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Abstract: The Anatolian Diagonal is a prominent left-lateral shear zone that plays a key role in the neotectonic
framework of Tiirkiye, spanning 170 km between the Central Anatolian and East Anatolian fault zones and extending
approximately 850 km from Erzincan to the Cyprus Arc. Its southwestern onshore termination is represented by the
Ecemis-Deliler Fault, while its offshore continuation, the Biruni Fault, trends toward the Cyprus Arc. This study
aims to characterise the southwestern end of the Ecemis-Deliler Fault through geomorphic markers, and to identify
the Biruni Fault using key offshore seismic reflection profiles and geological cross-sections provided by Turkish
Petroleum. Focal mechanism solutions for offshore seismic events are also examined to assess fault kinematics.
Based on onshore observations, a left-lateral offset of 18 km along the Goksu River indicates a long-term slip rate of
approximately 2.25 mm/year at the southwestern end of the Ecemis-Deliler Fault. Offshore, detailed definition and
mapping of the Biruni Fault revealed that it comprises a zone of closely spaced, parallel strike-slip segments in its
northeastern sector, transitioning into a single linear fault trace that extends south westward toward the Aegean Arc.
Despite its clear morphological expression, the southwest end of Ecemis-Deliler fault and the Biruni Fault of the
Anatolian Diagonal have low seismic activity, likely because most regional deformation is accommodated further
west along the Antalya-Kekova Fault Zone and the Ptolemy—Pliny—Strabo Fault Zone. The restraining stepovers of
the Antalya Thrust and Fethiye Thrust between these structures provide new insight into a slip partitioning in the
eastern Mediterranean.

Keywords: Anatolian Diagonal, Biruni Fault, Eastern Mediterranean, Ecemis-Deliler Fault Zone, morphotectonics,
neotectonics

Oz: Anadolu Caprazi, Tiirkiye nin neotektonik yapisinda énemli bir rol oynayan, Orta Anadolu ve Dogu Anadolu
fay zonlart arasinda 170 km ve Erzincan’dan Kibris Yayina kadar yaklasik 850 km uzanan belirgin bir sol yanal
makaslama zonudur. Giineybatida karadaki ucu Ecemis-Deliler Fayi ile temsil edilirken, acik denizdeki devami
olan Biruni Fayi, Kibris Yayina dogru yonelmektedir. Bu ¢alisma, Ecemis-Deliler Fayi'min giineybati ucunu
jeomorfolojik belirte¢ler araciligiyla karakterize etmeyi ve Tiirkiye Petrolleri tarafindan saglanan onemli a¢ik deniz
sismik yansuma profilleri ve jeolojik kesitler kullanarak Biruni Fayi’mi tammlamayr amag¢lamaktadr. Ayrica, fay
kinematigini degerlendirmek i¢in agik deniz sismik olaylarinin odak mekanizmasi ¢éziimleri de incelenmigstir. Kara
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gozlemlerine gére, Goéksu Nehri boyunca 18 km’lik sol yanal dtelenme, Ecemis-Deliler Fayi 'nin giineybati ucunda
yilda yaklasik 2,25 mm’lik uzun vadeli bir kayma hizina isaret etmektedir. A¢ik denizde, Biruni Fayi’min ayrintili
bir sekilde tamimlanmasi ve haritalamasi ile fayin kuzeydogu kesiminde birbirine yakin, paralel dogrultu atimli
segmentlerden olusan bir zondan olustugunu ve giineybatiya, Ege Yayina dogru uzanan tek bir dogrusal fay izine
doniistiigiinii ortaya koymustur. A¢ik morfolojik ifadesine ragmen, Anadolu Caprazi 'ndaki Ecemis-Deliler Fayi 'nin
giineybati ucu ile Biruni Fay: diisiik sismik aktivite géstermektedir. Bunun nedeni, bolgesel deformasyonun ¢ogunun
daha batidaki Antalya-Kekova Fay Zonu ve Ptolemy-Plinius-Strabo Fay Zonu boyunca karsilanmast olabilir. Bu
vapilar arasinda gelisen Antalya Bindirmesi ve Fethiye Bindirmesi, Dogu Akdeniz deki kayma boliimlenmesine yeni
bir bakis agist saglamaktadir.

Anahtar Kelimeler: Anadolu Caprazi, Biruni Fayi, Dogu Akdeniz, Ecemis-Deliler Fay Zonu, morfotektonik,
neotektonik.

INTRODUCTION their directions within the left-lateral system, Aksu
etal. (2014b) interpreted some of the normal faults
as gravity structures. Moreover, the migration of
the Goksu Delta to the southwest over time was

When explaining the fundamental principles of
the neotectonics of Tiirkiye, it was stated that the
main role in the westward escape of the Anatolian
Plate was undertaken by the North Anatolian explained by the existence of the Kozan Fault
Fault Zone (NAFZ) and the East Anatolian Fault zone, and the slip on the fault was stated to be
Zone (EAFZ) (Sengor, 1980; Sengor et al., 1985)  between 6-10 mm/yr (Aksu et al., 2014b).

(Figure 1). The Ecemis Fault was recognised as In a recent paper, Aksu et al. (2022) suggested
an important fault line within the Anatolian Plate
and shown on neotectonic maps (Sengdr et al.,
1985; Saroglu et al., 1992), though activity in
the pre-neotectonic period was also documented
(Yetis, 1978; Jaffey and Robertson, 2001).
Later studies defined the Ecemis Fault as part
of a regionwide structure, the Central Anatolian
Fault Zone (Kogyigit and Beyhan, 1998). In the
evaluation of the Central Anatolian Fault Zone

that right- and left-lateral strike-slip faults come
together between the Anamur (Anatolia) -
Korugam / Kormakiti (Cyprus) capes and form
the Anamur-Kormakiti (Korugam) zone. This
generally displays as positive flower structures,
and the authors concluded that connecting the
Central Anatolian Fault Zone to the Cyprus Arc,
as implied in previous studies, is impossible.

(Kogyigit and Beyhan, 1998; Dirik, 2001; inan However, Seyitoglu et al. (2022a) redefined
and Ekingen, 2007), an important inadequacy is the Central Anatolian Fault Zone as the northwest
the lack of a clear relationship with the Cyprus margin of the Anatolian Diagonal, a broad left-
Arc, probably due to limited earlier studies lateral shear zone (Figure 1). In this redefinition,
dealing with the structures between Anatolia and the Central Anatolian Fault Zone is separated

