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The Ciemas gold mining area is located in the Sunda arc volcanic rock belt, West Java, Indonesia. Ore bodies are
associated with Miocene andesite, dacite and quartz diorite porphyrite. To constrain ore genesis andmineraliza-
tion significance, a detailed study was recently conducted examining these deposits, which included detailed
field observation, petrographic study, petrochemistry, sulfur isotope analyses, zircon U–Pb dating, and fluid in-
clusion analysis. The results include the following findings. 1) Ore types have been identified as porphyry, a
quartz–sulfide vein, and structure-controlled alteration rocks. 2) In host rocks, zircon LA–ICP-MS U–Pb dating
of quartz diorite porphyrite, amphibole tuff breccia and andesite yield ages of 17.1 ± 0.4 Ma, 17.1 ± 0.4 Ma
and 17.5± 0.3Ma, respectively. 3) Fluid inclusions in the quartz from ore are given priority to liquid and gas–liq-
uid phases, and their components are of the NaCl–H2O system with homogenization temperatures of
240–320 °C, salinities of 14–17%, densities of 0.85–0.95 g/cm3, and fluid pressure values between 4.1 and
46.8MPa, corresponding tometallogenic depths from150 to 1730m. Fluid characteristics are identifiedas similar
to those of high sulfur epithermal deposits. 4) The sulfur isotopic compositions are notably uniform, the δ34S
values of wall rocks range from 3.71 to 3.85‰, and the δ34S values of ores vary from 4.90‰ to 6.55‰. The sulfur
isotopic composition of ores is similar to that of the wall rocks, indicating a mixed origin of mantle with a sedi-
mentary basement. 5) The trace element patterns of different ore types are similar, which indicates that they
originate from the same source. Au deposits primarily occurred during the late magmatic activity. Finally, we
have set up the regional metallogenic model, confirming that this gold deposit in the Sunda arc volcanic rock
belt belongs to a metallogenic system from porphyry to epithermal type.
ng), xyyang555@163.com
© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The initial definition of epithermal deposition referred to deposition
that occurs in a shallow place and always localizes to the volcanic rocks
in low-temperature mineralized bodies (Lindgren, 1933), but with
increased research, the connotation of this definition has changed.
Buchanan (1981), based on the evolution of ore-forming fluid,
established a comprehensive epithermal gold deposit model. Berger
(1983) proposed the geological–geochemical concept model of the
epithermal deposit. Bonham (1986) argued that this type of deposit
could be divided into low-sulfur, high-sulfur and alkali rock types.
Heald et al. (1987) divided the deposits into alunite–kaolinite and
adularia–sericite types according to the ore mineral assemblages.
Sillitoe (1997) suggested that epithermal deposits and porphyry
deposits derived from the same thermal system and could occur at the
same time. Hedenquist et al. (2000) suggested the intermediate-
sulfide (IS) type between the high-sulfide (HS) and low-sulfide types
(LS). Corbett (2002) tried to reveal the inner links between epithermal
deposits, porphyry Cu–Au deposits and skarn deposits with a uniform
model. Heinrich et al. (2004), Heinrich (2005) suggested that a steam
cooling contractionmechanism led the ore-forming process from a por-
phyry copper–gold to an epithermal gold (copper) type. These facts il-
lustrate that epithermal deposits are not limited to the low-
temperature ranges and are closely associated with porphyry deposits
and aspects of the mineralization and that they belong to a continuous
series.

The Ciemas gold deposit is located in Sukabumi, West Java Province,
Indonesia (Fig. 1a). Since 1980, many mining companies (including
Parry Corporation Ltd., Terrex Resources NL, Meekatharra Minerals
Indonesia and Wilton Wahana Indonesia) have implemented mineral
exploration projects and resources (measured and indicated) of 16.5 t
of gold metal have been delineated by exploration (Table 1). Since
2010, we have conducted an overall geological survey assessment
based on exploration data and researched the mineral compositions,
structures and geochemistry of mineral deposits. Altogether, some 10
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Fig. 1. a)Geologicalmap showing the distribution of Audeposits in the Ciemas area,West Java, Indonesia (modified after Jonathan, 2007;Milesi et al., 1999; Sukamto, 1975). Deposit num-
bers and local names: 1— Pasir Manggu; 2— Cibak; 3— Cigombong; 4— Cileuweung; 5— Cibatu; 6— Sekolah; 7— Cikadu; 8— Ciheulang; 9— Japudali; 10— Cipirit. b)Map ofWest Java
showing the location of the Ciemas deposit hosted by the late Eocene to early Miocene volcanic rock belt.
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gold deposits have been discovered in the range of 10 km2 (Hong et al.,
2013).We suggest that the genesis of these deposits is closely related to
the magmatic hydrothermal activity whereby Miocene quartz diorite
porphyrite intruded into andesite and dacite, from the perspective of
ore-forming space and time. Both similarities and differences are rela-
tive to some typical porphyry–epithermal deposits (Corbett, 2002;
Marcoux and Milési, 1994). Ore types include porphyry, quartz–sulfide
vein (equivalent to the high-sulfur type) and structurally controlled al-
teration rocks near the porphyry intrusion. Topographically, the lower
of the ore bodies is a quartz–sulfide vein, and the upper is carbonate-
base metal, with the spatial distribution of ore bodies being similar to
that of low-sulfur types. Because of these characteristics, the Ciemas
gold deposit is considered a special porphyry–epithermal system relat-
ed to the magmatic arc background (Fig. 1b), which deserves detailed
researchwork. In this paper, taking the Ciemas gold deposit as an exam-
ple, we propose the spatial conceptmodel of the trinity according to the
interconnection of different ore bodies in terms of space and origin.

From the center to the periphery of the hypabyssal intrusions, the
gold mineralization successively evolved from porphyry type to sulfide
type with quartz vein-structurally-controlled vein type. Differences in
the ore types are closely related to magmatic temperature and the
degree of mixing between magmatic fluids and meteoric water.

2. Geological background

2.1. Tectonic setting

The Ciemas Au deposit is situated within West Java at the southern
margin of Sundaland (Fig. 1), which is the continental core of SE Asia
formed by the accretion of blocks to the Eurasian margin (Hall, 2002;
Hamilton, 1988), and was assembled by the time of the Late Triassic
(Clements and Hall, 2007, 2008). Volcanic rocks (Citirem Formation)
and metamorphic rocks (Pasrluhur schist) of Mesozoic age exposed in
southern Ciemas (Fig. 1a) were accreted at the periphery of Sundaland
in West Java (Wakita, 2000). By the end of the Cretaceous and during
the Paleocene, much of Sundaland was an emergent continental region,
most likely with a passivemargin in southern Java (Carlile andMitchell,
1994). However, rapid northwardmovement of the Australian Plate oc-
curred in the Eocene. Northward subduction of the Indo-Australian
Plate beneath the Eurasian Plate has most likely been continuous since
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the early Paleogene, although associated volcanism may not have been
continuous (Hamilton, 1989; Hutchison, 1988). Almost all of the rocks
exposed on Java are Cenozoic, and they include igneous intrusions, vol-
canic products, siliciclastic sedimentary rocks and shallow marine car-
bonates (Claproth, 1989; Katili, 1989; Van, 1970; Whitford et al.,
1979). The Ciemas gold deposit is hosted by a late Eocene to early Mio-
cene volcanic rock belt (Fig. 1b).

2.2. Sedimentary lithostratigraphy

In the mining area, except for a tiny amount of Mesozoic units, most
rocks are exposed Tertiary volcanic breccia, tuff and andesite, as well as
Quaternary residual deposits and alluvial deposits (Jonathan, 2007;
Milesi et al., 1999; Sukamto, 1975). The regional strata are described
in Fig. 1a and Table 2.

2.3. Structure

The regional structure has two sets ofmain orientations to faults, i.e.,
the NE strike and NW strike (Fig. 1a). The fold mainly consists of the
Ciemas syncline, which is a similar fold with a NE axial direction. The
main faults constituting the ore body are (Fig. 1a) detailed as follows:
(1) The Japudali fault has an NW strike (310°), a NE dip with a high
angle (60°–70°) and is more than 1000 m in length and 30 m wide.
The structurally controlled alteration rocks, consisting of volcanic brec-
cia and argillaceous altered rocks, are visible within the fault with pyrite
and chalcopyrite. (2) The Pasir Manggu fault has a NE strike (45°), a SE
dip with a high angle (60°–70°) and is more than 1000 m in length and
30 m wide. The structural fracture zone consists of volcanic breccia,
quartz veins and argillaceous altered rocks, including a chalcedony–
quartz vein with pyritization (Fig. 2). (3) The Cibatu fault presents a
NE strike (50°), a NW dip with a high angle (60°–80°) and is more
than 2000m in length and 20mwide. The structurally controlled alter-
ation rocks consist of volcanic breccia, and altered argillaceous rocks are
visible within the fault with silicide and lead–zinc–copper mineraliza-
tion (Fig. 2). (4) The Ciheulang fault has a NW strike (320°), a NE dip
with a high angle (60°–80°) and is more than 1000 m in length and
30 m wide (Fig. 2). The structurally controlled alteration rocks consist
of volcanic breccia, and altered argillaceous rocks are visible within
the fault zone with silicide, pyrite, chalcopyrite and lead–zinc
mineralization.

