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A B S T R A C T

Multiple periods of arc magmatism induced by the subduction of the Indian-Australian Plate northward de-
veloped on Java Island, and multistage porphyry-epithermal metallogenic systems occurred within the Late
Eocene-Early Miocene and the Late Miocene-Early Pleistocene magmatic belts. These porphyry-epithermal
metallogenic systems have obvious spatial variations. In West Java, there are large populations of low-sulfida-
tion type epithermal deposits, while East Java and its east are characterized by the occurrences of porphyry
deposits. However, the newly discovered Ciemas deposit in West Java, a Middle Miocene (~17 Ma) porphyry-
epithermal Au deposit, provides an opportunity for further understanding the porphyry-epithermal miner-
alization in Java. To elucidate the controlling factors of porphyry-epithermal mineralization in West Java, we
analyzed the Hf isotopies of zircons from the igneous rocks and in situ Pb isotopes of sulfides (galena, pyrite,
arsenopyrite) in the Ciemas deposit. The results show that the zircons εHf (t) of igneous rocks are uniform with an
average value of −11.5 ± 0.39, and the peak value of TDM2 is 1500–1650 Ma, suggesting the Middle Miocene
arc magmatism in Ciemas suffered intense crustal contamination. The Pb isotopic compositions of sulfides are
very uniform and have high amounts of radiogenic lead. The mean ratios of 206Pb/204Pb, 207Pb/204Pb and
208Pb/204Pb are 39.343 ± 0.059, 15.73 ± 0.015 and 18.854 ± 0.025, respectively, indicating that the mi-
neralization materials of the Ciemas gold deposit mainly originated from ancient continental crust. The multi-
stage arc magmatism induced by the subduction of the Indian-Australian Plate northward beneath Java Island
control the porphyry and epithermal mineralization in Java. The Middle Miocene arc magmatism in Ciemas
contaminated intensely by the Sundaland, and the ancient continental crust provides the main metal source for
the Ciemas deposit in West Java.

1. Introduction

Java Island is located in the subduction zone between the Indian-
Australian Plate and the Eurasian Plate (Fig. 1A) (Bemmelen, 1949,
1970). The Indian-Australian Plate has drifted northward since the
Mesozoic and has been subducted beneath the Eurasian Plate since the
Eocene (Katili, 1975; Hamilton, 1979). Multiple periods of magmatic
activities induced by the subduction occurred in the subduction zone,
which formed the Sunda-Banda Arc (Katili, 1975). This arc extends
from the north of Sumatra, through Java, and continues to Banda Is-
lands (Fig. 1A) (Hamilton, 1979). Java Island is located in the middle of
the Sunda-Banda Arc, where there are multiple stages of arc magmatism

(Fig. 1) (Bemmelen, 1949, 1970; Katili, 1975; Whitford et al., 1979;
Soeria-Atmadja et al., 1994). Correspondingly, multistage porphyry-
epithermal gold (silver) copper mineralization systems developed in
these arc magmatic belts, including Cibaliung Au (Ag), Pongkor Au-Ag,
Ciemas Au and Tumpangpitu Cu-Au deposits (Harijoko et al., 2004;
Rosana et al., 2006; Harijoko et al., 2007; Imai and Watanabe, 2007;
Warmada et al., 2007; Wu et al., 2015; Zhang et al., 2015; Zheng et al.,
2017; Harrison et al., 2018). Furthermore, plate subduction throughout
Java and the associated volcanism and porphyry-epithermal miner-
alization continue to this day (Setijadji et al., 2006). Therefore, Java
Island is an ideal area for studying plate subduction and the associated
porphyry-epithermal mineralization (Milési et al., 1994; Warmada
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et al., 2007; Yuningsih et al., 2014; Zhang et al., 2015; Maryono et al.,
2018).

The porphyry-epithermal metallogenic systems in Java have ob-
vious spatial variations (Fig. 1B). In West Java, there are large popu-
lations of low-sulfidation type epithermal deposits and few porphyry
deposits and the metallogenic element assemblages are dominated by
Au-Ag-Pb-Zn (Marcoux and Milési, 1994; Yuningsih et al., 2014; Zhang
et al., 2015), while East Java and its east are characterized by the oc-
currences of porphyry deposits and the metallogenic element assem-
blages are mainly Cu-Au (Yuningsih et al., 2014; Harrison et al., 2018;
Maryono et al., 2018). The low-sulfidation epithermal deposits in West
Java are mainly occurred within the Bayah Dome (Fig. 1B) (Marcoux
et al., 1993; Basuki et al., 1994; Marcoux and Milési, 1994; Milési et al.,
1994; Milési et al., 1999). Some mineralizations related to the Jampang
Formation have been gradually regarded (Setijadji et al., 2006; Zhang
et al., 2015). Previous studies on mineralization in West Java were
mostly focused on Bayah Dome, Simpenan, Cisolok -Sukabumi, Cupu-
nagara-Subang, Gunung Subang, Tanggeung-Cianjur, Cijulang-Panga-
lengan and Cineam-Tasikmalaya (Marcoux and Milési, 1994; Milési
et al., 1994; Widi and Matsueda, 1998; Indarto et al., 2006; Ismayanto
et al., 2007; Sunarie et al., 2009; Kisman, 2011; Tun et al., 2014;
Yuningsih et al., 2014; Prabowo et al., 2018). The oldest deposit pre-
viously found in West Java (low-sulfidation Cibaliung Au-Ag deposit)
formed in 11.18–10.65 Ma (Angeles et al., 2002; Harijoko et al., 2004;
Harijoko et al., 2007). The discovery of the Ciemas Deposit in West
Java, a Middle Miocene (~17 Ma) porphyry-epithermal Au deposit,

advances the previous understanding of porphyry-epithermal miner-
alization in Java (Wu et al., 2014, 2015; Zhang et al., 2015; C. F. Zheng
et al., 2014a, 2014b; Zheng et al., 2017).

