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Abstract We have updated the active fault map of Turkey and built its database within
GIS environment. In the study, four distinct active fault types, classified according to
geochronological criteria and character, were delineated on the 1:25,000 base map of
Turkey. 176 fault segments not included in the former active fault map of Turkey, have
been identified and documented. We infer that there are 485 single fault segments which
are substantially potential seismic sources. In total 1964 active-fault base-maps were
transferred into the GIS environment. Each fault was attributed with key parameters such
as class, activity, type, length, trend, and attitude of fault plane. The fault parameters are
also supported by slip-rate and seismogenic depth inferred from available GPS,
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seismological and paleoseismological data. Additionally, expected maximum magnitude
for each fault segment was estimated by empirical equations. We present the database in a
parametric catalogue of fault segments to be of interest in earthquake engineering and
seismotectonics. The study provides essential geological and seismological inputs for
regional seismic hazard analysis of all over Turkey and its vicinity.

Keywords Turkey - Active fault - Fault parameters - Seismic hazard

1 Introduction

Turkey is located in the Eastern Mediterranean region of Alpine-Himalayan orogenic
system, which is one of the seismically most active zones in the world. Between 1900 and
2012, 203 earthquakes with magnitude of Mw 6.0 or greater were recorded within Turkey
and the surrounding region (Kadirioglu et al. 2016). The most destructive 72 of these
earthquakes caused more than 90,000 casualties and imposed estimated economic losses
(primary and secondary), of more than 50 billion dollars on the Turkish economy. The
psycho-sociological impact of these earthquakes has been immense and last longer than the
economic losses.

Seismic hazard maps are essential for many public policy applications in seismic hazard
assessments and are an important component of seismic-design regulations for engineering
structures. For that reason, these maps should be systematically updated and improved by
the new seismic source data and assessments methods (Stirling et al. 2012; Rezaeian et al.
2014; Petersen et al. 2008, 2014a, b). Fault source models are a critical input to seismic
hazard assessments (Litchfield et al. 2014).

The Active Fault Map of Turkey (1:1,000,000 scale; Saroglu et al. 1992a, b), which was
the first map using consistent standards to document the essential characteristics of active
faults on a national-wide scale, was published by the General Directorate of Mineral
Research and Exploration (MTA). A range of earth science disciplines, planners, and
engineers involved in the active tectonics and seismicity of Turkey and its surroundings
have considerably benefited from the 1992 edition map.

Since 1992, geological and paleoseismological investigations on the earthquakes in
Turkey (and around the world) have significantly increased. Additionally, two of most
destructive earthquakes in history of Turkey, which are the 1999 Izmit (Mw 7.4) and
Diizce (Mw 7.2) earthquakes (e.g. Barka et al. 2002; Duman et al. 2005), occurred pro-
viding valuable data that help to more fully understand Turkey’s active faults and earth-
quake hazards for geoscientists. The last events and accompanying knowledge highlighted
the need for more reliable and detailed active fault maps to support future scientific
activities, to understand earthquake hazards, and to mitigate the risk from future seismic
events. In recognition of the need for an updated active fault map for seismic hazard
assessment, the project entitled “updating the Active Fault Map of Turkey and its Data-
base” was launched by the MTA in 2004 and completed in 2011.

The aim of this paper is to describe the active fault classification method and to sum-
marize the active faults parameters in Turkey with their geometric continuations to cross-
border seismic sources. Therefore, all active faults presented in this study were mapped in
detail at a base scale of 1:25,000 and essential inputs for seismic hazard analysis for 485
fault segments were estimated. In total, 1964 active fault base maps were transferred into

@ Springer



Bull Earthquake Eng (2018) 16:3229-3275 3231

Geographic Information System (GIS) environment to create an active fault database of
Turkey. The database includes basic information such as fault and segment name, activity
class, type, length, trend, and attitude of fault plane. The parameters are augmented by slip-
rate and seismogenic depth inferred from published GPS, seismological and paleoseis-
mological documents, and expected maximum magnitude estimated from empirical
equations. We present the database of updated active fault maps of Turkey as basic
information for assessment of earthquake hazard, research, planning and implementation
studies all over the country and the surrounding area.

2 Active tectonic framework of Turkey

Earthquakes that have impacted Turkey are generated by the most important active faults
of the Eastern Mediterranean region. The Eastern Mediterranean is a region of complex
tectonics associated with the interaction of three major lithospheric plates—Eurasian,
Arabian and African. Therefore, a better understanding of Turkey’s seismicity requires a
description of the active tectonics and deformation styles associated with plate interaction
in the region.

Turkey comprises many lithospheric fragments that were derived from the major plate
margins and then amalgamated during the Alpine orogeny (e.g. Ketin 1966; Sengdr and
Yilmaz 1981; Okay and Tiiysiiz 1999; Bozkurt and Mittwede 2001). It is characterized by
actively deforming terrain resulting from post-collisional intra-continental convergence
and tectonic escape. These phenomena are related to the closure of the Neotethys Ocean,
collision of the Arabian and African plates with Eurasian plate and formation of the
Anatolian micro-plate, which represent the Late Tertiary tectonic history of the Eastern
Mediterranean region.

In the easternmost part of the Turkey, the southern branch of the Neotethyan Ocean was
consumed by the northward collision of the Arabian plate with the Eurasian plate during
Mid-Miocene time ~12 Ma (McKenzie 1972). The Arabian and Eurasian plates were
eventually sutured together along the Bitlis—Zagros belt once the former oceanic crust was
consumed (Seng6r and Yilmaz 1981).

A greater portion of Anatolia resembled a low-land terrain dominated by peneplain
morphology before the continental collision throughout Eastern Anatolia in Oligocene—
Middle Miocene (Ering 1953; Erol 1983). Due to the collision, the continental crust in
Eastern Anatolia contracted while thickening. As a result of the overall uplift, eventually,
the region transformed into a high-land by tectonic relief inversion (Sengdr and Kid 1979;
Sengoér 1980; Sengdr et al. 1985). Because of the inadequacy of the existing tectonic
structures to compensate such crustal thickening by north—-south compression, Anatolian
plate started to form, and two plate bounding transform fault systems emerged—the right-
lateral North Anatolian Fault (NAF) and the left-lateral East Anatolian Fault (EAF). The
Anatolian micro-plate which is situated between these two transform faults initiated its
westward movement in the Early Pliocene (~5 Ma) (e.g. Sengor 1979a, b, 1980; Sengdr
et al. 1985; Bozkurt 2001). As a result, the collision began to drive internal deformation
and forced a large part of Turkey westwards through a process called extrusion tectonics or
escape tectonics (Burke and Sengdr 1986; Dewey et al. 1986; Sengér 1979a, b, 1980;
Seng6r and Kid 1979; Sengor et al. 1985; Armijo et al. 1999). Sub-neotectonic regions,
which are characterized by discrete tectonic structures and processes were formed within
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the timespan of this new tectonic period (Sengor et al. 1985; Barka and Reilinger 1997,
Kogyigit and Ozacar 2003).

As for the recent tectonic processes in the region, Eastern Anatolia—situated between
the Caucasus and the Bitlis—Zagros thrust belt—is being deformed under the north—south
compressional tectonic regime. Recent crustal deformations in the region are compensated
by faults with various geometries and mechanisms (Saroglu and Giiner 1981; Saroglu
1985; Sengor et al. 1985). These include NE-SW oriented left-lateral, NW-SE oriented
right-lateral conjugate strike-slip faults, N-S extending normal faults and extension fis-
sures, and E-W trending folds, thrusts and reverse faults. While rotating counter-clock-
wise, the Anatolian plate moves westward between the NAF and EAF and southwest-ward
thrusts on to the African plate along the Aegean subduction zone (McKenzie 1972, 1978;
Jackson and McKenzie 1984; Sengor 1979a, b, 1980; Sengor et al. 1985; Taymaz et al.
1991a, b; Le Pichon et al. 1995; Armijo et al. 1999). The neotectonic of Western Anatolia
is characterized by east—west oriented horst-graben structures which identifies a N-S
oriented extensional regime. The West Anatolia extensional neotectonic province is
bounded by the Eskisehir—Tuzgolii fault zone on the east (Barka et al. 1995; Kogyigit and
Ozacar 2003). Throughout Central Anatolia which is situated in-between the East Anatolia
compressional and the West Anatolia extensional tectonic regimes, complex deformation
by strike-slip, normal and reverse faults is observed.

The NAF and EAF transform faults which facilitate the westward escape of the Ana-
tolian plate and its thrusting onto the African plate are the main structures of regional
importance in the recent tectonics of the Eastern Mediterranean. These are intra-conti-
nental transform structures where the NAF emerged between the Anatolian and Eurasian
blocks and the EAF emerged between the Anatolian and Arabian plates. The Dead Sea
Transform Fault Zone, Hellenic Arc and Cyprus Arc are the other major active structures
of the neotectonic framework of Turkey and the surrounding region (Fig. 1).

3 Active fault database of Turkey

The “Updating of Active Fault Map of Turkey and its Database” MTA project, included
active fault investigations and 1:25,000 scale active fault mapping. All mapped active
faults were digitized at 1:25,000 scale to and attributed with parametric data to create a GIS
digital database. By the utilization of these data active fault maps at various scales were
composed throughout Turkey. The methodology for the development of the active fault
database and active fault map production summarized below.

3.1 Data source

The data presented in this paper includes active faults that were newly identified through
aerial photo interpretations and field studies, or faults that were reinterpreted after the
publication of the first Active Fault Map of Turkey (Saroglu et al. 1992a, b). Some of the
faults were adopted partly from Saroglu et al. (1992a, b) and partly from later studies. The
MTA Geological map database was used primarily to determine the age and offset-mag-
nitude of the faults in the present active fault map.

Since there are no available standard data, the offshore extension of the faults or
offshore faults were in general not included in the active fault maps. An exception was for
the Sea of Marmara and Gulf of Saros, where a large amount of data were acquired after
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Fig. 1 Active fault map of the Eastern Mediterranean region and tectonic provinces. Faults in Turkey are
from Emre et al. (2013). Faults in the south and east are simplified from Garfunkel (2014), Hessami et al.
(2003) and Gudjabidze (2003). Faults in Aegean and Balkans are from Burchfiel et al. (2006), Caputo et al.
(2012, 2015), Woessner et al. (2015). Faults in Mediterranean are re-evaluated from Angelier et al. (1982)
and Papazachos and Papaioannou (1999). Faults in Black Sea are re-evaluated from Sengor et al. (1985) and
Barka and Reilinger (1997). Neotectonic Provence modified from Sengor (1980) and Kogyigit and Ozacar
(2003). For the other details of the faults in Turkey see Fig. 3. HA Hellenic arc, CA Cyprian arc, DSFZ Dead
Sea Fault Zone, EAFZ East Anatolian Fault Zone, NAFZ North Anatolian Fault Zone, SATZ Southeast
Anatolian Thrust Zone, PE Pontic Escarpment, LC Lesser Caucasus, GC Great Caucasus, WEAP West
Anatolian Extensional Provence: (/) West Anatolia graben systems, (2) Outer Isparta Angle, (3) Inner
Isparta Angle, (4) Northwest Anatolia transition zone, CAP; Central Anatolian Provence, EACP; East
Anatolian Compressional Provence, NAP; North Anatolian Provence, SEAP; Southeast Anatolia Province,
PFFZ; Palmyra Fault and Fold Zone.Subduction zones are shown by heavy lines with open triangles: the tips
of triangles indicate polarity. Heavy lines with filled triangles at hanging wall indicate thrust zones. Heavy
lines with half arrows are transform faults: the half arrows show relative movement along these
faults. Lines with open triangles represent reverse fault zones. Bold arrows indicate the direction of plate
motion. Thick hatched red lines show plate boundary fault zones. Thick dashed grey lines represent
boundaries of major and sub-tectonic provinces

the 1999 Izmit earthquake to understand the nature of the offshore extension of the NAF.
We reviewed these published data to delineate the underwater continuation of the NAF in
Turkish territorial waters. The submarine parts of the NAF are interpreted after Rangin
et al. (2001), Imren et al. (2001), Le Pichon et al. (2001, 2003), Armijo et al. (2002, 2005)
Kuscu et al. (2002), Cormier et al. (2006), Imren (2007) for the Sea of Marmara, and
Ustadmer et al. (2008) for the Gulf of Saros, Koukouvelas and Aydin (2002) for the North
Aegean Trough. Based on the references cited above only the Holocene underwater faults
are included in the revised active fault maps. Additionally, available literature was used to
evaluate the neotectonic setting, activity, slip rate and earthquake behaviour of the faults
and their seismogenic depths.
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3.2 Mapping methodology

The study was based on interpretations of 1:35,000- 1:20,000- and 1:10,000-scale aerial
photos, ortophotos and digital terrain analysis produced from topographic maps of 10 m
interval contours, and coupled with detailed field surveys. During the field surveys, fault
and related features were observed and documented. These included information such as
the structural origin, age, offset, segment and jog structures, and geological and geomor-
phological observations.

All these data were compiled into the 1:25,000 scale topographic maps. Then, these
base maps were digitized into a GIS environment so that both analogue and digital archives
of the particular fault map were created. Maps of each fault were then sequentially added to
the database in a consistent format to create the active fault map series.

3.3 Nomenclature

The fault names are intended to be compatible with those used by Saroglu et al. (1992a, b)
on the prior edition of the Active Fault Map of Turkey. However, new names were
assigned to some faults that were identified or segmented in this study using the name of
the closest major settlements shown on the 1:250,000 scale topographic maps of Turkey. In
other literature, some of the faults are sometimes cited with different names or using local
names such as a village, river or hill, etc. In these cases, we have also renamed the faults
using the project’s standards. On the other hand, if a particular part of a fault identified in
the literature is actually a minor part of a larger fault zone then that minor fault was
renamed to that of the greater fault system. Single names are used for the more or less
geometrically single segment faults.

3.4 Definitions

The term ‘fault zone’ is used for a fault group that forms a zone where individual faults are
parallel or semi-parallel to each other. The term “graben system” is reserved when mul-
tiple faults form or are located in a graben. The terms multi-segment fault, fault zone and
fault system refer to large faults that are divided into segments and each identified segment
is given a specific name.

The term ‘segment’ refers to the ‘geometric segment’ of McCalpin (1996), which is
based on fault stepovers and bends. When available seismological and paleoseismological
data are utilized in our study of segmentation, the segments defined may refer to the
‘behavioural segment’ of McCalpin (1996). The original 1:25,000 base map scale was
selected so that fault geometry and segmentation of the faults could be represented by
following the approaches of Knuepfer (1989), de Polo et al. (1989, 1991), and McCalpin
(1996).

3.5 Classification

Classifications of active faults depend on neotectonic period and active tectonics of the
terrain, available data and the scope of the study. The delineation of faults suggested by
Jennings (1994) as; active faults, potentially active faults, and capable faults is very
common, especially in nuclear power plant studies. We define an active fault as one that
has produced a surface rupture in the Quaternary. The Quaternary is used as it falls within
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the neotectonic period of Turkish territory which is considered to extend from the Late
Miocene to present.

