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Tiirkiye Jeol. Biil. / Geol. Bull. Turkey

Abstract: Recent detailed examination of the internal deformation of the Turkish-Iranian Plateau in the hinterland
of Bitlis-Zagros Suture Zone, which is related to the collision of the Arabian and Eurasian plates, indicates multiple
intersection points between the right- and left-lateral strike-slip structures explained by an inevitably broad left-
lateral strike-slip shear zone, the Anatolian Diagonal.

The faults bounding and internally deforming the Anatolian Diagonal were closely examined by using high-
resolution satellite images, focal mechanism solutions of the earthquakes, and published seismic reflection data
in the offshore areas. The Anatolian Diagonal is a NE-SW trending left-lateral shear zone having a 170 km width
between the Central Anatolian and the East Anatolian fault zones and an 850 km length between Erzincan and the
Cyprus Arc. It has at least four intersection points with the right-lateral North Anatolian Fault Zone and the Southeast
Anatolian-Zagros Fault Zone. As the offshore continuation of the Ecemis-Deliler Fault of the Anatolian Diagonal,
the Biruni Fault reaches the Cyprus Arc and Piri Reis (Mediterranean) Ridge Front west of Cyprus. This structure
creates a restraining stepover with the left-lateral Antalya-Kekova Fault Zone and causes NW-SE trending thrusts
of the Florence Rise and Antalya Thrust in the Antalya Basin. There is another restraining stepover between the
Antalya-Kekova Fault Zone and the Pliny-Strabo Fault Zone, where the thrust-controlled northern margin of Rhodes
basin developed.

In this neotectonic framework, there is no need for the existence of the highly-debated left-lateral Fethiye-
Burdur Fault Zone as an onshore continuation of the Pliny and Strabo faults. In fact, the westerly motion of the
Anatolian plate is accommodated by the left-lateral Anatolian Diagonal Shear Zone, Antalya-Kekova Fault Zone and
Pliny-Strabo Fault Zone together with the right-lateral North Anatolian Fault Zone.

Keywords: Anatolian Diagonal, Cyprus, East Anatolian Fault Zone, Eastern Mediterranean, Neotectonics.

Oz: Tiirk-Iran Platosu, Arap ve Avrasya levhalarimin carpismalart ile iliskili Bitlis-Zagros Kenet Zonu'nun ard
tilkesinde yer alw. Platonun i¢ deformasyonunun yakin zamanda ayrintili bi¢imde incelenmesi, sag ve sol yanal
dogrultu atimli yapilarin ¢oklu kesisme noktalarimin varligini ortaya ¢ikarmis ve bu kaginilmaz olarak Anadolu
Caprazi adi ile anilan genis sol yanal makaslama zonu ile a¢iklanmigtir.
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Giirol SEYITOGLU, Esra TUNCEL, Biilent KAYPAK, Korhan ESAT, Ergin GOKKAYA

Anadolu Caprazi’ni sinirlayan ve i¢ deformasyonuna neden olan faylar, yiiksek ¢oziiniirliiklii uydu goriintiileri,
depremlerin odak mekanizmasi ¢oziimleri ve deniz alanlarindaki yayinlanmis sismik yansima kesitleri yardimiyla
incelenmigstir. Anadolu Caprazi, Orta Anadolu Fay Zonu ile Dogu Anadolu Fay Zonu arasinda 170 km geniglige ve
Erzincan ile Kibris Yayr arasinda 850 km uzunluga sahip, KD-GB yonelimli bir sol yanal makaslama zonudur. Bu
zon, Kuzey Anadolu Fay Zonu ve Giineydogu Anadolu-Zagros Fay Zonu ile en az dort kesisim noktasina sahiptir.
Anadolu Caprazi’na ait Ecemis-Deliler Fayi 'nin Akdeniz deki uzanimi olan Biruni Fayi, Kibris Yayi'na ve Piri Reis
Swrti’'na (Mediterranean Ridge) Kibris 'in batisinda ulasmaktadw:. Bu yapi, Antalya — Kekova Fay Zonu ile daralmall
sigrama olusturmakta olup, bu nedenle Antalya havzasinda KB-GD dogrultulu bindirmeler ile temsil edilen Florence
Yiikselimi ve Antalya Bindirmesi meydana gelmistir. Diger bir daralmali sigrama alani ise Antalya-Kekova Fay
Zonu ile Pliny-Strabo Fay Zonu arasinda geligmis olup, burada Rodos havzasinin bindirmeler ile kontrol edilen
kuzey kenart bulunmaktadir.

Bu neotektonik cergeve iginde, varligi olduk¢a tartismali olan Pliny ve Strabo faylarinin karadaki devami olarak
degerlendirilen sol yanal Fethiye — Burdur Fay Zonu'na ihtiyag¢ bulunmamaktadw:. Aslinda, Anadolu Levhasinin
batiya hareketi, sol yanal Anadolu Caprazi Makaslama Zonu, Antalya-Kekova Fay Zonu ve Pliny-Strabo Fay Zonu
ile sag yanal Kuzey Anadolu Fay Zonu tarafindan karsilanmaktadir.

Anahtar Kelimeler: Anadolu Caprazi, Dogu Akdeniz, Dogu Anadolu Fay Zonu, Kibris, Neotektonik.

INTRODUCTION On the other hand, a recent paper concerning
the internal deformation of the Turkish-Iranian
Plateau in the hinterland of Bitlis-Zagros Suture

In the neotectonic framework of the Eastern

Mediterranean, the definition of plate boundaries ) )
I - Zone (BZSZ) introduces a rhomboidal cell model
has not changed significantly from the beginning

of plate tectonics theory to GPS-based studies to explain thg relationship betw.eelvl left- and right-
(McKenzie, 1970; 1972; Reilinger et al., 1997). lateral faults in the region (Seyitoglu et al., 2018).

However, GPS-derived velocity field data has Some margins of these cells align in a certain

initiated discussion about whether the slab pull lcllrectlon a?d c}i)nstltu;le reglon.—lzwd? shear z.ones%
in the Aegean Arc or the westward push due to or example, the southwest strike-slip margins o

the collision of Arabian and Eurasian plates is the ‘Fhe.Cay1r11, Beggbze and Hlms thomboidal cells
driving mechanism of westward movement of indicate that the NAFZ continues beyond Karliova

the Anatolian plate (Reilinger et al., 1997; 2006; towarfis the east unFll Lake Van and create.s a
Chorowicz et al., 1999; McClusky et al., 2000: releasing stepover with the Southeast Anatolian-

Sengdr ot al, 2004; Le Pichon and Kreemer, Zagros Fault Zone (SAZFZ), including the Main
2010) Recent Fault of Zagros Mountains in Iran. In

this concept, the SAZFZ is terminated by the

In the neotectonic period, the Anatolian left-lateral Ovacik Fault (OVF) in the northwest
plate moved westward along the left-lateral East and offsets the EAFZ in Bingél (Seyitoglu et al.,
Anatolian Fault Zone (EAFZ) and right-lateral 2018) (Figure 1). This approach offers multiple
North Anatolian Fault Zone (NAFZ) (McKenzie, intersection points between the right- and left-

1972; Sengdr, 1980; Sengdr et al., 1985) after the lateral strike-slip structures contrary to the

collision of the Arabian and Eurasian plates. This classical tectonic escape model (Sengdr et al.,
classical view offers a triple junction at Karliova 1985) and inevitably requires a broad left-lateral
(Figure 1). Recently, Sengdr et al. (2019) proposed shear zone, which is named here as the Anatolian
an “asymmetric Karliova triple junction model”, Diagonal Shear Zone.

keeping the earlier single intersection vision to
explain higher slip rates on the NAFZ relative to
the EAFZ.
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The Anatolian Diagonal: A Broad Left-Lateral Shear Zone Between the North Anatolian Fault Zone and the Aegean / Cyprus Arcs

Figure 1. Neotectonic Anatolian Diagonal. It is a left-lateral shear zone limited by the CAFZ and EAFZ and extending
from the NAFZ to the Cyprus Arc. Fault lines are from Emre et al. (2013), Seyitoglu et al. (2017, 2018) and this
paper. The epicenter locations are from the ISC Catalogue (M>3.5). For the focal mechanism solutions, see Appendix
B. E: Erzincan; K: Karliova; B: Bing6l; NAFZ: North Anatolian Fault Zone; NEAFZ: Northeast Anatolian Fault
Zone; SAZFZ: Southeast Anatolian-Zagros Fault Zone; BZSZ: Bitlis-Zagros Suture Zone; StM: Sincar Mountains;
EAFZ: East Anatolian Fault Zone; DSFZ: Dead Sea Fault Zone; CAFZ: Central Anatolian Fault Zone; KEFZ:
Kirikkale-Erbaa Fault Zone; TGFZ: Tuz Golii Fault Zone; SDFZ: Sultandaglar1 Fault Zone; KRF: Karaca Fault; KiF:
Kemah-ili¢ Fault; OVF: Ovacik Fault; MAF: Malatya Fault; SZF: Sariz Fault; EDF: Ecemis-Deliler Fault; BRF:
Biruni Fault; GBT: Gazibaf Transform; CA: Cyprus Arc; EMF: Elbistan-Misis Fault; MYF: Maras- Yumurtalik Fault;
KBF: Kantarma-Barig Fault; SRF: Siirgii Fault; DvT: Divrigi Thrust. The rhomboidal cells are of Seyitoglu et al.
(2018): Cac: Cayirh cell; Dze: Diizyurt cell; Bec: Besgoze cell; Hoc: Horasan cell; Hic: Hinis cell; Age: Agr cell;
Vac: Van cell; Msc: Mus cell; Koc: Karliova cell; Kgc: Kigr cell.

Sekil 1. Anadolu Caprazi’nin neotektonik anlami. Orta Anadolu Fay Zonu ve Dogu Anadolu Fay Zonu tarafindan
smirlanan, Kuzey Anadolu Fay Zonu ile Kibris Yayi arasinda uzanan sol yanal makaslama zonu. Fay hatlart Emre
vd. (2013), Seyitoglu vd. (2017, 2018) ve bu makaleden alinmistir. Deprem dis merkez dagilimi ISC katalogundan
(M>3.5) alinnuigtir. Odak mekanizmasi ¢oziimleri i¢in Appendix B’ye bakiniz.

The term “Anatolian Diagonal” was defined In this paper, we aim to demonstrate the
by Davis (1971) to explain the biological details of the multiple intersection points between
diversity between east and central Anatolia. Its
geomorphological meaning has recently been
discussed by Kuzucuoglu et al. (2019). The
neotectonic mean of the Anatolian Diagonal simply
corresponds to a left-lateral shear zone limited by
the East Anatolian Fault Zone (EAFZ) and Central Anatolian Diagonal with the Aegean and Cyprus
Anatolian Fault Zone (CAFZ) between Erzincan arcs, which forms an important part of the new
and the Cyprus Arc (Figure 1). neotectonic framework of Tiirkiye.

the left- and right-lateral structures -creating
the broad left-lateral strike-slip shear zone, the
Anatolian Diagonal. Another issue that needs
to be clarified is the genetic relationship of the
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METHODS

The study area (Figure 1) covers more than
180,000 km? and contains several fault zones.
Therefore, it is unavoidable to use high-resolution
satellite imagery of Google Earth software to
examine the morphotectonic features (Huang et
al., 1993; Keller and Pinter, 2001; Zhang et al.,
2004; Sengor, 2017; Reitman et al., 2019) and
determine the active fault lines with the help of
active fault maps (Emre et al., 2013) and geological
maps / reports of the General Directorate of
Mineral Research and Exploration (MTA) and
other published papers (i.e., Kaymake¢i et al.,
2010; Yazict et al., 2018; Sangar et al., 2020). The
detailed fault segments were mapped in the GIS
environment and in limited parts of the study area,
structural data were obtained from the faults. The
offshore continuation of active faults was traced
by using published seismic reflection sections.
The elevation data for the land topography and
bathymetry were obtained from the 1:25000
scale topographical maps and World Ocean Base
by Esri (2021). To demonstrate the activity of
fault segments apart from the morphological
indicators, we provide epicenter locations and
focal mechanism solutions of the seismic events
where possible (Electronic Appendix A).

Focal mechanism solutions were either
collected from various sources presented in Table
1 or directly computed using waveform data for
significant earthquakes (Electronic Appendix B).
The Regional Moment Tensor (RMT) inversion
method (Herrmann, 2013) was performed for
the focal mechanism solutions of earthquakes
of magnitude 3.0 and greater. Three-component
broadband waveform data for the RMT solutions
were retrieved from Incorporated Research
Institutions for Seismology Data Services (IRIS
database, https://www.iris.edu, last accessed in
January 2020) and the European Integrated Data
Archive Service (http://www.orfeus-eu.org/data/
eida). The furthermost epicentral distance was
determined to be 700 km because of the inadequate
number of nearby stations. Whole waveform data

96

was recorded by the stations belonging to both
national networks such as the Kandilli Observatory
and Earthquake Research Institute (KOERI)
as well as the Directorate of Disaster Affairs
(AFAD) and the earthquake observation centers
of neighboring countries. Almost all stations are
equipped with velocity broadband seismometers.
Because the same event locations were used as
in the data provider agency, we did not perform
any relocation procedure. Both the observed and
synthetic Green’s function ground velocities were
cut from a range of 5-10 s before the P-wave’s
first-arrival to a range of 110180 s after it. In the
inversion process, a three-pole causal Butterworth
bandpass filter with a 0.02—-0.10 Hz band range
was used for the events. However, 0.06-0.08 Hz
bandpass filter range was preferred for most of
the events. Additionally, an optional microseism
rejection filter was applied to enhance the signal-
to-noise ratio when needed. During the moment
tensor inversion process, we eliminated noisy and
problematic signals.

In order to follow the fault lines in detail,
readers should consult the e-supplement data
visible on Google Earth software (Electronic
Appendix C).

NEOTECTONIC MEANING OF THE
ANATOLIAN DIAGONAL

The Anatolian Diagonal is a 170 km wide NE-SW
trending left-lateral strike-slip shear zone limited
by the EAFZ and CAFZ. It has a length of 850 km
between Erzincan and the Cyprus Arc (Figure 1).

The southeast margin of the Anatolian
Diagonal is composed of the EAFZ (Herece, 2008;
Duman and Emre, 2013; Emre et al., 2013, 2018).
The northwest margin of the Anatolian Diagonal
is represented by the CAFZ, which was defined
by Kogyigit and Beyhan (1998). On the other
hand, its relationship with the Cyprus Arc at the
southwest end and the NAFZ at the northeast end
are poorly defined (Kogyigit and Beyhan, 1998;
Emre et al., 2013).



The Anatolian Diagonal: A Broad Left-Lateral Shear Zone Between the North Anatolian Fault Zone and the Aegean / Cyprus Arcs

Table 1. Sources for the focal mechanism solutions used in this study.

Cizelge 1. Bu calismada odak mekanizma ¢oziimleri i¢in kullanilan kaynaklar.

Seismological Data Centers

National Other Nations

International

1) DDA: Republic of Turkey Prime
Ministry Disaster and Emergency
Management Authority, Earthquake
Department
(https://deprem.afad.gov.tr)

Athens

1) ATH: National Observatory of
(http://www.noa.gr)

2) USGS: U.S. Geological Survey

1) GCMT: The Global Centroid
Moment Tensor Catalog
(Dziewonski et al., 1981; Ekstrom
etal., 2012)
(https://www.globalcmt.org)

(https://www.usgs.gov)

2) KOERI: Bogazigi University
Kandilli Observatory and
Earthquake Research Institute
Regional Earthquake-Tsunami

3) ZUR_RMT: The Swiss
Seismological Service
(http://seismo.ethz.ch)

2) ISC: International Seismological
Centre (Lentas, 2018; Lentas et al.,
2019)

(http://www.isc.ac.uk)

Monitoring Center
(http://www.koeri.boun.edu.tr)

3) ATA: Atatiirk University
Earthquake Research Center

4) GFZ: GFZ German Research
Centre for Geosciences
(https://geofon.gfz-potsdam.de/)

3) MED-RCMT: European-
Mediterranean Regional Centroid-
Moment Tensors (Pondrelli, 2002)
(http://remt2.bo.ingv.it)

Publications (papers, reports, thesis, etc.)

Acarel et al. (2019); Ergin (1999); Ergin et al. (2004); Kilig and Utkucu (2012); Kilig et al. (2017); Okeler

(2003); Seyitoglu et al. (2018)

The internal deformation of the Anatolian
Diagonal is taken by mainly left-lateral faults and
minor right-lateral faults (Figure 1). The Anatolian
Diagonal can be evaluated as a highly seismic
zone, but some sections show low seismicity in
the instrumental period (Figure 1).

Southeast Margin of the Anatolian Diagonal:
The EAFZ

The East Anatolian Fault Zone (EAFZ) was defined
by Arpatand Saroglu (1972) and Seymen and Aydin
(1972) during examination of the surface ruptures
of the 1971.04.22 Bingdl earthquake (Mb=5.9)
between Karliova and Bingol (Figure 2). NW-
SE trending surface ruptures were reported along
with NE-SW trending left-lateral fault traces in
Bingdl. Moreover, the unexpected seismic event
of #75 2003.05.01 Bingol earthquake (Mw=6.4)
according to earthquake triggering models
(Nalbant et al., 2002, 2005) and its source of NW-
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SE trending right-lateral strike-slip faults (Dirik et
al., 2003) are allowed to interpret that the right-
lateral SAZFZ cuts Goyniik-Karliova Fault (GKF)
and emphasized that the EAFZ starts at Bing6l at
the intersection point with the SAZFZ (Seyitoglu
et al., 2018, 2020) (Figure 2).

The EAFZ has been examined in detail by
several researchers (Saroglu et al., 1992; Herece,
2008), but the segmentation of Duman and Emre
(2013) has been followed in this paper. They
defined several segments and declared that the
Piitiirge segment was a seismic gap, with an 11
km left-lateral displacement of the Firat River.
the 2020.01.24 Doganyol-Sivrice
earthquake (Mw=6.7) occurred in this segment
(Melgar et al., 2020) (Figure 2). However, there is
no agreement about the meeting point and the style
of merging between the EAFZ and the Dead Sea
Fault Zone (DSFZ) (see Rojay et al., 2001; Akyiiz
et al., 2006a; Duman and Emre, 2013) (Figure 1).

Recently,
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Figure 2. Northeast end of left-lateral Anatolian Diagonal and its relationship with the right-lateral structures. The
fault lines are from Emre et al. (2013), Seyitoglu et al. (2017, 2018) and this paper. Epicenter locations are from the
ISC Catalogue (M>3.5). See Appendix A and C for details of faults and Appendix B for the focal mechanism
solutions. NAFZ: North Anatolian Fault Zone; EP: Erzincan Plain; NEAFZ: Northeast Anatolian Fault Zone; GKF:
Goyniik-Karliova Fault; SAZFZ: Southeast Anatolian-Zagros Fault Zone; BZSZ: Bitlis-Zagros Suture Zone; EAFZ:
East Anatolian Fault Zone; SRF: Siirgii Fault; KBF: Kantarma-Baris Fault; MAF: Malatya Fault; OVF: Ovacik
Fault; KiF: Kemah-ili¢ Fault; KRF: Karaca Fault; DvT: Divrigi Thrust; SZF: Sariz Fault.

Sekil 2. Sol yanal Anadolu Caprazi’min kuzeydogu ucu ve sag yanal yapilarla iliskisi. Fay hatlart Emre vd. (2013);
Seyitoglu vd. (2017, 2018) ve bu makaleden alinmigtir. Dis merkez konumlart ISC katalogundan (M>3.5) alinmistir.
Faylarmn detaylart i¢in Appendix A ve C’ye, odak mekanizmalart i¢in Appendix B’ye bakiniz.

Northwest Margin of the Anatolian Diagonal:
Its Relationship with the NAFZ

The details of the segment distribution between
CAFZ and NAFZ were not presented by Kogyigit
and Beyhan (1998) but recently, Sengor et al.
(2019) tried to explain this relationship with fish-
bone faults. Although the fish-bone model was
originally designed to explain the right-lateral
faults veering from the NAFZ (i.e., Kirikkale-
Erbaa and Almus faults, see Sengdr and Barka,
1992), the left-lateral Ovacik and Deliler faults
were considered as fish-bone faults defining the
Cappadocian Slice. There is an inconsistency
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between the fish-bone model and reality in the
field, in fact, because the veering Ovacik and
Deliler faults have the opposite sense of being
shear zones (Sengor et al., 2019).

We propose that the structural connection
between the CAFZ and NAFZ is provided by the
newly determined Karaca Fault (KRF) and Kemah-
[li¢ Fault (KIF) (Figure 2). The KRF and KIF are
semi-parallel left-lateral faults, as indicated by
the morphological data and focal mechanism of
seismic events (Appendix A, B and C), and they
create a restraining stepover, the Divrigi Thrust
(DvT), with the Ecemis-Deliler Fault (EDF) (see
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below), providing a structural link between the
CAFZ and NAFZ where the Erzincan Plain is
located (Figures 1 and 2).

Northwest Margin of the Anatolian Diagonal:
Its Relationship with the Cyprus Arc

There are several hypotheses about the link between
the Aegean and Cyprus arcs. The suggestions of
Biju-Duval et al. (1976) are among the oldest,
connecting the arcs with a single line. Similarly,
we propose here that the offshore continuation

SE

of Ecemis-Deliler Fault (EDF) (Appendix A)
is a possible candidate for separating structure
between Aegean and Cyprus arcs together with
the Antalya-Kekova Fault Zone (see below)
(Figure 3). The Piri Reis (Mediterranean) Ridge
Front turns from northeast to northwest 270 km
south of eastern Crete (Morelli and Barrier, 2004;
Yolsal-Cevikbilen and Taymaz, 2012). Although
an intense deformation in the seismic reflection
data of Huguen et al. (2001) is seen in the
Seismic Lines-18 and -22, they can be regarded as
deformation in the accretionary prism.

A I ANB ho >

.\\
¥

Herodotus
Basin

Figure 3. The role of Pliny-Strabo faults, Antalya-Kekova Fault Zone (AKFZ) and Biruni Fault of Anatolian
Diagonal between the Aegean and Cyprus arcs. In the restraining stepovers, the Florence Rise and Antalya Thrust in
the Antalya basin (ANB) and the Fethiye Thrust (FtT) in the NE margin of Rhodes basin (RB) developed. See
Appendix B for details of focal mechanism solutions and Appendix A and C for details of faults. Fault lines are from
Emre et al. (2013), Barrier et al. (2004), Seyitoglu et al. (2022) and this paper. ES: Eratosthenes Mountain; GBT:
Gazibaf Transform; FSH: Fuat Sezgin High; GBR: Girne-Besparmak Range; ADB: Adana basin; EDF: Ecemis-
Deliler Fault; EMF: Elbistan-Misis Fault; MYF: Maras-Yumurtalik Fault; ISB: iskenderun basin; AnT: Antalya
Thrust; SE: Sirr1 Ering Plateau; Ax: Anaximander Mountain; Ag: Anaxagoras Mountain; An: Anaximenes Mountain.

Sekil 3. Ege ve Kibris yaylar: arasinda Anadolu Caprazi’'na ait Biruni Fayi, Antalya-Kekova Fay Zonu (AKFZ) ve
Pliny-Strabo faylarimin rolii. Daralmali sigrama alanlarinda Antalya havzasinda (ANB) Florence Yiikselimi, Rodos
havzast (RB) KD kenarinda Fethiye bindirmesi (FtT) gelismistirv. Odak mekanizmasi ¢oziimleri i¢in Appendix B ye,
Faylarmn detaylart i¢in Appendix A ve C’ye bakiniz. Fay hatlart Emre vd. (2013), Barrier vd. (2004), Seyitoglu vd.
(2022) ve bu makaleden alinmistir.
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We suggest the name “Biruni Fault (BRF)”
for the offshore continuation of the Ecemis-
Deliler Fault (EDF) which is concordant with the
ancient geographers’ names of the Pliny-Strabo
faults in the region (Figure 3). South of Anamur,
the segment locations of Biruni Fault (BRF-1,
BRF-2, BRF-3) are determined using the seismic
reflection profiles (Mansfield, 2005; Aksu et al.,
2005) (Figure 4; e-suppl.-BRF in Appendix C).
There is a pressure ridge named Fuat Sezgin
High (FSH) west-southwest of Cyprus on the
southeast tip of the Florence Rise (Figure 3). This
pressure ridge possibly developed between the

left-lateral segments of Biruni Fault (BRF). The
north and south dipping thrusts were drawn by
Woodside (1977, fig. 8), Woodside et al. (2002,
fig. 7) and Giines et al. (2018, Line-D, fig. 11). The
segments of Biruni Fault (BRF) cut the Cyprus
Arc, which is also displaced right-laterally by the
Gazibaf (Paphos) Transform Fault west of Cyprus
(Figure 3). The right-lateral nature of the Gazibaf
Transform Fault (GBT) is determined by the
focal mechanism solutions of recent earthquakes
(Papazachos and Papaioannou, 1999; Yolsal-
Cevikbilen and Taymaz, 2012).

Anamur
o

= App_F'lg4-LiIleSI7

App_Fig3-Lines34

---{--» App_Figl6-Line23

U

~ App_Figl5-Line23

Fig5.2-Line501

Figure 4. Locations of seismic reflection sections of Mansfield (2005) and segments of the Biruni Fault (BRF). The
original names of the seismic lines are given on the map and this caption between quotation marks. The re-
interpretation of seismic reflection data helps to locate the position of Biruni Fault. The southwest end of “App
Figl4-Line 567” is not clear, therefore the position of yellow coloured BRF-3 has a question mark in e-suppl.-BRF
in Appendix C. The NW-SE trending “App_Figl7-Line-23 contains segments BRF-3 and BRF-1 which were also
marked by Mansfield (2005) as faults. The NW-SE trending “App_Figl2-Line-534 clearly shows segment BRF-2,
recognized easily by the bathymetrical difference. The nearly E-W trending “App Figl5-Line-23” indicates the
positions of segments BRF-1 and BRF-2, with their typical negative flower structures. The N-S trending “Fig5.2-
Line-501" has a strong positive flower structure near the coast of Anatolia marking the position of segment BRF-1.
The flower structures are visible in the nearly E-W trending “App_Figl-Line-4948” which are marked for the
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location of segments BRF-3 and BRF-1. The nearly E-W trending “App Figl6-Line-23 having negative flower
structures, shows the positions of BRF-3 and BRF-2. BRF-1 marks the SW end of the bathymetrical trough visible
on the Google Earth Image (see e-suppl.-BRF in Appendix C). A well-developed NE-SW trending trough visible on
Google Earth Image corresponds to a negative flower structure in the N-S trending “App_Fig3-Line-534” marked
with BRF-1. This NE-SW trending trough also provides a base to correlate fault traces diagonally. This seismic
section is also used by Aksu et al. (2005) as Line-D. At least two possible fault locations exist on the N-S trending
“App_Fig4-Line-517”, marked as BRF-1 and BRF-2. See e-suppl.-BRF in Appendix C for the location information
in the map view of the segments which are re-defined on each seismic section.

Sekil 4. Mansfield (2005) e ait sismik yansima hatlarimin konumu ve Biruni Fayt (BRF) nin segmentleri. Sismik
hatlarin orijinal isimleri haritada gosterilmis olup, sekil alt yazisinda tirnak i¢inde verilmistir. Sismik yansima
kesitlerinin yeniden yorumlanmasi ile Biruni Fayi’nin konumu belirlenmistir.

Northwest Margin of the Anatolian Diagonal: corridor (Arpat and Saroglu, 1975; Yetis, 1978)
The Re-Defined CAFZ (Figure 6). Umhoefer et al. (2020) suggest that

The segments of Biruni Fault (BRF) described the Ecem1§ corridor has a Lz.Lte Eocene-Ohgqcene
. . . . transpressional and post-Miocene transtensional
above and its continuation onshore, the Ecemis-

Deliler Fault (EDF), expresses itself by character. Its spectaf:ular morphological features
developing linear valleys between Yanmigh and were closely examined and dated recently by
Tasucu. The segments of EDF create left-lateral iarlkaya et. al. (12015) and Yildinm ?t .al. (.201?1)’
shifting on Akdere and the course of Goksu River Ei?;?;gzgﬁg( A;;eengil)l(agmary activity In the
northwest and southeast of Silitke (Figure 5; ’

Appendix A). Another important clue for the left- Further to the northeast, segments of the
lateral strike-slip fault comes from the migration Ecemis-Deliler Fault (EDF) create the Erciyes
of the submarine delta of Goksu River (Aksu et ~ pull-apart basin (Dirik and Gonciioglu, 1996;
al., 2014a, fig. 23). Moreover, in the offshore of Kogyigit and Beyhan, 1998) and a segment passing
Silifke, the seismic reflection lines of Okyar et al. from the summit of Erciyes volcano (Emre et al.,
(2005), Walsh-Kennedy et al. (2014), and Aksu 2011b; Higgins et al., 2015) seems to behave as
et al. (2014a) indicate semi-parallel segments of @ cross basin fault (Figure 6; Appendix A, B, and
the EDF. The epicenters of the seismic events # ). The Ecemis-Deliler Fault (EDF) has an ENE-
116 2013.10.23 (M=4.5) and #189 2012.05.03 WSW direction between Gemerek and Ulas where
(M=4.0) are close to these segments and provide Tuzla Golii and Altinyayla Plain are two pull-apart

left-lateral focal mechanism solutions (Figure 5) structures (Figure 6). Finally, the Ecemis - Deliler
(Appendix A, B, and C). Fault (EDF) and Karaca Fault (KRF) create a

restraining stepover where Divrigi Thrust (DvT)

West - northwest of Mersin and Tarsus, is located (Figure 2; Appendix A, B, and C).
the southeast slopes of the Taurus Mountains

have several morphological indicators to locate
segments of the EDF (Appendix A). This Internal Deformation of the Anatolian Diagonal
broad shear zone between Aydincik and Giilek
demonstrates that the Ecemis-Deliler Fault (EDF)
can safely be located on the Mediterranean coast
(Figures 5 and 6; Appendix A).

The internal deformation of Anatolian diagonal is
accommodated by the Sar1z (SZF), Ovacik (OVF),
Malatya (MAF), Siirgii (SRF), Kantarma-Barig
(KBF), Elbistan-Misis (EMF), Maras-Yumurtalik

Northeast of Giilek is where the Ecemis Fault (MYF) and Ayvali (AYF) faults (Figures 2, 5 and
was originally defined, and called the Ecemis 6).
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The southwest end of left-lateral strike-slip
Sariz Fault (SZF) creates a restraining stepover
with the Ecemis - Deliler Fault in Aladaglar
where one of the highest summits in the region,
Demirkazik (3756 m) is located. Its northeast end
is closer to the Kemah-ili¢ Fault (KIF) east of
Divrigi Thrust (Figures 2 and 6) (Appendix A, B,
and C).

The Ovacik Fault (OVF) is separated from
the NAFZ south of Erzincan Plain. Its segments
cut Quaternary alluvial fans west of Ovacik and
created a distinguished left-lateral displacement
on the course of Firat River (Figure 2). The left

lateral nature of Ovacik Fault (OVF) (Westaway
and Arger, 2001; Yazict et al., 2018) is also
confirmed by the focal mechanism solutions of
the seismic events #110 2011.12.03 (M=4.0) and
#135 2016.12.16 (M=4.4). The OVF constitutes
the northwest margin of Kigi rhomboidal cell
and limits the Southeast Anatolian-Zagros Fault
Zone (SAZFZ) (Seyitoglu et al., 2018); while it
ends with en echelon segments around Hekimhan
which are responsible for the seismic events
#131_2015.11.29 (M=4.9) and #200* 2019.03.25
(M=4.7) (Figure 2; Appendix A, B, and C).

Figure 5. Southwest end of Anatolian Diagonal and its relationship with the Cyprus Arc. Fault lines are from Barrier
et al. (2004), Emre et al. (2013), Symeou et al. (2018), Aksu et al. (2022) and this paper. See Appendix A and C for
details of faults and Appendix B for focal mechanism solutions. The epicenter locations are from the ISC Catalogue
(M>3.5). BRF: Biruni Fault; EDF: Ecemis-Deliler Fault; FSH: Fuat Sezgin High; EMF: Elbistan-Misis Fault; ADB:
Adana Basin; iSB: Iskenderun Basin; DSFZ: Dead Sea Fault Zone; GBR: Girne-Besparmak Range; GBT: Gazibaf

Transform; CA: Cyprus Arc.

Sekil 5. Anadolu Caprazi’min giineybati ucu ve Kibris Yayi ile iligkisi. Fay hatlari Barrier vd. (2004), Emre vd.
(2013), Symeou vd. (2018), Aksu vd. (2022) ve bu makale’den alinmistir. Faylarin detaylart igin Appendix A ve C'ye,
odak mekanizmalart i¢in Appendix B’ye bakiniz. Dis merkez konumlari ISC katalogundan (M=>3,5) alinmistir.
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Figure 6. Anatolian Diagonal between Central Anatolian Fault Zone (CAFZ) and East Anatolian Fault Zone (EAFZ).
Fault lines are from Emre et al. (2013), Seyitoglu et al. (2017), and this paper. See Appendix A and C for details of
faults and Appendix B for focal mechanism solutions. The epicenter locations are from the ISC Catalogue (M>3.5).
EDF: Ecemis-Deliler Fault; SZF: Sariz Fault; EMF: Elbistan-Misis Fault; KBF: Kantarma-Baris Fault; MYF: Maras-

Yumurtalik Fault; AYF: Ayvali Fault.

Sekil 6. Orta Anadolu Fay Zonu (CAFZ) ile Dogu Anadolu Fay Zonu (EAFZ) arasinda Anadolu Caprazi 'nin konumu.
Fay hatlart Emre vd. (2013), Seyitoglu vd. (2017) ve bu makaleden alinmistir. Faylarin detaylart igin Appendix A
ve C’ye, odak mekanizma ¢éziimleri i¢in Appendix B’ye bakiniz. Dis merkez konumlar: ISC katalogundan (M>3,5)

alinmuistir.

The NNE-SSW trending segments of the left-
lateral Malatya Fault (MAF) are located between
the north of Arguvan and Nurhak (Figure 2). They
nearly correspond to the R-shear in the Anatolian
Diagonal, similar to the Kantarma-Baris Fault
(KBF) (Figure 6) (Appendix A, B, and C). There
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is no agreement on the character of Siirgli Fault
(SRF) among researchers (i.e., Kog and Kaymaket,
2013; Emre et al., 2013), but the focal mechanism
solutions of the seismic events #5 1986.05.05
(M=6.0) and #6 1986.06.06 (M=5.7) confirm
its left-lateral strike-slip nature. The Stirgii Fault
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(SRF) can be evaluated as P-shear in the Anatolian
Diagonal (Figure 2; Appendix A, B and C).

The overall position of the Elbistan - Misis
Fault (EMF) nearly corresponds to the R-shear in
the Anatolian Diagonal and its segments create
releasing stepovers where N-S normal faults
developed, as seen in the east of Andirin, Yesilova
and Diizi¢i (Appendix A). Moreover, the Maras-
Yumurtalik Fault (MYF) is separated as a nearly
parallel branch of the EAFZ and its segments
create a releasing stepover where the N-S normal
faults developed east of Osmaniye (Figure 6;
Appendix A, B, and C).

The Ayvali Fault (AYF) has been mapped
as a NW-SE trending right-lateral strike-slip
fault (Emre et al., 2012c). Its new semi-parallel
segments demonstrate that the Anatolian Diagonal
is a broad shear zone and the segments of Ayvali
Fault (AYF) are the right-lateral X-shears (Figures
2 and 6; Appendix A, B, and C).

ANTALYA-KEKOVA FAULT ZONE

(AKFZ): ASTRUCTURE BETWEEN THE
ANATOLIAN DIAGONAL AND THE PLINY
/ STRABO / PTOLEMY FAULTS

The Biruni Fault (BRF) separates the Aegean
and Cyprus arcs together with the Antalya-
Kekova Fault Zone (AKFZ) (Figures 3 and
7). The position of BRF is defined by using the
seismic lines of Mansfield (2005), Woodside et
al. (2002), and Giines et al. (2018). There is an
important restraining stepover between the Biruni
Fault (BRF) and the Antalya-Kekova Fault Zone
(AKFZ) locating the western coast of Antalya
Gulf (Figure 3).

The Antalya Fault has previously been
proposed, but its character is controversial
(Savasgin et al., 1995; Barka and Reilinger, 1997,
Aksu et al., 2014b; Hall et al. 2014a). While Aksu
et al. (2014b) and Savasgin et al. (1995) accepted
that it is a right-lateral strike-slip fault, Barka
and Reilinger (1997) draw the Antalya Fault as a
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left-lateral lineament (see also Hall et al. 2014a),
with which we agree, because the Antalya Basin
contains features of a restraining stepover which
is represented by the NW-SE trending Antalya
Thrusts having NNE-SSW trending left-lateral
tear faults, as mapped by Gilines et al. (2018)
(Figure 3; Appendix C).

The seismic reflection lines of Aksu et al.
(2009, 2014b) and Giines et al. (2018) offshore of
Demre indicate NNE-SSW and NE-SW trending
faults. Their semi-parallel counterparts onshore
are mapped as the Kekova and Kale faults (Emre
and Duman, 2011b) west of Demre (Figure 7;
Appendix C).

We re-defined the segment distributions
and examined the morphological features (i.e.,
distinctive displacement of stream channels, linear
mountain-piedmont junctions) of the onshore
faults and evaluated these faults as left-lateral
strike-slip in nature. Especially the Ahatli Fault
presents a distinct linear morphology and a 5.70
km left-lateral displacement was measured on
the Felenk Cayi. Moreover, semi-parallel faults
between the northwest of Kas and northeast of
Korkuteli also have a distinctive morphology,
where the focal mechanism solution of the
#207* 2019.11.16 (Mw=4.4) Bozhiiyiik-Elmali
earthquake shows a NE-SW trending left-lateral
faulting, but its deep hypocenter (69.5 km) creates
a question mark about the evaluation (Figure 7;
Appendix B and C).

We infer that the offshore counterparts seen in
the seismic reflection sections must be of the same
character. Indeed, examination of the published
seismic sections shows that the majority of the fault
lines could easily be re-evaluated as strike-slip
faulting rather than thrusting (Aksu et al., 2009,
2014b; Giines et al., 2018). This view is supported
by the focal mechanism solution of seismic
event #119_2014.03.24 (Mb=4.1) indicating that
the nearest Finike Fault (FIN) is a left-lateral
structure. As a conclusion, offshore and onshore
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data indicate that the Antalya, Finike, Kekova, Korkuteli, and Doésemealt: faults constitute the
Kas, Demre, Cevreli, Yavu, Davazlar, Ahatli, left-lateral Antalya-Kekova Fault Zone (AKFZ)
Bezirgan, Beldibi, Gombe, Elmali, Cobanisa, (Figure 7; Appendix B and C).

Figure 7. Offshore and onshore faults of Antalya-Kekova Fault Zone (AKFZ). Finike Fault (FIN) is taken from Aksu
et al. (2009) and re-interpreted as a left-lateral strike-slip fault which is supported by the focal mechanism solution
of seismic event #119. For focal mechanism solution see Appendix B, and for detail of the segment distribution, see
Appendix C. KKF: Kekova Fault; DRF: Demre Fault; DVF: Davazlar Fault; AHF: Ahath Fault; KF: Kas Fault; YVF:
Yavu Fault; CVF: Cevreli Fault; BZF: Bezirgan Fault; BDF: Beldibi Fault; GMF; Gombe Fault; ELF: Elmali Fault.
CIF: Cobanisa Fault; KTF: Korkuteli Fault; DSF: Désemealt1 Fault.

Sekil 7. Antalya-Kekova Fay Zonu (AKFZ) 'na ait faylarin karada ve deniz altindaki konumu. Finike Fay: (FIN) Aksu
vd. (2009) dan alinmis ve sol yanal dogrultu atimli fay olarak yeniden yorumlanmistir. Bu yorumu #119 numaral
depremin odak mekanizmast ¢oziimii desteklemektedir. Odak mekanizmasi ¢éziimleri i¢in Appendix B'ye, faylarin
detayli segment dagilimi i¢in Appendix C’ye bakiniz.
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DSFz

Figure 8. Schematic simplified drawing of relationship between the Aegean Arc, Cyprus Arc (blue) and Anatolian
Diagonal Shear Zone (red), Antalya-Kekova Fault Zone (AKFZ) (fuchsia), and Ptolemy-Pliny-Strabo faults (purple).
Note that the restraining stepovers (green) (i.e., AnT: Antalya Thrust; FR: Florence Rise FtT: Fethiye Thrust)
developed between the right-stepping left-lateral shear zones. DSFZ: Dead Sea Fault Zone; EAFZ: East Anatolian
Fault Zone; GBR: Girne-Besparmak Range; MYF: Marag-Yumurtalik Fault; EMF: Elbistan-Misis Fault; EDF:
Ecemis-Deliler Fault; BRF: Biruni Fault; GBT: Gazibaf Transform; PRRf: Piri Reis Ridge Front; PTF: Ptolemy
Fault; PLF: Pliny Fault; STF: Strabo Fault.

Sekil 8. Ege Yay, Kibris Yayi (mavi) ile Anadolu Caprazi Makaslama Zonu (kirmizi), Antalya-Kekova Fay Zonu
(AKFZ) (fusya), Ptolemy-Pliny-Strabo faylar: (mor) arasindaki iliskiyi gosteren sematik basitlestirilmis ¢izim.

DISCUSSION structures such as ramp anticlines and back thrusts

Relationship of the Anatolian Diagonal with rather than normal faulting. This interpretation is

the Aegean and Cyprus Arcs concordant with the thrusts observed in Diindar

and Varol (2019), Giines et al. (2018), and Hall et
The Biruni Fault (BRF) provides a structural link al. (2014a, fig. 13).

between the Piri Reis Ridge Front and the Cyprus
Arc, and the Antalya-Kekova Fault Zone (AKFZ)
creates a restraining stepover in which the Antalya

The Florence Rise is evaluated as a NW-SE
trending right-lateral transpressive wrench fault
(Woodside et al., 2002; Zitter et al., 2003) or a left-

Thrust and Florence Rise developed (Figures 3 _ . . .
veloped (Figu lateral transpressive strike-slip fault, which creates

d 8).
and 8) a restraining bend south of Cyprus (Harrison et al.,

The position of the Antalya Thrust is based 2012). However, other studies evaluate the Florence
on the seismic reflection sections of Diindar and Rise as a southwest verging thrust-related structure
Varol (2019, fig. 12) and Giines et al. (2018, (Sage and Letouzey, 1990; Sellier et al., 2013a, b;
fig. 6), which corresponds to the Aksu-Kyrenia Gines et al., 2018). Howell et al. (2017) suggest
Fault of Aksu et al. (2022, fig. 19). The seismic that relatively deep thrust-related earthquakes
reflection presented in Aksu et al. (2022, fig. (40-50 km) (i.e., seismic events #177 2013.12.28,
13) can be easily re-interpreted as thrust-related M=5.5; #214 2022.01.05, M=5.0, Appendix B)
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occur in the subduction interface between Nubia
and Anatolia, and the Florence Rise is interpreted
as thickened sediments at the surface projection
of this subduction interface. Recent evaluation of
the Florence Rise as a forearc high or accretionary
prism due to subduction of the Antalya slab
also exists (Giivercin et al., 2021). On the other
hand, it is not clear whether the trench of the
subduction is just south of the Florence Rise or
further southwest between Piri Reis Ridge front
and Herodotus basin. For this reason, we infer that
the Antalya Thrust and Florence Rise structures
are related to the restraining stepover between the
Biruni Fault and the Antalya-Kekova Fault Zone
rather than subduction-related structures because
their onshore counterparts such as the post-Late
Pliocene Aksu Thrust (Poisson et al., 2003) also
exists (Figures 3 and 8).

There is another contractional stepover
between the Antalya-Kekova Fault Zone
(AKFZ) and the Pliny / Strabo faults (Shaw and
Jackson, 2010; Ozbakir et al., 2013) where the
thrust controlled northern margin of the Rhodes
basin developed (Figures 3 and 8). This fault
configuration can be confirmed by the focal
mechanism solutions of the recent earthquakes
(i.e., seismic event #154 2019.10.24, M=4.6,
Appendix B) and by the geological cross sections
of Aksu et al. (2009, fig. 26) and Hall et al. (2009,
fig. 23). The seismic reflection data clearly show
that the western margin of Rhodes basin is also
controlled by a thrust, probably having a left-
lateral strike-slip component (Woodside et al.,
2000, fig.6) (Figures 3 and 8).

If the fault configuration explained above
is correct, then there is no need for the Fethiye-
Burdur Fault Zone, which is regarded as an
onshore continuation of the Pliny and Strabo
faults. Debate continues regarding the existence
of the left-lateral Fethiye-Burdur Fault Zone (i.e.,
Hall et al., 2014b; Elitez and Yaltirak, 2016; Elitez
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et al., 2016; Howell et al., 2017; Kaymakegr et al.,
2018; Ozkaptan et al., 2018). Some researchers
have argued that there is no seismic activity to
demonstrate such a left-lateral shear zone in the
southwest of Tiirkiye (Jackson et al., 2019; Howell
et al., 2017), and the focal mechanism solutions
of the main event and aftershocks of the recent
Acipayam earthquake (2019.03.20, Mw=5.5)
(Crvgm et al., 2019) are also not compatible with
the left-lateral shearing.

In this case, the entire southwesterly motion
of Anatolia indicated by the GPS results (Reilinger
et al.,, 2006) must be accommodated by the
Anatolian Diagonal Shear Zone and the Antalya-
Kekova Fault Zone. This result also creates some
question marks on the seismic evaluation of the
Akkuyu Nuclear Power Plant Station (ANPPS)
located on the Ecemis-Deliler Fault (EDF) and the
Biruni Fault (BRF), which creates an FFT triple
junction with the Cyprus Arc (Figures 3 and 8).

