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ABSTRACT

The Dagbasi skarns have developed as an exoskarn type along the nearest border of Upper Cretaceous
Dagbasi Granitoid and block- and lens-shaped limestones of Berdiga formation located in the Liassic
volcanics. The early garnets are predominantly grossular type (And,  Grs,y o .o Prs, .. ), while
pyroxenes have a composition between diopside and hedenbergite (Hed,, ,, 5, « Dy, 5 2 00J0h, o, o 40)-
The late garnets are characterized by high andradite (And Grs, ,, Prs, ), and late pyroxenes
by increasing johannsenite content (Hed,, ., .Diy, .. .Joh, . .. ). High andradite content of
late garnets is similar to Cu—Fe-type skarns, whereas the higher johannsenite and Mn/Fe ratios of
pyroxenes are similar to Zn-type skarns. Higher andraditic garnets indicate an oxidized-type skarn
and association with the shallow emplacement of intrusion. Increasing And/Grs ratios of garnets,
from core to rim, also point out to increasing degree of oxidation. The retrograde skarn minerals
are epidote, tremolite-actinolite, quartz, calcite, and chlorite. The ore minerals are composed of
magnetite, hematite, pyrrhotite, pyrite, chalcopyrite, sphalerite, and galena. The Ag content of
the galena (1.18-1.43wt%) suggests significant silver potential. Dagbasi Granitoid shows high-K
(2.38-3.75wt.% K,0), calc-alkaline, metaluminous—peraluminous transitional (A/CNK=0.88-1.23)
and volcanic arc type granitoid. The various main and trace element contents of the granodiorite
observed along the skarn zones show similarities with Fe—-Cu—Zn type skarn-related granitoids,
whereas there is no clear relation between the skarn type and composition of outher granitoids.
Therefore, the presence of sulfur phases, in addition to the oxide ore suggests that geochemical
characteristics of granitoid had a large effect on the mineral composition.

74.67-100

1. Introduction

well-known skarn occurrences (Demir et al., 2017)
(Figure 1).

The northeast Black Sea Region is an important

metallogenic province of Turkey containing different
types of ore deposits. In addition to the predominantly
observed massive sulfide-type deposits, hydrothermal,
skarn, and porphyry deposits are the other main types
of ore mineralizations in the region. The region
contain a large number of skarn-type ore deposits,
due to the widespread outcrop of carbonate rocks
(Berdiga formation) and granitic intrusions which cut
these carbonate rocks. Cambasi, Kotana, Kirazoren,
Ogene, Ozdil, Dagbasi, Kartiba, Sivrikaya, Demirkdy,
Egrikar, Camibogazi, and Arnastal are some of these

Some studies performed on the skarn-type deposits
of the region (Aslan, 1991; Hasangebi, 1993; Sarag,
2003; Cift¢i and Vicil, 2003; Ciftgi, 2011; Sipahi,
2011; Kurt, 2014; Sipahi et al., 2017; Demir et al.,
2017) have demonstrated that these deposits show
many differences in terms of ore types, alteration
products, and formation conditions. According to
these studies, while exoskarn-type mineralization
has been reported from Ozdil, Kartiba, Sivrikaya,
Cambasi, Kotana, Arnastal, and Camibogazi deposits,
both endoskarn- and exoskarn-type deposits have been
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Figure 1- Geological map of the Eastern Black Sea Region and distribution of some skarn type deposits (Modified after Giiven et al., 1998).

reported from Kirazoren, Ogene, and Egrikar deposits.
Ore in the Ozdil, Kartiba, Camibogazi, and Sivrikaya
deposits consists of oxide minerals (magnetite and
hematite) while sulfur minerals accompany oxide
phases in the Arnastal, Kotana, Kirazoren, Egrikar,
and Dagbasi deposits (Demir et al., 2017). In terms
of host rocks, the age of carbonates ranges from Early
Jurassic to Late Cretaceous and the age of intrusions
from Jurassic to Eocene (Sipahi et al., 2017; Demir
et al., 2017). In spite of these studies, it is understood
that skarn-type deposits are less well investigated
in comparison with the other types of deposits in
the region, so the geological, mineralogical, and
geochemical differences between these deposits have
not been sufficiently clarified.

Dagbast skarn ores, the subject of this study, have
been studied by Giilibrahimoglu (1986) and Hasangebi
(1993). In these studies, the presence of magnetite,
specularite, pyrite, chalcopyrite, and sphalerite has
been reported, but the skarn mineralogy has not
been investigated. Granitic rocks in the region which
played an important role in the skarn developments
have been studied by Kaygusuz (1992), Aydingakir
(2006), and Kaygusuz and Aydincakir (2011). They
reported that these granites are I-type with low to
medium K content and show properties of volcanic-
arc-type calc-alkaline granitoids. They also reported
that fractional crystallization and magma mixing were
the main processes for these granite occurrences.

166

Skarn-type deposits occur as a result of the
metasomatic process between granitoid and carbonate
host rocks. At the early stage of this process, prograde
skarn minerals develop due to the high temperature of
intruding granites, whereas retrograde skarn minerals
develop at the late stage with decreasing temperatures.
Previous studies have shown that the anhydrous silicate
minerals (such as garnet and pyroxene) develop in the
prograde stage while the hydrous silicate minerals
(such as epidote, amphibole, and chlorite) develop
in the retrograde stage (Einaudi et al., 1981; Meinert,
1992; Orhan and Mutlu, 2009; Oyman, 2010).

Previous researchers showed a relationship
between the garnet, pyroxene composition, and metal
content of the skarn and the oxidation degree, and
the classification was made accordingly (Einaudi
et al., 1981; Einaudi and Burt, 1982; Nakona et al.,
1994; Nakona, 1998; Meinert et al., 2005). In this
classification, pyroxenes with high Mn content
(johannsenite) correspond to the Zn-type skarns, while
pyroxenes ranging between diopside and hedenbergite
compositions correspond to the Cu—Fe-type skarns.
According to these studies, oxidized skarns have high
andradite and low spessartine and almandine contents.
Some other studies have also shown that the increasing
And/Grs ratios, from core to rim, reflect increasing
oxidation degree in the zoned garnet crystals (Collins,
1977; Newberry, 1983; Abu el Enen et al., 2004).
Newberry (1991) pointed out that in the reduced
skarns, pyroxene is more commonly observed than
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garnet and has a hedenbergite composition, whereas
in the oxidized skarns pyroxene is less commonly
observed and has a composition between diopside and
hedenbergite.