Surface deformations caused by earthquakes along the faults have long been used as the
geological and geomorphological criterion for defining of active faults. We defined four
distinct active fault types considering the time of the last surface rupture as the
geochronological criterion and character (Fig. 2) classified the identified faults accord-
ingly. The classes were defined as follows;

(1) Fault with Earthquake Surface Rupture: A fault that produced a large magnitude
earthquake after 1900, and where reliable data were available to document the
rupture location and the total length of the surface rupture.

(2) Holocene fault: A fault that has evidence of surface rupture during Holocene time
(last 11,000 years).

(3) Quaternary Fault: A fault that has evidence of surface rupture during Quaternary
time (last 2588 million years).

(4) Probable Quaternary fault or lineament: A fault with possible, but not definitive
Quaternary activity. These faults may be associated with linear topographic features,
which could be related to neotectonic or paleotectonic structures that control the
present geomorphology. There is no clear evidence for surface rupture during
Quaternary time.

3.6 Active fault maps of Turkey

We produced active fault map outputs at three different scales. These are; (1) Base maps of
active fault at 1:25,000 scale, (2) Active fault map series of Turkey at 1:250,000 scale and
(3) Active fault map of Turkey at 1:1,250,000 scale. The active fault base maps consist of
1964 sheets which were archived in both analogue and digital forms at the Geological Data
Base of Turkey and the Map Archive of the MTA, respectively. These maps include data

Geological Time )
Fault Class Time (Year) | Tectonic Period Activity
Period Epoch
Earthquake 1900 — Recent
surface rupture Active
Holocene
Holocene fault Quaternary 1.000
Neotectonic
Quaternary fault Pleistocene Probable
active
2,588,000 —
Pliocene
5,000,000 —
Lineament Tertiary Late Miocene
10,000,000 4~~~ AN Inactive
Pre — Paleotectonic
Late Miocene

Fig. 2 Geological fault classification approach used in the Active Fault Maps of Turkey (Emre et al. 2013)
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that can be used for regional seismic hazard analyses and surface fault rupture hazard
analyses, as well as global route and site selection studies. However, the maps scales may
be insufficient for project-specific studies, and these data are not a substitute for site-
specific evaluations.

The base maps were then scaled to produce two primary products. The first is the
1:250,000 scale Active Fault Map of Turkey Series, consist of 59 individual sheets that
were published between 2010 and 2012. References for all these sheets were listed in Emre
et al. (2013). The second is the 1:1,250,000 scale Active Fault Maps of Turkey (Emre et al.
2013) which consists of a booklet with a map-appendix. This is a simplified guide map
which shows the spatial distribution and general characteristics of the active faults in the
Turkish territory.

The digital forms of the active fault maps in GIS environments are available to insti-
tutions, organizations and individuals for a particular fee. The active fault base maps
including the detailed geometry are served on the Earth Science Map Portal of the MTA
(http://yerbilimleri.mta.gov.tr). Additionally, all published maps, the Active Fault Map
Series of Turkey (59 sheets) and the Active Fault map of Turkey are available at
maps.mta.gov.tr in high resolution pdf format. Figure 3 shows the active fault distribution
simplified from the Active Fault maps of Turkey.

4 Distribution of active faults and their regional characteristics

On the updated active fault maps of Turkey, there are 326 single faults, fault zones or
systems. The large fault zone or systems were divided into segments based on their
potential to produce earthquakes individually. Consequently, 485 single fault segments
which are considerable potential seismic sources were identified across Turkey (Fig. 3).

Four distinct neotectonic provinces (Fig. 1) were suggested by Sengor (1979a, b) across
Turkey: (1) North Anatolian province; (2) Eastern Anatolian contractional province; (3)
Central Anatolian ‘Ova’ province; (4) Western Anatolian extensional province. Each
province shows different tectonic characteristics. For example, the Eastern Anatolian
region, between the Caucasus and the Bitlis—Zagros belt, is currently experiencing a N-S
compressional tectonic regime, while Western Anatolia is deforming through N-S conti-
nental extension. Central Anatolia between these two regions is characterized by complex
recent tectonic activity, expressed along strike-slip, normal and reverse faults (Kogyigit
and Ozacar 2003). We modified the proposed models for neotectonic provinces of Turkey
by Sengdr (1980) and Kogyigit and Ozacar (2003) as shown in Fig. 1.

Within this general framework, our model suggests five distinct neotectonic provinces
within Turkish territory. The Eastern Anatolian Province is under a S-N oriented com-
pressional tectonic regime (Sengdr 1980). The Anatolian plate moving westward in an
escape tectonic regime is prominently divided into two neotectonic regions; (1) Central
Anatolia to the east is dominantly characterized by strike-slip faulting mechanism due to
pure lateral plate motion, (2) West Anatolia deforming under an extensional tectonic
regime (Sengor 1980; Sengor et al. 1985). Both the Anatolian plate regions are divided into
sub-divisions or blocs. Sub-provinces of the Western Anatolian extensional tectonic
regime are shown in Fig. 1. The North Anatolian Province geologically corresponding to
the Pontide orogenic belt including the Strandja massif at the west is situated between the
Black Sea abyssal plain and plate boundary North Anatolian fault system (Fig. 1). The
region is characterized by very low microseismicity (except for the 1968 Bartin
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Fig. 3 Spatial distribution of the active faults of Turkey (3/3). Each fault or fault segment was defined by
an identification number. The fault segments were numbered with sub class numbers. In this notation the
first number shows that the fault has multi-segments, a fault system or a zone, the second number indicates
the fault segment. The identification numbers of the faults associated with the names are in the Table 1.
BMGS Biiyiik Menderes Graben System, GGS Gediz Graben System, DGS Denizli Graben System, AGS
Acigdl Graben System, BGS Burdur Graben System, CGS Civril Graben system, AAGS Afyon-Aksehir
Graben System, KGS Karamuk Graben System

@ Springer



3238 Bull Earthquake Eng (2018) 16:3229-3275

33°E 38°E
1 1

42°N
|
\ |
P
|
\
|
|
|
|
42°N

® BARTIN
st T
e

| -

.
0% KASTAMONU
;’“}f KARABUK //j/

| 16 TN 114

ORDU

| airEsun

T
b -
862y

)
H KIRIKKAI.F,',
\® )

.
YOZGAT

KONYA
i \

A
\

.
KARAMAN

MEDITERRANEAN
= —SEA

36° N
36! N

Fig. 3 continued

earthquake) and is bounded to the north by the Pontic Escarpment (Barka and Reilinger
1997) the Quaternary activity of which is still debated. Finally, the Southeast Anatolia
province with scattered Quaternary faults the northern margin of Arabian plate represents
the foreland along the Southeast Anatolian thrust zone. We recognized sub-provinces
including faults that have similar geometries, kinematics and tectonic characteristics. The
following section summarizes the information presented in the active fault maps of Turkey.
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Fig. 3 continued

4.1 Plate boundary

fault systems

4.1.1 The North Anatolian fault

1
43°E

The North Anatolian Fault (NAF) is a right-lateral strike-slip transform fault system which
separates the Eurasian and Anatolian plates. The NAF zone, with its extraordinary mor-
phological characteristics and its capacity for generating destructive earthquakes is one of
the main active tectonic features of the Eastern Mediterranean region. Thus it has been
subject to several investigations (Ketin 1948, 1968, 1969; Sengdr 1979a, b; Sengor et al.
1985, 2005; Saroglu et al. 1992a, b; Barka 1992, 1996; Barka and Kadinsky-Cade 1988;
Barka and Reilinger 1997; Kogyigit and Beyhan 1998; Bozkurt 2001 references therein;
Emre et al. 2013 references therein). The NAF traverses E-W across Anatolia for
~ 1400 km starting from Karliova to the north Aegean Sea.

Right-lateral geological offsets, fault valleys, tectonic troughs, offset ridges and drai-
nage networks, pressure ridges of various sizes, basins and similar features along the fault
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are identifier features of this transform fault (Sengdr 1979a, b). Numerous basins with
different dimensions which have developed due to the geometric relations are observed in
the strike-slip zone along the NAF. Even though in detail these basins can be classified into
different types a majority of them are jog structures which have developed in releasing
bends or stepover areas. Erzincan, Niksar, Yeni¢aga, Bolu, Diizce, Adapazari, Lake
Sapanca and several basins in the Sea of Marmara and the Gulf of Saros are prominent
examples of this type of feature (e.g. Sengdr et al. 2005). The jog structures forming these
basins directly control the geometric segment structure of the fault zone.

The NAF zone can be classified into three main parts—the Eastern, Central and Western
(Figs. 1, 3). The Eastern and Central NAF are characterized by a narrow deformation zone,
while the Western NAF presents a wide deformation zone.

The Eastern NAF extends for ~430 km between the Karliova triple-junction and the
Niksar releasing stepover. The Erzincan pull-apart basin is the most significant jog along
this section. The 330 km-long western part of the section including the Ezinepazari splay
was ruptured during the Ms 7.9 1939 Erzincan earthquake. On the other hand, one of the
present-day seismic gaps on the NAF zone exists the east of this section, along the Yedisu
segment. The NAF to the west of Erzincan can be traced along a narrow zone through
linear and distinct fault valleys in contrast to complex geometries through the Karliova
triple-junction area in the east.

The Central NAF is located between Niksar and Dokurcun. Starting at the north of the
Niksar releasing stepover it extends as a ~ 525 km-long north vergent convex arc ending
at the west end of the Dokurcun valley where the main strand splays into two branches.
With the exception of segment boundaries, the central NAF is observed through a narrow
deformation zone characterized by a regional scale restraining bend according to large
bend geometry. The NAF has played an important role in the formation of the recent
morphology of the region. It forms tectonic valleys and troughs outside the stepover areas.
The Yesilirmak and Kizilirmak rivers are deflected by the fault by ~17 and 25 km,
respectively. The entire Central NAF was ruptured in the twentieth century by multi-
segment events. These include the Ms 7.1 1942, Ms 7.4 1943, Ms 7.3 1944, Ms 7.1 1957
and Ms 7.2 1967 earthquakes.

To the west, the Western NAF bifurcates into two main strands namely the northern and
southern strands. The northern strand is the main fault accommodating plate boundary
motion through the Marmara Sea, Saros Bay and the North Aegean Trough (Barka and
Kadinsky-Cade 1988; Barka 1992, 1996; Armijo et al. 1999, 2002, 2005; Sengor 1979a, b;
Sengor et al. 1985, 2005; Le Pichon et al. 2001, 2003; Reilinger et al. 2006). The northern
strand of the Western NAF extends for ~500 km between the Adapazar1 Basin and the
North Aegean Trough (Figs. 1, 3). Considering overall fault geometry, the western NAF is
divided into two main geometric sections which are the Central Marmara arc (Le Pichon
et al. 2001) and the north Aegean section from east to west. These two main sections are
tied at the transpressional Ganos bend where fault orientation abruptly changes by ~ 18°
(Armijo et al. 1999; Okay et al. 2004; Seeber et al. 2004). Both sections are highly
segmented. Those segments are connected by releasing and restraining stepovers and
bends. (Barka 1992, 1996; Armijo et al. 2002, 2005; Le Pichon et al. 2001, 2003; Imren
et al. 2001; Ustaomer et al. 2008; Aksoy et al. 2010; Emre 2010; Emre et al. 2011a, b). The
basins aligned along the strand in the Sea of Marmara, Gulf of Saros and North Aegean
Trough are large scale morphotectonic structures developed in the releasing jogs, whereas
submarine Central Marmara High (Le Pichon et al. 2001) and Ganos mountain represent
uplifted relief in restraining bends. The southern strand of the Western NAF splays out
from the main fault at Dokurcun valley and extends westward along Iznik Lake and
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Gemlik Bay where it connects with the NE-SW trending en echelon strike-slip fault
systems around the Biga Peninsula (Barka and Kadinsky-Cade 1988; Barka 1992, 1996;
Armijo et al. 1999; Sengor et al. 1985, 2005; Emre et al. 2010, 2011a, b, 2013). This strand
is included in the Northwest Anatolia transition zone where recent crustal deformation is
controlled by the bend kinematics (Emre et al. 2005a, b, c, 2011a, b; Ozalp et al. 2013).

According to historical and instrumental earthquake records, the NAF is well-known as
a source for several large earthquakes resulting in surface rupture. Figure 3 displays the
distribution of surface ruptures developed by westward migration of the large earthquake
sequence in the last century. Multi-segment faulting usually causing surface rupture have
occurred in this sequence of earthquakes which started with the 1939 Erzincan earthquake
in the east (Fig. 3). Many of these earthquakes have triggered a western fault segment as
the next earthquake. Between the Erzincan basin and the Cinarcik basin in the Sea of
Marmara Sea, ~900 km-of surface rupture has developed during these westward pro-
grading earthquakes (Ambraseys 1970; Toksoz et al. 1979; Barka and Kadinsky-Cade
1988; Barka 1992, 1996, 1997; Stein et al. 1997a, b; Emre et al. 2003). These earthquakes
from east to west are the 26th December 1939 Erzincan (Ms: 7.9), 20th December 1942
Erbaa—Niksar (Ms: 7.1), 26th November 1943 Tosya (Ms: 7.4), 1st February 1944 Bolu—
Gerede (Ms: 7.3), 26th May 1957 Abant (Ms: 7.1), 22nd July 1967 Mudurnu Valley (Ms:
7.2), 13th March 1992 Erzincan (Mw: 6.3), 12th November 1999 Diizce (Mw: 7.2), 17th
August 1999 Izmit (Mw: 7.4), respectively (McKenzie 1970; Ketin 1968; Ambraseys
1970; Dewey 1976; Barka and Kadinsky-Cade 1988; Stein et al. 1997a, b; Barka et al.
2000; Kogyigit 1988a, b, 1989, 1990; Tokay 1973; Pamir and Ketin 1941; Wright et al.
2000; Sengor et al. 2005).

In addition to them 32 medium-size earthquakes (M > 5.0) without surface rupture
which can be related to the NAF zone have been recorded in the instrumental period
(Kadirioglu et al. 2016).

Within the historical period, 46 large earthquakes are estimated to have been generated
from the NAF zone, with the majority of these earthquakes concentrated in the Marmara
region (Ambraseys and Finkel 1995; Ambraseys 2002). Those data suggest that earthquake
series occurred between 967 and 1050 along the Central NAF and in between 1719 and
1766 along the Western NAF. Those series appear to be analogous to the earthquake
sequence of 1939-1999 (Ambraseys 1970, 2002; Ambraseys and Finkel 1987, 1995). The
NAF has also produced very large earthquakes with up to 330-600 km-long surface
ruptures like the 1509, 1668 and 1939 earthquakes (Ambraseys 1970; Ambraseys and
Finkel 1995).

Especially, the noteworthy analyses of recent earthquake series reveal that the Marmara
Sea portion of the NAF is prone to stress accumulation (Giirbiiz et al. 2000; Parsons et al.
2000). Those studies suggest a 50% probability for a large earthquake along the NAF in the
next 30 years’ (Sengor et al. 2005; Parsons et al. 2000).