Relationship of the Anatolian Diagonal with
the NAFZ and SAZFZ

The Anatolian Diagonal is a left-lateral shear zone
separating east / southeast Anatolia from central
Anatolia. A recent neotectonic study (Seyitoglu
et al.,, 2017) in the foreland of the Bitlis-Zagros
Suture Zone (BZSZ) suggests that the Southeast
Anatolian Wedge (SEAW), consisting of blind
thrusts, fault propagation folds and tear faults, is
operational between the suture zone and the Sincar
Mountains (Figure 1). The overall structure in the
hinterland of BZSZ, however, is explained by the
rhomboidal cells surrounded by left- and right-
lateral strike-slip faults (Seyitoglu et al., 2018).
The southwest margins of the rhomboidal cells are
aligned in a single line that creates region-wide
shear zones. The most spectacular ones are the
NAFZ and the SAZFZ (Figures 1 and 9).
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Figure 9. Schematic simplified drawing of the multiple intersection points (stars) between the right-lateral NAFZ
(fuchsia) / SAZFZ (purple) and left-lateral Anatolian Diagonal Shear Zone (red). NAFZ: North Anatolian Fault
Zone; NEAFZ: Northeast Anatolian Fault Zone; SAZFZ: Southeast Anatolian-Zagros Fault Zone; EAFZ: East
Anatolian Fault Zone; CAFZ: Central Anatolian Fault Zone; SRF: Siirgii Fault; EMF: Elbistan-Misis Fault; MAF:
Malatya Fault; OVF: Ovacik Fault; KiF; Kemah-ili¢c Fault; KRF: Karaca Fault; DvT: Divrigi Thrust; EDF: Ecemis
Deliler Fault; SZF: Sariz Fault. The rhomboidal cells (blue) are of Seyitoglu et al. (2018), Cac: Cayirli cell; Dzc:
Diizyurt cell; Bec: Besgoze cell; Hoc: Horasan cell; Hic: Hinis cell; Age: Agri cell; Vac: Van cell; Msc: Mus cell;

Koc: Karliova cell; Kge: Kigi cell.

Sekil 9. Sag yanal Kuzey Anadolu Fay Zonu (fusya) / Giineydogu Anadolu-Zagros Fay Zonu (mor) ile sol yanal
Anadolu Caprazi (kirmizi) arasindaki ¢oklu kesisim noktalarini (vildizlar) gésteren sematik basitlestirilmis ¢izim.

The NAFZ does not terminate at Karliova, as
previously suggested; to the contrary, it continues
southeast along the Varto Fault (Seyitoglu et al.,
2018) (Figure 9). The NAFZ connects with the
Anatolian Diagonal and a newly-recognized
intersection point of these two structures is the
Erzincan Plain (Figure 9), where the Karaca
Fault (KRF) represents the northwest margin of
the Anatolian Diagonal Shear Zone. The Karaca
(KRF) and Kemah - ili¢ (KIF) faults link to the
Ecemis-Deliler Fault (EDF) with a restraining
bend where the Divrigi Thrust (DvT) developed
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(Figure 9). The Kemah-Ili¢ Fault (KIF) also links
with the right stepping Sariz Fault (SZF). The
Ovacik Fault (OVF), the northwest margin of Kig1
rhomboidal cell (Seyitoglu et al., 2018), limits the
Nazimiye Fault of the SAZFZ. In other words, the
Anatolian Diagonal Shear Zone limits the SAZFZ
west of Tunceli (Figure 9).

In Bing6l, there is an intersection point
between the right-lateral SAZFZ and the left-
lateral EAFZ where NNE-SSW contraction takes
place (Seyitoglu et al., 2018). The overall fault
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configuration in the region creates a complex
relationship between the left-lateral Anatolian
Diagonal Shear Zone and the right-lateral NAFZ
and SAZFZ (Figure 9). It is not a simple case as
explained earlier in the tectonic escape model,
which proposes a single intersection point between
the right- and left-lateral structures (Sengor et al.,
1985, 2019). Instead, multiple intersection points
exist between the left-lateral Anatolian Diagonal
Shear Zone and the right-lateral NAFZ and the
SAZFZ (Figure 9).

The area of Sivas-Yozgat-Kirsehir moves
towards the southwest as a block (internal
deformation of this block can be ignored at this
stage for the sake of simplicity) between the left-
lateral Karaca (KRF) and Ecemis-Deliler (EDF)
faults of the Anatolian Diagonal Shear Zone
and the right-lateral Kirikkale-Erbaa Fault Zone
(KEFZ) (Sengéretal., 1985; Seyitoglu et al., 2009)
(Figure 1). The southwest movement of this block
must be slower than the rest of southwest Tiirkiye,
otherwise we could not observe the normal fault-
related earthquakes on the Sultandaglari Fault
Zone (Akyiiz et al., 2006b; Kaya et al., 2014)
(Figure 1).

CONCLUSIONS

The Anatolian Diagonal is a 170 km wide left-
lateral shear zone developed between the EAFZ
and the CAFZ and it extends from Erzincan
to the Cyprus Arc for 850 km. The internal
deformation of the shear zone is accommodated
by the major structures such as Ovacik, Malatya,
Siirgii, Kantarma-Barig, Elbistan- Misis, Maras-
Yumurtalik and Ayvali faults. The relationship
between the right-lateral NAFZ / SAZFZ and the
left-lateral Anatolian Diagonal is so complex that
it cannot be explained with a single intersection
point at Karliova, as previously proposed. At
least four intersection points exist between the
right-lateral NAFZ / SAZFZ and the left-lateral
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Anatolian Diagonal Shear Zone (Figure 9). The
first intersection point is Erzincan Plain where the
NAFZ connects to the Anatolian Diagonal and
causes west-southwest translation of the Sivas-
Yozgat-Kirsehir block. The second intersection
is southeast of Erzincan Plain where the NAFZ
and the Ovacik Fault (OVF) meet. The third
intersection is west-northwest of Tunceli where
the Anatolian Diagonal (Ovacik Fault) limits the
SAZFZ. The fourth intersection occurs in Bingdl
where the SAZFZ cuts the EAFZ of the Anatolian
Diagonal (Figure 9). In this area, it should also
be noted that the NAFZ and the SAZFZ have a
releasing stepover where Kigi, Karliova, and Mus
rhomboidal cells developed (Seyitoglu et al,
2018) (Figure 9).

The of the left-lateral
faults belonging to the Anatolian Diagonal
cut and/or merge with the Cyprus Arc and the
EAFZ connects to the Cyprus Arc. The Maras-
Yumurtalik Fault (MYF) connects the Anatolian
Diagonal to the Girne-Besparmak Range (GBR)
(Kyrenia Range) (Figure 8). More importantly,
the southwest continuation of the Ecemis-Deliler
Fault (EDF) reaches the Mediterranean coast. Its
extension under the Mediterranean Sea, the Biruni
Fault (BRF), is observed in the seismic reflection
data. The Biruni Fault (BRF) cuts the Cyprus Arc
and creates a TFF triple junction west of Cyprus
(Figure 8).

southwest ends

The right stepping of the left-lateral Antalya-
Kekova Fault Zone (AKFZ) creates a restraining
stepover in the Antalya basin where the Florence
Rise and Antalya Thrusts are visible in the seismic
reflection sections. There is another restraining
stepover between the Antalya-Kekova Fault Zone
and the Pliny / Strabo faults where thrusts are
predicted on the northern margin of Rhodes basin
due to the recent thrust-related earthquakes (i.e.,
#154 2019.10.24, M=4.6; and #153 2019.10.03,
M=5.1) (Figures 3 and 8).
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GENISLETILMIS OZET

Anadolu Caprazi, Dogu Anadolu Fay Zonu ile Orta
Anadolu Fay Zonu arasinda 170 km genislige ve
Erzincanile Kibris Yayt arasinda 850 km uzunluga
sahip sol yanal makaslama zonudur (Sekil 1). Bu
makaslama zonunun i¢ deformasyonu Ovacik,
Malatya, Stirgii, Kantarma-Barig, Elbistan-Misis,
Marag-Yumurtalik ve Ayvali faylari gibi ana
yvapilar tarafindan karsilamir. Sag yanal Kuzey
Anadolu Fayi / Giineydogu Anadolu — Zagros Fay
Zonu ve sol yanal Anadolu Caprazi arasindaki
iliski oldukca karmasiktir ve daha o6nce one
stirtildiigii gibi Karliova'da tek bir kesisim noktast
ile ac¢iklanamaz. Sag yanal Kuzey Anadolu Fay
Zonu / Giineydogu Anadolu — Zagros Fay Zonu
ile sol yanal Anadolu Caprazi arasinda en az
dort kesisim noktasi bulunur (Sekil 9). Ilk kesisim
noktas1 Evzincan Ovasinda olup, burada Kuzey
Anadolu Fay Zonu ve Anadolu Caprazi bir araya
gelerek  Sivas-Yozgat-Kirsehir blogunun bati-
giineybati hareketine neden olur. Ikinci kesisim
noktast Erzincan ovasimn giineydogusunda olup,
burada Kuzey Anadolu Fay Zonu ve Ovacik Fayt
bir araya gelmektedir. Uciincii kesisim noktasi
Tunceli’nin bati — kuzeybatisinda olup, burada
Anadolu Caprazina ait Ovacik Fayr Giineydogu
Anadolu-Zagros sonlandurir.
Dordiincii kesigim noktast Bingol de olup, burada
Giineydogu Anadolu-Zagros Fay Zonu, Anadolu
Caprazina ait Dogu Anadolu Fay Zonu nu keser
(Sekil 9). Bu alanda Kuzey Anadolu Fay Zonu
ve Giineydogu Anadolu — Zagros Fay Zonu
rahatlamali bir sigrama yapmakta olup, burada
Kigi, Karliova, ve Mus eskenar dortgen benzeri
hiicreler gelismistir (Seyitoglu vd. 2018) (Sekil 9).

Fay  Zonu'nu

Anadolu Caprazina ait sol yanal faylarin
giineybati uglart Kibris Yayi'na baglanmir ve/veya
keserler. Dogu Anadolu Fay Zonu Kibris Yayina
baglanmaktadw. Marag-Yumurtalik Fayi, Anadolu
Caprazi’'m Girne -Besparmak Swrti’'na baglar
(Sekil 8). Daha 6nemlisi, Ecemis-Deliler Fayi ' nin
glineybati devami Akdeniz kiyisina ulasir: Bunun
Akdeniz deki devami olan ve sismik yansima
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kesitlerinde goézlenen Biruni Fayr Kibris Yayi'ni
keserek Kibris batisinda TFF iiclii  eklemini

olusturur (Sekil 8).

Antalya-Kekova — Fay — Zonu'nun  saga
sigramast Antalya havzasinda daralmall sigrama
meydana getirir, burada Florence Yiikselimi ve
Antalya bindirmeleri sismik yansima kesitlerinde
izlenebilmektedir. Diger bir daralmali sicrama
Pliny/Strabo

arasinda  gelismistir.  Burada Rodos

Antalya-Kekova Fay Zonu ile
Faylar
havzasinin kuzey kenarinda gelismis bindirmeler
yer almakta olup, yakin zamanda bindirmeler
ile iliskili depremler meydana gelmistir (orn.,
#154 2019.10.24, M=4,6;, #I153 2019.10.03,
M=5,1) (Sekiller 3 ve 8).
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Oz: Bu ¢aligmada, Balikesir ili giineyindeki Biiyiikbostanci-Cigekpinar (Balikesir, KB Tiirkiye) yoresinde bulunan,
Oligosen-Miyosen yasl volkanik kayaglarin petrografisi, mineral kimyasi jeokimyasi1 ve petrolojisi incelenmistir.

Caligilan volkanikler andezit, bazaltik andezit, trakiandezit ve piroklastik kayaglardan olugmaktadir.
Mikrolitik porfirik, porfirik yer yer de fluidal, glomeroporfirik ve sferiilitik dokuya sahip olan volkanik kayaglar,
plajiyoklaz, klinopiroksen, amfibol, biyotit ve Fe-Ti oksit ana minerallerden ibarettir. Calisilan volkanik kayaglara
ait mineral kimyasi analiz sonuglarina gore, plajiyoklazlar andezin (An,, Ab,,  Or, ) ve labradorit (An.  Ab,,
201, ), piroksenler ojit ve klinoenstatit (Wo,En. Fs, -Wo En_ Fs ), biyotitler ise Mg’lu biyotit tiiriindedir. Biyotit

mineralinden jeotermobarometre hesaplamalarina gore, 798-843°C sicaklik ve 0,67-1,93 kbar basing elde edilmistir.

Jeokimyasal olarak, caligilan volkanik kayaglar yiiksek K’Iu kalk-alkalen 6zellige sahiptir. Andezitik volkanik
kayacglarda hornblend, klinopiroksen ve biyotit mineral ayrimlasmasinin hakim oldugu fraksiyonel kristallesme ve
asimilasyon siiregleri etkili olmustur. Volkanik kayag¢larin Normal-Okyanus Ortasi Sirt1 Bazaltlari’na (N-OOSB)
gore normalize iz element diyagraminda, biiyiik iyon yarigapli litofil elementlerce (BIYE, Rb, U ve Th) zenginlesme
izlenirken, yiiksek ¢ekim alanli elementlerce (YCAE, Nb ve Tb) ise fakirlesme goriilmektedir. Kondrite gore
normalize nadir toprak element dagilimlari, (La/Lu), 8,29-15,65 ile orta diizeyde zenginlesme gdstermekte olup, genel
olarak konkav bir dagilim sunmaktadir. Elde edilen veriler ile bolgesel jeolojik veriler birlikte degerlendirildiginde,
incelenen volkanik kayaglarin yitim izi tasiyan ¢arpisma sonrasi iiriinler oldugu ve ayrica zenginlesmis litosferik
mantodan tiiremis oldugunu isaret etmektedir.

Anahtar Kelimeler: Andezit, Biga Yarimadasi, Hallaglar Volkanik Kayaclari, jeokimya, mineral kimyasi.

Abstract: In this study, petrography, mineral chemistry, geochemistry, and petrology of Oligocene-Miocene volcanic
rocks located in the Biiyiikbostanci-Cigekpinar (Balikesi, NW Turkey) region in the south of Balikesir were
investigated.

The studied volcanics rocks have the composition of andesite, basaltic andesite, trachyandesite, and
accompanying pyroclastics. Volcanic rocks show microlithic porphyry, porphyric, fluidal, glomeroporphyritic and
spherulitic structures, and consist of plagioclase, clinopyroxene, amphibole, biotite, and Fe-Ti oxide as the major
minerals. According to the results of mineral chemistry analysis of the investigated volcanic rocks, plagioclases
are andesine (An,, Ab,, Or, ) and labradorite (An, Ab,, . Or, ), pyroxenes are augite and clinoenstatite
(Wo En, Fs. -Wo En,Fs,) and biotite is Mg-bearing biotite. Geothermobarometry calculations from biotite yielded
a temperature range of 798-843 °C and a pressure range of 0.67—1.93 kbar.

* Yazisma / Correspondence: zaslan@balikesir.edu.tr © 2022 JMO Her hakka saklidir/All rights reserved
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Geochemically, the volcanic rocks have high-K calc-alkaline features. Fractional crystallization and assimilation
processes dominated by hornblende, clinopyroxene and biotite mineral differentiation affected the andesitic volcanic
rocks. Trace element diagram for volcanic rocks normalized to normal-mid-ocean ridge basalts (N-MORB) show
enrichment in large ion lithophile elements (LILE, Rb, U and Th) and depletion in high field strength elements
(HFSE, Nb and Yb). In the rare earth element diagram normalized to chondrite, there is moderate enrichment of (La/
Lu), 8.29-15.65 and the curve generally has a concave shape. When the obtained data and regional geological data
are evaluated together, the investigated volcanic rocks are post-collisional products with subduction traces and are

derived from enriched lithospheric mantle.

Keywords: Andesite, Biga Peninsula, Hallaglar Volcanic Rocks, geochemistry, mineral chemistry.

GIRiS

Bat1 Anadolu, Alp-Himalaya orojenik sisteminde
onemli bir yere sahip olup, carpisma sonrasi
magmatizmanin yaygin oldugu, kabuk-manto
etkilesiminin gozlendigi ve magmatik-tektonik
olaylarin birlikte izlendigi 6nemli bir kusaktir
(Aldanmaz vd., 2000; Altunkaynak ve Geng,
2008; Topuz ve Okay, 2017). Tiirkiye tektonik
olarak Sakarya zonu, Torid-Anatolid blogu,
IntraPontid siitur zonu ve Zagros siitur zonu
olmak iizere dort ana zona ayrilmistir (Sengor
ve Yilmaz, 1981; Okay ve Tiiysliz, 1999), (Sekil
la). Eosen, Oligosen ve Miyosen olmak {izere
3 ayn evrede gozlenen Biga Yarimadasi’ndaki
Paleojen—Neojen magmatizmast  (Sekil 1b)
carpigma sonrast olarak kabul edilmektedir
(Yilmaz 1990; Harris vd., 1994; Okay vd., 1996;
2001; Yilmaz vd., 2001; Altunkaynak, 2007;
Pehlivan vd., 2007; Ercan vd., 1995; Altunkaynak
ve Dilek, 2006; Aslan vd., 2017, 2020; Saatci
ve Aslan, 2018; Kamaci ve Atunkaynak, 2020).
Eosen magmatik kayaclari orta-K ve kalk-alkali
karakterde olmalarina ragmen, Oligosen kayaclari
yiiksek—-K ve kalk—alkali, Miyosen kayaclar
ise yiiksek-K alkali ila sosonitiktir (Aldanmaz
vd., 2000; Duru vd., 2004; Donmez vd., 2005;
Altunkaynak ve Geng, 2008; Karacik vd., 2008;
Altunkaynak vd., 2012; Prelevi¢ vd., 2012; Topuz
ve Okay, 2017; Aslan vd., 2020; Aysal vd., 2021).
Bolgede Oligosen-Erken Miyosen doneminde
granitik kayaglar ve kokensel olarak bunlarla
iligkili volkanik kayaclar gelismistir (Duru vd.,
2004; Ozgeng ve Ilbeyli, 2008; Altunkaynak ve
Dilek, 2006; Karacik vd., 2008; Prelevi¢ vd.,
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2012; Aslan vd., 2017; Saatct ve Aslan, 2018;
Aslan vd., 2020, Kamaci ve Altunkaynak, 2020).
Erken Miyosen’den sonra gozlenen bolgedeki gec
evre magmatizmasi, Na bakimindan zengin alkali
volkanizma ile temsil edilmektedir (Aldanmaz
vd., 2000; Altunkaynak ve Geng, 2008; Prelevic¢
vd., 2015). Biga Yarimadasi’ndaki kalk-alkalen
volkanizma, ¢arpisma sonrasi tektonigi ile iligkili
olup jeokimyasal olarak manto kaynagma ait
ipuglar1 sunmaktadir.

Andezitik YenikOy ile Bagburun, bazaltik
Saraycik, asidik Atikhisar ve andezitik Hallaglar
Volkanik Kayaclar1 Biga Yarimadasi’nda gec
Oligosen-erken Miyosen yaslt volkanik kayaglari
olusturur (Doénmez vd., 2005). Bolgedeki en genis
yayilimli volkanizma olan ve ¢alismanin konusunu
olusturan Hallaglar Volkanik Kayagclari, Oligosen-
Erken Miyosen yasli olup genellikle andezitik,
bazaltik andezitik, trakitik yer yer de dasitik
karakterlidir (Duru vd., 2004; Dénmez vd., 2005;
Pehlivan vd., 2007). Balikesir ilinin kuzeyi ile
dogusunda ve Yenice (Canakkale) civarinda genis
bir alanda yayilim gosteren Hallaglar Volkanik
Kayaglart (Sekil 1b) ile ilgili pek c¢ok galigma
olmasina ragmen (Ercan vd., 1995; Aldanmaz
vd., 2000; Dénmez vd., 2005; Altunkaynak ve
Geng, 2008; Prelevi¢ vd., 2015; Aslan vd., 2017,
2020) giiney kismina ait alanda, mineral kimyasi
ve jeokimyasal ¢aligma az orandadir. Bu ¢aligma
ile Balikesir’in yaklasik 10 km giineyinde mostra
veren Biiylikbostanci ve Cigekpinar (Balikesir)
koyleri gevresinde yiizeylenen volkanik kayaclarin
petrografik, mineral kimyasi, jeokimyasal ve
petrolojik 6zellikleri ortaya konulmustur.
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Sekil 1.a) Tiirkiye’nin tektonik boliimleri (Okay ve Tiiysiiz, 1999), b) Magmatik kayaclarinin Biga Yarimadasi’ndaki
dagilimi (Pehlivan vd., 2007’den degistirilerek).

Figure 1.a) Tectonic divisions of Turkey (Okay and Tiysiiz, 1999), b) Distribution of magmatic rocks in the Biga
Peninsula (modified from Pehlivan et al., 2007).

119



BOLGESEL JEOLOJi

Kuzeybati Anadolu’da bulunan Biga
Yarimadasi’ndaPaleozoyik’ten Miyosen donemine
kadar metamorfik, tortul ve genis yayilimh
olarak da magmatik kayaglar bulunmaktadir
(Krushensky, 1976; Duru vd., 2004; Dénmez vd.,
2005, Pehlivan vd., 2007). Biga Yarimadasi’nin
temelini olusturan ge¢ Paleozoyik yashh Kazdag
Masifi, orta-yiilksek  metamorfik  dereceli
Findikli, Tozlu ve Sutliven Formasyonlari’ndan
olusmaktadir ve diisiik dereceli metamorfik
kayaglardan ibaret olan Paleozoik yashi Kalabak
Birimi tarafindan uyumsuz olarak {iizerlenir.
(Duru vd., 2004; Dénmez vd., 2005). Bu birim
ise sirastyla, Orhanlar Grovagi, Mehmetalan
Formasyonu, Cal Formasyonu, Camialan Kirectasi
ve Karakaya Formasyonu’ndan ibaret Triyas yaslt
Karakaya Kompleksi tarafindan iizerlenmektedir
(Duru vd., 2004; Pehlivan vd., 2007; Akay, 2009).
Geg Jura—Alt Kretase yash olan ve platform tipi
kiregtaglarindan olusan Bilecik Formasyonu
alttaki birimleri orter. Ge¢ Kretase doneminde,
serpantinlesmis ultramafik—serpantinit bloklar
ile spilitik bazalt, metabazik, kristalize kirectast,
kiltasi, kumtas1 ve tiif kaya¢ bloklarindan olusan
Yayla Melanji, ¢alisma alanmmin da en yash
birimidir (Duru vd., 2004; Pehlivan vd., 2007).

Zonu'nun
kuzeyinde bulunan Biga (KB
Tiirkiye), Paleojen ve Neojen donemlerinde etkin
olan ve tektonik aktivite ile iliskili olarak gelisen,
magmatik ve volkanik kayaglarla karakteristiktir.
Bu kayaglar, Kuzeybati Anadolu Orojenik
Kusagi'min  evrimi  sirasinda  kabuk-manto
etkilesimlerinin bir sonucu olarak ¢arpigma sonrasi
bir ortamda olusmustur. Geg¢ Kretase—erken Eosen
doneminde, Neo-Tetis Okyanusu’nun kapanmasi
ile Torid—Anatolid Blogu ve Sakarya Kitasi
carpisarak izmir—Ankara—Erzincan Kenet Kusagi
gelismistir (Sekil 1a), (Sengdr ve Yilmaz, 1981;
Okay vd., 1996; Seyitoglu ve Scott, 1996; Okay ve
Tiiysiiz, 1999; Okay ve Satir, 2000; Aldanmaz vd.,

[zmir-Ankara-Erzincan  Sutir

Yarimadasi
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2000; Yilmaz vd., 2001; Altunkaynak ve Dilek,
2006; Okay, 2008; Altunkaynak ve Geng, 2008;
Aslan vd., 2017). Kita-kita ¢arpigmasi sonrast
olarak Eosen, Oligosen ve Miyosen donemlerinde,
¢ok sayida granitik pliiton ve bunlarla iligkili
andezitik-dasitik-bazaltik volkanik kayaclar Biga
Yarimadasi’nda (KB Tiirkiye) yaygin olarak
(Altunkaynak, 2007). Carpisma
sonrast magmatizmanin ilk triinleri kalk-alkalen

gelismistir

Eosen pliitonik ve volkanik kayaglaridir. Pliitonik

kayaclar tamamen granitik-granodiyoritik
karakterde olmasina ragmen, Edincik ve Beygayir
Volkanitleri ve bunlarla iliskili piroklastitler,
bazalt ve dasitlerden olusmaktadir (Donmez vd.,
2005; Altunkaynak, 2007; Altunkaynak ve Geng,
2008). Geg¢ Eosen’den sonra dasit, dasitik tiif ve
ignimbrit karakterli Dededag Volkanik Kayagclari
olugmustur. Geg¢ Oligosen-Erken Miyosen’deki
Atikhisar, Yenikdy, Saraycik, Hallaglar ve Sapci
ylksek-K  kalk-alkalen

karakterde olup baslica andezit, bazaltik andezit

Volkanik  Kayaglari,

ve bazaltik trakiandezit karakterlidirler (Duru
vd., 2004; Dénmez vd., 2005). Hallaglar Volkanik
Kayaglari’nin yas1 K — Ar yontemine gore gec
Oligosen (26,5 = 1,1 My) (Donmez vd., 2005),
Sapc1 volkanik kayalarmin yas1 zirkon U-Pb
metoduna gore Erken Miyosen’dir (22,72+0,19 ve
18,72 £ 0,17 My), (Aslan vd., 2017). Canakkale-
Balikesir arasinda genig bir yayilim gosteren
Hallaglar Volkanik Kayaglar1 genellikle andezit,
bazaltik andezit, trakitik andezit ve bunlarin
piroklastik {irtinlerinden ibarettir (Bozan, 2019).
Son magmatik faz, Miyosen sonlarinda olusan
kuvvetli alkali bazaltik lavlarla temsil edilen,
riftlesme ile ilgili volkanik aktivitedir (Ercan vd.,
1995; Yilmaz 1989; 1990; Seyitoglu ve Scott,
1996). Tiim birimler, killi kiregtasi, kiltasi, marn,
cakaltasi, tiifit ardalanmasindan olusan alt Miyosen
yaslt Soma Formasyonu ile ortiilmiistiir. Caligma
alanindaki en geng birim Kuvaterner aliivyondur.
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MATERYAL ve YONTEM

Caligma alanindan toplanan 6rneklerin petrografik
caligmasi yapilmis ve kimyasal analiz i¢in uygun
olan 11 adet andezit 6rnegi secilmistir.

Mineral kimyas1 analizleri icin petrografik
calismada tespit edilen, volkanik kayaclardaki
klinopiroksen, plajiyoklaz ve biyotit minerallerine
Ankara
Universitesi Yerbilimleri Uygulama ve Arastirma
Merkezi’'nde (YEBIM) yapilmistir.  Elektron
mikroprob analizi i¢in karbon ile yiizeyi parlatilmis

ait elektron mikroprob analizleri

ince kesitler kullanilmigtir. Minerallerin  ana
oksitleri, JEOL marka JXA 8230 marka cihazda
20 kV voltaj ile 15 nA akimda analiz edilmistir.

Orneklerin tiim kayag ana, iz ve nadir toprak
element analizleri Ankara Universitesi Yerbilimleri
Uygulama ve Arastirma Merkezi (YEBIM)
laboratuvarinda yaptirilmistir. Retsch marka ¢eneli
tas kiricida kirilan drnekler daha sonra FRITSCH
marka tungsten karpit degirmende Ogiitilmiistiir.
4’er gr’'lik ornekler 0,9 gr’lik lithyum teraborat
baglayict malzemeyle karistirilip hidrolik presde
sikistirilmis ve pres-pastil olarak analize uygun
duruma getirilmistir. Bu Orneklerin ana, iz ve
nadir toprak element analizleri Spectro X-Lab
2000 marka Polarize Enerji Dispersif X—Isinlar1
Floresans Spektrometresi (PED-XRF) aletinde
yapilmustir.

BULGULAR
Petrografi ve Mineral Kimyasi

Biga Yarimadasi’nda genis yayilim gosteren
Hallaglar Volkanik Kayagclari, Biiyilikbostanci

ile Cigekpinar (Balikesir) koyleri ve g¢evresinde,

andezit, bazaltik andezit, traki-andezit lav
ve bunlarla iligkili piroklastitler seklinde
gozlenmektedir (Sekil 2). Masif birim gri

renkli olup sert ve c¢atlakli yapidadir (Sekil 3a).
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Tektonizmanin etkili oldugu yerlerde KD-GB
yonli kirik-catlak sistemleri gelismis ve kayma
ylizeyleri olusmustur. Yer yer kil ve silislesme
gbzlenmekte olup bu kesimlerde birim daha agik
renklerde gézlenmektedir (Sekil 3b). Piroklastlar
ise tlif olup krem veya acgik sar1 rengindedir.

Calisilan  volkanik  kayaclar, genellikle
mikrolitik porfirik ve porfirik, yer yer de fluidal,
glomeroporfirik, elek ve sferiilitik dokularmi
gostermektedir. Ana mineraller; plajiyoklaz,
piroksen, amfibol, biyotit ve Fe-Ti oksitler, ikincil
mineraller ise serizit, klorit, kil ve kalsittir. Baz1

orneklerde tali mineral olarak apatit gozlenmistir.

Plajiyoklazlar, yar1 6z veya 0z sekilsiz
kristaller veya hamurda da mikrolitler seklinde
gozlenir. Halkali zonlanma ve albit ikiz gosteren
3¢) kiigiik
plajiyoklaz inkliizyonlarn tespit edilmistir. Kirikli

bazi iri plajiyoklazlarda (Sekil
ve catlakli yapida olup ayrismadan dolay1 killesme,
kalsitlesme ve serizitlesmeye ugramislardir. Kil
iiriinleri 6zellikle halkali zonlar boyunca izlenir
ve bazilar1 elek dokusu gostermektedir (Sekil 3c).
Incelenen volkanitlerde gozlenen plajiyoklazlarin
mineral kimyas1 ve bunlarin hesaplanan kimyasal
formiilleri Cizelge 1°de verilmistir. Plajiyoklaz
mineralleri genellikle andezin (An,,Ab,Or, -
An, Ab, Or,),azoranda dalabradorit (An,,Ab, Or,
—An,Ab, Or ) alaninda yer almaktadir (Sekil 4a).

Klinopiroksenler orta ve iri taneli olup,
yart 6z ve 0z sekilli fenokristaller halindedir.
Baz1 orneklerde piroksen ve opak oksitlerden
olusan glomeroporfirik doku gdzlenmistir. Bazi
piroksenlerde h'(100) ikizlenmesi varken bazi
piroksenlerin kenar veya dilinimleri boyunca
da klorit ve kil mineralleri mevcuttur (Sekil 3d).
Catlaklar boyunca klorit mineralleri gelismistir.
Volkanitlere ait piroksenlerin mineral kimyasi
analizleri ve yapilan hesaplama sonuglar1 Cizelge
2°de bilesimleri

verilmistir. ~ Klinopiroksen



Wo,.En Fs, -Wo En_Fs , arasinda degisirken,
Mg/(Mg+Fe*?) 0,63-0,79
degismektedir.  Klinopiroksenler,

arasinda
Wo-En-Fs
siniflandirma diyagramia goére (Morimoto vd.,
1988) ojit ve klinoenstatit tiiriindedir (Sekil 4b).

orani

Yar1 6z sekilli olan hornblend mineralleri,
genellikle fenokristaller halindedirler. Agik ila

Ferhat BOZAN, Zafer ASLAN

koyu yesil-kahvemsi yesil pleokroizma renklerine
sahiptirler (Sekil 3e). Hornblendler plajiyoklaz,
biyotit ve opak mineralleri kapanim seklinde
bulundurmaktadir. Catlakli ve kirikli yapida olup
catlaklar boyunca kloritlesme gozlenmektedir.
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Sekil 2. Calisma alaniin jeolojik haritasi (Pehlivan vd.,

2007’den degistirilerek).

Figure 2. Geological map of the study area (modified from Pehlivan et al., 2007).
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Sekil 3. Incelenen volkanik kayaglarin saha ve polarizan mikroskop gériiniimleri; a) Andezitik lavlarda masif, sert
ve ¢atlakli yap1 (Cigekpinar kdyii kuzeybatisi), b) Alterasyon etkisi ile agik grimsi renkli andezit (Burgaz Tepe), ¢)
Plajiyoklaz fenokristalinde elek dokusu, d) Oz sekilli klinopiroksen kristali, e) Pleokroik amfibol kristali (TN), f)
Plajiyoklaz ve Fe-Ti oksit kapanimlar igeren biyotit. Amf: Amfibol, Bi: Biyotit, KPir: klinopiroksen, Plj: Plajiyoklaz,
TN: Tek nikol.

Figure 3. Field and polarizing microscope views of the investigated volcanic rocks; a) Massive, hard and cracked

structure in andesitic lava (Northwest of Cigcekpinar village), b) Light grayish colored andesite (Burgaz Tepe) due
to alteration effects, c¢) Sieve texture in plagioclase phenocryst, d)Euhedral clinopyroxene crystal, e) Pleochroic
amphibole crystal (TN), f) biotite containing plagioclase and Fe-Ti oxide inclusions. Amf: Amphibole, Bi. Biotite,
Kpir: Clinopyroxene, Plj: Plagioclase, TN: Single Nicol.
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Sekil 4. Incelenen volkanik kayaclara ait; a) Plajiyoklazlarin Ab-An-Or iiggen siniflama diyagrami (Deer vd., 1992),
b) Piroksenlerin Wo-En-Fs ti¢gen siniflama diyagrami (Morimoto vd., 1988).

Figure 4. a) Ab-An-Or triangular classification diagram of plagioclases (Deer et al., 1992), b) Wo-En-F's triangular

classification diagram of pyroxenes (Morimoto et al., 1988) for the investigated volcanic rocks.

Yapraksiveya cubuksu biyotitler yar1 6z sekilli
kristaller seklindedir. Genellikle a¢ik sarimsi ve
kahverengi renklerde pleokrizma sunmaktadir.
Biyotitlerin bazilarinda dilinimleri boyunca
opasitlesme goriilirken bazi1 iri kristaller de
plajiyoklaz ve opak oksit kapanimlari igermektedir
(Sekil 3f). Biyotitlerde dilinim ve catlaklar
boyunca kloritlesme goriilmektedir. Caligilan
volkanik kayaglara ait biyotitlerin mineral kimyas1
analizleri ile hesaplamalar1 Cizelge 3’te verilmistir.
Biyotitlerin Mg# degerleri 0,56 ila 0,64 arasinda
A1V degerleri ise 0,83 ila 1,20 apfu araligindadir
(Cizelge 3). Flogopit degerleri %45-56 ve Annit
degerleri %15-32 arasinda degismektedir. Fe/
(FetMg) kars1 Al (apfu) diyagraminda 6rnekler
biyotit alaninda goriilmektedir (Sekil 5a).
Biyotitlerin Mg-Li (apfu) karsi Fe + Mn + Ti—
AlY (apfu) diyagraminda (Tischendorf vd., 1997)
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Mg’lu biyotit alaninda bulunmaktadir (Sekil 5b).
MgO-FeO(t)-ALO, tiggen diyagraminda (De
Albuquerque, 1973) biyotit ornekleri, amfibol
ile birlikte var olan biyotitleri gosteren alan I
¢izgisi boyunca goriilmektedir (Sekil 5c). Biyotit
bilesimleri, AI** kars1 Mg (apfu) diyagraminda
(Nachit vd., 1985) ise cogunlukla kalk-alkalen
alanda yer almaktadir (Sekil 5d).

sekillerdeki  Fe-Ti
oksit mineralleri genellikle hornblend ve biyotit
minerallerinin

Diizensiz  geometrik

¢evresinde yogunlagmistir.
Tali minerallerden olan ignecikler seklindeki
apatit plajiyoklaz ile birlikte bulunur. Serisit,
kalsit, klorit ve kil ayrisma mineralleri olarak
bulunmaktadir. Hamur, diizensiz dagilim sunan
plajiyoklaz mikrolitlerinden, kristaller
halindeki klinopiroksen ile biyotit kristallerinden
ve volkanik camdan olusmaktadir.

mikro
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Sekil 5. Incelenen volkanik kayaclara ait biyotitlerin; a) Fe/Fe+Mg—Al" (apfu) diyagrami, b) Mg-Li (apfu) karst
Fe(t)+Mn+Ti-Al"" (apfu) (Tischendorf vd., 1997) diyagrami, ¢) Uglii ALO, — FeO (t) -MgO diyagrami (De
Albuquerque 1973), (I) biyotit amfibol birlikteligi; (II) diger ferromagnezyen mineralleri ile iligkili biyotit; (III)
muskovit biyotit beraberligi; (IV) biyotitin aliiminosilikat ile beraber bulunmasi, d) Altot-Mg (apfu) (hesaplanan 22
oksijen) diyagraminda biyotitlerin bilesimleri (Nachit vd., 1985).

Figure 5. Biotites in the investigated volcanic rocks, a) Fe/Fe+Mg—Al" (apfu) diagram, b) Mg—Li (apfu) versus
Fe(t)*Mn+Ti-Al" (apfu) (Tischendorf et al., 1997) diagram, c) Ternary Al,O, — FeO(t)-MgO diagram (De
Albugquerque 1973), (I) biotite coexistence with amphibole; (II) biotite associated with other ferromagnesian
minerals; (III) biotite associated with muscovite; (IV) biotite coexistence with aluminosilicate, d) compositions of
biotite on Altot-Mg (apfu) (calculated 22 oxygen) diagram (Nachit et al., 1985).

P-T Kristalizasyon Kosullari

Inceleme alanindaki  Oligo-Miyosen  yash
volkanik kayaclarin P-T hesaplamalari, tiim kayag
analizleri ve bazi minerallerin kimyasi kullanilarak
yapilmistir.
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Plajiyoklaz  mineral kimyas1 sonuglar1
Deer vd., (1992) tarafindan jeotermometre
hesaplamalart i¢in oOnerilen Or—Ab—An iiggen
diyagrammda  degerlendirilmistir.  Incelenen
kayaclardaki plajiyoklazlar labradorit ve andezin
bilesiminde olup minerallerinin sicaklik degerleri
650-750 °C arasindadir (Sekil 6a).
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Sekil 6. a) Plajiyoklazlarin Ab-An-Or tiggen diyagrami (izoterm egrilerine ait degerler Fuhrman ve Lindsley (1988)’e
goredir), b) Piroksenlerin En-Di-Hd-Fs sicaklik diyagrami (izoterm egrileri degerleri Lindsley, 1983; Lindsley ve
Andersen, 1983’ goredir), ¢) Biyotit minerallerinin Ti (apfu) ve Mg/ (Mg + Fe) diyagrami (kesikli egriler 50 °C
aralikli izotermleri temsil etmektedir) (Henry vd., 2005).

Figure 6. a) Ab-An-Or triangle diagram of plagioclases (values of isotherm curves are according to Fuhrman and
Lindsley (1988)), b) En-Di-Hd-F's temperature diagram of pyroxenes (values of isotherm curves are according to
Lindsley, 1983, Lindsley and Andersen,1983), ¢) Ti (apfu) and Mg / (Mg + Fe) diagram of biotite (dashed curves
represent isotherms spaced at 50 °C) (Henry et al., 2005).

degerleri

(Di-
Hd-En-Fs) piroksen dortylizliisii diyagrama
(Lindsley, 1983; Lindsley ve Andersen, 1983)

diisiirildiigiinde, ojit minerallerine ait degerler

Klinopiroksen mineral kimyasi

Diyopsit-Hedenberjit-Enstatit-Ferrosilit

580-960 °C arasinda, enstatit minerallerine ait
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degerler ise 620-1170 °C arasinda bir sicakliga
isaret etmektedir. (Sekil 6b).

Biyotit mineral kimyasina dayali ¢izilen Mg/
(Mg + Fe™) - Ti diyagramima (Sekil 6d), gore
sicakliklar 650-700 °C (4 ila 6 kbar) arasindadir.
Ayrica Ti ve Fe™? degisimine dayali olarak (Luhr
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vd., 1984) biyotit minerallerinden hesaplanan
sicakliklar 798-843 °C (ortalama=815+12 °C)
arasindadir (Cizelge 4). Biyotitin Al igerikleri
ile kristallesme sirasindaki basinci veya derinligi
yaklasik olarak tahmin edilebilir (Uchida
vd., 2007). Incelenen biyotit minerallerinden
hesaplanan basinglar 0,67-1,93 kbar (ortalama
= 1,28+0,30 kbar) arasindadir (Cizelge 4). Luhr
vd., (1984)’den biyotit sicakliklari, Uchida vd.,
(2007)’den ise biyotit basinglar1 kullanilarak fO,
fugasitesi hesaplanmigtir. Biyotit minerali i¢in
hesaplanan oksijen fugasitesi (logfO,) —13,68
ile —12,65 (ortalama = —13,27+0,29) arasinda
degismektedir (Cizelge 4).

Biyotitler i¢in sicaklik 798-843 °C, basing
0,67-1,93 kbar ve oksijen fugasitesi —13,68 ile
—12,65 degerleri arasindadir. Biyotit mineral
termometresi  degerleri  dikkate alindiginda
(1 kbar 3,7 km derinlik kitasal kabukta,
Tulloch and Challis 2000), biyotit mineralinin
kristallesmesinin 4,5-6,5 km derinlikte
gerceklestigini gostermektedir.

Jeokimya

Incelenen volkanik kayaglara ait 11 adet 6rneginin
ana oksit, iz ve nadir toprak element analizleri
Cizelge 5°te verilmistir. Orneklerde SiO, %56,59-
63,92, ALO, %14,18-17,93, K.O %2,76-3,23,
Na,0 %1,99- 3,49, Fe O, %4,82-7,26 ve MgO
igerikleri %2,14—4,83 arasinda, degigsmektedir.

Toplam alkali-silis diyagraminda (Le Maitre
vd., 2002), volkanik kayaclara ait 6rneklerin cogu
andezit, bir 6rnek bazaltik andezit, iki ornek ise
dasit bilesimli oldugu ayrica 6rneklerin tiimiiniin
subalkalen karakterli olduklar1 gézlenmistir (Sekil
7a). Iki o6rnegin dasit alaninda olmasi calisma
alaninda gozlenen silislesme ile iliskili olabilir.
Bunun i¢in Ornekler hareketsiz iz elementlere
dayal1 Nb/Y-Zr/TiO,*0,0001 (Pearce, 1996)
adlandirma diyagraminda degerlendirilmis, yogun
olarak traki-andezit ve andezit/bazalt alaninda
olduklart goriilmiistiir (Sekil 7b). Joekimyasal
olarak caligilan volkanik kayaclar andezit, traki
andezit ve andezitik bazalt bilesimindedir. AFM
iicgen diyagraminda, kayaglar kalk-alkalen
karakter gostermektedirler (Sekil 7c). Incelenen
orneklerin tiimil yiiksek-K kalk-alkalen bilesimi
sergilemektedir (Sekil 7d).

Cizelge 4. Calisilan volkanik kayaglarin igerdigi biyotitler kullanilarak Luhr vd. (1984), Uchida vd. (2007) ve Wones
(1989)’a gore hesaplanan basing (P, kbar), sicaklik (T, °C) ve oksijen fugasitesi degerleri.

Table 4. Pressure (P, Kbar) temparature (T, °C) and oxygen fugacity values calculated using biotite from the
investigated volcanics rocks, according to Luhr et al. (1984), Uchida et al. (2007) and Wones (1989).

Lubhr vd. (1984)

Uchida vd. (2007)

Wones (1989)
(fO,) hesaplamalardaki T (Luhr vd., 1984)’e,

Sicaklik (T, °C) Basing (P, kbar) (Uchida vd., 2007)’e goredir.
Hallaglar Volkaniti
(n=22)
Ort. 815+ 12 1,28 £0,30 -13,27+£ 0,29
Maks. 843 1,93 -12,65
Min. 798 0,67 -13,68
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Cizelge 5. Calisilan volkanik kayaglarin ana oksit (% agirlik), iz element (ppm) ve nadir toprak element (ppm)
analiz degerleri.

Table 5. Major oxide (Wt%), trace element (ppm) and rare earth element (ppm) analysis values of investigated
volcanic rocks.