The relationships between chemical compositions
of granitoids and skarn types and their metal contents
have been investigated by many researchers (Kwak
and White, 1982; Newberry and Swanson, 1986;
Meinert, 1995; Meinert et al., 2005). In these studies,
it was shown that skarn-related granitoids are mostly
associated with normal calc-alkaline intrusions, W, Sn,
and Mo skarns are associated with intra-continental
granitoids, and Fe, Cu, Zn, and Au containing skarns
are associated with I-type island arc granitoids. With
respect to the Al saturation, Sn skarns are associated
with peraluminous plutons which develop as a result
of melting of sedimentary rocks of continental crust.
On the other hand, calcic Fe skarns are associated
with metaluminous island arc plutons and other
types of skarns are associated with granitoids of
metaluminous—peraluminous transitions.

In this study, four different skarn locations have
been defined around the Dagbasi area. The geological
and mineralogical properties of these skarn zones
have been studied by systematic sampling. Garnet
and pyroxene compositions have been studied in
detail, because they give critical information on the
classification of skarn deposits, developments of
formation conditions, and determination of their
metal content. The geochemical characteristics of
Dagbasi granitoid were also investigated because of
the relationship between the geochemical features of
the granitoids and skarn types and the metal contents.
In addition, the compositions of sulfur minerals
(pyrrhotite, pyrite, chalcopyrite, sphalerite, and
galena) in skarn zones were measured by mineral
chemistry analysis and the main and trace element
contents were evaluated.

2. General Geology

The oldest units in the study area are volcano-
sedimentary rocks consisting of andesite, basalt, and
their pyroclastics including sandstone, marl, claystone,
and sandy limestone intercalations. This unit is highly
fractured and altered and covers a wide area around
the Ipekeili, Kopriitistl, Kiikiirtli, Cakirinsirt, and
Kalaycioglu districts and Giiney Hill. Andesites and
basalts consist of plagioclase, amphibole, biotite,
augite, and opaque minerals and display brecciated,

glassy, microlitic, microlitic porphyritic, amygdaloidal,
and void textures. According to the microscopic study,
the anorthite content of the plagioclases is An,, , in
andesite and An_, . in basalt. In some cases, quartz,
calcite, epidote, and chlorite, which are secondary in
origin, accompany these minerals. In general, these
secondary minerals are found along the fractures or
gas cavities and are mostly accompanied by opaque
minerals.

Pyroclastic rocks composed of tuff and volcanic
breccia are observed as sedimentary intercalations
in the volcanic rocks and are observed around the
Cimenli, Akrut, and Ustaoglu districts. Tuffs are
mainly composed of very small crystals and cementing
ash, and breccias are made of relatively larger crystals,
rocks fragments, and cementing ash material. Tuffs are
classified as crystal and lithic crystal tuffs according to
various mineral and rock fragments. In this unit, there
are thin to medium laminated sandstone, marl, sandy
limestone, and red biomicrite layers. They are a few
metres in thickness and not more than several hundred
metres in length.

This unit containing andesite, basalt, pyroclastics,
and some sedimentary intercalations has been dated
as Jurassic by Schultze-Westrum (1961), Kopriibasi
(1992), and Camur et al. (1994). Based on the
Involitina liassica, Trocholina sp., Lenticulina sp.,
Spirillina sp., Vidalina martana Farinacci, Lingulina
sp., and Lagenidea sp. fossil species found in the
red biomicrite layer of the same unit, Liassic age
was determined by Giiven et al. (1998). On the
other hand, Aydingakir (2006) argues that volcano-
sedimentary rocks may be Jurassic-Lower Cretaceous
in age, taking into account the overlying Malm—Lower
Cretaceous Berdiga formation.

Oldest volcanic rock units covering large
areas around the Dagbasi Granitoid (Figure 2) and
extending along the eastern Black Sea metallogenic
belt have been defined as Lower Basic Series by some
researchers (Schultze-Westrum, 1961; Gedikoglu
et al,, 1979; Aslaner, 1977; Sen, 1988; Kaygusuz,
1992; Aydingakir, 2006). On the other hand, different
names have been given to this volcano sedimentary
unit, such as Telmeyaylasi formation by Yiiksel
(1976), Hamurkesen formation by Agar (1977),
Balkaynak formation by Kesgin (1983), Zimonkdy
formation by Eren (1983), and Senkody formation
by Kandemir (2004), although all these names refer
to the Liassic same unit in the region according to
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Figure 2- Geological map of the Dagbasi area (Modified after Aydingakir, 2006).
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the palacontological data. In this study, the name
“Senkdy formation”, proposed by Kandemir (2004),
is preferred, observing all the facies of this unit from
bottom to top.

There are numerous dolomitic limestone lenses
and blocks at the upper level of Senkdy formation,
reaching up to 300 m in thickness and a kilometre
in length. The thicknesses of the limestone layers
cropping out around Sirt, Ciftepinar, Kestanelik,
Kiikdrtlii, and Kopriitistii districts and Sel field vary
between 10 and 30 cm. The colours of the limestones
vary from dark grey to light grey far from the border,
but the colours change in light colour tones from grey
to beige near the granitoid contact, and calcite crystals
become larger along the contact. These massive
limestones, present in the northern part of the eastern
Black Sea Region with limited lateral extensions, were
considered as the products of platform carbonates
and named as the Berdiga formation by numerous
researchers (Kirmaci et al., 1996, 2018; Yilmaz et al.,
2008). Limited lateral extension of these limestones
was explained by active rifting tectonics during the
Cretaceous by some studies (Yilmaz and Kandemir,
2006; Koch et al., 2008).

Carbonate and volcanic rock fragments, shell
pieces, fine-grained quartz, plagioclase, and
disseminated opaque minerals were observed
in the thin section of the limestones. Significant
lamination was observed at the levels containing
clay-siltstone. Micritic cemented limestones were
named as a biomicrite according to Folk (1962) and
greywacke according to Dunham (1962). Although
some Globotruncana and Radiolarian remnants were
observed in some thin sections (the definition was
given by Dr. Raif Kandemir), reliable palacontological
data could not be obtained in this study for the age
determination. But it is understood that this unit was
aged as Jurassic—Lower Cretaceous in some studies
(Kopriibast, 1992; Giiven et al., 1998; Camur et al.,
1994), and this age was also accepted by some other
researchers (Sen, 1988; Kaygusuz, 1992; Hasangebi,
1993; Aydingakir, 2006; Kirmaci et al., 2018).

