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THE GEOLOGY, GEOCHEMISTRY AND GENETICAL FEATURES OF THE ORMANBASI HILL
(SINCiK, ADIYAMAN) COPPER MINERALIZATION

Nail YILDIRIM*, Semiha ILHAN**, Esra YILDIRIM*** and Cahit DONMEZ****

ABSTRACT.- The study area covers Ormanbasi Hill of Adiyaman-Sincik County and its vicinity. Regional geological
locations of Cu mineralizations that lie between the Southeastern Anatolian Foothill Belt and Taurus Orogenic Belt
are conformable with thrust planes approximately extending in E-W directions. Cu mineralizations are observed
in the form of lenses and layers within mudstone, diabase, spilite and claystone - shales of the Kocgali complex.
The primary genetic relations of these formations have completely been disappeared but have only been traced
along thrust planes that are conformable with general tectonic lineaments. The ore structure is generally massive
but is stockwork and disseminated in some zones. The ore bearing layer with pyrite towards deeper parts is ob-
served, while the mineralization is observed in the form of iron ore cap (gossan) at surface. Ore paragenesis con-
sists of pyrite, marcasite, chalcopyrite, sphalerite, bornite, chalcosine - covelline and native copper. All samples
belonging to ore mineralizations plot on Cyprus type volcanogenic massive sulfide (VMS) area in Cu—-Pb - Zn and
Au - (Cu + Pb + Zn) - Ag ternary diagrams. All samples in Pb, Cu, Ag, Au and Zn spider diagrams which were nor-
malized to primary mantle show a trend similar to VMS deposits. Besides, analyses carried out in massive pyrites
indicated that these had Ni/Co ratio higher than 1% and less Ni content. Therefore; it was detected that hydrother-
mal processes had been affective in ore mineralizations. S%/S% ratios were obtained as 6.9 and 7.6 in sulfur isotope
analyses performed by using pyrite and chalcopyrite samples. These values are both compatible with sulfur ratios
in hydrothermal solutions related to volcanism and show a similar composition with that of Cyprus type VMS de-
posits on the world.
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INTRODUCTION is the Ormanbasi Hill mineralization which is lo-
cated at the southeast of Sincik, Adiyaman (Gul-
PURPOSE OF THE STUDY tekin, 2004; Yildinm 2011). The aim of this study

is to define the mineralization model and con-

The study area is located between the South-  tribute to the detection of similar mineralizations
eastern Anatolian Fold Belt and Tauride Oro-  within the same belt zone by this method.
genic Belt and possesses a significant potential
in terms of base and precious metals. Especially; =~ GEOGRAPHICAL LOCATION
the Adiyaman territory forms a rich sub region in
terms of Cu mineralization. Numerous Cu anom-  The study area is located at Ormanbasi Hill site
alies were detected during prospective and geo- within the bOUndary of ZeynelaS|an settlement
chemical studies which had been performed by ~ Which is 20 km southeast of Sincik County of
MTA along the Southeast Anatolian Thrust Belt ~ Adiyaman City and is 78 km away from Adiya-
around the region (Cengiz, 1991). One of them  man city (Figure 1).
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Figure 1- Location map of the study area

PREVIOUS STUDIES

Many geological investigations have been
carried out in and around the study area with dif-
ferent purposes. General and structural geolog-
ical studies were carried out by Kovenko (1943),
Tolun (1955), Rigo de Righi and Cortesini (1964),
Altinli (1966), Ketin (1966), Piskin (1972), Yazgan
(1972), Ozcelik (1985), Sungurlu (1973, 1974),
Yalgin (1976), Peringek (1978,1979), Peringek
and Kozlu (1984), Yazgan and Asutay (1987), Yil-
maz et al. (1992), Yigitbas et al. (1992, 1993),
Parlak et al. (2004, 2009), Parlak (2006), Be-
yarslan et al. (2009), Yildinrm (2010), Uzungimen
et al. (2011). These studies have great signifi-
cance in revealing the regional geological model
and understanding the mineralization in the re-
gion. As to the studies related with the topic, the
article was summarized below in more detail.