According to the structural analysis, the ore-bearing faults represent
three periods of tectonic activity. Early activity in the extensional fault is
shown in the stockwork and filling structure. Themiddle activity is indi-
cated by the compressional fault with shear alteration consisting of the
schistosity of tectonic schist and fracture breccia, and the late activity is
represented by the extensional fault with a gold-bearing fractured zone
with a chalcedony–quartz vein, silicification, pyritization and
carbonatization.

2.4. Igneous rocks

A large number of scattered dacites for a diameter of several kilome-
ters are characterized by rich double-cone coarse quartz. Few intrusions
are exposed. Only one dacite has been found within the Ciemas region.
Small amounts ofMesozoic basic–ultra-basic rocks and Pasirluhur schist
outcrop in the mining area 30 km away (Fig. 1a).

In Cipirit, a quartz diorite porphyrite intrudes into the Miocene
dacite and andesite, consisting of mid-coarse quartz and hornblende
phenocrysts in a matrix of primarily cryptocrystalline quartz and feld-
spar. The rock mass outcrops as stocks, which have propylitization at
the top and side, and mineral composition mainly includes chlorite, ep-
idote, quartz, calcite and pyrite and chalcopyrite (Fig. 3a-1). The rock
has a massive structure and a porphyritic texture, with chalcopyrite
and pyrite on the edge of hornblende phenocrysts or in the matrix
(Fig. 4b).
3. Deposit descriptions

The mining area can be divided into 10 ore blocks (Fig. 1, Table 1),
and the mineralized rock types are described in the following
subsections.

3.1. Quartz–sulfide vein ore deposits

Four ore blocks, Pasir Manggu, Cigombong, Cileuweung and Cibak,
are of the quartz vein type (Fig. 2). Among them, the Pasir Manggu
ore block has been extensively explored (Fig. 5a, b). As a typical ore de-
posit, its details follow (the features of the other three ore blocks are
briefly described in Table 1).

The PasirManggumining area is distributed in theMiocene Jampang
Formation composed of andesite lava, breccia and volcanic clastic rock
(Fig. 5a). The exposed Cibak and Cibatu dacites are nearby, with a devel-
opedNNE fault zone (Fig. 2). The orebody consists of chalcedony, andes-
itic breccia with quartz cementation and quartz veins in the structure
alteration zones (Fig. 5a)with an average 45° direction. The drill spacing
is on approximately 20 × 20 m grids over approximately 640-m-long
controlled orebodies occurring in layered veins (Fig. 3b) that dip SE at
angles of 75° to 80°, extending to a depth of 60–120 m (Fig. 5b). The
tops and bottoms of the orebodies are composed of andesitic breccia.
Gold grades in the horizontal and vertical planes have certain changes,
especially where the NE–NW fractures cross, and the ore body becomes
thicker with high grades. There are two main orebodies (Fig. 5): 300–
650 m long, 1–7.50 m thick, gold grade 1–22.60 g/t, average grade of
6.88 g/t, and 2.65 t of gold metal resources.

Themetal oreminerals are pyrite, chalcopyrite, arsenopyrite,marca-
site, limonite and arsenic sulfide copper ore. The gangue minerals in-
clude quartz, plagioclase, chlorite, epidote, sericite, biotite, clay, calcite,
dolomite, and ankerite. In addition to gold, the orebodies also contain
associated Ag (10 to 60 g/t, highest Ag grade 512 g/t). Themineral para-
genetic association is mainly pyrite, natural gold and quartz.

Ore textures are thefine-grained type, euhedral–half-euhedral gran-
ular types and poikilitic type, with structures of disseminated type, fine
veins and disseminated and massive types. The ore types are oxidized
ores on the surface and sulfide ores in the depth. The oxidation zone
ranges from 5 to 10 m in depth. In the original sulfide ores, the metal
minerals are pyrite, marcasite, arsenic pyrite, galena, sphalerite, chalco-
pyrite, argentite, gold and silver. The gold-to-silver ratio is 4:1 with an
average arsenic content of 0.70%, a lead content of 0.05% and a zinc con-
tent of 0.06%. The gold occurs in the edges of base metal sulfides or dis-
solved in arsenopyrite or is in the quartz. The gold particle size is usually
2–40 μm.

Three periods of themineralization process have been identified: 1)
the first period is characterized by a banded chalcedony-silicide, gener-
ally without gold mineralization; 2) the second period is characterized
by an arsenic pyrite quartz vein and brecciated process; 3) the third pe-
riod is characterized by ore-bearing hydrothermalfillingmetasomatism
forming banded structures of chalcedony cements and sulfide, and in-
tergrowth of precious metal ores. The wall rock alteration displays
strong argillic alteration (mainly kaolinite, illite and montmorillonite),
and the thickness of the alteration zone is up to 5 m in the top of ore
body, becoming narrow on the footwall (Fig. 3b).

3.2. Ore deposits of structurally-controlled alteration rocks

The structurally-controlled deposits are mainly Ciheulang, Cibatu,
Cikadu, Sekolah and Japudali. Among them, the Cibatumine, as a typical
ore deposit, is described below (characteristics of the other deposits are
briefly summarized in Table 1).

The Cibatu mining area is distributed in the Miocene Jampang For-
mation composed of the Cikarang Member and Ciseureuh Member.
The exposed Cibatu dacite is nearby, with a developed NNE direction
fault zone composed of cataclastic rock, schist and silicide, mud and



Table 1
Characteristics of Au–Ag–multimetal deposits in the Ciemas, west Java, Indonesia.

Deposit No. longitude,
latitude Location

Ore type and Ore-
forming element
association
Au Resources

Ore body morphology and
position within host rocks

Mineral association within ore
body

Structure and texture of ores Natural type of ore
and grade of ore

Host rock and altered wall
rock

Ore-controlling
structures

No. 1 Pasir Manggu
106°32′35″, 07°11′12″
Sukabumi County

Quartz vein
(Au, Ag),
Au 2.642 t/measured
2.186 t/indicated
1.303 t/inferred

Multiple quartz vein zone
within fault, presenting as
compound vein. Average
strike NNE 45°, dip direction
SE, dip angle 75° to 80°, ex-
tending to the deep, tilting
generally 60–120 m, length
640 m with thickness of
1–7.50 m.
Total four gold ore bodies are
explored

Mainly pyrite, As-bearing py-
rite, and pyrrhotite, with mi-
nor chalcopyrite, marcasite,
limonite. Secondary ilmenite,
hematite and covellite.
Gangue minerals including
quartz, plagioclase, chlorite,
epidote, sericite, biotite, clay,
calcite, dolomite, ankerite

Idiomorphic granular texture,
replacement texture and
poikilitic texture. Mainly
brecciated, disseminated,
mesh-vein structure, with mi-
nor colloform, massive struc-
ture. Assemblages of pyrite–
native gold–quartz

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–22.6 g/t, the
average grade of 6.88 g/t

Jampang Formation andesitic
lava, breccia, and
volcaniclastic rock. Hanging
wall and foot wall of ore body
within andesitic volcanic
breccia, with strong clay
mineralization, alteration belt
thickness 5–10 m

Nearby Cibak dacite,
ore hosted fault strike
NE. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

No. 2 Cigombong
106°34′08″, 07°10′02″
Sukabumi County

Quartz vein
(Au, Cu),
Au 3.38 t/inferred

Massive quartz occurs as
veins within altered dacite.
Orebody's dip direction is
350° dip angle 60°, with
length 500 m, thickness
1–10 m, deep unknown.
Total six gold ore bodies are
explored

Mainly pyrite, As-bearing py-
rite, and pyrrhotite, with mi-
nor chalcopyrite, marcasite,
limonite. Secondary ilmenite,
hematite and covellite.
Gangue minerals including
quartz, plagioclase, chlorite,
epidote, sericite, biotite, clay,
calcite, dolomite, ankerite

Idiomorphic granular texture,
replacement texture and
poikilitic texture. Mainly
brecciated, disseminated,
mesh-vein structure, with mi-
nor colloform, massive struc-
ture. Assemblages of pyrite–
native gold–quartz. Assembly
pyrite–native gold–quartz

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold average grade of
5.49 g/t

Ciemas dacite and Jampang
Formation andesitic lava.
Hanging wall and foot wall of
ore body within andesitic
volcanic breccia, with strong
clay mineralization, alteration
belt thickness 5–10 m

Nearby Ciemas dacite,
ore hosted fault strike
NW, intersection with
propylitization zone.
Fault activity appears
as expanding, occurs
the crystal class quartz