An outcrop of granitic rocks with an area of about
25 km?,around Dagbasi region, was named as Dagbasi
Granitoid by Sen (1988). This granitoid was emplaced
into volcano-sedimentary rocks of the Senkoy
formation and crystallized limestones of the Berdiga
formation (Figure 2). Quartz, plagioclase, alkali
feldspar, pyroxene and amphibole minerals could

be observed in the granitic rocks macroscopically.
Orthoclase ratios increase quite noticeably in the
central part of the granitoid. Therefore, dark pink and
pink-like grey colours become noticeable. The large
crystal size in this central part becomes smaller towards
the edge of the granitoid. Accordingly, the orthoclase
contents decrease in the outer part of the granitoid
while the quartz and plagioclase contents increase.
Dagbasi Granitoid contains some mafic microgranular
enclaves, a few centimeters to a meter scale, along the
contact with volcanic rocks. The age of the pluton was
determined as 88.1-86.0 million years by Kaygusuz
and Aydingakir (2011) by the U-Pb SHRIMP method
conducted on the zircon minerals. This time interval
corresponds to the Upper Cretaceous period.

Dagbasi Granitoid was divided into four
different zones according to its modal mineralogical
composition by Aydincakir (2006). According to
this study, monzogranite composition is dominant in
central parts, while granitoid becomes granodiorite,
tonalite, and diorite composition towards the outher
zone. Because of the irregular distribution of these
zones, additional sampling has been carried out
to determine the petrographic and geochemical
properties of the granitoids around the skarn contacts.
In addition to macroscopically determined quartz,
plagioclase, and alkali feldspar, hornblende and
biotite were extensively observed in the prepared
thin sections. Apatite and zircon are relatively less
common and have euhedral crystal forms. Epidote
and chlorite, observed especially around the biotites,
are secondary in origin. Porphyritic and myrmekitic
textures are quite common in thin sections. In some
cases, biotite and hornblende inclusions in orthoclase
minerals display poikilitic textures.

The dacitic rocks cutting Dagbasi Granitoid and
volcanic rocks of Senkdy formation around the study
area were described as “coarse crystal dacites” by
some studies (Sen, 1988; Kaygusuz, 1992; Hasangebi,
1993). On the other hand, as these dacites have
characteristic columnar structure around Uzuntepe
area, they were called “Uzuntepe Dacites” and
Senonian age was appointed by Aydingakir (2006) and
Kaygusuz and Aydingakir (2011).

3. Analytical Method
In this study, skarn zones around the Dagbas1 area

have been systematically sampled. Preparations of
thin and polished sections, mineralogical studies, and
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sample preparation for the whole rock analyses have
been carried out in the laboratories of the Department
of Geological Engineering at the Recep Tayyip
Erdogan University.

Chemical analyses of 20 samples from the Dagbas1
Granitoid have been analysed for major, trace, and
lanthanum group elements in the ACME analytic
laboratory in Canada. Major and trace elements of
the samples were analysed by ICP-AES (Inductively
Coupled Plasma — Atomic Emission Spectrometry),
and lanthanum group elements were analysed by
the ICP-MS (Inductively Coupled Plasma — Mass
Spectrometry) method. For the major and trace
element analyses, 0.2 g of powdered sample was
mixed with 1.5 g of LIB,, then dissolved in 5% HNO,-
containing liquid, and then analysed. For lanthanum
group element analyses, 0.25 g powdered samples
were dissolved in various acidic solutions and then
analysed. The results of the major element analyses
are given as weight percentages, while trace and
lanthanum group elements are given parts per million

(ppm).

Silicate and sulfur mineral analyses have been
carried out using a CAMECA-SX100 electron
microprobe at the Mineralogy and Petrology Institute
of Ludwig Maximilian University. Measurements
were performed under conditions of 15 kV and 20
nA, and the electron beam diameter was chosen to be
1 um. The counting time was 30 s for Al, Ni, and Ca,
20 s for Ti, and 10 s for all the other elements.
Natural and synthetic standards have been used for
the calibration. The detection limit of the measured
elements (in wt%) of the oxide samples was
determined as 0.01 for Si, Al, K, Ti, Ca, and Na; 0.02
for Mg; 0.03 for Cr; 0.04 for Fe and Ni; and 0.06 for
Mn. The detection limit for the sulfide samples was
determined as 0.08 for the Fe, Pb, and S; 0.06 for the
Cu; 0.05 for the As, Co, and Ni; 0.04 for Zn; 0.03 for
Cd; and 0.02 for Ag.

4. Studies in Skarn Zones
4.1. Skarn Zones and Skarn Mineralogy

Four different skarn-type mineralizations were
described around the Dagbas1 area including Ipekgili,
Kopriitistli, Kiikiirtlii, and Dere districts (Figure 3).
There are some abandoned adits left from the old
mining activities, all of which are closed. All the

170

skarn mineralizations have developed in the sides of
the lens- and block-shaped limestones closest to the
pluton. The contact between granitoid and limestones
is not observable in the area (Figure 3). There are
no skarn developments in the granite itself, so all of
the skarns have developed as exoskarn. Considering
the mineralogy and texture of the skarn, four zones
have been studied accordingly. As Ipekcili and
Kopriiiistii skarns have similar characteristics, they
have been considered together. In these locations, a
progressive stage is represented by the presence of
garnets and pyroxenes. According to their textures,
they have been divided into early and late stages and
the minerals of both stages have been defined in the
distal zone limestones. Early progressive stage garnets
and pyroxenes together show massive (Figure 4a),
rhythmically banded (Figure 4b), nodular (Figure 4c),
and granular (Figure 4d) textures representing primary
developments. These first stage garnets show zoned
growth structures under the microscope (Figure 4e)
and in the BSE pictures (Figure 4f). Late progressive
stage garnets and pyroxenes have developed as veins
along the cracks in the limestones (Figure 4g) and
they also show zoned growth under the microscope
(Figure h) and in the BSE pictures (Figure 4i). Early
stage garnets do not have any relation with the ore-
forming minerals; on the other hand, late stage garnets
accompany to magnetite and hematite in their growth
zones (Figure 4j), indicating that ore mineralizations
started in the late stage. Quartz and calcite always
accompany to the prograde stage garnets and pyroxene
in thin sections.

In these two locations, retrograde stage skarn
minerals of epidote, quartz and calcites have developed
along the fractures of volcanic host rocks (Figure
4k, 1). In some locations, retrograde stage epidote
and quartz are also present as disseminations in the
volcanic rocks (Figure 5a). In the Kopriiiistii location
only, retrograde stage minerals, that is, tremolites and
actinolites, have garnet and pyroxene as macro-lenses
(Figure 5b) and as micro-inclusions (Figure 5c).