Turgay (1968) stated that there had been two
types of ore mineralization in the region in a cop-
per prospection project carried out in Siltikus Hill
(Ormanbasi Hill), Sincik Settlement, Kahta —

Adiyaman. He defined the primary type mineral-
izations as diabase and exhalative sedimentary
copper — pyrite deposits. However; the second-
ary type mineralization was defined as ore veins
belonging to a hydrothermal facies of an acidic
magma.

Sasmaz et al. (1999) stated that ore mineral-
izations they had detected in Clingis Derdere
Site, Diyarbakir indicated the general features of
Cyprus type deposits located at the upper hori-
zons of an ophiolitic deposit which was formed
as a result of the sea-floor spreading.

Gultekin (2004) stated that Ormanbasi Hill
mineralizations had been traced along tectonic
lineaments. He also defined that mainly the units
belonging to Pitlirge metamorphics, Kocali
complex and Cingus formation cropped out in
the region and limonitization were the common
type of alteration in this area. The author also
stated that the mineralizations over the area
were suitable to epithermal type of mineralization
because of the presence of minerals indicating
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the low temperature conditions and structural -
textural features.

Tarkyllmaz (2004) defined that manganese
mineralizations within the Kocali complex were
in the form of irregular lenses and layers in
pelagic radiolarites which belong to the Konak
formation and that these mineralizations were
exhalative hydrothermal in origin.

REGIONAL TECTONICS AND GEOLOGY OF
THE STUDY AREA

The investigation area is located at the
boundary of Southeast Anatolian Thrust Belt and
Tauride Orogenic Belt (Ketin, 1966).

The Southeast Anatolian Orogenic Belt has
developed as a result of geological events that
had occurred during the closure of the southern
branch of Neotethys which was bordered by
Taurus at north and Arabian Platforms at south
between Late Cretaceous — Miocene time pe-
riod. The evolution of this belt especially consists
of the movement of nappes relatively to the
south, Arabian Plate between Late Cretaceous —
Miocene (Yildirm and Yilmaz 1991; Yilmaz,
1993; Yilmaz et al., 1993).

7

Southeast Anatolian Orogenic Belt consists
of three different tectonic units which are E - W
trending and separated from each other by north
dipping main thrust planes (Yilmaz, 1990, 1993;
Yilmaz et al., 1993). These tectonical units from
north to south are the Nappe zone, Accretional
Prism and the Arabian Platform (Figure 2).

The intensive tectonical activity that occurred
at the end of Cretaceous and Miocene and
caused the settlement of allochthonous units on
the region has also given rise to the development
of marine deposition at the same period and to
the closure of the basins. Allochthonous units
have taken their recent positions at the end of
Upper Miocene as gravity sliding and overthrust
sheets.

Units cropping out in and around the study
area were investigated in two parts as allochtho-
nous and autochthonous (lower and upper se-
ries) considering their locations in the region and
mutual relations with neighboring units.

Late Cretaceous Kogali complex has tectoni-
cally been settled on Karadut complex (lower al-
lochthonous series) at bottom and on the Kastel
formation forming the uppermost horizons of the
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Figure 2- Structural model of SE Anatolian Orogenic Belt (modified from Yilmaz, 1993)
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Arabian Plate. These are uncomformably overlain
by Upper Maestrichtian — Paleocene transgres-
sive deposits (Terblizek formation, Besni forma-
tion and Germav formation) of the Arabian
Platform belonging to the Autochthonous Series.
The region has been transgressed at the begin-
ning of Eocene and Lower Eocene — Lower
Miocene transgressive deposits (Gercls forma-
tion, Midyat formation, Gaziantep formation and
Firat formation) have uncomformably overlain
units at bottom. Lice formation which is formed
by the alternation of shale — marl — sandstone un-
conformably overlies this unit (Figures 3, 4 and 5).

