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1. Introduction
The North Anatolian Fault Zone (NAFZ) branches off 
from the west of Bolu and reaches the Aegean Sea via the 
Sea of Marmara and northwest Anatolia. Although the 
branches of the NAFZ have been clarified by the seismic 
reflection studies carried out in the Sea of Marmara (Le 
Pichon et al., 2001; 2003), there are different opinions in 
the geological literature about the numbers and locations 
of the branches in the southern Marmara region (Pavoni, 
1961; Şengör et al., 1985; Crampin and Evans, 1986; Barka 
and Kadınsky-Cade 1988; Barka, 1992; Özalp et al., 2013; 
Şengör et al., 2014; Seyitoğlu et al., 2016; Emre et al., 2018). 
Two branches of the NAFZ, one extending from the Sea 
of Marmara to the Gulf of Saros and the other to the Biga 
Peninsula via Bursa, are shown in the west of Bolu (Şengör, 
1979; Şengör et al., 1985) (Figure 1a). On the other hand, 
considering the seismic activity in the region, the existence 
of a third branch extending to İzmir in addition to these 
two branches is suggested by Crampin and Evans, (1986) 
(Figure 1b) and also later by Yaltırak et al. (2012) (Figure 
1c). This mainly strike-slip fault-related seismic activity is 
explained with the existence of İzmir – Balıkesir Transfer 
Zone and no relationship with the NAFZ is described 
(Ring et al. 1999; Uzel and Sözbilir, 2008; Uzel et al., 2013) 
(Figure 1d). In fact, the idea of the three-branched NAFZ 

originates from Pavoni’s (1961) tectonic map, where the 
NAFZ has three branches, and the southern branch is 
separated from the north of Mudurnu by two parallel 
faults drawn in the Susurluk valley (Figure 1e). Barka and 
Kadinsky-Cade (1988) and Barka (1992) also defined the 
NAFZ by dividing it into three branches (Figure 1f). Based 
on morphotectonic data, Seyitoğlu et al. (2016) revised 
this three-branched configuration by stating that the 
southern branch of the NAFZ splits in Bolu via Mudurnu 
and Gölpazarı. This branch extends southwest through 
Bursa, Susurluk, Balıkesir, Akhisar, and Manisa to İzmir 
and then to the Aegean islands (Seyitoğlu and Esat, 2019; 
Seyitoğlu et al., 2020a, b, and c).

Unlike the views briefly mentioned above, the tectonic 
model describing the active faults in northwest Anatolia on 
the Active Fault Map of Turkey (Emre et al., 2013) suggests 
that there are five fault bends in northwest Anatolia 
from north to south (Emre et al., 2018) (Figure 1g). The 
northernmost two of these, the Central Marmara Bend 
and the South Marmara Bend form the branches of the 
NAFZ (Özalp et al., 2013), and the Manyas-Bursa Bend, 
which is further south of them, includes the Eskişehir Fault 
Zone by being evaluated outside the NAFZ. Naturally, it is 
seen that the Balıkesir Bend and the Southern Boundary 
Bend, which are further south, do not have a structural 
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relationship with the NAFZ (Emre et al., 2018) (Figure 1g).
The bend model (Emre et al., 2018) associates structures 
such as the Edremit Fault, Yenice-Gönen Fault, and Bursa 
Fault, which were attributed to the NAFZ in previous 
studies (Şengör et al., 1985; Barka and Kadinsky-Cade, 
1988; Barka,1992; Selim and Tüysüz, 2013; Seyitoğlu 
et al., 2016), with the relatively secondary structure, the 
Eskişehir Fault Zone. Evaluation of the fault zones in 
different regional tectonic models causes differences in 
the assessment of earthquake hazard analyses of many 
settlements, such as Bursa, the fourth largest city of Turkey. 
Therefore, it is important to examine different views 
about the number of branches and routes of the NAFZ in 
northwest Anatolia and to evaluate it in the light of new 
observations.