In the Kiikiirtlii and Dere Mahalle districts, garnet
and pyroxene developments, representing prograde
stage, are not seen in thin sections or macroscopically
inthe field. The signs of retrograde skarn developments
are present in these locations. Developments of
epidote, chlorite, quartz, and calcite veins are
commonly present (Figure 5d) in these two locations
along the cracks in the limestones and volcanic rocks.
In some cases, banded structures are present (Figure
5e) between quartz and epidote. In addition, there are
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quartz inclusions, reaching up to 1 cm in size, in both commonly observed in the fractures (Figure Sh) and
limestones and volcanic rocks (Figure 5f). In the thin gas voids (Figure 51) of volcanic host rock.

sections, early epidotes always accompany the quartz

(Figure 5g), and the quartz was enclosed by later stage Oxide and sulfur minerals in the outcrops in the
epidotes. In the thin sections, quartz and calcite are Ipekgili and Kopriiiistii locations have different
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Figure 4- a) Massive garnet texture in the Ipekgili skarn; b) rhythmically banded texture between garnet and pyroxenes; ¢) nodular garnet
and pyroxenes in the Kopriiiistii carbonates; d) granular texture showing that garnet and pyroxenes developed together; e, f)
microphotograph and BSE photograph of early stage zoned garnet crystal (X nicol); g) late stage garnet veins developed along the
cracks in the limestones (rarely including pyroxene); h, i) microphotograph (X nicol) and BSE photograph of zoned late stage garnet
(X nicol); j) magnetite and hematite developments along the growth zone of late stage garnets; k) epidote and quartz developments
in the volcanic rocks during the retrograde skarn stage; 1) magnetite- and hematite-bearing calcite veins in the volcanic host rocks
(Grt: garnet; Pr: pyroxene; Mag: magnetite; Hem: hematite; Qz: quartz; Cal: calcite; Trm: tremolite; Act: actinolite; Ep: epidote).

structures. These are irregularly shaped piles (Figure
6a) and lenses in the limestones, banded along the
weak zones of limestone layers with a thickness of
up to 30 cm in size (Figure 6b), irregularly shaped
fracture-filling type in the limestones with a thickness
not exceeding 10 cm (Figure 6¢), and fracture-filling
and breccia-filling structures in the volcanic host rock
(Figure 6d). Along these zones, epidote, quartz, and
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calcite accompany ore minerals. However, magnetite
and hematite developments in growth zones in the late
stage garnets indicate that ore mineralization started
towards the end of the prograde stage (Figure 4j). On
the other hand, both the ore shape and the presence
of epidote, quartz, and calcite accompanying ore
mineralization indicate that the main ore mineralization
developed at the retrograde skarn stage.
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In the Kiikiirtli and Dere Mahalle locations, in
addition to magnetite and hematite veins formed along
the fractures of limestone and volcanic host rock,
ellipsoidal magnetite and hematite piles, up to meter
in size, were also observed (Figure 6e). Apart from
these, disseminated magnetites and hematites can be
seen in thin sections as well as in the hand specimens
(Figures 6f, g). Replacement remnants of magnetite
and hematite accompany quartz fillings seen in Figure
5f (Figure 6h). Ore mineralization in the Kiikiirtlii and
Dere Mabhalle locations developed at the retrograde
stage, because evidence for a prograde skarn stage has
not been identified. However, quartz and epidote are
found to be filling fractured ore fragments, indicating
that ore mineralization started before these minerals
(Figure 61).

Figure 5- a) Epidote and quartz disseminations in the volcanic host rocks; b) garnet and pyroxene inclusions in the tremolites and actinolites
of the Kopriiiistii skarn; ¢) microphotograph of (X nicol) garnet inclusions in the tremolites and actinolites; d) epidote, quartz, and
calcite veins developed along the cracks of the volcanic host rock around the Kiikiirtlii and Dere mahalle districts; e) banded texture
of quartz and epidote; f) quartz inclusions in the highly epidotized volcanic rocks; g) microphotograph (X nicol) of quartz and
epidote development; h and i) microphotograph (X nicol) of epidote, quartz, and calcite developments along the cracks and gas voids
in the volcanic rocks (Qz: quartz; other symbols are same as it is in figure 4).

Magnetites and hematites (in some cases as
specularite) are the main ore-forming minerals in each
location. Magnetites and hematites seen in the growth
zones (Figure 4i) of the late stage garnets indicate
that ore mineralizations started together with these
late stage garnets. However, the presence of these
garnets as inclusions in magnetites and hematites
indicates that the main ore development takes place
after these garnets (Figure 6j). Apart from magnetite
and hematite, there is some difference in terms of the
sulfur mineral content between locations. Pyrrhotite,
pyrite, and chalcopyrite are the sulfur minerals
present in the skarn zone in the Ipekeili location.
In this location, pyrrhotites are characteristic with
a “bird’s eye structure” (Figure 6k) and have been
replaced by late stage sphalerites (Figure 61). In the
Kopriitistii  location, galena accompanies pyrite,
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Figure 6- a) Ore pile containing unsystematically developed magnetite and hematite; b) magnetite and hematite development in the
weak zones along the bedding planes in the limestones; ¢) ore veins developed along the fracture zones in the limestones; d)
volcanic breccia filling structure along the skarn zones; ¢) ellipsoidal ore piles in the limestones reaches up to meter size; f,
g) macro and micro (X nicol) photograph of magnetite and hematite disseminations along the calcite veins in the limestones;
h) partly replaced ore inclusions in the epidotes; i) epidote and quartz filling the interspaces in the ore fragments; j) late stage
garnet inclusions in the hematites; k) pyrrhotites with characteristic bird’s eye texture, commonly found in the Ipekgili skarn; 1)
replacements of pyrrhotites by sphalerites; m) exsolution texture between chalcopyrite and sphalerite is commonly present in
the Kopriitistli skarn. Galena inclusion in the sphalerite; n) coexistence of oxide and sulfur minerals in the Kopriiiistii skarn; o)
pyrite and chalcopyrite inclusions in the hematites of the Kiikiirtlii skarn (Cpy: chalcopyrite; prt: pyrrhotite; sf: sphalerite; gl:
galena; other symbols are same as it is in figure 4).
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chalcopyrite, and sphalerite (Figure 6m) which is
much less common than the others. Magnetites and
hematites also accompany sulfide ore mineral (Figure
6n). However, these magnetites and hematites are in
the form of mineral inclusions in the sulfur minerals.
Alteration products of covellite, chalcocite, digenite,
and goethite are present in both locations.

Magnetite and hematites are the main ore minerals
in both Kiikiirtlii and Dere Mahalle locations. Pyrite
and chalcopyrite inclusions, a few microns in size, are
observed rarely in these minerals (Figure 60). Apart
from these, no other sulfide minerals are present.
Abundances of the sulfide minerals in Kiikiirtlii and
Dere Mabhalle locations are much lower compared
with the Ipekgili and Képriiiistii ores. With all
the information given on the skarn mineralogy,
paragenesis and successions of the Dagbas1 skarn ore
have been established as shown in figure 7.