Ornek Adi FB-1 FB-8 FB-9 FB-10 FB-10B  FB-13 FB-14 FB-16 FB-17 FB-18 FB-24
SiO, 62,33 58,07 61,87 62,30 61,51 63,92 56,59 61,63 62,80 62,26 63,85
TiO, 0,54 0,51 0,56 0,55 0,53 0,53 0,49 0,54 0,48 0,51 0,44
AlLO, 14,70 16,87 15,56 15,00 15,65 15,06 17,93 15,14 14,18 15,67 15,93
Fe O, 5,39 6,73 5,02 5,87 4,87 5,65 7,26 6,82 5,52 5,39 4,82
MnO 0,12 0,09 0,13 0,10 0,11 0,14 0,06 0,12 0,11 0,12 0,10
MgO 2,61 4,43 2,14 3,42 2,36 2,23 2,47 3,42 4,83 2,94 2,09
CaO 5,82 5,92 5,32 5,35 5,46 5,88 4,90 6,11 4,87 5,66 4,96
Na,O 2,61 2,41 3,22 1,99 3,10 2,73 2,03 2,86 2,43 3,49 3,16
K,0 2,76 2,91 3,23 2,89 3,06 2,89 2,79 2,78 3,06 2,88 3,01
PO, 0,22 0,16 0,24 0,24 0,23 0,21 0,19 0,20 0,18 0,20 0,17
LOI 2,51 1,23 2,48 2,13 2,87 0,53 4,82 0,24 1,38 0,76 1,37
TOPLAM 99,61 99,32 99,77 99,83 99,75 99,77 99,53 99,87 99,84 99,88 99,90
Zr 183,40 150,6 186,60 188,30 189,20 146,60 147,80 163,30 170,50 131,20 166,60
Y 19,60 16,20 19,20 19,70 18,90 21,80 16,10 19,60 19,20 20,10 20,50
Sr 604,7 522,5 573,7 598,7 593,5 659,5 516,0 648,9 532,2 613,7 4413
Rb 101,80 97,70 110,50 94,40 107,40 94,30 94,80 91,90 94,60 92,70 111,20
Th 19,50 19,40 25,70 25,80 24,20 25,90 22,10 25,90 28,30 23,90 21,70
Ta 3,30 2,70 3,20 2,60 3,10 3,60 3,40 3,40 4,80 4,50 3,70
Ba 1293,0 1092,0 1429,0 1353,0 1465,0 1747,0 12540 1483,0 1296,0 1393,0 1142,0
Nb 13,60 13,10 16,00 13,30 12,20 14,10 15,70 15,20 13,80 12,60 9,60
Hf 2,50 2,50 4,10 4,80 2,50 3,10 4,00 3,00 4,50 2,20 2,20
La 25,6 29,9 333 34,9 31,2 36,5 40,9 29,7 29,4 39,9 32,1
Ce 63,7 65,2 71,3 81,3 72,8 68,4 75 61,9 63,8 68,7 69,4
Pr 2,90 2,23 2,10 2,71 2,55 2,19 2,61 2,41 2,73 2,97 2,65
Nd 17,30 17,05 16,32 16,38 17,36 16,22 16,00 17,30 17,11 16,83 16,93
Sm 3,80 3,13 2,98 3,90 3,73 3,20 3,10 3,60 3,10 3,90 2,87
Eu 1,20 1,49 1,35 1,35 1,73 1,77 1,43 1,94 1,98 1,38 1,44
Gd 3,63 3,14 3,10 3,87 391 3,29 3,51 3,96 3,11 4,12 3,18
Tb 0,45 0,42 0,34 0,32 0,38 0,38 0,41 0,37 0,43 0,36 0,44
Dy 1,82 1,91 1,80 1,93 1,63 1,85 1,93 1,63 1,82 1,88 18,30
Ho 0,52 0,59 0,49 0,55 0,49 0,52 0,51 0,56 0,58 0,51 0,55
Er 1,51 1,49 1,37 1,37 1,44 1,48 1,54 1,48 1,58 1,46 1,38
Tm 0,18 0,14 0,12 0,17 0,16 0,19 0,16 0,15 0,13 0,11 0,18
Yb 1,83 1,74 1,66 1,84 1,63 1,98 1,73 1,76 1,89 1,87 1,79
Lu 0,29 0,37 0,30 0,30 0,33 0,31 0,28 0,34 0,38 0,34 0,28
(La/Lu), 9,46 8,660 11,90 12,47 10,13 12,62 15,65 9,36 8,29 12,58 12,29
(La/Sm), 4,35 6,17 7,21 5,78 5,40 7,36 8,52 5,33 6,12 6,60 7,22
Eu* 21,27 17,89 17,30 22,18 21,73 18,48 18,69 21,42 17,72 22,79 17,14
Eu,/Eu* 0,88 1,13 1,10 0,99 0,97 1,00 1,20 0,92 1,04 0,88 1,10
Mg # 32,64 36,83 32,62 28,26 25,39 33,39 46,66 35,32 30,21 39,68 29,90

LOI (loss on ignition)= kizdirma kaybi. Mg# = 100xMgO/(MgO+Fe,0,).
Eu*=(Sm+Gd),, /2 * Kondirit normalize degerleri, Sun ve McDonough (1989)’dan almmustir.

134



Biiyiikbostanci-Cigekpinar (Balikesir, KB Tiirkiye) Yoresindeki Oligosen-Miyosen Yash Kalk-alkalen Volkanik Kayaglarin Mineral Kimyasi, Jeokimyast ve Petrolojisi

(a) / N4 \ trakit (Q<%20) N ~ P
\\ ” /,/ \/\\ . / | \
- / \ fonotefrit X trakiandezit \ s T N S alkali riyolit S
/ AN /,/ _ trakidasit ] . e
N\ G \ Q>%20 ] .
8- // PN / \ PR \’(Q A - y AN ~ fonolit
/) tefrit ./ 2\ Ze N Pl ] N\ 4
(01<10%) /‘x/ ":‘Zal:?k W \ 1 N\
p raki- ~ . _—
e bazanit / \ andezi \‘\/ N s | riyolit / dasit trakic e
e\ 0, / N ‘s % P ’ (=) .
~ 6 o >10/°/)/ ’ traki- \ 4 /\“//// ® c. L - tefrit-
ON bazalt \\ e ® .‘ ® 4? 0.17 - fonolit
M VAR 4N °® o — traki- o
+ 7 9 ] e - andezit __—
ON 4- / Sl 11— o - ]
= / dasit : ] andezit / bazalt i
z 4 bazaltik andezit N 1 e —
pikre]  bazalt andezit od _— foidit
2 batzalt S P alkali
/ ] bazalt
] bazalt
0 T T T T T 0.002 ey T ey
45 . 55 60 65 70 0.01 0.1 1 10
Si0, (%) Nb/Y
74
75 FeO(t) =y ! o ]
(c) A (d) | bazalt | andezitik| andezit | dasit
- , / \ 6 | bazalt |
// \\ 7 | |
J <
// \ 5 | |
ba T
/" Toleyitik  \ 7 Sosonitik | ‘ | Yiiksek-K
// @ a seri | Kalk-alkalen seri
N\ g
N’
/ \ 1 \ \
S | &
L o \ M 0 ee &8
/ \ 1 \ \ !
/ » \ | ‘ ‘ Orta-K
/ Kalk-alkalen \\ 24 Kalk-alkalen seri
/ % 4 ‘ ‘
S/ \¢ [
J N
/ \ ] | |
< \4 ‘
// \ , | | ‘ Toleyitik seri
‘ 0 e _— T — T 1
NaZO+K20 MgO 45 50 55 . 60 65 70 75
SiO, (%)

Sekil 7. a) SiO, — Na O+K O diyagrami (Le Maitre vd., 2002) (alkali-subalkali ¢izgisi Irvine ve Baragar 1971°dan
almmustir), b) Nb/Y—Zr/TiO,*0,0001 diyagrami (Pearce 1996), ¢) AFM iicgen diyagram (toleyitik-kalkalkali egrisi
Irvine ve Baragar 1971°den alinmustir), d) SiO, —K O diyagrami (Le Maitre vd., 2002).

Figure 7. a) SiO, — Na,0+K,O diagram (Le Maitre et al., 2002) (alkali-subalkaline line taken from Irvine and
Baragar 1971), b) Nb/Y-Zr/TiO,*0.0001 diagram (Pearce 1996), ¢) AFM triangular diagram (toleitic-calcalkaline
curve taken from Irvine and Baragar 1971), d) SiO K ,O diagram (Le Maitre et al., 2002).

Calisilan orneklerin Harker diyagramlarinda,
mineral fazlarmin fraksiyonel kristallenmesi ile
iligkili pozitif, negatif veya diizensiz dagilimlar
mevcuttur. ALO,, Fe,O3 (t), degerleri SiO,
degerlerine ile negatif, Y ile pozitif dogrusal
korelasyon gozlenmektedir. Na O,TiO,, CaO,
MnO, P,O,, MgO, KO, Sr, Ba ve Rb degerlerinde
ise dogrusal sonra da egrisel bir ydnlenme
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mevcuttur. Bu korelasyonlar volkanik kayaglarin
evrimi sirasinda plajiyoklaz, piroksen, hornblend,
biyotit Fe-Ti oksit mineral fazlarinin
fraksiyonlagmasin1 yansiti. Nb ve Th’de ise
diizensiz dagilim gozlenmekte olup muhtemelen
asimilasyon ve/veya magma karigimi veya
alterasyondan kaynaklanabilir (Sekil 8).

ve
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Sekil 8. incelenen volkanik kayagclarin SiO,’ye kars1 ana oksit ve iz element degisim diyagramlari.

Figure 8. Main oxide and trace element variation diagrams of investigated volcanic rocks versus SiO,,

N- tipi Okyanus Ortas1 Sirti  Bazalti
(N-OOSB)’na (Sun ve McDonough, 1989) gore
normalize edilen Orneklere ait iz elementlerde,
biiyiik iyon yarigaph litofil elementler (BIYE),
Rb, U ve Th igerigi bakimindan zenginlesme,
yliksek ¢ekim alanli element (YCAE), Nb ve Tb
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ise fakirlesme gortilmektedir (Sekil 9a). Negatif
Nb anomalisi ile birlikte Rb, Ba, U, K ve Th’deki
zenginlesmeler, yitim ve /veya kabuk katkisininin
izini gostermektedir (Pearce, 1983; Pearce ve
Peate, 1995).
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Sekil 9. a) N-tipi Okyanus Ortast Sirt1 Bazalti
(N-OOSB)’na gore (Sun ve McDonough 1989)
normalize edilmis iz element dagilim diyagrami, b)

Kondrit’e (Sun ve McDonough 1989) gore normalize
edilmis nadir toprak element diyagrami.

Figure 9. a) Trace element distribution diagram
normalized to N-type Mid-Ocean Ridge Basalt
(MORB) (Sun and McDonough 1989), b) rare earth
element diagram normalized to chondrite (Sun and

McDonough 1989).

Incelenen &rneklerin  kondrit’e  (Sun ve
McDonough, 1989) goére normallestirilmis
nadir toprak element dagilimlarinda (Sekil 9b),
Hafif Nadir Toprak Elementlerin (HNTE) Agir
Nadir Toprak Elementlerden (ANTE) daha fazla
zenginlestigi  gorilmektedir (La/Lu = 8,29-
15,65; Gd/Yb= 1,01-1,60, La/Sm =4,35-
8,52 ve La/Yb=10,03-16,96). HNTE’lerin
ANTE’lere gore zenginlesmesiyle olusan konkav
seklindeki ~ dagilim, klinopiroksen ve/veya
hornblend fraksiyonlagsmasina (Thompson vd.,
1984; Thirlwall vd., 1994), isaret etmektedir.
Orneklerdeki (La/Lu), degerleri 8,66-15,65
arasinda olup kalk-alkalen  volkanizmanin
ozelliklerini sunmaktadir. Ayrica diyagramda Eu
degerlerinin belirgin negatif anomali gostermemesi
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(Bu/Eu*=0,97-1,93), kayaglarda plajiyoklaz
ayrimlagsmasinin etkili olmadigimi veya yiiksek
oksijen fugasitesine isaret etmektedir.

TARTISMALAR
Kaynak Karakteristikleri

Calisilan Volkanik Kayaclari’nin biiylik iyon
yarigapl litofil elementler bakimindan zengin
olmast (6rnegin, Ba, Rb ve Th) (Sekil 9a) ve
yliksek Ba/La ve Th/Yb oranlar1 igermesi, ana
magmasinin yitim izi tasiyan litosferik manto
kaynakli olabilecegini gostermektedir (Elburg vd.,
2002; Zellmer vd., 2005; Baier vd., 2008; Aslan
vd., 2017; Saatc1 ve Aslan, 2018; Aslan vd., 2020).
Ozellikle Th ve K igeriklerinin zenginlesmesi
kabuktan olusan kirlenmeyi gostermektedir
(Thompson vd., 1984; Pearce ve Peate, 1995;
Elburg vd., 2002). incelenen volkanik kayaglarin
HNTE’lerce zenginlesmesi, yitim sonucu dalan
levhanin kaynaga olan katkisi ile veya kabuksal
bilesenlerin etkisiyle de gerceklesebilir. Negatif
Nb ve Ti anomalileri yitime bagli metasomatik bir
mantodan kaynaklanmaktadir. Bununla birlikte,
bu anomaliler, kabuksal kirlenmenin iiriinii de
olabilir. Ayrica 6rnekler diisiik Zr/Y (6,5-10,1) ve
Z1/Nb (9,4-15,5) oranlaria sahip olup litosferik
manto kaynagmin diisik derecede boliimsel
ergimesine isaret etmektedir. De Paulo ve
Daley (2000)’e gore, litosferik mantodan olusan
kayaglarin La/Nb orani genelde 1’den biiyiik,
astenosferik mantodan olusan kayaglarin La/Nb
orani ise 0,7 seviyesindedir. incelenen volkanik
kayaglarda La/Nb oran1 1.88-3.34 arasinda olup,
litosferik mantodan tliredikleri goriilmektedir.
Bununla birlikte, orneklerin Zr / Sm oranlari
34 ile 60 arasinda olup, zenginlesmis litosferik
manto kokenli oldugu goriilmektedir (Wilson,
1989). Bu nedenle, incelenen volkanik kayaclar,
metasomatize ve zenginlestirilmis litosferik
mantodan tliremis olabilir. Bu kayaclardaki
onemli BIYE ve DNTE zenginlesmeleri de, aym
sekilde zenginlestirilmis bir manto kaynagini



desteklemektedir (Condie vd., 2002; Zhu vd.,
2007).

Mantokaynaklarinibelirlemekveyitimve/veya
kabuk kontaminasyonu sonucu farkli bilesenlerin
magmaya eklendigini belirlemek i¢in kullanilan
Ta/Yb — Th /Yb diyagramda (Sekil 10a) incelenen
orneklerin, muhtemelen fraksiyonel kristallesme
(FC) ile az oranda da asimilasyon (AFC) siirecleri
ile gelisen magmalardan tiiretildigini ve yitimdeki
malzemelerle zenginlestirildigini gostermektedir.
Ayrica, volkanik kayaglarin, manto dizisine
paralel olan ve sonunda daha yiiksek Th / Yb
oranlarina dogru bir egilimi goriilmektedir. Bu
davranis, ana magmanin daha o6nceki yitimle
zenginlestirilmis  bir kaynaktan tiiretildigini
gostermektedir  (Wilson, 1989). Rb/Y-Nb/Y
diyagraminda ise Ornekler yitim zenginlesmesi/
kabuksal kirlenmeye isaret etmektedir (Sekil
10b) (Edwards vd., 1991). incelenen volkanitler
Ba/La-Nb/La diyagraminda (Sekil 10c) Ba/La
icerigi bakimindan zengin olup diisey dagilim
gostermektedir ve genellikle orojenik andezitler
alaninda yer almaktadir. Bradshaw ve Smith’e
(1994) gore, litosferik mantoda DNTE’lere gore
goreceli olarak YCAE’lerin (Nb ve Ta) azalmasi ve
yliksek Nb/La oranlar1 (~ > 1), bazaltik magmalar
icin Okyanus Adas1 Bazalti (OAB) benzeri bir
astenosferik manto kaynaginina isaret ederken
daha diisiik oranlar (~ <0,5) bir litosferik manto
kaynagmi gostermektedir. Incelenen orneklerin
ortalama Nb/La ve La/Yb oranlari sirasiyla 0,42
ve 18,46 olup bu da Nb/La — La/Yb diyagramina
gore (Sekil 10d) bir litosferik manto kaynagi
oldugunu distindiirmektedir.

Fraksiyonel Kristallenme ve Asimilasyon

Incelenen andezitik kayaglara ait bazi1 ana oksit ve
iz element dagilimlarindaki pozitif veya negatif
yonsemeler (Sekil 8), volkanitlerin gelisiminde
fraksiyonel kristallenme (FC) veya asimilasyon
fraksiyonel kristallenmenin (AFC) Onemini
ortaya koymaktadir. Artan SiO,’ye gore NaO,
ALO,, CaO degerlerinde negatif yonsemeler
plajiyoklazin ayrimlagmasi ile iliskilidir. Yine,
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artan SiO, ile diisen P,0O,, TiO, ve Sr ile Eu,
sirastyla apatit, Fe-Ti oksit ve plajiyoklazin
fraksiyonlagmasina baglanabilir. CaO, Fe,O, ve
MgO’nun azalmasi, sirasiyla hornblend, biyotit
ve piroksen minerallerinin  ayrimlagsmasini
gostermektedir. Rb’un  degisimi  hornblend,
Sr’un degisimi de plajiyoklazin ayrimlasmasi ile
iliskilidir (Gill, 1981; Thirlwall vd., 1994).Na,O
ve K O klinopiroksen, biyotit ve/veya sanidinin
ayrimlagsmasini igeren bir magmatik sistemde,
Si0, ile dogrusal olmayan pozitif korelasyonlar
gostermektedir. Kondrit ile normalize edilmis
NTE dagilimlarindaki  zayif negatif Eu
anomalileri, plajiyoklaz ve/veya K-feldispatin
ayrimlagmasinin - magmanin evriminde etkili
olmadigini gostermektedir (Sekil 9b). Buna gore
volkanik kayaclarin gelisiminde hornblend ve
klinopiroksen ayrimlagsmasmnin etkin oldugu
sOylenebilir.

MgO-Sr diyagraminda (Sekil 11a) MgO
icerigi yliksek Orneklerden diisiik Orneklere
dogru egri, daha sonra ise dogrusal bir yonseme
gostermektedir. Bu da oOnce klinopiroksen ve
plajiyoklazin ayrimlagsmasi ile izah edilebilir.
Bununlabirlikte Si0,~-Dy/Yb diyagrami hornblend
mineralinin, Sr—Ba diyagrami da klinopiroksen
mineralinin  fraksiyonlagmasini gostermektedir
(Sekil 11b ve c¢). Kalk-alkalen kayaclarda
kullanilan CaO-Y diyagraminda, standart kalk-
alkalen yonsemesine gore Y igeriginin azalmasi
ve artmas1 dikkate alinarak, L ve J tipi yonsemeler
tanimlanmigtir (Lambert ve Holland, 1974).
Incelenen volkanitler ~standart kalk-alkalen
yonsemesine gore Y’ce kismen tiiketilmis olup J
tipine yakin bir yonseme sunmaktadir (Sekil 11d).
Bu yonseme calisilan volkanitlerin gelisiminde
klinopiroksen ile hornblend denetimli bir
fraksiyonel kristallenme oldugunu gostermektedir.
Fraksiyonel kristallenmedeki mineral fazlarini
belirlemek igin kullanilan Zr-TiO, diyagraminda
apatit ve hornblend, Zr-Y ikili diyagraminda da
biyotit ve amfibol ayrimlasmasi belirgindir (Sekil
11e ve f). Sonug olarak klinopiroksen ve hornblend
kontrollii bir fraksiyonel kristallesmenin etkili
oldugu ileri siiriilebilir.
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Sekil 10. incelenen volkanik kayaglarin; a) Th/Yb (ppm) kars1 Ta/Yb (ppm) (Pearce vd., 1990), b) Nb/Y kars1 Rb/Y,
¢) Ba/La karsi Nb/La, d) La/Yb karsi Nb/La diyagramlari. FC: Fraksiyonel Kristallenme; AFC: Asimilasyon
Fraksiyonel Kristallenme; MORB: Okyanus Ortas1 Sirt1 Bazalti; OIB: Okyanus Adas1 Bazalti.

Figure 10. a)Th/Yb versus Ta/Yb (Pearce et al., 1990), b) Nb/Y versus Rb/Y, ¢) Ba/La versus Nb/La, d) La/Yb versus
Nb/La diagrams for the investigated volcanic rocks. FC: Fractional Crystallization;, AFC: Assimilation Fractional
Crystallization; MORB: Mid-Ocean Ridge Basalt; OIB: Ocean Island Basalt.

Calisilan  volkanik  kayaglarda  bulunan
ve zonlanma ile albit ikizi gOsteren bazi iri
plajiyoklaz minerallerinin daha kii¢iik plajiyoklaz
inkliizyonlar1 igerdigi izlenmistir (Sekil 3c).
Ayni sekilde bazi plajiyoklazlarda ise elek
dokusu gozlenmistir (Sekil 3c). Bu petrografik
ozellikler magma karigimina isaret etmektedir.
Kabuk materyallerinin asimilasyonu, mantodan

tiiretilmis magmalarin bilesimlerini degistirmede
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onemli olabilir (Mcdermott vd., 2005; Zellmer
vd., 2005). Th/Yb ve Ta/Yb oranlari, kabuk
kontaminasyonunun  kaynak  bilesenleri
kapsamini belirlemek i¢in kullanilabilir, ¢iinkii
Th, kabuk kirlenmesi sirasinda Ta ve Yb'den
daha fazla etkilenir (Pearce vd., 1990). Th/Yb’ye
kars1 Ta/Yb diyagraminda (Sekil 10b), volkanik

kayaglarin muhtemelen tek basma fraksiyonel

Ve

kristallesme (FC) yerine az oranda asimilasyon
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Sekil 11. incelenen volkanik kayaglarin; a) MgO —Sr (ppm), b) SiO,-Dy/Yb (ppm), ¢) Sr-Ba (ppm), d) Y (ppm)—
Ca0, e) Zr (ppm)-TiO,, f) Zr (ppm)-Y (ppm), g) Zr (ppm)—Zr/Y (ppm), h) Th (ppm)-Th/Sm (ppm) ve i) Sr (ppm)—
St/Y (ppm) ikili diyagramlari. Ap:Apatit, Bi: Biyotit, Hbl: Hornblend, Kpir: Klinopiroksen, Mt: Magnetit, Ol: Olivin,

Plj: Plajiyoklaz, Zr: Zirkon.
Figure 11. a) MgO —Sr (ppm), b) SiO2—Dy/Yb (ppm),

¢) Sr—Ba (ppm), d) Y (ppm)—CaO, e) Zr (ppm)-TiO,, f) Zr

(ppm)-Y(ppm), g) Zr (ppm)—Zr/Y (ppm), h) Th (ppm)—Th/Sm (ppm) and i) Sr (ppm)-Sr/Y (ppm) binary diagrams for

the investigated volcanic rocks. Ap: Apatite, Bi: Biotite
Olivine, Plj: Plagioclase, Zr: Zircon.

(AFC) igeren siirecler tarafindan gelistigini
gostermektedir.  Ayrica, Zr—Zr/Y diyagrami,
asimilasyonun etkisini (Sekil 11g), Th-Th/Sm ve
Sr—Sr/Y diyagramlan ise (Langmuir vd., 1978),
asimilasyon ve /veya magma karisimini gosteren
dogrusal egilimleri gostermektedir (Sekil 11h ve

1).

, Hbl: Hornblende, Kpir: Clinopyroxene, Mt: Magnetite, Ol:

Tektonik Ortam

Hallaglar Volkaniti’ne ait 6rnekler Th/Yb-La/Yb
diyagraminda (Condie, 1989) kitasal kenar yay
alani iginde goriilmektedir (Sekil 12a). Nb, /Zr -Zr
diyagraminda ¢arpigma sonrasi kayaglar alaninda
yer alirken (Sekil 12b), Th/Ta-Yb diyagraminda
ise aktif kita kenar1 magmatizmasi ile temsil edilen
bolgede yogunlasmistir (Sekil 12c¢).
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Biga Yarimadasi’nda ¢ok genis alanlarda
gozlenen Paleojen-Neojen magmatizmasinda
plitonizma daha ¢ok  Eosen-Oligosen’de
gozlenirken volkanizma Oligosen-Orta Miyosen
araliginda gozlenmektedir. Bolgede orta-K’lu
kalk-alkalen 0zellikte baslayan magmatizma
Miyosen doneminde yliksek-K’lu, kalk-alkalen ve
Pliyosen doneminde ise orta-yiiksek K’lu alkalen
magmatizma ile son bulmustur (Altunkaynak ve
Geng, 2008; Dilek ve Altunkaynak, 2010; Aslan
vd., 2017; 2020). Bati Anadolu’da karmasik
tektonik rejim etkili olmus olup (Dilek ve
Altunkaynak, 2010; Prelevi¢ vd., 2012) Paleojen-
Neojen gelisiminde yitim, manto zenginlesmesi,
roll-back ve kirlenme gibi karmasik olaylar ileri
striilmektedir (Dilek ve Altunkaynak , 2010;
Altunkaynak vd., 2012; Seghedi vd., 2013;
Prelevi¢ vd., 2015, Aslan vd., 2017; 2020).
Alt Miyosen’deki magmatizmanin  Neotetis
Okyanusu’nun gliney kolunda roll-back ile iliskili
oldugu ileri siiriilmektedir (Ersoy vd., 2012;
Prelevi¢ vd., 2012; 2015).

Bolgede yapilan son ¢aligmalarda magmatik
kayaglarin zenginlesmis litosferik manto ve
kabuktan olustuklar1 belirtilmistir (Altunkaynak
vd., 2012; Prelevi¢ vd., 2015; Aslan vd., 2020).
Sakarya Kitasi ile Torid-Anatolid Kitasi’nin
carpigsmasi sonucu Oligo-Miyosen magmatizmasi
gelismigtir (Ercan vd., 1995; Dilek ve Altunkaynak,
2010). Carpisma sonrasi orta Eosen’de yitimle
iligkili orta-K’lu  kalk-alkalen pliitonik ve
volkanik kayacglar olugsmustur. Carpisma sonrasi
Neotetis Okyanus Kabugu'nun giiney kolunun
roll-back’e  ugramasi  sonucu,
litosferik mantonun erimesi ile Orta-Ge¢ Miyosen
kalk-alkalen magmatizmasi olusmustur (Ersoy
vd., 2012; Biryol vd., 2011; Karaoglu ve Helvaci,
2014; Prelevi¢ vd., 2012).

zenginlesmis
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rocks.



SONUCLAR

Balikesir’in  glineybatisinda  mostra  veren
Oligosen-Miyosen yash volkanik kayaglarinin
mineral kimyasi ve jeokimyasal verileri Biga
Yarimadasi’ndaki carpigma sonrast volkanik
gelisime katki saglamistir. Elde edilen sonuglar
asagidaki 6zetlenmistir;

Calisilan volkanik kayaglar, andezit, bazaltik
andezit, traki-andezit lav ve bunlarla iliskili
piroklastik kayalardan olusmaktadir. Volkanitler
genellikle mikrolitik porfirik ve porfirik, yer yer
de fluidal, glomeroporfirik ve elek dokularini
gostermektedir. Kayaglari olusturan ana mineraller
plajiyoklaz, klinopiroksen, amfibol, biyotit ve Fe-
Ti oksitlerdir.

Volkanik kayaclara ait mineral kimyasi analiz
sonuglarina gore plajiyoklazlar andezin (An,,
»Ab, O, ) ve labradorit (An, ,Ab,, . Or ),
piroksenler ojit ve klinoenstatit (Wo,En Fs, -
Wo En,Fs ), biyotitler ise Mg’lu biyotit olarak
tespit  edilmistir.
biyotit mineraline gore 798-843 °C sicaklik,
0,67-1,93 kbar basing ve —13,68 ile —12,65
oksijen fugasitesi degerleri hesaplanmis olup
buna gore biyotit minerali 4,5-6,5 km derinlikte
kristallesmistir.

Jeotermobarometrik  olarak

Incelenen volkanik kayaglar yiiksek-K ve
kalk-alkalen 6zelliktedir. Volkanitlerdeki ana ve iz
element degisimlerinde fraksiyonel kristallesme
(FC), kismi ergime, kabuk kirlenmesi ve yitim
zenginlesmesinin etkili oldugu goriilmistiir.
Klinopiroksen ve hornblend kontrollii  bir
fraksiyonel  kristallesme  etkili
Orneklerin normalize iz elementlerinde biiyiik
iyon yarigapli litofil elementlerde zenginlesme
izlenirken, yiiksek ¢ekim alanli elementlerde ise
fakirlesme goriilmektedir. Normalize edilmis
nadir toprak element dagilimlarinda, hafif nadir
toprak elementlerin agir nadir toprak elementlere
gore daha fazla zenginlestigi goriilmektedir.
Volkanitlerde  (La/Lu),=8,29-15,65  degerleri
arasinda olup konkav seklinde dagilim sunmaktadir

olmustur.
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ve kalk-alkalen volkanizmay1 gostermektedir.
Calisilan volkanik kayaglar yitim ile iliskili
garpisma driinler olup zenginlesmis
litosferik mantodan tiiremistir.

sonrasi

EXTENDED SUMMARY

Widespread magmatism was present during the
Eocene-Miocene period in the Biga Peninsula
(NW Turkey) in the west of the Sakarya continent.
One of the most important of these is the Oligo-
Miocene Hallaglar Volcanics, which is a wide
outcrop between Balikesir and Canakkale. In
this study, the petrography, mineral chemistry,
geochemistry and petrology of the volcanisc rocks
outcropping in the Biiyiikbostanci-Cicekpinar
(Balikesir, NW Turkey) region in the south of
Balikesir were investigated.

The studied Oligocene-Miocene volcanic
rocks have the composition of andesite, basaltic
andesite, trachyandesite and their pyroclastic
rocks. The massive unit is gray in color and
has a hard, cracked structure. In places where
tectonism is effective, fracture-crack systems have
developed and slip surfaces have formed. In areas
where weathering is observed, argillization and
silicification developed, and the unit is observed
to have lighter colors in these sections. Volcanic
rocks show generally microlithic porphyry,
porphyric, fluidal and rarely glomeroporphyritic
and spherulitic structures. The main minerals are
plagioclase, clinopyroxene, hornblende, biotite,
and Fe-Ti oxide. Secondary minerals are sericite,
chlorite, clay and calcite. Apatite was observed as
an accessory mineral in some samples.

According to the results of mineral chemistry
analysis of studied volcanic rocks, plagioclases are
andesine (An, Ab,, Or, )andlabradorite (An,,
oAb, ., Or, ), pyroxenes are augite and enstatite
(Wo ,En Fs,-Wo En, Fs, ) and biotite is Mg-
bearing biotite. The solidification temperatures
of clinopyroxene minerals are between 580-
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960 °C, and the solidification temperatures of
orthopyroxene minerals are between 620-1170 °C.
Geothermobarometrically, the temperature was
calculated as 798-843 °C, pressure as 0.67-1.93
kbar and oxygen fugacity as —13.68 to —12.65
according to biotite. The crystallization of biotite
minerals occurred at a depth of 4.5-6.5 km (I
kbar = 3.7 km depth).

Geochemically, volcanic rocks have high
K and calc-alkaline features. Major and trace
element changes in volcanic rocks were observed
to display the effects of fractional crystallization
(FC), partial melting, crustal contamination, and
subduction enrichment. The investigated volcanic
rocks are partially depleted in Y according to
the standard calc-alkaline trend and present
a trend close to the J type. This trend indicates
that clinopyroxene and hornblende-controlled
fractional crystallization occurred during the
development of the studied volcanics. As a
result, it can be argued that controlled fractional
crystallization of clinopyroxene and hornblende
was effective. Some coarse plagioclase minerals
in the studied volcanic rocks contained smaller
plagioclase inclusions. Similarly, sieve texture was
observed in some plagioclases. These petrographic
features indicate magma mixing. It shows that
the studied igneous rocks probably developed by
processes involving a little assimilation (AFC)
rather than fractional crystallization (FC) alone.

On the N-MORB normalized trace elements
diagram for the volcanic rocks, they show
enrichment in large ion lithophile elements (LILE),
Rb, U and Th with depletion in high field strength
elements (HFSE), Nb and Yb distributions.
The enrichment in Rb, Ba, K and Th together
with negative Nb and Ta anomalies indicates
subduction and/or crustal contribution. On the
normalized rare earth element diagram, light rare
earth elements (LREE) are more enriched than
heavy rare earth elements (HREE). (La/Lu), 8.29—
15.65; (La/Sm), 4.35-8.52, and (Gd/YD), 1.01-
1.60 were found in the samples. In the investigated
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volcanics, (La/Lu),=8.29-15.65 and is moderately
enriched, and REE patterns are concave shaped,
indicating calc-alkaline volcanism. These data
show that the rocks formed related to subduction
and have enriched mantle origin. The fact that
they are rich in lithophile elements including
large ion lithophile elements (for example, Ba, Rb
and Th) and contain high Ba/La and Th/Yb ratios
indicates that the main magma may originate from
lithospheric mantle associated with subduction. In
addition, the samples have low Zr/Y (6.5-10.1) and
Zr/Nb (9.4-15.5) ratios, indicating a low degree of
partial melting of the lithospheric mantle source.
The studied rocks are tectonically similar to
volcanic arc rocks.

In the Paleogene-Neogene magmatism is
observed in wide areas of the Biga Peninsula,
plutonism is observed mostly in the Eocene-
Oligocene, while volcanism is observed in the
Oligocene-Middle Miocene interval. Magmatism,
which started in the region as medium-K calc-
alkaline magmatism, ended with high-K calc-
alkaline magmatism in the Miocene period
and medium-high-K alkaline magmatism in the
Pliocene period. A complex tectonic regime was
effective in Western Anatolia and complex events
such as subduction, mantle enrichment, roll-back
and pollution are suggested to have occurred
during Paleogene-Neogene development. It is
suggested that magmatism in the Lower Miocene
was associated with roll-back of the southern
branch of the Neotethys Ocean. Recent studies
in the region indicate that igneous rocks are
composed of enriched lithospheric mantle and
crust. The collision of the Sakarya Continent
and the Tauride-Anatolide
in Oligo-Miocene magmatism. In the middle

Continent resulted

Eocene, after the collision, subduction-related
middle-K calc-alkaline plutonic and volcanic
rocks formed. As a result of the roll-back of the
southern branch of the Neotethys oceanic crust
after the collision, Middle-Late Miocene calc-
alkaline magmatism formed with the melting of



the enriched lithospheric mantle. The studied
volcanic rocks are post-collisional products with
subduction traces and were derived from enriched
lithospheric mantle.
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Abstract: Sedimentary, geochemical and stable isotope analyses of a sediment core (core AY) recovered from Lake
Aygir (NE Anatolia) provide evidence of the climatic shifts during the last ~500 yrs. Sediments in Lake Aygir
are composed of silty clay with a modeled ~0.16 cm/yr sedimentation rate. Multi-proxy analyses of the downcore
distribution of detritally-deposited proxy elements, total calcium carbonate, organic carbon and stable isotopes reveal
climatic records of the Industrial Epoch (IE; 18th-19th centuries) and the termination of the Little Ice Age (LIA; AD
1350 to 1850), represented by fluctuating Total Organic Carbon (TOC), Ca, Sr and relatively low detrital precursors
(Fe, Ti, K, Rb, Zr), indicating low chemical weathering and dry conditions. The upper part of the core (192 cal yrs
BP to present), identified with high detrital input, contains an increasing trend of Fe, Ti, K, Rb, and Zr together with
high 80 and §"*C values, indicating warmer conditions during the IE.

Keywords: Lake Aygir, NE Anatolia, paleoclimate, sediment coring, stable isotope.

Oz: Aygir Golii'nden (KD Anadolu) alinan sediman karotunun (AY karotu) sedimantolojik, jeokimyasal ve durayli
izotop analizleri son ~500 yildaki iklim degisikliklerin kanitlarini ortaya koymaktadw. Siltli kilden olusan Aygir
Gélii sedimanlarimin modellenen sedimantasyon hizi ~0,16 cm/yildir. Detritik olarak ¢okelmis proksi elementlerin
tabandan yiizeye dagilimina gére yapilan ¢oklu proksi analizlerine gére, toplam kalsiyum karbonat, organik karbon
ve durayli izotop verileri Kiigiik Buzul Cagi 'ndan (KBC; 1350-1850 MS) Endiistriyel Dénem’e (ED, 18-19 yy) ge¢isi
temsil eder ve bu donem diisiik ayrisma hizi ve kurak kosullart agiklayacak sekilde toplam organik karbon, Ca, Sr
degerlerindeki diisiisle temsil edilir. Karotun iist kisumlari ise (192 yil oncesinden giiniimiize) kirmntilardaki artis ve
yiiksek Fe, Ti, K, Rb ve Zr konsantrasyonlari yani swra yiiksek 6'°0 ve 63C degerleri ile temsil edilir ve Endiistri
Cagi’nin sicak kosullarin agiklar.

Anahtar Kelimeler: Aygir G6lii, durayl izotop, Kuzeydogu Anadolu, paleoiklim, sediman karotu.
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INTRODUCTION

Multi-proxy-based paleolimnological imprints of
lake sediments provide an insight into periodic
changes in climate and associated shifts in the rate
of rock weathering and sediment drift around the
vicinity of lakes. In line with growing interest in
the sedimentary record of lakes, the fingerprints
of climatic changes in Anatolian lakes during the
Late Quaternary have been addressed, such as in
the lakes Tecer (Kuzucuoglu et al., 2011), Siinnet
(Ocakoglu et al., 2013), Sapanca (Leroy et al.,
2010), Eski Acigdl (Roberts et al., 2001; Jones &
Roberts, 2008), Nar (Jones et al., 2006; England
et al., 2008) and Golhisar (Eastwood et al., 2007).
Moreover, similar studies that determine the
LIA have taken place in Poland (Gasiorowski
& Sienkiewicz, 2010), Taiwan (Wang et al.,
2013), and Iceland (Ogilvie & Jonsson 2001).
Paleoclimate studies accentuating the downcore
distribution of proxy elements of detrital and
authigenic origin have increased recently, such as
in case studies of the lakes Kiigiikgekmece (Akger
On et al., 2011), Iznik (Ulgen et al., 2012), Hazar
(Eris, 2013; Eris et al., 2018) and Van (Cagatay
et al., 2014; Litt et al., 2014). Besides this, proxy
elements are used to shed light on rational trends
inferred from the ratios of Ca/Fe and Ca/Ti
(Roeser et al., 2012; Cagatay et al., 2014; 2019)
as well as Rb/Sr values (Erginal et al., 2019)
and Mo/Al (Kiikrer, 2018), allowing assessment
of the climatically-controlled deposition of lake
sediments over a certain period of time.

Results obtained from Lake Aygir were
previously discussed by Kiikrer (2018) in terms
of ecological and toxic risk assessment of heavy
metals. In this study, we provide a different
perspective to indicate the most recent Holocene
climatic changes by using multi-proxy parameters.
Therefore, we demonstrate the climatic precursors
of the LIA-IE transition in terms of geochemical
aspects of the sediment core. On the basis of
analyses of the downcore distribution of detritally-
deposited proxy elements (Fe, Ti, Rb, Sr, Zr, K),
as well as the content of total calcium carbonate,
organic carbon and stable isotopes (J '*O and o
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BC), we provide a better understanding of the
termination of the Little Ice Age and a comparison
with other Anatolian lakes regarding the near-
bottom sediments of Lake Aygir.

STUDY AREA

Lake Aygir, avolcanic barrier lake with a maximum
depth of 30 meters, is located on the Erzurum-
Kars-Ardahan Plateau in the Susuz district of Kars
province (Figure 1 & 2). The lake has a surface
area of 4.02 km? and is 2131 m above sea level.
It has a length of 3.11 km and a width of 1.86
km (Figure 1 & 2). West of the lake consists of
Upper Miocene-Pliocene volcanics and Pliocene
andesites and pyroclastics (Deveciler et al., 1990;
Aktimur et al., 1992; Rolland, 2017). According
to the data of Susuz meteorology station, located
10 km east of the lake, the average temperature in
the field is 4.9 °C. The total annual precipitation
average is 483 mm, and depending on convectional
air currents, the maximum precipitation falls in
summer. Winter precipitation is in the form of
snow, which covers the ground for about 4 months.

MATERIALS and METHODS
Sampling and analyses

Using a Kajak Sediment Core Sampler with 6 cm-
diameter sampling tube, a 66 cm short core was
recovered at 4 m water depth in the central part
of the lake for multi-proxy analyses and dating
(see also Kiikrer, 2018) (Figs. 1,2). Preliminary
results from the core have been published by
Kiikrer (2018), containing an ecological and toxic
risk assessment of heavy metals in Lake Aygir
sediments. The same sediment samples were used
in this study to evaluate the most recent climatic
changes. Using a Scheibler calcimeter, the CaCO,
content of pulverized subsamples with a weight
of 0.5 gr was determined (Schlichting & Blume,
1996). The TOC within another set of pulverized
dry subsamples (about 0.2-0.5 gr) was measured
using the modified Walkley-Black Titration
Method (Gaudette et al., 1974).
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Figure 1. Location of Lake Aygir.
Sekil 1. Aygir Golii 'niin konumu.
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Sekil 2. Bolgenin jeoloji haritast (Aktimur vd., 1992). Aygir G6lii genelde volkanik ve piroklastik kayaglarla ¢evrilidir.
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Stable oxygen and carbon isotope analyses of
33 samples were carried out in the Environmental
Isotope Laboratory of the University of Arizona.
For this end, carbonates of 0.5 gr sub-samples
split at 1 mm were used. The J '*O and J *C of
carbonates were measured using an automated
carbonate preparation device (KIEL-III) coupled
to a gas-ratio mass spectrometer (Finnigan MAT
252). Powdered samples were reacted with
dehydrated phosphoric acid under a vacuum at 70
°C. The isotope ratio measurement was calibrated
based on repeated measurements of NBS-19 and
NBS-18 and the precision was = 0.10 %o for o
180 and £ 0.08 %o for 6 '*C (1 sigma). The isotope
values obtained are reported on the Vienna-Pee
Dee Belemnite scale.

Accelerated Mass Spectrometry (AMS)
radiocarbon dating of bulk organic carbon within
the sample taken from 66 cm depth was carried
out at Beta Analytic, Miami, USA. The acquired
sample showed no diagenesis of reworking.
According to the 2 sigma calibrated radiocarbon
outcome, the 65 cm of core sediment was dated
to cal yrs BP 505 to 425. The AMS *C result was
calibrated by using Calib v7.1 software (Stuvier
& Reimer, 1993) with an IntCal20.'“C calibration
curve. The age-depth model of the studied core
was produced by using an AMS 'C result (Figure
3). Recovery of the core was executed by using
the gravity coring system. Therefore, the top of the
core represents the most recent sedimentation. The
age-depth model was produced by “clam” script
on the R-studio platform (Blaauw, 2010). The
constructed age-depth model has non-Bayesian,
linear interpolated age-depth iterations, which
were calculated at 95% Gaussian confidence
interval.
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Figure 3. a) Lithology and b) age-depth model of
studied core.

Sekil 3. a) Litoloji ve b) Calisilan karotunun derinlik-
yas modeli.

RESULTS

Down-core distribution of the physical and
chemical proxy data obtained from the Lake Aygir
sediments allowed us to distinguish specific periods
in terms of paleoclimatic records. In terms of
organic carbon and calcium carbonate distribution
in the studied core, a negative correlation exists.
The CaCO, distribution shows oscillation at depths
between 66 cm and 46 cm and the values tend to
increase with a seesaw pattern upward (r*: 0.16).
However, the CaCO, reaching the maximum value
0f'94.3% in the 42-44 cm sampling interval shows
a rapid decrease from this point to a depth of 34
cm and the amount of CaCO, decreases to 1.22%
(r*: 0.90). There is a regular increase in the amount
of CaCO, from 34-36 cm deep to the surface (r*:
0.80). Accordingly, the sampling level of 44 cm
clearly represents the onset of a strong arid period.
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The TOC concentration shows a progressive
decrease up to a depth of 38 cm from the surface,
beside an abnormal increase at near surface depth
(0-4 cm), associated with recent anthropogenic
inputs.

The oxygen and carbon isotope profiles also
show two major trends. From the bottom to the
sampling interval of 36-38 cm, the isotope curve
is slightly oscillating in keeping with the CaCO,
and the maximum and minimum values for 0"*C
are 5.31 %o and 4.72 %o (V-PDB), respectively.
From this depth, however, both values are 4.36 %o
and 3.49 %o (V-PDB). Similarly, the §'30 values
range from -0.72 %o to 0.12 %o (V- PDB) below
the sampling depth of 36 cm. From this depth,
the maximum and minimum values for 6'*O are
-0.1 %o and -1.51 %o (V- PDB), respectively. On
the other hand, 6"*C and 6'30 values demonstrate
a decreasing trend from bottom to top (r*=0.72
and 0.65, respectively). The tendency to decrease
towards the surface is more pronounced from a
depth of 40 cm.

The downcore distribution of proxy elements
is also indicative of climatic changes during the
deposition period. At the lowermost parts of the
core between 65 and 55 cm, the detrital proxies
(Rb, Zr, Ti, K, Fe) display a decreasing trend
in contrast to Ca and Sr (Figure 4). The organic
productivity can be established by correlating
Ca and Sr values as well as the organic carbon
distribution. At depths between 55-46 cm, detrital
proxies have a gentle positive anomaly whereas
Ca and Sr levels appear to be stable (Figure 4).
Organic content along with the Ca and Sr values
display a similar trend in the interval between 46-
35 cm. Detrital inputs are most likely decreasing
during this interval. The 35-30 cm interval shows
a critical change in terms of core geochemical
properties, where all detrital proxies start to
increase at this key level. In the rest of the core,
organic content proxies (Ca and Sr) exhibit a
stable trend. However, there is a considerable
growth in the amount of Fe, K, Ti, Rb and Zr in
this interval up to 5 cm. The uppermost part of the
core (5-0 cm) shows a decreasing trend in terms of
all geochemical proxies due to water saturation of
the upper sediments.
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Figure 4. Downcore chemical and isotope parameter distributions. Fe, Ti, organic carbon and calcium carbonate data

were obtained from Kiikrer (2018).

Sekil 4. Karot boyunca kimyasal ve izotop parametrelerinin dagilimi. Fe, Ti, organic karbon ve kalsiyum karbonat

verileri Kiikver. (2018) den alinmstir.
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According to the elemental distribution, a
normalization distribution (Mo/Al) have been
used in this study in order to detect the anoxia
(Kiikrer, 2018). In terms of anoxia, higher values
(up to 3-4) are very similar to the organic carbon
concentration and carbonate ratio. In-between 60-
50 c¢m, there is an increment of the Mo/Al ratio (up
to 3). Thus, the 45-35 cm interval also has higher
values (up to 3.5) (Kiikrer, 2018).

According to the age-depth model (Figure. 3),
the studied sediment core implies that two major
climatic records were perceived in the Northern
Hemisphere in the last ~450 years (Kiikrer, 2018).
One of the climatic records is the termination of
the Little Ice Age period (~30 cm) (termination at
~192 cal yrs BP). The upper part of the core is
represented by the Industrial Epoch, or the most
recent retreat of the glacial period (~192 cal yrs
BP to the present) (Figure 4).

DISCUSSION
Termination of LIA

Based on the age-depth model, the end of
LIA covers the time period from ~430 cal yrs
BP to ~192 cal yrs BP (covering the 16™ to
18" centuries). The end of LIA is presumably
represented by increasing detrital input; however,
termination of this event is generally detected by
low lithogenic elemental distribution in Europe
and Anatolia (Roberts et al., 2012; Kuzucuoglu et
al., 2011). The lithogenic component is produced
by the surrounding volcanic rocks (Late Pliocene
to Early Pleistocene basaltic lava flows; Sheth et
al., 2015). Therefore, especially up to 30 cm in
the study core, detrital elemental distribution has
lower values compared to the rest of the core. This
correlation effectively represents the accuracy
of the age-depth model, as well as the ICP-MS
results (Figure 4).