Cyprus (Anastasakis and Kelling, 1991; Evans et from the NAFZ by the Karaca and Kemah-
al., 1978). Therefore, the relationship between the [li¢ Faults. They created a restraining bend, the
Central Anatolian Fault Zone and the Cyprus Arc Divrigi Thrust, with the Ecemis-Deliler Fault. The

remains an unsolved problem. offshore continuation of the Ecemis-Deliler Fault
With an increase in offshore seismic reflection (EDF), the Biruni Fault, extends to the Cyprus
studies, the left-lateral strike-slip Kozan Fault Arc, as recognised by re-evaluating seismic

was identified and evaluated as a splay detaching  reflection data mainly published by Mansfield
from the EAFZ (Aksu et al., 2014a, b). Based on (2005) (Figure 1). Global Navigation Satellite
the identification of normal faults with different Systems (GNSS) based block modelling reveals
directions on seismic reflection sections within the left-lateral slip rates ranging from 11.7 to 4.2 mm/
Kozan Fault zone and not being able to explain yr along the Biruni Fault (Seyitoglu et al., 2022b).
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Figure 1. Active fault map of the eastern Mediterranean. Brown lines belong to Southeast Anatolian Wedge structures (Seyitoglu et al. 2017). BZSZ:
Bitlis-Zagros Suture Zone; EBT: Ergani-Silvan Blind Thrust; MBTZ: Mardin Blind Thrust Zone; SBTZ: Sincar-Kerkiik Blind Thrust Zone; DSFZ: Dead
Sea Fault Zone. Black lines in the Turkish Iranian Plateau represent mainly rhomboidal cell margins (Seyitoglu et al. 2018). Rhomboidal cells: KgC: Kigi,
KoC: Karliova, MsC: Mus, HiC: Hinis, VaC: Van, UrC: Urmiye, and AhC: Ahar. For regionwide shear zones, purple lines represent SAZFZ: Southeast
Anatolian Zagros Fault Zone; green lines indicate NEAFZ: Northeast Anatolian Fault Zone, fuchsia lines show main branch of NAFZ: North Anatolian
Fault Zone. Orange lines indicate middle branch of North Anatolian Fault. Blue lines are the southern branch of North Anatolian Fault Zone (Seyitoglu et
al. 2022c¢). Red lines show the Anatolian Diagonal Shear Zone (Seyitoglu et al. 2022a and this paper). EAFZ: East Anatolian Fault Zone; KRF: Karaca
Fault; EDF: Ecemis-Deliler Fault; DvT: Divrigi Thrust; OVF: Ovacik Fault; SZF: Sariz Fault; MAF: Malatya Fault; EMF: Elbistan-Misis Fault; MYF:
Marag-Yumurtalik Fault; BRF: Biruni Fault; FSH: Fuat Sezgin High; GBT: Gazi Baf Transform; GBR: Girne-Besparmak Range; CA: Cyprus Arc. Fault
lines on Northern Cyprus are from Elmaci et al. (2025). All other fault lines are modified after Barrier et al. (2004), Emre et al. (2013), and Seyitoglu et
al. (2017; 2018; 2022a, b). KEFZ: Kirikkale-Erbaa Fault Zone; TFZ: Tuzgdlii Fault Zone; EFZ: Eskisehir Fault Zone; SDF: Sultandagi Fault; KNF:
Konya Fault; SVF: Simav Fault; SDF: Sultandagi Fault; KNF: Konya Fault; ALG; Alasehir Graben; BMG: Biiyiikk Menderes Graben; AnT: Antalya
Thrust; FR: Florence Rise; AKFZ: Antalya-Kekova Fault Zone; FtT: Fethiye Thrust; PTF: Ptolemy Fault; PLF: Pliny Fault; STF: Strabo Fault. AA:
Aegean Arc.

Sekil 1. Dogu Akdeniz’e ait aktif fay haritasi. Kahverengi ¢izgiler Giineydogu Anadolu Kama yapilarina aittir (Seyitoglu vd. 2017). BZSZ.: Bitlis-Zagros
Kenet Zonu; EBT: Ergani-Silvan Kor Bindirmesi; MBTZ: Mardin Kor Bindirme Zonu, SBTZ: Sincar-Kerkiik Kor Bindirme Zonu;, DSFZ: Oliideniz
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Fay Zonu. Tiirk-Iran Platosu’ndaki siyah ¢izgiler
agirlikli olarak romboidal hiicre kenarlarini temsil
eder (Seyitoglu vd. 2018). KgC: Kigi, KoC: Karliova,
MsC: Mus, HiC: Hwus, VaC: Van, UrC: Urmiye,
AhC: Ahar romboidal hiicreleri. Bdlge genelindeki
makaslama zonlari, mor ¢izgiler SAZFZ'yi temsil
eder: Giineydogu Anadolu Zagros Fay Zonu; Yesil
gizgiler NEAFZ Kuzeydogu Anadolu Fay Zonu, fusya
renkli ¢izgiler ise NAFZ Kuzey Anadolu Fay Zonu, ana
kolunu géstermektedir. Turuncu ¢izgiler Kuzey Anadolu
Fay Zonu’nun orta kolunu géstermektedir. Mavi
cizgiler Kuzey Anadolu Fay Zonu'nun giiney kolunu
gostermektedir (Seyitoglu vd. 2022¢). Kirmizi ¢izgiler
Anadolu Caprazi Makaslama Zonu 'nu gostermektedir
(Seyitoglu vd. 2022a ve bu makale). EAFZ: Dogu
Anadolu Fay Zonu; KRF: Karaca Fayi; EDF: Ecemis-
Deliler Fayi; DvT: Divrigi Bindirmesi; OVF: Ovacik
Fayi,;, SZF: Sariz Fayi;;, MAF: Malatya Fayi;, EMF:
Elbistan-Misis Fayi; MYF: Maras-Yumurtalik Fayi;
BRF': Biruni Fayi; FSH: Fuat Sezgin Yiikselimi; GBT:
Gazibaf Transform Fayi;, GBR: Girne-Begsparmak
Swradaglar:;, CA: Kibris Yayi. Kuzey Kibristaki fay
hatlart Elmaci vd. (2025) 'den alinmistir. Diger tiim fay
hatlart Barrier vd. (2004), Emre vd. (2013), Seyitoglu
vd. (2017; 2018, 2022a, b) den sonra degistirilmigtir.
KEFZ: Kirtkkale-Erbaa Fay Zonu, TFZ: Tuzgélii Fay
Zonu, EFZ: Eskigehir Fay Zonu; SDF: Sultandagi
Fayi; KNF: Konya Fayi,;, SVF: Simav Fayi; KNF:
Konya Fayi; ALG, Alagehir Grabeni; BMG: Biiyiik
Menderes Grabeni; AnT: Antalya Bindirmesi; FR:
Florence Yiikselimi; AKFZ: Antalya-Kekova Fay Zonu;
FtT: Fethiye Bindirmesi; PTF: Ptolemy Fayi; PLF:
Pliny Fayi; STF: Strabo Fayi. AA: Ege Yay

In this paper, we examine morphotectonic
features from the southwest end of the Ecemis-
Deliler Fault onshore and provide segment
distribution for the Biruni Fault by using offshore
seismic reflection sections from Turkish Petroleum
(TPAO). In addition, focal mechanism solutions
for seismic events attributed to Biruni Fault will
be presented. A detailed description of the Biruni
Fault will clarify the connection of the northwest
margin of the active Anatolian Diagonal to the
Cyprus Arc and we will discuss its implications
for the neotectonic framework of the Eastern
Mediterranean.

Nuray SAHBAZ, Esra TUNCEL, Biilent KAYPAK, Giirol SEYITOGLU
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MORPHOTECTONICS OF THE
SOUTHWESTERN END OF THE ECEMIS-
DELILER FAULT

The earliest studies recognised the position of
the EDF in the Anatolian Diagonal (Seyitoglu et
al., 2022a). It was named as the Ecemis Corridor
(Blumental, 1941; 1952), the Tekir Dislocation
(Metz, 1956), the Ecemis Fault (Ketin, 1960),
the Ecemis Transcurrent Fault (Pavoni, 1961),
the Pozanti- Kayseri Fault (Scott, 1981) and
the Ecemis Fault Zone (Yetis, 1978; Dirik and
Gonctioglu, 1996).

