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ABSTRACT

The study area is located in the southeastern Biga Peninsula. As result of field, drilling and laboratory
studies, diorite porphyry intruded to Lower Miocene and older units and contained Au, Pb, Zn and
Cu anomalies, has been determined. Intersected potassic, propylitic, phyllic and argillic alteration
zones were developed in the pluton and host rock. Veins-veinlets developed in the pluton and host
rock, contain native gold, silver, pyrite, chalcopyrite, sphalerite and galena. They are composed of
undulated quartz in the deeper levels, and massive quartz, calcite/dolomite and barite in the middle
and upper levels. According to the fluid inclusion data from sphalerite, quartz and barite, temperature
of ore-bearing fluids are in three groups (argillic:150-220°C, phyllic:250-350°C, potassic:>400°C).
Fluid inclusions, including solid phases such as hematite, chalcopyrite and salt as well as liquid and
gas phases, indicate that Çatalçam Au-Cu mineralization is intrusion-related system. Fluid inclusion
data display temperature and salinity of the ore-bearing fluids in the early stage (porphyry) are high,
whereas relatively lower in the late stage (epithermal). In conclusion, Çatalçam mineralization was
developed in two different phases as porphyry Au-Cu and epithermal Zn-Pb-Cu-Au, which is the
Received Date: 18.10.2020 first porphyry gold deposit related to Miocene magmatic-hydrothermal system in the Biga porphyry
Accepted Date: 28.04.2021 belt.

1. Introduction
The world's copper needs are mostly provided by
porphyry deposits. Ore deposits have been observed
throughout the Alpine-Himalayan belt, as well as in
Turkey, associated with collision and post-collisionrelated magmatism following the closure of the
Neotethys Ocean (Richards, 2009, 2015; Hou et al.,
2011; Lu et al., 2015; Chen et al., 2015; Li et al.,

2017; Kuşcu et al., 2019a, b; Tang et al., 2021 and
inside references). The Western Anatolian Region and
especially the Biga Peninsula, which is located within
the Tethyan Eurasian Metallogenic Belt (Janković,
1997; Jingwen et al., 2014) or the Tethys Metallogenic
Belt (Yiğit, 2012), is a very important region for active
mineral exploration and operations as it hosts many
epithermal and porphyry deposits (i.e., Yiğit, 2009,
2012; Kuşcu et al., 2019a, b; Oyman, 2019). The
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complex geological background of the Biga Peninsula
makes it difficult to understand the magmatic and
metallogenic evolution of the region. The calc-alkaline
magmatism that occurred in the Cenozoic period
between 52 and 18 Ma in the region, is an ore-bearing
(fertile) phase such as its equivalent in the Tethys
metallogenic belt (Richards, 2015; Kuşcu, 2019a).
Since the discovery of the Kışladağ porphyry
Au deposit, the Western Anatolia region gained
importance as a metallogenic belt for porphyry Au
mineralization. Twenty-eight occurrences or deposits
are known in the region and divided into three distinct
belts defined as Biga, Tavşanlı and Afyon-Konya
porphyry zones (Figure 1; Kuşcu et al., 2019a). The
Muratdere porphyry Cu-Mo, Tepeoba porphyry Mo
and Kışladağ porphyry Au deposits, which have been
operated and are still being operation, are located
in the Tavşanlı, Biga and Afyon-Konya porphyry
belts, respectively. In addition to the Ağıdağı deposit
discovered in the 1990s, the Halilağa (Etili, Çanakkale)
and Karaayı (Kuşçayır, Çanakkale) porphyry deposits
are newly discovered deposits (Kuşcu et al., 2019a,
b). Gürcüler, Alaçam, Dikmen, Sarıçayıryayla,
Karapınar, Gelemiç, Topuk (Bursa), Tüfekçikonak
(Kütahya), Tepeköy (Gökçeada) and Kocatarla

(Çanakkale), Eğmir (Edremit) are other examples of
occurrences in Western Anatolia. These occurrences
have been explored by field and geophysical methods
together with drilling studies. But there is no detailed
information could be found since they have not been
publicly announced.
In Biga Peninsula, which is one of the lands
where mining began in Anatolia, mineral exploration
activities have been carried out intensively by
the General Directorate of Mineral Research and
Exploration since 2014 in order to find new potential
resources, apart from the occurrences and deposits
mentioned above. The Çatalçam mineralization, which
is the subject of this study, is located in the southeast
of the Biga Peninsula in Western Anatolia, near the
Çatalçam Village, in the northwest of the Soma
District of the Manisa Province. This mineralization
is associated with a diorite porphyry body called
Çatalçam Pluton (Sarı et al., 2018a, b), which is
thought to belong to a magmatic phase not previously
described in the literature. Çatalçam Pluton intruded
to the Lower Triassic-Lower Miocene aged units, and
its age is probably Middle or Upper Miocene. This
unit is the firstly explored, economically important
Miocene aged pluton located in the Biga porphyry belt

