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Abstract
The Milas Fault (MF) is a poorly known active fault located between the Büyük Menderes Graben to the north and the
Gökova Graben to the south within the Anatolia-Aegean Region, SW Turkey. This dextral strike-slip fault has a length
of 55 km between the Bafa Lake in the northwest and Çamlıca village in the southeast with a general strike of N60°W
as its surface geometry displays two separate segments. We mapped the geomorphological and geological features
of the MF by using Google Earth© images, Digital Elevation Models (DEMs) and �eld observations. The surface traces
and kinematic characteristics of the MF are de�ned by rarely seen carbonate rocks, morphological lineaments and
offsets streams, which all suggests a dominantly horizontal deformation for this peculiar tectonic structure. Moreover,
we excavated three paleoseismological trenches in order to expose the signature of paleoearthquakes of the MF and
to evaluate its seismic hazard potential. Evidences of three paleoearthquake events were revealed in trenches
depending on the stratigraphical and structural relations of the exposed strata of latest Quaternary period. These
earthquakes are dated as 1702±260 BC-2963±67 BC, 7152±600 BC-13502±3359 BC, and before 13502±3359 BC by
means of combined OSL and 14C dating results from youngest to oldest, respectively. These events are supposed to
be around or larger than M 7.0 earthquakes. Even there is no constrained dates to propose recurrence interval,
combined data from �eld observations, morphology, seismic records and paleoseismology indicate that the Milas
Fault is an active structure and have a potential to produce a similar magnitude earthquake in the future.

1. Introduction
Neotectonics of Turkey is evolved with the commence of collisional convergence and tectonic escape-related
deformation since the medial-late Miocene (Şengör et al. 1985). The convergent motions between the African, Arabian
and Eurasian plates have deformed a region within the collisional sphere with acute impacts on the Anatolian Block
(Şengör & Kidd 1979; Reilinger et al. 1997; Allen et al. 2004). The collision between the Arabian and the Eurasian
plates along the Bitlis-Zagros Suture was followed by the escape of the Anatolian Block towards west between the
sinistral East Anatolian Shear Zone (EASZ) and the right-lateral North Anatolian Shear Zone (NASZ) (Şengör 1980;
Reilinger et al. 1997; Allen et al. 2004; Şengör & Yazıcı 2020). This escape is accelerated by the pull effect (back-arc
spreading) of Hellenic Subduction in the western Anatolia (Barka & Reilinger et al. 1997; Bozkurt 2001; Reilinger et al.
2006). GNSS studies suggest a N-S regional extension with a rate of about 30-40 mm/yr. in the western Anatolia
(Reilinger et al. 1997; Kreemer et al. 2014), which is de�ned as the Western Anatolian Extensional Province (WAEP)
(Fig. 1a).

The WAEP forms one of the unique active extensional regions in the world (Jackson & McKenzie 1988; Reilinger et al.
1997; Taymaz & Jackson 1991; Bozkurt 2001). The general framework of this system is governed by the E-W trending
normal faults (e.g. Edremit, Bakırçay, Kütahya, Simav, Gediz, Büyük Menderes and Gökova grabens). The geodetic
studies (McClusky et al. 2003; Reilinger et al. 1997) reveal that the general N-S extension in the WAEP indicate that
there must be a more complex evolution between Büyük Menderes Graben (BMG) and Gökova Fault Zone (GFZ),
represented by the NE-SW trending Söke normal fault, NW-SE trending Muğla-Yatağan normal faults (Emre et al. 2013)
and the NW-SE trending dextral Milas Fault (MF) (Fig. 1b). The distribution of total strain between the BMG and GFZ is
quite complicated; therefore, detailed studies such as GNNS, paleomagnetism, seismology and tectonostratigraphy
are needed to solve this problem. In this study, we study the activity of the MF, as being one of the major structures of
this complex region, by investigating its paleoseismic history. Milas province is a rapidly growing and urbanizing
region due to its fertile agricultural lands, tourism potential and preferable climate conditions. Therefore, determining
a possible earthquake risk is of utmost importance for this region. Historical earthquake records and
paleoseismologic studies demonstrate that the SW Anatolia hosted numerous earthquakes during the late Holocene
(Papazachos et al. 1991; Guidoboni 1994; Ambraseys & Jackson 1998; Guidoboni et al. 2005; Karabacak 2016;
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Basmenji et al. 2021). Among these extensive historical records, there is no clear data on the place of the MF in the
seismicity of the SW Anatolia. Any evidence for past earthquakes on the MF will not provide information on the
seismic hazard for this region, but it will also contribute to our understanding in such complex extensional regions
elsewhere in the world.

