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ABSTRACT

The basement units of the study area are Paleozoic-Mesozoic Keban metamorphics and Late Cretaceous Elazig
magmatics. As a result of tectonic events caused by final collision in Middle Maastrichtian, all these basement
units were juxtaposed, uplifted, eroded and acted as a source area for the Maastrichtian-Paleogene basins. Upper
Cretaceous-Paleogene deposits were systematically sampled in order to determine their ages and lithologies. Due
to new age findings and stratigraphical positions the marine units were identified as; Harami, Seske and Kirkgecit
formations. Late Oligocene-Early Miocene Alibonca formation and Pliocene Karabakir formation are the other
units of the study area. Maastrichtian-Thanetian Harami formation is formed by grainstone intercalated with
sandstone at the bottom and white limestone at the top. Early Lutetian Seske formation consists of conglomerate
at the bottom and much nummulitic, carbonate cemented sandstone with ophiolitic fragments at the top. Kirkgegit
formation consists of sandstone-siltstone-limestone intercalation, and it is early Bartonian-early Chattian. Late
Chattian-middle Burdigalian Alibonca formation consists of conglomerate at the bottom, reefal limestone in the
middle and clayey limestone intercalated with algal limestone at the top. Pliocene Karabakir formation is formed
by conglomerate-mudstone and locally by intercalations of pyroclastics and lavas. Pertek Andesite and Basalt
Members are both vertically and laterally transitional with sedimentary lithologies of the Karabakir formation.
There is no data to date the lithology; however, it was assumed that it had been Pliocene in age according to the
lithostratigraphical succession. In the study area, macrotectonic events were experienced in Late Cretaceous,
Early Eocene, middle-late Lutetian, Middle?-Late Miocene and in the Latest Pliocene. During the last tectonic
phase, the Anatolian plate bounded by the East Anatolian Fault (EAF) in E-SE began to move westward, and the
right lateral strike slip Pertek Fault activated in the study area.

1.Introduction

to top in systematically. Rock types in the Elazig
magmatics were distinguished based on petrographical

This study was initiated in order to prepare Elazig
K42 sheet in 1/100.000 scale. Although; c-d sheets
in 1/25.000 scale consisting the southern part of K42
sheet have been studied by Herece et al. (1992), a-b
sheets forming the northern part have not been studied
at all. To prepare the geological maps and define the
geological units of the non-investigated areas, short
term field studies were carried out in the region.
Within scope of the study; first 1/35 000 scale aerial
photos of the region were investigated in the office;
discriminated geological units were transferred on to
map then checked on the field. In the study; Keban
metamorphics and Elazig magmatics, which are the
basement units of the region and the unconformably
overlying Tertiary units were distinguished. In order
to determine the rock types of Elazig magmatics
and stratigraphical relationships and ages in Tertiary
units, the basin deposits were collected from bottom

descriptions. The age intervals of the formations were
determined following the paleontological studies,
and the units were defined based on formational
nomenclature in the region and their surrounding
(Figures 1 and 2).

Preliminary studies were carried out in the region
which were started in 1940’s and the regional geology
and stratigraphy in wide areas were investigated
(Ketin, 1946; Tolun, 1955; Altinli, 1966). Later
on; the allochthonous units cropping out along the
belt, Yiiksekova complex (Peringek, 1979), Keban
metamorphics (Ozgﬁl, 1976; Kipman, 1976, 1981;
Yazgan, 1981, 1983, 1984; Ozgiil and Tursucu,
1984) and Baskil magmatics (Asutay, 1988) have
been studied in the following years. The sedimentary
outcrops around Pertek, Yiiksekova complex (Bingél,
1984) and Cretaceous volcanics and ophiolitic rocks
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around Elazig were studied (Hempton and Savci,
1982; Hempton, 1984, 1985). Besides; the fossils of
a section within the Kirkgegit formation in local areas
in west of Pertek were described based on species
(Avsar, 1991, 1996).

2. The Stratigraphy Of The Region In Pre-Late
Maastrichtian

Keban metamorphics and Elazig magmatics cropping
out around Pertek which are the basements units of the
region. Harami, Seske and Kirkgecit formations are Late
Cretaceous-Tertiary in age. Adilcevaz formation is Late
Oligocene-Early Miocene and the Karabakir formation
and its members are Pliocene.

2.1. Keban Metamorphics (PzMzk)

Keban metamorphics are generally composed of
schist and marble. It outcrops in north of the Keban
Dam Lake between Konaklar-Tuzbasi districts,
around Eger Tepe in south of the dam lake, the east of
Kolbasi district, the north of Esenkent and in west of
Altinkusak (Figure 3a).

The unit was first named by Kipman (1976), Ozgiil
(1976), Peringek (1979) and Erdogan (1982), and the
same nomenclature was used in other studies (Ozgiil
and Tursucu, 1984). The exposures of metamorphics
in Pertek and its surround were shown as one unit
since the rock type discrimination had not been
studied before. The outcrops of the unit in different
places are similar in character and formed dominantly
from grayish, white marbles and seldom amphibolite
schists. The unit was defined as basic amphibolites in

sections which can be distinguished by its dark color
in the outcropped areas and in section which displays
schistose structure. Amphibolites are composed of
nematoblastic textured hornblende, plagioclase,
quartz, sphene and opaque minerals (Herece, 2016).

Keban metamorphics overlie Late Cretaceous
Elazig magmatics with reverse fault at the bottom and
is unconformably overlain by Maastrichtian deposits
on top.

There is not age data within study area; however,
Ozgiil (1976) obtained Permian-Triassic age from the
bottom of the unit. Ozgiil and Tursucu (1984), detected
ages ranging from Permian and Upper Triassic to
Cretaceous from recrystallized limestones which are
in the form of two layers. Kipman (1976) detected
Permo-Carboniferous ages based on fossils described
in samples in schists beneath marbles. Yilmaz et al.
(1993) detected Campanian age from the topmost part
of the metamorphics. According to these age data, the
marbles were deposited as limestone between Permian
to Cretaceous, then metamorphosed in greenschist
facies between Campanian-early Maastrichtian.

2.2. Elazig Magmatics (Kem)

Elaz1g magmatics, which have extensive spreads
along the belt, were defined as Yiiksekova complex
(Peringek, 1979), Ispendere-Komiirhan ophiolites
(Yazgan, 1983, 1984; Poyraz, 1988), Elazig complex
(Hempton and Savci, 1982), Elazig igniyis complex
(Hempton, 1984, 1985), four units belonging to
Yiiksekova complex (Bing6l, 1984), Elazig magmatics
(Turan et al., 1995; Beyarslan and Bingdl, 1996; 2000)

Figure 3- Views of amphibolites, which are distinctive with their dark colors and schistose structures, observed in limited area within Keban
metamorphics; a) K42 a2, 21285-07968, looking south and b) K42 a2, 21630-07400, looking northwest.
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and Elazig-Baskil magmatic complex (Robertson et
al., 2007). Elazig magmatics cropping out in Elazig
surround are formed by ophiolitic succession which
developed in the intra-oceanic supra subduction zone
and by the overlying ensimatic island arc units. The
ophiolites present a successive deposit and consist of
gabbro, diabase, basalt and andesitic volcanics-tuff
and agglomerates from bottom to top. Diabase unit,
which outcrop in limited locality in the study area, is
observed with basalt units, arc volcanics (andesite,
andesitic volcano-clastics, tuff and agglomerate), and
with intrusive diorite, monzodiorite, tonalite, granite
and granodiorites of the widespread ensimatic island
arc.

2.2.1. Diabase (Ked)

The unit outcrops around Saribiik village in south
of the Keban Dam Lake and observed as widespread
and massive masses. It has sheeted dykes parallel to
each other at 500 meters east of the Kilise Tepe at 1
km SW of Yesildere outside the study area. Diabases
have sometimes ophitic and intersertal textures of
which plagioclase microliths have formed. Generally;
chloritization, carbonation and epidotization are
observed and it consists of sphene as accessory
mineral.

The lower contact of the unit is not observed in the
study area, and it is transitional with the underlying
gabbro outside the study area (Hempton, 1985; Herece
et al., 1992). Howevers; it is transitional with the basalt
unit cropping out in limited area in its upper contact.
There is not any radiometric data for the unit. It is Late
Senonian according to the pelagic fauna detected in the
overlying basalts (Herece et al., 1992). It is a unit of
the supra subduction zone ophiolite which developed
on the intra-oceanic subduction zone.

2.2.2 Basalt (Keb)

The unit is composed of basalt and it crops out in
a limited area in east of Saribiik village at the south of
the Keban Dam Lake. The unit was named as Basalt
Unit based on lithological name within scope of this
study. The unit is composed of maroon like green
lavas at 4 km’s northwest of the Osmanaga village in
southwest outside the study area. Rarely, it consists
of pelagic limestone interlayers and is intruded by
small gabbro intrusives and diabase dykes. It has been
much disintegrated in occasion, and flow and pillow

structures are deteriorated. However; pillow structures
along the road from Barge stream in south of the
Karodag to the Yesildere village are widespread and
distinctive outside the study area, and flow directions
can also be seen by flow structures in places. The pillow
structures were cut by dasitic and andesitic dykes in
this area. Basalts are amygdoidal in texture and pores
are filled by mineral. It has rare, red and fossilliferous
limestone interlayers (Herece et al., 1992). Basaltic
pillow lavas, lava flows and diabase dykes, rhyolitic
and andesitic pyroclastic intercalations in few amounts
comprise andesitic dykes, lava flows and gabbro and
diorite stocks (Hempton, 1985).

Basalt unit is generally observed as tectonically
associated with diabase unit. However; it is transitional
with diabase in the lower boundary and andesitic
volcanics in the upper boundary outside the study
area (Herece, 1992). There is not any thickness data in
the studied area. The unit thickness is 1000 m around
Karodag in southeast and outside the study area (Herece
et al., 1992) and 375 m around Hazar Lake (Hempton,
1985). There is also not any radiometric age data
for the unit, and it is unconformably overlain by the
late Maastrichtian Harami Formation (Herece et al.,
1992). The unit is Santonian-early Campanian based
on Marginotruncana coronata Bolli, Globotruncana
carinata Dalbiez and Globotruncana linneiana
(d’Orbigny) fauna in samples collected from pelagic
limestones blocks, which has been formed with basalts
and of which their primary location failed by the flow,
outside the study area (Herece et al., 1992).

Samples collected from the blocks in lavas (Herece
etal., 1992), Globotruncanita cf. stuarti (de Lapparent)
and Globotruncanita stuartiformis (Dalbiez) fauna
are also early Maastrichtian. The basalts are Senonian
“late Senonian” according to these age data, and these
are the part of ophiolites forming in the intra-oceanic
supra subduction zone.

2.2.3. Andesitic Volcanics (Kea)

Andesitic volcanics, though have limited spread in
the study area, crop out over wide areas in south of the
study area. The unit generally consists of lithologies
of andesite, andesitic agglomerate and tuffite, and
rarely consists of pelagic limestone intercalations.
The whole succession is green to pale green in color.
However; the fresh and decayed colors of andesitic
rocks are white. Agglomerates are moderately sorted
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and well cemented. The succession consists of
laterally lensoidal pyroclastic layers. Occasionally;
diabase and dacitic dyke intrusions and rare pelagic
intercalations take place within the unit (Figure 4).

Andesitic volcanics are transitional with the
underlying basalts of the Elazig magmatics at its
lower contact (Herece et al., 1992); however, it is
unconformably overlain by the late Maastrichtian
Harami Formation at its upper contact. Its thickness
is unknown since the measured stratigraphical section
could not be taken in the unit. Nevertheless; in south
and outside the study area it is approximately 1800 m
thick (Herece et al., 1992). There is no age data for the
unit in the investigated area; however, its age outside
the study area was detected as early Maastrichtian
(Herece et al., 1992). The presence of clayey limestone
intercalations and blocks requires indicates that they
have been deposited in open marine environment.

2.2.4. Ensimatic Island Arc Rocks

The rocks of the ensimatic island arc together with
Intra Oceanic Supra Subduction ophiolites outcrop
within the study area. Ophiolites and the overlying
andesitic volcanics were distinguished; however, the
rocks of widespread ensimatic island arc were named
based on the petrographical descriptions of samples
collected from the area. These rocks are generally
beige, pink or pale and occasionally have lineation
and fracture system. Rock types in exposures covering
wide areas were distinguished as Tonalite (Keto),
Diorite (Kedi) and Granite-Granodiorite (Kegr)
(Herece, 2016).

Figure 4- Views of intrusive tonalite dykes with the andesites of
Elazig magmatics on the road cut of the auto road in west
of the Karadere District (K42 bl, 2407-03847, looking
NNE).

Tonalite (Keto) : It is an intrusive rock in andesites,
which outcrops on the road cut in west of the Karadere
district in NW of Pertek (Figure 4). The andesite has
hypidiomorphic texture (pilotaxitic texture) and
consists of plagioclase, hornblende, quartz, biotite
and opaque minerals. The groundmass consists of
plagioclase, hornblende, very few biotite microliths,
amorphous quartz grains and opaque minerals.
However; tonalite has hypidiomorphic holocrystalline
granular texture and consists of plagioclase, quartz,
orthoclase, hornblende, biotite, apatite and opaque
minerals. Chloritization, argillization, calcification
in plagioclases; chloritization and argillization in the
orthoclases; chloritization in biotites are widespread
(Herece, 2016).

Towards west, it is formed by NE-SW extending
Eger Tepe metamorphics in south of Korukdy;
however, the NW looking slope of the hill is formed
by intrusive rocks. In the cut of water canal, which
vertically crosscut the hill, Keban metamorphics and
Elazig magmatics are tectonically and intrusively
associated with each other (Figure 5a-b). Elazig
magmatics consist of tonalite and granodiorite;
however, the latter intrusives are basalt and diabase
(Figure 6a-b). These dyke intrusions consist of
enclave fragments detached from previously
formed magmatics. Tonalite is holocrystalline
granular textured, and consists of plagioclase,
quartz, hornblende, biotite, zircon, apatite and
opaque minerals. Granodiorite has holocrystalline
granular texture and consists of plagioclase, quartz,
orthoclase, hornblende, biotite, zircon and opaque
minerals. Some plagioclases consist of quartz,
alkaline feldspar, hornblende and chloritized biotite
inclusions. Minerals are; clinopyroxene, biotite
and serpentinized olivine as the secondary mineral
around epidote at the center as phenocrystals; and
clinopyroxene, secondary carbonate, secondary
chlorite minerals among plagioclase microliths in
the groundmass. Intrusive basalt has hypocrystalline
porphyritic texture and the groundmass is
intergranular textured. Intrusive diabase porphyry
is holocrystalline porphyritic and intergranular
textured. Minerals are; clinopyroxene, plagioclase,
quartz, and plagioclase with secondary rod like
calcite phenocrystals, quartz and opaque minerals,
and they are observed within intergranular textured
groundmass which consists of secondary chlorite and
secondary calcite.
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Figure 5- a) Views of Elazi§ magmatics tectonically associated with Keban metamorphics in the cut excavated in water canal, in SW of
Korukdy (K42 a4, 00300-96025, looking east), b) views of tonalites cut by diabase dykes in Elazig magmatics (K42 a4, 00300-

96025, looking east).

a

b |

Figure 6- General views of diabases and intrusive tonalites in Elazig magmatis in the cut excavated in the water canal in SW of Korukdy (K42

a4, 00300-96025, looking east).

On the other hand, norite and gabbronorite were
identified in magmatic rocks exposing in the area
towards the north of Pertek Fault (Herece, 2016).
Norite is holocrystalline in texture and consists of
plagioclase, orthopyroxene and opaque minerals.
Plagioclases have polysynthetic twinning and rarely
observed opaque minerals are in the form of fine grains.
Gabbronorite is holocrystalline textured and consists
of medium-fine grained plagioclase, orthopyroxene,

clinopyroxene and opaque minerals.

Diorite (Kedi): It is the tectonically associated rock
type beneath Keban metamorphics in northeast of the
Hasir district. Diorite is holocrystalline and poikilitic
textured and is formed by plagioclase, amphibole
(hornblende) and opaque minerals. Plagioclase

minerals are partly sericitized and argillized, and
amphiboles are carbonated.

Magmatic rocks cropping out in south of the
Hasir district are quartized diorite, microdiorite and
metadiorite (Herece, 2016). Quartz diorite is granular
textured and consists of plagioclase, amphibole, quartz
and zircon minerals. Argillization and sericitization
are widespread in plagioclase minerals. Diorite and
alkaline feldspar granite are the other intrusive related
rocks in the same region. Diorite is holocrystalline
granular textured, and it consists of plagioclase,
orthoclase, quartz, hornblende, clinopyroxene and
opaque minerals.

Granite (Kegr): These are holocrystalline
granular textured magmatics and located in Hodinik
Mountain in south of Pertek (Herece, 2016). Granite
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is holocrystalline textured and consists of orthoclase,
quartz, hornblende, augite, biotite, titanite, apatite,
zircon and opaque minerals. There are observed
argillization, sericitization and chloritization in
plagioclases, and sericitization and argillization in
orthoclases. Basic and intrusive rocks, along with road
cuts towards Edincik district in southwest of Pertek,
are metagabbro and granites, respectively (Figure 8).
Metagabbro is holocrystalline textured and consists of
plagioclase, augite, hornblende, tremolite-actinolite,
opaque minerals and uralitic hornblende minerals.
However; the granophyre is holocrystalline in texture
and consists of plagioclase, quartz, alkaline feldspar,
biotite, zircon and opaque minerals. There are observed
argillization and sericitization in plagioclases and
alkaline feldspars.

Ultrabasic rocks and intrusive dykes are
remarkable along the road cut at 2.6 km southeast
of the Kolbasi district along the auto road heading
westward from Pertek. The dominant rock types
observed on the cut are metagabbro, metagranitoid
and moreover granite in intrusive dykes (Figure
7). Metagabbro is blastoporphyritic in texture and
consists of plagioclase, orthoclase, hornblende,
clinopyroxene, biotite, titanite, spinal and opaque
minerals. Plagioclases are chloritized, sericitized,
carbonated, epidotized and argillized; and
orthoclases are chloritized, sericitized and argillized.
It has probably been altered from pyroxene mineral
in octagonal minerals which area completely infilled
by amphibole. Most of the minerals resembling to
that have been medium carbonated, chloritized and

Figure 7-General views of granoporphyries, which are located
with metagabbro in Elazig magmatics and form wide
alteration zone, along the road cut of the auto road in
NW of the Edincik district (K42 b3, 31882-96900,
looking north).

the edges have been altered into amphibole. In some
of these minerals the residual pyroxene and fully
chloritized biotite residuals are observed.

The intrusive gabbro of Elazig magmatic was
cut by granodiorites along Pertek-Hozat auto road
(Figure 8), and the microdiorites were cut by diabase
rocks along Elazig-Pertek auto road (Figure 9a-b). In
southern areas of the Keban Dam Lake, monzodiorite
outcrops at the west of Colakli district; and granite,
altered syenite/altered monzonite and metabasic rocks
crop out in the south of Tilagasi district.

There is not any age data in the area investigated for
magmatic, and late Maastrichtian Harami formation
unconformably overlies the unit. Santonian-early
Campanian age was detected from pelagic limestones
in which basalts are located, and early Maastrichtian
age was taken from pelagic limestone blocks located in
lavas (Herece, 1992). These data indicate that the age
of magmatics could more probably be late Senonian.

On the other hand, Late Senonian basalts and
Early Maastrichtian andesitic volcanics are cut by
granitoid intrusions or by the youngest intrusives, and
are unconformably overlain by the late Maastrichtian
Harami formation. If the youngest granitoids cutting
andesitic volcanics have developed with andesites
then their ages should be early Maastrichtian or even
younger.

3. The Upper And Post Maastrichtian
Stratigraphy Of The Region

Late Cretaceous-Tertiary units are formed by
Seske
formation, Alibonca formation, Karabakir formation

Harami formation, formation, Kirkgegit

and its Pertek andesite member and basalt member.

Figure 8- Intrusive views of metagabbros with metagranitoids in SE
of the Kolbast district on Pertek-Hozat auto road cut (K42
a2, 21492-06625, looking north).
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a

b

Figure 9- a-b. Views of microdiorites and intrusive metadiabases on Elazig-Pertek road cut (K42 a3, 17608-95485, looking east).

3.1. Upper Late Cretaceous — Paleogene Units
3.1.1. Harami Formation (KTh)

The unit was first named by Peringek (1979) and
Erdogan (1982), and the same nomenclature was
used in other studies carried out in the region. The
formation outcrops at high elevations of the ridges
located on the southern boundary of the Kurbankapan
village (Figure 10).

The unit at the bottom consists of reddish,
pale brown basal conglomerate intercalating with
carbonate cemented, angular, pebbly sandstone and
algal fragmented grainstone (Figure 1la-b). The
succession continues with white, thick to very thick

bedded limestones towards upper layers.

The unit unconformably overlies Elazig magmatic
and unconformably overlain by Seske and Kirkgegit
formations. The thickness of the formation is not

Figure 10- General view of the Harami formation which unconformably overlies the Elazig magmatics (K42 b4-cl; 27365-87915, looking

south).
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Figure 11- a) The unconformable relationship of the Harami formation with Elazig magmatics, b) close up view of 2 m thick conglomerate
which forms the bottom (K42 b4-c1; 27365-87915, looking south).

known in the study area; however, the measured
stratigraphical sections taken from the unit in the near
south of the area were estimated about 60 m (Herece
etal., 1992).

In samples collected from the bottom of the unit
on road cuts in south of the Kurbankapan district,
the late Maastrichtian age was obtained by benthic
foraminifers; Siderolites calcitrapoides Lamarck,
Sirtina orbitoidiformis Bronnimann and Wirtz,
Hellenocyclina beotica Reichel, Siderolites spp. and
Omphalocyclus sp. (Herece, 2016).

In samples collected from the southern part of
the study area (Herece et. al., 1992), the Selandian
age was obtained according to the fauna such as;
Cuvillierina sireli inan or Pseudocuvillierina sireli
(inan), Miscellanea sp., Sistanites sp. for the upper
part of the succession. According to these data
the Harami Formation is late Maastrichtian-Late
Paleocene (Selandian) and it was deposited in shallow
shelf environment.

3.1.2. Seske Formation (Tes)

Seske formation was first named by Erdogan
(1975) in the vicinity of Seske village of Adiyaman.
It consists of bioclastic packstone and algal grainstone
in the bottom, and angular pebbly conglomerate and
clastic sandstone in the top. The unit, which was first
named by Herece (2016) around Pertek, was observed
in the southern part of the ferry pier at south of Keban
Dam Lake (Figure 12). This outcrop, which was
formerly beneath the water, emerged as a result of 20
m decrease in water level in the dam lake.

10

The unit does not have wide outcrops to
nomenclature for a new formation. Eastern and western
extensions of the succession observed in the limited
area remain below the dam lake. However, it was
defined in order to detect that the formation is present
in this region. The extension of the formation at east
is formed by the medium bedded sandy limestone-
limestone alternation. In the western extension, the
conglomerate made up of angular pebbles derived from
ophiolites at the bottom grades into many nummulitic
sandstones with much ophiolitic clastics (Figure
13a-b). The unit unconformably overlies Elazig
metamorphics at the bottom at ferry pier; however,
the upper contact is paraconformably overlain by the
Kirkgecit Formation (Herece, 2016). Approximately;
10-15 m thick section of the unit could be observed
in the outcrop at the southern edge of the Pertek ferry
pier. Since the lateral extension of the succession
remains below the dam lake, its thickness is unknown.

In samples collected from the lower part of the
succession exposing in the area (Herece, 2016) the late
Kuvizian age was detected by Nummulites manfredi
Schaub (spp) fauna. However; Nummulites messinae
Schaub (spp), Gyroidinella sp. (n.sp?), Neorotalia sp.,
Belemnitidae fauna gave early Lutetian age in samples
collected from the upper part of the succession
(Herece, 2016).

On the other hand, Nummulites messinae Schaub
(spp.), Fabiania cassis Oppenheim, Gyroidinella
sp. (n.sp?, grain forms available), Discocyclina sp.,
Praefabiania? sp. and Belemnitide form (plenty)
fauna assemblage described in the sample collected
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Figure 12- General view of the Seske formation on the southern edge of the Pertek ferry pier (K42 b4; 23820-98025, looking SSW).

a]

Figure 13- a-b. The close up view of much nummulitic grainstone overlying the coarse conglomerate in the lower part closer to the bottom of
the Seske Formation on the southern edge of the Pertek ferry pier (K42 b4; 23820-98025, looking SW).

from algal and bryozoan fragmented grainstone,
which is located below the Kirkgegit formation
around Tilagas:1 district, give upper early Lutetian-
early middle Lutetian age.

According to these data, the age of the formation
cropping out in areas around Pertek ranges from
late Kuvizian to early middle Lutetian. In exposures
outside the study area, Yazgan (1984) investigated
the Seske formation together with Harami formation
under the name of Upper Paleocene-Lower Eocene
limestones. Turan and Bingdl (1991) and Tiirkmen

et al. (2001) defined the Seske formation as Late
Paleocene-Early Eocene. The unit was deposited in

fore reef environment.
3.1.3. Kirkgecit Formation (Teok)

The formation, which consists of the alternation
of basal conglomerate, sandstone, siltstone and
limestone, crops out in wide areas from north to south.
The unit, which is formed by sedimentary deposits

in similar characteristics, is observed as separate
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outcrops as a result of effective tectonical events in
the region after sedimentation.

The unit which was first named by Peringek (1979)
was defined under the same name. The outcrops of
the Kirkgecit Formation are observed in near west
of Pertek, between the Cevizlik Tepe (hill) and Taht
Tepe (hill), in west of Pertek, between Asagi Giilbahge
and Karsiyaka District, in near east of Pertek, around
Mercimek village, in SE of Pertek, between Kabasakal
District- Kolonkaya, in south of Pertek, between
Karacalar District — Kabakeilar District, in SW of
Pertek, between Altinkusak and Tilagas District.

The formation, which outcropped in 6 different
areas, was mapped for the first time and successions
were systematically sampled from bottom to top in
order to determine rock type characteristics and ages
of each exposure.

Kirkgecit Formation outcropping between Cevizlik
Tepe and Taht Tepe: The formation generally trends in
NW-SE direction. The bottom of the basin is located
in the west of Sogukpinar district and begins with
the alternation of fine and coarse grained grainstone.
Grainstone is grayish-pale brown, medium-thick
bedded, flaky and with conglomerate-pebblestone
intercalations. First; the sedimentary deposit is
laterally transitional with pale green claystones, then
continues as pale yellowish, brown, fine to medium
bedded limestone with plenty of Gypsina, and algal
and spar cemented boundstone and algal fragmented
grainstone in upper layers. However; the uppermost
part of the succession is formed by reddish-brown,
medium to thick bedded, medium to fine textured
boundstone with highly porous algae and bryozoans
(Figure 14).

The age of the unit was determined according to
fauna described in samples collected systematically
from bottom to top at the outcrop in the west of Pertek
(Herece, 2016).

In samples collected from the grainstone with
much Gypsina in the section at the bottom of the unit,
boundstone with algea and gypsina, grainstone with
algae fragments and clastic packstone-grainstone
(Herece, 2016); Nummulites ptukhiani Kacharava,
Chapmanina gassinensis (Silvestri) (spp), Fabiania
cassis (Oppenheim) (spp), Schlosserina asterites
(Glimbel), Gypsina mastalensis Bursh, Praecalcarina
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tohmaensis Alan Alveolina gr. fusiformis Sowerby,
Nummulites cf. dufrenoyi d’Archiac and Haime,
Penarchaias sp., Borelis? sp., Eoannularia sp.,
Heterostegina sp., Discocyclina sp., Peneroplis sp. and
Opertorbitolites sp. benthic foraminiferal assemblage
was detected which gives Bartonian age.

In samples collected from clastic packstone-
grainstone in the succession gives Latest Bartonian
according to Borelis wonderschmitti (Schweighauser),
Chapmanina gassinensis  (Silvestri) / n.sp?,
Planorbulina bronnimanni Bignot and Decrouez,
Schlosserina asterites (Gumbel) and Borelis sp./n.
sp?, fauna (Herece, 2016).

In samples collected from clayey limestones
located on the grainstone (Herece, 2016a); Late
Bartonian-Lower Early Priabonian age was
given detecting Silvestriella tetraedra (Gumbel),
Chapmanina gassinensis (Silvestri), Halkyardia
minima (Liebus), Planorbulina bronnimanni Bignot
and Decrouez, Fabiania cassis (Oppenheim),
Nummulites gr. ptukhiani Kacharava and Miliolidae
fauna (Figure 14).

In samples collected from packstone located on
the grainstone in the middle part of the succession
(Herece, 2016), Nummulites fabiani (Prever),
Nummulites  striatus  (Bruguiere), Nummulites
incrassatus De La Harpe, Nummulites boullei De La
Harpe and Silvestriella tetraedra (Gumbel) fauna was
determined, and the early Priabonian age was given
(Figure 14).

In samples collected from the boundstone
close to the upper part of the unit (Herece, 2016);
the early Rupelian age was given by Halkyardia
minima (Liebus) (spp), Halkyardia cf. maxima
Cimerman, Nummulites gr. vascus Joly and Leymerie,
fA), Nummulites spp. (with flat radiated mesh),
Amphistegina spp., Planorbulina sp. and Miliolidae
(plenty) benthic foraminiferal assemblage (Figure 14).

In samples collected from the algal and bryozoan
fragmented grainstone in the uppermost part of
the succession (Herece, 2016); late Rupelian-early
Chattian age was given with benthic foraminifers of
Nummulites vascus Joly and Lymerie, Borelis merici
Sirel and Giindiiz, Bullalveolina bulloides (d’Orbigny)
(spp), Borelis spp., Halkyardia sp., Archaias? sp.,
Heterostegina sp. and Peneroplis sp. (Figure 14).
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Figure 14- The columnar section showing the rock type characteristics and locations of the samples collected from the succession of the
Kirkgecit formation outcropping between Cevizlik Tepe and Taht Tepe in west of Pertek (Herece, 2016).

According to these data, the age of the Kirkgecit
formation outcropping between Cevizlik Tepe and
Taht Tepe in west of Pertek continuously ranges from
late Bartonian to early Chattian. The whole succession
can clearly be observed in this region (Herece, 2016).

The lower contact of the unit is unconformable
with the underlying Elazig magmatics in this area;
however, the upper contact is unconformably overlain
by younger units.

Both benthic and planktonic foraminifers are
observed within the succession forming the formation.
Therefore; the depositional environment of the unit is

wide reefal flat which is in contact with the fore reefand
back reef. The exact thickness of the unit is not known
since the measured stratigraphical section could not be
performed, but it is approximately assumed to be 250
meters according to topographical data.

Kirkgegit Formation between Asagi Giilbahge
and Karstyaka Districts: The deposit begins with
basal conglomerate at the bottom then grades into
sandstones in upper layers. Most of the conglomerates
originate from well-rounded Keban metamorphics
and seldom from ophiolites which do not show any
sorting-grading. The deposit is formed by much
miliolitic grainstone with algal fragments, widespread
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limestone and by the alternation of algal fragmented
grainstone with plenty of Gypsina, claystone, silty
grainstone, grainstone-boundstone (Figure 15).

In samples collected from algae fragmented
and much miliolitic grainstone overlying the basal
conglomerate cropping out between Asagi Giilbahge
and Karstyaka Districts in the west of Pertek (Herece,
2016a) the age of the unit was given as late Bartonian
according to; Malatyna drobneae Sirel and Acar,
Halkyardia minima (Liebus), Peneroplis dusenbory
Henson, Fabiania cassis (Oppenheim), Gyroidinella
magna Le Calvez, Medocia blayensis Parvati,
Austrotrillina cf. eocenica Hottinger, Haymanella cf.

huberi (Henson) (spp), Penarchaias cf. glynnjonesi
(Henson) (spp), Alveolina (Alveolina) gr. fusiformis
Sowerby, Borelis sp./n.sp?, Nummulites spp.,
Discocyclina spp., Schlosserina sp., Rhabdorites sp.,
Orbitolites sp. benthic assemblage (Figure 15).

In samples collected from the upper continuation
of the grainstone (Herece, 2016), Chapmanina
gassinensis (Silvestri), Praecalcarina tohmaensis
Alan Asterigerina rotula (Kaufmann), Halkyardia
minima (Liebus), Alveolina (Alveolina) gr. fusiformis
Sowerby), Nummulites sp., Schlosserina sp. and
Miliolidae fossil assemblage was detected which give
the upper late Bartonian age (Figure 15).

Figure 15- Generalized stratigraphical section showing the lithological characteristics, sample locations and fossil content of the Kirkgegit
formation outcropping between A. Giilbahge village and the north of Karsiyaka District (Herece, 2016).
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Samples collected from the upper part of the
succession (Herece, 216) belong to late Rupelian-
early Chattian with Nephrolepidina spp., Borelis sp./n.
sp?, Austrotrillina sp., Pararotalia spp., Neorotalia
spp. and Miliolidae fauna. According to these data, the
age of the formation ranges from late Bartonian-early
Chattian (Figure 15).

The lower contact of the unit is unconformable
with Keban Metamorphics; however, the upper contact
is unconformably overlain by younger deposits. The
thickness is not known as the measured stratigraphical
section could not be performed for the formation. The
unit was deposited in shelf environment.

Kirkgegit  Formation  outcropping  around
Mercimek village: The unit begins to deposit with
pebblestone and coarse sandstone at the bottom.
Then it grades into much algal detritic limestone with
bryozoan fragments, highly porous boundstone with
coarse algal fragments and claystone intercalating with
laterally lensoidal limestone (Figure 16). The bottom
and lower contact relationship of the formation is not
distinctive because of the overlying unstable basement
unit. However; lithologies near the bottom are grayish

pale yellow and consist of medium bedded much algal

and bryozoan detritic limestones and coarse algal
fragmented boundstones on coarse sandstone (Figure
16).

According to the samples collected from much
algal and bryozoan fragmented detritic limestone
located at the bottom of the formation (Herece,
2016a); the basement age of the basin was detected
as the late Bartonian according to Halkyardia minima
(Liebus), Chapmanina gassinensis (Silvestri) (spp),
Schlosserina asterites (Gumbel), Gyroidinella magna
Le Calvez (fB), Alveolina (Alv) sp. and Discocyclina
sp. fauna (Figure 16). As sufficient sampling could
not be carried out in Late Oligocene-Oligocene
transitional-conformable deposits because of special
conditions of the region, the fossil-fauna assemblage
could not detected.

The unit unconformably overlies Elazig magmatics
(Figure 17a-b), and it is unconformably overlain
by younger units. Its thickness is not known as the
measured stratigraphical section could not be done. It
was deposited in open shelf environment.

Kirkgecit formation between Kabasakal District
and Kolonkaya Village: The sedimentary deposit

Figure 16- The columnar section showing the lithological characteristics of the Kirkge¢it formation outcropping in the vicinity of Mercimek

village and lower sampled part of the unit (Herece, 2016).
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[a]

b

Figure 17- a-b. The bottom contact relationship of the Kirkgeg¢it formation outcropping i the vicinity of Mercimek village and the view of
widespread landslides developed near the bottom of Elazig magmatics (Kem) (K42 b3, 33100-00850, looking NNE).

in this region begins with basal conglomerate and
coarse sandstone on the northern edge of the basin.
Sandstones are fine-medium bedded, fine grained and
clastic textured. Grains are medium-poorly rounded,
well sorted and carbonate-cemented. Sandstones
continue with algal, reefal, clastic wackestone,
packstone and claystone intercalated with laterally
lensoidal limestone. The uppermost part of the
succession consists of fine-medium grained, much
algal and bryozoan fragmented, well-compacted
sandstones with angular pebbles and much gypsinides.

In samples collected from wackestone-packstone
overlying the basal conglomerate in the unit which
outcrops between Kabasakal district and Kolankaya
village in the southeast of Pertek (Herece, 2016);
Chapmanina gassinensis (Silvestry), Fabiania cassis
(Oppenheim), Gyroidinella magna Le Calvez (spp),
Planorbulina cf. bronnimanni Bignot and Decrouez,
Halkyardia cf. minima (Liebus), Nummulites cf.
incrassatus De La Harpe, Nummulites gr. boullei De
La Harpe, Nummulites gr. biedai Schaub, Nummulites
gr. biaritzensis d’Archiac and Haime, Nummulites
gr.striatus (Bruguiere), Alveolina (Alveolina) sp.
(fusiform type) and Microcodium? fauna assemblage
was determined which gives the Upper Late Bartonian
as the basement age of the unit (Figure 18). The
formation unconformably overlies Elazig magmatic,
and is unconformably overlain by the Quaternary
alluvial deposits. The unit was deposited in open
shelf- shelf front environment.

Kirkgecit Formation between Karacalar and
Kabakgilar Districts: The bottom of the formation is
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observed in the near north of the Kabakgilar district
(Figure 18). The lowermost part of the unit in this area
begins with fine grained, intraclastic, steeply dipping
sandstone and grades into medium bedded much
fossilliferous limestone consisting of 5-8 cm thick
sandy limestone interlayers (Figure 19a-b). Sandstone
is badly sorted, angular, fine to medium grained,
with metamorphic and volcanic pebbles. This bottom
succession presents approximately 4 m thickness
and grades into laterally lensoidal, algal fragmented,
very few clastic grainstone, and grainstone-claystone
alternation in upward direction. This part of the
outcropping succession is formed by limestones
intercalating with packstone-wackestone.

The age of the unit is early Bartonian according to
Halkyardia minima (Liebus), Nummulites biaritzensis
d’Archiac and Haime, Nummulites cf. discorbinus
(Schlotheim), Nummulites cf. beamonti d’Archiac
and Haime, Nummulites cf. perforatus (De Montfort),
Linderina spp., Neorotalia sp. (spinal form),
Pararptalia sp. (abdomen and ridge much pillared),
Schlosserina sp. and Rotalidae fauna in samples
collected from the fine grained sandstone located at
the bottom of the unit near the Kabakgeilar district.

Samples were collected from rare clastic
grainstone overlying the pebbly packstone, from
laterally lensoidal, NE-SW trending, fine grained
clastic limestone and from fine-grained sandstone
located in the southern part of the road heading to
Kabakgilar district in 300 m SSW of the Kurtoglu
district (Herece, 2016). According to these
collections;  Austrotrillina eocenica Hottinger,
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Figure 18- General view of the Kirkgecit formation which unconformably overlies the Elazig
magmatics between Kabakeilar district and Kolankaya village (K42 b4, 26528-93459,

looking NW).

a]

b!

Figure 19- a) Fine grained sandstone, sandstone intercalated with limestone forming the basement of the Kirkgecit formation in NW of the
Kabakeilar district, and b) the overlying limestone-sandstone alternation (K42 b4, 26534-93450).

Chapmanina gassinensis (Silvestri), Praecalcarina
tohmaensis Alan, Gypsina mastalensis Bursh,
Schlosserina asterites (Gumbel), Nummulites cf.
dufrenoyi d’Archiac and Haime or Nummulites cf.
Iyelli d’Archiac and Haime, Alveolina (Alveolina)
gr. fusiformis Sowerby (badly preserved), Borelis
sp., Maslinella? sp. and Linderina sp. fauna were
described which give the late Bartonian age.

According to nannoplankton samples collected
from claystones in the upper part of the sedimentary
deposit (Herece, 2016) such as; Helicosphaera
compacta Bramlette and Wilcoxon, Cyclicargolithus

Sloridanus (Roth and Hay), Dictyococcites bisectus

(Hay, Mohler and Wade), Reticulofenestra reticulata
(Gartner and Smith), Discoaster saipanensis
Bramlette and Riedel the Late Eocene (Priabonian)
age was given.

According to these data, the depositional
conditions began in early Bartonian in the Kirkgegit
basin outcropping between Karacalar and Kabakgilar
districts in SE of Pertek and continued in Priabonian
(Figure 20). However; the late Rupelian?-early
Chattian deposits, which should be located in the
upper part of the succession, could not be observed
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Figure 20- Generalized stratigraphical section showing the lithological characteristics of the Kirkgecit formation outcropping between
Karacalar and Kabakgilar districts and the locations of collected samples.

probably because of insufficient sampling. The
formation unconformably overlies Elazig§ magmatic
and unconformably overlain by Pliocene volcanics.
The unit was deposited in open shelf environment.

Kirkgecgit formation between Altinkusak-Tilagast
Districts: The formation outcrops in a wide area
between Alatarla district at north and Korpe district
at the south. The basin extends in NE-SW directions
and presents a successive deposit which gives a type
section from SE to NW. The deposit is distinctively
traced along the section in NNW-SSE directions in the
western part of the basin and in the area between the
Korpe District and Keban Dam Lake.

The bottom of the unit is observed in west
of Comlek village and in southeast of the Korpe
District. It begins with fine grained sandstone and
algal and bryozoan grainstones then grades into
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sandy limestone and limestone in west of the Comlek
village. The lowermost section of the unit, which
can be observed in the vicinity of the Korpe village,
begins with algal and bryozoan grainstones and fine
grained intraclastic sandstones, then grades into
flysch facies in upper layers. Sandstones are poorly
sorted, angular, fine to medium grained, metamorphic
and pebbly. Flysch consists of 80% claystone and
20% sandstone. Claystones are grayish green, fine
and laminated, and the sandstone is fine to medium
bedded and consists of rare macro fossil and much
small nummulites. The deposit grades into laterally
lensoidal, thick bedded-massif limestone and coarse
grained, thick bedded sandstone, sandstone-claystone
alternation. Reddish, pale brown conglomerate, which
formed as result of shoaling of ENE-WSW trending
basin, comprises intercalated mudstone-sandstone
interlayers. Afterwards; the deposit ends with algal,
bryozoan fragmented grainstone, algal, bryozoan and
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reefal boundstone and algal fragmented, rare clastic
grainstone (Figure 21).

The observable lowermost part of the formation
in the east of Korpe district consists of grayish-dirty
white colored, medium to thick bedded grainstone
and is overlain by Pliocene volcanics. Grainstones
are overlain by claystone intercalating with ~25 m
thick sandstone. It is then overlain by thick bedded
boundstone with occasional massive grainstone
which form Cankurtaran Tepe and Kaplikaya Tepe
extending from the Korpe district to Kaplikaya. The
grayish-dirty yellow, medium to thick bedded, fine
textured, blocky disintegrated grainstone among
Yukaridirektepe, Asagidirek and Cakilburnu hills in
NE of the Ebil district; and grayish-pale brown, fine
to medium bedded grainstone outcropping in Kale
Tepe (hill) in north of Catalharman are located in the
lower part of the succession. The middle and the upper
part of the deposit cropping out in the area extending
from Alatarla to North are formed by the grainstones
consisting of boundstone interlayers (Figure 21).

According to samples collected from the basal
conglomerate, which unconformably overlies
magmatics and the lowermost part of the sandstone
in the vicinity of Ebil district, in the west of Comlek
district and in the Korpe district (Herece, 2016);
the late Bartonian age was taken from Penarchaias
glynnjonesi  (Henson), Chapmanina gassinensis
(Silvestri), Praecalcarina tohmaensis Alan, Gypsina
mastalensis Bursh (fA), Planorbulina bronnimanni
Bignot and Decrouez, Fabiania cassis (Oppenheim),
Halkyardia minima (Liebus) (spp), Asterigerina
rotula (Kaufmann), Malatyna cf. vicensis Sirel
and Acar, Medocia cf. blayensis Parvati, Alveolina
(Alveolina) gr. fusiformis Sowerby, Nummulites gr.
Iyelli d’ Archiac and Haime, Nummulites gr. perforatus
(De Montfort), Nummulites sp. (Nummulites gr.
ptukhiani Kacharava), Schlosserina spp., Haymanella
sp., Eoannularia sp. (piece), Malatyna sp. (n.sp?)
and Linderina sp. (coarse form, axial section) fauna
assemblage (Figure 21).

From the algal grainstone collected in northeast of
the Catalharman village (Herece, 2016a); Planorbulina
bronnimanni  Bignot and Decrouez, Halkyardia
minima (Liebus), Nummulites cf. fabianii (Prever),
Gypsina cf. mastalensis Bursh, Peneroplis spp. fauna
was detected which gives the late Bartonian?-early
Priabonian age (Figure 21).

In samples collected from grainstone in the
vicinity of the Cakil district and the north of Alatarla
village (Herece, 2016a); the Priabonian age was
given with Nummulites fabianii (Prever) (spp),
Chapmanina gassinensis (Silvestri) (spp, n.sp?),
Penarchaias glynnjonesi (Henson), Silvestriella
tetraedra (Gumbel), Eoannularia eocenica Cole and
Bermudez, Halkyardia minima (Liebus), Schlosserina
asterites  (Gumbel), Planorbulina bronnimanni
Bignot and Decrouez, Fabiania cassis (Oppenheim),
Nummulites cf. striatus (Bruguiere), Peneroplis spp.,
Praebullalveolina? sp., Borelis? sp.

Due to samples were taken from the grainstone in the
upper part of the section (Herece, 2016); the Rupelian
age was given with Planorbulina bronnimanni Bignot
and Decrouez, Halkyardia cf. maxima Cimerman,
Nummulites cf. fichteli Michelotti, fA), Nummulites gr.
vascus Joly and Leymerie, (fA), Peneroplis spp. fauna.

According to samples taken from spar cemented
boundstone and grainstone around Alatarla (Herece,
2016); Nummulites vascus Joly and Leymerie,
Borelis inflata Adams (spp) (small, bulky and ovoid
forms), Borelis merici Sirel and Giindiiz, Halkyardia
minima (Liebus), Nummulites cf. fichteli Michelotti,
Victoriella cf. conoidea (Rutten), Borelis cf. pygmaea
Hanzawa, Amphistegina spp., Heterostegina spp.
(X=3), Eulepidina sp., Schlosserina sp. Bullalveolina?
sp. faunal assemblage were detected which give the
late Rupelian-early Chattian age.

According to all these data, the depositional
conditions began in Bartonian and continued until late
Rupelian?-early Chattian in the Kirkgegit formation.

The formation unconformably overlies Keban
metamorphics and Elazig magmatic, but are overlain
by younger units with angular unconformity. The
outcrops in the Pertek fortress and its northern side
are intruded by volcanic necks where andesitic
volcanics erupt. Whereas; the outcrops located
between Altinkusak and Aydincik districts are
overlain by reverse fault striking from north to south
by Keban metamorphics along its northern boundary.
Since SW extension of the unit was covered by the
Pliocene volcanics in the east of Korpe district, the
lower contact can not be observed.

Thickness of the unit is not known as the measured
stratigraphical section could not be done, but based on
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Figure 21- Generalized stratigraphical section showing the lithological characteristics of the Kirkgecit formation outcropping between
Altinkusak-Tilagas: districts and the locations of collected samples.

areal distribution of the basin, the thicknesses which
can vary from region to region should mostly occur
in the outcrop between Altinkusak-Tilagas districts.
The unit was deposited in fore reef and open shelf
environment.

20

3.2. Upper Paleogene-Neogene Units

Late Oligocene-Neogene deposits widely cropping
out in north of the Keban Dam Lake are represented
by Alibonca formation, Karabakir formation and by
the Pertek andesite and Basalt member.
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3.2.1. Alibonca Formation (Toma)

The wunit, which consists of conglomerate,
sandstone, boundstone and claystone, extends towards
Dere town through Dagarcik district by enlarging
through Ayazpinar in the northern edge of the Keban
Dam Lake and Arilar, Cukurbag, Kaballi districts in
NNW of Pertek and towards Camurluk district at east.

The unit, defined first by Soyutiirk (1973) in
the vicinity of Alibonca village of the Mus city was
defined under the same nomenclature also in studies
around Elazig and Malatya. The formation is the
lateral equivalent of the Adilcevaz formation around

Van Lake which was named by Demirtasli and Pisoni
(1965).

The outcrops of the unit are observed in two
different areas separated by the Pertek fault. The SW
outcrop of the Pertek fault is between Ayazpinar and
Cukurca villages (Figure 22). It begins to deposit
with basal conglomerate (Figure 23a), continues with
medium to thick bedded boundstone (Figure 23b) and
ends with clayey limestone in the area. In the outcrop,
which is located nearly at 930-950 m elevations, 4
meter thick boundstone makes distinctive moldings
and is observed 3 km long in the lateral direction.
Pale green, clayey limestone in the upper part of the
sedimentary deposit, which unconformably overlies

Figure 22- General view of the Alibonca formation exposing in the vicinity of Ayazpinar (K42 al, 05168-

08397, looking north).

a

bl

Figure 23- General views of the pebbly conglomerate derived from Elazig magmatics, which is located at the bottom of the outcropping unit
between Ayazpinar and Cukurca villages, and the overlying boundstone (K42 al, 05087-08320, looking north).
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the Elazig magmatics, is paraconformably overlain by
Pliocene volcanogenic sediments.

The exposures in the N-NE side of the Pertek fault
are wider and spread on larger areas. The sedimentary
deposit here is narrower in the west but widens
eastward and its thickness increases. The exposures
in the westernmost side are in the vicinity of Arilar,
Cukurbag and Kaballi districts in north of Sagman.
The unit in these exposures begins with conglomerate-
sandstone and ends with algal and bryozoan
boundstone, grainstone-boundstone and clayey
limestones (Figures 24 and 25). Conglomerate is thick
bedded, loose-medium compacted, mostly derived
from Keban platform, Elazig magmatics and less from
Kirkgecit formation pebbles. The dominant rock type
of the outcropping sedimentary deposit is boundstone,
and it forms steep and thick moldings in the lateral
direction on topography. It is also interlayered with
clayey limestone in its western extension. The upper
part of the succession consists of grayish-pale green
clayey limestones, and it is interlayered with laterally
lensoidal sandstone and limestone.

It extends first northward from the Dagarcik
district then westward and eastward. The eastern
extension of this outcrop is cut by N-S trending

Degirmen Stream which was excavated at a depth
of 250 m It is subhorizontally deposited in the
outcrop in the west of Degirmen stream and consists
of 40-50 m thick boundstone and the overlying
clayey limestone (Figure 26a-b). The outcrops
located on the eastern side of the Degirmen stream
have the same lithological characteristics (Figure
27a-b); however, the clayey limestones are more

widespread.
The wunit unconformably overlies Elazig
magmatics and Keban metamorphics. It also

unconformably overlies magmatics with 60 cm thick,
loose compacted, rapid deposited, angular, pebbly
conglomerates derived from Elazig magmatics in the
eastern slope of the Kara Tepe (hill) looking towards
Tandir stream in the south of the Arilar district (Figures
28 and 29). The unit again unconformably overlies
Keban metamorphics on the western part of the Dere
town (Figures 30 and 3la-b). There is an angular
unconformity on Keban metamorphics in the east of
the Sogiitliitepe district. However; it is unconformably
overlain by younger sediments (Figure 32). Since the
measured section could not be carried out its thickness
is not known, but is considered to be more than 100
meters changes through in lateral direction.
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Figure 24- Generalized stratigraphical section showing the lithological characteristics of the Alibonca formation on the eastern edge of Uygun
Tepe (hill), south of the Kaballi district and the sampled section (Herece, 2016).
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Figure 25- The generalized stratigraphical section showing the lithological characteristics of the Alibonca gormation cropping out in 1 km
south of the Dagarcik district, the north of Sagman village, and sampled section of the succession (K42 b1, 25700-09500) (modified

from Herece, 2016).

Figure 26- a-b. Horizontally deposited lithologies of the Alibonca formation extending northeastward from Sagman and the general views of
the Kirkgegit formation overlain by the angular unconformity (K42 b1, 27800-08900, looking NW).

The age of the Alibonca formation was determined
by benthic, planktonic fauna and nannoplankton
descriptions carried out in several samples collected at
different elevations of the exposures in different areas
(Herece, 2016).

The unit spreads over the wide region from east
to west and the lithologies of the succession thickens

with lateral facies changes. Therefore; a type
location representing the whole unit could not be
found. On the other hand, the western exposures of
the boundstone forming the bottom of the formation
are a few meters thick; however, this thickness
reaches 50 meters towards east and forms steep cuts.
Samplings in reefal limestones were carried out at
different levels, which can be traced and reached in
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Figure 27- a-b. General views of; a) the outcrop on the Kazikbaba ridge in southeast of the Karabulut district (K42 b1, 32.500-14.400, looking
west), south of the Yalinkaya village of the Alibonca formation, and b) the angular unconformities on the Kirkgegit formation (K42
bl, 31.200-15.400, looking NW).

Figure 28- The general view of the lower contact relationship of the Alibonca formation which unconformably
overlies the Elaz1g magmatics (K42 bl, 22660-08663, looking WNW).

Figure 29- The general view of the basal conglomerate located at the bottom of the Alibonca formation and
originated from angular, coarse ophiolitic pebbles, which unconformably overlies Elazig magmatics in
south of the Arilar district (K42 b1, 22660-08663, looking west).
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Figure 30- The general view of the Alibonca formation, which unconformably overlies the Keban
metamorphics, and its lower contact relationship (K42 b1, 26425-15897, looking NW).

Figure 31- a-b. General views of the ~2 m thick basal conglomerates from pebbles of the Keban metamorphics at the bottom of the Alibonca
formation (K42 b1, 26425-15897).

Figure 32- The contact relationship between the basalt member of the Alibonca and Karabakir
formations in NE of the Eksiler district (K42 b1, looking SSW).
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the lateral direction, and the age data obtained were
given below (Figures 33 and 34).

Samples taken from the first levels corresponding
to the bottom of the unit in Dagarcik and Akmezra
districts in Pertek NW and Cevirme district in the
south of Tunceli city; Postmiogypsinella intermedia
Sirel and Gedik, Nephrolepidina morgani Lemoine
& Douville, Planorbulina brénnimanni Bignot
and Decrouez, Miogypsinella cf. complenata
(Schlumberger) foraminiferal assemblage was
described which are late Chattian in age.

According to samplings made from bottom to top
in reefal limestones, which are located at the lower part
of the succession, from 1 km south of the Dagarcik
district in NW of Pertek and from the Camurluk
district in the NW of the Giinbogaz1 village (Figure
33); Early Miocene (early Aquitanian) age was taken
from Planobulina bronnimanni? Bignot and Decrouez
(piece), Miogypsina spp. (1, 2, 3), Miogypsinoides sp.,
Nephrolepidina sp., Eulepidina sp. and Spiroclypeus
sp. fossil assemblage.

Boundstones are laterally transitional into clayey
limestones in their upward and eastward extending
exposures. Clayey limestone samples consisting the
upper part of the succession in NW of the Dere town
are Early Miocene (late Aquitanian-Burdigalian)

with Globoquadrina dehiscens (Chapman, Parr and
Collins), Paragloborotalia semivera (Hornibrook),
Globigerinoides  trilobus  (Reuss)  planktonic
foraminifers. Samples collected from the north of
Yalikaya village at 5 km east of the Dere town are
early Miocene (Burdigalian) with Sphenolithus
heteromorphus Deflandre, Cyclicargolithus abisectus
(Miiller) nannoplanktons; and the samples collected
from the boundstone in the vicinity of Giinbogaz are
Early Miocene (Burdigalian) with Nephrolepidina
tournoueri Lemoine and Douville, Miolepidocyclina
sp., Miogypsina spp. and Eulepidina sp. benthic fauna.

On the other hand, the levels forming the upper part
of the clayey limestone deposit are observed around
Karaveli. In several samples collected on these levels;
Globigerinoides trilobus (Reuss), Globigerinoides
quadrilobatus (d’Orbigny), Catapsydrax dissimilis
(Cushman and Bermudez), Globigerinoides sacculifer
(Brady), Globoturborotalita euapertura (Jenkins),
Globigerinoides altiaperturus Bolli, Globoquadrina
venezuelana (Hedberg), Neogloboquadrina
continuosa (Blow), Globigerina praebulloides occlusa
Blow and Banner, Globigerinella obesa (Bolli),
Globoquadrina cf. dehiscens (Chapman, Parr and
Collins), Globigerinella cf. praesiphonifera (Blow)
and Globigerinoides cf. quadrilobatus (d’Orbigny)
planktonic fauna gave Early Miocene (early-middle
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Figure 33- Stratigraphical section showing the rock type characteristics and sampled sections of the Alibonca formation in the vicinity of the

Camurluk district (K42 b1-b2).
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Figure 34- The generalized stratigraphical section showing the lithological characteristics, sampled sections of the succession and ages of the
deposits of the Alibonca formation outcropping in north of Pertek.