4.2. Geochemical Characters of the Dagbasi Granitoid
and Their Relations with the Skarn Types

Dagbas1 Granitoid has different mineralogical and
geochemical zonings (Aydimngakir, 2006). Because
of irregular distribution of these zones, additional
sampling and geochemical analyses were performed.
For this purpose, 20 samples were collected from the
skarn zone granitoids and were analysed for their
major, trace, and LGE elements (Table 1) and results
have been correlated with the skarn types. Chemical
compositions of the granitoids along the skarn zones
have been correlated with the chemical compositions
of the granitoids in other parts and the results were

evaluated from the viewpoints of skarn types. SiO,,
Ca0, and Na,O values of the granitoid samples are
in the following order: 61.76-71.69%, 2.32—4.88%,
and 2.77-4.30%. Al,O, changes from 13.12 to 16.72%
and K,O changes (apart from samples 12 and 33,
which show variations from 0.45 to 0.82%) from 2.28
to 3.75%. Based on these values, A/NK and A/CNK
ratios of 1.51-2.45 and 0.88-1.23, respectively, have
been calculated.

Considering the major element content, granitoid
samples show compositions between granodiorite and
tonalite compositions (Figure 8a) in the P-Q diagram
(Debon and Le Fort, 1988). However, granodiorite,
monzogranite and tonalite samples collected from
various and parts of the granitoid by Aydingakir
(2006) have tonalite compositions. Analyses of the
samples collected by Aydingakir (2006) and samples
in this study fall into the calc-alkaline area in the
AFM classification diagram (Figure 8b) of Irvine and
Baragar (1971). While skarn-zone granitoids fall into
the high-potassium calc-alkaline area in the Si0,-K,0
diagram (Figure 8d), analyses of the samples collected
from other parts of the granitoid fall into medium calc-
alkaline and tholeiitic areas. According to the molar A/
NK and A/CNK ratios, samples from the skarn zones
have metaluminous—peraluminous compositions,
while samples from the other parts have peraluminous
compositions (Figure 8e). Comparing the major
element analyses of the skarn-zone granitoids with the
skarn-producing granitoids of different types (Figures
8c, d), all the samples have compositions between the
Fe—Cu—Zn type skarn (Meinert et al., 2005). On the
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Figure 8- a) Distribution pattern of the skarn zone granitoid samples and samples from the other part of the Dagbas1 Granitoid plotted together
on the P-Q diagram (Debon and Le Fort, 1983); b) distribution of these samples on the AFM diagram and comparison of these
samples with the skarn-related granitoids (tholeiitic-calk-alkali curve according to Irvine and Baragar, 1971); ¢, d) MgO and K,0
variations of these samples versus SiO, and comparison of these samples with the skarn-related granitoids; e) classification based on
molar A/NK versus A/CNK transition (Maniar and Piccoli, 1989). The star symbol is the average of the skarn granitoid samples.
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other hand, the results of the samples from the other
parts of the Dagbasi Granitoid collected by Aydingakir
(2006) show quite different composition from the
skarn-producing granitoids.

Changes in major element contents of the skarn
zone granitoids have been correlated with the
SiO, contents. There was no meaningful outcome.
However, when the results of this study were
evaluated together with the results of Aydingakir
(2006), the increase in SiO, contents showed negative
correlations with the K O, CaO, MgO, AL O,, Fe,O

273 273
P,O,, and TiO, contents (Figure 9a, c-h.) On the
other hand, there is a positive correlation between
the SiO, and Na,O contents (Figure 9b). The negative
correlation between SiO, and MgO, CaO, and Al O,
represents the fractional crystallization of plagioclase,
hornblende, and biotite; the correlation between SiO,
and Fe,0, and TiO, represents the magnetite and Ti-
oxide fractions; and the correlation between SiO,
and P,O, represents the apatite fractions. All of the
negative correlations for the major elements indicate
that the granitoid originated from the parent reservoir
by fractional crystallization.

Granitoid samples from the skarn zones fall into
the volcanic-arc-type granitoid (VAG) field in the
tectonic setting classification diagrams of Nb—Y and
Rb-Y+Nb (Figures 10a, b). Nb-Y, Rb—Y+Nb, and
Rb-Sc diagrams show that the trace element content
of the skarn granitoid has a similar composition to the
Fe—Cu—Zn-type skarn-producing granitoids (Figures
10a, b, and d). On the other hand, the distribution of the
samples from the other parts of the granitoid displays
a quite independent composition pattern. Based on
the analyses of the samples of the zoned Dagbasi
Granitoid, near to skarn zones, these graphics show
that an association could be drawn between the skarn
types and the compositions of the Dagbasi Granitoid.
On the other hand, samples from the other parts of the
granitoid do not have any compositional similarities
with the skarn types. Both granitoid samples close to
the skarn zones and samples from other parts of the
granitoid have similarities with the Fe—Cu—Zn-type
skarn composition on the Rb/Sr—Zr diagram (Figure
10c).

4.3. Compositions of the Skarn Minerals
Skarn-type deposits develop by metasomatic

processes along the contacts between carbonate rocks
and granitic intrusions. The mineralogical properties of

178

the skarn show differences according to the chemical
composition of the magma, type of carbonate host
rock, depth of the skarn development, and degree of
oxidation of skarn minerals (Meinert et al., 2005).
Because of this, the mineralogical properties of the
skarns have to be taken into account when defining
and classifying skarn-type deposits. Additionally,
the chemical compositions of the minerals and their
zonations give valuable information on the process
and environment of skarn development.

Garnets and pyroxenes are the most common
minerals present in the skarn zones. Studies on
skarn deposits showed that there is a systematic
connection between the compositions of these
minerals and the metal contents of the deposits. So
classifications have been carried out on the basis
of the compositions of these minerals (Burt, 1972,
1982; Einaudi et al., 1981; Nakona et al., 1994,
1998; Meinert et al., 2005). The stoichiometric
compositions of these minerals determined by
analysing their compositions are commonly shown
as end members on the triangular diagrams. In these
studies (pyropetspessartine+almandine)—grossular—
andradite are used as end members for garnet, and
johannsenite—hedenbergite—diopside are used as end
members for pyroxenes.

In this study, the compositions of the garnet and
pyroxenes in the skarn zones have been analysed
by electron-probe micro analyser (EPMA) and
their chemical stoichiometric compositions and end
members have been calculated. Skarn types have
been determined by plotting these data on triangular
diagrams. Additionally, the chemical variations of
petrographically determined early and late stage
minerals and variations on the zoned crystals have
been studied. Those, evoluations of the solutions
caused skarns have been investigated. The calculations
are based on a total of 24 oxygens for garnets and six
oxygens for pyroxenes. The ferric iron calculation
for garnets has been carried out according to Droop
(1987).