Figure 1- Distribution of Eocene-Miocene igneous rocks and porphyry mineral deposits in the Western Anatolia region (simplified from Kuşcu
et al., 2019a) and the location of Çatalçam mineralization. The main tectonic units of Turkey were taken from Ketin, 1966, and Okay
and Tüysüz, 1999.
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in Western Anatolia and this exploration will bring a
new perspective to mineral exploration studies.
In the study area, exploration on the surface with
geological and geochemical methods and investigation
with drilling studies are carried out. Fluid inclusion
studies were carried out to determine formation
conditions. Thin and polished section investigations
were performed to determine mineralogical and
petrographic features of host rock and ore samples.
Alteration properties developed by hydrothermal
fluids in host rock were examined. Within the scope of
this paper, data from the mineralogical-petrographical
investigation, alteration, and fluid inclusion studies
were evaluated and the properties and formation
conditions of the mineralization have been examined.
2. Material and Method
As a result of the field studies carried out since
2011, geology and alteration maps of the study area
were prepared and orderly drill cores were carried out
by drilling in different dips and directions beginning
from the ore-bearing outcrops. Drilling core samples
are divided into two equal parts with diamond cutting
discs. One of these parts is used for chemical analysis,
the other part is used for mineralogical-petrographic
sampling and fluid inclusion studies. The remained
core slices were held as replicate samples. The samples
for mineralogical-petrographical and fluid inclusion
analyses are firstly macroscopically examined to
understand the relationship with host rocks and ore
formations and then photographed.
Optical microscope investigations were carried
out at the General Directorate of Mineral Research
and Exploration Mineralogy-Petrography Unit and
Pamukkale University Department of Geological
Engineering using polarizing petrographic and
reflected-light microscopes.
X-ray diffraction (XRD) method is used to
determine the very small (submicroscopic) grain
size components (e.g., clay minerals) and carbonate
minerals. The samples used in XRD studies were first
broken into 3-5 cm pieces with a hammer. Then, it
was crushed into particles smaller than 5 mm in a jaw
crusher and ground in a ring grinder for about 10-30
minutes, based on their hardness. After the powder
material is prepared, samples are made for analysis
by putting them into nylon bags and labeled. XRD

analyzes were performed at Pamukkale University,
Department of Geological Engineering, in GNR APD
2000 PRO brand X-ray diffractometer (Anode= Cu,
λ= 1.541871Å, filter = Ni, voltage = 40 kV, current =
30 mA, goniometer speed = 2º/min, shooting range,
2θ = 5-45º). As a result of XRD analysis, the mineral
components of the samples were defined and semiquantitative percentages were calculated based on the
mineral intensity factors determined by the external
standard method (Yalçın and Bozkaya, 2002).
For fluid inclusion studies, two-sided polished
sections were prepared at Pamukkale University,
Department of Geological Engineering, Fluid
Inclusion, and Ore Microscopy Laboratory. Micro
thermometric examinations of fluid inclusion sections
were performed by using LINKAM THMS-600 and
TMS 92 type cooling and heating systems mounted
on an Olympus Labophot-Pol type polarizing research
microscope at the Fluid Inclusion and Ore Microscopy
Laboratory in the same department. Initial melting
(TFM), last melting (TmICE), homogenization of the
samples (TH), and melting of salt crystals (Tm-NaCl,
Tm-KCl) temperature measurements were carried out,
and the accuracy in all measurements was stated as
less than ±0.5 °C.
3. Geological Location and Lithology
The Biga Peninsula, which is the northwest end
of the Anatolian plate, is located in the westernmost
part of the Sakarya Zone. The region was formed as
a mosaic by the amalgamation of continental parts
with different geological backgrounds along the
İzmir-Ankara-Erzincan Suture Belt with the closure
of the Neotethys Ocean (Figure 1). The AnatolideTauride Belt of Gondwana is located in the south of
the suture belt while the Sakarya Zone is located in
the north (Figure 1). Most of the region consists of
core complexes and outcrops of these core complexes
that are associated with volcanic, sub-volcanic and
plutonic rocks.
The pre-Paleogene core complex units in the region
outcrop as the Menderes Massif and İzmir-Ankara
Zone in the south and east, and the Sakarya Zone and
the Rhodope-Strandja Massif in the north and west
(Figure 2). Basement rocks of Sakarya Zone, as well
as Kazdağ and Uludağ Massifs which are composed of
high-grade metamorphic rocks (amphibolite-granulite
facies), outcropped in the study area and surroundings
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(Duru et al., 2012). Greenschist-blueschist facies
metamorphic rocks of the Kalabak group tectonically
overlie the Kazdağ Massif. Kalabak group is overlain
by Late Carboniferous-Permian aged arkose and
carbonate rocks and at the top Late Permian-Triassic
Karakaya complex. These units are unconformably
overlain by Late Triassic-Eocene aged units that form
the cover of the Sakarya Zone.
The region representing the Biga Peninsula and
its south underwent compressional deformation in the
Late Cretaceous-Eocene and Oligo-Miocene periods,
extensional in the Early-Middle Miocene, and strikeslip faults in the neotectonic period (Yılmaz et al.,
2001; Duru et al., 2012). While the Eocene volcanic
rocks, which form the volcanic units in the region,
exhibit compositions varying from basalt to trachyte/
dacite, Oligocene volcanic rocks are composed of
andesite, trachyandesite, basaltic trachy-andesite,
basaltic andesite and dacite (Genç et al., 2012). EarlyMiddle Miocene lavas exhibit the same composition
as Oligocene, while Upper Miocene aged mafic lavas
are represented by basalts.
The first magmatic phase in the region is the
product of arc magmatism and occurred in the postcollisional Eocene period. The ages of the igneous
rocks range from 45.3±0.9–38.1±1.8 Ma and vary
from basalt to dacite (Altunkaynak and Genç, 2008).

Eocene granitoids intruded into the basement of the
Sakarya Zone, and their sub-volcanic and volcanic
equivalents are also observed in the region. The
region became terrestrial in the Oligocene period and
magmatic activity continued intensely. This phase,
which is widespread in the whole region, shows the
characteristics of mantle-derived arc magmatism that
is contaminated in the crust (Yılmaz et al., 2001).
Magmatic bodies that have volcanic and sub-volcanic
equivalents generally outcrop NE-SW trending.
Volcanics, which are the surface equivalents of
plutonic rocks, are divided into different formations
considering their lithological and geochronological
features (Genç et al., 2012).
The Oligo-Miocene magmatic phase is a fertile
phase. Igneous rocks of this age are the target for
mineral exploration. The Hallaçlar volcanics, which
crops out in large areas, is one of the important units
especially for mineral exploration, and the unit is
advanced argillized and intensely silicified zones
from place to place. Hallaçlar volcanics is important
since it contains exhalative Fe and high sulfide gold
mineralizations.
In the Biga Peninsula and its southern side, intense
volcanic activity is observed with the lacustrine
sediments during the Lower-Middle Miocene
period. Generally, volcanics that consist of andesite,

