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Abstract: The obliteration of the Neo-Tethyan Ocean along the northern part of Turkey leads the development of
the Izmir-Ankara-Erzincan suture zone (IAESZ). After the suturing stage; extension and magmatism concomitantly
developed on the both sides and along the IAESZ during the middle Eocene. During this stage, the areas confining
to Almus, Yildizeli, and Yildizdag regions have experienced a severe magmatic activity. Middle Eocene magmatism
in Almus and Yildizeli areas are represented by the volcano-sedimentary successions. Besides, in Yildizdag
region, gabbroic and dioritic intrusives are the dominant manifestations of magmatism. The volcano-sedimentary
successions from Almus and Yildizeli areas represented by shallow marine sedimentary units at the lower parts and
lava flows and volcanoclastic units at the middle to upper parts. Eight volcano-sedimentary sections from Almus and
Yildizeli measured to demonstrate the evolution of the magmatic units developed coevally along the both sides of the
suture zone. In both regions; three different volcanic episodes are differentiated based on stratigraphy. First episode
includes amphibole-basaltic andesite, andesite, and dacite. Second episode contains basalt and pyroxene-basaltic
andesite lavas and third episode represented by trachyte and trachyandesite dikes and stocks. The field data from the
all regions demonstrated that middle Eocene magmatic units along the post-collision zone concominantly developed
in a wide area and triggering of the magmatism controlled by the region-scale delamination and/or lithospheric
removal processes.

Keywords: Izmir-Ankara-Erzincan suture zone, middle Eocene, post-collisional magmatism, Volcano-stratigraphy.

Oz: Neo-Tetis Okyanusunun, Tiirkiye nin kuzey kesiminde yitimi sonucunda Izmir-Ankara-Erzincan siitur zonu
(IAESZ) gelismistir. Sutiirlagsma siirecinin bitmesi sonrasinda, IAESZ nin her iki tarafi ve iizerinde gerilme ve
magmatizma es zamanlt olarak gelismistir. Bu dénem boyunca, Almus, Yildizeli ve Yildizdag bélgelerinde yogun
magmatik aktivite gelismistir. Almus ve Yildizeli bolgesindeki Orta Eosen magmatizmast volkano-sedimentar birimler
ile temsil edilmektedir. Buna karsin Yildizdag bélgesindeki gabroyik ve diyoritik kayalar magmatizmanin genel
unsurlaridir. Almus ve Yildizeli bolgelerindeki volkano-sedimanter kayalar alt kesimlerinde sig denizel sedimanter
kayalar, orta ve iist kesimlerinde ise lav akintilart ve volkanoklastik birimler ile temsil edilmektedir. Almus ve
Yildizeli bélgelerindeki es zamanli olarak gelisen magmatik birimlerin evrimini anlamak adina sekiz adet volkano-
sedimanter istif ol¢iilmiistiir. Her iki bélgede, stratigrafiye bagh olarak ii¢ farkl volkanik dénem aywrtlanmustir: Ilk
evre amfibollii bazaltik andezit, andezit ve dasitlerden olusur. Ikinci evre bazalt ve piroksenli bazaltik andezitler ve
tictincii evre ise trakit ve trakiandezit dayk ve stoklarindan meydana gelmektedir. Biitiin bélgelerden elde edilen
arazi verisi sonucunda orta-Eosen magmatik birimlerinin es zamanli olarak ¢arpigsma sonrasi donemde gelistigi
ve magmatizmayi tetikleyen olayin bélgesel olgekte bir delaminasyon veya litosferik ayrilma siiregleri ile kontrol
edildigi goriilmektedir.

Anahtar Kelimeler: garpisma sonrasi magmatizma, orta Eosen, volkano-stratigrafi, Izmir-Ankara-Erzincan siitur
Zonu.

* Correspondence/Yazisma.: gocmengil@itu.edu.tr © 2018 JMO Her hakk saklidwr/All rights reserved
http://tib.jmo.org.tr
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INTRODUCTION

Continental collisional orogenies juxtaposed
different tectonic units with distinct geological
characteristics along the narrow contractional
zones and developed heterogeneous
entities. These heterogencous areas constitute
the major weakness zones in the continental
plates that can be ideal places for development
of the tectonic activities, post-collisional melt
generation, extraction and subsequent magmatism
(Turner et al., 1992).

crustal

Despite the variable petrological processes
related with the magmatism, post-collisional
areas also display stratigraphic sequences which
documents the building stages of complex volcanic
edifices (Western Anatolia: Yilmaz et al., 2000;
Donmez et al., 2004; Karacik, 2006; Giilmez et
al., 2013; Karacik et al., 2013; Ersoy et al., 2014;
Eastern Anatolia: Keskin et al., 1998; Ozdemir
et al.,, 2006; Oyan et al., 2016; Tibet: Chung et
al., 2005; Sulu Belt: Fan et al., 2001; NW Iran:
Jahangiri, 2007). Furthermore, understanding the
development of the style and facies of the post
collisional volcanism and coeval intrusive units
can give valuable information about the stages of
development of the continental crust and evolution
of post-subduction tectonic setting.

Anatolian Plate has a complex tectonic
evolution which is document the obliteration
of the different portions of the Tethyan Ocean,
collision of the different tectonic blocks and
subsequent syn to post collisional magmatism
since the Paleozoic (Sengdér and Yilmaz 1981;
Yilmaz et al., 1997a; Okay and Tiiysiiz 1999).
The vanishing of the Northern branch of the Neo-
Tethyan ocean in Cretaceous and subsequent
collision of the Pontides and Anatolide-Tauride
micro-continents (together with Central Anatolian
Crystalline Complex: (CACC)) in Paleocene give
rise to a long and narrow suture zone called [zmir-
Ankara-Erzincan (IAESZ) at the northern part of
the Anatolian Plate (Sengdér and Yilmaz 1981;
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Okay and Tiiysiiz 1999) (Figure 1a). Around both
sides and along this suture zone, post-collisional
Eocene magmatism developed through western to
eastern part of the Anatolian Plate and represented
by granitoids (Harris et al., 1994; Topuz et al.,
2005; Arslan and Aslan 2006; Okay and Satir 2006;
Karsli et al., 2007, 2012; Boztug., 2008; Karacik
et al., 2008; Ustadmer et al., 2009; Altunkaynak
et al., 2012; Giilmez et al., 2013; Kaygusuz and
Oztiirk 2015) gabbroic intrusions (Boztug et al.,
1998; Temizel et al., 2014; Eyiiboglu et al., 2016)
and calc-alkaline, mildly alkaline and shoshonitic
volcanic products (Figure 1b; Peccerillo and
Taylor 1975; Ercan et al., 1998; Keskin et al.,
2008 and references therein; Karsh et al., 2011,
Kaygusuz et al., 2011; Aydingakir and Sen 2013;
Arslan et al., 2013 and references therein; Dokuz
etal.,2013; Giilmezetal.,2013; Aslan etal., 2014;
Aydingakir, 2014; Sipahi et al., 2014; Yiicel et al.,
2014; Kasapoglu et al., 2016; Temizel et al., 2016,
Ersoy et al., 2017). Besides, similar units also crop
out through the Balkans (Marchev et al., 2004) to
Caucasus regions (Sahakyan et al., 2016).

We focus on the middle Eocene aged volcano-
sedimentary units from Almus (Tokat), Yildizeli
(Sivas) and intrusive units from the Yildizdag
(Sivas) areas to understand the development of
post-collisional Eocene magmatism along the
IAESZ (Figure 1b). In the literature, volcano-
sedimentary units along the IAESZ collectively
named as Middle Eocene Volcano Sedimentary
Belt (MEVSB after Keskin et al., 2008) which
are extensively studied in various regions (Keskin
et al., 2008 and references therein). A few works
have been done to understand the early Cenozoic
evolution of these units at the aforementioned
regions except geological mapping (Terlemez and
Yilmaz 1980; Yilmaz, 1984; Yilmaz et al., 1997b;
Mesci and Giirsoy 2002) and scarce geochemical
data (Alpaslan, 2000, Kocbulut et al., 2001).
Furthermore; there are only three publications
trying to deduce crystallization ages of these units.
A radiometric dating from Almus area basaltic
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andesite gives 45.3 + 3.1 million year ages (M.a.)
and 41.8 = 1.3 M.a. ages by K-Ar method for a
paleomagnetic study (Platzman et al., 1994). Also
a recent study in westernmost part of the Yildizeli
area postulated sporadic ages between Ar-Ar
method and gives 57.2 + 2 and 45.1+1.3 M.a.
(Akcay and Beyazpiring, 2017). On the other hand,
recent publication by Go¢mengil et al., (2018)
display 40-41 M.a. for the trachytic lavas in Almus
and Yildizeli regions. Hence, there are very few
attempts to correlate the stratigraphic evolution
of the middle Eocene volcano-sedimentary suites
along the southern edge of Pontides (Terlemez and
Yilmaz 1980; Yilmaz et al., 1997b; Keskin et al.,
2008).

On the other hand, gabbroic units along
Yildizdag area (Okay, 1955; Yilmaz and Ercan,
1984; Boztug et al., 1998) are studied in terms of
general geology and geochemical data, however,
the main geological feautures of these region also
still poorly constrained.

In this study; 1:25000 scale field mapping and
volcano-stratigraphic studies have been used on
MEVSB units and coeval intrusives to generate: (i)
a temporal and lateral stratigraphic variation and
correlation of the volcano-sedimentary sequences
and intrusives along the Almus-Yildizdag and
Yildizeli regions (ii) deduce the broad geological
features of the magmatism and (iii) discuss the
possible tectono-magmatic processes operated at
the early to middle Eocene time interval.
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GEOLOGICAL OUTLINE

In this section, main geological features of the
basement and cover units of the three different
arecas will be presented according to our new
geological maps along the three different areas.
Detailed characteristics of the middle Eocene units
in these areas will be explained more extensively
at the next chapters.

Almus Area

In Almus (Tokat) area, basement units consist of
Paleozoic-Mesozoic Tokat Massif and Bakimlidag
Complex units (Yilmaz, 1984; Bozkurt and
Kogyigit 1996; Ozcan and Aksay 1996; Yilmaz
et al.,, 1997b; Siimengen, 2013a, 2013b). Tokat
Massif comprises low grade metamorphic units
which are represented by metabasite, marble,
serpantinite, mica-schist, amphibolite and scarce
blueschist. Bakimlidag Complex made up of
gabbro, serpentinite and cross cutting dolerite
dikes. All these basement units are unconformably
overlain by middle Eocene volcano-sedimentary
successions (Bozkurt and Kogyigit 1996; Figure
2 and Figure 5a). Neogene sedimentary units
(Gokkdy formation; or Almus formation according
to definition of Terlemez and Yilmaz 1980) and
Quaternary sedimentary successions are the
youngest units in the area and unconformably
overlain the older units.
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Figure 1. a) Geological map of the Eocene volcanic units in the northern part of the Turkey. (IPSZ: Intra-Pontide
Suture Zone, IAESZ : Izmir-Ankara-Erzincan Suture Zone, ITSZ: Intra-Tauride Suture Zone, CACC: Central
Anatolian Crystalline Complex). b) Simplified geological map of the NE part of the Turkey. Locations of the study
areas are marked in rectangular. Both maps are simplified from the MTA (2002) geological map of Turkey.

Sekil 1. a) Tiirkiye nin kuzey kesimlerinde yer alan Eosen yash volkanik birimlerin dagilimi (IPSZ: Intra-Pontid
Siitur Zonu, IAESZ: Izmir-Ankara-Erzincan Siitur Zonu, ITSZ: Intra-Torid Siitur Zonu, OAKK: Orta Anadolu
Kristalen Kompleksi). b) Tiirkiye 'nin KD kesiminin genellestirilmis jeoloji haritasi. Her iki harita da MTA (2002)
Tiirkiye Jeoloji haritasindan sadelestirilmistir.

Almus dextral strike slip fault zone cut all NW-SE oriented reverse and normal faults at the
the units in W-E direction (Bozkurt and Kogyigit, northern part of the Almus town center (Figure 2).
1996). The other prominent tectonic feature is a
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Figure 2. Geological map of the Almus area and surroundings (past mapping efforts in the literature are: Bozkurt and

Kogyigit 1996; Siimengen et al., 2013a; 2013b)

Sekil 2. Almus bolgesi ve ¢cevresinin jeoloji haritasi (Bolgedeki eski haritalama ¢alismalari: Bozkurt ve Kog¢yigit

1996, Stimengen ve dig., 2013a, 2013b).

Yildizeli Area

In Yildizeli area, basement units made up
of metamorphic and magmatic units of Central
Anatolian Crystalline Complex (CACC; Kirsehir
Massif); IAESZ accretionary complex units and
Cretaceous to Early Eocene Hidirnali Group units
(Figure 3 and 5b; Yilmaz et al., 1997b).

CACC represented by marble, quartzite,
phyllite, mica-schist and scarce garnet amphibolite
together with plutonic units. CACC in the area was
reported as Akdag metamorphics (Tatar, 1977,

135

Gokten 1993), Yildizeli metamorphics (Alpaslan
et al., 1996) or Akdagmadeni metamorphic
(Yilmaz, 1984). The age of metamorphism in the
area is constrained as 68 to 77 M.a. (Alpaslan
et al., 1996). Intrusive units in the CACC are
represented by Banaz Syenite which is crop out
at the easternmost part of the Yildizeli region
(Figure 3). The generation of the Banaz syenite is
constrained by Ar-Ar method as 68.93 +2.13 M.a.
75.76 £ 1.46 M.a. by mixed biotite and amphibole
seperates (our own unpublished data).
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Figure 3. Geological map of the Yildizeli area and surroundings (past mapping efforts in the literature are: Tatar
1977; Yilmaz 1984; Kogbulut ve Tatar 2001; Mesci and Giirsoy, 2002; Ak¢ay and Biiyiikpiring 2017 )

Sekil 3. Yildizeli bolgesi ve ¢evresinin jeoloji haritast (bélgedeki eski haritalama ¢alismalari: Tatar 1977, Yilmaz

1984, Mesci ve Giirsoy, 2002; Ak¢ay ve Beyazpiring, 2017).

Cretaceous IAESZ units are represented by a
accretionary complex unit consist of fault bounded
blocks of metabasite, gabbro, serpantinite,
amphibolite, chert, basalt, gabbro, and dolerite
(Tatar, 1977; Yilmaz, 1984; Yilmaz et al, 1997a;
Cortiik et al., 2016, Ozkan et al., 2017). Hidirnal
Group made up of highly deformed mixture of
sandstone-shale alternation (flysch), epiclastic
sandstone, basaltic lava flows and sills and scarce
pyroclastic units. In addition to that; in some areas,
the sedimentary package turns into a wild flysch
which bears the mega blocks of chert bearing,
Cretaceous red pelagic limestone (up to 1 km?
surface exposure) and serpentinite (Tatar, 1977).
Some parts of these units previously described
as Kiligh Olistostrome (Yilmaz 1984; Yilmaz et
al., 1995), Bogazkdy formation (Yilmaz et al.,
1995) and Paleogene Flysch (Tatar, 1977). There
are widespread and extensively altered basaltic
andesites (Darmik volcanics, Yilmaz et al., 1995)
which crops out at the western portion of the
Hidirnali Group. We interpreted this unit together
with the volcanic lithologies of the Hidirnali
Group considering their rock type and stratigraphic
position. Apart from these; in the western part
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of the Hidirnali Group, small scale (<200 meter
in diameter) gabbroic/dioritic intrusion cut the
sedimentary units near the northern part of the
Seyhhalil village.

The tectonic setting of the Hidirnali Group
was interpreted as a remnant fore-arc basin which
is active throughout the closure and suturing
stages of the northern branch of the Neotethys
Ocean (Yilmaz et al., 1997b; Keskin et al., 2008).

Similarly to Almus area, middle Eocene
volcano-sedimentary  units  unconformably
overlie the older units around the Yildizeli area.
Commonly, the basement and middle Eocene
units dissected by NE-SW trending faults (Figure
3). In some areas, older and younger faults are
intersecting with each other. Furthermore, [AESZ
units thrust over the younger units along the
northern part of the Yildizeli area at the post-
Eocene time; (Tatar, 1977, Yilmaz, 1984; Yilmaz
et al., 1997b; Mesci and Giirsoy, 2002, Akcay and
Beyazpiring, 2017) however the exact timing of
thrusting is not settled. All the older units sealed
by Neogene Incesu Formation and Quaternary
sedimentary units.
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Yildizdag Area

IAESZ units which are situated between these
two areas host the Hidirnali Group units with
crosscutting intrusives. The intrusive units are
made up of gabbroic intrusion, diorite dikes and
stocks, namely Yildizdag magmatic complex
(Okay, 1955; Yilmaz and Ercan 1984; Boztug et
al., 1998, Figure 4). The basement units in the
area are represented by TAESZ units, CACC and
Hidirnali Group. All these units display tectonic

Figure 4. Geological map of Yildizdag magmatic complex

Sekil 4. Yildizdag magmatik kompleksinin jeoloji haritasi
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contacts with each other (Figure 4). Gabbros
and dioritic dykes cut the Hidirnali Group units
with intrusive contacts and produced contact
metamorphic aureole. Neogene and younger
sedimentary units (alluvium, moraine and talus
deposits) seal all the older units. Based on a bulk
rock geochemical data, Boztug et al., (1998)
suggest that they are tholeiitic and calc-alkaline
in character and generated in a post-collisional
within plate setting.



STRATIGRAPHY OF MIDDLE EOCENE
MAGMATIC UNITS

Middle Eocene magmatic units in the Almus and
Yildizeli regions are represented by lava flows in
MEVSB units as mentioned above. Furthermore,
intrusive units in Yildizdag area consist of
gabbroic and dioritic intrusives.

MEVSB units crops out along and both
northern and southern part of IAESZ (generally
along the Pontides range) and share similar
stratigraphic order (Keskin et al. 2008). At the
base of the volcano-sedimentary sections there
are foraminifera bearing sandstone, conglomerate
and limestone alternation indicating the shallow
marine environment. Development of the marine
transgression along the MEVSB is related with the
onset of extensional phase along the Pontides at
this time interval (Glilmez et al., 2013, Arslan etal.,
2013). This facies changed into a sub-aerial type
and contains volcanic, pyroclastic and epiclastic
units from the beginning of the lowermost part of
the sections (Geng and Yilmaz 1997; Keskin et al.,
2008; Giilmez et al., 2013). Geochemically; most
of the lavas display subduction related signatures
with calc-alkaline geochemical character. Also, in
some areas; alkaline lava flows exposed through
the uppermost part of the sections (Keskin et al.,
2008 and literature therein).

In the following sections, field characteristics
and stratigraphy of MEVSB units in Almus and
Yildizeli areas will be discussed under the names
of Almus Group and Yildizeli Group respectively.
Furthermore the intrusive units in Yildizdag area
will be presented as Yildizdag magmatic complex.

Almus Group

The Almus Group consists of volcano-sedimentary
successions and crops out along the Almus Dam
Lake and its surroundings (Figure 2). Some
parts of this volcano-sedimentary unit have been
mapped under the name of Haydaroglu formation
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(Yilmaz, 1984), Dogansar Formation (Terlemez
and Yilmaz, 1980), Cokelikkisla formation and
Kadivakfi Limestone (Ozcan and Aksay, 1996).
To avoid the confusion we collectively named all
these units as Almus Group.

Almus Group contains sedimentary and
volcanic sequences with different thickness and
variations. The volcano-sedimentary units have
flat dips through the north and crops out along W-E
and NW-SE directions. Sedimentary part contains
basal conglomerates, fosilliferous sandstones and
coal bearing sandstone with scarce conglomerates
(Figure 2 and 5a). Basalt conglomerate is poorly-
sorted and generally contain metamorphic
(metabasites, phyllites, schists) and volcanic
(andesites, basaltic andesites) pebbles and
cobbles. The average sizes of the gravels are 7-8
cm in diameter. Foraminifera bearing sandstone
has limited outcrops at the lower part of the Almus
Group (Figure 2). The lava flows and concomitant
epiclastic units are also intercalated laterally and
vertically with the basal conglomerates from the
lowermost part of the stratigraphic sections.

Fosilliferous sandstones are also developed
at the lowermost part of the the stratigraphic
sections and close to the stratigraphic contacts
with the basement units. They contain piles of
abundant foramifera and display steep dips due
to normal faulting. Coal bearing sandstone and
conglomerates crop out at the relatively upper
parts of the section, and overlay conformably the
Almus volcanics (Figure 5a). This unit dominantly
contain medium to thin sandstone layers with thin
(2 to 20 cm) coal horizons and rare conglomerate
interlayers.

Almus volcanics which are constitute the
major part of the Almus Group; contains lava
flows, brecciated lavas, volcanoclastic flow
breccias, epiclastic units together with the
dikes and volcanic plugs. The terminology for
describing the volcanic/volcanoclastic rocks used
here are after Cas and Wright (1987). Substantial
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part of the Almus volcanics are made up of thin
intercalations of lava flows and brecciated lavas
(Figures 6a and 6b). Furthermore, volcanoclastic
flow breccias are minor in volume comparing to
the other units. Aforementioned units are also
randomly intercalated with each other together
with epiclastic units along whole range of Almus
area. The intact stratigraphic relationships of
these units can be traced at the northern and
northwestern part of the Almus town center, near
the Almus dam lake. In these areas mappable units
marked by different symbols but other parts, are
grouped as “undifferentiated lava flows” in Figure
2. In order to understand the temporal and lateral
variations and volcanological evolution of the
area, four different stratigraphic sections have
been measured and outlined briefly in the end of
this section.

Lava flows are represented by basalt, basaltic
andesite, andesite and rare dacite, displaying
different colors due to pervasive alteration and
often have flow foliation (Figure 6b) together

with columnar jointing. The thickness of the lava
flows varies between Im to 5 meters. Basalt is
generally aphanitic textured and characterized by
the presence of olivine + pyroxene + plagioclase
phenocrysts. Basaltic andesite and andesite are
the dominant lava types in the Almus volcanic
unit. They display a wide range of textures such
as porphyritic, microlithic and pilotaxitic. They
have amphibole + pyroxene + biotite as mafic,
and plagioclase as felsic mineral phase with
different modal proportions. For these reasons
they classified as amphibole basaltic andesite and
pyroxene basaltic andesite respectively (Figure
6¢). Dacites are aphanitic rocks with quartz +
biotite + amphibole phenocrysts. The amphibole-
bearing basaltic andesites can also found as dikes,
sills and rarely plugs. They cut both the basement
and the lower part of the Almus Group units
(Figure 6d). The sills are common in the basement
units and their width generally varies between 50
cm to 10-15 meter. The typical outcrops of these
dikes can be traced along the northern part of the
Almus Fault zone (Figure 2).

Figure 5. Generalized stratigraphic sections of a) Almus and b) Yildizeli regions (modified after Go¢gmengil et al.,

2018)

Sekil 5. a) Almus ve b) Yildizeli bélgelerinin genellestirilmis stratigrafik kesitleri (Gogmengil ve dig., 2018 den

degistirilmistir)
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Brecciated lava flows are corresponding to
deformed angular andesite, basaltic andesitic
lava blocks which are bounded by the same
composition lavas (Figure 7a). Their generation
controlled by the fracturing of the lava itself during
the propagation of the viscous flowing (i.e. flow
fragmentation, autobrecciation). They constitute
the major part of the Almus volcanics and found
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along whole range of Almus Group. The thickness
of brecciated lava flows varies from 10-15 cm to 3
meters. The most common blocks are amphibole-
and pyroxene-bearing basaltic andesites and
andesite with varying sizes (20 cm to 1 meter).
The matrix is basaltic andesite in composition
and contains rounded, octagonal pyroxenes and
plagioclase laths.

Figure 6. a) Regular stratigraphic order of lava and brecciated lava flow alternation in Almus volcanic. b) Magmatic
foliation in lava flow and alternation of brecciated lava flow. ¢) General view of the amphibole basaltic andesite,
pyroxene basaltic andesite.d) Basaltic andesite dike which is cut the Bakimlidag Complex unit.

Sekil 6. a) Almus volkaniklerinde lav ve bresik lav ardalanmasindan olusan diizenli stratigrafik seri. b) Bresik lav
akintist ve magmatik foliasyon gésteren lav akintist ardalanmast . ¢) Amfibollii bazaltik andezit ve piroksenli bazaltik
andezitin genel gortiniimii. d) Bakimlidag Kompleksini kesen bazaltik andezit dayk:.
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Volcanoclastic flow breccias are
corresponding to large - mega fragmented blocks
with varying size ranges 10-20 cm to 3-5 meter
in diameter (Figure 7b). They are generally crops
out at the northern part of the Almus town center.
Thicknesses of the volcanoclastic flow breccias
can be up to 10-15 meter. In general, they are
chaotically distributed, notwithstanding in some
areas they show poorly graded-stratified portions.
They are moderately heterogeneous in terms of
composition by the presence of basalt, basaltic
andesite and andesite blocks. The blocks are
generally sub-rounded to angular in shape and
matrix of the units also derived from the bulldozed
fragments of the lava blocks. In some areas,
there are sporadic blocks with jigsaw patterns
can also be found. This can be related with a
limited movement of the volcanic material from
their primary position. The characteristics of the
given above can be tentatively ascribed to instant
movement or the collapse of a volcanic edifice as
a debris flow. In the literature similar units with
jigsaw patterns and heterogenic epiclastic breccia
are termed as debris flow deposits or debris flow
deposits spawned from debris avalanches (Bernard
et al., 2009 and references therein). The presence
of scattered jigsaw cracks and fits together with
mixed facies characteristics indicate that the
volcanoclastic flow breccias can be interpreted as
re-deposited debris avalanches.

Several places along the Almus region are
tentavily ascribed to eruption centres since these
areas host coarse grained thick volcanoclastic
flow breccias deposits. Possible eruption centers
situated at the southern and western portion of the
Almus town center (Figure 2).

Epiclastic sedimentary units show distinct
thickness (cm to 30-35 meter) and shape along the
different parts of the stratigraphic sections. They
are represented by sandstone and conglomerates
and can be found together with concomitantly
developed with lavas and brecciated lava flows.
Due to extensive alteration, epiclastic units can
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display different colors such as green, grey and
yellow. The majority of minerals in the epiclastic
rocks are pyroxene, plagioclase and volcanic
fragments derived from the intercalating volcanic
units. In addition to that there is specific epiclastic
unit which is mapped as “Epiclastic red sandstone”.
This unit generally crops out at the uppermost
part of the stratigraphic sequences (Figure 5a).
It consists of poorly consolidated medium to
thick layers of red sandstone and conglomerate
horizons.

Trachyte dikes and plugs are widely distributed
eastern part of the study area (Go¢cmengil et
al., 2018). They are generally NW-SE/NE-SW
oriented at the northern part and W-E oriented at
the southern part of the study area. Their widths can
be up to 700-800 meter in diameter and they cut
the whole volcano-sedimentary package (Figure
7¢). They display both aphanitic and porphyritic
textures and consist of varied sized phenocrysts of
sanidine and minor plagioclase and quartz (Figure
7d).

Volcano-sedimentary development of the
Almus Group and particularly Almus volcanics,
have been investigated by four different measured
stratigraphic sections (MSS) (Figure 8). MSS in
Almus are labeled as A1-A1%; A2-A2%*; A3-A3%*;
A4-A4* . Their thickness varies ~70 to ~ 250 meters
(Figure 8). Except A1-A1%*; all other sections are
cut by W-E trending strike slip faults and the base
of the sections is disrupted. But in overall, MSS
display the similar stratigraphic order. Major
part of the four sections has been represented
by the alternation of brecciated lava flows and
lava flows. Sedimentary units and volcanoclastic
flow breccias are the second order units of all
sections. The sediment represented by epiclastic
units and foraminifera bearing sandstone are only
represented at the base of the MSS of A1-A1%*,
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Figure 7. a) Angular blocks of andesite and basaltic andesite in the brecciated lava flows. b) Different sized blocks
and mega-blocks of the chaotic volcanoclastic flow deposits. ¢) General view of trachyte dike/plug which is cut the
epiclastic red sandstone and andesitic lavas. d) Small sanidine phenocrysts in the trachyte dike (from Go¢mengil et

al., 2018).

Sekil 7. @) Bresik lav akintilari igerisinde yer alan koseli andezit ve bazaltik andezit bloklari. b) Kaotik volkanoklastik
akma birimleri icerisinde yer alan degisik boydaki blok ve mega-bloklar. ¢) Epiklastik kirmizi kumtasi ve andezitik
laviar: kesen trakit dayk/tikagimin genel goriintimii. d) Trakit dayk: icersinde yer alan ufak sanidin fenokristalleri

(Gégmengil ve dig., 2018 'den alinmuistir).

Brecciated and massive lava flows are both
sharply and gradually alternated with each other
and generally represented by basaltic andesitic
(mainly pyroxene, rarely amphibole bearing
basaltic andesite) and andesitic lava flows (more
amphibole dominated lava flows) except for the
A1-A1* section which have not contain any
amphibole bearing lava. Through the middle to
upper part of the stratigraphic order, olivine-
bearing basalts are crops out (Figure 8).
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The other prominent feature for the Almus
Group is the presence of volcanoclastic flow
breccias at the uppermost parts of MSS. Flow
breccias are geographically distributed at the
NW-SE trending zones in the northern part of the
Almus dam lake (Figure 2 and 8).

At the top of the sections, epiclastic red
sandstone units are detected in the A1-A1%* section
and marks the sub-aerial conditions are much
considerable during last phase of volcanism. The
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last product of the volcanism in the area is marked
by trachyte which is detected at the section A2-
A2*, This unit cut the uppermost part of the
section and constitutes the final products of the
volcanism.

When we consider the whole MSS along the
Almus region, the volcano-sedimentary sequence
started with foraminifera bearing sandstone and
epiclastic sandstone-conglomerate alternation.
These units are intercalated with pyroxene-bearing
basaltic andesite and brecciated lava flows but
nearly all sections (except A1-A1*) amphibole-
bearing basaltic andesite which have varying
thickness (3-20 meter) are crops out. To the top
of stratigraphic sections pyroxene-bearing basaltic
andesites and brecciated lava flows are dominated.
Olivine basalt layers have thicknesses of 1-2 to
15-20 meter and situated at the middle to upper
part of the all sections. Also the uppermost part of
the all sections, volcanoclastic flow breccias are
dominant which are generally distributed at the
northern part of the Almus dam lake. The youngest
Eocene units in the area are represented by trachyte
dikes and epiclastic red sandstone units.

Yildizeli Group.

Middle Eocene volcano-sedimentary successions
in Yildizeli area investigated under the different
sub-units in the previous studies. Sedimentary
rocks are classified as Tokus Formation (Yilmaz,
1984; Inan and Inan 1999) and the intermediate to
basic volcanic rocks are presented as the Kaletepe
volcanics and Pazarcik volcanics (Yilmaz et al.,
1995; Alpaslan 2000). More silicic members of the
volcanic unit are named as Cakmak trachyte and
Pamukpinar tuff (Yilmaz et al., 1995; Alpaslan,
1997).

To investigate the middle Eocene sequence
more thoroughly, we named the whole MEVSB
package in the Yildizeli areas under Yildizeli
Group. The sedimentary and volcanic parts of
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the Yildizeli Group named as Tokus Formation,
Yildizeli volcanics respectively (Figure 5b).

The Yildizeli Group is spread over W-E
direction around the Yildizeli town which is
bounded by TAESZ units and Hidirnali Group
from the north and CACC from the southern part
(Figure 3). The northern boundary of the Yildizeli
Group is dissected by NE-SW directed strike
slip faults and late stage thrust faults (Figure 3).
Even though the volcano-sedimentary package of
the Yildizeli Group situated at the southern part
IAESZ, they display similar lithological order like
Almus Group (Figure 5b).

Tokus formation constitutes the bottom of the
middle Eocene volcano-sedimentary succession. It
consists of the basal conglomerates, foraminifera
bearing sandstones and limestone alternation.
Basal conglomerates contain quartzite, marble,
syenite pebbles and cobbles where it covers the
basement units of CACC; besides same unit
comprise chert, metabasite, basalt, gabbro and
serpentinite where it covers the TAESZ and/or
Hidirnali Group. Pebbles and cobbles are poorly
sorted; sub-rounded and have sizes varies between
1-2 cm to 25-30 cm.

Intercalation  of  foraminifera  bearing
sandstones and limestones are medium to thinly
beddeded and display grey and yellow colours
(Figure 3). Marble olistoliths and olistostromes
which were derived from the CACC are commonly
found in the Tokus formation. Presence of these
large blocks (up to 1 km in diameter) can be
related with tectonic controlled active deposition
during the beginning of the middle Eocene.

Yildizeli volcanics consist of lava flows,
brecciated lavas, volcanoclastic flow breccias,
pyroclastic and epiclastic units with late stage
stocks and dikes. Majority of the volcanic units
in the area is represented by alternation of lava
flows and brecciated lavas (Figure 9a). Pyroclastic
rocks (Figure 9b) are distributed in W-E direction
and generally situated at the lower to middle part



of the general stratigraphic order. On the other
hand, epiclastic sedimentary units are randomly
intercalated with other volcanic lithologies (Figure
9c¢). Thinly intercalations of these rocks together
with the other volcanic and/or volcanogenic rocks
are differentiated as “undifferentiated volcanic
units” on the geology map. Volcanological
evolution of the Yildizeli area isinvestigated by
four different measured stratigraphic sections
which will be discussed in the end of this section.

Yildizeli lava flows consisting of basalt,
basaltic andesite, andesite and dacite. Their
thickness varies between 1 to 5 m and in some
areas. They display distinct columnar jointing
and flow foliation (Figure 9d). In some areas due
to interaction with the water rich sedimentary
units some portion of the lavas display peperitic
textures (Figure 10a). Lavas of the Yildizeli
volcanic unit are mainly formed from the basalt,
basaltic andesite, andesite and dacites. Basalts
are generally dark grey in colour and consist of
olivine + pyroxene + plagioclase phenocrysts.
Nearly all olivines are iddingsitized due to the
pervasive alteration. Basaltic andesites green and
grey in colour, they have pyroxene + amphibole
+ plagioclase phenocrysts and display microlitic
and porphyritic textures. Pyroxene phenocrysts
are relatively large (up to 0. 5 cm) comparing
to the other phenocrysts (generally <0.2 cm).
Andesites are yellow and grey and display
the same mineralogical compositions with the
basaltic andesites, with the exception of its higher
amphibole contents. Amphibole phenocrysts
dominantly display acicular shapes (Figure 10b).
Dacitic lavas display prominent magmatic flow
foliation and are comprised of quartz + plagioclase
+ biotite phenocrysts with hypocrytalline matrix.

Brecciated lava flows display grey, green and
violet color. Majority of the blocks are basalt,
basaltic andesite and andesite in composition and
generally enveloped by altered basaltic andesitic
matrix. The size of the blocks varies between 10
cm to 1 meter.
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Volcanoclastic flow breccias crop out in
limited areas such as the eastern part of the Yildizeli
area. They are generally coarse grained, poorly
sorted and contain heterogeneous lithologies of
lava block and sedimentary lithic units in chaotic
distribution. Blocks of andesite and basaltic
andesite have subrounded to sharp contacts and
their size is varies between 15-20cm to 3 meter in
diameter. Besides sedimentary lithic units which
is made up of sandstone, chert, and basaltic clasts
and 3-5 cm to 15 cm in diameter. The general
characteristics of these units are similar to debris
flow units (e.g. Bernard et al., 2009).

Pyroclastic rocks are represented by ash
tuff, lapilli tuff and ash-block tuffs (Figure 9b
and Figure 10c). Ash tuff and lapilli tuff units are
generally situated at the base of the pyroclastic
deposits. They consist of mainly ash and lapilli
sized juvenile particles, pumices, minerals and
a few amount of lithic and accidental fragments
(Figure 10c). Their thickness can be up to 5 meter
and display well developed mm to cm scale
stratification. The colors of the lithologies are
yellow, white and grey due to extensive alteration.
In some areas cross stratified portions can be
detected.

Through the top of the pyroclastic piles,
ash-block deposits are advancing (Figure 10c).
These deposits composed of matrix of lapilli, ash
and pumice together with sub rounded different
sized blocks. The thickness of this part is changed
from 1 to 4 meter that displays chaotic internal
structure. Pumice fragments are reached 3-5 cm
in diameter in some layers. Lithic fragments are
derived from epiclastic units and lavas and 1-3 cm
in average in size. The blocks in pyroclastic units
are basaltic andesite in composition and their sizes
vary between 15-20 cm in diameter and they can
be up to 1.5 meter in some areas.

Depositional  characteristics and  thin
lamination of ash tuff and lapilli tuff deposits
represent similarities to pyroclastic fall units.
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Besides, lapilli and block sized fragment rich,
chaotic layers at the upper part of the pyroclastic
piles can be derived from block and ash flow
mechanism.

Epiclastic units are generally scarce;
however, they can be seen as thin intercalated
layers within all volcanic units (Figure 8c). They
display different thickness (cm to 5-10 meters),
generally thin to medium layered and display
yellow, grey and brown in colors. The major part
of the epiclastic units are represented by sandstone
and conglomerate alternations (Figure 9c). They
consist of mafic minerals and volcanic fragments

of andesite and basaltic andesite.

The youngest volcanic unit in the Yildizeli
volcanics is represented by trachyte and
trachyandesite stocks and lavas which are named
as “Latitporfir” (Tatar, 1977); “Yukarigakmak
volcanics” (Yilmaz et al., 1995) and “Cakmak
trachyte-porphyr”, (Alpaslan, 1997) in the previous
studies. The trachyte and trachyandesitic lavas are
only crops out at the eastern part of the study area
and covers approximately 15km?(Figure 3). These
lava flows constitute adome-like shape and disrupts
the original bedding of Tokus formation. Trachytic
and trachyandesitic lava flows are generally grey,
purple and violet in color. The trachyandesite
stocks in Yildizeli area show distinct magmatic
foliation through the east. Due to high viscosity,
the distribution of the trachyandesitic lava flow is
not widespread. Besides, there are also sporadic
epiclastic sedimentary sandstones (5 cm to 30-
40 cm in thickness) within the trachytic flows.
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Furthermore, different sized and oriented quartz
dikes are detected at the northern part of the
trachyte-trachyandesite stock (Figure 3). There
are also extensive silicification and hematitization
within the contact of the trachyte-trachyandesite
and carbonate rich units of Tokus Formation.