The Ciemas deposit, located in the south of westernmost Java
(Fig. 1B), is a recently discovered porphyry-epithermal Au deposit (Wu
et al., 2014; Wu et al., 2015; Zhang et al., 2015; Zheng et al., 2017),
which provides an opportunity for further understanding the porphyry-
epithermal mineralization in Java. The ore deposit geology and the
elemental geochemistry of the associated igneous rocks have been de-
scribed in detail (Wu et al., 2014; Wu et al., 2015; Zhang et al., 2015;
Zheng et al., 2017). However, the origins of metallogenic magma and
ore-forming materials is still unclear. This paper analyzes the Hf iso-
topies of zircons from the Middle Miocene igneous rocks and in situ Pb
isotopes of sulfides (galena, pyrite, arsenopyrite) in the Ciemas deposit,
which is useful for understanding the origins of magmatism and the ore-
forming material in Ciemas and elucidating the controlling factors of
porphyry-epithermal mineralization in West Java.

2. Geological background

Java is located on the southeastern edge of the Eurasian Plate,
where tectonics are very active and earthquakes and volcanism caused
by subduction are frequent (Fig. 1A) (Bemmelen, 1949, 1970). West
Java is located at the southern boundary of Sundaland (Fig. 1A). The
Sundaland is the continental core of Southeast Asia (Fig. 1A) (Hall,
2002; Clements and Hall, 2007; Hall et al., 2008). However, East Java is

Fig. 1. A-Tectonic diagram of Java Island (modified from (Hall, 2002; Hall et al., 2008)): B-Geological map and distributions of metal deposits on Java Island
(modified from (Carlile and Mitchell, 1994; Soeria-Atmadja et al., 1994; Rosana and Matsueda, 2002a; Rosana and Matsueda, 2002b; Harijoko et al., 2004; Rosana
et al., 2006; Setijadji et al., 2006; Harrison et al., 2018; Maryono et al., 2018)).
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mainly an accretionary crust, which was formed by the arc magmatism
induced by the subduction of the Indian-Australian Plate since the Eo-
cene (Fig. 1A) (Katili, 1975; Hamilton, 1979).

The exposed strata in Java are mainly Tertiary and Quaternary
(Fig. 1B) (Hamilton, 1979). Tertiary and Quaternary pyroclastic rocks
are mainly distributed in southern and central part of Java. These rocks
are mainly rhyolitic, dacitic-andesitic tuff, breccia and lava and are
partially intercalated with sandstone, shale, carbonaceous tuff and
mudstone. The Quaternary sediments are dominant in northern Java
(Fig. 1B) (Hamilton, 1979; Wakita and Metcalfe, 2005). In the Ciemas
area, most exposed rocks are Tertiary volcanics and Quaternary re-
sidual deposits (Fig. 1B) (Sukamto, 1975; Zhang et al., 2015).

Java Island is located to the north of the Java trench. The Sumatran-

Java Trench runs in the NW-EW direction, with a total length of over
4880 km (Fig. 1A) (Hamilton, 1989). The subduction along Sumatra is
oblique and that along Java is orthogonal (Malod et al., 1995). The
faults in Java trend mainly EW and NS, including the middle segment of
the Sumatra-Java Fault, the Jakarta-Pabean Fault, the western segment
of the Bali Fault and the southern segment of the Kalianda Fault
(Fig. 1B) (Hamilton, 1973; Katili, 1975; Hamilton, 1979).

The magmatism that occurred in Java was mainly in the Cenozoic
(Katili, 1975). From south to north are the Late Eocene-Early Miocene
magmatic belt (40 Ma to 19–18 Ma) in southern Java, the Late Miocene-
Early Pleistocene belt (12 or 11 Ma to 2 Ma) in central Java, and the
Quaternary belt in north-central Java (Fig. 1B) (Nicholls et al., 1980;
Soeria-Atmadja et al., 1994; Yao et al., 2010). Ciemas is located within

Fig. 2. Diagram of West Java showing the location of the Ciemas deposit (a). Geological map of Ciemas Au deposit, West Java, Indonesia (b) (modified from
(Sukamto, 1975; Milési et al., 1999; Jonathan, 2007; Zhang et al., 2015)).
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the Late Eocene-Early Miocene belt (Fig. 1B) (Wu et al., 2015). A
Middle Miocene quartz diorite porphyry intruded into the dacite and
andesite in Ciemas (Fig. 2B) (Wu et al., 2015; Zhang et al., 2015).

3. Deposit descriptions

Ciemas is a porphyry-epithermal type gold deposit that is associated
with Miocene quartz diorite porphyry, dacite and andesite (Zhang et al.,
2015; C. F. Zheng et al., 2014a, 2014b; Zheng et al., 2017). Three ore
types have been identified as porphyry, quartz-sulfide veins, and
structure-controlled alteration rocks. Ten ore blocks have been dis-
covered (Fig. 2B), and the Pasir Manggu, Cigombong, Cileuweung and
Cibak are quartz vein ore blocks, the Ciheulang, Cibatu, Cikadu, Se-
kolah and Japudali are structure-controlled alternated ore blocks, and
the Cipirit is a porphyry ore block (Zhang et al., 2015).

The ore bodies of the quartz-sulfide veins and structure-controlled
types mainly occur within the dacite and fracture zones and are shaped
as veins and layered veins, and are mostly NW-trending, with some SE-
trending, dipping 70–80° to the east (Wu et al., 2014; Zhang et al.,

2015). The major ore bodies are generally several hundreds of me-
ters long, with thicknesses of up to a few meters (Fig. 3). The Au re-
serves measured and indicated from Pasir Manggu, Cibatu, Cikadu, and
Sekolah ore blocks are 26.74 t, with an average grade of 8.8 g/t. The
inferred Au resources are 12.23 t with an average grade of 7.6 g/t
(Zhang et al., 2015; Zheng et al., 2017).