Burdigalian) age. According to all these data the
Alibonca formation is Late Oligocene-Early Miocene
(late Chattian-middle Burdigalian) (Figure 34).

Conglomerate and sandstone located at the bottom
of the succession were deposited in fluvial-shallow
marine environment, the reefal limestone, clayey
limestone and claystone were deposited in fore reef
and open shelf conditions.

3.2.2. Karabakir Formation (plk)

Karabakir formation is outcropping in the region
consists of volcanoclastics, pyroclastics, epiclastics,
lava flows and lacustrine limestones, which are
both laterally and vertically transitional, and fluvial
deposits. Andesitic volcanic rocks, which have large
exposures around Pertek within unit, and andesitic
volcanics were named as the Pertek Andesite member
and Basalt Member, respectively (Herece, 2016).

Pyroclastics cropping out in the vicinity of Asagt
Giilbahge begins with coarse grained tuffs, continues

with andesitic tuffs; afterwards, they present a deposit
in the form of nearly 12 m thick lapillistones and
pyroclastic breccia. Thicknesses of pyroclastic breccias
increase towards Y. Giilbahge village in the north. In
poorly sorted breccias; the material forming the breccia
is mostly andesitic and few basaltic in origin. In north of
A. Giilbahge village, reddish lapillistones outcropping
in limited areas present distinctive structures as fairy
chimneys in topography (Figure 35a-b). Reddish
color is most probably because of ferric content in
cement material (Figure 36a-b). Dominant pebbles in
subhorizontally deposited lapillistone are andesitic and
in minor amount basaltic in origin.

Volcanoclastics exposing in large areas present
different characteristics based on depositional
environment and on distances to volcanic centers. The
lower part of the deposit crops out as tuff-ignimbrite
alternation on the southwest end of the Demdemik rocks
in northeast of the Konaklar district (Figure 37a-b).
Tuffs are grayish white and ignimbrites are grayish-pale
brown and massive. In the eastward lateral continuation
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a2, 14750-09500, looking ENE).

Figure 35- Views of lapillistones in N-NE of Asag1 Gii

Ibahge resembling to fairy chimneys on topography (K42

]

b

Figure 36- Close up views of the lapillistones cropping out in N-NE of Asag1 Giilbahce (K42 a2, 14750-09500).
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Figure 37- a) Views of ash and block flows during eruptions in SW end of Demdemik rocks, the NE of Konaklar,
and b) eruptive volcanic products transported into the depositional environment (arrows indicate the

sedimentary deposits of the basin).

of the same deposit, the debris flow and blocks from
north to south during volcanic eruptions are observed
on tuffs (Figure 38a-b). Similarly; eruptive volcanic
products and pumice accretions in lapilli type on 3-6
cm thick mudstone bands are observed (Figures 39a-
b and 40a-b). There is also observed the presence of
lacustrine environment in the close vicinity of volcanic
centers during volcanic activity.

Epiclastics are represented by agglomerate,
sandstone, claystone and lacustrine limestones.

28

Agglomerates are poorly sorted and angular pebbly
in various sizes (Figure 4la-b). Most pebbles
are andesitic and in few amounts basaltic origin.
Sandstone interlayers deposited as alternating
with agglomerate were formed by sub-horizontal,
coarse grained sand accretion in ophiolitic and
metamorphic origin. The groundmass among
grains are formed by clay size material. Claystone
interlayers are greenish brown with capillary caliche
and loose textured.
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Figure 38- a-b. Volcanic products transported into the lacustrine environment during eruption (in tuff and lapilli

sizes) (K42 al, looking north).

a

b

Figure 39- Views of; a) lapillistone and the overlying tuff, volcanic breccia and basaltic lava flows in Asag:
Giilbahge NW (K42 a2), and b) volcanic breccias located on pyroclastics in the lower part of the

succession in 1 km NE of Konaklar (K42 al).

&

ignimbrite

b

Figure 40- a-b. Views of tuff-ignimbrite alternation in the southwest end of Demdemik Rocks in NE of Konaklar

(K42 al, looking north).

[a]

b

Figure 41- a) Massive agglomerates which have wide spread and outcrop in north of Yukar: Giilbahge, and b) the

close up views from agglomerates (K42 a2).
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Undistinguished epiclastics are also observed
within the study area. These are represented by
conglomerate (agglomerate), sandstone, mudstone
and lacustrine deposits. Coarse layered, massive
agglomerate is badly sorted and matrix supported.
Pebbles are of variable size, and blocks in 1 m size are
encountered. Pebbles are generally angular, and most
of them are andesite and the remaining is basalt.

Karabakir formation is stratigraphically deposited
below the basalt member in 2 km northwest of the
Glinbogaz: village. In the locality, the eastern part
of the study area, the thickness of deposit becomes
thinner compared to outcrops in west, and basalt
exposures become widespread. The deposit of the
formation cropping out along the road cut consists
of the alternation of loose compacted, cross bedded,
channel filled, coarse sandstone-pebblestone and
conglomerate (Figure 42a), and it covers the rounded
pebbles of the Alibonca formation (Figure 42b). The
outcrops in east of the Tozkoparan village are located
on the eastern slopes of the Karagali hills. The outcrop
here consists of the alternation of grayish milky
white, loose compacted, coarse sandstone and reddish
bordeaux claystone.

Karabakir formation, which is located below the
basalt in the near south of the study area along the
cuts of Pertek-Elaz1g road, is channel filled mudstone
which is not thick (Figure 47a), and it comprises
rounded, coarse pebbles of the basement units with
Alibonca formation (Figure 47b).

The Karabakir formation has unconformable
lower contact relationship with the underlying older
units, but the upper contact is unconformably overlain
by Quaternary deposits.

There was not made any fossil dating in the
Karabakir formation. However; in the middle part of
the lacustrine deposit, which consists of the Caybagi
basin located between Elazig and Palu in near south
of the study area without volcanics Micro Mammals
Fauna (MMF) was determined as; Promimomys
moldavicus, Apodemus cf. dominans and Castoridae
gen. et. sp. indet. (big form) and the Early Pliocene
age (MN-14) was detected representing 5.3-4.2 my
interval. Similarly; Mimomys occitanus, Occitanomys
brailloni, Apodemus sp. (cf. dominans?), Cricetidae
gen. et sp. indet MMF fauna was detected from the
Stirstirii district in south of Elazig gives Early Pliocene
(MN-15) which represents 4.2-3.4 my age interval
(Herece et al., 1992). In Mus and its surrounding, the
Late Pliocene-Early Pleistocene (MN-17) representing
2.6-1.95 my age interval was obtained from the lateral
equivalence of the similar deposits (Akay et al., 1989).

On the other hand, the basalt, which outcrops
in large areas in east and outside the study area and
named as Solhan volcanics, were radiometrically
dated. These radiometric ages were taken as;
4.4+1.08my and 6.0+1.0my (Pearce et al., 1990), in
Karakogan surround as; 4.1+0.32my (Sanver, 1968)
and in Mus surrounding as; 4.4+1.3my and 6.0+0.6my
(Tiirkecan, 1991). The ages corresponding to upper
Late Miocene-lower Early Pliocene most probably
match with the lower age boundary of volcanics, and
the lower age limit of the volcanics may drop down to
upper Late Miocene (Messinian).

According to these data, the volcanism in the
Karabakir formation began in the upper Late Miocene
and the depositional conditions have continued until
Late Pliocene as transitionally in horizontal-vertical
directions with the active volcanism and depositional

[a]

b

Figure 42- a) Coarse sandstone-conglomerate alternation forming the bottom of the Karabakir formation (K42 b2, 37384-14207), and b) lime
pebbles of the Alibonca formation within conglomerate (K42 b2, 37384-14207).
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environments of the unit are fluvial, fluvial-lake and
lake environments in which the volcanism is active.

Pertek Andesite Member (plkpa): It consists of
andesitic volcanics and was first defined and named by
Herece (2016a). The exposures of andesitic volcanics
around Pertek are located in south and north of the
Keban Dam Lake. Type locality is observed on Karatas
Tepe (hill) in the south of the dam lake and in Pertek
fortress in Dam Lake (Figure 43a-b). The exposures in
north of the Keban Dam Lake are observed in north of
Yukari Giilbahge village and as volcanic neck (Figure
44a) in Kale Tepe and as large dyke in east (Figure
44b). The outcrop of andesites in Pertek NW are the
Biiyiik Tepe located among the Cikinti district in
south, Ardi¢ village in north and Sogiitliitepe in east,
Esikmeydant Tepe and other elevated areas. Most
of the unit in this area is massive and sustainable to
eroding and weathering.

Andesitic volcanics were sampled in the field and
collected samples were petrographically described
(Herece, 2016). Samples collected from the northern
slope of the Biiyiik Tepe in the Findikli district
of Pertek were defined as hornblende andesite.
Andesite is microlithic porphyric and occasionally
glassy, microlithic porphyric in texture and consists
of plagioclase, amphibole (hornblende), biotite and
opaque minerals. The groundmass of the rocks is
formed by volcanic glass, plagioclase, amphibole,
biotite microliths and rare opaque minerals.

The outcrop in the south of Pertek-Sogiitli
Tepe was defined as andesite porphyry. The rock is
glassy microlitic porphyritic in texture and consists
of plagioclase, amphibole and biotite minerals. The
groundmass is amphibole opacitized with plagioclase
microliths. Another andesite sample is microlitic
porphyritic in texture and contains plagioclase,

a]

b

Pertek Fortress

Figure 43- Views of volcanic chimneys formed by outcropping Pertek andesites a) in Karatas Tepe in Pertek SW (K42 b4, 22000-99000) and

b) in Pertek fortress (K42 b4, 23500-99500).

2]

bl

Figure 44- a-b. General views of the Pertek andesites outcropping in Kale Tepe and its east side in north of the Yukar1 Giilbahge village (K42

a2, 14075-12100, looking north).
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pyroxene (clinopyroxene) and amphibole minerals.
The groundmass is formed by plagioclase and tiny
opaque minerals which are in radiated form with
amphibole microliths.

The northeastern end of the Pertek fortress,
as the location of volcanic neck, in south of Pertek
was sampled (Figure 45b). All these samples were
described as andesite. The rock consists of plagioclase,
amphibole (hornblende), biotite, opaque mineral,
apatite and zircon minerals, and the groundmass is
formed by plagioclase and opaque minerals which
are radiated with amphibole microliths. Sericitization
and argillization are observed among the plagioclase
microliths in the groundmass.

There is not any data on age and the formational
period of Pertek andesites. Lower and upper age
boundaries are hypothetically determined according
to the contact and stratigraphical relationships of the
rocks with respect to its surrounding.

Andesite outcrops in Pertek fortress and its close
vicinity is intrusively associated with Kirkgecit and
Alibonca formations (Figure 45a-b). According to these
stratigraphical relationships the andesitic volcanism
is younger than Kirkgecit and Alibonca formations.
Besides; agglomerates in the volcanoclastic deposit of
the Karabakir formation widely comprises andesitic
pebbles (Figure 46a), and the andesitic volcanics in
west of the Cikinti district in Pertek are also overlain
by sub horizontally bedded tuff and basalts of the
Pliocene Karabakir formation (Figure 46b). Also
the lapillistone in lower part of the deposit forming
the formation is much andesitic pebbly. Moreover;
thin andesitic lava flows are observed also within
pyroclastics. Pertek andesites are stratigraphically
located in the lower part of the volcanic succession
and in the upper part of the succession on the other
side. Besides; they support volcanic products to
volcanoclastics and pyroclastics located in upper part
of the deposit, and the youngest ones of the volcanism
cut Pliocene Karabakir formation as dykes.

[a

Figure 45- a) Baked zone between Pertek andesite and Kirkgegit format
Dam Lake (K42 b4) and b) the crosscut of the Alibonca formation in N-NE of the Cikinti District by Pertek andesites (K42 b2).

ion in NE end of Karatas Tepe on the southern boundary of the Keban

Ziyaretdiizii
(1592m)
|

b

Figure 46- a) Views of andesitic volcanic pebbles in the agglomerates of the Karabakir formation and b) the coverage of the Karabakir
formation of the Pertek andesites in 1 km west of the Cikint1 District (K41 bl).
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According to all these stratigraphical and contact
relationships, the volcanism forming Pertek andesites
should have begun in pre Pliocene, most probably
in Late Miocene and continued its activity during
Pliocene.

Basalt Member (plkb):
deposited basalts overlying the Karabakir formation
are the dominant rock type in their eastward and
westward extensions. Basalts, which have the first

Sub  horizontally

primary relationship with the Karabakir formation,
were distinguished as the member and named based
on the lithology (Herece, 2016). The locations of
the volcanic centers were defined as basalt member
in exposures which are not distinctive or in places
outside the study area. Basalt outcrops located in
north of the Keban Dam Lake are in the vicinity
of the Cevirme District in east and Giilbahge and
Konaklar villages in west. The outcrops in south of
the dam lake are observed between Alaca-Korpe and
around Beydali-Besoluk.

Basalt exposures in north of the Keban Dam Lake
and the eastern part of the mapping area are observed
in the Cevirme district and its east. The outcrops in
this locality originated from E-W trending volcanic
crater with sizes of 1.7x2.5 km. Type localities of the
unit are in the vicinities of Glinbogazi, Yolkonak and
Beydamu villages. The basalt that had flown from the
Korucak Tepe (hill) located at an elevation of 1383
m in 2.25 km of the Bulgurtepe village to S-SW
direction have reached the Demdemik rocks at 1020
m in 1.5 km NE of the Konaklar village. Volcanics in

this area are between ~100-110 m thick according to
topographical data.

Basalt outcrops in south of the Keban Dam Lake
are located in east and west of the Korpe district
in the west and between Beydali-Besoluk in east.
The exposures around the Korpe district originates
from the volcanic center in the south and outside the
mapping area and continues northward. However;
the volcanic centers of exposures in east are the hill
with elevation of ~970 m in the south of Besoluk
village. Basalt that had flown northward starting
from the center has formed Cakmakozii and Beydali
plains today. Basaltic flows in the area are ~40-50
m thick, and this thickness flows towards centers in
south. Type localities of the unit are road cuts along
Elazig-Pertek highway (Figure 47a-b).

Samples collected from basaltic lava flows
are glassy, microlitic porphyritic textured. The
groundmass of the rock consists of plagioclase
microliths and opaque minerals in radiated form. It
contains plagioclase, pyroxene (augite), olivine and
much olivine residuals with opaque minerals (Herece,
2016).

Basalt member is laterally transitional in vertical-
horizontal directions with sedimentary lithologies
of the Karabakir formation at its lower boundary;
however, it is unconformably overlain by the Early
Pliocene deposits.

There is not any radiometric dating performed for
the Basalt member within the study area. However; the

Figure 47- General views of; a) the basalt member of the Karabakir formation and the underlying mudstone and channel fill conglomerate in
road cuts of the Pertek-Elaz1g highway (K42 d2, 18223-88326, looking west), and b) lower contact relationships of the thin Karabakir
formation and Basalt member (K42 a3, 17400-89925, looking west).
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basalts outcropping in Elazig NW were radiometrically
dated, and 1.84+0.05my and 1.9+0.08my (Sekrek et al.,
2008); 1.47+0.09my and 1.87+0.07my (Arger et al.,
2000) were taken. These ages correspond to the Late
Pliocene.

The depositional environment of volcanic and
volcanoclastic rocks are fluvial and lacustrine that
are horizontally-vertically transitional with volcanic
center.

3.3. Palu Formation (Qpa)

The unit, which is rounded, grain supported pebble
stocks, was first named by Herece et al. (1992). Type
locality of the unit, which outcrops in Pertek NE and
Alaca Village NW, are the road cuts of the Pertek-
Tunceli highway in the south of Yenikdy. The unit
consists of conglomerate and the overlying pale brown
sandstone and thin mudstone layers. The formation
has an angular unconformity with the underlying
Karabakir formation and other older units.

There is not any age data but most probably it
should be early Pleistocene. Mostly; they are alluvial
fan deposits.

3.4. Quaternary (Qal)

Forms mapped as terraces, alluvial deposits, talus,
alluvial fans have been formed as a result of river and
stream activities in the region. The alluvial deposits,
which formed by loosely compacted silt, clay and fine
sand-intra block material, develop on river sides and
rivers.

4. Structural Geology
4.1. Faults

The abvious faults in the region were observed.
Significant faults are right lateral strike slip Pertek
fault and left lateral strike slip Korukdy fault.

4.1.1. Pertek Fault

The fault restricts the Pertek settlement area from
east (Bingdl, 1984; Aksoy, 1994), forms distinctive
structures at the surface and can laterally be traced
from SE to NW. SE extension of the fault remains
beneath the Keban Dam Lake and NW extension of
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it can be traced until NW of Caglarca town. Fault
scarps, fault plains and slickensides preserved on
plains indicate that movement along the fault zone
is right lateral strike slip (Herece, 2014). According
to fault scarps, plains formed and offsets in the
drainage perpendicular to the fault zone, destructive
earthquakes with magnitudes more than 7 (M>7.0)
could develop along the zone (Herece, 2014).
However; the slip-rate to be low in the fault zone
shows that the recurrence intervals of earthquakes
could be quite long.

4.1.2. Korukdy Fault

This faultis formed by two distinctive segments on
the eastern facing slopes of the Keban metamorphics
in north of Korukdy. NE extensions of the faults are
below the Keban Dam Lake, and SW extensions
could not be traced due to agricultural activity. The
eastern segment is between Keban metamorphics
and Elazi§ magmatics, and restricts magmatics from
the west.

4.1.3. Esenkent Fault

The fault restricting Esenkent settlement area from
east extends linearly toward NE, and its SW extension
makes a smouth curve. The fault restricts Elazig
magmatics from the east and separates from Keban
metamorphics. There was not found any data about
the recent activity of the fault.

Faults have most probably developed as reverse
faults on the NNW boundary of the Kirkgecit
formation outcropping in south of the Keban Dam
Lake during NNW-SSE directed compression which
ends the basin forming process in the Kirkgecit
formation. Keban metamorphics in north of Alatarla
overlies Elazig magmatics and Kirkgegit formation
with reverse fault. In addition; probable left lateral
strike slip faults with the strike of N30°-40°E are
observed located within Keban metamorphics and
between Keban metamorphics and Elazig magmatics
in NE of Korukdy. There is observed another fault with
similar strike located between Keban metamorphics
and Elazig magmatics in east of these faults. NE
extensions of the fault systems in this area remain
below the Keban Dam Lake; SW extensions on the
other hand fall outside the study area and remain as a
problem to be solved.
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4.1.4. Folds

Folds with an axial strike of N65°E in the Kirkgecgit
formation is observed in the vicinity of the Kabakgilar
district. The convergence that has been effective
in the region is N25°W in direction. The folding in
this area has not affected basalts of the horizontally
bedded Pliocene Karabakir formation. Besides; the
Alibonca formation is horizontally bedded as well.
Accordingly; the regional compression generating the
folding should have occurred during early Chattian.

4.3. Mass Movements

Remarkable landslide areas are observed within the
study area. The first of the landslides is along Pertek-
Tunceli road, the south of the Mercimek village. The
landslide here originates from heavily crushed zones
developed in Elazig magmatics and the hill slope
(Figure 48a-b).

The second landslide is in the last section of
Pliocene volcanics in south of the Keban Dam Lake
(K42 b4). It is nearly 500 meters wide and occurs in
the NE end of the Cakmakozii Plain and the NW end
of the Beydali Plain (Figure 49a). Both landslides
develop towards Keban Dam Lake. The reason that
causes the landslide is lithologies which are not well
compacted below thick basalts.

NW-SE extending ridge in Sorkun District in NW
of Pertek is formed by Pliocene basalts. The presence
of fault extending along the NE boundary of the ridge
and loose lithologies of the Alibonca formation give
rise to landslide (Figure 49b).

In 4 km NW of the Sorkun District, four different
landslides 1 km width take place on the northern
slope of the Esikmeydani hill that formed by andesitic
volcanics (Figure 50a). Findikli (Figure 50b), Ardig
and Sogiitliitepe villages (K42 bl) are located on

a

b |

Figure 48- Views of; a) ophiolites of the Kirkge¢it formation and widespread landslides that have formed in the lower boundary around
Mercimek village (K42 b3, looking NE), and b) the landslide that developed on NE slope of the Beydali Plain in north of the Beydali

village (K42 b4, looking SW).

o)

Figure 49- The general view of the landslide that developed; a) along a distinctive fault on NW boundary of Pliocene volcanics outcropping in
near north of the Sorkunbag village (K42 b1, Sorkunbag district, looking south), and b) towards NW in Kengerlik locality located in

NW slope of Esikmeydan: Tepe (K42 b1, looking SE).
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landslides that have developed from steeply sloping
hills in the south towards north.

4.4. Deformation Phases

There have been some macrotectonic events
during Maastrichtian, Lower Eocene, middle-upper
Lutetian, Middle Oligocene, Middle-Late Miocene
and Late Pliocene corresponding to periods in which
the unconformities in sedimentary deposits had
formed in the study area.

4.4.1. Macrotectonics during Maastrichtian Phase

Rifting of Neotethys ocean which separates the
northern and southern continents that began during the
Middle?-Late Triassic and continued during the Late
Jurassic-Early Cretaceous to form the ophiolites. On
the supra-subduction zone dipping north in the ocean
that began during the Late Cretaceous, SSZ ophiolites
and Elazig magmatic and by the subduction of the
oceanic crust beneath the Keban platform in the north,
Baskil magmatics were formed.

Keban-Malatya metamorphics, Baskil and Elazig
magmatics that form the northern continent are being
overlain by late Maastrichtian-Middle Paleocene
Harami formation while the Piitiirge metamorphics
and Guleman ophiolites located in the south are being
covered by late Maastrichtian-Middle Paleocene
Simaki formation with angular unconformity.

All these basements units have been juxtaposed
due to tectonic events as a result of the collision
occurred in middle Maastrichtian; they have been
uplifted and eroded and have formed source areas for
the Paleogene basins that begin with late Maastrichtian
deposits. In the study area there are no data to indicate
subduction during Paleogene.

All these basements units have been juxtaposed due
to tectonic events as a result of the collision occurred
in middle Maastrichtian; they have been uplifted and
eroded and have formed source areas for the Paleogene
basins that begin with late Maastrichtian deposits.

4.4.2. Macrotectonics during Lower Eocene Phase

During Early Eocene, the region has been uplifted
and depositional conditions in the Harami formation
were terminated. The uplifted region has re-subsided
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and caused the formation of the Seske formation
which has exposures in limited areas.

4.4.3. Macrotectonics during middle-upper Lutetian
Phase

The second deformation affecting the region
occurred in middle-late Lutetian. Distinctive
deformations of this phase is observed in the south of
Elazig.

The tectonic line which is known as Uluova fault
in the south of Elaz1g begins in Palu and extends
westward on Caybagi, Mollakendi and south of
Akcakale and juxtaposes different basement units of
different ages and the Paleogene basins. In the area
north of the Uluova fault Keban-Malatya platform,
Elazig magmatics and Andezitik volcanoclastics,
and in the south of the fault Piitiirge metamorphics
and Guleman ophiolites are located. The basement
units located in the north are unconformably being
overlain by late Maastrichtian-Middle Paleocene
Harami formation, late Cuvisien-middle Lutetien
Seske formation and early Bartonian-early Chattian
Kirkgegit formation. The basement units on the south
of the fault, on the other hand, are unconformably
being overlain by late Maastrichtian-Paleocene Simaki
formation, Paleocene-Early Eocene Gehroz formation
and Lutetian Melefan and Karadere formations.

By N-S directing compression during Middle-
late Lutetian, areas in south of the Uluova fault were
uplifted and the depositional conditions terminated.
Consequently, while block formations in Melefan
formation were occurring, volcanic facies in Karadere
formation developed. In the area to the north of the fault
the Seske basin first uplifted and became terrestrial
and the Kirkgegit basin which began forming during
the early Bartonian continued its development until
early Chattian with a new angular unconformity.

4.4.4. Middle Oligocene Stage Macrotectonics

In this deformation period, the region uplifted and
depositional conditions in the Kirkgegit basin has
ended. Although the deformation has occurred due to
the compression of the region in NNW-SSE directions,
the reason is not clearly known. Late Oligocene-Early
Miocene Alibonca formation developed in the basin
formation that has formed due to the termination of
compression.



Bull. Min. Res. Exp. (2016) 153:1-44

4.4.5. Macrotectonics During Middle?-Late Miocene
Phase

Another deformation period that has been effective
in the region occurred in Middle-Late Miocene and the
region was uplifted; so the depositional conditions ended
in the Alibonca formation. The deformation occurred
due to the compression in N-S directions. It has most
probably occurred by the northward movement of the
African-Arabian plate (Herece, 2008). As a result of the
decrease in N-S convergence velocity in this deformation
period, the lacustrine deposits and widespread volcanic
activity in local areas have occurred.

4.4.6. Macrotectonics During Uppermost Pliocene Phase

The mostremarkable structure of this deformational
period is the development of the EAF. Continental
convergence rate which continued slower during the
Pliocene has increased during the Latest Pliocene and
the region was uplifted by compression. The most
effective N-S convergence before the development of
the EAF in the region has caused east-west trending
compressive folds in the Caybagi Pliocene basin
located in the east of Elazig; therefore, the basement
in north of the basin has been uplifted and locally
thrusted on Pliocene units.

Based ontheactivity of the EAF whichbegan moving
after this folding and deposition, Early Pleistocene
deposits were developed. Due to this compression, the
right lateral movement along the Pertek fault should
have begun to gain activity. Aksoy (1994) investigated
one segment of the fault around Pertek and stated that it
had been right lateral strike slip fault with reverse fault
component. The position of the fault within regional
tectonism, its extension and activity was also asserted
(Ozaner et al., 2010; Herece, 2014).

The 40 km section of the Pertek fault cropping
out within study area was mapped for the first time
based on field data. However; the extensions of the
fault towards NW and SE have not adequately been
investigated. The right lateral strike slip fault also
covers the reverse slip component in few amounts.
Besides; 6.0 km and 3.25 km offsets were detected
in basement units and Pliocene deposits, respectively
(Herece, 2014). The regional compression forming
the fault is ~350°, and right-lateral offsets varying in
between 75-975 meters have occurred in streams that
are flowing perpendicular to the fault (Herece, 2014).

5. Discussion

Keban metamorphics and Elazig magmatics are the
basement units of the region. Keban metamorphics are
generally observed as; marble, schist and amphibolites.
They were deposited as limestone within interval of
Permian-Cretaceous and metamorphosed in green
schist facies during Campanian-carly Maastrichtian.

Elazig magmatics were formed by ensimatic island
arc units developed on the ophiolitic deposit which
formed in the intra-oceanic supra subduction zone.
Ophiolites present a successive deposit and consist
of gabbro, diabase, basalt and andesitic volcanics-tuff
and agglomerates from bottom to top. Ensimatic island
arc consists of intrusive diorite, monzodiorite, tonalite,
granite and granodiorite and it is Late Cretaceous.

Keban platform was intruded by Baskil magmatics
due to the northward subduction in Senonian. The
intrusives of the Baskil magmatic also intruded
into the tectonic contacts of metamorphics with
ophiolites (Yazgan and Chessex, 1991). The bottom
of metamorphics in and around the study area cannot
be observed and they overlie Elazig magmatics with
reverse fault. The succession, which deposited under
environmental conditions, are most probably the
lateral equivalence of Malatya metamorphics.

Elazig magmatics are the unit discussed in limited
studies within the study area and defined under various
names. The unit, which has a wide spread along a belt,
have been defined as; Yiiksekova complex (Peringek,
1979), Elazig complex (Hempton and Savci 1982),
Elazig igniyis complex (Hempton 1984, 1985), and
as 4 units belonging to Yiiksekova complex (Bing6l
1984). However; Turan et al. (1995) investigated
Elazig magmatics cropping out in this region under
the name of “Elazig magmatics” as they are in a
successive internal structure.

There is not any radiometric age determination
in Elazig magmatics within study area. The unit is
unconformably overlain by late Maastrichtian Harami
formation. The basalt unit, which is on top of diabases
located in the upper part of magmatics, is Late
Senonian based on planktonic fossils as described in
samples collected from pelagic limestones (Herece et
al., 1992). On the other hand; the ophiolitic deposit,
which is located below and in the western extension
of Elazig magmatics in the vicinity of Hazar Lake,

37



Upper Cretaceous-Tertiary Geology of Pertek (Tunceli)

was named as Komiirhan ophiolites (Yazgan, 1983;
Poyraz, 1988). Kémiirhan ophiolites consist of three
tectonic slices (Yazgan 1983; Poyraz 1988; Yazgan
and Chessex 1991; Beyarslan and Bingdl 1996;
Beyarslan and Bingdl, 2000) and its upper tectonic
slice is the basement unit of the Baskil arc unit
(Yazgan an Chessex, 1991). The lower tectonic slice
was dated as; 127+£14my, 89.5+5my by K/Ar method.
Besides; 8543 my age was taken by means of biotite
dating from leucodiorites, which formed by the partial
melting of amphiboles; and 78.5+2.5 My age was
taken from trondjhemitic granophyre by means of
muscovite dating (Yazgan and Chessex, 1991).

Baskil magmatics, which cut Keban metamorphic,
were as well dated by K/Ar method as; 76+2,5
My, 78,5+2,5 My; and from biotite, muscovites in
granodioritic intrusives 75+2,5 My, 75,4425 My
ages were obtained. The ages taken are explained by
the partial melting of the continental crust below the
ophiolitic nappes due to ophiolitic obduction (Yazgan
and Chessex, 1991).

Komiirhan ophiolite around Hazar Lake overlies
Piitiirge metamorphics by 40° northerly dipping reverse
fault. However, it is underlain by Elazi§ magmatics
with a similarly dipping reverse fault (Robertson et al.,
2007) and transitional with Elazi§ magmatics in the
west of Hazar Lake (Herece et al., 1992). On the other
hand, both units are then unconformably overlain by late
Maastrichtian Harami formation (Herece et. al., 1992).

It is stated that the depositional environment
of Elaz1§ magmatics are products of arc-backarc
(Hempton, 1985), arc-forearc (Yazgan and Chessex,
1991) of the ensimatic island arc, and the ensimatic
island arc products of the supra subduction zone
ophiolites due to intraoceanic subduction-obduction
(Beyarslan and Bingol 2000; Robertson, 2002).

Supra-subduction zone ophiolites and ensimatic
island arc volcanics are unconformably overlain by
late Maastrichtian-Selandian Harami formation. On
the other hand, it is asserted that there is not any
unconformity between Harami formation and Elazig
magmatics in studies carried out by Aksoy etal. (1999).
It is also emphasized that the depositional conditions
in the Harami formation began in late Campanian and
continued in Maastrichtian as well in which the arc
magmatism had stopped. In studies carried out by
Herece et al. (1992) and Herece (2008) in the same
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region, the Harami formation was sampled, and the
forms with Campanian?-Maastrichtian age and the
late Maastrichtian fauna were determined. Therefore;
there is significant unconformity between the Harami
formation and Elazig magmatic.

6. Results

Following results were reached when available age
data had been assessed for the geodynamical evolution
of the region (Figures 50 and 51). The preliminary
breaks in the ocean before the collision began in
Cenomanian-Turonian (Yazgan and Chessex, 1991;
Robertson et. al., 2007). The first subduction has started
in the ocean and supra subduction zone ophiolites have
developed with the subduction (Ispendere, Kémiirhan
and Guleman). While Kémiirhan ophiolites developed
as oceanic crust on the supra subduction zone (Turan
et al., 1995; Beyarslan and Bingdl, 1996; Bingol
and Beyarslan, 1996; Beyarslan and Bingdl, 2000),
the gabbro, diabase, basalt and andesitic volcanics
developed in the upper part (Herece et al., 1992).
The basalts, which consists of the upper part of the
Komiirhan ophiolites, are late Senonian according to
pelagic fauna described in samples (Santonian-early
Maastrichtian) and early Maastrichtian in andesitic
volcanics (Herece et al., 1992).

Another subduction has occurred along the
southern edge of the Keban platform and Baskil arc
magmatics cutting the platform have formed. Baskil
magmatics, which outcrop in 25 km NW outside the
map area, are represented by depth, vein and surface
rocks (Asutay, 1988). Magmatics show development
with plutonic rocks compound, which is represented
by gabbros in early stages of the magmatism, and with
monzodiorite, quartz monzodiorite, quartz diorite,
tonalite, granodiorite, quartz monzodiorite, quartz
monzonite compound in latter stages (Yazgan and
Asutay, 1981). Basic and acidic vein rocks, which
frequently cut granitoids and syenite porphyries, are
significant compounds of the Baskil magmatics. Baskil
magmatics end generally with andesitic, basaltic
volcanic rocks represented by lava flow, pillow lava
and tuffs. They are Santonian-Campanian (85-76 my)
according to radiometric dating (Yazgan and Chessex,
1991) and they are the lateral equivalences of 85 my
Elaz1g magmatic with these characteristics (Yu-Chin
etal., 2015).
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Figure 50- Relationships of the ophiolitic rocks outcropping in Elazig and the vicinity of Pertek with basement rocks and dating within units
(Yazgan and Chessex, 1991; Herece et al., 1992; Robertson et al., 2007).

Baskil magmatics are 75 my and 86 my according
to isotopic age determination by K/Ar method. These
calc-alkaline magmatics, which are defined as I type
granitoid, cut Keban platform and affect them as the
contact metamorphism (Asutay, 1988). The contact
metamorphic zone is represented by easily breaking,
sugar textured marbles. In contacts of marbles, which
are formed by calcite and dolomite, especially with
magmatic rocks the mineral assemblages reflecting the
conditions of pyroxene-hornfels facies metamorphism
such as; olivine, garnet, spinal and magnetite were
encountered (Asutay, 1988).

Elazig and Baskil magmatics are similar in age
and rock type, and they are the lateral equivalences
of each other. Baskil arc magmatics were formed
in Coniacian-Santonian-Campanian, the ophiolite
obduction in Campanian, and the arc-continent
collision in late Campanian-early Maastrichtian
(Yazgan and Chessex, 1991) and the last emplacement
of ophiolites occurred in middle Maastrichtian. All
basement units in the region are unconformably

overlain by late Maastrichtian Harami formation. The
stratigraphical relationships between the basement
units and Paleogene deposits indicate that the final
collision ended in the middle Maastrichtian.

On the other hand, the location and the time of
the subduction zone during the closure of the ocean
is still in debate. In preliminary suggested models, it
was asserted that supra subduction zone ophiolites had
occurred by the northern intra-oceanic subduction and
Baskil granitoid had been formed by the extension
of the subduction beneath the Keban platform (Hall,
1976; Aktas and Robertson, 1984, 1990; Yilmaz et
al.,, 1993; Robertson, 2000). In two subductional
models, one of the subduction submerges beneath
the Keban platform and forms Baskil magmatics,
and the another subduction has occurred within the
ocean and formed supra subduction zone ophiolites
(ispendere, Guleman, Kdmiirhan) (Robertson, 2000).
A third model is suggested as multi staged subduction
(Robertson et al., 2007; Parlak et al., 2009). Another
problem to be solved is the beginning period of the
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Figure 51- Hypothetically geological evolution model of basement models from Middle?-Late Triassic to late Maastrichtian
(modified from Yazgan and Chessex, 1991; Bingdl and Beyarslan, 1996; Herece, 2008).

subduction and the formation ages of the supra
subduction zone ophiolites.

Late Cretaceous-Paleogene marine deposits
in the region were mapped and defined for the
first time. Faunal assemblages collected from field
were described based on species. Late Cretaceous-
Paleogene deposits begin with late Maastrichtian-
Selandian Harami formation. The unit, which
begins with the deposition of basal conglomerate,
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is the first neo-autochtonous deposit unconformably
overlying the Elazig§ magmatics in post collision at
the same time. The depositional conditions in the
Harami formation ended with the regional uplift in
Late Paleocene-Lower Eocene. Due to decreasing or
diminishing in the regional compression affecting in
the region, the Seske formation was deposited. Seske
formation, which has not widespread exposure, was
defined in the region for the first time and it is late
Kuvizian- early middle Lutetian.
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The nomenclature of formations and their ages
carried out in previous studies and its close vicinity
are given in Figure 52.

The effective tectonism in the region occurred in
middle-upper Lutetian. In this time, the depositional
conditions in Seske formation finished by regional
uplifts, and the basin forming conditions of the
Kirkgecit formation, which had been deposited in the
early Bartonian, occurred. Very thick and widespread
deposits occurred in the Kirkgegit formation in
Early Bartonian-early Chattian. In mid Chattian,
the Kirkgecit formation was folded and outcropped
at another deformation affecting in the region. This
deformation phase terminated at the beginning of
Upper Chattian, and the late Chattian-Burdigalian
Alibonca formation was deposited. Typical deposits
of this marine environment are reefal limestones and
clayey limestones laterally transitional with them. In

the deformation period, which was active in Middle-
Upper Miocene, the depositional conditions of the
formation finished. The extensive volcanism, which
started at the end of Upper Miocene-Lower Pliocene,
caused the development of andesitic at the beginning
and pyroclastics that are transitional with lacustrine
deposits and the basaltic volcanism.

In the last deformation period affected in the
region, the Pertek fault formed in Late Pliocene was
mapped. It was detected that the fault zone had been
active and the offset values developed along the zone
were given.
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ABSTRACT

The 23 October 2011 Van Earthquake (Mw: 7.2) was generated by the Van Fault Zone (VFZ) with reverse fault
characteristics. The earthquake on the fault caused surface deformation with 10 cm displacement observed in
engineering structures. On land the VFZ has general E-W strike and 28 km length. The western end of the fault
is within Lake Van. This study aimed to determine the tectonic structures and evolution in the Quaternary of
Edremit Bay using detailed mapping of the VFZ with land and underwater research methods, investigation of
its continuation into Lake Van and common assessment of land and underwater data. Continental data showed
the presence of E-W fold axes affecting Quaternary units in the hanging-wall and footwall of the VFZ. Offshore
studies using shallow seismic profiling (GeoAcoustics) and multibeam bathymetric data acquisition determined
that the underwater section of the VFZ had similar characteristics to those on land. Quaternary successions on the
lake floor observed on seismic sections clearly showed folds in both blocks of the fault with axes parallel to the
strike of the fault. The underwater ridge that is an extension of Carpanak Cape coincides with the ridge structure
on the hanging-wall block of the fault on land. Surface deformation related to the 23 October 2011 earthquake
developed in a broad zone of the hanging wall of the VFZ. The research findings show the deformation along the
VFZ in the Quaternary is in accordance with the deformations developing during the last earthquake.
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1. Introduction

Turkey is located in the Alpine-Himalayan
earthquake belt. This area is a result of the continental
collision between Arabia and Eurasia along the Bitlis-
Zagros Thrust Zone, and presents active tectonic
structures related to intracontinental approach in
Eastern Anatolia and tectonic escape deformation in
Central/Western Anatolia (Figure 1). Eastern Anatolia
has been under a N-S directional compressional
tectonic regime for nearly 12 million years (Middle-
Upper Miocene) (Ketin, 1977; Sengér and Kidd, 1979;
Sengor and Yilmaz, 1983; Dewey et al., 1986; Saroglu
and Yilmaz, 1986; Yilmaz et al., 1987; Kogyigit et al.,
2001). The Van Earthquake (Mw: 7.2), occurred east
of Lake Van on 23 October 2011 caused the death of
more than 600 people and injured nearly 2000 people
(AFAD) in addition to cause severe damage, is the
most recent event showing the continuation of this

compressional regime in the present day. Studies after
the earthquake showed the source of the earthquake
was the Van Fault Zone (VFZ) (Emre et al., 2011,
2012, 2013; Ozalp et al.,, 2011; Ozkaymak et al.,
2011; Dogan and Karakas, 2013; Kogyigit, 2013).
Although little information about activity of the fault
at literature, the remaining area of the VFZ has been
stated to be a nearly E-W trending, north-dipping
active thrust/reverse fault cutting and deforming
Late Pleistocene-Holocene age lake/stream units in
previous studies (Ozkaymak, 2003; Ozkaymak et
al., 2004). The earthquake did not produce a clear
surface rupture on land, with deformation structures at
the surface reflecting the thrust nature of the faulting
mechanism and with this deformation affecting nearly
8 to 12 km on land (Emre et al., 2011, 2013; Ozalp et
al., 2011; Ozkaymak et al., 2011; Dogan and Karakas,
2013; Kogyigit, 2013). The deformation structures
observed on land ended northwest of Bardakgi village

* Corresponding Author: Selim OZALP, selim.ozalp@mta.gov.tr
http://dx.doi.org/10.19111/bmre.58034
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Quaternary Tectonics of the Lake Van (Edremit Bay)

Figure 1- Active tectonic map of Turkey. Lines with filled triangles are active subduction zones, lines with empty
triangles are active thrust belts on land, thick lines are strike-slip faults and notched thin lines are normal
faults. Large dark arrows indicate direction of motion of lithospheric plates, values show GPS velocity
relative to Eurasia (adapted from Okay et al., 2000; GPS velocity values taken from Reilinger et al., 2006).

on the shore of Lake Van and after the main shock the
distribution of aftershocks in the region showed that
the fault causing the earthquakes may continue toward
the west on the floor of Lake Van (Figure 2).

According to earthquake catalogues, it is known
that the study area and close surroundings experienced
many destructive earthquakes in the historical period
(<1900) (Ergin et al., 1967; Soysal et al., 1981; Tan
et al., 2008; Ambraseys, 2009). The natural records
relating to these earthquakes may be better preserved
in unconsolidated or semi-consolidated sediments on
the lake floor compared to on land. This study used
high resolution shallow seismic marine geophysics
and multibeam bathymetric mapping data for the
eastern half of Lake Van to discuss and interpret the
continuation of the VFZ, source of the 23 October 2011
Van Earthquake, on the lake floor and the deformation
structures due to tectonics observed in Edremit Bay.

2. Neotectonic Setting

The world’s largest sodic lake, Lake Van, is
surrounded by the provinces of Van and Bitlis. In
the north and west entirely volcanic in the south
metamorphic and east are predominantly outcrops
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of sedimentary rocks are covered with fields that it is
located in a region with many bays and capes. With
area of 3,522 km? and volume of 607 km?, the lake
circumference is 430 km (Kadioglu et al., 1997). At
its widest point the distance from Van to Tatvan is 130
km, with a mean water level 1648 m above sea level,
mean depth of 171 m and maximum depth of 460 m
(Kempe et al., 1991; Kadioglu et al., 1997).

Neotectonic regime of Turkey began Middle-
Upper Miocene about 12 million years ago as a result
of continent-continent collision of the Arabian and
Eurasian plates at Eastern Anatolia (Sengor and Kidd,
1979; Sengor, 1980; Sengor and Yilmaz, 1983; Dewey
et al., 1986; Saroglu and Yilmaz, 1986; Yilmaz et al.,
1987; Bozkurt, 2001; Kogyigit et al., 2001). The right
lateral strike-slip North Anatolian Fault (NAF), left
lateral strike-slip East Anatolian Fault (EAF) and the
active subduction zone formed by the subduction of
African oceanic lithosphere under the Aegean Sea
along the Hellenic-Cyprus Arc developing after the
collision are the neotectonic structures playing major
roles in shaping the Anatolian plate and surroundings
(Figure 1) (Hempton, 1987; Kogyigit et al., 2001).
After continental collision in Eastern Anatolia the
region entered a very active period tectonically
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Figure 2- Map showing active faults in Lake Van and surroundings and distribution of main shock and aftershocks
of the 23 October 2011 Van and 9 November 2011 Edremit earthquakes. Giirpinar Fault and Edremit
Fault zone taken from Ozalp et al. (2015); Beyiiziimii Fault from Ates et al. (2007); other active faults
from Emre et al. (2013) and seismological data from Kandilli Observatory (KRDAE) records.

with simultaneous volcanic activity began. During
the neotectonic period, the result of dominant N-S
directed compression was a complicated tectonic
structures comprising diagonal NE-SW left lateral and
NW-SE right lateral strike slip faults, E-W fold axes,
reverse faults and thrusts, N-S oriented normal faults
or extensional fractures, were formed in the Eastern
Anatolia high plateau (Saroglu, 1985; Saroglu and
Yilmaz, 1986; Saroglu et al., 1987, 1992; Bozkurt,
2001; Kogyigit et al., 2001; Emre et al., 2013).
Parallel to the compression direction, the N-S oriented
extensional fractures controlled volcanic output.
After continent-continent collision, crustal shortening
developed in this period and the regional elevation
increased (Saroglu and Yilmaz, 1986; Yilmaz et al.,
1987; Sengor et al., 2003, 2008; Dhont and Chorowicz,
2006; Zor, 2008; Tezel et al., 2013).

One of the most important geological structures
formed by continent-continent collision is the Bitlis
Zagros Thrust Belt (Sengor, 1979; Sengor and Yilmaz,
1981), extending to the Iranian border (Figure 1).
The Lake Van Basin, immediately north of the Bitlis
Zagros Thrust Belt, is located east of the Karliova triple
junction where the NAF and EAF intersect (Figure 1).
The basin began to form in the Late Pliocene and it is
proposed that the effect of volcanism gained its current
form at the beginning of the Quaternary (Blumenthal
et al., 1964; Wong and Finckh, 1978; Degens et al.,
1984). Lake Van contains three important basins called
Tatvan, North and Deveboynu, separated by ridges

(Cukur et al. 2013, 2014). The deepest of these, the
Tatvan Basin, has been determined to contain 600,000
years of lacustrine sediments (Litt et al., 2014; Cukur
et al., 2013, 2014). The Deveboynu Basin is smaller
than Tatvan with 1.5 km E-W extension and 6 km N-S
extension and average water depth of 300 m (Cukur
et al. 2013, 2014). The study area placed on a section,
nearly 18 km shelf with E-W orientation and nearly
8 km of slope feeding the Deveboynu Basin from the
east.

One of the important records of the tectonism
playing an effective role in shaping Lake Van Basin is
seismites. The term seismite defined for the first time
by Seilacher (1969) is generally used for fine gravel,
sandy and silty deposits and deformation structures
that may form due to earthquakes. These structures
develop due to liquefaction of unconsolidated
sediments which are important in terms of reflecting
the occurrence of ancient earthquakes. Seismites
are commonly observed within Quaternary-aged
lacustrine sediments outcropping east of Lake Van
(Uner et al., 2010), indicating the region has a very
active structure in terms of seismicity.

There are many active faults in the Eastern
Anatolia regions that are sources of earthquakes. 13
September 1924 Pasinler (Ms: 6.8), 6 September
1975 Lice (Ms: 6.6), 24 November 1976 Caldiran
(Ms: 7.5), and 30 October 1983 Horasan-Narman
(Ms 6.9) earthquakes are all large earthquakes which
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occurred in the instrumental period, apart from the
2011 Van earthquake. Before the 2011 Van earthquake
the number of mapped active faults in the region was
so few as to be insignificant (Ketin, 1977; Saroglu
et al., 1987, 1992; Kogyigit et al., 2001; Ozkaymak,
2003; Ozkaymak et al., 2004). However, the focal
mechanism results from some moderate earthquakes
occured east and southeast of Lake Van in the years
between 1988-2003 indicated the presence of almost
E-W thrust/reverse faults in this area producing
earthquakes (Ozkaymak et al., 2004; Uner et al.,
2010). The 23 October 2011 Van earthquake (Mw: 7.2)
indicated the region is still being formed by the effect
of a N-S oriented compressional tectonic regime and
is the most recent event proving the presence of the
VFZ. After this earthquake many studies were carried
out about the active tectonics of the region (Emre et
al., 2011, 2012, 2013; Ozalp et al., 2011; Ozkaymak et
al., 2011; Dogan and Karakag, 2013; Kogyigit, 2013;
Goriir et al., 2015). Of the current tectonic structure
in the region and surroundings where the 23 October
2011 Van earthquake occurred, the Ercig, Caldiran,
Hasantimur Go6lii, Siiphan and Malazgirt faults
are strike-slip. The Mus thrust forms the northern
boundary of the Mus Basin, the western continuation
of the Lake Van Basin. The Nemrut extensional
fissure, where Nemrut volcanism outcrops, is the best
example of extensional structures in Eastern Anatolia
(Saroglu, 1985; Saroglu et al., 1987, 1992).

3. Onshore Features of 23 October 2011 Van
Earthquake Surface Rupture

About 10 km north of the Van City, the VFZ extends
in a nearly E-W direction on land between Lake Ercek
and Lake Van (Figure 2). Fault was firstly named and
mapped as an active fault by Emre et al. (2012), the
total length of the fault on land is 28 km. The eastern
tip of the fault is within Lake Er¢ek while the western
tip is located within Lake Van. Morphologically, the
north block of the fault is higher than the south block
(Figure 3a). On land a 12 km section extending east
from Lake Van is a single fault, while toward the east
it bifurcate into two parallel sections 17 km long and 2
km wide (Figure 2 and 3b).

In the east the VFZ is geologically observed within
an accretionary prism (Stimengen, 2008) comprised
of ophiolitic, metamorphic, volcano-sedimentary,
sedimentary and carbonate rocks developed in the
age between the Late Permian and Early Miocene.
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The western segment cuts Early Eocene-Pliocene
sedimentary and carbonate rocks (Stimengen, 2008),
Quaternary age slope debris, alluvial fans and fluvial
deposits and sequences comprised of terrace and
delta deposits from Lake Van (Ozalp et al., 2015).
Morphologically though the fault is defined by broken
slope terrain in the field, findings of old surface faulting
showing Holocene activity is not clear. Additionally
folding observed in Quaternary lacustrine-fluvial
deposits, elevated lake terraces and ancient coastal
markings are formations in the hanging-wall block
documenting the activity of the fault.

The 23 October 2011 Van earthquake (Mw: 7.2)
was originated from the E-W oriented VFZ between
Lake Van and Lake Ercek nearly 10 km north of the
city of Van and at 16 km depth (Figure 2; Emre et
al., 2011, 2012, 2013). The earthquake caused nearly
12 km of surface rupture in the western section of
the VFZ. The surface ruptures that developed were
observed as uncontinuous hairline fractures, causing
deformation of asphalt and stabilized roads and
concrete water canals perpendicular to the fault (Emre
et al., 2011, Ozalp et al., 2011; Dogan and Karakas,
2013). The fault plane solutions of the main shock of
23 October 2011 earthquake, aftershock earthquake
distribution and field findings revealed that the source
fault had nearly E-W oriented reverse fault/thrust
characteristics (Figure 2).

Fault planes preserved within basement units
N-NE of the Van Organized Industrial Zone were
measured (Table 1) and kinematic analysis was
performed. Analysis of fault planes used the method
recommended by Marrett and Allmendinger (1990)
in FaultKinWin 1.2 [computer program developed
for analysis of fault plane data by Almendinger
vd. (2001)] and results are presented as fault plane
solutions (Figure 3c). Accordingly results obtained
from measurements taken for kinematic analysis
of the VFZ show that in this section of the zone the
fault segment developed under the effect of NW-SE
compressional forces and is a dip-slip reverse fault
with a very small right lateral strike-slip component.

4. Offshore Studies
4.1. Data Acquisition and Processing

To analyze the continuation of the VFZ on the
floor of Lake Van and all details of other tectonic
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Figure 3-(a) General appearance of VFZ (view N-NW) observed between basement units and ancient alluvial
fan sediments (Qey) east of Van Organized Industrial Zone. (b) General appearance of VFZ splitting
(view N-NW) between the Bakisik melange (Kb) and alluvial fan sediments (Qay) west of Ergek
Lake. (¢) Equal-area lower-hemisphere of plane data belonging to the VFZ (P: compression axis;
T: extension axis; I: central axis). Fault plane solutions used FaultKinWin (V. 1.2.2, Allmendinger,

2001).

Table 1- Data related to fault planes measured in the field for kinematic interpretations of the VFZ.

No Longitude Latitude Strike Dip ].)egr'ee and Rake'Ang.le and SFrike-Dip Value
E N Direction Direction (Right Hand Rule)
1 352835 4272770 N70°E 15°NW 60° West 250/15
2 352800 4273080 N40°E 25°NW 60° West 220/25
3 352517 4272953 N80°W 85°NE 80° West 280/85
4 352500 4272943 N8O°E 60°NW 60° West 260/60

deformation structures in Edremit Bay, geophysical
studies were completed in the area between Carpanak
Island and Edremit. The gathered data were compared
with structures observed on land with the aim of
ensuring a holistic view. During the study completed
in 2012, high resolution shallow seismic data were
gathered along the planned lines with the 14 m
Fatih65 boat (Figure 4). The line directions were
selected to be perpendicular to the extension of the
VFZ on land where it entered the lake at the shore.
Due to shallowing of the lake in the eastern section of
Edremit Bay, seismic records could not be gathered

due to the proximity of the shore. Additional to
this study, a multibeam echo sounder was used to
determine traces and effects of faults or deformation
that may be visible on the floor of the lake and floor
morphology was investigated with the gathered data.

During this data acquisition stage, the data were
collected by a GeoAcuoustics system consisting of a
Boomer energy source, a single channel hydrophone,
a receiver with filters, a recorder, and a power
supply. The pulse of energy was between 175-280J
depending on the depth and the frequency of the pulse
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was 200Hz-7 kHz. According to vertical resolution
theory at this frequency interval, is about 5-20 cm.
The sampling interval was 40 microseconds. During
data processing, the mean water velocity (1475-1490
m/s) measured by CTD which was used time to depth.
Additionally as it was a single channel system, the
basic data processing modules of filtering and gain
processing were applied to data. For bathymetry a
multibeam echo sounder (Elac SeaBeam 1050D)
with 180 kHz transducer was used. During recording,
navigation was ensured by using the Hypack program
with the aid of GPS.

4.2. Bathymetry and Underwater Morphology

Depth data were collected along seismic lines
determined at 2 km intervals and this data was
assessed to investigate morphology variations. The
map was created by evaluating data, not by the
method of multibeam depth measurements of full
coverage, that is created not only line data collected
with multibeam echo sounder but also previously
completed bathymetry maps (Wong and Degens,
1978; SHOD, 1985) were investigated to prepare a
map ensuring a general approach to bathymetry in the
study area (Figure 4).

To research the continuation on the lake floor of
surface deformations observed on land on the fault
causing the earthquake, the effects of freshwater
and sediment inputs into the lake and wind and
currents were evaluated together. The results of this
investigation did not encounter clear deformation due
to the fault at the resolution of the obtained map on the
lake floor morphology similar to on land.

When the map is examined, at the most eastern of
Edremit Bay, it is observed that the depths gradually
increase westward from the shore. Depth is parallel
to the shore first -25 m, then -50 m and continues to
increase to -100 m and after reaching depth of -300 m
towards the Deveboynu Basin (Figure 4).

4.3. Seismic Stratigraphy

This study was performed by using seismic
reflection methods recorded structures observed
on the floor of Edremit Bay forming the southeast
section of Lake Van and presents significant data
for interpretation. This data provides a significant
contribution to observations of the effects of forces
affecting the region in the neotectonic period on
the floor of Lake Van and to research of the western
extension of the VFZ on the lake floor.

Figure 4- Location of bathymetry and seismic and hydrographic lines in Lake Van. Bathymetry was produced
from data collected during this study using a multi-beam depth sounder at line intervals of ~2 km and

previous studies.
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On seismic lines two main stratigraphic types
of reflection data were observed; (1) seismic units
with clear or semiclear continuous reflection (Figure
S; seismic units shown with orange and red) and
(2) seismic units that are unclear or not continuous
(Figure 5; seismic units between the orange and
red units). The seismic units in the first group were
interpreted as geological lacustrine sedimentary
sequences. The seismic units in the second group
were assessed as mass flows due to tectonic or
volcanic shaking of sediments that found on slightly
more inclined surfaces or basement rock units
overlain by basin sediments.