Figure 2- Regional geological map of the study area and its surroundings (Konak, 2002; Duru et al., 2012) and the location of Çatalçam
mineralization are indicated.
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trachyandesite, trachyte, latite, basaltic andesite type
lava and pyroclastics are named by tip localities
as Ezine Volcanics, Araplar Volcanics, Babakale
Volcanics, Bademli Volcanics, Ortatepe Volcanics,
Hazaldağ Volcanics, Şapçı Volcanics, and Yürekli
Dacite (Genç et al., 2012). Sapçı volcanics (21.2±0.9
Ma) consists of white thick acidic tuffs that are partly
ignimbrite at the bottom, followed by acidic lava and
pyroclastics, and successively going upward with
andesitic, basaltic andesitic lavas and pyroclastics,
which form at the last stages of volcanism. Yurekli
dacite consists of lava and pyroclastics with acidic
components and is observed intercalated with
lacustrine sediments. The Yuntdağ volcanite consists
of andesitic lava and pyroclastics. These units are
the Hüseyinfakı Volcanics and Arıklı İgnimbrite,
which consists of basalt and trachyandesitic lava and
pyroclastics; with pumice from place to place and it is
accompanied by Ayvacık Volcanics, Babadere Dacite,
Işıkeli Rhyolite, and Çamkabalak Ignimbrite, which

starts with ignimbritic tuffs and consists predominantly
of basaltic andesite and andesitic pyroclastics (Genç
et al., 2012). The last magmatic phase in the region
was formed in the Late Miocene (11.0±0.4–8.32±0.19
Ma) and is dominant in terms of magmatic activity
with alkaline composition, in which mafic rocks are
formed. In the study area and in its vicinity where
Çatalçam mineralization is located; the Triassic aged
Karakaya Complex and Miocene aged magmatic
activity products (both volcanic and plutonic rocks)
crop out widespread in the region (Figure 3).
3.1. Karakaya Complex
The Karakaya Complex, which crops out in a
narrow area in the northern part of the study area
(Figure 3); is generally composed of grey, brown
sandstone, metasandstone, shale, mudstone, metaconglomerate, basic volcanics and Carboniferous and
Permian limestone blocks of different sizes (Duru et

Figure 3- Stratigraphic section of the study area and its surroundings (Sarı et al., 2018a, b).
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al., 2012). The lithologies in the unit, which do not
show a regular sequence, are located in a lateral and
vertical transitional and/or blocky. The unit has been
affected heterogeneously by tectonic deformation.
While primary sedimentary features are well preserved
in some regions, blocks and low-grade metamorphism
effects are observed in some locations that have been
heavily affected by tectonic deformation (Tetiker et
al., 2015).
3.2. Terziler Granodiorite
Terziler Granodiorite is outcropped in the north
of the study area and intruded to the clastic and
metavolcanic units of the Karakaya Complex (Figure
3 and Figure 4). It contains grey, dark grey, and
greenish colored, hypidiomorphic granular texture,
orthoclase, plagioclase, quartz, hornblende, biotite,
and opaque minerals, as well as secondary sphene,
zircon, and apatite (Ercan et al., 1984). Amphibole
and biotite minerals are locally chloridized and
disseminated pyrite+chalcopyrite are observed in the
unit. Cu-Pb-Zn-Fe mineralizations are observed due
to intrusion within the contact metamorphic zone
developed at the contacts of Karakaya Complex and
Terziler granodiorite.
3.3. Yürekli Dacite
The unit consists of gray, white-colored lava
and pyroclastic rock fragments that are in acidic
composition and rich in quartz and biotite minerals in
hand specimen (Akyürek and Soysal, 1978). Yürekli
Dacite is observed in the west of the study area and
also outcrops in wide-area (Figure 4). The unit has
calc-alkaline and post-collisional volcanic character,
and it is stated that the main magma source forms an
enriched lithospheric mantle (Saatci and Aslan, 2018).
The unit spreads alternately with lacustrine sediments
from place to place and contains silicified trees and
perlite formations.
The lavas that have hypocrystalline porphyric
texture contain plagioclase, quartz, alkali feldspar,
biotite, apatite, opaque minerals, and are defined as
dacite and rhyolite. The rock consists of mediumgrained, euhedral-subhedral feldspar, and anhedral
quartz minerals together with euhedral-subhedral
biotite minerals. Plagioclase minerals are in the
albite-andesine composition according to anorthite
content varying between 8-44%. Polysynthetic
30

twinning and zoning are observed in some of the
plagioclase minerals. A small amount of opacification
has occurred in the biotites. The matrix consists of
devitrified volcanic glass and feldspar microliths and
secondary minerals. The unit stratigraphically overlies
the Hallaçlar volcanics and its age is Early Miocene
(19.8±0.3; 19.5±0.1; 20.3±0.6 Ma; Benda et al., 1974;
Krushensky, 1976; Genç et al., 2012; Figure 3).
3.4. Yuntdağ Volcanics
Yuntdağ volcanics (Akyürek and Soysal, 1978)
consists of calc-alkaline andesite, basaltic andesite,
trachy-andesite lavas, and pyroclastic rocks. The
unit crops out in the north of the study area with
feldspar phenocrysts and porphyritic texture. The
feldspar and mafic minerals of the unit, which are
altered due to the Early Miocene diorite porphyry
intrusion, are sericitized and chloritized. In the study
area, disseminated galena+sphalerite+chalcopyrite,
barite+quartz+calcite+dolomite vein-veinlets are also
observed within the unit.
In the study carried out in the Yuntdağı volcanics
located in the İzmir - Balıkesir Transfer Zone, it was
stated that the region had undergone deformation since
the Early Miocene (Karaoğlu, 2014). Radiometric age
studies give ages in the range of 21.5–14.0 Ma (Borsi
et al., 1972; Ercan et al., 1996; Figures 3 and 4).
3.5. Soma Formation
The Soma formation is a unit that is deposited in
the Soma Basin, starts with Lower-Middle Miocene
aged lacustrine and fan-delta deposits and continues
with fluvial and shallow lake sediments that contain
coal beds at an economic level (Nebert, 1978;
Akyürek and Soysal, 1983; Dönmez et al., 1998;
İnci, 1998, 2002). The Soma formation outcrops
in the north, west, and southeast of the study area
(Figure 4). It is generally white, yellow, gray, clayey
limestone, clay, marl, siltstone, tuffite, sandstone,
and conglomerate intercalated, and has occasionally
economical lignite level. As a result of the drilling
studies carried out by MTA, it was determined
that the Soma formation was subjected to contact
metamorphism and transformed into hornfels due to
the Çatalçam Pluton (Figure 5). Within the siliceous
and greenish-gray colored hornfels zone, disseminated
pyrite and chalcopyrite zones, stockwork, locally
disseminated pyrite±chalcopyrite quartz, and locally
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Figure 4- Geological map of the study area (Sarı et al., 2018a, b).