In the Cipirit block, a porphyry intrusion has been identified (Wu
et al., 2014). The exposed intrusion is a quartz diorite porphyry with
more than 2000 m long and about 500 m wide (Fig. 4a). The quartz
diorite porphyry intruded into Miocene dacite and andesite and is
covered by a weathering and argillaceous alteration zone (Fig. 5a–b)
(Wu et al., 2015). The intrusion mainly contain coarse-grained quartz
diorite porphyry (Fig. 4b). Some fine- to medium-grained porphyry
veins occurred surrounding and inside the intrusion (Fig. 4b). The
porphyry is grayish white in colour (Fig. 5c and d). The rock has a
massive structure and porphyritic texture, with quartz and hornblende
phenocrysts (Fig. 5d–e), and the matrix is mainly cryptocrystalline
quartz and feldspar (Fig. 5e). Quartz phenocrysts are coarse-grained,
and the hornblende phenocrysts are columnar in shape (Fig. 5d–e). The

Fig. 3. Geological map of the Cibatu ore block (a) and section map of the 16900E prospecting line in the Ciemas gold deposit (b) (modified form (Jonathan, 2007;
Zhang et al., 2015)).

C. Wu, et al. Ore Geology Reviews 112 (2019) 103010

4



pyrite and chalcopyrite mineralization occur within the quartz diorite
porphyry (Fig. 4f). The ore body occurred as discontinuous layer and
vein in structure. The length of ore body is 20–80 m with a thickness of
3–10 m. The inferred Au resource is 19.91 t @1.2 g/t (Zhang et al.,
2015).

The ore minerals are mainly pyrite, arsenopyrite, galena, sphalerite
and chalcopyrite (Fig. 6). The gangue minerals are mainly composed of
quartz, plagioclase, chlorite, sericite and calcite. The textures of ores
include metasomatic (Figs. 6A, B, E and H), euhedral–subhedral gran-
ular (Figs. 6C, D, G and I), poikilitic (Fig. 6F), columnar and metaso-
matic relict. The ore structures are mainly disseminated, brecciated,
veinlet and massive.

The wall rock alteration types are mainly potassic, argillic, pyr-
itization, chloritization, epidotization, silicification and carbonatiza-
tion. The thickness of the alteration zones reach as much as 5 m at the
top of the ore body but become narrower at the footwall. The clay
minerals consist of kaolinite, smectite and illite.

4. Analytical methods and results

4.1. Analytical methods

The zircons were selected from the quartz diorite porphyry, andesite
and amphibolic tuff breccia in Ciemas. The detailed geochemistry and
zircon U-Pb dating of these igneous rocks were described in (Wu et al.,
2015; Zhang et al., 2015). Sulfides from the Cipirit porphyry ore block,
Cibatu structure-controlled alternated ore block, Pasir Manggu and
Cibak quartz vein ore blocks were selected to analyze the in situ Pb
isotopes.

Experiments analyzing the in situ Hf isotopic ratio of zircons were
conducted at the Wuhan Sample Solution Analytical Technology Co.,
Ltd, Hubei, China, using a Neptune Plus MC-ICP-MS in combination
with Geolas HD excimer ArF laser ablation. Helium was used as the
carrier gas within the ablation cell and was merged with argon after the
ablation cell. Small amounts of nitrogen were added to the argon

Fig. 4. Section map of the quartz diorite porphyry intrusion in Ciemas (modified after (Wu et al., 2015; Zhang et al., 2015));
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makeup gas flow to improve the sensitivity of Hf isotopes (Hu et al.,
2012a; Hu et al., 2012b). All data were acquired on zircon in single spot
ablation mode at a spot size of 44 μm. The energy density of laser ab-
lation was ~7.0 J/cm. Each measurement consisted of 20 s of acquisi-
tion of the background signal followed by 50 s of ablation signal ac-
quisition. The details of method are available in (Hu et al., 2012a). The
data processing was performed by ICPMSDataCal (Liu et al., 2010).

In situ Pb isotope analyses were conducted by 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 a carrier gas at an uptake rate of 280 mL/min, with
a 6 Hz repetition time and 6 J/cm2 energy density during the laser
ablation process. The laser ablation beam diameter was 9 µm for galena
and 100 µm for the other sulfides. Each analysis consisted of a back-
ground 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 standards,

Fig. 5. (a) exposed quartz diorite porphyry; (b) quartz diorite porphyry intruded into andesite and dacite; (c) quartz diorite porphyry is of massive structure and
porphyritic texture; (d) columnar hornblende phenocryst; (e) columnar hornblende phenocryst; the matrix is mainly cryptocrystalline quartz and feldspar (cross-
polarized light); (f) chalcopyrite and pyrite occurred in the porphyry (reflected light). Hbl-hornblende, Py-pyrite, Ccp-chalcopyrite.
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respectively. The measured isotopic ratios of these standards were
highly reliable and reproducible and yielded agreement with the re-
ferences during the analytical process (Yuan et al., 2018). The details of
the fs LA-MC-ICP-MS in situ Pb isotope analysis and instrument para-
meters are available in (Bao et al., 2017).

4.2. Results

The cathode luminescence (CL) images of representative zircons
analyzed for in situ U-Pb and Hf isotopes of igneous rocks in Ciemas are
shown in Fig. 7. The quartz diorite porphyry, andesite, and amphibolic
tuff breccia yielded 17.1 ± 0.4 Ma (Fig. 8a), 17.5 ± 0.3 Ma) (Fig. 8b)
and 16.9 ± 0.3 Ma (Fig. 8c), respectively (Wu et al., 2015).