No. 3 Cileuweung
106°34′30″, 07°09′53″
Sukabumi County

Quartz vein
(Au, Cu),
Au 3.33 t/inferred

Open growth quartz vein
with geode, occurs as veins
within altered dacite,
orebody as dip direction NW,
dip angle 45°–60°, with
length 100–500 m, thickness
1–3 m, deep unknown

Mainly pyrite, As-bearing py-
rite, and pyrrhotite, with mi-
nor chalcopyrite, marcasite,
limonite. Secondary ilmenite,
hematite and covellite.
Gangue minerals including
quartz, plagioclase, chlorite,
epidote, sericite, biotite, clay,
calcite, dolomite, ankerite

Idiomorphic granular texture,
replacement texture and
poikilitic texture. Mainly
brecciated, disseminated,
mesh-vein structure, with mi-
nor colloform, massive struc-
ture. Assemblages of pyrite–
native gold–quartz. Assembly
pyrite–native gold–quartz

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–20.43 g/t, the
average grade of 11.47 g/t

Jampang Formation andesitic
lava, breccia, and
volcaniclastic rock. Hanging
wall and foot wall of ore body
within andesitic volcanic
breccia, with strong clay
mineralization, alteration belt
thickness 5–10 m

Nearby Cipiri dacite,
ore hosted fault strike
NE, intersection with
propylitization zone.
Fault activity appears
as expanding, occurs
the crystal class quartz

No. 4 Cibak
106°32′45″, 07°09′56″
Sukabumi County

Quartz vein
(Au, Ag, Pb, Zn),
Au 6.96 t/inferred

Quartz–quartzite-
argillization zone within
fault. Orebody as dip
direction 315°, dip angle 60°,
with length 800 m, thickness
0.5–4 m, deep unknown.
Total three gold ore bodies
are explored

Mainly pyrite, As-bearing py-
rite, and pyrrhotite, with mi-
nor chalcopyrite, marcasite,
limonite. Secondary ilmenite,
hematite and covellite.
Gangue minerals including
quartz, chlorite, sericite, bio-
tite, clay, calcite, dolomite,
ankerite

Idiomorphic granular texture,
replacement texture and
poikilitic texture. Mainly
brecciated, disseminated,
mesh-vein structure, with mi-
nor massive structure. Assem-
bly pyrite–native gold–quartz.
Assemblages of pyrite–native
gold–quartz

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–16.43 g/t, the
average grade of 8.40 g/t

Jampang Formation andesitic
lava, breccia, and
volcaniclastic rock. Hanging
wall and foot wall of ore body
within andesitic volcanic
breccia, with strong clay
mineralization, alteration belt
thickness 5–10 m

Nearby Cibak dacite,
ore hosted fault strike
NE, intersection with
alteration belt. Fault ac-
tivity appears as
expanding, occurs the
crystal class quartz

No. 5 Cibatu
106°33′57″, 07°10′51″
Sukabumi County

Structural alterated
rock (Au, Pb, Zu),
Au 4.595 t/indicated;
3.715 t/inferred

Along the structure-
controlled alteration zone
appears in bedded, veined
and irregular ore bodies, dip
direction 330°, dip angle 60°
to 65°, extending to the deep
in the tilt generally 80–
130 m, length 700 m, thick-
ness 1–8 m.
Total three gold ore bodies
are explored

Mainly pyrite, sphalerite,
galena, and pyrrhotite, with
minor chalcopyrite, marcasite.
Secondary limonite, malachite
and hematite. Gangue
minerals including quartz,
chlorite, epidote, sericite, clay,
calcite

Granules crystalloblastic
texture, cataclastic texture and
lepidoblastic texture. Mylonitic
structure, schistose structure,
partly mesh-vein structure. As-
semblages of galena–native
gold–quartz–pyrite

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–10.32 g/t, the
average grade of 6.73 g/t

Jampang Formation, Cikarang
Member and Ciseureuh
Member. Hanging wall and
foot wall of ore body within
andesitic volcanic breccia,
alteration with mainly
chloritization and
pyritization, secondly
silicification, carbonation and
epidotization

Nearby Cibatu dacite,
ore hosted fault strike
NE. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

(continued on next page) 155
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No. 6 Sekolah
106°33′27″, 07°10′58″
Sukabumi County

Structural alterated
rock (Au, Fe),
Au 1.361 t/indicated
7.043 t/inferred

Along the structure-
controlled alteration zone
appears in bedded, veined
and irregular ore bodies, dip
direction 330°, dip angle 60°
to 65°, extending the deep in
the tilt generally 80–130 m,
length 920 m, thickness
1–8 m.
Total three gold ore bodies
are explored

Mainly pyrite, sphalerite,
galena, and pyrrhotite, with
minor chalcopyrite, marcasite.
Secondary limonite, malachite
and hematite. Gangue
minerals including quartz,
chlorite, epidote, sericite, clay,
calcite

Granules crystalloblastic
texture, cataclastic texture and
lepidoblastic texture. Mylonitic
structure, schistose structure,
partly mesh-vein structure. As-
sembly galena–native gold–
quartz–pyrite

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–18.44 g/t, the
average grade of 7.41 g/t.

Jampang Formation, Cikarang
Member and Ciseureuh
Member. Hanging wall and
foot wall of ore body within
andesitic volcanic breccia,
alteration with mainly
chloritization and
pyritization, secondly
silicification, carbonation and
epidotization

Nearby Cibatu dacite,
ore hosted fault strike
NE. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

No. 7 Cikadu
106°32′52″, 07°11′22″
Sukabumi County

Structural alterated
rock (Ag, Fe),
Au 5.745 t/indicated
3.698 t/inferred

Along the structure-
controlled alteration zone
appears in bedded, veined
and irregular ore bodies, dip
direction 330°, dip angle 60°
to 65°, extending the deep in
the tilt generally 80–130 m,
length 840 m, thickness
1–8 m.
Total three gold ore bodies
are explored

Mainly pyrite, sphalerite,
galena, and pyrrhotite, with
minor chalcopyrite, marcasite.
Secondary limonite, malachite
and hematite. Gangue
minerals including quartz,
chlorite, epidote, sericite, clay,
calcite

Granules crystalloblastic
texture, cataclastic texture and
lepidoblastic texture. Mylonitic
structure, schistose structure,
partly mesh-vein structure. As-
semblages of galena–native
gold–quartz–pyrite

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 1–10.30 g/t, the
average grade of 8.99 g/t.

Jampang Formation, Cikarang
Member and Ciseureuh
Member. Hanging wall and
foot wall of ore body within
andesitic volcanic breccia,
alteration with mainly
chloritization and
pyritization, secondly
silicification, carbonation and
epidotization

Nearby Cibatu dacite,
ore hosted fault strike
NE. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

No. 8 Ciheulang
106°34′05″, 07°11′47″
Sukabumi County

Structural alterated
rock (Ag, Fe),
Au 4.78 t/inferred

Along the structure-
controlled alteration zone
appears in bedded, veined
and irregular ore bodies, dip
direction NE, dip angle 68°,
length 200 m, thickness
2–4 m, extending deep un-
known.
Only one gold ore body is
explored

Mainly pyrite, sphalerite,
galena, and pyrrhotite, with
minor chalcopyrite, marcasite.
Secondary limonite, malachite
and hematite. Gangue
minerals including quartz,
chlorite, epidote, sericite, clay,
calcite

Granules crystalloblastic
texture, cataclastic texture and
lepidoblastic texture. Mylonitic
structure, schistose structure,
partly mesh-vein structure. As-
semblages of galena–native
gold–quartz–pyrite

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m.
Gold grade 5–30 g/t

Jampang Formation, Cikarang
Member and Ciseureuh
Member. Hanging wall and
foot wall of ore body within
andesitic volcanic breccia,
alteration with mainly
chloritization and
pyritization, secondly
silicification, carbonation and
epidotization

Nearby Cibatu dacite,
ore hosted fault strike
NW. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

No. 9 Japudali
106°33′05″, 07°06′27″
Sukabumi County

Structural alterated
rock (Au, Pb, Zu),
Au 13.92 t/inferred

Along the structure-
controlled alteration zone
appears in bedded, veined
and irregular ore bodies, dip
direction NE, dip angle 70°–
70°, length 300 m, thickness
2–4 m, extending deep un-
known.
Total four gold ore bodies are
explored

Mainly pyrite, sphalerite,
galena, and pyrrhotite, with
minor chalcopyrite, marcasite.
Secondary limonite, malachite
and hematite. Gangue
minerals including quartz,
chlorite, epidote, sericite, clay,
calcite

Granules crystalloblastic
texture, cataclastic texture and
lepidoblastic texture. Mylonitic
structure, schistose structure,
partly mesh-vein structure. As-
sembly galena–native gold–
quartz–pyrite

Oxidized ore and sulfide
ores, oxidation zone
generally deep 5–10 m. On
the earth's surface, gold
grade 8.46 g/t; in tunnel,
gold grade 7.70 g/t.