Using field observations on active faults in the Susurluk 
valley and south of Lake Ulubat, this article will present 
the dominant active fault pattern and make a critique of 
the bend model, showing how the southern branch of the 
NAFZ extends to the Aegean Sea (Figure 2a).

2. South of Ulubat Lake
2.1 Dorak-Durumtay Fault (DDF)
The Dorak-Durumtay Fault (DDF) is separated from the 
Ulubat-Doğanköy Fault (UDF) with right stepping in the 
north of Dorak settlement and extended to the southwest 
of Durumtay (Seyitoğlu et al., 2021; Figure 2b, c, and d). 
The eastern part of the DDF was named the Ulubat Fault 
by Emre et al. (2011a, b) and the western segment of the 
Ulubat Fault by Karabacak et al. (2021a). 

The eastern end of the DDF, which is approximately 
east-west trending in the south of Ulubat Lake, turns to 
a northeast-southwest direction in the north of Dorak. 
Kinematic data from the fault planes in this area display 
thrust components, as would be expected from a leftward 
bending of a right-lateral strike-slip fault (Figures 2b and 
3a-f). Additional kinematic data were obtained on the DDF 
around the Ayazköy settlement towards the west (Figures 
2b, 2d and 3g-i). To the north of Doğancı settlement 
(Figure 2d), the DDF creates 2.6 km right-lateral diversion 
on the Mustafakemalpaşa Çayı (Stream). Further to the 
west, the DDF reaches the north of Yumurcaklı by passing 
between the north of Taşkamış Tepe (Hill) and the south of 
Zambak Tepe and Turna Tepe (Figure 2d). These hills are 
on a morphologically elongated ridge. The displacement 
between Taşkamış Tepe and Zambak Tepe is approximately 
2.6 km, which is equivalent to a right-lateral offset on the 
Mustafakemalpaşa Çayı (Figure 2d). The DDF offsets the 
Susurluk River (Hanife Dere) 4.38 km right lateral to the 
southwest of the Durumtay settlement, and another short 
segment offsets the Çiçekli Dere (Creek) 1.15 km right 
lateral to the south of Beyköy (Figure 2c).

2.2 Mustafakemalpaşa Fault (MPF)
This fault was mapped as the southeast end of the 
Manyas Fault by Şaroğlu et al. (1992), and then Emre et 
al. (2011a, b) defined the same fault with a new name 
which is the northwest-southeast trending right-lateral 
Mustafakemalpaşa Fault (MPF). According to this 
definition, the northwest end of the MPF passes through 
the northeast foothills of the Tokmak Tepe uplift and is 
located inside the Mustafakemalpaşa settlement, without 
any displacement on the Mustafakemalpaşa Çayı and 
continues between the Keltaş and Aralık settlements 
(Emre et al., 2011a). Further east, the MPF gains an 
approximately east-west direction between Güller and 
Kabulbaba (Emre et al., 2011b) and passes into the right-
lateral strike-slip Orhaneli Fault with en echelon short 
segments (Emre et al., 2011c). Contrary to the Emre et 
al. (2011a), other researchers Selim and Tüysüz (2013) 
and Selim et al. (2013) draw the MPF to the south of the 
Tokmak Tepe uplift in the west northwest-east southeast 
direction, and thus they tried to explain the right-lateral 
offset along the Mustafakemalpaşa Çayı. The study of Kop 
et al. (2016) in the east of Mustafakemalpaşa settlement 
at two different locations, Lalaşahin and Aralık trenches, 
confirms the northwest-southeast right-lateral strike-slip 
faults of Emre et al. (2011a).