The Ecemis Fault and the Deliler Fault were
defined as two separate faults to the south and
northeast of Kayseri (Emre et al., 2013). The term
Central Anatolian Fault Zone was introduced
by Kogyigit and Beyhan (1998), without clear
relationship to the NAFZ and the Cyprus Arc.
Darin and Umbhoefer (2019) clearly defined the
northeast end of the EDF while Akyiiz et al.
(2012) provided palacoseismological data from
trenches near Alaca. A detailed examination of
the structural features in the original location
of the Ecemis Fault was presented by Jaffey
and Robertson (2001). Around Kayseri, the
morphotectonic, kinematic and geochronological
evidence for Quaternary activity on the EDF were
presented by Higgins et al. (2015), Sarikaya et al.
(2015a, b) and Yildirim et al. (2016), while the
paleomagnetic characteristics of the EDF were
also studied (Tatar et al., 2000).

The southwestern end of the EDF is studied
relatively less well. Inan and Ekingen (2007)
presented structural and morphological evidence
for the Namrun Fault. The geological map of
southwestern Silifke indicates several semi-
parallel, northeast-southwest trending faults
(Alan et al., 2014). Although some of them limit
Quaternary slope deposits, none of them were
described as an active fault.

The block model for the region indicates that
the left-lateral slip rate along the southwestern
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sector of the EDF ranges from 7.5£1.1 mm/yr
in the northeast to 2.8+1.5 at its southwestern
end. In its offshore continuation, the slip rate
increases south-westward from 4.2+ 1.8 to
11.7 £ 0.9 mm/yr (Seyitoglu et al., 2022b). The
geomorphic expression of the southwestern EDF
is more distinct as a linear trend compared to the
northeastern sector. In the southwestern sector, the
fault is a wide shear zone up to 20 km, consisting
of northeast-southwest trending en-echelon left-
lateral faults running parallel to the coastline
(Figure 2). At the southwestern end, the shear zone
consists of 1.5 km, 2 km and 7 km long segments
(EDF-1a to EDF-1c) arranged in a left-stepping
pattern. These faults are expressed as linear valleys
oriented with northeast-southwest direction.
Along EDF-lc, a shear zone in the Palaecozoic
bedrock was associated with the EDF together
with left-lateral displacement of 1240 m and 60
m along a Quaternary stream (Seyitoglu et al.,
2022a) (Figure 2). Further to the northeast, EDF-
lc exhibits a left-lateral arrangement with EDF-1d
and its northeastern continuation, EDF-1e. In the
northern block of EDF-1e, the northeast-southwest
trending Hirmanli Dere valley is observed, which
hosts the village of Hirmanh (Figure 2). To the
south, a distinct Quaternary alluvial fan deposit
extends in front of this valley, while the stream
bends 1 km to the southwest along the fault,
reaching the step-over associated with EDF-1d.
In addition, a well-defined saddle is present along
EDF-1e near the fan apex. Moreover, a left-lateral
offset of 543 m was observed in a river in the
northeast sector of the alluvial fan (Seyitoglu et
al., 2022a) (Figure 2).

Further to the northeast, the 5 km-long EDF-
2 segment has a right-lateral arrangement with
EDF-1le. These segments form the northwestern
margin of a northeast-southwest trending trough,
filled with Quaternary deposits, and defines
the northwestern part of the shear zone. The
southeastern margin of the trough is bounded
by EDF-5a and EDF-6. The southwest-dipping
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depression is drained by a river that flows close to
EDF-5a. An elongate ridge was observed between
EDF-5a and EDF-6 and is interpreted as a shutter
ridge together with the 640 m left-lateral shift
along a river (Seyitoglu et al., 2022a) (Figure 2).
The northeastern continuation of EDF-5a is also
defined by a trough, which is marked by EDF-5b
segment. This linear depression is drained by the
Akdere stream, which has a north northwest-south
southeast trend upstream and at a bend along
the fault, flows towards the northeast for about
3 km (Seyitoglu et al., 2022a). The southeastern
margin of the shear zone is further defined by the
1 km-long EDF-5c and the 4.5 km-long EDF-
5d. In the northwestern sector, the shear zone,
defined by EDF-1e and EDF-2 to the southwest, is
delineated by EDF-3 and EDF-4 to the northeast.
These faults exhibit a right-lateral pattern, and
their interaction results in widening of the shear
zone. The 10 km-long EDF-3 fault marks the
boundary between bedrock and Quaternary talus
deposits, and 345 m left-lateral displacement was
measured in the upstream section of the Akdere
stream (Seyitoglu et al., 2022a). The 18 km-long
EDF-4 segment is characterised by a linear trace
in the bedrock, which affects the Quaternary river
pattern (Seyitoglu et al., 2022a) (Figure 2).

Further to the northeast, the shear zone
widens up to 16 km and is defined by EDF-4c
and EDF-4b in the northwestern sector, EDF-4a
in the central part, and EDF-5e in the southeastern
sector. These fault segments are significant as they
laterally shift the Goksu River, which is one of
the longest rivers in the Taurus Mountains with
260 km length (Figure 2). The river has two main
tributaries including, (1) the east-west-oriented
Ermenek River and (2) the northwest-southeast-
oriented GoOksu River. These tributaries merge
southwest of Mut to form the main course of the
Goksu River, which follows a predominantly
northwest-southeast orientation except where it
deviates along fault-driven bends.
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Figure 2. a) The southwestern extension of the Ecemis—Deliler Fault, showing fault segments adapted from Seyitoglu
et al. (2022a). The 18 km sinistral offset of the Goksu River is measured along the shear zone associated with the
EDF. The southward migration of the Goksu Delta lobes and the location of Kozan Fault are shown after Aksu et al.
(2014b), indicating that the shifting of the Goksu Delta is better explained by Ecemis-Deliler fault segments running
parallel to the coast rather than the Kozan Fault. b) Quaternary geomorphic features around the southwestern
termination of the EDF, including the left-lateral offsets measured by Seyitoglu et al. (2022a).

Sekil 2. a) Ecemis—Deliler Fayi'nin giineybati uzammi,; fay segmentleri Seyitoglu vd. (2022a) den uyarlanmustir.
Géksu Nehri'nin 18 km’lik sol yanal dtelenmesi, EDF ile iligkili makaslama zonu boyunca él¢iilmiistiir. Goéksu
Deltasi loblarinin giineye dogru gogii ve Kozan Faymin konumu Aksu vd. (2014b) ten uyarlanmistir. Goksu delta
loblarinin yer degistirmesi Kozan Faymndan ziyade kiyrya paralel uzanan Ecemis-Deliler fay segmentleri tarafindan
daha iyi a¢iklanmaktadir. b) EDF ’nin giineybati ucundaki Kuvaterner doneme ait jeomorfolojik yapilar; Seyitoglu
vd. (2022a) tarafindan élgiilen sol yanal dtelenmeleri icermektedir.