The Clngls Formation belonging to the
Upper Allochthonous Series, Maden complex,
Kémirhan ophiolite (Ylksekova ophiolite) and
Pltlirge metamorphic tectonically settled over
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Autochthonous units in Middle — Upper Miocene.
Since these tectono-stratigraphical units were
tectonically associated with each other, their pri-
mary relations in them were completely disap-
peared (Figures 3, 4 and 5).

Since ore mineralizations in the study area
has been observed in Kogali complex, this de-
posit has been mentioned below in more detail.

KOCALI COMPLEX

Sungurlu (1973) is the first investigator who
nomenclatured and mapped the Kocali com-
plex in three different formations as Tarasa,
Konak and Kale formation. Tarasa formation is
composed of volcanites (basalt, diabase,
spilite), Konak formation is composed of the al-
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Figure 3- Generalized structural cross section of the Arabian Platform in SE Anatolia, from the suture zone at
north to the north of Arabian Platform at south (modified from Yilmaz, 1993)
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Figure 5- Geological map of the study area and its vicinity (modified from Perincek, 1978, Herece, 2008)

ternation of sediments with volcanites and Kale
formation is composed of serpentinite and dia-
base assemblages (Perincek, 1978; Figure 4).
The relations among these units are generally
tectonics.

The age of the Kocali formation was given as
Upper Jurassic — Lower Cretaceous by Sungurlu

(1973). Kogali complex has been accepted as a
part of Tethys Ocean which emplaced over the
Arabian platform by gravity slides in Campan-
ian—Maestrichtian (Rigo de Righi and Cortesini,
1964, Sungurlu, 1974; Peringek, 1978). Yiimaz
(1993) admits that Kocali complex was formed
by ophiolitic melange and sedimentary blocks.
He also accepts that the ophiolitic rocks which
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formed under oceanic regime at north of the Ara-
bian Platform and ensimatic island arc materials
which developed due to the north dipping sub-
duction were formed by block and tectonic
slices which emplaced on the Arabian Platform
in Upper Cretaceous. Bingdl (1993 a, b) states
that Kogali complex was formed by an exten-
sional zone over intra-oceanic subduction zone
dipping north and by a submarine volcanism
outside the extensional axis or by an arc volcan-
ism which was then pushed over the northern
edge of the Arabian Platform during Campanian
— Maestrichtian. Uzungimen et al. (2011) indi-
cated that Kogali Complex consists of pelagic
sediments (such as pelagic limestones and
cherts) together with sediment derived platforms
and oceanic crust based basic volcanic rocks in
SE Turkey. The age of this unit was given as Late
Jurassic — Early Cretaceous (Sungurlu, 1973;
Perincek, 1978) but the authors have stated that
the age had risen from Middle Carnian to Raetian
due to its radiolarian content.

The Kogali complex in the study area was
tectonically overlain and imbricated by Putlrge
metamorphics of the Clinglis formation at Or-
manbasi Hill. However; this complex is observed
as thrusted over Lice formation (Figure 5). The
deposit which was traced in SE — NW trend right
at the southern part of Akcak Hill is uncon-
formably overlain by Midyat formation (Figures 4
and 5). The unit extending as a thin tectonical
slice at Ormanbasi Hill is represented by mud-
stone — volcanite, cherty limestone and shale
consisting Tarasa — Konak formations and by the
Kale formation which consists of serpentinites
extending as a thin slice between these units
(Figure 4).

ORE GEOLOGY

Several Cu mineralizations were detected in
recent years by MTA within volcanites belonging
to Kocali Complex cropping out in and around
Adiyaman City (Yildinm et al., 2008 a, b; 2009;
2010 a, b; Yildirm, 2011). It was also revealed

that these mineralizations showed similar fea-
tures with Cyprus type VMS mineralizations. Or-
manbas! Hill location was considered as a
promising area for Cyprus type volcanogenic
massive sulfide mineralization and was investi-
gated in terms of base and precious metals (Cu-
Zn-Pb-Au-Ag).

FIELD STUDIES

Although there are several tectono-strati-
graphic deposits, ore mineralizations were only
observed in Kocali complex as a zone compati-
ble with a thrust plane which is approximately in
NE -SW trend.