Geological and paleoseismological data indicate that the slip rate on the NAF over the
past 10°-10° year is ~15-22 mm/year (Hubert et al. 1997; Hubert-Ferrari et al. 2002;
Okumura et al. 2003; Kondo et al. 2004; Kozaci et al. 2007, 2009, 2011; Pucci et al. 2007;
Rockwell et al. 2009). On the other hand GPS studies suggest measured recent slip rates of
15-25 mm/year along the fault zone (Reilinger et al. 1997, 2006; Oral et al. 1995; Ayhan
et al. 1995; McClusky et al. 2000, 2003; Meade et al. 2002). Recent studies propose GPS
velocities along the NAF zone with a decelerating trend from east to west from 25 to
~ 17 mm/year (Reilinger et al. 2006; Tatar et al. 2012; Ergintav et al. 2014).

We divided the NAF zone into 38 geometric segments considering fault geometry and
seismic behaviour. These are; Kargapazari (1-1), Elmali (1-2), Yedisu (1-3), Erzincan (1-
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4), Refahiye (1-5), Susehri (1-6), Resadiye (1-7), Ezinepazar (1-8), Niksar (1-9), Erbaa (1-
10), Destek (1-11), Havza (1-12), Kopriibast (1-13), Kamil (1-14), Karg1 (1-15), Ilgaz (1-
16), Sarialan (1-17), Bayraméren (1-18), 1smetpa§a (1-19), Gerede (1-20), Yenicaga (1-
21), Bolu (1-22), Taskesti (1-23), Dokurcun (1-24), Diizce (1-25), Karadere (1-26), Arifiye
(1-27), Tepetarla (1-28), Golciik (1-29), Karamiirsel (1-30), Darica (1-31), Adalar (1-32),
Cinarcik (1-33), Avcilar (1-34), Kumburgaz (1-35), Tekirdag (1-36), Ganos (1-37), Saros
(1-38) segments (Fig. 3). However, detailed mapping of surface ruptures in twentieth
century and paleoseismic data reveal that multi-segment rupturing is common on the NAF.
Therefore we also present earthquake segments associated with large events in twentieth
century (Table 1).

4.1.2 The East Anatolian fault

The East Anatolian Fault (EAF) (Arpat 1971; Arpat and Saroglu 1972, 1975; McKenzie
1972, 1978; Jackson and McKenzie 1984; Dewey et al. 1986; Taymaz et al. 1991a, b;
Saroglu et al. 1992a, b; Westaway and Arger 1996; Westaway 2003, 2004; Duman and
Emre 2013) constitutes a complex sinistral strike-slip fault zone that separates the Ana-
tolian plate from the Arabian plate (Figs. 1, 3). The eastern part of the EAF exhibits a
295-km long narrow deformation zone where it takes the form of a single fault trace except
for jog structures. However, to the west it is divided into northerly and southerly fault
strands and becomes a 65-km wide deformation zone (Duman and Emre 2013). The
southerly strand is the main fault. The main EAF zone is ~580 km-long between Karliova
and Antakya including the southern strand, and is divided into the 7 fault segments from
NE to SW, namely, the Karliova (2-1), Ilica (2-2), Palu (2-3), Piitiirge (2-4), Erkenek (2-5),
Pazarcik (2-6), and Amanos (2-7) segments (Fig. 3). The lengths of the segments vary from
31 to 112 km, while their strikes vary from N35°E to N75°E. The northern strand of the
EAF, called the Siirgii-Misis Fault (SMF) system, is ~380 km between Celikhan and the
Gulf of iskenderun, exhibiting characteristic active left-lateral fault features (Duman and
Emre 2013). It consists of 9 fault segments, which are, from NE to SW, the Siirgii (227),
Goksun (226), Savrun (223), Cokak (222), Misis (216), Toprakkale (219), Yumurtalik
(218), Karatas (217) and Diizici—Iskenderun (220) fault segments, respectively (Fig. 3).

The northern strand of the EAF connects to Misis—Kyrenia zone via the Gulf of Isk-
enderun where the southern strand connects to the Dead Sea Fault (DSF) zone in the
Karasu tectonic trough. Details of the jog structure in the Gulf of Iskenderun are not known
well. However, the EAF’s connection to the DSF zone is provided by a large-scale
extensional left-lateral stepover structure in the Karasu valley. Both transform faults
overlap each other along this trough. Segments along the EAF do not display a significant
order and they are bifurcated by either restraining or releasing bends or stepovers. The
widths and lengths of the jogs vary from 1.5 to 25 km and from 6 to 45 km, respectively
(Duman and Emre 2013).

Two surface ruptures that developed along the EAF in the twentieth century have been
mapped. These are ruptures associated with the 1971 Ms 6.8 Bingdl earthquake (Fig. 3)
and the 2010 Mw 6.1 Karakocan earthquake (Arpat and Saroglu 1972; Seymen and Aydin
1972; Emre et al. 2010). Additionally it is known that the EAF to the east of Lake Hazar
was also ruptured by the 1874 Ms 7.1, 1875 Ms 6.7, and 1866 Ms 7.2 earthquakes
(Ambraseys 1988; Ambraseys and Jackson 1998; Cetin et al. 2003). Based on these
observations Duman and Emre (2013) suggest that the next earthquakes maybe on seg-
ments farther west.
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Table 1 Fault parameters for all 485 fault segments across Turkey

Trend Dip Slip rate  Depth

Fault Length Magnitude
8% (RHR) (Degree) (mm/year) (km) & References
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
IKargapazar1 S RL 1-1 H 39 77 120 87 90 6.94
Elmali S RL 12 ER 27 273 302 87 90 16 24 1\/112269 676 S1HI319:25
Yedisu S RL 13 H 77 279 311 87 90 7.27
1939 Earthquake segment 16
[Erzincan S RL 1-4 42
IRefahiye S RL 1-5 49 1939 14;15;
Susehri S RL 1-6 ER 330 65 264 319 87 90 18 20 Ms 7.8 7.98 19;22;25;27;29;
Resadiye S RL 17 90 s/ 31
[Ezinepazar S RL 1-8 76
1942 Earthquake segment
iksar S RL 19 21 1942 7.04 e
Erbaa S RL  1-10 ER 48 15 282 312 87 90 18 20 Ms 7.1 15;19; 28.29
1943 Earthquake segment
IDestek S L 1-11 35
[Havza S RL 1-12 35
Kopriibagt S RL 1-13 32 Lo44
[Kamil S RL 1-14 ER 280 35 250 355 87 90 18 20 Ms 7.4 7.90 15;19;28;29
Kargi S RL 1-15 57 o
lgaz S RL  1-16 39
Sarialan S RL  1-17 22
1944 Earthquake segment
§ PSR 1 0 2
smetpasa - 1A 12 14
S |Gerede S RL 1-20 ER 180 31 250 277 90 90 18 19 1\/1[2133 7.69 “’1192_’2;_52’916’
& [Yenigaga S RL 121 37 S .
£ [BolusS RL 1-22 37
'g \1957 Earthquake segment
£ [Taskesti RL 123 ER 40 254 272 85 90 18 15 &35770 6.95 6;“;12;15;'6;1
g 1967 Earthquake segment
Z 1967 6;11;12;
IDokurcun RL 1-24 ER 70 267 323 85 90 18 15 Ms 7.1 7.23 15:16:19
\1999 Diizce Earthquake segment
" 1999 6;11;12;
IDiizce S RL 1-25 ER 40 258 307 85 90 18 15 Mw 7.1 6.95 15:16:19
1999 Izmit Earthquake segment
[Karadere S RL  1-26 33,5
Arifiye S RL 127 31 oiatee e
Tepetarla S RL 1-28 ER 145 34 228 300 90 90 18 17 Ml99794 7.58 111128113912%16
Golciik S RL 129 15 W T
IKaramiirsel S RL  1-30 14
[Darica S RL 1-31 H 15 265 290 87 90 18 15 6.48 11;12;15;16;19;
|Adalar S RL 132 H 44 92 131 55 85 7.00 20
(Cinarcik S T\]IJ;I_ 1-33 H 35 264 295 55 85 22 27 1315 6.90 20
IAvcilar S RL 134 H 30 64 107 65 85 18 17 6.81 11;12;15;16;19;
IKumburgaz S RL 135 H 39 263274 85 90 6.94 20
1912 Earthquake segment
[Tekirdag S RL 1-36 ER 140 35 263 275 80 90 18 19 1912 6.89
(Ganos S RL 1-37 90 247 263 75 90 18 20 Ms74 735 11;12;15;16;19;
20
Saros S RL 138 H 42 74 93 42 45 18 20 6.98
N [Karliova S LL 2-1 H 31 210 255 90 90 18 20 6.83
Z ,E lica S LL 22 ER 37 210 229 90 90 8 8 18 20 NIIZ7618 6.92  5.7.9.15.19.25.2
= ‘5 Palu S LL 2-3 H 77 218 248 85 90 9 10 18 20 7.27 731
ZlGokderejog | LL  2-3-1 H 14 232 278 85 90 18 18 6.44
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude R
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
LL 2322 H 24 230 288 85 90 6.71
LL 233 H 24 198 292 85 90 6.71
Plitiirge S LL 2-4 H 97 230 249 85 90 7.39
[Erkenek S LL 2-5 H 77 233 268 85 90 6 7 18 20 7.27
IPazarcik S LL 2-6 H 82 16 254 85 90 7.30
JAmanos S LL 2-7 H 114 10 44 85 90 4 5 7.46
Kestanbol F NN 3 H 21 156 199 65 60 1315 6.61
Evciler F RL 4 H 46 229 257 87 90 7.02
20
Edremit FZ
Kiigiikkuyu S NN 5-1 H 23 73 85 50 65 6.66
18 16 1944
Altinoluk S NN 52 ER 9 28 52 II1 50 65 Ms 6.8 6.77
Zeytinli S NN 5-3 H 16 15 47 50 65 18 15 6.45
= E (Can S RL 6-1 H 20 229 252 87 90 6.62
f-‘%‘) = \Yuvalar S RL 6-2 H 42 14 191 231 87 90 13 15 6.44
O [Biga S RL 6-3 H 15 239 243 87 90 6.48
20
Sarikoy F RL 7 H 66 229 288 87 90 7.20
Sinek¢i F RL+R 8 H 26 219 279 35 50 18 16 6.74
Edincik F RL 9 H 45 243 283 87 90 7.01
Bandirma F RL 10 H 32 264 274 85 90 13 15 6.85
Zeytinbag1 F RL 11 H 36 260 281 87 90 6.90
Ulubat F RL-R 12 H 44 238 281 70 90 18 16 7.00
M. Kemal PasaF RL 13 H 38 269 304 85 90 6.93 23
Giindogan F RL 14 H 23 266 280 85 90 6.69
Aticioba F RL 15 Q 18 221 249 87 90 6.57
13 15 1953
Yenice Génen F RL 16  ER 70 87 305 85 90 7.30
Ms 7.3
NN+
Manyas FZ RL 72 ER 40 ' 277 311 80 90 13 15 196648MS 651
RL 17-1 16 . 6.51
Bekten F RL 19 H 19 219 247 85 90 6.59
Pazarkoy F RL 20 H 34 217 259 87 90 1315 6.88
Samli F NN 21 Q 9 311 311 45 60 6.12
Susurluk F NN 22 Q 14 185 198 65 70 6.37
=N [Havran S RL  23-1 H 19 241 271 87 90 6.59
g : (Osmanlar S RL 232 H 9 28 234 263 87 90 18 16 6.78
:% —:’Turplu N RL 233 H 16 236 266 87 90 6.51
= lovacik S RL+R 23-4 H 21 257 296 87 90 6.64
2 IGokgeyazi S RL  24-1 H 39 253 270 87 90 6.94
£ = 65 18 16
£ [Kepsut S RL+N 242 H 25 265 308 87 90 6.73
Zeytindag FZ RL 25 Q 18 204 218 87 90 1313 6.52
Bergama F NN 26 H 9 248 265 65 70 6.12
Soma NN 27-1 H 17 222 267 65 70 6.48
Klrka-'a FZ NN 272 H 20 298 358 65 70 13 14 6.58
st NN 273 H 270 359 65 70 6.90
2
S N [East S RL 281 H 35 3 50 87 90 6.89
= 18 16
O [WestS RL 282 H 36 6 40 87 90 6.90 2330
RL+N  29-1 Q 13 90 121 85 90 6.41 >
Divertepe FZ  RL+N 292 Q 9 90 115 85 90 18 16 6.23
IRL+N 29-3 Q 16 112 136 85 90 6.51
Sindirg: S RL 30-1 H 35 267 306 87 90 6.89 233
N (Caysimav S RL 302 H 54 277 308 87 90 7.10
& [Saphane S RL 303 H 23 286 312 87 90 6.69
% |Abide S RL 304 H 205 33 287 308 87 90 34 34 18 16 6.86
E [Banaz S RL 305 H 24 3 359 87 90 6.71
[Elvanpasa S RL 306 H 27 270 298 87 90 6.76 23
Sinanpasa S RL 30-7 H 18 303 323 87 90 6.57
. NN 312 Q 15 147 172 87 90 6.41
Yenifoga F NN 311 Q 14 172 196 87 90 1313 6.37
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude T
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
Mordogan F NN 32 Q 12 11 11 65 70 6.28
RL 331 H 21 4 14 87 9 6.64 2123
Giilbahce FZ RL 332 H 24 3 12 87 9 13 6.71 >
RL 333 H 24 338 351 87 90 13 6.71 3;19;24
Yagcilar F RL 34 ER 12 3 359 87 90 ]\/[2\?,05%9 6.37 21;23
Seferhisar F RL 35 H 25 203 225 87 90 13 13 6.73 23;30
Giizelhisar F RL 36 Q 24 285302 0 90 6.68 23
Menemen FZ NN 37 H 11 128 128 65 70 6.23 23
izmir F NN 381 H 38 19 250 281 65 70 313 6.55 23;30
NN 382 H 19 245 283 65 70 6.59 23
Tuzla F RL 392 H 50 16 11 54 87 90 6.51 23
Tuzla F RL 391 H 24 34 59 87 90 6.68 23;30
Giimiildiir F NN 40 H 14 86 155 55 65 13 13 6.44
Dagkizilca F RL 41 H 27 216 239 87 90 6.75 23
Unnamed F NN 42 Q 7 296 296 87 90 5.98
Unnamed F NN 43 Q 6 292 292 87 90 7.20
. 1969
|Alasehir S NN 44-1 ER 45 285 345 65 70 Ms 6.5 7.04 4;23
Salihli S NN 442 H 30 254 307 65 70 6.81
|Akgapnar S NN 443 H 14 254 300 55 70 6.37
|Armutlu S NN 444 H 35 51 102 55 70 6.90
ifdag1 S NN 445 H 11 247 264 65 70 6.23 23
IKemalpagsa F NN 446 H 24 267 313 55 70 6.68
. NN 44-7-2 H 26 272 333 55 65 6.73
& [Manisa F ‘ NN 4471 H P 35 1 358 55 65 6.90
= [Killik F NN 448 H 50 102 147 60 70 13 14 7.10 4;23
& |Capakli S NN 449 H 11 69 124 65 70 6.23
Kemerdamlar1S NN 44-10 H 18 112 175 65 70 6.52
Halitpasa F NN 44-12 H 23 279 325 65 70 6.66
Ozanca F ‘ NN 4413 H 27 295 360 65 70 6.75
NN 44-13-1 H 11 106 162 65 70 6.23
(G6lmarmara F NN 44-14 H 18 301 335 65 70 6.52
|Akselendi F NN 44-15 H 19 90 221 65 70 6.55 23
|Akhisar F NN 44-16 H 12297 322 65 70 6.37
Muradiye F LL 44-17 H 8 28 97 87 90 6.50
Unnamed F LL 45 Q 15 13 54 87 90 6.48
Unnamed FZ LL 46 Q 10 54 70 87 90 6.28
Unnamed F RL 47 Q 9 24 43 87 90 6.23
Kopriibas1 FZ RL 48 H 23 215 237 87 90 13 14 6.66
Kiraz F R 49 Q 13 115 126 70 80 6.33 4;23
Efes F NN 50 H 8 5 360 64 65 6.05
Kusadasi FZ NN 51 H 18 58 89 50 70 6.52
Davutlar F NN 52 Q 8 253 280 65 70 6.60
17 NN+ 53-1-1 H 22 30 76 55 66 6.63 23
O |ax RL
» [Soke F NN+ 40
g 53-1-2 H 13 25 63 55 66 6.33
3 RL
g lincirliova S NN 532 H 31 83 133 55 60 13 14 6.83
i [Umurlu S NN 533 H 25 54 104 50 65 6.71
2 |Ateas NN 534 H 34 62 122 50 65 6.88
= [Pamukéren S NN 535 H 26 70 98 50 65 6.73 4,23
[Buharkent S NN 536 H 7 113 140 50 65 6.60
Cine F NN 54 Q 22 298 319 60 70 13 14 6.63 23
Bozdogan F NN 55 Q 30 1 360 63 60 6.81 4;23
Unnamed F NN 56 Q 7 63 74 87 90 13 13 5.98 23
Unnamed F NN 57 Q 9 235252 87 90 6.70
2 [Karakuyu S RL  58-1 25 292 309 87 90 514 6.73
E Begin S RL  58-2 14 295 307 87 90 6.50
~ 23
Yatagan F NN 59 H 17 297 342 60 65 6.48
Mugla F NN 60 H 25 105 140 60 65 13 14 6.71
Unnamed F NN  61-1 Q 16 114 160 55 60 6.45
Unnamed F NN 61 Q 10 91 119 55 60 6.18
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude T
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
NN 621 H 9 60 80 55 65 6.12
. NN 622 H 21 75 85 55 65 6.61
Gikova FZ NN 623 H % 9 85 95 55 65 13 14 6.12
NN 624 H 2275 100 55 65 6.20
Datca F NN 6 Q 10 107 114 50 65 6.18
Selimiye F NN 64 Q 21 244 284 60 65 6.61
Bozburun F NN 65 Q 11250 282 60 65 5 14 6.23
Taslica F NN 66 Q 11 43 63 60 65 6.23
Kekova F NN 67 H 18 221 260 65 70 6.52
Kale F NN 6 H 32 43 93 55 65 6.50
DRG] 18 118 161 60 65 6.52
Esen F NL]\E’ 692 Q 24 175 216 60 65 13 14 6.68
Tﬁ* 69-3 Q 12166 227 60 65 5.80
Unnamed F NN 70 Q 5 9 18 60 65 5.94
Unnamed F LL 71 H 13196 209 87 90 6.41
Altinyayla F LL 72 H 18 182 221 87 90 6.52
NLT 731 Q 20 33 46 87 90 6.58
Acipayam F NN+
o BoQ 24 14 52 87 90 6.68
Kelekgi F NN 74 Q 28 208 240 65 70 5 1 6.78
Cameli F LL 75 H 29 199 234 87 90 6.79
Bevagac NN 76 H 14 113 145 60 70 637
cyagag NN 761 H 6 66 118 60 70 5.89
Goktepe F NN 77 Q 19 1 358 60 70 6.55
Karacasu F NN 78 Q 26 1 359 60 71 6.73
Unnamed F NN 79 Q 13280 330 60 65 6.41 423
Tekkekéy '~ RL+N 80 H 11 311 325 87 90 6.23 ;
CankurtaranF NN 81  Q 11 148 168 55 65 6.60
NN 82-1-1 Q ¢ 7 310 330 60 65 5.98
NN 8212 H 12305 315 60 65 6.28
Pamukkale FZ | NN 82-1-3 H 50 12 265 325 60 65 6.28
NN 82-14 H 11310 330 60 65 623
NN 82-1-5 H 9 290 305 60 65 6.12
% BuldanFZ NN 822 H 11260 300 60 65 6.23
= Saraykoy FZ NN 83 H 18 293 312 55 70 6.52
‘2 Denizli FZ NN 824 H 24 274 336 55 70 13 14 6.68
g
2 . NN 825 Q 19 279 328 55 170 6.55 4:23:30
[Babadag FZ NN 8251 Q 11 291 328 55 70 623
NN 8262 H 8 208 246 55 65 6.05
Honaz F NN 82-6-1 H 10 273 295 55 65 6.18
NN 8263 H 7 273 301 55 65 5.98
Kaklik F NN 827 H 9 114 127 55 65 6.12
Unnamed F NN 8 Q 12239 250 60 65 5.90
Unnamed F NN 84 Q 6 0 358 65 70 13 14 6.50
NN 85-1-1 H 13 42 50 65 75 633
NN 85-12 H 17 95 110 65 75 6.48
? NN 85-2-1 H 10 35 55 65 75 6.18
= NN 8522 H 1155 90 65 75 5 14 6.23 2
] NN 8523 H 22 229 286 65 75 6.63
<2 NN 8524 Q 11229 286 65 75 6.23
NN 8525 Q 16 259 331 65 75 6.45
NN 8526 Q 22 259 331 65 75 6.63
% [Karakent F NN 861 H 33 18 49 65 75 6.86
e 1914
£ |Hacilars NN 862 ER 32190 264 45 60 13 14 000 685 23
& |Gokeebag S NN 863 H 30 203 278 45 60 6.60
Daveas FZ NN 871 H 21 201 254 60 65 6.61
avras NN 872 Q 10 211 249 60 65 13 15 6.28 23
Kovada F RL 8 H 32 0 360 87 90 6.85
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Table 1 continued