The zircons εHf (t) of the quartz diorite porphyry is −12.3 to −9.1
(average = −10.94 ± 0.67, n = 12) (Fig. 9a), that of the andesite is
−13.7 to −9.9 (average = −11.70 ± 0.61, n = 15) (Fig. 9b) and that
of the amphibolic tuff breccia is −13.7 to −8.1 (average =
−10.80 ± 0.78, n = 17) (Fig. 9a and Table 1). All the εHf (t) values of
these samples are similar, with an average of −11.15 ± 0.39 (Fig. 9d).

The calculated two-stage model age (TDM2) of the quartz diorite

porphyry is 1449–1647 Ma (average = 1572 Ma), that of the andesite is
1515–1720 Ma (average = 1615 Ma) and that of the amphibolic tuff
breccia is 1415–1723 Ma (average = 1563 Ma) (Table 1).

The results of Pb isotopic compositions of sulfides in Ciemas are
shown in Table 2. The Pb contents of pyrite from the Cipirit ore block
are too low, which resulted in unavailable Pb isotopic compositions. In
the Cibak ore block, the average ratios of 206Pb/204Pb, 207Pb/204Pb and
208Pb/204Pb from pyrite are 18.847 ± 0.035, 15.732 ± 0.025 and
39.348 ± 0.064, respectively, and those from arsenopyrite are
18.828 ± 0.018, 15.721 ± 0.01 and 39.283 ± 0.065, respectively.
In the Pasir Manggu ore block, the average ratios of 206Pb/204Pb,
207Pb/204Pb and 208Pb/204Pb from galena are 18.869 ± 0.007,
15.733 ± 0.005 and 39.380 ± 0.017, respectively, and those from
pyrite are 18.864 ± 0.007, 15.73 ± 0.008 and 39.377 ± 0.018, re-
spectively. In the Cibatu ore block, the average ratios of 206Pb/204Pb,
207Pb/204Pb and 208Pb/204Pb from galena are 18.873 ± 0.004,
15.736 ± 0.004 and 39.374 ± 0.024, respectively, and those from
pyrite are 18.860 ± 0.007, 15.726 ± 0.007 and 39.351 ± 0.018,
respectively (see Fig. 11.).

Fig. 6. Micrographs of ore minerals from the Ciemas gold deposit. A, B, C are from the Cibak quartz vein ore block; A and B: metasomatic texture with pyrite replaced
by arsenopyrite; C: subhedral granular pyrite; D, E, F are from the structure-controlled alternated Cibatu ore block; D: symbiotic pyrite, galena and sphalerite; E:
metasomatic texture with pyrite replaced by chalcopyrite; F: poikilitic texture with galena encased in pyrite; G, H, I are from Pasir Manggu quartz vein ore block; G:
symbiotic pyrite, galena and sphalerite; H: metasomatic texture with pyrite replaced by chalcopyrite; I: euhedral granular arsenopyrite. Py-pyrite, Asp-arsenopyrite,
Gn-galena, Sph-sphalerite, Ccp-chalcopyrite.
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5. Discussion

5.1. Origins of magmatism and continental contamination

Java is located in the southern border of Sundaland (Fig. 1B). The
Sundaland is the core of the mainland of Southeast Asia and was ac-
creted in the Late Cretaceous (Bemmelen, 1970). The basement of
Sundaland mainly contains Paleozoic-Mesozoic granite and meta-
morphic rocks (Audley-Charles et al., 1988; Metcalfe, 1996). In the Late
Cretaceous, a terrane from Gondwanaland accreted to Java and Sula-
wesi (Smyth et al., 2007). A subduction zone formed southwest of Su-
lawesi as the Indian-Australian Plate subducted beneath the Eurasian
Plate (Katili, 1978). The Sunda Arc formed along the northern border of
this active convergence and has been active since the Eocene
(Hamilton, 1973; Katili, 1975; Hamilton, 1979). Multiple periods
magmatism related to the subduction zone occurred in the Java Island
(Soeria-Atmadja et al., 1994).

The Sumatra-Java metallogenic belt is divided into Sumatra and
Java segments, both of which are located in the western part of the
Sunda-Banda Arc (Fig. 1A) (Carlile and Mitchell, 1994; Yao et al.,
2010). The crust underneath the Sunda Arc thins eastward, from ap-
proximately 30 km beneath the Sumatra to 15 km beneath the Flores
Sea. The thickness of crust is approximately 20–25 km beneath Java

(Ben-Avraham and Emery, 1973). In West Java, the basement of the
crust is the Sundaland, which is similar to that of Sumatra (Hamilton,
1979; Setijadji et al., 2006), while East Java is above on an island arc
crust, starting from the Cretaceous accretionary complex in central Java
to principally oceanic crust further east (Carlile and Mitchell, 1994;
Miyazaki et al., 1998; Setijadji et al., 2006; Smyth et al., 2007).

Therefore, the arc magmatism is obviously different in Java due to
the different underlying basement. West Java is located above the
Sundaland, and the magmatism is easily contaminated by the ancient
continental crust (Marcoux and Milési, 1994), while East Java mainly
lies above the oceanic crust, where the magmatism shows more mantle
affinity without or less continental participation (Elburg et al., 2004;
Setijadji et al., 2006).

Based on K-Ar dating, the magmatism in Java can be divided into
three belts, which trend to become younger from south to north: Late
Eocene to Early Miocene (40 to 19–18 Ma), Late Miocene to Pliocene
(12 or 11–2 Ma), and Quaternary (Fig. 1B) (Soeria-Atmadja et al.,
1994). The Late Eocene to Early Miocene belt was emplaced along the
southern part of Java, trending from west to east. The Late Miocene to
Pliocene belt occurred further north, parallel to the older belt and in
places is overlain by Quaternary volcanic rocks (Fig. 1B) (Soeria-
Atmadja et al., 1994).

