near-surface environment. The open-space
filling, chalcedonic quartz and breccias are common in the study area,
and they are distinct features of epithermal ore deposits (Chen et al.,
2011).

Metal minerals are predominantly Au-Ag telluride, Se-bearing mi-
nerals, tetrahedrite, pyrite, sphalerite, and galena (Figs. 4–6). Au-Ag
telluride minerals include krennerite and hessite, of size 3–10 μm. Se-
bearing mineral is kurilite–(Ag, Au)2(Te, Se, S), with grains of size
1–3 μm, which is mainly distributed within the fractures of the quartz,
pyrite, or chalcopyrite crystals, some of which were warped by these
minerals. Krennerite and some hessite formed in the early often occur in
the form of subhedral mosaic intercessions. Gangue minerals in the
formation are mainly quartz, sericite, and illite. Gold-rich tellurides
preceded the formation of silver-rich tellurides. Pyrite, one of the
dominant sulfides, is ubiquitous in the form of fine to coarse crystalline
aggregate. The pyrite veins crosscut the chalcedony (Fig. 4b) and have a
close relationship with gold mineralization. Euhedral to subhedral
pyrite are commonly disseminated in the pyrite veins. Fine euhedral
grains are commonly disseminated in the host rocks. Highly brecciated
fragments of pyrite are commonly cemented with chalcopyrite and
galena. Chalcopyrite, the most dominant copper mineral in the veins,
mainly occurs in the form of irregularly shaped masses and as medium
to fine-grained disseminates, and can also be found as anhedral grains
that have intergrown with pyrite and sphalerite. Sphalerite usually
occurs as anhedral masses throughout the veins and is closely inter-
grown with chalcopyrite and galena. Bornite occurs mostly as anTa
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Fig. 3. (a) Geological map of the prospecting line of the Cilangkap vein in the Gunung Subang deposit. (b) a cross-section of the Line (modified after Widjaja, 2017).

Fig. 4. Photos of orebody outcrops, hydrothermal alteration, and mineralization at the Gunung Subang deposit. (a) Ore bodies, in an exposed andesite and argil-
laceous zone. (b) Accretionary lapilli tuff. (c) Ore body in a quartz zone. (d) Quartz vein type ore. (e) Quartz vein type ore. (f) Andesite wall rock. (g) Colloform quartz
with disseminated pyrite. (h) Breccia type ore. (i) Quartz-sulfide vein, with disseminated pyrite.
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intermediate alteration phase of chalcopyrite, and may occur within the
original chalcopyrite. Goethite and covellite occur as alteration pro-
ducts, of which goethite primarily replaces hematite and galena and
covellite mainly replaces grains in the margins of the chalcopyrite.

Three paragenetic stages (Fig. 6) are recognized in the mineraliza-
tion of the Gunung Subang deposit, based on crosscutting relationships
and mineral assemblages: Illite, sericite, and chlorite (stage I), gold-
bearing pyrite-quartz veins (stage II), and hematite-covellite-goethite
veins (stage III). Stage II is the major period during which gold is
precipitated.

According to petrographic observation and the content of Au and
Ag, the pyrite can be divided into three periods with the following
characteristics:

(1) PyI: Euhedral pyrite, mainly distributed in silicified ore, with
nonuniform sizes at μm level and smooth surfaces, in the form of a
square under the microscope (Fig. 5a).

(2) PyII: Subhedral-euhedral pyrite, generally distributed in silicified
ore and fractures (Fig. 5b). These vary in size, from μm to mm level.
The crystals are a little cracked, with a rough surface and a zigzag

Fig. 5. Photomicrographs and BSE images of ore mineralogy showing PyI to PyIII, Hes, Krt, Ccp, Sph, Gn, and Cov. (a) Disseminated euhedral-subhedral pyrite in a
quartz matrix. (b) Disseminated euhedral-subhedral pyrite coexisting with sphalerite and recrystallized galena. (c) Sphalerite exsolved with chalcopyrite is inter-
grown with PyIII. (d) Py with veined chalcopyrite, some chalcopyrite has been oxided into covellite. (e) Comb quartz in chalcedony. (f) Sphalerite exsolved with
chalcopyrite is intergrown with galena. (g) Drusy cavity enclosed by quartz, showing open-space filling. (h) Plagioclase phenocrysts rimed with sericitic alteration in
altered basalt andesitic host rocks. (i) Plagioclase phenocrysts replaced by chlorite in argillic alteration and alteration via silicification in altered basalt. (j) Hessite is
surrounded by pyriteIII, with illite and quartz. (k) Framboidal pyrite in quartz vein ore. (l) Subhedral krennerite in PyIII. A-f, h-i are under cross polarized light; g is
under plane polarized light; j-l are BSE images. Mineral abbreviations: Hes-hessite, Krt-krennerite, Py-pyrite, Ccp-chalcopyrite, Sph-sphalerite, Gn-galena, Cov-
covellite, Plag-plagioclase, Ser-sericite, Qz-quartz.
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margin, suggesting compression. Some have a gridle structure.
(3) PyIII: Euhedral pyrite, mainly distributed in silicified ore, of non-

uniform mm level sizes and with a smooth surface, most in the form
of a square or a hexagon under the microscope. Fig. 5c shows two
generations of euhedral pyrite.

(4) Framboidal pyrite: framboidal structure (Fig. 5k), generally ag-
gregated. Monomer is small (radius< 10 μm) and round, composed
of minor pyrite particles (usually of several μm). Its range of dis-
tribution is relatively small.

4. Sampling and analytical methods

Twenty-eight samples were collected from the quartz-sulfide veins
and the wall-rock from the volcanic areas in Celak prospect. The whole
rock abundance of the major elements was analyzed using X-ray
fluorescence (XRF), U-Pb isotope analysis of zircon, sulfur isotope
analysis, in-situ Hf isotopic ratio analysis of zircons, fluid inclusion
study, and EPMA, which were conducted at the State Key Laboratory of

Ore Deposit Geochemistry, Chinese Academy of Sciences. The in-situ Pb
isotope analysis were conducted at the State Key Laboratory of con-
tinental Dynamics, Northwest University, Xi’an.

All volcanic samples were crushed to 200 mesh for whole-rock
geochemical analysis, including major and trace elements. Trace ele-
ments were analyzed with inductively coupled plasma mass spectro-
metry (ICP-MS). The methods used for all analyses are shown in Qi
et al. (2000).

U-Pb isotope analysis of the zircon was conducted by LA-ICP-MS,
using a GeoLasPro laser ablation system (Lambda Physik, Gottingen,
Germany) and an Agilent 7700x ICP-MS (Agilent Technologies, Tokyo,
Japan). The 193-nm ArF excimer laser was focused on the zircon sur-
faces with an energy intensity of 10 J/cm2. The ablation protocol em-
ployed a spot diameter of 32 μm with a 5 Hz repetition rate for 40 s
(equaling 200 pulses), transported to the ICP-MS by helium. Zircon
91,500 was used as an external standard and zircon PL (with resultant
ages of 5.6 ± 0.9Ma and 4.8 ± 0.7Ma) and QH (with a resultant age
of 162 ± 3.1Ma) were treated as quality controls for the geochro-
nology. The abundance of lead in the zircons was externally calibrated
against NIST SRM 610 with Si as an internal standard, and Zr was used
as an internal standard for other trace elements. The resultant ages and
isotopic ratios of these standards were reliable and reproducible, and
yielded good agreement with the reference (Hu et al., 2011; Li et al.,
2013; Liu et al., 2009). Raw data reduction was performed off-line
using ICPMSDataCal software (Liu et al., 2009; Liu et al., 2010). The
method used for common lead correction is shown in Andersen (2002).
The concordia diagrams and calculations of the weighted average ages
were performed with Isoplot/Ex-ver2 (Ludwig, 2003).

Sulfur isotope analysis was conducted with a MAT253 Stable iso-
tope mass spectrometer produced by Thermo Fisher Scientific (USA).
Sulfide grains were crushed to 40–60 meshes and were handpicked
under a binocular microscope for S isotope analysis. GBW 04415 and
GBW 04414 are also determined as the standards. Analytical un-
certainties for δ34S are better than 0.1‰ (2σ).