Trachyte and trachyandesite lavas display
distinct porphyritic and trachytic texture and
comprise sanidine + amphibole + biotite &= quartz
+ pyroxene phenocrysts. Sanidine phenocrysts can
be up to 8 cm and display compositional zoning
(Figure 10d). Lobate shaped monzonitic enclaves
with varying sizes (5 to 35 cm) are occasionally
found within these lavas (Figure 10d).

Four different sections have been measured
to understand the volcanological evolution of the
middle Eocene sequence in Yildizeli area, likely
to the Almus area. The thickness of the MSS of
The
sections are comprised brecciated lava flows,

Yildizeli varies between 80-150 meters.

epiclastic units, pyroclastic rocks, lava flows and
volcanoclastic flow breccias (Figure 11). Major
parts of the sections are made up alternation of
brecciated lava flows and epiclastic units. The lava
flows and pyroclastic units are less voluminous
and volcanoclastic flow breccias are scarce. There
are also basal conglomerates which are marked
by the presence of pebbles and cobbles from the
basement units. Basal conglomerates are located
at the base of the sections Y3-Y3* and Y4-Y4*
and their thickness is less than 5 meter.
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Figure 8. Measured stratigraphic sections along the Almus area (abbreviations: a.b.s: average block size). The
evolution of the sections is discussed in the text.

Sekil 8. Almus bolgesinden é6l¢iilmiis olan stratigrafik kesitler (kisaltmalar: 0.b.b: ortalama blok boyutu). Kesitlerin
evrimi metin igerisinde tartisilnmigstur.
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Figure 9. a) Basaltic andesitic lava flows and brecciated lava flows relations b) General view of alternation of ash
tuff, lapilli tuff and block rich layers. ¢) Thinly laminated epiclastic sedimentary units (sandstone) and brecciated
lava flow contact zone. d) Distinct columnar jointing in basaltic lava flows.

Sekil 9. a) Bazaltik andezitik lav ve bresik lav akintisimin arazi iligkisi. b) Kiil tiifii, lapilli tif ve blok¢a zengin
kesimlerin ardalanmasinin genel gériiniimii. ¢) Ince katmanh epiklastik sedimanter birimler (kumtasi) ve bresik lav
akintisinin kontak zonu. d) Bazaltik lav akintilarinda yer alan belirgin siitunsu ¢atlaklar

Lower parts of the sections from Yildizeli
region are dominated by the epiclastic sedimentary
units together with amphibole basaltic andesite and
andesite. At the middle to upper part of the Yildizeli
MSS, pyroclastic units; pyroxene basaltic andesite
lavas and related brecciated flows are became
more dominant lithologies. The pyroclastic units
can be traced along the sections YI1-Y1%*; Y2-
Y2* and Y3-Y3* and corresponding to explosive
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stages of volcanism in Yildizeli region Through
the top of the MSS; brecciated lava flows, olivine
basalt and pyroxene basaltic andesite are advance
and they are constitute the main products at the
upper part of the MSS in Yildizeli area (Figure
11). Epiclastic sedimentary units are intercalated
with all other lithologies most commonly in the
Y4-Y4* section.
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Figure 10. a) Peperitic textures between lava and sedimentary rock interactions. b) Acicular shaped amphibole
phenocrysts in andesitic lava flows. ¢) General view of the pyroclastic deposits in Yildizeli region. Ash block deposits
become more dominant through the upper part of the pyroclastic pile. d) General view of the trachyte-trachyandesite
lavas with mega sanidines and monzonitic enclaves (from Gégmengil et al., 2018).

Sekil 10. a) Lav ve sedimanter kaya etkilesimiyle gelisen pepetirik dokular. b) Andezitik lav akintilarinda yer alan
ignemsi sekilli amfibol fenokristalleri. ¢) Yildizeli bolgesinde yer alan piroklastik ¢okellerin genel goriiniimii. Kiil
blok ¢okelleri piroklastik istifin tist kismina dogru daha baskin hale geliyor. d) Mega-sanidin ve monzonitik anklavlar
iceren trakit-trakiandezit lavlarinin genel gériiniimii (Gogmengil ve dig., 2018 'den).

Generation of the middle Eocene sequence
along the Yildizeli area is started with the
basal conglomerates
sedimentary units; during this stage volcanism
also concominantly started and mainly produced
amphibole basaltic andesite, andesite and
brecciated lava flows which are intercalated with
the shallow marine units. Through the middle

and shallow marine
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part pyroclastic deposits and volcanoclastic
flow breccias (only in Y4-Y4*) are advance.
Upper part of the volcanic succesions mainly
represented by pyroxene basaltic andesite, olivine
basalt, and accompanying brecciated lava flows.
Notwithstanding the youngest volcanic products
in the area are trachyte-trachyandesitic lava flows.
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Figure 11. Measured stratigraphic sections along the Yildizeli area (abbreviations are same as Figure 8). The

evolution of the sections is discussed in the text.

Sekil 11. Yildizeli bélgesinden dlgiilen stratigrafik kesitler (kisatlamalar Sekil 8 deki ile aymidir). Kesitlerin evrimi

metin i¢inde tartigilmistir.

Yildizdag magmatic complex

Main bulk of the Yildizdag magmatic complex
represented by a NE-SW orientated gabbroic
intrusion. It covers approximately 2 km? surface
area and cut the Hidirnal1 Group units. The large
part of the contact between two units is sealed
by slope waste and moraine deposits (Figure 4).
The boundary of the two units and the contact
metamorphism can be seen at the eastern portion
of the intrusion. Apart from the main body; diorite
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dikes with varying orientation are also cut the
gabbroic main body and the Hidirnali Group units
as a dyke swarm.

Three different lithologies are identified
in gabbroic main body of Yildizdag magmatic
complex. These are pyroxene rich and pyroxene
poor gabbro (anorthositic) and marginal zone
diorites. Main part of the intrusion is represented
by pyroxene rich gabbro which represents micro-
rhtymic lamination (Figure 12a). The second unit,



pyroxene poor gabbro, displays a limited outcrop
and has more anorthositic character. Both gabbroic
lithologies are crosscutting and layered with each
other in random order (Figure 12b). Both units
are marked by presence of pyroxene + olivine
+ plagioclase + amphibole + biotite minerals
in varying order and display ophitic textures.
Gabbroic rocks gradually pass into the diorites
in the eastern portion of the intrusion (Figure 4).
These marginal zone diorites display sub-ophitic
texture, and made up of plagioclase + amphibole
+ pyroxene minerals (Figure 12c). Apart from
these units, there are scarce troctolitic enclaves
embedded in the gabbroic main body which are
5-40 cm in diameter and display poligonal textures.

Goneng GOCMENGIL, Zekiye KARACIK, S. Can GENC

Dioritic dikes cut the both gabbroic main
body and the Hidirnali Group units (Figure 12d).
The width of the dikes dispersed 5-10 cm to 20-25
meter. They display porphyrithic, sub-ophitic and
microgranular textures and made up of plagioclase
+ amphibole + pyroxene minerals. They display
different orientation such as NE-SW; NW-SE and
N-S but the main dominant trend is NE-SW.

Yildizdag magmatic complex is a zonal
magmatic body with a gabbroic center, a dioritic
marginal zone and related NE-SW and NW-SE
oriented dioritic dikes.

All volcanic lavas and plutonic are names
compatible with the whole rock —geochemical
features presented in recent studies (Figure 13,
Gogmengil et al., 2017, 2018).

Figure 12. a) Micro-rythmic layering in pyroxene rich gabbro. b) Pyroxene rich and poor gabbroic unit alternation
in main body of Yildizdag gabbro. ¢) General view of the marginal zone diorites. d) Dioritic dyke in the sandstone

units of Hidirnali Group

Sekil 12. a) Piroksence zengin gabroda gozlenen mikro-ritmik katmanlanma. b) Yildizdag gabrosu ana kiitlesi
icerisinde yer alan piroksence zengin ve piroksence fakir gabro ardalanmasi. ¢) Kenar zonu diyoritlerinin genel
gortintimii. d) Hidirnali Grubu igerisinde yer alan diyoritik dayk.
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Figure 13. Total alkali vs silica diagram (Le Maitre et al., 1986) for the three stage lavas from Almus and Yildizeli
regions and plutonic rocks of the Yildizdag complex. (data taken from Gogmengil et al., 2017,2018 TB: trachybasalt;
BTA: basaltic trachy- andesite; TA: trachy-andesite; T: trachyte; B: basalt; BA: basaltic andesite; A: andesite; D:
dacite; R: Rhyolite, G: Gabbro, P: Peridot Gabro; IB: Irvine and Baragar (1971), K: Kuno 1966).

Sekil 13. Almus ve Yildizeli bélgelerindeki ii¢ farkl seri lav ve Yildizdag kompleksinde yer alan pliitonik kayalarin
toplam alkaliye karst silika diyagrami (Le Maitre ve dig., 1986, veriler Gogmengil ve dig., 2017 'den alinmigtir, TB:
Trakibazalt, BTA: bazaltik traki-andezit; TA: traki-andezit; T: trakit; B: bazalt; BA: bazaltik andezit; A: andezit; D:
dasit; R: riyolit, G: Gabro, P: Peritod Gabro; IB: Irvine ve Baragar (1971), K: Kuno, 1966).

DISCUSSION

Early Cenozoic tectono-magmatic events along
the NE part of IAESZ.

Almus region also did not contain any prominent
Paleocene unit similarly to whole range of IAESZ.
Whereas in southernmost extreme of the study
area (Yildizeli area) there are poorly known and/or
suspected Paleocene aged sedimentary units which
are sandwiched inside or tectonicaly overlain by
IAESZ units (Figure 1b and 14a). These unitcrops
out at the northern part of the Yildizeli region and
have been described in the literature by different
names as mentioned above (Paleogene Flysch,
Tatar 1977; Kiligh Olistostromal Unit, Yilmaz
et al., 1995; Hidirnali Group, Yilmaz et al,
1997b, Keskin et al., 2008; Bogazkdy Formation,
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Akcay and Beyazpiring, 2017). Paleocene units
corresponding to a trapped-remnant basin which
have been fed by accretionary complex units;
paleo-forearc basin together with the metamorphic
and magmatic units of the CACC during the
collisional stages between Pontides and CACC
(Keskin et al., 2008; Figure 14a). The abundance
of the different mega olistoliths (pelagic
limestones, serpentines, recrystallized limestones,
marble, phyllite and rare spilitic basalt blocks)
surrounded by the sedimentary package of the
Hidirnali Group suggest that this unit developed
during the compressional stage of the collision
event. The age of the sedimentary matrix of the
Hidirnali Group documented as Cretaceous to
Early Eocene (Yilmaz et al., 1997b). However, the
ages of the basaltic lava flows and differentiation



of the sedimentary package of the Hidirnali Group
still poorly defined and needs further examination.

The first products of Early Cenozoic
magmatism are marked by sporadic adakitic
intrusive units along the northeastern part of the
IAESZ (~ 57 Ma to 48 Ma) and possibly related
with the syn-collisional stage along the Anatolide-
Tauride and Pontides tectonic blocks (Topuz et al.,
2005; Karsl et al., 2011; Eyiiboglu et al., 2013).
This phase is interpreted as products of the melting
of thickened continental crust which is active at
that time interval (Topuz et al., 2011).

At the beginning of the Lutetian, a region
wide subsidence together with the change of
tectonic contractional to extensional phase takes
place along the IAESZ (Keskin et al., 2008 and
references therein) which is also dominantly
effects Yildizeli and Almus areas (Figure 13b).
The reason for the subsidence and transition
from contractional to extensional phase are
interpreted as slab-pull down force effect of the
subducted oceanic lithosphere of northern Neo-
Tethyan oceanic slab under the Pontides (Keskin
et al., 2008) or tectonic collapse of the thickened
continental crust (Topuz et al., 2011) for the
Central and Eastern Pontides regions respectively.

Geological record of the region-
wide subsidence, transgression and marine
sedimentation along the both sides of the suture
zone represented by the deposition of the
sedimentary units in Almus Group and Tokus
Formation in the Yildizeli area (Figure 14b).

This shallow marine sedimentation disrupted
by the concomitant magmatism along the both
sides and probably along the suture zone itself
during the middle Lutetian with the development
of volcanic products and intrusive units. First
products of the volcanism started at the shallow
marine environment as depicted by the presence of
the peperitic textures and intercaleted foraminifera
bearing sandstones and volcanics. Volcanism
started with hydrous and anhydrous mineral-rich
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lava flows (amphibole-bearing basaltic andesite
and andesite/pyroxene-bearing basaltic andesite)
brecciated lava flows and coeval volcanoclastics
and epiclastics. There are also sporadic pyroclastic
units also accompanied the volcanism in Yildizeli
area contrary to Almus which documents the
explosive stages also operational at that region.
During the course of volcanism, pyroxene-bearing
basaltic andesite and olivine basalt lavas are
become dominant lithologies in both areas. After
the development of the more anhydrous mineral
rich volcanic units; volcanism shift towards the
more acidic members by the presence of trachyte
and trachyandesite dykes, plugs and stocks and
these products marks the final manifestations of
the volcanism for both regions. This late stage
pulse can be accounted for the more silica rich,
assimilation and fractional crystallization induced
magmatism in the eastern part of the Pontides
(Arslan et al., 2013; Yiicel et al., 2014; Temizel et
al., 2016, Gogmengil et al., 2018).

Additionally, gabbroic intrusions and
coevally developed dioritic dykes probably
developed in same magmatic phase with the first
phase hydrous volcanic activity of the Almus and
Yildizeli region. This interpretation is evidenced
by the presence of widespread hydrous minerals
(amphibole, biotite) in the gabbroic intrusion and
its marginal dioritic zones. Furthermore, sporadic
hydrous Eocene gabbroic intrusive are also
reported along the other sections of the Eastern
Pontides (e.g. Temizel et al., 2014; Eyiiboglu et
al., 2016) which can be accounted to the same
magmatic phase. On the other hand, Boztug et
al., (1998) propose that Yildizdag gabbroic units
derived from %25 partial melting of upper mantle
units. However, Yildizdag magmatic units are
heterogenous in cm to mm scale with cumulate
settling and common occurance of the hydrous
minerals contradicts with direct melting origin
from the upper mantle. Thus, generation of the
gabbroic intrusion probably generated by melting
of water rich magma source areas which contain
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amphibole, phlogopite in varying degrees which
is suggested for middle Eocene volcanic units by
Gogmengil et al., (2018).

Generation of the middle Eocene post-
collisional magmatism along the Almus,
Yildizeli and Yildizdag areas.

The measured stratigraphic sections demonstrate
that, even though the volcanic units developed
on different tectonic blocks, they display similar
style of volcano-sedimentary evolution. The data
presented above can be supportive for all magmatic
units decribed above probably governed by the
same tectono-magmatic event which is developed
along the whole scale of lithospheric mantle below
the IAESZ at the Eocene.

Wide spread occurrence of the middle Eocene
magmatic units along the both sides of the suture
zone and other parts of the Pontides; CACC and
even Caucasus suggest that the possibilty of
slab break off related magmatism is less feasible
to explain the generation of the middle Eocene
magmatism along the IAESZ, since the Eocene
magmatic units are not confined in a narrow
range. Additionally, distinct geochemical features
of the middle Eocene volcanic rocks such as
alkalinity (Keskin et al., 2008) is not related with
the deep sourced asthenospheric melts since these
lavas display low Mg# contents; low Ni (ppm)
with highly fractionated geochemical patterns
(Gogmengil et al., 2017; 2018). Hence recent
publication of Go¢mengil et al (2018) suggest
that the first and second stage volcanic episode of
Almus and Yildizeli regions might be related with
melting of metasomatized peridotitic mantle in
lithospheric depths.

Regarding the geological data in the
literature, given below, and the data presented
above, the possible governing agent of Early
Cenozoic tectono-magmatic events are more
compatible with the development of collision
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related Rayleigh-Taylor instability changes and
subsequent delamination and/or lithospheric
removal process related mechanisms.

Rayleigh-Taylorinstabilities and delamination
and/or lithospheric removal processes can generate
the melting of the sub-continental lithospheric
mantle (SCLM) and can help to generate the
various magmatic products along the major
orogenic zones around the world such as Trans-
Mexican Belt (Mori et al., 2009); Sierra Nevada,
(Elkins-Tanton and Grove, 2003); Andean Arc
(Kay and Kay, 1993) and Mediterranean region
(Lustrino, 2005).

Tectonic stacking of the Pontides and the
CACC at the Paleocene generate continental
thickening which gave rise the generation of
Early Eocene aged adakitic intrusive rocks
(Topuz et al., 2011; Karsl et al., 2011; Eyiiboglu
et al., 2013). Ongoing contraction probably lead
the development of the density differences in
the SCLM which subsequently leading to the
development of delamination and/or lithospheric
removal related processes is also suggested for the
other parts of the Eastern Pontides (Arslan et al.,
2013; Temizel et al., 2016).

The tectonic loading and density changes of
the sub-continental lithospheric mantle can help
the subsiding of the whole region and can be
responsible for the generation of the region wide
transgression (Figure 14b). Furthermore, coevally
developed magmatic pulse in the all three distinct
region can be governed by sinking and denuding of
the dense parts of the sub-continental lithospheric
mantle (Figure 14c) which is exemplified in many
Alpine-Himalayan belt post-collisional magmatic
regions (GoOgiis et al., 2016 and references therein).
We tentatively suggest that this mechanism also
be suitable for the post-collisional middle Eocene
magmatism along the Almus-Yildizdag-Yildizeli
range.
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Figure 14. Cartoons which showing the Early Cenozoic tectono-magmatic evolution of the southern part of the
Pontides region, with special reference to Almus, Yildizdag and Yildizeli areas (Inspired by schematic cartoons of
Keskin et al., 2008). a) Early Eoecene tectono-magmatic evolution of the aforementioned regions. This time interval
marks a contractional phase in the southern side of Pontides region due to collisional stages. In this time interval
trapped remnant basin Hidirnali Group is developed. Concomitantly with the sedimentation, sporadic magmatism is
also developed. b) Regionwide extension and coeval transgression concominantly developped with middle Eocene
shallow water sedimentation. Tokus formation and sedimentary part of the Almus Group are deposited unconformably
at the basement units in the southern part of the Pontides. ¢) During the later stages of middle Eocene, magmatism
developed along the whole range of IAESZ and volcanic and coevally intrusive units are coevally developed. In
Almus area volcanism represented by mainly by effusive products. Besides, in Yildizeli area both effusive and
explosive volcanism is active. In Yildizdag region only intrusive (gabbro and diorite) units are developed. The reason
of the region-wide concomitant magmatic pulse can be tentatively ascribed to a denuding and sinking sub-continental
lithospheric mantle domains after the collisional phase along the IAESZ.
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Sekil 14. Pontid bolgesinin giiney kesiminin erken Senozoyik tektono-magmatik evrimini Almus, Yildizeli ve
Yildizdag bélgesi dzelinde gosteren ¢izimler (Keskin ve dig., 2008 deki matik ¢izimlerden esinlenilmistir). a) S6z
konusu bolgelerin Erken Eosen tektono-magmatik evrimi. Bu dénem ¢arpisma siire¢lerine bagli olarak Pontidlerin
giineyinde sikismali bir evreye karsilik gelmektedir. Bu zaman araliginda sikisik kalik havza Hidwrnali Grubu
gelismistir. Sedimantasyonla es zamanl olarak nadir magmatizma da olusmugstur. b) Bolgesel gerilme, es zamanli
olarak gelisen transgresyon ve Orta Eosen sig denizel sedimantasyonu. Tokus Formasyonu ve Almus Grubu’na ait
sedimanter birimler bu dénemde Pontidlerin giiney kismindaki temel birimleri uyumsuz olarak ortmektedir. c¢) Orta
Eosen doneminin ilerlerleyen zamanlarinda, magmatizma IAESZ bolgesinin biitiin kesimlerinde gozlenmekte olup
bu dénemde es zamanl olarak volkanik ve intriizif birimler gelismistir. Almus bolgesinde volkanizma genel olarak
efiizif iiriinlerle temsil edilir. Buna karsin Yildizeli bolgesinde hem efiizif hem de patlamall volkanizma aktif olmugtur.
Yildizdag bélgesinde ise sadece intriizif birimler gelismistir. Bélgesel olarak es zamanli olusan bu magmatik evrenin
gelisimi muhtemelen ¢arpisma sonrasinda IAESZ boyunca yer alan kita alti litosferik manto kesimlerinin soyulmasi
ve batmasi ile iligkilendirilebilir.

CONCLUSIONS the Early Cenozoic time is much compatible with
a delamination and/or lithospheric removal related
processes for the generation of the middle Eocene
magmatism along the Almus-Yildizdag-Yildizeli

Geological mapping and volcano-stratigraphy
along the NE part of the IAESZ demonstrate that the
middle Eocene magmatism coevally developped
along a vast area. Intrusive part of the magmatism
is manifested by hydrous mineral-rich gabbroic

range, however this interpretation highly tentative
and should be confirmed by further petrological

intrusions and small-scale dioritic dike swarm in studies.
the Yildizdag area. Besides, volcanic units from
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ve bununla beraber Orta-Anadolu Kristalen
Masifi’nin  Paleosen doneminde ¢arpismasiyla
gelismistir (Sengor ve Yilmaz 1981). Bu ¢carpisma
donemi Erken FEosen zamanina kadar siirmekte
olup biitiin tektonik bloklarda asinmaya sebep
olmustur (Okay ve Tiiysiiz 1999). Carpisma ile
es zamanlt olarak Ge¢ Paleosen-Erken Eosen
doneminde, IAESZ nin orta ve dogu kesiminin
giineyinde adakitik magmatizma gelismistir (Topuz
ve dig., 2005; Karsl ve dig., 2011). Bu dénemden
sonra gelen orta-Eosen doneminde ise kalk-alkali
ve alkali magmatizma yayginlasmistir (Keskin
ve dig., 2008). Almus, Yildizeli ve Yildizdag
bolgelerinde bu donemde yaygin bir magmatizma
gelismis olup, bu magmatizma tiriinlerinin jeolojik
ve stratigrafik gelisimi, istiflenmesi, yanal ve diisey
degisimleri ayrintili olarak ortaya konmamustir.
Orta Eosen magmatizmast Almus ve Yildizeli
bolgelerinde volkano-sedimentar istiflerle temsil
edilmektedir. Buna karsin Yildizdag bolgesinde
gabroik ve dioritik sokulumlar magmatizmanin
genel iiriinleridir. Almus ve Yildizeli bolgesindeki
volcano-sedimanter istifler alt kesimlerinde sig
denizel cokeller, orta ve tist kesimleride ise lav
akintilart ve volkanoklastik birimler ile temsil
edilmektedir. Almus ve Yildizeli bélgelerinden
olgiilen sekiz adet volkano-sedimanter istifile siitur
zonunun iki farkli tarafinda yer alan, es zamanda
olusmus volkanik birimlerin evrimi anlasiimaya
calisiimigtir. Her iki bolgede ii¢ stratigrafiye bagl
olarak farkli volkanik evre tespit edilmistir. Ilk
evre tiriinleri amfibollii bazaltik andezit, andezit
ve dasitlerden olusmaktadir. Ikinci evre bazaltlar
ve piroksenli bazaltik andezitlerden meydana
gelmektedir. Uciincii evre iiriinleri ise trakit ve
trakiandezit dayk ve stoklarindan olusmaktadir.
Calisilan  tic  alandan elde
stratigrafik  olarak  volkanizmanin,
gelistigi tektonik bloktan bagimsiz olarak benzer
zamanda ve sekilde meydana geldigini ortaya
koymaktadwr. Bunun yan swra sokulum kayaglart
iceren Yildizdag bolgesinin de volkanizmanin
birinci

edilen veriler

lizerinde

evresi ile benzer zamanda olusmus
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olabilecegi  diisiiniilmektedir.  Literatiirdeki
yeni yapilan yaywmlarda bolgedeki ilk evre ve
ikinci evre volkanizmanin, metasomatize olmus
peridotitik bir kaynak alanin kismi ergimesi ile
olusabilecegi iddia edilmistir (Gé¢mengil ve dig.,
2018). Elde edilen veriler biitiin bélgelerde olusan
magmatizmanin benzer bir tektono-magmatik olay
sonucunda gerceklesmis olabilecegine isaret eder.
Bu siire¢ delaminasyon veya litosferik ayrilma
ile gelismis olup, kita alti litosferinin aginmasi
ile alt kita kabugunda ergime ve buna bagl
genis bir bolgede es zamanli magmatizmanin
gelismesi ile ac¢iklanabilir. Bu durum Akdeniz
bolgesindeki ¢arpisma sonrast magmatizmasinin
da ana sebeplerden biri olarak gériilmekte olup
(Lustrino, 2005, Gé6giis ve dig., 2016), [AESZ nin
dogu kesiminde gerceklesen erken Senozoyik
magmatizmasni da agiklayabilir.
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Abstract: In this study, enhanced local wave number (ELWN) technique is presented to compute some model
parameters of isolated and magnetized geological structures such as horizontal position (exact origin), depth and
source geometry using the total field magnetic anomalies (TMAs). The technique uses analytical signal amplitude
(ASA) and first- and second-degree horizontal and vertical derivatives of observed TMAs, and then simply computes
the model parameters without requiring a priori knowledge about the nature of the causative magnetized body.
Additionally, inclination and declination angles of both magnetization and ambient field have no effects on the
results. In the ELWN technique source geometry, viz., structural index (contact/fault, dyke, horizontal cylinder and
sphere) is determined using the depth and exact origin computed previously. Hypothetic simulations performed using
TMAs due to some simple shaped geological models have showed the ability of the technique. Moreover, an actual
magnetic data taken over the Kesikkoprii iron deposit (Central Turkey), one of the largest iron reserve in Turkey,
has been also analysed. A depth of 21.39 m has been computed for the magnetized geological source which includes
the mafic rocks rich in magnetic properties, and the iron ore body. The structural indices obtained have indicated a
dike-like or an intermediate form between a dike and a horizontal cylinder body for the magnetized source. These
findings are compatible with those of a recently published study. Hence, the use of ELWN technique is proposed for
rapid and reliable model parameter estimations from TMAs as an alternative or supportive experiment to the inverse
modelling studies.

Keywords: Directional derivatives, Enhanced local wave number, Magnetized geological structures, Model
parameters, Total field magnetic anomalies.

Oz: Bu ¢alismada, toplam alan manyetik anomaliler (TMA) kullanarak izole ve manyetize olmus jeolojik yapilarin
olciim profili diizlemindeki yatay uzakligi, derinligi ve yapi geometrisi gibi model parametrelerinin hesaplanabilmesi
icin gelismis lokal dalga sayist (GLDS) teknigi sunulmustur. Teknik, 6l¢iilen TMA lerin analitik sinyal genligini (ASG)
ve birinci- ve ikinci-dereceden yatay ve diisey tiirevlerini kullanmakta ve ardindan manyetik anomaliye neden olan
kaynagin dogasi hakkinda herhangi bir 6n bir bilgiye ihtiya¢ duymaksizin model parametrelerini kolay bir sekilde
hesaplamaktadir. Ayrica, miknatislanma ve ortam manyetik alan dogrultularinin (egim ve sapma agilary) sonuglar
tizerinde bir etkisi bulunmamaktadir. GLDS tekniginde yapi geometrisi, yani yapisal indeksi (kontak/fay, dayk,
yatay silindir ve kiire) bir énceki hesaplamalardan elde edilen yapi derinligi ve yapinin profil diizlemindeki yatay
uzakhgr yardimiyla hesaplanmaktadir. Bazi basit sekilli jeolojik modellerden iiretilen TMA lerle gercgeklestirilen
teorik uygulamalar teknigin kullanisliligini gostermistir. Ayrica, gergek veri uygulamasi olarak Tiirkiye 'nin en biiyiik
demir rezervilerinden biri olan Kesikkoprii-Bala demir yataginda (Orta Tiirkiye) olgiilmiis TMA analiz edilmistir.

*Correspondence/Yazigsma: ylekinci@beu.edu.tr © 2018 JMO Her hakk saklidwr/All rights reserved
http://tib.jmo.org.tr
http://dergipark.gov.tr/tjib



Yunus Levent EKINCI

Manyetik ozellik¢e zengin mafik kayaglart ve demir cevherini igeren manyetize olmug kaynak yapi derinligi 21.39 m
olarak hesaplanmustir. Yapisal indeks degerleri ise dayk-benzeri veya dayk ve yatay silindir arast manyetize olmusg
bir yapuy isaret etmistir. Bu bulgular yeni yaymlanmis bir ¢calismanmin sonuglaryla da uyumludur. Bu nedenle,
TMA lerden hizli ve giivenilir model parametreleri kestirimi yapabilmek i¢in GLDS tekniginin kullanimi ters ¢oziim
calismalarina bir alternatif veya destekleyici ¢alisma olarak dnerilmektedir.

Anahtar Kelimeler: Gelismis lokal dalga sayisi, Manyetize olmus jeolojik yapilar, Model parametreleri, Toplam

alan manyetik anomaliler, Yonsel tiirevler.

INTRODUCTION

Magnetic method aims at investigating and
exploring Earth’s interior using the anomalies
in the Earth’s magnetic field originated from
magnetic minerals (e.g. magnetite, pyrrhotite,
maghemite and ilmenite) contained in the surface
and subsurface rocks (Kearey et al., 2002).
Although some of the rock-forming minerals are
effectively non-magnetic, some types of rocks
and man-made ferrous materials contain sufficient
magnetic minerals to produce detectable and also
observable high amplitude magnetic anomalies
(Kearey et al., 2002). Thus, magnetic surveys are
easily performed in many studies and range from
small-scale explorations such as archaeological
ruins (e.g. Drahor et al., 2008; Ekinci et al., 2014)
to medium-scale surveys such as mineral/ore
deposit investigations (e.g. Mandal et al., 2013 and
2015; Biswas, 2017) to large-scale explorations
dealing with geological boundaries between the
rocks having magnetic contrast (e.g. Ekinci and
Yigitbas, 2012).

It is well-known that magnetic surveying is
one of the earliest geophysical methods. The first
magnetic survey was applied in Sweden (1640)
to detect magnetic iron ores using a magnetic
compass (Pilkington, 2007). Magnetic instruments
were developed in the 1880s to measure the Earth’s
magnetic field intensity and thereafter mineral/
ore deposit explorations using magnetic method
became widespread (Hanna, 1990). Since the
variations in the observed magnetic field reveal
the distribution of magnetic minerals in the Earth’s
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crust, magnetic surveys are performed to detect
and draw the spatial distributions of these magnetic
sources (Pilkington, 2007). A large number of
data processing techniques clearly simplifies the
analysis of the magnetic anomalies. Among these
techniques, derivative-based algorithms are widely
used for both visual interpretation of anomaly
maps (e.g. Oru¢ and Keskinsezer, 2008; Cooper
and Cowan, 2006; Orug¢ and Selim, 2011; Balkaya
et al., 2012; Biiyiiksarag et al., 2014) and model
parameter predictions (e.g. Nabighian, 1972;
Thompson, 1982; Reid et al., 1990; Srivastava
and Agarval, 2010; Ekinci 2016; Ekinci et al.,
2017). Derivative-based techniques commonly
use various combinations of first- or second-
degree vertical or horizontal derivatives (Ekinci et
al., 2013). One of the derivative-based techniques
used for the prediction of spatial parameters (i.e.
depth and location) of the 2D magnetized sources
(i.e. a fault/contact, a dyke, a horizontal cylinder
and a sphere) is the enhanced local wave number
(ELWN) which does not need any prior knowledge
about the nature of the causative structure (Salem
et al., 2005). Additionally, the technique uses
traditional local wave number field and its phase-
rotated version, namely, the vertical local wave
number field which also enables to calculate the
shape of the causative body (Salem et al., 2005).
Here, efficiency of ELWN technique on parameter
estimations from total field magnetic anomalies
(TMAs) has been outlined using both synthetic
data sets and a real data taken from an iron deposit,
Central Turkey.
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METHODOLOGY
ELWN Technique

Local wave number is briefly described as the rate
of the change of the local phase with respect to the
horizontal direction (x) and is defined as (Thurston
and Smith, 1997; Salem et al., 2005)

80 1 (T oT &TaT

__=_[ ____J (1)
ox |A|2 Ox0z Ox Ox? Oz

where, 6 denotes the local phase, dT /90X and
d1 /02 represent the first-degree horizontal
and vertical derivatives of the magnetic field T,
respectively, |A| is the analytic signal amplitude
(ASA) (Nabighian, 1972).

The local wave number kx over some simple
shaped sources is expressed as (Smith et al., 1998)

(n+1)(z0-2) )

(x—x0)2 +(Z—ZO)2

where, z0 and xo denote horizontal location and
depth, respectively, n represents source geometry
(structural index) (Thompson, 1982). Structural
indices have the values of 0, 1, 2 and 3 for a contact
(sheet poles), a thin dike (line poles), a horizontal
cylinder (line dipoles), and a sphere (point dipole)
respectively (Thompson, 1982; Salem et al., 2005;
Hinze et al., 2013). Phase-rotated version of the
local wave number obtained by the derivation of
the local phase in downward direction is expressed
as follows (Salem et al., 2005)

:%_ (n+l)(x—x0)

0z (x—xo)2 +(z—zo)2

)

Phase-rotated version of the local wave
number can be also obtained as (Salem et al., 2005)

kz_%_—_l(a” 5_T_518_Tj (4)
Oz |A|2 Ox0z 0z 0z? Ox

Division of Eq. 2 by Eq. 3 yields a simple
linear equation as

kxx+kz z =kxxo+kz zo Q)
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Thelinearequationin Eq. 5 involves Egs. 1 and
4 and it can be solved by a conventional methods
of matrix inversion (Salem et al., 2005). Once the
location and the depth are determined by means of
Eq. 5, Egs. 2 and 3 are used to find the structural
indices (Salem et al., 2005) which should be in the
range of 2D magnetic sources (Thompson, 1982;
Reid et al., 1990). More detailed description about
the solution strategy of ELWN technique can be
found in (Salem et al., 2005).

Here, the effectiveness of ELWN method was
tested in the estimation of model parameters using
some idealized hypothetical models. Applications
were performed using TMA responses of a dike
and a horizontal cylinder models via MATLAB
based algorithms.

Forward Equations

The general forward equation for TMA of a dike-
like body is expressed as follows (Nabighian,
1972)

zoCOSa + xSin

T(x)=4 - (6)
where (x — xo) +z0?

A=2kF (1-cos?isin? D)sind (7)
and,

a :Z(arctan(tani/cosD)—d—90) (8)

where, F is the Earth’s magnetic field, k
denotes the susceptibility contrast, i represent
the inclination of Earth’s magnetic field, zo is
the depth to the top of the causative source, d
denotes the dipping angle, D is the angle between
magnetic north and positive x axis, xo represents
the horizontal location of the causative body, x is
observation coordinates and 4 is the amplitude
coefficient.

For the TMA of a horizontal cylinder, forward
equation can be expressed as (Prakasa Rao et al.,
1986)



22 —(x~-x0)’ cos @ +2z(x—x0)sin @ 9)

((x—xo)2 +z? )2

T(x)

where, 4 denotes the amplitude coefficient, z
defines the depth to the centre of the cylinder, 6
represents the effective magnetization angle or the
index parameter and, xo and x are given previously.

SIMULATIONS
Synthetic Examples

TMA due to a dike model was produced using
Eq. 6. A 50-m long profile with a 1 m sampling
interval was used. Model parameters of the dike
body and the corresponding TMA are shown in
Table 1 and Figure 1a, respectively. ASA values
of the synthetic magnetic anomaly, demonstrated
in Figure 1b, were obtained performing some
frequency domain filtering operations through
fast Fourier transform as defined previously by
Agarval and Srivastava (2008). It is clearly seen
from Egs. 1 and 4 that computations of local
wave numbers require second-degree horizontal
and vertical derivatives. Even in the absence of
noise, these second-degree derivatives may cause
an enhancement of undesired effects due to the
nature of the computations. Thus the oscillations
at the beginning and end of the profile (Figure
Ic), which may cause some false solutions, were
ignored in the calculations. As clearly proposed
by Salem et al., (2005), a window including data
points near to and centred on the high amplitude
anomaly peak, highlighted by a band in Figure 1c,
was used. Thus, using 31 data points (Figure 1d)
source locations (horizontal position and depth)
were estimated using Eq. 5 and then structural
indices for each source location solution were
determined by means of Egs. 2 and 3. Here, when
the structural indices computed from ix and kz
values were far from each other, the solutions
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of that data point were ignored. Application of
ELWN technique produced satisfactory solutions.
Results showed that the horizontal location of
the causative body is 24.97 m far from the origin
and obtained depth for the source is 5.1 m, which
are very close to actual ones (Table 1). Structural
indices computed via Egs. 2 and 3 are 1.06 and
0.96, respectively (Table 1). These values are very
close to 1, and clearly indicate a dike-like body as
it should be.

For the second example, synthetic TMA
(Figure 2a) caused by a horizontal cylinder
model was produced via Eq. 9 using the model
parameters listed in Table 2. Figures 2b and 2c
show the ASA values and the local wave number
fields, respectively. Undesired effects caused
by the nature of computations are clearly seen
in Figure 2c. Those data points observed at the
beginning and end of the profile were not taken
into consideration during the computations.
Again, using a single window (blue band in Figure
2¢) of 31 data points (Figure 2d), source location
solutions were determined. Although using a data
window of 31 points that is placed at the centre of
the profile, some slight oscillations at the beginning
and the end of the profile are seen. However, since
these data points do not show sharp oscillations,
kx and kz values of these data points were used
during the computations. It must be noted that
if the data window was wider, some false and
undesired anomalies would occur, which would
directly affect the solutions unfavourably. Results
of the ELWN technique indicated a horizontal
distance of 25.01 m from the origin and a depth
of 5.1 m for the source model. Additionally, 2.01
and 1.89 values were obtained for the structural
indices, indicating a horizontal cylinder-like
body. These synthetic simulations clearly showed
the feasibility of ELWN technique for model
parameter estimations from TMAs.
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Figure 1. a) TMA of dike model, b) ASA values computed from TMA, c) Local wave numbers and the data window
highlighted by blue band, d) Local wave numbers used for source position and geometry calculations.

