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Abstract: During the 17 August 1999 Marmara earthquake in Türkiye, the surface rupture became indistinct north 
of Aydınpınar village in the southeast of Düzce Basin at the eastern end of the rupture. The surface rupture of 
the 17 August 1999 earthquake propagated towards the west, but it also propagated towards the east reaching the 
southeast of Düzce Basin. Thus fault propagation after 17 August developed towards the east to cause the later 
Düzce-Kaynaşlı earthquake on 12 November 1999 where the surface rupture propagated reaching Asarsuyu valley 
in Kaynaşlı county. Although an İstanbul earthquake is expected in the near future, we aim to draw attention to the 
segment in the furthest east of this zone. In this area, increasing earthquake risk is indicated by the development of 
a series of tensional gashes in the north of the Bolu Basin and an M=4.8 earthquake that occurred in this region on 
16 March 2023.
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Öz: 17 Ağustos 1999 Marmara depreminde meydana gelen yüzey kırığının doğudaki ucu Düzce havzasının 
güneydoğusunda Aydınpınar köy yolunun kuzeyinde belirsiz hale gelmişti. 17 Ağustos Adapazarı-Gölcük depreminin 
yüzey kırığı batıya ilerlerken doğuya doğru Düzce ovasının güneydoğusuna kadar da ilerlemişti. Doğuya ilerleyen 
yüzey kırığı 12 Kasım 1999 da Düzce –Kaynaşlı depremine yol açmış ve yüzey kırığı Kaynaşlı ilçesini geçerek 
Asarsuyu vadisine kadar ilerlemişti. Her ne kadar yakın gelecekte bir İstanbul depremi beklenmekteyse de yer 
bilimcilerin dikkatini bu yüzey kırığının daha doğusunda artan deprem tehlikesine çekmek istemekteyiz. Bu tehlike 
söz konusu deprem sırasında Bolu havzasının kuzeydoğusunda beliren bir seri tansiyon çatlağı ile ve 16.03.2023 
tarihinde bu noktada meydana gelen M=4.8 depremi ile kendini belirtmiştir. 

Anahtar Kelimeler: 1999 depremleri, Bolu Havzası, Kuzey Anadolu Fayı, sismik risk.

INTRODUCTION

The broadly northwards-convex North Anatolian 
Fault System (NAFS) extends for approximately 
1100 km from Karlıova in eastern Türkiye to Saros 
Bay and beyond in the west (Figure 1; Gökten 

et al. 2011). Following the pioneering work of 
Ketin (1948), who first recognised its strike-slip 
character, this lineament is now recognised as one 
of the most important seismically-active structures 
in this region and has been the object of numerous 
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publications (e.g., Ketin, 1948, 1969; Tokay, 1973; 
Şengör, 1979; Şaroğlu, 1988; Barka, 1996; Emre 
et al. 1999, 2000, 2003; Demirtaş, 2000; Gökten 
et al, 2000, 2011; Çemen et al., 2000; Akyüz et 
al. 2002; Barka et al. 2002; Koçyiğit, 2003; Çakır 
et al. 2003; Hitchcock et al. 2003; Şengör et al., 
2004; Herece, 2005; Özden et al., 2008; and the 
references there in).

There is broad consensus that the NAFS has 
been active since the Late Pliocene (Koçyiğit, 
2003; Şengör et al., 2004; Gökten et al., 2011; and 
others), facilitating the westward movement of the 
Anatolian Block along the right-lateral strike-slip 
North Anatolian Fault and the conjugate left-lateral 
strike-slip East Anatolian Fault. These movements 
can ultimately be attributed to the crustal-scale 

compressive forces associated with northwards 
movement of the Arabian Plate, in classic Prandtl 
triangle style.