In-situ Pb isotope analysis was conducted using a RESOlution M-50
laser ablation system (ASI, Australia), connected to a Nu Plasma II MC-
ICP-MS from Nu Instruments (Wrexham, UK) at the State Key
Laboratory of Continental Dynamics, Northwest University, Xi’an.
Helium was used as the carrier gas with an uptake rate of 280mL/min,
a repetition time of 6 Hz, and an energy density of 6 J/cm2 during the
laser ablation process. The diameter of the laser ablation beam was
9 μm for galena and 100 μm for other sulfides. Each analysis consisted
of a background measurement for 30 s, followed by 50 s of ablation for
signal collection and an additional 40 s of washing time. The PSPT-2,
Gn01, and NIST SRM 610 glass served as internal and external stan-
dards, respectively. The measured isotopic ratios of the standards were
highly reliable and reproducible and yielded good agreement with the
references during the analytical process (Yuan et al., 2018). The details
of the fs LA-ICP-MS in-situ Pb isotope analysis and instrument para-
meters are available in Bao et al. (2017).

Experiments for the in situ Hf isotopic ratio analysis of zircons were
conducted using a Neptune Plus MC-ICP-MS in combination with a
Geolas HD excimer ArF laser ablation system. Helium was used as the
carrier gas within the ablation cell and was merged with argon (makeup
gas) after ablation. Small amounts of nitrogen were added to the argon
as makeup gas flow to improve the of sensitivity of the Hf isotopes (Hu
et al., 2012a,b). All data acquired from the zircons was in single spot
ablation mode with a spot size of 40 μm and an energy density of 6.0 J/
cm. Each measurement consisted of 20 s for the acquisition of a back-
ground signal followed by 40 s for the acquisition of the ablation signal.
Details of the operating conditions for the laser ablation system and the
MC-ICP-MS instrument and analytical method are available in Hu et al.
(2012a). Off-line selection and integration of analyte signals and mass
bias calibrations were performed by ICPMSDataCal (Liu et al., 2009).

Fluid inclusion study is an important method that is used to un-
derstand the conditions and origins of the hydrothermal fluid. The

Fig. 6. Generalized paragenetic sequence of alteration and ore minerals
(modified after Lee and Kim, 2003).

Fig. 7. The chemical classification and nomenclature of volcanic rocks using
the Zr/TiO2 vs. Nb/Y diagram (Winchester and Floyd, 1977). Ciemas data
Source: Wu et al., 2014.
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microthermometry was performed using a Linkam THMSG 600 Hot &
Cold Stage attached to a Leica DM2500 Microscope with temperatures
that ranged from −196 °C to 600 °C. The uncertainties of the tem-
perature measurements were±0.2 °C for < -70 °C,± 1 °C
for < 100 °C, and± 2 °C for< 400 °C. The heating/freezing rate was
set at 10–20 °C/min during the initial runs, and was reduced to 0.1 °C/
min when near phase transformation. Raman spectroscopy for the
vapor phase of individual fluid inclusions was measured with a
Renishaw InVia Reflex Raman spectroscope. Excitation was provided
using a Spectra-Physics argon-ion laser at 20 mW with a wavelength of
514.5 nm focused on a spot size of 1–2 μm, over a time period of 60 s or

180 s and a scope of 150–4000 cm−1. For liquid-rich two-phase inclu-
sions, the homogenization temperatures (Th) were measured by heating
the inclusions to the liquid phase (Bakker and Jansen, 1994; Lu et al.,
2004). The salinities of the liquid-rich fluid inclusions were calculated
from the last ice-melting temperatures (Tm) according to the formula by
Bodnar (1994).

Electron probe micro analysis (EPMA) was conducted using a JXA-
5230F Plus Hyper Probe, with a 10-μm beam diameter, 25-kV accel-
erating potential, and 10-nA probe current. The following natural mi-
neral or synthetic metal standards were used for the sulfides: Fe (FeS2),
Cu (CuFeS2), Pb (PbS), Zn (ZnS), S (FeS2), As (GaAs), Sb (Sb2S3), Co

Table 3
Major (%) and trace element (10−6) compositions of altered volcanics in Gunung Subang deposit.

Sample No. Sample type TC-1 Andesite TC-2 Andesite TC-3 Andesite TC-4 Basalt TC-5 Basalt TC-6 Basalt TC-7 Andesite TC-9 Andesite

SiO2 49.69 70.85 75.74 41.63 43.70 41.30 56.35 59.40
Al2O3 17.22 13.36 12.26 16.21 16.10 17.39 15.15 14.98
Fe2O3 8.39 3.90 2.32 8.47 8.41 7.69 6.10 4.93
MgO 5.12 0.65 1.38 4.02 3.97 3.80 3.50 2.32
CaO 3.46 0.17 0.17 9.51 8.43 9.34 4.64 4.48
Na2O 0.14 0.05 0.02 0.16 0.14 0.16 0.30 0.56
K2O 4.18 3.51 3.21 3.17 3.02 3.54 2.24 2.46
MnO 0.23 0.02 0.10 0.15 0.14 0.15 0.10 0.08
P2O5 0.055 0.017 0.014 0.060 0.057 0.060 0.028 0.026
Ti 0.64 0.47 0.23 0.69 0.69 0.71 0.50 0.43
LOI 9.97 6.08 4.76 14.83 14.12 14.77 10.50 9.92
Li 20.9 5.95 15.7 14.2 14.1 12.4 18.5 14.7
Be 0.68 0.50 0.67 0.72 0.72 0.81 0.99 0.74
Sc 27.1 12.6 9.62 26.7 25.9 27.1 18.4 16.5
V 203 90.9 60.6 178 188 180 122 103
Cr 38.6 131 63.4 39.9 32.4 27.9 61.2 71.1
Co 16.5 9.30 5.20 17.9 15.9 13.6 12.6 9.90
Ni 6.40 4.80 3.70 8.50 7.80 8.20 8.0 6.40
Cu 85.2 57.3 11.2 64.1 58.2 62.8 18.7 72.1
Zn 96.8 60.5 109 91.5 107 101 106 54.8
Ga 17.7 12.5 9.00 16.9 16.6 20.1 15.8 15.2
Ge 1.0 0.66 0.48 1.10 1.10 1.05 0.91 0.79
As 4.70 10.1 7.50 3.70 4.70 3.40 3.30 3.10
Rb 79.9 63.9 56.9 63.7 60.4 71.0 48.1 52.5
Sr 63.4 7.30 56.0 57.4 46.1 75.4 37.4 36.9
Y 25.2 18.2 21.9 23.9 23.1 26.3 41.8 24.8
Zr 61.0 107 120 47.1 50.5 52.8 105 104
Nb 1.50 1.90 2.0 1.40 1.30 1.40 1.90 1.80
Mo 2.71 10.7 5.47 2.67 3.66 1.63 4.68 5.05
Ag 0.24 1.08 0.21 0.21 0.87 0.53 0.12 0.17
Cd 0.07 0.15 0.37 0.11 0.23 0.24 0.05 0.09
In 0.06 0.04 0.04 0.06 0.06 0.07 0.06 0.05
Sn 0.60 0.90 0.90 0.80 0.80 1.10 1.20 1.20
Sb 2.06 2.68 4.56 1.13 1.18 1.09 1.31 1.33
Cs 2.53 5.09 1.88 4.73 4.59 5.31 3.44 4.22
Ba 474 137 394 130 92.6 154 112 122
La 6.60 4.50 9.70 6.40 5.60 11.6 13.8 6.7 0
Ce 16.2 12.8 19.4 15.5 15.0 30.5 21.6 19.1
Pr 1.86 1.42 1.97 1.82 1.76 3.56 3.97 2.18
Nd 9.15 6.60 8.54 9.17 8.71 16.9 18.6 10.1
Sm 2.61 1.70 2.25 2.86 2.64 4.62 5.22 2.83
Eu 0.851 0.357 0.500 1.10 1.00 2.17 1.38 0.76
Gd 3.11 1.58 2.17 3.31 3.00 4.61 5.49 2.92
Tb 0.57 0.34 0.43 0.59 0.53 0.75 0.97 0.54
Dy 4.00 2.68 3.31 4.05 3.67 4.68 6.52 3.84
Ho 0.87 0.67 0.79 0.86 0.80 0.93 1.34 0.85
Er 2.50 2.14 2.45 2.36 2.18 2.36 3.66 2.51
Tm 0.38 0.36 0.41 0.35 0.34 0.34 0.57 0.40
Yb 2.47 2.53 2.83 2.27 2.23 2.12 3.69 2.71
Lu 0.39 0.41 0.45 0.35 0.33 0.30 0.54 0.42
Hf 1.80 3.10 3.40 1.40 1.40 1.50 2.90 2.80
Ta 0.11 0.14 0.16 0.09 0.10 0.10 0.15 0.14
W 1.0 0.70 0.50 0.60 0.60 0.70 0.60 0.50
Tl 0.87 0.68 0.67 0.60 0.55 0.62 0.40 0.41
Pb 9.30 434 94.3 6.90 5.90 5.40 6.10 4.90
Bi 0.07 0.19 0.11 0.08 0.08 0.09 0.23 0.20
Th 1.10 2.20 2.50 0.90 0.80 0.90 1.90 1.70
U 0.40 0.60 0.70 0.30 0.30 0.30 0.60 0.50

Note: LOI= loss on ignition.
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(Co), Ni (Ni), Bi (Bi), and Ag (Ag). The data were reduced using the ZAF
correction method. The detection limit for Au and Ag were ~360 and
110 ppm, respectively.