However, we did not find any kinematic data indicating 
strike-slip faulting at the northwest end of the MPF. 
Therefore, there is no kinematic evidence to draw the 
MPF in the northwest-southeast direction at the northeast 
slopes of Tokmak Tepe uplift. Instead, we drew the western 
end of the MPF in an approximately east-west direction 
using the bends of the streams south of Güllüce (Figure 2b, 
d). This new position of the fault explains the 830 m right-
lateral offset in the Mustafakemalpaşa Çayı (see also the 
similar interpretation of Selim et al., 2013). Continuation 
of the MPF to the east passes through the Lalaşahin 
trench reported by Kop et al. (2016). The fault, following 
the mountain-piedmont junction south of Üçbeyli, 
has developed shear zones parallel to the fault here and 
provides kinematic data for the right-lateral strike-slip 
faulting in the marble quarry east of Çördük (Figure 4). 
The en echelon segment of the MPF is morphologically 
quite prominent in the northeast of Çördük (Figure 2d).
2.3 Keltaş Fault (KTF)
We defined this fault using the fault planes outcropping 
south and northwest of Keltaş Tepe. The KTF consists of 
northwest-southeast trending northeast and southwest 
dipping normal fault segments (Figures 2d and 5). 

The northeast dipping normal fault segments are in the 
northwest of Keltaş Tepe, and the step-like topography here 
descends from Sakar Tepe to the Quaternary plain where 
the Aralık settlement is located (Figures 2d and 5a-f). This 
raises the question of the compressional data attributed to 
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Figure 1. Different views about the locations and numbers of the branches of NAFZ in northwest Anatolia, southern Marmara region. 
a) Two branched NAFZ from Şengör et al. (1985). b) Three branched NAFZ from Crampin and Evans (1986). c) Three branched NAFZ 
in western Turkey and Aegean Sea from Yaltırak et al. (2012). d) Right-lateral (Uzel and Sözbilir, 2008; Uzel et al., 2013) or left-lateral 
(Ring et al., 1999) İzmir-Balıkesir Transfer Zone. e) NAFZ in northwest Anatolia in the tectonic map of Pavoni (1961). Note that the 
NAFZ has three branches and the faults drawn in the Susurluk valley. f) Three branched NAFZ from Barka and Kadinsky-Cade (1988) 
and Barka (1992) with segment details. g) The bend model of Emre et al. (2018). Central Marmara Bend/northern branch of the NAFZ: 
Fuchsia lines; South Marmara Bend/southern branch of the NAFZ: Red lines; Manyas-Bursa Bend: Green lines; Balıkesir Bend: Purple 
lines; Southern Boundary Bend: Orange lines.
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Figure 2. a) The branches of NAFZ in western Turkey and Aegean Sea. After Seyitoğlu et al., (2016); Seyitoğlu and Esat, (2019); Seyitoğlu 
et al., (2020a). Black fault lines from Barrier et al. (2004); Emre et al. (2013); Caputo and Pavlides (2013); Seyitoğlu et al. (2022). Focal 
mechanism solutions from Tan et al. (2008), Global CMT Catalogue, Seyitoğlu et al. (2020a, b, c) b) Active faults are from this study 
and Seyitoğlu et al. (2020a). See Emre et al. (2011a, b, d), Sözbilir et al. (2016), Sümer et al. (2018), and Koçyiğit and Gürboğa (2021) for 
alternative fault configurations. Contour lines were derived from the 3-arc-second SRTM data. Quaternary units are from Konak (2002) 
and Türkecan and Yurtsever (2002). The circles represent the equal area lower hemisphere spherical projection of the fault planes and 
slickenlines. Gray (contractional) and white (extensional) areas and blue circles belong to the fault plane solution obtained by kinematic 
analysis of the fault data using FaultKin software (Marrett and Allmendinger, 1990; Allmendinger et al., 2012). See Table for numerical 
data. Rose diagrams show the directions of fractures without striae. c) Fault map of the Susurluk valley. The focal mechanism solution 
is from Seyitoğlu et al. (2020c). d) Fault map of the Mustafakemalpaşa region.
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Figure 2.
et al., (2020a). Black fault lines from Barrier et al. (2004); Emre et al. (2013); Caputo and Pavlides (2013); Seyitoğlu et al. (2022). Focal 
mechanism solutions from Tan et al. (2008), Global CMT Catalogue, Seyitoğlu et al. (2020a, b, c) b) Active faults are from this study 
and Seyitoğlu et al. (2020a). See Emre et al. (2011a, b, d), Sözbilir et al. (2016), Sümer et al. (2018), and Koçyiğit and Gürboğa (2021) for 

slickenlines. Gray (contractional) and white (extensional) areas and blue circles belong to the fault plane solution obtained by kinematic 

is from Seyitoğlu et al. (2020c). d) Fault map of the Mustafakemalpaşa region.
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Field data Kinematic (strain) axes