Trend

Dip

Slip rate

Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude T
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs. Est. Mw
Barla F NN 89 H 14 10 41 65 70 637
Mahmatlar F NN 90 H 14161 265 70 75 637
Sariidris F NN 91 H 14 144 171 65 75 637
Beysehir Goli F "0 " 92 Q 32 315 353 87 90 6.85
Gelendost F NN 93 H 25 208 313 55 70 671
NN+
Kumdanhs F o4 H 16 214 255 65 80 6.45
NN 941 Q 16 190 254 65 70 6.45
SenitkentFZ | NN 95  Q 20 224 296 65 70 6.58
Uluborlu F NN 9% H 11239 267 60 65 623
Yarikkaya F NN 97 Q 11236 259 65 70 6.23 1023
Unnamed F NN 98 Q 10 194 254 87 90 6.18
Kogbeyli F NN 99 H 13 189 252 70 70 633
Anizhi F NN 100 H 15 193 256 60 60 6.41 23
Karaadilli F NN 101 H 14 163 269 55 65 637
Tatarli F NN 102 H 24 212 267 65 70 6.70
Unnamed FZ NN 103 Q 10 211 290 87 90 6.18 1023
NN 1041 H 28 108 231 45 80 6.77
104-2-1 H 12 315 330 45 70 6.28
w) ing
O [PinarF NN 10422 ER >0 12 109 231 45 75 1995 68
Fl Mw 6.4
£ NN 1043 H 16 310 355 45 75 o1 6.45 2
g NN 1051 H 11 208 228 55 70 6.23
T [Baklan F NN 1052 H 14207 262 55 70 637
5 NN 1053 H 8 260 314 55 70 6.05
Civril F NN 1061 H Lo 24 30 85 40 75 6.70
v NN 1062 H 20 11 105 40 75 6.58
Sivash F NN 107 Q 24 154 210 55 65 671
Kiziléren F NN 108 Q 15 201 240 87 90 6.41
Diizbel F LL 109 Q 13 43 68 87 90 633
Orenkaya F NN 110 Q 29 5 48 87 90 6.79
Sandikli F NN 111 Q 11204 223 87 90 623
Akharim F NN 112 Q 14 6 64 70 75 6.44
UnnamedF | NN 113 Q 11303 317 65 68 514 623 ”
Unnamed F LL 114  Q 9 217 224 87 90 6.12
Unnamed F NN 115 Q 5 25 25 87 90 5.94
Giire FZ NN 116 Q 21 266 324 70 75 6.61
Selendi F RLHN 117 H 16 4 67 75 80 6.45
Rahmanlar F T‘g\{* 18 Q 2 57 61 65 80 6.60
Kuzliiziim F NN 119 Q 10 42 4 65 70 6.18
N NN 120-1 Q 2 1 360 55 65 6.63
< = [Emet S
ERe NN 1203 Q 23 138 174 87 90 6.69
23 1971
3 (Gediz S NN 1202 ER 38 8 356 55 65 1816 o7, 693
vurren p | KL 121 H 29 97 129 87 90 6.79 23
Cukuréren RL 1211 H 18 108 126 87 90 6.52
Aslihanlar F NN 122 H 15 98 174 60 65 6.48
Unnamed F NN 123 Q 6 96 177 87 90 18 15 5.89
Catkuyu F LL 124 H 10 317 334 87 90 51 7.00
Gecek F NN 125 H 10 8 94 70 70 6.18
NN 126-1-1 Q 18 309 330 55 70 6.52
2002
NN 126-1-2 ER 11 241 309 50 70 Mogs 623
Sultandagi F | NN 126-13 H 100 22 305 330 55 70 6.63
- NN 12614 H 26 303 325 55 70 6.73
¢ NN 126-15 H 20 309 327 55 70 6.58
£ NN 126-1-6 H 18 312 329 55 70 6.52
2. Gazligol F NN 1262 H 19 1 358 60 65 6.55 )
% [Erkmen F NN 1263 H 8 0 358 60 70 1315 6.05 10223
£ liktar £z NN 126-4-1 H 12 249 318 55 65 6.28
= NN 126-4-2 H 16 238 303 55 65 6.45
< NN 126-5-1 H 16 267 300 85 90 6.45
126-5-
kaicaprz | NN 2p M 12 16 54 85 90 6.28
NN 122625 H 13 21 111 85 90 633
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude e
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
[NN 12653 H 19 165 275 85 90 6.55
(Cobanlar FZ NN 126-6-1 H 23 88 116 55 65 6.66
NN 12662 H 21 5 353 55 65 6.61
Bolvadin F NN 1267 H 7 54 54 65 75 5.98
Blyik NN 1268 H 29 28 54 65 75 6.79
[Karabag F
(Cukurcak F NN 1269 H 23 205 227 60 65 6.66
NN 2010y 18 0 35 55 75 6.52
NN 12610y 9 278 300 55 75 6.12
2
\Yunak Fz 126-10-
W 27 34 8 55 75 6.75
NN 126:0’ H 20 165 195 55 75 6.58
Piribeyli F NN 12611 H 1789 200 60 65 6.48
Yavasl F NN 12612 H 22 182 200 70 70 6.63
NN 12613y 27 1 357 65 67 6.76
g FZ !
NN 1262'13‘ H 9 194 242 65 67 6.60
Yazlica F RL 126-14 H 20 233 327 87 90 658
NN 127 H 21 104 158 55 65 6.61
Nasa FZ NN 1271 H 9 156 166 55 65 13 14 6.12
Cavdarhisar F -~ NN 128 Q 12 137 158 65 70 6.28
Tavsanl F NN 129 H 15 261 300 70 80 6.41
Sahmelek F NN 130 H 15 250 311 70 80 6.41
Kiitahya F NN 131 H 48 284 306 60 75 7.04
Parmakoren F NN 132 H 14 91 121 60 75 6.44
Seyitomer F RL 133 Q 13 302 314 87 90 633
Orhaneli F RL 134 H 29 291 320 87 90 6.79
NNE 18 16
Sogukpnar F RL 135 H 22 104 159 75 80 6.63
Bursa F NN 136 H 35260 320 55 70 6.90
Inced] FZ NN 1371 H 21 105 127 55 65 6.61
s NN 1372 H 12 45 149 55 65 628
Ovlat F NN 1381 H 20 0 354 70 75 6.62
tha NN 1382 H 17 280 311 70 75 6.54
139-1 H 19 290 310 85 90 6.59
Dodurga F RL 1300 m %® 16 285 324 85 9 1816 6.45 23
I\g}f 140-1 H 16 289 309 70 85 645
N 402 H 19 286 311 70 85 655
Eskisehir F NN+ 75 18 16
R 1403 H 20 270 311 70 85 6.70
N 1404w 20 280 307 70 85 6.62
Kaymaz F RL 141 Q 26 293 298 85 90 6.73
Unnamed F I‘g\f 142 Q 9 303 306 85 90 623
Unnamed F NRI‘IJ 143 Q 10 307 319 85 90 18 16 6.18
Taycilar F LL 144 Q 20 53 90 85 90 6.62 13:18
Barakfaki F NN 145 H 10 285 310 65 70 6.28 i
Gengali F RL 146 H 23 247 271 85 90 6.69 20
Gemlik F RL 147 H 25 270 307 85 90 18 17 6.73
iznik Mekece F RL 148 H 44 256 271 85 90 7.03
Geyve F RL 149 H 62 246 275 85 90 723 13;18
Armutlu F NN 150 Q 6 246 259 80 85 18 15 6.03 20
Esenkdy F NN 151 Q 14 267 291 70 75 637 13;20
OrhangaziF ~ RL+N 152 H 29 295 316 87 90 6.78
Yalova F NN 153 H 20 258 303 65 75 6.62 13:18:20
Altmova F R 154 H 9 240 275 55 65 6.23 s
Yalakdere F RL 155 H 25 242 259 87 90 1315 6.71
Hendek F RL 156 H 36 226 272 87 90 6.90 18
Cilimli F R 157 H 30 217 264 35 40 6.80
: R 1571 H 17 234 264 35 40 18 17 6.54 6
Yigilca F R 158 Q 42 231 273 40 60 6.98
Devrek F RL 159 Q 29 202 238 60 75 6.79
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Table 1 continued