4.3.1. Garnet

Analyses of garnets from Képriiiistii and Ipekgili
locations have been evaluated and early and late stage
garnet compositions have been interpreted separately.
Analyses of the garnets from these two locations are
given in table 2. Early garnets from the Kopriiiisti
location are dominantly of grossular type and have the
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Figure 10- a, b) Distribution pattern of the skarn zone and the Dagbas1 granitoid samples plotted together on the Nb—Y and Rb—(Nb-Y) trace
element diagrams used in defining tectonic settings (Pearce et al., 1984) and comparison of these with the granitoids causing
different types of skarns (WPG: within plate granitoids, ORG: ocean ridge granitoids, VAG: volcanic arc granitoids, syn-COL:
collision granitoids; dashed lines show the upper limit of the ORG anomaly values); c, d) distribution pattern of the Dagbast
Granitoid samples on the Zr—-Rb/Sr and Sc—Rb diagrams and comparison of them with the compositions of plutonic rocks with
different skarn types (Meinert, 1995; symbols same as in figure 8c).

composition And, ., Grsy o .. PrS,) oo .\, Whereas

late garnets are of andradite type with a composition
of And Grs Prs Accordingly, early

74.67-100 0-22.81 0-2.52° A S .
and late stage garnets from the Ipekgili locations

have similarities with the dominant grossular type
at the early stage (And,_ . Grs Prs ) and

. . 0-8.81 55.67-66.53 32.40-38.00
dominant andradite type at the late stage (And
Grs, Prs,

99.96 0-21.80

75.71-
0—4441)'

It is possible to show the ideal stoichiometric
compositions of the minerals by plotting their analyses
ontriangular diagrams asend members (Meinert, 1992).
The chemical compositions of early and late stage
garnets from Kopriiiistii and Ipekgili locations have
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been plotted on a (pyrope+spessartine+almandine)—
grossular—andradite triangular diagram separately
(Figure 1la). According to this, late stage garnets
have high andradite and low grossular contents. On
the other hand, both grossular and almandine contents
are high in the early stage garnets.

Microscopic studies show that garnets in the
limestones have zonation from core to rim. Mineral
chemistry analyses performed on these zoned crystals
from core to rim confirm that there are some variations
in the element concentrations which reflect the changes
in the chemistry of solutions. In both Kopriiiistii and
Ipekeili locations, the ALO, content of the early
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Figure 11- Skarn type classifications based on the garnet and pyroxene compositions (Einaudi et al., 1981; Meinert, 1983, 1982): a, b)
compositional variations in the early- and late-stage garnets and pyroxenes in the Kopriiiistii and Ipekgili skarns (Prp: pyrope, Sps:
spessartine, Alm: almandine, Grs: grossular, And: andradite; Joh: johannsenite, Diy: diopside, Hed: hedenbergite).
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stage grossular-type garnet (X : 0.60-0.79 and X__ :
0.56-0.67, respectively) decreases in zoned crystals
from core to rim while FeO increases (Figure 12).
This zonation indicates that the garnet composition
changes from grossular type Ca,Al(SiO,), to andradite
Ca,Fe (Si0,),.

Profile analyses of garnet with andradite (X, :
0.75-1) composition shows zonation from core to
rim (Figure 13). In these minerals, the AL O, contents
decrease while FeO contents increase from core to
rim. According to this, in garnets with andradite
composition, the And/Grs ratio shows a greater
increase from core to rim.

4.3.2. Pyroxene

In the K&priiiistii and Ipekgili locations, pyroxenes
have been classified into two groups, representing
early and late stage developments. The results of the
pyroxene analyses are given in table 3. According to
these analyses, the pyroxene compositions are given
in the hedenbergite—diopside—johannsenite triangular
diagram (Figure 11b). The composition of early

stage pyroxenes in the Kopriiistii location has been
calculated as Hed,, ., ,,5,Diy, ;s -, ,JOh while
the late pyroxene composition is Hed,, . , ,Diy,
169005, o - oo In the Ipekgili location, the composition
of early stage pyroxenes is Hed

0.6-0.88”

22A44—3l.81Diy67A3—
Joh and the late stage pyroxenes have a

76.99 0.52-0.88

composition  of Hed24.9540.97Diy5.62—21.25J0h45.76—66.93'
In both locations, the early stage pyroxenes have
compositions between hedenbergite—diopside. In
the late stage pyroxene, there is an increase in the
johannsenite content (Figure 11b). In the late stage
pyroxenes, the increase in johannsenite content is
related to the increase in Mn*". Since the increase in
manganese would increase the Mn/Fe ratio, in the late
stage pyroxenes containing johannsenite, this ratio
would be quite high, reaching 0.78-3.42. On the other
hand, in the early stage pyroxenes, this ratio ranges
between 0.02 and 0.15.

To study skarn types and classifications, the
compositions of garnets and pyroxenes have been
plotted on the triangular diagrams proposed by Einaudi
et al. (1981) and Meinert (1983, 1992). According to
these diagrams, early stage garnets with high grossular

]
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Figure 12- FeO and AlO, variations along the zoned garnet crystals, from core to rim, in the early stage garnet
(grossular type) of the Kopriiiistii (a) and Ipekgili (b) locations.
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Figure 13- FeO and Al O, variations along the zoned garnet crystals, from core to rim, in the late stage garnets
(andradite type) of the Kopriiiistii (a) and Ipekgili (b) locations.

and almandine contents do not have any relation
with the skarn types but late stage garnets with high
andradite contents have compositions similar to those
of the Fe-, Cu-, and Zn-type skarns. On the other hand,
early stage pyroxenes with compositions changing
between diopside and hedenbergite have similar
compositions to the Au, Cu, Sn, and W skarn types.
But the late stage pyroxenes with high johannsenite
contents are in close characteristic association with
Zn-type skarns (Figure 11a, b).

4.4. Mineral Chemistry of Sulfurs

In the Kiikiirtlii and Dere Mahalle districts in the
Dagbas1 area, magnetite and hematite are the main
skarn ore minerals. There are some micron-sized
pyrite and chalcopyrite inclusions in the magnetites
and hematites in some of the polished sections of the
samples from these locations (Figure 60). On the other
hand, in the Ipekcili and Kopriiiistii skarn locations,
there is a significant amount of sulfur minerals in
addition to the magnetites and hematites. The major
and trace element contents of sulfur minerals of
pyrrhotite, pyrite, sphalerite, and galena are given in
tables 4 and 5.