Fault plane Striae S1 S2 S3

# Latitude
(°N)

Longitude
(°E)

Strike
(°)

Dip
(°)

Trend
(°)

Plunge
(°)

Slip Trend
(°)

Pl.
(°)

Trend
(°)

Pl.
(°)

Trend
(°)

Pl.
(°)

Photo

1 39.773550 27.947396 120
232

62
42

285
37

26
13

T
N

345 8 237 66 79 23

2 39.797903 28.059862 295
40
15
33
248

37
45
60
55
78

344
189
176
187
258

30
27
30
32
39

N
N
N
N
T

166 4 73 34 262 56 Figure 7i-m

3 39.832160 28.059722 45 72 220 14 N 358 3 94 67 267 23 Figure 7a-c

4 39.903786 28.110835 65
355
115
220

60
66
55
66

75
173
118
20

17
5
4
38

T
N
N
N

34 22 202 62 78 17

5 39.878424 28.180987 37 87 38 11 T 352 10 202 79 83 6 Figure 7g-h

6 39.961797 28.244801 220
210
200
215
330
260

45
35
35
52
62
70

351
0
355
359
344
28

37
19
17
37
24
65

N
N
N
N
T
T

142 13 244 43 39 44 Figure 7d-f

7 40.049832 28.295333 130
110

82
45

220
200

82
45

N
N

207 18 300 7 51 70 Figure 6c-e

8 40.042722 28.304400 95 88 274 25 N 227 16 99 65 322 19

9 40.095564 28.485817 50
55
70

82
85
70

219
229
239

54
50
28

N
N
N

181 22 69 44 290 39

10 40.102501 28.553767 263
230
245
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28
31
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17
16
21

T
T
T
T

248 55 17 24 118 24 Figure 3g-i

11 40.106639 28.570298 258
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55
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293
280

26
32
28

T
T
T

232 51 41 39 135 5 Figure 3e-f

12 40.106479 28.586661 240 65 260 36 T 200 45 33 44 297 7 Figure 3a-d

13 40.040374 28.497031 60
58
61
55
25
126
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69
70
85
65
80

237
227
223
55
194
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6
26
40
0
22
17

N
N
N
T
N
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188 1 96 54 279 36 Figure 4c-e

14 40.019161 28.570927 58 80 235 15 N 191 3 91 72 282 17

Table.  Fault kinematic data from the field. We used FaultKin software (Marrett and Allmendinger, 1990; Allmendinger et al., 2012) to 
determine the kinematic axes. N: Normal, T: Thrust. See Figure 2b for graphical representations.
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Field data Kinematic (strain) axes

Fault plane Striae S1 S2 S3
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the strike-slip faulting in the Aralık trench reported in the 
Kop et al. (2016) article, suggesting the possibility of soil 
creep or landslide toe or argilliturbation as demonstrated 
in a trench on Ulubat Fault (Özaksoy, 2018). 

Normal fault planes cropping out just south of Keltaş 
Tepe are dipping to the southwest (Figures 2d and 5g-i), 
and they are creating step-like topography between Keltaş 
Tepe and Koca Dere valley. The normal fault segments 
around Keltaş Tepe and Güller are evaluated as structures 
related to the releasing stepover between two right-
lateral strike-slip faults called the MPF and the İnegazi-
Sincansarnıç Fault (İSF) (Figure 2b).
2.4 Hamamlı (HMF) and Ocaklı (OCF) Faults
In the southwest of Ulubat Lake, the parallelogram-shaped 
Tokmak Tepe uplift, on which Tokmak Tepe and Sivri Tepe 
are located, is bounded on the northeast and southwest 
margins by the Hamamlı and Ocaklı normal faults, and 
on the north and south by the right-lateral strike-slip DDF 
and Derecik Fault (DKF), respectively (Figure 2b, 2d). 
The northwest-southeast trending northeast-dipping fault 
segments of Hamamlı Fault (HMF) in the northeast of the 
uplift are drawn using the step-like topography between 
Hamamlı Tepe and Melde Tepe, and although they do 
not contain any structural data, the northeast-dipping 
distinctive fracture surfaces within the agglomerates are 
attributed to normal faulting (Figure 6a, b).