2. Materials & Methods
Paleoseismic trenching is one of the most practical methods providing a good overview about seismic history of
active faults. The focus of this method is to determine earthquake cycles related to the individual fault systems and
provide insights about cumulative surface slip associated with past earthquakes along the identical system
(McCalpin 2009). Therefore, paleoseismology along with geomorphological investigations cater the most reliable
information regarding the seismic hazard evaluations (McCalpin 2009; Meghraoui & Atakan 2014). Determination of
recurrence intervals of earthquakes with short return periods is possible with correlation of paleoseismological
dataset e.g. (Schwartz & Coppersmith 1984; Thatcher 1984; Sieh et al. 1989; Thatcher 1990; Goes 1996; Weldon et al.
2004; Dolan et al. 2007; Rockwell et al. 2009; Akyüz et al. 2015).

To identify the structural and morphologic properties and generate a detailed map of the Milas Fault (MF); we used
Advanced Spaceborne Thermal Emission and Re�ection Radiometer (ASTER) DEMs (30m ground pixel resolution),
Google Earth images and Unmanned Air Vehicle (UAV) photos, which are used to produce high resolution digital
surface models (DSM) and orthophotographs as well. Morphotectonic features such as fault scarps, offset gullies,
morphological lineaments and scarps, in addition to geological and stratigraphic relations of units are de�ned in the
�eld along the entire MF. All data were compiled and processed in the ArcGIS software.

Paleoseismological trench study includes site selection, excavation, trench preparation, sampling, logging, dating and
interpretation stages. Potential trench locations were determined based on Google Earth images and suitable ones
were selected for trenching by �eld investigations. All of the trenches were excavated perpendicular to the main trend
of the fault and trench positions recorded by using a handheld Garmin GPS Map 60. We followed the methodology as
described by (Akyüz et al. 2015) for the preparation and logging the trench walls. For which, trench walls were
manually cleaned using by hand tools and gridded (1×1 m) to identify and log the faults, related structures, and the
stratigraphic units. All trench walls were logged in a scale of 1:20 and we also correlated our logs with the
photomosaics of the trench walls. The �eld data were digitized to �nalise trench logs. Samples from critical levels
were collected for radiocarbon (14C) and Optically Stimulated Luminescence (OSL) dating. Quartz crystals from OSL
sample tubes were extracted in MALTA Lab. (Sakarya University, Turkey). Luminescence tests and De measurements
from 16 aliquots were performed using a Risø TL/OSL Reader DA-20 equipped with 90Sr/90Y (0.13 ± 0.04 Gy/s)
source installed at the Ankara University Institute of Nuclear Sciences, Luminescence Research and Dating
Laboratory. Geochemical analysis of the radioactive elements (U, Th, K, and Rb) was conducted at the accredited ALS-
Global Laboratory (Canada), using inductively coupled plasma mass spectroscopy (ICP-MS) for trace elements (ALS
Code: ME-MS81) and inductively coupled atomic emission spectroscopy (ICP-AES) for major oxides (ALS Code:
MEICP06). Environmental Dose rate and age of each sample is calculated by using DRc software (Tsakalos et al.
2016). Further details of the procedure and instrumentation is described in (Erturaç et al. 2019). Bulk and charcoal
samples were analysed in Poznan Radiocarbon Lab. 14C results were calibrated by OxCal (Bronk Ramsey and Lee
2013), using the correction curves by (Reimer et al. 2013).