50



The Biruni Fault of the Anatolian Diagonal: Morphological, Seismological and Seismic Reflection Data and Implications for the Neotectonic Framework of the Eastern Mediterranean

Along its course, the river has incised into
Palaeozoic and Mesozoic basement units, which
are unconformably overlain by Miocene marls
and carbonates deposited in marine environments
(Alan etal., 2014). The youngest marine sediments
overlying the surface in the upper course of the
river are dated to ca. 8 Ma (Cosentino et al., 2012).
The uplift of the region has resulted in a highly
incised antecedent valley, especially downstream
of the river (Cosentino et al., 2012; Schildgen et
al., 2012; Kuzucuoglu et al., 2019). Left-lateral
displacements along the river were measured
along the EDF segments by Seyitoglu et al.
(2022a; Appendix A). Specifically, displacements
of 385 m were reported along EDF-4a, 1450 m
along EDF-4b and 1760 m along EDF-5e. While
these measurements indicate displacement along
these segments, a comprehensive assessment
of lateral shift along the entire shear zone is
necessary for more accurate measurement along
the river course (e.g., Sengor, 2017). According
to this, 18 km lateral displacement is measured
between the northwest-southeast oriented river
path across the shear-zone. To calculate the long-
term slip rate, the age of the youngest marine
deposits in the upper course of the river has been
used. This provides a regional upper limit for
surface emergence, and was adopted here as the
maximum possible age constraint since the actual
establishment of the drainage system must have
postdated the transition to terrestrial conditions.
According to this assumption, a minimum long-
term slip rate of 2.25 mm/yr has been calculated
for the EDF shear zone.

At the mouth of the Goksu River, the Goksu
Delta formed, which is bounded by EDF-5e and
its northeastern continuation EDF-8. Between
these segments, the EDF-7 a-c segments were
also identified with left-stepping arrangement on
the bedrock. Slickenlines observed along EDF-5e
on Mesozoic limestone indicate strike-slip motion
(Seyitoglu et al., 2022a; Appendix A). Similarly,
in a cataclastic zone in the Miocene limestone
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unit, slickenlines and a flower structure provide
evidence of deformation along EDF-7a (Seyitoglu
et al., 2022a; Appendix A). According to Aksu et
al. (2014a, b), the delta lobes of the Goksu River
migrated towards the southwest (Figure 2a). This
deformation was identified from seismic reflection
profiles and is dated to Pliocene-Quaternary based
on stratigraphic units corelated with well data and
tentatively linked to exposed units on land. In their
interpretation, the lateral migration of the delta
exceeds 20 km, and this migration is associated
with the Kozan Fault zone. However, this fault
is located parallel to the coast at a considerable
distance, and its proposed position must have
caused truncation at the southwestern edge of the
delta, interpreted as being offset (Figure 2a). In
contrast, the results of the present study suggest an
alternative explanation: the migration of the delta
lobe can be temporally and spatially correlated
with the lateral shift of the Goksu River, which
is associated with activity on the EDF. Based on
the delta lobe migration inferred by Aksu et al.
(2014a, b), the implied slip rate for the EDF would
be ~3.8 mm/yr during the Pliocene-Quaternary
time interval. The contrast with the minimum
long-term slip rate of 2.25 mm/yr (since 8§ Ma)
indicates that slip along the fault was likely non-
uniform, with alternating phases of acceleration
and deceleration over geological timescales. The
pronounced Quaternary morphology observed
along the EDF in this study is likely associated
with this higher slip rate.

THE BIRUNI FAULT

The offshore continuation of the EDF was
previously only estimated based on bathymetry
between Anatolia and west of Cyprus and shown
with a question mark (Kogyigit and Beyhan,
1998). More comprehensive offshore data were
provided by Aksu et al. (2005; 2014a, b).
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Figure 3. Active fault map of the eastern Mediterranean. Seismicity in the region is shown with yellow dots, representing earthquake epicentres with
magnitudes >3.5 and depths <30 km obtained from the Republic of Turkey Ministry of Disaster and Emergency Management Authority (AFAD). The
numbering of the focal mechanism solutions for earthquakes up to event number 214 is adapted from Seyitoglu et al. (2022a). For events numbered 215
and above, please refer to Table 1 for the new solutions presented in this study. The inset map shows the segment distribution of the Biruni Fault.

Sekil 3. Dogu Akdeniz'in aktif fay haritasi. Bélgedeki sismik aktivite, T.C. I¢isleri Bakanhg Afet ve Acil Durum Yénetimi Baskanligi (AFAD) verilerine
dayali olarak, biiyiikliigii >3.5 ve odak derinligi <30 km olan depremlerin dismerkezlerini temsil eden sart noktalarla gosterilmistir. 214 numarali olaya
kadar olan deprem odak mekanizmasi ¢oziimlerinin numaralandirmasi Seyitoglu vd. (2022a) ¢alismasindan uyarlannigtir. Bu ¢alismada sunulan yeni
¢oziimler igin 215 veiizeri numarali olaylara iliskin veriler Cizelge 1 'de sunulmustur. Késedeki haritada Biruni Fayi 'min segment dagilimi gésterilmektedir.
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The Kozan Fault zone, which runs parallel to
the western coast of the Mersin Gulf, is proposed
to be an equivalent of the offshore Ecemis fault
complex of Ozel et al. (2007). The delta lobe
shifting of the Goksu River (Aksu et al., 2014a, b)
was attributed to the Kozan Fault zone, although
it is located away from the western margin of
Mersin Gulf.

The Biruni Fault is identified as an offshore
continuation of the left-lateral strike-slip EDF of
the Anatolian Diagonal by re-interpreting seismic
reflection sections from Mansfield (2005) and
Aksu et al. (2005; 2014a, b). However, the data
from seismic sections were not published due to
the lack of copyright permission (Seyitoglu et al.,
2022a).

In this section, we present our interpreted
seismic sections obtained from TPAO and produce

a map of the fault segments with precise/reliable
coordinate system (Figure 3)

The position of the offshore Biruni Fault can
be seen in seismic reflection line CrS-1 where a
positive flower structure is observed between
segments BRF-3d and BRF-3c at the northwestern
end (Figure 4). A prominent morphological trough
on the sea floor corresponds to segment BRF-1.
Segment BRF-2a also presents as a typical flower
structure (Figure 4). The northern margin of the
Girne-Besparmak Range (GBR) is interpreted
as a normal fault, following Calon et al. (2005)
(Figures 3 & 4).

Further to the southwest, the nearly north-
south trending Line 08 crosscuts the BRF-3f,
BRF-3e and BRF-3g segments, which create a
prominent morphological trough on the sea floor
due to their negative flower structure (Figure 5).

Figure 4. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-1). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits.

Sekil 4. Tiirkiye Petrolleri’ne ait CrS-1 sismik yansima profiline dayali jeolojik kesit. 1: Pliyosen—Kuvaterner kirintili
tortullar, 2: Messiniyen evaporitleri, 3: Messiniyen oncesi ¢okeller.
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Figure 5. Seismic reflection section Line 08.
Sekil 5. Hat 08 sismik yansima kesiti.

Figure 6. Seismic reflection section Line 14.
Sekil 6. Hat 14 sismik yansima kesiti.
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Line 14 shows the southwestern continuation
of segment BRF-3f, which is clearly recognised
by the deformation of the uppermost seismic
layers. Traces of segment BRF-3g are seen at the
southeastern margin of the seismic section. The
deformations of the seismic layers to the northwest
are attributed to the edges of thrust sheets, because
they cannot be traced as a deeper structure. These
are represented by green lines in Figure 6.