Sekil 1. a) Dayk modelinin TMA si, b) TMA’dan hesaplanan ASG degerleri, c) Lokal dalga sayilart ve mavi bant
ile gosterilmis veri penceresi, d) Kaynak pozisyonu ve geometrisi hesaplamalarinda kullanilan lokal dalga sayilart.

Table 1. True and calculated parameters of theoretical

dike model.

Cizelge 1. Kuramsal dayk modeline ait gercek ve

hesaplanan parametreler.

Table 2. True and calculated parameters of theoretical
horizontal cylinder model.

Cizelge 2. Kuramsal yatay silindir modeline ait gercek
ve hesaplanan parametreler.

Parameters True Calculated Parameters True Calculated
A[nT] 800 A[nT] 800
zo [m] 5 5.1 zo [m] 5 5.1
xo [m] 25 24.97 xo [m] 25 25.01
i[] 60 0[] 50
D[] 0 x 2 2.013 +0.061
d[9] 90 kz 2 1.886 £ 0.069
kx 1 1.057 £ 0.043
kz 1 0.957 +£0.056
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Figure 2. a) TMA of horizontal cylinder model, b) ASA values computed from TMA, c) Local wave numbers and the
data window highlighted by blue band, d) Local wave numbers used for source position and geometry calculations.

Sekil 2. a) Yatay silindir modelinin TMA si, b) TMA dan hesaplanan ASG degerleri, c) Lokal dalga sayilart ve mavi
bant ile gosterilmis veri penceresi, d) Kaynak pozisyonu ve geometrisi hesaplamalarinda kullanilan lokal dalga

sayilari.

Real Data Example

This example presents a TMA obtained from an
iron deposit (Bala, Turkey). Kesikkoprii iron
deposit (Figure 3), located in Central Anatolian
Crystalline Complex, is one of the largest iron
reserve in Turkey with grades of 32-54 % Fe and
total reserve of 13.6 million tonnes (Terzi and
Yilmazer, 2015). Dogan et al., (1998) suggests
that Kesikkoprii iron deposit is a Divrigi type
deposit, that is, iron is not derived from granitic
rocks but formed by the enrichment resulting from
dissolution of source rocks. Mineralization in the
deposit occurred at the contact between granitoids
consisting of granite, granodiorite, monzonite
and their porphyry, and crystalline limestone
(locally dolomitic) and/or mafic-ultramafic rocks
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composed of gabbro and pyroxenite (Terzi and
Yilmazer, 2015). The basement of the area is
composed of rock groups of Kirsehir massive.
The basement is covered by the upper Cretaceous
ophiolitic complex together with sedimentary
and volcanic-volcaniclastic rocks and by a
sedimentary cover of Tertiary age (Dogan et
al., 1998). The skarn and vein deposits are the
significant part of the metallogeny of the Central
Anatolian Crystalline Complex (Kuscu and Erler
1998). Possible origin model of the iron deposit
using the information obtained from a drilling is
shown in Figure 4 (Dogan et al., 1998).

The residual total field magnetic data set
was obtained by General Directorate of Mineral
Research and Exploration of Turkey (MTA) within
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the scope of a national project. Here, a part of this
data set having a length of 120 m was used for
model parameter estimation. The profile TMA was
digitized using 3 m data intervals (Figure 5a). ASA
and local wave number fields are shown in Figure
5b and Sc, respectively. Using a data window
(Figure 5¢) containing 27 data points (Figure 5d) a
horizontal location of 61.81 m from the beginning
ofprofile and a depth of 21.39 m were computed for
the magnetized source. Structural indices of 1.44
and 1.32 obtained from local wave number fields
suggest a dike-like model for the causative body.
It must be noted that the depth to the top of the ore
body is 105 m based on the drilling information
(Figure 4). Therefore, it is seen that the depth
obtained from ELWN technique is quite shallower
than the one obtained from drilling. However, the
existence of mafic rocks (Figure 4) up to 100 m
depths having notable magnetic properties locally,
was reported previously (Dogan et al., 1998).
From this point of view, it is clear that these mafic
rocks most likely effect the magnetic anomaly. The

depth obtained in this study indicates the depth of
the composite magnetized sources including the
mafic rocks rich in magnetic properties and the
iron ore body. Additionally, the residual magnetic
anomaly probably results from the superposition
of the mafic rocks rich in magnetic properties to
the ore body. Orug (2013) analysed this residual
magnetic anomaly through continuous wavelet
transform and he stated a spheric (point dipole)
structure for the magnetized source having a depth
of 42 m. Additionally, performing ASA inversion
via differential evolution algorithm a dike-like
magnetized body located at a depth of 24.4 m
was reported by Ekinci et al. (2017). It is seen
that the depth obtained from this study match well
with the latter one. Based on the structural index
values obtained through the ELWN technique,
the magnetized geological structure can be
approximated to a dike-like or an intermediate
form between a dike and a horizontal cylinder
body.

Figure 3. Geographical settings of the plutonic and metamorphic rocks in the Central Anatolia, Turkey (modified
after Bingdl, 1989, Boztug, 1998, Tatar and Boztug, 1998). Black arrow at the west of Kirsehir settlement shows

Kesikkoprii pluton.

Sekil 3. Tiirkiye orta Anodulu’da pliitonik ve metamorfik kayaglarin cografik konumlar: (Bingol, 1989, Boztug,
1998, Tatar ve Boztug, 1998 den diizenlenmistir). Kirsehir’in batisinda bulunan siyah ok Kesikkoprii pliitonunu

gostermektedir.
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Figure 4. Possible origin model of Kesikkdprii iron deposit based on the information obtained from a drilling

(modified after Dogan et al., 1998). Not to scaled.

Sekil 4. Bir sondajdan elde edilen bilgiye gére hazirlanan Kesikkoprii demir yataginin olasi kokensel modeli (Dogan

vd.., 1998 den diizenlenmistir). Olgeksizdir.

CONCLUSIONS

In this study one of the derivative-based techniques,
named ELWN, which is used for estimating some
model parameters of isolated geological structures
such as exact origin, depth and source geometry
using TMAs is presented. The technique uses
first- and second-degree horizontal and vertical
derivatives and also the ASAs of measured TMAs.
One of the most important advantages of the
technique is that the magnetization and ambient
field directions have no effects on the solutions.
Additionally, the technique does not need a prior
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information for the source geometry. An important
issue that should be taken into consideration when
applying the ELWN technique is the selection of
the data window length for the computations. If all
local wave number fields (kx and kz) are selected
for the depth and structural index computations,
unreasonable solutions may be obtained. Thus
in the local wave number fields the data points
having false anomalies characterized by sharp
oscillations occurred due to the nature of second-
degree horizontal and vertical derivatives should
be removed from the computations, which may
require some trial-and-error applications.
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Figure 5. a) TMA observed over Kesikkoprii iron deposit, b) ASA values computed from TMA, ¢) Local wave
numbers and the data window highlighted by blue band, d) Local wave numbers used for source position and

geometry calculations.

Sekil 5. a) Kesikkoprii demir yatagi iizerinde olgiilen TMA, b) TMA dan hesaplanan ASG degerleri, c¢) Lokal dalga
sayilart ve mavi bant ile gésterilmis veri penceresi, d) Kaynak pozisyonu ve geometrisi hesaplamalarinda kullanilan

lokal dalga sayilari.

Synthetic applications performed using some
model bodies such as a dyke and a horizontal
cylinder clearly showed the feasibility of the
ELWN technique. All model parameters in each
example were accurately resolved. Moreover, a
real residual TMA measured on an iron deposit
(Bala, Central Turkey) was also analysed. In
the interpretations information obtained from a
drilling was also used. This study showed that
the residual TMA is caused by the ore body and
also the shallower mafic rocks rich in magnetic
properties. ELWN technique yielded 21.39
m depth to the top of the magnetized sources
producing the superimposed residual TMAs.
Additionally, structural indices obtained from
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kx and kz values indicated that the magnetized
geological structure can be approximated to a
dike-like or an intermediate form between a dike
and a horizontal cylinder body. Both theoretical
and actual anomaly examples showed that the
use of ELWN technique should be a well strategy
for parameters estimation problems of magnetic
profile anomalies.
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GENISLETILMIS OZET

Yatay ve diisey tiirev tabanli veri islem
teknikleri potansiyel alan (manyetik ve gravite)
verilerinin  yorumlanmasinda  olduk¢ca — sik
kullanmilmaktadir.  Hem anomali haritalarinda
ilk bakista géze ¢arpmayan degisimleri ve
cizgisellikleri ortaya koyabilmek yani gériintii
zenginlestirme amaciyla, hem de kaynak yapilarin
bazi model parametrelerinin  belirlenebilmesi
amacwyla  kullaniimaktadir.
degerlendirilmesi
tekniklerden biri olan geligmis lokal dalga
sayist (GLDS) teknigi ile toplam alan manyetik
anomaliler (TMA) kullanarak yeraltinda izole
olmug jeolojik kaynaklarin profil diizlemindeki
yatay uzakligi, derinligi ve yapr geometrisi
(vapisal indeks) gibi model parametreleri
hesaplanabilmektedir. Teknik, ol¢iilen TMA lerin
birinci- ikinci-dereden yatay ve diisey
tiirevlerini ve de analitik sinyal genliklerini (ASG)
kullanmakta ve ardindan kaynak dogasi hakkinda
hi¢ on bir bilgiye ihtiya¢ duymaksizin model
parametrelerini kolay bir sekilde hesaplamaktadir.

Profil  verilerinin

amaciyla kullanilan

ve

Yontemin en biiyiik avantajlarindan birisi de, elde
edilen sonuglarin hem kaynak manyetizasyonunun
hem de genel alamin egim ve sapma agilarindan
bagimsiz olmasidir. GLDS tekniginde kaynak
yapir geometrisi, yani yapisal indeks (kontak/
fay, dayk, yatay silindir veya kiire) bir onceki
hesaplamalardan elde edilen yapr derinligi
ve yapimin profil diizlemindeki yatay konum
bilgilerinden hesaplanmaktadir.

Bu ¢alismada MATLAB ortaminda gelistirilen

algoritmalar yardimiyla GLDS teknigi
ele alimnmistir. Uygulamalarda hem kuramsal
olarak iiretilmis hem de ger¢ek arazi verileri
kullamilmis ve bazi sonuglar ortaya konmustur.
GLDS tekniginin kullanimi asamasinda en dikkat

bazi
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edilecek unsurlardan biri veri pencere boyunun
secimidir. Teknigin matematiksel temeli birinci-
ve ikinci-dereceden yatay ve diisey tiirevlerin
hesaplanmast esasina dayanmaktadir. Bu nedenle,
yatay ve diisey yonde lokal dalga sayilarinin
hesaplanmast asamasinda profil baslarinda ve
sonlarinda ozellikle ikinci-dereceden tiirevlerin
dogasindan  kaynaklanan
salimimlar olusabilmektedir. Uygulamalarda biitiin
veri setinin hesaba katilmast durumunda bas ve
sonlarda olusan bu istenmeyen yapay salvmmlar
hatali olabilecek model parametrelerinin elde
edilmesine neden olabilir. Bu nedenle, lokal dalga
sayilart anomalilerinde egrinin tepe noktasi ve
civarindaki veri noktalarini hesaba katacak uygun
bir pencere boyu segilmeli ve islemler pencere
icinde kalan veri noktalariyla gercgeklestirilmelidir.

Dayk yatay
tirettigi  TMA’ler kullanilarak gerceklestirilen
kuramsal ¢alismalarda GLDS tekniginin yatay
uzaklik, derinlik ve yapisal indeks gibi model
parametrelerinin belirlenmesinde oldukg¢a
basarili sonuglar verdigi gozlenmistir. Ayrica,

matematiksel bazi

ve silindir  modellerinin

Tiirkiye’'nin en biiyiik demir yataklarindan biri
olan Kesikkoprii (Bala, Tiirkiye) sahasindan
alman TMA de analiz edilmistir ve jeolojik olarak
anlamly bazi bulgular elde edilmistir. Yorumlama
asamasinda ¢alisma sahasi civarinda bulunan bir
sondaj verilerinden de yararlamilmistir. Manyetik
anomalinin sadece alandaki demir cevherini
temsil etmedigi ayni zamanda daha s1g kesimlerde
gozlenen manyetik ozellik¢e zengin mafik kayaglar
da temsil ettigi belirlenmistir. Dolayisiyla bu
calismadan elde edilen derinlik bilgisinin demir
cevherine ait olmadigi, bu cevherle manyetik
ozellik  bakimindan zengin mafik  kayaglarin
birlesiminden olusan manyetize olmus jeolojik
birimlerin derinligi oldugu sonucuna varimistir.
Manyetik anomali iireten bu birimlerin iist
derinligi 21.36 m olarak hesaplanmistir. Ayrica,
hesaplanan yapisal indeks degerlerine gore
kaynak yapinin biiyiik olasilikla dayk benzeri veya
dayk ve yatay silindir arasi bir geometriye sahip
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oldugu belirlenmigstir. Hesaplanan derinlik ve yapt
geometrisi yayinlanmus iki caliymanin sonuglariyla
karsilastirilmis ve sonradan yayinlanan ¢alismayla
uyum i¢inde oldugu gozlenmistir. Sonu¢ olarak
bu ¢alisma TMA lerden hizli ve giivenilir model
parametreleri kestirimi yapabilmek i¢in GLDS
tekniginin geleneksel ters ¢oziim tekniklerine iyi
bir alternatif veya destekleyici bir arag¢ oldugunu
gostermistir.
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Oz: Canakkale ili smirlar1 iginde yer alan, jeolojik olarak énemli ve toplumun ilgisini cekebilecek, birbirinden
yapisal olarak farkli {i¢ ayr1 jeolojik olusumun jeopark veya jeodeger olarak degerlendirilebilmesi igin yapilmasi
gerekenler 6zetlenmistir. Ornek alanlar olarak Tuzla jeotermal alani sicak su ¢ikislari, Kestanbol-Yahya Cavus koyii
antik granit siitunlar1 ve Yenice Koyii opal sahasi ele alinmuistir.

Gerek bilimsel gerekse turistik degeri olan alanlarin korunmasinin bir yolu tanitma ve ziyarete agmaktir. Yerbilimleri
miizeleri de bu alanlarin ortaya ¢ikarilmasi ve tanitilmasinda katki verecek 6nemli kurumlardir. Bu galismada
onerilen, uygulamasi kolay bir izlence her ii¢ sahada da giincel durumu tanimlama ve gelecege yonelik yapilacaklari
belirlemek i¢in kullanilmistir. ilk sonuglara gore Tuzla Jeotermal alani basit birkag diizenleme ile kullanilabilecek
iken Kestanbol, Yahya Cavus Koyl sahalarinin giincel halleri ile jeoturizm amaci ile kullanilamayacagi ortaya
cikmuistir.

Anahtar Kelimeler: Jeodeger, Jeolojik miras, Jeopark, Jeonokta, Yerbilimleri Miizesi

Abstract: It is summarized what needs to be done and to be able to utilise three structurally different geological
formations within the Canakkale province as geo-parks or geovalue that can attract geologically important
and interestingtosocieties. As examples, hot water springs of Tuzla geothermalarea, ancient granite columns of
Kestanbolu-Yahya Cavusvillage and opal pit of Yenice village are taken as examples. It is also emphasized that
besides the areas highlighted, all other possible areas have their own specific conditions and that ignoring these
conditions may cause permanent damages to the area. Earth science museum are also important institutions that
will contribute to the discovery and introduction of these fields. As a way of preserving areas that are both scientific
and tourist attraction, we have also listed our views on the importance of opening up and exploring to public and
the negativity of this activity. According to the first results, while the Tuzla Geothermal field could be used with a few
simple arrangements but Kestanbol and Yahya Cavus villages could not be used for the purpose of geotourism with
its current state of the fields.

Keywords: Geovalue, Geological heritage, Geopark, Geopoint, Earth Science Museum
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GIRIS

Yerbilimleri genelde endiistriyel hammadde
saglamak ve yer arastirmalari yapma ile smirh
olarak tanimlanmaktadir. Bu tanimin diginda
kalan uygulamalar mesleki tanitimlarda genel
olarak goz ardi edilir ve ilgili meslekler dar bir
cergeve icine oturtulurlar. 1991 de yayinlanan
Digne Bildirgesi (Barettino vd., 1999a-b; Kazanci
vd., 2015) yerbilimleri i¢in korumacilik gérevinin,
akademik sinirlar disinda da konusulmasinin ve
tartigilmasinin  yolunu agmigtir. Bu baglamda

“Jeolojik Koruma” yerkiirenin organik ve
inorganik  ayrimi1  yapmadan  korunmasi
gerektigini, jeolojik olusumlarin  diinyanin

gegmisinin yani sira insanoglunun tarihsel stireci
hakkinda da bilgi icerdigi (Kazanci vd., 2017)
ve korunmasmin gerekliligi genel anlamda
kabul gérmeye baslamisti. Koruma teriminin
kapsami ve uygulama bigimi hakkinda yapilan
yayinlar bu konunun Oneminin anlagildigimnin
bir isaretidir. Kazanci vd. (2017), Tiirkiye’deki
koruma ¢aligmalarina duyarliligin 70’li yillardan
itibaren basladigini gostermektedir (Ketin, 1970;
Arpat, 1976; Arpat ve Giiner, 1976; Ongiir, 1976).
Ancak, bu yaymlarin etkisinin akademik sinirlar
icinde kaldig1 kabul edilmelidir.

Bu c¢alismada, Biga yarimadasinda yer
alan, jeolojik olarak 6nemli ve toplumun ilgisini
cekebilecek  jeolojik  olusumlarin  jeopark
(geopark) veya jeosit olmasa da “jeodeger”
olarak nasil tanitilabilecegi, bolge turizmine katki
olarak ziyarete acgilabilecegi ve korunmasi igin
neler yapilabilecegi konusunda goriislerimize
yer verilecektir. Izleyen béliimlerde, jeodeger
terimi, “Jeokoruma” (Geoconservation) etkinligi
ile birlikte anilmak {izere kullanilmistir. Bu
calismada Jeodeger, jeolojik olarak &nemli,
bilimsel gozlem yerinin Tiirkiye Jeolojik
Miras dahil olup olmadigina
bakilmaksizin korunmasi gereken yeri tanimladigi
anlasilmalidir. Yer kelimesi yerbilimleri 6zelinde

Envanteri’ne'

1 http://www.jemirko.org.tr/turkiye-jeolojik-miras-envanteri/
(erisim tarihi 01/03/2018)
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daraltilarak dogrudan veya dolayli olarak jeolojik
acidan 6zgiinliigii olan alanlara isaret etmektedir.
Canakkale etrafinda Onerilen Jeodegerlerin
tanimlama/tanitim/koruma asamalarma COMU
Miihendislik Fakdiltesi bilinyesinde yer alan
Yerbilimleri ve Doga Tarihi Miizesi -YBDTM
(Calik, 2016a-b) katki koymaktadir. Bu amagcla,
yerel halk tarafindan miizeye ulastirilan bilgiler
degerlendirilmekte, gerekli durumlarda onerilen
projeler ile (6rn. Calik, vd. 2017b) alan ile ilgili
bilimsel caligmalar yapilmaktadir. Bu ¢calismalarin
stirecinde gozlemlenen hasara ugrama hizi Digne
Bildirgesinde oOnerilen koruma unsurlarina ek
olarak yerel anlamda da koruyucu adimlarin
atilmast zorunlulugunu ortaya koymustur. Bu
adimlar yerel yoOnetimlere yiik getirmeyecek,
aksine tamitim etkinliklerine katki koyarak, bu
girisimi tesvik edecek bicimde Onerilmistir. Bu
konudaki giincel yayimlar genel olarak bilimsel
siirlar  dahilinde hazirlanmis durum raporu
ve yerel olanaklara bakilmaksizin yapilmasi
gerekenler lizerine yogunlasirken bu ¢alisma daha
cok yerel olanaklar ile neler yapilabilecegi iizerine
odaklanacaktir. Bu yayina konu olan c¢alismanin
sunusu, Canakkale ve ¢evresindeki turizm
etkinlikleri katki olarak jeodegerlerin jeoturizm
(Geotourism ayrica Jeolojik Turizm) amact igin
nasil kullanilabilecegine tizerine kurgulanmistir.
Once Canakkale ili 6zelinde turizm hareketliliginin
giincel durumu verilecektir. izleyen boliimde
jeodeger tanimina bagli olarak bir ¢alisma
yapilabilmesi i¢in basit bir izlence sunulacaktir.
Bu izlence, il sinirlar igerisinde var olan 6zgiin
alanlardan iici Ornek alinarak yerel anlamda
eksiklikler ve yapilmasi gerekenler iizerinde
gorliglerimizi igerecektir. Tartisma boliimiinde,
jeolojik miras1 koruma ¢alismalarinda, kullanima
agma konusu iizerine satir baglari ele alinacaktir.

CANAKKALE VE CEVRESININ TURIZM
HAREKETLILIiGI

Canakkale ili turistlerin yogun olarak geldigi
ancak hem Istanbul ve Izmir gibi biiyiiksehirlere
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yakinligi hem de yerli ve yabaci turistlerin yerel
zenginliklerin ve turistik degerlerin farkinda
olmamasi nedeniyle bir durak degil gegis noktasi
olarak goriildigii bir konumdadir (GMKA, 2012).
Bunun sonucunda Tiirkiye genelinde turistlerin
(yerli ve yabanci karisik) ortalama konaklama
stiresi 3.2 gece/turist iken, Canakkale’de bu siire
ortalama 1.4 gece/turist olarak gerceklesmistir
(GMKA 2012). Bu durum 2017 yilina kadar fazla
degismeden gelmistir ve il genelinde turizmden
elde
yansimasini siirdiirmektedir.

edilecek getiriler tzerindeki olumsuz

Bu sorunun temelinde, turizm hareketliliginin
agirlikl olarak Gelibolu Milli Park: (Kurnaz vd.,
2013), yetersiz de olsa termal tesisler (Bucak ve
Ozkaya, 2013) ve deniz iicgeni ile smirlanmis
olmasi yatmaktadir. Coziim olarak turistik
iiriinlerin gesitliliginin artirilmasi gerektigi ¢esitli
arastirmacilar tarafinda Onerilmistir (Aydogan,
2002; Kelkit, 2003; Ozel, 2004; Yildirim vd.,
2008).

Bu Oneriden hareketle Biga Yarimadasi’nda
jeo-turizm  potansiyelinin
hedeflenmistir.

konmasi
jeolojik
miraslarin ve jeolojik agidan ilging unsurlarin aktif

ortaya
Jeo-turizm, Onemli
bir 6grenme deneyimi ile alan gelistirme bilgisine
dayanan siirdiiriilebilir bir turizm bigimidir.

Jeoturizm, karst alanlarini, kaya kentlerini,
paleontolojik olarak ilgi c¢ekici alanlar1 veya
eski maden alanlarimi igeren ve Jeopark olarak
adlandirilabilecek alanlarda yapilan profesyonel
bir kurgu ile bilimsel olmayan yorum ve/veya
animasyon ile cesitlendirilmis cografik kilavuz
(geo-guide) ile yapilan gezi olarak tanimlanabilir

(Kazanci, 2010).

Jeopark’taki geleneksel turistik etkinlikler
arasinda, dag yiiriiyiisleri, derelerde amator altin
aramacilig1 (gold-washing), gezilen alanin kiiltiir
tarihini kesfetmek (agik hava miizeleri, taslak
atolye calismalari, yerel iirinlerin tadina bakma
ve satin alma vb.) sayilabilir.
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Biga yarimadasi igerdigi Kazdaglarnt Masifi
ve diger jeolojik unsurlar ile jeoloji literatiiriine
¢ok sik konu olmasina ragmen (6rn. Bingdl,
1969) bu unsurlarin turistik degeri icin yeterince
ilgi gébrmemis ve bu konu pek ele alinmamstir.
Yerbilimleri ve Doga Tarihi miizesinin kurulumunu
ve halk arasinda bilinirliginin artmasina kosut
olarak yerel halktan alman geri bildirimler ve
arastirmalarla  (Calikvd., 2017a)
jeoturizm i¢in ilgi ¢ekebilecek alanlara 6rnekler
asagidaki gibi siralanmaktadir:

belirlenen

1. Tuzla jeotermal alan1 sicak su ¢ikislart,

2. Kestanbolu, Yahyagavus koyii antik granit

stitunlari,

Yenice Koytii-opal sahasi,

Ayvacik opal sahasi,

Can — Kazmali koyii Fosilleri,

Karabiga, NATO iissii— Ametist olusumlart,
Biga - Yeni Mahalle, silislesmis aga¢ ormant,

Biga - Dikmen kdyii, krizopras olusumlart,

e e A

Granit sahalari,

10. Gelibolu tuz golleri.

Bu alanlarin bir kismi hali hazirda bazi
yayinlara konu olmustur (Satir, 2004; Giirler
vd., 2008; Unlii ve Alpar, 2017) ve Tiirkiye
Jeolojik Miras Envanteri’ne eklenmistir (Inaner
ve Savascin, 1999) ancak Biga yarimadasindaki
onemli jeodegerler anilan jeolojik unsurlarla
sinirlt degildir. Bolge, daha kapsamli ¢caligmalara
ev sahipligi edebilecek doluluktadir.

COMU YERBILIMLERIi VE DOGA TARiHi
MUZESI (YBDTM)

Kisaca YBDTM olarak tanimlanan miize, COMU
Miihendislik Fakiiltesi biinyesinde, Eyliil 2009
tarihinden itibaren sistematik olarak Ornek
toplamaya baglamis ve T.C. Kiiltiir ve Turizm
Bakanligi, Kiiltir Varliklar1 ve Miizeler Genel
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Midiirliigii tarafindan 01.09.2014 tarih 60960384
— 151.01.01 167889 sayili yazi ile T.C. Kiiltiir
Bakanligi denetiminde 0zel miize statiisiinde
miizeler listesinde “Yerbilimleri ve Doga Tarihi
Miizesi” olarak yerini almis bir {iniversite
miizesidir (Kiyak vd., 2012; Calik vd., 2014a,
2014b, 2017b; Calik, 2016a-b). Yerbilimlerinin
yani sira 2017 yilinda Biyoloji bilimine ait
ornekleri de ziyaretcilerine sunmaya baglamistir.
Kurulug amaglarindan birisi de bdlgenin 6nemli
jeolojik unsurlar iizerinde ¢alismalar yapmak ve
tanitmaktir. Kurulus asamasinda fiziksel miizenin
yaninda e-miize olarak sanal ortamda da hizmet
vermeye baslamis ve bu Ozelligi ile alaninda
Tiirkiye’deki ilk e-miize (http://ybm.comu.edu.tr)
olmay1 bagarmistir (Kiyak vd., 2012; Calik, vd.,
2014a-b).

YBDTM bélgedeki ilgiyi iizerinde ¢ekmesi
ile birlikte, bolgedeki cesitli jeolojik olusumlar
icin bilgi akismnin baslamasina neden olmustur.
Bu konuda projeler oOnerilerek bu alanlarin
bilim diinyasina kazandirilmasi i¢in c¢aligsmalara
baslanmistir (Calik vd., 2017a). Miizeye ulasan
bilgiler genelde bilimsel cevrelerde bilinen
alanlart isaret etmektedir. Ancak, cogunlukla
karsilagilan Onerilen alanlarin yerel halk disinda
kimse tarafindan bilinmedigi iddiasi, bilimsel
olarak caligilmig olmanin yerel halka katkisinin
yok denecek kadar az oldugunu gostermektedir.
YBDTM bu anlamda anilan ve benzer konularda
salt bilimsel ¢alismalar yapmanin yaninda Calik
vd., 2018; Uzunoglu vd., 2018) bilimsel sonuglarin
katkis1 ile yerel halka yonelik girisimlerin de
Onilinli agmay1 amacglamaktadir. Her ne kadar olasi
yikict sonuglar1 olsa da ilging jeolojik unsurlarin
tanitilmas1 ve turistik ¢ekim noktasi olarak
kullanilmas1 anilan amaca hizmet edebilecek bir
yoldur.
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CALISMA YONTEMI: iZLENCE

Birjeodegerin turizme kazandirilmast i¢in 6nerilen
taslak projeler ana basliklar olarak ele alindiginda
sahanin tanitimi, erigimi, giincellenmesi
cevresindeki yagam alanlart ile etkilesimi
onemlidir. Dogaseverlere rehberlik edecek ve
jeolojik giizellikleri yerinde gosterebilecek bir
dokiiman ve gezi veri tabani ¢ikarilmasi gozetilir.

Ve

Ornek calisma olarak Bayramic bolgesinde
bulunan yar1 degerli tas sinifindaki opal olusumlart
ile Tuzla ¢evresindeki sicak su ¢ikislari basta olmak
iizere Yarimada’da bulunan ama pek bilinmeyen
jeolojik degerlere yonelik kisitlamalar1 da igeren
bir taslak izlence Cizelge 1°de verilmistir.

Onerilen izlence yapilabilecek ¢alismanin ana
hatlarimi igerdiginden jeodegerin 6zelligine bagl
olarak gelistirilmelidir. Unutulmamasi gereken
ayrint1 ise bu izlencenin Digne Bildirgesi veya
ProGEO yaymlarinda yer aldig1 gibi olaya daha
kiiresel ve bilimsel yaklagsan metinlerin yerine
gecme egilimini olmadiginin bilinmesidir. Basitce
vurgulanirsa, bu oneri kiireselden yerele gecisi
saglama gorevi yliklenmektedir.

Bu tiir girisimler temel olarak tanitim —
etkilesim — gelisme {ii¢cgeninde ele alinabilir.
Tanittmin  glincel teknolojiler ile yapilmasi
kuramsal olarak zorunluluk olsa da aslinda
hedef kitleye erisimde biiyiilk bir kolaylikta
saglamaktadir. Akilli telefonlarin yayginlagsmasi
kullanim  kolayliklari  bu tiir  ¢aligmalari
kolaylastirmaktadir.

Bu caligmalarin basarisi i¢in yerel halk
ve yonetimler ile etkilesimin olumlu yonde
saglanmasi i¢in yeterli bilgi akisi olmalidir. Kiigiik
yerlesim yerlerine olusturulacak yogun ziyaretci
trafigi yerel sosyal dokuda oldugu kadar ¢evrede
var olan endemik tiirler i¢inde sorun yaratabilir
(Yiksek vd., 2008). Gelisme, siirecin bir pargasi
olarak gerek tanina bilirligin artmas1 gerekse
cevredeki yeni alanlarin bulunup belgelenmesi
olarak bu calismalara katki koyacaktir.
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Cizelge 1. Taslak izlence

Table 1. Proposed road map

A) Tanitim islemi gliniimiiz
teknolojisine uyumlu olmalidir.

. Web lizerinden adanmis web sayfalari, ozellikle wikipedia gibi

. Akilli telefon ve tabletlerdeki bolgeye 6zel hazirlanmis uygulamalar

. Yerel yonetimler kendi tanitim etkinliklerine dahil etmelidir.

uluslararasi alanda bagvurulan ve ¢ok dilli yayin yapan basvuru
kaynaklart uygundur. Yerel yonetimler kendi tanitim etkinliklerine
kismen de olsa dahil etmistir.

kullanilmalidir.

B) Bolgede var olan yerbilimleri ile
ilgili miizeler bu tanitima teknik
bilgi ile destek saglamalidir.

. Miizede sunulacak jeodegere ait drnekler ve konum bilgisi ¢ekim

. Miize yetkilileri dénemsel olarak alan ziyareti ile varsa koruma

merkezleri yaratacaktir

icin gerekli 6nlemleri ilgili birimlere aktarmalidir. Saha ziyaretleri
amactyla yerel yonetimlerde fon ayrilmasi 6nemlidir.

C) Arag ile en yakin yerlesim birime
ulasim yollarinin tanimlanmasi
gereklidir.

. Kiigiik yerlesim yerlerinde arag park yerlerinin sorun olabilecegi
. Kiigiik yerlesim yerlerinde veya ¢evresinde beslenme ve dinlenme

. Organik tarim yapilan alanlarda 25 km uzaga kadar arag¢ girisinin

hatirlanmalidir.
amacina uygun olanaklar olmast dnemlidir

olmayacag1 gz oniine alinmalidir

D) Dogaseverler i¢in yiiriiylis
giizergahlar1 hazirlanmalidir.

. En yakin yerlesim yerinden veya uygun bir alandan yiiriiyerek

b. Bu konuda yetkin rehberlerden destek alinmasi dnemlidir.
. Gerekli yerlere tehlike uyarilari konulmali ve zaman iginde giizergah

jeodegere erisim yollari belirlenmelidir. Sicak su ¢ikislarinin oldugu
yerlerde uyart levhalari bulunmaktadir.

denetlenmelidir.

E) Jeodegerinin havadan fotograflart
ile desteklenecek akilli telefon
ve tablet uygulamast ile Onerilen
olusum dogasevere sunulmalidir.

. Jeodegerinin 6zelligine bagli olarak uygulamada goriilmesi gereken
. Uygulamalar giincel fotograf yiikklemeye olanak vermelidir. Denetim

. Cevrede bulunan olasi yeni jeodegerlerin kesfi i¢in kullanicilarin

degerler belirtilmelidir
islemini kolaylastiracaktir,

yeni konumlar eklemesi saglanmalidir

TUZLA JEOTERMAL SAHASI

vd., 2008). Biiyiik olasilikla Kizilca Tuzla ismi de
kimyasal igerigi zengin sicak sularin neden oldugu

Biga Yarimadasi’nin giineybatisinda, Ayvacik
ilgesinin batisinda yer alan Tuzla Kd&yii, Karesi
Beyligi doneminde (~700 yil 6nce), Kizilca Tuzla
ad1 ile kurulmustur (Sekil 1). Bolgenin idari, ilim
ve saglik merkezi olarak taninmigtir. Glinlimiizde
daha ¢ok Jeotermal enerji ile anilir olmustur. Tuzla
jeotermal sahasi, Tuzla kdyiiniin gliney dogusunda
yer alan Tuzla tepesinin eteklerindeki alan1 kapsar
ve etkin bir jeotermal bolgedir. Tuzla tepesinin
eteklerinden ¢ikan sicak suyun ¢ikis noktalarindaki
sicakligi 35-110 derece arasinda degismekte ve
denetimsiz olarak cevreye yayilmaktadir (Baba
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renklendirme nedeniyle verilmistir (Sekil 1a siyah
oklar ve Sekil 2a).

Bolgedeki jeolojik birimler magmatik ve
sedimanter kayalarin varlig1 ile temsil edilirler
(Sekil 1b). Caligma alaninda volkanik kayaclar
genis yer kaplarlar. Bolgede riyolitik tif ve
aglomeralarla etkin olmaya baglayan volkanizma
daha sonra trakitik-trakiandezitik lavlar ve son
olarak riyolitik tif ve ignimbritler ile devam
etmistir (Erenoglu vd., 2015). Volkanizma birkag
evreli olarak tiim Miyosen zamani boyunca etkin
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olmustur. Miyosen volkanizmasinda ayrintili
calismalar yapan Ongiir (1973), volkanik
etkinligin Ayvacik-Babakale ve Behram (Assos)
volkanlari olmak fiizere {i¢ volkanik merkezde
toplandigin1 belirtmistir. Volkanizmanin en son
{iriinii ignimbritler iizerinde Ust Miyosen-Pliyosen
yaslt ¢okeller yer alir. Kuvaterner yagh aliivyon
malzemeler ise Tuzla ovasinda tim birimleri
uyumsuzlukla orter.

Tuzla tepesinin etrafindan ¢ikan sicak sular
cogunlukla Tuzla c¢aymma akmaktadir. Tuzla
tepesinin giineyinde iki dnemli su ¢ikisi daha
bulunmaktadir (Sekil 1a de “b ve ¢” ile gosterilen
siyah oklar). Az taninan bu kaynaklardan ¢ikan
sular nedeniyle olusan kiigiik bir dere (Sekil la
yesil oklar) Tuzla cayma baglanmaktadir. Bu
derenin 35-38 dereceye ulasan sicak suyunda
yasayan ve boyalar1 2-3 santimetre arasinda
degisen Cyprinodontidae familyasindan, Aphanius
Genusuna ait ve Fasciatus tiiriine yakin 6zellikte
bir balik tiirti yasamaktadir (Sekil 2b)>.

Endemik olma ihtimali bulunan bu balik,
bolgede jeotermal enerji tiretimi yapan kurumlarin
sosyal sorumluluk projesi cercevesinde koruma
altina alinarak, dere tel Orgiiyle cevrelenmistir.
2016 yilinda yasanan Ayvacik deprem firtinasi®
ile tekrar giindeme gelen bu alan jeodeger
olarak degerlendirilebilecek ziyaret alanlarma ev
sahipligi yapmaktadir. Bu ¢alisma cercevesinde
serbestce ziyaret edilebilen sicak su parlar
ele alinmistir. Giincel durumda cevre temizligi
en biiyiikk sorundur. Jeodeger olarak tanimlama
yapilirken izlence ile karsilastirildiginda mobile
uygulamanin eksikliginin yani sirayerel 6zelliklere
bagl ayrintilar 6ne ¢ikmaktadir (Cizelge 2).

2 Prof. Dr. Siikran Yal¢mn Ozdilek, Dog Dr. Deniz Anil Odabasi ve
Yrd. Dog. Dr. Serpil Odabasi kisisel Gortiigme 2017.
3 Tolga Bekler kisisel Gortisme 2017
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Cizelge 2. Tuzla jeotermal jeodegeri i¢in izlence

Table 2. Road map for Tuzla hot springs

a. Web lizerinden
adanmis web sayfalari
yetersizdir.

Yerel yonetimler kendi
tanitim etkinliklerine
kismen de olsa dahil
etmistir.