3. The Milas Fault: Its Geology, Morphology, Segmentation And Seismic
History
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3.1 Geology
The Milas Fault (MF) prolongs along the Milas-Karakuyu Basin which covers the lithological units of different ages
overlying the southern Menderes Massif (Okay 1989; Gürer & Yılmaz 2002; Bozkurt 2007). Selimiye Formation is the
oldest unit in the region around the MF (Dürr 1975) (Fig. 2). The Selimiye Formation is considered within the core
complex of the Menderes Massif (Hetzel & Reischmann 1996; Loos S & Reischmann 1999; Gessner et al. 2004);
however, unlike other parts of the Menderes Massif, the Selimiye Formation has undergone metamorphism in the
Neoproterozoic; the cooling ages determined from the metagranitoids are of Eocene age (Bozkurt & Satir 2000;
Candan et al. 2001). The formation consists of micaschists and highly foliated phyllites. In addition, there are thin
marbles with lenticular geometry, sometimes making lateral and vertical transitions or having sharp contacts with
other units at different levels (Aksoy 2004). Selimiye Formation is overlain by the Permo-Carboniferous Göbektepe
Formation, which consists of thick bedded dark coloured phyllite, recrystallized limestones and quartzites. Limestones
are dated by using foraminifers as Permo-Carboniferous (Önay 1949; Çağlayan et al. 1980; Okay et al. 2001). The
Göktepe Formation is stratigraphically overlain by a Mesozoic aged thick carbonate unit called the Milas marble that
is mainly made up of platform-type massive carbonates of rudist-bearing marbles, intraformational carbonate
breccias and marbles with chert intercalations from the bottom to the top (Dürr 1975; Özer 1998). Miocene detritic
sediments cover the Milas marble unconformably in the south of the Beçin village. All these units are covered by
Quaternary alluviums along the Milas-Karakuyu Basin (Fig. 2).

3.2 Morphology and segmentation
The MF is one of the active tectonic structures in southwestern Anatolia located between the Büyük Menderes Graben
and Gökova Fault Zone. The MF has a 55 km length with the strike of N60°W between the Bafa Lake and Çamlıca
Village and has a dominant right lateral strike-slip movement with slight vertical component (Fig. 3). There are limited
studies about the structural characteristics of the fault. The MF was mapped as a possible active fault �rst by Şaroğlu
et al. (1987) and de�ned as the “Karaova – Milas Fault Zone”. Later, the MF were classi�ed as two segments of a
right-lateral strike-slip fault and named by Emre et al. (2013) as; Karakuyu to the northwest and Beçin to the
southeast. Although information on the location and geometry of the fault has been recorded in previous studies
(Emre et al. 2013; Karabacak 2016), there are limited data on its actual tectonic activity and seismogenic
characteristics. The MF is an important structure because there are some dense populated towns and villages along
it. Even it is de�ned as an active fault, its detailed geometry, morphotectonic indicators and recent tectonic activity is
unknown. The detailed mapping of the active faults provides a dataset that include evolution of the structural,
morphological and lithological variations (e.g. orientation and geometry, ground ruptures, fault scarps and
deformation setting) sourced by the tectonically active landscapes and these variations are signi�cant to detect the
a�liation of earthquakes potential (McClay 2013). Generally, the fault map prepared in this study represents similar
geometry to the active fault map of (Duman et al. 2011) and (Emre et al. 2013), with some differences in detail and in
the NW and SE ends of the fault.

The MF consists of two segments which are separated with a 3,5 km-wide releasing step-over around the Milas Town
with a N-S striking normal fault linking these two segments. The western, Karakuyu, segment has 30 km length while
the eastern one, Beçin, has a length of 25 km (Emre et al. 2013). The Karakuyu Segment trends between south of the
Bafa Lake and the Milas City, running through a high relief within the Milas marble for 12 km between Hisarcık and
Karakuyu villages. Beçin Segment prolongs for ~25 km between the Beçin Village at SE of the Milas City center and
the Çamlıca Village to southeast. To the west of Beçin, it forms a boundary between Quaternary deposits in the Milas
Basin and the Miocene clastics to the south. The fault cuts through the Milas marbles (Mesozoic) between the
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Aslanyaka and Kalınağıl villages. To the south of the Kalınağıl Village, the Beçin Segment shows some parallel
branches towards southeast within the Milas marble. The fault trace ends around the Çamlıca Village after making a
lazy bend to left.