5. Analysis results

5.1. Geochemistry of wall rocks

As indicated by petrogeochemistry, the volcanic rocks in Gunung
Subang belong to the basalt -andesite group (Fig. 7, Table 3). The
volcanic rocks in Gunung Subang have a 48.66–79.17% (average
61.04%) SiO2 content, with a high content of Al2O3 (12.82–20.49%,
average 17.61%) and a relatively low content of MgO (0.7–5.7%,
average 3.53%). The K content is 2.24–4.18% (average 3.56%). The
total alkali content (Na2O+K2O) is 2.84–3.36%. The results show re-
latively high LOI (loss on ignition) values that range from 4.76 to
14.77 wt%, with an average of 10.62 wt%. In the Nb/Y-Zr/TiO2 dia-
gram, half lie in the andesite zone, and a few belong to sub-alkaline
basalt.

The trace elements contents of the wall rocks samples are listed in
Table 3. The patterns of the primitive mantle-normalized trace elements
of the ore samples are markedly different (Fig. 8) in different rock types
and the ore has undergone some degree of weathering and leaching,

Fig. 8. (a) Spider diagrams of trace elements normalized to the primitive mantle; (b) REE patterns of chondrite samples (Sun and McDonough, 1989). Data for wall
rocks in Ciemas (grey region) are from Wu et al. (2015).

Fig. 9. Zircon U-Pb concordia diagram of andesite in Gunung Subang gold
deposit.

Fig. 10. Cathode luminescence (CL) images of representative zircons analyzed for in-situ U-Pb and Hf isotopes of andesite in the Gunung Subang gold deposit.
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which can be seen by microscope (Fig. 5h). Fig. 8 illustrates the en-
richment of the ore samples in Rb, Th, K, Ba (LILE) Zr, and Hf; and the
relative depletion of Sr, Nb, Y and Ti (HFSE).

The REE patterns of the volcanic rocks have lightly enriched LREE.
TC-4, TC-5, and TC-6 are basaltic with slightly positive Eu anomalies,
and δEu 1.09–1.44 (average 1.21); while andesite has δEu 0.67–0.91

(average 0.77) due to the crystallization differentiation of plagioclase.
The δCe of TC-7 andesite is 0.7, and that of other andesite and basalt
ranges from 1.04 to 1.21 (average 1.12). The REE contents in the vol-
canic rocks range from 38.1 to 87.35 ppm (average 59.04 ppm). The
ratio ΣLREE/ΣHREE ranges from 2.56 to 4.31 (average 2.98). The high
LOI (4.76–14.84%, average 10.62) in the volcanic samples suggests that
the hydrothermal fluid changed and the source heterogeneity resulted
in the geochemical characteristics of the whole rock samples. The de-
pletion in Sr is probably due to alteration, from a poor crystal form of
plagioclase (Fig. 5h and i).

5.2. U-Pb dating and Hf isotopes of zircons

The zircons were separated from the andesite in sample TC-7. The
zircons are light-colored with length to width ratios of 1:1–4:1.
Cathodoluminescence (CL) images of the zircons show clear oscillatory
zoning (Fig. 10), typical in magmatic zircons. The Th/U of zircons
ranges from 0.29 to 1.56 (average 0.96) in the volcanic rocks. However,
some without the oscillatory zoning are dark with core-mantle texture,
and these are inherited zircons.

The calculated 206Pb/238U age of the andesite is 17.0 ± 0.4Ma

Table 4
LA-ICP-MS zircon dating results for magmatic rocks in Gunung Subang.

232Th 238U 207Pb/235U 206Pb/238U 208Pb/232Th 207Pb/206Pb 207Pb/235U 206Pb/238U 208Pb/232Th

Analysed point ppm ppm Ratio 1σ Ratio 1σ Ratio 1σ Age (Ma) 1σ Age (Ma) 1σ Age (Ma) 1σ Age (Ma) 1σ

TC-7-4 1783 1140 0.01768 0.00132 0.00270 0.00006 0.00083 0.00003 109 196 17.8 1.0 17.4 0.4 16.8 0.6
TC-7-5 271 352 0.03950 0.00587 0.00273 0.00010 0.0013 0.00008 2125 415 39.3 6.0 17.6 0.7 26.8 1.6
TC-7-6 483 425 0.02663 0.00209 0.00272 0.00010 0.00082 0.00005 1305 255 26.7 2.0 17.5 0.7 16.5 1.0
TC-7-7 2758 1373 0.01635 0.00133 0.00253 0.00005 0.00078 0.00002 122 206 16.5 1.0 16.3 0.4 15.8 0.4
TC-7-8 312 668 0.01747 0.00249 0.00253 0.00007 0.00084 0.00006 553 356 17.6 3.0 16.3 0.5 17.0 1.1
TC-7-9 533 546 0.02229 0.00243 0.00265 0.00009 0.00088 0.00005 628 282 22.4 2.4 17.0 0.6 17.8 1.0
TC-7-10 596 480 0.01660 0.00239 0.00273 0.00009 0.00088 0.00005 256 361 16.7 2.4 17.6 0. 6 17.9 1.0
TC-7-11 504 461 0.02014 0.00156 0.00273 0.00008 0.00094 0.00005 565 278 20.3 1.6 17.6 0.5 18.9 1.0
TC-7-15 647 569 0.02120 0.00371 0.00264 0.00009 0.0009 0.00005 850 332 21.3 3.7 17.0 0.6 18.2 1.0
TC-7-16 1469 772 0.01670 0.00184 0.00267 0.00007 0.00088 0.00003 42.7 280 17.1 1.8 17.2 0.57 17.7 0.6
TC-7-17 398 420 0.02098 0.00293 0.00263 0.00010 0.00077 0.00005 722.0 325 21.1 2.9 17.0 0.6 15.5 0.9
TC-7-20 301 332 0.02757 0.0053 0.00252 0.00010 0.00100 0.00007 2005 506 27.6 5.2 16.3 0.7 20.4 1.4
TC-7-3 84 98 1.70090 0.06660 0.16900 0.00300 0.05200 0.00100 999 75 1009 25.0 1005 14.3 1018 23.4
TC-7-13 251 346 8.76110 0.18800 0.44030 0.00400 0.12000 0.00200 2333 35 2313 19.6 2352 19.4 2379 43.8
TC-7-14 108 241 1.39440 0.04254 0.14760 0.00200 0.04800 0.00100 874 64 887 18.1 888 9.2 951 22.2
TC-7-18 258 572 9.08910 0.18790 0.44640 0.00500 0.30000 0.00200 2305 33 2347 19.0 2379 20.5 2395 42.2
TC-7-19 344 1203 7.90390 0.16970 0.40840 0.00400 0.13000 0.00200 2217 35 2220 19.4 2207 19.6 2464 44.3

Table 5
Hf isotope compositions of Gunung Subang gold deposit.