YBM —Biyoloji
birimi altinda dérnek
heniiz bir balik drnegi
bulunmamaktadir.

A) Tanitim iglemi
gliiniimiiz
teknolojisine
uyumlu olmalidir.

B) Bolge de var olan a.
yerbilimleri ile ilgili
miizeler bu tanitima
teknik bilgi ile
destek saglamalidir.

a. Tuzla'ya ulasim Ezine

Giirpinar yolundan

saglanmaktadir.

Dere boyunca

yol kenarlar arag

park yerleri olarak

kullanilmaktadir.

c. Tuzla igerisinde yeterli
lokanta ve aligveris
noktast bulunmaktadir.

C) Arag ile en yakin
yerlesim birime
ulasim yollarinin
tanimlanmasi
gereklidir.

a. Tuzla i¢inden itibaren
arag yolu ve yiiriyiis
yolu vardir.

Sicak su ¢ikiglarimin
oldugu yerlerde

uyari levhalart
bulunmaktadir.

D) Dogaseverler
icin ylirliyiis
giizergahlari
hazirlanmalidir.

KESTANBOLU (YAHYACAVUS) ANTIK

GRANIT SUTUNLARI

Kestanbol Pliitonuna ait granitlerden yapilmis
Kestanbol antik granit silitunlar1 ve granit
ocaklari, Canakkale ili, Ezine il¢esi smirlar
icinde eski adi Kocali kOyli olan Yahyacavus
koyl yakimlarindadir (Sekil 3). Halkin “pembe
tas” olarak adlandirdig1 porfiri dokulu Kestanbol
graniti, Kestanbol — Bergaz - Yaylacik koyleri
arasinda ylizeylemektedir. Pembe renginin yam
sira iri kristalli dokulu granitler, antik ¢aglarda
caplart 160 cm, uzunluklart 10 - 12 metre ve
yaklasik agirlig1 60 ton olan siitunlarin liretiminde
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kullanilmistir. Yahya CavusKoyii’niin 1.5 km
batisinda yer alan Yesiltaglar civarindaki ocak
icinde halen yedi adet siitiin bulunmaktadir
(Giirler vd., 2008) (Sekil 4a) ve antik ocagin
aynasinda korunan iscilik izleri goriilebilmektedir
(Sekil 4 a- b). Uretilen bu mermerler eski ¢aglarda

tim Akdeniz c¢evresinde yapi malzemesi olarak
kullanilmistir  (Satir  2004).Antik  c¢aglardan
itibaren ilgi goren ve yapi tas1 olarak kullanilan
Kestanbol granitleri, giiniimiizde de halen 6zel
sirketler tarafindan isletilen tas ocaklarindan
cikarilmakta ve yapi tasi olarak islenmektedir.

Sekil 1. a) Tuzla kdyii ¢evresi Google goriintiisii ve b) bdlgenin jeoloji haritast (Karamanderesi 1986’dan

diizenlenmistir).

Figure 1. Google Earth satellite image around Tuzla village b) Geological map of the district (modified from

Karamanderesi, 1986).
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Sekil 2. a) Tuzla koyii yerlesim alani yakinlarinda sicak su ¢ikislari (Sekil 1a’ da “a” ile gosterilen siyah ok), b) Tuzla

¢ayinda yasayan endemik balik ttri*
Figure 2. a) Hot springs nearby Tuzla village (Figure la blackarrow), b) endemic fish living in Tuzla creek

Sekil 3 a) Yahya Cavus koyii ve gevresinin Google goriintiisii ve b) bolgenin jeoloji haritas1 (Karacik ve Yilmaz

1998’den diizenlenmistir.)
Figure 3 a) Google Earth satellite image around Yahya Cavus village and b) Geological map of the district (modified

from Karacik and Y1lmaz, 1998)

kaplamaktadir. Pliiton elips sekilli olup KD-GB

Kestanbol Pliitonu, 13 km uzunlugunda, 11
yonelimlidir (Karacik ve Yilmaz, 1998).

km genisliginde yaklasik 140 km?’lik bir alam

4 http://www.aksam.com.tr/yasam/canakkalede-ilginc-balik-turu-bulundu/haber-284300
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Sekil 4. a)Yahya Cavus (Kocali kdyii) yakinindaki antik granit ocagi, b) Ulukdy yakinindaki antik granit ocagi

Figure 4. a) Antique granite column and quarry by Yahya Cavus (Kogali kéyii), b) Antique granite column and

quarry by Ulukéy village.

Kestanbol  Pliitonu  birgok  arastirmaci
tarafindan ¢alisilmistir (Siyako vd., 1989; Okay
vd., 1990; Karacik, 1995; Karacik and Yilmaz,
1998; Goker ve Tugrul, 2006, Tunusluoglu vd.,
2012). Bolgenin en yash birimlerini Paleozoik
yaslt metamorfik birimler olusturur. Oligosen
sonunda Biga Yarimadasi’ni etkileyen yogun ve
yaygin kalkalkalen magmatizmasina bagl olarak,
Ust Oligosen-Orta Miyosen ’de (Birkle ve Satir,
1995; Fytikas vd.,1976) ise kuvars monzonit ve
granit Ozellikteki Kestanbol Pliitonu bdlgeye
yerlesmistir (Karacik ve Yilmaz, 1998).Kestanbol
Pliitonu bolgedeki metamorfik kayaglar1 keserek
kontak metamorfizmaya ugratmistir. Bolgedeki
yasli birimler, Erken Miyosen yash volkanik-
subvolkanik (Karacik ve Yilmaz, 1998) kayaclar
ve Ust Miyosen — Pliyosen yagh ortii kayalart
tarafindan oOrtiilmiistiir (Karacik ve Yilmaz 1998)
(Sekil 4).

Kestanbol
monzonit ve granit; krem-agik pembe renkli,
holokristalen orta-iri taneli, kuvars-alkali feldspat,
plajioklas ve biyotit-hornblend kristallerinden
olugmustur. Kuvarsmonzonit el &rneginde yer
yer 1-3 cm boyutlarina ulasan iri alkali feldspat
bollugu nedeniyle pembe-koyu pembe renkli, daha

plitonunu olusturan kuvars
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iri kristalli ve porfirik dokuludur. Pliiton ic¢inde
yaygin olarak izlenen eklem sistemleri Pliiton
katilagtiktan sonra gelismis yapilar olup, ana eklem
sistemleri pliitonun tiimii i¢in degerlendirildiginde
K60-70D ve K40-50B oldugu goriilmistiir
(Karacik, 1995). Bunlarin diginda tektonizmaya
bagli olarak gelismis eklemlerde bulunur. Pliitonun
kenar zonlarinda eklem sayisinda artis gdzlenir.
Antik zamanlarda, boylar1 10 m’yi asan siitunlar
eklem takimlari kullanilarak islenmislerdir (Goker
ve Tugrul, 2006).

Cevresinde herhangi bir koruma oOrgiisii
olmayan Kestanbol antik granit siitunlarinin
bulundugu bu alan tahrip olma tehlikesi ile
kars1 karsiyadir. Yerel halkin ¢esitli nedenler
ile tas gereksinimi i¢in bu yataklardan
saglamasi nedeniyle tarihsel bilgilerin yok
olmas1 kacgimilmazdir. Dogaseverler tarafindan
ziyaret edilen bu alan Tirkiye Jeolojik Miras
Envanterinde yer almaktadir (Inaner ve Savascin,
1999). Bu alanin ayrica jeodeger olarak kiiltiirel
turizm amaciyla kullanimi gorece daha kolaydir

(Cizelge 3).
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Cizelge 3. Kestanbol granitleri jeodegeri igin izlence

Table 3. Road map for Kestanbol granites

A) Tanmitim  islemi
uyumlu olmalidir

gliniimiiz  teknolojisine

a. Akademik c¢alismalar disinda Geocache
sayfalarinda yer almaktadir.

benzeri web

B) Bolge de var olan yerbilimleri ile ilgili
miizeler bu tanitima teknik bilgi ile destek
saglamalidir.

a. YBM —granit 6rneklerini sunmaktadir

C) Arag ile en yakin yerlesim birime ulagim
yollarinin tanimlanmasi gereklidir.

a. Alan ulagim Ezine —Giilpinar yolundan saglanmaktadir.
b. Belirli bir park alani yoktur
c. Cevrede yeterli lokanta ve bakkal bulunmamaktadir.

D) Dogaseverler igin ylriiylis glizergahlari
hazirlanmalidir.

a. Belirgin bir yiiriiyiis yolu vardir.
b. Uyart levhalari bulunmamaktadir.

E) Jeodegerinin havadan fotograflar1 ile
desteklenecek akilli telefon ve tablet
uygulamast ile 6nerilen olusum dogasevere
sunulmalidir.

a. Goriilmesi gereken degerler belirli degildir
b. Google harita goriintiileri disiik ¢oziintirliklidir
c. Egitici ve yonlendirici bilgi bulunmamaktadir.

YENICE KOYU-OPAL SAHASI

Yenice opalleri, Kuzeybatt Anadolu’da Biga
Yarimadasi’nin orta kesiminde, Can-Bayramig
karayolu tizerinde Yenice Kdyii giineydogusunda
yer alir (Sekil 5a). Bolgeye ulasim Can-
Bayramig karayolunu kullanarak saglanmaktadir.
Opallerin yer aldig1 bolge jeolojik olarak
magmatik ve sedimanter kayalardan olugan
farkli kaya birimlerini icermektedir. Bolgede
Oligosen donemi volkanik toplulugu Saraycik
volkaniti, Yaylacik ignimbiriti ve Ezine volkaniti
olmak tizere ii¢ farkli harita birimi olarak ayirt
edilmistir. Oligosen-Miyosen araligindaki yaygin
sonrasinda bdlgede Bayramig

ait sedimentler ¢okelmistir

magmatizma
Formasyonuna
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(Sekil 5b). Bolgedeki opaller Ezine volkanitleri
icinde goriilmektedir. Krem, sar1, turuncu, bordo
gibi degisik renk tonlarina sahiptirler (Sekil
6). Bu renklenme biinyelerinde bulunan demir
elementinin etkilerini gostermektedir (Calik vd.,
2017a). Bol kirikli ve catlakl, kirllgan 6zellik
gosterirler. Opallerin olusumu muhtemelen hemen
yakininda bulunan fay zonu ile alakali olmalidir.
Bolgedeki bu fay zonu hidrotermal silis akigkanlar
icin gecis yolu olusturarak opal damarlarinin
olusumunu saglamis olmali (Calik vd., 2017a).
Bu alanin Jeodeger olarak tanimlanmasi igin basta
ulasim sorunlar1 olmak {izere birgok eksiklik 6ne
cikmaktadir (Cizelge 4).
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Sekil 5. a) Yenice opalleri jeodegerinin Google goriintiisii ve b) ¢evresinin jeolojisi (Calik vd. 2017a)

Figure 5. a) Google Earth satellite image of Yenice opals geovalue and b) geological map of its around (Calik et.al.,
2017a)
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Sekil 6. Yenice opallerinin goriintimii

Figure 6. Field photograph of Yenice opal

Cizelge 4. Yenice Koyl jeodegeri igin izlence

Table 4. Road map for Yenice village geopoint

A. Tanitim islemi glinimiiz teknolojisine uyumlu a. Herhangi bir bilgi yoktur
olmalidir
B. Bolge de var olan yerbilimleri ile ilgili miizeler . -
bu tanitima teknik bilgi ile destek saglamahidir. | 0 DM ~Opal dreklerini sunmaktadir
c. Alan ulasim Canakkale —Bayrami¢ —Yenice kdyii
C. Ara¢ ile en yakin yerlesim birime ulasim yohlmfiar.l saglanmaktadir.
ollarinin tanimlanmasi gereklidir d. Belirli bir park alami yoktur
Y ' e. Cevrede yeterli lokanta ve bakkal bulunmamaktadir
f. Bolgede kismi olarak organik tarim denemeleri
yapilmaktadir.
D. Dogaseverler icin  yiirilylis  glizergdhlan | g. Belirgin bir yiiriiyiis yolu vardir.
hazirlanmalidir. h. Uyari levhalart bulunmamaktadir.
E. jeodegerin havadan fotograflari ile desteklenecek | a. Goriilmesi gereken degerler belirli degildir
akilli telefon ve tablet uygulamasi ile onerilen | b. Google harita goriintiileri diisiik ¢oziintirliklidir
olusum dogasevere sunulmalidir. c. Egitici ve yonlendirici bilgi bulunmamaktadir.
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TARTISMA
Kazanct vd. (2017), Birlesmis Milletler
Teskilat’'nin  yayinladigit 2030  Uluslararasi

Sturdiirtilebilir Kalkinma Hedeflerinin  6nemli
boliimiiniin dogay1 koruma ile ilintili oldugunu
belirtmektedir. Korumanin egitim ile baglayacagi
bir gercektir. Yerbilimlerinde egitim olusumlarin
tanitimina dayadigi hatirlanmalidir. Bu baglamda
egitim amagh tamitim bolgesel
birlestirilerek jeolojik miraslarimizin korunmasi
icin bir adim atilabilir. Bu adim Jeopark ve
jeodeger uygulamalarini 6ne ¢ikmaktadir.

turizm ile

Bunakarsi olarak tanitimin hatali yapilmasinin
sonucu, ziyarete acilan alanlarin kismi veya
kalict tahribata ugrayacagi gercegi her zaman var
olacaktir (Steele, 1995).

Bu tiir etkinliklerin yerel turizme katkisi
olumlu olabilecegi gibi donemsel olarak
olumsuzluklarin yasanmasi olasidir. Bu amagla
bu tiir calismalarda yerel halkin bilgilendirilmesi
ve etkinlik konusunda ikna edilmesi 6nemli bir
kosuldur. Bu tiir turistik etkinliklerin, git-gor-6z
¢ekim yap-geri don ile sinirli bir dongii olmadigi,
yerel ekonomiye katkisinin olacagi, issizlik
nedeniyle terk edilmeye baslanan koylere ek gelir
saglayacagl yadsmamaz bir gercektir (Kahveci
vd., 2003)

Cevresel olarak organik tarim yapilan alanlar
ile endemik tiirlerin yer aldig1 alanlarin turizme
acilmas1 ozellikle dikkatle alinmasi gereken bir
karardir. Aragla ulasim kisitlansa bile dikkatsiz
ziyaretcilerin  atiklar1  ¢evresel felaketin ilk
adimlar1 olacaktir (Demir, 2013).
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Teknolojini  kullanim1  tanitim  islemini
asirt olagan iistii derecede kolaylastirmaktadir.
Sosyal medyanin bize armagani olan 6z ¢gekim
ve konum bildirme aliskanligi,
gelistirilmesinin yaninda denetleme amaglhida
kullanilabilir (Nyaunpane vd., 2016). Bu amagla
mobil uygulamalar araciligi yiliklenen ziyaretei
fotograflart donemsel olarak incelenerek ve
izlenerek olasi tahribatlar belirlenebilir. Igerigi
farklida olsa “izleme” amaghi bir uygulama
Troia civarinda yasayan kuslar i¢in yapilmis® ve
kullanicilardan olumlu geri bildirimler ve destek
almmigtir.®

turizmin

Sekil 7°de ele alinan bu ii¢ saha i¢in ulasim
glizergdht  gosterilmektedir. Anilan alanlara
erisim, yol istii duraklarinin olusmasit ve var
olanlarin geligmesi ile diger yerlesim yerlerine
de katki saglayacaktir. Bu tiir haritalara benzer
konumdaki miizelerde de yer verilerek ziyaretgiler
yonlendirilmelidir. Duraklamalar ile birlikte
ortalama olarak 6 saat slirmesi beklenen yaklasik
247 km uzunlugundaki bu giizergahin,l.4gece/
turist olan konaklama siiresini 1.8 gece/turist
siiresine uzatmasi ve yerel ekonomiye olumlu
katkis1 beklenmektedir.

5 http://www.troiabirds.com/ (erisim tarihi Mart 2018)
6  Cumali Yasar (yazarimiz) ve ekibi tarafindan gelistirilmistir.
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Sekil 7. Tuzla jeotermal sahasi, Kestanbolu (Yahya Cavus) antik granit siitunlar1 ve Yenice opal sahasi i¢in ulagim

giizergahi.

Figure 7. Trip route for Tuzla geothermal land, Kestanbolu (Yahya Cavus) antique granite columns and Yenice opal

field.

SONUCLAR

Bu calismada, Canakkale ili sinirlart iginde yer
alan jeolojik olarak 6nemli ve toplumu ilgisini
¢ekebilecek jeolojik olusumlarin jeopark veya
bolge
turizmine katki olarak ziyarete agilabilecegi ve
korunmasi i¢in neler yapilabilecegi konusunda
gorilislerimize yer verilmistir.

jeodeger olarak nasil tanitilabilecegi,

Turistik degeri olan alanlarmm korunma
yollarindan bir yolu olarak tanitma etkinliginin

onemi  vurgulanmisti. Koruma eyleminin
toplumdan bagimsiz olarak ele alinmasi sonuglarin
istenilen diizeye ¢ikamamasimin nedenidir.

Bu asamada koruma c¢alismalar1 toplum ile
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biitiinlestirilirse daha etkin sonuglar beklenebilir.
Anilan biitiinlestirme islemi, korunan olgunun
denetimli olarak kullanima veya ziyarete agilmasi
ve bu sayede olusuma olan ilgiyi sicak tutarak
yerel yonetimlerde itki yaratilmasi ve koruma
¢alismalarina destek verilmesi olarak 6zetlenebilir.

Birbirinden yapisal olarak farkli ii¢ ayr1 aday
nokta; Tuzla jeotermal alani sicak su cikislari,
Kestanbol — Yahya Cavus koyii antik granit
siitunlar1 ve Yenice Koyti-opal sahasi 6rnek olarak
ele alinmis ve bir izlence ile yapilmasi gerekenler
Ozetlenmistir. Unutulmamas1 gereken ayrinti,
her alanin kendi 6zgli kosullar1 oldugu ve bu
kosullarin gz ard1 edilmesinin jeodegerde kalici
hasarlar birakabilecegidir.
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EXTENDED SUMMARY

Biga peninsula has rich geological features that
attracts attention of not only scientific community
but also nature-lovers. Many of these features
known to locals but have not been utilised as
tourist attractions so far. We provide a road map
of outlines that the utilisation of three structurally
different the
Canakkale province as geoparks or geopoints

geological  formations within
may help to preserve these areas. As examples,
hot water springs of Tuzla geothermal area,
ancient granite columns of Kestanbolu- Yahya
Cavusvillage and opal pit of Yenice village are
taken into consideration.

Tuzla hot springs is a candidate due to its
colourful geological formations as well as endemic
fish lives in Tuzla creek. Kestanbol granites were
the sources of the pillar used in many famous
temples around the Mediterranean. Yenice Opal
pit is a open air demo field for semi-precious gems.

Drafted road map contains outlines only
and must be implemented to the other areas with
cautions.

In the other words, besides the areas
highlighted above, all other possible areas have
their own specific conditions and that ignoring
these conditions may cause permanent damages

to the area.

The museum of the earth science and history of
nature has become a counter point for local people
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who have concerns about their surroundings. By
the help of such people various geo-points have
been registered tour research agenda.

All these areas delicate and must be protected
form human raid occurs due to some commercial
activities. As a way of preserving such areas that
are both scientific and tourist attraction, we are in
favour of opening to and exploring by the public.
We also aware of possible negative outcomes of
this activity.
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Oz: Calisma alan1 olan Akhiiyiik Jeotermal alam1 Orta Anadolu Volkanik Kompleksinin giineybati kisminda yer
almaktadir. Alanda bulunan Akhiiyiik travertenleri Tuzgo6lii Fay Zonuna paralel bir gatlak hatti1 boyunca ylizeye ulasan
termal sularin ¢dkelmesi sonucu olusmus sirt tipi bir traverten yapisindir. Caligma alanina ait kaya¢ numunelerinin
tiim kaya XRD incelemelerinde tim numunelerin kalsit mineralinden olustugu goriilmektedir. Ayn1 numunelerin
XRF analiz sonuglarina gore alinan tiim numuneler yaklasik %90 oraninda Ca elementinden olustugu ayrica bu Ca
elementine Mg, S, Sr ve K gibi elementlerin eslik ettigi gézlenmektedir. Inceleme alaninda farkli kaynaklardan alinan
su orneklerinin yilizey ¢ikis sicakliklar 17-35 °C arasinda degisirken, pH degerleri 6.6-6.9 ve elektriksel iletkenlikleri
(EC) 5600- 47700 puS/cm arasinda degismektedir. Calisma alanindan derlenen su 6rneklerinin Scholler diyagramina
gore sular ayni kaynaktan beslenmektedir. Orneklerin iyon dagilimlari sularin katyonlarina gére Na+K>Ca+Mg,
anyonlarma gore ise CIH+-SO,>HCO +CO, bolgelerinde yer alan Na-Cl tipinde sular oldugunu ve Giggenbach
diyagramina gore ¢ogunlukla olgun olmayan sular sinifinda oldugunu gdstermektedir. Su 6rneklemeleri sirasinda
Ol¢tilmiis sicakliklardaki mineral doygunluklari, termal sularda genellikle kalsit, aragonit ve dolomit minerallerinin
¢okel olusturdugunu gosterir. Elde edilen bu veriler 1s18inda olusturulan {i¢ boyutlu kavramsal modeline gore alanin
temelini Paleozoyik yasli Nigde Grubu olusturken, 1sitic1 kayay1 Orta Anadolu Volkanik Kompleksinde de oldugu
gibi Ugkapili Granadiyoriti ve jeogradyan, rezervuar kayay1 Gekbez Formasyonuna ait kiregtaslar1 ve rtii kayayida
Pleyistosen-Holosen yasli giincel ¢okeller ile Akhiiyiik travertenleri olugturmaktadir.

Anahtar Kelimeler: Akhtiyiik, hidrojekimya, kavramsal model, Orta Anadolu, traverten

Abstract: The Akhiiyiik geothermal field, which is the study area, is located in the southwest part of the Central
Anatolian Volcanic Complex. Akhiiyiik travertine in the study area is a fissure-ridge type travertine formed as a result
of sedimentation of thermal waters reaching the surface along a fault line parallel to the Tuzgolii Fault Zone. All
rock samples of study area are composed of calcite mineral in whole rock XRD examination. According to the XRF
analysis results of the same samples, all samples are composed of about 90% of Ca element and this Ca element is
accompanied by Mg, S, Sr and K elements. Surface temperatures of water samples taken from different sources in
the study area vary between 17-35 °C, pH values are 6.6-6.9 and electrical conductivities (EC) are between 5600-
47700 uS/cm. According to the Scholler diagram of the water samples collected from the study area, the waters are
Jfed from the same source. The ion distributions of the water samples are Na+K>Ca+Mg and CI+SO,>HCO,+CO,
according to the cations and anions, respectively and consist of Na-Cl type water. Mineral saturations in measured
temperatures during water sampling indicate that calcite, aragonite and dolomite minerals are generally formed by
precipitation in the thermal waters. According to the generated three-dimensional conceptual model of the field, the
bedrock of the area is the Paleozoic Nigde Group, the heating system is composed by the Ugkapili Granodiorite and

*Yazisma / Correspondence: mfsener@ohu.edu.tr © 2018 JMO Her hakk saklidwr/All rights reserved
http://tib.jmo.org.tr
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geogradyan as it is in the Central Anatolian Volcanic Complex. Reservoir rock is the limestones belonging to Gékbez
Formation and the cover rocks are the Akhiiyiik travertines with the Pleistocene-Holocene sediments.

Keywords: Akhiiyiik, Central Anatolia, conceptual model, hydrogeochemistry, travertine

GIRIS

Fosil yakitlardan kaynakli emisyonlarin neden
oldugu cevre sorunlari ve emisyonlarin ¢evresel
etkilerinin glin gectikce ortaya ¢ikmasina
bagli artan ¢evre bilinci nedeniyle, temiz
yenilenebilir enerji kaynaklarinin kullanimina
egilim artmaktadir. Jeotermal kaynak kapasitesi
acisindan Tirkiye diinyada yedinci, Avrupa’da
iclincli sirada yer alir (Jennejohn vd. 2012).
Jeotermal kaynaklarimizin %90’1 diisiik ve orta
sicaklikli olup, dogrudan uygulamalar (isitma,
termal turizm, mineral eldesi v.s.) i¢in uygun olup,
%10’u ise dolayli uygulamalar (elektrik enerjisi
dretimi) i¢in uygundur. Tirkiye>nin jeotermal
kaynaklarinin gelistirilmesi ile gelecekte 6zellikle
elektrik iretimi ve seraisitmasii¢in kullanimlarinin
artmasi  beklenmektedir  (Melikoglu, 2017,
Haklidir 2015; Aksoy, 2014; Serpen vd., 2009).
Kaynak alanlarinin aragtirllmasinda genel olarak
jeolojik ve jeofiziksel metotlar kullanilmaktadir
(Craig, 1953; Ellis ve Mahon, 1977; Keller, 1981,
Fournier, 1991; Giggenbach, 1991; Pellerin vd.,
1996; Aydemir ve Ates, 2008; Serpen vd., 2009;
Ozkan vd., 2011; Mauri vd., 2012; Maucourant
vd., 2014).

Maden Tetkik ve Arama Genel Miudirliigii
(MTA) ve c¢esitli aragtirmacilar tarafindan
yapilan jeotermal arama c¢alismalarinda Orta
Anadolu’da bulunan sistemlerin jeotermal enerji
elde etmek i¢in uygun oldugu ancak bodlgenin
iklim kosullarindan dolay1 sistemin rezervuarini
besleyecek yeterli akigkanin olmadigi ortaya
koyulmustur (Minissale vd., 2013; De Filippis
vd., 2013; Sener vd., 2017). Jeokimya ve
hidrojeokimyanin kombinasyonu, termal
sistem ve akiskan gec¢mislerinin miikemmel
bir gostergesidir ve kesfedilmemis, gizlenmis
jeotermal  sistemlerin dagilimi

evrimi ve
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hakkinda oOnemli bilgiler verir. Bu nedenle
jeotermal sistemlerin gelisimi, bagli oldugu
jeolojik, tektonik ve fiziki kosullar1 yorumlamada
jeokimyasal ve hidrojeokimyasal analiz sonuglari
kullanilarak olusturulan kavramsal modeller
kullanilmaktadir.

Bu calisma kapsaminda Orta Anadolu’da
bulunan Konya ili Eregli ilgesine bagli Akhiiyiik
koyiinde traverten olusumunu saglayan CaCO,
icerikli akiskanlar ve travertenler incelenerek
alandaki jeotermal sistemin kimyasal, fiziksel
ve potansiyel Ozellikleri ortaya konulmaya
calisilmistir. Orta Anadolu’da bulunan jeotermal
alanlarin kimyasal ve fiziksel 6zellikleri, volkanik,
tektonik ve hidrojeokimyasal Ozellikleri birgok
arastirmaci tarafindan ¢alisilmis olmakla birlikte
(Roberts vd., 1979; Kazanci1 vd., 1995; Ilkisik vd.,
1997; Tekin vd., 2000; Ates vd., 2005; Buyuksarac
vd., 2005; Diker vd., 2006; Polat 2011; Pasvanoglu
ve Giiltekin, 2012; Mesci, 2012; Kiyak vd., 2015;
Bozdag, 2016; Yurteri ve Simsek, 2017; Balkan
vd., 2017; Sener vd., 2017), calisma alaninda
bulunan jeotermal sisteme ait su kayag iligkisi ilk
defa bu ¢alismada ortaya konulmustur. Elde edilen
sonugclar ile alandaki akiskanlarin hidrojekimyasal
ozellikleri ve beslenme alanlari belirlenmis ve
kayaclarin kimyasi ile yorumlanarak alanin
kavramsal modeli olusturulmustur.

CALISMA ALANI VE BOLGESEL JEOLOJI

Calisma alan1 34,0575°-34,0675° dogu boylamlar1
ile 37,5975°-37,6025° kuzey enlemleri arasinda,
Eregli ilgesinin (Konya) kuzey kesiminde yer
almaktadir. Calisma alanim1 kontrol eden ana
tektonik yapilar Tuzgdlii Fay Zonu (TGFZ) ve
Nigde fay zonudur (NFZ). Tuzgdlii Fay Zonu
(TGFZ) K30°B yonli, yaklasik 220 km uzunluga
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ve 15-25 km genislige sahip, sag yanal dogrultu
atimli bir faydir (Toprak ve Gonciioglu 1993; Dirik
ve Gonciioglu, 1996; Cemen vd., 1999). Konya-
Karaman havzasmin giineydogu smirimi kontrol
eden bir diger 6nemli tektonik yap1 Nigde Fay
Zonu (NFZ)’dir. NFZ, Nigde ili kuzeydogusundan
baslayan ve Karaman ili glineydogusuna kadar
uzanan yaklagik 170 km uzunluga ve 7-8 km
geniglige sahip sol yanal dogrultu atimh bir fay
zonudur (Kogyigit, 2003; Sekil 1).

Sekil 1. Calisma alaninin yer bulduru haritasi.
Figure 1. Location map of the study area.

Akhiiyiik il¢esinin icinde bulundugu Eregli-
Bor Neojen Havzasi kuzeyden Orta Anadolu
Volkanik Kompleksine ait Yalginlar (1954)
tarafinda Neojen-Kuvaterner arast donemde
olustugu tespit edilen Karacadag (1960 m) ve
giineyden Bolkar Daglar1 (Orta Toros Daglar1)
ile smirlandirilmaktadir  (Sekil 1). Eregli-
Bor Neojen Havzanin en yasli birimlerini, Alt
Paleozoyik-Mesozoyik (?) yash gnays, mermer,
kuvarsit ve amfibolitlerle temsil edilen Nigde
Masifi’ nin metamorfik kayalar1 (Nigde Grubu)
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olugturmaktadir (Atabey ve Ayhan, 1986).
Bolgede temel birimlerin iizerinde Paleosen-Eosen
yaslt Ulukisla-Camardi Grubu yer almaktadir
(Atabey ve Ayhan, 1986). Orta Miyosen’ de
gelisen orojenik hareketler, Orta-Ust Miyosen
goliinde ¢okelen birimler ile evaporitik ve molas
tiirde ¢okeller bu birimler lizerine gelmekte ve
icinde jipsli yeralti sularinin meydana getirdigi
jips damarlar1 bulunmaktadir (Oktay, 1982). Bu
formasyonun iizerine gol sularinin derinlesmesi

ile ince kirintililar ve kire¢tasi-marn ardalanmasi
gelmektedir. Kiregtaslar1 beyaz, kirli beyaz renkte
sert, ince ve diizgiin katmanhdir. Kirectaslar
iizerine gelen marnlar ise yesilimsi gri renkli,
midye kabugu kirilhimindadir (Oktay, 1982). Bu
formasyon iizerine uyumsuzlukla Ust Miyosen-
Pliyosen’ den baslayarak Kuvaterner’ e kadar
devam eden bir dizi volkanik birimler gelmis
ve havzayr tuzluluk bakimindan etkilemistir
(Donmez vd., 2003). Ust Miyosen-Pliyosen’
de biiyiik tektonik hatlar tizerinde gelisen



Melendizdag ve Hasandag volkanizmasi ovadaki
ylikseltileri meydana getirmektedir. Bu volkanik
istifi altta Melendiz volkaniklerine ait ojit-andezit
ve piroksen-andezit tirdeki lavlar,
andezit-bazalt tiirdeki Hasan Dag volkanizmasi ve
son olarak da ovadaki alkalen tiirdeki volkanizma
takip etmektedir (Dénmez vd., 2003). Istifin en iist
boliimii ise iri kirectasi ¢akili konglomera ile temsil
edilmektedir. Kumtaglar1 yer yer konglomera

uzerinde
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seviyeleri i¢cinde mercekler seklindedir. Bu
calismanin ana konusu olan ve Akhiiytlik kdyiinde
gozlemlenen travertenler stratigrafik kesite gore
alandaki allivyonlarin altinda temsil edilmektedir
(Temiz ve Savas, 2018). Traverten kiitlesi Ust
Pleistosen birimleri iizerinde stratigrafik olarak
konumlandiklar1 ve traverten olusumu halen
devam ettigi icin yas1 Ust Pleistosen-Holosen
olarak belirlenmistir (Sekil 2).

Sekil 2. (a) Calisma alaninin dron ile ¢ekilmis genel goriiniimii, (b) ¢alisma alaninda bulunan ve traverten ¢okelimini
saglayan ¢atlak yapilari, (¢) ¢aligma alaninda olusan eski ve yeni traverten yapilari, (d) ¢alisma alaninda bulunan ve

halen aktivitesi devam eden traverten olusumlari.

Figure 2. (a) General view of the study area with drone (unmanned aerial vehicle), (b) Cracked structures in the
study area that provide travertine sedimentation, (c) The old and new travertine structures, (d) Continuing travertine

structures in the study area.

196



Alchiiyiik (Konya) Jeotermal Alamindaki Hidrotermal Akigkan Dolasimi ve Traverten Olusum Mekanizmasi, Orta Anadolu, Tiirkiye

YONTEM

Eyliil 2017 tarihinde yapilan arazi ¢aligmalarinda
alandan farkli lokasyonlara ait 9 adet traverten ve 5
adet su numunesi (2 adet dogal ¢ikis 2 adet sondaj
ve 1 adet su kuyusu) alinmig ve 1/25000 olgekli
M32d4 paftasma islenmistir (Sekil 1). Caligma
alaninin hidrolojik kavramsal modelini olugturmak
icin inceleme sirasinda drone (insansiz hava
araci) ile gorlintiler alinmigtir. Su 6rneklemeleri
sirasinda EC (elektriksel iletkenlik), pH (hidrojen
potansiyeli) ve sicaklik Ol¢limleri yapilmistir.
Almman kaya¢ numunelerinin mineral igeriginin
tespiti i¢in icin tiim kaya X-Isini1 Difraktometresi
(XRD) analizleri yapilmigti. XRD analizi 40 kV
ve 30 mA’de 30 s hizinda ve 2° - 60°°de 0.05°
araliklarinda, Bragg-Brentano geometrisi ve CuKa
radyasyonu ile Panalytical Empyrean X-igini
kirinim cihazi kullanilarak Nigde Omer Halisdemir
Universitesi Merkezi Arastirma Labaratuvarinda
Olciilmiistiir. Ayni1 kaya¢ numunelerinin kimyasal
igerigini  6grenmek icin X-Isin1  Floresans
Spektrometresi (XRF) analizi yapilmigti. XRF
analizleri ise 1-4 kV giiclinde ve Rh, Cr, Mo ve
Au geometrilerinde Panalytical Zetium cihazi
kullanilarak Nigde Omer Halisdemir Universitesi
Merkezi Arastirma Labaratuvarinda Olgiilmiistiir.
Calisma alanindan derlenen su numunelerinin
major anyon katyon analizleri Konya DSI bolge
midiirligli laboratuvarinda gerceklestirilmistir.
Elde edilen jeokimyasal ve hidrojeokimyasal
analizleri degerlendirilerek Akhiiyiikk jeotermal
alanmin hidrojeolojik kavramsal modeli ortaya
konulmaya calisilmistir.

BULGULAR
Jeokimyasal Degerlendirmeler
X-Ismni Difraksiyonu (XRD) Analizi:

XRD kayaclar1  olusturan mineral
iceriklerinin belirlenmesinde kullanilan faydali bir
tekniktir. Calisma alanindan derlenen 9 adet kaya
ornegine ait tiim kaya¢ XRD analiz sonucuna gore
tiim numuneler kalsit mineralinden olusmakta ve

analizi
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genel olarak tim oOrnekler 3.035; 2.495; 2.284;
2.094; 1.912 ve 1.875 A degerlik gostermektedir
(Sekil 3). Kalsit CaCO, kimyasal formiiliine
sahip, Mohs sertlik sikalasina gore sertligi 3 ve
yer yuvarinin yaklasik %4 {inii olusturur.

Sekil 3. Calisma alanina ait traverten 6rneklerinin tim
kaya XRD grafigi

Figure 3. Whole rock XRD graph of rock samples of
the study area.

X-Isim1
Analizi:

Floresans Spektrometresi (XRF)

Calisma alanindan alinan traverten Orneklerinin
XRF igeriklerine gore numuneler XRD sonuglarina
paralel olarak % 84-90 oraninda Ca elementinden
olugsmakta ve bu Ca elementine Si ve Mg
elementleri eser oranda eslik etmektedir (Tablo
1). Genel olarak travertenlerde; SiO, ve AlO,
sertligi, Fe,O, ve Na,O ise travertenin rengini
etkilemektedir. Traverten icerigindeki MgO
orani ise, travertenlerin olusum siirecini bazik -
ultrabazik kayaclarla iliskisinin agiklanmasinda
yardimci olabilmektedir (Ayaz, 2002). Calisma
alanda eski traverten tabakalarindan alman ve
sahada en yash traverten oldugu diigiiniilen E1-2
numunesi haricindeki diger tiim numunelerin
Fe,O, degerleri disiiktiir. Bu durum travertenleri
olusturan akigkanlarin rezervuardan yiizeye
gelirken volkanik kayalarla etkilesime girmesi
ile aciklanabilir. Calisma alanindaki traverten
orneklerinden sirt yapisinda bulunan 6rneklerde
Ca miktarimin daha fazla oldugu goriilmekte
bu da traverteni olusturan akiskanin CaCO,
icerikli kayaclardan siiziilerek yiizeye geldigini
gostermektedir.
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Cizelge 1. XRF analizlerine gore inceleme alanina ait kayag¢ drneklerinin ana oksit igerikleri.

Table 1. Main oxide contents of the rock samples of the study area according to XRF analyses.