Segment BRF-3f and semi-parallel segment
BRF-3h can be distinguished on the southeastern
margin of Line 15. On its northwestern margin,
segment BRF-4a is easily differentiated after
Woodside et al. (2002; Fig. 7) (Figure 7). The

NW

Figure 7. Seismic reflection section Line 15.
Sekil 7. Hat 15 sismik yansima kesiti.
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semi-parallel BRF-4b and the southernmost tip
of BRF-3f are also seen on Line 16 (Figures 7 &
8). Line 15 and Line 16 indicate that the Biruni
fault segments create a restraining stepover
where a pressure ridge called the Fuat Sezgin
High (FSH) developed. The segments of the
Biruni Fault limiting the FSH (i.e., BRF-3f and
BRF-4a, BRF-4b) show transpressive character,
and the thrusts creating the FSH are marked as
green lines in Figures 7 and 8. The thrust-related
structure of FSH is more clearly observed along
the northeast-southwest trending Line 07 (Figure
9). This structure was interpreted differently as the
Florence Rise (Giines et al., 2018; see their Line
D).
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Figure 8. Seismic reflection section Line 16.
Sekil 8. Hat 16 sismik yansima kesiti.
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Figure 9. Seismic reflection section Line 07.
Sekil 9. Hat 07 sismik yansima kesiti.
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It should be noted that the southwest side of
Line 16 also indicates the position of the right-
lateral Gazibaf (Paphos) transform faults (GBT-1
and GBT-2) (Seyitoglu et al., 2022a), which are
associated with a prominent morphological high
developed between the thrusts of Cyprus Arc.
These have produced significant earthquakes with
right-lateral focal mechanism solutions (Arvidsson
et al., 1998; Pilidou et al., 2004; Symeou et al.,
2018) (Figures 3 & 8).

The semi-parallel segments BRF-4a and BRF-
4b, limiting the northwest margin of FSH, are seen
on the northwest side of Line 16 (Figure 8). The
southwest continuation of segment BRF-4b is
clearly distinguished on the northeast-southwest
trending Line 06 where the green-coloured thrusts
located on the northeastern side of BRF-4b
represent thrusts between the Florence Rise and
the Antalya Thrust. However, the thrusts on the
southwestern side represent the thrusts developed
in front of the FSH (Figure 10).

The northeast-southwest trending Line 05
and Line 04 indicate the presence of three semi-
parallel mainly transpressive segments of the
Biruni Fault in which the middle segment BRF-4¢
can be continuously traced (Figures 11 & 12). The
geological cross sections based on seismic profiles
from TPAO (Figures 13 & 14) demonstrate that the
southwest continuation of BRF-4c can be securely
extended to the Aegean Arc with a restraining
bend (Figures 1 & 3). The southwest extension
of the Biruni Fault corresponds to the shear
zone between the Northern and Southern Outer
Domains of Huguen et al. (2001, see their Fig.
7). In this case, the Ptolemy-Pliny-Strabo Fault
Zone and the Biruni Fault are parallel left-lateral
structures and the Piri Reis Ridge (Seyitoglu et
al., 2022a), formerly known as the Mediterranean
Ridge, developed between them (Figures 1 & 3).

Figure 10. Seismic reflection section Line 06.
Sekil 10. Hat 06 sismik yansima kesiti.
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Figure 11. Seismic reflection section Line 05.
Sekil 11. Hat 05 sismik yansima kesiti.

Figure 12. Seismic reflection section Line 04.
Sekil 12. Hat 04 sismik yansima kesiti.

FOCAL MECHANISM SOLUTIONS FOR
EARTHQUAKES IN THE STUDY REGION

In this study, the intention was to compute
focal mechanism solutions for all earthquakes
located within the boundaries of the study
area. However, due to difficulties in accessing
digital waveform data for older events, the focal
mechanisms of earthquakes with magnitudes
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greater than 4.5 were obtained from established
databases such as the Global Centroid Moment
Tensor (GCMT) catalogue. For more recent and
moderate-magnitude earthquakes (i.e., those with
magnitudes below 4.5), efforts were made to
compute the solutions directly within the scope of
this study. As part of this effort, focal mechanism
solutions for two earthquakes were successfully
obtained and analysed.
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NE

Figure 13. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-2). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits, 4: Cretaceous to Eocene deposits.

Sekil 13. Tiirkiye Petrolleri’ne ait CrS-2 sismik yansima profiline dayali jeolojik kesit. 1. Pliyosen—Kuvaterner
farintily tortullary, 2. Messiniyen evaporitleri, 3. Messiniyen oncesi birikintiler, 4. Kretase—Eosen ¢okelleri.

o \\ STRABO FAULT

Figure 14. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-3). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits, 4: Cretaceous to Eocene deposits.

Sekil 14. Tiirkiye Petrolleri’'ne ait CrS-3 sismik yansima profiline dayall jeolojik kesit. 1. Pliyosen—Kuvaterner
farintili tortullari, 2. Messiniyen evaporitleri, 3. Messiniyen éncesi birikintiler, 4. Kretase—Eosen ¢okelleri.

For the focal mechanism solution analysis,
the Regional Moment Tensor (RMT) inversion
technique developed by Herrmann (2013) was
utilised to determine the focal mechanisms of
earthquakes withmagnitudesequaltoor greaterthan
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3.0. The three-component broadband waveform
data necessary for the RMT analysis were acquired
from two main sources: the European Integrated
Data Archive (EIDA) system (http://www.orfeus-
eu.org/data/eida) and Tiirkiye’s Earthquake Data



Centre System (TDVMS) operated by the Disaster
and Emergency Management Presidency (AFAD)
(https://tdvms.afad.gov.tr/).

Due to the sparse distribution of nearby
seismic stations in certain regions, a maximum
epicentral distance of 700 km was applied to
ensure sufficient data coverage and quality. The
waveform data were collected from stations within
Tiirkiye, such as those operated by the Bogazigi
University Kandilli Observatory and Earthquake
Research Institute (KOERI) and AFAD, as well as
from seismic monitoring centres in neighbouring
countries. Most of these stations are equipped
with velocity-sensitive broadband seismometers
capable of recording high-quality seismic signals.

Since the earthquake locations provided by
the data agencies were considered reliable, no
additional relocation procedures were undertaken.
For the RMT analysis, ground velocity waveforms
-both observed and synthetic Green’s functions-
were extracted within predefined time windows,
beginning 5-10 seconds before P-wave arrival
and extending up to 110-180 seconds afterward.
A three-pole causal Butterworth bandpass filter
was applied to the waveforms, typically within the
0.02-0.10 Hz frequency band. However, narrower
bands such as 0.06-0.08 Hz or 0.08-0.10 Hz were
often preferred to better isolate the seismic signals.
In cases with low signal-to-noise ratio, a micro
seism rejection filter was optionally employed.
During the inversion process, signals with high
noise levels or inconsistencies were carefully
identified and excluded to maintain the accuracy
and reliability of the results.

To demonstrate the application of the RMT
method, two recent earthquakes were selected for
detailed focal mechanism analysis. The first event
occurred on 30.08.2022 at 20:42:31 UTC with
local magnitude (Mw) of 4.1 (named Event-1),
and the second on 24.12.2024 at 18:22:27 UTC
with Mw of 4.0 (named Event-2).