One consequence of this geodynamic 
situation is that over the past century many 
earthquakes have occurred and been recorded 
along the ca. 1100 km length of the NAFS, from 
Erzincan in the east (1939) to the Marmara region 
in the west (1999). Along this segmented fault 
zone, earthquakes with magnitudes of seven or 
more appear to have migrated from east to west 
in the 1939 to 1999 time-interval. This is due to 
the stress within each segment loading onto the 
westward-adjacent segment, with the exception of 
the 1912 Tekirdağ and 1992 Erzincan earthquakes.

Figure 1. The principal neotectonic structures of Türkiye: AEP: Aegean extensional province, BSZ: Bitlis Suture 
Zone, CA: Cyprus Arc, CAFZ: Central Anatolian Fault Zone, DEFZ: Dead Sea Fault Zone, EACP: East Anatolian 
contractional Province, EAFZ: East Anatolian Fault Zone, ECFZ: Ecemiş Fault Zone, EFZ: Eskişehir Fault Zone, 
KEF: Kırıkkale-Erbaa Fault, LV: Lake Van, NAFS: North Anatolian Fault System, NEAFZ: Northeast Anatolian 
Fault Zone, SL: Salt Lake, SLF: Salt Lake Fault (from Gökten et al. 2011).
Şekil 1. Türkiye’nin başlıca neotektonik yapıları: AEP: Ege genişleme bölgesi, BSZ: Bitlis Sütür Zonu, CA: Kıbrıs 
Yayı, CAFZ: Orta Anadolu Fay Zonu, DEFZ: Ölü Deniz Fay Zonu, EACP: Doğu Anadolu sıkışma bölgesi, EAFZ: 
Doğu Anadolu Fay Zonu, ECFZ: Ecemiş Fay Zonu, EFZ: Eskişehir Fay Zonu, KEF: Kırıkkale-Erbaa Fayı, LV: Van 
Gölü, NAFS: Kuzey Anadolu Fay Sistemi, NEAFZ: Kuzeydoğu Anadolu Fay Zonu, SL: Tuz Gölü, SLF: Tuz Gölü 
Fayı (Gökten vd. 2011’den). 
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During the Adapazarı-Gölcük earthquake (17 
August 1999: M=7.4), a surface rupture developed 
in the southern part of Düzce Basin, starting from 
the area east of Gölyaka (near Aydınpınar village: 
Fig, 2) and traceable into the southern part of the 
Marmara Sea, offshore of Yalova and Çınarcık 
(Gökten et al., 2000). On 12 November, 1999, a 
further tremor (M=7.2) propagated the existing 
surface rupture affecting the southern margin of 
the Düzce Basin (the Adapazarı-Gölcük segment) 
toward the east. This propagation began from the 
north of Aydınpınar village as far as the Asarsuyu 
valley, north of Kaynaşlı, where the fracture 
became indistinct (Figure 2) (Emre et al. 1999; 
Akyüz et al. 2002; Gökten et al., 2011). 

Further Fault Propagation Towards the East: 

During the 12 November earthquake, an east-west 
trending strained zone developed in the northwest 

sector of the Bolu Basin (Figure 2 Loc. 1), east 
of the Asarsuyu valley. The arrays of tensional 
cracks (gashes) observed in this zone are typical 
of Reidel fractures created in this type of high-
strain field. This strain occurs in the western sector 
of Bolu Basin, around 100 m north of the D 100 
state highway. The zone is about 50-60 m long, 
with individual tension-gashes that range in length 
from 2-3 m with widths of a few cm (Figure 2; 
inset).