The Ciemas deposit is within the Late Eocene to Early Miocene

Fig. 7. Cathode luminescence (CL) images of representative zircons analyzed for in situ U-Pb and Hf isotopes of quartz diorite porphyry, andesite, and amphibolic tuff
breccia in Ciemas.
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magmatic belt (Fig. 1B). The U- Pb zircon ages of the quartz diorite
porphyry, andesite, and amphibolic tuff breccia are 17.1 ± 0.4,
17.5 ± 0.3, and 16.9 ± 0.3 Ma, respectively (Wu et al., 2015). The
dating results indicate that the igneous rocks in Ciemas were all formed
by the Middle Miocene magmatism (Wu et al., 2015; Zhang et al.,
2015).

The geochemical characteristics of the Ciemas igneous rocks show
that the quartz diorite porphyry belongs to the calc-alkaline to high
potassium calc-alkaline series (Wu et al., 2015). The primitive mantle-
normalized trace element patterns of all the rocks are similar, with
relative enrichments in the large ion lithophile elements (LILE) Rb, Th,
and U and relative depletions of the high field strength elements (HFSE)
Nb, Ta, Zr, and Hf, which are similar to those of the typical arc mag-
matic rocks (Martin et al., 1999; Wu et al., 2015).

The zircons εHf (t) of the Ciemas igneous rocks are consistent, with
an average of −11.15 ± 0.39 (Table 1, Fig. 9d and 10), and the peak
value of TDM2 is 1500–1650 Ma, which suggests the Middle Miocene arc
magmatism in West Java experienced intense crustal contamination.
Java is located in the southern border of Sundaland, indicating that the
Middle Miocene (~17 Ma) magmatism in Ciemas may be contaminated
by underlying Sundaland.

The elemental geochemistry and Hf isotopes of the igneous rock

indicate that the Ciemas igneous rocks originated from the same arc
magmatism event with intense crustal contamination. As the Indian-
Australian Plate subducted beneath the Eurasian Plate, the addition of
fluid from the dehydration of the subducted slab resulted in partial
melting of the overlying mantle wedge and generated mafic magma
(Wu et al., 2015). This magma evolved further in the crust and was
contaminated by Sundaland, resulting in the Middle Miocene arc
magmatism in the Ciemas area.

5.2. Contribution of continental crust for mineralization

The low-sulfidation epithermal deposits are mainly concentrated in
West Java, which is coupled with the distribution of the Sundaland
underlain in Java (Fig. 1B) (Hall, 2002; Maryono et al., 2018). This
observation suggests that the Sundaland may contribute to the low-
sulfidation epithermal mineralization in West Java.

The Pb isotopes of sulfides (galena, pyrite and arsenopyrite) are
consistent with high radiogenic Pb (Fig. 11). The mean ratios of
206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb are 39.343 ± 0.059,
15.730 ± 0.015 and 18.854 ± 0.025, respectively, indicating that the
mineralization materials of the Ciemas gold deposit mainly originated
from ancient continental crust (Table 2). These ratios are similar to the

Fig. 8. Zircon U-Pb concordia diagram of quartz diorite porphyry (a), andesite (b), and amphibolic tuff breccia (c) in Ciemas (after (Wu et al., 2015)).
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Pb isotopes of Pliocene volcanic rocks and sulfides of epithermal de-
posits but are different from Miocene volcanic rocks in the Bayah Dome
(Fig. 11). The Pb isotopic compositions of the Pliocene volcanic rocks
and the associated mineralization are very similar in Bayah Dome;
206Pb/204Pb ranges from 18.71 to 18.81 and from 18.74 to 18.80, re-
spectively (Fig. 11) (Milési et al., 1999). The isotopic signature suggests
that the mineralization and associated volcanic rocks both originated
Sundaland that melted and remobilized during the Pliocene volcanism
and hydrothermal events (Marcoux and Milési, 1994; Milési et al.,
1999). The tin deposits in Indo-Chinese peninsula also have the similar
Pb isotopic compositions (206Pb/204Pb = 18.497 and 18.609) (Jones
et al. 1977), which indicates continental basement beneath West Java
may be similar to that exposed on the Indo-Chinese peninsula (Milési
et al., 1999). Conversely, the barren Miocene volcanics in the Bayah
Dome appear to be less dependent on the participation of this ancient
crust (Marcoux and Milési, 1994; Milési et al., 1999). Their isotopic
compositions (206Pb/204Pb ~ 15.56) indicate a mantle origin with slight
crustal contamination, which is consistent with the isotopic composi-
tions in lavas of mature island arcs (Fig. 11) (Doe and Zartman, 1979).
Therefore, the ore-forming materials of Ciemas deposit mainly origi-
nated from the underlying Sundaland, which is similar to the epi-
thermal mineralization in Bayah Dome.

5.3. Metallogenic events in Java

In East Java and its east, major porphyry deposits distributed from
the Hu’u deposit in the east, through the Elang and Batu Hijau deposits
in Sumbawa, the Selodong deposit in Lombok, and the Tumpangpitu
deposit in East Java to the west (Fig. 1B) (Harrison et al., 2018;
Maryono et al., 2018). To the west, the porphyry mineralization gra-
dually decreased (Setijadji et al., 2006; Maryono et al., 2018). The ty-
pical porphyry deposits in Central and East Java, including the Tum-
pangpitu, Trenggalek and Selogiri, occur in the southern region
(Fig. 1B). High-sulfidation epithermal deposits and prospects in this
area are associated with porphyry deposits and occur at Tumpangpitu,
Selogiri and Karangbolong (Fig. 1B) (Setijadji et al., 2006; Maryono
et al., 2018). Metallogenic time ranges from 21.7 to 3.9 Ma (Setijadji
et al., 2006). However, the giant deposits mainly formed less than 5 Ma
(Maryono et al., 2018).