Samples No. 176Lu/177Hf 1σ 176Yb/177Hf 1σ 176Hf/177Hf 1σ ƐHf(0) 1σ ƐHf(t) 1σ TDM1 TDM2

TC-7-1 0.000850 0.000006 0.027076 0.000280 0.282211 0.000050 −19.8358 1.840778 1.836805 1.868838 1461.774 1644.707
TC-7-2 0.003323 0.000018 0.127826 0.001200 0.283086 0.000038 11.09728 1.438552 11.43311 1.439202 250.1437 322.0772
TC-7-4 0.003622 0.000047 0.131565 0.002000 0.283108 0.000049 11.8859 1.807296 12.2184 1.808194 218.0988 277.9054
TC-7-5 0.001796 0.000013 0.058429 0.000490 0.282727 0.000029 −1.58785 1.146576 −1.23536 1.14726 759.7387 1031.066
TC-7-6 0.010370 0.000031 0.431561 0.001700 0.282967 0.000036 6.896015 1.372631 7.152574 1.373431 538.0629 562.2865
TC-7-7 0.004702 0.000018 0.192104 0.000980 0.283147 0.000029 13.26864 1.146917 13.58907 1.147651 163.1477 200.7453
TC-7-8 0.006737 0.000043 0.274749 0.002300 0.283139 0.000033 12.96804 1.274973 13.26562 1.275922 187.9457 218.9877
TC-7-9 0.001181 0.000008 0.047480 0.000330 0.281287 0.000022 −52.5264 0.930318 −1.70539 1.04257 2753.403 2909.217
TC-7-10 0.000794 0.000002 0.035926 0.000074 0.282111 0.000029 -23.3863 1.146077 −4.25858 1.177173 1598.613 1885.081
TC-7-11 0.006372 0.000012 0.266693 0.000260 0.283052 0.000027 9.91258 1.084053 10.21413 1.084752 329.608 390.6119
TC-7-12 0.004741 0.000026 0.224306 0.001600 0.283132 0.000029 12.71696 1.146904 13.03692 1.147719 188.0818 231.8431
TC-7-13 0.005800 0.000025 0.236570 0.000830 0.283103 0.000027 11.69493 1.084096 12.00297 1.084924 241.4698 290.049
TC-7-14 0.001137 0.000005 0.041827 0.000170 0.281219 0.000018 −54.9312 0.815638 −3.45129 0.937227 2842.956 3023.823
TC-7-15 0.001292 0.000015 0.051646 0.000690 0.281302 0.000016 −51.9747 0.761825 −4.5308 0.88935 2740.038 2944.75
TC-7-16 0.008363 0.000035 0.330525 0.003200 0.282975 0.000051 7.171856 1.875153 7.450955 1.875912 488.4993 545.6065

Notes: The weighted average ages of zircons are used for calculations of the ƐHf (t) and the T2DM.
Parameters: (176Hf/177Hf)0CHUR= 0.282772 ± 0.000029, (176Lu/177Hf)0CHUR= 0.0332 ± 0.0002 (Blichert-Toft and Albaréde, 1997); (176Hf/177Hf) 0

DM=0.28325,
(176Lu/177Hf) 0

DM=0.0384, fDM=0.16 (Griffin et al., 2000), fBBC=−0.65 (Rudnick and Gao, 2003). Decay constant: λ=1. 867×10−11 y−1(Söderlund et al.,
2004); calculation formula: ƐHf (t)= [(176Hf/177Hf) t

spl/(176Hf/177Hf)tCHUR− 1]× 104, (176Hf/177Hf)t= (176Hf/177Hf)0− (176Lu/177Hf)0 (eλt− 1), TDM1= 1/λ ln
{[(176Hf/177Hf) 0

spl− (176Hf/177Hf) 0DM]/[(176Lu/177Hf) 0
spl− (176Lu/177Hf) 0

DM]+1, TDM2= TDM1− (TDM1− fspl)×(fBBC− fspl)/(fBBC− fDM).

Table 6
Sulfur isotope compositions of Gunung Subang gold deposit.

Sample No. Sample type Tested mineral δ34S/‰

TC-14 Au-bearing quartzite Pyrite 2.97
TC-21 Au-bearing porphyry Pyrite 1.72
TC-24 Au-bearing quartzite Pyrite 2.51
TC-26 Au-bearing quartzite Pyrite 2.37
TC-28 Au-bearing quartzite Pyrite 2.77
TC-22 Clay breccia Galena 0.55
TC-26 Au-bearing quartzite Galena 0.53
TC-15 Argillitization quartzite Sphalerite 2.44
TC-24 Au-bearing quartzite Sphalerite 1.58
TC-26 Au-bearing quartzite Sphalerite 1.98
TC-27 Pb-Zn-bearing quartzite Sphalerite 1.72
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(MSWD=1.2, n= 11) (Fig. 9). This is within the acceptable range of
experimental error, implying that the andesite formed during the Mid-
Miocene. Several inherited zircons were also found (Table 4), from
999 ± 75Ma, 2333 ± 35Ma, 874 ± 64Ma, 2305 ± 33Ma, and
2217 ± 35Ma.

Sixteen zircons were chosen to conduct the Hf isotope analysis. In
magmatic zircons the εHf (t) of the andesite is relatively consistent at
−1.23–17.19, and at −4.53 to 1.84 in inherited zircons (Fig. 10,
Table 7). The calculated two stage model ages (TDM2) of the magmatic
zircons are 200–3023Ma Table 9.

5.3. Sulfur and in-situ Pb isotopes of sulfides

The sulfur compositions of galena, sphalerite and pyrite are
0.55–0.53‰, 1.58–2.44‰ and 1.72–2.97‰, respectively. The results
of the in-situ Pb isotopic composition of sulfide in Gunung Subang are
given in Table 6. The average ratios of 206Pb/ 204Pb, 207Pb/ 204Pb, and
208Pb/ 204Pb from pyrite are 18.586 ± 0.012, 15.648 ± 0.01 and
38.878 ± 0.026, respectively. In galena, the Pb content ratios are
18.594 ± 0.003, 15.654 ± 0.003, 38.894 ± 0.007, respectively.

5.4. Fluid inclusions petrographic and microthermometry

Sixty-four fluid inclusions of four samples taken from Celak were
examined in total (Fig. 11), and can be classified into three types ac-
cording to the host mineral: quartz-sulfide vein, quartz vein, and

euhedral quartz. Most of them are<15 μm. Individual inclusions are
irregular or regular. The regular inclusions exhibit negative crystal,
oval, or triangular shapes, and are aqueous, consisting of both two
phases (liquid and vapor) and single-phase at room temperature. The
former is common, liquid-rich, and relatively large; while the latter are
rare and small. The inclusions in strongly silicified samples are scarce
and relatively small in size. Combining these observations with the
results of the Raman spectroscopy it was found that some fluid inclu-
sions contain only a small amount of N2, and neither double-edged CO2

or daughter minerals were observed. The gas percentage of the two-
phase inclusions ranges from 5% to 20%. The fluid inclusions are dis-
tributed both in isolation and in clusters within individual crystals,
indicating that the inclusions are both native and secondary inclusions.

Based on the measurement of fluid inclusions in the ore in the Celak
block, the hydrothermal fluid in the Gunung Subang area has a
homogenization temperature (Th) of between 186.2 °C and 363.4 °C; a
melting temperature (Tm) between −4.3 °C and −0.2 °C; and salinity
between 0.18 and 6.80 wt% NaCl. The results of each vein are shown in
Table 8.

In the quartz-sulfide vein, a total of forty-one homogenization
temperatures (Th) of the inclusions were measured. The determined
values range from 253.4363.4 °C (with a gap between 320 and 350 °C),
with an average of 281.7 °C. Below 360 °C, the Th data have peaks at
260–280 °C. Homogenization temperatures for sixteen of the fluid in-
clusions were measured from the quartz vein, with values in the range
of 186.2–269.3 °C and an average of 248.2 °C, and values concentrated

Table 7
In situ Pb isotope compositions of Gunung Subang gold deposit.