Jampang Formation andesitic
lava, breccia, and
volcaniclastic rock. Hanging
wall and foot wall of ore body
within andesitic volcanic
breccia, alteration with
mainly chloritization and
pyritization

Ore hosted fault strike
NW. Fault activity
through the tensile,
compressor-shear and
tensile-shear process

No. 10 Cipirit
106°33′05″–03″,
07°08′46″
Sukabumi County

Porphyry Pb–Zu (Au,
Cu),
Au 19.91 t/inferred

In outer of porphyry appears
in bedded, veined and
irregular ore bodies, single
length 20–80 m, thickness 3–
10 m, deep 50 m. In dacite
presenting as stockworks
quartz vein

Mainly pyrite, chalcopyrite,
pyrrhotite, magnetite,
sphalerite and galena, with
minor arsenopyrite, marcasite,
limonite. Secondary bornite,
ilmenite, hematite and
covellite. Gangue minerals
including quartz, sericite,
chlorite and calcite

Idiomorphic–xenomorphic
crystal texture, interstitial,
metasomatic, poikilitic texture,
and myrmekitic texture.
Banded, disseminated,
massive, mesh-vein structure,
and brecciated structures. As-
semblages of pyrite–native
gold–quartz–chalcopyrite

In propylitization belt, with
pyrite, magnetite and
native gold, oxidation zone
generally deep 5–10 m, the
average gold grade of
1.22 g/t.

Ciemas Dacitec, quartz diorite
porphyrite, with strong
propylitization, with epidote,
chlorite, albite, and
carbonation (calcite, dolomite
and ankerite), with minor
sericitization

Ciemas Dacitec
covering on Jampang
Formation andesite,
and quartz diorite
porphyrite intruded
into Ciemas dacite. Ore
hosted fault strike NE,
intersection with
propylitization belt

The ore deposit characteristics are compiled based on Jonathan (2007); Hong et al. (2013). In the table “Deposit no.” is the same as in Fig. 1.

Table 1 (continued)
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Table 2
Sedimentary lithostratigraphy of the host rocks for the Au–Ag polymetallic deposits in the Ciemas area, West Java, Indonesia (modified after Sukamto, 1975).

Formation Member Lithological description

Quaternary A series of deposits consist of andesite, volcanic breccia, alluvium and coastal deposits, Citanglar beach deposits, young terrace
deposits, old terrace deposits and coral reef limestone

Miocene Cibodas Limestone, tuffaceous limestone, sandy limestone, with intercalation of calcareous sandstone and tuffaceous sandstone
Miocene Bojonglopang Coral/globigerina/bioclastic/sandy limestone with intercalation of marls, sandstone, claystone, conglomerate at base and

coal lenses
Miocene Nyalindung Claystone mudstone and sandy claystone with intercalation of sandstone and marl
Miocene Jampang The lower part consists of globigerina marl, sandstone and calcareous brecciated tuff of andesitic and dacitic composition with

intercalation of thick limestone beds containing larger foraminifers. The upper part consists of volcanic breccia tuff and locally
contains nodules and lenses of limestone with many andesitic to dacitic sills, dikes, stocks and quartz veins

Miocene Cikarang Tuff and lapilli tuff, interbedded with pumice tuff, pumice sandstone, calcareous sandstone, pumiceous, andesitic, dacitic, and
brecciated tuff. The lower part contains calcareous tuffaceous sandstone, lapilli tuff and calcareous breccia. The upper part consists
of marl, limestone, pumiceous tuff, tuffaceous sandstone and tuffaceous marl

Miocene Ciseureuh Andesite and basaltic lava flows, partly brecciated pillow basalts
Oligocene Rajamandala Tuffaceous marl, marly claystone, tuff sandstone, and reef and clastic limestones, party marbleized type
Eocene Ciletuh Quartz sandstone, quartz conglomerate, gray claystone, shale and slate, intercalations of greywacke and polymictic breccia
Mesozoic Citirem Diabase and basalt, syenite, andesite and spillite, in the forms of lava flows, partly with brecciated type, locally with pillow

structure, altered and hydrothermal alteration
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carbonate alteration along structurally-controlled rocks (Fig. 2). The
orebody occurs in deformed rocks (Fig. 6a), extends to a length of
350–700 m, and a thickness of 1.8 m and is dipping 330° at a 60°
Fig. 2. Simplified geological map of the Ciemas area showing the location
angle. Ore bodies are in vein formwith a layered outcrop and are consis-
tent with the occurrence of a tectonic fracture zone with a dipping
extension 80–130 m in length. The top and bottom rocks of the ore
of the 10 main veins of the deposit (modified after Jonathan, 2007).

image of Fig.�2


Fig. 3. Photos of orebodyoutcrops, ore textures and structures from theCipirit (a), PasirManggu (b) and Cibatu (c) deposits. a-1 dacite intercalation of quartz diorite porphyrite; a-2 quartz
diorite porphyrite; a-3 hexagonal bipyramidal quartz phenocryst, rhombic prism of phenocryst of hornblende and pyrite within quartz diorite porphyrite; a-4 silication and limonitic gold
ore; b-1 ore body within multiple quartz vein zone; b-2 brecciated ore, andesite, quartz and chalcedony; b-3 carbonatization within andesite; b-4 silication, carbonatation and pyritized
ore; c-1 brecciation and mylonitization in a structurally-controlled alteration belt; c-2 pyrite ore within an argillization belt; c-3 carbonatation and silication within a structurally-
controlled alteration belt; c-4 Silication, carbonatization and pyrite ore within an argillization belt.
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body are altered andesite (Fig. 6b). The drill spacing is approximately
40 × 40 m grids with many drill holes, and there are three controlled
orebodies with 4594 kg of gold metal reserves with gold grades of
1.00–20.32 g/t (average grade of 6.37 g/t).

The oreminerals aremainly pyrite, limonite, galena, sphalerite, chal-
copyrite and malachite. The gangue minerals are quartz, sericite, chlo-
rite and calcite. The ores have granular blastic texture, cataclastic
structure, and block and flake structures. Pyrite is often dotted along
the fractures of cataclastic rocks or structural surface of mylonite,
forming irregular veins.

The ore types are pyrite, limonite and malachite in altered andesite.
Because of the development of schistosity and fractures in altered rocks,
the degree of ore oxidation is higher, and the oxidation depth can
reach approximately 60 m. The surface rock is chlorite schist with
limonitization, and the deep rock is chlorite schist with pyritization.
The tectonically altered rocks of the ore bodies are located only

image of Fig.�3


Fig. 4. Photographs of ore textures and structures from the Ciemas gold deposit. a: Comb quartz (cross-polarized light); b: Radiated structure, columnar quartz grew around the breccia
(cross-polarized light); c: Idiomorphic columnar arsenopyrite; d: Metasomatic texture with pyrite replaced by columnar and granular arsenopyrite (reflected light); e: Metasomatic tex-
turewith pyrite and native gold; f:Metasomatic texturewith pyrite replaced by arsenopyrite and sphalerite, rutile can be observed (back scattered electron image (BSE)); g:Metasomatic
relict texture with xenomorphic pyrite wrapped with columnar arsenopyrite (BSE); h: Metasomatic texture with pyrite replaced by arsenopyrite within the crystal cracks (BSE); i: Meta-
somatic relict texture with xenomorphic pyrite wrapped by columnar arsenopyrite (BSE); j: Metasomatic texture with bornite replaced by chalcocite (reflected light); k: Disseminated
chalcopyrite and granular pyrite within quartz; l: Metasomatic texture with sphalerite replaced by galena (BSE).
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within the tectonic belt composed of andesite subjected to schistos-
ity and fractures in the process of hydrothermal mineralization. Two
periods of ore-formation have been identified: 1) The early phase
characterized by altered andesite forming scattered pyrite on the
surfaces of the schistosity and fractures without gold mineralization.
2) The second phase characterized by re-fragmentation of altered andes-
ite, accompanied by ore-bearing hydrothermal filling metasomatism,
forming fine vein–irregular net vein structures with goldmineralization.
The ores are composed of siliceous cements, sulfide and preciousmetals.
Alteration of the wall rocks mainly involves chloritization with silicifica-
tion, limonitization, carbonatization and epidotization. The upper and
lower rocks of the ore bodies are composed of clay minerals, and the
thickness of the argillic zones is greater than 10 m. In addition, in the
upper part of the ore body, several gold orebodies of carbonate vein–

image of Fig.�4


Fig. 5. Geological map of the Au deposit (a) and cross-section of the 15000E prospecting grid line (b) in Pasir Manggu (modified after Jonathan, 2007).
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base metal veins are developed (Fig. 6b), and the metal minerals are
mainly composed of sphalerite, pyrite and galena, in addition to associat-
ed gold and silver precious metal elements.