The low-sulfidation epithermal deposits occurred widespread along
the southern part of Java (Fig. 1B). In West Java, many epithermal
deposits clustered within the Bayah Dome (Fig. 1B). The Bayah Dome,
located in the western part of the West Java, is exposed over an area of
approximately 40 × 80 km (Milési et al., 1999). The volcanic rocks at
the Bayah Dome complex mainly consist of the Late Miocene to Plio-
cene rhyolitic to andesitic rocks. The ages of those volcanic rocks are 14

Fig. 9. Zircon Hf isotopic compositions of quartz diorite porphyry (a), andesite (b), amphibolic tuff breccia (c), and all the three samples (d) in Ciemas.
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to 2 Ma, as revealed by K-Ar dating (Marcoux and Milési, 1994). Typical
deposits include the Cirotan, Cikotok, Cipanglengseran, Pongkor, Cia-
witali and Cikidang (Fig. 1B). These ore-forming ages are mainly con-
centrated in the Pliocene to Pleistocene (1.7–2.05 Ma) (Marcoux et al.,
1993; Basuki et al., 1994; Marcoux and Milési, 1994; Milési et al., 1994;
Milési et al., 1999).

In addition, some porphyry and epithermal Au (Ag) deposits have
been found in the south of West Java, including the low-sulfidation
Cibaliung Au-Ag deposit (ore-forming age: 10.7–11.2 Ma), the high-
sulfidation Cijulang Au deposit, the Arinem Au-Ag deposit (8.8–9.4 Ma)

with high-sulfidation mineralization overlying the low-sulfidation, the
high-sulfidation Cineam Au-Ag deposit (8.5–9.6 Ma) and the porphyry-
epithermal Ciemas Au deposit (~17 Ma) (Fig. 1B) (Harijoko et al.,
2007; Tun et al., 2014; Yuningsih and Matsueda, 2014; Zhang et al.,
2015). These mineralizations are mainly related to the Jampang For-
mation that was formed in the Early-Middle Miocene (23–11.6 Ma)
(Yuningsih et al., 2012). The quartz vein and structure-controlled al-
ternated ore blocks in Ciemas Au deposit occurred in the Jampang
Formation, and the associated igneous yielded ~ 17 Ma (Wu et al.,
2014; Zhang et al., 2015). Moreover, some epithermal and

Table 1
Zircon Lu-Hf isotopic compositions for igneous rocks in Ciemas.

Analysed point 176Hf/177Hf 1σ 176Lu/177Hf 1σ 176Yb/177Hf 1σ Age (Ma) εHf(0) 1σ εHf(t) 1σ TDM1 TDM2 fLu/Hf

Quartz diorite porphyry
CR17-01 0.282418 0.000016 0.001561 0.000007 0.050343 0.000392 17.1 −12.5 0.8 −12.2 0.8 1196 1637 −0.95
CR17-02 0.282431 0.000013 0.001237 0.000009 0.038306 0.000280 17.1 −12.0 0.7 −11.7 0.7 1167 1611 −0.96
CR17-03 0.282419 0.000018 0.001477 0.000013 0.048430 0.000369 17.1 −12.5 0.8 −12.1 0.8 1192 1635 −0.96
CR17-04 0.282468 0.000015 0.001362 0.000014 0.042480 0.000507 17.1 −10.7 0.7 −10.4 0.7 1118 1539 −0.96
CR17-05 0.282469 0.000013 0.001325 0.000014 0.040746 0.000396 17.1 −10.7 0.7 −10.4 0.7 1117 1538 −0.96
CR17-06 0.282475 0.000013 0.000747 0.000020 0.023332 0.000588 17.1 −10.5 0.7 −10.1 0.7 1091 1525 −0.98
CR17-07 0.282413 0.000014 0.000989 0.000008 0.032075 0.000232 17.1 −12.7 0.7 −12.3 0.7 1185 1647 −0.97
CR17-08 0.282462 0.000013 0.001311 0.000020 0.040668 0.000701 17.1 −11.0 0.7 −10.6 0.7 1127 1552 −0.96
CR17-09 0.282480 0.000013 0.001414 0.000012 0.044458 0.000437 17.1 −10.3 0.7 −10.0 0.7 1103 1515 −0.96
CR17-10 0.282452 0.000013 0.000935 0.000017 0.029554 0.000584 17.1 −11.3 0.7 −10.9 0.7 1128 1570 −0.97
CR17-11 0.282504 0.000012 0.000620 0.000005 0.018773 0.000184 17.1 −9.5 0.7 −9.1 0.7 1047 1469 −0.98
CR17-12 0.282422 0.000014 0.000628 0.000005 0.019269 0.000149 17.1 −12.4 0.7 −12.0 0.7 1162 1630 −0.98