The Kogali complex forming the basement in
and around the study area is imbricated around
Ormanbasi Hill and tectonically overlies Clingus,
Lice and Midyat (Firat) formations. The complex
is represented by spilite, diabase, radiolarite
mudstone, claystone, shale and serpentinites in
the study area (Tarasa formation) and sporadi-
cally consists of materials related to ClingUs for-
mation.

Mineralizations generally occur in severely al-
tered, spilitized basic volcanites. These volcan-
ites are sub marine volcanic rocks that
corresponds to upper layers of the Kogali com-
plex and was nomenclatured as Tarasa forma-
tion by Sungurlu (1973) (Figures 4 and 6).

Mineralizations took place in the form of re-
worked lensoidal and layer like shapes within
mudstone, diabase, spilite and claystone —
shales. Altered zones can easily be distin-
guished with their brownish and reddish colors
and by excessively oxidized views at surface
(Figures 7a, b and c). Besides; secondarily de-
veloped malachite — azurite coatings were also
observed on the serpentinite slice as well that
underlies this alteration zone (Figure 7 d).
These zones show thicknesses varying be-
tween 10 to 100 meters and extend up to 300
meters.
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Figure 6- Spilitized pillow lavas of the Kocali complex (100m. NE of Zeynelaslan settlement)

ron ore cap|
ron ore cap

Figure 7- a-b; View from iron ore caps (gossan) in the mineralization area (looking towards
NE) (Ormanbasi Hill location, 100 m west of trench SY-6), c-d; Secondarily
developed malachite and azurite occurrences within the iron ore cap at top and
serpentinite slice at bottom (Ormanbasi Hill location, trench SY- 6, looking towards NW)
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Trenching

In Ormanbasi Hill area where mineralizations
generally crop out along thrust zones, six
trenches were excavated perpendicular to zones
where iron ore caps (gossan) occur in order the
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alteration zones to be traced better and to inves-
tigate their continuities (Figure 8). Trenches are
maximum 65 m long, 1 m wide and 1.5 -2 m
deep. In some of them, silicious and pyritized
zones were detected in which the stockwork
structure was developed. However; in other
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trenches goethitic formations at levels which in-
tense hematitization, limonitization within gos-
sans and chalcozite - covellite bornite formations
within layers of malachite and azurite were
traced. Channel sampling from side walls of
trenches were made to perform geochemical
analyses. Maximum 3% Cu and 3480 ppb Au
were obtained from samples taken in trenches.

Geophysical studies

As geophysical technique, the Induced Polar-

ization (IP) method was performed in order both
to determine the distribution of available miner-
alized zones within the study area and the loca-
tion of deep-seated mineralizations. Within this
purpose, profiles were drawn perpendicular to
mineralization zones (SE-NW trending) (Figure 8
and 9). The sulphidization grade of geological
structures, the geometry of these sulfidic struc-
tures and resistivity differences with respect to
adjacent units were investigated in the study
area (Bekar, 2010).
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Figure 9- Back analysis of resistivity and chargeability for M- Y profiles (Bekar, 2010)
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In Ormanbasi Hill region, values from the
area where mineralization was established by
available drillings were obtained even less than
the average chargeability values of the area
(Figure 9). These low values were interpreted as
these mineralizations represent an allochtho-
nous view, do not show any continuity, thin out
and thicken in places. These were also consid-
ered as units taking place within available min-
eralizations gave chargeability value (Bekar,
2010).