184

Pyrrhotite is not a common mineral in other
locations but it is a common mineral in the Ipekgili
ores. In the chemical analyses of the pyrrhotites,
some high concentrations of elements are as follows:
Pb 1.30%, As 0.39%, Cd 0.12%, and Ag 0.13%.
According to the analyses, pyrrhotites show up to 10%
deviation from the stoichiometric composition (FeS),
and the chemical formula is calculatedas Fe,, /S,
In the pyrrhotite analyses carried out along the profile
from core to the rim, the Fe content decreases while
the S content increases (Figures 14a, b). Therefore,
pyrrhotites are close to the stoichiometric composition
in the core, but towards the rim they show deviation
from the stoichiometric composition depending on
decreases in Fe.

Pyrites accompany pyrrhotite, chalcopyrite, and
sphalerite in the Ipekgili ore, while they accompany
chalcopyrite, sphalerite, and galena in the Kopriiisti
ore. According to the mineral chemistry analyses,
pyrites include up to 4.31 wt% Pb, 1.4 wt% Zn, 1.29
wt% Cu, 0.78 wt% As, and 0.25 wt% Cd. Apart from
these, four out of 46 analyses contain Co, varying
between 0.06 and 0.47 wt%, and Ni is always below
detection limit.
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Figure 14- a) Stoichiometric compositional changes of the pyrrhotites in the Ipekgili ore; b) Fe versus S variations on the profile analyses
of pyrrhotites; ¢, d) correlations showing element substitution in sphalerites of the Kopriiiistii ore.

Chalcopyrites in both Ipekgili and Kopriiiistii
locations contain up to 1.82 wt% Pb, 2.6 wt% Zn,
and 0.47 wt% As. The general formula of these
chalcopyrites has been calculated as Fe ,,  Cu,
1045105000 No differences were detected between
different locations in terms of trace element

concentrations.

Sphalerites always accompany to other sulfides in
both locations but are more abundant in the Kopriiiistii
ore than in the Ipekcili location. In the analyses of
sphalerite, apart from the main element of Zn, higher
concentrations of some other elements are 5.01 wt%
Fe, 3.18 wt% Cu, 2.04 wt% Pb, and 0.45 wt% Cd. The

188

negative correlations between Fe and Zn and between
Cu and Zn indicate elemental substitution between
these elements (Figures 14c, d).

Galena is only present in the Kopriiiistii location.
It is always observed as inclusions in sphalerites, and
modal abundances are less than 1% in the ore. The
highest concentrations of some elements measured in
galena are 1.43 wt% Ag, 1.14 wt% Cu, 0.91 wt% Zn,
and 0.49 wt% Fe. On the basis of mineral chemistry
analyses, the formula of galena is calculated as Pb
0.95) S(0.051.02 ApaIt from Ag, the concentrations of the
other elements show variations between the detection

limits and the higher concentrations given above. On
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the other hand, nine separate galena analyses show
that the Ag contents are always higher than 1 wt%,
showing very close variations of between 1.18 and
1.43 wt%. This suggests that galena minerals may
have silver potential in the study area.

5. Discussion and Results

5.1. Host Rocks’ Relations and Skarn Mineralogy

The Dagbasi skarn ores have developed as an
exoskarn type along the nearest border of the Upper
Cretaceous Dagbasi Granitoid and block- and lens-
shaped limestones of Berdiga formation which are
located in the Liassic volcanics. In the field studies,
neither contact between limestones and granitoid nor
the development of skarn minerals in the granitoid
has been observed. Since skarn-type deposits develop
with metasomatic processes between granitoid and
limestone, the absence of a contact relationship
makes it difficult to explain the skarns in the region.
However, although no contact relations were found
in the field, as marked in the cross-sections (Figure
3), it is quite possible to claim that the granitoid and
limestones may have contact below the surface. In
this case, hydrothermal solutions interacting with the
limestones along the underground contact reached the
surface by spreading through the weak zones of the
limestones. According to this explanation, the main
skarn contact and ore zones are below the surface. The
presence of numerous old adits and mine waste around
them supports the idea that the main ore zone is below
the surface.

The prograde stage is represented by garnet and
pyroxene occurrences in the field, but in detail it
is subdivided into early and late stages. The early
prograde stage is represented by garnets and pyroxenes
in the limestones forming massive, rhythmically
banded, granular, and nodular textures. Garnet and
pyroxene veins developed along the fractures in the
limestones are considered to be the products of the
late-prograde stage. Mineral chemistry analyses have
also shown that these garnets and pyroxenes from
both stages have different compositions. On the other
hand, tremolite-actinolite, epidote, quartz, and calcites
are products of the retrograde stage. The presence of
magnetites and hematites in the growth zones in the
garnets may indicate that ore mineralizations started in
the late prograde stage, but the main ore mineralization
developed in the retrograde stage. In addition to the
fracture-filling-type ore veins in the limestones and

volcanic rocks, the presence of banded ore along the
limestone layers indicates that oxide and sulfide ore
mineralization developed in the retrograde stage.

5.2. Skarn Types and Formation Conditions

Chemicalanalysesofthe garnets from the K&priiistii
and Ipekgili locations indicate that garnet compositions
change between grossular and andradite. Early stage
garnets have higher grossular compositions and have
a total of up to 38% pyrope+spessartine+almandine in
the chemical formula (And, , Grs,, . Prs. ...
According to Einaudi et al. (1981), reducing skarns
are characteristic with their low andradite (Fe**) and
high spessartine (Mn?*" and almandine (Fe*") contents.
According to this explanation, the high grossular and
almandine contents of early prograde stage garnets
indicate the reducing skarn type. On the other hand, late
stage garnets with higher andradite contents indicate
oxidized skarn types (Jamtveit, 1991; Jamtveit and
Hervig, 1994; Clechenko and Valley, 2003; Ciobanu
and Cook, 2004; Meinert et al., 2005; Orhan and
Mutlu, 2009). Einaudi (1981) also suggests that Fe*-
rich garnets (andradite) are quite common in oxidized
skarns and also suggest that andradite-rich garnets
may be an indication of the shallow emplacement of
granitoids.

Taking into account the explanation given above,
grossular-type early stage garnets and andradite-type
late stage garnets show a transition from reduced to
oxidized skarn. These type changes in the oxidation
degree of skarn have been explained by the fracturing
of overlying rocks along the skarn contact due to the
increasing hydraulic pressure (Yardley and Lioyd,
1995; Dipple and Gerdes, 1998; Clechenko and
Valley, 2003; Meinert et al., 2005). According to
this, increased permeability and porosity of the host
rocks allow the circulation of meteoric water through
the skarn environments. Similar findings were also
reported by Orhan (2017), who noted that the garnet
composition of the early stage changes from grossular
type to the andradite one in the Kozbudaklar skarn. In
this study, the transition from grossular to andradite
has also been explained by the introduction of meteoric
water into the skarn zone.