Andesite
CR18-01 0.282420 0.000013 0.000655 0.000009 0.020030 0.000228 17.5 −12.4 0.7 −12.1 0.7 1165 1633 −0.98
CR18-02 0.282433 0.000012 0.000582 0.000003 0.018227 0.000108 17.5 −12.0 0.7 −11.6 0.7 1145 1608 −0.98
CR18-03 0.282475 0.000013 0.001048 0.000006 0.031996 0.000222 17.5 −10.5 0.7 −10.1 0.7 1100 1525 −0.97
CR18-04 0.282411 0.000015 0.001492 0.000036 0.048421 0.001372 17.5 −12.8 0.7 −12.4 0.7 1204 1651 −0.96
CR18-05 0.282480 0.000017 0.001191 0.000015 0.037709 0.000466 17.5 −10.3 0.8 −9.9 0.8 1096 1515 −0.96
CR18-06 0.282472 0.000016 0.001203 0.000020 0.037148 0.000442 17.5 −10.6 0.8 −10.3 0.8 1109 1532 −0.96
CR18-07 0.282452 0.000014 0.001088 0.000013 0.035424 0.000643 17.5 −11.3 0.7 −10.9 0.7 1133 1570 −0.97
CR18-08 0.282399 0.000016 0.001457 0.000024 0.048653 0.000915 17.5 −13.2 0.8 −12.8 0.8 1219 1673 −0.96
CR18-09 0.282417 0.000015 0.000975 0.000016 0.032001 0.000582 17.5 −12.6 0.7 −12.2 0.7 1179 1639 −0.97
CR18-10 0.282386 0.000015 0.002060 0.000087 0.071141 0.003326 17.5 −13.6 0.7 −13.3 0.7 1258 1699 −0.94
CR18-11 0.282409 0.000014 0.001003 0.000010 0.031801 0.000377 17.5 −12.8 0.7 −12.5 0.7 1191 1654 −0.97
CR18-12 0.282413 0.000015 0.001408 0.000006 0.044048 0.000169 17.5 −12.7 0.7 −12.3 0.7 1198 1646 −0.96
CR18-13 0.282376 0.000021 0.004179 0.000114 0.136948 0.003567 17.5 −14.0 0.9 −13.7 0.9 1351 1720 −0.87
CR18-14 0.282445 0.000015 0.001209 0.000018 0.037545 0.000727 17.5 −11.6 0.7 −11.2 0.7 1147 1584 −0.96
CR18-15 0.282453 0.000016 0.001648 0.000007 0.053879 0.000268 17.5 −11.3 0.8 −10.9 0.8 1149 1569 −0.95

Amphibolic tuff breccia
CR19-01 0.282433 0.000014 0.000949 0.000002 0.031532 0.000062 16.9 −12.0 0.7 −11.6 0.7 1156 1607 −0.97
CR19-02 0.282486 0.000014 0.001101 0.000010 0.034891 0.000407 16.9 −10.1 0.7 −9.8 0.7 1086 1504 −0.97
CR19-03 0.282458 0.000014 0.001176 0.000008 0.038596 0.000314 16.9 −11.1 0.7 −10.7 0.7 1128 1559 −0.96
CR19-04 0.282435 0.000015 0.000693 0.000007 0.023713 0.000250 16.9 −11.9 0.7 −11.6 0.7 1145 1604 −0.98
CR19-05 0.282520 0.000016 0.001312 0.000014 0.042240 0.000500 16.9 −8.9 0.8 −8.6 0.8 1044 1438 −0.96
CR19-06 0.282430 0.000014 0.000609 0.000007 0.019771 0.000342 16.9 −12.1 0.7 −11.7 0.7 1150 1613 −0.98
CR19-07 0.282454 0.000015 0.000809 0.000013 0.026682 0.000468 16.9 −11.2 0.7 −10.9 0.7 1122 1567 −0.98
CR19-08 0.282429 0.000015 0.001514 0.000015 0.049909 0.000581 16.9 −12.1 0.7 −11.8 0.7 1179 1616 −0.95
CR19-09 0.282480 0.000014 0.001306 0.000004 0.042195 0.000178 16.9 −10.3 0.7 −10.0 0.7 1101 1517 −0.96
CR19-10 0.282465 0.000014 0.000823 0.000007 0.026738 0.000242 16.9 −10.9 0.7 −10.5 0.7 1108 1545 −0.98
CR19-11 0.282504 0.000014 0.000982 0.000006 0.029618 0.000173 16.9 −9.5 0.7 −9.1 0.7 1057 1468 −0.97
CR19-12 0.282532 0.000014 0.000891 0.000023 0.027611 0.000736 16.9 −8.5 0.7 −8.1 0.7 1016 1415 −0.97
CR19-13 0.282374 0.000018 0.002139 0.000019 0.073446 0.000677 16.9 −14.1 0.8 −13.7 0.8 1278 1723 −0.94
CR19-14 0.282439 0.000013 0.001317 0.000015 0.041101 0.000443 16.9 −11.8 0.7 −11.4 0.7 1159 1597 −0.96
CR19-15 0.282462 0.000015 0.000708 0.000011 0.021666 0.000328 16.9 −11.0 0.7 −10.6 0.7 1109 1551 −0.98
CR19-16 0.282393 0.000014 0.001365 0.000042 0.047754 0.001684 16.9 −13.4 0.7 −13.1 0.7 1225 1686 −0.96

Notes: The weighted average ages of zircons are used for calculations of the εHf (t) and the T2DM.
Parameters: (176Hf/177Hf) 0

CHUR = 0.282772 ± 0.000029, (176Lu/177Hf) 0
CHUR = 0.0332 ± 0.0002 (Blichert-Toft and Albarède, 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: εHf (t) = [(176Hf/177Hf)t

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

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

spl – (176Lu/177Hf)0
DM] + 1, TDM2 = TDM1 – (TDM1 – fspl) × (fBBC – fspl)/(fBBC – fDM).
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volcanogenic massive sulfide (VMS) deposits associated with the Jam-
pang Formation have been discovered in Cianjur (Gunung Subang) and
Tasikmalaya (Ciasah-Cidadap-Cibuniasih) districts in West Java (JICA-
JOGMEC, 1996; Setijadji et al., 2006; Sunarie et al, 2009), which

indicates that an important metallogenic event occurred in West Java
during Miocene. The origins of this metallogenic event and associated
magmatism may be closely related the underlying Sundaland, which is
similar to that in the Ciemas area.