4.4. Faults and Other Tectonic Deformations
4.4.1. Van Fault Zone

Line 115 is the most clear profile that VFZ is
observed on the lake floor (Figure 4). Along the line
the deformation structure with reverse fault/thrust
character with fallen southern block along the nearly
E-W oriented fault is very clearly observed. When
the seismic units presenting clear and continuous
reflection affected by the fault are investigated,
within the upper young sediments the dip slip
amount on the fault has a very small value, while
at lower levels in older sediments, the slip amount
reaches higher values (Figure 5). This deformation
structure in the fault zone is the most important
data that showing the fault continuously produced
earthquakes from past to present. Additionally along
the zone the deformation structures in the current
sediments on the footwall and hanging-wall blocks
are other important structures showing current
activity of the fault (Figure 5). The fold structure
related to compressional deformation close to north
of the upthrust block of the fault is noteworthy.
According to the investigated seismic lines, the
VFZ is interpreted to extend along the lake floor
toward the west for nearly 9 km (Figure 6).

South of the VFZ the zone of faults striking
between E-W and N70°W with observable length
from 7-15 km with variable reverse fault/thrust
character is noteworthy (Figure 6). Along Line 123
where this fault zone is clearly observed, the reverse
fault/thrust faults are clearly seen to cut basement
and overlying younger seismic units (Figure 7).
Within the thrust belt when placement of seismic
units clearly distinguished due to different reflection

characteristics are evaluated, it appears that the
northern blocks of all faults are elevated. According
to seismic data and the tectonic structure of the
region, all structures in the fault belt are interpreted
as slices belonging to a system thrusting from north
to south.

4.4.2. N-S Fault

The structure on seismic sections bounding the
east of Deveboynu Basin in the west of Edremit
Bay was remarkable. This tectonic structure with
nearly NNE-SSW orientation is clearly observed on
Line 106 (Figure 8). On the profile representing the
area between Gevas and Sodali Lake, the structure
appears to be a fault zone with length of 10 km
(Figure 6) and width of 500 m (Figure 8). Three
different seismic units are observed at the North
section of the fault zone. The uppermost unit has
a semi-prominent non-continuous reflection profile.
Below this is a level of seismic units with very
clear, continuous and parallel reflections. At the
bottom there is a seismic unit with semi-prominent
appearance and lacking continuation in all areas.
Taking account of the location within the region’s
tectonic regime, the geometry of the structure and
the seismic units it cuts, it was interpreted as a left
lateral strike-slip fault zone (Figure 6). Though not
clear on seismic profiles, it is considered that this
structure may continue for a certain length to the
SW.

4.4.3. Carpanak Ridge

The ridge known as Carpanak Island at the west
of Citidren village northwest of Van city continues
into Lake Van in the form of a cape. Seismic reflection
and multibeam bathymetry studies observed that this
ridge on land continues toward the west on the lake
floor (Figure 6). On seismic sections, the sections
including the western extension of the Carpanak
Ridge are observed to contain deformation structures.
In the central section of Line 106, in the area south
of the Carpanak Ridge a reverse fault/thrust structure
is noted (Figure 9). Interpretation of seismic units
(yellow and orange lines) differentiated by reflection
characteristics and used as marker horizons found the
fault, with a strike-slip component, appears to affect
current sediments on the lake floor.
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Figure 5- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the
north section of Line 115 taken between Carpanak Cape and Edremit (for profile location see
figure 4). (b) Interpretation of the profile. The western extension of the VFZ in this section
on the lake floor is shown with a thick black line. Moving to previous periods the slip amount
in seismic units shown in different colors cumulatively increased and the development of a
fold structure is observed in the hanging-wall.

Figure 6- Map showing western continuation of the Van Fault Zone and other structures within Lake
Van interpreted from seismic profiles and active faults observed on land. Depth map was
produced using multibeam sounder on lines at intervals of 2 km and mapping from previous
years. On land the Beyiiziimii Fault was taken from Ates et al. (2007); Van Fault Zone and
Yenikosk Fault from Emre et al. (2013); and Giirpinar Fault and Edremit Fault Zone from
Ozalp et al. (2015).
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Figure 7- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the north
section of Line 123 taken from Bardake1 village to Edremit (for profile location see figure 4). (b)
Interpretation of the profile. In this section structures related to the fault zone observed on the lake
floor south of the VFZ are shown with thick black lines and the seismic units affected by these
structures are shown with colored lines.

Figure 8- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the south
section of Line 106 taken between Gevas and Sodali Lake (for profile location see figure 4). (b)
Interpretation of the profile. In the south of this section a broad and deep fluvial channel is observed
on the lake floor, in the north structures related to a strike-slip fault zone are mapped in thick black
lines and the seismic units affected by these structures are shown with colored lines.
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Figure 9- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the west
section of Line 106 between Gevas and Sodali Lake (for profile location see figure 4). (b)
Interpretation of the profile. A reverse fault/thrust immediately south of the Carpanak Ridge
is observed on the lake floor. Within units in the footwall and hanging-wall of the fault folded
structures are found to develop linked to the direction of compression.

4.4.4. Paleo-Drainage Channels

On seismic sections there are fluvial channels
commonly observed on the shelf. These channels are
evaluated as structures that developed due to the shelf
being above water until recent times as a result of
climatic or tectonic effects. On seismic lines, there are
channel structures observed in many different areas of
the lake floor (Figure 6). The channels observed on the
floor of Edremit Bay on Lines 106 and 110, generally
have a U-shaped geometry with depths of nearly 40 m
and widths up to 900 m (Figures 8 and 10). Another
example of a channel observed on seismic lines are

54

buried sediment-filled channels. The example on Line
119 of a buried fluvial channel defines paleogeographic
changes in the lake water level linked to climate.
These structures are important to indicate periods
when the lake level fell and the shelf became land.
On figure 11 the discordance between seismic units
distinguished by different reflection characteristics is
clearly observed. Above the older seismic units shown
with purple and green lines, a V-shaped fluvial channel
developed shown with a red line and representing an
erosion surface during a period when the lake level
fell. After this period, the fluvial channel observed
on this section was drowned again and was filled and
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Figure 10- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the
south section of Line 110 between Gevas and Sodali Lake (for profile location see figure 4).
(b) Interpretation of the profile. In this section of slope portions of Edremit Bay, in the very
south many fluvial channels are observed. Additionally in deeper areas to observe seismic
reflection units more easily they are shown in different colors.

buried by younger sedimentary packets shown with
blue and yellow lines.

5. Discussion and Conclusions

The Eastern Anatolian region, containing Lake
Van, has been compressed in a N-S direction since the
Late Miocene (Saroglu and Yilmaz, 1984; Dewey et
al., 1986; Bozkurt, 2001; Sengdr et al., 2003, 2008;
Dhont and Chorowicz, 2006; Elitok and Dolmaz, 2008;
Zor, 2008; Tezel et al., 2013). As a result, extensional
fractures parallel to the N-S compression direction,
E-W fold axes, reverse faults and thrusts and NW-SE
oriented right lateral and NE-SW left lateral strike-slip

faults have begun to form (Saroglu, 1985; Saroglu and
Yilmaz, 1986; Bozkurt, 2001; Kogyigit et al., 2001;
Ozkaymak et al., 2011; Kogyigit, 2013). One of these
structures and the source of the 23 October 2011
Van earthquake is the VFZ, without clear old surface
faulting proving activity during the Holocene but with
slope breaks in morphology allowing recognition of
the fault. This situation may be explained in three
ways; (1) the recurrence interval for earthquakes
resulting with surface rupture on the fault is very long,
(2) previous earthquakes developed similar surface
deformations with the last earthquake as described
above and (3) the active erosion processes in the region
are more rapid than tectonic effects. The 23 October
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Figure 11- (a) Single channel high resolution shallow seismic system (GeoAcoustics) profile of the
central section of Line 119 taken between Edremit and Citéren village (for profile location
see figure 4). (b) Interpretation of the profile. In the eastern section of Edremit Bay buried
fluvial channels are observed on the lake floor. To observe the structure seismic units are
shown in different colors. The V-shaped valley formation in older units is filled with current

sediment packets from a later period.

2011 Van earthquake is the most current example
proving the presence of N-S compressional tectonic
processes affecting Eastern Anatolia, and showing that
the earthquake hazard in Eastern Anatolia is at least
as high as in other regions of the country. After the
earthquake, field studies along the VFZ and shallow
seismic profiling studies in Edremit Bay in the lake
have mapped structures (Figure 6).

Investigation of seismic data collected from
the eastern half of Lake Van observed similar
characteristics underwater as on land and mapped these
structures on the lake floor. Accordingly, the source
fault for the 23 October 2011 Van Earthquake was
determined to continue nearly 9 km to the west based
on deformation structures observed on the lake floor.
However, due to the properties of the systems used no
clear findings were obtained related to surface rupture.
Additionally in accordance with the tectonic structure
of the region, south of the VFZ a zone comprising
reverse component faults with nearly E-W orientation
and length reaching 15 km was determined. This fault
zone mapped by this study (Figure 6) and the reverse
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fault bounding the north of Deveboynu Basin (Figure
12) interpreted during studies in the west of Lake Van
by Cukur et al. (2014) are concordant with each other
in terms of strike and mechanism. Another important
tectonic structure in the same area is the nearly N-S
fault bounding the east of the Deveboynu Basin. This
structure, interpreted as a strike-slip fault according
to seismic sections and regional tectonic setting,
was mapped as an east-dipping normal fault zone by
Cukur et al. (2014) (Figures 6 and 12). Apart from
these tectonic structures folds in young sediments
especially on land are widely observed on seismic
lines on the lake floor (Figure 5). These structures
mapped in the hanging-wall and footwall of the VFZ
have E-W strikes in accordance with reverse fault/
thrust structures developed by N-S compression.

In the western section of Lake Van, studies of
the Ahlat Basin have identified the age of the oldest
sediment in the lake basin as 600,000 years (Litt et al.,
2014; Cukur et al. 2013, 2014). As a result the units
over the basement observed within Edremit Bay must
be deposited from the Holocene-Middle Pleistocene.
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Figure 12- Depth of the upper section of acoustic basement of
the southwest of Lake Van. Acoustic basement deepens
toward the west. E-W striking reverse faults are observed
locally. Acoustic basement was not resolved in the
northwest and northeast sections of the lake. Contour
interval is 50 m (adapted from Cukur et al., 2014).

Studies completed in the region after the 23
October 2011 Van ecarthquake observed shoreline
changes that may cause in the physical geography of
Lake Van (Emre et al., 2011; Ozalp et al., 2011). The
most important of these was a rise in the shoreline
of nearly 40 cm observed near Carpanak Island
closest to the earthquake epicenter. Additionally near
Mollakasim village, satellite images clearly observed
elevated shorelines from previous periods (Emre et
al., 2011). During studies, nearly ENE-WSW striking
reverse faults and fold axes affecting Miocene-Late
Quaternary sedimentary deposits were observed north
and south of the Carpanak Ridge on land and on the
lake floor and active structures cutting Quaternary-
Holocene age units were observed on seismic sections
of the lake floor (Figure 6). Kogyigit (2013) mentioned
the presence of an active reverse fault with significant
left lateral strike-slip component immediately south
of the ridgewith ENE strike and 25 km length. This

situation is explained by active structures observed
on land and on the lake floor south of the Carpanak
Ridge being affected by similar tectonic activity to the
latest earthquake during the recent geologic past (Late
Quaternary-Holocene).

Important data to show seismic activity in the
historical or prehistorical period of a region are
seismites. Seismites are structures developing linked to
liquefaction of unconsolidated sediments. According
to Atkinson (1984), in order for liquefaction to occur,
an earthquake must have magnitude (M) of at least
5. However, according to a study by Moretti (2000)
investigating the correlation between earthquake
source and liquefaction, more than 90% of liquefaction
areas are within 40 km of the earthquake epicenter,
while the remaining 10% are found at maximum 100
km distance related to large earthquakes. Our studies
on land have encountered seismites in the Plio-
Quaternary age Bilyilikgay Formation SE of Andag
village on the Van-Gevas road (Figure 13) (UTM:
0341721 E, 4244340 N). These structures, while
drawing attention to the current tectonic situation of
the region, show that earthquakes of M 5.0 or above
due to active faults or volcanism have frequently
occurred.

Seismic reflection data offer significant clues
related to the lake’s recent history apart from
structural interpretations. On lines in the section
forming the study area of the lake, fluvial channels
were very clearly observed on the lake floor. While
Wong and Degens (1978) and Wong and Finckh
(1978) assessed these structures as similar to karst
structures, Cukur et al. (2013) interpreted them as
braided channel systems forming as a result of erosion

Figure 13- (a) General appearance of seismites (view SW) observed within sandstone, siltstone and conglomerate
forming Plio-Quaternary lacustrine and fluvial sediments SE of Andag village on the Van-Gevas road in
the study area. (b) Interpretative sketch of the photograph.
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by sediment-loaded flows within horizontally layered
fan sediments based on new seismic data. According
to a morphology map created by Cukur et al. (2015)
using multi-beam bathymetry data, they proposed
these structures are normal channel structures of a
drainage system. According to Wong et al. (1978) and
Wong and Degens (1978), during the last low level
of the lake from 7500 to 4500 years ago erosion was
very active and from that time channels were probably
preserved and flattened. We observed two different
fluvial channels on the lake floor. The first of these
developed in parallel to climatic changes in previous
times when the water level in the lake fell and then
when the lake level rose, was drowned and then filled
with young sediments and buried. The other developed
on land formed in the period when the lake level last
fell, and when the lake level rose remained as fluvial
channels without infilling by sediment packets. These
structures provide important data in terms of proving
the many climatic falls and later rises in lake level in
previous times.

According to the results of this study obtained
from land and offshore data from Lake Van basin,
deformation structures are observed over a very wide
area, the region is very active tectonically and active
faults have the potential to produce large earthquakes.
In terms of regional earthquake risk analysis, in
addition to the VFZ, all active faults in the region
are significant. As a result it is recommended that
fault parameters such as the slip rate and recurrence
interval of these active structures be determined by
paleoseismology and GPS studies.
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ABSTRACT

The Bozkir Unit representing the northern edge of the Taurus Belt comprises, from bottom to top, three distinct
structural entities; the Upper Triassic pre-rift (Korualan Group), the Upper Triassic-Upper Cretaceous syn-rift
(Huglu Group) and the Jurassic-Cretaceous Boyali Tepe Group as to their structural settings. The Korualan Group
is represented by the alternations of carbonate (limestone, dolomitic limestone, dolomite) with radiolarite and chert
intercalations and clastic rocks (sandstone, siltstone, mudstone, shale). The Huglu Group is made up of volcanic
(basalt, andesite) and pyroclastic (tuffaceous sandstone) rocks including radiolarite, limestone and clastic rock
(sandstone, siltstone, shale) intercalations. The Boyali Tepe Group is completely made of carbonate rocks. The
carbonate-silisiclastic-volcanogenic rocks of the Bozkir Unit contain carbonate (calcite, dolomite), quartz, feldspar
(plagioclase, anorthoclase), phyllosilicate (illite, chlorite, mixed-layered illite-chlorite / I-C, chlorite-vermiculite /
C-V, chlorite-smectite / C-S, rare smectite), augite, hematite, analcime and heulandite in order of abundance. On the
basis of illite Kiibler Index data; Korualan and Huglu Group reflect low grade diagenetic, high grade diagenetic and
high grade diagenetic-anchizonal characteristics, respectively. The illite/micas of the pre-rift units and units related to
the rifting have muscovitic, and phengitic and seladonitic compositions, respectively. The distributions of chondrite-
normalized trace and rare earth element (REE) contents in illites present similar trends for Korualan ve Huglu
groups, but the quantities of these elements slightly increase in the Huglu Group. 3'*0-38D isotopic compositions
of water forming the illite minerals are different than that of sea water and are found to be between the Eastern
Mediterranean Meteoric Water (EMMW) and magmatic water compositions. It also shows that temperature of the
water forming illite minerals varies from low to high values. The findings from the rocks of Bozkir Unit suggest
that pre- and syn-rift units have different mineralogical-petrographic and geochemical properties. The younger units
within the rift due to extension and crustal thinning related to rifting must have been exposed in higher diagenetic
conditions by more burial and heat with respect to older units on the edges.
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1. Introduction related to rifting and the following inversion has

significantly influenced the diagenetic/metamorphic
In  diagenetic-low grade metamorphic rocks, evolution of the rocks with detailed mineralogical-
the mineralogical parameters such as; the mineral
assemblages, illite crystallinity, b cell dimension

of white K-micas, phyllosilicate polytypes and etc.

petrographic studies carried out successively in Triassic
(Antalya Unit) and Eocene (Maden Group) diagenetic/
metamorphic deposits in western Taurus and the

(Bozkaya and Yalgm, 1996) are extensively used in southeastern Anatolian regions (For example; Bozkaya

world literature for the last 30 years at an increasing rate
in order to establish the geological evolution of related
rocks (Frey, 1987; Liou et al., 1987, Merriman and
Frey, 1999; Merriman and Peacor, 1999). The studies,
which are about autochthonous and allochthonous units
especially in Taurus belt in our country (Bozkaya and
Yal¢in, 1997a, 1997b, 1998, 2000, 2004, 2005, 2010;
Bozkaya et al., 2002, 2006a) provided significant
contributions for the interpretation of tectono-
stratigraphic units. Besides; the opening/extension

et al., 2006b; Bozkaya and Yalgin, 2010).

The Bozkir Unit, which consists of rock block and
slices in different dimensions and appear as mélange
deposited between Triassic-Cretaceous time intervals,
forms the northernmost unit of the Taurus Belt (Ozgiil,
1997, Alan et al., 2014). It also comprises sedimentary
and volcanic rocks related with the Triassic rifting
similar to the Alakir¢ay Nappe of the Antalya Unit.
The Triassic rifting restricting the northern (Bozkir

* Corresponding Author: Hiiseyin YALCIN yalcin44@gmail.com
http://dx.doi.org/10.19111/bfmre.266051
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Unit) and southern (Antalya Unit) edges of the Taurus
Platform is an important geological event in terms
of the evolution of the northwest Gondwana and
represents the opening of the northern and southern
branches of the Neotethys and the beginning of the
Alpine cycle (Gonciioglu, 2010).

In this study, it was aimed at investigating the
detailed mineralogical and geochemical characteristics
of Triassic-Cretaceous sedimentary and volcanic rocks
of the Bozkir Unit in Bozkir-Hadim (Konya) region
where the most typical outcrops of the Bozkir Unit
are observed. Thus, the establishment of the degree
of diagenesis-metamorphism related to rifting will
give significant contributions for the interpretation of
Lower Mesozoic evolution of the northern edge of the
Taurus Belt; and so for the geology of Turkey. In other
words; it will be possible to correlate other Taurus
units which were previously studied by the authors,
with the degree of diagenesis-metamorphism of the
Antalya Unit (Alakir¢ay nappe) by means of findings
that will be obtained from the Bozkir Unit.

2. Regional Geology

The Central Taurus carries the explicit
characteristics, and it is one of the most significant
sections of the Taurus Belt. It has been the subject
of many investigations since 1940, and it has
been understood that it had consisted of rock unit
assemblages, which are tectonically in contact
with each other, showing continuity along belt and
reflecting different environmental conditions of the
region in terms of stratigraphy, metamorphism and
structural characteristics (Blumenthal, 1944, 1947,
1951, 1956; Ozgiil, 1971, 1976, 1984; Brunn et al.,
1971; Ozgiil and Arpat, 1973; Monod, 1977; Gutnic
et al., 1979). These assemblages, which are emplaced
successively and gain the characteristic of a different
tectono-stratigraphic unit as a result of horizontal
displacements reaching hundreds of kilometers by
means of Senonian and Lutetian movements were
named as; Geyik Dagi Unit, Aladag Unit, Bolkar Dag1
Unit by Ozgiil (1976), Bozkir Unit, Alanya Unit and
Antalya Unit (Figure 1).

Among the units, which can be observed both in
Eastern and Western Taurus, it is known that the Bozkir
Unit located in north and the Antalya Unit located in
south consist of deep marine deposits and ophiolites;
however, the Bolkar Dagi, Aladag, Alanya and the
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Geyik Dagi units mainly comprise shelf type clastic
and carbonated rocks, and they are all overlain by
allochthonous units of the Geyik Dag1 Unit which is
relatively autochthonous (Ozgiil, 1976). Considering
the stratigraphic and relative structural settings of the
tectono-stratigraphic units of the Central Taurus, it is
adopted that; all units formed a single platform a couple
of thousand kilometers wide at the end of Cambrian-
Early Triassic (Scythian) interval (Ozgiil, 1997). At the
beginning of Anisian; this platform entered the rifting
and re-rifting processes at sections corresponding to the
Antalya Unit in south and the Bozkir Unit in north of
this platform (Antalya Nappes; Marcoux, 1978) (Figure
2). It is also accepted that the northern and southern
branches of the Tethys Ocean, which is represented by
the Antalya and Bozkir units, were closed in Senonian
and accordingly; the Bozkir Unit overlies the Bolkar
Dag1 and Aladag units in north, and the Alanya Unit
overlies the Antalya Unit in south (Ozgiil, 1984).
It is claimed that “Dipsiz Gol Ophiolitic Complex”
consisting of ophiolite, pelagic limestone and divergent
turbidites was derived in Late Senonian-Early Tertiary
interval between the Geyik Dag1 and Aladag units in
north. It is also asserted that an short-lived basin might
have developed and as being related with the closure
of this basin in Lutetian, the Aladag and Bolkar Dag1
units overlain by the Bozkir Unit moved from north to
south and the Antalya Unit overlain by the Alanya Unit
moved from south to north to each other and overlaid
the Geyik Dag1 Unit (Ozgiil, 1997).

3. Stratigraphy and Lithology

In addition to sedimentary, volcano-sedimentary
and volcanic rocks deposited in Triassic-Cretaceous
time interval, the Bozkir Unit, which consists of
blocks and slices in different sizes of rocks of the
much older units (Ozgiil, 1976), appears as a big
meélange and has been the subject to several studies.
The outcrops of the unit, which remain at different
sections outside the study area on Taurus, are known
as; the Western Lycian Nappes (Graciansky, 1967),
the Eastern Lycian Nappes around Korkuteli (Brunn et
al., 1971), Beysehir-Hoyran Nappe around Beysehir-
Seydisehir in the Central Taurus (Gutnic et al., 1979),
Ophiolitic sequence around Hadim-Bozkir (Ozgiil,
1971), Schist-Radiolarite formation in Karaman
(Konya) region (Blumenthal, 1956), and the nappes
consisting of Triassic units in Hadim-Taskent region
are known as; the Bucakisla tectonic slice and Huglu
Group (Alan et al., 2014).
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Figure 1- a) Tectonic units of the Southern Anatolia (Gonciioglu et al., 1997, Ozgiil, 1976), b) The setting
in the Tauride units (Ozgiil, 1984) outcropped in the Tauride of the study area, ¢) The distribution
of the study area according to the sheets.

Figure 2- Schematic display of the geological evolution during the Permian-Triassic from Taurus Belt
units (arranged from Ozgiil, 1984).
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The outcrops, where units in different age intervals
and lithologies in the Central Taurus in which the
Bozkir Unit is located, and tectono-stratigraphic
relationships were given in figures 3.1a and 3.1b,
respectively. Among these; the Bozkir Unit, which
consists of the subject of the study, was divided from
bottom to top into units as; Upper Triassic Korualan
Group (Kayabasi formation, Baskisla Complex),
Upper Triassic-Upper Cretaceous Huglu Group
(Dedemli formation, Mahmut Tepesi Limestone,
Kovanlik Complex) and Jurassic-Cretaceous Boyali
Tepe Group (Sogucak Limestone/Kuztepe Limestone,
Asar Tepe Limestone) units by Ozgiil (1997) according
to recent structural settings. Besides, in the description
of stratigraphic characteristics of the units Ozgiil
(1976), Gutnic and Monod (1970), Monod (1977) and
Gokdeniz (1981) have put significant contributions.
Although the dominant lithology is limestone in the
Mahmut Tepe Limestone among these units, it is more
appropriate to name it as the Mahmut Tepe formation
as it also consists of shale and siltstone intercalations.
The locations of the samples collected from the Bozkir
Unit and the details of the relationships between units
related with the rift development were given in figure
4 with small scale geological map and field photos.

The Kayabasi formation of the Korualan Group
consists of dolomite, neritic foraminiferal limestone
and shallow marine deposits containing reefal
limestone, sandstone-shale intercalation with lensoidal
reefal limestone at the bottom and nodular, radiolarian
pelagic limestones with pelecypod shells and flintstone
interlayers at the top. The formation represents the
pre-rift carbonate deposition of the Bozkir Unit and
has the characteristic of a sedimentary deposit which
deepens towards upper layers.

Bagkigla Complex is made up of shell traced
(radiolarian and pelecypod) pelagic limestone,
radiolarite, clastics with debris flow, andesitic blocks
and from the mixture of rare green tuffs and fine
grained debris flow clastics. The unit reflects the
beginning of the rift and gives the image of mixture
of blocks in similar characteristics (probably derived
from them) with the rock units belonging to the other
slices of the Bozkir Unit with dimensions reaching up
to hundreds of meters. For example; green tuff and
andesitic volcanic rocks, which are partially observed
in the complex, show resemblance with the volcanics
of the Dedemli formation; the pelagic limestones
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with radiolarite interlayers with the Mahmut Tepe
formation and the neritic limestones resemble to the
lower parts of the Boyali Tepe formation.

The Dedemli formation of the Huglu Group, which
is synchronously or directly related with rifting, begins
with the clastic layer consisting of unsorted limestone
and pebbly, blocky debris flow accumulations with
sandy-clayey groundmass. Then the section which is
exclude the rare limestone and clastic intercalations
is completely formed by tuff, tuffite, diabase and
few andesitic submarine volcanics. Pale-dark green
tuff and tuffites reflecting the volcanic products
related with opening and/or extension (Andrew and
Robertson, 2002) form the dominant rock type of the
formation which can easily be recognized on the field.

The Mahmut Tepesi formation is fully formed by
the pelagic limestone, which is flintstone interlayered
and thin shale intercalated in lower parts, and ends up
with red and thin layered micritic level located at the
uppermost part. The unit exhibits a view reflecting the
basin deepening with syn-sedimentary faults on the
Dedemli formation (Figure 4).

The Kovanlik Complex, in addition to mainly
pebble and small blocks, consists of radiolarite, pelagic
and neritic carbonate (limestone, dolomite), volcanic
slices and clastic rock (shale, sandstone) layers with
heights reaching hundreds of meters. Spilitic volcanics
are in different colors (black, dark brown, dark
green) and easily disintegrate and occasionally show
amygdaloidal pillow structures partly with zeolite
infillings. In basaltic-andesitic volcanics, seldom high
grade crystallized, dark red radiolarite and limestone
patches are observed.

The Boyali Tepe Group is composed of cream,
dark red-pink, medium-thick layered, partly much
fossilliferous neritic limestones with thin flintstone
interlayers.

4. Material and Method

Total of 183 mineral and rock samples were
collected in the study area. After the samples
were washed, they were subjected to thin-section,
crushing-pulverization-sieving, clay  separation,
X-ray diffraction (XRD) and optical microscopy
(OM) processes in the Mineralogy-Petrography and
Geochemical Research Laboratories (MIPJAL) of the
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Complex

Figure 3- a) Geology map of the study area (adapted from MTA, 2002), b) The relative settings of the Units (arranged from Ozgiil,
1997).
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Figure 4- Geology map of the study area in the vicinity of sampling locations and field views
showing rifting (arranged from MTA, 2002 and field observations).

Geological Engineering Department of the Cumhuriyet
University (C.U.). The scanning electron microscope-
secondary electron (SEM-SE), back scattered electron
microscope (SEM-BSE) views and the energy
dispersion spectrometer (EDS) analyses were carried
out in the Laboratories of Scientific Research Center
(Centro de Instrumentacion Cientifica) of the Granada
University (Universitad de Granada, Spain). For
the major element analyses of illites, the trace and
rare earth element (REE) analyses and the oxygen-
hydrogen isotope geochemistry of illites; inductively
coupled plasma spectrometer (ICP), inductively
coupled plasma =mass spectrometer (ICP-MS) and
the thermal ionization mass spectrometer (TIMS)
were used, respectively in the Activation Laboratories
Ltd. (Actlabs) in Canada.

The optical microscopy studies were performed by
the transmitted light binocular polarized microscope
(Nikon). By this method, the compositions and
textural characteristics of the rocks were defined and
described, and their alteration products were studied.

The XRD method was used in order to determine the
whole rock mineralogical compositions (XRD-WR) of
the rocks, the clay fraction (XRD-CF) and polymorphic
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changes in minerals, which are too small in grain size to
study under the optical microscope (OM).

The samples used in XRD studies were first
crushed by a hammer in 3-5 cm pieces and by the
Fritisch brand jaw crusher into grains less than 5 mm,
then pulverized by silicon carbide bowl grinder of
the same brand for 10-30 minutes considering their
hardness’s. The dust materials obtained in this way
were made ready to analysis after putting into nylon
bags and stickered. XRD analyses were performed by
DMAX IIIC model X-ray diffractometer of Rigaku
(Anode = Cu (CuKo = 1.541871A), Filter = Ni,
Voltage = 35 kV, Current = 15 mA, Goniometer speed
= 2°/min., Paper speed = 2cm/min., Time constant =
1 sec, Slits = 1° 0.15 mm 1° 0.30 mm, record interval
=20 =5-35°). As a result of XRD analyses, the whole
rock and clay size components of the samples were
defined (< 2um) and semi-quantitative percentages
were estimated based on the non-standard method
(Brindley, 1980). The mineral intensity factors in
XRD-WR and CF estimations and the reflections
were measured in mm. In this method, the dolomite
and kaolinite were taken as reference for the whole
rock and clay fraction from the ethylene glycolation
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pattern (Yal¢in and Bozkaya, 2002). Quartz was used
as the internal standard in measuring d distances.
The description of clay minerals was mainly made
according to (001) basal reflections.

In phyllosilicate/clay bearing rocks, the process of
separation of these minerals from the others are basically
formed by chemical solution (the removal of non-clay
fraction), centrifugation-decantation and leaching,
suspension-sedimentation-siphoning-centrifugation
and bottling. This process was accelerated by adding
Calgon in cases when there had not been any siphoning
process. The centrifugation was performed by the
centrifuge of the Heraeus Sepatech brand Varifuge
3.2 S model with 5600 rev./min and 200 cc capacity
metal codes. From each clay muds, the plastering or
three oriented glass slides were prepared in the form of
suspension for the ones that have swelled and cracked
and then they were dried in room temperature. Clay
fraction diffractograms were obtained by untreated-N
(air-dried), ethylene glycolated-EG (to leave under
ethylene glycol vapor in desiccator for 16 hours under
the temperature of 60°C) and heating-F (4 hours heating
under the temperature of 490°). During scanning, the
goniometer speed and the recording interval were
adjusted as 1°/min and 26=2-30° (error rate = 0.04°).

In the polytype determination of pure or nearly
pure illite minerals, the distinguishing peaks suggested
by Bailey (1980 and 1988) and J.C.P.D.S. (1990) were
used. For the detection of polytype, recording interval
with 206 = 16-36° and goniometer speed of 2°/min.
were utilized.

Three dimensional morphological view studies
were carried out on carbon coated samples which
randomly broken into lcm?® sizes for SEM-SE
analysis. Semi-quantitative EDS analyses were also
utilized in minerals descriptions. For two-dimensional
texture and mineral chemistry studies, the rock slices
were cut and one of their sides were polished, and
made ready to analysis coated with carbon. First; the
mineral description and textural relationships were
examined by BSE on polished sections, then EDS
analyses were carried out in suitable points and areas.
For EDS analyses; the Oxford INCA system was used
and instrumental conditions were adjusted as 20 kV in
voltage and with a probe size of 250 pA.

The results of oxygen and hydrogen isotopes have
the accuracy of + 0.2 %o and were estimated based

on Vienna Standard Mean Ocean Water (V-SMOW).
For stable isotope geochemistry and the description
of isotopic standards, the processes of analyses were
given by Clayton and Mayeda (1963) and by O’Neil
(1986) in detail. Details of the analysis method and
instrumental detection limits were given on the official
web site of the firm (http://www.actlabs.com/).

5. Mineralogy-Petrography
5.1. Optical Microscopic Studies

Among lithologies forming the Korualan Group,
the orthochem micritic and sparitic calcite and/
or dolomites are seen in carbonate rocks, and the
extraclastics are constituted by quartz, feldspar
(mainly plagioclase), clay, opaque minerals (mainly
hematite) and muscovite in order of abundance.
In some samples, the fossil shell fragments
and allochem components of radiolarian were
encountered. According to Folk (1974); these
rocks were defined as micrite, lithomicrite, micrite
with quartz, micrite with radiolaira, dolomicrite,
oomicrite, microsparite, sparite, sparite with quartz
and dolomite, dolomicrosparite, dolosparite with
calcite and dolosparite.

Sparites consist of coarse calcite minerals similar
to crystallized limestones (Figure 5a). In oolites, the
multi concentric oolites with lamellae are observed
(Figure 5b). At the center of some oolites, the
quartz minerals are encountered. Fossil remnants,
radiolarians and fine grained opaque minerals are seen
in bonding material.

In pores of the micrites; the euhedral rhombohedral
and zone textured calcites (Figure 5c¢), in pores of the
dolosparites; the euhedral rhombohedral dolomites
are observed (Figure 5d). Dolosparites occasionally
exhibit a gel texture and dolomites are surrounded by
opaque minerals (hematite) in places.

The components of the siliciclastic rocks are
constituted in order of abundance by monocrystalline
and polycrystalline quartz, feldspar (mainly plagioclase),
rock fragments (mainly metamorphic), mica minerals
(muscovite and biotite), chlorite and opaque minerals
(mainly hematite). However, tourmaline and zircon
minerals are seldom observed. The bonding material
is represented by the clay matrix and carbonate
cement (calcite and dolomite). Siliciclastic rocks were
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described as sandstone, siltstone, mudstone and shale
according to grain size and mineral contents. The
sandstones among these were defined according to
quartz (Q), feldspar (F), rock fragments (L) and matrix
(M) content (for M < % 15 Folk, 1974; for M > % 15
Pettijohn, 1975). These rocks were named as; quartz
sandstone, arkose, litharenite and feldspathic litharenite
(M<%15) or as lithic greywacke (M>%15) (Figure Se).
The sandstones, from mineralogical and textural points
of view, are mainly mature-submature and of some are
submature-immature. However, in pores of cherts with
calcite and/or dolomite, the gel textured chalcedonic
quartz (Figure 5f) is observed.

Volcanic rocks, which constitute one of the most
widespread lithologies of the Huglu Group exhibit
three different textures as; hypocrystalline porphyritic,
vitrophyric porphyritic and aphanitic-amygdaloidal.
The pale colored components in these rocks are
formed by plagioclase, and dark colored components
are formed by augite, biotite and occasionally by
opaque minerals (mainly hematite). The matrix is
mainly represented by volcanic glass and plagioclase
microlites in occasion. These rocks were described as
basalt and andesite according to Streckeisen (1978)
classification considering the primary magmatic
composition and their textural characteristics.

Figure 5- Optical microscopic views of carbonate rocks from the Korualan Group (crossed polarized
light; Cal: Calcite, Dol: Dolomite, Qz: Quartz, Mi: Mica, Om: Opaque minerals), a) Sparites
including coarse calcite crystals, b) Oomicrites with quartz and fossils, ¢) Micrites including
euhedral, rhombohedral and zoned calcites within the pores, d) Dolosparites including
euhedral, rhombohedral and zoned dolomite crystals within the pores and partly gel texture,
e) Angular, monocrystalline and polycrystalline quartz within the calcite cement and detrital
micas in the quartz sandstones, f) Chalcedonic quartz and gel texture within the pores of

coarse-grained dolomitic chert.
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In matrix and pores of the rocks, frequently the
silicification, argillization and chloritization and partly
zeolitization (analcime and heulandite/clinoptilolite)
are observed (Figure 6a-b).

Pyroclastic rocks are vitroclastic in texture
and contain quartz, plagioclase, opaque minerals
and volcanic rock fragments. In bonding material,
mainly the silicified and/or chloritized volcanic
glass and carbonate minerals are encountered
(Figure 6c-d). Pyroclastic rocks were defined as
tuffaceous sandstone (tuffite) according to grain
size and the ratios of pyroclastic (volcanic glass,
pumice, crystal and volcanic rock fragments) /
(epiclastic + chemical + organic) components
(Schmid, 1981).

In carbonate rocks, also the silicified and/or
carbonate textured radiolarian fossils are frequently
encountered.

5.2. Electron Microscope Studies

SEM-SE (three dimensional) and SEM-BSE (two
dimensional) views on polished surface of the rocks
of the Bozkir Unit were given in figures 7 and 8,
respectively.

Illite and chlorites are observed among quartz and
feldspar grains in the form of flaky and plumy-like groups
in shale (BZB-17) and mudstone (BZB-45) lithologies,
which possess illite + quartz + calcite + feldspar +
chlorite assemblage, of the Korualan Group (Figure 7a-
b). Illite and chlorite minerals in authigenic or diagenetic
recrystallized origin form the main components of the
rock orientation. In the altered volcanic rock sample
(BZB-100), which has illite + chlorite + quartz +
feldspar + calcite paragenesis in the Huglu Group, the
illites are plumy-like and chlorites are flaky and form
a distinctive orientation (Figure 7c). Among the coarse
grain components in siltstone sample of the Huglu
Group (BZB-182), the completely authigenic fibrous

Figure 6- Optical microscopic views of Huglu Group rocks (a-b: crossed polarized light, c-d: plane polarized light; Heu:
Héylandit, Chl: Chlorite, C-S: Mixed-layered chlorite-smectite), a) Heulandites/clinoptilolites within the matrix
and/or pores in the altered andesites, b) Chlorite and mixed-layered chlorite-smectite (C-S) within the matrix and/
or pores in the altered andesites, ¢) Chloritization, carbonatization and volcanic rock fragments in the vitroclastic
textured tuffaceous sandstones, d) Chloritizations in the vitroclastic textured tuffaceous sandstones.
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I-C minerals are also observed in addition to feather and
flaky illite and chlorites (Figure 7d).

The back scattered electron (BSE) microscope
views of sandstone and mudstone samples of the
Korualan Group have shown that the phyllosilicates,
which are the main components of the orientation,
are represented by fine grained illite and chlorite
formations infilling the spaces of calcite, quartz and
feldspar grains in addition to coarse dendritic micas
(Figure 8a-b). In addition to silicate and carbonate
minerals in mudstones, the framboidal pyrites, which
formed as a result of probable bacterial reduction,
were also observed (Figure 8b). In altered volcanic
rock sample of the Huglu Group, the pale gray-white
iron rich components (chlorite, hematite) increase
and also the orientation related with the burial can be
observed in addition to the volcanic texture (Figure
8c). In siltstone sample, in which the clastic texture is
dominant, the coarse grained platy mica (dark gray)
and chlorites (pale gray) form a distinctive orientation
(Figure 8d). The authigenic illite and chlorites are
observed in the form of fine grained constituents
which infill the grains.

5.3. X-Ray Diffraction Studies
5.3.1. Whole Rock and Clay Fraction Studies

In siliciclastic and carbonate rocks of the Korualan
Group; the quartz, feldspar, clay and hematite
minerals, and calcite and dolomite minerals are
observed as dominant minerals, respectively in order
of abundance. In siliciclastic rocks of the unit, mainly
the illite, partly chlorite, smectite and mixed-layered
I-S constitute clay minerals (Figure 9a-b).

The volcanic components of volcanic and
pyroclastic rocks of the Huglu Group in order
of abundance are composed of feldspar (mainly
plagioclase), augite, hornblende, biotite and hematite,
and the post volcanic components are constituted by
quartz, clay, calcite, dolomite, analcime and goethite.
The mineralogy of silicilastic and carbonate rocks is
similar to that of the Korualan Group except for their
abundances. In volcanic-pyroclastic rocks of the unit
(Dedemli Formation), the clay minerals are represented
mainly by illite, chlorite, partly smectite and by the
mixed-layered I-S. The deep marine silicified rocks

Figure 7- Scanning electron microscopic images, a) Illites in the shale sample, b) Illites and chlorites in the mudstone sample,
c) Illites and chlorites in the altered volcanic sample, d) Illite, chlorite and mixed-layered illit-chlorite (I-C) in the

siltstone sample.
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Figure 8- Backscattered electron microscopic images, a) Orientations of the illites in the shale sample, b) Detrital mica,
authigenic illite and framboidal pyrite occurrences in the mudstone sample, ¢) Fine-grained hematites in the altered
volcanic sample, d) Orientations of the micas and chlorites in the siltstone sample.

(Mahmut Tepesi Formation) contain C-V and C-S in
addition to illite, chlorite and I-S minerals.

5.3.2. The Crystal Chemistry Studies of
Phyllosilicates

The “crystallinity” values of illite and chlorite
minerals of the Bozkir Unit obtained by the calibration
of peak values (FWHM) in semi-height measured
by means of WINFIT program were given in table
1. For illite and chlorite minerals the Kiibler index
(KI:Kiibler, 1968) and the Arkai index (Al: Arkai, 1991;
Guggenheim et al., 2002) were used, respectively.

The crystallinity measurement values for units
were assessed in KI-1(002)/(001) diagram (Figure 10),
and correspond with the Kayabasi formation 1.48-
2.31 A°26 (mean 1.82 A°26. low grade diagenesis),
the Dedemli formation 0.54-0.81 A°26 (mean 0.63
A°26, high grade diagenesis) and the Mahmut Tepesi
formation 0.35-0.76 A°20 (mean 0.53 A°26, anchizone
and high grade diagenesis) values.

The relationship between the crystallinity degree
(KI) and peak intensity ratio (Ir), which were
determined in different lithologies of the Bozkir Unit,
was given in figure 11. Accordingly; the Kayabasi
formation, the Dedemli formation and the Mahmut
Tepesi formation reflect low grade diagenesis, high
grade diagenesis and anchizone-high grade diagenesis,
respectively.

The illites, which give a peak at 10 A in N-
and EG-patterns and do not show any extension in
EG-pattern, might contain smectite even in fewer
amounts. In case when illites contain smectite layer
both the peak intensity of (003) reflection increases
and 10 A peak width decreases in EG-pattern. The
peak intensity ratio suggested by Srodon (1984)
(Ir=1(003/001),;,,,,,/1(003/001),, ...} is one of the
most widely used methods and Ir>1 means that illites
contain smectite interlayer. Using the diagram generated
according to crystallinity and Ir values of illites by
Eberl and Velde (1989), it was assessed that illites had
contained an expandable layer (smectite) (Figure 11).

73



Diagenesis of Bozkir Unit

Figure 9- XRD-CF patterns of the Bozkir Unit rocks, a) Illite / I-S, b) Illite + I-S +C-V + C-S, c) Illite +
Smectite, d) Illite + Chlorite + C-V + C-S.

Figure 10- The distribution of KI-1(002)/(001) peak intensity ratios  Figure 11- The relationship between expandable layer content (S %) and
in the K-micas from the Bozkir Unit rocks. crystallite size of K-micas in the KI-[I(OOS)/ I (oonN] / [Imm)/ | (OOI)G]
diagram (Eberl and Velde, 1989) from the Bozkir Unit rocks.
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Thus, the expandable layer components of illites
(smectite %) is in between 4-8 % in the Kayabasi
formation, less than 2 % in the Dedemli formation and
between 2-5 % in the Mahmut Tepesi formation.

The crystalline size of illites, according to the
formula (N, =8.059/B; p=1.038949 x KI-0.8250323)
suggested by Merriman et al. (1990), are 3-6 nm in the
Kayabasi formation (mean 5 nm), 11-17 nm (mean 14
nm) in the Dedemli Formation and 11-29 nm (mean
19 nm) in the Mahmut Tepesi formation (Table 1).
The crystallite sizes of illites in KI-Ir diagram show a
similarity with the values estimated from Merriman et
al. (1990) (Figure 11).

The polytype and d,, measurements made in
pure or nearly pure illites of the Kayabast Formation
were given in figure 12. The illites mainly form
from 2M, and 1M, polytypes, and a sample far from
rifting (BZB-8) contains 1M polytype. According to

d,, values (1.4996-1.5007 A, mean 1.5002 A), the
illites are completely dioctahedral in composition

(Octahedral Fe+Mg=0.18 atom).
6. Geochemistry
6.1. Major Element Geochemistry

Illite, smectite and vermiculites are clay
minerals structurally related with micas, and they
are distinguished from each other by the tetrahedral-
octahedral-tetrahedral (T-O-T or 2:1) interlayer cation
to be potassium. The ones that resemble to muscovite
are dioctahedral; and the others resembling to biotite
are trioctahedral. The general formula for illite can be
expressed as; KyAl 4[Si8_y40 AlyOZO](OH) , and here y<2
and mostly around 1.5.

The chemical compositions of some mica
minerals that should be taken into consideration in the

Table 1- The results of “crystallinite”, peak intensity ratio (Ir) and crystallite size (N, mm) measurements of illite and chlorite in the Bozkir Unit.

SampleNo |  FWHM-I FWHM-C | K1 | KI-C | ) | Ne® | 1002)/10001)
Kayabas1 Formation

BZB-8 1.450 1.61 1.28 5 1.00
BZB-17 1.523 1.69 1.16 5 0.93
BZB-23 1.376 1.52 1.36 5 0.88
BZB-28 1.319 1.46 6 1.00
BZB-45 2.038 2.29 1.77 4 1.00
BZB-69 1.651 1.84 243 4 0.95
BZB-71 1.493 1.66 1.52 5 1.00
BZB-89 2.055 2.31 2.33 3 0.93
BZB-105 2.055 2.31 1.86 3 0.85
BZB-131 1.337 1.48 1.80 6 1.00

Dedemli Formation
BZB-100 0.621 0.65 1.00 14 0.46
BZB-117 0.592 0.62 1.00 14 0.56
BZB-140 0.755 0.81 1.08 11 0.54
BZB-144 0.549 0.57 1.18 16 0.66
BZB-161 0.526 0.54 1.17 17 0.39
BZB-164 0.566 0.59 1.09 15 0.40
BZB-165 0.622 0.65 1.08 14 0.40
Mahmut Tepesi Formation

BZB-171 0.615 0.64 1.23 14 0.61
BZB-178 0.415 0.415 0.41 0.41 1.87 23 0.63
BZB-179 0.529 0.410 0.54 0.41 17 0.80
BZB-180 0.362 0.385 0.35 0.38 29 0.82
BZB-181 0.445 0.447 0.45 0.45 21 1.00
BZB-182 0.714 0.76 1.61 11 0.91

(*) Ir = [1(003)/1(001), ,.,,,[] / [1(003)/1(001) . ]
(**)N0O1 (nm) = 8.059/B; =1.038949 x KI-0.8250323
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Figure 12- XRD patterns of polytypes and d  values of illite in the Bozkir Unit rocks.

assessment of illites are given below. The structural
and oxide formulae of theoretical muscovite and
seladonite are successively; K Al [Si AL O, |(OH,),
ve K,0.3A1,0,.6S5i0,.2H,0 (SiO, 45.26 %, ALO,
38.40 %, K,0 11.82 %, H,0 4.52 %), K (MgFe*Fe’*)
[Si,0,,J(OH), and K ,0O.Fe,0,.MgO.Fe0.8Si0,.2H,0
(Si0, 54.45 %, Fe,0,18.09 %, FeO 8.14 %, MgO 4.57
%,K,010.67 %, H,0 4.08 %). The structural and oxide
formulae of theoretical biotite is K Fe[Si Al O, ]
(OH), (K,0 9.20 %, FeO 42.11 %, SiO, 35.21 %,
ALO, 9.96 %, H,0 3.52 %); and for phlogopite it is
K Mg [Si AL O, J(OH), (K,O % 11.29, MgO 28.98 %,
Si0,43.19 %, Al,0,12.22 %, H,0 4.32 %).

The major element contents of illite minerals
detected by the ICP method and the structural formulae

76

estimated based on 11 oxygen atom (Weaver and
Pollard, 1973) were presented in table 2. The distribution
of major oxides based on their content in illites shows
nearly 50 times increase (SiO,) and 100 times decrease
(MnO) when 1 % value is taken as reference. The most
distinctive difference according to samples is observed
in XFe O,, CaO and Na,O contents.

Illites that have dioctahedral composition possess
tetrahedral Al (0.04-0.49) substitution. The octahedral
substitution and total octahedral cation amount related
with Al, Mg, Fe, T, and Mn vary between 0.15-0.52
and 1.86-1.96, respectively. The major cation located
between the interlayer is K, and its amount ranges from
0.37 to 0.51. The tetrahedral Al and interlayered K
amount in ideal muscovite is 1, and the octahedral Al
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amount is known as 2. The tetrahedral and octahedral
substitutions and interlayer Ca and Na amounts in
illites (0.05-0.12) make us consider that they are related
with the expandable layer (smectite) component, the
presence of other mica phases in clay fraction and most
significantly with the diagenetic nature.

The major element compositions and structural
formulae of illite and mixed-layered clay minerals
(illite-chlorite I-C and chlorite-vermiculite C-V) by
EDS method were given tables 3, 4 and 5; and the
results were assessed with the ones performed by
ICP method. The structural formulae of 1-C and C-V
mixed-layered clay minerals were estimated based on
12.5 atom (Weaver and Pollard, 1973).

Illites are located between montmorillonite and
muscovite in the ternary diagram of tetrahedral
substitution-octahedral mostly

in illite region (Figure 13a). Illites are located in

substitution, but

montmorillonite — I-S — seladonite — phlogopite —
muscovite pentagram in M*—4Si—R2" diagram, but
mostly between illite and muscovite (Figure 13b).

Illites are closer to AlI" corner and have a
composition between muscovite — phlogopite in the
FetMg—AIV—AI"' ternary diagram (Figure 14a).
According to binary variation diagram of Na-K; Na
low, but K presents a wide compositional interval
(Figure 14b). However; they are aligned along
muscovite-seladonite line, but close to muscovite
corner in the Si-Al,_ diagram (Figure 14c).

Illites are clustered in region parallel to the
muscovite-seladonite line and closer to illite in the
binary variation diagram of Si—(Na+K) (Figure 15a).
However; in the Mg-Fe diagram they were aligned as
parallel to the diagonal line of the rectangle showing a
weak positive correlation (Figure 15b).

Illites were clustered close to muscovite corner in
the binary variation diagram of Mg+Fe-Si in such a
way that it shows a positive correlation though weak
(Figure 16a). Interlayer cations possess a composition
among muscovite-illite-phengite close to muscovite
corner in Si/Al_ (Figure 16b).

The structural formulae of illite and mixed-layer
clay minerals estimated starting from chemical
analyses were given below:

Table 2- Major element chemical composition and structural
formulas of illite minerals (XFeO: total iron, LOI: Loss on
Ignition, TC: Tetrahedral charge, TOC: Total octahedral
cation, OC: Octahedral charge, ILC: Interlayer charge,
TLC: Total layer charge).

Oxide % BZB-8 BZB-89 BZB-131 Mean

Sio, 60.11 54.69 50.31 55.04
TiO, 0.848 0.893 0.834 0.86
ALO, 18.48 19.53 2431 20.77
2Fe,0, 5.70 7.13 4.88 5.90
MnO 0.010 0.019 0.011 0.01
MgO 1.45 1.95 1.86 1.75
CaO 0.72 0.88 0.34 0.65
Na,0 0.12 0.37 0.18 0.22
K,0 438 4.17 5.70 4.75
P,O, 0.21 0.22 0.20 0.21
LOI 7.43 8.59 10.06 8.69
Total 99.46 98.44 98.67 98.86
Si 3.96 3.75 351 3.74
Al 0.04 0.25 0.49 0.26
TC 0.04 0.25 0.49 0.26
Al 1.40 1.33 1.51 1.41
Ti 0.04 0.05 0.04 0.04
Fe 0.28 0.37 0.26 0.30
Mn 0.01 0.00
Mg 0.14 0.20 0.19 0.18
TOC 1.86 1.96 1.98 1.93
oC 0.52 0.38 0.15 0.35
Ca 0.05 0.07 0.03 0.05
Na 0.02 0.05 0.02 0.03
K 0.37 0.36 0.51 0.41
P 0.01 0.01 0.01 0.01
ILC 0.54 0.60 0.65 0.59
TLC 0.56 0.63 0.64 0.61

(Cao 05 003K0,41 001)(A1141 0.04 Feo 30Mg0.18)

[(Si, ,,Al,,)O,,J(OH), (Illite-ICP)

(Mg() 02ca0 01 008 077)(A11 76 FeO.14MgO.12)
[(Si, ,Al, )0, J(OH), (lllite- EDS)

(Mg0,23ca0 12770. 07)(Al .OSMg0.90)[(Si3,75A10.25)O10]
(OH), (C-V-EDS)
(MgO.OlcaO 12770. 47)(1A1 .SSMgO.SO)[(Si3.28A10.72)O10]

(OH), (1-C-EDS)
6.2. Trace Element Geochemistry

The trace element contents of illite minerals by ICP-
MS method were presented in table 6. When distribution
of trace elements with respect to their content is taken
in 1 ppm reference interval; there is observed 385
times increase (Ba) and 100 times decrease (Bi and In).
Looking at REE contents; 72 times increase (Ce) and
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Table 3- EDS results (%) and structural formulas of illite minerals from the Kayabas1 formation (TC: Tetrahedral charge, TOC: Total octahedral

cation, OC: Octahedral charge, ILC: Interlayer charge, TLC: Total layer charge).