The observed E-W trend of the surface rupture 
associated with the 12 November 1999 Düzce-
Kaynaşlı earthquake suggests that it may continue 
to the east along the northern margin of Bolu 
Basin in an east-west direction, utilising a zone of 
weakness that controls the northern boundary of 
that basin (Figure 2: MF). Most previous studies 
agree that the main strand of the North Anatolian 
Fault zone forms the southern boundary of the Bolu 
Basin (Öztürk, 1968, Tokay, 1973; Demirtaş, 2000,

Figure 2. 1999 Düzce-Kaynaşlı earthquake surface rupture and the course of the North Anatolian Master Fault 
(NAFMS). AB: Adapazarı Basin; BB: Bolu Basin; DB: Düzce Basin; MF: Musluklar Fault (Northern Boundary 
Fault). NAFMS: North Anatolian Fault Master Strand. Inset: The array of tensional cracks at Loc. 1; Numbers 1 to 
6: Earthquakes; red circles: epicentre locations. 
Şekil 2. 1999 Düzce-Kaynaşlı depreminin yüzey kırığı ve Kuzey Anadolu Ana Fayı üzerindeki depremler. AB: 
Adapazarı Havzası, BB: Bolu Havzası, DB: Düzce Havzası, MF: Musluklar Fayı (Kuzey Sınır Fayı), NAFMS: 
Kuzey Anadolu Ana Fay Hattı. Küçük dikdörtgen içindeki şekil: Gerilme çatlaklarının yeri; 1’den 6’ya rakamlar: 
Depremler; Kırmızı Daireler: Deprem dış merkezlerinin yeri.
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Gökten et al. 2011, and others). However, it was 
also suggested (e.g., Hitchcock et al., 2003) that 
the Düzce splay of the NAFS enters the Bolu Basin 
from the west, in the vicinity of Karamastar, and 
may continue eastwards through the central part 
of the basin before rejoining the main southern 
strand of the NAFZ near Çaygökpınar (Figure 
2). The existence and behaviour of the Musluklar 
Fault (and parallel minor fractures) forming the 
northern boundary of the basin and the strain-
zone that developed during the 12 November 
earthquake all support the pull-apart character 
of the Bolu Basin, as previously determined by 
Gökten et al. (2011). However Gürbüz and Gürer 
(2009) claimed that during the extinction period of 
pull-apart basins the faults causing the pull-apart 
development migrate from the edges of the basin 
toward the centre, as is likely seen in the Bolu 
Basin.

CONCLUSION

In brief, the segment of the North Anatolian Fault 
traceable from the Düzce-Kaynaşlı surface rupture 
in the northern sector of the Bolu Basin poses 
an earthquake risk comparable to that predicted 
for the central Marmara or İstanbul region. The 
concentration of stress manifested by the strain-
zone documented in the north-central sector of the 
Bolu Basin may ultimately be transferred to the 
main fault that forms the southern boundary of 
the basin. In general, strike-slip faults exhibit an 
initial concentration of stress near both ends of the 
structure and this stress then propagates along the 
fracture. An example of this was seen during the 
1995 Kobe earthquake in Japan (Bolt, 2004). This 
is why, following the 17 August 1999 Adapazarı-
Gölcük earthquake, the eastern tip of the surface 
rupture of the segment, which ended in the area 
north of Aydınpınar village (southeastern sector of 
Düzce Basin: Figure 2) at that point, propagated 
further east during the later (12 November 1999) 
Düzce-Kaynaşlı earthquake. This situation 

implies that the region to the east of this point 
is now a critical part of the North Anatolian 
Fault Zone in terms of potential earthquake 
risk. This conclusion is confirmed by the recent 
development of a localised strain-zone in the 
northwest sector of the Bolu Basin, as described 
above. A recent earthquake with magnitude 5.1 
affected the region on 23rd of September 2021 
and the epicentre was localized on the bifurcated 
eastern end of the Adapazarı-Gölcük segment 
(Loc. 6 in Figure 2). There were later earthquakes 
on the 16th March 2023 and 14th October 2023 
in the northwest of Bolu Basin (Locs. 3 and 4 in 
Figure 2), in addition to some other events in the 
region with magnitudes between 3.5 and 4.1. A 
very recent event had an epicentre localized on 
the western end of the surface rupture of the 12 
November 1999 earthquake (Loc. 5 in Figure 2). 
The identified strain-zone and recent earthquake 
activity contribute to the conclusion that there is 
increased earthquake risk in this area. 
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