Fault planes in marbles were detected at limited locations. A spectacular one is in the Pınarcık Village on the Karakuyu
Segment. The fault plane exposure is about 20 meters high in marbles (Fig. 4a) where fault slicken-lines could not be
observed due to high alteration and erosion. The western extend of this exposure (~200 m) indicate a right-lateral
oblique motion of the MF with a rake angle of 24° (Fig. 4b).

As a result of the curved geometry close to both ends of the MF, small fault splays at NW and SE develop as
“horsetail” structures at the end points of the MF. The late Quaternary tectonic activity of the MF is mainly
characterised with a linear trough and dextrally offset channels from 40 to 100 of meters (Figs. 4c, d, e, and f).

3.3 Seismic history
Instrumental seismicity and historical seismic records indicate that there have been some moderate-magnitude
earthquakes along the MF (Fig. 3).

A single historical event that can be associated with the MF is the 1631 AD Beçin Earthquake (Ambraseys 2009). The
governor of Beçin, who kept the historical records in the region, explained that the walls of the salt stores in the Milas
and Beçin were damaged due to the 1631 event. There is no mention of any casualties or any detailed and large
destruction related to this earthquake. For this reason, we interpreted that the 1631 event was not a surface rupturing
earthquake.

We also compiled earthquake records that have occurred between 1940 and 2020 and classi�ed them by using
different databases and publications (Ambraseys & Jackson 1998; Ersoy et al. 2000; Kadirioğlu et al. 2018; AFAD; ISC;
KOERI; NEIC). There are two major earthquakes occurred at the eastern end of the Beçin Segment at 19:51 and 22:34
on 23.05.1941 with magnitude Ms=6 and Ms=5.6, respectively (Table 1; Fig. 3). During these earthquakes, 3 people
died and 7 people were injured because of fallen blocks and collapsed houses. A total of 25 houses in Milas and
Muğla were severely damaged and 5 buildings were completely destroyed (DABCA). There is no reported surface
rupture caused by these earthquakes.

Table 1
List of instrumental earthquakes in the study area (a: Ambraseys & Jackson 1998, b: Ersoy et

al 2000, c: Kadirioğlu et al 2018, AFAD: Disaster & Emergency Management Authority
Presidential of Earthquake Department, ISC: International Seismological Centre, KOERI:

Kandilli Observatory and Earthquake Research Institute, NEIC: USGS National Earthquake
Information Center.)

No Date Lat. Long. Depth (Km) M Type Magnitude References

1 23.05.1941 37.25 28.00 35.0 Ms 6.0 a, b, c

2 23.05.1941 37.25 28.00 35.0 Ms 5.6 a, b, c

3 19.07.1971 37.50 27.40 16.0 M 4.0 KOERI

4 27.12.1988 37.38 27.63 10.0 Md 4.1 AFAD

5 20.05.1996 37.41 27.52 12.0 Md 4.1 ISC

6 26.05.2019 37.23 28.02 10.0 Md 4.5 NEIC
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4. Paleoseismology Of The Milas Fault
Paleoseismic trenching is the most common technique that provides information about the time, size and location of
past earthquakes and investigates the future seismic potential of any fault (McCalpin 2009). To explore the seismic
history and earthquake potential of the MF, we excavated three fault-perpendicular trenches (Ağılyanı-1 and 2, and
Zeytinlik trench) (Fig. 5) at two different sites on the Karakuyu Segment. Trench sites were determined based on the
fault morphology, suitable depositional environment for Holocene sedimentation, low level of underground water and
convenient logistic conditions.