Similar observations have been detected
on Lake Nar (Jones et al., 2006; Touchan et
al., 2007) where the termination of LIA is well
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represented by dry conditions. Such consistency
is also documented in Lake Tecer (Kuniholm,
1990; White, 2011; Kuzucuoglu et al., 2011). This
climatic behaviour can be seen on detrital elemental
proxies. Their decreasing trend indicates the drier
conditions of Lake Aygir, which is surrounded by
volcanic rocks. Moreover, the lake is encircled by
steep mountains that cause sparse vegetation and
low biological diversity (Anonymous, 2017). The
fluctuations of the elemental profiles (66-30 cm)
are not caused by such effects (Figure 4). Moreover,
the termination of LIA has higher values of 6"°C,
which indicates lower vegetation in the vicinity.
Thus, these 8'*C values also support the inorganic
source of the organic content (Kuniholm, 1990;
McDermott, 2004; Fairchild et al., 2006).

Temperature fluctuations can be traced by
using 8'%0 values. This also provides a good
correlation between precipitation and evaporation.
Comparing the 6'*0 and 8"°C profiles, the oxygen
isotope has higher values during the termination of
LIA. These high values indicate drier and colder
conditions (Cronin, 1999; Leng and Marshall,
2004; Jones & Roberts, 2008; Goktiirk et al., 2011;
Ocakoglu et al., 2016). This is also supported by
the depleted elemental distribution of the studied
core (Figure 4).

Industrial Epoch

The second major period observed in the core,
at a depth of 31-0 cm, is the Industrial Epoch,
which was deposited between ~192 cal years
BP and recent times. Because the beginning of
the Industrial Revolution was around 1850, this
period has been previously documented as having
wet and warm characteristics. In the studied core,
we observed characteristic proxies in terms of
the geochemical aspects. Detrital parameters (Fe,
Ti, K, Zr, Rb) exhibit an increasing trend in this
period, displaying an enriched catchment area
in the lake region (Figure 2 & 4). Undoubtedly,
more profuse melting of the snow in the vicinity
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area provided more terrestrial input into the lake.
This is supported by the lower values of 6'*O and
d13C, suggesting an augmentation of precipitation.
Moreover, the retreat of the remaining glaciers
provided a more nurturing environment for human
productivity, which has caused the human-induced
greenhouse effect (Le Treut et al., 2007; Danladi
& Akger-On, 2018). Similar circumstances have
been seen in Anatolian lakes, showing warmer
climatic conditions (Kadioglu et al., 1997; Ulgen
et al., 2012; Tudryn et al., 2013; Danladi & Akger-
On 2018). During this period, the overflowing and
abundant detrital input prevented the preservation
of organic carbon in the lake. An extremely low
carbonate ratio indicates such a condition, along
with the Ca & Sr profiles (Figure 4).

CONCLUSION

Multi-proxy sedimentary records, including the
TOC, carbonate percentage, elemental distribution
of Zr, Rb, K, Ti, Ca, Sr and Fe, and the stable
isotopes of 8'*0 and 6'°C, were investigated in
order to provide the paleoclimatic history of the
last ~500 yrs of Lake Aygir on the East Anatolian
Plateau. A 66 cm-long sediment core was used to
evaluate the silty clay content, having a 0.16 cm/
yr sedimentation rate. Detrital elemental proxies
show relatively low values during the Little Ice
Age; however, the Industrial Epoch was identified
by the high detrital content and low & '*O and &
BC values. The LIA terminated at around ~192
cal yrs BP and the climate changed to the warmer
conditions of IE. It is crucial to conduct further core
recovery and geochemical analyses of Anatolian
lakes in order to be more informed about the older
climatic conditions that northeastern Anatolia
experienced.

GENISLETILMIS OZET

Gol tabaminda biriken sedimanlarin ¢oklu proksi
analizleri Holosen deki iklim degisiklikleri ve
buna bagl kaya ayrisma oranlart ile ayrigma
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sonucu agiga ¢ikan detritik unsurlarin  gol
tabanindaki ¢okelme hizi hakkinda c¢ikarimlar
yapilmasini saglar. Amaca gére gol tabanlarindan
alinan kisa veya uzun karotlarn fiziksel, kimyasal
ve biyolojik proksileri yagish veya kurak evreler
hakkinda 6nemli bilgiler vermektedir. Gole taginan
kirintilarin tane boyu dagilimlar, killi, karbonatl
ve tuzlu ara birimler igcerip icermemeleri, manyetik
duyarlik ozellikleri, pH ozellikleri, organik karbon
igerigi, toplam CaCO,igerigi, CaCO, polimorflart
yani kalsit-aragonit dagilimi, karbonatlarin izotop
kimyasi, iz element dagilimlari, fosil polenler
ve diatomlar ¢okelme evresi boyunca degisen
iklimsel ve cevresel kosullarin hassas arsivlerini
olustururlar.

Bu calismada Kars ili Susuz ilcesinde
Erzurum-Kars-Ardahan Platosu iizerinde yer
alan Aygwr Golii paleoiklimsel proksiler acisindan
ele alinmistir Maksimum 30 metre derinlige
sahip bir volkanik set gélii olan Aygir Golii 3,11
km uzunluga, 1,86 km genislige ve 4,02 km?
yiizolgtiimiine  sahip olup, deniz seviyesinden
2.131 m yiiksektedir. Gol ¢evresi agirlikli olarak
Ust Miyosen-Pliyosen volkanitler ve Pliyosen
andezitlerden olugur. Susuz meteoroloji istasyonu
verilerine gore sahada yillik ortalama sicaklik 4,9
°C, yullik toplam yagis ortalamast da 483 mm dir.
Yagislarin  biiyiik  kismi,  konveksiyonel hava

akimlarina bagl olarak yaz mevsiminde diiser.

Aygwr  Golii’'nden Kajak Sediment Karot
Ornekleyici kullanilarak alinan 66 cm uzunluk
sig karotta ¢oklu proksi verileri ile Kuzeydogu
Anadolu’da ozellikle Kiiciik Buzul Cagi
sonrasindaki iklimsel salimimlarin belirlenmesi

ve

amaglanmigtiv. 2 cm aralikla dilimlenerek ayrilan
33 ornekte tabandan yiizeye dogru CaCO, Zr, Rb,
K, Ti, Ca, Fe, toplam organik karbon (TOC), 6"*0O
ve 613C izotop degerlerinin dagilist belirlenmis ve
vas verileri AMS radyokarbon tarihlendirmelerine
gore degerlendirilmistir.

Elde edilen veriler goliin yaklasik son 500
yillik  ge¢misteki  paleoiklimsel tarihi ortaya
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koymaktadr. Siltli kil i¢erigine sahip karotta
sedimantasyon hizi 0,16 cm/yildw. Kiiciik Buz
Cagindaki  diisiik degerlerin  aksine, izleyen
endiistriyel donem  ¢okelleri  yiiksek  kirinti
icerigi ve diisiik 0"°0 ve 0°C degerleri ile temsil
edilir. Yas-derinlik modeline gére Kiigiik Buzul
Cagi’min sonu giintimiizden yaklasik 430 yil ile
192 yil éncesindeki zaman araligina (16. ila 18.
yiizyillar) karsilik gelmektedir. Kiigiik Buz Cagu,
giintimiizden yaklasik 192 yil once sona ermig
olmalidir ve hemen ardindan endiistriyel ¢agin
daha sicak kosullari egemen olmustur. Nemli
ve sicak olan bu donemde diisiik 6'°0 ve 63C
degerlerine karsin Fe, Ti, K, Zr, Rb degerlerindeki
artis egilimi bu donemdeki 1sinmayla birlikte
cevredeki kar ortiisiiniin daha hizli bir sekilde
erimesi ve yagistaki artis nedeniyle gole daha
fazla karasal girdisi ile ilgili olmalidir:
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Abstract: Abstract: Mineral exploration is the underlying theme of industry and discoveries because humans have
been exploring for minerals from the very beginning, based on their needs. This research aims to find promising
areas of iron ore mineralization in Chak-Chak Exploration area of Yazd province, Iran. The study’s range lies at
a latitude of 32-33 degrees north and a longitude of 54-55 degrees east. This study collected data using terrestrial
magnetometry at 6222 points in a 20 m x 10 m grid. Initially, these data were pre-processed, such as removing the
magnetic field effect of the Earth’s core. Subsequently, processes such as applying polarisation filters, trend surface
correction, upward and downward conversions, vertical derivatives and analytical signals on the terrestrial magnetic
data were performed. The Exploration range contains numerous peaks in the southwest and other summits in the
northeast, according to the research findings. These anomalies are consistent with igneous rock units (rhyolites) and
faults. Consequently, it may be stated that one of the most rapid and least costly methods of detecting iron anomalies
is terrestrial magnetism, which produces satisfactory results.

Keywords: Chak-Chak, iron, magnetic field, mineralization, terrestrial magnetism.

INTRODUCTION 1923) was the first to determine the location of
magnetic deposits with the help of changes in
the Earth’s magnetic field (Chelotti et al., 2009).
Along with growing demand in the metals market
and the increasing use of fossil fuels, geophysical
exploration methods, including magnetometry,
became very important. The reason for the
importance of the magnetometric method is that

the magnetometer can test a wide area at a lower

In recent years, many methods have been
used to explore for mineral deposits, by using
geochemistry, geophysics and remote sensing
(Shirazietal.,2018a & 2018c; Shirazyetal.,2021b,
2021c¢ & 2021e). One of the geophysical methods
in the exploration of deposits is the magnetometric
method (Khayer et al., 2021; Shirazy et al., 2021a
& 2021d), and it has been used for many years to

explore for economic minerals such as iron and
oil. Study of the Earth’s magnetic field has been
carried out since William Gilbert (1544-1603).
However, Johannes Diderik van der Waals (1837-

cost (Shirazy et al., 2020a, 2020b & 2021d; Tian
etal., 2010;).

The magnetometric method is used to identify
subsurface properties of the Earth from the point
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of view of magnetic field anomalies (Nabighian et
al., 2005; Shirazy et al., 2018a, 2018b & 2022).
These anomalies originate from the magnetic
properties of subsurface rock units. Although only
a limited number of rock forms have magnetic
properties, this limited number of minerals
with magnetic properties has led to significant
magnetic anomalies. Accordingly, magnetometry
has many applications (Khosravi et al., 2022; Liu
etal., 2017). This method has been used on a small
scale for engineering and archaeological studies
to identify metal objects, and on a large scale for
geological studies. Magnetic measurements can
be applied to the air, land and sea and have been
used in various fields (Edelstein, 2007; Khayer et
al., 2021).

In general, materials are divided into three
categories regarding their presence in the magnetic
field (Spaldin, 2010): diamagnetic, paramagnetic
and ferromagnetic. Diamagnetic = materials
have negative self-adhesion. Paramagnetic
materials have weak positive self-acceptance,
and ferromagnetic materials have solid and
positive self-acceptance. Iron oxides, which are
ferromagnetic minerals, are the main target of
magnetometric discoveries. Minerals with high
magnetic properties affect the Earth’s magnetic
field. Protons or caesium vapours are some of the
devices used to measure the Earth’s magnetic field
with nanotesla accuracy. The Earth’s magnetic
field is the sum of regional fields and local
anomalies. Induction magnetism is obtained in the
presence of a magnetic field according to Equation
(1) (Currenti et al., 2007):

J=KH (1)

In this sense, H refers to the magnetic field in
terms of'tesla, K represents the magnetic resistivity,
a unitless parameter, and J is the induction magnet
in ampere meters (Shirazi et al., 2018a & 2018b;
Shirazy et al., 2021b & 2021c).

The leading cause of magnetic anomalies in
rocks are dykes, faults, folds, sills, metamorphic
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fundamental rocks and magnetite deposit
masses. In general, all magnetic minerals lose
their magnetic properties at roughly 600 degrees
Celsius (Edelstein, 2007; Shirazy et al., 2020a &
2020b). About 90% of iron deposits comes from
sedimentary deposit types, and the 10% remaining
come from mafic, ultramafic and skarn igneous
deposits. In igneous rocks, the ratio of hematite
to magnetite is higher than other rocks and
therefore, it is easily recognized by the terrestrial
magnetometry method (Dobrin & Savit, 1988;
Doodran et al., 2020; Khakmardan et al., 2020).

In the exploration of mineral deposits,
magnetometry is often used as a direct
measurement. When magnetic measurements are
made directly for identifying magnetic minerals,
non-magnetic minerals are also detected (Abubakar
etal., 2015; Shirazy etal., 2021a, 2021b & 2021c¢).
With the help of advanced tools, it is possible
to measure very little of the magnetic field’s
magnitude in sedimentary rocks near the Earth’s
surface. The terrestrial magnetometric method is
a type of magnetometric method. The terrestrial
magnetometry is performed in small pre-defined
areas. The distance between the measuring points
in this method is between 10 and 100 meters.
However, in areas with strong magnetic gradients,
this distance is reduced. In order to apply the
terrestrial magnetometer method, proximity to
railways, cars, roads, fences, and anything else
that might affect the local magnetic field should
be avoided. Fluxgate and proton magnetometers
are among the devices used to measure the Earth’s
magnetic field. Because advanced magnetometers
do not require precise alignment, so a terrestrial
magnetometric operation is always much faster
than the gravimetry method (Minshull, 2003;
Shirazi et al., 2018b, & 2018c; Shirazy et al., 2019
&, 20214).

Due to the importance of the magnetometric
method in exploring for iron ore, the terrestrial
magnetometry method was used to determine
areas with iron anomalies in the area of Chak-
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Chak Exploration area in Yazd province in this
study. The study area is located to the north of
Chak-Chak Exploration area and the southwest
of Toot/Tut village. Access to the area consists
of a 67 km asphalt road from Ardakan city to
Toot village and then 8 km of dirt road between
this village and the study area. The coordinates
are between 250200 to 252400 m longitude and
3595300 to 3597000 m latitude, and the average
height is 1730 meters in the UTM system. Figure
1 shows the roadmap for access to the study area.
This study aims to find anomalous points and
investigate the mineralization potential in this
area using terrestrial magnetometric data. It is
projected that the search for iron anomalies will
continue throughout the exploratory stages.
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Figure 1. Geo-location of study area on Iran map.

GEOLOGY of the EXPLORATORY AREA

The study area is located in Yazd province, Iran,
around Chak-Chak Exploration area. Chak-Chak
Exploration area is located 47 km east of Ardakan.
The study area further covers new alluviums,
altered rhyolites, weathered feldspars, and a few
diabase outcrops. These rocks are mainly found
with oxidative impurities. Diabase extrusions
with iron oxide impurities and subvolcanic rocks
such as quartz monzonite can be seen in some
parts of the area. Andesitic tuffs and weathered
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rhyolites cover the vast area. Silica veins with low
to medium thickness are present in the western
regions of the area. The texture of the stones in the
area is microporphyry. In the region’s rocks, there
are metallic minerals such as pyrite, chalcopyrite,
hematite, iron hydroxide and titanium oxide
(Alahgholi et al., 2018; Company, 2018;
Khakmardan et al., 2018; Shirazi et al., 2018d). A
geological map of the exploratory area is shown
in Figure 2.
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Figure 2. Geological map of study area.

The study regions of the Exploration area
is located in the Ziroo Formation (Ghorbani,
2013b). Lithologically, this formation has
pyroclastic, volcanic and volcanoclastic rocks.
Based on stratigraphic observations, the age of
rock units in this range has been estimated as
Lower Precambrian. The study area is composed
of metamorphic volcanic and volcanoclastic
rocks to the extent of rhyolite and rhyolite tuff.
Metamorphic black clastic rocks are also observed
in the study area. Alluvial sediments in the form
of basins and old alluvial fans cover some parts of
the area. The age of alluvial sediments is within
the Quaternary era (Company, 2016; Ghorbani,
2013a; Shirazy et al., 2018a, 2018b & 2021b).

NETWORK GRID DESIGN

According to the tendancy of geological structures
in the area and previous studies, as well as some
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excavated trenches and the employer’s opinion,
the measurement grid network was designed with
a north-south profile, as can be seen in Figure
3. In this area, 6222 points in a network with
dimensions of 20 by 10 meters were measured by
Yaghoot Zafar Yazd Cooperative Company during
two stages in the author’s presence. A distance
of 20 meters between pick-up profiles and 10
meters between pick-up points was considered
appropriate for each profile. The reason for
choosing these dimensions for the selected grids
in the networks was the presence of small masses
of iron under the sediments, which were searched
using this network with maximum sensitivity.

Figure 3. Pick-up designed grid for magnetometric
data in study area.

This project’s magnetic data measurement was
conducted with a Proton Precession magnetometer
GSM-19T, the latest model of the company GEM
in Canada (Bao-xian, 2013). Unlike a fluxgate
magnetometer, these types of magnetometers can
only measure the magnitude of the Earth’s total
magnetic field. The cylindrical tank, which is
filled with a liquid saturated with hydrogen atoms
and wrapped around a coil, forms the sensitive
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part of the device. With its many advantages and
the use of proton precision technology, this device
has made many advances in Earth sciences. This
device has high precision selectivity in magnetic
anomaly separation with a magnetic resolution of
0.01 nanotesla.

Figure 4 shows the measurement network grid
in the Exploration area and a magnetic map of the
entire range. Data measurement was performed on
two different ranges. According to Figure 4, the
minimum magnetic field strength in one range
is 43362 nanotesla, and the maximum magnetic
field strength is 52801 nanotesla. The maximum
change in the magnetic field of the other range is
9439 nanotesla.

Figure 4. View of measurement grid in range with
magnetometric map of entire range.

DATA PREPROCESSING

Data processing was performed using Geosoft
Oasis montaj 6.4.2 software. The magnetic value
at the base station must be measured before each
reading to correct the magnetic data. In the next
step, the magnetometer is placed on the base point,
and another device does the daily reading of the
stations. After making the measurements, the data
is discharged from the device and forms databases
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in the software. This data is used to correct and
process the data.

The first step in preprocessing terrestrial
magnetometric data is the daily correction. Daily
changes have a periodicity and intermittently affect
phenomena, such as tides. The maximum range of
daily change effects is 50 nanotesla per day. These
changes can be eliminated in several ways. The
second preprocessing operation is latitude and
longitude correction. One of the critical points in
magnetometric data is that latitude and longitude
are not very effective in the measurement of data.
The vertical gradient of the total field varies from
an approximate maximum of 0.1 gamma per foot
at the Earth’s poles to a minimum of 0.005 gamma
per foot at the magnetic equator. The variation of
the magnetic field between the equator and the
poles is more than ten gamma. Therefore, there
is no need for magnetic corrections related to
latitude.

On the other hand, due to the location of
Iran, the magnetic changes along the geographical
longitude is negligible, and therefore, there is no
need to make this correction. Height correction
is the third preprocessing step on the terrestrial
magnetometric data. Topography can have a
significant effect on terrestrial magnetometric data.
This correction in the exploration of ferromagnetic
minerals, where the field changes are substantial,
is not required, but should be considered in
cases where small amounts of magnetic field
influence decisions. In this project, the amount of
the topographic effect on the magnetic data was
insignificant, so this correction was not performed.
Finally, the effect of the Earth’s magnetic field must
be normalized. To prepare magnetic field anomaly
maps, one must first calculate the effects of the
magnetic field on the Earth’s core by considering
the international geomagnetic reference field
(IGRF) values and subtracting them from the data.
The result of this operation is the residual values
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related to the anomalies in the Exploration area.
Then, in order to prepare the anomaly map, the
total magnetic field data of the range is networked.

The entire magnetic field map of the study
area after daily correction is presented in Figure 5.
In order to remove the Earth’s core magnetic field
effect, the IGRF effect was calculated and reduced
in the exploratory range where the magnetometric
data was collected. The IGRF effect map and
the entire magnetic field map of the study area,
after removing the IGRF effect, are presented
respectively in Figures 6 and 7. According to
Figure 7, the area has several maxima in the
southwest (anomalies A, B, C and D) and other
peaks in the northeast (anomalies E, F, G, H, and
I). These anomalies correspond to the igneous
rock units (rhyolites) and faults of the Exploration
area. A dipole is located in the central part of
the range, which is unreliable due to incomplete
data, and must be processed and interpreted after
measurement of the surrounding data (anomaly

Figure 5. Magnetometric field map of whole range
(TMI).



Ali Akbar AALI, Aref, Adel Shirazy Shayan KHAKMARDAN, Abbas MAGHSOUDI, Ardeshir HEZARKHANI

Figure 6. Map of magnetic field of whole Earth (IGRF
Effect) in the range.

Figure 7. Total magnetic field map of range after

removing IGRF effect.

Terrestrial Magnetometric Data Processing

After preparing the total magnetic field map of
the area, and after removing the IGRF effect, it
is necessary to perform the processing of this
data. The first step in processing data is to apply
a polarization filter. The polarisation filter or

164

converter transmits the magnetic field from a
magnetic latitude at which the Earth’s magnetic
field vector is inclined to the magnetic pole,
where the magnetic field is vertical. As a result of
applying this filter, the asymmetric shape of the
magnetic anomaly is converted to a symmetrical
shape concerning the source that creates it,
causing the anomaly to be correctly located on the
deposit mass and determining its slope. The map
obtained by applying the polarization filter on the
entire magnetic field map is presented in Figure 8
after removing the IGRF effect. According to the
map, besides the maxima and minima that can be
seen on the map, it can be said that anomalies A, B
and C have a slope to the north, anomaly D to the
northwest, and anomalies E, F, G, H and I have a
slope to the northeast.

The nature of magnetic anomalies is
bipolar and the origin of the anomaly is located
approximately in the middle of these two
poles. This phenomenon is one of the factors
complicating the interpretation of magnetic maps.
To solve this problem, a reduction to the pole filter
(RTP) is provided. At the North Pole, the magnetic
vector enters the Earth vertically, which causes the
positive pole to grow and be located just above
its originator, and the negative pole to decompose
and move to anomalous margins. Due to the
presence of the magnetic dipole, the anomalous
position with the maximum values cannot indicate
the position of the anomalous mass on the Earth’s
surface. For this purpose, the residual map was
reducted to the pole, taking into account the
deviation angle of 2.9 degrees and the inclination
angle of 50 degrees for this area.

Then, the surface trend filter was used. This
filter is used to obtain the remaining anomaly.
This method uses the fitting of polynomials with
different degrees on the measured data. The
principle of this filter is based on a surface that
has the best compliance with the measured values.
This level is considered as regional effects. The
remaining magnetic anomalies are obtained after
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subtracting these values from the observation
data. This filter was applied to the polarisation
magnetic field map. The residual anomaly maps
resulting from the trends (levels) in grades 1 to 3
are shown in Figures 9, 10 and 11.
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Figure 8. Total magnetic field map after applying
polarization filter.
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Figure 9. Residual anomaly maps resulting from
elimination of first-order surface trend.
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Figure 10. Remaining anomaly maps resulting from
elimination of quadratic surface trend.

Figure 11. Remaining anomaly maps resulting from
elimination of third-degree surface trend.

According to the resulting maps, which are
not very different and only the expansion of the
minima and maxima is slightly different, the area
anomalies can be adapted to the map resulting from
eliminating the first-order surface trend; because
it is more consistent with the rest of the results.
Therefore, this map can be used to interpret and
diagnose the remaining anomalies.



Ali Akbar AALI, Aref, Adel Shirazy Shayan KHAKMARDAN, Abbas MAGHSOUDI, Ardeshir HEZARKHANI

The first-degree surface trend map is in full
compliance with geological formations such as
lithology units and faults. Therefore, the first-
degree surface trend was used in the interpretation
and diagnosis of residual anomalies. Applying
the upward continuation filter is the next step in
the data processing. Separating local anomalies
from regional ones is one of the essential tasks
in processing and analyzing magnetic data. The
upward continuation process is a mathematical
transformation of the measured data that attenuates
anomalies with short wavelengths. In other words,
the upward continuation filter weakens the effect
of superficial anomalies. Therefore, it can be used
as a suitable tool to separate short-wavelength
local anomalies from long-wavelength regional
anomalies. In the upward continued filtration
method, it is essential to choose the optimal
height of the field; because a height less than the
optimal value causes the remaining effect of local
anomalies in the data, and in contrast, a height
higher than the optimal value causes a double
attenuation effect of regional anomalies in the
data. Upward continued filtration is applied to
the data of the Kahrang range for altitudes from
zero to 200 meters, with a step of 10 meters on
the polarisation map of the Kahrang range. Some
upward continued filtration maps are shown in

Figure 13. Upward extension of a) 90 meters, b) 200 meters, ¢) 300 meters.
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Figures 12 and 13. According to these maps, local
anomalies in this area are highly magnetic in the
centre of the range; they also show a low value in
the northeast and southwest of the area and can be
considered local anomalies.

According to the above figures, there are
not many changes in the exploration area of the
northeastern region, and when the change in height
is more than 90 meters, the anomalous effect of
the areas becomes more evident.
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Figure 12. Upward extension, 50 m.
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Then, a vertical derivative filter was applied.
The vertical derivative filter is one of the essential
tools in determining the edges of anomalies and
the boundaries of geological zones. This filter was
also applied to the polarisation magnetic field map.
Vertical derivative maps of the first and second-
order were also prepared. The second-order
derivative was omitted due to high noise. Figure
14 shows the vertical derivative of first-order.
As seen in the first-order vertical derivative map,
surface anomalies and noise levels are low, and
the range of anomalies is somewhat well defined
and their boundaries well defined. However, in the
second-order vertical derivative map, noise and
turbulence have increased, and it is impossible to
separate the anomalies.
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Figure 14. Map of applying first-order vertical
derivative filter on range data.

In the last step, an analytical signal filter
was applied to the data. This filter is entirely
independent of the rocks’ magnetization direction
and the Earth’s magnetic field. As a result,
each object with the same geometrical properties
has the same analytical signal. The peak of this
filter is usually located directly above the edge
of wide objects and above the centre of narrow
objects. As a result, the geometry of magnetic
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masses can be mainly understood with this filter.
This filter is applied to the polarisation magnetic
field map. The analytical signal map is shown in
Figure 15. As can be seen, the maximum values
on this map are seen in the northeast, southwest
and centre. By comparing the analytical signal
map with the polarisation filter map, it appears
that the anomalies F, G, H, and I are continuous
in the northeast.
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Figure 15. Map resulting from application of analytical
signal filters on regional data.

Based on the obtained shapes, it can be said
that the processing performed on the terrestrial
magnetometric data by the polarisation filters
method, surface trend filter, upward continuation,
vertical derivative, and analytical signal method
led to the discovery of anomalies A to I in the two
desired Exploration area. Due to the homogeneous
dipoles in the remaining magnetic map, iron
mineralization probability (possibility) in this
range is high. From the upward continuation
derivative on the magnetic map, the remaining
base anomalies were approximately identified.

CONCLUSION

This section summarises the results of the
conducted research in the study area:
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After removing the effect of IGRF in the
terrestrial magnetometric data, it was found that
the Exploration area has several peaks in the
southwestern and northeastern regions of the
range. These anomalies correspond to igneous
rock units (rhyolites) and faults in the area.

Applying a polarization filter on the terrestrial
magnetometric data determined that anomalies A,
B and C slope in the northern direction and anomaly
D in the northwest direction. The anomalies E, F,
G and H, and H and I, slope to the northeast.

Applying an analytical signal filter on the
terrestrial magnetometric data determined that
the anomalies F, G, H, and I are continuous in the
northeast.

Applying the upward continuation filter on
the terrestrial magnetometric data determined that
the anomalies are concentrated in the centre part
of the area. In the northeast and southwest part, the
area of anomalies is local.

According to the geological map of the area
and the anomalies identified in the reduction to
the pole (RTP) map, a close relationship between
mineralization and faults can be found in the
northeast of the area. Also, the relationship between
lithology units and the occurrence of magnetite
vein samples on the surface has been interpreted,
and anomalies identified in the southwest of the
area.
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Oz: Goller, polen analizlerinin ve paleoiklim arastirmalarmin ideal olarak yapilabildigi, organik malzeme bakimindan
zengin ¢okeller icermektedir. Birgok organizmaya yasam alani sunan goller, polenlerin en iyi korunabildigi ortamlardir
ve gol cokelleri, iklimsel ve ortamsal degisimlerin korundugu bir arsiv 6zelligi sunmaktadir.Polen analizlerine
dayali palacoiklim rokonstritksiyonu yapmak i¢in, ¢caligma alaninin jeolojik, biyolojik ve arkeolojik agidan detayli
bir sekilde arastirilmasi gerekmektedir. Bu ¢alismanin amaci, polen analizi iizerinden paleoklim rokonstriksiiyonu
yapmak isteyen arastirmacilara metodolojik bir perspektif sunmaktir. Caligma kapsaminda Onerilen yontem ile
paleoiklim caligmalarinda, bdlgenin jeolojik yapisi, volkanik aktivitesi, arkeolojik gecmisi ve g6l tabaninin yapisal
unsurlarmin polen diyagramlarindaki degisimlere olan etkileri ayrintili olarak anlatilmistir.

Bu amag dogrultusunda, bugiine kadar, birbirine yakin mesafeli géllerde (Dogu Anadolu platosu yiiksek rakim golleri)
ve Van GOli’niin taragalarinda yapilan ¢aligmalardan elde edilen veriler bu farkliligin ortaya konmasi agisindan
volkanik aktivite, insan etkisi, ¢okel hiz1 ve gdl tabaninin yapisal dzellikleri basliklart altinda irdelenmistir. Elde
edilen sonuglara gore, paleoiklim rokonstriksiiyonu yapmadan dnce, 6ncelikli olarak;istif paketlerinin tanimlanmasi,
yerel bitkisel degisimler ve giincel flora, gol tabaninin yapisal unsurlari, insan etkisi ve volkanizma ayr1 basliklar
halinde arastirilmalidir.

Anahtar Kelimeler: Dogu Anadolu, Insan etkisi, Paleoiklim rokonstriksiiyonu, Polen analizi, Van Golii.

Abstract: Lakes contain sediments rich in organic material where pollen analysis and palaeoclimate studies can
ideally be carried out. Lakes provide a habitat for many organisms, where the pollen grains are best preserved, and
lake sediments also offer an archive where climatic and environmental changes are preserved. In order to make
a palaeoclimatic reconstruction based on pollen analysis, the study area needs to be investigated in detail from a
geological, biological, and archaeological point of view. This study aims to present a methodological perspective to
researchers who want to conduct paleoclimate reconstruction through pollen analysis. The geological structure of
the region, its volcanic activity, archaeological history and the effects of the structural elements of the lake floor on
the changes in the pollen diagrams are described in detail by the proposed method of this study .

For this purpose, the data from studies carried out in the lakes at a close distance to each other (Eastern Anatolian
plateau high altitude lakes) and the terrace deposits of Lake Van were examined under the headings of volcanic
activity, human impact, sedimentation ratio and structural characteristics of the lake floor to reveal the differences.
According to the results, before performing a paleoclimate reconstruction,identification of the deposit packages,
local vegetative changes and current flora, the structural elements of the lake floor, human impact and volcanism
should be investigated first of all under separate headings.

Keywords: Eastern Anatolia, Human impact, Lake Van, Palaeoclimate reconstruction, Pollen analysis.
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GIRIS

Polen analizine dayali paleoiklim
rokonstriksiiyonu, diinyada ¢ok yaygin olarak
yapilmakta, tilkemizde de 6zellikle son yillarda
artarak yogunlasmistir (van Zeist ve Woldring,
1978; Wick vd., 2003; Litt vd., 2009, 2014;
Kaplan , 2010; Ulgen vd., 2012; Karlioglu Kilig
vd., 2018; Kamar, 2018a; Kamar, 2018b; Biltekin,
2018; Biltekin vd., 2018; Karlioglu Kili¢ vd.,
2018; Karlioglu Kili¢ ve Ersin, 2019; Ocakoglu ve
Akkiraz, 2019; Biltekin vd., 2021; Kamar, 2021;
Akkiraz vd., 2022). Holosen’de olusan ¢okeller
iizerinde de aragtirma imkani saglamast ile birlikte,
g0l ¢okelleri Kuvaterner iklim degisimlerinin
belirlenebilmesi i¢in 6nemli bir iklimsel argiv
niteligindedir. izotop analizlerine gore daha
diisiik maliyetli olmasi nedeniyle, paleoiklim
calismalarinda tercih edilen ilk parametre olmasi
bakimindan da 6nemlidir. Van G6lii’niin derin karot
ornekleri (Litt vd., 2014; Pickarski vd., 2015) ve
Urmia (Iran) Golii’nden (Djamali vd., 2008) elde
edilen polen diyagramlari sonuglarina gore, bolge
bir¢ok buzul ve buzul-arasi donem kayitlarini gol
cokellerinde saklamaktadir. Kuvaterner buzul
ve buzul-arasi donemleri, AP (arboreal (odunsu)
polen) ve NAP (non-arboreal (odunsu olmayan)
polen) polen yiizdelerinin ¢evrimsel olarak artig
ve azaliglar1 ile karakterize edilmektedir (Litt
vd., 2014). Van Golii polen diyagrami sonuglari,
durayli oksijen izotoplari ile desteklenmis ve belli
AP/NAP degisimleri ile denizel izotop egrileri
degisimlerinin uyumlu oldugu belirtilmistir (Litt
vd., 2014).

Bu calismanin amaci, polen analizleri
ile paleoiklim rokonstriksiyonu yapmak igin
izlenecek yol haritasinin ¢izilmesi, hem jeolog
ve Ozellikle hem de jeolog olmayan ancak polen
analizi iizerinden paleoklim rokonstriksiiyonlarini
yorumlamak isteyen aragtirmacilara, ydntem
bakimindan metodolojik bir yaklagim sunmaktir.
Bu yaklagimla, volkanizma, sedimantasyon
ve stratigrafinin, polen diyagramlarin1 dogru

yorumlayabilmek  i¢in onemine dikkat
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¢ekmektir. Bu kapsamda, kiiresel olgekli iklim
degisikliklerinin  kayitlarini, gdl ¢okellerinde
ararken, bdolgenin genel jeolojisi, volkanizma,
bitki ortiistindeki yerel degisimler, insan etkisi ve
g0l tabanlarindaki yapisal unsularin (fay, bindirme
vb. gibi) polen diyagramlarindaki degisimlerle
beraber nasil yorumlanacaginin ve iklimsel yorum
yapmadan 6nce belirlenmesi ve dikkat edilmesi
gerekli konu bagliklarinin ortaya konmasidir.

CALISMA ALANI

Bu bolimde c¢alisma alaninin jeolojik evrimi,
bitki ortiisii ve iklim bilgisi verilmistir. Ydntemde
belirlenen konu basliklari, volkanlarla ¢evrili bir
arazide bulunan yiiksek rakim gollerinden (Sekil
1A) bugiine kadar elde edilen veriler 1s1ginda
gelistirilmistir. bu ¢ikarimlarin
yapilarak yontemsel yaklasimin gelistirildigi alan
tiim 6zellikleriyle tanitilmastir.

Dogu Anadolu Platosu, Anadolu ve
Arap kitalarinin Bitlis Kenet Kusagi boyunca
carpismast ile orta Miyosen’de, Tirkiye’de
baslayan Neotektonik donem sonrasinda (Sengor
ve Kidd 1979) yiikselerek olusmustur. Yaklagik
12-13 milyon yil (Serravaliyen) dnce Arabistan
ve Avrasya levhalarmin carpigmast sonucunda
deniz seviyesinden 2 km yiikseklikte, yaklasik
150.000 km? genislikte bir plato ortaya ¢ikmustir
(Sengdr ve Kidd, 1979; Keskin, 2007; Sengdr vd.,
2008). Dogu Anadolu bu ¢arpismanin sonucunda
ylikselmistir ve bu ylikselme halen devam
etmektedir (Sengdr ve Kidd, 1979; Sengor vd.,
2008).Dogu Anadolu platosunda irili ufakli golleri
barindiran Van Goli Havzasi, volkano-sedimanter
ve ofiyolitik birimleri barmmdirmaktadir. Van
GoOli'nlin bati, kuzey ve kuzeybati boliimleri
agirlikli  olarak Nemrut, Siiphan, Tendiirek,
Etriisk ve Girekol volkanlarina ait volkanik ve
volkanoklastik kayaclar ile ortiilidir (Keskin,
2003; Ozdemir vd., 2006; Oyan vd., 2007; Sengor
vd., 2008). Goliin gliney kisminda, Bitlis Masifine
ait metamorfikler yer almaktadir (Yilmaz, 1971;

Bu nedenle
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Sengiin, 1984, Gonciioglu ve Turhan, 1985; Oyan,
2004), dogu kisimda ise ofiyolitik melanj ve
sedimanter kayaglar bulunmaktadir (Acarlar vd.,
1991; Kempe vd., 2002; Uner, 2003, (Sekil 1B).

DoguAnadolu Platosu’nun, iklimini etkileyen,
farkl1 basing sistemleri ve hava kiitlelerinin etkisi
altinda yer alan ve iklimsel degisimlerden ¢abuk
etkilenen bir lokasyonda bulunmaktadir (Sekil
2A) (Akgar ve Schliichter, 2005). Tirkiye’de
karasal iklim, Akdeniz iklimi, Marmara (gegis)
iklimi ve Karadeniz iklimi tipleri ayirt edilmistir
(Sekil 2B) (Atalay, 1997). Dogu Anadolu ise
kis mevsiminin soguk ve uzun, yaz mevsiminin
ise serin gectigi, diisiik rakimli alanlarda ise yaz
mevsiminde sicakligin yiiksek oldugu karasal bir
iklime sahiptir.

Dogu Anadolu bolgesinin kuzeydogu kesiminde
Pinus sylvestris ormanlar1 (Kars’da bulunan
Allahuekber daglar)
yamagclarinda,1500 m’den 2800 m’ya kadar olan
kesimlerinde yayilim gdstermektedir. Bu ormana

kuzey ve kuzeybati

diisiik oranda Populus tremula, Rubus ideaus,
Rosa pulverulanta, Acer platanoidesve Salix
caprea gibi aga¢ ve cali formunda bazi tiirler
eslik etmektedir. Dogu Anadolu’da Quercus
(Quercus robur, Q. infectoria, Q. petraea, Q.
libani, Q. brantii) mese ormanlar1 genis yayilim
alanina sahiptir. Nemrut Dagi’'nda 1600-1700
m yiikseklikler arasinda Quercus robur yayilis
gostermektedir. Dogu Anadolu bolgesinde mese
ormanlarinin yani sira Betula pendula (Avrupa-
Sibirya elementi) ormanlar1 Nemrut Dagi’nda,
Agri, Kop ve Bingol daglarinda yayilim
gostermektedir. Bu orman Ortiisiiniin yani sira
Dogu Anadolu bolgesinde ¢ali ve step vejetasyonu
da yaygindir.. Ova steplerinde Limonium meyeri,
Tamarix parviflora, Carex divisia, Typha latifolia,
Salix alba, Hippophae rhamnoides, Plantago
lanceolata, Prunella vulgaris, Polygonum bistorta,
Ephedra distachia, Ephedra major gibi bitkiler yer

almaktadir. Dag steplerinde ise 2600-2700 m’ye
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kadar Acantholimon kotschyi, Artemisia tauriaca,
Centaurea virgata gibi tiirler yer bulunur. Vadi
kenarlarinda 1300-2200 m yiiksekliklerde Rumex
scutatus ile Centranthus longiflorus topluluklart
genis yayilima sahiptir (Tatli, 2004). Caligma
alanini c¢evreleyen alanlar iseDogu Anadolu mese
ormani, Dogu Anadolu ova bozkiri, Dogu Anadolu
yliksek dag bozkiri, Dogu Anadolu yiiksek dag
cayir1 ve Dogu Anadolu dag bozkin fitocografik
alanlart ile ¢evrilidir (Sekil 2C) (Eken vd., 2006).

MATERYAL ve YONTEM

Bu ¢aligma kapsaminda, Van GSlii’niin Yumrutepe,
Cicekli, Zeve, Cezaevi ve Tatvan’da bulunan
taragalarindan el Ornekleri (Sekil 3) ve Nazik,
Aygir, Ergek ve Arin gollerinden gravite karotiyer
ile alinan karot Ornekleri incelenmistir (Sekil 4).
Alman orneklerin lokasyon, su derinligi, calisilan
ornek sayis1 ve drnek alma yontemi Cizelge 1° de
Ozetlenmektedir.

Ornekler,

yapilmadan dnce, elde edilen polen diyagramlarini

iklimsel degerlendirmeleri

dogru yorumlayabilmek i¢in asama asama
belli konu basliklarinda; litolojik, stratigrafik,
sedimantolojik ve palinolojik olarak incelenmistir.
Orneklerin igerdigi tefra seviyelerinden dolayz,
bolgenin volkanik aktivitesinin bitki Ortiisiine
etkisi, polen tasmimi, bodlgedeki insan etkisi
icin bolgenin arkeolojik gee¢misi ve bunlarin
polen diyagramlartyla uyumu basliklar1 altinda
irdelenmistir.

Ornekler, incelenmek iizere  standart
palinlojik 6mek hazirlama yontemine gore
hazirlanmistir (Ediger, 1986). Yapilan inceleme ve
arazi ¢alismalari sonuglarindan elde edilen veriler
1s1ginda oncelikli olarak volkanik arazilerde ve
arkeolojik yerlesim alanlarina yakin yerlerde
bulunan goller i¢in, bir yontem yaklagimi yapilmis

ve yeni bulgular elde edilmistir.
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Sekil 1. A) Calisma alani, B) Calisma alaninin jeoloji haritasi (Alan vd., 2011°den alinmustir).
Figure 1. A) Study area. B) Geological map of study area (taken from Alan et al., 2011).
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Sekil 2. A)Van Gélii havzasi ve Polar On Jet (PF]), Alt

: ot // Tropikal Jet (STJ) ve IntertropikalKonverjans Zonu

A Py (ITCZ)’nin Akdeniz Bolgesi’nde kis ve yaz aylarindaki
% el ortalama konumlari ve sematik olarak konumlandirilmis
mT_\b._,—////' T"‘EM‘"&“; i Dogu Akdeniz Bélgesi'nde iklimi etkileyen algak

o e - basing ve yiiksek basing sistemleri (cP; karasal soguk
o / hava kiitlesi (continental polar air masses), mP; denizel
ke B Sopaeri S /J soguk hava kiitlesi (marine polar air masses), mT,
\\-.\_ﬁ_ﬁ Sni,m o /’/ M”\:‘/f"/"/ denizel sicak hava kiitlesi (marine tropical air masses),
- o /" wism cT; karasal sicak hava kiitlesi (continental tropical air
““““““ o /,:/ s masses) (Akcar ve Schliichter, 2005 ve Litt vd.,
2 — — L 2009°dan alinmustir), B) Tiirkiye nin iklim bolgeleri
(Atalay, 1997°den almmuistir), C) Calisma alani ve

cevresinin giincel bitki Ortiisii haritast (Eken vd.,
2006’dan alinmuistir).

Figure 2. A) Lake Van Basin and Polar Front Jet (PFJ),
Subtropical Jet (STJ), Intertropical Convergence Zone

(ITCZ) in winter and summer in Mediterranean Region,
= v s and High-Pressure System that influences the climate of
 —— P Eastern Mediterranean Region. cP: Continental Polar

Air Mass; mP: Marine Polar Air Mass;, mT: Marine
Tropical Air Mass, cT: Continental Tropical Air Mass
et (taken from Akcar and Schliichter, 2005 and Litt et al.,
b ke 2009). B) Climatic zones of Turkey (taken from Atalay,
e 1997). C) Recent vegetation map of study site and
P —— surroundings (taken from Eken et al., 2006).
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Cizelge 1. Calisilan alanlarin ad1, 6rnek alma yontemi ve incelenen 6rnek sayisi
Table 1. Name of studied site, sampling method, water depth and length of deposit, and number of samples examined.

Karot/lokasyon Ornek alma Su Derinligi- .
. . e - Ornek sayisi
adi yontemi Istif uzunlugu

I . . 8 ornek

N11 (Nazik Golii) Gravite karotiyer 9 metre (55 cm karot uzunlugu)
R, . . 8 drnek

A4 (Arin GOlii) Gravite karotiyer 2 metre (40 cm karot uzunlugu)
- . . 9 ornek

A6 (Aygir Golii) Gravite karotiyer 12 metre (60 cm karot uzunlugu)
s . . 16 6rnek

E12 (Ergek Golii) Gravite karotiyer 32 metre (132 em karot uzunlugu)
Yumrutepe El 6rnegi 4 metre 72 drnek
Zeve El 6rnegi 2 metre 10 6rnek
Cezaevi El 6rnegi 2 metre 5 6rnek
Cigekli El 6rnegi 5 metre 10 6rnek
Tatvan El 6rnegi 4 metre 20 drnek
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SONUCLAR ve TARTISMA
Litoloji ve Stratigrafi

Bu c¢alismada kapsaminda, incelenen karotlar
ve taraca istifleri gol ¢okellerine aittir.Cigekli,
Yumrutepe, Zeve, Tatvan ve Cezaevi bolgelerinde
bulunan taragalara ait istiflerde yapilan ¢caligsmalara
gore, altta derin gol ¢okelleri ile baglayarak iiste
dogrusig gol ¢okellerine gecis yapan istifler
tanimlanmistir. Bu taracalarin alt boliimlerinde yer
alan laminali ritmik sedimanlar palinolojik ¢aligma
icin uygun bir litolojik goriintli sunmaktadir
ve istiflerin bu ritmik laminali kil ve kil silt
ardisimli  kismlar1 6rneklenmis ve palinolojik
olarak incelenmistir (Sekil 3). Yumrutepe
lokasyonundan 72 6rnek, Cicekli lokasyonundan
10 6rnek, Zeve lokasyonundan 10 6rnek, Cezaevi
lokasyonundan 5 o6rnek, Tatvan lokasyonundan
20 ornek incelenmistir. Inceleme sonuglarina
gore, Yumrutepe lokasyonunda Grneklerin
hicbirinde herhangi bir organizma kalintisina
rastlanmamistir  (polen, alg, fitolit, mantar
sporu vb. gibi). Cicekli lokasyonundan alinan
orneklerden hazirlanan kesitlerde, bir kesit icinde
birka¢ tane polen ve organik malzeme kalintisi
bulunmustur ancak bu icerik palinolojik bir
analiz yapmaya yetersiz oldugundan bu ornekler
de palinolojik olarak incelenememistir. Benzer
sekilde Zeve, Cezaevi ve Tatvan lokasyonlarindan
alman Orneklerde de sayica az polen tanimlanmis
ancak  sayimigergeklestirilememistir. ~ Taraca
orneklerinde  birka¢ tane bulunan polen
tanelerinin, ¢okel icerisinde baska bir birimden
taginarak  gelmis  olabildigi  diigiiniilmiistiir
(sebebini yaziniz). Van Golii taragalarina ait bu
lokasyonlardaki istifler, litolojik olarak palinolojik
calismaya ¢ok uygun olsa da, ¢okelme kosullari
fosillesmesine uygun olmamis olabilir. Ya da, bu
istiflerde fosillesen polenler daha sonra maruz
kaldiklar1 ¢evresel kosullar nedeniyle yok olmus
olabilirler. Taraca ¢okellerinden alinan 6rneklerin
inceleme sonucuna gore, palinolojik ¢alismalarin
ideal olarak yapilabildigi gol ¢okellerinde, litoloji
uygun olmasma ragmen, palinolojik calisma
yapmamiza uygun miktarda ve igerikte palinomorf
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fosillesmemis olabilir. Bu nedenle, litolojisi
uygun olsa dahi, mostralarda calisirken, istifi
temsil eden noktalardan seyrek olarak 6rnekleme
yaparak, Once palinomorf igeriginin kontrol
edilmesi ve daha sonra palinolojik calismaya
uygun ise ayrintili 6rnekleme yapilarak ¢aligilmast
onerilmektedir. Istifin litolojisi ve stratigrafik
Ozelliklerinin uygun olmasi palinolojik ¢aligma
yapmaya uygun oldugunu gostermemektedir.