Drilling investigations

In Ormanbasi Hill, Sincik (Adiyaman) inves-
tigation area, field studies and geophysical

anomalies related to exploration and reservoir
analyses were correlated and total length of
1933,25 m drilling were carried out in 25 wells.
After determination studies had been com-
pleted, sample intervals according to the
change in mineralization and alteration were de-
termined bisecting core samples. The samples
were prepared by quartering method then were
submitted to analysis. In drillings; gossan, dis-
seminated and veinlet chalcopyrite and spha-
lerite within massive pyrite, sporadically
disseminated and stockwork levels, brecciated
levels and pyrite and chalcopyrite levels were
cut (Figures 10 and 11). Panel diagrams and ge-
ological cross sections made by the interpreta-
tion of well logs that had been obtained from

massive ore

Figure 10- Massive ore mineral cut in drilling AS -2 and close up view from this bisected ore

Figure 11- Iron ore cap (gossan) that was cut in drilling AS-9 and view from cataclastic massive ore minerals in

patches
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Figure 12- Panel diagram showing drillings in ore mineralization area (Yildinm, 2011) (see Figure 8 for well locations)

drillings within study were given in Figures 12
and 13. The lateral and vertical variations of
mineralized zones on panel diagram were obvi-
ously revealed. Mineralization is represented by
massive pyrite towards deeper parts, however;
it was formed by oxides at surface and at loca-
tions close to the surface (gossan). Mineralized
sections sporadically show a thinning and
thickening structure and this is clearly observed
both in panel diagrams and in geological sec-
tions.

Alteration

Mineralizations which developed within vol-
canites of Kogali complex were generally formed
from iron ore caps with limonite (also including
pyrite), hematite and silica at the surface. Kaolin-
ization was also observed in patches in these
zones. However; alterations such as; chloritiza-
tion, calcification, silicification, limonitization,
hematitization, epidotization were generally ob-
served on wall rocks surrounding mineralizations
(Figure 14). Also, this type of alterations is fre-
quently seen in sub marine volcanism.
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LABORATORY STUDIES mineral exposures in the study area (Figure 15).

Ore minerals and paragenesis Geothite minerals with interstitial and col-
loidal textures were also encountered within iron

bornite, chalcozine — covelline and native copper ore cap at the surface. In sample with interstitial
were detected as ore minerals due to macro-  texture, Quartz and pyrite minerals were ob-
scopic and microscopic studies for samples  served in veins or in such a way they had fulfilled
taken from mineralized zones at drillings and  voids (Figures 16 and 17).

Pyrite, marcasite, chalcopyrite, sphalerite,

Figure 15- a) Native copper disseminations which developed on oxidation zone at surface (Trench SY-2),
b) Malachite, azurite and chalcozine formations encountered in oxidation zone (Trench SY-1)

Figure 16- a) Colloidal texture developed in gossans (goethite), b) Pyrite — silica veins and interstitial texture
developed in gossans
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Figure 17- Limonite — hematite and goethite formations and microscope views of chromite granules encountered

in gossans (Cr: chromite)

Limonite, hematite, goethite and chromite
granules in them which had been reworked by
tectonism were encountered in thin sections
taken from gossans (Figure 17).

Pyrite is generally surrounded by sphalerite,
chalcopyrite and gangue minerals (Figure 18)
and is euhedral with smooth edges. However;
chalcopyrite and sphalerite are encountered as
matrix filling up pyrite granules. It indicates that,
pyrite was formed earlier than sphalerite and
chalcopyrite.

In paragenesis, pyrite is dominant mineral but
chalcopyrite and sphalerite are present in fewer
amounts. Chalcopyrite is the second most en-
countered ore mineral after pyrite and was
formed after pyrite and sphalerite. Chalcopyrite
has both confined pyrite and sphalerite and ac-
cumulated along cleavages and was encoun-
tered as irregular and amorphous granules.
Besides; chalcopyrite has generally substituted
pyrite and sphalerite (Figure 18). Chalcopyrite has
turned into covelline and chalcozine along cleav-
ages and edges in some thin sections (Figure 19).

Figure 18- Euhedral pyrites, anhedral sphalerite and chalcopyrites encountered in massive pyrite ore mineral
(Py: pyrite; Cpy: chalcopyrite; Sf: sphalerite) (core sample belonging to drilling AS-2)
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Figure 19- Secondarily developed chalcozine and covelline formations along fractures and cleavages of
chalcopyrites within massive pyrite ore mineral (Cpy: chalcopyrite; Cs-Cv: chalcozine — covelline)

Sphalerite was less frequently encountered than
pyrite and chalcopyrite. It was generally observed
along cleavages and edges of pyrite, in the form
of free granules and within chalcopyrite and seen
in the form of anhedral granules.