4.1 Ağılyanı-1 trench
The Ağılyanı-1 trench is located at Gümüşlük district, approximately ~2 km west of the Milas Town. This site is
located on a linear saddle morphology. Recent sedimentation is mainly made of �ne siliciclasts, which are sourced
from the southern slopes and seasonal gullies. The trench is 13 m in length, 1.5 m in width and about 2.5 m in depth
(Fig. 6).

The trench exposure starts with the greenish-grey mica schists at the bottom (Unit-V; Fig. 7). Unit IV, made of silt with
gravel and blocks, unconformably overlies the Unit-V, whereas light brown silt with rare sand and clay (Unit-III) covers
all units below between 0 and 6th meters. The upper part of the trench exposure is represented with the light grey silt
with gravels (Unit I) and various silts with coarse sand or gravels (Units II and IIa) exposing a clear erosional contact
at the bottom of the sequence.

The most prominent structural feature is a 1-meter-wide fault zone between 8th to 9th meters, which is characterised
by sharp vertical contacts including parallel-subparallel fault branches (Figs. 7 and 8). These faults cut the basement
rock (Unit-V) together with secondary fault branches in 7th and 10th meters. This zone and secondary faults are
covered by sandy/pebbly/silty deposits (Unit II and I) on an erosional surface that represents the last event horizon (E-
1). Fine grained in�ll material within the main fault zone are also cut by faults and includes shear fabric along these
structural features (Fig. 8). This in�ll is an indicator for an earthquake and postdate Event-2 (E-2). At the bottom of
this zone, it is seen that a couple of vertical fault branches were covered with silty sand which is interpreted as the
oldest event horizon (E-3) (Fig. 7).

We collected four samples for OSL dating to constrain the timing of past earthquakes in the Ağılyanı-1 trench (Tables
2 and 3). Sample AGL1-O1 was taken from lower part of the Unit-II that emplaced on an erosional surface on the main
fault zone between 8th and 9th meters and yielded 232±260 BC giving the depositional age of the sedimentary layer
covering an event (Event-1). AGL1-O3 was taken within the main fault zone that represents the date of in�ll material
providing a post-date of an earthquake as 7152±660 BC. Another clue for penultimate event is the tilted Unit-IV
located on another erosional surface on the northern end of the basement. The OSL date (AGL1-O9) from Unit IV
(7110±153 BC) is convenient with the in�ll date and supports the post-date of the penultimate event (Event-2). At the
bottom part of main fault zone, it is observed that a couple of fault branches were covered by greenish yellow sandy
silt. The OSL date (AGL1-O4) from bottom part of this stratum gives another postevent date of 13502±3359 BC
(Event-3). Even there is no any pre-date restrictions for past earthquakes in this trench, we can conclude that there are
three surface-rupturing earthquake evidences in this trench two of which has occurred during the Holocene.
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Table 2
Variables for OSL dates from Ağılyanı-1, Ağılyanı-2 and Zeytinlik Trenches. All ages represent year before 2018 which

are further calibrated to chronological age (BC) accordingly
Sample U

(ppm)
Th
(ppm)

Rb
(ppm)

K
(%)

Equivalent
Dose (Gy)

Cosmic
Dose
Rate
(Gy/ka)

Environmental
Dose Rate
(Gy/ka)

OSL
Age

(ka)

Chronological

Age (BC)

AGL1-
O1

2.93 10.10 76.80 1.89 7.00 ±
0.81

0.164 3.106 ± 0.03 2.25
±
0.26

232 ± 260

AGL1-
O3

2.45 13.50 105.50 2.58 34.9 ± 2.5 0.134 3.804 ± 0.039 9.17
±
0.66

7152 ± 660

AGL1-
O4

1.87 11.15 110.50 2.91 60.07 ±
13

0.13 3.87 ± 0.023 15.52
±
3.359

13502 ± 3359

AGL1-
O9

2.54 10.65 87.70 2.17 30.00 ±
0.4

0.142 3.286 ± 0.033 9.129
±
0.153

7110 ± 153

AGL2-
O2

2.40 12.35 91.80 2.24 10.2 ± 0.7 0.149 2.74 ± 0.03 3.72
±
0.26

1702 ± 260

Table 3
Radiocarbon Dates from Ağılyanı-1, Ağılyanı-2 and Zeytinlik Trenches

Sample Laboratory

ID No

Material type and
weight (mg)