Trend Dip Slip rate  Depth .
Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude e
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
Karabiik F R 160  Q 29 214 214 60 75 6.80
Kurumcu F NN 161 Q 7 279 279 65 170 5.98
H- 2000 29
Orta F LL 162 ER 28 186 226 87 90 Mw 6.1 6.78
Camlidere F NN 163 H 16 265 294 65 67 6.45
Cihanbeyli F RL 164 H 56 99 135 87 90 7.17
Altintekin F NN 165 Q 29 145 225 60 62 6.79
Unnamed F NN 166 Q 9 54 54 87 90 1315 6.12 23
Konya F NN 167 H 17 18 30 75 80 6.48
Alacadag FZ NN 168 Q 19 178 215 80 85 6.55
Hotamus F NN 169 H 16 172 214 67 175 6.45
Berendi F NN 170 Q 13 76 127 80 85 6.33
Akhoyiik EF NN 171 H 2 334 334 80 85 5.26
Nasuhpinar F NN 172 H 14 202 226 70 80 6.37 29
Seyithac1 F NN 173 H 20 2 358 65 75 6.80
Leskeri FZ NN 174 Q 22 8§ 32 80 85 13 18 6.63
Bor S NN 175-1 H 30 113 164 67 75 6.81
E |Altunhisar S NN 1752 H 20 146 163 65 75 6.58
NN+
= -
a [Helvadere S RL 175-3 H 200 40 134 154 65 80 13 18 6.97 29
S [|Acipmar S NN 17544 H 58 131 159 65 70 7.19
= |Koghisar S NN 175-5 H 41 86 185 60 70 6.30
Biiyiikkisla S NN 1756 H 11 105 196 65 75 6.23
Ovalibag S NN 176  Q 13 180 195 80 85 6.33
Derinkuyu F NN 177 Q 19 164 185 75 80 6.55
Unnamed FZ NN 178 Q 18 138 196 80 85 13 15 6.52 29
Unnamed F NN 179 Q 5 337 348 80 85 5.94
Giimiigkent F NN 180 Q 35 74 139 65 70 6.89
Akpmar F RL 181 ER 33 307 326 87 90 18 16 ]\/1I23(788 6.86
BalaF RL 182 H 14 145 151 87 90 13 18 6.44
Karakegili FZ LL-R 183 H 36 187 239 70 75 18 16 6.90 29
Keskin FZ RL 184 Q 13 170 189 87 90 13 16 6.36
R 1852 Q 35 161 200 40 55 7.20
Cankirt F R 1851 Q 7 38 181 217 40 55 18 16 6.93
N [Esengay S RL 186-1 H 61 276 306 85 90 7.16
g = |lAmasya S RL 1862 H 34 266 319 85 90 13 15 6.88
E Z'[Suluova S RL 186-3 H 227 34 265 288 85 90 6.88 29
3 gDiphaciS RL 1864 H 38 244 290 85 90 6.93
= 4 ILagin S RL 186-5 H 31 265 297 85 90 18 16 6.30
lskilip S RL 186-6 H 31 265 274 85 90 6.82
Unnamed F R 187 Q 12 201 259 55 60 13 15 6.37
RL 1881 Q 82 217 261 87 90 18 15 7.30
Sungurlu F RL 1882 Q 22 35 224 255 87 90 18 16 6.89
Unnamed F RL 189 Q 10 228 254 87 90 6.28
Turhal F RL 190 H 26 258 292 87 90 6.74
Almus F RL 191 H 59 263 299 87 90 7.14
Gokge F RL+R 192 H 19 244 256 60 80 6.59
Kazankaya F RL 193 Q 46 231 251 87 90 7.02 29
Cekerek F RL 194 H 43 241 263 87 90 7.02
Bugdayli F RL 195 H 24 263 264 87 90 13 15 6.71
Unnamed F NN 196 Q 6 216 216 87 90 5.89
Akmagdeni F LL 197 H 35 232 241 87 90 6.89
Bogazliyan F NN 198 Q 11299 299 87 90 6.33
Yemliha F LL 199 Q 16 242 263 87 90 6.47
Yuvali F LL 200 Q 22 210 268 87 90 6.66
Divrigi F R 201 H 69 231 326 40 50 18 20 6.70 25;29
Deliler F
« |Biinyan S LL 202-1 H 26 227 241 87 90 6.74
4 -
Sarioglan S LL 2022 H 37 233 270 87 90 6.92
.E IDokmetas S LL 202-3 H 204 44 230 253 87 90 18 20 6.70 2
£ [Tecer S LL 2024 H 92 229 279 87 90 7.45
«
1 0,8 1,0
=z NN+
E LL 203-1 H 23 38 85 87 90 6.69
t [Erkilet FZ
3 NLT 2032 H 2% 6 73 87 9% 18 20 6.71 2
[Erciyes F LL+N 204-1 H 56 30 206 216 87 90 6.81
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude R
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
LLIN 2042 H 25 197 216 87 90 6.71
lincesu FZ NN 205 Q 230 360 80 85 6.66
NLT 206-1 H 10 3 35 80 85 6.18
VesithisarFz ||} 2002 18 8 357 80 85 7.10
NLT 2063 H 12327 359 80 85 637
IEcemis F
Demirkazik S | LL  207-1 H 54 188 207 85 90 620
Pozanti S o202 1 'Y 61 188 223 85 90 18 20 7.22 »
CamliyaylaF~ NN 208 Q 11 49 81 50 55 633
Aladag F NN 209 Q 36 25 70 80 85 18 20 730 9
Unnamed F LL 210 Q 17 53 82 87 90 6.54
= [Bakirdagi LL 2111 H 87 217 283 87 90 733
s |Fettahdere S LL 2112 H , . 26 207 255 87 90 18 20 6.74 o
& (GovdelidagS  LL 2113 H 56 204 242 87 90 6.80
Bogriidelik S LL 2114 H 46 230 255 87 90 7.02
Demiroluk F LL 212 H 28 192 228 87 90 6.78 5
Catalcam F LL 213 H 17 208 217 87 90 18 20 6.54
Saimbeyli F LL 214 H 41 201 225 87 90 6.97 1:9
Unnamed F LL 215 Q 27 152 211 87 90 6.76 9
Misis F LL 216 H 34 1 360 85 90 6.88
Karatas F LL 217 H 63 213 243 85 90 18 35 6.60 1:9
Yumurtalk F~ LL 218 H 41 213 247 85 90 6.97
LL 2191 H 20 137 243 85 90 6.62 5
Toprakkale F LL 2192 H 35 164 247 85 90 18 35 6.50
LL 2193 H 49 200 237 85 90 7.09 I
N Ipizigi s NN 220-1 H 19 146 212 70 80 6.55
£
£ £|osmaniye S NN 2202 H 24 208 268 70 80 18 15 6.68 2
8 Eferzins NN 2203 H 9 151 206 70 80 6.70
% Payas S NN 2204 H 21 187 199 70 80 6.64
Cokak F LL 221 H 24 178 222 87 90 6.71
Unnamed F LL 22 H 13 208 208 87 90 18 20 630 9
Savrun F LL 223 H 60 207 236 87 90 7.17
Kah R 2241 H 12 258 291 40 50 632
an TAMANMAAS | p 2242 H 15 247 298 40 50 18 15 6.70 9
R 2243 H 15 230 281 40 50 6.43
R 2251 Q 23 244 280 40 50 6.66
Engizek FZ R 2252 Q 16 266 322 40 50 18 15 730 9
R 2253 Q 14 235273 40 50 6.44
Cardak F LL 226 H 85 201 292 87 90 18 20 732 5
Siiredi F LL 2271 H 55 228 277 87 90 18 20 6.90
uret LL 2272 H 24 248 305 87 90 6.71
Beyyurdu F LL 228 H 37 248 283 87 90 6.92 2535
Giiriin F LL 229 H 31 231 258 87 90 18 18 6.83
Ayvalt F RL 230 H 22 111 129 87 90 6.66
Dogansehir FZ LL 231 H 29 195 244 87 90 6.80 55
= |Aksadag S LL 2321 H 74 201 231 87 90 7.25 ;
£ |Arguvans LL 2322 H 37 182 215 87 90 18 20 7.10
s .
Z [Kemaliyes LL 2323 H 65 153 210 87 90 7.19 2531
H
& |Arapgir S LL 2331 H 50 218 264 87 90 6.50 2531
S 18 20
£ Munzur S LL 2332 H 86 234 261 87 90 733 14;25;31
é
Heltepe F LL 234 H 15 22 50 87 90 18 15 6.48 142531
Piiliimiir F RL 235 H 28 257 308 87 90 18 18 6.70 o
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Table 1 continued

Trend Dip Slip rate  Depth .
Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude e
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs. Est. Mw
Nazimiye F RL 236 H 51279 300 87 90 18 20 7.07
RL 237 H 25 277 295 87 90 6.10
KarakoganFZ | gy 2371 m 17 305 308 87 90 18 18 6.54
Unnamed F RL 238 H 7 304 304 87 90 18 15 6.11
Sancak- LL 239 H 5133 104 87 90 18 20 7.07
Uzunpazar FZ
Sudiigiinii F RL 240 H 24 256 329 87 90 18 18 6.71
Sudiigiinii F LL 240-1 H 16 127 144 87 90 6.51 5;25;31
Unnamed F LL 241 H 13 34 52 87 90 6.41
Unnamed F RL 242 H 7 337 343 87 90 6.11
Unnamed F LL 243-1 H 7 32 52 87 90 6.11
Unnamed F LL 243 H 5 332 333 87 90 18 15 5.94
Unnamed F LL 244 H 12 176 235 87 90 6.37
Unnamed F LL 245 H 8 52 52 87 90 6.05
Unnamed F LL 245-1 H 5 326 326 87 90 5.78
Bahgekoy FZ T\E\]I:r 246 H 27 2 360 87 90 18 18 6.76
Unnamed FZ I\g\fr 248 H 5 84 91 87 90 18 15 5.94
Tercan F RL 249 H 36 271 293 87 90 6.90
Unnamed F RL 250 H 7 283 309 87 90 6.11
Unnamed F RL 251 H 7 288 288 87 90 6.11 2531
Unnamed F RL 252 H 8 274 298 87 90 25 25 6.17 ’
Unnamed F LL 253 H 9 33 68 87 90 6.23
Kandilli F RL 254 H 28 272 308 87 90 6.78
Cat FZ LL 255 Q 19 40 53 87 90 7.00
Palandéken F LL+R 256 H 54 49 77 87 90 7.10
E Nenehatun S LL 257-1 H 41 10 40 87 90 6.97
E E [Dumlu S LL 2572 H 39 0 357 87 90 25 25 6.90 25;31
& [Borekli S LL+R 257-3 H 1229 58 87 90 6.32
Pasinler FZ R 258 H 35 35 133 45 60 25 25 6.70 2531
Karayaz1 F RL 259 H 59 70 129 87 90 7.14 ’
N Gerek S LL+R 260-1 ER 25 192 229 87 90 1983 6.73
H t Ms 6.8 .
éE’Balabanth LL+R 260-2 59 24 200 234 87 90 25 25 6.90 25;31
==
(Gaziler S LL+R 260-3 H 25 202 250 87 90 6.73
Gole F LL 261 Q 33 186 255 87 90 6.86 25;31
NN 2623 Q 11 0 359 87 90 6.23
Agn EF NN 262-1 Q 8 304 322 87 90 25 25 6.17
NN 2622 Q 9 317 341 87 90 6.23 8:26;31
Igdir FZ RL 263 H 29 295 331 87 90 6.70
Dogubeyazit F RL 264 H 20 298 310 87 90 6.62
N (Candervis S RL 265-1 H 25 332 355 87 90 6.73
& [Perilidag S RL 2652 H 32 306 339 87 90 6.85
=
= |[Kovancik S RL 265-3 H 10 295 308 87 90 6.28
2 96
fE" Tirso Golii S RL 2654 H 95 30 290 333 87 90 2525 6.81 8,26;31
g Yenigadir S RL 2655 H 17 297 314 87 90 6.20
Cetenli S RL 2656 H 18 284 320 87 90 6.52
Tendiirek EF NN 266 H 11 325 358 87 90 6.33 8:26:31
Diyadin EF NN 267 H 4 315 340 87 90 5.83 o
Hamur F LL 268 H 18 5 11 87 9 6.57
Tutak F RL 269 H 57 280 315 87 90 7.13
Unnamed FZ RL 270 Q 12107 123 87 90 6.37
Unnamed F RL 271 Q 5 295 295 87 90 25 25 5.94
Kazbel F RL 272 H 37 275 303 87 90 6.92
Unnamed F RL 273 Q 9 264 296 87 90 6.23 2531
Unnamed F RL 274 Q 6 341 341 87 90 6.03 ”
Akdag F RL 275 H 20 273 303 87 90 6.62
Varto FZ RL 276 ER 45 97 137 87 90 1966a 7.01
Ms 6.8
Yorgangayiri- RL 277-1 Q 16 130 130 87 90 25 20 6.51
Kaynarca Fz RL 2772 H 26 285 330 87 90 1966b 7.00
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mmiyear) (km) Magnitude R
Segment Type IDNo AC (km) Min Max Min Max Min Max 1 2 Obs.  Est. Mw
Ms 6.2
RL 2773 Q 9 283 292 87 90 6.23
Akdogan GoliF RL 278 H 47 201 296 87 90 7.04
Unnamed F RL 279 H 6 278 279 87 90 6.03
Unnamed F R 280 H 4 244 244 25 30 573
Bulanik F RL 281 H 11308 333 87 90 633
Hagli Gélii F R 282 H 20 231 262 87 90 6.62
Malazgirt F LL 283 H 21 182 243 87 90 6.64
Unnamed F RL 284 H 5 219 246 87 90 25 25 5.94
Siiphan F LL 285 H 13207 220 87 90 6.41
Bulamag F RL 286 H 13304 336 87 90 6.41
Unnamed F LL 287 Q 15 203 211 85 90 6.48
RL 288-1 H 30 139 319 87 90 6.81
) RL 2882 H 13275 299 87 90 6.41 .
Ercis F RL 2883 H °° 11 271 310 87 90 2525 633 8,26
RL 2884 H 5 273 298 87 90 5.85
Caldiran F RL 289 ER 52 269 320 87 90 1\/1[27763 7.08 8:26
Unnamed F R 290 Q 4 235 235 40 45 5.83 2531
Hasantimur RL 291 H 32 311 330 87 90 6.85
Goli F
Dorutay F RL 292 H 12300 314 87 90 637
Saray FZ RL 293 H 24 254 313 87 90 6.68 8:26
Baskale F LL 294 H 48 215 254 87 90 25 25 7.04
Van FZ R 295 ER 27 246 273 40 50 2016
Mw 7.2
Unnamed F LL 29 Q 4 244 244 87 90 5.65
Unnamed F LL 297 Q 7192 194 40 55 6.11
Nemrut EF NN 298 H 9 341 350 87 90 623 2531
Unnamed F LL+R 299 Q 12230 256 87 90 6.90
Nazik GsliF ~ RL 300 H 22 287 307 87 90 6.64
R 301-1 H 36 264 301 40 50 6.40 .
Mus FZ | R 3012 H 52 47 237319 40 50 2525 7.04 2531
Yenikosk F R 302 H 13 210 281 40 50 25 25 6.60 8:26
Unnamed F RL 303 H 8 309 315 87 90 25 18 6.17 2531
% [Kalekdy S RL 3041 H 21 298 315 87 90 6.64
=
;E Kayalisu S RL 3042 H 88 16 296 300 87 90 25 25 6.70 2531
S |lcakoy S RL 3043 H 45 272 310 87 90 7.01
Kusburnu F RL 305 H 22 104 144 87 90 18 18 6.63
Yenisu F RL 306 H 21 115 131 87 90 6.64 52531
UmnamedFZ NN 307 H 10 113 150 65 70 18 15 6.90 o
Yayla F RL 308 H 29 275 301 87 90 18 25 6.78
(Cubuklu S R 3091 Q 35 1 359 40 65 33 25 6.88 25
faklcari § R 30921 H 70 216 349 40 65 33 25 6.80
akan R 30922 H 69 252 325 40 65 29 25 7.24
R 309-3-1 H 18 222 289 40 65 25 25 6.53 2531
o [SirvanS RL+R 309-3-2 H 42 225 295 85 90 6.98
E R 309-3-3 H 15 223 291 40 65 6.43
E R 3094-1 H 23 260 312 40 65 6.60
& [Kozluk S R 30942 H 19 263 315 40 65 6.80
£ R 30943 H 25 267 318 40 65 6.71
< [Kulps R 309-5-1 H 32 249 324 40 65 6.84
g R+RL 309-5-2 H 43 248 327 40 65 6.99
=
2 1975 e
2 R 309-6-1 ER 32239 300 40 65 Msce 684 5:25:31
Lice-Dicle S R 30962 H 30 223 302 40 65 6.80
iee-icle R 30963 H 39 251 306 40 65 7.10
R 30964 Q 27 257 311 40 65 6.75
R 309-6-5 Q 25 2583017 40 65 6.71
7.10
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Table 1 continued