In this study, analyses conducted along the profile
line of the grossular- and andradite-type zoned garnet
crystals showed increases in the And/Grs ratios from
core to rim. In similar studies, researchers indicate
that zoned garnet crystals can be used to understand
the formation condition of skarns (Collins, 1977,
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Newberry, 1983; Abu el Enen et al.,, 2004). These
researchers have argued that the zoning from the centre
to the rim reflects the evolution of fluids. According
to this explanation, increased And/Grs ratios in the
zoned garnets are related to the increase in the degree
of oxidation f"(O,) of the skarns. In this study, the
increase of the And/Grs ratio in the skarn minerals
from the centre towards the rim could be explained by
the increase in the oxidation rate.

There is a systematic relation between the element
content of the pyroxene and the metal content of the
skarn-type deposits (Burt, 1972; Einaudi et al., 1981;
Newberry; 1991; Nakona et al., 1994; Nakona, 1998).
Depending upon the skarn type, the Mg, Mn, and
Fe contents of pyroxenes show variations (Einaudi
and Burt, 1982). According to this explanation, Mn-
containing pyroxenes (johannsenite) represent Zn-type
skarns, while diopside- and hedenbergite-containing
pyroxenes represent Cu—Fe-type skarns. Plotting
the element contents of pyroxenes on the triangular
diagrams showed that late stage pyroxenes from the
Kopriiiistii and Ipekgili locations with their high Mn
contents fall into the Zn-type skarn area (Figure 11b).
On the other hand, early stage pyroxenes from these
two locations fall into the Cu—Fe-type skarn area
(Figure 11b).

Studies on skarn-type deposits showed that
in addition to the Mn content of pyroxenes, Mn/
Fe ratios could also be used in the classification of
skarn-type deposits (Nakano et al., 1994; Nakano,
1998). In these studies, it is suggested that the Mn/
Fe ratios of pyroxenes are < 0.1 for Cu—Fe skarns,
0.1-0.2 > for W-type skarns, and > 0.2 for Pb—Zn-
type skarns. In this study, the Mn/Fe ratios of early
stage pyroxenes from the Kopriiiistii and Ipekgili
locations show variation between 0.02 and 0.15,
while late stage pyroxenes show variation between
0.78 and 3.42. Although the calculated Mn/Fe ratios
of early stage pyroxenes show a little deviation from
the value of 0.1, the data are mostly compatible for
Cu—Fe-type skarns. On the other hand, Mn/Fe ratios
ranging between 0.78 and 3.42 are characteristic for
Zn-type skarns. The presence of sphalerite in the skarn
paragenesis supports this approach.

5.3. Granitoid Geochemistry and Its Relation to Skarn
Types

The compositions of magmatic rocks and their
relations with skarn types and metal contents have
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been studied by a number of researchers (Kwak and
White, 1982; Meinert, 1983, 1995; Newberry and
Swanson, 1986; Meinert et al., 1991, 2005; Kuscu
et al., 2001; Oztiirk et al., 2005). According to these
studies, granitoids associated with skarns have calc-
alkaline compositions (Figure 8b). The Mg contents
are higher in the granitoids associated with Fe, Au,
and Cu-type skarn than in those associated with W,
Sn, and Mo-type skarn (Figure 8c). On the other hand,
plutons related to the Fe, Au, and Cu skarns have
lower K O contents than the granitoids associated
with W, Sn, and Mo skarns (Figure 8d). From the
point of view of aluminium saturation, skarn-related
plutons mostly have metaluminous—peraluminous
transitional composition, except for the Sn skarns,
which have a peraluminous composition, indicating
granitoids of sedimentary origin (S-type). In addition,
Fe-type skarn-related granitoids have metaluminous
composition, indicating magmatic plutons of island
arc origin (I-type) (Figure 8e).

Dagbas1 Granitoid is divided into four different
zones by Aydingakir (2006), namely granodiorite,
monzogranite, tonalite, and diorite. Due to the
heterogeneous composition of Dagbasi Granitoid, the
geochemical characteristics of the granitoid along the
skarn zones have also been studied and correlated with
skarn-related granitoids elsewhere. While samples
collected from the granitoid along the skarn zones
have compositions between granodiorite and tonalite,
samples from the other parts have tonalite composition
(Figure 8a). Based on the major element contents,
all of the granitoid samples have calc-alkaline
composition. While the K,O contents of the granitoid
samples from the skarn zones point to Fe—Cu skarns,
granitoid samples from the other parts do not have a
connection with the skarn types. The MgO contents of
the skarn-zone granitoids have close similarity with
Fe—Cu skarns, while samples from the other parts
have a resemblance with W, Sn, and Mo skarns. In
terms of the aluminium saturation, granitoids along
the skarn zones have metaluminous—peraluminous
transition, whereas granitoids from the other parts in
general have peraluminous compositions.

On the basis of the tectonic setting and their
various trace element contents, plutonic rocks have
been classified in relation to the skarn types in
previous studies (Meinert et al., 1991, 2005; Kusgu
et al., 2002; Oztiirk et al., 2005). In those studies, Fe,
Au, Cu, and Zn skarns were associated with volcanic
arc granitoids, and Sn, W, and Mo skarns with within-
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plate granitoids. In this study, analyses of the granitoid
samples from the skarn zones have been plotted on
the Nb—Y, Rb—Y+N trace element variation diagrams
which were used for the determination of the tectonic
setting of the granitoid. The result shows that they
are of volcanic arc type (VAG) (Figures 10a, b).
Comparing the trace element contents of the Dagbasi
granitoids with the others, Dagbasi granitoids have
compositions similar to those of the granitoids related
to Fe—Cu—Zn-type skarns. Along with these, the Rb/
Sr ratios and Rb contents of the Dagbasi granitoids
are considerably lower than those of the Sn-, Mo-,
and W-related granitoids and resemble the Fe—Cu—Zn-
producing granitoids in figure 10c and d.

In conclusion, major and trace element contents
of Dagbas1 Granitoid along skarn zones have similar
compositions with the granitoids producing Fe—Cu-—
Zn-type skarns. On the other hand, the other parts of the
granitoid showing zonation with different mineralogy
have quite different compositions. Accordingly,
the presence of sulfide minerals (pyrrhotite, pyrite,
chalcopyrite, sphalerite, and galena), in addition to
oxide phase (magnetite and hematite), indicates that
the skarn mineralogy is controlled by the geochemical
properties of the granitoid.
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