3.3. Porphyry ore deposits

In the Cipirit ore block, Ciemas dacite presents hypabyssal or
ultra-shallow intrusion into the Jampang andesite Formation (Fig. 7a),
intruded by late quartz diorite porphyrite (Fig. 7b). At the edge of the
quartz diorite porphyrite, propylitization developed (Fig. 3a-1), forming
oxidation zones 10 m to 100 m in width, with silicification and clay
alteration on the surface (Fig. 3a).

As depicted in Fig. 7b, the drilling results indicate that the quartz
diorite porphyrite (Fig. 3a-2) has pyrite and chalcopyrite mineraliza-
tion but only with a lower Au content (b0.1 ppm). However, in the
silicification, pyritization, and propylitization zone (limonitization
zone, Fig. 3a-3, 4), the Au content is generally greater than 1 ppm.
The morphology of ore body occurrence is varied, generally present-
ing a discontinuous layer and vein and crumb structure. Typically, a
single ore body length is 20–80 m with a thickness of 3 to 10 m
and a depth of 50 m. The average Au grade is 1.2 g/t. Outside of the
propylitization zone, there are multiple parallel distributions of
strong silicification and limonitization in the mesh quartz veins,
accompanied with pyrite and galena, sphalerite, where the gold con-
tents can range from 0.5 to 3 ppm. As the eight DDH (Diamond Drill
Hole) borehole intervals in the mining area are more than 200 m,
Jonathan (2007) estimated that the porphyry gold (Resources)
amounts to 31.8 t, according to the surface engineering (Pit, Trench,
Costean).

Metal minerals are mainly pyrite, chalcopyrite, arsenopyrite and
magnetite, followed by magnetic pyrite, sphalerite, galena, a small
amount of molybdenite, bornite, ilmenite, hematite and covellite.
Gangue minerals are quartz, sericite, chlorite and calcite.

The ore exhibits in euhedral half-crystal, crystal, interstitial, and
contain embedded textures. In addition, there are the skeletal tex-
tures of hydrothermal metasomatism, reaction-boundary textures,
the textures of etching, residual textures, and pseudomorphism
opacifying textures of solid solution separation. The main structures
are block, vein and disseminated-net vein, and deformation and
secondary changes to brecciated, colloidal, soil and honeycomb
textures. The ore types are mainly oxidized, secondary sulfide and
veinlet disseminated sulfide.

Minerals in the intrusion at the top of the propylitization are mainly
composed of epidote, chlorite, albite and carbonate (calcite, dolomite
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Fig. 6. Geological map of Au deposit (a) and cross-section of the 16900E prospecting grid line (b) in Cibatu (modified after Jonathan, 2007).
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and ankerite), a small amount of sericite and magnetite, and pyrite. A
clay zone is observed in the inner alteration belt, which is primarily
composed of kaolinite and montmorillonite minerals.

4. Ore minerals and ore textures

The oreminerals aremainly pyrite, arsenopyrite, limonite, chalcopy-
rite, galena, sphalerite, bornite, chalcocite and rutile. The gangue min-
erals are mainly composed of quartz, plagioclase, chlorite, sericite,
biotite, calcite, dolomite and ferrodolomite, among others (Fig. 4).
Quartz is the main gangue mineral and displays a comb structure
(Fig. 4a), radiated structure (Fig. 4b) and vein structure. The textures
of ore include xenomorphic fine to micrograined granular, euhedral–
subhedral granular, columnar, metasomatic and metasomatic relict.
The ore structures are mainly disseminated, brecciated, comb, radiated,
veinlet, interstitial sparse disseminated and massive.

A large amount of pyrite and arsenopyrite can be found in the ores.
Pyrite mainly has a xenomorphic granular texture, and the arsenopyrite
mainly has a columnar texture (Fig. 4c) and a euhedral–subhedral gran-
ular texture (Fig. 4d, h, i). Metasomatic texture is common in ores, such
as arsenopyrite replaced pyrite (Fig. 4d, e, f, g, h, i), sphalerite replaced
pyrite (Fig. 4f), chalcocite replaced bornite and galena replaced sphaler-
ite (Fig. 4l). The pyrite was surrounded by the deuterogenic arsenopy-
rite and replaced by arsenopyrite within the crystal cracks. Some
xenomorphic pyrite was wrapped in the columnar arsenopyrite and
formed a metasomatic relict texture. Pyrite, arsenopyrite, limonite and
chalcopyrite distributed in quartz display a disseminated structure
(Fig. 4k).
5. Geochemistry

5.1. Sulfur isotope data

5.1.1. Sampling and analysis methods
In the PasirManggu ore block, three ore samples (P1, P2, and P3)were

collected. In the Cipirit ore block, one ore samplewas collected (CI). In the
Cibak ore block, five ore samples were collected (C0, C04, C05, C09, and
C14). In addition, three samples of andesite, quartz diorite porphyrite
and amphibole tuff breccia were also collected (YN-1, YN-2 and YN-3, re-
spectively). The sulfur isotopic data were analyzed at the State Key Labo-
ratory of Environmental Geochemistry of Institute of Geochemistry,
Chinese Academy of Sciences. A continuous flow isotope mass spectrom-
eter, a CF-IRMS (EA–IsoPrime instruments), was used (method docu-
mented by Zhou et al., 2014). The measurement data are expressed
using international standards for sulfur isotope CDT (Canyon Diablo
Troilite) values and sulfur isotope standard GBW04414 (Ag2S,
δ34SCDT = −0.07 ± 0.13‰), GBW04415 (Ag2S, δ34SCDT = 22.15 ±
0.14‰). The analysis errors are less than ±0.2‰ (2σ). The results
are listed in Table 3.
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Fig. 7. Geological map of Au deposit (a) and cross-section of prospecting grid line (b) in Cipirit (modified after Jonathan, 2007).
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5.1.2. Analysis results
Nine ore samples have δ34S values ranging from 4.90‰ to 6.55‰,

with a difference range of 1.65‰ and a mean of 5.54‰. Three rock sam-
ples have δ34S values ranging from 3.71 to 3.85‰, with a difference
Table 3
Sulfur composition and typical values of sulfide minerals from Ciemas gold deposit.

Ore body Sample no. Description of lithology

Pasir Manggu P1 Ore bearing breccia
Pasir Manggu P2 Ore bearing breccia
Pasir Manggu P3 Altered andesite
Cipirit CI Ore bearing quartzite
Cibak C0 Ore bearing quartzite
Cibak C04 Ore bearing quartzite
Cibak C05 Altered dacite
Cibak C09 Ore bearing quartzite
Cibak C14 Ore bearing breccia
Cipirit YN-1 Andesite
Cipirit YN-2 Quartz diorite porphyrite
Cipirit YN-3 Amphibolic tuff breccia
Guntur GU3.1 Lava flow
Guntur GU5.1-I Lava flow
Guntur GU5.1-II Lava flow
Krakatau KR1 Volcanic cinder
range of 0.14‰ and a mean of 3.79‰ (Table 3). The sulfur compositions
of the ore and rock samples are similar, suggesting that the sulfur
sources are basically the same for each, being close to the characteristics
of the mantle sulfur source. The wall rock samples are closer to the
Mineral δ34S (‰) ±2σ Data sources

Pyrite 6.40 0.12 This study
Pyrite 6.55 0.10
Pyrite 5.68 0.01
Pyrite 5.31 0.05
Pyrite 5.48 0.02
Pyrite 6.07 0.01
Pyrite 4.96 0.09
Pyrite 5.39 0.03
Pyrite 4.90 0.07
Pyrite 3.85 0.02
Pyrite 3.81 0.01
Pyrite 3.71 0.09
Total rock 4.5 Unknown De et al. (2001a)

3.4
3.2
4.1
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Fig. 8. Histogram of sulfur isotope of pyrite from the Ciemas gold deposit.
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mantle source sulfur characteristics. On the statistical histogram(Fig. 8),
three wall rock samples have δ34S values similar to those of West Java
Guntur lava flows and Krakatau volcanic slag (De et al., 2001a). The
δ34S values of nine ore samples are generally greater than those of the
wall rock samples.
5.2. Zircon U–Pb isotope data

5.2.1. Samples and analysis methods
The sample collection includes quartz diorite porphyrite and its

wall rocks of andesite and tuff breccia (samples CR-17 and CR-18
and CR-19, respectively). Zircons were separated using magnetic
Fig. 9. CL images of representative zircons analyzed for in situ U–Pb of qua
and heavy liquid separation methods and purified by handpicking
under a binocular microscope. Approximately 100 zircon grains
were mounted on an adhesive tape, enclosed in epoxy resin,
polished, and then photographed under both transmitted and
reflected light. The internal structures of the zircons were examined
using the cathodoluminescence (CL) image technique. The U–Pb isoto-
pic composition of zircons was analyzed with an Agilent 7700x ICP-MS
coupled with a Resonetic Resolution 50-M ArF-Excimer laser source
(λ = 193 nm) at the Institute of Geochemistry, Chinese Academy of
Science. Zircon 91500 standard samples, the NISTSRM 91500, were used
during analysis as controls (Hu et al., 2011; Liu et al., 2010a,b). The spot
size of the ion beam was set to ~32 μm. The U–Pb ages of zircons were
calculated by using the ISOPLOT program (Ludwig, 2003).
5.2.2. Analysis results
The three selected zircon samples have similar characteristics,

including shallow color, a long cylindrical in shape and crystal length–
width ratio of approximately 2:1 ~ 5:1. The zircons have good euhedral
shapes with a completed cylinder and cone. Cathodoluminescence (CL)
images show that the zircons have shock rings with a distinctive igne-
ous origin (Fig. 9).