disseminated galena+sphalerite+chalcopyrite barite+
quartz+calcite+dolomite veins/veinlets are observed.
The lignite-bearing levels are anthracite due to contact
metamorphism.
3.6. Çatalçam Pluton
The Çatalçam Pluton is firstly mapped and
defined in the vicinity of Çatalçam as part of the
polymetallic mineral exploration project carried out
on the Biga Peninsula and its south by the team of
the MTA Northwest Anatolia Regional Directorate.

The unit is in diorite-porphyry composition and has
intruded very close to the surface and is emplaced at
very shallow depths. The porphyritic textured rock
is macroscopically composed of coarse plagioclase
crystals and partially smaller amphibole and biotite
crystals and a fine plagioclase microcrystalline matrix
(Figure 6). As seen in Figure 6, it is rarely seen
fresh, mostly feldspar phenocrysts are sericitized,
partly argillized, and mafic minerals are pyritized,
locally chloritized, and magnetized. The porphyritic
texture is also observed microscopically and it is
31
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Figure 5- a), b) Drilling cores of the extremely silicified sandstone and claystone sample belonging to the Soma formation, which
was transformed into hornfels by Çatalçam Pluton and containing ore-bearing quartz and calcite veins-veinlets, c)
images of thin-section scanning, d) crossed-polarized light, and e) plane light.

Figure 6- A fresh diorite porphyry sample taken from the drill core of the Çatalçam Pluton; a) drill core, b) images of thin-section
scanning, c) cross-polarized light, and d) plane light.
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defined as diorite porphyry with porphyric texture
with plagioclase, biotite, and amphibole phenocrysts
(Figure 6). Plagioclases have platy and tabular
prismatic shape. Amphiboles are mostly subhedral
rod-like prismatic shaped, while biotites are
mostly euhedral-subhedral foliate-platelike shaped
(Figure 6b, e and f). Biotite is observed as finegrained hydrothermal biotite in clusters and veinveinlets from place to place. The matrix consists of
holocrystalline, fine-grained intergrown feldspar
and probable quartz crystals. Apatite and zircon are
determined as secondary minerals. Considering its
microscopic features; it is defined as diorite porphyry
with porphyritic texture with plagioclase, biotite and
amphibole phenocrysts (Figure 6).
Au-Pb-Zn-Cu mineralization developed as
quartz veins/veinlets in the diorite porphyry body.
At the contact of the sedimentary rocks which the
diorite porphyry intrudes, no primary rock texture
is observed, and hornfels zone containing pyrite,
galena, sphalerite, and chalcopyrite has developed as
disseminated veins and veinlets (Figure 5). Veins and
veinlets are filled with quartz and barite + calcite. The
radiometric age of the unit has not been determined
yet, but the intrusion is thought to have formed in
the Early Miocene or later period, as it cuts the Early
Miocene aged Soma formation and the same-aged
Yürekli dacite and Yuntdağ volcanics.
4. Alteration
In the light of the information obtained mainly
from field observations and partly from mineralogicalpetrographic studies, it has been determined that
potassic, propylitic, phyllic, and argillic alteration
zones have developed in the study area and they
are generally intersected and telescoping (Figure
7). Regarding mineralization; propylitic zone that
contains epidote, chlorite, calcite, and limonitehematite with quartz veins, pyrite and calcite, and/
or dolomite veins/veinlets from place to place
without ore minerals are observed in the outermost
part (Figure 7). In the inner parts, intense clayey
(kaolinite, interbedded illite-smectite, and illite),
quartz with pyrite±chalcopyrite and disseminated
galena + sphalerite + barite with chalcopyrite +
quartz + calcite + dolomite vein-veinlet argillic zone
is observed (Figure 7). Within this zone, N60E and
E-W direction, brecciated textured, 0.2-5 m thick,
ore veins-veinlets are observed. In the argillic zone,