Radiocarbon age
(BP)

2σ Calibrated age
(BC)

Chronological age
(BC)

AGL2-
B3

Poz-
109420

Organic Sediments (0.3) 4350 ± 35 3030-2896
(89.8%)

2963 ± 67

ZY- B2 Poz-
102782

Organic Material (0.3) 3335 ± 35 1694-1526
(92.9%)

1610 ± 84

4.2 Ağılyanı-2 trench
Ağılyanı-2 Trench was excavated 50 m to the west of Ağılyanı-1, which is 16 m in length, 1.5 m in width and 3 m in
depth. The sequence starts with green schists (Unit-VIII), at the bottom, which is overlain by Unit-VII of altered bedrock
to the south of the trench wall, between 0th to 6th meters. The upper stratigraphic layers on the southernmost part are
mainly composed of slope-wash deposits of �ne grained and dark coloured silts and clays. These strata had been
excavated and �lled by arti�cial material between 0th to 5th meters. Between 5th -16th meters the bottommost layers
were cut by channels of various sizes. The upper layers are represented by silt, coarse sand and gravel and they lay
almost horizontal along the trench wall. At the northern part of the trench; schists (Unit-VIII) are covered with brownish
sandy-clay (Unit-V), dark brown silty-clay (Unit-IV), light brown silt with gravel (Unit-III), clay with grey sand and gravel
(Unit-II), and coarse sand with thin sand bands and sand lenses (Unit-I) (Fig. 9).

At the bottom of the trench; around 3th meter, the faulted bedrock units (Unit-VII and Unit-VIII) were blanked by a
brown clay layer after an erosional period (Unit-VI) (Fig. 10). Another fault branch which belongs to same event were
found at the 11th meter of the trench base which cuts the bedrock, but is covered with the sandy clay unit (Unit V). We
sampled the layer above the event horizon for OSL (AGL2-O2) and radiocarbon (AGL2-B3) dating (Tables 2 and 3),
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which respectively yield between 1702±260 BC and 2963±67 BC which is comparable with the Event-1 in the
Ağılyanı-1 trench.

4.3 Zeytinlik trench
Zeytinlik Trench is located on a linear escarpment within the continuation of the morphological saddle structure of the
Ağılyanı Site (Fig. 11). Trench has a 17 m length, 1.5 m width and 2.5 m depth. It is located on the southeastern part
of the Karakuyu segment (~ 1,5 km west of Milas city center) and 1 km southeast of Ağılyanı trench site.

The stratigraphy of the trench is represented with typical colluvium deposits, which are derived from the southern
slopes and mostly made of coarse-grained and angular marble pebbles and blocks with a clay-silt-sand matrix. There
are abundant caliche formations within the matrix. We identi�ed a total of �ve units within the stratigraphy of the
trench. The oldest unit (Unit-V) in the trench is a sand layer with dark brown clay matrix containing angular pebbles
and gravels (Fig. 12). The Unit-V is conformably overlain by brown sandy clay with angular blocks (Unit-IV) and gravel
with brown clay matrix (Unit-III). These units slightly dip to the south.

Between the 11th and 15th meters, the layers (Unit-V, Unit-IV and Unit-III) are cut and displaced by parallel/sub-parallel
faults. Especially at 12th m meter, an in�ll is observable between these fault branches (Fig. 13).

The upper termination of fault branches is covered with the dark yellow sandy silt (Unit-II). This unit is continuous
throughout the trench wall and is emplaced on an erosional surface. The youngest layer (Unit-I) is reddish brown clay
layer which comprises rare gravel and blocks. The thickness of the Unit-I is noticeably high in the north and it wedges
to the south end of the trench. A single radiocarbon sample from Unit-II (ZY-B2) yields age of 1610 ± 84 BC, which
postdates the event horizon of the Zeytinlik Trench. This is also comparable with the Event-1 of Ağılyanı-1 and -2
trenches.