Trend Dip Slip rate  Depth

Fault Length (RHR) (Degree) (mm/year) (km) Magnitude T a—
Segment Type IDNo AC (km)  Min Max MinMax Min Max 1 2 Obs.  Est. Mw
Cingiss S R 309-7-1 H 34 233 302 40 65 6.87
S R [309-7-2 H 58 217 256 40 65 7.15
Gerger S R 30981 H 57 229 290 40 65 18 25 7.14
8 R 30982 H 41 245 283 40 65 18 20 6.97
R 3099-1 H 34 236 292 40 65 6.87
Narince S R 30992 H 20 260 321 40 65 6.59 5:25
R 3099-3 H 24 250 264 40 65 6.68
Isiklar S R 30910 Q 23 262 291 40 65 25 25 7.00 2531
Konalga S R+RL 309-11 Q 31 217 285 40 65 6.83
Begendik S R+RL 309-12 Q 30 216 303 40 65 6.81
B
= 5 |Viiksekova S RL 3101 H 45 273 327 85 90 7.02
EE] 82 25 25 25
@ Z [Semdinli S RL 3102 H 43301 321 85 90 6.99
=
) R 3111 H 52 258 305 40 65 7.08
Cizre F R 3112 H 48 261 305 40 65 2525 7.04 =
Unnamed F RL 312 Q 11279 292 85 90 6.33
Unnamed F RL 313 Q 11 290 294 85 90 6.33
Unnamed F RL 314 Q 7 289 289 85 90 25 20 5.98 2531
Unnamed F RL 315 Q 16 287 289 85 90 6.45
Unnamed F RL 316 Q 9 314 317 85 90 6.23
Karacadag EF NN 317 Q 16 180 180 85 90 6.70
Karacadag F T\g‘f 318 Q 28 102 148 85 90 18 20 6.48 5:25:31
Giinasan F RL 319 Q 15 99 128 85 90 6.41
NN 3201 Q 9 158 182 65 70 6.23
Harran FZ NN 3202 Q 24 178 196 65 70 6.71
NN 3203 Q 12 168 197 65 70 6.37
Bozava F RL+R 321 Q 50 289 312 87 90 7.06 5
Besni F LL 32 H 19 54 61 87 90 18 15 6.55
AntakyaFZ ~ LL+N 323 H 43196 236 70 80 18 20 6.70
Reyhanli F RL 324 H 20 116 116 85 90 18 15 6.58 9
Amik GoliF NN 325 H 12 278 333 70 80 6.28
arli S NN 3261 H 25 169 215 80 85 6.73
Sakcagdz S NLT 3262 H 16 205243 80 85 2 2 818 7.30
N
| esemek S LL 326:3-1 H 57 178 190 87 90 7.13
8 LL 32632 H 54 180 211 87 90 7.10 5
=
g [Hacipasa S LL 3264 H 34 178 194 87 90 5 5 18 20 6.88
|Armanaz S LL 326-5 H 25 191 191 87 90 6.10
Sermada S LL 3266 H 35 223 223 87 90 6.90
|Afrin S LL 3267 H 44190 200 87 90 7.03
) NN 3271 H 8 289 350 85 90 6.05 .
Tendirek F NN 327 H 6 27228 85 90 1825 5.89 826
Sicakgermik EF_ NN 328 H 5 1 359 85 90 18 15 7.20 29

RHR right hand rule, F fault, S segment, FZ fault zone, GS graben system, RL right lateral, LL left lateral,
NN normal, R reverse, EF; Extensional fissure; H, Holocene; Q, Quaternary; ER, Earthquake rupture, Obs.
observed, Est. Mw. estimated magnitude, Depth (1), Seismogenic thickness based on focal depth; Depth (2),
Seismogenic thickness based on literature

Numbers reference for slip-rate and depth; 1 Aktar et al. (2000), 2 Aktug et al. (2013), 3 Aktug et al. (2009),
4 Akyol et al. (2006), 5 Bulut et al. (2012), 6 Cakir et al. (2003), 7 Djamour et al. (2011), 8 Elliott et al.
(2013), 9 Ergin et al. (2004), 10 Ergin and Aktar (2009), 11 Ergintav et al. (2014), 12 Flerit et al. (2004), 13
Karabulut et al. (2002), 14 Kaypak and Eyidogan (2005), 15 McClusky et al. (2000), 16 Meade et al. (2002),
17 Nyst and Thatcher (2004), 18 Ozalaybey et al. (2002), 19 Reilinger et al. (2006), 20 Sato et al. (2004), 21
Tan (2012), 22 Tatar et al. (2012), 23 Tezel et al. (2010), 24 Tiryakioglu et al. (2013), 25 Tiirkelli et al.
(2003), 26 Utkucu (2013), 27 Vernant et al. (2004), 28 Yavasoglu et al. (2011), 29 Yolsal-Cevikbilen et al.
(2012), 30 Zhu et al. (2006), 31 Zor et al. (2003)
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Based on GPS data (McClusky et al. 2000; Reilinger et al. 2006), slip rate along the
fault zone is ~ 10 mm/year. Approximately, 2/3 of the slip is estimated to be along the
southern strand with the rest along the northern strand of the EAF (Duman and Emre
2013). Geological slip rate for the fault zone is proposed as 8.3 mm/year (Herece 2008),
whereas paleoseismic data on the Pazarcik segment suggests 5.2 = 0.6 mm/year slip rate
(Yonlii 2012). Accordingly, farther west, the slip rate along Karasu through the southern
strand is estimated to diminish to 4.0 mm/year (Saroglu et al. 1992a, b; Westaway and
Arger 1996; Westaway 2003, 2004; Herece 2008) due to slip partitioning between the
Amanos segment of the EAF and the northernmost segments of the DSF zone (Duman and
Emre 2013).

Exhaustive GPS velocities have been provided for the segments along SMF zone.
However, Duman and Emre (2013) proposed a total of ~3 mm/year slip rate which is
partitioned throughout the fault segments in the zone based on the systematic offsets within
the Holocene drainage network.

4.2 Eastern Anatolia

Eastern Anatolia defines the area between the Southeast Anatolia thrust to the south and the
Caucasus thrust belt to the north, and to the east of the Karliova triple junction (Sengor
1980). The region is under a N—S compressional tectonic regime due to ongoing northward
motion of the Arabian plate (Sengdr 1980; Sengor et al. 1985; Saroglu and Giiner 1981;
Saroglu 1985). Recent deformations in Eastern Anatolia are accommodated by strike-slip
faults oriented NW-SE and NE-SW, thrust/reverse faults oriented E-W and N-S oriented
extension fissures or normal faults. The strike-slip faults display a conjugate pattern in
which NW trending faults are right lateral, NE trending faults left lateral (Sengor et al.
1985; Saroglu 1985), however, right lateral faulting is dominant. On the other hand, some
of these strike-slip faults have formed multi-segmented large fault systems in the region
such as the Balikgoli (265), Erzurum (257) and Semdinli—Yiiksekova (310) fault
zones (Fig. 3).

In the conjugate pattern, major left-lateral strike-slip faults mapped in the region are the
Cat fault zone (255), Palandoken fault (256), Erzurum fault zone (257), Hagligdli fault
(282), Malazgirt fault (283), Siiphan fault (285), Ercis fault (288) and Bagkale fault (294)
(Fig. 3).

The mapped right-lateral strike-slip faults in this region exceed the left-lateral faults
both in number and length. These are; the Taglicay fault zone (247), Tercan fault (249),
Kandilli fault (254), Karayaz1 fault (259), I1gdir fault zone (263), Dogu Bayazit fault (264),
Balikgolii fault zone (265), Tutak fault (269), Kazbel fault (272), Akdag fault (275), Varto
fault zone (276), Yorgancayiri—Kaynarca fault zone (277), Akdogan Lake fault (278),
Bulanik fault (281), Ercis fault (288), Caldiran fault (289), Hasan Timur Lake fault (291),
Dorutay fault (292), Saray fault zone (293), Kavakbas1 fault (304), Kusburnu fault (305),
Yenisu fault (306), Yayla fault (308) and Semdinli—Yiiksekova fault (310) zone (Fig. 3).

Thrust or reverse faults are typically E-W oriented. These include the Horasan—Senkaya
fault zone (260), Pasinler fault zone (258), Van fault zone (295), Nazik Golii fault (300),
Mus fault zone (301) and Yenikosk (302) fault (Fig. 3). Intra-mountain basins which are
characteristic tectono-geomorphic elements of the Eastern Anatolia tectonic province have
developed along the major thrust fault zone such as Mus, Lake Van and Pasinler basins
(Saroglu and Giiner 1981; Saroglu 1985).

Agr1 (262), Tendiirek (266), Diyadin (267) and Nemrut (298) extension fissures (Fig. 3)
parallel to the compression orientation are considered as active structural features causing
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Quaternary volcanic activities in the region (Saroglu and Yilmaz 1986; Yilmaz et al. 1998).
Details of the surface ruptures developed by four large earthquakes within the last century
are well-known (Emre et al. 2013 and references therein). These are the 1966 Varto (Ms
6.8), 1976 Caldiran (Ms 7.3), 1983 Horasan—Narman (Ms 6.8), and 2011 Van (Mw 7.2)
earthquakes. Fault related geomorphic features and historical records reveal that the faults
in the region have produced large earthquakes resulted in surface ruptures in the past
(Ambraseys and Jackson 1998), however, historical surface faulting was only confirmed on
the Erzurum fault zone by paleoseismological investigations (Emre et al. 2004).

4.3 South-east Anatolia thrust zone and foreland

During the Middle-Late Miocene (Langian—Serravalian) the Arabian and Eurasian plates
collided along the Bitlis—Zagros suture zone (Sengér and Yilmaz 1981). This resulted in
the up-lift of suture zone mountains and transformation of shallow marine environments
into molasse basins (Yilmaz 1993). The Bitlis suture is a complex continent-ocean and
continent—continent collision boundary starting from southeast Turkey and extending to the
Zagros Mountains in Iran (Sengdr and Yilmaz 1981; Hempton 1985; Yilmaz 1993; Yilmaz
et al. 1993; Sengor 1979a, b, Sengdr et al. 1985; Yigitbas and Yilmaz 1996).

Tectonic features within this E-W trending thrust belt also get younger from north to
south, where the youngest faults are situated along the frontal thrust. En-echelon folds
parallel to the general orientation of the main thrust zone are observed through the foreland
during field studies; we infer that those frontal folds are associated with the blind thrust
faults at depth in the foreland.

The thrust belt is characterized by low-angle thrust faults. The length of the thrust belt
between Kahramanmaras and Hakkari within Turkish borders is more than ~ 600 km. The
thrust zone displays south-facing arc geometry parallel to the Bitlis suture zone. The apex
of this arc which is an indicator for the northernmost edge of the Arabian plate in the suture
zone is located just south of Karliova triple junction. Thus, it can be speculated that the
Karliova triple junction forming the eastern tip of the Anatolian micro-plate was formed at
the apex of the South-east Anatolia Thrust Zone (SEATZ).

The SEATZ is cut by the EAF at its western limit. To the west of Siirt, its youngest
faults along the thrust-front structurally separate the allochthonous in the north and the
Arabian autochthonous units in the south ($engor and Yilmaz 1981; Yilmaz 1993). To the
east of Siirt the thrust-front trends NW-SE and becomes a wider deformation zone with a
right lateral strike-slip component including the Cizre thrust fault and some right lateral
strike-slip faults (Fig. 3). Even though the faults along the western half of the thrust-front
are constrained to a narrow zone, to the east they are dispersed over a wider zone.

Considering fault geometry and structural gaps, the SEATZ was divided into 12 fault
segments (Fig. 3; Table 1). These segments consist of fault clusters reaching up to
25-50 km width with a braided-pattern. The fault clusters to the west of the apex of the
thrust zone are characterized by left-stepping geometries, while the clusters to the east are
right-stepping (Fig. 3). The only mapped surface rupture within the SEATZ is associated
with the 1975 Lice (Ms 6.6) earthquake (Arpat 1977) (Fig. 3).

To the south of the SEAT, in the southeastern Anatolian province, few Quaternary
active faults were mapped. In the regional framework, these faults display conjugate
pattern. These include the right lateral strike-slip Bozova fault (312), the left lateral Besni
fault (322), the Karacadag extension fissure (318) and normal faults in the Akgakale graben
(320) (Fig. 3; Table 1). Although the area is characterized by weak seismicity, there is no
clear evidence for Holocene surface rupturing along these structures.
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4.4 Central Anatolia

Central Anatolia in this study defines the area between the NAF and EAF zones to the east
of the Eskisehir fault and Tuzgdlii fault zone (Fig. 1). The area is characterized by NE-SW
trending strike-slip fault splays bifurcating from the NAF system in a fish bone pattern
(Sengor et al. 1985; Sengdr and Barka 1992) (Fig. 3). However, there are a few individual
fault segments with NW trend in the western part of this region.

The splay fault system regionally is divided into two groups based on their orientation
and sense of lateral motion. Recent tectonic deformations in the region between the
Kizilirmak River and the NAF are accommodated by right lateral strike-slip faults
extending subparallel to the main strand of the NAF in an ENE-WSW orientation ($engor
et al. 1985, 2005; Saroglu et al. 1987; Kogyigit and Ozacar 2003; Emre et al. 2013). These
are the Merzifon-Esencay fault (186), Sungurlu fault (188), Turhal fault (190), Almus fault
(191), Gokee fault (192), Kazankaya fault (193), Cekerek fault (194) and Bugdayli fault
(195) (Fig. 3). These faults extend SW into the Anatolian plate for hundreds of kilometers
in compliance with the concave geometry of the NAF zone along in its western continu-
ation (Bozkurt and Kogyigit 1995).