intense sericite, partly clayey, dark gray disseminated
pyrite±chalcopyrite quartz and galena + sphalerite +
chalcopyrite barite + quartz + calcite + dolomite veinveinlet and disseminated pyrite phyllic zone have
developed (Figure 7). In the inner parts of the diorite
porphyry, the potassic zone is observed. This potassic
zone cannot be observed on the surface but can only
be determined in drilling studies. This zone is graycolored and consists of minor sericite and chloritebearing, partly epidote, partly magnetite vein-veinlet,
partly disseminated pyrite+chalcopyrite, undulation
quartz, disseminated galena+sphalerite+chalcopyritebearing barite+quartz+calcite+dolomite vein-veinlets,
and hydrothermal biotite accumulations from place to
place (Figure 7). Vein-veinlets developed in the diorite
porphyry bodies have turned grey on the surface due
to atmospheric conditions (Figure 8). In some parts
of the study area, it is observed in yellowish-colored
limonite and hematite due to pyrite alteration.
In addition to the alteration observed on the
surface, intense alteration and locally ore-bearing
quartz vein-veinlets were observed in the drill cores,
both in the diorite porphyry body causing alteration
and in the hornfels developed from the Soma
formation due to intrusion. Besides the degree of
alteration in diorite porphyry, especially the shape of
veins and veinlets (solid or corrugated) and mineral
composition (quartz, calcite, dolomite, barite) from
the deep levels with potassic and phyllic alterations
to the surface levels where the argillic alteration is
intense, there is significant differences are observed.
At deep levels (>400 m) representing the porphyry
stage, gray-colored quartz fillings with corrugated
vein-veinlets of various sizes, reaching 2 cm in
thickness, are characteristically observed (Figure 9
and 10). The plagioclase phenocrysts are sericitized
mostly and completely in places, sericite and finegrained biotite crystals developed in the matrix due to
alteration representing the potassic and phyllic zone.
Dark-colored minerals (hornblende and biotite) are
completely opaque (magnetitized) or chloritized. In
the specimens at shallow depths (<75 m) representing
the epithermal stage, vein-veinlets contain a smooth/
uniform appearance and are filled with white quartz,
calcite, and barite that reach 5 cm thickness (Figure
11 and 12). According to the textural relationship of
the minerals filling vein-veinlets, it was determined
that quartz formed at the first stage, then calcite
and barite formed at the last stage. Sericitization
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Figure 7- Alteration map and cross-section of the study area (Sarı et al., 2018a, b).

and argillization (kaolinization) are observed in the
plagioclase and matrix in the samples representing the
argillic zone, but fine-grained biotite formations are
not observed. In order to determine the textural and
mineralogical distributions of the alteration zones in
34

the vertical direction; optical microscopic and wholerock X-ray diffraction (XRD) studies were carried out
on altered samples representing different depths from
BSS-16-11A drill cores (Figure 13). According to the
data obtained, carbonate minerals are represented by
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Figure 8- Field images from the Çatalçam Pluton with intense hydrothermal alteration and stockwork veins (qz: quartz, cal:
calcite, bt: barite).

Figure 9- Images of; a) drill core, b) thin-section scanning, c) cross-polarized light, and d) plane light of undulated gray
stockwork quartz vein-veinlets in altered diorite porphyry sample (BSS-16-11A-34) belonging to Çatalçam
Pluton.

calcite in the near-surface sections (between 0-120
m) and by dolomite in the deeper level (between 200350 m). Hydrothermal alteration product quartz and
primary magmatic plagioclase constitute the main
components of the samples. In addition to quartz, the
barite-bearing samples representing the epithermal
phase are accompanied by calcite at the upper levels
and dolomite at the lower levels. Pyrites are observed
in small amounts (usually 10% or less) at all levels.

Biotite is the product of potassic alteration and is
determined by macroscopic and petrographic data.
Biotites are formed at 300 m and deeper levels and
accompanied by small amounts of chlorite and locally
illite/muscovite. Illites (sericite as microscopically) are
observed at almost all levels (phyllic zone) and their
amount increases slightly towards the upper levels.
Kaolinite forms in small amounts (<20%) increasing
towards the upper levels and it is observed at all levels
but does not form pure clay mineral component.
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Figure 10- Images of; a) drill core, b) thin-section scanning, c) cross-polarized light, and d) plane light of sericitized
plagioclases and ore-bearing gray-colored quartz vein-veinlets within the silicified, sericitized, and fine-grained
biotite-containing matrix in the altered diorite porphyry sample (BSS-16-11A-29) belonging to the Çatalçam
Pluton.

Figure 11- Images of; a) drill core, b) thin-section scanning, c) cross-polarized light, and d) plane light of fine and coarsegrained, partly chalcedonic quartz vein cut by the bar-shaped prismatic barite-bearing uniform (massive) white
colored vein of altered diorite porphyry sample (BSS-16-11A-6) belonging to the Çatalçam Pluton.
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Figure 12- Images of; a) drill core, b) thin-section scanning, c) cross-polarized light, and d) plane light of the
altered diorite porphyry sample (BSS-16-11A-3) belonging to the Çatalçam Pluton, the uniform
(massive) white vein containing quartz and calcite filling the altered diorite porphyry breccia.

Figure 13- Distribution of alteration-related mineralogical compositions of the altered diorite porphyry samples belonging to the
Çatalçam Pluton according to depths (Qz: quartz, Fsp: feldspar, Pl: plagioclase, Bt: biotite, Ilt: illite, Ser: sericite, Chl:
chlorite, Kln: kaolinite, Cal: calcite, Dol: dolomite, Py: pyrite).
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5. Mineralization
As a result of detailed geological and geochemical
studies in the field, As, Sb, Ag, Pb, Zn, Cu, Au, and
Mo anomalies were determined (Sarı et al., 2018a, b).
Cu-Zn-Au-Mo and Sb-As-Ag-Pb-Zn-Cu-Au anomaly
groups overlap in the same area, and the Lower
Miocene aged Yürekli dacite on the surface spatially
overlaps with the alteration areas developed due to the
Çatalçam Pluton.
As a result of the surface and drilling studies;
In an area of approximately 4 km2, economically
exploitable porphyry type Au mineralization with an
average grade of 0.2-1 gr/ton was determined. This
mineralization creates an economically exploitable
resource; It is accompanied by Ag with an average
grade of 8 ppm and Pb+Zn with an average grade of
1.8-2%.
From the surface and drilling studies, 4 different
types of mineralization have been determined in the
study area, and their important features are mentioned
below.