Numune

\o S0, ALO, TiO, FeO, MnO CaO MgO KO NaO PO,
El-1 2,458 0,173 0,036 0,304 0,012 90,093 2,800 0,232 0,447 0,044
El1-2 7,284 1,351 0,176 1,623 0,023 79,972 2,083 1,430 1,339 0,038
E2-1 0,446 0,086 - 0,090 - 93,314 0,398 0,152 0,522 0,016
E2-2 2,152 0,298 - 0,245 - 93,473 1,682 0,062 0,186 0,037
E3-1 2,092 0,204 - 0,190 - 91,783 1,065 0,195 1,000 0,036
E3-2 3,380 0,683 0,078 0,592 - 86,344 2,142 0,277 0,773 0,025
E3-3 0,536 0,114 - 0,065 - 92,358 0,473 0,160 0,687 0,014
E4-1 2,159 0481 0054 0273 - 91,802 0,509 0208 0375 0,057
E4-2 1,985 0,530 0,081 0,744 - 88,141 0,518 0,221 0,583 0,048

Hidrojeokimyasal Incelemeler alaninda yapilan arazi calismasinda su c¢ikis
Suda bulunan katyon ve anyonlar yeralt: noktalarinda yapilan sicaklik Ol¢limlerine gore

sularinin kimyasal 6zelliklerinin ve kalitelerinin
belirlenmesi, kokenlerinin arastirilmasi, yiizey
ve yagis sulart ile olasi iligkilerinin incelenmesi,
yeralti sularmin kirlenmesi ve iyilestirilmesi
gibi problemlerin ¢oziilmesi gibi arastirmalarda
kullanilan hidrojeolojik calismalarin vazgegilmez
bir pargasini olusturur. Calisma kapsaminda
alinan 5 adet su O6rnegine ait major anyon (Ca™,
Mg™, Na*, K* ve NH +) ve katyon (CI, SO*
, NO,, NO,, CO* ve' HCO;,) analiz sonuglari
Tablo 2’ de gosterilmistir. Akhiiyiik traverten

sularin sicakliklar1 17-31,8°C arasinda ve pH
degerleri 6,64-6,83 araliginda degismekte olup, bu
sular hafif asidik sular sinifinda yer almaktadirlar.
Yine yapilan 6l¢timlerde elektrik iletkenligi 5600-
47700 pS/cm, toplam mineral igerigi 601-2608
mg/] arasindadir. Caligma alanindaki sular genel
olarak Na-Cl su tipinde olup, ¢Oziinmiis madde
miktarina gore sodyum cloriir sular smifinda
degerlendirilmektedir. Kanyak gevresinde
traverten olusumlari oldukga yaygin olup kaynak
¢ikis1 bol CO, gazli ve kiikiirt kokuludur.

Cizelge 2. Sicak ve mineralli su kaynaginin fiziko-kimyasal analiz sonuglari.

Table 2. Physico-chemical analysis results of hot and mineral water source.

N = 2 ) = = 2 5 2 S «8 -9 =2 &2
umune =0 = o B o= oo s = &b v = ‘=2 s > o=
H © - £ =] B0 £ Z o Qo © O = O ™ )
aow 38 s B g3 PFR EogpsifreR i
e z M o o

AW-1 6,8 17,5 10820 1959 210 80 319 9 2728 882 836 130 0 733
AW-2 6,9 182 11230 2014 216 79 317 11 2829 899 11,9 130 0 735
AW-3 6,7 31,7 47300 10769 1041 70 1062 149 15072 3110 16,9 - 0 2976
AW-4 6,6 31,8 47700 10825 1041 71 1135 148 15339 3158 16,1 - 0 3181
AW-5 6,8 17 5600 699 77 101 489 940 504 - 54 0 1515
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Yar1 logaritmik Schoeller diyagramina gore
Akhiiyiik jeotermal sularindan AW1, AW2, AW3,
AW4 numuneleri Na+K>Ca>Mg, CI>SO >HCO,;
ve AWS5 numunesi Na+K>Ca>Mg, HCO >CI>SO,
bi¢iminde iyon diizenine sahiptir. Ayrica galisma
alanindaki sular benzer iyon konsantrasyonlar
sergiledikleri icin aym1 akiferden geldigi
diistintilmektedir (Sekil 4). Su analiz sonuglarina
gore yliksek Na degerleri plajioklaslarin ayrigmasi
veya Akhiiyiik jeotermal alanin Alt Pleyistosen
doneminde Tuzgolii havzasi smirlarinda olmasi
ile agiklanabilir. Kuyu suyu olan AWS5 numunesi
harig diger sularin yiiksek CI iyon konsantrasyonu
degeri ise ya akifere tuzlu su karigimi ile vaya
jeotermal sularin derin dolasimi ile agiklanabilir
(Sekil 4).

Sekil 4. Calisma alanina ait su Orneklerinin yari
logaritmik ~ Schoeller  diyagraminda  gosterimi
(Schoeller, 1977).

Figure 4. Demonstration of the water samples of the
study area in the semi-logarithmic Schoeller diagram
(Schoeller, 1977).

Piper Uggen diyagrami anyon ve katyonlarin
(% meq/l cinsinden) ayr1 ayr1 gosterildigi iki ayri
li¢cgenden ve tiim iyonlarin ortaklasa gosterildigi
bir dértgenden olusmaktadir. Uggen diyagramlar
sularm  hidrokimyasal ~ fasiyes tiplerinin
goriilmesinde, dortgen ise sularin siniflamasinda
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ve karsilastirilmasinda kolaylik saglamaktadir.
Akhiiyiik jeotermal alanindaki sicak sular Na-
Cl tipinde sulardir (Sekil 5). Kuyu suyu olan
AWS ise diyagramda Na-Ca-CI-HCO, su tipinde
olup, baskin iyonlar Na ve Cl’dir. Bolgedeki
sularin toplam iyon derisimine bakildiginda
AW3 ve AW4 daha uzun dolagimli sular oldugu
goriilmektedir. Ayrica dlgiilen EC degerleri de bu
sonucu desteklemektedir.

Sekil 5. Caligma alanindan alinan su 6rneklerinin Piper
diyagraminda gosterimi (Piper, 1944).

Figure 5. Piper diagram of the water samples taken
from the study area (Piper, 1944).

ClI-SO,-HCO, licgen diyagraminda
(Giggenbach, 1988) Akhiiyiik su orneklerinden
kuyu suyu olan AWS5 numunesi bikarbonat sular
bolgesinde yer aliyorken geri kalan numuneler
klorid sular bolgesinde yer alir. Akhiiyiik
jeotermal alanindaki sularin akifer kayasi kirectasi
ve marn ardalanmalidir ve sular kalsiyumca
zengin bu seviyelerden siiziilerek yiizeye
ulagmaktadir. Ayrica Na-Cl tip termomineral
sular yiliksek sicakliklarda ve derin akiferlerde
kayaclardan ¢6ziinen mineraller ve iyon degisim

reaksiyonlarmin  sonucunda  olusabilmektedir



(Gemici ve Tarcan, 2002). Jeotermal sularda
bulunan Na, sodyum tastyan silikatlarin
¢oziinmesinden veya termomineral akiferlerdeki
minerallerin buharlagsmasi sonucu olabilecegi
diistintilmektedir (Tarcan vd., 2005).

Sekil 6. Calisma alanindan alman su orneklerinin
Ternary diyagraminda gosterimi.

Figure 6. Ternary diagram of the water samples taken
from the study area.

Na-K-Mg iicgen diyagrami jeotermal sularin
kokenini, dengeye ulasip ulasmadiklariin
kontroliini ve uygun jeotermometrelerin
seciminde kullanilmaktadir (Giggenbach, 1988).
Na-K-Mg iicgen diyagramima gore Akhiiylik
jeotermal sahasindaki sulardan dogal ¢ikis
olan AW1, AW2 ve AWS5 olgun olmayan sular
sinifindayken AW3 ve AW4 numuneleri kismi
dengede sular alanina denk gelmektedir. Bu sular
s1g dolasiml1 yeraltisuyu ile karigmig sular olarak
tanimlanmaktadir (Sekil 7).
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Jeotermal sistemlerde traverten yapilar aktif
faylarin belirlenmesinde 6nemli araclardan biridir
(Giggenbach, 1988; Atabey, 2003). Jeotermal
alanlarda 1smin kaynagi volkanizma, sogumasini
tamamlayamamis magmatik bir sokulum veya
tektonik etkinlige bagl olarak degisir. Tiim bu
faaliyetler jeotermal alanin bulundugu bdlgede
1s1 akisinin yiiksek olmasina neden olur. Giincel
volkanik etkinligin var olmamasi nedeniyle Orta
Anadolu ve Dogu Anadolu gibi gen¢ volkanik
alanlarda jeotermal sistemin 1s1 kaynagini genel
olarak sogumasini heniiztamamlayamamis magma
ve tektonizma oldugu kabul edilmektedir (Mutlu
ve Giileg, 1998). Akhiiyiik jeotermal alanindaki
1s1 kaynagmin Orta Anadolu bdlgesinde siklikla
ylizlek veren Kretase yasli granit, granodiyorit
sokulumu, tektonizma ve jeotermal gradyan oldugu
disiiniilmektedir (Sekil 8). Calisma alaninin
genellestirilmis stratigrafik kesitinde alandaki
travertenlerin altinda Kapadokya volkanitlerine
ait birimler ile Gokbez Kirectaglar: bulunmaktadir.
Kapadokya volkanizmasmna ait bu birimler
hidrojeolojik olarak ¢ok az su igerebilir olmasina
ragmen tektonizmanin etkisiyle ikincil porozite
ve permeabilite kazandigi i¢in yer yer rezervuar
ozelligi gosterebilmektedir. Bu nedenle g¢alisma
alaninda bulunan kirik ve catlakli zonlardan
stiziilen sular volkanitlerin altinda bulunan
kiregtas1 birimleri igerisinde birikerek rezevuari
olusturur. Hidrotermal sistemin sahip oldugu 1s1y1
koruyabilmesi i¢in, sicak su akiferi izerinde diisiik
termal iletkenlige ve diisiik gegirimlilige sahip
bir ortii kayacin olmasi gerekmektedir. Caligma
sahasinda bulunan tektonizmadan az etkilenen
volkanitler ile giincel aliivyal ¢okeller sistemin
ortli kayasimi olusturmaktadir. Ayrica alanda
bulunan travertenler beslenme alanina diisen
yagis sularinin derinlere siiziilmesi ve fay diizlemi
boyunca tekrar yiizeye ylkselerek ¢okelmesi
sonucunda olugmus tektonik kontrollii sirt tipi bir
traverten ozelligindendir (Sekil 8).



Alchiiyiik (Konya) Jeotermal Alamindaki Hidrotermal Akigkan Dolasimi ve Traverten Olusum Mekanizmasi, Orta Anadolu, Tiirkiye

Sekil 7. Calisma alanina ait su 6rneklerinin Giggenbach diyagraminda gosterimi (Giggenbach, 1988).
Figure 7. Demonstration of water samples from the study area in the Giggenbach diagram (Giggenbach, 1988).

Sekil 8. Akhiiyiik jeotermal alaninin hidrojekimyasal kavramsal modeli ve traverten olusum mekanizmast.
Figure 8. Hydrogeochemical conceptual model of Akhiiyiik geothermal field and mechanism of travertine formation.
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SONUCLAR

Konya ili Eregli ilgcesinde yer alan Akhilyiik
traverten alaninda bulunan jeotermal sular ve bu
akiskanlarin kayac¢ iliskisinin belirlenmesinin
amaglandigi bu c¢alismada, calisma alaninin
jeolojisi, travertenlerin jeokimyasi ve termal
sularm hidrojeokimyasal o6zellikleri ile ilgili
caligmalar Caligma  alanindan
derlenen kayag¢ Orneklerinden yapilan XRD
analiz sonuglarina gore alandaki tiim kayagclar
kalsit mineralinden olugmaktadir. Ayn1 6rneklere
ait XRF analizlerine gore de tiim numunelerde
%90 oraninda Ca elementi bulunmakta ve bu Ca
elementine Mg, S, Sr ve K gibi elementler eser
oraninda eslik etmektedir. Calisma sahasindan
derlenen  Orneklerin  hidrojekimyasal
sonuclarina gore, sondaj ve dogal ¢ikis olan
ornekler Na-Cl su tipinde olup kuyu suyu olan
AWS5 numunesi ise Na-Ca-CI-HCO, su tipindedir
ve baskin iyonlar Na ve Cl’dir. Akhtiyiik jeotermal
sularinda yiiksek Na degerleri plajioklaslarin
ayrismast veya Akhiiylik jeotermal alanin
Alt Pleyistosen doneminde Tuzgolii havzasi
sinirlarinda  olmasi ile agiklanabilir. Ayrica
sularm yiliksek Cl degerleride yine ya akifere
tuzlu su karisimi ile vaya jeotermal sularin
derin dolagim ile agiklanabilir. CI-SO,-HCO,
licgen diyagraminda Akhiiyiikk su orneklerinden
kuyu suyu olan AW5 numunesi bikarbonat sular
bolgesinde yer aliyorken geri kalan numuneler
klorid sular bolgesinde yer alir. Na-K-Mg tliggen
diyagramma gore Akhiiyik traverten alanina
ait jeotermal sulardan AW3 ve AW4 ornekleri
kismi dengede sular sinifinda yer alirken AW1,
AW2 ve AWS5 numuneleri olgun olmayan sular
sinifinda yer almaktadir. Tiim bu veriler dikkate
alinarak jeotermal sistemin hidrojekimyasal
kavramsal modeli ve bu akiskanlara bagh
gelisen  travertenlerin
olusturulmustur. Olusturulan bu modele gore
caligma alanin temelini Paleozoyik yasli Nigde
Grubu olusturken, 1sitic1 kayayr Orta Anadolu
Volkanik Kompleksinde de oldugu gibi Ugkapili

yapilmustir.

analiz

olusum mekanizmasi
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Granadiyoriti ve tektonizmaya baglh jeogradyan,
rezervuar kayaylr GoOkbez Formasyonuna ait
kirectaslar1 ve ortii kayayida Pleyistosen-Holosen
yaslt gilincel cokeller ile Akhiitiik travertenleri
olusturur. Ayrica yapilan incelemelere gore
calisma alani tektonik kontrollii olup gilineyinden
Nigde Fay Zonu ile sinirlandirilmakta ve alandaki
travertenler Tuzgolii fayina paralel bir catlak
hattindan sizan Ca bakiminda zengin sulardan
cokelen malzemenin birikmesiyle
gelmektedir. Jeokimyasal ve hidrojekimyasal
calismalardan eclde edilen veriler, bu alanda
jeotermal sahalarin yani sira, jeotermal sistemin
devamliliginin takip edilmesi sonucunda benzer
hatta daha sicak jeotermal sahalarin da ortaya
¢ikma potansiyelinin oldugunu gdstermektedir.

meydan
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EXTENDED SUMMARY

Akhiiyiik travertine region is located at southeast
of Konya, Central Turkey. It extends NW-SE
direction with an approximate width of 400 m
and length of 2.5 km. The study area is formed
parallel to the Tuzgolii Fault Zone and is limited
by the Nigde Fault Zone from south. The basic
units of the study area are the metamorphic rocks
of the Nigde Massif (Nigde Group) represented
by Lower Paleozoic gneiss, marble, quartzite,
and amphibolite. On the basement units are the
Ulukisla-Camardr  Group
which is formed by clastic and limestone-marl
alternation. A series of volcanic units, starting
from Upper Miocene-Pliocene to the Quaternary,

Paleocene-Eocene

are came unconformably over this formation
and affected the basin in terms of salinity. The
uppermost part of this stratigraphic sequence is
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represented by coarse limestone, travertine and
conglomerates. The age of the travertine mass was
determined as Upper Pleistocene-Holocene due to
they are located stratigraphically over the Upper
Pleistocene units and the formation of travertine
is still continuing. In this study, it is aimed to
investigate the travertine and fluids interaction
(travertine formation mechanism), to determine
the origin of the travertines in the field and to
reveal the hydrogeochemical characteristics of
fluids. In the scope of this study, 9 rocks and 5
water samples were taken from Akhiiyiik travertine
area. Whole rock XRD and XRF analyzes were
made from the rock samples and major anion and
cation analyzes were performed from the water
samples. The XRD analysis shows that CaCO,
containing minerals especially calcite mineral
occur as the dominant mineral along fault zones
providing pathways for fluid rising. According to
the XRF analyzes of the same samples, 90% of the
Ca element is present in all the samples and this
Ca element is accompanied by trace amount of
elements such as Mg, S, Sr and K. According to ion
chemistry, the Akhiiyiik geothermal system is fed
from meteoric water. The geothermal waters are
classified as Na-Cl water type with the dominant
cations in increasing order of Na+K>Ca>Mg
while the anions are CI>SO,>HCO,. The high
Cl values can be explained by deeply circulated
waters or by the salt water mixture, whilst the high
Na values can be explained by the decomposition
of plagioclases or by the fact that the Akhiiyiik
geothermal field is in the Tuzgéolii basin boundary
during the Lower Pleistocene. According to
the semi logarithmic Schoeller diagram, the
thermal waters are come from same or similar
aquifer since the waters exhibit parallel ion
concentrations. Piper diagram shows that the hot
waters in the region are Na-Cl type water and cold
water is Na-Ca-CI-HCO, type water. According to
the Na-K-Mg triangular diagram, AW I, AW2 and
AWS5 samples are immature waters while AW3 and
AW4 samples are partially equilibrated waters.
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According to the created geothermal conceptual
model, the heating rock of the system is Ugkapil
granodiorite as such in the Central Anatolian
Volcanic Complex and geogradyan connected
with tectonism, the reservoir rock is limestones
belonging to the Gokbez Formation and the
cover rock is composed of Pleistocene-Holocene
sediments and Akhiitiik travertines.
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Oz: Semdinli Yiiksekova Fay Zonu (SYFZ), Dogu Anadolu Sikigsma Bolgesi’nin en giineyinde yer alan K50°-60B°
uzaniminda ve 90 km uzunlugunda dogrultu atimh sag yanal bir deformasyon yapisidir. SYFZ’nin en belirgin
morfotektonik yapist KB-GD uzanimli, uzun ekseni 38 km en genis yeri 10 km olan Yiiksekova Havzasi’dir. Bu
calisma kapsaminda morfometrik indisler kullanilarak havza civarinin yiikselim 6zellikleri arastirilmigtir. Yiiksekova
Havzasi’nin kuzey ve giiney sinirlarinda fay kontrolii olarak gelisen dag énleri iizerinde gerceklestirilen Dag Onii
Siniisliigii (S, ) ve Vadi Taban1 Genisliginin Vadi Yiiksekligine Orani (V,) indeks hesaplamalari havzay1 smirlayan
faylarin yiiksek aktiviteye sahip oldugunu ve yiikselim hizinin 0.5 mm/y1l’dan az olmadigin1 géstermektedir. Havzaya
uzak ve yakin konumlanmig drenaj alanlari icerisindeki dere kollar1 tizerinde dort farkli yontem ile hesaplanan
konkavlik (m/n) indeksleri, havza sinirlarindaki yiikselimin bolgesel bir aktiviteden ziyade SYFZ denetiminde
gelistigini agiga ¢ikarmustir. Yiiksekova Havzasi’ni sinirlayan faylara yakin konumlanmis drenaj alanlari igerisindeki
dere kollarinin Integral Analizi (chi= y), havzalarin m/n oranindan bagimsiz olarak yiikselim hizinin zaman igerisinde
degistigine isaret etmektedir. Havza civarinda aginmaya karsi dayanimli olan litolojik birimler yiikselim hizinin dort
defa degistigini agiga ¢ikartmustir.

Anahtar Kelimeler: Semdinli-Yiiksekova Fay Zonu, Yiikselim Hizi, Morfometrik indis, Dogu Anadolu Sikisma
Bolgesi

Abstract: The 90 km long and N50°-60°W oriented right lateral Semdinli Yiiksekova Fault Zone (SYFZ) is located
at the southeast of the EACP. The most prominent morphotectonic structure of the SYFZ is the Yiiksekova Basin that
has a long axis striking in NW-SE direction with a length of 38 km and the maximum width of 10 km. In this study,
morphometric indices were used to investigate the uplift characteristics of the basin. According to the Mountain-
front sinuosity (S, /) and the ratio of valley-floor width to valley-height index (V) calculations along the mountain
fronts on the northern and southern margins of the Yiiksekova Basin, the faults that delimit the basin margins have
high activity, and the uplift rate is not less than 0.5 mm /yr. Spatial distribution of the m/n values of the drainage
areas reveals that the SYFZ have driven the rock uplift around the basin rather than the large-scale lithospheric
processes. The integral analysis (chi= y) of the tributaries in the drainage areas located close to the faults that
delimit the Yiiksekova Basin indicate that the uplift rate of the basin changes over time regardless of the m/n ratio.
The integral analyses of lithological units, which are resistant to erosion around the basin, reveal that uplift rate has
been changed four times.

Keywords: Semdinli-Yiiksekova Fault Zone, Uplift Rate, Morphometric Indices, East Anatolian Contractional
Province
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GIRIS

Tektonik ve iklimsel siire¢lerin zaman igerisindeki
etkilesimi yer yiizeyinde farkli morfolojik
yapilarin olusumuna ya da mevcut yapilarin
yeniden sekillenmesine neden olur (Whipple,
2004; Whipple ve Tucker, 1999; Whittaker
vd., 2008; Wobus vd., 2006). Bir bolgedeki
jeomorfolojik  yapilarin  sayisal  yiikseklik
modellerinden (SYM) elde edilen mekénsal
dagiliminin morfometrik o6zellikleri, bolgeye ait
yapisal ve/veya jeodezik verilerin bulunmadigi
ya da soz konusu verilerin yetersiz kaldigi
durumlarda bolgeyi etkileyen tektonik ve iklimsel
stireclerin anlagilmasinda kullanilabilir (Burbank
ve Anderson, 2001; Molnar, 2001; Roberts vd.,
2004). Faylar tarafindan sinirlanan dag onleri bu
siireclerin anlasilmasinda oldukc¢a 6nemlidir. Bu
bolgelerdeki litolojik birimlerin dayanim giicii de
dikkate alinarak, tektonik veya iklimsel siireclerin
hangisinin edilen morfolojik yapmin
gelisiminde baskin oldugu c¢ikartilabilir (Bull ve
McFadden, 1977; Keller ve Pinter, 2002; Rockwell
vd., 1984). Yer yiizeyinde tektonik ve iklimsel
stireclerin etkilerine ait kayitlarin saklandig: diger
bir morfolojik yapi ise aliivyon olmayan yataklara
sahip fliivyal sistemin en 6nemli bilesenleri olan
drenaj alanlart ve dere kollaridir. S6z konusu
bilesenler yer ylizeyinin yiikselim ve asinma
stiregleri arasindaki iliskiyi daha iyi yansittig1 icin
(Howard, 1994; Howard vd., 1994; Howard ve
Kerby, 1983; Whipple, 2004; Whipple ve Tucker,
1999) bu morfolojik yapilar yiikselim tarihgesinin
anlagilmasinda daha hassas belirtegler olarak
kabul edilir (Whipple, 2004). Bu belirteclere ait
topografik veriler kullanilarak, tektonik yiikselim
ve erozyon orani arasindaki iliskiyi ortaya ¢ikaran
morfometrik hesaplamalar hem bir bdlgenin
tektonik aktivitesinin ortaya ¢ikarilmasinda
(Anoop vd., 2012; Pan vd., 2015; Snyder vd.,
2000; Wobus vd., 2006) hem de potansiyel aktif
faylarin belirlenmesinde ve faylar arasindaki
goreceli tektonik aktivitenin ortaya ¢ikarilmasinda
(Kirby ve Whipple, 2012; Saglam Selcuk, 2016;
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Silva vd., 2003; Topal vd., 2016; Yildirim, 2014)
yaygin olarak kullanilir.

Tiirkiye’nin de bir pargasi oldugu Dogu
Akdeniz’in karmagik mimarisi genel olarak
Avrasya, Afrika, Arabistan Levhalar1 ve goreceli
olarak kiiciik Anadolu Blogu'nun birbirleri ile
olan etkilesimi sonucu sekillenir. Dogu Akdeniz’in
tektonik deformasyonunu doguda Zagros dalma-
batma/garpigma kusagi, batida ise Helenik Yay ve
onun geri ¢ekilmesi (Le Pichon ve Kreemer, 2010;
McKenzie, 1972) kontrol eder. Bu deformasyon
zonu igerisinde Anadolu Blogu’nun batiya dogru
olan hareketinin nedenine dair farkli goriisler ileri
stiriilmiis olmasina ragmen (Chorowicz vd., 1999;
Faccenna vd., 2013; Le Pichon ve Kreemer, 2010;
McKenzie, 1972; Ozeren ve Holt, 2010; Reilinger
vd., 2006; Sengor vd., 1985), bu hareket sirasinda
biiyiik miktardaki deformasyonun Kuzey Anadolu
Fay Zonu (KAFZ) ve Dogu Anadolu Fay Zonu
(DAFZ) iizerinde biriktigi kabul edilir (Sekil 1)
(Kozaci vd., 2009; Reilinger vd., 2006; Sengor,
1980; Sengdr vd., 1985; Sengor vd., 2005).
Avrasya Levhasi’na gore yillik 21 mm/yil hiz
(Reilinger vd., 2006) ile batiya dogru hareket
eden Anadolu Blogu (Sekil 1) ayn1 zamanda Euler
kutbu Nil deltasinda olmak tizere (McClusky vd.,
2000; Reilinger vd., 1997) saatin tersi yoniinde
rotasyona ugrar (Reilinger vd., 2006). Bu hareket
Tiirkiye’de (a) Dogu Anadolu Sikisma Bolgesi,
(b) Kuzey Anadolu Bélgesi, (c) Orta Anadolu
“Ova” Bolgesi, (d) Bati Anadolu Gerilme Bolgesi
olarak bilinen dort neotektonik bolge olusumuna
neden olur (Sekil 1) (Sengdr, 1980).

Dogu Anadolu Sikisma Bolgesi (DASB),
KAFZ, DAFZ ve Varto Fay Zonu (VFZ)’nun
kesisimi ile olusan Karliova Uclii Eklemi
(KUE)'nin dogusunda yer alir ve GPS hiz
alanlarina gore iiretilen elastik blok modellerinden
olan Iran Blogu’nun kuzeybat: kesimini temsil
eder (Sekil 1). DASB genel olarak K-G yonlii
stkisma rejimi sonucu ortaya ¢ikan farkli yapilar
bu karakterize olur. Bu yapilar;
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Sekil 1. Tiirkiye ve ¢evresinin, GPS verilerinden iiretilen elastik blok model sinirlart ve bloklarin hareket yonleri
(Reilinger vd. 2006’dan diizenlenerek alinmistir) ve Tiirkiye neotektonik déneminde olusmus bolgeler. BAGB: Bati
Anadolu Gerilme Bolgesi, OAOB: Orta Anadolu ‘Ova’ Boélgesi, KAB: Kuzey Anadolu Bolgesi, DASB: Dogu
Anadolu Sikisma Bolgesi, KAFZ: Kuzey Anadolu Fay Zonu, DAFZ: Dogu Anadolu Fay Zonu, KDAFZ: Kuzey
Dogu Anadolu Fay Zonu, SYFZ: Semdinli Yiiksekova Fay Zonu. Kirmizi renkle gosterilen aktif faylar Saroglu ve

dig. (1992)’den alinmustir.

Figure 1. GPS based elastic block model boundaries around the Turkey (modified from Reilinger et. al 2006) and
neotectonic provinces of the Turkey. BAGB: West Aantolian Extensional Province, OAOB: Central Anatolian “OVA”
Province, KAB: North Anatolian Province, DASB: East Anatolian Contractional Province (EACB), KAFZ: North
Anatolian Fault Zone, DAFZ: East Anatolian Fault Zone, KDAFZ: North East Anatolian Fault Zone, SYFZ: Semdinli
Yiiksekova Fault Zone. Red Lines: The active faults of Tukey (Saroglu et al 1992)

(a) KB yonelimli sag yanal ve KD yonelimli
sol yanal dogrultu atimli faylar ve bu faylar
iizerinde olusmus ¢ek-ayir havalar,

(b) D-B yonelimli kivrim/bindirime kusaklart ve
bunlarin denetiminde gelisen havzalar (Mus,

Van ve Pasinler gibi ramp havzalar),

(¢) K-G yonelimli normal faylar ve ayn1 yonde
gelisen acilma catlaklar1 iizerinde goriilen
volkanik ¢ikis merkezleridir (Bozkurt, 2001;

Sengor, 1980; Sengor vd., 1985).

DASB’nin en gilineyinde yer alan KS50-
60B uzaniminda, 90 km uzunlugunda ve 20 km
genisliginde olan Semdinli-Yiiksekova Fay Zonu
(SYFZ)(Sekil 1 ve 2), Ust Kretase yash Yiiksekova
Karmasig1 ve Paleozoyik-Mesozoyik yaslh Bitlis
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Metamorfitleri arasindaki siirin  yaklagik 8
km sag yanal olarak yer degistirmesine neden
olmustur (Kogyigit, 2005). SYFZ iizerindeki en
belirgin morfotektonik yap1 Yiiksekova cek-ayir
havzasidir. Bu havzanin dogusunun ve batisinin
aktif faylarla denetlendigi diisiiniilse de (Kogyigit,
2005) sonraki ¢aligmalar havzanin sadece dogu
kenarmin aktif fay tarafindan sinirlandigini ileri
stirmektedir (Emre vd., 2012). Jeofizik temelli
calismalar Yiiksekova Havzasi civarindaki zemin
0zelliklerinin bu fay zonunun tiretecegi potansiyel
deprem sirasinda Onemli Ol¢iide hasar artigina
neden olacagini gostermistir (Akkaya, 2015).

Bu c¢alisma kapsaminda Tiirkiye’nin en
giineydogusunda yer alan ve giincel deformasyon
ozellikleri (kayma/yiikselim hizi, deprem tarihgesi



gibi) hakkinda herhangi bir bilginin bulunmadig:
sag yanal dogrultu atimli deformasyon hatti
olan Semdinli-Yiiksekova Fay Zonu (SYFZ)
denetiminde gelisen, KB-GD uzanimli Yiiksekova
Havzasi (Sekil 2) civarindaki yiikselim tarihgesi
morfometrik yontemler kullanilarak arastirilmistir.

Bu amagla ilk olarak onceki calismalardan
derlenen aktif fay ve jeoloji haritalari, 1:25.000
Olcekli SYM’lerden elde edilen 6telenmis yapilar
ve c¢izgisellikler ile birlikte degerlendirilerek
SYFZ’nin  Yiiksekova civarindaki
geometrisi ¢izilmistir (Sekil 2). Havza civarindaki
kayaclar dayanim giicline gore siniflandiktan
havzanin dogu ve bati simirlarindaki dag onleri,
drenaj alanlar1 ve bu alanlar igerisindeki dere
kollar1 incelenmistir. Dag onii siniisliigli, vadi
tabani genigliginin vadi yliksekligine orani gibi
temel morfometrik ydntemler ile hem havza
civarindaki yiikselimin etkileri hem de havzay1
sinirlayan ~ faylarin  aktivitesi  arastirilmustir.
Hipsometrik analizler ile her bir drenaj alaninin
morfolojik gelisimi tartisildiktan sonra, drenaj
alanlar1 icerisindeki dere kollarinin konkavligi
hesaplanarak yiikselim hizindaki degisimleri
gosterebilen integral analiz ¢alismalar1 yapilmaistir.
Elde edilen wveriler Yiiksekova Havzasi’nin
dogusunu ve batisinin aktif faylar ile sinirlandigini
ve ylikselim hizinin zaman igerisinde degistigini
gostermektedir.

Havzasi

SEMDINLi-YUKSEKOVA FAY ZONU’NUN
GEOMETRISI VE CIiVARININ JEOLOJiSi

Semdinli-Yiiksekova Fay Zonu’nun Geometrisi

SYFZ geometrik Ozelliklerine gore 7 farkli
segmente ayrilmistir (Sekil 2). Yiiksekova
Havzasr’'nin bati tarafin1  smirlayan 13 km
uzunlugundaki S1 segmentinin ilk 7 km’lik
boliimii (Sla) Yeniisik kdyiiniin giineybatist ile
Biiytikeiftlik koyt kuzeyi arasinda kuzeye dogru
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genis yay sekilli geometrisi ile karakterize olur
(Sekil 2). Sla tizerinde 100 m ile 2 km arasinda
degisen cok sayida Otelenmis dere mevcuttur
(Sekil 2 ve 3). S1 segmentinin havza igerisindeki
devami olan S1b, havzanin bati1 kenar1 boyunca
K40°B dogrultusunda 6 km devam eder. S1b’nin
giineydogu ucundan Bulakli kdyiine kadar havza
smmirinda  K50°B  dogrultusunda 8 km devam
eden S2 {izerinde gorilen ufak sikigmali ve
genislemeli biikliimler segmentin en dikkat ¢ekici
geometrik 6zelligidir (Sekil 2). Bulakli koylinden
itibaren havzay1 smirlayan yiikseltilerin i¢inden
K45°-50°B dogrultusunda devan eden 21 km
uzunlugundaki S3 segmentinin glineydogusu
oblik bindirme yapisi ile karakterize olur (Sekil 2).

Yeniigik koyii kuzeybatis1 ile Yiiksekova
arasinda 26 km uzunlugunda olan S4 segmenti
(Sekil 2) kuzeye dogru belirgin yay geometrisi
ile karakterize olur ve segment boyunca 2 km’ye
kadar olctilen 6telenmis dereler mevcuttur (Sekil
3). Segment denetiminde olan ancak iizerinde
Otelenme goriilmeyen dereler s6z konusu alandaki
litolojik birimlerin erozyonu ile iligkilendirilmistir.
S4  segmentinin icerisindeki  (S4b)
uzunlugu yaklastk 10 km’dir. S5 segmenti
Yiiksekova ile Demirkonak kdyii arasinda K60°-
65B° dogrultusunda uzanir ve yaklagik 10 km
uzunluga sahiptir (Sekil 2). Havzayr sinirlayan
yiikseltiler boyunca devam eden ve sikigsmali
biikliim 6zelligi gosteren fay lizerinde 1.5 km’ye
kadar otelenmis dereler mevcuttur (Sekil 3). S6
segmenti Demirkonak koyli glineyinden Catalca
koyl kuzeydogusuna kadar 25 km boyunca
K65B dogrultusunda uzanir (Sekil 2). Havzanin
giineydogusunun orta kesimlerinde Yirekli
koyl civarinda baglayan ve giineybatiya K50°-
55B° dogrultusunda 44 km uzanan S7 segmenti
Yiiksekova Karmasigi ve Bitlis Metamorfitleri
arasindaki bindirme fay1 ile karakterize olan sinir
8 km otelemistir (Sekil 2 ve 4).

havza
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Sekil 2. Semdinli-Yiiksekova Fay Zonu’nun geometrisi ve segment sinirlart (Kogyigit, 2005 ve Emre vd., 2012°den

degistirilerek alinmistir).
Figure 2. The geometry and segment boundaries of the Semdinli Yiiksekova Fault Zone (modified from Kogyigit,

2005 and Emre et al 2012)
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Sekil 3. Yiiksekova Havzasi’nin kuzeybatisinda SYFZ segmentleri ve bu segmentler iizerinde olusan dere

otelenmeleri.

Figure 3. Segments of the SYFZ at northwest of the Yiiksekova Basin and offset gullies.

Yiiksekova Havzasi’'ni smirlayan SYFZ
segmentleri goriilen sag yanal
deformasyon {irlinleri havayr sinirlayan faylarin
aktif olduguna isaret eder. Bu fay geometrisi
Yiiksekova Havzasi’nin g¢ek-ayir tipinde gelisen
bir havza olduguna isaret eder.

tizerinde

Semdinli-Yiiksekova Fay Zonu Civarinin
Jeolojisi

Semdinli-Yiiksekova Fay Zonu (SYFZ) civarinda
yer alan jeolojik birimler (Sekil 4) otokton ve
allokton olarak ikiye ayrilir. Arap platformunun
kuzey wuzantisim temsil eden, Prekambriyen-
Kuvaterner araliginda gelismis platform tipi
cokellerden olusan Gilineydogu Anadolu otokton
birimleri, ¢alisma alani igerisinde Cudi ve Midyat
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Grubu ile temsil edilir (Senel, 2002, 2007). Bu
alan igerisinde tanimlanmis dort allokton birim
mevcuttur (Sekil 4) (Senel, 2002, 2007):

(a) Ust Kretase sonunda yerlesen Kogali-Karadut
napi,

(b) Miyosende yerlesen Bitlis-Potiirge-Malatya

naplari,

(©)

Miyosen naplari ile Otokton birimler arasinda
Eosen-Erken Miyosen yasl kirmtilardan

olusan Ciingiis-Hakkari Napu,
(d)

Bu naplar iizerine agisal uyumsuzluk ile
gelen ve bunlarla birlikte glineye aktarilan
para-allokton konumlu Sekse ve Kirkgecit

Formasyonu.
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Otokton Birimler

Caligma alaninin en yash otokton birimi olan Cudi
Grubu (TrKc), masif, orta-kalin tabakli, dolomit
ve kirectaslarindan olusur (Sekil 4) (Altinl,
1952). S1g deniz ortamini yansitan grubun yast
paleontolojik veriler dikkate alinarak Orta Triyas-
Alt Kretase olarak belirlenmistir (Senel, 2002).
Cudi Grubunu uyumsuz olarak oOrten calisma
alanindaki diger bir otokton birim olan Midyat
Grubu (Teom)’nun iizerine Ust Miyosen yash
birimler uyumsuz olarak gelir (Senel, 2007). Eosen
yaslt karbonatlardan (kiregtasi, killi kiregtasi,
¢ortlii kirectasi, marn ve kiltaglari) olusan (Maxon,
1936) Midyat Grubu’nun igerisinde goriilen
Oligosen birimlerinden dolay1 (Duran vd., 1988;
Duran vd., 1989), birimin yasi Eosen-Oligosen
olarak verilmistir.