5 Discussion And Conclusion
The MF is a NW-SE striking dextral fault in SW Turkey. In order to unravel the characteristic features of the MF and
evaluate the earthquake activity through the Holocene, we constructed a detailed multi-disciplinary study containing
morphological and structural observations for paleoseismological perspective. The MF’s effect on the
geomorphological evolution of the area have been investigated by using DEM images and �eld surveys. The MF
strikes mostly through the basement rocks forming a high-relief morphology, while it bounds the Quaternary basin in
places. Dextral stream offsets of ranging between 40 and 100 m are observed along the Karakuyu Segment. There are
en échelon faults, showing a typical horsetail structure on the NW and SE terminations of the MF. Other signi�cant
morphological features are the linear troughs that are located between the Milas City centre and the southeast edge of
the Karakuyu Segment.

Joint analyses of remote sensing and �eld surveys have allowed us to prepare a precise map of the MF. Based on
these, we selected the paleoseismic trench sites in order to investigate the earthquake history of the MF. Three
trenches represented in this study are the �rst paleoseismic excavations on the MF. The faulted Holocene strata were
de�ned in all trenches. Combining dating results, we revealed three different surface-rupturing earthquake events,
among two have happened during the Holocene (Fig. 14). The oldest event should have occurred before 13500 BC
while the penultimate one ruptured the fault in between 13500 BC and 7152 BC. The youngest event that produced the
surface rupture is dated between 1702±260 BC and 2963±67 BC.

There is very limited data about historical earthquakes directly related to the MF. A major historical earthquake at the
Beçin region (1631 AD) have been documented by (Ambraseys 2009) Some damage on the buildings and the salt
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depots have been recorded by the governor of the Beçin. Even though there are damage on the building and the
constructions, there is no record in terms of casualties and economical loss. Due to this ambiguous and weak
documentation and the absence of the fault rupture on the surface, 1631 earthquake could be interpreted as a
moderate event and did not produce any surface rupture. In instrumental period, the most signi�cant earthquakes
occurred in 23 May 1941 on the Beçin Segment of the MF. In the same day, there were two earthquakes; Ms=5.6 and
Ms=6.0 (Ambraseys & Jackson 1998; Ersoy et al. 2000; Kadirioğlu et al. 2018). According to the instrumental records,
a total of 44 M=3.5-3.9 and 6 M>4 earthquakes have been recorded between 1900 and 2020 (Table 1). When the
scarce seismicity of the Milas Region is compared with the dense seismicity of the SW Anatolia, a relatively slow
tectonic motion is taking place at the Milas region in terms of earthquake activity. In order to calculate the numerical
earthquake productivity of the MF, an empirical function (MAG=1.12 × LOG RL + 5.16, where RL represents the rupture
length) of the (Wells & Coppersmith 1994) have been considered. Two possible scenarios were integrated and their
maximum intensity is interpolated; Karakuyu and Beçin segments can be broken as separate segments or together. If
the segments might produce discrete earthquakes, Karakuyu and Beçin segments could produce M=6.8 and M=6.6
earthquakes, respectively. Moreover, these interpretations are compatible with the similar result of (Emre et al. 2018)
which have calculated M=6.7 and M=6.6 for these segments. If two segments rupture together then it may produce a
M=7.1 earthquake. The evidence for surface faulting in our trenches and clear fault-related morphology suggest that it
is more likely to have a M≥7, generating a surface rupture along the entire length of the MF, which should be
considered is seismic hazard assessments for the region.
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Figures