Type 1 mineralization: Hornfels zones that formed
by the intrusion into the Early Miocene Soma Formation
of diorite porphyry that is the source of mineralization
in the field that does not outcrop but was cut in drilling
cores. These hornfels zones contain quartz densely
and partly brecciated, it includes disseminated and
fillings pyrite+chalcopyrite+galena+sphalerite+gold
mineralization in vein-veinlets (Figure 5).
Type 2 mineralization: Related with the Çatalçam
Pluton; Within the volcanics (andesite) whitecolored, sericitized feldspars, chloritized, pyritized
mafic minerals, clayey, disseminated pyrite-bearing
altered zones with abundantly and stockwork white
galena+sphalerite+chalcopyrite and epigenetic AuPb-Zn barite+quartzite vein calcite+ dolomite veinveinlets can be seen (Figure 14).
Type 3 mineralization: It contains pyrite+
chalcopyrite+galena+gold+fahlerz group minerals
and rarely molybdenite mineralization, which are
gray-dark gray-colored, locally stockwork-brecciated
quartz vein-veinlets within the Çatalçam Pluton
(Figure 15).

Figure 14- The disseminated galena+sphalerite+chalcopyrite-bearing barite+quartz+calcite veins-veinlets determined in the drilling studies
in altered andesites; a), b) disseminated galena+sphalerite+chalcopyrite mineralization in barite+quartz+calcite+dolomite veins,
c), d) densely disseminated galena+sphalerite+chalcopyrite mineralization within barite+quartz+calcite+dolomite vein-veinlets.
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Figure 15- a), b) Disseminated, stockwork brecciated and disseminated quartz veins containing disseminated and pyrite+chalcopyrite+fahlerz
group minerals+galena and locally molybdenite in vein-veinlets formed in altered diorite porphyry, c, d) disseminated, stockwork,
and brecciated pyrite+chalcopyrite+fahlerz+galena-bearing quartz vein-veinlets with local molybdenite and crosscutting
disseminated pyrite+chalcopyrite+galena+sphalerite+gold-bearing barite+quartz+calcite vein-veinlets in altered diorite porphyry
are seen.

Type 4 mineralization: They are associated with
dense, stockwork white-colored galena+sphalerite+ch
alcopyrite+gold-bearing barite+quartz+calcite veinsveinlets, which cut the porphyry type Au-Cu deposit.
The mineral assemblages of each mineralization
are similar to each other, and the ore microscopy
investigation was carried out on a sample with
disseminated galena+sphalerite+pyrite and locally
chalcopyrite barite+quartz+calcite+dolomite veins
formed in diorite porphyry (Figure 16a). Plenty
of sphalerite, lesser amount of galena, very little
amount of pyrite, traces of chalcopyrite, native gold,
fahlerz, and hematite were determined in the sample
(Figure 16b-g). Pyrites can be seen as form the main
component as coarse crystals in some samples (Figure
16c), sometimes in the form of very fine crystalline
fillings in the cracks of sphalerites (Figure 16f), and
sometimes as euhedral-subhedral coarse crystals
(Figure 16g). Chalcopyrite is observed in the cracks
of galena and sphalerite or accompanied by galena and
sphalerite (Figure 16b). Chalcopyrite can be seen from
place to place as inclusions in pyrite and sphalerite
(Figure 16c, g). Native gold is observed in the densely
silicified zone, interlocked with and in galena, at
the edge, in the cracks and inside of sphalerite with
pyrite and in very small and tiny cracks in the densely
silicified zone (Figure 16b-g).

6. Fluid Inclusions
6.1. Fluid Inclusion Petrography
Fluid inclusion petrography investigation was
carried out on samples from the epithermal (argillic)
alteration zone (Figure 17a, b) and porphyry (potassicphyllic) alteration zone (Figure 17c, d) selected
from BSS-16-11A drill cores. Fluid inclusions in
the petrographic investigation of double-polished
sections were classified as based on Roedder (1984),
Shepherd et al. (1985), and Goldstein and Reynolds
(1994). Primary and secondary inclusions, ranging in
size from 4-20 μm, are observed in quartz and barite
minerals. Inclusions based on the amount and type
of components they contain at room temperature are
classified as; 1) single-phase (Type I): liquid (L) or
vapor (V); 2) two-phase (Type II): liquid-rich (L+V)
or vapor-rich (V+L) and 3) multi-phase (Type III):
solid phase (mostly salt crystal and opaque mineral)
assemblages (Figure 18a-k).
Single-phase, Type I inclusions are 3-10 μm in
size, and gas (V) inclusions are more common (Figure
18c). Two-phase, Type II inclusions are 2-20 μm in
size and are commonly observed in all zones (Figure
18a, b). Multiphase, Type III inclusions are mostly
observed in the potassic zone and it was determined
that the inclusions contain more than one solid phase
(Figure 18d, e). It has been observed that the liquid,
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Figure 16- a) Macroscopic view of the zone with abundantly disseminated galena+sphalerite+pyrite, locally chalcopyrite,
barite+quartz+calcite veins-veinlets, b) appearance of galena (Gln), sphalerite (Sph), pyrite (Py), chalcopyrite
(Cpy), and sphalerite accompanied native gold, c) native gold accumulations with pyrite, chalcopyrite and
disseminated pyrite in the intensely silicified zone, d) galena, sphalerite, fahlerz minerals and the formation of
native gold in galena, e) galena, sphalerite, fahlerz minerals and the formation of native gold in galena, and f)
formation of native gold together with pyrite (Py) in the crack of sphalerite and galena.

40

Bull. Min. Res. Exp. (2022) 167: 25-49

Figure 17- Images of; a) pure quartz (Qz) vein representing the epithermal system, b) quartz (Qz)+barite (Bt) veins, c) undulated quartz veins
representing the porphyry system, and d) thin-section scan view from the sample taken from the drill hole BSS-16/11A of Çatalçam
mineralization.