Allokton Birimler
Kocgali-Karadut Napt (Kka)

Giineydogu Anadolu otoktonu iizerine Ustt
Kampaniyen-Alt Maastrihityen’de  yerlesmis
olan Kogali-Karadut Nap1 (Kka, Sekil 4) ilk
defa Sungurlu (1973) tarafindan tanimlanmistir.
Serpantinit, kaya
tirlerini kapsayan bu nap karmasigi lizerinde
gergeklestirilen paleontolojik calismalar birimin
yasinin Orta?-Geg Triyas-Krtease olduguna isaret
etmektedir (Senel, 2002, 2007)

volkanik ve sedimenter

Ciingiis-Hakkari Nap1
Urse Formasyonu (Thu)

Kirectas1 ara seviyeleri igeren kirintili kayalardan
olusan Hakkari Karmasigi’nin en altinda tiirbiditik

Sekil 4. SYFZ civarinin jeoloji haritasi (Senel 2002 ve 2007°den diizenlenerek alinmistir).
Figure 4. The geology map around the SYFZ (modified from Senel 2002 and 2007)
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kiregtas1 ara seviyeleri igeren kumtast ve seyller
ile temsil edilen Urse Formasyonu yer alir (Sekil
4) (Senel, 2002). Derin deniz ortaminda olugan
(Peringek, 1980) formasyonun Eosen-Oligosen?
arasinda olustugu ileri strilmiistir (Yilmaz ve
Duran, 1197).

Durankaya Karmasigr (Thd)

Tirbiditik ortamda gelisen kirmtili kayalardan
olusan Durankaya Karmasigi (Thd, Sekil 4)
icerisinde yer yer sepantinit, metakirintili ve bazik
volkanik kayalar yer alir (Peringek, 1978; Senel,
2002, 2007). Midyat grubu ve Urse formasyonu
ile olan smir1 tektonik dokanakla temsil edilir
ve Yiiksekova Karmasigl tarafindan tektonik
olarak oOrtiiliir. Derin deniz ortaminda c¢okelen
birimin yas1 Alt-Orta Eosen olarak tanimlanmistir
(Peringek, 1989; Peringek, 1990)

Bitlis Potiirge Malatya Naplari
Guleman Ofiyoliti (JKg)

Dogu ve Giineydogu Anadolu Bolgesinde genis
yayilim sunan ve ultrabazik kayalardan olusan
Kretase yaslt Guleman Ofiyoliti (JKg) (Peringek,
1978; Sungurlu, 1974) calisma alani igerisinde
serpantinitler ile temsil edilir (Sekil 4) (Senel,
2007).

Yiiksekova Karmagig (Ky)

Genelde volkano-sedimenter kayaclardan ve
kirectaslarindan olusan Yiiksekova Karmagigi
(Ky, Sekil 4) (Peringek, 1978) bazaltik ve granitik
bilesimde kayaclarida igerir (Ozkaya, 1977;
Senel, 2007). Birim i¢in genelde kabul edilen
yas Ust Kretasedir. Planktonik formanifer ve
¢ort yumrular igeren Kandilli Kiregtas1 (Kyk) bu
karmasik igerisinde yer alir (Senel, 2002, 2007)
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Bitlis Metamorfitleri (PzMzb)

Bitlis Metamofitleri (PzMzb) Paleozoyik yash
ayrilmamus sist, fillat ve Permiyen yashi mermer,
rekristalize kirecgtaglarindan olusur (Sekil 4)
(Boray, 1974). Farkli calismalardan elde edilen
verilere gore birimin yasi Paleozoyik-Mesozyoik
olarak verilmistir (Senel, 2007)

Para-Allokton Birimler
Sekse Fromasyonu (7¥)

Miyosen naplari iizerine agisal uyumsuzluk ile
gelen Sekse Formasyonu (Ts, Sekil 4) konglomera,
kumtasi, kiltas1 ve kirectast seviylerinden olusur
(Peringek ve Kozlu, 1984). Sig self ortaminda
cokelen birim transgresif Ozelliktedir ve
paleontolojik verilere dayanarak Geg-Paleosen-
Erken Eosen doneminde olustugu ileri stiriilmiistiir
(Peringek, 1990). Birim Kirkgegit formasyonu
tarafindan acgisal uyumsuzluk ile ortiiliir (Senel,
2002, 2007).

Kirkgecit Formasyonu (7k)

Polijenik taban konglomerasi ile baglayan birim
iiste dogru kumtasi, marn ve seyl tiirii kayaglar ile
karakterize olur (Sekil 4). Tiirbiditik karakterde
olan bu kirmtililarinigerisinde yer yer olistostromal
konglomera seviyeleri yer alir. Bu birim i¢in genel
olarak Ge¢ Eosen-Oligosen oldugu kabul edilir
(Senel, 2002, 2007).

DRENAJ ALANLARI UZERINDE
GERCEKLESTIRLEN  MORFOMETRIK
ANALIZLER

Gergeklestirilen morfometrik analizlerin  veri
kaynagini, Yiiksekova Havzasi civarmin 1:25.000
Olcekli sayisal yiikseklik paftalarindan iiretilen
10 m yersel ¢oziiniirliige sahip sayisal yiikseklik
modeli (SYM) olusturur. Calisma alani igin
belirlenen 129 adet drenaj alanmin smirlar
SYM’den geometrik olarak (Pelletier 2013) elde
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edilmis dere kollar1 dagilimma gore ¢izilmistir
(Sekil 5). Drenaj alanlari, havzanm ortalama
yiiksekligi olan 1910 metre kotunun iistiinde ve 1
km?’den biiyiik olacak sekilde belirlenmistir.

Kaya Dayanmim Giicii

Yiikselimileilgilimorfometri ¢aligmalari sirasinda
jeolojik birimlerin atmosferik veya fliivyal siire¢ler

ile aginma oraninin dikkate alinmasi elde edilen
sonuglarin yorumlanmasinda oldukca gereklidir.
Jeomorfoloji ¢aligmalari sirasinda kayaglarin bu
stireglere karsi olan dayanimi i¢in dnerilen Kaya
Giicii Dayanim (KGD) siniflamasina gore (Selby,
1980) bolgedeki jeolojik birimler bes sinifa
ayrilmistir (Sekil 5)

Sekil 5. Semdinli-Yiiksekova Fay Zonu civarindaki litolojik birimler dikkate alinarak Selby (1980)’a gore liretilen
Kaya Dayanim Giicii haritas1 ve Yiiksekova Havzasi civarinda belirlenen drenaj alanlart.

Figure 5. Drainage areas and rock strength level of the lithological units around the SYFZ (according to Selby,

1980).
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Hipsometrik Analizler

Bir drenaj alanmin Hipsometrik egrisi, farklh
boyutlardaki havzalarin yiikseklik/alan dagilimini
tanimlar (Strahler, 1952). Hipsometrik egrinin
gosterilmesi sirasinda alan ve yliikseklik, toplam
alan ve toplam yiiksekligin bir fonksiyonu olarak
ifade edildigi i¢in farkli boyutlardaki havzalarin
karsilastirilabilmesine imkan vermektedir (Keller
ve Pinter, 2002; Pérez-Pena vd., 2009; Walcott
ve Summerfield, 2008). Hipsometrik egriye
harita 6lgeginin etkisi yoktur. Hipsometrik egri
olusturulurken izlenen yol su sekildedir: Bir havza
icindeki herhangi bir yiiksekligin (h) tlizerinde
kalan alanin tiim drenaj havzasinin alanina orani
(a/A) ve (h) degeri ile havzanin en yliksek kotunun
oraninin (h/H)karsilagtirilmastile elde edilir. Sonug
olarak toplam havza yiikseklik oraninin (goéreceli
yiikseklik) toplam havza alanina (goéreceli alan)
kars1 iz distiriilmesi ile hipsometrik egri (HE)
cizilir. HE sekline gore havzanin olgunluguna
dair bir yaklasimda bulunulur. Konkav egriler
goreceli olarak daha yash ve yiiksek derecede
erozyona ugramis havzalari, S-sekilli egriler orta
Olctide erozyonu ve konveks hipsometrik egriler
ise goreceli olarak geng¢ ve az erozyona ugramis
havzalari temsil eder (Keller ve Pinter, 2002).

Hipsometrik egrinin altinda kalan alan1 ise
Hipsometrik integral (HI) ifade eder ve bu deger O
ila 1 arasinda degisir. 0 degerine yakinlik ytiksek
derecedeki erozyonu 1 degerine yakinlik ise
zayif orandaki erozyonu ifade eder. Havzadaki
yiikseklik degigsimlerinin ortalama degere gore
konumunu ifade eden HI, bir bolgedeki morfolojik
gelisimin hangi asamada olduguna dair 6nemli
bir yaklagimdir (Strahler, 1952). HI>0.5 geng
havzalari, HI<0.3 yash havzalari, 0.3<HI<0.5 ise
havzanin olusumunu tamamladigini yani dengede
oldugunu gosterir.

Dag Onii Siniisliigii (S, )
Dag onlerindeki cephe uzunlugunun (L ), cephe
uzunlugunu birlestiren diiz bir hat uzunluguna (L,)
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orani ile hesaplanir ve tektonik olarak aktif dag
onleri ile aktif olmayan dag Onlerini ayirt etmek
i¢in kullanilir (Bull ve McFadden, 1977; Keller ve
Pinter, 2002).

Smf: me/ LS

Smf degeri erozyon ve tektonik aktivitenin
etkilesimi ile belirlenir (Rockwell vd., 1984).
Bu degerin diisiik olmasi dag oniinde erozyonun
diistik, tektonik yiikselimin baskin oldugunun,
yiksek olmasi ise erozyonun yiiksek, tektonik
yiikselim oraninin az oldugunun gostergesidir.

Vadi Tabam Genisliginin- Vadi Yiiksekligine
Orani (V,)

Bir bolgede meydana gelen yiikselim hizinin
anlasilmasinda yaygin olarak kullanilan bu
yontemin asagidaki formiiliinde

V. = ZVfW
;e (Eta—Esc)+(Erg—Esc)

V., vadi tabanin genisligini, E ve E , vadinin
sag ve sol su boliim gizgilerinin yiiksekligini, E_
ise vadi tabaninin yiiksekligini ifade etmektedir
(Bull, 1978; Bull ve McFadden, 1977).

VI degeri, “V” ve “U” sekilli vadilerin
ayirminda kullanilmak i¢in onerilmistir (Bull
ve McFadden, 1977). Aktif yiikselimin oldugu
bolgelerde nehrin kazmasi ¢izgisel bir hat boyunca
meydana gelir ve sonugta “V” sekilli vadiler
olusur. Buzullagmaya maruz kalmis veya tektonik
olarak duragan alanlarda ise “U” sekilli vadiler
gelisir. V, dag cephesine yakin yerlerdeki drenaj
alanlar1 tizerinde Ol¢iliir. Diisiik degeler (genelde
0’ayakin) “V” sekilli vadilere, yiiksek degerler ise
“U” sekilli vadilere isaret eder (Bull ve McFadden,
1977; Keller ve Pinter, 2002). Dag oniine yakin
¢ok sayida vadinin V, degerlerinin hesaplanmasi
bolgedeki kazma ve yiikselim hizinin mekansal
dagilimi ile iliskilendirilir.
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DRENAJ ALANLARINDAKiI DERELERIN
BOYUNA  PROFILLERI UZERINDE
GERCEKLESTIRILEN MORFOMETRIK
ANALIZLER

Nehirler tarafindan yonetilen kazma/agindirma
siireci yer ylizeyinin erozyona ugramasindaki
temel jeomorfolojik siireglerden biridir. Yapilan ilk
caligmalar nehir kanallarinin egiminin ve drenaj
alanlarmin sistematik olarak degistigini ayrica
boyuna profilleri daha dik olan kanallarin fazla
erozyon (asinma) yaptigini (Davis, 1899; Gilbert,
1877) ve yer kabugundaki erozyon oraninin
tektonik yiikselime bagli oldugunu (Hack, 1960)
ileri siirmiislerdir. Bu go6zlemlere dayanarak,
alivyon zemin iizerinde akmayan diger bir ifade
ile nehir ¢okellerince olusturulmayan yatak kayasi
iizerinde akan nehirlerin, kanal egimini kullanarak
erozyon hizinin hesaplanmasinin ihtimal dahilinde
oldugu ileri siirlilmiis ve yatak kayasi tizerinde
akan nehrin erozyonunun, nehrin giicii ile orantilt
oldugu belirtilmistir (Flint, 1974; Howard ve
Kerby, 1983).

Bu amagla ortaya atilan ilk goriis Gii¢ Yasasi
olarak bilinir ve dere kanallarinin egiminde akis
asag1 dogru sistematik azalma oldugunu ileri stirer
(Flint, 1974)

S =k,A® (1

Denklem 1 ile ifade edilen Gii¢ Yasasi’nda

S: Dere egimi, A: Alan, 0: Dere profilinin
konkavligi , ks: Diklik indeksini temsil eder.

0 ve ks degerleri, Gii¢ Yasasi’na bagli olarak
iiretilen log(S)-log(A) grafiginde ortaya ¢ikan
cizgiden elde edilir. Bu ¢izginin egimi dere
profiline ait 6 degerini ve ¢izginin log(S) ekseni ile
kesistigi nokta ise ks degerini belirler. Gii¢ yasasi
kullanilarak log(S)-log(A) grafigine benzer farkli
yontemler iklim, litoloji ve tektonik yiikselim gibi,
nehrin i¢ dinamigi disindaki siire¢lerin nehirde
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yarattig1 etkiyi anlamak i¢in kullanilmistir (Ambili
ve Narayana, 2014; DiBiase, 2014; Howard ve
Kerby, 1983; Kirby ve Whipple, 2001; Kirby ve
Whipple, 2012; Kirby vd., 2003; Pan vd., 2015;
Topal vd., 2016; Wobus vd., 2006)

Nehir profillerinin  dis etkenlere (iklim,
litoloji ve tektonik) verdigi cevabi arastiran diger
bir yontem ise Akis Giicii Kazma Modeli ile ifade
edilmistir (Howard ve Kerby, 1983)

E = KA™S™ 2)

E: uzun donemli flivyal kazma orani, K:
erozivite katsayisi, A: memba alani, S: kanal
egimi, m ve n: sabit katsayilardir.

Bu model de pek ¢ok aragtirmaci tarafindan
topografik  verilerden yiikselim tarihgesinin
belirlenmesi amaci ile kullanilmistir (Goren vd.,
2014; Pritchard vd., 2009).

Denklem 2, kanal egimini bulmak icin
yeniden diizenlenip (Denklem 3)
-1
K

Denklem 1 ile eslestirildiginde tektonizma
denetiminde olusan yiikselimin dere profillerindeki
yansimasi olarak da bilinen (Whipple, 2004) 6 ve
ks degerleri elde edilir. Bu durumda,

ve ks degerinin erozyon orani ile iligkili oldugu
ortaya ¢ikar.

o)

Egim ve drenaj alam arasindaki iliski
kullanilarak hesaplanan 6 ve ks degerleri ile
erozyonun nasil gelistigi arastirilip, akaglama
alan1 igerisindeki nehir kollarinin maruz kaldig
tektonik  aktivite anlasilmaya  g¢alisilmistir

-1/n



(DiBiase vd., 2010; Kirby ve Ouimet, 2011;
Kirby ve Whipple, 2012; Kirby vd., 2003; Snyder
vd., 2003; Wobus vd., 2006) ve bu verilerden
yola ¢ikarak aktif faylarin tanimlanabilecegi
gosterilmistir (Kirby ve Whipple, 2012). Egim
ve drenaj alani temelinde ydriitilen 6 ve ks
analizlerinde akarsuya ait egim verisi, farkl
cozliniirlikteki sayisal yiikseklik modellerinden
(SYM) elde edilir. Topografya iizerinde yer alan
kirik/catlak sistemleri ve nehir yataginda biriken
biiyiik bloklar gibi unsurlar, SYM’den elde edilen
verilere gore tiretilen egim-alan iliskisinde giiriiltii
kabul edilebilecek yapilardir. Bu giiriiltiiler kanal
profillerinin basamakl1 olmasina yol acar.

Bu profillerden egim wverisi ¢ikartilarak
yapilan egim-alan analizleri egim degerlerinin
sacilmasina yol actig1 icin bolgesel erozyon
oranint yansitmadigi ve dolayisi ile bu tir
verilere yumusatilma gibi bazi matematiksel
diizeltmeler yapilmasi gerektigi ileri siiriilmiistiir
(Wobus vd., 2006). Topografyada giiriiltii olarak
kabul edilen sorunlarin ortadan kaldirilmasi i¢in
Royden ve Perron, (2013) nehir profillerinin
yatay koordinatlarmin, integral transformasyonu
yontemi ile chi () olarak tanimlanan bir degiskene
doniistiiriilmesinin  bu sorunu ¢dzecegini ileri
stirmistiir. Integral yontem olarak isimlendirilen
bu islem sirasinda, topografik verilerden sadece
ylkseklik ve drenaj alami c¢ikartildigr i¢cin ve
matematiksel diferansiasyona uygulanmaz ve
verilerin sahip oldugu giiriiltiiller ¢ok daha azaltilir.
Dolayis1 ile kanal yiikseligi- y grafigi her bir
nehir kolundaki dikligi kanal egimi kullanmadan
ortaya c¢ikarir. Sonu¢ olarak integral ydntemin
drenaj alanlarinin erozyon oranlari ve bu oranlarin
mekansal dagilimi hakkinda daha hassas sayisal
bilgiler sundugunu ve dolayisi ile bu bolgelerdeki
iklimsel ve tektonik siireclerin mekansal ve
zamansal dagilimi ile ilgili daha saglikli yorumlar
yapilabilecegini ortaya koymuslardir. Mudd ve dig.
2014, integral yontemi baz alarak gelistirdikleri
LSD TopoTools yazilimi ile irettikleri y-y
uzayindaki degisim grafiginde ortaya ¢ikan
profillerin, dere kollarmin farkli zamanlarda ve/
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veya hizlarda maruz kaldiklar1 yiikselime ait izler
oldugunu belirtmislerdir. Ayni arastirmacilar hem
irettikleri benzetim (simiilasyon) topografya
iizerinden elde ettikleri akaglama alanlarinda hem
de yiikselim tarihgesi iyi bilinen bolgelerdeki
akaclama alanlarinda iyi hesaplanmis m/n oram
ile iiretilen y-y uzayr grafiginde, m/n degeri ne
olursa olsun, drenaj alaninin yiikselim tarihgesini
modellenebildigini gostermislerdir.

Boyuna Profillerin Integral Analizi (y Analizi)

Yiikselime ve erozyona maruz kalmis bir kanalin
evrimi asagidaki denklem ile gosterilir (Howard
ve Kerby, 1983; Whipple ve Tucker, 1999).

0z

at

U(x,t)+K(x,t)Am|g—)Z(|2 (@)

Denklem 4’de

z:kanal yiiksekligi, x: boyuna (longitudinal)
koordinat, A:drenaj alani, U:Yiikselim orani,
K:Asmabilirlik (erozivite) katsayisi (iklim ve
litoloji gibi faktorleri icine alan katsayidir), m
ve n: ampirik olarak iiretilen katsayilar olup n
degerinin 0,66-2,33 arasinda oldugu 6nerilmistir.

K ve U’nun zamanda ve mekanda dengede
oldugu durumlarda, kararli durum nehirler gelisir.
0z/0t =0 oldugu, yani kararli durum nehirlerinde,
| 0z

0x

cizgi olarak ortaya ¢ikar ve bu ¢izginin egimi
kanalin konkavligi (m/n) olarak bilinir (Whipple
ve Tucker, 1999). Ayrica bu c¢izginin dikey
konumunun logaritma grafigindeki yeri (U/K)"n
olarak kabul edilir. Bu durumda kararli durum
nehirleri icin

| drenaj alani logaritmik grafikte lineer bir

0z

ox

— (%)%A(x)—m/n (5)

denklemi yazilir.
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Denklem 5 egim ve drenaj alani arasinda
glic yasast iligkisini Ongoriir. Bu iliskiden
meydana gelecek sapmalar; (a) kaya kiitlesinin
agmabilirliginde goriilen sapmalara, (b) farkli
erozyon veya taginma mekanizmalarina gegise, (¢)
gecici nehir profili olusumuna neden olur (Mudd
vd., 2014).

Topografyadaki giriiltiilerden oldukca fazla
etkilenen bu ydntem yerine Onerilen integral
analiz basit olarak nehir boyuna profilinin
yataydaki koordinatinin degisimine dayanir. Bu
yontemde drenaj alant ve ylkseklik bilgilerini
korumak i¢in, 5 numarali denklem ayrilip yeniden
birlestirilmistir (Perron ve Royden, 2013).

1/n 6

.= ()" s )

K ve Unun zamanda ve mekanda sabit

oldugu durumlarda 6 denklemi xb gibi bir taban

seviyesinden akis yukar1 bir noktada gozlenen
z(x) e ulasmak i¢in entegre edilebilir.

2(x) = z(xb) + (—=)/"x

(7

KA

Denklem 7°deki y’i elde etmek i¢in 8 numarali
denklem olusur.

= I (A(x))m/n dx

AQ: drenaj alan1

®)

y: Transform edilmis koordinat (uzunluk ve
ylikseklik boyutu vardir). Denklem 7’e gore z(x),
K ve U’nun zamanda ve mekéanda sabit oldugu
durumlarda x’nin lineer fonksiyonudur.

Integral analiz i¢in en 6nemli adim en iyi m/n
oranint modelleyebilmektir. Topografik verilerden
m/n degerini bulmak i¢in pek c¢ok ydntem
Onerilmistir. Zira m/n oranini miimkiin oldugu
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kadar iyi hesaplamak yikselim tarihgesinin
topografik verilerden elde edilmesi igin gelistirilen
yontemler agisindan olduk¢a énemlidir. Mudd ve
dig. 2018 baslangic m/n degerleri bilinen, erozyon
ve yiikselim hizinin mekansal olarak homojen
ve heterojen oldugu benzetim topografyalar
iretmistir. Bu topografyalar iizerinde m/n oranint
bulmak igin dort farkli yontem kullanmiglardir.

(a) Drenaj alanlar1 igerisinde kalan tiim dere
noktalarinin  y  profilleri {iizerinde es-
dogrusallik analizi yontemi (y_Biitiin Veri)

b) Monte-Carlo yontemine gore tekrar edilerek
y g
(iterasyon) bulunan y profilleri {izerinde es

dogrusallik analizi yontemi (y_Monte Carlo)

(c) Drenaj alani igerisinde kalan tiim dere
noktalarinin  egim-alan iligkisi  dikkate

alinarak (Egim-Alan Biitiin Veri)

dere
dikkate

(d) Drenaj alan1 igerisinde kalan
segmentlerinin egim-alan iliskisi

alinarak (Egim-Alan Dere Segmenti)
Mudd vd (2018) yukarida belirtilen yontemler
ile elde edilen en iyi m/n oraninin farkl ¢iktig1
durumda y Monte Carlo yonteminin baslangic
m/n degerlerine kiyasla dogruya en yakin degeri
buldugunu ileri siirmiiglerdir. Mudd vd., (2014),
hem yiikselim hizi ve siiresi degistirilerek tiretilen
benzetim topografyalar {izerinde hem de jeolojik
zaman icerisinde diisey deformasyon hiz degisimi
iyi bilenen gercek topografik alanlar iizerinde
gerceklestirdikleri integral analiz g¢aligmalari
ile dere kollarinin y degerlerinin, y uzayindaki
degisimi ile kiyaslanarak topografyanin maruz
kaldig1 yiikselim tarihgesinin agiklanabilecegini
belirtmislerdir. Sekil 6’ da gosterilen grafikte yer
alan farkli renkteki profillerin x ekseni boyunca
olan degerleri, drenaj alami igerisindeki dere
kollarinin sahip oldugu degerlerin dagilimini
gosterir. y ekseni boyunca dere kollarin yiiksek
degerlere ulagsmasi drenaj alanmi etkileyen
yiikselimin  uzun siirdiigiinii  gosterir. Bu
durumda biitiin dere kollar1 olusan yiikselime
cevap verir. Profillerin y ekseni boyunca yiiksek



degerlere ulagsmamasi ya da kisa kalmasi soz
konusu yiikselimin siiresinin az olduguna isaret
eder. Sekil 6’da “y uzaymdaki degisim” ekseni
goreceli zamani ifade eder. Eksen “0” degeri
drenaj alani i¢in en eski zamani temsil ederken 4

Taylan SANCAR

Bu cizgiler arasinda goriilen diisey profil gegisleri,
profile ait dere kollarinin t2-t3 zaman araliginda
goriilen yiikselime cevap verdigini gosterir.
Benzer yorumlara gore bu drenaj alan1 igerisinde
yikselim hizi ii¢ defa degismistir. Bu degisimler

Sekil 6. Dere kollarinin ¢ degerlerinin, y uzayindaki degisimi grafigi.

Figure 6.  vs. y space graph of tributaries.

degeri glinlimiizii ya da giiniimiize en yakin zamani
(t4) temsil eder. Dolayisi ile bu grafik yilikselimin
zaman i¢inde nasil degistigini ortaya ¢ikarir. Sekil
6’ya gore bu drenaj alani igerisindeki en eski
yikselim 1 numara ile gosterilen siyah ¢izginin
altinda kalan profillerdir. Profillerin y ekseni
boyunca yliksek degerlere ulagsmasi yiikselimin
uzun siirdliglinii ifade eder. 1 ve 2 numarali siyah
cizgiler arasinda profil goriilmemesi ylikselimin
bu zaman araliginda (t1-t2) durdugunu gosterir.
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t0-t1 arasinda, t2-t3 arasinda ve t4 sonrasinda
olusan yiikselimler ile kendini belli eder. Yatay
profillerin goriilmedigi t1-t2 aras1 ve t3-t4 arasi
donemler yiikselimin olmadig1 zamanlardir.

Bu c¢alisma igerisinde belirlenen 129 drenaj
alan1 tizerinde oOnce LSDTopoTools yazilimi
kullanilarak Mudd ve dig (2018) anlatilan farkli
yontemler ile m/n degerleri hesaplanmistir. Faya
yakin drenaj alanlarinda elde edilen m/n degerleri
Denklem 8 igerisinde degerlendirilerek drenaj
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alanlarmin y degerleri ve y-y uzayindaki degisim
grafikleri iiretilmistir.

MORFOMETRIK ANALIiZLERDEN ELDE
EDILEN BULGULAR VE TARTISMA

Caligma alanindaki jeolojik birimler Selby (1980)
Olciitlerine gore icerdikleri kayag tiirelerinin
dayanim giicii agisindan smiflanmistir (Sekil 5).
Bu smiflamaya gore bolgedeki Kaya Dayanim
Giicii (KDQG) en diisiik olan birim Altivyon’dur
ve KDG degeri en az (1) olarak alinmistir.
Guleman Ofiyolitinin ¢aligma alanindaki birimi
olan sepantinit ve Kirkgecit Formasyonu’'na ait
kayaglarin KDG degeri az (2) olarak belirlenmistir.
KDG degeri olarak bunlarin {izerine gelen Urse
Formasyonu, Midyat Grubu ve Cudi Grubu
ise orta (3) dayanim giiciindedir. Durankaya
Karmasig1 ve Kogali-Karadur Naplar yiiksek (4),
Bitlis Metamorfitleri ile Yiiksekova Karmasig
cok yiiksek (5) dayanim giiciine sahiptir. Caligma
alani icin tretilen KDG haritas1 erozyona ugrama
derecesinin mekansal dagilimini ifade eder.

Yiiksekova dogusunda
batisinda yer alan 22 dreanj alami iizerinde
gerceklestirilen hipsometrik integral analizleri
havzanin her iki tarafindaki topografyanin geng
olduguna isaret eder (Sekil 7). SIb denetiminde
olan drenaj alanlariin hipsometrik integral (HI)
degerleri (Cizelge 1) ve hipsometrik egrileri (HE)
(Sekil 8) 60 ve 61 numarali havzalarin olusumunu
tamamladigini 59 numarali havzanmn ise geng
oldugunu gostermektedir. S2 segmenti tarafindan
sinirlanan drenaj alanlarindan 67 numara harig
hepsinin HI degerleri (Cizelge 1) ve HE sekilleri
(Sekil 8) bu havzalarin olusumunu tamamladigini
67 numarali drenaj alanmin ise geng¢ oldugunu
ifade eder. S3 denetiminde olan drenaj alanlar
ise HI (Cizelge 1) ve HE degerlendirmesine gore
(Sekil 8), 77 numara geng, 80 ve 85 numarali drenaj

havzasinin ve
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alanlar1 olusumunu tamamlamistir. Havzanin
dogusunda S4b ve S5 segmentlerine yakin
konumlu drenaj alanlarmin HI degerleri (Cizelge
1) ve HE sekilleri, S4b denetimindeki 54 numara
hari¢ hepsinin olusumunu tamamladigini belirtir
(Cizelge 1 ve Sekil 8). Olusumunu tamamlayan
drenaj alanlarinda tektonik yiikselim ile erozyon

hiz1 arasinda denge oldugu kabul edilir.

Yiiksekova havzasini dogudan ve batidan
sinirlayan SYFZ segmentleri boyunca hesaplanan
S, degerleri 1.11-1.38 arasindadir (Sekil 7
ve Cizelge 1). Bu sonuglar havzayr sinirlayan
segmentlerin aktif olduguna ve segmentler
boyunca  gelisen topografyada
izninin korunduguna isaret eder. Hesaplanan Smf
degerlerine gore;

(a)

yiikselimin

Havzayr batidan sinirlayan S2 ve S3
segmentlerinin  S1b’ye gore daha fazla
yiikselim olusturmustur

(b) Havzanin dogusunda yiikselimin giineyden
kuzeye dogru arttigim1 ve genel olarak
havzanin batisinda kiyasla daha az yiikselime

sahip oldugunu ifade eder.

Yiiksekova havzasini sinirlayan faylara yakin
drenaj alanlari lizerinde V. degerleri hesaplanirken,
drenaj alanlarmin dag onii ile birlestigi noktadan
akis yukar1 dogru 100 m araliklar ile bes tane
topografik profil ¢izilmistir. Bu topografik
profillerden elde edilen V_ degerleri havzanin
batisinda 0.13-0.29, dogusunda ise 0.24-0.45
araliginda degigsmektedir (Cizelge 1). Bu sonuglar
vadilerin V-sekilli oldugunu dolayis1 ile yiikselim
hizinin yiiksek oldugunu ortaya koymaktadir.
Havzanin batisinda yer alan drenaj alanlarinin Vf
degerlerinin, dogusunda yer alan drenaj alanlarina
gore az miktarda da olsa diisiik olmasi havza
batisindaki faylarin daha fazla deformasyonu
iizerinde topladigina isaret etmektedir.
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Sekil 7. Yiiksekova Havzasi civarinda HI, V, ve S_analizleri yapilan drenaj alanlari ve dag onii smirlar1.

Figure 7. HI, V,and S ; analyses of the drainage areas and mountain front around the Yiiksekova Basin.

222



Yiiksekova Havzasi 'min (Giineydogu Tiirkiye) Yiikselim Hizi Tarihgesi nin Arastirilmasi

Cizelge 1. Yiksekova Havzasi kenarlarinda yer alan SYFZ segmentlerinin morfometrik indis sonuglari.

Table 1. The results of morphometric indices of SYFZ segments at the margins of the Yiiksekova Basin.

Segment Havza Alan(km2) Jeolojik Birim HI Smf VF V{(Ort) on-1
59 9.15 Thu 0.78 0.27

S1b 61 2.08 Thu-Tk 0.33 1.27 0.25 0.25 0.02
60 3.71 Thu-Tk 0.43 0.24
67 7.77 Thu-PzMzb 0.58 0.21
65 1.05 Thu 0.46 0.25

S2 72 2.94 Thu 0.46 111 0.2 0.20 0.04
74 20.62 Teom-Thu-JKg 0.49 0.13
76 33 Thu 0.46 0.21
77 19.74 Thu-Ky 0.53 0.17

S3 80 1.18 Ky-PzMzb 0.49 L18  0.29 0.23 0.06
85 2.64 Ky-PzMzb 0.44 0.22
42 2.51 Ky-Tk 0.42 0.45
36 5.92 Ky-Tk-PzMzb  0.38 0.37

S4b 31 20.96 Tk-Ts-PzMzb ~ 0.42 136 0.33 0.38 0.04
49 3.26 Tk-Ts-PzMzb  0.39 0.36
51 3 Tk-PzMzb 0.39 0.36
54 2 Tk-PzMzb 0.3 0.39
57 3.3 Tk-PzMzb 0.43 0.36
58 6.6 Tk-PzMzb 0.47 0.31

S5 52 9.6 Tk-PzMzb 0.38 1.25 0.39 0.32 0.06
46 66.41 Tk-Ts 0.39 0.24
70 2.18 Tk-PzMzb 0.44 0.32

SYFZ’nin Yiiksekova Havzasi igerisindeki
goreceli tektonik aktivitesini anlamak igin S__ ve
V, birlikte degerlendirilmistir. Zira V, degerleri ile
S,,;degerleri arasindaki orantinin faylarin aktivite
derecesinin  belirlenmesinde  kullanilabilecegi
gosterilmistir (Rockwell vd., 1984; Silva vd.,
2003). Her bir segment igin ortalama V_ ve
standart sapmasi (on-1) hesaplanarak (Cizelge
1), segmentlerin S__ degerleri ile kiyaslandiginda,
Vi, (ortalama V) ve Smf arasinda oldukea iyi
korelasyon oldugu R*=0.8087 degerine gore

223

sOylenebilir (Sekil 9). Yiiksekova Havzasi’ni
sinirlayan faylar i¢in yapilan simiflama faylarin
yiiksek aktiviteye sahip olduguna ve yiikselim
hizinin 0.5 mm/yildan az olmadigna isaret
eder (Sekil 9). VI - Smf kiyaslamasi havzayi
batidan sinirlayan S2 ve S3 segmentlerinin hem
S1b’ye gore hem de havzayr dogudan sinirlayan
S5 ve S4b’ye gore daha fazla yiikselime sahip
oldugunu gosterir (Sekil 9b). Bu segmentler
arasinda yiikselim derecesi S2>S3>S5>S1b>S4b
seklindedir.
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Sekil 8. Yiiksekova Havzasi batisinda ve dogusunda drenaj alanlarinin hipsometrik egrileri.

Figure 8. Hypsometric curves of drainage areas at east and West of the Yiiksekova Basin.

Yiiksekova Havzasi civarinda yiikselimin
mekansal dagilimmin daha iyi anlasilabilmesi
icin belirlenen 129 drenaj alanma (Sekil 5) ait
en iyl m/n degerleri asagidaki yontemlere gore
hesaplanmigtir (Sekil 10).

(a) ¢_Biitiin Veri.

(b) x_Monte Carlo.

(c) Egim-Alan Biitiin Veri.

(d) Egim-Alan Dere Segmenti.
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Mudd ve dig (2018) tarafindan yapilan
modelleme c¢aligmalarina gdére, SYM’den elde
edilen en giivensiz m/n degeri egim-alan iliskisine
gore Tretilen degerledir. Bir bolge {izerinde
mekansal olarak asinilabilirlik (erozivite) ve
farkliik  gdstermesi  durumunda
dahi y_Monte Carlo analizinin en iyi m/n oranin
hesaplayabildigi gosterilmistir (Mudd vd., 2018).

yiikselimin

Bu c¢alismada m/n orami dikkate alinarak
yapilan  degerlendirmeler y Monte  Carlo
analizinden elde edilen sonuglara gore yapilmaistir.



Yiiksekova Havzasi 'min (Giineydogu Tiirkiye) Yiikselim Hizi Tarihgesi nin Arastirilmasi

Sekil 9. Yiiksekova Havzasini sinirlayan faylarin géreceli tektonik aktivitesinin siniflamasi.
Figure 9. Classification of relative tectonic activity of the faults that delimited the Yiiksekova Basin.
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Sekil 10°da gosterilen kirmizi ve mavi kesikli
cizgiler, 129 drenaj alan1 i¢in sirasi ile y Monte
Carlo ve Egim-Alan Biitliin Veri yontemine gore
hesaplanan ortalama m/n degerlerini gosterir.
Yiksek m/n degerlerinin kanalin akis asagi
olan egiminin daha hizli azaldigini (ylikselimin
oldugunu) ifade ettigi goz
bulunduruldugunda y Monte Carlo yodntemine
gore elde edilen ortalama 0.12 degeri bolgede

fazla Ontinde

asinmanin oldukga fazla olduguna isaret eder.

Taylan SANCAR

asinabilen (KDG=2) kayaglardan olusmasidir.
Kolay agmabilen kayaclar yiikselim sonucu
dere yataklarinda olusan dikligin korunmasina
misaade etmez. S3 segmentinin (m/n=0.65)
S2 segmentine (m/n=0.29) goére daha fazla
S
kiyaslamasi ile tezatlik olusturan bu durum S3
segmenti tarafindan sinirlanan drenaj alanlarinin
bir boliimiiniin daha sert kayaglar (KDG=5 ve 3)

tizerinde kalmasi ile iligkilendirilmistir. Zira bu

yukselim olusturdugu goriilmektedir. VI —

mf

Sekil 10. Yiiksekova Havzasi civarinda belirlenen 129 drenaj alaninin farkli yontemler kullanilarak hazirlanan m/n

deger dagilimlart.

Figure 10. m/n value distributions of 129 drainage areas that determined around the Yiiksekova Basin using different

methods.

Yiiksekova Havasini batisinda yer alan
segmentlerin sinirladigl drenaj alanlar1 {izerinde
belirlenen m/n degerlerine gore (Cizelge 2) S1b
segmenti tizerinde yiikselimin en az oldugu (m/
n= 0.15) ortaya ¢ikmaktadir. Bu durum Vf —S
ile uyumlu olsa da diisitk m/n degerinin nedeni

S1b tarafindan sinirlanan drenaj alanlarinin kolay
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tiir kayaclarda erozyon goreceli daha zor olacagi
icin dere profillerinin yiikselim sonucu diklesmesi
korunmustur. S2 segmenti tarafindan sinirlanan
drenaj alanlarmin nerdeyse tamaminin goreceli
yumusak kayalar (KDG=3) {izerinde kalmasindan
dolay1 ytikselim sonucu olusan diklesme, erozyon
daha kolay oldugu i¢in korunmamistir. Yiiksekova
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Havzast’nin batisinda yer alan drenaj alanlarinin
0.375 degerindeki m/n ortalamasi havzanin bu
kesiminin aktif olarak yiikseldigini gosterir.