The prominent topographic difference on the southwest 
margin of the Tokmak Tepe uplift may correspond to the 
Ocaklı normal fault (OCF). In the Ocaklı settlement, there 
are distinct fracture planes within the agglomerates. The 
position of shear cleavages developed with these surfaces 
shows that the fracture planes are related to normal 
faulting (Figure 6c, d, and e).
2.5 Derecik Fault (DKF)
The Derecik Fault (DKF) bounds the Tokmak Tepe uplift 
from the south and consists of two segments (Figures 
2b, 2d, and 6f). This fault, extending semiparallel to the 
MPF, forms right bends in the stream channels in the 
west of Derecik, with a displacement of up to 115 m, and 
with a diversion of up to 335 m in the east of Derecik. 
The elongated position of the Kazancı ridge in the north 
of Tatkavaklı settlement is a morphologically important 
feature indicating strike-slip faulting (Figures 2d and 6f).

3. Susurluk valley
3.1 Susurluk-Havran Fault (SHF)
The SHF-1a segment, which forms the northeast end 
of the northeast-southwest trending SHF, is evident in 
the northwest of Adaköy with 1.6 km and 750 m right-
lateral displacements on both the Susurluk River and Kara 
Dere, respectively. The southwest end of the segment is 
located in the linear Kazan Dere (Figure 2b, 2c). The 29 
km long SHF-1b segment, located en echelon to the SHF-
1a segment, causes a right-lateral offset of 1.7 km and 

980 m, respectively, on both the Susurluk River and Kara 
Dere in the south and southwest of Taşköprü settlement 
(Figure 2c). Further southwest in Balıkdere, the segment 
SHF-1b, which creates a right-lateral offset of 100 m, 
follows the Harap Dere route and reaches the north of 
Ömerköy (Figure 2c). The structural data and cataclastic 
zone are clearly observed on the fault plane west of 
Ömerköy (Figure 7a-c). It is possible to see shear surfaces 
and secondary fractures developed parallel to the SHF-
1c segment located between Bostandere and Dereköy in 
the quarry southeast of Karapürçek (Figure 7d-f). The en 
echelon segment SHF-1d has created a 150 m right-lateral 
displacement on Acıcasu, which joins the Susurluk River in 
the southwest of Dereköy (Figure 2c). After segment SHF-
1d produces a right-lateral offset of 100 m on the stream 
joining the Susurluk River further southwest, it creates 
an abrupt bend in the Susurluk River to the north of the 
Susurluk settlement, followed by a sudden bend on the 
Koca Dere (Figure 2c). The SHF-1e, a northeast-southwest 
trending en echelon segment between Kayıkçı and north 
of Ömerköy, creates a 2.09 km right-lateral displacement 
on the Susurluk River (Figure 2c). Similarly, the segments 
SHF-2a and SHF-2b lying between Karaköy and Yeniköy 
are characterized both morphologically by creating a 
1.92 km dextral offset on the Susurluk River (Figures 
2b, 2c and 7g-h) and by following the linear Kara Dere 
valley further southwest (Figure 2c). Well-developed fault 
surfaces belonging to the SHF-2a and SHF-2b segments 
in the quarry at the southwest of Demirkapı present right-
lateral strike-slip structural data (Figures 2c and 7i-m). 
The right stepping of the SHF-2b and SHF-2c segments 
around İbirler pass to the SHF-3a segment and SHF 
extends to Havran (Figure 2b). The route of the Susurluk 
River is controlled by other en echelon segments SHF-2d, 
SHF-2e, and SHF-2f (Figure 2b, 2c). The greatest right-
lateral displacement of the Susurluk River in northwest 
Anatolia has occurred along with the Balıkesir-Kepsut 
Fault segments (Figure 2b).
3.2 Balıkesir-Kepsut Fault (BKF)
The distribution of the segments of the BKF shows that the 
Balıkesir plain should be considered as a pull-apart basin 
(Seyitoğlu and Esat, 2019). The segments of BKF located 
in the southwest are connected to the SHF, and the one in 
the northeast is responsible for the most significant right-
lateral offset in the Susurluk River (Figure 2b). In this 
section, segment distribution and field observations in the 
northeastern part of the BKF will be given.