Event-1 and Event-2 were analysed using
quality data from 38 and 26 broadband stations,
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respectively (Figures 15a & 15b). The optimal
focal depths were determined through a misfit
variance-depth correlation analysis (Figures 16a
& 16b), yielding the best fit at a depth of 29 km for
Event-1and of 17 km for Event-2. The comparisons
of the observed and synthetic waveforms for
selected stations are shown in Figure 17a and
Figure 17b, demonstrating a strong correlation
and confirming the reliability of the inversion
results. The calculated source parameters for both
the earthquakes analysed within the scope of this
study and those obtained from external seismic
data repositories are compiled and presented in
Table 1.

The left-lateral nature of the focal mechanism
solutions and the location of the 2022 and 2024
events support the view that the Biruni Fault is an
active left-lateral structure west of Cyprus.

DISCUSSION

The closure of the Neo-Tethyan ocean between
the Arabian Plate and Eurasia since the Late
Maastrichtian — Early Eocene along the Bitlis-
Zagros Suture Zone (BZSZ) shaped the neotectonic
framework of the Eastern Mediterranean (Figure
1). The tectonic escape model was suggested as
a consequence of this collision at the beginning
of plate tectonics theory and was widely accepted
in the following decades (McKenzie, 1972; Hall,
1976; Sengor and Kidd, 1979; Sengér, 1979, 1980;
Sengdr and Yilmaz, 1981; Aktas and Robertson,
1984; Sengor et al., 1985; 2019; Yilmaz, 1993). It
was postulated that the continental collision created
thick crust, resulting in the westward escape of the
Anatolian plate along the North Anatolian Fault
Zone (NAFZ) and the East Anatolian Fault Zone
(EAFZ) (Dewey et al., 1986; Sengor et al., 1985).
However, geophysical studies in the following
years demonstrated that there is no thick crust
in eastern Tiirkiye and the high topography is
explained by asthenosphere-supported thin crust
(Sengdr et al., 2003; 2008).
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It is emphasised that north - south shortening
in east and southeast Anatolia is accommodated
by the right- and left-lateral strike-slip faults, east-
west trending thrusts and fold axes, and north-
south trending normal faults. A single interaction
point between the right- and left-lateral fault zones
around Karliova was suggested from which the
Anatolian plate moves westward (Sengor et al.,
1985). GPS studies (i.e. Reilinger et al., 20006)
indicate that the slip rate of the right-lateral NAFZ
(24 mm/yr) and the left-lateral EAFZ (10-9 mm/
yr) are different and do not support a symmetrical
escape wedge. Sengdr et al. (2019) revised the
model as an asymmetrical wedge in Karliova
that requires transpressional movement on the
EAFZ (Sengor et al., 2019; Fig. 31). However,
as indicated by the focal mechanism solutions of
the earthquakes, a transtensional shear exists in
the east of the Cukurova area (Seyitoglu et al.,

2022a; Fig. A24 in Appendix A), which may be
used against the idea of a single interaction point
related to the asymmetrical escape wedge of
Sengor et al. (2019).

The deformation resulting from continental
collisions in eastern and southeastern Anatolia
was recently explained by two different models.
In the foreland of BZSZ, the Southeast Anatolian
Wedge (SEAW) is defined between BZSZ to the
north and Sincar Mountain to the south (Figure 1).
Several thrusts/blind thrusts identified by using
asymmetrical anticlines in their hanging wall
merge into a basal thrust and the thrust sheets are
separated by tear faults in the cross sectional and
map view of the SEAW, respectively (brown lines
in Figure 1). One of the major earthquakes, the
1975.09.06 (M 6.7) Lice earthquake, is attributed
to the Ergani-Silvan Blind Thrust (Seyitoglu et al.,
2017).
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Figure 15. Broadband station distribution (solid circles) used for moment tensor inversion analysis of (a) the
30.08.2022 earthquake (UTC 20:42:231; Mw= 4.1) and (b) the 24.12.2024 earthquake (UTC 18:22:27; Mw= 4.0).

Event locations are indicated with a star.

Sekil 15. Moment tensér ters ¢oziim analizinde kullanilan genis bant istasyon dagilimi (dolu daireler) (a) 30.08.2022
tarihli deprem (UTC 20:42:23; Mw = 4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27; Mw = 4.0). Deprem

konumlar: yildiz sembolii ile gosterilmistir.
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Figure 16. Correlation plot of the reduction in distance-weighted variance against source depth for (a) the 30.08.2022
earthquake (UTC 20:42:231; Mw=4.1) and (b) the 24.12.2024 earthquake (UTC 18:22:27; Mw=4.0). The best fit is
provided for a depth of 29 km for Event-1 and 17 km for Event-2.

Sekil 16. (a) 30.08.2022 tarihli deprem (UTC 20:42:23; Mw =4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27;
Mw = 4.0) icin kaynak derinligi ile uzaklik arasindaki agirliklandirilmis degisinti (varyans) azalim iliskisi. En iyi
uyum, birinci olay igin 29 km, ikinci olay i¢in ise 17 km derinlikte saglanmigtir.
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Figure 17. Observed (red/light grey) and synthetic (blue/dark grey) waveforms for (a) the 30.08.2022 earthquake
(UTC 20:42:231; Mw=4.1) and (b) the 24.12.2024 ecarthquake (UTC 18:22:27; Mw= 4.0) are superimposed. Each
waveform pair is displayed using the same amplitude scale, with peak values noted to the left of each trace. Time
shifts and variance reduction percentages are presented on the right side of each trace, with the time shift as the upper
value and variance reduction as the lower. Station codes are listed adjacent to their corresponding waveforms.

Sekil 17. a) 30.08.2022 tarihli deprem (UTC 20:42:23; Mw = 4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27;
Mw = 4.0) icin gozlemsel (kirmizi/agik gri) ve sentetik (mavi/koyu gri) dalga bicimleri iist iiste gosterilmistir. Her
dalga ¢ifti aym genlik ol¢egi kullanilarak sunulmus olup, tepe degerleri her sinyal izinin sol tarafinda belirtilmistir.
Zaman kaymalari ve degisinti (varyans) azaltma yiizdeleri, her izin sag tarafinda gosterilmistir; iistte zaman kaymast,
altta ise degisinti azalim degeri yer almaktadur. Istasyon kodlart ilgili dalga bicimlerinin yaminda listelenmistir.
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Table 1. Earthquake Focal Parameters and Focal Mechanism Solutions for Major Seismic Events.

Cizelge 1. Belirli Depremlere Ait Odak Parametreleri ve Odak Mekanizmasi Coziimleri.