Yiiksekova  Havasini  dogusunda  dag
onlerine yaklasan drenaj alanlarinin bir kismi
SYFZ segmentleri tarafindan kesilir bir kismi
ise segmentlerin giineyinde yer alir. Havzanin bu
kesiminin genel yiikselimi ile ilgili daha saglikli
tartismak icin biitiin drenaj alanlarindan elde
edilen m/n degerleri dikkate alinmistir. Ayrica
segmentler tarafindan sinirlanan veya kesilen
drenaj alanlar1 daha detayli olarak tartigilmistir. S5
segmentinin m/n=0.53 degeri, yiikselimin S4b’ye
gore (m/n=0.25) daha fazla oldugunu gosterir.
Bu durum V{ — Smf kiyaslamasi ile uyumludur.
S5 denetiminde olan drenaj alanlarinin nerdeyse
tamami asinmaya dayanimli kayaglar (KDG=5)
iizerinde yer almasi yiikselim sonucu meydana
gelmis dikligin korunmasina neden olmustur. S4b
denetiminde olan drenaj alanlarinda zor asman
kaya¢ gruplarinin disinda (KDG=5) goreceli
kolay asmabilen kayaglar (KDG=2 ve 3) oldugu
icin ylikselim sonucu olusan diklik goreceli az
korunmustur. Vf ~— S . kiyaslamasinda S1b
segmentinin iizerinde S4b’ye gore daha fazla
yiikselim vardir. Ancak S4b denetimindeki drenaj
alanlarmin S1b’ye gore daha zor asinabilen
kayaclardan olugmast m/n degerlerinin daha
yliksek olmasma neden olmustur. Yiiksekova
Havzasi’nin dogusunda yer alan biitiin drenaj
alanlarmin 0.309 degerindeki m/n ortalamasi
havzanin bu kesiminin aktif olarak yiikseldigini
gosterir. Ancak m/n degerlerindeki farklilik
havzanin bat1 kesimlerinin daha hizli yiikseldigini
ifade eder.

Havza batisinda ve dogusunda y_Monte Carlo
yontemine gore belirlenmis farkli m/n ve KDG
degerlerine sahip drenaj alanlar1 igerisindeki dere
kollarinin boyuna profilleri iizerinde belirlenen
m/n oranlar1 dikkate alinarak yiikselimin
tarihgesini belirleyebilmek icgin integral analiz
yontemi kullanilmistir.
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Cizelge 2. SYFZ segmentleri tarafindan kontrol edilen
drenaj alanlarinin m/n degerleri. y_Biitlin Veri (m/n-a),
¥_Monte Carlo (m/n-b) ve Egim-Alan Biitiin Veri
(m/n-c)

Table 2. The m/n values of the drainage areas that
controlled by the SYFZ segments. y_all data (m/n-a),
¥x_Monte Carlo (m/n-b) ve Slope-Area all data (m/n-c)

Fay Kolu  Havza (m/n) m/n m/n
59 0.25 0.25 0.51

S1b 61 0.1 0.1 0.88
60 0.1 0.1 0.15

Ortalama 0.15 0.15 0.51

67 0.6 0.3 0.24

65 0.1 0.1 0.44

2 72 0.15 0.1 0.68
74 0.2 0.15 0.26

76 0.8 0.8 0.76

Ortalama 0.37 0.29 0.48

77 0.45 0.4 0.39

80 0.75 0.75 0.44

83 85 0.8 0.8 0.72
89 0.7 0.65 0.47
Ortalama 0.417 0.375 0.495

Genel Ortalama 0.42 0.38 0.5
42 0.4 0.35 0.38

36 0.35 0.35 0.48

31 0.25 0.3 0.43

S4b 49 0.1 0.1 0.41
51 0.3 0.3 0.61

54 0.1 0.1 0.92

Ortalama 0.25 0.25 0.54

57 0.8 0.8 0.58

58 0.35 0.35 0.53

S5 52 0.45 0.45 0.54
46 0.3 0.25 0.43

70 0.8 0.8 0.99

Ortalama 0.54 0.53 0.61

5 30 0.1 0.1 0.25

§§“ 32 0.3 0.35 0

z > 35 0.8 0.15 0.17
T3 033 0.1 0.1 0.66
43 0.1 0.1 2.34
Genel Ortalama 0.350 0.309 0.608



S1b segmenti tarafindan smirlanan m/n=0.1
olan 60 numarali drenaj alanindan gergeklestirilen
integral analiz c¢alismalarina goére bu drenaj
alan1 icerisinde iki farkli yiikselim mevcuttur.
Sekil 1la’da 1 numarali ¢izginin altinda kalan
profillerin y eksenindeki degerlerinin y uzayindaki
degisim ekseni boyunca yliksek degerlerden diisiik
degerleredogrudegisimibudrenajalanimietkileyen
ilk yiikselimin hizinin azaldigini géstermektedir. 1
ve 2 numarali ¢izgiler arasinda profil goriillmemesi
drenaj alani igerisinde yiikselimin durdugunu ve
2 numarali ¢izginin Ustiinde kalan profiller ise
drenaj alanmin en son maruz kaldigi yiikselimi
ifade eder. Sekil 11°b de S2 segmenti tarafindan
sinirlanan m/n =0.3 olan 67 numarali drenaj
alaninin integral analizi 3 farkl yiikselime isaret
eder. 60 numarali drenaj alanindan farkli olarak
daha yiiksek KDG’ye sahip bu alanda 1 numaral
siyah c¢izginin altinda kalan profil serisi drenaj
alan1 icerisindeki en eski yiikselimin izleridir. Bu
profil serisinin y ekseni boyunca yiiksek degerlere
ulagsmas1 bu yiikselimin drenaj alani icerisindeki
biitiin dere kollarmin s6z konusu yiikselime esit
cevap vermesini saglayacak kadar uzun stirdiigiini
gosterir. 1 ve 2 numarali ¢izgiler arasinda  ekseni
boyunca profil gériilmemesi yiikselimin bu zaman
araliginda durdugunu gosterir.

S6z konusu c¢izgiler arasinda goriilen diisey
profiller, bu dere kollarmin 2 ve 3 numarali
siyah cizgiler arasinda goriilen ve goreceli daha
kisa siiren ikinci yilikselime de cevap verdigini
gosterir. 3 ve 4 numarali ¢izgiler arasinda  ekseni
boyunca profil goriilmemesi yilikselimin bu zaman
araliginda durdugunu ve 4 numarali ¢izginin
istiindeki profiller ise drenaj alaninin maruz
kaldig1 son yiikselimin belirtecleridir. Yiiksekova
Havzasi’nin batidan sinirlayan S3 segmentinin
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dogusunda kalan ve m/n= 0.75 degerine sahip 80
numarali drenaj alanina ait integral analiz sonuglari
bu akaglama alaninin dort farkl yiikselime maruz
kaldigimm1 gostermektedir (Sekil 11c). Drenaj
alanindaki en eski yiikselim 1 numarali siyah
¢izginin altinda kalan profil serisi ile karakterize
olur. Bu profil grubunun y ekseni boyunca yiiksek
degerlere ulagmasi drenaj alanindaki biitiin dere
kollarinin yiikselime esit cevap verdigi dolayisi
ile yiikselimin uzun siirdiigii anlamina gelir. 1
ve 2 numarali ¢izgiler arasinda  ekseni boyunca
profil olusmamasi yiikselimin durdugunu diisey
profiller ise dere kollarinin bazilarinin 2 ve 3
numarali c¢izgiler arasinda goriilen ve goreceli
kisa siiren yiikselime cevap verdigini ifade eder. 3
ve 4 numarali ¢izgiler arasinda ki zaman dilimine
karsilik gelen siirede yiikselim durmus sonrasinda
4 ve 5 numaral c¢izigiler arasindaki zaman
diliminde tekrar devam etmistir. Drenaj alanim
en son etkileyen yiikselim ise 6 numarali ¢izginin
iistiinde goriilen profiller ile kendini belli eder.

Yiiksekova Havzasi’nnin batisinda farkl
m/n degerlerine sahip drenaj alanlarinin integral
analizleri havzanin batisinda yiikselim hizinin
degistigini ortaya ¢ikarmigtir. Drenaj alanlarinda
farkli sekilde ortaya ¢ikan yiikselim hizi degisimi
drenaj alanlarinin sahip oldugu litolojik 6zelliklere
gore degisim gostermektedir. Havzanin glineybati
kenar1 boyunca giineydogudan kuzeybatiya
dogru kayaclarin KDG degerinde goriilen azalma
havzanin bu kenarinin maruz kaldig: yiikselimlerin
hepsinin homojen sekilde kayit altinda tutulmasini
engellemistir. Asinmaya karsi en fazla dayanimh
olan kayaglardan olusan 80 numarali drenaj alam
havza giineyinde yiikselim hizinin dort defa
degistigini gostermistir.
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Sekil 11. Yiiksekova Havzasi’nin bati kenarindaki drenaj alanlarinin integral analiz sonuglari.

Figure 11. Integral analysis results of drainage areas at western margin of the Yiiksekova Basin.
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Sekil 12. Yiiksekova Havzasi’nin dogu kenarindaki drenaj alanlarinin integral analiz sonuglart.

Figure 12. Integral analysis results of drainage areas at eastern margin of the Yiiksekova Basin.
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Yiiksekova Havzasi dogusundaki en iyi
ylikselim hiz1 tarihgesini ortaya ¢ikarmak amact
ile S4b ve S5 segmentleri tarafindan denetlenen ve
goreceli yiiksek KDG degerine sahip kayaglardan
olusan drenaj alanlar1 se¢ilmistir (Sekil 12). S4b
denetiminde kalan ve m/n= 0.35 degerine sahip
42 numaral1 drenaj alan1 lizerinde gerceklestirilen
integral analiz ¢aligmalar1 bu drenaj alaninin
i¢ farkli yiikselime maruz kaldigin1 ortaya
cikarmigtir. Sekil 11a’da 1 numarali siyah ¢izginin
altinda kalan profil serisi en eski yilikselimi temsil
etmektedir. Bu profil serisinin ¥ ekseni boyunca
yiiksek degerlere ulagmasi yiikselimin uzun
stirdliglinlin gostergesidir. Drenaj alani i¢erisinde 1
ve 2 numarali ¢izgiler arasindaki zaman diliminde
yiikselimin durdugu ve sonrasinda 2 ve 3 numaral
siyah ¢izgiler arasindaki profil serisi karakterize
olan goreceli daha kisa siliren bir yiikselimin
basladigr goriilmektedir. Drenaj alanindaki en
son yiikselim ise 4 numarali ¢izginin {izerindeki
profil serisi ile karakterize olur. S5 denetiminde
olan m/n= 0.8 degerine sahip 57 numrali havza
iizerinde yapilan integral analiz sonuglar1 42
numarali havza ile ayn sekilde ii¢ farkl yiikselim
tarihgesine igaret etmektedir (Sekil 12b). Drenaj
alanindaki en eski yiikselim Sekil’de goriilen 1
numarali siyah ¢izginin altinda kalan profiller
ile karakterize olur. Profillerin y ekseni boyunca
yiiksek degerlere ulagsmasi yiikselimin uzun
siirdiglintin belirtecidir. Drenaj alanini etkileyen
sonraki yiikselim 2 ve 3 numara ile gosterilen
siyah ¢izgiler arasindaki profiller ile belli olur
ve goreceli daha kisa siirmiistlir. Drenaj alanini
etkileyen son yiikselim ise dort numarali ¢izginin
iizerinde kalan profil ile ortaya ¢ikar ve sadece tek
bir dere kolunu etkiledigi i¢in yeni baglayan bir
yiikselim oldugunun gostergesidir.

Yiiksekova Havzasi’nin dogusunda kalan ve
farklt m/n degerlerine sahip drenaj alanlar1 havza
dogusunda yiikselim hizinin degistigini ortaya
cikartmistir. KDG degeri yliksek olan birimlerden
olusan drenaj alanlar iizerinde yapilan ¢aligmalar
havzanin bu kesiminde ii¢ farkli yiikselim
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donemine isaret eder. Bu yiikselim ozellikleri
ayni zamanda bu ¢aligma kapsaminda ¢izilmis fay
kollarinin da aktif oldugunu gostermektedir.

SONUCLAR

SYFZ’nin geometrisi ve civarindaki jeolojik
birimlerin ozellikleri ile ilgili tiretilen Onceki
veriler bu ¢caligsma kapsaminda yapilan arastirmalar
ile birlikte degerlendirilmesi sonucunda SYFZ
denetiminde Yiiksekova Havzasi
civarindaki yiikselim tarihgesi belirlenmistir. Bu
calismanin sonuglari asagida sunulmustur.

olusmus

1. DASB’nin en giineyinde bulunan, K50-60B
uzaniminda ve 90 km uzunlugunda dogrultu
atimli sag yanal bir deformasyon yapisi olan
SYFZ geometrik ve kinematik ozelliklerine
gore yedi segmente ayrilmistir (Sekil 2).

SYFZ iizerindeki en 6nemli morfotektonik
yapt olan Yiksekova Havzasi
belirlenen  drenaj alanlar1  {izerinde
gergeklestirilen hipsometrik integral
hesaplamalar1 ve {iretilen hipsometrik egriler
havzanin kuzey ve giineyindeki topografyada
yiikseltici kuvvetler ile asindirict siirecler
arasinda bir denge oldugunu gostermektedir.

civarinda

Yiiksekova havzasini batidan ve dogudan
smirlayan  SYFZ  segmentleri  boyunca
hesaplanan S__degerleri (Cizelge 1) havzanin
dogusunda yiikselimin batiya nazaran daha az
oldugunu ortaya ¢ikarmistir.

Elde edilen V_ degerlerinin (Cizelge 1)
havzanin batisinda daha diisiik olmasi
buradaki faylarin daha fazla deformasyonu
tizerinde topladigini gostermektedir.

Havzay1 sinirlayan faylarin V, degerlerinin
ortalamasi ilse S_. degerlerinin kiyaslanmasi
(Sekil 9), so6z konusu faylarin yiiksek
aktiviteye sahip oldugunu ve yikselim
hizlarinin 0.5 mm/yildan az olmadigina isaret
etmektedir.



Yiiksekova Havzasi civarinda 129 drenaj alan1
(Sekil 5) iizerinde gergeklestirilen ¥ _Monte
Carlo temelli en iyi m/n orani hesaplamalari
neticesinde elde edilen m/n=0.12 (Sekil 10)
degeri SYFZ’den uzak kesimlerde asinmanin
cok fazla olduguna isaret eder. Bu durum
SYFZ deformasyon alanindan uzak olan
yerlerde bdlgesel yiikselimin asinmadan daha
az oldugunu ortaya ¢ikarmistir.

Yiiksekova Havzasi’nin dogusu ve batisini
simirlayan faylara yakin yerlerdeki drenaj
alanlarinin yiiksek m/n degerleri, havzanin
her iki tarafinda aktif yiikselimin devam
ettigini gostermektedir.

Ayni drenaj alanlan igerisindeki dere kollar
gerceklestirilen  integral
caligmalar1 havza batisinda yiikselim hizinin
dort defa dogusunda ise ii¢ defa degistigini
ortaya ¢ikarmistir.

uzerinde analiz

EXTENDED SUMMARY

The interaction of tectonic and climatic processes
over time causes the formation of different
morphological structures on the earth surface or
the re-shaping of existing structures (Whipple,
2004, Whipple ve Tucker, 1999; Whittaker vd.,
2008; Wobus vd., 2006). Since temporal effect of
these processes recorded through the landscape,
the morphometric characteristics of the earth
surface can be used to isolate past tectonic or
climatic signals if direct structural or geodetic
data are not unavailable or insufficient (Burbank
ve Anderson, 2001; Molnar, 2001; Roberts vd.,
2004).

The geomorphic features of fault-generated
mountain fronts, where active tectonics and
erosion-triggered — surface  processes
interacting, are widely used to extract tectonic
history of the region and relative activity of
the faults.
lithological units, it can be deduced which of the

are

Considering the strength of the
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processes (tectonic or climate) predominates in
the development of the mountain front (Bull ve
McFadden, 1977; Rockwell vd., 1984).

Furthermore, since the bedrock channel
fluvial systems are more sensitive indicators, which
reflect the relationship among relief, elevation,
and erosion rate (Howard, 1994; Howard vd.,
1994; Howard ve Kerby, 1983; Whipple, 2004,
Whipple ve Tucker, 1999), they can used to extract
the recorded information about past tectonic and

climatic signals (Whipple, 2004).

Integrated analyses of the mountain front and
the bedrock river profiles provide good insight to
understand uplift rates of the region (Anoop vd.,
2012; Panvd., 2015; Snyder vd., 2000; Wobus vd.,
2006) and as well as identifying potential active
faults and revealing relative tectonic activity
between faults (Kirby ve Whipple, 2012; Saglam
Selcuk, 2016, Silva vd., 2003; Topal vd., 2016;
Yildirim, 2014)

The complex tectonic architecture of the
Eastern Mediterranean region is mainly shaped
by the kinematic interaction along the boundaries
of the Eurasian, African, Arabian plates and
smaller Anatolian “Scholle”. Zagros subduction-
collision and/or the Hellenic subduction and
rollback are the primary mechanisms in the
eastern Mediterranean region (Le Pichon and
Kreemer 2010; Reilinger et al. 2006, Sengor et
al. 1985). Although numerous hypothesis have
been proposed to explain the reasons of westward
motion of the Anatolian Scholle (Chorowicz vd.,
1999; Faccenna vd., 2013, Le Pichon ve Kreemer,
2010; McKenzie, 1972; Ozeren ve Holt, 2010;
Reilinger vd., 2006, Sengor vd., 1985), numerus
studies (Kozaci et al. 2009, Reilinger et al. 2006,
Sengor 1980; Sengor et al. 1985, Sengor et al.
2005) agreed that the dextral North Anatolian
Fault Zone (NAFZ) and the sinistral East Anatolian
Fault Zone (EAFZ) accumulate the considerable
amount of deformation during the westward
motion of the Anatolia. This motion resulted in
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formation of four neotectonic provinces: (1) East
Anatolian Contractional Province, (2) North
Turkish Province, (3) Central Anatolian ‘Ova’
Province and (4) West Anatolian Extensional
Province (Figure 1) (Sengor et al 1985) .

The south of the East Anatolian Contractional
Province (EACP) corresponds to the NW part of
the GPS based elastic Iran Block (Figure 1). This
province is characterized by:

- The NW-oriented dextral and NE-oriented
sinistral strike-slip faults and the pull-apart
basin form on these faults,

- E-W oriented fold and thrust belts and ramp
basins,

- N-S oriented normal faults that cause to
magma rising.

The 90 km long and N50-60W oriented right
lateral Semdinli Yiiksekova Fault Zone (SYFZ) is
located at southeast of the EACP (Figure I and
2). The most prominent morphotectonic structure
of the SYFZ is the Yiiksekova Basin that has a long
axis striking in NW-SE direction with a length of
38 km and maximum width of 10 km (Figure 2).

This study provides geomorphic analyses
of fault generated mountain-fronts and fault
controlled drainage areas along the northern and
southern margins of the Yiiksekova Basin in order
to reveal the uplift history.

The NW-SE striking SYFZ is separated into
seven geometric segments (S1, S2, S3, §4, S5, S6
and S7) based on the surface geometry (Figure 2).
The first 7-km section of the S1 (Sla) begins from
the SW of the Yeniisik and it extends to north of the
Biiyiik¢ifilik. Sla characterized by eastward arc-
shaped geometry and up to 2-km dextrally offset
rivers that are clear short-term slip indicators of
the SYFZ (Figure 2 and 3). The N4OW oriented S1b
has a length of 6-km and delimit the NW margin
of the Yiiksekova Basin (Figure 2). The N5OW
oriented and 8-km long S2 extended between S1 and
Bulakl with and characterized by series of small-
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scale restraining and releasing bends (Figure 2).
The southeast part of the N45-50W oriented S3 by
oblique thrust. The dextrally offset rivers along
the 26-km long S4, which forms the northwest part
of the SYFZ, present the short term fault activity.
1t is separated from S5 by a northward arc-shaped
geometry (Figure 2). The 10-km long S5 extends
in N50-60W direction between Yiiksekova and
Demirkonak, characterized by dextrally offset
rivers and presents restraining bend geometry
(Figure 2 and 3). The S6 segment extends in the
NO65SW direction from the south of Demirkonak to
the Catalca village and the S7 segment started in
the central part of the southernmost part of the
basin and extended 44 km in the N45SW direction to
the southwest and it offset the boundary between
the Yiiksekova and Bitlis metamorphic rocks (Figs.
2 and 4).

In order to true discussion of results of the
morphometric indices, I classified lithological unit
(Figure 4) (for detail see Senel, 2002 and 2007)
according to rock strength (Selby, 1980) that take
into account the resistance of rocks to weathering
and fluvial erosion. The classification of the
geologic units as below:

1-Very low strength (Alluvium), 2-Low
strength (Serpantinites of Guleman Ophiolite
and Kirkgegit Formation), 3-Moderate strength
(Cudi and Midyat Group and Urse Formation),
4-High strength (Durankaya Complex and Kogali-
Karadut Nappes, and 5-Very high strength (Bitlis
Metamorphites and Yiiksekova Complex) (Figure
5).

The shape of hypsometric curve (HC)
represents the ratio between the relative area and
relative altitude of a drainage basin, and indicate
the maturity level of the basin (Strahler, 1952).
The convex HC characterize immature and weakly
eroded basins, S-shaped HC typically related to
moderately eroded and the concave HC indicate
the highly eroded basins. The young landforms
(convex HC) present high hypsometric integral



(HI >0.5), whereas S-shaped and concave HC
have intermediate HI (0.3-05) and low HI (<0.3)
values respectively. The calculated 22 hypsometric
integral (HI) values (Table 1) and curves (HC)
(Figure 8) in the vicinity of the Yiiksekova
Basin suggest the intermediate maturity for the
topography. Although the HI and HC does not
provide sensitive results in delineating details of
uplift change along the margins of the Yiiksekova
Basin, HI>0.35 and “S” shaped HC are suggestive
of recent topographic development.

1 applied two widely used geomorphic
analyses (mountain-front sinuosity and valley-
width to valley-height ratio) to infer the tectonic
activity of mountain front along each margin of the
Yiiksekova Basin. The Mountain-front sinuosity
(S,,) has been used to distinguish tectonically
active fronts (1.0<Smf<].5) from inactive fronts.
The results of the mountain front sinuosity (Smf)
analyses (Table 1) indicates that the segments
that constrain margins of the Yiiksekova Basin
are active. Smfanalyses reveal that uplift rate of
the S2 and S3 are higher than the S1b moreover,
the results point out that the uplift rate to the
east of the basin increases from the south to the
north and generally has less compared to the
west of the basin. The ratio of valley-floor width
to valley-height index (V) allows comparison of
erosional patterns between drainage areas. The
Vf>1 characterize “U” shaped valley and the
V< 1 indicate the “V” shaped valleys where
incision, hence uplift, rate is higher. The mean
valley-width to valley-height ratios (V), range
from 0.13-0.29 to the west and 0.24-0.45 to the
east (Table 1), indicate that the valleys are in
“V” shape and therefore uplift rate is high. The
correlation between the Sm ; and V. values has been
used to classify the relative tectonic activity of the
faults (Bull ve McFadden, 1977). The S, vs. V.
plots of the mountain fronts to the east and west of
the Yiiksekova Basin show well correlation, with
an R? = 0.80, and indicate high (Class )1 tectonic
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activity which corresponds the 0.5 mm/yr uplift
rate according to Rockwell vd. (1984) (Figure 9).

The interaction between the surface uplift rate
and the river incision reflect itself within the in the
bedrock river longitudinal profiles. Therefore the
analyzing the systematic behavior of bedrock river
stream profiles provide important prediction on
spatial distribution of rock uplift and potentially
active faults hence about the underlying tectonic
history (Kirby ve Whipple, 2012; Royden ve
Taylor Perron, 2013). Empirical studies of
bedrock channel longitudinal profiles reveal: (a)
power law scaling between local channel gradient
(S) and contributing drainage area (4) (Equation
-1), where ks referred to as the channel steepness
index and 6 describes concavity of the channel,
(b) stream power incision model (Equation 2)
proposed that in bedrock rivers, erosion should
be proportional to the power the river expends on
its bed, where E is the long-term fluvial incision
rate and K is the erodibility coefficient, m and n
are constant exponents. The Equation (2) can be
rearrange to calculate channel slope (Equation
3). The comparison between Equation (1) and (3)
reveal that k_is related to erosion rate and 6=m/n
that fall in the range 0.35 to 0.6 in tectonically
activeregion (Whipple ve Tucker, 1999). Therefore,
to extract the uplift rate histories from the bedrock
river longitudinal profiles mainly depend on the
estimate the 0 or its equivalent m/n value and
the ks. Since the digital elevation model (DEM),
which present the main data source to extract
the longitudinal profile, therefore m/n and the ks,
inherently noisy, the extracted slope data may not
reflect regional erosion rates (Wobus vd., 2006).
Perron ve Royden (2013) propose an alternative
solution interpret uplift rate history of the bedrock
river that is called Integral Analyses. They used
an integral transformation of the river profile'’s
horizontal coordinate in to a variable chi (y) and
propose that plots of channel elevations against
the y can be used to reveal the steepness of river
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without calculating channel slopes. The integral
analyses of bedrock river profiles provide precise
information about erosion rates and the spatio-
temporal variations in tectonics and climate.

In order to understand spatial distribution
of rock uplift around the Yiiksekova Basin, [
extracted best m/n ratio of 129 basins (Figure 5)
with four commonly used methods ((a) y_All Data,
(b) x_Monte Carlo, (c) Slope-Area All Data, (d)
Segmented Slope-Area) by using LSD TopoTools
(Mudd vd 2014 ve 2018). The average m/n= 0.12
values obtained according to the Monte Carlo
method (Figure 10), which is more trustworthy
according to the Mudd vd, (2018), indicate
that there is considerable erosion in the region.
However, average m/n= 0.375 and 0.309 to the
west and east of the Yiiksekova Basin respectively
(Table 2), reveal that the SYFZ have driven the
rock uplift around the basin rather than the large-
scale lithospheric processes.

After the estimation of most likely m/n
ration of all basins, I produced gradient in chi
space vs. chi graph to evaluate the uplift rate
histories of selected basins. I choose the basins
-60, -67 and -80 at west (Figure 11) and 42 and
57 at east (Figure 12) of the basin, respectively,
where calculated m/n ratio and rock strength is
different. Regardless of the m/n ratio, profiles in
chi-elevation space present different uplift rate
variation on the selected the drainage areas.

In Figure 11 and 12, the different color profiles
along the y axes present the different tributary of
relevant drainage area. High values of the profiles
onthe y axes indicates that the uplift continued until
the drainage area reach dynamically steady state,
in other words, erosion rates match the uplift rate
throughout the entire area. The region between the
black lines where there are no profiles present the
transition zones hence tectonically quiescent time
interval. The integral analyses of drainage areas
60 (rock strength = partly moderate) and 67 (rock
strength = moderate), present that the uplift rate
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of the basins change 2 and 3 times respectively.
The drainage 80 (rock strength = very high)
reveal that the uplift rate has been changed four
times at west of the basin whereas drainage 42
(rock strength = very high) and 57 (rock strength
= very high) reveal that the uplift rate has been
changed three times at east of the basin. I propose
that difference in rock strength is the main reason
behind the poorly constrained m/n ratio. Although
I have poorly constrained m/n ratio in different
drainages area, the river profile in chi-elevation
space detect the sections of the channel network
responding to at least four and three different
uplift rates, regardless of the m/n ratio, at west
and east of the Yiiksekova Basin respectively.

The main results of this study are as follows.

1) The integrated analyses of DEM and previous
studies show that the 90 km-long, N50-60W
striking SYFZ consist of the seven geometric
segments based on the surface geometry (Fig.

2).
2)

Hypsometric integral analyses of the basins
maturity  for the
topography at the margins of the Yiiksekova

Basin.

indicate intermediate

3) The Smf and Vfvalues indicate that uplift rate
is higher to the west of the Yiiksekova Basin
and the SYFZ segment along the western

margin accumulate more deformation.

4) Smf vs. V, plot indicate high tectonic activity

which corresponds the 0.5 mm/yr uplift rate.
5)

Spatial distribution of the m/n values reveal
that SYFZ control the the rock uplift around

the Yiiksekova Basin.

6) [Integral analyses results show that western
and eastern margins of the basin have

different uplift history.

ORCID

Taylan Sangar 2 https://orcid.org/0000-0002-2500-9787



DEGINILEN BELGELER

Akkaya I, 2015. The application of HVSR microtremor
survey method in Yilksekova (Hakkari) region,
Eastern Turkey. Journal of African Earth Sciences
109, 87-95.

Altmli, 1.E., 1952. Siirt Giineydogusunun Jeolojik
Incelemesi, Maden Tetkik Arama Enstitiisii,
Ankara, p. 95.

Ambili, V. ve Narayana, A.C., 2014. Tectonic effects on
the longitudinal profiles of the Chaliyar River and
its tributaries, southwest India. Geomorphology
217, 37-47.

Anoop, A., Prasad, S., Basavaiah, N., Brauer, A.,
Shahzad, F. ve Deenadayalan, K., 2012. Tectonic
versus climate influence on landscape evolution:
A case study from the upper Spiti valley, NW
Himalaya. Geomorphology 145-146, 32-44.

Boray, A., 1974. Bitlis Masifinin Yapist
Metamorfizmasi. Tiirkiye Jeol. Biil. 18, 81-84.

ve

Bozkurt, E., 2001. Neotectonics of Turkey; a synthesis.
Geodinamica Acta 14, 3-30.

Bull, W.B., 1978. Geomorphic tectonic classes of the
south front of the Gabriel Mountains, California.
U.S. Geological Survey Contract Report 14-
08- 001-G-394, Menlo Park, CA, Office of
Earthquakes, Volcanoes, and Engineering.

Bull, W.B. ve McFadden, L.D., 1977. Tectonic
geomorphology north and south of the Garlock
fault, California, in: Doechring, D.O. (Ed.),
Geomorphology in Arid Regions, Proceeding
8th Annual Geomorphology Symposium, State
University New York at Binghamton, 23-24
September 1977, pp. 115-137.

Burbank, D.W., Anderson, R.S., 2001. Tectonic
Geomorphology. Blackwell Scientific, Oxford.

Chorowicz, J., Dhont, D. ve Giindogdu, N., 1999.
Neotectonics in the eastern North Anatolian fault
region (Turkey) advocates crustal extension:
mapping from SAR ERS imagery and Digital
Elevation Model. Journal of Structural Geology
21, 511-532.

Davis, WM., 1899. The Geographical Cycle. The
Geographical Journal 14, 481-504.

DiBiase, R.A., 2014. Earth science: River incision
revisited. Nature 505, 294-295.

236

Taylan SANCAR

DiBiase, R.A., Whipple, K.X., Heimsath, A.M.
ve Ouimet, W.B., 2010. Landscape form and
millennial erosion rates in the San Gabriel
Mountains, CA. Earth and Planetary Science
Letters 289, 134-144.

Duran, O., Semsir, D., Sezgin, L. ve Peringek, D.,
1988. Giineydogu Anadolu’da Midyat veSilvan
gruplarinin stratigrafisi, sedimentolojisi ve petrol
potansiyeli. TPJD Biilteni 1/2, 99-126.

Duran, O., Semsir, D., Sezgin, L. ve Peringek, D.,
1989. Giineydogu Anadolu’da Midyat Silvan
Gruplarmin  stratigrafisi, sedimantolojisi  ve
paleocografyasi, paleontolojisi, jeoloji tarihi,
rezervuar ve diyajenez Ozellikleri ve olasi petrol
potansiyeli. , TPAO Arastirma Merkezi, Rapor
No.2563. Ankrara.

Emre, O., Duman, T.Y. ve Olgun, S., 2012. 1:250.000
Olgekli Tiirkiye Diri Fay Haritas1 Serisi, Hakkari
(NJ 38-10) Paftasi, Seri No:56. Maden Tetkik ve
Arama Genel Miidiirligii, Ankara -Tiirkiye.

Faccenna, C., Becker, T.W., Jolivet, L. ve Keskin,
M., 2013. Mantle convection in the Middle East:
Reconciling Afar upwelling, Arabia indentation
and Aegean trench rollback. Earth and Planetary
Science Letters 375, 254-269.

Flint, J.J., 1974. Stream gradient as a function of
order, magnitude, and discharge. Water Resources
Research 10, 969-973.

Gilbert, G.K., 1877. Geology of the Henry Mountains.
USGS Unnumbered Series, Government Printing
Office, Washington, D.C.

Goren, L., Fox, M. ve Willett Sean, D., 2014. Tectonics
from fluvial topography using formal linear
inversion: Theory and applications to the Inyo
Mountains, California. Journal of Geophysical
Research: Earth Surface 119, 1651-1681.

Hack, J.T., 1960. Interpretation of erosional topography
in humid temperate regions, Interpretation of
erosional topography in humid temperate regions
258-A, 80-97.

Howard, A.D., 1994. A Detachment-Limited Model of
Drainage Basin Evolution. Water Resour. Res. 30,
2261-2285.

Howard, A.D., Dietrich, W.E. ve Seidl, M.A., 1994.
Modeling fluvial erosion on regional to continental
scales. Journal of Geophysical Research: Solid
Earth 99, 13971-13986.



Yiiksekova Havzasi 'min (Giineydogu Tiirkiye) Yiikselim Hizi Tarihgesi nin Arastirilmasi

Howard, A.D. ve Kerby, G., 1983. Channel changes in
badlands. Geological Society of America Bulletin
94, 739-752.

Keller, E.A. ve Pinter, N., 2002. Active Tectonics:
Earthquakes, Uplift, and Landscape. Prentice
Hall, New Jersey.

Kirby, E. ve Ouimet, W., 2011. Tectonic geomorphology
along the eastern margin of Tibet: insights into
the pattern and processes of active deformation
adjacent to the Sichuan Basin. Geological Society,
London, Special Publications 353, 165.

Kirby, E. ve Whipple, K., 2001. Quantifying differential
rock-uplift rates via stream profile analysis.
Geology 29, 415-418.

Kirby, E. ve Whipple, K.X., 2012. Expression of active
tectonics in erosional landscapes. Journal of
Structural Geology 44, 54-75.

Kirby, E., Whipple, K.X., Tang, W. ve Chen, Z., 2003.
Distribution of active rock uplift along the eastern
margin of the Tibetan Plateau: Inferences from
bedrock channel longitudinal profiles. J. Geophys.
Res. 108, 2217.

Kogyigit, A., 2005. 2005.01.25, MW 5.9 Siitliice
(Hakkari) Depreminin Kaynagi: Bagkale Fay
Kusagi, GD Tiirkiye, Deprem Sempozyumu,
Kocaeli, Tirkiye.

Kozaci, O., Dolan, J.F. ve Finkel, R.C., 2009. A
late Holocene slip rate for the central North
Anatolian fault, at Tahtakoprii, Turkey, from
cosmogenic 10Be geochronology: Implications
for fault loading and strain release rates. Journal
of Geophysical Research: Solid Earth 114, 1-12.

Le Pichon, X. ve Kreemer, C., 2010. The Miocene-
to-Present Kinematic Evolution of the Eastern
Mediterrancan and Middle East and Its
Implications for Dynamics. Annual Review of
Earth and Planetary Sciences 38, 323-351.

Maxon, J.H., 1936. Geology and Petroleum Possibilities
of the Hermis Dome, Maden Tetkik Arama
Enstitiisii, Ankara, p. 25

McClusky , S., Balassanian, S., Barka, A., Demir, C.,
Ergintav, S., Georgiev, 1., Gilirkan, O., Hamburger,
M., Hurst, K., Kahle, H., Kastens, K., Kekelidze,
G., King, R., Kotzev, V., Lenk, O., Mahmoud,
S., Mishin, A., Nadariya, M., Ouzounis, A.,
Paradissis, D., Peter, Y., Prilepin, M., Reilinger,

237

R., Sanli, I., Seeger, H., Tealeb, A., Toks6z, M.N.
ve Veis, G., 2000. Global Positioning System
constraints on plate kinematics and dynamics in
the eastern Mediterranean and Caucasus. Journal
of Geophysical Research 105, 5695-5719.

McKenzie, D., 1972. Active Tectonics of the
Mediterranean Region. Geophysical Journal of the
Royal Astronomical Society 30, 109-185.

Molnar, P., 2001. Climate change, flooding in arid
environments, and erosion rates. Geology 29,
1071-1074.

Mudd, S.M., Clubb, F.J., Gailleton, B. ve Hurst, M.D.,
2018. How concave are river channels? Earth
Surface Dynamics Discussions.

Ozeren, M.S. ve Holt, W.E., 2010. The dynamics of
the eastern Mediterranecan and eastern Turkey.
Geophysical Journal International 183, 1165-
1184.

Ozkaya, I., 1977. Hakkari-Yiiksekova bdlgesi jeolojisi.
TPAO Arama Grubu, Rapor No:1129, 17s.

Pan, B., Li, Q., Hu, X., Geng, H. ve Gao, H., 2015.
Bedrock channels response to differential rock
uplift in eastern Qilian Mountain along the
northeastern margin of the Tibetan Plateau.
Journal of Asian Earth Sciences 100, 1-19.

Pérez-Pefia, J.V., Azafion, J.M., Azor, A., Delgado, J.
ve Gonzélez-Lodeiro, F., 2009. Spatial analysis
of stream power using GIS: SLk anomaly maps.
Earth Surface Processes and Landforms 34, 16-25.

Peringek, D., 1978. V-VI-IX. Bolge (Giineydogu
Aandolu  otokton-allokton  birimler) jeoloji
sembolleri. TPAO Arama Grubu, Arsiv No:6657.

Peringek, D., 1980. Bitlis Metamorfitlerinde Volkanitli
Triyas. Tiirkiye Jeol. Biil., 23, 201-211.

Peringek, D., 1989. Hakkari ili ve dolayinin stratigrafisi,
yapisal dzellikleri, petrol imkanlari, TPAO Arama
Grubu. Rapor No:2545 .127s.