In the area between the Akdagmadeni fault and the EAF, recent crustal deformations are
accommodated by left lateral strike-slip faults conjugate to the NAF and sub-parallel to the
EAF transform systems, respectively. Western extensions of those faults traverse the
Taurus orogenic belt. Of these, the Central Anatolian fault system (Kocyigit and Beyhan
1998) formed by the Ecemis (207), Erciyes (204) and Deliler (202) faults is the largest
inner tectonic structure of Central Anatolia. The Deliler fault extends to the Munzur
Mountain with a plain geometry where it merges with the Ovacik (233) and Malatya (232)
faults forming a fault complex in the Kemaliye fault junction (Fig. 3). The Ovacik fault in
the east end of this fault complex is bounded by the Munzur Mountain and merges to the
NAF east of the Erzincan basin. The Malatya fault in the south connects to the EAF zone at
the Nurhak fault complex (Duman and Emre 2013). The Sariz fault (211), which exhibits
similar geometry to these faults extends parallel to the EAF system through the NE tip of
the central Taurides, and finally terminates within the Tauride mountain belt by (Fig. 3).

Easternmost central Anatolia between the Erzincan and Bingdl basins and the Karliova
triple junction corresponding to eastern tip of Anatolian micro-plate is characterized by
intensive large and small strike-slip faults in a conjugate pattern similarly to East Anatolia.
Strike-slip faults are right and left lateral parallel to the NAF and EAF systems, respec-
tively. The right lateral strike-slip Nazimiye fault (236) is the largest fault segment in this
region.

In addition to the above mentioned faults, several active faults were mapped in
northwest Central Anatolia. The Orta fault (162), Cankir1 (185) and Karakegili faults (183)
are examples of such features (Fig. 3). Latter two faults are transpressional structures, are
dominantly reverse faults forming a link between the Tuzgolii fault and the Merzifon—
Esencay fault splay, which bifurcates from the NAF system.

In central Anatolia, two large earthquakes causing surface faulting occurred in the
twentieth century. These are the 1938 Kirsehir earthquake (Ms 6.8) originating from the
right lateral strike-slip Akpinar fault (Arni, 1940) and very thin surficial fissures associated
with the Orta earthquake (Mw 6.0) in 2000 on the left lateral strike-slip Orta fault which
extends conjugate to the NAF (Emre et al. 2001; Taymaz et al. 2001).
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4.5 Western Anatolia horst-graben systems

Western Anatolia horst-graben system with an annual GPS velocity of 20 mm/year is one
of the most rapid extensional tectonic regions in the world (Aktug et al. 2009). This region
defines the area bounded by the transtensional right lateral strike-slip Simav fault along the
north and the transtensional Burdur—Fethiye zone to the east (Figs. 1, 3). In terms of E-W
prolongation, the horst-graben systems are located in-between Isparta Angle and the
Aegean Sea (Figs. 1, 3). The Gediz, Biiyiik Menderes, Denizli, Acigol, Civril-Dinar and
Burdur grabens are the most prominent geomorphic features of the region (Fig. 3). Of
these, the Gediz and Biiyiik Menderes graben systems which are the two largest mor-
photectonic elements of the western Anatolia extensional tectonic regime (Sengér 1982;
Paton 1992; Yilmaz et al. 2000) are located in the core of the Menderes Metamorphic
Complex (Seyitoglu et al. 1992; Bozkurt 2001). In the plan view these two graben systems
exhibit a symmetric pattern (Fig. 3). Both graben systems are characterized by a low angle
detachment fault and several synthetic and antithetic faults on the hanging block of the
detachment faults (Sengor 1982, 1987; Bozkurt 2001; Giirer et al. 2001, 2016).

The 170 km-long Biiyiik Menderes Graben System (BMGS) between the Aegean Sea
coast and Denizli graben extends in E-W orientation. Its surface trace presents a west-
facing “V” geometry (Fig. 3). The low angle detachment fault is formed along the
northern boundary of the graben. The low-angle detachment is overlaid by a high-angle
synthetic fault zone reflecting late Quaternary—Holocene activity of the low angle
detachment at depth. The northernmost fault of the BMGS was divided into 6 segments
based on relay ramps and sharp changes or bends in the orientation of the detachment fault
(Fig. 3; Table 1). Fault related morphology, historical records and paleoseismological data
reveal the late Holocene activity of the fault zone (Ambraseys and Finkel 1987; Altunel
1999; Yonlii et al. 2010; Siimer et al. 2013). On the other hand, along the southern margin
of the graben, there is no clear geomorphic evidence for Holocene activity of faults
corresponding to simple antithetic faults in the graben system. We infer that the slip rate of
these faults is smaller than the sedimentation rate, and therefore, geological and geo-
morphological evidence for fault activity were buried due to rapid sedimentation along the
Biiyiik Menderes River (Kazanci et al. 2009).

The 150 km-long Gediz Graben System (GGS) with a general NW-SE trend displays
more complex tectonic structure than the BMGS. Active faults of the GGS graben consist
of a low angle detachment fault forming the southern boundary, a synthetic fault zone
accompanying the detachment and an antithetic northern boundary fault zone (Kogyigit
et al. 1999; Emre et al. 2013). Even though the entire graben system is prone to intense
seismicity, only the 1969 Alasehir earthquake (Ms 6.9) was the only event in the twentieth
century known to have produced surface faulting within GGS (Arpat and Bing6l 1969).
The graben system is divided into eastern and western parts based on overall fault
geometry and spatial distribution (Fig. 3). The faults along the eastern part between Sar1gol
and Salihli are characterized by relatively simple graben geometry.

Towards the west, the graben floor gets wider and reaches a maximum width of 70 km
between Dagkizilca and Akhisar. To the west, southernmost fault zone of the graben
system splits into 3 branches forming the Manisa, Kemalpaga and Armutlu fault segments
(Emre et al. 2005a, b) (Fig. 3; Table 1). The southern detachment fault with south-facing
arc geometry extends between Sarigol and Dagkizilca. The NW-trending western tip
section of the detachment fault (corresponding to segment 44-5 in Fig. 3) turns into an
oblique normal fault with a right lateral strike-slip component and then merges to the right
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lateral strike-slip Dagkizilca fault. The western tip of the Kemalpasa fault segment con-
nects to the Izmir fault. To the northwest, between Manisa and Akhisar, the graben floor is
characterized by scattered normal faults forming complex sub graben-horsts within the
GGS. Finally, to the northwest, the Soma fault zone with a south-facing arc shape connects
to the GGS. Faults forming the western tip of the GGS in different orientations are
connected to right lateral strike-slip transfer faults between Kusadasi Bay and the Bakircay
graben. The GGS is divided into 17 fault segments excluding the Soma—Kirkagag¢ fault
zone and Izmir fault which are structurally connected to the graben system.

The Eastern tips of the BMGS and GGS are connected to the Denizli Graben which
consists of highly segmented normal faults (Kogyigit 2005). The Acigol Graben on the
hanging block of the normal dip slip Civril-Dinar fault system extends as the eastern
extension of Denizli graben; and these two present a rift morphology connecting the Biiyiik
Menderes and Civril graben systems. To the northeast, the southward-concave Civril
Graben (Ozalp et al. 2009) is situated with its approximately NS oriented graben sections
connecting to the Acigol and Burdur grabens. Farther south, the Gokova fault (62) which
bounds the north of the Gulf of Gokova is an important normal fault (Goriir et al. 1995;
Kurt et al. 1999; Giirer et al. 2013) in southwest Anatolia (Fig. 3).

In this region, right and left lateral strike-slip conjugate faults with NE-SW and NW-
SE orientations are found in-between the grabens. The 1969 Alasehir (Ms 6.9), 1955 Soke
(Ms 6.8), 1995 Dinar (Mw 6.4) earthquakes have resulted in surface rupturing in the region
(Emre et al. 2013 and references therein). All of these earthquakes were characterized by
normal faulting mechanisms (e.g. Eyidogan and Jackson 1985; McKenzie 1972).

4.6 Northwest Anatolia transition zone

Northwest Anatolia transition zone (NWATZ) describes the area bounded by the plate
boundary NAF system to the north and the regional scale large fault bend formed by the
Simav, Soma and Zeytindag fault zones to the south (Figs. 3, 4). Along the southern
boundary, there is a gradual transition from the extensional tectonic regime represented by
normal faults to strike-slip faulting. Due to E-W prolongation, the region between the
North Aegean Sea and the outer Isparta Angle is characterized by radial extension (Fig. 3).
The 205 km-long transtensional right lateral strike-slip Simav fault zone forming the
eastern part of the southern boundary extends in a NW-SE orientation and consists of 7
fault segments. Even though small to mid-size recent earthquake with focal mechanisms
(Eyidogan and Jackson 1985; Kartal and Kadirioglu 2015) showing normal faulting have
occurred in the large scale releasing bend (Emre et al. 2012), the geological-geomor-
phological offsets, GPS and paleoseismological data are evidences for the strike-slip style
deformation and recent activity of the entire the Simav fault zone (Konak 1982; Aktug
et al. 2009; Duman et al. 2013). The Simav fault zone (30) it connects to the Afyon—
Aksehir Graben System in the east (Fig. 3).

Recent crustal deformation in the region is controlled by bend kinematics (Emre et al.
2005a, b, c, 2010, 201 1a, b). Active faults in the region form large fault bends with E-W
orientation and southward concavity (Fig. 4). These orientations are consistent with both
the Central Marmara arc of the NAF (Le Pichon et al. 2001) to the north, and the southern
boundary fault bend to the south (Fig. 4). From north to south we define three main large
fault bends within the transition zone namely the Southern Marmara bend, the Manyas—
Bursa double bend and the Balikesir bend (Fig. 4). Faults trend in NE and NW directions
on the western and eastern limbs of the bends, respectively. Within this conjugate pattern
the most important deformation feature is the dominant right lateral strike-slip component.
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Fig. 4 Fault bend systems in NW Anatolia. Fault bends are parallel to the Central Marmara arc of the North
Anatolian fault zone. South Marmara bend corresponds to the western tip of the southern strand of the North
Anatolian fault zone. Fault segments of the bends simplified from Emre et al. (2013). NAF North Anatolian
Fault Zone (1), ZF Zeytinbag1 Fault (11), BF Bandirma Fault (10), EDF Edincik Fault (9), SNF Sinekg¢i
Fault (8), CBF Can-Biga Fault Zone (6), EF Evciler Fault (4), YGF Yenice-Gonen Fault (16), MFZ Manyas
Fault Zone (17), MKF Mustafakemalpasa Fault (13), OF Orhaneli Fault (134), UF Uluabat Fault (12), BRF
Bursa Fault (136), /FZ Inegol Fault Zone (137), OYF Oylat Fault (138), DF Dodurga Fault (139), ES
Eskisehir fault(140), HBFZ Havran-Balya Fault Zone (23), BAF Balikesir Fault (24), ZFZ Zeytindag Fault
Zone, SKFZ Soma-Kirkaga¢ Fault Zone (27), GFZ Gelenbe Fault Zone (28), SFM, Simav Fault Zone
(30), BKF, Bekten Fault (19)

However, NE trending faults are transpressional and NW trending faults are transtensional
on the western and eastern limbs of the bends, respectively (Fig. 4). Furthermore, it is
noted that the normal dip slip component becomes the dominant characteristic of the
transtensional faults at the apex of the bends; for example the Manyas and Bursa fault zone
along Manyas—Bursa double bend. The Uluabat fault is an example of a transpressional
strike-slip fault on the western limb of the bend with a reverse component. On the other
hand, towards the southeast, normal dip slip component becomes the dominant charac-
teristic of the faults in the area around Kiitahya and Eskisehir (Fig. 4).

The fault bends in the region are multi-segmented fault systems (Figs. 3, 4). The
Southern Marmara fault bend consists of the Zeytinbagi (11), Bandirma (10), Edincik (9),
Sinekgi (8) and Can—Biga (6) fault zones. This represents the western continuation of the
southern strand of the NAF system (Barka and Kadinsky-Cade 1988) which terminates in
the Biga Peninsula (Fig. 4). The Manyas—Bursa double bend is composed of the Evciler (4)
Yenice—Gonen fault (16), Manyas fault zone (17), Mustafakemalpasa fault (13) and
Orhaneli (134) faults to the west, and the Uluabat (12), Bursa fault (136) and Inegdl fault
zone (137), Oylat fault (138), Dodurga (139) and Eskisehir (140) faults to the east (Fig. 4).
To the south, the Balikesir bend includes the multi-segmented Havran—Balya fault zone
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(23) and the Balikesir fault (24) (Fig. 4). There are also several individual fault segments
within the NWATZ. The normal dip slip Edremit fault zone (5) which ruptured in the 1944
earthquake (Ms 6.8) (Ambraseys and Jackson 2000; Emre and Dogan 2010; Sozbilir et al.
2016) and the Kestanbol fault are inconsistent with the bend kinematics in the region. More
detailed regional offshore data are needed to understand the normal dip slip kinematic of
these faults.

The bend kinematics proposed above are confirmed by slip characteristics of surface
ruptures associated with the 1944 Edremit Bay (Ms 6.8), 1953 Yenice—-Gdnen (Ms 7.2),
1964 Manyas (Ms 7.0) and 1970 Gediz (Ms 7.2) earthquakes in the region (Emre et al.
2013 and references therein).

4.7 Tuzgolii—-Konya basin

The Eskisehir and Tuzgolii faults separate the central and western Anatolia tectonic pro-
vinces (Barka and Reilinger 1997; Kogyigit and Ozacar 2003) (Figs. 1, 3). Different
researchers have proposed various kinematic attributes for the Tuzgdlii fault. For instance,
Saroglu et al. (1987, 1992a, b) suggests a right-lateral fault according to systematic offsets
in the late Quaternary lava flows from the Hasandag1 volcanic center eruptions, whereas
Barka and Reilinger (1997) propose a right-lateral faulting mechanism with a reverse
component (Sengor et al. 1985). Recent studies (Emre et al. 2013; Kiircer and Gokten
2014) including detailed mapping and trench surveys clarified that the recent activity is
dominated by normal faulting mechanisms.

The 200 km-long Tuzgdlii normal fault zone extends in NW-SE orientation and con-
sists of 6 geometric segments. The eastern block displays a distinctive morphology that are
consistent with the normal fault mechanism. The Western block as the footwall, hosts the
second largest lake of the country, and similar morphologic attributes are observed
throughout the Konya basin. The Nasuhpinari fault, Seyithaci fault, Hotamis fault zone,
and Konya fault are Holocene active dip slip normal faults in the Konya basin (Kogyigit
2005; Emre et al. 2013). Paleoseismological data on the Seyithaci fault reveal that these are
low slip-rate normal faults which are capable of producing surface rupturing during the
large earthquakes (Ozalp et al. 2011).