Sekil 3. A1 ve A2) Cicekli lokasyonu, B1 ve B2)
Yumrutepe lokasyonu, C1 ve C2) Tatvan lokasyonu.

Figure 3. Close-up details from three locations: Al
& A2) Cicekli; B & B2) Yumrutepe, and C1 & C2)
Tatvan.
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Karot 6rneklerinin bazilari da taraga 6rnekleri
gibi ritmik laminali tortul icermektedir. Arin
Goli A4 karotu piroklastik malzeme, kum ve
ince c¢akilli seviyeler icermektedir. Aygir Golii
A8 karotu, acik koyu renkli tabakalar, Kkilli,
karbonatli ve piroklastik malzeme igeren seviyeler
barindirmaktadir. Nazik Golii N6 karotu masif
kahverengi renkte ve tane boyunda herhangi
bir yapt icermeyen gdl camuru igermektedir.
Ergek 12 karotu ise, tiim karot boyunca ritmik
laminalitortullar yer almakatdirr (Sekil 4).

Van Goli Havzasi’ndaki goller, mevsimsel
¢Okelmeye bagli ritmik laminali tortullar, volkanik
aktivitenin yogun oldugu bolgelerde diisiis veya
yeniden islenmis tefra ¢okelleri, derecelenme
gosteren ¢okeller, kayma gogme ¢okelleri,
tiirbiditik ¢okeller, fosilli seviye gibi farkli ¢okel
paketleri icermektedir. Ancak bu c¢alisma ile

elde edilen bulgulara gore, gol tabaninda farkl
alanlardan alinan karot rneklerinde gol tabaninda
¢Okelmis malzemenin tamamen farkli litolojide ve
stratigrafik dizilimde oldugu belirlenmistir. Van
Goli Havzasi’nda yer alangdllerin bazilarinda,
yukarida sayilan litolojik istif paketlerinin timii
(Van Goli) (Kaplan 2010), bazilarinda laminali
ritmik sedimantasyon ve tabaklanma (Ercek
G., Arin G.) (Kamar, 2018a, Kamar, 2021)
ve bazilarinda da tamamen ayni goriintiide ve
renkte ¢okel icerdigi (Nazik G.) (Kamar, 2018b)
belirlenmistir. Bu c¢alismada incelenen karot
ornekleri, onceki c¢alismalar (Kaplan, 2013;
Kamar, 2018a; Kamar, 2018b; Oner, 2019;
Kamar, 2021) ile litolojik ve stratigrafik olarak
karsilagtirilmistir. Karsilagtirma sonuglarina gore,
bu calismada elde edilen litolojik ve stratigrafik
bulgular 6nceki calismalar ile uyumlu degildir.
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Sekil 4. Nazik, Ercek, Aygir ve Arin gollerine ait karot ornekleri ve karotlarda gdzlenen masif ¢okel, ritmik

laminalanma ve tefra ¢okelleri.

Figure 4. Core samples from Nazik, Ercek, Aygir and Arin lakes. Massif deposits, rhythmic lamination and tephra

deposits are observed in the core samples.
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Birbirine yakin mesafede konumlanmig
olmalarma ragmen, jeolojik olarak farkli birimlerle
cevrili olmalar1 ve malzeme taginmasini saglayan
beslenme havzalarmin farkliligi bu istiflerin farkl
olmasmiasonuglamistir. Aygir golii ¢okellerinde
yapilan c¢aligmaya gore karot Orneginin birkag
cm’lik kisminin yaklasik olarak 16000 yasina
karsihk geldigi belirlenmistir (Oner, 2019).
Istif paketleri, ¢okel hiz1 farkliliklar1 nedeniyle,
farkl yaslara erisebilmektedir. Bu nedenle, farkli
yerlerden Ornekleme yapmak ve miimkiin ise
sismik arastirma yaparak, onun sonucuna gore
ornek alinacak yerin belirlenmesi en ideal olandir.
Bu sekilde daha yash cokellere ulasma olanagi
bulunmaktadir.

Polen analizi yapilacak istifte, ayrica bu
verilerin desteklenmesi igin, izotop analizleri ve
jeokimyasal analizlerin yapilmasi tiim verilerin
birlikte degerlendirilmesiyle birlikte, antropojenik
etkinin oldugu siireclerde iklimsel veriye ulagmay1
daha da kolaylastiracaktir. Bunun i¢in, 6rneklerde
durayli oksijen izotoplarinin (3'0) degisimleri,
elementel analiz sonuglar1 ve polen diyagramlari
beraber degerlendirilmesi 6zellikle paleoiklim
degisimlerinin tespit edilmesi ve gol kimyasi
hakkinda daha yiiksek ¢Oziiniirliikli veriye
ulagmay1 saglar. Durayli oksijen izotopu degerleri
ile polen diyagraminin AP ve NAP degerlerinin
uyumlu oldugu belirtilmistir (Litt vd., 2009).

Goél  Tabanimn Ozellikleri

Sedimantasyon Hizi

Yapisal ve

Bu c¢aligmadan elde edilen verilere gore, birbirine
yakin mesafelerden alinan karot orneklerinde,
g0l tabaninin yapisal Ozellikleri ve ¢okelme
hizlarmin farkli olmasindan kaynakli olarak,
farkli istif paketleri ¢okelmistir. Bu c¢alismada
incelenen Arin 4 karotu ile 6nceki caligsmalar
(Kamar, 2018a) karsilastirilmig ancak litolojik
olarak bir benzerlik tanimlanmamistir. Bu ¢aligma
ve Onceki caligmalara gore, Aygir Golii'nden
elde edilen verilerde, karotlarda tanimlanan tefra
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seviyesi farkli seviyelerde tespit edilmistir ya
da bazi1 karotlarda tanimlanmamistir. Ercek ve
Nazik Goli orneklerinde ise, onceki galigmalarla
karsilastirildiginda (Kamar, 2018b; Kamar, 2021),
karotun litolojik icerigi benzerdir ancak polen
diyagramlari arasinda farklilik vardir,

Gol tabaninin yapisal ozellikleri de, ayni
golde farkli alanlardan alinmis istif paketlerinin
korele edilememesine ve farkli yas araliklarinda
istif paketleri iceren ¢okellerden 6rnek alinmasina
neden olabilmektedir. Anadolu ve Arabistan
plakalarinin  ¢arpismasindan sonra baglayan
siire¢ bolgede birgok fay sisteminin olugmasina
da neden olmustur. Faylar gdl tabanlarinda da
olusarak, tabandaki ¢okellerin ilksel konumlarini
kaybetmesine neden olmaktadirlar. Ideal olan,
g0l tabanlarinda jeofizik arastirmalar yaparak,
g0l tabanmin yapisal 6zellikleri hakkinda fikir
sahibi olduktan sonra 6rnek almaktir. Ancak bu
calismalari yapma imkaninin olmadigi durumlarda,
g0l taban1 miimkiin oldugunca ¢ok 6rneklenerek,
normal-ters fay zonlarindan ornekleme yapmak
thtimalini distiriilebilir.

Bu calismadan elde edilen sonuglara gore,
s1g ve kiiclik gollerde calisirken , gol tabaninda
birbirine yakin mesafelerde farkli ¢okel paketlere
ulasma olasiligi bulunmaktadir. Ulasilan sonuglar
bu istif paketlerinde polen diyagramlarinda
da gorece farkliliklar olabilecegini c¢okelmede
kesiklikler olabilecegini gostermistir (Kamar,
2021). Bu nedenle paleoiklim amagcli caligma
yapmak tizere gol tabaninin farkli su derinlikleri
ve farkli alanlarindan 6rnekleme yapmanin yiiksek
¢coziinlrlikli veriye ulagmayr kolaylastiracag
belirlenmistir.

GOl arastirmalarina yeni baglayan bilim
insanlari, gol tabanindan o6rnekleme yapildig
anda, ¢okelmis en geng malzemeye ulasacaklarini
ve gol tabanindaki malzemenin ilksel konumunu
korudugunu diisiiniiyor olabilirler. Ancak, gol
tabaninda depolanan tortullar, fay olusumlari,

jeotermal etkiler, magmatizma vb. etkiler
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nedeniyle ilksel konumda olmayabilir. Ornegin,
gol tabaninda meydana gelen normal bir fay
olusumunun, taban blogundan 6rnek alindiginda,
tavan blogunda (asag1 dogru hareket eden blok)
cokelmis en gen¢ malzemeyi karot Orneginde
gormek miimkiin degildir. Bdyle bir durumda,
farkl1 yerlerden almmis karot Orneklerinin
birkaginin ¢alisilmas1 gerekmektedir. Karotlart
olusturan istifler arasinda litolojik olarak
uyumsuzluk goézlenmese dahi (6rnegin; ritmik
sedimantasyonun devamli oldugu iki farkli karot
Oornegi) polen analizi sonuglar1 farkli olacaktir.
Elde edilen verilere gore, bu ¢alismanin yapildigi
alanlar gibi, fayli gol tabanlarinda ya da birgok fay
sisteminin arasinda yer alan gollerde, paleoiklim
aragtirmast  yapmak icin farkli alanlardan
alinan karot Orneklerinin polen diyagramlarinin
hazirlanmasi 6nerilmektedir.

Karot ornekleri alinirken, karot uzunluguna
da bagli olarak,¢okellerin birkag yiliz ya da birkag
bin yila ulasabilecegi Ongoriiliir. Ancak bu her
g0l sistemi i¢in farklilik gostermektedir. Aygir
Golii'nde yapilan c¢alismaya gore, bir metreye
ulagsmayan istifte radyokarbon tarihlendirmesine
gore 10000 yili agkin istif paketine erisilmistir
(Oner, 2019). Benzer sekilde sedimantasyon
hizinin yiliksek oldugu alanlarda metrelerce istif
birkag yiiz yilda ¢okelmis olabilir. Sedimantasyon
hizi, ayn1 gol igerisinde farkli su derinliklerinde ve
farkli alanlarda da cesitlilik gostermektedir. Tortul
¢okelme hizini tespit edemedigimizigin, goliin
muhtelif su derinliklerinden ve farkli alanlarindan
ornekleme yapmak c¢okel hizinin yavas oldugu
yasli birimlere ulagmay1 kolaylastirir. Gliniimiizde
¢cokel hizi bazi izotop analizleri ile (*'°Pb ve
¥7Cs) belirlenebilmektedir. Ancak bu izotoplarin
yarilanma dmiirlerinden dolayi, karotun sadece iist
seviyelerinde Olgiilebilir olusu, alt seviyelerdeki
sedimantasyon hizinin tiim istif boyunca ayni
olup olmadigibilinemez. Bu nedenle ,miimkiin
oldugunca sik aralikli en uygun yaslandirma
analizi ile bir yas modeli olusturmak daha dogru
veriye ulagmay1 saglayacaktir.
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Gol tabanlarin jeofizik arastirma sonuglari
Van Goli (Cukur vd., 2013, Cukur vd., 2016) ve
Ercek Golii (Toker vd., 2017; Toker ve Tur, 2018)
tabanlarinin fayl yapisini ayrintili olarak ortaya
koymaktadir. Yontem olarak, miimkiinse karot
almadan 6nce, gol tabaninin yapisal 6zelliklerinin
belirlenecegi jeofizik arastirmalar yapilmali,
eger boyle bir imkan yoksa, dere agizlarina uzak
mesafelerden belli dogrultularda olacak sekilde
veya karelajlama yapilarak 6mek alimmali ve gol
tabaninin farkli alanlarma ait polen diyagramlari
elde edilmelidir.

Volkanizma

Volkanik arazilerde yer alan gollerde veya maar
gollerinde palinlojik arastirma yaparken ornek
yeri se¢imi Onemlidir. Volkanik arazilerde ve
piroklastik malzeme ile ¢evrili alanlarda yer
alan, Arin Goli gibi s1g gollerde, gollerin kiyiya
ve beslenme havzasi agzina yakin bdliimlerinde
yeniden islenerek gol tabanina tasinan piroklastik
malzeme miktarinin, gdliin diger alanlarina gore
daha fazla oldugu belirlenmistir. Bu durum,
Arin Go6li i¢in, Siiphan Volkanma yakmligi
ile iliskilendirilmistir. Aygir GOl karotunda
tanimlanantefraseviyesideyine Siiphan volkanimin
plskiirme {riinleri ile iligkilendirilmistir. Aygir
Goli’nde yapilan calismaya gore, gol tabanindaki
farkli lokasyonlarda farkli ¢dokel gruplar
tanimlanmustir (Oner, 2019). Bu ¢alisma sirasinda
edinilen bilgiye gore, piroklastik malzeme veya
tefra ¢okellerinin bulundugu istiflerden, Ornek
alimi sirasinda sorun yasanabilmektedir. Yapilan
ornek alma calismalar1 sirasinda, piroklastik
malzemenin bol olarak bulundugu, Aygir Golii ile
Arin G6li’niin s1g kesimlerinde bir¢ok noktadan
ornek alinamamis, boru kirilmis veya maksimum
20-30 cm uzunlugunda 6rnek alinmistir. Bu durum,
g0l tabanlarinda bazi noktalardan 6rnek almayi
ve tortullara ulagmayi1 zorlastirmistir. Bu nedenle,
volkanik arazilerde yer alan gollerden Ornek
alirken gravite karotiyer yerine piston karotiyer



kullanmanin daha uygun olacag: dngoriilmektedir.
Piston karotiyer mekanizmasi1 geregi, ¢okelen
piroklastik ~ malzmeyi  Orneklenmeye daha
uygundur. Calisilan istifler icerisinde Aygir ve
Arin GoOli karotunda tefra seviyeleri ve karot
boyunca da bol miktarda piroklastik malzeme
tanimlanmugtir (Sekil 4). Bu karotlarin piroklastik
malzeme igermeyen seviyelerinde de palinolojik
calisma yapmaya uygun miktarda palinomorflarin
fosillesmedigi belirlenmistir. Ancak Aygir ve
Arin gollerinin farkli yerlerinden alinan ornekler
icerisinde palinolojik caligmalar  yapilmistir
(Kamar, 2018a; Oner, 2019). Nazik Golii karotunda
piroklastik malzemetespit edilememistir. Ercek
Goli karotunda ise kiil boyutunda bir seviye tefra
cokeli bulunmaktadir.

Calisma alaninda yer alan volkanlarin
pliskiirme {irtinleri, volkana yakin gollerde tortula
ulasmay1 zorlastirmaktadir. Tefra ¢okelleri,
volkanizmanin aktif olarak goriildiigli alanlarda,
volkandan  ¢ikan  piiskiirmeli
miktaria bagli olarak metrelerce kalinlikta ve
her boyutta (kiil-lapilli) olabilmektedir. Tefra
cokelleri, s1g gollerde gol su seviyesi degisimlerine
neden olacak boyutta c¢okelebilir. iklim analizi
yapmak istediginiz bir gélde metrelerce ¢okelmis
bir piroklastik malzeme, polen analizi yapmay1
dazorlastiracaktir. Tefra ¢okelleri iginde polen
taneleri fosillesemez ve sedimana erismek igin
daha derin sondaj yapilmasi gerekliligi dogabilir.
Ayrica, drnek alimirken iri boyutlu tefra ¢okelleri,
borularin kirilmasia neden olmaktadir ve 6rnek
alimi gerceklestirilemez. Jeofizik arastirmalar
yapmak olanakli ise, g6l tabanlarinda biriken
bu malzemelerin belirlenmesi de miimkiindiir.
Belirlenmesi durumunda malzemenin ince olarak
cokeldigi alan polen analizi icin secilebilir.
Eger jeofizik inceleme imkani yoksa, farkl
lokasyonlardan  6rnek  alimimin  denenmesi
gerekmektedir.

Volkanik  alanlarda  olusmus  gollerde,
volkanlarlailgili¢aligmalarinliteratiirarastirmasina
katilmasi, gol tabaninda karsilasilacak istif

malzemenin
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paketlerindeki olas1 tefra ¢okelleri hakkinda
siddetine
bagli olarak, genis alana yayilmasi ve bitki

bilgi verebilmektedir. Volkanizma
oOrtlisinii tamamen kaplayarak ve/veya yakarak
tahrip etmesi sonucunda, polen diyagramlarinda
baz1 taksalarda ve polen konsantrasyonlarinda
degisimler gozlenebilir. Bu degisimlerin, kiiresel
Olcekli iklim degisimi ile ilgili olup olmadigini
arastirmadan Once, bolgenin volkanizmasi ile
ilgili ayrintili bir literatiir analizi yapilmalidir.
Ayrica, galigma alani ¢cevresinde arazi ¢aligmalart
yapilmalidir ve ilk kez calisilacak arazilerde
gbl tabaninda birikmis olma olasiligi bulunan
piroklastik malzeme ile ilgili bilgiye bu sekilde
ulagilabilir. Nitekim bu ¢alisma kapsaminda
taracalar Orneklenirken, derin g6l c¢okellerinin
icinde s1g gol ve delta ¢okelleri ile ara katkili
bir sekilde ¢okelmis piroklastik malzemeler de
tespit edilmistir (Sekil 5). Arazi ¢alismalarinda
piroklastik malzemenin depolandig1 istiflerin
gbzlenmesi, benzer ¢okellering6l tabaninda da
depolanmis olabilecegi ihtimalini gostermektedir.
Boylelikle, iklimsel degisimle ilgili olmayan yerel/
bolgesel vejetasyon degisimlerinin volkanizma ile
ilgisi aragtirilmis olur.

Bu calismada, yogun piroklastik malzeme
iceren karot cokellerinde Arin ve Aygir Goli
karotlarinda, palinoljik ¢alisma yapmaya yeterli
miktarda palinomorf bulunamamastir.

insan Etkisi ve Yerel Giincel Bitki Ortiisii

Yerel  bitki polen
diyagramlarinda ani degisimlere neden olabilir.

ortisi.  degisimleri,
Ozellikle,tarim ve hayvanciligim yogun oldugu
Holosen devrinde olugmus bir istifte ¢alisirken,
yerel Olgekli bitki oOrtiisti degisiminin, insan
kaynakli olup olmadig1 aragtirilmalidir. Insanlar,
yoredeki bitki Ortiisiinii her zaman yok ederek
degistirmezler, bazen de ekim yapma ve hayvan
otlatma gibi tarimsal faliyetlerlebitki ortlisiinde
degisimlere neden olurlar.
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Sekil 5. a) ve b) Van Golii taragasinin {ist seviyesinde
gozlenen, eski gol-akarsu ¢cokelleri ile birlikte ¢okelmis
piroklastik malzeme, ¢) Eski gol ¢okellerinin arasinda
gozlenen tefra ¢okelleri (kirmizi ¢izgi ile belirtilen
seviye).

Figure 5. a) and b) Pyroclastic material observed in
upper part of Lake Van terrace deposits, together with
palaeo-lake and stream deposits. ¢) Tephra deposit
between palaeo-lake deposits (level shown with red
lines).

Polen  diyagramlarinda  insan  etkisi
antropojenik  gdstergeler  bagligi  altinda
tanimlanmistir (Behre, 1981). Cerealia-tip, Rumex,
Plantago lanceolatagibi baz1 polenlerin polen
diyagramlarindakivarligi, antropojenik gostergeler
olarak  yorumlamisti. Ancak, Avrupa’daki
durumun aksine, Yakin Dogu’da (Iran-Turan flora
bolgesine dahil alanlarda) 6rneklerde tanimlanan
cereal-tip (tahil polenleri) polenlerin varligi,dogal
olarak bulunusun yani sira tarim yapildigimin bir
gostergesi olarak da degerlendirilebilir yorumu
yapilmistir (Behre, 1981). Plantago lanceolata,
Juglans, Sanguisorba minor, Rumex, Cannabis,
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Urtica, Centeurea solstitiales-tip gibi polenlerin
varlig1 insan etkisini gdstermektedir (Bottema,
1975; Behre, 1981; Bottema, 1986; Inceoglu ve
Pehlivan, 1986; Behre, 1990; Bottema, 1995;
Roberts, 1998; Eastwood vd., 1999; Roberts vd.,
2001; Wick vd., 2003).

Antropojenik etkiyi yorumlamadan &nce,
bolgenin arkeolojik gecmisi, gegmis uygarliklarin
yerlesim merkezlerinin ¢aligma alanina mesafesi
aragtirtlmalidir. Ayrica, bdlgedenin etnobotanik
(Tiirkgesi) gegmisi, bolge halkiin ilag, boya
malzemesi, erzak vs. olarak kullandig1 bitkiler
ve bunlarin tarihsel gegmisi ile ilgili arastirma
yapilmalidir. Yoreden yoreye degisen bu
etkilerden dolayi, her bolge icin ayri degerlendirme
yapmak, polen diyagramlarimi yorumlarken,
insan etkisi hakkinda dogru yorum yapabilmeyi
olanakli kilacaktir. Ornegin, bu g¢aligmanin
altyapisini olusturan gdllerin bulundugu alanda,
Van Golii ¢evresinde antropojenik  gdsterge
olarak tanimlanan bir¢ok bitki (tahil polenleri,
Plantago lanceolata, Rumex gibi) dogal yayilish
olarak bulunmaktadir. Diger yandan, ilk basta
tahrip edilme gibi algilanan insan etkisi, bitki
yetistiriciligi ile de karsimiza ¢ikabilmektedir. Van
Golu havzasindaki koylerde, bir ailede gocuklar
dogdugunda, her dogan ¢ocuk i¢in bir kavak agaci
dikme gelenegi de, insan etkisinin bir parcasidir.

Polen  diyagramlarinda,  farkli  flora
bolgelerinde yapilan ¢alismalar baz alinarak,
o calismalardaki bazi polenlerin antropojenik
gosterge olarak kabul edilip, yorumlanmasindansa,
calisma alanm1 kendi icinde degerlendirilmeli,
arkeoloji, etnobotanik ve yakin gecmis igin
sanat tarihi caligmalar1 literatlir arastirmasina
katilmalidur.

Van Go6li karotlarindan elde edilen polen
analizi sonuglarina gore, polen diyagramlarinda
[ran-Turan elementi olmayan bitki polenleri
tanimlanmis (Olea ve Castanea) ve bunlarin
varligi, Dogu Akdeniz ve Karadeniz bolgesinden
taginma sekilde agiklanmistir (Wick vd., 2003).



Oysa bu bitkiler Van Goéli’ne yakin alanlarda
ve dogal yayilimli oldugu belirtilmistir (Bigaket
vd., 2009; Yaltirik, 1975; Se¢men vd., 2004;
Donner vd., 2007). Benzer sekilde yapilan arazi
caligmalarinda Akdeniz flora bolgesi elementi
olan Colutea cilicica bitkisinin Resadiye civarida
dogal olarak yasadigi belirlenmistir (Kaplan,
2010). Polen taginimi yorumu yapilmadan once,
giincel florada yer alan bitkilerin ayrintili olarak
incelenmesi gerekmektedir. Bunun igin, biyoloji
boliimlerinde yapilan, flora tanimlamaya yonelik
tezler, makaleler, kitaplar ve hatta herbaryumlar
polen diyagrami yorumlanmadan once mutlaka
detayl1 olarak arastirilmalidir.

Van Golii ¢okel karotlar1 boyunca elde edilen
pu-XRF agir metal profillerinin 1960’lardan bu
yana gole olan antropojenik girdileri olarak
yorumlanmig ve son 30-60 yilda Zn, Pb, Ni ve Co
metallerinin 6nemli Olgiide arttigi saptanmistir.
Ayrica bunun 1960 yillarinda baglayan 6nemli
tarimsal ve endistriyel kirlenmenin bir gostergesi
olarak yorumlanmigtir (Barlas Simsek, 2015).

Karotlarda yapilan ¢aligmalar ve arazi
gbzlemleri sonucu, calisma alanlarinin
birgogunda, hayvancilik basta olmak {iizere yerel
olarak aga¢landirma ve cevre diizenlemelerinin
bu bolgede vejetasyon {izerinde etkili oldugu
belirlenmistir. Insan etkisinin varlig1 aragtirilirken,
bolgeler kendi icinde degerlendirilmeli
bulgular yerel olarak yorumlanmalidir. Gerek
Tiirkiye’de ve gerek de diinyanin bir¢cok yerinde
polen diyagramlarindaki bazi bitkiler antropojenik
gosterge olarak kullanilmistir (Eastwood vd.,
1999; Karlioglu vd., 2016; Biltekin vd., 2021) v.
Burada dikkat edilmesi gereken husus, ge¢miste
yasayan uygarliklarin her birinin cografik
kosullara baglh olarak degisen etkisidir. Ornegin,
orman vejetasyonun hakim oldugu bir alanda
Poaceae polenlerinden cereal tip olanlarin varlig:
tarimin varligina igaret ediyorken, bu ¢alismadaki
gibi step alanlarinda yapilan ¢alismalardaki cereal
tip polenlerin varlig1 direkt olarak tarima isaret
etmez. Bu calismadan eclde edilen sonuclara

Ve
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gore, her bolge kendi vejetasyon yapist iginde
degerlendirilmeli antropojenik  polenlerin
varlig1 yerel olarak tanimlanmalidir.

Ve

EXTENDED SUMMARY

This study aimed to establish an asystematic
approach for the palaeoclimate reconstruction
of lake sediments, based on pollen analysis. With
this aim, high altitude lakes from Eastern Anatolia
which had active volcanism during Quaternary
were selected for the study area. In order to
develop this methodological approach,
samples from four different lakes in the study area
were investigated in terms of volcanism, human
impact, sedimentation ratio, and lake bottom
structural features.

Different lake deposits contain varying
sedimentary records originating from the different
geological settings, drainage basin, deposition
rate, archeological settings, and local floral
changes. Lithological and stratigraphical features
and even the pollen in the core samples from
different lakes are not comparable with each other.
These incomparable sediment and pollen records
may be the result of volcanic activity and human
impact rather than climatic change. It is necessary
to the local/regional volcanism,
archaeological database, sedimentation ratio,
stratigraphic features, etc. before commenting on
pollen diagrams to understand the reasons for the

core

investigate

changes.

Structural features of the lake bottom are
one of the most essential parameters for different
pollen diagrams in the same lake. Normal fault
systems, sediment ridges, and other structural
changes or deformations at the bottom of lakes
can cause different sediment ages in the same lake.
Even though a detailed geophysical investigation
is the ideal method to understand the structure
of the deposits at the bottom, it is impossible to
define the age of the sediments without dating or
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constructing pollen diagrams. This is why we need
to examine all the data parameters together.

Human impact can cause significant abrupt
changes in pollen diagrams, especially Holocene
deposits. However, it is not always easy to determine
or separate the results from human impact. To
understand the reason for changes in the pollen
diagram clearly, anthropogenic indicators should
be defined and classified according to the study
site. People have different effects on the vegetation,
such as cultivation, grazing, afforestation, or the
extinction of forests. Therefore, the archeological
history of the study site needs to be examined in
detail in order to understand the influence of past
communities around the study site.
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Oz: Bu ¢alismada Van ili sinirlart iginde, Van Golii’niin dogusunda yer alan Moralli Deresi kanalindaki ve civarindaki
Kuvaterner yaslh akarsu-gdl tortullarinin tane boyu dagilimi belirlenerek, depolanma ortamlarindaki hidrodinamik
enerjinin asinma, taginma ve depolanma siirecindeki etkisinin ortaya ¢ikarilmasmin yani sira tortul fasiyeslerin
tanimlanmasi, depolanma ortamlari ve ¢dkelme ortaminin jeomorfolojik 6zelliklerinin tespit edilmesi amaglanmistir.
Tortullarin tane boyu dagilim eglimini belirlemek igin derenin kaynak alanindan baslanarak, Van Goli’ne dokiildiigii
yere kadar belirli araliklarla alinan toplam 42 adet tortul numunesine tane boyu analizi yapilmigtir. Akarsu kaynak
alanindan alian tortullarin tane boylar1 cogunlukla 0,42-0,25 mm arasinda, akarsu yataginin akis asag1 kisimlarindan
alman tortullarin tane boylarimin ise 0,125-0,037 mm arasinda oldugu belirlenmistir. Akarsu tortullarinin ortalama
tane boyu ince kum-¢ok ince kum boylarinda, boylanma parametresi genel olarak kotii boylanma sinifinda, yamukluk
derecesi ¢ogunlukla kuvvetli negatif carpik, tepelenme derecesi ise platikurtik olarak tespit edilmigtir. Delta
diizliglinden alinan tortul numunelerinin tane boylar1 4,75-0,25 mm, delta kanallarindan alinan tortul numunelerinin
tane boylar1 1,00-0,25 mm, delta 6nii alanindan alinan tortul numunlerinin tane boylar1 ise 0,074-0,037 mm arasinda
dagilim gostermistir. Delta diizliigii tortullarinin ortalama tane boyu kaba kum sinifinda, kétii boylanmali, pozitif
carpik ve mezokurtik 6zelliklerinde, delta kanali tortullarinin ortalama tane boyu orta-ince kum smifinda, kot
boylanmali, pozitif ¢arpik ve platikurtik 6zelliklerinde, delta 6nii tortullarinin ortalama tane boyu ¢ok ince kum
sinifinda, orta boylanmali, negatif carpik ve leptokurtik 6zelliklerinde oldugu belirlenmistir. Kiy1 tortullarinin tane
boylarinin ise agirlikli olarak 1-0,42 mm araliginda oldugu belirlenmistir. Kiyida 6zellikle diisiik enerjinin etkili
oldugu kiy1 6nii alaninda 0,074-0,037 mm boyundaki ince taneleri igeren tortullar bulunmaktayken, akinti kanali ve
kiy1 kirmim alanlarinda ise >4,75 mm boyundaki ¢akil tanelerini i¢eren tortullarin ¢okeldigi saptanmistir. Van Goli
kiy1 tortullarinin ortalama tane boyu dagilimi ¢ok kaba kum, kaba kum ve orta kum boylarinda olup, orta-iyi ve orta
boylanma, simetrik-pozitif ¢arpiklik ve leptokurtik parametreleriyle temsilidir.

Bu c¢alisma kapsaminda yapilan sedimantolojik analizler sonucu elde edilen tane boyu ve istatistik parametre
verileriyle Moralli Deresi’nin hidrodinamik enerjisinin kum-silt-kil boyu taneleri tasiyabilecek potansiyelde, Van
Goli’nlin dalga enerjisinin ise ¢akil ve kum boyu taneleri tasiyabilecek potansiyelde oldugu ve akaglama agi
havzasinda depolanmis tortul tane boyunun akis asagiya dogru inceldigi ortaya ¢ikarilmistir. Ayrica, Van Golii su
seviyesinde iklimsel degisikliklerden kaynakl yiikselmeler ve algalmalarin olusturdugu akarsu, delta ve golsel kiy1
depolanma ortamlarinda ¢okelen tortullarin fasiyesleri tanimlanmis olup, tektonik ve hidrodinamik aktivitelerden
kaynaklanan jeomorfolojik unsurlar (kiy1 oku, kiy1 dili, kiy1 bariyeri, g6l ve akarsu taragasi) belirlenmistir.

Anahtar Kelimeler: Akarsu-gol tortullari, depolanma ortamlari, Kuvaterner, Moralli Deresi, tane boyu analizi, Van
Golii.
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Abstract: This study aimed to determine the grain size distribution trend of the Quaternary aged fluvio-lacustrine
sediments of the Moralli Stream system, which is located within the borders of Van province to the east of Lake Van,
and to reveal the effects of hydrodynamic energy on the erosion, transportation and depositional processes. Moreover,
it aimed to define the sedimentary facies and geomorphological characteristics of the depositional environment. In
order to determine the grain size distribution trends of the sediments, a grain size analysis was carried out by using
a total of 42 sediment samples taken from the source area of the Moralli Stream in the area where it spills into
Lake Van. It was determined that the grain size of the sediments taken from the stream source area was dominantly
between 0.42-0.25 mm, and the grain size of the sediments taken from the downstream parts of the channel bed was
between 0.125-0.037 mm. The mean grain size of the fluvial sediments is fine-very fine, the sorting parameter is
generally in the poorly sorted class, the skewness degree is strongly negatively skewed, and the degree of kurtosis
was determined as platykurtic. The grain size of the sediment samples taken from the delta plain is 4.75-025 mm,
the grain size of the sediment samples taken from the delta channels is 1.00-0.25 mm, and the grain size of sediment
samples taken from the delta front ranged between 0.074-0.037 mm. The delta plain sediments is a coarse sand with
poor sorting, positively skewed and mesokurtic, the delta channel sediments is medium-fine sand with poor sorting,
positively skewed and platykurtic, and the delta front sediments is very fine sand with moderate sorting, negatively
skewed and leptokurtic. The grain size of the beach sediments was determined in the range of 1-0.42 mm. While
sediments contained fine grains of 0.074-0.037 mm in size in the coastal area, especially in the low-energy foreshore
area, it was determined that sediments containing >4.75 mm in size pebbles were deposited in the rip channel and
shore break areas. The mean grain size of the beach sediments of Lake Van is very coarse sand and coarse-medium
sand size, and is represented with moderate, moderate-well sorting, symmetric-positive skewness and leptokurtic
parameters. With the grain size and statistical parameter data obtained as a result of the sedimentological analyses
carried out within the scope of this study, the hydrodynamic energy of Moralli Stream has the potential to carry sand-
silt-clay size grains, and the wave energy of Lake Van has the potential to transport gravel and sand-size grains.
Moreover, it was found that the sediment’s grain size decreased downstream in the drainage basin. In addition, the
facies of sediments deposited in fluvial, delta and lacustrine environments formed by the rise and fall of the water
level of Lake Van due to climatic changes were defined and geomorphological structures (coastal arrows, coastal
spits, beach barriers, lake and river terraces) emerging from tectonic and hydrodynamic activity were determined.

Keywords: Depositional environments, fluvio-lacustrine sediments, grain size analysis, Lake Van, Moralli Stream,
Quaternary

GIRIS olmakla birlikte yeryiiziinii sekillendirerek (Ering,
biri, 2012), hem tortul tagima ajani olarak calismakta
hem de depolanma ortamlart olusmasini
saglamaktadir (Kazanct vd., 2011). Akarsu
kanalinin  sekli ise akarsuyun hidrodinamik
enerjisiyle pekismemis tortullar1 asindirmast,
tasimast ve depolamasi gibi gevresel faktorleri
yansitmaktadir. Hidrolik enerji ve tortul tane
boyu arasindaki iligkiler, tasinma ve depolanma
mekanizmalartyla yakindaniliskili olmakla birlikte

Sedimantolojinin  temel hedeflerinden
sedimanter istiflerdeki tane boyu dagilimlarindan
yararlanilarak sedimanlarin depolanma ortamlari
ile ilgili ¢ikarimlarda bulunabilmektir (McLaren,
1981). Ayrica, tane boyu dagilimi ve tane boyu
istatiksel parametreleri ile tortulun taginma yollar
ve tasima yonii belirlenebilmektedir (Gao vd.,
1994). Tortul tane boyu dagilimi, bir tortulun
olustugu hidrolik kosullar hakkinda oldukga kesin ; A o
bilgi vermektedir (Dade ve Friend, 1998). Her yil ?Skl al.<a.rsu b1r1k1ntller’1n1n yorumlanmasalgln de
akarsular araciligiyla karadan okyanuslara tortul onemhfhr (Dade ve Frl'end, 1?98)' Bu baglamda,
tagimmakta olup, tortullarm cogunlukla nehir daha once detayli bir sekilde arastirilmamis

deltasinda, kita sahanliginda ve kiy1 boyunca olar‘l Mora‘l'h D.ereSI’ yl'ilfsek .potan51y'el(.le
biriktigi tespit edilmistir (Syvitski vd., 2003). sedimantolojik ve jeomorfolojik verilere sahiptir.
Akarsular, su dongiisiiniin nemli bir parcast Bu ¢alismada, Moralli Deresi kanali ve ¢evresinde

’ depolanan Kuvaterner yasli akarsu tortullari ile
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derenin Van Golii’ne dokiildiigii alanda depolanan
kiy1 tortullarinin tane boyu dagilimi belirlenerek,
depolanma ortamlarindaki hidrodinamik enerjinin
asinma, surecindeki
etkisinin ortaya c¢ikarilmasmin yanisira tortul

fasiyeslerin tanimlanmasi,

tasinma  ve depolanma

depolanma ortami
ozelliklerinin ve jeomorfolojik unsurlarin tespit
edilmesi amag¢lanmuistir.

JEOLOJIK ve JEOMORFOLOJIK KONUM

Caligma sahasi Van GoOlii dogusunda, Van ili
K50-c4 paftasi igerisinde, yaklasik 30 km?’lik bir
alan1 kapsamakta ve doguda Cobanoglu Koyii,
batida Van Golii ve Bardak¢1 Kdyii ve gilineyinde
Kalecik Koyii ile smirlanmaktadir. Calisma
kapsamindaki Moralli Deresi’ne ait yer bulduru
haritas1 ve akaglama ag1 haritasi sirastyla Sekil 1a
ve Sekil 1b’de verilmigtir. Moralli Deresi, Agazul
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Tepe’nin giineyinden dogan Beyaztas ve Tekmal
Dereleri ve Kavran Tepe g¢evresinden dogan
Osmangol ve Katar dereleriyle Everek diizliiglintin
orta kesimlerinde birlesmektedir (Sekil 2). Batiya
dogru gidildikge, diger kaynaklar1 da alarak Van
Golii’ne dokiilmektedir.

Bolgesel ve Yerel Tektonik Ozellikler

Tiirkiye’deki iki biiyiik transform fay sisteminin
(DAFZ ve KAFZ) birlikte bulundugu Dogu
Anadolu yogun
olarak tektonizma, iklimsel degisiklikler ve

Bolgesi’nin  jeomorfolojisi,

zengin akarsu akaglama sistemleri kontroliinde

sekillenmektedir. Cesitli jeomorfolojik
unsurlara ve sedimanter havzalara sahip olan
Dogu Anadolu Bolgesi, morfo-sedimanter

calismalar igin oldukca ilgi ¢ekici Ozelliktedir.

Sekil 1. a) Calisma alaninim yer bulduru haritas1, b) Calisma alaninin akaglama ag1 haritas1 (Ozkaymak, 2003’ten

degistirilerek hazirlanmistir).

Figure 1. a) Location map of the studied area, b) Drainage area map of the studied area (modified from Ozkaymak,

2003).
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Sekil 2. Calisma alaninin jeoloji haritast (Siimengen, 2008’den degistirilmistir).

Figure 2. Geology map of the studied area (modified from Siimengen, 2008).

Dogu Anadolu Bolgesi’ndeki Aras (Saber
vd., 2020; Avsin ve Aras, 2021; Fazelpoor vd.,
2021; Utlu ve Ghasemlounia, 2021), Dicle
(Dengiz, 2010; Nicoll, 2010; Muhaimeed vd.,
2017; Husain, 2021), Firat (Jotheri vd., 2016;
Sissakian ve Al-Ansari, 2019; Lazim vd., 2020;
Kadhim ve Kadhim, 2020), Kura (Mikhailov vd.,
2003; Vincent vd., 2010; von Suchodoletz vd.,
2016) gibi 6nemli akarsular yanlarinda belirtilen
arastirmacilar tarafindan jeomorfoloji baglaminda
incelenmistir ve bolgedeki fliivyal jeomorfolojik
tektonik  aktiviteler kontroliinde
gelistigine deginilmistir. Van Goli’niin dogusunda
yer alan ve Van Goli’ne dokiilen Bendimahi
(Zorer, 2006; Reimer vd., 2009; Bulum, 2015;
Ugler, 2019; Uner, 2019), Engil (Alaeddinoglu

unsurlarin
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vd.,2016; Uner, 2018; Akkoprii vd., 2019), Karasu
(Kuzucuoglu vd., 2010; Ak vd., 2013; Christol
vd., 2013) ve Zilan (Ciftgi vd., 2008; Akkoprii
ve Christol, 2019) gibi biiyiik akarsular gerek
jeolojik gerekse jeomorfolojik agidan, yanlarinda
belirtilen ¢calismalarda incelenmistir. Ayrica, diger
biiyilik akarsularin yer aldigi bolgeye yakin alanda,
nispeten onlardan daha kiigiik bir menderesli
akarsu olan Moralli Deresi bulunmaktadir. Moralli
Deresi’nin bulundugu arazideki jeomorfolojik
unsurlar ile akarsu akaclama ag1, Alakdy Bindirme
Fay1 (Okuldas ve Uner, 2013; Yal¢in vd., 2013)
ve Everek Bindirme Fay1 (Kogyigit, 2013;
Dicle ve Uner, 2017; Kamar, 2021) kontroliinde
sekillenmektedir.
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Litostratigrafi

Van Goli Havzasi, Paleozoyik’ten giiniimiize
kadar farkli yaglara ait kayag¢ gruplarm
icermektedir (Arni, 1938; Kiraner, 1959; Degens
vd., 1984; Aksoy, 1988; Acarlar vd., 1991, Uner,
2003). Calisma alaninda ise yaslidan gence dogru
Ust Kretase Bakigik melanji ve olistrostromu
(Senel vd., 1984), Geg¢ Paleosen-Erken Eosen
yasli Toprakkale Formasyonu (Balkas vd.,
1980; Acarlar vd., 1991), Orta-Geg¢ Eosen yash
Yiicelendere Formasyonu (Senel vd., 1984;
Acarlar vd., 1991), Oligosen-Erken Miyosen
yasli Van Formasyonu (Peringek, 1978; Balkas
vd., 1980; Senel vd., 1984; Senel, 1987; Acarlar
vd., 1991; Yilmaz, 2017; Kazak, 2019; Korkmaz,
2020), Geg Pliyosen yash Beyliziimii Formasyonu
(Kutman vd., 1978; Acarlar vd., 1991; Uner vd.,
2003), Geg Pliyosen-Pleyistosen yashi Alakdy
Formasyonu (Acarlar vd., 1991), Ust Pleyistosen
eski g0l tortulu, eski gdl-akarsu tortulu ve eski
akarsu tortulu ile son olarak da Holosen yash
yama¢ molozu, gol-akarsu tortulu ve aliivyon
(Stimengen, 2008) birimleri bulunmaktadir (Sekil
2 ve Sekil 3).

MATERYAL ve YONTEM

Bu c¢aligma kapsaminda oOncelikle, ¢alisma
alanindaki sedimanter kayaclarin tanimlanmasi,
sedimanter yapilarin belirlenmesi, tortul 6rnekleme
yapilmasi ve c¢aligma alanindaki jeomorfolojik
unsurlarin  tespit edilmesi gerceklestirilmistir.
Caligma materyalini, Moralli Deresi’nin kaynak
noktasindan baslanarak sistematik sekilde dere
yatagindaki pekismemis yiizey tortullarindan
alman 6rnekler ile Moralli Deresi’nin Van Golii’ne
dokildiigii kiyr alanindaki pekismemis ylizey
tortullarindan alinan numuneler olusturmaktadir.
Dere yataginda depolanmis tortullarin tane boyu
dagilimini belirleyebilmek i¢in dere kanalinin
sol yakasinda depolanmig akarsu ile temash
tortullardan, yilizeyden dibe dogru yaklasik 5
cm kalinliktaki alandan kiiciik aktaric1 kiirek
kullanilarak toplamda on bir adet numune
almmustir.
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Sekil 3. Calisma alaninin
1991; Kamar, 2005;
degistirilmistir).

stratigrafik kesiti (Acarlar,
Stimengen,  2008’den

Figure 3. Stratigraphic section of the studied area
(modified from Acarlar, 1991; Kamar, 2005; Siimengen,
2008).

Belirlenen  6rnekleme araligi  haricinde
Moralli Deresi kanalina tortul tasiyan Tekmal,
Osmangol, Beyaztag ve Katar derelerinin, Moralli
Deresi’yle Dbirlestigi  alanlardaki pekismemis
ylizey tortullarindan dort adet, kanal icindeki
tortul birikim alanlarindan olan nokta tiimseklerin
pekismemis yiizey tortullarindan {i¢ adet ve
tagkin diizliigli alanlarindaki pekismemis yiizey



tortullarindan ii¢ adet numune alimmistir. Kiy1
alanindan on bes adet tortul numunesi, kiy1 ¢izgisi
zonundan, kiy1 ¢izgisinin karaya dogru olan
tarafindan (kiy1 onii) olmak iizere yilizeyden dibe
dogru yaklagik bes santimetrelik kalinliktaki bir
alandan kii¢lik aktarici kiirek araciligi ile alinmistir.
Dere kanali ve kiyida yaklasik 100 m araliklarla
ornekleme yapilmistir. Deltadan ayni metotla alt1
adet tortul numunesi alinmistir. Toplamda kirk iki

0. 500 1,000 1,500m

Figure 4. Google Earth map showing locations of the sedim

Cizelge 1. Moralli Deresi ve Van Golii kiy1 alanindan alinan
Table 1. GPS data of sediment samples taken from the Mora

Giil SEN, Tiirker YAKUPOGLU

adet 2 kg agirliginda 6rnek alinmis, 6rnek alinan
noktalarin koordinatlar1 GPS ile belirlenmis ve
Google Earth haritas1 {iizerinde gosterilmistir
(Sekil 4). Ornekleme yapilan noktalardan bazilart
jeoloji haritasina islenmistir ve koordinatlari
Cizelge 1°de sunulmustur. Laboratuvar c¢alismasi
kapsaminda 6rneklemesi yapilan tortullarin tane
boyu analizi yapilmaistir.

ent samples.

tortul numunelerine ait GPS verileri.
1li Stream and coastal area of Lake Van (Sen, 2015).