Sample No. BZB-17 BZB-45 BZB-71

Mineral No. ml ml m2 m3 ml m2 m3
Spectrum No. s3 s8 s2 sl sl s2 s6 s2 s3 s9 s2 s10
SiO, 50.234| 50.784| 48.890| 50.567| 48.075| 50.895| 50.049| 48.482| 47.145| 49.498| 47.620| 50.420
TiO, 0.685 0.593 0.361 0.613 0.642 0.368 0.450 0.400

ALO 34.668| 38.489| 37.956| 38.014| 37.200| 33.281| 35.182] 35.539| 35.029] 35.970/ 38.290| 35.818
FeO 2.522 1.750 1.555 1.426 1.725 2.619 2.456 2.953 5.874 1.868 1.564 2.040
MnO

MgO 1.5681 0.921 0.701 0.828| 1.0989 2.282 1.507 1.409| 24557 1.425 0.855 1.327
CaO 0.439 0.437 0.676 0.388 1.104
Na,O 0.5530 0.639 0.560 0.708 0.895 0.644 1.112 0.656 0.984 1.213 0.728
K0 9.772 6.980 9.747 8.087| 10.335| 10.925 9.114 9.660 7.868 9.420| 10.055 8.554
Total 100.00| 100.00| 100.00 99.99 99.33] 100.00| 100.00 99.80| 100.07| 100.00| 100.00 99.99
Tetrahedral

Si 3.18 3.14 3.08 3.14 3.07 3.23 3.16 3.09 3.02 3.12 3.02 3.17
Al 0.82 0.86 0.92 0.86 0.93 0.77 0.84 0.91 0.98 0.88 0.98 0.83
TC 0.82 0.86 0.92 0.86 0.93 0.77 0.84 0.91 0.98 0.88 0.98 0.83
Octahedral

Al 1.76 1.94 1.89 1.92 1.87 1.72 1.77 1.76 1.67 1.80 1.88 1.82
Ti 0.03 0.00 0.03 0.02 0.03 0.03 0.02 0.02 0.02

Fe?* 0.13 0.09 0.08 0.07 0.09 0.14 0.13 0.16 0.31 0.10 0.08 0.11
Mn

Mg 0.15 0.02 0.01 0.10 0.22 0.14 0.13 0.14 0.13 0.06 0.12
OoC 0.04 0.00 0.01 0.00 0.01 0.12 0.03 0.02 0.01 0.06 0.00 0.08
TOC 2.07 2.01 2.02 2.02 2.06 2.08 2.07 2.08 2.14 2.05 2.04 2.05
Interlayer

Mg 0.09 0.05 0.07 0.09 0.02

Ca 0.03 0.03 0.05 0.03 0.07
Na 0.07 0.08 0.07 0.09 0.11 0.08 0.14 0.08 0.12 0.15 0.09
K 0.79 0.55 0.78 0.64 0.84 0.89 0.73 0.79 0.64 0.76 0.81 0.69
ILC 0.86 0.87 0.95 0.87 0.95 0.89 0.87 0.93 1.00 0.94 1.00 0.92
TLC 0.86 0.86 0.93 0.86 0.94 0.89 0.87 0.93 0.99 0.94 0.98 0.91
Sample No. BZB-62

Mineral No. ml mé4 m4 m6 m6 m6 mb6 m6 m6 m7 m9

Spectrum No. s3 s10 s12 s2 s3 s5 s6 s7 s9 s6 s3

SiO, 50.574| 48.874| 49.224| 53.620| 49.140| 49.512| 48.928| 53.053] 50.318| 48.614] 49.896

TiO, 0.352 0.445 0.661 0.658

ALO, 35221 37.528| 35.092| 33.769| 36.350| 36.228| 39.355| 32.615| 36.217| 37.722| 36.690

ZFeO 2.133 1.662 2.287 2.089 1.710 2.285 1.104 2.897 1.773 1.514 1.692

MnO

MgO 1.4382 0.861 1.364 2497 1.4369 1.294 0.734 1.102] 1.3107 1.110) 1.3159

CaO 1.202 0.760 0.748 0.801 0.476

Na,0 0.8706 1.092 0.4665 0.529 1.371 0.806 1.273 1.210] 0.8347

KO 9.765 9.633| 10.389 7.265| 10.237 9.406 7.710 9.052 9.070 9.174 9.570

Total 100.00) 100.000, 100.00| 100.00| 100.00/ 100.00| 100.00] 100.00 99.96/ 100.00| 100.00
Tetrahedral

Si 3.19 3.08 3.13 3.32 3.11 3.13 3.05 3.34 3.16 3.06 3.14

Al 0.81 0.92 0.87 0.68 0.89 0.87 0.95 0.66 0.84 0.94 0.86

TC 0.81 0.92 0.87 0.68 0.89 0.87 0.95 0.66 0.84 0.94 0.86
Octahedral

Al 1.81 1.87 1.76 1.78 1.82 1.83 1.94 1.76 1.84 1.86 1.86

Ti 0.02 0.02 0.03 0.03

Fe* 0.11 0.09 0.13 0.11 0.09 0.12 0.06 0.15 0.09 0.08 0.09

Mn

Mg 0.14 0.06 0.13 0.22 0.13 0.12 0.03 0.10 0.12 0.07 0.12

oC 0.07 0.01 0.12 0.00 0.00 0.03 0.00 0.22 0.06 0.00 0.01

TOC 2.06 2.04 2.04 2.11 2.07 2.07 2.03 2.01 2.05 2.04 2.07

Interlayer

Mg 0.02 0.01 0.01 0.01 0.04 0.03

Ca 0.08 0.05 0.05 0.05 0.03

Na 0.11 0.13 0.06 0.07 0.17 0.10 0.16 0.15 0.10

K 0.79 0.78 0.84 0.57 0.83 0.76 0.61 0.73 0.73 0.74 0.77

ILC 0.90 0.95 1.00 0.69 0.91 0.88 0.96 0.89 0.89 0.95 0.87

TLC 0.88 0.93 0.99 0.68 0.89 0.90 0.95 0.89 0.90 0.94 0.86
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Table 4- EDS results (%) and structural formulas of illite minerals of the Mahmut Tepesi formation (TC: Tetrahedral charge, TOC: Total
octahedral cation, OC: Octahedral charge, ILC: Interlayer charge, TLC: Total layer charge).

Sample No. BZB-178

Mineral No. m3 m2 m8§ ml m2
Spectrum No. s4 s6 s8 s3 s9 s12 s3 s5 s8 s4
SiO, 62.490 56.650 60.410 59.544 57.676 58.292 52.140 51.760 51.074 50.347
TiO, 0.330 1.610 0.409 0.389

AL O, 22.230 23.500 25.430 20.258 22.191 20.591 27.649 31.404 29.538 32.947
FeO 2.010 6.430 1.550 4.590 6.668 7.205 3.801 2.269 4.580 3.064
MnO

MgO 2.643 3.417 3.495 3.689 2.584 2.847 2.654
CaO 0.330

Na,O 0.473 1.045 0.511
K,0 12.370 10.690 10.840 11.355 9.574 10.007 11.779 10.485 11.572 10.476
Total 99.10 97.60 98.56 100.00 100.00 100.00 99.06 99.55 100.00 100.00
Tetrahedral

Si 3.95 3.72 3.81 3.80 3.69 3.74 3.39 3.30 3.30 3.21
Al 0.05 0.28 0.19 0.20 0.31 0.26 0.61 0.70 0.70 0.79
TC 0.05 0.28 0.19 0.20 0.31 0.26 0.61 0.70 0.70 0.79
Octahedral

Al 1.61 1.54 1.70 1.32 1.37 1.31 1.50 1.66 1.54 1.68
Ti 0.02 0.08 0.02 0.02

Fe?* 0.11 0.35 0.08 0.25 0.36 0.39 0.21 0.12 0.25 0.16
Mn

Mg 0.25 0.33 0.34 0.36 0.25 0.27 0.25
oC 0.95 0.60 0.74 0.72 0.51 0.57 0.34 0.28 0.26 0.14
TOC 1.72 1.91 1.78 1.90 2.06 2.06 2.07 2.03 2.08 2.09
Interlayer

Mg

Ca 0.02

Na 0.06 0.13 0.06
K 1.00 0.90 0.87 0.93 0.78 0.82 0.98 0.85 0.95 0.85
ILC 1.00 0.90 091 0.93 0.80 0.82 0.98 0.98 0.95 0.91
TLC 1.00 0.88 0.93 0.92 0.82 0.83 0.95 0.98 0.96 0.93

3 times decrease (Lu) is observed. Besides; the tracing
of REE contents from La to Lu in the form of increase-
decrease indicate the consistency of analyses and that
illites are pure or nearly pure.

The chondrite-normalized distribution of trace
element contents of illites (Sun and McDonough, 1989)
was given in figure 17. The Nb and Y from Condie
(1993) and the other elements were taken from Gromet
etal. (1984) for NASC. When compared with chondrite
values; the enrichment (579 times for U) - depletion (4
times for P) in elements based on the host-rock it derived
vary and pattern minerals distinguish from NASC and
each other. In other word; the illites exhibit distinctive
differentiation / fractionation. The most distinctive
positive and negative anomalies are recorded in La, Nd
and Ti; and Sr and P elements, respectively.

The REE contents of illite minerals were normalized
according to chondrite (Sun and McDonough, 1989)
and their element abundances were compared (Figure
18). The values of the North American Shales (North
American Shale Composite, NASC) were also added
to the diagram (for Ho and Tm elements; Haskin et al.,
1968, for other elements; Gromet et al., 1984).

According to chondrite values, illite minerals and
NASC patterns resemble to each other, however; they
differentiation from each other in term of abundances and
show distinctive differentiation / fractionation. The REE
contents of illites, except the La-Ce-Pr, are lower than
NASC but increased with respect to chondrite (174 times
for La, 10 times for Ho). Besides; LREE concentrations
of illite minerals show a decrease with respect to HREE.
There is also observed a small decrease for Eu.
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Table 5- EDS results (%) and structural formulas of chlorite
interlayered minerals in rocks of the Bozkir Unit (TC:
Tetrahedral charge, TOC: Total octahedral cation, OC:
Octahedral charge, ILC: Interlayer charge, TLC: Total
layer charge).

Mineral Cc-v C-v I-C
Sample No BZB-45 BZB-71 BZB-178
Mineral No 1 3 2
Spectrum No s6 s4 s6
Sio, 42.926 43.440 43.470
TiO,

ALO, 25.978 29.399 29.433
FeO 17.435 15.920 13.529
MnO

MgO 11.959 8.390 7.189
CaO 1.303 1.726 1.452
Na,O

K,0 0.402 1.123 4.925
Total 100.00 100.00 100.00
Tetrahedral

Si 3.24 3.25 3.28
Al 0.76 0.75 0.72
TC 0.76 0.75 0.72
Octahedral

Al 1.55 1.84 1.90
Ti

Fe 1.10 1.00 0.85
Mn

Mg 1.07 0.74 0.80
oC 0.01 0.00 0.00
TOC 3.72 3.58 3.55
Interlayer

Mg 0.27 0.20 0.01
Ca 0.11 0.14 0.12
Na

K 0.04 0.11 0.47
ILC 0.80 0.79 0.73
TLC 0.77 0.75 0.72

6.3. Stable Isotope Geochemistry

These analyses, which represent the oxygen and
hydrogen isotope geochemistry of illites, are generally
applied in two sections in order to determine the traces
of geothermometer and fluid-rock interaction. The first
is based on the differentiation between the two phases
related to the formation temperatures, and the second is
based on isotopic composition of fluid or rock in order to
assess the origin of fluid or rock protoliths. In other words;
if the origin of the water is known (sea water, meteoric,
magmatic) then temperature conditions; if temperature
conditions are known then the origin of water is detected.
Oxygen and hydrogen isotope geochemistry analyses
were carried out on 3 illite minerals (Table 7).

In addition to 8'®0 and 3D values of illite minerals,
the sea water point, meteoric water and supergene-
hypogene lines, which had been suggested by many
investigators (Craig, 1961; Sheppard et al., 1969;
Sheppard, 1986; Sheppard and Gilg, 1996; Wenner
and Taylor, 1974), were also added to figure 19. In
30 — 8D diagram according to isotopic change
of water vs. increasing temperature, the isotopic
composition of the water, which constitute I-S, is far
from the sea water composition but is located between
East Mediterranean Meteoric Water (EMMW, Gat
et al,, 1996) composition and the magmatic water
composition. In the determination of illite-water
equilibrium, which changes with temperature, R3 for
oxygen; Savin and Lee (1988) equation for I-S (90 %
I, 10 % S) and Yeh (1980) equation for hydrogen were
used. It is considered that diagenetic waters forming

Figure 13- The distributions of cations from clay minerals in the triangular diagrams, a) Tetrahedral charge-octahedral charge, b) M*-4Si-R*".
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Figure 14- The distributions of cations from clay minerals in the triangular and binary diagrams, a) octahedral
(FetMg)-octahedral AlY"tetrahedral A1V, b) Interlayers Na-K, c) Tetrahedral Si-Al,

total®

f

f

Figure 15- The distributions of cations from clay minerals in the variation diagrams, a) Interlayer
Na+K-tetrahedral Si, b) Octahedral Mg-Fe.

Figure 16- The distributions of cations from clay minerals in the variation diagrams, a) Octahedral
Mg+Fe-tetrahedral Si, b) tetrahedral Si/Al

total”
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Table 6- Trace element chemical compositions of illite minerals.

Table 7- Stable isotope compositions (50 ve 6D) of illite minerals.

Sa{\‘;g'e Yield% | %HO | dDSMOW) | d*O(SMOW)
BZBS | 148 8.6 72 20,8
BZB89 | 14.1 10.7 75 18.3
BZB-131| 142 12.1 71 19.7
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Element | p75¢ | BzB-89 | BZB-131 Mean

(ppm)

Cr 120 150 180 150

Ni 40 60 90 63

Co 6 9 13 9

Sc 14 16 17 16

\Y 160 187 224 190

Cu 30 30 40 33

Pb 15 11 15 14

Zn 150 310 130 197

Bi 0.1 0.3 <0.1 0.2

In <0.1 <0.1 <0.1 0.1

sn 4 > 6 > Figure 17- Chondrite-normalized trace element patterns of the illite
W 27 5.7 2.1 3.5 minerals (Chondrite: Sun and McDonough, 1989; Nb and
Mo < <2 <2 2 Y for NASC: Condie, 1993; other elements: Gromet et
As 85 17 16 39 al,, 1984).

Sb 0.8 0.4 <0.2 0.5

Ge 2.0 2.6 2.8 2.5

Be 3 3 3 3

Ag 1.8 1.4 1.3 1.5

Rb 163 201 254 206

Cs 34.1 17.5 49.8 33.8

Ba 258 385 322 322

Sr 107 120 196 141

TI 0.91 0.91 1.19 1.00

Ga 24 29 36 30

Ta 1.34 1.42 1.39 1.38

Nb 18.0 19.4 18.4 18.6

Hf 4.1 4.0 3.5 3.9

Zr 164 165 140 156 ] ] ] -
" 2 tos|tes| iss| P It Chonreemalied REE bt of e i
Th 11.6 13.1 16.7 13.8 1968, other elements: Gromet et al., 1984; Chondrite: Sun
U 4.04 3.56 4.63 4.08 and McDonough, 1989).

La 30.00 35.00 41.30 35.43

Ere 2.2(;‘3‘ 2352 ;26'(1) 2_242 the illites which are closely located to the EMMW
Nd 205 263 205 254 composition are mostly originated from groundwater
Sm 3.48 421 4.47 4.05 and partly from volcanic-volcano-sedimentary waters.
Eu 0.667 0.815 0.826 0.769

Gd 2.50 3.25 3.05 2.93 According to 6 ,0,,,, — temperature (°C) diagram,
Tb 043 0.52 0.51 049 when the water forming the illites are completely
Dy 2.62 3.18 311 297 assumed as EMMW then temperature conditions
Ho 0.55 0.68 0.67 0.63 L.

Er 67 204 208 193 lower than 20 °C; and when it is assumed to be the
m 0279 0322 0352 0318 magmatic water then temperature conditions higher
Yb 1.91 2.25 2.37 2.18 than 80 °C were obtained (Figure 20). The crystal-
Lu 0.301 0.342 0.342 0.328

chemical data (KI, crystallite size, d ., polytype, etc.)
of illites foresees temperature conditions higher than
20 °C and seems to be related with the mixture of two
different waters. The isotope data of illites in sample
BZB-8 representing the section away from the rifting
of the Kayabasi Formation and the illites in sample
BZB-89 representing the section close to rifting
indicate a temperature difference reaching 10 °C for
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Figure 19- The setting of oxygen and hydrogen isotope
compositions of the illite minerals in the 8O and 8D
diagram (Supergene-hypogene line: Sheppard et al., 1969;
meteoric water line: Craig, 1961).

Figure 20- Relationships between %o "0 (SMOW) values and
temperature of water forming illites (DAMS from Gat et
al., 1996; magmatic water composition from Taylor, 1968).

the groundwater origin and 30 °C for the magmatic
water origin. This situation makes us consider that the
temperature increase of which the rifting had caused
affected the illite isotope chemistry.

7. Discussion and Results

The results obtained from volcanic, pyroclastic,
epiclastic and carbonate rocks of the Bozkir Unit
between Triassic-Cretaceous intervals are mostly related
with rifting, crustal thinning and partly with burial
diagenesis and were mentioned below (Figure 21).

Illites are different in origin in diagenetic
sediments (detritic / residual, authigenic) but there

occurs ordering in their crystal structure by means
of burial effects. With increasing diagenesis, the
crystallographic parameters of illite can be used
as the grading scale (especially KI). In addition
to increasing heat flow related with rifting from
diagenesis to metamorphism, there is observed a
decrease in KI values (peak narrowing), and 1M,
and 1M polymorphic types are replaced by 2M,. Fine
grained micas named as sericite as textural take the
place of illites (Duyoner de Segonzac, 1970). The
K,O amount and total negative interlayer capacity
of the illites increase in the direction of diagenesis
— anchizone — epizone with increasing diagenetic /
metamorphic grade (Hunkizer et al., 1986; Bozkaya
and Yalgin, 1999).

According to OM and SEM analyses, illite/mica
minerals encountered in the Bozkir Unit rocks are
widely represented by diagenetic illite, few detritic
and volcanogenic micas.

In addition to volcanic glass and/or matrix, typical
in volcanogenic rocks, it is considered by many
investigators (Yal¢in and Giimiiser, 2000; Yalgmn and
Bozkaya, 2003; Yal¢in et al., 2005), who studied in
similar environments, that the cations, which occur by
the decomposition of K-feldspars with sea water and
not used in other phyllosilicate structure, caused the
formation illite/muscovites:

(Volcanic glass and/or matrix — Aqueous Al- or Kal
siicate gel — Illite/muscovite)

38i0,2A1,0,+12H,0 — 2AL(OH),.3Si(OH) +K" —
KAL(Si,AlO, )(OH), +10H,0+20H"

6Si0,.3A1,0,.K,0+21H,0 —
K,0.6A1(OH),.6Si(OH),—~2KAI [AISi,0]
(OH),+19H,0

(K-feldspar or feldspar — Illite/Muscovite and/or
Quartz)

3(Na,K,Ca)Al Si,0 +4H+2K"—2KAL [AISi,0, ]
(OH) +3(Na",K",Ca>)

4K AISi,0,+6H'—KAL,(Si,Al0, )(OH),+9Si0,
+2H,0+3K"

In all geological times, the chlorites in sedimentary
rocks are observed as residual in degradation profiles
starting from the regressive metamorphism or
diagenesis of the host-rock. However, they were
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derived either from the alteration zones or completely
from the alteration of green schists in which the
whole component is chlorite in sedimentary basins.
The chlorites are formed from irregular three layered
clay minerals as a result of aggradation in marine
environments. In the early diagenesis, irregular
chlorites are subjected to aggradation because of Mg
rich interstitial solutions. As the chlorites that occurred
in the early diagenesis are generally rich in Fe, while
the Mg content increases with increasing depth by
the increasing diagenesis-metamorphism (Ahn and
Peacor, 1985).

The chlorites in volcanic, pyroclastic and
epiclastic rocks representing the rocks of the Bozkir
Unit occur in bonding material and pores. OM and
SEM analyses show that the chlorite developed
authigenically in pores rather than dark-colored
minerals. However; in volcanogenic rocks, it can be
stated that the volcanic glass-chlorite transformation
occurred passing through an aqueous MgFeAl-
silicate gel interphase (e.g. Cerik¢ioglu and Yalgin,
1998; Yalgin and Bozkaya, 2002; Yal¢in et al.,
2005):

Figure 21- Schematic display of the thermal maturation (diagenesis / metamorpism grade) differrences related to rifting of Bozkir Unit rocks.
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(Matrix and/or volcanic glass — Aqueous MgFeAl-
silicate gel — Chlorite)

75i0,.A1,0,.2Mg0.2Fe0+240H +10H"
—~9MgO.2Fec0.2A1(0OH),.7Si(OH),—
Mg,Fe Al[AISi O, ](OH), +9H,0

The diagenesis can only be possible by one
interlayered phase stage (aggradation) such as the
occurrence of these minerals, which have a special
significance in studies related with very low grade
metamorphism or by the transformation of smectite
into illite or chlorite. Non-expanding layer components
(illite or chlorite) of the mixed clay layers to increase
towards deeper parts or expanding layer components
(smectite) to decrease and the order of stacking give
important clues on advanced diagenesis (Frey, 1987;
Merriman and Peacor, 1999).

The mixed-layered clay minerals widely observed
during the late diagenesis are C-S, C-V, I-C and I-S.
Mixed-layered C-V is a stage in the aggradation of the
2:1 layered vermiculite type which shows evolution
towards chlorite (Dunoyer de Segonzac, 1970; Hoffman
and Hower, 1979). Mixed layers I-S and I-C show an
evolution towards illite or chlorite by the participation
of K or Mg and/or Fe. The permeability is also important
for the mobility of solutions in the transformation of
smectite into illite or chlorite and to play an active role.

The transformation of smectite into chlorite
mostly occurs starting from regular interlayered stage,
and 1:1 ordered C-S or C-V mixed layers called as
corrensite is formed. Corrensite is widespread in
basic and intermediate pyroclastic and volcanoclastic
rocks (Evarts and Schiffman, 1983; Brigatti and
Poppi, 1984; Inoue et al., 1984, 1987; Inoue, 1985,
1987; Bettison and Schiffman, 1988; Inoue and
Utada, 1991), especially in the laumontite zone of the
zeolite zone (Kiibler et al., 1974; Boles and Coombs,
1977; Lippmann and Rothfuss, 1980; Kisch, 1980,
1981). These minerals are located at the contact
metamorphism zones of shales (Blatter et al., 1973;
April, 1980; Vergo and April, 1982) and besides
in formations related with the burial diagenesis of
octahedral clay minerals (Hoffman and Hower, 1979;
Chang et al., 1986).

It is probable that the rocks, in which the mixed-
layered clay minerals in siliciclastic and volcanic-
volcanosedimentary units were derived, formed by

the neoformation and/or transformation rather than
detrital as being related with the origin material (e.g.
Cerikcioglu and Yalgmn, 1998; Yal¢in and Glimiser,
2000; Yal¢in and Bozkaya, 2002, 2003; Yalg¢in et al.,
2005):

(Volcanic glass and/or matrix — Aqueous MgFeAl-
silicate gel — C-S)

78i0,.A1,0,.7MgO.FeO+1 TH.O+12H" —  7MgO.
FeO.2A1(OH), 7Si(OH), — Mg FeAl[AlSiO, ]
(OH),,+4H,0+14H"

(Phlogopite-Biotite — I-V — Vermiculite)

K(Mg,Fe),[AlSi,0, J(OH),+0.50Ca"+4H,0 —
K,.Ca,,(MgFe), [AISi,O, J(OH),2H,0

3710

— Ca, (Fe,Mg),[AlSi,0, J(OH),.4H,0+K"

3710

(Volcanic glass — Aqueous NaKAl-silicate gel — I-S)

68i0,.3A1L,0,Na,0.K,O+19H,0+4H" —  Na,0.
K,0.6Al(OH),.6Si(OH), —  KNaAL([ALSiO,]
(OH),+180H"

(Sanidine/Orthoclase or plagioclase — I-S)

6KAISi,O#Na+4H,0  —
(OH),+12Si0 +5K"+40H"

KNaAl[ALSi O, ]

3(Na,Ca)ALSi O +2H,0+K*+2H" -
KNaAL[ALSi O, J(OH),+2(Na*,Ca*)+20H"

6 20]

(Volcanic glass and/or matrix — Aqueous KMgFeAl-
silicate gel — I-C)

7Si0,4A1,0,2Fe0.9Mg0.K 0+25H,0+20H  —
K,0.9MgO.2Fe0.8AI(OH),.7Si(OH),

— K Mg Fe AlL[ALSi.O, [(OH), +4H,0+24H"

According to KI and AI (A°20) data; The Kayabast
formation has low grade diagenesis, the Dedemli
formation has high grade formation and the Mahmut
Tepesi formation has high grade digenesis and
anchizone degree. With increasing degree of diagenesis
the smectite component of illites decreases. The illite/
micas of the Kayabasi1 formation are muscovitic and
the illite/micas of the Mahmut Tepesi formation related
to rifting are phenitic and seladonitic in composition
among pre-rift units. The chondrite based distribution
of trace and REEs contents in illites present a similar
orientation for the Kayabas1 and Dedemli formations,
but the amounts of these elements increase few in the
Dedemli formation.
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According to 3"*0-3D isotopic change of illite
minerals with increasing temperature, the isotopic
composition of the water which forms these minerals
are away from the sea water composition, but it is
located between EMMW and the magmatic water
compositions. This situation makes us consider
that the diagenetic fluids forming illites mostly
originated from the groundwater (diagenetic water
or the formation water), and partly from magmatic
water (volcanic-volcanosedimentary). According to
8'"%0,,,,-temperature relationship; when the water,
forming the illite minerals, are completely assumed
as the East Mediterranean Meteoric Water (EMMW)
then low (<20 °C) temperature conditions; and
when it is assumed as the magmatic water then high
(>80 °C) temperature conditions are satisfied. Thus;
these diagenetic conditions can be explained by the
interaction (rock-water interaction) of meteoric waters
with volcanic rocks. The isotope data show that the
probable rifting effect caused a temperature difference
reaching up to 30 °C in the formation illite, that is;
the temperature increase also reflected to the isotope
chemistry of illite.

In conclusion; clay and very few observed
zeolite minerals in the Bozkir Unit was formed by
the neoformation mechanism starting from fluids /
solutions that occur as a result of decomposition of the
volcanic material with sea water. The clay minerals
in diagenesis and very low grade metamorphism
conditions on the other hand; were re-ordered by
the transformation mechanism with diagenetic
solutions subjected to interaction with volcanogenic
rocks. The textural, mineralogical and geochemical
data of the Bozkir Unit rocks present significant
differences based on the temperature increase related
to rifting. It seems that the rifting has also affected
the chemical compositions of minerals in addition to
lithological differences and the degree of diagenesis /
metamorphism.
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ABSTRACT

In this study, trace fossils of the Ceylan Formation (Late Eocene) in the area NW of Findikli village and on the
coast of the Ece Bay the Gelibolu Peninsula are identified for the first time. They occur in gray siltstones and
mudstones intercalated with thin-bedded, parallel and ripple laminated sandstones, which were deposited on a
basin plain in proximilt of a slopes in the Thrace Basin. The Late Eocene Ceylan Formation includes pre-depositionl
(Belorhaphe zickzack, Desmograpton isp., Helicolithus ramosus, Helminthorhaphe flexuosa, Paleodictyon majus,
Paleodictyon minimum, Paleodictyon strozzii, Saerichnites isp., Urohelminthoida appendiculata) and post-
depositional (Phycosiphon incertum, Spongeliomorpha oraviense, Trichichnus isp., Planolites isp., Ophiomorpha
isp., Ophiomorpha annulata, Scolicia isp., Scolicia prisca, and Thalassinoides isp.) trace fossils. This trace fossil
assemblage is typical of the Nereites ichnofacies (Paleodictyon ichnosubfacies), which characterize deep-sea,
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thin bedded turbididitic sediments oxygenated sea floor.

1. Introduction

The Ceylan Formation is a characteristic Late
Eocene lithostratigraphic unit of the Thrace Basin in
the study area is located in badlands NW of Findikli
village and in the coastal cliffs of the Ece Bay (Figure
1A). These areas were studied mainly in terms of
stratigraphy and regional geology (Ternek, 1949;
Druit, 1961; Onem, 1974; Saltik, 1974; Saner, 1985;
Siimengen et al., 1987; Onal, 1987; Sentiirk and
Karakose, 1987; Siyako et al., 1989; Okay et al., 1990;
Stimengen and Terlemez, 1991; Erol, 1992; Temel and
Ciftci, 2002; Kesgin and Varol, 2003), palacontology
(Sonmez-Gokgen, 1964, 1973; Gokgen, 1967, 1971,
1972; Tekkaya, 1973; Taner, 1977, 1981, 1983, 1994;
Freels, 1980; Toker and Erkan, 1985; Unal, 1996;
Safak, 1999; Tunoglu and Unal, 2001a, b). Very few
papers refer to ichnology (Demircan, 2008; Demircan
and Uchman, 2016).

In this paper, trace fossils of the Ceylan Formation
are presented and interpreted in reference to
palacoenvironment.

2. General Geology and The Ceylan Formation

The Gelibolu Peninsula is built of pre-Cenozoic
basement units which are unconformably overlaid by
Eocene deposits (Figures 1A—C).

In the Gelibolu Peninsula, the pre Cenozoic
basement consists of the pre-Maastrichtian ophiolitic
complex settled in and Maastrichtian-Paleocene
limestones. They are covered by the Lower Eocene
deep-sea mudstones and sandstones of the Karaagag
Formation. Generally, this formation shows an
increase in grain sizes and bedding thicknesses up
the section. The the Karaagag Formation is overlain
conformably by the fluvial red beds of the Early-
Middle Eocene Ficitepe Formation. It is covered
unconformably by nummulitic-reefal limestones of the
Middle Eocene Sogucak Formation, which is locally
accompanied by sandstones and conglomerates.
Above, the deep-sea Late Eocene Ceylan Formation
is present. It is dominated by calcareous, massive
mudstones intercalated by turbiditic sandstone-
mudstone beds. Contribution of the turbiditic
sandstones is higher in the part of the sections studied.
The overlying Mezardere, Osmancik and Armutburnu
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formations, with a transition from shales to nearshore
sandstone-dominated facies of a deltaic complex
mark a regression, which started at the beginning
of Oligocene. An extensive volcanism (Hisarlidag-
Ayvacik volcanics) predominated during Early-Middle
Miocene in the region. Sedimentary deposition that
developed during Late Miocene continued until the
beginning of Early Pliocene.

The Gazhanedere, Kirazli and Algitepe formations
have been formed in this time period. The Pliocene-
Quaternary Ergene Formation, which does not outcrop
on the land was detected in drills and seismic sections

carried out by TPAO. All these units in the study area
have then been unconformably covered by Quaternary
alluvia (Siyako et al., 1989).

The Ceylan Formation was named by Unal (1967),
with its type sections in Findikli-1 and Ece Bay-1 in
which basin plain deposits were interpreted.

In the study area, the Ceylan Formation sediment
succession begins with volcanic tuffs and grades up
into calcareous, massive mudstones. The tuffs are
subdivided into two part: thin bedded and massive
tuffs. The thin bedded tuff consists of fine-grained
volcanic groundmass which contain mud pieces,

Figure 1- A) Location map of the study area. B) Geological map. C) Generalized stratigraphic column of the Gelibolu Peninsula (from Temel

and Ciftci, 2002).
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pebble grains and volcanic rock fragments of various
sizes. It passes gradually up into bedded and unbedded
fine-grained tuffs. These tuffs also grade up into
calcareous mudstones, which are rich in carbonates,
structureless, and rarely interbedded by thin bedded,
granular sandstone layers. The calcareous mudstones
gradually pass up into gray massive mudstones, which
contain vertical and horizontal trace fossils. In the
lower and middle part, they contain intercalations of
thin-bedded sandstones, which contribution increases
up the section.

In average, The Ceylan Formation is 560 m thick,
but it the thickness varies from 300 to 600 m depending
on the geometry of the basin (Stimengen and Terlemez,
1991). The late Eocene age is based on Pityosporites
spp., Triletes sp., Echinatisporites sp., Batiacasphaera
sp., Homotryblium plectilum, Diphyes colligerum,
Deflandrea phosphoritica, Hystrichokolpoma sp.,
Ceistosphaeridium sp., Cordosphaeridium  sp.,
chitinous foraminiferal inner walls and the Hypae
palynomorph assemblage obtained from the mudstone
samples (Bat1 et al., 2002). The sandstone and shale
dominated parts are referred to a deep sea turbiditic
system (Kesgin and Varol, 2003).

3. The Studied Sections
3.1. The Findikli-1 section

Findikli-1 section is located in the NW part of the
Gelibolu Peninsula, along the road between Findikli
village and Komiir limani (harbor) and gorges
SW of the road (GPS coordinates: N40°26.866';
E026°31.700"; £9 m). (Figures 1A, B).

The succession is formed by thin-bedded, fine-
grained, turbiditic sandstone-siltstone beds intercalated
with turbiditic and hemipelagic calcareous mudstones
(Figure 2). The sandstones are parallel and ripple
laminated. Lower bedding surfaces of the sandstone
beds are rich in semi-reliefs of patterned, meandering,
star- and net-shaped invertebrate trace fossils ascribed
mainly to graphoglyptids.

The trace fossils include (from the bottom
to the top) pre-depositional Paleodictyon majus,
Helminthorhaphe Sflexuosa, Urohelminthoida
appendiculata, Belorhaphe zickzack, Phycosiphon
incertum, Ophiomorpha annulata, Desmograpton
isp., Saerichnites isp. and post-depositional

Figure 2- The Ceylan Formation in the Findikli-1 section. A) The
outcrop with sandstones containing graphoglyptids of
the Ceylan Formation (Findikli village). B) Thin-bedded
sandstone intercalations in calcareous mudstones in the
lower part of the gorge.

Spongeliomorpha oraviense and Thalassinoides isp.,
which occur on the lower bedding surfaces of the thin-
and medium-bedded sandstone beds. Moreover, the
trace fossils Trichichnus isp., Phycosiphon incertum
are present in the gray mudstones (Figure 3).

3.2. The Ece Bay-1 section

The Ece Bay-1 (Ece Limani-1) section is located in
the cliffs of the Ece limani coast, in the NW part of the
Gelibolu Peninsula (GPS coordinates: N40°21.810";
E025°19.710"; £9 m) (Figures 1-A, B).

The succession is formed by gray mudstone
intercalated with thin-bedded, fine-grained sandstone
beds (Figure 4). In the mudstones, Trichichnus isp., was
recognized. The sandstone beds contain Thalassinoides
isp., Planolites isp., Ophiomorpha annulata, Scolicia
isp., Scolicia prisca (rare), Helminthorhaphe flexuosa,
Phycosiphon incertum and Helicolithus ramosus
(formerly known as Punctorhaphe paralella) (Figure 5).
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Figure 3- The Findikli-1 measured section with trace fossil distribution.

4. Trace Fossils

The section were studied “bed-by-bed”, with
registration of lithology and trace fossils, which were
documented by photography, mostly in place.

Nineteen ichnotaxa are have been recognized in the
study area. Their more extensive is in the monographs
and papers by Hintzschel (1975), Ksiazkiewicz
(1977), Seilacher (1977), Fillion and Pickerill (1990),
Crimes and Crossley (1991) and Uchman (1998).
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4.1. Simple and Branching Structures

This group consists of mostly tubular, variable
oriented structures, formed mainly by “worms” and
“crustaceans” (e.g., Ksigzkiewicz, 1977; Demircan
and Toker, 2003).

Planolites Nicholson, 1879

Planolites isp.

Description: Horizontal, hypichnial, tubular
structures, without wall, 2—4 mm in diameter.
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Figure 4- The Ceylan Formation in the Ece Bay-1 section A) General view of the Ceylan Formation outcrops along the Ece limani
coast. B, C) Intercalations of sandstone and siltstone beds in fine in mudstones.

Remarks: Planolites occurs in a great variety
of facies and is formed mainly by deposit-feeding
“worms” (Pemberton and Frey, 1982). It ranges from
the Precambrian to the Recent (Héntzschel, 1975).

Ophiomorpha Lundgren, 1891
Ophiomorpha isp.
(Plate III, Figure B)

Description: Horizontal, hypichnial, tubular
structures, with a wall, preserved in full relief, 89
mm in diameter, traced for a distance up to 60 mm.

Remarks: The described Ophiomorpha isp.,
resembles Ophiomorpha rudis Ksiagzkiewicz, 1977
(Uchman, 1991, 2009). Ophiomorpha, produced
mainly by decapod crustaceans, can intergrade with
Thalassinoides, Spongeliomorpha and Gyrolithes
(e.g., Kennedy, 1967; Fiirsich, 1973; Bromley and
Frey, 1974; Kern and Warme, 1974.

Ophiomorpha annulata (Ksigzkiewicz, 1977)
(Plate 1, Figure A)

Description: Mainly horizontal, tubular structure
with a wall, 3.3 mm wide, observed on the distance up
to 40 mm.

Remarks: This ichnospecies was described under
Granularia Pomel or Sabularia simplex Ksigzkiewicz,
1977) but it was included in Ophiomorpha (Uchman,
1995; Tunis and Uchman, 1996 a,b).

Saerichnites Billings, 1866
Saerichnites isp.

(Plate I, Figure B)

Description: A group of hypichnial hemispherical
mounds, approximately 8.3 mm in diamneter.

Remarks: Saerichnites Billings, 1866 (see also
Héntzschel, 1975) has then been interpreted by
Uchman (1995) as casts of shafts connecting a burrow
system with the sea floor.

Spongeliomorpha oraviense (Ksiazkiewicz, 1977)
(Plate I, Figure C)

Description: A short, tubular structure covered by
oblique short ridges, about 10 mm in diameter.

Remarks: This trace fossil was described under
Halymenidium by Ksiazkiewicz (1977) and was
included in Spongeliomorpha by (Uchman, 1998).
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Figure 5- The Ece Limani-1 measured section with distribution of trace fossils.
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The ridges are interpreted as casts of scratch marks of
crustaceans.

Thalassinoides Ehrenberg, 1944
Thalassinoides isp.
(Plate 1, Figures D, E)

Description:  Mostly  horizontal, tubular,
branched burrows, about 10 mm in diameter. They
show Y- and T-shaped branches. They form three-
dimensional burrow systems, which include shafts
connecting the horizontal parts with the sediment
surface.

Remarks: Thalassinoides is produced mainly
by crustaceans, typically in shallow-marine
environments, but also in the deep sea (Frey et al.,
1984; Ekdale, 1992). According to Follmi and Grimm
(1990), the Thalassinoides crustacean tracemaker
can survive transportation by turbiditic currents
and make burrows even in anoxic conditions for a
limited time. Thalassinoides, widely distributed in the
Mesozoic and Cenozoic, occurs also in shallow-water
sediments in the Paleozoic (e.g., Palmer, 1978; Archer
and Maples, 1984; Sheehan and Schiefelbein, 1984;
Stanistreet, 1989; Kulkov, 1991).

Large tubular burrow
(Plate 1, Figure F)

Description: Horizontal, cylindrical structure,
27-30 mm in diameter, without branches.

Remarks: Usually, such large burrows are
mainly formed by crustaceans in shallow-marine
environments (Frey et al., 1984), but they can occur
also in turbiditic systems (Uchman, 1991).

Trichichnus Frey, 1970
Trichichnus isp.
(Plate II, Figure A)

Description: Branched or unbranched, thread-
like, cylindrical, straight or slightly winding structure,
filled with pyrite or iron oxides, variable oriented, less
than 1 mm in diameter.

Remarks: Trichichnus, formed by opportunistic
organisms, was discussed by Fillion and Pickerill
(1990) then by Uchman (1995, 1999). Itis interpreted as

a structure formed by sulphur bacteria in the transition
between anoxic-dysoxic sediments (Kedzierski et al.,
2015).

4.2. Winding and Meandering Structures

The studied trace fossils ascribed to this group
include horizontal structures produced by irregular
echinoids (Scolicia) and some graphoglyptids
produced by small, unknown invertebrates.

Scolicia de Quatrefages, 1849
Scolicia isp.

(Plate II, Figure B)

Description: Hypichnial, trilobate, curved or
meandering ridge, 25-30 mm wide.

Remarks: Scoliciais formed by irregular echinoids
(Uchman, 1995) and ranges from Late Jurassic to
Recent (Tchoumatchenco and Uchman, 2001).

Scolicia prisca de Quatrefages, 1849
(Plate II, Figure C)

Description: Epichnial, trilobate, curved or
meandering furrows, 15-25 mm wide and up to 3.5
mm deep. The middle lobe is convex up and 6 mm
wide, covered with perpendicular ribs. The lateral
lobes are covered by oblique ribs.

Remarks: This ichnospecies is formed by irregular
echinoids at the transition between sandstone and
mudstone within turbiditic beds (Uchman, 1995). It
ranges from Late Jurassic to Recent (Tchoumatchenco
and Uchman, 2001).

Helminthorhaphe Seilacher, 1977
Helminthorhaphe flexuosa Uchman, 1995
(Plate II, Figures D-E)

Description: Hypichnial meandering strings in
fine-grained sandstones. The strings are 1.5-2 mm in
diameter and the meanders are 55-60 mm deep and
2-3 mm wide, without bulges in the turns.

Remarks: This is graphoglyptid burrow produced
by unknown worms, described also Helminthorhaphe
crassa (see Seilacher, 1977).
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Helicolithus ramosus (Vialov, 1971)
(Plate II, Figure F; Plate III, Figure A)

Description: ~ Hypichnial, tight meanders
composed of aligned knobs, 0.8—1.0 mm in diameter,
1.5-2.0 mm.

Remarks: The aligned knobs are casts of shafts
connecting spiral string arranged in meanders (Tunis
& Uchman, 1996b). Helicolithus ramosus ranges from
the Senonian (Ksigzkiewicz, 1977) to the Miocene
(D’ Alessandro, 1980.

4.3. Branched Winding and Meandering Structures

Belorhaphe Fuchs, 1895
Belorhaphe zickzack (Heer, 1877)
(Plate II1, Figure B)

Description:  Hypichnial semi-relief zigzag
meanders in fine grained turbiditic sandstones. The
turning points of the zigzag are enlarged and are 5 mm
wide. The zigzag turnsat the angle of approximately
50°. The string is 1.0-1.5 mm wide.

Remarks: Belorhaphe zickzack ranges from the
Beriassian (Ksigzkiewicz, 1977) to the Oligocene
(Nowak, 1970) and occurs mainly in deep marine
clastic sediments.

Desmograpton Fuchs, 1895
Desmograpton isp.
(Plate II1, Figure C)

Description: Hypichnial rows parallel to sub-
parallel ribs in fine grained turbiditic sandstones,
preserved in semi-relief. The ribs are curved, their
relief is semicircular od asymmetrically oval. The ribs
are 5.5-6.0 mm, 1-1.5 mm wide.

Remarks: Desmograpton is a typical three
dimensional graphoglyptid (Seilacher, 1977) showing
a series of preservational variants (Uchman, 1995). It
ranges from the Silurian (McCann, 1989, 1993) to the
Miocene (D Alessandro, 1980; Uchman, 1995).

Urohelminthoida Sacco, 1888
Urohelminthoida appendiculata (Heer, 1877)

Description: Hypichnia meanders with protrusions
in the turning points of the meanders, preserved in
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semi-relief in fine grained turbiditic sandstones. The
string is undulating, 2 mm wide, and the meanders are
35-40 mm deep and 4 mm wide.

Remarks: This is a typical graphoglyptid
(Seilacher, 1977; Uchman, 1995).

4.4. Networks Structures

Paleodictyon majus Meneghini in Peruzzi, 1880
(Plate III, Figure E)

Description: Hypichnial hexagonal nets in fine-
grained turbiditic sandstones. Meshes of the net are
6.0-7 mm wide and the string is 0.5 mm wide.

Remarks: This is common ichnospecies of
Paleodictyon in Cenozoic turbidites (Ksiazkiewicz,
1977). Paleodictyon, a typical graphoglyptid, is
interpreted mainly as a farming structure (Seilacher,
1977), produced mostly in the deep-sea sediments,
occasionally occurring in shelf sediments in the
Paleozoic (Archer and Maples, 1984; Paczesnia,
1985) and in the Mesozoic (Hintzchel, 1964;
Gierlowski-Kordesch and Ernst, 1987; Hantzpergue
and Branger, 1992). Paleodictyon stratigraphically
ranges from the Cambrian (Crimes and Anderson,
1985; Paczesna, 1985) to Recent (Ekdale, 1980;
Miller, 1991).

Paleodictyon minimum (Sacco, 1888)

Description: Hypichnial net composed of a string
which is 0.25-0.3 mm wide and arranged in meshes
which arel-2 mm wide.

Remarks: This ichnospecies is known mostly
from Cenozoic turbidites (e.g.,Kindelan, 1919; Vialov
& Golev, 1965).

Paleodictyon strozzii Meneghini in Savi &
Meneghini, 1850

(Plate III, Figures D, E)

Description: Hypichnial hexagonal nets in fine
grained turbiditic sandstones. Their strings are 0.5-1.0
mm wide and the meshes are 3.6-4.5 mm wide .

Remarks: Individual meshes are of different size
and can be elongated.
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4.5. Spreite Structures

Phycosiphon incertum Fischer-Ooster, 1858
(Plate 111, Figure F)

Description: Small, horizontal lobes encircled by
meandering marginal tunnel. The lobes are 1-3 mm
wide and up to 10 mm long. The marginal tunnel is
about 1 mm wide.

Remarks: Phycosiphon incertum is generally
formed by sediment-feeders in the early stage of
colonization of turbiditic fine-grained sediments
(Wetzel and Uchman, 2001; Uchman et al,. 2004). For
discussion of this trace fossil see Wetzel and Bromley
(1994).

5. Discussion

Taking the morphological characteristics of the
trace fossils into consideration, the determination
of the trace fossil assemblages in the sections
studied, composed of pre-depositional Belorhaphe
zickzack, Desmograpton isp., Helicolithus ramosus,
Helminthorhaphe flexuosa, Paleodictyon majus,
Paleodictyon  minimum,  Paleodictyon  strozzii,
Saerichnites isp., Urohelminthoida appendiculata and
post-depositional Phycosiphon incertum, Planolites
isp., Ophiomorpha isp., Ophiomorpha annulata,
Scolicia isp., Scolicia prisca, Spongeliomorpha
oraviense, Trichichnus isp., and Thalassinoides
isp. is typical of the Nereites ichnofacies; the
high contribution of graphoglyptids points to the
Paleodictyon ichnosubfacies, which is characteristic
of thin-bedded sandy turbidites in different parts of
depositional systems (Uchman & Wetzel, 2012).
The turbidites studied formed in the basin plain or
the lower slope, probably in fringes of small fans
or isolated lobes. The trace fossils, especially these
formed without permanent connection to the sea floor
(Planolites, Phycosiphon, Scolicia), indicate good
oxygenation in pore waters.
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Trace Fossils From Deep Sea Sediments Of The Ceylan Formation (SW Thrace, Turkey)

PLATE - I

A - Ophiomorpha annulata

Hypichnial full reliefs in a fine grained turbiditic sandstone bed (Findikli-1 section).

B - Saerichnites isp.

Hypichnial semi-reliefs in a fine-grained turbiditic sandstone bed (Findikli-1 section).

C - Spongeliomorpha oraviense

Hypichnial full relief in a fin-grained turbiditic sandstone bed (Findikli-1 section).

D, E - Thalassinoides isp.

Hypichnial full reliefs in a fine-grained turbiditic sandstone bed (Ece Bay-1 section).

F - Large tubular burrow

Hypichnial full relief in fine-grained turbiditic sandstone bed (Ece Bay-1 section).
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Trace Fossils From Deep Sea Sediments Of The Ceylan Formation (SW Thrace, Turkey)

PLATE-1I

A - Trichichnus isp.

Endichnial full relief in calcareous mudstone (Ece Bay-1 section).

B - Scolicia isp.

Hypichnial full relief in a fine-grained turbiditic sandstone bed (Ece Bay-1 section).

C - Scolicia prisca

Originally, full relief; its lower part is seen at the top of a turbiditic sandstone bed (Ece Bay-1 section).

D, E - Helminthorhaphe flexuosa

Hypichnial semi-relief in a fine-grained turbiditic sandstone bed (Ece Bay-1 section).

F - Helicolithus ramosus

Hypichnial semi-relief in a fine-grained turbiditic sandstone bed (Ece Bay-1 section).
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Trace Fossils From Deep Sea Sediments Of The Ceylan Formation (SW Thrace, Turkey)

PLATE - 111

A - Helicolithus ramosus

Hypichnial semi-relief in a fine-grained turbiditic sandstone bed (Ece Bay-1 section).

B - Belorhaphe zickzack and Ophiomorpha isp.

Hypichnial semi-relief (Belorhaphe) and hypichnial full relief (Ophiomorpha) in a fine-grained turbiditic sandstone
bed (Findikli-1 section).

C - Desmograpton isp.

Hypichnial semi-relief in a fine-grained turbiditic sandstone bed (Findikli-1 section).

D - Paleodictyon strozzii

Hypichnial semi-relief in a fine-grained turbiditic sandstone bed (Findikli-1 section).

D - Paleodictyon strozzii and Paleodictyon majus

Hypichnial semi-reliefs in a fine-grained turbiditic sandstone bed (Findikli-1 section).

F - Phycosiphon incertum

Endichnial full relief in a fine grained turbiditic sandstone bed (Findikli-1 section).
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ABSTRACT

The study was carried out within the Horasan Formation around Kopriikdy located east of Erzurum. This
formation outcrops in the region of Erzurum-Pasinler-Horasan forming the northernmost outcrop of neo-
tectonic sediments in Eastern Anatolia. The unit is composed of pebble stones, clays and marl iterations.
Ostracod, gastropod and pelecypod species are observed in the levels of clay stone with soft clasts and marl
in the area. Generally, ostracod species which are unique to the Ponto-Caspian basin were described in these
units within the scope of the study. These are ostracod species such as Amnicythere idonea Mandelstam,
Markova, Rozyeva and Stepanajtys, Candona (Caspiocypris) erzurumensis Freels, Candona (Caspiocypris)
araxica Freels, Candona (Caspiocypris) aff. alta (Zalanyi), Candona (Lineocypris) aff. granulosa Zalanyi,
Bakunella cf. dorsoarcuata (Zalanyi), Bakunella cf. subtriangularis (Sveyer), Candona (Candona) lycica
Freels, Candona (Candona) armenia Freels, Candona (Candona) aff. elongata (Svejer), and Fossilyocypris
sarizensis (Safak, Nazik and Senol). There are also micro mollusk species such as Gyraulus inornatus and
Dreissena polymorpha present in the sequence. Among these genera; Candona (Candona) is found in fresh
water; Candona (Caspiocypris), Candona (Lineocypris), and Fossilyocypris indicate fresh - brackish water
(oligohaline), Bakunella rarely characterizes fresh water but mostly brackish water, Amnicythere characterizes
brackish water, and Gyraulus, Dreissena characterizes fresh water conditions. The ostracod fauna determined
in this study indicates an age interval of Late Miocene-Pliocene for the formation and clearly supports previous
studies in terms of age and environmental correlations.

Keywords:
Erzurum/East

Anatolia, Ostracoda,
Paleoenvironment, Late
Miocene- Pliocene

Received: 07.10.2015
Accepted: 17.02.2016

1. Introduction (1967), Sengér and Kidd (1979), Sengdr (1980),
Yilmaz and Sener (1984), Saroglu (1986), Saroglu and
Yilmaz (1984), Kogyigit (1985), Barka et al. (1987),
Bayraktutan et al. (1996), Bayraktutan (1999), Bozkus
(1999), Beer et al. (2003), Keskin (2005), and Gelisli

and Maden (2006) studied tectonics and magmatism.

The study area is located east of Erzurum in the
area surrounding Kopriikoy (Figure 1).

The study area and close surroundings have been
studied by many researchers. Arni (1939), Pamir and
Baykal (1943), Ering (1953), Erent6z (1954), Rathur
(1965), Akkus (1965), Acar (1975), Atalay (1978),
Tokel (1979), Soytiirk (1973), Gedik (1985), Yilmaz
et al. (1988), Bozkus (1990,1993,1998,1999), Arbas
et al. (1991), Sengiiler and Toprak (1991), Tarhan
(1989,1991), Gevrek and Sengiiler (1992), Keskin

Paleontology was studied by Safak (2013) and Vasilyan
et al. (2014). This study determines the genus and
species of ostracods and micro mollusks taken from
measured sections in the Erzurum—K&priikdy region
and provides new assessment of paleoenvironmental
conditions.

(1994, 1998), Yilmaz (1997), Bozkus (1990, 1993,
1998), Dagistan (2001), Oner et al. (2006), Konak and
Hakyemez (2008), Kibaroglu et al. (2011) and Kalkan
et al. (2012) investigated the general geology and
volcanism. Stratigraphy-sedimentology studies were
completed by Demirtagli et al. (1965), and Giirbiiz and
Giilbas (1999). Tokel (1984), Erdogan (1967), Ozcan

2. Material and Method

The study material was retrieved from 25 washed
samples taken from measured sections in the Erzurum-
Kopriikdy area. The samples obtained from two
measured sections by Kaya in 2013-2014 underwent
a washing procedure, were dated based on ostracod

* Corresponding Author: Umit SAFAK, Email: usafak@cu.edu.tr
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Figure 1- Geological map and section locations in the study area (adapted from Kalkan et al., 2012).

fauna and an attempt was made to infer environmental
characteristics. The research identified 4 ostracod
genera, 3 ostracod sub-genera and 11 ostracod species
using the Hartmann and Puri (1974) classification for
systematic identification. During the identification
stage for mollusks, the studies by Sayar, 1991; Wenz,
1922; and Taner, 1980, 1997 were used. The SEM
images of ostracod species and pelecypod species
were taken at Meitam in Mersin University and are
given in plates [-IV.
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3. Stratigraphy
3.1. Horasan Formation

Definition: This formation was first described by
Akkus (1965) and Rathur (1965) and takes its name
from Horasan county were it is best observed. It was
studied in detail by Bozkus (1993).

Distribution: Horasan formation outcrops around
the Aras River near the Pasinler region.
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Type location: 85 km from Erzurum province in
Horasan county and surroundings.

Type section: Previous studies have emphasized
the link with strike-slip faulting (Figure 2).

Reference sections: The measured sections in this
study are reference sections controlled by strike-slip
faulting.

Lithology: In the Middle Miocene ocean had
retreated from the Erzurum-Pasinler-Horasan region,
with terrestrial sediments specific to the neotectonic
period deposited in the Late Miocene. In the Pliocene,
basin specific formations were deposited, with
increased uplift around the basin edges and resulting
discontinuation of communication with other basins
(Saroglu and Yilmaz, 1984).

The unit was described by Keskin (1994) as the
Aras Formation, with the formation comprising
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terrestrial sediments including loosely consolidated
pebble stone, sandstone, and claystone and marls with
pyroclastic intercalations.

Yilmaz (1997) stated the Aras and Horasan
formations comprised fluvial-lacustrine sediments
of Pliocene age deposited in the Pasinler-Horasan
basin developing above Late Miocene and older rocks
controlled by strike-slip faults. Yellow-beige and grey
color pebblestones, sandstone, siltstone and marl
sequences from the Horasan formation westwards
from Aligeyrek village form a broad outcrop in the
Pasinler-Horasan basin. The Horasan Fault zone,
which controls the Aras River, comprises right and
left strike-slip faults roughly parallel to the valley with
mean strike N60-70E and 0.5-32 km length. The faults
are dominated by left lateral strike-slip faults and they
have affected the geomorphologic appearance of the

basin.

Ostracod Species

Figure 2- Generalized vertical section and ostracod findings in the study area (adapted from Bozkus, 1993).

115



Ostracod Fauna of Kopriukdy Region

Konak and Hakyemez (2008) described the lower
layers of the unit as brownish-greyish color loosely
consoliated pebble stone and sandstones, grading up
to yellow, grey, grayish, greenish pebble sandstone,
sandstone with occasional pyroclastic lenses,
siltstone, and marl intercalations. Especially at these
levels siltstone and clayey marls with Congeria are
common with intercalated thin lignite formations
encountered.

As observed in photographs 1, 2 and 3, the lithology
of the unit in the study comprises reddish, grading up
to yellow, gray, grayish, greenish loosely consolidated
sandstone, siltstone and marl intercalations.

Contact relations: According to Bozkus (1993,
1999) within the left lateral strike slip basin, varying
sizes of terrestrial sediments were deposited. The Aras
Formation formed in a deep lake environment, while
the conformably overlying large-fine clastic unit is the
Horasan formation. These two units are emphasized
as being Pliocene age. The Horasan formation has
a conformable and transitional contact with the
underlying Aras formation.

In the study by Konak and Hakyemez (2008), the
lower limit of the Horasan Formation unconformably
overlies Late Miocene volcanic rocks. In the southest
of the mapped area, they stated small outcrops of
underlying ophiolitic rocks were observed. The upper
limit is overlain by Quaternary sediments above an
unconformity. This formation comprised meandering
river and delta deposits.

The base of the study unit conformably overlies
Aras formation sediments, with the upper unit overlain
by Quaternary sediments above an unconformity.

Thickness and Distribution: The thickness was 325
m (Bozkus, 1993), while it was 50-60 m in this study.

Fossil Scope and Age: Previous studies (Erentoz,
1954a,b; Rathur, 1965; Arbas et al., 1991) have dated
the unit as Late Pliocene-Early Pleistocene based on
pelecypod, gastropod, ostracod and small mammalian
fossils. Yilmaz and Sener (1984) stated the age of the
formation was Late Pliocene.

According to the ostracod fauna described in this
study, the age of the unit is Late Miocene-Pliocene.
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Environment: According to the fauna in this study
the unit developed in fresh water and brackish water
(oligohaline) environmental conditions.

Correlation: The Horasan Formation (Bozkus,
1993) is conformable and transitional with the
underlying Aras formation and was described as the
Aras Formation by Keskin (1994).

3.2. Measured Sections and Fossil Assemblages

In the study area within the Horasan formation,
measured sections were examined with frequent
sampling from lithologies related to the fault with high
possibility of fossil levels. Two sections were studied.

3.2.1. Kopriikéy Measured Section 1

On I47b1 sheet 1/25000 scale map beginning at
coordinates X : 39°58°22. 74, Y : 41952°22.75” and
ending at X : 39°58°31.04”, Y,: 41°52°0.17”, a total
of 24 wash samples were obtained from this 60 m
thick measured section.