In the 206Pb/238U–207Pb/235U age concordia diagram (Fig. 10), the
analyzed data points fall near the concordia. Zircon 207Pb/235U age
changes are greater, and the 206Pb/238U ages are relatively concentrated.
The calculated zircon 206Pb/238U weighted average ages are 17.1 ±
0.4 Ma (MSWD = 3.8, n = 15) (amphibole quartz porphyry, Fig. 10a),
17.1 ± 0.4 Ma (MSWD = 3.7, n = 25) (tuff breccia, Fig. 10b) and
17.5 ± 0.3 Ma (MSWD = 3.3, n = 27) (andesite, Fig. 10c). The ages
for the determination of the three samples are close to each other,
within analysis error, indicating that in this study area, the andesite
rtz diorite porphyrite, andesite and amphibolic tuff breccia in Ciemas.
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Fig. 10. Zircon U–Pb concordia diagram of quartz diorite porphyrite (a), amphibolic tuff breccia (b), and andesite (c) in Ciemas.
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eruption was within a short period in the early Miocene, followed by
a magma intrusion.

5.3. Major and trace elements

The sampling and analytical methods are as follows: In the Pasir
Manggu ore block, five samples were collected (PSR-2, PSR-1–3, PSR-
4, and PSR-E-1). In the Sekolah ore block, three samples were collected
(SKL-1, SKL-2, and SKL-3). In the Cigombong ore block, two samples
were collected (CGB-1 and CGB-2), and in Cipirit ore block, two samples
were collected (CPT-1 and CPT-2).

The major elements and trace elements (including rare earth ele-
ments) were analyzed in the ALS Laboratory Group, an Australian
ICP-MS analytical lab in Guangzhou.

For major element analysis, a calcined or ignited sample (~0.9 g)
was added to lithium borate flux (~9.0 g, 50% Li2B4O7–LiBO2), mixed
well and fused in an auto fluxer at a temperature between 1050 and
1100 °C and then cooled to form a flat molten glass disk, which was
then analyzed by ME-XRF-06, with analytical precisions as follows:
SiO2, 0.8%; Al2O3, 0.5%; Fe2O3, 0.4%; MgO, 0.4%; CaO, 0.6%; Na2O, 0.3%;
K2O, 0.4%; MnO, 0.7%; TiO2, 0.9%; and P2O5, 0.8%. The analytical uncer-
tainties were less than 1%.

Trace elements were analyzed by inductively coupled plasma-mass
spectrometry (ICP-MS) of ME-MS81. We used the HNO3 + HF seal dis-
solution method for trace elements and REE determination by adding
the Rh internal standard and transferring the sample solutions into a
1% HNO3 medium. The analytical precisions of trace elements were as
follows: Ba, 2.7%; Ta, 2.1%; Nb, 1.6%; Zr, 2.2%; Hf, 2.1%; Th, 2.1%; U,
3.4%; Pb, 3.2%; Ga, 1.9%; Cr, 5.3%; Co, 0.8%; Ni, 11%; Cu, 3.5%; Rb, 2.1%;
Sr, 1.7%; Sc, 4.2%; V, 3.2%; and Zn, 3.0%.

Rare earth elements were analyzed by cation exchange separation-
inductively coupled plasma atomic emission spectrometry (ICP-AES)
with the following analytical precision: La, 4.7%; Ce, 5.2%; Pr, 1.8%; Sm,
4.7%; Eu, 1.2%; Gd, 1.4%; Tb, 3.2%; Dy, 4.3%; Ho, 2.4%; Er, 3.9%; Tm,
4.8%; Yb, 4.3%; Lu, 3.9%; and Y, 1.8%.

Analysis results: Among the 12 ore samples, we chose seven
strong pyritization samples to determine the Co/Ni ratio of projec-
tion (Fig. 11a). Most of the samples plotted in the origin of the hy-
drothermal type deposit area. The metallogenic elements (Au and
Cu, As, and other trace elements) display some positive correlations
between Au and Cu elements (Fig. 11b), and incompatible elements
Cr, Ni, Co and V display a negative correlation (Fig. 11c, d). Au and
incompatible elements, on the whole, display a negative correlation
(Table 4). However, Au has poor correlation with the large ion
lithophile elements K, Sr and Ba (Fig. 11e). For the minerals, a dia-
gram of trace elements relative to the standardization of the primi-
tive mantle (Palme and O'Neill, 2003) is shown in Fig. 12. For the
incompatible element Cr to high-field strength elements P, there is
loss then slight enrichment with a gradual growth. Nearly all of the
trace element contents are near the Earth's crustal content (Palme
and O'Neill, 2003), and the incompatible elements Cr, Ni, Co and V
have similar variations.
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Fig. 11. Diagram showing the correlations between gold and trace elements.
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6. Fluid inclusions

6.1. Sample and analysis method

Quartz ore sampleswere taken fromPasirManggu (sample labels P1
and P2), Cipirit (CI) and Cibak (sample labels C0, C04, C05, C09, and
C14) of each gold ore block (Fig. 1, Table 5). Fluid inclusion testing
work was conducted at the State Key Laboratory of Ore Deposit Geo-
chemistry of Institute of Geochemistry, Chinese Academy of Sciences.
Using a Linkam THMSG type 600 stage, the technical parameters were
as follows: platinum resistance sensor, temperature measurement
range −196 °C–600 °C, and freezing and heating data accuracy of
±0.1 °C and ±2 °C, respectively. Measurements of the freezing point
and the formula of freezing point drop in temperature and salinity of
aqueous inclusions salinity were performed according to Bodnar
(1993). Using the inclusion calculation software MacFlincor (Brown,
1989) under a NaCl–H2O system, we selected the Brown and Lamb
(1989) formula to calculate the fluid density. The pressure values of
ore-forming fluids were calculated by the homogenization tempera-
tures and salinities of fluid inclusions (Liu and Duan, 1987). The statisti-
cal histogram and scatter diagram of the fluid inclusion data were
processed using Geokit software (Lu, 2004).
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6.2. Results

6.2.1. Types of fluid inclusions
This experiment examined a total of eight inclusion samples (Figs. 13

and 14). The types of fluid inclusions in quartz are relatively simple;
according to the inclusion phase at room temperature, they can be
divided into two phases: gas–liquid inclusions and pure liquid in-
clusions. Gas liquid phase inclusions account for the vast majority,
with a lack of CO2-containing inclusions and mineral-containing in-
clusions. Gas liquid phase inclusions are rich in liquids, and their
liquid filling degree is between 70% and 85%. No boiling inclusion
was observed. Inclusion linear distributions do not cut though the
quartz crystal, which suggests that the inclusions are native and
secondary inclusions. Most single inclusions are in an irregular
shape with a diameter of less than 15 μm.

6.2.2. Homogenization temperature
In the Pasir Manggu ore block, we measured 35 homogenization

temperatures,most ofwhichwere concentrated in the 240–320 °C tem-
perature range, with an average of 290.7 °C (Table 5). In the Cipirit ore
block, we measured 33 inclusion homogenization temperatures, most
of which were concentrated in the 260 to 320 °C, with an average of
289.2 °C. In theCibak ore block,wemeasured 101homogenization tem-
peratures, varying from 146.8 to 447.0 °C, with a peak temperature be-
tween 280 and 320 °C and an average of 289.3 °C, close to the above
two ore blocks. Statistical results indicate that the 169 homogenization
temperatures change between 146.8 and 447.0 °C with a peak temper-
ature between 240 and 320 °C and an average of 290.4 °C, and the his-
togram is in a single peak (Fig. 14a). Generally, these inclusions belong
to the low-temperature group and occasionally tomiddle–high temper-
ature group, displaying the magmatic-derived hydrothermal fluid
system.