6. Conclusions

The zircons εHf (t) of the igneous rocks in Ciemas are consistent,
with an average of −11.15 ± 0.39, and the peak value of TDM2 is
1500–1650 Ma, which suggests the Sundaland participated in the
Middle Miocene arc magmatism in Ciemas.

The in situ Pb isotopic compositions of sulfides are very uniform and
have high radiogenic lead in the Ciemas Au deposit, indicating that the
metallogenic materials of the Ciemas gold deposit mainly originate
from underlying Sundaland.

The multistage arc magmatism induced by the subduction of Indian-
Australian Plate northward beneath Java Island controls the porphyry
and epithermal mineralization in Java. There is an important metallo-
genic event in West Java during Miocene, except Pliocene-Pleistocene
porphyry mineralization in East Java and low-sulfidation mineraliza-
tion in West Java.

Table 2
Pb isotopic compositions of sulfides in Ciemas.

Sample No. 208Pb/204 Pb 1σ 207 Pb/204 Pb 1σ 206 Pb/204 Pb 1σ 208 Pb/206 Pb 1σ 207 Pb/206 Pb 1σ

C09a-Asp1 39.325 0.018 15.720 0.007 18.829 0.008 2.0884 0.0001 0.8348 0.0000
C09a-Asp2 39.425 0.075 15.770 0.030 18.896 0.035 2.0882 0.0003 0.8350 0.0001
C09a-Asp4 39.411 0.011 15.752 0.004 18.879 0.005 2.0877 0.0001 0.8345 0.0000
C09a-Asp5 39.273 0.037 15.710 0.015 18.809 0.018 2.0879 0.0002 0.8354 0.0001
C09a-Asp6 39.286 0.110 15.707 0.044 18.818 0.052 2.0876 0.0004 0.8349 0.0002
C09a-Asp7 39.370 0.015 15.735 0.006 18.850 0.007 2.0885 0.0001 0.8348 0.0000
C09a-Py1 39.307 0.064 15.718 0.025 18.820 0.029 2.0873 0.0002 0.8347 0.0001
C09a-Py2 39.329 0.033 15.729 0.013 18.845 0.015 2.0872 0.0001 0.8347 0.0001
C09a-Py3 39.317 0.005 15.718 0.002 18.836 0.002 2.0873 0.0000 0.8345 0.0000
C09a-Py4 39.230 0.034 15.700 0.013 18.790 0.016 2.0879 0.0001 0.8353 0.0001
C09a-Py5 39.307 0.025 15.723 0.010 18.827 0.012 2.0881 0.0001 0.8351 0.0001
C09a-Py6 39.317 0.062 15.723 0.025 18.834 0.029 2.0883 0.0002 0.8352 0.0001
C18b-Py2 39.180 0.012 15.717 0.004 18.827 0.005 2.0810 0.0001 0.8349 0.0000
C18b-Py3 39.194 0.013 15.728 0.005 18.823 0.006 2.0824 0.0001 0.8356 0.0000
C18b-Py5 39.367 0.005 15.733 0.002 18.853 0.002 2.0877 0.0001 0.8344 0.0000
CBT-11-Gn1 39.346 0.013 15.741 0.005 18.878 0.004 2.0845 0.0002 0.8340 0.0000
CBT-11-Gn2 39.334 0.012 15.742 0.004 18.875 0.004 2.0841 0.0001 0.8341 0.0000
CBT-11-Gn3 39.390 0.014 15.736 0.005 18.871 0.005 2.0875 0.0002 0.8340 0.0000
CBT-4-Gn1 39.373 0.012 15.731 0.004 18.865 0.004 2.0870 0.0002 0.8340 0.0000
CBT-4-Gn3 39.392 0.007 15.736 0.003 18.874 0.003 2.0870 0.0001 0.8338 0.0000
CBT-4-Gn4 39.389 0.005 15.734 0.002 18.874 0.002 2.0867 0.0001 0.8337 0.0000
CBT-4-Gn5 39.391 0.004 15.734 0.002 18.874 0.002 2.0867 0.0001 0.8337 0.0000
CBT-4-Py1 39.330 0.007 15.735 0.002 18.868 0.003 2.0845 0.0001 0.8340 0.0000
CBT-4-Py2 39.355 0.013 15.723 0.005 18.856 0.006 2.0871 0.0001 0.8338 0.0000
CBT-4-Py3 39.374 0.014 15.727 0.005 18.864 0.006 2.0873 0.0001 0.8338 0.0000
CBT-4-Py4 39.346 0.013 15.719 0.005 18.853 0.006 2.0870 0.0001 0.8338 0.0000
P5a-Gn1 39.390 0.005 15.736 0.002 18.874 0.002 2.0868 0.0001 0.8337 0.0000
P5a-Gn1 39.394 0.007 15.737 0.002 18.873 0.002 2.0873 0.0001 0.8338 0.0000
P5a-Gn2 39.380 0.006 15.733 0.002 18.868 0.002 2.0872 0.0001 0.8339 0.0000
P5a-Gn4 39.357 0.004 15.726 0.002 18.859 0.002 2.0869 0.0001 0.8339 0.0000
P5a-Py1 39.396 0.005 15.738 0.002 18.871 0.002 2.0875 0.0001 0.8340 0.0000
P5a-Py3 39.361 0.019 15.721 0.007 18.859 0.009 2.0875 0.0001 0.8339 0.0000
P5a-Py5 39.374 0.011 15.732 0.004 18.861 0.005 2.0876 0.0001 0.8340 0.0000

Notes: C – sample from the Cibak ore block; CBT – sample from the Cibatu ore block; P- sample from the Pasir Manggu ore block; Asp – Arsenopyrite; Py – Pyrite; Gn –
Galena.

Fig. 10. Zircon Hf isotopic compositions verses ages for quartz diorite por-
phyry, andesite and amphibolic tuff breccia in Ciemas.
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