vapor, and solid-phase ratios of Type III inclusions
are highly variable. Among the minerals observed
in Type III inclusions, those with cubic crystal form
identified as halite, while opaque minerals with a
size of 1-15 μm and red-orange colors are hematite,
and those with triangular crystal form identified as
chalcopyrite that frequently abundant in fluids of
porphyry deposits (Figure 18f, g, and h). The salinity
of Type II inclusions is calculated depending on the
final ice melting temperature (TmICE), while the
salinity of Type III inclusions is calculated based on

the melting point of the halite crystal (Steele MacInnis
et al., 2012).
6.2. Micro-thermometric Studies
Micro-thermometric studies were carried out in the
inclusions of the samples from the potassic, phyllic and
argillic zones. In two-phase inclusions, Type II, TFM
values ranging from -40 °C to -60 °C were measured.
These measured temperature values, when compared
with the eutectic temperatures of various water-salt
systems, indicate that in addition to NaCl, salts such as
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Figure 18- Different types of inclusions indicated in quartz and barite minerals in Çatalçam mineralization. Photomicrographs of; a), b) twophase inclusions, c) single-phase inclusions, d) vapor-rich two-phase inclusions, e) multiphase inclusions containing hematite, f),
g), h) multiphase inclusions containing both hematite and salt and opaque mineral (chalcopyrite?) i) two-component assemblages
of inclusions rich in liquid and vapor (FIA), j) low-density vapor-rich inclusions (FIA), k) single- and two-phase inclusion
assemblages (FIA).
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KCl+MgCl2+FeCl2 are present in the fluid (Shepherd
et al., 1985). The final melting (TmICE) temperature
obtained from Type II inclusions mostly ranges from
-13 °C to -0.2 °C. The ice-melting temperatures were
converted to salinities using the equation of Bodnar
(1993) and the values were calculated as between 0.3
and 17 as %NaCl equivalents. The melting temperature
of salt crystals in Type III inclusions containing salt
crystals varies between 360 and 500 °C. In calculating
the salinity of Type III inclusions, Steele MacInnis et
al. (2012) HokieFlincs_H2O-NaCl program was used
and it was determined that the fluids containing salt
crystals have a salinity of NaCl equivalent between
40-55%.
Homogenization temperature gives information
about the formation temperature of the mineralforming hydrothermal fluid and/or minerals and is
measured from samples representing potassic, argillic,
and phyllic zones. Based on the measurement results;
It was observed that the temperature of the fluid in the
Çatalçam mineralization was collected in three groups.
The first group corresponds to low temperature (150220 °C), the second group is the higher temperature
(250-350 °C), and the third group is the highest
temperature (>400 °C) conditions (Figure 19).
6.3. Evaluation of Fluid Inclusion Data
Micro-thermometric studies carried out on the
drill-core samples from the Çatalçam mineralization
revealed that the fluid inclusion assemblages (FIA)
determined especially in the quartz crystals exhibit
characteristics specific to the porphyry type deposits
in terms of temperature and content. The high

homogenization temperature and salinity (Th > 400
°C, %NaCl > 35%, respectively) and the presence of
coexisting halite bearing and vapor-rich inclusions,
also opaque minerals such as hematite and chalcopyrite
identify the pluton region. The common coexistence
of vapor-rich and liquid-rich fluid inclusions in the
samples indicates boiling. From the petrographic and
micro-thermometric studies, lower homogenization
temperature and salinity were also determined,
indicating an epithermal system overlying the
porphyry system or reflecting the late stages when the
temperatures of the fluid decreased. Considering the
data obtained from fluid inclusion studies; A porphyry
type of Çatalçam Au mineralization developed within
the system; It can be stated that the temperature and
salinity of the ore-bearing fluids in the early phase
(porphyry) are high, while the temperature and salinity
of the fluids representing the late phase (epithermal)
are low (Figure 20).
7. Results
Since the discovery of the Kışladağ porphyry
Au deposit in the Western Anatolia, it has gained
importance as a metallogenic belt for the porphyry Au
mineralization. Twenty-eight occurrences or deposits
are known in the region and it is divided into three
sub-zones defined as the Tavşanlı and Afyon-Konya
porphyry zones (Figure 1; Kuşcu et al., 2019a). In
each of these sub-zones there are porphyry deposits
that have been mined and are still being exploited,
Muratdere porphyry Cu-Mo, Tepeoba porphyry CuMo and Kışladağ porphyry Au deposits represent
the Tavşanlı, Biga and Afyon-Konya porphyry belts,

Figure 19- Graph of homogenization temperature (Th) distribution obtained in the micro-thermometric studies performed on the samples
representing different zones of the Çatalçam mineralization.
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Figure 20- The distribution of salinity versus the homogenization temperature obtained from the fluid inclusions of the Çatalçam mineralization
within the porphyry and epithermal types are indicated (Wilkinson, 2001).