Peringek, D., 1990. Hakkari ili ve dolayinin startigrafisi,
GDA Tiirkiye. TPJD Biilteni 2, 21-68.

Peringek, D. ve Kozlu, H., 1984. Afsin-Elbistan-
Dogansehir dolaymin stratigrafisi ve bolgedeki
birliklerin yapisal iliskileri. TPAO Arama Grubu,
Rapor No:1909, 28s.

Pritchard, D., Roberts, G.G., White, N.J. ve Richardson,
C.N., 2009. Uplift histories from river profiles.
Geophysical Research Letters 36.



Reilinger, R., McClusky, S., Vernant, P., Lawrence, S.,
Ergintav, S., Cakmak, R., Ozener, H., Kadirov,
F., Guliev, L., Stepanyan, R., Nadariya, M.,
Hahubia, G., Mahmoud, S., Sakr, K., ArRajehi,
A., Paradissis, D., Al-Aydrus, A., Prilepin, M.,
Guseva, T., Evren, E., Dmitrotsa, A., Filikov, S.V.,
Gomez, F., Al-Ghazzi, R. ve Karam, G., 2006.
GPS constraints on continental deformation in
the Africa-Arabia-Eurasia continental collision
zone and implications for the dynamics of plate
interactions. J. Geophys. Res. 111, B05411.

Reilinger, R.E., McClusky, S.C., Oral, M.B., King,
R.W., Toks6z, M.N., Barka, A.A., Kinik, 1., Lenk,
0. ve Sanly, 1., 1997. Global Positioning System
measurements of present-day crustal movements
in the Arabia-Africa-Eurasia plate collision zone.
J. Geophys. Res. 102, 9983-9999.

Roberts, G.P., Cowie, P., Papanikolaou, I. ve Michetti,
AM., 2004. Fault scaling relationships,
deformation rates and seismic hazards: an example
from the Lazio—Abruzzo Apennines, central Italy.
Journal of Structural Geology 26, 377-398.

Rockwell, T., Keller, E. ve Jhonson, D., 1984. Tectonic
Geomorphology of Alluvial Fans and Mountain
Fronts Near Ventura, California, in: Morisawa,
M., Hack, T.J. (Eds.), Tectonic Geomorphology,
Publ. in Geomorphology, State Union of New
York, Binghamton, 183-207.

Saglam Selcuk, A., 2016. Evaluation of the relative
tectonic activity in the eastern Lake Van basin,
East Turkey. Geomorphology 270, 9-21.

Selby, M.J., 1980. A rock strength classifi cation for
geomorphic purposes: with tests from Antarctica
and New Zealand. Zeitschrift fiir Geomorphologie
24,

Silva, P.G., Goy, J.L., Zazo, C. ve Bardaji, T., 2003.
Fault-generated mountain fronts in southeast
Spain: geomorphologic assessment of tectonic and
seismic activity. Geomorphology 50, 203-225.

Snyder, N.P., Whipple, K.X., Tucker, G.E. ve Merritts,
D.J., 2000. Landscape response to tectonic
forcing: Digital elevation model analysis of
stream profiles in the Mendocino triple junction
region, northern California. Geological Society of
America Bulletin 112, 1250-1263.

Snyder, N.P., Whipple, K. X., Tucker, G.E. ve Merritts,
D.J., 2003. Channel response to tectonic forcing:

238

Taylan SANCAR

field analysis of stream morphology and hydrology
in the Mendocino triple junction region, northern
California. Geomorphology 53, 97-127.

Strahler, A.N., 1952. Hypsometric (Area-Altitude)
Analysis of Erosional Topography. Geological
Society of America Bulletin 63, 1117-1142.

Sungurlu, O., 1973. VI. Bolge Golbasi — Gerger
arasindaki sahanin jeolojisi. TPAO Rapor No:
802.,30 s. Ankara (yayimlanmamis).

Sungurlu, O., 1974. VI. Bolge kuzey sahalariin
jeolojisi. TPAO Arama Grubu, Rapor No:871. 32s.

Senel, M., 2002. 1:100.000 Olgekli Tiikiye Jeoloji
Haritalart No:43 Hakkari-N52 ve N53 Paftalari.
Maden Tetkik Arama Enstitiisii, Jeoloji Etiitleri
Dairesi, Ankara.

Senel, M., 2007. 1:100.000 Olgekli Tiikiye Jeoloji
Haritalar1 No:43 Hakkari-M52 ve M53 Paftalari,,
Maden Tetkik Arama Enstitiisii, Jeoloji Etiitleri
Dairesi, Ankara.

Sengér, A.M.C., 1980. Tirkiye Neotektoniginin
Esaslart (Principles of the Neotectonism of
Turkey). Tiirkiye Jeoloji Kurumu Yayini, 40.

Sengor, A.M.C., Gorlir, N. ve Saroglu, F., 1985. Strike
slip faulting and related basin formations in zones
of tectonic escape: Turkey as a case study, in:
Biddle, K.T., Christie-Blick, N. (Eds.), Strike-
Slip Faulting and Basin Formation. Society of
Economic Paleontologists and Mineralogists,
Tulsa, Oklahoma, Special Publication No. 37, pp.
227 - 264.

Sengor, A.M.C., Tiiysiiz, O., Imren, C., Saking, M.,
Eyidogan, H., Goriir, N., Le Pichon, X. ve Rangin,
C.,2005. The North Anatolian Fault: A New Look.
Annual Review of Earth and Planetary Sciences
33, 37-112.

Topal, S., Keller, E., Bufe, A. ve Kogyigit, A., 2016.
Tectonic geomorphology of a large normal fault:
Aksehir fault, SW Turkey. Geomorphology 259,
55-69.

Walcott, R.C. ve Summerfield, M.A., 2008. Scale
dependence of hypsometric integrals: An analysis
of southeast African basins. Geomorphology 96,
186.

Whipple, K.X., 2004. Bedrock Rivers and The
Geomorphology of Active Orogens. Annual
Review of Earth and Planetary Sciences 32, 151-
185.



Yiiksekova Havzasi 'min (Giineydogu Tiirkiye) Yiikselim Hizi Tarihgesi nin Arastirilmasi

Whipple, K.X. ve Tucker, G.E., 1999. Dynamics of the
stream-power river incision model: Implications
for height limits of mountain ranges, landscape
response timescales, and research needs. J.
Geophys. Res. 104, 17661-17674.

Whittaker, A.C., Attal, M., Cowie, P.A., Tucker, G.E.
ve Roberts, G., 2008. Decoding temporal and
spatial patterns of fault uplift using transient river
long profiles. Geomorphology 100, 506-526.

Wobus, C., Whipple, K.X., Kirby, E., Snyder, N.,
Johnson, J., Spyropolou, K., Crosby, B. ve
Sheehan, D., 2006. Tectonics from topography:
Procedures, promise, and pitfalls. Geological
Society of America Special Papers 398, 55-74.

239

Yildirim, C., 2014. Relative tectonic activity assessment
of the Tuz Goli Fault Zone; Central Anatolia,
Turkey. Tectonophysics 630, 183-192.

Yilmaz, E. ve Duran, O., 1997. Giineydogu Anadolu
Bolgesi Otokton ve Allokton Birimler Stratigrafi
Adlama Sozligi “Lexicon”. TPAO Egitim
Yayinlar1 No:31, 460 s.






TURKIYE JEOLOJi BULTENI
YAZIM KURALLARI

Yazilarin Hazirlanmasi

TURKIYE JEOLOJI BULTENI’nin yaym dili Tiirkge ve Ingilizce’dir. Tiirkge makalelerde “Extended
Summary”, Ingilizce makalelerde ise “Genisletilmis Ozet” verilmelidir. Yazarlarin ana dillerinin Tiirkce
olmamasi durumunda, yazilarin baslig1 ve ozeti ile ¢izelge ve sekillerin bagliklar1 Editorliikkge Tiirkge’ye
cevrilir. Ana dili Ingilizce olmayan yazarlara, yazilarim Editorliige gondermeden dnce, gramer ve iislup
acisindan, ana dili Ingilizce olan bir kisiden katki almalar1 6zellikle &nerilir. Hazirlanan makaleler
orijinal ve daha once basilmamis arastirma, yorum ya da her ikisine ait sentezi i¢ermeli, veya teknik
not niteliginde olmalidir. Yazinin gonderilmesi, daha 6nce basilmamis veya baska bir yerde incelemede
olmadigini gosterir.

Makale Sunum Sireci ve Etik Bildirimi

Tiim makaleler internet {izerinden http://tjb.jmo.org.tr adresindeki JMO dergileri i¢in hazirlanmis gevrimigi
sistem araciligiyla Tiirkiye Jeoloji Biilteni’ne elektronik ortamda gonderilmelidir. Bunun igin Once
OMYS sistemine iiye olmalisiniz. Tiirkiye Jeoloji Biilteni yazarlardan sayfa ticreti talep etmemektedir.
Dergiye sunulan makaleler, daha dnce yaymlanmadigi ve baska yerde yaymlanmak iizere gonderilmedigi
varsaylilarak degerlendirme i¢in kabul edilir. Yazarlar, makalenin ana i¢eriginin daha 6nce yayinlanmadigini
ve bagka bir dergide yaymlanmak iizere gonderilmedigini onaylamalidir. http://dergipark.gov.tr/tjb veya
www.jmo.org.tr adresinde bulunan telif hakki devir formu, tiim yazarlar adina ilgili yazar tarafindan
imzalanmali1 ve makale dosyalariyla birlikte gonderilmelidir. Bir makale sunulduktan sonra, bagka yazar
eklenmesi veya ¢ikarilmasi veya yazarlarin degistirilmesi miimkiin degildir. Makaleler, yazim kurallarina
uymuyorsa ya da dergi kapsami1 disindaysa, dergi editorii tarafindan hakem degerlendirmesi yapilmaksizin
reddedilebilir. Bir makale yayn i¢in kabul edildikten sonra, diger bir deyisle, hakem tarafindan onerilen
diizeltmeler tamamlandiktan ve editor tarafindan kabul edildikten sonra, yazara makalede degisiklik yapma
izni verilmez. Makale yayinlanmadan Once, yazarlara diizeltmeler i¢in prova baski gonderilir. Baskasinin
fikir veya so6zciiklerinin orijinal bigiminde kullanilmasi veya uygun bir atif yapilmaksizin degistirilmesi,
intihal olarak kabul edilir ve tolere edilemez.

Yazilar asagida verilen diizen cercevesinde hazirlanmahdir.
(a) Baslik (Tiirkge ve Ingilizce)
(b) Yazar Adlar1 (koyu ve bas harfleri biiyiik harfle) ve adresleri (italik ve kiigiik harfle) ile bagvurulacak
yazarin E-posta adresi
(c) Oz (Tiirkce ve Ingilizce)
(d) Anahtar Kelimeler (Tiirkce ve Ingilizce)
(e) Giris (amag, kapsam ve yontem)
(f) Ana metin (kullanilan yontemler, ¢alisilan malzemeler, tanimlamalar, analizler vd.)



Tiirkiye Jeoloji Biilteni: Yazim Kurallari

(g) Tartisma ve Sonuglar veya Tartisma Onerileri

(h) Extended Summary / Genisletilmis Ozet

(i) Katki Belirtme

(j) Kaynaklar

(k) Cizelgeler

() Sekiller Dizini

(m) Sekiller

(n) Levhalar (var ise)
Metinde kullanilan degisik tiirde basliklar farkli sekillerde ve tiim bagliklar sayfanin sol kenarinda
verilmelidir. Ana bashklar biiyiik harflerle ve koyu yazilmaldir. ikinci derece basliklar alt baslik olarak
degerlendirilmeli ve birinci ve ikinci derece alt basliklar kiigiik harfle (birinci derece alt basliklarda her
kelimenin ilk harfi biiylik) ve koyu, {i¢iincii derece alt basliklar ise italik olmalidir. Basliklarin 6niine
numara veya harf konulmamalidir. Yazilar (6z, metin, katki belirtme, kaynaklar, ekler ve sekiller dizini)
A4 (29.7 emX21 cm) boyutundaki sayfalarin bir yiiziine, kenarlardan en az 2.5 cm bosluk birakilarak,
1.5 cm aralikla ve 12 puntoyla (Times New Roman) yazilmali, ayrica tiim sayfalara numara verilmelidir.

Bashiklar su sekilde olmalidir:

0z

ABSTRACT

GIRIS

ANA BASLIK

Birinci Derece Alt Bashk
ikinci derece alt bashk
Uciincii derece alt bashk
SONUCLAR VE TARTISMA
GENISLETILMIiS OZET
KATKI BELIRTME
KAYNAKLAR

Kapak Sayfas
Yazidan ayr olarak sunulacak kapak sayfasinda asagidaki bilgiler yer almalidir:
a. Yazinin bagligi
b. Yazar(lar)in ad(lar)1 (ad ve soyadi kisaltilmadan)
c¢. Tim yazarlarin agik posta ve e-mail adresleri (Basvurulacak Yazar belirtilerek). Bagvurulacak
yazarin telefon numarasi da ayrica belirtilmelidir.

Bashk ve Yazarlar

Yazinin bashigi, calismanin icerigini anlasilir sekilde yansitmalidir. Eger yazi Tiirk¢e hazirlanmissa, Tiirkce
bashgi (koyu ve kelimelerin ilk harfleri biiyiik harf olacak sekilde) Ingilizce baslik (italik ve kelimelerin
ilk harfleri biiyiik olacak sekilde) izlemelidir. Ingilizce hazirlanmis yazilarda ise, Ingilizce baslik Tiirkge
basliktan dnce ve yukarida belirtilen yazim kurallarina gore verilmelidir. Makaledeki yazarlar orcid.org
web adresinden edinecekleri Orcid kimliklerini makale ile birlikte sunmalidir.

Yazarlara iligkin bilgi ise asagidaki drneklere uygun olarak verilmelidir.

Ahmet Ahmetoglu Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, Tandogan 06100 Ankara

A. Hiisnii Hiisntioglu MTA Genel Miidiirliigii, Jeolojik Etiitler Dairesi, 06520 Ankara
(e-posta:husnuS6(@mta.gov.tr



Tirkiye Jeoloji Biilteni: Yazim Kurallar

oz

Calisma hakkinda bilgi verici bir igerikle (¢aligmanin amaci, elde edilen baslica sonuglar) ve 300 kelimeyi
agsmayacak sekilde hazirlanmalidir. Ozde kaynaklara atifta bulunulmamalidir. Ozler hem Tiirkge, hem,
Ingilizce olarak verilmelidir. Tiirkce hazirlanmis yazilarda Ozden sonra “Abstract” (italik) yer almali,

Ingilizce yazilarda ise italik yazilmis Tiirkce Oz Absract’1 izlemelidir.

Anahtar Kelimeler

Oz ve Absract’n altinda en az 2-7 kelimeyi asmayacak sekilde ve yazimin konusun yansitan anahtar
kelimeler Tiirkge ve Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiigiik harfle (ilk
anahtar kelimenin ilk harfi biiyiik) yazilmali ve aralarina virgiil konmalidir. Teknik Not ve Tartisma tiirii
yazilarda anahtar kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIiS OZET

Genisletilmis 6zet 2500 kelimeyi gegmemelidir. Ancak makalenin 6z/abstract kismindan daha genis hacimli
olmalidir. Genisletilmis 6zet kisminda yeni bir sekil ve ¢izelge verilmemelidir. Ancak makalede kullanilan
sekil ve ¢izelgelere bu kisimda atif yapilabilir. Aym sekilde, makale i¢inde atif yapilan kaynaklara da
gerektiginde bu kisimda atif yapilmalidir.

KATKI BELIRTME

Katki belirtme, kisa olmali ve tesekkiir edilecek olanlar calismaya en 6nemli katkiy1 saglayan kisilerin
ve/veya kuruluslarin adlartyla sinirlandirilmalidir. Tesekkiir edilecek kisilerin agik adlari unvanlari
belirtilmeksizin verilmeli, ayrica bu kisilerin gorevli olduklari kurum ve kuruluslarin adlar1 da eklenmelidir.

DEGINILECEK BELGELER
Asagidaki ornekler ile kesinlikle uyumlu olmalidir.

(a) Siireli yayinlar:
Hoek, E. Ve David, M., 1990. Estimating Mohr — Coulomb friction and cohesion values from
Hoek — Brown failure criterion. International Journal of Rock Mechanics, 27 (3) 220-229.

Yazar ad(lar)i, Tarih. Bildirinin bagligt. Siireli yayinin adi (kisaltilmamis), Cilt No. (Say1 No.),
sayfa no.

(b) Bildiriler:
Unal, E., Ozkan, i. Ve Ulusay, R., 1992. Characterization of weak, strafied and clay bearing rock
masses. ISRM Symposium: Eurock’92 — Rock Characterization, Chester, UK., 14-17 September
1992, J. A. Hudson (ed.), British Geotechnical Society, London, 330-335.

Yazar ad(lar)i, Tarih. Bildirinin bashigi. Sempozyum veya Kongrenin Adi, Editor(ler) varsa,
Basimevi, Cilt/Say1 No. (birden fazla ciltten olusuyorsa) Diizenlendigi Yerin Adi, sayfa no.

(¢) Kitaplar:
Goodman, R.E., 1998. Introduction to Rock Mechanics. John Wiley and Sons, New York, 562 s.
Ketin, I. Ve Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaasi, Giimiissuyu, Say1 869, 520 s.

Yazar ad(lar)1, Tarih. Kitabin ad1 (ilk harfleri Biiyiik) yaymevi, Basildig1 Sehrin Adi, sayfa sayisi.



Tiirkiye Jeoloji Biilteni: Yazim Kurallari

(d) Raporlar ve Tezler:
Demirok, Y., 1978. Mugla-Yatagan linyit sahalar1 jeoloji rezerv 6n raporu. MTA Derleme No:
6234, 17 s. (yayimlanmamis)

Sénmez, H., 1996. TKI. ELI Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi icindeki
sevlerin durayliliginin degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii., Ankara,
Yiiksek Miihendislik Tezi, 99 s (yayimlanmamis).

Yazar ad(lar)i, Tarih. Raporun veya tezin bashigi. Kurulusun veya Universitenin Adi, Arsiv No.
(varsa) sayfa sayis1 (yayimlanip yayimlanmadigi)

(e) Kisisel Goriisme:
Sozbilir, H., 2005. Personal communiciation. Geological Engineering Departmen of Dokuz Eyliil
University, Izmir, Turkey.

() Internetten Indirilen Bilgiler:
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr 3 April 2005.

Kurumun adi, Tarih. Web adresi, web adresine girildigi tarih.
Tiirkce kaynaklar dogrudan Tiirkce olarak verilmeli ve Tiirkge karakterlerle yazilmalidir.
Esitlikler ve Formiiller:

Matematiksel semboller ve formiiller el yazisiyla yazilmamalidir. Esitlik numaralari esitligin hizasinda ve
sag kenarma dayandirilarak birbirini izleyen bir sirayla parantez icinde, ayrica esitliklerdeki sembollerin
anlami makalede ilk kez kullanildiklar esitligin altinda verilmelidir.

Burada; makaslama dayanimi, ¢ kohezyon, normal gerilme ve igsel siirtiinme agisidir”. Esitliklerde
kullanilan alt ve st indisler belirgin sekilde ve daha kii¢iik karakterle yazilmalidir (6rnegin; Id, x2).
Karekdk isareti yerine parantezle birlikte iist indis olarak 0.5 kullanilmalidir (6rnegin; cmass=s0.5).
Carpim iglemini gostermek icin herhangi bir isaret kullanilmamali, ancak gerekli durumlarda “*” igareti
tercih edilmelidir (6rnegin; y=5*10-3). Bolme isareti olarak yatay ¢izgi yerine “/” igareti kullanilmalidir.
Kimyasal formiillerde iyonlarin gdsterilmesi amaciyla Ca++ ve CO3—yerine Ca2+ ve CO32- tercih
edilmelidir. Metinde esitliklere “esitlik (1)” seklinde atifta bulunulmalidir. Gerekiyorsa, bilgisayar
programi listeleri de net ve okunur sekilde ekte verilmelidir.

Cizelgeler

Cizelgeler, basliklariyla birlikte, Dergi’nin sayfalarindaki baski alanini (15.8 x 22.5) asmayacak sekilde
hazirlanmali ve birbirini izleyen sira numaralariyla verilmelidir. Cizelgelerin iist kisimlarinda hem Tiirkge,
hem de Ingilizce basliklart bulunmalidir (Cizelge basliklari ayr1 bir sayfada liste halinde verilmemelidir.).
Makalenin Tiirkce yazilmas: halinde Ingilizce baslik italik harflerle Tiirk¢e bashigin altinda yer almali,
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Ingilizce makalelerde ise, italik yazilmis Tiirkce baslik Ingilizce basliktan sonra verilmelidir. Cizelgeler,
“Cizelge 1” vb. seklinde sunulmalidir. Metinde cizelgelere Cizelge 1 veya Cizelge 1 ve 2 (eger birden
fazla sayida ¢izelgeye atifta bulunulacaksa) seklinde deginilmelidir. Cizelgeler, metinde kullanilan
karakterlerden daha kiiciik (10 veya 11 punto) karakterle yazilmali ve Dergi’nin tek (7.3 cm-genislik)
veya ¢ift (15.8 cm-genislik) kolonuna sigacak sekilde diizenlenmelidir. Cizelgelerde diisey c¢izgiler
kullanilmamali, yatay cizgiler ise sadece ¢izelgenin alt ve iistiinde, ayrica gizelgedeki basliklar ile bunlarin
altinda listelenen rakamlar1 ayirmak i¢in kullanilmalidir (Bunun i¢in Dergi’nin 6nceki sayilarina bakilmasi
onerilir). Cizelgelerde makalenin diger kisimlarinda verilen bilgi veya sonuglarin (6rnegin grafikler
vb.) tekrar verilmemesine 6zen gosterilmelidir. Her ¢izelge ayri sayfalara bastirilarak metnin sonunda
(Kaynaklar dizininden sonra) sunulmalidir. Cizelgelerdeki kisaltma ve simgeler daha kii¢iik karakterlerle
cizelgenin altinda verilmelidir (6rnegin: c:tek eksenli sikisma dayanimi vd.).

Sekiller

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmis olarak “Sekil” baslig1 altinda ve metin
icinde anildiklart sirayla numaralandirilarak verilmelidir. Sekil numaralar1 sayfanin sag iist kdsesine
yazilmali, ayrica sekiller kiigiltiliip biiyiitiilebilecek halde sunulmalidir. Sekil agiklamalari; sekillerin
altina yazilmamali ve ayr1 bir sayfaya yazilarak “Sekiller Dizini” basligiyla verilmeli, ayrica “Sekil 1”
olarak baglamalidir. Cizelgeler i¢in yukarida belirtilen yazim kurallarina benzer sekilde, sekil basliklar
hem Tiirkge, hem de Ingilizce hazirlanmalidir. Ayri sayfalara bastirilmis olan sekiller, gizelgelerden sonra
sunulmalidir. Sekiller igin en biiylik boyut, sekil bagligini da igerecek bigimde 15.8 cm (genislik) x 22.5
cm (uzunluk) olmalidir. Tiim sekillerin Dergi’nin tek veya ¢ift kolonuna sigacak boyutlarda hazirlanmasi
ve miimkiinse daha gok tek kolona gore tasarimlanmasi 6nerilir. Ozellikle haritalar, arazi ile ilgili ¢izimler
ve fotograflar, sayisal olgek (1:25000 vb.) yerine, metrik sisteme uygun cubuk lgekle verilmelidir. Tiim
haritalarda kuzey yonii gosterilmelidir. Bolgesel haritalarda, uygun oldugu takdirde, ulusal grid veya
enlem/boylam degerleri verilmelidir. Harita agiklamalari, sekil basligiyla birlikte degil, seklin {izerinde
yer almalidir. Fotograflar, ¢izimler veya bunlarin birlikteliginden olusan sekiller (a), (b) vb. gibi gruplar
halinde verilebilir. Bu tiir sunumlarda (6rnegin; Sekil 5a ve 5b) a,b,c vb. gibi tek bir sekle ait ¢izimler veya
fotograflar, ayri sayfalarda basilmasi yerine, gruplandirilarak ayni sayfada sunulmalidir. Sekillerde agik
gblge ve tonlarindan kaginilmali, 6zellikle bilgisayar programlarindan elde edilen grafiklerde bu hususa
dikkat edilmelidir. Gélgeleme belirgin, fotograflar siyah-beyaz ve iyi bir kontrasta sahip olmalidir. Tiim
sekiller, Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde anildiklan sirayla
numaralandirilmalidir. Bir dizi fosil fotograflarini i¢eren sekiller levha olarak degerlendirilmelidir. Levha
say1s1 miimkiin oldugunca az tutulmahdir. Levhalara iliskin aciklamalar, hem Tiirkce hem de Ingilizce
olarak ayni sayfada verilmelidir.

MAKALELERIN EDITORLUGE GONDERILMESI

Makaleler yazim kurallarina uygun sekilde hazirlandiktan sonra tjb.jmo.org.tr veya DergiPark Akademik
(dergipark.gov.tr/tjb) adresi tizerinden elektronik olarak sisteme yiiklenmelidir.

TURKIYE JEOLOJi BULTENI EDITORU
Prof. Dr. Orhan TATAR

Tel: 0346 219 10 10/1548

e-posta: orhantatar@gmail.com
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YAYIMA KABUL EDILEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulii halinde, makalenin diizeltilmis son kopyasini orijinal ¢iktisiyla
birlikte CD’ye de kopyalayarak (metin, ¢izelgeler ve tablolar) Editor’e gondermelidir. Levhalar iyi kalitede
basilmis olarak gonderilmelidir. Metin, gizelgeler ve sekiller elektronik ortamda (internet araciligiyla)
gonderilmemelidir. Makaleler WORD ile hazirlanmalidir. Diskin iizerinde yazarlarin adlari, kullanilan
yazim programinin adi ve versiyonu, makalenin basligi ve dosyanin ad1 belirtilmelidir. Levhalar harig, tim
sekiller Corel Draw ile hazirlanmalidir. Bununla birlikte, sekillerin 300 DPI’den az olmamak kosuluyla
JPG dosyalar1 da gonderilmelidir.

PROVA BASKILAR

Makalelerin prova baskilari, dizgi ve yazim hatalarmin olup olmadiginin kontrolii i¢in Bagvurulacak
Yazar’a gonderilir. Prova baskilarda yapilacak diizeltmeler yazim hatalar ile sinirhi olup, yazarlarin
makaleyi kabul edilmis son halinden farkli duruma getirebilecek degisiklikler ve diizeltmeler yapmasi
kabul edilemez. Prova baskilar, yazarlar tarafindan alindiktan sonra en ge¢ {i¢ giin i¢¢inde editore
gonderilmelidir. Gecikmeli olarak yapilacak diizeltmelerin baskiya verilmesi garanti edilemeyecegi i¢in,
yazarlarin prova baskilari gondermeden ¢ok dikkatli sekilde kontrol etmeleri dnerilir.

AYRI BASKILAR

Makalenin onbes ayr1 baskisi, makalenin basildig1 sayi ile birlikte iicretsiz olarak Bagvurulacak Yazar’a
gonderilir. Ilave ayr1 baski talep edilmemelidir.

TELIiF HAKLARI

Yazar veya (Basvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina “Telif
Hakki Devir Formu”nu makalenin baskiya verilmesinden 6nce imzalamalidir. Bu sézlesme, Jeoloji
Miihendisleri Odasi’na yazarlar adina telif hakki alinmis yayinlarini koruma olanagi saglamakla birlikte,
yazarlarin makalenin sahibi olma haklarindan vazgegtigi anlamina gelmemektedir. Telif Hakki Devir
Formu, en kisa siirede Editor’e gonderilmelidir. Bu form Editor’e ulastirilincaya degin, makale yayina
kabul edilmis olsa bile, baskiya gonderilmez.
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Summary” should be given. If the author(s) are residents of a non-Turkish speaking country, titles, abstracts
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All manuscripts must be submitted electronically via the Internet to the Geological Bulletin of Turkey
through the online system for JMO journals at http://tjb.jmo.org.tr. There are no page charges. Papers
are accepted for publication on the understanding that they have not been published and are not going to
be considered for publication elsewhere. Authors should certify that neither the manuscript nor its main
contents have already been published or submitted for publication in another journal. The copyright
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(j) References

(k) Tables

(1) List of figure captions

(m) Figures

(n) Plates (if any)

The various levels of headings used in the manuscript should be clearly differentiated. All headings should
be in left-aligned. Major headings should be bold capitals. Secondary headings should be considered as
sub-headings. Primary- and secondary-subheadings should be given in lower-case and tertiary headings
in italics. Headings should not be preceded by numerals or letters. Manuscripts (abstract, main text,
acknowledgements, references, appendices and figure captions) should be typed on one side of the paper
(A4 size: 29.7 cm x 21 cm) with wide margins (at least 2.5 cm) and 1.5 line-spaced throughout, at a font
size of 12 point (Times New Roman) and with all pages numbered.

Examples for headings:

ABSTRACT
INTRODUCTION
PRIMARY HEADING
Primary Sub-Heading
Secondary Sub-Heading
Tertiary Sub-Heading
CONCLUSIONS
EXTENDED SUMMARY
ANCKNOWLEDGEMENTS
REFERENCES

Cover Page

A cover page, separate from the main manuscript, must include the followings:
a. Title of the paper
b. Name(s) of author(s) (full forenames should be given)
c. Full postal and e-mail addresses of all authors (the corresponding author should be indicated).
Phone number for the corresponding author should also be provided.

Title and Authors

The title of the paper should unambiguously reflect its content. If the paper is written in Turkish, the
Turkish title (in bold-face type and first letter of the words capital) should be followed by the English
title (italic and first letter of the words capital). If the paper is in English, the English title should appear
before the Turkish title in the style mentioned above. Authors should provide their Orcid ID which can be
obtained from orcid.org website.

The information related with authors should be given as follow:

Ahmet Ahmetoglu Ankara University, Engineering Faculty, Geological
Engineering Department Tandogan 06100 Ankara
A.Hiisnii Hiisniioglu MTA Genel Miidiirliigi, Jeolojik Etiidler Dairesi, 06520 Ankara

(e-posta: husnu56@mta.gov.tr)



Geological Bulletin Of Turkey: Instructions for Contributors

Abstract

The abstract not exceeding 300 words should be informative (aim of the study and main conclusive
remarks). It should not contain references. The Abstract should be given in both Turkish and English. If
the paper is written in Turkish, an English abstract (in italics) should follow the Turkish abstract, while a
Turkish abstract (in italics)should appear after the English abstract in papers written in English.

Keywords

The abstract should include minimum 2, and not more than 7 key words which reflect the entries the
authors would like to see in an index. Key words should be given in both Turkish and English. Key
words should be written in lower-case letters, separated by commas, and given in alphabetical order. For
Technical Notes and Discussions, key words should not be provided.

EXTENDED SUMMARY / GENISLETILMIiS OZET

The extended abstract should not exceed 2500 words. But it must be more bulky than abstract. The new
figure or table should not be given. But reference can be given to figures and tables present in main text.

ACKNOWLEDGEMENTS

Acknowledgements should be brief and confined to persons and organizations that have made significant
contributions. Please use full names wtihout titles and indicate name(s) of the organization(s) of the
person(s) acknowledged.
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under a heading of "REFERENCES” following the text of the manuscript.

Examples of layout of references
(a) Journals:

Hoek, E. and David, M., 1990. Estimating Mohr-Coulomb friction and cohesion values from
Hoek-Brown failure criterion. International Journal of Rock Mechanics, 27(3), 220-229.
Author(s), Date. Title of paper. Full Name of Journal, Vol.(No), pages.

(b) Proceedings and Abstracts:

Unal, E., Ozkan, 1. ve Ulusay, R., 1192. Characterization of weak, stratified and clay bearing rock
masses. ISRM Symposium: Eurock’92-Rock Characterization, Chester, U.K.,14-17 September
1992, J.A.Hudson (ed.), British Geotechnical Society, London, 330-335.

Author(s), Date. Title of paper. Title of Symposium or Congress, Name of Editor(s), Name and
Location of Publisher, Vol. (if any), pages
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(¢) Books:

Goodman, R.E., 1988. Introduction to Rock Mechanics. John Wiley and Sons, New York.
Ketin, I. ve Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaasi, Giimiissuyu, Say1:849.
Author(s), Date. Name of Book. Name and Location of Publisher

(d) Unpublished Reports and Thesis:

Demirok, Y., 1978. Mugla-Yatagan linyit sahalar1 jeoloji ve rezerv 6n raporu. MTA Derleme
No:6234. (yayinlanmamis). [Author(s), Date. Title of report. Name of Organization, Report No.,
Name of City (unpublished).]

Sénmez, H., 1996. T.K.I.-E.L.I. Soma Linyitleri a¢ik isletmelerinde eklemli kaya kiitlesi icindeki
sevlerin durayliligmin degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii., Ankara,
Yiiksek Miihendislik Tezi, 99 s (yayinlanmamis).

Author, Date. Title of thesis. Type of Thesis (MSc or PhD), Name of University or Institution,
City, Country (unpublished).

(e) Personal Communications:

Sozbilir, H., 2005. Personal communication. Geological Engineering Department of Dokuz Eyliil
Umversity, Izmir, Turkey.

(f) Infiormation Downloaded from the Internet

ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005.
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Turkish references can also be given directly in Turkish. For such references please use Turkish
characters.

Mathematical Expressions

Mathematical symbols and formulae should be typed. Equation numbers should appear in parentheses
at the right-hand side of the equations and be numbered consecutively. For Greek or other non-Roman
letters, identify the symbol in words in the left-hand margin just below the equation the first time it is used.
In addition, the meaning of symbols used in equations should be given below the equations.

““Where is the shear strength, ¢ is cohesion, is normal stress and, is internal friction angle.” Subscripts
and superscripts should be given clearly and written in smaller character (e.g. Id, x2). Instead of square-
root symbol, an indice of 0.5 sholud be used (e.g. y=5x 0.5). For the of multiplication sign do not use
any symbol, however if necessary, the symbol “**”” can be preferred (e.g. y=5%10-3). Please use “’/” for
division instead of a horizontal line between numerator and denominator. In the expression of chemical
reactions, ions should be given as Ca2+ and CO32- (Cat++ and CO3--). In the text, equations should be
referred to as equation(1). Computer program listings, if appropriate, must be very clear in an Appendix.
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Tables

Tables with their titles should not exceed the printed area of the page (15.8 cm (wide) x 22.5 cm (deep))
and be numbered consecutively. Both Turkish and English titles should appearat the top of a table (do
not print table captions on a separate sheet). If the manuscript is written in Turkish, English title in italics
should follow the Turkish title. For manuscripts in English, a Turkish title should appear below the English
title in italics. They should begin “’Table 1.” etc. Tables should be referred to as Table 1 or Tables land 2
(if more than one table is referred to). Tables can be written in a font size smaller than that of the text (10 or
11 point). Tables should be arranged to fit single column (7.3 cm wide) or double column (15.8 cm wide).
No vertical rules should be used. Horizontal rules should only be used at the top and bottom of the tables,
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Tables should not duplicate results presented elsewhere in manuscript (e.g. in graphs). Each table should
be separately printed and appear after the text (after references). All abbreviations and symbols must be
identified with smaller character underneath the tables (e.g. ¢: uniaxial compressive strength, etc).

Illustrations

All illustrations, whether diagrams, charts and photographs, should be of high quality, referred to as
“’Figures” and be numbered consecutively as they appear in the text. They must be originals. The number
of the figure should be given at top on the right-hand side of the paper. Illustrations should be provided in
camera-ready form, suitable for reproduction (which may include reduction) without retouching. Figure
captions should be supplied on a separate sheet and should begin “Figure 1.” etc. As with the rules given
for tables, figure captions should also be given both in Turkish and English. All illustrations should be
given with a list of figure captions. The maximum printed size of illustrations is 15.8 cm (wide) x 22.5
cm (deep) together with figure captions. It is recommended that all illustrations should be designed with
the Journal’s single-column or two-column layout in mind, and where possible, illustrations should be
designed for a single column. Illustrations, particularly maps, field sketches and photographs should have
a metric bar scale rather than magnification factors. All maps should have a north mark. Regional maps
may include National Grid or latitude/longitude number where appropriate. Map keys should be given on
the figure, not in the figure caption.

Photographs, line drawings, or combinations may be grouped as figure parts (a), (b), etc. It is preferred that
these are mounted. Letters or numerals should not be less than 1 mm after reduction. Avoid fine shading
and tones, particularly from computer graphics packages. Shading should be distinct. Photographs must
be black and white and sharp, and exhibit good contrast.

All illustrations must be numbered in the order in which they are referred to and discussed in the text as
Figure 1 or Figure 1 and 2 (if more than one figures is referred to). [llustrations consisting of a set of fossil
photographs should be given as ’Plates” and mounted in the desired layout. The number of plates should
be kept to a minimum. Explanations of plates should be given in both Turkish and English on the same

page.
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SUBMISSION OF MANUSCRIPTS

Papers should be submitted electronically through web site tjb.jmo.org.tr or DergiPark Academics
(dergipark.gov.tr/tjb)
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SUBMITTING ARTICLES ADMITTED TO PUBLICATION
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article and file name should be indicated on disk. All images, except for sheets, should be issued in Corel
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PROOFING

Proofing of articles are sent to Reference Author to check for typographical errors and misspelling.
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alter article in a way different than its final version are not acceptable. Proofing should be sent to editor
within at latest three days after receipt by authors. Delayed revisions cannot be guaranteed for printing and
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REPRINTS

Fifteen reprints and a copy of the issue are supplied free of charge. They are sent to the corresponding
author. Additional reprints must not be ordered.

COPYRIGHT

The author or corresponding author on behalf of all authors (for papers with multiple authors) must sign
the “’Copyright Transfer” agreement before the article can be published. This transfer agreement enables
the Chamber of Geological Engineers to protect the copyrighted material for the authors, but does not
relinquish the authors’ proprietary rights. The Copyright Transfer form should be sent to the Editor as
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