The most northeastern end of the BKF is located in the 
linear valley of Darıçukuru Dere (BKF-1a). Structural data, 
indicating the right-lateral strike-slip fault, were compiled 
from five different locations on this segment or on shear 
zones semiparallel to this segment (Figures 2b and 8a-g). 
The en echelon segment BKF-1b is also located on a linear 
valley that hosts the Susurluk River. Its slopes close to the 
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valley floor provide structural data (Figures 2b and 8h- i).
The BKF-1c segment, which can be traced as a single section 
from Bektaşlar settlement to the Balıkesir Plain, contains 
structural data indicating the right-lateral strike-slip fault 
character in the west and northeast of Kepsut (Figures 2b 
and 8j-m). These field observations and morphotectonic 
data prove the existence of active northeast-southwest 
trending faults in the east of Balıkesir that have not been 
shown in the active fault map of Emre et al. (2011d). The 
greatest right-lateral displacement of the Susurluk river, 
17.32 km, occurred along with these segments, and most 
likely, the river follows the existing fault line (Figure 2b).
Semiparallel to the segments of BKF (BKF-1a, BKF-
1b, and BKF-1c), the seismically active (i.e. 2019.12.10 
earthquake; ML = 5.0) en echelon Akçaköy-Ataköy Fault 
(AAF), connects with the right-lateral strike-slip faults 
located further south, southwest such as Gelenbe Fault 
(GBF), Savaştepe Fault (SVF), and Bergama Fault (BRF) 
(Figure 2a) (Seyitoğlu et al. 2020a, b).

4. Discussion
4.1 Age of active faults 
A dramatic increase of boron content in the dated core 
samples from the Ulubat Lake leads the researchers 
to conclude that the drainage system of the southern 
Marmara, which eroded the boron deposits, is established 
not older than 300 ka (Kazancı et al., 2014). When this 
information and our observation of the fault-controlled 
course of Susurluk River are taken into account together 
with the recent U-Th dating from fault-hosted calcite (i.e. 
381 ka from Ulubat Fault and 697-156 ka from SHF near 
Havran) (Karabacak et al. 2021b), it can be concluded 
that we are dealing with the faults initiated during Middle 
Pleistocene in the study area.
4.2 South of Ulubat Lake
The south and southeast of Ulubat Lake are morphologically 
quite distinctive, and it has been shown that the right-
lateral strike-slip Ulubat Fault, drawn in an east-west 
direction in this area, acquires a normal fault character 
when it turns to the northeast-southwest direction (Emre 
et al., 2011a, b). This situation is contrary to right-lateral 
strike-slip kinematics, and our field observations revealed 
that there is a thrust component on the fault planes in the 
bend area. This part of the fault section named the western 
segment of the Ulubat Fault by Karabacak et al. (2021a) 
is continued further west and redefined as the Dorak-
Durumtay Fault (see section 2.1).

The active fault pattern in southern Marmara and 
northwest Anatolia was determined by Seyitoğlu et al. 
(2016) with the help of focal mechanism solutions of the 
earthquakes presented in this article. Accordingly, the 
northwest-southeast trending faults generally represent 
normal faulting, while the northeast-southwest and 

east northeast-west southwest trending ones are in the 
character of right-lateral strike-slip faults. While the 
northwest-southeast trending fault in the south of Manyas 
Lake has been proven to be a normal fault in the trench 
studies (Kürçer et al., 2017) that is concordant with the 
regional fault pattern, it has also been confirmed that the 
northeast-southwest trending faults have right-lateral 
strike-slip kinematics (Kürçer et al., 2008; 2019). 