Lokasyon Numune No Koordinatlar (K;D)
Moralli Deresi Kaynak Alani md-1 38,57306; 43,37417
Moralli Deresi Kaynak Alani md-2 38,5825; 43,37583
Moralli Deresi Kaynak Alani md-3 38,57778; 43,37278
Taskin Diizligii md-10 38,57722; 43,35806
Tekmal Deresi Birlesim Alani md-7 38,57833; 43,36667
Beyaztas Deresi Birlesim Alani md-8 38,57639; 43,36444
Osmangol Deresi Birlesim Alant md-11 38,57611; 43,34194
Nokta Tiimsegi md-13/14/15 38,575, 43,33778
Katar Deresi Birlesim Alani md-18 38,56111; 43,32694
Delta Diizligii md-21 38,56472; 43,30917
Delta Dagitim Kanalt md-24 38,55583;43,30472
Delta Onii md-27 38,55639; 43,30306
Gol Kiyist pe-1 38,5575, 43,29167
Gol Kryist pe-7 38,55611; 43,30278
Gol Kiyist ps-15 38,55278; 43,30972
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Tane Boyu Analizi

Sedimanter tane boyu analizi Folk (1974) yontemi
izlenerek yapilmistir. Toplam 42 adet tortul
numunesi Oncelikle laboratuvar kosullarinda
kurumaya birakilmistir. Daha sonra ise kuruyan
numunelerden 200 gr cam beherlere aktarilmis ve
firinda 100 °C sicaklikta 1 glin boyuncabekletilerek
nemden tamamen arinacak sekilde kurutulmustur.
Analiz icin hazirlanan elek takimi, en altta tava
olacak sekilde alttan tiste dogru sirasiyla 0,074<0,1
25<0,250<0,420<1<2<4,75 mm elek agikliklarina
sahip eleklerden olusturulmustur. Kurulan elek
takimi  elektrikli-titresimli  elek sallayicisina
yerlestirilmis ve en iistteki elege (4.75 mm) 100 gr
numune dokiilmiistiir. Numune konulduktan sonra
elek sallayicis1 10 dakika boyunca calistirilmigtir.
Analiz sonlaninca eleklerin i¢indeki farkli tane
boylarindaki numuneler hassas terazide tartilarak
agirhiklar saptanmig ve drnek agirliklar yiizdeye
cevrilmistir. Bu caligmada tane boyu simiflamasi
icin Udden (1914) ve Wentworth (1922) tane boyu
6l¢eginden yararlanilmistir. Araziden alinan tortul
ornekleri lizerinde yapilan elek analizi sonucu
elde edilen veriler kullanilarak orneklerin i¢inde
bulunan ¢akil, kum, silt ve kilin kiimiilatif yiizde
grafikleri ¢izilmistir. Elde edilen aritmetik 6l¢ekli
kiimiilatif frekans egrilerinden, tane boyu istatistik
parametrelerinde kullanilmak iizere gerekli fi (®)
degerleri okunmustur. Tane boyu grafiklerinden
okunan ® degerlerimm’ye ¢evrilerek kullanilmistir
(®= -log,d; d=mm tane ¢ap1). Tane boyu istatistik
parametrelerinin hesaplanmasinda ortalama tane
boyu (Mz) (1), boylanma (Si) (2), yamukluk (Ski)
(3) ve tepelenme (KG) (4) formiilleri kullanilmigtir
(Folk ve Ward, 1957; Folk, 1974).

Mz = m (1)
Sj = 084—016 , $95-05 2)
4 6,6
Ski = (P84+016-2050) = (P95+05—2050) 3)
2(p84—016) 2(995—-05)
_ (995—-05) (4)

2,44(075-025)
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Moralli  Deresi
aktivitelerin

sistemindeki  hidrodinamik
boyu dagilimma etkisi,
depolanma ortamlarinda ¢okelen tortullarin
litofasiyes  Ozellikleri, birlikleri ile
atmosferik ve hidrodinamik aktivitelere bagh
olarak devam eden aginma, taginma ve depolanma
siirecleri  etkisi altinda devam
eden sedimanter istifler, sedimanter yapilar ve
jeomorfolojik unsurlar belirlenmistir.

tane

fasiyes

olusumuna

Tane Boyu ve Tane Boyu Istatistik Parametreleri

Elek analizi sonucunda elde edilen akarsu, delta ve
g0l tortullarina ait tane boyu verileri Cizelge 2°de,
Folk ve Ward (1957)’e gore hesaplanan ortalama
tane boyu dagilimi (Mz), boylanma derecesi (Si),
yamukluk derecesi (Ski) ve tepelenme derecesi
(KG) verileri ise Cizelge 3’te verilmistir. Ayrica,
elde edilen veriler kullanilarak tane boyu dagilim
grafikleri olugturulmustur (Sekil 5).

Akarsu kaynak alanindan alinan kumlarin tane
boylari ¢cogunlukla 0,42-0,25 mm arasinda, akarsu
yataginin akis asagi kisimlaridan alinan kumlarin
tane boylar1 ise 0,125-0,037 mm arasinda oldugu
tespit edilmistir. Taskin diizliigii tortullarinin tane
boylar1 agirlikli olarak 0,074-0,037 mm arasinda,
nokta tlimsegi tortullarinin tane boylar1 1-0,074
mm arasinda ve dere birlesim alanlarindaki
tortullarin tane boylar ise 1-0,25 mm arasinda
bulunmustur. Tagkin diizliigii, nokta tiimsegi ve
derelerin birlesim alanlarindan alinan tortullar
hari¢ tutuldugunda, akarsu kanali tortullarindaki
tane boylarinin, kaynak alanindan akis asagiya
dogru gidildik¢e inceldigi gozlenmistir. Akarsu
tortullarnin (md 1, 2, 4, 6, 9, 12, 16, 17, 20)
ortalama tane boyu (Mz) ince kum-¢ok ince kum
boylarinda, boylanma parametresi genel olarak
kotii boylanma sinifinda, yamukluk derecesi
cogunlukla kuvvetli negatif carpik, tepelenme
derecesi ise platikurtik olarak tespit edilmistir.
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Cizelge 2. Moralli Deresi ve Van Go6li kiyr alanindan alinan tortul numunelerine ait elek analizi sonuglar1 (Sen,
2015).

Table 2. Sieve analysis results of the sediment samples taken from the Moralli Stream and coastal area of Lake Van
(Sen, 2015).

Depolanma Ornek/Elek 4 2 1 0,42 025 0125 0074 0,037 0,037> Toplam
Ortam (mm)
Akarsu Yatagt mdl 0 075 32 672 1328 392 1258 5802 1,53 98,47
Akarsu Yatagt md2 0,09 273 795 1181 1836 597 1613 3645 04l 99,59
Akarsu Yatagt md3 0 0 257 3215 61,14 248 1,13 0,09 0,44 99,56
Akarsu Yatagt md4 07 191 631 1994 1446 1,59 2,86 5183 04 99,6
Taskn Diizliigii md5 0 021 189 9,07 8,16 1,35 3,08 7608 0,16 99,84
Akarsu Yatagt md6 0 0,1 242 8,2 9,79 1,18 325 7492 0,14 99,86
Tekmal Deresi md7 0 0,06 477 1126 10,11 099 142 6985 1,54 98,46
Beyaztas Deresi mds8 0 0 199 318 6122 287 1,62 0,02 0,48 99,52
Akarsu Yatagi md9 029 1,5 733 1152 1936 722 1519 3754 0,05 99,95
Taskin Diizliigii md10 0 123 3,64 7,64 13,53 4 11,68 5789 039 99,61
Osmangé! Deresi md11 0 554 4551 1527 8,67 4,1 10,14 10,57 02 99,8
Akarsu Yatag1 md12 43 12,02 3423 21,82 1351 244 424 5,68 1,76 98,24
Nokta Tiimsegi md13 0 006 275 2347 1562 578 18,52 884 021 99,79
Nokta Tiimsegi md14 385 847 6831 1281 486 0,63 0,71 0,25 0,11 99,89
Nokta Tiimsegi mdl5 0 043 346 458 9,84 6,86 2598 4856 029 99,71
Akarsu Yatagt md16 0 242 1069 637 14,15 7.8l 21,9 3625 04l 99,59
Akarsu Yatagt md17 0 0 0,04 0,76 843 1687 5022 232 0,48 99,52
Katar Deresi md18 0 0 457 876 1,96 606 1821 1796 135 98,65
Taskn Diizliigii md19 0 0,84 46 7.6 997 11,06 3642 2831 1.2 98,8
Akarsu Yatagt md20 043 1975 37,79 1329 1037 331 7,72 6,31 1,03 98,97
Delta Diizliigii md21 137 1504 4098 21,08 1617 283 1,9 0,16 0,47 99,53
Delta Diizliigii md22 275 1491 2293 1793 1606 1532 9,8 0,12 0,18 99,82
Delta Diizliigii md23 0 0 376 1705 13,01 3,5 125 1469 1,65 98,35
Delta Kanali md24 0 0 095 1549 3195 1133 2857 1096 0,75 99,25
Delta Kanali md25 0 0,09 3,75 5,1 9,36 782 3953 3381 054 99,46
Delta Onii md26 0 0 023 043 9,13 10,63 40,62 3824 072 99,28
Delta Onii md27 0 0 023 1,14 6,01 472 3372 5415 0,03 99,97
Gél Kiyist pel 0 1024 89,18 0,1 0 0 0 0,48 0 100
Gél Kiyist pe2 093 1331 7027 14,09 0,68 0,12 0,37 023 0 100
Gol Kiyist pe3 0 005 76 2145 172 0,22 0 0,56 0 100
Gél Kayist pod 0 029 6988 2871 055 0 0 0,57 0 100
Gél Kiyist pes 509 301 852  6l16 20,51 0 0 1,71 0 100
Gol Kiyist pe6 100 22 591 5389 3457 1,1 0,83 0,49 0 100
Gol Kiyist pe7 042 02 062 2757 5203 818 9,74 1,24 0 100
Gol Kiyist pes 0 031 171 1282 69,65 1193 278 0.8 0 100
Gol Kiyist pe9 133 058 029 168 6617 924 5,1 0,49 0 100
Gl Kiyist psl0 1,65 236 4471 46,34 34 0,38 0,72 0,44 0 100
Gol Kiyist pell 0 1852 3405 4335 238 1,53 0 0,17 0 100
Gl Kiyist pel2 0 0 7127 21,67 525 0,6 0,79 0,42 0 100
Gol Kiyist pel3 0 79 7235 19,64 0 0 0 0,11 0 100
Gél Kiyist pold 027 1,69 6648 1557 685 1,96 4,59 2,59 0 100
Gél Kayst pels 672 1939 57,58 1391 181 0,1 0 0,49 0 100
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Cizelge 3. Moralli Deresi ve kiy1 alanindan alinan tortul numunelerine ait tane boyu istatistik parametre verileri (Sen,

2015).

Table 3. Grain-size statistic parameter data of the sedimentary samples taken from the Moralli Stream and coastal

area (Sen, 2015).

Depolanma Ortam

Akarsu Yatagi
Akarsu Yatagi
Akarsu Yatagi
Akarsu Yatagi
Taskin Diizliigii
Akarsu Yatagi
Tekmal Deresi
Beyaztas Deresi
Akarsu Yatagi
Tagkin Diizligi
Osmangol Deresi
Akarsu Yatagi
Nokta Tiimsegi
Nokta Tiimsegi
Nokta Tiimsegi
Akarsu Yatag1
Akarsu Yatagi
Katar Deresi
Taskin Diizliigii
Akarsu Yatagt
Delta Diizligi
Delta Diizligi
Delta Diizliigii
Delta Kanali
Delta Kanali
Delta Onii
Delta Onii
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist
Gol Kiyist

Ornek No
mdl
md2
md3
md4
md5
md6
md7
md8
md9

md10
mdl1
mdl2
md13
md14
mdl15
mdl6
md17
md18
md19
md20
md21
md22
md23
md24
md25
md26
md27
pel
ps2
p¢3
pg4
pg5
pgo
pe7
pe8
pg9
psl0
pell
pel2
pel3
pcl4
pels

Mz
3,53
2,83
1,17
3,1
3,6
3,47
3,37
1,2
2,8
3,43
1,03
0,4
1,4
-0,37
3,47
2,93
3,43
1,2
2,9
0,6
0,06
0,73
1,43
2,26
33
3,66
3,93
-0,53
-0,46
-0,2
-0,2
0,63
0,83
1.4
1,53
1,5
0
-0,16
-0,2
-0,4
1,13
-0,56

¢ok ince kum
ince kum
orta kum
¢ok ince kum
¢ok ince kum
¢ok ince kum
¢ok ince kum
orta kum
ince kum
¢ok ince kum
orta kum
kaba kum
orta kum
¢ok kaba kum
¢ok ince kum
ince kum
¢ok ince kum
orta kum
ince kum
kaba kum
kaba kum
kaba kum
orta kum
ince kum
¢ok ince kum
¢ok ince kum
¢ok ince kum
¢ok kaba kum
¢ok kaba kum
¢ok kaba kum
cok kaba kum
kaba kum
kaba kum
orta kum
orta kum
orta kum
kaba kum
¢ok kaba kum
¢ok kaba kum
¢ok kaba kum
orta kum

¢ok kaba kum

Si
143
18
0,6
1,92
1,51
148
1,65
0,58
1,79
1,6
1,99
1,75
1.81
0,64
139
1,83
0,92
21
1,7
2,09

0,76

kotii boylanma
kotii boylanma
orta iyi boylanma
kotii boylanma
kotii boylanma
kotii boylanma
kétii boylanma
orta iyi boylanma
kotii boylanma
kotii boylanma
kétii boylanma
kotii boylanma
kotii boylanma
kotii boylanma
koti boylanma
koti boylanma
orta boylanma
¢ok kotii boylanma
kotii boylanma
kotii boylanma
kotii boylanma
kotii boylanma
kétii boylanma
kotii boylanma
kotii boylanma
orta boylanma
orta boylanma
¢ok iyi boylanma
iyi boylanma
orta iyi boylanma
orta iyi boylanma
orta boylanma
orta iyi boylanma
orta boylanma
orta iyi boylanma
orta iyi boylanma
orta iyi boylanma
orta boylanma
orta iyi boylanma
orta iyi boylanma
kotii boylanma

orta boylanma

Ski
0,73
0,39
-0,09
0,78
-0,82
-0,76
0,81
02
-0,34
-0,68
0,71
045
0,37
0,21
0,5
0,42
0,17
0,65
-0,48
0,52
0,28
0.25
0,46
0,26
-0,55
-0,26
-0,28
0,17
-0,09
0,32
0,28
-0,1
0,06
-0,01
0,15
-0,02
0,02
-0,14
0,32
0,13
0,63
0,07

kuvvetli negatif garpik
kuvvetli negatif ¢arpik
simetrik
kuvvetli negatif ¢arpik
kuvvetli negatif ¢arpik
kuvvetli negatif ¢arpik
kuvvetli negatif ¢arpik
negatif ¢arpik
negatif ¢arpik
kuvvetli negatif ¢arpik
kuvvetli pozitif ¢arpik
kuvvetli pozitif ¢arpik
kuvvetli pozitif ¢arpik
pozitif garpik
kuvvetli negatif ¢arpik
kuvvetli negatif ¢arpik
negatif ¢arpik
kuvvetli pozitif ¢arpik
kuvvetli negatif carpik
kuvvetli pozitif garpik
pozitif ¢arpik
pozitif garpik
kuvvetli pozitif ¢arpik
pozitif garpik
kuvvetli negatif garpik
negatif carpik
negatif ¢arptk
negatif ¢arpik
simetrik
kuvvetli pozitif ¢arptk
pozitif ¢arpik
simetrik
simetrik
simetrik
negatif ¢arpik
simetrik
simetrik
negatif carpik
kuvvetli pozitif ¢arpik
pozitif garpik
kuvvetli pozitif ¢arpik

simetrik

0,88
0,72
0,82
0,64
3,69
441
0,7
0,87
0,69
0,76
0,85
1,29
0,65
1,64
12
0,77
141
0,56
1,02
1,15
1,01
0,76
0,53
0,78
1,38
0,94
1,12
0.81
1,29
1,63
0,99
181
0,77
1,45
147
1,11
0,77
0,85
1,55
1,55
1,95
1,33

platikurtik
platikurtik
platikurtik
¢ok platikurtik
asir1 leptokurtik
asir1 leptokurtik
platikurtik
platikurtik
platikurtik
platikurtik
platikurtik
leptokurtik
¢ok platikurtik
¢ok leptokurtik
leptokurtik
platikurtik
leptokurtik
¢ok platikurtik
mezokurtik
leptokurtik
mezokurtik
platikurtik
¢ok platikurtik
platikurtik
leptokurtik
mezokurtik
leptokurtik
platikurtik
leptokurtik
¢ok leptokurtik
mezokurtik
¢ok leptokurtik
platikurtik
leptokurtik
leptokurtik
leptokurtik
platikurtik
platikurtik
¢ok leptokurtik
¢ok leptokurtik
¢ok leptokurtik
leptokurtik

Mz: ortalama tane boyu, Si: boylanma, Ski: yamukluk, KG: tepelenme.
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Sekil 5. Tane boyu dagilim grafikleri.
Figure 5. Grain size distribution graphics.

Taskin diizliigi tortullarinin (md 5, 10, 19)
ortalama tane boyu ¢ok ince kum sinifinda olup,
kotii boylanma, negatif carpiklik ve tepelenme
derecesi bakimindan da leptokurtik-platikurtik
sinif araligmi gostermektedir. Nokta tliimsegi
tortullar1 (md 13, 14, 15) kaba-orta-¢cok ince
kum ortalama tane boylarinda kotii boylanmali
olmakla birlikte, cogunlukla pozitif g¢arpiklik
ve leptokurtik o6zellikler sunmaktadir. Derelerin
birlesim yerlerinin tortullarinda (md 3, 7, 8, 11,
18) ise ortalama tane boyu orta kum sinifinda
olup, iyi boylanma, simetrik ile pozitif carpiklik
ve platikurtik parametre degerlerini vermistir.

04 025

Tane Boyu (mm)
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Tane Boyu (mm)

Deltadiizliigiinden alinan tortul numunelerinin
(md 21, 22, 23) tane boylar 4,75-0,25 mm, delta
kanallarindan alman tortul numunelerinin (md
24, 25) tane boylart 1,00-0,25 mm, delta onii
alanindan alman tortul numunlerinin (md 26, 27)
tane boylar ise 0,074-0,037 mm arasinda dagilim
gostermistir. Delta diizliigiinden delta 6nii alanina
dogru tane boyu dagilimi izlendiginde, tane
boylariin akis asagiya dogru inceldigi ve deltanin
farklt depolanma birimlerini temsil eden {i¢ farkl
tane boyu fraksiyonu oldugu belirlenmistir.
Delta diizliigii tortullarinin ortalama tane boyu
kaba kum smifinda, kotii boylanmali, pozitif
carpik ve mezokurtik 6zelliklerinde, delta kanali
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tortullarinin ortalama tane boyu orta-ince kum
smifinda, kotii boylanmali, pozitif carpik ve
platikurtik 6zelliklerinde, delta 6nii tortullarmin
ortalama tane boyu cok ince kum sinifinda,
orta boylanmali, negatif carpik ve leptokurtik
ozelliklerde oldugu belirlenmistir.

Kiy1 tortullarinin tane boylar ise agirlikli
olarak 1-0,42 mm araliginda oldugu tespit
edilmistir. Kiy1 alaninda 6zellikle diisiik enerjili
kiy1r 6nii alaninda 0,074-0,037 mm boyundaki
ince taneleri igeren tortullar bulunurken, akimti
kanali ile kiy1 kinmim alanlarinda ise >4,75 mm
boyundaki c¢akil tanelerini igeren tortullarin
cokeldigi belirlenmistir. Van Golii kiy1 tortullarinin
(pgl1-15) ortalama tane boyu dagilimi ¢ok kaba
kum, kaba kum ve orta kum boylarinda olup, orta-
iyi, orta boylanma, simetrik-pozitif carpiklik ve
leptokurtik parametreleriyle temsilidir. Akarsu
kanal1 tortullarinin tane boyu dagilim grafiklerinde
genel olarak tek-tepeli egri (Sekil 5a), derelerin
birlesim noktalarina ait tortullarin tane boyu
dagilim grafiklerinde ¢ift-tepeli egri gdzlenmistir
(Sekil 5b ve Sekil 5¢). Nokta tlimsegi tortullarinda
ise akis asag1 yonde tortul tane boyu incelmekte
olup tane boyu dagilim grafikleri sirasiyla tek
tepeli egri (Sekil 5d), cift tepeli egri (Sekil Se)
ve tek tepeli egri (Sekil 5f) sunmustur. Delta
diizliigii tortullarinda tek-tepeli egri (Sekil 5g),
delta kanali tortullarinda ¢ift-tepeli egri (Sekil Sh),
delta Onii tortullarinda ise tek-tepeli egri (Sekil
51) gozlemlenmistir. Kiy1 tortullarinin tane boyu
dagilimi grafiklerinde ise agirlikli olarak tek-
tepeli egriler (Sekil 5j ve Sekil 51) elde edilmistir.
Ancak, akarsu ile gdl birlesim alanindan alinan
tortullarda ¢ift-tepeli egrilere sahip grafik de
(Sekil 5k) bulunmaktadir.

Pleyistosen Tortullarinin Litofasiyes Ozellikleri

Caligma alanindaki Pleyistosen yash sedimanter
kayaclarin litofasiyes 6zellikleri, sahada yapilan
ayrimtili  sedimantolojik c¢aligmalar sonucunda
belirlenmis olup, elde edilen veriler ile depolanma
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ortamlar1 ve siirecleri hakkinda ¢ikarimlarda
bulunulmustur. Bu calisma kapsaminda Miall
(1996)’da yer alan litofasiyes tanimlamalarindan
yararlanilmistir. Inceleme alanindaki Kuvaterner
yash birimler, iklimsel degisiklikler ve tektonik
faaliyetler sonucu gerek temel kayaglarin
atmosferik ve biyolojik stireclerin aktivitesine
bagli olarak bozunup yerinde depolanmasi,
gerekse de tasima ajanlart aracilifiyla havzaya

taginip depolanmasiyla olugsmustur.

Kiremitlenmeli cakilli kumtasi fasiyesi (Md)

Bu fasiyes Moralli Deresi’nin kaynak alani
ve yakin cevresinde tespit edilmistir. Koyu
kahverengi ve yer yer kizil renklerde olan tane
destekli ¢akilli-kumtag1 fasiyesi, koseliden yari
yuvarlakliga kadar degisen tane sekli, yer yer
akis asaglr yoniinii isaret eden kiremitlenme
gosteren ¢esitli boylardaki kayag pargalarini ihtiva
etmektedir. Bu fasiyesi olusturan kirintili tortullar
diisiik egimli capraz tabakalanma gostermektedir.
Tabakalarda, tabaka ici yapisi olarak normal
derecelenme belirlenmistir. Tabaka tabanlarinda
asinma oldugu goézlenmis olup, bu asindirmalar
ortamdaki  hidrodinamik
aktivitelerden kaynaklanmistir. Cakilli kumtasi

yiiksek  enerjili
fasiyesinde herhangi bir biyotiirbasyon yapisi
ve fosil tespit edilmemistir. Bu fasiyesin, fosil
ve biyotiirbasyon bulundurmamasi, kahverengi
ve kizil renklerde olmasi, tabaka tabanlarinda
asindirma olmasi, akint1 ripillarina sahip olmasi
ve icerdigi tortul tanelerinin yonlenme gostermesi
sebebiyle karasal bir depolanma ortami olan
akarsuda ¢okeldigi diigtinilmiistiir. Ayrica, akarsu
istifinde yukar1 dogru tabaka kalinliklarinin ve
tane boyunun incelmesi, menderesli akarsularin
nokta tiimsegi istif modeli i¢in belirgin bir 6zellik
sunmaktadir (Sekil 6a). Kiremitlenmeli gakilli
kumtag1 fasiyesi Alabayir ve Tusba Mabhallesi
civarinda bulunmaktadir.



Sekil 6. a) Eski akarsu tortullari (kiremitlenmeli ¢akilli
kumtas1 fasiyesi), b) Eski gol tortullari (paralel
laminasyonlu siltli gamurtasi fasiyesi).

Figure 6. a) Ancient fluvial deposits (imbricated
pebbly sandstone facies), b) Ancient lacustrine deposits
(paralled laminated silty mudstone facies).

Paralel laminasyonlu siltli camurtas1 fasiyesi
(Ve

Bu fasiyes agik gri, acik yesilimsi-gri renklerle
temsili olup, ¢ok ince kum, silt ve kil boyu
tanelerden olusmaktadir. Fasiyesi olusturan
tortullar paralel laminasyon gostermektedir.
Lamina tabanlarinda herhangi bir asmma
yapisina rastlanmamistir. Depolanmis  tortul
tane boyunun ¢ok ince olmasi ve laminalanma
gostermesi, disiikk enerjili depolanma ortamini
isaret etmektedir. Arazi ¢alismalar1 sirasinda bu
fasiyesten alman bir kayag¢ drnegine %10 oraninda
seyreltilmis hidroklorik asit uygulanmis ve olusan
kimyasal tepkimeye bagli olarak bu fasiyesin
iceriginde karbonat bulundugu tespit edilmistir.
Acik gri, yesilimsi-gri renklerinde ¢ok ince
tanelerden olusan, karbonat ihtiva eden ve paralel
laminalanma gdsteren bu fasiyesin diisiik enerjili
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derin su (gol) depolanma ortaminda ¢okeldigi
distiniilmiistiir. Moralli Deresi’nin Van Golii ile
birlestigi kiy1 alanindaki taracalarda ve Kalecik
Mabhallesi civarinda belirgin sekilde gozlenmistir.
(Sekil 6b).

Kumlu cakiltas: fasiyesi (Kt)

Bu fasiyes agik gri ve bej renklerde, ¢akil ve kum
boyu tanelerden olusmaktadir. Fasiyesi olusturan
tortullarin boylar yiiksek enerjili bir depolanma
ortaminda ¢okelmeyi isaret etmektedir. Fasiyesi
olusturan ¢akil tanelerinin belirgin olarak yassi
sekilli olmasi; depolanma ortaminda dalga
enerjisinin etkin oldugunu ve kiy1 ¢izgisi zonunda
(plaj-sahil) ¢okelmeyi gostermektedir. Kumlu
cakiltas1 fasiyesinin, diisik enerjili derin su
ortaminda depolanmay1 isaret eden siltli killi
g0l tortullar1 ile yanal olarak gecisli oldugu
arazi c¢aligmalarinda tespit edilmigtir. Kumlu
cakiltag1 fasiyesi Kalecik Mabhallesi civarinda
gortilmektedir.

Holosen Tortullarimin Fasiyes Birlikleri

Giincel tortullar akarsu, delta ve gol kiyisinda
depolanan pekismemis cesitli tane boylarindaki
tortullar ile temsil edilmektedir. Tortullarin
dokusal o6zelliklerini belirlemek amaciyla Folk
(1954)’te  sunulan kirmntili tanelerin  dokusal
siniflamasi i¢in hazirlanmig tiggen diyagramdan
faydalanilmistir (Sekil 7).

AKkarsu tortullar:

Calisma alaninda tespit edilmis dere yatagi,
tagkin diizligi ve nokta tiimsegi depolanma
alanlarindaki tortullar farkli fasiyes birlikleri olarak
ayirtlanmistir. Genel olarak akarsu tortullar1 agik
kahverengi ve gri renklerdeki ¢akil, kum, silt ve kil
boyu tanelerden olugsmaktadir. Cakil boyutundaki
taneler yar1 yuvarlak-yuvarlak sekillidir. Dere
yatag1 tortullar1 tiggen diyagram iizerinde H, L, M
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ve N alanlarinda bulunmakta ve sirasiyla ¢ok az
cakilli orta kum, iyi boylanmis ince kum, silt, ince
kumlu kil dokusal &zellikleriyle karakterizedir.
Taskin diizliigii tortullart silt ve kil boyu ince
tortullardan  olusmaktadir.  Tagkin  diizligi
tortullart Folk (1954)’iin {iggen diyagraminda M
ve N alanlarinda yer almakta ve sirasiyla silt ile
ince kumlu kil dokusal &zellikleriyle temsilidir.
Nokta tiimsegi tortullar1 ise ¢ok az gakilli orta
kum (H), iyi boylanmig ince kum (L) ve silt (M)
dokusal 6zelliklerine sahip olup, agirlikli olarak
kum ve silt boyu tortul tanelerinden olusmustur.

@ Akarsu tortullart

® Ky tortullan

Delta tortullar:

S
N
g

G F K

%5 %
/* /] ‘ TN
iz )

o R M R \L

KiL Y X 7Y L Y 20 = e o KUM
1:9 1:1 9:1
Kum:Kil Oram

Sekil 7. Kirmtili tortullarin tane boyu siniflamasi tiggen
diyagrami (Folk, 1954).

Figure 7. Grain size classification ternary diagram of
the terrigenous sediments (Folk, 1954).

Delta tortullar:

Deltatortullarideltadiizliigii, deltakanallarive delta
onii fasiyes birlikleri olarak degerlendirilmistir.
Delta diizliigii tortullar1 kahverengi, koyu gri ve
siyah renklerle temsil edilen ince kum, silt ve
kil boyu tortullardan olugmaktadir. Tortullarda
organik madde miktarinin oldukea yiiksek oldugu
gozlenmigtir. Delta diizligli tortullar1  Folk
(1954) tggen diyagraminda L ile M alanlarinda

199

bulunmaktadir. Bu siniflamaya gore iyi boylanmis
ince kum ve silt dokusal 6zelligindedir. Silt, kil
boyu organik maddece zengin delta tortullar ile
g6l kiyisi tortullarinin ardalanmali olarak birbirinin
iizerine gelecek sekilde depolandigi ve depolanma
siirecinin devam ettigi gdzlenmistir. Delta kanali
tortullartkum-silttane boyu araligindaki tanelerden
olugsmakla beraber dokusal olarak iyi boylanmis
ince kum ve silt smiflamasinda yer almaktadir.
Delta kanali tortullar1 laminalanma gostermekte
ve tabandan tavana dogru incelen tane boylari
ile karakterize edilmektedir. Delta 6nii tortullar
yiksek oranda silt ve kil boyu tanelerden meydana
gelmistir. Folk (1954)’e ait iiggen diyagramda silt
ve ince kum taneli kil dokusal 6zelligini isaret
eden M ve N alanlarinda gozlenmistir (Sekil 7).
Delta tortullari, delta diizliglinden delta Onii
alanina dek tane boyunda incelmenin goriildiigii
fasiyes birliklerinden olusmus olup, kiy1 tortullari
ile yanal yonde gecislidir.

GOl kiyisi tortullar:

Bej ve acik gri renklerdeki agirlikli olarak kum
boyu tanelerden olugsmaktadir. Cakil boyu taneler
yassi sekilde olup, kenar ve koseleri silinmistir.
Tane boyu dokusal siniflamasi diyagraminda H ve
L alanlarinda bulunmakta ve dolayisiyla az ¢akilli
orta kum ve iyi boylanmis ince kum dokusal
ozellikleriyle temsil olunur. Kiy1 tortullari, kiyi
¢izgisinin ileri-geri taginimina bagli olarak delta
tortullart ile yanal gegislilik sunmaktadir.

Sedimanter Ortamlar

Ozellikleri

Depolanma ve

Calisma alaninda tespit edilen fasiyeslerin
depolanma ortamlarini ve siireclerini belirlemek
amaciyla gerek arazi g¢aligmalarindan elde edilen
sedimantolojik verilerden gerekse Freidman
(1958), Moiola ve Weiser (1968) ve Stewart
(1958) calismalarindaki depolanma ortami ve
siireclerinin  smiflandirtlmasi1 i¢in hazirlanmis
diyagramlardan faydalanilmistir (Sekil 8).
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Sekil 8. Depolanma ortami siniflamalari diyagramlari; a) Friedman (1958) siniflama diyagrami, b) Moiola & Weisser
(1968) smiflama diyagrami, ¢) Stewart (1958) siniflama diyagrami.

Figure 8. Diagrams for classification of depositional environments; a) Friedman (1958) classification diagram, b)
Moiola & Weisser (1968) classification diagram, ¢) Stewart (1958) classification diagram.

Friedman (1958)’de depolanma ortami
siniflama  diyagraminda  g¢arpiklik  (Ski)
ve boylanma (Si) tane boyu parametreleri
kullanilmistir. Bu ¢alismada elde edilen Ski ve
Si verileri diyagrama islenmis ve depolanmanin
hem nehir hem de sahil ortaminda oldugu tespit
edilmistir (Sekil 8a). Moiola ve Weiser (1968)
caligsmasina ait biitlinlesik siniflama diyagraminda
ise Ski ve Mz tane boyu parametreleri kullanilarak
depolanma ortamindaki siirecler ve ¢okelme
ortamlar1  smiflandirilmisgtir.  Moralli  Deresi
sistemi tortullarma ait Ski ve Mz verileri
diyagrama islenmistir (Sekil 8b). Sonu¢ olarak,
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veriler diyagramda nehir siireglerinin oldugu
alanda ve kiy1 alanlarinda dagilim gostermistir.
Stewart (1958)’de depolanma ortaminin tespiti
icin hazirlanan diyagramda ortalama tane boyu
(Mz) ve boylanma (Si) parametreleri kullanilmig
ve depolanma siirecini etkileyen hidrodinamik
kosullar  smiflandirilmistir.  Moralli  Deresi
sistemindeki tortullara ait ortalama tane boyu
ve boylanma parametreleri Stewart (1958)
diyagramina islenmistir (Sekil 8c). Verilerin
bir kisminin “nehir” bir kismmin ise “dalga”
bolgelerine  diistiigii  gozlenmistir.  Caligma
sahas1 kapsamindaki akarsu, delta ve gdl kiyisi
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depolanma ortamlarinda ¢okelmis tortullarin gerek Jeomorfolojik unsurlar
iist yiizeylerinde gerekse ¢evresinde tespit edilen
sedimanter yapilar depolanma ortamlarindaki
hidrodinamik enerji durumu, akis yonii ve akis

Menderesli akarsu ozelligindeki Moralli Deresi
kanali cevresinde iki farkli seviyede akarsu
R taracast (Sekil 9a), Van Go6lii kiy1 alaninda ise kiy1
hiz: haklanda bilgi saglamgtr. taracast (Sekil 9b), kiy1 bariyeri (Sekil 9c¢), kiy1
dili, kiy1 oklar1 gozlenmistir (Sekil 9d).

GB . Akarsu Taragalari KD

GOl Taragasi

KD GB KD GB
Kiyr Oku

Kiyi Dili

Kiyi Bariyeri

Guneybati

Sekil 9. a) Moralli Deresi akarsu taragalari ve yan tiimsegi, b) Van Golii kiy1 taragasi, ¢) Kiy1 bariyeri ve delta 6nii
depolanma alani, d) Kiy1 oku ve kiy1 dili, e) Akint1 ripillari, f) Poligonal kuruma ¢atlaklart ve dagitim kanali.
Figure 9. a) Moralli Stream terraces and side bars, b) Van Lake beach terraces, ¢) Beach barrier and delta
front depositional environment, d) Coastal spits and arrow, e) Flow ripples, f) Polygonal dessication cracks and,
distributary channel.
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Sedimanter yapilar

Arazi ¢aligmalari sirasinda dere yataginda akarsu
tortullarmin birikim alanlarmin st yiizeyinde
dalga kirigikliklar1 (Sekil 9e), akarsu ve delta
taskin diizliiklerinde kuruma gatlaklar1 (Sekil 9f)
ve kil-silt gibi ince taneli tortullarin ¢okeldigi dere
kanali tabaninda aktif oyulma siirecini gosteren
asindirma izleri gozlenmistir.

TARTISMA VE SONUCLAR

Hidrodinamik  Aktivitelerin Tane Boyu
Dagiimina Etkisi ve Tane Boyu Istatistik
Parametrelerinin Degerlendirilmesi

Kirmtili  tortullarin  dokusu, mineralojisi ve
jeokimyasi; ayrisma kosullari, iklim, tektonik
ve tortul kokeni hakkinda giivenilir bilgiler
saglamaktadir (Bhattacharya vd., 2017). Ornegin,
tane boyu, tane sekli ve yogunlugu, taginma ve
depolanma sirasindaki hidrodinamik siireclerin
anlagilmasini saglar (Bridge, 2009). McLaren
ve Bowles (1985) modeline gore, bir numune
dizisindeki ortalama tane boyu ile net tortul tagima
yonii tespit edilmektedir. Bu modele gore tortul
istifine ait ortalama tane boyu ince olmakla birlikte
iyi boylanma ve negatif carpiklik gosteriyorsa
diisiik enerjili tasimay1 veya ortalama tane boyu
kaba olup, iyi boylanma ve pozitif carpiklik
gosteriyorsa  yiiksek enerjili tasimayi isaret
etmektedir. Bu c¢alismadaki akarsu tortullarinda
kaynaktan akig asagi yonde tane boyu dagilimi
incelendiginde, orta-ince kum boyu tortullarin
orta-kotii boylanma ve negatif ¢arpiklik gosterdigi
ve Mclaren ve Bowles (1985)’te 6nerilen modelin
diisiik enerjili tasimayi isaret eden parametre
ozellikleriyle uyum gosterdigi  saptanmistir.
Graniilometrik parametreler ile tortullarin dere
kanalinda bulunma yerlerine gore, graniilometrik
parametrelerin tortul tasima yonii tespiti igin
dogru sonuglar verdigi sdylenebilir (Du vd.,
2015). Ayn1 zamanda graniilometrik parametreler
akarsu tortullarinin diisiik porozite ve permeabilite
ozelliklerine sahip oldugunu isaret etmektedir.
Numune alinan noktalar ile bu noktalardan alinan
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tortul numunelerine ait tane boyu dagilim grafikleri
akaclama agi1 ¢izimi {lizerine islenmistir (Sekil 10).
Sekil 10’a islenen verilerle tane boyu dagiliminin
akis asag1 yonde inceldigi, tagkin diizligli tane
boyu dagilimi, nokta tiimsegi tane boyu dagilimi
ve ana akarsu kanalina c¢evreden eklenen diger
akarsularin tane boyu dagiliminda olusturdugu
degisikliklerin izlenebilmesi amaglanmigtir. Dere
kanalinin bagka derelerle birlestigi noktalarda
tane boyu dagiliminda genel egilime uymayan
farkliliklar oldugu gézlenmistir. Tane boyu dagilim
grafiklerinde derelerin  birlestigi  alanlardaki
tortullar ¢ift tepeli egriler olusturmustur (Sekil
10). Cift-tepeli egriler, tortullarin igerdigi farkl
boylardaki kum tanelerinin veya kum-silt boyu
tanelerin agirliklariylailiskili olup, farkli kaynaklar
ile tasinmay1 temsil etmektedir. Kiiciik derelerin
silt ve kil boyunda tortul tasidigi, daha biiyiik
derelerin ise kum boyunda tortul tagidigi, derelerin
birlesim lokasyonlarindan, bu lokasyonlarin
gerisinden ve ilerisinden alian tortul numunelere
ait verilerin karsilagtirllmasiyla belirlenmistir.
Yiiksek enerjili derelerin ¢akil-kum boyu tortul
tagimasi, diisiik enerjili derelerin ise silt-kil boyu
tortul tasimasi, ¢alisma alanindaki hidrodinamik
aktivitelerin tane boyu dagilimi iizerinde 6nemli
Olciide etkili oldugunu gostermistir. Moralli
Deresi’nin su debisi kaynaga yakin alanlarda
diisiik olsa da derenin tasidigr aski ve yatak
yiikiiniin yogunlugu ve dere kanalinin bulundugu
arazinin diigiik egimli olmasindan kaynakli akig
hizinin yavasligi, derenin tagidigi tortullarin kum-
silt-kil boylarinda olmasina sebep olmaktadir.
Kaynaktan uzaklagildik¢a, dereye c¢evredeki
kaynak alanlarindan dogan sularin eklenmesiyle
birlikte su giicliniin artmasi1 ve tektonik hareketlerin
etkisiyle yeniden sekillenerek yiikselen akaglama
alanmin egiminin kismen artmasi, tagian tortul
boyunu etkilemistir ve orta-kaba kum ve cakil
boylarindaki tortul tanelerinin tasinip, derenin
hidrodinamik enerjisinin diistiigii alanlarda ve
kanalin kivrildig: dirsek bolgesinin karsi tarafinda
olusan nokta tiimseklerinde depolandigi tespit
edilmistir.
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Sekil 10. Moralli Deresi akaglama ag1, 6rnek lokasyonlari ve tane boyu dagilim grafikleri.

Figure 10. Moralli Stream drainage area, sample locations and, grain size distribution graphics.

Moralli Deltasi tortullarinda akis asagi yonde
tane boyu dagilimi incelendiginde, akarsuyun
yogun olarak etkiledigi delta tagskin diizliigii ve
delta kanallarinda depolanan tortullarin tane
boyunun, delta onii tortullarina kiyasla daha
kaba oldugu belirlenmistir. Bunun sebebinin ise
akarsudaki hidrodinamik enerjinin kiy1 alanina
dogru kademeli bir sekilde azalmasi ve bu enerjinin
biiylik bir kisminin dalga enerjisi ile karsilagilan
alanda soniimlenmesidir. Dolayisiyla delta Onii
alanima cok ince taneli tortullar tasinmistir. Delta
tortullarinin kotli boylanma gostermesinin sebebi,
derenin tasidigi ince tortullar ile gol kiyisinda
depolanan ¢ok kaba-kaba kum boyu tortullarin
birlikte ¢cokelmesidir. Delta tagkin diizliigii ve delta
onti tortullari, tane boyu dagilim grafiklerindeki tek
tepeli ancak genis kuyruklu egrilerle, delta kanali
tortullart ise cift tepeli egriler ile temsilidir (Sekil
10). Tek tepeli egriler tek hidrodinamik aktivitenin

(akarsu veya dalga) yogun olarak etki etmesine
bagli ayni tane boyundaki tortullarin, ¢ift-tepeli
egriler ise iki farkli hidrodinamik aktivitenin
(hem akarsu hem dalga) etkisi altinda farkli tane
boyundaki tortullarin tasimarak depolanmasini
isaret etmektedir.

Renier vd. (2013)’te dalga kirinim alanindaki
yiiksek diizeydeki ¢alkantinin ve giiglii akintilarin,
daha ince tortulart siipiiriirken kaba tortullarin
cokelmesine olanak tanidigi, tortullarm egimli
kiyida hem yukar1 hem de asagi hareket etmesinde
etkili oldugu vurgulanmistir (Sekil 11a). Gallagher
vd. (2016)’da ise kiy1 hidrodinamiginin sahil
stratigrafisini olusturma ve/veya yok etmede
oynayabilecegi rolii anlamak i¢in degisen kumsal
topografyasi ve su seviyeleri incelenmistir. Bu
incelemelere gore dogal kumsallarin yiizeyindeki
tortul tane boyunun, k1y1 morfolojisi, dalga enerjisi
ve depolanma siirecine bagli olarak degistigi
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vurgulanmistir. Bu baglamda incelenen bir kiy
alaninda, tortul tanelerinin, kiy1 akinti kanali ve
s1g su sisteminin go¢ etmesine bagli olarak sorf
bolgesindeki hidrodinamik enerji tarafindan
siirekli olarak yeniden islendigi ve yeniden
dagitildigi gézlemlenmistir. Yiiksek hidrodinamik
enerjinin kontrol ettigi sorf bdlgesinde tane
boyunun en biiyiik oldugu goézlemlenmistir. Ek
olarak, gel-git dalgalanmalarinin bir fonksiyonu
olarak, kaba boydaki tortullarin kiy1r kirinim
alanina bagli olarak sahilde yukar1 ve asagi
hareket ettigi gozlemlenmistir. Caligma alani
kapsamindaki Van Goli kiyisinda kiyr kirmim
alan1 boyunca aliman numuneler agirlikli olarak
(ps2,ps4, pco, pell, pel3, pel5) cakil ve kaba kum
boyundaki tortullardan olusmaktadir ve yiiksek
enerjili depolanma ortamini isaret etmektedir.
Kiy1 ¢izgisinin ilerisinden (kara tarafina dogru)
alinan numuneler ise genel olarak orta ve ince
kum boyundaki tortullar1 icermekte olup, dalga

Giil SEN, Tiirker YAKUPOGLU

kirmim alanina kiyasla daha disiik enerjili bir
depolanma ortamini yansitmaktadir. Ayrica, kiy1
tortullarinin  graniilometrik  parametrelerinden
yliksek porozite ve permeabilite Ozelliklerine
sahip olduklart anlagilmistir. Kiy1 tortullar
cogunlukla tek tepeli egriler ile temsili olup,
kil-silt gibi ince malzemelerin dalga enerjisiyle
uzaklastigi ve cesitli kum boyu malzemelerin
g6l kiyisinda depolandigini  gdstermektedir.
Ayrica, delta loblarinin Van Golil ile birlestigi kiy1
alanlarindan alinan tortullarin tane boyu dagilim
grafiklerinde (p¢7 ve pg¢9) biri yiiksek siddetli biri
diistik siddetli olmak tizere ¢ift tepeli egriler tespit
edilmistir (Sekil 10). Cift-tepeli egriler, delta onii
alanina akarsu enerjisi ile tasinan ¢ok ince taneli
tortullar ile Van Goli dalga enerjisi ile taginan
kaba kum boyu tortullarin bir arada ¢dkeldigini ve
akarsu ve dalga kaynakli iki farkli hidrodinamik
aktivitenin etkinligini isaret etmektedir.