Ore mineralizations present colloidal, zoned,
euhedral to subhedral and cataclastic textures
which is peculiar to massive sulfide deposits and
were developed under low temperatures (Figure
20).

Figure 20- a) Cataclastic texture encountered in massive pyrite ore mineral, b) zoning developed in pyrites in

massive ore

Cu mineralizations were only encountered in
volcanites of Jurassic — Lower Cretaceous
Kocali complex in the study area. Besides; man-
ganese nodules with copper characterizing the
oceanic environment were also observed within
claystone — marls of the Kogali complex (Figure
21).

Mineralizations at surface were encountered
in the form of limonitization, hematitization,
argillitization and iron ore cap. However; the
massive ore with pyrite were seen beneath the
iron ore cap at surface. At deeper parts, dissem-
inated — stockwork brecciated levels with pyrite
and chalcopyrite takes place.
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Figure 21- Manganese nodules with copper encountered in claystone and marl of the Kogali complex

Geochemical analyses and assessments

Among massive and stockwork ore samples
within the study area, 15 of them were submitted
to geochemical analysis to detect Cu, Pb, Zn, Ni
Co, Mo, Sb, As, Bi Ag and Au contents (Table 1)
by flame AAS/ICP-OES method at the Depart-

ment of Mineral Analysis and Technologies of
MTA. However; 8 ore/ore bearing rock samples
collected at the surface were analyzed to detect
major element oxide, trace and Rare Earth Ele-
ments (REE) by ICP-MS method in Activation
Laboratories (ACTLABS) in Canada (Tables 2, 3
and 4).
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The classification of VMS deposits in terms
of base metals in the world is seen in figures 22a
and b. Although Pb content is low, Cu and Zn
contents are high in mineralization at Ormanbasi
Hill location. This is one of the typical character-

istics of VMS deposits associated with ophiolites
(Galley and Koski, 1999). According to this clas-
sification, it is seen that samples plot into Cyprus
type volcanogenic massive sulfide deposits area
(Figures 22 a, b).

@ ACTlab

O MTAlab

SEDEX deposit —)l(— VMS deposit

Cyprus-type
VMS deposit

(Cu+ Zn+ Pb) %

Au ppm

Auriferous

/TN

~
Cyprus-types

|
Base-metal \ \\\

/ ;

Figure 22- The distribution of samples belonging to Sincik — Ormanbasi Hill Mineralization using; a) Cu-Pb-Zn
discrimination diagram (from Galley and Koski, 1999) and b) Au-(Cu+Zn+Pb)+Ag discrimination
diagram (Barrie and Hannington, 1999) (according to Galley and Koski, 1999)

Trace element and REE contents in pyrites
are important to understand the origin of miner-
alizations. It is seen that REE contents of pyritic
ore samples in Ormanbasi Hill present a trend
close to chondrite values in chondrite normalized
diagram and there is not observed a high enrich-
ment (Figure 23). This shows that, the source of
metals forming the mineralization are not marine
sedimentary but are associated with magmatic
rocks.

The low Pb contents (Galley and Koski, 1999)
of Pb, Cu, Ag, Au, Zn element contents in sam-
ples belonging to Ormanbasi Hill mineralizations
in primitive mantle normalized spider diagrams
show a resemblance to Cyprus type VMS de-
posits (Figure 24).