Samples No. 208Pb/204Pb SE 207Pb/204Pb SE 206Pb/204Pb SE 208Pb/206Pb SE 207Pb/206Pb SE

TC-21-Py1 38.983 0.007 15.669 0.003 18.638 0.003 2.0917 0.0001 0.8408 0.0000
TC-21-Py2 38.819 0.118 15.599 0.047 18.550 0.055 2.0916 0.0005 0.8409 0.0002
TC-21-Py3 39.011 0.012 15.681 0.005 18.649 0.006 2.0917 0.0001 0.8408 0.0000
TC-21-Gn1 38.982 0.005 15.668 0.002 18.639 0.002 2.0912 0.0001 0.8407 0.0000
TC-21-Gn2 38.986 0.006 15.669 0.002 18.642 0.002 2.0911 0.0001 0.8406 0.0000
TC-21-Py4 39.003 0.004 15.675 0.002 18.646 0.002 2.0916 0.0000 0.8407 0.0000
TC-21-Py5 39.009 0.005 15.677 0.002 18.648 0.002 2.0917 0.0001 0.8407 0.0000
TC-21-Py6 39.013 0.006 15.679 0.002 18.647 0.003 2.0919 0.0001 0.8408 0.0000
TC-21-Gn3 38.956 0.007 15.661 0.003 18.629 0.003 2.0911 0.0001 0.8407 0.0000
TC-26-Py1 38.962 0.004 15.663 0.002 18.630 0.002 2.0913 0.0001 0.8407 0.0000
TC-26-Py2 38.934 0.012 15.650 0.005 18.618 0.006 2.0912 0.0001 0.8407 0.0000
TC-26-Gn1 38.974 0.008 15.669 0.003 18.637 0.003 2.0911 0.0001 0.8408 0.0000
TC-26-Gn2 38.956 0.011 15.660 0.004 18.627 0.004 2.0913 0.0001 0.8407 0.0000
TC-26-Gn3 38.979 0.010 15.670 0.004 18.637 0.004 2.0916 0.0001 0.8408 0.0000
TC-26-Gn4 38.969 0.006 15.668 0.002 18.636 0.002 2.0911 0.0001 0.8407 0.0000
TC-26-Py3 38.951 0.021 15.687 0.008 18.653 0.009 2.0881 0.0001 0.8408 0.0001
TC-27-Py5 38.701 0.034 15.606 0.014 18.490 0.016 2.0932 0.0002 0.8440 0.0001
TC-27-Gn1 38.741 0.006 15.631 0.002 18.516 0.002 2.0924 0.0001 0.8442 0.0000
TC-27-Gn2 38.781 0.006 15.636 0.002 18.538 0.002 2.0920 0.0001 0.8434 0.0000
TC-27-Gn3 38.791 0.008 15.641 0.003 18.543 0.003 2.0920 0.0001 0.8434 0.0000
TC-27-Gn4 38.814 0.005 15.643 0.002 18.550 0.002 2.0923 0.0001 0.8433 0.0000
TC-27-Gn5 38.796 0.006 15.634 0.002 18.540 0.002 2.0925 0.0001 0.8433 0.0000
TC1-1-Py1 38.874 0.022 15.663 0.008 18.558 0.009 2.0947 0.0002 0.8441 0.0001
TC1-1-Py2 38.773 0.005 15.628 0.002 18.525 0.002 2.0931 0.0001 0.8437 0.0000
TC1-1-Py3 38.517 0.091 15.557 0.036 18.416 0.043 2.0916 0.0003 0.8449 0.0001
TC1-1-Py4 38.739 0.015 15.641 0.006 18.534 0.006 2.0905 0.0002 0.8440 0.0001

Table 8
Microthermometric result of fluid inclusions for quartz in the Gunung Subang gold deposit.

Sample No. Size of inclusions
(μm)

Gas content
(%)

Homogenization
temperature (°C)

Final ice-melting
temperature (°C)

Salinity (wt%
NaCl equiv.)

Type

Range Average
(quantity)

range Average
(quantity)

TC-14 5~ 19 2~ 20 253.4 ~ 363.4 281.7(20) −3.4 to -0.1 0.2 ~ 5.5 4.4 Quartz-sulfide
TC-23 5~ 54 1~ 20 253~ 363 270.4(22) −3.9 to −0.1 0.2 ~ 6.2 1.6 Quartz-sulfide
TC-18 4~ 65 5~ 20 186.2 ~ 269.3 248.2(16) −3.5 to −0.1 0.2 ~ 5.7 2.9 Quartz Vein
TC-25 15~ 39 5~ 50 244.3 ~ 260.8 253.7(6) −0.6 to −0.2 0.4 ~ 1.1 0.7 Euhedral quartz
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at 260–270 °C. The homogenization temperatures of six inclusions were
measured from the euhedral quartz, with values of 244.3–260.8 °C, an
average of 253.7 °C, and four values occurring in the range of
250.4–258.8 °C.

In ore from the quartz-sulfide vein, the final ice-melting tempera-
tures (Tm-ice) of FIs lie between −3.9 and −0.1 °C, with corresponding
salinities ranging from 0.2 to 6.2 wt% NaCl. In the quartz vein, the Tm-

ice of FIs are between −3.5 and −0.1 °C, with corresponding salinities

Table 9
EPMA results for pyrite in Gunung Subang.