Dalga kirinim alani

1. Gol su seviyesi

2. Kiyi hidrodinamik enerjisiyle
A 4 iligkili tortul tane boyu dagilimi

= " Kaba taneli tortullar

Ince taneli tortullar

ince tanel tortullar

3. Gol su seviyesinde artma
t

Gél su

iligkili tortul tane boyu dag

Kaba taneli tortullar
Ince taneli tortullar

i degisim T

>

Sekil 11. a) Kiy1 topografyasina, hidrodinamik dalga enerjisine ve gol su seviyesine bagli olan tortul tane boyu
dagilim modeli (Gallagher vd. (2016)’dan degistirilmistir), b) Eski g6l tortullari (yanal gegisli ¢akilli kumtasi fasiyesi

ile siltli camurtast fasiyesi), ¢) G6l kiyisi tortullart.

Figure 11. a) Grain size distribution model depend on coastal morphology, wave hydrodinamic energy, and lake
water level (modified from Gallagher vd. (2016)), b) Ancient lacustrine deposits (lateral transitional pebbly sandstone
facies and silty mudstone facies), ¢) Lacustrine deposits (Lakeshore sediments).
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Sedimanter Depolanma Ortamlari

Caligma alan1 karasal ortamlardan olan akarsu,
delta ve gol kiyist depolanma
ortamlarini kapsamaktadir.

sedimanter

Akarsu depolanma ortam

Moralli Deresi’nin, egimin az oldugu bir akaclama
ag1 havzasinda ‘s’ seklinde kivrilarak ilerlemesi,
yanal yonde yer degistirmesi, ¢cogunlukla nokta
timseklere ve yer yer boyuna tlimseklere sahip
olmast dolayisiyla menderesli akarsu olarak
sintflandirilmigtir  (Sekil 12a). Ayrica, Moralli
Deresi’nde yer yer kanal deseni degisikligi, kanal
genisliklerinde kademeli bir azalma ve mevsimsel
degisikliklere bagli olarak azalan su debisine
bagh diisiik akis giicli tespit edilmistir. Akarsu
depolanma sistemleri havza dlgeginde gerek tortul
kaynagi, yiizeysel akis ve ince taneli tortullarin
mevcudiyeti gibi ig¢sel faktorlerin degisiminden
gerekse de akarsu kiy1r banklarinda ve taskin
diizliigiinde meydana gelen dis degisikliklerden
etkilenmektedir (de Almeida vd., 2016). Moralli
Deresi’yle havzanin farkli noktalarinda birlesen
ve digsal faktorlere ornek teskil eden akarsular,
gerek depolanma ortamlarindaki tortul tane
boyunun ¢esitlenmesine gerekse de su debisinde
artisa sebep olarak taskinlara ve tagskin dizligi
alanlarinin yayiliminin artmasina sebep olmustur
(Sekil 12b). Moralli Deresi kanalinda tortul
depolanma boyuna
tiimseklerin (Sekil 12c) st yiizeyinde tek yonlii
akintinin olusturdugu birbirine paralel gelismis
akinti ripillar1 gozlenmistir. Akint1 ripillarinda
egimin az oldugu taraf belirlenerek akint1 yoniiniin
kuzeydogudan giineybatiya dogru oldugu ve si1g
su ortaminda diigilk akinti hizina bagl olarak
olustugu tespit edilmistir. Paleoakinti yoniiniin
bulunmasinda fayda saglayan oluk ve oygu izleri
gibi tabaka alti sedimanter yapilarin olusum
asamasini temsil edebilecek bazi asindirma izleri
Moralli Deresi kanalinda goézlemlenmistir. Bu
asindirmalara 6zellikle akarsuyun, ¢evre derelerle

alanlarindan nokta ve
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birlestigi ve bu sebeple hidrodinamik aktivitenin
arttig1
degisikliklerinin oldugu bolgelerde rastlanilmistr.

yerlerde ve dere yatagindaki egim
Turbilanslhi akisla tasmnan c¢akil ve kaba kum
boylarindaki tortullarin, akarsu yataginda daha
once depolanmig silt ve kilden olugmus eski
birikimlere g¢arpmasi sonucu akarsu yataginda
akis asag1 yonde asinma olmakta ve agindirma
sireci devam etmektedir (Sekil 12d). Akarsu
depolanma ortaminda tespit edilen sedimanter
yapilarin isaret ettigi akinti yonii ile McLaren
ve Bowles (1985) modeli hipotezi gergevesinde
tane boyu dagilimindan elde edilen akinti yonii
karsilastirilmis olup, sonuglarin birbirini destekler
nitelikte oldugu tespit edilmistir.

Delta depolanma ortamm

Menderesli akarsular tarafindan gercgeklestirilen
erozyon ve sel basmasi gibi ¢esitli hidrodinamik
delta
morfolojisini biiyiik 6l¢lide sekillendirmektedir
(Bridge, 2009; Bellizia vd., 2021). Go6l kiyisinda
olugan delta tiplerinden sig-su deltalari, hem

aktiviteler, modern  kiy1 ovalarinin

g0l seviyesi yiikselme oranlarinin diisiik oldugu
donemlerde hem de zorunlu regresyon esnasinda
s1g su derinliklerinde olugsmaktadir. Bu delta tipleri
¢ok loblu bir morfolojiye sahip, yanal uzanimli,
kum bakimindan zengin delta govdelerinden
olusmaktadir (Winsemann vd., 2018). Moralli
Deresi ile Van Golii’niin birlestigi alanda, akarsu
tarafindan tasman ¢akil-kum-silt-kil boylarindaki
tortullar genis ve diisiik egimli delta ovasinda,
akarsu-dalga hidrodinamik enerjilerinin etkisi
altinda depolanarak bir sig-su delta sistemini
Moralli Deltas1
cogunlukla kum boyu

olusturmustur. yanal yoOnde

uzanimli, tortullarin
depolandigr ve diisiik egimli bir gdvdeden
olusmaktadir. Akarsu hidrodinamik enerjisine
bagl olarak tane boyu dagilimi deltanin farkli

depolanma birimlerinde gesitlilik gdstermektedir.
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Osmangol Deresi Vadisi

—Akinti Ripillari

Moralli Deresi

Moralli Deltasi

Van Goli ile Moralli Deresi’'nin Birlestigi Kiyi Alani® -~
e sl e P

Akarsu Tortullari
Moralli Deresi|

Sekil 12. a) Moralli Deresi’nin menderesli kanal yapisi ve nokta tiimsekleri, b) Moralli Deresi ve Osmangdl Deresi
birlesim alani, ¢) Nokta ve yan timsekler, akinti ripillari, d) Asindirma izleri, ) Moralli Deltast ve dagitim kanali, f)
Kiy1 ¢izgisi ve iliskili kiy1 tortullari, g) Dagitim kanali ve ¢akilli kumlu kiy1 tortullari, h) Moralli Deresi ve Van
Goli’niin birlestigi kiy1 alani ve akarsu tortullart.

Figure 12. a) Moralli Streams’ meandering channel morphology and point bars, b) Moralli Stream and Osmangol
Stream merged area, ¢) Point and side bars, flow ripples, d) Abrasion marks, e) Moralli Delta and distributary
channel, f) Shoreline and related beach sediments, g) Distributary channel and pebbly sand beach sediments, h)
Moralli Stream and Van Lake intersection coastal area and stream deposits.
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Ornegin, delta gdvde alaninin baslangicindan
delta onii alana dek akarsu enerjisinin kademeli
olarak azaldigr ve buna bagli olarak tasidig:
yatak yiikiindeki kaba taneli tortullarin biiyiik
bir boliimiiniin delta diizliiglinde, orta, orta-ince
tane boyundaki tortullarin yogun miktarda delta
loblarinda ve ince-¢ok ince tane boyuna sahip
torttullarin ise delta onil alaninda ¢okeldigi tespit
edilmistir. Dere, delta alaninda bircok dagitim
kanalina boliinerek Van Golii’ne dokiillmektedir
(Sekil 9f ve Sekil 12e). Delta dagitim kanallarinda
kaba kum boyunda, kotii boylanmis tortullar
¢Okelmistir. Delta kanallarinda kiy1 ve akarsu
tortullarinin ardigik olarak c¢okelmesi gerek gol
su seviyesinin diisiik de olsa yiikselmesine bagl
gerekse de regresyona bagli olarak degisen
hidrodinamik aktivitelerden kaynaklanmuistir.
Glntimiizde Van Go6li su seviyesi iklimsel
degisikliklerin etkisi altinda diismeye devam
etmekte ve kiyr alaninda meydana gelen
regresyona bagli olarak kiy1 ¢izgisinin geriledigi
gozlemlenmistir. Ayrica, delta taskin diizliiglindeki
camur Dbirikimlerinde donemsel kuraklikla
iliskili olarak gelisen sedimanter yapilardan
kuruma catlaklar1 bulunmakta olup, bu yapilar
gergeklesen regresyonun bir gostergesi olarak
degerlendirilmistir.

Gol kiyis1 depolanma ortami

Caligsma kapsamindaki kiyisal alan, tane boyu
dagilimi, dalga ve akinti enerjisine bagli olarak kiy1
onii, kiy1 kirmim ve akint1 kanali bolgesi olmak
iizere ii¢ farkli depolanma ortami baglaminda
incelenmistir. Kiy1 onii alaninda ¢okelen kil-silt-
ince kum boylarindaki tortullar diisiik-enerjili
depolanma ortamint isaret etmektedir. Eski
g0l tortullarindaki ve kiy1 onli alanindaki ince
taneli tortullar, yiiksek enerjili hidrodinamik
aktivitelerle depolanma ortamindan uzaklastirilan
tortullar olabilecegi gibi, kiy1 ¢izgisinin kara
tarafina dogru ilerlemesi veya kiy1 ¢izgisinin gol
tarafina dogru ¢ekilmesi sonucu degisen morfo-
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ve hidrodinamik kosullar altinda ¢okelen tortullar
olabilecegi de diistinlilmektedir (Sekil 11b ve Sekil
11c). Kiy1 cizgisi alaninda agirlikli olarak c¢akil
ve kaba kum boylarinda tortullarin depolandig
gozlemlenmistir  (Sekil 12f). Akinti  kanali
bolgesinde depolanan tortullar ise g¢ogunlukla
cakil ve kaba kum boyu tanelerden olusmustur
(Sekil 12g). Akint1 kanal1 depolanma ortaminda,
akarsu enerjisi ile dalga enerjisinin birlikte ancak,
birbirine zit yonde calismasindan dolay1 cesitli
tane boylarinda tortullar depolansa da kaba taneli
tortullarin yogun olarak ¢okeldigi tespit edilmistir
(Sekil 12h). Hidrodinamik aktivitelerin mevsimsel
olarak degisiklik gostermesine bagli olarak
kiy1 ¢izgisinin ileri-geri yonde yer degistirmesi
kiy1 ¢izgisi ve kiy1r onii alanlarinda cesitli tane
boylarindaki tortullarin depolanmasina olanak
saglamistir.

GOl kiyisinda tespit edilen tortul depolanma
alanlarindan olan kiyr kumullari, kiy1 bariyeri,
kiy1 dili ve kiyr oklart gibi cesitli jeomorfolojik
unsurlarin ~ kiyidaki  oryantasyonu ve bu
birikintilerinizerinde gbzlenen dalgaripillari dalga
yoniiniin kuzeydogu oldugunu isaret etmektedir.
Kiy1 alaninda farkli iki seviye ile temsil edilen bir
diger jeomorfolojik unsur ise kiy1 taracalaridir.
Akca vd. (2008) ve Ozalp (2020)’de Van Golii
kiy1 taragalarinin ya tektonizma kontroliinde ya
da dalga enerjisine bagli olarak aginma sonucu
gelismekte oldugu ve su seviyesindeki yiikselme
ve algalmalardan etkilenerek zaman i¢inde evrim
gecirdikleri belirtilmigtir. Valeton (1978) ve Goriir
vd. (2015) caligmalarinda gerek akarsu gerekse
g0l taracalarinin olusumunun temel sebebinin
g6l su seviyesindeki degisimler oldugu, bu
degisimlerin ise iklimsel, tektonik ve volkanik
aktivitelerin denetiminde gerceklestigine vurgu
yapilmistir. Kuzucuoglu vd. (2010)’da Van Goli
cevresindeki gdl taragalar1 {izerinde yapilan
sedimantolojik ve jeomorfolojik ¢aligmalar
sonucu, Geg Pleyistosen doneminde Van Golii su
seviyesindeki dalgalanmalarin temel sebebinin
iklimsel degisiklikler oldugu belirtilmistir. Bu



calismaya gore iklimsel degisikliklere bagh
olarak yiikselip, alcalan gol seviyesi taraga
olusumuna sebep olmustur. Maurya vd. (1997)’de
derin vadilerden gegcen menderesli akarsularin,
tektonik aktivitelerden kaynakli yiikseltilmis
taracalara sahip olabilecegi ve bu taragalarin
bolgenin Kuvaterner doneminde genglestigini
dogrulayabilecegine deginilmistir. Bu ¢alisma
kapsaminda ise c¢alisma alanmnin bir kisminda
nispeten derin vadilerden gecen Moralli Deresi
kanali cevresinde ve kiyr alaninda iki farkli
seviyede akarsu taragasi tespit edilmistir.
Caligilan alanda akarsu kaynak bolgesi ¢evresinde
eski gol tortullarmmin bulunmasi, Van GOl su
seviyesinin Kuvaterner doneminde oldukca
yiiksek seviyelere c¢iktigmin bir gostergesidir
ve taracalarmm olusumunda gol seviyesindeki
dalgalanmalar dolayisiyla iklimsel degisikliklerin
etkili olabilecegi disiiniilmiistiir. Ancak, havzanin
Everek ve Alakdy bindirme faylari tarafindan
kontrol edilmesi ve bu sebeple akarsu ¢evresinde
rastlanan taracalarin tektonik kokenli olabilecegi
de g6z Oniinde bulundurulmustur. Taragalarin
olusum mekanizmasmin net bir sekilde ortaya
cikarilmasi igin taragalardan elde edilecek yas
verileri ile havzay1 kontrol eden faylarin hareket
tarihleri karsilagtirllmali ve taraga tortullarindan
alman drnekleriizerinde palinolojianalizi yapilarak
donemin iklimsel 6zellikleri belirlenmelidir. Bu
baglamda taragalarin olusum mekanizmasinin
bulunmasina yonelik yapilacak bir calisma ile
taracalarin iklimsel ve/veya tektonik kaynakli
olup/olmadigi ortaya konulabilir.

Bu calisma kapsaminda yapilan
sedimantolojik analizler sonucu elde edilen tane
boyu ve graniilometrik parametre verileriyle
Moralli Deresi’nin hidrodinamik enerjisinin kum-
silt-kil boyu taneleri tasiyabilecek potansiyelde
oldugu, akaglama agi havzasinda akis asagiya
dogru tane boyunun inceldigi ve Van Goli’niin
dalga enerjisinin ¢akil ve kum boyu tanelerin
tasinmasini  ve depolanmasini saglayabilecek
potansiyelde oldugu ortaya g¢ikarilmistir. Ayrica,
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Van Golii su seviyesinde iklimsel degisikliklerden
kaynakli yiikselme ve algalmalarin olusturdugu
akarsu, delta ve golsel kiy1 depolanma ortamlarinda
cokelen tortullarin fasiyes 6zellikleri ile tektonik
ve hidrodinamik aktivitelerden kaynaklanan
jeomorfolojik unsurlar (kiyt oku, kiyr dili, kiy1
bariyeri, gl ve akarsu taragasi) belirlenmistir.

EXTENDED SUMMARY

This study was carried out to determine the grain
size distribution trends of Quaternary fluvio-
lacustrine sediments and hydrodynamic effects,
which play an essential role in the erosion,
transport, and deposition processes in depositional
environments. Moreover, it aims to define the facies
deposited in different environments and reveal the
characteristics of the depositional environments
and the geomorphological structures of the study
area. This study presents an integrated approach,
focusing on the grain size of the sediments,
hydrodynamic activities and the depositional
environments formed under the effects of morpho-
sedimentary processes, tectonism and climate.
Moralli Stream, which has not been studied in
detail before and is under the influence of the
Alakéy and Everek thrust faults, has high potential
in sedimentology and geomorphology.

The study field covers an area of approximately
30 km? east of Lake Van, within the K50-c4 sheet
map of Van province. The study area is surrounded
by Cobanoglu village in the east, Lake Van and
Bardakgi village in the west, and Kalecik village
in the south (Figure la). The Moralli Stream in the
study confluences with the Beyaztas and Tekmal
streams rising from the south of Agazul Hill, and
the Osmangol and Katar streams rising around
Kavran Hill in the middle part of Everek Plain.
As Moralli Stream goes west, it receives water
from springs and flows into Lake Van (Figure
1b and Figure 2). The oldest unit in the study
area is the Upper Cretaceous Bakisik melange
and olistostrome (Senel et al., 1984), while the



Moralli Deresi Sisteminin Kuvaterner Yash Tortullarinin Tane Boyu Dagilimi ve Depolanma Ortamlar: (Tusba, Van, Tiirkiye)

youngest unit is the Holocene fluvio-lacustrine
and alluvial deposits (Stimengen, 2008) (Figure 2
and Figure 3).

Grain size analysis was performed to
determine the grain size distribution trends of
the fluvio-lacustrine sediments. For the grain
size analysis, a total of 42 sediment samples were
taken at regular intervals, starting from the source
area of the stream to the area where it spills into
Lake Van (Figure 4). It was determined that the
grain size of the sediments taken from the stream
source area was mainly between 0.42-0.25 mm,
and the grain size of the sediments taken from
the downstream parts of the channel bed was
between 0.125-0.037 mm. The mean grain size of
fluvial sediments (md 1, 2, 4, 6, 9, 12, 16, 17, 20)
is of fine sand-very fine sand size, and the sorting
parameter is generally in the poor sorting class.
The skewness degree is mostly strongly negative
skewed and the degree of kurtosis was determined
as platykurtic. The particle size distribution in the
fluvial sediments was examined downstream from
the source, and it was determined that the medium-
fine sand-size sediments showed moderate-to-poor
sorting and negative skewness.

The model suggested by Mclaren and Bowles
(1985) was in agreement with the parameter
properties indicating low-energy transport. In
general, single-peaked curves were observed in
the grain size distribution graphs of the stream
channel sediments (Figure 5a), and double-
peaked curves were observed in the grain size
distribution graphs of the sediments belonging
to the intersection of the streams (Figure 5b).
Double-peaked curves are related to the weight
of sand grains of different sizes or sand-silt-size
grains and represent transport from different
sources. It was determined by comparing the
data of the sedimentary samples taken from
the intersection of the streams, forwards and
backwards, that small streams carry sediments
having the size of silt and clay, while the larger
streams carry sediment of sand size (Figure 5c).
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In the point bar sequences, the sediment grain
size decreases in the downstream direction, and
the grain size distribution graphs present a single-
peaked curve (Figure 5d), double-peaked curve
(Figure 5e) and single-peaked curve (Figure
50,
transport in high-energy streams and silt-clay-size
sediment transport in low-energy streams showed
that hydrodynamic activities in the study area
significantly affect the grain size distribution.

respectively.  Gravel-sand-size  sediment

When the grain size distribution is observed
from the delta plain to the delta front area, it
was determined that the grain size decreased
towards downstream, and three different grain
size fractions represent different depositional
units of the delta. The grain sizes of the sediment
samples taken from the delta plain (md 21, 22, 23)
are 4.75-025 mm, the grain sizes of the sediment
samples taken from the delta channels (md 24, 25)
are 1.00-0.25 mm, and the sediment samples taken
from the delta front area (md 26, 27) have grain
sizes ranging between 0.074-0.037 mm. Delta
plain sediments have a mean grain size in the
coarse sand class with poorly sorted, positively
skewed and mesokurtic features. Delta channel
sediments have a mean grain size in the medium-
fine sand class with poorly sorted, positively
skewed and platykurtic features. The mean grain
size of delta front sediments is in the very fine sand
class with moderately sorted, negatively skewed
and leptokurtic characteristics.

The delta sediments are composed of facies
with a grain size decreasing from the delta plain to
the delta front area and are laterally transitional
with the coastal sediments. In the grain size
distribution graphs of delta sediments, single-
peaked curves were observed in the delta plain
sediments, double-peaked curves in the delta
channel sediments, and single-peaked curves in
the delta front sediments (Figures 5g, 5h and 5i).
Single-peaked curves indicate the sediments of the
same grain size due to the intense influence of a
single hydrodynamic activity (flow or wave). In



contrast, double-top curves indicate the transport
and deposition of sediments of different grain sizes
under the influence of two different hydrodynamic
activities (flow and wave).

The grain size of the beach sediments was
determined to be in the range of 1-0.42 mm. While
sediments contain fine grains of 0.074-0.037 mm
in size in the coastal area, especially in the low-
energy foreshore area, it was determined that
sediments containing >4.75 mm in size pebbles
were deposited in the rip channel and shore
break areas. The mean grain size distribution
of the beach sediments of Lake Van (p¢l-15) is
very coarse sand, coarse sand and medium sand
size, and is represented with moderate-well,
moderate sorting, symmetric-positive skewness
and leptokurtic parameters. The beach sediments
are represented mainly by single-peaked curves,
showing that fine materials such as clay-silt were
removed by wave energy and various sand size
materials were deposited on the lakeshore. In
addition, in the grain size distribution graphs (p¢7
and p¢Y) of the sediments taken from the coastal
areas where the delta lobes meet with Lake Van,
double-peaked curves, one with high intensity and
one with low intensity, were detected (Figures J5j,
Sk and 51). The double-peaked curves indicate
that very fine-grained sediments transported to the
delta channel by fluvial energy and coarse sand-
sized sediments transported by wave energy from
Lake Van were deposited sequentially, indicating
two different sources with the effectiveness of two
different hydrodynamic activities.

As a result of field studies, the identified
cross-bedded, imbricated pebbly sandstone facies
(Md) represent the ancient fluvial sediments, while
the parallel laminated silty mudstone facies (Vg)
represent the ancient lake sediments (Figures
6a and 6b). Sandy conglomerate facies (Kt) are
represented by light grey and beige colours and
consist of pebbles and sand-sized grains. The size
of the sediments forming the facies indicates that
they were deposited in a high-energy depositional
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environment. The pebble grains in the sandy
conglomerate facies are distinctly platy in shape;
this shows that wave energy is effective in the
depositional environment and deposition in the
shoreline zone (shore break) (Figures 11b and
11c). Unconsolidated sediments deposited in the
Sfluvio-lacustrine system were interpreted as having
fuvial, delta and lakeshore facies associations.
The fluvial sediments were evaluated as having
stream channel, flood plain and point bar facies
associations. Generally, fluvial sediments consist
of light brown and grey coloured unconsolidated
gravel, sand, silt and clay-sized sediments. Delta
sediments that consist of fine sand, silt and clay-
sized sediments, represented by brown, dark grey
and black colours, were evaluated as having
delta plain, delta channels and delta front facies
associations. Lakeshore sediments consist mainly
of sandy sediments in beige and light grey colours.
Gravel-sized grains are platy in shape, and their
edges and corners have been eroded.

The sedimentological data and the bivariate
classification diagrams prepared by Freidman
(1958), Moiola & Weiser (1968) and Stewart
(1958) were used to determine the sediment
transport and deposition processes and also the
depositional environments. As a result, the data
were plotted on flow and wave processes related
to river and beach depositional environments
(Figure §8).

Moralli Stream is a meandering stream
that curves in an ‘s’ shape in a drainage basin
where the slope is low, and it displaces laterally
and contains point and side bars, which are the
characteristics of a meandering river (Figure
12a). In the area where Moralli Stream and Lake
Van meet, sediments in the gravel-sand-silt-clay
carried by the stream were deposited in the broad
and low-sloping delta plain under the influence
of stream-wave hydrodynamic energies, forming
a shoal-water delta system at low-water depths
(Figures 9 and 12).
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The coastal area within the scope of the
study consists of three different deposition
environments, namely, the shorefront, the shore
break and the rip channel region, depending on
the grain size distribution, waves and current
energy. Around the Moralli Stream channel,
two river terraces at different levels have been
observed, and in the coastal area of Lake Van,
various geomorphological structures such as lake
terraces, beach barriers, beach splits and beach
arrows have been observed (Figure 9). Within
the scope of this study, two different levels of
river terraces were identified around the Moralli
Stream channel, which passes through relatively
deep valleys in part of the study area, and in the
coastal area. The presence of old lake sediments
around the river source area is an indication
that the water level of Lake Van rose to very high
levels during the Quaternary period, and it was
thought that fluctuations in the lake level arising
from climatic changes may have been influential
in the formation of the terraces. However, taking
into account that the Everek and Alakoy thrust
faults control the basin, the terraces found around
the stream may be of tectonic origin. The source
mechanism of the terraces will be presented in
future studies.

With the grain size and statistical parameter
data obtained as a result of the sedimentological
analyses carried out in this study, it is seen that the
hydrodynamic energy of Moralli Stream has the
potential to transport sand-silt-clay sized grains,
and the grain size of the sediments decrease
through the downstream of the stream channel
in the drainage basin. It has been revealed that
the wave energy of Lake Van has the potential
to transport pebble and sand-sized grains. In
addition, the characteristics of the lithofacies and
facies associations in the sedimentary sequences
(fluvial, delta and lacustrine shore) formed by the
rise and fall of the water level of Lake Van due
to climatic changes, and the geomorphological
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structures (beach spits and arrows, beach barriers,
lake and river terraces), resulted from tectonic
and hydrodynamic activity.

KATKI BELIRTME

Bu makale birinci yazarin Yiiksek Lisans tezinden
(Sen, 2015) yararlanilarak yazilmistir.

ORCID

Giil Sen (®) https://orcid.org/0000-0002-9729-242X

Tiirker Yakupoglu (®) https://orcid.org/0000-0001-8811-9660

KAYNAKLAR / REFENRENCES

Acarlar, M., Bilgin, E., Elibol, E., Erkal., T. ve Gedik,
I. (1991). Van Gélii dogu ve kuzeyinin jeolojisi
(Rapor no: 9469). Maden Tetki ve Arama Genel
Midiirligi, (yayimlanmamais).

Akga, E., Cimrin, K. M., Ryan, J., Nagano, T., Topaksu,
M. & Kapur, S. (2008). Differentiating the natural
and man-made terraces of Lake Van, Eastern
Anatolia, utilizing earth science methods. Lakes
and Reservoirs: Research and Management,

13(1), 83-93.

Akin, M., Ozvan, A., Akin, M. K. & Topal, T. (2013).
Evaluation of liquefaction in Karasu River
floodplain after the October 23,2011, Van (Turkey)
earthquake. Natural Hazards, 69(3), 1551-1575.

Akképri, E. & Christol, A. (2019). Lake Van. In C.
Kuzucuoglu, C., A. Ciner, N. Kazanct (Eds.),
Landscapes and Landforms of Turkey (369-382).
Springer Nature Switzerland AG.

Akkopri, E., Aydin, F. A. ve Dogu, A. F. (2019). Van
Goli seviye degisimlerinin Engil Cay1 Deltasi
jeomorfolojisi tizerine etkisi ve Dilkaya Hoyiigii
ile iligkisi. Tiirk Cografya Dergisi, 72, 45-51.

Aksoy, E. (1988). Van Ili Dogu-Kuzeydogu Yiresinin
Stratigrafi ve Tektonigi [ Yayimlanmamis, Doktora
Tezi]. Firat Universitesi Fen Bilimleri Enstitiisii.

Alaeddinoglu, F., Avsin, N. ve Yilmaz, E. (2016). Van
Golu giineydogusunun jeomorfolojik ozellikleri



ve ekoturizm. Karabiik Universitesi Sosyal

Bilimler Enstitiisii Dergisi, 6(2), 291-310.

Arni, P. (1938). Van vilayetinin jeolojisi hakkinda rapor
(Arsiv no: 883). MTA, (yayimlanmamis).

Avsin, N. ve Aras, M., 2021. Aras Nehri vadisi ve yakin

cevresinin  jeomorfolojisi  (Kagizman-Gaziler
aras1). Sosyal, Beseri ve Idari Bilimler Dergisi,

4(5), 368-386.

Balkas, O., Serdar, S. H., Erakman, B., Giingor,
A., Pasin, C., Aksu, R. ve Isbilir, M. (1980).
Bagkale-Gilirpinar-Catak-Van alanmin jeolojisi
ve petrol olanaklari (Rapor no: 1455). TPAO
(yayimlanmamis).

Bellizia, E., Boaga, J., Fontana, A., D’Alpaos, A.,
Cassiani, G. & Ghinassi, M. (2021). Impact of
genesis and abandonment processes of a fluvial
meander on geometry and grain-size distribution
of the associated point bar (Venetian Plain, Italy).
Marine and Petroleum Geology, 127, Article
104951.

Bhattacharya, F., Shukla, A. D., Patel, R. C., Rastogi,
B. K. & Juyal, N. (2017). Sedimentology,
geochemistry and OSL dating of the alluvial
succession in the northern Gujarat alluvial plain
(western India)-A record to evaluate the sensitivity
of a semiarid fluvial system to the climatic and
tectonic forcing since the late Marine Isotopic
Stage 3. Geomorphology, 297, 1-19.

Bridge, J. S. (2009). Rivers and floodplains: forms,
processes, and sedimentary record. John Wiley
and Sons, New York, 512 s.

Bulum, B. O. (2015). Bendimahi Cayi’'mn (Van)
bir
[Yayimlanmamis Yiiksek Lisans

su kalite kriterleri iizerine arastirma
Tezi]. Van
Yiiziincii Y1l Universitesi Fen Bilimleri Enstitiisii,

Van, 126 s.

Christol, A., Kuzucuoglu, C., Fort, M. & Lamothe, M.
(2013). Premiére chronologie OSL des formations
fluvio-lacustres de la vallée de la Karasu:
implications sur la paléogéographie du bassin
du lac de Van (Turkey). Géomorphologie: relief,
processus, environnement, 19(4), 393-406.

212

Giil SEN, Tiirker YAKUPOGLU

Ciftei, Y., Istk, M. A., Alkevli, T. ve Yesilova, C.
(2008). Van Goli havzasinin ¢evre jeolojisi.
Jeoloji Mithendisligi Dergisi, 32(2), 45-77. https://
dergipark.org.tr/tr/pub/jmd/issue/52384/686287

Dade, W. B. & Friend, P. F. (1998). Grain-size,
sediment-transport regime, and channel slope in
alluvial rivers. The Journal of Geology, 106(6),
661-676.

de Almeida, R. P., Marconato, A., Freitas, B. T. &
Turra, B. B. (2016). The ancestors of meandering
rivers. Geology, 44(3), 203-206.

Degens, E. T., Wong, H. K., Kempe, S. & Kurtman, F.
J. G. R. (1984). A geological study of Lake Van,
Eastern Turkey. Geologische Rundschau, 73(2),
701-734.

Dengiz, O. (2010). Morphology, physico-chemical
properties and classification of soils on terraces of
the Tigris River in the south-east Anatolia region
of Turkey. Journal of Agricultural Sciences, 16,
205-212.

Dicle, S. & Uner, S. (2017). New active faults on
Eurasian-Arabian collision zone: Tectonic activity
of Ozyurt and Giilsiinler faults (eastern Anatolian
Plateau, Van-Turkey). Geologica Acta: An
International Earth Science Journal, 15(2), 107-
120.

Du, X., Gama, C., Liu, J. T. & Baptista, P. (2015).
Sediment sources and transport pathway
identification based on grain-size distributions
on the SW coast of Portugal. TAO: Terrestrial,
Atmospheric and Oceanic Sciences, 26(4), 397.

Erinc, S. (2012). Jeomorfoloji I. (Glincellestirenler: T.
A. Ertek - C. Giineysu). Der Yayinlari, Istanbul,
284 s.

Fazelpoor, K., Yousefi, S., Martinez-Fernandez, V. & de
Jalon, D. G. (2021). Geomorphological evolution
along international riverine borders: The flow
of the Aras River through Iran, Azerbaijan, and
Armenia. Journal of Environmental Management,
290, Artcile 112599.

Folk, R. L. (1954). The distinction between grain size
and mineral composition in sedimentary rock
nomenclature. The Journal of Geology, 62(4),
344-359.



Moralli Deresi Sisteminin Kuvaterner Yash Tortullarinin Tane Boyu Dagilimi ve Depolanma Ortamlar: (Tusba, Van, Tiirkiye)

Folk, R. L. (1974). Petrology of Sedimentary Rocks.
Hemphill Press, Second Edition, Austin, Texas,
182.

Folk, R. L. & Ward, W. C. (1957). Brazos River bar
(Texas); a study in the significance of grain size
parameters. Journal of Sedimentary Research,
27(1), 3-26.

Friedman, G. M. (1958). Determination of sieve-size
distribution from thin-section data for sedimentary
petrological studies. The Journal of Geology,
66(4), 394-416.

Gallagher, E., Wadman, H., McNinch, J., Reniers, A.
& Koktas, M. (2016). A conceptual model for
spatial grain size variability on the surface of and
within beaches. Journal of Marine Science and
Engineering, 4(2), 38.

Gao, S., Collins, M. B., Lanckneus, J., De Moor, G.
& Van Lancker, V. (1994). Grain size trends
associated with net sediment transport patterns:
An example from the Belgian continental shelf.
Marine Geology, 121(3-4), 171-185.

Gortir, N., Cagatay, M., Zabci, C., Saking, M.,
Akkok, R., Sile, H. & Orgen, S. (2015). The
late Quaternary tectono-stratigraphic evolution
of the Lake Van, Turkey. Bulletin of the Mineral
Research and Exploration, 151, 1-46. https://dergi.
mta.gov.tr/dosyalar/images/mtadergi/makaleler/
eng/20151218214147 162 164e7559.pdf

Husain, F. (2021). Sediment of the Tigris and Euphrates
rivers: an early modern perspective. Water History,
13 13-32. https://doi.org/10.1007/s12685-020-
00256-2

Jotheri, J., Allen, M. B. & Wilkinson, T. J. (2016).
Holocene avulsions of the Euphrates River in
the Najaf area of Western Mesopotamia: impacts

on human settlement patterns. Geoarchaeology,
31(3), 175-193.

Kadhim, W. M. & Kadhim, L. M. (2020).
Geomorphological characteristics of Tigris and
Euphrates Rivers in the Iraqi sedimentary plain
and their impact on the extinction and change of
Mesopotamian Civilization Centers (A Study in

213

Historical Geomorphology). The Islamic College
University Journal, 2(57), 139-160.

Kamar, G., 2005. Yiiziincii Yil Universitesi Kampiis
Alanmindaki

Paleoklimatolojisi

(Cokellerin  Palinostratigrafisi  ve
Yiiksek

Lisans Tezi]. Van Yiiziinci Y1l Universitesi Fen

[Yaymmlanmamis

Bilimleri Enstitiisii.

Kamar, G. (2021). Holocene palynology and pollen-
based palacoclimate reconstruction of Lake
Ercek (Eastern Anatolia); short-term climatic
fluctuations and their relation with global

palaeoclimatic change; results of cores El and

E10. Geological Bulletin of Turkey, 64(3), 1-14.

https://doi.org/10.25288/tjb.927117
Kazanci, N., Giirbiiz, A. ve Boyraz, S. (2011). Biiyiik

Menderes nehri’nin jeolojisi ve evrimi. Tiirkiye
Jeoloji Biilteni, 54(1-2), 25-56. https://dergipark.
org.tr/tr/pub/tjb/issue/46966/589505

Kazak, M. (2019). Akin ve Taskonak Koyleri (Van)
Cevresinde Yiizeyleyen Orta-Ge¢ Miyosen Yash
Killi Kayacglarin Mineralojik ve Jeokimyasal
Incelenmesi [Yaymmlanmamis Yiiksek Lisans

Tezi]. Van Yiiziincii Y1l Universitesi Fen Bilimleri

Enstitiisti, Van, 119 s.

Kiraner, F. (1959). Van G6li dogu bodlgesinin jeolojik
etiidi. Tiirkiye Jeoloji Biilteni,7(1), 30-57. https://
dergipark.org.tr/tr/pub/tjb/issue/52950/700212

Kogyigit, A. (2013). New field and seismic data about
the intraplate strike-slip deformation in Van
region, East Anatolian plateau, E. Turkey. Journal
of Asian Earth Sciences, 62, 586-605.

Korkmaz, K. (2020). Van

Nannoplankton

Formasyonunun

Biyostratigrafisi  ve  Yast
[Yayimlanmamis Yiiksek Lisans Tezi]. Aksaray
Universitesi Fen Bilimleri Enstitiisii, Aksaray, 57

S.

Kutman, F., Akkuss, A. F. & Gedik, A. (1978). The
geology and oil potential of the Mus-Van region.
In E.T.Degens & F. Kurtman (Eds.), The geology
of Lake Van (pp. 124-133). MTA Arsiv No: 169.


https://dergi.mta.gov.tr/dosyalar/images/mtadergi/makaleler/eng/20151218214147_162_164e7559.pdf
https://dergipark.org.tr/tr/pub/tjb/issue/46966/589505

Kuzucuoglu, C., Christol, A., Mouralis, D., Dogu, A.
F., Akkoprii, E., Fort, M., Brunstein D., Zorer H.,
Fontugne M., Karabiyikoglu M., Scaillet S., Reyss
J.-L. & Guillou, H. (2010). Formation of the upper
pleistocene terraces of Lake Van (Turkey). Journal
of Quaternary Science, 25(7), 1124-1137. https://
doi.org/10.1002/jgs.1431

Lazim, A. A., Hussein, M. A. & Khazaal, H. F.
(2020). The effect of West Qurna oilfield on
the part of Euphrates River, northern Basra
governorate, Iraq: geomorphic and structural
geology integrated analysis. The Iraqi Geological
Journal, 53(1c) 90-103. https://doi.org/10.46717/
igj.53.1C.6Rx-2020-04/06

Maurya, D. M., Malik, J. N. & Raj, R. (1997).
Quaternary sediments of the Lower Mahi river
basin, Western India. Current Science, 72(7), 519.

cLaren, P. (1981). An interpretation of trends in grain

size measures. Journal of Sedimentary Research,
51(2), 611-624.

McLaren, P. & Bowles, D. (1985). The effects of
sediment transport on grain-size distributions.
Journal of Sedimentary Research, 55(4), 457-470.

Miall, A. D. (1996). The Geology of Fluvial Deposits.
Springer Verlag, Berlin, 582 p.

Mikhailov, V. N., Kravtsova, V. I. & Magritskii, D. V.
(2003). Hydrological and morphological processes
in the Kura River delta. Water Resources, 30(5),
495-508.

Moiola, R. J. & Weiser, D., 1968. Textural parameters;
an evaluation. Journal of Sedimentary Research,
38(1), 45-53.

Muhaimeed, A. S., Ibrahim, A. & Abdulateef, R. K.
(2017). Using of remote sensing for monitoring
geomorphological temporal changes for Tigris
river in Baghdad city. The Iraqi Journal of
Agricultural Science, 48(1), 215.

Nicoll, K. (2010). Landscape development within
a young collision zone: implications for post-
Tethyan evolution of the Upper Tigris River

214

Giil SEN, Tiirker YAKUPOGLU

system in southeastern Turkey. [International
Geology Review, 52(4-6), 404-422.

Okuldas, C. ve Uner, S. (2013). Alakdy Fayr’nin
jeomorfolojik ozellikleri ve tektonik etkinligi
(Van Golii Havzasi, Dogu Anadolu). Yerbilimleri,
34(3), 141-168.

Ozalp, S. (2020). Late Pleistocene-Holocene lake
terraces, water level change, and active tectonics:
Eastern coast of Lake Van, Eastern Anatolia,
Turkey. Quaternary International, 542, 54-64.

Ozkaymak, C. (2003). Van Sehri ve Yakin Cevresinin
Aktif Tektonik  Ozellikleri
Yiiksek Lisans Tezi]. Van Yiiziincii Y1l Universitesi

[Yayimlanmamis

Fen Bilimleri Enstitiisii, Van, 76 s.

Peringek, D. (1978). 5-6-9. Bélge (Giineydogu Anadolu
otokton-allokton  birimleri) jeoloji sembolleri
(Arsiv No: 6657). TPAO, (yayimlanmamis).

Reimer, A., Landmann, G. & Kempe, S. (2009).
Lake Van, Eastern Anatolia, hydrochemistry and
history. Aquatic Geochemistry, 15(1), 195-222.

Reniers, A. J. H. M., Gallagher, E. L., MacMahan, J.
H., Brown, J. A., van Rooijen, A. A., van Thiel
de Vries, J. S. M. & van Prooijen, B. C. (2013).
Observations and modeling of steep-beach grain-
size variability. Journal of Geophysical Research:
Oceans, 118, 577-591,

Saber, R., Isik, V. & Caglayan, A. (2020). Tectonic
geomorphology of the Aras drainage basin (NW
Iran): Implications for the recent activity of the
Aras fault zone. Geological Journal, 55(7), 5022-
5048.

Sissakian, V. & Al-Ansari, N. (2019). Geography,
geomorphology, stratigraphy and tectonics of the
Euphrates River Basin. Journal of Earth Sciences
and Geotechnical Engineering, 9(4), 315-337.

Stewart Jr, H. B. (1958). Sedimentary reflections of
depositional environment in San Miguel lagoon,
Baja California, Mexico. AAPG Bulletin, 42(11),
2567-2618.



Moralli Deresi Sisteminin Kuvaterner Yash Tortullarinin Tane Boyu Dagilimi ve Depolanma Ortamlar: (Tusba, Van, Tiirkiye)

Stimengen, M. (2008). 1/100000 él¢ekli Tiirkiye jeoloji
haritalari, Van K50 Paftasi. MTA Arsiv-No:65, 18
S.

Syvitski, J. P., Peckham, S. D., Hilberman, R. &
Mulder, T. (2003). Predicting the terrestrial flux
of sediment to the global ocean: a planetary
perspective. Sedimentary Geology, 162(1-2), 5-24.

Sen, G. (2015). Moralli Deresinin (Tusba,
Cevresinin

Van)
ve Sedimantolojik,  Mineralojik
Incelenmesi
Tezi]. Van
Yiiziincii Y1l Universitesi Fen Bilimleri Enstitiisi,

Van, 140 s.

ve Jeokimyasal  Ozelliklerinin

[Yayimlanmamis Yiiksek Lisans

Senel, M., Acarlar, M., Cakmakoglu, A., Dager, Z.,
Erkanol, O., Orence, S., Taskiran, M. A., Ulu, U.,
Unal, M.F. ve Yildirim, H. (1984). Ozalp (Van)-
Iran siir1 arasindaki alamin jeolojisi (Rapor No:
7623). MTA, 18 s. (yayimlanmamis).

Senel, M. (1987). 1/100000 ol¢ekli aginsama nitelikli
Tiirkiye jeoloji haritalart serisi, Bagkale-H38
Paftasi. MTA Arsiv No: 52, 17 s.

Udden, J.A. (1914). Mechanical composition of clastic

sediments. Bulletin of the Geological Society of

America, 25, 655-744.

Utlu, M. & Ghasemlounia, R. (2021). Flood
prioritization watersheds of the Aras River, based
on geomorphometric properties: case study Igdir
province. Jeomorfolojik Arastirmalar Dergisi, (6),

21-40. https://doi.org/10.46453/jader. 781152

Ugler, N. (2019). Akim verilerinin bulanik mantik
yontemiyle tahmini: Bendimahi Cayi Ornegi.
ALKU Fen Bilimleri Dergisi, 1(3), 110-119.

Uner, S., (2003). Van Gélii Dogusu (Beyiiziimii-Gollii
Dolay1) Pliyo-Kuvaterner Yasli Karasal Cokellerin
Sedimantolojisi [Yayimlanmamis Yiiksek Lisans
Tezi]. Van Yiiziincii Y1l Universitesi Fen Bilimleri
Enstitiisii, Van.

Uner, S. (2018). Evolution of Colpan barrier and lagoon
complex (Lake Van-Turkey): sedimentological and
hydrological approach. Quaternary International,
486, 73-82.

215

Uner, S. (2019). The effect of tectonism on deltaic
wetland migration: A case study from Bendimahi
River Delta System (Lake Van-Eastern Turkey).
Journal of Great Lakes Research, 45(5), 864-871.

Uner, S., Yakupoglu, T. ve Senol, M. (2003). Beyiiziimii
delta kompleksinin (Beyliziimii-Van) fasiyes
ozellikleri ve gelisim modeli. Tiirkive Kuvaterneri
Calistayr 1V, Bildiri Ozleri Kitabi (s. 195-200).
29-30 Mayis 2003, ITU Avrasya Yerbilimleri
Enstitiisii, Istanbul.

Valeton, 1. (1978). A Morphological and petrological
study of the terraces around Lake Van. In E. T.
Degens & F. Kurtman (Eds.), The geology of Lake
Van. MTA Arsiv No: 169, 158s.

Vincent, S. J., Davies, C. E., Richards, K. & Aliyeva, E.
(2010). Contrasting Pliocene fluvial depositional
systems within the rapidly subsiding South Caspian
Basin; a case study of the palaeco-Volga and palaco-
Kura river systems in the Surakhany Suite, Upper
Productive Series, onshore Azerbaijan. Marine
and Petroleum Geology, 27(10), 2079-2106.

von Suchodoletz, H., Gértner, A., Hoth, S., Umlauft,
J., Sukhishvili, L. & Faust, D. (2016). Late
Pleistocene river migrations in response to thrust
belt advance and sediment-flux steering-The Kura
River (southern Caucasus). Geomorphology, 266,
53-65.

Wentworth, C.K. (1922). A scale of grade and class
terms for clastic sediments. Journal of Geology,
30,377-392.

Winsemann, J., Lang, J., Polom, U., Loewer, M., Igel,
J., Pollok, L. & Brandes, C. (2018). Ice-marginal
forced regressive deltas in glacial lake basins:
geomorphology, facies variability and large-scale
depositional architecture. Boreas, 47(4), 973-
1002.

Yal¢in, H., Giilen, L. ve Utkucu, M. (2013). Tiirkiye
ve yakin c¢evresinin aktif faylar1 veri bankasi ve

deprem tehlikesinin arastirtlmasi. Yerbilimleri,
34(3), 141-168.