Co/Ni ratio is used as a potential discrimina-
tor between magmatic — hydrothermal and sed-
imentary environments. Co/Ni ratios are less
than 1, although high Co and Ni contents are en-
countered in pyrite and pyrrhotine in sedimen-
tary, volcanogenic or diagenetic source
materials (Cambel and Jarkovsky, 1967). Co and
Ni contents are generally low in hydrothermal
source sulfides (less than 100 ppm) and the ratio
of Co/Ni is much higher than 1 (Cambel and
Jarkovsky, 1967). Although the amount of Ni is
higher than Co element on earth crust, Co/Ni ra-
tios in hydrothermal pyrites are above 1. Co ele-
ment is leached from wall rocks easier than Ni,
then is taken into solution and diluted in deposits
(Gulec and Erler, 1983). During analyses carried
out in massive pyrites belonging to Ormanbasi
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Figure 23- Chondrite normalized (Boynton, 1984) REE multi element distributions for samples belonging to

Ormanbasi Hill mineralizations

Hill mineralizations, Co/Ni ratios were seen
higher than 1 and the content of Ni is low. This
phenomenon was interpreted as the hydrother-
mal processes had been effective in mineraliza-
tions.

SOTOPE STUDIES

d %S analysis were carried out in laboratory
of the Lausanne University (Switzerland) in 2
samples which had been selected from ore min-
erals in the study area. In sulphur isotope stud-
ies; it is considered that, if the average %S for the
deposit is 0, then it is deep and is homogenous
source, if S is negative then it indicates a bacte-

riological activity and sedimentary deposition
(Rollinson, 1993). For magmatic rocks 3*S is 0,
for hydrothermal solutions associated with vol-
canism *S is (+) and in sedimentary rocks %S
ranges in between -10 and -40 (Rollinson, 1993).

In pyrite and chalcopyrite samples within the
study area %2S/*S ratios were found as 6.9 and
7.6 (Table 5).

Sample No Explanation 83*S%. S-19
Pyrite- Chalcopyrite (surface) 7.6

S-32 Pyrite- Chalcopyrite (drilling) 6.9
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Figure 24- Spider diagram (primitive mantle normalized) of Pb, Ag, Au, Zn and Cu contents for samples belonging
to Ormanbasi Hill mineralizations (Galley and Koski, 1999)

Table 5- ®2S/*S values of two samples belonging to Ormanbasi
Hill mineralization (Lausanne University, Switzerland)

Sample No | Explanation d *S%o

S-19 Pyrite- Chalcopyrite (surface) 7.6

S-32 Pyrite- Chalcopyrite (drilling) 6.9
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When minerals in Sincik and Torodos vol-
canogenic massive sulfide deposits were com-
pared with each other, it was seen that these
exhibited similar sulfur isotope values. These val-
ues are both compatible with sulfur ratios in hy-
drothermal solutions associated with volcanism
and with Cyprus type VMS deposits on the world
(Figure 25) (Rollinson, 1993).

0 %48 values of pyrites taken from massive
sulfide deposits which was observed in Torodos
ophiolites range between -1.1 and 7.5 %.. How-
ever; these values were restricted to +4 and +7
%o (Clark, 1971; Hutchinson and Searle, 1970;
Jamieson and Lydon, 1987). Variations within
this interval can be observed even in the same

deposit, but it is clear that sulfurs in this sulfide
deposit were mainly derived from magmatic
rocks.

RESULTS AND DISCUSSIONS

The ophiolites originated within layers of
oceanic crust but these were then placed on the
continental crust. Therefore; these were consid-
ered as closely being associated with sea water
since these had remained at the sea bottom
throughout long geological history. The interac-
tion of rocks with sea water is inevitable especially
for basalts located at the uppermost part of the
ophiolitic series and plate dike complex under-
neath the basalts and even partly for gabbroic
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Figure 25- & **S isotope values in the study area and in some massive sulfide deposits (Rollinson, 1993)
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sections. This interaction in many cases creates
great mineralogical and geochemical changes.
The cycling fluid penetrates rock units intruding
into oceanic crust and causes significant changes
in chemical compositional with the effect of high
temperature (imer, 2006). These fluids which have
become hydrothermal solution reach the sea bot-
tom and spreads over the bottom rising up by the
effect of adiabatic pressures through tectonic
fracture and fissures together with other volcanic
materials in active volcanic systems.