4.8 Isparta angle

The Isparta Angle (Blumenthal 1963) is an important tectonic structure within the west-
ward escape tectonic regime of the Anatolian plate (McKenzie 1978; Robertson 1998;
Kogyigit and Ozacar 2003; Kocyigit 1983; Sengér et al. 1985; Boray et al. 1985, Taymaz
and Price 1992; Barka et al. 1995; Glover and Robertson 1998; Dolmaz 2007; Over et al.
2010; Tiryakioglu et al. 2013). Its overall geometry is characterized by an upside down
“V” shaped, south-facing arc that corresponds to the Sultandag: fault bend (Emre et al.
2002). The 100 km-long Sultandag fault (Sengor et al. 1985) is the main tectonic element
of the Isparta angle. With the exception of Kogyigit (1983, 1984) and Kogyigit et al.
(2000), most previous works (Sengor et al. 1985; Boray et al. 1985; Barka et al. 1995)
including the first edition of the Active Fault Map of Turkey (Saroglu et al. 1992a, b)
identify the Sultandagi fault as a high angle reverse fault with right lateral strike-slip
component. However, surface ruptures associated with the 3rd February 2002 Sultandag1
earthquake (Mw 6.5) confirms dip slip normal faulting (Emre et al. 2002) as stated by
Kogyigit (1983). Morphotectonic structures indicating Quaternary—Holocene activity
within the Isparta Angle consist of complex horst-grabens. In the regional framework, the

@ Springer



Bull Earthquake Eng (2018) 16:3229-3275 3261

Sultandag1 fault (126) is the master fault and drives crustal deformation in the region. The
Sultandagi horst bounded by the Sultandagi fault to the north is the most prominent
morphotectonic element of the Isparta Angle. It is connected to the Fethiye—Budur zone
(Barka et al. 1995) through the Karamuk fault to the west, and the Tuzgdlii—-Konya basin to
the east.

Complex graben systems are the characteristic feature of the Isparta Angle, however,
the geometry of the grabens are different along the outer and inner Isparta Angle which are
separated from each other by the Sultandagi master fault. Horst and graben structures form
a radial pattern on the hanging block of the master fault. The Afyon—Aksehir and Karamuk
grabens are parallel to the master fault; whereas numerous NW and/or NE trending cross-
grabens and horsts are the perpendicular to the fault bend. The cross-graben and horsts tend
to be triangular in map view (Fig. 3). The horst surfaces were tilted far away from their
apexes. These regional morphotectonic data indicate crustal stretching in a radial pattern at
the apex of Isparta Angle as a result of dome shape uplifting (Emre et al. 2002).
Geothermal fields prevailing in the outer Isparta Angle—Afyon—Aksehir graben system—
may also be geological evidence for crustal thinning as result of radial stretching in the
region. Finally, the counter-clockwise rotation of the Western Anatolia interpreted from
GPS vectors (McClusky et al. 2000; Reilinger et al. 1997, 2006; Aktug et al. 2009) might
have been controlled by radial crustal stretching on the outer Isparta Angle. This would
imply regional importance for this tectonic structure in the Eastern Mediterranean.

Except for the Sultandagi master fault, other faults forming the complex Afyon—Aksehir
graben system are highly segmented. Faults in this graben system are divided into 14
segments including the master fault (Fig. 3; Table 1). The Sultandagi master fault is
divided into six geometric segments (Table 1). Length of the segments varies from 18 to
23 km. The 2002 Sultandagi earthquake (Mw 6.5) occurred at the apex of the Sultandagi
fault bend with complex multi-segmented surface rupturing (Emre et al. 2002).

The Plio-Quaternary morphotectonic structures in the inner Isparta Angle are charac-
terized by conjugate grabens (Fig. 3). They are bounded by the dip slip normal faults
(numbered from 86 to 95 in Fig. 3) where some of them are reactivated along the pale-
otectonic thrust faults such as Beysehir Golii fault (92) as a result of tectonic inversion.

5 Fault parameters

Several fault parameters are required to characterize linear sources in seismic hazard
analysis. Table 1 summarizes fault parameters for the 485 active faults in the Active fault
database of Turkey. Faults classified as probable active or lineaments are not included in
the table. This table defines following information and parameters; (1) ID numbers, (2)
fault/segment name, (3) fault type, (4) activity class, (5) length, (6) trend, (7) attitude, (8)
estimated slip rate for the major faults, (9) estimated seismogenic depth and (10) estimated
empirical maximum magnitude. The table also includes magnitude of the earthquakes
resulting in the surface rupturing since 1900. Fault nomenclature, type and classification
were assigned as described in the previous chapters. Each fault segment is defined by an
identification (ID) number, with the ID numbers given in Table 1 being consistent with the
numbering on Fig. 3. If the fault is a multi-segmented fault system or fault zone the
segments are numbered with sub-numbers. For example the Gerede segment of the NAF
was defined as ID1-20. In this notation the first number (1) indicate that the fault has multi-
segments, a fault system or a zone, the second number indicates the fault segment.
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Additionally we defined sub-segments by a third number, however, these sub-segments
could not be able to present in given scale of Fig. 3. Thus, we present parameters for 588
fault segments and sub-segments. Segmentation and identification of fault segments are
based on the original geometry of the faults on the 1:25,000 scale base maps.

Parameters identified for historical ruptures and Holocene faults such as fault type and
segmentation, length, orientation, fault plane dip were verified by field observations.
However, it could not have been possible to provide some of the parametric data for
Quaternary faults.

Faulting type indicates sense of motion on the fault plane. The faults are defined as; RL,
right lateral strike-slip; LL, left lateral strike-slip; NN, normal dip slip; R, reverse or thrust
faults. If the fault has oblique slip the first notation indicates the dominant mode of
deformation and the second one defines secondary slip. For example the notation RL-NN
indicates the fault is a right lateral strike-slip fault with a normal dip slip component.

Fault length defines the total mapped length of the fault or fault segments on the
1:25,000 scale active fault maps. The length of the single fault segments correspond to the
map view of the fault. However the total length of the multi-segmented fault may be
different depending on the geometry of jog structure. GIS analyses were utilized in order to
identify precise lengths of fault segments.

The strike is defined according to the right-hand rule. Based on bend geometry, reverse
and normal components were considered on strike-slip faults. Dips of the fault planes were
mainly based on field observation and measurements. If available fault plane solutions of
earthquakes were also considered. We summarize the other fault parameters defined in the
study below.

5.1 Slip rate

Fault slip rate is an important parameter for evaluating the seismic hazard potential of
active fault zones. Long-term and short-term slip rate or surface motions are determined by
means of geologic, geomorphic and geodetic surveys, respectively. In the study region,
geologically determined slip-rates of the major active faults are relatively well known (e.g.
Bozkurt 2001 and references therein; Duman and Emre 2013,) but, the data supporting
geological slip-rates for the less active faults is sparse. Substantial progress has been made
on geodetic surveys of motions within plate interiors (Meade et al. 2002; Flerit et al. 2004;
Kadirov et al. 2008; Aktug et al. 2009, 2013; Djamour et al. 2011) in addition to those
occurring at plate boundaries (e.g. McClusky et al. 2000; Reilinger et al. 2006). Addi-
tionally there is reasonable agreement between recent geologic (2-3 Ma) and geodetic
plate motion estimates for the last 20 years, (e.g. Bozkurt 2001; Reilinger et al. 2006;
Duman and Emre 2013).

The updated active fault geometry presented in this study reveals that the neotectonic
provinces of Turkey are divided into blocks bounded by long, multi-segmented fault zones.
There is a reasonable agreement between the block boundaries developed from GPS
studies and the main fault zones of the Active Fault Map of Turkey, and some block
models were suggested for Turkey and its surroundings (McClusky et al. 2000; Nyst and
Thatcher 2004; Reilinger et al. 2006; Aktug et al. 2009, 2013). In reality the deformation
zones along block boundary faults are far more complex than the general understanding
provided by GPS studies. Within the Anatolian plate and Eastern Anatolia the block
boundaries are represented by wide and complex deformation zones including many fault
segments. Consequently; it is not yet possible to assign geodetic slip rates for all the faults
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identified. However, we have defined slip rate for major fault systems based on available
data (Table 1).

5.2 Seismogenic depth

Even though earthquakes in Turkey are usually characterized by shallow-depth earth-
quakes in the crust, significant variances are observed in seismogenic depths (Duman et al.
2016). This is related to variations in the lithospheric composition of the crustal structure,
existence of suture zones juxtaposing different lithospheric components and variations in
the mechanisms of active tectonics around Turkey. In general, seismogenic depth increases
from west to east and north to south.

Northern Anatolia, is typically represented by earthquakes generated by the NAF sys-
tem, from west to east, the seismogenic zone slightly increases from ~ 17 to 20 km deep
(Kaypak and Eyidogan 20035; Ozalaybey et al. 2002; Cakir et al. 2003; Karabulut et al.
2002). Western Anatolia is characterised by shallow earthquakes ~ 12—15 km deep (Tezel
et al. 2010; Ergin and Aktar 2009; Tan 2012). Central Anatolia experiences deeper
earthquakes reaching a depth of ~17-20 km (Yolsal-Cevikbilen et al. 2012; Bulut et al.
2012). Eastern Anatolia is represented by more complicated structure resulting in differ-
ence in the seismogenic thickness ranging from 20 to 25 km (Tiirkelli et al. 2003; Zor et al.
2003; Elliott et al. 2013: Utkucu 2013). Although the seismicity of the EAF zone, SEAT
zone, the Karliova triple junction area and the area east of this junction have similar
hypocentres (h > 20 km), the seismicity of the EAF zone is typically less than 20 km
(Tiirkelli et al. 2003). However, the main shock of 1998 Mw 6.2 Ceyhan earthquake with a
32 km depth and aftershocks (Aktar et al. 2000) reveal that seismogenic depth become
deeper in the Iskenderun Bay where the northern strand of the EAF merges to Cyprus arc.
Recent studies on the 2011 Van earthquake resulting from a reverse mechanism have
shown the seismicity to more than 20 km depth (Elliott et al. 2013: Utkucu 2013).

Additionally, latest improved instrumental earthquake catalogue was prepared by
Kadirioglu et al. (2016) for Turkey and the surrounding countries. It covers the region
between latitudes 32—45°N and longitudes 23—-48°E. The catalogue includes 12,674 events
for the period between 1900 and 2012. In the catalogue, there is a considerable amount of
events occurred before 1960s, which were not well-resolved by the location algorithms
(fixed at 33 km) or without depth information (fixed at 10 km) as flag to show that the
depths were no good.

We also evaluated focal depths of all earthquakes included in the new earthquake
catalogue (Fig. 5). We examined focal depths by distributions of the earthquakes within an
8-km buffer zone of the 485 fault segments (Fig. 6). Based on both available literature and
the improved catalogue, we estimated seismogenic depths ranging from 13 to 33 km for
the 485 active fault segments of Turkish territory (Table 1).
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Fig. 5 The distribution of the seismicity according to the focal depth across Turkey and surrounding region,
1900-2012, Mw > 4.0 (from Duman et al. 2016)
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Fig. 6 Spatial distribution of earthquakes from 1900 to 2012 larger than Mw > 4.0 within the 8-km wide
buffer zones of the active faults. Earthquake data was taken from Kadirioglu et al. (2016)

5.3 Estimated maximum magnitude

During the seismic hazard analysis, it is necessary to estimate maximum earthquake
magnitude that might be generated by an individual fault segment. However few large
earthquakes are known that occurred during the historical period. Therefore, the expected
magnitude scale of a fault segment is commonly evaluated from the fault dimensions,
which are associated with earthquake magnitude (Wells and Coppersmith 1994).
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Approaches in estimating maximum earthquake magnitudes on individual fault seg-
ments typically are based on empirical relationships between magnitude, rupture length,
rupture width, rupture area, and surface displacement. These correlations have been
investigated by numerous researchers during the last half century (e.g. Bonilla et al. 1984;
Darragh and Bolt 1987; Scholz 1982; Slemmons et al. 1989; Stirling et al. 2002; Wells and
Coppersmith 1994; Wesnousky 2008). The most common feature that is correlated with
magnitude is the surface rupture length as a function of slip type (Wells and Coppersmith
1994). In this study, we calculated maximum magnitudes on fault segments that are
individual seismogenic structure from empirical relations between maximum magnitude
and surface rupture length inferred by Wells and Coppersmith (1994). The reason for the
selection of formulations developed by Wells and Coppersmith (1994) is the inclusion of
several surface rupture and earthquake data from Turkey in their database. The estimated
maximum moment magnitudes (My) of the 554 fault segments range from 5.3 to 8.0
(Table 1). In this table, we have considered only total rupture length associated with the
large earthquakes since 1900 such as multi-segmented large earthquakes along the NAF.
Proposed estimated magnitudes on the other faults represent individual fault segments.
Therefore, we would like to note that logic tree approach is needed for understanding the
estimated magnitudes of multi-segmented large fault zones based on the fault geometry
and segmentation data including slip rate.

6 Conclusions

In this study, we summarize the development of a new nationwide database of active faults
that spans all of Turkey. The database represents our current best understanding of the
location, style, and deformation rates of active faults in Turkey. Primary observations from
the study are as follows.

e The updated active fault map of Turkey and its database provide the most recent
characteristics of seismic sources on a national basis. The map outputs were prepared at
three different scales; (1) Base active fault maps of 1:25,000 scale, (2) Active fault map
series of Turkey at 1:250,000 scale intending to provide essential fault data for regional
earthquake hazard analysis and regional physical planning, and (3) Active fault map of
Turkey at 1:1,250,000 scale providing active fault information in order to support
hazard mitigation strategies for national policy, strategy, and physical infrastructure
planning. All the maps are available on the map portal or web page of the MTA
General Directorate.

e Active faults are classified into four distinct types based on geochronological criteria.
These are faults with known earthquake surface rupture, Holocene-active faults,
Quaternary-active faults and Probable Quaternary-active faults or lineaments.

e The database contains 533 single fault segments ranging between 4 and 330-km, which
are substantially potential as earthquake sources.

e The database includes 338 Holocene-active fault segments and 121 Quaternary-active
segments. Strike-slip (261; 48.9%) and normal slip (227; 42.5%) faults constitute the
majority of fault segments in the database. Fault segments with reverse slip (45; 8.6%)
are comparatively few.

e The database includes 28 historical earthquake surface ruptures delineated in detail,
which occurred during the last century.
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e Fault parameters, which are essential data for seismic hazard analysis, such as class,
activity, type, length, trend, and attitude of fault planes were defined for each of the 533
fault segments mapped in Turkey. The parameters have been augmented by estimates
of slip-rate, seismogenic depth and expected maximum magnitude based on available
data.

e The database provides information in order to support hazard mitigation strategies for
national policy, strategy, and physical infrastructure planning and essential fault
parameters for regional-scale seismic hazard assessment. Additional evaluations
including more detailed consideration of probably Quaternary faults and lineaments
will likely be required for site-specific studies of important facilities.
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