Giil SEN, Tiirker YAKUPOGLU

Yilmaz, A. V. (2017). Agarti-Ozyurt Civarinda (Van Zorer, O. S. (2006). Bendimahi Cayi’'nda ve Cayin Van

Golii Dogusu) Yiizeyleyen Orta Eosen ve Orta Golii'ne Dokiildiigii Noktada Dogal Radyoaktivite
Miyosen Tiirbiditlerinin Sedimantolojik ve Yapisal Seviyesinin ~ Belirlenmesi [Yayimlanmamis
Ozelliklerinin ~ Incelenmesi  [Yayrmlanmamis Doktora Tezi]. Van Yiiziincii Y1l Universitesi Fen
Yiiksek Lisans Tezi]. Van Yiiziincii Y1l Universitesi Bilimleri Enstitiisii, Van.

Fen Bilimleri Enstitiisii, Van, 57 s.

216



TURKIYE JEOLOJi BULTENIi

AMAC ve KAPSAM

Tiirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) 1947 yilindan beri yaymlanan, Tiirkiye>nin en eski ve en ¢ok taninan
dergilerinden biridir. Jeoloji Miihendisleri Odas1 (JMO) tarafindan yilda {i¢ say1 olarak yayinlanmaktadir. Dergi
miihendislik jeolojisi disindaki yerbilimleri konularinda yayin kabul etmektedir. Bilhassa jeoloji, tektonik,
yapisal jeoloji, jeokronoloji, jeokimya, sedimantoloji, biyostratigrafi, paleontoloji, mineraloji, magmatik ve
metamorfik petroloji, maden yataklari, jeofizik, jeomorfoloji yani sira Cevre ve Kent Jeolojisi ile Ekonomik
Jeoloji dncelikli konulardir. Bu konularda giincel bilim diizeyinde hem Tiirkce hem de Ingilizce dillerinde
yaym kabul edilmektedir. Yaymlarda oncelik Tiirkiye ve cevresi, Dogu Akdeniz, Orta Dogu, Balkanlar,
Karadeniz ve Hazar Denizi ¢evresi olmakla birlikte Diinya’nin diger tiim kritik bolgelerinde yapilan diizeyli
yayinlara da agiktir. Bu kapsamda yapilan arastirmalarin bilimsel diizeyi yiiksek sonug¢larini igceren makaleler
higbir iicret almadan yayinlanmaktadir. Agik erigimli bir dergidir. Derginin hedef okuyucu kitlesi bu konu ve
kapsamla ilgili tiim yerbilimcilerdir. Dergide daha ¢ok orijinal aragtirma makaleleri ve daha az sayida derleme
ve diger bilimsel nitelikli yayinlara yer verilmektedir. Tiirkiye Jeoloji Kongresi ve diger Ulusal ve uluslararasi
toplantilarin se¢ilen oturumlari, hakemli yayin islemlerinden sonra 6zel sayi(lar)da yayinlanabilmektedir.

YAZILARIN HAZIRLANMASI

TURKIYE JEOLOJI BULTENI’nin yaym dili Tiirkce ve Ingilizcedir. Tiirkce makalelerde “Extended
Summary”, Ingilizce makalelerde ise “Genisletilmis Ozet” verilmelidir. Yazarlarin ana dillerinin Tiirkge
olmamasi durumunda, yazilarin basligi ve 6zeti ile ¢izelge ve sekillerin basliklar1 Editorliikge Tiirkgeye ¢evrilir.
Ana dili Ingilizce olmayan yazarlara, yazilarin1 Editérliige gondermeden énce, gramer ve {islup agisindan,
ana dili Ingilizce olan bir kisiden katki almalar1 6zellikle 6nerilir. Hazirlanan makaleler orijinal ve daha dnce
basilmamis aragtirma, yorum ya da her ikisine ait sentezi igermeli, veya teknik not niteliginde olmalidir. Yazinin
gonderilmesi, daha 6nce basilmamis veya baska bir yerde incelemede olmadigini gosterir.

MAKALE SUNUM SURECI ve ETiK BILDIRIMi

Tiim makaleler internet tizerinden http://dergipark.gov.tr/tjb adresindeki “Makale Gonder” meniisii araciligryla
Tiirkiye Jeoloji Biilteni’ne elektronik ortamda gonderilmelidir. Bunun icin dnce DergiPark sistemine iiye
olmalisiniz. Tiirkiye Jeoloji Biilteni yazarlardan sayfa iicreti talep etmemektedir. Dergiye sunulan makaleler,
daha 6nce yaymlanmadig1 ve bagka yerde yayinlanmak iizere gonderilmedigi varsayilarak degerlendirme i¢in
kabul edilir. Yazarlar, makalenin ana igeriginin daha dnce yayinlanmadigini ve baska 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 imzalanmali 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 kapsami disindaysa, dergi
editorii tarafindan hakem degerlendirmesi yapilmaksizin reddedilebilir. Bir makale yayin 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 yayimnlanmadan 6nce, yazarlara
diizeltmeler icin prova baski gonderilir. Baskasinin fikir veya sozciiklerinin orijinal bi¢iminde kullanilmasi
veya uygun bir atif yapilmaksizin degistirilmesi, intihal olarak kabul edilir ve tolere edilemez.



Tiirkiye Jeoloji Biilteni: Yazim Kurallari

YAZIM KURALLARI

Yazilar asagida verilen diizen cercevesinde hazirlanmahdir:

(a) Baslik (Tiirkge ve Ingilizce)

(b) Yazar Adlar1 (koyu ve bas harfleri biiyiik harfle) ve adresleri (italik ve kiiglik 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)

(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 bagliklar farkli sekillerde ve tiim basliklar sayfanin sol kenarinda verilmelidir.
Ana basliklar biiyiik harflerle ve koyu yazilmalidir. Tkinci derece basliklar alt baslik olarak degerlendirilmeli ve
birinci ve ikinci derece alt basliklar kiigiik harfle (birinci derece alt bagliklarda her kelimenin ilk harfi biiytik)
ve koyu, ti¢lincii derece alt bagliklar ise italik olmalidir. Bagliklarin 6niine numara veya harf konulmamalidir.
Yazilar (6z, metin, katki belirtme, kaynaklar, ekler ve sekiller dizini) A4 (29.7 cmX21 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 olmahidir:

0z

ABSTRACT

GIRiS

ANA BASLIK

Birinci Derece Alt Bashk
ikinci derece alt bashk
Uciincii derece alt bashk
SONUCLAR VE TARTISMA
EXTENDED SUMMARY
KATKI BELIRTME

ORCID

KAYNAKLAR / REFERENCES

Kapak Sayfasi
Yazidan ayr1 olarak sunulacak kapak sayfasinda asagidaki bilgiler yer almalidir:
a. Yazinin bashgi
b. Yazar(lar)in ad(lar)1 (ad ve soyadi kisaltilmadan)
c. Tim yazarlarin agik posta ve e-mail adresleri (Bagvurulacak Yazar belirtilerek). Basvurulacak yazarin
telefon numarasi da ayrica belirtilmelidir.
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Bashk ve Yazarlar

Yaziin bagligi, ¢calismanin igerigini anlagilir sekilde yansitmahdir. Eger yazi1 Tiirk¢e hazirlanmigsa, Tiirkge
bashg1 (koyu ve kelimelerin ilk harfleri biiyiik harf olacak sekilde) Ingilizce bashk (italik ve kelimelerin ilk
harfleri biiyiik olacak sekilde) izlemelidir. Ingilizce hazirlanmis yazilarda ise, Ingilizce baslk Tiirkce basliktan
once ve yukarida belirtilen yazim kurallarina gore verilmelidir. Makaledeki yazarlar orcid.org web adresinden
edinecekleri ORCID kimliklerini makale ile birlikte sunmalidir.

Yazarlara iliskin bilgi ise asagidaki érneklere uygun olarak verilmelidir.

Ahmet Ahmetoglu Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, Tandogan 06100 Ankara
e-posta: a_ahmetoglu@ankara.edu.tr
ORCID Numarast: 0000-0001-1458-0820

A. Hiisnii Hiisntioglu MTA Genel Midirligl, Jeolojik Etiitler Dairesi, 06520 Ankara
e-posta: husnu56(@mta.gov.tr
ORCID Numarast: 0000-0001-1458-0830

0Z

Calisma hakkinda bilgi verici bir igerikle (calismanin amaci, elde edilen baslica sonuglar) ve 300 kelimeyi
asmayacak sekilde hazirlanmahdir. Ozde kaynaklara atifta bulunulmamalidir. Ozler hem Tiirkce hem de
Ingilizce olarak verilmelidir. Tiirkce hazirlanmis yazilarda Ozden sonra “Abstract” (italik) yer almals, Ingilizce
yazilarda ise italik yazilmis Tiirkge Oz Absract’1 izlemelidir.

Anahtar Kelimeler

Oz ve Absract’m altinda en az 2-7 kelimeyi asmayacak sekilde ve yazinin konusun yansitan anahtar kelimeler
Tiirkce ve Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiiciik harfle (ilk anahtar kelimenin
ilk harfi biiylik) yazilmali ve aralarina virgilil konmalidir. Teknik Not ve Tartigma tiirli yazilarda anahtar
kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIS OZET

Genigsletilmis 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 c¢izelgelere bu kisimda atif yapilabilir. Ayni1 sekilde, makale i¢cinde atif yapilan kaynaklara da gerektiginde
bu kisimda atif yapilmalidir.

KATKI BELIRTME

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

DEGINILECEK BELGELER

Metin icinde Atiflarin Yazilmasi
A. Yaywinda tek yazar varsa

Parantez icinde yazilmasi gerekiyorsa:
(Yazarl, Tarih) Or: (Sénmez, 1996)

Metin i¢inde yazilmasi gerekiyorsa:
Yazarl (Tarih) Or: S6nmez (1996)
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B. Yaywnda 2 yazar varsa
Parantez i¢inde yazilmasi gerekiyorsa:
(Yazarl ve Yazar2, Tarih) Or: (Merriman ve Frey, 1999)

Metin i¢inde yazilmasi gerekiyorsa:
Yazarl ve Yazar2 (Tarih) Or: Merriman ve Frey (1999)

C. Yaywinda 2’den fazla yazar varsa
Parantez i¢inde yazilmasi gerekiyorsa:
(Yazarl vd., 1987) Or: (Pettijohn vd., 1987)

Metin i¢inde yazilmasi gerekiyorsa:
Yazarl vd. (1987) Or: Pettijohn vd. (1987)

D. Arka arkaya birden fazla atifta bulunulacaksa

Parantez icinde yazilmasi gerekiyorsa:
(Merriman ve Frey, 1999; Pettijohn vd., 1987; Sénmez, 1996)

Metin i¢inde yazilmasi gerekiyorsa:
Merriman ve Frey (1999), Pettijohn vd. (1987), Sonmez (1996)

E. Ayni yazarlarin ayni yil icinde birden fazla yayinina atifta bulunulduysa
Bu durumda Kaynaklar béliimiinde makalelerin tarihlerinden sonra a, b, ¢ gibi harfler verilir, metin
icindeki atiflarda da tarihlerden sonraki harfler kullanilir.

Kaynakcada:

Ahmetoglu, A. ve Hiisnlioglu, H. (2022a). Makale Ad1 1. Siireli yaymin/derginin adi (kisaltilmamg), Cilt
No(Say1 No), sayfa numaralari. Varsa DOI bilgisi

Ahmetoglu, A. ve Hisnlioglu, H. (2022b). Makale Adi 2. Siireli yayimin/derginin adi (kisaltiimanug), Cilt
No(Say1 No), sayfa numaralari. Varsa DOI bilgisi

Metin icindeki atiflarda:

Parantez i¢inde yazilmasi gerekiyorsa: (Ahmetoglu ve Hiisniioglu, 2022a)

Metin i¢inde yazilmasi gerekiyorsa: Ahmetoglu ve Hiisniioglu (2022a)

Kaynaklar Béliimii
Asagidaki ornekler ile kesinlikle uyumlu olmahdir

- TJB’de Tiirk¢e yayinlanacak makalelerde: Kaynak ¢ok isimli bir ¢aligma ise: Son isimden 6nce “ve”
gelmelidir eger kaynak Ingilizce ise “&” kullanilmalidir.

- Editoriin belirtilmesi gereken ¢aligmalarda: Tek isim ise (Ed.) ¢coklu editor ise: Son isimden sonra (Ed.
ler) eger kaynak Ingilizce ise (Eds.) yazilmalidur.

A. Siireli yayinlar:

A.l. Siireli yayinlarin gosterilmesi:

Yazar ad(lar)1, (Tarih). Makalenin bashgi. Siireli yayinin/derginin adi (kisaltilmamus), Cilt No (Say1 No),
sayfa numaralari. Varsa DOI bilgisi

Hoek, E. & David, M. (1990). Estimating Mohr — Coulomb friction and cohesion values from Hoek —
Brown failure criterion. International Journal of Rock Mechanics, 27 (3), 220-229. https://doi.
org/10.1016/0148-9062(90)94333-0O



Tirkiye Jeoloji Biilteni: Yazim Kurallar

A.2. Ozel durumlar:
A.2.1. Eger makale serbest erisimli bir internet sayfasindan alindiysa:

Ketin, 1. (1949). Son on yilda Tiirkiye’de vukua gelen biiyiik depremlerin tektonik ve mekanik neticeleri
hakkinda. Tiirkiye Jeoloji Biilteni, 2(1), 1-13. https://dergipark.org.tr/tr/pub/tjb/issue/50279/650044

A.2.2. Eger makalenin makale numarasi varsa:

Aglan, M., Oyan, V. & Kose, O. (2020). Petrogenesis and the evolution of Pliocene Timar basalts in the
east of Lake Van, Eastern Anatolia, Turkey: A consequence of the partial melting of a metasomatized
spinel-rich lithospheric mantle source. Journal of African Earth Sciences, 168, Article 103844.
https://doi.org/10.1016/j.jafrearsci.2020.103844.

B. Bildiriler:

Yazar ad(lar)1, (Tarih). Bildirinin baghgi. Editor(ler), Sempozyum veya Kongrenin Ad, (bildirinin sayfa araligi).
Yayinevi. Varsa DOI bilgisi veya internet erisim bilgisi

Sanliyiiksel Yiicel, D., ileri, B. (2019). Characterization of weak, strafied and clay bearing rock masses. H.
Sézbilir, C. Ozkaymak, B. Uzel, O. Siimer, M. Softa, C. Tepe, S. Eski (Ed.ler), 72. Tiirkiye Jeoloji
Kurultay: Bildiri Ozleri ve Tam Metin Bildiriler Kitabi, (s.63-64). Jeoloji Miihendisleri Odas Yaynlari.
https://www.jmo.org.tr/resimler/ekler/174e0f6fa731893 ek.pdf

C. Kitaplar:

C.1. Kitaplarin gosterilmesi:

Yazar ad(lar)1, (Tarih). Kitabin Adi (ilk harfleri Biiyiik). Yaymevi. Varsa DOI bilgisi veya internet erisim bilgisi

Pettijohn, F. J., Potter, P. E. & Siever, R. (1987). Sand and Sandstones (2nd ed.). Springer-Verlag New York.
https://www.doi.org/10.1007/978-1-4612-1066-5

Ketin, 1. (2016). Genel Jeoloji, Yerbilimlerine Giris (9. Baski). ITU Vakfi Yaynlari.

C.2. Ceviri Kitaplarin Gosterilmesi:

Yazar ad(lar)1, (Tarih). Kitabin Ceviri Adi (Cevirenlerin ad1). Yayinevi. (Orijinal yayin tarihi). Varsa DOI bilgisi
veya internet erisim bilgisi

Komatina, M. M. (2011). Tibbi Jeoloji: Jeolojik Ortamlarin Insan Saghg: Uzerindeki Etkileri (Cev: Y. Orgiin
ve D. Bayrak). TMMOB Jeoloji Miihendisleri Odasi (Orijinal yayin tarihi: 2001).

D. Kitapta Béliim ise:

Yazar ad(lar)1, (Tarih). Boliim Adi. Editor(ler) Kitap adi (Boliimiin sayfa araligi). Yayimnevi.

Merriman, R. J. & Frey, M. (1999). Patterns of very low-grade metamorphism in metapelitic rocks. In M. Frey
& D. Robinson (Eds.), Low Grade Metamorphism, (pp. 61-107). Blackwell Sciences Ltd.

E. Raporlar ve Tezler:
E.1. Raporlar:
Yazar ad(lar)1, Tarih. Raporun bashigr (Varsa rapor no). Kurum adi (Yayimlanma durumu).

Kellogg, H. E. (1960). Stratigraphic report, Derik-Mardin area Petroleum District V, Southeast Turkey (Rapor
no: 1367). TPAO (yayimlanmamas).

E.2. Tezler:

Yazar ad, (Tarih). Tezin bashig: [Yayimlanma durumu ve derecesi]. Kurulusun veya Universitenin Adu.
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Sénmez, H. (1996). TKI ELI Soma Linyitleri acik isletmelerinde eklemli kaya kiitlesi icindeki sevlerin
durayliigimin degerlendirilmesi [Yayimlanmamig Yiiksek Lisans Tezi]. Hacettepe Universitesi Fen
Bilimleri Enstitiisi.

E  Kisisel Goriisme:

Sozbilir, H., 2005. Personal communiciation. Geological Engineering Department of Dokuz Eylil
University, lzmir, Turkey.

G. Internetten Indirilen Bilgiler:
Kurumun veya internet sayfasinin adi, (Erigim tarihi). Web adresi.

KRDAE, (2020, 02 Ocak). Bogazi¢i Universitesi Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii.
Deprem Bilgileri, Biiyiik Depremler. http://www.koeri.boun.edu.tr/sismo/2/deprem-bilgileri/buyuk-
depremler/

H. Kaynak olarak kullanilan haritalar:

Konak, N. ve Ercan, T., 2002. 1/500.000 Tiirkiye Jeoloji Haritas1 Van Paftasi, (Senel, M., (Ed.)). Maden
Tetkik ve Arama Genel Midiirliigii Yayinlari, Ankara.

Tiirkce kaynaklar dogrudan Tiirkce olarak verilmeli ve Tiirkce karakterlerle yazilmahdir.

Esitlikler ve Formiiller

Matematiksel semboller ve formiiller el yazistyla yazilmamalidir. Esitlik numaralar1 esitligin hizasinda ve sag
kenarina dayandirilarak birbirini izleyen bir sirayla parantez iginde, ayrica esitliklerdeki sembollerin anlami
makalede ilk kez kullanildiklar1 esitligin altinda verilmelidir.

Esitliklerde kullanilan alt ve iist indisler belirgin sekilde ve daha kii¢iik karakterle yazilmalidir. Carpim iglemini
gostermek i¢in herhangi bir isaret kullanilmamali, ancak gerekli durumlarda “*” isareti tercih edilmelidir
(6rnegin; y=5*10-3). Bolme isareti olarak yatay ¢izgi yerine ““/” isareti kullanilmalidir. Kimyasal formiillerde
iyonlarin gosterilmesi amaciyla Ca++ ve CO,--yerine Ca(2+) ve CO,(2-) tercih edilmelidir. Metinde esitliklere
“esitlik (1)” seklinde atifta bulunulmalidir. Gerekiyorsa, bilgisayar programu listeleri de net ve okunur sekilde
ekte verilmelidir.

Cizelgeler

Cizelgeler, basliklariyla birlikte, Dergi’nin sayfalarindaki baski alanimi (15,8 x 22,5) asmayacak sekilde
hazirlanmali ve birbirini izleyen sira numaralariyla verilmelidir. Cizelgelerin iist kisimlarinda hem Tiirkce,
hem de Ingilizce basliklar1 bulunmalidir (Cizelge basliklar1 ayr1 bir sayfada liste halinde verilmemelidir.).
Makalenin Tiirkce yazilmasi halinde Ingilizce baslik italik harflerle Tiirk¢e basligin altinda yer almali, Ingilizce
makalelerde ise, italik yazilmis Tiirkce baslik ingilizce basliktan sonra verilmelidir. Cizelgeler, “Cizelge 17 vb.
seklinde sunulmalidir. Metinde ¢izelgelere 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 si§acak
sekilde diizenlenmelidir. Cizelgelerde diisey c¢izgiler kullanilmamali, yatay ¢izgiler ise sadece ¢izelgenin alt
ve lstiinde, ayrica ¢izelgedeki bagliklar ile bunlarin altinda listelenen rakamlar1 ayirmak i¢in kullanilmalidir
(Bunun i¢in Dergi’nin 6nceki sayilaria bakilmasi 6nerilir). 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 kiiciik karakterlerle ¢izelgenin altinda verilmelidir (6rnegin: c:tek eksenli sikigma dayanimi vd.).
Sekiller

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmis olarak “Sekil” baslig1 altinda ve metin
icinde anildiklar1 sirayla numaralandirilarak verilmelidir. Sekil numaralari sayfanin sag iist kosesine yazilmali,
ayrica sekiller kiigtiltiiliip biiyiitiilebilecek halde sunulmalidir. Sekil agiklamalari; sekillerin altina yazilmamali
ve ayri bir sayfaya yazilarak “Sekiller Dizini” bashgiyla verilmeli, ayrica “Sekil 1” olarak baslamalidur.
Cizelgeler icin yukarida belirtilen yazim kurallarina benzer sekilde, sekil basliklart hem Tiirkce hem de Ingilizce
hazirlanmalidir. Ayri sayfalara bastirilmis olan sekiller, ¢izelgelerden sonra sunulmalidir. Sekiller i¢in en biiyiik
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boyut, sekil bashgini 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 c¢ok tek kolona gore
tasarimlanmasi &nerilir. Ozellikle haritalar, arazi ile ilgili ¢izimler ve fotograflar, sayisal dlgek (1:25000 vb.)
yerine, metrik sisteme uygun ¢ubuk dl¢ekle verilmelidir. Tiim haritalarda kuzey yonii gosterilmelidir. Bolgesel
haritalarda, uygun oldugu takdirde, ulusal grid veya enlem/boylam degerleri verilmelidir. Harita agiklamalari,
sekil bashgiyla birlikte degil, seklin iizerinde 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 gekle ait ¢izimler veya fotograflar, ayr1 sayfalarda basilmasi yerine, gruplandirilarak ayni sayfada
sunulmalidir. Sekillerde agik gdlge ve tonlarindan kagimilmali, 6zellikle bilgisayar programlarindan elde edilen
grafiklerde bu hususa dikkat edilmelidir. Golgeleme 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 anildiklar1
sirayla numaralandirilmalidir. Bir dizi fosil fotograflarini iceren sekiller levha olarak degerlendirilmelidir.
Levha say1s1 miimkiin oldugunca az tutulmahdir. Levhalara iliskin aciklamalar, hem Tiirkce hem de Ingilizce
olarak ayn1 sayfada verilmelidir.

MAKALELERIN EDITORLUGE GONDERILMESI
Makaleler yazim kurallarina uygun sekilde hazirlandiktan sonra DergiPark Akademik (dergipark.gov.tr/tjb)
adresi lizerinden elektronik olarak sisteme ytliklenmelidir.

TURKIYE JEOLOJi BULTENI EDIiTORU
Prof. Dr. Erding YIGITBAS

Tel: 286 2180018-20088

e-posta: eyigitbas@comu.edu.tr

YAYIMA KABUL EDILEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulii halinde, makalenin diizeltilmis son halini DergiPark Sistemi iizerinden
Editor’e gondermelidir. Makaleler *DOCX bigiminde hazirlanmalidir. Ttim sekiller Corel Draw ile ¢izilmelidir.
Bununla birlikte, sekillerin ¢oziiniirliikleri 300 dpi den az olmamalidir. Hem ¢izim (CDR) hem de resim (JPG)
dosyalar1 DergiPark Sistemi {izerinden gonderilmelidir.

PROVA BASKILAR

Makalelerin prova baskilari, dizgi ve yazim hatalarinin olup olmadigmin kontrolii i¢in Bagvurulacak Yazar’a
gonderilir. Prova baskilarda yapilacak diizeltmeler yazim hatalar: ile sinirlt olup, yazarlarin makaleyi kabul
edilmis son halinden farkli duruma getirebilecek degisiklikler ve diizeltmeler yapmasi kabul edilemez. Prova
baskilar, yazarlar tarafindan alindiktan sonra en geg ii¢ giin icinde editdre gonderilmelidir. Gecikmeli olarak
yapilacak diizeltmelerin baskiya verilmesi garanti edilemeyecegi i¢in, yazarlarin prova baskilari gondermeden
¢ok dikkatli sekilde kontrol etmeleri onerilir.

TELiF HAKLARI

Yazar veya (Bagvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina “Telif Hakki
Devir Formu”nu makalenin baskiya verilmesinden 6nce imzalamalidir. Bu sdzlesme, Jeoloji Mithendisleri
Odast’na yazarlar adna telif hakki alinmis yaymlarini koruma olanagi saglamakla birlikte, yazarlarin
makalenin sahibi olma haklarindan vazgectigi 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.

ETIiK iLKELER VE YAYIN POLITIiKASI

Tiirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) yayinci ve kullanicilar1 (Bas Editor, editorler, alan editorleri,
yazarlar, hakemler, okuyucular vb.) Yayin Etigi Komitesi (COPE) tarafindan belirlenen etik kurallara ve
sorumluluklara uymalidir.
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Dergi Politikasi:

Acik Erisim Politikasi: Tiirkiye Jeol. Biil. hakemli bir dergidir. Basili ve elektronik ortamda ¢evrimigi yayin
yapmakta olup acik erigim sistemine sahiptir. Dergi sayilar1 Ocak, Nisan ve Agustos aylarinda yilda ii¢ kez
yayinlanir. Yaymn siireglerinde, bilimsel yontemle 6zgiirce ve yansiz bigimde liretilen bilginin paylasilimasi
gozetilir. Makale degerlendirme siirecinde kor hakemlik sistemi uygulanir. Tiirkiye Jeol. Biil.’nin 1947 yilindan
itibaren yayinlanan tiim sayilar1 gerek yayinci kurulus olan Jeoloji Miihendisleri Odas1 (JMO) tarafindan basili
ve elektronik versiyonlari ve TUBITAK - DergiPark tarafindan ise elektronik versiyonlari arsivlenmektedir.

Ucret Politikasi: Tiirkiye Jeol. Biilt.’nin yaymci kurulusu JMO’dir. IMO ve/veya Tiirkiye Jeol. Biilt. derginin
basili ve elektronik versiyonlari i¢in herhangi bir iicret ya da abonelik bedeli, yazarlar icin ise yayn iicreti ya
da benzeri bir 6deme talep etmez.

Telif Hakkl Devri: JMO ve/veya Tiirkiye Jeol. Biilt., yaymlanacak makalelerin telif haklarmin alinmasi i¢in
yazarlardan yazili onay alir. [lgili yazar, dergiye sunulan makalenin yazari/sahibi oldugunu ve kendisi ve diger
yazar(lar) adma telif hakkin1 JMO ve/veya Tiirkiye Jeol. Biilt. " ne devreder. Telif Hakki Devri Formu’nun
doldurularak, makale sunumu esnasinda dergi sistemine yiiklenmesi zorunludur. Sorumlu yazar, génderilen bu
makalenin bagka bir yerde benzer bir formda yayinlanmadigini, makalenin orijinal oldugunu ve yaymlanmak
iizere bagka bir yere gonderilmeyecegini garanti etmelidir. Sunulan makalenin tiim yazarlari, yazinin tim
haklarini ve tiim telif haklarini imzalayarak JMO ve/veya Tiirkiye Jeol. Biilt.’ne devretmelidir. JIMO ve/
veya Tiirkiye Jeol. Biilt.’nin, ilgili makalenin tamamin1 veya bir kismini dersler/ders notlari, raporlar ve ders
kitaplari/basili kitaplar gibi gelecekteki eserlerinde herhangi bir 6deme yapmadan kullanma hakki ve ilgili
makalenin kendi kullanimi i¢in kopyasint alma hakk: vardir. IMO ve/veya Tiirkiye Jeol. Biilt.; ticari amaglar
disinda patent haklar1 gibi telif hakki disindaki tiim haklarini sakli tutar.

Makale sunumu: Tiirkiye Jeol. Biilt.’ne degerlendirilmek iizere makale gonderecek yazar(lar), dncelikle
DergiPark’a iiye olmak zorundadir. Sorumlu yazar ¢alismalarini (orijinal makale, derleme, vb) Tiirkiye Jeol.
Biilt. ne Dergipark sistemi {izerinden gondermelidir.

Intihal Politikasi: Makaleden sorumlu yazarin dergiye yeni makale gonderimi igin “iThenticate Intihal Tespit
Yazilim1” veya “Turnitin” veya esdegeri bir intihal programi kullanarak benzerlik raporu yani sira, imzalanan
“Telif Hakki Devri Formu” ve “Etik Bildirim Formu”nu DergiPark sistemine yiiklemesi gerekmektedir.
Gonderilen makalenin benzerlik endeksi orani, referans listesi harig, % 20’nin altinda olmalidir.

Yazar Katkis1 Beyam ve Cikar Catismasi/Cakismasi1 Beyani: Makale yazarlarinin her biri makaleye 6nemli
bilimsel katkida bulunmus olmasi gerektiginden her yazarin esit etik sorumluluk tagidigi kabul edilir. Makalenin
tiim yazarlari, hatali durumlarda geri cekme veya diizeltme yapmakla ylikiimliidiir.

Yazarlar, yazilarmi sisteme yilikleme asamasinda gerek benzer konularda arastirma yapan diger arastiricilar
bakimindan ve gerekse potansiyel hakemlik konularinda her tiirli ¢ikar catigmasini/cakismasini agikca
belirtmelidir. Cikar ¢atismasi/¢akigsmasi bulunmadigini diisiindiigii durumda ise bu husus agikg¢a belirtilmelidir.

Kor hakemlik: Tiirkiye Jeol. Biilt.’nde tiim bilimsel yayinlarin objektif degerlendirilmesini saglamak amaciyla
kor hakemlik sistemi uygulanmaktadir. Makaleye hakem atama asamasinda hakem ve yazar(lar) arasinda
herhangi bir ¢ikar ¢atigmasi/cakismasi bulunmamasina 6zen gosterilmektedir. Bu amagla hakem ve yazar(lar)
arasinda bilhassa; a) Tez danismani/68renci iliskisi olmamasi, b) Yazar(lar) ve hakem arasinda yakin ge¢cmiste
(son 2 yil) ortak arastirma ve yayin yapilmig olmasi, ¢) Ayn1 kurumda gorev yapiyor olmamasi, d) Dergiye
sunulan yaziya bi¢im ya da igerik yoniinden katki yapmamis olmasi, e) Yazar(lar) ve hakem arasinda yargiya
ya da etik kurullara intikal eden ihtilaflarin olmamasi, f) Hakem ve yazar(lar) arasinda akrabalik iliskisinin
olmamas1 g) Hakemin yazar(lar) hakkinda kamuoyuna intikal etmis 6nyargilarmin bulunmamasi, h) Hakem
ve yazar(lar) arasinda herhangi bir ticari iliskisinin olmamas1 vb durumlar dikkate alinir. Dergi editorliigiintin
gdziinden kacan durumlarin olmasi ihtimaline karsi hakemlerin de bdyle bir durumda editorliigli uyarmasi
gerekir. Ayrica hakemlerin;

e Sadece uzmanlik alanlarina giren makaleleri degerlendirmeleri,
*  Degerlendirmeyi tarafsiz, objektif ve gizlilik icinde yapmalari,

*  Degerlendirmede milliyet, cinsiyet, dini inang, siyasal diisiince, ticari kaygilar vb nedenlerle tarafsizliklarim
kaybetmemeleri,
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e Goris ve onerilerini akademik gorgii kurallari iginde, yapici ve akademik bir dille yapmalari, kisisel
polemik yaratacak tisluptan kaginmalari,

*  Yayin siirecini sebepsiz uzatacak sekilde degerlendirmelerini geciktirmemeleri istenir.

Degerlendirme i§lemi:

On Kontrol (Hakem degerlendirme oncesi) Siireci: Tiirkiye Jeol. Biilt.’ne sunulan makale ilk olarak, Bas
Editor tarafindan dergi amag ve kapsamina uygunlugu acisindan gézden gegirilir. Gonderilen makale, derginin
amag ve kapsamina uymuyorsa en ge¢ 15 giin igerisinde reddedilir ve yazara bilgi verilir. Amag ve kapsami
uygun bulunan makale, yapilan hakem degerlendirmesi oncesi yazim kurallari, dil ve anlatim acgisindan ve
caligmanin planlanmasi agisindan incelenir. Bu konularda eksiklikleri bulunan makalelerin yazar tarafindan
diizeltilmesi istenir. Degerlendirme siirecinde yazarlar editor ve hakemlerin goriis, oneri ve elestirilerine cevap
vermekle yiikiimlidiirler. Yazarlar, hakem goriislerini dikkate alarak sorulan sorulari cevaplamak, goriis ve
onerileri degerlendirmek, elestirilere karst olumlu ya da olumsuz karsilik vererek bunlara dair kanitlarin
ayritili bir mektupla editdre bildirmek zorundadir. Bu karsi mektupta akademik iislup kullanilmali, kisisel
tartismalardan kaginilmalidir. Hakem goriisleri dogrultusunda diizeltilmesi istenen makalelerin diizeltilmis
kopyasi gegerli bir neden olmaksizin 30 giin igerisinde tekrar editére gonderilmedigi taktirde editdriin makaleyi
reddetme hakki vardir. Yeniden diizenleme sonrasi, diizeltilmis makale editor tarafindan gerekirse yeniden
hakem degerlendirmesine gonderilir veya editdr tarafindan dogrudan kabul veya reddedilir.

Hakem Degerlendirme Siireci: Makalelerin tiim boliim igerikleri incelenip hakem degerlendirmesi igin
uygun bulundugunda makaleler hakem degerlendirmesine alinir. Ancak, herhangi bir nedenle hakem
degerlendirmesine uygun bulunmayan makaleler, editoriin degerlendirme raporuyla birlikte reddedilir.
Yazara en ge¢ 15 giin icerisinde bilgi verilir. Hakem degerlendirmesinde makaleler, editor tarafindan igerik
ve uzmanlik alanlarina gore dergi hakem havuzundan ve/veya havuz disindan olmak {izere, en az {i¢ hakeme
gonderilir. Makale hakemlerinin belirlenmesinde yukarida agiklanan ¢ikar ¢atigmasi/cakigsmasi hususlara
0zen gosterilir. Hakemler degerlendirme siireciyle ilgili hi¢gbir kimseyle bilgi ve belge paylagsmayacaklarini
garanti etmek zorundadir. Hakem degerlendirme siireci i¢in hakemlere verilen siire 30 giindiir. Hakemler
veya editorden gelen diizeltme Onerilerinin yazarlar tarafindan 30 giin igerisinde tamamlanmasi zorunludur.
Hakemler makale i¢in diizeltmelerini inceleyerek uygunluguna karar verebilir veya gerekliyse birden ¢cok defa
diizeltme talep edebilir. Degerlendirme sonucu, hakemlerden gelen goriisler, editor tarafindan en ge¢ 15 giin
ierisinde incelenir. Inceleme sonucunda, editér makaleye iliskin nihai kararmi vererek yazara iletir. Ret karar1
verilen makaleler arsivlenir.

Makale Geri Cekme: Degerlendirme asamasindaki makalesini geri ¢ekme isteginde bulunan yazar(lar),
konuyu igeren 1slak imzali dilek¢eyi dergi e-mail adresi tjbdergi@gmail.com iizerinden yayin kuruluna iletirler.
Yayin Kurulu, geri cekme dilekgesini inceleyerek en gec 15 giin igerisinde cevap verir. Yayin Kurulu tarafindan
dilekgesi onaylanmayan bir makalenin yazar(lar)1, makalelerini bagka bir dergiye gonderemezler. Yazar(lar)in
yayinlanmig, erken goriiniim veya degerlendirme asamasindaki ¢alismasiyla ilgili bir yanlis ya da hatay1 fark
etmesi durumunda, dergi editoriiyle isbirligi yapma yiikiimliiligi bulunmaktadir. Yazar(lar), bizzat kendilerine
ait olmayan verileri kullanma hakkina sahip olduklarini, arastirma/analiz ile ilgili gerekli olabilecek izinleri
gosteren belgelere sahip olmalidir.

Editorler, derginin gelisimi ve yayinlanan ¢aligmalarin kalitesini gelistirmeye yonelik siiregleri dikkatle takip
eder. Tiirkiye Jeol. Biilt. Yayin Kurulu basim asamasinda, degerlendirme asamasinda veya yayinlanmig bir
makale i¢in telif hakki ve intihal siiphesi olusmasi durumunda, makaleyle ilgili bir sorugturma baglatir. Yapilan
sorusturma sonucunda, makalede telif hakki ve intihal siiphesi tespit edilmesi durumunda, Yaym Kurulu
makaleyi detayl agiklama yaparak degerlendirme asamasindan geri ¢gekme islemini yazar(lar)a en geg 15 giin
igerisinde bildirir.

Gizlilik: Tiirkiye Jeol. Biilt. sistemindeki tiim kisisel bilgiler bilimsel amaglarla kullanilmakta olup, ti¢lincti
taraflarla paylasilmamaktadir.

Sorumluluk Reddi: Bas Editor ve Yayin Kurulu tiyeleri, yazarlarin goriislerinden ve yazi igeriginden sorumlu
degildir. Yazarlar, yazilarindaki etik 6zgiinliik ve olasi hatalardan sorumludur. Son okuma (diizeltme okumast)
Oncesi ve sayfa diizenleme asamasinda olusabilecek tiim hatalardan yazarlar sorumludurlar. Son okuma sonrasi
meydana gelen hatalar dergi yetkililerinin sorumlulugundadir.
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AIM and SCOPE

The Geological Bulletin of Turkey (Geol. Bull. Turkey) is one of the oldest and best-known journals in
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and geomorphology, in addition to environmental and urban geology along with economic geology. Articles
are accepted in both Turkish and English at current scientific levels in relation to these topics. Articles include
primarily Turkey and surroundings, eastern Mediterranean, Middle East, Balkans, Black Sea and Caspian Sea
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scientific level from research completed within this scope are published without any fee. The journal is open
access. The target audience for the journal is all earth scientists interested in these topics and this scope. The
journal includes mainly original research articles and lower numbers of reviews and publications with other
scientific qualities. Selected sessions at the Geological Congress of Turkey and other national and international
meetings may later be published as special issues after reviewed publication processes.

PREPARATION OF MANUSCRIPTS
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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 release form, which can be found
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authors to be added or removed or for the order of authors to be changed. Manuscripts may be rejected without
peer review by the editor-in-chief if they do not comply with the instructions for authors or if they are beyond
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INSTRUCTIONS FOR CONTRIBUTORS
Manuscripts should generally be structured as follows:
(a) Title (English and Turkish)
(b) Names of authors (bold and in capital), their affiliations (italic and lower-case) and the name and
e-mail address of the corresponding author.
(¢) Abstract (English and Turkish)
(d) Key words (English and Turkish)
(e) Introduction (aim, content and methodology)
(f) Main text (methods, material stuied, descriptions, analyses etc.)
(g) Results and Discussion or Conclusions and Recommendations
(h) Extended Summary / Genisletilmis Ozet
(i) Acknowledgements (if necessary)
(j) References
(k) Tables
() 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

GENISLETILMIS OZET / EXTENDED SUMMARY
ANCKNOWLEDGEMENTS

ORCID

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
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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
e-mail: a_ahmetoglu@ankara.edu.tr
ORCID Number: 0000-0001-1458-0820

A. Hiisnii Hiisniioglu MTA Genel Midiirliigii, Jeolojik Etiidler Dairesi, 06520 Ankara
e-posta: husnu56(@mta.gov.tr
ORCID Number: 0000-0001-1458-0830
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 keywords which reflect the entries the authors
would like to see in an index. Keywords should be given in both Turkish and English. Keywords should be
written in lower-case letters, separated by commas, and given in alphabetical order. For Technical Notes and
Discussions, keywords should not be provided.

GENISLETILMIiS OZET / EXTENDED SUMMARY
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 without titles and indicate name(s) of the organization(s) of the person(s)
acknowledged.

CITATIONS and REFERENCES
Citation in the text
A. If'the article has one author

Parenthetical citations: (Author, Year) e.g.: (S6nmez, 1996)
Narrative citations: Author (Year) e.g.: Sonmez (1996)

B. Ifthe article has two authors

Parenthetical citations: (Authorl & Author2, Year) e.g.: (Merriman & Frey, 1999)
Narrative citations: Authorl and Author2 (Year) e.g.: Sénmez (1996)

C. Ifthe article has more than two authors

Parenthetical citations: (Author] et al., Year) e.g.: (Pettijohn et al., 1987)
Narrative citations: Authorl et al. (Year) e.g.: Pettijohn et al., (1987)
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D. Citing Multiple Works

Parenthetical citations: (Merriman & Frey, 1999; Pettijohn et al., 1987; Sonmez, 1996)
Narrative citations: Merriman and Frey (1999), Pettijohn et al. (1987), Sonmez (1996)

E. If more than one publication of the same authors published in the same year is cited

In this case, letters such as a, b, ¢ are given after the years of the articles in the References section.
In the same way, these letters are used in the citations in the text.

In References:

Ahmetoglu, A. & Hisnlioglu, H. (2022a). Article 1. Full Name of Journal, Vol.(No), pages. DOI number (if
available)

Ahmetoglu, A. & Hiisniioglu, H. (2022b). Article 2. Full Name of Journal, Vol.(No), pages. DOI number (if
available)

Citations in the text:

Parenthetical citations: (Ahmetoglu & Hiisniioglu, 2022a)
Narrative citations: Ahmetoglu & Hiisnlioglu (2022a)

References

All references cited in the text, and in captions of figures and tables should be presented in a list of references
under a heading of "REFERENCES” following the text of the manuscript.

A. Journals
Bundan sonrasinda bir degisiklik yok araya yukaridakileri ekleyecegiz
A.
A. 1. Citing the periodicals:
Author(s), (Date). Title of paper. Full Name of Journal, Vol. (No), pages. DOI number (if available)

Hoek, E. & David, M. (1990). Estimating Mohr — Coulomb friction and cohesion values from Hoek —
Brown failure criterion. International Journal of Rock Mechanics, 27 (3), 220-229. https://doi.
org/10.1016/0148-9062(90)94333-0O

A.2. Special cases:

A.2.1. If the article was taken from an open (free) access website:

Ketin, I. (1949). Son on yilda Tiirkiye’de vukua gelen biiyiik depremlerin tektonik ve mekanik neticeleri
hakkinda. Tiirkiye Jeoloji Biilteni, 2(1), 1-13. https://dergipark.org.tr/tr/pub/tjb/issue/50279/650044

A.2.2. If the article has an article number:

Aglan, M., Oyan, V. & Kose, O. (2020). Petrogenesis and the evolution of Pliocene Timar basalts in the
east of Lake Van, Eastern Anatolia, Turkey: A consequence of the partial melting of a metasomatized
spinel-rich lithospheric mantle source. Journal of African Earth Sciences, 168, Article 103844.
https://doi.org/10.1016/j.jafrearsci.2020.103844.

B. Proceedings and Abstracts:

Author(s), (Date). Title of paper. Name of Editor(s), Title of Symposium or Congress, (pages). Name of
Publisher. DOI number & internet address (If available).
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Sanliyiiksel Yiicel, D., ileri, B. (2019). Characterization of weak, strafied and clay bearing rock masses. In H.
Sézbilir, C. Ozkaymak, B. Uzel, O. Siimer, M. Softa, C. Tepe, S. Eski (Eds.), 72" Geological Congress
of Turkey The Proceedings and Abstracts Book, (s.63-64). Chamber of Geological Engineers of Turkey
Publications No: 140. https://www.jmo.org.tr/resimler/ekler/174e0f6fa731893 ek.pdf

C. Books:
C.1. Citing of books:
Author(s), (Date). Name of the Book. Name of the Publisher. DOI number & internet address (if available).

Pettijohn, F. J., Potter, P. E. & Siever, R. (1987). Sand and Sandstones (2nd ed.). Springer-Verlag New York.
https://www.doi.org/10.1007/978-1-4612-1066-5

Ketin, 1. (2016). Genel Jeoloji, Yerbilimlerine Giris (9. Baski). ITU Vakfi Yaymnlari.
C.2. Citing of translated books:

Author(s), (Date). Name of the Translated Book. Name of the Publisher. (Original publishing date). DOI
number & internet address (If available).

Komatina, M. M. (2011). Tibbi Jeoloji: Jeolojik Ortamlarin Insan Saghg: Uzerindeki Etkileri (Translator: Y.
Orgiin ve D. Bayrak). TMMOB Jeoloji Miihendisleri Odas1 (Original publication date: 2001).

D. Chapter in book:

Author(s), (Date). Chapter Name. Name of Editors, Name of Book (Page numbers of the chapter). Name of
Publisher.

Merriman, R. J. & Frey, M. (1999). Patterns of very low-grade metamorphism in metapelitic rocks. In M. Frey
& D. Robinson (Eds.), Low Grade Metamorphism, (pp. 61-107). Blackwell Sciences Ltd.

E. Reports and Thesis:

E.1. Reports:

Author(s), (Date). Title of report (If any report no). Name of the Organization or Institution, (published or
unpublished).

Kellogg, H. E. (1960). Stratigraphic report, Derik-Mardin area Petroleum District V, Southeast Turkey (Rapor
no: 1367). TPAO (unpublished).

E.2. Thesis:

Author, (Date). Title of Thesis [published or unpublished & PhD or Msc Thesis]. Name of the Institution or
University.

Sonmez, H. (1996). TKI ELI Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi icindeki sevlerin
durayliigimin degerlendirilmesi [Unpublished Msc Thesis]. Hacettepe Universitesi Fen Bilimleri
Enstitiisii.

FE  Personal Communications:

Sozbilir, H., 2005. Personal communication. Geological Engineering Department of Dokuz Eyliil University,
[zmir, Turkey.
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G. Information Downloaded from the Internet
Name of the Organization, (Date). Web address, date of access to website.

KRDAE, (2020, 02, January). Bogazi¢i University Kandilli Observatory and Earthquake Research Institute
Regional Earthquake-Tsunami Monitoring Center, http://www.gov.tr.

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.

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 Ca(2+) and CO3(2-) instead of Ca++ 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.

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, and to separate headings and
numbers listed in the tables (Please check the previous issues of the Journal). 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. c: uniaxial compressive strength, etc).

Hlustrations

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
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