In terms of ostracod species, samples numbered
4,6, 15, 19 and 24 from 4.6 m, 10.2 m, 30 m, 44
m and 55.7 m contained Candona (Caspiocypris)
erzurumensis Freels; samples numbered 3, 10 and
19 from 4.6 m, 18.8 m and 44 m contained Candona
(Caspiocypris) aff. alta (Zalanyi); samples 10 and
24 from 18.8 m and 55.7 m contained Candona
(Caspiocypris) araxica Freels, samples 6, 18, 21
and 24 from 10.2 m, 39.9 m, 47.8 m and 55.7 m
contained Bakunella cf. dorsoarcuata (Zalanyi),
samples 6, 13 and 20 from 10.2 m, 27.4 m and 45.5
m contained Candona (Candona) lycica Freels;
samples 4 and 22 from 4.6 m and 51.2 m contained
Candona (Candona) armenia Freels, and samples
21, 22 and 23 from 47.8 m, 51.5 m and 55 m
contained Fossilyocypris sarizensis (Safak, Nazik
and Senol) (Figure 3).

The ostracods such as Candona (Caspiocypris)
erzurumensis, Candona (Caspiocypris) aff. alta,
and Candona (Caspiocypris) araxica in this section
are freshwater-brackish water (oligohaline), while
ostracods like Candona (Candona) lycica, and
Candona (Candona) armenia are freshwater,
Fossilyocypris  sarizensis is freshwater-brackish
water (oligohaline) and Bakunella cf. dorsoarcuata



Bull. Min. Res. Exp. (2016) 153:113-137

2
a
%
C. Q
=z @
o N
)
g 5%
= S (8-;
£3 £
= 9 =i
Eps8 2
+~ 9 é Q =
[72] — .- E
> O O = 3
v nn~H=n
&
§
54
Siltstone
Claystone
Sandstone
Claystone
Marl
o
Siltstone
o 2
w8
]
o =
o A
Pebblestone
Sandstone
o
=]
3
~§ Marl
B
=
oy Claystone
-}

Figure 3- Ostracod distribution in Kopriikdy Measured
Section 1.

is generally found in brackish water and rarely in
freshwater conditions (Remane, 1958) (Morkhoven,
1963).

These species indicate transition from fresh water
to oligohaline conditions.

3.2.2. Kopriikoy Measured Section 2

On 1/25000 scale 147b1 sheet map, a 10 m thick
measured section beginning at X : 39°58°53.10”, Y :
41°51°38.27” and ending at X : 39°58°50.87”, Y:
41°51°36.34” was taken and a total of 9 wash samples
were obtained.

In the sequence, samples number 6 and 8 from 5.6 m
and 8.2 m contained Amnicythere idonea Mandelstam,
Markova, Rozyeva and Stepanajtys; samples 1, 4 and
8 from 0.7 m, 3.8 m and 8.4 m contained Candona
(Caspiocypris) aff. alta (Zalanyi); samples 4, 6 and
8 from 3.8 m, 5.6 m and 8.4 m contained Candona
(Caspiocypris) erzurumensis Freels; samples 5
and 8 from 3.8 m and 8,4 m contained Candona
(Lineocypris) aff. granulosa Zalanyi; samples 4 and
7 from 3.8 m and 7.2 m contained Bakunella cf.
subtriangularis (Sveyer); and samples 6 and 8 from 5.6
m and 8.4 m contained Candona (Candona) armenia
Freels; and sample number 6 from 5.6 m contained
Candona (Candona) aff. elongata (Svejer) ostracod
species. Also samples 1, 3, 5, 7 and 9 contained
micropelecypods like Dreissena polymorpha (Pallas)
and micro gastropod species like Gyraulus inornatus
(Brusina) (Figure 4a, b).

In terms of environment, ostracods like Candona
(Caspiocypris) aff. alta, Candona (Caspiocypris)
erzurumensis and Candona (Lineocypris) aff.
Granulose are freshwater-brackish water (oligohaline),
while ostracods like Candona (Candona) armenia
and Candona (Candona) aff. Elongate are freshwater
species. Ostracods like Amnicythere idonea occur in
brackish water, while Bakunella cf. subtriangularis
generally occurs in brackish water and rarely in
freshwater (Remane, 1958) (Morkhoven, 1963).

These species reflect the transition from freshwater
to oligohaline conditions.

4., Systematics

The study identified a total of 11 ostracod species
with 1 Amnicythere, 3 Candona (Caspiocypris), 1
Candona (Lineocypris), 2 Bakunella, 3 Candona
(Candona), 1 Fossilyocypris, 1 Dreissena, and 1
Gyraulus species identified. Additionally 1 pelecypod
and 1 gastropod species were identified. Ostracods
are given in terms of their place in systematic
classification.

117



Ostracod Fauna of Kopriukdy Region

i oogsﬁo

f\go\"“‘x‘f\
%996%\)

-~
%3
£
§ g 2
g 5 € o
2 8 s % =
25852 &8
A =BG
4
Sandstone
e Photograph 2- General appearance of Horasan formation.
Siltstone
2
© o Sandstone
< Q
s}
o = Marl
o =%
o) Claystone
[
Z. Siltstone
o
g
3
K] Pebblestone
=
=
Q
&
=) Siltstone
Figure 4- Ostracod distribution from Koprikdy
Measured Section 2.

Photograph 3- General appearance of Horasan formation.

Systematic classification was made according
to the classification of Hartmann and Puri (1974).
Additionally, the classifications by Moore (1961),
Morkhoven (1963) and Freels (1980) were used.
Salinity of ostracod environments was determined

according to Remane’s (1958) criteria.

Subclass: Ostracoda Latreille, 1806
Order: Podocopida Sars, 1866
Superfamily: Cytheracea Baird, 1850
Family: Leptocytheridae Hanai, 1957
Genus: Leptocythere Sars, 1922-1928

Subgenus: Leptocythere Sars, 1922-1928 and
Amnicythere Devoto, 1965

Species-type: Cythere pellucida Baird, 1850
Photograph 1- General appearance of Horasan formation and .
measured section 1. Stratigraphic Distribution: Oligocene-Present
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Environment: Some species typically occur in
brackish water, others in shallow marine (littoral)
environments (Morkhoven, 1963).

Amnicythere idonea Mandelstam, Markova,
Rozyeva ve Stepanajtys, 1962

(Plate 1, Figure 1)

1962 Leptocythere idonea Mandelstam, Markova,
Rozyeva and Stepanajtys

1978 Amnicythere idonea (Mandelstam, Markova,
Rozyeva and Stepanajtys), Carbonnel, page 112, plate
1, figure 18; plate 2, figures 4-5.

1999 Leptocythere idonea Mandelstam, Markova,
Rozyeva and Stepanajtys, Gliozzi, plate 1, Figure a.

2016 Amnicythere idonea Mandelstam, Markova,
Rozyeva and Stepanajtys, page 859, plate 5, figures
1-6.

Geographic and chronostratigraphic
distribution: A. idonea in Turkmenistan (Caspian
Basin) in the Pliocene (Mandelstam et al, 1962); west
of Tethys by Carbonnel (1978) in Corsica (Aleria
Basin), found in Spain (Vera Basin), in France (Ron
Basin) in the Late Messinian, in Italy (Le Vicenne) in
Late Messinian (Gliozzi, 1999). Stoica et al. (2016)
studied Paratethys ostracods in the Lago-Mare region
of Spain, with new evidence of variation in internal
basins during high sea level in the Late Miocene-
Pliocene and identified Amnicythere idonea.

Locations in this study: samples numbered 6 and
8 from Kopriikdy Measured Section 2, Pliocene.

Superfamily: Cypridacea Baird, 1845
Family: Candonidae Kaufmann, 1900
Subfamily: Candoninae Kaufmann, 1900
Genus: Candona Baird, 1854

Subgenus: Candona (Caspiocypris) Mandelstam,
1956

Species-type: Bairdia candida Livental, 1929

Stratigraphic distribution: Oligocene (Eocene?)
- Present

Environment: Freshwater, rarely brackish water
(Morkhoven, 1963)

Candona (Caspiocypris) erzurumensis Freels, 1980
(Plate I, Figures 2-3)

1980 Candona (Caspiocypris) erzurumensis Freels

2013  Candona (Caspiocypris) —erzurumensis

Freels, Safak, page 78, plate 11, figure 3.

Stratigraphic and Geographic distribution:
Erzurum-Pasinler, Turkey - Late Miocene (Freels,
1980), Erzurum/Hinis - Pliocene (Safak, 2013).

Locations in this study: Samples 3, 6, 15, 19 and
24 in Kopriikoy Measured section 1 and samples 4, 6
and 8 in Kopriikdy Measured section 2, Late Miocene-
Pliocene

Candona (Caspiocypris) araxica Freels, 1980
(Plate I, Figure 4-8)

1980 Candona (Caspiocypris) araxica Freels

2001 Candona (Caspiocypris) araxica Freels,
Tunoglu, page 134, Figure 4; page 138, figure 5.

2013 Candona (Caspiocypris) araxica Freels,
Safak, page 79, plate II, figure 1-2.

Stratigraphic and Geographic Distribution:
Erzurum-Pasinler, Turkey - Upper Miocene-Pliocene
(Freels, 1980), Black Sea Region, Turkey - Middle-
Late Miocene-?Pliocene (Tunoglu, 2001), Erzurum/
Hinis - Pliocene (Safak, 2013).

Locations in this study: samples 10 and 24 in
Koprikdy Measured Section 1, samples 5 and 6
in Kopriikdy Measured section 2, Late Miocene-
Pliocene.

Candona (Caspiocypris) aff. alta (Zalanyi, 1929)
(Plate II, Figures 1-7)

Aff. 1929 Paracypris alta n.sp., Zalanyi, Morpho-
System, Studien, page 44, figure 14.

Aff. 1971 Candona (Thaminocypris) alta
(Zalanyi), Krstic, Table II, 3-5.

1974 Candona (Caspiocypris) alta (Zalanyi,
1929), Hanganu, Table 111, 10-12.
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1980 Candona (Caspiocypris) aff. alta (Zalanyi,
1929), Freels, plate 4, figure 1-8.

1992 Candona (Caspiocypris) alta (Zalanyi),
Safak, Nazik and Senol, pl. 4, Fig. 1.

1992 Candona (Caspiocypris) alta (Zalanyi),
Nazik, Safak and Senol, plate 11, figure 8.

2005 Candona (Caspiocypris) alta (Zalanyi),
Vasiliev, Krijgsman, Stoica and Langereis, page 242,
plate 1, figure 7.

2013 Candona (Caspiocypris) alta (Zalanyi),
Safak, page 78, plate II, figure 4-5.

Stratigraphic and  Geographic  Distribution:
Caspian Basin (Zalanyi, 1929); Romania - Sarmatian
(Hanganu, 1974); Sivas and Sebinkarahisar, Turkey
- Late Miocene (Freels, 1980), Sariz and Tufanbeyli,
Turkey - Pliocene (Safak et al., 1992; Nazik et al.,
1992); South Carpathians - Mio-Pliocene (Vasiliev et
al., 2005); Hinis/Erzurum - Early Pleistocene (Safak,
2013).

Locations in this study: samples 10 and 19 in
Kopriikdy Measured Section 1, samples 1, 4 and 8
in Kopriikdy Measured Section 2, Late Miocene-
Pliocene

Subgenus: Candona (Lineocypris) Zalanyi, 1929
Species-type: Lineocypris trapezoidea Zalanyi, 1929

Stratigraphic distribution: (?Early Cretaceous)
Pliocene-Present

Environment: Fresh water, generally deep lakes
(Morkhoven, 1963)

Candona (Lineocypris) aff. granulosa Zalanyi,
1959

(Plate II, Figure 8)

1959 Candona granulosa n. sp. Zalanyi, page 223,
figure 5

1967 Candona (Caspiocypris) sp., Sokac, T. I: 4.

1972 Candona (Lineocypris) granulosa Zalanyi,
Sokac, T. XXVI:7-13.

1980 Candona (Lineocypris) aff. granulosa
Zalanyi, Freels, page 144, plate 6, figure 17-20.
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Stratigraphic and Geographic Distribution:
In the Pannonian Basin in the former Yugoslavia
(Montenegro) — Pontian (Sokac, 1967, 1972); Turkey
(Samsun, Erzurum) — Late Miocene (Freels, 1980).

Locations in this study: samples 5 and 8 in
Koprikdy Measured section 2, Late Miocene-
Pliocene.

Genus: Bakunella Schneider, 1958

Species-type: Pontocypris dorsoarcuata Zalanyi,
1929

Stratigraphic distribution: Pliocene-Present

Environment: brackish water, rarely freshwater
(from Tunoglu, 2003)

Bakunella cf. dorsoarcuata (Zalanyi, 1929)
(Plate II1, Figure 1-4)

1929 Pontocypris dorsoarcuata n. sp. Zalanyi,
page 37, figure 11, 12.

1949 Bythocypris guriana (Livental) Svejer, t. I11:

2.

1965  Bakunella  dorsoarcuata  (Zalanyi),
Stancheva, page 15-16, plate 4, figure 8.

1967  Bakunella  dorsoarcuata  (Zalanyi),

Agalarova, plate 3, figure 3-5.

1969 Candona (Bakunella) dorsoarcuata (Zalanyi)
Gramann, page 495, plate 32, figure 5a,b.

1972 Bakunella dorsoarcuata (Zalanyi), Krstic, T.
XXIII: 2-4.

1978 Bakunella dorsoarcuata (Zalanyi), Olteanu,
page 1019, plate 6, figure 3-4.

1980 Bakunella dorsoarcuata (Zalanyi), Freels,
page 32, plate 3, figure 10-15.

1991 Candona (Bakunella) dorsoarcuata
(Zalanyi), Jiricek & Riha, pl. 6, fig. 4.
1998 Candona (Bakunella) dorsoarcuata

(Zalanyi),Tunoglu, Unal and Bilen, page 96-97, plate
9, figure 1-3, 9, 10, plate 16, figure 1-4.
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2001 Candona (Bakunella) dorsoarcuata
(Zalanyi), Tunoglu, page 131-133.
2003 Candona (Bakunella) dorsoarcuata

(Zalanyi), Tunoglu, page 31, plate 6, 1-3, 9, 10; plate
9, 1-4.

2011 Bakunella dorsoarcuata (Zalanyi), Olteanu,
page 127, plate X, fig.

2011 Bakunella dorsoarcuata (Zalanyi), Floroiu,
page 36.

2013 Bakunella dorsoarcuata (Zalanyi), Stoica,
Floroiu, Krijgsman and Vasiliev, page 139, plate 1,
figure 27.

2013 Bacunella cf. dorsoarcuata (Zalanyi), Vesel-
Lukic, Tadesse and Poljak, page 413-414.

2013 Bakunella dorsoarcuata (Zalanyi), Pipik,
Starek, Seko and Sykorova, page 291-294.

2013 Bakunella dorsoarcuata (Zalanyi), Floroiu,
Stoica, Vasiliev and Krijgsman, page 131-132.

Stratigraphic and Geographic Distribution:
Russia-Volga shore — Pliocene (Svejer, 1949);
Kabistan, Azerbaijan, Ukraine, Bulgarian coast —
Pontian (Stancheva, 1965); Black Sea coast — Pontian-
Pliocene (Agalarova, 1967); Strimon Basin, Greece —
Pontian (Gramann, 1969); Pannonian Basin, former
Yugoslavia — Neogene (Krstic, 1972); Romania — Late
Pontian (Hanganu, 1966); Pannon Lake —Late Miocene
(Pipik et al., 2013); Dasic Basin, Eastern Carpathians,
Romania — Late Miocene-Early Pliocene (Stoica et al.,
2013); Eastern Slovenia — Late Miocene (Vesel-Lukic
et al, 2013); Eastern Carpathians — Pontian (Floroiu
et al., 2013); Black Sea coast, Turkey — Late Miocene
(Freels, 1980); Arakli, Trabzon — Pontian (Tunoglu
et al.,1998); Eastern Black Sea region — Pontian
(Tunoglu, 2003); Bucharest, Romania (Dasic Basin)
— Pontian-Maeotian (Floroiu, 2011).

Locations in this study: samples 6, 18, 21 and
24 in Kopriikdy Measured Section 1, Late Miocene-
Pliocene.

Bakunella cf. subtriangularis (Svejer, 1949)
(Plate III, Figure 5-8)

1949 Bythocypris subtriangularis Svejer, Pliyosen,
page 63, T. III: 6.,

1980 Bakunella cf. subtriangularis (Svejer), page
33, plate 3, figure 16-17.

Stratigraphic and Geographic Distribution:
Lower Volga region, Russia — Pliocene (Svejer, 1949);
Erzurum, Pasinler Basin, Turkey — Late Miocene;
Konya-Beysehir Basin — Pliocene-Early Pleistocene
(Freels, 1980).

Locations in this study: samples 4 and 7 in
Kopriikdy Measured Section 2, Late Miocene-
Pliocene.

Subgenus: Candona (Candona) Baird, 1845
Species-type: Cypris candida O.F.Miiller, 1776
Stratigraphic distribution: (?Eocene) Oligocene-
Present

Environment: Generally freshwater (Morkhoven,
1963)

Candona (Candona) lycica Freels, 1980
(Plate IV, Figure 1-3)

1981 Candona (Candona) lycica n.sp. Freels, page
73, plate 11, figure 12-13, plate 12, figure 1-6

Stratigraphic and  Geographic  Distribution:
Susehri, Sivas, Sebinkarahisar, Turkey — Late Miocene
(Freels, 1980).

Locations in this study: samples 6, 13 and 20
in Kopriikdy Measured Section 1, Late Miocene-
Pliocene

Candona (Candona) armenia Freels, 1980
(Plate IV, Figure 4-5)

1980 Candona (Candona) armenia n.sp. Freels,
page 71 , plate 11, figure 9-11

Stratigraphic and Geographic Distribution:
Erzurum-Pasinler-Horasan, Turkey — Late Miocene
(Freels, 1980).

Locations in this study: samples 4, 13 and 22
in Kopriikkdy Measured Section 1, samples 6 and 8
in Kopriikdy Measured Section 2, Late Miocene-
Pliocene.
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Candona (Candona) aff. elongata (Svejer, 1949)
(Plate IV, Figure 6)

Aff. 1949 Bythocypris elongata Svejer, page 62,
plate IV, figure 9-12.

1963 Bythocypris elongata Svejer, Mandelstam ve
Schneider, page 138, plate 17, figure 2.

1980 Candona (Candona) aff. elongata (Svejer),
Freels, page 82, plate 13, figure 9-12

2010 Candona (Candona) elongata (Svejer),
Safak, page 57, plate III, Figure 3.

Stratigraphic and Geographic Distribution:
Lower Volga and Caspian Basin — Pliocene-Early
Pleistocene (Mandelstam and Schneider, 1963);
Denizli-Saraykdy-Giiney-Babadag, Turkey — Late
Miocene (Freels, 1980; Safak, 2010).

Locations in this study: sample 6 in Koprikdy
Measured Section 2, Late Miocene-Pliocene.

Family: Ilyocyprididae Kauffmann, 1900
Genus: llyocypris Brady ve Norman, 1889
Species-type: Cypris gibba Ramdohr, 1808
Stratigraphic distribution: Triassic-Present

Environment: Freshwater — oligohaline salt falts and
mainly muddy bottoms (Morkhoven, 1963)

Fossilyocypris sarizensis (Safak, Nazik ve Senol,
1992)

(Plate IV, Figure 7)

1975 llyocypris caspiensis (Negadev) Kazmina,
page 45-46, plate I, figure 16-17, plate XVIII, figure
5-6.

1988 llyocypris caspiensis? Krstic, Figure 1.

1992 Ilyocypris sarizensis Safak, Nazik and Senol,
page 177, plate II, figure 1-7.

2004 Fossilyocypris sarizensis (Safak, Nazik and
Senol) Krstic, Markovic and Keyser, page 313, plate
2, figure 7-8.

Stratigraphic and Geographic Distribution:
species originally described in southeast Turkey —
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Pliocene (Safak et al., 1992). Global distribution west
Siberia (Novosibirsk, Tomsk, Omsk) and different
sections of the Altay mountains — generally lower-
middle, rarely Upper Quaternary sequences (Kazmina,
1975); Vojvodina, north Serbia — Pliocene (Krstic,
1988); Central and eastern Europe — Late Pliocene and
Middle Pleistocene (Krstic et al., 2004).

Locations in this study: samples 21, 22 and 24 in
Kopriikdy Measured Section 1, Pliocene.

5. Discussion and Conclusion

This study was conducted on units within the
Horasan Formation near Kopriikoy east of Erzurum.
This formation is found in the Erzurum-Pasinler-
Horasan region forming the northernmost section
of deposits from the neotectonic period in Eastern
Anatolia. Previous studis have determined that the sea
retreated from the Erzurum-Pasinler-Horasan region
in the Middle Miocene, with terrestrial sediments
unique to the neotectonic period deposited in the
Upper Miocene with basin formations deposited in
the Pliocene as the basin edges were uplifted and
connections with other basins were cut (Saroglu and
Yilmaz, 1984). This study observed well-preserved
ostracod, gastropod and pelecypod genera and species
in soft clastic claystone, siltstone and marl levels of
the Horasan Formation.

Amnicythere idonea is found in Turkmenistan
(Caspian Basin), west of Tethys (Aleria and Vera
Basins) and in Italy in the Pliocene and Late Messinian
(Mandelstam et al., 1962, Carbonnel, 1978, Gliozzi,
1999); and in Spain in the Late Miocene-Pliocene
(Stoica et al., 2016).

Candona (Caspiocypris) erzurumensis is found
in Turkey in Erzurum Pasinler and Hinis in the Late
Miocene and Pliocene (Freels, 1980, Safak, 2013).

Candona (Caspiocypris) araxica is found in
Turkey in Erzurum-Pasinler and the Black Sea region
in the Late Miocene-Pliocene, Middle-Late Miocene-
?Pliocene and in the Pliocene (Freels, 1980; Tunoglu,
2001, Safak, 2013).

Candona (Caspiocypris) aff. alta is found in the
Caspian Basin, Romania and Southern Carpathians
in the Sarmatian and Mio-Pliocene (Zalanyi, 1929;
Hanganu, 1974, Vasiliev et al., 2005). In Turkey it is
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found in Sivas, Sebinkarahisar and Sariz, Tufanbeyli
and Erzurum-Hinis in the Late Miocene and Pliocene,
and Pliocene-Early Pleistocene (Freels, 1980; Safak et
al.,1992; Nazik et al., 1992; Safak, 2013).

Candona (Lineocypris) aff. granulosa is found in
the Pannonian Basin in the former Yugoslavia in the
Pontian (Sokac, 1967, 1972) and in Turkey in Samsun
and Erzurum in the Late Miocene (Freels, 1980).

Bakunella cf. dorsoarcuata is found in Russia and
on the Black Sea coast in the Pliocene (Svejer, 1949,
Agalarova, 1967); in Azerbaijan, Ukraine, northern
Bulgaria, on the Black Sea coast, in the Strimon Basin
in Greece, Pannonian Basin in Romania, Eastern
Carpathians, in the Black Sea region of Turkey near
Trabzon, Arakli in the Pontian (Stancheva, 1965;
Agalarova, 1967; Gramann, 1969; Hanganu, 1966;
Pipik et al., 2013; Floroiu et al., 2013; Tunoglu,
2003; Floroiu, 2011). It is also found in the eastern
Carpathinas in the Late Miocene-Early Pliocene
(Stoica et al., 2013), on the Black Sea coast in Turkey
and in eastern Slovenia in the Late Miocene (Freels,
1980, Vesel-Lukic et al., 2013).

Bakunella cf. subtriangularis is found in Turkey
in the Konya-Beysehir Basin in the Pliocene-Lower
Pleistocene and in the Erzurum-Pasinler Basin in the
Late Miocene (Freels, 1980) and in the Lower Volga
region of Russia in the Pliocene (Svejer, 1949).

Candona (Candona) lycica is found in Sivas-
Susehri and Sebinkarahisar in Turkey in the Late
Miocene (Freels, 1980).

Candona (Candona) armenia is found in the
Erzurum-Pasinler-Horasan region in Turkey in the
Late Miocene (Freels, 1980).

Candona (Candona) aff. elongata is found in the
Lower Volga and Caspian Basin in the Pliocene-Early
Pleistocene (Mandelstam and Schneider, 1963) and in
Denizli-Saraykoy-Giiney-Babadag in Turkey in the
Late Miocene (Freels, 1980, Safak, 2010).

Fossilyocypris sarizensis is found in Turkey and
Serbia in the Pliocene (Safak et al., 1992; Krstic,
1988), in the Mediterranean and Central and Eastern
Europe in the Late Plicoene (Krstic et al., 2004) and in
Siberia in the Quaternary (Kazmina, 1975).

Of these genera Candona (Caspiocypris) and
Candona (Lineocypris)
brackish water (oligohaline) conditions, while
Candona (Candona) represents freshwater, Bakunella
characterizes rarely freshwater and mainly brackish
water, Amnicythere is found in brackish water and
Gyraulus and Dreissena characterize freshwater
conditions.

characterize freshwater-

The ostracod fauna identified in this study, along
with the micromollusk fauna clearly indicate an
assemblage supporting these interpretations in terms
of age and environmental correlations. According to
the fauna, the age of the formation is determined as
Late Miocene-Pliocene.

The ostracod and micromollusk species defined in
the study and the environmental conditions represented
by these species taken together and reviewed in light
of previous studies indicate the Horasan Formation
was deposited in the interval from the Late Miocene
to Pliocene when generally freshwater and brackish
water (oligohaline) conditions dominated.
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PLATE I

Figure 1. Amnicythere idonea Mandelstam, Markova, Rozyeva and Stepanajtys, 1962
Shell, right outer appearance, Kopriikdy Measured Section 2, sample no. 6
Figures 2-3. Candona (Caspiocypris) erzurumensis Freels, 1980

Shell, left outer appearance, Kopriikkdy Measured Section 1, sample no. 19
Right shell, outer appearance, Kopriikdy Measured Section 2, sample no. 6
Figures 4-8. Candona (Caspiocypris) araxica Freels, 1980

Left shell, outer appearance, Kopritkdy Measured Section 2, sample no. 6
Shell, left outer appearance, Kopriikdy Measured Section 2, sample no.5
Left shell, outer appearance, Kopriikdy Measured Section 2, sample no. 6
Shell, left outer appearance, Kopriikdy Measured Section 1, sample no. 24

Shell, left outer appearance, Kopriikdy Measured Section 1, sample no. 10
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PLATE 1l

Figures 1-7. Candona (Caspiocypris) aff. alta (Zalanyi, 1929)

Shell, right outer appearance, Kopriikdy Measured Section 2, sample no. 8
Right shell, outer appearance, Kopriikdy Measured Section 2, sample no. 8
Shell, right outer appearance, Kopriikoy Measured Section 2, sample no. 4
Shell, right outer appearance, Kopriikdy Measured Section 2, sample no. 8
Right shell, outer appearance, Kopriikdy Measured Section 2, sample no. 4
Shell, right outer appearance, Kopriikdy Measured Section 1, sample no. 19
Shell, left outer appearance, Kopriikdy Measured Section 1, sample no. 10
Figure 8. Candona (Lineocypris) aff. granulosa Zalanyi, 1959

Shell, left outer appearance, Kopritkdy Measured Section 2, sample no. 5
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PLATE 111

Figures 1-4. Bakunella cf. dorsoarcuata (Zalanyi, 1929)

Shell, left lateral appearance, Kopriikdy Measured Section 1, sample no. 6
Shell, left outer appearance, Kopritkdy Measured Section 1, sample no. 6
Left shell, outer appearance, Kopriikdy Measured Section 1, sample no. 18
Shell, right outer appearance, Kopriikdy Measured Section 2, sample no. 21
Figures 5-8. Bakunella cf. subtriangularis (Svejer, 1949)

Shell, left outer appearance, Kopriikdy Measured Section 2, sample no. 4
Shell, right outer appearance, Kopriikdy Measured Section 2, sample no. 4
Left shell, outer appearance, Kopriikdy Measured Section 2, sample no. 4

Shell, left outer appearance, Koprikkdy Measured Section 2, sample no. 7
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PLATE IV

Figures 1-3. Candona (Candona) lycica Freels, 1980

Right shell, outer appearance, Kopriikdy Measured Section 1, sample no. 13
Shell, left lateral appearance, Kopriikkdy Measured Section 1, sample no. 13
Shell, left lateral appearance, Kopriikdy Measured Section 1, sample no. 20
Figures 4-5. Candona (Candona) armenia Freels, 1980

Left shell, outer appearance, Kopriikdy Measured Section 1, sample no. 13
Shell, left outer appearance, Kopriikdy Measured Section 1, sample no. 4
Figure 6. Candona (Candona) aff. elongata (Svejer, 1949)

Right shell, outer appearance, Kopriikdy Measured Section 2, sample no. 6
Figure 7. Fossilyocypris sarizensis (Safak, Nazik and Senol, 1992)

Right shell, outer appearance, Kopriikdy Measured Section 1, sample no. 21
Figure 8. Dreissena polymorpha (Pallas,1771)

Right shell, outer appearance, Kopriikoy Measured Section 2, sample no. 9
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Eastern Pontides, The Kocadal base and precious metal mineralizations are located in the southwest of Giimiishane province of
Kocadal Gold the eastern Pontide orogenic belt. In the vicinity of the Kocadal mineralization, Glimiishane granite, lithologies
Mineralization, of the Hamurkesen, Berdiga, and Mescitli formations, dacite porphyry and andesite porphyry are present with

abundant alluvium. Based on geological, mineralogical, and geochemical features, three mineralization styles
have been recognized at the Kocadal area: (i) Mineralizations around Batarya tepe include (ia) Zn mineralization
within the conglomerates and sandstones of the Hamurkesen formation and (ib) Zn-Pb-Ag-(Au) mineralization
associated with dacite prophyry, (ii) Au mineralization, which occurs to the southwestern of Batarya tepe, and
(iii) Cu mineralizations related to quartz veins and veinlets at Gozelerin Dere. Mineralized gravels within the
conglomerates contains mainly sphalerite and pyrite, whereas hydrothermal mineralizations associated with
porphyritic dacite comprise pyrite and sphalerite, with minor galena, chalcopyrite, pyrrhotite, arsenopyrite,
marcasite, fahlerz, pyrargyrite, and proustite. Alteration patterns of hydrothermal mineralization in the field, from
older to younger, are classified as: (i) tremolite-actinolitetgarnet, (ii) quartz-sericite-chlorite, and (iii) carbonate-
quartz. Mineralized gravels within the conglomerates contains mainly sphalerite and pyrite, whereas pyrite,
chalcopyrite, and galena are common in quartz veins at Gozelerin Dere. Geostatistical studies based on the results
of geochemical analysis of core samples reveal the presence of the distinct element associations for the different
styles of mineralizations.

Conglomerate-
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region. First studies on the mineralizations in the study
area were carried out by Baytekin and Uslu (1974).
Later on Cinar et al. (1983) and Tiirk (MTA)-Japan
Joint Project (1985) (Tiirk (MTA)-Japon Ortak Projesi,

1. Introduction

Mineral deposits and mineral occurrences

associated with the magmatic rocks in the southern
part of the Eastern Black Sea Region form an E-W
extending zone. This zone includes porphyry Cu-
Mo, epithermal Au-Ag and vein type base metal and
precious metal mineralizations (Figure 1). Kocadal
base and precious metal mineralizations are located
in the central part of this zone and are in the 24 km
to the Southwest of Giimiishane, in the 1/25000 scale
map sheets H42-a2, a3, bl and b4. Some of the mines
operational in the region are Mastra Au, Midi (Zn-Pb-
Cu-Au-Ag) and Hazine Magara (Pb-Zn-Au-Ag). Apart
from these, there are also numerous mineralization
occurrences in the region.

There have been numerous studies concerning basic
geology and mineralizations in and near Giimiishane

1985) carried out geological studies in the study area.
All these studies were in the frame work of regional
prospection and mineralizations in the Kocadal area
were considered to be hydrothermal mineralizations
developed along the fracture systems. In 2009-2014
Demir Export Inc carried out detailed geological
mappings and surface geochemical studies to delineate
mineralization areas and conducted core drillings to
test dip down extensions of the mineralization. In this
work some of Demir Export’s data have been used
to explain and discuss geological, mineralogical and
geochemical characters of the Kocadal base metal and
precious metal mineralizations and different types of
mineralizations have been identified and described. By
doing this it was meant to provide some information to
help future mineral exploration activities in the region.

* Corresponding Author: Ismail CIHAN, ismailc@demirexport.com
http://dx.doi.org/10.19111/bulletinofmre.266067
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Figure 1- Location map of the study area.

2. Regional Geology

Study area is located in the Southern part of the
Eastern Pontides (Hamilton, 1942; Ketin 1966; Ketin
and Canitez, 1972; Ozsayar et al., 1981; Bektas et
al., 1984). The basal rock units present in the area are
Paleozoic Kurtoglu metamorphics (Yilmaz, 1972).
These rock units were intruded by Permo-Carboniferous
granitic intrusives (Cogulu, 1970; Yilmaz, 1972),
developed from the southern plunge of northern branch
of Paleo Tethys (Dewey et al., 1973; Sengdr and
Yilmaz, 1981; Bektas et al.,, 1999; Eyiiboglu, 2010;
Eyiiboglu et al., 2012). These units were discordantly
overlain by  volcano-sedimentary = Hamurkesen
formation of Lower-Middle Jurassic, characterizing
rifting in marine environment related to the extensional
tectonics (Eyiiboglu et al., 2010, 2014). This succession
at the next stage of rifting was concordantly overlain by
Upper Jurassic-Lower Cretaceous Berdiga formation
consisting platform limestones, characterizing shallow
marine environment (Eytiboglu et al., 2010, 2014).
Berdiga formation is concordantly overlain by flysch
like (Giiven, 1993) Turonian-Paleocene, Mescitli
formation (Pelin, 1977). All units in the area have been
cut by Eocene dacite porphyries related to volcanic
arch (Eytiboglu et al., 2011). Dacite porphyries
have intrusive relationships with the Hamurkesen
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formation and the Giimiighane granite. Because of
these relationships, dacite porphyries can be correlated
with the Lower Eocene Zigane granitoid (Ketin 1966;
Bektas et al., 1995; Karsli, 1996) present in the area,
related to the magmatic arch which was active during
Late Cretaceous-Early Eocene (Sengér and Yilmaz
1981; Okay and Sahintiirk 1997; Yilmaz and Karsh
1997; Yilmaz et al., 1997; Bektas et al., 1999; Sengor et
al., 2003), (Figure 2).

3. Local Geology

In the study area and in the surrounding areas
various kinds of lithologies at various ages are
present. From oldest to youngest they are; Giimiighane
granite, Hamurkesen (Zimokdy) formation, Berdiga
formation, Mescitli formation, dykes and alluviums
(Figure 3).

3.1. Giimiishane Granite

In the study area Giimiishane granite is the oldest
unit. It was named as Giimiishane pluton by Cogulu
(1970) and Yilmaz (1972). Lermi (2003) described
Glimiigshane granite and said that it has granite,
granodiorite, tonalite, quartz monzodiorite, quartz
diorite and diorite mineralogy.
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Figure 2- Generalized column section of the study area (modified after Lermi 2003).

Figure 3- 1/500.000 scale geological map of the study area (modified after Senel, 2002).
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Rock units outcropping in the western and
northern part of the study area are granite,
granodiorite and quartz diorite. Gray-beige
coloured granites and quartz diorites crop out
around Killik Tepe (Killik Hill). These two rock
units have intricate relationships and have various
amounts of plagioclase, orthoclase and amphibole
minerals, biotite, chlorite and small amount of
pyroxenes. Size of minerals is up to 0.5 cm Diorites
and quartz diorites considered to be last phase crop
out around Batarya Tepe and have darker colours
and smaller size minerals than granodioritic rocks.
They are consist of 50% plagioclases and have alkali
feldspars, quartz, amphibole, pyroxene minerals,
epidote and chlorite (Lermi, 2003).

3.2. Hamurkesen Formation

Lower-Middle Jurassic volcano-sedimentary
succession named as Hamurkesen formation by
Agar (1977) or Zimonkdy formation as named
by Eren (1983) overlays Giimiishane granite
with an unconformity. Based on the colour and

lithological difference the Hamurkesen formation

has been divided into two different members. The
formation at the base starts with basalts, spilitic
basalts, pyroclastics, dolerites of the Ikisu member,
concordantly overlain by andesites and pyroclastics
with clayey limestone and sandstone lenses of the
Karaca volcano-sedimentary member (Eyiiboglu et
al., 2000).

The units cropping out around Batarya Tepe and
in the southern part are conglomerates-sandstones
with gray-black coloured sand to block size fragments
(Figure 4A) and in places in limited narrow patches
with volcanic interlayers (Figure 4B-4C). Bedding is
not observed at the lower parts but in the upper parts
as the grain sizes become smaller medium beddings
become noticeable. The unit consists of magmatic
rock fragments, quartz grains an lesser amounts of
metamorphic rock fragments, the matrix is made of
clay and sand size of similar materials. The unit also
has magmatic rock pebbles with disseminated and
massive ore mineralizations. In general in the unit
semi rounded fragments with corners are dominant
(Figure 4 D).

Figure 4- A) General field view of the conglomerates-sandstones of the Hamurkesen formation B) Volcanic (rhyolite) parts in the Hamurkesen
formation C) Pyroclastic (agglomerate) parts in the Hamurkesen formation D) General view of the conglomerates-sandstones in the

drill cores.
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3.3. Berdiga Formation

Berdiga formation named by Pelin (1977) at the
base starts with yellow coloured sandy limestones
upward goes to red coloured limestones then to
sandstone-siltstone-claystone-marl and limestone
interbeds and also tuff intercalations concordantly
overlies the Hamurkesen formation. The Berdiga
formation is Upper Jurassic- Lower Cretaceous age
(Tasl, 1984).

The unit is represented by gray-white coloured
limestones, outcrops in the northern part of the study
area at the high altitudes. The limestones display medium
thick beddings and have extensive karsts structures.

3.4. Mescitli Formation

The unit was first named as Kermutdere formation
by Tokel (1977). It is mainly made of flysch facieses
sediments outcropping along the Southern Pontide
zone. The unit later on was named as Mescitli
formation by Giiven (1993). The unit concordantly
overlies the Berdiga formation. It starts with red-
Bordeaux coloured clayey limestones and is a thick
succession made of alternations of gray coloured
marl-shale-clayey  limestone  with  sandstones
intercalations. In some locations tuff intercalations
are also present. In Eastern Pontides All along Late
Cretaceous, along with the products of developing
active volcanisms Mescitli formation developed in
deep marine environment. It is a thick succession at
Turonian-Paleocene age (Giiven, 1993).

The unit outcrops in the north-eastern part of the
study area, is represented by red-bordeaux coloured
clayey limestones with thin and thick beddings

3.5. Dikes

In the Eastern Pontides three different ages of
magmatic activities are under considerations (Okay
and Sahintiirk, 1977); (I) First period is Early Jurassic-
Middle Jurassic tholetiic rocks, related to extensional
regime (Peccerillo and Taylor, 1975; Gedikoglu,
1978; Akin, 1979; Egin et al., 1979; Akinci, 1984,
Gedik et al., 1996). (II) In the region second period
developed as a result of Turronian-Maestrichtien age
subduction, generally sub alkaline related to oceanic
island arc magmatisms (Adamia et al., 1977; Egin et
al., 1979; Kazmin et al., 1986; Camur et al., 1996).

Same magmatism has been claimed to be related to
Late Cretaceous-Early Eocene magmatic arc (Sengdr
et al., 2003). It is quite possible that dikes present
in the study area are related to the third of these
activities.

In the study area there are dike systems with
different phase and different chemical compositions
cutting one another.

Dacite porphyries outcropping in the Batarya
Tepe area located in the fracture systems varying
between N60°E and E-W strikes (Figure 5 A). Dacite
porphyries in the field have white and beige colour,
they have extensive quartz phenocryst in clayey
matrix. Dacite porphyries have intrusive relations
with the Hamurkesen formation and Giimiishane
granites and display 1-5 m thick topographic eaves
in the field. As a result of alteration original texture
and mineralogy of the rocks have been totally
destroyed, but still signs of porphyritic texture are still
identifiable. Mineralogical studies showed that apart
from quartz all other minerals have been altered. In the
specimens quartz, sericite, plagioclases (subjected to
carbonate and clay alterations) and eroded quartz are
present. Matrix materials are clay, carbonate sericite
and quartz (Figure 5 B-C).

In the study area relatively younger dykes
with andesitic (?) composition have N-S and E-W
extensions (Figure 6 A) cut Hamurkesen formation
and dacite porphyries in the south-western part of the
Batarya Tepe. These dykes are maximum 4 m thick and
are followed about 60 m along their strike directions.
Andesitic dikes form relatively smoother features on
the topography than porphyries. In the outcrops they
are dark gray, mineralogical studies show that they
porphyritic texture and include some phenocryst of
plagioclases, mafic minerals and few quartz. Apart
from quartz all other minerals have been fully altered.
Plagioclases have been sericitized and carbonation.
Mafic minerals (hornblende) have been altered to
chlorite and carbonate and are seen as pseudomorphs.
Matrix materials have also been altered and include
plagioclase microlites, quartz, chlorite and a few
opaque minerals (Figure 6 B-C).

As andesitic dikes (?) cut older porphyries and they
have also been cut, so it is considered that andesitic
dikes represent a later stage of magmatic activities.
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Figure 5- A) General field views of dacite porphyries, B) Hand
specimen, C) Thin section view.

These dykes in the study area have intercepting
relations with older units, so they are considered to be
Eocene age.

3.6. Alluvium

Stream sediments in the study area are present
around Kara Dere. In the field in and around Kara

Dere alluviums cover a 300 m long and 100 m wide

144

Figure 6- Andesitic dikes A) Field view, B) Hand specimen view, C)
Thin section view.

area. Elements of the alluvium are rounded and are

loosely cemented.
4. Structural Geology

In the study area as Lower-Middle Jurassic
Hamurkesen formation overlies basement Permo-
Carboniferous Gilimiishane granitoid with basal

conglomerates indicating unconformity showing
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that geological time gaps and long period of erosion
during this time gap. Units of the Berdiga and
Mescitli formations in the study area have concordant
relationships indicating that in the area tectonically
they had a quite sedimentation process.

In the study area 3 different fracture systems
are present. They have NE-SW and NW-SE strike
directions. Fracture system with NE-SW system
has N60°E and E-W strikes, dacite porphyries have
developed in these fractures. N-S fracture system is
closely associated with the andesitic dike systems,
intercepting all older units in the study area NW-SE
fractures area the youngest and intercept all other
structure systems.

5. Mineralizations

In the study area mineralizations are present in
three different locations. They are (ia) pebbles with
sphalerites derived from the Giimiishane granite (?),
transported (magmatic) type mineralizations (ib) in
the western slopes of Batarya Tepe Zn-Pb-Ag (Au)
mineralizations in the N70°E, E-W extending dacite
porphyries in the conglomerates-sandstones of the
Hamurkese formation, (ii) In the south-western part

of the Batarya Tepe Au mineralizations in the dacite
porphyries in the sandstones and (iii) around Gdzelerin
Dere Cu mineralizations in the N-S extending quartz
veins and veinlets in the Glimiishane granite (Figure 7) .

5.1. Batarya Tepe Zn-Pb-Ag-(Au) Mineralizations

Two different types and at two different ages
mineralizations can be considered in the Batarya
Tepe, they are (ia) transported type (magmatic
origin) mineralizations, possibly associated with the
Glimtighane granite (Figure 8) and (ib) hydrothermal
type mineralizations possibly related to the dacite
porphyries intercepting granites and sandstones.

Presence of disseminated sphalerite bearing
pebbles in the conglomerates-sandstones at the base
of the Hamurkesen formation represent transported
type (magmatic) mineralizations. The pebbles
thought to have driven from the Glimiishane granite
is considered to be the right way to assume magmatic
origin. Silicificiations argilizations and sericitization
are extensive in these magmatic pebbles

Batarya Tepe Zn-Pb-Ag-(Au) mineralizations are
associated with N60°E, E-W striking and 60°-85° South

Figure 7- Google earth view of the mineralization areas.
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Figure 8- Mineralized pebbles in the conglomerates-sandstones of the Hamurkesen Formation A) Disseminated mineralizations in the pebbles,

B) Massive mineralization in the pebbles.

dipping or vertical dacite porphyries. Conglomerates-
sandstones of the Hamurkesen formation have been
intercepted by dacite porphyries. Mineralizations and
alterations have developed in dacite porphyries and
in the rocks in contact with. Thickness, extension
along the strike-dip directions of the mineralizations
are connected and varied with thickness of the
dacite porphyries, permeability, porosity, degree of
fracturings of the host rock. On the surface alterations
of silicificiation, argilization and limonitization and in
places brecciations accompany mineralizations. In the
Batarya Tepe these mineralized zones cover 150 x 400
m? area. With the surface and drill data it is concluded
that these zones have 10-50 m continuation along the
strike directions and are 1-5 m thick.

5.2. South-West of Batarya Tepe Au Mineralizations

Gold mineralizations in the south-western part of
Batarya Tepe is associated with the conglomerates-
sandstones of the Hamurkesen formation and with the
N-S extending dacite porphyry dikes intercepting these
units. Inthis part in the conglomerates-sandstones there
are quartz, sphalerite and galenite bearing veinlets
with limited extensions. On the surface carbonate-
silica-chlorite-sericite alterations are observed in the
dacite porphyries and in the conglomerates and in the
sandstones. In this part sandstones-conglomerates and
dacite porphyries have been cut by andesitic dikes.
Taken surface and underground data together, it has
been concluded that the mineralized zone is about 800
m long and up to 400 m wide.
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5.3. Gozelerin Dere Cu Mineralizations

Gozelerin Dere Cu mineralizations are located
in the ridge between Batarya Tepe and Gozelerin
Dere. Within the zone milky quartz veins in varying
thickness, varying degrees of silicificiations and
argilizations are observed. Milky quartz veins may
be up to 30 cm thick. Disseminated pyrite, very few
chalcopyrite, galenite and in places malachite, azurite
and limonite are present in the milky quartz veins and
veinlets. Mineralizations are in the vertical tectonic
lines with N10°W and N-S strikes in the granodiorites
of the Glimiishane granite. They are up the 5 m thick
and can be followed about 300 m along their strike
directions

6. Mineralization Types
6.1. Transported (Magmatic) Type Mineralizations

In the Hamurkesen formation two different types
mineralized rock fragments are present. Size of the
mineralized rock fragments vary 1-5 cm. One type
is granitic rock pieces (pebbles) with disseminated
mineralizations (Rock pieces from the Giimiishane
granite) (Figure 8 A). Second type is massive ore
pebbles (Figure 8 B).

6.2. Hydrothermal Type Mineralizations

In the study area hydrothermal mineralizations are
observed in the granites, conglomerates-sandstones
and dacite porphyries in the form of veins, veinlets,
network, disseminations and smears.
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6.2.1. Mineralizations in the Quartz Bearing
Carbonate Veins-Veinlets

Sphalerite, galenite, pyrite and in places
chalcopyrite minerals are present in the 0.5 cm — 1 m
thick quartz-carbonate vein-veinlets (Figure 9 A). In
places veins have been brecciated (Figure 9 B).

6.2.2. Network Type Mineralizations in Fractures and
Cracks

Network type mineralizations are observed along
the fractures and cracks in the rocks developed in
various directions (Figure 9 C, D). These structures
are filled with sulphide minerals and on the surface
they are oxidized and have blackish-red coloured
appearance.

6.2.3. Disseminated Type Mineralizations

Disseminated types of all kinds of ore minerals
present in the region are encountered in the Batarya

Tepe in the dacite porphyries and in their host rocks
there. In the Gozelerin Dere copper mineralizations
chalcopyrite, pyrite and galenite are also disseminated
type (Figure 9 E).

6.2.4. Smear Type Mineralizations

Limonite smears are present in the cracks and
fractures of all kinds of rock types present in the study
area (Figure 9 F).

7. Alteration

By using drill cores alterations have been studied in
detail and alteration patterns from old towards young
have been grouped as (I) tremolite-actinolite + garnet,
(IT) Quartz-sericite-chlorite and (IIT) Carbonate-silica
alterations. During the processes of mapping because
of surface effects and alterations masking one another
alterations of silicification, argillization and quartz-
sericite-chlorite-clay-carbonate minerals, have been
marked with the dominant minerals present (Figure 10).

Figure 9- A) Quartz-carbonate vein with sphalerite, B) Mineralized (phalerite) brecciated zone, C) Network type mineralizations in cracks
and fractures (Q: Quartz, Py: Pyrite, Sph: Sphalerite, Ga: Galenite), D) sphalerite vein along fractures and cracks, E) Disseminated
type mineralization (Sphalerite), F) Smear type mineralization (limonite).
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Figure 10- Geology of the Batarya Tepe Mineralizations and alterations map.

In Batarya tepe Tremolite-actinolite +garnet
alteration in general is observed as metasomatisms
of veinlets of plagioclases and/or mafic minerals in
dacite porphyries, conglomerates-sandstones and
granites. Pyrrhotite, pyrite and sphalerite are the ore
minerals in this alteration paragenesis.

In Batarya Tepe and south-west of Batarya Tepe,
quartz-sericite-chlorite assemblage have developed

148

from the changeover of feldspaths and mafic minerals
or in the form of veinlets in the Conglomerates-
sandstones and dacite porphyries present. Pyrite and
sphalerite are the ore minerals present in this alteration
paragenesis.

Last alteration period; carbonate (calcite-
dolomite)-silica alteration is observed in Batarya
Tepe and in the south of Batarya Tepe. While this
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alteration in Batarya Tepe is seen to have developed
from the mafic minerals in the granites and dacite
porphyries or from the changeover of previously
developed alteration minerals or have developed as
veins intercepting the whole system, on the other hand
they developed in the conglomerates-sandstones in
association with the veins and veinlets. In the south-
west of Batarya Tepe carbonate-silica alterations are
seen as veins and veinlets. In the south-west of Batarya
Tepe where carbonate-silica alterations are present as
veins and veinlets, here sphalerite, galenite, fahlerz,
arsenopyrite, pyrargyrite, proustite, chalcopyrite,
bournonite and pyrrohotite minerals are present.

8. Mineralogy of the Ore Mineralizations

Ore microscopy studies carried out on the samples
from transported (magmatic) and hydrothermal
mineralizations in the study area showed that main
minerals are pyrite and sphalerite. Along with these
main minerals chalcopyrite, galenite, pyrrhotite,
arseopyrite, marcasite, fahlerz, bournonite, pyrargyrite
and proustite are also present. Secondary ore minerals;
digenite, smithsonite, and limonite accompany to the
paragenesis.

In Batarya Tepe mineralized pebbles in the
conglomerates-sandstones  of the Hamurkesen
formation have sphalerite, pyrite. Sphalerites are
xenomorph and have up to 3-4 mm varying grain size,
rarely include pyrrohotite and chalcopyrite inclusions
and exholitions. Pyrites are hypidiomorph and have up
to 5 mm grain size.

Detailed informations on the minerals of
hydrothermal mineralizations, which is present in
three different locations in the area, are given below.

8.1. Pyrite

Two generations of pyrites are present. First
generation of pyrites are hypidiomorphic (Figure 11
A, B), partly, among themselves forming interlocked
crystal groups. They are about 0.5 mm size. First
generation of pyrites are the oldest mineral of the
paragenesis have cataclastic and mesh texture. They
have been metasomatized by other minerals. They
are interlocked with sphalerites. Second generations
of pyrites are not too many and are the products,
transformed from pyrrohotites (Figure 11 A, B).

These types of pyrites in general are seen as skeletons
interlocked with marcasites.

8.2. Sphalerite

Sphalerite minerals in general are xenomorph
grains and have pyrite, pyrrohotite, inclusions and
chalcopyrite and pyrrohotite exsolution lamellae. These
features indicate that sphalerites started developing
from hot hydrothermal solutions. Sphalerites have
been cut by silver minerals (pyrargerite and proustite)
and fahlerz (Figure 11 C) and galenite. Sphalerites
have internal glare, indicating that they have excessive
Fes in their crystal structure.

8.3. Chalcopyrite

Chalcopyrites are mostly large xenomorph
grains and in general interlocked with sphalerites or
intercepting them. They also are as exsolution lamellae
and as inclusions in sphalerites

8.4. Galenite

Galenites are mostly observed in the quartz-
carbonate veins and are the youngest mineral in this
paragenesis. Grain sizes reach up to 1.1.5 mm. In
galenites there are tiny pyrargerite and prusite grains.

8.5. Pyrrohotite

Pyrorrhotite is found in small amount, is present
as exsolutions and inclusions in sphalerites and as
inclusions in pyrites and arsenopyrites. In tremolite-
actinolitexgarnet veins and in places where quartz-
sericite alterations are effective major part of the
disseminated type pyrrohotites have been changed into
marcasite or pyrite. Pyrrohotite lamellae changed into
pyrite and marcasite have been filled with sphalerite
and galenite (Figure 11 D).

8.6. Arsenopyrite

Arsenopyrites are commonly found in in quartz-
carbonate veins. Idiomorph and hypidiomorph
arsenopyrite crystals are found as rhombic and needle
like. Size of arsenopyrite crystals may reach up to 1
mm. Galenite, tiny pyrrohotite, fahlerz and sphalerite
grains are observed in marcasites. Arsenopyrites in
parts are interlocked with each other and in parts, have
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cataclastic textures, in places encircle pyrites and
replace it by metasomatism.

8.7. Marcasite

Mascasite is found as alteration products of pyrites
and hexagonal pyrrohotites. Marcasites changed from
pyrrohotites are as lamellae. Marcasites resulted from
the hydrothermal alteration of hexagonal pyrrohotites
and pyrites have banded structure. With the development
of sericite-clay-carbonate alteration pyrohotites and first
stage pyrites have changed into marcasite. Marcasites
are noticeable with high reflectivity, light yellow colour,
reflection pleochroism and anisotropy.

8.8. Fahlerz (Tetrhedrite-Tennantite)

Fahlerz is commonly found in the quartz-carbonate
veins, mostly xenomorphic fine grains with about 10-
15 microns size. Fine grains of galenite, bournonite,
pyrargyrite and proustite grains are found in fahlerz.

8.9. Pyrargyrite/Proustite

Pyrargyrite/Proustite is found small amount in
quartz-carbonate veins. They encircle fahlerz grains
and replaces them (Figure 11.E). Size of the largest
interlocked pyrargyrite/proustite group is about 0.1-
0.15 mm. They are also present as thin veinlets cutting
sphalerites and as small grains in the galenites (Figure
11.F).

8.10. Bournonite

Bournonite grains are not very common in quartz-
carbonate veins, they are found in fahlerz with galenite
grains. Grain size is about 10-15 microns. Bournonites
are found in chalcopyrites and in places in the cracks
and partly display parallel twining.

8.11. Digenite

Digenites as secondary minerals are present small
amount and generally found surrounding sphalerites
and chalcopyrites as thin zone. They are also found
filling the cracks of these minerals.

8.12. Smithsonite

Smithsonite is found as very fine grains in the
cracks and fractures.
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8.13. Limonite

Limonite is the alteration mineral of the sulphides
found on the surface along the cracks and fractures.

By looking at the above given features and
their mineralogical relations with each others of the
minerals present, paragenesis of the hydrothermal
minerals from old to young are; pyrrohotite, pyrite
(), sphalerite, chalcopyrite, galenite, bournonite,
fahlerz, arsenopyrite, pyrite (II), pyrargyrite/proustite,
digenite, smithsonite and limonite (Figure 12).

9. Geochemical Studies

In the study area to establish the dimensions, origin
and economical potential of the mineralizations,
geochemical studies carried out on the samples
collected. In this connection first soil samples were
collected then drill cores.

9.1. Soil Geochemistry

Soil geochemical studies have been carried out
to establish surface extension of the mineralizations
in and around Batarya Tepe. 12 sample lines along
N-S direction with 100 m in between have been
established. Length of the lines varied between 250
m to 850 m. Soil samples were collected along those
established lines with 50 m intervals.

Collected samples without being subjected to
any treatment like sieving etc. were sent to the ALS
Chemex Laboratories for chemical analyses. In the
laboratory the samples were dried, sieved through 50
mesh sieve and have been analysed 50 elements by
ICP MS method.