6.2.3. Salinity
In the Pasir Manggu ore block, wemeasured the freezing point tem-

perature range from −13.5 to −10.9 °C. The corresponding salinity
(wt.% NaCl) is from 17.34 to 14.87, and the salinity values in each inter-
val are more uniform and mostly concentrated in the range of 16.35 to
15.25 (Table 5). In the Cipirit ore block, we measured the freezing
point temperature range from −14.0 to −10.9 °C. The corresponding
salinity (wt.%NaCl) is from17.79 to 14.87, and the salinity is concentrat-
ed in the 14.86–15.28 range. In the Cibak ore block, we measured the
freezing point temperature and found a range of −13.9 to −7.2 °C,
corresponding to a salinity (wt.% NaCl) range from 17.70 to 10.73. The
salinity range is greater for the Cibak block. A larger proportion is
concentrated in the 13.71–16.71 range. In these three ore blocks, we
found that inclusion salinity (wt.% NaCl) ranges from 10.73 to 17.79
and is mainly concentrated in the 14.75 to 16.75 range (Fig. 14c), indi-
cating low salinity. A homogenization temperature–salinity scatter
plot (Fig. 13d) showed that the inclusion salinity values increased
with temperature increases; i.e., the high-temperature fluid had high
salinity.

6.2.4. Fluid density, pressure and estimation of metallogenic depth
Analysis of a total of 101 quartz inclusions with fluid density values

was performed. Among these inclusions, 21 density values of the Pasir
Manggu ore block range from 0.874 to 0.961 g/cm3; 11 density values
of the Cipirit ore block range from 0.897 to 0.947 g/cm3; 69 fluid density
values of the Cibak ore block range from 0.646 to 0.999 g/cm3. Among
these values, 11 of the measured fluid density values are less than
0.850 g/cm3. In general, three of the ore blocks' fluid density values
are concentrated in the range of 0.850 to 0.950 g/cm3 (Table 5), and
only the Cibak ore block samples appear to have lowfluid density values
(Fig. 14b). Ore-forming fluid pressure values in the Pasir Manggu ore
block are between 9.0 and 32.6MPa. The Cipirit ore block values are be-
tween 5.0 and 19.5MPa, and the Cibak ore block values are between 4.1



Fig. 12. Diagram showing the pattern of primitive mantle-normalized trace elements
(primitive mantle data from Palme and O'Neill, 2003).
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and 46.8 MPa. Supposing a 27 MPa/km pressurization rate (Xu et al.,
2012), the formation depth of the three ore blocks range from 330 to
1210 m, 180 to 640 m, and 150 to 1730 m, respectively, indicating a
hypabyssal formation environment.

7. Discussion

7.1. Deposit features indicate three different types of mineralization

According to their ore textures and geological characteristics, the
mineralization can be broadly divided into three types.

1) The first are fault-controlled ore bodies, occurring in schist-like
tectonite, cataclastic rock and argillic belts (Cibatu, Cikadu and
Sekolah). Due to tectonic alteration, a granular blastic texture was
formed, as were a cataclastic structure, a block structure and a
schistose structure. Pyrite is often observed on the structural surface
along the cataclastic rock interface ormylonitewith scatteddistribu-
tion. The ore minerals are mainly pyrite, quartz, arsenopyrite and
sphalerite. Wall rock alteration is common with chloritization,
sericitization, carbonatization and argillic alteration (illite andmont-
morillonite), and the development of carbonate-basedmetal miner-
alization on the tops and bottoms of ore bodies (Fig. 7b). The
mineralization features are similar to the typical low sulfide content
formed by fluid-mixing type gold deposits (Corbett, 2002). The
Acupan and Kelian deposits near a hypabyssal intrusive body are
typical examples of low-sulfide gold deposits along a fracture struc-
ture (Cooke and McPhail, 2001; Davies et al., 2003; Heinrich, 2005).

2) The second type is the quartz–sulfide vein ore body (Pasir Manggu,
Cigombong, Cileuweung and Cibak). The ore body occurrence can
be further divided into massive quartz veins, open growth quartz
Table 5
Formation temperature of the fluid inclusions within quartz from Ciemas gold deposit.

Sample
no.

Determine
quantity

Grain
(μm)

Liquid-vapor
ratio (%)

Th (°C)
Range mean value
(quantity)

Tm (°C)

P1 18 3 ~ 41 80 ~ 96 230.8 ~ 313.4 279.4 (18) −13.5 ~ −1
P2 17 3 ~ 43 76 ~ 92 285.4 ~ 350.8 303.3 (16) −13.5 ~ −1
CI 33 4 ~ 33 76 ~ 96 237.8 ~ 332.5 289.2 (32) −14.0 ~ −1
C0 20 4 ~ 36 78 ~ 95 194.0 ~ 354.0 281.6 (23) −11.4 ~ −7
C04 18 3 ~ 35 85 ~ 97 146.8 ~ 411.0 264.1 (19) −12.7 ~ −7
C05 22 3 ~ 28 75 ~ 93 256.5 ~ 431.7 304.2 (20) −13.9 ~ −1
C09 19 4 ~ 28 60 ~ 97 168.0 ~ 447.0 299.6 (24) −13.0 ~ −8
C14 22 3 ~ 28 80 ~ 96 247.0 ~ 346.7 294.9 (17) −12.2 ~ −1
veins, multiple quartz vein zones and stockwork quartz veins
(Fig. 15). The ore mineral components include quartz, pyrite, ar-
senopyrite and arsenic sulfide copper ore. Wall rock alteration
is strongly argillic (mainly kaolinite, illite and montmorillonite).
These characteristics are similar to a typical high-sulfide type
gold deposit (Carrillor et al., 2003; Corbett, 2002).

3) The third type is porphyry (Cipirit). Part of the mineralization
occurred in the quartz diorite porphyrite (Fig. 3a-2). There are
pyrite and chalcopyrite, but the gold content is less than 0.1 ppm.
The majority of the ore body develops in the propylitization zone,
and the ore mineral assemblage is composed of pyrite, chalcopyrite,
magnetite and arsenopyrite. Wall rock alteration mainly involves
epidotization, chloritization, albitization and carbonatization. A
moderate argillic alteration occurs inside the alteration zone, mainly
with kaolinite and montmorillonite.

These three types of ore bodies arewithin the same field (Fig. 2), and
their occurrence in space is near the contact zone and intrusion frac-
tures. The genesis belongs to a continuous metallogenic series. There
are cases of a variety of causes with internal relationships to ore deposit
types in the samemining area, such as the Kelly Au–Ag deposit of min-
eral assemblage, showing thehydrothermal systemevolution from low-
sulfur, medium-sulfur and high-sulfur (Deyell et al., 2003). Lepanto
high-sulfide-type Cu–Au deposits from the far southeast of this region
also occur in porphyry copper (Hedenquist et al., 1998).

7.2. Three different mineralization types have the same source of ore-
forming materials

Java is part of the Sunda arc belt, which formed a series of calc-
alkaline magmatic rocks since the Eocene (Bemmelen, 1949, 1970;
Katili, 1975; Nicholls et al., 1980; Whitford et al., 1979). The ages of
these volcanic rocks have been determined using the K–Ar method
(Soeria et al., 1994). Three periods of volcanic activity are proposed
from the south to the north, i.e., the south part belongs to the late
Eocene to early Miocene (40–18 Ma). The central part belongs to the
late Miocene to Pliocene (12–2 Ma), and the north part belongs to the
Quaternary (Fig. 1b). The Ciemas gold deposit is located in an active vol-
canic zone in southern Java, and the mining area exposes quartz diorite
porphyrite, andesite and amphibolic tuff breccia. The zircon U–Pb ages
represent the intrusion and eruptive magma crystallization periods
(Table 1), and their ages are very close to each other within the error
ranges (Fig. 10), demonstrating that they belong to late Eocene to
early Miocene igneous activities.

The δ34S values of thewall rocks range from+3.71 to+3.85‰, sim-
ilar to those of theWest Java Guntur lava flows and Krakatau volcanoes
(De et al., 2001a), which are considered to have amantlemagma source
mixed with continental basement sediments (De et al., 2001b). Based
on this isotopic geochemistry and geochronological work, we propose
that the Indian Plate subducted beneath the Eurasian Plate, and the sed-
imentswith enriched 34Sweremixedwithmantlemagmaticmelt in the
Salinity (wt.% NaCl)
Range mean value
(quantity)

Density
(g/cm3)

Pressure
(Mpa)