Metal sulfides suddenly precipitate in situ or
at short distances due to rapid cooling, sudden
change in pH and Eh and by the effect of sea
water in this medium. The spread of mineralized
solutions over the sea bottom through fracture
and fissure lines corresponds to the periods
which the rate of magma development with silica
composition is minimum. Fumeroles which
occur towards the end of sea bottom volcanic
activity could also form mineralization in such
ore formations. Some investigations in Japan re-
vealed that fumeroles had formed massive sul-
fide deposits due to their repetitive activities
(Tatsumi, 1970; Sato, 1974).

In previous studies, Gultekin (2004) has
stated that Ormanbasi Hill mineralizations had
been traced along tectonical lines and mineral-
izations in this area were suitable to epithermal
type of mineralization due to the presence of
minerals showing low temperature conditions
and structural — textural features. Not only the
presence of mineralization to be only in Kocali
complex or being deposited over thrust plane
but also the mineral paragenesis, textural fea-
tures, alteration types, chemical and isotopic
findings all indicate that these mineralizations are
Cyprus type VMS mineralization in this study.
Besides; low temperature minerals which were
encountered at the surface could extensively be
found at gossan levels of Cyprus type VMS min-
eralizations (Savkins, 1990).

Mineralizations in the region are available in

Kocali complex and are compatible with the
general lineation of the Southeast Anatolian
Thrust Belt. Mineralizations are observed in
mudstone, diabase, spilite, claystone and
shales, allochthonous and are in the form of
lenses and layers. It is therefore similar to
Cungus (Derdere) mineralization with these fea-
tures (Sasmaz et al., 1999). Mineralizations are
generally massive in character and are sporadi-
cally observed as stockwork and disseminated.
However; there are pyrite, chalcopyrite, spha-
lerite, pyrrhotine, chalcosine and covelline in
mineral paragenesis. While this is seen as an iron
ore cap especially at the surface, it passes into
massive ore at depths. Colloidal, euhedral to
subhedral, cataclastic and zoning textures pe-
culiar to massive sulfide deposits that had de-
veloped at low temperatures were encountered.

It is seen that hydrothermal alterations ob-
served in Kogali complex widely bear the traces
of low graded oceanic bottom metamorphism.
Hence; the metamorphic paragenesis prevailing
in the study area is represented by the metamor-
phic mineral assemblage as quartz + albite +
chlorite + epidote. These minerals which are typ-
ically observed in altered ophiolitic rocks present
pressure and temperature conditions belonging
to green schist facies.

The base metal association in Sincik miner-
alization is Fe — Cu — Zn which originated in sul-
fide forms. The metals which were found in
mineralized zones should have been taken into
solution mainly by being leached from the base
rock as a result of the hydrothermal fluid cycle.
Later on; these should have been occupied in
the form of sulfur compounds in hydrothermal
solutions and precipitated at the sea bottom
and/or shallow depth conditions in the form of
sulfuric compounds in upper zones due to tem-
perature decrease, sudden Eh/pH change and
rapid geochemical variations in the sea water.

Looking at the metallic composition in Sincik
mineralization, it was easily seen that Cu had
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higher concentration compared to Zn and Pb. As
aresult of analyses carried out in MTA and ACT-
LAB, the average Cu concentrations in these
mineralizations were obtained as 2.2 and 1.0 %,
respectively. These Cu values show resem-
blance with Torodos massive sulfide mineraliza-
tion (average Cu: 2.78 %) (Constantinou and
Govet,1973; Hanington et al., 1998).

When the sulfur isotope values of pyrites
taken from the study area was correlated with
the isotope values in Torodos massive sulfide
deposits, there was observed a similarity be-
tween these mineralizations.

As a result; it was concluded that mineraliza-
tions exhibited the general features of Cyprus
type volcanogenic massive sulfide deposits and
had no relation with the epithermal type miner-
alization which had been defined in previous
studies. Future studies should be focused on the
establishment of conjugates of these formations
along the belt and on the correlation of these for-
mations with other formations. In doing so; a
new Cyprus type VMS metallogenic belt could
be established along the Southeast Anatolian
Thrust Belt.
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