respectively. Halilağa, Ağıdağı (Etili, Çanakkale) and
Karaayı (Kuşçayır, Çanakkale) porphyry deposits
are newly discovered ore deposits (Kuşcu et al.,
2019a, b). Other occurrences, for example: Gürcüler,
Alaçam, Dikmen, Sarıçayıryayla, Karapınar, Geleiç,
Topuk (Bursa), Tüfekçikonak (Kütahya), Tepeköy
(Gökçeada) and Kocatarla (Çanakkale), Eğmir
(Edremit) have been extensively explored and drilled
with surface and geophysical methods, but there
is no information could be found since they have
not been publicly announced. In this respect, the
Çatalçam mineralization is the most recent example
of the porphyry gold deposit discovered in the Biga
porphyry belt of the Western Anatolia, and is likely
to be the most important considering its lateral and
vertical continuation.
The magmatism associated with the mineralizations
in the Biga porphyry belt is of Eocene aged lava and
lava-dom complexes (49.3-34.3 Ma), pyroclastic
rocks, ignimbrite, volcanic breccia andesite, dacite,
and locally basalt in the composition (Ercan et al.,
1995; Aldanmaz et al., 2000) and Oligocene andesite,
dacite and rhyolite lavas, lithic-crystalline tuff is
intercalated or laterally transitional with polymictic
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volcanic breccia and conglomerate (Bozkaya and
Gökçe, 2001; Bozkaya et al., 2020). Kartaldağ and
Serçeler located in the south of Çanakkale, and
Ağıdağı and Kirazlı high-sulfidation epithermal
deposits located in the west of Çan, are associated with
volcanic-plutonic rocks (İmer et al., 2013; Brunetti et
al., 2016). Volcanic rocks are generally cut by late
Oligocene plutonic rocks (Yiğit, 2012, Bozkaya et al.,
2016). Oligocene-Miocene magmatism (30-18 Ma)
and related hydrothermal systems (27.4-24.8 Ma) are
located in the Biga porphyry belt and are less common
in other parts of Turkey. On the other hand, Mid-late
Miocene magmatism (about 16-8 Ma) and related
porphyry Cu systems are dominant in the AfyonKonya porphyry belt in Western Anatolia, and it
contains the youngest porphyry-related magmatic and
hydrothermal systems (14.4–8.9 Ma) (Kuşcu, 2019a).
Çatalçam Au-Pb-Zn-Cu mineralization is a deposit
developed within the volcanic-sedimentary rocks
of Early Miocene aged with dioritic subvolcanics,
which were determined for the first time in the
Western Anatolia by the exploration project was
conducted between 2011-2017. Field observations
and
mineralogical-petrographic
studies
have
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shown that potassic, propylitic, phyllic, and argillic
alteration zones have developed. These intersecting
zones are; from outside to inside: 1) propylitic zone
containing epidote, chlorite, calcite, and limonitehematite with quartz vein-veinlets, altered with
pyrite, locally calcite and/or dolomite vein-veinlets
that not ore-bearing, 2) argillic zone containing
densely clayey, pyrite±chalcopyrite quartz and
disseminated
galena+sphalerite+chalcopyritebearing barite + quartz + calcite + dolomite veinveinlets (Figures 7 and 21). In the argillic zone,
intense sericite, locally clayey (kaolinite), dark
gray colored disseminated pyrite±chalcopyrite
quartz and galena+sphalerite+chalcopyrite-bearing
barite+quartz+calcite+dolomite vein-veinlets and
disseminated pyrite phyllic zone were determined. On
the other hand, the potassic zone is not observed on the
surface, but determined from the drilling cores, in the
inner parts of the diorite porphyry, it contains undulated
quartz, disseminated galena+sphalerite+chalcopyritebearing
barite+quartz+calcite+dolomite
vein-

veinlets, sericite, and chlorite as well as fine-grained
hydrothermal biotite occurrences.
A representative model of the mineralizationassociated porphyry system is given in Figure
21. Along the tectonic zones developed within
the porphyry type Au-Cu mineralization with
disseminated
chalcopyrite+gold-bearing
quartz
veins and chalcopyrite, meteoric waters moved
downwards, were heated, and moved towards the
surface as hydrothermal fluid. During its upward
movement, it dissolved the low-grade gold formed
in the porphyry system and absorbed and reprecipitated it together with Zn+Pb+Au+Cu in the
stockwork barite+quartz+calcite+dolomite veins.
Au with an average grade of about 0.25 gr/ton in
the porphyry system, is enriched up to 55 gr/ton
from place to place in the epithermal system. Zones
with an average of 1 gr/ton Au between 0-220 m
and 300-500 m were formed, with less than 1 gr/
ton at 220-300 m. Due to the hydrothermal fluids

Figure 21- Representative model of the porphyry system of the Çatalçam mineralization and the vertical and lateral distributions of ore-bearing
zones and alteration zones (1: ore-bearing quartz in Hornfels, 2: ore-bearing barite-quartz, calcite and/or dolomite in andesites, 3:
ore-bearing quartz in Çatalçam Pluton, 4: ore-bearing barite-quartz in diorite porphyry and calcite and/or dolomite).
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moving upwards without reaching the porphyry
type mineralization, the stockwork disseminated
lead+zinc-bearing
barite+quartz+calcite+dolomite
vein-veinlets in the epithermal system do not
contain gold but only silver. Since the epithermal
system largely masks the porphyry system; in the
phyllic zone, quartz vein-veinlets belonging to the
porphyry system are observed as cut and fragmented
by barite+quartz+calcite+dolomite vein-veinlets
of different sizes. Barite+quartz+calcite+dolomite
veins belonging to the epithermal system are also
occasionally seen in the potassic zone.
The Cu-Zn-Au-Mo and Sb-As-Ag-Pb-Zn-Cu-Au
anomaly groups previously established by the MTA
team in the field (Sarı et al., 2018a, b), reveal the Early
Miocene aged Yürekli dacite and Yuntdağ volcanics
and it overlaps with the alteration areas developed
due to the Çatalçam Pluton intruded to the Soma
formation. In the Çatalçam Pluton, which is the source
of the mineralization, disseminated sulfide, sulphosalts
minerals (pyrite, chalcopyrite, galenite, fahlerz), native
gold and molybdenite minerals were determined in
gray, dark gray colored, locally stockwork-brecciated
quartz veinlets. Intense, stockwork white-colored
galena+sphalerite+chalcopyrite+gold-bearing
barite+quartz+calcite+dolomite veins-veinlets, which
cut the porphyry type gold+copper mineralization
developed in the diorite porphyry body.
Fluid inclusion assemblages (high homogenization
temperature and salinity, abundance of opaque
minerals such as hematite and chalcopyrite, and
inclusion assemblages of different densities and
existence of all these inclusions) determined in the
quartz minerals belong to the veins of Çatalçam
mineralization show characteristic of porphyry
type deposits. Data indicating an epithermal system
overlying the porphyry system (lower homogenization
temperature and salinity) were also determined by
petrographic and micro-thermometric studies.
Textural, optical, and ore microscopy, XRD
mineralogy, and fluid inclusion data support the
idea that porphyry type Au mineralization and its
overprinting epithermal Pb-Zn-Cu-Au mineralization
may occur, according to the surface and drilling
studies carried out in the field. Oligo-Miocene aged
magmatic units have been targeted in metallic mineral
exploration projects carried out in Western Anatolia
and the Biga Peninsula. However, as a result of this
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study, it is seen that not only the Oligo-Miocene aged
units but also cutting younger magmatic units may
have ore carrier and/or forming characteristics.
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