Earthquake Focal Parameters

Fault Plane Solutions

Time

Date Lat. Lon.  Depth Strl Dipl  Rakel Str2 Dip2  Rake2 Pazm Pplg  Tazm Tplg Beach
# GMT . . Mag. MType Ref. . o o o . . o o . . Ref.
Gmd)  EMO (N (B (km) & w O 0o o o O o o O O 0 ball
215 2022.01.11 01:07:46 34,919 32,1663  5.06 6,4 Mw AFAD 287 11 86 111 79 91 200 34 22 56 USGS ‘
216 2022.04.26 19:11:37 34,902 32,7058 7,7 4,6 Mw AFAD 94 66 92 267 23 83 182 21 8 69  KOERI -
This 34
217*% 2022.08.30 20:42:31 35,2391 32,0866 5,4 4,1 Mw AFAD 117 82 114 225 25 20 187 33 52 48 fud
study D
218 2023.03.11 19:35:16 36,976 35,668 7 4 Mw AFAD 208 31 27 94 77 118 163 26 36 50 AFAD @
219 2023.07.25 05:44:49 37,634 35884 10,38 5,5 Mw AFAD 161 76 177 251 88 14 26 8 117 12 KOERI "
220 2023.08.10 13:16:04 35,804 31.351 12,44 4,5 Mw AFAD 104 74 82 311 16 115 200 29 3 60  KOERI \qw
221 2023.0822 10:17:34 38,435 36,675 7,06 4,7 Mw AFAD 295 90 128 25 38 0 353 34 237 34 USGS Q
222 2024.06.26 20:37:12 36,9511 344569 16 4,1 Mw  AFAD 47 80 -61 154 31 -160 347 47 114 29  AFAD (‘
This
223* 2024.12.24 18:22:27 34,8603 31,9050 9,81 43 Mw AFAD 269 64 146 15 60 30 323 3 42 56 - )
S y
Note: The numbering of the earthquakes in this table starts from 215, following the last event (No. 214) listed in the earthquake catalogue of Seyitoglu et al. (2022a). For

the focal mechanism solutions shown in Fig. 3, events numbered 1-214 refer to Seyitoglu et al. (2022a), while events numbered 215 and onward correspond to the data
presented in this study.

Abbreviations: Lat.: Latitude; Lon.: Longitude; Mag: Magnitude; Str.: Strike; Dip: Dip; Rake: Rake; Pazm: Pressure azimuth; Pplg: Pressure plunge; Tazm: Tension
azimuth; Tplg: Tension plunge; Mw: moment magnitude; USGS: U.S. Geological Survey. USGS. USA https://earthquake.usgs.gov/earthquakes/search/; KOERI:
Bogazici University Kandilli Observatory and Earthquake Research Institute Regional Earthquake-Tsunami Monitoring Center. http://www.koeri.boun.edu.tr/sismo/
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zeqdb/; AFAD; Republic of Turkey Ministry of Disaster and
Emergency Management Authority. http://www.deprem.gov.
tr/sarbis/Veritabani.

Not: Bu ¢izelgede depremlerin numaralandirilmasi, Seyitoglu
vd. (2022a) tarafindan deprem katalogunda listelenen son
olay (No. 214) sonrasindan, yani 215ten baslamaktadr.
Sekil 3 te gosterilen odak mekanizmasi ¢oziimleri igin 1-214
numarall olaylar Seyitoglu vd. (2022a)’ve, 215 ve sonraki
numarall olaylar ise bu ¢alismada sunulan verilere karsilik
gelmektedir.

Kisaltmalar: Lat.: Enlem; Lon.: Boylam; Mag: Magnitude;
Str.: Fay dogrultusu (strike); Dip: Egim (dip); Rake:
Kayma agisi; Pazm: Basing ekseni azimut agisi (pressure
azimuth),; Pplg: Basing ekseni dalim agisi (pressure plunge);
Tazm: Gerilme ekseni azimut agist (tension azimuth); Tplg:
Gerilme ekseni dalim agist (tension plunge); Mw: Moment
biiyiikliigii (moment magnitude); USGS: ABD Jeolojik
Arastirmalar Kurumu (U.S. Geological Survey). USA https://
earthquake.usgs.gov/earthquakes/search/; KOERI: Bogazigi
Universitesi Kandilli Rasathanesi ve Deprem Arastirma
Enstitiisii Bolgesel Deprem-Tsunami Izleme Merkezi. http://
www.koeri.boun.edu.tr/sismo/zeqdb/ ; AFAD: T.C. Icisleri
Bakanhigi Afet ve Acil Durum Yénetimi Baskanligi. http://
www.deprem.gov.tr/sarbis/Veritabani.

In the hinterland of BZSZ, several rhomboidal
cells were described, limited by right- and left-
lateral strike-slip faults (Seyitoglu et al., 2018).
In some cases, east-west trending thrusts are
located in the middle of the cell (i.e., Van and Ahar
rhomboidal cells), which are capable of producing
the 2011.10.23 (Mw 7.1) Van earthquake. In other
cases, the northern and southern corners of the
rhomboidal cells have thrust faults (i.e., Hinis and
Urmiye cells) (Seyitoglu et al., 2018) (Figure 1).

The rhomboidal cell model in the hinterland
of BZSZ contributes to a better understanding of
collision-related deformation and helps to define
region-wide shear zones, such as the Southeast
Anatolian Zagros Fault Zone (SAZFZ). It
comprises the southwest margin of Kig1, Karliova,
Mus, Van and Urmiye cells together with the Main
Recent Fault in Iran. This newly-recognised right-
lateral shear zone indicates that the NAFZ has
a releasing stepover with the SAZFZ, in which
the Kigi, Karliova and Mus rhomboidal cells
developed (Seyitoglu et al., 2018) (Figure 1).
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The rhomboidal cell model (Seyitoglu et al.,
2018) and the Anatolian Diagonal, a broad left-
lateral shear zone (Seyitoglu et al., 2022a), define
multiple interaction points between right- and left-
lateral faults zones. This is different to the tectonic
escape model of Sengdr et al. (1985), which
suggests a single interaction point.

The first interaction point (#1 in Figure 1) is
near Bing6l where the highest strain rates obtained
by GNNS data, independent from the structures,
are observed in the region (Seyitoglu et al., 2018;
Fig. 10.22B). The SAZFZ cuts the EAFZ, and its
previously defined segments between Bingdl and
Karliova (Duman and Emre, 2013) are evaluated
as the common margin of the Karliova and Mus
rhomboidal cells. In this case, it can be said that
the EAFZ started in Bingol (Seyitoglu et al., 2018;
2022a; Fig. 9). This cross-cutting relationship can
also be seen in the recently-published tomographic
slices of Giivercin (2023; Fig. 6). The EAFZ,
the southeast margin of the Anatolian Diagonal,
reaches the Cyprus Arc after having two triple
junctions with the Dead Sea Fault Zone, which
is clearly observed after the earliest releases of
surface rupture maps belonging to the recent
2023.02.06 earthquakes (Esat and Seyitoglu,
2023; Seyitoglu and Esat, 2023; Ozkan et al.,
2023; Seyitoglu et al., 2022a) (TJ-1 and TJ-2 in
Figure 1).

The second interaction point (#2 in Figure
1) is west of Tunceli where the left-lateral
Ovacik Fault of the Anatolian Diagonal cuts the
right-lateral Nazimiye Fault of the SAZFZ. The
Ovacik Fault is connected to the Malatya Fault
further southwest and several structures such
as Siirgii, Barig-Kantarma, Maras-Yumurtalik,
Sariz, and Elbistan-Misis faults accommodate
internal deformation of the Anatolian Diagonal
(Yusufoglu, 2013; Acarel et al., 2019; Kaymake1
et al., 2006; Sancar et al., 2020; Seyitoglu et al.,
2022a; Fig. A17 in Appendix A).



The third intersection point (#3 in Figure 1) is
located southeast of the Erzincan Plain where the
right-lateral NAFZ meets the left-lateral Ovacik
Fault of the Anatolian Diagonal. This location, at
the same time, constitutes the northern corner of
the Kig1 rhomboidal cell (Seyitoglu et al., 2018;
2022a; Fig. A17).