Figure 1

a Major active structure of Anatolia, compiled from (Şengör et al 1985; Barka 1992; Şaroğlu et al 1992; Emre et al
2013; Şengör et al 2014). Key to lettering: CA: Cyprus Arc, CAFZ: Central Anatolian Fault Zone, TF: Tuz Gölü Fault,
NAFZ: North Anatolian Fault Zone, EAFZ: East Anatolian Fault Zone, DSFZ: Dead Sea Fault Zone, GFZ: Gökova Fault
Zone, BFSZ: Burdur-Fethiye Shear Zone, NAP: North Anatolian Province, EACP: East Anatolian Contractional Province,
CAOP: Central Anatolian ‘Ova’ Province, WAEP: Western Anatolian Extensional Province, BZSZ: Bitlis-Zagros Suture
Zone. The base map is the hill shade relief from GEBCO (downloaded from
http://www.gebco.net/data_and_products/gridded_bathymetry_data). b Seismotectonic map of the SW Turkey (faults
are simpli�ed from Emre et al 2013). Blue circles indicate seismic activity (Mw ≥ 3) between 1900 and 2020 (ISC
Earthquake Catalogue). Focal mechanisms (Mw ≥ 4) downloaded from Global CMT catalog (online)
https://www.globalcmt.org/CMTsearch.html, between 1965 and 2020; and compiled from (Kiratzi & Louvari 2003).
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The base map is the hill shade relief from ASTER GDEM database (downloaded from http://
https://asterweb.jpl.nasa.gov/gdem.asp)

Figure 2

The geological map of Milas Fault and surroundings. Modi�ed and compiled from (Okay 1989; Bozkurt 2007; Akbaş
et al 2011; Okay 2008)

Figure 3

Geometry and segmentation of the Milas Fault and distribution of Mw≥4 earthquakes between 1940 and 2020
(earthquakes data compiled from ISC: International Seismological Centre, NEIC: USGS National Earthquake
Information Center, AFAD: Disaster & Emergency Management Authority Presidential of Earthquake Department). The
base map is the hill shade relief from ASTER GDEM database

Figure 4

a The fault plane within the limestone unit in the south of the Pınarcık Village (vertical colours are pluvial traces), b
right-lateral striae with 24° rake angle. c, d, e, f show dextrally offset channels (c: 37°26.360'N, 27°28.000'E; d:
37°26.757'N, 27°27.451'E; e: 37°26.093'N, 27°29.363'E; f: 37°23.188'N, 27°36.664'E)

Figure 5

a Geological map showing the Ağılyanı and Zeytinlik trench sites. The region is mainly characterised by Permo-
Carboniferous mica schists to the NE and the Mesozoic marbles to the SW in addition to Quaternary alluviums in the
middle along the fault-controlled saddle morphology, and b UAV-based DSM-Orthophoto representation of the
morphology around the Ağılyanı trench site

Figure 6

(a) Google Earth image of trench sites on the Karakuyu Segment (X3 vertical exaggeration). (b) Photograph showing
the Ağılyanı trench site. The looking direction is to the west

Figure 7

Log of the Ağılyanı-1 Trench (eastern wall). Yellow circles show the locations of OSL samples. Dashed white lines
represent event horizons
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Figure 8

Close-up view of the exposed fault zone between 7th and 9th meters of the Ağılyanı-1 trench. Fault branches are
marked with yellow arrows

Figure 9

Log of the Ağılyanı-2 Trench (western wall). Yellow circle and rectangle show the locations of OSL and 14C samples,
respectively. The dashed white line represents the event horizon

Figure 10

Close-up view of faulting at 2nd and 3rd meters of the Ağılyanı-2 trench. Faults are marked with yellow arrows

Figure 11

a The linear tectonic scarp with of about 1.5 m height in the Zeytinlik trench site, b The Zeytinlik Trench

Figure 12

Log of the Zeytinlik Trench (western wall). Black rectangle shows the location of 14C sample

Figure 13

Close-up prospect of the MF from 11th and 14th meters of the of the Zeytinlik trench. Orientation of the fault indicated
with yellow arrows

Figure 14

The graph demonstrates the identi�ed events in the Ağılyanı-1, Ağılyanı-2 and Zeytinlik trenches with respect to the
probability distribution of radiocarbon and OSL ages (Ramsey & Lee 2013; Ramsey 2020)