No. Stage Se As Fe S Cu Zn Sb Ni Co Au Ag Te Total

TC-21-Py1 I <mdl <mdl 46.69 53.99 <mdl <mdl <mdl <mdl 0.042 <mdl <mdl <mdl 100.75
TC21-Py6 I <mdl 1.00 46.30 52.97 <mdl 0.02 <mdl <mdl 0.049 0.04 0.03 <mdl 100.42
TC-26-1 Py I <mdl <mdl 4.09 32.35 3.45 59.67 <mdl 0.02 0.017 <mdl <mdl <mdl 99.61
TC-26-3Py I <mdl 0.48 46.26 53.26 <mdl 0.28 <mdl <mdl 0.025 <mdl <mdl <mdl 100.32
TC-26-Py4 I <mdl 0.46 46.02 53.17 0.02 0.92 <mdl <mdl 0.033 0.05 <mdl 0.031 100.70
TC-26-Py5 I <mdl 0.12 46.22 53.13 0.02 0.17 <mdl <mdl 0.046 0.03 <mdl <mdl 99.76
TC-26-Py7 I <mdl <mdl 45.99 53.40 0.03 0.35 0.02 <mdl 0.032 <mdl <mdl <mdl 99.82
TC-26-Py13 I <mdl <mdl 46.76 53.84 <mdl 0.02 <mdl <mdl 0.047 <mdl <mdl <mdl 100.66
TC-27-Py4 I <mdl <mdl 46.60 54.06 <mdl <mdl <mdl <mdl 0.042 0.04 <mdl <mdl 100.75
TC-27-Py5 I <mdl <mdl 46.72 54.29 <mdl <mdl <mdl <mdl 0.035 0.04 <mdl 0.095 101.20
TC-27-Py8 I <mdl 0.04 46.47 53.42 <mdl <mdl <mdl 0.029 0.056 <mdl <mdl <mdl 100.09
TC-21-Py2 II <mdl 1.76 45.97 52.11 0.02 <mdl 0.03 0.019 0.042 <mdl 0.02 <mdl 99.98
TC21-Py5 II <mdl 0.56 46.54 53.11 <mdl <mdl 0.02 <mdl 0.037 0.08 <mdl <mdl 100.35
TC21-Py7 II <mdl 0.09 46.11 53.20 <mdl <mdl <mdl <mdl 0.028 0.06 <mdl <mdl 99.50
TC21-Py8 II <mdl 0.08 46.58 53.39 <mdl <mdl <mdl <mdl 0.027 <mdl 0.01 <mdl 100.10
TC-21-Py9 II <mdl 0.15 46.40 53.45 0.02 <mdl <mdl <mdl 0.042 <mdl <mdl <mdl 100.10
TC-26-2Py II <mdl 0.37 46.37 53.18 <mdl 0.87 0.02 <mdl 0.031 <mdl <mdl 0.031 100.90
TC-26-Py6 II <mdl 1.19 44.59 52.50 0.10 0.24 <mdl <mdl 0.035 0.03 0.03 0.084 98.82
TC-26-Py8 II <mdl 0.12 46.11 52.96 <mdl 0.04 <mdl <mdl 0.032 0.05 0.02 <mdl 99.32
TC-26-Py9 II <mdl 0.11 46.48 53.50 <mdl <mdl <mdl <mdl 0.049 0.10 <mdl <mdl 100.24
TC-26-Py10 II <mdl 0.12 45.37 53.10 <mdl 0.02 <mdl <mdl 0.031 0.05 <mdl <mdl 98.69
TC-26-Py11 II <mdl 0.03 46.49 52.73 0.15 0.11 <mdl <mdl 0.026 0.07 <mdl <mdl 99.63
TC-26-Py12 II <mdl 0.81 46.08 52.70 0.03 0.04 0.04 <mdl 0.037 <mdl <mdl 0.039 99.77
TC-26-Py14 II <mdl 0.34 45.87 52.78 <mdl <mdl 0.02 <mdl 0.041 <mdl <mdl 0.031 99.11
TC-26-Py15 II <mdl <mdl 45.79 52.09 0.02 <mdl <mdl <mdl 0.045 0.04 <mdl 0.056 98.06
TC-26-Py16 II 0.062 <mdl 46.70 53.84 <mdl 0.12 <mdl <mdl 0.045 <mdl <mdl 0.056 100.79
TC-26-Py17 II <mdl 0.30 46.40 53.40 <mdl 0.04 <mdl <mdl 0.043 <mdl <mdl <mdl 100.20
TC-26-Py14 II <mdl 0.55 45.70 52.11 <mdl 0.02 0.02 <mdl 0.029 0.04 <mdl 0.036 98.51
TC-26-Py15 II <mdl <mdl 46.61 53.60 <mdl <mdl <mdl <mdl 0.034 0.03 <mdl <mdl 100.28
TC-26-Py17 II <mdl 0.30 46.40 52.48 0.02 <mdl <mdl <mdl 0.039 0.05 0.04 <mdl 98.78
TC-26-Py18 II <mdl 0.29 46.40 53.21 <mdl 0.02 <mdl <mdl 0.03 <mdl <mdl <mdl 99.97
TC-26-Py19 II <mdl 0.24 46.56 53.05 <mdl 0.02 <mdl <mdl 0.038 <mdl <mdl 0.048 99.95
TC-27-Py1 II <mdl <mdl 46.69 53.53 <mdl <mdl <mdl <mdl 0.057 0.08 <mdl <mdl 100.35
TC-27-Py2 II <mdl 1.76 45.97 53.26 <mdl <mdl <mdl <mdl 0.035 <mdl <mdl <mdl 99.75
TC-27-Py3 II 0.052 <mdl 46.24 53.42 0.03 0.03 <mdl <mdl 0.034 0.04 0.01 <mdl 99.86
TC-27-Py6 II 0.084 <mdl 46.42 54.29 <mdl <mdl <mdl <mdl 0.031 <mdl <mdl <mdl 100.84
TC-27-Py7 II 0.067 0.05 46.87 53.69 <mdl <mdl <mdl <mdl 0.047 0.03 <mdl <mdl 100.76
TC-21-Sph1 II na <mdl 1.20 33.52 0.99 65.37 0.03 na na <mdl <mdl na 101.11
TC-21-Sph3 II na 0.15 1.15 32.79 0.78 65.06 <mdl na na 0.05 <mdl na 99.98
TC-21-Sph4 II na <mdl 1.28 33.27 0.88 65.13 <mdl na na <mdl <mdl na 100.63
TC-26-Sph1 II na <mdl 1.41 32.69 <mdl 65.41 <mdl na na <mdl <mdl na 99.52
TC-26-Sph2 II na <mdl 1.92 32.95 1.62 63.88 <mdl na na <mdl <mdl na 100.47
TC-26-Sph3 II na <mdl 3.95 33.41 4.14 59.27 <mdl na na 0.09 <mdl na 100.91
TC-27-Sph1 II na <mdl 1.88 32.86 <mdl 64.41 <mdl na na <mdl <mdl na 99.26
TC-27-Sph2 II na 0.04 1.36 33.06 <mdl 65.61 <mdl na na 0.07 <mdl na 100.27
TC-27-Sph3 II na <mdl 1.21 33.31 0.12 65.82 <mdl na na <mdl <mdl na 100.49
TC-27-Sph4 II na <mdl 1.09 33.42 0.34 65.30 <mdl na na <mdl <mdl na 100.21
TC-27-Sph5 II na 0.05 1.58 33.20 0.17 65.06 <mdl na na <mdl <mdl na 100.12
TC-I-1-Sph1 II na <mdl 1.67 33.13 1.17 64.43 <mdl na na <mdl <mdl na 100.47
TC-I-1-Sph2 II na <mdl 1.24 33.85 0.22 65.76 <mdl na na <mdl <mdl na 101.14
TC-I-1-Sph3 II na 0.05 1.68 32.23 1.22 64.15 <mdl na na <mdl <mdl na 99.43
TC-I-1-Ccp1 II na <mdl 31.03 35.74 35.04 0.04 <mdl na na <mdl <mdl na 101.86
TC-I-1-Ccp2 II na <mdl 30.93 36.01 34.71 0.05 <mdl na na <mdl <mdl na 101.74
TC-I-1-Ccp3 II na 0.05 30.95 35.75 34.74 <mdl <mdl na na 0.07 0.02 na 101.67
TC-I-1-Ccp4 II na <mdl 31.02 35.60 34.79 <mdl <mdl na na <mdl <mdl na 101.44
TC-I-1-Ccp5 II na <mdl 28.07 35.90 34.86 0.02 <mdl na na 0.04 0.01 na 98.94
TC-26-Gn1 II na <mdl 0.03 13.51 <mdl <mdl <mdl na na <mdl <mdl na 100.12
TC-26-Gn2 II na <mdl 0.05 13.17 0.02 <mdl <mdl na na <mdl <mdl na 98.09
TC-27-Gn2 II na <mdl 2.05 33.72 <mdl 65.09 <mdl na na 0.06 <mdl na 100.95
TC-27-Gn4 II na <mdl 0.14 13.48 <mdl <mdl <mdl na na <mdl <mdl na 99.83
TC-I-1-Py6 III <mdl 0.20 46.56 53.34 <mdl <mdl <mdl <mdl 0.037 0.06 <mdl <mdl 100.21
TC-I-1-Py7 III <mdl <mdl 46.86 53.83 0.02 0.03 <mdl <mdl 0.057 0.05 <mdl <mdl 100.88
TC-I-1-Py8 III <mdl <mdl 46.76 53.88 <mdl <mdl <mdl <mdl 0.047 <mdl <mdl 0.048 100.98
TC-I-1-Py9 III <mdl <mdl 46.68 53.71 0.05 <mdl <mdl <mdl 0.055 0.08 <mdl <mdl 100.62
TC-I-1-Py10 III <mdl 0.07 46.77 53.61 0.05 <mdl <mdl <mdl 0.044 0.05 <mdl 0.028 100.62
TC-I-1-Py11 III <mdl <mdl 46.76 53.51 <mdl <mdl <mdl <mdl 0.031 0.03 0.03 0.056 100.43

Notes: Na= not analyzed; mdl=minimum detection limit.
TC -sample from the Celak ore block.
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of 0.2–5.7 wt% NaCl. In euhedral quartz, the Tm-ice of FIs are between
−0.6 and −0.2 °C, with corresponding salinities of 0.4–1.1 wt% NaCl.
As a whole, the values are concentrated in the range from 0.2 to 6.2 wt
% NaCl.

5.5. Mineralogy of Gold-bearing minerals

Four samples taken from Celak were selected for electron microp-
robe analysis. Sample 21 is a hydrothermal breccia type ore. Sample 26

is a quartz vein type ore. Samples 26 and 27 are of quartz vein type ore.
Sample I-1 is a gold-bearing pyrite disseminated ore. According to the
microscopic observation of the Gunung Subang gold ore, Au is mainly
found in PyII and PyIII, at 300–400 ppm and 300–600 ppm, respec-
tively. In addition, the framboidal pyrite also contains ~300 to
400 ppm Au.

According to SEM and EPMA results, gold mainly occurs as telluride
in the Gunung Subang gold deposit, including krennerite, hessite, and
kurilite. They are mainly hosted in the pyrite, and increase in content

Fig. 11. Micrographs of fluid inclusions. (a) A cluster of inclusions (primary or pseudosecondary), from TC-23; (b) Linearly distributed inclusions, from TC-23. (c)
Small regular fluid inclusions in clean quartz crystal. (d) A liquid-rich two phases inclusion from TC-23. (e) Linearly distributed inclusions in clean quartz crystal,
from TC-23. (f) A liquid-rich two phases inclusion, from TC-14. (g) An ovate fluid inclusion, from TC-18. (h) A negative crystal inclusion with high gas content, from
TC-23. (i) A near- shape fluid inclusion, from TC-25. L represent liquid, V represents vapor.