The fourth intersection point (#4 in Figure 1)
is located northwest of the Erzincan Plain where
the left-lateral Karaca Fault of the Anatolian
Diagonal separates from the right-lateral NAFZ.
The semi-parallel left-lateral Karaca Fault and the
Kemah-ili¢ Fault form a restraining bend (i.e.,
Divrigi Thrust) with the Ecemis-Deliler Fault that
constitutes the northwest margin of the Anatolian
Diagonal (Seyitoglu et al., 2022a). This structure
reaches the western coast of the Mersin Gulf and
its continuation in the Mediterranean Sea, the
Biruni Fault, provides a connection to the Cyprus
Arc west of Cyprus (Seyitoglu et al., 2022a and
this paper).

The initial definition of the Biruni Fault as an
offshore continuation of the Ecemis-Deliler Fault
was based on limited seismic reflection data with
poor coordinate system (Seyitoglu et al., 2022a).
In this paper, we provide more reliable coordinate
control on the seismic reflection sections obtained
from TPAO, more detailed morphological analysis
of the onshore continuation around Silifke,
and reliable focal mechanism solutions for the
earthquakes attributed to the Biruni Fault.

The Biruni Fault’s database presented in this
paper indicates that the definition of the Kozan
Fault zone (Aksu et al., 2014a, b) is doubtful. The
Biruni Fault better explains the left-lateral motion
between Anatolia and Cyprus because (1) the
seismic reflection sections of Aksu et al. (2014a,
b) lack solid evidence for a left-lateral fault zone,
(2) the position of the Kozan Fault zone, that is
distant from the western coast of the Mersin Gulf,
cannot explain the southwestern shift of the Goksu
River’s delta which is better explained by the
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southwestern end of the EDF lying on the western
coast of the Mersin Gulf (Figure 2), and (3) the
single and continuous extension of the Kozan
Fault zone in the Adana basin and its connection
to the EAFZ is unrealistic because the seismic
sections of Burton-Ferguson et al. (2005) indicate
a restraining stepover south of Adana city between
the left-lateral Ecemis-Deliler and Elbistan-Misis
faults of Seyitoglu et al. (2022a).

When the seismic activity is taken into
account, the Ptolemy-Pliny-Strabo Fault Zone is
more active relative to the Biruni Fault (Figure 3).
This statement is also supported by GNNS-based
block modelling, which indicates that the southwest
translation of Anatolia is mainly accommodated
by the Ptolemy-Pliny-Strabo Fault zone and the
Antalya-Kekova Fault Zone where the left-lateral
slip rates reach up to 30 mm/yr (Seyitoglu et al.,
2022b). However, the pronounced morphotectonic
expression along the Biruni Fault, together with
the Pliocene—Quaternary slip rate inferred in
this study may indicate a period of higher slip
rates during the Quaternary. In contrast, the
present-day fault activity, characterised by lower
slip rates and reduced seismicity, is consistent
with the current lack of significant earthquake
activity. As previously noted by Seyitoglu et al.
(2022a), restraining stepovers exist between the
Biruni Fault, the Antalya-Kekova Fault Zone,
and the Ptolemy-Pliny-Strabo Fault Zone where
the Antalya Thrusts, Florence Rise and Fethiye
Thrusts developed (Figures 1, 3). This complex
relationship is the subject of another paper
providing onshore and offshore data from the
region.

CONCLUSION

The northwest margin of the Anatolian Diagonal,
the Ecemis-Deliler Fault and its offshore
continuation of the Biruni Fault are described
in this paper with the help of seismic reflection
data from Turkish Petroleum. The position of the
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Biruni Fault and the southwest tip of Ecemis-
Deliler Fault better explain the Quaternary shift
of the Goksu delta. The focal mechanisms of the
recent earthquakes presented in this paper also
demonstrate that the Biruni Fault is a left-lateral
active structure. Its relationship with the Antalya-
Kekova Fault Zone and Ptolemy-Pliny-Strabo
Fault Zone implies slip partitioning in the eastern
Mediterranean.

GENISLETILMIS OZET

Anadolu Caprazi, Dogu Anadolu Fay Zonu ile Orta
Anadolu Fay Zonu arasinda yer alan, yaklasik 170
km genisliginde ve Erzincan’dan Kibris Yayina
kadar uzanan 850 km uzunlugunda sol yanal
bir makaslama zonu olarak tammlanmaktadyr
(Seyitoglu vd., 2022). Bu zonun giineybati ucunda
bulunan Ecemis Deliler Fayi’min giineybati
kesimine ait jeomorfolojik veriler, fayin kuzeydogu
boliimiinde belirgin bir dogrusal gidisin hakim
oldugunu, buna karsilik giineybati boliimiinde, kiyt
seridine paralel uzanan, KD-GB dogrultulu, sol
yvanal aralr agmalr faylardan olusan ve 20 km’ye
ulasan genislikte bir makaslama zonu varligini
ortaya koymaktadir. Fay, giineybati boliimiinde
KD-GB uzammli dogrusal vadiler ile belirgin
olup, giincel akarsu yataklart ve Kuvaterner
yvasl  morfolojik olusturdugu
otelenmelerle Bu kesiminde,

birimlerde
tanmimlanmustir.
Goksu Nehri boyunca élgiilen 18 km’lik otelenme,
akarsuyun yaklasik 8 My énce olustugu kabuliiyle
degerlendirilmis ve buna dayanarak fayin uzun
donemli ortalama kayma hizi 2,25 mm/yl olarak
hesaplanmigtir.

Anadolu Caprazi boyunca uzanan sol yanal
dogrultu atimli Ecemis Deliler Fayi'nin (EDF)
denizdeki devami Biruni Fayi (BRF) olarak
tammlannmugti.  Tiirkiye  Petrolleri  Anonim
Ortakligi (TPAO) tarafindan saglanan sismik
yansima kesitlerinde Biruni fayma ait segmentler
net bir sekilde izlenmekte ve fayin deniz
tabanminda meydana getirdigi  deformasyonlar
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takip edilebilmektedir (Sekil 5-14). Kuzeydoguda,
EDF’nin giineybati ucundan baslayarak giineye
dogru takip edilen fay giineyde daralmal sigrama
vaparak Fuat Sezgin yiikselimini olusturmaktadur
(Sekil 9). En giineyde Ptolemy-Pliny-Strabo Fay
Zonu ile Biruni Fay: birbirine paralel sol yanal
fay sistemler olarak degerlendirilmektedir (Sekil
1,3). Bu faylar arasinda, daha once Akdeniz Sirti
olarak bilinen ve giiniimiizde Piri Reis Sirti olarak
adlandirilan  yapr  gelismistir  (Seyitoglu vd.,
2022a) (Sekil 1, 3).

Calisma alan sinirlari icerisinde
gerceklesmis ve moment biiyiikliigii 4.5 ten biiyiik
olan depremlerin odak mekanizmasi ¢oziimleri,
giivenilir veri tabanlarindan taranmus, ayrica dis
merkezi Biruni fay: tizerinde bulunan iki depremin
odak mekanizmas: c¢oéziimleri analiz edilmistir.
(Sekil 15-17 ve Cizelge 1). Biruni Fayr boyunca
kaydedilen depremlerin sol yonlii dogrultu atimli
mekanizmasi ve dagilimi, fayin aktif bir sol yanal

fay zonu oldugunu gostermektedir.
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