Analyses of Au, Ag, Pb, Zn and Cu have been
statistically studied. On average, standard deviations
higher than +1 (+1 o) have been considered weak
anomaly and on average standard deviations higher
than +2 (+2 o) have been considered strong anomaly.
In the study area, in three different parts contour
maps have been prepared for Au, Ag, Pb, Zn and Cu
for average+l and +2 standard deviations. Certain
anomaly groups have been established in three areas.
They are; (I) Zn-Ag-(Au, Cu, Pb) anomaly district
around Batarya Tepe, (II) Au anomaly district south-
west of Batarya Tepe and (III) Cu anomaly around
Gozelerim Dere district. When Strong Zn anomaly
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Figure 11- Hydrothermal mineralizations in the Batarya Tepe A,B) Change of first generation pyrite and arsenopyrite into marcasite
and pyrite. Filling of pyrrohotite lamellae by sphalerite and galenite, C) Fahlerz and silver (pyrargyrite/proustite) cutting
sphalerite, D) Change of pyrrohotite into pyrite and marcasite, filling of pyrrohotite lamellae by galenite and sphalerite,
E) Silver mineral encircling fahlerz, and silver minerals in fahlerz, F) Silver minerals inclusions in galenite (Ag: Silver,
Fh: Fahlerz, Ga: Galenite, M: Marcasite, Py: Pyrite, Sph: Sphalerite) .

around Batarya Tepe is considered together with
the weak anomaly it is noticed that it is extending
E-W direction. In the strong Zn anomaly area in
Batarya Tepe there are also strong Ag, Au, Cu and
Pb anomalies. In the south-west side of Batarya
Tepe strong Au anomaly, accompanied by strong Pb
anomalies has N-S extension. On the other hand in

the northern part of the Gozelerin Dere there is a N-S
extending Cu anomaly (Figure 13).

9.2. Core Samples Geochemistry

To be able to study the deep down distribution
pattern of the soil geochemical analyses findings,
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Figure 12- Paragenesis of the hydrothermal mineralizations.

Figure 13- Zn, Au, Pb, Ag and Cu anomaly areas worked out from the soil geochemistry.

core samples of the mineralized zones of the
drillings conducted on the Batarya Tepe and on the
south-west of Batarya Tepe have been analysed and
statistical data of the analyses of all elements are
given in table 1.

In Batarya Tepe and in south-west part of it,
to be able to understand elements togetherness of
the analyses in different lithologies, correlation
coefficients of 50 elements data set have been
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calculated. While evaluating correlation coefficients
of the analyses, for Batarya Tepe mineralizations,
over 5000 ppm values for Zn and over 0.1 ppm values
for Au for the south-west part of Batarya Tepe have
been selected. From the cumulative distributions of
the coefficients, for positive correlations; coefficients
0.5 and over, for negative correlations; coefficients
-0.5 and under have been accepted to be presenting
meaningful correlation couples. Elements present in
the mineralizations in different lithologies considered



Table 1- Statistical data on the analyses of the mineralized zones of the core samples.
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Sector Lithology Statistics | Au_ppm | Ag_ppm | Al_pct As_ppm Ba_ppm | Be_ppm | Bi_ppm Ca_pct Cd_ppm Ce_ppm
Cor . Max 5.61 149.00 9.51 6490.00 1380.00 3.37 293.00 4.96 346.00 195.00
Sandstone (N=349) Min 0.0025 0.62 0.28 7.30 10.00 0.25 1.02 0.15 14.45 19.00
Average 0.08 9.33 6.64 270.76 285.30 1.60 16.70 1.03 42.93 57.07
Batarya Hill Dacite Porphyry Max 5.17 906.00 8.99 10000.00 7830.00 2.95 227.00 8.13 521.00 131.50
Zn(Pb,Ag,Au,Cu) (N=184) Min 0.00 1.14 0.22 8.20 10.00 0.25 0.03 0.06 10.40 13.10
Mineralizaitons Average 0.17 19.06 5.99 769.51 274.08 1.84 14.24 0.89 53.44 41.54
Max 4.14 110.00 9.88 10000.00 6060.00 3.14 422.00 9.20 347.00 215.00
Granite (N=545) [Min 0.00 0.30 0.29 1.00 20.00 0.25 0.14 0.07 16.10 14.00
Average 0.08 7.74 6.78 421.05 273.52 1.79 14.78 1.55 51.34 49.34
Conal ) Max 6.26 98.50 7.91 5080.00 1320.00 2.65 17.90 5.17 48.00 62.90
South-West of sancstone (v-145) [0 0.10 0.20 028 6.60 1000 [ 050 [ 005 057 001 35.70
Batarya Hill (Au) Average 0.52 4.30 4.70 662.40 233.56 [ 1.50 1.43 2.33 4.00 52.69
Mineralizaiton Dacite Porphyry Max 14.80 45400 | 8.43 5430.00 790.00 | 2.49 5.00 5.78 33.10 64.60
(N=80) Min 0.11 0.50 0.28 13.00 10.00 0.25 0.02 0.20 0.51 24.20
Average 0.84 15.34 4.27 1068.98 216.75 1.41 0.85 1.08 7.98 36.58
Sector Lithology Statistics | Co_ppm | Cr_ppm | Cs_ppm Cu_ppm Fe_pct | Ga_ppm | Ge_ppm | Hf ppm In_ppm K_pct
¢ ate- Max 43.70 265.00 3.96 4870.00 14.25 23.10 0.41 6.40 37.30 4.77
Sandstone (N=349) Main 2.80 2.00 0.95 12.20 2.04 5.00 0.05 0.50 0.07 0.22
Average 11.00 24.61 1.86 246.65 5.38 17.02 0.18 2.18 4.95 3.21
Batarya Hill Dacite Porphyry Max 279.00 319.00 5.19 10150.00 14.35 23.30 0.34 5.10 24.10 4.03
Zn(Pb,Ag,Au,Cu) (N=184) Min 0.60 0.50 0.65 27.90 1.12 5.00 0.05 0.50 0.02 0.19
Mineralizaitons Average 10.10 21.85 2.03 309.77 4.24 15.60 0.14 2.06 4.52 2.79
Max 428.00 289.00 8.97 42170.00 14.40 27.00 0.40 4.20 72.10 4.69
Granite (N=545) |Min 1.80 0.50 0.92 8.50 1.15 5.00 0.05 0.50 0.07 0.19
Average 13.91 21.24 3.33 275.72 6.03 17.11 0.17 1.65 5.42 2.74
Conal . Max 19.20 32.00 4.62 384.00 7.74 20.00 0.25 3.40 3.85 4.73
South-West of Sandstone (N=149) Min 3.20 2.00 1.19 8.20 1.65 5.00 0.11 2.20 0.04 0.23
Batarya Hill (Au) Average 8.84 12.65 2.51 44.43 2.93 12.69 0.17 2.82 0.28 2.30
Mineralizaiton Dacite Porphyry Max 20.00 103.00 | 4.93 220.00 4.65 17.85 0.19 2.70 1.17 4.05
(N=80) Min 0.50 0.50 0.97 4.00 0.55 5.00 0.03 1.30 0.04 0.27
Average 2.31 5.58 1.71 52.46 1.65 10.93 0.12 1.99 0.33 2.06
Sector Lithology Statistics | La_ppm Li_ppm | Mg_pct| Mn_ppm | Mo_ppm| Na_pct [ Nb_ppm| Ni_ppm P_ppm Pb_ppm
¢ ate- Max 92.80 36.20 2.52 14350.00 16.60 1.21 43.90 105.00 1680.00 14250.00
Sandstone (N=349) Min 5.00 2.30 0.21 1000.00 0.31 0.01 6.30 1.60 240.00 12.70
Average 26.34 5.99 0.98 5192.35 2.01 0.04 11.70 16.21 647.91 394.43
Batarya Hill Dacite Porphyry Max 82.30 37.20 4.35 47200.00 76.90 0.73 33.80 137.00 1460.00 | 24500.00
Zn(Pb,Ag,Au,Cu) (N=184) Min 5.00 2.00 0.05 216.00 0.20 0.01 2.70 0.20 10.00 20.20
Mineralizaitons Average 19.17 7.15 0.78 2924.57 1.95 0.05 9.10 6.51 347.50 917.06
Max 129.50 52.10 4.08 9210.00 14.60 2.28 18.20 121.50 1860.00 [ 17050.00
Granite (N=545) [Min 5.00 1.90 0.22 402.00 0.16 0.01 2.00 0.20 10.00 12.80
Average 22.08 11.47 1.46 3965.24 1.57 0.25 8.07 4.80 552.39 532.50
Conglomerate- Max 32.30 16.40 2.39 11100.00 8.71 1.62 12.40 28.40 630.00 4460.00
South-West of Sandstone (N=149) Min 5.00 2.30 0.46 752.00 0.50 0.01 8.50 5.10 380.00 3.00
Batarya Hill (Au) Average 19.84 5.78 1.10 3391.24 1.76 0.0 [ 1073 12.02 506.98 | 415.14
Mineralizaiton Dacite Porphyry Max 26.40 25.50 2.78 8420.00 10.95 0.85 10.20 62.10 1530.00 8910.00
(N=80) Min 5.00 4.00 0.14 373.00 0.50 0.01 6.40 0.30 180.00 25.90
Average 15.19 6.91 0.51 1676.66 1.58 0.04 8.61 4.25 288.63 869.78
Sector Lithology Statistics | Rb_ppm | Re_ppm | S_pct Sb_ppm Sc_ppm | Se_ppm | Sn_ppm [ Sr_ppm Ta_ppm Te_ppm
Con _ [Max 197.00 0.004 9.34 169.50 29.00 7.00 17.80 132.00 2.81 1.07
Sandstone (N=349) Min 63.10 0.001 0.07 0.87 2.00 0.50 1.10 2.00 0.35 0.03
Average 128.50 0.001 2.17 7.57 10.71 2.00 7.28 26.65 0.88 0.18
Batarya Hill Dacite Porphyry Max 177.50 0.007 10.00 505.00 33.40 11.00 16.20 359.00 2.47 2.17
Zn(Pb,Ag,Au,Cu) (N=184) Min 49.70 0.001 0.50 1.00 0.50 0.50 1.20 2.00 0.15 0.03
Mineralizaitons Average 118.52 0.002 2.20 20.92 8.61 2.04 4.98 25.01 0.71 0.12
Max 288.00 0.010 10.00 184.50 32.90 10.00 16.20 510.00 3.12 1.40
Granite (N=545) |Min 37.40 0.001 0.01 0.74 1.60 0.50 1.10 3.70 0.13 0.03
Average 132.20 0.001 2.16 9.97 16.57 1.85 5.36 43.12 0.69 0.12
Conglomerate- M?X 184.00 0.004 7.47 51.10 12.40 3.00 10.40 93.30 0.94 0.42
South-West of Sandstone (N=149) Min 74.90 0.001 0.27 0.66 2.00 0.50 1.80 3.00 0.65 0.03
Batarya Hill (Au) Average 14538 | 0.001 138 7.34 7.43 136 3.55 19.58 0.80 0.08
Mineralizaiton Dacite Porphyry Max 153.00 0.007 3.12 214.00 16.80 2.00 4.20 203.00 0.82 0.29
(N=80) Min 64.30 0.001 0.06 1.00 0.50 0.50 0.70 3.00 0.35 0.03
Average 120.67 0.001 0.81 15.16 2.34 0.98 1.44 18.06 0.70 0.05
Sector Lithology Statistics | Th_ppm Ti_pct | Tl_ppm U_ppm V_ppm | W_ppm | Y_ppm Zn_ppm Zr_ppm Hg_ppm
Conglomerate- Max 38.40 0.80 10.00 14.80 161.00 45.70 27.00 91200.00 500.00 1.00
Sandstone (N=349) Min 1.50 0.01 0.40 0.30 3.00 2.80 6.40 5030.00 19.40 0.01
Average 10.00 0.29 1.35 2.73 66.20 9.40 12.19 11660.20 76.42 0.13
Batarya Hill Dacite Porphyry Max 26.80 0.56 5.00 12.40 217.00 26.00 26.10 98200.00 183.50 6.20
Zn(Pb,Ag,Au,Cu) (N=184) Min 0.90 0.01 0.32 0.50 0.50 1.10 4.20 5040.00 15.00 0.01
Mineralizaitons Average 7.81 0.15 1.10 2.48 37.17 6.79 11.13 13058.86 57.17 0.24
Max 38.00 0.70 10.00 19.30 261.00 21.70 26.70 95800.00 99.40 3.04
Granite (N=545) [Min 1.20 0.01 0.36 0.50 1.00 1.10 4.30 5010.00 10.90 0.01
Average 10.36 0.29 1.40 3.17 97.68 8.37 12.78 12267.08 41.36 0.22
Conglomerate- Max 10.80 0.30 5.00 5.00 71.00 12.80 20.20 10600.00 109.50 1.00
South-West of Sandstone (N=149) Min 6.20 0.01 0.60 1.40 2.00 1.40 10.10 12.00 70.80 0.01
Batarya Hil (Au) Average 9.29 0.16 2.44 3.18 3870 | 5.07 | 1386 | 112523 | 88.12 0.28
Mineralizaiton Dacite Porphyry |2 10.00 0.43 5.00 5.00 122.00 | 8.20 13.90 | 9160.00 99.00 1.00
(N=80) Min 1.20 0.01 0.58 0.40 0.50 1.00 8.20 144.00 35.30 0.01
Average 7.15 0.05 2.26 2.93 6.54 3.13 10.01 2105.83 53.58 0.36
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to have different origin so those elements showing
meaningful correlations with each other are given in
table 2.

Elements togetherness have been worked out
from the correlation coefficient studies for the Zn-
Pb-Ag-(Au) mineralization of the samples collected
from the conglomerates-sandstones in Batarya Tepe,
is given in table 3. First group of togetherness is
represented with Zn-Ag-Cd-S, Second group with
Se-Cd and third group with Cd-Zn-In-Se. In the same
district correlation coefficients of the mineralized
zones in the dacite porphyries have also been studied
and two elements togetherness have been worked
out; first group is; Zn-Ag-Cd-Mo-Sb-Se-Sr and the
second group is; Zn-In-S togetherness. Correlation
coefficients of the analyses of the samples from the
granites indicated Au-As-Sb, Zn-In-S and Zn-Cd-S
togetherness’s.

In Batarya Tepe south-west Au mineralizations,
correlation coefficients of the analyses of samples
collected from the conglomerates-sandstones showed
3 elements togetherness (Table 4). They are Zn-In-Cu;
Zn-Pb-Cd and Zn-Te-Cu-In-Cd-Hg togetherness’s. In
the same area correlation coefficients of the samples
from dacite porphyries also indicated 3 different
elements togetherness, they are Au-As; Zn-Cd-Pb-In-
S-Te and Ag-In-Sb. togetherness’s.

In and south-west Batarya Tepe dacite porphyries
are considered to be the source of hydrothermal
solutions causing mineralizations. Mineralizations
here present different elements combinations. These
differences are also noticeable in the conglomerate-
sandstone samples from these two areas and also in
the granitic rock samples only from Batarya Tepe.
Partial resemblances of the correlation coefficient
groups of the analyses of the conglomerate-sandstone
and granitic rock samples indicate that magmatic type
(transported) mineralized pebbles derived from the
Gilimiishane granites have been incorporated in the
conglomerates-sandstones.

In two areas, elements combinations of the
mineralizations, particularly observed in the dacitic
rocks show noticeable variations. In the south-west of
Batarya Tepe, it is noticeable that within the elements
groups Au, Pb, As and Te are incorporated into the
groups. This may mark zonings in the mineralizations
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and may also show different phases of dacite porphyry
intrusions.

In the Gozelerin Dere analyses of the 5 samples
collected from the Cu mineralizations in the quartz
veins show following variations Cu: 97.2-160 ppm,
Au: 0.005-0.111 ppm, Ag: 0.07-5.91 ppm and Pb:
16.8-1.160 ppm.

According to Stanton (1972) sulphides with
magmatic origin mostly have smaller than 20.000 S/
Se ratios. An S/Se ratio of the samples collected from
the conglomerates-sandstones in Batarya Tepe is
10.85 and in the south-west Batarya Tepe is 10.146.
These ratios indicate that hydrothermal solutions have
magmatic origin (Table 5).

10. Conclusions

In the study area in Kocadal (Torul, Giimiishane)
mineralizations have been identified in three different
areas. They are (I) Batarya Tepe Zn-Pb-Ag-(Au)
mineralizations, (II) South-West Batarya Tepe
Au mineralizations and (III) Gozelerin Dere Cu
mineralizations.

Batarya Tepe Zn-Pb-Ag-(Au) mineralizations have
two different origins; pebbles with sphalerite derived
from Giimiishane granite in the conglomerates-
sandstones of the Hamurkesen formation, Zn-Ag-(Au)
mineralizations associated with dacite porphyries
which have intrusive relations with the conglomerates-
sandstones of the Hamurkesen formation and with the
Gilimiishane granite (Figure 14). In the South-west of
Batarya Tepe Hydrothermal Au mineralizations have
been identified in the dacite porphyries which has
intrusive relations with the conglomerates-sandstones.
Around Gozelerin Dere Cu mineralizations are present
in the quartz veins and veinlets in the Giimiighane
granite. Kocadal Batarya Tepe and South-West Batarya
Tepe mineralizations are genetically associated with
Eocene dacite porphyries. Mineralizations display
alterations in wide areas and include disseminated,
veinlets/veins and stockwork type mineralizations.

Porphyry type Lengshuikeng Pb-Zn ore deposit
has developed in association with granite porphyries
which has intrusive relation with Upper Jurassic
volcanic rocks. Yijue (1985) studied this deposit and
showed that alteration pattern from granite porphyry
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Figure 14- Geological cross section showing dacite porphyries and host rock-mineralization relations.

center towards the host rock have chlorite sericite and
carbonate combinations. Lengshuikeng is defined as
low grade porphyry Zn-Pb deposit. As Batarya Tepe
Zn (£Pb, Ag, Au, Cu) mineralizations has similar
features, so it may also be considered to be a porphyry

type mineralization.
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ABSTRACT

Spatial clusters and spatial outliers play an important role in the study of the spatial distribution patterns of
geochemical data. They characterize the fundamental properties of mineralization processes, the spatial distribution
of mineral deposits, and ore element concentrations in mineral districts. In this study, a new method for the study
of spatial distribution patterns of multivariate data is proposed based on a combination of robust Mahalanobis
distance and local Moran’s I,. In order to construct the spatial matrix, the Moran’s I spatial correlogram was
first used to determine the range. The robust Mahalanobis distances were then computed for an association of
elements. Finally, local Moran’s [, statistics was used to measure the degree of spatial association and discover
the spatial distribution patterns of associations of Cu, Au, Mo, Ag, Pb, Zn, As, and Sb elements including spatial
clusters and spatial outliers. Spatial patterns were analyzed at six different spatial scales (2km, 4 km, 6 km, 8 km,
10 km and 12 km) for both the raw data and Box-Cox transformed data. The results show that identified spatial
cluster and spatial outlier areas using local Moran’s I, and the robust Mahalanobis accord the objective reality and
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have a good conformity with known deposits in the study area.

1. Introduction

The properties of living beings are distributed
neither uniformly nor at random. They are aggregated
in patches or formed gradients or other kinds of spatial
patterns (Legendre and Fortin, 1989). Spatial patterns
have been widely used in different research fields
such as biometrics (Fuentes et al., 2006), landscape
ecology (Bagchi et al., 2011; Irl et al., 2015), regional
economics (Monastiriotis, 2009) and medicine
(Waller and Gotway, 2004; McLaughlin and Boscoe,
2007; Goovaerts and Jacquez, 2004) etc. Extraction
of spatial information for mineral exploration can
be achieved through the study of spatial distribution
patterns of regional geochemical elements such
as spatial structures, spatial variability and spatial
association patterns (spatial clustering and spatial
outliers). Various methods and techniques have been
proposed for spatial cluster and outlier identification
such as Getis’s G index (Getis and Ord, 1992), Geary’s
C (Geary, 1954), spatial scan statistics (Ishioka et al.,
2007) and Tango’s C index (Tango, 1995). The local

Moran’s I is by far the most commonly used test
statistic (Anselin, 1995; Getis and Ord, 1996). The
local Moran’s I statistic has been successfully applied
to the spatial cluster identification of diseases (Ruiz
et al., 2004; Goovaerts and Jacquez, 2004), mortality
rates (James et al., 2004; McLaughlin and Boscoe,
2007), environmental planning (Brody et al., 2000),
and environmental sciences (McGrath and Zhang,
2003; Zhang and McGrath, 2004).

Many traditional methods for detecting outliers
have been used for many years (Hawkins, 1980).
However, the determination of outliers is still being
extremely difficult (Rose et al., 1979; Reimann et
al., 2005). A number of study (Rocke and Woodruff,
1996; Rousseeuw and Leroy, 1987 and Tyler, 1991)
have shown that there have been many methods for the
detection of multivariate outliers. Recently, Filzmoser
et al. (2005) followed an idea of Gervini (2003) for
increasing the efficiency of the robust estimation
of multivariate location and scatter. However, this
method can be seen as an automation of the method
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proposed by Garrett (1989). Filzmoser and Hron
(2013) used the Mahananobis as a reliable distance
measure for the analysis of multivariate data. For
identifying outliers, it is crucial to estimate the mean
and covariance from the data. However, geochemical
data is a spatial data, all of the aforementioned methods
have a common drawback that is they do not take the
spatial distribution of data into account. Nguyen et al.
(2014) identified spatial patterns for Cu geochemical
univariable using local Moran’s I, however, distance
bands were chosen randomly without scientific basis
and the effectiveness of spatial pattern identification
for geochemical multiviables using local Moran’s I
was not investigated. Therefore, in this study, focuses
will be made on the identification of spatial patterns of
geochemical multivariables by means of a combination
of robust Mahalanobis distance and local Moran’s I
statistic using 1341 stream sediment samples collected
at scale of 1:200.000 in Jiurui copper mining area.

2. General Geological Setting of Study Area and
Data Used

Jiurui area is a mining district in Jiangxi province
(southeast China). Jiurui is rich in copper reserves.
The Cu deposits in the Jiurui district are an important
component of the Middle-Lower Yangtze River
metallogenic belt, extending from Daye in Hubei
Province in the west to Zhenjiang in Jiangsu Province
in the east. Jiurui area are located at the edge of the
active zone on the para platform. The exposed strata
are Ordovician limestone, shale, sandstone in upper
Silurian system, Huang long formation conglomeratic
sandstone in upper carboniferous system, sandstone,
dolomite, limestone, limestone in lower Daye,
Changxing group’s limestone, lower Triassic system
Daye group’s limestone, middle Jialing river group’s
limestone, dolomite limestone. Iron copper deposits
in the area are one of the main ore deposits in the
downstream. They are divided into two metallogenetic
series: (i) submarine exhalative activities-related
metallogenetic series are any hydrothermal deposits
from the injection to the bottom of the sea environment,
(i1) intermediate acid hypabyssal intrusive activities-
activities-related ore deposits; refers to the formation
of intrusive rocks of Carboniferous sand Triassic
strata in contact zone and rock deposits. The main
types are of skarn type iron and copper deposits,
porphyry copper deposit, key, vein copper, gold
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deposits. Porphy, skarn, copper deposits in the study
area belong to this series.

According to requirements of 1:200.000 regional
stream sediment survey, a multi-element sediment
geochemical survey of streams was carried out
in Jiurui area. A total of 1482 composite samples
representing about 5364 km? were collected. Some
sampling areas at the upper part of the study area
were not able to access. The sampling density was 1
composite sample per 4 km?. There are more than 20
indexes in a composite sample, including Ag, As, Au,
Be, Cd, Cu, Hg, Li, Mn, Mo, Nb, Pb, Sb, Sn, Th, V, W,
Y, Zn, Al,O,, Ca0, K,0, Na,O. Silver, gold, copper are
three ore-forming elements. One of three geochemical
associations of elements caused anomalous area in
the study area is Cu, Au, Mo, Ag, Pb, Zn, As and
Sb elements. There are two metallogenic series in
the study area. A total of 13 ore deposits were found
marked by numeric characters from 1 to 13 (Figure 1).

3. Methodology
3.1. Spatial Correlogram

Spatial correlation of a single variable can be
measured by using Moran’s 1 (1950) or Geary’s ¢
(1954) spatial correlation statistics (Cliff and Ord,
1981). The Moran’s I seems to be the most commonly
used statistic (Anselin, 1995; Getis and Ord, 1996),
which is given by:

ﬂZ%il T Wy (x; — ®)(x; — %)
So L (x —X)?

where: x and X; are the values of the observed variables
atsitesiand j, X is the average of an observed variable,
d is the distance class considered in the calculation,
S,is the sum of the weights Wij and N stands for the
number of observations.

1(d) = (1)

Spatial correlation coefficients I(d) are tested for
statistical significance by computing the expected
values (E) and the variance of the 1.

3.2. Robust Distance-based Local Spatial Outlier and
Cluster Identification

Standard methods for multivariate outlier detection
are based on the Mahalanobis distance (Filzmoser,
2005) which is defined as
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Figure 1- Location map of 1482 stream sediment samples and 13 ore deposits at scale 1:200.000.

MD, = ((x; — C(x; — 1))z )

for a p-dimensional observation X, andi =1, 2,..., n. t
is the multivariate arithmetic mean, the centroid, and
C is the sample covariance matrix. The Mahalanobis
distance is sensitive to the presence of outliers
(Rousseeuw and Van Zomeren, 1990)

Using robust estimators of location and scatter in
the formula for the Mahalanobis distance equation
(2) leads to the so-called robust distances (RDs).
Rousseeuw and Van Zomeren (1990) used these RDs
for multivariate outlier detection. A global outlier is a
measured sample point that has a very high or a very
low value relative to all of the values in a dataset. If the
squared RD for an observation is larger than X%;o.t)s,
it can be declared a global outlier. In the study, local
outliers were considered. The robust Mahanalobis
distance for the geochemical association of elements
was first used as an investigated variable. Local spatial
clusters and outliers were then identified by local
Moran statistic using RD. Moran I statistic (Moran,
1948; Cliff and Ord, 1973, 1981) gives a formal
indication of the degree of linear association between
a vector of observed values y and a weighted average
of the neighboring values, or spatial lag, Wy. When
the spatial weight matrix is row-standardized such that
the elements in each row sum to 1, Moran I is defined
as (Anselin, 1995):

y' Wy 3)

where, the y is in deviations from their mean, (x; — X),
and Sy = N. I is formally equivalent to the regression
coefficient in a regression of Wy on y. A high positive
local Moran’s I value implies that the location under
study has similarly high or low values as its neighbors,
thus the locations are spatial clusters (Zhang et al.,
2008). If p(I)<a, 1>0 and x; — x>0, then x, and
Xjesi belong to association between high values
(high-high clusters) (Figure 2-a). If p(l)<a, 1>0 and
x; —Xx<0, then x, and Xjei belong to association
between low values (low-low clusters) (Figure 2-d).
Spatial outliers are those values that are significantly
different from the wvalues of their surrounding
locations (Lalor and Zhang, 2001). If p(l.)<a, 1.<0 and
x; — x>0,thenhighvalue,x issurroundedbylowvalues,
Xjai (high-low outliers) (Figure 2-¢). If p(l,)<a, I.<Oand
x; — x>0, low value, X is surrounded by high values,
Xjai (low-high outliers) (Figure 2-b).

3.3. Data Processing

The robust Mahalanobis distances, the descriptive
statistical parameters and exploratory data analysis
plots were performed and conducted using the
StatDA and MASS packages of Statistical Modeling
and Computing - R Language (version 1386 2.15.0).
Moran’s I spatial correlograms were carried out using
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Figure 2- Spatial cluster and outlier schematic diagram (Zhang
etal., 2008).

the ncf packages in R. The increment of the distance
classes were 2 km. Testing for the significance of
correlograms with each distance class was performed
by arandomization test using 500 permutations. Spatial
weight matrix and local Moran’s I statistic were carried
out with spatial statistics software - GeoDA (version

0951). The local Moran’s I statistic was tested using
999 permutations, and the significance level (p-value)
was set to 0.05 (5%). The results of spatial clusters and
outliers were visualized using ArcGIS 9.3.

4. Results and Discussions
4.1. Distribution of Robust Mahalanobis Distances

Robust Mahalanobis (RMD) for
original data were calculated using equation (2) are

distances

approximately chi-square distributed with a degree
of freedom of 8. The distributions of RMDs can be
seen in figure 3. The distribution of RMD is obviously
strongly right-skewed, as a result typical asymmetrical
(Figure 3a). The data points do not follow a straight
line of normal Q-Q plots (Figure 3b). Box-Cox
transformation was applied to make the distribution
of RMD close to normality. The transformed RMD
results in a symmetrical distribution and the histogram
and density trace show symmetry as shown in figure
3c. The transformed data mostly follow straight lines
of Q-Q plots (Figure 3d).

Figure 3- Histogram, density trace, 1-D scatter and Q-Q plot for the RMD of association of Cu, Au, Mo, Ag, Pb, Zn, As, Sb elements: raw data

(upper), transformed data (lower).
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4.2. Spatial Variability Analysis of RMDs

Both Moran correlograms for RMD and
transformed RMD show a phenomenon that Moran
correlation coefficients gradually decrease as distances
get longer (Figure 4). Moran spatial correlogram found
the strongest, positive and significant correlation at
distance band ranging from 0 to 2 km for both non-
transformed and transformed data. Spatial correlation
decreased as distances increased. No significant spatial
correlation was found at a distance above 11.1 km for
non-transformed data (Figure 4a) and above 14.8 km
for Box-Cox transformed data (Figure 4b). It can be
concluded that spatial correlation for non-transformed
RMDs and transformed RMDs are available when the
distance is below 11.1 km. A distance of 12 km was
thus applied to construct a spatial weight matrix.

4.3. Spatial Cluster and Outlier Analysis

Six different distance bands were used to construct
spatial weights matrix including d =2, 4, 6, 8, 10 and
12 km. The weights for neighboring locations were
assigned 1 if the distances were within the band d,
otherwise the weights were 0. To reduce the influence
of high values (extreme values and outliers), Box-Cox
transformation was applied for the identification of
spatial clusters and outliers.

Table 1 shows the results of the identification of
spatial clusters and spatial outliers for the association
of elements. It can be seen that the number of
significant spatial clusters (high-high, low-low) and
spatial outliers (low-high, high-low) increased as
distance bands increased for both the raw data and
Box-Cox transformed data.

Table 1- Summary table of spatial clusters and outliers for association
of Cu, Au, Mo, Ag, Pb, Zn, As and Sb elements using the
raw RMD and Box-Cox transformed data.

Distance ) r_lot hi_gh— low-low 10_w— high-
bands (km) | significant high high low
d=2 1191 65 145 26 4
d=4 1003 78 301 41 8
d=6 785 101 439 80 26
d=8 676 106 501 110 38
d=10 591 109 544 144 43
d=12 585 94 534 170 48
d*=2 1118 160 112 18 23
d*=4 908 231 199 38 55
d*=6 762 267 255 57 90
d*=8 643 274 295 82 137
d*=10 511 282 356 106 176
d*=12 464 284 384 107 192

For the raw data, the majority of samples were
not significant, indicating no presence of spatial
correlation or spatial dependence as distance bands
were short, such as at 2 km with 1191 insignificant
samples, at 4 km with 1003 insignificant samples and
at 6 km with 785 insignificant samples in the southern
part of the study area (Table 1 and Figure 5-1a, 1b,
Ic). There were only 65 high-high samples clustered
and 26 low-high, 4 high-low spatial outliers were
detected at distance band of 2km (Figure 5-1a). When
the distance band increased to 4 km, the number of
clusters and outliers increased to 78 high-high samples
clustered, 41 low-high and 8 high-low outliers (Figure
5-1a). Following this pattern, the number of clusters
and outliers increased as distance bands increased to
6, 8, 10 and 12 km. Most of high-high spatial clusters
were found in the north and in the east together with

Figure 4- Moran correlograms for original Mahalanobis distance (a) and Box-Cox transformed one (b) of
associations of Cu, Au, Mo, Ag, Pb, Zn, As and Sb elements.
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Figure 5- Spatial distribution maps of clusters and outliers of association of Cu, Au, Mo, Ag, Pb, Zn, As, Sb elements for Mahalanobis
distances using raw data (1-a,b,c,d,e,f) and Box-Cox transformed data (2-a,b,c,d,e,f) at six different distance bands d = 2, 4,
6,8, 10 and 12 km.

164



Bull. Min. Res. Exp. (2016) 153:159-167

many low-high spatial outliers, where a metallogenic
belt was found including Cu and multi-metal deposits
marked by 6, 1,9, 10,2, 13,7 and 8 in the east-northern
part (Figure 5-1a, b, ¢, e, and f) except at a distance 8
km (Figure 5-1d). Moran’s I, also detected a significant
high-high spatial cluster and low-high spatial outlier
area in the north-west. Several significant high-low
outliers were detected in the west, the south-west
and the east, especially as distance bands increased.
Significant low-low spatial clusters indicate that local
stability occurred in these areas where no known ore
deposits were found. The area of high-low outliers
detected does not have conformity with known
occurrences. It is therefore concluded that high-low
spatial outliers played no role in the identification of
ore deposits. No significant high-high clusters were
found in the southern part where ore deposits 4 and 5
were located (Figure 5-1a, b, ¢, d, e, and f).

For Box-Cox transformed data, compared with the
results of using the raw data, the number of spatial
clusters and spatial outliers detected by local Moran’s
I, are much more than that of non-transformed data.
For example, at a distance of 2 km, there were 160
high-high spatial clusters, 18 low-high and 23 high-
low spatial outliers for Box-Cox transformed data.
There were 65 high-high spatial clusters, 26 low-
high and 4 high-low spatial outliers for the raw data.
In this case, high-low spatial outliers came into play.
Moran’s I, did not detect spatial outliers or spatial
clusters at distance bands of 2, 4 and 6 km where ore
deposit 3 was found before (Figure 5-2a, b, and c),
but it detected significant high-low spatial clusters at
distances of 2 km, 4 km and 6 km (Figure 5-2d, e, and
f). Also contrary to the case of non-transformed data,
some significant high-high clusters were found in the
southern part for Box-Cox transformed data where ore
deposits 4 and 5 were located (Figure 5-2a, b, c, d, e,
and f).

5. Conclusions

In this study, a new method to study spatial
distribution patterns of multivariate data in an
association of elements was proposed using robust
Mahalanobis distance and local Moran’s L. Four
important issues can be concluded: (1) The results
of the identification of spatial distribution patterns
of clusters and outliers were strongly affected by the
existence of high values (extreme values and outliers),
as well as data transformation. It is suggested that data

should be transformed first or high values (especially
outliers) should be removed before calculation to
reduce their influences on the results; (2) The results
of the identification of spatial distribution patterns
were also influenced by the construction of a spatial
weights matrix. Generally, the number of spatial
clusters and spatial outliers increased as distance bands
increased. Therefore, it is suggested to study spatial
distribution patterns at different bands; (3) High-high
spatial clusters and low-high spatial outliers played
an important role in the identification of local spatial
instability and spatial heterogeneity in geochemical
data. They may be influenced by extraneous and exotic
processes such as those related to rare rock types
and mineral deposit formation processes. High-high
spatial clusters and low-high spatial outliers provided
significant ore-finding information, which can help
geochemists to have a better understanding of the
potential for mineralization of element associations in
the study area; (4) Low-high spatial outliers are a kind
of multivariate outliers indicating the existence of
local spatial instability and spatial heterogeneity, but
they did not come into play in providing ore-finding
information.
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ABSTRACT

In this study, the isotopic properties of the water resources located in Kopriidren Basin are determined. §'%0
and 6D contents of the samples respectively ranged from -10.84%o to -7.09%o0 and from -73.6%o to -53.3%o in
dry season and ranged from -10.81%o to -4.71%o and -73.3%o to -41.5%o in wet season. Majority of the samples
plotted along Global Meteoric Water Line although some of them show deviations from this line. The reason
for the deviations are attributed to evaporative enrichment, modifying the original §'*0 and 3D signatures of the
samples. 3'*0 content of the thermal samples are not modified as a result of water-rock interaction due to low
wellhead and reservoir temperatures. Tritium concentrations for all samples range from ~0 to 6 TU in wet season
and from ~0 to 8 TU in dry season. Accordingly, some of the groundwater samples are recharged from modern
precipitation, their groundwater residence times are short and they have shallow circulation. Besides, samples with
tritium concentrations close to detection limits (thermal water samples and two of the groundwater samples) were
recharged before tritium from nuclear weapon tests and have relatively higher residence times. These samples were
also analysed for §"°C and C to get information about the residence times. §"°C ve percent modern carbon contents
of five samples range from -5%o to -14.6%o0 and from 8.2 to 78 pmc, respectively. The corrected '“C ages for these
samples are up to 11500 years before present, thereby indicating the presence of paleowaters in the basin. §"*C data
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indicate that '*C contents of the thermal waters were diluted as a result of water-rock interaction.

1. Introduction

The importance of sustainable management of
water resources has been increasing in recent years
due to the rise in water consumption triggered with
various factors including global population increase,
industrial revolution and climate change. At the
present time Turkey is not considered as one of
the water-stressed countries, however, the pressure
in our water resources increase with urbanization,
industrialization, population and irrigation water
requirement. Therefore, it is necessary to use
advanced techniques, besides the classic methods to
contribute to the research carried out towards safe
and sustainable development of the available water
resources which are renewable but limited (Cifter
and Sayin, 2002). Isotope techniques have commonly
been employed in hydrological and hydrogeological
investigations. Humans cannot control the signature
of environmental isotopes found naturally in water,
therefore, in hydrology monitoring and evaluation
of isotopic variations give information about the
origin and renewability of waters, recharge areas

and circulation mechanisms, mixing processes,
surface water- groundwater interactions, and the
subsurface processes affecting the quality of waters
(Clark and Fritz, 1997). Many researchers have
employed environmental isotopes in investigations
involving determination of groundwater flow paths,
groundwater residence times and water circulation
(Schlosser et al., 1988; Clark et al., 1997; Bayar1 et
al., 2009; Celik et al., 2013; Arslan et al., 2015).

Kopriioren Basin is located to the west of
the Kiitahya province, upstream of Kiitahya and
Eskisehir plains (Figure 1). The total catchment area
of the basin is 320 km? however, both the quality
and the quantity of the basin influences a broader
region than the catchment area itself involving
Enne Dam, Felent and Porsuk streams. The only
exploited silver deposit of Turkey is developed in
the metamorphic basement rocks, Early Miocene
volcanics and Pliocene units. The cyanide-rich
wastes of the silver plant are stored in waste pools.
The safety of this facility has been discussed and
investigations have been carried out to put forward
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Figure 1- Figure showing a) location map b) geological map of the study area with sampling locations (Modified from Arik, 2002).
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the damage to the environment after a major
collapse occurred in one of the pools (Arslan et al.,
2013; Arslan and Celik, 2015)

The aim of this study is to present the isotopic
signatures and origin of the water resources in
Kopriioren Basin as well as to determine the
groundwater residence times and to identify different
processes  (evaporation, water-rock interaction
etc.) involved in the modification of the isotopic
composition of the waters. To this end, the stable
isotopes of oxygen, hydrogen and carbon (3'*0, 8D
and §"*C) and the radioactive isotopes of hydrogen and
carbon (*H and 'C) are utilized.

1.1. Geographical Setting, Climate and Topography

Kopriioren Basin is located in Inner West
Anatolia, to the north of Kiitahya province and to
the south of Tavsanli district. The effects of both
continental and Mediterranean climates can be
seen in the area. Summers are generally hot and
dry whereas winters are moist and cold. The annual
average mean temperature, precipitation, average

relative humidity and potential evapotranspiration
recorded at Kiitahya Meteorological Station between
years 1970-2913 by Turkish State Meteorological
Service are 10.7 °C, 546.5 mm, 65% and 800
mm, respectively. The elevation within the basin
varies between 900 m and 1600 m and the average
elevation is 1250 m. Northern and southern parts
have rugged terrains, whereas the central part is flat
(Figure 2).

1.2. Geological and Hydrogeological Settings

The geologic units outcropping in the study
areca are represented by metamorphic, magmatic,
volcanic and sedimentary rocks formed between
Paleozoic and Quaternary periods (Figure 1) Arik,
2002). Basement rocks in the area are Palezoic
(Carboniferous- Permian) metamorphics which are
composed of metasandstones, metaconglomerates
and schists (Bas, 1983; 1986; 1987; Arik, 2002).
Paleozoic metamorphics are also known as Sahin
formation. Sahin formation is conformably overlain
by Karaaga¢ Formation consisting of Permian-
Triassic marbles (Arik, 2002). These marbles are

Figure 2- Digital elevation model of the study area. Sampling locations are shown with blue plus signs.
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dark grey colored, thick layered at the bottom and
thin to medium layered at the top. The older units
are tectonically overlain by Upper Cretaceous
Enne mélange consisting of serpentinite, cherts
and radiolarites (Arik, 2002). Due to the block
faulting in Late Oligocene- Early Miocene two
different depositional settings were formed in the
area. In the northern part, pre-Cenozoic units are
unconformably overlain by Early Miocene Beke
formation. Beke formation contains pebble stone,
sandstone, mudstone, shale, bituminous levels rich
in organic matter and coal lenses (lignites) (Konak,
1979; Bas, 1983; Celik ve Kerey, 1999; Arik,
2002). The pebbles of this formation are derived
from schists, carbonate rocks and serpentinites.
Beke formation is conformably overlain by
Miocene Tungbilek formation which is composed
of claystone-siltstone alternations, laminated tuffite
and calcareous claystone at the base; coal lenses
represented by dark brown, black colored lignites
(Celik and Kerey, 1999) in the middle followed by
laminated marls, clayey limestones, claystones and
silicified tuffs at the top. In the southern part of the
study area, pre-Cenozoic units are unconformably
overlain by Tavsanli volcanics which consist of
altered dacites, rhyodacites, tuffs and agglomerates.
The oldest unit of Pliocene, Saruhanlar formation
can be observed throughout the basin and it covers
the older units unconformably. This formation
is composed of conglomerates, sandstones and
alternations of limestone and tuffs (Bas, 1983). Late
Pliocene Cokkdy formation overlies Saruhanlar
formation conformably and consists of marls,
claystones, sandstones, conglomerates and tuff.
Cokkoy formation is conformably overlain by
Early Pliocene Emet formation. Emet formation
is composed of highly porous, white limestones,
clayey, silicified and dolomitic limestones
(Akdeniz and Konak, 1979). At the bottom of
this formation, clayey limestones and marls are
abundant. Limestones of Emet formation show thin
laminations and in between them there are clayey
and cherty levels. Furthermore, Arik (2002) stated
that there are cavities formed due to dissolution.
There is volcanic input in early Pliocene during
which Taslitepe formed. Taslitepe
volcanics are characterized by black, highly porous
basalts and dark pink colored andesites (Bas,
1983). Quaternary Bozyer formation and alluvium
deposits unconformably overlie the older units.

volcanics
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Bozyer formation shows a wide distribution in the
basin and contains red pebbles, sands and clays.
Today, weathering still continues contributing to
the formation of alluvium (Arik, 2002).

Kocasu stream and its tributaries are the surface
waters of the basin with a drainage area of 320 km?
(Figure 1). Kocasu stream flows from west to east
into Enne Dam in Yoncali. This stream joins to
Felent Stream, flows to east until it reaches Porsuk
River. Enne Dam is the main reservoir in the basin
and is used for irrigation and for cooling purposes in
Seyitdmer thermal plant located to the north of the
basin.

State Hydraulic Works (DSI) carried out
hydrogeological investigations in 1981 and
determined the locations of the alluvium springs
which were formed along the contact of the water
table and topography and the karstic springs.
Moreover, there are some thermal springs located
around Yoncali village. These springs emerge
along the faults in Paleozoic marbles. The main
aquifer units in the area were determined by the
geological and geophysical investigations and
exploration drilling carried out by DSI (DSI, 1981).
Accordingly, Quaternary units are clayey and
they are not considered as a productive aquifer.
Limestones and tuffs in Neogene series, on the
other hand, are the water bearing units in the area
and the main aquifer. The groundwater flow in the
plain part of the basin is from north to south and
south to north towards Kocasu stream and there
is discharge to Enne Dam. There are 6 irrigation
cooperatives throughout the basin (Dedik, Yakaca,
Agackoy, Kizilcakaya, Kopridren, Giimiigskdy)
which were established to employ groundwater for
irrigation purposes. Only the ones located in Dedik,
Glimiiskoy, Kizilcakaya and Agackdy are active. In
other parts of the basin, there are a limited number
of wells used for irrigation.

According to the hydrogeochemical studies
conducted by Arslan and Celik (2013) the dominant
cations in the waters of the basin are Ca and Mg,
whereas the dominant anions are HCO, and SO,
(Table 1). The chemical characters of the samples are
in general Ca-Mg-HCO, and Mg-Ca-HCO, except for
one well located in Glimiisgolciik village which is Na-
HCO, type (Arslan and Celik, 2013).
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Table 1- The coordinate and altitude information, sample explanations, water types and the in-situ electrical conductivities of the samples

determined in May 2012 and September 2012.

Alitude | o /em) Chemical 4
Sample ID X Y (m) May | September Characte.r (Arslan Explanation
2012 2012 and Celik, 2013)
0AG 734678 | 4377301| 1024 | 573 518 | Mg-Ca-HCO, g%ﬁg‘iizxfrggi:%ggﬁnvs‘i’é‘;a;‘ﬁ(gample taken
KK-A-DSI | 739718 | 4376655| 1035 | 518 | 774 | Mg-Ca-HCO, fl‘f)‘slgakaya village DSl irrigation well No:
GG-AR-1 728846 | 4383426 1108 402 389 Na-HCO, Giimiisgolcik village well (artesian)
SK 736997 | 4368394| 1233 484 507 Ca-Mg-HCO, Fountain located in the entrance of Sahin village
I-DSI-1 733384 | 4382727 1055 881 Mg-Ca-HCO, isakoy village DSI irrigation well No: 55505
EBM 746560 | 4373445 998 | 485 Mg-Ca-HCO, E‘r‘]; f:%?avrvnater sample located downstream of
YTO 733039 | 4373105| 1080 Ca-Mg-HCO, Well located in Yilmazlar stone quarry
KUK-KAY-1 | 739192 | 4386460| 1150 Mg-Ca-HCO, Kiikiirt village spring
(Iéglé%:é) 739699 | 4385874 1125 | 1600 1572 Mg-Ca-SO,-HCO, | Kiikiirt village spring
KUK-KAY-3 | 739489 | 4385299| 1128 1101 Mg-Ca-HCO, Kiikiirt village spring
GSK 745350 | 4378900 1034 | 820 Mg-Ca-HCO, é};’zv;kseydi village DST irrigation well No:
KUK-AR-1 | 739641 | 4387068 1171 760 Mg-Ca-HCO, Kiikiirt village artesian well
SIFA | 744435 | 4375525 1000 Ca-Mg-HCO, gﬁl hotel well- Mixture of thermal water and
YKK 743794 | 4375531 1007 990 Ca-Mg-HCO, Yoncali Thermal Hotel well- thermal water
DH 743807 | 4375477| 1006 Ca-Mg-HCO, Diibecik Hamam well- thermal water
SEN-KAY-1 | 731131 | 4385175 1077 Mg-HCO, Senlik village spring
KKK 738535 | 4383710 1135 Mg-Ca-HCO, Kepez village well
AG-C 740923 | 4378959| 1047 356 Mg-Ca-HCO, Agackdy fountain
AG-IOI-K 741337 | 4379120 1038 1194 Mg-Ca-HCO,-SO, | Agackdy Special provincial Administration well
AG-D 741210 | 4379158| 1035 | 1600 Mg-Ca-SO,-HCO, | Agackdy stream
DK-C 742403 | 4380288| 1058 1345 1122 Mg-Ca-HCO,-SO, | Dogakdy fountain
DK-IC 741511 | 4380739| 1054 378 352 Mg-Ca-HCO, Dogakdy drinking water fountain
0YG 731833 | 4378007 1032 613 956 Mg-Ca-HCO, Spring located west of Oren village
SEK-YAS 742618 | 4372554 1071 671 1010 Ca-Mg-HCO, Sekidren village fountain
SEK-GO 742666 | 4372278| 1100 551 381 Mg-Ca-HCO, Sekioren village spring located prior to a pond
KOP-IC 737670 | 4377130| 1018 569 Mg-Ca-HCO, Kopriioren village drinking water fountain
KEP-CES 738444 | 4383924| 1153 573 600 Mg-Ca-HCO, Kepez village fountain
KUK-AR2 739530 | 4387123 1173 870 Mg-Ca-HCO, Kikiirt village artesian well
KUK-AR3 | 739367 | 4386420| 1146 958 Mg-HCO3 Kiikiirt village artesian well
GK-ARI1 737018 | 4373857 1049 590 704 Ca-MgHCO, Giimiiskdy DSI irrigation well No: 52884
GE-U | 747156 | 4377891 1038 | 533 | 1102 | Mg-Ca-HCO, (Tg‘:lr(‘)‘:lagls‘fgﬁlﬁ&ﬁ;‘fgﬁggﬁf};“ village
Y-YAG 744060 | 4375408| 990 Ca-HCO,-SO, Rain sampled in Yoncali village
MSK-KUY | 734890 | 4374659 1031 410 Ca-Mg-Na-HCO, | Well located downstream of mine site
MSTD-YAS | 733788 | 4371522 1113 426 Ca-HCO, Well close to Dulkadir village
AGAC-DSI-1 | 740779 | 4378690| 1043 823 Mg-Ca-HCO, Agackdy DSI irrigation well No: 36813
GK-CES 737419 | 4372971 1094 636 Ca-HCO, Giimiiskdy fountain
KA-1 739768 | 4373513| 1068 736 Ca-Mg HCO, Karaagag village well
DEDIK-1 734779 | 4380705 660 Mg-Ca-HCO, Dedik village DSI irrigation well No: 41946
DEDIK-2 734350 | 4380125 1042 665 Mg-Ca-HCO, Dedik village DSI irrigation well No: 41949
KEP-KC 738444 | 4383924| 1137 600 Mg-Ca-HCO, Kepez village fountain
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2. Sampling and Analysis Procedures

Three field trips were carried out between years
2011 and 2012 and in-situ electrical conductivity
(EC) measurements were performed in surface
waters, groundwaters, springs and thermal springs
in 40 different locations. Deuterium (6D) and
oxygen-18 (8'80) samples were collected from
each of these locations. Besides, 20 samples were
collected for tritium analyses (*H) and 5 samples
were collected for carbon-13 (6"*C) and carbon-14
("*C) analyses. For radiocarbon samples, in order
to prevent post-collection biological activity from
altering the carbon concentration and isotopic
concentration, the samples were preserved by
adding approximately 0.2 ml of saturated HgCl,
solution.

Samples collected in October 2011 and September
2012 represent dry periods whereas the samples
collected in May 2012 represent wet period. For
8'%0 and 6D analyses, 17, 25 and 22 samples were
collected in October 2011, May 2012 and September
2012, respectively. In selected locations, to observe
the seasonal changes, samples were taken in all of the
three sampling periods. For *H analyses, 5, 12 and 14
samples were collected in October 2011, May 2012
and September 2012, respectively (Table 2). Sampling
was carried out only in September 2012 for 3"*C and
14C (Table 3).

The water samples were analyzed for their 6'°0
and 6D stable isotope ratios in the Stable Isotope
Laboratory of Hacettepe University by using laser
spectroscopic methods. VSMOW (Vienna Standard
Mean Ocean Water) was used as a reference standard
and analytical precisions were reported to be within
0.2%o for 6"*0 and 1%o for 6D. *H concentrations were
determined in the Environmental Tritium Laboratory
of Hacettepe University with an ultra-low level liquid
scintillation counting unit. Analytical uncertainties
are reported as £0.4 TU. 3"°C and "“C analyses were
carried out in Beta Analytical Laboratories (U.S.A.)
from dissolved inorganic carbon (DIC). "*C contents
were determined by using a Stable Isotope Mass
Spectrometer whereas carbon-14 analyses were
carried out by using an accelerator mass spectrometry
(AMS) system
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3. Results and Discussion

3.1. Relationship of Oxygen-18 (3'*0) and
Deuterium (6D)

According to the electrical conductivity
measurements carried out during the field trips in May
2012 and September 2012, EC values vary between
356 uS/cm and 1600 pS/cm for 24 samples in May
2012 and they vary between 352 uS/cm and 1572 uS/
cm for 22 samples (Table 1).

Results of the environmental isotopic analyses
are reported in Table 2 for October 2011, May 2012
and September 2012. Accordingly, not much seasonal
difference can be observed in samples collected from
the same location in different periods (dry and wet
periods) except for samples EBM, SEK-GO, KEP-
CES and GE-U. For samples collected in dry period,
80 and 8D values range from -10.84%o to -7.09%o
and from -73.6%o to -53.3%o, respectively (Table 2).
Deuterium excess values, calculated by using formula
d= 3D-8* 3'#0, are also presented in Table 2 and they
vary between 3.5 %o and 13.9 %o in October 2011,
between -3.8 %o and 13.2 %o in May 2012 and between
5.22 %o and 14.94 %o in September 2012.

To understand the relationship between 60
and 6D, 80 vs. 6D graphs were prepared for each
sampling season and data were compared to Global
and Mediterranean Meteoric Water Lines (GMWL and
MMWL) (Figure 3, 4, 5). According to figure 3, some
of the samples collected in October 2011 plotted along
GMWL whereas some of them show deviations from
the GMWL. Deviations from meteoric water lines are
usually caused by different processes like evaporation,
condensation,  water-rock  interaction. = During
evaporation, lighter isotopes enter the vapor phase
immediately, therefore, the remaining water phase
enriches in heavy isotopes (Clark and Fritz, 1997).
An evaporation line with a slope of approximately
5 was formed with the samples showing deviation
from GMWL. The slope of this line (s) depends on
the relative humidity since oxygen and hydrogen are
affected by moisture differently and if the relative
humidity is between 25% and 75% the slope is usually
between 4 and 5 (Clark and Fritz, 1997). The average
relative humidity in the area is reported as 65% by
Turkish Meteorological Service and the slope of the
evaporation line is coherent with the relative humidity.
In figure 3 one sample, which shows maximum
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Table 2- Oxygen-18, deuterium, deuterium excess and tritium data for October 2011, May 2012 and September 2012.

Deuterium (%o) Oxygen-18 (%o) Déteryum fazlaligi (%o) Trityum (TU)
Sample 1D October| May | September| October | May | September| October| May | September | October | May | September
2011 2012 2012 2011 2012 2012 2011 2012 2012 2011 2012 2012
OAG -60.3 | -61.8 -61.2 -8.57 | -8.56 -8.55 8.3 6.7 7.2 3.44
KK-A-DSI -62.5 | -63.3 -65.3 -8.71 -8.8 -9.01 7.2 7.1 6.7 0.6 -0.4
GG-AR-1 S71.5 | -72.1 -72.8 -10 -9.98 | -10.19 8.5 7.8 8.7 -0.41 0.87
SK -68.3 | -73.3 -73.6 -10.29 | -10.81| -10.62 14.0 13.2 11.4 4.11 5.41
I-DSI-1 -65.1 -66.4 -9.05 -9.24 7.3 7.6 5.66
EBM -53.3 | -68.2 -7.09 | -9.67 35 9.2
YTO -63.3 -8.88 7.7
KUK-KAY-1 -61.1 -8.59 7.6 7.87
é‘é‘éﬁé‘:;) 622 | 613| -639 | 86 | 848| 882 | 66 | 65| 67 63
KUK-KAY-3 -60.1 -63.5 -8.4 -8.59 7.1 5.2
GSK -63.4 | -64.7 -8.68 | -8.95 6.0 6.9 244 | 0.79 1.69
KUK-AR-1 -60.6 | -61.1 -8.63 | -8.55 8.4 7.3 2.55 4.58 6.57
SIFA -65.3 -9.23 8.5
YKK -68.3 -70.0 -9.86 -9.88 10.6 9.1 0.3
DH -66.8 -9.78 11.5
SEN-KAY-1 -63.2 -9.03 9.0 2.95
KKK -61.2 -8.76 8.9
AG-C -64.5 -9.11 8.4
AG-IOI-K -60.8 -8.28 5.5
AG-D -58.4 -8.05 6.0
DK-C -62.6 -63.0 -8.78 -9.11 7.6 9.9 1.18
DK-IC -65.3 -63.6 -9.11 -9.03 7.6 8.6
0YG -61.4 -62.0 -8.5 -8.7 6.6 7.6 6.11 6.44
SEK-YAS -71.6 -68.4 -10.55| -10.08 12.8 12.2 5.33 6.74
SEK-GO -71.6 -69.9 -10.47| -10.61 12.1 14.9
KOP-IC -60.6 -8.3 5.8
KEP-CES -61.9 -65.0 -8.87 -9.19 9.1 8.6 7.23
KUK-AR2 -62.2 -8.84 8.5 3.48
KUK-AR3 -62.4 -8.78 7.9
GK-ARI1 -67.3 -69.1 -9.72| -10.23 10.4 12.7 5.06 3.61
GE-U -64.7 -73.4 -8.73 | -10.53 5.2 10.9 1.02 0.48
Y-YAG -34.5 -5.79 11.8
MSK-KUY -41.5 -4.71 -3.8
MSTD-YAS -63.3 -9.33 11.4
AGAC-DSI-1 -63.8 -8.71 5.9 1.33
GK-CES -72.6 -10.84 14.2
KA-1 -66.9 -9.81 11.6
DEDIK-1 -63.3 -8.95 8.3 431
DEDIK-2 -62.7 -8.58 6.0
KEP-KC -65.9 -9.07 6.7
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Table 3- 6"*C and *C data, radiocarbon ages without correction, g-factor, apparent radiocarbon ages corrected with carbon-13 method.