When viewed at the regional scale, if the normal fault 
character of the northwest-southeast fault in the south 
of Manyas Lake is correct, the right-lateral strike-slip 
character of the MPF with the same trend is kinematically 
inconsistent. The northwest-southeast trending MPF 
of Emre et al. (2011a, b), which does not comply with 
the regional fault pattern, has been tried to be explained 
with the bend model. The MPF is shown as a northwest-
southeast dextral strike-slip fault within the Manyas-Bursa 
bend (Emre et al., 2018). 

When the route of the northwest-southeast trending 
MPF is examined closely in the maps of Emre et al. 
(2011a, b), it is seen that it does not cause any offset in 
the Mustafakemalpaşa Çayı. This situation was also 
evaluated by Selim et al. (2013), and a new route with 
an approximately east-west direction was suggested for 
the MPF. In addition, our field observations provide 
no structural data indicating strike-slip faulting in the 
northeast of the Tokmak Tepe uplift which is the so-called 
northwest-southeast trending route of MPF. Instead, 
we proposed that the western end of MPF is located on 
the south of Güllüce with an approximately east-west 
direction that easily creates distinctive right-lateral shift 
on the Mustafakemalpaşa Çayı and MPF reaches to the 
Lalaşahin trench of Kop et al. (2016). Further east, the 
MPF reaches the south of Çördük settlement by following 
the mountain-piedmont junction in the north of Keklik 
Kayası Tepe, in line with the shear zones observed in the 
quarries south of Üçbeyli village. The quarries to the east 
of Çördük present structural data in shear zones parallel to 
the MPF, and the segment of MPF bends in this area and 
gains a northeast-southwest trend.

Another interesting result of our field observations 
is to see that the northwest-southeast fault line, passing 
in Keltaş Tepe and extending to Kabulbaba over Güller, 
drawn as MPF by the Emre et al. (2011a, b) and confirmed 
by the Aralık trench of Kop et al. (2016) is not of strike-slip 
character. 

Structural data obtained from the fault surfaces reveal 
that the structures shown as strike-slip faults in figure 4c of 
Kop et al. (2016) to the west of Keltaş Tepe are the normal 
faults dipping northeast, and the faults to the south of 
Keltaş Tepe are normal faults dipping southwest. For this 
reason, a new fault named as Keltaş Fault (KTF) has been 
determined and it is thought that it is developed in the area 
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Figure 3. a-f) The right-lateral strike-slip data with thrust component from Dorak-
Durumtay Fault (DDF) in the bending location from east-west to northeast-southwest 
directions. The length of the ice axe is 80 cm. g-i) The right-lateral strike-slip data with 
reverse component near the slight restraining bend along DDF in the west of Ayaz. See 
Table and Figure 2b for locations and stereonets.
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Figure 4. a-b) The east northeast-west southwest shear zone parallel to the MPF (red arrows) in the 
marble quarry south of Üçbeyli. The height of the geologist in the blue ellipse is 1.72 m. c-e) The right-
lateral structural data from the shear zones parallel to the MPF in the marble quarry east of Çördük. 
See Table and Figure 2b for locations and stereonets.

of releasing stepover between MPF and İnegazi-
Sincansarnıç Fault (İSF) (Figure 2b). Our field observations 
presented and discussed here state that the bend model of 
Emre et al. (2018) is not valid as seen in the MPF example.
4.3 Susurluk valley
Emre et al. (2011d) described the Susurluk Fault, which 
is only a north-south trending west- dipping normal fault 
within the Susurluk valley. The Balıkesir Fault and the 
Havran-Balya Fault Zone, which are located in the south of 
Susurluk Fault, make a bend without merging each other 
and terminate in the south of Kepsut (Emre et al., 2011d). 
These two faults were defined as the Balıkesir Bend by Emre 
et al. (2018). On the other hand, our morphotectonic and 
structural data obtained in the Susurluk valley demonstrate 
that the route of Susurluk River and its semiparallel streams 
are completely controlled by the northeast-southwest 
trending segments of the SHF. In addition, structural data 
of the northeastern section of the BKF, where the greatest 
right-lateral displacement of the Susurluk River occurred 
in northwest Anatolia, are presented, and the existence 
of the Balıkesir pull-apart basin, not the Balıkesir Bend, 
was revealed in the region (see section 3.2). The BKF and 
the en echelon fault segments of the SHF in the Susurluk 
valley, where seismic activity has been observed recently 
(Seyitoğlu et al., 2020c), have provided the active fault 
connection from the south of Ulubat Lake to Balıkesir 