Fig. 12. (a) Zircon εHf(t) values versus age of andesite in the Gunung Subang and Ciemas gold deposits; (b) Histograms of zircon εHf(t) values, after Wu et al. (2019).
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from the early to late period, meaning that pyrite is major Au-bearing
mineral. The gold content is 0.03–0.98 wt% (average 0.1 wt%) in
pyrite, 0.05–0.07 wt% (average 0.07 wt%) in sphalerite, 0.04–0.07 wt%
(average 0.055 wt%) in chalcopyrite, and 0.06 wt% (average 0.06 wt%)
in galena. There also may be minor amounts of native gold in pyrite.

6. Discussion

6.1. Magmatism associated with mineralization

Java is the east part of the Sunda Arc, which contains a series of
magmatic rocks since the Eocene (Van, 1970; Katili, 1975; Nicholls
et al., 1980). Based on the K-Ar dating results, Soreia et al. (1994)
proposed that volcanisms in Java can be divided in to three magmatic
events: the Late Eocene to early Miocene (40–19 or 18Ma), the late
Miocene to Pliocene (12 or 11–2Ma), and the Quaternary. The Late
Miocene to early Miocene belt was emplaced along the southern part of
Java, trending from west to east. The late Miocene to Pliocene belt
occurs further north, is parallel to the older belt, and is in places
overlain by Quaternary volcanics.

The Gunung Subang gold deposit is located in an active volcanic
zone in southern Java, and the mining area exposed quartz andesite and
tuff breccia. The zircon U-Pb ages represent the eruptive magma crys-
tallization periods (Table 4), and their ages are very close to each other
within the error ranges (Fig. 10), demonstrating that they belong to late
Eocene to Mid-Miocene igneous activities. In previous research, epi-
thermal and porphyry deposits formed in 1.7–11.2Ma gained more

focused in West Java, except for Ciemas, which was proved to formed in
16.9–17.5Ma (Wu et al., 2014). The LA-ICP-MS U-Pb zircons ages of
the andesite in Gunung Subang is 17.0 ± 0.4Ma (MSWD=1.2,
n=11) (Fig. 9), which is close to that of Ciemas, suggesting the
magmatism associated with mineralization occurred in the Mid-Mio-
cene.

Based on microscopic observation and the relatively high LOI
(4.76–14.77%) of the volcanic rock, it is indicated that the rocks are
weakly altered (Table 3). The plot in a Zr/TiO2 vs. Nb/Y diagram is
often used to distinguish volcanic rocks with hydrothermal alteration,
and the diagram indicates basalt-andesite compositions, which are
common in the volcanic belts of island-arcs. The K content (average
3.56%) is higher than that of volcanic rocks in southern Java and other
arc settings (average 1.6%), but it is close in value to active continental
margin (average 3.25%) (Li and Li, 2016). This may be attributed to the
older age of the volcanic rock, as the composition of younger magmas
belongs to the high-K or tephrite series. In general, the volcanic rocks
are rich in K and Al, but depleted in alkaline and Ti, which is char-
acteristic of volcanic arc settings.

The enrichment in the large-ion lithophile elements (LILEs) K, Rb,
Th and U, and depletion in the high-field strength elements (HFSEs) Nb,
Ta, and P are the major geochemical characteristics of arc magmatic
rocks (Kay, 1980; Perfit et al., 1980). The fluid from the dehydration of
subducted slab results in a partial melting of the overlying mantle
wedge (Morris et al., 1990; Sigmarsson et al., 1990). Comparing the
composition of sediments in the subduction zone to those of the magma
indicates that the enrichment of LILE arc magmatic rocks stems from
the addition of sediments from the oceanic crust (Plank and Langmuir,
1993). However, the Pb in Gunung Subang volcanic rocks are lower
than that in Ciemas (Fig. 8a), indicating a lower degree of contamina-
tion in the crust. The special geochemical features reflect the speciali-
zation of the magma resources or partial melting processes. The (La/
Yb)N ratios of volcanic rocks are 1.27–3.88 (average 2.21), indicating
low REE fractionation, similar to that of typical calc-alkaline lavas
(Martin, 1999). High Y contents (average 25.65 ppm) and high Yb
contents (average 2.61 ppm) clearly distinguish these from adakites,
which originate from the partial melting of oceanic crust (Defant and
Drummond, 1990; Martin, 1999). It is therefore produced by the partial
melting of the mantle wedge.

The geochemical characteristics of the volcanic rocks indicates that
they originated from the arc magmatism event. As the Indian-Australian
Plate was subducted beneath the Eurasian Plate, the addition of fluid
from the dehydration of the overlying mantle wedge generated mafic
magma. This evolved further in the crust, resulting in the Mid-Miocene
arc magmatism in the Gunung Subang area.

Some inherited zircons were also found (Table 4), from
999 ± 75Ma, 2333 ± 35Ma, 874 ± 64Ma, 2305 ± 33Ma, and
2217 ± 35Ma. These older zircons usually show strong involvement of
an old crustal component (Fig. 12). Thus, they may come from ancient

Fig. 13. Sulfide compositions in the Gunung Subang gold deposit (Data sources:
Hoog et al., 2001; Alt and Burdett, 1992; Sakai et al., 1984).

Fig. 14. Lead-isotope diagrams of sulfides in the Gunung Subang gold deposit, West Java. SK: evolution curve from Stacey (1975); Pb isotope data of Miocene and
Pliocene volcanic rocks and sulfides of epithermal deposits in Bayah Dome from Marcoux (1994).
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Sundaland, indicating that the magma was contaminated with ancient
crust during upwelling.

As is shown in Fig. 12 and Table 5, the zircons εHf(t) of the Gunung
Subang are not consistent. The Hf isotope compositions of magmatic
zircons are mainly positive, with a mean εHf(t) value of 9.91 ± 1.64,
indicating that the arc magmatism underwent the contamination with
juvenile crust. However, some inherited zircons were discovered in the
volcanic rock, suggesting that the magmatism was contaminated with
the ancient crust. This observation, combined with the coeval mag-
matism in the Ciemas, located in the west, whose arc magmatism was
strongly contaminated with Sundaland (εHf (t)=−11.5 ± 0.39), it
can be concluded that the degree of contamination with ancient crust in
coeval (~17Ma) arc magmatism decreased from the east to west in
West Java. The calculated two stage model age (TDM2) of the andesite
magmatic and inherited zircons is 200–3023Ma. The TDM2 of all zircons
is older than the U-Pb ages, implying that it was not directly formed by
fractional crystallization of mantle-derived material, but by partial
melting of igneous crustal material. Thus, we suggest that Mid-Miocene
arc magmatism in Gunung Subang predominantly contaminated with
juvenile crust, and slightly contaminated with Sundaland.

6.2. Ore-forming material source

Gold-silver-telluride is a newly discovered mineral in the Gunung
Subang deposit. Te is an element that shows affinity to the mantle-core,
with low water solubility and a tendency towards concentration in
sulfides (Afifi et al., 1988). Many deposits can be associated with Te,

the genesis of which shows an affinity with deep magmatism and
mantle, such as the Dongping Au-Te deposit (Mao and Li, 2001) and the
Yinggezhuang gold deposit (Zhou et al., 2011) in China. The occurrence
of Te reflects the contribution of mantle to a degree, although there is
not a large amount of telluride in the Gunung Subang deposit. This
indicates that there was some Te in the ore-forming fluid and that there
was a high geochemical background value for Te in the origin of ore
formation. The origin of the ore-forming materials shows affinity with
the mantle.