Sample ID ?;S 14C (pmce) 14C Error (pmc) Unadjlzgle;i )“‘C age “C ?QB?DSE”W q factor (%?%r;%:])id
GE-U -5.0 8.18 0.09 20110 90 0.26 9420

KK-A-DSI -11.4 19.10 0.12 13300 50 0.48 7375

GG-AR-1 -14.6 13.99 0.1 15800 60 0.59 11500
GSK -13.3 77.96 0.28 2000 30 0.54 -2920
YKK -4.8 13.18 0.09 16280 60 0.26 5380

* Radiocarbon ages were calculated by assuming an initial *C content of 100 pmc for the water samples. Libby half-life (t, , =5568 years) was

used in the calculations.

evaporative enrichment, was collected from Enne Dam
and this sample was exposed to evaporation under
high temperature conditions during the dry period.
For other samples located along the evaporation
line there is also evaporative enrichment. Some of
the fountain samples were not collected from their
original sources where they emerge, so evaporative
enrichment is possible during storage. For shallow
wells, evaporation before recharge can be the reason
of the evaporative enrichment of these samples.

Thermal water samples do not show evaporative
enrichment and they have depleted 30O and &°H
values. Besides, these samples are plotted along
GMWL although deviations in 30O due to the water-
rock interaction are common in thermal waters. The
thermal waters, under high temperatures, usually
interact with rocks and during this interaction there is
enrichment in 8'0 values of the waters (the hydrogen
contents of the rocks are usually lower compared to
the hydrogen contents of water so during water-rock
interaction 0D contents doesn’t show variations.)
(Giileg and Mutlu, 2002). The wellhead temperatures
of thermal waters sampled in Yoncali are around 40
°C (Arslan and Celik, 2013). Besides, the reservoir
temperatures calculated by using chalcedony and
quartz geothermometers (Fournier, 1977) ranges
between 49-84 °C for Yoncali, and between 68-99 °C
for Geven (Arslan and Celik, 2013). Therefore, due
to the reason that thermal waters have relatively low
wellhead and reservoir temperatures, the 8'*0 contents
of these samples are not affected from the water-rock
interaction. One of the samples collected from Yoncali
has got 8°H and d'*O content similar to the §°H and d'*O
of cold waters (Figure 3). This sample was collected
from a pool in which a mixture of thermal and cold
waters was present. Therefore, this sample reflects the
isotopic content of a mixture instead of reflecting the
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isotopic contents of a thermal water sample. There are
two samples having relatively depleted stable isotope
contents compared to the thermal waters (Figure 3).
One of these samples was collected from an artesian
well located in Giimiisgolciik village and it will be
evaluated in the following sections. The other sample
was collected from a fountain in the entrance of Sahin
village (SK, discharge elevation: 1233 m). The tritium
content of SK is 4.11 TU and due to the presence of
tritium, it can be argued that this sample is recharged
with modern precipitation falling into high altitudes.

According to figure 4, which was prepared by using
stable isotope data obtained during wet period sampling,
there is an evaporation line formed with a slope of 5 in
accordance with the relative humidity. This evaporation
line is similar to the one presented in figure 3. Herein,
the sample showing maximum evaporation effect is
collected from a well sample located downstream of
the silver mine site. In this well it was not possible to
discharge the water prior to sampling so the sample was
taken from the evaporated water mass inside the well.
Another sampling point which is on the evaporation line
is stream water sampled near Agackdy and observation
of evaporation effect in surface water is an expected
result. Another noteworthy point about evaporation is
that in Enne Dam samples, the dry period sample is
under the influence of evaporation although the sample
collected in wet period does not show evaporation
effects according to 6°H- 6 '*O contents. In the sample
location, the difference in dam water level between dry
and wet periods and the change in isotope content with
the effect of rain is stunning. In this period, rain water
sampling was possible following heavy rains in Yoncali
region. 6°H- 8'0 content of this sample almost plotted
along Global Meteoric Water Line (Figure 4). In May
2012, thermal water sampling was carried out in one
station which belongs to Dumlupinar University located
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‘.~Evap0ration Line
s=5

Figure 3- 8°H vs. 8'%0 diagram for October 2011 (dry period). Global Meteoric Water Line is
defined by equation 6’H = 83'50+10 (%0 SMOW) (Craig, 1961), Mediterranean Meteoric
Water Line is defined by equation 8°H = 83'30+22 (% SMOW) (Gat and Carmi, 1970).

K4

o

Evapora:rierﬁ‘Line
S5

Figure 4-8%H vs. 8'%0 diagram for May 2012 (wet period). Global Meteoric Water Line is defined
by equation *H = 83'*0+10 (%0 SMOW) (Craig, 1961), Mediterranean Meteoric Water
Line is defined by equation 8°H = 83'*0+22 (% SMOW) (Gat and Carmi, 1970).
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Evaporation Line
s=4

Figure 5-3°H vs. 3'80 diagram for September 2012 (dry period). Global Meteoric
Water Line is defined by equation §*°H = 85'0+10 (% SMOW) (Craig,
1961), Mediterranecan Meteoric Water Line is defined by equation
&H = 85'*0+22 (%0 SMOW) (Gat and Carmi, 1970).

in Geven village. It was impossible to approach the
wellhead during sampling so the sample was collected
from a creek formed by the water leaking from the well.
As a result, the sample was not only unable to reflect
the actual isotopic content of the thermal water but
also shows evaporation. This well was also sampled
in September 2012, this time from the wellhead. For
sampling periods May 2012- September 2012, the
difference in 6"*0 and 8D contents are reported as 1.8%o
and 8.7 %o, respectively. These differences are far from
reflecting seasonal changes, they are rather related to
sampling.

&°H vs. 8'80 graph prepared by using the stable
isotope contents of samples collected in September
2012 reveals out that there is another evaporation line
formed for some samples collected from springs, wells
and fountains. This time, slope is slightly smaller than
the slopes calculated for previous periods (s~4). In
this period, samples depleted in heavy isotopes are
collected from fountains Sahin and Sekidren villages,
thermal well of Dumlupinar University in Geven
village and from Gliimiigkdy village well.

When deuterium excess values obtained throughout
three sampling periods are evaluated, the lowest
deuterium excess values are observed in samples under
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evaporation effect and the maximum value is observed
in one sample from Sahin village. This sample is
enriched in heavy isotopes, doesn’t show evaporation
effect and its discharge elevation is relatively higher.

3.2. Relationship of Elevation and Oxygen-18 for
Precipitation

Oxygen-18 content of precipitation changes with
temperature, altitude and latitude. The temperatures
drop at higher altitudes and precipitation gets
depleted in heavy isotopes. This depletion varies
between -0.15 and -0.5 per 100 m rise in altitude for
8"0 (Clark and Fritz, 1997). In the content of this
study, it has been aimed to get information about
the isotopic character of precipitation falling into
different altitudes; however, it was impossible to find
enough number of seasonal springs discharging from
different altitudes. Therefore, the comments about this
subject were carried out by relatively comparing the
recharge altitudes of groundwater and thermal water
samples. In the light of this information, throughout
the basin, the isotopically most depleted samples are
Gilimiisgolciik artesien well (GG-AR-1), Sahin village
spring (SK), Sekioren village fountain (SEK-YAS),
Sekioren spring collected previous to pond (SEK-
GO), Giimiiskoy fountain (GK-CES) and well (GK-
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AR-1). These samples are recharged by precipitation
from higher altitudes.

3.3. Evaluation of Tritium Data

In this study, besides stable isotopes, the radioactive
isotopes of hydrogen and carbon were also utilized.
Tritium, which is a short-lived isotope of hydrogen,
is formed as a result of the reaction of N isotope
with cosmic rays. Besides, there is tritium input to the
atmosphere as a result of nuclear tests. In groundwater
systems, tritium is an excellent tracer since it is part
of a water molecule. Because it is radioactive (half-
life 12.43 years), it is commonly used to determine
the relative age of groundwater (Clark and Fritz,
1997). Concentration of tritium in meteoric waters is
reported in Tritium Unit (TU) (1 TU=1 atom *H /10"
atom H). The concentration of tritium, especially in
the northern hemisphere, has changed as a result of
nuclear tests. Before 1963, the concentrations were
about 5 TU and with the tritium input as a result
of nuclear tests the concentrations reached to a
maximum of 3000 TU. (Mazor, 1991). If the tritium
content of precipitation before 1963 is assumed to be
5 TU, then until sampling date (year 2012- 49 years of
radioactive decay) the expected tritium concentration
in precipitation becomes 0.32 TU. Therefore, when
the tritium content of groundwater is interpreted it can
generally be said that if groundwater does not contain
tritium or contains less than 0.32 TU then the water
sampled should have been recharged by precipitation
occuring before nuclear tests (year 1963).

According to tritium data (*H) obtained during this
study, the tritium content of the samples vary from ~0

TU to 6.11 TU in wet period and from ~0 TU to 7.87
TU in dry period. Accordingly, in the basin there are
waters present that are recharged both by precipitation
before the start of the nuclear tests (year ~1963) (<0.32
TU) and after (>0.32 TU). Most groundwater samples
are recharged by recent precipitation, does not have a
high residence tie and they have shallow circulation.
The samples from Giimiisgdlciik and Kizilcakaya
village artesian wells and thermal waters contain
very low tritium and they are probably recharged
before the nuclear tests. For these samples, detailed
interpretations will be done in the following section
during the evaluation of carbon-14 data.

During wet period (May 2012), according to the
relationship between tritium and 60, two spring
samples are recharged by recent precipitation falling
into higher altitudes (Figure 6). The samples with
relatively low *H content are recharged by precipitation
falling into lower altitudes. When all of the samples
with shallow circulation (high tritium samples) are
examined, it can be said that these samples are recharged
by precipitation from different altitudes. Since some of
the samples are under evaporation effect (Especially
thermal water sample: GE-U), accurate estimations
about the relative recharge elevations cannot be done by
using 8'%0 data. During dry period (September 2012),
H vs. 8'%0 graph revealed out that the samples having
the highest recharge elevation and residence time are
the thermal waters (Figure 7). Besides, two groundwater
sample with low tritium content (GG-AR-1 and KK-
A-DSI) are recharged from different elevations (the
recharge elevation of GG-AR-1 is relatively lower).
In figure 7, for all samples there isn’t any relationship
between *H and §'%0.

Figure 6- Tritium vs. 8'*0 for the water samples in wet period (May
2012).

Figure 7- Tritium vs. 8'%0 for the water samples in dry period
(September 2012).
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The relationship between tritium and electrical
conductivity in wet and dry periods are presented
in figure 8 and 9. According to figure 8, *H and EC
are inversely proportional. With the decreasing *H
content EC is expected to increase (with increasing
groundwater residence time within the aquifer the
amount of dissolved ions also increases). Relatively
deep circulated samples have EC values ranging from
400 to 1400 uS/cm. According to Figure 9, shallow
and relatively deep circulated waters have similar EC
values and there is not any relationship between *H
and EC.

3.4. Evaluation of Carbon-13 (8'3C) and Carbon-14
Data

Within the scope of this work, in the samples having
the lowest tritium contents radiocarbon analyses were
also carried out to determine the residence times.
Radiocarbon method is a standard method allowing
dating up to 40000 years before present. This method
relies on the measurement of carbon-13 (3"C) and
carbon- 14 (**C) in Dissolved Inorganic Carbon
(DIC=CO,,,+HCO+ CO,?). Radioactive isotope of
carbon is (Libby half-life 5568+30 years, Cambridge
half-life is 5730440 years) present in the atmosphere
and it dissolves in the unsaturated zone until it reaches
water table and starts decaying to nitrogen in the
groundwater system.

According to table 3, modern carbon contents (**C)
of 5 samples range from 8.18 pmc to 77.96 pmc, the
highest content observed in Gevrekseydi artesian well
and the lowest one observed in the thermal water well

located in Geven. 8'*C contents of groundwaters range
between -11.4 %o and -14.6 %o, whereas 8'*C contents of
thermal waters are about -5 %o. The difference between
&13C contents of thermal waters and groundwaters can
be attributed to water-rock interaction. In other words,
the enrichment in 8*C contents, especially in thermal
waters, suggests that there is isotopic exchange between
water and aquifer material.

Determination of groundwater residence times
with C method is based on the measurement of the
loss of the parent radionuclide, '“C (Clark and Fritz,
1997). Equation 1 is used to calculate the radiocarbon
ages of waters.

A= Aoe_/lt (Equation 1)

In Equation 1, A is the measured or observed
activity of the sample, A is the decay constant and t is
the time passed after recharge. If the initial radiocarbon
activity, A, is not assigned correctly, then the above
equation would not give accurate results. It is hard to
assign a correct value to the initial activity since there
are various processes that have an effect upon “C in
water. In addition, the final concentration of '“C in the
groundwater is also modified by isotopic exchange as
aresult of recrystallization and precipitation reactions.

3.4.1 Carbon-13 in the Carbonate System

Clark and Fritz (1997) indicated that carbon-13
is an excellent tracer for the evolution of carbonates
in groundwaters. The cause of this is that different
carbon reservoirs have different carbon-13 values.
The development of Dissolved Inorganic Carbon

Shallow circulation ™.

Deep circulation

Shallow circulation

Deep circulation

Figure 8- Tritium vs. Electrical Conductivity in wet period (May Figure 9- Tritium vs. Electrical Conductivity in dry period (September

2012).
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(DIC) and 8"C,,. begins with atmospheric CO,. At
this point, 6"*C value is approximately -7 %o VPDB.
Photosynthetic uptake of CO, = cause a visible
depletion in & 3C values. This uptake occurs during
CO, diffusion from leaf pores and during carbon
fixation (transformation of CO,to CH,O) which is
carried out by chloroplast of leaves (Clark and Fritz,
1997). The depletion in the amount of C differs
according to the observed photosynthetic cycle.
There are three main known photosynthetic cycles.
These are Calvin or C, cycle, Hatch-Slack or C, cycle
and Crassulacean acid metabolism (CAM) cycle
(Clark and Fritz, 1997). Calvin cycle is observed
in 85% of the plants and 3"3C values of the plants
following this cycle is approximately -27 %o (Vogel,
1993). At higher temperatures, the plants follow C,
cycle and 8"C values are approximately -12.5 %o
(Vogel, 1993).

3.4.2 Correction of *C Ages for Carbonate Dissolution

There are different methods to calculate apparent
“C ages and application of these methods are
generally decided according to chemical system and
the data available. 4'3C mixing model, suggested by
Pearson (1965) and Pearson and Hanshaw (1970),
was used in order to be able to perform an estimated
age calculation according to the data obtained in this
study. This model enables using carbonate dissolution
in open system conditions together with radiocarbon
dilution in closed system conditions (Clark and
Fritz, 1997). Every process adding carbon to DIC
pool and removing carbon from the pool, affect 6'°C
concentrations. The change of DIC in groundwater in
one area could demonstrate to what degree carbon-14
concentrations influenced by the addition of dead
carbon (Clark and Fritz, 1997). The dilution factor
(q) is a number used to prevent factors affecting
carbon-14 concentrations to produce false results in
age calculation. This factor is demonstrated in the
below equation (Equation 2) (Pearson and Hanshaw,
1970).

q= 513C¢ik - 513Ckarb
S'"C a0 Crars

In Equation 2, 3C_ . is 8"°C measured from
dissolved inorganic carbon ; $*°C_, is 6"*C of CO, in
soil (it depends on the vegetation, C, plants -27%.,
C, plants approximately -12.5%o); and 6**C__ is 6"*C
dissolved in calcite (generally very close to 0 %o, 2%o

(Equation 2)

toprak

for marine carbonates). Within the scope of the current
study, a sample was taken from the aquifer material
carbonate rocks which host the groundwater in the area
(microcrystalline limestone, close to Oren village) and
d1BC content in this sample was determined as +2.9%o.
Thus, only unknown variable during the calculation of
q is 8'*C content of the soil which changes according
to vegetation cover. C, plants mostly grow in tropic
and semitropic regions. The dominant vegetation
in the basin is generally forest and steppe and
these plants follow C, cycle predominantly during
photosynthesis. According to this, it is appropriate to
accept this content as -27%o for current samples. On
the other hand, this value might not be constant from
past to present. However, it is difficult to estimate the
vegetation in the study area for the last 20,000 years
before present. So it should be considered that there
would be some uncertainity in calculation of age for
samples which are not modern due to the uncertainities
in 6"°C_, values. While performing age calculations
with carbon-13 correction, if t , is taken as 5568
years, then Equation 1 becomes Equation 3 (Clark
and Fritz, 1997). Radiocarbon ages were calculated by
assuming A as 100 pmc in Equation 3 and these ages
are presented in table 3.

14
t =-8035*In AC (Equation 3)
(q *A'C ]

When the radiocarbon ages presented in table 3 are
compared, it can be seen that as the corrections for
carbonate dissolution for thermal waters are high, the
apparent ages are considerably lower than uncorrected
ages. The reason for this is the water-rock interaction
during which there is contribution of “dead carbon”
from millions of years old carbonate aquifer matrix
having a carbon content of 0 pmc. As a result of the
contribution of “dead carbon” C concentrations
measured in the sample are diluted and the ages come
up to be older than the actual ages (Ingebridsten and
Sanford, 1998). Thus, as carbon 13 content of the
sample becomes positive, in other words as the dead
carbon contribution increases so as the difference
between the corrected and uncorrected ages increases.

It could be understood that the sample obtained
from the artesian well in Giimisgolcik (GG-
AR-1) has the highest groundwater residence time
without taking high amounts of dead carbon to its
system from the aquifer material whereas modern
recharge is predominant in the sample obtained from
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Gevrekseydi well. The residence time of sample (GG-
AR-1) is determined as 11.500 years and the results
indicate presence of fossil groundwaters in the basin.
Kizilcakaya artesian well has similar duration of stay
in underground with thermal water samples so it can
be stated that there is hot water mixture to this water
in the light of the temperature and chemical data.
(Arslan and Celik, 2013). According to the diagram
demonstrating the relation between radiocarbon
activity and oxygen-18 content, the samples depleted
in heavy isotopes have lower modern carbon activities
(Figure 10).

4, Conclusions

Utilization of the isotopes having known
behaviour in the hydrologic system offers researchers
beneficial information. In this study, isotopic features
of the surface waters and groundwaters in Kopriidren
Basin are presented. According to the results, 3O
and 3D contents of some samples show deviations
from Global Meteoric Water Line. The 8'*O and 8D
signature of these samples are modified as a result
of evaporation. Evaporation is an expected situation
in surface waters. The evaporation lines determined
for each different sampling periods have slopes in
accordance with the relative humidity in air. The
thermal water samples plot along Global Meteoric
Water Line and for these samples 6'%0 signatures were
not modified due to water-rock interaction. The reason
for this is attributed to the relatively low wellhead and
reservoir temperatures of thermal water samples. In the
context of this study, it was impossible to relate 3'*0
to altitude and recharge altitude calculations could
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Figure 10- Logarithm of 14C activity (pmc) vs. 8'30 (%o).
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not be carried out. Therefore, the comments about
the subject matter are made on the basis of relative
comparisons. Tritium data revealed out that some
of the groundwater samples are recharged by recent
precipitation, did not stay long in the aquifer and they
have shallow circulation. In addition to this, the low
tritium contents of thermal water samples and two
groundwater samples pointed the existence of waters
which entered the system before nuclear tests (before
last 50 years) and have relatively long residence times.
In order to obtain more information about the residence
times of these samples, 3'3C and '*C data are evaluated.
For these samples, the apparent *C ages, corrected
against carbonate dissolution, reach up to 11500
before present. Accordingly, these results indicate the
existence of fossil (paleo) waters. As a result of water-
rock interaction, there is addition of dead carbon to
thermal waters and the '“C concentrations of these
samples are diluted. Therefore, the correction against
carbonate dissolution is considerably high.
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Keywords: ABSTRACT
Seismic Velocity, In this study, the apparent gravity density data was measured for Turkey using apparent density filter, and the
Apparent Density, seismic velocity distribution map was generated from this data cluster. By interpreting these two measured data

Continental Crust, clusters, three dimensional structure of the Conrad discontinuity was investigated. The apparent gravity filter
Conrad Discontinuity, is a kind of filter which is used in the apparent gravity measurements for different depth levels different than
Moho gravity data. In this study, considering previously measured distribution of the continental crustal thickness of
the Anatolia, the density maps for different depth levels were formed and interpreted. The lowest and highest
densities in different levels of Turkey are 2.23 gr/cm?, and 3 gr/cm?, respectively; and the mean density is 2.698
gr/cm?. The lowest and highest seismic velocities for different thicknesses were measured as 3.20 km/sec and
6.83 km/sec, respectively. However; the mean seismic velocity of Turkey for depths increasing up to 10 km until
MOHO discontinuity was estimated as 5.66 km/sec. The density and seismic velocity in the first 20 km of the
continental crust have reached its highest values as 2.74 gr/cm® and 5.86 km/sec, respectively. This zone is also the
Conrad discontinuity between the lower and upper crusts, and its average depth is 16 km in Turkey. The Conrad
discontinuity boundary, which developed between SIAL-SIMA, not to be observed in the East Anatolian High

Received: 27.01.2016 Plateau made us consider that SIMA had disappeared as a result of the geological evolution, and the available

Accepted: 15.03.2016 crust could only be SIAL in origin.

1. Introduction

Studies of seismic velocity distribution have been
carried out by various investigators for different
regions of the Anatolia. Zor et al. (2003) measured
seismic velocities of the crustal structure of the
East Anatolian Plateau by receiver function and
determined the shearing velocity in between 3.5-3.8
km/sec. Canbaz and Karabulut (2010, 2011) used
environmental seismic noises to measure the regional
group velocity changes in Turkey. They obtained high
resolution velocity structure of Turkey by passive
monitoring techniques and interpreted group velocity
maps with known tectonic structures and geology.
They defined the East Anatolia as low velocity, the
Pontide, Bitlis and Pétiirge massif as high velocity,
the Central Anatolia as homogenous velocity, Isparta
angle as low velocity, and the Aegean region, where
the crust thins out, as the high velocity region.
Karabulut et al (2013) studied velocity changes (Vp/
Vs) for the western Turkey (Thrace, Sea of Marmara,
Sakarya Zone, Bornova Flysch zone, Menderes
massif, Lycian nappes). Ersan and Erduran (2010)

used P wave receiver function analysis in order to
determine the structure of crust and upper mantle
velocity beneath the Central Anatolia. Warren et al.
(2013) generated the maps of shear wave velocity
for the Central and East Anatolia at different depths
(10, 20, 30 and 40 km). In these maps, the East and
Central Anatolia regions were presented as in low and
high velocities, respectively. Vanacore et al. (2013)
estimated the velocity ratio map of Turkey (Vp/Vs).
They indicated that volcanisms in tectonically active
regions in Eocene and post Eocene times in East and
the Central Anatolia had shown variations in (Vp/Vs)
ratios. Ozacar et al. (2008) investigated discontinuities
in the upper mantle beneath the East Anatolian Plateau
and measured Vp velocity as 6.30 km/sec between
0-40 km’s in the crust. Civgin and Kaypak (2012)
produced (1D) one dimensional seismic wave velocity
model belonging to the upper mantle beneath Ankara
and its vicinity using local earthquake data. They
detected that; while the P-wave velocity of the first 8
km thick layer is 5.25 km/sec, the P-wave velocities of
the underlying layers increase with depth and reached
the velocity of 6.47 km/sec at a depth of 30 km.

* Corresponding Author: Ugur AKIN, ugurakinll@gmail.com
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Toksoz et al. (2003) measured the crustal
thickness nearly as 36 km in the vicinity of Kirikkale.
They stated that the crust in the region formed in
two layers, the mean P-wave velocity in the upper
mantle, which is 5-10 km thick, was 5 km/sec, and
the velocity in the lower thick layer was 6.4 km/sec.
They also specified that the velocity increased with
depth and reached around 7.8-7.9 km/sec in upper
mantle. The crustal thickness of Turkey, as well as
seismic velocities, has been the point of interest of
several investigators, and studies have been carried
out in different disciplines such as; seismology,
seismic and gravity. Ozelgi (1973) assessed that there
had been a linear relationship between gravity values
and topographical elevations along the lines taken
in the Anatolia. Ak¢ig (1988) obtained that there
had been an approximate crustal thickness of 30 km
in the Aegean Sea, and this thickness reached 35-
40 km in West Anatolia using the power spectrum.
Maden et al. (2005) applied experimental relations to
gravity data and measured that the crustal thickness
in the Anatolia had changed in between 26.4-49.5 km
Maden et al. (2009), in other studies, measured the
maximum crustal thickness of the Eastern Pontides
as 43.8 km using back analysis method. Bekler et al.
(2005) have used in-well explosions in stone quarries
as artificial seismic source and measured the crustal
thickness in the Central Anatolia as 36-40 km Arslan
etal. (2010) measured the crustal thickness of Turkey
as 31.4 km (shallowest) and as 50 km (deepest) using
the gravity data. Karabulut et al. (2013) estimated the
MOHO depth as 31 km in Thrace basin, as 25 km
in the Sea of Marmara, as 32 km in Izmir-Ankara
Suture Zone, as 25 km in the Menderes Massif using
receiver function. Vanocore et al. (2013) measured
the MOHO depth as 55 km for the East Anatolia,
as 37-47 km for the Central Anatolia and much
thinner for the West Anatolia using receiver function.
Kahraman et al. (2015) have shown lithological and
structural variations in lower, middle and upper
crusts by means of the receiver function. Pamukcu
et al. (2007) in their studies determined the crustal
thickness nearly 45 km. Pamuk¢u et al. (2011)
determined low density level approximately 10 km
thick below the ductile zone in the Eastern Anatolia.
Pamukgu et al (2015) applied the 2™ Trend Method
to gravity data, and derivations in both vertical and
horizontal directions in order to investigate the
structure of lithosphere. According to the results of
derivative, which they obtained within scope of the
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study, they determined that structure transitions with
Bitlis-Zagros Thrust Fault increased much.

Simeoni and Briickle (2009) applied the power
spectrum to gravity Bouguer anomalies, and
distinguished the components consisting of low and
high wavelengths in gravity data from each other.
They assessed in the power spectrometer analysis that
the effects consisting of relatively high wave numbers
had originated from structures in the upper mantle. In
addition; they also observed that the density variations
with long wavelength originating from the upper
mantle were rather affective. They defined the main
tectonic elements of geology of the region and MOHO
depth using gravity density and seismic data together.
They also determined the density difference between
the lower and upper crusts as 0.3 gr/cm’.

However; in this study, the seismic velocities
corresponding to the apparent density data estimated
from the gravity Bouguer data were measured using the
equivalence given by Barton (1986). Thus; the seismic
velocity distribution in both vertical and horizontal
directions of Turkey and the Conrad discontinuity
boundary were studied. Besides; considering the
geological units of the country, 7 seismic velocity
depth sections in different directions, the crustal
thickness and Conrad discontinuity were interpreted
with earthquakes having magnitudes greater than 4;
and as a result, the crustal model was generated using
the result obtained.

2. Geology of Turkey

The geological structure of Turkey is located within
the Alpine-Himalayan Orogeny system. It was shaped
by the continental zones formed by the evolution of
the Pan-African basement and Tethys Ocean (Paleo
and Neo Tethys) exposing in a couple of regions,
and by paleotectonic zones which was formed by the
oceanic suture belts located among them. The shape,
location, distribution, contact relationships, regional
correlations and tectonic evolutions of the tectonic
units extending generally in E-W directions, shown in
Figure 1, have been studied by different investigators
(Ketin, 1966; Ozgﬁl, 1976, 1984; Sengdr and Yilmaz,
1981; Sengdr 1985; Goriir, 1987, 1988, 1991; Okay
1989; Kogyigit et al., 1991; Tiiysiiz, 1993; Goriir et
al., 1983; Yilmaz et al., 1994, 1995; Okay et al., 1996;
Okay and Tiiysiiz, 1999).
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Figure 1- Tectonic units and structural zones of Turkey (modified from Okan and Tiiysiiz, 1999).

When the continental zones, which are tectonically
in contact with each other, and suture belts are studied
from north to south, the Strandja zone is located in
northwest of Turkey. Gneiss and metagranitoids are
observed at the basement of Strandja zone, which is
formed by the Strandja massif and Thrace basin. These
lithologies are overlain by Triassic-Early Jurassic
clastic and carbonate rocks which metamorphosed
in Late Jurassic. These metamorphic rocks were then
unconformably overlain by the succession of Thrace
Basin which was formed by carbonate and clastic
rocks deposited between Middle Eocene to recent
(Aydin, 1974; Kasar and Okay, 1992; Okay et al.,
2001). The Strandja zone separates from the Istanbul
Zone with a strike slip tectonic contact in East (Okan
and Tiiysiiz, 1999). At the bottom of the Istanbul
Zone, the Pan-African basement rocks composed of
Precambrian gneiss, metagranite and amphibolite
exist. This basement is then overlain by a sedimentary
deposit which is composed of an unmetamorphosed
Ordovician-Carboniferous clastic and carbonate rocks
(Kozur and Génciioglu, 1999; Ozgiil, 2011). Triassic
clastic and carbonate rocks unconformably overlie
the underlying succession (Sengér and Yilmaz,
1981; Yilmaz et al., 1995). Late Cretaceous-Eocene

volcanoclastic and carbonate rocks constitute cover
rocks of the Istanbul-Zonguldak zone (Okay et al.,
1994; Goriir and okay, 1996). The Inner Pontide suture
separates the Istanbul Zone from the Sakarya Zone in
south (Sengdr and Yilmaz, 1981). Late Cretaceous-
Paleocene ophiolitic mélange and Late Cretaceous-
Eocene blocky flysch are observed in the Inner Pontide
Suture (Okay and Goriir, 1995; Goriir and Okay,
1996). In the southern part of the Inner Pontide Suture,
the continental rock assemblage extending from the
Biga Peninsula to Eastern Black Sea constitutes the
Sakarya Zone. Metamorphic massifs composed of
gneiss, marble and metaperidotites at the basement of
the Sakarya zone (Kazdag, Uludag and Pulur massifs)
were influenced by Hercynian orogeny. These massifs
are tectonically overlain by Late Paleozoic-Triassic
volcanosedimentary rock assemblages (Karakaya
Complex). This complex is highly deformed and
consists of limestone blocks and was influenced from
the low grade metamorphism, (Bingol et al., 1973;
Okay et al., 1996; Duru et al., 2004). These rocks
are then transgressively overlain by Early Jurassic-
Eocene carbonate and flysch deposits in which the
volcanic products especially in the Black Sea are
widely observed starting from Late Cretaceous.

187



The Seismic Velocity Distribution and Crustal Structure of Turkey

Besides; dense granitic intrusions are observed in
the Sakarya Zone between Late Paleozoic-Miocene
intervals. Izmir-Ankara-Erzincan suture in the
southern part of the Sakarya Zone presents northerly
dipping subduction zone of the Neo-Tethys Ocean
(Sengor and Y1ilmaz, 1981). These ophiolitic rocks are
accompanied by Triassic-Cretaceous aged, densely
sheared ophiolitic rocks, Late Cretaceous blocky
flysch in western Anatolia (Bornova Flysch Zone) and
by blueschists in Tavsanli Zone (Okay, 1984; Okay,
1986; Erdogan et al, 1990). In the southern part of
Izmir-Ankara-Erzincan Suture, the Central Anatolian
Massif consisting of high graded metamorphic rocks
are observed. This crystalline massif, which is cut by the
Late Cretaceous granitic intrusions, is unconformably
overlain by clastic and carbonate rocks deposited
between Late Maastrichtian to recent (Erkan, 1975;
Gonctioglu, 1981; Seymen, 1982; Gokten, 1986).
The Central Anatolian Massif separates from Tauride
platform in south by the Inner Tauride Suture which
is composed of Late Cretaceous-Eocene ophiolitic
rocks (Sengdr and Yilmaz, 1981). The Menderes
Massif and Taurus platform take place towards the
south of the Izmir-Ankara Suture and Inner Tauride
Suture. The Menderes Massif consists of a core and
surrounding cover units (Diirr et al., 1978; Sengdr and
Sungurlu, 1984; Konak, 2003). The core is formed
by lensoidal gneiss and migmatites representing the
Pan-African metamorphic basement. However; the
cover units are composed of Late Paleozoic-Eocene
carbonate and clastic deposits which were affected
from the regional metamorphism in Paleocene-
Eocene. The Taurus Platform is composed of different
tectono-stratigraphical units and nappes in Paleocene-
Eocene. These units and nappes, which consist of
the platform, the continental margin and oceanic
lithologies deposited in between Paleozoic-Tertiary
times thrusted on each other by Late Cretaceous-
Eocene movements and occasionally affected from
metamorphism (Ozgiil, 1976; Ozgiil, 1984). The Bitlis
Suture forms the boundary of Taurus Platform and
the Arabian Platform, and it represents the southern
branch of the Neo-Tethys Ocean which existed from
Late Triassic to Early Miocene. Extensive ophiolitic
nappes in the Eastern and Southern Anatolia are the
remnants of this ocean (Sengdr and Yilmaz, 1981;
Dewey et al., 1986). The Arabian platform located at
the southern part of the Bitlis Suture is represented by
highly deformed basement consisting of Precambrian
oceanic and continental fragments and by overlying
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clastic rocks deposited in pre Late Permian. These
units are then transgressively overlain by Late
Permian-Tertiary carbonate deposit on and around
the Arabian Platform (Peringek, 1980; Peringek et al.,
1991; Sengor and Natal, 1996).

3. Geophysical Data and Applied Data Process

The gravity method, which is one of the potential
areal methods of the geophysics, provides significant
information in investigating the locations, depths and
geometries of buried structures in small, medium and
large scale fields with the help of geological data.
The General Directorate of Mineral Research and
Exploration (MTA) has taken gravity measurements
in 60648 stations in 3-5 km intervals in the country.
The measurement points, as 1%, 2" and 3" degree
triangulations being the first, were taken at certain
points such as; school, mosque, crossroads, bridges and
river junctions in 1/25 000 scale topographical maps.
The collection of regional gravity data cluster of Turkey
began in 1973 and has continued 15 years by several
geophysical teams. The Turkish Petroleum Corporation
(TPAO) and the General Command of Mapping (HGK)
have made significant contributions in collecting these
data. MTA has spread the international base value,
which it had been taken by HGK from postdam and
carried out airports, across the country and formed
the Turkish National Gravity Base Network. Worden
Master, LaCoste Romberg 344 and 347 gravimeters
were used during the collection of regional gravity data.

In this study, the gravity apparent density filter was
applied to Bouguer data of Turkey and the apparent
density map was generated (Figure 4).

The apparent density filter and lateral distribution
of the density in a horizontally layered environment
can be estimated by the gravity area. The main
assumption here is that the density in vertical axis does
not show any variation. The apparent density filter is
expressed by the formula of Gupto and Grant, (1985).

Here, the apparent density: (p(X,y))
p(xy) = p, + (1/2nG) F'{(® / 1-e") . Ag(u,v)}

where;
p, : estimated background density,

G: gravitational constant,

o: total wave number
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h : thickness,
u : number of waves in X direction,
v : number of waves in y direction,

F-!': inverse Fourier Transformation.

As it is understood from the equation; the apparent
density wave filter is a linear filter expressed in wave
number medium.

The velocity and density data generated by Barton
(1986) were used in each grid cells of the apparent
density map (Table 1). So; linearly, a transition into
the seismic velocities were made and the seismic
velocity map of Turkey was generated (Figure 6).

The tectonic units of Turkey stated in the study of
Okan and Tiiysiiz (1999) were plotted on all the maps
generated. In addition, there are several fault systems
in Anatolia, and two of the most important fault among
them (the North Anatolian Fault Zone (NAFZ) and the
East Anatolian Fault Zone (EAFZ)) was plotted on
generated maps.

While the gravity Bouguer signature of the general
tectonic structures like; the Sakarya Zone, Istanbul,
Anatolide-Tauride Block, Kirsehir and Menderes
Massifs are clearly observed for some geological
structures, the gravity response of some tectonic
structures shows some differences (Figure 2). The
eastern boundary of the Istanbul Zone and Sakarya
Zone cannot be discriminated clearly from each other,
and the diversity of the Bornova Flysch Zone with
its surround is not clearly observed in the Bouguer
map. Besides; while the eastern part of the Anatolide-
Tauride Block is represented by low amplitude
Bouguer values, it distinctively separates from the
Arabian Platform in south and from the Sakarya Zone
in north. NW-SE orientation of Tavsanli and Afyon
Zones were also observed in the gravity map (Figure
2). In this study, the relationship of tectonic structures
with gravity apparent density and seismic velocity
distributions were also investigated.

The map was reproduced by using data of
the crustal thickness map of Turkey given by
Arslan et al. (2010). The regressional equivalence,
Y=-72.2E+7.77, found for the Bouguer anomaly type

Table 1- Seismic velocities measured for different densities (Barton, 1986).

Density Velocity Density Velocity Density Velocity
(gr/cm?) (km/sec) (gr/cm?) (km/sec) (gr/em?) (km/sec)
1.47 1.5 2.36 3.8 2.80 6.1
1.66 1.6 2.38 3.9 2.83 6.2
1.73 1.7 2.39 4.0 2.85 6.3
1.80 1.8 241 4.1 2.87 6.4
1.86 1.9 243 42 2.90 6.5
1.92 2.0 2.44 43 2.93 6.6
1.98 2.1 2.46 4.4 2.95 6.7
2.01 2.2 2.48 4.5 2.98 6.8
2.03 2.3 2.50 4.6 3.01 6.9
2.06 2.4 2.52 4.7 3.04 7.0
2.09 2.5 2.53 4.8 3.07 7.1
2.11 2.6 2.55 4.9 3.10 7.2
2.13 2.7 2.57 5.0 3.13 7.3
2.15 2.8 2.59 5.1 3.16 7.4
2.18 2.9 2.61 5.2 3.19 7.5
2.21 3.0 2.62 53 3.22 7.6
2.23 3.1 2.64 5.4 3.25 7.7
2.24 3.2 2.66 55 3.28 7.8
2.26 33 2.68 5.6 3.31 7.9
2.28 34 2.70 5.7 3.34 8.0
2.30 3.5 2.72 5.8 3.38 8.1
2.32 3.6 2.74 59 3.42 8.2
2.34 3.7 2.77 6.0
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was used in Woollard (1959) equation and equation
T=32-0.08(-72.2E+7.77)=31.38+5.77E was obtained,
thus the crustal thickness map of Turkey was prepared.
In the crustal thickness map in Figure 3, the shallowest
and the deepest crustal structures were measured as
29.54 km and 50.62 km, respectively. The difference
between the shallowest and the deepest crustal
structures is 21 km across Turkey. The thinnest parts
of the continental crust have been the Thrace Basin
and seasides. The continental crust in the west of the
country thins out until Denizli. This area overlaps
with the SE boundary of the Menderes Massif at the
same time. Areas, where the continental crust thins
out, have clearly revealed graben regions in which the
geothermal activity is the most. Another area, where
the continental crust thins out, is the Isparta Bend in
south. The separations of Istanbul and Sakarya Zones,
which cannot be observed between Karabiik and
Kastamonu in the Gravity Bouguer map, have become
distinctive in the crustal thickness map (Figure 3).
The crustal thinning in the istanbul Zone has differed
from the Sakarya Zone by crustal thickening. The
crustal thickness of NW-SE extending Tavsanl
and Afyon Zones have increased towards west. The
crustal thickness between the eastern and western
parts of the Kirsehir Massif to display a difference
is remarkable. The crustal thickness of the Lake Tuz
and its surround is observed as one of the shallowest
regions of the massif. The deepest region of Turkey
in crustal thickness is the East Anatolian Plateau with
40-50 km. The Arabian Platform with a depth of 35
km has separated from the deeper Anatolide-Tauride
Block by the Bitlis Suture Belt (Figure 3).

Applying the apparent density filter to gravity
Bouguer data, the gravity apparent density map was
obtained (Figure 4). The apparent density values
range in between 2.55 gr/cm® and 2.98 gr/cm® and the
difference is 0.43 gr/cm’. The continental crust to be
thick in the East Anatolian Plateau causes the density
of the region to decrease. However, the continental
crust to thin out at seasides as well has caused an
increase in apparent densities in these areas (Figures
3 and 4). The NS boundary of the istanbul Zone
and the Sakarya Zone separation, which is not clear
between Karabiik and Kastamonu settlement areas in
the gravity Bouguer map, were not well observed also
in the density map. The mean density distributions of
each tectonic units of the Anatolia in figure 1 were
measured, and these were given in table 3.

The thickest value of the crustal thickness map
of Turkey is nearly 50 km. Therefore; the apparent
density values and seismic wave velocities were
measured in 10 km increments until the depth of
50 km (Figure 5). The mean seismic velocity and
densities have the lowest values between 0-10
km. However, the densities and velocities show an
increase in between 10-20 km. The mean velocities of
levels located in deeper parts show a relative decrease
with respect to this level. However, the numerical
values of the information observed in figure 5 were
given in table 2.

The wave velocity map of Turkey was obtained by
using the apparent density map of Turkey generated
from gravity data. Also; an assessment was made
between the seismic velocities of the rocks and
their densities by means of the relationship between

Table 2- Density and seismic velocity data measured for different depth levels.

0-10 km 10-20 km

20-30 km 30-40 km 40-50 km

Min. | Max. | Ort. | Min. | Max.| Ort.

Min. | Max.| Ort. | Min. | Max.| Ort. | Min. | Max. | Ort.

Density (gr/cm?) 223 | 295 | 2,60 | 2.55| 298| 2.74

258 | 296 | 271 | 2.62 | 298| 2.72| 263 | 299 | 2.72

Seismic velocity

(km/sec) 320 | 6.7 | 5.13 | 490 | 6.83 | 5.86

505 | 673 | 572 | 530 | 6.80 | 579 | 535 | 6.83 | 5.78

Table 3- Mean density and seismic velocities of the structural elements.

Anatolide Thrace Arabian Istanbul Zon Strandja Kirsehir Sakarya
Tauride Block Basin Platform stanbul 2one Massif Massif Zone
Density 2.67 2.79 27 2.79 2.81 2.68 271
(gr/em?)
Seismic Velocity
(km/sec) 5.52 6.07 5.68 6.07 6.13 5.61 5.74
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Figure 3- Continental crustal thickness map of Turkey.
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Figure 5- The variation of seismic velocity and apparent densities at
depths of 0-50 km.

seismic and gravity, which are the two disciplines
of the geophysics. From each density and seismic
velocities, the information related to the rock type can
be acquired and the structural models of the earth crust
can be obtained. Nafe and Drake (1957) and Ludwig et
al. (1970) carried out velocity-density measurements
from several collected rock types. They also graphed
density and velocity values in their measurements and
acquired a mean linear function. Barton (1986), Nafe
and Drake (1957) and Ludwig et al. (1970) presented
a mutual density and velocity values in tabular form.
The seismic velocity values of this investigation were
taken from the table of density-velocity values of
Barton (1986).

The seismic wave velocity map, which had been
obtained from the map of gravity apparent map of
Turkey, was given in figure 6. Seismic velocities
vary in between 4.91-6.78 km/sec and the velocity
difference across the country is 1.87 km/sec. The
average of seismic wave velocities of each structural
element was measured and their results were given
in table 3 considering the tectonic units of Turkey.
Since Anatolide and Tauride Blocks present some
differences in density and velocity, their eastern and
western parts were investigated separately. As the
East Anatolian Plateau has a deep crustal thickness, its
mean density and velocity values are 2.63 and 5.32 gr/
cm’, respectively. However; its western side reaches a
much higher mean density and velocity values (2.71,
5.75 gr/cm®) with respect to the eastern side (Figures
1 and 06).
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When mean velocities given in table 3 were
studied, it was seen that the Strandja Massif had the
maximum seismic velocity with 6.13 km/sec among
the tectonic units of Turkey. The Istanbul Zone and
Thrace Basin has the same seismic velocity with
6.07 km/sec, and then the Sakarya Zone, the Arabian
Platform, Kirsehir, Anatolide and Tauride Blocks
follow order successively.

In order to fully investigate the depth at which
high velocity and density values are observed,
the thicknesses in the apparent density filter were
linearly incremented as 1 km. It was revealed that
the boundary, where the maximum velocity and
density are observed, was nearly at a depth of 16
km for Turkey in data (Figure 5). In addition; the
distribution of seismic velocities, which had been
estimated from the apparent density data with 1
km increments in thickness, were investigated, and
it was seen that 74% of the total data had occurred
within a band of 10-20 km depth. Only a very few
portion of the high velocity data (4%) occurred in
40-50 km depths (Table 4).

Table 4- The distribution of the Conrad discontinuity (measured for
different depth levels).

0-10 km 10-20km | 20-30km | 30-40 km | 40-50 km

% 0 % 74 % 11 % 11 % 4

Zor et al. (2003) constructed a network with 29
seismographs at an elevation of 2 km in the East
Anatolian High Plateau. They measured the mean
crustal thickness of the region as 45 km and (Vp/Vs)
mean seismic velocity as 3.7 km/sec by interpreting
V and S seismic wave velocities from the seismic
data collected. Sengdr et al (2003) explained that the
closure of the Neo-Tethys Ocean occurred between
Early Eocene to Late Eocene and the rigid Arabian
Plate dipped into the Pontide arc and then steepened
in Middle and Late Miocene. The plate was then
broken and subducted into the asthenosphere and
lost its mantle crust. They also emphasized that the
asthenosphere had entered from this broken region and
uplifted the Eastern Anatolia. They also attributed the
density decrease in the crust to this high temperature
effect. Keskin (2003) explains that the reason, why
the region was extensively covered with volcanism in
Neogene and Quaternary in Eastern Anatolia, reflects
only a small portion of the melt exposing in the area
and the presence of plutonic intrusions in deeper parts
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of the crust. Pamukc¢u and Ake¢1g (2011) mentioned
about the presence of several vertical discontinuities
in the region between EAFZ and NAFZ, and the
flexible region starting at a depth of 10 km within
crust structure.

The Conrad discontinuity has taken its name from
seismologist Victor Conrad and is the discontinuity
area where the seismic wave velocity increases in
horizontal direction in the continental crust. The depths
of this boundary are generally in between 15-20 km,
and there is not observed any Conrad discontinuity on
the oceanic crust (Figure 9). The continental crust is
divided into two parts; as the upper and lower crusts.
While the upper crust consists of felsic rocks such
as; granite etc. (silica, aluminum, SIAL), the lower
crust is composed of mafic rocks such as; basalt etc.
(silica, magnesium, SIMA). The average of this depth,
in which there is a compositional difference between
SIAL and SIMA, was found as 16 km for Turkey
(Figure 7).

Considering the tectonic units of Turkey, cross
sections were taken along 7 lines (Figure 8). In cross
sections, which show the variation of seismic velocities
with depth, the compatibility between the deep crustal
structure of the Eastern Anatolia in figure 3 and high
values of the Conrad discontinuity in figure 7 actually
indicates an unconformity. This unconformity is also
observed clearly in cross sections (Figure 8), because
the high velocity zone (Conrad discontinuity), that
should occur between SIAL-SIMA, does not exist in
east. It is quite remarkable that the high velocity level
exists in deeper most parts of the crust and sometimes
at depths closer to mantle within crust. This study
also brought up a question whether one of SIAL-
SIMA layers might be missing in the East Anatolian
continental crust.

The crustal depths, the Conrad discontinuity and
earthquakes with magnitudes equal or greater than
4 were plotted on cross sections in figure 8. The
majority of earthquakes have occurred along the
Conrad discontinuity and at depths very close to this
discontinuity. As seen in figures 8a, b and d, the Conrad
discontinuity were distinctively observed along lines
taken in West Anatolia and the Central Anatolia.
There was not detected any Conrad discontinuity in
Anatolide and Tauride Blocks in figures 8c, e and f.
The high velocity zone in figure 8g have existed on the
crust-mantle boundary.
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The Conrad discontinuity, which is observed
in west of the Anatolia, could not be traced in the
Anatolide-Tauride Block in east. The reason, why
the Conrad discontinuity is not observed but the high
velocity zone in crust-mantle boundary in the East
Anatolian High Plateau is seen, made us consider
that the crust might have formed only from SIAL. If
this argument is right, then there is not SIMA in the
crustal structure of the East Anatolia. According to
this inference the crustal model of Turkey was given
in figure 9, schematically.

4. Results

With this study, the crustal thickness map
generated from our previous study was updated, and
the crustal thickness in related sections was taken
from this map. The apparent density filter was applied
to Gravity Bouguer data and “The Apparent Density
Map of Turkey” was obtained. For each grid cell of
the apparent density map, the corresponding seismic
velocities were taken and the “Seismic Wave Velocity
map of Turkey” was generated.

The graph of seismic velocity and apparent
density with respect to depth was formed and the
“high velocity zone” between 10-20 km intervals was
determined according to this graph. This zone was
determined as the “Conrad Discontinuity”. In order to
determine the position of the “Conrad Discontinuity”
across the country, the measurements were made
by incrementing thicknesses as 1 km intervals. As
a result of the measurements, the “Mean Conrad
Discontinuity” was estimated as 16 km’s, and the
“Conrad Discontinuity Map of Turkey” was obtained.

The variations of seismic velocities with depth
were investigated in 7 cross sections together with
crustal thickness, the Conrad discontinuity and the
tectonic units of Turkey. It was seen that the Conrad
discontinuity was not available in the East Anatolian
High Plateau, and high velocity zone along the crust-
mantle boundary.

The Conrad discontinuity boundary, which
developed between SIAL-SIMA, not to be observed
in the East Anatolian High Plateau made us consider
that SIMA has disappeared as a result of the geological
evolution, and the available crust could only be SIAL
in origin. Keskin (2003) explains that the magma
generation in this region is related with the subduction
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Figure 8- The variation of seismic velocities with depth.

Figure 9- Crustal model (disappearance of the Conrad discontinuity and the appearance of the maximum seismic velocities between continental
crust and mantle at depths (thick, dotted red line)).
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between the Arabian and Eurasian plates and with
the subduction related lithospheric slab breakoff in
the model which he had generated for the volcanism
related with the collision in East Anatolia. According
to the model proposed by Keskin (2003), the Arabian
Oceanic lithosphere, which subsides beneath the East
Anatolian Accretion Prism, detached 11-13 million
years ago, so the asthenosphere was uplifted from the
detached segments and formed the volcanism in the
East Anatolia ranging from 6 million years ago to recent.
Another suggestion, which supports this idea, is the
shallow Curie depths belonging to the East Anatolian
region obtained in the study carried out by Pamukc¢u
et al (2014). It can be interpreted that the uplifting
asthenosphere material through these geodynamical
processes might have melted-depleted the lower crust
beneath the East Anatolian Accretion Prism (SIMA).
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gravity maps of Turkey. Within this scope, a database that will illuminate the investigation of crustal structure, the
development of the scientific database and the solution of geological problems were established.

1. Introduction

The maps presented in this study were prepared
by data obtained in the project of “Tirkiye Jeofizik
Rejyonal Gravite Haritalar1 Projesi” (Geophysical
Regional Gravity Anomaly Map of Turkey), in
the General Directorate of Mineral Research and
Exploration (MTA) in 1973 by Dr. Erdogan ORAY.
The project initiated in 1973 and was completed by
the estimation of all regional gravity data of Turkey in
1988. A small portion of these data were taken from
the gravity data of the General Commandership of
Turkey (HGK) and Turkish Petroleum Corporation
(TPAO). In total; 60166 gravity data were measured
and planned such that at least 10 points would fall into
1/25.000 scale topographical sheet with nearly 5-6
km intervals. Besides; in addition to regional gravity
data of Turkey, 25.000 gravity data, which had been
estimated within scope of TUBITAK project named as
“Tiirkiye Kuzey Bati Anadolu’nun Kabuk Yapisinin
Jeofizik Yontemlerle Arastirilmasi” (Candansayar et
al., 2011) (Investigation of the Crustal Structure of the
Western Anatolia, by means of Geophysical Methods,
Turkey”, which started in 2006 and ended in 2011,
were also added. The point interval within scope of
this project was selected as nearly 2.5 km, and it was
also paid attention for 25 data to be in 1/25.000 scale
sheet with previous points.

Elevation and coordinate measurements in
gravity field studies were taken from 1/25.000 scale
topographical maps by means of 1%, 2" and 3" degree
triangulations. Besides; the points such as; school,
mosque, crossing road, river junctions, bridge etc. were
detected in which elevations and coordinates could
be read on 1/25.000 scale topographical map. The
regional gravity and TUBITAK data were measured
by Worden Master, Lacoste Romberg gravimeters
and Lacoste Romberg and Scintrex CG5 gravimeter
instruments, respectively. The coordinate data in
TUBITAK Project were measured by Hemishere A
100 DGPS, which has accuracy less than one meter,
and orthometric elevations in all data were utilized.

The purposes of the “Regional Gravity Maps of
Turkey” project are as follows; to reveal the unexposed
deep seated fault systems, to investigate horst-
graben structures, to determine surface, deep mass
distributions in the project area, the boundaries of the
main tectonic units, distributions and relationships, the
elastic layer thickness of the continental upper crust,
the regional variation and MOHO depth of which
isostatic models are suitable and realistic, to increase
the international scientific competition by providing
information to investigators who make research
about the crustal structure, which requires additional
research in investigating deep basin structures, and
to develop scientific environment and infrastructure
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for the utilization of both geophysical and geological
studies.

The earth crust is not made up of only one piece
but has been separated into several pieces. Each
piece is called as the “plate”. The compositions,
densities, depths and thicknesses display different
characteristics. These various blocks, of which their
thicknesses, compositions and densities are different,
are observed in the form of equilibrium in depths of
the earth. In other words; the pressure that these blocks
exert in the mantle is balanced at a certain depth or
equalized. This equilibrium is called as the “isostatic
equilibrium”, and it is reached nearly at a depth of 40-
50 km. Although the isostatic equilibrium is at a risk of
imbalance, it is always protected by motions occurring
on earth crust. These movements, which occur for the
protection of isostatic equilibrium is called as the
“isostatic movements”. The events that cause isostatic
movements to happen or isostatic equilibrium to
fail are erosion, depositional events, glaciation and
volcanism. Briefly; the variations that happen as a
result of all internal and external phenomena in earth
crust is explained by the isostatic equilibrium.

“Isostasy” is the equilibrium of large plates of
which their densities and masses are different on crust.
The addition or removal of large loads on crust disturbs
the isostatic equilibrium. The failure in equilibrium is
compensated by the substitution of mantle material
on the boundary of crust-mantle. The effective elastic
thickness estimation was taken as 6 km for the western
Anatolia based on admittance and coherence between
gravity, free air and topographical data (Pamukgu
et al., 2008). Using the east Anatolian gravity and
topography data, this thickness was estimated as 13
km by misfit function (Pamukgu et al., 2011). The
admittance function Z(k) from isostatic response
functions were defined by making an equation
between Fourier Transformations of G(k) gravity and
T(k) topography anomaly (Dorman and Lewis, 1970).
Later on; Mckenzie and Bowin (1976) have developed
the admittance function in their studies. For the eastern
America, T, was estimated as 10 km; and for the
Central America and Siberia T, values were estimated
as 18 and 15.5 km’s, respectively (McKenzie and
Fairhead, 1997).