and from there to the Akhisar Plain and falsify the “bend 
model” (Emre et al., 2018) in northwest Anatolia. There 
is also a recent paper providing structural data that the 
southern branch of NAFZ reaches to Bergama-Aliağa 
area (Sangu et al., 2020). Moreover, all earthquakes with 
a magnitude greater than five associated with the Simav 
Fault, located in the Southern Boundary Bend of Emre 
et al. (2018), support also our view by providing focal 
mechanism solutions with pure normal fault kinematics.

5. Conclusions
Our field observations and morphotectonic evaluations 
in the south of Lake Ulubat and in the Susurluk valley 
conclude that the dominant active fault pattern in southern 
Marmara and northwest Anatolia consists of the northeast-
southwest and east northeast-west southwest right-lateral 
strike-slip faults and northwest-southeast trending normal 
faults developing between these strike-slip faults. As seen 
in the examples of MPF and BKF described in this paper, 
the bend model of Emre et al. (2018) is inadequate to 
explain the pattern of active faulting in northwest Anatolia. 
In conclusion, the suggestion that the southern branch of 
NAFZ reaches the Aegean Sea via Bolu, Bursa, Balıkesir, 
Akhisar, and İzmir appears to be valid (Seyitoğlu et al., 
2016; Seyitoğlu and Esat, 2019; Seyitoğlu et al., 2020a, b, c; 
Sangu et al., 2020).
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Figure 5. a) The panoramic photo showing the relationship between right-lateral strike-slip MPF (red arrows) and the 
normal faults of KTF (northeast dipping yellow arrows, southwest dipping white arrows). b-f) The northeast dipping 
normal fault surfaces of the KTF in the west northwest of Keltaş Tepe. g-i) The southwest dipping normal fault surfaces 
of the KTF in the south of Keltaş Tepe. See Table and Figure 2b for locations and stereonets.
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Figure 6. a) The step-like topography in the northeast of Tokmak Tepe uplift. b) The northeast dipping well-developed 
fracture surfaces. c-e) The southwest dipping fracture surfaces in Ocaklı indicating normal faulting based on shear zone 
cleavage. See Table and Figure 2b for locations and stereonets. f) A panoramic photo indicating position of the DKF in 
the south of Tokmak Tepe uplift.
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Figure 7. a-c) The northeast-southwest trending right-lateral strike-slip fault surface of the SHF-1b in the west of 
Ömerköy. d-f) The right-lateral strike-slip data with normal component from a shear zone parallel to the segment SHF-
1c southeast Karapürçek. g-h) The right-lateral displacement on the route of Susurluk River along SHF-2a and its parallel 
shear surfaces at the southwest of Karaköy. i-m) Well-developed fault surfaces with right-lateral strike-slip shear surfaces 
parallel to the SHF-2a and SHF-2b in the quarry in the west southwest of Demirkapı. See Table and Figure 2b for locations 
and stereonets.
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Figure 8. a-c) A shear zone parallel to the BKF-1a in the north of Dereli. d-g) Structural data along the BKF-1a at the 
southwest of Dereli. h-i) A linear Susurluk Valley and the position of BKF-1b (red arrows) with parallel shear surfaces. 
j-k) A well-developed shear surface parallel to the BKF-1c in the west of Kepsut. l-m) R-shear of the BKF-1c in the west 
of Kepsut. See Table and Figure 2b for locations and stereonets.
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