The sulfur compositions in Gunung Subang are very uniform, ran-
ging from 0 to 3‰ (Fig. 13), suggesting that the sulfur sources may be
the same and are of the deep magmatic sulfur. Compared with the
sulfur isotope composition of Cirotan (Wagner et al., 2005) and Ciemas
(Zhang et al., 2015; Zheng et al., 2015), with a mean of 3.8 ± 0.9 and
5.54 ± 0.06‰, respectively. The sulfur isotope composition of the
Gunung Subang gold deposit is more like that of Cirotan, a younger
(1.7Ma) low-sulfidation epithermal deposit in Bayah Dome. The δ34S
values of ore samples are lower than those of West Java Guntur lava
flows (average 4.7 ± 1.4‰), which are considered to have a magma
source mixed with continental basement sediments (Hoog et al., 2001).
Thus, the ore-forming materials source of the Gunung Subang may
mainly be magmatic.

The Pb isotopes of the sulfides (galena and pyrite) are partly con-
sistent with radiogenic Pb (Fig. 14). The mean ratios of 206Pb/204Pb,
207Pb/204Pb and 208Pb/204Pb are 18.59 ± 0.007, 15.65 ± 0.007 and
38.89 ± 0.017, respectively. These ratios are partly similar to the Pb
isotopes of Pliocene volcanic rocks. According to Marcoux and Milési
(1994), the lead-isotopic compositions of Miocene volcanic rocks show
mantle affinity, whereas the lead of Pliocene volcanic rocks and Mio-
cene-Pliocene gold deposits is highly radiogenic and clearly of crustal
source in an underlying Precambrian crust. The lead-isotopic compo-
sitions of the Gunung Subang deposit lie between these extremes, in-
dicating that ore-forming materials mainly come from Miocene to
Pliocene volcanic rocks, and some mantle-derived materials may also
be added.

6.3. Evolution of ore-forming fluid and occurrence of Au

Fluid inclusions study indicates that temperature and salinity of ore-
forming fluid in epithermal deposits are lower than that of porphyry
deposits, but stable isotope characteristics suggest that they both come
from magma system (Heinrich, 2007). Many geochemists have re-
searched on the ore-forming fluid evolution characteristics of porphyry
and epithermal system (Hedenquist et al., 1998; Hinrich, 2005;
Heinrich et al., 2004; Richards, 2009). In the Gunung Subang, there are
mainly two phases (liquid and vapor) and single-phase at room tem-
perature, with no mineral or CO2 observed, in accordance with Hein-
rich’s research into fluid inclusions of epithermal deposits (Heinrich,

Fig. 15. (a) Th versus salinity diagram in the Gunung Subang deposit. (b) Histogram of valid homogenization temperatures for different types of fluid inclusion.

Fig. 16. Relationship between Au and As in pyrite (based on Reich et al., 2005).
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2007). In the quartz-sulfide vein ores, the temperatures at Gunung
Subang are 180–260 °C. This is identical to those measured at the Ar-
inem Te- type epithermal deposit with 180–300 °C, 1–4wt% NaCl.
(Yuningsih et al., 2012), which is an epithermal deposit located in a
Late Eocene-Early Miocene magmatic arc near Cianjur (Fig. 1b). Fluid
inclusion evidence suggests that the ore mineralization most likely oc-
curred at ~260 to 270 °C from fluid with a salinity of< 6.2 wt% NaCl,
which can be deemed as a “high salinity”-type epithermal gold deposit.

According to the petrography of the fluid inclusions, there is some
evidence of boiling. It can be seen that a slight increase in temperature
(260–270 °C) and salinity (2.9–4.4 wt% NaCl.) is implied in the Salinity-
Homogenization temperature diagram from the initial silicification to
the quartz-sulfide vein (Fig. 15a). The coexistence of vapor-rich and
liquid-rich inclusions (Fig. 11f) indicate that boiling may be an im-
portant process for the precipitation of precious and base metals in
epithermal deposits (Watanabe, 1998), and that such an association of
inclusions with different proportions of vapor and liquid phases is at-
tributed to a heterogeneous environment resulting from boiling
(Simmons et al., 2000). Degassing during the boiling process, of gasses
such as H2S and H2Te, can promote the deposition of sulfide. Colloform
banding texture was found (Fig. 4g), which is a significant textural
indicator of good gold grades (Renato et al., 1995). Ismayanto et al.
(2009) noticed bladed calcite in the Cicelak Vein. Studies on epithermal
gold deposits and active geothermal systems show that bladed calcite is
formed in a non-equilibrium supersaturated hydrothermal system and
is crystallized directly from boiling solutions (Hedenquist and Browne,
1989; Hedenquist, 1990; Simmons and Christenson, 1994; Simmons
and Browne, 2000).

As for the occurrence of Au, Lee and Kim (2003) discovered Au with
the use of Atomic Absorption Spectrum (AAS), and Ismayanto et al.
(2009) discovered granular gold in the host quartz of Cigadobras vein.
In this study, Au is mainly found as telluride, with some telluride
containing Ag, encapsulated in pyIII by way of SEM. Since there are
similar geochemical parameters for Fe2+, Co, and Ni in pyrite, Co and
Ni are always found in pyrite crystal in the form of isomorphism.
Therefore, the Co/Ni ratio in pyrite is significant in indicating the origin
of the ore-forming fluid (Bralia et al., 1979). In this study, the Co/Ni at
most tested points is greater than 1, ranging from 0.85 to 10.3 (except
for Ni= 0), which indicates that the Au-bearing pyrite in Gunung
Subang is mainly from magmatic hydrothermal.

According to the EPMA data of the three periods of pyrite, chalco-
pyrite, and sphalerite (Table 9), the relationships among Au-Ag and As-
S are not obvious, indicating that trace elements play little role in the
accumulation of Au. It is obvious that there are two types of pyrite: Au-
bearing and that with no Au, suggesting that the distribution of Au is
uneven in EPMA. BSE images show that the Au is mainly distributed in
the fractures of crystals. However, the EPMA results for pyrite, com-
bined with Reich et al. (2005), suggest that the gold in Gunung Subang
can be in form of Au0 (Fig. 16). There is a little Zn, Cu, and Co in the
different periods of pyrite formation. The content of Au in pyrite varies
significantly, with an Au/Ag ratio of 0.38–49, average 9.49.

The Au-Te ores are characterized by low As and Sb and elevated Pb
and Zn contents, that is, with a low AsSb/PbZn ratio (Nikolaev et al.,
2013), this may be the reason why there was no arsenopyrite observed
in the ores. The thermodynamic stability conditions for Au and Ag-
tellurides and native tellurium indicate an epithermal environment
(Cook et al., 2009). Pyrite from low-sulfidation and alkaline igneous
rock-hosted epithermal systems is enriched in Te (and Se) compared to
pyrite from high-sulfidation epithermal and porphyry Cu deposits.
Neutrality to alkaline fluids has the ability to effectively mobilize and
transport Te. Fluid boiling in porphyry-epithermal systems can effec-
tively precipitate Te in association with pyrite and Au (Keith et al.,
2018).

Telluride mineralization is typical of many gold deposits in volcano
plutonic belts of island-arc and greenstone types (Luo et al., 1999).
Krennerite is the low-temperature (300 °C), low-pressure polymorph of

AuTe2 and higher temperatures and pressures favor the development of
calaverite (Markham, 1960). Combined with results of fluid inclusions,
the ore-forming temperature should be approximately 300 °C, other-
wise Au2Te would form. According to Yuningsih et al. (2014), the
comparison of the geochemical composition of the Se-, Te-type deposits
and Gunung Subang is shown in the Table 10.

7. Conclusions

The Gunung Subang gold deposit is an epithermal deposit related to
volcanism that occurred during the Mid-Miocene (17.0 ± 0.4Ma) in
the Sunda Arc. The zircons can be divided into magmatic and inherited,
and average εHf(t) value of magmatic zircons is 9.9 ± 0.64. It suggests
that the arc magmatism has undergone primary contamination with
juvenile crust and some also from ancient crust.

The sulfur isotopic and in-situ Pb isotopic composition of the sul-
fides and the discovery of Au-Ag-tellurides in the Gunung Subang gold
deposit indicates that mineralization material is mainly related to
Miocene to Pliocene volcanic rocks, and some mantle-derived materials
may also be added.

Fluid inclusion data suggests that the ore mineralization most likely
occurred at ~260 °C, from the fluid with a salinity of< 6.2 wt% NaCl.
Boiling occurred through local mineralization. There is a weak trend of
a decrease in temperature and salinity from pre-ore to late miner-
alization. The major Au-bearing minerals are krennerite, hessite and
kurilite. The native gold (Au0) may also exist in pyrite.
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