Ore types

1.5 15.47 ~ 17.34 16.32 (12) 0.874 ~ 0.961 12.2 ~ 21.0 Ore bearing breccia
0.9 14.87 ~ 17.34 15.87 (10) 0.876 ~ 0.914 9.0 ~ 32.6 Ore bearing breccia
0.9 14.87 ~ 17.79 16.13 (11) 0.897 ~ 0.947 5.0 ~ 19.5 Limonited quartzite
.2 10.73 ~ 15.37 12.95 (17) 0.792 ~ 0.985 12.1 ~ 46.8 Pyritized quartzite
.3 10.86 ~ 16.62 13.78 (13) 0.646 ~ 0.999 4.1 ~ 28.1 Pyritized quartzite
1.5 15.47 ~ 17.70 16.26 (14) 0.702 ~ 0.934 19.6 ~ 33.1 Pyritized quartzite
.9 12.73 ~ 16.89 14.96 (15) 0.676 ~ 0.972 2.3 ~ 28.0 Altered dacite
0.4 14.36 ~ 16.15 15.23 (10) 0.859 ~ 0.935 4.1 ~ 35.1 Pyritized quartzite

image of Fig.�12


Fig. 13.Microscope photographs of fluid inclusions within quartz from Pasir Manggu (a to c), Cibak (d to f), and Cileuweung (g to l). a — small crystal from inclusion (left), from
P1; b — small regular inclusion, from P2; c — irregular inclusion (L N 90), from P2; d — incomplete crystal inclusion, from CI; e — large irregular inclusion, appears trapezoidal,
from CI; f — small irregular inclusion, from CI; g — beating inclusion under normal temperature, from C05; h — triangular inclusion, from C09; i — liquid-rich gas–liquid two-
phase inclusion, from C04; j — complete liquid phase inclusion, from C09; k — inclusions group with significant size difference, from C04; l — linearly distributed inclusions,
from C05.
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arc region. Consequently, subduction led to a large oblique fault zone
and forced the magma migration upward. Relative to the wall rocks,
the δ34S values of ores are more enriched (average δ34S = +5.54‰),
suggesting that ore materials were derived from magma transporting
ore-forming fluids in the process of migration; thus, the enriched 34S
may be incorporated into the ore-forming system. The sulfur isotopic
compositions of the different ore bodies of the mines are consistent, in-
dicating that they have the same material source (Fig. 8).

According to trace element features of the different types of ores, the
incompatible elements (Cr, Ni, Co, V) trends are nearly consistent,
whereas high-field-strength elements (La, Ti, Sc and P) change greatly,
also indicating that the ore materials have the same source (Fig. 12).
Large ion lithophile elements (K, Sr) fluctuate between weak depletion,
weak enrichment and enrichment of Ba (less than the level of the
Earth's crust), which may indicate that the fluid was not only derived
from magmatic fluid but also may be derived from sea water.

7.3. Fluid inclusions reflecting high-sulfur hypabyssal characteristics of a
low temperature hydrothermal deposit

In the study area, fluid inclusions in the quartz-vein type sulfide ore
body have gas–liquid phase inclusionswith rich liquids and a lack of CO2

image of Fig.�13


Fig. 14. Diagram showing the relationship between homogenization temperature, salinity and density of the fluid inclusions from Pasir Manggu, Cibak, and Cileuweung.
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inclusions, reflecting the hypabyssal inclusion characteristics of low-
temperature hydrothermal-type gold deposits. However, compared
with some typical shallow low-temperature hydrothermal deposits
(White and Hedenquist, 1995), these aqueous inclusions have higher
homogenization temperatures and salinities (Table 5), especially com-
pared with those fluid inclusions of several low-sulfur-type hypabyssal
low-temperature hydrothermal gold deposits in the West Java area
(Marcoux and Milési, 1994; Basuki et al., 1994; Eric and Jean, 1994;
Milesi et al., 1999; Mega and Hiroharu, 2002). These aqueous inclu-
sions have large differences in temperature and salinity without ob-
vious characteristics of boiling inclusion, which do not appear to
have low-sulfur hypabyssal characteristics of low-temperature hy-
drothermal gold deposits, being almost equivalent to some typical
high-sulfur epithermal deposits and porphyry deposits (Bonham,
1986; Carrillor et al., 2003; Heald et al., 1987). Thus, we suggest
that the fluid inclusions in Ciemas are characterized by both high-
sulfur epithermal gold deposits and porphyry deposits. Other studies
also indicate that the porphyry deposits and shallow low-temperature
hydrothermal deposits are closely related in time and space. Our
study on fluid inclusions reflects this characteristic (Hedenquist et al.,
1998; Qin et al., 2002; Sillitoe, 1997).

In addition, the gas/liquid ratios change little in Ciemas, and thefluid
inclusion in quartz has no obvious boiling characteristics. The fluid in-
clusion salinity increases with homogenization temperature (Fig. 14d),
which can be explained by the fluid mixing mechanism (Gammons
andWilliams, 1997). In the Cipirit deposit, during the process of quartz
diorite porphyrite intrusion, the magma chamber gave off fluids of
low–medium salinity, whichmigrated under the action of heat rising
along the magma passage, giving off dense fluids with high salinity
(N25 wt.% NaCl) with enriched Au metal, and low fluid salinity
with poor Au and enriched H2S in the open structural parts of the
porphyry bodies. The former fluid in the parent rock intrusion
formed near porphyry sulfide-type and quartz vein-type gold de-
posits. The latter fluid passed into the shallow low-temperature
zone, was mixed and heated in the presence of atmospheric water
with lower salinity that was produced in the low-salinity, low-
temperature fluid; this process resulted in argillic alteration in the
fractural structures, transforming AuCl2− into Au (HS)2− in the fluid,
the occurrence of a cooling process during tectonic activity, and dilu-
tion of Au deposition, which is similar to a typical porphyry contact
zone for hypabyssal low-temperature hydrothermal gold deposits
(Christoph, 2005).

7.4. Metallogenic mechanism and the trinity metallogenic model

Many researchers suggest that the epithermal and porphyry de-
posits are spatially and genetically related to the samemagmatic hydro-
thermal systems (Corbett, 2002; Gammons and Williams, 1997;
Muntean and Einaudi, 2001). The Ciemas Au deposit contains three
different mineralization types of ore bodies, and the mineralization is

image of Fig.�14


Fig. 15. The trinity model of the Au deposits with metallogenic porphyry, quartz vein and tectonically altered rocks of Ciemas, West Java, Indonesia.
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related to quartz diorite porphyrite. Accordingly, we propose a descrip-
tive geological–metallogenic model for its formation based on the geo-
logical and geochemical studies (Fig. 15).

During the Miocene (17–19 Ma), the southern margin of the
Sunda continental arc volcanic magma activity frequently included
large-scale andesitic eruptions, forming magma eruptions and de-
veloping a caldera structure system. With the further evolution of
andesitic magma, the magma was intruded along the previous
channel-formed dacite shaped in bedrock on the top of andesite,
which was then intruded by a quartz diorite porphyrite intrusion
shaped as a stock. Tectonically, after the eruption of andesite in the
caldera system formed the high-angle extensional faults and then
formed fractures having NE and NW directions, they underwent
different degrees of extension, compression and shearing during
multiple later tectonic movements, which provided the space for
magmatic–hydrothermal residence.

In the porphyry bodies and contact zone, porphyry copper and gold
deposits formed (Fig. 15a), whereas in the porphyry contacts, quartz
vein-type gold bodies formed (Fig. 15b-4). In the fault belt of the caldera
and contact zone between andesite and dacite, massive quartz vein-
type deposits formed (Fig. 14b-1), and quartz vein-type deposition in
the open environment occurred (Fig. 15b-2). In the fault belt on the
fringes of the caldera, due to the high salinity from quartz diorite
magma mixed with hydrothermal fluid from precipitation, compound
vein quartz vein-type gold deposits formed (Fig. 15b-3). Structurally-
controlled altered gold deposits formed in the fault belt far away from
porphyry (Fig. 15c), which was caused by rock crushing, alteration
and atmospheric precipitation as a result of the thermal cycle. Although
these ore body mineralization types are different, they have internal
relationships in terms of their genesis and “the trinity” in space.
8. Conclusions

1) The Cipirit quartz diorite porphyrite formed in the Miocene, where
porphyry, quartz–sulfide vein type and tectonic altered-type gold
deposits formed in the inner and outer contact zones of different
tectonic zones. Their ore-forming mechanisms are related to late
magmatic evolution within a thermodynamic system.

2) The Ciemas deposit is a typical example that was derived from the
volcanic hydrothermal and shallow surface of the plate subduction
zone. Not only is this deposit characterized by enrichment in
ore-forming elements, but it also developed ore-forming parent
materials, and the derived thermodynamic ore-forming fluid mi-
grated to the tectonic zones, enabling the formation of different
types of gold deposits.

3) Finally, we have explained the regional metallogenic model respon-
sible for the formation of these deposits in themagmatic hydrother-
mal system and geothermal system containing meteoric water.
Acknowledgments

The researchwas financially supported by the Natural Science Foun-
dation of China (NSFC Nos. 41090372; 41173064; 913282009) and the
12th Five-Year Plan project of State Key Laboratory of Ore-deposit
Geochemistry, Chinese Academy of Sciences (SKLODG-ZY125-08).
Mr. Wijaya Lawrence provided invaluable support for field trips and
exploration data. The authors are grateful to Prof. Franco Pirajno and
Prof. Chen Yanjing for their helpful suggestions about an early version
of this manuscript.

image of Fig.�15


171Z. Zhang et al. / Ore Geology Reviews 64 (2015) 152–171
Appendix A. Supplementary data

Supplementary data associated with this article can be found in the
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