Many investigators have carried out studies related

to the crustal thickness of Turkey by means of gravity
data. The crust thickness was estimated as 35-40 km
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by means of data-process and theoretical modelling
using Bouguer gravity data in western Anatolia
(Akgig, 1988). Estimating the power spectrums of
the East Anatolian Gravity data, it was stated that the
depths had been in between 35.6-45.1 km (Maden et
al., 2005). The crust thickness for the eastern Anatolia
was found in between 38-52 km by means of the east
Anatolian gravity, magnetic and topography data
(Pamukgu et al., 2007). The gravity Bouguer anomaly,
free air and isostatic residual anomaly data of Turkey
were associated with elevation data; and it was seen
that the Bouguer anomaly data had given the best result.
The crustal thickness of Turkey was estimated as 31.4
km (shallowest) and as 50 km (deepest) (Arslan et al.,
2010). Pamukgu et al., (2015) have given information
with gravity data about the characteristics of various
structural elements observed in the region from their
studies called “Dogu Anadolu Bdlgesindeki kabuk
yapisinin diisey ve yatay yonlii analizi” (Vertical and
Horizontal Analysis of the crustal structure in the
eastern Anatolia Region).

2. Geophysical Regional Gravity Maps of Turkey

The topography, free air, Bouguer anomaly,
isostatic regional, isostatic residual, crustal thickness
and density maps of Turkey introduced in this article
had been prepared using the geophysical Regional
Gravity data of Turkey in 2012 making all gravity
corrections by copyrighted MTA Geosoft Oasis
Montaj Software, and these were published by
the General Directorate of Mineral Research and
Exploration as a result of referral inspections (Arslan,
2012 a, b, ¢, d, e, f, g). Each of them was printed as
1000 numbers and still could be obtained by cash as
they are available at General Directorate of Mineral
Research and Exploration (MTA), Department of
Scientific Documentation and Publicity.

2.1. Topographical Map of Turkey

For isostasy correction, elevation data between
24°-48° longitudes and 34°-45° latitudes were used,
and a large zone was selected in order to make the
isostasy correction until 166.7 km also including sea
depths (Hayford Zone). These data were obtained
from NOAA’s National geophysical http://www.ngdc.
noaa.gov/mgg/topo/gltiles.html web site. In Figure
1, Caucasian, Zagros, East Anatolian and Taurus
Mountains are observed. Elevations vary between
0-3685 meters on lands and 0-2825 meters in seas.
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The elevation data, which were subjected to isostasy
correction, were used in 500 meters’ grid interval, and
the topographical map of the study area was drawn in
order to compare with free air corrected map (Figure 1).

2.2. Free Air Anomaly Map of Turkey

The equation given below was used for the Free
Air Correction;

According to the latitude of the measured point;

g, = - (0.30877 -0.00044 sin’p). h -0.073 b’ =
0.3086.h mgal (Erden, 1979)

where;

h: Height of the measurement point above the sea
level (h, meter and h, kilometer)

¢: Latitude of the measurement point.
For ¢ = 30° latitude;

g, is 0.3086.h mgal, and this value changes according
to the latitude of each point.

In the study carried out, the latitude correction (g,)
was subtracted from the observed gravity g and the
free air effect was added.

Free Air Anomaly= g, —g + 0.3086h

When the gravitational effect of the topographical
mass is equalized as the equivalent of mass in depths,
these values in this map will approximately be zero.
At regional elevations corresponding to zero free air
anomalies, the elevation is related with the isostatic
equilibrium. When zero free air values are formed as a
result of the formation of the effect that had occurred
due to the local mass distribution, such zero values
are not used for regional estimations in the Bouguer
gravity area (Wollard, 1959). Gravity free air maps
generally reflect the topography if there is not any
disruptive mass in underground. When the topography
map in Figure 1 and free air anomaly map in Figure
2 are compared, there is seen a negative belt located
in Edirne and south of Kirklareli in Thrace region. It
shows here the presence of a low density cover and it
is highly compatible with topographical map. Gravity
free air anomaly maps are generally quite useful in
detailed researches and mineral explorations. Because,
there is considered a disruptive mass below anomalies
which show incompatibility with topography.
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2.3. Bouguer Anomaly Map of Turkey

Latitude, elevation, geoid and terrain corrections
were made in the gravity Bouguer anomaly map. It is
crucial to make geoid correction, which varies due to
latitude and longitude, since all gravity data of Turkey
were used. The density was taken as; 2.4 gr/cm? for
terrain correction (Nagy, 1966). Some investigators
have regarded density as; 2.67 gr/cm® for terrain
correction, as it was in the elevation correction. The
mass calculation in elevation correction is taken from
the sea level. Since the utilization of densities of deeper
masses is intended, it was regarded that the density
for terrain correction should be less than 2.67 gr/cm’.
The mass of the difference among the measurement
point and the tilt of the topography, and accordingly;
the effect of shallower masses is estimated in terrain
correction. The points in TUBITAK project were also
measured up to J zone (6652 meter) for compatibility,
since previous regional gravity points had been
estimated up to J zone by using Hammer chart
(Hammer, 1939). Terrain corrections were estimated
by elevation data taken from HGK. HGK digitized
elevation contours of the 1/25 000 scale topographical
maps and prepared in 1 sec x 1 sec ASCII grid format.
MTA have purchased the elevation data of 5547 1/25
000 scaled topographical maps of all Turkey in ASCII
grid format. Terrain corrections in MTA researches
are made by these elevation data. Actually; terrain
corrections are made up to 166.7 km (Hayford zone).
However, the technical facilities are not suitable for
this.

Latitude correction was measured by 1967
geodetic reference formula given below;

g, = 978031.85* ( 1 + 0,005278895%sin2¢ +
0,000023462*sin4¢) mgal
g,= 0.8122 sin(2¢) mgal/km

Elevation Correction (E.C.) = (0.3086 - 0.04191p) h
mgal, h=H+N

where;
h: Ellipsoidal height of the measurement point,
H: Orthometric height
These parameters were read by differential GPS

during measurements in TUBITAK project number
105G145. However; in the regional gravity project of
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MTA these parameters were read by eye from 1/25 000
scale maps. As elevation and coordinates were read by
eye in the regional gravity project of MTA using 1/25
000 scale topographical maps, the measurement points
were selected in places such as; triangulation points,
elevated hill, school, mosque and crossing roads. N
geoid height is p=2.67 gr/cm? which is the upper crust
density. The N value was estimated from Geodetic
Reference System (GRS) 1980 ellipsoid by entering
the data set, in which the geographical coordinates
of each point are available, into the licensed Oasis
Montaj software

In figure 3, the gravity Bouguer anomaly map
is seen. When this map is studied there is observed
a negative belt in southwest of Bolu, in Kéroglu
Mountains and its southern part. This situation
most probably represents low density formations.
The Strandja Mountains were bounded by positive
indications and the Gediz graben is clearly
distinguished on map. The North Anatolian Fault
(NAF) is also observed on the map. There might
be some granitic intrusions or crustal thickening in
most parts where gravity values decrease (Singh
et.al., 1999). There is observed also in this study
that gravity values in the eastern Anatolia are quite
low and the crust is thicker in this area. High gravity
values on shores of the Black Sea, Aegean and
Mediterranean Sea correspond to areas where the
crust thins out. Besides; one can also consider that
a magmatic lopolith have revealed gravity increases.
In some parts, gravity increases may also correspond
to suture belts. As it is known; the gravity values
become high as the high density magmatic material
approaches the surface in suture belts. Low density
granitic intrusions can be represented by negative
anomalies. The Egrigdz granite located in Emet,
Kiitahya is a good example for that.

2.4. Isostatic Regional Anomaly Map

The “isostasy” is the state of equilibrium of
continental pieces which have different thickness,
compositions and densities in the mantle, and it
defines the state of equilibrium behavior in which
there is not any other disturbing effects between the
crust and the underlying mantle (Watts, 2001). The
concept of isostatic equilibrium was explained by two
different hypotheses (Airy and Pratt, 1855). The theory
of isostasy explains the state of equilibrium of the
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outermost layer of the earth with respect to the average
densities of underlying rocks. As a result of this theory,
the earth surface moves upward or downward because
of loading and unloading. Therefore; the concept of
isostasy is significant for the definition of lithosphere.
Isostatic correction is made in order to remove the
gravity effect of isostatic root part.

For isostatic correction, the theory of Airy-
Heiskanen was accepted and corrections were
estimated up to 166.7 km (Hayford Zone). The
topographical data used for the isostatic correction
had been taken from the website (http://www.ngdc.
noaa.gov/mgg/topo/gltiles.html) of NOAA’s National
Geophysical Data Center (NGDC). In calculations, the
elevation and bathymetrical data between longitudes
of 24°-48° and latitudes of 34°-45° were utilized.

During estimations of isostatic regional values, the
topographical grid interval was taken as 500 meters.
The crustal density was regarded as; 2.8 gr/cm?, the
mantle density as; 3.3 gr/cm?® and the sea density as;
1.027 gr/cm?, and approximately 33 km was used for
MOHO depth.

Long wave isostatic effect as a response to regional
topography consists of a large area in Bouguer anomaly
(Figure 3). These anomalies are observed as big
negative values as it was seen in the eastern Anatolia.
In order to resolve this low density, effect the isostatic
correction was made considering the equilibrium
surface. When we have a look at the isostatic regional
anomaly map in figure 4, it can be considered that
the negative belts in the eastern Anatolia have deeper
roots compared to west. Because negative belts in the
eastern Anatolia have not still become lost though
they became small and fragmented despite isostatic
correction had been made. However; almost all
negative anomalies located on Bouguer anomaly map
in western Anatolia (Figure 3) are not seen on the
isostatic regional anomaly map (Figure 4). Isostatic
regional anomaly values vary between -203.09 and
-15.23 mgal as seen in figure 4.

2.5. Isostatic Residual Anomaly Map

Gravity isostatic residual anomaly map (Figure
5) was prepared in order to remove the effect of deep
structures. In this study the equilibrium limit was
used as 33 km. The isostatic residual anomaly values
show distribution compatible with geometries of
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the main tectonic structures. Negative belts located
in south of Kiitahya and in west of Kirsehir massif
were isostatically corrected, and the effect of root
was mostly removed in the gravity isostatic residual
map. The negative belt located in Thrace, Edirne and
in south of Kirklareli is quite clearly seen here. It
shows that the negative belt in Thrace does not have
any root but a really thick density and a low cover
compared to surround. Big negative anomaly belt in
the east Anatolian region in Bouguer anomaly map
(Figure 3) was broken into pieces, and the value of
the anomaly located in this region on this map has
dropped from -168 to -41 mgal. While studying
big geological structures and basins of Turkey,
both the geological map of Turkey and geophysical
gravity isostatic residual anomaly map of Turkey
must be interpreted together (Figure 5). For mineral
exploration and geological researches in small areas
the gravity Bouguer anomaly map can be utilized
(Figure 3), but for larger and bigger areas the gravity
isostatic residual anomaly maps must be used. There
is a big compatibility between the geological map of
Turkey and the geophysical isostatic residual map
of Turkey in Thrace section. There is a low density
deep structure in both maps. Big faults in the active
fault map of Turkey were plotted in white color over
isostatic residual map (Emre et al., 2013). The North
Anatolian Fault (NAF), the Menderes basins and the
East Anatolian Fault (EAF) are clearly observed on
both maps and are very compatible with each other.

2.6. Crustal Thickness Map Prepared by Using
Elastic Thickness

In estimating the crustal thickness, the crust
thickness package software prepared for MTA by
Geosoft firm was used (Watts, 2001). This program
has three steps. In the first step, the effective elastic
thickness T, is predicted by Admittance function. In
the second step, the isostatic regional is estimated
(Airy, 1855). In the third step, the crust thickness is
calculated by isostatic response function. In the first
step, gravity Bouguer anomaly values of Turkey
and topographical data were entered into Fourier
Transform, and the gravity admittance Z(k), wave
number and T =10 km were predicted (Kirby and
swain, 2009). The equilibrium depth of the sea level
was used as; 33 km, Bouguer density as; 2.8 gr/cm?,
sea density as; 1.027 gr/cm® and Moho density was
used as 3.30 gr/cm’.

212

Admittance (using distance 1/d), effective elastic
thickness prediction;

The effective elastic thickness of the lithosphere T,
is predicted by the Fourier transformation of gravity
and topography in regional scale.

Z(K)=[G(k)*H(k)] / [ H(k)H*(k)] (Kirby and Swain,

2009) Equation 1

where;
G(k): Fourier Transformation of the gravity data
H(k): Fourier Transformation of the topography

H*(k): Complex equivalence of the topography in the
activity area of Fourier

In Air’s model, the gravitational area G is formed
opo aNd the
equilibrium G o gravitational effect (root or anti-
root). Watts (2001) defines the gravity admittance as
a function modifying the topography to generate a

gravitational area.

from the gravity effect of the topography G,

Z(k)airy =21 g (pc — pw)e_kd(l - e_kt) (Watts,
2001) Equation 2

where;

g : Newton’s gravitational constant,
p, : Crust density,

p,, : Sea water density and

d : Average sea depth.

In Pratt’s model, the gravitational area G is formed
by the gravitational effect of the topography G,

topo
and the equilibrium gravitational effect (root or anti-

root). The admittance in the elastic layer model was
developed as follows;

Z()piex = 21 g (pe — pule (1 — p(k)e™*P¢
Equation 3

where;

g: Newton’s gravitational constant,

p,: Sea bottom density,

p,: Sea water density and

D.: Equilibrium depth.
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Flexure response function ¢(k)

_ [ D(TK* !
k) = (Pm—P)g ]

Equation 4

Flexural rigidity, D is the function of effective elastic
thickness (T,). According to the formula given below;

ETe?
12(1-v2)

D(Te) =

Equation 5
where;
E: Young’s modulus and

V: Poisson’s ratio.

The limit equilibrium states of Airy’s and Pratt’s
flexure and admittance are shown in Figure 6.

If it is regarded that the lithosphere has a finite
resistance and rigidity, the isostatic equilibrium will
be compensated by vertical flexure as the flexure of
the plate is prevented in lateral direction because
of morphological and abnormal loads over plate. In
Bouguer correction it is regarded that the crust has an
infinite rigid and it compensates for all loads.

Bouguer gravity and topography data of all Turkey
were gridded in 1500 and 500 meters, respectively. In
the first stage, the Bouguer and topography data were
subjected to FFT. Then in the second stage, T,=10, 20,
30 and 40 km’s were entered in the admittance part of
the crust program, and the Airy values by the Equation
2 and flexure by the Equation 3 were calculated and
their graphs were drawn. Among these graphs, T=10
km, which is the closest to Airy equilibrium depth,
was used (Figure 7). In the third stage, from the Airy

Figure 6- Isostasy and lithosphere flexure (Watts, 2001).

root part of the MTA crust thickness program the
isostatic regional (Airy.grd) was calculated. And in the
last stage, the crust thickness was calculated from the
crust thickness part (Crust10.grd).

Points on green lines denote for the Fourier
transforms of the Bouguer anomaly values, red line
denotes for the vertical flexure calculated by the
Equation 3 in the elastic layer model, and blue line
denotes for Airy isostasy admittance value which was
calculated by the Equation 2. If it is considered that
the lithosphere has a finite resistance and rigidity, then
the isostatic equilibrium will be compensated by the
vertical flexure as the lateral flexure of the plate is
prevented because of the morphology and abnormal
loads on the plate. It is regarded that the crust is
infinite and compensates for all loads in the Bouguer
correction.

In the third stage, the gravity isostatic regional
root depth was estimated by 500-meter topographical
grid (Figure 8). The output format was selected as the
root depth. The calculation was made by selecting the
Bouguer density as 2.8 gr/cm?®, the Moho density as
3.3 gr/em?, and the equilibrium depth of the sea level
as 33 km. Then the depth of root was estimated until
166.7 km by 3D gravity response (Simpson, 1983).

In the fourth stage (i.e. the estimation of the crust
thickness), Airy.grd T =10 km, Young’s modulus 100
GPa, Poisson’s ratio 0.25 and Moho contrast 0.50 gr/
cm? were used. The output was recorded as crust10.
grd. So, the crust thickness map was drawn by crust10.
grd in Figure 9.

Regional crust thickness maps were prepared for
T=10 km in Figure 9 and for T,=40 km in Figure 10.
As T, value becomes higher, then the crust thickness
becomes smaller but the contours become more linear.
The crust thickness difference is only 2.6 km looking
at both maps. However; T =40 km is too high for
Turkey.

The crustal thickness map of Turkey was
prepared for T=10 km; (Figure 11) using the
regional crustal thickness map (Figure 9). The crust
thickness in this study was estimated in between
33-46 km’s. As seen in the crustal thickness map
in Figure 11, the shallowest parts of the crust are
the northwestern Anatolia, Tekirdag, Canakkale
(Dardanel) and shores of the Black Sea with 33
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Figure 7- Admittance maps.
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km. However, the inner parts are relatively thicker.
Afyon and its southern part, the northern part of
Ankara are the thickest sections of the crust with
39.8 km. The crustal thickness in the eastern
Anatolia is around 46 km.

2.7. Density Map

In preparation stages of density maps, 10 km thick
horizontal layer represents the upper crust (Singh et
al., 1999)

Apparent density;

p(x.y) =p,+ (122G) F'{(w / 1-e") . Ag(u,v)} (Gupta
etal.., 1985)

where;

p,: Predicted background density,
G: Gravitational constant,

H: Thickness,

U: Wave number in x direction,

v : Wave number in y direction and

F': Inverse Fourier Transformation.

As it will be understood from the equation, the
apparent density filter is a linear filter expressed in the
wave number state.

The gravity density map (Figure 12) was obtained
by gravity isostatic residual anomaly values using
licensed Oasis Montaj software. For the gravity
density map, isostatic gravity values were gridded to
1500 meters. First; the trend was removed from the
grid, then values were produced to spaces from grids.
Lastly; the densities were calculated by applying
FFT. As seen in figure 12, the densities vary in
between 2.29-2.90 gr/cm?. This map is as same as the
isostatic residual anomaly map in appearance (Figure
5), because the isostatic residual anomaly map in a
sense originates from densities of the formations
in underground. Only the unit of density map is gr/
cm?® and the unit of isostatic residual anomaly map
is mgal. Gravity changes are proportional with the
densities of geological structures but inversely
proportional with depth and masses of disruptive
bodies in underground.

3. Discussion and Results

The thickness of the East Anatolian plateau was
found as 46 km by seismic method (Zor et al., 2003).
The crustal thickness of Turkey was estimated as 33
km in west and as 46 km in east in this study, and
surface densities were estimated as 2.29 and 2.90 gr/
cm,. Gravity values in the eastern Anatolia are low;
however, the crust depth is quite high. High gravity
anomalies on shores coincide with areas where the
crust thins out. It can also be considered that these
anomalies reveal gravity increases of a magmatic
lopolith. In some places the increases in gravity can
also match with dyke formation. Low density granitic
intrusions can be represented by negative anomalies
and the Egrigdz granite is a good example to this
phenomenon.

As aresult of this study, isostatic residual anomaly
values show a distribution compatible with geometries
of the main tectonic structures. The North Anatolian
Fault Zone (NAFZ), the Menderes Massive and the
East Anatolian fault are clearly seen on map. The
large negative anomaly seen in the eastern Anatolia
in Bouguer anomaly map (Figure 3) has been broken
into pieces and its value has dropped from -168 to
-41 mgal. The gravity isostatic residual map in basin
analysis (Figure 5) should be assessed with geological
maps of Turkey, because geological formations are
best reflected by the isostatic residual map.

The maps prepared in this study were generated
by using the regional gravity database of Turkey. This
database was formed starting from 1973 and have
been modified according to changing conditions since
then. These maps reflect the projection of large scale
geological structures on earth surface. The geometries
and changes of these structures towards the deeper
parts of the earth crust can be modelled by using
other data process methods; and if possible, using
geophysical data which give information about depth.
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ABSTRACT

The aim of this work is to develop suggestions for designated standards for the display of natural and cultural
assets in the design of a Geopark. During a continuing dynamic period detailed work continues to be carried out
by experts on the natural and cultural assets found within Geosites that are part of Geoparks according to National

Keywords:
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Heritage, Geotourism,

Geopark Classification laws and guidelines and international agreements. This article proposes standard identity cards, to be used during
System, Standard the period of preparation of a Geopark Project within an area that encompasses a known number of natural and
Identity Card. cultural assets. This enables a shared organisation and language to be used within the organisation process relating

to the consolidation of data, set-up of visitor centres and route planning activity organisation. The identity cards
in question should be prepared in such a way that they give short, interesting summary information about the
characteristics of these natural and cultural assets that fits well with, and can be used in conjunction with, other
information, brochures and map materials. There is also the potential to prepare graduated identity cards according
to the interests of different age groups and levels of understanding. The cards, easy to carry and containing safety
information, will therefore be useable by every visitor of whatever age or level of interest (professional, amateur),
and will also therefore be useable as educational materials. This work will also open up debate about the new
classification and assessment system it proposes in the light of legal definitions and terms and other measures
practiced across the world. To develop a classification system is the product of long and hard work and the
discussions necessary for the progress of the system may last for years. Indeed some classification systems in use
for years come to the point of being inadequate in the light of scientific developments and need to be re-designed.
This is the path of scientific thought. There is no doubt that conceptual discussion of these developments that are
new both in Turkey and in the wider world will continue in the future. Although consciousness of safeguarding
as well as legal policies for cultural assets have progressed to a certain point, unfortunately the same is not true
for natural assets. This article presents a contribution to all works in this field both through proposals for standard
identity cards for natural and cultural assets and for a classification system for geosites.
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1. Introduction and Legal Framework

As a result of the geodynamic processes that
have taken place since the formation of the earth’s
crust the globe on which we live, which is constantly
changing and evolving, can be characterised as a
living ecosystem. Humans were not witness to a large
portion of this development. However in the last
few million years anthropological development, and
in the last few tens of thousands of years of cultural
accumulation and transfer, socialisation has been
achieved. During the development of the industrial
and information ages humans began to feel a gradual
interest in the past and with the help of scientific fields
such as archaeology, anthropology and palaeontology
began to voyage into both their and nature’s past.

On the other hand, the production carried out
in industrial societies opened the path to the fast
consumption of natural resources; this conscious/
unconscious destruction continues to this day. To meet
the ever increasing variety of human ‘requirements’
almost all existing natural resources of the earth,
metallic and non-metallic mineral bodies (ores,
industrial materials, natural stones) and other natural
assets have started to be consumed with disregard
for their non-renewability. Thus natural assets have
become elements of “natural geological heritage”
and at the point where they are not protected they
will be consumed and disappear. Equally when it
became clear that our links to the earth’s past would
be broken some protection reflexes came into action.
It should not be forgotten that this protection reflex
concurrently places protection and reorganisation
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ahead of industry, which has gained resources at next
to no cost, as well as the finances for improvement.
The protection reflex also includes the slowing down
of the untamed consumption economy in favour of
some collectivist approaches. To put it another way,
together with the appearance of the safeguarded areas
has come a situation where the provision of natural
resources has become increasingly difficult and cost is
continually increasing.

The first steps towards the safeguarding of
Geological Heritage go as far back as the 1750s with the
protection works to the Baumann Cave in France and
the Giants’ Causeway in Ireland (Burek and Prosser,
2008; Doughty, 2008; Erikstad, 2008). Likewise in
1872 the Yellowstone National Park in the USA was
brought under special protection status. Later, despite
the addition of the Grand Canyon and Karlsbad Caves
(Kazanct, 2001), due to lack of an established legal
framework and lack of widespread knowledge of
safeguarding these efforts were not successful. One
of the reasons for this was the beginning of industrial
development and the intensive use of material sources
and reserves, meaning that such parks might have
been seen as an economic risk.

The IUCN (International Union for the
Conservation of Nature), founded in 1948, and
its 1964 “species in danger” and “red list” can be
counted as the first systematic and international
practices. The signing of the “International UNESCO
cultural and natural heritage protection agreement”
and the “World Heritage List” published at the same
time, although initially awakening great excitement
was not particularly effective in the development of
safeguarding politics and practice. From the notes of
Turkish scientists during this period we know that
particularly in northern European countries there was
swift development in the conscious protection of rare
geological formations (Ketin, 1970). Although this
term started to be systematically used in Europe in
the 1970s, it was in 1991 at an initiative organised
by earth scientists in the town of Digne in France
that a proposal for the organisation of the newly-
termed Geoparks was published in a manifesto. The
document in question was signed by delegates from
more than 30 countries (Kazanci, 2001). Although
this was heralded as ‘the awakening of earth
scientists’ (Barettino vd., 1999a, b), the level reached
by the subject in the intervening 25 years cannot be
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characterised as very hopeful. A short time later the
1995 European Association for the Conservation of
Geological Heritage; ProGEO, played an important
role in the contemporary and scientific approach to
the subject. Meetings were particularly organised
on developing solutions to how and by whom these
elements of geological heritage should be safeguarded
(ProGEO Group, 1998). It was in the same period that
these terms rapidly began to be debated (Wimbledon
et al., 1995; Wimbledon, 1996; Sol and Under, 1999).
In 2002 UNESCO put together its own directive on
how the safeguarding of geological heritage should be
put into practice within the framework of sustainable
development and founded the International Geopark
Network (GG, 2015; GGN, 2015).

Work on the characterization and protection of
the geological heritage of Turkey began in the 1970s
(Ketin, 1970; Canik, 1972). Important analyses
of outstanding geological heritage elements have
been carried out, these rare and special geological
formations particularly include caves (Giildali, 1972;
Senol and Senol, 1978; Giildali et al., 1981; Atalay,
1982; Gtldali et al., 1983), chasms (Gtildali and
Saroglu, 1983), lagoon lakes (Gedik, 1977) and glacier
lakes (Peringek, 1979), waterfalls (Ulakoglu, 1978),
meteorite craters (Arpat and Yilmaz, 1976) and human
footprint fossils (Arpat, 1976; Tekkaya, 1976). In the
same period proposals oriented towards the protection
of natural monuments began to be put forward (Ongiir,
1976). Work undertaking the Geotourism concept
together with mythology and geology underlines how
seriously the subject was approached in Turkey during
this period (Yiksel and Korkmaz, 1982; Saroglu,
1983). In this period open air museums and their
roles were also moved into the scientific realm and
public agenda (Altinli, 1978a, b). Works proposing a
different perspective on the perception of nature are
also found in the same period (Durmaz, 1983). Law
number 1710 on Ancient Artefacts (R.G., 1973) and
Law number 2873 on National Parks (R.G., 1983),
show that the state had started action in this area.
Unfortunately these well intentioned works did not
move far beyond those engaging with the subject at
a professional level and was not transformed into
a public preservation reflex. The socio-political
and economic conditions of the period in question
were likely a great influence in the inadequate legal
organization and lack of preparation of education
programmes. Even today economic conditions are
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seen to be an impediment to the provision of resources
and time by the targeted relatively middle to high
income groups to such activities. The CED regulation
that was published in the 21489 Official Newspaper
on 07/02/1992 can be added to the organization of the
legal protection of nature and countryside that began
in the 1980s (R.G., 1993). This regulation was revised
on 23/06/1997, 06/06/2002, 16/12/2003, 17/07/2008,
3/10/2013 and 25/11/2014 (RG, 2014). The right of
decision making used by the Ministry since 2013
allows ‘when seen necessary partial or complete
transfer to the Provincial Governors’. This particularly
strengthened the central authority on mining or large
construction projects that directly interfere with nature
and opened the way to some social discomforts. The
mining law that can be discussed in the same frame was
enacted with statute 6309 from 1954 to 1985 (R.G.,
1954) at which date it was re-worked with important
changes (RG, 1985a,b), in 2004 it was exchanged
with statute 5177 (R.G., 2004). However, the new
varied rules that defines the conducts in this subject
which have resulted considerable unclarity on work
programmes, authorization and conduct problems
(R.G., 2007). The subject of interest in this article
is the complexity created by the interrelated mining
law and environment regulation and the uncertainty
relating to the safeguarding of elements of geological
heritage. Because of the lack of direct reference to
geological heritage in the 1980s National Parks Law
(R.G., 1983), the deficiencies came to the attention
of professional associations and some suggestions
for the removal of the deficiencies were put forward
(Giirler, 1997; 1999). When we come to the 2000s
more comprehensive publications start to be made on
the subject (Giirler, 2001; Giirsoy, 2001; Sarag, 2001,
Yilmaz, 2002). In addition to assessment works on
specific landslide areas and the advent of geotourism
(Avcl, 2001), works addressing ecotourism (Akill,
2004), special recommendations for the landscaping
of areas with geological heritage characteristics
(Polat, 2006), geological heritage in National Parks
(Kazanci, 2007) and methods for the protection and
use of geoparks (Giirler and Timur, 2007) were also
put forward in this period.

Recently this subject shows a more striking
development. Kazanci’s  “approaches to the
phenomenon of Geosites, Geoparks and Geoheritage in
the World and Turkey” and “geological safeguarding:
the concept and Fundamentals” (2010a, b) act as

handbooks for work carried out in Turkey in this
field. In the subsequent short period of time in various
regions of Turkey proposals for Geoparks have been
developed and presented for public attention (Kogan,
2012a, b; Akbulut, 2014; Kumsar et al., 2014; Gluimiis
and Zouros, 2014; Giingér et al., 20144, b). In fact the
standard proposals relating to this subject were arrived
at during this period (Ciftci and Glingor, 2014).

Since the year 2000 in the world in general much
effort has been given, and continues to be given, to the
determination of geological heritage, its safeguarding
and orienting towards Geotourism as an element of
sustainable development (Wimbledon and Smith-
Meyers, 2012; Theodossiou - Drandaki et al., 2002;
Brilha et al., 2005; Dowling and Newsome, 2005). In
fact, the “European Geopark Network” (EGN) founded
in 2000 and the “Global Geopark Network” (GGN)
founded by UNESCO in 2002 made clear the rules for
contemporary work on the subject and won the position
of fundamental organisations at the global scale.

In Turkey, during the same recent period both
MTA (TUJEMAP) and some civilian organisations
(JEMIRKO) have put forward many elements
of geological heritage that are suggested to need
safeguarding (MTA, 2015; JEMIRKO, 2015). The
process of preparing a project to place these within
the organisation of a Geopark and combine them with
other elements of natural and cultural heritage is still
very new in Turkey. Again in recent years this work has
begun to bear fruit and in 2014 Turkey’s first National
Geopark (Kula Volcanic Geopark) was successfully
accessioned into the UNESCO Geopark network.
Thus for the first time Turkey’s say in the UNESCO-
GGN decision making mechanism (Representation
right), the right to vote (voting right) and the right
to partner status in European and UNESCO-GGN
projects (Right to authority) was expressed (Giimiis
ve Zouros, 2014).

Although, as highlighted above, in Turkey the basic
legal organisation of natural assets and natural heritage
are to be found (RG, 1973; RG, 1983), no definition
has been made of the contents and standards relating to
the terms Geopark and Geosite. This legal inadequacy
hinders the formation of a set scientific standard
in Geopark planning projects. At the “Workshop
for Geoparks and Geological Heritage within the
Framework of the UNESCO agreement” held in
Ankara on 16/01/2014 the Ministry of Culture and the
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General Directorate of Natural Assets’ representatives
made clear that the disorder in authority in this area
had come to an end with decree law 644 (MADDE
13/A— (Ek: 8/8/2011-KHK-648/10 md.) (R.G., 2011).
According to the results of the inventory carried out
by representatives of the Environment and Planning
Ministry with the 2013 “Protected Area Administration
System” (SAY'S) around 1700 natural protected areas
and 49110 folders were included in the system. At the
same meeting, according to the regulation prepared
by the Ministry for the Countryside and Town
Planning (R.G., 2012 and 2013) and published in the
official newspaper issue 28358 on 19/07/2012, new
safeguarding categories were designated, these are:

Sensitive areas definitely to be protected
(Article 7): arecas where all uses are restricted
excepting scientific work.

Well-qualified protection areas (Article 8): areas
protecting traditional lifeway’s relating to natural life,

Sustainable protection and controlled use areas
(Article 9): areas in which permission can be given to
low intensity activities, tourism and settlement.

In papers in the workshop session entitled
“Geopark enterprises in Turkey, Protected Areas
and Legal Accountability, Area Administration,
Geological Heritage and Nature Tourism” there were
talks about the Geoparks and Geological Heritage
concepts in the UNESCO agreement. In these talks the
subject of making joint decisions towards benefiting
from Turkey’s geographical and geological wealth
with international bodies that have an input into the
subject of “Geoparks and Geological Heritage” on
“legal regulation”, “the need for a national network”
and “sustainability” was voiced. As can be seen, apart
from moving onto the national stage, the concept of
“Geological Heritage” does not seem close to having
high quality regulations within itself.

In the acceleration of Geopark organization
projects in Turkey since the middle of the 2000s
unfortunately the term “Geotourism” has taken priority
over “Geological Heritage”. The Geotourism concept
is only one component in the planning of geoparks.
The geopark concept really has the characteristic
of a “cultural organisation” formulated within the
framework of “sustainable development”. In fact
the main aim here is the determination of natural
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assets with the characteristics of geological heritage
(geosite) and to safeguard them as part of the human
experience, and in so doing to both increase awareness
and give education relating to nature at every level as
well as to transfer these assets to future generations
by blocking their rapid exploitation/destruction.
Alongside the rapid industrialization during the last 50
years, Turkey’s elements of geological heritage have
entered a period of rapid destruction, and it should not
be left too late to take broad steps in this regard.

Above all a Geopark must contain a certain number
of characteristic geosites. In addition, the region’s
natural and cultural heritage assets must have a place
in a specific configuration within the Geopark Project.
By looking at their spatial relationships and potential
all these natural and cultural assets can be grouped
from the point of view of designated scientific, social
and cultural activities, activity routes with different
aims can be put together and a fit must be found
with people’s needs. If this is done, in other words,
if all the natural and cultural assets are related to one
another, there will be a much greater total potential
of these natural and cultural heritage elements to
raise awareness. Naturally, without local ownership,
organisations on this scale will not survive. For this
reason it is important that ‘local ownership’ should
be a primary proviso for this sort of project. The
ownership of'this sort of Geopark Organisation by local
administrators and civil organisations at the same time
ensures the formation of continuity in organisation
and importantly brings about the capability to recruit
experts.

2. Terms, Definitions, Principles

In this section previously established systematic
approaches to the grouping of Geosites will be
explained; firstly the terms Geopark, Geological
Heritage, Geotourism and Geosite are discussed. In
addition, in explaining the “Framework List” term,
this subject’s importance will be discussed. Apart from
these, other natural and cultural assets that might be
included in Geopark Planning will be briefly defined
and the proposals developed for their introduction
cards are explained.

2.1. Geopark

The name Geopark is given to large areas
that encompass several Geosites, as well as other
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natural and cultural heritage elements, museums
and administration centres. The Geopark area is
a cultural organisation that primarily takes under
protection networks characterised by geological
heritage and natural and cultural heritage and in so
doing has the aim of socio-economic development.
The Geopark area can be encompassed within one or
more of a previously defined “national park”, “natural
monument” or “special protection area”. Thus
according to up to date legal regulations a geopark
can encapsulate previously formed areas of special
status or can be made for any small area within a
nature preservation area. Together with geosites, these
areas will have a role in preservation as well as raising
awareness about safeguarding.

As of June 2015 there were 111 geoparks tied
into the “Global UNESCO Network of Geoparks”
programme (GGN, 2015a), a number that is
increasing daily. The number of geoparks in the
European Geoparks Network (EGN) is 58. For a
geopark project making an application to the Global
UNESCO Network of Geoparks (GGN) a form is
sent and an assessment made. In this assessment,
apart from standard information (country, place,
location, geological environment, etc.), the geopark is
presented to a commission for suitability assessment
and suggestions according to whether it has its own
logo, safeguarding strategies for geological site areas
and other natural and cultural assets, the infrastructure
allowing the geopark’s sustainability must be in place,
the geopark’s geotourism potential must have an
established link with the region’s tourism sector, the
geopark must have local stakeholders, the necessary
provision must be made for education opportunities
for visitors, the geopark administration must have
strategic partnerships, administration structure and
sustainable development (GGN, 2015b).

As can be seen from the assessment form, the
geopark is not solely a concept made for special
geological assets or groups of geosites. At the same
time a Geopark encompasses other tourist areas such
as nature tourism together with geotourism, religious
tourism and health tourism. Such an organisation gives
the opportunity to present all of these activities under
a single umbrella and thus presents the most important
cultural organisation servicing sustainable regional
development. This is the reason for the rapid increase in
the number of Geopark organisations across the World.

In Turkey work on Geoparks began systematically
in 2003 with the MTA, JEMIRKO and Kula Volcanic
Geopark Project. The Kula Volcanic Geopark Project
became part of the UNESCO Geopark Network
in 2013. Apart from this in Turkey there are also
both yet to be completed or completed Geopark
projects such as Camlidere (JEMIRKO), Karapimar
(Gtirler ve Timur, 2007), Levent Valley (Giingor
vd. 2012a, b, Akbulut, 2014), Gok¢eada (Gilingor
vd., 2014a), Nemrut-Siiphan (Giingor vd., 2014b)
and Narman Fairy Chimnies (Gilingor, 2014c) for
which applications have yet to be made to EGN or
the UNESCO Geopark Network. Manisa Celal Bayar
University was at the forefront of the implementation
and research centres showing activity in this area in
Turkey (R.G., 2013). This development shows that
this subject will quickly move into the academic
realm.

Although there is widespread effort and literature
relating to Geopark organisation, there is still not a
standard proposal for the definition of the term Geosite.
The aim of this article is to develop suggestions on
this subject and open a discussion.

2.2. Geological Heritage (Geoheritage)

A geosite is a region that is rare, under threat of
destruction, with which destruction information
about the area and a geological testimonial will be
lost (Wimbledon, 1996; Kazanci, 2010b). The name
“geological heritage” is given to formations or found
forms such as regions, rocks, fossils, minerals and
ground formations that came into existence at any
point in the 4.6 billion year formation period of the
earth that are viewed as a finite natural monument that
if not taken under safeguard will be destroyed.

The fact that there are hundreds of geological
heritage elements in Turkey that fall into this category
was dealt with above in description of work on this
subject. Apart from these, there are many items of
natural heritage that, because protection measures
are not yet sufficient, are waiting, identified but not
published, both in the inventories of MTA and of civil
organisations such as JEMIRCO. Which of these have
value as geosites and which might be assessed as the
main themes of geoparks are subjects that cannot be
decided ab initio.

227



Standart Presentation Proposals of Geopark Elements

2.3. Geotourism

Geotourism is an activity, and forms one element
of nature tourism that encompasses all types of winter
and summer nature sports, that encompasses scientific
organisation and attracts high income groups. Geoparks
fulfil their regional development role (in a large part)
through geotourism (Kogan, 2012a). Geotourism,
while in some respects at one with nature, also provides
the opportunity for the investigation of geological
heritage elements and a better understanding of
nature. Visits and excursion activities organised with
the aim of investigating nature and geological heritage
come under the umbrella of “Geotourism” (Kazanci,
2010b). In Turkey there are examples of established
tours organised in part for archaeological sites and
in part to visit cave formations (Damlatas Cave, The
Cave of Heaven and Hell). Within this frame, the
Nemrut caldera, in the Bitlis-Tatvan region is one of
the geological heritage sites in Turkey that is host to
hundreds of local and international visitors every year
and is an important item of geotourism.

2.4. Geosite

A Geosite is a natural structure such as group of
rocks, minerals or fossils, stratum, ground formation
or geological structure resulting from an event during
the creation or evolution of the earth’s crust, that
put a process or formation into existence, that has a
need for scientific documentation and in some cases
visual attraction qualities (Wimbledon, 1996; ProGEO
Group, 1998; www. progeo.se).

A geosite is inside a Geopark and carries the
characteristic of geological heritage. The geosites
in question could themselves be part or all of the
geological heritage entity with which they are related.
Within this category of geosite can be evaluated not
only geological or morphological elements, but also
things reminiscent of the earth’s formation, as well
as ecological history and culture related formations
showing human-earth relations.

Elements of “Geological heritage” can be taken
under protection by the state. The terms “protection
area” and “site” were made only for areas with
“archaeological” and “cultural” elements according to
the regulations in operation. In Turkey, while there are
terms such as National Park, Nature Park and Natural
Monument within the protection regulations, there is
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not as yet a legal framework directly relating to the
protection of “geological heritage”, the term Geosite
could be adapted for the sort of geological heritage
that is defined as a “geological heritage protection
area”.

2.5. The Grouping of Geosites and the Framework List

The ProGEO Group, collected together ten different
categories or groups that cover all areas of earth
sciences (ProGEO, 1998). These are: a- stratigraphic, b-
environmental, c- volcanic-metamorphic- sedimentary
petrology, fabrics and structures, events and
provinces, d- mineralogical, economic, e- structural,
f- geomorphological structures, erosion-deposition
events, landscapes and topography, g- events relating to
asteroids, h- continental and oceanic scale phenomena,
plate relations, i- under-sea, j- historical and cultural
geosites (Www.progeo.se) (Table 1).

As a general grouping, this division is not detailed.
Within each group it is possible to formulate sub-
groups by looking at shared characteristics and these
sub-groups are known as the Framework List (Brilha
etal., 2005). In this way it becomes easier to formulate
lists bringing together almost identical characteristics
and compare them. Even if the framework lists are
not accepted as countries’ inventory lists they are
an important contribution towards achieving this
purpose (Brilha et al., 2005; De Lima at al., 2010).
Efforts towards achieving the Framework List for
Geosites in Turkey within the structure of JEMIRKO
and TUJEMAP, the need for which was suggested
by Kazanci and Saroglu (2009), have increased in
recent years (Kazanci et al., 2005; Kazanci et al.,
2012). Kazanci et al. (2015) define the purpose of
the Framework List as, “to indicate the occurrence of
Geosites, representation of the geosites and indication
of the cases without naming them”.

All of the effort of creating Framework Lists will
of course be shaped by various public and private
organisations as well as independent researchers. In
this article the focus is on proposals for the definition,
classification and formulation of standard identity
cards for Geosites.

Indeed the “Natural site inventory form” and
“The Technical Assessment In order to Evaluate
Natural Sites” prepared by the General Directorate
for the Safeguarding of Natural Assets are already
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Table 1- Geosite classification by classes and sub-classes, and point system.

) Jeosit Alt ) ] Geosite value and points
Jeosit Siif Jeosit Smifi (*) Su_ufl (Cat1 Cat1 Liste Jeosit
Numarasi Liste Adi Agiklamasi Kodu A(5) B (5) C (A+B)
ve Kodu) (Aesthetic) | (Scientific) |  (10)
JS-1 Stratigraphic
. . (Every types
JS-2 Environmental (Ex: Lakes: of lacustrine s (5)
G) . 2/G-A)
environment)
Volcanic - Metamorphic
1.3 - Sedimanter Petrology /
Textures and Structures,
Cases and Provinces
JS-4 Mineralogical, economic
JS-5 Structural,

geomorphological structures,
JS-6 erosion-deposition events,
topography and land views

JS-7 Meteorite related events

continental and oceanic scale

IS-8 phenomena, plate relations
JS-9 Under-sea
JS-10 Historical and cultural

(*) Divisions used in the classification system proposed by ProGEO (ProGEO, 1998).

readily available (CSB, 2013). The -classification
system and standard identity card proposals presented
below are not official in character. These proposals
are formulated with the intention of easing the
communication both within the teams preparing
“Geopark Planning Projects” and with official
and private parties in any region of Turkey, to be a
contribution to the formulation of a shared language.
Being the first works on this subject in Turkey, these
proposals will progress discussion between interested
experts and new proposals. In time this work should
be viewed as a well-intentioned start to a potential
meeting point on a shared platform with the public.

2.6. Other Natural and Cultural Heritage Components

A Geopark area’s essence is to encompass more
than one Geosite and in addition other natural and
cultural heritage elements within its structure. These
‘Natural Heritage’ elements consist of wetlands that
can shelter flora and fauna and their endemic species,
and all types of geomorphological formations.

Cultural Heritage elements are: all types of
artefacts and remains pertaining to the activities of
people before the present. All types of remains from
Palaeolithic caves to Neolithic settlements, younger

settlements and artefacts have a place within this class.
These cultural remains can be anything from a bead
to a road continuing for kilometres (Roman road), a
water cistern (Byzantine Yerebatan Cistern), or a canal
(Urartu Samran Canal). The Ministry of Culture has
developed standard record forms for every type of find
and the director of the museum to which the artefact is
related is responsible for it. The subject that interests
us in this article is the cultural assets that remain with
the area of Geopark projects and the development
and introduction of identity cards of different levels
according to the age and level of interest of the visitors
to the area. The suggested identity cards can initially
be considered in three categories. The first category
is cards designed to be used by visiting children of
primary school age. The second is to be developed for
adults. The third type of identity card can be designed
with contents suitable for visitors interested at a more
professional level. The cards in question can also be
translated into different languages and when necessary
can be printed within the visitor centre in suitable
numbers, or shared digitally. Of course the role of
specialist professional groups within the preparation
of the cards is essential.

In relation to the research methodology that
should be used for the other natural assets, flora and
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fauna, the General Directorate for the Safeguarding
of Natural Assets’ “technical principles” (TVKGM,
2013) presents details. However, these regulations
do not contain standard proposals for Geosites and
Geological Heritage and it should be emphasised that
these subjects are treated in the most superficial way.

The proposed identity cards should be filled in by
the subject’s experts and presented to the Geopark
project group. The experts in question (archaeologists,
anthropologists, biologists, botanists, ethno botanists
etc.) will of course make a detailed inventory work of
the flora and fauna within the scope of the Geopark
Proposal Project and will report according to their
own legal framework. The identity card suggested
here will provide clear characteristic information on
stocks of natural assets in abstract format that will help
bring together other information and documentation
more easily. Here it is enough to say that a Cultural
Asset Identity Card, resembling the Geosite Identity
Card, would be very useful. The contents of these
identity cards, and their pre-preparation, as well as
being the subject of a separate study, would help the
Geopark Planning Project group to carry out much
sounder planning and achieve a sustainable Geopark
Administration.

3. Geosite Classification System and Proposal for
a Standard ldentity Card

It is necessary to be able to describe all Geosites on
a standard form, in an easily explicable and indexable
classification. Firstly it is suggested that on the basis
of general contents 10 Geosite groups should be
formed (ProGEO, 1998). In this classification, not
including any order of importance, each class is host
to a very wide range of geological components and
can be divided into sub-groups on the basis of shared
characteristics. The sub-groups, as emphasised above,
can also be used as headings for the Framework List
and these can be scored using a points system in
three groups, A, B and C, according to geological
importance, scientific value, rarity and aesthetic
characteristics (Table 1). In this way a Geopark
Project’s Geosite richness is shown by the total of the
site’s Geosite points.

The first and most important scientific activity is
the production of the inventory of the Geosite elements
within the designated Geopark area. After first placing
the geosites within specific groups according to
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contents and scope and point-scoring them, they
must be included in the inventory, having had their
other physical and environmental qualities accurately
specified. There are various rules for the accession of
such natural formations with high scientific or visual
value to the inventory. After all the geological specifics
of these geological elements have been recorded, the
environmental and technical characteristics must also
be recorded carefully. The preparation of a standard
“Geosite Identity Card” (Table 2) is proposed for the
purpose of this recording system.

The inventory studies, based on the identification
of specific case studies within a certain time segment,
are important and aim to protect the geological sites
and their monitoring. In this way, every kind of Geosite
in the Geopark area will be recorded and when these
cards are used transfer of information will be very
practical and fast. The identity cards in question must
be made by earth scientists chosen by the Geopark
Planning Project Group. Academically trained earth
scientists specialised in a specific area and tied to
the Geosite field should be commissioned on this
subject. The identity cards in question, as discussed
in the above ‘Cultural asset’ section, can be prepared
in different styles according to the different intended
age and interest groups. Here we will introduce the
proposed standard adult format.

On the face of the Geosite Identity Cards are four
sections. Starting at the top left and moving clockwise,
the first section (blue) gives geographical situation
information. The second section (green) gives the
Geosite’s name, class, sub-class and points, physical
dimensions and geological classification measures.
The third section (orange) contains information on
the physical environment, security and logistics.
The fourth section (yellow) gives information on the
geosite’s geological heritage qualities, what the visitor
will find when they visit the site, and what they should
bring with them in preparation for their visit.

The back of the identity card also consists of four
sections. Moving clockwise, as above, in the top left
section (red) the geosite’s safeguarding and protection
specifics; top right (grey) the geosite’s inventory
details; bottom right (dark Brown) if it is represented
in any way in the visitor museum (photograph, mineral
or rock, fossil etc.) and a photograph where necessary;
bottom left (pink) a physical view of the inventoried
item.
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Table 2- Geosite inventory identity card (front and back details).

231



Standart Presentation Proposals of Geopark Elements

The “Turkish National Geosite Inventory Number”
takes its place on the top right section of this card.
This number will be very useful in the preparation
of the central Turkish catalogue of geosites and in
accordance with proposals to be developed later about
the nature of the coding system, a decision can be
made. At the same time this number will be used on
maps, brochures, route maps and booklets and will
be easy to understand in excursion programmes and
among the regional population, as well as visitors.

The proposed information to be included in the
Geosite inventory identity card are presented in the
example in table 2.

4. Geopark Identity Card Proposal

All the natural and cultural elements introduced
above will be the elements of the geopark that are
combined to prepare a Geopark Project. Therefore
when the proposed standard identity cards are
completed, they will bring about a situation where a
standard assessment form for the Geopark area can be
prepared (Table 3).

The Geopark assessment form can be in either
standard A4 or A3 sizes. This assessment form, together
with the other natural and cultural heritage identity
cards presented, will become the key documents for
the region. The sections on this standard Geopark
assessment form and the information they contain
are all proposals that are open to discussion and will
progress with the experience of the researchers leading
the project. The information proposed to be found on
the first page is as follows:

1- Legal foundation and framework: is there a
defined safeguarding status for the area of the Geopark
organisation? If there are natural monuments or
special protection areas, forest assets and protection
status, a water reservoir protection area or other such
within the Geopark then the national or international
safeguarding status should be recorded.

2- Geographical characteristics: The geographic

coordinates, settlements in the vicinity and
transportation facilities as well as administrative
divisions should be recorded on a topographic map of

specific scale.

232

3- Geopark area’s geographical borders: The
placement of the Geopark area within a wider
geographical region should be shown.

4- Geological scope of the Geopark area (general
geological characteristics): The Geopark area’s
regional geology map and legend should be provided.
On this map the Geopark’s defined Geosites can also
be shown.

5- Potential of the Geopark: In this area the
Geopark’s activity identification is given. The
numerical inventory and characteristic information
of all types of natural and cultural assets within the
geopark area can be given in this space.

On the second page should be the Geopark
settlement plan and activity route. On this settlement
plan, apart from the main transportation and settlement
components, the  topographic  characteristics
(preferably three dimensional), the Geopark’s visitor
centre and all the natural and cultural items with an
identity card within the Geopark should be shown, the
routes arranged according to aims should be shown
in different colours. The settlement plan in question
can be made more complex or more basic according
to the ages of the activity groups or the requirements
of the groups using it and then printed in the correct
numbers.

5. Conclusions

Today there are 111 Geoparks linked to the “Global
UNESCO Network of Geoparks” and 58 linked to the
European Geoparks Network. Apart from these there
are also examples that are not connected with the
Geopark networks. The reason for the rapid increase
in these types of organisations is both the quickly
increasing potential of the educational characteristics
of the areas and awareness and consciousness of the
protection of nature and the input of Geotourism
activities directly into regional economies. One part of
Nature Tourism, Geotourism, in contrast to the former
which includes all forms of summer and winter nature
sports, encompasses a scientific organization and is an
activity that attracts high income groups. Meanwhile
the Geopark phenomenon encompasses Nature
Tourism and Geotourism together with Cultural Assets
(archaeology and ethnography), Religious Tourism,
and Health Tourism and gives the opportunity for
the presentation of all these activities in a designated
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organisation, in a planned fashion (Table 4). Thus,
this is the most important cultural contribution to
“sustainable regional development”. This is the reason
for the rapid global increase in Geopark numbers.

In Turkey systematic work on Geoparks started
in 2003 with the MTA and JEMIRKO — organised
Kizilcahamam Silicified Tree Forest and the Kula
Volcanic Geopark. The Kula Volcanic Geopark was
included in the UNESCO Geopark Network in 2013.
Apart from that the other completed or in-progress
Geopark projects have not yet been included in the
UNESCO Geopark Network.

Although there are many reasons for this it
remains outside the scope of this article. In fact the
importance of this subject has not yet been realised. In
terms of legal arrangements or local administrations
and serious and scientific concentration on this subject
there are serious deficiencies. The legal arrangements
to be made on this subject can both open recruitment
of technical experts from many different branches of
science and can ensure the knowledgeable inclusion
of these national assets into people’s lives. In this
way sustainable activities can ensure a contribution
to the development of an effective and efficient
consciousness of safeguarding.

Table 4- Elements of a Geopark Project.

A Geopark project’s success comes from; correct
project formation, scientific team work, effective
financial structure, stable project administration, the
ownership of the project by local communities and
sufficient distribution of education and information.
Unless all these elements come together a sound
Geopark Project is not a realistic proposition.

The aim of Geopark projects is the winning of
natural and cultural assets for the public within a
known system and in doing this to awake awareness
from the point of view of nature, present an addition
to education and teaching and in learning to present
enjoyment and sustainable regional development.
The preparation of this type of project is very
complicated both from the scientific and social
points of view. The declaration of the natural
and cultural assets within this sphere by the use
of standard identity cards or forms can achieve
convenience as well and advantages for both the
experts working in this field and for the people who
will benefit from it.
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Azad Saglam SELCUK Mehdi ESHAGH Seving KAPAN YESILYURT
Baki VAROL Mehmet ASLAN Shah FAISAL

Bedri KURTULUS Mehmet CELIK Sherif FAUROK

Bilal SARI Mehmet EKMEKCI Solmaz BABAKAN
Biilent ORUC Mehmet OZKUL Sonmez SAYILI

Cahit HELVACI Mehmet SENER S. Can GENC

Can AYDAY Muhittin GORMUS Sebnem ARSLAN
Cemal BOLUCEK Muhterem DEMIROGLU Siikrii DURGUN
Cemal GONCUOGLU Mustafa AFSIN Sitkrii PEHLIVAN
Cihat ALCICEK Mustafa DONMEZ Tahir EMRE

Coskun SARI Mustafa ERGIN Tekin YURUR

Caglar OZKAYMAK Mustafa KARABIYIKOGLU Thanh NGUYEN TIEN
Cetin HOSTEN Mustafa KUSCU Timur USTAOMER
Deniz TIRINGA Muzaffer Ozgii ARISOY Tolga AKEVLI

Emin CANDANSAYAR Nail YILDIRIM Tolga GONENC

Emin CIFTCI Nazire OZGEN ERDEM Tiirker YAKUPOGLU
Emrah PEKKAN Necati TUYSUZ Utku BAGCI

Engin MERIC Nese OYAL Umit SAFAK

Ercan AKSOY Nilgiin GULEC Veysel ISIK

Ercan AKYOL Nizamettin KAZANCI Vural OYAN

Ercan KUSCU Nuretdin KAYMAKCI Xurxo COSTOYA NOGUEROL
Erdal SEN Nurullah HANILCI Yal¢in ERSOY

Erding YIGITBAS Okan TUYSUZ Yesim BUYUKMERIC
Erhan TERCAN Orhan TATAR Yurdal GENC

Erol KAYA Orkun ERSOY Yiiksel ORGUN

Evren TUNCA Osman BEKTAS Zeki HASSAN

A Feyzi BINGOL Osman CANDAN Zihni Miimtaz HISARLI
Frank WESSELING Osman GUNAYDIN Ziilfii GUROCAK
Fiisun YIGIT FETHI Osman PARLAK
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